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rjax izdkf'kdh (WAVE OPTICS) 
———————————————————————————————————  
1. v/;kjksi.k dk fl)kUr : 
 tc nks ;k nks ls vf/kd rjaxs ,d fcUnq ls Øekxr xqtjrh gS rks fcUnq esa fopyu çR;sd rjaxksa ds fopyu ls fn;k 

tkrk gSA tcfd vU; rjax vuqifLFkr gSA Mksjh esa rjaxks dk eryc fopyu ls gSA tcfd /ofu rjaxksa esa bldk eryc 
nkc ifjorZu ls gSA tcfd fo|qr pqEcdh; rjaxksa esa budk eryc fo-pq-{ks- o pq-{ks- ls gSA tc nks izdk'k rjaxs ,d gh 
fn'kk esa fdlh fcUnq ij v/;kjksfir gksrh gS rks v/;kjksi.k {ks=k esa izdk'k dh rhozrk esa cnyko vkrk gSA bls rjaxksa dk 
O;frdj.k dgrs gSA 

 

1.1   nks rjaxksa dk v/;kjksi.k : 
 ¼fdlh fcUnq ij nks rjaxksa dk v/;kjksi.k tks ,d gh vko`fr dh gSA½ 
  x1(t) = a1 sin t rFkk  x2(t) = a2 sin (t + ) 
 çR;sd rjax ds dkj.k gksus okys foLFkkiu dks fn[kkrh gSA ;g ekurs gq, fd lHkh rjaxs ,d gh fn'kk esa gSA v/;kjksi.k 

ds fl)kUr ls 
  x(t) = x1(t) + x2(t)  
       = a1 sin t + a2 sin (t + ) 
       = A sin (t + 0) 
 tgk¡ A2 = a12 + a22 + 2a1 . a2 cos      .....(1.1)  

 rFkk tan 0 = 2

1 2

a sin
a a cos


 

       .....(1.2) 

 
Example 1.  S1 vkSj S2 nks çdk'k L=kksr gaSaA tks ,d fcUnq P ij fopyu fn[kkrs gSA E1 = 3sin t, E2 = 4 cos t, ;g 

ekurs gq, 1 2E    Eo fd ,d gh ykbZu ij gSA nksuksa ds v/;kjksi.k dk ifj.kkeh D;k gksxkA  

Solution :  E = 3 sint + 4 sin(t +
2


 ) 

   A2 = 32 + 42 + 2(3)(4) cos  
2


= 52 

   tan0 = 
4sin

2

3 4cos
2






=
4
3

  0 = 53º E = 5sin[t + 53º] 
 

 

 

———————————————————————————————————  
1.2 pyrh gqbZ rjaxksa dk v/;kjksi.k] iFkkUrj : 
 ekuk S1 vkSj  S2 nks lzksr tks fd rjaxs mRiUu dgrs gSA (fopyu y1 vkSj 

y2 ls fn;kk tkrk gS)   

fdlh fcUnq P ij       
 y1 = a1 sin (t – kx1 + 1) 
 y2 = a2 sin (t – kx2 + 2) 
 y = y1 + y2 = A sin(t + ) 

S1

S2

x1

x2

P

Figure: 1.3  
 ;gka dykUrj, 
  = (t – kx1 + 1) – (t – kx2 + 2) = k(x2 – x1) + (1 – 2) = kp –  tgk¡  = 2 – 1 

;gk¡ p = x iFkkUrj gSA 
dykUrj] iFkkUrj ds dkj.k = k (iFkkUrj) 

 tgk¡ k = 
2


   = kp = 
2


x     ..... (1.3) 

 

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


Wave Optics  
 

 

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 
ADVWO - 2 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 laiks"kh O;frdj.k ds fy,  
   = 2n,  n = 0, 1, 2 ........   ;k x = n    
  Amax = A1 + A2  

 rhozrk,  max 1 2       max =  21 2    .....(1.4) 

 fouk'kh O;frdj.k ds fy,  
   = (2n + 1), n   = 0, 1, 2 .......  ;k x = (2n + 1)     
  Amin = |A1 – A2| 

 rhozrk  min 1 2| |       min =  2

1 2    .....(1.5) 
 

 
Example 2.  

 
   S1 ,oa S2 izR;sd 'f' vkòfÙk ds nks dyk lEc) L=kksr gSA (1 = 2 = 0º). Vsound = 330m/s. vkòfÙk 'f' Kkr djksA 
   (i) rkfd P ij lEiks"kh O;frdj.k gks   (ii) rkfd P ij fouk'kh O;frdj.k gks  
Solution :  lEiks"kh O;frdj.k ds fy,  
    Kx = 2n 

    
2


 × 2 = 2n   = 
2
n

  

    V = f     V =
2
n

  f  f = 
330

n
2

  

   fouk'kh O;frdj.k ds fy,  Kx = (2n + 1)  
2


.2 = (2n + 1)  

    
1 (2n 1)

4





  f =  
V 330 (2n 1)

4
 




   

  

Example 3.  nks L=kksrksa ls çdk'k tks çR;sd ,d leku vko`fr dk gSA ,d gh fn'kk esa xqtj jgk gSA ijUrq rhozrk  
4 : 1 ds vuqikr esa gSA rks vf/kdre vkSj U;wure rhozrk dk vuqikr gksxkA 

Solution :   max

min




=

2

1 2

1 2

   
 
    

=

2

1

2

1

2

1

1

 
 

 
    

= 
2

2 1
2 1
 

  
 =  9 : 1. 

———————————————————————————————————  
2.   rjaxkxz  

 ikuh esa iRFkj Qsadus ds ckn i"̀B ij QSyrh gqbZ ,d rjax dh dYiuk djsa fdlh Hkh le; lrg dk fp=k.k o`Ùkkdkj 
oy; iznf'kZr djrk gS ftl ij fo{kksHk vf/kdre gksxkA Li"Vr% o`Ùk ij fLFkr lHkh fcUnq leku dyk esa nksyu djrs 
gSaA D;ksafd L=kksr ls leku nwjh ij gksaxsA bl izdkj dk fcUnqvksa dk fcUnq iFk tks leku dyk esa nksyu djrk gSA 
rjaxkxz dk mnkgj.k gSA  

 ,d rjaxkxz fu;r dyk dk i`"B gksrk gSA ftl pky ls rjaxkxz L=kksr ls nwj tkrk gS] dyk pky dgykrh gSA rjax 
dh ÅtkZ rjaxkxz ds yEcor~ xfr djrk gSA 

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


Wave Optics  
 

 

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 
ADVWO - 3 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 fp=kkuqlkj fdlh fcUnq L=kksr ds dkj.k rjaxkxz xksyh; o f=kfofe; gksrk gSA ÅtkZ lh/kh js[kk ds vuqfn'k L=kksr ls ckgj 
dh rjQ tkrh gSA xksyh; rjaxkxz dh f=kT;k ;g js[kk,sa rjax gksrh gSA ;fn ge fdlh rjaxkxz ds ;qXe rjax ds chp dh 
nwjh ukis rks ;g fu;r jgrh gSA 

 (i) fdj.k rjaxkxz ds yEcor~ gksrh gSA  
 (ii)  fdlh fdj.k ds vuqfn'k ,d rjaxkxz ls nwljs rjaxkxz dk tkus dk le; leku jgrk gSA  
 ;fn ge xksyh; rjaxkxz ds NksVs ls Hkkx dks L=kksr ls vf/kd nwjh ij ns[ksa rks ;g lekUrj ry rjaxkxz fn[kkbZ nsrk gSA fdj.ksa 

rjaxkxz ds yEcor~ rFkk ,d nwljs ds lekukarj gksrh gSA bls lery rjax dgrs gS rFkk fp=k 2.1 (b) esa n'kkZ;k x;k gSA  
 ;fn ,d js[kh; L=kksr tSls fLyV (f>jhZ)  dks blds ihNs ,d vU; izdk'k L=kksr ls izdkf'kr fd;k tk;s rks csyukdkj 

rjaxkxz izkIr gksrk gSA L=kksr ls vf/kd nwjh ij bls Hkh lery rjaxkxz dh rjg ekurs gSaA  

      

 
 

(a) (b) 
 fp=k : 2.1 :  rjaxkxz rFkk muds vuq:i fdj.k nks fLFkfr;ksa esa (a) QSyrk gqvk xksyh; rjax (b) lery rjaxA ckbZ vksj 

fp=k esa f=kfoeh; rjax ¼izdk'k½ n'kkZrk gSA nka;h vksj fp=k esa rjax f}&foeh; rjax n'kkZrk gSA ¼ikuh dh lrg ij½ 
 

3. dyk lEcU) 

 izdk'k ds nks ,sls L=kksr ftuls mRlftZr izdk'k rjaxks dh vko`fÙk ¼rjaxnS/;Z ;k vkorZdky½ leku gks rFkk ftuds e/; 
le; ds lkis{k dykUrj fu;r jgs dyklEcU) L=kksr dgykrs gSaA  

 lk/kkj.k izdk'k L=kksr esa] izdk'k vyx&vyx ijek.kq ls mRlftZr gksrk gSA izR;sd ijek.kq 1 usuksa lsd.M vUrjky esa 
izdk'k mRlftZr djrs gSaA ;fn ijek.kq ,d gh voLFkk esa izdk'k mRlftZr djsa rks fofHkUu ijek.kq ls vkus okys izdk'k 
esa vyx&vyx izkjfEHkd dykUrj gksxk ijUrq bu ijek.kq ds izdk'k esa dsoy 1 usuksa lsd.M ds fy, ,d leku 
dykUrj gksxkA blfy, O;frdj.k izk:i 1/1 djksM+ lsd.M esa cnyrk jgsxkA ijUrq gekjh vka[k dsoy 1/10 lsd.M 
ds cnyko dks ns[k ldrh gS blfy, ge insZ ij ,d leku rhozrk dk izdk'k ns[ksaxs tks vyx&vyx rhozrk dk tksM+ 
gksxkA ,sls L=kksrksa dks dyklEcU) L=kksr dgrs gSaA ,sls nks vyx&vyx L=kksr ls vkus okys izdk'k n.M dh dyk esa 
dksbZ lEcU) ugha gksrk blfy, ;g O;frdj.k ugha fn[kkrh ,sls L=kksr ds fy, ifj.kkeh rhozrk fdlh Hkh fcUnq ij  

    = 1 + 2          .....(3.1) 
 

4. ;ax dk f}fLyV ç;ksx   

 1802 esa Fkkel ;ax us fLFkr O;frdj.k mRiUu djus ds fy, ,d iz;ksx fn;k ;g ,d rjaxkxz dk nks Hkkx esa foHkktu 
FkkA ;g nks rjaxkxz ,sls fn[kkbZ nsrs gSa tSls fdlh nks L=kksr ftuesa ,d leku dyklEcU) ls fy;s x, gksaA tc buesa 
O;frdj.k gksrk gS rks ,d leku fLFkr O;frdj.k izk:i fn[kkbZ nsrk gSA  

     

Max

Central Max

Max

Max

Max

B
D C

A

S0

S2

S1

d

 
 fp=k : 4. 1 : fLFkr O;frdj.k mRiUu djus ds fy, S0 L=kksr dks S1 vkSj S2  L=kksr esa foHkkftr djus dk ;ax dk iz;ksx 

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


Wave Optics  
 

 

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 
ADVWO - 4 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 
 fp=k 4.2 : ;ax ds O;frdj.k iz;ksx esa izdk'k S0 fNnz ls fudyus ds ckn S1 vkSj S2 ij vkifrr gksrk gSA nks L=kksr  

(S1, S2) ls B o C ds chp ds {ks=k esa v/;kjksfir gksrk gSA tks ge insZ C ij ns[k ldrs gSa vkSj insZ C ij O;frdj.k 
izk:i fn[kkbZ nsrk gSA  

 

4.1 O;frdj.k izk:i dk fo'ys"k.k % 
 ge bl ç;ksx es bl rjg dh voLFkk j[krs gS fd S1 vkSj S2 ls tkus okyk çdk'k ,d leku dyk dks.k esa gksA 

ijUrq P ij çdk'k S2 ds dkj.k, P ij çdk'k S1 ls ,d leku dks.k esa ugha gksrk gSA D;ksafd S1 vf/kd nwjh djrk gSA 

ge i<+ pqds gS fd dyk vUrj] iFkkUrj ds dkj.k gksrk gSA ;fn iFkkUrj 'kwU; vkSj ,d leku gks rks dyk vUrj 'kwU; 

gksrk gSA blfy, çdk'k ,d leku dyk esa vkrk gSA lEiks"kh O;fDrdj.k gksrk gSA ijUrq ;fn çdk'k ,d leku dyk 

esa ugha gksrk] iFkkUrj fojke xq.kuQy /2 dk gS rks fouk'kh O;fDrdj.k gksrk gSA blfy, iFkkUrj ls fcUnq P ij 

rhozrk Kkr dh tk ldrh gSA  

 

A 

 

s 2 

s 1 

P 

y 
r 2 

r 1 

D 

d s 0 

fp=k : 4.3  

 iFkkUrj  p = S1P – S2P = 
2 2

2 2d d
y D y D

2 2
          
   

 .....(4.1) 

 yxHkx ekiu : 

 D >> d, blfy, ge dg ldrs gS fd r 1 rFkk r 2 ,d gh fn'kk esa lekUrj dks.k eq[; v{k ls  dks.k ij gSA  

 vc S1P – S2P = S1A = = S1S2 sin   

  iFkkUrj = d sin           .....(4.2) 
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 yxHkx ekiu II :  ;fn  cgqr de gks rks y << D, sin  = tan  =
y
D

  

A

r2

r1




s2

s1

d

fp=k : 4.4  

 vr% iFkkUrj x = 
dy
D

       .....(4.3) 

 vf/kdre ds fy, (lEiks"kh O;frdj.k), 

  p = n  

  y =
n D

d


, n = 0, ± 1, ± 2, ± 3     .....(4.4) 

 ;gka n = 0 dsUnzh; mfPp"B ds fy, gksa 

 n = ±1  1st mfPp"B 

 n = ±2 2nd mfPp"B 

 fufEUk"B ds fy, (fouk'kh O;frdj.k) 

  p = ± 
2


, ± 
3
2


 ±
5
2


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

2

(2n 1) n -1, -2, -3........
2 

  
   


 

 lkFk gh lkFk, y = 

D
(2n 1)  n  1, 2, 3.............

2d
D

(2n 1) n -1, -2, -3.......
2d 

  
   


 .....(4.5) 

 ;gka n = ± 1 izFke fufEu"B ds fy,  
  n = ± 2 lkFk gh lkFk nwljs fufEu"B ds fy,  
 

4.2  fÝat pkSM+kbZ : 
 nks yxkrkj dkyh ;k pedhyh fÝUtks ds e/; dh nwjh fÝUt pkSM+kbZ dgykrh gSA  

 fÝat pkSM+kbZ  =  
D
d


       .....(4.6) 

  ;g rjaxnS/;Z ds lekuqikrh vkSj nks lzksr ds chp dh nwjh ds O;qRØekuqikrh gksrh gSA  

 

S 2 

S 1 

D 3 

D 2 

D 1 

B 2 

B 1 

B 0 

B 1 

B 2 

D 1 

D 2 

D 3 
B 3 

izFke mfPp"B 

 

 

   

   

  

dsUnzh; mfPp"B 

mfPp"B 

mfPp"B 

fp=k 4.5 % fÝUt izk:i ;ax ds iz;ksx esa  
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4.3  O;frdj.k fÝUt dk vf/kdre Øe : 

 y =
n D

d


 , n = 0, ± 1, ± 2 ..... mfPp"B O;frdj.k ds fy, ijUrq n dks ugh ys ldrs tks fd yxHkx ekiu (II) dk 

ikyu ugha djrk gSA ;fn NksVk gks rks  

 ;k y << D   
y
D

 = 
n

1
d

  

 vr% Åij okys lw=k (4.4 & 4.5) vf/kdre@U;wure O;frdj.k ds fy, mi;ksxh gSA  

  n << 
d


 

 ;fn n 
d


 ds cjkcj gks rks iFkkUrj dks lehdj.k 4.3 ls ugh 4.2 ls ysrs gSaA vr% mfPp"B ds fy,  

  p = n   dsin = n   n =
dsin


   

 vf/kdre Øe ds O;frdj.k ds fy, mfPp"B   nmax = 
d 
  

 .... (4.7) 

 tgk¡ [vf/kdre xq.kkad Qyu gS]  

 vf/kdre fuEfu"B nmin = 
d 1

2
   

     .....(4.8) 

 oSdfYid fof/k  

  p = S1P – S2P        
  p  d    pmax = d 

s2

s1

fp=k : 4.6  
 (f=kHkqt dh rhljh Hkqtk nksuks Hkqtk ds vUrj ls vf/kd gksrh gSA) 
 

4.4 rhozrk :  
 ;fn izdk'k rjax dk fo|qr {ks=k okyk Hkkx fdlh fcUnq P ij (fp=k : 4.3) S1 vkSj S2 ls igq¡prk gS tks le; ds lkFk 

cnyrk gSA 

   E1 = E0 sin t  
 vkSj  E2 = E0 sin (t + ) 

 ;gk¡    = kx =
2


  x 

 ;fn nksuksa dh rhozrk ,d leku gks rks (0) rjax dk vk;ke E0 Hkh leku gksxkA blfy, ifj.kkeh fo|qr {ks=k fdlh 

fcUnq P ij  

   E = E1 + E2 = E0 sin t + E0 sin (t + ) = E0´ sin (t +´) 
 tgk¡  E0´2 = E02 + E02 + 2E0 . E0 cos  = 4 E02 cos2 /2 

 ifj.kkeh rhozrk fcUnq P ij, 

    = 40 cos2  
2


       .....(4.9) 
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  max = 40  when  
2
  = n,        n = 0, ±1, ±2,......., 

  min = 0 when  
2
  = 

1
n   n  0, 1, 2 ..........

2
      
 

 

  ;gka  = kx =  
2


x  ;fn D >> d,   =  
2


d sin   

  ;fn  D >> d  &  y << D,  =
2


  d
y
D

 

  ;fn nksuksa lzksr 1 vkSj 2 vyx&vyx rhozrk ds gksarks & 

  ekuk  E1 = E01, sin t  vkSj E2 = E02, sin (t + ) 

  ifj.kkeh rhozrk fcUnq P ij, E = E1 + E2 = E0 sin (t + )  

  tgka  E02 = E012 + EO22 + 2E01 E02 cos   

  ifj.kkeh rhozrk fcUnq P ij, 

     = 1 + 2 + 1 22     cos      .....(4.10) 

 
Example 4.  ;ax ds iz;ksx esa D = 1m, d = 1mm vkSj  = 1/2 mm 

   (i) insZ ij igyh vkSj dsUnzh; mfPp"B ds chp dh nwjh D;k gksxhA  

   (ii) mfPp"B vkSj fufEU"B dk Øe D;k gksxkA 

Solution :  (i) D >> d  vr% P = d sin   
d


= 2,  

    Li"V gS fd, n <<  
d


= 2 n ds fdlh Hkh eku ds fy, lEHko ugha gSA 

    vr% p = 
dy
D

 ugha mi;ksx dj ldrs  

    igyh mfPp"B ds fy,  p = d sin  =   

     sin  = 
d


 = 
1
2

     = 30º 

y


d
D

Figure 4.7

S1

S2

 

    vr% y = D tan  = 
1

3
 meter 

   (ii) vf/kdre iFkkUrj  Pmax = d = 1 mm 

     mfPp"B dk vf/kdre Øe, nmax =  
d 
  

= 2 vkSj fufEu"B dk vf/kdre Øe nmin = 
d 1

2
   

 = 2 

    mfPPk"B dk ;ksx = 2nmax + 1* = 5   *(dsUnzh; mfPp"B) 
    fufEu"B dk ;ksx = 2nmin = 4 
 
Example 5.  ,do.khZ; izdk'k rjaxnS/;Z 5000 Å ;ax ds iz;ksx esa mi;ksx ysrs gSaA fLyV pkSM+kbZ d = 1mm, fLyV vkSj insZ 

ds chp dh nwjh D = 1m ;fn nksuks fLyV ij rhozrk Øe'k% 1 = 40, 2 = 0, gS rks  
   (i) fÝUt pkSM+kbZ D;k gksxhA  
   (ii) dsUnzh; mfPp"B ls 5th fufEu"B ds chp dh nwjh  

   (iii) y =
1
3

  mm ij rhozrk  

   (iv) insZ ij dsUnzh; mfPp"B ls 1000th mfPp"B dh nwjh 

   (v) insZ ij dsUnzh; mfPp"B l 5000th mfPp"B dh nwjh 
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Solution :  (i)  = 
D
d


 = 
10

3

5000 10 1
1 10





 


 = 0.5 mm 

   (ii) y = (2n – 1) D
2d


, n = 5  y = 2.25 mm 

   (iii) At y =
1
3

  mm, y << D 

    vr% p = 
d.y
D

 

     =  
2

p




= 2

dy
D

= 
4
3


 

    vc ifj.kkeh rhozrk  = 1 + 2 + 2 1 2  cos   

    = 40 + 0 + 2 2
04  cos  = 5I0 + 4I0 cos

4
3


  = 30  

   (iv) 
d


=
3

6

10
0.5 10




 = 2000 

    n = 1000 is not << 2000  
    vr% vc p = d sin  ys ldrs gSa 

    vr%, d sin  = n = 1000     sin  = 1000  
d


=  
1
2

   = 30º 

    y = D tan  = 
1

3
meter 

   (v) vf/kdre mfPp"B dk Øe nmax = 
d 
  

= 2000 

    vr%, n = 5000 lEHko ugha gSA  

———————————————————————————————————  
5. ;ax ds iz;ksx esa O;frdj.k fÝUt dk vkdkj YDSE  

 geus fÝatks ds vkdkj dk v/;;u fd;k gSA tc ;ax iz;ksx esa nks fLyV lzksr ds LFkku ij fcUnq lzksr fy, gSA fÝatsa 
bl rjg foLFkkfir gksrh gSa fd lzksrksa ds chp iFkkUrj ugha cnyrk gSA  

  S2P – S1P =  = vpj     .....(5.1) 

 ;fn  = ± 
2


, ;g 1st fufEu"B gS 

 ;fn  = ±
3
2


  ;g 2nd fufUu"B gS  

 

fp=k : 5.1 

Y 

S 1 

S 2 

= 3 
 = 2 

 =  
X  = 0 

 = – 
 = –2 

 
 ;fn  = 0 eq[; mfPp"B,  
 ;fn  = ± , 1st mfPp"B                            
 lehdj.k (5.1) nks dsUnzh; fcUnq S1 

vkSj S2 dk vfr ijoy; fn[kkrh gSA 
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 O;fDrdj.k tks bl insZ ij ns[krs gSaA og vfrijoy; dk Hkkx gSA tc vfrijoy; dks S1S2 v{k ij ?kqek;k tkrk gSA  
 A. ;fn inkZ  X-v{k ds yEcor~ gks rks, YZ ry esa fÝat vfrijoy; gksxh tgk¡ ljy js[kk eq[; v{k ls xqtjrh gSA  
 B. ;fn insZ XY ry esa gS rks fÝat vfrijoy; gksxhA  
 C. ;fn inkZ Y v{k ds yEcor~ gks rks XZ ry esa fÝat ,d gh eq[; v{k ls cuus okys o`Ùk gksaxsA ftudh eq[; v{k 

S1S2 gksxhA eq[; fÝat pedhyh gksxh ;fn S1S2 = n vkSj dkyh gksxh ;fn S1S2 = (2n – 1) 
2


. 

       

 

Z

Y

A  

X

Y

B  

X

Y

C  
fp=k : 5.2  

 

6. ;ax dk iz;ksx 'osr izdk'k ds fy, % 
 eq[; mfPp"B lQsn gksxh ;fn lHkh rjaxnS/;Z okyk izdk'k laiks"kh O;fDrdj.k fn[kkrk gSA ijUrq blds uhps vkSj Åij 

eq[; mfPp"B jaxhu gksxhA ;fn P insZ ij dksbZ fcUnq gks rks -   

  S2P – S1P = 
2


cSaxuh  = 190 nm,  

 ;gk¡ cSaxuh izdk'k ds fy, fouk'kh O;fDrdj.k nsrk gSA 

 ;fn S2P–S1P =
2


yky = 350 nm,  

 ;gk¡ ij fouk'kh O;frdj.k gksxk vkSj bl fcUnq ij cSaxuh yky gksxhA dsUnzh; 'osr fÝUt ls nwj jaxhu fÝat fn[kkbZ 

nsuk can gks tkrh gS] D;ksafd bu fcUnqvksa ij cgqr rjax nS/;Z okyh rjaxs ¼izdk'k rjax½ ,d lkFk laiks"kh O;frdj.k 

fn[kkrh gSA blfy, ge ,d leku 'osr izdk'k izkIr djrs gSaA   

  S2P – S1 P = 3000 nm,  

 laiks"kh O;frdj.k gksxh ;fn  = 
3000

n
 nm.  

 fcYdqy fouk'kh O;frdj.k yky izdk'k ds fy, gksxk vkSj bl fLFkfr ij js[kk cSxuh gksxhA  

 n`'; {ks=k esa ;g rjaxnS/;Z 750 nm (yky), 600 nm (ihyk), 500 nm (gjk&ihyk), 428.6 nm (cSaxuh) gksxhA Li"V gS 

fd bl izdkj dk izdk'k 'osr fn[kkbZ nsrk gS vr% 'osr izdk'k ls ge dsUnzh; fÝUt 'osr izkIr djsaxs ;fn iFkkUrj 

'kwU; gSA lkFk gh lkFk blds nksuksa vkSj jaxhu izdk'k fÝUt gksxh tYnh gh 'osr izdk'k esa cny tkrh gSA 

 lk/kkj.k O;frdj.k tks ,do.khZ; izdk'k L=kksr ds lkFk fd;k x;k gSA blesa ,d gh izdkj dh cgqr lh fÝUts izkIr 

gksrh gS blfy, blesa vUrj ns[kuk cgqr dfBu gksrk gS fd dkSulh dsUnzh; mfPp"B gSA blfy, dsUnzh; mfPp"B ds 

fy, 'osr izdk'k dk mi;ksx djrs gSaA  

 
Example 6.  ,d çdk'k rjax tks 6000Å vkSj 4500Å dh cuh gqbZ gSA ;ax fLyV ç;ksx esa ftldh insZ ls nwjh  

D = 1m vkSj lzksrksa ds chp dh nwjh d = 1 mm fy;k tkrk gS rks fuEufu"B nwjh eq[; mfPp"B ls D;k gksxh 

tgk¡ pedhyh fÝat nksauks rjaxnS/;Z ds ,d lkFk vkus ls curh gSA  

Solution:  1 = 1D
d


 =
10

3

6000 10 1
10





 
  = 0.6 mm 
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   2 =  2D
d

  = 0.45 mm 

   ekuk n1osa mfPp"B 1 vkSj n2 osa mfPp"B 2 ds fy, ,d lkFk y fLFkfr ij feyrh gS rks 
  

   rks,  y = n1 1 = n2 2 = LCM of 1 vkSj 2  
 

    y = LCM of 0.6 mm vkSj 0.45 mm 
 

    y = 1.8 mm   Ans. 
 

   bl fLFkfr ij 3rd mfPp"B 6000 Å ds fy, vkSj 4th mfPp"B 4500 Å ds fy, ,d lkFk feyrh gSA 
 

Example 7.  lQsn çdk'k tks ;ax ç;ksx es fy;k tkrk gSA D = 1m vkSj d = 0.9 mm çdk'k insZ ij y = 1 mm fLFkfr ij 

igq¡prk gS tks fçTe ls xqtjrk gS vkSj LçsDVe curk gS rks og dkSu&dkSu lh rjaxnS/;Z gksxh tks LçsDVe ugha 

gksxhA 

Solution :  p =
yd
D

 = 9 × 10–4 × 1 × 10–3 m  = 900 nm  

   fufEu"B ds fy,  p = (2n – 1)/2     =  
2 P

(2n 1)



= 
1800

(2n 1)
 

    = 
1800

1
,
1800

3
 , 1800

5
 , 1800

7
 ........ 

   600 nm vkSj 360 nm n`'; ijkl esa vkrh gSA blfy, ;g rjaxnS/;Z LisDVªe esa ugha gksxhA  

———————————————————————————————————  
7. ljy js[kh; iFk vkSj çdk'kh; iFk : 

 çdk'k rjax }kjk fdlh ek/;e r; nwjh ml rjax ds fy, ljy js[kh; nwjh dgykrh gSA (x) ekuk ,d çdk'k rjax 
ftls lehdj.k  

   E = E0 sin (t – kx + )  

 ;fn çdk'k rjax x, nwjh r; djrh gS rks dyk esa vUrj kx =
v


 x, tgk¡  vko`fr tks ek/;e ij fuHkZj ugha 

djrh gSA ijUrq v, çdk'k rjax dk osx ek/;e ij fuHkZj djrk gSA v = 
c


 

 blfy, dykUrj   = kx =  
c


 (x)   

 blls ;g irk pyrk gS fd fdlh Hkh çdk'k rjax ds }kjk fdlh  viorZukad okys ek/;e eas x nwjh r; djus ij 
gksus okyk dykUrj] blh rjax dk 'kwU; ek/;e esa x nwjh r; djus ls gq, dykUrjds cjkcj gksrk gSA  

  vr% x
ek/;

 = x
'kwU; ek/; 

] 

 x dks çdk'kh; iFkkUrj dgrs gSA blfy, dykUrj vkSj çdk'kh; iFkkUrj esa lEcU/k  

 vr%   =
c


 x
çdk'k

  = 
0

2


 x
çdk'k

  .... (7.1) 

 tgka 0 = rjaxnS/;Z ('kwU; ek/;e ls) 
 ;fn js[kh; iFkkUrj esa lEcU/; ns[ks rks 

    =  
c


  (x) = 
2


 x  .....(7.2) 

 tgk¡  = fdlh ek/;e ls çdk'k rjax dh rjaxnS/;Z ( = 0


 ). 
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7.1 fÝat dk foLFkkiu %  
 ;fn fdlh fLyV (lzksr) ls fudyus okys çdk'k ds iFk esa ;fn dksbZ , viorZukad vkSj t eksVkbZ dh ifêdk j[k nh 

tk;s rks çdk'kh; iFk S1P t( – 1) ls c<+ tkrk gSA vr% S1, S2 fLyV ls vkus okyh çdk'k rjax ds chp iFkkUrj tc 
;g rjaxs fdlh fcUnq P ij feyrh gSA 

  p = S2P – (S1P + t ( – 1)) = (S2P –S1P) – t( – 1) 
  p = d sin  – t ( – 1) ;fn d << D  

 vkSj p =
yd
D

  – t( – 1) ;fn y << D  

 eq[; pedhyh fÝat ds fy, 

  p = 0 
yd
D

 = t( – 1). 

 y = OO’ = ( – 1)t 
D
d

 = ( – 1) t . 



 

 vr% lEiw.kZ fÝat izfr:i ,d leku nwjh ls foLFkkfir gks tkrk gSA  

   = ( – 1) . 
D
d

 = ( – 1)t 



 . 
D

O'

O
d

S1

S2

P

fp=k : 7.1  
 * vr% ifêdk Åij okyh fLyV ds iFk ij j[ks rks fÝat LçsDVe Åij dh vksj foLFkkfir gks tkrk gS vkSj ;fn uhps 

dh vksj j[kk tk;s rks] uhps dh vksj foLFkkfir gks tkrk gSA  

 
Example 8.  ;ax ç;ksx esa ;fn d = 1mm vkSj D = 1m, ifêdk (t = 1m,  = 3) vkSj (t = 0.5 m,  = 2) dh nksauks 

fLyVksa (lzksrksa) ds iFk esa j[k nh tk;s rks fÝat ds LçsDVe esa fdruk foLFkkiu gksxkA  
Solution :  çdk'k rjax dk iFk S1 lzksr ls S1P + 1m (2 – 1) = S2P + 0.5 m 
   blh rjg iFk S2 lzksr ls  S2P + 0.5 m (2 – 1) = S2P + 0.5 m  

   iFkkUrj : p = (S2P + 0.5 m) – (S1P + 2m) = (S2P – S1P) – 1.5 m. = 
yd
D

– 1.5 m  

   eq[; pedhyh fÝat ds fy, p = 0 

       y = 
1.5 m
1mm


 × 1m = 1.5 mm. 

   fÝat LçsDVe 1.5 mm Åij dh vksj foLFkkfir dh tkrh gSA  Ans.  

———————————————————————————————————  

8. ;ax dk ç;kssx dks.kh; çdk'k rjax ds fr;Zd vkiru ds fy, %   

 ;fn ;ax ds ç;ksx esa çdk'k rjax fdlh dks.k 0 leku lferrk 
okys v{k ls fLyV ij vkifrr gksrh gSA rks eq[; v{k ls Åij 
okys fcUnq, (ekuk P1) 

  p =d sin0 + (S2 P1 – S1P1) 
  p = d sin0 + dsin1  (If d << D)  
 rFkk v{k ls uhps okys fcUnq  

 and for points below O on the screen, (ekuk P2) 

  p = |(dsin 0 + S2P2) – S1P2| 

       = |d sin 0 – (S1P2 – S2P2)|  

  p = |d sin 0 – d sin2|  (if d << D) 

 ge eq[; mfPp"B çkIr djsaxs ;fn, p = 0. 

  (d sin 0 – d sin2 ) = 0 

  blfy, 2 = 0. 
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 ;g O’ fcUnq gSA fp=k esa  
 blfy, iFkkUrj  

  p =

d(sin  + sin ) –  O  0 fp=k ls Åij okys fcUnq ds fy,

d(sin  – sin ) –  O  O'  0 fp=k vkSj ls Åij okys fcUnq ds fy,

d(sin  + sin ) –  O'   fp=k ls uhps okys fcUnq ds fy,

  ......(8.1) 

 
Example 9.  ;ax ç;ksx esa ;fn D = 1m, d = 1mm, rjaxnS/;Z 500 nm okyk çdk'k fdlh dks.k 0.57º (lefer v{k ds 

lkFk) ij vkifrr gksrk gSA ;fn eq[; fcUnq O insZ ij gks rks 

   (i) eq[; mfPp"B dh fLFkfr D;k gksxhA   (ii) rhozrk fcUnq O ij (0 ls lEcfU/kr)  

  (iii) eq[; mfPp"B vkSj O ds chp fdruh vf/kdre fÝat gSA  

Solution :  (i)  = 0 = 0.57º 

     y = –D tan   – D  = – 1 meter × 
0.57

rad
57

 
 
 

 

     y = – 1cm. 
   (ii) fcUnq 0 ij,  = 0  

    blfy, p = d sin 0  –  d0 = 1 mm × (10–2 rad) 

         = 10,000 nm = 20 × (500 nm) p = 20   
    blfy, fcUnq O , 20th mfPp"B ls lEcfU/kr gSA 

     vr% rhozrk fcUnq  O ij = 0  

   (iii) 19 mfPp"B (O vkSj eq[; mfPp"B ds chp ) 

———————————————————————————————————  
9. iryh fQYe ds dkj.k O;frdj.k 
 ;ax ç;ksx esa nks dyklEcU) okys lzksr ,d vlaxr dyklEcU) ls rjaxkxz ds foHkktu ls izkIr djrs gSaA ;gk¡ ge ,sls 

gh lzksr vk;ke foHkktu ls çkIr djrs gSA (ijkofrZr vkSj viofrZr rjax ls)  

 tc ,d ,dy ry okyh rjax lekUrj ry esa (,d leku fn'kk esa fdlh iryh fQYe ij vkifrr gksrh gSA ftldh 

eksVkbZ d gS rks  rjax Åij okyh lrg ls ijkofrZr gksrh gSA lkFk gh lkFk uhps okyh lrg ls Hkh ijkofrZr gksrh gSA  

 
 vr% uhph okyh lrg ls ijkofrZr gksus okyh rjax Åij okyh lrg ls 2d iFk T;knk ysrh gS tgka  ek/;e dk 

viorZukad gSA  

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


Wave Optics  
 

 

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 
ADVWO - 13 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 ;fn fQYe dks gok esa j[k fn;k tk, rks Åijh lrg ls ijkofrZr gksus okyh rjax (l?ku ek/;e) dk dykUrj nsrsh 

gSA tcfd uhps okyh lrg ¼fojy ek/;e½ ls ijkofrZr gksus okyh rjax esa dksbZ dykUrj ugha gksrk gSA 

 blfy, laiks"kh vkSj fouk'kh O;frdj.k, ijkofrZr gksus okyh rjax ds fy,  

  2d = n fouk'kh O;frdj.k 

 rFkk 2d = (n +
1
2

) laiks"kh O;frdj.k      ....(9.1) 

 tgk¡ n = 0, 1, 2 ..............,  

 rFkk  = rjaxnS/;Z (gok esa) 
 

 O;frdj.k ikjn'khZ rjaxksa esa Hkh gksxk blfy, laiks"kh vkSj fouk'kh O;frdj.k ds fy, fLFkfr lehdj.k 9.1 ls vyx 

gksxhA  

  i.e. 2d = 










 fy,frdj.k ds O;fouk'kh

 fy,ds O;frdj.k leiks"kh

)
2
1

n(

            n
 ....(9.2) 

 bls ÅtkZ ds laj{k.k (tc Hkstus okyh rjax dh rhozrk ijkofrZr gksus okyh rjax rhozrk ls de gks) gy dj ldrs gSA  

 lzksr ls ikjnf'kZr rjax vkSj ijkorZu ds ckn ikjnf'kZr rjax ls vyx gksxk rks fÝUtksa dks foi;kZl Hkstus okyh rjax esa 

vPNh ugha gksxhA bl dkj.k iryh fQYe ds dkj.k O;frdj.k ijkofrZr çdk'k esa gh ns[kk tk ldrk gSA 

 lehdj.k (9.1) esa geus ;g ekuk gS fd iryh fQYe ds pkjksa vksj dk ek/; fojy gSA tcfd iryh fQYe l?ku ek/; 

nsrh gSA  

 ;fn ek/; nksuksa vksj l?ku ek/; gks rks Åijh lrg ls ijkorZu ds ckn rjax esa dksbZ dykUrj ugha gksxkA tcfd uhps 

okyh lrg ls ijkorZu ds ckn rjax esa   dk dykUrj gksxkA blfy, laiks"kh vkSj fouk'kh O;frdj.k lehdj.k 9.1 ls 

ns ldrs gSA 

 bl fLFkfr esa laiks"kh vkSj fouk'kh O;frdj.k lehdj.k 9.2 ls ns ldrs gSa 9.1 ls ughaA 

 
Example 10. lQsn çdk'k] ,d leku rhozrk vkSj rjaxnS/;Z 430–690 nm, dk ikuh dh iryh fQYe ij 90º dks.k ij 

vkifrr gksrk gSA ftldk ek/; dh ikjxE;rk  = 1.33 vkSj eksVkbZ d = 320 nm, gS tks gok esa gSA fdl 
rjaxnS/;Z ds fy, çdk'k rjax ijkofrZr gksxh rkfd ns[kus ij pedhyk çdk'k fn[kkbZ nsa ? 

Solution :  bl ç;ksx dh ,d fp=k (9.1), ls ns[k ldrs gSA ftlls lehdj.k (9.1) vf/kdre O;frdj.k nsrh gSA 
blfy, gy djus ij 

     = 
2 d

m 1/ 2



 = 
(2)(1.33)(320nm)

m 1/ 2
 = 

851nm
m 1/ 2

 

   m = 0 ij  = 1700 nm, tks fd m = 1,  = 567 nm, ihyk&gjk çdk'k tks n`'; izdk'k {ks=k ds chp esa 
gksxk vkSj m = 2,  = 340 nm, blfy, rjaxnS/;Z ftl ij izdk'k pedhyk fn[kbZ nsrk gSA   

     = 567 nm. Ans. 
 

Example 11. ,d dk¡p dk ySUl ftl ij ,d rjQ (MgF2) dh fQYe cuh gqbZ gSA tks ySUl dh vksj ijkorZu dks de 
dj nsrh gSA ek/;e dh ikjxE;rk  = 1.38 (MgF2) ds fy,] dkap ds fy, g  = 1.50 gSA fQYe dh eksVkbZ 
fdruh gksxh tks n`'; LiSDVªe ( = 550nm) ds chp esa ijkorZu dks gVk ns ;g ekurs gq, fd izdk'k 900 ij 
vkifrr gksrk gSA  

Solution :  ;gk¡ fLFkfr fp=k 9.1 ls vyx gS vr% n3 > n2 > n1. 
   n3 dkap dk viorZukad  
   n2 = MgF2 dk viorZukad  
   m1 = gok dk viorZukad  
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   A fcUnq ij ijkorZu dk dykUrj nsrk gS ijUrq B fcUnq ij 
Hkh dk dykUrj gSA ijkorZu tks dkap ls vPNk ugha gS 
mldks iryh fQYe ds }kjk gVk fn;k tkrk gSA blfy, 
MgF2 dh iryh fQYe ftldh eksVkbZ blds fy, mi;qZDr gks 
yh tkrh gSA tks rjaxnS/;Z dk dykUrj nsA vr% fQYe esa 
iFkkUrj 2L gksxk tks fd  rjaxnS/;Z dk fo"kexq.kkad gSA  

    2L = (m + 1/2)n2,         
     n2 = /n2,  
    2n2 L = (m + 1/2). 
   gesa de eksVkbZ dh fQYe pkfg, blfy, L NksVk gksuk pkfg, 

;fn m = 0 gS rks fQYe eksVkbZ de gksxhA vr%  

    L = 
24n


 = 

550nm
(4)(1.38)

= 96.6 nm   Ans. 

Glass
n =1.503

r2

r1




i
L

a
b

Air
n =1.001

MgF
n =1.33

2

2

c

Figure : 9.2  

———————————————————————————————————  
10. gkbtsu lajpuk ds vuqlkj %  
 gkbtsu ,d Mp HkkSfrdh vkSj vUrjh{k 'kkL=kh Fkk] us ,d cgqr gh vPNk js[kh; lq>ko 

rjax xfrdh ij fn;kA mlus ekuk fd mlus ikuh esa lkr rjaxks cgqr ckj ns[kk gSA tc 
,d NM+ ikuh esa j[k nh tkrh gS vkSj vkorZ xfr djkrs gS rks ;g rjax mRiUu djrh gS] 
D;ksafd ikuh dh lrg nks foeh; okyh gSA vr% rjaxzk; o`Ùk gksxk uk fd xksykdkj] o`Ùk ds 
gj ,d fcUnq ij ikuh Åij&uhps gksrk gSA gkbxsu dk fopkj Fkk fd ge gj u;s lzksr 
ij ;g ç;ksx ns[k ldrs gSA gkbMªkstu ds vuqlkj tks Hkh ifj.kke geus ns[kk ;fn mls 
tksM+k tk;s rks ;g nwljh  rjaxs gksxhA ;g fp=k 

 (i) t = 0, le; ij F1, ,d rjaxkxz gSA F1 ek/;e ds mu Hkkxksa ls vyx gksrk gSA tgk¡ 
dksbZ O;o/kku ugha gS rFkk tgka rjax igys iagqp pqdh gSA 

 (ii)  F1 dk çR;sd fcUnq u;s lzksr dh rjg O;ogkj djrk gS rFkk xksyh; rjaxkxz mRlftZr 
djrk gSA ‘t’ le; ds ckn buesa çR;sd dh f=kT;k  vt gksxh ;g xksys f)rh;d rjaxkxz 
gSA 

 F 1 F 2 

A 1 A 2

B 2 

C 2 

D 2 

B 1 

C 1 

D 1 

fp=k : 10.1  

 (iii)  t, le; i'pkr~ O;o/kku f)rh;d rjaxkxz }kjk r; fd;s x;s {ks=k ds çR;sd fcUnq ij iagqpsxkA blh {ks=k dh lhek 
u;k rjaxkxz F2 gksxk F2 çR;sd xksys ij Li'kZ js[kk gSA 

 (iv)  fcUnq  A1 F1 ij rFkk A2 F2  ij f)rh;d rjaxkzx Li'kZ djrk gSA  A1 dks F1 ls A2 dks F2 ls js[kk }kjk tksM+rs gSA 
gkbesu ds vuqlkj A1 A2 fdj.k gSA ;g rjaxkxz  F1 o F2 ds yEcor~ gS rFkk budh yEckbZ vt gSA blls irk pyrk 
gS fd fdj.k rjaxkxz ds yEcor~ gksrk gSA fdUgha nks rjaxkxz ds chp dh nwjh r; djus esa çdk'k dks leku le; 
yxrk gSA gekjs vuqlkj ek/;e ds çR;sd fcUnq ij pky  ‘v’ gksxhA vr% ge dg ldrs gS fd nks rjaxkxz ds chp 
dh nwjh leku gksrh gSA 

 (v)  blh rjg F2 curk gS o blds t le; ckn F3 curk gS rFkk ;g pyrk jgrk gSA bl gkbtsu lajpuk dgrs gSA 
fdlh le; rjaxkxz F1 gS rFkk F2, t le; ckn gS js[kk A1A2. B1B2  F1 o F2 nksuks ds yEcor~ gS rFkk fdj.k dks 
çnf'kZr djrk gSA gkbtsu lajpuk ikuh ij cuh rjaxks ls vklkuh ls le> ldrs gSA çR;sd nksfyr d.k vius 
ikl okys d.k dks Hkh nksyu djokrk gSA blfy, ;g f)rh;d lzksr dh rjg O;ogkj djrk gSA  

 

10.1 ijkorZu rFkk viorZu  

 gkbtsu ds fuekZ.k ds u;s :i ls ge izdk'k ds ijkorZu rFkk viorZu dks le> ldrs gSaA fp=k (a) esa ,d rjaxkxz 

nksuks ek/;eksa dks vyx djus okyh lrg ij blls ‘i’ dks.k cukrh gS mnkgj.k ds rkSj ij gok rFkk iuh nksuksa ek/;eksa 

esas dyk osx v1 vkSj v2 gSA ge ns[krsa gS fd vkifrr rjaxkxz fcUnq A Lrj ij Vdjkrk gS vHkh Hkh fcUnq B dks  

BC = AC sin i, dh nwjh r; djuh gSa rFkk ;g t = BC/v1 = AC (sin i) / v1 le; ysrh gSA t le; i'pkr ,d nwljk 

rjaxkxz ftldh f=kT;k v2t gS] A ls (dsUnz ds :i esa) ek/;e 2  esa ?kwerk gSA f}rh; rajxkxz tks C ls ¼dsUnz ds :i esa½ 

çkjEHk gksrh gS] dh f=kT;k 'kwU; gksuh pkfg,A gesa ,d rjaxkxz vkSj tks fd D fcUnq ls fudyrh gS rFkk  A rFkk C ds 
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e/; gS fn[kkbZ nsrk gSA bldh f=kT;k  v2t  ls de gSA bl çdkj ek/;e  2 esa rjaxkxz ,d js[kk gS tks fd C ls gksdj 

xqtjrh gS rFkk ml o`Ùk ij Li'kZ js[kk gSA ftldk dsUnz  A ij gS] ge ns[krs gS fd bl vifjofrZr rjaxkxz dk lrg ls 

cuk;k x;k dks.k 'r' gS AE = v2t = AC sin r'  ls çnf'kZr fd;k tkrk gSA bl çdkj t = AC (sin r'}/v2, ‘t’  ds fy, 

nksuksa lehdj.kksa dh rqyuk djus ij gesa viorZu dk fu;e 1

2

vsin i
sin r v

   ds :i esa feyrk gSA ,d ,slh gh rLohj 

fp=k (b) es çnf'kZr gSA tks fd ijkofrZr rjax ds fy, gS ;g iqu% ek/;e 1 eas xfr djrh gSA bl fLFkfr esa ijkofrZr 

rjax ds )kjk  lrg ds lkFk cuk;k x;k dks.k r ls çnf'kZr gksrk gS rFkk ge ;g ikrs gS fd i = r ;g ;kn jf[k, fd 

nksuksa ijkorZu rFkk viorZu ds fy, f)rh; rjaxkxz fHkUu le; ij çkjEHk gksxkA bldh igys okyh lehdj.k ls rqyuk 

djrs gSA tgka ij ge bUgsa leku le; ij çkjEHk djrs gSA 

 igys ds lehdj.k ,d vPNh HkkSfrd rLohj çnf'kZr djrs gS fd fdl çdkj ijkofrZr rjax f)rh; rjaxkxz ls curh 

gSA bl çdkj ge ijkorZu rFkk viorZu ds fu;e dks le>rs gSA bl rF; dks mi;ksx esa ykrs gq, fd fHkUu&fHkUu 

rjaxks ds vuqfn'k çdk'k dks ,d rjaxkxz ls nwljs rjaxkxz rd tkus es a yxk le; gksxkA tc lekUrj fdj.k lery 

lrg ij fxjrh gS rks blds ckn vkifrr rFkk ijkofrZr rjaxkxz dks fp=k eas fn[kk;k x;k gSA ,d rjax POQ nksuksa 

ijkofrZr rFkk viofrZr rjaxkxz ds yEcor~ fn[kk;k x;k gSA vk;ru dks.k  i  rFkk ijkorZu dks.k r dks vfHkyEc ds lkFk 

cuk;s x;s dks.k ds :i eas ifjHkkf"kr djrs gSA fp=k (c)  esa fn[kk;s vuqlkj ;s rjaxkxz rFkk lrg ds e/; dks.k gSA 

                               
    (a)          (b)     (c) 

fp=k : 10.2 
 fp=k (a) gkbtsu fuekZ.k ds fy, viorZu rjax (b) ijkorZu rjax (c) rjaxkxzks ds e/; lapj.k ds le; dh x.kuk ds fy;s  

(i) ijkorZu ds fy, rFkk  (ii) viorZu ds fy;sA  

 vc ges fdj.k ds vuqfn'k ,d rjaxkxz ls nwljs rjaxkxz rd tkus eas yxk dqy le; fudkyuk gSA fp=k (c), ls çdk'k 

dks P ls Q rd tkus dk le; gksxkA 

          = 
1

PO
v

 + 
1

OQ
v

 =
1

AO sin i
v

  +
1

OB sin r
v

  = 
1

OA sin i (AB – OA)sinr
v


=

1

AB sin r OA(sini sinr)
v

 
 

 vkifrr rjaxkxz ds vfHkyEc fHkUu fdj.ksa lrg ij fcUnq O  ij Vdjkrh gSA vr% bl çdkj  OA ds fofHkUu eku gksrs 

gSA tcfd lHkh fdj.kksa ds fy, le; leku gksuk pkfg, rks lehdj.k dk nkfguk Hkkx OA ls Lora=k gksrk gSA ,slk 

gksus ds fy, ;g vko';d gSA fd OA dk eku lehdj.k esa 'kwU; gksuk pkfg,A vr% sin i = sin r ge bl çdkj 

ijkorZu dk fu;e i = r çkIr djrs gSA fp=k Hkh ek/;e 1 dks ek/;e 2 ls foHkkftr djus okyh lery lrg ij 

viorZu dks çnf'kZr djrk gSA vkifrr rFkk viofrZr rjaxkxz lrg ds lkFk i rFkk r' dks.k cukrs gq, çnf'kZr gSA  

r' dks.k viorZu dks.k dgykrk gSA buds yEcor~ fdj.kksa dks Hkh n'kkZ;k x;k gSA ge fdj.k ds vuqfn'k nks rjaxkxz ds 

e/; nwjh r; djus es fy;k x;k le; Kkr djrs gSA 

 P ls R es fy;k x;k le; = 
1

PO
v

+ 
2

OR
v

 =
1

OA sin i
v

 +
2

(AC – OA)sin r '
v

  =
2

AC sin r '
v

 + OA 
1 2

sin i sin r '
v v

 
 

 
    

 ;g le; fQj ls bl fdj.k ls LorU=k gksuk pkfg, ftls geus ekuk FkkA OA dk xq.kt bl lehdj.k es 'kwU; gksuk 

pkfg,A blfy, 
sin i
sin r

 = 1

2

v
v

 = 21n  
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 tgk¡  ek/;e 2 dk ek/;e 1 ds lkis{k viorZukad gSA ;g Lusy dk fu;e gS tks ge igys gh lh[k pqds gSA n21 igys  

ek/;e es osx (v1) rFkk nwljs ek/;e es osx (v2) dk vuqikr gSA ;g lehdj.k LuSy dk viorZu dk fu;e dgykrk gSA 

vxj igyk ek/;e fuokZr gS rks  = 
sin i
sin r 

 = 
2

c
v

n2  

 tgka n2 ek/;e 2  dk fuokZr ds lkis{k  viorZukad gSA ;g ek/;e dk fujis{k viorZukad gSA ,slk gh lehdj.k çFke 

ek/;e n1 ds fujis{k viorZukad ds fy, gSA lehdj.k ls  n21 = 1

2

v
v

=
1

c
n

 
 
 

/
2

c
n

 
 
 

  = 2

1

n
n

 

 gok dk fujis{k viorZukad 1.0003, gS tks fd 1 ds utnhd gSA blfy, lHkh izk;ksfxd m)s';ksa ds fy, lHkh ek/;eks 

dk viorZukad gok ds lkis{k fy;k tk ldrk gSA ikuh ds fy, n1 = 1.33, ftldk eryc v1 =
c

1.33
, gksxk tks 

fuokZr esa izdk'k ds osx dk .75 xquk gS] ikuh esa izdk'k ds osx ds fy;s Qksdkm us rjax fl)kUr ls ;gh O;ogkj 

çfrikfnr fd;k FkkA ,d ckj ge viorZu rFkk ijkorZu ds fu;e irk yxk dj fçTe] ySUl rFkk niZ.k dks le> 

ldrs gSA buds ckjs esa ge fiNys v/;k; esa v/;;u dj pqds gSA ;gka ge rhu fLFkfr;ksa eas rjaxkxz ds ckjs esa v/;;u 

djsaxsA    

 (i)  ekuk fd ,d lery rjax irys fçTe ls xqtjrh gSA lkQ rkSj ij] vkus okys rjaxkxz dk og fgLlk tks dkap ds 

T;knk eksVs fgLls ls xqtjrk gS og T;knk nsj ls tkrk gSA D;ksafd dkap esa çdk'k T;knk /kheh xfr ls pyrk gSA 

;g fuxZr rjaxkxz esa >qdko dks Li"V djrk gSA  

 (ii)  blh çdkj vkus okyh lery rjax dk e/; Hkkx tks mÙky ySUl ds lcls eksVs Hkkx esa ls fudyrk gS lcls T;knk 

nsjh ls igqaprk gS fudyus okyk rjaxkxz dsUnz ij nc tkrk gSA ;g xksyh; gksrk gS rFkk Qksdl ij feyrk gSA 

 (iii)  ,d vory niZ.k blh çdkj dk çHkko mRiUu djrk gSA rjaxkxz ds dsUnz dks ijkorZu ds i'pkr~ T;knk nwjh r; 

djuh iM+rh gSA vxj fdukjs ls rqyuk djsA ;g fQj ls xksyh; rjaxkxz dks mRiUu djrh gSA 

 (iv)  vory ySUl rFkk mÙky niZ.k dks le; nsjh ds O;DrR; ls blh çdkj le>k tk ldrk gSA ,d xq.k tks rjaxkxz 
ls Li"V gS fd oLrq ij fLFkr fdlh fcUnq ls izfrfcEc ij fLFkr laxr fcUnq rd tkus esa leku le; yxrk gS 
pkgs ;g fdlh Hkh fdj.k ds vuqfn'k ekik tk;A  

  mnkgj.k ds fy, tc ,d mÙky ySUl çdk'k dks Qksdl djrs gq, okLrfod çfrfcEc cukrk gSA rks ;g ns[kk tk 
ldrk gS fd dsUnz ls tkus okyh fdj.ksa NksVh gksrh gSA ysfdu dk¡p esa /kheh xfr ds dkj.k ySal ds fdukjs ds 
utnhd fy;k le; ,d tSlk gksrk gSA  

                     
      (a)      (b)     (c) 
 

fp=k : 10.3 

11. foHksnu {kerk (R.P.) 

 fdlh L=kksr ds izdk'k foorZu ds dkj.k vR;f/kd la[;k esa izfrfcEc izkIr gksrs gSA ;fn nks L=kksr ds chp dh nwjh bl 

izdkj gks dh buds dsUnzh; mfPp"B ,d nwljs ij vfrO;kfir ugh gks rks buds izfr:i vklkuh ls igpkus tk ldrs 

gSA vkSj fdlh izdkf'kd ;a=k dh foHksnu {kerk nks iM+kSlh fcUnqvksa dks vyx&vyx ns[kus dh {kerk ds :i esa 

ifjHkkf"kr gksrh gSA  

 js[kh; R.P. = d / D   

 ;gkW D = izsf{kr nwjh 

 dksf.k; R.P. = d /   d = nks fcUnqvksa ds e/; nwjh 
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 (1) lw{en'khZ : lw{en'khZ dh fLFkfr esa nks js[kkvksa ds e/; U;wure~ nwjh ftl ij js[kkvksa dks Bhd foHksfnr fd;k tk 

ldsA foHksnu lhek (RL) dgykrh gSA rFkk bldk O;qRØe foHksnu {kerk (RPO) dgykrk gSA 

  R.L. =  
2 sin


 

 rFkk R.P. = 
2 sin 


  R.P.  


1

 

  = oLrqvksa dks izdkf'kr djus ds fy, iz;qDr izdk'k dh rajxnS/;Z 

   = oLrq rFkk vfHkn`';d ds e/; ek/;e dk viorZukad 

  = fcUnqor oLrq ds 'kadq dk v)Zdks.k, sin = xf.kfr; }kjd 

 

 
 

 (2) [kxksyh; nwjn'khZ (Astronomical telescope) : nks lehiorhZ oLrqvksa ds i`Fkd rFkk vkof/kZr izfrfcEc cukus dh 

[kxksyh; nwjn'khZ dh ;ksX;rk bldh foHksnu {kerk dgykrh gSA nks lehiorhZ oLrqvksa ds e/; dh U;wure nwjh 

ftlds fy, nwjn'khZ i`Fkd izfrfcEc cuk ldrk gS] foHksnu lhek dgykrh gSA 

  nwjn'khZ dh dks.kh; foHksnu lhek  = 
d
22.1   }kjk nh tkrh gSA 

  tgk¡  = iz;qDr izdk'k dh rjaxnS/;Z gSA  
  d = vfHkn`';d ySal ds }kjd dk O;kl gSA  
  foHksnu {kerk foHksnu lhek dh O;qRØe gksrh gSA  

    foHksnu {kerk = 
22.1

d  

  (i) pqafd foHksnu {kerk dA vr% nwjn'khZ dh foHksnu {kerk oLrq ySal ds }kjd dk O;kl c<+kus ij c<+rh gSA  

  (ii) pqafd foHksnu {kerk 

1   

   vr%, nwjn'khZ dh foHksnu {kerk iz;qDr izdk'k dh rjaxnS/;Z c<+kus ij ?kVrh gSA  

  (iii) nwjn'khZ dh foHksnu {kerk vfHkn`';d ySal dh Qksdl nwjh ij fuHkZj ugha djrh gSA vr% vfHkn`';d ySal dh 

Qksdl nwjh c<+kus ij foHksnu {kerk vifjofrZr jgrh gSA  
 

 

Problem 1.  nks izdk'k rjaxs E1 = 2 sin (100 t – kx + 30º  rFkk E2 = 3 cos (200 t – kx + 60º ls nh tkrh gSaA rks 

igyh o nwljh rjaxksa dh rhozrk esa vuqikr gSA 

   (A) 
2
3

     (B*) 
4
9

   (C) 
1
9

   (D) 
1
3

   

Answer :  (B) 

Solution :  I A2     
I

I

1

2

 = 
2

2

2

3
 = 4 / 9 

 

Problem 2.  fp=k esa fn[kk;s vuqlkj nks iryh fLyV S1 o S2 gSA ,d cgqr 

NksVh iw.kZ vo'kks"kd iêh  'C' ls ‘y’ nwjh ij fLFkr gSA C LØhu ij 

fLFkr og fcUnq gS tks S1 o S2 esa leku nwjh ij gSA ekuk  < < d 

< < D tgka , d vkSj D dk lkekU; vFkZ gSA tc S2 dks <d fy;k 

tkrk gS rks çdk'k }kjk iêh ij cy ‘f’ gS vkSj tc nksuksa fLyV 

[kqyh gksrh gS rks iêh ij cy 2f gS rks U;wure /kukRed  

‘y’ (<< D) funsZ'kkad , d rFkk D ds inksa esa gksxkA 

 

D (0, 0) 
S 2 

S 1 
d 

l 
inkZ

C 

y 

iw.kZ vo'kks"kd 
   iêh 
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Solution :  ekuk S1 o S2 çR;sd ds dkj.k P ij rhozrk 0 gSA  
   tc nksuksa lzksrksa ls vkus okyh rjaxs P ij v/;kjksfir gksrh gS 

  rks ifj.kkeh rhozrk  

    = 40 cos2


y

 tgka = 
d
D

 

   P ij cy çR;sd ds dkj.k yxus okys cy dk nqxquk gksxkA  
 

   vr%  = 20 

D(0, 0)
S2

S1

d

iw.kZr% vo'kks"kd 
iV~Vh

l
inkZ

C

y
P  

 

    cos2 

y

 = 
2
1

 ;k 

y

 = 
4


  ;k  y = 
4


 = 
d4
D

 Ans. 

 

Problem 3.  ;ax f}fLyV ç;ksx ikuh (1) esa fd;k tkrk gSA t eksVkbZ dh dk¡p dh ifêdk 2] S2 ds iFk esa j[kh tkrh gS 
rks O ij dykUrj dk ifjek.k gksxk : (ekuksa fd ‘’ ok;q esa izdk'k dh rjax nS/;Z gS) S1 o S2 ds lkis{k  
O lefer gSA  

 

   (A) 2

1

2
1 t

  
   

  (B) 1

2

2
1 t

  
   

 (C*) |((2 – 1) t| 
2


 (D) |(2 – 1) t |
2


 

Solution :  iFkkUrj  x = (2 – 1) t      =
2


 (2 – 1) t   vr% (C) 
 

Problem 4.  ,d izdk'k dh fdj.k dk¡p dh iryh ijr ij vfHkyEcor vkifrr gSA dk¡p dh U;wure eksVkbZ D;k gksxh 
rkfd ijkofrZr izdk'k fouk'kh O;frdj.k mRiUUk djsaA (air = 600 nm) ?  

 

ok;q   n = 1.00 

dk¡p  n = 1.50 

ikuh  n = 1.33 

izdk'k 
fdj.k 

t 

 
   (A) 50 nm    (B) 100 nm  (C) 150 nm  (D*) 200 nm 

Solution :  ijkofrZr izdk'k ds ihys jax ds fy, fdj.k A, C, E ls  = 600 ds fy, foifjr dyk esa gksxhA  

A C E

B D

air (rare)

glass

(dense)
(rare)
water 

transmitted light 

t

reflected light

 

   ;k  = (2n – 1) 
2


 ;k 2gt – 
2


 = (2n – 1) 
2


 

   ;k t = 
g

n
2



   ;k tmin = 
g2




 = 200 nm 
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Problem 5.  nks /kqzo.k fØLVy ,d nqljs ds ØkWl ¼yEcor~½ j[ksa gSA tc buesa ls ,d 60° ds dks.k ij ?kwek fn;k tk;s rks 

vkifrr v/kzqfor izdk'k dk fdruk izfr'kr /kzqo.k fØLVyksa ls ikjxfer gks tk;sxkA  

   (A) 50%    (B) 62.5 %  (C*) 37.5%  (D) 12.5 %  
Solution :  izkjEHk esa /kqzfor fØLVy ,d nwljs dks dkV jgsa rFkk budh /kzqoZ.k fn'kkvksa ds e/; dks.k 90º gSA tc buesa ls 

,d 60º dks ?kwek;k tkrk gS] rks vc mudh /kzqo.k fn'kk dks.k 30º ij gks tkrh gSA  

   ekukfd v/kqzfor izdk'k dh rhozrk = I0 gSA 

   ;g lery /kqzfor izdk'k nwljs /kqzfor fØLVy ls xqtjrk gS] rks rhozrk I2 = I1 cos2 

    = /kqzoZ.k fn'kkvksa ds e/; dks.k  

   I1 = 0

1
I

2
 = 30º vr%  I2 = I1 cos230º  2

0

I
I
=

3
8


    izfr'kr ikjxeu = 2

0

I
I

 × 100 = 
3
8
× 100 = 37.5% 

Problem 6.  (a) vk¡[k dh iqryh dk O;kl O;fDr ls O;fDr rd ifjofrZr gksrk gS rFkk izfrfnfIr ij fuHkZj djrk gSA ;g 
ekfu;s fd bldk vkSlr eku 2 mm gSA rjaxnS/;Z 550 nm ds fy, ekuo vk¡[k dh dks.kh; foHksnu lhek Kkr 
dhft, rFkk ;g Hkh ekfu;s fd foHksnu dsoy foorZu }kjk izfrcfU/kr gSA 

   (b) lwpukvksa dks iz;qDr djrs gq, mijksDr dks Kkr dhft,A og vf/kdre nwjh tgk¡ rd vk¡[k mldh vksj 
vkus okyh dkj ds nks gsM&ykbVksa ftuds e/; nwjh 1.5 m gS] dks foHksfnr djus esa leFkZ gks ldsA 

Solution :  (a) o`Ùkkdkj }kjd ij foorZu ds fy, dks.kh; foHksnu lhek dks fuEu izdkj O;Dr dj ldrs gSA  

   R = 1.22
d


 

   [d }kjd dk O;kl gSA] 

   ;gk¡  = 550 nm = 550 × 10–9 m 
   d = 2mm = 2 × 10–3 m 

    R = 
3

9

102

10550
22.1 






  jsfM+;u 

   = 3.35 × 10–4 jsfM+;u  

   = 1.92 × 10–2 fMxzh 

    R = 1.15' (feuV) 

   (b) nks gsM+&ykbVksa ds e/; vk¡[k }kjk vUrfjr dks.k, 

   
D
5.1

   [vYi ds fy,] 

   gsM+ykbVs foHksfnr ugha gks ldrh 

   ;fn  < R ;k ;fn 41035.3
D
5.1    

   [R = 3.35 × 10–4 jsfM+;u. SI fudk; esa dks.k jsfM;u esa ekik tkrk gSA] 

    D > 
41035.3

5.1


  

    D > 4477.6 m 

   ;gk¡ foHksnu ds fy, vf/kdre nwjh 4477.6 m gSA 

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


Wave Optics  
 

 

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 
ADVWO - 20 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

Problem 7.  10 mW 'kfDr rFkk 7000Å rjaxnS/;Z dk ,d ysatj iq¡t ds }kjd dk O;kl 3mm gSA ;fn ;g 5 cm Qksdl 

nwjh ds ysal }kjk Qksdlhr fd;k tkrk gS rc izfrfcEc dk {ks=kQy rFkk rhozrk Kkr dhft,A  

Solution :  o`Ùkkdkj }kjd ij foorZu ds fl)kUr ds vuqlkj  

   rad1085.2
103

107
22.1

d
22.1 4

3

7













  

   vc, ;fn r ySal }kjk blds Qksdl ij cuk;s x;s izfrfcEc dh f=kT;k gS,  = (r/f) 

   r = f = (5 × 10–2) × (2.85 × 10–4) = 14.25 × 10–6 m  

   rFkk, A = r2 = 3.14 (14.25 × 10–6)2 _~  6.4 × 10–10 m2 

   rFkk, 









cm

kW
56.1

m

MW
6.15

104.6

1010
S
P

St
E

I
10

3

 

 

Problem 8.  lery /kzqfor rFkk v/kzqfor izdkj dk feJ.k /kqzod 'khV ij vfHkyEcor~ fxjrk gSA vkifrr iqat dh fn'kk ds 

ifjr% /kqzod 'khV dks ?kqekus ij ikjxfer rhozrk 4 ds xq.kd ls ifjofrZr gksrh gSA vkifrr iqat esa /kzqfor rFkk 

v/kqzfor ?kVd dh Øe'k% rhozrkvksa Ip rFkk I0 dk vuqikr Kkr dhft,A vc /kqzod 'khV dh v{k dks 45° ds 

dks.k dh fn'kk esa fLFkj djrs gSA tc ikjxfer rhozrk vf/kdre gS] rc ikjxfer iqat dh dqy rhozrk I0 ds 

inksa esa Kkr dhft,A 

Solution :  v/kqzfor izdk'k dh ikjxfer rhozrk /kzqod 'khV ds lHkh foU;klksa ds fy, fu;r gksxh] tcfd /kqzfor izdk'k dh 

rhozrk esyl ds fu;e }kjk O;Dr gksxhA 

   I'p = Ip.cos2  

   ;g ekfu;s fd /kzqfor rFkk v/kqzfor ?kVdksa dh ikjxfer rhozrk Øe'k% I'p  rFkk I'0 gSA  

    = /2 ds fy,, I'p = 0 rFkk  = 0° ds fy,, I'p = Ip tcfd lHkh foU;klksa ds fy, I'0 = 
2
0I

 

   nh xbZ 'krZ ls, 

   Imax = IP + 
2
0I

  tc  = 0° 

   rFkk Imin = 
2
0I

    tc  = /2 

    IP + 
2
0I

= 4 . 
2
0I

 ;k IP = 
2

03I
 

   vFkkZr~, 
2
3

0

P 
I

I
 

    = 45° ds fy,, I = IP cos245° + 
2
0I

 

   =
22

1
2

00 I3I
  = 

4
05I

 Ans. 
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HANDOUT   izdk'k dk foorZu ,oa /kzqo.k (Diffraction and Polarisation of Light) 

 

izdk'k dk foorZu 

 fdlh rajx dk fdlh }kjd ;k vojks/kd ds rh{.k fdukjksa ls eqM+dj mlds T;kferh; Nk;k esa QSyus okys dks foorZu 

dgrs gSA rjax dk ljy js[kh; lapj.kls fopyu Hkh foorZu dgykrk gSA   

        

 foorZu fxzekYMh }kjk [kkstk x;k FkkA 

 lS)kfUrd :i ls Ýsusy }kjk le>k;k x;kA 
 

 foorZu lHkh izdkj dh rajxks esa laHko gSA vFkkZr~ ;kaf=kd ;k fo|qr pqEcdh; rajxs foorZu iznf'kZr djrh gSA foorZu nks 

?kVdksa fuHkZj djrk gSA 

 (i) vojks/kd ;k }kjd ds vkdkj ij  

      
 (ii) rjax dh rajxnS/;Z ij   

     

 foorZu dh 'krZ] vojks/kd ;k }kjd dk vkdkj rjax dh rjaxnS/;Z ds yxHkx cjkcj gksuk pkfg,A

   ~ a  
a


 ~ 1 

 ;fn vojks/kd dk vkdkj izdk'k dh rjaxnS/;Z ls T;knk gksxk rks izdk'k dh js[kh; xfr izsf{kr gksrh gSA 

 iz;ksfxd :i ls iszf{kr fd;k x;k fd vojks/kd ;k }kjd dk vkdkj 50  ls T;knk gks rks vojks/kd ;k }kjd foorZu 

iznf'kZr ugh djrk gSA 

 10–7m dksfV dh rajxnS/;Z dk izdk'k lk/kkj.k vojks/kd ds fy, foorZu iznf'kZr ugh djrk gS rFkk ;s ljy js[kk ij 

xfr djrk gqvk izrhr gksrk gSA /ofu rajxs izdk'k rajxks dh rqyuk esa T;knk foorZu iznf'kZr djrh gSA D;ksafd /ofu 

rjaxks dh rajxnS/;Z T;knk (16 mm ls 16 m) gksrh gSA blfy, gekjs nSfud thou eas ;g vojks/kd }kjk lk/kkj.k :i 

ls foofrZr gksrh gSA 
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 ijkJO; rajxks dk foorZu Hkh vklkuh ls izkIr ugh gksrk gSA tcfd /ofu dk foorZu vklkuh ls izkIr gksrk gS] D;ksafd 
budh rjaxnS/;Z 1 cm ds yxHkx gksrh gSA jsfM;ksa rajxksa dk foorZu lk/kkj.kr;k izsf{kr gksrk gS] D;ksafd budh rjaxnS/;Z 
T;knk (2.5 m ls 250 m) gksrh gSA X-fdj.ks fØLVyh ls vklkuh ls foofrZr gksrh gSA  

    
foorZu ds izdkj 

 (i) ;gkW ij izdk'k dk nks izdkj dk foorZu gksrk gS % 
 (a) Ýsusy foorZu    (b) ÝkugkWQj foorZu 
 (a) Ýsusy foorZu 
 tc izdk'k L=kksr rFkk izs{k.k fcUnq nksuksa foorZu mRiUu djus okys }kjd ;k vojks/k ls lhfer nwjh ij fLFkr gks rks 

foorZu Ýsusy foorZu dgykrk gSA Ýsusy foorZu esa vkifrr o foofrZr rjaxkxz] xksyh; vFkok csyukdkj gksrs gSA 
 Example :- lh/ks fdukjksa ij foorZu] NksVh vikjn'khZ pdrh] ladh.kZ rkj ij foorZu 

        
 (b) ÝkugkWQj foorZu 

 tc izdk'k L=kksr ,oa izs{k.k fcUnq nksukas dh foorZu mRiUu djus okys vojks/k }kjd ls izHkkoh nwjh vuUr gks vFkkZr~ 
vkifrr rFkk foofrZr rjaxkxz nksuksa lery gks rks bl izdkj ls izkIr foorZu ÝkugkWQj foorZu dgykrk gSA 

 mnkgj.k % ,dy fLyV ls foorZu] f}fLyV ls foorZu ,oa foorZu xzsfVax] ÝkugkWQj foorZu ds mnkgj.k gSA 

     

Ýsuy foorZu ÝkWugkQj foorZu

(a) L=kksr rFkk inkZ nksukas dh vojks/kd ls fuf'pr nwjh L=kksr rFkk inkZ nksukas dh vojks/kd ls nwjh vuUr 

ij gksrs gSA gksrh gSA

(b) vkifrr rFkk foofrZr rajxzkx xksyh; ;k csyukdkj vkifrr rFkk foofrZr rajxzkx L=kksr ls vuUr nwjh

vkd`f~Ùk esa gksrs gSA gksus ds dkj.k leryh; gksrs gSA

(c) dqN le; foorZu izfr:i dk dsUnz pedhyk vkSj foorZu izfr:i dk dsUnz ges'kk pedhyk izkIr 

dqN le; dkyk izkIr gksrk gSA ;g vojks/kd ds vkdkj gksrk gSA

rFkk izs{k.k fcUnw dh nwjh ij fuHkZj djrk gSA

(d) foorZu izfr:i izkIr djus ds fy, ySal ;k niZ.k dk blds fy, ySal dk iz;ksx fd;k tkrk gSA

iz;ksx ugh djrs gSA

(e) vyx^&vyx v)kZo`fÙk dfVcU/k ls vkus okyh rjaxksa vyx^&vyx v)kZo`fÙk dfVcU/k ls vkus okyh rjaxks

dk vk;ke vyx&vyx gksrk gSA dk vk;ke leku gksrk gSA

Ýsusy rFkk ÝkugkWQj foorZu esa vUrj
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,dy fLyV ls ÝkugkWQj foorZu 

 a pkSM+kbZ dh ,dy fLyV AB gS] AB fLyV ij lery rajxzkx vkifrr gSA AB ds izR;sd Hkkx ls fuxZr f}rh; rjaxzkx 
v{kh; fcUnw P feydj dsfUnz; mfPp"B cukrk gSA bl foorZu esa dsfUnz; mfPp"B dh rhozrk vf/kdre~ izkIr gksrh gS] 
;gkW n Øe'k% nth fuEufu"B dh fn'kk dks iznf'kZr djrk gSA bldk iFkkUrj BB' =a sin n\ gSA 

     

 nth fuEufu"B ds fy, a sin n = n    sin n  n = 
n
a


 (;fn n vYi gksA) 

 tc A rFkk B ls vkus okyh f}rh; rjaxks ds e/; iFkkUrj n ;k 2n
2
 
  

 

 ;k 
2


 ds lexq.kkad ij fuEufu"B izkIr gksrk gSA 

     

 fuEufu"B ds fy,  a sin n = 2n
2
 
  

 

 tc A rFkk B ls vkus okyh f}rh; rjaxks ds e/; iFkkUrj (2n + 1) 
2


  gksA 

 ;k  
2


 ds fo"ke xq.kt ij mfPp"B izkIr gksrk gSA 

 mfPp"B ds fy,  a sin n = (2n + 1) 
2


  ;gkW n = 1, 2, 3 ...... 

 n = 1  izFke mfPp"B ds fy, rFkk   n = 2  f}rh; mfPp"B ds fy, 
 

 dsfUnz; mfPp"B ds nksuksa rjQ Øekaxr :i ls ,d ds ckn ,d fufEu"B rFkk mfPp"V izkIr gksrs gSA 
fuEufu"B ds fy, 

 ;fn dsfUnz; mfPp"B ls noha fufEu"B dh nwjh = xn 
insZ ls fLyV dh nwjh = D, fLyV dh pkSM+kbZ = a 

iFkkUrj  = a sinn = 
2n

2


  sinn = 
n
a


      

POP' esa tan n = nx
D

 ;fn n gks rks  sin n  tann n 
 

 Xn = 
n D

a


  n = nx
D

 = 
n
a


 dsfUnz; mfPp"B ds nksuksa rjQ izFke fuEufu"B izkIr gksrk gSA 

 izFke fuEufu"B ds fy, x = 
D
a


 rFkk  = 
x
D

 = 
a


 

 dsfUnz; mfPp"B dh js[kh; pkSM+kbZ wx = 2x  wx = 
2d

a


 

 dsfUnz; mfPp"B dh js[kh; pkSM+kbZ w = 2 = 
2
a
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fo'ks"k fLFkfr 
 ySal L2 dks fLyV AB ds cgqr ikl foLFkkfir dj fn;k tkrk gSA 

bl fLFkfr esa fLyV rFkk insZ ds e/; nwjh ySal L2 dh Qksdl nwjh ds yxHkx 
cjkcj gks tkrh gSA (D  f) 

n = nx
f

 = 
n
a

    xn = 

n f
a




wx = 
2 f
a


rFkk dsfUnz; mfPp"B dh dks.kh; pkSM+kbZ wB = 
2x
f


2x
a

 

 

 

 fÝUt pkSM+kbZ 
 nks Øekaxr mfPp"Bks ¼pedhyh fÝUtsa½ ;k nks Øekaxr fuEufu"B ¼dkyh fÝUtsa½ ds e/; nwjh fÝUt pkSM+kbZ dgykrh gSA 

 = xn + 1 – xn = (n + 1) 
D
a
 – 

n D
a


= 
D
a


 

 

ÝkugkWQj foorZu esa rhozrk oØ 
 

ÝkugkWQj foorZu esa rhozrk fuEu izdkj fuHkZj djrh gS I = 
2

0

2
(2n 1)
 

   
 

I0 = dsfUnz; mfPp"B dh rhozrk 
n = mfPp"B Øekad 

izFke mfPp"B dh rhozrk  I1 = d 0
02

4
229


 




f}rh; mfPp"B dh rhozrk I2 = 0
02

4
6125


 


 
 

 
 fLyV ls izkIr gqbZ foorZu izfr:i Ýksu&gkWQj foorZu izfr:i dh rjg gksrk gS ftldksa vxqfy;kas ds chp dh txg 

}kjk izkIr dj ldrs gSA tc YDSE iz;ksx esa nwjLFk V~;wc ykbZV dks ns[kk tkrk gS rks ;g Hkh Ýksu&gkWQj foorZu gSA 
 

eq[; fcUnq 
 dsfUnz; mfPp"B dh pkSM+kbZ , tks fd yky izdk'k ds fy, T;knk rFkk uhys jax ds fy, de gSA 
 vFkkZr~ i.e., wx  
 pWwfd as blue < red wblue < wred 
 

 Ýksu&gkWQj foorZu izkIr djus ds fy, f}rh; ySal (L2) dh Qksdl nwjh dk iz;ksx fd;k tkrk gSA 
 wx f 1/a 
 ckjhd LyhV ds fy, pkSM+kbZ T;knk gksrh gSA 
 fLyV dh js[kh; pkSM+kbZ de djus ij dsfUnz; mfPp"B dh pkSM+kbZ c<+rh gSA 

 
foHksnu {kerk (R.P.) 

 fdlh L=kksr ds izdk'k foorZu ds dkj.k vR;f/kd la[;k esa izfrfcEc izkIr gksrs gSA ;fn nks L=kksr ds chp dh nwjh bl 
izdkj gks fd buds dsUnzh; mfPp"B ,d nwljs ij vfrO;kfir ugh gks rks buds izfr:i vklkuh ls igpkus tk ldrs 
gSA vkSj fdlh izdkf'kd ;a=k dh foHksnu {kerk nks iM+kSlh fcUnqvksa dks vyx&vyx ns[kus dh {kerk ds :i esa 
ifjHkkf"kr gksrh gSA  

 js[kh; R.P. = d / D ;gkW D = izsf{kr nwjh 
 dksf.k; R.P. = d /   d = nks fcUnqvksa ds e/; nwjh 
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(1) lw{en'khZ : lw{en'khZ dh fLFkfr esa nks js[kkvksa ds e/; U;wure~ nwjh ftl ij js[kkvksa dks Bhd foHksfnr fd;k tk ldsA 
foHksnu lhek (RL) dgykrh gS rFkk bldk O;qRØe foHksnu {kerk (RPO) dgykrk gSA 

 
 

R.L. =  
2 sin


 

 rFkk R.P. = 
2 sin 


   R.P.  




      

= oLrqvksa dks izdkf'kr djus ds fy, iz;qDr izdk'k dh rajxnS/;Z 
 = oLrq rFkk vfHkn`';d ds e/; ek/;e dk viorZukad 
= fcUnqor oLrq ds 'kadq dk v)Zdks.k, sin = xf.kfr; }kjd  

 

(2) nwjn'khZ (Telescope) : nks nwjLFk fcUnqvksa ds e/; U;wure~ dks.kh; vUrj (d) ftuds izfrfcEc nwjn'khZ esa ,d nwljs ls 

vyx&vyx gks foHksnu lhek (RL) dgykrh gSA vr% foHksnu lhek d = 
1.22

a

 

 rFkk foHksnu {kerk (RP) = 
1

d
= 

a
1.22

 R.P. 
1
2
 ;gkW a = vfHkn'kZd ySal dk }kjd 

O;rhdj.k rFkk foorZu esa vUrj % 

   

O;frdj.k foorZu

(1) ;g nks vyx&vyx dyk lEcU/k L=kksr ls vkus okys (1) ;g leku rjaxzkx ds nks fHkUu&fHkUu Hkkxksa ls vkus

rajxksa ds v/;kjksi.k dh ?kVuk gSA okyh nks rajxks ds v/;kjksi.k dh ?kVuk gSA

(2) O;rhdj.k izfr:i esa lHkh pedhyh js[kk;s leku (2) lHkh pedhyh js[kk,W leku :i ls pedhyh ugha

pedhyh rFkk leku nwjh ij fLFkr gksrh gSA gksrh gS rFkk leku pkSM+kbZ dh gksrh gSA foorZu

dks.k ds lkFk pedhykiu rFkk pkSM+kbZ ?kVrh gSA

(3) lHkh dkyh js[kk,W iw.kZ:i ls dkyh gksrh gSA (3) dkyh js[kk,W iw.kZr% dkyh ugh gksrh gS rFkk bu

pedhyh js[kkvksa dh fnIrrk rFkk pkSM+kbZ foorZu

dks.k ds lkFk ?kVrh gSA

(4) O;rhdj.k esa cSUM cgqr vf/kd la[;k esa gksrs gSA (4) foorZu cSUM dqN la[;k esa gksrs gSA  

/kzqo.k 
 

 O;rhdj.k rFkk foorZu iz;ksx izdk'k dh rajx xfr ds ckjs esa crkrk gSA ;g iz;ksx bl ckjs essa ugh crkrs gS fd rajx 
xfr fdl izdkj dh gSA vFkkZr~ izdk'k rjax vuqnS/;Z gS ;k vuqizLFk gSA /kzqo.k izdk'k rajx dh vuqizLFk izd`fr ds ckjs esa 
crkus esa lgk;rk djrk gSA 

 v/kzqohr izdk'k 
 ,d lk/kkj.k izdk'k iwat] izdk'k L=kksr ds ijek.kqvksa }kjk mRlftZr vR;f/kd rajxksa }kjk cuk gksrk gSA izR;sd ijek.kq 

Loa; fo|qr lfn'k E  ds foU;kl ds }kjk rajx mRiUu djrk gSA blfy, E  ds dEiUu dh lHkh fn'kk,W leku :i ls 
lEHko gSA  

         
 ifj.kkeh fo|qr pqEcdh; rajx] foyfxr ijek.kq L=kksr }kjk mRiUu rjaxksa ds v/;kjksi.k }kjk izkIr gksrh gS rFkk bldks 

v/kzqfor izdk'k djrs gSA bl lk/kkj.k ;k v/kzqfor izdk'k esa fo|qr lfn'k ds dEiUu lHkh lEHko fn'kkvksa esa rjax 
lapj.k ds yEcor~ ry esa gksrs gSA 

 
 

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


Wave Optics  
 

 

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 
ADVWO - 26 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 /kzqo.k 
 fdlh rjax ds dEiUuksa dks rajx lapj.k ds yEcor~ ry esa fdlh fof'k"V fn'kk esa lhfer djus dh ifj?kVuk dks /kzqo.k 

dgrs gSA 
 /kzqohr izdk'k esa fo|qr lfn'k ds dEiUu izdk'k lapj.k ds yEcor~ ry es izkIr gksrs gS rFkk ry esa ,d fuf'pr fn'kk 

esa daiu izkIr gksrs gSA ¼lefer :i ls lHkh lEHko fn'kkvksa esa izkIr ugh gksrs gSA½ 
 /kzqo.k ds i'pkr~ dEiUu rajx lapj.k dh fn'kk ds ifjr% vleehr gks tkrs gSA 
 

 /kzqod 

 Vwjesfyu fØLVy 

 tc Vwjesfyu fØLVy ls izdk'k xqtjrk gS rc fØLVy dh v{k ds lekUrj ry esa izdk'k ds dEiUu 'ks"k jgrs gS ,oa 
izdk'k dEiUu izdkf'kd osx ds yEcor~ ry esa jgrs gSA bl dkj.k fØLVy ls fuxZr izdk'k ,d ryh; /kzqohr izdk'k 
gksrk gSA  

 fudkWy fizTe 

 fudkWy fizTe ,d ,slk izdkf'kd midj.k gS tks leryh; /kzqohr izdk'k ds mRiknu ,oa ijh{k.k esa mi;ksx gksrk gSA 
 /kzqod (Polaroid) ¼ikWysjkbM½ 
 /kzqod ,d izdkj dh lkekU; iryh o`fÙk; pdrhuqek fizTe ds :i esa gksrk gS tks izdk'k dks vo'kksf"kr djds leryh;  
 /kzqohr rhoz izdk'k mRiUu djrk gSA 
 /kqzo.k ry rFkk daiu ry : 

 og ry ftlesa izdk'k lfn'k ds daiu rFkk blds lapj.k dh fn'kk fLFkr gksrh gS] daiu ry dgykrk gSA og ry tks 
daiu ry ds yEcor~ gksrk gS] rFkk ftlesa dksbZ Hkh daiu izkIr ugh gksrs gSA /kzqo.k ry dgykrk gSA 

    
 izdk'k dh /kzqo.k iz;ksx  

 nks Vwjesfyu fØLVy ysdj budks budh fØLVy v{k ds lekUrj dkVrs gSA igys fØLVy A dks jaxhu izdk'k iqat ds 
iFk ds yEcor~ j[krs gS] fuxZr iqat Hkh vkaf'kd jaxhu izkIr gksrk gSA     
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 fØLVy A dks PO ds lkis{k ?kwekus ij ckgj fudyus okyh iqat ds o.kZ rFkk rhozrk esa dksbZ ifjorZu ugh vkrk gSA vc 
nwljk fØLVy B Hkh ysus ij rFkk bls ckgj fudyus okyh iqat ds iFk eas bl izdkj j[ks fd fØLVy A dss lekUrj gks 
rFkk iqat nksuksa fØLVy ls fudyus ds ckn of.kZ; :i ls ifjofrZr gks tkrh gSA  

 vc] fØLVy B dks PO ds v{k ds lkis{k ?kwekus ij ;g ik;k tkrk gS] fd ckgj fudyus okyh che dh rhozrk ?kV 
tkrh gSA rFkk tc nksuksa fØLVy dh v{k yEcor~ gksrh gS rks B ls dksbZ Hkh izdk'k ckgj ugh fudyrkA 

 ;fn B dks vkxs dh vksj ?kwek;k tkrk gSA izdk'k ckgj fudyrk gqvk izrhr gksrk gS] rFkk rhozrk vf/kdre~ gks tkrh gS] 
tc budh v{k leku gksrh gSA ;g vkxs Hkh blh rjg ls gksrk gS tc B dks 90º ls ?kwek;k tkrk gSA 

 ;g iz;ksx ;g n'kkZrk gS fd izdk'k vuqizLFk gksrk gSA 
 izdk'k rjaxks dk daiu rjax lapj.k ds yEcor~ fn'kk esa gksrk gSA 
 igys fØLVy A us izdk'k dks /kzqozhr fd;k gSA blfy, bls /kzqohr fØLVy dgk tkrk gSA 
 nwljs fØLVy B us izdk'k dk fo'ys"k.k fd;k gS bls fo'ys"kd dgk tkrk gSA 
 

 lery /kzqohr izdk'k izkIr djus ds rjhds 
 ijkorZu ls /kzqo.k 
 ijkorZu ds }kjk vklkuh ls lery /kqzohr izdk'k izkIr fd;k tk ldrk gS] ;g rjhdk eSyl us 1808 esa [kkstkA ;g 

lk/kkj.k izdk'k lrg ls ijkofrZr gksrk gS] rks ijkofrZr izdk'k vkaf'kd :i ls ?kzqfor gks tkrk gSA izdk'k ds ijkoZru 
ds dkj.k /kzqo.k dh dksfV vf/kdre~ gksxhA tc ;g /kzqo.k dks.k ij vkifrr gksrk gSA 

   
 ftls czssosLVj dks.k Hkh dgk tkrk gSA 
 /kzqo.k dks.k  
 og dks.k ftl ij izdk'k vkifrr gksus ij izdk'k iw.kZ :i ls lery /kzqfor gks tkrk gS] /kzqo.k dks.k dgykrk gSA 
 czsosLVj dk fu;e 

 tsc v/kqzfor izdk'k P /kzqo.k dks.k ls fojy rFkk l?ku ek/;e ftldk viorZukad gS] tgkW = tan P gS] ij vkifrr 
gksrk gS rks ijkofrZr izdk'k iw.kZ :i ls /kzqfor gks tkrk gS rFkk ijkofrZr] viofrZr rjax ,d nwljs ls yEcor~ gksrh gS] 
;g  
lEcU/k czsosLVj dk fu;e dgykrk gSA  

 bl fu;e ds vuqlkj ikjnf'kZr ek/;e ij /kzqo.k dks.k dh <ky ek/;e ds viorZukad ds rqY; gksrh gSA  = tan P 
 ijkorZu ds dkj.k /kzqo.k dh fLFkfr esa : 
 (i) ;fn i = P viofrZr izdk'k vkaf'kd :i ls /kzqfor gksxkA 
 (ii) ;fn i = P ijkofrZr o viofrZr izdk'k fdj.k ,d nwljs ds yEcor~ gksxhA 
 (iii) ;fn i < P  ;k   i > P ijkofrZr o viofrZr nksuksa fdj.k vkaf'kd :i ls /kqzfor gksxhA 

 Lusy ds fu;e ls   = P

r

sin
sin




  ..........(i) 

 cszosLVj ds fu;e ls   = tanO = P

P

sin
cos




 ..........(ii) 

 lehdj.k (i) rFkk (ii) ls P

r

sin
sin




 = P

P

sin
cos




  sinr = cosP 

  sinr = sin (90º – P) r = 90º – P  ;k P + r = 90º 
 vr% ijkofrZr o viofrZr rjax ,d nwljs ds yEcor~ gSA 
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 viorZu ds }kjk 
 bl rjhds esa 20 ls 30 vfrlw{e LykbM ls dkWp dh ifV~Vdkvksa dh ,d Qkby cukbZ tkrh gS rFkk izdk'k dks 57º ds 

/kzqo.k dks.k ij vkifrr djk;k tkrk gSA cszosLVj ds vuqlkj ijkofrZr izdk'k vkifrr ry ds yEcor~ dEiu :i ls 
lery /kzqfor gks tkrk gS rFkk ikjxfer izdk'k vkaf'kd :i ls /kzqfor gks tkrk gSA  

 D;ksafd ,d ijkorZu esa yEcor~ daiu ds :i esa 15% ijkofrZr gks tkrk gS rFkk vusd LykbMksa ls xqtjus ds ckn 
dkxt ds ry esa daiu ds lkFk izdk'k lery /kqzfor gks tkrk gSA 

     
 MkbDyksfte }kjk 
 dqN fØLVy tSls dh VksesZykbu (tourmaline) rFkk vk;MkslYQsV (iodosulphate) dh ifV~Vdk ds ikl bl izdkj dk 

xq.k gksrk gSA fd og daiu ry ds yEcor~ fo'ks"k fn'kk esa izdk'k dks iw.kZ :i ls vko'kksf"kr dj ysrh gSA izdk'k dk 
;g vo'kks"k.k MkbDyksfte dgykrk gSA vr% ;fn v/kzqfor izd'k vko';d eksVkbZ dh ifV~Vdk ls xqqtkjk tkrk gS] rks 
;g daiu dh ikjxeu v{k ds lekUrj lery :i ls /kzqohr gks tkrk gSA /kzqfor fØLVy bl fl)kUr ij dk;Z djrk 
gSA 

         

     
 izdhZ.ku ds }kjk : 
 tc izdk'k lw{e d.k tSls dh /kwy] rFkk gok ds v.kq vkfn ¼ftudk vkdkj izdk'k dh rjaxnS/;Z dh rqyuk esa vfrlw{e 

gSA½ ij vkifrr gksrk gS rks ;g bysDVªkWu ds }kjk vo'kksf"kr gks tkrk gS rFkk ckn esa lHkh fn'kkvksa esa mRlftZr gks 
tkrk gSA bl ?kVuk dks izdhZ.ku dgk tkrk gSA izdk'k dk vkifrr rjax dh fn'kk ds yEcor~ izdhZ.ku gksus ls lery 
/kzqfor izdk'k mRiUu gksrk gSA 
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 eSyl dk fu;e 

 tc iw.kZ :i ls lery /kqzohr izdk'k fo'ys"kd ij vkifrr gksrk gS rks ckgj fudyus okyh izdk'k dh rhozrk fuEu 
izdkj ifjofrZr gksrh gSA I cos2I = I0 cos2 

     
 (i) ;fn  = 0º rc I = I0 vf/kdre~ eku (lekUrj fLFkfr) 
 (ii) ;fn = 90º rc, I = 0 vf/kdre~ eku (Øksl fLFkfr) 
 tc I0 (= KA2) rhozrk dk lery /kqzohr izdk'k /kzqo.k fØLVy ij vkifrr gksrk gS ftldk daiu vk;ke A 

lapj.k v{k ls dks.k cukrk gS rks daiu dk og ?kVd tks lapj.k v{k ds lekUrj gks A cosgksxk tcfd 
yEcor~ ?kVd A singksxkA 

 /kzqo.k fØLVy dsoy lapj.k v{k ds lekUrj ?kVd dks ikjxfer dj nsrk gSA vFkkZr~ Acos , 

   I0 A2 
 vr% ckgj fudyus okys izdk'k dh rhozrk   I = K (Acos )2 = KA2cos2
 ;fn v/kqzohr izdk'k lery /kzqohr izdk'k esa cny tkrk gS rks mldh rhozrk vk/kh gks tkrh gSA 
 ;fn izdk'k f}rh; /kzqfor fØLVy ls xqtjrk gS rks : 
 I2 = I1 cos2  = nksuks /kzqfor fØLVy dh ikjxeu v{k ds e/; dk dks.k  
 

 izdkf'k; lfØ;rk  
 tc lery /kzqohr izdk'k fo'ks"k inkFkZ ls xqtjrk gS rks ckgj fudyus okys izdk'k dk /kzqo.k ry lapj.k dh fn'kk ls 

dqN dks.k ij ?kwe tkrk gS] ;g izdk'k dk izdk'kh; ?kw.kZu dgykrk gSA 
 tks inkFkZ /kzqo.k ry dk ?kw.kZu dj nsrs gSA izdk'kh; lfØ; inkFkZ dgykrs gSA tSls fd 'kDdj dk foy;u 'kDdj dk 

fØLVy lksfM;e DyksjsV vkfnA 
 inkFkZ dh izdkf'k; lfØ;rk /kzqoZ.k ehVj (polarimeter) dh lgk;rk ls fof'k"V ?kw.kZu ds :i esa ifjHkkf"kr dh tkrh gS 

ftlds vuqlkj 10 cm rFkk bdkbZ lkUnzrk ds foy;u }kjk mRiUu fd;k x;k ?kw.kZu fn;s x;s izdk'k dh rajxnS/;Z rFkk 
rki ij bl izdkj fn;k tkrk gSA 

 fof'k"V ?kw.kZu  
t ºC L C
 

    
= L yEckbZ dh lkaUnzrk ij ?kw.kZu  

 izdkf'k; lfØ; inkFkZ ds izdkj 

 (a) MSDVªks jksVsVªh inkFkZ 
 ,sls inkFkZ tks lery /kqzfor inkFkZ dk nf{k.kkorZ fn'kk esa ?kw.kZu dj nsrs gSA 
 (b) ysfo;ks jksVsVªh inkFkZ 
 ,sls inkFkZ tks lery /kqzfor inkFkZ dk okekorZ fn'kk esa ?kw.kZu dj nsrs gSA 
 izdkf'k; ?kw.kZu dh ek=kk fØLVy dh eksVkbZ] ?kuRo rFkk lkUnzrk ij fy;s x;s inkFkZ dh rjaxnS/;Z o rki ds fy, fuHkZj 

djrh gSA 
 ?kw.kZu izdk'k dh rajxnS/;Z ds oxZ ds O;qRØekuqikrh ds :i esa cnyrk gSA 
 

 /kzqo.k ds mi;ksx 

 /zkqo.k rFkk cszosLVj ds fu;e  = tanP ls vikjnf'kZd inkFkZ dk viorZukad Kkr fd;k tkrk gS 
 x.kuk lwpd ;a=k rFkk ?kM+h esa la[;kRed eku ds o.kZ rjy fØLVy ds /kzqo.k ds dkj.k izkIr fd;k tkrk gSA ftls 

LCD dgk tkrk gSA 
 CD Iys;j esa /kqzfor ystj iqat dk mi;ksx CD dh /ofu dh mRiUu djus esa lqbZ ds :i esa fd;k tkrk gSA  
 /kqzfor izdk'k dk mi;ksx f=kfofe; QksVks ds mRIkknu esa fd;k tkrk gSA 
 /kqzfor izdk'k dk mi;ksx izdkf'k; izfrcy ds fo'ys"kd ds :i esa fd;k tkrk gSA 
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Some Questions with their solutions 
 

1. 6000Å rjaxnS/;Z dk izdk'k 24 × 10–5 cm pkSM+kbZ dh fLyV ij yEcor~ vkifrr gSA dsfUnz; mfPp"B ls f}rh; 

fuEufu"B dh dks.kh; fLFkfr Kkr djksa \ 

Sol.1 a sin= 2  fn;k gS   = 6 × 10–7 m, a = 24 × 10–5 × 10–2 m 

 sin= 
2
a


 = 
7

7

2 6 10
24 10





 


   = 30º 

 

2. 6328Å rjaxnS/;Z dk izdk'k 0.2 mm pkSM+kbZ dh fLyV ij yEcor~ vkifrr gSA 9 m nwjh ij fLFkr insZ ij izkIr 

dsfUnz; mfPp"B dh dks.kh; pkSM+kbZ Kkr djksa \ 

Sol.2. fn;k gSA  = 6.328 × 10–7 m, a = 0.2 × 10–3 m 

 w= 
2
a

= 

7

4

2 6.328 10
2 10





 


radian = 
36.328 10 180

3.14

 


 
 

 
 

4. ,dy fLyV iz;ksx esa Ýksu&gkWQj foorZu }kjk izkIr izfr:i 1m Qksdl nwjh okys ySal ds Qksdl ry esa izkIr gksrk 

gSA fLyV pkSM+kbZ 0.3 mm gSA ;fn dsfUnz; mfPp"B ls rhljs fuEufu"B dh nwjh 5 mm gks rks izdk'k dh rjaxnS/;Z Kkr 

djksA 

Sol.4 xn = 
nf
a


  = nax
fn

= 
4 33 10 5 10
3 1

   


 = 5000Å  [ n = 3]  

 

5. 6000Å rjaxnS/;Z dk ,d of.kZ; izdk'k 12 × 10–5 mm pkSM+kbZ dh fLyV ij vkifrr gS rks Ýksu&gkWQj izfr:i esa 

dsfUnz; pedhys mfPp"B dh v)Zdks.kh; pkSM+kbZ Kkr djks \ 

Sol.5  sin= 
a

   = dsfUnz; mfPp"B dh v)Zdks.kh; pkSM+kbZ 

 a = 12 × 10–5 cm, = 6000 Å = 6 × 10–5 cm  sin = 
a

= 

5

5

6 10
12 10








= 0.50  = 30º 

 
 

6. 6000 Å rjaxnS/;Z dk izdk'k 0.30 mm pkSM+kbZ dh fLyV ij vkifrr gSA fLyV ls 2 m nwjh ij inkZ fLFkr gSA rks 

Kkr djksA (a) igyh vfnIr fÝUt dh fLFkfr (b) dsfUnz; f}rh; fÝUt dh pkSM+kbZ  

Sol.6 igyh fÝUt] dsfUnz; pedhys fÝUt ds nksuksa rjQ curh gSA 

 ;gkW n = + 1, D = 2m, = 6000 Å = 6 j 10–7 m 

  sin= 
x
D
   a = 0.30 mm = 3 × 10–4 m  a sin = n 

ax
D

   = n

 (a) x = 
n D

a


  x = +
7

4

1 6 10 2
3 10





   
  

 = +4 × 10–3 m 

 /kukRed rFkk _.kkRed fpUg dsfUnz; pedhyh fÝUt ds nksukas rjQ vfnIr fÝUtksa ds laxr eku gSA  

 (b) dsfUnz; fnIr fÝUt dh pkSM+kbZ  y = 2x = 2 × 4 × 10–3 = 8 × 10–3 m = 8 mm 

 
 

7. a pkSM+kbZ dh fLyV dks 650 nm rjaxnS/;Z ds ,d o.khZ; izdk'k ls yEcor~ vkiru }kjk izdkf'kr fd;k tkrk gSA a dk 

eku Kkr djksA tc 

 (a) izFke fuEufu"B ;fn 30º foorZu dks.k ij izkIr gksA 

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


Wave Optics  
 

 

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 
ADVWO - 31 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 (b) izFke mfPp"B ;fn 30 foorZu dks.k ij izkIr gksA 

Sol.7 (a) izFke fuEufu"B ds fy, sin1 =
a


 

  a =
1sin




 = 
9650 10

sin 30º


=  

9650 10
0.5


= 1.3 × 10–6 m 

 (b) izFke mfPp"B ds fy, sin1 = 
3
2a


 ,  a = 
3

2sin


=

93 650 10
2 0.5

 


 = 1.95 × 10–6 m 

 
 

8. 6500 Å rjaxnS/;Z dk yky izdk'k fdlh nwjLFk L=kksr }kjk 0.50 mm pkSM+kbZ dh fLyV ij vkifrr gksrk gSA dsfUnz; 

nhIr ds nksuksa rjQ O;rhdj.k izfr:i esa igys nks dkys cSUMksa ds e/;nwjh D;k gksxhA ;fn fLyV ls insZ dh nwjh  

1.8 m gSA 

Sol.8 fn;k gS  = 6500Å = 65 × 10–8 m, a = 0.5 mm = 0.5 × 10–3 m., D = 1.8 mm 

 
 

9. ,dy fLyV foorZu iz;ksx esa 1 = 660 nm rjaxnS/;Z ds fy, izFke fufEu"V 2 rajxnS/;Z ds izdk'k ds izFke mfPp"B ds 

lkFk lEikfrr gksrk gSA 2 dk eku Kkr djksA 

Sol.9 foorZu izfr:i esa fuEufu"B ds fy,   d sin= n

 izFke fuEufu"V ds fy,    d sin1 = (1)1  sin1 = 1

d




 izFke mfPp"V ds fy,    d sin2 =  2

3
2
 sin2 = 23

2d




 ;fn ;s nksuksa vfrO;kihr gks rks 1 = 2 or sin1 = sin2 

   1

d


= 23
2d


2 =  1

2
3
 = 

2
3

 × 660 nm = 440 nm. 

 
 

10. nks /kqzfor fØLVy ,d nwljs dks dkV jgsa gSaA ;fn buesa ls ,d 60° ds dks.k ij ?kwek fn;k tk;s rks fdrus izfr'kr 

v/kzqfor /kzqod ls ikjxfer gks tk;sxkA  

Sol.10 izkjEHk esa /kqzfor fdLVy ,d nwljs dks dkV jgsa rFkk budh /kzqoZ.k fn'kkvksa ds e/; dks.k 90º gSA tc buesa ls ,d 60º 

ls ?kwek;k tkrk gS] rks vc mudh /kzqfor fn'kkvksa ds e/; dks.k 30º gks tkrk gSA  

 ekukfd v/kqzfor izdk'k dh rhozrk = I0 gSA 

 ;g lery /kqzfor izdk'k nwljs /kqzfor fØLVy ls xqtjrk gS] rks rhozrk I2 = I1 cos2 

  = /kqzoZ.k fn'kkvksa ds e/; dks.k  

 I1 = 0

1
I

2
  rFkk = 30º so O2 = I1 cos230º  2

0

I
I

 =
3
8


  izfr'kr ikjxeu = 2

0

I
I

 × 100 = 
3
8

 × 100 = 37.5% 

 
 

11. vkifrr izdk'k dk ikuh  (= 1.3) dh lrg ij fdrus dks.k ij vkifrr gks ftlls fd bldk iw.kZ :i ls /kwoZ.k gks 

tk;s? 

Sol.11 = 1.3,  czsosLVj ds fu;e ls  P = = 1.3 = tan–1 1.3 = 53º 
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12. tc izdk'k dh rjax /kqzoZ.k dks.k (56.3º) ij gok&dk¡p lrg ij vkifrr gksrh gS rks fdl dks.k ;g viofrZr gks 

tk;sxh \  

Sol.12  iP + rP = 90º  rP = 90º – iP = 90º – 56.3º = 33.7º 
 
 

13. /kqzfor fØLVy rFkk fo'ys"kd bl rjg ls gS fd izdk'k vf/kdre ikjxfer gks jgk gS rks ckgj fudys okys izdk'k dh 

rhozrk D;k gks tc fo'ys"kd dks 60º dks.k ls ?kwek fn;k tk;sA 

Sol.13 esyl ds fu;e ds vuqlkj  I = I = I0 cos2 = I0 cos260º = I0 
2

1
2
 
  

= 0I
4
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 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 
 

Hkkx - I : fo"k;kRed iz'u (SUBJECTIVE QUESTIONS) 
 

[k.M (A) : v/;kjksi.k dk fu;e] iFkkUrj] rjaxkxz vkSj dyk lEc)rk  

A-1.  o 4 rhozrk okys nks L=kksr O;frdj.k ç;ksx esa mi;ksx esa fy;s tkrs gS rks ml fcUnq ij rhozrk D;k gksxh] tgk¡ nksuksa 

L=kksr ls vkus okyh rjaxs] fuEu dykUrj ij v/;kjksfir gksaxhA        [REE 1991, 3]   

 (a) 'kwU;   (b) 
2


   rFkk  (c)  ds dykUrj ls v/;kjksfir gksrh gSA 

 

A-2. ,d fo|qr pqEcdh; rjax ikjn'khZ ek/;e ls xqtjrh gS ftls lehdj.k 14
x ox 7

y
E (y,t) E sin2 3 10 t

5 10

      
  

S ek=kd ls fn;k tkrk gS rks ek/;e dk viorZukad D;k gksxk ? 
 

[k.M (B) : ;ax dk ç;ksx ,d o.khZ çdk'k ds lkFk 
 

B-1. ;ax ds f}fLyV iz;ksx esa fuEu lafØ;kvksa ds izR;sd ds dkj.k O;frdj.k fÝatksa dh pkSM+kbZ ij D;k izHkko iM+sxk \ 

 (a) ;fn inkZ fLyVksa ds ry ls nwj dh vksj foLFkkfir gks 

(b) ;fn ,d o.khZ çdk'k dks nwljs ,d o.khZ çdk'k ftldh rjaxnS/;Z igys ls de gks] ls foLFkkfir dj fn;k tk,A 

(c) nksauksa fLyVksa ds e/; dh nwjh dks c<+k fn;k tk,A 

(d) nksuksa fLyVksa dh pkSM+kbZ FkksM+h c<+k nh tk,A 

 [izR;sd lafØ;k esa mYysf[kr izkpy ds vfrfjDr vU; lHkh izkpyksa dks vifjofrZr j[krs gq;s fy;k tk;sA]  
 

B-2. nks fLyV] tks ,d nqljs ls 1 mm dh nwjh ij gS] budks yky jax ds izdk'k ls çdkf'kr fd;k tkrk gS ftldh  

rjaxnS/;Z 6.5 × 10–7 m gSA fLyVks ls 1m  dh nwjh ij j[ks insZ ij O;frdj.k fÝats izsf{kr gksrh gS dsUnzh; mfPp"B ds 

,d vksj rhljh dkyh fÝat vkSj ikapoha pedhyh fÝat ds chp dh nwjh D;k gksxhA 
 

B-3. ;fn ;ax ds f} fNnz ç;ksx esa fÝat pkSM+kbZ 0.4 mm gSA ;fn lEiw.kZ midj.k dks ikuh ftldk viorZukad (4/3) gS] esa 

T;kferh; O;oLFkk dks cnys fcuk Mqcks fn;k tk;s rks vc ubZ fÝUt pkSM+kbZ D;k gksxh ? 
 

B-4. ;ax dk f}&fNnz iz;ksx 6000 Å rjaxnS/;Z ds uhys gjs izdk'k ds fy, fd;k tkrk gSA bl iz;ksx esa dks.kh; fÝat 

pkSM+kbZ D;k gksxhA ;fn fLyVksa ds chp dh nwjh 3.0 × 10–3 m gSA  
 

[k.M (C) : ;ax dk ç;ksx cgqo.khZ çdk'k ds fy, 

C-1. ,d L=kksr tks 580 nm rFkk 700 nm rjaxnS/;Z dk çdk'k mRlftZr djrk gS] dks ;ax ds f} fNnz ¼fLyV½ O;frdj.k 

ç;ksx esa mi;ksx djrs gSA ;fn fLyVksa ds chp dh nwjh 0.20 mm vkSj fLyVks ls 150 cm nwjh ij j[ks insZ ij 

O;frdj.k  izsf{kr gksrk gS rks nksuksa rjaxnS/;Z okys çdk'k ds fy, nksuksa izFke mfPp"B ¼dsUnzh; mfPp"B ls vkxs okyh 

mfPp"B½ ds chp js[kh; nwjh D;k gksxhA 
 

[k.M (D) : ;ax dk f}fNnz ç;ksx dk¡p dh ifêdk ds lkFk] çdk'kh; iFk 
D-1. ,d f¶yaV dkap ifêdk vkSj ,d Økmu dkap ifêdk dks ,d f}fLyV iz;ksx ds midj.k dh nks fLyVksa ij yxk fn;k 

tkrk gSA ifêdkvksa dh eksVkbZ 0.40 mm vkSj fLyVks ds chp dh nwjh  0.12 cm gSA 480 nm rjaxnS/;Z dk çdk'k 

mi;ksx fd;k tkrk gS ftlds fy, f¶yaV dkap o Økmu dkap ds viorZukad Øe'k% 1.62 o 1.52 gSaA fLyV ls 1m 

nwjh ij insZ ij O;frdj.k ns[kk tkrk gSA (a) fÝUt pkSM+kbZ D;k gksxh ? (b) T;kferh; dsUnz fcUnq ls fudVre mfPp"B 

fdruh nwjh ij fLFkr gksxk ?  
 

D-2. IysV dh eksVkbZ D;k gksxh ftl ij rjaxnS/;Z dk izdk'k yEcor~ fxjus ij rjaxnS/;Z ds ,d pkSFkkbZ ds cjkcj 

izdkf'kr iFk mRiUUk djrk gSA IysV dk viorZukad µ gSaA  
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[k.M (E) : ;ax dk ç;ksx fr;Zd vkiru vkSj ç;ksx esa dqN vU; ifjorZu 
E-1. ,d lekUrj ,d o.khZ rjaxnS/;Z  dk çdk'k iqat ;ax ds f}fLyV ç;ksx esa iz;qDr fd;k tkrk gSA fLyVksa ds chp dh 

nwjh d gS rFkk insZ dks fLyVksa ds ry ds lekUrj ry esa j[kk tkrk gSA vkifrr çdk'k iqat fLyV ds ry ds vfHkyEc 

ls  = sin–1

2d
 

 
 

 dks.k cukrk gSA ,d ikjn'khZ ijr ftldk viorZukad  o eksVkbZ t =
2( 1)


 

 gS] ,d fLyV ds 

lkeus j[kh tkrh gS] rks T;kferh; dsUnz fcUnq ij rhozrk D;k gksxhA 
 

[k.M (F) : iryh fQYe ds dkj.k O;frdj.k 
F-1. ,d lkcqu dh iryh fQYe ftldh eksVkbZ 0.3m gS]dkyh fn[kkbZ nsrh gS tc bls  = 580 nm rjaxnS/;Z ds viofrZr 

çdk'k  ds }kjk ns[kk tkrk gS rks lkcqu ds ?kksy dk viorZUkkad D;k gksxk ;fn ;g Kkr gS fd bldk eku 1.3 rFkk 
1.5 ds chp gSA 

 

F-2. ,d lekUrj çdk'k iq¡t ftldh rjaxnS/;Z 560 nm gS] ,d iryh rsy fQYe ij fxjk;k tkrk gS ftldk viorZukad 
1.4 gSA fQYe dh U;wure eksVkbZ D;k gksxh ;fn ;g çdk'k dks vkaf'kd :i ls ikjxfer dj nsa ?      

 

[k.M (G) : JEE (MAIN) ds fy, 

G-1. ‘a’ pkSM+kbZ dh ,d fLyV dks 6000 Å rjaxnS/;Z ds izdk'k }kjk izfrnhIr djrs gSaA ‘a’ ds fdl eku ds fy, : 

 (i) 30° ds foorZu dks.k ij izFke mfPp"V cusxk ? 

 (ii) 30° ds foorZu dks.k ij izFke fufEu"V cusxk ?      
 

Hkkx - II : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 
 

[k.M (A) : v/;kjksi.k dk fu;e] iFkkUrj] rjaxkxz vkSj dyk lEc)rk 
A-1. nks rjaxksa dh rhozrkvksa dk vuqikr 4 : 1 gS rks muds vk;ke esa vuqikr gksxk % 
 (A) 2 : 1   (B) 1 : 2   (C) 4 : 1  (D) 1 : 4 
 

A-2. I rFkk 4I rhozrk ds nks dyklEc) ,d o.khZ; çdk'k iq¡t v/;kjksfir gksrs gSa rks ifj.kkeh iqat esa vf/kdre vkSj U;wure 

lEHko ifj.kkeh rhozrk gksxh& 

 (A) 5 rFkk    (B) 5 rFkk 3   (C) 9 rFkk    (D) 9 rFkk 3  
 

[k.M (B) : ;ax dk ç;ksx ,d o.khZ çdk'k ds lkFk 
B-1.  fdlh O;frdj.k çk:i esa fÝUtksa esa foi;kZl (contrast) fuHkZj djrk gS % 

 (A) fÝUt pkSM+kbZ     (B) rjaxnS/;Z  

 (C) L=kksrks dh rhozrk dk vuqikr    (D) L=kksr ds chp dh nwjh 
 

B-2. izkjEHk esa O;frdj.k ok;q ls Hkjs gq, d{k ds vUnj izk;ksfxd O;oLFkk ds lkFk izsf{kr gksrk gSA vc d{k dks fuokZfrr 

fd;k tkrk gSA leku izdk'k ds L=kksr dks iz;qDr djrs gq, ,d izs{kd ikrk gS fd 

 (A) O;frdj.k izfr:i yxHkx vuqifLFkr gksrk gS pqafd ;g cgqr vf/kd folfjr gksrk gS 

 (B) O;frdj.k izfr:i esa dksbZ ifjorZu ugha gksrk gSA 

 (C) fÝat pkSM+kbZ yxHkx ?kVrh gSA 

 (D) fÝat pkSM+kbZ yxHkx c<+rh gSA 
 

B-3. ;ax ds f} fNnz ç;ksx esa lksfM;e ysEi }kjk mRlftZr ihys çdk'k ds LFkku ij uhyk ,d o.khZ; çdk'k ysus ij D;k 

gksxk ;fn çdk'k leku rhozrk dk gks & 

 (A) fÝUt pkSM+kbZ de gksxhA   (B) fÝUt pkSM+kbZ c<+ tk,xhA 

 (C) fÝUt pkSM+kbZ ij dksbZ çHkko ugha iM+sxkA  (D) fÝUt dh rhozrk de gksxhA 
 

B-4. ;ax ç;ksx esa D = 1 m, d = 1 mm rFkk  = 500 n m gks rks 1000os mfPp"B dh dsfUnz; mfPp"B ls nwjh gksxh : 

 (A) 0.5 m  (B) 0.577 m  (C) 0.495 m  (D) vfLrRo esa ugha gksxkA 
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B-5. ;ax f} fNnz ç;ksx esa, d = 1 mm,  = 6000 Å rFkk D = 1 m gSA nksuksa fLyV insZ ij ,d leku rhozrk mRiUu djrh 
gS rks insZ ij fLFkr ,sls nks fcUnq ds chp dh U;wure nwjh D;k gksxh ftu ij rhozrk  vf/kdre rhozrk dh 75 % gks : 

 (A) 0.45 mm  (B) 0.40 mm  (C) 0.30 mm  (D) 0.20mm 
 

B-6.  rjaxnS/;Z ds nks dyk lEc) çdk'k L=kksr ,d nwljs ls 3  nwjh ij gSaA js[kk AB tks –  ls + rd gS] ij cuus 
okys fufEu"B dh dqy la[;k gS % 

 
 (A) 2   (B) 4   (C) 6   (D) 8 
 

B-7. ;ax ds f}fNnz iz;ksx esa ftl fcUnq ij iFkkUrj iz;qDr izdk'k dh rjaxnS/;Z dk 1/6 gS] ml fcUnq ij rhozrk gSA ;fn 

0 vf/kdre rhozrk dks n'kkZrk gS rc vuqikr 
0




 fdlds cjkcj gksxkA   [Olympiad 2015 (stage-1)]  

 (A) 
1
4

    (B) 
1
2

   (C) 
3

2
   (D) 

3
4

  

 

[k.M (C) : ;ax dk ç;ksx cgqo.khZ çdk'k ds fy, 
C-1. fp=k esa lekUrj 'osr çdk'k iqat fLyVks ij vkifrr gksrh gS rks ;gk¡ fcUnq O ls insZ ij fudVre 'osr fcUnq dh nwjh 

gksxh: [;g ekurs gq, fd  d << D,  << d] 

 
 (A) 0    (B) d/2   (C) d/3   (D) d/6 
 

C-2. ;ax dk f}fNnz ç;ksx uhys vkSj gjs çdk'k ds fy, fd;k tkrk gS ftudh rjaxnS/;Z Øe'k%  4360 Å rFkk 5460 Å gSA 
;fn dsfUnz; mfPp"B ls 4 os mfPp"B dh nwjh X gks rks : 

 (A) X(uhys) = X(gjs) (B) X(uhys) > X(gjs) (C) X(uhys) < X(gjs) (D) 
X( ) 5460

4360X( )


uhys

gjs
 

 

[k.M (D) : ;ax dk f}fNnz ç;ksx dk¡p dh ifêdk ds lkFk] çdk'kh; iFk 
D-1.  ;ax dk f} fLyV ç;ksx ,do.khZ; çdk'k ftldh rjaxnS/;Z 6000 Å gS] ds lkFk fd;k tkrk gSA fLyVs 2 mm nwjh ij 

gSA fÝUtksa dks fLyVksa ls 10 cm dh nwjh ij fLFkr insZ ij ns[kk tkrk gSA vc ,d iryh ikjn'khZ ifêdk ftldh 
eksVkbZ 0.5 mm gS] dks fdlh ,d fLyV ds lkeus j[k fn;k tkrk gSA ;g ns[kk tkrk gS fd O;frdj.k çk:i 5 mm 
ls foLFkkfir gks tkrk gSA ikjn'khZ IysV dk viorZUkkad gksxkA            [REE 1985] 

 (A)1.2    (B) 0.6   (C) 2.4   (D) 1.5  
 

D-2. ;ax iz;ksx esa nksuksa fLyV ,d leku rhozrk mRiUu djrh gSA ,d 100 % ikjn'khZ iryh fQYe ,d fLyV ds lkeus 
j[k nh tkrh gSA vc insZ ij fudk; ds T;kferh; dsUnz dh rhozrk izkjfEHkd rhozrk dh 75% jg tkrh gSA izdk'k dh 
rjaxnS/;Z 6000Å  rFkk 

dk¡p = 1.5 rks fQYe dh eksVkbZ ugha gks ldrhA 

 (A) 0.2  m  (B) 1.0  m  (C) 1.4  m  (D) 1.6  m   
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[k.M (E) : ;ax dk ç;ksx fr;Zd vkiru vkSj ç;ksx esa dqN vU; ifjorZu 

E-1. fp=k–1 rFkk fp=k–2 esa n'kkZ,uqlkj ,d YDSE ç;ksx esa f>fjZ;ksa S1 rFkk S2 ds lEeq[k t1 rFkk t2 eksVkbZ dh iryh ijrsa 
j[kh xbZ gSA fcUnq 'O' ij çFke ç;ksx esa rFkk f}rh; ç;ksx esa Øe'k% çFke fufEu"B rFkk f}rh; mfPp"B ik;s x, gSA 

fcUnq 'O' rFkk 'S'] S1 rFkk S2 ds lkis{k lefer gSA ;fn 
1

2

t
t

 = 
25
x

 gS] rks nksuksa ijrksa ds viorZukad leku gSA rc 

'x' dk eku Kkr dhft,A 

     
 (A) 3   (B) 9   (C) 12   (D) 15 
 

E-2. ;ax ds f)&fNnz iz;ksx esa fLyVksa ds chp dks nwjh ‘d’ rFkk fLyV ,oa insZ ds chp  dh nwjh ‘D’ gSA ysUl ds eq[; v{k 
rFkk fLYkVksa S1 rFkk S2 ds yEck)Zd ds chp dks.k 45º  gSA fcUnqcr Jksr ‘S’ ysUl ds Qksdl ij j[kk gSa rFkk ysUl 
dk vkdkj d ls cgqr cM+k gSA niZ.k M ls dsoy ijkofrZr izdk'k gh fLyVksa ij vkifrr gksrk gSA dsUnzh; mfPp"B dh 
fcUnq ‘O’ ls nwjh gksxh & 

 

 (A) D   (B) 
3

D
   (C) 3D   (D) 

4

D
                   

 

[k.M (F) : iryh fQYe ds dkj.k O;frdj.k  

F-1. 'osr çdk'k] ,d dk¡p dh ifêdk ¼ok;q esa½ ftldh eksVkbZ 500 nm vkSj viorZukad 1.5 gS] ij vfHkyEcor vkifrr 
gksrk gSA n`'; {ks=k (400 nm – 700nm) esa izdk'k dh og rjaxnS/;Z (nm esa) tks IysV ds }kjk iw.kZ :i ls ijkofrZr 
gks tkrh gS - 

 (A) 450   (B) 600   (C) 400   (D) 500 
 

[k.M (G) : JEE (MAIN) ds fy, 

G-1. fdlh js[kk fNnz ftldh pkSMkbZ 0.15 cm gS] dks 5 × 10–5 cm rjaxnS/;Z ds izdk'k ls izdkf'kr djus ij 2.1 m nwj 

j[ks insZ ij izkIr foorZu izfr:i dh pkSMkbZ gksxh &   

 (A) 70 mm  (B) 0.14 mm  (C) 1.4 cm  (D) 0.14 cm 
 

G-2. ,d nwjn'khZ ds vfHkn`';d dk O;kl 1m gSA bldh izdk'k rjaxnS/;Z 4538Å ds fy,] foHksnu lhek gksxhA 

 (A) 5.54 × 10–7 rad (B) 2.54 × 10–4 rad (C) 6.54 × 10–7 rad (D) buesa ls dksbZ ugha 
 

G-3. tc I0 rhozrk dk v/kzqohr izdk'k /kqzod ijr ij vkifrr gksrk gS] rc izdk'k dh rhozrk tks ikjxfer ugha gksrh gS] gksxh 

 (A) 02
1

I    (B) 04
1

I    (C) 'kwU;   (D) I0 

 

G-4. ,d ,dy fNnz foorZu izfr:i yky izdk'k ds iqat ds lkFk izkIr fd;k tkrk gSA ;fn yky izdk'k dks uhys izdk'k ls 
izfrLFkkfir fd;k tk;s] rc D;k ?kfVr gksxk ? 

 (A) foorZu izfr:i esa dksbZ ifjorZu ugha gksrk gSA 
 (B) foorZu fÝats ladh.kZ rFkk ,d lkFk lewg ds :i esa gksrh gSA 
 (C) foorZu fÝats pkSM+h rFkk ,d lkFk lewg ds :i esa gksrh gSA 
 (D) foorZu izfr:i vizrhr gksrk gSA 
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G-5. {kSfrt est ij ,d dk¡p dh IysV dks fp=kkuqlkj n'kkZ;k x;k gSA bl ij 
vfHkyEc ds lkFk bldh lrg ls 57° ds dks.k ij v/kzqohr izdk'k dk iqat fxj 
jgk gSA insZ S ij ijkofrZr izdk'k esa fo|qr lfn'k vkiru ry ds lkis{k 
dfEir gksrk gSA 

 (A) Å/okZ/kj ry esa  
 (B) {kSfrt ry esa 
 (C) Å/okZ/kj ds lkFk 45° ds dks.k ij cukrs gq, ry esa 
 (D) {kSfrt ds lkFk 57° ds dks.k ij cukrs gq, ry esa 

57° 

S 

M 

 

 

G-6. nks lQsn fcUnq dkys ist ij 1 mm dh nwjh ij fLFkr gSA os 3 mm O;kl dh iqryh dh vk¡[k }kjk ns[ksa tkrs gSA 
vf/kdre yxHkx nwjh tgk¡ rd bu fcUnqvksa dks vka[k }kjk foHksfnr fd;k tk ldrk gS ?  

 [izdk'k dh rjaxnS/;Z = 500 nm] 
 (A) 6m   (B) 3m   (C) 5m   (D) 1m 
 

G-7. o`Ùkkdkj fNnz ls xqtjus okyk n`'; izdk'k insZ ij 0.1 mm f=kT;k dh foorZu pdrh cukrk gSA ;fn X-fdj.k dks 
leku O;oLFkk ls xqtkjk tkrk gS rc foorZu pdrh dh f=kT;k gksxh : 

 (A) zero   (B) < 0.1 mm  (C) 0.1 mm  (D) > 0.1 mm 
 

G-8. nwjn'khZ dh foHksnu {kerk vf/kd gksrh gS tc mldk vfHkn`';d ySal - 
 (A) vf/kd Qksdl nwjh dk gks (B) de Qksdl nwjh dk gks  
 (C) }kjd dk O;kl vf/kd gks (D) }kjd dk O;kl de gks 
 

G-9. lw{en'khZ dh foHksnu {kerk fuHkZj djrh gS 
 (A) usf=kdk dh Qksdl nwjh ,oa mlds }kjd ij  (B) usf=kdk ,oa vfHkn`'d dh Qksdl nwfj;ksa ij  
 (C) usf=kdk ,oa vfHkn`';d ds }kjdksa ij  (D) oLrq dks nhIr djus okys izdk'k dh rjaxnS/;Z ij 
 

Hkkx - III : dkWye dks lqesfyr dhft, (MATCH THE COLUMN ) 
 

1. ,do.khZ izdk'k dh lekUrj fdj.k ftldh rjaxnS/;Z  gS] bldks fNnz S1 o S2 ds 
ry ds vfHkyEcor~ vkifrr djk;k tkrk gSA fNnzksa dh vleku pkSM+kbZ bl rjg 
gS fd dsoy ,d fNnz ds dkj.k insZ ij rhozrk dsoy nwljs fNnz ds dkj.k insZ ij 
rhozrk dh pkj xquh gSA insZ dks x-v{k ds yEcor~ fp=kkuqlkj j[kk tkrk gSA fNnzkas 
ds e/; nwjh d gS rFkk insZ o fNnz ds e/; nwjh D gSA LrEHk- esa fn;s x;s oDrO;ksa 
dks LrEHk- esa fy[ks x;s ifj.kkeks ls lqesfyr dfj;sA (S1S2 << D o  << S1S2)  

   LrEHk-I        LrEHk-II  

 (A) insZ ij fLFkr nks fcUnqvksa ftudh rhozrk,a cjkcj   (p) 
D
3d


 

   bl rjg gS fd bu fcUnqvksa ij vf/kdre rhozrk dh 
  1/9 xquk rhozrk gS rks bu nksuksa fcUnqvksa ds e/; nwjh 

 (B) insZ ij fLFkr nks fcUnqvksa ftudh rhozrk,a cjkcj   (q) 
D
d


 

   bl rjg gS fd bu fcUnqvksa ij vf/kdre rhozrk dh 
   3/9 xquk rhozrk gS rks bu nksuksa fcUnqvksa ds e/; nwjh 

 (C) insZ ij fLFkr nks fcUnqvksa ftudh rhozrk,a cjkcj   (r) 
2D

d


 

   bl rjg gS fd bu fcUnqvksa ij vf/kdre rhozrk dh 
  5/9 xquk rhozrk gS rks bu nksuksa fcUnqvksa ds e/; nwjh    

 (D) insZ ij fLFkr nks fcUnqvksa ftudh rhozrk,a cjkcj   (s) 
3D

d


 

   bl rjg gS fd bu fcUnqvksa ij vf/kdre rhozrk dh 
  7/9 xquk rhozrk gS rks bu nksuksa fcUnqvksa ds e/; nwjh 
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2. ,d ;ax ds f}&fNnz iz;ksx esa S1 rFkk S2 nks ,dleku fNnz gS rFkk 
izdk'k dk ,do.khZ L=kksr S ftldh rjaxnS/;Z  gS] fNnzks ls leku nwjh ij 
gSA fNnzksa ds e/; nwjh d }kjk n'kkZ;h tkrh gS rFkk fNnzksa o insZ ds e/; 
nwjh D }kjk n'kkZ;h tkrh gSA fcUnq P insZ ij dsUnzh; nhIr ls nwjh  

y =  o

o

D
2d


ij fLFkr fuf'pr (fixed) fcUnq gSA tgk¡ Do o do Øe'k% D o 

d ds izkjfEHkd eku gSA f} fNnz o L=kksr ds e/; nwjh cgqr vf/kd gSA   

 ^^LrEHk-I ds izR;sd dFku esa Åij of.kZr fLFkfr esa dqN ifjorZu fd;k x;k gS rFkk blds ifj.kkeLo:i izHkko LrEHk-II 

esa fn;s x;s gSA LrEHk-I dks LrEHk-II esa ifj.kkeh ifjorZu ds lkFk lqesfyr dfj;sA 

   LrEHk-I                   LrEHk-II    
 (A) fNnzksa o insZ ds e/; nwjh dks fu;r j[krs gq, (p)  fÝUt pkSM+kbZ c<+ tkrh gS  
  fNnzks ds e/; nwjh d nqxuh dh tkrh gSA   
 (B) fNnz o insZ ds e/; nwjh D dks nqxuk dj fn;k tkrk gS A (q)  fcUnq P ij v/;kjksfir gksus okyh rjaxks ds  
  ;g insZ dks nka;h rjQ f[kldk dj fd;k tkrk gSA  e/; izdk'kh; iFkkUrj dk ifjek.k ?kV tk;sxk 
 (C) fNnz S1 dh pkSM+kbZ ?kVkbZ tkrh gS (bl rjg ls (r) fcUnq P ij v/;kjksfir gksus okyh rjaxksa  
  fd S1 ds dkj.k insZ ij rhozrk ?kVrh gS) rFkk insZ   ds e/; izdk'kh; iFkkUrj dk ifjek.k  
  dks nka;h rjQ f[kldk dj fNnz o insZ ds e/;   c<+ tk;sxkA 
  nwjh D nqxquh dh tkrh gSA 

 (D) iwjh O;oLFkk dks 
4
3

 viorZukad ds ikuh esa Mqcks (s) fcUnq P ij rhozrk c<+ tk;sxhA 

  fn;k tkrk gSA (ek/;e esa vo'kks"k.k ux.; ekus)   
 

 
 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

Hkkx - I :  dsoy ,d lgh fodYi izdkj (ONLY ONE OPTION CORRECT TYPE) 
 

1. ;fn nks dyk lEc) L=kkssr dh rhozrk dk vuqikr 4 gS rks fÝUtksa dh n`';rk [(
vf/kdre

 –  
fuEu

)/(
vf/kdre

+  
fuEu

)] gksxh 

 (A) 4   (B) 4/5   (C) 3/5   (D) 9  
 

2. ;ax ds f}fNnz ç;ksx esa tc ,d ifêdk ftldk viorZukad ifjofrZr fd;k tk ldrk gS] dks fdlh ,d fLyV ds 

lkeus j[k fn;k tkrk gS rc insZ ds e/; fcUnq ij ifj.kkeh rhozrk dk 'µ' ds lkFk ifjorZu dk lcls mi;qDr xzkWQ 

gksxkA ;fn (µ  1) gks rks (fLyV dh pkSM+kbZ cjkcj gS vkSj fLyV ds }kjk çdk'k dk vo'kks"k.k ugha gksrk gS)  

 (A)   (B)   (C)  (D)  

 

3. ;ax ds f}&fNnz iz;ksx esa fNnz dks ,d L=kksr ls izdkf'kr fd;k tkrk gS ftldh nks rjaxnS/;Z 400 nm rFkk 600 nm 

gSA ;fn fNnzksa ds e/; nwjh d = 1mm gS rFkk insZ o fNnzry ds e/; nwjh] D = 10 m gS rks dsUnzh; mfPp"B ls ml 

LFkku dh U;wure nwjh fdruh gksxh tgk¡ ij iw.kZr% va/ksjk gks & 

 (A) 2mm   (B) 3mm  (C) 12 mm  (D) ,slk dksbZ fcUnq ugha gSA 
 

4. vxj ;ax ds f}&fNnz iz;ksx esa izFke fufEu"B Bhd ,d fNnz ds lkeus izkIr gksrk gSA ¼fNnz rFkk ijns ds e/; nwjh  

D = 12 cm gS rFkk fLyVksa ds e/; nwjh d = 5 cm gS½ rks mi;ksx esa fy, x;s fofdj.k dh rjaxnS/;Z gksxh & 

 (A) 2 cm dsoy  (B) 4 cm dsoy  (C) 2m, 
2
3

cm, 
2
5

cm   (D) 4 cm, 
4
3

cm, 
4
5

cm   
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5. nks dyk lEc) L=kksrksa 'A'  o 'B' ftudk dyk fu;rkad 'kwU; gS] os y v{k ij 4  

nwjh ij j[ks gS] tgk¡  L=kksr dh rjax nS/;Z gS] buds dkj.k O;frdj.k izfr:i 

izsf{kr fd;k tkrk gSA ,d izdk'k lalwpd D dks /kukRed x-v{k ij pyk;k tkrk 

gSA x = 0 o x =  dks NksMdj x v{k ij mu fcUnqvksa dh la[;k ftu ij mfPp"B 

izsf{kr gksxkA 
 

 (A) rhu   (B) pkj   (C) nks   (D) vuUr 
 

6. ewy fcUnq ls leku nwjh ij fLFkr nks dy lEcU/k L=kksr S1 rFkk S2, 2nwjh ls 

fp=kkuqlkj i`FkdÑr gSA os rjaxnS/;Z dk izdk'k mRlftZr djrs gSA O;frdj.k 

insZ ij R cM+h f=kT;k ds o`Ùk ds vuqfn'k iszf{kr gksrk gSA fcUnq lEiks"kh 

O;frdj.k dk fcUnq gSA dks.k  (0° rFkk 90° ds vfrfjDr) gksxkA  

 (A) 45°   
 (B) 30°   
 (C) 60°   
 (D) izFke prqFkk±'k esa lEHko ugha gSA 

 

 

7. fp=k esa fn[kk;s ;ax ds f}fNnz iz;ksx midj.k ds fNnzksa ds ry ij lekUrj 

izdk'k iqat vkifrr gksrk gSA S1 fNnz ij vkifrr izdk'k ifjorhZ viorZukad]  

 = 1 + ax okys ek/;e ls gksdj ¼tgk¡ fp=kkuqlkj x fNnzksa ds ry ls nwjh gS½ nwjh 

 r; djds fNnz S1 rd igq¡prk gSA vU; lHkh txg gok gSA vxj fcUnq ‘O’ ij 
,d fufEu"B curk gS rks /kukRed fu;rkad a (nwjh  rFkk rjax nS/;Z ‘’ ds :i 

esa) dk U;wure eku gksxk & 
 

 (A) 


   (B) 
2


   (C) 

2


   (D) bueas ls dksbZ ugha 

 

8. M1 rFkk M2 nks lery niZ.k gS tks fd fp=kkuqlkj ,d nwljs ds lekUrj j[ks gSA 

S ds Bhd lkeus yEcor~ insZ ij ,d fcUnq O gSA ,d o.khZ L=kksr S ls vk jgs 

izdk'k dh rajxnS/;Z D;k gksuh pkfg, rkfd nksuksa niZ.kksa ls ijkofrZr izdk'k ds 

O;frdj.k ds dkj.k O ij mfPp"B cusA (dsoy izFke ijkorZu ysa) [D > > d,  

d > > ] 
 

 (A) 
23d

D
  (B)

23d
2D

   (C) 
2d

D
   (D) 

22d
D

  

 

9. ,d yEch iryh x-v{k ij fLFkr fLyV niZ.k ls 1 mm Åij gSA fLyV ls cuk 
O;frdj.k izfr:i vkSj bldh ijNkbZ insZ ij ns[kh tkrh gS tks fLyV ls 1m 
nwjh ij gSA çdk'k dh rjaxnS/;Z 600 nm gSA rc niZ.k ls Åij çFke mfPp"B dh 
nwjh gksxh (d << D) % D 

0
S

d

 
 (A) 0.30 mm  (B) 0.15 mm  (C) 60 mm  (D) 7.5 mm 
 

10. ,d lekUrj ,d o.khZ; izdk'k iqat ,d iryh fLyV ij vfHkyEc vkifrr gksrk gSA foorZu izk:i dks inZs ij ns[kk 
tkrk gS tks vkifrr iqat ls yEcor~ gSA foorZu izk:i esa izFke fufEu"B ds fy, fLyV ds nksuksa fljksa ls vkus okys 
izdk'k iqat esa dykUrj D;k gksxk ¼foorZu IIT esa ugha vkrk½          [JEE 1998, 2] 

 (A) 0     (B) /2   (C)         (D) 2   
 

11. a pkSM+kbZ dk ,d fNnz lekUrj ,d o.khZ izdk'k dh rjaxnS/;Z }kjk izfrnhIr gSA a dk eku ftl ij foorZu ds rjhds 

dk igyk fufEu"B  = 30° ij cuk;sxk] gS      [Olympiad (State-1) 2017] 

 (A) /2   (B)    (C) 2   (D) 3 
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Hkkx - II : ,dy ,oa f}&iw.kk±d eku izdkj ¼SINGLE AND DOUBLE VALUE INTEGER TYPE½ 
 

1. fp=k esa fn[kk;s vuqlkj nks dyk lEc) lzksr S1-S2 leku dyk esa dEiUu 
dj jgs gSaA ,d lh/kk rkj AB, S1 vkSj S2 ls cgqr nwj gSA ekuk  

d


 = 10–3 BOA = 0.12° A vkSj B fcUnq dks Hkh lfEefyr djrs gq, 

fdrus pedhys fcUnq rkj ij ns[ks tk ldrs gSaA 

 

 

2. fn[kk;s x;s fp=k esa rhu fLyV s1, s2 rFkk s3 dks  rjaxnS/;Z ( << d rFkk  
D >> d) ds çdk'k ls çdkf'kr fd;k x;k gSA çR;sd fLyV insZ ij leku rhozrk 
 mRiUu djrh gSA insZ ij ,d fcUnq tksfd s2 ds Bhd lkeus gS] ij ;fn ifj.kkeh 

rhozrk 3 gS rks dk vf/kdre eku 
2nd

2D
 gSA  

(i) n dk eku Kkr dhft,A   
 (ii) Hkkx (i) easa izkIr dk iz;ksx djrs gq, fcUnq P ij rhozrk Kkr dhft,A 

 
 

3. fp=kkuqlkj d nwjh ij fLFkr nks fLyV S1 o S2 ij lekUrj ,d o.khZ; izdk'k 
iq¡t vfHkyEcor~ vkifrr gSA fdlh O;oLFkk ds }kjk fLyV S3 o S4 ds e/; 
nwjh ifjofrZr dh tk ldrh gSA fcUnq P tks S1S2 o S3S4 ds mHk;fu"B 

yEcv/kZd ij gS] ij rhozrk ekih tkrh gSA tc z = 
D
2d


, fcUnq P ij rhozrk 

gS rFkk tc z, 
4D

d


 ds cjkcj gS rc rhozrk x I gSA x Kkr djks 

 

 

4. ,d iryh ,d o.khZ; izdk'k iq¡t ftldh rhozrk  gS] dkap dh IysV ij 
fp=kkuqlkj vkifrr gksrh gSA ,d nwljh ,d leku dkap dh IysV igyh IysV ds 
lekUrj o ikl esa j[kh tkrh gSA izR;sd IysV 25 % izdk'k dks ijkofrZr dj nsrh 
gS vkSj ‘'ks"k izdk'k dks ikjxfer dj nsrh gSA O;frdj.k izk:i izR;sd IysV ds 
}kjk ,d ckj ijkorZu ds dkj.k cus nks izdk'k iq¡t ds O;frdj.k ls izkIr gksrk 
gSA bl izk:i esa U;wure vkSj vf/kdre rhozrk dk vuqikr 1 : n gS rks n dk eku 
Kkr djksA               [JEE 1990, 7] 



1  

 

5. ;ax iz;ksx esa Åij okyh fLyV dks iryh dkap dh iêhdk ls <d fn;k tkrk gS ftldk viorZukad 1.4 gS] tcfd uhps 
okyh fLyV dks nwljh iêhdk ftldh eksVkbZ leku gS] ijUrq viorZukad 1.7 gS] ls <d fn;k tkrk gSA O;frdj.k 
izfr:i 5400 Å rjaxnS/;Z ds izdk'k dk mi;ksx djrs gq;s ns[kk tkrk gSA ;g ik;k tkrk gS fd inZs ij fcUnq P tgk¡ 
igys ¼dkap dh iêhdk j[kus ls igys½ dsUnzh; mfPp"B (n = 0) Fkk] vc ogk¡ igys dh (3/4)th rhozrk gSA ;g Hkh ns[kk 
tkrk gS fd O ls Åij okys fcUnq ij 6th fufEu"B gS tcfd uhps okys fcUnq ij 5th mfPp"B gS, blds fy, ifêdk dh 
eksVkbZ n × 10–7m gSA n dk eku Kkr djksA (;g ekurs gq, fd dkap dh ifêdk ds dkj.k izdk'k dk vo'kks"k.k ux.; 
gS)                     [JEE 1997, 5/100]   

   

Hkkx - III : ,d ;k ,d ls vf/kd lgh fodYi çdkj 
 

1. ;ax ds f}fNnz ç;ksx esa O;frdj.k çk:i dh pedhyh vkSj dkyh fÝUtksa esa rhozrk dk vuqikr 9 gksrk gS rks bldk 
eryc gS fd:                 [JEE 1982] 

 (A) insZ ij rhozrk nks fLyVksa ds dkj.k 5 vkSj 4 bdkbZ gSA  
 (B) insZ ij rhozrk nks fLyV ds dkj.k 4 vkSj 1 bdkbZ gSA 
 (C) izR;sd rajx ds vk;ke dk vuqikr 3 gSA 
 (D) izR;sd rajx ds vk;ke dk vuqikr 2 gSA 
 

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


Wave Optics  
 

 

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 
ADVWO - 41 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

2. ,d lekUrj çdk'k iqat (ÅvfHkyEc ls = 30° dks.k ij ;ax 
ç;ksx esa fLyV ij vkifrr gksrk gSA ;g ekfu;s fd izR;sd fLyV ds dkj.k 
fdlh fcUnq ij rhozrk 0 gS rFkk fcUnq O, S1 vkSj S2 ls leku nwjh ij gSA 
fLyV ds chp dh nwjh 1mm gks rks 

 (A) O ij rhozrk  40 gS   
 (B) O ij rhozrk 'kwU; gS 
 (C) insZ ij O ls 4m nwjh ij ,d fcUnq ij rhozrk 40 gSA 
 (D) insZ ij O ls 4m nwjh ij ,d fcUnq ij rhozrk 'kwU;  gSA 

 

 

3. ;fn ;ax ç;ksx 'osr çdk'k ds fy, fd;k tkrk gS rks 
 (A) dsUnz ls vxyh mfPp"B yky gksxhA  (B) dsUnzh; mfPp"B 'osr gksxhA 
 (C) dsUnz ls vxyh mfPp"B cSaxuh gksxhA  (D) ;gk¡ ij dkyh fÝUt ugha gksxhA 
 

4. O;frdj.k izfr:i ;ax ds ç;ksx ds leku gSA fLyV S1 o S2 dks dyklEc) lw{e 
rjax ds L=kksr }kjk izdkf'kr fd;k tkrk gS ftldh vkof̀Ùk 106 Hz gSA L=kksrksa esa 
'kwU; dykUrj gSA fLyV ds chp dh nwjh d = 150.0 m gS rFkk inkZ cgqr vf/kd 
nwjh ij gSA rhozrk I () dks  ds Qyu ds :i esa ekik tkrk gS] tgka  fp=kkuqlkj 
gSA ;fn I0 vf/kdre rhozrk gS rks I (), ¼90º ds fy,½ gksxh \ 

                     [JEE 1995, 1 + 2] 
 

 (A) I() = 0I
2

 for  = 30º    (B) I() = 0I
4

 for  = 90º 

 (C) I() = I0 for  = 0º    (D)  ds lHkh eku ds fy,  () vpj gksxk 
 

5. ;ax ds f}fLyV iz;ksx esa nksuksa fLyVksa ij 'osr izdk'k vkifrr gSA fLyV ds chp dh nwjh b vkSj insZ rFkk fLyV ds 
chp dh nwjh d (>> b) gSA insZ ij] ¼fdlh fcUnq ij tks fLyV ds lkeus gks½ dqN rjaxnS/;Z vn`'; gks tkrh gS ;g 
vn`'; rjaxnS/;Z D;k gksxh                  [JEE 1984] 

 (A)  = 
2b

d
  (B)  = 

22b
d

  (C)  = 
2b

3d
  (D)  = 

22b
3d

 

 

Hkkx - IV : vuqPNsn (COMPREHENSION) 
 

vuqPNsn-1 

 gkbxsu igyk oSKkfud Fkk ftlus izdk'k ds rjax fl)kUr dks izLrqr fd;kA mlus crk;k fd izdk'k rjaxkxz ds :i esa 
lapfjr gksrk gSA ,d rjaxkxz ,d dkYifud lrg gS ftldk izR;sd fcUnq leku dyk esa gSA mnkgj.kLo:i ,d fcUnq 
L=kksr ds fy, rjaxkxz ladsUnzh; xksykas dk laxzg gksrk gS ftudk dsUnz ewy fcUnq gksrk gSA w1 ,d rjaxkxz gS rFkk w2 
nwljk rjaxkxz gSA  

w1

w2

S izdk'k dh 
fdj.k

 
 bl fLFkfr esa le; ‘t’ ij rjaxkxz dh f=kT;k ‘ct’ gS tgk¡ ‘c’ izdk'k dh pky gS] izdk'k dh lapj.k dh fn'kk rjaxkxz dh 

lrg ds yEcor gksrh gSA izdk'k dh lekUrj fdj.k dh fLFkfr esa rjaxkxz lery rjaxkxz gksrs gSA 

fdj.k

w1 w2 w3

w , w , w  1 2 3 rjaxkxz

 
 gkbxsu us ;g Hkh crk;k fd rjaxkxz dk izR;sd fcUnq f}rh;d rjafxdkvksa ds L=kksr dh rjg O;ogkj djrk gSA fdlh 

le; lHkh f}rh;d rjafxdkvksa ij [khaph xbZ Li'kZ js[kk ml le; u, rjaxkxz dks n'kkZrh gSA rjaxkxz dks dsoy vkxs 
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dh fn'kk esa xfr djrk gqvk ekurs gSA (vFkkZr izdk'k lapj.k dh fn'kk esa) mldh foijhr fn'kk esa ughA vxj fdlh 
le; t ij rjaxkxz w1 fn;k x;k gS rks le; t + t ij rjaxkxz cukus ds fy, fdlh rjaxkxz w1 ij dqN fcUnq fyft, 
vkSj ‘ct’ f=kT;k ds xksys [khfp,A mUgs ge f}rh;d rjafxdk,sa dgrs gSA  

w2

t + t

t

S

w1

f}rh;d rjaxkxz 
'c t'  f=kT;k ds

 
 bu lHkh f}rh;d rjafxdkvksa ij Li'kZ js[kh; fn'kk esa lrg w2 [khafp,A w2 le; ‘t + t’ ij rjaxkxz gSA gkbxsu us 

rjaxkxz dk mi;ksx djrs gq, viorZu rFkk ijkorZu ds fu;e fl) fd,A 
 

1. gok esa] ewy fcUnq ij ,d fcUnq izdk'k L=kksr j[kk tkrk gS] rjax ds rjaxkxz dh le; t ij] lehdj.k D;k gksxh tks  
t = 0 ij L=kksr }kjk mRlftZr gksrh gSA (gok dk viorZukad 1 ysaA) 

 (A) x + y + z = ct (B) x2 + y2 + z2 = t2  (C) xy + yz + zx = c2 t2   (D) x2+ y2 + z2 = c2 t2    
 

2. fp=k esa xksyh; rjaxkxz fn[kk, x, gSa tks lery niZ.k ls Vdjkrs gaSA ijkofrZr rjaxkxz fuEukuqlkj gksxsa & 

 

 (A)    (B)   (C)   (D)  

3. fp=k esa n'kkZ;s vuqlkj rjaxkxz nks ek/;eksa dks feykus okyh lrg ij fp=kkuqlkj vkifrr gksrs gSa viofrZr rjaxkxz 
fuEukuqlkj gksxh & 

 
 

 (A)  (B)   (C)  (D)  

4. fp=k esa n'kkZ, vuqlkj xksyh; niZ.k ij lery rjaxkxz vkifrr gksrs gS] ijkofrZr rjaxkxz gksxk & 

 

 (A)  (B) 

    

 (C)   (D)   

5. dqN lery rjaxkxz fp=kkuqlkj n'kkZ, x, gS] ek/;e dk viorZukad gksxkA 

 
 (A) 2   (B) 4   (C) 1.5    (D) fu/kkZfjr ugha fd;k tk ldrk 
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vuqPNsn-2 

 fp=k esa ;ax f}&fLyV iz;ksx n'kkZ;k x;k gSA rjaxnS/;Z '' (ek/;e n1 esa) 
dk ,d lekUrj iqat n'kkZ;s vuqlkj dks.k '' ij vkifrr gSA nwjh  
S1O = S2O nh gqbZ gSA fcUnq 'O' funsZ'k ra=k dk ewy fcUnq Hkh gSA fLyVksa 
¼fNnzksa½ ds ry ds ck;ha vksj rFkk nk;ha vksj Øe'k% viorZukad n1 rFkk n2 
ds ek/;e gSaA fLyVksa ds chp dh nwjh d gSA fLyVksa ds ry ,oa insZ ds 

chp dh nwjh D gSA D = 1m, d = 1mm,  = 30°,  = 0.3 mm, n1 =
4
3

,  

n2 =
10
9

, dk iz;ksx djrs gq, fuEu dk mÙkj nksA 

O x

y

ScreenD

S2

S1

n2n1



 

      

6. ml fcUnq dk y-funsZ'kkad D;k gksxk] tgk¡ O;frdj.k rjaxksa ds chp dqy dykUrj 'kwU; gksxk - 

 (A) y = 0  (B) y = + 
3
4

m  (C) y = – 3
4

 m  (D) – 1

3
 m 

 

7. ;fn fcUnq 'O' ij izR;sd izdk'k rjax ds dkj.k rhozrk I0 gks] rks fcUnq 'O' ij ifj.kkeh rhozrk gksxh - 

 (A) 'kwU;   (B) 20 
40

1 cos
9
  

 
 (C) 30    (D) 0  

 

8. fcUnq 'O' ds Åij fudVre mfPp"B dk y-funsZ'kkad gS - 

 (A) 
150

154
cm  (B) 24 cm  (C) 

100

99
cm  (D) buesa ls dksbZ ugha  

 

 
 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 
* fpfUgr iz'u ,d ls vf/kd lgh fodYi okys iz'u gS -   

Hkkx - I : JEE (ADVANCED) / IIT-JEE ¼fiNys o"kksZ½ ds iz'u 
 

vuqPNsn ij vk/kkfjr iz'u 1 ls 3 
 

 fp=k esa XY ,d lrg gS tks nks ikjn'khZ ek/;eksa] ek/;e–1 rFkk ek/;e–2 dks vyx djrh gSA js[kk,¡ ab rFkk cd  
ek/;e–1 esa py jgh rFkk lrg XY ij vkifrr gksus okyh çdk'k rjaxkxzkas dks fu:fir djrh gSA js[kk,¡ ef rFkk gh 
viorZu ds ckn ek/;e–2 eas py jgh çdk'k rjaxkxzksa dks fu:fir djrh gSA       [JEE 2007, 4+4+4/162] 

 
1. çdk'k py jgk gS  
 (A) çR;sd ek/;e esa ,d lekukUrj iqat dh rjg 
 (B) çR;sd ek/;e esa ,d vfHklkjh iqat dh rjg 
 (C) çR;sd ek/;e esa vilkjh iqat dh rjg 
 (D) ,d ek/;e esa vilkjh ,oa nwljs ek/;e esa vfHklkjh iqat dh rjg 
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2. c, d, e rFkk f ij çdk'k dh dyk,¡ Øe'k% c, d, e rFkk f gSA fn;k x;k gS fd c  f : 
 (A) c, d ds cjkcj ugha gks ldrkA   (B) d, e ds cjkcj gks ldrk gSA 
 (C) (d – f), (c – e) ds cjkcj gSA   (D) (d – c), (f – e) ds cjkcj ugha gSA 
 

3. çdk'k dh pky gS 
 (A) ek/;e-1 rFkk ek/;e-2 es cjkcj gSA  (B) ek/;e-1 esa ek/;e-2 ls vf/kd 
 (C) ek/;e-2 esa ek/;e-1 ls vf/kd   (D) b rFkk d ij fofHkUu 
 

4*. ;ax ds f}&fNnz (Young's double slit) iz;ksx esa nksuksa fLyVksa ds chp dh nwjh d rFkk izdk'k dh rjax nS/;Z gSA 
fLyV 1 ij vkifrr gksus okys izdk'k dh rhozrk] fLyV 2 ij vkifrr gksus okys izdk'k dh rhozrk ls pkj xquh gSA 
lgh mÙkjksa dk pquko djsA 
(A) ;fn d =  gks rc insZ ij dsoy ,d mfPp"B gksxk                          [JEE 2008, 3/163]    
(B) ;fn  < d < 2gks rks inZs ij de ls de ,d vkSj mfPp"B (dsUnzh; mfPp"B ds vykok)  izsf{kr gksxkA  

 (C) ;fn fLyV 1 ij vkifrr gksus okys izdk'k dh rhozrk dks ?kVkdj fLyV 2 ij vkifrr gksus okys izdk'k dh rhozrk 
ds cjkcj dj fn;k tk;s, rks inZs ij nhIr rFkk vnhIr fÝUtksa dh rhozrk c<+sxh 

 (D) ;fn fLyV 2 ij vkifrr gksus okys izdk'k dh rhozrk dks c<+kdj fLyV 1 ij vkifrr gksus okys izdk'k dh rhozrk 
ds cjkcj dj fn;k tk;s] rks inZs ij nhIr rFkk vnhIr fÝUtksa dh rhozrk c<+sxhA 

 

5. dkWye I esa LVSu~MWMZ ;ax f}&fLyV foU;kl (Young’s double slit arrangement) dh pkj ifjfLFkfr;k¡ fn[kkbZ xbZ gS  
ftuesa fLyV S1 rFkk S2 LØhu ls dkQh nwjh ij gSA çR;sd ifjfLFkfr esa S1P0 = S2P0, S1P1 – S2P1 =/4 vkSj  
S1P2 – S2P2 = /3, tgk¡  çdk'k dh rjaxnS/;Z gSA B,C o D ifjfLFkr;ksa esa fLyV S2 ds lkeus  viorZukad vkSj  
t eksVkbZ dh ikjn'khZ 'khV j[kh xbZ gSA bu 'khVksa dh eksVkbZ çR;sd ifjfLFkfr esa fHkUu&fHkUu gSA LØhu ds fdlh fcUnq 
P ij nksauks fLyV ls igq¡p jgh çdk'k rjaxksa ds Qst&vUrj dks (P) ls fu:fir fd;k x;k gS rFkk çdk'k dh rhozrk 
dks (P) ls fu:fir fd;k x;k gSA dkWye-I dh çR;sd ifjfLFkr;ksa ds fy, dkWye-II ds çFkduksa dks vkil esa feykb,A 

  dkWye –I      dkWye –II        [JEE 2009, 8/240] 

 (A)       (p) (P0) = 0 

 (B)  ( – 1)t = /4    (q)   (P1) = 0 

 (C) ( – 1)t = /2    (r)   (P1) = 0 

 (D) ( – 1)t = 3/4    (s)   (P0) > (P1) 

         (t) (P2) > (P1) 
 

6. ;ax f}&fLyV iz;ksx dks rhu ckj Øe'k% gjk] yky vkSj uhyk izdk'k iz;qDr djds fd;k x;kA ,d ckj esa ,d gh 
iz;ksx fd;k x;kA rhu fÝat&pkSM+kbZ Øe'k% C, R vkSj B ikbZ xbZA rc]     [IIT-JEE-2012, Paper-1; 3/70, –1] 

 (A) G > B > R  (B)B >  G > R (C)R > B > G  (D)R > G > B 
 

7. ,d ;ax f}&fLyV ç;ksx esa  rjaxnS/;Z ds ,do.khZ çdk'k dk ç;ksx fd;k tkrk gSA ,sls fcUnq dk ftl ij çdk'k dh 
rhozrk f'k[kj rhozrk dh vk/kh gS] iFkkUrj gS (iw.kkZad n ds inksa eas) :     [JEE (Advanced) 2013 ; P-1, 2/60] 

 (A) (2n 1)
2


   (B) (2n 1)
4


   (C) (2n 1)
8


   (D) (2n 1)
16
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8. O;atd 2d sin  =  dk mi;ksx djrs gq, ge  dks eki dj d dk eku tkuuk pkgrs gSaA  dk eku 0 o 90º ds chp 
esa gSA rjaxnS/;Z  dk eku gesa ifj'kq)r% Kkr gS rFkk ds ekius esa =kqfV] ds lHkh ekuksa ds fy, leku gSA tSls dk 
eku 0º ls c<+rk gS rc :                [JEE (Advanced) 2013 ; P-2, 3/60, –1] 

 (A) d eas fujis{k =kqfV fLFkj jgrh gSA   (B) d eas fujis{k =kqfV c<+rh gSA 
 (C) d eas fHkUukRed =kqfV fLFkj jgrh gSA  (D) d eas fHkUukRed =kqfV ?kVrh gSA 
 
9*. ;ax ds f} f>jh (double slit) iz;ksx esa iz;qDr izdk'k L=kksr nks rjaxnS/;ksa 1 = 400 nm rFkk 2  = 600 nm dks mRlftZr 

djrk gSA ;fn rjaxnS/;ksa 1 rFkk 2 ds fy, vfHkfyf[kr (recorded) fÝat pkSM+kbZ Øe'k% 1 rFkk 2 gS rFkk dsfUnz; nhIr 
fÝUt ds ,d vksj y nwjh rd fÝatksa dh la[;k Øe'k% m1 rFkk m2 gS] rc    [JEE (Advanced) 2014, P-1, 3/60] 

 (A) 2 > 1    
 (B) m1 > m2 
 (C) dsfUnz; nhIr fÝat ls 2 dh rhljh nhIr fÝat 1 dh ik¡poh vnhIr fÝat dks <drh gSA 
 (D) 1 dh fÝatksa dk dks.kh; iF̀kDdj.k (angular separation) 2 dh fÝatksa ds dks.kh; i`FkDdj.k ls vf/kd gSA 
 

10. ,d ;ax f}f>jh O;frdj.k (Mcy fLyV bUVjQhjsal) lsV] ftldh f>fj;k¡ S1 rFkk S2 gSa] dks n'kkZ;s fp=kkuqlkj ikuh 
(viorZukad = 4/3) esa Mqcks;k x;k gSA ikuh dh lrg ij egÙke rhozrk dh fLFkfr;k¡ x2 =p2m22 – d2 laca/k }kjk nh 
tkrh gSa ;gk¡ ij   izdk'k dh ok;q (viorZukad = 1) esa rjaxnS/;Z, 2d f>fj;ksa ds e/; nwjh rFkk m  ,d iw.kk±d gSa rc p 
dk eku gSA          [JEE (Advanced) 2015 ; P-1, 4/88] 

Air

Water

xd

S2

S1

d

 
 

11*. ,d fon~;kFkhZ us ;ax nks fLyV okys iz;ksx (Young's double slit experiment) djrs le; nks fLyVksa dh txg ,d 
cM+h lery vikjn'khZ iêh dks x-y ry ij j[k fn;kA bl iêh esa nks NksVs fNnz gSa tks 600 nm rjaxnS/;Z izdk'k 
mRiUu djus okys nks dyklac) fcUnq L=kksrksa (S1, S2) ds leku gSaA fon~;kFkhZ us xyrh ls insZ (screen) dks x-z ry 
(z > 0) ds lekukUrj S1S2 ds e/; fcUnq ls D = 3 m dh nwjh ij j[k fn;k] tSlk dh O;oLFkk&fp=k esa fn[kk;k x;k 
gSA L=kksrksa ds chp fd nwjh d = 0.6003 mm gSA S1S2 dks tksM+us okyh js[kk tgk¡ insZ ls feyrh gS ogk¡ ij ewyfcUnq 
O gSA insZ ij rhozrk izfr:i (intensity pattern) ds fy, fuEufyf[kr esa ls dkSulk@dkSuls lR; gS@gSa \ 

[JEE (Advanced) 2016, P-2, 4/62, –2] 
 

S
cr

ee
n 

 

z 

O 
y 

x 
 D  

 d  
S1 S2   

 
 (A) fcUnq O ij dsfUnzr v/kZo`rh; nhIr rFkk vnhIr ifê;k¡ 

 (B) x-fn'kk esa fcUnq O ds fxnZ lefer Qksdlksa ds lkFk vfrijoyf;d (Hyperbolic) nhIr rFkk vnhIr ifê;k¡ 

 (C) fcUnq O dk fudVre {ks=k vnhIr gksxk 

 (D) x-v{k ds lekukUrj nhIr rFkk vnhIr lh/kh ifê;k¡ 
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12.* nks dyklac/k ,do.khZ (coherent monochromatic) fcUnq L=kksr S1 rFkk S2 ftudh rjax nS/;Z  = 600 nm gSa ,d 
o`Ùk ds dsUnz ds nksuksa vksj lefer voLFkk esa fLFkr gS (tSls fp=k esa fn[kk;k x;k gS)A L=kksr S1 ,oa S2 ds chp dh nwjh 
d = 1.8 mm gSA bl O;oLFkk }kjk O;frfdj.k fÝUtsa (interference fringes) izfrorhZ nhIr ,oa vnhIr fpfÙk;ksa 
(spots) ds :i esa ,d o`Ùk dh ifjf/k ij fn[krh gSA nks Øekxr nhIr fpfÙk;ksa ds chp dh dks.kh; nwjh (angular 
separation between two consecutive bright spots) gSA fuEu esa ls dkSulk ¼ls½ izdFku lgh gS@gSa \ 

[JEE (Advanced) 2017, P-2, 4/61, –2] 
 

S1 S2 
P2 



P1 

d 

 
(A) P1 ,oa P2 ds chp ds izFke o`Ùkikn (first quadrant) esa dqy djhc 3000 fÝUts cusxhA  

 (B) P2 ij ,d vnhIr fcUnq cusxkA   
 (C) P2 ij fÝUtksa dk Øe mPPre~ gksxkA  

(D) izFke o`Ùkikn esa P1 ls P2 rd tkus esa nks Øekxr nhIr fpfÙk;ska ds chp dh dks.kh; nwjh ?kVrh gSA 
 

Hkkx - II : JEE (MAIN) / AIEEE ¼fiNys o"kksZ½ ds iz'u 
 

1. ;ax f}fLyV iz;ksx esa ml fcUnq dh rhozrk I gS tgk¡ ij iFkkUrj 
6


 ( izdk'k dh rjaxnS/;Z gS) gSA ;fn 0 vf/kdre 

rhozrk dks iznf'kZr djrk gks rks I/0 cjkcj gS         [AIEEE 2007 ; 3/120, –1] 

 (1)  
1

2   (2) 
3

2    (3) 
1
2     (4) 

3
4  

 

funsZ'k:  iz'u la[;k 2 – 4 fuEufyf[kr vuqPNsn ij vk/kkfjr gSA        [AIEEE-2010, 4/144, – 1] 
 ,d izkjfEHkd lekUrj csyukdkj fdj.k iqat viorZukad () = 0 + 2, ds ,d ek/;e esa xfr'khy gS] tgk¡ 0 ,oa  

2 /kukRed fLFkjkad gS vkSj izdk'k iqat dh rhozrk gSA f=kT;k esa o`f) djus ij iqat dh rhozrk ?kVrh gS  
 

2. iqat ek/;e esa izos'k djus ds ckn ;g  
 (1) vilkfjr gksxh   
 (2) vfHklfjr gksxh  
 (3) v{k ds lehi vilkfjr gksxh vkSj ifjf/k ds lehi vfHklfjr gksxh  
 (4) ,d csyukdkj iqat dh rjg xfr djsxh  
 

3. iqat ds rjaxkxz dk izkjfEHkd vkdkj gS  
 (1) mÙky      (2) vory   
 (3) v{k ds lehi mÙky vkSj ifjf/k ds lehi vory  (4) leryh; 
 

4. ek/;e esa izdk'k dh pky gS  
 (1) iqat ds v{k ij U;wure    (2) iqat ij ,dleku lHkh LFkkuksa ij  
 (3) rhozrk ds lh/ks lekuqikrh    (4) iqat ds v{k ij vf/kdre 
 

5. ;ax ds f}&fNnz iz;ksx esa] S1 ,oa S2 fLyVksa ls vkus okyh rjaxksa ds chp fcUnq P ,oa Q ij iFkkUrj Øe'k% 'kwU; ,oa   

4


 gSA P ,oa Q ij rhozrkvksa dk vuqikr gksxk:            [AIEEE 2011, 11 May; 4/120, –1] 

 (1) 2 : 1   (2)  2 : 1  (3) 4 : 1   (4) 3 : 2 
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6. ,d ;ax ds f}&fNnz ç;ksx esa, nksauks fLyVsa ,dleku vk;ke A vkSj rjaxnS/;Z  dh rjaxksa ds dyklEc) Jksr dh Hkkafr 
dk;Z djrh gSA blh lsV vi ls ,d nwljs ç;ksx esa nksauks fLyVksa dks mlh vk;ke vkSj rjaxnS/;Z ds dyk&vlEc) 
Jksrksa dh Hkkafr dk;Z djk;k tkrk gSA ;fn igyh fLFkfr esa insZ ds e/; fcUnq ij rhozrk 1 gS rFkk nwljh fLFkrh esa 2 

gS] rc vuqikr 
2

1




 gS :               [AIEEE 2011, 11 May ; 4/120, –1] 

 (1) 2   (2) 1   (3) 0.5   (4) 4 
 

7. çdFku-1 : ,d dSylkbZ fØLVy ls vkdk'k ds LoPN uhys Hkkx dks ns[kus ij] ikjxfer çdk'k dh rhozrk fØLVy ds 
?kw.kZu ds lkFk cnyrh gSA  

 çdFku-2 : okrkoj.k ds d.kksa ls lw;Z ds çdk'k dk çdh.kZu gkus ds dkj.k vkdk'k ls vk jgs çdk'k dk /kzqo.k gks tkrk 
gSA uhys çdk'k ds fy, çdh.kZu vf/kdre gSA            [AIEEE 2011, 11 May; 4/120, –1] 

 (1) çdFku-1 lgh gS] çdFku-2 xyr gSA 
 (2) çdFku-1 lgh gS] çdFku-2 lgh gS vkSj çdFku-2, çdFku-1 dh lgh O;k[;k djrk gSA 
 (3)  çdFku-1 lgh gS] çdFku-2 lgh gS vkSj çdFku-1 dh lgh O;k[;k ugha djrk gSA 
 (4) çdFku-1 xyr gS] çdFku-2 lgh gSA 
 

8. funsZ'k % bl iz'u esa ,d iSjkxzkQ vkSj mlds ckn nks izdFku] izdFku–1 vkSj izdFku–2 fn;s x;s gSaA izdFkuksa ds ckn 
fn;s x;s pkj fodYiksa esa ls] ml fodYi dks pqfu;s tks fd izdFkuksa dk lgh o.kZu djrk gSA 

 ,d le&mÙky ysUl ds mÙky i`"B dks ,d lery dk¡p dh ifêdk ij j[k dj ,d iryh ok;q dh fQYe cuk;h 
tkrh gSA ,do.khZ izdk'k ls ;g fQYe ,d O;frdj.k fp=k cukrh gSA O;frdj.k fp=k fQYe ds 'kh"kZ ¼mÙky½ i`"B ls 
vkSj ryh ¼dk¡p dh ifêdk½ i`"B ls ijkofrZr izdk'k ds dkj.k curk gSA  

 izdFku–1 : tc ok;q&dk¡p ifêdk vUrjki`"B ls izdk'k ijkofrZr gksrk gS] rc ijkofrZr rjax esa dk dykUrj gks 
tkrk gSA  

 izdFku–2 : O;frdj.k fp=k dk dsUæ vU/ksjs esa gSaA           [AIEEE - 2011, 4/120, –1] 
 (1)  izdFku-1 lgh gSa] izdFku-2 xyr gSa 
 (2)  izdFku-1 lgh gS] izdFku-2 lgh gS vkSj izdFku-2  izdFku-1 dh lgh O;k[;k djrk gSA 
 (3)  izdFku-1 lgh gS] izdFku-2 lgh gS vkSj izdFku-2 izdFku-1 dh lgh O;k[;k ugha djrk gSA 
 (4)  izdFku-1 xyr gS] izdFku-2 lgh gSA 
 

9. nks dyklEc} fcUnq L=kksr S1 ,oa S2 ,d y?kq nwjh 'd' }kjk ,d nwljs ls nwj gSa tSlk fd fp=k esa n'kkZ;k x;k gSA insZ 
ij ns[kh xbZ fÝUtsa gSa :        [JEE (Main) 2013, 4/120, –1] 

 
 (1) fcUnq   (2) ljy js[kkW,  (3) v)Zo`Ùk  (4) ledsUnzh; o`Ùk 
 

10. /kqzo.k ds vU;ks; yEcor~ ryksa okys lery /kzqoh; izdk'k dh nks iqat A rFkk B ,d iksyjk;M+ }kjk ns[kh tkrh gSA ml 
fLFkfr ls tgk¡ iqta A dh vf/kdre rhozrk gS (vkSj iqat B dh 'kwU; rhozrk gS) iksyjkbM dk 30º ls ?kw.kZu nksuks iqatks ds 

,dleku |qfreku izrhr gksrk gSA ;fn nksuks iq¡tksa dh izkjfEHkd rhozrk,¡ Øe'k% IA rFkk IB gSA rc A

B




 dk eku gSA  

[JEE (Main) 2014; 4/120, –1] 

 (1) 3   (2) 
3
2

   (3) 1   (4) 
1
3

 

 
 

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


Wave Optics  
 

 

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 
ADVWO - 48 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

11. xzh"e _rq dh xeZ jkf=k esa] Hkw-ry ds fudV] ok;q dk viorZukad U;wUkre gksrk gS vkSj Hkw-ry ls Å¡pkbZ ds lkFk c<+rk 
tkrk gSA ;fn] dksbZ izdk'k-fdj.k iqat {kSfrt fn'kk esa tk jgk gks rks] gkbxsUl ds fl)kUr ls ;g ifj.kke izkIr gksrk gS  

 fd] pyrs gq, izdk'k-fdj.k iqat:       [JEE (Main) 2015; 4/120, –1] 
 (1) ladqfpr ¼ladhZ.k½ gks tk;sxkA    (2) fcuk fo{ksfir gq,] {kSfrt fn'kk esa pyrk jgsxk  
 (3) uhps dh vksj >qd tk;sxkA    (4) Åij dh vksj >qd tk;ssxkA 
 

12. ;fn ekuo us=k dh iqryh dh f=kT;k 0.25 cm, vkSj Li"V lqfo/kk tud ns[kus dh nwjh 25 cm gks rks] 500 nm 
rjaxnS/;Z ds izdk'k esa] nks oLrqvksa ds chp fdruh U;wure nwjh rd ekuo us=k mu nksuksa ds chp foHksnu dj ldsxk \ 

[JEE (Main) 2015; 4/120, –1] 
 (1) 1 m   (2) 30 m    (3) 100 m    (4) 300 m  

 

13. ,d fiu&gksy dSejk dh yEckbZ ‘L’ gS rFkk fNnz dh f=kT;k a gSA ml ij  rjaxnS/;Z dk lekUrj izdk'k vkifrr gSA 

fNnz ds lkeus okyh lrg ij cus LikWV dk foLrkj fNnz ds T;kferh; vkdkj rFkk foorZu ds dkj.k gq, foLrkj dk 

dqy ;ksx gSA bl LikWV dk U;wure vkdkj bmin rc gksxk tc:    [JEE (Main) 2016; 4/120, –1] 

 (1) La   rFkk 








 


L
2

b
2

min    (2) La   rFkk L4   

 (3) 
L

a
2

   rFkk L4bmin     (4) 
L

a
2

  rFkk 








 


L
2

b
2

min  

 

14. ;ax ds ,d f}f>jh iz;ksx esa] f>fj;ksa ds chp dks nwjh 0.5 mm ,oa insZ dh f>jh ls nwjh 150 cm gSA ,d izdk'k iqat] 
ftlesa 650 nm vkSj 520 nm dks nks rjaxnS/;Z gSa] dks insZ ij O;rhdj.k fÝUt cukus esa mi;ksx djrs gSA mHk;fu"B 
dsUnzh; mfPp"B ls og fcUnq] tgk¡ nksuksa rjaxnS/;ksaZ dks nhIr fÝUtsa lEikrh gksrh gS] dh U;wure nwjh gksxhA : 
         [JEE (Main) 2017 ; 4/120, –1] 

 (1) 15.6 mm  (2) 1.56 mm  (3) 7.8 mm   (4) 9.75 mm 
 

15. rhozrk I dk v/kzqfor izdk'k dk ,d vkn'kZ iksyjkWbM A ls xqtjrk gSA blh rjg dk ,d vkSj iksyjkWbM B dks 

iksyjkWbM A ds ihNs j[kk x;k gSA iksyjkWbM B ds i'pkr~ izdk'k dh rhozrk 
I

2
 ik;h tkrh gSA vc ,d vkSj mlh rjg 

ds iksyjkWbM C dks A rFkk B ds chp j[kk tkrk gS ftlls B ds i'pkr~ rhozrk 
I

8
 ik;h tkrh gSA iksyjkWbM A rFkk C 

ds chp dk dksa.k gksxkµ       [JEE (Main) 2018 ; 4/120, –1] 
 (1) 45°    (2) 60°    (3) 0°   (4) 30° 
 

16. fdlh ,dy f>jh foorZu iSVuZ ds dsanzh; mfPp"B dh dk.kh; pkSM+kbZ 60° gSA f>jh dh pkSM+kbZ 1 m gSA f>jh dks 

,do.khZ; lery rjax ls izdkf'kr djrs gSA ;fn mlh pkSM+kbZ dh ,d u;h f>jh iqjkuh f>jh ds ikl cuk nh tk;s rks 

f>fj;ksa ls 50 cm nwj j[ks insZ ij ;ax fÝatsa ns[kh tk ldrh gSA ;fn fÝatksa dh pkSM+kbZ 1 cm  gks rks f>fj;ksa ds dsUnzksa 

ds chp dh nwjh gksxh %        [JEE (Main) 2018; 4/120, –1] 

 (1) 75 m  (2) 100 m   (3) 25 m   (4) 50 m 
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EXERCISE-1 
Hkkx-I 

[k.M+ (A) :  

A-1. (a) 9     (b) 5   (c)   
A-2. 2  

[k.M+ (B) : 

B-1. (a) fÝaUtksa dk dks.kh; vyxko fu;r (=/d) jgrk 
gSA fÝatksa dk okLrfod vyxko fLyVksa ds ry ls 
insZ dh nwjh ds vuqikfrd o`f)eku gSA  

 (b) fÝUtksa dk vyxko ¼dks.kh; vyxko Hkh½ ?kVrk gSA  
 (c) fÝUtksa dk vyxko ¼dks.kh; vyxko Hkh½ ?kVrk gSA  
 (d) fLyVksa dh pkSM+kbZ FkksM+h c<+kus ij ge dsoy 

vkifrr iqat dh rhozrk dks c<+k jgs gSaA fQj ls , 
D, d esa dksbZ ifjorZu ugha vr%  vifjofrZr jgrh 
gSa ijUrq fÝatksa dh ped c<+ tkrh gSA    

B-2. 1.625 mm  B-3. 0.30 mm 

B-4. 
180


× 2 × 10–4 fMxzh = 0.011º  

 

[k.M+ (C) :  

C-1. 0.9 mm 
 

[k.M+ (D) :  

D-1. (a)  = 4.0 × 10–4 m (b) 
3


 vkSj 
2
3


 

D-2. 
4( 1)


 

 

[k.M+ (E) :  

E-1. vf/kdre  
 

[k.M+ (F) : 
F-1. 1.45    F-2. 100 nm 
[k.M+ (G) :  

G-1. (i) 1.8 m  (ii) 1.2 m 
 

Hkkx -II 

[k.M+ (A) : 

A-1. (A) A-2. (C)  
 

[k.M+ (B) : 

B-1. (C) B-2. (D) B-3. (A) 
B-4. (B) B-5. (D) B-6. (C) 
B-7. (D) 
 

[k.M+ (C) : 

C-1. (D) C-2. (C)  
 

[k.M+ (D) : 

D-1. (A) D-2. (D)  

[k.M+ (E) : 

E-1. (D) E-2. (A) 
 

[k.M+ (F) : 

F-1. (B)  

 

[k.M+ (G) :  

G-1. (D) G-2. (A) G-3. (A) 
G-4. (B) G-5. (A) G-6. (C) 
G-7. (B) G-8. (C) G-9. (D) 
 
 

Hkkx -III 

1. (A)–q,r,s ; (B)–p,q,r,s ; (C)–q,r,s ; (D) – p,q,r,s  
2. (A) – r, s ;(B) – p, q, s; (C) – p, q, s ;(D) – r, s  
 

EXERCISE-2 
Hkkx -I  

 

1. (B) 2. (C) 3. (D) 
4. (A) 5. (A) 6. (C) 
7. (B) 8. (B) 9. (B) 
10. (D) 11. (C) 

 

Hkkx -II  
 

1. 3 2. (i) 3   (ii) 3  
3. 2 4. 49 5. 93  
 

Hkkx -III 
 

1. (BD) 2. (AC) 3. (BCD) 
4. (AC) 5. (AC) 
 

Hkkx -IV 
1. (D) 2. (C) 3. (B) 
4. (A) 5. (A) 6. (C) 
7. (D) 8. (A) 
 

EXERCISE-3 
  

Hkkx -I 
1. (A) 2. (C) 3. (B) 
4. (AB) 
5. (A) p, s; (B) q; (C) t ; (D) r, s, t 
6. (D) 7. (B) 8. (D) 
9. (ABC) 10. (3) 11. (AC) 
12. (AC) 
 

Hkkx -II 
1. (4) 2. (2) 3. (4)  
4. (1) 5. (1) 6. (1) 
7. (2) 8. (3) 9. (4) 
10. (4) 11. (4) 12. (2) 
13. (2) 14. (3) 15. (1) 
16. (3) 
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fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
 

1. nks lekUrj izdk'k iqat P vkSj Q (nksuksa ds chp dh nwjh d) ftudh rjaxnS/;Z 4000 Å 
vkSj 5000 Å gS (tks izR;sd rjaxnS/;Z ds fy, ,d nwljs ls dyk lEc) gS) fizTe ij 
vfHkyEcor vkifrr gksrs gSaA fizTe dk viorZukad rjaxnS/;Z ds Qyu ds :i esa 

lehdj.k () = 1.20 +
2

b


, ls fn;k tkrk gSA tgk¡ , Å esa vkSj b /kukRed vpj gSA  

 

 b dk eku bl izdkj gS fd lrg AC ij iw.kZ ijkorZu ds fy, 'krZ dsoy ,d rjaxnS/;Z ds fy, larq"V gksrh gS nwljs 
ds fy, ughaA ,d mÙky ySal dk mi;ksx xqtjrh gqbZ izdk'k iqat dks Qksdl djus ds fy, fd;k tkrk gSA ;fn lrg 
AC ls xqtjus ds ckn izdk'k dh rhozrk Åij okys vkSj uhps okys izdk'k iqat ds fy, 4 vkSj  gS rks Qksdl ij 
ifj.kkeh rhozrk D;k gksxhA      [JEE 1991, 8] 

 

2. 'osr dyk lEc) izdk'k (400 nm – 700 nm) ;ax ds f}fLyV iz;ksx esa 
fLyVksa ls Hkstk tkrk gS ¼fp=k esa fn[kk;s vuqlkj½A fLyV ds chp dh nwjh 
1 mm vkSj fLyVks rFkk insZ ds e/; nwjh 100 cm gSA insZ esa dsUnz ls 
1.5 mm nwjh ij ,d fNnz gS ¼rFkk ;g fÝUt pkSM+kbZ ds vuqfn'k gS½A 
(a) fNnz okys fcUnq ij dkSulh rjaxnS/;Z dk fufEu"B gksxkA (b) fdl 
rjaxnS/;Z ds fy, rhozrk vf/kdre gksxhA  

 

3. ,d izdk'k iaqt tks rjaxnS/;Z 6500Å vkSj 5200Å dk cuk gS] ;ax ds iz;ksx esa iz;qDr fd;k tkrk gSA nksuksa fLyV ds 
chp dh nwjh 2.0 mm vkSj fLyV ds ry rFkk insZ ds chp dh nwjh 120 cm gS (a) insZ ij 3rd pedhyh fÝUt dh 
dsfUnz; mfPp"B ls nwjh D;k gksxh ;fn rjaxnS/;Z 6500 Å gks (b) dsfUnz; mfPp"B ls U;wure nwjh D;k gksxh tgk¡ 
pedhyh fÝUt nksuksa rjaxnS/;Z ds fy, ,d lkFk curh gSA  

 

4. f}fLyV ç;ksx ds midj.k ls ,d L=kksr S fLyV 
S1 ds ihNs dh vksj gSA fcUnq O ij dykUrj D;k 
gksxk tks fd S1 vkSj S2 ls cjkcj nwjh gSA ;fn  
viorZukad dk nzo Hkj fn;k tk, rks fcUnq P ij 
dykUrj D;k gksxk (ok;q esa L=kksr ds dkj.k çdk'k 
dh rjaxnS/;Z  gS) rFkk ;g ekus fd s1 rFkk s2 
rFkk nzo ij fLFkfr ds dkj.k insZ ij rhozrk 
vifjofrZr jgrh gS rFkk nzo fLFkfr gS ( << d,  

d << D,  >> d)  
 (a) fLyV vkSj insZ ds chp 
 (b) fLyV vkSj lzksr S ds chp : bl fLFkfr esa insZ ij fLFkr fcUnqvksa ds chp U;wure nwjh D;k gksxh tgk¡ insZ ij 

rhozrk vf/kdre rhozrk ls vk/kh gSA  
 

5. ,d o.khZ; izdk'k  = 5000Å nks fLyV ij vkifrr gksrk gS tks ,d nwljs ls  5 × 104 m nwjh ij gSA O;frdj.k 
izk:i insZ ij ns[kk tkrk gS tks fLyVks ls 1 m nwjh ij gSA dkap dh ifêdk ftldk viorZukad  = 1.5 rFkk eksVkbZ 
1.5  106 m gS fdlh ,d fLyV rFkk insZ ds chp j[k nh tkrh gSaA dsUnzh; fcUnq ij rhozrk D;k gksxh ;fn dkap dh 
ifêdk j[kus ls igys rhozrk 0 Fkh rFkk dsUnzh; mfPp"B dk foLFkkiu D;k gksxkA   [REE 1993, 4] 

 

6. ;ax ds iz;ksx esa fLyV ls insZ dh nwjh 100 cm gSA fLyVksa ds chp dh fuf'pr nwjh ds fy, O;frdj.k izk:i tks insZ 

ij ns[kk tkrk gS, fÝUt pkSM+kbZ 0.25 mm nsrk gSA tc fLyVks ds chp dh nwjh d = 1.2 mm ls c<+k nh tkrh gS] rks 
fÝUt pkSM+kbZ igys dh 2/3 jg tkrh gSA vfUre fLFkfr esa ,d dkap dh iêhdk viorZukad µ = 1.5 dks fdlh ,d 
fLyV ds lkeus j[k fn;k tkrk gS rks dsfUnz; mfPp"B dk foLFkkiu 20 fÝUt pkSM+kbZ ds cjkcj gksxkA izdk'k dh 
rjaxnS/;Z o iêhdk dh eksVkbZ D;k gksxhA  
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7. ;ax ds f}fLyV iz;ksx esa rjaxnS/;Z 6000 Å dk lekUrj izdk'k 
iqat fLyVksa ij 30º ds dks.k ij vkifrr gksrk gSA A vkSj B nks 
iryh ikjn'khZ ifêdk,sa gSa ftudk viorZukad 1.5 gSA A dh 
eksVkbZ 20.4 m gSA A vkSj B ls fudyus okys izdk'k dh rhozrk 
insZ ij  vkSj 4 gSA dsUnzh; fcUnq O tks fLyV ds fy, lefer gS] 
ij rhozrk 3  gSA dsUnzh; mfPp"B fcUnq O ls Åij gSA 

 
 (a) ,slk gksus ds fy, B dh vf/kdre eksVkbZ D;k gksxh] ;g ekurs gq, fd B dh eksVkbZ lHkh Hkkx esa ,d leku ysuh 

gSA ((a) esa izkIr eksVkbZ dk mi;ksx djrs gq, fuEu ds mRrj nsosa½ 
 (b) fÝUt pkSM+kbZ rFkk insZ ij vf/kdre vkSj U;wure rhozrk  
 (c) O ls fudVre fufEu"B dh nwjh   
 (d) O ls 5 cm nksuksa rjQ rhozrk D;k gksxh 
 

8. ,d leku mÙky ySal ftldh Qksdl nwjh 10 cm (gok esa) vkSj viorZukad 
3/2 gS] dks ,d ufydk ds NksVs ls fNnz esa yxk fn;k tkrk gSA uyh dh 
yEckbZ 1 m gS rFkk blesa 4/3 viorZukad dk rjy inkFkZ Hkjk gSA ,d vory 
niZ.k ftldh oØrk f=kT;k 20 cm gS] dks nks Hkkxksa esa dkV dj ufydk ds 
var esa m1 vkSj m2 bl rjg yxk fn;k tkrk gS fd eq[; v{k AB vkSj CD 
ysUl dh eq[; v{k ls 1 mm dh nwjh ij gSA gok esa j[kh ,d fLyV s ysUl 
dks 7.5  1014 Hz vko`fr ds izdk'k ls izdkf'kr djrh gSaA  

 

 niZ.k m1 vkSj m2 ls izdk'k ijkofrZr gksus ds ckn uyhdk ds ck;sa Nksj EF ij O;frdj.k izk:i nsrs gSaA O ,d 
vikjn'khZ inkFkZ gS ftlds }kjk fNnz dks <d fn;k tkrk gS tks m1 vkSj m2 ds }kjk [kkyh NksM+k x;k gSA 

 (a) ySUl ikuh la;kstu }kjk fufeZr izfrfcEc dh fLFkfr D;k gksxh (b) m1 vkSj m2 ls cus izfrfcEcksa ds chp dh nwjh   
 (c)   EF ij fÝUt pkSM+kbZ  
 

9. ;ax ds iz;ksx dks 4/3 viorZukad okys ek/;e esa fd;k tkrk gSA fLyV ftuds chp dh nwjh 
0.45 mm ij 600 nm izdk'k Mkyk tkrk gSA uhpsokyh fLyV dks ,d dkap dh iryh 
ifêdk ftldk viorZukad 1.5 o eksVkbZ 10.4 µm ls <d fn;k tkrk gSA O;frdj.k izk:i 
insZ ij tks fLyV ls 1.5 m nwjh ij gS ns[kk tkrk gSA   [JEE 1999 (Main), 5+3+2/200] 

 (a) dsUnzh; mfPp"B dh fLFkfr y-v{k ij D;k gksxh ¼pedhyh fÝUt esa dykUrj 'kwU; gS½  

 (b) fcUnq  O ij izdk'k dh rhozrk vf/kdre fÝUt rhozrk dh rqyuk esa fdruh gksxh \     
 (c) ;fn izdk'k dks 600 nm ls cny dj 'osr izdk'k tks 400 ls 700 nm ijkl dk mi;ksx fd;k tk, rks izdk'k 

dh rjaxnS/;Z D;k gksxh tks fcUnq O ij mfPp"B cuk,A ¼lHkh rjaxnS/;Z bl iz'u esa fn;s x;s ek/;e ds fy, ftldk 
viorZukad 4/3 gS rFkk fo{ksi.k ux.; ekusa½                                

 

10. ,d dkap dh ifêdk ftldk viorZukad 1.5 ij ,d iryh ijr ftldh eksVkbZ t rFkk viorZukad 1.8 gS p<+kbZ tkrh gSA 
izdk'k rjax ftldh rjaxnS/;Z  gS ijr ij vfHkyEc vkifrr gksrh gSA ;g ijr dh Åijh lrg o fupyh lrg ls vkaf'kd 
ijkofrZr gksrh gS vkSj vkaf'kd ijkofrZr fdj.ksa O;frdj.k djrh gSa rks muds lEiks"kh O;frdj.k ds fy, 'krZ crkb;sA ;fn  
 = 648 nm rks t dk U;wure eku crkb;s ftlds fy, rjaxs lEiks"kh O;frdj.k n'kkZ;sA  [JEE 2000 (Main), 4/100] 

 
 

1. 9I     2. (a) 428 nm, 600 nm,  (b) 500 nm  

3. (a)  1.17 mm. (b)1.56 mm 4. (a)  =
21 d

D
     

  (b)  =
1
D

  
 

2d


; Dmin=
2


=
D

2d


 

5. 0, 1.5 mm       6. = 600 nm, t = 24 m 
7. (a) tB = 120 m (b) = 6 mm;max = 9 , min  =  (c) /6 = 1 mm (d)  (O ds 5 cm Åij) = 9,  (O ds 5 cm uhps) = 3 
8. (a) 80 cm ySal ds ihNs    (b)  4 mm      (c)  = 60 m 
9. (a) y = – 4.33 mm (b) 0 = 3/4 max (c)  = 650 nm,  433.3 nm 

10. 2 t =
1

n
2

  
 

  tgk¡  = 1.8 ,oa n = 0,1, 2, 3.......   ; 90 nm 
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