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Av‡jvi cÖwZmiY 
 

 
 f~wgKv 

 

 

Av‡jvv‡K KL‡bv KYv Ges KL‡bv Zi½ wn‡m‡e we‡ePbv Kiv n‡q _v‡K| Av‡jvi cÖwZmiY Av‡jvi Zi½ ag© 
w`‡q e¨vL¨v Kiv hvq| Av‡jv hLb GK gva¨g †_‡K wfbœ Av‡jvKxq Nb‡Z¡i Ab¨ GKwU gva¨g Mgb K‡i, 
ZLb Av‡jvK Zi‡½i Zi½ ˆ`‡N©¨i cwieZ©b N‡U A_P K¤úvsK AcwiewZ©Z _v‡K| Avgiv Rvwb K¤úvsK I 
Zi½ ˆ`‡N©¨i ¸YdjB Av‡jv‡Ki †eM| myZivs GK gva¨g †_‡K Ab¨ gva¨‡g Mgb Ki‡j Av‡jv‡Ki †e‡Mi 
cwieZ©b N‡U| Av‡jvi Zi½ ˆ`N©¨ I †e‡Mi GB cwieZ©‡bi Kvi‡Y Av‡jvi w`‡Ki cwieZ©b N‡U| ỳBwU wfbœ 
Av‡jvK Nb‡Z¡i gva¨‡gi GKwU †_‡K Ab¨wU‡Z Av‡jv Mg‡bi mgq Av‡jvK iwk¥i w`‡Ki (Awfgy‡Li) 
cwieZ©b nIqv‡K Av‡jvi cÖwZmiY e‡j| Av‡jvi cÖwZmi‡Yi Kvi‡Y ¯̂”Q Av‡jvwKZ w`‡b GKwU Mfxi 
cyKzi‡K AMfxi †`Lvq, GKwU †mvRv jvwV‡K cvwb‡Z AvswkK Wzev‡j euvKv †`Lvq, cvwbi wb‡Pi †Kvb e —̄z‡K 
Zvi cÖK…Z MfxiZvi †P‡q Dc‡i †`Lvq| Av‡jvi cÖwZmiY‡K Kv‡R jvwM‡q evB‡bvKzjvi, Abyex¶Y hš¿, 
Pkgv, AcwUK¨vj dvBevi cÖf…wZ hš¿ ˆZix Kiv n‡q‡Q|  

G Aa¨v‡q Avgiv Av‡jvi cÖwZmi‡Yi wbqgvejx, c~Y© Af¨š—ixY cÖwZdjb, msKU †KvY, wewfbœ †MvjKxq Z‡j 
Av‡jvi cÖwZmiY Av‡jvPbv Kiv n‡e| 
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 1 cvV 
 
Av‡jvi cÖwZmiY 

 

 

D‡Ïk¨  
 GB cvV †k‡l Avcwb- 

  Av‡jvi cÖwZmi‡Yi msÁv I wbqg Rvb‡Z cvi‡eb| 

  Av‡jvK iwk¥i cÖZ¨veZ©bkxjZv e¨vL¨v Ki‡Z cvi‡eb| 

  cÖK…Z MfxiZv AvcvZ MfxiZv I cÖwZmivs‡Ki g‡a¨ m¤úK© wbY©q Ki‡Z cvi‡eb| 

  msKU †KvY I c~Y© Af¨š—ixY cÖwZdjb e¨vL¨v Ki‡Z cvi‡eb|   
 

9.1.1 Av‡jvi cÖwZmiY  

GKwU †mvRv `Û‡K wZh©Kfv‡e cvwb‡Z AvswkK Wzev‡j euvKv I †QvU †`Lvq (wPÎ 9.1)| Av‡jvi cÖwZmi‡Yi Rb¨B 
GgbwU N‡U| `ÊwUi cvwb‡Z Wzev‡bv As‡ki †Kvb we› ỳ †_‡K †PvL ch©š— Av‡jvKiwk¥i c_ GKB mij‡iLvq AwZµg 
K‡i bv| wbgw¾Z As‡ki †Kvb ’̄vb †_‡K cvwb I evZv‡mi we‡f`Zj ch©š— Av‡jvK iwk¥ GKwU mij †iLv eivei 
Mgb K‡i| Gic‡i we‡f`Z‡j Av‡jvK iwk¥wU w`K cwieZ©b K‡i Ab¨ GKwU mij ˆiwLK c‡_ wØZxq gva¨‡g Mgb 
K‡i| 

 
wPÎ 9.1 

 

G Kvi‡YB `ÊwU‡K euvKv †`Lvq|  

cÖK…Zc‡¶ GKwU ¯̂”Q I mgmË¡ gva¨‡g Av‡jv mij †iLvq Mgb K‡i| wKš—z Av‡jvK iwk¥ hLb GK ¯̂”Q gva¨g †_‡K 
Ab¨ ¯̂”Q gva¨‡g wZh©Kfv‡e cÖ‡ek K‡i, ZLb gva¨gØ‡qi we‡f`Z‡j w`K cwieZ©b K‡i| G NUbv‡K Av‡jvi 
cÖwZmiY e‡j| 9.2 bs wP‡Î Av‡jvi cÖwZmiY †`Lv‡bv n‡q‡Q| GLv‡b PO Av‡jvK iwk¥wU gva¨g-1 I gva¨g-2 Gi 
we‡f` Zj XY Gi O we› ỳ‡Z AvcwZ n‡q‡Q| cÖwZmi‡Yi d‡j Av‡jvK iwk¥wU wKQyUv †eu‡K OR c‡_ wØZxq gva¨‡g 
Mgb K‡i| cÖwZmiY bv NU‡j Av‡jvK iwk¥wUi w`K cwieZ©b nZ bv Ges iwk¥wU †mvRv POQ mij †iLv eivei Mgb 
KiZ| 

  
wPÎ- 9.2 
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9.1.2 K‡qKwU cÖ‡qvRbxq msÁv  
AvcwZZ iwk¥ t Av‡jvK iwk¥ GK ¯̂”Q gva¨g †_‡K Ab¨ ¯̂”Q gva¨g Mgb Kivi mgq cÖwZmwiZ nq| cÖ_g gva¨‡g 
Av‡jvK iwk¥i †h AskUzKz c‡o Zv‡K AvcwZZ iwk¥ e‡j| A_©vr gva¨gØ‡qi we‡f` Z‡j †h iwk¥ cwZZ nq Zv‡K 
AvcwZZ iwk¥ e‡j| 9.2 bs wP‡Î PO AvcwZZ iwk¥| 
AvcZb we›`y t AvcwZZ iwk¥ we‡f` Z‡ji †h we› ỳ‡Z cwZZ nq Zv‡K AvcZb we› ỳ e‡j| 9.2 bs wP‡Î O we› ỳwU 
AvcZb we› ỳ| 
cÖwZmwiZ iwk¥ t cÖwZmi‡Yi ci A_©vr w`K cwieZ©‡bi ci wØZxq gva¨g w`‡q MgYKvix Av‡jvK iwk¥‡K cÖwZmwiZ 
iwk¥ e‡j| 9.2 bs wP‡Î OR iwk¥wU cÖwZmwiZ iwk¥| 
Awfj¤^ t AvcZb we› ỳMvgx I we‡f` Z‡ji Dci j¤^fv‡e AswKZ mij‡iLv‡K Awfj¤^ e‡j| 9.2 wP‡Î NON′ mij 
†iLvwU Awfj¤^| 
AvcZb †KvY t AvcwZZ iwk¥ I Awfj‡¤^i ga¨eZx© †KvY‡K AvcZb †KvY e‡j| 9.2 bs wP‡Î PON = i, AvcZb 
†KvY| 
cÖwZmiY †KvY t cÖwZmwiZ iwk¥ I Awfj‡¤^i ga¨eZx© †KvY‡K cÖwZmiY †KvY e‡j| 9.2 bs wP‡Î N′OR cÖwZmiY 
†KvY| 

9.1.3 cÖwZmi‡Yi m~Î I cÖwZmivsK  
Av‡jvK iwk¥ cÖwZmi‡Yi mgq `ywU wbqg †g‡b P‡j| G wbqg ỳwU‡K Av‡jvi cÖwZmi‡Yi m~Î e‡j| 

cÖ_g m~Î t AvcwZZ iwk¥, cÖwZmwiZ iwk¥ Ges AvcZb we› ỳ‡Z AswKZ j¤^ GKB mgZ‡j Ae ’̄vb K‡i| 9.2 bs 
wP‡Î PO AvcwZZ iwk¥, OR cÖwZmwiZ iwk¥ Ges NON′ Awfj¤^| Giv GKB mgZ‡j Ae ’̄vb K‡i| A_©vr PO, OR 
Ges NON′ mij †iLv w`‡q GKwU gvÎ mgZj AvuKv hvq| 
wØZxq m~Î t wbw ©̀ó GK †Rvov gva¨g I GKwU wbw ©̀ó e‡Y©i Av‡jvi cÖwZmi‡Yi †¶‡Î AvcZb †Kv‡Yi mvB‡bi I 
cÖwZmiY †Kv‡Yi mvB‡bi AbycvZ me©`v aª“e _v‡K| nvév gva¨g †_‡K Nb gva¨‡g cÖwZmwiZ n‡j cÖwZmwiZ Av‡jvK 
iwk¥ Awfj‡¤^i w`‡K Ges Nb gva¨g †_‡K nvév gva¨‡g cÖwZmwiZ n‡j Av‡jvK iwk¥ Awfj‡¤^i wecixZ w`‡K †eu‡K 
hvq| 
e¨vL¨v t ỳBwU wbw ©̀ó gva¨‡g cÖwZmi‡Yi †¶‡Î GKwU wbw ©̀ó Zi½ ˆ`‡N©¨i Av‡jvK iwk¥‡K wewfbœ †Kv‡Y AvcwZZ 
Ki‡j cÖwZmiY †KvYI cwiewZ©Z n‡e| Z‡e GB cwieZ©b Ggb fv‡e n‡e †hb cÖwZ †¶‡Î AvcZb †Kv‡Yi mvBb I 
cÖwZmiY †Kv‡Yi mvB‡bi AbycvZ aª“e _v‡K|  

 

wPÎ-9.3 

9.3 bs wP‡Î GKB e‡Y©i wZbwU Av‡jvK iwk¥ evqy †_‡K cvwb‡Z wfbœ wfbœ †Kv‡Y AvcwZZ n‡q‡Q| AvcZb †KvY wfbœ 
nIqvi Kvi‡Y cÖwZmiY †KvYI wfbœ wfbœ n‡e Ges cÖwZ †¶‡Î AvcZb †Kv‡Yi mvBb I cÖwZmiY †Kv‡Yi mvB‡bi 
AbycvZ GKB n‡e| A_©vrÑ  

sini1
sinr1

  = 
sini2
sinr2

  = 
sini3
sinr3

   = aª“eK| 

GB aª“eK‡K cÖ_g gva¨‡gi mv‡c‡¶ wØZxq gva¨‡gi cÖwZmivsK e‡j| G‡K µ Øviv cÖKvk Kiv nq|  GB m~ÎwU 1621 
mv‡j IqvBj eªW© †øj Avwe®‹vi K‡ib e‡j m~ÎwU‡K †øj Gi m~Î ejv nq| 

cÖwZmivsK  (Refractive index) 
GKwU wbw ©̀ó e‡Y©i (K¤úvs‡Ki) Av‡jvK iwk¥ GK †Rvov wbw`©ó gva¨‡gi GKwU †_‡K Ab¨wU‡Z cÖwZmwiZ n‡j 
AvcZb †Kv‡Yi mvBb I cÖwZmiY †Kv‡Yi mvB‡bi AbycvZ aª“e _v‡K| G‡K cÖ_g gva¨‡gi mv‡c‡¶ wØZxq gva¨‡gi 
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cÖwZmivsK e‡j| cÖ_g gva¨g a Ges wØZxq gva¨g b n‡j a gva¨‡gi mv‡c‡¶ b gva¨‡gi cÖwZmivsK‡K aµb cÖZxK 
w`‡q †jLv nq|  
Z‡e mvaviYZ Av‡iv ms‡¶‡c µg cÖZxK w`‡q ïY¨ gva¨‡gi mv‡c‡¶ Kuv‡Pi cÖwZmivsK †jLv nq|  

aµb = 
sini
sinr   ......................(9.1)  

ïb¨ gva¨‡gi mv‡c‡¶ †Kvb gva¨‡gi cÖwZmivsK‡K H gva¨‡gi cig cÖwZmivsK ejv nq| ïb¨ gva¨‡gi mv‡c‡¶ 
†Kvb gva¨g b Gi cig cÖwZmivsK‡K mvaviYZt µb cÖZxK w`‡q †jLv nq| myZivs ïb¨ gva¨‡gi mv‡c‡¶ Kuv‡Pi 
cig cÖwZmivsK wjL‡Z µglass cÖZxK e¨envi Kiv nq| wb‡Pi mviwY‡Z K‡qKwU gva¨‡gi cig cÖwZmivsK D‡j−L 
Kiv n‡jv| 

 

gva¨g cÖZxK cig cÖwZmivsK 

evqy µa   

cvwb µw   

wd¬›U KuvP µg   

wM−mvwib µg   

µvDb KuvP   

 

9.1.4 Av‡jvK iwk¥i cÖZ¨veZ©bkxjZv 

Av‡jvK iwk¥ cÖZ¨veZx©| A_©vr Av‡jvK iwk¥ †Kvb GKwU we› ỳ A †_‡K Ab¨ GKwU we› ỳ B †Z †h c‡_ Mgb Ki‡e, B 
we› ỳ †_‡K A we› ỳ‡Z Av‡jvK iwk¥ wVK GKB c‡_ Mgb Ki‡e| g‡b Kwi GKwU Av‡jvK iwk¥ evqy gva¨g †_‡K cvwb 
gva¨‡g cÖwZmwiZ n‡”Q [wPÎ-9.4] GLv‡b PO AvcwZZ iwk¥, OQ cÖwZmwiZ iwk¥, i AvcZb †KvY Ges r cÖwZmiY 
†KvY| 

evqy (air) mv‡c‡¶ cvwbi (water) cÖwZmivsK aµw = 
sini
sinr  . 

Av‡jvK iwk¥ cÖZ¨veZx© e‡j Q we›`y †_‡K Av‡jvK iwk¥ QOP 

c‡_ P we› ỳ‡Z hv‡e| A_©vr G‡¶‡Î AvcZb †KvY r n‡j 

cÖwZmiY †KvY n‡e i| 

cvwb gva¨‡gi mv‡c‡¶ evZvm gva¨‡gi cÖwZmivsK- 

 wµa = 
sinr
sini   

  = 
1
sini
sinr

   

 = 
1

aµw
  

  
wPÎ 9.4 

Ab¨ †h‡Kvb ỳBwU gva¨‡gi Rb¨I G wbqg cÖ‡hvR¨| A_©vr a I b †h †Kvb ỳBwU ¯̂”Q gva¨g n‡jÑ 

  aµb = 
1

bµa
  

 ev, aµb × bµa = 1. ---------------------------------(9.2)  
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9.1.5 mgvš—ivj Zj wewk÷ dj‡K cÖwZmiY 
g‡b Kwi mgvZš—ivj Zj wewk÷ GKwU KuvP djK ABCD evqy‡Z Aew ’̄Z [wPÎ-9.5], Zj AB I Zj CD mgZj I 
ci¯úi mgvš—ivj| g‡b Kwi GKwU Av‡jvK iwk¥ evZvm †_‡K djKwUi AB Zj w`‡q cÖ‡ek K‡i CD Zj w`‡q 
wbM©Z n‡”Q| myZivs Av‡jvK iwk¥wUi ỳevi cÖwZmiY NU‡e| 

  
wPÎ-9.5 

NON′ Ges MQM′ h_vµ‡g O I Q we› ỳ‡Z Awfj¤^| AB we‡f` Z‡j PO AvcwZZ iwk¥|  
G‡¶‡Î OQ cÖwZmwiZ iwk¥ Ges  
 AvcZb †KvY ∠PON = i,  
 cÖwZmiY †KvY ∠N′OQ = r  
NON′ Ges MQM′ ‡iLvØq mgvš—ivj Ges OQ G‡`i †Q`K e‡j|  

∠N′OQ = r = ∠MQO  
wØZxq cÖwZmi‡Yi †¶‡Î OQ AvcwZZ iwk¥, QR cÖwZmwiZ iwk¥ Ges AvcZb †KvY ∠OQM = r.  
awi cÖwZmiY †KvY ∠M′QR = i′  

evZv‡mi mv‡c‡¶ Kuv‡Pi cÖwZmivsK aµg n‡j 1g cÖwZmi‡Yi †¶‡Î aµg = 
sini
sinr   

Avevi Kuv‡Pi mv‡c¶ evZv‡mi cÖwZmivsK gµa n‡jÑ 

  gµa = 
sinMQO

sin M′QR
  

 ev, gµa = 
sinr

sini′
   

 wKš—z   aµg = 
1

gµa
  

 ev, sini
sinr  = 

1
sinr

sini′

   

 ev, sini
sinr  = 

sini′
sinr    

 ev, sini = sini′  

 ev, i = i′-----------------------------------------(9.3)  
myZivs Av‡jvK iwk¥ hLb mgZj I mgvš—ivj Zjwewkó dj‡K cÖwZmwiZ nq ZLb AvcwZZ I wbM©Z iwk¥ mi¯úi 
mgvš—ivj nq|  
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9.1.6 wZbwU ci¯úi mgvš—ivj mgZj we‡f` Z‡j cÖwZmiY  
g‡b Kwi, a, b I c wZbwU ¯̂”Q I wfbœ wfbœ Av‡jvKxq Nb‡Z¡i gva¨g| gva¨gÎq abca GB µ‡g (ci¯úi) mvRv‡bv 
Av‡Q| [ wPÎ-9.6 ] A_©vr cÖ_g I †kl gva¨g a. gva¨g¸wji g‡a¨ Aew ’̄Z we‡f`Zj, AB, CD I EF mgZj I 
ci¯úi mgvš—ivj| 

 

wPÎ-9.6 

GKwU Av‡jvK iwk¥ PQ gva¨g a I gva¨g b Gi we‡f` Zj AB Gi Q we› ỳ‡Z AvcwZZ nq Ges cÖwZmi‡Yi ci b 
gva¨‡g QR c‡_ Mgb K‡i| GLv‡b AvcZb †KvY θ1 I cÖwZmiY †KvY θ2.  

∴   aµb = 
sinθ1

sinθ2
  ................................................. (9.4)  

GKBfv‡e b I c Gi we‡f` Zj CD Gi R we› ỳ‡Z GKevi Ges me‡k‡l c I a Gi we‡f`Zj EF Gi S we› ỳ‡Z 
Av‡iv GKevi cÖwZmiY N‡U| R we› ỳ‡Z cÖwZmi‡Yi †¶‡Î AvcZb †KvY θ2 I cÖwZiY †KvY θ3.  

∴  bµc = 
sinθ2

sinθ3
  ...................................................... (9.5) 

S we› ỳ‡Z cÖZwmi‡Yi †¶‡Î AvcZb †KvY θ3 mgZj I mgvš—ivj Zj wewk÷ dj‡K cÖwZmi‡Yi †¶‡Î AvcwZZ 
iwk¥ I wbM©Z iwk¥ ci¯úi mgvš—ivj| 

A_©vr 
ST || PQ  

 ∴  S we› ỳ‡Z cÖwZmi‡Yi †¶‡Î cÖwZmiY †KvY cÖ_g AvcZb †KvY θ1 Gi mgvb| 

 ∴   cµa = 
sinθ3

sinθ1
  ..............................................(9.6)  

 9.4, 9.5  I  9.6  mgxKiY ¸Y K‡i cvBÑ 

  aµb × bµc × cµa = 
sinθ1

sinθ2
  × 

sinθ2

sinθ3
  × 

sinθ3

sinθ1
   

 ev, aµb × bµc × cµa = 1 -----------------------------------(9.7)  

 ev, bµc = 
1

aµb×cµa
   

 ev, bµc = 
aµc

aµb
  ------------------------------------- (9.8)    [ ... aµc = 

1

cµa
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 a gva¨gwU ïb¨ gva¨g n‡jÑ bµc = 
µc
µb
  -------------------------------(9.9) 

A_©vr b gva¨‡gi mv‡c‡¶ c gva¨‡gi cÖwZmivsK c I b gva¨‡gi cig cÖwZmivs‡Ki Abycv‡Zi mgvb|  
[ ...  k~b¨ gva¨‡gi mv‡c‡¶ †Kvb gva¨‡gi cÖwZmivsK‡K H gva¨‡gi cig cÖwZmivsK e‡j| ] 

 wKš—z bµc = 
sinθ2

sinθ3
  ------------------------------- (9.10)  

mgxKiY (9.9) I (9.10) n‡Z cvB 

  
sinθ2

sinθ3
  = 

µc
µb
   

 awi, θ2 = i,  Ges θ3 = r.  

 ∴ 
sin i
sin r  = 

µc
µb
   

 ev, µb sin i = µc sin r--------------------------(9.11)  
GB mgxKiYwU †øj Gi m~‡Îi mvaviY iƒc| 
9.1.7 cÖK…Z MfxiZv I AvcvZ MfxiZv 
cvwb fwZ© GKwU cvÎ‡K Dci †_‡K †`L‡j Gi Zj‡`k‡K cvÎwUi Lvwj Ae ’̄vq Gi Zj‡`‡ki Zzjbvq wKQyUv Dc‡i 
†`Lvq| A_©vr cvÎwUi MfxiZv Kg e‡j g‡b nq| cvwb c~Y© GKwU cv‡Îi Zj‡`‡ki GKwU we› ỳ O †_‡K wbM©Z 
Av‡jvK iwk¥ cvwb I evZv‡mi we‡f`Z‡j cÖwZmiY- wPÎ 9.7 G †`Lv‡bv n‡q‡Q| cÖwZmi‡Yi Kvi‡Y Av‡jvK iwk¥‡K 
O we›`y n‡Z wbM©Z n‡”Q e‡j g‡b nq| cÖwZmi‡Yi Kvi‡Y cv‡Îi Zj‡`k‡K LM mij‡iLv eive‡ii cwie‡Z© L′M′ 
eivei g‡b n‡e| Zj‡`‡ki `~iZ¡ AL †K cÖK…Z MfxiZv Ges Zj‡`‡ki cÖwZwe‡¤^i ~̀iZ¡ AL′ †K AvcvZ MfxiZv 
e‡j|  

 
wPÎ-9.7 

9.1.7.1  AvcvZ MfxiZv, cÖK…Z MfxiZv I cÖwZmivs‡Ki g‡a¨ m¤úK©  

g‡b Kwi cvwbi Zj‡`‡ki GKwU we› ỳ O †_‡K GKwU Av‡jvKiwk¥ OP cvwb I evZv‡mi we‡f` Z‡ji P we› ỳ‡Z 
AvcwZZ nq (wPÎ 9.8)| cvwbi Zzjbvq evZv‡mi Av‡jvKxq NbZ¡ Kg| myZivs cÖwZmi‡Yi d‡j Av‡jvK iwk¥ 
Awfj¤^ †_‡K ~̀‡i m‡i hv‡e|  
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g‡b Kwi Av‡jvK iwk¥i bZzb MwZc_ RP †K †cQb w`‡K ewa©Z Ki‡j Dnv O †_‡K †mvRv DaŸ©Mvgx Av‡jvK iwk¥ 
OAT †K O we›`y‡Z †Q` Ki‡e| myZivs Lvov Dci †_‡K †`L‡j O we› ỳi cwie‡Z© O we› ỳ‡Z Gi GKwU cÖwZwe¤^ 
†Pv‡L co‡e [wPÎ-9.8] 

 
wPÎ-9.8 

∴   O we› ỳi cÖK…Z MfxiZv OA  
 AvcvZ MfxiZv O′A  

AvcZY †KvY �OPN′, cÖwZmiY †KvY �RPN.  

cvwbi mv‡c‡¶ evZv‡mi cÖwZmivsK wµa n‡j  

  wµa  = 
sini
sin r   

 Ges aµw  = 
sin r
sini      

   = 

AP

I′P

AP
OP

   

   = 
OP

O′P
   

†Pv‡Li wcDwcj Lye †QvU e‡j Lye KvQvKvwQ _vKv Av‡jvK iwk¥ cÖ‡ek Ki‡Z cv‡i| OPR Ges OO′AT iwk¥Øq 
KvQvKvwQ n‡j A I P we› ỳ KvQvKvwQ n‡e| †m‡¶‡ÎÑ 
  I′P ≅ O′A   
  OP ≅ OA 

 ∴    aµw = 
OA

O′A
    

 ev, aµw = 
cÖK…Z  MfxiZv

AvcvZZ MfxiZv -------------------------------------(9.11)  

  aµw > 1 e‡j 
  OA > O′A.  
myZivs A‡c¶vK…Z †ekx Av‡jvKxq Nb‡Z¡i gva¨‡g Aew ’̄Z e —̄z‡K Kg Av‡jvKxq Nb‡Z¡i gva¨g n‡Z †`L‡j e —̄zwU‡K 
A‡c¶vK…Z Kv‡Q g‡b nq|  

9.1.8 c~Y© Af¨š—ixY cÖwZdjb I msKU †KvY 
Av‡jvK iwk¥ hLb †Kvb GKwU gva¨g †_‡K AwaK Av‡jvKxq Nb‡Z¡i gva¨‡g cÖ‡ek K‡i ZLb AvcZb †Kv‡Yi me 
gv‡bi Rb¨B cÖwZdjb I cÖwZmiY ỳBB msNwUZ nq| wKš—z Av‡jvK iwk¥ †Kvb gva¨g n‡Z Kg Av‡jvKxq Nb‡Z¡i 
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gva¨‡g cÖ‡ek Ki‡j AvcZb †Kv‡Yi GKwU wbw ©̀ó gvb ch©š— cÖwZdjb I cÖwZmiY N‡U| D³ gv‡bi †P‡q AvcZb 
†Kv‡Yi gvb †ekx n‡j ïay cÖwZdjb N‡U|  

 
wPÎ-9.9 

 

g‡b Kwi Av‡jvKiwk¥ KuvP gva¨g †_‡K evqy gva¨‡g Mgb Ki‡Q| AvcZb †Kv‡Yi gvb †QvU n‡j ỳe©j cÖwZdwjZ iwk¥ 
Ges kw³kvjx cÖwZmwiZ iwk¥ cvIqv hv‡e| AvcZb †Kv‡Yi gvb evov‡Z _vK‡j cÖwZmiY †Kv‡Yi gvb I evo‡e Ges 
mv‡_ mv‡_ cÖwZmwiZ iwk¥i ZxeªZv Kg‡Z _vK‡e| Avi cÖwZdwjZ iwk¥i ZxeªZv evo‡Z _vK‡e| GBfv‡e AvcZb 
†Kv‡Yi gvb GKwU wbw ©̀ó gv‡b †cuŠQv‡j cÖwZmiY †Kv‡Yi gvb 90° n‡q hvq| AvcZb †Kv‡Yi †h gv‡bi Rb¨ 
cÖwZmib †Kv‡Yi gvb 90° nq, Zv‡K msKU †KvY θc e‡j|  

AvcZb †Kv‡Yi gvb msKU †Kv‡Yi †P‡q †ekx n‡j cÖwZmwiZ iwk¥i ZxeªZv k~b¨ n‡q hvq Ges AvcwZZ Av‡jvK 
iwk¥i cy‡iv Ask cÖwZdwjZ n‡q Nb gva¨‡g wd‡i Av‡m| G‡K c~Y©-Avf¨š—ixY cÖwZdjb e‡j| 

msKU †KvY I cÖwZmivs‡Ki g‡a¨ m¤úK© t 

g‡b Kwi Av‡jvK iwk¥ a gva¨g n‡Z A‡c¶vK…Z Kg Av‡jvK Nb‡Z¡i gva¨g b †Z cÖwZmwiZ n‡”Q|  

myZivs a gva¨‡gi mv‡c‡¶ b gva¨‡gi cÖwZmivsK,    

i= θ c 

a oJiqo 

b oJiqo 

 
           wPÎ-9.10 

 aµb = 
sini
sinr   

AvcZb †KvY i msKU †KvY θc Gi mgvb n‡j cÖwZmiY †KvY r Gi gvb 90° n‡e|  

†m‡¶‡Î, aµb = 
sinθc
sin90°  = sinθc   

 ev, bµa = 
1

aµb
  = 

1

sinθc
   

A_©vr Nbgva¨‡gi mv‡c‡¶ nvjKv gva¨‡gi cÖwZmivsK = sinθc ------------------- (9.12)  

A_ev, nvjKv gva¨‡gi mv‡c‡¶ Nb gva¨‡gi cÖwZmivsK = 1

sinθc
  ------------------(9.13)  

cv‡VvËi g~j¨vqb 
1| cÖwZmiY wK? 
2| msÁv wjLyb| 
 (K) cÖwZmiY  (L) AvcZb †KvY 
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 (M) cÖwZmiY †KvY  (N) cÖwZmivsK 
3| cÖwZmi‡Yi wbqg ỳ'wU wjLyb| 
4| msKU †KvY I c~Y© Af¨š—ixY cÖwZdjb Kv‡K e‡j| 
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 2 cvV 
 
wcÖRg 

 

 

D‡Ïk¨  
 GB cvV †k‡l Avcwb- 
  wcÖR‡gi msÁv ej‡Z cvi‡eb| 
  wcÖRg Øviv GKwU GKeYx© Av‡jvK iwk¥i cÖwZmiY e¨vL¨v Ki‡Z cvi‡eb| 
  b~¨bZg wePy¨wZi kZ© †_‡K wcÖR‡gi Dcv`v‡bi cÖwZmivs‡Ki mgxKiY cÖwZcvjb Ki‡Z 

cvi‡eb| 
  Av‡jvi we”QziY m¤ú‡K© Rvb‡Z cvi‡eb|   

 

9.2.1 
ỳwU ¯̂”Q †njv‡bv mgZj c„ô Øviv mxgve× cÖwZmviK gva¨g‡K wcÖRg ejv nq|  

A L D 

B N C 

F 
M E 

 
wPÎ-9.11 

wPÎ-9.11 G `yBwU wÎfzRvK…wZi Ges wZbwU AvqvZvKvi mgZj c„ô Øviv MwVZ GKwU wcÖRg †`Lv‡bv n‡q‡Q| 
ABCD, ADEF I BCEF GB wZbwU Zj AvqZvKvi Ges ABF I CDE ZjØq wÎfzRvK…wZi| Zj¸‡jvi g‡a¨ ỳBwU 
Zj ¯̂”Q Ges Ab¨ Zj ¸‡jv A¯̂”Q| ¯̂”Q ZjØq ci¯úi †njv‡bv| ¯̂”Q Zj Ø‡qi gva¨‡g Av‡jvK iwk¥i cÖwZmiY 
N‡U e‡j G‡`i‡K cÖwZmviK Zj e‡j| cÖwZmviK ZjØ‡qi ga¨eZx© †KvY‡K wcÖRg †KvY Ges Zj‡K wcÖR‡gi f‚wg 
e‡j| BCEF wP‡Î cÖ`wk©Z wcÖR‡gi f‚wg| wcÖR‡gi cÖwZmviKK ZjØq †h †iLv eivei †Q` K‡i Zv‡K wcÖR‡gi avi 
ev kxl© e‡j| 

cÖavb †Q` (Principal Section)  
†Kvb mgZj wcÖRg kx‡l©i mv‡_ j¤^fv‡e wcÖRg‡K †Q` Ki‡j Zv‡K cÖavb †Q` e‡j| LMN mgZjwU wPÎ 9.11G 
cÖ`wk©Z wcÖRgwUi GKwU cÖavb‡Q`|  

9.2.2 wcÖRg Øviv GKwU GKeYx© Av‡jvi cÖwZmiY t 
g‡b Kwi LMN GKwU KuvP wcÖR‡gi cÖavb †Q`| 

A 

A 

M 

P 

G 

S 
T 

B 

R 

N 

Q 

B 

i 1 
i 2 r 1 r 2 

O 
δ 

′ ′ 

L 
A 

 
wPÎ- 9.12 (K) 

wcÖRgwUi LM mgZ‡ji O we› ỳ‡Z GKwU Av‡jvK iwk¥ AvcwZZ n‡q‡Q| d‡j cÖwZm„Z iwk¥ LMN Z‡jB Ae ’̄vb 
Ki‡e| aiv hvK wcÖRgwU KuvP wbwg©Z Ges evqy gva¨g Øviv †ewóZ| myZivs PO iwk¥ cÖwZm„Z n‡q Awfj‡¤^i w`‡K 
†e‡K hv‡e| Gici iwk¥wU wcÖRgwU‡K GKwU mij ˆiwLK c‡_ AwZµg Kivi ci wØZxq ¯̂”Q Zj I LMN Z‡ji 
†Q`K we‡f`Zj LN Gi Dci AvcwZZ n‡e Ges cÖwZmi‡Yi ci evqy gva¨‡g Mgb Ki‡e| wØZxq cÖwZmi‡Yi mgq 
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Nb gva¨g †_‡K nvjKv gva¨‡g cÖ‡ek K‡i e‡j evqy‡Z wbM©Z Av‡jvKiwk¥ Awfj¤^ †_‡K ~̀‡i m‡i hvq| Z‡e mgevû 
wcÖR‡gi †¶‡Î wbM©gb †KvY i2 cÖ_g AvcZb †KvY i1 Gi mgvb n‡e| 

wePy¨wZ †KvY t wcÖRg‡K AwZµg Ki‡Z wM‡q Av‡jvK iwk¥ Zvi cÖv_wgK MwZc_ †_‡K hZUzKz †eu‡K hvq Zv‡K 
Av‡jvK iwk¥wUi wePy¨wZ †KvY e‡j| myZivs wcÖR‡g AvcwZ iwk¥  I wcÖRg †_‡K wbM©Z iwk¥i ga¨eZx© †KvY‡K wePy¨wZ 
†KvY e‡j| wPÎ 9.12(K) G PO AvcwZZ iwk¥ I QR wbM©Z iwk¥|  myZivs Av‡jvK iwk¥wUi wePy¨wZ †KvY δ = 
∠TSR.  

wP‡Î 9.12(K) G AOA′ Ges BQB′ Awfj¤^| Giv G we› ỳ‡Z †Q` K‡i|  

  ∠AOP = AvcZb †KvY = i1  

  ∠GOQ = cÖwZmiY †KvY = r1  

  ∠GQO = r2  

  ∠BQR = i2  

GLb,  δ = ∠SOQ + ∠SQO  

    = (i1–r1) + (i2– r2) 

    = (i1+i2) – (r1+ r2)  

GLb, r1+r2= 180°–∠OGQ  

    = 180° –(180°–A)   
    = 180°–180°+A 

    = A ------------------------------------------ (9.14) 

 ∴ δ= i1+i2–A ----------------------------------(9.15)  
  

9.2.3 b~b¨Zg wePy¨wZi kZ©  

wcÖR‡gi Rb¨ Avgiv Rvwb, 

  δ = i1 + i2 – A ---------------------------- (9.15) 

  A = r1 + r2 -----------------------------------(9.14)  

mgxKiY (9.15) ‡K i1 Gi mv‡c‡¶ Aš—Kjb K‡i cvB, 

  dδ
di1

  = 1 + 
di2
di1

  – 
dA
di1

  ------------------------(9.16)  

mgxKiY (9.16) G    dAdi1
  = 0   [†h‡nZz A = aª“eK ] 

Ges b~b¨Zg wePy¨wZi †¶‡Î, 

  dδ
di1

  = 0  

myZivs  mgxKiY (9.16) n‡Z, 

Y 

X O 

↑ 

m δ 

→ i 1  
wPÎ-9.12(L) 

  0 = 1 + 
di2
di1
   



c`v_© weÁvb 2q cÎ 

BDwbU bq c„ôv-237 

 ev, 
di2
di1

  = – 1 ---------------------------------------------------------(9.17)  

mgxKiY (9.14) †K r2 Gi mv‡c‡¶ Aš—K©jb Ki‡j,  

   
dr1
dr2

  = –1 ---------------------------------------------------------(9.18)  

Avevi, cÖwZmi‡Yi m~Îvbyhvqx, sin i1 = µ sinr1 ----------------------------(9.19)  

 Ges sin i2 = µ sinr2 -------------------------------------------------(9.20)  

mgxKiY (9.19) i1 Gi mv‡c‡¶ Aš—Kjb K‡i cvB,  

  
d
di1

  sin i1 = µ 
d
di1

  sin r1  

 ev, cos i1 = µ cosr1 
dr1
di1

    

 ev, 
dr1
di1

  = 
cosi1
µcosr1

  ---------------------------------------------------- (9.21)  

Ges mgxKiY (9.20) †K i2 Gi mv‡c‡¶ Aš—K©jb K‡i,  

  
d
di2

  sini2 = µ 
1
di2

  sin r2  

 ev, cos i2 = µ cos r2 
dr2
di2

   

 ev, 
dr2
di2

  = 
cosi2
µcosr2

  ------------------------------------------------- (9.22)  

wKš—z,  
dr1
di1

  = 
dr1
dr2

  × 
dr2
di1

   

       = – 
dr2
di1

      [mgxKiY (9.18) n‡Z ] 

 ev, 
dr1
di1

  = – 
dr2
di2

  × 
di2
di1

    

 ∴ 
dr1
di1

  = 
dr2
di2

      [mgxKiY (9.17) n‡Z ] 

AZGe, 
cos i1
µ cosr1

  = 
cosi2
µcosr2

    

 ev, 
cosi1
cosr1

  = 
cosi2
cosr2

   

 ev, 
cos2 i1

cos2r1
  = 

cos2i2

cos2r2
   

 ev, 
1–sin2i1

1–sin2r1
  = 

1–sin2i2

1–sin2r2
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 ev, (1–sin2i1) (1–sin2r2) = (1–sin2i2) (1–sin2r1)  

 ev, (1–µ2sin2r1) (1–sin2r2) = (1–µ2sin2r2) (1–sin2r1)  

 ev, 1–sin2r2 – µ2sin2r1 + µ2sin2r1sin2r2 = 1–sin2r1–µ2sin2r2 + µ2sin2r1sin2r2  

 ev, sin2r1– µ2sin2r1 = sin2r2 – µ2sin2r2  

 ev, (1–µ2) sin2 r1 = (1– µ2)sin2r2  

 ev, sinr1 = sinr2  

 ∴ r1 = r2  

GLb, µ = 
sini1
sinr1

  = 
sini2
sinr2

    

 ev, 
sini1
sinr1

  = 
sini2
sinr1

    

 ev, sini1 = sini2  

 ∴ i1 = i2  

b~b¨Zg wePy¨wZ †Kvb δm n‡j mgxKiY (9.15) I (9.14) G 

  δ = δm, i1 = i2, r1 = r2  e¨envi K‡i cvB, 

  δm = i1 + i1 – A 

 ev, δm = 2i1– A  

 ev, i1 = 
1
2 (δm + A) ------------------------------------------- (9.23)  

Ges  A = r1 + r2  

 ev, A = r1 + r1  

 ∴ A = 2r1  

 ∴ r1 = 
1
2  A ----------------------------------------------- (9.24)  

GLb, µ = 
sini1
sinr1

    

 ev, µ = 
sin 

1
2 (δm+A)

sin 
1
2 A

  ----------------------------------- (9.25)  

cix¶‡Yi gva¨‡g δm I A Ges gvb wbY©q K‡i wcÖRg c`v‡_©i cÖwZmivsK wbY©q Kiv hvq| 

9.2.4  wcÖR‡gi Dcv`v‡bi cÖwZmivsK  
g‡b Kwi GKwU wcÖRg‡K Ggb GKwU gva¨‡g ’̄vc‡b Kiv n‡jv hvi mv‡c‡¶ wcÖRgwUi Dcv`v‡bi cÖwZmivsK µ Ges 
GKwU Av‡jvKiwk¥ wcÖR‡g AvcvZ‡bi hw` iwk¥wUi by¨bZg wePy¨wZ N‡U| 

wcÖRg †KvY A = r1 + r2 ------------------------------------------ (9.26)  
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Ges wePy¨wZ δ = i1 + i2 – A --------------------------------- (9.27)  

b~¨bZg wePy¨wZ Ae ’̄v‡b, r1 = r2, i1 = i2 Ges δ = δm 

 ∴  (9.26) n‡Z cvB A = r1 + r2 = 2r1  

 ev, r1 = 
A
2  ------------------------------------ (9.28)  

mgxKiY (9.27) n‡Z  

  δm = i1+l2–A  

 ev, δm = 2i1–A  

 ev, i1 = 
δm + A

2   ----------------------------- (9.29)  

gva¨‡gi mv‡c‡¶ wcÖR‡gi Dcv`v‡bi cÖwZmivsK  

 µ = 
sini1
sinr1

   

    = 

sin 
A+δm
2

sin 
A
2

  ------------------------------------ (9.30)  

wcÖRg †KvY A Ges b~¨bZg wePy¨wZ δm Gi gvb mgxKiY (9.30) ewm‡q cÖwZmivsK, µ wbY©q Kiv nq| 

9.2.4 mi“ wcÖRg 

†Kvb wcÖR‡gi wcÖRg †KvY Lye †QvU n‡j Zv‡K mi“ wcÖRg e‡j| mi“ wcÖR‡gi wcÖRg †KvY 6° A‡c¶v Kg nq| g‡b 
Kwi GKwU Av‡jvK iwk¥ GKwU mi“ wcÖRg Øviv cÖwZmwiZ n‡”Q| wcÖRgwUi wcÖRg †KvY A. awi wcÖRgwUi 1g Z‡j 
cÖwZmi‡Yi †¶‡Î AvcZb †KvY i1 cÖwZmiY †KvY r1| 

Ges wØZxq Zj Øviv cÖwZmi‡Yi †¶‡Î AvcZY r2 I cÖwZmiY †KvY i2 G‡¶‡Î r2 Lye †QvU n‡e| 

∴ Avgiv cvB r1 + r2 = A ------------------------------------------ (9.26)  

A Lye ¶z ª̀ n‡j r1 I r2 DfqB ¶z ª̀ n‡e| GKwU Av‡jvK iwk¥ Lye ¶z ª̀ †Kv‡Y AvcwZZ n‡j wbM©gb †KvYI Lye ¶z`ª 
n‡e| A_©vr i1 ¶z ª̀ n‡j i2 Gi gvbI ¶z`ª n‡e|  

GLb, µ = 
sini1
sinr1

  = 
i1
r1
    

 ev, i1 = µr1 ------------------------------------------- (9.31)  

Avevi  µ = 
sini2
sinr2

  = 
i2
r2
    

 ev, i2 = µr2 -----------------------------------(9.32)  

GLb δ = i1 + i2 – A = µr1 + µr2 – A  

          = µ(r1+r2) – A 

          = µA–A  
          = A(µ–1) --------------------(9.33)  
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             GwUB ¶z ª̀ wcÖR‡gi mgxKiY  

9.2.5 Av‡jvi we”QziY  

mv`v Av‡jv Avm‡j 7wU †gŠwjK e‡Y©i mgv‡ek| GB eY©¸wji cÖwZwUi wbR¯̂ K¤úvsK Av‡Q| mv`v e‡Y©i Av‡jvK 
iwk¥ hLb wcÖR‡g AvcwZZ nq, ZLb Gi Dcv`v‡bi †gŠwjK eY©¸wj wcÖRg Øviv mgvb cwigvY wePy¨wZ N‡Ubv| wewfbœ 
†gŠwjK e‡Y©i wfbœ wfbœ cwigvY wePy¨wZ N‡U| d‡j eY©¸wj GKB mij †iLv _v‡K bv| Gi d‡j mv`v eY© mvZwU e‡Y© 
wewk−ó n‡q hvq| G‡K Av‡jvi we”QziY e‡j|  

eY©vjx t mv`v e‡Y©i Av‡jvi wcÖRg ev †Kvb we”QziK gva¨g Øviv wewk−ó nIqvi ci †gŠwjK eY©¸wji †h cwÆ cvIqv 
hvq Zv‡K eY©vjx (spectrum) e‡j| 

†mŠieY©vjx t m~h©iwk¥ wewk−ó n‡q †h eY©vjx m„wó K‡i Zv‡K †mŠieY©vjx e‡j| †mŠieY©vjxi „̀k¨gvb As‡k †e¸Yx, bxj, 
Avmgvbx, meyR, njy`, Kgjv I jvj GB mvZwU iO mw¾Z _v‡K| eY©¸wj †e¸Yx, bxj, Avmgvbx, meyR, njy`, 
Kgjv, jvj GB µ‡g mw¾Z nq| 

 
cv‡VvËi g~j¨vqb-2 

1| msÁv wjLyb| 

 (K) wcÖRg 

 (L) mi“ wcÖRg 

 (M) cÖavb †K› ª̀ 

2| by¨bZg wePy¨wZi kZ©wU cÖwZcv`b Ki“b| 

3| †`Lvb †h †Kvb wcÖR‡gi Dcv`v‡bi cÖwZmivsK, µ = 
sin 

A+δm
2

sin 
A
2

  

4| Av‡jvi we”QziY I eY©vjx wK? 
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 3 cvV 
 
†MvjKxq Z‡j Av‡jvi cÖwZmiY  

 

 

D‡Ïk¨  
 GB cvV †k‡l Avcwb- 
  †MvjKxq Z‡j Av‡jvi cÖwZmiY eY©bv Ki‡Z cvi‡eb| 
  AeZj cÖwZmviK Z‡j Av‡jv‡Ki cÖwZmi‡Yi m~Î wbY©q Ki‡Z cvi‡eb| 
  DËj Z‡j Av‡jv‡Ki cÖwZmi‡Yi m~Î wbY©q Ki‡Z cvi‡eb|   

 

9.3.1 †MvjKxq Z‡j Av‡jv‡Ki cÖwZmiY (Refraction of light at a spherical surface):  

†Kvb cÖwZmviK gva¨‡gi Zj mgZj ev †MvjKxq Dfq cÖKviB n‡Z cv‡i| gva¨‡gi cÖwZmviK Zj †MvjvKvi n‡j 
Zv‡K †MvjKxq cÖwZmviK Zj e‡j| †MvjKxq cÖwZmviK Zj ỳ ai‡bi †hgbÑ (1) AeZj Zj I (2) DËj Zj| 
(1) AeZj Z‡j Av‡jv‡Ki cÖwZmiY t †h †MvjKxq cÖwZmviK Zj AvcwZZ iwk¥i mv‡c‡¶ AeZj Zv‡K AeZj 
cÖwZmviK Zj ejv nq|  

µ 

R N X 

i 

C Q P O S 

X´

r 

r 
M 

 
wPÎ-9.13 

aiv hvK µ cÖwZmivsK wewkó †Kvb gva¨‡gi †MvjKxq AeZj Zj XOX′, †gi“ O Ges eµZvi †K› ª̀ C| cÖavb 
†MvjKxq AeZj Zj A‡¶i Dci Aew ’̄Z P GKwU we› ỳ e —̄z| P we› ỳ n‡Z AvMZ PM Av‡jvK iwk¥wU XOX′ Z‡ji 
M we› ỳ‡Z AvcwZZ n‡q cÖwZmi‡Yi ci MR eivei wbM©Z nq| Ges PO iwk¥wU †gi“ we› ỳ‡Z j¤^fv‡e AvcwZZ nq 
e‡j †mvRv OS eivei wbM©Z nq| CNM we› ỳ‡Z Awfj¤^, RM †iLv‡K wcQb w`‡K ewa©Z Ki‡j Zv cÖavb A¶‡K Q 
we› ỳ‡Z †Q` K‡i Ges Q we› ỳ‡Z P we› ỳi Aev —̄e cÖwZwe¤^ MwVZ nq|  

 GLv‡b, AvcZb †KvY, ∠PMC = i  

 cÖwZmiY †KvY, ∠NMR = r  

 cÖwZmi‡Yi m~Îvbyhvqx,  

 µ = 
sin∠PMC

sin∠NMR
  = 

sin∠PMC

sin∠CΜQ
 = 

sini
sinr     [†h‡nZz ∠NMR = ∠CΜQ = r ] 

 ev, sini = µ sinr  

 ev, sin i
sin C   = µ 

sinr
sinC  ------------- (9.34)   [Dfq c¶‡K sinC = sin∠MCP  Øviv fvM K‡i]  

wKš—z ∆CPM G,  

 
sini
sinC  = 

PC
PM  ---------------------(9.35) [†h‡nZz wÎfz‡Ri †h †Kvb †Kv‡Yi mvBb Gi wecixZ evûi 

mgvbycvwZK| ] 

Abyi“cfv‡e, ∆CQM G,   sinrsinC  = 
QC
QM  ------------------------(9.36) 
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mgxKiY (9.34), (9.35) I (9.36) n‡Z cvB, PCPM  = µ
QC
QM  ---------------------(9.37)  

AeZj cÖwZmviK ZjwU Lye †QvU n‡j, M I O we› ỳ ỳwU Lye KvQvKvwQ n‡e|  

AZGe, PM = PO. 

 Ges QM = QO  

 ∴  mgxKiY (9.37) n‡Z, 

 ev, PC
PO  = µ 

QC
QO   

 ev, PO–COPO   = µ 



QO–CO

QO    

 ev, 1 – COPO  = µ 



1– 

CO
QO   ---------------------------(9.38) 

Dc‡iv³ mgxKi‡Y,  

 CO = eµZvi e¨vmva©, r  

 PO = e —̄z ~̀iZ¡, u  

 QO = cÖwZwe¤^ `~iZ¡, v ewm‡q cvB, 

 1 – 
r
u  = µ 



1– 
r
v   ------------------------------- (9.39)  

wKš—z wP‡ýi bZzb cÖ_v Abymv‡i, 

 CO = – r 

 PO = + u 

 QO = – v 

mgxKiY (9.39) n‡Z, 

  1 + 
r
u  = µ 



1– 
r
v    

 ev, 1 + ru  = µ – 
rµ
v    

 ev, rµv   + 
r
u  = µ – 1  

 ev, µv  + 
1
u  = 

µ–1
r   ------------------------------- (9.40)  

GB mgxKiYwU‡K GK AeZj cÖwZmviK Z‡ji mgxKiY ejv nq|  

9.3.2 DËj Z‡j Av‡jvi cÖwZmiY (Refraction of light on a single convex surface)  

†h †MvjKxq cÖwZmviK Zj AvcwZZ Av‡jvK iwk¥i mv‡c‡¶ DËj Zv‡K DËj cÖwZmviK Zj e‡j|  
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aiv hvK Kg we —̄v‡ii DËj cÖwZmviK c„ô wewkó Ges evqy A‡c¶v Nb GKwU gva¨g‡K evqy gva¨‡g ivLv nj| aiv 
hvK gva¨gwUi cÖwZmivsK µ, cÖavb †Q` XOX′, †gi“ O Ges eµZvi †K› ª̀ C|  

µ 

R N X r 

C Q P O S 

r 
M 

X´

i 

 

wPÎ-9.14 

cÖavb A‡¶i Dci Aew ’̄Z P GKwU we› ỳ e —̄z| P n‡Z AvMZ PM Av‡jvK iwk¥wU cÖavb †Q‡`i M we›`y‡Z AvcwZZ 
nj| M we› ỳ‡Z CMN Awfj¤^ n‡j PM iwk¥wU Awfj‡¤^i w`‡K wKQyUv †eu‡K MR eivei cÖwZm„Z nq|  

Avevi PO Av‡jvK iwk¥wU O we› ỳ‡Z j¤^fv‡e AvcwZZ nq e‡j GwU †mvRv POC c‡_ Mgb K‡i| GLb cÖwZm„Z 
iwk¥Øq‡K wcQb w`‡K ewa©Z Ki‡j Giv ci¯úi Q we› ỳ‡Z wgwjZ nq| AZGe Q we› ỳwU P we› ỳi Aev —̄e cÖwZwe¤^|  

GLv‡b,  

 AvcZb †KvY ∠PMN = i 

 cÖwZmiY †KvY ∠CMR = r  

cÖwZmi‡Yi m~Îvbyhvqx, 

  µ = 
sini
sinr   

 ev, sin i = µ sinr  

 ev, sin (π–∠PMC) = µ sin (π–∠QMC)   

 ev, sin ∠PMC = µ sin ∠QMC  

 ev, sin∠PMC
sinC   = µ 

sin∠QMC
sinC   ---------------------(9.41)  [Dfq cvk¦©‡K sinC Øviv fvM K‡i] 

 GLb,  ∆PMC n‡Z 

   sin∠PMC
sinC   = 

PC
PM   -------------------------------(9.42)  

 Ges ∆QMC n‡Z, sin∠QMC
sinC   = 

QC
QM  ------------------(9.43)  

mgxKiY (9.41), (9.42) I (9.43) n‡Z,  

  PC
PM  = µ 

QC
QM   

 ev, PO+OCPM   = µ 
QO+OC
QM   ------------------------------------- (9.44)  

wKš—z cÖwZmviK ZjwU Kg D‡¤§‡li nIqvq M I O we›`y ỳwU KvQvKvwQ n‡e| AZGe mgxKiY (9.44) n‡Z,  
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PO+OC
PO   = µ 

QO+OC
QO    

 ev, 1 + OCPO  = µ 



1 + 

OC
QO   ---------------------------- (9.45)  

wP‡ýi bZzb cÖ_v Abymv‡i,  

 OC DËj Z‡ji eµZvi e¨vmva© = +r,    PO e —̄z ~̀iZ¡ = +u,  OQ cÖwZwe¤^ `~iZ¡ = –v.  

 ∴  mgxKiY (9.45) n‡Z cvB, 

  1 + 
r
u  = µ 



1 + 

r
–v    

 ev, 1 + ru  = µ 



1 – 
r
v    

 ev, r
u  + µ 

r
v  = µ –1  

 ev, r 



1

u + 
µ
v   = µ – 1  

 ev, 1u  + 
µ
v  = 

(µ–1)
r   -------------------------------- (9.46) 

Dc‡iv³ mgxKiYwU GKwU DËj cÖwZmviK Zj wewkó gva¨‡gi Rb¨ u, v, r I µ Gi g‡a¨ m¤úK© ’̄vcbKvix 
mgxKiY|  

mgxKiY (9.40) I (9.46) n‡Z †`Lv hv‡”Q, cÖwZmviK ZjwU AeZj ev DËj hvB †nvK bv †Kb Zv‡`i mgxKiY ỳwU 
GKBiƒc n‡e| 
 

cv‡VvËi g~j¨vqb 

1| †MvjKxq cÖwZmviK Zj KZ cÖKvi I wK wK? DËj I AeZj cÖwZmviK Z‡ji msÁv wjLyb| 

2| cÖgvY Ki“b †h, 
1
u  + 

µ
v  = 

µ–1
r  ,  †hLv‡b cÖZxK¸‡jv cÖPwjZ A_© enb K‡i| 
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 4 cvV 
 
†jÝ 

 

 

D‡Ïk¨  
 GB cvV †k‡l Avcwb- 
  ‡j‡Ýi msÁv ej‡Z cvi‡eb; 
  ‡j‡Ýi weea©‡bi m~Î cÖwZcv`b Ki‡Z cvi‡eb; 
  ‡jÝ Øviv cÖwZwe¤^ wKfv‡e MwVZ nq Zv Rvb‡Z cvi‡eb|   

 

9.4.1 †jÝ 
ỳwU Zj Øviv mxgve× †Kvb ¯̂”Q mgmË¡ gva¨‡gi Aš—Z GKwU Zj †MvjKxq n‡j Zv‡K †jÝ e‡j| †jÝ mvaviYZ 

KvP, †KvqvU©R, ¯̂”Q c−vwóK BZ¨vw` Øviv ˆZix Kiv nq|  

†jÝ cÖavbZ  ỳ'ai‡bi|  
1|  DËj †jÝ (convex lens) Ges 
2|  AeZj †jÝ (concave lens)  

1| DËj †jÝ (convex lens) t †h †j‡Ýi c„ôØ‡qi ga¨fvM A‡c¶v AMÖfvM mi“ Zv‡K DËj †jÝ e‡j| DËj 
†jÝ‡K Awfmvix †jÝI ejv nq| DËj †jÝ wZb cÖKvi, h_vÑ 
 (K) D‡fvËj (Bi-convex) t G †j‡Ýi Dfq c„ô DËj|  
 (L) mgZj DËj (Plano-convex Lens) t G †j‡Ýi GKwU c„ô mgZj Av‡iKwU DËj| 
 (M) AeZj DËj (Concavo-convex Lens) t G †j‡Ýi GKwU c„ô AeZj AciwU DËj| 

 (T) (U) (V) 
 

wPÎ-9.15 

2|  AeZj †jÝ (Concave Lens) t †h †j‡Ýi ZjØ‡qi AMÖfvM ga¨fvM A‡c¶v †gvUv Zv‡K AeZj †jÝ e‡j 

(wPÎ-9.4.2)|  AeZj †jÝ‡K Acmvix †jÝI ejv nq| AeZj †jÝ I wZb ai‡bi n‡Z cv‡i| h_vÑ 

 (K) D‡fveZj (Bi-Concave) t G †j‡Ýi Dfq c„ô AeZj| 

 (L) mgZj-AeZj (Plano–concave) t G †j‡Ýi GKwU c„ô mgZj AciwU AeZj| 

 (M) DËj-AeZj (Convexo–concave Lens) t G †j‡Ýi GKwU c„ô DËj AciwU AeZj| 

  

                  (K)                     (L)                 (M) 

wPÎ-9.16 

�    †j‡Ýi e¨envit weea©K KvP (magnifying glass), AvZmx KvP, Pkgv, K¨v‡giv, Abyex¶Y hš¿, `~iex¶Y hš¿ I 
Ab¨vb¨ Av‡jvK h‡š¿ †jÝ e¨eüZ nq| 
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9.3.2 KwZcq cÖ‡qvRbxq msÁv  

(1)  eµZvi †K›`ª (Centre of Curvature) t †j‡Ýi †Kvb Zj †h †Mvj‡Ki Ask †mB †Mvj‡Ki †K› ª̀‡K H 
Z‡ji eµZvi †K› ª̀ e‡j| wPÎ (9.17) G C I C′ †j‡Ýi ZjØ‡qi eµZvi †K› ª̀| 

A A´

C C´o o´

B B´

r 1 r 2 

            

678 
123 o o´

C´ C 
r 

r 

2 

1 

A 

B   
    (K)          (L) 

wPÎ-9.17 
 

(2)  eµZvi e¨vmva© (Radius of Curvature) t †j‡Ýi †Kvb Zj †h wbw ©̀ó †Mvj‡Ki Ask, H †Mvj‡Ki e¨vmva©B 
D³ Z‡ji eµZvi e¨vmva©| wP‡Î r1 I r2 †j‡Ýi ZjØ‡qi eµZvi e¨vmva©|  

(3)  cÖavb A¶ (Principal axis) t †j‡Ýi eµZvi †K› ª̀Øq ms‡hvRK †iLv‡K †j‡Ýi cÖavb A¶ e‡j| wPÎ 
(9.17) G CC′ AB †j‡Ýi cÖavb A¶|  

(4)  †gi“ (Pole) t cÖavb A¶ †j‡Ýi c„ô †K †h we› ỳ‡Z †Q` K‡i Zv‡K †gi“ we› ỳ e‡j| wPÎ-9.17 O I O´ 
we› ỳØq †j‡Ýi †gi“| 

(5)  mi“ †jÝ (Thin Lens) t †j‡Ýi †gi“Ø‡qi ga¨eZx© `~iZ¡‡K †ea e‡j| †h †j‡Ýi †ea Gi eµZvi e¨vmva© 
A‡c¶v Lye †QvU Zv‡K mi“ ev cvZjv †jÝ e‡j|  

(6)  D‡b¥l (Aperture) : †j‡Ýi e„ËvKvi cwiwai e¨vm‡K D‡b¥l e‡j| wPÎ-(9.18)  LL´ †jÝwUi D‡b¥l-  

o P Q 

L 

L´  
wPÎ-9.18 

(7)  Av‡jvK hš¿ (Optical Centre) t †j‡Ý Av‡jvK iwk¥i cÖwZmi‡Yi mgq AvcwZZ iwk¥ I cÖwZm„Z iwk¥ hw` 
mgvš—ivj nq Z‡e cÖwZm„Z iwk¥ cÖavb A¶‡K †h we› ỳ‡Z †Q` K‡i Zv‡K †j‡Ýi Av‡jvK †K› ª̀ e‡j| cÖwZwU 
†j‡Ýi GKwU wbw ©̀ó Av‡jvK †K› ª̀ _v‡K| wP‡Î AB I CD iwk¥ Øq mgvš—ivj Ges O †j‡Ýi Av‡jvK †K› ª̀| 

A 
B 

C 

D 

O 

 
wPÎ-9.19 



c`v_© weÁvb 2q cÎ 

BDwbU bq c„ôv-247 

(8)  cÖavb †dvKvm (Principal Focus) t †j‡Ýi cÖavb A‡¶i n‡q mgvš—ivj GK ¸”Q Av‡jvK iwk¥ †j‡Ý 
AvcwZZ n‡q cÖwZmi‡Yi ci cÖavb A‡¶i †h we› ỳ‡Z wgwjZ nq ev cÖavb A‡¶i †h we› ỳ n‡Z Qwo‡q co‡Q 
e‡j g‡b nq Zv‡K H †j‡Ýi cÖavb †dvKvm e‡j| †j‡Ýi ỳwU cÖavb †dvKvm _v‡K| †hgbÑ  

 (K) cÖ_g cÖavb †dvKvm (First Principal Focus)  
 (L) wØZxq cÖavb †dvKvm (Second Principal Focus) 
 
(K)  wØZxq cÖavb †dvKvm (Second principal Focus) †Kvb †j‡Ýi cÖavb A‡¶i mgvš—ivj GK ¸”Q Av‡jvK iwk¥ 

†j‡Ý cÖwZmi‡bi ci cÖavb A‡¶i Dci †h we› ỳ‡Z wgwjZ nq ev †h we› ỳ n‡Z Qwo‡q co‡Q e‡j g‡b nq 
Zv‡K wØZxq cÖavb †dvKvm e‡j| 

 
    (K)    (L) 

wPÎ-9.20 cÖ_g cÖavb †dvKvm we›`y 

(L)  cÖ_g cÖavb †dvKvm (First Principal Focus) t cÖ_g cÖavb †dvKvm †Kvb †j‡Ýi cÖavb A‡¶i Dci Aew ’̄Z 
Ggb GKwU we›`y hv n‡Z AvMZ ev †h we›`y AwfgyLx GK¸”Q mi“ Av‡jvKiwk¥ †j‡Ý cÖwZmi‡Yi ci cÖavb 
A‡¶i mgvš—iv‡j wbM©Z nq| wP‡Î F′ cÖavb cÖavb †dvKvm| 

 
         (K)         (L) 

wPÎ-9.21 wØZxq cÖavb †dvKvm we› ỳ 
 

wP‡Î Dfq †j‡Ýi †¶‡Î 2q cÖavb †dvKvm †`Lv‡bv n‡jv| wP‡Î (9.20) Ges (9.21) n‡Z j¶¨ Kiv hv‡”Q, †h 
DËj †j‡Ýi Av‡jvK iwk¥ cÖwZmi‡Yi ci Zv Awfmvix iwk¥ ¸‡”Q A_©vr Av‡jvK iwk¥¸”Q cÖavb A‡¶i †Kvb we› ỳ‡Z 
wgwjZ nq ZvB G ai‡bi †jÝ‡K Awfmvix †jÝ e‡j| Abyiƒc fv‡e AeZj †j‡Ýi †¶‡Î Av‡jvK iwk¥ cÖwZmi‡Yi 
ci Acmvix iwk¥ ¸‡”Q A_©vr †Kvb we› ỳ n‡Z we”QziY n‡”Q ev Qwo‡q co‡Q e‡j g‡b nq| AeZj †jÝ‡K ZvB 
Acmvix †jÝ I ejv n‡q _v‡K|  

(9) †dvKvm ~̀iZ¡ (Focal Length) t †j‡Ýi Av‡jvK †K›`ª I cÖavb †dvKv‡mi ga¨eZx© ~̀iZ¡‡K †dvKvm ~̀iZ¡ e‡j| 

 
wPÎ-9.22 

 
wPÎ (9.22) G LL′ †j‡Ýi Av‡jvK †K›`ª O Ges F I F′ h_vµ‡g cÖ_g I wØZxq †dvKvm we› ỳ n‡j OF Ges OF′ 
†j‡Ýi †dvKvm ~̀iZ¡| 



GBP Gm wm †cÖvMÖvg 

BDwbU bq c„ôv-248 

(10) †dvKvm Zj (Focal Plane) t †Kvb †j‡Ýi cÖavb †dvKv‡mi ga¨ w`‡q cÖavb A‡¶i mv‡_ j¤^fv‡e KwíZ 
Zj‡K †dvKvm Zj e‡j|  

 
     (K)   (L) 

wPÎ-9.23 

wP‡Î PQRS GKwU †dvKvm Zj|  

(11) AbyeÜx †dvKvm (Conjugate foci) t †Kvb †j‡Ýi cÖavb A‡¶i Dciš’ †j‡Ýi Dfq cv‡k Ggb KZ¸‡jv 
†Rvov we› ỳ Av‡Q hv‡`i GKwU‡Z e —̄z ivL‡j Ab¨wU‡Z cÖwZwe¤^ MwVZ nq| Giƒc †Rvov we› ỳ ¸‡jv‡K AbyeÜx †dvKvm 
e‡j|  

 
wPÎ-9.24 

wP‡Î LOL′ DËj †jÝwUi 2F we› ỳ‡Z e —̄z ivL‡j 2F′ we› ỳ‡Z cÖwZwe¤^ MwVZ n‡e|  

9.4.3 †j‡Ýi wP‡ýi ixwZ (Convention of sign for lens)  

G Aa¨v‡q †j‡Ýi †¶‡Î wP‡ýi bZzb cÖ_v e¨envi Kiv n‡e| †j‡Ýi †¶‡Î mKj ~̀iZ¡ Av‡jvK †K› ª̀ n‡Z cwigvc 
Kiv nq| wP‡ýi G cÖ_v Abyhvqx, ev —̄e e —̄z ~̀iZ¡, ev —̄e cÖwZ we¤^ ~̀iZ¡ Ges ev —̄e †dvKvm ~̀iZ¡ ivwk| 

(1)  DËj †j‡Ýi †dvKvm ~̀iZ¡ Ges eµZvi e¨vmva© abivwk| 

(2)  AeZj †j‡Ýi †dvKvm `~iZ¡ I eµZvi e¨vmva© FYivwk| 

9.4.4 †j‡Ýi mgxKiY (Equation of lenses)  

(K) DËj †jÝ (Convex lens) t aiv hvK, LL′ D‡fvËj †j‡Ýi Av‡jvK †K› ª̀ O cÖ_g cÖavb †dvKvm F′ Ges wØZxq 

cÖavb †dvKvm F, cÖavb A‡¶i Dci AB mij we —̄„Z j¶¨ e —̄zwU Lvovfv‡e Aew ’̄Z| 

 
wPÎ-9.25 
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j¶¨ e —̄zi A we› ỳ n‡Z cÖavb A‡¶i mgvš—ivj AC Av‡jvK iwk¥wU †j‡Ýi C we› ỳ‡Z cÖwZmi‡Yi ci cÖavb 

†dvKv‡mi ga¨ w`‡q CFD c‡_ hvq| A we› ỳ n‡Z AvMZ Aci GKwU iwk¥ AO †j‡Ýi Av‡jvK †K› ª̀ w`‡q †mvRv 

AOE c‡_ hvq| CFD Ges OE iwk¥ Øq ci¯úi A′ we›`y‡Z †Q` K‡i| A′ n‡Z cÖavb A‡¶i Dci A′B′ j¤^ Uvb‡j 

A′B′ B AB e —̄zwUi ev —̄e I Dëv cÖwZwe¤^ n‡e| 

GLb  wPÎ (9.25) G  

∆AOB Ges ∆A′OB′ m „̀k wÎfzR         [  ... ∠A′B′O = ∠A′B′O = GK mg‡KvY  

∴ 
AB

A′B′
  = 

BO

OB′
  -------------------(9.47)                ∠AOB = ∠A′OB′   [wecÖZxc †KvY  

    Ges ∠BAO = ∠B′A′O [ ...  AB||AB I AOA′ Dnv‡`i †Q`K ] 

Avevi, Abyiƒcfv‡e  ∆COF Ges ∆A′B′F m „̀k| 

 ∴ 
CO

A′B′
  = 

OF

FB′
  -------------------(9.48) 

wKš—z AB = CO  

∴ mgxKiY (9.48) n‡Z, AB
A′B′

  = 
OF

FB′
  ------------------------ (9.49) 

 GLb mgxKiY (9.47) I (9.49) †K Zzjbv Ki‡j, 

 
BO

OB′
  = 

OF

FB′
    

ev, BO

OB′
  = 

OF

OB′–OF
  ----------------------------------- (9.50)  

mgxKiY (9.50) G, 

 BO = e —̄zi ~̀iZ¡ = u  

 OB′ = cÖwZwe¤^ ~̀iZ¡ = v  

 OF = †dvKvm `~iZ¡ = f  

wP‡ýi bZzb cÖ_v Abymv‡i mKj ev —̄e ~̀iZ¡ abvZ¥K| Kv‡RB, u, v I f  meB abivwk| 

mgxKiY (9.50) n‡Z,  

 
u
v  = 

f
v–f    

ev,  v–f
v   = 

f
u   

ev, 1 – 
f
v  – 

f
u  = 0  

ev,   f 



1

v + 
1
u   = 1 
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ev, 1
v  + 

1
u  = 

1
f  ------------------------- (9.51)  

G mgxKiYwU DËj †j‡Ýi mvaviY mgxKiY| 

 

(L) AeZj †jÝ (Concave Lens)  

aiv hvK, LL′ GKwU mi“ D‡fveZj †j‡Ýi Av‡jvK †K› ª̀ O Ges wØZxq cÖavb †dvKvm F| †jÝwUi cÖavb A‡¶i 
Dci AB j¶¨ e —̄zwU j¤^fv‡e Aew ’̄Z| 

 
wPÎ-9.26 

AB j¶¨e —̄zi A we› ỳ n‡Z cÖavb A‡¶i mgvš—ivj AC Av‡jvK iwk¥wU †j‡Ýi C we›`y‡Z cÖwZmi‡Yi ci CD eivei 
†e‡K hvq| CD †K †cQb w`‡K ewa©Z Ki‡j Zv F we› ỳ‡Z †Q` K‡i| Avevi AO Av‡jvK iwk¥wU Av‡jvK †K› ª̀ w`‡q 
†mvRv AOE c‡_ hvq| CD Gi ewa©Zvsk I AE iwk¥Øq ci¯úi A′ we› ỳ‡Z wgwjZ nq| A′ n‡Z cÖavb A‡¶i Dci 
A′B′ j¤^ Uvbv n‡jv| A′B′ B AB e —̄zi Aev —̄e I †mvRv cÖwZwe¤^|  

GLb wPÎ (9.26) n‡Z, 

 ∆AOB I ∆A′OB′ m „̀k 

 ∴   
AB

A′B′
  = 

OB

OB′
  --------------------------(9.52) 

Avevi ∆CFO I ∆A′FB′ m„`k 

 ∴   
CO

A′B′
  = 

OF

FB′
  ------------------------- (9.53)  

wKš—z ABOC AvqZ‡¶‡Î 

  AB = CO ----------------------------------(9.54)  

 ∴  mgxKiY (9.52) I (9.53) n‡Z, 

  
OB
OB  = 

OF

FB′
   

 ev, OB

OB′
  = 

OF

OF–OB′
  ----------------------- (9.55) 

GLv‡b,  OB = e —̄zi ~̀iZ¡ = u  

  OB′ = cÖwZwe‡¤^i ~̀iZ¡ = v  

  OF = †dvKvm `~iZ¡ = f  

wP‡ýi bZzb cÖ_vbymv‡i 
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 AeZj †j‡Ýi e —̄z `~iZ¡ = + u  

 AeZj †j‡Ýi cÖwZwe¤ ̂ ~̀iZ¡ = – v  

 AeZj †j‡Ýi †dvKvm ~̀iZ¡ = – f.  

∴  mgxKiY (9.55) n‡Z,  

 u

−v
  = 

–f
–f–(–v)   

ev, u
v  = 

f
v–f   

ev, v–f
v   = 

f
u   

ev, 1 – 
f
v  – 

f
u  = 0  

ev, f 



1

v + 
1
u   = 1  

ev, 1
v  + 

1
u  = 

1
f  ---------------------------- (9.56) 

Dc‡iv³ mgxKiYwU AeZj †j‡Ýi mvaviY mgxKiY| mgxKiY (9.51) Ges (9.56) n‡Z †`Lv hv‡”Q DËj I AeZj 

Dfq †j‡Ýi †¶‡Î †j‡Ýi mvaviY mgxKiY GKB| AZGe,  

1
v  + 

1
u  = 

1
f   mgxKiYwU f †dvKvm ~̀iZ¡ wewkó †Kvb mi“ †j‡Ýi mvaviY mgxKiY| 

9.4.5  weea©b (Magnification) 

†Kvb †j‡Ýi †¶‡Î weea©b ej‡Z eySvq †jÝwU †Kvb e —̄zi cÖwZwe¤^ e —̄zi Zzjbvq KZ¸Y eo ev †QvU Ki‡Z cv‡i| 

weea©b ej‡Z mvaviYZ Avgiv ˆiwLK weea©b eywS| 

AZGe cÖwZwe‡¤^i ˆ`‡N©¨i I e —̄zi ˆ`‡N©¨ AbycvZ‡K ˆiwLK weea©b e‡j| G‡K m Øviv cÖKvk Kiv nq|  

∴  m =  
cÖwZwe‡¤^i ‰`N©¨

e —̄zi ˆ`N©¨   

ev, m = 
A′B′
AB        [ wPÎ (9.25) I (9.26) ª̀óe¨ ] 

Avevi mgxKiY (9.47) n‡Z  

 
A′B′
AB   = 

OB′
OB    

∴  m = 
OB′
OB   = 

cÖwZwe‡¤^i ~̀iZ¡
e —̄zi ~̀iZ¡   

ev, m = 
v
u   

weea©‡bi wPý msµvš— ms‡kvab K‡i, m = –vu   ------------------------- (9.47)  

Dc‡iv³ mgxKiYwU DËj I AeZj Dfq cÖKvi †j‡Ýi Rb¨B cÖ‡hvR¨| 
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9.4.6 †jÝ cÖ —̄zZKvi‡Ki m~ÎKiY (Lens Maker's formula) 

aiv hvK, †Kvb mi“ D‡fvËj †j‡Ýi Dcv`v‡bi cÖwZmivsK µ, G‡K evqy gva¨‡g ivLv nj| †jÝwUi Av‡jvK †K› ª̀ O, 
†MvjvKvi c„ôØ‡qi eµZvi e¨vmva© h_vµ‡g R1 I R2| †j‡Ýi cÖavb A‡¶i Dci Aew ’̄Z AP GKwU we› ỳ e —̄z| 

 
wPÎ-9.27 

P we› ỳ n‡Z AvMZ Av‡jvK iwk¥ PM †j‡Ýi 1g cÖwZmviK c„‡ôi M we›`y‡Z MN eivei cÖwZm„Z nq Ges 2q 
cÖwZmviK c„‡ôi N we› ỳ‡Z cybivq cÖwZm„Z n‡q NQ eivei wbM©Z nq| Avevi P n‡Z Aci GKwU Av‡jvK iwk¥ 
†j‡Ýi Av‡jvK‡K› ª̀ w`‡q †mvRv PO eivei wbM©Z nq| cÖavb A‡¶i Dci Q we› ỳwU P we›`yi cÖwZwe¤^| MN 
iwk¥wU‡K ewa©Z Ki‡j Zv cÖavb  A¶‡K R we› ỳ‡Z †Q` K‡i| GLb wØZxq cÖwZmviK c„ôwU bv _vK‡j R we› ỳwU GK 
Zjwewkó cÖwZmviK c„‡ôi Rb¨ P we›`yi cÖwZwe¤^ n‡Zv| 

cÖ_g cÖwZmviK c„‡ô cÖwZmi‡Yi †¶‡Î, 

 PO = e —̄zi ~̀iZ¡ = u  

 OR = cÖwZwe‡¤^i `~iZ¡ = v′  

 eµZvi e¨vmva© = R  

 mgxKiY (9.46) n‡Z †jLv hvq|  

 µ

v′
  + 

1
u  = 

µ–1
R1

  ------------------------------------- (9.58)  

Avevi, 2q cÖwZmviK c„‡ô cÖwZmi‡Yi †¶‡Î,  
 e —̄zi ~̀iZ¡ = –v′      AvcZb gva¨g mv‡c‡¶ cÖwZmiY  

 cÖwZwe‡¤^i ~̀iZ¡ = v     gva¨‡gi cÖwZmivsK = 1µ .  

 Ges 2q c„‡ôi eµZvi e¨vmva© = R2 n‡j 

 

1
µ

v   + 
1

–v′
  = 

1
µ –1

R2
    

ev, 

1
µ

v  – 
1

v′
  = 

1
µ –1

R2
    

ev, 1
µv  – 

1

v′
  = 

1–µ
µR2

   

ev, 1
v  – 

µ

v′
  = 

–(µ–1)
R2

  ------------------------------- (9.59)  

mgxKiY (9.58) I (9.59) †hvM K‡i, 
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 1
v  + 

1
u  = (µ–1) 



1

R1
 – 

1
R2

  ------------------------ (9.60)  

GLb e —̄z Amxg `~i‡Z¡ _vK‡j cÖwZwe¤^ cÖavb †dvKv‡m MwVZ nq| AZGe,  

 u = α Ges v = f n‡j mgxKiY (9.60) n‡Z, 

 1
f  + 

1

α
  = (µ–1) 





1

R1
 – 

1
R2

    

ev, 1
f  = (µ–1)  



1

R1
 – 

1
R2

  ---------------------------- (9.61) 

 G mgxKiY‡K †jÝ cÖ —̄zZKvi‡Ki m~Î ejv nq| †j‡Ýi c„ôØ‡qi eµZvi e¨vmva© R1 I R2 Gi gvb KZ n‡j GKwU 
wbw ©̀ó †dvKvm ~̀i‡Z¡i †jÝ cÖ —̄zZ Kiv hvq Zv GB m~Î †_‡K Rvbv hv‡e| 

9.4.7  †j‡Ýi ¶gZv (Poer of a Lens)  

†Kvb †j‡Ýi cÖavb A‡¶i mgvš—ivj GK¸”Q Av‡jvK iwk¥‡K cÖwZmi‡Yi ci Awfmvix ev Acmvix iwk¥ ¸‡”Q cwiYZ 
Kivi mvg_©¨‡K H †j‡Ýi ¶gZv e‡j| 

†j‡Ýi cÖavb A‡¶i mgvš—ivj Av‡jvK iwk¥ cÖwZmi‡Yi ci cÖavb †dvKv‡m wgwjZ nq ev cÖavb †dvKvm n‡Z Qwo‡q 
c‡o e‡j g‡b nq| AZGe Av‡jvK iwk¥ cÖwZmi‡bi ci hZ †ekx Awfmvix n‡e A_©vr cÖavb A‡¶i w`‡K †e‡K hv‡e 
Zvi †dvKvm ~̀iZ¡ ZZ Kg| AZGe †Kvb †j‡Ýi †dvKvm ~̀iZ¡ hZ Kg Zvi ¶gZv ZZ †ekx|  †j‡Ýi ¶gZv 
†dvKvm ~̀i‡Z¡i e¨v —̄vbycvwZK| 

†j‡Ýi ¶gZv‡K P Øviv cÖKvk Kiv nq| †Kvb †j‡Ýi †dvKvm ~̀iZ¡ f n‡j Gi ¶gZv  

 P = 
1
f   

¶gZvi GKK WvqcUi (Dioptre) G‡K ms‡¶‡c 'D' Øviv cÖKvk Kiv nq|  

msÁv t †Kvb †j‡Ýi †dvKvm ~̀iZ¡ GK wgUvi n‡j Gi ¶gZv‡K GK WvqcUvi e‡j| 

AZGe †jLv hvq, P = 1
f(metre)   

DËj †j‡Ýi ¶gZv abivwk Ges AeZj †j‡Ýi ¶gZv FYivwk| 
 

9.4.8  cÖwZwe¤̂ wbY©‡qi wewfbœ c×wZ (Different procedures to determine Images) 

†Kvb †j‡Ýi mvg‡b e —̄zi Ae ’̄vb †f‡` Gi cÖwZwe‡¤^i Ae ’̄vb, cÖK…wZ I weea©b wfbœ nq| e —̄zi Ae ’̄vb †f‡` Gi 
cÖwZwe‡¤^i Ae ’̄vb, cÖK…wZ I weea©b wbY©‡qi ỳwU c×wZ i‡q‡Q|  
 (K) mgxKi‡Yi mvnv‡h¨ I  
 (L)  iwk¥ wP‡Îi mvnv‡h¨ 

(K)  mgxKi‡Yi mvnv‡h¨ t †j‡Ýi mvaviY mgxKiY 1v  + 
1
u  = 

1
f   GLv‡b u I f Rvbv _vK‡j v wbY©q Kiv hvq| 

(L)  iwk¥ wP‡Îi mvnv‡h¨ t e —̄zi AvK…wZ I Ae ’̄vb Rvbv _vK‡j G c×wZ‡Z cÖwZwe‡¤^i Ae ’̄vb, cÖK…wZ I weea©b 
wbY©q Kiv hvq| 
 
9.4.9  e —̄zi wewfbœ Ae ’̄v‡bi Rb¨ iwk¥ wP‡Îi mvnv‡h¨ cÖwZwe¤̂ wbY©q 

(K) DËj †jÝ (Converging lens / Convex lens) t  
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LL′ GKwU mi“ D‡fvËj †jÝ| Gi Av‡jvK †K› ª̀ O, cÖavb †dvKvm F Ges †dvKvm ~̀iZ¡ f1 cÖavb A‡¶i Dci AB 
j¶¨ e —̄zwU Lvovfv‡e Aew ’̄Z| cÖavb A‡¶i Dci e —̄zi wewfbœ Ae ’̄v‡bi Rb¨ cÖwZwe‡¤^i Ae ’̄vb iw¤§ wP‡Îi mvnv‡h¨ 
AsKb Kiv n‡jv| 
(i) e —̄z Amx‡g Aew ’̄Z t 

 
wPÎ-9.28 

 
Amxg ~̀i‡Z¡ Aew ’̄Z e —̄zi GKB we› ỳ n‡Z  AvMZ Ges †j‡Ý AvcwZZ Av‡jvK iwk¥ ¸‡jv ci¯úi mgvš—ivj aiv 
hvq| wP‡Î e —̄zZ n‡Z AvMZ Giƒc ci¯úi mgvš—ivj ỳwU Av‡jvK †j‡Ý cÖwZmi‡bi ci A′ we› ỳ‡Z wgwjZ nq Ges 
A′B′. cÖwZwe¤^wU MVb K‡i|  
G‡¶‡Î,   e —̄zi Ae ’̄vb → Amx‡g (u = α)  
  cÖwZwe‡¤^i Ae ’̄vb → cÖavb †dvKvm Z‡j (v = f)  
  cÖwZwe‡¤^i cÖK…wZ → ev —̄e I Dëv 
  cÖwZwe‡¤^i u AvKvi → e —̄z A‡c¶v †QvU| 
 
(ii) e —̄z cÖavb †dvKv‡m Aew ’̄Z t 

 
wPÎ-9.29 

 
AB e —̄zwU cÖavb †dvKvm F′ G Aew ’̄Z| e —̄zi A we› ỳ n‡Z cÖavb A‡¶i mgvš—ivj Av‡jvK iwk¥ AC †j‡Ý 
cÖwZmi‡Yi ci CFG c‡_ Ges Aci GKwU iwk¥ AO Av‡jvK †K›`ª w`‡q OD eivei wbM©Z nq| iwk¥Øq ci¯úi 
mgvš—ivj Ges Amx‡g wgwjZ nq| AZGe AB e —̄zi cÖwZwe¤^ Amx‡g Aew ’̄Z|  
GLv‡b, e —̄zi Ae ’̄vb → cÖavb †dvKv‡m (u = f)  
  cÖwZwe‡¤^i → Amx‡g (v = ∝)  
  cÖwZwe‡¤^i cÖK…wZ → (i) ev —̄e I Dëv A_ev 
          (ii) Aev —̄e  I †mvRv 
  cÖwZwe‡¤^i AvKvi → e —̄z A‡c¶v eo| 
 
(iii) e —̄z f I 2f Gi g‡a¨ Aew ’̄Z t 
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wPÎ-9.30 

AB e —̄zi A we› ỳ n‡Z AvMZ AC I AO iwk¥ n‡q cÖwZmi‡Yi ci A′ we› ỳ‡Z wgwjZ nq| AZGe A′B′ e —̄zi ev —̄e, 
Dëv I weewa©Z cÖwZwe¤^|  
GLv‡b, e —̄zi Ae ’̄vb → f I 2f Gi g‡a¨ (f<u<2f)  
 cÖwZwe‡¤^i Ae ’̄vb → 2f Gi evB‡i  
 cÖwZwe‡¤^i cÖK…wZ → ev —̄e I Dëv 
 cÖwZwe‡¤^i AvKvi → e —̄z A‡c¶v eo| 
 
(iv) e —̄z 2f ~̀i‡Z¡ Aew ’̄Z t 

 
wPÎ-9.31 

 
AB e —̄zwUi A we› ỳ n‡Z AvMZ iwk¥Øq AC I AO †j‡Ý cÖwZmi‡Yi ci ci¯úi A′ we› ỳ‡Z wgwjZ nq| AZGe 
A′B′ B AB Gi cÖwZwe¤^|  
GLv‡b, e —̄zi Ae ’̄vb → 2f `~i‡Z¡ (u = 2f)  
  cÖwZwe‡¤^i Ae ’̄vb → ~̀i‡Z¡ (v = 2f)  
  cÖwZwe‡¤^i cÖK…wZ → ev —̄e I Dëv 
  cÖwZwe‡¤^i AvKvi → e —̄zi mgvb| 
 
(v) e —̄z 2f A‡c¶v †ewk ~̀‡i Aew ’̄Z t 

 
wPÎ-9.32 

 

AB e —̄zi A we› ỳ n‡Z AvMZ iwk¥Øq AC I AO †j‡Ý cÖwZmi‡Yi ci ci¯úi A′ we› ỳ‡Z wgwjZ nq| Zvn‡j A′B′ 

n‡jv AB e —̄zi ev —̄e I Dëv cÖwZwe¤^|  
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GLv‡b,  e —̄zi Ae ’̄vb → 2f Gi evB‡i, [ u>2f ]  

  cÖwZwe‡¤^i Ae ’̄vb → f I 2f Gi g‡a¨ 

  cÖwZwe‡¤^i cÖK…wZ →   ev —̄e I Dëv 

  cÖwZwe‡¤^i AvKvi → e —̄z A‡c¶v †QvU 
 
 
(vi) e —̄z Av‡jvK †K› ª̀ I cÖavb †dvKv‡mi g‡a¨ Aew ’̄Z t 

 
wPÎ-9.33 

AB e —̄zwU hw` †j‡Ýi Av‡jvK †K› ª̀ Ges cÖavb †dvKvm Gi g‡a¨ Aew ’̄Z nq Zvn‡j Gi ev —̄e cÖwZwe¤^ cvIqv hvq 
bv| G‡¶‡Î e —̄zi A we› ỳ n‡Z AvMZ AC I AO iwk¥Øq cÖwZmi‡Yi ci h_vµ‡g CF I OE c‡_ hvq| GB 
iwk¥Øq‡K †cQb w`‡K ewa©Z Ki‡j Giv A′ we› ỳ‡Z wgwjZ nq| AZGe GLv‡b A′B′ e —̄zi Aev —̄e I †mvRv cÖwZwe¤^ 
Ges GwU e —̄z †j‡Ýi †h cv‡k Av‡Q †mB cv‡k Aew ’̄Z|  

GLv‡b, e —̄zi Ae ’̄vb → †dvKv‡mi g‡a¨ (u<f)  

  cÖwZwe‡¤^i Ae ’̄vb → e —̄z †h cv‡k Aew ’̄Z †m cv‡k 

  cÖwZwe‡¤^i cÖK…wZ → Aev —̄e I Lvov 
  cÖwZwe‡¤^i AvKvi → e —̄z A‡c¶v eûMY eo| 
 

(L)  AeZj †jÝ Diverging lens / Concave Lens) t aiv hvK, E GKwU mi“ AeZj †jÝ (wPÎÑ  )| O †j‡Ýi 
Av‡jvK †K› ª̀, F wØZxq cÖavb †dvKvm, OF cÖavb A¶| AB n‡”Q cÖavb A‡¶i Dci j¤^fv‡e Aew ’̄Z GKwU mij 
we —̄„Z e —̄z| 
AeZj †j‡Ýi †¶‡Î, e —̄zi †h †Kvb Ae ’̄v‡bi Rb¨ cÖwZwe¤^ wbY©‡qi c×wZ GKB| wb‡æ Zv Av‡jvPbv Kiv nj| 
ev —̄e Ae ’̄vb (i) Gi Rb¨, A we›`y n‡Z AvMZ cÖavb A‡¶i mgvš—ivj Av‡jvK iwk¥ AC †j‡Ý cÖwZmi‡Yi ci, CD 
c‡_ hvq|  

 
wPÎ-9.34 
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D †K †cQb w`‡K ewa©Z Ki‡j Zv cÖavb A¶‡K cÖavb †dvKvm we› ỳ‡Z †Q` K‡i| Avevi Aci GKwU iwk¥ AO 
†j‡Ýi Av‡jvK †K› ª̀ w`‡q †mvRv AOE c‡_ Mgb K‡i| cÖwZm„Z iwk¥Øq ci¯úi A′ we› ỳ‡Z †Q` K‡i|  myZivs 
A′B′, AB e —̄zi cÖwZwe¤^|  
AeZj †j‡Ýi †¶‡Î cÖwZwe‡¤^i ˆewkó¨ ¸‡jv n‡jvÑ  
(1) e —̄zi Ae ’̄vb Ges cÖwZwe‡¤^i Ae ’̄vb me©`vB †j‡Ýi GKB cv‡k| 
(2) e —̄z‡K †j‡Ýi wbK‡U Avb‡Z _vK‡j cÖwZwe¤^I †j‡Ýi wbK‡U Avm‡Z _v‡K Ges cÖwZwe‡¤^i AvK…wZ µgvb¦‡q 

evo‡Z Zv‡K| 
(3) weea©b  | m | <1,  
(4) cÖwZwe¤^ me©`v Aev —̄e I wmav| 

9.4.10  †dvKvm `~iZ¡ wbY©q 

(K) DËj †jÝ t DËj †j‡Ýi †dvKvm ~̀~iZ¡ wbY©‡qi Rb¨ mvaviYZ ỳwU c×wZ Av‡Q|  

(i) mgZ‡j `c©‡bi mvnv‡h¨ Ges (ii) u–v c×wZ‡Z| GLv‡b mgZj `c©‡Yi mvnv‡h¨ †dvKvm ~̀iZ¡ wbY©‡qi c×wZwU 
e¨vL¨v Kiv nj| 

ZË¡ t GKwU e —̄z‡K DËj †j‡Ýi cÖavb †dvKv‡m ivL‡j e —̄zi cÖwZwe¤^ Amx‡g MwVZ n‡e| A_©vr e —̄z n‡Z AvMZ 
Av‡jvK iwk¥¸”Q †j‡Ý cÖwZmi‡Yi ci cÖavb A‡¶i mgvš—ivj wbM©Z nq| G mgvš—ivj Av‡jvK iwk¥¸”Q‡K GKwU 
mgZj `c©‡Y j¤^fv‡e †dj‡j Giv D‡ëvc‡_ cÖwZdwjZ n‡e| cÖwZdwjZ mgvš—ivj iwk¥¸”Q †j‡Ý cÖwZmi‡Yi ci 
cÖavb †dvKv‡m wgwjZ n‡e ev cÖwZwe¤^ m„wó Ki‡e| Gfv‡e cÖavb †dvKvm‡K wPwýZ K‡i †dvKvm ~̀iZ¡ wbY©q Kiv 
hvq|  

  
wPÎ-9.35 

Kvh©cÖYvjx t 

(1) mgZj †Uwej ev †g‡Si Dci GKwU mgZj `c©b [M] ivLv n‡jv [wPÎ-9.35], `c©‡bi Dci cix¶bxq †jÝ 
(L) ivLv n‡jv| 

(2) `‡Ûi (Stand) mvnv‡h¨ †j‡Ýi wKQy Dc‡i GKwU wcb AB Abyf‚wgK Ae ’̄v‡b ivLv n‡jv| wc‡bi Ae ’̄vb Ggb 
n‡e †hb Gi gv_v (A) me©`v †j‡Ýi ga¨we› ỳi wVK Dc‡i _v‡K|  

(3) †jÝ n‡Z wc‡bi ~̀iZ¡ Ggbfv‡e cwieZ©b Kiv n‡jv †hb wcb (AB) I Gi cÖwZwe¤^ (A′B′) GKB Abyf‚wgK 
†iLvq _v‡K Ges G‡`i g‡a¨ †Kvb c¨vivjv· bv _v‡K| 

(4) †j‡Ýi Av‡jvK †K› ª̀ n‡Z wc‡bi ~̀iZ¡ cwigvc Kiv n‡jv| Gfv‡e K‡qKevi cix¶v K‡i Mo ~̀iZ¡ †bqv 
n‡jv| G ~̀iZ¡B †jÝwUi †dvKvm `~iZ¡| 
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(L) AeZj †jÝ t AeZj †j‡Ý cÖwZwe¤^ me©`v Aev —̄e| G ai‡bi cÖwZwe¤^ c`©vq aiv hvq bv| GRb¨ Gi 
†dvKvm ~̀iZ¡ wbY©‡q DËj †j‡Ýi mvnvh¨ wb‡Z nq| DËj †j‡Ýi mvnvh¨ wb‡q wb‡æv³ `ywU c×wZ‡Z AeZj †j‡Ýi 
†dvKvm ~̀iZ¡ wbY©q Kiv hvq|  

(i) ms‡hvRb c×wZ I (ii) mnvqK (Auxiliary) †jÝ c×wZ| GLv‡b ms‡hvRb c×wZwU eY©bv Kiv n‡jvÑ 

(i) ms‡hvRb c×wZ t 

G c×wZ‡Z cix¶Yxq AeZj †j‡Ýi †P‡q Kg †dvKvm ~̀iZ¡ wewkó GKwU DËj †jÝ wb‡q GKwU mgevq ˆZix Kiv 
nq| G mgevq DËj †j‡Ýi g‡Zv wµqv K‡i|  

DËj †j‡Ýi †dvKvm ~̀iZ¡ Aby‡”Q`- 9.4.10(K) G ewY©Z Dcv‡q wbY©q K‡i †bqv nq| aiv hvK G †dvKvm ~̀iZ¡, 
f1| 

Gici †jÝ ỳwUi ms‡hvRb ˆZix mgevq †j‡Ýi mgZzj¨ †dvKvm ~̀iZ¡ GKB c×wZ‡Z wbY©q Kiv nq| G mgZzj¨ 
†dvKvm ~̀iZ¡, F Ges AeZj †j‡Ýi †dvKvm ~̀iZ¡ f2 n‡j,  

Avgiv Rvwb, 1F  = 
1
f1
  + 

1
f2
   

 ev, 1
F  = 

1
f1
  – 

1
f2
      [...  AeZj †j‡Ýi †dvKvm ~̀iZ¡ FYvZ¥K ] 

 ev, 1
f2
  = 

1
f1
  – 

1
F  = 

F–f
f1F

    

 ∴ f2 = 
f1F

F–f1
     

 
9.4.10 †jÝ †Pbvi Dcvq 

†Kvb †j‡Ýi mvg‡b GKwU e —̄z‡K Avb‡j e —̄zwUi cÖwZwe¤^ hw` e —̄zi AvKv‡ii Zzjbvq eo nq Zvn‡j †jÝwU n‡e DËj 
†jÝ A_ev cÖwZwe¤^ e —̄zi Zzjbvq †QvU n‡j †jÝwU AeZj †jÝ| 
 
D`vniY  

1|  GKwU Av‡jvK iwk¥ evqy I cvwbi we‡f`Z‡j AvcwZZ n‡”Q| AvcZb †KvY 30°, I cÖwZmiY †KvY 22° n‡j 
evZv‡mi mv‡c‡¶ cvwbi cÖwZmivsK KZ? 

mgvavb t 

 evZv‡mi mv‡c‡¶ cvwbi cÖwZmivsK  

    aµw = 
sini
sinr   

 †`Iqv Av‡Q, i = 30° 

     r = 22°  

  ∴  aµw  = 
sin30°
sin22°    

     = 
0.50
0.376  

     = 1.33 

2|  evqy mv‡c‡¶ Kuv‡Pi cÖwZmivsK 1.5 evqy †_‡K Kuv‡P Av‡jvK iwk¥ cÖ‡e‡ki mgq AvcZb †KvY 45° n‡j 
cÖwZmiY †Kv‡Yi gvb wbY©q Ki“b| 
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mgvavb t 

 evqy mv‡c‡¶ Kuv‡Pi cÖwZmivsK  aµg = 
sini
sinr    

 GLv‡b, †`Iqv Av‡Q, aµg = 1.5  

 AvcZb †KvY i = 45°  

  1.5 = 
sin45°
sinr   

 ev, sin r = sin45°1.5    

 ev, sin r = 0.7071.5    

 ev, sin r = 0.471  

 ev, r = sin–1 0.471  

    ≅ 28°  

 ∴ cÖwZmiY †Kv‡Yi gvb 28° (cÖvq)| 

3|  evqy mv‡c‡¶ Kuv‡Pi cÖwZmivsK 32  n‡j Kuv‡Pi mv‡c‡¶ evqyi cÖwZmivsK KZ? 

mgvavb t 
 Avgiv Rvwb,  

  ∴ gµa = 
1

aµg
  

         = 
1
3
2

  

         = 
2
3  

 ∴ KuvP mv‡c‡¶ evqyi cÖwZmivsK 23 .  

4|  cvwb I nxi‡Ki cig cÖwZmivsK h_vµ‡g 1.33 I 2.4 n‡j cvwbi mv‡c‡¶ nxi‡Ki cÖwZmivsK wbY©q Ki“b| 

mgvavb t 

 Avgiv Rvwb, wµd = 
µd

µw
   

 GLv‡b wµd = cvwbi mv‡c‡¶ nxi‡Ki cÖwZmivsK 

  µd = nxi‡Ki cig cÖwZmivsK = 2.4  

  µw = cvwbi cig cÖwZmivsK = 1.33  

 ∴ wµd = 
2.4
1.33  

        ≅ 1.8   

 cvwbi mv‡c‡¶ nxi‡Ki cÖwZmivsK 1.8  
 
5|  cvwbc~Y© GKwU evjwZi Zjv Zvi cÖK…Z MfxiZv A‡c¶v 10 †m.wg. Gi †`Lv hvq| evjwZwUi cÖK…Z MfxiZv I 
AvcvZ MfxiZv wbY©q Ki“b| (cvwbi cÖwZmivsK 1.33) 
mgvavbt 
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 g‡b Kwi, cÖK…Z MfxiZv u  
        AvcZ MfxiZv v.  

 Avgiv Rvwb,  µ = 
cÖK…Z MfxiZv
AvcvZ AvKvi Ñ 

 ev, 1.33 = uv    

      u = 1.33v -------------------------------(i)  
 Avevi,  u – v = 1 -------------------------------(ii) 
 (i) I (ii) n‡Z cvB- 
     1.33v – v = 1  
 ev, 0.33v =1  

 ev, v = 1
0.33   

 ev, v ≅ 3  
 v = 3 (1) bs mgxKi‡Y ewm‡q cvB- u = 1.33∞3 ≅ 4  
∴ cÖK…Z MfxiZv 4 †m.wg. (cÖvq) I AvcvZ MfxiZv 3 †m.wg. (cÖvq)| 
6|  GKwU gva¨‡gi cÖwZmivsK 1.65 gva¨gwUi msKU †KvY KZ? 

mgvavb t 
 Avgiv Rvwb,  

  µ = 
1

sinθc
   

 ev, 1.65 = 1

sinθc
   

 ev, sinθc = 1
1.65   

 ev, θc = sin–1 165  

      ≅ 37.3°.  
∴  gva¨gwUi msKU †KvY 37.3° cÖvq|  
 
7|  GKwU wcÖR‡gi cÖwZmivsK †KvY 60° Gi Dcv`v‡bi cÖwZmivsK 2 . Gi b~¨bZg wePy¨wZ wbY©q Ki“b| 

mgvavb t 

 Avgiv Rvwb, µ =  
sin 

A+δm
2

sin 
A
2

   

 GLv‡b, cÖwZmivsK †KvY A = 60°  
     cÖwZmivsK µ = 2   
    Ges b~¨bZg wePy¨wZ δm  
 ∴ Avgiv cvB-  

  2  = 

sin 
60°+δm

2

sin 
60°
2
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 ev, 2  = 
sin 

60°+δm
2

sin 30°    

 ev, 2  = 
sin 

60°+δm
2

1
2

   

 ev, sin 60°+δm2   = 
2
2    

 ev, sin 60°+δm2   = 
1

2
   

 ev, 60°+δm2   = sin–1 
1

2
   

 ev, 60°+δm2   = 45°  

 ev, 60° + δm = 90°  

 ev, δm = 30°  

∴ b~¨bZg wePy¨wZ †KvY = 30°  
 
8|  GKwU mi“ wcÖRg‡K AwZµg K‡i hvIqvq mgq GKwU Av‡jvK iwk¥i 2° wePy¨wZ NU‡j wcÖRg †KvY KZ? 
(wcÖR‡gi Dcv`v‡bi cÖwZmivsK 1.5) 

mgvavb t  

 Avgiv Rvwb, mi“ wcÖR‡gi Rb¨ mgxKiY δ = A(µ–1)  

 GLv‡b, δ = Av‡jvK iwk¥i wePy¨wZ = 1.5  

   µ = cÖwZmivsK = 1.5  

   A = wcÖRg †KvY 

 ∴ Avgiv cvB 

   2° = A(1.5–1)  

  ev, 2° = 0.5 A  

  ev, A = 
2°
0.5   

  ev, A = 4°  

 ∴ mi“ wcÖRgwUi wcÖRg †KvY 4°.  

9|  DËj cÖwZmivsK c„ô wewkó GKwU NbZi gva¨g‡K evqy‡Z ivLv n‡jv| DËj c„‡ôi eµZvi e¨vmva© 25 cm| 
DËj c„‡ôi mvg‡b †gi“ n‡Z 30 cm ~̀‡i cÖavb A‡¶i Dci GKwU we› ỳ e —̄z Av‡Q| cÖwZmivsK gva¨‡gi cÖwZmivsK 
1.5 n‡j cÖwZwe‡¤^i `~iZ¡ wbY©q Ki“b| 

mgvavb t 

 Avgiv Rvwb,  GLv‡b, 

  µ
v  + 

1
u  = 

µ-1
r     µ = 1.5  
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 ∴  1.5v   + 
1
30  = 

1.5–1
25    u = 30 cm  

 ev, 1.5v   = 
1.5–1
25   – 

1
30   r = 25 cm  

  = 
0.5∞7–5
150   = 

–2
150   v = ?  

 ev, 1v  = – 
1
175   

 ev, U = – 1.5∞1502   = – 112.5 cm.  

 cÖwZwe‡¤^i ~̀iZ¡ – 112.5 cm.  
 
 
10|  6 cm j¤^v GKwU e —̄z‡K 16cm †dvKvm ~̀i‡Z¡i DËj †jÝ †_‡K 12 cm ~̀‡i ’̄vcb Kiv nj| we‡¤^i AvKvi 
†ei Ki“b|  

mgvavb t 

 Avgiv Rvwb, 1v  + 
1
u  = 

1
f   GLv‡b, 

  ∴  1
v  + 

1
12  = 

1
16   

u = 12 cm
f = 16 cm   

  ev, 1
v  = 

1
16  – 

1
12   v = ? 

   = 
3–4
48    e —̄zi ˆ`N©¨, l = 6 cm  

  ev, 1
v  = 

–1
48    we‡k¦i ˆ`N©¨ u, l = ?  

   = 
3–4
48     

  ev, 1
v  = 

–1
48   

  ∴  U = –48 cm (cÖwZwe¤^ Aev —̄e) 

  weea©b m = – vu   

      = – 



–48

12    

      = 4  

 Avevi weea©b m = l′l   = 
l′
6   

  ev, 4 = 
l′
6   

  ∴ l′ = 24 cm.  

 we‡¤^i AvKvi 24 cm.  
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11|  GKwU DËj †j‡Ýi †dvKvm ~̀iZ¡ 15 cm. e —̄zi ~̀iZ¡ KZ n‡j cÖwZwe¤^ Aev —̄e n‡e Ges cÖwZwe‡¤^i AvKvi e —̄
zi AvKv‡ii wZb¸Y n‡e? 
mgvavb t  

 Avgiv Rvwb, GLv‡b, 

  m = – 
v
u    aiv hvK, e —̄zi AvKvi = = l  

  ∴  3 = – 
v
u             ∴ we‡¤^i  Ó   = 3l  

     AZGe weea©b m = 31l   = 3  

 ev, v = – 34  [†h‡nZz cÖwZwe¤^ Aev —̄e ] 

 

 Avevi, DËj †j‡Ýi mvaviY mgxKiY, 

   1
v  + 

1
u  = 

1
f   GLv‡b, f = 15 cm.  

  ∴  – 
1
34  + 

1
4  = 

1
15        v = – 34  

  ev, –1+3
34   = 

1
15    

  ev, 2
34  = 

1
15   

  ev, 34 = 30 

  ∴ u = 10 cm.  

  e —̄zi ~̀iZ¡ 10 cm.  

 
12|  KuvP Øviv ˆZwi GKwU wØ-DËj †j‡Ýi Dfq c„‡ôi eµZvi e¨vmva© mgvb| Kuv‡Pi cÖwZmivsK 1.5 n‡j †`Lvb 
†h, †jÝwUi †dvKvm ~̀iZ¡ Zvi eµZvi e¨vmv‡a©i mgvb| 

mgvavbt 

 Avgiv Rvwb, 

  1
f  = (µ–1) 



1

R1
 – 

1
R2

    GLv‡b wØDËj †j‡Ýi 1g I 2q c„‡ôi eµZvi e¨vmva©,  

 ev, 1f  = (1.5–1) 



1

R1
 – 




–1

R1
    AvcwZZ iwk¥i mv‡c‡¶ h_vµ‡g ab ivwk I Fbivwk| 

 ev, 1f  = (0.5) 



1

R1
 +

1
R1

    ∴   R1 = abvZ¥K 

 ev, 1f  = (0.5) ∞ 2 
1
R1
    wKš—z R2 FbvZ¥K R1  

 ev, 1f  = 
1
R
1

    µ = 1.5  

 ∴   f = R1   Ges R1 = R2  
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 AZGe †dvKvm ~̀iZ¡ Gi eµZvi e¨vmv‡a©i mgvb (cÖgvwYZ) 

 
13|  †Kvb †jÝ 80 cm ~̀‡i ’̄vwcZ GKwU e —̄zi mgvb AvKv‡ii GKwU ev —̄e we¤^ MVb K‡i| †jÝwUi ¶gZv KZ? 

mgvavb t 

 Avgiv Rvwb, GLv‡b, cÖwZwe‡¤^i AvKvi = e —̄zi AvKvi =1  

 weea©b m = 
cÖwZwe‡¤^i AvKvi

e —̄zi AvKvi   e —̄zi ~̀iZ¡, u = 80 cm.  

 ∴  m = ll  = 1  cÖwZwe‡¤^i ~̀iZ¡, v =?  

 Avevi, m = – vu   

 ev,  –1 = – v80     (cÖwZwe¤^ ev —̄e I Dëv n‡j m FbvÍK)  

 ∴ v = 80 cm.  

 GLvb,  1v  + 
1
u  = 

1
f   

 ev, 1
80  + 

1
80  = 

1
f   

 ev, 2
80  = 

1
f   

 ∴ f = 40 cm.  

AZGe, ¶gZv P = 1f  = 
1
40  = 2.6 D. †jÝwUi ¶gZv 2.5D (Wvqvc&Uvi)| 

 

(L)  MvwYwZK cÖkœ t 

1| Av‡jvK iwk¥ 0° AvcvZb †KvY evqy n‡Z cvwb‡Z cÖ‡ek Ki‡Q| cÖwZmiY †KvY KZ n‡e? [DËit 0°] 

2| evqy mv‡c‡¶ Kuv‡Pi cÖwZmivsK 32  Ges evqy mv‡c‡¶ cvwbi cÖwZmivsK 43  n‡j, Kuv‡Pi mv‡c‡¶ cvwbi 

cÖwZmivsK wbY©q Ki“b| 

3| cvwb mv‡c‡¶ Kuv‡Pi cÖwZmivsK 98 | evqy mv‡c‡¶ Kuv‡Pi cÖwZmivsK 32 | evqy mv‡c‡¶ cvwbi cÖwZmivsK 

KZ? [DËit 43  ]  

4| 1 cm. cyi“ GKwU KuvP LÛ GKwU †Uwe‡ji Dci ivLv Av‡Q| KuvP L‡Ûi wb‡Pi c„‡ô AvU‡K _vKv aywjKYv 
Dc‡ii c„ô †_‡K KZ ~̀i‡Z¡ †`Lv hv‡e? 

5| GKwU gva¨‡gi cÖwZmivsK 43  Gi msKU †KvY KZ?  

6| GKwU wcÖR‡gi cÖwZmivsK †KvY 60° I wcÖRgwU‡Z GKwU Av‡jvKiwk¥i b~¨bZg wePy¨wZ 30° wcÖRgwUi 
Dcv`v‡bi cÖwZmivsK wbY©q Ki“b| 

7| GKwU mi“ wcÖR‡gi Dcv`v‡bi cÖwZmivsK 1.5 G wcÖRg AwZµg Kivi mgq GKwU Av‡jvK iwk¥i 3° wePy¨wZ 
N‡U| wcÖRg †KvY wbY©q Ki“b| 
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8| 1.5 cÖwZmivs‡Ki †Kvb KvP wcÖR‡gi GK c„‡ôi Dci Av‡jvK iwk¥ j¤^fv‡e AvcwZZ nq Ges wcÖR‡gi wØZxq 
c„‡ôi Mv †N‡l wbM©Z nq| wcÖRg †KvY wbY©q Ki“b| [Dt 46.46° ] 

9| wcÖRg †KvY 60° Ges wcÖR‡gi Dcv`v‡bi cÖwZmivsK 2  n‡j Zvi b~¨bZg wePy¨wZ †KvY wbY©q Ki“b|  

10| GKwU wcÖR‡gi Dcv`v‡bi cÖwZmivsK 2  Ges Gi wfZi n‡Z wbM©Z Av‡jvK iwk¥i b~¨bZg wePy¨wZ †KvY 30° 
n‡j, wcÖRg †KvY wbY©q Ki“b| 

11| KuvP I nxi‡Ki cÖwZmivsK h_vµ‡g 1.5 I 2.5 n‡j KuvP I nxi‡Ki g‡a¨ msKU †KvY wbY©q Ki“b| 

12| evqyi g‡a¨ AeZj cÖwZmivsK c„ô wewkó GKwU NbZi gva¨wg‡K ivLv n‡q‡Q| AeZj c„‡ôi eµZvi e¨vmva© 
20 cm Ges AeZj c„‡ôi mvg‡b †gi“ n‡Z 35 cm ~̀‡i cÖavb A‡·i Dci GKwU we› ỳ e —̄z ivLv n‡jv| 
gva¨‡gi cÖwZmivsK 1.5 n‡j cÖwZwe‡¤^i `~iZ¡ wbY©q Ki“b| 

13| MvwYwZK fv‡e cÖgvY Ki †h, GKwU AeZj `c©‡Yi cÖavb †dvKv‡m ’̄vwcZ e —̄zi we¤^ Amx‡g Ges Amx‡g 
’̄vwcZ we¤^ cÖavb †dvKv‡m MwVZ nq|  

14| 15 cm †dvKvm ~̀iZ¡ wewkó GKwU AeZj †j‡Ýi Av‡jvK †K›`ª n‡Z 10 cm ~̀‡i cÖavb A‡¶i Dci GKwU 
e —̄z ivLv nj| cÖwZwe‡¤^i Ae ’̄vb, cÖK…wZ I weea©b wbY©q Ki“b| 

15| GKwU DfveZj †j‡Ýi eµZvi e¨vmva© h_vµ‡g 30 cm Ges 20 cm †jÝwUi †dvKvm ~̀iZ¡ KZ n‡e? 
(†jÝwUi Dcv`v‡bi cÖwZmivsK 1.5) 

16| GKwU DËj †j‡Ýi †dvKvm ~̀iZ¡ 20 cm. †jÝwUi ¶gZv KZ? 

17| GKwU †j‡Ýi ¶gZv '4 D' †jÝwUi cÖK…wZ I †dvKvm ~̀iZ¡ wbY©q Ki“b|  

 

P~ovš— g~j¨vqb 

K. wek` DËi cÖkœ 
1. cÖwZmi‡Yi m~Î¸wj eY©bv I e¨vL¨v Ki“b| 
2. † −̄j Gi m~‡Îi mvaviY iƒc cÖwZcv`b Ki“b| 

3. †`Lb †h, (i) aµb = 1
bµa
   

          (ii) bµc = 
aµc

aµb
   

4. Av‡jvK iwk¥i cÖZ¨veZ©bkxjZv e¨vL¨v Ki“b| 
5. †`Lvb †h, mgvš—ivj Zj wewkó dj‡K cÖwZmi‡Yi mgq wbM©Z iwk¥ AvcwZZ iwk¥i mgvš—ivj nq| 
6. cÖK…Z MfxiZv I AvcvZ MfxiZvi g‡a¨ m¤úK© cÖwZôv Ki“b| 
7. msKU †KvY I cÖwZmivs‡Ki g‡a¨ m¤úK© wbY©q Ki“b| 
8. †`Lvb †h, δ = i1 + i2 – A  

9. †`Lvb †h, wcÖRg Dcv`v‡bi cÖwZmivsK µ = 
sin 

A+δm
2

sin 
A
2

  GLv‡b m~PK¸wj cÖPwjZ A_© enb K‡i| 

10. †`Lvb †h, mi“ wcÖR‡gi †¶‡Î δ = (µ–1)A. 
11. GKwU gvÎ DËj / AeZj cÖwZmviK Z‡ji mgxKiY cÖwZcv`b Ki“b| 

12. DËj †j‡Ýi †¶‡Î †`Lvb †h, 
1
v  + 

1
u  = 

1
f  GLv‡b cÖZxK¸‡jv cÖPwjZ A_© enb K‡i| 

13. †jÝ cÖ —̄zZ Kvi‡K m~Î cÖwZcv`b Ki“b| 
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14. DËj / AeZj †j‡Ýi †dvKvm ~̀iZ¡ wbY©‡qi GKwU c×wZ eY©bv Ki“b| 
 


