Ray Optics and Optical Instruments

1. Assertion (A) and Reason (R) type questions. Two statements are given one
labelled Assertion (A) and the other labelled Reason (R). Select the correct
answer from the codes (A), (B), (C) and (D) as given below. (2024)

(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of the Assertion (A).

(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false and Reason (R) is also false.

Assertion (A): Plane and convex mirrors cannot produce real images under any
circumstance.

Reason (R): A virtual image cannot serve as an object to produce a real image.
Ans. (D) Assertion (A) is false and Reason (R) is also false.

2. Monochromatic light of frequency 5.0 X 1014 Hz travels from air into a medium
with refractive index 1.5. Find the wavelength of (i) reflected light, and (ii)
refracted light at the interface of the two media. (2024)

Ans. Finding the wavelength of
(i) Reflected Light

(ii) Refracted Light

(HDv=vA
3x108=5x10"xA
A=600nmor 6 X 10-7m

(i1)

ﬁ’medium = @
2
~ 600nm
medium 1 . 5
=400 nm or 4x10'm
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3. A plano-convex lens of focal length 16 cm is made of a material of refractive
index 1.4. Calculate the radius of the curved surface of the lens. (2024)

Ans. Calculating the radius of the curved surface

iy

7
ERPRTESY
16 R

o0
i=O.4><l
16 R
R =16%x04
R =6.4cm

4. An object is placed 30 cm in front of a concave mirror of radius of curvature 40
cm. Find the (i) position of the image formed and (ii) magnification of the image.

(2024)
Ans. Finding the
(i) position of the image formed

(ii) magnification of the image

B, LW
(1)V+ % f
1 6, i
v -30 -20
On solving
=-60cm
.o _ V
(11)m—-u
o
-30
= =2

5. A lens is a transparent medium bounded by two surfaces, with one or both
surfaces being spherical. The focal length of a lens is determined by the radii of
curvature of its two surfaces and the refractive index of its medium with respect
to that of the surrounding medium. The power of a lens is reciprocal of its focal

Get More Learning Materials Here : & m @&\ www.studentbro.in



length. If a number of lenses are kept in contact, the power of the combination is
the algebraic sum of the powers of the individual lenses. (2024)

(i) A double-convex lens, with each face having same radius of curvature R, is
made of glass of refractive index n. Its power is :

(A)2(n-1)/R

(B) (2n-1)/R

(©) (n-1)/2R

(D) (2n-1)/2R
Ans.(A)2(n-1)/R

(i) A double-convex lens of power P, with each face having same radius of
curvature, is cut into two equal parts perpendicular to its principal axis. The
power of one part of the lens will be :

(A) 2P

(B) P

(C) 4P

(D) P/2
Ans. (D) P/2

(iii) The above two parts are kept in contact with each other as shown in the
figure. The power of the combination will be :

(A) P/2
(B)P

(C) 2P
(D) P/4
Ans. (B) P

Get More Learning Materials Here : & m @&\ www.studentbro.in



(iv) A double-convex lens of power P, with each face having same radius of
curvature, is cut along its principal axis. The two parts are arranged as shown in
the figure. The power of the combination will be :

(A) Zero
(B) P

(©) 2P

(D) P/2
Ans. (C) 2P

(v) Two convex lenses of focal lengths 60 cm and 20 cm are held coaxially in
contact with each other. The power of the combination is :

(A) 6:6 D

(B) 15D
(C)1/15D
(D) 1/80 D
Ans. (A) 6-6 D

6. (i) A resistor and a capacitor are connected in series to an ac source v = vy, sin
wt. Derive an expression for the impedance of the circuit.

(ii) When does an inductor act as a conductor in a circuit ? Give reason for it.

(iii) An electric lamp is designed to operate at 110 V dc and 11 A current. If the
lamp is operated on 220V, 50 Hz ac source with a coil in series, then find the
inductance of the coil. (2024)

Ans.
(i) Deriving expression for impedance
(ii) Reason

(iii) Inductance of coil
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(1)

v,, =1, X,

cm

V= (0nR) + (G, X,

i2[R*+XZ]

: v
o £ PR L

" o X2
= Impedance Z = /R* + X?

(ii) For direct current (dc), an inductor behaves as a conductor.
AsXL=wL=2nvL

Fordcv=0=X.=0

Alternatively: -

Induced emf (¢) = -LdI/dt

Fordc;dI=0=>¢=0

(i) R=110/11=10Q

Get More Learning Materials Here : & m @&\ www.studentbro.in



. Ums 220
™R+ X2 100+ X2

220

{100 + X7
J100 + X2 = %: 200

Squaring both sides:
=100+ X; =400

11=

= X2=300=X,=10/3Q
X, =27fL=10y3=27x50x L

_ 3B
107

7. (i) Draw a labelled diagram of a step-up transformer and describe its working
principle. Explain any three causes for energy losses in a real transformer.

(ii) A step-up transformer converts a low voltage into high voltage. Does it violate
the principle of conservation of energy ? Explain.

(iii) A step-up transformer has 200 and 3000 turns in its primary and secondary
coils respectively. The input voltage given to the primary coil is 90 V. Calculate :

(1) The output voltage across the secondary coil

(2) The current in the primary coil if the current in the secondary coil is 2-0 A.
(2024)

Ans. (i) Labelled diagram of step - up transformer

Describing working principle

Three causes

(ii) Explanation

(iii) (1) Output voltage across secondary coil

(2) Current in primary coil
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Soft iron-core

e AMmunyl ¢
¢ ASmepuodag &

(a)

OR

Soft iron-core

:

At
Arepuosag

(b}

The working principle of transformer is mutual induction.

When an alternating voltage is applied to the primary, the resulting current
produces an alternating magnetic flux which links the secondary and induces an
emf in it.

Causes of energy losses (Any three)

(a) Flux leakage

(b) Resistance of the windings

(c) Eddy currents

(d) Hysteresis

(ii) No

Current changes correspondingly. So, the input power is equal to the output
power.
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(iii)
(D

L
VP P
V, =—=xV, O o
N, 200
V. =1350V
(2)
I N,
Is NP
P
200
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- Previous Years’ CBSE Board Questions -

9.2 Reflection of Light by Spherical : (b} Suppose the lower half of the concave mirror's

s reflecting surface is covered with an opaque

Mirrors material. What effect this will have on the image

Foeal Lanathiof Spherical Mirrors of the object? Explain. (Delhi 2014) (Ag)

ErE Loyt e
rks. :

(.S (5 marks) i 9. An object is placed in front of a concave mirror. It is

1. Define the term ‘focal length of a mirror’ With the : observed that a virtual image is formed. Draw the

help of a ray diagram, obtain the relation between its : ray diagram to show the image formation and hence
focal length and radius of curvature. (2020) : L i

derive the mirror equation 1=1+1. (375 2020)
U v

: . f
TheMirror Equation 10. (a) Draw a ray diagram to show image formation
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m:i rk) when the concave mirror produces a real,
= i inverted and magnified image of the object.

2 When an object is placed between f and 2f of a (b} Obtain the mirror formula and write the expression

concave mirror, would the imagE formed be {!} real for the linear mag‘niﬁmtinn_ "4;5‘ 2015} |':F'.ﬂh
or virtual and (i) diminished or magnified? i =

(Dethi 2015C) (1] 9.3 Refraction

BT (2 o B (3 maris

3. Anobject is kept 20 cm in front of a concave mirror 11. Monochromatic light of wavelength 589 nm is

of radius of curvature 60 cm. Find the nature and : incident from air on a water surface. If | for water
position of the image formed. {2020) is 1.33, find the wavelength, frequency and speed of
4. Anobject is kept in front of a concave mirror of focal the refracted light. (2/3, A1 2017) (Ap)

length 15 cm. The image formed is real and three | 9 4 Total Internal Reflection
times the size of the object. Calculate the distance of |

the object from the mirror. (A12019) | ERLES
5. Use the mirror equation to show that an object Here, question 12 (i) to (v} is a case study base question
placed between f and 2fof a concave mirror produces | o
a real image beyond 2f. (Delhi 2015) 12, Aray of light travels from a denser to a rarer medium.
After refraction, it bends away from the normal.
(3 marks) © When we keep increasing the angle of incidence, the

angle of refraction also increases till the refracted
ray grazes along the interference of two media. The
angle of incidence for which it happens is called

. A concave mirror produces a two times enlarged
virtual image of an object kept 10 cm away from the

mirror. i critical angle. If the angle of incidence is increased

la) Find the focal length of the mirror. further the ray will not emerge and it will be reflected

(b) By how much distance the object be displaced back in the denser medium. This phenomenon is
and in what direction, in order to get two times ! called total internal reflection of light.

enlarged real image of the object? (2020) : (il A ray of light travels from a medium into water

7. (a) Calculate the distance of an object of height at an angle of incidence of 187 The refractive index

of the medium is more than that of water and the
critical angle for the interface between the two
media is 20°% Which one of the following figures best
represents the correct path of the ray ot hight?

h from a concave mirror of radius of curvature :
20 cm, so as to obtain a real image of |
magnification 2. Find the location of image also. !
(b) Using mirror formula, explain why does a convex
mirror always produce a virtual image. ;

(Delhi 2016) (i) o / '

B. ({a) A mobile phone lies along the principal axis of a : (a) ] (b) I~ 7
concave mirror. Show, with the help of a suitable : /é
diagram, the formation of its image. Explain why 185! 18
magnification s not uniform. i H i

- I 2 i

(ii) A point source of light is placed at the bottom :

@ e /é“i’f 1 @

o (Foreign 2014) (U]
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of a tank filled with water, of refractive index p, to
a depth d. The area of the surface of water through

which light from the source can emerge, is:

nd? <
(a) (k)
2Au?-1) (n*-1)
nd? Ind?
(&) — {d)
B -1 (n*-1)

(111} For which of the following media, with respect to

air, the value of critical angle is maximum?
(a) Crown glass (b)
(c) Water (d)

Flint glass
Diamond

{iv) The critical angle for a pair of two media Aand B

of refractive indices 2.0 and 1.0 respectively is:
{a) o (b) 30° (c) 45" (d) &0°

(v] The critical angle of pair of a medium and air is

30° The speed of light in the medium is:
{a) 1x10%ms? (b) 15x%10%ms™
{00 22x10%ms! (d 28x%10%ms™!

m (2 marks)

13. How does the refractive index of a transparent
medium depend on the wavelength of incident light ! of 5 marks.
used? Velocity of light in glass is 2 = 108 m/s and in air :

is 3 x 108 m/s. If the ray of light passes from glass to

air, calculate the value of critical angle.

(5 marks)

14, Under what conditions is the phenomenon of total
internal reflection of light observed ? Obtain the
relation between the critical angle of incidence and

the refractive index of the medium.

9.5 Refraction at Spherical Surfaces
and by Lenses

(1 mark)

15. A ray of light falls on a transparent sphere with :
centre C as shown in the figure. The ray emerges
from the sphere parallel to the line AB. Find the angle
of refraction at A if refractive index of the material of :

the sphereis /3.

(Term Il 2021-22)

(Foreign 2015) (i)

(3/5, Delhi 2015) (i) :

e @)

16, A ray of light falls on a transparent sphere of n= J3
at an angle of incidence 407 with the diameter AB of
the sphere having centre C. The ray emerges from
the sphere paraliel to the line AB. Find the angle of
EMErgence.

Air Air
C
&0°
|’2ﬂ2 1)
MCG

17. A window is provided in the middle of a wall. Its

image is obtained on the opposite wall at a distance
'd" from it using a lens. If the window and its image
are of the same size, then the focal length of the lens
used is

d d d d
@+ B +3 © -3 @ -3
(2020)

Here, question 18 (i} to (v) Is a case study base question

18. Two transparent media of refractive indices n; and n,
are separated by a spherical transparent surface. The
rays of light incident on the surface get refracted into
the medium on the other side. The laws of refraction

are valid at each point of the spherical surface. A
lens is a transparent optical medium bounded by two
surfaces, at least one of which should be spherical.
The focal length of a lens is determined by the radii
of curvature (R, and R,) of its two surfaces and the
refractive index(n) of the medium of the lens with
respect to the surrounding medium. Depending on Ry
and R a lens behaves as a diverging or a converging
lens. The ability of a lens to diverge or converge a
beam of light incident an it define its power.

(Il An object is placed at the point B as shown
in the figure. The object distance (u) and the
image distance (v) are related as

c B (n:>ny)
e—n#
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(1 mark]

An object approaches a converging lens with a
uniform speed of 5 m/s and stops at the focus. How |
will the image move with respect to the lens? Specify :
(2021) :

A biconvex lens made up of glass of refractive index |
1.5, forms a real image of an object in air. If the
whole set-up were immersed in a liquid of refractive !
index 1.7, then how will the nature of the image be :
(2020) :

20.

21

Get More Learning Materials Here : i

@ 1.1_fm-m)l ) 1.1 ["1-"2]1
¥ ou n JR v ou n, R
ny ny_(np—ny) m_ny _lng—ny)

() = IRI d S—s==s

{If} A point object is placed in air at a distance 'R" in

front of a convex spherical refracting surface of :
radius of curvature R. If the medium on the other |

side of the surface is glass, then the image is
real and formed in glass.
real and formed in air.
virtual and formed in glass.
virtual and formed in air.

(a)
(b}
{c)
{d)

(iif) An object is kept at 2F in front of an equi-convex |

lens. The image formed is

real and of the size of the object.
wvirtual and of the size of the object.
real and enlarged.

virtual and diminished.

{a)
(b)
{c)
{d)

combination is

(a) -5D (b) +500 (c) +15D (d) -15D

(v)

will be

® (d) 2f

(c) f

@ L

of the liquid is

(a) 147 (b) 162 () 133 (d) 151

its nature.

affected?

(iv) A thin converging lens of focal length 10 cm and
a thin diverging lens of focal length 20 cm are :

placed coaxially in contact. The power of the 27.

An equi-concave lens of focal length 'F is cut
into two identical parts along the dotted line as |

shown in the figure. The focal length of each part 28,

(2020) (1] |

i 23.

BEI (2 marks)

24,

| 26

m (3 marks)

P 29.
(Term Il 2021-22) |

A biconvex lens of glass having refractive index 1.47
is immersed in a liguid. It becomes invisible and
behaves as a plane glass plate. The refractive index

31.

e @)

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 beshave as a
converging or a diverging lens? Give reason.

(Al 2014) (i)

Using lens maker's formula, derive the thin lens
11

formula F:;-a for a biconvex lens. (2020)
u

. The focal length of an equi-concave lens is 3/4

times of radius of curvature of its surfaces. Find the
refractive index of the material of the lens. Under
what condition will this lens behave as a converging
lens? (2020)

A screen is placed BO cm from an object. The image
of the object on the screen is formed by a convex
lens placed between them at two different locations
separated by a distance 20 cm. Determine the focal

length of the lens. (2/5, 2020) (Ev]

A beam of light converges at a point P. Now a convex
lens is placed in the path of the convergent beam
at 15 cm from point P. At what point does a beam
converge if the convex lens has a focal length 10ecm?

(Al 2019

A convex lens is placed in contact with a plane mirror.
A point object at a distance of 20 cm on the axis of
this combination has its image coinciding with itself.
What is the focal length of the lens?

(Delhi 2014) (fn]

(a) An object is placed in front of a converging
lens. Obtain the conditions under which the
magnification produced by the lens is (i) negative
and (ii) positive.

(b} A point object is placed at O in front of a glass
sphere as shown in figure.

o

e—r

Show the formation of image by the sphere.
(Term Il 2021-22}
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 cmu {1/3, Al 2017) [.ﬂ.p?

A convex lens of focal length 20 cm is placed coaxially
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32.

. A concave lens of refractive index 1.5 is immersed
in a medium of refractive index 165 What is the
(Delhi 2015) :

ray diagram to show the formation of the image by

nature of the lens?

the combination. Determine the nature and position |
(Al 2014) ©
A convex lens of focal length 20 cm is placed coaxially
with a concave mirror of focal length 10 cm at a
distance of 50 cm apart from each other. & beam of
light coming parallel to the principal axis is incident
on the convex lens. Find the position of the final image

of the image formed.

formed by this combination. Draw the ray diagram 17,
(Al 2014) :
. A convex lens of focal length 20 cm is placed coaxially
with a convex mirror of radius of curvature 20 cm.
The two are kept 15 cm apart. A point object is placed :
40 cm in front of the convex lens. Find the position of

the image formed by this combination. Draw the ray

showing the formation of the imags.

diagram showing the image formation.

(4/5 marks)

34.

Get More Learning Materials Here : i

A lens is a transparent optical medium bounded by
two surface atleast one of which should be spherical.
Considering image formation by a single spherical :
maker's formula is obtained. It is useful to design ' -
lenses of desired focal length using surfaces of
suitable radii of curvature. This formula helps us
obtain a relation between u, v and f for a lens. Lenses :
formimages of objects and they are used in anumber :
of optical devices, for example microscopes and :

surface successively at the two surfaces of alens, lens

telescopes.

(i} Anobject ABiskeptin A
front of a composite
convex lens, as shown I
in figure. Will the lens g
produce one image? If
not, explain.

(ii)

will the image still be formed? Explain.

(i} Adoubleconvex lensis made of glass of refractive
index 1.55 with both faces of the same radius of
curvature. Find the radius of curvature required :

: 39. Draw a ray diagram showing the formation of the

if focal length is 20 cm.
OR

(Al 2014) (An)

A real image of an object formed by a convex lens
is observed on a screen. If the screen is remowved,

36.

e @)

with a convex mirror of radius of curvature 20 cm.
The two are kept at 15 cm from each other. & point
object lies 60 cm in front of the convex lens. Draw a

(a) Derive lens maker's formula for a biconvex lens.

(b) A point object is placed at a distance of 12 cmon
the principal axis of a convex lens of focal length
10 em. A convex mirror is placed coaxially on
the other side of the lens at a distance of 10 cm.
If the final image coincides with the object,
sketch the ray diagram and find the focal length
of the convex mirror. {2020)

Derive the mathematical relation between
refractive indices ny and n, of two media and
radius of curvature R for refraction at a convex
spherical surface. Consider the object to be a
point source lying on the principal axis in rarer
medium of refractive index ny and a real image
formed in the denser medium of refractive index
ns;. Hence, derive lens maker's formula.

(a)

(b}

Light from a point source in air falls on a convex
spherical glass surface of refractive index 1.5 and

radius of curvature 20 em. The distance of light
source from the glass surface is 100 cm. At what
poasition is the image formed ? (Al 2016)
B point object 'O is kept in a medium of refractive
index ny 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 ny ny c
formation and deduce the “F 770

relationship between the ‘t
object distance and the image distance in terms of
ny, Nz and R

(i) When the image formed above acts as a virtual
object for a concave spherical surface separating
the medium n, from ny (ny > ny), draw this ray
diagram and write the similar {similar to (3))
relation.

(a)

(b)

(i) Hence, obtain the expression for the |E'EE
maker's formula. {Delhi 2015) (Ev|

image by a point object on the principal axis of a
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(iii) Two convex lenses A and B of focal lengths
15 cm and 10 cm respectively are placed :
coaxially 'd’ distance apart. A point object is kept :
at a distance of 30 cm in front of lens A. Find the :
value of 'd’ so that the rays emerging from lens B

(2023) :

35. An object is placed 30 em in front of a plano-convex. |
lens with its spherical surface of radius of curvature

£ 40.

lens is 1.5, find the position and nature of the image

(2/5, 2020) (Ev) |

curvature R, and R. Show the path of rays dueto :
refraction at first and subsequently at the second
{45,

are parallel toits principal axis.

20 cm. If the refractive index of the material of the

formed.

surface to obtain the formation of the real image
of the object.

lens.

(b) A double convex lens having both faces of :
the same radius of curvature has refractive :
index 1.55. Find out the radius of curvature :
of the lens required to get the focal length of :

(Al 2014C) (&) |

20 cm.

MCQ

41. A biconcave lens of power P vertically splits into two
identical plano concave parts. The power of each part

will be
fa) 2P (b)

P2 (9 P (d P/2

(1 mark)

42, What is the power of an equiconvex lens of refractive
index na dipped in a liquid of refractive index ny, :

(2021)

where ny < nz?

LY (3 marks)

43. (i) Define Sl unit of power of a lens.

{ii) A planoconvexlensis made of glass of refractive
index 1.5. The radius of curvature of the convex :

surface is 25 cm.
(a) Calculate the focal length of lens.

(b) If an object is placed 50 cm in front of the lens,
find the nature and position of the image formed. :
(Term Il 2021-22) :

Hence obtain the lens-maker's formula for a thin

(2020) (1)

e @)

spherical convex surface separating two media of
refractive indices n, and n, when a point source is
kept in rarer medium of refractive index ny. Derive
the relation between obhject and image distance in
terms of refractive index of the medium and radius of
curvature of the surface.

Hence obtain the expression for lens-maker's formula
in the case of thin convex lens. (Deelhi 2014C)

a) A point object is placed in front of a double
convex lens (of refractive index n = n/ny with
respect to air) with its spherical faces of radii of

of the lens is 5 D. Calculate the distance of the
object and the image from the lens. {2023)

A lens is a portion of a transparent medium bounded

by two surfaces and one of these surfaces is

essentially spherical. It is used to converge or diverge

the light incident on it. Power of a lens is the measure

of its ability to converge or diverge the light incident

on it. Power of a lens depends on the refractive index

of the material of lens with respect to the surrounding

medium and the radii of curvature of its two surfaces.

(a) The power of a convex lens

(il increases when the lens is dipped in water.

(i} increases when the wavelength of incident light
decreases.

(ili} decreaseswhen another convex lens is placed in

contact with it.

increases when the lens is cut into two identical

plano-comvex lenses.

(b) The focal length of a concave lens is 40 cm. The
power of the lens is

iy 0.025D (iy 25D

{iii} -0.025D (iv)] =2.5D

(c) The focal length of a concave lens (u, = 1.5} in air
is 20 cm. What should be the refractive index of
the surrounding medium so that the lens behaves
as a converging lens of focal length 60 cm?

iy 14 (i) 1.8 (iii) 1.7 liv) 1.2

(d] Beams of red light, blue light, yvellow light and
violet light are incident on a convex lens, one-
by-one. Which one of them converges nearest to

(iv)

the lens?
(i} Bluelight (i) WViolet light
(iii) Red light (iv) Yellow light

(e}l A beam of light coming parallel to the principal
axis of a convex lens L, of focal length 15 cm is
incident on it. Another convex lens L, of focal
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BT (4/5 marks)

The lens maker's formula is useful to design lenses of
desired focal lengths using surfaces of suitable radii ¢
of curvature. The focal length also depends on the i
refractive index of the material of the lens and the
surrounding medium. The refractive index depends

Y 2 marks)

44, An equi-convex lens of focal length 'f' is cut into two

44,

48.

Get More Learning Materials Here : i

on the wavelength of the light used. The power of a
lens is related to its focal length.
Answer the following guestions based on the above:

{a) How will the power of a lens be affected with an

increase of wavelength of light?

(b) The radius of curvature of two surfaces of a
convex lens is R each. For what value of m of its

material will its focal length become equal to R?

{c) The focal length of a concave lens of p = 1.51s 20
cm in air. It is completely immersed in water of §

. T (3 marks)

a7, A symmetric biconvex lens of radius of curvature R

p:% Calculate its focal length in water.
OR

{c) Anobject is placed in front of a lens which forms
its erect image of magnification 3. The power :

as shown in the figure. An optical needle with its i
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 liguid layer and repeating the experiment, the
distance is found to be y. Obtain the expression :
for the refractive index of the liguid in terms of ;

xandy.

(2018) () | : .
In the following diagram, an object '0" is placed 9'6 Refraction thrﬂugh aPrism

15 em in front of a convex lens L, of focal length :
20 cm and the final image is formed at | at a distance |
of B0 cm from the second lens L,. Find the focal length

of the lens L.

length 25 cm is placed coaxially at a distance
d from L,. For the final image to be formed at
infinity, the value of d should be :

{ii 10cm (i} 15cm

(ili) 25em (iv) 40em (2022 C)

THEM T LIC 31 | & ISES I £
N e i i M 3 Pk ' i i et ok s bl Pl bt |

identical plane convex lenses. How will the power of
each part be related to the focal length of the original
lens?

A double convex lens of +5 D is made of glass of
refractive index 1.55 with both faces of equal radii of
curvature. Find the value of its radius of curvature.

(Foreign 2015) (An|

and made of glass of refractive index 1.5, is placed
on a layer of liquid placed on top of a plane mirror

below. Find the position of the final image formed by

the combination.
+10em =10em +30em
== LY
€ i >
5cm 10cm
(2/5, Delhi 2019)

50. Draw a ray diagram to show the image formation

by a combination of two thin convex lenses in
contact. Obtain the expression for the power of
this combination in terms of the focal lengths of the
lenses. (2/5, Al 2015)

MCQ

51. Foraglass prism, the angle of minimum deviation will
be smallest for the light of

m & www.studentbro.in



(1 mark)

- 8

(Foreign 2016} (An)

(S marks)

(a) Using the ray diagram for a system of two lenses
of focal lengths f, and f; in contact with each :
other, show that the two lens system can be :

49,

56.

57.

Get More Learning Materials Here : i

1 1 1
I h f, wh —=—t—
ength f, w u*ﬂ_-rl?_l:Il f1+f2

Also write the relation for the equivalent power :

of the lens combination.

(b)

the lens combination given in the figure.
f=+10,-10, +30cm
CT

AN
/AN,

10cm

S5cm

OR

¢ 54,
Determine the position of the image formed by

regarded as equivalent to a single lens of focal 53.

blue calour
green colour
Y
(2020)( U |

(a) redcolour
(£)  wellow colour

(b)
(d)

Assertion [A) : The angle of minimum deviation for a
prism is lesser for red light than that for blue light.
Reason (R) : The refractive index of the material of a
prism for blue light is greater than that for red light.

(a) Both A and R are true and R is the correct
explanation of A.

(b} Both A and R are true and R is NOT the correct
explanation of A.

(e} Aistrue but R is false.

(d) Aisfalse and Ris also false. (2021)

A ray of light on passing through an equilateral glass
prism, suffers a minimum deviation equal to the angle
of the prism. The value of refractive index of the
material of the prismis . (2020)

How does the angle of minimum deviation of a glass
prism wvary, if the incident violet light is replaced by
red light? Give reason. (Al 2017)

I (2 mari)

! 55,

(A12019) (E) |

Three lenses of focal lengths +10 cm, -10 cm and :
+30 cm are arranged coaxially as in the figure given

Two monochromatic rays A
of light are incident
normally on the face AB of 4
an isosceles right-angled 2'——
prism ABC. The refractive ' |
indices of the glass prism 45
for the two rays '1" and '2’ g ra
are respectively 1.33 and

t 1.

X

1.45. Trace the path of these rays after entering the |

prism.

Figure shows a ray
of light passing
through a prism. If
the refracted ray
QR is parallel to
the base BC, show
that

(Al 2014) (jn)

P 63,

e @)

A ray 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.

(A1 2016) (Ap]

(a) Plot agraph for angle of deviation as a function of
angle of incidence for a triangular prism.

(b) Derive the relation for the refractive index of the
prism in terms of the angle of minimum deviation
and angle of prism. (Al 2019)

The figure shows a ray of light falling normally on the
face AB of an equilateral glass prism having refractive

3
index 3" placed in water of refractive index % Will

this ray suffer total internal reflection on striking the
face AC? Justify your answer.
A

(1/3, 2018) (An)

A

B e
(a) Arayoflight incident on face AB
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that
(i} ri=r;=A/2,
(ii) angle of minimum deviation, 5, = 2i- A.

BECXIM (3 marks)

58. (a) Write two necessary conditions for total internal
| 64,

reflection. A
(b) Two prisms ABC and DBC

are arranged as shown in —H

figure.
The critical angles for the two
prisms with respect to air are
41.1° and 45° respectively.
Trace the path of the ray

through the combination.

458

59. Aray of light passes through
a prism of refractive index
J2 as shown in the figure.
Find:
(i} The angle of incidence
(£r;) at Face AC.
(ii) The angle of minimum
deviation for this prism.

&0. A ray of light is incident
on a prism at an angle
of 45 and passes
symmetrically as shown
in the figure, Calculate.
(a) the angle of

minimum deviation,

(b) the refractive index g .

of the material of the
prism, and
(c) theangle of refraction at the point P.

(Term 11 2021-22) '

Get More Learning Materials Here : & m

(Foreign 2014)

Bl C:

(S marks)

&5. (i) Explain the working principle of an optical fibre

of an equilateral glass prism,
shows minimum deviation of
307 Calculate the speed of light
through the prism. 2 C

(b} Find the angle of incidence at

face AB so that the emergent ray grazes along the
face AC. (Delhi 2017)

Three rays {1 2, 3) of different colours fall normally
on one of the sides of an isosceles right angled prism
as shown. The refractive index of prism for these
raysis 1.3%, 1.47 and 1.52 respectively. Find which of
these rays get internally reflected and which get only
refracted from AC. Trace the paths of rays. Justify
your answer with the help of necessary calculations.
A

458

B

3 ——

Bl ] 45 o 2
(Foreign 2016) (An)

with the help of a diagram. Mention one use of a
light pipe.

(i) A ray of light is incident at an angle of &0°
on one face of a prism with the prism angle
A = 60°% The ray passes symmetrically through
the prism. Find the angle of minimum deviation
(8 and refractive index of the material of the
prism. If the prism is immersed in water, how will
&, be affected? Justify your answer. {2023)

{16 Caleulate the angle of emergence (e) of the ray of

light incident normally on the face AC of a glass prism

ABC of refractive index ~..'r3. How will the angle of
emergence change qualitatively, if the ray of light
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&7.

&8,

69, (a)

emerges from the prism into a liquid of refractive !
index 1.3 instead of air? i
A

i E
p PA (2020)(E) |

A ray of light passing from air through an equilateral
glass prism undergoes minimum deviation when the :

3 i
angle of incidenceis E of the angle of prism. Calculate

thespeed of light inthe prism.  (2/5,A12017) (Ag]

(a) Plot a graph to show variation of the angle of :
deviation as a function of angle of incidence for
light passing through a prism. Derive an expression |
for refractive index of the prism in terms of angle
of minimum deviation and angle of prism. i

(b} A ray of light incident 4
normally on one face of a -
right isosceles prism is -
totally reflected as shownin
figure. What must be the
minimum value of refractive
index of glass? Give relevant
calculations.

(3/5, Delhi 2016)

A ray PO of light is incident on the face AR of a
glass prism ABC (as shown in the figure) and |
emerges out of the face AC. Trace the path of the |
ray. Show that A i
L+ le=s LA+ 28
where8 ande
denote the angle
of deviation

and angle of
EMErgence i
respectively. B Ci
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.
Find out the relation between the refractive ;
index (u) of the glass prism and £A for the case !
when the angle of prism (4) is equal to the angle
of minimum deviation (§,). Hence obtain the :
value of the refractive index for angle of prism :
A= 60° (Al 2015) (Ev] |

(b)

9.7 Optical Instruments

Get More Learning Materials Here : i

71

 EEYH 2 mari

E?E. Define the magnifying power of a compound

i 74,

| 75.

{ 76.

&

e @)

A compound microscope is used because a realistic
simple microscope does not have magnification.

(2020)(R ]

microscope when the final image is formed at infinity.
Why must both the objective and the eyepiece of
a compound microscope has short focal lengths?
Explain. (Delhi 2017)

i 73, You are given two converging lenses of focal lengths

1.25 cm and 5 cm to design a compound microscope.
If it is desired to have a magnification of 30, find
out the separation between the objective and the

eyepiece. (Al 2015) (Ev)

. XM 3 marks)

With the help of a ray diagram, show how a compound
microscope forms a magnified image of a tiny object,
at least distance of distinct vision. Hence derive an
expression for the magnification produced by it
(Term Il 2021-22)

OR

With the helpof a ray diagram, explain the formation of
image in a compound microscope when the final image
is formed at the near point. Obtain the expression for
the magnifying power in this case. {2020)

(b) (i} Draw a labelled ray diagram showing the
formation of the image at least distance of distinct
vision by a compound microscope.

(i) A small object is placed at a distance of 3.0 em
from a magnifier of focal length 4.0 cm. Find.

(1} the position of the image formed and
(I} the linear magnification produced
(Term [l 2021-22)

Anoptical instrument uses an objective lens of power
100 D and an eyvepiece of power 40 D. The final image
is formed at infinity when the tube length of the
instrument is kept at 20 cm.

(a} Identify the optical instrument.

(b) Calculate the angular magnification produced by

the instrument. (2020) (v

Draw a ray diagram for the formation of image by
a compound microscope.

You are given the following three lenses. Which
two lenses will you use as an eyepiece and as an
abjective to construct a compound microscope?

(a)
(b)

Lenses | Power(D}) Aperture (cm)
Ly 3 8
L & 1
L 10 1
@& www.studentbro.in



BT (1 mark)

70.

79.

: 78

In simple microscope, a convex lens of focal length :
5 cm is used. Calculate the magnifying power when :

the objct is placed at the focus of the lens.

(2021) ¢

(a) Draw a labelled ray diagram showing the ;
formation of a final image by a compound

microscope at least distance of distinct vision.
(b}

The total magnification produced by a compound

microscope is 20. The magnification produced :
by the eye piece is 5. The microscope is focussed
on a certain object. The distance between :
the objective and eyepiece is observed to be :
14 cm. If least distance of distinct vision is i

20 cm, calculate the focal length of the objective :

(2 marks

and the eye piece. (Delhi 2014) (An]

(5 marks)

80.

B1.

Get More Learning Materials Here : i

(2/3, Al 2017)

Draw a ray diagram showing the image formation by

a compound microscope. Obtain expression for total

magnification when the image is formed at infinity.
(3/5, Al 2015C)

(V] The focal lengths of objective and eyve-piece of
a compound microscope are 1.2 cm and 3.0 cm
respectively. The object is placed at adistance of
1.25 cm from the objective. If the final image is
formed at infinity, the magnifying power of the
microscope would be

(a) 100

(c) 200

(b) 150
!:f:l] 250

e AT A

. (2022 C)

-

i B2, Why should the objective of a telescope have large

| B3

(i} Draw a ray diagram to show the working of a
compound microscope. Obtain the expression :
for the expression for the total magnification for
the final image to be formed at the near point. i

{ii) In a compound microscope an object is placed

at a distance of 15 cm from the objective of |
focal length 1.25 cm. If the eye-piece has a focal
length of 5 cm and the final image is formed at :
the near point. Find the magnifying power of the !

microscope.

(2023) |

A compound microscope consists of two converging
lenses. One of them, of smaller aperture and smaller ;
focal length is called objective and the other of slightly :

larger aperture and slightly larger focal length is { o4 A o)) telescope has an objective lens of focal length

called eye-piece. Both the lenses are fitted in a tube :

with an arrangement to vary the distance between !
them. A tiny objects is placed in front of the objective :
at adistance slightly greater than its focal length. The
objective produces the image of the object which acts :
as an object for the eye-piece. The eye piece, in turn

produces the final magnified image.

Ina compound microscope the images formed by i

. BEYH (3 marks)

| B5.

: B6.

i
the objective and the eye-piece are respectively :
{a) wirtual, real (b) real, virtual
(¢} wirtual. virtual (d) real, real i
(Il The magnification due to a compound
microscope does not depend upon i
{a) theaperture of the objective and the eye-piece
(b)

piece

the focal length of the objective and the eye-

e @)

focal length and large aperture? Justify your answer.
(Dethi 2017) (U |

(a) Draw a ray diagram showing the formation of
image by a reflecting telescope.

(b) Write two advantages of a reflecting telescope
over a refracting telescope. {Al 2017)

OR

Draw a schematic arrangement of a reflecting
telescope (Cassegrain) showing how rays coming
from a distant object are received at the eye-piece.
Write its two important advantages over a refracting
telescope. (Delhi 2018)

150 cm and eyepiece of focal length 5 em. What is
the magnifying power of the telescope for viewing
distant objects in normal adjustment?

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

With the help of a ray diagram explain the

working of a reflecting telescope. Mention two
advantages of a reflecting telescope over a refracting
telescope. (Term 11 2021-22)

(a) (i} Draw a labelled ray diagram showing the formation
of the image at infinity by an astronomical telescope.
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a8.

a9.

90.

?1.

Get More Learning Materials Here : i

{c) thelength of the tube

(d) thecolour of the light used -

(I} Which of the following is not correct in the :
context of a compound microscope? !

(a) Both the lenses are of short focal lengths. i

(b) The magnifying power increases by decreasing !
the focal lengths of the two lenses.

{c) The distance between the two lenses is more :
than (f, + f,). ;

(d) The microscope can be used as a telescope by :
interchanging the two lenses.

(V] A compound microscope consists of an :
objective of 10X and an eye-piece of 20X. The |
magnification due to the microscope wouldbe

(a) 2 (b) 10 (c) 30 (d) 200

Draw a labelled ray diagram of an astronomical

telescope in the near point adjustment position.

A giant refracting telescope at an observatory has an
objective lens of focal length 15 m and an eyepiece of
focal length 1.0 cm. If this telescope is used to view :
the Moon, find 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 lunar orbit is :

(Dethi 2019) (Ev] |

Diraw a ray diagram to show the image formation of 94,
a distant object by a refracting telescope. Write the :
expression for its angular magnification in terms :
of the focal lengths of the lenses used. State the :

important considerations required to achieve large :

3.8x10%m.

resolution and their consequent limitations.

(A 2019) (Ev)

(a) Draw a ray diagram depicting the formation of
the image by an astronomical telescope innormal :

adjustment.

(b} You are given the following three lenses. Which
two lenses will you use as an eyepiece and 76.

as an objective to construct an astronomical

telescope? Give reason.

Lenses Power{D) Aperture (cm)
Ly 3 8
La & 1
Ls 10 1
(A12017) ) |

Which two of the following lenses Ly, L,, and L will
you select as objective and eyepiece for constructing
best possible (i) telescope (if) microscope? Give |

reason to support your answer.

| 87.

73.

o7.

e @)

(il A telescope consists of an objective of facal
length 150 cm and an eyepiece of focal length 6.0 cm.
If the final image is formed at infinity, then calculate.

() thelength of the tube in this adjustment, and
(I} the magnification produced.  (Term Il 2021-22)

What is the difference in the construction of an
astronomical telescope and a compound microscope?
The focal lengths of the objective and eyepiece of
a compound microscope are 125 cm and 5.0 cm,
respectively. Find the position of the object relative
to the objective in order to obtain an angular
magnification of 30 when the final image is formed at
the near paint. (2020) (Ev)
(i) Draw a ray diagram for the formation of image
of an object by an astronomical telescope, in
normal adjustment. Obtain the expression for its
magnifying power.
(iil The magnifying power of an astronomical
telescope in normal adjustment is 2.9 and the
objective and the eyepiece are separated by a

distance of 150 cm. Find the focal lengths of the
two lenses. (2023)

An astronomical telescope has an objective lens of
focal length 20 m and eyepiece of focal length 1 cm.
(a) Find the angular magnification of the telescope.
(b) If the telescope is used to view the Moon,
find the diameter of the image formed by
the objective lens. Given the diameter of the

Moon is 3.5 x 10° m and radius of lunar orbit is
38x 108 m. (2/5, 2020)

. Explain two advantages of a reflecting telescope over

(1/5,2018) (1))

Diraw a labelied ray diagram to obtain the real image
formed by an astronomical telescope in normal
adjustment position. Define its magnifying power.
You are given three lenses of power 05 D,
4 D and 10 D to design a telescope.

(I} Which lenses should be use as objective and
eyepiece 7 Justify your answer.

Why is the aperture of the objective preferred to

(Al 2016) (Ey]
Draw a labelled schematic ray diagram of
astronomical telescope in normal adjustment.

Which twoaberrations doobjectives of refracting

telescope suffer from? How are these overcome
in reflecting telescope?

a refracting telescope.

(ii)
be large ?

(a)

(b)
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98

Lens Power (P) Aperture [A)
L, aD l1cm
L, 3D 8cm
Ly 10D 1cm
(Delhi 2015)

(S marks)

Draw a ray diagram to show how the final :

i 99.

image is formed at infinity in an astronomical :
refracting telescope. Obtain an expression for its

magnifying power.
(i)

Two thin lenses Ly and Ly, Ly being a convex :

lens of focal length 24 cm and L; a concave :
lens of focal length 18 cm are placed coaxially :
at a separation of 45 cm. A 1 em tall object is :
placed in front of the lens L, at a distance of :
36 cm. Find the location and height of the image :

formed by the combination.

(2023) :

(Foreign 2016)

Draw a ray diagram showing the image formation
of a distant object by a refracting telescope. Define
its magnifying power and write the two important
factors considered to increase the magnifying power.
Describe briefly the two main limitations and explain
how far these can be minimized in a reflecting
telescope. (Foreign 2015)

(a) Draw a labelled ray diagram of an astronomical
telescope to show the image formation of a
distant object. Write the main considerations
required in selecting the objective and eyepiece
lenses in order to have large magnifying power
and high resolution of the telescope.

(b) A compound microscope has an objective of
focal length 1.25 cm and eyepiece of focal length
5 cm. A small ohject is kept at 2.5 cm from the
objective. If the final image formed is at infinity,
find the distance between the objective and the

eyepiece. (Foreign 2014) (Cr ]

W)\ CBSE Sample Questions /B

9.2 Reflection of Light by Spherical
Mirrors

MCO

Given below are two statements labelled asé

assertion (A) and Reason (R).

Assertion [A) : A convex mirror cannot form real

images.
Reason (R) : Convex mirror converges the parallel
rays that are incident on it.

Select the most appropriate answer from the options :

given below:
{a)

explanation of A

E 6.

Both A and R are true and R is the correct |

(b} Both A and R are true but R is not the correct

explanation of A. ]
(e}  Ads true but R is false. ;
(d) Ais false but R is true. (2020-21) (R |

9.5 Refraction at Spherical Surface and

by Lenses

Y (2 marks)

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? Justify your answer.

e @)

Select the most appropriate answer from the options
given below:

(a) Both A and R are true and R is the correct
explanation of AL

Both A and R are true but R is not the correct
explanation of A.

A is true but R is false.

A is false but R is true.

(b)

(c)

(d) (2020-21) (R

{a)l Draw a ray diagram of compound microscope
for the final image formed at least distance of
distinct vision?

(b) An angular magnification of 30X is desired using
an objective of focal length 1.25 em and an eye
piece of focal length 5 cm. How will you set up
the compound microscope for the final image
formed at least distance of distinct vision?

{Term Il 2021-22)

{al Draw a ray diagram of astronomical telescope
for the final image formed at infinity.

{b) A small telescope has an objective lens of focal
length 140 cm and an eyepiece of focal length
50 cm. Find the magnifying power of the
telescope for viewing distant objects when

the telescope is in normal adjustment,

(i)
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(2022-23) (i) the final image is formed at the least distance of

3. Write two characteristics of image formed when distinct vision. (Term 11 2021-22)

an object is placed between the optical centre and Y (4 marks)

focus of a thin convex lens. Draw the graph showing : : E .
i B, A number of optical devices and instruments have

variation of image distance v with object distance u : :
’ : been designed and developed such as periscope,

s case: (2020-21) binoculars, microscopes and telescopes utilising
m (3 marks) the reflecting and refracting properties of mirrors,
lenses and prisms. Mast of them are in common use.

4.  The focal length of a convex lens made of glass of : Our knowledge about the formation of images by

refractive index (L5) is 20 em. What will be its new
focal length when placed in 2 medium of refractive
index 1.257 Is focal length positive or negative? i

the mirrors and lenses is the basic requirement for
understanding the working of these devices.
(i) Why the image formed at infinity is often

What does It slanlfy? (Term Il 2021-22) (&) | considered most suitable for viewing? Explain,

97 Dptlcal Instruments (i) In modern microscopes multicomponent lenses

i are used for both the objective and the eyepiece.
MCQ : m.!.!'r?

5. Given below are two statements labelled as : (ili) Write two points of difference between a
assertion (A) and Reason (R). compound microscope and an astronomical
Assertion (A) : A convex lens of focal length : telescope.

30 cm can't be used as a simple microscope in normal OR

setting. (i} Write two distinct advantages of a reflecting
Reason (R): For normal setting, the angular : type telescope over a refracting tvpe telescope.
magnification of simple microscope is M = D/F (2022-23)

Detailed {e]RV) j{e] X1
2\ Previous vears CBSE Board Questions /[ NGl itiott

2f=w

or |2fl<|v| [ 2f and v are negative]
: le, therealimage isformed beyond 2f.

1. The distance between the principal focus and pu[e
of the mirror is called as focal length.

Let C be the centre of curvature
and F be the principal focus of
the mirror. Let 8 be the angle
of incidence and MD be the ”

perpendicular from M on the i u==10cm, v==2u=20¢m
principal axis. ¢ Using mirror formula

S 6. (a) Forvirtualimage, m=+2

]'I'|=2=—i

Then ZMCP =8, ZMFP = 28 11,11 1 1

' 'f 20 10
MNow in AMCD, tanﬂ:% and in : ff= —vzﬂim

i {b) Forreali
AMFD, tanEE-MD bl e :rr:rage

: m=-2=——

i u

,':g:% [ for small 8, tanB=8 ] v=2u

|t 0

= FD E=Emf=5 f v u 20 Zu u
2 2 2 i u==30cm

2. When an object is placed between f and 2f of a ! Displacement of object = 30 - 10 = 20 cm away from
concave mirror, the image formed is real and magnified. mirror.
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4.  Radius of curvature B = 60 cm
focal length f= 30 cm

By Mirror formula 1+l=1
u v F

4 = <20 cm, f= - 30 cm (concave mirror)
-1 1 -1 1 1 1 10

20°v 30

v=860cm

v 20 30 800

Thus image formed is virtual, erect and magnified in | ™
Uus ge T Is VIrtu e dil dgnine n HEnEE,V:EU:-—-E{}Em

nature.
4, f=-15cm,m=3,i=-xcm
m=-1=3 or v==3u=3x
u

Using mirror formula,

111 1+1_‘1Dr Z 1

v u_f 3x -x =15 ' 3x =15

= x=10cm
Distance of object from the mirror, x = 10 cmu

o O |

. 1
5.  From mirror formula, ==
¥ u

the left of the mirror,u<0

1 1 1 1
2f<u<for i
f 2f f u f f 2f v

Thus the different parts of the mobile phone are :
magnified in different proportions because of thEirE

different locations from the concave mirror.

(b) One would naturally think that image will be half of |
the object, but taking the laws of reflection to be true for :

all points of the mirror, the image will
be of the whole object. However, as the area of the

reflecting surface has reduced, the intensity of the image

will be dim.

Concept Applied f@',l
= For all points of the mirror, the laws of reflection are

Get More Learning Materials Here : i

£ 7. (a)
i m=-2(image is real)
u = object distance, v = image distance

i Using mirror formula, =+~
; v ou

e
P 2uou

gvfuf

e @)

Here.R=-20cm,f=R2=-10cm

H v
im= =—=v=2u

= 11

—'l-.il-h

1,11 3 1
T=10" 2u =10
u=-15cm

(b Forconvexmirror:f>0,u<0

Using mirror formula, 1‘.1&:.1;

i v u f

i1 111 1 111 fxu

i —mmEe—m——— = —E = W= ——
(~u) v f u f+u

v=0

. This implies that image of object placed in front
: of a convex mirror is always formed behind the mirror
i which is virtual in nature.

:8  (a) The formation of
¢ the image of the cell phone
Now for a concave mirror, f < O and for an object on © ;. houn in figure. The part
i which is at R will be imaged
. at R and will be of the same
i size, ie, QR = QR. The
: other end P of the mobile
: phone is highly magnified

: by the concave mirror.

10. (a)

ak
= ,

B

. (b) Derivation of mirror formula for a concave mirror:
Consider an object AB placed on the principal axis beyond
: the centre of curvature C of a concave mirror of small
i aperture, as shown in figure.
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true. Therefore, the height of the whole image will be
produced.

9.

CONCave mirror.

for

W ]

—f ——
Using the cartesian sign convention, we find that
Object distance, BF = -u
Image distance, PB' = v
Focal length, FP == f
Radius of curvature, CP=- R = -2f
Mow AABC ~ AA" B’ C
AB CB CP-BP -2f+u
A'B CB CP+PB' —2f+v

0

Also AMPF — AA'B'F
MP PP EF o AB o )
A'B° FB' FP+PR’ AR ~f+v f

From equations (i) and (i), we get

=2f+u_ ~f
“2f+v  —f+v
or 2f2-fu-2fv+uv=2f2-fv
or -fv-fu+uv=0
or uv=fv+fu
Dividing both sides by u v f, we get
111
f uvw

This proves the mirror equation for a concave mirrar §
when it forms a virtual image.

Answer Tips | &

= When an object is held in front of a concave mirror
between the pole P and principal focus F of the mirror,
the image formed is virtual, erect and magnified.

This is mirror formula, which is valid for all mirrors. i
Linear magnification : The ratio of the height of the @
image to that of the object is called linear or transverse :
magnification or just magnification and is denoted by m.

Consider an object AB placed on the principal
axis of a concave mirror between its pole P and :
focus F. As shown in figure, a virtual and erect image A'B’ :
is formed behind the mirror, after reflection from the :

e @)

A ~
1 = :
B
B C P
< i,
A
—V l

[
| e 2

LI =

:A ray AM from the object travels parallel to the
::prin-r_ipal axis and after reflection from the mirror it
i passes through focus F. Another ray AP s incident
: on the pole P of the mirror and is reflected along PA’
I in accordance with the
i ZAPB = ZB'PA’". The two reflected rays meet at point A",
Thus A is the real image of A. The image of any point on
: AB will lie on a corresponding point of A'B’. Hence A'B’
is the real image of AB formed by reflection from the
i concave mirror.

! Using cartesian sign convention, we find

: Object distance, BP = -u

laws of reflection so then

Image distance, B'P = -v

: Focal length, FP = f
: Radius of curvature, CP= -R = -2f
i Now AA'B'C -~ AABC

AB_CB'_CP=BP_-R+v

AB  BC BP-CP -u+R

i)

! As ZA'PE’ = /APB, therefore,
: AA'B'P ~ AABP.
: Consequently,

i)

From equations (i) and (i), we get

-R+v v

—-u+f W

or =-uR+uv=-vu+vR or vR+uR=2uv

: Dividing both sides by uvR, we get

(iv) (b) 5inE=1 or 5inC=% = C=30°
u

¢ [v) (b) :Critical angle, C= 30°
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i i E = — =
ms=Height ofimage _ b - P75inc "sinae "
Height of object h, :
PR, i c ¢ 3x10® g -1
Also magnification, - Also, =2 v=;=—=i-5xlﬂ ms
m=£=-£- 13. (i) The refractive index of a transparent medium is
h, u inversely proportional to the wavelength of incident light.
11. Given:wavelength in air, A, = 589 nm The relationship between the two is given by
=589%107 m ;
Refractive index of water, u, = 1.33 S
speed of light in vacuum, ¢ = 3 x 10° m/s . where
Py ] {1 = Refractive index of medium
GUENEY 05 A, i Ag = Wavelength of incident light in vacuum
a i A =Wavelength of incident light in medium
__3x10 r:l.l"s — 5 09310 Hz (-+ speed in air =¢) (i) Given:
5.89x107" m : Velocity of light in air, v, = 3 x 10° m/s
Now, speed of light in water, — Velocity of light in glass, Vg = 2 % 108 m/s
Hue : The refractive index of glass is given by, p, it
_3x108 m/s 2 3605 105 m/ Ys
T 133 e : where ¢ is speed of light in vacuum.
. W i
Wavelength in water, &, = o i The refractive index of air is given by, p_ = —
i ¥
s I &
A 2 g o oy
=}1T“.=1_n= S_B?::iag M _ 443%107m E The refractive index of ila!.s wert. air will be
— Hw . . u Vg  3x10
i =-4 = 9 =-9_ =15
b BT T BT T
Thus, for the refracted light O |
Wavelength, A, =443 x 107" m  Weknow Hg=_——2

Frequency, v = 5.09 x 10™" Hz and : where C is the critical angle for the interface
Speed, v=2 = 10" m/s i N

12 (i} (2] : Since refractive index of medium is more i
than that of water, medium is denser than water. Here, sy =
light travels from medium (denser) to water (rarer), so it : =‘." c e 0.66) = C : 413
will bends away from the normal. This is correctly shown | *° Crical anglen - = el
in {a). Here total internal reflection will not take place | 14, Eesential conditions for total internal reflection :

because angle of incidence (187) is less than critical angle © (i) Light should be travel from a denser medium to a

1
=15=sinC=—
=sinC= o

(20°). : rarer medium.
(i) [Bb): Light rays passes through the surface if, i (ii) Angle of incidence in denser medium should be
1 : ! greater than the critical angle for the pair of media in

contact.

p=——

T .
" ) | Relation between refractive index and critical angle
Also, EiﬂC=:’n - Wheni=C r=90°
re+d : : : From Snell's law, pp sinC = p, sin90° = ;% 1
l= r - g r2+d1=pzrz ok ? 2 Wy 1 . a. 1
B yrPed il My =—r
d? :
22 gy 2 _ : inli
==l he o r? }13_1 : 15. From Snell's law, we have : &E:p
i sin
2 i J = = L=
. r;d 1 ALAT=60% {I}xll'i " 1
[Tt : 3 sini : si |
! Mow, sinfr)= = sinfr)= == =% r=sin [—J
(ili) (c) : Refractive index is minimum for water. Thus, | u 3z 2
water with respect to air has maximum critical angle. i r=30°
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. sini B
: ~ sinr LihE
1.|"§=5m_6w35i|1r=E A ,'i B
sinr &0° C
r=30° n=43
1 _sin30° 1 3
Now, :E- TR sine= 3:-:5--2—
e= &0°

17. (a): :"':. , as image at 2F formed of same size.

Here, 4F =d = F=dfd

18, (i) : |d) For the spherical refracting surface,
my_my_my-np
v o u R

air u,
If vis the image distance
By M Mg~Ho o Mg 1ty 1
v =R R v R R
1
s Aol = P lgsog.d
£=21,~2) Z15-2)=-—

3
==2x=R==3R
= v Kz

Therefore, virtual image will be formed in the air.
(iii} (a)
lens, then image will be real, inverted and of same size as
ohject.

{iv) (b):f;=10cm, f=-20cm

If two lens are kept in contact.

A P R AR
I"-f1+f1 =10 20 = f=+20cm

L . —

in figure, then focal length () of each part will remains
same,

Since, %:l:u-l][% ]

19. (a): 147

20. The image moves away with increasing speed from — )
i This is thin lens formula.

the lens. Image is real. inverted and larger than the object.

21. When convex lens (i = 1.5) is immersed in a liquid 5. Given f=—t
{i = 1.7), the lens behaves like a concave lens, then the | 4 "'

! From lens-maker’s formula,

nature of image will be virtual.

gy

If an object is kept at 2F from an equi-convex :

it

When the object is at infinity, light rays incident on lens
: are parallel and are converged at common point on
i principal axis known as principal focus F of lens.

i So, when u = - == then v = + f (focal length)

L[m}[l_i
Cf U mg AR Ry

(v] (c): IFthe lensis cut along the horizontal line asshown |
i This is the lens maker formula when the lens of glass of
refractive index ns is placed in any medium of refractive
! index ny.

i From eqn. (i) and (iv)

e @)

! the given lens becomes positive. Hence, it behaves as a
convex lens.

Concept Applied @1'}

= Focal length of a lens and nature of lens depends on
the medium surrounding the lens.

23. The lens will act as a diverging lens as the refractive
i index of water is greater than that of lens.

| 24, X

Ll L

For refraction at spherical surface XP,Y, object is at O and
: imageisatl’.

! So, object distance is u and image distance is V.
: Also, ray of light is travelling from rarer medium (n,)
i to denser medium (n).

S,

m-m m

Ry vioou

i)

For refraction at spherical surface XP,Y, point I' behaves
as virtual object and image is formed at [. Also, ray of light
: istravelling from denser medium (n) to rarer medium (n,)

ir Wi

L

R, v ~(i)
Subtracting equation (i) from (i), we get

L2 i)

fiv)

=3R
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22. Focal length of a concave lens is negative.

Using lens maker's formula, -_[J-li- =1 Il-.i_

p R
Here, ;= 1.5, i, = 1.65 n AR Re

Also, Lo B> 1. s0 [ b _
My i

26. Casel:-u=-x,v=80-xf=f

—_—
SRR Y

[ T 1
L A

S gl i)
(b)

Casell :u=={x+20),v=50-x

iR R T4
] is negative and focal length of :

1 1 1 1 1
e e S E
4

4  2p-1) 5

It will behave as a converging lens if (L - 1)< 0oru< 1.

i Thus, image formed is real.

(i) Magnification produced is positive -
: As AABC -~ AA'B'C
é A!BJ

cB'
—_— —

AB (B

4
f o
7 o ¥
VI
X+ 20 80-x E —
80cm i 30. Given:u=155f=20cm
1 1 1 i ]
F:m'}m ---l::”:l ; |R1I - IR_II - E UEt:I
) - : For double convex lensas Ry > 0and Ra < 0
From (i) and (i) : So,R,=RandR,=-R
1 +_:E= L. 1 = x=30cm ¢ Using lens maker's equation,
80=x x 6A0=-x x+20 H 1 1 1
11 1 ‘1875 F={|_1-1){R—1-R—].1..".|Iegf:t
f T 30+Eﬂ=} = cm 2
1 1 1 2
27. f=10cm,u=15¢cm,v=? _ —'.'155 W5+ )= 557055%5
= R 0.55% 2% 20em = 22 em
P i =~ Theradius of curvature is 22 cm.
> . S
/%{.r} -
15 em—
Using lens formula,
1A i g ko8 8
v uf v u f 15 10 30
v=bcm
2 When the image formed is real, the magnification is | For the convex lens,
negative. i y=-40cm, f=+20cm
Get More Learning Materials Here : & m @& www.studentbro.in
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28, -

f\
)

S, e, o B, e, S S

z

M
Ia) ]
From figure, focal length of lens = OP = 20 cm

29. {a) Converging lens means convex lens.
(i} Magnification produced is negative -

As AABC -~ AA'B'C fﬁ\‘
A'B B i F B
B C
h e i
Magnification, m= e Bt A

AB  CB
U v
32. Let us first locate the image of the point object S

formed by the convex lens. Here
u=-=ecmandf=20cm

From the lens formula, we have: 1_1 1
1 1 Vv o u f
v 20
v=+20cm

right of the lens, as shown in the following figure.
50 cim——t

L 4

L

20em A0 em

The image |, is formed in front of the mirror and hence, :
acts as a real source for the mirror. The concave mirror |
forms the image I,. For the concave mirror, u = - 30 em

andf=-10cm

Using mirror formula,

l_ri x i 1 1 +1 =3+1
v =30 =10 v -10 30 30
v =-15cm

Hence, the final image is formed at I, at a distance of

e @)

l—-%:-% gives v = +30 cm

ivou f

For the convex mirror
u=+(30-15)em=15cm.f= +% em=10cm
P11 1
v o Tf
Final image is formed at the distance of 30 cm from the
: convex mirror {or 45 cm from the convex lens) to the right
i of the convex mirror.

i The final image formed is a virtual image.

Commonly Made Mistake iy

gives v = +30 cm

= 5ign comventions should be kept in mind to avoid
mistakes. Distance should always be measured from
the centre of the lens or mirror.

Commonly Made Mistake | 4k

= Comvex mirrors diverge the reflected rays, convex
lenses converge the refracted ray. Also, concave
mirrors converge the reflected rays, concave lenses
diverge the reflected rays.

34. (i) Mo, as there are two refractive indices, so lens

The positive sign shows that the image is formed to the : has two focal lengths and thus two images are formed.

(ii) Yes, the real image is still formed at the same point in
i space.
i (iii) f=20ecm, R, =R, E£=—R v Hy = 1.55

1%

__11_55 1}[_ 1) 0.55x2

“'-{I'I's- ][_‘--" k

RH TR

R=055x2x%x20=22cm

OR
(i) fy=15cm, fz=10cm
U, =30ecm
i For convex lens A
r ot A
Va Uy Ty
1,2 2
vy 30 15
1. -4 48 1
PO T W =30
va 15 30 30  'ATam

For concave lens B
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15 cm from the concave mirror.

a3,
L R . e
15 em{50/3) em
T 40em
For the lens
111
f-v u

u=-40cm, f=+ 20 cm. This gives v=+40cm i
This image acts as a (virtual) object for the convex mirror. :
u=+40-15)cm=25cm i

Also f=+% cm=+10cm

The final image is, therefore formed at a distance of
16.467 cm(:%?m] to the right of the convex mirror. i

g5 i
(at a distance of 31467 cm [=—3~cm] to the right of the :

convex lens.

36. (a) X
//1%\
Q -
s £y

P I\Eg T
i) 2 fny
\ ; S
I v
For refraction at spherical surface XP, Y, object is at O and
image is at I'.
50, object distance is u and image distance is V. |
Also, ray of light is travelling from rarer medium (ny) !
to denser medium (n). i
M= M M
Sp, = L1__2__1
Ry v wu i
For refraction at spherical surface XP,Y, point I behaves :
as virtual object and image is formed at I. Also, ray of light :
is travelling from denser medium (ny) to rarer medium (n,) :

i) |

13

35.
| Given that, =15
i Using lens maker's formula,

ISP 15 S 1 T
5 1’[1:1*%}' G ”L- (=20)

or f=40cm
i Giventhat,u=30cm
: Using lens formula,

Pvou

{ Magnification, m =2

i or

e @)

1.1 1

—_— =
= d-30 10

d = 40 cm
For plano-convex lens, Ry == and R; = -20cm

]=

1 1

40

1

]=_

40{”'

1

¥

A2
120

____[,rl(i =
“f v \-30 B

v==-120cm
The image is formed at 120 cm on the same side as

or

the object. So, the image is virtual and erect.

v, —=120)_,

30

u

Thus, image is enlarge by four times the size of the object

= Focal length of a convex lens, %:{‘u-j{l_l

Ry Ry
where f is the focal length, p is the refractive index
of the material of the lens, R, and R; are radii of
curvatures.

i 27. (a) Refraction at convex spherical surface :
When object is in rarer medium and image formed is real.

J"Il{ I"I-z

and in AAIC,y=r+P or r=y-p

. sini i o+
- BySnell'slaw 'n, IV url |

sinr r

1-p

02 27 o nyy=nf=na+ny

=B

(nz = ny)y = nyoe + nf

or
ny

i)

: As, [l and y are small and P and N lie close to each ather,

AN AN
50' o e
== [an0 ND

AN AN AN
=tanfjs—=— stanys—=——
Btanf="0r=T "=Nc " pc

On using them in equation (i), we get

T
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Subtracting equation (ii) from (i), we get

e

When the object is at infinity, light rays incident on lens :
are parallel and are converged at common point on :

principal axis known as principal focus F of lens.
So. when u = - == then v = + f [focal length)

1 [ng=m |1 1
f n MR R
This is the lens maker formula when the lens of glass of

index ny.

therefore, falling normally on the mirror. Thus, the image

of the convex mirror.

.....

Using lens formula,
i 1 ; DO R I [EN

o L TRl oot L ARGV T
v -12) 10 v 10 12 &0 =i

Radius of curvature, R=v-d

R=60-10=50cm
Focal length, =g=25 cm
AN AN AN AN
50, Of = LAMNDLS m—— - el o
NG~ PO P=tanB=Tgr=g
e AN AN
T=EN=RE " PC
On using them in equation (i), we get
(ny=ny)— —HIJ:;:-I-HI% or HIP::"1=%+;—1 i)

where, PC + R, radius of curvature
PO = - u, object distance
Pl = + v, image distance
e TN
R -V

This gives formula for refraction at spherical surface

when object is in rarer medium.

Get More Learning Materials Here : i

i) §

(b) The final image formed by the combination is ar

coinciding with the object itself. Therefore rays from the
object are retracing their path after refraction from the

lens and reflection from the mirror. The refracted rays are
: 5o, a real image is formed on the other side, 100 cm away

of the convex lens should form at the centre of curvature from the surface.

for  (ng-ny)y=ngo+nyf
! Asa, fand yare small and P and N lie close to each other,

i)

i AN AN Ny=mn;, mn, n "
["2'"1]E="1E+”2ﬁ or JP?L=$+T?2:' i)
i where, PC = + R, radius of curvature

i PO = - u, object distance

i Pl =+ v, image distance

oM m M i

R - ¥

This gives formula for refraction at spherical surface
.(iv) i when object is in rarer medium.
i(b)R=20cm,ny =15 n; =1, u=-100cm

e S W E+-1————1‘5-1
refractive index n, is placed in any medium of refractive

v oou R 100 20

1505 1 1 1 3
v 20 100 40 100 200
or v= % ¥ 1.5=100cm

38. {(a) Refraction at convex spherical surface :

When object is in rarer medium and image formed is real.

ﬂl{ I"I‘:

: I""1 IIII'-
g PN R € 1

W

L INAOAC, i= o +y
fandinAAIC y=r+Porr=y-p

sini i
-, BySnell'slaw ! My =—— ==
sinr r

ﬂ'.+‘||'
1-B

224 o nyy=nf=na+ny
n y-P : !

i)

! where, PC = + R, radius of curvature
PO = = u, object distance; Pl = + v, image distance

| So

_h N
R -u+1.-'

i)

This gives formula for refraction at spherical surface
: when object is in rarer medium.

40. [a) Refraction at convex spherical surface :

When object is in rarer medium and image formed is real.

ﬂ-l{ﬂz
 InADAC, i=a +y
m @& www.studentbro.in



(b) (i)

Relationship between the object distance and image
distance in terms of ny, n; and R for a concave spherical |

i _ AN
| Prtanfi=r

surface.

s B PR L iv) £

v R’

(i) Adding eq. (i) and (iv)

i SR O s L bl §

v R R
1 1 1 1 1 1 1

or ===y =1 === or ==(ny=1)| ===
O [ e

where nzy = nafng

3%9. Refraction at convex spherical surface ;

When object is in rarer medium and image formed is real.
- (b)

éHerer 20cm, i = 155, R1=—RJ=R

My<Ma

L :_1 :f..'-
(o] u PN p C

W

In ADAC, i=o +y
andinAAICy=r+B or r=y-f3
.. By Snell'slaw nz-ﬂ el
sint r y=f
or 2001 o May=n-f=nyo+nyy
n, Y-
or (nz=-nyy=n,a+nf i}
As , P and y are small and P and N lie close to each other, i
AN AN AN AN :
S0, o=t =—m—: [i=tanfiz—=—
e S i TR
EEIENE K
On using themn in equation (i), we get
AN AN AN My=ny Ny Ny ’
n, =, —=n == Of =t LA
(=) e =M 5o * "2 PC PO PI L

43. {i) S| unit of power of a lens is dioptre (D). One
dioptre of power of a lens is described as the unit of

the reciprocal of focal length (f).

1D=1m"?

(i) Given, radius of curvature of convex surfaces = 25 cm
Refractive index = 1.5

(a) Focal length of lens, F--r-i—
(u-1)
-25 -25

iy Y

Get More Learning Materials Here : i

or (nz=nyy=nyo + naf
i Asa, P and yare small and P and N lie close to each other,

[Hz -Hll

i 1 1 1
i For plano-concave lens, —=u=-1) —=—|=
. 1w 1::[_E |

& (o Yo s )
measurement of the optical power of a lens equivalent to fu \4/3 B R
Equal‘.lﬂn l:m

e @)

andin&ME*rwr}ﬁ orr=y-p

simi i
. By Snell'slaw lp=——=—=
sinr r

o+

=B
ny o+
r ==—— or nyy—nf=mno+ngy
mo =P

ki)

A
5-:]. -u‘t = — O e—
[E dnot NO

PO

AN
— Yetany=
T

i On using them in equation (i}, we get

AN AN AN

fMg=My My My
pc-"po"™ e " Tpc PO Pl

PC PO Pl i

or

. where, PC = + R, radius of curvature
¢ PO = - u, object distance
i Pl = + v, image distance

g MM _m M i)

R - W

This gives formula for refraction at spherical surface

when nbier.:t is in rarer medium.

1 1
e A P
'[Ll Ry Rz]

m-ﬂ 55— 1:[:l ;]u w-GSSx-—

i or R=055%2x20=22cm,

-Eh-l-

41, (b} For bi- lens, —={pn-1 =
(b} For bi-concave lens {j.l )[RR] =

~(u-1)
R

= F's2F=F=

e e ][R_.'E]

=y, Ue=n,

ny _ _1) (ng-nm Y2

el o S H R

i)

{WJ

i So, focal length of concave lens is — B0 cm in water.
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(b} w=-50em
From lens formula, 1=1-1
f v u
R=25cm
t kil
S50cm -";

— 1:;1..1-1:“.1-—.—“1;4::-2-&—:&1- = ¥==25cm
=50 50 50 25

Image formed is real and inverted.

44, (a)As we know that, refractive index decrease with
an increase in wavelength of light. Therefore, focal length :
of lens will be increased with increasing wavelength of

light.
Focal lengths=

1 =« wavelength
r

S0, L
FICRNEL: wavelength

will decrease.

lens=R

OR

(c) An object is placed in front of lens which forms its
: erect image of magnification, m = 3.
! The power of lens, P= 5D

Magnification, m=2=3 or v=+3u i)
: U 1 100
¢ The focal length of lens, f=F =—-am= =+20 cm
Lens formula, 1-—=E
i v u f
1 1_1: 1-3 1=>—2 1uru =
3u u 20 3w 20 3u 20 3

u=%cm { ohject is %cm away in front of lens. ]

v=3u= -Bx%cm == 40 cm

v=-40 cm (image formed at a distance of 40 cm on same
: side as object)

45. (a) (i) When wavelength decreases, the power

As we increase the wavelength of light, the power of lens ! increases.

100

_ f(b) (iv) P=2==25D
(b}  The radius of curvature of two surfaces of a convex : =40

L (iv) =15, f;=20em, f,=60cm

The refractive index of material p, the focal length @ 4 1 1 1 15_1 1 1
becomes R. J‘H=[p9-1l[ﬁ:-— ]; E-l 2= J[E__E; <)
So, ien's maker formula,
: ot .o B
St e ! - ——— e
{i-l J[ Ry 2:| : fz Rl Rz 60~
R =+Rand R, = =—R‘ : From (i} and (2)
3 P 1 [, 1 1 15
So, = =1 -1== == P —= =1 T=2- =
" J[] 4 :’“2 i 60 [u 1]10"6}1 tust2
[c] Focal length of a concave lens = =20 cm {d) (i) Angle of deviation is more for violet colour, so
refiractive index of coneave lens, j1, =15 or g violet colour imrages nea:eﬁl: to the lens.
i 2
immersed in water, |.Lz=% /\ /\
Focal length in air, Ee) (i)
1 1 1 .
Focal length in water, fi=15em  f;=25cm
P Uy=eof;=15cm
e | e S D A
7 R R, A A A
Put the respective values i fi-""l Ly 15-v1 o=
_...j:_._(..g_._ }..__1_] i) vi=15cm
20 \2 Ri R i Nowforl,:u;==|d=15),v; ===, f;=25cm
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S | A 1
25 o d=15
25=d-15,d=40cm
464, The focal length of original equi-convex lens is f.
Let the focal length of each part after cutting be F.
Here, %- £+l : % = f=+;r=:-F=2:I'
Power of Each part will be given by
g ! 1
Ps—=P=—
Fol o
From lens maker is formula, we have
oyt L1
Ry Ry
where P=Power of lens=+5D
. = Refractive index of the lens = 1.55
R: = Radius of curvature of first face (+ve)

R. = Radius of curvature of second face (-ve)
Given:Ry=Ra=R

= 5=(155- 1:[--..]:5 (155— 1}[ )

- 5=n_55{3]an=“'55”2
R 5

The radius of curvature of the lens is 22 cm.

=R=022m

and water lens, f=x
Focal length of equi-convex lens fy = ¥
Focal length f, of water lens is given by

Xy x y—x

The water lens formed between the plane mirror and the

equi-convex lens is a plano-concave lens. For this lens,
R1=—Ea-l'ld Rz“m
Us[ng lens maker's formula,

= 1.4
-{u 1:[—-—] or %ﬂu-l}[ﬁ-z]

(VR o XV,
xy

or p=i=

Concept Applied {Lig_:l

= A plano-concave lens is a convex lens in which one
surface is plane and other is concave. Radius of
curvature for plane mirror is infinite and concave lens
is equal to -R

48. As per the figure,

The image formed by lens Ly is at P. Therefore, using lens

As per the parameters given in the question

Get More Learning Materials Here : i

e @)

fv=-A0cm

i Now, this image is acting as an object for the lens L,
: We can again use the lens formula and other parameters
given in the question and question figure to find the focal
i length of lens L,.

2 E T
i, W, h,
Here,u; =v+(-20)=- 60 - 20=-80cm
vy, =80 cm
SR ]
: BO (-BO) f
f12=dﬂcm
: 50, the focal length of the lens L, = 40 cm.
: 49.(a) A B

: +— U &
An object is placed at point O. The lens A produces an
image at |; which serves as a virtual object for lens B
¢ which produces final image at I.

47. Clearly, equivalent focal length of equi-convex lens | Given, the lenses are thin. The optical centres (P) of the

lenses A and B coincide with each other.
: For lens A, we have

oot i
Pwy oy (@
| Forlens Bowehave 1-1_1 i)
i v vy

Adding equations I[|]I and ltiijl,
i O I |

R [

P vouf
If two lenses are considered as equivalent to a single lens
i of focal length f, then

i11 1 ;
[ mmiz Liv)
ivou T
From equation (iii) and equation {iv), we can write
i1 1.1
i I R &
i (b) Forlens L, : 1-E=l
i u f
where, f=+10cm
LA A BT g
v; 10 30'v, 30 30 '
: For lens Ly:

vi=15em,u=10cm, f=-10cm
i Position of final image,
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u=r—15cm.:ﬁ_1=EDr.rn

5o, the image distance will be

L T T
v [-15) 20

& =]

b
P s
g
Pov_

Consider two lenses placed close to each other. The focal :

lengths of lens A and B is f; and [, respectively.
For lens A,

—Eem 1

o i)

of minimum deviation.

52 (A) Oiiped < Onmive
Haiue < Mped

So, assertion is correct and reason is correct explanation :

of assertion.

5.n[if_5m]
53. Refractiveindex, pjs————=
sm[E]
sin[ﬁﬂ+éﬂ ]
_ 2 s ﬂnﬁﬂ“_ \.I'S 2 _ ﬁ
1

[m] “sin30° 2
SIF‘I

54, ¢ Fopg> Agpe 300 Aore
m

Get More Learning Materials Here : i

5&. Critical angle forray '1': py =

i 57. ()
tise= ry=sr=sr

. Weknow that,ry+r,=A=>r+r=A
[ prismis Equ]lateraIIE
i (i) Also,wehaveA+d=it+e
| Substituting, 5= 8, andi=e

e @)

11111

I s = V,= o
| va f :

u 10 10

For third lens Ly object is at infinity, hence final image

! is formed at focus of Ly at a distance of 30 cm.

| Zionface AC is 30° which is less than £i. Hence, the ray
¢ will get refracted at the face AC.

sinC,y
L sin,=Lt=L —0755C, ~a8°
ny 133
: Critical angle forray '2': py,=—
i sinC,
sinC. : 069 = C,=43°
2T, 145 2
A
1
LU - 'lll
g =455
rll s
i=45° / %t\\
455
B C
1

Both the rays will fall on the side AC with angle of
incidence, i equal to 45° Critical angle of ray "1’ is greater

i than i. Hence, it will emerge from the prism as shown in

51. (a):8=(u=-1)A, since red is having smallest refractive : the figure
index compared to other colours, it has the smallest angle | R

: Critical angle of ray '2’ is less than L Hence, it will be
. internally reflected as shown in the figure.

Concept Applied

= Conditions for total intermal reflection are (i) Light
should travel from an optically denser medium to a
rarer medium (i) Angle of incidence in denser medium
should be greater than the critical angle for the pair of
media in contact.

When QR is parallel to the base BC, we have

r=Aa2
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o Mred < Hyiolet

Sm(am e
P = —— A . (Bm)violet > (am)md
sin—
2
55. P A
Q
60°
B C
Ray will emerge from the face AC
Assini = 1/p

Heresini.= 1/1.5=0.67, i.=42°

58.

. ﬁu iepediane_ AL | =
e 1 nudent m_l-.;._m.;mmu.&_h Jice B

Nninwe aepie. .00 indidente Al aay &
= B PP TR . -

- e

A This afige AREal0r. than. e uht:x nrg.tt.cf
Ru.m 52‘ PRV TSN S TS S T LY -
LY. Al Qeh Minlm aeigen sathoan,
ot _weliechan « 08°, Tas dha sl Ty
§o_pamaled 4a AR puwm.w o 0e .

s u.um* 5:..._

B o L . e

—fe_oepe of ifodere (8 of yekitet,
mpleackion 4 at.c/lun w uz St oMbk
_.__mgun H
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___.._.Du_mm_hgz (14 uz:.el:..;u 2 B4 h'uo
s—ats_Ongle O inudane s °.A Loy

!_,,

. tm.:?u. 2akes_ that che_ Dnitad
— m#o(o..mug‘.mant,%imu
- ‘n SETL S - Y
i P T O R Y

i mu fgus? . iina
s Y00 mtllentoh i AL.-;’

;u-lnt. to. b

; e umxfoce
3§ _As_ Jﬂ__ﬁ-.md&(rt szt Ahe sal

_,', Leid emexge ooe of s tha .m\ Taith_zexs.

arge. o8 xtizathol. s
B0 e Fame_0f  wug Y.
o m—

I hes. | —rtv : i

1 o V' 1
/‘. . 3 G ) S
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ij=e

§A+8,,,-i+i

8y =2i -

M{m\o (l&&&d% tnﬂ’-’kbo!& fox. letal_tovermal
| moftectiaf\ oxe

oJLighd shoutd tzomel G rom 294 uqm
,_,;_dﬁ.:m_m_c.ﬁmng:xn'xw_;n L‘AE,. i
\.1r.’9 Regle__of incidenie. AL upk—Shald by
% ( Queakex  than  fna._ Caitical ;ugL&n’
(A Ve giuanpalx __of _media
o ey TR _lpht 5 txavding  Saom Mediomn K,
: X6 20Q A0 n.n L0.20:)
Sini > Si0G="1 na-n‘,

& —

L&)H fox_imnfae AG .. 2SI
—- hoavgie sl inuden s, z:.m gl of
gL RALM o0 i3 0lSD _iwe Rense oy LN
— s undiviaked @ nc"\ Ane itzfock A8

ini . sind5° 1

s

i ==—; sinr= == or r=30°
i

Angle of refraction at point P = 30°

: 61 (a) if graph is plotted 5,
: between angle of incidence

i and angle of deviation J,
it is found that the angle of
: deviation & first decreases 8- :

i with increase in angle of :
: incidence i and then becomes P %!
: minimum ‘5.’ when i = e and

: then increases with increase in angle of incidence i
¢ Figure shows the path of a ray of light suffering refraction
: through a prism of refracting angle ‘A’

: (b) At minimum deviation, the inside beam travels parallel
i to base of the prism.

irsr

(8 =live)-(r+r)

$ 8, =2i-2r i)
i Alsor+r=A=2r i)

¢ So, angle of incidence using equation (i)

i= -A—+2§m- angle of refraction r =i;-
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[Topper's Answer, 2022]

59. (i) Emergent light ray is parallel to face AC, sor; is
the critical angle.
d 1
or sing =—
272
[{A+8,,)/2]
sinA/f2

A= or £r,=45°

sinry

(ii) For prism, u=sin

v"§=-—-—--ﬂ—5m[3c,: +o,/21 = 5in 3[}“+‘-?51l --?-;-
5in30° 2 ) Jz

= 30“1»%‘":45" =% Gy ="

Angle of minimum deviation =30°
&0. Here, A= 8&0°i=45

(a) Angle of minimum deviation,
Oy = 2 - A=2 x 45" - £0° = 30°

(b) Refractive index, p=

1
_sin(45?) 2 _ 5
sin{30°) }1
2
Given : A = 60°, 8, = 30°
sind5® 1
= .2 =
e 2

=

=212%x10°ms™!

_E A c_ﬂxiﬂa
e N 1414

G oz g
{b’ 5iNi-= E-E
ir=r=45"
Asry+r
= rp=15"

Ewhere A is the refracting angle of the prism
A= 607 for an equiangular prism.
62, Critical angle for the given pair of media

i (ii) Given,i=60°

P LA =60

: Angle of minimum deviation

P Bp=2i- LA

i =2x 460 -60"=60°

: Refractive index of material of prism

8] )
i 2 2

If prism is immersed in water, the relative refractive index
: will decrease. Thus, the angle of minimum dewviation will

5[I'IF=‘JE

sinr

sini= 2 sin15°= _J,'.-wi

sini=

Get More Learning Materials Here : i
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Mow refractive index of the material of prism

. sin[A+E“]
i'm sini 2
: I‘1"=5inr= i

2

and

a, =5-i.r'|_:l Hw
Uy

e

| Now, 5inﬁ0“=§=ﬂ.&6

On face AC, angle of incidence is less than that of critical
i angle, so there will be no total internal reflection.

&3. (a) The refractive index of the material of prism,

5i|1|: A_-'_Bm]
2

P

Eln'i

el nl* %) oo G

: also decrease.

simi 0

&6, Fromsnell’s law, —=
Dy sini=pgsinr
I, sin 30%=p,sine

sinr py
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td. Critical angle for

: ; 1 )
(i} Forray 1 sin cl-ﬁ-{l?i?d or £p=46
i % 1
Fo 2, =——=06802 or ;=43
(i) rray 2,sinc, 145 o 2
(i) Forray 3, A

: 1
sincy= — =0.6802 11—

BT 2 —p .
or c3=41° Aep 11
As  angle of incidence C
i=45°of ray 1 on face ACis less B !
than its critical angle of 446 50 T
ray 1 will emerge out of face 21
AC.
£5. (i) Optical fibre is made up of very fine guality

glass or quartz of refractive index about 1.7. A light beam
incident on one end of an optical fibre at appropriate
angle refracts into the fibre and undergoes repeated total :

internal reflections.
This is because the angle of incidence is greater than :
critical angle. The beam of light is received at other
end of fibre with nearly no loss in intensity. To send a
complete image, the image of different portion is send :

through separate fibres and thus a complete image can &=

be transmitted through an optical fibre.
claddi =15
T ek

glass corep=17
Light pipes are used in a large variety of applications.
Because of its ability of transmit up to 80% of emitted :
light, it is useful for a broad range of application including
security eguipment, medical devices and communications
equipment.

FrII]

o

------

68. (a) (i) If graph is plotted between angle of incidence : ..

i and angle of deviation &, it is found that the angle :
of deviation & first decreases with increase in angle ©
of incidence | and then becomes minimum 'S4 when i
i=eand then increases with increase in angle of incidence :
i. Figure shows the path of a ray of light suffering refraction :
through a prism of refracting angle ‘A’

Get More Learning Materials Here : i

Cite=A+d,
 2i=A+3,

e @)

i

i 1

i "‘E’:Eﬁ'“ﬂ [~ Bair=1] ore=60°

: when the ray of light emerges into a liquid of u, = 1.3,
i = W,sin30°=y sine

=

| . . i 3
" |I — - — 1 @
P43 xz 13xsine=e=sin [Eﬂ_a]saﬁ.?a

i Thus, the angle of emergence decreases.

&7. For equilateral prism A = &0°
For minimum angle of deviation,

mﬂ
2::3A=A+Em
At+—
34 A sin [ilhg i
Bk A o
T ()
Sinf —
sin[?ﬁ} &
4 ) sin45® 07071
e .[A]“sin:ﬂr= T
SNy =
2
p=1414 \J
TR L L Gl
u 1414 : "
I=e

Concept Applied @.11_}

= At minimum deviation, there is only one angle of
incidence Le:whend =8 . iy =i,
Total deviation produced in the ray in passing
through the prism is

§=8;+8=(ii-r)+le-r)=(iy+e)=(r +ry) .

: From figure, Sum of angle of AAQR is 180° ie;

A+ (907 - ry) + (90° - rz) = 1807

: From equation (i), 8 = (i +e) - A or &+A= (i) +i,)

@ www.studentbro.in
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(i) At  minimum
deviation, the inside
beam travels parallel
to base of the prism.
i=e

r=r

O =li+e)=(r+r)
O = 2i=2r |
Alsor+r =4=2r _[ii)

5o, angle of incidence using equation (i)

',_A+Em

,angle of refraction r=%

Mow refractive index of the material of prism

. _sinf_Si“[A;_E“ ]

Hg sinr

SIHE

A = &0° for an equiangular prism.
(b) At point B, for total internal reflection, nsinf> 1

.
- ‘
sini ]

1

= =2

H e onase V2 i
(- i=45%)

nz2

Moo = M'ri

h"'h.
J--?"-a_

L

through and £UTS = 8, which is the angle of deviation.

E G
At the face AB, the angle of incidence is iy and angle of

refraction is rq. 5o the deviation at this surface is
8y =iy - ry (clockwise)

angle of refraction is e. 5o the deviation at this surface is
By = e~ ra (clockwise)

{ If graph is plotted between g,
: angle of incidence | and angle
i of deviation &, it is found that
: the angle of deviation & first
i decreases with
. angle of incidence i and then
: becomes minimum '3, when : »i
! i =e and then increases with
i increase in angle of incidence i. Figure shows the path of a
ray of light suffering refraction through a prism of
: refracting angle'A°
i (b) At minimum
i deviation,
¢ inside beam travels
i parallel to base of
: the prism.

=g

ir=r

where A is the refracting angle of the prism and : gmng:e;-ﬂri-r’]
i Om= =2

i Alsor+r=A=2r
: 5o, angle of incidence using equation (i)

i sini

e @)

increase in 5 ...

the

I=

A+d,,
2

,angle of refraction r=%

- Now refractive index of the material of prism

sin[“—;‘?‘n]

H‘_sinr_ sini

2

i where Ais the refracti le of the prism and A = 60°
69. (a) A ray of light PQ s incident on the face AB of the | fo' an equiangular prisme o

prism ABC at Ziy. It is refracted along QR at £y bending | por A = 60° 5 = 60°

towards the normal N,O. The refracted ray QR is incident :
at ~r, on face AC of the prism. It bends away from normal |

N.O and emerge along R5 at Ze. In passing through the n= %0
prism, ray PQ suffers two refractions and has turned ! in=—

<inf 20140
2 ) _sin6® 3/2
Tsin30° 1/2

n=-3

s5in

: 70. f=5cm,D=25cm

71, A compound microscope is used because a realistic
simple microscope does not have large magnification.

72Z. The magnification of compound microscope when
: the final image is formed at infinity,

L(D
EM= —f —
i fn[fe]

: Both the objective and the eyepiece of a compound
microscope has short focal length so as to produce large

At the second face AC, the angle of incidence is r, and | agnifying power as,

i

ol f
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Concept Appiied (@]
= Magnification of the compound microscope is inversely
proportional to the focal length of the objective lens
and focal length of the eye-piece.

73. Maximum magnification of a compound microscopeis

m= v—':"[i + E]
vl fe

So, for m to be 30,

3«n=%i+§] or 30= Y074)
ugl 5 g

Vg = S-U‘D
For objective of focal length 1.25 cm,
1 1 1

IHI.I'.'I uﬂ r-’ﬂ

————— —— fn= 125em

A

1+5_i T
125

Su,=+/5com or u,=15cm.50, v,=+75am
Mow u, for required magnification,

Su,

1 1.1 5 2 2.1

l-rIE ue f -25 -",E 5

0 U g

u 5 25 25 3

Hence, separation between two lenses should be
Vg +U, =7.5cm +% crn= 11.67 cm

74,

A""t- I »

ol L

Compound microscope consists of

microscope
m=m,*m,

it is at least distance of distinct vision from eye.
p_tanp h'/u, H D _

o tano h!D

i)
i i) Object distance,u=-3cm
: Focal length, f=4 cm

two convergent ©
lenses of short focal lengths and apertures arranged :
co-axially. Lens (of focal length f) facing the object is :
known as objective or field lens while the lens (of focal
length f,) facing the eye, is known as eye-piece or ocular.
The objective has a smaller aperture and smaller focal :

length than eye-piece. Magnifying power of a compound : (b) For constructing compound microscope, Ly should

be used as objective and L, as eyepiece because both the
3 ; lenses of microscope have short focal lengths and the
If @ is the angle subtended at the eye by the object when | facal length of objective lens should be smaller than the

! eyepiece lens.

e @)

As the eyepiece acts as a simple microscope, so

" e A

e
R
P

ATe D »

E () If vis the image distance, 1=1_1
i f v o
1 1 1 3-4
—————— ==12
TRt o T I e
{1} Linear magnification, m-E=% 4
b -
76. (a) P,=100D, ~f,=1cm,Py=40D,
fe=2.5cm.

Since f; < fg, the instrument is a compound microscope.
 (b) Magnification, m——[ ]}0 )=2m
i F; 2:5

fo

Commonly Made Mistake [ 4k

= Common mistake that students do in such guestions
is using the formula for image at infinity in place of
formula for image at minimum distance of distinct

Vision.

JB. When image is formed at infinity the magnifying
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Magnification due to objective, mFLf
=lo

Angular magnification due to eyepiece, m, =]‘E
2

Total magnification when the final image is formed at

infinity,
L. D
M= Mg XMy == =
4] f-e

Obviously, magnifying power of the compound microscope

is large when both fz and f; are small.

Concept Applied I;QE:;T
= When lenses are used in combination, each lens
magnifies the image formed by the free coding lens.

79. (a)

(b) Separation betweeneye-piece and the objective,
L=14cm,m=-20,m,=5D=20cm,f,=2f. =7

Magnification of eye-piece when image is formed at the

|least distance for clear vision.

me=[1+E] = 5:[1+E] = 4;2
FE |Fe re-t!

Met magnification of the compound microscope when
image is formed at the least distance for clear vision.

m=-£[1+2} -m--E[I E]
f. 5

o f!' o

= [f.=5cm

power of compound microscope is given by

abject is known as objective or field lens while the lens
: (of focal length f,) facing the eye, is known as eye-piece or
i ocular. The objective has a smaller aperture and smaller
focal length than eye-piece. Magnifying power of a
: compound microscope

M=m_xm,
E
d——--—lfq'--—f- —f —
F K........._...... S—
P‘I' 3 Fl Fl F":I - i
i @ F 1}
i + L,

‘-_ "'.'-F-‘I:' e
o S atiads i B
DI o

;When the final image is formed at infinity (normal
adjustment),

4(2)
Folfe

 Length of tube, L= v, +,
When the final image is formed at least distance of
¢ distinct vision,

M:—i 1+E}

Fa fe

where u, and v, represent the distance of object and
image from the objective lens, f. is the focal length of an
eye lens.

. Lengthof thetube,L=v, +[ ED
: f,+D

i (i) Ug=-15em fy=125em,f.=5em,v,=D

)

fe
L=vg+f,
£ 1 1 1 1 1
Vo Ug By 125 vy 15
1 1 1 15-125 025

| ¥ 125 15 15x125 15x125
Evuu?EmsuL-?5+5=125m

M-E[i }r_‘.:}

Ei.

,.1'1 [ Teal, Jirtuok.

7 35 i - B pon 7 L i tha £ -Praa]
= 1':'=f—{51'| = fn.=i'a=3-5|:m E 15 ?:n _-i..; J.ﬁ_fj; ﬁ:r If: I:'.t_. 1'"1 E-yi- sﬂlﬁ-uin‘}"mf*
4 E sy m.ﬁe;rm-.,;lr-,:. T I —
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[ Answer Tips ( 7]

= Find the focal length of the objective and the eve-piece
of the compound microscope and use the formula of
total magnification of the compound microscope when
image is formed at the least distance of distinct vision.

80. (i) Compound microscope : It consists of two

83. . Objective mirror
Secondary
Sptriiterrt SRREOR
Advantages :

{i} Itisfree from chromatic aberration.

(i) Its resolving

telescope due to larger aperture of mirror.
OR

”'%nhjec:m mirror

Advantages :
(i} Itis free from chromatic aberration.

(i) Its resolving power is greater than refracting :

telescope due to larger aperture of mirror.

f,_ 150

==l _ =

f. 5

=30

Height of image for a 100 m tall tower 3 km away, formed

by ohjective lens

1 1 1 1 1 1
W Tp T v a0 s
1 1 1 29985
v, 15 3000 4500
4500
°~ 29985

Get More Learning Materials Here : i

§IoR (S
ko e
Vi 0

power is greater than refractlng

84. Magnifying power of telescope in normal adjustment () Magnification = %=

Wi

: 87. Construction for astronomical telescope.

e @)

e T
*Tala]

ey
[Topper’s Answer, 2022]

£

82. Objective of a telescope is a convex lens of large focal
¢ length and a large aperture. It faces the distant object and
! forms bright image of the distant objects. The aperture of

the objective is taken large so that it can gather sufficient
convergent lenses of short focal lengths and apertures : bi Ee £

arranged co-axially. Lens (of focal length f) facing the

amount of light fram the distant objects.

: Advantages :
i (i) Itis free from chromatic aberration.

I[u} Its resolving power is greater than refracting
telescope due to larger aperture of mirror.

: 86. (a)

(i) When final image is formed at infinity :
Objective Lens

fu- Fl

f i) f,=150cm,f,=6cm
(I} Lengthof tube when image is formed at infinity

=fotfe=150+6=156cm

150

]

DObjective Lens
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h_ve _, _h _4500 1

Also, E;'= E 11'I.i_ 2998 5 _m Cunstructlun for compound microscope :
150 ' :
h_-299&5m =005m = -5 cm
85. Tpﬂhiectiwe mirror
Secondary
.
. Eye piece
i £

Reflecting type telescope : It consists of a large primary
concave parabolic shape mirror having a hole at its centre. :
Another secondary convex mirror before the focus of ©
primary mirror forms the image at convenient position ;| Angular magnification, m=_{l[1+_._

for observer.

The parallel rays from astronomical object are reflected = 30;..5!.[1+._...] = Vg = Sty i)
by primary concave mirror and then are further reflected :

by convex mirror before getting focussed at eve piece. !

i From lens formula,
Eyepiece removes the defects from the image and also : e s

A

acts as magnifier. i1 1 - 1 _ug+vp i)
The magnifying power of reflecting type telescope is : fo 3 Vg E-uﬂ:l 125 Volly
: .o
Bhmn g Mt ' Substituting (i) in (i), u = 1.5 cm
(o] i 0
88. ..........r! .......... > f E ..........".’ .......... » f E \
R .cﬂ ‘ﬁ ~— o “&
@ Q; - Q i - e Q, Q
- F £ 3 2
— : - : ‘/ : 1 &
P 5o P.
W ey ol
p* b ¥ | pob s MG RS >
Here, f, = 15 m = 1500 ¢m and f. = 1.0 cm. Angular P f
magnification by the telescope in normal adjustment Magnification, M=~ fo ( D)
_fo_1500cm f :
fe 1.0cm : Resolving power of telescope, R = i

: 1225
The image of the moon by the objective lens is formed on

its focus only as the moon is nearly at infinite distance as i Rcaand R 1
compared to focal length. i

Objective Lens

90. (a)

Objective lens 2
: z"f’
) ) i At T
i.e., Radius of moon Re= 3—25 x10%m ﬂ:\“:\\o“o
: ?
f, fe

R,=174x10°m
Distance of object = Radius of lunar orbit
Ry=38x10%cm

i (b) For a telescope, lens L, is chosen as objective, as its
: aperture and focal lengths is the largest. The lens L is
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objective lens, fp=15m

calculated.

tEIE'lB:%E':|::-=FE

Ry xf, 175x10%x20

h
Ry 3.8x108

=687 % 107¢m.

Diameter of the image of the moon,
=2h=1374%10"m= 1374 cm

89, When final image is formed at infinity :

-

ey

AT
D
5 '25}
fn rl!

distinct vision :

Objective Lens

Magnifying power or angular magnification of an

as the ratio of the angle subtended at the eye by the final

infinite distance fram the eye.

As the object lies at very huge distance, therefore, angle |
subtended by the object at C; (where eye is held) is :
almost the same as the angle subtended by the object §
at C, (because C, is close to C;), ie. £ZA'C4B" = o. Rays :
coming from the final image at infinity make ZA'C.B = :

on the eye. Therefore, by definition

magnifying power, m= E
o

: Now, height of image is, m= s

wa{)

e @)

Distance of image for objective lens is the focal length of | CNOSen as eyepiece as its focal length is smallest.

Radius of image of moon by objective lens can be

= In normal adjustment, the astronomical telescope
produces images at infinity so that the image appears
large and the distant objects can be seen easily.

1. An astronomical telescope should have an objective
of larger aperture and longer focal length while an eyepiece
of small aperture and small focal length. Therefore, we will
use L, as an objective and L4 as an eyepiece.

For constructing microscope, Ly should be used as
: objective and L, as eyepiece because both the lenses of
microscope should have short focal lengths and the focal
length of objective should be smaller than the eyepiece.
:92. (i)
telescope is shown in figure. A parallel beam of light from
an astronomical object (at infinity) is made to fall on the
objective lens of the telescope. It forms a real, inverted
and diminished image A'E’ of the object. The eye piece is
50 adjusted that A'E” lies just at the focus of the eye piece.
Therefore, a final highly magnified image is formed at
When the final image is formed at least distance of | infinity. The final image is erect with respect to A'B” and
! is inverted w.rt. the object.

The course of rays in normal adjustment of

: For concave lens, u; = 72 - 45 = 27 cm
; fg =-18ecm

s N s | 1 1 -1

— =t ==t ——=—— =3 ¥y ==54 cm
iva b oup
i Now, the image formed at a distance,d =54 - 45=%cm
i We will get image at a distance of 9 cm infront of convex
¢ lens.

18 27 54

h v
u
(=54}

h:ix#h=—x1=-2cm.
astronomical telescope in normal adjustment is defined : u
i 9 (i} An
image to the angle subtended at the eye by the object : adjustment.

directly, when the final image and the object, both at :

27

astronomical normal

telescope  in
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As angles o and [} are small, therefore, @ = tan @ and ! |t is used to see distant objects.

¢ It consists of two lenses:

i Objective of large aperture and large focal length f,.

i Eyepiece of small aperture and short focal length f.
Magnifying power: It is the ratio of the angle subtended
! by the final image at the eye to the angle which the object

B=tanf,
_ tanfi iy
e tan =il
; A'B’ AR
In AA'BC,, = ; InAABC, tano = —
n = tanf CF n 1 o CF
_ AR 4 c;B " o or m=ri
;B AR CH =t

where CB" = f; = focal length of objective lens,

C,B = -f, = focal length of eye lens.

Megative sign of m indicates that final image is inverted
with respect to the object.

small.

(i}

lcm

o—»

g —
2% em 45 em
Ly L2
f;=24ﬁ‘l'l f?=13|:m

Height of abject, hy= 1 cm
For convex lens, u; = 36 cm, f; = 24 cm
£ 1.4.1 1.1

Vi fl Ly 24 38 72
vi=72cm

Radius of image of moon by objective lens can be

calculated, as.

R, h

tanfl=—=—
a

_Ruxfy 175x10°x20
" Ry 38x10°
Diameter of the image of the moon,
=2h=1842x10?m= 1842 cm

h =921x10%m.

e @)

: subtends at the lens, or the eye.
i (i) M=29L=150cm

m=la_os )

E

i L=fy+f,=150
i from (i)
i f.+2.9f,=150;3.9f, = 150; f. = 38.5cm

: ih . ify=150-385=1115cm
Thus, to increase magnifying power of an astronomical :

telescope in normal adjustment, focal length of objective 94. (a) Angular magnification, m=-2

lens should be large and focal length of eye lens should be

fa  2000cm
=————=2000
f 10cm

(b) The image of the moon by the obhjective lens formed on
its focus only the as the moon in nearly at infinite distance
as compared to focal length.

Objective lens

| ie. Radiusof moon Ry, =%:~< 10°m

| Rp=175x10°m
: Distance of object = Radius of lunar orbit

- Rg=38x10°m
Distance of image for objective lens is the focal length of
i pbjective lens, f;=20m

Chromatic aberration : The inability of a lens in which

image formed by white object is coloured and blurred.
This inability of lens to form a clear image is known as
: chromatic aberration.

Spherical aberration : The inability of a lens to form a point
image of an object is called spherical aberration.

In the reflecting-type telescope, the objective lens is
replaced by the concave parabolic mirror of a large
aperture required for observing fainter objects.

: The use of parabolic mirror makes the resolving power of

5. A concave mirror of large aperture has high gathering :
e .E & s : the telescope high. The parabaolic mirrors are free from
power and absorbs very less amount of light than the s

: . i chromatic and spherical aberrations.
lenses of large apertures. The final image formed in @
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reflecting telescope is very bright. S0 even very distant or
faint stars can be easily viewed.

Due to large aperture of the mirror used, the reflecting |

telescopes have high resolving power.
26, (a) An astronomical telescope in normal adjustment.

Objective Lens

It is used to see distant c:bje::b:.
It consists of two lenses:

Objective of large aperture and large focal length f,.
Eyepiece of small aperture and short focal length f..

Magnifying power: It is the ratio of the angle subtended :

by the final image at the eye to the angle which the object Magnifying ¢ of refracting telescope (M) is defined

as the ratio of the angle subtended by the image (P) at the
i eye to the angle subtended by the distant object at the
. unaided eye (o).

et

subtends at the lens, or the eye.

{i}: For atelescope. power of objective=0.5D
Power of eyepiece = 10D

This choice would give higher magnification as
r

1

TR

gathering power to obtain brighter image.

Dbjectiwe Lens

97. {a)

spherical aberrations.

99. (a) o S

- S
‘ .....
i 1 q M.ﬁ"'
: g

28. Objective Lens

e @)

fﬂ. fg

When the final image is formed at least distance of
i distinct vision :

G...._.....F!'...... s
~ o %
1 ......

l-‘a:"“'-h-.,_ .0 -
; F I

 E
L 3 A
, RO
Py o g

x

We can increase the magnifying power of telescope by
{ii}) : Aperture of the objective is preferred to be large (i) Increasing the focal length of the objective.
so as to have high resolving power and larger light :
! Two limitations of refractive telescope are:

i (il Thelensesused in refractive telescope are expensive.
i (i) The lenses used for making refracting telescope have
chromatic aberration and distortions.

They can be minimised by using reflecting type telescope,
: which use concave mirror rather than a lens for the

(ii) Decreasing the focal length of evepiece.

ohjective.

i Reflecting type telescope has the following advantages :

i (i} They are free from chromatic aberration as mirror is

: used instead of lens.

(b} Refracting telescope suffer from chromatic and (i) ; There i_s o p_ruhIEm for mechanical 5I:J|II-|:FDFI because
i weight of mirror is much less than the weight of the lens.

! It can be supported easily.
Here,f,-Dth"p,= 150

5 1.50=1)| —=— —-—-ICI
deafi)eidn o
Consider f, be the focal length of the lens, when immersed
i in medium.
a
w., . By 150
R
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In order to have a large magnifying power and high : W

resolution of the telescope, its objective lens shouldhave & " _'{ z i 1}[_'_] e
a large focal length and the eyepiece lens should have a

:or ;I',.,:E:D.Sm:SGcm

(b) Distance between the objective and the eyepiece, Kot Focal |engthh IS posiiine, (1)
i The significance of the positive sign of the focal length
is that given convex lens is still converging in the given
: medium. (1)

5. (b) (1)

: ; 6. (a) For final image to be formed at least distance of
Calculating using the same formula as above, we get : : distinet vision, magnification

short focal length.

Lw'h"n‘flutl
To find v, we have : vy==scmand f;=1.25cm
MNow, l—i-l or vp=25cm

Vo Uy fo

Tofindu, wehave: v,=ccandf.=5cm

U, = =5cm
L=25+5=75cm

CBSE Sample Questions

1. (c): A concave mirror is a converging mirror. Convex
mirror is a diverging mirror and can never form a real :

imase 1
1 (p 1 1 ]
2 2. | = 2<|Bm_q
ru-Ygz) = =177
g 05 i
™ =133 ::rrl"—ﬂ.‘?ﬂ
The value of (u - 1) is negative and 'f ' will be negative. So, :

it will behave like diverging lens.

and optical centre, O of a convex lens.

The image formed is

(i) Virtual and erect
(i) Enlarged (1/2) :
_u{ i
(1
4. Uﬁm_g :

1}[_-_

2

3.  When an object is placed between principal focus, F,
i 50, for mtobe 30,

(1/2)

e @)

Ry Ry

- (b) For final image to be formed at least distance of
i distinct vision,

3n=in[1+§] or 30= Y2[4]
5 u, 5 u,

f v, =5u, - (i)
: For objective of focal length 1.25 cm,

f,=125¢em

S, 125 \/ v

| Su,=+7.5¢cm or y,=1.5cm. So,v,=+7.5cm
MNow u, for required magnification

v, u, f, =25 =u, 5
1 1.1 541 25
u_,-g E_Emuﬂ-?u:m (2)
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distinct vision, separation between two lenses should be

Vy+u, =7.5cm +% cm= 11.67 cm

-

7. {a) For final image to be formed at least distance of
distinct vision, magnification,

8] ..

.T_‘.-;:-'.-'u:.'-:".'.. .

Ray diagram of astronomical telescope when final image is :
: (iii) (a) The compound microscope is used to observe
i minute nearby objects whereas the telescope is used to
: observe distant objects.

i (b) In compound microscope, the focal length of the
objective is lesser than that of the eyepiece whereas in
telescope the focal length of the objective is larger than
! that of the eyepiece. (2)

formed at infinity.
Objective Lens

{b) (i) Givenf,=140cm,f,=5cm
When final image is at infinity(normal adjustment),

e )
i see it with minimum strain in the ciliary muscles of the
i eye. (1)
: (i) The multi-component lenses are used for both
i pbjective and the eyepiece to improve image quality by

r, f. (1) :
i (a) The image formed by reflecting type telescope is

brighter than that formed by refracting telescope.

(b} The image formed by the reflecting type telescope is
magnifying power, m=_"2==_"" (1) ;| more magnified than that formed by the refracting type
f

telescope. (2)

Hence, for final image to formed at least distance of m=-=28
Megative sign shows that the image is inverted.

{ii) When final image is at the least distance of distinct
vision, magnifying power,

m=?[1+%]

_—140

50
=== [1+-2-5-] =-33.6 (1)

When the image is formed at infinity, we can

minimising various optical aberrations in lenses. (1)

OR
{iii) The two advantages are :

e @)
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