& | 1 A boy 1.5 m tall with his eye
level at 1.38 m stands before a mirror fixed on a
wall. Indicate by means of a ray diagram how the
mirror should be positioned so that he can view
himself fully. What should be the minimum length

of the mirror ? Does the answer depend on the
eye level ?

Solution. ,eye is at 1-38 m from
the foot F. Rays from foot can enter eye after

reflection at M,, whose height from ground is
1.38 |

=0.69m.
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Again,eyeisat 1.5- 1.38 = 0.12 m from head
H. Rays from head can enter cye after reflection at

M. whose height above the eye is 9:_2 =0.06m .

—

“~ Minimum length of the mirror = 0.69 + 0.06

=0.75 m.
Minimum length of the mirror is thus always
half of the length to be seen irrespective of eye level.

However, the position of the top and bottom
edges of the mirror would depend on the eye level.
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S 3 2 ﬂ An object is placed (i) 10 cm
(i) 5 cm in 1ront of a concave mirror of radius of
curva.ture 15 cm. Find the position, nature and
magnification of the image in each case.



@7‘5 Solution. Here. R = 15 ¢,

RIS
| =57

Du==10cm.v =7
1 1 ]
From —+—=—

vou  f
1 1 1 -2 1 -4+43 -1
= + = = —

v f u 15 10 30 30
v =-30 cm.

. The image is at 30 cm from the mirror on the
same side as object. Also,

magnification, m = U _30 =
u (-10) -

*. The image is real, inverted and magnified
3 times.

(Hu=-5cm,v=7

n
3

From l+1_i
v ou f
l:l I -2 1 —-4+6 2
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@ U—f u 15 5 30 3(0)

v=15cm.
. The image is at 15 cm behind the mirror.
m——g——ﬂﬁﬂﬁ
Also, y ~(5)

-. The image is virtual, erect and magnified
three times.
) A Suppose while sitting in a
parked car, you notice a jogger approaching
towards you in the rear view mirror of R =2 m. If
the jogger is running at a speed of 5 ms~!, how
fast is the image of the jogger moving, when the

jogger is (@) 39 m () 29 m (¢c) 19 m and (d) 9 m
away ?

Solution. Here, R =2 m, fz?z%zlm
From l+l=i
v u f
lzl_l_u—f
v f u fu
U= Ju



\)\ (@) When jogger is 39 m away, v = 39 m,
®7 fN |(_, %()) 39
V= = o m
u—f -39 40

As the jogger moves at a constant speed of
5 m/s, after 1 second, the position of the Image (v)
for U=—39+5=-34mis

fu_ _1(=34) _34
u—f —34-1 35

Ditference in apparent position of jogger in 1
second

D =

39 34 1365- 1360 5 ]

40 35 1400 1400 280
. Average speed of jogger’s image

1

= ——m/s.
280
Similarly, for u = -29 m, - 19 m and - 9 m,
average speed of jogger’s image is
1 1 1

—m/s; —m/s; —m/s ' .
150 60 10 respectively

The speed increases as the jogger approaches the
car. This can be experienced by the person in the car



@b "~ What is the speed of light in
glass of refractive index 1-5 ? Given speed of light
in water is 2-25 x 108 m/s and refractive index of
water is 1-3.

Solution. Here, p, = 1-5,v, =7}, = 1-3,
v, =225 x 10%.m/s

v, M, 1-5j
1.3 3% 2:25%10®
vV =— VD =
& 15 W 15

— 1-95 x 108 m/s
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@ 14. Here, apparent shift,
d=15cm

Let ¢ be the height through which water must
be poured into the beaker.

Asd=¢l1-1
m
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A square object is placed 15 cm from a convex
mirror of radius of curvature 90 cm. Calculate
the position of the image and its arecal
magnification.

[Ans. 11.25 ¢cm behind the mirror - 9/16]

= Wr% ég



o 125 5
As C+r=900rr=90"-C
sin = sin (90° = C) =cos C

2
3
=‘H—Sin2C :J}—(ij = —
5 5

From Snell’s Law, —S—lﬂi =u =125
sin r

sini=125sinr = 1-25x§ =075
i =sin~! (0-75) = 48-6°
This is the maximum value of i, for which

Total Internal Reflection would occur at the
vertical surface.
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In Fig. h=80cm, T r’="?

|
=4/3 =
2 sin C

r
taﬂC=Z, r=nhtan C

nr? =7 h%tan? C = gh? sin” C
1—sin?C

1/p?
= h? H ; = mhx—
1-1/p u? -1

314 (80)2 258
@321 37-7 sq. cm.




@ \ ) For red ray. p = 1-39

sinc=1=_1 = 0719, C = 46-0°
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| Q&l will be

¢ B aian Hlj Nl” b ¢
veFlec taol at face AC.
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C=Y2-¢



Here. iy =1, i, = 1-5, R=-2cm
Incident ray OA in glass is refracted in air, along
AB, and appears to come from /,

u=PO=?? v=Pl=-1cm
As refraction occurs from denser to rarer
medium,

B SOt R B

u V R
1.5 1 1-15 1
— + — = —
u -1 -2 4
5_ 103
u 4 4
~4 % 1-5
u = ” =—12'cm

The air bubble O lies at 1-:2 cm from the
refracting surface within the sphere.
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Incident ray OA in glass is refracted in air, along
AB, and appears to come from /, Fig. ]

u=PO=?7 v=Pl=-1cm
As refraction occurs from denser to rarer
medium,

B B K TR

u v R
1.5 1 1-15 1
— + = = —
u -1 -2 4
15__1_1__2
u 4 4
. =4 XI5 L
U= 5 =—-12cm

The air bubble O lies at 1-2 cm from the
refracting surface within the sphere.

" Here,u=-50cm, R=10cm, u; =1,y =1

Refraction at surface P;A
Virtual image at I; where P)I} =7,

H _l'_l_g_“z_"ll




' - \ ‘”l'
= R > (’ 1P |

P

Refraction at surface )8
1, acts as virtual object |
U = P,I' — Plll - I"I’1 = 5() - 2() = 30 cm,

vy, =Pyl = 2. R=—-10cm

— U,
B K KTy

U U R

15 1 1-15 |
30 v =10 20

1 I 3 1

= + —
v 20 60 10
Distance of final image / from centre of sphere
CI=CPy+ Py =10+ 10 =20 ¢m

. =10 cm.




Q1) 27. Referto Fig. Here, u =+ 30 cm, v = 7,
24 py=1.p,=15, R=+15/2 cm. Use formula for
refraction from rarer to denser medium.

Solve to get v =15 em.






. Here, u=1-5,Let Ry =R, Ry=-2 R
As rays are rendered parallel, 6 cm must be the
focal length of the lens, i.e., f=6 cm

|
R R,

U gsop(La )l 3
6 2

I
From —=(u-1)
f

R 2R 2R

18
R = . 4.5 cm
Hence, Ry =45 cm, R, = - 90 cm

Ql¢ fp=20cm,p,=16,£=7 =13

1w (11
fa IJ’a Rl R2
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@\5 Here,u=15,LetR =R, R, =-2R
As rays are rendered parallel, 6 cm must be the
focal length of the lens, i.e., f=6 cm

From i=(u—1)(1 _ I ]

f R R,
l=(1.5_1) l_,.i =lxi
6 R 2R 2 2R

18
R=_ — 4.
4 4-5 cm

Hence, R, = 4-5 cm, Ry =-9:0 cm
|4 fa=20em p,=16,f/=2p =13



f = 1-:3x12 5
/ 03 —>2cm
: l l
31. (i) —=(u—l)(———
NA
3 l l I
===l —+— |=— ;
( 2 J( 20 20 J 20
/=20cm

(11) When lens is cut along the plane AB, Fig.
92(Q).32. focal length of cach half is given by



Q\" (111) When lens is cut along CD, Fig. . ,
each half continues to have original focal length
f =20 cm. However, intensity of image will
reduce.

32. (i) When the lens is in air, its focal length is

AR
b AKX 1 s 1)[1 IJ_I(I—I)
f R R,| 2|R R,

(i1) When the lens i1s dipped in medium of
L= 1-65,

1 _ (15 1) 11\ 015(1
f, (165 R R, 165 R R,

(1
11| R, R,




b A 12
f =1/11 2
.. The lens behaves as concave lens of focal
length - 55 f

(iitf) When the lens is dipped in medium of
n=1-33

L_i_l 1_1_0-171 1
f2 1-33 Rl R2 1-33 Rl R2
fo _ U2 133 P

f 17/133 2x17

or f,=39f

.. The lens behaves as convex lens of focal
length 3-9 f

=—-55 or f1=—5°5f
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Divide (i) by (ii)

f, 06
fa 0-3/1.3
0-6x1-3x20
fl = =52 cm

0-3



43. For the convex lens : f=20 cm, u = — 60 cm,
N, v="

— -
-

~
O

A
N
N

11 1 1 1 3-1

v f u 20 60 60 30

Image I” would have been formed where
CI’ =30 cm. On refraction through concave lens,
rays converging at I’ become parallel.

Therefore, for concave lens,
u=030-10)=20cm, v =00

1 1 1 1 1 1

»v=30cm

f v u e 20 20

=-=20cm
44. Here,v=10m,m=-19,f="?
m= =t
f
_19=F719 or_19f=f-100r20f=10
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" A biconveX lens has focg]

curvature of either

surface. Calculate refra
the lens.
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Solution. Here, R, = R, Ky = — R, | = 3 R,

3 (1 1) 2
—=u=-D=+=|= -y 2
(1 >( - J - 2

3
- M-1=2=075 1=075+1=175



o :154 The given set up is shown in Fig. o }:I(])r
/%0~ the convex lens, f=15cm,u=0C=-00c
1 1 1 1 1_ 1 1 1
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If plane mirror were not there, the lens would
form a real image at /|, where C/; = v =20 cm.
Now, /| would act as virtual object for plane
mirror, where I|M = Cly -CM=20-10= 10
cm. Therefore, it will form the image at 10 cm in
front of the plane mirror. As MC = CM = 10 cm,
therefore, final image will be formed at C, the
optical centre of convex lens.



o L. , _
The given set up 1s shown 1n Fig. . Here,

focal length of lens, f = 15 c¢cm ; radius of
curvature of concave mirror, R = 20 cm and CP
= 10 cm. Let the object be at O, where CO = u.
As there 1s no parallax between the object and
'ts 1mage formed by the combination, therefore,
final image must be at O itself. For this to happen,
rays refracted from convex lens L must tend to
meet at [, the centre of curvature of concave
mirror. These rays would fall normally on

concave mirror and retrace their path on
reflection.

\V/

It U —pi¢ 10 cm-Pie— 20 cm —



W s Pl = R =20 cm.

Ior the lens.
v=Cly=CP+ Pl =10+ 20=30cm.

| ]
From ——— = —
vou

I I l I l

« f v 15 30 30
=—-30cm, i.e., CO =30 cm
i.e., object must be at 30 cm in front of convex lens.

56. The given set up is shown in Fig. . Here
9N CM=10cm. u=CO=-60cm;f="?

-

i< 60 cm -




gl\/\ The rays starting from O, diverge on passing
through concave lens, get reflected from the
mirror, would form image at /{, where Ml =
30 cm. The corresponding position of object
trom the mirror will be at 7 where Ml =M/, =30
cm. Therefore, CI=MI-MC =30-10=20 cm.
I 1s the position of object for plane mirror. This
must also be position of virtual image of object
tormed by concave lens alone. Therefore, for
lens, v = C/ =- 20 cm,

I
From —=—-—
/v u

I I l 2 l

— + = —— = ——
F O -20 60 60 30
f=-30 cm.
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, Y Example ﬂ A rectangular glass slab resty
at the bottom of a trough of water, A ray of llght
incident on water surface at an angle of 50" Passes
through water into glass. What jg angle of
refraction in glass ? Take p for water 4/3 and v

for glass 3/2.
Solution. Here, “,, = 4/3 and “y . =312

|
\

a“g _3£_()

w
M, = =
o 4/3 8

First refraction is in going from air to water
_sini

§ sinr 3 sinr

sin r = %Osin 50° = %x 0-766 = (0-5745

Second refraction is in going from water to glass

W _sinr 0

& sinr 8
. 8 . 8
sinr’ = gsm r = 6x0-5745 =0-5107

¥ =sin ' (0-5107) = 30-7°
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l~> © Example E A ray of light is incident at an
angle of 45° on one face of a rectangular glass slab
of thickness 10 cm and refractive index 1-5.
Calculate the lateral shift produced.

Solution. Here, (1 =45°%t=10cm=0-1 m

u = 1-5, lateral shift = ?

sin L
As H=—
sin r,
, sin i in 45° 70
sing = —~L =205 0707 _ 49,5
) 1-5 1-5

r; = sin”! (0-4713) = 28-14°

¢ sin (i —-n) |

lateral shift =

COS rl

_ 0-1sin (45°-28:14°)
cos 28-14°

_ 01sin16:86° _ 0-1x0-2900
" cos 28:14° 0881 - 0033 m




COS I‘I

@1() ~ 0-lsin (45°-28:14°)

cos 28:14°

1sin16-86°  0-1x0-2900
:Olsml686 =Ol><0 . 0033 m

07 cos2814° 0-8818

O

Example |{I] A ray PQ is incident normally
on the refracting face of the prism BAC made of
material of refractive index 1-5. Complete the path

of ray through the prism. From which face will

the ray emerge and at what angle-? Justify your
answer.

Solution. Refer to

normally on face AB, it passes ui
AC at Zi = 30°,

The refracted ra

. As the ray PQ falls
)deviated falling on
It will be refracted along RS at Zr.
Y emerges from face AC of prism.



As refraction occurs from denser to rarer
medium.

W= Sinr,sin r=_usin i
sin i
= 1-5 sin 30° = ()75
r=sin! (0-75) = 486"
(2%
) - A transparent cube of side

210 mm: contains a small air bubble. Its apparent
distance, when viewed from one face of the cube
is 100 mm, and when viewed through opposite face
is 40 mm. What is the actual distance of the bubble

from the second face and what is the refractive
index of the material of the cube ?






