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RAY OPTICS

—— —

Reﬂection of Light

% Laws of reflection
(1) The incident ray, the reflected ray and normal to interface, all lines in the same plane.

(i1) The angle of reflection r is equal to the angle of incident, i.e., i=

+» Reflection from plane surfaces:

(a) The image formed is same size, virtual, erect and as far behind the mirror as the object in
front of the mirror.

(b) Ifan object moves towards (or away from) a plane mirror at a speed v, the image will also
approach (or recede) at the samespeed, i.e., the speed of image relative to the object will
be v—(—v) = 2v.

(¢) Ifkeeping the incident ray fixed; the plane mirror is rotated by an angle 6 about an axis in
the plane of the mirror; the reflected ray is rotated through an angle 26.

1" reflected ray

2" reflected ray

i=r ..
(i-0)=(+0 —x) ...(i

x=20

(d) To see his full image in a plane mirror, a person requires a mirror of at least half of his
height.




To see a complete wall behind himself a person requires a mirror of at least 1/3 the height of

wall and he must be in the middle of wall and mirror.

Example-1:

What is the minimum length of a plane mirror required for a person to see his or

her full image? Is there any restriction on the position of the top edge of the

mirror?
Solution:
his feet reach his eye.

Let AB be the mirror PQ represents the man of height /4 and R is the
position of his eyes. Light rays from P gets reflected at 4 and reach
his eyes. Light from Q gets reflected at B and reaches his eyes: AM
and BN are normal to the mirror AB.

Now, AB=MN =MR + RN

-~ 1 (PR+RQ) ("~ AAPM = A ARM; ABQN.= A BRN)
2

2

. Hence the length of the mirror =

It is clear from the ray diagram that the top edge of the plane mirror
(A) must be at a horizontal level half-way between the eyes (R) and
the top of his head (P).

(e) If there are two plane mirrors inclined to each other at an angle 0, the number of images of

a point object formed will'be n where » is given as:
@i If ? = even (say.m)

n = (m —1)-(for all positions of object)
(i) If % = odd (say m)

(@yn=m (if the object is not the bisector angle of mirrors)
(b) n=(m—1) (if the object is on the bisector angle of mirrors)

The man can view his entire image if the light rays from the top of his head and from

Head

(@ii) If % is a fraction, the number of images will be equal to its integral part.
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Solution:

Example-2:

Rays of light are incident on a plane mirror at 45°. At what angle with the first
should a second mirror be placed such that the rays emerge from the second
mirror parallel to the first mirror?

In triangle BOC, we have 26 + 45° = 180°

135°,

or= = 67.5°

< Reflection from curved surface:

(@)

(b)

©

Sign Convention:

Direction —3%
of light —% 1
— — +
< >

}

(i) Along the principal axis distance:in the direction of light movement are taken as +ve.

(ii) focal length f'of concave mirror is —ve.
focal length fof convex mirror is +ve.

Rules for image formation:

(i) A ray parallel to principal axis; after reflection from mirror, passes (concave) or appears
to come (convex) from focus.

(ii) A ray passing through (concave) or directed towards (convex) the focus, after

reflection from the mirror becomes parallel to the principal axis.

(iii) A ray passing through (concave) or directed towards (convex) Centre of curvature, after
reflection from the mirror, retraces it’s path.

(iv) For pole principal axis acts as normal £i= Zr.

Formulae:
@ | f =§ (—ve for concave and +ve for convex)
W) |P=— =
f(in m) f(in cm)
(iii) m= he?ght of 1mjage = —[Z} (lateral magnification)
height of object u

If a 2 — dimensional object is placed with its plane perpendicular to principal axis its

magnification is called superficial magnification (areal magnification) and will be
area of image
area of object
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Example-3:

Solution:

Example-4:

I 1 1
7 =—+— (Known quantities are to be substituted with proper sign)
u v

If R —> o i.e., becomes plane mirror f — o

vV ou
If in case of spherical mirrors, object distance x; and image distance x, are measured

2
XX, = f

from focus instead of pole, then

1 —>v
u

An object is placed in front of a concave mirror at a distance of 7.5 cm from it. If
the real image is formed at a distance of 30/ cm from the mirror, find the focal
length of the mirror. What would be the focal length if the image is virtual?

Case I: When the image is real.

We have u=—-7.5cm; v=-30 cm; f=?

—7.5)x(-30

Weknowl+l:i or, f= . 4 =( )x(30) =—6cm

vV ou u+v -7.5-30
The negative sign shows that the spherical mirror is concave.
Case II: When the image s virtual
In this case, u=—-75cm,v=+30cm

-75) (30

Weknowl+l=L or, = =( ) ( )=—10cm

viu u+v —-7.5+30

An object 0.2 cm high is placed 15 cm from a concave mirror of focal length 5 cm.
Find the position and size of the image.

Solution: Wehave u=-15cm;v=? f=-5cm
I 1 1 u -15)(-5
EIII‘« We know that —+—=— or, v= / =( )(5) =-7.5cm
= vV ou u—f -—-15+5
7'-&;_:;“‘&, The image is formed at a distance of 7.5 cm in front of mirror.
- ° 1 v I -17.5 1
N f. Now,m= —=—— or, —=—u or, I=—(-0.2)=-0.1lcm
- i‘-ql X omg u O (_15) 2
4 W’:f"’ The negative sign indicates that image is inverted.
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: Refraction of Light z

% Laws of refraction:
(a) Frequency (hence color) and phase do not change but wavelength and velocity will change.
(b) Incident ray, refracted ray and normal lie in the same plane.
(¢c) wsini=constant. p,sini, =u,sini,

if iy =i and i, =7 then |, sini=p,sinr |.

Casel: Ifi= 0 ie., light is normally incident then it will go undedicated. .. » = 0 (no
refraction).
Casell: If p,=p,=p theni=r=0

1
(a) Refractive index u=£ = \/ =l =./€, 1, . i.e, pec— or lesser the velocity in the
1

4 €o Mo
medium, greater is the p.
. . 1
(b) Relative refractive index | NIRENIRY .. | My =—1.
3t
ﬁ — dactual
2] dappearent
—

L %_;5'\‘ O'&f‘
sy J = 0%
Ev-id, = x-I- i
» O j
73 Eg3E. Object
SN Case I: .If p; > p, (object is in denser medium) then | d,. >d,,
=4
: A3

The shift in the position of objectis | x=d,. —d,, =1 L t(l = lj
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Case II: If p, >p, (object is in rarer medium)

d,.<d, | x=d,~d, =pnt—t | x=t(n-1)

If there are number of liquids of different depths, one over the another then
d,=d +d,+d;+...

dp :i"‘ﬁ*‘ﬁﬂ..
l’l’l ”’2 lvt3
then | p= doe _ %
dap 71_'_72_'_
AU o)
2
If di = d, (for two liquid medium) then | p = P2 | parmonic mean
Wyt U,

7

« Total internal reflection. The phenomena of reflection of light ray at the interface blocked by
rare radium when the angle of incident is greater than critical angle is called total internal
reflection.

In passing through a medium of thickness 7 and refractive index p, a ray incident on a small angle
0 is displaced parallel to itself by ‘)’ called lateral displacement.

y=xsin9={“—_lJt9 y=(1—l}e .
K K

The value of incident angle for which .= 90°,is called critical angle (6¢).
W sini=p,sinr ;  p,sinO,=pu, sin90

ON= sin_l[lJ .
u

A ray of light is incident at an angle of 60° on one face of a rectangular glass slab
of thickness 0.1 m and refractive index 1.5. Calculate the lateral shift produced.

Hr if Hp
Up Kr

sin@, = =u then

Example-5:

Solution: Here ~i=60°pn=15and#=0.1 m
sini ) sini sin 60°  .866
Now, p=— or, sin r = = = =.5773 = r=35°'
sin r u 1.5 1.5
Now, lateral shift d= sin (i—-r) = ———— sin (60° —35°6")
cosr c0s35°6'
=0.0512 m
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Example-6:

Solution:

Example-7:

A fish rising vertically to the surface of water in a lake uniformly at the rate of 3
m/s observes a king fisher bird diving vertically towards water at the rate 9 m/s
vertically above it. If the refractive index of water is 4/3, find the actual velocity of
the dive of the bird.
[ ]
T .
' B T

y

If at any instant, the fish is at a depth x below water surface while the bird at a height y
above the surface, then the apparent height of the bird from the surface as seen by the
fish will be given by

Apparent height :
= , A t height =
H Real height o Pparenticig 5
So, the total apparent distance of the bird as seen by the fish in water will be
d
h=x+up or, ﬁ=£+uﬂ or,9=3+u—y or, d—y=L=4.5m/s
dt dt dt dt dt (4/3)

A ray of light from a denser medium strikes a rarer medium at an angle of
incidence i. If the reflected and the refracted rays are mutually perpendicular to
each other, what is the value of the critical angle?

r Rarer
(kR)
74 90°
Denser
I (ko)
Solution: From Snell’s law, we have
sini sinr )
— _—_H—R or’uzu—Dz — (l)
sinr pp Lp sini
According to the given problem i + »+90° =180° or, r= 90°-i
Substituting the above value of » in equation (i), we get
sin (90— ..
= # or, p=coti ... (11)
sin i
By definition C = sin ™ (1)
n
. 71 1 . . ..
or, C=sin' | —— | (using equation (ii)
coti
or, C=sin!(tani)
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+ Refraction from the curved surface:
The image distance v of an object placed at distance u from the pole of a surface of curvature of
radius R is related by an equation.

Hy WMyl

v u R

The magnification of the object is

mzizﬂ(zj
0 p,\u

Note: [ is the refractive index of that medium from where object is to be seen] @
All known terms are put with proper sign.

L 2

Example-8:  If a mark of size 0.2 cm on the surface of a glass sphere of diameter 10 cm and p =
1.5 is viewed through the diametrically opposite point, where will the image be
seen and of what size?

Solution: As the mark is on one surface, refraction will take place on the other surface (which is
curved). Further refraction is taking place from glass to air.
So, pi=15w=1;R=-—5cm;u=—10 cm; v=?
Using the formula

ﬁ_&=%,we Nave

vV o u
l__l.S :—1_1'5 or, v=-20cm
v (-10) “ -5

Hence, the image is at a distance of 20 cm from P towards O.
In case of refraction at a curved surface, we have

Ly _(A9)x(220) 4

m
O pn, u 1x(-10)
g. So, the image is virtual, erect and of size [=m x O =3 x 0.2 =10.6 cm
d
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Power p=

Example-9:

Solution:

Example-10:

Solution:

Example-11:

Solution:

1 100
f(inm) f(in cm)

(diopter)

Calculate the focal length of a concave lens in water (u, = 4/3) if the surface has
radii equal to 40 cm and 30 cm. p, = 1.5
R1=30cm; R, =+40 cm
L
W, -30 40

R [ R 0 SR
R R,| 1413
960

=— —=-137.1cm
7

we have l=£i —
f

A plane convex lens has a focal length 12 cm and is made up of glass with refractive
index 1.5. Find the radius of curvature of its curved side.

Let x = magnitude of the radius of curvature

Now, R =+x: Ry="o0, f=+ 12 cm

1
We have — = (L—lj {L—L}
A Ho R R,

1 b

L
L N

1_
f

If two lenses are placed at a separation (x) then

Two plano-concave lens of glass of refractive index 1.5 have radii of curvature 20
cm and 30 cm. They are placed in contact with curved surfaces towards each-other
and the space between them is filled with a liquid of refractive index 4/3. Find the
focal length of the system.

As shown in figure, the system is equivalent to combination of three lenses in contact,
1 1 1 1

—— = be——db——

F fi i fs

ie.,




formula

1 (3 j[ 1 1} 1
—=| - l||—Fx———|=—— cm
o \2 -30 o 60

1 1 5 1
P = e

F 40 180 60
F=-72cm

Thus, the system will behave as a concave lens of focal length 72 cm.

7

+ Lenses with silvered surface
POWCI'ZPL +Pm +PL

JL, IL, Rl R2
1
P, =—— where fm:—ﬁ
Iz 2
. _ - 1)
(i) If Ry = oo (plane) is silvered then P, =
fL Rl
2(n-1 2(ps1
Ri =R, P=2PL +Pm=(u—)+ (“+ ) +0 (fm—oo) i:£(|J-|-])
R, fm R, F R

i . 1 WA w-) (R
(i) IfR21ss1lveredf =(u l)(OO —RJ R . ( ZJ

L
Ri =
PL:(”'_l),PmZ_L_i
R, f R,
1 _2w-BHoR  2p
F R R2 R,

Example-12: The plane surface of a plano-convex lens of focal length 60 cm is silvered. A point
object is placed at a distance 20 cm from the lens. Find the position and nature of

the final image formed.

il Solution: Let f'be the focal length of the equivalent spherical mirror.
e 3w 1 1 1 1 1 2 1
'?—,p el We have —=—+—+— o1, —=—+—
._-‘L ol f[ fm ﬁ F f[ fm - A
~Eal ,F"E‘ Here, fi=+ 60 cm fn= o0 0 \E
\* P Yoo 1 2 1 1
3 ] - —=—+—=— o1, F=+30cm |
' F 60 o 30
l_i ¢ The problem is reduced to a simple case where a point object is placed in front of a concave
X Sx . . . I 1 1 1 1 1
- Acas(l, s mirror. Now, using the mirror formula —+—=—, wehave —+—=——
c u v -20 v =30
\-ﬁ"‘r - = v =60 cm. the image is erect and virtual.
w Y
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Example-13:

Solution:

: Lens Displacement method :

» If the distance between the two object pins is greater than the four times of the focal length of the
lens, real and inverted image of one pin is formed on the other side at the two positions of the
convex lens. If the separation between the pins is a, difference between the two positions is d
then

R
a - —d ma
f- f=
4q (1+m)
< g > < 1 >
o N
............... .x\\\ S’
~~~~~~~~~ / L] ™ TS
0 2

Position I Position II

A A
A
4
v v

Where m is the magnification,

Proof: d=v-u ...(0)
a=v+u ...(11)
on solving
u:a—d :a+d ) l:l_l _az—d2
2’ 2 v o 4a

Size of object: OO'=~/1I'xII" or size of object=,/1, ],

d
Ifm1=z and m2=£and d =v—u then f= .

An object is kept at a distance of 100 cm from a screen. A convex lens placed
between them produces a real & magnified image on the screen. If the lens is
shifted 30 cm towards the screen, real image is again obtained. Find the focal
length of the lens. Also calculate the size of the object if the image sizes are 16 mm
and 9 mm respectively.

2 g2 2 2
a’ —d’ _ (100’ ~(30) _ 91

Here,a=100cm; d=30cm .. f =
4a 4(100) 4

L=16mm; L,=9mm .. Objectsize = /I, [, =4/16x9 =12 mm
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» A transparent medium bounded by any number of surfaces in such a way that the surface in which
light is incident and the surface from which emerge are plane and non-parallel.
+ Refraction through a prism:
In APLM 8= ZPLM + ZPML = (i,—r)+ (i, —1,)
8=(i +i)—(ri+n)
In AOLM Z0+r +r, =180
Z0=180—(r, +1,)
ZA+ Z£0 =180 [In quadrilateral ALOM, ZL+ £ZM =180]
LO+1n+r =LA+ 20

Iy

|r1+r2=A

8=(i,+iy)—4 |

b

o= (ur +ur)-4

5, =(u—1A4 | (For small refracting angle only)

% Prism’s formula:

Example-14:

Solution:

Example-15:

. (A+8mj
sin
_ 2
“_ ! (A]
sin| —
2

The material of an equilateral prism has refractive index 1.5. Find the angle of
minimum deviation, the angle of incidence, when the angle of deviation is
minimum, and also the angle of refraction at first face.

Given, p=1.5,A=60°

. [ A+5,,
M (60+5 )
n= —A or,sin ————** =15x0.5=0.75
sinf~—
)
60+5,,

= sin ! (0.75) = 48°36'

.60+ 8,=97°12" =3, =37°12'

When the deviation is minimum iy +i, =2i=A+ 3,, =60° + 37°12' =97°12'

h= 27120 ggesg “=§=300

1= —

A prism with refracting angle 60° has its minimum deviation as 37° when placed
in air. Find its minimum deviation angle when immersed completely in water.

(uwater = 1.33)-
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Light will

: (60+37
Sin

o= — 2
¢ . (60}
sSin| —
P

sin(30°+62’”j 5 5
1.126= ———2 =sin (3047'"j =0.563 = 30+7”‘ =34.26°

sin30°
O =426° =9, =8.52°
=3 mo P
s Condition of no emergence
A>20,
( AJ the ray will not come out.
1L > cosec >

« Condition of grazing emergence:

come out of a prism only if the angle of incident #; (min).is
A

grazing
emergence

X
no emergence

i, (min) = sin_l[\/(u2 —1)sin 4 —cos 4]

(5=i, +90— A)

Example-16:

Solution:

The refractive index of the material of a prism of refracting angle 45° is 1.6 for a
certain monochromatic ray. What should be the minimum angle of incidence of
this ray on the prism so that no total internal reflection takes place as the ray
comes out of the prism?

Givend =45°, u=1.6

sin C = l=L C=38.68°
n 1.6

For total internal reflection not to take place at the
face AC, the angle of incidence in that face 7, < C

In the limiting case r» = C
Now, r1 =A — =45 —38.68° = 6.32°
L SIn 7] = g Sin 7

sin i1 = 1.6 sin (6.32°) =10.14°

G S 4.4, 4 szel t
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« Condition for maximum deviation:
| 8y, = (i, +90—4) | and | i, =sin"'[usin(4-6,)]

% Condition for min. deviation:

. A+9,,
smT
8, =(u-DA| |p=——">i—
SIn—
2
A+9,,

S A . . A
Where i, =i, =i = and r; =r, =r =— also sini=psin—
2 2

: Dispersion of light :

» When white light passes through a prism, it splits up into constituent colours.
p for different colours, is different.

@ | u, >pg |as w<%|u%%

B
b) p=d+og

n

+ 7% +——— (Cauchy’s formula)

re-Bplyeplem

() Asd,=(pu-D4 .. |95, >0; y=hey!
' !
_ — e Bl T8
Angular dispersion | 0=0,-0;=(n, —ng)4 | Dispersive power | ® = 6v8 O _ (tlv MS) i 3};.
w,—
y y r%.h-“;‘l"fﬂ-

Dispersive ‘power is defined as ratio of angular dispersion to the mean deviation. Where
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¢ Chromatic Aberration:
A white object appeared coloured in chromatic aberration.

. A .
white light
(a) /N‘\/

£ A
y Ji

R

| longitudinal chromatic aberration = (f; — f,) | fo—1f=0f,

R By lateral aberration

(b) 4/

L, 1,

A, B, — violet — violet striking point.
Ar Br > Red —red striking point.

+ Achromatic combination:
Two lenses in contact to produce no chromatic aberration

!

(O] 0]
212 0

S
(i) Both the lenses should be of different material, otherwise ® = ®'.

(i) f; and f% should be of different signs. i.e, if one convex then other should be concave.

1 1 1
—+——=0o0r —=0"0r f,=c orplane glass sheet.
o fy A%

(iii) The lens having lesser focal length should be of the material with lesser dispersive power.

S _ o

: Optical Instruments z

——

Condition:

+ Visual angle:
Angle subtended by an object on our eye is called visual angle. Apparent size of the object depends
upon the visual angle.

% Magnifying power:
The work of telescope and microscope is to increase the visual angle.
visual angle made by the image

Magnifying Power = m = — ] : - -
Visual angle made by the object without instrument for unaided eye




: Astronomical telescope

—————
p . A
o
v Q
A [@]

~ " eye piece
objective lens
o

BII

y_B_tanp _AB/EA OA _ f, 0
a tano A'B/OA EA -u,

Case I: When the last image is at distance of distinct vision (D).
ie, EA"=-D

1 1 1 .
——== 7 (For eye piece)

vV o u
1 1 1 1 1 L 1
- D - ue fe ue -f; D -f; D
. . . . : -
Putting in equation ...(i) L is length of the tube. i :i!":*, "
o1y
M:_&[H&J e
Se D f==FRpyidy
® B
Note: Only numerical values are to be placed. (For fo, fe, D) EheyNobp4,0
g o Casedl:. When last image is at c. (For relaxed eye) [normal setting] ke :-" Ua

o - For this the image 4'B’ should be at f;. So that the final image is at co. W T .

W wg Here u. = f. ¥ ‘J"'-'"&;u‘""
: md f = X¢ U(g
L s M=t I
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Example-17:

Solution:

The focal length of the objective of an astronomical telescope is 7Scm and that of
the eye-piece is 5 cm. If the final image is formed at the least distance of distinct
vision from the eye, calculate the magnifying power of the telescope.

Here, f, =75cm; f, =5cm

We know, D =25

Now, M=£(l+£)z—ﬁ(l+ij =-15%x1.2=-18
f. D 5 25

@

: Simple Microscope :

 —— —

» A simple microscope is nothing but a bi-convex lens of high focal power which is used to magnify

the near object. It is generally known as eye-piece.
Case I: Eye focused at near point i.e., the image is formed
In this case v =D s

1 1 1
Mzzzvx—zvx(——+—J I
u u f v

Now, according to our sign convention V =—-D
here.

A

1 1
M:(—D)x(——+—J 7
f L v=D >

or M=1+2
S

Eye focused at near point

Case II: Eye focused at infinity (Normal adjustment).
In this case we find out angular magnification. If the object is viewed directly by the eye, keeping
the object at the near point, then

0, >
Now let us find the angle subtended by its image, if the image is formed at oo. In this case, the
object will have to be kept at the focus of the lens.

_ 0]
In this case, 0, =—

Therefore, angular magnification
o _oir [, D
6, O/D f




i:nc!‘. A e,
< 4e (Pt (g -gedgok
This is one less than the magnification when the image is formed at the near point, but, naturally, 't_‘FL" e
viewing is more comfortable and the difference in magnification usually small. I"""'-"
For example, if we want a magnification of six, frequired will be 5 cm in the first case (taking D B ¥
=25 cm) and (D/6 = 25/6) ~ 4cm in the second case. I-Sh'r‘élf'
So, magnification is approximately inversely proportional to the focal length smaller the £, smaller =4 key 54,0
will be radius of the sphere out of which the lens is to be cut off. Hence, for all practical purposes,
it is not possible to have magnification > 10 through a simple microscope. For higher RS = ] :
magnifications, we need at least two lenses, one compounding the effect of the other. This is ! u‘
termed as compound microscope. . L X
8 cj.* - 5 u e
Example-18: A simple microscope consists of a convex lens of power +25D and a concave lens :‘:f*u; B
of power —20D in contact. Find the magnifying power when final image is formed PP
(a) at infinity (b) at a distance of distinct vision. E",*: Fa oo b
Solution: Here A =+25D, P, =-20D, D =25 cm ~1 R
Since lenses are in contact, so power of the combination T Pl ~2R,
P=PB+P,=25-20=+5D v
- 100 100 b G
Focal length of the combination, f'=——=—=20cm /?\ P
P 3 5 A7 u e
o o D_25 B
(a) Magnifying power when final image is formed at oo, = M.P.= 7 = 0 =1.25 e
|28
(b) Magnifying power when final image is formed-at the distinct vision, i i —r
D . 25 G0
MP.=1+—=1+— =1+1.25=2.25. g
o

f 20
: Compound Microscope

A'B'/EA
o tana size of object/least dist. of distinct vision

B _tanp _ _ABIEA _AB D

" AB/D  AB  EA

...(i)

—U —u, Uy \ U,
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Case II:

Example-19:

Solution:

When the last image is at least distance of distinct vision ‘D’. (Near point)
For eye piece u=-u,,v=-D, f = f,

1 1 1 1 1 1 D D
———:—’—:—+—’—:1+—
D —u, fw [ Du I
Putting in (ii)

M="201+D/f)

Uy

Here, L is length of the tube which is OE.

When last image is at . (Far point) for eye piece u, = f,

Putting in (ii)

M= _v_0(+ ?J L is length of the tube.
Uy e

Note: Only numerical values are to be placed.

A compound microscope has a magnification of 30. The focal length of its eye-piece
is 5 cm. Assuming the final image to be formed at least distance of distinct vision
(25cm), calculate the magnification produced by the objective.

Here, Normal =30, (magnifying power is negative)

fo=5cm, D=25cm

F
Now, M =m, xm, =mo(l+—j

e

—30=m0(1+§] or m, =-5

= Reflecting type Telescope (Newtonian) z

» The objective is a Jlarge concave

parabolic spherical/ mirror made of

alloy of copper.and tin. A Ramsden

eyepiece is used with this model.
The rays from the distant stars/planets
after reflection from the objective
mirror (concave mirror of large aperture
and large focal length) are reflected to
one side at right angles to the axis of the
objective mirror, with the help of a small
plane mirror, as shown in the sketch.

Small plane
mirror | y

Eyepiece

%/ \SM Objective mirror

Reflecting type telescope (Newtonian model)

Thereafter viewer sees the final image
through the eyepiece.
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Example-20: A reflecting type telescope has a concave reflector of radius of curvature 120
cm. Calculate the focal length of eye piece to secure a magnification of 20.

Here, M =-20 (magnifying power is negative),

Here, radius of curvature of concave reflector, R =120cm

Solution:

Therefore, focal length of concave reflector, f, = g = —% =-60cm
n /. f, =60
Now, magnifying power, M == or f, ==—%=——=2cm
gnifying p VR

@

= Resolving power of optical instruments z

» The power of an instrument to distinguish the images of the two closely spaced objects.
(a) Limit of resolution:
Minimum distance between two lines at which they are just distinet by an optical instrument
is called the limit of resolution of that instrument.
Smaller the limit of resolution, higher is the resolving power.
1.22%

Ax=——.
D

[D — diameter of objective lens, A — wavelength of light used]
(b) Resolving power of telescope:

Limit of resolution of telescope

1 D
R [D is diameter of objective lens]
in0
(¢c) Resolving power of microscope: RP.= %

Where, 6 is the half angle of the cone of light from the point object on to the objective lens.
¢ Vision:
(i) Far point is at o and near point is 25cm.
(i) If the object is at oo, eye is least strained and said to be relaxed. However, if the object is at
least distance of distinct vision i.e., D = 25cm, eye is under maximum strain.
(iii) Unit of resolution of eye is one minute.
(iv) Persistence of vision is 1/10 sec.

« Myopia or near sightedness:
Far objects are not clearly visible. Far point is at lesser than oo hence making image before retina.
Divergent lens is used to remove this defect.

—_—17
——

Defected eye Corrected eye

Fu
(8 -2e)90k
p=-Baly'ielimy



+ Far sightedness or Hypermetropia:
Near objects are not clearly visible. Near point is at distance greater then 25cm. Hence image will
be behind retina. Convergent lens is used to remove this defect.

+.

YY
L —

Defected eye Corrected eye
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PRACTICE QUESTIONS

1. The length of the tube of a microscope is 5 cm. The focal lengths of the objective and eye
lenses are 0.2 cm and 0.5 cm. The magnifying power of the microscope is
a) 5 b) 230 c) 1250 d) 500

2 .In the given figure, a mixture of blue, green, and red-coloured rays is incident normally on a
right-angled prism. The critical angles for the material of the prism are 40° for red, 41° for green,
and 42° for blue. In this arrangement,

420

—_—

] | \
n A

a) Red colour from blue and green
¢) Green colour from red and blue

b) Blue colour from red and green
d) All the three colours

3. For a telescope with the maximum possible magnification, we would choose the lenses with

the longest focal lengths. Therefore, select the lenses with focal lengths of 100 cm and 10 cm.

a)100 cm, 0.3 cm b) 10 cm, 0.3 cm c) 10 cm, 4 cm d) 100 cm, 4 cm

4. In the given setup, a double convex lens made of a material with refractive index p is
positioned between two liquids with refractive indices p» and ps, where p2 > i > ps. When a
wide, parallel beam of light is directed towards the lens from the left, the lens will cause the

light rays to

a)“A single convergent beam
¢) Two different divergent beams

b) Two different convergent beams
d) A convergent and a divergent beam

5. The diameter of the eye-ball of a normal eye is about 3 cm. The power of the eye lens varies
from

a)2Dto 10D b)37Dto 33D c)9Dto8D d)44Dto40D
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a) 20 cm

8.

9.

a) 861 lumen

10.

A 3 cm thick layer of water covers a 5 cm thick glass slab. A coin is placed at the bottom of
the slab and is being observed from the air side along the normal to the surface. Find the
apparent position of the coin from

mm[?

5.6 cm

b) 8.0 cm ¢) 10 cm d)5 cm

If a small object is positioned 20 cm in front of a plane mirror, and you stand behind the
object, 30 cm from the mirror to observe its image, you would need to focus your eyes at a
distance of

b) 50 cm ¢) 80 cm d) 40 cm

A ray of light travels from a medium of refractive index p to air. Its angle of incidence in the
medium is i, measured from the normal to the boundary, and its angle of deviation is 8.6 is
plotted against i which of the following best represents.the resulting curve

9 515:

S1

If a 150 W unidirectional bulb has a luminous intensity of 80 candela, the total luminous flux
emitted by the bulb is

b) 1005 lumen c) 1256 lumen d) 1561 lumen

The dispersive powers of crown and flint glasses are 0.01 and 0.03 respectively. In an

=y 6= 0E.
Al P achromatic combination of lenses, the focal length of flint glass lens is 20 cm. The focal
— W length of crown glass lens will be
: ;-.‘—f"‘—';-l-ﬁ“'f a)—6.67cm  b)+6.67 cm ¢) —10.3cm d) +10.3 cm
e -£al ,*—.L,’* 11. A boy is trying to start a fire by focusing Sunlight on a piece of paper using an equiconvex
y* 7 Yoo lens of focal length 20 cm. The diameter of the Sun is 1.39 X 10° m and its means distance
/ daidl from the earth is 1.5 X 1011m. What is the diameter of the Sun’s image on the paper
- f
=’—,;— gk a) 6.5x 107°m b)12.4 X 10™*m c) 18.52 X 10~*m d) 6.5 x 10™*m
) = Acar (G, -
}r"—_,""—"'\:‘
. N,
4 [l w “_J i
A _¥oat Y T R 5
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12. The magnification produced by the objective lens and the eye lens of a compound microscope
are 20 and 5 respectively. The magnification of this microscope is
a) 25 b) 50 c) 100 d) 200
13. Given the refractive index of a denser medium with respect to a rarer medium as N2 and its
critical angle 0., the angle of incidence A can be determined. At this angle, when light is
traveling from the denser medium to the rarer medium, a portion of the light is reflected, and
the remaining part is refracted. The angle between the reflected and refracted rays is 90
degrees. The relationship between these angles can be expressed as:
a) tan’'(sin 0.)
b) 1/tan’'(sin 0.)
¢) 1/cos’'(sin 6.)
d) cos’(sin 6.)
14. The refractive index of glass is 1.5 for red light and 1.51 for blue light. Let Dy and D, be
angles of minimum deviation for red and blue light respectively in a‘prism of this glass. Then,
a)D; < D,
b)D, = D,

15.

a) 3.0

16.

17.

a)l:2

c)D; can be less than or greater than D, depending upon the angle of prism
d)D; > D,

When a plano-convex lens is silvered on the plane side, it behaves like a concave mirror with
a focal length of 40 cm. On the other hand, when. it is silvered on the convex side, it behaves
like a concave mirror with a focal length of 15 cm. Find the refractive index of the lens
material:

b) 2.0 c)2.5 d)1.5

An L-shaped wire is created by bending a small piece of wire, with equal lengths for its
upright and horizontal portions. The wire is positioned with its horizontal portion aligned
along the axis of a concave mirror, having a radius of curvature of 10 cm. The bend in the
wire is located 20'cm away from the mirror's pole. In this configuration, the lengths of the

images formed for the upright and horizontal portions of the wire have a ratio of

b)3:1 c)1:3 dy2:1

A thin equiconvex lens is constructed using glass with a refractive index of 1.2, and its focal
length in air is measured to be 0.3 m. However, when this lens is submerged in a liquid, it
behaves as a concave lens with a focal length of 0.5 m. To determine the refractive index of
the liquid,

13

c) —

17 10 9
17 b) — )~
2 )5 8 )3
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18. The refractive index of a certain glass is 1.5 for light whose wavelength in vacuum is 5000 A.
The wavelength of this light when it passes through glass is

a) 4000 A b) 3333 A c) 6666 A d) 15000 A

19. In a room made of mirrors, an insect is moving along the diagonal of the floor. The velocity of
the image of the insect on two adjacent wall mirrors is measured to be 20 cm/s. Determine the
velocity of the image of the insect in the ceiling mirror.

10
a) 10 cms™? b) 20 cms™?! 9 ﬁcms‘1 d) 20v2 cms™1!

20. If the critical angle for total internal reflection from a medium to vacuum is 60°, the velocity
of light in the medium is

a)3x108m/s b)2.59 x 108 m/s ¢)2x 108 m/s d)+/3 x 108 m/s

21. A square cross-section glass rod with a refractive index of 1.5 is bent.into the shape shown in
the figure. A parallel beam of light is directed towards the flat surface A, as depicted.
Determine the maximum value of d/R, where d represents the width of a side of the square
and R represents the radius of the circular arc.

(This value ensures that the light entering the glass slab through surface A will exit the glass
through surface B.)
—

B |—
—

a) 1.5 b)0.5 c) 13 d) None of these

22. The rate at which the apparent depth of water in a cylindrical water tank, with a diameter of R
cm, is decreasing is x cm/minute. This decrease is due to water being drained out at a constant
rate. Find the amount of water drained in cubic cm (cc) per minute.

(n, .= refractive index of air, n, = refractive index of water)
a)xmR?*ny/n, b)xmR?n,/n, c)2mRny/n, d)mR? x

23. A converging beam of light is directed towards a point | on a screen. To the path of the beam,
a plane glass plate is introduced. The glass plate has a thickness t in the direction of the beam

and a refractive index of . The glass plate in the path of the beam causes a shift in the
convergence point. The amount of shift is

a)t (1 — i) away b)t (1 + i) away o)t (1 = i) nearer d)t (1 + i) nearer
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24. A person is using spectacles with a power of +2 D. This indicates that the person is suffering
from

a) Myopia b) Presbyopia ¢) Astigmatism d) Hypermetropia

25. In a grease spot photometer, light from a lamp with dirty chimney is exactly balanced by a
point source distance 15 cm from the grease spot. On clearing the dirty chimney, the point
source is moved 3 cm to obtain a balance again. Then the percentage of light absorbed by the
dirty chimney is nearly

a) 64% b) 89% c) 44% d) 56%

26. Light travels in two media A and B with speeds 2 X 108ms~1 and 2.6 X 108ms~1!

respectively. Then the critical angle between them is

a) sin~! (13—0) b) tan~?! (14—3) ¢)tan~t <§>

27. A Galilean telescope has an objective of focal length 90 cm and magnifying power 60. The
distance between the two lenses in normal

10
dsin” 33)
) sin 3

a) 88.5 cm b) 100.5 cm ¢) 150 cm d) 200 cm
28. A telescope using light having wavelength 6000 A and using lenses of focal 2.5 and 30 cm. If
the diameter of the aperture of the objectiveis.20.cm, then the resolving limit and magnifying

power of the telescope is respectively

a) 6.1 X 10~%rad and 12
€)6.1 X 10~ %rad and 8.3 X 1072

b) 5.0 X 10~°rad and 12
d) 5.0 X 10~%rad and 8.3 x 1072

29. What is the focal length of'a combination of a plano-convex lens and a plano-concave lens,
where both lenses have parallel plane surfaces, are made of different materials with refractive
indices p_1 and p_2; and have a curved surface with a radius of curvature R?

R R 2R

I R - -
2 2(y +uz) b) A — ) © (M1 — H2) 9 (M2 — M)

30. A boy'l m tall with his eye level at 0.8 m stands before a mirror fixed on a wall. The
minimum length of mirror required to view the complete image of boy is
a) 1.09 m b) 0.06 m ¢) 0.69 m d)0.12 m
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31. The variation of u versus v for a convex mirror is

a) ii b) c) d)
(0] (0] (0] 0

32. A prism of a certain angle deviation the red and blue rays by 4° and 8° respectively. Another
prism of the same angle deviates the red and blue rays by 8° and 12° respectively. The prisms
are small angled and made of different materials. The dispersive powers of the materials of the
prisms are in the ratio

a)5:3 b)9: 11 c)3:5 d)11:9

33. A compound microscope has an objective and eye-piece as thin lenses of focal lengths 3 cm
and 5 cm respectively. The distance between the objective and the eye-piece is 25 cm. The
distance at which the object must be placed Infront of the objective if the final image is
located at 30 cm from the eye-piece, it numerically

a) 95/6 cm b) 5 cm c) 95/89 cm d) 25/6 cm

34. What is the measure of angle BAC in a glass prism; where the principal section is an isosceles
triangle ABC with AB = AC, and the face AC is silvered? Given that a ray of light is incident
normally on the face AB and, after two reflections, it emerges from the base BC perpendicular

to the base.

a) 30° b) 36° ¢) 60° d) 72°

35. If the refractive index of a prism's material is 1/Y2 and the angle of the prism is 30°, and one
of its refracting facesis polished, what would be the angle of incidence at which the incident
beam of light retraces back?

a) 0° b) 20.7° c) 37° d) 90°
36. When a beaker contains water up to a height h: and kerosene above the water up to a height
h2, with'the total height of the liquid column being (h: + h2), and considering the refractive

index of water as ui and the refractive index of kerosene as u», what is the apparent shift in the
position of the bottom of the beaker when viewed from above?

1 1 (1+i)h +<1+i)h
a)(l—u—l)h2+<1—u—2)h1 p(1tg )M Wk

¢ 1)h +(1 1)h (1+1)h (1+1)h
) u 2 0 2 d) U 2 u 1
{ St A ! lk"J
M ‘-_' '?'I* -((:— — ¢ -{- | A "R . E ""‘.-'.‘_- R -t 1
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37. In an achromatic convergent doublet consisting of two lenses in contact, the power of the

38.

doublet is +3D, and the convex lens in the doublet has a power of +4D. What is the ratio of the
dispersive powers of the convergent and divergent lenses?

a) 2:5 b) 1:5 c) 5:2 d) 5:1

If a lens with a refractive index of n is placed in a liquid with a refractive index of n™', what
will be the focal length of the lens in the liquid, given that its focal length in air is {?

" (n— f(n"—n n(n—1 !
2) fn (,rl 1) ) g ) o (, ) d) fn'n :
n’-n n'(n—1) f(n' —n) n —n
39. What is the radius of curvature of a planoconvex lens with a maximum thickness of 5 c¢m,

where the lens is placed on a horizontal table and the apparent depth of the bottommost point
of the lens is 4 cm when the curved surface is in contact with the table surface? Additionally,
when the lens is inverted and the plane face is in contact with the table surface, the apparent
depth of the canter of the plane face is found to be (13/4) cm.

a) 34 cm b) 128 cm c) 75 cm d) 68 cm

40. If the refracting angle of a prism is A and the refractive index of the prism's material is given

by tan(A/2), what is the angle of minimum deviation of the prism?

T T
a) T+ 2A b) 1t — 2A Q) 54 d)5—A

41. If a biconvex lens forms a real image of an object placed perpendicular to its principal axis,

and the radii of curvature of the lens tend to infinity, what would happen to the image?

a) Disappear

b) Remain as real image still

c) Be virtual and of the same size as the object
d) Suffer from aberrations

42. Given a concave mirror, an object is positioned at a distance di from the principal focus on the

principal axis. Consequently, the image is formed at a distance d- from the principal focus.
What is the focal length of the mirror?

a) vdild2

b) did2

c) (d1+d2)/2

d)\/%

T




ANSWER KEY

1) c 2) a 3) a 4) d

5 a 6 b 7 a 8 b

9 a 10) a 1) ¢ 12) ¢

13) a 14) a 15 ¢ 16) b

17) b 18) b 19 d 200 b

21) b 22) b 23) a 24) d

25) b 26) d 27)  a 28) a

29 ¢ 30) a 31) ¢ 32) a

33) d 34) b 35 b 36) ¢ @
37) b 38) a 39) a 0) b Q

41) ¢ 42) a \
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HINTS AND SOLUTIONS

1
0 — —
3x1072 -0 f

(c)
LD=> _ 5x25
M e T T 05%02

= 1250
(@)

Condition of no emergence is
A>C
As angle of prism is greater than critical
angle for blue and green coloured rays,
total internal reflection will take place at
second surface and hence the
arrangement will separate red colour
from blue and green.

(@

m=-lo
fe

(d)

As U, > pq, the upper half of the lens

will become diverging

As uq > Uz, the lower half of the lens

will become converging

(b)
An eye sees distant objects with full

relaxation
1 1

11

33D

T f 3x1072°

An eye sees an object at 25 cm with strain
1

So

_ L 21
3x10~2  —25x10-2 f
orP=I§=33+4=37D

6. (a)
Using equation, the total apparent shift is

4 cm

6 cm

h(1 1)+h (1 1)
S = _—— -
! w/ 7 iy

Ors=3(1—$)+5(1—$)

= 2.4 cm
Thus,h =h; +h, —s=3+5-24
= 5.6 cm

7. (b)

8. ()

The ray of light is refracted at the plane surface.

However, since the ray is travelling from a
denser to a rarer medium, for an angle of
incidence (i) greater than the critical angle (c)
the ray will be totally internally reflected

5.
//r
.

sini

, .. .1
Fori < c¢; deviation § = r — i with= = =
u sinr

Hence § = sin~(usini) — i
This is a non-linear relation. The maximum
value of 8 is §; = g— c
1
sinc

Wherei = cand u =

’
v
v
v
“\O
’

1

Fori > c, deviation § = m — 2i
6§ decreases linearly with i
6,=m—2c=24

9. (b)
¢ =4nL =4 x%x3.14 x 80
= 1004.8 lumen
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10. (a)
inog L1 4 L2 _ 001 , 003 _
By using i +f2 =0= i +=5 =0
f; = —6.67 cm
11. (¢)
_Dxf 139x10°x20x1072
o 1.5 x 1011
=18.52 X 10™*m
12. (¢)
Given My =20, M, =5

-~ magnification of this microscope is
M=My; XxM,=20%5=100

13. (a)
Denser (pg) A
90°
Rarer (i, ) r

Let's consider the angle of refraction as 90- A.
The critical angle can be determined using the
equation sin(0.) = (u/Wi), where prand p; are the
refractive indices of the medium of refraction
and the medium of incidence, respectively.

We have observed that sin(6;) = (/)
Substituting the known values, we can write:

14. ()
D=@—-1A
For blue light p is greater than that for red
llght, SO, Dz > D1

15. (c)
1

Here 7= ]—, F E
Plano-convex lens silvered on plane side has
m = ©
1 2 A 1 1 2 N -
“FrfTe ampo/=80em
Plano-convex lens silvered on convex side
has f,, = g
'1—2+2=> 1_Z2 +2:R 120
"FFTRT 15 T80 TR T ATm

Now using}lc =u-1) (E)’ we get u = 2.5

16. (b)

Focal length of mirror f = g = 12—0 =5cm

fe—— 20m —

For part PQ:
transverse magnification

; f
length of image L, = (f u) X Ly
- (=) <=
~\—5—(-20) 0= 3
For part QR: longitudinal magnification

2
Length of image L, = (]%u) Ly

T sin(0.) = sin(0;) _ ( -5 )2 = LO L1 E
it €3246 sin(6.) = sin(A)-* cos (90 - A) —5 — (=20) 0= g Lz 1
J =2 ¥ sin(0.) = sin(A) * cos(A)
T sin(0.) = tan(A) 17. (b)
; fml Therefore, A = arctan(sin(6.)) fii alg—1 —0.5 1.2-1 .
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18. (b)
A 5000
Amedium = % = = 3333 A
19. (d)
vcos45° = 20 v = 20v2 cms ™!
In the ceiling mirror be original velocity
will be seen

‘T'm .
§
&
45
20cms
20. (b)
_ 1 _ 1 _ 2
M= 5inC ~ sin 60 B
3 x 108 x V3
sVE————= 2.6 X 108m/s

21. (b)

1 1
=0 >sin~? (—) = sin® > —
m n

From ﬁgure sin@ = i

(v d)en

R+d E
d (d) a
SREFTIT RSO
22. (b)
Apparent depth h’ =
airMliquid
_dh’ 1 dh
dt — Lu, dt
_1.dh [ dn
T dt T
dh
= dt = aleX
Now volume of water V = mR?h
dv , dh
=>E=T[R e — =mR? - L, X

n
= JHeTR?x = R (n—2> mR?x
1

Ha

23. (a)
Normal shift Ax = (1 — i) t and shift takes

place in direction of ray

N

T o
—t—

24. (d)
The person using spectacles with a
power of +2 D is suffering from
hypermetropia or farsightedness.
Hypermetropia is a refractive error

where the eye focuses light behind the

retina instead of directly on it. This
results in difficulty in focusing on

nearby objects, causing blurred vision.

The positive power of +2 D in the
spectacles helps to bring the focal
point forward, allowing the person to
see nearby objects more clearly.

25. (b)
r; =15cm,r, = 5cm
L 25 L i 25

I, 225 1, 225
Or % = %
Or % x 100 = 89%
26. (d)

Light travels slower in denser

medium. Hence medium A is a denser

medium and medium B is a rarer
medium. Here, light travels from
medium A to medium B.
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Let C be the critical angle between them
1
A
# =
g Buy
Refractive index of medium B w.r.t medium 4 is
Velocity of light in medium A _Va
Velocity of light in medium B~ vp
Vg  2X 108 _ 10
vy 2.6x10%8 13

10
= gj 1=
= C = sin (13)

~sinC =

Up =

~sinC =

27. (a)
In Galilean telescope, a convergent lens is used
as the objective and a divergent lens as the
eyepiece. Magnifying power and length of
telescope are written as

M=—andlL = f; —u,

Ue = fo

sO,Moo=%_60

P - N
orfe—60—60— Scm
AndLoosz _]L‘e

Lo, =90-1.5=88.5 cm

u—1 u,—1

“"rR "R
1 w—u
F~ R .
OrF =
Ui —Uz
30. (a)

From the figure, it is clear that eye is at 1.38 m
from the foot. Rays from foot can enter eye after
reﬂecti%l at M,, whose height from ground

0.06

E
1.38’7

Again; eye is at 1 — 0.8 = 0.2 m from heat. Rays
from head can enter eye after reflection at M,

whose height above eye is

02 _ .,
) =U4am

~ Minimum length of mirror
=0.69+0.4=1.09m

28. (a)
e _ U 31. (c)
fo 2.5 32. (a) 5 s
—-10 . —_ —
el Mk = 1222 _ 1.22><(50000><10 ) For one prism, w; = Ba R _ % [ 5 =
1
= 6.1 x 107°rad @]
4
29. (¢) = wp = E
The combination of two lenses is . Sg—6p 12-8
A 4 1 P 1 For otherprlsm, Wy = T = T[ d =
S F fi fo L1 12+8]
——(u1—1)<—+—)+(u2 2
R = w = —=
1 1 2710
—1)(_—R—;) w, 4x10 w; 5
or— =—
[OF) 6 X4 [O)) 3
de e L g A ! A A | __".-_-“_‘J u * |
oevidty T M v A ¥4V, P A e o A
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33. (d)
34. (b)
From the figure
i1 =90°—(90°—A4) =4
and « = 90° — 2i; =90° — 24
v iy =90° —a =90°—(90°—24) =24
s~ B =90°—1i, =90°—24
From the geometry of the figure
A+ 2A+2A =180°

~ A =36°
35. (b)
A=1r+rmn,
~30°=r +0°
or rp, = 30°
sini 1
Newe sin30° 2
ini = i X 1
or sini ==X
Or sini = —
22
Or i =20.7°
36. (¢)

Apparent shift h = (1 = i) h

-~ Apparent shift produced by water
1
AN hl = (1 - _) hl
H1
And apparent shift produced by kerosene

1
Ahzz(l__)hz

K2
Ah=Ahy +A h;

S (1 —i)h1+ (1 —i)hz
3. ) H1 K2

The condition for achromatism is
0)1P 1 + (l)zp 2 = 0

w1 Py = —w, P,
w1 P,
> Py

NOW,P1+P2=3D
Or 4+ P,=30r P,=-1D

39. (a)
Realdepth

" = Apparent depth
ng Ny M~Np
u v R
1.25 4 _ 1.25 -1
5 13 R
R =34 cm

5
4

40. (b)
. A+ om
A sin(——)
S A WETYYP
siné sin(A s Sm)
2 _ 2

sinA/?2

or é =
cos 7

A+6m)

n (507 ) =sin
or Sin ) = Sin 2

i A _ (A + Sm)
or 2- U2

or 180°—A4A =4+ ém
om =180°—24 =m — 24

41. (¢)
1 1 1
F= W=D (R1 RZ)
. 1 2
For biconvex lens R, = —R; - i (T (E)
Given R = oo .. f = o0, 50 no focus at real
distance
42. (a)
l=vli4+ul=fl=vuv+u=vu

= f(v+u)
Substituting the values of v and u, we get
(f+d2)(f+d1) = f(f+d2 + f+d1)
= {2 + fd1 + fd2 + d1d2
=22 +fd1 + fd2 = 2f2 — f2

o -1 1 =dld2 = f2 = d1d2 = f
“w;, 5 5 = V(d1d2)

a5 1t == . Gaf ol 1) - _i LJ )

oo g DY I W il
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	Example-14: The material of an equilateral prism has refractive index 1.5. Find the angle of minimum deviation, the angle of incidence, when the angle of deviation is minimum, and also the angle of refraction at first face.
	Example-15: A prism with refracting angle 60( has its minimum deviation as 37( when placed in air. Find its minimum deviation angle when immersed completely in water. ((water = 1.33).



