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   : 

 
  : 

 
    
   :  

 
   : 

 
  rsin

isin  = µ 
 

    
 (a) : 
   

: 
    =

 dh pkyk izdk' esaeek/;
 dh pkyk izdk' esafuokZr  

    µ = v
c  

 (b) : 
   

() 
, 

   µ = v
c  = 


med
vac  = 

med
vac

  
 (c) : 
   2 1 

1 (v1) 

2 (v2) 1µ2 
-  

   , 1µ2 = 
2
1

v
v =

2
1

 =
1
2

  
   

, 
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 (i)  
 (ii)  
 (iii)  
 (iv)  
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   : 
   

, 

 
   

, : 
 (i) 

 
 (ii) 

  
 (iii) 

 
 (iv) 

  
 

N1

 

N2

A
B 

 P

S

Q

R

µa 

µg t

i 

r
E

, a

r'
F 

N1

N2 e c d 

D  
   i = e  
   -I : 
   E 

 
    µa sin i = µg sin r  ..... (1) 
   -II : 
   F  
    µg sin r = µa sin e  .....(2) 
   (1)  (2)  i = e 

    
  

 
    
  : 

 
   :  
 (i) 

 
  : 

  

 

(a)      

 

(b)    

 

(c)  
 (a) :  
 (b) – : 

 (c) – : 
 

 (ii)  : 
    

  : 

 

 

(a)   

 

(b)   

 

(c)    
 (a)  :   
 (b) – : 

 
 (c) – : 
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 : 
 (i)  (C) : 
   

(a)  (b) C1  
C2  

 (ii) (R) : 
   

(a) 
(b) R1  R2   

 
 (iii) (C1C2) :  
   , 

(C1  C2)  
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R2 
C2 C1 O 
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(a)  
 

(b) 

 

O P1 P2 
 

R1 
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C2 
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    : 

 

 (iv) : 
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2
1
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22
11
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CP =

2
1

R
R  
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    : 
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      f = f
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2F 
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C A' 

B' 

F2 F1  

 
  . : 

 
 2 :  
  AB AB 

, F2 C 
 

  ,  
 
    
(A)  
  : (u) (v) 

(f) 
   

  : 
 1.  
 2.  
 3.  
 4. 

 
: f

1
u
1

v
1   

 
(B)  
   
  : 

, 
m 

 

  I O 
,  

    m = O
I = u

v  
 
(C)  
  : , 

( ) 
, 

 
   ( )  )(f

1
 esaehVj

  
    
   : 

(
)  

   

 
 
 

r1 r2 r3 D 
r4

 O 

i1 i2 i3 i4

 
  .  
 
  
  90º

C  
  w sin i3  = ua sin 90° 
 

w
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  [ : µ , C 
].  

 
  (Condition) 
 (i) 

 
 (ii) 

 
   : 100% 

 
  85% 

15% 

 
 
    
 
(A) : 

 

= okLrfodd  

 
 

d  

 
 

(B)  

 

 =  H  ×  

 
d  

 


   
 
Ex.1  2.25 × 108 m/s 

 
Sol.   
       n = )(

)c(
    

    = s/m1025.2
s/m103

8
8


  = 1.33  

  

Ex.2  2.42 
 

Sol.    
    n = v

c  =   

    2.42 = v
103 8   

     = 42.2
103 8 = 1.24 × 108 m/s. 

 
Ex.3 

60° = 4/3 
 

Sol.   rsin
isin  = n   

  , i = 60°,  
     n = 4/3 

 Air 
60°

Water
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   rsin
60sin  = 3

4     

   rsin
2/3  = 3

4    

   sin r = 8
33 = 0.649  

   r = sin–1 0.649   
   r = 40.5° 
 
Ex.4 4/3 3/2 

 
Sol.   
         wg = 

w
g


  

   wg =  
     g =  = 3/2  
     w = = 4/3 
    wg = 3/4

2/3 = 8
9 = 1.1 

 
Ex.5 

60° 
30° 

 
Sol.  , 
   i = 60° 
   r = 30°   
    
  n = rsin

isin  = 


30sin
60sin  = 2/1

2/3  = 3    
 

Ex.6 
45° 

1.5 
  

Sol.  = 45° 

     n = 1.5 
        n = rsin

isin    

     1.5 = rsin
45sin    

     sin r = 5.1
45sin   = 5.1

2/1  

     = 5.12
1
   

      = 5.141.1
1
 = 115.2

1 = 0.4728 
         r = sin–10.47 
         r = 28° 
 
Ex.7  2.42 

1.63 
 

Sol.  n1= 1.63 
  n2 = 2.42 
    
     1n2 = 

1
2

n
n = 63.1

42.2  = 1.48  
Ex.8 

20 cm 
4/3
 

Sol.  , 
   h = 20 cm 
     n = 4/3 
  ,   n =   

      3
4  = 20       

  = 4
320 = 15 cm  
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Ex.9 6cm 

3/2 

?   
Sol.  = 6 cm 
   n = 2

3    

        n =   

        2
3 = 6   

   = 3
26  = 4 cm 

 
Ex.10 2.42  1.5

 
Sol.    n1 = 2.42 
  n2 = 1.5  
  ,    sin ic = 

1
2

n
n  

       = 42.2
5.1 = 0.6198 

       ic = sin–1 0.62 
       ic = 38.3° 
Ex.11 3/2 

30° = 4/3

Sol.   n1 = 3/2 
  n2 = 4/3 

  ,  sin ic = 
1
2

n
n  = 2/3

3/4 = 9
8 = 0.88 

      ic = 62° 
   (30°) 

 
 

Ex.12 1.65 
1.36 

 
Sol.   n2 = 1.65 
       n1 = 1.36  
  

 
   1n2 = 

1
2

n
n = 36.1

65.1  = 1.21   
 
Ex.13 36 cm 

24 cm 
 

Sol.  
(u) 

() u = –36 cm  
 = +24 cm, f = ?  

   v
1 – u

1 = f
1 ,  

       24
1

 – 36
1

  = f
1   

      f
1 = 24

1  + 36
1  = 72

5   

      f = 5
72  = 14.4 cm 
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Ex.14 2cm 25 cm 15 cm 

   
Sol.     u = –25 cm,  f = +15 
   v

1 – u
1  = f

1

 
     v

1 – 25
1

 = 15
1
  

    v
1  = 15

1  – 25
1 = 75

2  

     = 2
75 = 37.5 cm  

  
 

    m = h
'h  = u

v     

    = h
'h = 25

5.37
 = – 1.5  

    h = – 1.5 × h = –1.5 × 2 cm  
      = –3 cm 
  3cm 

 
  

Ex.15 
18 cm 

27cm 
 

Sol.  
  

u = –18 cm 
 = +27 cm

 
      v

1 – u
1 = f

1 , we have  

      27
1

  – 18
1
  = f

1  

      27
1 + 18

1  = 54
5  = f

1    

        f  = 5
54  = 10.8 cm 

 
Ex.16 30 cm 

 
Sol.  

2f 
2f 

 
  ,    2f = 30 cm 
       f = 15 cm = 0.15 m 
        P = f

1  = 15.0
1  D = 6.6D 

  2f = 30 cm.  
 

Ex.17 3cm  20 cm 
  80 cm 

 
Sol.  , u = –80 cm, f = – 20 cm 
   v

1  – u
1  = f

1  ,  

      v
1 – 80

1
 = 20

1
   

      
1  = – 20

1  – 80
1 = 80

5 = – 16
1  

       = –16 cm  
         m = h

'h = u
v = 80

16

 = 5

1   
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      h’ = 5
h = 5

0.3 = 0.6 cm  
  0.6 cm

 
  
Ex.18 40cm 

40cm 
 

Sol.    
f = –40 cm

 u = – 40 cm 
   v

1 – u
1  = f

1 ,  

     v
1  – 40

1
 = 40

1
  

     v
1  = – 40

1  – 40
1  = – 20

1   
      = – 20 cm 
  20cm 

 
   m = h

'h  = u
v = 40

20

 = 2

1   
   
 
Ex.19 

25cm 
   

Sol.  

25cm 

 
          f = –25 cm = –0.25 m 

   Power,  P = f
1 = 25.0

1
  = – 4D 

 

Ex.20 5D 30cm 

 
Sol.   P = +5D  
   f = D5

1 = 5
1 = 0.20 m = 20 cm 

  30 cm  
   = +30 cm,  f = +20 cm,  u = ?  
  v

1 – u
1  = f

1 ,  

       30
1 – u

1 = 20
1        

       u
1 = 30

1 – 20
1 = – 60

1   
        u = – 60 cm 
  60cm  
 

Ex.21 3cm  18cm 
24 cm 

 
Sol.   u = –24 cm, f = +18 cm,  = ?  
   v

1  – u
1 = f

1

  
      v

1  – 24
1

  = 18
1
  

      v
1 = 18

1  – 24
1  = 72

1       
       = 72 cm  
  72 cm 
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    m = h
'h = u

v = 24
72
 = –3  

      h' = –3 × h = –3 × 3.0 = – 9 cm 
   9cm 

 
 
Ex.22 40cm   

25cm 

 
Sol.    
  f1 = 40 cm = +0.4 m 
    
      P1= 40.0

1
 = +2.5D  

    
      f2 = –25 cm = –0.25 m 
    
      P2 = 25.0

1
  = – 4D  

   
     P = P1 + P2 = 2.5 – 4D = – 1.5D 
 

Ex.23 15cm 

10 cm 
  

Sol.  
  

    = –10 cm 
    f = –15 cm 
     u = ? 
   v

1 – u
1 = f

1 ,   

    10
1
  – u

1  = 15
1
      

    – 10
1  = 30

32  = – 30
1     

      u = –30 cm 
  30 cm 

 
    m = u

v = 30
10


 = 3

1 = 0.33 

  

Ex.24 2 cm 10cm 

15cm 

 
Sol.           u = –15 cm 
     f = +10 cm 
    h = +2 cm 
      = ? 
  ,  h' = ? 
  v

1  – u
1  = f

1  

         v
1  = 15

1
  = 10

1
     

       v
1  = 10

1  – 15
1  = 30

1     
         = +30 cm 
   

30cm 
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    m = h
'h  = u

v    

        0.2
'h = 15

30

 = –2  

      h' = –2 × 2 = –4 cm 
    m = u

v   = 15
30
  = –2  

  
4cm 

30cm 
 

 
   
  : 

 
 (a) 

  
 (b) 

 
 

  :  
 (a)  

sin i / sin r = 
 

 (b)  
 

  : 
 

  : 
 

  

 
  : 

 
  : 

(F)
(F) (F )  

  f O 
  

  

 
   : 
   f

1  = v
1  – u

1 . 
  : 

( ) 
  (D) 

 
 
 589 mm

 
  
   (20ºC ) 
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2.42
1.71
1.77
1.46
1.53
1.54
1.52
1.66
1.31  

 
  (20ºC ) 
 

  

1.33
1.36
1.44
1.47
1.47
1.5
1.63  

 
   (0ºC, 1 atm ) 

  
1.00029
1.00045  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

          




