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Maharashtra Board Solutions Class 11-Physics:
Chapter 9- Optics

Maharashtra Board 11th Physics Chapter 9, Class 11 Physics Chapter 9 solutions
1. Multiple Choise Questions

Question 1.

As per the recent understanding, light consists of

(A) rays

(B) waves

(C) corpuscles

(D) photons obeying the rules of waves

Answer:

(D) photons obeying the rules of waves

Question 2.

Consider the optically denser lenses P, Q, R, and S drawn below. According
to the Cartesian sign convention which of these have a positive focal length?
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(A) Only P

(B) Only P and Q
(C) Only P and R
(D) Only Q and S
Answer:

(B) Only P and Q
Question 3.

Two plane mirrors are inclined at angle 40° between them. Number of
images seen of a tiny object kept between them is

(A) Only 8
(B) Only 9
(C)8org
(D)gor1o
Answer:
(C)8orog
Question 4.

A concave mirror of curvature 40 cm, used for shaving purpose produces
image of double size as that of the object. Object distance must be

(A) 10 cm only

cs/

el 11IUN\..adl CCI


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-11-physics-chapter-9-optics/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-11-physics-chapter-9-optics/

@‘II IV\dl ©CIH

(B) 20 cm only

(C) 30 cm only

(D) 10 cm or 30 cm
Answer:

(D) 10 cm or 30 cm
Question 5.

Which of the following aberrations will NOT occur for spherical mirrors?
(A) Chromatic aberration
(B) Coma

(C) Distortion

(D) Spherical aberration
Answer:

(A) Chromatic aberration
Question 6.

There are different fish, monkeys and water of the habitable planet of the
star Proxima b. A fish swimming underwater feels that there is a monkey at
2.5 m on the top of a tree. The same monkey feels that the fish is 1.6 m
below the water surface. Interestingly, height of the tree and the depth at
which the fish is swimming are exactly same. Refractive index of that water
must be

(A)6/5
(B) 5/4

(C) 4/3
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(D) 7/5
Answer:
(B) 5/4
Question 7.

Consider following phenomena/applications: P) Mirage, Q) rainbow, R)
Optical fibre and S) glittering of a diamond. Total internal reflection is
involved in

(A) Only R and S
(B) Only R
(C)Only P,Rand S
(D) all the four
Answer:

(A) Only R and S
Question 8.

A student uses spectacles of number -2 for seeing distant objects.
Commonly used lenses for her/his spectacles are

(A) bi-concave

(B) piano concave
(C) concavo-convex
(D) convexo-concave
Answer:

(A) bi-concave
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Question 9.

A spherical marble, of refractive index 1.5 and curvature 1.5 cm, contains a
tiny air bubble at its centre. Where will it appear when seen from outside?

(A) 1 cm inside

(B) at the centre

(C) 5/3 cm inside

(D) 2 cm inside

Answer:

(B) at the centre

Question 10.

Select the WRONG statement.

(A) Smaller angle of prism is recommended for greater angular dispersion.
(B) Right angled isosceles glass prism is commonly used for total internal reflection.
(C) Angle of deviation is practically constant for thin prisms.

(D) For emergent ray to be possible from the second refracting surface, certain
minimum angle of incidence is necessary from the first surface.

Answer:
(A) Smaller angle of prism is recommended for greater angular dispersion.
Question 11.

Angles of deviation for extreme colours are given for different prisms.
Select the one having maximum dispersive power of its material.

(A) 7°,10°
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(B) 8°, 11°
(C) 12°,16°
(D) 10°, 14°
Answer:
(A) 7°,10°
Question 12.
Which of the following is not involved in formation of a rainbow?
(A) refraction
(B) angular dispersion
(C) angular deviation
(D) total internal reflection
Answer:
(D) total internal reflection
Question 13.
Consider following statements regarding a simple microscope:
(P) It allows us to keep the object within the least distance of distinct vision.
(Q) Image appears to be biggest if the object is at the focus.
(R) It is simply a convex lens.
(A) Only (P) is correct
(B) Only (P) and (Q) are correct

(C) Only (Q) and (R) are correct
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(D) Only (P) and (R) are correct
Answer:

(D) Only (P) and (R) are correct

2. Answer the following questions.
Question 1.

As per recent development, what is the nature of light? Wave optics and
particle nature of light are used to explain which phenomena of light
respectively?

Answer:

1. As per recent development, it is now an established fact that light possesses dual
nature. Light consists of energy carrier photons. These photons follow the rules of
electromagnetic waves.

2. Wave optics explains the phenomena of light such as, interference, diffraction,
polarisation, Doppler effect etc.

3. Particle nature of light can be used to explain phenomena like photoelectric
effect, emission of spectral lines, Compton effect etc.

Question 2.
Which phenomena can be satisfactorily explained using ray optics?
Answer:

Ray optics or geometrical optics: Ray optics can be used for understanding phenomena
like reflection, refraction, double refraction, total internal reflection, etc.

Question 3.

What is focal power of a spherical mirror or a lens? What may be the reason
for using P = 1f its expression?

Answer:
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5.

6.

Converging or diverging ability of a lens or of a mirror is defined as its focal
power.

This implies, more the power of any spherical mirror or a lens, the more is its
ability to converge or diverge the light that passes through it.

In case of convex lens or concave mirror, more the convergence, shorter is the
focal length as shown in the figure.

Similarly, in case of concave lens or convex mirror, more the divergence, shorter
is the focal length.

This explains that the focal power of any spherical lens or mirror is inversely
proportional to the focal length.

Hence, the expression of focal power is given by the formula, P = 1f.

Question 4.

At which positions of the objects do spherical mirrors produce (i)
diminished image (ii) magnified image?

Answer:

i. Amongst the two types of spherical mirrors, convex mirror always produces a
diminished image at all positions of the object.

ii. Concave mirror produces diminished image when object is placed:
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e Beyond radius of curvature (i.e., u > 2f)
e Atinfinity (i.e., u = )

iii. Concave mirror produces magnified image when object is placed:

e Dbetween centre of curvature and focus (i.e., 2f > u > f)
e between focus and pole of the mirror (i.e., u < f)

Question 5.

State the restrictions for having images produced by spherical mirrors to be
appreciably clear.

Answer:

i. In order to obtain clear images, the formulae for image formation by mirrors or lens
follow the given assumptions:

Objects and images are situated close to the principal axis.

Rays diverging from the objects are confined to a cone of very small angle.
If there is a parallel beam of rays, it is paraxial, i.e., parallel and close to the
principal axis.

ii. In case of spherical mirrors (excluding small aperture spherical mirrors), rays farther
from the principle axis do not remain parallel to the principle axis. Thus, the third
assumption is not followed and the focus gradually shifts towards the pole.

iii. The relation (f = R2) giving a single point focus is not followed and the image does
not get converged at a single point resulting into a distorted or defective image.

iv. This defect arises due to the spherical shape of the reflecting surface.
Question 6.

Explain spherical aberration for spherical mirrors. How can it be
minimized? Can it be eliminated by some curved mirrors?

Answer:
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1. In case of spherical mirrors (excluding small aperture spherical mirror), The rays
coming from a distant object farther from principal axis do not remain parallel to
the axis. Thus, the focus gradually shifts towards the pole.

2. The assumption for clear image formation namely, ‘If there is a parallel beam of
rays, it is paraxial, i.e., parallel and close to the principal axis’, is not followed in
this case.

3. The relation f (f = R2) giving a single point focus is not followed and the image
does not get converged at a single point resulting into a distorted or defective
image.

4. This phenomenon is known as spherical aberration.
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5. It occurs due to spherical shape of the reflecting surface, hence known as
spherical aberration.

6. The rays near the edge of the mirror converge at focal point F,; Whereas, the rays
near the principal axis converge at point Fp. The distance between Fy; and F; is
measured as the longitudinal spherical aberration.

7. In spherical aberration, single point image is not possible at any point on the
screen and the image formed is always a circle.

8. At a particular location of the screen (across AB in figure), the diameter of this
circle is minimum. This is called the circle of least confusion. Radius of this circle
is transverse spherical aberration.

Remedies for Spherical Aberration:

1. Spherical aberration can be minimized by reducing the aperture of the mirror.
2. Spherical aberration in curved mirrors can be completely eliminated by using a
parabolic mirror.

Question 7.

Define absolute refractive index and relative refractive index. Explain in
brief with an illustration for each.

Answer:

i. Absolute refractive index of a medium is defined as the ratio of speed of light in
vacuum to that in the given medium.

ii. A stick or pencil kept obliquely in a glass containing water appears broken as its part
in water appears to be raised.
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iii. As the speed of light is different in two media, the rays of light coming from water undergo
refraction at the boundary separating two media.

iv. Consider speed of light to be vin water and cin air. (Speed of light in air ~ speed of light in
vacuum)

- refractive index of water = % = % =<

v. Relative refractive index of a medium 2 is the refractive index of medium 2 with respect to
medium 1 and it is defined as the ratio of speed of light v; in medium 1 to its speed vy in
medium 2.

.. Relative refractive index of medium 2,
n,= %
[

vi. Consider a beaker filled with water of absolute refractive index n, kept on a transparent glass
slab of absolute refractive index n;.

vii. Thus, the refractive index of water with respect to that of glass will be,

nz  &lv

n = — = = —

WZ - My C'_.".i‘.,'] [

Question 8.

Explain ‘mirage’ as an illustration of refraction.
Answer:

i. On a hot clear Sunny day, along a level road, there appears a pond of water ahead of the road.
Flowever, if we physically reach the spot, there is nothing but the dry road and water pond again
appears some distance ahead. This illusion is called mirage.

ii. Mirage results from the refraction of light through a non-uniform medium.

iii. On a hot day the air in contact with the road is hottest and as we go up, it gets
gradually cooler. The refractive index of air thus decreases with height. Hot air tends to
be less optically dense than cooler air which results into a non-uniform medium.

iv. Light travels in a straight line through a uniform medium but refracts when traveling
through a non-uniform medium.

v. Thus, the ray of light coming from the top of an object get refracted while travelling
downwards into less optically dense air and become more and more horizontal as shown
in Figure.
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Air becoming
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E.}-"F i The Mirage

vi. As it almost touches the road, it bends (refracts) upward. Then onwards, upward
bending continues due to denser air.

vii. As a result, for an observer, it appears to be coming from below thereby giving an
illusion of reflection from an (imaginary) water surface.

Question 9.

Under what conditions is total internal reflection possible? Explain it with a
suitable example. Define critical angle of incidence and obtain an
expression for it.

Answer:
Conditions for total internal reflection:
i. The light ray must travel from denser medium to rarer medium.

ii. The angle of incidence in the denser medium must be greater than critical angle for
the given pair of media.

Total internal reflection in optical fibre:

iii. Consider an optical fibre made up of core of refractive index n, and cladding of
refractive index n, such that, n, > n..

iv. When a ray of light is incident from a core (denser medium), the refracted ray is bent
away from the normal.
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v. At a particular angle of incidence i, in the denser medium, the corresponding angle of
refraction in the rarer medium is 90°.

vi. For angles of incidence greater than ic, the angle of refraction become larger than 90°
and the ray does not enter into rarer medium at all but is reflected totally into the denser
medium as shown in figure.

Rarer medium

k! I > iy | .
et e 1y =00° Grazing ray
X Y al —
P : oy
internally Total in Iy
reflec
reflected ray

Denser medium

critical angle of incidence and obtain an expression:

i. Critical angle for a pair of refracting media can be defined as that angle of incidence in
the denser medium for which the angle of refraction in the rarer medium is 90°.

ii. Let n be the relative refractive index of denser medium with respect to the rarer.

iii. Then, according to Snell’s law,
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Question 10.

Describe construction and working of an optical fibre. What are the advantages of optical fibre
communication over electronic communication?
Answer:
flexible
cladding

~1lmm
flexible, ransparent,
core, optically .
denser than cladding  Several kilometers

Consktruction:

1. An optical fibre consists of an extremely thin, transparent and Flexible core surrounded
by an optically rarer flexible cover called cladding.

2. For protection, the whole system is coated by a buffer and a jacket.

3. Entire thickness of the fibre is less than half a mm.

4. Many such fibres can be packed together in an outer cover.

working:

% LY
Optical/EgJ I ~ §
signal

—.'d .
Total internal reflections

1. Working of optical fibre is based on the principle of total internal reflection.

2. An optical signal (a ray of light) entering the core suffers multiple total internal
reflections before emerging out after a several kilometres.

The optical signal travels with the highest possible speed in the material.

4. The emerged optical signal has extremely low loss in signal strength.

@

Advantages of optical fibre communication over electronic communication:

1. Broad bandwidth (frequency range): For TV signals, a single optical fibre can
carry over 90000 independent signals (channels).
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Immune to EM interference: Optical fibre being electrically non-conductive, does
not pick up nearby EM signals.

Low attenuation loss: loss being lower than 0.2 dB/km, a single long cable can be
used for several kilometres.

Electrical insulator: Optical fibres being electrical insulators, ground loops of
metal wires or lightning do not cause any harm.

Theft prevention: Optical fibres do not use copper or other expensive material
which are prone to be robbed.

Security of information: Internal damage is most unlikely to occur, keeping the
information secure.

Question 11.

Why are prism binoculars preferred over traditional binoculars? Describe
its working in brief.

Answer:

1.

Traditional binoculars use only two cylinders. Distance between the two cylinders
can’t be greater than that between the two eyes. This creates a limitation of field
of view.

A prism binocular has two right angled glass prisms which apply the principle of
total internal reflection.

The incident light rays are reflected internally twice giving the viewer a wider
field of view. For this reason, prism binoculars are preferred over traditional
binoculars.

Working:
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+——— Wider input range ——
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Average distance
between human eyes

1. The prism binoculars consist of 4 isosceles, right angled prisms of material
having critical angle less than 45°.

2. The prism binoculars have a wider input range compared to traditional
binoculars.

3. The light rays incident on the prism binoculars, first get total internally reflected
by the isosceles, right angled prisms 1 and 4.

4. These reflected rays undergo another total internal reflection by prisms 2 and 3
to form the final image.

Question 12.

A spherical surface separates two transparent media. Derive an expression
that relates object and image distances with the radius of curvature for a
point object. Clearly state the assumptions, if any.

Answer:

i. Consider a spherical surface YPY’ of radius curvature R, separating two transparent
media of refractive indices n, and n, respectively with ni, < n,.

ii. P is the pole and X’PX is the principal axis. A point object O is at a distance u from the
pole, in the medium of refractive index n,.
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iii. In order to minimize spherical aberration, we consider two paraxial rays.

iv. The ray OP along the principal axis travels undeviated along PX. Another ray OA
strikes the surface at A.

L 3
R s e

v. As n, < n,, the ray deviates towards the normal (CAN), travels along AZ and real
image of point object O is formed at I.

vi. Let a, B and y be the angles subtended by incident ray, normal and refracted ray with
the principal axis.

Si=(a+Pandr=(p-vy)

vii. As, the rays are paraxial, all the angles can be considered to be very small.
l.e,sini~iandsinr=r

Angles a,  and y can also be expressed as,

arc PA _ arc PA

QP -1
arc PA  arc PA
P="9c =~ &
and y = arc PA  arc PA
P1 v

viii. According to Snell’s law,

n, sin (i) = n, sin (r)
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For small angles, Snell’s law can be written
as, n,i=n,r

S @+ B =n,(B-y)

(0, -n)P =na+ny

Substituting values of a, B and y, we get,
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“1) a,rc;‘;'l = { urf_T:A] 4 nz{arcj’fl}

(ny -
JAmm) _mp omy
R T v u

Assumptions: To derive an expression that relates object and image distances with the radius of
curvature for a point objeck, the two rays considered are assumed to be paraxial thus making
the angles subtended by incident ray, normal and refracted ray with the principal axis very small.

Question 13.

Derive lens makers' equation. Why is it called so? Under which conditions Focal length F and radii
of curvature R are numerically equal For a lens?

Answer:

i. Consider a lens of radii of curvature Ri and R2 kept in a medium such that refractive index of
material of the lens with respect to the medium is denoted as n.

ii. Assuming the lens to be thin, P is the common pole For both the surfaces. O is a point object
on the principal axis at a distance u from P.

iii. The refracting surface Facing the object is considered as First refracting surface with radii R;.

iv. In the absence of second refracting surface, the paraxial ray OA deviates towards normal and
would intersect axis at Iy. Pl; =V is the image distance for intermediate image I;.
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Thin lens of R.I. n

"y w.r.t, medium

/Aﬁ\
P —
R? C, I

u—

c, O

g

v. For a curved surface,
(n,-m)_Mn W
R N v - u
Thus, in this case,
n=nm=1LR=R,u=uandv=v,

!n— 1}= L i el 1)
R, v, u
Before reaching 14, the incident rays (AB and OP) strike the second refracting surface. In this
case, image |y acts as a virtual object for second surface.

vii. For second refracting surface,
n=1,ny=n,R=Rp,u=vyandPl=v

1- -1
|: n) 1 o _(m-1) 1 n (2)

Rz v v Rz v v

viii. Adding equations (1) and (2),
1 _ 1 1
o-n(-4)=4-1

For object at infinity, image is Formed at focus, i.e., For u = «, v = f. Substituting this in above
equation,

€IndCareer


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-11-physics-chapter-9-optics/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-11-physics-chapter-9-optics/

€IndCareer

RV ) [— @)

This equation in known as the lens makers’ formula.

ix. Since the equation can be used to calculate the radii of curvature for the lens, it is called the
lens makers’ equation.

*. The numeric value of focal length F and radius of curvature R is same under following two
conditions:

Case I:

For a thin, symmetric and double convex lens made of glass (n = 1.5), Ry is positive and R; is
negative buk, |R4] = |R3|.

In this case,

F=05-1) (- =) =05() =
S F=R

Case II:
similarly, for a thin, symmetric and double concave lens made of glass (n = 1.5), Ry is negative
and R; is positive but, |R4| = |R3].

In this case,

1 _ 1 1Yy 2y _ 1
7 =(15-1) (—_R - E) =05(-%) =%
S F=-Ror|fl=|R|

3. Answer the following questions in detail.

Question 1.

What are different types of dispersions of light? Why do they occur?
Answer:

i. There are two types of dispersions:

a. Angular dispersion

b. Lateral dispersion
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ii. The refractive index of material depends on the frequency of incident light. Hence, for
different colours, refractive index of material is different.

iii. For an obliquely incident ray, the angles of refraction are different for each colour
and they separate as they travel along different directions resulting into angular
dispersion.

iv. When a polychromatic beam of light is obliquely incident upon a plane parallel
transparent slab, emergent beam consists of all component colours separated out.

v. In this case, these colours are parallel to each other and are also parallel to their initial
direction resulting into lateral dispersion

Question 2

Define angular dispersion for a prism. Obtain its expression for a thin
prism. Relate it with the refractive indices of the material of the prism for
corresponding colours.

Answer:

i. If a polychromatic beam is incident upon a prism, the emergent beam consists of all
the individual colours angularly separated. This phenomenon is known as angular
dispersion for a prism.

ii. For any two component colours, angular dispersion is given by,

8, =8, -8,

iii. For white light, we consider two extreme colours viz., red and violet.
2 Oy = Oy — Oy

iv. For thin prism,

0=A(n-1)

0, =8, — 8,

=AM, -1)-Am, —1) =A(n, - nl)
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where n, and n, are refractive indices for the two colours.
v. For white light,

Syr = Oy — Oy

=A(ny — 1) — A(ng — 1) = A(ny — ng).

Question 3.

Explain and define dispersive power of a transparent material. Obtain its
expressions in terms of angles of deviation and refractive indices.

Answer:
Ability of an optical material to disperse constituent colours is its dispersive power.

It is measured for any two colours as the ratio of angular dispersion to the mean
deviation for those two colours. Thus, for the extreme colours of white light, dispersive
power is given by,
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dv—dg __ dv—dg _ Alov-nr] _ ov-mg

W =

(fs-..--an) T & 7 Alny-1)  oy-1
Question 4.
(i) State the conditions under which a rainbow can be seen.
Answer:

A rainbow can be observed when there is a light shower with relatively large raindrop occurring
during morning or evening time with enough sunlight around.

(ii) Explain the formation of a primary rainbow. For which angular range with the horizontal is it
visible?

Answer:

i. A ray AB incident from Sun (white light) strikes the upper portion of a water drop at an
incident angle i.

ii. On entering into water, it deviates and disperses into constituent colours. The figure shows
the extreme colours (violet and red).

White . By < by
sunlight i= 5'3“("\ (Gv) violet -~ "
— fhe =g == ———— s

PrA
T (Bp) Red

Observer
on ground

iii. Refracted rays BV and BR strike the opposite inner surface of water drop and suffer
internal reflection.

iv. These reflected rays finally emerge from V’ and R’ and can be seen by an observer on
the ground.

v. For the observer they appear to be coming from opposite side of the Sun.

vi. Minimum deviation rays of red and violet colour are inclined to the ground level at 6y
= 42.8° = 43° and Oy = 40.8 = 41° respectively. As a result, in the rainbow, the red is
above and violet is below.
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(iii) Explain the formation of a secondary rainbow. For which angular range with the
horizontal is it visible?

Answer:

i. Aray AB incident from Sun (white light) strikes the lower portion of a water drop at an
incident angle i.

ii. On entering into water, it deviates and disperses into constituent colours. The figure
shows the extreme colours (violet and red).

@, = 54> Observer on ground

iii. Refracted rays BV and BR finally emerge the drop from V’ and R’ after suffering two
internal reflections and can be seen by an observer on the ground.

iv. Minimum deviation rays of red and violet colour are inclined to the ground level at 8
~ 51° and Oy = 53° respectively. As a result, in the rainbow, the violet is above and red is
below.

(iv) Is it possible to see primary and secondary rainbow simultaneously? Under what
conditions?

Answer:

Yes, it is possible to see primary and secondary rainbows simultaneously. This can occur
when the centres of both the rainbows coincide.

Question 5.

(i) Explain chromatic aberration for spherical lenses. State a method to
minimize or eliminate it.
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Answer:

Lenses are prepared by using a transparent material medium having different refractive
index for different colours. Hence angular dispersion is present.

If the lens is thick, this will result into notably different foci corresponding to each

colour for a polychromatic beam, like a white light. This defect is called chromatic
aberration.

As violet light has maximum deviation, it is focussed closest to the pole.

(b) Chromatic aberration in concave lens

Reducing/eliminating chromatic aberration:

1. Eliminating chromatic aberrations for all colours is impossible. Hence, it is
minimised by eliminating aberrations for extreme colours.
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2. This is achieved by using either a convex and a concave lens in contact or two thin
convex lenses with proper separation. Such a combination is called achromatic
combination.

(i1) What is achromatism? Derive a condition to achieve achromatism for a lens
combination. State the conditions for it to be converging.

Answer:

1. To eliminate chromatic aberrations for extreme colours from a lens, either a convex
and a concave lens in contact or two thin convex lenses with proper separation are used.

ii. This combination is called achromatic combination. The process of using this
combination is termed as achromatism of a lens.

iii. Let w, and w, be the dispersive powers of materials of the two component lenses used
in contact for an achromatic combination.

iv. Let V, R and Y denote the focal lengths for violet, red and yellow colours respectively.
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v. For lens 1, let
—(L_ 1 —(L_1
KI—(R_l R?}l and Kz—{Rl R;)z

vi. For the combination to be achromatic, the resultant focal length of the combination must be

the same for both the colours,
ﬁ.r = fn

1

For two thin lenses in contact, F =fl +l_l
I 3

Lo o Ham =8 0 ]
(r\f}| (r‘l']; (rﬂ ]| {rl]r
vii.  From Lens maker’s formula,

[[n.,}l - I]K, +|:[nv]z - IJI'»Z;r
= [(ng), ~1]K, +[(ny), - 1]K,

K = (ny),—(ng), (1)
K, (I‘I.. }1 _(nR ]I
viii. Similarly, for mean colour (vellow),

| | 1
11 - A2)
fe (f), (R,
K=ot (6) ~A3)

K‘! ("v]|_1 {f‘-}:

ix.  From equations (1) and (3),
() = (v ):=(me); x (00 ),=1 | (@)
(f:), (ny),—(ng), (ny), =1

Now, dispersive power ; = {"u};;[ﬂul and
ny ), =1

w3 = (ny),—(ny ];
(ny),—1
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wwy (“VL _{“ult
(ny),—1
X. Substituting values of w; and w; in equation
(4), we get,
() =_ %
(rl' }I m‘

This is the condition For achromatism of a combination of lenses.

Condition For converging:
For this combination to be converging, FY must be positive.
Using equation (3), for fy to be positive, (Fy)1 < (fy): = wy < w3

Question 6.

Describe spherical aberration for spherical lenses. What are different ways to minimize or
eliminate it?

Answer:

i. All the Formulae used For image formation by lenses are based on some assumption. However,
in reality these assumptions are not always true.

ii. A single point Focus in case of lenses is possible only For small aperture spherical lenses and
For paraxial rays.

iii. The rays coming from a distant object farther from principal axis no longer remain parallel to
the axis. Thus, the focus gradually shifts towards pole.

iv. This defect arises due to spherical shape of the refracting surface, hence known as spherical
aberration. It results into a blurred image with unclear boundaries.
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Spherical aberration in concave lens

v. As shown in figure, the rays near the edge of the lens converge at focal point F,.
Whereas, the rays near the principal axis converge at point F;. The distance between Fy,
and Fp is measured as the longitudinal spherical aberration.

vi. In absence of this aberration, a single point image can be obtained on a screen. In the
presence of spherical aberration, the image is always a circle.

vii. At a particular location of the screen (across AB in figure), the diameter of this circle
is minimum. This is called the circle of least confusion. Radius of this circle is transverse
spherical aberration.

Methods to eliminate/reduce spherical aberration in lenses:

cs/
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i. Cheapest method to reduce the spherical aberration is to use a planoconvex or
planoconcave lens with curved side facing the incident rays.

ii. Certain ratio of radii of curvature for a given refractive index almost eliminates the
spherical aberration. For n = 1.5, the ratio is
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B o_1 -2 B _1

R—?—Eandforn-z, =5

iii. Use of two thin converging lenses separated by distance equal to difference between their
focal lengths with lens of larger Focal length Facing the incident rays considerably reduces

spherical aberration.

iv. Spherical aberration of a convex lens is positive (for real image), while that of a concave lens
is negative. Thus, a suitable combination of them can completely eliminate spherical aberration.

Question 7.

Define and describe magnifying power of an optical instrument. How does it differ from linear
or lateral magnification?

Answer:

i. Angular magnification or magnifying power of an optical instrument is defined as the ratio of
the visual angle made by the image formed by that optical instrument (B) to the visual angle
subtended by the object when kept at the least distance of distinct vision (a).

ii. The linear magnification is the ratio of the size of the image to the size of the object.

iii. When the distances of the object and image formed are very large as compared to the focal
lengths of the instruments used, the magnification becomes infinite. Whereas, the magnifying
power being the ratio of angle subtended by the object and image, gives the Finite value.

iv. For example, in case of a compound microscope,

Mmin=?=%=5andmmu=1+?=ﬁ
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. Lateral magnification (m) = % =

Thus, the image size is infinite times that of the object, but appears only 5 times bigger.

Question 8.

Derive an expression for magnifying power of a simple microscope. Obtain its minimum and
maximum values in terms of its focal length.
Answer:

i. Figure (a) shows visual angle a made by an object, when kept at the least distance of distinct

vision (D = 25 cm). Without an optical instrument this is the greatest possible visual angle as we
cannot get the object closer than this.

1
v
[

(h) Visual Angle f
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ii. Figure (b) shows a convex lens forming erect, virtual and magnified image of the same object,
when placed within the Focus.

iii. The visual angle p of the object and the image in this case are the same. However, this time
the viewer is looking at the image which is not closer than D. Hence the same object is now at a
distance smaller than D.

iv. Angular magnification or magnifying power, in this case, is given by
Visualangleo ftheimage g

M= Visualangleo ftheobjectatD “a

For small angles,

M2 o tan(f) BA/PA p
T a " tan(a) T BA/D " u

v. For maximum magnifying power, the image should be at D. For thin lens, considering thin lens
Formula.
[ - voou
In case of simple microscope,
fe=+f,ve=D,u=-vand M = My,

vi.  For minimum magnifying power, v = = and
u = f (numerically)
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D D
Mupin = — = —
u f

Question 9.

Derive the expressions for the magnifying power and the length of a compound microscope
using two convex lenses.

Answer:

i. The final image Formed in compound microscope (A" B”) as shown in figure, makes a visual
angle B at the eye.

Visual angle made by the object from distance D is a.

L,
Hl
Ro L
A g |1 2
A" L= F AT .
BL:"‘._TU/ F. A
objective :
TV — Eye lens
- J
From figure,
tanp= 25 - _13’
andtana-= %

Question 10.

What is a terrestrial telescope and an astronomical telescope?

Answer:

1. Telescopes used to see the objects on the Earth, like mountains, trees, players
playing a match in a stadium, etc. are called terrestrial telescopes.

2. In such case, the final image must be erect. Eye lens used for this purpose must
be concave and such a telescope is popularly called a binocular.

3. Most of the binoculars use three convex lenses with proper separation. The image
formed by second lens is inverted with respect to object. The third lens again
inverts this image and makes final image erect with respect to the object.
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4. An astronomical telescope is the telescope used to see the objects like planets,
stars, galaxies, etc. In this case there is no necessity of erect image. Such
telescopes use convex lens as eye lens.

Question 11.

Obtain the expressions for magnifying power and the length of an
astronomical telescope under normal adjustments.

Answer:

i. For telescopes, a is the visual angle of the object from its own position, which is
practically at infinity.

ii. Visual angle of the final image is p and its position can be adjusted to be at D.
However, under normal adjustments, the final image is also at infinity making a greater
visual angle than that of the object.

Objective lens

Eve piece

iii. The parallax at the cross wires can be avoided by using the telescopes in normal
adjustments.

iv. Objective of focal length f, focusses the parallel incident beam at a distance f, from
the objective giving an inverted image AB.

v. For normal adjustment, the intermediate image AB forms at the focus of the eye lens.
Rays refracted beyond the eye lens form a parallel beam inclined at an angle 3 with the
principal axis.
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vi. Angular magnification or magnifying power for telescope is given by,
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Mo B o 1an8) _ BA/RE
T« " tan(a)  BA/REB _ I.

vii. Length of the telescope for normal adjustment is, L = fy + Fe.

Question 12.

what are the limitations in increasing the magnifying powers of (i) simple microscope (ii)
compound microscope (iii) astronomical telescope?

Answer:

i. In case of simple microscope

Mupx =2=1+2

Thus, the limitation in increasing the magnifying power is determined by the value of Focal
length and the closeness with which the lens can be held near the eye.

ii. In case of compound microscope,

= - D
M=my x M, = = X
Thus, in order to increase mg, we need to decrease ug. Thereby, the object comes closer and
closer to the focus of the objective. This increases vy and hence length of the microscope.

Therefore, mQ can be increased only within the limitation of length of the microscope.

iii. In case of telescopes,

I
where f = focal length of the objective
f. = focal length of the eye-piece
Length of the telescope for normal adjustmentis, L= Ffy + fe.
Thus, magnifying power of telescope can be increased only within the limitations of length of
the telescope.
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4. Solve the following numerical examples

Question 1.

A monochromatic ray of light strikes the water (n = 4/3) surface in a cylindrical vessel at angle of
incidence 53°, Depth of water is 36 cm. After striking the water surface, how long will the light
take to reach the bottom of the vessel? [Angles of the most popular Pythagorean triangle of
sides in the ratio 3 : 4 : 5 are nearly 377, 53° and 907

Answer:

From figure, ray PO = incident ray

ray OA = refracted ray

QOB = Normal to the water surface.

Given that,
£POQ = angle of incidence (B84) = 53°
Seg OB = 36 cm and n,;p. = %

From Snell's law,
nq sin 81 = n; sin B,

. sinfl
'« Mywater = Sindy

. infl sin(53° ) =3
Orsin 8, = ::”E‘ ! - )
82 ~ 37"

AOBA forms a Pythagorean triangle with angles 53°, 37° and 90°.

Thus, sides of AOBA will be in ratio 3 : 4 : 5 Such that OA forms the hypotenuse. From figure, we
can infer that,

SegOB=4x=36cm

SX=9

s.oseq OA = 5% =45 cm and

seg AB =3x=27 cm.

This means the light has to travel 45 cm to reach the bottom of the vessel.
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- L
V= "
_ <100 9 8
=43 i~ 10° m/s
. Time taken by light to reach the bottom of vessel is,
2
b=2 =220 _50x107%= 2 nsor 0.002 ps
IKID
Question 2.

Estimate the number of images produced if a tiny object is kept in between two plane mirrors
inclined at 35° 36°, 40° and 45°.

Answer:
i. For 84 =35°
360 360
1= =3 =10.28

As ni is non-integer, N; = integral part of ny =10

ii. For 8; = 36°
n =32 =10

As ny is even integer, N2 =(n; —1) =9

iii. For 85 = 40°
- 360 _
Ny = 76 =9

As ny is odd integer.

Mumber of images seen (N3)=n3;—1=8

(if the object is placed at the angle bisector) or Number of images seen (N3)=n3 =9
(if the object is placed off the angle bisector)

iv. For B4 = 45"
360
n4 = E = B

As n, is even integer,
N,=n,-1=7
Question 3.

A rectangular sheet of length 30 cm and breadth 3 cm is kept on the
principal axis of a concave mirror of focal length 30 cm. Draw the image
formed by the mirror on the same diagram, as far as possible on scale.
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[Note: The question has been modified and the ray digram is inserted in question in
order to find the correct position of the image.]

Question 4.

A car uses a convex mirror of curvature 1.2 m as its rear-view mirror. A
minibus of cross section 2.2 m x 2.2 m is 6.6 m away from the mirror.
Estimate the image size.

Answer:

For a convex mirror,
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F:+ER = IT = +0.6m
Given that, a minibus, approximately of a shape of square is at distance 6.6 m from mirror.
e, u=-6.6m
7 |2am —F
0 F R F

) 6.6 m \\

From mirror formula,

v=055m

6.6
_ 0.5
3
~h;=0.183m
i.e., h; 0.2m

Question 5.

A glass slab of thickness 2.5 cm having refractive index 5/3 is kept on an ink
spot. A transparent beaker of very thin bottom, containing water of
refractive index 4/3 up to 8 cm, is kept on the glass block. Calculate
apparent depth of the ink spot when seen from the outside air.

Answer:
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When observed from the outside air, the light coming from ink spot gets refracted twice;
once through glass and once through water.

.". When observed from water,

n,  Real depth
n, Apparentdepth
5/3 2.5

4/3 Apparent depth

2.5
t depth = ——
Apparent dep 574

.. Apparent depth = 2 cm

Now when observed from outside air, the total real depth of ink spot can be taken as (8
+ 2) cm = 10 cm.
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. My _  Realdepth
" Mair | Apparentdepth

: _ 10
- Apparent depth = 13

= —10:3 =7.5cm

Question 64.

A convex lens held some distance above a 6 cm long pencil produces its image of SOME size. On
shifting the lens by a distance equal to its focal length, it again produces the image of the SAME
size as earlier. Determine the image size.

Answer:

For a convex lens, it is given that the image size remains unchanged after shifting the lens
through distance equal to its focal length. From given conditions, it can be inferred that the

object distance should be u = —%

Also,hy=6cm, vi=v;
From formula for thin lenses,
1 1 1

f v u
i.e l—iq..l_
Ty f ow
l=1+{_£]
v f L f
V==
Now, magnification of the lens is,
m:h:i:iz

h, u _f

2

ha=hx2=6x2=12¢m

Question 7.

Figure below shows the section ABCD of a transparent slab. There is a tiny
green LED light source at the bottom left corner B. A certain ray of light
from B suffers total internal reflection at nearest point P on the surface AD
and strikes the surface CD at point Question Determine refractive index of
the material of the slab and distance DQ. At Q, the ray PQ will suffer partial
or total internal reflection?
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A £ D
e} 1T} —
|Q v3cm
B C
L e o
6 cm
Answer:
4 cm 2 cm
A :-P: * D
> ( 3-?:} | =
Ie,
:53 530
Jem ﬂ--.g‘_ Q
535
B i
6eocm

As, the light ray undergo total internal reflection at P, the ray BP may be incident at
critical angle.

For a Pythagorean triangle with sides in ratio 3 : 4 : 5 the angle opposite to side 3 units
is 37° and that opposite to 4 units is 53°.

Thus, from figure, we can say, in ABAP
/ ABP = 53°

ZBPN =1i,=53°
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1 1 1 _5

—_ —~

Nolass = - = SmEd) “ 08 1

.. Refractive index (n) of the slab is 5

4
From symmetry, APDQ is also a Pythagorean triangle with sides in ratio QD : PD : PQ =3:4:5.

PD=2cm=QD=1.5cm.
As critical angle is i, = 53° and angle of incidence at Q, £ZPQN = 377 is less than critical angle,
there will be partial internal reflection at Question

Question 8.

A point object is kept 10 cm away from a double convex lens of refractive index 1.5 and radii of
curvature 10 cm and 8 cm. Determine location of the final image considering paraxial rays only.
Answer:

Given that, Ry = 10 cm, R; = -8 cm,

u=-10cmandn=1.5

From lens maker’s equation,

_o | 1l_1
i@ ”[a. RJ]

lais—n|LoL
T et ”(m —s]

%

=ﬂ.§:~ci=i
40  BD

=50 em

9
Now,
1-1_1
f v ou
rT_1,1_9 .1 _1
v f u 80 -10 B8O
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v==80cm

Question 9.

A monochromatic ray of light is incident at 37° on an equilateral prism of refractive index 3/2.
Determine angle of emergence and angle of deviation. If angle of prism is adjustable, what

should its value be for emergent ray to be just possible For the same angle of incidence.
Answer:

By Snell’s law, in case of prism,
_ sin(i)
sin(r,)
3_sin(379)
1 sin(r)
n= sin"[_ﬂ'mw]
32
=sin”' (0.4012)
=23°3%
For equilateral prism, A = 60°
Also, A=y +1;
STp=A-ry=60"-23"39"=3621"
Applying snell’s law on the second surface of

prism, L. sinlg)
n sinfe)

1_ sin(36°21)

3 sin(e)

€indCareer


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-11-physics-chapter-9-optics/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-11-physics-chapter-9-optics/

€IndCareer

e=sin’' [0'592?]
2/3

=sin”' (0.889)

=62"44'

= 63°

For any prism,

i+e=A+6

Sb= (I + E}—A

=(37 + 63)— 60

=40°

For an emergent ray to just emerge, the angle r'; acts as a critical angle.
sy =sin {% )

=sin’’ (%]

=41°48'

As, A=r'y+r';anditobe kept the same.
=SA=ry+r5

=23%39"+ 41°48’

= 65°27"

Question 10.

From the given data set, determine angular dispersion by the prism and dispersive power of its
material for extreme colours. ng = 1.62 nv = 1.66, 6 = 3.1°

AnNswer:

Given: ng = 1.62, ny = 1.66, by = 3.1°

To find:

i. Angular dispersion (&,,)

ii. Dispersive power (wyg)
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Formula:
i.65=A(n-1)
dy —dp
(=+%)
Calculation: From formula (i),
dr=A(ng—1)
iR 3.1 3.1

(i) w =

“Twr-1) _ (162-1) 08
=5
&V =Aln,—1)=5x(1.66—1) = 3.3C
From Formula (ii),
Syr=3.3-3.1=02°
From Formula (iii),

_ 33-31 _ 02 0.2 _ 1
Wyp = (3.3-3..) — 64 x 2 3.2 16

2

=0.0625

Question 11.

Refractive index of a flint glass varies from 1.60 to 1.66 for visible range. Radii of curvature of a
thin convex lens are 10 cm and 15 cm. Calculate the chromatic aberration between extreme
colours.

Answer:

Given the refractive indices for extreme colours. As, ng < ny

Ng = 1.60 and ny = 1.66

For convex lens,

Ry=10cmand Rqg=-15cm

R,=10cmand R,, =-15 cm
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L 1)1 _1)=1
R, R, |10 =15 6
For red colour,

1 1 1
S O
=(1.60-1)!
( ]ﬁ
=0.1

fr =10 cm
Similarly, for violet colour,

1 1 1
e
=(l.66-1)1
[

=0.11

Sofy=11cm

.. Longitudinal chromatic aberration
=fy—fr=11-10=1cm

Question 12.

A person uses spectacles of ‘number’ 2.00 for reading. Determine the range
of magnifying power (angular magnification) possible. It is a concave
convex lens (n = 1.5) having curvature of one of its surfaces to be 10 cm.
Estimate that of the other.

Answer:

For a single concavo-convex lens, the magnifying power will be same as that for simple
microscope As, the number represents the power of the lens,
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P:%:Z:-F:D.Em.

.. Range of magnifying power of a lens will be,
Mmin:?:% =0.5

and M, = 1 +?=1+0.5=1.5

Given that, n=1.5,|R4| =10 cm
F=0.5m=50cm
From lens maker's equation,

| N S
F e (i)
1 \
— =(15-n| L L
50 { ][m R,
004= |1 __1
10 R,
& I——l.—_ =i
o T 0.04 %
50
i R2=Ttm
Question 13.

Focal power of the eye lens of a compound microscope is 6 dioptre. The microscope is to be
used for maximum magnifying power (angular magnification) of at least 12.5. The packing
instructions demand that length of the microscope should be 25 cm. Determine minimum focal
power of the objective. How much will its radius of curvature be if it is a biconvex lens of n = 1.5.
Answer:

Focal power of the eye lens,

Pe=i=5D
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" fe=+=0.1667 m=16.67 cm
MNow, as the magnifying power is maximum,
Ve=25cm,

Also (M) pax =1+ 2 =1+ 2= =25

16.67 ~
Given that,
M=mgx M, =12.5
SMgx2.5=12.5

T

.'.[‘I"IU=E=5 ........... {1}

From thin lens formula,

uw, =25 1667
u.=—10em .. (i)

Length of a compound microscope,

L = [vol +|ugl

525 =|vg| + 10

S |vgl= 15 cm

Sugl = % E3: X <) [T, (from 1)

From lens formula for objective,
1 _1 1

fo W w
-1 _ 1
-3

| b
| ,:n|.-
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“.fp=2.5cm=0.025m

Thus, focal power of objective,
p= 1
Jolm)

__1 _
=50z - 40D

Using lens maker's equation For a biconvex lens,

Can you recall? (Textbook rage no 159)

What are laws of reflection and refraction?

Answer:

Laws of reflection:

a. Reflected ray lies in the plane Formed by incident ray and the normal drawn at the point of
incidence and the two rays are on either side of the normal.

b. Angles of incidence and reflection are equal (i = ).

Laws of refraction:
a. Refracted ray lies in the plane formed by incident ray and the normal drawn at the point of
incidence; and the two rays are on either side of the normal.

b. Angle of incidence (84) and angle of refraction (B) are related by snell’s law, given by, nq sin
81 = n, sin 0> where, n4, n> = refractive indices of medium 1 and medium 2 respectively.

Can you recall? (Textbook page no. 159)
Question 1.

What is refractive index?

Answer:

The ratio of velocity of light in vacuum to the velocity’ of light in a medium is called the
refractive index of the medium.
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Question 2.
What is total internal reflection?
Answer:

For angles of incidence larger than the critical angle, the angle of refraction is larger
than 90°. Thus, all the incident light gets reflected back into the denser medium. This is
called total internal reflection.

Question 3.
How does a rainbow form?
Answer:

The rainbow appears in the sky after a rainfall.

Water droplets present in the atmosphere act as small prism.

When sunlight enters these water droplets it gets refracted and dispersed.

This dispersed light gets totally reflected inside the droplet and again is refracted
while coming out of the droplet.

5. As a combined effect of all these phenomena, the seven coloured rainbow is
observed.

BN

Question 4.
What is dispersion of light?
Answer:

Splitting of a white light into its constituent colours is known as dispersion of light.
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Maharashtra Board Solutions
Class 11 Physics

e Chapter 1- Units and Measurements

e Chapter 2- Mathematical Methods

e Chapter 3- Motion in a Plane

e Chapter 4- Laws of Motion

e Chapter 5- Gravitation

e Chapter 6- Mechanical Properties of Solids

e Chapter 7- Thermal Properties of Matter

e Chapter 8- Sound

e Chapter 9- Optics

e Chapter 10- Electrostatics

e Chapter 11- Electric Current Through Conductors

e Chapter 12- Magnetism

e Chapter 13- Electromagnetic Waves and Communication System

e Chapter 14- Semiconductors
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About About Maharashtra State Board
(MSBSHSE)

The Maharashtra State Board of Secondary and Higher Secondary
Education or MSBSHSE (Marathi: #gRISE Tod ATEI A 371701 3=
AT A RAET0T AS®), is an autonomous and statutory body
established in 1965. The board was amended in the year 1977 under
the provisions of the Maharashtra Act No. 41 of 1965.

The Maharashtra State Board of Secondary & Higher Secondary
Education (MSBSHSE), Pune is an independent body of the
Maharashtra Government. There are more than 1.4 million students
that appear in the examination every year. The Maha State Board
conducts the board examination twice a year. This board conducts the
examination for SSC and HSC.

The Maharashtra government established the Maharashtra State
Bureau of Textbook Production and Curriculum Research, also
commonly referred to as Ebalbharati, in 1967 to take up the
responsibility of providing quality textbooks to students from all
classes studying under the Maharashtra State Board. MSBHSE
prepares and updates the curriculum to provide holistic development
for students. It is designed to tackle the difficulty in understanding the
concepts with simple language with simple illustrations. Every year
around 10 lakh students are enrolled in schools that are affiliated with
the Maharashtra State Board.
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FAQs
Where do I get the Maharashtra State Board Books PDF For free download?

You can download the Maharashtra State Board Books from the eBalbharti
official website, i.e. cart.ebalbharati.in or from this article.

Add image
How to Download Maharashtra State Board Books?

Students can get the Maharashtra Books for primary, secondary, and senior
secondary classes from here. You can view or download the Maharashtra
State Board Books from this page or from the official website for free of
cost. Students can follow the detailed steps below to visit the official website
and download the e-books for all subjects or a specific subject in different
mediums.

Step 1: Visit the official website ebalbharati.in

Step 2: On the top of the screen, select "Download PDF textbooks"
Step 3: From the "Classes" section, select your class.

Step 4: From "Medium", select the medium suitable to you.

Step 5: All Maharashtra board books for class 11th will now be displayed on
the right side.

Step 6: Click on the "Download" option to download the PDF book.

Who developed the Maharashtra State board books?

As of now, the MSCERT and Balbharti are responsible for the syllabus and
textbooks of Classes 1 to 8, while Classes 9 and 10 are under the
Maharashtra State Board of Secondary and Higher Secondary Education
(MSBSHSE).

How many state boards are there in Maharashtra?

The Maharashtra State Board of Secondary & Higher Secondary Education,
conducts the HSC and SSC Examinations in the state of Maharashtra
through its nine Divisional Boards located at Pune, Mumbai, Aurangabad,
Nasik, Kolhapur, Amravati, Latur, Nagpur and Ratnagiri.
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About IndCareer

IndCareer.com is a leading developer of online career guidance resources for the Indian
marketplace. Established in 2007, IndCareer.com is currently used by over thousands of
institutions across India, including schools, employment agencies, libraries, colleges
and universities.

IndCareer.com is designed to assist you in making the right career decision - a decision
that meets your unique interests and personality.

For any clarifications or questions you can write to info@indcareer.com
Postal Address

IndCareer.com
52, Shilpa Nagar,
Somalwada
Nagpur - 440015

Maharashtra, India

WhatsApp: +91 9561 204 888

Website: https://www.indcareer.com
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