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r = 40cm 

    = 2r 

  = 2  40cm 

  = 80cm 

  = 08 m 

  P = ? 

 

P = 
1


  

  = 
1

08m
  

  = +125 D 

125 D 

LOL O F1, F2



F1F2 PQ

10cm

P 

Q F2 F1 

L 

L 

F1 F2 Q 

P 

O 

P 

P

P PQ PQ PQ 

10cm 

P 

Q F2 F1 

L 

L 

F2 F1 Q 

P 

O 

 P

P

 P PQ PQ PQ 

10cm







w = 133 

g = 152 

 4bs cª‡kœi DËi  

 w = 133 

g = 152 

wg = ? 

 

wg = 
g

 w
  

   = 
152

133
 

   = 1143

 1143. 

wg = 1143 

  c 

 

wg = 
1

sinc
  

 sinc = 
1

wg
 

 sinc = 
1

1143
 

 sinc = 0875 

 c = sin−1 (0875) 

   = 612 

 612 

 

612 



A 

P 

O 

R 
y 

B 

Here)  ab = 1.414 

1 

b (medium b) 

a b 

b a 

1= 0 

 5bs cª‡kœi DËi  

a b 

a b ab = 1414 

b a ba = ? 

 

ba = 
1

ab
 

   = 
1

1414
 

   = 0707 





 b a 0707  

a b ab = 1·414  

 1 = 0 

= r 

a b a 

b 

ab = 
sin 1

sin r
 

 sin r = 
sin 1

ab
 

 sin r = 
sin 0

1414
 

 sin r = 0 

  r = 0 

 0 0 1 = 0 



P = 2.25d. 

x 

x

 6bs cª‡kœi DËi 

P = −225d 

   −25cm = 025m 

 P = 
1


  

   = 
1

−225d
  

    = − 044m 

 x 044m − 025m 

  = 019m 

− 2.25d

I

I



L1 

25 cm L2 

242 

 7bs cª‡kœi DËi  

242 

242

f = 25 cm 





   = 025 m 

  P = ? 

 

P = 
1

f
 

   = 
1

025 m
 

   = +4 D 

 +4 D

N 

O 
I 

⎯ 25 cm  ⎯→ 

N 

O 



 

40cm 

C F 
P 

A B C 

−3.5 d 

A P 16

 8bs cª‡kœi DËi  

− 35 d 

i. 

ii. 
1

−35
 0286 286 

A P 16 

F C 

 

X 

Y 

L 

L 

O F1 C1 C F 

X 

Y 

X 

X 

X X Y XY 

F C 

A B C 

C 

C

 
F I 





C 



125 cm

i > r r > i 
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i > r 

r > i 

ag = 15 

 ga = 
1

 ag
 = 

1

1.5
  

  = 0667 

 ga  = 
sin i

sin r
  

  sin i = sin r  ga 

  sin i  = sin 60  0667 

  sin i  = 0577 

  i  = sin−1 (0577)  

   i  = 3528 

 3528

x = 152 cm 

 ABC = 60 

  CBE = 90 −  ABC 

   = 90 − 60 = 30 

  CBE- tan CBE = tan 30 = 
h

x
  

  
h

x
 = tan 30 

  h = x tan 30 

  h = 1520m  
1

3
  

   h = 0.88 cm 

 

1.52 cm − 0.88 cm = 0.64 cm 

 0.64 cm



+4d 

1

  10bs cª‡kœi DËi   

1 

5 10

P = + 4d

f = ?

P = 
1

f
 

f  = 
1

P
 = 

1

4

= 
1

4
 m

= 025 m 

  = 025   100 cm 

  = 25 cm

25 cm





+ 4d



25 cm
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25 cm

25 cm

25 cm

15 cm 3 m

15 cm 3 

0

25 cm

25 cm 

45 cm 

(30 cm)

25 

cm

4



 1.5 60 

45 

cm 
i 

45 cm

  12bs cª‡kœi DËi   





r = 60 

  = 1.5 

i = ? 

   = 
sin r

sin i
 

  1.5  = 
sin 60

 sin i
 

  sin i  = 
0866

1.5
 

  sin i = 0577 

  i  = sin−1 0577 

   i  = 3524 

 3524

 = 15 

 h = 45 cm 

 h 

 = 
h

h
 

 h = 
h


 = 

45 cm

15
 = 3 cm 

 

= 45 cm − 3 cm = 15 cm 

 15 cm



 a 

r

i

b

O Ca = 3  108 ms-1

ba = 065 a c

60

1

b

b a c

  13bs cª‡kœi DËi   

1 1

ba = 065 

 a Ca = 3  108 ms-1 

 b Cb = ? 

 ba = 
Cb

Ca
 

  065 = 
Cb

3  108 ms-1

 Cb = 195  108 ms-1 

 b 195  108 ms-1

b a ba = 065 

  b c c = 60

b c

bc = sinC 

   = sin 60 = 0866 

  bc > ba 

 b a c c



b 

a 

N 

45 

N 

75 
0

a b

  14bs cª‡kœi DËi   





i = 45 

 r = 75 

 b b = ? 

 b = 
sin 45

sin 75
 

  = 
0707

0966
 

    b = 073 

 b 073

i = 45 

 r = 75 

 a b ab 

 b a ba 

 ab = 
sin i

sin r
 = 

sin 45

sin 75
 

  = 
0707

0966
 = 073 

 ab = 
1

ba
 = 

1

073
 = 137  

 

137 > 073,  ba > ab  

 a b



N 

A 
P 

O 

c 

N' 

 
B 

Q 

90 

15 133

  15bs cª‡kœi DËi   

(90)

15 133

a b

i

r a

b

a sin i = b sin r

 
a

b
 = 

sin r

sin i

b 

90° 
b

a 


ac

r

i = c

90° r 90°

  
a

b
 = 

sin 90°

sin c
 

   
a

b
 = 

1

sin c
 

   ba = 
1

sin c
 

 b = 1   

    = 
1

sin c
 

   sin c = 
1


 

g = 15 





w = 133 

c  = ?

 wg = 
1

sin c
 

g

 w
 = 

1

sin c
 

15

133
 = 

1

sin c
 

1128 sin c = 1 

sin c = 
1

1128
 

c = sin-1 (0887) 

  c = 625° 

625°  



30 1925

3  108ms−1

  16bs cª‡kœi DËi   

i = 30 

 r = 19.25 

 Ca = 3  108ms−1

Cg = ? 

 

ag = 
sin i

sin r

Ca

Cg
 = 

sin i

sin r
 

  
3  108 ms−1

Cg
 = 

sin 30

sin 1925
 

  Cg = 
3  108ms−1  sin 1925

sin 30
 

   Cg = 198  108ms−1 

 1.98  108ms−1

I 

N  O 25cm -

O

N

O
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O I

4 cm  

−
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4 cm 

PQ 4 cm-

PQ

PQ 

 = 4 cm = 0.04 m 

 P = 
1


 = 

1

004m
  = 25 d

25 d

LCL FCF

C F 

PQ 

PQ 

PQ P Q 

PQ 

P P 

P 

PM 

FP P PC 

CP P 

P 

P P Q 

Q 

PQ 

P PQ PQ 







LOL OR = AR = 20 cm

2  

A
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AA 

 = O 

 = R 

 = OR

2ƒ 2ƒ 

L 

L 
Q 

A 
A F F 

P 

O 

Q 

2f

ƒ = 20 cm 

 P = 
1

ƒ
   

  ƒ = 
20

100
  m = 

1

5
  m

 P = 
1

1

5

  = 5 D 

5 D

LOL PQ 

f 2f QL 

F 

Q 

Q

Q QP PQ-

PQ

2 2 
L 

2f

PQ

P O 

P

P PQ PQ 

 

Q 



+ 4D

  20bs cª‡kœi DËi   

ƒ P P = 

1

 ƒ
 





P = + 4d

 ƒ = ?

P = 
1

 ƒ
 

 ƒ = 
1

P
 

 = 
1

4
  

  ƒ = 025  

   ƒ = 25 cm 

 25 cm

25 cm

LCL FCF C

F F OA

OA OA

O A

O A OA

F 

L 

F B 

I 

L 
O 

A

O 
C 

O O

O OL

L F FI

O OC

CI O

 I

I O A

A

OA I 

IB IB OA



M M   
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MM C F

P OA

O

I

I O I

IB OA

N 

C 





N N

N N

N-

N N 

N

  



 

P1 

Q1 

C2 
F O F 

Q C 

P 

0.1m 

PQ ‘F’ ‘O’
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f = 01 m 

 P = ? 

 P = 
1

f
 

  = 
1

01m
 

  = 10 D 

 10 D

 

  

C1 Q1 F Q 0 F C2 

L 

B 

A 

M 

P 

P1 

 

AB O

F OF

PQ

P PM

M

F MF

PO POL

P1

P1 P P1

P1Q1 P1Q1 PQ



 

C 

L 

L 

20 cm 
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 = − 20cm  

 = − 0.2m

, P = ?

P = 
1

 ƒ
 

  = 
1

− 02 m

− 5 d 

 −5 d

O

I

I IB OA



f

C x

x 

33

x
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33

30

90

f 2f

C 
x 

2F A F 2F 

F 

L 

L O 

B 

O 

LCL f 2f OA O

F C

O A 

OB OA

f < x < 2f

x f

C B 

L 

L 

O 

F 

F 
o D 

A 

LCL OA C

F

OA O OD

F O

C

Q A

ACF QB OA





x f

0 < x < f  



LCL1 OA

A 

O 

L 

L1 

2F F 2F F 

C 

LCL1

  25bs cª‡kœi DËi   

LCL1

 2  O

A

A AO AO

2

i  2

 

O 

L 

A C 2F F F 2F 

B 

I 
L 

2

ii

 

F 

A 

O 

L 

L 

F C 

iii
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0.1 





  



25 D 

  27bs cª‡kœi DËi   

P 2.5 D 

 f

P = 
1

ƒ
    f = 

1

P
  

f = 
1

2.5
  D  

  = 
1

2.5
   m  

  = 
1

25
   100 cm 

  = 40 cm 

  40 cm 

N 

C 

 

N N

N N





N-

N N 

N

 



−2.5D 
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P = − 25 D 

 

P = 
1

 
 

   = 
1

P
 

   = − 
1

25 D
 

− 04 m = − 40 cm

− 40 cm 

I

F F

 I 

F 

F I 

I 



 

Q Q 
O 

P 

45 

30 

‘a’ 

‘b’

a 2.88  108 ms−1 b

PO
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17 (15)





i = 45 

 r = 30 

 a Ca = 288  108 ms−1

 b Cb = ? 

 

ab = 
Ca

Cb
 

  
sin i

sin r
 = 

2.88  108 ms−1

Cb
  

   
sin 45

sin 30
 = 

288  108 ms−1

Cb
 

  
0707

05
  = 

288  108ms−1

Cb
 

  1414 = 
288  108 ms−1

Cb
 

  Cb = 2.036  108 ms−1 

b 2.036  108 ms−1

a 45 b

30

a b

 a b

45

a b ab = 1.414 

 b a

ba = 
1

ab
 = 

1

1414
 = 0707 

 = 
sin i

sin r
 

  ba = 
sin i

sin r
 

sin r = 
sin 45

0707
 

sin r = 1 

  sin r = sin 90 

   r = 90 

 90

 

45



 

C2 C1 
F 

O 

50 cm

  30bs cª‡kœi DËi   

r = −50 cm 



 = 
−50 cm

2
 = −25 cm = − 0.25 m 

 P ? 

 

P = 
1


 

  = 
1

−025 m
 

  = − 4D 

−4 D

I





 

 

I 

L

R

F  F



45 cm A B

+2d −2d

B

A B
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LCL FCF C

F OA

AO

O OL,

L LM

F

O OC

ON

I

 

A 

I 
O 

F B 

L 

C 

L 

N 
F 

M 

I 

I O I

IB IB AO

 IB

A B

45 cm

I

 

 

L

R

F F







 

D 
10 cm 

A F 

O 

5 cm 

OA

  32bs cª‡kœi DËi   

 = 10 cm = 0.1 m 

 P = ? 

  

  P = 
1


 

  = 
1

0.1m
 = 10 D 

 10 D

OA

OA

LCL1 FOF C

F

AO

O

 I I

IB OA

 I 

B F A 

O 

L1 

C 

L 

F 



−125 d 

275 d 
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P = −125 D 

   = ? 

 = 
1

P
 

  = − 
1

125 D
 

  = − 08 m = −80 cm 

 −80 cm

P = 275 D  

   = 
1

275 D
 

  = 0.3636 m 

  = 3636 cm 

 





  25  

 25  

N

O



204  108 ms-1

187  108 ms-1
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Cgl = 204  108 ms-1

Cg = 187  108 ms−1 

ggl = ?

ggl = 
Cg

 Cgl
 

          = 
187  108 ms-1

 204  108 ms-1 

          = 092

092

O

I

I O I 

IB BI



40 cm C 

L 

L 

F 
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(90)

  − 40 cm 

  = −0.4 m  

 P =? 

  P = 
1



  = 
1

− 04 m
 

  = −25 D  

 − 25 D  

I 

L

R

F

F 



(i) aw = 133, (ii) ag = 15 

(i) 30

  36bs cª‡kœi DËi   

aw = 133 

 i = 30 

 r = ? 

aw = 
sin i

sin r
 

  sin r = 
sin i

aw
 

  sin r = 
sin 30

133
 

  sin r = 
050

133
 

   r = sin-1 



050

133
 

   r = 2208 

 (i) 2208

ag = 15 

  aw = 133 

  wg = 
ag

aw
 

  = 
15

133
 

  = 11278 

 c = ? 

  

  wg = 
1

sin c
 





 sin c = 
1

wg
 

 sin c = 
1

11278
 

 sin c = 08867 

  c  = sin-1 (08867) 

  = 6246 

 6246



 

A 

B 

C 

Y 

X L 

y 

O 
P 

P 

y 

Y 

L 

N 

X 

T 

Q 

S 

R N 

AnB = 1495 

A y

B A OX

  37bs cª‡kœi DËi   

MM O

O ON

NO O OR

RQ RS

 

I 

M 

N 
O 

S 

i 

r 

Q M 

R 

NO RQ I

I

I O

BA = 1495 

  y = ? 

  y = 90 

 

BA = 
sin y

sin y
 

  
1

 BA
 = 

sin y

sin y
 

  sin y = 
sin y

 BA
 

  sin y = 
sin 90

1495
 

  y = sin−1 



1

1495
 

   y = 41.98 

 y 4198

B A OX XR

 X L 

P 
O 

L 

P 
X 

N R 

Q 

N 

Q 
Y 

BA = 1495 
A

B

A

A

B

A B

B OX A

B

A XR

XT

XT

XS

OX

B A XR



50 cm
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 = 50 cm = 05 cm 

 P = ? 

 

P = 
1


 = 

1

0.5 m
 = 2D 

 2D

 



A 20 cm 1  104 cm 

B 40 cm 

25D

B

A B
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25 D

i. 

ii. 
1

25
 0.4 m 40 cm  

B 25 cm B

B

LOL1 FOF O

F PQ

P PR

F REP1

P PO O

OP1 RFP1

OP1 P1 P1

P1Q1  P1Q1 PQ

OQ OQ1

 
P 

Q F 

R 

L 

O 

L1 

P1 

Q1 

F 

A B

A 25 cm





 

B 25 cm

N

O

 

m„Rbkxj cÖkœe¨vsK 



1.52 3  

108ms-1  



 

a

b

30

a b

b c

b  c







−25 D 







60 cm 60 cm 



37·5 cm 

50 cm 

−

 −2d 75 

2 

−





 1·333 2·419

 3  108 ms¯1

 100 km 

t wa 

= 0·75

wa = 0·75 

t 

t 

 25 cm 



5cm 

F 

L 

L 
 53bs cª‡kœi DËi 





45

45

45

 = 5cm 

  = 005cm 

  

 − 005m

P = ?  

 P = 
1


  

   = 
1

− 005m
   = − 20D 

 −20D 

Abykxj‡bi Rb¨ `ÿZv Í̄‡ii cÖkœ I DËi 
 Ávbg~jK cÖkœ I DËi 

 

 Abyavebg~jK cÖkœ I DËi 





i1, i2, i3---- r1, r2, 

r3---

sin i1

sin r1
 = 

sin i2

sin r2
 =

sin i3

sin r3
 

a b 

ab = 
a

b

90

1.7

1.5

 

25





MvwYwZK mgm¨v I mgvavb 

 
sin i

sin r
i 

r 

  = 
C0

Cm

C0 

Cm 

 a b  ab = 
Ca

Cb

Ca = a

Cb = b

 ab = 
1

ba
 ab = a b 

ab = b a 

 0b = 
C0

Cb
 

C0 =

Cb = b

ob = b

 0b = 
C0

Cw
 

  = 
1

sin c
 

C0 =

0w =

c =

 P = 
1

f
 

f =

P =

30 19 

i = 30 

  r = 19 

  aw = ?

sin i

sin r
  =  

   aw = 
sin i

sin r
  

   = 
sin 30

sin19
  

   = 
0.5

0.325
  

   =1.538 

  1.538  

1.33 

aw = 1.33 

wa = ? 

wa = 
1

aw
 = 

1

133
 

  = 0.75 

 0.75  

+0.1 m 

f = +0.1 m 

P = ? 

P = 
1

f
 = 

1

+0.1 m
 = 10D 

10D

3  108 ms−1
 

1.33

C0 = 3  108 ms−1
 





 0w = 133 

  Cw = ? 

0w = 
C0

Cw
  

     Cw = 
C0

0w
  

   = 
3  108

1.33
 ms−1  = 226  108 ms−1

 

  226  108 ms−1  

 

109  

204  108 ms−1
 

Cgl = 204  108 ms−1 

  glg = 1.09 

  Cg = ? 

0w = 
Cgl

Cg
  

  Cg = 
Cgl

glg
  

   = 
204  108 ms−1

109
  = 187  108 ms−1 

  187  108ms−1  

A B 204  108 

ms−1 187  108 ms−1 A B 

A CA = 204  108 ms−1 

 B CB = 187  108 ms−1 

 A B AB = ? 

AB = 
CA

CB
  

   = 
204  108 ms−1

187  108 ms−1  = 109 

 A B 109
 

2.26  1010 cm s−1
 

1.33

Cw = 226  1010 cm s−1 

 0w = 133 

 C0 = ? 

0w = 
C0

Cw
  

   C0 = Cw  0w 

   = 226  1010 cms−1  133 = 3  1010 cms−1 

 3  1010 cms−1

 

+ 02 

f = + 01m 

 P = ? 

P = 
1

f
  

   = 
1

+ 02m
 = 5 D 

 5 D
 

2  108 ms−1 

096

Cb = 2  108 ms−1 

 bk = 0.96 

  Ck = ? 

bk = 
Cb

Ck
  

   Ck = 
Cb

bk
  

   = 
2  108 ms−1

096
  = 208  108 ms−1 

 208  108 ms−1  
  

30 

b 

  

  b c = 30 

   = ? 





  = 
1

sin c
  

   = 
1

sin 30
  

   = 
1

0.5
  = 2 

 2


