Light is a non-mechanical form of energy (i.e. it requires no medium for propagation),
due to which we have sensarion of vision. Light always travels in a straight line and its
speed is very high. In vacuum, light travels with a speed of 3 x 10° m/s.

RAY OPTICS AND
OPTICAL INSTRUMENTS

|TOPIC 1|
Ray Optics

A |ight wave can be considered to travel from one point to another, alc:-ng a

straight line joining them. The parh is called a ray c:-f]igh[ and a bundle of such v CHAPTER CHECEKLIST
rays constirures a beam uﬂight. The branch nfstud)' c:-fligh[ is called Oprics. Ray Optic
» I _' i

Broadly oprics is divided into three groups )
* Refraction

(i) Geometrical optics (Ray optics)
(ii) Wave oprics * Refraction at Spherical Surfaces

(iii) Quantum oprtics and Lenses

GEOMETRICAL OPTICS (RAY OPTICS)

In this, light is considered as a ray which travels in straight line. Geometrical
optics states that for each and every object, there is an image. It works on
following assumprions:

» Prism and Optical Instruments

(i) Rectilinear propagation of light, i.c. light ray travels in straight line.
(i) Laws of reflection.
(iii) Laws of refracrion.
)

(iv) Physical independence of light rays, i.e. two light rays are totally
independent of each other.



Reflection of Light

Reflection is the phenomenon of change in the path of light
without any change in the medium.

The returning back of light in the same medium from
which it has come after striking a surface is called reflection

of light.
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The incident ray reflected ray and the normal to
the reflecting surface lie in the same plane

Laws of Reflection
The laws of reflection are as given below

(1) The incident ray, the reflected ray and the normal to
the reflecting surface at the point of incidence, all lie
in the same plam:,

(ii) The angle of reflection (r) is equal to the angle of
incidence (¢), 1.e. ¢ = r. For normal inadence, £f =0°,
therefore Zr=0°. Hence, a ray of light falling
narrnall}r On a mirror, retraces its paﬂ:} on reflection.

Spherical Mirrors

Sph:rical mirror is a mirror whose rcﬂccring surface isa part
of a hollow sphere. Spherical mirrors are of two types

Concave Spherical Mirror
A sphl:rical mirror whose rl:’ﬂccting surface is towards the
centre of the sphere is called concave spherical mirror.
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Convex Spherical Mirror
Asp herical mirror whose rcﬂccting surface is away from the
centre of the sphcr: is called convex spher'u::a] mirror.
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Sign Convention

To derive the relevant formulae for reflection by spherical
mirrors and refracrion '|:|3,-r sphcrica] lenses (which we will
study later in this chapter), we must first adopt a sign
convention for measuring distances.

Mirror
N Direction of
Heights P
upwards incident ight
positive P{Pole)
Heights Distances against &= X-axis
downwards | incident light
negative |negative  ——F nictances along
incident light
positive

The cartesian sign convention

According to the cartesian sign convention,

(i) All the distances are measured from pole (P) of the

mirror or the optical centre(0) of the lens.

(ii) The principal axis of the mirror or lens is taken as
X-axis and the pole or oprical centre as origin.

(1i1) Distances measured in the direction of the incident
light are taken as positive and opposite to the
direction of incident light as negative,

(iv) The heights measured upwards with respect to
X -axis and normal to the principal axis of the mirror
or lens are taken as positive and the heights
measured downwards are taken as negative.

Focal Length of Spherical Mirrors

When a parallel beam of light is incident on a concave or
convex mirror, the reflected rays converge or appear w
diverge from a point F on principal axis called principal
focus of the mirror. We assume that the rays are paraxial,
i.e. they are incident at points close to the pole P of the
mirror and make small angles with the principal axis.
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If the paraxial beam of light were incident, making some
angle with principal axis, the reflected rays would converge

Or appear to :[iw:rgc from a point in a p|anc thn:uugh F
normal to the principal axis. This is called the focal pla.mu of

the mirror.

The relation between Focal Length
(f) and radius of Curvature (R)

R
=3
Proof

Consider a ray parallel to the principal axis striking the
mirror at point M. Then CM will be perpendicular to the
mirror at point M, Lec 6 be the ang|c of incidence and MD
be perpendicular to the principal axis.
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(b}

Geometry of reflection of an incident ray on
(a) concave spherical mirror and
(b) convex spherical mirror

Then, SZMCP =08

and ZMFP =28

MNow, tanf = @
D
MD

and tan 28 = — ]
FD

For small 8 (condition true for paraxial rays),
tanB =60 and ran 26 =26

Therefore, from Eq.(i), we get
@ =2 L2 or FD= Q
FD CD 2
Again, for small 6, we can observe that the point D is very
close to the point P. Therefore, FD' = f and CD = R,
From Eq.(i1), we have

(i)

R
/=3

Real Image If rays emanating from a point actua"y
converge at another point after reflection/refraction, that

poine is called the real image of the first point.

Virtual Image If rays emanating from a point do not
actually meet but appear o diverge from another point,
that point is called the virtual image of the first point.

Mirror Formula

Mirror formula (or equation) is a relation berween focal
ll:ngth of the mirror and distances of abjc\ct and image from
the mirror.

In principle, we can take any two rays originating from a
point on an object, trace their paths, find their point of
intersection and thus, obtain the image of the point due to
reflection at a spherical mirror. However in practice, it is
convenient to choose any rwo of the Fo|lnwing rays.

(i) The ray from the point, which is p:-lral|c| to the
principal axis after reflection goes through the focus

of the mirror.

(i1) The ray passing rhmugh the centre of curvature of a
COncave mirror or appearing to pass thraugl‘l it for a
CONVEX mMIirror simply retraces the path.

(ii1) The ray passing thraugh (or directed towards) the
focus of the concave mirror or appearing to pass
through (or directed towards) the focus of a convex
mirror after reflection is parallel to the prinapal axis.

(iv) The ray incidenr at any angh: ar the puh: is reflecred
following the laws of reflection.

In the above ﬁgu.n:. the ray diagram is cnnsidcring three
rays for image formartion hy a concave mirror. In the ﬁgurr:,

tria.ngl:s A'B'F and NEF are similar.
AR’ A F
NE NF

As, the aperture of the concave mirror is small and the

Then,

points &V and P lie very close to cach other, then
NF = PF
and NE = AB.




Since, all the distances are measured from the pole of the
concave mirror, we have

A'F=PA’'= PF
. A'B'  PA'—-PF .
I oF A1)
Also, triangles ABP and A’B’P are similar, then
A'B" PA’ .
= 1]
AR PA
From Eqgs. (1) and (i), we get
PA'=PF PA’
= N 111]
PF PA
ﬁppl}ring new Carresian sign convention, we have
PA==-u
[+ distance of object is measured against incident ray]
PA ==p
[ distance of image is measured against incident ray]
PF=-f

[ focal length of concave mirror is measured against
incident ray]

Substituting these values in Eq. (iii), we have

“o=Cf) v v=f v v

-f - u fow f
Dividing both sides by v, we get

i
I

The above relation is called mirror formula.
Relation between u,v and R

=

*> Focal length of the mirror, f :3

1 1
= | —4-==
u v R

Important Points

K«

(i} An object is always placed in front of a sphencal mirror, so
the distance of the object (u) is always negative.

(i) In a spherical mirror, real image is formed in front of the
mirror. Therefore, its distance (V) is taken as negative.
However, virtual image is formed at the back of the mirror.
S0, its distance (W is taken as positive, as per the new
Cartesian sign convention.

(iii) Similarly, focal length of a concave mirror is taken as
negative, while that of convex mirror is taken as positive.

LINEAR MAGNIFICATION

The ratio of the h:ight of the image {(#") formed hy a
sph:rica| mirror to the h:ight of the uhjcct (#) is called the

linear ma.gniﬂcatian pmduccd h}r the sphcrica] MICTor.

It is denoted by m, i.c.

In the above figure, triangles ABP and A'B’P are similar.
A'B"  PA’
AB  PA

Appl}ring new Carresian sign conventions, we have

A'B"==h" [. height of image measured downward]

AB=+h [ height of object measured upward]

PA==-u [ object distance measured against
incident ray]

PA' ==p [ image distance measured against

incident ray]

The above equation becomes

-y -

h -
il % = -Ty o iv)
. e b v |
Linear magnification, m = —=——
h u

A

The expression for ma.gniﬁ::atinn is same for both the
concave and convex mirrors.

(1) Whenm > 1, image formed is cnlargcd.

(ii) When m < 1, image formed is diminished.
(iii) When m is positive, image must be erect, i.e. virtual.
(1v) Whenm is negative, image must be inverted, i.e. real.

{v) In case of concave mirror, m can be either positive or
negative but in case of convex mirror, m is positive

CII!I.I.}-".



EXAMPLE |1| A candle flame is held 3 cm away from a
concave mirror of radius of curvature 24 cm. Where is the
image formed? What is the nature of the image?

Sol. Given, object distance, u = -3 cm

Radius of curvature, R=—- 24 cm

R -24
=—=—=-12cm
2 2
According to mirror formula,
1 ) S |
— -
f v u
1 1 1 1 1
= o . v o B - e——
v f u (-12) -3
1 1 1 -1+4
= - cm—— -t
v =12 3 12
= v=4cm
Nlagxﬁfmation,m=—x=%=+l.33
u —

Le. The image formed is virtual, erect and magnified.

EXAMPLE |2| An object is placed in front of a convex
mirror of focal length 30 cm. If the image is a quarter of
the size of the object, find the position of the image.

Sol. Given, focal length, f =+30cm

1
Magnification, m=;~,v= ?
From mirror’s formula, 5 ¥
ms=—-—=u=-—
f u v
1 m 1
= —_———— —
f v v
- m=f—v Za l=30-v
if 4 30
= 30=120—-4v
9
= v=T=+22.5cm

As, v is positive, therefore a virtual and erect image will
be formed on other side of the object.

Uses of Spherical Mirrors
(i) Convex mirror is used as a reflector in street lamps to
diverge the light over a large area.
(i) Convex mirror is used as rear view mirror (or driver’s
mirror) in vehicles, because it hasa wider field of view.
(iii) Concave mirror is used as a reflector in search light,
head lights of vehicles, etc.
(iv) Concave mirror is also used as face looking mirror
because it forms erect and magnified image.

(v) Spherical mirrors are also used as trick mirrors.

TOPIC PRACTICE |

OBJECTIVE Type Questions
1. The direction of ray of light incident on a
concave mirror is shown by PO while directions
in which the ray would travel after reflection is
shown by four rays marked 1, 2, 3 and 4 (figure).
Which of the four rays correctly shows the
direction of reflected ray? NCERT Exemplar

(a) 1 (b) 2 (©)3 (d) 4

2. Inreflection over a spherical mirror, ray
parallel to principal axis, after reflection from
mirror pass through
(a) focus
(c) pole of mirror

(b) centre of curvature
(d) any point

3. Aray passing through or directed towards
centre of curvature of a spherical mirror is
reflected such that it trace back of its path,
because
(a) it does not follow law of reflection
(b) angle of incidence is 0°
(c) centre of curvature is midway between object and

pole
(d) distance of centre of curvature from focus is equal
to its distance from pole

4. Iflower half of a concave mirror is blackened,
then
(a) image distance increases
(b) image distance decreases
(c) image intensity increases
(d) image intensity decreases

5. Anobject 2 cm high is placed at a distance of
16 cm from a concave mirror, which produces a
real image 3 cm high. What is the focal length
of the mirror?
(a)-96cm (b) - 36cm

(c)—a3cm {d)—83cm



VERY SHORT ANSWER Type Questions

6. Amirror is turned through 15°. With what angle
will the reflected ray turn?

7. Athick plane mirror forms a number of images
of a point source of light. Which image is the
brightest?

8. Aboy is running towards a plane mirror with a
speed of 2 m/s. With what speed the image of
the boy approach him? Foreign 2011

9. How can the real image of an object be obtained
with a convex mirror? Delhi 2011

10. The direction of ray of light incident on a

concave mirror is shown by PQwhile directions
in which the ray would travel after reflection is
shown by four rays marked as 1, 2, 3 and 4 in the
figure? Which of the four rays correctly shows
the direction of reflected rays?

@ 7 @

2

%/

11. Give the effect on image, if lower half of
the concave mirror is blackened.

SHORT ANSWER Type Questions

12. A concave mirror of small aperture forms a
sharper image. Why?

13. Choose the statement as wrong or right and
justify.
(i) Linear magnification of a spherical mirror is
] v
iven by —
g ¥ "
(ii) Focal length of plane mirror is zero.
(ii) 1;+ $= %can be applied to all types of
mirror.

14. Use the mirror equation to show that an object
placed between f and 2 f of a concave mirror
produces a real image beyond 2f.  AllIndia 2015

15. Youread a newspaper because of the light that it
reflects. Then, why do not you see even a faint

image of yourself in the newspaper?

16. “Mirrors used in search lights are parabolic but
not concave spherical”. Explain, why?

17. Ashort object of length L is placed along the
principal axis of a concave mirror away from
focus. The object distance is u. If the mirror has
a focal length f, what will be the length of the
image? You may take L << |v— f|.

NCERT Exemplar

Hints: The length of image 1s the separation between the
images formed by mirror of the extremities of object.

LONG ANSWER Type [ Questions

18. (i) Amobile phone lies along the principal axis
of a concave mirror. Show with the help of a
suitable diagram the formation of its image.
Explain, why magnification is not uniform?

(ii) Suppose the lower half of the concave
mirror's reflecting surface is covered with
an opaque material. What effect this will
have on the image of the object? Explain.

Delhi 2014

19. An object AB is kept in front of a concave
mirror as shown in the figure.

S
]

(i) Complete the ray diagram showing the
image formation of the object.

(ii) How will the position and intensity of the
image be affected, if the lower half of the
mirror's reflecting surface is painted black?

All India 2012

20. Aninfinitely long rod lies along the axis of
concave mirror of focal length f. The near end
of the rod is at a distance x> [ from the mirror

f- Then, what will be the length of the image of
the rod?

21. Show that spherical mirror formula is applicable
to a plane mirror.

22. Use the mirror equation to show that

(i) an object placed between fand2f ofa
concave mirror produces a real image
beyond 2 f.



(ii) a convex mirror always produces a virtual
image independent of the location of the
object.

(iii) an object placed between the pole and focus
of a concave mirror produces a virtual and
enlarged image. All India 2011

23. (a) Draw aray diagram to show image
formation when the concave mirror
produces a real, inverted and magnified
image of the object.

(b) Obtain the mirror formula and write the
expression for the linear magnification.
CBSE 2018

LONG ANSWER Type Il Questions

24. State and derive mirror formula for a concave
mirror. State the sign convention used.

25. Use the mirror equation to deduce that,

(i) an object placed between fand 2fof a
concave mirror produces a real image
beyond 2f.

(ii) a convex mirror always produces a virtual
image independent of the location of the
object.

(iii) the virtual image produced by a convex
mirror is always diminished in size and is
located between the focus and the pole.

(iv) an object placed between the pole and focus
of a concave mirror produces a virtual and
enlarged image. NCERT

NUMERICAL PROBLEMS

26. Asquare wire of side 3 cm is placed 25 cm away
from a concave mirror of focal length 10 cm.
What is the area enclosed by the image of the
wire? Given, the centre of the wire is on the axis
of the mirror, with its two sides normal to the
axis.

27. An erect image 3 times the size of the object is
obtained with a concave mirror of radius of
curvature 36 cm. What is the position of the
object?

28. A12 mtall tree is to be photographed with a pin
hole camera. It is situated 15 m away from the
pin hole. How far should the screen be placed
from the pin hole to obtain a 12 em tall image of
the tree?

29. Light of wavelength 5000 A falls on a plane
reflecting surface. What are the wavelength and

frequency of reflected light? For what angle of
incidence is the reflected ray normal to the
incident ray?

30. Light incident normally on a plane mirror
attached to a galvanometer coil retraces
backwards as shown in the figure. A current in
the coil produces a deflection of 3.5° of the
mirror. What is the displacement of the
reflected spot of light on a screen placed 1.5 m
away? NCERT

1.5m g

31. Suppose while sitting in a parked car, you
notice a Jogger approaching towards you in the

rear view mirror having R =2m. If the Jogger is
running at a speed of 5 m/s, how fast is the
image of Jogger moving, when the Jogger is
(i) 39 m

(ii) 29 m

(iii) 19 m

(iv) 9 m away ?

HINTS AND SOLUTIONS

1. (b) The PQ ray of light passes through focus F and
incident on the concave mirror, after reflection, should
become parallel to the principal axis and shown by ray-2
in the figure.

2. (a) Parallel beam passes through focus after reflection.
This can be shown in the figure given below.

)

3. (b) As we know, angle i = F and angle r = 0° , when light
ray is passes through centre of curvature of a spherical
mirror is reflected such that it trace back its path.

4. (d) If lower half of a concave mirror is blackened, then
image will be now only half of the object, but taking the
laws of reflection to be true for all points of the
remaining part of the mirror, the image will be that of
the whole object. However, as the area of the reflecting
surface has been reduced, the intensity of the image will
be low ie., half.




5.

10.

11.

12,

13.

{a) Here, b, = 2em,u=—16cmh, = —3cm

(since image is real and nverted)

—h
m=—2=X
h u
- 3
= 'u=—h*u=—)({—lﬁ}=—24ml
by
1 1 1 1 1
Now, —m = —— —
f v u 24 16
-2-3 -5 4
=_- f=——=—96cm
48 48

The reflected ray turns twice the angle through which
mirror is turned, i.e. 30°.

A thick plane mirror consist of two surfaces (top and
bottom), where the reflection takes place. The images
are formed after reflection from both the surfaces,
except for the first image. The second image is the
brightest of all as minimum absorption takes place and
bounces of the silvery layers which makes the bottom
surface.

The image of the object in a plane mirror is as far
behind the mirror as the object is in front of it.
Therefore, the image of the boy comes near the mirror
through the distance equal to that moved by the boy
towards the plane mirror. Hence, the image of the boy
will approach him with double his speed, i.e. with 4 m/s.

A convex mirror produces a real image of a virtual
object. Therefore, if a beam of light from a virtual object
converges to a point behind the convex mirror, then its
real image will be formed in front of the mirror.

The incident ray PQ passes through the focus, so the
reflected ray is parallel to the principal axis. So, the
answer is ray 2.

If the lower half of the concave mirror is blackened,
then there is no change in the position of image, only
intensity will get reduced.

The rays of light travelling parallel to the principal axis
after reflection from a concave mirror meet at a single
point only, if the beam of light is narrow or if the mirror
is of small aperture. In case, a wide beam of light falls on
a concave mirror of large aperture, the rays after
reflection from the mirror do not come to focus at a
single point. Therefore, it follows that, if the aperture of
the concave mirror is small, the image formed will be
sharper.

(i) Wrong, linear magnification of spherical mirror is _r
u

{using sign conventions).
(ii) Wrong, as the plane mirror can be considered to be
the limit of either a concave or convex spherical

curved mirror as the radius, therefore the focal length
of plane mirror becomes infinite.

(iii) Right, but for plane mirror using this formula, focal
length becomes infinite.

14.

15.

16.

17.

According to the mirror equation, we have
1 1 1

v u f
where, u = distance of the object from the mirror,
v = distance of the image from the mirror
and  f =focal length of the mirror.
From the mirror equation, we have

vet i)
u=f
Applying new cartesian sign convention, we get
f=—vw and wu=-w
Given, f <u < 2f

= v=-—w

[from Eq. (i)]

Magnification is given by m = — [1] = -

—u

Hence, the image formed is real.

From the mirror formula, whenu = - 2f.
1 1 1
= _ 4=
-2f v ~f
1 1 | O |
= _—=e—— = = —
v 2f f 2f

When the object is at f, then image is formed at infinity.
This shows that when f <u < 2f, then ee > v > 2f.

We can an image, if it is caused by regular reflection. In
the case of newspaper, the inhomogeneities of the
surface cause diffuse reflection. So, the incident parallel
beam is scattered in all directions, hence no image is
SEET.

A search light produces an intense parallel beam of
light. This require a reflector of large aperture. When a
source is placed at the focus of large concave mirror
only the paraxial rays are reflected as parallel beam but
when a source is placed at the focus of parabolic mirror.
All the rays are reflected as an intense parallel beam.
Since, the object distance is u. Let us consider the two
ends of the object be at distanceu, =u— L/Zand

u, =u + Lf2respectively, so that |u, —u, |= L. Let the
image of the two ends be formed at v, and v,
respectively, so that the image length would be

L'=]v, —wy| A1)
Applying mirror formula, we have
11 1 fu
—4+—=— orvs=
u v f u—
On solving, the positions of two images are given by
- filu—Lf2) _ flu+Liz)
YTu—f-Liz ' u-f+Ls2

For length, substituting these values in Eq. (i), we get
fL
(u— 1P -1*n4

L'=|v,—vy|=



Since, the object is short and kept away from focus,
we have

Fla<<@-f)

2
Hence, finally, L'= f L
(u=-f)

This is the required expression of length of an image.

18. (i) The ray diagram for the formation of the image of the
mobile phone is shown below. The image of the part
which is on the plane perpendicular to principal axis
will be on the same plane. It will be of the same size,
ie. B'C=BC

(ii) We may think that the image will now show only half of
the object, but considering the laws of reflection to be
true for all points of the remaining part of the mirror, the
image will be that of the whole object.

However, as the area of the reflecting surface has been
reduced, the intensity of the image will be low, i.e. half.

19. (i) The ray diagram showing the image formation of the
object.

A $

B
C I P
A

(ii) The position of image is unaffected but the intensity
of image is reduced.

B

S O |
20. Using mirror formula, — = —+ —
¥ SRR X 7
Here, u=-uv=? f=-f
L
f v u
1 1 1
or — — -
v —f u
. o —fu

. Length of the image = s L f
—f+u
_—futfP-fu_ f*
-f+u u—f
21. The spherical mirror formula is given by

1,11 i

s
For a plane mirror, R = =

f =—=co

From Eq. (1), we get
: S S

—tmm =) = -—=——=3 v=—u

u v e v ou

As, u is negative, v becomes positive.

Thus, image is formed behind the mirror at the same
distance as the object is in front of it. This happens in a
plane mirror and is the desired result. Also, note that

. . V.
magnification, m =— —is 1.
u

22. (i) Refer to Q. 14 on page 354.
(i1) For convex mirror, f >0
Also, u<o0

But from mirror equation,
1 S (I | 1

7=; ;=;+I:‘—I. [taking u with sign]
. I 3
v [ u

If f and u to be positive, then-l—>0 = v>0
v

Hence, virtual image is formed.
(iii) For concave mirror,
f<ou<o0 |f|>|u]>0
But from mirror equation,

1 1 1 -1 1 1
— - =D — - —
f v u [ fl v |ul
l_ 1 1
v |ul |f]
1 1
[vi<|fl — e
lul 1fI
1
= —>0 = v>0
v

Image is formed on RHS of mirror, i.e. virtual image.
1 1 1

For concave mirror, f is negative.

1 1 |v]

—_—L— = —3>1 = m>1
vl lul ul

Enlarged virtual image formed on the other side of
mirror.



23. (a) Concave mirror form real, inverted and magnified

image of an object when it is placed between C and F.
The ray diagram is given as

A
B P‘E
B’

A /E
(b) In the given figure, the ray diagram considering three
rays for image formation by a concave mirror.

B E M
'y ;
P
A > N
—
(g B
q M
——— ==
........... P
In the figure, triangles A‘B’F and NEF are similar.
AR AF
Then, =
NE NF

As the aperture of the concave mirror is small, the
points N and P lie very close to each other.
NF = FF and NE =AB
AB _AF
AB  PF
Since, all the distances are measured from the pole of
the concave mirror, we have

A'F = PA* - FF
A'B* PA'-FF 0
=— LA
AB PF
Also, triangles ABP and A'B'P are similar, then
A'B* PAY .
= A1)
AR PA
From Eqs. (i) and (ii), we get
PA* — PF  PA’
—— .1t}
PF PA

Applying new Cartesian sign convention, we have
PA=-u (- distance of object is
measured against incident ray)
PA"=—v
(- distance of image is measured
against incident ray)
PF=-f
(- focal length of concave mirror
is measured against incident ray)

Substituting these values in Eq. (iii), we get

—v-(=f)_-v
-f —u
=5 'u—_f=1 = L ,=L

The above relation is called mirror formula.
Linear magnification

The ratio of the height of the image (k') formed by a
spherical mirror to the height of the object (h) is called
the linear magnification produced by the spherical
mirror.

It is denoted by m.

- h'

T h

m

24, Refer to the text on pages 351 and 352.
25. For parts (i), (ii) and (iv), refer to Q. 22 on page 354.

(iti) For convex mirror, f>0u<0

. 1 1 1
From mirror formula, —=——-=
v f u
1 1
So, —>—0or v< f
v
1 _ -1 -
Also, —>—or —v<l.,
v u
Le. m =1

Thus, image is always located between pole and focus
of the mirror and is always diminished in size.

26. Here,u=-25cm, f =—10cm

1 1 1
Using mirror formula, —=—+—
uoowv
1 _ 1.1
10 25 v
=50
= Y = —
3

[_5u]1
Now, magnification, m S ) P
u {—25) 3

Length and breadth both change in the same proportion.
Area of the object, A, =3x3=9 cm?

Ai_[_zT

A, 3

=3 A =(i] 9=4¢cm”
9



27.

28.

29.

30.

Given, magnification, m=+3, R=-36 cm
Object distance, u=?
Let u=-x
m =L.2— = 2’. =3
-u
= v=-3u= v=3x
Applying mirror formula, we have
LS T 1 1 2
- =

u v f R -x 3x -36
-3+ -

= . l=—l=3x=36
3x 18

= x=12cmoru=-12¢cm

Given, by =12mu=—-15m,v=72,
h, =12 cm = 012 m (symbols have their usual meanings)

As, l__Y
h u
— =—hxu

01
=—E-x—15=015m =15cm

Thus, the screen should be placed 15 cm from the pin
hole to obtain a 12 ¢m tall image of the tree.
Given, A =5000 A=5x10" m

Frequency of incident light,

8
=§=% [+ e=3x10*m/s)
X
=6x 10" Hz

On reflection, there is no change in wavelength or
frequency. Therefore, A’ =A =5000 A

or v/ =v=6x10" Hz

For reflected ray to be normal to incident ray,
i+r=90° = i+i=9%°

= i =% =45°

Given, deflection of the mirror, 6 =3.5°

Distance between screen and mirror, x =1.5m

As we know that when mirror turns by angle 6, the
reflected light may turn by 26.

n
20 =2x35°= 7°=7—radians
180

Agiin; in AADS, tan 20 % 25,
M

[71: AS d
tan| —j=—=—
180 15 15

3L

5
or d=15tan | —
180

For small angle, tan = = I
1 130

n
d=15Xx—=0.18m
180

L

Here, R=2m, f = =E=1m
Z2 2

Using mirror formula, we have

1o..:3... 1
-— - —
v u f
1 1 1
=1 — ———
v f u
= lat=t
v fu
_ fu :
= v oy A1)

When Jogger is 39 m away, thenu =—-39m
Using Eq. (i), we get

fu 1 (-39
v= =
N—F —=39=1
39
or v=—m
40

As the Jogger is running at a constant speed of 5 m/s,
after 1 s, the position of the image (v) for
u=— 39+5

= u=-34m
Again, using Eq. (i), we get
b2 1=34)

—34 -1

34
= v=—m

35

Difference in apparent position of Jogger in 1s
39 34

=

_1365-1360 _ 1
1400 280
1
Average speed of Jogger's image = = m/s
Similarly, foru = — 29 m, —19 m and — 9 m, average speed
1 1 1
of Jogger image is — m/s, — m/s, — m/s, respectively.
- . 150 60 10 Le ¥

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



| TOPIC 2|
Refraction

Reflection involves changc in path of lighr withourt any
change in the medium, whereas refraction involves
chang: in the pal:l'l of lighr due o changc in the

medium.

! Reflected
i ray
|

I
' Refracted ray

When a beam of light encounters another transparent
medium, a part of light gets reflected back into the first
medium while the rest enters the other. The direction of
propagation of an obliquely incident ray of light, that
enters the other medium, changes at the interface of two

media. This phenomenon is called refraction of light.

Laws of Refraction
(1) The incident ray, the refracted ray and the
normal to the refracring surface (or interface) at
the point of incidence, all lie in the same plan:.
(i) The ratio of the sine angle of incidence to the
sine angle of refraction is constant for the owo
given media. This constant is denoted by “p,

and is called the relative refractive index of

medium & with respect to medium a.
sin 1

d

=J_l$

sin r
This law is also called Snell’s law of refraction.

Refractive Index

The refractive index or index of refraction p of a

material is the ratio of the speed of light (¢) in vacuum to

the speed of light in the medium ().

Mathematically, refractive index is given by the relation
Speed of light in the vacuum ¢

B Speed of light in the material Ty

It is also referred as absolute refractive index of the
substance.

Refractive Index of Some Substance Media

Substance medium | Refractive index
Ethyl alcohol 1.362

Water, H,0 1.333

Air 1.000253
Oxygen, O, 1.000271

Relative refractive index is a measure of how much light bends,
when it travels from one medium to another medium.

If light travels from oprical rarer medium to optical denser
medium, then it bends towards the normal, i.e. 7 = r. On the
other hand, if light travels from optical denser medium to
optical rarer medium, then light bends away from the normal,
Le. i <r.

Rarer

The medium in which the speed of light is higher with respect
to other medium, is said to be oprically denser medium.

Uptical dcnsiry is the ratio of the spccd of |ight in two media.
Optical density should not be confused with mass density,

which is mass per unit volume. It is possible that, mass density
of an optically denser medium may be less than that of an
optically rarer medium. e.g. Turpentine and water. Mass
density of turpentine is less than that of water but its optical

density is higher.
Principle of Reversibility of Light

When a light ray, after suffering any number of reflections and
refractions, has its final path reversed, it travels back along its
entire initial path. This is called principle of reversibility of
light. In the figure, OA is an incident ray in medium 1 and AB
is the refracted ray in medium 2. By Snell's law, the refractive
index of medium 2 relative to medium 1 is given by
llJli:smx )

sinr

where, 7 and r are the angles of incidence and refracrion,
respectively.

Suppose the ray AB is reflected back by a plane mirror. Now,
BA is the incident ray and AQ is the refracted ray.



Medium 1

Medium 2

Can'cspundingly, ris angl: of incidence and 7 is angl: of
refraction. Again, by Snell’s law, the refractive index of
medium 1 relative to medium 2 is given h_r,r
3 sinr .
n = i)

sin £

Multiplying Eqs. (i) and (ii), we get

. 5 sini  sinr
By X Py =——x—=1
sinr  sinf
I 1
or l.l2=2—
My

Thus, the refractive index of medium 2 relative o medium
1is cqual to the rccipm-cal of the refractive index of medium
1 relative to medium 2.

Refraction of Light Through a
Rectangular Glass Slab

Let ABCD be a recrangular glass slab. A ray of light is
incident alung MN on the face AB of the r:cmngular slab at
i Ieis refracred alung NK with Zry.

The refracted ray NK falls on face CD with £i, and
emerges out along KL with #r,.

M .
[ < :
A N, E B I
At
e VRS 1
D - . e
" Wy KipsL £

Applying Snell’s law at N,
W, ®sing = [ x sinr

sing; Mg

or

- u, i)

Again, applying Snell’s law at K,

sin ry

18 XKsini, =, Xsinr,
L, _ S I, _x

11 g Sor

W, oee (i)

According to the principle of reversibility of light, when
final path of a light ray after suffering a number of
reflections and refractions is reversed, then the ray retraces
its entire path.

Now, imagine a plane mirror P held normal to KL so that
on reflection from mirror, path KL is reversed. The ray
would retrace its entire patl'l, For the reversed ray, the
application of Snell’s law at £ gives
L, xsinr, =u, Xsini,

By sinn

—=—"=", ...A1i1)

W, sini,

Multiplying Egs. (ii) and (iii), we get
sind, “ sin r; P ﬂj.lg

STy S E o

I=%p, xpn, J'p, =

£ u .
From Egs. (i) and (iii), we get
s:nn _ m (V)
siny  sini,
[alternate angles]

As, B =n

sini, =sin

From Eq. (iv), we get
Sinry =sing or ry =1

Hence, the emergent ray KL is parallel to the incident ray

MN as shown in the figure. We observe that the incident

ray MN is displaced laterally, on suffering two refractions
through a glass slab.

Expression for Lateral Displacement

Now, from K, draw KL’ L MN produced.

~. Lateral displacement of the ray on passing through the
parallel slab = KL".

Let &£ KNI’ = 6= deviation on first refraction.

In A NKL', sin 5=£
NK
KL'=NK sin & v)
NN
In A NN'K, cosn =——
NK
NN
NK =—=-1L
cosr,  cosn
where, t= NN’ = thickness of glass slab.
From Eq. (v}, we ger, KL'= sin O
cosn

cosry

or Krr=t5int =n) ] oulvi)




This is the required expression for lateral displacement (or
shift), which is obviously proportional to thickness (¢) of
glass slab. Further, lateral displacement (or shift) will

increase with increasing angl: of incidence ().

EXAMPLE |1| 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.

Sol. Given, angle of incidence, i, = 6(F
Thickness of glass slab, t =0.1m
Refractive index, p = 1.5

Since, snh
sinr
Sll'll‘l _&_ﬂ=ﬂj'}'}3
u 15
3
[ sin60°P = B and +/3 =1732)
2
7, =sin~" (05773) = 35.3°
tsin(i; —
. Lateral shift = 150 —%)
CosF,
_ 0.1sin{60” — 35.3%) _ 0Olsin24 i
cos 35.3° cos35.3
= —U.l ] =00513m
0.816

Apparent Depth and Normal Shift

The depth of an object immersed in water appears to be
lesser than its actual dcpth. Let (7 be a point nbjcct at an
actual dc'pl:h (A below the free surface of warer XY

A ray of light incident
norma]ly on XY, alung 0A
passes straight along AA".
Anorther ray of lighr from )
incident at £f on surface XY
along R deviates away from
normal. It is refracted at Zr
along BC. On producing
backwards BC meets OA at
0)°, Therefore, O is virtual image of 0.

Apparent depth = AOQ”

Real depth O

Real depth =04
Clearly, A" <0A
Mow, LBOA=208BN"=: [alternate angles)

ZAO'B = ZCBN =r [corresponding angles]

In AOARB, sinf= ﬂ
OB
In A’ AB, sinr= AB

'R

As, light ray is travelling from denser medium to rarer
medium.

sinr

sin ¢
AB OB OB
Ry ==X =
o'B AB (OB
B is close to A (as angles are very small). So, 04 = OB and
’A=(FB

or “

04 Real depth
Ho = O'A Apparent depth
If x is the real depth of water surface and “|1, is the

refractive index of water with respect to air, then the
normal shift () in position of point object is given by

a

d = Real depth = Apparent depth
d=x-

X

@
ur

1 depth
. apparcnt iil:PtI.'l = _rca‘ ':Pt = —x :|
L “ 1! w

EXAMPLE |2| Velocity of light in glass is 2 x 10° m/s
and that in air is 3 x 10® m/s. By how much would an ink
dot appear to be raised, when covered by a glass plate 6 cm

thick?
Sol. Given, velocity of light in glass, v = 2x10* m/s
Velocity of light in air, ¢ =3%10° m/s
Refractive index of glass with respect to air,

d=1 I—JL
He

Effect of Atmospheric Refraction at
Sunrise and Sunset

[t =6cm]

The density of atmosphere around the earth is not uniform
throughout due to which, it has layers of different densities.
The refraction of light due to variation in optical density of

armusphcric laycrs is called :tmmpheric refraction.



Due to refraction of sunlight from atmosphere, the sun is
visible a little before the actual sunrise and a little after the
actual sunset.

Atmosphere
Advance sunrise and delayed sunset due to
atmospheric refraction

The refractive index of air with respect to vacuum is
1.00029. Due to this, the apparent shift in the direction of
the sun is about half a degree and the corresponding time
difference between actual sunset and apparent sunset is about
2 min. The apparent flattening (oval shape) of the sun at
sunset and sunrise is also due to atmospheric refraction.

Critical Angle

Ciritical angle for a pair of given media in contact can be
defined as, “the angle of incidence in denser medium for
which angle of refraction in rarer medium is 90°”. The
value of critical angle depends on the nature of two media

in contact.
Mz
A Denser
90 Rarer
My

W, XsinZ_ = W, Xsin90°

From Snell’s law,

“_'=ﬂ_ ﬁ-:sini, [ sin90°=1]
L) sm90° L)

or Ei=—l— = ]llz= ’ 1.
p’l Slnlr sml{

Critical Angle of Some Transparent Media

Substance medium | Refractive index | Critical angle
Water 1.33 48.75°
Crown glass 1.52 41.14°
Dense flint glass 1.62 37.31°
Diamond 242 24.41°

Sol. Given, angle of incidence, i= 4(°

Angle of deviation, § = 15°

Since, ray deviates towards the normal, therefore
r=i-58=40°-15° = 25°

As we know that,
_sini _ 1
sinr sini,

sind(®  0.6428
= sini, =0.6574
i, =sin™" (0.6574) =4L1°

= i=4r

TOTAL INTERNAL
REFLECTION (TIR)

When a ray of light travelling from denser medium to rarer
medium, is incident at the interface of two media at an
angle greater than the critical angle for the two media, the
ray is totally reflected back to denser medium, this
phenomena is called Total Internal Reflection (TIR).

Rarer

medium
(air)

3 Water-air
D Oy interface

Denser
medium

ater, -
(i) A c reflected rays

Refraction and internal reflection of rays from a point Ain
the denser medium (water) incident at different angles at
the interface with a rarer medium (air)

Necessary conditions for total internal reflection to take
place are as follows

(i) The ray incident on the interface of two media
should travel in the denser medium.

(ii) The angle of incidence should be greater than critical
angle for the two media.

TOPIC PRACTICE 2 l

OBJECTIVE Type Questions

1. Which of the following quantity remains

EXAMPLE |3] If aray of light travelling in air is incident
on a glass surface with an angle of incidence 40°, it deviates
through 15°, determine the crtical angle for a glass-air
interface.

unchanged after refraction?

(a) Speed of light (b) Intensity of light
(c) Wavelength of light (d) Frequency of light



. Avray of light strikes an air-glass interface at an
angle of incidence (i = 60°) and gets refracted at
an angle of refraction r. On increasing the angle
of incidence (i = 60°), the angle of refraction r
(a) decreases (b) remains same

(c) is equal to a0?

(d) increases

. Avray of light strikes a transparent rectangular
slab of refractive index /2 at an angle of
incidence of 45°. The angle between the reflected
and refracted ray is
(a)75*  (b)9o*

(c) 105 (d) 120°

Speed of light in air is 3.0 x10°m/s. Speed of light
in the glass of refractive index 1.5 will be
{a) 1.5x10%m/s (b)2.0x10%* m/s

(e) 1.8 x10* m/s (d)2.5%10° m/s

. The refractive indices of water and glass with
respect to air are 4/3 and 5/3, respectively. The
refractive index of glass with respect to water will
be

(a)1/3 (b) 4/3

. If the value of critical angle is 30° for total
internal reflection from any medium to vacuum,
then speed of light in that medium

(a) 3x10° m/s (b) 1.5x10* m/s

(c)6x10% m/s (d) 4.5x10° m/s

(c) 5/4 (d) 20/

If in denser medium, incidence angle is equal to
critical angle, then refraction angle will be

(a)o° (b) 45°
{c) o0 {d) 180°
. real depth .
. The ratio ——M 1t
e ratio apparent depth is equal to

(a) refractive index of denser medium with respect to
air

(b) refractive index of denser medium with respect to
rare medium

(c) refractive index of rare medium with respect to air

(d) refractive index of rare medium with respect to
denser medium

. The phenomena involved in the reflection of

radiowaves by ionosphere is similar to
NCERT Exemplar
(a) reflection of light by a plane mirror
(b) total internal reflection of light in air during a
mirage
(c) dispersion of light by water molecules during the
formation of a rainbow
(d) scattering of light by the particles of air

VERY SHORT ANSWER Type Questions

10. When monochromatic light travels from one
medium to another, its wavelength changes,
but frequency remains same. Explain. Delhi 2011

11. For the same value of angle of incidence, the
angles of refraction in three media A, Band C
are 15%, 25° and 35°, respectively. In which
medium would the velocity of light be
minimum? All India 2012

12. Aray of light strikes on air-glass interface at
an angle of incidence (< = 60°) and gets
refracted at an angle of refraction (< r). What
will happen to the angle of refraction on
increasing the angle of incidence?

13. Why does a crack in a glass window pane
appear silvery?

14. The refractive index of diamond is much
higher than that of glass. How does a diamond
cutter make use of this fact? All India 2011

15. Why prisms are used in many optical
instruments?

16. Which of the two main parts of an optical
fibre has a higher value of refractive index?

SHORT ANSWER Type Questions

17. When monochromatic light travels from a
rarer to a denser medium, explain the
following, giving reasons.

(i) Is the frequency of reflected and refracted
light same as the frequency of incident
light?

(ii) Does the decrease in speed imply a
reduction in the energy carried by light
wave? Delhi 2013

18. Mention any two situations in which Snell’s
law of refraction fails.

19. Aray of light is incident at a glass-water
interface at an angle of i, it emerges finally
parallel to the surface water, then what will be
the value ofp,?

20. Why does the sun rising in the sky appear

oval in shape?

21. Choose the statement as wrong or right and
justify.
(i) Snell's law is verified for all types of
surface.



22,

23.

(ii) Total internal reflection only takes place,
when light travels from rarer to denser
medium.

(i) Write the necessary conditions for the
phenomenon of total internal reflection to
occur.

(ii) Write the relation between refractive index
and critical angle for a given pair of optical
media. Delhi 2013

The figure shows a ray of A

light falling normally on the

face AB of an equilateral

glass prism having

refractive index 3/2, placed

in water of refractive index g c
4/3. Will this ray suffer total

internal reflection on striking the face AC?
Justify your answer. CBSE 2018

LONG ANSWER Type I Questions

24,

25.

26.

27.

Define the following with required formula.
(i) Apparent depth

(ii) Lateral displacement (or shift)

(iii) Critical angle

Abeaker contains water upto height h; and

kerosene of height h, above water surface, so
that the total height of (water + kerosene) is

h, + h,. Refractive index of water is i, and that
of kerosene is p,. What will be the apparent
shift in position of the bottom of the beaker as
viewed from above?

Three light rays, red (R), A

green (G) and blue (B) are A

incident on a right angled G

prism ABC at face AB.The 7

refractive indices of the B s
material of the prism for

red, green and blue wavelengths are 1.39, 1.44
and 1.47, respectively. Out of the three, which
colour of ray will emerge out of face AC?
Justify your answer. Trace the path of these
rays after passing through face AB.

C

Show that for a material with refractive

indexp = J2, light incident at any angle shall be
guided along a length perpendicular to the
incident face. NCERT Exemplar

28. Three immiscible liquids of densities d,> d, > d,

and refractive indices p;> ;> pg are putin a

beaker. The height of each liquid column is%

A dot is made at a bottom of the beaker. For
near normal vision, find the apparent depth of
the dot. NCERT Exemplar

Hints: The image formed by first medium acts as an
object for second medium.

LONG ANSWER Type Il Question

29.

Explain the phenomenon of total internal
reflection. Describe how TIR takes place in
optical fibre. State any two uses of it.

NUMERICAL PROBLEMS

30.

31

32.

33.

34.

35.

36.

What is the ratio of the velocities of two light
waves travelling in vacuum and having
wavelengths 4000 A and 8000 A?

What is the critical angle for a material of
refractive index /27

Determine the lateral displacement of the ray of
light passing through a 15 em thick glass slab
with opposite sides parallel, if the angle of
incidence of the ray is 60°. Given, n = 1.5.

Aray 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.

What is the apparent position of an object
below a rectangular block of glass 6 em thick, if
a layer of water 4 cm thick is on the top of the

glass? Given, ng, = 1.5 andn,, = 1.33.

Aray PQ incident normally on
the refracting face BA is
refracted in 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? Justify your answer.

B C
All India 2016

Atank is filled with water to a height of 12.5 em.
The apparent depth of a needle lying at the
bottom of the tank is measured by a microscope
to be 9.4 cm. What is the refractive index of
water? If water is replaced by a liquid of
refractive index 1.63 upto the same height, by

what distance would the microscope have to be
moved to focus on the needle again? NCERT



37. A container is filled
with water (u =133)
upto a height of 33.25 5I
cm. A concave mirror

is placed 15 em above
the water level and the
image of an object
placed at the bottom is
formed 25 cm below

the water level. What
will be the focal length?]

Mirror

|
3325
1

| HINTS AND SOLUTIONS |

1. (d) Refraction does not change the frequency of light.
2. (d) From Snell’s law of refraction,
a sini

g = —— = constant (1)
sinr
Since, angle of incidence increase, the angle of
refraction has to increase. So, that the ratio | 2 |is a
sinr

constant according to Eq. (i).

3. () Given, i=45
Incident ray

From Snell’s law, sn i = u_l
sinr’
. gin 45° ‘-.E 1

sin

From diagram, F+0+r =180°

i+8 +30° =1380° (ri=r)

45 + 8 +30° = 180°
A =180° — 75 = 105°
Hence, the angle between reflected and refracted ray is
105",
4. (b) Refractive index of glass
_ Speed of light in air (3% 10%)
" Speed of light in glass (x)
_3xw®

= X

=2x10" m/s

5. (c) Given, ,n, =i, afy =
3

W

a"\vxw"g=an‘
My 5/ 5§ 3 ‘5

n
VEon, 48 3 4 4

1 -
=— sinr'===2r"=sin 1[-)=‘_’-D“
2

6.

10.

1L

12,

13.

14.

(b) From Snell's law,

sinC = n, = —

where, C = critical angle = 307

v, and v, are speed of light in medium and vacuum,
respectively.

We know that, v, =3 x 10° m/s

b

. sin30° =
310"

1
= u1=3xlﬂ‘>€5 = v, = 1.5x10° m/s

(c) If incidence angle, i = critical angle C, then refraction
angle, r = 90°,

{b) As we know, refractive index of denser medium

Real depth

w.r.t. rare medium s ——M
Apparent depth

{B) The phenomenon involved in the reflection of
radiowaves by ionosphere is similar to total internal
reflection of light in air during a mirage ie., angle of
incidence is greater than critical angle.

Because refractive index for a given pair of media
depends on the ratio of wavelengths and velocity of
light in two media but not on frequency. So, frequency
remains constant during refraction of light.

From Snell’s law, pu = slm_l =L
sinr v

= v ==ginr, for given value of i.

Smaller the angle of refraction, smaller the velocity of
light in medium.

WVelocity of light is minimum in medium A as the angle of
refraction is minimum, ie. 15

sin i
From Snell's law, y = — = constant
sinr

Since, angle of incidence increases, the angle of
refraction has to increase, so that the ratio remains
constant.

Whenever rays of light travels through glass, they strike
the glass-air interface at an angle greater than critical
angle of glass. They are totally reflected, hence crack
appears silvery.

The refractive index of
diamond is much higher
than that of glass. Due to 455

high refractive index, the G
critical angle for
R
B ul R
B G

A
45°)

o

diamond-air interface is R
low. The diamond is cut
suitably, so that the light
entering the diamond from

any face suffers multiple total internal reflections at the
various surfaces. This gives sparkling effect to the
diamonds.



15. Since, prisms can bend the light rays by 90° and 180° by
total internal reflection, so they are used in many optical
instruments.

16. There are two main parts of the optical fibre
(i) Core
(i) Cladding
The refractive index of core is greater than that of
cladding such that TIR can occurs.

17. (i) The frequency of reflected and refracted light remains
same as that of incident light because frequency only
depends on the source of light.

(ii) Since, the frequency remains same, hence there is no
reduction in energy.

18. Snell’s law of refraction fails in two situations

(i) When TIR (total internal reflection) takes place at
angle greater than the critical angle.

(ii) When light is incident normally on a surface, asi =10,
r=A0.

19. For glass-water interface, applying Snell’s law,

Air
Water
Glass
by, - [—"'.”“_ ’] i)
sinr sin i
For water-air interface,
sin r 1 . 1 .
=— = sinr=— A1)
sin %0° -
From Eqs. (i) and (i), we get
1
W, *— 1
by
= =
He sin i He sin i

20. It is due to the refraction of sunlight as it travels
through the earth’s atmosphere. Refraction of light by
these layers can make the sun appear flattened or
distorted. Objects closer to the horizon are raised
upwards most and the lower limb of the sun is raised
more than the top making it appear oval.

21. (i) Refer to text on pages 360 and 361.
(11) Refer to text on page 363.

22, (i) Refer to text on page 363.
(ii) Refer to text on page 363.

23. Given, refractive index of water, i1, =4 /3

Refractive index of glass prism, W, =

B |

For total internal reflection occurrence the incident
angle must be greater than critical angle.

- Let us calculate critical angle C.
As we know that, sinC = l
T
refractive index of glass (alig)
refractive index of water { )

1 1 1
sinC s ——=——_=

BN

or sinC =E=I|]ES =C =61.6°
9

where, U=

[As sin60° = 4/3/2 = 0.86]

As the eritical angle, i.e, 61.6% is greater than the angle of
incidence, L.e. 607, hence TIR will not occurs.
24, (i) Refer to text on page 362.
(ii) Refer to text on page 361.
(iii) Refer to text on page 363.

25. . Apparent depth,d=d, +d, = [1 - i]h. + [1 - L]k2
K2

0y
Ha Kerosene | po
My Water hy

26. By geometry, angle of incidence (i) at face AC for all

three rays is 45°. Light suffers total internal reflection
for which this angle of incidence is greater than critical
angle.

i=i, = sini>sini, or sin45° >sini

1
- <
sin 457 sin i,

= JZ=p

Total internal reflection takes place on AC for rays with
[T J2=14 14, i.e. green and blue colour suffer total

internal reflection, whereas red undergoes refraction.

A

B
G .
R

AN




27. Any ray entering at an angle i shall be guided along AC,

28.

29,
30.

31. We know that, p=

if the ray makes an angle ¢ with the face AC greater
than the critical angle as per the principle of total

internal reflection, ¢ + r = 907, therefore sin ¢ = cos r.

. 1 1
== snd2— = Ccosr2—

M m

A b C
/ﬁ'

T
P

a8 D
1 1 . 1 | 1—cne?
crl—cus‘r&l——_j:h s1n‘r£l——_|:' 1—cos "]

m p? =sin’r
Since, sin i = W sin r
1 . 1
—sin" isl-—
3 F:

i M

or sin isp® —1

Wheni= % then we have smallest angle ¢ .

If the angle & is greater than the critical angle, then all
other angles of incidence shall be more than the eritical
angle.

Thus,
=% 1= V2
This is the required result.

1=p* -1 or p*22

Let the apparent depth be O, for the object seen from
h
m,, then O, = B2
[T
Since, apparent depth = real depth/refractive index (u).

Since, the image formed by medium 1 acts as an object
for medium 2.If seen from ., the apparent depth is O,.

Similarly, the image formed by medium 2 acts as an
object for medium 3.

02=“_3[ﬂ+0]]
My \3

J_s(LE]J(hJ‘_a)
My W3 30 3P Wy

As, seen from outside, the apparent height is

0:=1_[i+02]=L £+£[F_3+H_3J
My L3 Ha[3 3hp:

h[1 1 1]
== — 4+ — 4+ —
IH By My

This is the required expression of apparent depth.
Refer to text on pages 363.

Since, light travels in vacuum with a constant velocity,
i.e. 3%10%m/s, hence ratio of velocities of all
wavelengths remains same.

1
sinC

32

33.

35.

= sinC = L.
noAz
C =45
Using lateral shift, d = 258k 1)
CoS K
Refer to Example 1 on page 362.
Given, i, =45° t=10cm = 01 m, 1 =15

Lateral shift="7

By Snell's law, p = 224 o sin K= dni, _smds
sin K 1) 15
0707 - sindF® =12,
= sinp =——
T 2 =1414
= sing = 04713
= v, =sin™' (04713) = r, =281
Lateral shift = tsin (fl -5 }= 0.1 sin {45% — 2812° )
cos I cos 2812°
_ 0.1 sinl6.88° _ 01 = 0.2904 = 0033m
cos2812° 08819
real depth / thickness of object
Here, =
apparent depth

Now, due to refraction at two different boundaries, the
apparent depth of object is
thickness of glass N thickness of water

apparent depth =
J‘lg;hﬂ. J‘l\ntﬂ
= i+i='_’.+4 =7 cm
15 13

Given, refractive index of the
material of the prism, p =15

-~ Critical angle for the material,

From the ray diagram, it is clear
that angle of incidence i = 30° < C,

Therefore, the ray incident at the face AC will not suffer
total internal reflection and merges out through this
face.

Casel When tank is filled with the water.
Given, the apparent depth = 9.4 em
Height of water, t = 12.5 cm
So, real depth= 125¢cm
Refractive index of water,
Real depth
n,=———————=—"=133

Apparent depth 94

Case Il When tank is filled with the liquid.

Refractive index of liquid, p, =1.63



Real depth

Again, =
€ " Apparent depth
= L63= —1 25
Apparent depth
125
Apparent depth=—=7.67 cm
PP P T3

.+ The microscope is shifted by 9.4 - 7.67 = 1.73 cm.

37. Distance of object from mirror

=15+ﬁ>ﬁ3=39.93|:m
4

| TOPIC 3|

Refraction at Spherical Surfaces

and Lenses

REFRACTION AT
A SPHERICAL SURFACE

A I:f'racting surface which forms a part of a sphcrc of
transparent rcFracting marerial is called a spherical
refracting surface.

Refraction at a spherical surface

In the figure, the geometry of formation of image / of an
object O and the principal axis of a spherical surface with

centre of curvarure C and radius of curvarure £,

Assumptions

(1) The aperture of the surface is small as cu-mparccl to
other distances involved.

(i) NM will be taken to be nearly equal to the length of
the perpendicular from the point V on the principal

axis.
tan NOM Zﬁ, tan NCM = ﬂ,
oM MC
tan NIM = ﬂ
MI

For small anglcs, tan =sinB =0

Distance of image from the mirror

25
=15+—x3
4
=33T75cm
. . 1 1 1
Using mirror formula, — + — = —
v u f
1 1 1
= ——— =
—-3375 3993 f
f=-183¢cm
So, ZNOM = ﬂ
oM
ZNCM = ﬂ
MC
ZNIM = ﬂ
MI
For ANOC, i is the exterior angle.
MN  MN
i=ZNOM+ ZANCM = ——+ — 1]
oM MO

For ANIC, 2 NCM is the exterior ang|c.
ENCM =r+ ZNIM

or r=2£ NCM - 2 NIM

i MN  MN .

Le. = ... (1)
MO M

By Snell’s law, nysin i =mnysinr
For small angles, i =n,r
Substituting the values of 7 and r from Eqs. (i) and
(1), we get
MN  MN MN  MN
M| ——t—— =y — = ——
oM MC MO MI
ny + My AT m
oM Mi MC
Applying new Cartesian sign convenrions,
OM==u, MI=+v
MC=+R

Substituting these values in Eq. (iii), we get

or L. A1)



ny m_Mmem
vrooowu R

This equation holds for any curved sph:rica| surface.

EXAMPLE |1] Light from a peint source in air falls on a
spherical glass surface (n =1.5 and radius of curvature
=20 cm). The distance of the light source from the glass
surface is 100 cm. At what position the image is formed?

Sol Given, object distance, u = =100 cm,
R=+20em, n =1, n, =15 image distance, v =7

We know that, L O _L-h
v o ou R
15 1 15-1
= —f—=
v 100 20
1.5 05 1
= —_————
v 20 100
_ 25-1 _ 1.5
100 100
v =+ 100cm

Thus, the image is formed at a distance of 100 cm from
the glass surface in the direction of incident light.

Cartesian Sign Convention
for Spherical Surfaces

(i) The principal axis of the spherical surface is taken as
X-axis and the optical centre as origin. Here, the
principal axis is the diameter extended.

(ii) The direction of the incident light is taken as the
positive direction of X -axis and opposite to it 15
taken as negarive.

(iii) The upward direction is taken as positive and the
downward direction as negative.

LENS

Lens is a transparent medium bounded hy two surfaces of
which one or both surfaces are sph:rical.

Lenses are of two types
(i) Convex or converging lens

(ii) Concave or diverging lens

Convex or Converging Lens

A lens which is thicker at the centre and thinner at its ends
is called convex lens. Convex lenses are of three types as
shown below.

(a) Double convex (b) Planc-convex (c) Concavo-convex
lens lens lens

Note A convex lens is also known as converging lens because it
converges a parallel beam of light rays passing through it.
A double convex lens is simply called convex lens.

Concave or Diverging Lens

A lens which is thinner at the centre and thicker at its ends
is called a concave lens. Concave lenses are of three types
as shown below.

(a) Double concave (b) Plano-concave (c) Convexo-concave
lens lens lens

Note A concave lens is also known as diverging lens because it
diverges a parallel beam of light rays passing through it. A double
concave lens is simply called concave lens.

Converging and Diverging
Action of Lenses

As convex lens CONVErges all the light rays, coming parallcl
to its principal axis at a point, it is also called converging
lens. Concave lens divcrgcs all the light rays coming
parallel to its principal axis. So, it is also called diverging

lens.
! E — = .
Converging lens

Diverging lens

The converging and di\-’trging action of lens can be
explained by considering a lens made up of large number of
different small angle prisms. In a convex lens, the base of
prism is towards principal axis and in concave lens, base of
prism is away from the principal axis.



Some Definitions Related to Lenses
(i) Optical centre The optical centre is a point lying on
the principal axis of the lens, directed ro which
incident rays pass without any deviation in the path,
i.e. the centre point of a lens is known as its oprica]

centre.
c
Opiical 5 i 3
cantra ?ﬂ?lﬂ@

(ii) Centre of curvature The centres of the wo
imaginary spheres of which the lens is a part, are
called centres of curvarure of the lens. A lens has two
centres of curvature with respect to its two curved
surfaces.

(111) Radii of curvature The radii of the two imaginary
spl'n:n:s of which the lens is a part are called radii of
curvature of the lens. A lens has rwo radii of
curvature. These may or may not be equal.

(iv) Principal axis The imaginary line joining the two
centres of curvature is called prinl:ipal axis of lens.
Principal axis also passes through the optical centre,

(v) Principal focus Lens has two prinl:ipal foci.

(a) First principal focus It is a point on the principal
axis of lens, the rays starting from this point in
convex lens or rays directed to this point in concave
lens become parallel to prim:ipal axis after refracrion.

<= 2

L |

e ]

(b) Second principal focus It is a point on the principal
axis at which the rays coming parallel to the principal
axis converge (convex lens) or passing through it
appear to diverge (concave lens) at this point after
refracrion from the lens.

—

Fz

f—fy — —fa—

Both the foci of convex lens are real, while thar of
concave lens are virtual.

(vi) Aperture The effective diameter of the circular
outline of a sphcrical lens is called its aperture,

(vii) Refractive axis It is an imaginary axis at the optical
centre pcrpcnclicuhr to the principal axis which
represents the lens.

lh ‘
(a) Real path of ray (b) Path of ray as shown with

reference to refractive axis

Note ‘When the object is at infinity, the distance of image from the
lens will be equal to the focal length of the lens.

Image Formation in Lenses
Using Ray Diagrams
We can represent image formation in lenses using ray

diagmms. For ::lrawing ray di:l.gmms in lenses like sphcrical

mirrors, we consider any two of the ﬁ:l-"l:l-wing rays.

(i} Rays which are parallel to the principal axis after
refraction, will pass through principal focus in case
of convex lens and will appear to be coming from
principal focus in case of concave lens.

v

(it} Rays passing through or directed to the focus will
emerge parallel to the principal axis.

N Fi /\ Fa | .,
‘\% J o, R U Fa 2F;

(iii) Rays directed to oprical centre will emerge out
undeviated.

F
Fy

THIN LENS FORMULA

It is a relation between focal length of a lens and distances
of object and image from oprical centre of the lens.

Let O be the optical centre and £ be the principal focus of a
convex lens of focal length OF = £. AB is an object held



pcrpcndicul:-l.r to the principal axis of the lens at a distance
beyond focal length of the lens. A real, inverted and
magnified image A" B’ is formed as shown in the figure. As,
AA'BO) and AABCO are similar.

A D
i F s
— :
e
e . ———
A'B" OR’ .
s =— LAl
AR 0B
Again, A A'B'F and ADOF are similar.
i A'B’ _FB ’
D OF
Bur 0D = AR
A'B"  FR' .
. —_— L1
AB OF

From Egs. (i) and (i1), we get
OB FB' OB'-OF
OB OF  OF
Using new cartesian sign conventions,
Let OB=-u, OB =+v,
OF =+ f
v v=f
- f
= zrf ==—ur+ uf
or ur =uf —uof
Dividing both sides by urf, we get
uy wf  uf M
wf wf wf | f v
This is the thin lens formula.

This formula can also be proved for concave lens and for
virtual images in the same way.

1 1

EXAMPLE |2| A convergent beam of light passes
through the diverging lens of focal length 0.2 m and comes
to focus 0.3 m behind the lens. Find the position of the
point at which the beam would converge in the absence of

the lens.
Sol Given, focal length, f =0.2m

Image distance, v =—0.3m
Object distance, u =7

From thin lens formula,
11 1
v u f
1 1 1
=3 =l
u v f
o1 1 _-os
-03 0.2 006
— 0.06
=3 u=
0.5

s Object distance, u = —0.12m

Refraction by a Lens : Lens Maker's

Formula

]
e £
W

Q

m
L—"1
]

]

Tog--

u v
- A
L]
j -
[ A
L h
e C.
o R 2
m -]
c
(b)

The above ﬁgun:s show the image formation by a convex
lens.

Assumptions Made in the Derivation
Some assumptions made from the derivation are as

(i) The lens is thin, so thar distances measured from the
poles of its surfaces can be taken as equal to the
distance from the aptical centre of the lens.

(ii) The aperture of the lens is small.

(iii) The object considered as a point lying on the
principal axis of the lens.

(iv) The incident ray and refracted ray make small angles
with the principal axis of the lens.

(v) A convex lens is made up of two convex spl‘l.crical
n:fracting surfaces.

(vi) The first refracting surface forms image [,of the
object O [Fig. (b)].
(vii) Image I, acts as virtual object for the second surface

that forms the image at I [Fig. (¢)].

Applying the equation for spherical refracting surface o the

first interface ABC, we get



ny My My Ty (i)
— —— T — sl
OB BI, BC,
A similar proccdurc appﬁcd to the second interface ADC,
we ger

ny omy my—m

- + = - ... )
oi, DI DC,
For a thin lens, Bf,=Di,
Adding Eqgs. (i) and (ii), we get
" ny 1 1
—+—={;}2 —n]} —+ = (1)
o DI BC, DC,

Suppose the ohjcct Is at inﬁnity, Le.
B — e and D.f—)f

So, Eq. (iii) can be written as,

1 1 ;
HFI-:{HE—H]} [B—‘:L-I-D—(:z'] ...{1\"}

The point where image of an ubjcct plac:cl ar inl:‘inil:].-r 15
formed is called the focus {f] of the lens and the distance f
gives its focal length. A lens has two foci, F and F* on either
side of it b}' sign convention.

BC, =R,
or DC,=-R,
Therefore, Eq. (iv) can be written as

-

1 1 1 My
—_—=(n, =) ——-— o, === ..V
7 (17, }[R, Rz] |: 172 n]} ()

L.

Eq. (v) is known as the lens Maker s formula.
Pul:ring2 = pn, refractive index of material of lens w.r.t. its
mn

s5u rroundings, we gCt

moemo_m

OF EZ f cou(v1)

As, Band D both are close to the optical centre of the lens,
OB ==u, DI =+ v, we get

———=— o)

Eq. (vii) is the thin lens formula.

From lens maker's formula, it is clear that focal |cngtl1 of
lens dcpcnds upon radii of curvature of lens and refractive
index of material of lens w.r.t. its surruundings.

EXAMPLE |3| The radii of curvature of the surfaces of a
double convex lens are 20 cm and 40 cm, respectively and
its focal length is 20 cm. What is refractive index of the
material of the lens?

Sol. Given, R, = 20cm, R, = —40cm, f = 20cm, n=?
1 1 1
We know H‘jat,—:{"_n[___J
f B R
= L={:'4'—1)(L+1_]
20 20 40
1 2+1 3
- —=2n[_)=_
n—1 40 2
= n-1=2 = 3n=5 = n=2
3 3

Hence, the refractive index of the material of the lens
is 5/3.

D:pem:lencc of Focal l..engﬂ:l on Refractive Index

Refractive index of marterial of lens depends upon the
medium in which it is kcpr. Gcncrally. the lens is placcd in
air, so in the above formula, » is the refractive index of
material of lens with respect to air. If lens is placed in a
medium other than air, then due to change in refractive
index (#), focal length of the lens changes. If lens is
immersed in a liquid whose refractive index with respect o
air is less than the refracrive index of marerial of lens with
respect to air, then focal length of the lens increases.

If lens is immersed in a liquid whose refractive index
with respect to air is more than the refractive index of
material of the lens with respect to air, then focal l:ngtl‘l
will become negative. That means, the nature of lens will
change in such a medium, convex lens will behave like
concave lens and concave lens will behave like
convex lens.

If lens is immersed in a liquid whose refractive index with
respect to air is cqu.al to the refractive index of material of
lens with respect to air, then focal length of the lens will
become infinite and it will behave like pla.nc g|a.ss sheet.
Also, in such medium, lens will become invisible.

Dependence of Focal Length on the Radii of Curvature

From lens maker's formula, it is clear that the focal |cngth
of a lens of large radii of curvature is large and that of a lens
of small radii of curvature is small. In simple words, the
focal length of thin lens is large and thar of thick lens is
small. For plana-cunw:x or planu-conc:-lw: lens, R =R and

R, = ea (for plane surface).



Linear Magnification
Produced by a Lens (m)

Linear magnification of a lens is defined as, the ratio of the
height of the image formed by the lens to height of the
object.

Height of image ([)

Height of object (()

Linear magnification (m) =

For Convex Lens

'W'hcnimagcisre:l, m:_—I:L

0 -u
When image is real, it is inverted and forms on the other
side of object.

{
When image is virtual, m=—= z
O u

When image is virtual, it is erect and forms on the same side
of abject. Thus, it can be said that convex lens gives positive
linear magniﬁc:-ltiun for virtual image and negative linear
magnification for real image.

For Concave Lens

Concave lens always forms virtual image, so linear

. . I w
Inagnlﬁcatlun DE concave J.Cns,. m=—==—

0O u

Concave lens always gives positive linear ma.gniﬁcation.
Other formulae for linear magnification are

v fov_F
« f  f+u
EXAMPLE |4| The focal length of a thin biconvex lens

is 20 cm. When an object is moved from a distance of
25 cm in front of it to 50 cm, the magnification of its

image changes from m,. to m.,. Find the ratio of Dos

Mep
Sol Since, magnification, m = f
+u
. N
2 2025

- 20 -2

Similarly, My, = ==
2050 3

Therefore,

Power of a Lens

The abi“r}r of a lens to converge or divcrg: the rays of light

incident on it is called the power of the lens.

\7 N

L

Power of a lens is defined as the tangent of the angle by
which it converges or diverges a beam of light falling at unit

distance from the aptical centre.

Accurding to the ﬁgurc.
if h=1, then

tan & = —,

tanb=—
f
For small values of &, tan & = &

5=L
f

1
Thus, power of a lens, P=—.

The SI unit of power of lens is dioptre (D). The power of a
lens is measured as the n:cipn:lcal of its focal |cngth
(in metre).

P= !
f (inm)
If f=1m,then P= Im™'= 1dioptre (D)
Accurding to the lens Maker's formula for a lens,

1 1 1 1
F‘“'”[E'E] [?]

We have,

L4

Here, B, and R, are to be measured in metre.

For converging (convex) lens, power is positive and for
diverging (concave) lens, power is negative.

EXAMPLE |5]| If the radii of curvature of the faces of a
double convex lens are 9 cm and 15 cm, respectively and
the refractive index of glass is 1.5, then determine the
focal length and the power of the lens.
Sol Given, radii of curvature, R, =9cm, R, =—15cm,
refractive index,u =15 f =7 P=7
According to lens Maker's formula,



1ot 10000 sesp

- Power, = —=
f 1125%10 1125

Combination of Thin

Lenses in Contact

Consider two lenses A and B of focal ||:r1.gd'|s fl and fz plamcl
in contact with each other. An ubic::r is placcd at a point {J
bq,rund the focus of the first lens A. The first lens pmduccs an
image at J, (virtual image), which serves as a virrual object for
the second lens B, producing the final image at 1.

Since, the lenses are thin, we assume the uptica| centres ()
of the lenses to be co-incident.
For the image formed hy the first lens A, we obtain

1 1 1

— = (1)
v u f

For the image formed by the second lens 8, we get
1 1 1

—_———=— ... (i)
v vy fh
Adding Egs. (i) and (ii), we get
1 1 1 1

v ou f, f

If the two lens system 1s rcgardcd as cquiv:-llcnt toa singlc
lens of focal length . We have,
1 1 1

L..dmi)

: - : = ? i)
From Egs. (iii) and (iv), we get
1. L1 )

ffh h

For several thin lenses of focal lengths £, f5, f5.... . the
effective focal length is

i
F R R A J

cealvi)

In terms afpaw:r, Eq. (vi) can be written as

)
P=P +Py+P+...
—

EXAMPLE |6| Two thin lenses are in contact and the
focal length of the combination is 80cm. If the focal
length of one lens is 20 cm, then what would be the power
of the another lens?
Sol. Given, combined focal length, F = 80 cm,
fi=20ecm, P, =7

= o — T —

B+P=P
P,=P-P
=125-5=-375D

We know that,

Magnification by Combination of Lenses

Suitable combination of lenses helps to obmain diverging or
converging lens of desired magniﬁcatian. It also enhances
sharpncss of the image. Since, the image formed hy the first
lens becomes the ahjcct for second lens and so on. So, the
ma.g;niﬁcatiun of combination (m) is the producr of
ma.g;niﬁcatiun (o, .mz,mjl of individual lenses.
Magniﬁcation of combination of lenses,
m=py XK, ij X ...
(1) If combination of lenses consists of one convex lens
(f,) and one concave lens (= f,), then

for combination of lenses,

1 1 1 1 1

FRTSRTR A
Fif

= =dL/2
v
(1) IFfl :’fz! then f is negarive, i.c combination will
behave like concave lens, when focal length of convex
lens is |arg:r. If fl {fl, then f is positive, Le.
combination will behave like convex lens, when focal
length of convex lens is smaller. If £} = f5, then fis
infinite, i.e. combination will behave like planc g|ass
sheet.

If the lenses are plac::l 4 distance apart, then

i1 1. 1 %
Lf i f ﬁﬁJ



TOPIC PRACTICE 3 |

OBJECTIVE Type Questions

1. For the refraction shown below the correct

relation is,

0 C
p—u—f-R—+
|
My My MNg=ny My My My—=ny
i) ———= b)) ——-—=
@) v u R ( v u R
my Ny My —=n, My Ny My =N,
) ———=—onu—= (d) - =
( u R ( v u R

Light from a point source in air falls on a
spherical glass surface (n = 1.5and radius of
curvature = 20 cm). The distance of the light
source from the glass surface is 100 cm. Image
distance from the glass surface is

{a) 20 cm (b) 50 cm

{c) 100 cm (d) 75 cm

First and second focal lengths of spherical

surface of n refractive index are f, and f,
respectively. The relation between them, is

(a) fa = fi (b) f» == f, () f2 =nf, (d) fo == nf,
. A magician during a show makes a glass lens
with n = 1.47 disappear in a trough of liquid.
coming from infinity?

Refractive index of the liquid is
4
b) 1.33 -
(b) (c) 3
(ilh
{a) Two images are formed e
(b) Continuous image is formed between focal points
of upper and lower lens

(a) 1.47 (d) %

Which of the following is true for rays

{c) One image is formed
{d) MNone of the above

. Two thin lenses are in contact and that

combination has 15 cm focal length. If one lens
has focal length 30 cm, then what is the second
lens focal length?
(a) 15 cm
(c) 20 em

(b) 25 cm
(d) 30 cm

7.

The radius of curvature of the curved surface of

a plano-convex lens is 20 em. If the refractive

index of the material of the lens be 1.5, it will

NCERT Exemplar

(a) act as a convex lens only for the objects that lie on
its curved side

(b) act as a concave lens for the objects that lie on its
curved side

(c) act as a convex lens irrespective of the side on
which the object lies

(d) act as a concave lens irrespective of side on which
the object lies

Two lenses are in contact having focal length

25cm and - 40 em. Find power of this
combination.

(a) =667D(b)-25D (c) +15D (d)+4D

Two lenses are in contact having powers of 5D
and — 3 D. The focal length of this combination
will be

(a) 50 em (b) 75 cm

(c)25cm  (d) + 20cm

VERY SHORT ANSWER Type Questions

10,

1.
12.

13.

15.

16.

A beam of light is converging towards a certain
point. A parallel sided glass plate is introduced
in the path of the converging beam. How will
the point of convergence be shifted?

What type of lens is an air bubble inside water?

A concave lens of refractive index 1.5 is
immersed in a medium of refractive index 1.65.
What is the nature of the lens? All India 2015

A biconvex lens made of a transparent material
of refractive index 1.25 is immersed in water of
refractive index 1.33. Will the lens behave as a
converging or a diverging lens? Give reason.

All India 2014

Under what condition, does a biconvex lens of

glass having a certain refractive index act as a

plane glass sheet when immersed in a liquid?
Delhi 2012

A glass lens is immersed in water. How is power
of the lens affected?

SHORT ANSWER Type Questions

The lens shown in the given figure is made of
two different materials. A point object is placed
on the principal axis of this lens. How many

images will be obtained?



17.

18.

19.

Show analytically from the lens equation that
when the object is at the principal focus, the
image is formed at infinity.

A student measures the focal length of a convex
lens by putting an object pin at a distance u
from the lens and measuring the distance v of
the image pin. What will be the graph drawn
betweenu and v ?

A magician during a show makes a glass lens
n =147 disappear in a trough of liquid. What is
the refractive index of the liquid? Could the
liquid be water?

LONG ANSWER Type I Questions

20.

21.

22,

23.

An equiconvex lens of focal length f is cut into
two equal halves in thickness. What is the focal
length of each half ?

Define power of a lens. Write its units. Deduce

the relation 1.t + L for two thin lenses kept

Lo f

in contact coaxially. Foreign 2012
A symmetric biconvex lens of

radius of curvature R and

made of glass of refractive

index 1.5, is placed on a layer
of liquid placed on the top of
a plane mirror as shown in
the figure. An optical needle w@“
with its tip on the principal

axis of the lens is moved along the axis until its
real, inverted image coincides with the needle
itself. The distance of the needle from the lens

is measured to be x. On removing the liquid
layer and repeating the experiment, the
distance is found to be y. Obtain the expression
for the refractive index of the liquid in terms of
x and y. CBSE 2018

The objective of an astronomical telescope has a
diameter of 150 mm and a focal length of 4 m.
The eyepiece has a focal length of 25 mm.
Calculate the magnifying and resolving power of
telescope (A = 6000 A for yellow colour).

Delhi 2011

LONG ANSWER Type II Questions

24.

Figure shows a convex spherical surface with

centre of curvature C, separating the two media
of refractive indices n, and n,. Draw a ray
diagram showing the formation of the image of a

25.

point object O lying on the principal axis. Derive
the relationship between the object and image
distance in terms of refractive indices of the
media and the radius of curvature R on the

surface.
o my !‘ na

R—IC

All India 2014

(i) A point object Ois kept in a medium of
refractive index n, in front of a convex
spherical surface of radius of curvature R
which separates the second medium of
refractive index n, from the first one, as
shown in the figure.

Draw the ray diagram showing the image
formation and deduce the relationship
between the object distance and the image
distance in terms of n,, n, and R.

|

IO (. -
Oy —

(ii) When the image formed above acts as a
virtual object for a concave spherical
surface separating the medium n, from
ny(n, > n;), draw this ray diagram and write
the similar [similar to (i)] relation. Hence
obtain the expression for the lens Maker's
formula. All India 2015

NUMERICAL PROBLEMS

26.

27.

28.

29.

A converging lens of refractive index 1.5 is kept
in a liquid medium having the same refractive
index. What would be the focal length of lens in
the medium?

The radii of curvature of the faces of a double
convex lens are 10 em and 15 cm. If focal length
of the lens is 12 em, find the refractive index of
the material of the lens. Delhi 2010

Find the radius of curvature of the convex
surface of a plano-convex lens, whose focal
length is 0.3 m and the refractive index of the
material of the lens is 1.5, Delhi 2010

A biconvex lens has a focal length 2/3 times the
radius of curvature of either surface. Calculate
the refractive index of lens material.  Delhi 2010

What is the focal length of a convex lens of
focal length 30 ¢m in contact with a concave
lens of focal length 20 em? Is the system a



31

32.

33.

34.

converging or a diverging lens? Ignore
thickness of the lenses. NCERT

(i) Monochromatic light of wavelength 589 nm
is incident from air on a water surface. If p
for water is 133, find the wavelength,
frequency and speed of the refracted light.

(ii) A double convex lens is made of a glass of
refractive index 1.55 with both faces of the
same radius of curvature. Find the radius of
curvature required, if the focal length is
20 cm. All India 2017

Double convex lenses are to be
manufactured from a glass of
refractive index 1.55, with both faces R, Ra
of the same radius of curvature. What
is the radius of curvature required, if
the focal length is to be 20 cm?
NCERT

The image obtained with a convex lens is erect
and its length is four times the length of the
object. If the focal length of the lens is 20 cm,
calculate the object and image distances.

All India 2010

You are given three lenses L, , L, and L, each of

focal length 10 ¢m. An object is kept at 15 cm in
front of L,, as shown in figure. The final real
image is formed at the focus of L;. Find the
separation between L, L, and L,.  All India 2012

A A A
SR

| HINTS AND SOLUTIONS |

1. (a) As refraction formula for curved surface is

L_K_Mnh—n
v u R
2. (c)Here,u=—-100cm,v=7 R=+20cmn, =1
and n, = 1.5
As, refraction formula for curved surface, we have
1.5 1 0.5
—+—=— = v=+100cm
v 100 20

The image is formed at a distance of 100 cm from the
glass surface, in the direction of incident light.

3. (b) When medium is equal on both sides of lens, then

the numerical value of both focal length is equal, hence
fa=-Ffu

4. (a) The refractive index of the liquid must be equal to
1.47 in order to make the lens disappear. This means
n, =n,. This givel/f =0or f — o=

5. (a) Since, lens is made of two layers of different
refractive indices, for a given wavelength of light it will
have two different focal lengths or will have two images

1
at two different points as ? e (L —1)(from Lens

maker’s formula).
6. (d) Given, F =15¢cm, f, =30cm

We know that, l = L + L
h
1 1 1
=3 ———
15 30 f,

— fy=30cm
7. (c) Here, R = 20cm, i =15, on substituting the values in
i . 40 cm of converging nature as f=0.
-1 15-1

Therefore, lens act as a convex lens irrespective of the
side on which the object lies.

8. (c) Given, f, = 25cm, f, = —40cm

p=100_ 10 . 4p
fi 25

and P,=200_100_ _.sp
fz —40

. P=F +P=4+(-25D=+15D
9. (a) Given, B, =5D, P, =-3D
P=P +P,=5+(-3)=2D

1 1
P=—= 2I=—
f f
1
2

= f=

100
m=—cm=50cm
2

10. Here, shift is given as Ax =[1 - 1—]1'
n

which takes place in the direction of ray.



11

12,

13.

14.

15.

16.

It is clearly visible that air bubble acts as a diverging
lens (concave lens) in water.

——

A concave lens behaves as a diverging lens, when it is
placed in a medium of refractive index less than the
refractive index of the material of the lens and behaves
as a converging lens, when it is placed in a medium of
refractive index greater than the refractive index of the
material of the lens.

In the given case, concave lens is immersed in a medium
having refractive index greater than the refractive index
of the material of the lens (1.65 = 1.5). Therefore, it will
behave as a converging lens.

When a lens is placed in a liquid, where refractive index
is more than that of the material of lens, then the nature
of the lens changes. So, when a biconvex lens of
refractive index 1.25 is immersed in water (refractive
index 1.33), i.e. in the liquid of higher refractive index,
its nature will change. So, biconvex lens will act as
converging or diverging lens.

When refractive index of lens is equal to the refractive
index of liquid, it will behave like plane glass sheet.

1 1 1
We know that, — = (i —1)] ———
crmow b y=l {R] Rz)

For glass n, = 15, for air, n, =1, for water n =133

1=[£_1] 11
f s R, R,

So, focal length becomes 4 times, hence power becomes

Lih of the initial value.
4

Since, refractive index of each material is different, so
the lens will have two different focal lengths, one for
each material. Hence, two images will formed.

17. Given,u=-f

18.

.1 1
.. Lens equation is, — — — = —
v u f
1 1
= 4+ =
v
= V=

1
As we know that, —-—=

u (im cm)

.. Correct answer is 1.

19.

20.

21

If ;= py, then f = =
Hence, the lens in the liquid acts like a plane sheet,
when refractive index of the lens and the surrounding
medium is the same. Therefore, i, =, =147.
Hence, the liquid medium is not water, refractive index
for water =1.33.
Focal length can be given as
L 1{ 1 1 )
AR R
where, L is the refractive index of the

lens medium. R, and R, are radii of
curvature.

Equiconvex lens have the same
radius of curvature,

ie. R =-R,

2 w-p|io(-Ll)|s L2
& (u 1}[R [ R)]z I v

f'=2f
Hence, focal length of each half becomes twice of the
original value.

Focal length = f

Refer to text on pages 374 and 375.
First measurement gives the focal length ( fq = x)

combination of the convex lens and the plano-convex
liquid lens. Second measurement gives the focal length
{ f; = y)of the convex lens.
Focal length { f, ) of plano-convex lens is given by
1 1 1 1 1

fo fuq K ox

= fi=—2 i)
B
For equiconvex glass lens using Lens Maker's formula,
we get
1 1 1
—=(n 1| ———
fl ¢ [RI Rﬂ]
1 2
—={15—l}[—]
¥ R
(AsR, = Rand R, = - R)
1 1 2
=3 —=—x—= = R=y
vy 2 R

Q

Now, we apply Lens Maker’s formula for plano-convex

lens.

Here R, = Rand R, = == and let i, = refractive index of

liquid



23.

24
25.

il _{,ﬁ_l,[l_i)
fa R e
1 1
- el
R
R ¥
=3 m=ld—=14——
Ii xy
y—x
=14 ¥"%*_2
x X

The diameter of objective of the telescope
=150% 10" m, f,=4m
fo=25% 10" mand D=025m

. 1, D
Magnifying power, m = — =21 + —
fe fe

0.25
|1+ — |=-1760
2510 25%10

-7
: dﬂ=1.zz.'»\.=1.2z><6x1n
D 0.25
=2.9%107 * rad
~. Resolvi Wer = I L
N ada de  29x107°
=0.34x10°
Refer to text on pages 369 and 370.
Let a spherical surface separate a rarer medium of
refractive index n, from the second medium of refractive
index n,. Let C be the centre of curvature and R = MC be
the radius of the surface.
Consider a point object O lying on the principal axis of
the surface. Let a ray starting from O incident normally
on the surface along OM and pass straight. Let another
ray of light incident on NM along ON and refract along
NI. From M , draw MN perpendicular to OF.
The above figure shows the geometry of the formation
of image I of an object O and the principal axis of a
spherical surface with centre of curvature C and radius
of curvature R .

Here, we have to make following assumptions,

(i) the aperture of the surface is small as compared to the
other distance involved.

(it) NM will be taken as nearly equal to the length of the
perpendicular from the point N on the principal axis.

tan ZNOM = ﬂ tan ZNCM = ﬂ
oM MC

tan ZNIM = ﬁ
MI

For ANOC | is the exterior angle.
' Li= ZNOM + £NCM

MN MN

For small angles, i= + — (1)
oM NC

Similarly, r= ZNCM — £NIM

- % (i)

MN
NC
By Snell's law, we get

n, sini = n,sinr
For small angles, mi=n,r
Put the values of i and r from Eqs. (i) and (i), we get

= r=

MN  MN)_ (MN _MN

oM Mc) G\Mmc M
L TP T T i)
oM Ml MC

Applying new cartesian sign conventions, we get
OM=—-u MI =+ v

and MC=+R

Substituting this in Eq. (iii), we get

Aiv)

MNow, the image I’ acts as a virtual object for the
second surface that will form a real at I. As,
refraction takes place from denser to rarer medium,

- ny
v v

B _RB—h

+—==
-
On adding Egs. (iv) and (v), we get

1 _I(L_L] omy =t L1 1]
f " R R o n f v uJ
26. When lens is immersed in a liquid, then
1 L 1 1
_=[ 8 _1{___]
L ! R R,

where, Lpl = refractive index of lens material (glass)
wer.t. liguid.

Av)

Be 15
w, 15

1 1 1
Hence, —=(1-1) ———|=0 = =ca
fi {Rl RJ fe

27. Given, R, = +10cm, R, =-15cm, f =+12cm,pu="7
Applying lens Maker's formula,

1 11

—={u—n[———]

f R R

1 11 5

—=u=-1—=+=|={u-11—
- 12 W }[m+15) “’l }311
3

1
=l)j== = ==
- eoege e



28. For a plano-convex lens, R, = e=
R,=-R f=03m=30cm
p=15
Radius of curvature of plano-convex lens, R =7

1 1 1
Applying lens Maker's formula, — = (u —1) (_—_]
f R R

29. Given, _f=;2R.R, =+RR, =R

~ Using lens Maker's formula,

1 1 1
T““”[E‘E]
3

2
= =(u-1|=
TR }(R]
= |,1—1=E
= I_|_=]+E=1
4

30. Given, focal length of convex lens, f, =30 cm

Focal length of concave lens, f, = — 20 cm
Using the formula of combination of lenses,
1_1,1_1 1 _2-3_ 1
f fi f. 30 20 60 60
= f=—60cm

Since, the focal length of combination is negative in
nature. So, the combination behaves like a diverging
lens, i.e.as a concave lens.

3L (i) In refraction, frequency remains same, so

T retracted beam = Sincidert beam

" A A
Also, K =_]=f—}‘]=}‘—1 [ v=fA]
v, fh, 2
v, 3x10f _
= v,=—t= =225%10° ms™
" 133
Ay =2 3 o s5=443nm
Wy 133

So, wavelength of reflected beam = 443 nm and its
speed = 2.25 % 10* ms™

(ii) For a biconvex lens, using lens Maker's formula,
1 1 1
7 ”[& Rz]
Here, f =20cm, L =155
= R=+RandR,=-R

We have, =(u —l}%

—|=

= R=2(u—-1)f=2x(155-1)% 20=22cm
~ Radius of 22 em is required.
32. Given, the refractive index of glass with respect to air,
", =155
For double convex lenses, R, =R, R, =-R
[ both faces have same radius of curvature)
[for double convex lens, one radius is taken as positive

and other negative]
Focal length of lens, f =+ 20cm
Using the lens Maker's formula,

1 11
f £ R R
— L=(1.55—1}[1+l)
20 R R
1 2
= — =055%X— = R=055x2%20=22cm
20

Thus, the required radius of curvature is 22 cm.

33. As magnification, m= é= Y sr=4x length of object
u

= L=4 = i=4 = v=4u
o u

Usinglensfmmuln,l=l—l=;_ 1
fov o uw () (-u)

1 1 1 1 441 3
= — = —t—=m—=—=—
f 4y w20 4u 4u
20% 3
= u= = 15 cm
= v=4u=15x 4= 60 cm

Distance of the object, u =15 cm
Distance of the image, v =60 cm
The image is on the same side of the object.
1 1 1
34. Forlensl, —=———
f v u
Given,u=—15¢m, f = +10ecm,v="7
1 1 1 1 1 1 1 1
—_— e = — = ——— - —
0 v 15 v 10 15 v 30
Distance of image from lens L, v =30 cm
1 1 1
For lens Ly, F= — -
v"ou
Distance of image from lens L,, v** =10 cm
1 1 1 1
= =
0 10 u” u”
The refracted rays from lens L, becomes parallel to
principal axis. It is possible only when image formed by
L, lies at first focus of L, i.e. at a distance of 10 cm
from L,.

s Separation between L, and L, =30 +10 =40 cm
The distance between L, and L, may take any value.



| TOPIC 4|

Prism and Optical Instruments

A prism 15 a portion of a transparent medium bounded b]{
two plane faces inclined to each other ar a suitable angle.
In the given ﬁgu re, ABQPand ACRP are the two rcfracting
faces and £A is called angle of prism.

Q R

B C
REFRACTION OF LIGHT

THROUGH A PRISM

The Egurc below shows the passage of |ight rhmugh a
triangular prism ABC.

The angles of incidence and refraction ar first face AB are i
and 7.

The angle of incidence at the second face AC is r; and the
angle of emergence is e.

The angle between the emergent ray £S5 and incident ray
PQ) is called angle of deviation (8).

Here, ZPON =i, £L5RK =¢
LZRQO0O=r, ZQRO=r,
LKTS =8, £2TQ0=

and LZTQR=i-r

or LTR) =e—n,

In ATQR, the side Qr has been pru-duccd outwards.
Therefore, the exterior a.ngl: 8 should be cqual to the sum
of the interior opposite angles.

Le.

b=LTQR+ LTRQ
={i=n)+le=—ri)
= d=li+e)=(r, +r) ]
In AQQRO),

7 41y + ZROQ = 180° (i)

From quadrilat:m| AROQ, we have the sum of anglcs
ZAQU+ £ ARO =180°,

This means that the sum of the remaining two angles

should be 180°,

ie. Z A+ 2 ROQ) =180° ...(iii)
[£ A is called the angle of prism]

From Egs. (ii) and (iii), we ger

ntr=A4 L (iv)

Suhstituting the value from Eq. (iv) in Eq. (i), we obtain
d=(+e)—-A

If p is the refractive index of material of the prism, then

according to Snell’s law,

sin £

sin ry

When znglcs are small, sini; =1, and sin r=r

il =L = i =un [here, £, =]
n
Similarly, L =2 o L -t [ iy,=¢]
T2 L
= e =Lr,
b=i+e=4A
=lr tr = A=l +n)=-A
But ntrn=A4
d=pAd - A
or d=u-0A

This is the angle through which a ray deviates on passing
through a thin prism of small refracting angle A.

EXAMPLE |1] A thin prism of5° angle gives a deviation
of 3.2°. What is the value of refractive index of the
material of the prism?

Sol Given, A=5,56=32u="

We know that, &= A{u-1)

T =1+£=1 +£=1+0_64=1_64
A 57

Prism Formula

If the angle of incidence is increased gradually, then the
angle of deviation first decreases, attains 2 minimum value
(8,,) and then again starts increasing.



Angle of deviation

Angle of incidence

When angle of deviation is minimum, the prism is said to
be placed in the minimum deviation position. There is only
one nnglc of incidence for which the anglc of deviation is
minimum.
When & =&, [prism in minimum deviation position]

e=i and r, =rn L (1)
n+trn=A4

A

=3 r+r=Aorr= ?

Also, we have
A+bd=i+e

Putting & =&, and £ =1 in Eq. (ii), we get
A+d, =i+

. (A+5m)
—] §=
2

From Snell’s law,

T

This relation is called a prism formula.
For thin prisms (i.c. A is very small), the value of §,, s also

w:rysmall.
L [A+S,

) M A+8,
o == 2

sin— I

2 Al2

= 5, =-1A
EXAMPLE |2] A ray of light suffers minimum

deviation, while passing through a prism of refractive
index 1.5 and refracting angle 60°. Calculate the angle of
deviation and angle of incidence,
(Given, sin™ (0.75)= 48.6°)
Sol Given, refractive index, 1 =1.5
Angle of prism, A = 60°, angle of deviation, &,, =7

Angle of incidence, i =7
. (A +§m)
sin
2 J
(3]
s —
2

We know that, p=

, [6-ﬂ°+ 3_)
s
= 15= —2
. [ 60°
S| —
()
= 1_5ginsu°==in[m°+ﬁ'")
=% 1.5% 0.5 =£,m[60“+8m]
2
= 6°+8, sin™'{0 .75)
2
= _60"' hs"' = 48.6°

8, =48.6°x 2—-60°=37.2°
Also, the angle of incidence,
joAx b,,)
2

60° + 37.2°
=— " 48

OPTICAL INSTRUMENTS

Using the reflecting and refracting properties of mirrors,
lenses and prisms, many optical instruments have been
designed like microscopes and telescopes. Our eye is a

natural optical device.

The Eye

The structure and working of eye were already learnt in
your younger classes. The eye lens is a convex lens whose
focal length can be modified by the ciliary muscles. This
property of eye is called accommodation. The image is
formed on a film of nerve fibres called retina.

The closest distance for which the lens can form image is
called the near point and its value is 25 cm for a normal eye.
The far point of a normal eye is infinity. It is the farthest
point upto which the eye can see clearly.

Simple Microscope

Microscope is an aptical instrument which forms L'lrg:
image of close and minure abjccl:s_ A simplt microscope is a
converging lens of small focal lcngrh. When an ohjcct isata
distance less than the focal |tngth of the lens, the image
obrained is virtual, erecr and magniﬁcd.

When the object is at a distance equal to the focal length
of the lens, the image is formed at infinity.



Case ] When the image is formed at the near point

x

W canaioaaa.

\T&

The angular magmﬁcauon or magmfymg power of a
simple microscope is defined as the ratio of the angle
{3 subtended at the eye by image at the near point and
the angle ¢ subtended at the unaided eye by the
object at the near point.

p

-. Magnifying power, m=— .(1)
o
WAABC  wap=tl.
D
I M"B”C, mna=A B =%

Since, the angles are small, then
tand=cand tan f=f
A'B’
=—— and a=—
D
From Eq. (i), we have
A'B' D _A'B’
D AB AB
This gives the linear magnification produced by the

lens.

m=

It can be proved thar, A8 fuc
AB  u
| ) S |
We know that, s ==
v u f
Multiplying both sides by », we have LA S
v u f

= lem=— = m=l-—

m=l+-2

[+ v ==D because image is formed at near point]

In this case, the eye is placed behind the lens ata
distance 4, then

D=a
7

m=1+

Case 11 When th;e image is formed at infinity

i.e. p=oa

In this case.ﬁ——anda_.A_B.

D

AB_D _D

f 4B f
oD

EXAMPLE |3| A convex lens of focal length 5 cm
is used as a simple microscope. What will be the
magnifying power when the image is formed at the
least distance of distinct vision?

Sol Given, focal length, f =5cm

Least distance of distinct vision, D = 25 ¢m

Magnification, m = [l - ?]= (l - %) =6

Compound Microscope

A compound microscope consists of two convex
lenses coaxially separated by some distance. The lens
nearer to the object is called the objective. The lens
through which the final image is viewed is called the

eyepiece.
Working

The objective of compound microscope forms the
real, inverted and magnified image of the object. This
image serves as the object for the second lens, i.c.
cyepiece which produces the final image, which is
enlarged and virtual.

The first inverted image is thus near the focal planc of
the cyepicce, at a distance appropriate for final image
formation at infinity or a little closer for image
formation at the near point. The final image is
inverted with respect to the original object.

Obijective lens Eye lens

[ q\ = -A/
Qr -."“r:(: %

Angular magnification or magnifying power of a

cnmpnund microscope is defined as tl'_l.c ratio of the
angle B subtended by the final image at the eye to the



angle ot subtended by the object seen directly, when both are
placed at least distance of distinct vision.

.~ Angular magnification, m = —
o

Since, the angles are small, then
0 =tan ¢ or ﬁmmnﬂ

- Q)
tan O
From right angled AC’ QB”, we have
B” Q B L Q A!' B"
tan ﬂ | ; = —
o n n
Also, from right anglcd AC'A 02, we have
A" AR
tanﬂZ—QZ— [ A"} = AB]
fd.! Q D

Substituting the values of ran@and tanBin Eq. (i), we
have

_B"Qx D _B”Q

m
D AB  AB
B AR’

= m= Q)(
AR’ AB

Thus, the magnification produced by the compound
microscope is the pmduct of the magniﬁcatin-n produccd b)«'
the cyepiece and ohjcctivc_

... (11)

m=m_Xm,

where, m, and m, are the magnifying powers of the
eyepicce and objective, respectively.

The lincar magnification of the real inverted image
"B”

produced by the eyepiece is

A'B"
Case ]| When the final image is formed at near point
Linear magnification is given by

D

m, =l+—

Lo.in)

e

Subsoruring the value nfﬂ—" in Eq. (v), we have
“ﬂ

e

When the final image is at i.nﬁnity
If w, is the distance of the object from the
objective and v, is the distance of the image

from the objecrive, then the ng,nifying power

Case [1

yl‘t

of the objective is m, =
When the final image is at infinity, then

angular mag,niﬂcatinn is given by

D

.
The toral magnification when image is at

inﬁnir}' is given by

m=m_ xm, = "—‘*xE
HJ ff

If the object is very close to the principal focus
of the objective and the image formed by the
objective is very close to the eyepiece, then

-L D

m=—r—
fﬂ _ff
where, L =length of the tube of microscope

In this case, the microscope is said to be in
normal adjustment.

where, f, is focal length of the eyepiece
A'B’

—— is the linear magnification of the object

EXAMPLE |4| A compound microscope has an objective
of focal length 1 cm and an eyepiece of focal length 2.5cm.
An object has to be placed at a distance of 1.2 cm away
from the objective for the normal adjustment. Determine
m, = Ys ...(iv) the angular magnification and length of microscope tube.
o Sol. Given, focal length of objective, f,=1cm

From Egs. (ii), (iii) and (iv), we have Focal length of eyepiece, f, = 25cm
m="le Object distance, u, = —1.2 cm

g -
u, | fe 1_1.1

produced by the objective.




= Lo A where, [ is the image formed by the objective, £, and £,
Vo 4, f, are the focal lengths of objective and eyepicece, respectively.
- 1 1.2 Substituting the values of tan ¢ and tan 8 in Eq. (i), we get
v, 12 12 /
= s > 7
tez m= /e or m==- L
~+ Angular magnification, m = —2 [l - 2] L fe
kU 1.
P - =L(l £ ﬁ] =55 Case 11 When final image is formed at near point
12\ " 25 . -
o e
.. Length of microscope tube,

Parallel rays from

L=v + f, =(6+25)=85cm object at infinity

Astronomical (Refracting) Telescope Eve
An astronomical telescope is an oprical instrument which is ' et
used for observing distinct images of heavenly bodies like A.k“:
stars, plancts, ctc.,, when the final image is formed at D
infinity. B
Astronomical telescope has two convex lenses coaxially Angular magnification, m = &
separated by some distance. The lens towards the object is tan B
called objective and has much larger aperture than the = m=—— [ and o are small]
eyepicce of the lens towards the eye. tan @
A’ B’
Working C.B B
Light from the distant object enters the objective and real - m ='j,=§7 =#
image is formed at second focal point of objective. The —_—
eyepicce magnifies this image producing a final inverted GB
ik = m=—t ()
Case 1 When the final image is formed at infinity P
o . A |
Objective lens Using lens formula (— -——= —) for the
{ =l eyepiece, we have \V ¥ L
‘ T Lo
? =D -u, f,
: . EREREREY (VA
R u fo D f, D
Q‘;@‘_‘_/' Putting the value ofL in Eq. (i), we have
u
Angular magnification is given by .
m= E m==- —‘[—'— (] + —fL)
o fe\ D
Since, f and & are very small.
- B=rtanp EXAMPLE |5| A telescope consists of two lenses of
or P focal lengths 20 cm and 5 cm. Obtain its magnifying power
tan B when the final image is (i) at infinity (ii) at 25 cm from the
= m= (i) eye.
tan O
/ I Sol. (i) When the final image is at infinity,
Now, mnt=— and wmnff=——0 f, _-20

I e jz 5



= m=-—4
(ii) When the final image is at 25 cm from the evye,
ie. D =25cm,
m= __—r“[1+ £)=__20(1+i)
I D) s 25
== m=-—48
Reflecting Telescope

Reflecting telescope is also known as Cassegrain Telescope,
which was designed by Guillaume Cassegrain, shown in
figure below. Reflecting telescope is an improvement over
refracting or astronomical telescope. To obtain a brighe
image of a distant star by refracting telescope, it is essential
to have an objective of large aperture, so that it may collect
more light coming from the object. But to deal with sucha
big lens is problem in terms of using and making and it is
too costly. The same bright image of a distant object can be
obtained by using a concave mirror of large aperture in
place of abjective.

N
- Objective
Secondary mimor
mirror‘___‘_‘

Eyepieca

S

Reflecting telescope consists of concave mirror of large
aperture and large focal length (objective). A convex mirror
is placed between the concave mirror and its focus. A small
convex lens works as eyepiece.In the reflecting telescope,
parallel rays from a distant object are intercepted and
focused by a reflecting concave mirror rather than a
refracting lens. One popular configuration of mirror and
eyepicce is called the Newtonian reflecting type telescope,
named after its designer Newton.

The parallel beam of light coming from the distant object
(star) is reflected by concave parabolic mirror M|, on the
plane mirror M ,. The plane mirror M, is inclined at an
angle of 45° to axis of the mirror M.

Eyepiece /A
3y

M, = Parabolic mirror

‘l’

Rays arrive
parallel from
very distant
object

L

7
Mz = Plane mirror

The plane mirror reflects the beam and a real image is
formed in front of eycpicce. The eyepicce acts as a magnifier

and the final magnified image of the distant object can be
observed by the eye.

Advantages of Reflecting Telescope
over Refracting Telescope

For astronomical telescope, the mirror affords several
advantages over the objective lens. A mirror is easier to
produce with a larger diameter, so that it can intercept rays
crossing a larger area and direct them to the eyepiece.

The mirror can be made parabolic to reduce spherical
aberration. Aberration is further reduced because passage
through one layer of glass (the objective lens) is eliminared.

TOPIC PRACTICE 4|

OBJECTIVE Type Questions

1. Aprism has refractive angle 60°. When a light
ray is incident on 50° then minimum deviation
is obtained. What is the value of minimum

deviation?
(a) 40° (b) 45°
(c) 50° (d) 60°

2. Aray of light passes through an equilateral
prism such that, the angle of incidence is equal
to the angle of emergence and the latter is equal
to 3/4 the angle of prism. The angle of deviation
is
{a) 25°
{c) 45

(b) 30°
(d) 35°

3. Aray of light incident at an angle 8 on a
refracting face of a prism emerges from the
other face normally. If the angle of the prism is
5% and the prism is made of a material of
refractive index 1.5, the angle of incidence is

NCERT Exemplar
(b) 5*

{a) 7.5 (d) 2.5¢
4. The image formed by an objective of a

(c) 15*

(a) virtual and diminished
(b) real and diminished
(c) real and enlarged

(d) virtual and enlarged

5. Inorder to increase the angular magnification
of a simple microscope, one should increase
(a) the object size
(b) the aperture of the lens
(c) the focal length of the lens
(d) the power of the lens



6. F,and F, are focal lengths of objective and

eyepiece respectively, of the telescope. The
angular magnification of the given telescope is

equal to
£ F

a) — ) =

@ 3 ®
F,F F, +F

(IL'] 142 {d] 1 2
F, +F, F,F,

7. Anastronomical telescope has an angular
magnification of magnitude 5 for distant
objects. The separation between the objective
and the eyepiece is 36 cm and the final image is
formed at infinity. The foecal length f, of the
objective and the focal length f, of the eyepiece
are
(a) f,=45cm and f, ==9%cm
(b) f,=—72cmand f, =5cm
(c) f,=50cm and f, =10 em

(d) f, =30cm and f, =6cm

8. Limitation of reflecting telescope is

(a) objective mirror focusses light inside the telescope
tube

(b) objective mirror focusses light outside the telescope
tube

(c) objective mirror has large focal length
{d) tube length is large

VERY SHORT ANSWER Type Questions

9. How does the angle of minimum deviation of a
glass prism vary, if the incident violet light is
replaced by red light? Give reason. All India 2017

10. Write the relationship between angle of
incidence i, angle of prism A and angle of
minimum deviation &, for a triangular prism.

Delhi 2013

11. Why should the objective lens of a compound
microscope have a small focal length?

12. How will you distinguish between a compound
microscope and a telescope simply by seeing it?
SHORT ANSWER Type Questions
13. What should be the position of the object

relative to the biconvex lens, so that this lens
behaves like a magnifying glass?

14. How does the magnification of a magnifying
glass differ from its magnifying power?

15. Isit possible to increase the range of a
telescope by increasing the diameter of the
objective lens?

16. Draw a schematic arrangement of a reflecting
telescope (Cassegrain) showing how rays
coming from a distant object are received at the
eyepiece. Write its two important advantages
over a refracting telescope. Delhi 2013

17. Explain two advantages of a reflecting
telescope over a refracting telescope. CBSE 2018

LONG ANSWER Type I Questions

18. Choose the statement as wrong or right and
justify.
(i) The intensity of scattered light varies
inversely as square of wavelength.
(ii) Magnification of simple microscope
when final image is at infinity is given

d
bym=1-—
f

(iii) In reflecting type telescope, objective lens is
replaced by convex parabolic mirror.

19. (i) Draw a neat labelled ray diagram of a
compound microscope. Explain briefly its
working.

(ii) Why must both the objective and the
eyepiece of a compound microscope have
short focal lengths? All India 2010

20. Draw a ray diagram showing the image
formation by a compound microscope. Hence,
obtain the expression for total magnification,
when the image is formed at infinity. Delhi 2010

21. Draw a labelled ray diagram on a refracting
telescope. Define its magnifying power and
write the expression for it. Write two important
limitations of a refracting telescope over a
reflecting type telescope, AllIndia 2013

LONG ANSWER Type 11 Questions

22. (i) Aray PQ of light is incident on the face AB of
a glass prism ABC (asshown in the figure)
and emerges out of the face AC. Trace the
path of the ray. Show that £i + Le = £4+ £8




23.

24.

where, § and e denote the angle of deviation
and angle of emergence, respectively.

Plot a graph showing the variation of the
angle of deviation as a function of angle of
incidence. State the condition under which
£8 is minimum.

(ii) Find out the relation between the refractive
index (u) of the glass prism and £A for the
case, when the angle of prism (A) is equal to
the angle of minimum deviation (5,)
Hence, obtain the value of the refractive
index for angle of prism A =60° Delhi 2015

Draw a ray diagram to show refraction of a ray
of monochromatic light passing through a
glass prism. Deduce the expression for the
refractive index of glass in terms of angle of
prism and angle of minimum deviation.

Delhi 2012

Define magnifying power of a telescope. Write
its expression.

A small telescope has an objective lens of focal
length 150 em and an eyepiece of focal length

5 cm. If this telescope is used to view a 100 m
high tower 3 km away, find the height of the
final image, when it is formed 25 ¢em away from
the eyepiece. Delhi 2012

NUMERICAL PROBLEMS

25.

26.

27.

28.

White light is incident on one of the refracting
surface of a prism of angle 5°. If the refractive
indices for red and blue colours are 1.641 and
1.659 respectively, then what will be the
angular separation between these two colours
when they emerge out?

Consider a telescope whose objective lens has
a focal length of 100 cm and the eyepiece has
focal length 1 em. What will be the
magnification of the given telescope?

Two lenses of focal lengths 6 cm and 50 cm
are to be used for making a telescope. Which
will you see for the objective?

Aray of light, incident on an equilateral glass
prism (u, = -\E} moves parallel to the base line

of the prism inside it. Find the angle of
incidence for this ray. Delhi 2012

29.

30.

31.

32.

34.

35.

Aray PQ incident on the refracting face BA is
refracted in the prism BAC and emerges from the
other refracting face AC as RS, such that

AQ= AR.If the angle of prism £ A =160° and
refractive index of the material of prism is -.E
then what will be the angle of deviation of the

ray?

The following table gives the values of the angle
of deviation, for different values of the angle of
incidence, for a triangular prism.

Angle of incidence = 33° | 38° | 42° | 52° | 60° | T1®

Angle of deviation = 60° | 50° | 48° | 40° | 43° | 50°

(i) For what value of the angle of incidence, is
the angle of emergence likely to be equal to
the angle of incidence itself ?

(ii) Draw a ray diagram, showing the passage of a
ray of light through this prism, when the
angle of incidence has the above value.

The near vision of an average person is 25 em. To

view an object with an angular magnification of

10, what should be the power of the microscope?
NCERT Exemplar

You are given two converging lenses of focal
length 1.25 cm and 5 em to design a compound
microscope. If it is desired to have a
magnification of 30, then find out the separation
between the objective and eyepiece. Delhi 2015

A small telescope has an objective lens of focal
length 144 cm and an eyepiece of focal length &
cm. What is the magnifying power of the
telescope? What is the separation between the
objective and the eyepiece? NCERT

A telescope consists of two thin lenses of focal
lengths 0.3 m and 3 cm, respectively. It is focused
on moon which subtends an angle of 0.5" at the
objective. Then, what will be the angle subtended
at the eye by the final image?

A small telescope has an objective lens of focal
length 150 em and eyepiece of focal length 5 cm.
What is the magnifying power of the telescope
for viewing distant objects in normal
adjustments?

If this telescope is used to view a 100 m tall
tower 3 km away, then what is the height of the
tower formed by the objective lens? Delhi 2015



36. (i) Aray of light incident of face A

AB of an equilateral glass
prism, shows minimum
deviation of 30°. Calculate the g c

speed of light through the
prism.
(ii) Find the angle of incidence at face AB, so
that the emergent ray grazes along the
face AC. Delhi 2017

37. For aglass prism(u = J§), the angle of minimum

deviation is equal to the angle of the prism.
Find the angle of the prism. NCERT Exemplar

38. (i) Draw alabelled ray diagram showing the
formation of a final image by a compound
microscope at least distance of distinct
vision.

(ii) The total magnification produced by a
compound microscope is 20. The
magnification produced by the eyepiece is 5.
The microscope is focused on a certain
object. The distance between the object and
eyepiece is observed to be 14 cm. If least
distance of distinct vision is 20 ¢m, calculate
the focal length of the object and the
eyepiece. Delhi 2014

39. A compound microscope uses an objective lens
of focal length 4 cm and eyepiece lens of focal
length 10 cm . An object is placed at 6 cm from
the objective lens. Calculate the magnifying
power of the compound microscope. Also,
calculate the length of the microscope.

All India 2011

40. (i) Agiant reflecting telescope at an
observatory has an objective lens of focal
length 15 m. If an eyepiece lens of focal
length 1.0 cm is used, find the angular
magnification of the telescope.

(ii) If this telescope is used to view the moon,
what is the diameter of the image of the
moon formed by the objective lens? The
diameter of the moon is 3.48 x 10° m and the
radius of the lunar orbit is 3.8x 10° m.

All India 2015, All India 2011; NCERT

I HINTS AND SOLUTIONS

1. (a) Given, incidence angle, i = 50°

Refraction angle, A = 60°
Minimum deviation, & = 2i — A =50° % 2 — 60° = 40P

10.

(b) Given, equilateral prism i.e., A = 60°
ize=2A=2x6r =45
4 4

Fromrelation, A+ D=i+e
We have, 60° + D= 2x45°
= D =90° - 60° = 30°

. (a) Since, deviationd =(u-1) A =(15-1) x5° = 25°

By geometry, angle of refraction by first surface is 5°.

But 8 =0 —r, so, we have, 2.5° =0 — 5° on solving
0=75%

. (c) Objective of a compound microscope is a convex

lens. Convex lens forms real and enlarged image when
an object is placed between focus and radius of
curvature.

. (d) For least distance of distinct vision, the angular

magnification of simple microscope is

M=1+2 = M=14DP (.‘.Power(P):-l—)
f f

and for normal adjustment M = —?-: M=DP=MeP.

. (a)Given, f,=F,, f.=F,

We know, angular magnification for telescope

AN A >
. (d) For telescope| m | = :—f‘-’—: =5 1)
and length of the telescope
L=|f|+|f. =36 i)

From Egs. (i) and (ii),
= f,=6cm and f =30cm

. (a) The main limitation of reflecting telescope is that the

objective mirror focusses light inside the telescope tube.

. Wavelength of violet light is smaller than that of red

light. Also, angle of minimum deviation,

8, =(u-1A
= S, ep
As, Mg <My
= (8,)r <(8,,)y

As deviation is less for red light, hence angle of deviation
decreases.

The relation between the angle of incidence i, angle of
prism A and the angle of minimum deviation §_, for a

triangular prism is given asi = =,

The angular magnification of eyepiece is (l + %}

e

Hence, as f, decreases angular magnification increases.

Also, the magnification of the object lens is z
u



The object lies close the focus of the objective lens
u = f,. Therefore, to increase the magnification f
should be small.

In compound microscope objective lens has smaller
aperture and smaller focal length than the eyepiece,
while in telescope, the objective has a larger aperture
and larger focal length than the eyepiece.

Whenever object is placed within the focus of the
biconvex lens, we will obtain enlarged image, hence the
biconvex lens behaves like a magnifying lens.

The magnification of a magnifying glass depends
upon, where it is placed between the user’s eye and the
object being viewed and the total distance between
them, while the magnifying power is equivalent to
angular magnification.

12

13.

14.

15. By increasing the diameter of the objective lens, we can
increase the range of the telescope because as the
diameter of lens increases, the area covered by the lens
also increases, i.e. lens is able to focus on a large area

there by helping us to view the object better.
16.
17.

Refer to text on page 387.

Advantages of reflecting telescope over refracting

telescope

(i) In reflecting telescope, image formed is free from
chromatic aberration defect. So, it is sharper than
image formed by a retracting type telescope.

(if) A mirror is easier to produce with a large diameter, so
that it can intercept rays crossing a large area and
direct them to the eye-piece.

18. (i) Wrong; as it varies J ;—4.
(if) Refer to text on pages 383 and 384.
(iii) Refer to text on pages 387.
19. (i) Refer to text on pages 384 and 385.
(i) f, and f, of compound microscope must be small, so
as to have large magnifying power as

-1{ D
m=—|1+—

fﬂ fﬂ
20. Refer to text on pages 384 and 385.
21. Refer to text on page 386 and 387.

Magnifying power (in normal adjustment) of a reflecting
telescope is the ratio of the focal length of concave
reflector and the focal length of eyepiece.

slwils
fo L
Limitations of refracting telescope over a reflecting

type telescope

(1) Refracting telescope suffers from chromatic
aberration as it uses large sized lenses.

(i1) It is also difficult and expensive to make such large
sized lenses.

22. (i) Refer to text on pages 382 and 383.
(if) Refer to text on pages 382 and 383.

Since, £A =60P
. [60” + en")

[given]

sin (60°/2)
_sin6® 3 2
gin 307 2 1
= 'nllg =1732
23. Refer to text on pages 382 and 383.

24. The magnifying power of a telescope is equal to the
ratio of the visual angle subtended at the eye by final
image formed at least distance of distinct vision to the
visual angle subtended at naked eye by the object at

infinity.
. I
Magnification, m= — = B &
0wy oy

I 150x107"

= —_—
100 3x10

= I=5x107" m=5em

25. Angle of prism, A =5, =1641, g =1659

As we know that,  =(u-1)A

So, Sp=(ug—-1Aand dy=(u, -1 A
Bp—Bg=(ls—g)A = (1659 —1.641) x5
= 0.09°%
26. Magnification of telescope is given by
=L 190 oo
f. 1
27. Yes, these lenses can be used for making a telescope.

Since, the objective lens has large aperture and focal
length, hence the lens having focal length will be used
as objective lens.

To draw the ray diagram for the refraction from the

prism. Following things should be kept in mind.

(i) Draw normal to the point of incidence.

(ii) Consider each boundary of the prism as separate
interface and draw the ray diagram for the refraction
taking place.

The reflection of light through prism is shown below.

By geometry, angle of refraction, r = 30°
Refractive index, u = N [from Snell’s law, p = Lt

sinr
]
2
Angle of incidence, i = = % = i= %

= sini=psinr=(J3)sin(30°) =

]



29.
30.

3L

32

Refer to the Example 2 on pages 353.

(i) i =52°, when prism is adjusted at an angle of
minimum deviation, then angle of incidence is equal
to the angle of emergence.

Hence, r=10

This ray pass unrefracted at AC interface and reaches
AB interface. Here, we can see angle of incidence
becomes 30°.

sin30° p, 1

sine E

3

Sil'lf=£)(£i.l13ﬂ°=?

Thus, applying Snell’s law,

Thus, e = 60°

The least distance of distinct vision of an average
person, (ie.D)is 25cm, in order to view an
object with magnification of 10.
Here,v=D=25cmandu = f

But the magnification, m=v/u=D/f
n
m=—
f
D 25
= f=—=—=25=0025m
m 10
and L =40D ':P=1—-|
" hozs fj

This is the required power of lens .

Given, f, =1.25cm, f,=-5cm

Magnification, m =30, D= 25cm

If the ohject is very close to the principal focus of the
objective and the image formed by the objective is very
close to eyepiece, then magnifying power of a
microscope is given by

L D

A

L 25

125 5

125305
25 % 100

25 % 30 30
=L=—
100 4
= L=75cm
This is a required separation between the objective and
the eyepiece.
Given, focal length of objective lens, f,=144 cm

Focal length of eyepiece, f, =6 cm
Magnifying power of the telescope in normal
adjustment (i.e. when the final image is formed at ==),

me—deo 14 __

I ]

= 0=

= L=

~. Separation between lenses,

L=f, +f, =144+ 6= 150 cm

34. Since, =s— =T =
tanct o f,
B _03 _
0.5° 003
35. When final image is at D, then
magnifying power, m = _f{" (1 + %]
ot /3

In normal adjustment, m =

For telescope,

focal length of objective lens, f, =150 cm
Focal length of eye lens, f, =5cm

When final image forms at D, i.e. 25 cm, then
magnification, m = i[1 + == f,]

-150{ 5} _-150 6
=—f1+—|=—x-
5 25 5 5

= m=—36
Let height of final image be hem.
h 100m 1
= tanfi =— and tanc = =—
25 3000m 30

where, P =visual angle formed by final image at eye
and ¢ = visual angle subtended by object at objective.

But ta.nﬁ = 36=£
tanc L
30
= —36=i><30 = —36=ﬂ
2
- he -36x5
6
h=-30cm

Negative sign indicates inverted image.

(i) Given, angle of minimum deviation, 8, = 30°
*. Angle of prism, A = 60°
By prism formula, reflected index,

8, +A 30° + 60°
- in P sin > _ sinds®
sin A /2 sin 307 sin 30P
Tx 2=42
Also, j = speed of light in vacuum (¢)
speed of light in prism (v)

= v=cfp=i(3 xm‘fﬁ} m/s
Hence, speed of light through prism is
(3x10°N2) mfs

(ii) Critical angle i_ is given as

sinir=?1-
2

[ sini,



= i, =457
A=r+i, =60f
=5 r=60F —45° =15°
Using Snell’s law, Sfl.lli = -JE
sinr
= si.ni=1Esinr=JExﬂn15“

i=sin™’ {ﬂEsin 15%)

37. The relationship between refractive index, prism angle
A and angle of minimum deviation §_ is given by

_sinf(A+8,)/2)

sin (A/2)
Given, 8, =A
Substituting the value of &, we have
sin A
jj_ = —
gin{A/2)
Zsinims i A
On solving, we have, i = —2 2 _3cos—
sin— z
2

For the given value of refractive index, u = A3, we have

cnsi:— or i=3IJ"“'|::rr,»-’.=t§+l)""
2 2 2

This is the required value of prism angle.

38. (i) Refer to text on page 384.
(if) Given, magnification, m =20
Magnification of eyepiece, m, =5
Least distance vision, D = 20 cm
Distance between the object and eyepiece,

L=14cm
We know that, magnification, m=m_ *x m,

m 20

= m,=—==—=4
m, 5

D

As, m,o=1+—

fe

where, f, is focal length of eyepiece.

20
= 5=1+— = f,=5cm
e
Using lens formula for eyepiece,
1 -1 1_-5_-1

= u, =—4 cm (object distance for eyepiece)
= L=v, +|u,|
= v,=L—|u,|

=14—4= 10 cm

Magnification produced by object, m, = — Yo
uﬂ

Object distance for object,
-v, —10

U= = —

‘ m, 4

=—25¢cm

Using lens formula for object,

fa v, 0 -25 10 25
fo=2em
39. For compound microscope, f, =4 cm, f, =10 cm,

1 1 1 1 1 1 1
B o — o B —_— = +

u,=—6ecm,v, =— D=-25cm
— 1 1 1 1 1
For objective lens, — = — — — —_—= =
PR U T 4 v, 6
1 1 1 1
= —==—-==—=v,=12cm
v, 4 6 12
. D
. Magnifying power, m = — [u—") 1+ —]
ul'l f!

)2

Length of microscope =|v_ |+ |u, |

where, v, =12cm
For eye lens, v, = — 25 cm, f, =10 cm, u, =7
1_1 1
L v{ u‘
1 1 1 1 1
= —_—_—————=———
u, v, f, —-25 10
1 -2-5 7
= —= =—_
u, 50 50
= u, =-714 cm

~ Length of microscope = | v, |+ |u, |
=12 + 7.14= 1914 cm
40. (i) For astronomical telescope,

fo,=15m=1500cm, f,=1cm

15 100
Angular magnification, m = — Lo 15%10cm

1. lem
=— 1500
(i) Given, diameter, D=34810"m,
f,=38%10°m
Let ¢ be the angle subtended by the moon at

objective.

D
=
Radius of lunar orbit
_348%x 10° m
3.8x% 10 m

i)

Also, then angle subtended by image formed by
objective on itself,

o =— Y]
fa
where, d = diameter of image.
From Eqs. (i) and (i), we get
348 x10°  d
38 x10° 1500
- 1500 * 3.48 % 10°
3.8 x 10*

[given]

=137 cm



SUMMARY

Reflection of Light It is the phenomenon of change in the path of
light without any change in medium.

Laws of Reflection Incident ray, reflected ray and the normal to
the reflecting surface at the point of incidence, all lies in the same
plane. Angle of incidence is always equal to the angle of reflection.
Mirror formula is given by, 1+ 1=1
v u I

Linear Magnification The ratio of size of the image formed by the
spherical mirror to the size of the object is called linear
magnification,

I =v
ie. N w5

0O u
Refraction It is the phenomenon of change in the path of light as it
goes from one medium to another medium.

Laws of Refraction Incident ray, refracted ray and the normal to
the refracting surface at the point of incidence, all lies in the same
plane.

According to second law, (sini/sinr)=,u,. This is called Snell's
law of refraction.

Refractive Index It is equal to the ratio of speed of light in vacuum
to the speed of light in the material.

Principle of Reversibility of Light When a light rays, after sufiering

any number of reflections and refractions, its final path is reversed
and it travels back along its entire initial path.

Expression for Lateral Displacement D = %
Real depth
s i Hu Apparent depth

Critical Angle The angle of incidence in denser medium
corresponding to which angle of refraction in rarer medium is 90°.

Total Internal Reflection (TIR) The ray on the interface of two
media should travel in the denser medium. The angle of incidence
should be greater than the critical angle for the two media.

Refraction at Spherical Surfaces The equation which holds the
n

good for any curved spherical surface is given by —2—? ==
v
Lens It is a transparent medium bounded by two surfaces of which
one or both surfaces are spherical. It is of two types.

Convex lens is thicker at the centre and thinner at its end.

Concave lens is thinner at the centre and thicker at its end.

Lens formula l—1=1
v u f

Lens Maker's formuia - = (,,_1)[l_L]

R R
Power of a Lens It is the ability to converge or diverge the
rays of incident light.
1
" finm)

1 1
Also, P=(u-1)[—-—]
R R,
Prism A prism is a portion of transparent medium
bounded by two plane faces inclined to each other at a
suitable angle.

Refraction of Light through a Prism The relation between
angle of deviation and angle of prismis § = (u —1)A.

Prism Formula It is given by, u =

Angle of minimum deviation 5, = - 1)A

Simple Microscope It forms the large image of close and
minute objects. It is a converging lens of small focal
length.

Compound Microscope It consists of two convex lenses
coaxially separated by some distance. One is objective
and another is eyepiece.

Astronomical Telescope It has two convex lenses
coaxially separated by some distance, which is used for
observing distinct images of heavenly by bodies like stars,
planet, etc.

Refracting and Reflecting Telescope Refracting
telescope is used for observing the distinct images of
heavenly bodies like stars, planets, etc.

Reflecting telescope is an improvement over refracting
telescope.



CHAPTER
PRACTICE

OBJECTIVE Type Questions

1.

6.

7.

(a) 20cm (b) 40 cm

Relation between focal length ( f) and radius of

curvature (R) of a spherical mirror is
(a) R= f/2 (b) f =3R
{c) f=R/2 (d) f=RA

A convex mirror has focal length 20 em. If an
object is placed 20 cm away from the pole of
mirror, then what is the distance between image
formed and pole?
(a) 40 cm

(c) 20 cm

(b) 10 cm
(d) At infinity

In total internal reflection,

(a) light ray travelling through a denser medium is
completely reflected back to denser medium
(b} light ray travelling through a denser medium is

completely refracted to rare medium
(c) light ray is partially reflected back to denser
medium and partially refracted to rare medium

(d) light ray is absorbed completely by denser medium

Ray of light transmitted from glass (n = 3/2) to
water (n = 4/ 3). What is the value of critical

angle?
(a)sin™" [%] {b)sin~" \E
(c)sin” (E] (@sin- G]

Two convex and concave lens are in contact

and having focal length 12 em and 18 cm,

respectively. Focal length of joint lens will be
(a) 50 cm (b} 45 cm (c) 36 cm (d) 18 cm

Two lenses are kept in contact with powers
+2D and - 4 D. The focal length of this
combination will be
(a) + 50 cm

(c)=25cm

(b) = 50 cm
(d) + 25 cm

Athin lens of glass (u = 1.5) of focal length + 10 cm
is immersed in water (u = 1.33). The new focal
length is

(c) 48cm  (d) 12cem

8.

10.

1.

12.

3.

A plot of angle of deviation D versus angle of
incidence for a triangular prism is shown below.

The angle of incidence for which the light ray
travels parallel to the base is

]

1

I

]

T S !
5 :

3¢ 45 B0°
Angle of incidence

(b) 60°
{d) Data insufficient

(a) 30°
(c) 45

An equilateral prism is in condition of
minimum deviation. If incidence angle is 4/5
times of prism angle, then minimum deviation
angle is
(a) 72° {b) 60°

(c) 48° (d) 36°

Advantage of reflecting telescopes are

{a) no chromatic aberration

(b) parabolic reflecting surfaces are used

{c) weighs of mirror are much less than a lens of
equivalent optical quality

(d) All of the above

When a wave undergoes reflection at an

interface from rarer to denser medium,

then change in its phase is CBSE 2020

(a) % b)zere (7 d) ;

A bi-convex lens of focal length f is cut into two

identical plano-convex lenses. The focal length
of each part will be CBSE 2020

@ f :b}% ©2f  (@af

biconcave lens of power P vertically splits into
two identical plano-concave parts. The power

of each part will be CBSE 2020
P P
(a) 2P (b) = (c) P (d) —=
2 V2



ASSERTION AND REASON

Directions (Q. Nos. 14-19) In the following
questions, two statements are given- one labeled
Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from
the codes (a), (b), (c) and (d) as given below
(a) Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.
(b) Both Assertion and Reason are true but Reason is
not the correct explanation of Assertion.
(c) Assertion is true but Reason is false.
(d) Assertion is false but Reason is true.

14. Assertion Aray of light incident along the
normal to the plane mirror retraces its path
after reflection from the mirror.

Reason Aray of light along the normal has
angle of incidence as n/2 and hence, it retraces
its own path after reflection from mirror.

15. Assertion Refractive index of glass with
respect to air is different for red light and
violet light.

Reason Refractive index of a pair of media
depends on the wavelength of light used.

16. Assertion Propagation of light through an
optical fibre is due to total internal reflection
taking place at the core-clade interface.

Reason Refractive index of the material of the
core of the optical fibre is greater than that of
air.

17. Assertion The refractive index of diamond is
/6 and that of liquid is /3. If the light travels

from diamond to the liquid, it will initially
reflected when the angle of incidence is 45°.

Reason u= --l—é- where u is the refractive index
s

of diamond with respect to liquid.

18. Assertion Convergent lens property of
converging remains same in mediums.

Reason Property of lens whether the ray is

diverging or converging depends on the
surrounding medium.

19. Assertion By roughening the surface of a glass
at sheet its transparency can be reduced.

Reason Glass sheet with rough surface absorbs
more light.

CASE BASED QUESTIONS

Directions (Q.No. 20) These questions are case
study based questions. Attempt any 4 sub-parts
from each question. Each question carries 1 mark.

20. Refraction of Light
Refraction involves change in the path of light
due to change in the medium.
incident ray NOmal e

r = ray
iti

flecting
surface

Refracted ray

When a beam of light encounters another
transparent medium, a part of light gets
reflected back into the first medium while the
rest enters the other. The direction of
propagation of an obliquely incident ray of
light, that enters the other medium, changes at
the interface of two media. This phenomenon is
called refraction of light.
(i) Which of the following quantity remains
unchanged after refraction?
(a) Speed of light
(b) Intensity of light
(c) Wavelength of light
(d) Frequency of light
(ii) A ray of light strikes an air-glass interface at
an angle of incidence (i=60°) and gets
refracted at an angle of refraction r. On
increasing the angle of incidence (i >60°),
the angle of refraction r
(a) decreases (b) remains same
(c) is equal to 60° (d) increases

(iii) When an object lying in a denser medium is
observed from rarer medium, then real
depth of object is

(a) more than that observed
(b) less than that ohserved
(c) equals to observed depth
{d) depends on angle of vision

(iv) For the same angle of incidence, the angles
of refraction in media P, Q and R are 35°, 25°
and 15°, respectively. Which of the following
relation hold true for the velocity of light in
medium P, 0 and R?
@) vp <vg <vy (b) vp =vg <vy
() vp>vy vy d) vp>vp>v,



(v) Alight ray enters from medium A to medium
B as shwon in figure. The refractive index of

medium B relative to A will be

Medium B

Medium A
{a) greater than unity (b) less than unity
{c) equal to unity (d) zero

VERY SHORT ANSWER Type Questions

21. At what angle, is a ray of light falling normally
on a mirror reflected?

22. Does size of mirror affect the nature of the
image?

23. Why are danger signals red in colour ?

24. Why does a convex lens of glassj = 1.5behave

as a diverging lens when immersed in carbon
disulphide of p = 1.657

25. Why does rising sun appear oval shaped?

SHORT ANSWER Type Questions

26. Where should an object be placed from a
convex lens to form an image of the same size?
Can it happen in case of a concave lens?

27. Derive the expression for the effective focal
length of two thin lenses in contact.

28. Discuss refraction of monochromatic light
through a prism and derive its relation.

29. A4 cmtall light bulb is placed at a distance of
8.30 em from a double convex lens having a focal
length of 15.2 cm. Caleulate the position and size of
the image of the bulb.

LONG ANSWER Type I Questions

30. Minimum deviation suffered by violet, yellow
and red beams passing through an equilateral
transparent prism are 39.2°, 38.7° and 38.4°,
respectively. Calculate the dispersive power in
the medium.

31. Abeam of light strikes a glass sphere of
diameter 15 cm converging towards a point

30 ¢m behind the pole of the spherical surface.

Find the position of the image, if u of glass
is 1.5.

LONG ANSWER Type Il Questions

32. (i) Explain with reason, how the power of a

diverging lens changes when (a} it is kept in
a medium of refractive index greater than
that of the lens. (b) incident red light is
replaced by violet light.

(ii) Three lenses L, L, and L, each of focal
length 30 cm are placed coaxially as shown
in the figure. An object is held at 60 cm from
the optic centre of lens L,. The final real
image is formed at the focus of L;. Calculate
the separation between (a) (L, and L,) and
(b} (L, and L,). All India 2017 C

'r'l
A
1
BOcm Y | v \'T30cm

33. (i) Deduce the expression by drawing a suitable
ray diagram for the refractive index of a
triangular glass prism in terms of the angle
of minimum deviation (1) and the angle of
prism (A).
Draw a plot showing the variation of the

angle of deviation with the angle of
incidence.

(ii) Calculate the value of the angle of incidence
when a ray of light incident on one face of
an equilateral glass prism produces the
emergent ray, which just grazes along the
adjacent face. Refractive index of the prism
is +/2. All India 2017C

ANSWERS

L (c) 2. (b) 3. (0 4. (c) 5. (o
6. (b) 7. (b) 8 (@ 9 (@ 10. (d)
1L (e} 12, (¢ 13. (b)
14. (c) Angle of incidence = Angle between incident ray and

normal to the mirror = 07

Reflacted ray

Incident ray,
Mormal

= Angle of reflection =0°  (from laws of reflection)
Hence, the reflected ray retraces its path along the
normal at an angle 0° with normal.



15. (a) Refractive index of any pair of media is inversely Therefore, if i is maximum, v is minimum, i.e. velocity
proportional to wavelength of light. of light is minimum in medium R and order of velocity

will be vp > vy > vy

(v) {a) We see that, ray of light bends towards the normal
as we go from medium A to medium B. And we know
that, when ray goes from rarer to denser medium, it
bends towards normal.

Hence, b, <A,

- W, =,

where, L, and A, are the wavelengths of violet and red
light and p_ and ., are refractive index of violet and red

light. So, that means refractive index of B is greater than A.
16. (b) Optical fibre communication is based on the Thus, refractive index of B relative than
phenomenon of total internal reflection at core-clad A = Refractive index of B/Refractive index of A. Since,
interface. Refractive index of B > Refractive of A. Therefore,
The refractive index of the material of the cladding, refractive index of B relative than A > 1
hence, light striking at core-cladding interface gets 21. A ray of light which is incident normally on a mirror, is
totally internally reflected. The light undergoes and reflected along the same path, i.e. the angle of incidence
reaches the other end of the fibre. as well as the angle of reflection is zero.
17. () Refractive index of diamond w.r.t. liquid 22 Nature of the image is independent of the size of mirror.
oo 1y Image can be real or virtual depending upon the
Ha = sinC _E position of object.
%5 . 23. The colour red is used for danger signals because red
= =— light is scattered the least by air molecules. The effect of
;‘3'. sinC scattering is inversely, related to the fourth power of the
1
= sin(C = ;1,. = gin45° wavelength, i.e] e 1—4 of colour, so red light is able to
2
O =45 travel the longest distance through fog, rain and the
18. (d) In air or water a convex lens made of glass behaves
as a convergent lens but when it is placed in carbon 24. Here,u= I'l_‘ = 2 <1
disulfide, it behaves as a divergent lens. Therefore, when i, L&5
a convergent lens is placed inside a transparent medium 1 1 1
having refractive index greater than that of material of no—=( —U[— - R_] Hence, it becomes negative.
lens, it behaves as a divergent lens. f K )
19. () When glass surface is made rough, then light So, it behaves like a diverging lens.
incident on it is scattered in different directions. Due to 25. Sun appears oval shaped due to atmospheric refraction.
which its transparency decreases. There is no effect of 26. Refer to the text on page 374.
roughness on absorption of light 27. Refer to the text on page 375.

20. (i) (d) Refraction does not change the frequency of light.

(ii) (d) From Snell’s law of refraction, 28. Refer to the text on pages 382 and 383.
. 1 1 1 - 1 1 1
sin s . ==—+— —_—=—t—
“n_ =22 — constant (i) f d, d 152 830 d
£ sinr
Since, angle of incidence increase, the angle of 00658 = 0.120 + 3
refraction has to increase. So, that the ratio ﬂ isa 1 J
sinr = —00547 = —
constant according to Eq. (i). d,
(iii) (@) When an object lying in a denser medium is —183 em = d|
observed from rarer medium, then real depth of object Also here, d, = -183 cm
is more than that observed depth. b —d
sini =l
{iv) (c) As, w=— ] h, d,
sinr
. _h _ _(-183)
or o — (4.00) 830
sinr
= |1 is maximum for R, since ris minimum and hence, h = ={400)-(-183)
sin r is minimum. 830
c h, =B881cm

Also, p=— . Aid)



Iy —H, (57]_[6?]

30. ..Dispersive power = =

o, —1 8,
A

[v8=(n-1)A]
39.2-384
= — = 00204
387
15
31. Here, W o=Lp, =15u=—e, R=—=75cm
2
Using B M _HaTHy
v oou R

32. (i) (a) Refer to text on page 373.

(b) Power of a lens increases if red light is replaced by
violet light because

1 1 1
== on(5-5)

As refractive index is maximum for violet light in visible
region of spectrum.

(ii) Refer to Q. 34 on page 378

33. (i) Refer to text on pages 382 and 383.
(ii) Given, the emergent ray grazes along the face AC,
A

Le.

w=i

sini _ _ sine
sing SinF,
sin 90"
wnsF G
sinr,

. 1
s1nr2=ﬁ or r, =45
K+ =24 =60°

r =60—-r =15
sini
sin15%

i=2147"

-z



