
 

 

R¨vwgwZK Av‡jvKweÁvb 

Geometrical Optics 

 

 

 

 

 

f~wgKv (Introduction)  
Av‡jv Ges Gi ag©mg~‡ni Av‡jvPbv c`v_©weÁv‡bi Ab¨Zg ¸iƒZ¡c~Y© welq| Pvwicv‡ki wewfbœ e¯‘ m¤ú‡K© Avgiv 

†h Ávb jvf Kwi Zvi A‡bKUvB n‡jv Avgv‡`i †`Lvi ¶gZvi mivmwi dj (ZvQvov ¯úk©, MÜ, ¯̂v` BZ¨vw` w`‡qI 

e¯‘ m¤ú‡K© wKQyUv aviYv jvf Kiv hvq)| Av‡jvi wewfbœ ag© m¤úwK©Z aviYv I Z‡Ë¡i AeZviYv Ges HwZnvwmK 

weeZ©b n‡q‡Q| GB me Z‡Ë¡i Avwe®‹v‡ii KvwnbxI †ek AvKl©Yxq| Gme Avwe®‹v‡ii d‡j Avgv‡`i Pvwicv‡ki ‡Zv 

e‡UB GgbwK eû`~‡ii A‡bK cÖvK…wZK NUbviI e¨vL¨v cvIqv hvq|  

 

c`v_©weÁv‡bi †h kvLvq Av‡jv m¤ú‡K© Av‡jvPbv Kiv nq Zv‡K Av‡jvKweÁvb (Optics) e‡j| Av‡jvKweÁvb `yB 

As‡k wef³ t- 

K) R¨vwgwZK Av‡jvKweÁvb (Geometrical Optics) t R¨vwgwZK Av‡jvKweÁv‡b Av‡jvi ag©mg~n Ges Zv‡`i 

djvdj Av‡jvwPZ nq| Av‡jvi cÖK…wZ m¤ú‡K© †Kv‡bv Av‡jvPbv Gi Aš—f©y³ bq| 

 

L) †fŠZ Av‡jvKweÁvb (Physical Optics) t †fŠZ Av‡jvKweÁvb Av‡jvi cÖK…wZ m¤ú‡K© wewfbœ Z‡Ë¡i Av‡jvPbv 

K‡i Ges GB mKj Z‡Ë¡i Dci wfwË K‡i Av‡jv m¤úwK©Z wewfbœ NUbvi e¨vL¨v †`q| 

 

Avgiv GB Aa¨v‡q R¨vwgwZK Av‡jvKweÁv‡b Av‡jvPbv mxgve× ivL‡ev| GB Av‡jvPbvi gva¨‡g Avgiv Av‡jvi 

cÖwZdjb, cÖwZmiY Ges G‡`i m~Î I Z_¨vewj, dvg©v‡Ui bxwZ I Gi ‡hŠw³KZv, wcÖRg I †j‡Ýi MVb, MvwYwZK 

iƒc I e¨envi, Abyex¶Y I ~̀iex¶Y h‡š¿i MVb I Kvh©cÖbvjx m¤ú‡K© wek`fv‡e Rvb‡Z cvi‡ev| 

 

 

cvV-6.1 : Av‡jvi cÖwZdjb I cÖwZmi‡Yi m~Îvewj 

Laws of Reflection and Refraction  
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 Av‡jvi cÖwZdjb Ges Gi m~Îvewj e¨vL¨v Ki‡Z cvi‡eb| 

 Av‡jvi cÖwZmiY Ges Gi m~Îvewj e¨vL¨v Ki‡Z cvi‡eb| 

 

6.1.1 cÖwZdjb, cÖwZmiY I †kvlY (Reflection, Refraction and Absorption):  
†Kv‡bv iwk¥¸”Q GKwU mgmZ¡ gva¨‡gi g‡a¨ w`‡q AMÖmi n‡q hLb H gva¨g I Aci GKwU mgmZ¡ 

gva¨‡gi we‡f`Z‡j AvcwZZ nq, ZLb mvaviYZ wbgœwjwLZ NUbv¸‡jv N‡U t 

K) AvcwZZ iwk¥i wKQy Ask we‡f`Zj †_‡K cybivq cÖ_g gva¨‡g wd‡i Av‡m| GB NUbv‡K Av‡jvi cÖwZdjb 

e‡j| 

L) AvcwZZ iwk¥¸‡”Qi wKQyUv Ask wØZxq gva¨g †kvlY K‡i| 

M) cÖwZdwjZ I ‡kvwlZ nevi ci AvcwZZ iwk¥¸‡”Qi Aewkóvsk wØZxq gva¨‡g ga¨ w`‡q AMÖmi nq| GB Ask‡K 

cÖwZmwiZ Av‡jv e‡j| Av‡jvKiwk¥, cÖ_g ¯^”Q I mgmZ¡  gva¨g †_‡K wØZxq ¯^”Q I mgmZ¡ gva¨‡gi we‡f`Z‡j 

BDwbU 
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Zxh©Kfv‡e AvcwZZ n‡j iwk¥¸”Q we‡f`Zj †_‡K w`K cwieZ©b K‡i Ab¨ GKwU mij‡iLv eivei P‡j| GB 

NUbv‡K Av‡jvi cÖwZmiY e‡j| 

ms‡¶‡c ejv hvq, AvcwZZ Av‡jv = cÖwZdwjZ Av‡jv + †kvwlZ Av‡jv + cÖwZmwiZ Av‡jv| 

 

AvcwZZ Av‡jvi KZUzKz Ask cÖwZdwjZ n‡e †mwU (K) mswkó gva¨gØ‡qi cÖK…wZ Ges (L) Av‡jv we‡f`Z‡j †h 

†Kv‡Y AvcwZZ nq Zvi Dci wbf©i K‡i| D`vniY ¯îƒc hLb Av‡jv evqy †_‡K mvaviY Kv‡Pi cv‡Zi Dci j¤ ̂

fv‡e AvcwZZ nq ZLb AvcwZZ Av‡jvi cÖvq 4% cybivq evqy gva¨‡g wd‡i Av‡m| Av‡jv evqy †_‡K mgZj `c©‡Yi 

Dci j¤ ̂fv‡e AvcwZZ nq ZLb AvcwZZ Av‡jvi  cÖvq 85% †_‡K  90%  cÖwZdwjZ nq| 

AvcwZZ Av‡jv wØZxq gva¨‡g m¤ú~Y© iƒ‡c †kvwlZ n‡j †Kv‡bv Av‡jvB cÖwZdwjZ nq bv Ges wØZxq gva¨g Kv‡jv 

†`Lvq| ev¯—‡e †Kv‡bv& e¯‘B m¤ú~Y© Kv‡jv nq bv; A_©vr mKj e¯‘c„ô n‡Z wKQy bv wKQy cwigvY Av‡jv cÖwZdwjZ 

nq| 

we‡f`Z‡ji ˆewk‡ó¨i Dc‡iI cÖwZdj‡bi cwigvY wbf©i K‡i| 

we‡f`Z‡ji ˆewkó¨ t 

(K) we‡f`Zj hZ †ekx gm„Y n‡e ZZ †ekx Av‡jvK iwk¥ cÖwZdwjZ n‡e| 

(L) we‡f`Zj hZ ¯̂”Q n‡e ZZ Kg Av‡jvK iwk¥ cÖwZdwjZ n‡e| 

(M) we‡f`Zj Kv‡jv n‡j cÖvq mg¯— Av‡jvK iwk¥ †kvlY Ki‡e d‡j †Kv‡bv Av‡jvK iwk¥ cÖwZdwjZ n‡e bv| †mB 

Kvi‡Y fv‡jv K¨v‡giv I ~̀iex¶Y h‡š¿i wfZ‡i Kv‡jv is Kiv _v‡K| 

(N) we‡f`Zj hZ cvwjk n‡e ZZ Kg Av‡jv wØZxq gva¨‡g cÖ‡ek Ki‡e Ges ZZ Kg Av‡jv †kvwlZ n‡e| 

we‡f`Zj mv`v n‡j †Kv‡bv Av‡jv †kvwlZ nq bv| cÖwZwe‡¤î D¾¡jZv e„w×i Rb¨ wm‡bgvi c`©v mv`v Kiv nq| 

(O) we‡f`Zj ¯̂”Q n‡j Av‡jvK iwk¥ Awfj‡¤î mv‡_ hZ †ekx †Kv‡Y AvcwZZ n‡e ZZ †ekx Av‡jv cÖwZdwjZ 

n‡e| 

 

6.1.2 cÖwZdjb (Reflection):  
Av‡jv GK gva¨g †_‡K Ab¨ gva¨‡g hvevi mgq Gi wKQy Ask gva¨g `ywUi we‡f`Z‡j evav †c‡q cÖ_g gva¨‡g 

wd‡i Av‡m| Av‡jvi GB NUbv‡K cÖwZdjb e‡j| 

cÖwZdj‡bi  cÖKvi‡f` (Types of Reflection):  
cÖwZdjb ỳB iKg n‡q _v‡K; h_v- 

 (K) wbqwgZ ev mylg cÖwZdjb (Regular Reflection) : GKwU gm„Y c„‡ô mgvš—

ivj Av‡jvK iwk¥¸”Q AvcwZZ n‡j hw` cÖwZdwjZ iwk¥¸”Q ci¯úi mgvš—ivj nq 

Z‡e ‡mB cÖwZdjb‡K wbqwgZ cÖwZdjb e‡j (wPÎ bs 6.1)| 

 

(L) AwbqwgZ ev welg cÖwZdjb (Irregular Reflection) : GKwU gm„Y c„‡ô mgvš—ivj Av‡jvK iwk¥¸”Q AvcwZZ 

n‡j hw` cÖwZdwjZ iwk¥¸”Q ci¯úi mgvš—ivj bv nq Z‡e ‡mB cÖwZdjb‡K AwbqwgZ cÖwZdjb e‡j (wPÎ bs 

6.2)| 

 

6.1.3 K‡qKwU cÖ‡qvRbxq msÁv (Some Important Definations) : 
 g‡b Kwi, MMO 

 GKwU gm„Y cÖwZdjKZj (wPÎ 6.3)| Gi 

O  we› ỳ‡Z PO  GKwU Av‡jvK ivwk¥ AvcwZZ n‡q OQ c‡_ 

cÖwZdwjZ n‡q‡Q| MMO 
 cÖwZdjKZ‡ji Dci O  we›`y‡Z 

ON  Awfj¤^̂ Uvbv n‡q‡Q (†Kv‡bv Z‡ji Dci Aw¼Z j¤^‡K 

Awfj¤ ̂ e‡j)| PO  Av‡jvK ivwk¥ ON  Gi mv‡_ 

iPON   †Kv‡Y AvcwZZ n‡q‡Q Ges OQ  Av‡jvK iwk¥ 

ON  Gi mv‡_ rQON   †Kv‡Y cÖwZdwjZ n‡q‡Q| 

 

wPÎ 6.1 

wPÎ 6.3  

AvcwZZ iwk¥ cÖwZdwjZ iwk¥ 

Awfj¤̂ 

we‡f`Zj ev 

cÖwZdjKZj 

AvcvZb we› ỳ 

cÖwZdjb 

†KvY 

AvcvZb 

†KvY 

P 

O 
M 

N 
Q 

M` 
r i 
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AvcwZZ iwk¥ (Incident Ray) t †Kv‡bv cÖwZdjKZ‡j †h Av‡jvK iwk¥ cwZZ nq Zv‡K AvcwZZ iwk¥ e‡j| (6.3 

bs) wP‡Î PO  AvcwZZ iwk¥| 

 

cÖwZdwjZ iwk¥ (Reflected Ray) t †Kv‡bv Av‡jvK iwk¥ cÖwZdj‡bi ci cÖwZdjKZj †_‡K †h iwk¥ c~‡e©i gva¨g 

wd‡i Av‡m Zv‡K cÖwZdwjZ iwk¥ e‡j| (6.3 bs) wP‡Î OQ  cÖwZdwjZ iwk¥| 

 

AvcZb we›`y (Point of Incidence) t †Kv‡bv cÖwZdjKZ‡ji †h we›`y‡Z iwk¥ AvcwZZ nq †mB we›`y‡K AvcZb 

we›`y e‡j| (6.3 bs) wP‡Î O  AvcZb we›`y| 

 

Awfj¤ ̂(Normal) t AvcZb we›`y‡Z cÖwZdjKZ‡ji Aw¼Z Awfj¤^‡K Av‡jvKweÁv‡b Awfj¤ ̂we‡ePbv Kiv nq| 

(6.3 bs) wP‡Î ON  Awfj¤|̂ 

 

AvcZb †KvY (Angle of Incidence) t AvcwZZ iwk¥ I Awfj‡¤^i ga¨eZ©x †KvY‡K AvcZb †KvY e‡j| GB 

†KvY‡K i  w`‡q cÖKvk Kiv nq| (6.3 bs) wP‡Î iPON   AvcZb †KvY|  

 

cªwZdjb †KvY (Angle of Reflection) t cÖwZdwjZ iwk¥ I Awfj‡¤^i ga¨eZ©x †KvY‡K cÖwZdjb †KvY e‡j| GB 

†KvY‡K r  w`‡q cÖKvk Kiv nq| (6.3 bs) wP‡Î rQON   cÖwZdjb †KvY|  

 

GLv‡b j¶Yxq †h, me©̀ v Av‡jvK iwk¥ Ges Awfj‡¤î ga¨eZ©x †KvYB gvcv nq| iwk¥ Ges cÖwZdjKZ‡ji ga¨eZ©x 

†KvY gvcv nq bv| Gi d‡j cÖwZdjKZ‡ji cÖK…wZ mgZj ev eµ hvB †nvK bv †Kb, Zvi Avi ¸i“Z¡ _v‡K bv| 

 

6.1.4 cÖwZdj‡bi m~Î (Laws of Reflection) : 
cix¶v K‡i †`Lv †M‡Q cÖwZdj‡bi ‡¶‡Î Av‡jv me©̀ v wbgœwjwLZ `ywU m~Î †g‡b P‡j,  

cÖ_g m~Î t AvcwZZ Av‡jvK iwk¥, cÖwZdwjZ iwk¥ Ges AvcZY we›`y‡Z 

Aw¼Z Awfj¤ ̂GKB Z‡j Ae¯’vb K‡i| 

(6.4 bs) wP‡Î ABCD GKwU mgZj `c©Y| O  we›`y‡Z GKwU Av‡jvK iwk¥ 

Awfj‡¤î mv‡_ †Kv‡bv GK †Kv‡Y AvcwZZ n‡q GKB †Kv‡Y cÖwZdwjZ n‡q‡Q| 

PQRS  Aci GKwU KvíwbK Zj we‡ePbv Kiv n‡q‡Q †h ZjwU‡Z AvcwZZ iwk¥, 

cÖwZdwjZ iwk¥ Ges Awfj¤̂ Aew ’̄Z| GB ZjwU `c©‡Yi Dci j¤ ̂ Ges QOR  †iLvwU `c©Y‡K ¯úk© K‡i Av‡Q| 

cÖwZdj‡bi cÖag  m~‡Î GB  ZjwU‡KB wb‡ ©̀k Kiv n‡q‡Q| 

 

wØZxq m~Î t AvcwZZ ‡KvY GKs cÖwZdjb †KvY me©̀ v mgvb nq| A_vr ri  | 

Awfj¤ ̂ AvcZ‡bi †¶‡Î AvcwZZ iwk¥ cÖwZdjKZ‡ji Dci j¤f̂v‡e c‡o Ges AvcZb †KvY k~b¨ nq| d‡j 

cÖwZdjb †KvYI k~b¨ nq| A_©vr G‡¶‡Î cÖwZdwjZ iwk¥ GKB c‡_ wd‡i Av‡m| 

 

6.1.5 cÖwZmiY (Refraction) :  
Av‡jvK iwk¥ hLb GK ¯”̂Q mgmZ¡ gva¨g †_‡K Ab¨ Avi GK ¯̂”Q mgmZ¡ gva¨‡g Zxh©K fv‡e cÖ‡ek K‡i ZLb GB 

`yB gva¨‡gi we‡f`Zj †_‡K GwU w`K cwieZ©b K‡i (wPÎ 6.5)| we‡f`Zj †_‡K Av‡jvK iwk¥i GB w`K 

cwieZ©b‡K Av‡jv‡Ki cÖwZmiY e‡j| wØZxq gva¨‡gi iwk¥wU‡K cÖwZmwiZ iwk¥ (Refracted Ray) ejv nq| †h Z‡j 

cÖwZmiY nq Zv‡K cÖwZmviK Zj ev we‡f` Zj (Refracting Surface) e‡j| AvcwZZ iwk¥ cÖwZmviKZ‡ji 

Awfj‡¤î mv‡_ †h †Kv‡Y AvcwZZ nq Zv‡K AvcZb †KvY (Angle of Incidence) e‡j Ges GB †KvY‡K i  w`‡q 

cÖKvk Kiv nq| cÖwZmwiZ iwk¥ Awfj‡¤î mv‡_ †h †Kv‡Y wØZxq gva¨‡g mÂvwjZ nq Zv‡K cÖwZmiY †KvY (Angle 
of Refraction) e‡j| Ges GB †KvY‡K r  w`‡q cÖKvk Kiv nq| hw` Av‡jvK iwk¥ Av‡jvi mv‡c‡¶ nvjKv gva¨g 

(evqy) †_‡K Av‡jvi mv‡c‡¶ Nb gva¨‡g (KvP) cÖ‡ek K‡i Z‡e cÖwZmwiZ iwk¥ Awfj‡¤î w`‡K †eu‡K hvq A_©vr 

ri   nq Ges hw` Av‡jvK iwk¥ Nb gva¨g †_‡K nvjKv gva¨‡g cÖ‡ek K‡i Z‡e cÖwZmwiZ iwk¥ Awfj¤ ̂‡_‡K `y‡i 

m‡i hvq A_©vr ir   nq| 
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6.1.6 cÖwZmi‡Yi m~Î (Laws of Refraction) :  
Av‡jvi cªwZmiY `yBwU m~Î †g‡b P‡jt 

 

1| AvcwZZ iwk¥, cÖwZmwiZ iwk¥ Ges we‡f` Z‡ji AvcZb we› ỳ‡Z AswKZ Awfj¤ ̂GKB mgZ‡j Ae¯’vb K‡i| 

 

2| GK †Rvov wbw`©ó ¯^”Q mgmZ¡ gva¨g Ges Zxh©K fv‡e AvcwZZ 

wbw`©ó e‡Y©i GKwU Av‡jvKiwk¥i Rb¨ AvcvZb †Kv‡Yi mvBb I 

cÖwZmiY ‡Kv‡Yi mvB‡bi AbycvZ GKwU aª“e msL¨v| G‡K †mœ‡ji 

m~ÎI ejv nq| 

 

AvcvZb †KvY i Ges cÖwZmiY †KvY r n‡j †mœ‡ji m~Îvbymv‡i, 
r
i

sin
sin

 

aª“eK = 21 | GB 21 †K cÖ_g gva¨‡gi mv‡c‡¶ wØZxq gva¨‡gi cÖwZmiYv¼ e‡j| AvcvZb †KvY cwieZ©b K‡i 

i1, i2, i3 ....... BZ¨vw` Ki‡j hw` cªwZmiY †KvY cwiewZ©Z n‡q r1, r2, r3 ...... BZ¨vw` nq Z‡e †mœ‡ji m~Îvbymv‡i,  


3

3

2

2

1

1

sin
sin

sin
sin

sin
sin

r
i

r
i

r
i

 … … …… … …… … …… … …… … ……………… (6.1) 

 Gi gvb Av‡jvKiwk¥i eY© I gva¨gØ‡qi cÖK…wZi Dci wbf©i K‡i| Av‡jvKiwk¥ hLb a gva¨g †_‡K b gva¨‡g 

cÖwZmwiZ nq ZLb cÖwZmiYv¼  †K ab w`‡q m~wPZ Kiv nq| 
Av‡jvKiwk¥ hLb GK ¯^”Q mgmZ¡ gva¨g †_‡K Ab¨ Avi GK ¯^”Q mgmZ¡ gva¨‡g cÖ‡e‡ki mgq we‡f` Z‡j 

AswKZ Awfj‡¤î mv‡_ 0° †Kv‡Y AvcwZZ nq ZLb Zv‡K Awfj¤ ̂AvcvZb e‡j|  

†mœ‡ji m~Îvbymv‡i, 
r
i

sin
sin

  

Awfj¤ ̂AvcvZ‡bi †¶‡Î, i = 0°      

AZGe,  


rsin
0sin

     

ev, 0sin r     [†h‡nZz  00sin  ] 
ev, 0sin r  [†h‡nZz   0]      
ev, r = 0  
A_©vr Awfj¤ ̂ AvcZ‡bi †¶‡Î Av‡jvKiwk¥ we‡f` Z‡ji mv‡_ Awfj¤ ̂ fv‡e cÖwZmwiZ n‡e| Gi †Kvb w`K 

cwieZ©b n‡e bv| 

 

6.1:  evqy gva¨g †_‡K GKwU Av‡jvK iwk¥ Nb gva¨‡gi we‡f` Z‡j Awfj‡¤î mv‡_ 30 †Kv‡Y AvcwZZ n‡jv| 

hw` evqyi mv‡c‡¶ Nb gva¨‡gi cÖwZmiYv¼ 33.1  n‡j Nb gva¨‡g we‡f` Z‡j Awfj‡¤î mv‡_ KZ †Kv‡Y 

cÖwZmwiZ n‡e †ei Ki“b| 

mgvavb:  †`qv Av‡Q, 

30i , 33.1  Ges ?r  

Avgiv Rvwb,

r
i

sin
sin

     ev, 


ir sinsin 
 

gvb emv‡j, 0.376
33.1
5.0

33.1
30sinsin

0

r  

ev, 

09.220.376sin 1  r   

DËi: 

09.22  

wPÎ 6.5 

i 

 r 

1 gva¨g 
Awfj¤̂ 

2 gva¨g 

AvcwZZ 

 iwk¥ 

we‡f` Zj 

AvcZb 

†KvY 

wePz¨wZ 

†KvY 

cÖwZmiY 

†KvY 

cÖwZmwiZ 

 iwk¥ 
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mvi-ms‡¶c :  

Av‡jvi cÖwZdjbt AvcwZZ iwk¥i wKQy Ask we‡f`Zj †_‡K cybivq cÖ_g gva¨‡g wd‡i Av‡m| GB NUbv‡K 

Av‡jvi cÖwZdjb e‡j| 

Av‡jvi cÖwZmiYt cÖ_g ¯^”Q I mgmZ¡  gva¨g †_‡K Av‡jvKiwk¥ wØZxq ¯^”Q I mgmZ¡ gva¨‡g we‡f`Z‡j 

Zxh©Kfv‡e AvcwZZ n‡j iwk¥¸”Q we‡f`Zj †_‡K w`K cwieZ©b K‡i| GB NUbv‡K Av‡jvi cÖwZmiY e‡j| 

AvcwZZ iwk¥t †Kv‡bv cÖwZdjKZ‡j †h Av‡jvK iwk¥ cwZZ nq Zv‡K AvcwZZ iwk¥ e‡j| 

cÖwZdwjZ iwk¥t †Kv‡bv Av‡jvK iwk¥ cÖwZdj‡bi ci cÖwZdjKZj †_‡K †h iwk¥ c~‡e©i gva¨g wd‡i Av‡m Zv‡K 

cÖwZdwjZ iwk¥ e‡j|  

AvcZb we›`yt †Kv‡bv cÖwZdjKZ‡ji †h we› ỳ‡Z iwk¥ AvcwZZ nq †mB we›`y‡K AvcZb we› ỳ e‡j|  

Awfj¤t̂ AvcZb we›`y‡Z cÖwZdjKZ‡ji Aw¼Z Awfj¤^‡K Av‡jvK-weÁv‡b Awfj¤ ̂we‡ePbv Kiv nq|  

AvcZb †KvYt AvcwZZ iwk¥ I Awfj‡¤ ̂ga¨eZ©x †KvY‡K AvcZb †KvY e‡j| GB †KvY‡K i  w`‡q cÖKvk Kiv 

nq|  

cªwZdjb †KvY t cÖwZdwjZ iwk¥ I Awfj‡¤ ̂ga¨eZ©x †KvY‡K cÖwZdjb †KvY e‡j| GB †KvY‡K r  w`‡q cÖKvk 

Kiv nq|  

cÖwZdj‡bi cÖ_g m~Î t AvcwZZ Av‡jvK iwk¥, cÖwZdwjZ iwk¥ Ges AvcvZi we›`y‡Z Aw¼Z Awfj¤ ̂GKB Z‡j 

Ae¯’vb K‡i| 

cÖwZdj‡bi wØZxq m~Î t AvcwZZ ‡KvY GKs cÖwZdjb †KvY me©̀ v mgvb nq| A_vr ri  | 

cÖwZmi‡Yi m~Î cÖ_g m~Î t AvcwZZ iwk¥, cÖwZmwiZ iwk¥ Ges we‡f` Z‡ji AvcvZb we›`y‡Z AswKZ Awfj¤ ̂

GKB mgZ‡j Ae¯’vb K‡i| 

cÖwZmi‡Yi m~Î wØZxq m~Î t GK †Rvov wbw`©ó ¯^”Q mgmZ¡ gva¨g Ges Zxh©K fv‡e AvcwZZ wbw`©ó e‡Y©i GKwU 

Av‡jvKiwk¥i Rb¨ AvcvZb †Kv‡Yi mvBb I cÖwZmiY ‡Kv‡Yi mvB‡bi AbycvZ GKwU aª“e msL¨v| G‡K †mœ‡ji 

m~ÎI ejv nq| 

 

 

cv‡VvËi g~j¨vqb: 6.1 

eûwbe©vPbx cÖkœ: 

bx‡Pi DÏxcKwU co–b Ges 1, 2 I 3 bs cÖ‡kœi DËi w`b| GKwU iwk¥ †Kv‡bv cÖwZdj‡Ki m‡½ 

30 †Kv‡Y 

AvcwZZ nq|  

1| cÖwZdjb ‡KvY n‡e 

K. 

30   L. 

60    

M. 

100  N. 

120  

2| iwk¥wUi wePz¨wZ n‡e 

K. 

30   L. 

60    

M. 

100  N. 

120  

3| AvcwZZ Ges cÖwZdwjZ iwk¥i g‡a¨ †KvY n‡e 

K. 

30   L. 

60    

M. 

100  N. 

120  
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cvV-6.2  cÖwZmiYv¼ I †mœ‡ji m~‡Îi mvaviY iƒc 

 Refractive Index and is the General form of Snell’s Law 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 Av‡cw¶K I cig cÖwZmiYv¼ e¨vL¨v Ki‡Z cvi‡eb| 

 †¯œ‡ji m~‡Îi mvaviY iƒc cÖwZcv`b Ki‡Z cvi‡eb| 

 

6.2.1 cÖwZmiYv¼ (Refractive Index) : GK †Rvov wbw`©ó ¯̂”Q mgmZ¡ gva¨g Ges Zxh©K fv‡e 

AvcwZZ wbw`©ó e‡Y©i GKwU Av‡jvKiwk¥i Rb¨ AvcvZb †Kv‡Yi mvBb I cÖwZmiY ‡Kv‡Yi mvB‡bi 

AbycvZ GKwU aª“e msL¨v| GB aª“e msL¨v‡K cÖ_g gva¨‡gi mv‡c‡¶ wØZxq gva¨‡gi cÖwZmiYv¼ 

e‡j| hw` Av‡jvKiwk¥ a gva¨‡g i †Kv‡Y AvcwZZ n‡q b gva¨‡g r †Kv‡Y cÖwZmwiZ nq Z‡e a gva¨‡gi mv‡c‡¶ b 

gva¨‡g cÖwZmiYv¼, r
i

ba sin
sin

  

wewfbœ gva¨‡g Av‡jvi †eM wewfbœ| Avgiv Av‡jvi †e‡Mi mvnv‡h¨I cÖwZmiYv‡¼i msÁvwqZ Ki‡Z cvwi|  

‡Kv‡bv gva¨‡gi cÖwZmiv¼  n‡j k~b¨ gva¨‡g Av‡jvi †eM Ges †mB gva¨‡g Av‡jvi †e‡Mi AbycvZ| 

k~b¨ gva¨‡g Av‡jvi †eM oc  Ges †mB gva¨‡g Av‡jvi †e‡Mi mc  n‡j, 

m

o

c
cμ    ........................... (6.2) 

cÖwZmiYv¼ `yB cÖKvi, h_v- 1) Av‡cw¶K cÖwZmiYv¼   2) cig cÖwZmiYv¼| 

 

Av‡cw¶K cÖwZmiYv¼ (Relative Refractive Index) :  
GK ¯^”Q mgmZ¡ gva¨‡gi mv‡c‡¶ Aci †Kvb ¯^”Q mgmZ¡ gva¨‡gi cÖwZmiYv¼‡K cÖ_g gva¨‡gi mv‡c‡¶ wØZxq 

gva¨‡gi Av‡cw¶K cÖwZmiYv¼ e‡j| mvaviYZ: a gva¨‡gi mv‡c‡¶ b gva¨‡g cÖwZmiYv¼‡K ba  w`‡q ‡jLv nq| 

A_©vr 

r
i

ba sin
sin

   … … …… … …… … …… … ……… … …(6.3) 

Avgiv Rvwb, Av‡jvi MwZc_ cÖZ¨veZ©bkxj (Reversible)| A_©vr MwZc‡_i †Kv‡bv 

we›`y †_‡K hw` 180 wePz¨wZ NUv‡bv hvq Z‡e Av‡jv GKB c‡_ wd‡i Avm‡e| 

myZivs Av‡jvK iwk¥ hw` b gva¨g †_‡K G‡m we‡f`Z‡j Awfj‡¤̂i mv‡_ r †Kv‡Y 

AvcwZZb n‡q a gva¨‡g i †Kv‡Y cÖwZmwiZ nq Z‡e b gva¨‡gi mv‡c‡¶ a gva¨‡g 

cÖwZmiYv¼ i
r

ab sin
sin

    

myZivs 1
sin
sin

sin
sin


i
r

r
i

abba   

ev, 
ab

ba 
 1

  … … …… … …… … …… ……… … …… …(6.4) 

 

6.2.2 cig cÖwZmiYv¼ (Absolute Refractive Index) :  
k~b¨ gva¨‡gi mv‡c‡¶ †Kvb ¯^”Q mgmZ¡ gva¨‡gi cÖwZmiYv¼‡K H gva¨‡gi cig cÖwZmiYv¼ e‡j| ¯úóZt k~b¨ 

¯’v‡bi cÖwZmiYv¼ 1| 

 †Kv‡bv gva¨‡gi cÖwZmiYv¼ ej‡Z mvaviYZ evqy gva¨‡gi mv‡c‡¶ H gva¨‡gi cÖwZmiYv¼ †evSvq| GwU gva¨‡gi 

cig cÖwZmiYv¼ bq| k~b¨ gva¨‡gi mv‡c‡¶ evqy gva¨‡gi cÖwZmiYv¼ a = 1.002918 Ges evqyi mv‡c‡¶ Kv‡P 

wPÎ : 6.6 
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cÖwZmiYv¼ 1.5| myZivs Kv‡Pi cig cÖwZmiYv¼ 49956.1
002918.1

5.1
g  Ges GB gvb‡K 1.5 ai‡j ¯úóZ 

†Kv‡bv Î“wU nq bv| GB Kvi‡Y evqy gva¨‡gi mv‡c‡¶ Ab¨ †Kv‡bv gva¨‡gi cÖwZmiYv¼‡K cig cÖwZmiYv¼ wnmv‡e 

we‡ePbv Kiv nq| †Kv‡bv gva¨‡gi cig cÖwZmiYv¼‡K   w`‡q cÖKvk Kiv nq| GKvwaK gva¨g _vK‡j 321 ,,   

BZ¨vw` wPý w`‡q cÖKvk Kiv nq| Ggb †Kv‡bv gva¨‡gi Aw¯—Z¡ †bB hvi 1 | 

 

 

cig cÖwZmiYv¼ I Av‡cw¶K cÖwZmiYv‡¼i g‡a¨ cv_©K¨ bx‡P †`qv n‡jv| 

cig cÖwZmiYv¼ Av‡cw¶K cÖwZmiYv¼ 

1) k~b¨ gva¨‡gi mv‡c‡¶ †Kv‡bv ¯”̂Q mgmZ¡ 

gva¨‡gi cÖwZmiYv¼‡K cig cÖwZmiYv¼ 

e‡j| 

1) GK ¯^”Q mgmZ¡ gva¨‡gi Aci †Kvb ¯^”Q mgmZ¡ gva¨‡gi 

cÖwZmiYv¼‡K Av‡cw¶K cÖwZmiYv¼ e‡j|   

2) k~b¨ gva¨‡g Av‡jvK iwk¥ we‡f` Z‡j 

Awfj‡¤î mv‡_ i †Kv‡Y AvcwZZ n‡q Aci 

†Kvb ¯^”Q mgmZ¡ a gva¨‡g r †Kv‡Y cÖwZmwiZ 

nq Z‡e cig cÖwZmiYv¼, 

r
i

a sin
sin

  

2) a gva¨‡g Av‡jvK iwk¥ we‡f` Z‡j Awfj‡¤î mv‡_ i †Kv‡Y 

AvcwZZ n‡q Aci †Kvb ¯^”Q mgmZ¡ b gva¨‡g r †Kv‡Y 

cÖwZmwiZ nq Z‡e Av‡cw¶K cÖwZmiYv¼,  r
i

ba sin
sin

  

3) k~b¨ I a gva¨‡g Av‡jvi †eM h_vµ‡g oc I 

ac  n‡j cig cÖwZmiYv¼, 

a

o
a c

c
  

3)  a I b gva¨‡g Av‡jvi †eM h_vµ‡g ac I bc   n‡j  

cÖwZmiYv¼, 
b

a
ba c

c
  

4) Av‡jvi Zi½ ˆ`N©̈  bv e`jv‡j †Kv‡bv ¯”̂Q 

gva¨‡gi cig cÖwZmiYv¼ ïay gva¨‡gi 

cÖK…wZi Dci wbf©i K‡i| 

4) Av‡jvi Zi½ ˆ`N©̈  bv e`jv‡j †Kv‡bv ¯^”Q gva¨‡gi 

Av‡cw¶K cÖwZmiYv¼ gva¨g `yBwUi cÖK…wZi Dci wbfi K‡i| 

5) cig cÖwZmiYv‡¼i gvb me©̀ vB G‡Ki 

†P‡q eo nq| 

5) Av‡cw¶K cÖwZmiYv‡¼i gvb G‡Ki †P‡q eo ev †QvU n‡Z 

cv‡i| 

6) cig cÖwZmiYv¼ mivmwi wbY©q Kiv hvq| 

6) a I b gva¨‡g cig cÖwZmiYv¼ h_vµ‡g hw`  a Ges b nq 

Z‡e a gva¨‡gi mv‡c‡¶ b gva¨‡gi cÖwZmiYv¼ 

a

b
ba 


   

 

 

6.2.3 Av‡cw¶K cÖwZmiYv‡¼i e¨vL¨v (Explanation of Relative Refractive Index) :  
g‡b Kwi evqy (a), cvwb (w), I KvP (g) wZbwU ¯”̂Q wfbœ gva¨g ci¯úi 

mgvš—ivj fv‡e mw¾Z Av‡Q (wPÎ 6.7)| GKwU GK e‡Y©i Av‡jvK PQ 

iwk¥ a I w gva¨‡g we‡f` Z‡j Awfj‡¤î mv‡_ i †Kv‡Y AvcwZZ n‡q r 

†Kv‡Y QR c‡_ cÖwZmwiZ n‡jv| GB cÖwZmwiZ Av‡jvK iwk¥ w I g 
gva¨‡gi we‡f` Z‡j Awfj‡¤î mv‡_ r †Kv‡Y AvcwZZ n‡q r †Kv‡Y RS 
c‡_ cÖwZmwiZ n‡jv (†h‡nZz a I w Ges w I g Gi we‡f` ZjØq mgvš—

ivj ZvB Awfj¤Ø̂qI mgvš—ivj)| GB cÖwZmwiZ Av‡jvK iwk¥ g I a 
gva¨‡gi we‡f` Z‡j Awfj‡¤î mv‡_ r †Kv‡Y AvcwZZ n‡q i †Kv‡Y ST 

c‡_ wbM©Z n‡e, KviY PQ I ST  Av‡jvK iwk¥ GKB gva¨‡g Aew¯’Z ZvB iwk¥Øq mgvš—ivj| 

 i evqy (a) 

r cvwb (w) r 

KvP (g) r 
r 

evqy (a)  i 

Q 
P 

R 

S 
T 

wPÎ 6.7 
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wPÎvbymv‡i, a gva¨‡gi mv‡c‡¶ w  gva¨‡gi  cÖwZmiYv¼ †‡ji m~Îvbymv‡i †jLv hvq, 
r
i

wa sin
sin

   

Abyiƒcfv‡e w gva¨‡gi mv‡c‡¶ g gva¨‡gi Ges g gva¨‡gi mv‡c‡¶ a gva¨‡gi cÖwZmiYv¼ h_vµ‡g, 

 

r
r

gw 


sin
sin Ges 

i
r

ag sin
sin 

   

Dc‡ii mgxKiY wZbwU‡K ¸Y K‡i †jLv hvq, 

1
sin
sin

sin
sin

sin
sin








i
r

r
r

r
i

aggwwa   

ev,  1 
ga

gwwa 
   = 1         (†h‡nZz  1 

ga
ag 

  ) 

myZivs, 
wa

ga
gw 


    … … … … … … … … … … … … … … … … … … … … …  (6.5) 

(6.5)  mgxKiYwU Av‡cw¶K cÖwZmiYv‡¼i mgxKiY wb‡`©k K‡i| 

GLb a  g a¨‡g Av‡jvi †eM ac  n‡j a  g a¨‡gi cÖwZmiYv¼ 
a

o
a c

c
  

Ges b  g a¨‡g Av‡jvi †eM bc  n‡j b  g a¨‡gi cÖwZmiYv¼ 
b

o
b c

c
  

Zvn‡j,  
b

a

a

b

c
c





  … … … … … … … … … … … … … … … … … … … …… … (6.6) 

(6.6) bs mgxKiYwU cÖgvY K‡i †Kv‡bv gva¨‡gi cig cÖwZmiYv¼ H gva¨‡g Av‡jvi †e‡Mi e¨v¯—vbycvwZK| 

Avevi, 6.5  mgxKiY Abymv‡i, 

b

a

a

b
ba c

c





  

ev, 
b

a
ba c

c
  … … … … … … … … … … … … … … … … … … … …… ………  (6.7) 

Avevi, †mœ‡ji myÎvby v‡i
r
i

ba sin
sin

  

myZivs 
r
i

c
c

b

a

sin
sin

  

ev, 
ba c
r

c
i sinsin
  … … … … … … … … … … … … … … … … … … … …… ……  (6.8) 

Avevi, 
a

b
ba r

i



 
sin
sin

 

ev, ri ba sinsin    … … … … … … … … … … … … … … … … … … …   ……  (6.9) 
(6.9) mgxKiYwU †mœ‡ji m~‡Îi mvaviY iƒc wb‡`©k K‡i|            
 

6.2.4 msKU ‡KvY I c~Y© Af¨š—ixY cÖwZdjb (Critical 
Angle and Total Internal Reflection): 
Av‡jvK iwk¥ hLb Nb gva¨g †_‡K nvjKv gva¨‡g cÖ‡ek K‡i 

Q1 
O2 O1 O Q2 

O3 
Q3 

P 

i 
 

c r 

 a nvjKv 

 b Nb 

Q 

wPÎ 6.8 



c`v_©weÁvb 2q cÎ 

BDwbU 6  c„ôv-191 

ZLb nvjKv gva¨‡g Av‡jvK iwk¥ Awfj¤ ̂†_‡K ~̀‡i m‡i hvq| ZvB nvjKv gva¨‡g cÖwZmiY †KvY me©̀ v AvcZb 

†KvY A‡c¶v eo nq| AvcZb †KvY evo‡Z _vK‡j cÖwZmiY †KvYI evo‡Z _v‡K| Nb gva¨‡g AvcZb †KvY 

evo‡Z evo‡Z Ggb GK Ae¯’vq Av‡m hLb cÖwZmwiZ iwk¥ we‡f`Zj w`‡q Mgb K‡i| A_©vr cÖwZmwiZ iwk¥ 

Awfj‡¤î mv‡_ mg‡Kv‡Y _v‡K| Nb gva¨‡gi GB †KvY‡K msKU †KvY e‡j| msKU †KvY‡K mvaviYZ c cÖKvk 

Kiv nq| msKU †Kv‡Yi †P‡q eo †Kv‡Y Av‡jvK iwk¥ Nb gva¨‡g AvcwZZ n‡j Av‡jvK iwk¥ we›`y gvÎ nvjKv 

gva¨‡g cÖwZmwiZ bv n‡q we‡f`Zj w`‡q m¤c~©Yiƒ‡c cÖwZ cÖwZdwjZ nq| G‡K c~Y© Af¨š—ixY cÖwZdjb e‡j| 

 
6.2.5 msKU ‡KvY: GK †Rvov wbw`©ó ¯^

P

Q mgmZ¡ gva¨‡gi GKwU wbw`©ó e‡Y©i Av‡jvK iwk¥ Nb gva¨‡g Awfj‡¤î 

mv‡_ †h †Kv‡Y AcwZZ n‡j cÖwZmwiZ iwk¥ we‡f` Zj Øviv Mgb K‡i, Nb gva¨‡gi †mB †KvY‡K msKU †KvY 

e‡j| msKU †KvY‡K mvaviYZt ccÖKvk Kiv nq| 

wP‡Î a nvjKv gva¨g Ges b Nb gva¨g| g‡b Kwi Nb gva¨‡g PO2 Av‡jvK iwk¥ O2 we›`y‡Z AswKZ Awfj‡¤î mv‡_ 

c †Kv‡Y AvcwZZ nIqvq we‡f` Zj w`‡q O2Q2 c‡_ Awfj‡¤î mv‡_ 90 cÖwZmwiZ n‡jv|  

cÖwZmi‡Yi m~Îvbymv‡i,

sin
sina b

i
r

      

ev, 

c
ba 


sin

90sin 

  

ev, 

c
ba 


sin

1
  … … …… … …… … …… … …… … …… … …… … …… … …(6.10) 

GUvB cÖwZmiYvs‡Ki mv‡_ msKU ‡Kv‡Yi m¤cK©| 

 

6.2.6 c~Y© Af¨š—ixY cÖwZdjb (Total Internal Reflection) :  
GK †Rvov wbw`©ó ¯^

P

Q mgmZ¡ gva¨‡g GKwU wbw`©ó e‡Y©i Av‡jvK iwk¥ Nb gva¨g †_‡K nvjKv gva¨‡g hvevi mgq 

hw` ỳB gva¨‡gi we‡f` Z‡j msKU †Kv‡Yi †P‡q eo †Kv‡Y AvcwZZ nq Z‡e Av‡jvK iwk¥ nvjKv gva¨‡g we›`ygvÎ 

cÖwZm„Z bv n‡q m¤c~Y©iƒ‡c we‡f` Zj Øviv Nb gva¨‡g cªwZdwjZ nq| G‡K c~Y© Af¨š—ixY cÖwZdjb e‡j|  

 

6.2.7 c~Y© Af¨š—ixY cÖwZdj‡bi kZ© t- c~Y© Af¨š—ixY cÖwZdj‡bi kZ© ỳBwU| 

1| Av‡jvK iwk¥ Aek¨B Nb gva¨g †_‡K nvjKv gva¨‡gi w`‡K †h‡Z n‡e| 

2| GK †Rvov wbw`©ó m

P

Q mgmZ¡ gva¨g I GKwU wbw`©ó e‡Y©i Av‡jvK iwk¥‡K msKU †Kv‡Yi †P‡q eo †Kv‡Y 

AvcwZZ n‡Z n‡e| 

 
D`vniY-6.2: GKwU ¯^”Q gva¨‡gi cÖwZmiYv¼ 1.65 n‡j H gva¨‡g Av‡jvi †eM †ei Ki“b| k~b¨¯’v‡b Av‡jvi 

†eM, 

18 ms103 oc  

 

mgvavb:  †`qv Av‡Q, 65.1 ,

18 ms103 oc Ges ?v  

Avgiv Rvwb, 

m

o

c
c

  

ev, 

18
8

ms1082.1
65.1
103 





o

m
cc   

DËi: 

18 ms1082.1   
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D`vniY 6.3: Kv‡Pi I cvwbi cÖwZmiYv¼ h_vµ‡g 

2
3

Ges 

3
4

| cvwbi mv‡c‡¶ Kv‡Pi cÖwZmiYv¼ †ei Ki“b| 

mgvavb:  †`qv Av‡Q, 

2
3

ga ,  

3
4

wa , ?gw     

Avgiv Rvwb, 

wa

ga
gw 


    

AZGe,  

8
9

4
3

2
3

gw    

D: 

8
9

 

D`vniY 6.4: cvwbi cÖwZmiYv¼ 

3
4

 n‡j cvwbi msKU †KvY †ei Ki“b| 

mgvavb:  †`qv Av‡Q, 

3
4

 , ?c  

Avgiv Rvwb, 

c


sin
1

  

ev, 0.75
4
31sin 


c  

ev, 48.60.75sinsin 1  
c   

D: 

48.6  

 

 

mvi-ms‡¶c :  

cÖwZmiYv¼t GK †Rvov wbw`©ó ¯^”Q mgmZ¡ gva¨g Ges Zxh©K fv‡e AvcwZZ wbw`©ó e‡Y©i GKwU Av‡jvKiwk¥i 

Rb¨ AvcvZb †Kv‡Yi mvBb I cÖwZmiY ‡Kv‡Yi mvB‡bi AbycvZ GKwU aª“e msL¨v| GB aª“e msL¨v‡K cÖ_g 

gva¨‡gi mv‡c‡¶ wØZxq gva¨‡gi cÖwZmiYv¼ e‡j| 

cig cÖwZmiYv¼t k~b¨ gva¨‡gi mv‡c‡¶ †Kvb ¯^”Q mgmZ¡ gva¨‡gi cÖwZmiYv¼‡K H gva¨‡gi cig cÖwZmiYv¼ 

e‡j|  

Av‡cw¶K cÖwZmiYv¼t  GK ¯^”Q mgmZ¡ gva¨‡gi mv‡c‡¶ Aci †Kvb ¯^”Q mgmZ¡ gva¨‡gi cÖwZmiYv¼‡K cÖ_g 

gva¨‡gi mv‡c‡¶ wØZxq gva¨‡gi Av‡cw¶K cÖwZmiYv¼ e‡j| 

msKU ‡KvYt GK †Rvov wbw`©ó ¯^

P

Q mgmZ¡ gva¨‡gi GKwU wbw`©ó e‡Y©i Av‡jvK iwk¥ Nb gva¨‡g Awfj‡¤î mv‡_ 

†h †Kv‡Y AcwZZ n‡j cÖwZmwiZ iwk¥ we‡f` Zj Øviv Mgb K‡i, Nb gva¨‡gi †mB †KvY‡K msKU †KvY e‡j| 

c~Y© Af¨š—ixY cÖwZdjbt  GK †Rvov wbw`©ó ¯^

P

Q mgmZ¡ gva¨‡g GKwU wbw`©ó e‡Y©i Av‡jvK iwk¥ Nb gva¨g 

†_‡K nvjKv gva¨‡g hvevi mgq hw` `yB gva¨‡gi we‡f` Z‡j msKU †Kv‡Yi †P‡q eo †Kv‡Y AvcwZZ nq Z‡e 

Av‡jvK iwk¥ nvjKv gva¨‡g we›`ygvÎ cÖwZm„Z bv n‡q m¤c~Y©iƒ‡c we‡f` Zj Øviv Nb gva¨‡g cªwZdwjZ nq| 

G‡K c~Y© Af¨š—ixY cÖwZdjb e‡j|  
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cv‡VvËi g~j¨vqb: 6.2 

eûwbe©vPbx cÖkœ: 

bx‡Pi DÏxcKwU co–b Ges 1 I 2 bs cÖ‡kœi DËi w`b| 

GKwU Kv‡Pi ¯ve cvwb‡Z wbgw¾Z Av‡Q| †`qv Av‡Q 5.1ga  Ges 33.1wa  

1| KvP I cvwbi we‡f`Z‡j GKwU Av‡jvK iwk¥i Rb¨ msKU †KvY KZ? 

  K. 

8.44  L. 

7.52   

M. 

7.56  N. 

5.62  

2| cvwbI evqyi we‡f`Z‡j GKwU Av‡jvK iwk¥i Rb¨ msKU †KvY KZ? 

   K. 

8.44  L. 

7.52   

M. 

7.56  N. 

5.62  

 

 

cvV-6.3 : dvg©v‡Ui bxwZ I Av‡jvi cÖwZdjb I cÖwZmiY  

Fermat's principle, Reflection and Refraction 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 dvg©v‡Ui bxwZ e¨vL¨v Ki‡Z cvi‡eb| 

 dvg©v‡Ui bxwZi mvnv‡h¨ Av‡jvi cÖwZdj‡bi m~Î we‡klY Ki‡Z cvi‡eb| 

 dvg©v‡Ui bxwZi mvnv‡h¨ Av‡jvi cÖwZmi‡Yi m~Î we‡klY Ki‡Z cvi‡eb| 

 

 

6.3.1 dvg©vU bxwZ (Fermat's Principle): 
 Av‡jvK iwk¥ GK we›`y †_‡K Ab¨ we›`y‡Z hvevi mgq m¤¢ve¨ mKj c‡_i g‡a¨ †mB c_ AbymiY K‡i 

†h c_ me©wb¤œ mg‡q AwZµg Kiv hvq| 

 

6.3.2 dvg©vU bxwZi MvwYwZK e¨vL¨v (Mathemetical form of Fermat's principle): 

Avgiv Rvwb,  dtt  Ges v
dt
ds

    

 ev,

v
dsdt  ,    

myZivs,  v
dst |  

k~b¨ gva¨‡g Av‡jvi †eM c Ges Ab¨ ‡Kv‡bv gva¨‡g Av‡jvi †eM v n‡j, 

gva¨‡gi cig cÖwZmiYv¼, 

v
c

    

ev, 


cv 

    

AZGe,   ds
c

ds
c

t  1
… … … … … … … … … … …  … … … … … ………  (6.11) 
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hw`, Av‡jvK iwk¥ B‡Zvg‡a¨ AB c_ AwZµg K‡i Z‡e, 
B

A

ds
c

t 
1

 

GLv‡b,  tsds
B

A

  ‡K Av‡jvK iwk¥i c_ ORP (Optical Ray Path) e‡j| 

dvg©v‡Ui me©wb¤œ mg‡qi bxwZ Abymv‡i,  

01









 

B

A

ds
c

t   … … … … … …… … …  … … … … … … … … …  (6.12) 

 

6.3.3 dvg©vU bxwZi R¨vwgwZK e¨vL¨v (Geometrical Explanation of Fermat's Principle) : 
g‡b Kwi, A we›`y n‡Z GKwU Av‡jvK iwk¥ MOM` `c©‡Y cªwZdwjZ n‡q B we›`y‡Z 

Mgb Ki‡jv| A n‡Z B  ‡Z hvevi Rb¨ m¤¢e¨ A‡bK¸‡jv c_ n‡Z cv‡i| wPÎ (6.9)-

G ACB, AOB Ges APB c_ †`Lv‡bv n‡jv| GLb †KvbwU Av‡jvKxq c_ A_©vr 

me©wb¤œ c_ Zv †ei Ki‡Z n‡e| KviY †h‡nZz gva¨g GKB †m‡nZz Av‡jvi †eM 

AcwiewZ©Z _vK‡e| d‡j A n‡Z Av‡jvK iwk¥ `c©‡Y cªwZdwjZ B-†Z †h c‡_B hvK 

bv †Kb vts  | myZivs s ¶z̀ ªZg n‡j t I ¶z`ªZg n‡e| 

GLb, B n‡Z BM` j¤ ̂AsKY Kwi Ges B` ch©š— ewa©Z Kwi †hb BM` = B`M` nq| B`Gi mv‡_ C, O Ges P  
we›`y¸‡jv †hvM Kwi| myZivs, CB = CB`, OB = OB`Ges PB = PB`| 

AZGe, AC + CB = AC + CB`, AO + OB = AO + OB` Ges AP + PB = AP + PB` 
O we›`y‡K Ggb fv‡e †bqv n‡q‡Q †hb AOB` GKwU mij †iLv nq| 

Zvn‡j, ACB` Ges APB` ‡¶‡Î, AC + CB` > AB` Ges AP + PB` > AB` 
myZivs,  AB` A_©vr AO + OB c_ n‡jv ¶z ª̀Zg | 

AZGe, A n‡Z Av‡jvK iwk¥ `c©‡Y cªwZdwjZ B we›`y‡Z †h‡Z AOB c_ AbymiY Ki‡e| 

 

6.3.4 dvg©vU bxwZi mvnv‡h¨ cÖwZdj‡bi m~Î cÖgvY: 

Av‡jvK iwk¥ †Kv‡bv gm„Y ZjØviv cÖwZdwjZ nevi mgq `ywU myÎ †g‡b P‡j|  

cÖ_g m~Î: AvcwZZ iwk¥, cÖwZdwjZ iwk¥ Ges AvcZb we›`y‡Z AswKZ Awfj¤ ̂GKB mgZ‡j Ae¯’vb K‡i| 

wØZxq m~Î: AvcvZb †KvY I cÖwZdjb †KvY ci¯úi mgvb| 

 

cÖ_g m~‡Îi cÖgvYt 

wP‡Î PQRS GKwU mgZj `c©Y| ABCD n‡jv mgZj `c©‡Yi Dci Awfj¤ ̂eivei GKwU KvíwbK Zj| COD 
n‡jv KvíwbK Zj Ges `c©‡Yi ¯úk© †iLv| ABCD KvíwbK Z‡j AO GKwU AvcwZZ Av‡jvK iwk¥ `c©‡Yi O 
we›`y‡Z AvcwZZ n‡q OB c‡_ cÖwZdwjZ n‡jv Ges ON n‡jv `c©‡Yi O we›`y‡Z AswKZ Awfj¤|̂ myZivs AO, OB 
Ges ON GKB ABCD Z‡j  Aew¯’Z| 

GLb aiv hvK, AO Av‡jvK iwk¥ AO c‡_ AvcwZZ bv n‡q AO` c‡_ AvcwZZ n‡q O` c‡_ cÖwZdwjZ n‡jv| 
OO` n‡jv PQRS `c©‡Yi Z‡j Aew¯’Z Ges ABCD Z‡ji Dci j¤|̂ Zvn‡j wÎfyR AOO` Gi AO` Ges wÎfyR 

BOO` Gi O`B n‡jv AwZfyR| d‡j AO`>AO Ges O`B>OB| Zvn‡j, AO`+ 
O`B > AO + OB| GKB fv‡e A †_‡K Av‡jvK iwk¥ `c©Y w`‡q cÖwZdwjZ n‡q B 

†Z wd‡i †h‡Z n‡j  O we›`y Qvov OO` Gi ewa©Z †iLvi Dci †h †Kv‡bv we› ỳ 

we‡ePbv Ki‡j ‡m c_wU Aek¨B AO + OB c_ A‡c¶v eo n‡e| GwU dvg©vU 

bxwZi cwicwš’| KviY Ab¨ mKj c_ eo nIqvq Av‡jvK iwk¥i A †_‡K B †Z 

†h‡Z †ekx mgq jvM‡e| myZivs AvcwZZ iwk¥ AO, cÖwZdwjZ iwk¥ OB Ges 

B A 

O M P 
B` 
M` C 
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AvcZb we›`y‡Z AswKZ Awfj¤^ ON GKB mgZj ABCD G Ae¯’vb K‡i|  

GwUB Av‡jv‡Ki cÖwZdj‡bi cÖ_g m~Î| 

 

MvwYwZK fv‡eI GB m~ÎwU e¨vL¨v Kiv hvq| bx‡P MvwYwZK e¨vL¨v †`qv n‡jv| 

wPÎvbymv‡i, ,xOO  yAO   Ges zOB   myZivs,

2222 , xzBOxyOA  | 

 Av‡jvi †eM c n‡j, 

c
xzxy

c
BOOAt

2222 



  

wPÎvbymv‡i, x Gi cwieZ©‡b Av‡jvK iwk¥i c_ cwiewZ©Z n‡e| myZivs, dvg©vU bxwZ Abymv‡i, 0
dx
dt

 

myZivs, x Gi mv‡c‡¶ t  †K e¨eKjb K‡i cvB,  

    01
2
1

222
1

22 







 xzxy

dx
d

cdx
dt

   

 ev,     02
2
12

2
1

2
1

222
1

22 
 xxzxxy  

ev,     02
1

222
1

22 
 xzxxyx  

ev, 0
2222





 xz
x

xy
x

 

ev, 0sinsin  OOBOOA  

GB mgxKiYwU mZ¨ n‡Z cv‡i hw` Ges GKgvÎ hw` 

0 OOBOOA  nq| (

180 n‡j xOO   

`c©‡Yi mgvš—iv‡j _vK‡e bv|) Avevi hw`,

0 OOBOOA  nq Z‡e, 0 xOO  n‡e| 

myZivs, AvcwZZ iwk¥, cÖwZdwjZ iwk¥ Ges AvcZb we›`y‡Z AswKZ Awfj¤ ̂GKB mgZ‡j Ae¯’vb K‡i| 

 

wØZxq m~‡Îi cÖgvYt 

wP‡Î GKwU MM 
 mgZj `c©‡Y cÖwZdjb †`Lv‡bv n‡jv| GLv‡b, NO n‡jv Awfj¤̂|  

‡h‡nZz NO||AM Ges AO G‡`i‡K †Q` K‡i‡Q, †m‡nZz NOA=OAM=i 
Avevi, ‡h‡nZz NO||BM` Ges OB G‡`i‡K †Q` K‡i‡Q, †m‡nZz 
NOB=OBM`=r 
wPÎvbymv‡i, Av‡jvK iwk¥ c_, OBAOD  Ges wc_v‡Mviv‡mi m~Îvbymv‡i, 

22
1 xhAO  ,  22

2 xdhOB       

myZivs,  22
2

22
1 xdhxhD   

hw` gva¨‡g Av‡jvi †eM c nq Z‡e,   



  22

2
22

1
1 xdhxh
cc

Dt  

wPÎvbymv‡i, x Gi cwieZ©‡b Av‡jvK iwk¥i c‡_ cwiewZ©Z n‡e| myZivs dvg©vU bxwZ Abymv‡i, 0
dx
dt

 

myZivs, x Gi mv‡c‡¶ t  †K e¨Kjb K‡i cvB,  

         012
2
12

2
11 2

1
22

2
2
1

22
1 











xdxdhxxh

cdx
dt

 

M` 
x 

h1 h2 

d 

d-x 

r i 
A B 

O 

N 

M 

i r 
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ev, 

 
0

22
2

22
1







 xdh

xd

xh

x
      

ev, 

 22
2

22
1 xdh

xd

xh

x







 

wPÎvbymv‡i, 

22
1

sin
xh

xi


   

Ges 

 22
2

sin
xdh

xdr



  

gvb emv‡j, ri sinsin       
ri  |    GwUB cÖwZdj‡bi wØZxq m~Î| 

 

 

6.3.5 dvg©vU bxwZi mvnv‡h¨ cÖwZmi‡Yi m~Î cÖgvY: 

Av‡jvKiwk¥ hLb GK ¯^”Q mgmZ¡ gva¨g †_‡K Ab¨ Avi GK ¯^”Q mgmZ¡ gva¨‡g Zxh©K fv‡e cÖ‡ek K‡i ZLb GB 

`yB gva¨‡gi we‡f` Z‡j GwU w`K cwieZ©b K‡i| `yB gva¨‡gi we‡f` Z‡j Av‡jvKiwk¥i GB w`K cwieZ©b‡K 

Av‡jv‡Ki cÖwZmiY e‡j| 

 

Av‡jv‡Ki cªwZmi‡Yi `yBwU m~Î †g‡b P‡j| 

cÖ_g m~Î: AvcwZZ iwk¥, cÖwZmwiZ iwk¥ Ges we‡f` Z‡ji AvcvZb we›`y‡Z AswKZ Awfj¤ ̂GKB mgZ‡j Ae¯’vb 

K‡i| 

 

wØZxq m~Î ev †¯œ‡ji m~Î: GK †Rvov wbw`©ó ¯”̂Q mgmZ¡ gva¨g Ges Zxh©Kfv‡e AvcwZZ wbw`©ó e‡Y©i GKwU Av‡jvK 

iwk¥i Rb¨ AvcvZb †Kv‡Yi mvBb I cÖwZmiY ‡Kv‡Yi mvB‡bi AbycvZ GKwU aª“e msL¨v| G‡K cÖ_g gva¨‡gi 

mv‡c‡¶ wØZxq gva¨‡gi cÖwZmiYv¼ e‡j| G‡K  Øviv cÖKvk Kiv nq| 

 

cÖwZmi‡Yi m~Î cÖgvY: 

(6.12 bs) wP‡Î Av‡jvi cÖwZmiY †`Lv‡bv n‡jv| a nvjKv ¯”̂Q mgmZ¡ gva¨g 

†_‡K AO GKwU Av‡jvK iwk¥ MOM` we‡f` Z‡j O we›`y‡Z NON` Awfj‡¤î 

mv‡_ i †Kv‡Y AvcwZZ n‡q b Nb ¯”̂Q mgmZ¡ gva¨‡g NON` Awfj‡¤î mv‡_  r 
†Kv‡Y OB c‡_ cÖwZm„Z n‡jv| wP‡Î, AB Aci GKwU Av‡jvK iwk¥i c_ ‡`Lv‡bv 

n‡q‡Q| GwU ¶z`ªZg c_| wKš‘ GB c‡_ Av‡jvK iwk¥ Nb gva¨‡g OB c_ A‡c¶v 

eo c_ AwZµg K‡i‡Q| †h‡nZz Nb gva¨‡g Av‡jvi †eM nvjKv gva¨g A‡c¶v 

Kg †m‡nZz GB c_ AwZµg Ki‡Z AwaK mgq cÖ‡qvRb| myZivs Av‡jvK iwk¥ 

GB c‡_ Mgb Ki‡e bv| †h‡nZz NO||AM Ges AO G‡`i‡K †Q` K‡i‡Q,  

†m‡nZz NOA=OAM=i 
Avevi, ‡h‡nZz ON`||M`B Ges  OB G‡`i‡K †Q` K‡i‡Q, †m‡nZz NOB=OBM`=r 
wPÎvbymv‡i, Av‡jvK iwk¥ c_, OBAOD  Ges wc_v‡Mviv‡mi m~Îvbymv‡i,  

22
1 xhAO  ,  22

2 xdhOB   

myZivs,  22
2

22
1 xdhxhD   

hw` A gva¨‡g Av‡jvi †eM ca Ges B gva¨‡g Av‡jvi †eM cb Z‡e,  

AO c_ AwZµg Ki‡Z mgq, 

aa c
xh

c
AOt

22
1

1


   

r 

i i 

r 

N A 

B 

O M 

N` 

x 

h1

1 

h2 

d 
d-x 

a nvjKv gva¨g 

b Nb gva¨g 

M` 
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Ges, OB c_ AwZµg Ki‡Z mgq, 

 
bb c

xdh
c

OBt
22

2
2


  

AZGe, D c_ AwZµg Ki‡Z mgq,

 
ba c

xdh
c

xh
ttt

22
2

22
1

21





  

wPÎvbymv‡i, x Gi cwieZ©‡b Av‡jvK iwk¥i c_ cwiewZ©Z n‡e| myZivs dvg©vU bxwZ Abymv‡i, 0
dx
dt

 

myZivs, x Gi mv‡c‡¶ t †K e¨Kjb K‡i cvB,  

        
0

12
2
12

2
1 2

1
22

2
2
1

22
1











ba c

xdxdh

c

xxh

dx
dt

 

ev, 

 
0

22
2

22
1







 xdhc

xd

xhc

x

ba

    

ev, 

 22
2

22
1 xdhc

xd
xhc

x

ba 





 

wPÎvbymv‡i, 

22
1

sin
xh

xi


    

Ges 

 22
2

sin
xdh

xdr



  

gvb emv‡j, 

ba c
r

c
i sinsin
       

 ev, ba
b

a

c
c

r
i


sin
sin

  GKwU aª“eK| 

GwUB cÖwZmi‡Yi wØZxq m~Î A_©vr †¯œ‡ji m~Î|  

hw`, k~b¨ gva¨‡gi mv‡c‡¶ a gva¨‡gi cÖwZmvi¼ a  Ges k~b¨ gva¨‡gi mv‡c‡ b gva¨‡gi cÖwZmvi¼ b  nq Z‡e 

Avgiv wjL‡Z cvwi, 

a

b
ba 


    

AZGe, 

a

b

r
i





sin
sin

    

ev, ri ba sinsin      GwUI † œ̄‡ji m~‡Îi Avi GK iƒc| 

 

 

mvi-ms‡¶c :  

dvg©vU bxwZ : Av‡jvK iwk¥ GK we›`y †_‡K Ab¨ we›`y‡Z hvevi mgq m¤¢ve¨ mKj c‡_i g‡a¨ †mB c_ AbymiY 

K‡i †h c_ me©wb¤œ mg‡q AwZµg Kiv hvq| 

 

 

cv‡VvËi g~j¨vqb: 6.3 
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eûwbe©vPbx cÖkœ: 

1| bx‡Pi †KvbwU dvg©vU bxwZi mgxKiY? 

   K.  v
dst  L. 

B

A

ds
c

t 1
 M.  tsds

B

A

  N. 01









 

B

A

ds
c

t   

2| dvg©vU bxwZi mvnv‡h¨; 

i. cÖwZdj‡mi m~Î¸‡jv e¨vL¨v Kiv hvq| 

ii. cÖwZmi‡Yi m~Î¸‡jv e¨vL¨v Kiv hvq| 

iii. Av‡jvi AceZ©b e¨vL¨v Kiv hvq| 

‡KvbwU mwVK? 

   K. i I ii L. ii I iii M. i I iii N. i, ii I iii 
 

cvV-6.4 :  wcÖR‡g Avv‡jvi cÖwZmiY 

Refraction through Prism 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 wcÖR‡g Av‡jvi cÖwZmiY e¨vL¨v Ki‡Z cvi‡eb|                                                                                                                             

 

6.4.1 wcÖRg (Prism):   
Av‡jvKweÁv‡b wcÖRg ej‡Z ci¯ú‡ii mv‡_ AvbZ Aš—Z `ywU gm„Y mgZj w`‡q Ave× †h †Kv‡bv 

¯^”Q gva¨‡gi Ask‡K †evSvq| GB Zj¸‡jv‡K ejv nq wcÖR‡gi cÖwZmviK Zj 

(refracting surface)| Zj`ywUi  Aš—M©Z †KvY‡K wcªR‡gi cÖwZmviK †KvY 

(refracting angle of the prism) ev ms‡¶‡c wcÖRg †KvY (angle of the prism) 
e‡j| cÖwZmviK ZjØq †h mij†iLvq ‡Q` K‡i Zv‡K wcÖR‡gi avi (edge of the 
prism) e‡j| (6.13) wP‡Î †`Lv‡bv wcÖR‡gi MPQN Ges MPRO cÖwZmviK ZjØq 
MP avi-G wgwjZ n‡q‡Q| NMO  A_ev PRQ  n‡jv cÖwZmviK †KvY| 

cÖwZmvi‡Ki av‡ii mv‡_ mg‡Kv‡Y Aew¯’Z ‡h ‡Kv‡bv mgZj †Q`‡K wcÖR‡gi cÖavb 

†Q` (principal section)| (6.13) wP‡Î ABC n‡jv cÖavb †Q`| 

 

6.4.2 wcªR‡gi cÖavb †Q‡` Av‡jvK iwk¥i MwZc_ I b~¨bZg wePz¨wZ (Path of the Ray in the Principal section 
of a Prism and Minimum Daviation): 
g‡b Kwi ABC GKwU wcÖR‡gi cÖavb †Q` Ges A n‡jv wcÖR‡gi kxl© 

†KvY ev wcÖRg †KvY| ABC wcÖR‡gi AB cÖwZmviK Z‡j PQ GKwU 

Av‡jvK iwk¥ Q we›`y‡Z Awfj‡¤î mv‡_ 1i  †Kv‡Y AvcwZZ n‡q Nb 

gva¨‡g 1r  †Kv‡Y cÖwZmwiZ n‡q QR c‡_ Mgb K‡i Ges c~e©eZ©x 

iwk¥i mv‡_ 1  †Kv‡Y wePz¨Z nq| GB cÖwZmwiZ Av‡jvK iwk¥ AC 

cÖwZmviK Z‡j R we› ỳ‡Z Awfj‡¤î mv‡_  r2 †Kv‡Y AvcwZZ n‡q 

nvjKv gva¨‡g 2i  †Kv‡Y cÖwZmwiZ n‡q RS c‡_ wbM©Z nq Ges 

c~e©eZ©x QR iwk¥i mv‡_ 2  †Kv‡Y wePz¨Z nq| myZivs, AvcwZZ iwk¥ 
PQ Gi mv‡_ wbM©Z iwk¥ RS Gi †gvU wePz¨wZ   n‡j,  

Q 

A 

B 
C 

M

N 
O 

P 

R 
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1 2     … … … … … … … … … … … … … … … … … …   … …… ……… (6.13)  
[wÎf‚‡Ri ewnt¯’ †KvY Aš—¯’ wecixZ †KvYØ‡qi ‡hvMd‡ji mgvb] 
wPÎvbymv‡i, QOR Gi  r1 + r2 + QOR =  … … … … … … … … … … … … …   (6.14) 
Avevi AQOR PZyf©y‡Ri A + AQO + QOR + ARO = 2

wKš‘ AQORO
2
 [QO Ges  RO  cÖwZmviK Z‡ji Dci j¤^]  

A + QOR =  … … … … … … … … … … … … … … … … … …… … …  (6.15)   
(6.14) Ges  (6.15) mgxKiY †_‡K †jLv hvq, r1 +  r2 + QOR =  A + QOR
ev, r1 + r2  =  A … … … … … … … … … … … … … … … … … … … …  …… … (6.16) 
Avevi wPÎvbymv‡i, i1 = r1 + Ges  i2 = r2 + [wecÖZxc †KvY e‡j]
 i1+ i2 = r1 + r2 +  
Dc‡ii mgxKiYwU‡K (6.13) I (6.16) bs mgxKi‡Yi mvnv‡h¨ ‡jLv hvq,  

 Aii 21 … … … … … … … …   …  … … …   …  … … …   …  … … ……  (6.17) 
wcÖR‡gi wePy¨wZ †KvY ( Gi gvb AvcvZb †KvY i1) Gi Dci wbf©i K‡i| AvcvZb †KvY Lye 

†QvU n‡j wePz¨wZ †KvY eo nq| AvcZb †KvY evo‡Z _vK‡j wePz¨wZ †KvY Kg‡Z _v‡K| 

wePz¨wZ †Kv‡Yi gvb AvcZb †Kv‡Yi mv‡c‡¶ Kg‡Z Kg‡Z GKwU me©wbgœ gv‡b †cŠQv‡bvi ci 

AvcZb †KvY e„w×i mv‡_ mv‡_ wePz¨wZ †KvY evo‡Z ïi“ K‡i| wePz¨wZ †Kv‡Yi GB me©wbgœ 

gvb‡K me©wbgœ wePz¨wZ e‡j| G‡K m  m~wPZ Kiv nq| (6.15)  bs i-  †jLwP‡Î AvcZb 

†Kv‡Yi mv‡c‡¶ wePz¨wZ ‡Kv‡Yi cwieZ© Ges me©wbgœ wePz¨wZ †`Lv‡bv n‡q‡Q| 

(6.17) bs mgxKiY‡K eM© K‡i cvB, (A + i1+ i2)2   
 ev,     21

2
21

2 4 iiiiA   … … … … … … … …   …  …  …  … …  … …  … … (6.18) 

(6.18) bs mgxKi‡Y m   n‡j evg c‡¶i gvb me©wbgœ n‡e| Wvb c‡¶i gvb me©wbgœ n‡Z n‡j   02
21  ii  

n‡Z n‡e, 
Zvn‡j, hLb m  ZLb 021  ii  

A_©vr, 1 2i i i    (awi) … … … … … … … …   …  …  …  …  …  …  …  …  … ……  (6.19) 

cÖwZmi‡Yi m~Îvbymv‡i, 1 2

1 2

sin sin
sin sin

i i
r r

       

ev, 

1 1

2 2

sin sin
sin sin

i r
i r
  

(6.19) bs mgxKi‡Yi gvb emv‡j, 1

2

sin 1
sin

r
r
     

ev, 1 2sin sinr r  

A_©vr 1 2r r r    (awi) … … … … … … … …   …  …  …  …  …  …  …  …  … … (6.20) 

myZivs wcÖR‡gi mv‡c‡¶ hLb AvcwZZ iwk¥ I wbM©Z iwk¥ cÖwZmvg¨ fv‡e Aew¯’Z _v‡K A_©vr hLb AvcZb †KvY I 

wbM©Z †KvY mgvb nq ZLb me©wbgœ wePz¨wZ N‡U|  

(6.19) I (6.20) bs mgxKi‡Yi me©wbgœ wePz¨wZ kZ©̧ wj (6.17) I (6.16) bs mgxKi‡Y emv‡j, 

mAiiiii  221      

m 

 

i 
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ev, 

2
mAi 

   …  …  …… … … … … … … …   …  …  …  …  …  …  …  …  …   (6.21) 

Ges Arrrrr  221      

ev, 

2
Ar   …  …  …… … … … … … … …   …  …  …  …  …  …  …  …  ……  … (6.22) 

cÖwZmi‡Yi m~Îvbymv‡i, 
r
i

sin
sin

        

GLb (6.21) Ges (6.22) bs mgxKi‡Y i Ges  r  Gi gvb emv‡j,  

 

2
sin

2
sin

A

A m





  …  …  …… … … … … … … …   …  …  …  …  …  …  …  …  … (6.23) 

(6.23) bs mgxKiY n‡jv wcÖR‡gi cÖwZmivs‡Ki mv‡_ me©wbgœ wePz¨wZi m¤úK©| 

 

6.4.3 mi“ wcÖRg Ges Gi cÖwZmivs‡Ki mv‡_ wePz¨wZ †Kv‡Yi m¤cK© (Thin Prism and the Relation 
between Refrective Index and  Angle of Deviation): 
†h wcÖR‡gi cÖwZmviK †KvY AZ¨š— ¶z`ª (10 Gi bx‡P) Zv‡K mi“ ev cvZjv wcÖRg e‡j| 

mi“ wcÖR‡gi Av‡jvK iwk¥ †h †Kvb cÖwZmviK Z‡j cÖvq Awfj¤ ̂ eivei AvcwZZ nq A_©vr AvcZb †KvY i1 

AZ¨š— ¶z`ª nq d‡j cÖwZmiY †KvY r1 I  r2  Lye ¶z`ª nq| (KviY r1 + r2 = A Ges A < 10)  
Avevi Avgiv Rvwb  ¶z`ª n‡j sin  nq| 

mi“ wcÖR‡gi †¶‡Î cÖ_g cÖwZmviK Z‡j cÖwZmi‡Yi m~Îvbymv‡i,    
1

1

1

1

sin
sin

r
i

r
i
   

(KviY  Lye †QvU n‡j  sin  nq) 
ev, 11 ri     …  …  …… … … … … … … …  …  …  …  …  …  …  …  …  … …… (6.24)  

Ges wØZxq cÖwZmviK Z‡j cÖwZmi‡Yi m~Îvbymv‡i,   
2

2

2

2

sin
sin

r
i

r
i
   

ev, 22 ri    …  …  …… … … … … … … …  …  …  …  …  …  …  …  …  … …   (6.25) 
Avevi (6.17) bs mgxKiY †_‡K cvB,  Aii 21    
(6.24) I (6.25) bs mgxKiY †_‡K cvB,      Arr 21      
Avevi, (6.16) bs mgxKi‡Yi mvnv‡h¨ †jLv hvq,   AA  (†h‡nZz r1 + r2 = A) 
ev,  A1   …  …  … … … … … … … … …  …  …  …  …  …  …  …  …   (6.26)  

GUvB mi“ wcÖR‡gi cÖwZmiYvs‡Ki mv‡_ wePz¨wZ †Kv‡Yi m¤cK©| 

 

D`vniY 6.5: GKwU mgevû wcÖR‡gi cÖwZmiYv¼ 5.1  n‡j Gi b~¨bZg wePz¨wZ †KvY †ei Ki“b| 

mgvavb: †`qv Av‡Q, 

60A , 5.1  Ges ?m  

Avgiv Rvwb, 

2
sin

2
sin

A

A m





  

A 
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g b emv‡j, 
5.0
2

60sin

30sin
2

60sin

2
60sin

2
60sin

5.1
mmm  











  

ev, 0.755.05.1
2

60sin 
 m  

 o1 48.590.75sin
2

60


 m  

ev, 18.3760248.590.75sin o1   o
m  

AZGe b~¨bZg wePz¨wZ 18.37   
D: 

18.37  

 

D`vniY 6.6: GKwU wcÖR‡gi cÖwZmiYv¼ 5.1  Ges me©wbgœ wePz¨wZ 38   n‡j Gi wcÖRg †KvY wbY©q Ki“b| 

mgvavb: †`qv Av‡Q, 

60A , 5.1 , 

38m  Ges ?A  

Avgiv Rvwb, 

2
sin

2
sin

A

A m





  

g b emv‡j, 

2
sin

19sin
2

cos19cos
2

sin

2
sin

19
2

sin

2
sin

2
38sin

5.1 A

AA

A

A

A

A ooo
o










 





  

ev, 
2

cot33.095.0

2
sin

2
cos33.0

2
sin95.0

5.1 A
A

AA




  

ev, 67.1
33.0

95.05.1
2

cot 



oA

 

ev, 9.3067.1cot
2

1  A
 

ev, 8.61A  

D: wcÖRg †KvY 8.61   

 
D`vniY 6.7: GKwU mi“ wcÖR‡gi wcÖRg †KvY 

6 Ges cÖwZmiYv¼ 5.1 | wePz¨wZ †KvY †ei Ki“b| 

mgvavb: †`qv Av‡Q, 

6A , 5.1  Ges ?  

Avgiv Rvwb,  A1   

gvb emv‡j,    3615.1    

myZivs wePz¨wZ †KvY

3 |  



GBPGmwm †cÖvMvg 

BDwbU 6  c„ôv-202 

D: 

3  
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mvi-ms‡¶c :  

me©wbgœ wePz¨wZ: AvcvZb †KvY Lye †QvU n‡j wePz¨wZ †KvY eo nq| AvcZb †KvY evo‡Z _vK‡j wePz¨wZ †KvY 

Kg‡Z _v‡K| wePz¨wZ †Kv‡Yi gvb AvcZb †Kv‡Yi mv‡c‡¶ Kg‡Z Kg‡Z GKwU me©wbgœ gv‡b †cŠQv‡bvi ci 

AvcZb †KvY e„w×i mv‡_ mv‡_ wePz¨wZ †KvY evo‡Z ïi“ K‡i| wePz¨wZ †Kv‡Yi GB me©wbgœ gvb‡K me©wbgœ wePz¨wZ 

e‡j| 

wcÖR‡gi cÖwZmiYv‡¼i mv‡_ me©wbgœ wePz¨wZi m¤úK© ,

2
sin

2
sin

A

A m





   

wcÖRg †KvY ¶z`ª n‡j,  A1   
 

 

cv‡VvËi g~j¨vqb: 6.4 

eûwbe©vPbx cÖkœ: 

1| GKwU mgwØevû I mg‡KvYx wcÖR‡gi AwZf~R Qvov Ab¨ †h †Kv‡bv cÖwZmviK Z‡j GKwU Av‡jvK iwk¥ j¤ ̂fv‡e 

AvcwZZ n‡j Aci cÖwZmviK Zj w`‡q KZ †Kv‡Y wbM©Z n‡e? 

   K. 

0  L. 

45  M. 

90   N. 

180  

2| bx‡Pi †Kvb †jLwU AvcvZb †KvY I wePz¨wZ †Kv‡Yi m¤úK© wb‡`©k K‡i? 

 

 

 

 

 

cvV-6.5 : wcÖR‡g Av‡jvi we”QziY 

   (Dispersion of Light through Prism): 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 wcÖR‡g Av‡jvi we”QziY e¨vL¨v Ki‡Z cvi‡eb| 

 

6.5.1 Av‡jvi we”QyiY; wbDU‡bi m~Î (Dispersion of Light; Newton’s Experiments): 
wewfbœ e‡Y© mw¾Z GB c„w_ex‡Z gvbyl me©̀ v iOxb wRwb‡li cÖwZ AvKl©Y Abyfe K‡i| iO gvbyl‡K 

†Kej Avb›` †`q bv, †KŠZzn‡ji m„wó K‡i| ZvB †m AvKv‡ki ivgabyi eY©”QUv †Kej gy» †P‡L ‡`‡Lwb 

Rvb‡ZI †Póv K‡i‡Q GB eY©”QUvi Drm wK? wbDUb Zuvi cÖ_g b‡fv`~iex¶Y hš¿ (Astronomical Telescope) ‰Zwi 

Kievi mgq cÖwZwe‡¤î PZzw`©‡K m„ó eY©”QUv wb‡q msK‡U c‡owQ‡jb| GB eY©”QUvi KviY Avwe®‹vi Kivi Rb¨ wZwb 

eû cix¶v-wbix¶v K‡ib| wZwb †`‡Lb †h, mv`v Av‡jv wcÖR‡gi Dci co‡j mvZwU wewfbœ i‡O wewkó n‡q GKwU 

Av‡jvi cwÆ ˆZwi K‡i| wZwb GB wm×v‡š— DcwbZ nb †h, m~h©v‡jvK cÖK…Zc‡¶ eû msL¨K iOxb Av‡jvi mgwó| 

GB fv‡e wZwb Av‡jvK weÁv‡bi GKwU bZ~b kvLvi cÖeZ©b K‡ib hvi bvg eY©vjx weÁvb (Spectroscopy) A_©vr 

Av‡jvi we‡klY|  

 

i 

 

i 

 

i 

 

i 

L. K. M. N. 
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m~h© ev †h †Kv‡bv cÖPÛ DËß Drm g~jZ mv`v e‡j H Av‡jv‡K mv`v Av‡jv (White Light) ejv nq| †h Av‡jv‡Z 

†Kej gvÎ GKwU eY© _v‡K Zv‡K GKeY©x (Monochromatic) Av‡jv e‡j| c¶vš—‡i GKvwaK eY©wewkó Av‡jv‡K 

eûeY©x (Polychromatic) Av‡jv e‡j|  

 

 

 

 

 

 

 

 

 

 

wPÎ 6.17 

GKwU m~² †iLvwQ`ª S  Gi ga¨ w`‡q mv`v Av‡jvKiwk¥ GKwU Kv‡Pi wcÖR‡gi Dci AvcwZZ n‡j wcÖR‡gi Aci 

cv‡k¦© ivLv GKwU mv`v c`©vq wewfbœ eY© wewkó mvZwU e‡Y©i Av‡jvi GKwU cvwÆ †`Lv hvq (wPÎ 6.17 )| GB cwÆ‡K 

eY©vjx (Spectrum) e‡j| GB cwÆi me‡P‡q Dc‡ii eY© jvj (Red) Ges me‡P‡q wb‡Pi eY© †e¸bx (Violet)| GB 

`yB e‡Y©i ga¨eZ©x As‡k h_vµ‡g Kgjv (Orange), njy` (Yellow), meyR (Green), AvKvkx (Blue) Ges bxj 
(Indigo) eY© _v‡K| g‡b ivLvi myweavi Rb¨ †e¸bx ej© †_‡K ïi“ K‡i cÖwZwU e‡Y©i cÖ_g A¶i‡K mvRv‡bv nq 

Ó†ebxAvmnKjvÓ ev “VIBGYOR”| 

eûeY©x ev wgkª Av‡jvi wewfbœ e‡j wefvwRZ nIqvi NUbv‡K Av‡jvi we”QyiY (Dispersion) ejv nq|   

 

6.5.2 †KŠwYK wePz¨wZ I we”QyiY ¶gZv (Angular Dispersion and Dispersive Power) 
Av‡jvi eY©vjx j¶¨ Ki‡j †`Lv hvq, wewfbœ e‡Y©i Av‡jvi wePz¨wZ wewfbœ| †e¸bx e‡Y©i Av‡jvi wePz¨wZ me©vwaK Ges 

jvj Av‡jvi wePz¨wZ me©v‡c¶v Kg| njy` e‡Y©i  wePz¨wZ jvj I †e¸Yx e‡Y©i wePz¨wZi gvSvgvwS e‡j njy` eY©‡K 

Av‡jvi ga¨ iwk¥ ejv nq|  Avevi GB wePz¨wZi cwigvb wcÖR‡gi Dcv`v‡bi cÖwZmiYv‡¼i Dc‡iI wbf©i K‡i| 

wcÖR‡gi cÖwZmiYv¼ hZ †ekx weP~y¨wZi cwigvbI ZZ †ekx| myZivs ejv hvq, †Kv‡bv gva¨‡gi cÖwZmiYv¼ wewfbœ 

e‡Y©i Rb¨ wewfbœ nq| gva¨‡gi cÖwZmiYv¼ jvj e‡Y©i Rb¨ me‡P‡q Kg Ges †e¸bx e‡Y©i Av‡jvi Rb¨ me‡P‡q 

†ekx| jvj, Kgjv, njy`, meyR, AvKvkx, bxj Ges †e¸bx e‡Y©i Av‡jvi Rb¨ †Kv‡bv gva¨‡gi cÖwZmiYv‡¼i µg 

n‡jv, vibgyor   | 

k~b¨¯’v‡b ev evqy gva¨‡g me e‡Y©i Av‡jvi †eM mgvb| wKš‘ Ab¨ †Kv‡bv gva¨‡g wewfbœ e‡Y©i Av‡jvi †eM wewfbœ| 

Av‡jvi Zi½ ZË¡ Abymv‡i k~b¨¯’v‡b ev evqy gva¨‡gi mv‡c‡¶ a  gva¨‡gi cÖwZmiYv¼,  

a

o
a c

c
 | GLv‡b oc k~b¨ ¯’v‡b Av‡jvi †eM Ges ac a  gva¨‡g Av‡jvi †eM| AZGe, oaa cc  |  

myZivs, ejv hvq, †h‡nZz k~b¨¯’v‡b Av‡jvi †eM aª“e ivwk †m‡nZz †h gva¨‡gi cÖwZmiYv¼ hZ †ekx ‡m gva¨‡g 

Av‡jvi †eM ZZ Kg| ZvB †Kv‡bv gva¨‡g jvj e‡Y©i Av‡jvi †eM me‡P‡q †ekx Ges †e¸bx e‡Y©i Av‡jvi †eM 

me‡P‡q Kg (KviY vr   )| Avevi Avgiv GUvI †`Ljvg †h, †h gva¨‡gi cÖwZmiYv¼ hZ Kg †m gva¨‡g 

Av‡jvK iwk¥i wePz¨wZI ZZ Kg| AZGe ejv hvq, †h †Kv‡bv gva¨‡g (KviY 1 ) jvj e‡Y©i Av‡jvi ‡eM 

me©vwaK, cÖwZmiYv¼ me‡P‡q Kg Ges wePz¨wZ me‡P‡q Kg| Aci w`‡K †e¸Yx e‡Y©i Av‡jvi Av‡jvi ‡eM me‡P‡q 

Kg, cÖwZmiYv¼ me‡P‡q ‡ekx Ges wePz¨wZ me‡P‡q ‡ekx| Ab¨ e‡Y©i Av‡jv¸‡jvi Ae¯’vb GB `yB mxgvi g‡a¨| 

AZGe ms‡¶‡c ejv hvq, †Kv‡bv gva¨‡g Av‡jvi †eM wewfbœ n‡j Z‡eB H gva¨‡g wgkª Av‡jvi we”QyiY N‡U Ges 

†mBRb¨ H gva¨g‡K we”QyiK gva¨g (Dispersive medium) e‡j|  

weÁvbx Kwk (Cauchy)-Gi g‡Z cÖwZmiYv¼ () Ges Zi½‰`‡N©̈ i () g‡a¨ m¤úK© n‡jv, 

) o 

I 

Y 



B 

V 

G 

R 


 
S 

†KŠwYK we”QyiY

=v-r 

mv`v Av‡jv 

‡e¸bx 

e‡Y©i 

jvj e‡Y©i 

wePz¨wZ 

m~²  

†iLvwQ`ª 

wcÖRg 
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 CBA  ; GLv‡b A , B Ges C  n‡jv Kwki aª“eK|  

GB mgxKiY †_‡K eySv hvq, †h e‡Y©i Av‡jvKiwk¥i Zi½ ˆ`N©̈  hZ †ekx e‡Y©i Av‡jv‡K‡i Rb¨ gva¨‡gi 

cÖwZmiYv¼ ZZ Kg| weÁvbx Kwki mgxKiY Abymv‡i, mn‡RB Av‡jvi we”QyiY e¨vL¨v Kiv hvq| 

Avgiv Rvwb, jvj e‡Y©i Av‡jvKiwk¥i Zi½ ˆ`N©̈  cÖvq Å8000r  Ges ‡e¸bx e‡Y©i Av‡jvKiwk¥i Zi½ ˆ`N©̈  

cÖvq Å4000v | †h‡nZz vr    †m‡nZz, weÁvbx Kwki mgxKiY Abymv‡i, vr   | 

weÁvbx Kwki mgxKiY Abymv‡i, wewfbœ e‡Y©i Av‡jvKiwk¥i cÖwZmiYv¼| 

Avevi, (6.26) bs mgxKiY Abymv‡i,  A1  | 

myZivs, Av‡jvKiwk¥i Zi½ ˆ`N©̈  )(  wfbœ n‡j cÖwZmiYv¼    wfbœ n‡e Ges cÖwZmiYv¼    wfbœ n‡j wePz¨wZ 

   wfbœ n‡e|  

 

aiv hvK, wcÖRgwUi cÖwZmviK Z‡j mv`v Av‡jvK iwk¥ AvcwZZ n‡jv| d‡j wcÖRg †_‡K wbM©Z jvj †_‡K †e¸bx 

ch©š— mvZwU e‡Y©i iwk¥‡Z we”QywiZ n‡jv| ¯úóZB wewfbœ e‡Y©i Av‡jvK iwk¥i wePz¨wZ wewfbœ| eY©vjxi gvSvgvwS 

njy` e‡Y©i wePz¨wZ,  A1     …  … … … … … … … … … … …  …  …  …  … … (6.27) 
GLv‡b   n‡jv njy` e‡Y©i †¶‡Î wcÖRg‡i cÖwZmiYv¼ ev wcªR‡gi ga¨eZ©x cÖwZmiYv¼| 

GKB fv‡e jvj I †e¸bx e‡Y©i Avv‡jvi †¶‡Î wcÖRg‡i cÖwZmiYv¼ r  I v Ges wePz¨wZ h_vµ‡g r I v n‡j 

Avgiv wjL‡Z cvwi, 

       Arr 1   … … … … … … … … … … … …  …  …  …  …  …  … …  …  (6.28) 

Ges,  Avv 1   … … … … … … … … … … … …  …  …  …  …  …  … …  …  (6.29) 

AZGe, †e¸bx I jvj e‡Y©i Av‡jvKiwk¥i wePz¨wZi Aš—idj ev cv_©K¨ n‡jv, 

   AA rvrv 11      

ev,  Arvrv   … … … … … … … … … … … …  …  …  …  …  …  … (6.30) 

GLv‡b,   rv   †K GB ỳB e‡Y©i mv‡c‡¶ †KŠwYK we”QyiY ejv nq| 

†KŠwYK we”QyiY wcÖR‡gi gva¨‡gi cÖK…wZ I wcÖR‡gi cÖwZmviK †Kv‡Yi gv‡bi Dci wbf©i K‡i| †KŠwYK we”Qyi‡Yi 

GKK wWMÖx ev †iwWqvb| 

cÖwZmi‡Yi d‡j `ywU wfbœ e‡Y©i Av‡jvKiwk¥i †h wePz¨wZ N‡U Zv‡`i Aš—idj‡K H `yB e‡j©i mv‡c‡¶ AvcwZZ 

Av‡jvKiwk¥i †KŠwYK wePz¨wZ e‡j| 

GLb (6.30) bs mgxKiYwU‡K †jLv hvq, 

 
   Arv

rv 1
1





 



 

(6.28) bs mgxKiYwU‡K †jLv hvq, 

 
  


 




1

rv
rv  

AZGe, 













 rvrv

1
 … … … … … … … … … … …  …  …  …  …  …  … (6.31) 

  -‡K cÖwZmviK gva¨‡gi we”QyiY ¶gZv e‡j| 

we”QyiY ¶gZv ïay gva¨‡gi cÖK…wZi Dci wbf©i K‡i| we”QyiY ¶gZv GKwU gvÎvnxb ivwk, Gi †Kv‡bv GKK bvB| 

‡e¸bx I jvj e‡Y©i Av‡jvKiwk¥i wePz¨wZi Aš—bdY Ges ga¨ (A_©vr njy`) iwk¥wePz¨wZi AbycvZ‡K cÖwZmviK 

gvar¨‡gi we”QyiY ¶gZv e‡j| 

(6.31) bs mgxKiY‡K †jLv hvq, 

11 










 drv

   (GLv‡b,  drv  ) 



GBPGmwm †cÖvMvg 

BDwbU 6  c„ôv-206 

Ges   rv = we”QyiY ¶gZvga¨eZ©x iwk¥i wePz¨wZ| 

 

D`vniY 6.8: GKwU µvDb Kv‡Pi ˆZwi wcÖRg †KvY 

6 Ges jvj I bxj e‡Y©i Av‡jvi Rb¨ wcÖR‡gi Dcv`v‡bi 

cÖwZmivYv¼ h_vµ‡g 1.514 Ges 1.532| wcÖR‡gi Rb¨ Drcbœ †KŠwYK we”QyiY wbY©q Ki“b| wcÖR‡gi Dcv`v‡bi 

we”QyiY ¶gZv KZ †ei Ki“b| 

mgvavb : †`qv Av‡Q, 

6A , 514.1r , 532.1b , ? rv   Ges ?  

Avgiv Rvwb, †KŠwYK we”QyiY  Arvrv    

gvb emv‡j,    108.06018.06514.1532.1   

Avevi, ga¨eZ©x cÖwZmivYv¼ 523.1
2

514.1532.1
2







 rb 
   

Avgiv Rvwb, we”QyiY ¶gZv 

1





 rv
 

AZGe, 34.0
523.0
018.0

1523.1
514.1532.1





  

myZivs, 

 108.0 Ges 34.0   

D: 

 108.0 Ges 34.0  

 

D`vniY 6.9 : jvj e‡Y©i Av‡jvi †¶‡Î µvDb I wd¬›U Kv‡Pi cÖwZmivYv¼ h_vµ‡g 1.515 I 1.644| Avevi †e¸bx 

e‡Y©i Av‡jvi †¶‡Î µvDb I wd¬›U Kv‡Pi cÖwZmivYv¼ h_vµ‡g 1.532 I 1.685| Pkgvi †jÝ cȪ ‘wZi Rb¨ †Kvb 

KvP †ekx Dchy³ Ges †Kb? 

mgvavb: †`qv Av‡Q, µvDb Kv‡Pi †¶‡Î, 515.1r Ges 532.1v  Avi  wd¬›U Kv‡Pi ‡¶‡Î, 644.1r  

Ges 685.1v  

Avgiv Rvwb, †KŠwYK we”QyiY,  Arv    

AZGe, µvDb Kv‡Pi †¶‡Î,   AAc 017.0515.1532.1   

Ges, wd¬›U Kv‡Pi †¶‡Î,   AAf 041.0644.1685.1   

myZivs, cf    

†h Kv‡Pi †KŠwYK we”QyiY †KvY hZ †ekx †m Kv‡P Av‡jv ZZ †ekx †KŠwYK we”QywiZ nq d‡j mv`v Av‡j cÖwZmwiZ 

nevi ci A‡bK †ekx AÂj Ry‡o eY©xj Av‡jv †`Lvq hv e¯‘i cÖK…Z cÖwZwe¤ ̂A¯úó K‡i †`q| myZivs †h Kv‡Pi 

†KŠwYK we”QywiZ hZ Kg †m KvP Pkgvi Rb¨ ZZ †ekx Dc‡hvMx myZivs Pkgvi †jÝ cȪ ‘wZi Rb¨ wd¬›U KvP 

A‡c¶v µvDb KvP †ekx Dchy³| 

 

 

mvi-ms‡¶c :  

Av‡jvi we”QyiY: eûeY©x ev wgkª Av‡jvi wewfbœ e‡Y© wefvwRZ nIqvi NUbv‡K Av‡jvi we”QyiY ejv nq| 

eY©vjx: GKwU m~² †iLvwQ`ª S  Gi ga¨ w`‡q mv`v Av‡jvKiwk¥ GKwU Kv‡Pi wcÖRg P -Gi Dci AvcwZZ n‡j 

wcÖR‡gi Aci cv‡k¦© ivLv GKwU mv`v c`©vq wewfbœ eY© wewkó mvZwU e‡Y©i Av‡jvi GKwU cvwÆ †`Lv hvq| GB 

cwÆ‡K eY©vjx e‡j| 

†KŠwYK wePz¨wZ: cÖwZmi‡Yi d‡j ỳwU wfbœ e‡Y©i Av‡jvKiwk¥i †h wePz¨wZ N‡U Zv‡`i Aš—idj‡K H ỳB e‡Y©i 

mv‡c‡¶ AvcwZZ Av‡jvKiwk¥i †KŠwYK wePz¨wZ e‡j| 

we”QyiY ¶gZv: ‡e¸bx I jvj e‡Y©i Av‡jvKiwk¥i wePz¨wZi Aš—idj Ges ga¨ (A_©vr njy`) iwk¥wePz¨wZi 

AbycvZ‡K cÖwZmviK gvar¨‡gi we”QyiY ¶gZv e‡j| 

we”QyiK gva¨g: †Kv‡bv gva¨‡g Av‡jvi †eM wewfbœ n‡j Z‡eB H gva¨‡g wgkª Av‡jvi we”QyiY N‡U Ges †mBRb¨ 

H gva¨g‡K we”QyiK gva¨g e‡j| 
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cv‡VvËi g~j¨vqb: 6.5 

eûwbe©vPbx cÖkœ: 

1|  KvPdjK w`‡q hvIqvi mgq †Kvb e‡Y©i Av‡ji †eM me©vwaK? 

   K. jvj L. bxj M. njy` N. †e¸bx 

2|  KvPdjK w`‡q hvIqvi mgq †Kvb e‡Y©i wePz¨wZ me©vwaK? 

   K. jvj L. bxj M. njy` N. †e¸bx 

 

 

cvV-6.6 : †Mvjxq c„‡ô Av‡jvi cÖwZmiY 

Refraction through Spherical Surface 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 †Mvjxq c„‡ô Av‡jvi cÖwZmiY e¨vL¨v Ki‡Z cvi‡eb| 

 

6.6.1 wP‡ ýi cÖ_v (Sign Convention):  
R¨vwgwZK Av‡jvKweÁv‡b cÖavbZ †Kv‡bv Z‡j, `c©‡Y, †j‡Ý ev Av‡jvK h‡š¿ Av‡jvi cÖwZdjb ev 

cÖwZmiY Av‡jvPbv Kiv nq| G me †¶‡Î j¶¨e¯‘ †_‡K Av‡jv wbtm„Z n‡q cÖwZdjb ev cÖwZmi‡Yi 

ci MwVZ we¤ ̂j¶¨e¯‘i ~̀iZ¡, we‡¤î ~̀iZ¡, Z‡ji eµZvi e¨vmva©, `c©Y ev †j‡Ýi †dvKvm ~̀iZ¡ cÖf„wZi ga¨Kvi 

wewfbœ m¤ú‡K© K‡qKwU mgxKi‡Yi mvnv‡h¨ cÖKvk Kiv nq| G `~iZ¡̧ ‡jv cwigvc Ki‡Z nq cÖwZdjK ev cÖwZmviK 

Z‡ji ga¨we›`y Z_v †gi“ †_‡K Avi †j‡Ýi †¶‡Î Av‡jvK †K› ª̀ †_‡K| GB me ivwk¸‡jvi cvi¯úwiK m¤úK© 

wbY©‡qi Rb¨ G‡`i wP ý (abvZ¥K bv FYvZ¥K) wVK K‡i †bqv cÖ‡qvRb n‡q c‡o| GB eB‡q wP  ý wbY©‡qi †h cÖ_v 

e¨envi Kiv n‡q‡Q Zv‡K ev¯—e abvZ¥K cÖ_v ejv nq| G cÖ_v Abymv‡i mKj ev¯—e `~iZ¡ abvZ¥K Ges mKj 

Aev¯—e `~iZ¡ FYvZ¥K| ev¯—e `~iZ¡ ej‡Z Av‡jvK iwk¥ cÖK…Zc‡¶ †h `~iZ¡ AwZµg K‡i †mB `~iZ¡‡K †evSvq| 

Aev¯—e `~iZ¡ ej‡Z Av‡jv‡K iwk¥ `~iZ¡ cÖK…Zc‡¶ AwZµg K‡i bvÑ AwZµg K‡i‡Q e‡j g‡b nq †mB `~iZ¡‡K 

†evSvq|  

GB cÖ_v Abymv‡i ev¯—e j¶¨e¯‘, ev¯—e we¤ ̂ev ev¯—e †dvKvm `~iZ¡‡K abvZ¥K aiv nq| Avi Aev¯—e j¶¨, 

Aev¯—e we¤ ̂ev Aev¯—e †dvKvm ~̀iZ¡‡K FYvZ¥K aiv nq| 

6.6.2 †Mvjxq c„‡ô Av‡jvi cÖwZmiY (Refraction at Spherical Surfaces):  
aiv hvK, SOS †Mvjxq AeZj c„ô evqy (cÖwZmiYv¼ 1) Ges 

 cÖwZmiYv‡¼i gva¨g‡K c„_K K‡i‡Q (wPÎ 6.18)| Wvb 

w`‡Ki gva¨‡g evqyi cÖwZmiYv¼ 1 Ges evg w`‡Ki gva¨‡gi 

cÖwZmiYv¼ | aiv hvK, >1| C †Mvjxq c„‡ôi eµZvi 

†K›`ª Ges O Gi †gi“| myZivs OP n‡”Q †Mvjxq c„‡ôi 

cÖavb A¶| evqy gva¨‡g cÖavb A‡¶i Dci Aew¯’Z P we›`y 

Drm †_‡K wbtm„Z GKwU Av‡jvK iwk¥ PO eivei wM‡q 

AeZj c„‡ô j¤f̂v‡e AvcwZZ nq, d‡j †mwU cÖwZmi‡Yi ci 

†mvRvmywR OR c‡_ P‡j hvq| Avi GKwU iwk¥ PS c‡_ 

†Mvjxq c„‡ôi †gi“i Lye wbK‡U S we›`y‡Z AvcwZZ n‡q 

cÖwZmi‡Yi ci Awfj¤ ̂ CSN-Giw`‡K †eu‡K SA c‡_ P‡j 

hvq| GB cÖwZmwiZ iwk¥ `ywU ci¯úi Acmvix nq| iwk¦Øq‡K 

wcQ‡bi w`‡K evwo‡q w`‡j Giv Q we›`y †_‡K Acm„Z n‡”Q e‡j g‡b nq| myZivs Q n‡”Q P we›`yi Aev¯—e we¤|̂ 

wPÎ : 6.18 
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GLb aiv hvK, AvcZb †KvY = iPSC   Ges  

 cÖwZmiY †Kv‡bv rCSQNSA   

GLb Nb gva¨‡gi cÖwZmiYv¼, 

r
i

sin
sin

  

ev, ri sinsin   

i I r Lye †QvU e‡j sin i = i Ges r = r †iwWqvb †jLv hvq| 

myZivs i = r .................... ............................. .......................................................... (6.32)   

aiv hvK,   SCOSQOSPO ,,  

GLb SCP wÎfyR †_‡K,  = i +  

[  wÎfy‡Ri ewn¯’ †KvY Aš—¯’ wecixZ ỳB †KvYØ‡qi †hvMd‡ji mgvb] 

 i =  ............................................. (6.33)  

Avevi, SCQ wÎfyR †_‡K,  = r +   

 = r +   ............................................. (6.34)  

(6.32) mgxi‡Y i I r-Gi gvb ewm‡q,  

 () =  ()  
ev,  –      ev,  – a =  

ev,  –  = ()   .......................................... (6.35)   

†Mvjxq c„‡ôi D‡b¥l Lye †QvU nIqvq  I  †KvY¸‡jvI Lye †QvU n‡e| †KvY¸‡jv‡K †iwWqv‡b cÖKvk n‡j 

(6.35) mgxKiY `uvovq, 

 
OC
SO

OP
SO

SQ
SO )1(  

 

ev, 

OCOPSQ
)1(1 




 .......................................... (6.36)   

GLb wP‡ ýi ev¯—e abvZ¥K cÖ_v Abymv‡i A_©vr †Mvjxq c„‡ôi †gi“ †_‡K mKj ev¯—e ~̀iZ¡ abvZ¥K Ges mKj 

ev¯—e ~̀iZ¡ FYvZ¥K a‡i Avgiv cvB, 

 j¶¨e¯‘i ~̀iZ¡, OP = +u  

 we‡¤î `~iZ¡, OQ = v  

 eµZvi e¨vmva©, OC =  r  

GLb (6.36) mgxKi‡Y gvb ewm‡q, 

 

ruv 





)1(1 
 

ev, 

ruv
)1(1 




 .......................................... (6.37)   

†Mvjxq DËij cÖwZmviK Z‡ji Rb¨I GKB m¤úK© cvIqv hvq|  
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Av‡jv hw`  cÖwZmiYv‡¼i Nb gva¨g †_‡K evqy‡Z cÖwZmwiZ nq Zvn‡j (6.29) mgxKi‡Yi iƒc n‡e  

 

ruv
 


11

 .......................................... (6.38)   

Avi †Mvjxq AeZj c„‡ô AvcwZZ †nvK ev DËj c„‡ô AvcwZZ †nvK, we¤ ̂ev¯—e †nvK ev Aev¯—e †nvK, †mvRv 

†nvK ev D‡ëv †nvK (6.37) Ges (6.38) mgxKiY cÖ‡hvR¨ n‡e|  

we‡kl `ªóe¨ : 

1 cÖwZmiYv‡¼i †Kv‡bv gva¨g †_‡K Av‡jv hw` †Mvjxq c„‡ô AvcwZZ n‡q 2 cÖwZmiYv‡¼i †Kv‡bv gva¨‡g 

cÖwZmwiZ nq, Zvn‡j cÖwZmi‡Yi mvaviY m~Î nq 

 

ruv
1212  

  .......................................... (6.39)   

GB †¶‡Î Av‡jv nvjKv gva¨g †_‡K Nb gva¨‡g AvcwZZ n‡jv bv Nb gva¨g †_‡K nvjKv gva¨‡g AvcwZZ n‡jv, 

DËj c„‡ô AvcwZZ n‡jv bv AeZj c„‡ô AvcwZZ n‡jv, we¤ ̂ev¯—e n‡jv bv Aev¯—e n‡jv, †mvRv n‡jv bv Dëv 

n‡jv Zv‡Z wKQzB hvq Av‡m bv| mKj †¶‡ÎB GB mgxKiY cÖ‡hvR¨| Z‡e GB mgxKiY e¨envi Kivi mgq cÖ_v 

Abyhvqx Aek¨B h_vh_ wP ý emv‡Z n‡e|  

†Mvjxq DËj cÖwZmviK Z‡ji R‡b¨I GKB m¤úK© cvIqv hvq| (6.39) mgxKiY‡K †Mvjxq Z‡j cÖwZmi‡Yi Rb¨ 

MvD‡mi mgxKiY (Gauss’s equation) e‡j| 

 

 

mvi-ms‡¶c :  

DËj ev AeZj cÖwZmviK Z‡ji Rb¨ ,  111
 ba

ba

ruv



 ev, 

ruv
abab  

 | DËj Z‡ji 

†¶‡Î r  abvZ¥K Ges AeZj Z‡ji Rb¨ r  FYvZ¥K| 

 

 

cv‡VvËi g~j¨vqb: 6.6 

eûwbe©vPbx cÖkœ: 

1| †Mvjxq Z‡j cÖwZmi‡Yi †¶‡Î †KvbwU MvD‡mi m~Î  

K.  111
 ba

ba

ruv



   L. 

2
sin

2
sin

A

A m





    

  M. 
ruv

abab  
    N. 

 
  


 




1

rv
 

2| †Mvjxq cÖwZmviK Zj- 

K. KvP L‡Ûi b¨vq AvPiY K‡i| L. †j‡Ýi b¨vq AvPiY K‡i| 

M. wcÖR‡gi b¨vq AvPiY K‡i| N. `c©‡Yi b¨vq AvPiY K‡i| 
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cvV-6.7 : †jÝ 

    Lens 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 wewfbœ cÖKvi †j‡Ýi e¨vL¨v Ki‡Z cvi‡eb| 

 †jÝ msµvš— wewfbœ ivwk e¨vL¨v Ki‡Z cvi‡eb| 

 †j‡Ý iwk¥wPÎ AvuKvi wbqg Ges we¤ ̂m„wó e¨vL¨v Ki‡Z cvi‡eb| 

 

6.7.1 wewfbœ cÖKvi ‡jÝ (Different types of Lens): 
wbw`©ó R¨vwgwZK AvKv‡ii `ywU gm„Y Zj w`‡q mxgve× †Kv‡bv ¯^”Q mgmË¡ gva¨‡gi Ask‡K †jÝ e‡j| 

GB Zj ¸‡jv wewfbœ AvKv‡ii n‡Z cv‡i| G‡`i g‡a¨ †Mvjxq Zj wewkó ‡jÝB †ekx cÖPwjZ| G‡`i‡K †Mvjxq 

†jÝ (Spherical lens) e‡j| Avgv‡`i Av‡jvPbv †Mvjxq †j‡Ýi g‡a¨ mxgve× ivLe| †ejbvKvi Zj wewkó †jÝ‡K 

†ejbvKvi †jÝ (Cylindrical lens) ejv nq| 

†Mvjxq †jÝ ev †jÝ cÖavbZt `yB cÖKvi (K) DËj ‡jÝ Ges (L) AeZj †jÝ| DËj †j‡Ýi ga¨fvM †gvUv Ges 

cÖvš—fvM mi“| DËj †jÝ Avevi wewfbœ ai‡Yi n‡Z cv‡i|  

(6.19 bs) wP‡Î wewfbœ ai‡Yi DËj †jÝ †`Lv‡bv n‡q‡Q| 

(1) †h †j‡Ýi Dfq Zj evwni w`‡K DËj Zv‡K wØ-DËj (Double-convex) †jÝ e‡j| Zj `ywUi eµZvi e¨vmva© 

mgvb n‡Z cv‡i Ges bvI n‡Z cv‡i| mgvb n‡j †jÝwU‡K mg wØ-DËj (Equeiconvex) †jÝ e‡j| 

(2) †h †j‡Ýi GKwU Zj mgZj Ges AciwU DËj Zv‡K 

mgZ‡jvËj (Plano-convex) †jÝ e‡j| 

(3) †h †j‡Ýi GKwU Zj AeZj Ges AciwU DËj n‡j 

Ges AeZj Z‡ji Zzjbvq DËj Z‡ji eµZvi e¨vmva© Kg 

nq Zv n‡j †jÝwU‡K AeZ‡jvËj (Concavo-convex) †jÝ 

e‡j| 

 

AeZj †j‡Ýi ga¨fvM mi“ Ges cÖvš—fvM †gvUv| AeZj 

†jÝ Avevi wewfbœ ai‡Yi n‡Z cv‡i|  

(6.19 bs) wP‡Î wewfbœ ai‡Yi AeZj †jÝ †`Lv‡bv n‡q‡Q| 

(1) †h †j‡Ýi Dfq Zj evwni w`‡K AeZj Zv‡K wØ-AeZj (Double- Concave) †jÝ e‡j| Zj `ywUi eµZvi 

e¨vmva© mgvb n‡Z cv‡i Ges bvI n‡Z cv‡i| mgvb n‡j †jÝwU‡K mg wØ-AeZj (Equeiconcave)  †jÝ e‡j| 

(2) †h †j‡Ýi GKwU Zj mgZj Ges AciwU AeZj Zv‡K mgZjveZj (Plano-concave) †jÝ e‡j| 

(3) †h †j‡Ýi GKwU Zj AeZj Ges AciwU DËj n‡j 

Ges DËj Z‡ji Zzjbvq AeZj Z‡ji eµZvi e¨vmva© 

Kg nq Zv n‡j †jÝwU‡K DËjveZj (Convexo-
concave) †jÝ e‡j| 

 

6.7.2 KwZcq msÁv (Some Definition):  
(K) cÖavb A¶ (Principal Axis): †h mij †iLv †j‡Ýi 

ZjØ‡qi eµZv †K‡›`ªi ga¨ w`‡q hvq Zv‡K †j‡Ýi cÖavb 

A¶ e‡j| (6.20) (K) I (L) wP‡Î C I C h_vµ‡g APB I APB eµ Z‡ji eµZv †K‡› ª̀| C I C we› ỳØ‡qi 

ms‡hvMKvix †iLv X X n‡jv cÖavb A¶| GB †iLv †j‡Ýi ZjØ‡qi P I P we›`y‡Z †Q` K‡i|  cÖavb A¶ eivei 

wØ-AeZj 

†jÝ 

mgZ‡jvËj 

†jÝ 

DËjveZj 

†jÝ 

wØ-DËj 

†jÝ 

mgZjveZj 

†jÝ 

AeZ‡jvËj 

†jÝ 

wPÎ 6.19 

DËj †jÝ 

AeZj †jÝ 

P  X X C P C  

B  

A 

P  X X C P C  

B  

A 

wPÎ 6.20

(K) (L) 
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PP ~̀iZ¡‡K †j‡Ýi †ea e‡j| †Kv‡bv †j‡Ýi †ea eµZv e¨vmv‡a©i Zzjbvq bMY¨ n‡j H †jÝ‡K mi“ ev cvZjv 

†jÝ e‡j| Avgiv GB As‡k †Kej gvÎ ¶z`ª D‡b¥lwewkó mi“ †jÝ m¤ú‡K© Av‡jPbv Kie| 

 

(L) Av‡jvK †K›`ª (Optical Centre):  Av‡jvK iwk¥ †Kv‡bv †j‡Ýi GK c„‡ô AvcwZZ 

n‡q wbM©Z nIqvi mgq hw` AvcwZZ iwk¥i mgvš—ivjfv‡e wbM©Z nq Zvn‡j Av‡jvK 

iwk¥ †j‡Ýi cÖavb A‡¶i Dci †h we›`y w`‡q hvq †mB we›`y‡K Av‡jvK †K› ª̀ e‡j| 

A_©vr Av‡jvK iwk¥ †j‡Ýi cÖavb A‡¶i Dci †h we›`yi ga¨ w`‡q Mgb Ki‡j 

cÖwZmi‡Yi d‡j Gi w`‡Ki †Kv‡bv cwieZ©b nq bv †mB we›`y‡K †j‡Ýi Av‡jvK †K›`ª 

e‡j|  

(6.21 bs) wP‡Î SQ1 iwk¥ †j‡Ýi Q1 we›`y‡Z AvcwZZ n‡q Q2R c‡_ cÖwZmwiZ n‡j 

Q1Q2 iwk¥ cÖavb A¶‡K O we›`y‡Z †Q` K‡i| GLv‡b O †j‡Ýi Av‡jvK †K› ª̀| †jÝwU 

mi“ †jÝ n‡j SQ1, Q1Q2 Ges Q2R GKB mij‡iLvq n‡e| †j‡Ýi AvK…wZi Dci 

wbf©i K‡i Av‡jvK †K› ª̀ †j‡Ýi †fZ‡i ev evB‡i n‡Z cv‡i| 

 

(M) cÖavb †dvKvm (Principal Focus): cÖavb A‡¶i mgvš—ivj 

A‡jvK iwk¥ †jÝ w`‡q cÖwZmwiZ nevi ci cÖavb A‡¶i †h 

we›`y‡Z wgwjZ nq ev †h we› ỳ †_‡K Acm„Z n‡”Q e‡j g‡b nq 

Zv‡K cÖavb †dvKvm ev wØZxq cÖavb †dvKvm e‡j| (6.22 bs) 

wP‡Î F2 w`‡q wØZxq cÖavb †dvKvm †`Lv‡bv n‡q‡Q| †jÝ †h‡nZz 

cÖwZmviK Zj †m‡nZz Gi Av‡iv GKwU †dvKvm we›`y Av‡Q| cÖavb 

†dvKv‡mi †h we›`y †_‡K Av‡jvK iwk¥ †j‡Ýi Dci co‡j ev 

co‡Q e‡j g‡b n‡j cÖwZmwiZ Av‡jvK iwk¥ cÖavb A‡¶i mgvš—

ivj nq H we›`y‡K cÖ_g cÖavb †dvKvm e‡j| wPÎ (6.23 bs) wP‡Î 
F1 w`‡q  cÖ_g cÖavb †dvKvm †`Lv‡bv n‡q‡Q| wØZxq cÖavb †dvKvm‡KB cÖavb †dvKvm ev gyL¨ †dvKvm wnmv‡e aiv 

nq| 

 

(M) †dvKvm `~iZ¡ (Focal Length): †j‡Ýi Av‡jvK †K› ª̀ †_‡K 

cÖavb †dvKvm ch©š— `~iZ¡‡K †dvKvm ~̀iZ¡ e‡j| G‡K mvaviYZt f  
w`‡q cÖKvk Kiv nq| 

 

(N) †dvKvm Zj (Focal Plane): †K‡bv †j‡Ýi cÖavb 

†dvKv‡mi ga¨ w`‡q cÖavb A‡¶i Dci j¤ ̂fv‡e †h Zj Kíbv 

Kiv nq Zv‡K †dvKvm Zj e‡j| †j‡Ýi †MŠY †dvKvm¸‡jv GB 

Z‡j Ae¯’vb K‡i| (6.24 bs) wP‡Î DËj †j‡Ýi †dvKvm Zj 

†`Lv‡bv n‡q‡Q| 

 

(O) eµZv e¨vmva© (Radius of Curvature): †j‡Ýi 

†Kv‡bv Zj (ev Dfq Zj) †h †Mvj‡Ki Ask we‡kl H 

‡Mvj‡Ki e¨vmva©‡K †j‡Ýi ev H Z‡ji eµZvi e¨vmva© 

e‡j| 6.25 bs wP‡Î r1 I r2 eµZvi e¨vmva©| eµZvi 

e¨vmva©‡K mvaviYZt r w`‡q cÖKvk Kiv nq| 
 

(P) AbyeÜx ‡dvKvm (Conjugate Foci or Point): 
†j‡Ýi cÖavb A‡¶i Dci AmsL¨ †Rvov †Rvov we›`y 

F2 F2 

wPÎ 6.22 

F1 F1 

wPÎ 6.23 

wPÎ 6.25 

C1 C2 

 r2  r1 

wPÎ 6.24 

‡dvKvm Zj  

cÖavb A¶ 

O 

Q1 

Q2 

wPÎ 6.21 

S 

R 
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Av‡Q hvi GKwU‡Z e¯‘ ¯’vcb Ki‡j AciwU‡Z cÖwZwe¤ ̂MwVZ nq| GB †Rvov we›`y G‡K Ac‡ii AbyeÜx †dvKvm| 

wPÎ [6.30, 6.31, 6.32] Gi Q I Q AbyeÜx †dvKvm| 
6.7.3  †j‡Ýi iwk¥ wPÎ  (Ray Diagram in Lens): 
†Kv‡bv †j‡Ýi mvg‡b e¯‘ ivL‡j †j‡Ý Av‡jvi cÖwZmi‡Yi d‡j e¯‘i we¤ ̂MwVZ nq| GB we‡¤î Ae¯’vb, cÖK…wZ I 

AvK…wZ †Kgb n‡e Zv Rvb‡Z n‡j e ‘̄ †_‡K wbtm„Z Av‡jvK iwk¥¸”Q †j‡Ý cÖwZmwiZ n‡q †Kv_vq wgwjZ nq ev 

†Kv_v †_‡K Avm‡Q e‡j g‡b nq Zv Rvb‡Z n‡e| †Kv‡bv †j‡Ýi Av‡jvK †K› ª̀ Ges cÖavb †dvKvm wbw`©ó e‡j 

K‡qKwU we‡kl iwk¥ H †j‡Ý cÖwZmwiZ n‡q †Kvb c‡_ hv‡e Zv Avgiv mn‡R w¯’i Ki‡Z cvwi| GB mKj iwk¥ wPÎ 

A¼b K‡i Avgiv mn‡R we‡¤î Ae¯’vb, cÖK…wZ I AvK…wZ wbY©q Ki‡Z cvwi| 

iwk¥ wPÎ A¼‡bi mgq wPÎ¸‡jv‡K mnR Kivi Rb¨ †j‡Ýi ga¨fvM w`‡q Aw¼Z Dj¤ ̂†iLv eivei Av‡jvK iwk¥ 

w`K cwieZ©b K‡i‡Q e‡j †`Lv‡bv n‡q‡Q, hw`I cÖK…Zc‡¶ †j‡Ýi `yB c„‡ô `yB evi Av‡jvK iwk¥i w`K cweiZ©b 

N‡U| 

mi“ DËj Ges mi“ AeZj Dfq cÖKvi †j‡Ýi †¶‡Î mPivPi wb‡Pi wZb ai‡bi iwk¥ e¨envi K‡i we¤ ̂A¼b 

Kiv hvq| †hgbÑ  

1. †j‡Ýi Av‡jvK †K› ª̀ w`‡q AvcwZZ iwk¥ cÖwZmi‡Yi ci †mvRvmywR P‡j hvq|  

[6.26 (K) I (L)] wP‡Î GKwU iwk¥ AO †j‡Ýi Av‡jvK †K› ª̀ O eivei AvcwZZ n‡q †mvRvmywR OB c‡_ 

cÖwZmwiZ nq|  

 

2. †j‡Ýi cÖavb A‡¶i mgvš—ivj AvcwZZ iwk¥ cÖwZmi‡Yi ci cÖavb †dvKvm w`‡q hvq (DËj †j‡Ý) ev cÖavb 

†dvKvm †_‡K Avm‡Q e‡j g‡b nq (AeZj †j‡Ý)|  

[6.27 (K)] wP‡Î GKwU iwk¥ AL DËj †j‡Ýi cÖavb A¶ FOF Gi mgvš—iv‡j L we› ỳ‡Z AvcwZZ n‡q cÖavb 

†dvKvm F w`‡q LFB c‡_ cÖwZmwiZ nq|  

 

6.27 (L) wP‡Î GKwU iwk¥ AL AeZj †j‡Ýi cÖavb A¶ FOF-Gi mgvš—iv‡j L we›`y‡Z AvcwZZ n‡q LB c‡_ 

Ggbfv‡e cÖwZmwiZ nq †hb GwU cÖavb †dvKvm F †_‡K Avm‡Q e‡j g‡b nq A_©vr LB-†K †cQb w`‡K evov‡j F 

we›`y‡Z wgwjZ nq|  
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3. †j‡Ýi cÖavb †dvKv‡mi ga¨ w`‡q (DËj †j‡Ý) ev cÖavb †dvKvm AwfgyLx (AeZj †j‡Ý) AvcwZZ iwk¥ 

cÖwZmi‡Yi ci cÖavb A‡¶i mgvš—ivj n‡q hvq|  

 

[6.28 (K)] wP‡Î GKwU iwk¥ AL DËj †j‡Ýi cÖavb †dvKvm F w`‡q L we› ỳ‡Z AvcwZZ n‡q cÖavb A¶ OF-Gi 

mgvš—iv‡j LB c‡_ cÖwZmwiZ nq| [6.28 (L)] wP‡Î AeZj †j‡Ýi cÖavb †dvKvm F Awfgy‡L AvcwZZ GKwU 

iwk¥ AL †j‡Ý L we›`y‡Z AvcwZZ n‡q cÖavb A¶ FOF Gi mgvš—iv‡j LB c‡_ cÖwZmwiZ nq| 

7.4 DËj †jÝ w`‡q j¶¨ e ‘̄i cÖwZwe¤^ MVb (Image Formation by a Convex lens of an Object): 
g‡b Kwi GKwU DËj †j‡Ýi Av‡jvK †K›`ª O, †dvKvm F Ges Gi eµZvi †K›`ª C| DËj †j‡Ýi cªavb A‡¶i 

Dci j¤ ̂fv‡e Aew¯’Z GKwU e¯‘ PQ Gi cÖavb A‡¶i Dci wewfbœ Ae¯’v‡bi Rb¨ m„ó cÖwZwe¤^ PQ Gi Ae¯’vb, 

AvK…wZ I cÖK…wZ bx‡P †`qv n‡jv| 

 

1| j¶¨e ‘̄ hLb Amx‡g Aew¯’Z:  Amxg `~‡i Aew¯’Z j¶¨e¯‘i kxl© P †_‡K AvMZ  mgvš—ivj Av‡jvKiwk¥ cÖavb 

A‡¶i mv‡_ AvbZ fv‡e DËj †j‡Ýi Dci AvcwZZ I cÖwZmwiZ n‡q P we›`y‡Z †dvKvmZ‡j wgwjZ nq| P †_‡K 

A‡¶i Dci Aw¼Z j¤B̂ Amxg `~‡i Aew¯’Z j¶¨e¯‘i cÖwZwe¤^ PF| (wPÎ bs 

6.29)  

wPÎvbymv‡i,  

cÖwZwe‡¤î Ae¯’vb t  †dvKvm Z‡j Ges DËj †j‡Ýi wecixZ cv‡k¦©| 

cÖwZwe‡¤î cÖK…wZ t  ev¯—e I Dëv|   

cÖwZwe‡¤î AvK…wZ t e¯‘ A‡c¶v AZ¨š— †QvU (we› ỳeZ)|  
 

2| j¶¨e¯‘ hLb Amxg I 2f  Gi g‡a¨ Aew¯’Z t  Amxg I 2f  Gi g‡a¨ Aew¯’Z j¶¨e¯‘ PQ Gi kxl© we›`y P 
†_‡K AvMZ Av‡jvKiwk¥ cÖavb A‡¶i mgvš—ivj fv‡e DËj †j‡Ýi L 
we›`y‡Z AvcwZZ I cÖwZmwiZ n‡q †dvKvm we›`y F w`‡q Mgb K‡i| P 
‡_‡K Aci GKwU Av‡jvKiwk¥ †j‡Ýi Av‡jvK †K‡›`ª AvcwZZ n‡q MwZc_ 

cwieZ©b bv K‡i c~e©eZ©x Av‡jvK iwk¥i mv‡_ P we›`y‡Z wgwjZ nq| myZivs 

P we›`yi cÖwZwe¤^ P| AZGe PQ Gi cÖwZwe¤^ PQ (wPÎ bs  6.30)| 
wPÎvbymv‡i,  

cÖwZwe‡¤î Ae¯’vb t  eµZvi †K› ª̀ I †dvKv‡mi g†a¨i †Kvb we›`y‡Z Ges DËj †j‡Ýi wecixZ cv‡k¦©| 

cÖwZwe‡¤î cÖK…wZ t  ev¯—e I Dëv|   

cÖwZwe‡¤î AvK…wZ t e¯‘ A‡c¶v †QvU| 
 

3| j¶¨e¯‘ hLb Av‡jvK †K›`ª †_‡K 2f ~̀‡i Aew¯’Z t  Av‡jvK †K› ª̀ †_‡K 2f ~̀‡i Aew¯’Z j¶¨e¯‘ PQ Gi kxl© 
we›`y P †_‡K AvMZ Av‡jvKiwk¥ cÖavb A‡¶i mgvš—ivj fv‡e DËj †j‡Ýi 

L we›`y‡Z AvcwZZ I cÖwZmwiZ n‡q †dvKvm we›`y F w`‡q Mgb K‡i| P 
†_‡K Aci GKwU Av‡jvK iwk¥ ‡j‡Ýi Av‡jvK †K›`ª O ‡Z AvcwZZ n‡q 

wPÎ 6.31 

P 

P 

O 

F 
Q 

Q 

 f  
2 f 2 f 

L  

wPÎ 6.29 

P 

P 
O 

F 
L  

wPÎ 6.30 

P 

P 
O 

F 
Q 

Q 
L  

2 f 
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MwZc_ cwieZ©b bv K‡i c~e©eZ©x Av‡jvK iwk¥i mv‡_ P we›`y‡Z wgwjZ nq| myZivs P we›`yi cÖwZwe¤^ P| AZGe, 

PQ Gi cÖwZwe¤^ PQ| (wPÎ bs 6.31)  

wPÎvbymv‡i,  

cÖwZwe‡¤î Ae¯’vb t  Av‡jvK †K› ª̀ †_‡K 2f  ~̀‡i| 

cÖwZwe‡¤î cÖK…wZ t  ev¯—e I Dëv Ges DËj †j‡Ýi wecixZ cv‡k¦©| 

cÖwZwe‡¤î AvK…wZ t e¯‘i mgvb| 

 

4| j¶¨e¯‘ hLb Av‡jvK †K› ª̀ †_‡K 2f I †dvKv‡mi g‡a¨ Aew¯’Z t 2f  I †dvKv‡mi g‡a¨ Aew¯’Z j¶¨e¯‘ PQ 
Gi kxl© we›`y P †_‡K AvMZ Av‡jvKiwk¥ cÖavb A‡¶i mgvš—ivj fv‡e 

DËj †j‡Ýi L we› ỳ‡Z AvcwZZ I cÖwZmi‡Yi m~Îvbymv‡i cÖwZmwiZ n‡q 

†dvKvm we›`y F w`‡q Mgb K‡i| P ‡_‡K Aci GKwU Av‡jvKiwk¥ 

Av‡jvK‡K›`ª O ‡Z AvcwZZ n‡q MwZc_ cwieZ©b bv K‡i c~e©eZ©x 

Av‡jvK iwk¥i mv‡_ P we›`y‡Z wgwjZ nq| myZivs P we›`yi cÖwZwe¤^ P| 

AZGe PQ Gi cÖwZwe¤^ PQ| (wPÎ bs 6.32) 

wPÎvbymv‡i,  

cÖwZwe‡¤î Ae¯’vb t  2f  I Amx‡gi gv‡S|  

cÖwZwe‡¤î cÖK…wZ t  ev¯—e I Dëv|   

cÖwZwe‡¤î AvK…wZ t e¯‘i †P‡q eo| 

 

5| j¶¨e¯‘ hLb †dvKv‡m Aew¯’Z t †dvKv‡m Aew¯’Z j¶¨e¯‘ PQ Gi kxl© we›`y P †_‡K AvMZ Av‡jvK iwk¥ cÖavb 

A‡¶i mgvš—ivj fv‡e DËj †j‡Ýi L we›`y‡Z AvcwZZ I cÖwZmi‡Yi m~Îvbymv‡i 

cÖwZmwiZ n‡q †dvKvm we›`y F w`‡q Mgb K‡i| P ‡_‡K Aci GKwU Av‡jvKiwk¥ 

Av‡jvK †K›`ª O †Z AvcwZZ n‡q MwZc_ cwieZ©b bv K‡i c~e©eZ©x Av‡jvK iwk¥i 

mv‡_ mgvš—ivjfv‡e Mgb K‡i| ZvB cÖwZmwiZ Av‡jvK iwk¥Øq‡K cðvrw`‡K 

ewa©Z Ki‡jI mgvš—ivj _v‡K| (wPÎ bs  6.33) 

wPÎvbymv‡i,  

cÖwZwe‡¤î Ae¯’vb t  Amx‡g| 

cÖwZwe‡¤î cÖK…wZ t  ev¯—e ev Aev¯—e, †mvRv ev Dëv|   

cÖwZwe‡¤î AvK…wZ t Amxg ¸Y ewa©Z| 

 

6| j¶¨e¯‘ hLb †dvKvm I Av‡jvK †K‡›`ªi g‡a¨ Aew¯’Z t †dvKvm I Av‡jvK †K‡›`ªi 

g‡a¨ Aew¯’Z j¶¨e¯‘ PQ Gi kxl© we›`y P †_‡K AvMZ Av‡jvK iwk¥ cÖavb A‡¶i 

mgvš—ivj fv‡e DËj †j‡Ýi L we›`y‡Z AvcwZZ I cÖwZmwiZ n‡q †dvKvm we› ỳ F w`‡q 

Mgb K‡i| P †_‡K Aci GKwU Av‡jvKiwk¥ Av‡jvK‡K› ª̀ O †Z AvcwZZ n‡q 

cÖwZmi‡Yi m~Îvbymv‡i cÖwZmwiZ n‡q †mvRv c‡_ Mgb K‡i| GB iwk¥Øq‡K cðvr w`‡K 

ewa©Z Ki‡j  †j‡Ýi cðvr fv‡M P we›`y‡Z ci¯ú‡ii mv‡_ wgwjZ nq| myZivs P we›`yi cÖwZwe¤ ̂P| AZGe PQ 

Gi cÖwZwe¤ ̂PQ| (wPÎ bs 6.34) 

wPÎvbymv‡i,  

cÖwZwe‡¤î Ae¯’vb t †j‡Ýi mvg‡b|  

cÖwZwe‡¤î cÖK…wZ t  Aev¯—e I †mvRv|  

cÖwZwe‡¤î AvK…wZ t e¯‘i †P‡q eo| 

wPÎ 6.33 

P 

O 

F 
Q  f  

L  

wPÎ 6.34 

O 

F 
Q 

P 

Q 

P 

L  

wPÎ 6.32 

P 

P 

O 

F 
Q 

Q 
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 f  

L  
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mvi-ms‡¶c :  

cÖavb A¶ : †h mij †iLv †j‡Ýi ZjØ‡qi eµZv †K‡› ª̀i ga¨ w`‡q hvq Zv‡K †j‡Ýi cÖavb A¶ e‡j| 

Av‡jvK †K›`ª: ‡j‡Ýi †h we›`y w`‡q Av‡jvK iwk¥ Mgb Ki‡j Av‡jvK iwk¥i wePz¨wZ N‡U bv †mB we›`y‡K Av‡jvK 

†K›`ª e‡j|  

cÖavb †dvKvm: cÖavb A‡¶i mgvš—ivj A‡jvK iwk¥ †jÝ w`‡q cÖwZmwiZ nevi ci cÖavb A‡¶i †h we›`y‡Z 

wgwjZ nq ev †h we›`y †_‡K Acm„Z n‡”Q e‡j g‡b nq Zv‡K cÖavb †dvKvm ev wØZxq cÖavb †dvKvm e‡j| 

†dvKvm `~iZ¡: †j‡Ýi Av‡jvK †K› ª̀ †_‡K cÖavb †dvKvm ch©š— `~iZ¡‡K †dvKvm `~iZ¡ e‡j| G‡K mvaviYZt f  w`‡q 

cÖKvk Kiv nq| 

†dvKvm Zj: †K‡bv †j‡Ýi cÖavb †dvKv‡mi ga¨ w`‡q cÖavb A‡¶i Dci j¤ ̂fv‡e †h Zj Kíbv Kiv nq Zv‡K 

†dvKvm Zj e‡j| †j‡Ýi †MŠY †dvKvm¸‡jv GB Z‡j Ae ’̄vb K‡i| 

eµZv e¨vmva©: †j‡Ýi †Kv‡bv Zj (ev Dfq Zj) †h †Mvj‡Ki Ask we‡kl H ‡Mvj‡Ki e¨vmva©‡K †j‡Ýi ev H 

Z‡ji eµZvi e¨vmva© e‡j| 

AbyeÜx ‡dvKvm: †j‡Ýi cÖavb A‡¶i Dci AmsL¨ ‡Rvov †Rvov we›`y Av‡Q hvi GKwU‡Z e¯‘ ¯’vcb Ki‡j 

AciwU‡Z cÖwZwe¤ ̂MwVZ nq| GB †Rvov we›`y G‡K Ac‡ii AbyeÜx †dvKvm| 

 

 

cv‡VvËi g~j¨vqb: 6.7 

eûwbe©vPbx cÖkœ: 

1| cÖwZwe¤ ̂Amx‡g †c‡Z n‡j e ‘̄‡K †Kv_vq ivL‡Z n‡e? 

K. Av‡jvK †K‡› ª̀  L. †dvKv‡m  

M. †dvKv‡mi wØ¸Y ~̀‡i  N. Amxg I †dvKv‡mi gv‡S 

2| e¯‘‡K †dvKv‡mi wØ¸Y ~̀‡i ivL‡j cÖwZwe¤ ̂†Kv_vq cvIq hv‡e? 

K. Av‡jvK †K‡› ª̀  L. †dvKv‡m  

M. †dvKv‡mi wØ¸Y ~̀‡i  N. Amxg I †dvKv‡mi gv‡S 

 

cvV-6.8 : †jÝ ˆZwii mgxKiY 

 Lens maker’s Formula 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 †jÝ cȪ ‘ZKvi‡Ki MvwYwZK mgxKiY cÖwZcv`b Ki‡Z cvi‡eb| 

 

6.8.1 †jÝ ˆZwii mgxKiY (Lens Maker’s Equation):  
†Kv‡bv cÖwZmviK gva¨g `ywU †Mvjxq c„ô Øviv mxgve× n‡j †jÝ MwVZ nq| myZivs †j‡Ýi ga¨ w`‡q 

Av‡jvK iwk¥ Mg‡bi mgq `yevi cÖwZmwiZ nq| GKevi †j‡Ý cÖ‡e‡ki mgq I wØZxqevi †jÝ †_‡K †ei nevi 

mgq|  

aiv hvK, LL 
 GKwU mi“ †jÝ [wPÎ 6.35]| †jÝwU evqy gva¨‡g Aew¯’Z| Pvicvk mv‡c‡¶ †j‡Ýi Dcv`v‡bi 

cÖwZmiYv¼  | aiv hvK, †j‡Ýi cÖavb A‡¶i Dci P  GKwU we›`y j¶¨e¯‘ Ges †jÝwUi Av‡jvK †K›`ª O | P  

e¯‘ †_‡K wbtm„Z GKwU Av‡jvK iwk¥ cÖavb A¶ PO  eivei M  we›`y‡Z AvcwZZ n‡q †mvRvmywR cÖwZmwiZ nq| 
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Aci Av‡jvKiwk¥ †j‡Ýi cÖ_g c„‡ô cÖwZmwiZ n‡q cÖavb A‡¶i Dci¯’ Q
 we›`y‡Z we¤ ̂MVb K‡i| myZivs Q

 

n‡e wØZxq c„‡ôi †¶‡Î Aev¯—e j¶¨e¯‘| †j‡Ýi wØZxq c„‡ôi †ejvq Av‡jv Q
 we›`y †_‡K Avm‡Q e‡j g‡b nq| 

iwk¥ `ywU wØZxq c„‡ô cÖwZmi‡Yi ci N  we›`y‡Z cÖK…Zc‡¶ wgwjZ nq| myZivs Q  n‡”Q P  we› ỳi P~ovš— ev¯—e 

we¤ ̂[wPÎ 6.35]|  

 

wPÎ 6.35 

GLb †j‡Ýi cÖ_g c„‡ô cÖwZmiY we‡ePbv Ki‡j Ges mi“ †jÝ e‡j Gi cyi“Z¡ D‡c¶v Ki‡j cÖ_g c„‡ôi †gi“ 

1A  Ges †j‡Ýi Av‡jvK †K›`ª O  †K GKB we›`y O  we‡ePbv Kiv hvq| AZGe, j¶¨e¯‘i `~iZ¡ uOP   we‡¤î 

`~jZ¡,  

vQO   

(6.37) mgxKib †_‡K Avgiv cvB,  

1

11
ruv






.............................................................................(6.40) 

GLv‡b 1r  †j‡Ýi cÖ_g c„‡ôi eµZvi e¨vmva©|  

Avevi, †j‡Ýi wØZxq c„‡ô cÖwZmi‡Yi mgq Av‡jv †jÝ †_‡K evqy‡Z cÖ‡ek K‡i‡Q| G‡¶‡Î wØZxq c„‡ôi †gi“ 

N Ges †j‡Ýi Av‡jvK †K›`ª O  †K GKB we›`y O  we‡ePbv K‡i 

j¶¨e¯‘i ~̀iZ¡, vQO      [ Aev¯—e j¶¨e ‘̄ ] 

we‡¤î `~iZ¡, vOQ   

(6.38) mgxKiY †_‡K Avgiv cvB,  

2

11
rvv
 




  ..........................................................................(6.41) 

GLv‡b, 2r  †j‡Ýi wØZxq c„‡ôi eµZvi e¨vmva©|  

mgxKiY (6.40) I (6.41) †hvM K‡i Avgiv cvB,  

21

1111
rruv
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ev, 









21

11)1(11
rruv

   ..........................................................................(6.42) 

Avgiv Rvwb, e¯‘ Amxg `~i‡Z¡ _vK‡j cÖwZwe¤ ̂cÖavb †dvKv‡m MwVZ nq|  

A_©vr, u  n‡j, fv   nq| myZivs (6.42) mgxKiY e¨envi Ki Avgiv cvB, 














21

11)1(11
rrf

  











21

11)1(1
rrf

   ..........................................................................(6.43) 

GB mgxKiY‡K †j‡Ýi †dvKvm `~i‡Z¡i mvaviY mgxKiY e‡j| †jÝ ˆZwii Kv‡R GB mgxKiY e¨envi Kiv nq 

e‡j G‡K †jÝ ˆZwii mgxKiY ev cȪ ‘ZKvi‡Ki mgxKiYI ejv nq|  

†j‡Ýi Pvicv‡ki gva¨‡gi cÖwZmiv¼ m  I †j‡Ýi Dcv`v‡bi cÖwZmiYv³ l  n‡j,  

m

l
m 


 1   

myZivs (6.43) mgxKi‡Yi iƒc n‡e- 




















21

1111
rrf m

l




 ..............................................................................(6.44) 

GLv‡b 

m

l
m 


 1  

 









21
1

11)1(1
rrf m    ..........................................................................(6.45) 

 

D`vniY 6.10:  GKwU wØ-DËj †j‡Ýi eµZvi e¨vmva© h_vµ‡g  cm30  Ges cm40 | hw` gva¨‡gi cÖwZmiYv¼ 

1.64 nq Z‡e †jÝwUi †dvKvm ~̀iZ¡ wbY©q Ki“b| 

 

mgvavb:  †`qv Av‡Q, m0.3cm301 r , m0.4cm402 r  , 1.64  Ges ?f  

Avgiv Rvwb, wØ-DËj †j‡Ýi †¶‡Î,  

†jÝ cȪ ‘ZKvi‡Ki m~Î,   









21

1111
rrf

  

gvb emv‡j, 

  





 

4.0
1

3.0
1164.11

f
 

ev, 3.73
12.0
7.064.0

3.04.0
3.04.064.01






f

 

ev m0.27
3.73

1
f  

D: wØ-DËj †jÝwUi †dvKvm `~iZ¡ m0.27 | 
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D`vniY 6.11: GKwU mg wØ-AeZj †j‡Ýi eµZvi e¨vmva© cm40 | gva¨‡gi cÖwZmiYv¼ 

2
3

| hw` †jÝwU‡K 

3
4

 

cÖwZmiYv‡¼i gva¨‡g ivLv nq Z‡e †jÝwUi †dvKvm `~iZ¡ wbY©q Ki“b| 

 

mgvavb:  †`qv Av‡Q, m0.4cm40 r ,  

2
3

b  , 

3
4

a Ges ?f  

Avgiv Rvwb, mg wØ-AeZj †j‡Ýi †¶‡Î, 








 


a

ab

rf 
11

 

gvb emv‡j, 0.3125
4
3

6
1

4.0
1

4.0
11

3
4

3
4

2
3








 


f
 

ev, m3.2
0.3125

1
f  

D: mg wØ-AeZj †jÝwUi †dvKvm `~iZ¡ m3.2 | 

 

 

mvi-ms‡¶c :  

†jÝ cȪ ‘ZKvi‡Ki MvwYwZK mgxKiY,   
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1111
rrf ba  

ev, 
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cv‡VvËi g~j¨vqb: 6.8 

eûwbe©vPbx cÖkœ: 

1| cvwbi g‡a¨ evqyi ey`ey` Kx ai‡Yi †j‡Ýi KvR K‡i? 

 K. Df-DËj †jÝ L. Df-AeZj †jÝ M. DËj-AeZj †jÝ N. AeZj-DËj †jÝ 

2| †j‡Ýi Av‡jv †K› ª̀ GKwU wbw`©ó we›`y hvi Ae¯’vb 

    K. †j‡Ýi g‡a¨ L. †j‡Ýi evB‡i M. †j‡Ýi †dvKv‡m N. †j‡Ýi cÖavb A‡¶ 

 

cvV-6.9 : †j‡Ýi mvaviY mgxKiY : weea©b 

(General Lens Equation : Magnification) 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 †j‡Ýi mvaviY mgxKiY 

fuv
111


 cÖwZcv`b Ki‡Z cv‡eb| 

 †j‡Ýi †¶‡Î weea©‡bi ivwkgvjv cÖwZcv`b Ki‡Z cv‡eb| 
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6.9.1 mi“ DËj †j‡Ýi mvaviY mgxKiY (General Lens Equation of Thin Convex Lens): 
e¯‘ `~iZ¡, cÖwZwe¤ ̂`~iZ¡ Ges †dKvm `~i‡Z¡i g‡a¨ cvi¯úwiK m¤úK© n‡jv †j‡Ýi mvaviY m~Î| Ges G‡`i mgš̂‡q 

†h mgxKiY cvIqv hvq  Zv‡K †j‡Ýi mvaviY mgxKiY e‡j| 

g‡b Kwi, (6.36 bs wPÎ ev¯—e, 6.37 bs wPÎ Aev¯—e cÖwZwe‡¤î 

Rb¨) OL GKwU cvZjv DËj †jÝ| PQ GKwU e¯‘ cÖavb A‡¶i Dci 

(ev¯—e cÖwZwe‡¤î Rb¨ cÖavb †dvKv‡mi evB‡i Ges Aev¯—e 

cÖwZwe‡¤î Rb¨ cÖavb †dvKv‡mi †fZ‡i) Q we›`y‡Z Aew¯’Z| P we›`y 

n‡Z GKwU Av‡jvK iwk¥ cÖavb A‡¶i mgvš—ivj fv‡e †j‡Ýi L 

we›`y‡Z AvcwZZ nevi ci cÖwZmwiZ n‡q cÖavb A‡¶ †dvKvm F we›`y 

w`‡q LR c‡_ Mgb K‡i| P we› ỳ †_‡K Aci GKwU Av‡jvK iwk¥ †j‡Ýi Av‡jvK †K›`ª O 

†Z AvcwZZ I cÖwZmwiZ n‡q †Kv‡bv wePz¨wZ bv NwU‡q OS c‡_ Mgb K‡i| GB 

cÖwZmwiZ Av‡jvK iwk¥Øq ci¯ú‡ii (ev¯—e  cÖwZwe‡¤î Rb¨ mivmwi Ges Aev¯—e 

cÖwZwe‡¯î Rb¨ iwk¥Øq‡K cðvr w`‡K ewa©Z Ki‡j) mv‡_ P we› ỳ‡Z wgwjZ nq| myZivs 
P we›`yi cÖwZwe¤^ P| AZGe P we›`y †_‡K cÖavb A‡¶i Dci AswKZ j¤^ PQ n‡e PQ 
Gi cÖwZwe¤|̂  

wPÎvbymv‡i, POQ Ges POQ Gi g‡a¨ POQ = POQ (ev¯—‡ei Rb¨ wecÖZxc 

Ges Aev¯—‡ei Rb¨ mvaviY †KvY) Ges PQ||PQ  Avi wÎfyRØq QOQ †iLvi Dci 

Aew¯’Z| AZGe wÎfyR `yBwU m`„k|  

myZivs, m`„k wÎfy‡Ri m~Îvbymv‡i, 

PQ
P Q

OQ
OQ 




  ……………………… …………………… (6.46) 

Avevi, LOF Ges PQF Gi g‡a¨ LFO = PFQ (ev¯—‡ei Rb¨ wecÖZxc Ges Aev¯—‡ei Rb¨ mvaviY 

†KvY), OL||PQ Ges wÎfyRØq OFQ mij †iLvi Dci Aew¯’Z| AZGe wÎfyRØq m`„k|       

myZivs, 
OL

P Q
OF
Q F 




 ……………………… …………………………………………… (6.47) 

†h‡nZz, PL||OQ Ges OL||PQ   †m‡nZz, OL = PQ|         

myZivs, (6.47) bs mgxKiY‡K †jLv hvq, 
FQ

OF
QP

PQ





  ………………………………………… (6.48) 

(6.46) I (6.48) bs mgxKiY †_‡K ‡jLv hvq  
FQ

OF
QO

OQ





  ……………………………………… (6.49) 

ev¯—e cªwZwe‡¤^i ‡¶‡Î t   

(6.36 bs) wPÎvbymv‡i, OFQOFQ 
|     

myZivs, 6.49 bs mgxKiY‡K †jLv hvq,    
OFQO

OF
QO

OQ





 

wPÎvbymv‡i, OQ = e ‘̄i `~iZ¡ = u, OQ = cªwZwe¤ ̂ ~̀iZ¦ = v Ges OF = †dvKvm ~̀iZ¦ = f | 

 gvb emv‡j,  
fv

f
v
u


         

 ev, vfufuv   

Dc‡ii mgxKiYwU‡K uvf  w`‡q f M K‡i cvB, 
uvf
vf

uvf
uf

uvf
uv

  

wPÎ 6.36 

P  

P 

O 

F 
Q 

Q 

 f 

L 

S  

R 

v 

u 

 

wPÎ 6.37 

O 

F 
Q 

P  

Q 

P 

R 

S  

 
v 

u 

 f 

L 
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ev, 
uvf
111

  

ev,   
fuv
111

  ……………………………………………………………………… (6.50)  

Aev¯—e cªwZwe‡¤î ‡¶‡Î t  

(6.37 bs) wPÎvbymv‡i, OFQOFQ 
|     

myZivs 6.49 bs mgxKiY‡K †jLv hvq,  
OFQO

OF
QO

OQ





  

wPÎvbymv‡i, OQ = e ‘̄i `~iZ¡ = u, OQ = Aev¯—e cªwZwe¤ ̂ `~iZ¦ =  v Ges OF = †dvKvm ~̀iZ¦ = f | 

gvb emv‡j,  
fv

f
v

u





         

ev, vfufuv   

Dc‡ii mgxKiYwU‡K uvf  w`‡q f M K‡i cvB, 
uvf
vf

uvf
uf

uvf
uv

  

ev, 
uvf
111

  

AZGe, 
fuv
111

   …………………………………………………………………… (6.51)  

 
6.9.2 mi“ AeZj †j‡Ýi mvaviY mgxKiY (General Lens Equation of Thin Concave Lens): 
g‡b Kwi, (6.38) wP‡Î OL GKwU cvZjv AeZj †jÝ| PQ GKwU e¯‘ cÖavb A‡¶i Dci Q we›`y‡Z Aew¯’Z| P 
we›`y n‡Z GKwU Av‡jvK iwk¥ cÖavb A‡¶i mgvš—ivj fv‡e †j‡Ýi L we›`y‡Z AvcwZZ nevi ci cÖwZmwiZ n‡q LR 
c‡_ Mgb K‡i| GB iwk¥‡K cðvr w`‡Z ewa©Z Ki‡j cÖavb A‡¶i †dvKvm F 
we›`y w`‡q AwZµg Ki‡e| P we›`y †_‡K Aci GKwU Av‡jvK iwk¥ †j‡Ýi 

Av‡jvK †K›`ª O †Z AvcwZZ I cÖwZmwiZ n‡q OS c‡_ Mgb K‡i| GB 

cÖwZmwiZ Av‡jvK iwk¥Øq‡K cðvr fv‡M ewl©Z Ki‡j ci¯ú‡ii  mv‡_ P 
we›`y‡Z wgwjZ nq| myZivs P we›`yi cÖwZwe¤^ P| AZGe P we› ỳ †_‡K cÖavb 

A‡¶i Dci AswKZ j¤^ PQ n‡e PQ Gi cÖwZwe¤|̂ 

 wPÎbymv‡i, POQ Ges POQ Gi g‡a¨  POQ =  POQ ( mvaviY 

†KvY) Ges PQ || PQ Avi wÎfyRØq POQ Ges POQ, QQO †iLvØ‡qi g‡a¨ Aew¯’Z| AZGe wÎfyR `yBwU m`„k|  

m`„k wÎfy‡Ri m~Îvbymv‡i, myZivs,  
QO

OQ
QP

PQ





 ……………………………………………… (6.52) 

 Avevi, LOF Ges PQF Gi g‡a¨ LFO = PFQ (mvaviY †KvY), OL||PQ Ges wÎfyRØq OQF Ges 

LPF †iLvØ‡qi g‡a¨ Aew¯’Z| AZGe wÎfyRØq m`„k|    

myZivs, 

FQ
OF

QP
OL





 …………………………………………………………………… (6.53) 

†h‡nZz, PL||OQ Ges OL||PQ †m‡nZ,z  OL = PQ|         

wPÎ 6.38 

P  

L
F 

Q 

O 

S  

R 

u 

v  f 

P 
  Q 
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 myZivs (6.53) bs mgxKiY‡K †jLv hvq, 
FQ

OF
QP

PQ





  ………………………………………… (6.54)   

(6.52) I (6.54) bs mgxKiY †_‡K ‡jLv hvq 

FQ
OF

QO
PQ





  …………………………………… (6.55)  

wPÎvbymv‡i, QF = OF OQ|  

myZivs, (6.55) bs mgxKiY‡K †jLv hvq, 
QOOF

OF
QO

OQ





 

wPÎvbymv‡i, OQ = e ‘̄i `~iZ¡ = u, OQ = cªwZwe¤ ̂ ~̀iZ¦ = v  Ges OF = †dvKvm  ~̀iZ¦ = f | 

 gvb emv‡j,

)( vf
f

v
u







   

ev, vfuvuf     

Dc‡ii mgxKiYwU‡K uvf  w`‡q f M K‡i cvB, 
uvf
vf

uvf
uv

uvf
uf

  

 ev,   
ufv
111

      

AZGe, 
uvf
111

   …………………………………………………………………… (6.56)    

(6.50), (6.51) Ges (6.56) bs mgxKiY †_‡K GUvB cÖgvwYZ nq †h, cÖwZve¤ ̂ev¯—e †nvK ev Aevš—e †nvK, 

†jÝ DËj †nvK ev AeZj †nvK mKj †¶‡ÎB †j‡Ýi Rb¨ GKUvB mvaviY mgxKiY| 

GLv‡b Av‡iv DjL¨ †h, DËj †j‡Ýi †dvKvm `~iZ¡ me©`vB abvZ¥K Ges AeZj †j‡Ýi †dvKvm `~iZ¡ me©̀ vB 

FYvZ¥K| ev¯—e cÖwZwe¤ ̂abvZ¥K Ges ev¯—e cÖwZwe¤ ̂FYvZ¥K| 

myZivs, (6.36) bs wP‡Îi †¶‡Î mgxKiY, 
uvf
111

     (GLv‡b, DËj †jÝ Ges ev¯—e cÖwZwe¤)̂ 

(6.37) bs wP‡Îi †¶‡Î mgxKiY, 
uvf
111




     ev, 
uvf
111

  (GLv‡b, DËj †jÝ Ges Aev¯—e cÖwZwe¤)̂ 

(6.38) bs wP‡Îi †¶‡Î mgxKiY, 
uvf
111







  ev, 
uvf
111

  (GLv‡b, AeZj †jÝ Ges Aev¯—e cÖwZwe¤)̂ 

 

6.9.3 †j‡Ýi †¶‡Î weea©b (Magnification  by Lens): 
†Kv‡bv †j‡Ý w`‡q m„wó cÖwZwe‡¤î ˆ`N©̈  ev D”PZv Ges e¯‘i ˆ`N¨ ev D”PZvi AbycvZ‡K H cÖwZwe‡¤î ˆiwLK weea©b 

ev ms‡¶‡c weea©b e‡j| ‰iwLK weea©b‡K m  w`‡q m~wPZ Kiv nq| 6.36, 6.37 Ges 6.38 bs wPÎ †_‡K cvIqv 

hvq,  

m                     



u
v

PQ
QP

 

wP‡ýi wbqg Abymv‡i, cÖwZwe¤ ̂Dëv A_©vr Aekxl© n‡j weea©b FYvZ¥K nq Ges †mvRv A_©vr mgkxl© n‡j weea©b 

abvZ¥K nq|  

myZivs, weea©b, 

u
vm 

   … … … … …… … … … … …… … … … …… … … …   (6.57) 

ZvB weea©b FYvZ¥K n‡j cÖwZwe¤ ̂ev¯—e Ges weea©b abvZ¥K n‡j cÖwZwe¤ ̂Aev¯—e n‡e| 

cÖwZwe‡¤̂i ˆ`N©̈  ev D”PZv (I) 
e¯‘i ˆ`N©̈  ev D”PZv  (O) 

cÖwZwe¤̂ `~iZ¡ 

e¯‘ `~iZ¡ 
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hw`, weea©‡bi ïay gv‡bi cÖ‡qvRb nq Z‡e weea©b‡K †jLv hvq. 

u
vm   … … … …… … … …   (6.58) 

 

D`vniY 6.12: cm15 ‡dvKvm `~i‡Z¡i GKwU †jÝ †_‡K cm45 `~‡i cm2  ˆ`‡N©̈ i GKwU e¯‘ ivLv n‡jv| 

cÖwZwe‡¤î Ae¯’vb AvKvi I cÖK„wZ wbY©q Ki“b| 

mgvavb: †`qv Av‡Q, m0.15cm15 f , m0.45cm45 u , cm2O , ?v  , ?m  

Avgiv Rvwb, †j‡Ýi mvaviY m~Î, 

fuv
111


  ev, 

fu
ufv



 

DËj †j‡Ýi Rb¨ gvb emv‡j, m225.0
2
45.0

3.0
15.045.0

15.045.0
15.045.0








v  

myZivs DËj †j‡Ýi †¶‡Î cÖwZwe¤ ̂`~iZ¡ m225.0 | cÖwZwe¤̂ ev¯—e, Dëv Ges †j‡Ýi wcQ‡b| 

Avevi, weea©b, 5.0
45.0
225.0


u
v

O
Im  

myZivs ,DËj †j‡Ýi †¶‡Î cÖwZwe¤ ̂AvKvi e¯‘ A‡c¶v †QvU| 

3
u
vm  AZGe, 3

u
v  ev, uv 3  

AeZj †j‡Ýi Rb¨ gvb emv‡j, 

 
  m0.135

5.0
0.0675

5.0
15.045.0

15.045.0
15.045.0








v
 

myZivs, AeZj †j‡Ýi †¶‡Î cÖwZwe¤ ̂ ~̀iZ¡ m135.0 | cÖwZwe¤̂ Aev¯—e, ‡mvRv Ges †j‡Ýi mvg‡b| 

Avevi, weea©b, 3.0
45.0

135.0


u
v

O
Im  

D: AeZj †j‡Ýi †¶‡Î cÖwZwe¤ ̂AvKvi e ‘̄ A‡c¶v †QvU| 

 

D`vniY 6.13: GKwU DËj †j‡Ýi †dvKvm `~iZ¡ cm15 | †jÝ †_‡K KZ ~̀‡i GKwU e¯‘ ivL‡j wZb¸Y weewa©Z 

(K) ev¯—e I (L) Aev¯—e cÖwZwe¤ ̂cvIqv hv‡e †ei Ki“b| 

mgvavb: †`qv Av‡Q, m0.15cm15 f , 3m  

Avgiv Rvwb, 3
u
vm  AZGe, 3

u
v  ev, uv 3  

Avgiv †j‡Ýi mvaviY m~Î †_‡K cvB, 

fuv
111


 

(K) ev¯—e cÖwZwe‡¤î †¶‡Î, 

15.0
11

3
1


uu

 

ev, 
15.0
1

3
4


u

 

ev, m2.0
3

415.0



u  

(L) ev¯—e cÖwZwe‡¤î †¶‡Î, 

15.0
11

3
1


 uu

 

ev, 
15.0
1

3
2


u
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ev, m1.0
3

215.0



u  

D: e¯‘‡K †j‡Ý †_‡K ev¯—e cÖwZwe‡¤^i †¶‡Î m2.0  Ges Aev¯—e cÖwZwe‡¤^i †¶‡Î m1.0  ~̀‡i ivL‡Z n‡e| 

 

 

 

mvi-ms‡¶c :  

†j‡Ýi mvaviY mgxKiY, 

uvf
111


  

†j‡Ýi †¶‡Î wbDU‡bi mgxKiY: 

2fxy   

ˆiwLK weea©b: †Kv‡bv †j‡Ý w`‡q m„wó cÖwZwe¤î ˆ`N©̈  ev D”PZv Ges e¯‘i ˆ`N¨ ev D”PZvi AbycvZ‡K H 

cÖwZwe‡¤î ˆiwLK weea©b ev ms‡¶‡c weea©b e‡j| 

u
vm 


f

fv 


fu
f


  

 

 

cv‡VvËi g~j¨vqb: 6.9 

eûwbe©vPbx cÖkœ: 

1| GKwU DËj †j‡Ýi †dvKvm `~iZ¡ f  Ges †j‡Ý †_‡K u  ~̀‡i GKwU e¯‘ Aew¯’Z| e¯‘i AvKv‡ii mgvb Ges 

Dëv cÖwZwe¤ ̂cevi kZ© n‡jv 

      K. fu 2  L. fu 2  M. fu 2  N. fu 0  

2| GKwU mg wØ-DËj †j‡Ýi eµZvi e¨vmva© R  Ges gva¨‡gi cÖwZmiYv¼ 5.1 | †j‡ÝwUi †dvKvm `~iZ¡- 

    K. k~b¨ L.Amxg M. R2  N. R  

 

cvV-6.10 : †j‡Ýi ¶gZv : †j‡Ýi mwbœ‡ek 

 Power of a Lens: Combination of Lenses 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 †j‡Ýi ¶gZv e¨vL¨v Ki‡Z cvi‡eb| 

 †j‡Ýi mwbœ‡ek I Zzj¨ †j‡Ýi †dvKvm `~iZ¡ e¨vL¨v Ki‡Z cvi‡eb| 

 

6.10.1 †j‡Ýi ¶gZv (Power of a Lens): 

†j‡Ýi AwfmvwiZv I AcmvwiZv mvg_©‡K †j‡Ýi ¶gZv e‡j| A_©vr †h 

†jÝ Av‡jvK iwk¥ hZ wePz¨wZ Ki‡Z cv‡i †m †j‡Ýi ¶gZv hZ †ekx| 

(6.39 bs) wP‡Î cÖavb A‡¶i mgvš—ivj Av‡jvKiwk¥ ‡jÝ w`‡q cÖwZmwiZ 

nevi ci  †Kv‡Y wePz¨Z n‡q cÖavb A‡¶ ‡dvKvm we›`y w`‡q Mgb K‡i‡Q| 

wePz¨wZ  hZ eo n‡e †dvKvm `~iZ¡ ZZ Kg n‡e| A_©vr †dvKvm ~̀iZ¡ ZZ wPÎ 6.39 

 f  f 
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Kg wePz¨wZ  ZZ †ekx d‡j ¶gZvI ZZ †ekx| myZivs †j‡Ýi ¶gZv Zvi †dvKvm ~̀i‡Z¡i e¨¯—vbycvwZK| 

¶gZv‡K mvavbiYZt P w`‡q  cÖKvk Kiv nq|  

Zvn‡j, 
f

P 1
    ev, 

f
KP 1

    GLv‡b, K GKwU mgvbycvwZK aª“e|  

†h †j‡Ýi ‡dvKvm ~̀iZ¡ 1 wgUvi (1m), †mB †j‡Ýi ¶gZv‡K 1 WvqvcUvi (1D) aiv nq| Zvn‡j K = 1. 
myZivs, †dvKvm ~̀iZ¡‡K hw` wgUv‡i gvcv nq  

Z‡e, 

f
P 1
  … … …… ……… … … …… … … …… … … …… … … … … … (6.59) 

hw` †j‡Ýi †dvKvm ~̀iZ¡‡K †mw›UwgUvi (cm) ‡¯‹‡j gvcv nq Z‡e  
f

P 100


 

†j‡Ýi ¶gZvi GKK WvqcUvi (Diopter) G‡K ms‡¶‡c D  w`‡q cÖKvk Kiv nq| †h †j‡Ýi ‡dvKvm `~iZ¡ 1 wgUvi 

(1m) †mB †j‡Ýi ¶gZv‡K 1 WvqvcUvi (1D) aiv nq| DËj †j‡Ýi ¶gZv aYvZ¥K Ges AeZj †j‡Ýi ¶gZv 

FYvZ¥K|  

D`vniY ¯îƒc GKwU DËj †j‡Ýi †dvKvm `~iZ¡ cm25  n‡j Gi ¶gZv, D4
25

100
P | GKwU AeZj †j‡Ýi †dvKvm 

`~iZ¡ cm50  n‡j Gi ¶gZv, D2
50

100



P |  

6.10.2 †j‡Ýi mwbœ‡ek (Combination of Lenses) :   
GKB A‡¶ `yB ev Z‡ZvwaK mi“ †jÝ‡K ci¯ú‡ii mv‡_ ms¯ú‡k© cvkvcvwk †i‡L mgš̂q MVb Ki‡j †j‡Ýi 

mwbœ‡ek ˆZwi nq| mgš̂q Ae¯’vq †jÝ †Kv‡bv e¯‘i †h cÖwZwe¤^ MVb 

K‡i, e¯‘ †_‡K GKB ~̀‡i mgš̂q †j‡Ýi cwie‡Z© GKwU †jÝ w`‡q hw` 

H cÖwZwe¤ ̂MVb Kiv hvq †mB †jÝ‡K H mgš̂q †j‡Ýi mgZ‚j¨ ev Z‚j¨ 

†jÝ e‡j| 

aiv hvK, f1 I f2 †dvKvm `~i‡Z¡i `yBwU †jÝ L1I L2 †K cvkvcvwk mshy³ 

K‡i GK‡Î GKB A‡¶ ¯’vcb Kiv n‡jv| G‡`i †dvKvm `~i‡Z¡i evB‡i 

cÖavb A‡¶i Dci GKwU we›`y P n‡Z A‡¶i mgvš—ivj GKwU Av‡jvK 

iwk¥ †jÝØ‡qi Av‡jvK‡K›`ª w`‡q cÖwZmwiZ n‡q mij c‡_ Mgb K‡i| hw` ïay cÖ_g †jÝ L1 _vKZ Z‡e P n‡Z 

Aci GKwU Av‡jvK iwk¥ cÖ_g †j‡Ýi L1 †j‡Ý AvcwZZ n‡q cÖwZmwiZ nevi ci c~e©eZ©x iwk¥i mv‡_ P we›`y‡Z 

wgwjZ n‡q cÖwZwe¤ ̂MVb KiZ| GB P we›`y wØZxq †j‡Ýi †¶‡Î e¯‘ wnmv‡e KvR Ki‡e Ges iwk¥wU wØZxq †j‡Ýi 

L2 †j‡Ý AvcwZZ I cÖwZmwiZ n‡q c~e©eZ©x iwk¥i mv‡_ P we› ỳ‡Z wgwjZ n‡e| AZGe P we› ỳB n‡e P we›`yi 

Pzovš— cÖwZwe¤|̂ †jÝ ỳBwU Lye cvZjv e‡j G‡`i ga¨eZ©x ¯’vb‡K Av‡jvK ‡K› ª̀ wnmv‡e we‡ePbv Kiv †h‡Z cv‡i|  

GLb awi, Av‡jvK ‡K›`ª †_‡K e¯‘i `~iZ¡ = u, cÖ_g †j‡Ýi Rb¨ cªwZwe¤^ `~iZ¡ ev wØZxq †j‡Ýi e¯‘ `~iZ¡ = v Ges 

me©‡kl cÖwZwe¤ ̂`~iZ¡ = v|  

†j‡Ýi mvaviY mgxKiY †_‡K Avgiv wjL‡Z cvwi, 

1

111
fuv




         

AZGe, cÖ_g †j‡Ýi Rb¨, 
ufv
111

1




  … … …… … … …… … … …… … … … … … (6.60) 

wPÎ 6.40 

L2 

P 

v 
u 

P  

P v 

L1 
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Ges, wØZxq †j‡Ýi Rb¨, 
2

111
fvv




  … … …… … … …… … … … … … … … … (6.61)   

(†h‡nZz wØZxq e¯‘i †¶‡Î e ‘̄ Aev¯—e) 

(6.60) bs mgxKi‡Yi gvb (6.61) bs mgxKi‡Y emv‡j, 
21

1111
fufv

          

ev, 

12

1111
ffuv

  … … …… … … …… …  …  …  …  … … … … … … … … (6.62)   

GLb †jÝ `ywU‡K AcmvwiZ K‡i Ggb GKwU F †dvKvm `~i‡Z¡i †jÝ ¯’vcb Kiv nq †hb u e¯‘ ~̀i‡Z¡i mv‡c‡¶ 

cÖwZwe¤ ̂`~iZ¡ v nq Z‡e †j‡Ýi mvaviY mgxKiY †_‡K Avgiv wjL‡Z cvwi,  
1 1 1
v u F
    … … … … … … … … … … … … … … … … … …  .... … … … … … (6.63)  

(6.62) I (6.63) bs mgxKiY †_‡K †jLv hvq,    

21

111
ffF

  … … …  …  …  …  …  …… … … … … … … … … … … …   … … (6.64) 

Abyiƒc fv‡e †`Lv‡bv hvq †h, f1, f2, f3, .......fn  †dvKvm ~̀i‡Z¡i n msL¨K †jÝ‡K ci¯ú‡ii mv‡_ mshy³ Ae¯’vq 

¯’vcb Ki‡j hw` Zyj¨ †j‡Ýi †dvKvm ~̀iZ¡ F nq Z‡e,   

nffffF
1......1111

321

  … … …  …  …  …  …   …   …   …   …   …  …  … … (6.65) 

 ev, 



n

i nfF 1

11
  

 Avgiv Rvwb, †j‡Ýi ¶gZv Zvi †dvKvm ~̀i‡Z¡i wecixZ msL¨vgv‡bi mgvb| myZivs Zyj¨ †j‡Ýi ¶gZv P Ges 

ms‡hvwRZ †jÝ¸‡jvi ¶gZv h_vµ‡g P1, P2, P3, ......Pn n‡j  (6.65) bs mgxKiY‡K †jLv hvq, 

 P = P1 + P2 + P3 ....... Pn  … … …  …  …  …  …   …   …   …   …   …  …  … … (6.66)        

 ev, 



n

i
nPP

1
  

 A_©vr mgZyj¨ †j‡Ýi ¶gZv c„_K c„_K †j‡Ýi ¶gZvi mgwói mgvb| 

 

D`vniY 6.14 : GKwU wØ-DËj †j‡Ýi ‡dvKvm `~iZ¡ cm25 n‡j Gi ¶gZv wbY©q Ki“b| 

mgvavb: †`qv Av‡Q, m25.0cm25 ef , ?P  

Avgiv Rvwb, †j‡Ýi ¶gZv, 

f
P 1


 

gvb emv‡j, D4
25.0
1

P  

D: DËj †j‡Ýi ¶gZv D4  DËi| 

 

D`vniY 6.15: GKwU DËj ‡jÝ I AciwU AeZj †j‡Ýi ‡dvKvm `~iZ¡ h_vµ‡g cm25 Ges cm75  n‡j †jÝ 

`ywU‡K ci¯ú‡ii mv‡_ ms¯ú‡k© cvkvcvwk ivLv n‡j Zzj¨ †j‡Ýi †dvKvm ~̀iZ¡ Ges ¶gZv  wbY©q Ki“b| 

 

mgvavb: †`qv Av‡Q, m,75.0cm75m,0.25cm25 11  ff ?F  Ges ?P  
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Avgiv Rvwb, Zzj¨ †j‡Ýi †¶‡Î, 

21

111
ffF

  

gvb emv‡j, 
75.0
2

75.0
13

75.0
1

25.0
11








F

 

AZGe, 0.375m
2
75.0

F  

Avgiv Rvwb, †j‡Ýi ¶gZv, 

F
P 1
  

gvb emv‡j, D67.2
375.0
11


F

P  

D: Zzj¨ †j‡Ýi †dvKvm ~̀iZ¡ 0.375m  Ges ¶gZv D67.2  DËi| 

 

 

mvi-ms‡¶c :  

†j‡Ýi ¶gZv: †j‡Ýi ¶gZv Zvi †dvKvm ~̀i‡Z¡i wecixZ msL¨vgv‡bi mgvb| A_©vr, 

f
P 1
  

Z‚j¨ †j‡Ýi ¶gZv: GKvwaK †j‡Ýi mgev‡q Z‚j¨ †j‡Ýi ¶gZv P Ges ms‡hvwRZ †jÝ¸‡jvi ¶gZv h_vµ‡g 
P1, P2, P3, ......Pn n‡j,   P = P1 + P2 + P3 ....... Pn 

 

 

cv‡VvËi g~j¨vqb: 6.10 

eûwbe©vPbx cÖkœ: 

1| GKwU DËj †j‡Ýi †dvKvm ~̀iZ¡ cm20  n‡j Gi ¶gZv n‡e 

  K. D5  L. D4  M. D4  N. D5  

2| P ¶gZv mgcbœ GKwU cvZjv mg wØ-DËj †jÝ‡K wPÎvbymv‡i ba,  Ges c  As‡k KvUv n‡j 

i. a  As‡ki ¶gZv P  n‡e ii. b  As‡ki ¶gZv 

2
P

 n‡e 

iii. c  As‡ki ¶gZv 

4
P

 n‡e 

‡KvbwU mwVK 

 K. i I ii L. ii  I iii M. i  I  iii N. i, ii  I iii 
 

cvV-6.11 : AYyex¶Y hš¿ : mij I †hŠwMK AYyex¶Y hš¿ 

 Microscope : Simple Microscope and Copound Microscope 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 GKwU mij AYyex¶Y h‡š¿i MVb I Kvh©cÖYvjx e¨vL¨v Ki‡Z cvi‡eb| 

 GKwU †hŠwMK AYyex¶Y h‡š¿i MVb I Kvh©cÖYvjx e¨vL¨v Ki‡Z cvi‡eb| 

 

6.11.1 ex¶Y †KvY: †KŠwYK  weea©b (Visual Angle: Angular Magnification)  

a 

b c 
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†Kv‡bv e¯‘‡K †Pv‡L †`‡L Zvi cÖK…Z AvKvi wbY©q Kiv hvq bv| e¯‘ ~̀‡i _vK‡j †QvU †`Lvq Ges Kv‡Q Avb‡j eo 

†`Lvq| e¯‘i AvcvZ AvKvi †iwUbvi Dci MwVZ cÖwZwe‡¤^i AvKvi w`‡q wba©vwiZ 

nq| GKB e¯‘‡K `~i †_‡K µgkt Kv‡Q wb‡q Avm‡j Gi cÖwZwe¤^ AvKv‡i 

evo‡Z _v‡K| (6.41 bs) wP‡Î A Ges B GKB e¯‘i `ywU wfbœ Ae¯’vb| e¯‘i 

cÖ_g A Ae¯’v‡bi Rb¨ †iUbvq cÖwZwe‡¤î AvKvi, GKB e¯‘i wØZxq B  Ae¯’v‡bi 

Rb¨ †iUbvq cÖwZwe‡¤î AvKvi A‡c¶v †QvU| myZivs wØZxq Ae¯’v‡bi Zzjbvq 

cÖ_g Ae¯’v‡bi e¯‘‡K †QvU †`Lv‡e| †m Kvi‡Y `~‡ii MvQcvjv‡K †QvU †`Lvq| 

eûZj feb †_‡e bx‡P ZvKv‡j Mvox¸‡jv ‡`L‡Z †Ljbv Mvox e‡j g‡b nq|  

†Kv‡bv e¯‘ †Pv‡L †h †KvY Drcbœ K‡i Zv‡K ex¶Y †KvY (visual angle) e‡j| (6.41 bs) wPÎ †_‡K mn‡RB †evSv 

hvq †h, †iwUbvq MwVZ cÖwZwe‡¤î AvKvi ex¶Y †Kv‡Yi mgvbycvwZK| (6.41 bs) wPÎ †_‡K ejv hvq e¯‘ A ev A 
†hLv‡bB _vKzK bv †Kb ex¶Y †Kv‡Yi mgvb nIqvq Gi AvKvi mgvb e‡j g‡b n‡e| 

e¯‘‡K µgk †Pv‡Li Kv‡Q Avb‡j AvcvZ AvKvi Awbw`©ófv‡e evov‡bv m¤¢e bq| KviY ¯úó `k©‡bi b~¨bZg `~iZ¡ 

A‡c¶v Kv‡Q Avb‡j e¯‘‡K Avi ¯úó †`Lv hvq bv| (¯úó `k©b `~iZ¡‡K D  w`‡q cÖKvk Kiv nq Ges my¯’ †Pv‡Li 

†¶‡Î Gi gvb cm25 )| Kv‡RB AwZ¶y`ª e¯‘‡K LyuwUbvwUmn †`L‡Z n‡j Dchy³ Av‡jvK hš¿ †hgb weea©K KvP ev 

AYyex¶Y hš¿ e¨envi Kiv cÖ‡qvRb| AwZ `~‡ii e¯‘ Avgv‡`i †Pv‡L AwZ¶z`ª †KvY Drcbœ K‡i e‡j e¯‘i LyuwUbvwU 

†`Lv hvq bv| G‡¶‡ÎI Av‡jvK hš¿ †hgb `~iex¶Y hš¿ e¨envi K‡i AwZ ~̀‡ii e¯‘i LyuwUbvwU †`Lv m¤¢e| 

‡Kv‡bv e¯‘i Av‡jvK hš¿ w`‡q MwVZ cÖwZwe‡¤î ex¶Y †KvY Ges e¯‘wU mivmwi †`L‡j Gi †h ex¶Y †KvY Drcbœ 

K‡i Zv A‡c¶v A‡bK eo nq| myZivs †Kv‡bv Av‡jvK h‡š¿i weea©K ¶gZv‡K wbgœiƒ‡c cªKvk Kiv nq t 

 

 

weea©K ¶gZv, m  

GB AbycvZ‡K Av‡jvK h‡š¿i †KŠwYK weea©b (Angular Magnification)-I e‡j| 

 

6.11.2 mij AYyex¶Y hš¿ ev weea©K KvP (Simple Microscope or Magnifying Glass): 
mij AYyex¶Y hš¿ ev weea©K KvP GKwU DËj †jÝ| Gi mvnv‡h¨ †QvU e¯‘‡K eo K‡i †`Lv hvq| g~jZ: AwZ ¶z`ª 

e¯‘‡K eo K‡i †`Lvi Rb¨ AYyex¶Y hš¿ e¨envi Kiv nq| (6.42 bs) wP‡Î GKwU DËj 

†jÝ L  Gi †dvKvm ~̀iZ¡  ef  A‡c¶v Kg ~̀i‡Z¡ GKwU ¶z ª̀ e¯‘ PQ  ‡K ivLv n‡q‡Q| 

P we›`y n‡Z GKwU Av‡jvK iwk¥ cÖavb A‡¶i mgvš—ivj fv‡e †j‡Ýi L we›`y‡Z AvcwZZ 

nevi ci cÖwZmwiZ n‡q cÖavb A‡¶ †dvKvm F we›`y w`‡q Mgb K‡i| P we›`y †_‡K Aci 

GKwU Av‡jvK iwk¥ †j‡Ýi Av‡jvK †K›`ª O †Z AvcwZZ I cÖwZmwiZ n‡q †Kv‡bv wePz¨wZ 

bv NwU‡q Mgb K‡i| GB cÖwZmwiZ Av‡jvK iwk¥Øq‡K cðvr fv‡M ewa©Z Ki‡j 

ci¯ú‡ii mv‡_ P we›`y‡Z wgwjZ nq| myZivs P we›`yi Aev¯—e cÖwZwe¤^ P| AZGe P we› ỳ †_‡K cÖavb A‡¶i 

Dci AswKZ j¤^ PQ n‡e PQ Gi Aev¯—e cÖwZwe¤|̂ e¯‘‡K GKUz mvg‡b wcQ‡b K‡i Ggb Ae¯’vv‡b ivLv nq †hb 

cÖwZwe¤ŵU ¯úó `k©‡Yi b~¨bZg `~i‡Z¡ Ae¯’vb K‡i| e¯‘i GB `~iZ¡‡K eu  Ges cÖwZwe¤ ̂`~iZ¡‡K D  w`‡q cÖKvk 

Kiv nq| Avm‡j GB †jÝwU †Pv‡Li Lye wbK‡U _v‡K e‡j GB †jÝ‡K Awf‡bÎ †jÝ (Eye pice) e‡j| cÖK…Z c‡¶ 

P¶z †_‡K cÖwZwe‡¤î `~iZ¡KB cÖwZwe‡¤î `~iZ¡| 

Avgiv Rvwb, †j‡Ýi mvaviY mgxKiY, 

fuv
111


 

GLv‡b, cÖwZwe¤ ̂`~iZ¡ Dv   (Aev¯—e cÖwZwe¤ ̂e‡j), e ‘̄ `~iZ¡ euu   Ges †dvKm `~iZ¡, eff   

gvb emv‡j, 

ee fuD
111




 … … …  …  …  …  …   …   … …   …   …   …  …  … … (6.67) 

B A A 

wPÎ 6.41 

cÖwZwe¤ ̂KZ©„K Drcbœ ex¶Y †KvY 

e¯‘ KZ©„K Drcbœ ex¶Y †KvY 

wPÎ 6.42 

O Q 

P  

Q 

P 

D 

L 

ue fe 

F  
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(6.67 bs) mgxKiYi‡K D  Øviv ¸Y Ki‡j. 

ee f
D

u
D

D
D




   

ev, 1
e

e f
Dm    (†h‡nZz  e

e

m
u
D

Awf‡bÎ †j‡Ýi weea©b ¶gZv) 

ev, 

e

e
e f

fDm 
  … … …  …  …  …  …   … … … … …   …   …   …   …  …  … … (6.68) 

GwUB mij AYyex¶Y h‡š¿i weea©b ¶gZv| 

Avevi, 1 e
e

m
f
D

 

ev, 

D
m

f
e

e

11 
  

ev, 

1


e
e m

Df  … … …  …  …  …  …   … … … … …   …   …   …   …  …  … … (6.69) 

GwUB mij AYyex¶Y h‡š¿i †dvKvm `~i‡Z¡i mv‡_ weea©b ¶gZvi m¤úK©| 

Avevi, (6.67 bs) mgxKiY †_‡K †jLv hvq, 

e

e

ee Df
fD

Dfu



111

 

ev, 

e

e
e fD

Dfu


  … … …  …  …  …  …   … … … … …   …   …   …   …  …  … … (6.70) 

GwUB mij AYyex¶Y h‡š¿i ¯úó `k©‡bi Rb¨ e¯‘ `~iZ¡| 

6.11.3 †hŠwMK AYyex¶Y hš¿ (Compound Microscope): 

weea©K Kv‡Pi weea©b ¶gZv Kg| e¯‘ Lye ¶z`ª  n‡j mij AYyex¶Y hš¿ Zv‡K h‡_ó weewa©Z Ki‡Z cv‡i  bv| Av‡iv 

†ekx weea©‡bi Rb¨ †hŠwMK AYyex¶Y hš¿ e¨envi Kiv nq| mß`k kZvãx‡Z M¨vwjwjI GB hš¿ Avwe®‹vi K‡ib| 

AvaywbK †hŠwMK AYyex¶Y hš¿ w`‡q 2000 ¸Y ch©š— weea©b cvIqv hvq| GB h‡š¿i Avwe¯‹v‡ii d‡jB Dw™¢Z Ges 

cÖvYxi kvixwiK weÁv‡bi †¶‡Î bZ~b hy‡Mi m~Pbv n‡q‡Q| 

 

MVb: aiv hvK,  `ywU Kg †dvKvm `~i‡Z¡i DËj †jÝ 1F  I 2F  mgA¶xq fv‡e ci¯úi n‡Z L  `‚‡i cÖavb A‡¶i 

Dci Aew¯’Z| 1F  †K Awfj¶¨ ‡jÝ e‡j| Gi †dvKvm `~iZ¡ 0f I D‡b¥l Awf‡bÎ ‡jÝ 2F  Gi †dvKvm `~iZ¡ 

ef I D‡b¥l A‡c¶v Kg| ‡jÝ `ywUi ga¨eZ©x `~iZ¡ cÖ‡qvRb †ev‡a mgA¶xq fv‡e Kg ev †ekx Kiv hvq| 

Kvh© cÖYvjx: Awfj¶¨ ‡jÝ 1F  Gi mvg‡b Gi cÖ_g 

†dvKvm `~iZ¡ 0f Gi wVK evB‡i u  `~i‡Z¡i GKwU AwZ ¶z`ª 

e¯‘ PQ  ’̄vcb Kiv n‡jv| e¯‘ †_‡K wbtm„Z Av‡jv 

cÖwZmwiZ n‡q ‡j‡Ýi wecixZ w`‡K †jÝ n‡Z v  ~̀‡i 

GKwU ev¯—e, Dëv I weewa©Z cÖwZwe¤ ̂ 11QP  MwVZ n‡jv| 

GB cÖwZwe¤ ̂ 11QP  Awf‡bÎ ‡jÝ 2F  Gi e¯‘ wnmv‡e KvR 

Ki‡e| Awf‡bÎ ‡jÝ 2F  †K mwi‡q Ggb fv‡e ¯’vcb Kiv 

nq †hb cÖwZwe¤ ̂ 11QP  wU Gi †dvKvm `~iZ¡ ef  Gi wfZ‡i 

_v‡K d‡j †j‡Ýi mvg‡b GKwU Aev¯—e, †mvRv I weewa©Z 

cÖwZwe¤ ̂ 22QP  MwVZ nq| 2F  †K Ggb fv‡e mgš̂q Kiv nq †hb Aev¯—e cÖwZwe¤ ̂ 22QP  wU ¯úó `k©‡b b~¨bZg 

`~iZ¡ D  †Z MwVZ nq| 

 

weea©b: weea©b ej‡Z cÖwZwe‡¤î AvKvi Ges e¯‘i AvKv‡ii AbycvZ‡K eySvq| 

uo  L 
F1 

F2 

vo ue 
fe 

P 

Q2 Q 

Q1 

O O 

P1 

P2 
wPÎ 6.43 

D 
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AZGe, weea©‡bi gvb,  
11

221122

QP
QP

PQ
QP

PQ
QPm   

ev, eo mmm  … … …  …  …  …  …   … … … … …   …   …   …   …  …  … (6.71) 

myZivs †hŠwMK AYyex¶Y h‡š¿ weea©b `yB av‡c msNwUZ nq| cÖ_‡g Awfj¶¨ †jÝ w`‡q om  Ges c‡i Awf‡bÎ †jÝ 

w`‡q em |  

Awf‡bÎ †j‡Ýi Rb¨ ¯úó `k©‡bi b~¨bZg `~i‡Z¡ †¶‡Î, 

ee fuD
111




 

ev, 

ee f
D

u
D

D
D




   

ev, 1
e

e f
Dm  

ev, 

e

e
e f

fDm 
 … … …  …  …  …  …   … … … … …   …   …   …   …  …  … ... … (6.72) 

Awfj¶¨ †j‡Ýi †¶‡Î ev¯—e cÖwZwe‡¤î Rb¨ weea©b ¶gZv 

u
vmo   … … …   …    …  …  … … (6.73) 

(6.72) I (6.73) bs mgxKi‡Yi gvb (6.71) bs mgxKi‡Y emv‡j, 

P~ovš— weea©b 

e

e

f
fD

u
vm 
  …  …  …  …   … … … … …   …   …   …   …  …  … … (6.74) 

Avevi, Awfj¶¨ †j‡Ýi cÖwZwe¤î †¶‡Î, 

ooo fuv
111

  

ev, 

o

o

o

o

f
v

u
v

1  

ev, 1
o

o

o

o

f
v

u
v

 

myZivs, 
o

o

u
v  Gi gvb (6.74) bs mgxKi‡Y emv‡j, 

e

e

o f
fD

f
vm 









 1   …  …  …  …   … … … … …   …   …   …   …  …  … … (6.75) 

†hŠwMK AYyex¶Y h‡š¿ cÖwZwe¤ ̂ QP 
 wU Awf‡bÎ †j‡Ýi Lye KvQvKvwQ Ae¯’v K‡i e‡j Awfj¶¨ †j‡Ýi cÖwZwe¤ ̂

`~iZ¡‡KB h‡š¿ ˆ`N©̈   L  we‡ePbv Ki‡j, 





























 111

eoe

e

o f
D

f
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f
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f
Lm  

Avevi D  Gi Zzjbvq ef  Gi gvb Ges L  Gi Zzjbvq of  Gi gvb A‡bK ¶z ª̀ e‡j, 

 

oo f
L

f
L

1  Ges 

ee f
D

f
D

1  †jLv hvq| 

myZivs 

eoeo ff
LD

f
D

f
Lm   …  …  …  …   … … … … …   …   …   …   …  …  … … (6.76) 

h‡š¿i ˆ`N©̈ : h‡š¿i ˆ`N¨ = Awfj¶¨ †jÝ n‡Z Awf‡bÎ †j‡Ýi ga¨eZx© `~iZ¡ 
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A_©vr,                  oo uvL    ..............................................................................(6.77) 

D`vniY 6.16: GKwU †j‡Ýi †dvKvm `~iZ¡ cm2 | mij AYyex¶Y hš¿ wnmv‡e †jÝwU‡K e¨envi Ki‡j ¯úó 

`k©‡Yi b~¨bZg `~i‡Z¡ KZ ¸Y weewa©Z cÖwZwe¤ ̂cvIqv hv‡e Ges †mB Ae¯’vq †jÝ †_‡K e ‘̄i `~iZ¡ †ei Ki“b| 

mgvavb: †`qv Av‡Q, m02.0cm2 ef  Ges m0.25cm25  Dv  

¯úó `k©‡Yi b~¨bZg `~iZ¡  m25.0D G cÖwZwe‡¤î Rb¨ e¯‘ ~̀iZ¡, 

e

e
e fD

Dfu


  

gvb emv‡j, m0.019
27.0
005.0

02.025.0
02.025.0





eu  

Avgiv Rvwb, weea©b ¶gZv, 

e

e

f
fDm 

2  

gvb emv‡j,  13.5
02.0
27.0

02.0
02.025.0

2 


m  

D: e¯‘ ~̀iZ¡ = m0.018  Ges weea©b = 13.5DËi 

 

D`vniY 6.17: GKwU AYyex¶Y h‡š¿i Awfj¶¨ †jÝ †_‡K cm55.0 `~‡i GKwU ¶y`ª e¯‘ ’̄vcb Kiv n‡j| AYyex¶Y 

h‡š¿i weea©b ¶gZv I h‡¯¿i ˆ`N©̈  wbY©q Ki“b| AYyex¶Y h‡š¿i Awfj¶¨ I Awf‡bÎ †j‡Ýi †dvKvm `~iZ¡ 

h_vµ‡g cm5.0 Ges cm2 | 

mgvavb: †`qv Av‡Q, m0.005cm5.0 of , m0.02cm2 ef , m0.0055cm55.0 u  ?m  

Ges ?L  

Avgiv Rvwb, †j‡Ýi mvaviY m~Î, 

ofuv
111

   ev, 

o

o

fu
ufv


  

gvb emv‡j, m0.055
0005.0

0.0000275
005.00055.0
005.00055.0





v  

Avgiv Rvwb, AYyex¶Y h‡š¿i me©‡kl cªwZwe¤ ̂¯úó `k©‡Yi b~¨bZg `~i‡Z¡ MwVZ Kiv nq| A_©vr Awf‡bÎ †j‡Ýi 

cÖwZwe¤ ̂`~iZ¡ m0.25cm25 D |  

myZivs, Awf‡bÎ †j‡Ýi ‡¶‡Î e¯‘ ~̀iZ¡, 

e

e
e fD

Dfu


 | 

gvb emv‡j, m0.0185
0.27
0.005

02.025.0
02.025.0





eu  

Avevi Avgiv Rvwb, h‡š¿i ˆ`N©̈ , euvL   

ev, m0.07350.0185055.0  euvL  

Avgiv Rvwb, Awfj¶¨ †j‡Ýi weea©b ¶gZv, 

u
vmo   

gvb emv‡j, 10
0.0055
0.055

om  

Avgiv Rvwb, weea©b ¶gZv, 

e

e

f
fDm 

2  

gvb emv‡j,  13.5
02.0
27.0

02.0
02.025.0

2 


m  
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AYyex¶Y h‡š¿i weea©b ¶gZv, 1355.1310  eo mmm  

D: AYyex¶Y h‡š¿i ˆ`N©̈ , m0.0735  Ges weea©b ¶gZv, 135  
 

 

mvi-ms‡¶c :  

weea©K ¶gZv:  cÖwZwe¤ ̂KZ©„K `k©Y Drcbœ †KvY Ges e¯‘ KZ©„K `k©Y Drcbœ †Kv‡Yi AbycvZ‡K Av‡jvK h‡š¿i 

weea©K ¶gZv ev †KŠwYK weea©b 

†hŠwMK AYyex¶Y h‡š¿i weea©K ¶gZv:  

e

e

o

o

f
fD

u
vm 

  

†hŠwMK AYyex¶Y h‡š¿i ˆ`N©̈ : eo uvL   

 

 

cv‡VvËi g~j¨vqb: 6.11 

eûwbe©vPbx cÖkœ: 

1| A¶zex¶Y h‡š¿i Awfj¶¨ Ges Awf‡bÎ †j‡Ýi †dvKvm `~iZ¡ h_vµ‡g of  Ges ef  n‡j, 

 K. eo ff   L. eo ff   M. eo ff   N. k
f
f

e

o   

2| †hŠwMK AYyex¶Y h‡š¿ weea©b ¶gZv 100| Awf‡bÎ †j‡Ýi weea©b ¶gZv 5 n‡j Awfj¶¨ †j‡Ý w`‡q weea©b 

n‡e- 

 K. 10 L. 20 M. 25 N. 50 
 

 

cvV-6.12 :   ~̀iex¶Y hš¿ : cÖwZmviK I cÖwZdjK ~̀iex¶Y hš¿ 

 Telescope : Refracting and Reflecting Telescope  

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 GKwU cÖwZmviK b‡fv `~iex¶Y h‡š¿i MVb I Kvh©cÖYvjx e¨vL¨v Ki‡Z cvi‡eb| 

 GKwU cÖwZdjK b‡fv ~̀iex¶Y h‡š¿i MVb I Kvh©cÖYvjx e¨vL¨v Ki‡Z cvi‡eb| 

 

6.12.1 ~̀iex¶Y hš¿ (Telescope)  
†Kv‡bv e¯‘i cÖK…Z AvKvi h‡_ó eo n‡jI `~i †_‡K ‡mUv‡K AZ¨š— †QvU †`Lvq| ‡Kv‡bv `~ieZ©x 

e¯‘‡K eo Ges ¯úó †`Levi Rb¨ `~iex¶Y hš¿ e¨envi Kiv nq| `~iex¶Y hš¿ `k©‡Ki `„wókw³ evov‡Z mvnvh¨ 

K‡i| GB hš¿ e¯‘i GKwU Aev¯—e Ges ¯úó cÖwZwe¤ ̂MVb K‡i Ges GB cÖwZwe¤ ̂`k©‡Ki †Pv‡L e¯‘ A‡c¶v e„nËi 

ex¶Y †KvY Drcbœ K‡i e‡j e¯‘‡K eo †`Lvq| cÖK…Z c‡¶ eû ~̀‡ii e¯‘‡K †`Lvi Rb¨ `~iex¶Y hš¿ e¨envi Kiv 

nq| 
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†hŠwMK AYyex¶Y h‡š¿i gZB `~iex¶Y h‡š¿ g~jZ `yBwU Ask Awfj¶¨ Ges Awf‡bÎ| Awfj¶¨ `~ieZ©x e¯‘i GKwU 

ev¯—e, Dëv, Ges ¶z ª̀ cÖwZwe¤ ̂ MVb K‡i Avi Awf‡bÎwU weea©K KvP wnmv‡e KvR K‡i GB cÖwZwe‡¤î GKwU    

Aev¯—e Ges weewa©Z cÖwZwe¤ ̂MVb K‡i| 

`~iex¶Y hš¿‡K mvaviYfv‡e `yB †kªYx‡Z fvM Kiv hvq h_v: cÖwZmviK `~iex¶Y hš¿ Ges cÖwZdjK `~iex¶Y hš¿| 

cÖwZmviK `~iex¶Y h‡š¿ Awfj‡¶¨ GKwUgvÎ †jÝ ev GKvwaK ‡j‡Ýi mgš^‡q MwVZ nq| GB †jÝ ev †j‡Ýi 

mgš̂‡qi †dvKvm `~iZ¡ †ekx _v‡K Ges D‡b¥lI eo nq| Aci w`‡K cÖwZdjK ~̀iex¶Y h‡š¿ Awfj¶¨ wnmv‡e 

GKwU e„nr AeZj `c©Y ev Awae„Ëxq `c©Y e¨envi Kiv nq| 

`~iex¶Y hš¿ Avevi `yB ai‡Yi Kv‡R e¨envi Kiv nq| GKwU n‡jv f~-`~iex¶Y hš¿| hvi mvnv‡h¨ f~-c„‡ô `~ieZ©x 

e¯‘‡K †`Lvi Rb¨ e¨envi Kiv nq| Gi cÖwZwe¤^‡K †mvRv I Aev¯—e nq| f~-`~iex¶Y h‡š¿ mvaviYZt cÖwZmviK 

`~iex¶Y hš¿| AciwU n‡jv b‡fv `~iex¶Y hš¿| GB `~iex¶Y hš¿‡K gnvKvk M‡elYvi †¶‡Î e¨envi Kiv nq| Gi 

mvnv‡h¨ †R¨vwZ®‹ BZ¨vw` ch©‡e¶Y Kiv nq| †h‡nZz wewfbœ M¨vjvw·¸‡jv j¶ j¶ Av‡jvK el© `~‡i Aew¯’Z †m‡nZz 

†mLvb †_‡K Lye Aí cwigvY Avv‡jv Avgv‡`i c„w_ex‡Z G‡m †cŠQvq| ZvB G‡`i ch©‡e¶‡Yi Rb¨ A‡bK †ekx 

D‡b¥l I †dvKvm `~iZ¡wewkó Awfj¶¨ cÖ‡qvRb nq| GB †¶‡Î e„nr AvKv‡ii DËj †jÝ e¨envi Ki‡j GwU 

AZ¨š— fvix Ges cÖwZmviK Zj nIqvq cÖwZwe‡¤ ̂ eY© A‡ci‡Yi m„wó nq| Aciw`‡K Awfj¶¨ wnmv‡e †Mvjxq 

cÖwZdjK Zj e¨envi Kiv n‡j GKwU Zzjbvg~jK A‡bK nvjKv nq Ges cÖwZdjK A¯^”Q nIqvq †Kv‡bv cÖKvi eY© 

A‡ci‡Yi m„wó nq bv| ZvB †R¨vwZwe©̀ ¨v msµvš— M‡elYvq e¨eüZ †ekxifvM b‡fv ~̀iex¶Y hš¿ cÖwZdjK| 

 

6.12.2 cÖwZmviK b‡fv `~iex¶Y h‡š¿i MVb I Kvh©cÖYvjx (Construction and Working Principle of 
Refracting Astronomical Telescope): 
 

MVb t- `ywU DËj †jÝ 1F  I 2F  mgA¶xq fv‡e cÖavb A‡¶i Dci Aew¯’Z| 1F  †K Awfj¶¨ ‡jÝ e‡j| Gi 

†dvKvm `~iZ¡ Ges D‡b¥l Awf‡bÎ ‡jÝ 2F  Gi †dvKvm `~iZ¡ ef I D‡b¥l A‡c¶v ‡ekx| ‡jÝ `ywUi ga¨eZ©x `~iZ¡ 

cÖ‡qvRb †ev‡a mgv¶qfv‡e Kg †ekx Kiv hvq| 

 

Kvh© cÖYvjx t- awi Amxg `~i †_‡K `yBwU mgvš—ivj Av‡jvK iwk¥ cÖavb A¶ OO 
Gi mv‡_   †KvY AvbZ †MŠY 

A‡¶i mgvš—ivj fv‡e Awfj¶¨ ‡jÝ 1F  †Z AvcwZZ n‡q 1F  †jÝ n‡Z 2F  `~‡i †dvKvm Z‡j P  we›`y‡Z wgwjZ 

n‡q PQ  ev¯—e, Dëv I AwZ¶y`ª 

cÖwZwe¤ ̂ MVb K‡i| GB cªwZwe¤ ̂

Awf‡bÎ †jÝ 2F  Gi e¯‘ wnmv‡e 

KvR K‡i|  

¯v̂fvweK `k©‡bi †¶‡Ît 

(6.44bs) wP‡Î ¯v̂fvweK `k©‡Yi 

†¶‡Î Awf‡bÎ †jÝ 2F  †K Ggb `~‡i 

ivLv nq †hb PQ  cÖwZwe¤ ̂ ‡j‡Ýi 

cÖ_g cÖavb †dvKvm ef  †Z Ae ’̄vb 

K‡i| d‡j †jÝ Øviv cÖwZm„Z iwk¥ 

mgvš—ivj nq Ges †j‡Ýi mvg‡b 

Amxg `~‡i Amxg weea©Z cÖwZwe¤ ̂MwVZ nq| 

 

weea©bt- aiv hvK AvcwZZ Av‡jvKiwk¥ cÖavb A‡¶i mv‡_   †Kv‡Y AvcwZZ n‡q‡Q Ges Amxg weea©Z cÖwZwe¤ ̂

cÖavb A‡¶i mv‡_   †KvY  K‡i‡Q| ~̀iex¶Y h‡š¿i †¶‡Î weea©b ej‡Z cÖwZwe¤ ̂Ges e¯‘ cÖavb A‡¶i mv‡_ †h 

†KvY K‡i Zvi AbycvZ‡K eySvq| 

F1 F2 
 fo 

 O  
Q 

 fe 

 
O 

P 

wPÎ 6.44 



c`v_©weÁvb 2q cÎ 

BDwbU 6  c„ôv-233 

AZGe weea©b, m  

†Pv‡L we¤ ̂Øviv Drcbœ †KvY 

†Pv‡L j¶¨e¯‘ Øviv Drcbœ †KvY  




tan
tan

  

I †KvY Lye †QvU nIqvq  tan  Ges  tan  †jLv hvq| 

ev, 

QO
OQm

OQ
PQ

QO
PQ


 

 

ev, 

e

o

f
fm   …  … … … … … … … … … … … … … …… …  …  …  … … … … (6.78) 

myZivs Awfj¶¨ †j‡Ýi †dvKvm `~iZ¡ hZ †ekx Ges Awf‡bÎ †j‡Ýi †dvKvm `~iZ¡ hZ Kg nq weea©b ZZ †ekx 

nq| 

 

h‡š¿i ˆ`N©̈ t h‡š¿i ˆ`N©̈  ej‡Z Awfj¶¨ †jÝ I Awf‡bÎ †j‡Ýi ga¨eZ©x `~iZ¡‡K eySvq| 

AZGe,  QOOQOOL   

ev, eo ffL   …  … … … … … … … … … … … … … …… …  …  …  … …  … (6.79) 

 

¯úó `k©‡bi †¶‡Ît  

(6.45 bs) wP‡Î ¯úó `k©‡bi †¶‡Î 

Awf‡bÎ †jÝ 2F  †K Ggb `~‡i ivLv 

nq †hb PQ  cÖwZwe¤ ̂ ‡j‡Ýi cÖ_g 

cÖavb †dvKvm ef  Gi g‡a¨ Ae¯’vb 

K‡i| †j‡Ýi mvg‡b GKwU Aev¯—e, 

†mvRv I weewa©Z cÖwZwe¤ ̂ QP 
 

MwVZ nq| 2F  †K Ggb fv‡e mgšq̂ 

eiv nq †hb Aev¯—e cÖwZwe¤ ̂ QP 
 

Gi ¯úó `k©Y `~iZ¡ D  †Z MwVZ 

nq| 

 
weea©bt `~iex¶Y h‡š¿i †¶‡Î weea©b ej‡Z cÖwZwe¤ ̂Ges e ‘̄ cÖavb A‡¶i mv‡_ †h †KvY K‡i Zvi AbycvZ‡K 

eySvq| 

AZGe weea©b m  

†Pv‡L we¤ ̂Øviv Drcbœ †KvY 

†Pv‡L j¶¨e¯‘ Øviv Drcbœ †KvY  




tan
tan

   

I †KvY Lye †QvU nIqvq 

  tan  Ges  tan  †jLv hvq| 

ev, 

QO
OQm

OQ
PQ

QO
PQ


 

 

m„ó cÖwZwe¤ ̂Amx‡g MwVZ n‡j, euQO   

ev, 

e

o

u
fm   …  … …  … … …  … … … … … … …… …  …  …  … … … … … (6.80) 

Avgiv Rvwb, 

ee fuD
111




  

O 

F1 
F2  fo  ue 

 O 
  

P  D 

 
P 

Q Q 

wPÎ 6.45 
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ev, 

Dfu ee

111
   

ev, 

e

e

e Df
fD

u



1

   

ev, 

e

e
e fD

Dfu


  …  … …  … … …  … … … … … … …… …  …  …  … … …  … (6.81) 

(6.80 bs) mgxKi‡Y eu  Gi gvb emv‡j, 

e

e

o

fD
Df
fm



  

ev, 

e

e
o Df

fDfm 
   …  … … … … … … … … … … … …… …  …  …  … …  … (6.82) 

 

h‡š¿i ˆ`N©̈ t h‡š¿i ˆ`N©̈  ej‡Z Awfj¶ †jÝ I Awf‡bÎ †j‡Ýi ga¨eZ©x `~iZ¡‡K eySvq| 

AZGe,  QOOQOOL   

ev, eo ufL   

ev, 

e

e
o fD

DffL


  …  … … … … … … … … … … … … … … …  …  … …  ... .. … (6.83) 

 

6.12.3 cÖwZdjK b‡fv `~iex¶Y h‡š¿i MVb I Kvh©cÖYvjx (Construction and Working Principle of 
Reflecting Astromical Telescope): 
 

cÖwZdjK b‡fv ~̀iex¶Y h‡š¿i wewfbœ ai‡Yi nq| Zvi g‡a¨ D‡jL‡hvM¨ n‡jv- 

(K) †MÖMixq `~iex¶Y hš¿| ¯‹wUk †R¨vwZ©weÁvbx I MwYZÁ †Rg&m †MÖMix (James Gregory) 1663 wLª÷‡ã Zuvi 

eB‡Z cÖ_g G ai‡Yi `~iex¶Y h‡š¿i bKkv cÖKvk K‡ib| GB bKkv Dci wfwË K‡i 1673 wLª÷‡ã weªwUk 

c`v_©weÁvbx ievU© ûK (Robert Hook) `~iex¶YwU ˆZwi K‡ib| 

(L) wbDUbxq `~iex¶Y hš¿| 1663 wLª÷v‡ã gnvÁvbx wbDUb GB `~iex¶Y ˆZwi K‡ib| GwUB n‡jv †MÖMixq 

cÖwZdjK Awfj¶¨ aviY cÖ‡qvM K‡i cÖ_g e¨envi‡hvM¨ cÖwZdjK ~̀iex¶Y hš¿| 

(M) K¨vmv‡MÖBb `~iex¶Y hš¿| 1672  wLª÷v‡ã j‡i›U K¨vmv‡MÖBb (Lawrent Cassegrain) GB `~iex¶Y hš¿wUi 

bKkv cÖYqb K‡ib| 

(6.46 bs) wP‡Î †MÖMixq `~iex¶Y hš¿ I K¨vmv‡MÖBb `~iex¶Y h‡š¿i 

MVb †`Lv‡bv n‡jv|  

Avgiv GLv‡b ïay gvÎ wbDUbxq `~iex¶Y hš¿ m¤^‡Ü wel` Av‡jvPbv 

Ki‡ev| 

Z‡e †R‡b ivLv `iKvi †h, eZ©gv‡b c„w_ex‡Z wewfbœ ¯’v‡bi 

gvbgw›`i¸‡jvi g‡a¨ D‡jL‡hvM¨ GKwU bvg- (Roque de los 
Muchos Observatory (La Palma, Spain)| Gi MÖvb †Uwj‡¯‹vwcI 

K¨vbvwiqvm (Gran Telescopio Canarias) ~̀iex¶Y hš¿wU me‡P‡q 

DbœZ `~iex¶Y hš¿̧ ‡jvi g‡a¨ Ab¨Zg| eZ©gv‡b GwU c„w_exi 

me©e„nr GKK-D‡b¥lhy³ cÖwZdjK `~iex¶Y hš¿| Gi Kvh©Ki D‡b¥l  

m4.10 | GB `~iex¶Y hš¿wU mgy`ªc„ô †_‡K cÖvq m2267  D”PZvi GKwU Av‡MœqwMwii Pzovq Aew¯’Z| 

 

wbDUbxq `~iex¶Y hš¿: 

Awf‡bÎ 

†jÝ 

¯ŵQ`ª AeZj 

`c©Y 

DËj `c©Y 

K¨vmv‡MÖBb `~iex¶Y hš¿ 

Awf‡bÎ 

†jÝ 

¯ŵQ`ª AeZj 

`c©Y 

AeZj `c©Y 

†MÖMixq `~iex¶Y hš¿ 

wPÎ 6.46 



c`v_©weÁvb 2q cÎ 

BDwbU 6  c„ôv-235 

MVb: (6.47 bs) wP‡Î wbDUbxq b‡fv `~iex¶Y hš¿ †`Lv‡bv n‡q‡Q| 

GB `~iex¶Y h‡š¿ GKwU AeZj `c©Y 1M Awfj¶¨ wnmv‡e KvR 

K‡j `c©YwUi †dvKvm `~iZ¡ †ekx Ges D‡b¥l A‡bK eo| GKwU 

‡gvUv KvP b‡ji GKcÖv‡š— GB `c©YwU emv‡bv _v‡K| `~ieZ©x †h 

e¯‘‡K j¶¨ Kiv nq bjwUi Aci cÖvš— †mB w`‡K ivLv nq| AeZj 

`c©Y Ges Zvi †dvKvm `~i‡Z¡i gv‡S GKwU †QvU mgZj `c©Y 

2M emv‡bv _v‡K| GB `c©YwU AeZj `c©Y 1M Gi cÖavb A‡¶i 

mv‡_ 

45  †Kv‡Y AvbZ _v‡K| GKwU †QvU cvk¦©b‡j GKwU Kg 

†dvKvm `~i‡Z¡i Ges ¶z`ª D‡b¥‡li GKwU DËj †jÝ ivLv nq| GB 

†jÝwU Awf‡bÎ wnmv‡e KvR K‡i| 

Kvh©cÖYvjx: eû`~i †_‡K AvMZ mgvš—ivj Av‡jvKiwk¥ 1M  AeZj 

`c©‡Y cÖavb A‡¶i mv‡_ AvbZ fv‡e AvcwZZ n‡q cÖwZdj‡bi m~Îvbymv‡i cÖwZdwjZ Av‡jvK iwk¥ †MŠY †dvKv‡m 

wgwjZ n‡e| wKš‘ cw_g‡a¨ 

45  †Kv‡Y AvbZ GKwU mgZj `c©Y 2M _vKvq Av‡jvK iwk¥ cÖwZdwjZ wPÎvbymv‡i 

P  we›`y‡Z wgwjZ n‡e| 2M mgZj `c©YwU cÖavb A‡¶i mv‡_ 

45  †Kv‡Y AvbZ _vKvq cÖavb A¶ †iLvwU 

90  

w`K cwieZ©b K‡i| myZivs PQ  n‡jv j¶¨ e¯‘i ev¯—e cÖwZwe¤|̂ cvk¦©bj‡K mgš̂q (Dci bxP) K‡i ivLv DËj 

†jÝ eL †K Ggb fv‡e ivLv nq †hb Gi Rb¨ m„ó cÖwZwe¤^ Amx‡g A_ev ¯úó `k©‡bi b~¨bZg `~i‡Z¡ MwVZ nq| 

 

weea©bt `~iex¶Y h‡š¿i †¶‡Î weea©b ej‡Z cÖwZwe¤ ̂Ges e ‘̄ cÖavb A‡¶i mv‡_ †h †KvY K‡i Zvi AbycvZ‡K 

eySvq| we¤ ̂Amx‡g MwVZ n‡j, weea©b m  

ev, 

e

o

f
fm  …  … … … … … … … …  … … … … … … …… …  …  … … … (6.84) 

we¤ ̂†Pv‡L ¯úó `k©‡bi b~¨bZg `~i‡Z¡ MwVZ n‡j weea©b,  

e

e
o Df

fDfm 
   …  … … … … … … … … … … … …… …  …  …  … …(6.85) 

 

D`vniY 6.18: GKwU `~iex¶Y h‡š¿i Awfj¶¨ I Awf‡bÎ †j‡Ýi †dvKvm `~iZ¡ h_vµ‡g m1 Ges m01.0 | 

¯^vfvweK `k©‡Y Ges ¯úó `k©‡Y †¶‡Î weea©b ¶gZv Ges h‡š¿i ˆ`N©̈  †ei Ki“b| 

mgvavb: †`qv Av‡Q, m1of , m01.0ef , hLb v  ZLb ?m  

Ges hLb m25.0 Dv  ZLb ?m   

Avgiv Rvwb, ¯v̂fvweK `k©‡Yi Rb¨, 

e

o

f
fm   

gvb emv‡j, 100
01.0
1

m  

Ges h‡š¿i ˆ`N©̈  eo ffL   

gvb emv‡j, m01.101.01 L  

Avgiv Rvwb, ¯úó `k©‡Yi Rb¨, 

e

e
o Df

fDfm 
  

gvb emv‡j, 104
01.025.0
01.025.01 




m  

M2 

wPÎ 6.47 

M1 

P 

Q 

P Q 

Le 

 

 

AeZj `c©‡Yi †dvKvm ~̀iZ¡ 

Awf‡bÎ †j‡Ýi †dvKvm `~iZ¡ 
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Avevi, ¯úó `k©‡Yi Rb¨ h‡š¿i ˆ`N©̈  

e

e
o fD

DffL


  

gvb emv‡j, 1.0096m0.00961
01.025.0
01.025.01 




L  

D: 1.0096m  

 

 

mvi-ms‡¶c :  

b‡fv ~̀iex¶Y h‡š¿i weea©K ¶gZv:   

¯v̂fvweK `k©‡Yi Rb¨: 

e

o

f
fm   

¯úó `k©‡Yi Rb¨: 

e

e
o Df

fDfm 
  

b‡fv ~̀iex¶Y h‡š¿i ‰`N©̈ :   

¯v̂fvweK `k©‡Yi Rb¨: eo ffL   

¯úó `k©‡Yi Rb¨: 

e

e
o fD

DffL


  

 

 

cv‡VvËi g~j¨vqb: 6.12 

eûwbe©vPbx cÖkœ:- 

1| GKwU b‡fv ~̀iex¶Y h‡š¿ Awf‡b‡Îi e¨v‡mi Zzjbvq Awfj‡¶¨i e¨vm 

 K. †QvU ivLv nq L. eo †iLv nq M. mgvb ivLv nq N. †QvU ev eo ivLv †h‡Z cv‡i 

2| b‡fv ~̀iex¶Y h‡š¿ Awf‡bÎ I Awfj‡¶¨i †dvKvm `~iZ¡ h_vµ‡g of  Ges ef  n‡j h‡š¿i weea©b cÖvq 

K. eo ff   L. eo ff   M. 

e

o

f
f

 N. 

o

e

f
f

 

 

cvV-6.13 : e¨envwiK-5 t `c©Y I DËj †jÝ e¨envi K‡i Zi‡ji cÖwZmiYv¼ wbY©q|  

   

 

e¨envwiK: 

cix¶‡Yi bvg: `c©Y I DËj †jÝ e¨envi K‡i Zi‡ji cÖwZmiYv¼ wbY©q| 

 

D‡Ïk¨: Zij c`v‡_©i cÖwZmiYv¼ wbY©‡qi GKwU cÖwµqv wkLb| 

 

ZË¡: awi cix¶vq e¨eüZ DËj ‡j‡Ýi ‡dvKvm 

`~iZ¡  f1 Ges †h c„ô `c©‡Yi Dci ivLv n‡q‡Q †m 

c„‡ôi eµZvi e¨vmva© r| `c©Y I †j‡Ýi gv‡S 

la  cÖwZmiv‡¼ Zij ivLvi d‡j m„ó mgZj AeZj †j‡Ýi 

Rb¨ Zzj¨ †j‡Ýi †dvKvm ~̀iZ¡ F n‡j,  

Zi‡ji cÖwZmiv¼, 

1

11
Ff

Ffrla


   

 wPÎ 6.48 

h1 h2 
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GLv‡b, 

26

2 h
h

dr    

‡hLv‡b, d = †ù‡ivwgUv‡ii †h †Kv‡bv `yB cv‡qi ga¨eZ©x `~iZ¡| 

h = †ù‡ivwgUv‡ii cv wZbwU †h mgZ‡j _v‡K †m Zj †_‡K eµZ‡ji D”PZv Ges  

r  †j‡Ýi †h Zj mgZj `c©‡Yi ms¯ú‡k© Av‡Q ‡mB Z‡ji eµZvi e¨vmva©|  

 

hš¿cvwZ: Pjgvb m~PKmn GKwU ÷¨vÛ, GKwU mgZj `c©Y, GKwU DËj †jÝ, GKwU †ù‡ivwgUvi, GKwU wgUvi †¯‹j 

Ges cix¶Yxq Zij| 

Kv‡Ri aviv:  

1| cÖ_‡g †j‡Ýi †h c„ôwU‡K mgZj `c©‡Yi Dci ivLv n‡e Zv‡K wPwýZ Ki‡Z nq| 

2| †ù‡ivwgUvi‡K mgZj `c©‡Yi Dci †i‡L wZbwU cvV Ges †j‡Ýi wPwýZ c„‡ôi Dci †i‡L wZbwU cvV wb‡q 

G‡`i Mo cvV ‡_‡K mgZj cv‡Vi Mo we‡qvM K‡i h wbY©q Ki‡Z nq| 

3| mv`v  KvM‡R †ù‡ivwgUv‡ii cv wZbwU ewm‡q cv wZbwUi ga¨eZ©x `~iZ¡ †g‡c G‡`i Mo K‡i d  wbY©q  Ki‡Z 

nq|  

4| d I h Gi gvb r wbY©‡qi mgxKi‡Y ewm‡q †j‡Ýi eµZvi e¨vmva© wbY©q Ki‡Z nq| 

5| Gevi ÷¨v‡Ûi cvUvZ‡j mgZj `c©Y †i‡L Zvi Dci DËj †jÝ ivLv nq| m~PK KuvUvwU‡K Dc‡i Zz‡j AvMwcPz 

K‡i Gi m~Pv‡jv cÖvš— †j‡Ýi cÖavb A¶ eivei ivL‡j Gi GKwU ev¯—e cÖwZwe¤ ̂†`Lv hv‡e Ges cÖwZwe‡¤î 

m~Pv‡jv cÖvš— Ges m~PK KuvUvi m~Pv‡jv cÖvš— gy‡LvgyLx _vK‡e|  

6| GB Ae¯’vq m~P‡Ki Dci †PvL †i‡L †PvL‡K Gcvk Icvk bov‡j †`Lv hv‡e m~PK KuvUv I cÖwZwe‡¤î g‡a¨ 

Av‡cw¶K †eM Av‡Q| hvi †eM †ekx †mwU †Pv‡Li wbK‡U Av‡Q| myZivs m~PK KuvUv †ekx bo‡j Zv‡K ax‡i ax‡i 

bx‡P bvgv‡Z nq| hw` cÖwZwe¤ ̂†ekx bo‡j m~PK KuvUv‡K ax‡i ax‡i Dc‡i Zzj‡Z nq| 

7| GB NUbvwU K‡qKevi cybive„wË Ki‡j GK mgq m~PK KuvUv I cÖwZwe‡¤î g‡a¨ †Kv‡bv Av‡cw¶K †eM _vK‡ebv| 

A_©vr j¤b̂ Î“wU `~i nq| GB Ae¯’vq †j‡Ýi Dci †_‡K m~PK KuvUvi `~iZ¡ h1 Ges `c‡Y©i Dci †_‡K m~PK 

KuvUvi ~̀iZ¡ h2 gvcv nq (wPÎ 6.48)| GB cwigvcØ‡qi Mo n‡jv †j‡Ýi †dvKvm ~̀iZ¡ f1| 

8| GKB fv‡e m~PK KuvUv‡K c~‡e©i gZ cÖwZwe‡¤î mv‡_ K‡qKevi j¤b̂ Î“wU `~i K‡i cvV †bqv nq Ges †j‡Ýi 

†dvKvm ~̀i‡Z¡i Mo Kiv nq| 

9| Gevi `c©Y †_‡K †jÝwU mwi‡q `c©‡Yi Dci K‡qK †duvUv Zij w`‡q Zvi Dci ‡jÝwU ivL‡j `c©Y I †j‡Ýi 

gv‡S cix¶Yxq Zi‡ji GKwU mgZj AeZj †jÝ ‰Zix n‡e Ges †jÝ `ywU wg‡j GKwU Zzj¨ DËj †jÝ MVb 

K‡i| 

10| GB Ae¯’vq c~bivq 7 I 8 bs Kv‡Ri avivi cybive„wË K‡i Zzj¨‡j‡Ýi ‡dvKvm `~iZ¡ F wbY©q Kiv nq (wPÎ 

6.49)| 

11| cÖvß gvb¸‡jv mgxKi‡Y ewm‡q Zi‡j cÖwZmiv¼ wbY©q Kiv nq| 

QK: 

†ù‡ivwgUv‡ii cv‡qi ga¨eZx© Mo `~iZ¡,  d = 
d1 + d2 + d3

 3   

h-wbY©‡qi QK 

‡
ù

i
v
w
g
U
v
‡
i
 

A
e
¯

’v
b
 
 

c
h
©‡
e
¶

Y
 

m
s
L
¨
v
 

cÖavb 

†¯‹j cvV  
mm 

e„ËvKvi 

†¯‹‡j 

cvV  

jwNô 

MYb  
mm 

†gvU 

cvV 

mm 

Mo  

mm h = (T T0) mm 
 

 h cm 

m
g
Z

‡
j
 1.     

T0 = 

 

 

2.    

3.    

1.    T = 
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2.    

3.    

eµZvi e¨vmva©, r = 
d2

 6h + 
h
2  = ...................... cm. 

 

‡dvKvm ~̀iZ¡ wbY©‡qi QK:  

‡j‡Ýi 

Ae¯’vb 

cvV 

msL¨v 

`c©Y n‡Z 

m~P‡Ki D”PZv 

h1 cm 

‡jÝ n‡Z 

m~P‡Ki D”PZv 
h2 cm 

2
21

1
hhf 

  cm 

Mo f1 cm 

`c©‡Yi 

Dci 

†jÝ 

1 
    

2 
   

3 
   

 

 

 h3 cm h4 cm 

2
43 hhF 

  cm 

Mo F cm 

Zi‡ji  

Dci 

†jÝ 

1 
    

2 
   

3 
   

 

djvdj: cÖvß gvb¸‡jv 

1

11
Ff

Ffrla


  mgxKi‡Y ewm‡q Zi‡ji cÖwZmiv¼ wbY©q Kiv nq| 

mZ©KZv:  

1| †j‡Ýi †h c„ô `c©‡Yi w`‡K _vK‡e †mwU‡K wPwýZ K‡i cÖwZeviB †m c„ô‡K `c©‡Yi w`‡K ivL‡Z n‡e| 

2| cÖwZwe¤ ̂MVb Kivi mgq †hb j¤b̂ Î“wU bv nq †mw`‡K j¶¨ ivL‡Z n‡e|  

3| Zij w`‡q †jÝ ˆZix Kivi mgq †hb †Kv‡bv ey`ey` m„wó bv nq †mw`‡K j¶¨ ivL‡Z n‡e|  

4| k~b¨ Î“wU cwinv‡ii Rb¨ cÖwZevi GKB †¯‹j w`‡q cvV wb‡Z n‡e| 

5| eµZvi e¨vmva© wbY©‡q mgq AMÖcðvr Î“wU `~i Kivi Rb¨ †ù‡ivwgUv‡ii e„ËvKvi †¯‹j‡K me©̀ v GKB w`‡K 

Nyiv‡Z n‡e| 

 

cvV-6.14 : e¨envwiK-2 t †j‡Ýi †dvKvm ~̀iZ¡ I ¶gZv wbY©q| 

   

e¨envwiK t †j‡Ýi †dvKvm ~̀iZ¡ I ¶gZv wbY©q| 

 

ZË¡: †j‡Ýi Av‡jvK †K›`ª †_‡K cÖavb †dvKvm ch©›Z `~iZ¡‡K †dvKvm `~iZ¡ e‡j| DËj †j‡Ýi 

†dvKvm ~̀i‡Z¡i evB‡i e¯‘ ¯’vcb Ki‡j me©̀ v ev¯—e cÖwZwe¤ ̂cvIqv hvq|  

†j‡Ýi mvaviY m~Î †_‡K cvB, 

fvu
111


  … … … … … ……… … … … … … … (6.86) 

GLv‡b, v  †j‡Ýi Av‡jvK‡K› ª̀ †_‡K cÖwZwe‡¤î `~iZ¡,   

 u  †j‡Ýi Av‡jvK‡K› ª̀ †_‡K e ‘̄i `~iZ¡ Ges 

 f  cix¶Yxq †j‡Ýi †dvKvm ~̀iZ¡| 

wPÎ- 6.49 

1/u 

1/
v 


 

A 

B 
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cix¶v †_‡K cÖvß j¶¨e¯‘i `~i‡Z¡i wecixZ ivwk 

u
1

-†K X A‡¶ Ges cÖwZwe‡¤î `~i‡Z¡i wecixZ ivwk 

v
1

-†K 

Y A‡¶ ewm‡q †jL A¼b Ki‡j GKwU mij †iLv cvIqv hv‡e| GB †iLvwU X A‡¶i †h `~i‡Z¡ †Q` K‡i,  

Y A‡¶iI †mB `~i‡Z¡ †Q` K‡i|  

†Q` we›`y A-†Z 01


v
,  myZivs, 

fu
11

 ,     fu   

Ges †Q` we›`y B-†Z 01


u
,  myZivs 

fv
11

 ,  fv   

AZGe, †jL wP‡Î g~j we› ỳ †_‡K †h †Kvb A‡¶i †Q` we› ỳi ~̀i‡Z¡i wecixZ ivwkB DËj †j‡Ýi †dvKvm ~̀iZ¡| 

h›ÎcvwZ : 

Av‡jvK †eÂ, cix¶Yxq DËj †jÝ, †jÝ ÷¨vÛ I ÷¨vÛmn `ywU m~Pv‡jv wcb| 

 

 

Kvh© c×wZ :  

1| cÖ_‡g Av‡jvK †eÂ‡K Abyf~wgK mgZ‡j ¯’vcb 

Ki‡Z n‡e| 

2| †jÝ ÷¨‡Û †jÝ‡K jvwM‡q ÷vÛwU Av‡jvK 

†e‡Âi g‡a¨ A_©vr cm50 `v‡M ivL‡Z nq| 

3| ÷vÛmn GKwU m~Pv‡j wcb‡K Av‡jvK †e‡Âi 

GK cÖv‡š— A_©vr cm100  Gi Kv‡Q ivL‡Z nq 

Ges wb‡P DVv bvgv K‡i Ggb fv‡e mgš̂q Ki‡Z 

nq †hb wcbwU m~Pv‡jv cÖvš— †j‡Ýi A¶ eivei 

_v‡K| GB wcbwU e¯‘ wnmv‡e KvR K‡i| 

4| Gevi †j‡Ýi Aci cÖvš— †_‡K GK †PvL eÜ 

K‡i ga¨ w`‡q ZvwK‡q gv_vwU GKUz Wv‡b ev‡g bov‡j wcbwUi GKwU Dëv ev¯—e cÖwZwe¤ ̂†`Lv hv‡e| 

5| GLb †hw`‡K †PvL Av‡Q †mw`‡Ki ÷¨vÛwU‡Z Aci wcbwU jvwM‡q wcbwU‡K Dci bxP K‡i wcbwU m~Pv‡jv cÖvš— 

†j‡Ýi A¶ eivei ivL‡Z nq †hb cÖwZwe‡¤̂i m~Pv‡jv cÖvš— Ges wc‡bi m~Pv‡jv cÖvš— gy‡LvgyLx _v‡K| GB wcbwU 

cÖwZwe‡¤̂i Ae¯’&vb wb‡`©k K‡i| 

6| GB Ae¯’vq wc‡bi Dci †PvL †i‡L †PvL‡K Gcvk Icvk bov‡j †`Lv hv‡e wc‡bi gv_v I cÖwZwe‡¤î gv_vi 

g‡a¨ Av‡cw¶K †eM Av‡Q| hvi †eM †ekx †mwU †Pv‡Li wbK‡U Av‡Q| myZivs wc‡bi gv_v †ekx bo‡j Zv‡K ax‡i 

ax‡i †j‡Ýi w`‡K wb‡Z nq| Avi cÖwZwe¤ ̂†ekx bo‡j wcb‡K ax‡i ax‡i †jÝ †_‡K ~̀‡i mwi‡q wb‡Z nq| 

7| GB NUbvwU K‡qKevi cybive„wË Ki‡j GK mgq wcb I cÖwZwe‡¤î g‡a¨ †Kv‡bv Av‡cw¶K †eM _vK‡ebv| A_©vr 

j¤b̂ Î“wU ~̀i n‡e| wc‡bi GB Ae¯’vbB n‡jv cªwZwe‡¤î Ae¯’vb|  

8| GB Ae¯’vq e¯‘i Ae¯’vb, †j‡Ýi Ae¯’vb Ges cÖwZwe‡¤^i Ae¯’vb Q‡K wjwce× Ki‡Z nq|  

9| Gevi e¯‘i wcbwU‡K †j‡Ýi GKUz Kv‡Q wb‡q G‡m GB bZzb Ae¯’v‡bi Rb¨ Avevi cÖwZwe‡¤î Ae¯’vb wba©vi‡Yi 

Rb¨ †Pv‡Li Kv‡Q _vKv wcbwU‡K AvM wcQ K‡i Ggb Ae¯’v‡b ivL‡Z nq †hb gv_v bov‡jI wcb I cÖwZwe‡¤î g‡a¨ 

†Kv‡bv Av‡cw¶K †eM bv _v‡K| GB Ae¯’vq cybivq mKj cvV wjwce× Kiv nq| 

10| GB fv‡e e¯‘ wcbwU‡K GKUz GKUz K‡i KvQ G‡b cÖwZev‡ii Rb¨ cÖwZwe‡¤î Ae¯’vb wbY©q K‡i cÖwZwU cvV 

wjwce× Ki‡Z nq| 

 

QK 

wPÎ- 6.50 

P Q L 
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c
v
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m
s
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e
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b
 
 

x 
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Ý
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A
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c
Öw
Z

w
e
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i
 
A

e
¯

’v
b
 
 

z c
m

 

e
¯

‘i
 
`
~i
Z

¡ 
 

x
y 

cm
 

c
Öw
Z

w
e
‡
¤̂
i
 
`
~i
Z

¡ 
 

y
z c

m
 u

1  

cm-1                               
v
1   

cm-1
 

‡jLwP‡Îi †Q` 

we› ỳ †_‡K 

‡dvKvm   
`~iZ¡ 

f cm 

Mo 

‡dvKvm   
`~iZ¡ 

f cm u
1  

cm-1
 

v
1  

cm-1 

1.          


u

f
1

1
 


v

f
1

1
 

 

2.          

3.          

4.          

5.          

6.            

 

 

wnmve:   

X A‡¶i †Q` we›`y †_‡K, 
u

f
11
1

 

 Y A‡¶i †Q` we›`y †_‡K, 
v

f
12
1

 

 Mo, 

2
21 fff 

  

 

djvdj:  

cÖ̀ Ë †j‡Ýi †dvKvm ~̀iZ¡, cm............f  

cÖ̀ Ë †j‡Ýi ¶gZv, 

D.........1


f
P

 

mZ©KZv:  

1| Av‡jvK †eÂ‡K Abyf~wgK Kiv n‡jv †hb cÖwZwe¤ ̂I e ‘̄i gv_v  GKB Dj¤̂‡iLv eivei _v‡K| 

2| e¯‘ wcb I cÖwZwe¤ ̂ wc‡bi gv_v‡K †j‡Ýi cÖavb A¶ eivei ivLv n‡jv †hb cÖwZwe¤ ̂ I e¯‘i gv_v GKB 

Abyf~wgK †iLv eivei _v‡K| 

3| cÖwZwe¤ ̂wc‡bi gv_v‡K AvM wc‡Q K‡i Ggb fv‡e ivLv n‡jv †hb gv_v Wvb evg bvov‡j cÖwZwe¤ ̂I e¯‘i gv_vi 

g‡a¨ †Kv‡bv Av‡cw¶K †eM bv _v‡K| 

4| cÖwZwU Ae¯’v‡bi cvV †¯‹‡ji Dci j¤̂ eivei †`‡L wjwce× Kiv n‡jv| 

 

 

P~ovš— g~j¨vqb 

eûwbe©vPbx cÖkœ: 

1| GKwU Av‡jvK iwk¥i K¤úv¼ Hz106 14 | 5.1  cÖwZmiYv‡¼i †Kv‡bv gva¨‡g cÖ‡ek Ki‡j Gi K¤úv¼ n‡e 

 K. Hz109 14  L. Hz106 14  M. Hz104 14  N. Hz105.1 14  

2| †Kv‡bv gva¨‡gi cig cÖwZmiYv¼ me mgqB 

 K. 1 L. 1 A‡c¶v †ekx M. 1 A‡c¶v Kg N. FYvZ¥K 
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3|  evqyi mv‡c‡¶ cvwb I nxivi cÖwZmiYv¼ h_vµ‡g  

3
4

 I 

5
12

| cvwbi mv‡c‡¶ nxivi cÖwZmiYv¼ n‡e 

 K. 

16
5

 L. 

9
5

 M. 

5
9

 N. 

5
16

 

4| GKwU mgevû wcÖR‡gi GKwU Z‡j AvcwZZ iwk¥ Gi Ab¨ Z‡j c~Y© Af¨š—ixY cÖwZdjb nq| wcÖR‡gi 

cÖwZmiYv¼ 2  n‡j Ab¨ Z‡j cÖwZmiY †KvY n‡e 

 K. 

30  L. 

45  M. 

50  N. 

60  

5| GKwU  †dvKvm ~̀i‡Z¡i DËj †j‡Ý ev¯—e cÖwZwe¤ ̂MwVZ n‡Z e ‘̄ I cÖwZwe‡¤î g‡a¨ b~¨bZg `~iZ¡ n‡e 

 K. f4  L. f3  M. f2  N. f  

6| evqy‡Z GKwU †jÝ DËj †j‡Ýi gZ| cvwb‡Z AeZj †j‡Ýi gZ n‡j †j‡Ýi cÖwZmiYv¼ 

 K. evqyi †P‡q Kg  L. evqy Ges cvwb Df‡qi †P‡q Kg   

 M. cvwbi mgvb  N. evqyi †P‡q †ekx wK¯‘ cvwbi †P‡q Kg  

7| GKwU mij AYyex¶Y h‡š¿i Mv‡q †jLv Av‡Q 40 | †j‡Ýi †dvKvm ~̀iZ¡ n‡e- 

 K. cm64.0  L. cm54.0  M. cm44.0  N. cm34.0  

8 GKwU `~iex¶Y hš¿ ¯úó `k©Y `~i‡Z¡ cÖwZwe¤ ̂MVb K‡i| hw` Awfj¶¨ I Awf‡bÎ †j‡Ýi †dvKvm `~iZ¡ h_vµ‡g 

cm2  Ges cm3 nq Ges h‡š¿ ˆ`N©̈  cm30  nq Z‡e weea©‡bi gvb n‡e- 

 K. 15 L. 125 M. 225 N. 300  

9| GKwU `~iex¶Y h‡š¿i Awfj¶¨ †j‡Ýi †dvKvm `~iZ¡ cm100 Ges e¨vm cm5 | Awf‡bÎ †j‡Ýi †dvKvm `~iZ¡ 

cm20 nq Z‡e †jÝØ‡qi ga¨eZ©x `~iZ¡ Ges Awf‡b‡Îi e¨vm n‡e- 

 K. cm110 I cm5  L. cm120 I cm5  M. cm120 I cm1  N. cm130 I cm2  

10| GKRb `k©K GKwU ~̀iex¶Y hš¿ w`‡q m10  j¤ ̂GKwU MvQ ch©‡e¶Y Ki‡Q| ~̀iex¶Y hš¿ weea©b ¶gZv 20 | 

Zvi g‡b n‡e MvQwU- 

 K. 20 ¸Y j¤̂v L. 20 ¸Y Kv‡Q M. 10 ¸Y j¤v̂ N. 10 ¸Y Kv‡Q 

m„Rbkxj cÖkœ: 

1| GKRb Pkgv cȪ ‘ZKvix Zvi cÖZœZË¡we` eÜzi KvQ †_‡K AZxZ Avg‡ji GK UzKiv my›`i ¯”̂Q KwVb c`v_© †c‡q 

†mwU w`‡q GKwU wØ-DËj †jÝ ˆZwi Ki‡jv| †jÝwUi `yB c„‡ôi e¨vmva© h_vµ‡g 10 cm Ges 20 cm| cwigvc K‡i 

†`Lv †Mj †jÝwUi †dvKvm `~iZ¡ n‡q‡Q 4.76 cm| 

gva¨g cÖwZmiYv¼ gva¨g cÖwZmiYv¼ 

wR¼ A·vBW 

2.4 

µvDb KvP 1.48-1.64 
‡mvwqvg †K¬vivBW 

1.544 

nxiv 

2.4 
wmwjKb KvievBU 

2.65–2.69 

eid 1.3 
wmwjKb 

3.42–3.48 

cvwb 1.33 
wd¬›U KvP 1.53 wMmvwib 1.47 
 

K. gva¨‡gi cÖwZmiYv¼ Ges msKU †Kv‡Yi g‡a¨ m¤úK© wjLyb| 

L. wMmvwi‡bi g‡a¨ GKwU KvP LÛ Wyev‡j Zv Avi †`Lv hvq bv †Kb? DÏxc‡Ki Av‡jv‡K e¨vL¨v Ki“b| 

M. †jÝwU wK Dcv`v‡bi ˆZwi Zv †ei Ki“b| 

N. hw` Pkgv cȪ ‘ZKvix †jÝ bv evwb‡q GKwU mi“ 

6 †Kv‡Yi wcÖRg ˆZwi Ki‡Zb Z‡e Zvi †KŠwYK wePz¨wZ 

wbY©q Kiv ‡hZ wKbv MvwYwZK fv‡e we‡klY Ki“b|  
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2| GKRb wk¶K `yBRb QvÎ eKzj I gyKzj‡K bx‡Pi Q‡K ewY©Z PviwU †jÝ w`‡q eKzj‡K GKwU ‡hŠwMK AYyex¶Y 

I gyKzj‡K GKwU ~̀iex¶Y hš¿ ˆZwi Ki‡Z ej‡jb| 

‡jÝ ¶gZv D‡b¥l 

L1 6D 0.5cm 
L2 3D 8cm 
L3 3D 1cm 
L4 10D 1cm 

K. †j‡Ýi ¶gZv ej‡Z Kx †evSvq? 

L. eKzj I gyKzj Zv‡`i h‡š¿i Rb¨ †Kvb †Kvb †jÝ cQ›` Ki‡e Ges †Kb e¨vL¨v Ki“b| 

M| ¯úó `k©‡Yi Rb¨ gyKzj‡K h‡š¿i ‰`N©̈  wbY©q Ki“b| 

N| hw` 2L  I 3L  †jÝ`ywU w`‡q ~̀iex¶Y hš¿ ˆZwi Kiv n‡Zv Kx Kx myweav/myweav n‡Zv e‡j Avcwb g‡b 

K‡ib? Avcbvi DËi MvwYwZK fv‡e we‡klY Ki“b| 
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msw¶ß DËi cÖkœ : 

1| Av‡jvi cÖwZmiY Kv‡K e‡j? 

2| Av‡jvi cÖwZmi‡Yi m~Î¸‡jv wee„Z Ki“b|  

3| cÖwZmiYv¼ Kv‡K e‡j?   

4| †Kvb gva¨‡gi cÖwZmiv¼ wK wK wel‡qi Dci wbf©i K‡i? 

5| Av‡cw¶K cÖwZmiv¼ Kv‡K e‡j?  

6| cig cÖwZmiv¼ Kv‡K e‡j?   

7| †mœ‡ji m~‡Îi mvaviY iƒcwU wjLyb| 

8| Av‡jvi `ª“wZi mv‡_ cÖwZmiv‡¼i m¤úK©wU wjLyb| 

9| msKU †KvY wK ev Kv‡K e‡j?    

10| c~Y© Af¨›ZixY cÖwZdjb Kv‡K e‡j?   

11| c~Y© Af¨›ZixY cÖwZdj‡bi kZ©̧ ‡jv wK wK?    

12| b~¨bZg wePz¨wZi kZ©mg~n D‡jL Ki“b | 

13| Av‡jvi we”QyiY wK?  

14| Av‡jvi eY©vjx Kv‡K e‡j? 

15| DËj †j‡Ý KLb ev¯—e I KLb Aev¯—e cÖwZwe¤ ̂MwVZ nq? 

16| DËj †j‡Ý we¤ ̂ev¯—e n‡j †Kvb †¶‡Î cÖwZwe¤ ̂e¯‘i mgvb, †Kvb †¶‡Î e¯‘ A‡c¶v †QvU Ges †Kvb †¶‡Î 

e¯‘ A‡c¶v eo n‡q _v‡K? 

17| †j‡Ýi ¶gZvi Kv‡K e‡j  

18| WvqcUvi Kv‡K e‡j? 

19| +2.0 D Gi GKwU †j‡Ýi †dvKvm ~̀iZ¡ KZ?   

20| Zzj¨ †jÝ Kv‡K e‡j?   

21| DËj †j‡Ýi †¶‡Î u ebvg v †jLwP‡Îi cÖK…wZ wKiƒc? 

22| ex¶Y‡KvY wK? 

23| †KŠwYK weea©b wK? 

24| AYyex¶Y h‡š¿i KvR eY©bv Ki“b| 

25| `~iex¶Y h‡›Îi KvR eY©bv Ki“b| 

26| b‡fv-`~iex¶Y h›Î Kv‡K e‡j? 

 

wek` DËi cÖkœ t 

1| a gva¨‡gi mv‡c‡¶ b gva¨‡gi cÖwZmiv‡¼i mv‡_ b gva¨‡gi mv‡c‡¶ a gva¨‡gi cÖwZmiv‡¼i m¤cK© ¯’vcb 

Ki“b | 

2| Av‡cw¶K cÖwZmiv‡¼i mv‡_ cig cÖwZmiv‡¼i m¤cK© ¯’vcb Ki“b| 

3| Av‡jvK iwk¥ Nb gva¨g †_‡K nvjKv gva¨‡g hvIqvi mgq AvcZb †KvY µgvš̂‡q e„w× Ki‡j _vK‡j wK N‡U, 

wPÎmn e¨vL¨v Ki“b | 

4| msKU †KvY I cÖwZmiv‡¼i g‡a¨ m¤cK© ¯’vcb Ki“b |  

5| wcÖR‡g †¶‡Î †`Lvb †h,  Aii 21  

6| †`Lvb †h, GKwU wcÖR‡gi Dcv`v‡bi cÖwZmiv¼, 

2
sin

2
sin

A

A m





 , †hLv‡b cÖZxK¸‡jv cÖPwjZ A_© enb K‡i|  

7| miy wcÖR‡gi †¶‡Î †`Lvb †h, wePz¨wZ – 1) A  
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wcÖR‡g Av‡jvi we”QyiY I eY©vjx e¨vL¨v Ki“b | 

7| †MvjxqZ‡j Av‡jvi cÖwZmi‡Yi †¶‡Î †`Lvi †h,  111
 ba

ba

ruv



, †hLv‡b cÖZxK¸‡jv cÖPwjZ A_© 

enb K‡i| 

8| †j‡Ýi †¶‡Î cÖgvY Ki“b,   









21

1111
rrf ba , †hLv‡b cÖZxK¸‡jv cÖPwjZ A_© enb K‡i| 

9| mi“ †j‡Ýi †j‡Ýi †¶‡Î †`Lvb †h, 

fvu
111

   

10| †j‡Ýi weea©‡Yi ivwkgvjv cÖwZcv`b Ki“b| 

11| †j‡Ýi ¶gZv I †dvKvm ~̀i‡Z¡i g‡a¨ m¤cK© ¯’vcb Ki“b | 

12| ỳwU †jÝ ci¯ci mshy³ Ae¯’vq _vK‡j G‡`i †dvKvm ~̀iZ¡ Ges ¶gZvi mgxKiY †ei Ki“b| 

13| cÖgvY Ki“b †h, Zzj¨ †j‡Ýi ¶gZv ms‡hvwRZ †jÝ¸‡jvi ¶gZvi †hvMd‡ji mgvb|  

14| mij AYyex¶Y h‡š¿i iwk¥wPÎmn Gi wµqv I weea©b wbY©q Ki“b | 

15| wPÎmn GKwU RwUj AY~ex¶Y h‡š¿i MVb I Kvh©cÖYvjx eY©bv Ki“b |  

16| GKwU RwUj AYyex¶Y h‡›Îi weea©b ¶gZvi ivwkgvjv †ei Ki“b |  

17| wPÎmn GKwU b‡fv-`~iex¶Y h‡›Îi MVb I Kvh©cÖYvjx eY©bv Ki“b |  

18| GKwU b‡fv- ~̀iex¶Y h‡›Îi eY©bv `vI Ges Gi weea©‡bi ivwkgvjv cÖwZcv`b Ki“b |  

19| GKwU cÖwZdjK ~̀iex¶Y h‡›Îi MVb I Kvh©cÖYvjx eY©bv Ki“b | 

 

MvwYwZK mgm¨v t 

1| evqy mv‡c‡¶ cvwb I Kv‡Pi msKU †KvY h_vµ‡g 48 I 42 n‡j cvwb I Kv‡Pi ga¨Kvi msKU †KvY KZ?  

(Dt 64.2) 

2| Av‡jv evqy †_‡K Kv‡P cÖ‡e‡ki mgq, AvcZb †KvY 50 n‡j cÖwZmiY †KvY 30 nq| evqyi mv‡c‡¶ Kv‡Pi 

cÖwZmiv¼ wbY©q Ki“b| (Dt 1.53) 

3| evqyi mv‡c‡¶ Kv‡Pi cÖwZmiv¼ 2
3

 Ges evqyi mv‡c‡¶ cvwbi cÖwZmiv¼ 3
4

 n‡j Kv‡Pi mv‡c‡¶ cvwbi 

cÖwZmiv¼ †ei Ki“b | (Dt 9
8
) 

4| k~b¨ ¯’v‡b Av‡jvi ª̀ywZ 18 ms103  | nxi‡Ki cÖwZmiv¼ 2.4 n‡j nxi‡K Av‡jvi `ªywZ wbY©q Ki“b | 

  (Dt 

18 ms1025.1  ) 

5| evZv‡m †mvwWqvg Av‡jvi Zi½‰`N©̈  5.89  10 – 7m| †h Kv‡Pi cÖwZmiv¼ 1.52 n‡j Kv‡P †mvwWqvg Av‡jvi 

Zi½‰`N©̈  wbY©q Ki“b| (Dt 3.875  10 – 7 m)  

6| GKwU mgevû wcÖR‡g 50 †Kv‡Y AvcwZZ Av‡jv b~¨bZg wePz¨wZ‡Z wbM©Z nq| b~¨bZg wePz¨wZ †KvY I 

Dcv`v‡bi cÖwZmiv¼ wbY©q Ki“b| (Dt 40, 1.532) 

7| †Kvb wcÖR‡g AvcZb †KvY 40 I wbM©Z †KvY 33 n‡j wcÖRg †KvY KZ? ( = 1.5)  (Dt 4638) 

8| GKwU mgevû wcÖR‡gi cÖwZmiv¼ 2  n‡j b~¨bZg wePz¨wZ †KvY wbY©q Ki| (Dt 30) 

9| GKwU wcÖRg Dcv`v‡bi cÖwZmiv¼ 2  Ges Gi wfZi n‡Z wbM©Z Av‡jvK iwk¥i b~¨bZg wePz¨wZ †KvY 30 
n‡j, wcÖRg †KvY wbY©q Ki| (Dt 60)  
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10| GKwU mi“ wcÖR‡gi cÖwZmviK †KvY 6| hw` Gi ga¨ w`‡q Av‡jvK iwk¥ MgbKv‡j 3 †Kv‡Y wePz¨Z nq Z‡e 

wcÖR‡gi Dcv`v‡bi cÖwZmiv¼ wbY©q Ki| (Dt 1.5) 

11| GKwU wcÖR‡g †Kvb GKwU iwk¥i wbM©gb †KvY wcÖRg †Kv‡Yi mgvb wK›Zz H Z‡ji AvcZb †Kv‡Yi wØ¸Y| 

wcÖRg Dcv`v‡bi cÖwZmiv¼ 3  n‡j †`Lvb †h, wcÖRg †KvY 60|  

12| GKwU mg wØ-DËj cÖwZmviK c„‡ôi eµZvi e¨vmva© 10 cm Ges Gi m¤§y‡L cÖavb A‡¶i Dci 15 cm `~‡i 

GKwU e¯‘ Aew¯’Z| cÖwZwe‡¤î Ae¯’vb I cÖK…wZ wbY©q Ki“b| cÖ_g gva¨‡gi mv‡c‡¶ wØZxq gva¨‡gi 

cÖwZmiv¼ 1.5| (Dt 90 cm Ges cÖwZwe¤ ̂Aev¯—e) 

13| GKwU DËj †j‡Ýi Dcv`v‡bi cÖwZmiv¼ 1.5 Ges eµZvi e¨vmva© h_vµ‡g 12 cm Ges 18 cm| Gi †dvKvm 

`~iZ¡ wbY©q Ki| (Dt 14.4 cm)  

14| evqyi mv‡c‡¶ cvwb I Kv‡Pi cÖwZmiv¼ h_vµ‡g 2
3

 Ges 3
4

| †`Lvb †h, GKwU KvP †j‡Ýi cvwb‡Z †dvKvm 

`~iZ¡ evqy‡Z †dvKvm ~̀i‡Z¡i Pvi¸Y|  

15| mgvb eµZvi GKwU wØ-AeZj †j‡Ýi †dvKvm `~iZ¡ 20 cm| evZv‡m †jÝ Dcv`v‡bi cÖwZmiv¼ 1.66 n‡j 

c„ôØ‡qi eµZvi e¨vmva© wbY©q Ki| (Dt eµZvi e¨vmva© 26.4 cm) 

16| Kv‡Pi ˆZwi GKwU wØ-DËj †j‡Ýi c„ôØ‡qi eµZvi e¨vmva© h_vµ‡g 4 cm Ges 8 cm| cvwbi g‡a¨ †jÝwUi 

†dvKvm ~̀iZ¡ wbY©q Ki| evqyi mv‡c‡¶ cvwb I Kv‡Pi cÖwZmiv¼ h_vµ‡g 1.53 Ges 1.33 | (Dt 17.77 cm) 

 (Dt j¶¨e¯Zz †h cv‡k †m cv‡k 20 cm `~‡i, Aev¯Ze †mvRv, 2) 

17| 8 cm j¤v̂ GKwU e¯‘‡K 15 cm †dvKvm `~i‡Z¡i DËj †jÝ †_‡K 10 cm `~‡i ¯’vcb Ki‡j we‡¤î ˆ`N©̈  KZ n‡e 

wbY©q Ki| (Dt 24 cm) 

18| †`Lvb †h, f †dvKvm `~i‡Z¡i GKwU DËj †jÝ hLb e¯Zzi m ¸Y weewa©Z ev¯Ze we¤ ̂MVb K‡i ZLb e¯ZzwU 

†jÝ †_‡K f
m

m






 1

 ~̀‡i Aew¯’Z| 

19| 6 cm j¤v̂ GKwU e¯‘‡K GKwU †j‡Ýi mvg‡b ivLv nj| †j‡Ýi wcQ‡b 1 m `~‡i ¯’vwcZ GKwU c`©vq 3 cm j¤v̂ 

cÖwZwe‡¤î m„wó nj| †j‡Ýi ¶gZv wbY©q Ki| (Dt + 1.50 D) 

20| 10 cm Ges 2 0 cm †dvKvm `~iZ¡ wewkó `ywU DËj †jÝ‡K ci¯c‡ii ms¯c‡k© ivLv nj| ms‡hvR‡bi †dvKvm 

`~iZ¡ I ¶gZv wbY©q Ki| (Dt  6.66 cm, + 15.06 D) 

21| Amx‡g †dvKvwms-Gi †¶‡Î GKwU b‡fv-`~iex¶Y h‡š¿i Awfj¶¨ I Awf‡b‡Îi ga¨eZ©x `iZ¡ 36 cm Ges 

weea©b 4| †jÝ `ywUi †dvKvm ~̀iZ¡ wbY©q Ki“b| (Dt  28.8 cm) 

22| GKwU RwUj AYyex¶Y h‡›Îi Awfj¶¨ I Awf‡b‡Îi †dvKvm `~iZ¡ h_vµ‡g 1 cm I 5 cm| Awfj¶¨ †_‡K 

1.1 cm `~‡i e¯‘ ’̄vcb Kiv n‡j Awf‡bÎ †_‡K 25 cm `~‡i cÖwZwe¤ ̂ MwVZ nq| weea©b Ges Awfj¶¨ I 

Awf‡b‡Îi ga¨eZ©x `~iZ¡ wbY©q Ki| (Dt 60; 15.166 cm) 

22| GKwU RwUj AYyex¶Y h‡›Îi Awfj¶¨ I Awf‡b‡Îi †dvKvm ~̀iZ¡ h_vµ‡g 1 cm I 5 cm Ges G‡`i 

ga¨eZ©x `~iZ¡ 20 cm| Awfj¶¨ †_‡K KZ ~̀‡i e¯‘ ¯’vcb Kiv n‡j Awf‡bÎ †_‡K 25 cm `~‡i cÖwZwe¤ ̂MwVZ 

n‡e?  (Dt 1.067 cm) 

23| GKwU RwUj AYyex¶Y h‡›Îi Awfj¶¨ I Awf‡b‡Îi †dvKvm `iZ¡ h_vµ‡g 5 mm I 2 cm| ¯có `k©‡bi 

wbKUZg `i‡Z¡ †dvKvwms-Gi †¶‡Î h›ÎwUi ˆ`N©̈  20 cm n‡j Gi weea©b wbY©q Ki|   (Dt 476.6) 

24| GKwU AYyex¶Y h‡›Îi Awfj¶¨ Ges Awf‡b‡Îi †dvKvm `~iZ¡ h_vµ‡g 2 cm Ges 5 cm| hw` Awfj¶¨ Ges 

Awf‡b‡Îi `~iZ¡ 15 cm nq Ges P~ovš— cÖwZwe¤ ̂ Awf‡bÎ n‡Z 25 cm `~‡i MwVZ nq, Zvn‡j j¶¨ e¯‘i 

Ae¯’vb Ges weea©b wbY©q Ki| (Dt 2.45 cm; 26.5) 
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25| GKwU b‡fv- ~̀iexY h‡›Îi Awfj¶¨ Ges Awf‡b‡Îi †dvKvm ~̀iZ¡ h_vµ‡g 30 cm Ges 2 cm| Gi weea©b Ges 

ˆ`N©̈  wbY©q Ki|  (Dt ¯̂vfvweK †dvKvwms-Gi †¶‡Î 15, 32; wbKU †dvKvwms-Gi †¶‡Î 16.2, 31.8)  

26| GKwU b‡fv- ~̀iexY h‡›Îi Awfj¶¨ Ges Awf‡b‡Îi †dvKvm ~̀iZ¡ h_vµ‡g 80 cm Ges 5 cm| hLb ¯̂vfvweK 

`k©‡bi Rb¨ †dvKvm Kiv nq ZLb Gi weea©b ¶gZv KZ ? (Dt 16)  

27| GKwU b‡fv `~iex¶Y h‡š¿i ˆ`N©̈  44 cm Ges †KŠwYK weea©b 10| Gi Awfj¶¨ †j‡Ýi †dvKvm `~iZ¡ wbY©q 

Ki“b| (Dt 40 cm) 

 

 

DËigvjv 

 

cvV 6.1 1L 2L 3N    

cvV 6.2 1N 2K     

cvV 6.3 1N 2K     

cvV 6.4 1M 2L     

cvV 6.5 1K 2N     

cvV 6.6 1M 2L     

cvV 6.7 1L 2M     

cvV 6.8 1L 2N     

cvV 6.9 1K 2N     

cvV 6.10 1N 2K     

cvV 6.11 1K 2L     

cvV 6.12 1L 2M     

 

P~ovš— g~j¨vqb 

eûwbe©vPbx cÖkœ: 

1L 2L 3M 4L 5K 6N 7K 8L 9N 10L 

  


