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1. Whenaray of light is incident on a surface, there
are three phenomenon which occurs
(a) Reflection (b) Refraction
(c) Absorption
2. Laws of Reflection:
Normal

i
IR Lir /RR

¢ Angle of incidence = Angle of Reflection

¢ Incident ray, reflected ray and normal all lies
in same plane.

3. Lettwo plane mirror are inclined to each other at
angle 0.

Method to find number of images

360 _

/ 0 \
n=even n = odd

Noofimages=n-1 . / . .
object lying  object lying
symmetrically unsymmetrically

No of images=n-1 no of images =n

4. Deviation of ray after reflection:

@) 5=180-2i

(b)

Geometric Optics

. When Incident ray is rotated by angle 6, keeping

mirror stationary. The image rotates by same
angle 6 in opposite sense

Whereas,

If the mirror is rotated by angle 6 keeping object
stationary, image rotates by 20 in same direction
of rotation.

. Foraplane mirror, image is of opposite nature as

of object, it is of same size as of object, at same
distance as of object from mirror. These properties
can be utilised to determine the velocity of image,
when object or mirror is moving.

. The relationships between angle of incidence and

focal length.
f=R- R - zE(ParaxiaI Rays)
2cosi 2

»
>

. For reflection through spherical surface certain

sign convention rules are used which can be
considered same for all future case.

Sign Convention

¢ Direction of incident ray will be same as
direction to be considered to be positive.

¢ All distance are measured from pole/optical
centre.

# Distances measured in direction of IR will be
measured positive anti-parallel to direction of
IR, will be considered negative.



+ Distances measured vertically upward from If angle of incidence is greater than critical

principal axis will be positive whereas angle, light is reflected back in denser medium.
measurement vertically downward will be This phenomenon is called TIR (Total Internal
taken as nagative. Reflection).
. For spherical surface Reflection: 12. Area of visible region from under water
. .1 1 1
(a) Mirror formulais —=—=+—
f v u

f = focal length from pole
v = Image distance from pole
u = object distance from pole

(b) To Relate height of object & Image we use
lateral magnification.
hi -V

Miateral = 7= ——
hy, u

(c) To Relate thickness along PA for object and
Image we have Longitudinal magnification
valid for small thickness only.

13. For refraction through prism, we need to mention
some important points

t, —v? (Only valid for

] I )
Miong =77 = g2 small thickness) .
i 3
(d) If object moves parallel or perpendicular or ;"
at any angle to principle axis of mirror. We (@)
can relate velocities of image & object using %
magnifications. _ <
9 ¢ A=r +r,
Velocity of image parallel to PA = M ong® ¢ d=ite—(r,+r)
velocity of object parallel to PA. o S=i+e—A
Velocity of image perpendiculartoPA.=m,_ . ¢ sini = psinr,
x velocity of object perpendicular to PA. # psinr, = sine.
. Laws of Refraction: ¢ For minimum deviationi=e
(a) Incident Ray, Normal Ray, Refracted Ray all AZ=r
lies in same plane. o . =2i-A
(b) Snell's Law: product of Refractive Index (A+5mm)
and sine of angle made with normal is always W =sin
const sin (2)
1 Sin® = constant 5
. When light moves from denser medium to rarer 5 A&
medium, it shifts away from normal. At a certain max
angle from denser medium emergent ray grazes
out from surface called critical angle. ¢ 5
min

0, =sin (ﬁJ _ >
Hd 1=e i=n/2




Multiple Choice Questions

1.

In the diagram shown, the object is performing SHM according
to the equation y = 2A sin(wt) and the plane mirror is performing

SHM according to the equation Y = —Asin (mt _g) The diagram
shows the state of the object and the mirror at time t = 0 sec. The

minimum time from t = 0 sec after which the velocity of the image
becomes equal to zero?

T 3n
T 27
9 %o 9 3

A practically very small source (S) of light is kept in front of a
plane mirror. But due to imperfect manufacturing, there is a small
spherical bulge (radius of curvature 80 mm). The situation is as
shown in the figure. You can assume that principal axis of bulge
is perpendicular to the plane mirror. Find the separation between
the images formed.

(a) 10.025 mm (b) 20.025 mm
(c) 40.025 mm (d) 80.025 mm
The refractive index of the medium within a certain region x > 0,
y > 0, changes continuously with y. A thin light ray travelling in

air in the x-direction strikes the medium at right angles and moves
through the medium along a circular arc of radius R.

n

(a) Refractive index of medium varies withy as /

n

(b) Refractive index of medium varies withy as /

éhy
(c) If refractive index of medium can increase up to a value

n = 2.5, the maximum value of y is 3?R

(d) If refractive index of medium can increase up to a value
n = 2.5, the maximum value of y is 5R

plane mirror

object

Air

A
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8. An optical bench is used to estimate the focal length of a convex
mirror. First an object needle (O), convex lens L and image
needle | are placed and parallax is removed. Now convex mirror
is introduced between L and | and the mirror is moved so that
image as seen from left of O has no parallax with O. Which of the

following readings is/are required to estimate the focal length of 0 L M 1
mirror and random error in it?

(@ O (b) L

() M d) I

9. As shown below, a point light source (S) is inside a glass block

of refractive index ng =g, at a distance 2 mm from the optical

axis and distance x = 3 cm from the flat surface. A thick plano-
convex lens made of transparent plastic material of refractive index
n, = 2, is placed near the source as shown. The thickness of the
lens is d, and the radius of convex surface is R = 15 cm. The width
of air gap between the glass block and the lens is ‘t’. The width of
air gap t and thickness of lens d is adjusted so that light (paraxial
rays) from point source forms always a parallel beam after passing
through the lens. Select correct option(s).

(a) Ford=16cm, width of airgapt=5cm.

(b) For thickness d = 10 cm, width of air gap t = 8 cm.
(c) The maximum adjustable value of d = 26 cm.

(d) The maximum adjustable value of d = 16 cm.

10. An object and a concave mirror is moving with velocities ui and

2ui respectively as shown in figure. The image formed by the
concave mirror:
(a) will have speed greater than the speed of the object
(b) may have speed greater than the speed of the object
(c) will have speed greater than the speed of the mirror
(d) must move away from the mirror.

sondo 2118W099)

11. Assilvered, hollow glass sphere (mirror), having radius R, has a
round hole as shown in the figure. Radius of round hole makes o
(acute) angle at the centre. Into this round hole a parallel beam of
ray falls, perpendicular to the plane of the hole. Part of rays having
undergone one reflection, (portion crossing the smaller circle of
radius r,) exits the sphere back through the hole. (Assume 100 %
reflection). Choose the correct option.

(o
(@) rZ:Rsm(EJ

ar?
(b) r=3r, —R—§

2
© 1 =—sin(o)

r2
(d) Fraction of the power of the incoming beam, which exit

sin((xIB)]Z

through the hole after one reflection is [ >
sina
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12.

13.

14.

A monochromatic point light source S is placed at a distance
2f from a screen as shown. A convex lens of focal length f is
placed in between source and screen as shown. Assume complete
transmission of light through lens.

(a) Intensity at point P on the screen before and after placing lens
will be same

(b) Intensity at point P on the screen after placing lens will become
two times that of before placing lens

(c) Intensity at point P on the screen after placing lens will become
four times that of before placing lens

(d) Intensity at point P on the screen before and after placing lens
is not comparable

Light passes from air into flint glass with index of refraction n.
The angle of incidence must the light have for the component of
its velocity perpendicular to the interface to remain same in both
mediums is

@) sinn (b) sin ( 1 )
n
(c) costn (d) tantn

Parallel to each other there are four thin lenses along the same
optical axis, as shown in the figure. The radii of the curvatures of
each lens are 5 cm, and 10 cm. Two of the lenses are air lenses
which are in glass of refractive index of n = 1.5 and the other two
lenses are made of glass of the same refractive index. In the glass
there is a point-like light source on the optical axis at a distance
of 60 cm from the fist air lens which is thinner in the middle. The
boundary of the glass is at a distance of 10 cm from the other air
lens as shown. From the boundary of glass at a distance of 10 cm
there is the concave glass lens and the fourth glass lens is at a
distance of 20 cm from the third one.

= (i (

<>
30cm 10cm
(a) The image of the light source created by the four lenses is
virtual

(b) The image of the light source created by the four lenses is
inverted w.r.t. object

(c) The image of the light source created by the four lenses is real

(d) The image of the light source created by the four lenses is at
a distance of 40 cm from the last lens



15.

16.

Acray of light, travelling parallel to diameter of a sphere enters the
sphere through a hole at point A as shown in the figure. The inner
surface of the sphere is made perfectly reflecting. Find the number
of reflections suffered by the ray before coming out of the sphere.

(a) 180 (b) 20
(c) 179 (d) 19

An equi-concave lens of radii of curvature of the two surfaces
numerically equal to 7 cm and refractive index p= 1.5 has a small
silver dot on the rear surface. As a result of this, a ray of light
incident parallel to the principal axis gets reflected from its rear
surface and then reflected also from the inner front surface. The ray
after the second reflection emerges out of the thin lens and appears
to focus at a point P on the principal axis. The point P lies

(a) 1 cm before the lens (b) 2 cm before the lens

(¢) 1cm beyond the lens (d) atnone of these

Paragraph Type Questions

Passage for (Q. 1 - 2): A point source of light is as shown in the figure
reflected light form the mirror M forms a patch on the wall. As mirror
approaches the wall from a distance:

1.

2.

Mark the correct statement

(a) The patch will increase in size

(b) The patch will remain the same size

(c) The size of the patch will increase then decreases
(d) The size of the patch will decrease then increase

Mark the correct statement

(a) Patch will become brighter

(b) Patch will become dimmer

(c) Brightness of the patch will remain the same.
(d) Patch will first become brighter then dimmer

Numericals & Subjective Questions

1.

Athin hemispherical bowl of transparent plastic floats on water in
a tank. The radius of the bowl is 50 cm and the depth of the bowl
in water is 10 cm. The depth of the water (u = 1.33) in the tank is
170 cm. An object 1 cm long is on the bottom of the tank directly
below the bowl. The object is viewed from directly above the bowl.
Ignore the refractive effects of the plastic.

What is the size (in cm) of the image?

N

wall
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laser beam

. Parallel beam of light falls normally on a wall of a dark room

and illuminates on it a round spot of radius r = 4 cm. when a ball
(radius = 5¢cm) whose surface is mirrored is placed so that its center
is on the axis of the beam and at a distance of d = 11 cm from the
wall, a large part of the wall is illuminated but at the center is
formed a circular shadow of radius R cm. Find R in cm.

. A point object O is placed at a distance of 41 cm from a convex

lens of focal length f = 20 cm on its principal axis. A glass slab of
thickness 3 cm and refractive index p = 1.5 is placed between the
lens and the object with its faces perpendicular to the principal axis
of the lens. Image of the object is formed at point I,. Now the glass
slab is tilted by an angle of 6 = 1° (as shown in the figure) and the
final image is formed at 1. Calculate the distance (in mm) between

points |, and 1. (Take % =0.017). Consider only paraxial rays

for the lens and near normal incidence for the glass slab.

. An isosceles triangular glass prism stands with its base in water

as shown. The angles that its two equal sides make with the base
are O each. An incident ray of light parallel to the water surface
internally reflects at the glass-water interface and subsequently
re-emerges into the air. Taking the refractive indices of glass and

water to be % and % respectively, find maximum possible value

of cos? 0 for this to happen?

. Travelers in the desert sometimes observe what appears to be a

sea or lake. At what distance (in m) from the observer does such a
mirage appear? Assume that the speed of light near the ground in
the desert varies according to the formula c(z) = ¢, (1 — az), where
¢, is the speed of light at the ground and z is the altitude above the
ground. Assume rays were travelling parallel to ground near the

ground. [h=2m, a =ﬁm*, (where h is height of man eye
from ground)]

. Alaser beam propagates through a spherically symmetric medium,

as shown in the figure. The refractive index varies with the distance

to the symmetric centre C by the law p(r) =p, (rl) where u, =1,

0
r,=3cm, r,<r <oo. The beam’s trajectory lies in the plane that
includes C. At distance I} =84/2 cm the beam makes an angle
¢ = 30° with radial direction as shown in figure. Find the minimum

distance (in cm) the beam reaches relative to the symmetry centre C.

. Aray of light is incident on a glass sphere of refractive index

n= /3 such that the directions of the incident ray and emergent
ray when produced meet the surface at the same one point. The

value of angle of incident is 0. Calculate the value of % .



8.

9.

10.

11.

12.

13.

Point object O is as shown in diagram. At distance x the object
should be placed such that its final image coincides with it. If the
value of x is 5n then find the value of n?

15cm

—>
1mm$
—>
¥ om \/
f=10cm
f=75cm

An isosceles right angled triangular glass (u = 1.6) prism has a
cavity inside it in the shape of a thin convex lens whose both
surfaces have radius of curvature equal to 20 cm. The cavity has
been filled with a transparent liquid of refractive index 2.4. S is
a point object and there is an opaque sheet having a small hole
such that the source and the hole both lie on the principal axis of
the lens. The small hole in the opaque sheet is there to ensure that
only paraxial rays are incident on the original system. However,
the size of hole is large enough to neglect diffraction effects. At
what perpendicular distance (in cm) from line BC, the observer P
will see the image?

Consider an equilateral prism ABC as shown in the figure. A ray
of light is incident on the face AB and gets transmitted into the
prism. Then total internal reflection takes place at the face BC and
the ray comes out of prism through the face AC. The total angle of
deviation is 120°. Find the angle of incidence of light on the prism
(in degree). (Refer Fig.: 15.10)

A capillary tube is made of glass with the index of refraction n’.
The outer radius of the tube is R. The tube is filled with a liquid
with the index of refraction n < n’. What should be the minimum
internal radius of the tube r so that any ray that hits the tube would
enter the liquid?

A parallel beam of monochromatic light strikes a transparent prism.
The cross section of the prism is a regular hexagon. The beam is
parallel to the “top” and “bottom” faces of the prism, and points A
and B in the diagram are the midpoints of the corresponding edges.
After the refraction, two separate parallel beams of light emerge
from the prism. What is the minimum index of refraction of the
material of the prism that allows such an effect?

Two converging lenses have focal lengths f and f . The optical axes
of the lenses coincide. This lens system is used to form an image
of an object. It turns out that the size of the image does not depend
on the distance between the lens system and the object. Find the
distance x between the lenses.
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Fig.: 15.10




14. A thin glass lens is formed by two convex surfaces that have
equal radii of curvature. When the lens is in the air, the distance
between its foci is 2f . When the same lens is immersed in water,
that distance changes to 2f,. What is the distance d between the
foci of the lens when the lens is placed on the boundary between
the water and the air? The index of refraction of air is 1.00; that of
water is 1.33.

15. A small source of light is mounted inside a cylindrical container
of height h. The bottom of the container is covered with a mirror.
Initially, the container is empty. Then a clear liquid with the index
of refraction n is slowly poured into the container. The level of liquid

mirror rises steadily, reaching the top of the container in time T. Find the speed

g of the image of the source during this process. Consider all cases.

_..source of light

16. On a distant plane, the index of refraction of the atmosphere
depends on the altitude as n(h) = n - bh, where b is a constant
coefficient (b << n/h). An alien scientist shines a laser beam
horizontally from the top of the highest mountain on the planet.
The scientist is surprised to discover that the laser beam orbits the
planet and hits the back of his head. How high is the mountain?
The radius of the planet is R.

17. A fish tank of length L contains a vertical partition with an
embedded lens. An arrow is taped to the left wall of the tank. When
only the left section of the tank is filled with water, a sharp image
of the arrow appears on the right wall of the tank. The length of
that image is |. If instead only the right section of the tank is filled
with water, another sharp image of the arrow appears on the right
wall. Find (a) the distance between the lens and the left wall, (b)

L the length of the second image, and (c) the length of the arrow. The

index of refraction of water is n.

Supernova Physics

18. Atank of water is filled up to 80 cm above the hole. The radius of
tank is 1 m and radius of hole is 1 mm. A circular light beam of
radius 1 mm which covers the hole completely is incident on the

80 cm .. . . ;

y1 hole from inside water. It is seen that the beam is travelling along
the water stream like in an optical fibre. At what level of watery (in

mm) will the light beam begin to emerge from the curved surface

4

of water stream? N = 3

19. Aray strikes a system of two mirrors inclined at 24° starting from
position as shown in the figure.

€ »|
1€ »

15cm
(a) Find total number of reflections before ray exits the system.
(b) Find minimum distance between the ray and apex point.
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9.(abc) 10. (ac) 1l (b, d) 12. (c) 13. (d) 14.(b, c, d) 15. (d)  16. (a)

PARAGRAPH TYPE QUESTIONS
1) 2 (d)

NUMERICALS & SUBJECTIVE QUESTIONS

1. 05510 0.56 2.5200 3.017 4.081 5 4996t050.00 6.800 7. 200
8600 0 68010695  10.30.00 11. r=R 12 n=§ 13 L=f +f,
n

14, g 46601,

f, +1.33f,

15. Water level below the source

A
Tln

Water level above the source

Tin
n, —bR L | I L _
16. h= 17. (@) d =3 (b1, =L €) h== 18. 257 19. reflections=6,d . =9cm
n n
20. x = 30 cm (inverted), x = 28.57 cm (erect) 21, ;_ iR(Ba—Ps)

h Bg—1 Ba
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