@
SERVING QUALITY EDUCATION
Question 1.

A glass lens of refractive index 1.5 is placed in a trough of liguid. What must be the refractive index of
the liquid in order to mark the lens disappear? (Delhi 2008)

Answer:

In order to make the lens disappear the refractive index of liquid must be equal to 1.5 i.e. equal to that of
glass lens.

Question 2.
A converging lens of refractive index 1.5 is kept in a liquid medium having same refractive index. What
would be the focal length of the lens in this medium? (Delhi 2008)
Answer:
The lens in the liquid will act like a plane sheet of glass
+ Its focal length will be infinite (c0)
Its focal length will be infinite (ec)
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Question 3. N v
How does the power of a convex lens vary, if the mcrdenr rerf"lqgﬁi‘ ;}ﬁreﬂaced by violet light? (Delhi 2008)
Answer: *5\‘ &/
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Question 4. < "\

How does the angle o mmrmym,ﬂewfmon of a glass prism vary, if the incident violet light is replaced
with red light? (All #WS}

Answer:

We know that A red > A \’fmlet therefore p red < p violet and hence 6 red < o violet.

When incident violet light is replaced with red light, the angle of minimum deviation of a glass decreases.

Question 5.

Why does the bluish colour predominate in a clear sky? (All India 2008)

Answer:

Blue colour of the sky : The scattering of light by the atmosphere is a colour dependent. According to
Rayleigh’s law, the intensity of scattered light Iec1X4, blue light is scattered much more strongly than red
light. Therefore, the colour of sky becomes blue. The blue component of light is proportionately more in the
light coming from different parts of the sky. This gives the impression of the blue sky.

Question 6.

How does the angle of minimum deviation of a glass prism of refractive index 1.5 change, if it is
immersed in a liquid of refractive index 1.3? (All India 2008)

Answer:
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Here 4, =15 and p_ = 1.3

B=(1-1) A

wr

For deviation in air, p = Lz B -1- =15
a

o 8=(15-1) x 60° = 30°
For deviation in water, p = 2235 915
© 8=(L15-1) x 60° = 0.15 x 60° = 9°

Hence angle of deviation is decreased.

Question 7.
You are given following three lenses. Which two lenses will you use as an eyepiece and as an objective to
construct an astronomical telescope? (Delhi 2009)

Lenses Power (P) Aperture
L 3D 8 o
| - > 2l
Yl
Lz 6D L Imm{“‘"

A - - J
L3 10D A \L}“ Tcem
nswer. { . ,\ |
Objec o)

Objective — Less power and more aperture."So,L1
Eyepiece — More power and less ape%uix)

Question 8. A ’;"\J

Two thin lenses of WMJ — 2D are in contact. What is the focal length of the combination? (All
: N\ \
India 2009) \7

Answer:
P=P +P,=4+(-2)=+2D

Since focal length f = %

f= 5 =05m=50cm

Question 9.

Two thin lenses of power + 6D and — 2D are in contact. What is the focal length of the combination? (All
India 2009)

Answer:

Py=Py +Py=6-2=+4D

. Focal length = % =+25 cm

Question 10.
A glass lens of refractive index 1.45 disappears when immersed in a liquid. What is the value of refractive
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index of the liquid? (Delhi 2010)

Answer:

The value of refractive index of the liquid should be 1.45 so that the glass lens of refractive index 1.45

disappears when immersed in a liquid.

Question 11.

State the conditions for the phenomenon of total internal reflection to occur. (Delhi 2010)
Answer:

Two essential conditions for total internal reflection are :

1. Light should travel from an optically denser medium to an optically rarer medium.
2. The angle of incidence in the denser medium must be greater than the critical angle for the two
media.

Question 12.
Calculate the speed of light in a medium whose critical angle is 30° (Delhi 2010)

Answer:
n= e n=2
sinC ~ sin30° 1
8 -

4 " b

- Speed of light, v= 1.5 x 10% ms™' ! -
A f\\ ‘ ! J‘\ _%‘I -

Question I3. ANG

A converging lens is kept coaxially in contact with a d:ﬁergmg !eﬂfs — both the lenses being of equal focal
lengths. What is the focal length of the wmbmatmn 2 (DBHHFZOI 0)

Answer:
Focal length of the combination is Infinity. =,

Question 14. N N
When light travels from a rarertg a deﬁ"w.’r medmm, the speed decreases. Does this decrease in speed
imply a decrease in the energ}ﬁ‘urrmf by the light wave? Justify your answer. (All India 2010)
Answer: -
No, the energy camed bmllghtwave remains the same.
Reason : As energy E =hy
...wherel h is planck’s constant and v is frequency that does
not change when light travels from one medium
to another.

Here frequency remains same.

Question 15.
When monochromatic light travels from one medium to another its wavelength changes but frequency
remains the same. Explain. (Delhi 2011)
Answer:
If vi and v2 denote the velocity of light in medium 1 and medium 2 respectively and A1 and A2 denote the
wavelength of light in medium 1 and medium 2. Thus

M _v " _¥

o T L
The above equation implies that when a wave gets refracted into denser medium (v > v2) the wavelength
and the speed of propagation decreases but the frequency v (=v/A) remains the same.
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Question 16.

Under what condition does a biconvex lens of glass having a certain refractive index act as a plane glass
sheet when immersed in a liqguid? (Delhi 2012)

Answer:

When the refractive index of glass of biconvex lens is equal to the refractive index of the liquid in which
lens is immersed

Or i1 = He

Question 17.
For the same value of angle of incidence, the angles of refraction in three media A, B and C are 15°, 25°
and 35° respectively. In which medium would the velocity of light be minimum? (All India 2012)
Answer:
Asp = b2 or v = Sinf X ¢
sinr  © sini
For a given angle of incidence v = sin r,
v, o= sin 15°, vg o< sin 25°, v = sin 35°
But sin 15° < sin 25° < sin 35°
Uy < Vg < Up
~ Velocity of light is minimum in medium A. M

Question 18. w
How would a biconvex lens appear when placed in a trough of hqmdw the same refractive index as
that of the lens? (Comptt. Delhi 2011) A ta\% v’

Answer: £ “
A biconvex lens appears plane glass when placed in a H%iif liquiid having the same refractive index as

ol

that of the lens.

Question 19. ”'}

Two thin lenses of power -4D and 2D, arepl. in contact coaxially. Find the focal length of the
combination. (Compit. All India 20 %{;

Answer: ‘{\%

Power of combination =« 4]3%

P=v P :MP‘?‘?—. o
A -2
= Focal length, f=— Sﬂ\i}m

Question 20.
Twe thin lenses of power -2D and 2D are placed in contact coaxially. What is the focal length of the
combination? (Comptt. All India 2011)

Answer:
Power of combination = -2D +2D =0
- i 1 o 1 e, . L3 3
. Focal length = P i (infinite)

Question 21.
Write the relationship between angle of incidence ‘i’, angle of prism ‘A’ and angle of minimum deviation

Sor a triangular prism. (Delhi 2013)
Answer:
_ (A +38,)
2
where [8p 1s angle of minimum deviation]

or A+d, =2i
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Question 22.

When red light passing through a convex lens is replaced by light of blue colour, how will the focal
length of the lens change? (Comptt. All India 2013)
Answer:

Focal length of lens will decrease fv > Hr

Question 23.

If the wavelength of light incident on a convex lens is increased, how will its focal length change?
(Comptt. All India 2013)

Answer:

1
Focal length will increase, — =(u-1) [_ - _J
o f Ry K

Question 24.
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)
Answer:

Focal length of lens = 20 cm

A\ P axe.
\ oA

it Lis i dLdd

I AN
—20cm -&7/ (ng

(Hint: Rays coming out of lens are incident nonnal hon plain mirror and hence reflected rays will trace the
path of incident ray, hence forming image on the tself thus object and image overlapping each other
at F of convex lens.)

k;
Question 25. &\

A biconvex lens made of fa tr ent material of refractive index 1.25 is immersed in water of refractive
index 1.33. Will the lens hehws a converging or a diverging lens? Give reason. (All India 2014)
Answer: 'y

The lens will behave aSw,apdlverglng lens, because -1)

| L1
?_( 1)[R1 Rz]

e
IR Ry R;
o 125

b -0

The value of (1t — 1) is negative and ‘f” will be negative.

Question 26.

A biconvex lens made of a transparent material of refractive index 1.5 is immersed in water of refractive
index 1.33. Will the lens behave as a converging or a diverging lens? Give reason. (All India 2014)
Answer:

The lens will behave as a converging lens because



o 22
" =L355-112>1

(SIS
Hence value of “f* will be positive.

Question 27.

A concave lens of refractive index 1.5 is immersed in a medium of refractive index 1.65. What is the
nature of the lens? (Delhi 2015)

Answer:

Converging.

Question 28.

Why does bluish colour predominate in a clear sky? (All India 2015)

Answer:

Blue colour of the sky : The scattering of light by the atmosphere is a colour dependent. According to
Rayleigh’s law, the intensity of scattered light lec1A4, blue light is scattered much more strongly than red
light. Therefore, the colour of sky becomes blue. The blue component of light is proportionately more in the
light coming from different parts of the sky. This gives the impression of the blue sky.

ol

Question 29.

Vg
When an object is placed between f and 2f of a concave mirror, would the mm fbg:?ed be
(i) real or virtual and .;w‘
(ii) diminished or magnified? (Comptt. Delhi 2015) - .
Answer: . ;‘\ Af\
(1) Real A \g‘;’%‘
(1) magnified k ) %

Question 30.

How does the angle of minimum deviation of %\pnsm vary, if the incident violet light is replaced by
red light? Give reason. (Delhi 2017)  _»

Answer:

The angle of minimum deviation deﬁzﬁ;\%\rhen violet light is replaced by red light because refractive

index for violet light is m<0re th@l% r red light.

| 4

. -

Question 31. %

An object is kept in from of a concave lens. What is the nature of the image formed? (Comptt. Delhi
2017)

Answer:

When an object is kept in front of a concave lens, the nature of image formed is virtual, erect and
diminished.

Question 32.

When light travels from a rarer medium to denser medium, the speed of light decreases. Does the
reduction in speed imply a reduction in the energy? (Comptt. Delhi 2017)

Answer:

The reduction in speed, due to light travelling from a rarer to denser medium does not imply reduction in the
energy.

Question 33.

The objective lenses of two telescopes have the same apertures but their focal lengths are in the ratio 1: 2.
Compare the resolving powers of the two telescopes. (Compit. All India 2017)

Answer:
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Ratio of resolving power =1 : 1

Resolving power is same because it does not depend on focal length of the objective.

Question 34.

Why must both the objective and the eye piece of a compound microscope have short focal lengths?
(Comptt. All India 2017)
Answer:

For getting higher magnification in compound microscope, both objective and eyepiece must have short
focal length, because

"o ——

ffe

Ray Optics and Optical Instruments Class 12 Important Questions Short Answer Type SA-I

Question 35.

Draw a ray diagram of a reflecting type telescope. State two advantages of this telescope over a refracting
telescope. (Delhi 2008)

Answer: _'
([) ~>—
Paraboloidal
> \‘/ objective
> .- - > ]
- Y\ s Ve
mirror . \
5 Eye piece |

g 2 - Fd

~ S,

Cassegrain reflecting type te.!'escorl? )
(i1) Advantages of reflecting telescope QV"&I a ﬁaﬁ‘actmg telescope:

.'f';._ - ‘k
‘\

s

Due to large apmgré\oi ﬁle mirror used, the reflecting telescopes have high resolving power.

2. This type of'telescope is free from chromatic aberration (formation of coloured image of a
white’ d&]% -

3. The use of parabolmdal mirror reduces the spherical aberration (formation of non-point,
blurred 1mé*ge of a point object).

4. Image formed by reflecting telescope is brighter than refracting telescope.

A lens of large aperture tends to be very heavy and therefore difficult to make and support by

its edges. On the other hand, a mirror of equivalent optical quality weights less and can be

supported over its entire back surface.

Ln

Question 36.

Draw a ray diagram of an astronomical telescope in the normal adjustment position. State two drawbacks
of this type of telescope. (Delhi 2008)

Answer:

(i) Magnifying power m = —f0fe. It does not change with increase of aperature of objective lens, because
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focal length of a lens has no concern with the aperature of lens.

et f, —»i Eyepiece

Atinfinity
Astronomical telescope in normal adjustment

(i1) Drawbacks :

o Images formed by these telescopes have chromatic aberrations.
o Lesser resolving power.
o The image formed is inverted and faintes.

Question 37.
Draw a ray diagram of a compound microscope. Write the e.xprecsmn for ffs nghrfymg power.

(Delhi 2008) 'y
Answer: A N\
A & Y/ %
Eye piece Pt W ¥ .
A Objective |
i 2 fu G, fﬂ
i e """
A ,f""F - A e
D e, W)
- — -g,-
Least distance of disti nct wslbn
Cﬂmpomui microscope

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

o, D __L E
M“ﬂ“f} = = ﬁ:[“fe]

L=p,= the length of the microscope tube
where or the distance between the two lenses

Question 38.
Draw a labelled ray diagram of an astronomical telescope in the near point position. Write the expression
Jor its magnifying power. (All India 2008)
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A D
Least distance of distinct vision

Magnifying power (MP), m = u-;.:-[1+ fﬁe)

Question 39.
Draw a labelled ray diagram, showing the image formation of an astronomical telescope in the normal
adjustment position. Write the expression for its magnifying power.(All Imim zg(m)w

Answer:

(1) Magnifying power m = —fOfe. It does not change with increase of apera%gﬁ@fajectwe lens, because
focal length of a lens has no concemn with the aperature of lens

wg HIpOBE ——f, —»{ Eyeplece P

Al infinity e \

Astronomical teksﬁipé frl normal adjustment
(i1) Drawbacks : Y

» Images formed by these telescopes have chromatic aberrations.
o Lesser resolving power.
o The image formed is inverted and faintes.

Question 40.

Draw a ray diagram for the formation of image in a compound microscope. Write the expression for its
magnifying power. (All India 2008)

Answer:
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Eye piece
A "
B” : fep / Je \
E B h C1\ %o é/
: P s /
: ,J"'
| T
| o
A" : -
il D .
Least distance of distinct vision

Compound microscope
When the final image is formed at the least distance of distinct vision

Question 41.
A ray of light passing through an equilateral triangular glass prism from air undergoes minimum
deviation when angle of incidence is 3/4™ of the angle of prism. Calculate the speed of light in the prism.

(Delhi 2008)
Answer: o
e
N2
A \--\, -



i = angle of incidence

Given: i = A Whm[A=m5leofprism

A+6,,,]

We know, p = __.“{._.%.__

sin—
2
..where [§,, = angle of minimum deviation
i A+d,,
2 in—
sin 2

|

or 8,=2i-A=2x > A-A=

60° C 5in 45°
B o, Bl

&
2

3% 10%
Cy = 7 m/s =152 x 10° m/s

o Gy =212 x 10° m/s

Alternatively, p, + |, = A

At minimum deviation: p, = u,

Question 42.

Gl

Calculate the distance of an object of height h from a concave mirror of focal length 10 cm, so as to

obtain a real image of magnification 2. (Delhi 2008)
Answer:
Given : f=-10 cm; Magnification, m = 2
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To calculate : u=7

Wehave:h—1="—v
hy u

Mirror formula : f—%+%

As image formed is to be real
= o or v=21Hu
17

g ot G
10 2u wu 10 2u

or u=-15
. Object distance = 15 cm

Question 43.
Define refractive index of a transparent medium. A ray of light passes through a triangular prism. Plot a

graph showing the variation of the angle of deviation with the angle of incidence. (All India 2009)

Answer:
Refractive index of a transparent medium is the ratio of the speed of light in frea«spm the speed in the

ol

given medium. A X ad
P \f"—"ﬂ
\.v,.._y‘:\ v
oy i N
_:’V \ LW
) r
a m
Y ?
.4"& ; } =
Graph of i - & & ﬂ% g
AV
> N
Question 44.
(i) What is the relati Bmdritical angle and refractive index of a material?
£
(ii) Does critical angle, ft'cp d on the colour of light? Explain. (All India 2009)
Answer:
1
0 n=—
sini,
(17) For a given medium p depends on the
colour,

u for violet p, > p ,
Critical angle i_ = sin™! [pl] is greater for

red colour.

Question 45.
The radii of curvature of the faces of a double convex lens are 10 em and 15 cm. If focal length of the

lens is 12 cm, find the refractive index of the material of the lens. (Delhi 2010)
Answer:

Given : R; =10 cm,

R2=-15cm,

f=12cm



Gl

Using lens maker’s formula, we have

1

f Ry R,
= %=(u—1} [%—_%5]
=>'—é-=(n—1)(3;]2)
= (n—l)=—?x%=%
n=1+%=%=15

Refractive index of the material of the lens :

Question 46.

(a) The bluish colour predominates in clear sky.

(b) Violet colour is seen at the hottom of the spectrum when white light is dﬁpers"ed by a prism.

State reasons to explain these observations. (Delhi 2010) o

Answer: > e

(a) The scattering of light by the atmosphere is colour dependent. Accordmg to R,a,ylelgh s law, the intensity
of scattered light, Ie<1A4

Blue ilght is scattered much more strongly than red light. The l{v{ie eeg]mment of light is proportionately
more in the light coming from different parts of the sky. This gi thff:mpressmn of the blue sky.

,
-

(b) As refractive index of prism is different for different &qu;s, therefore, different colours deviate through
different angles on passing through the prism. As },a?ae: < Ared therefore pviotet > pred. Hence violet >

drea maximum deviation is of violet colour. That i 15 wh;a»wolet colour, is seen at the bottom of the spectrum
when white light is dispersed by a pnsm sl Y’

Question 47. 5 O Yid
A biconvex lens has a foeal ferrgtfivg }nmec the radius of curvature of either surface. Calculate the
refractive index oj fens nm!ehml

Answer: =
Given : f:—R R,, R, R,=-R
Usmg the lens maker's formula :

1
?“"'” [n—a—]

=
(2/2 -5~ i)
3 _ _3 R 3
) TR__(H I}R: (n IJHZRx2R"4
w2 ilel w18
r 3

Question 48.

(i) Why does the Sun appear reddish at sun-set or sun-rise?

(ii) For which colour the refractive index of prism material is maximum and minimum? (Delhi 2009).
Answer:

(1) During Sunrise or sunset, the Sun is near the horizon. Sunlight has to travel a greater distance. So shorter
waves of blue region are scattered away by the atmosphere. Red waves of longer wavelength are least
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scattered and reach the observer. So the Sun appears reddish.

(i1) Refractive index of prism material is maximum for violet colour and refractive index of prism material is
minimum for red colour.

Question 49.

Find the radius of curvature of the convex surface of a plano-convex lens, whose focal length is 0.3 m
and the refractive index of the material of the lens is 1.5. (Delhi 2009)

Answer:

Given : f = 0.3 m = 30 cm,

R, = o (for plane surface), R, =? n =15

Applying lens maker's formula, we have

1
(H = 1} (——I—-R—z]

f
1 1
= —=(15-1)|—-—
w0 ) ["“ RzJ
1 -1
_— = R, =-15em
30x0.5 [Rz) - .
~ Radius of curvature = -15 cm. S \—
A x;’ }Y
-

Question 50.
(i) Out of blue and red light which is deviated more by a prism? (fw% reas:m

(i) Give the formula that can be used to determine refragtive Ehf!cx; gﬁmaterml of a prism in minimum

deviation condition. (Delhi 2009) { N

Answer: 4 ‘
(1) Since A 4 > M,  Hence my . > nmi ~

. Blue light is deviated more by Ay sr&
than red. __ )

bﬂ! e

b
W’

(i) Refractive index, /\n = - ‘

4 ' sin'—
A, e
%ﬁ
..where h Angle of prism
8= Angle of minimum deviation

Question 51.
Two convex lenses of same focal length but of aperture A1 and A2 (A2 < Al), are used as the objective
lenses in two astronomical telescopes having identical eyepieces. What is the ratio of their resolving
power? Which telescope will you prefer and why? Give reason. (Delhi 2009)
Answer:
Resolving power of a telescope is given by R.P.
A
1224 °
From the given condition, the ratio of resolving power of two astronomical telescopes will be R.P, A,
RP A
RP, A,
Telescope with large aperture (A1) should be preferred as it increases the resolution by collecting more light.

..[as A is same



@
SERVING QUALITY EDUCATION
Question 52.

A ray of light, incident on an equilateral glass prism (ug =3 ) moves parallel to the base line of the prism
inside it. Find the angle of incidence for this ray.
Answer:

By = 31"

n

.

sin sin {
U2 Ginr 43 sin 30°

Angle of incidence

1.732

=>sini=.f§xsin3{]°=\(§x% 5

= sin i = 0.866
~ Angle of incidence, i = 60°

Question 53. .
- . . - « . . .
An object AB is kept in front of a concave mirror as shown in the figure.

s B _fy
(1) Complete the ray diagram showing the image for%ﬁation of the object.
(i) How will the position and intensitjﬁbf"ﬂ;l_e image be affected if the lower half of the mirror’s reflecting
surface is painted black? (All India 20 13,»
Answer: ) .

0] jras X _d

ERAEL

(i1) When the lower half of the mirror is painted black, the image formed is still of the same size as that with
unpainted mirror but the intensity of the image has now reduced.

Question 54.

Draw a labelled ray diagram of a reflecting telescope. Mention its two advantages over the refracting
telescope. (All India 2012)

Answer:
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=

Obijective mirror

/i
2

woyy she Iﬂlliﬁd
Aepuoosg

Eyepiece

|
i

-—_“

Two advantages over the refracting telescope :

1. There is no chromatic aberration as the objective is a mirror.

2. Spherical aberration is reduced using mirror objective in the form of a paraboloid.
3. Image is brighter compared to that in a refracting type telescope.

4. Higher resolving power. (any two)

Question 55.
(a) Plane and convex mirrors are known to produce virtual images of the objects. Draw a ray diagram to
show how, in the case of convex mirrors, virtual objects can produce real images.

(b) Why are convex mirrors used as side view mirrors in vehicles? (Comptt. Delhi 2012)

Answer:

(a) When rays incident on a plane. mirror or convex mirror are tendmg to converge fo a point behind the
mirror, they are reflected ‘ to a point on a screen in front of the mirror. Hence, amlmge is formed (when
the object is virtual). '

Tt E

hw

(b) A convex mirror is used as side. \ge mﬁ*ror in vehicles because it has larger field of view as compared
to other mirror. The 1 image fOI'lTlé&;}lS §’m and erect.

Question 56. =
(a) Draw a ray dmgrmh fnr a convex minor showing the image formation of an object placed anywhere in
[front of the minor. =

(b) Use this ray diagram to obtain the expression for its linear magnification. (Comptt. All India 2012)
Answer:



(a) Ray diagram

(b) AA'B'P ~ AABP -..(Given)
AR’ _PB’
"AB ~ PB
Applying the New Cartesian sign comvention,
we get
A'B’ = +hy, AB = +h,,
BP = —u, PB’ = +v
.ok _ v
hy T -u
-0
~». Magnification, m = 713- ':E =—

Question 57.

Gl

(a) Draw a ray diagram for a concave minor showing J‘he r?nage formarmn of an object placed anywhere

in front of a minor.

(b) Using the ray diagram, obtain the expression fvr its ﬁneur magmf ication. (Comptt. All India 2012)

Answer:
(a) Ray diagram :

(b) According to the figure

AA'B'P ~ AABP
Using New Cartesian sign conventions :
PB’ = +v, PB = ~u
A'B’ _PB’ thy _tv
AB -~ PB = 4y -u
_hh_-v
B h] - u

Question 58.

Deduce, with the help of ray diagram, the expression for the mirror equation in the case of convex minor.

“(Comptt All India 2012)



Answer:
As AABC ~ AABC ...{Given)

Convex mirror

AB _ CB o
* AP O ct
As AABP ~ AABP
:_,g, - % . i)
From equations (i) and (i), we get
B _PB (i)
CB 7B

CB=PB+PC and CB =PC-PB
Using these values in equation (ifi), we get

PB+PC _ PB
PC-PB’ " 7B

Using New Cartesian sign convention, we get
PB = -u, distance of object,
PB’ = +v, distance of image,

PC = +R 0N\
We get, %:%‘ =a-uv+vR=-uR+uv

= oR + uR = 2uv

Dividing both sides by uvR, We gel;
vR i uR _ 2uv
uoR  uvR r g___a_r_vR

1.3 2 ¢ 1 .

= SR T R
1 1.1 ) )

. '}- ey ...[mirror equation

Question 59.

Gl

A convex lens of focal length 25 cm is placed coaxially in contact with a concave lens of focal length 20
cm. Determine the power of the combination. Will the system be converging or diverging in nature?

(Delhi 2013)
Answer:



° B

fi=+25cm (f) is focal length of convex lens)

f, ==20 cm (f, is focal length of concave lens)

P, = P, + Py(P, is power of convex lens and P,
is power of concave lens)

100 _ 100 100 _ 400 - 50{.1 -100

fl L 25 2 100 100
=-1 -
Py = - 1 dioptre

The system will be a diverging lens as it has negative power.

Question 60.

Draw a ray diagram showing the image formation by a compound microscope. Hence obtain the
expression for total magnification when the image is formed at infinity. (Delhi 2013)

Answer:

Ray Diagram:

(a) Ray diagram of a compound microscope : A schematic diagram of a compound microscope is shown in
the figure. The lens nearest the object, called the objective, forms a real, inverted, magnified image of the
object. This serves as the object for the second lens, the eyepiece, which functlons essentially like a simple
microscope or magnifier, produces the final i image, which is enlarged and \nrtua’l The first inverted image is
thus near (at or within) the focal plane of the eyepiece, at a distance appmpnate for final image formation at
infinity, or a little closer for image formation at the near pomt C leaﬂ)@q the final image is inverted with
respect to the original object. , -

!
AL~

Magnification due to a cf;hlp0und MICroscope.
The ray diagram shows that the (linear) magnification due to the objective, namely h’/h, equals
K _L '
My = 4 == I () )
L A A

- (J)-(¢

Here h’ 1s the size of the first image, the object size being h and fo being the focal length of the objective.
The first image is formed near the focal point of the eyepiece. The distance L, i.e., the distance between the
second focal point of the objective and the first focal point of the eyepiece (focal length f) is called the tube
length of the compound microscope.

As the first inverted image is near the focal point of the eyepiece, we use for the simple microscope to obtain
the (angular) magnification me due to it when the final image is formed at the near point, 1s
D ”
m,=1+ ... (i)
T

thn the final image is formed at infinity, the angular magnification due to the eyepiece, me = (D//e)

= (D/f) . ...(iid)
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Thus, the total magnification from equation (i) and (iii), when the image is formed at infinity, is

- 2]

(b) Resolving power of a microscope :

Resolving power (RP) E sina

(1) The focal length of the objective lens has no effect on the resolving power of microscope.
(if) When the wavelength of light is increased, the resolving power of a microscope

decreases because RP « ‘ %

Expression for total magnification when image is formed at infinity:
Magnification of object,
K L
mu I e

oo

Angular magnification due to eye piece,

m, = P—
fe
Total magnification when image is formed at infinity Ly —
me=m,xm= =2 -
o f

Question 61. P N *
A convex lens of focal length 30 cm is placed coaxiaﬂyj,’in contachwith a concave lens of focal length 40
cm. Determine the power of the combination. Will the system.be converging or diverging in nature?
(Delhi 2013) N

Answer: L~ - >

i >
Power of convex lens, P, = S LR

Power of concave lens, P;£; b T==-25D

A

Power of the co{_@;gijjnéti\o&qg =P, +P,
_10 10_ 5.

The system is converging in nature.

Question 62.

A convex lens of focal length f1 is kept in contact with a concave lens of focal length fr Find the focal
length of the combination. (All India 2013)

Answer:

f1 — is focal length of convex lens

fi — is focal length of concave lens.

fiet — be the focal length of the combination. The power of the combination is the sum of the two powers.
So, net focal length of combined lens is

et E-'-'IZ f
(- =7_1%_
Jt R B = oo 2~ h

|-

5%
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Question 63. SEAVING QUALITY EDUCATION

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.
(Comptt. Delhi 2013)

Answer:

Reflecting telescope. Telescope with mirror objectives is called reflecting telescope. This is also known as
Cassegrain telescope / Newtonian telescope. The ray diagram of reflecting type telescope is shown in figure.

Rays o .
from > = Objective mirror

=
distant // %E
object sacondary - ve ol
mirror T ol e

Advantage over refracting telescope :

1. Since reflecting telescope has mirror objective, so the image formed is free from chromatic

aberration.
2. Since the spherical mirrors are parabolic mirrors, free from spherical aberratlon they produce
a very sharp and distinct image. ~

.\/J
b

¥
X
\ ory T -
4T

Question 64.
Draw a labelled ray diagram of refracting type telescope in nor:::aAaant Write two main
considerations required of an astronomical telescope. (Lf)f;;pﬁ Heﬂﬂ: 2013)

Answer: ,

Refracting telescope :

g,

Magnifying power. It is defined as the ratio of angle () subtended by the final image on the eye to the angle
(c) subtended by object on eye.

M = fanp _ (E]
tana  \o
Magnifying power
M=-h (for comfortable view)

¢

-k &J i
7 [1+ S (for strained eye)

Limitations of refracting telescope over a a reflecting type telescope :

1. It suffers from chromatic aberration due to refraction and hence the image obtained is
multicoloured and blurred.

2. Asa lens of large apparatus can’t be manufactured easily, its light gathering power is low and
hence can’t be used to see faint stars.
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SERVING QUALITY EDUCATION
Question 65.

Draw a labelled ray diagram of a compound microscope. Why are the objective and the eye-piece chosen
to have small focal length? (Comptt. Delhi 2013)

Answer:
b= 1= 3 ;
. Eyepieceﬁ
B’J IB

I -

| /:»;-"

| z~

|

1. If the focal lengths are less, then their magnifying power will be more.

2. To avoid any aberration in refraction due to larger bend on passing through the eyepiece.
Question 66. :
A ray of light passes through an equilateral pn\m in such a way that the ang n}‘ :mfdenw is equal to the
angle of emergence and each of these angles is 3/4 times the angle of ﬂ:c.pr&i Determine
(i) the angle of deviation and

(ii) the refractive index of the prism. (Comptt. All India 2013)&x ¥ T\ ‘
Answer: 7 '»& ee.,;%
Given : ZA = 60° Le = Lr i b %
Ze=Lr= E x 60° = 45° oY e

4 N \‘h ;
We know, that 3 + A =1+ ¢ NS <
=§=z+e—A b A gkn,w._.ﬁ '
% 8 =45°+45° - 60° = 30° \ )

(1) angle of deviation = 30° .,%'ﬂ\- W
A+d, £ (7"

sin —i— \:,,-' sin —z—
_ sind5® | 142
sin30°  1/2

1
= 2=4+42 =141
=‘}I,l E‘X ‘J_

Refractive index of prism = 1.41

Question 67.

Two monochromatic rays of light are incident normally on the face AB of an isosceles right angled prism
ABC. The refractive indices of the glass prism for the two rays ‘1’ and ‘2’ are respectively 1.35 and 1.45.
Trace the path of these rays entering through the prism. (All India 2014)
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A
45
Moy
|2! i
45°
B c
Answer:
; 1
1) For the ray 1, =
@ Ll sinC,

e e,
A "~"—’"'_ﬁﬂj
‘-’?.'-'.i":‘\ .
oy i N
_:’V \ LW
£C, = 48° more than 45° et
Since the angle of incidence (45°) is less than theﬁl??ﬂg] angle (48°), the ray will be refracted.
(11) For the ray 2,
sin Cy = ——=—— =0.68 A \J
sinpg, 145 X “u

ZC, = 43° less than 45°

Since the angle of 1n01de§ce (‘ﬁ) I»tﬁ]()l"e than the critical angle (43°), the ray will be total internally

reflected. ,4,3:.:_%

N
".

) 4

Question 68.
Two monochromatic rays of light are incident normally on the face AB of an isosceles right-angled prism
ABC. The refractive indices of the glass prism for the two rays ‘T and ‘2’ are respectively 1.3 and 1.5.
Trace the path of these rays after entering through the prism. (All India 2014)

12? I

P C—

Answer:



@
(i) For the ray 2, szavme auauiTe rmveaTion
1 . 1 1
u2=s'f_n(,‘; or sin(C,= l-l_z_.g:oﬂ:,
<C, = 42° less than 45° -
Since the angle of incidence (45°) is more than the critical angle (42°), the ray will be total internally

reflected.
A
45 Total internal
2 > -" reflection
45°%°
1> > Refraction
NS
B C
w

(11) For the ray 1,

1 . 1 1 5
Hy = m-l- or sin C1 == p—]— i3~ 0.77 ~> \-r-sj»j
< C; = 50° more than 45° e ‘-‘Qw,d ;

Since the angle of incidence (45°) is less than the critical angle (50°) th@ mgﬁy wﬂl be total refracted.

A 'd 2
N N
N iy

Question 69. \ V

Draw a schematic diagram of a reflecting telescope (C (%Aaegmm ) Write its two advantages over a
refracting telescope. (Comptt. Delhi 2014) N’

Answer: 7\

Reflecting telescope. Telescope with mitror obge,gt esﬁis called reflecting telescope. This is also known as
Cassegrain telescope / Newtonian telescope. ‘Ihe 'ﬁay d1agram of reflecting type telescope is shown in figure.

R X\

ﬂ-:r: > h 3 Qg!e‘a[gve “mirror
distant g

object Secondary

Advantage over refracting telescope :

1. Since reflecting telescope has mirror objective, so the image formed is free from chromatic
aberration.

2. Since the spherical mirrors are parabolic mirrors, free from spherical aberration, they produce
a very sharp and distinct image.

Question 70.

Draw a ray diagram for the formation of image by a compound microscope. Write the expression for total
magnification when the image is formed at infinity. (Comptt. Delhi 2014)

Answer:

Compound Microscope :



° B

A Obijective /

e oINS s

B f:n C, J'E}

A

Least distance of distinct vision

Magnifying power : The magnifying power of a compound microscope is defined as the ratio of the angle
subtended at the eye by the final virtual image to the angle subtended at the eye by the object, when both are
at the least distance of distinct vision from the eye.

Numerical:
Given : iy = - 1.5 cm, fu = 1.25 cm,
]fe =53 cm, D =25cm
Applying lens formula for objective lens :
1 1 1
B,k L 1 1 _6-5_ 1
% Jo U %, 125 15 75 75

S Py =7.5cm
~. Magnifying power,

~u D 75(. 25 ANO
M= Wo[l-i-r): —E[l+?]= -5(6) = 30

The -ve sign shows that the final image is an inverted IMmage.

The expression magnifying power of comppqhﬁ'%gi:&mééope when the final image is formed at infinity is :

-y

Question 71. ™

Write the conditions for observing a rainbow. Show, by drawing suitable diagrams, how one understands
the formation of a rainbow. (Comptt. All India 2014)

Answer:

The conditions for observing a rainbow are:

1. The Sun comes out after a rainfall.
2. The observer stands with the Sun towards his/her back.

Formation of a rainbow
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e The rays of light reach the observer through a refraction, followed by a reflection followed by
a refraction.
« Figure shows red light from drop 1 and violet light from drop 2, reaching the observer’s eye.

Question 72.
Use the mirror equation to show that an object placed between f and 2f of a concave mirror produces a
real image beyond 2f. (Delhi 2014)

Answer:
1 1 1
=3tu

For concave mirror f<0and u <0
As object lies between f and 2f
() Atu=~f
1 1

f

oc {image is formed at infinity)

~2f

] —
o

?
= P
At i

(i1)

1 1,1 1

s =prytTy 2 -~
Hence, image distance v > -2f ~» —
Since, v is negative therefore the image is real. A iwo‘

Question 73.

You are given two converging lenses of focal lengths 1.25 ax ro desrgn a compound
microscope. If it is desired to have a magnification of the separation between the objective
and the eyepiece. (All India 2014)

Answer:

(a) When the image lies at mﬁmty "{:X,
=5 em, ()

Given: f; = 1.25 cm,

m = 30, D 25cm &\

We know that m =
or L= —1——2—m{ xl}i

= 7.5 cm
(b) When the image is f\i‘med at the near point

M=m,xm,= %‘-[1«%?)
0 ¢
25
Py 30— —E{ ]

30x125=Lx6
L=5x%x125=625cm

Question 74.

A small telescope has an objective lens of focal length 150 cm and eyepiece of focal length 5 cm. 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? (All India 2014)
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Answer:
Given : f; =150 ecm, f =5¢m

5

Given: H=100m, wu=3km=3x10m
u=150cm=150x102m, h=7?
If H is the size of tower and h is the size of image,

fy 150
M=2%=— =30
A

then
H_h
- v
(2
h=H x %= %100 =005m=5cm

Question 75.

Why does white light disperse when passed through a glass prism?

Using lens maker’s formula, show how the focal length of a given lens depends upon the colour of light
incident on it. (Compti. Delhi 2014) P

Answer: ~ N

(1) The white light disperses when passed through a prism, because the refractive index of the glass of the
prism is different for different wavelengths (colours). Hence, different cglowag ent along different
directions.

(1) Using lens maker’s formula, \

1 11
=m0 (g

; ﬁe\}
...where [ ny =%ﬁ%}\* |
A )

As the refractive index of the mediu )‘Ysglass) with respect to air (n;) depends on the wavelength or
colour of light, therefore focal le%;l: f the lens would change with colour.

i

Question 76. Aa-:.,%f“?’
A ray PQ incident nom:a[ ly on the refracting face BA is refracted in the prism BAC made of material of
refractive index 1.5. Cnmpiete the path of ray through the prism. From which face will the ray

A
P \
B0*
B C
Answer;

(1) The ray will emerge from the face AC as shown. A
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A
P
Q
Normal
B C
We know that p = —
SIni,
or sin i, = %=1§-
2

. (2 .
i, = sin’1 (5) = 41

The angle of incidence (i) on the face AC is 30°, which is < i, hence the ray will emerge as shown in the
diagram, and will NOT be reflected back.

Question 77. ”q" )

Draw a ray diagram to show how a right angled isosceles prism may be used Mend the path of light
rays by 90°”. )

Write the necessary condition in terms of the refractive index of r}fBg{Mate}m! of this prism for the ray to
bend to 90°. (Comptt. Delhi 2014) e \

Answer: { '
(a) Ray diagram L

(if) For total intemﬁ'reflection : 45° >,
s sin45 > sin i,
%>m¢>-

=  necessary condition is p > +2

Question 78.

The image of an object, formed by a combination of a convex lens (of focal length f) and a convex mirror
(of radius of curvature R), set up, as shown is ebserved to coincide with the object.

Redraw this diagram to mark on it the position of the centre of curvature of the mirror.
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Obtain the expression for R in terms of the distances, marked as a and d, and the focal length, 1, of the
convex lens. (Comptt. Delhi 2014)
Answer:

(/) Redrawn Ray diagram :

im e
object —~—,_ | | E .-

a d R

(if) Expression for radius of curvature (R) of
convex mirror :
For convex lens u = -a, v=R + d

L
f v u ,
1 1 1 1 1

fTReD Co ®Red a A
On solving, we get T i

Rpueap

Question 79. A

Define the magnifying power of a compound microscope when the final image is formed at infinity. Why
must both the objective and the eyepiece of a compound microscope have short focal lengths? Explain.
(Delhi 2016)

Answer:

Definition : Magnifying power of a compound microscope is defined as “the angle subtended at the eye by
the image to the angle subtended (at the unaided eye) by the object™.

Reason : To increase the magnifying power, both the objective and the eyepiece must have short

focal lengths (asm =f£xf9} which means

0 ¢

M oc —

Jofe

Question 80.
Why should the objective of a telescope have large focal length and large aperture? Justify your answer.
Answer:



Large focal length : to increasing magnifying power.
[ m= -?-andhenoem o ){))
€
Large aperature : to increase resolving power.
2a

[ RP = mand hence RP o< a)

Question 81,

G

A small illuminated bulb is at the bottom of a tank, containing a liquid of refractive index upto a height
H. Find the expression for the diameter of an opaque disc, floating symmetrically on the liquid surface in

order to cut-off the light from the bulb. (Comptt. Delhi 2016)
Answer:
It is only the light coming out from a cone of

semi-vertical angle i_ (i, = sin™! ha critical angle)

that needs to be stopped by the opaque disc.

_____________

e &1 '
Now, sin i, = . A '

g

N

N/
soocosi. = —— o[ cos@ = vy1-sin@
u

J

Also, tan i_ = —E}-

sini

= r=Htani =H—F =H.

H

= J_pz-l

i - 2H
Diameter of the opaque disc =2r = 7_

Question §2.

Cos i,

p?-1

A ray of light is incident on a glass prism of refractive index and refractive angle A. If it just suffers total
internal reflection at the other face, obtain an expression relating the angle of incidence, angle of prism
and critical angle. (Comptt. Delhi 2017)
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Answer:
_ sini
sin r s L=
and 1 = —Qs‘fnl Lr =i,
L sinz Ze=90%sin90° =1
ZA + £P = 180°

and Zr + Zi, = 180° = £P = ZA

= dr=LA- L A
y o _sini . 1 __ sini m“j‘“
sinfA-i)  sini, sin(A i) A iwg

Question 83. /\\, v

(i) Define refractive index of a medium.
(ii) In the following ray diagram, calculate the speed a@n the hqmd of unknown refractive index.
(Comptt. All India 2017)

«— 30 cn —»

Answer: _ %
(1) The refractive inm%edium is defined as the ratio of speed of light in vacuum (c) to the speed of
light in the medium (v)
- &

a U
(11) Given : Width of liquid surface (w) =30 cm
Depth of liquid (d) =40 cm
Since it is a critical case of total internal reflection, when refracted ray gazes along the liquid surface.

1

sin i

l‘l=



®
From the given ray diagram, the length of ray inside liquid is 50 cm
307 +(40)* = 50
. sini, = perpendicular _ 30
N hypotenuse 50

Also from the definition

s c_ 1
v osini,
or v=(c)sini,

= (3 x 10%) [-3-9)= 1.8 x 10°* ms™!
50

Ray Optics and Optical Instruments Class 12 Important Questions Short Answer Type SA-1I

Question 84.

With the help of a suitable ray diagram, derive the mirror formula for a concave mlrmr (All India 2009)
Answer:

Consider a concave mirror of focal length/, radius of curvature R receiving li ghr‘ﬁmm an object AB placed

between F and C as shown in the figure. The image will be formed as shown*m*a;gggay diagram.
A, m—

% : N " B J
4 { -
A . M N AT

]

AJ -

N F ™ W )
I - Y

Using Cartesian sign convention, \:v@%{;r*fﬂa ¥

Object distance, BP=—u- = -'s_\_ﬂ"

Image distance B'P =—v " '\;;_" &

Focal length, FP = s, ™

Radius of curvature, CP = -R =-2f

Now AAB'C ~ AABC
A'B° CB° CP-B'P _-R+v
AB BC BP-CP -u+R
As ZA'PB’ = ZAPB .. AA'B'P ~ AABP

Consequently, —— A B = BP L L ...(11)

)

From equations (0 and (i), we have
-R+v
-u+R

= vR + uR = 2unv

[F
= - = =R + uo = - uv + vR
173

Dividing both sides by nvR, we have ¥y =%
u T

But R = 2f %,,%:%

This proves the mirror formula for a concave mirror.
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Question §5.

Three light rays red (R), green (G) and blue (B) are incident on a right B angled prism ‘abc’ Q at face
‘ab’. The R refractive indices of the material of the prism for red, green and blue wavelengths are 1.39,
1.44 and 1.47 respectively. Out of the three which colour ray will emerge out of face ‘ac’? Justify your
answer. Trace the path of these rays after passing through face ‘ab’. (Delhi 2009)

n

450

Answer:
Critical angle i. for total internal reflection is related to refractive index p as

i, = sin™! (iJ
H

Critical angle for : P

. = Ny,
Red : i, = sin™! (%) 46° >

) S—
b

Green : ig = sin~! [—-!-- = 43.9°

1.44 i‘”\%

. ﬁﬁ
o f — amm=l | 2 ] 8o
Blue : i, = sin (147J 42.8

Incident angle in the surface ac is 45° for all the t colours So red colour will undergo refraction while
the other two colours will undergo total intern Qﬂg nin a.c. It is indicated in the figure. All the three
colours will undergo total internal reﬂecnqn e incident normally on one of the faces of an
equilateral prism as shown in Figure T‘ﬁi{ﬁ) fe to the reason that the incident angle on the second surface
will be greater than critical angle fi % lours.

T [45
45°
P T
Figure 1 " Figure 2

i B0d~" \\

b
I/ g
c

Figure 3
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Question §6.

(i) Draw a neat labelled ray diagram of an astronomical telescope in normal adjustment. Explain briefly
its working.

(ii) An astronomical telescope uses two lenses of powers 10 D and 1 D. What is its magnifying power in
normal adjustment? (All India 2009)

Answer:

(1) Magnifying power m = —fOfe. It does not change with increase of aperature of objective lens, because
focal length of a lens has no concern with the aperature of lens.

Objective

Alinfinity
Astronomical telescope in normal adjustment ad ;_4_‘_,__#__.\,1
(ii) Drawbacks : \, y

« Images formed by these telescopes have chroma.tlc abéﬁatloné

« Lesser resolving power. P —._\ v o
¢ The image formed is inverted and faintes. | "*5;..- '
(1) Magnifying power, m = b .
Given : Power of eyepiece, P = 10 Dh
re., f, =10 cm \ ™
Power of objective, P = 1. E m; ‘}ﬁg, = 100 cm
Power in normal_ﬁiﬂ] WI{H— -li%q =10

Question 87. )

(i) Draw a neat labelled ray diagram of a umlpaum.’ microscope. E: tp!am briefly its working.

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

Answer:

(i)

(a) Ray diagram of a compound microscope : A schematic diagram of a compound microscope is shown in
the figure. The lens nearest the object, called the objective, forms a real, inverted, magnified image of the
object. This serves as the object for the second lens, the eyepiece, which functions essentially like a simple
microscope or magnifier, produces the final image, which is enlarged and virtual. The first inverted image is
thus near (at or within) the focal plane of the eyepiece, at a distance appropriate for final image formation at
infinity, or a little closer for image formation at the near point. Clearly, the final image is inverted with
respect to the original object.
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Magnification due to a compound microscope.
The ray diagram shows that the (linear) magnification due to the objective, namely h’/h, equals
K _ L .
My = I = T ()

- (§)-(5

Here h’ is the size of the first image, the object size bcing h and fo being the focal length of the objective.
The first image is formed near the focal point of the eyepiece. The distance L, i.e., the distance between the
second focal point of the objectwe and the first focal point of the eyepiece (focaf 1engfﬁ f) is called the tube
length of the compound microscope. A S

As the first inverted image is near the focal point of the eyepleﬁe we use for the simple mlcroscope to obtain
the (angular) magnification me due to it when the final m}age is forme;d at the near point, 1s

D
m,=1+ ..(i1) “
When the final image is formed at infinity, the angular magmf' cation due to the eyepiece, me = (D//e)
m, = (D/f) ... (i),
Thus, the total magmﬁcatlon from equatlofl (1) and (m) when the image is formed at infinity, is

4

(b) Resolving power of a‘l:l'llCI'DSCD]}E’” '
sind

A
(i) The focal length of the objective lens has no effect on the resolving power of microscope.
(i) When the wavelength of light is increased, the resolving power of a microscope

Resolving power (RR).ee

decreases because RP « ' %

(11) The magnifying power of'a compound microscope is given by,

v D
mo=nggxm, = Lx|1+—
4

e

- _h x [1 + 2]
up = fo fe
Angular magnification (mp) of objective will be large when up is slightly greater than fy. Since microscope is
used for viewing very close objects, so u0 is small. Consequently fy has to be small.
Moreover, the angular magnification (m¢) of the eyepiece will be large if fj is small.

Question §8.
An illuminated object and a screen are placed 90 cm apart. Determine the focal length and nature of the
lens required to produce a clear image on the screen, twice the size of the object. (All India 2010)
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Answer:

According to the question,
i+ 1v=9cm ..(7)
2 = 2 = 7 =2 .. (1)
u

From equations (i) and (i1), we get
p=2%30cm=060cm

\ uv ...Here[ 4 = 30 em
As, f= e[

v=60cm
[T ]

o f= -1800 1800
v —30 - (+60) ~90
Nature of lens : Convex lens of focal length 20 cm is required.

=20 cm

Question 89.

The image obtained with a convex lens is erect and its length is four times the length of the object. If the
focal length of the lens is 20 cm, calculate the object and image distances. (All India 2010)

Answer:

f =20 cm, m=4 r
Nty
m= 2 =4 G =4y (1) A v
1" A"
A, \Fﬂﬁﬂj

Using the lens formula :

1_1_1 A NV
f v u ’“”‘\z.?%
1_1 1 1 _1-4_-3 &M y

Ef;:-&?_; = E_ 4u  4u
= -60 = 4u L u==15¢m \}
Puttmg the value of u in eqn (1), we get v= —w«%@

~ Object distance, u = 15 cm and

Image distance, v = 60 cm. X&w

Question 90.

A convex lens is us Wnagmﬁed image of an object on a screen 10 m from the lens. If the
magnification is 19, cal length of the lens. (All India 2010)

Answer:

Given :u=-10m, m= 19
For real image m =-19
v

m=;=-19 = v==19p
We have for a lens,
: O 1 1 19
e s = —=—t—
f v u f 10 10
1 20
= - e— = =0.5m
f 1 4

Question 91.

Draw a ray diagram to show refraction of a ray of monochromatic light passing through a glass prism.
Deduce the expression for the refractive index of glass in terms of angle of prism and angle of minimum
deviation. (Delhi 2011)

Answer:

Ray diagram : The minimum deviation Dm, the refracted ray inside the prism becomes parallel to its base,



we have

8 = D,, ie, which implies ry = r,

or 2r = A, = r=44,
Inthed=i+e-A
D, =2-A or ju WA+ D)

The refractive index of the prism is
1y, (Refractive index of 2 w.r.t. 1)

_n Si“[(A_+2D—m)}

A

For a small angle prism, i.e., a thin prism, D,
is also very small and we get

. [(A+D,)| (A+D,)
"21: = iu...l_[ : i 1 = é "Xﬁ
ZORERS
Dy, = (1 - 1) A \:Q%f

' .
"(\ L~ A

Question 92. M

Use the mirror equﬂﬁr; to show that

G

(a) an object placed between / and 2/ of a concave mirror produces a real image beyond 2f.
(b) a convex mirror always produces a virtual image independent of the location of the object.
(c) an object placed between the pole and focus of a concave mirror produces a virtual and enlarged

image. (All India 2011)
Answer:

(@) Using mirror formula, 1:1.1

v f u
Now for a concave mirror, f < 0 and for an
object on the left, u < 0

f<u<f or El},—>—>l

IS T - 1
2f uw  f
1 1 1 1 1 1 1 1
e e i f = <)
f 2f f uw f f 2f v

This implies that v < 0, formed on left. Also the above inequality implies 2f> v
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[2fl < |l .- 2f and v are —ve

1.e., the real image is formed beyond 2f.

(b) For a convex mirror, f> 0 and for an object on left, u < 0. From the mirror formula, 1v=1f-1u This

implies that Iv>0orv>0v

This shows that whatever be the value of u, a convex mirror forms a virtual image on the right.

(¢) From mitror formula : 1v=1f-1u

For a concave mirror, f < 0 and for an object located between the pole and focus of a concave mirror, f<u <

0

Lo B s 50 or = >0
f u f u u
i.e., a virtual image is formed on the right
1 1
Also —<— orv> lul
v lul
lml = 2= >1
lul

1.e., image is enlarged

Question 93.

A compound microscope uses an objective lens of focal length 4 cm and eyep:;gg% of focal length 10
cm. An object is placed at 6 cm from the objective lens. Calculate the magnifying power of the compound
microscope. Also calculate the length of the microscope. (All India 201 11 )m

Answer: ,mg.‘ -

Given fo =4 c¢cm, fo = 10 cm, up = -6 cm \"‘\M v’

Magnifying power of microscope

oy | D
» rﬁin[“ﬂ

11 1 - "’"‘\>
From lens formula, — = — - — :
fo 0 4 n i\«
N/
1 1 1 1 1 43%2%1
= —=e—f—— = = =
w fo ko 4 b (~Q‘\‘_{ 12 12
vo = 12 "\ ‘{\!ﬁbj

m= {]%%2):35:-7

Negative sign shows that image is inverted
Length of microscope, L = Iyl + Il

For eye lens l-—i—l: l:l_l
' }i' Ve W we v L
a oEamol L o oo =X o714 em
, 25 10 L 7

s L=log +Ipg) =12 + 7.14 = 19.14 em

Question 94.

A giant refracting telescope at an observatory has an objective lens of focal length 15 m. If an eyepiece
lens of focal length 1.0 cm is used, find the angular magnification of the telescope.

If this telescope is used to view the moon, what is the diameter of the image of the moon formed by the
objective lens? The diameter of the moon is 3.42 x 10° m and the radius of the lunar orbit is 3.8 x 10° m.
(All India 2011)

Answer:



Given : fo=15m, fe=10cm=0.01 m

(1) Angular magnification, m = I'l g 1500

®
f. 001
(11) Let d be the diameter of the image in metres Then angle subtended by the moon will be

__Diameter of moon _ 3.42x 10°
~ Radius of lunar orbit ~ 3 g, 10®

Angle subtended by the image formed by the objective will also be equal to a and is given by
Diameter of imageof moon  d

fo 1
d _ 342x10°
15 38x10*
Diameter of image of moon,
_ 342x108x15 _ 513 2
4= = gxi® a8 O
= 13.5 x 102 =13.5 em p
' . b,
Question 95. AN Y

A convex lens made up of glass of vefractive index 1.5 is dipped, in mm, \-uﬁg'
(i) a medium of refractive index 1.6,

(ii) a medium of refractive index 1.3. \3; /\%
tw u

(a) Will it behave as a converging or a diverging lens infthe
(b) How will its focal length change in the two media? (All India’2011)
Answer:

Given : %y, = 1.5 &‘j?\’\}

Let fui: be the focal length of the lens in air. 5
According to lens maker formula : x

m\f.\

\
N\

»



x 1. i
Rl RZ fmr{ls 1)

s B Al B
R1 Rz fair(o‘s} fair
(a) When lens is dipped in medium A :

Here “u, = 1.6 ..(Given)
1 1 1

— =(Ap “1][—-—*]

fa J Ry, R,

..where [f, is the focal length of the lens,
when dipped in medium A

1[I (L_L)
fa Ty Ry Ry
(15,12
= K'( l)fm
1 :(1.5—1.6J 2 -1x2 1

K L6 fair Iﬁ.ﬂnr Sfair _
fA "'afalr rd
As the sign of fi is opposite to that of fuir, the lens will béhave
(b) When lens is dipped in medium B : h
Here g = 1.3 ~
Let fz be the focal length of the lens, ﬁg{:\;
dipped in medium B. o %:%
2 ST IRPTY B S T 4\0\, 'f
fo g R, Ry \ W’
a ( % bv
1 Mg N
—— a ﬁdﬂ N
fp [ Hg TR R
. i=[l._5__]J("‘}z ]= [1.5—1.3] 2
fB L. fair _ 1.3 fai:
2
= —X2=—
31

13
" fB = T = 3'ZE-’fair

As the sign of fi is same as that of /air, the lens will behave as a converging lens.

Question 96.

diverging lens.

G

A converging lens has a focal length of 20 cm in air. It is made of a material of refractive index 1.6. It is
immersed in a liquid of refractive index 1.3. Calculate its new focal length. (All India 2011)

Answer:
According to lens maker formula :
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P lé_i]xi
fw 1 12 A
16-13 1 3 1 1 >
= — O — ] —— T — a |
( 13 J" 2 1B 12 5 . \
New focal length, fw =52 cm \.—5

Question 97. (
A convex lens made up of glass of refractive index 1.5 Wﬂ, in turn, in
(i) a medium of refractive index 1.65,

(ii) a medium of refractive index 1.33. 4}’\

(a) Will it behave as a converging or a diverg in the two cases?

(b) How will its focal length change in t *; (All India 2011)
Answer: : K

) 6\




Given : %, =15

1 1 1
—m i, = 1) ————
fair He [ Ry Ry )
...where [f,;, is the focal length of the lens in air
[L : _1_} N S—
R, R, fair("pg -1) fa:r(l's -1)
1 2
= = ()
fair(0.5) fair
(i) When lens is dipped in medium A : *u, = 1.65

«..{Given)

1 1 1
A=y
fa § 7Ry Ry
...where [f, is the focal length of the lens when dipped
in the medium A

1 | "By [ 1 1 ]
a2 Al
fa ["HA ] Ry R,
= J..:[i_]_]x E
.fh 1.65 .’;ir
(0.9090 — 1) x -2
fn‘r
_ (-0.09090)x2 __0.18

f;ir fm -
oo fa=-53fair

-

Hence the lens will behave as a diverging l_gr§'".~ A 2
(ii) When lens is dipped in medium B, apB=1.33’

1 1 NV
fa 8 A _ er’ Eﬁ—
...where [fy is ﬂuemqle:‘lxtﬁﬁ the lens in medium B

(-

_ ( 1.5 _1) 2
133 fair
_017x2 _ 0.4

C133f, 133

133
= =30 fy

Hence the lens will behave as a converging lens.
Question 98.

SSREY

P

Gl

You are given three lenses L; L; and L; each of focal length 20 cm. An object is kept at 40 c¢m in front of
L, as shown. The final real image is formed at the focus T of L;. Find the separations between L, L and

Ls.



G

Ly

A

ol e

A
20cm/ \fm
Answer:
For lens L,
fi =20 cm, u, = —40 cm

A ) A
B’ 4
SReer
A
3 —

40cm 40 cm }20 cm 20 cm
1 1 1 1 1 1
AS —=——=— . — e
f[ v]_ ul 2{) 01 —40
= v, =40 cm A
f5 =20 cm, vy = 20 cm, oA"Y,
} 1 1 1 _ 1 1 .

_'J)

—1
f:; 03 H3 2{} 20 ua

This shows that for lens L> the object should be at focus ﬁf that le
Hence the distance between L1 and L> =vi + £ =40 + 2@&— 60 cm”
It clearly indicates that the distance between L2 and La can have any value.

-

Question 99. i 1.4
You are given three lenses Ly L; and 493 *’mcﬁ fooml length 15 cm. An object is kept at 20 c¢m in front of
L), as shown. The final real i xmage s fh{ﬂ:ﬁd at the focus ‘I’ of L. Find the separations between L,

L;and Ls.

t N ﬁﬁ.r\ |
S =

Answer:
Let f1 f2 and f3 be the focal length of three lenses.
Forlens L :u=20cm

—_————— e = —=—=— =7, =60cm
fi v, ow v 15 20 !

Now for lens L;, v; = 15 cm, f; =15 cm, uy = ?

It shows that lens infinite.

Hence for lens L, image is formed at a distance of 15 cm from L,
+ the focus of Lo i.e. u2 =15 cm

Now, to calculate the distance between L and L2,
ur+H2=60+15=75¢cm

Distance between Lz and Lz = va2 + v3 = oo or can be any value.
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Question 100.

A fish in a water tank sees the outside world as if it (the fish) is at the vertex of a cone such that the
circular base of the cone coincides with the surface of water. Given the depth of water, where fish is
located, being ‘h’ and the critical angle for water-air interface being ‘i.’, find out by drawing a suitable
ray diagram the relationship between the radius of the cone and the height ‘h’. (Comptt. Delhi 2012)
Answer:

Let the fish beat point B, and OA is the base of the water

In AOAB, tan i, = + = i, = lan"(%)

o

-
Question 101. C w
Draw a ray diagram to show the formation of the image of an object Ihc:*ml the axis of a convex
refracting surface, of radius of curvature ‘R’, separating thegwo ﬁ%@ refractive indices “n; and ‘n;
(nz > ny). Use this diagram to P {H
deduce the relation nz; /v —n;/u = (n:—ny) /R, where # and v represent respectively the distance of the
object and the image formed. (Comptt. Delhi 2012) k/
Answer:

In ANOC, i is an exterior angle, | \
)

S o i=aty =

Similarly, from ANIC, we have K}B
= + = =
y=r+f K g

1

Suppose all the rays are paraxial
Then the angles i, r, a, P and y will be small
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NM NM
=fanNYyY = —m = — P is ¢l to M
Y 15 ap T
NM NM
ot B p i ol
MP NM
=t = —= —
T=1nT= N6 T PC
From Swnell’s law of refraction, ——— = B
sint
As 1 and r are small
i M ;
. — == S Wi=l7
T e

= la+y=p -

- NM  NM NM NM
M1 1or T pC Ll ol

Mmoo B M RO Ol .
Op PC PC PI.  OP PI PC 0
Using new Cartesian sign convention, we find A v
Object distance, OP = —u, s I
Image distance, Pl = tv v
Radius of curvature, PC =+ R
Moy M- |- L . (o ; (,}
-u v R VU __
Here given W =mn and My =11, - N’
”"\ %‘1 >
So equation becomes 2. 4. ﬂflﬂ \ %4
Question 102. | % i“""—,‘_ “i
Answer the following: Mo, | N

(i) Do the frequency and )wurelgn h Ehnnge when light passes from a rarer to a denser medium?
(i u) Why is the value of the arggt‘e 0 ‘deviation for a ray of light undergoing refraction through a glass
prism different for Menﬁurs of light? (Comptt. Delhi 2012)
Answer: \
(1) Frequency remains safie.
While wavelength changes by A/m
(1) Deviation produced by small angles prism,
S=u-1A8 = -1A,8,=(p,-1DA
Hence §, < §,

Question 103.

Define power of a lens. Write its S.L units. Two thin convex lenses of focal lengths f1 and f> are placed in
contact coaxially. Derive the expression for the effective focal length of the combination. (Comptt. Delhi
2012)

Answer:

Power of a lens is defined as the ability to converge a beam of light facing on the lens

= 1
Since P =
f

Its S.I. unit is dioptre (D)
Let Cy, C2 be the optical centres of two thin convex lenses L and Lz held co-axially in contact with each
other in air.
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Suppose f1 and f2 are their respective focal lengths Let a point object O be placed on the common principal
axis at a distance OC; =u

The lens L alone would form its image at I" where CiI’ = v’

From the lens formula for L,

1 1 1

v u fy i)

I’ would serve as a virtual object for lens L, which forms a final image I at a distance of
Cil=v

As the lenses are thin, therefore, for the lens Lo,

u=il’'=CiIr=v’

From the lens formula for L2,

1 1 1 "
; = ;;: = -ﬁ_ i) pry
Adding equations (i) and {ii), we get €.
1,.1_1 1
Let the two lenses be replaced by a single lens of focal length f' \ﬁmchforms image [ at distance v, of an
object at distance u from the lens |

For this lens,

e
F

Question 104. % -
Draw a ray dmgmmxbmgmg ﬂw parh of a ray of light entering through a triangular glass prism. Deduce
the expression for the refmcnvc index of glass prism in terms of the angle of minimum deviation and
angle of the prism. (Comptt. All India 2012)

Answer:

A ray PQ 1s incident on the face AB of prism at 21 and effected along QR at 2r. The angle of incidence
(from glass to air) to the second face is Y and the angle of refraction or emergence is i’.

The angle between the emergent ray RS and incident ray in the direction PQ is called the angle of deviation
3.



Gl

In the quadrilateral AQNR,

£Q and £R are right angles _
o ZA + ZONR = 180° ()
and in AQNR

r+7r + ZQNR = 180° ...(#)
Comparing these equations, we get

r+r = ZA
Alsod=ZMQR + ZIMRQ =i—-r+ i -7+

=i+ -(r+7r)

Sd=i+1- LA
In the minimum deviation position, i = ¢, r = ¢
and 8§ =3,
vor+r=A .'.r=i

2

and 8, =i+i-A i= A

Question 1 05

Jformed at the near pumr.

Define the resolving power of a microscope. Write two factors by whuh rgsc;ln’ﬁtg“pmver can be increased.
(Comptt. All India 2012) e

Answer: A 23 U

(a) Ray diagram of a compound microscope : A schematic- dtagmm Qf a““compound microscope is shown in
the figure. The lens nearest the object, called the objective, forms areal, inverted, magnified image of the
object. This serves as the object for the second lens, the eyepiece, which functions essentially like a simple
microscope or magnifier, produces the final image,mhich 1 is enlarged and virtual. The first inverted image is
thus near (at or within) the focal plane of the eye iﬁce \at a distance appropriate for final image formation at
infinity, or a httle closer for image formatlon att e fear point. Clearly, the final image is inverted with

respect to the original object. e U 4

A" : g .
Magnification due to a compound microscope.
The ray diagram shows that the (linear) magnification due to the objective, namely h’/h, equals

my = =;{'; (D)

s (319

Here h’ is the size of the first image, the object size being h and fj being the focal length of the objective.
The first image is formed near the focal point of the eyepiece. The distance L, i.e., the distance between the
second focal point of the objective and the first focal point of the eyepiece (focal length f.) is called the tube
length of the compound microscope.
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As the first inverted image is near the focal point of the eyepiece, we use for the simple microscope to obtain
the (angular) magnification me due to it when the final image is formed at the near point, is
D i
m, =1+ ...(fi)
* f

When the final image is formed at infinity, the angular magnification due to the eyepiece, me = (D//e)
m, = (D /£) £} . (i)

Thus, the total magnification from equation (i) and (iii), when the image is formed at infinity, is

m = mgym, —{7- 7-]

(b) Resolving power of a mlcroscope

Resolving power (RP) e us;‘na

(i) The focal length of the objective lens has no effect on the resolving power of microscope.
(i1) When the wavelength of light is increased, the resolving power of a microscope

decreases because RP « . %

Definition of resolving power: Resolving power of compound microscope is defined as reciprocal of the
smallest distance between two point objects at which they can be just resolved when sﬁ.gn through
microscope. ; ’

Limit of resolution, d = =22t
2usin@ v
Resolving power of a microscope o a L AN
1 2Zusin®
" dmn  122R {

o . A = Wavelength of light used.
6 = Half the angle of cone of hghl frem'uaﬁ

point object.
p = Refractive index of the mfdn!m be{ween the

point object and the\obiecﬂvg of the microscope.

It can be increased by A
. increasiﬁg_the-giameter of objective lens upto a certain limit;

» using light 6f smaller wavelength.
¢ having a medium of higher refractive index.

Question 106.

Draw a ray diagram to show the formation of image by an astronomical telescope when the final image is
formed at the near point. Answer the following, giving reasons:

(i) Why the objective has a larger focal length and a larger aperture than the eyepiece?

(ii) What would be the effect on the resolving power of the telescope if its objective lens is immersed in a
transparent medium of higher refractive index?(Comptt. All India 2012)
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Answer:

objective _-" AN _~-~"| eye piece

lens - -~
-

A D
Least distance of distinct vision

Magnifying power (MP), m = u{.:-[1+ fﬁe)

1. Objective of larger focal length and large aperture gives higher magnification.
2. Resolving power will increase.

>

Question 107. v
Draw a labelled ray diagram of a refracting telescope. Define its magn ﬁ;mg,pWEr um! write the

expression for it.
Write two important limitations of a refracting telesc frpe avc# ¢ rqffatmg t}pe telescope. (All India 2013)

Answer: /
Refracting telescope : i )

Magnifying power. It is defined as the ratio of angle (B) subtended by the final image on the eye to the angle
(¢t) subtended by object on eye.
M = tanB _ (E}
tana (o
Magnifying power

W= =B for combortable view)

¢

= :& i] i
; [1-1- 5 (for strained eye)

Limitations of refracting telescope over a a reflecting type telescope :

1. Tt suffers from chromatic aberration due to refraction and hence the image obtained is

multicoloured and blurred.
2. As alens of large apparatus can’t be manufactured casily, its light gathering power is low and
hence can’t be used to see faint stars.
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Question 108.

A small bulb (assumed to be a point source) is placed at the bottom of a tank containing water to a depth
of 80 cm. Find out the area of the surface of water through which light from the bulb can emerge. Take
the value of the refractive index of water to be 4/3. (Comptt. Delhi 2013)
Answer:

4

Given : Depth = 80 cm = 0.8 m, Bo= 3

We know at i = i_, the rays will be refracted along
the surface

i 1 1 3

= m—=m = =7

sin (i) RrYERY 0.75

Zi, = 48.6°

AB is the radius (r) and OA is 4

r
W
- -] T I [ 4
BT T
’= : s 80cm A
| ~>
l A Y
& S g - A ‘wﬂ;w
M v
AN
AB _ r , ) / “
In AAOB, — =— =tan i_ = tan(48.6°) = 1.1 -
OA 08 : &
r=11x08 =088

s Area=mr? =314 (088)2 24m2‘<>

Question 109. P(é X
(a) A small telescope has an objecti f ﬁ:caf fength 140 cm and an eye-piece of focal length 5.0 cm.
Find the magnifying power af«q;t lescope for viewing distant objects when

(i) the telescope is in norhqaf %9 tment,
(ii) the final image’i: e least distance of distinct vision.

(b) Also find the sepurm‘mn between the objective lens and the eye-piece. (Comptt. All India 2013)
Answer:
(a) (i) For normal ad]ustmenl :
m= o140 _og
fe S
(11) When the final image is formed at the least distance of distinct vision,

m = %(1+%~] L (1+ 5]

S T2
= 28 [1+-;-] =28 x 12 = 33.6
(b)

(i) For normal adjustment separation = (fo + f:)
(11) For least distance of distinct vision

Question 110.

An equiconvex lens of refractive index u;, focal length ‘f’ and radius of curvature ‘R’ is immersed in a
liquid of refractive index uz. For

(i) puz ps, and
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(i) p2 < ur, draw the ray diagrams in the two cases when a beam of light coming parallel to the principal
axis is incident on the lens. Also find the focal length of the lens in terms of the original focal length and
the refractive index of the glass of the lens and that of the medium.

(Comptt. All India 2013)

Answer:

(i) The ray diagrams are as shown below:

Hzp
[
> | 7L>\ ‘ m
Figure (i) b, < 1, Figure (ii) p, >,
4 1 ] 1 1 1 1
"y o= =1 _'__'_':_‘:( —1)(———}
i) += G )[Rl Rz] R [
1 1 1
ol
j_l_= 1 R, _Rz - &=(].l|-1) F
2 (ny —1) 11 i (-1 oy
f o Ry R, ¥ 3Y
(y =1) AN
Hence f, = X f, C ;
( 2 1) p ~ :.3‘::-:‘
N AT
Question 111. i Yo

! )
(a) Draw a labelled ray diagram showing the forma.tion\h%ﬁhul image by a compound microscope at
least distance of distinct vision. &\
(b) The total magnification produced by a co d’microscope is 20. The magnification produced by
the eye piece is 5. The microscope is focusséd on a'certain object. The distance between the objective and
the eyepiece is observed to be 14 cm. I least distance of distinct vision is 20 cm, calculate the focal length
of the objective and the eye picce. (Delhi; 014)

Answer: < 7\
(a) Ray diagram of a compou

‘microscope : A schematic diagram of a compound microscope is shown in
the figure. The lens“ﬁweﬁfﬁﬁi ect, called the objective, forms a real, inverted, magnified image of the
object. This serves as the object for the second lens, the eyepiece, which functions essentially like a simple
microscope or magnifier, produces the final image, which is enlarged and virtual. The first inverted image is
thus near (at or within) the focal plane of the eyepiece, at a distance appropriate for final image formation at
infinity, or a little closer for image formation at the near point. Clearly, the final image is inverted with
respect to the original object.

A

Magnification due to a compound microscope.
The ray diagram shows that the (linear) magnification due to the objective, namely h’/h, equals
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ny = 5;1- = }'; () R

e (J-(6

Here h’ is the size of the first image, the object size being h and fi being the focal length of the objective.
The first image is formed near the focal point of the eyepiece. The distance L, i.e., the distance between the
second focal point of the objective and the first focal point of the eyepiece (focal length f:) is called the tube
length of the compound microscope.

As the first inverted image is near the focal point of the eyepiece, we use for the simple microscope to obtain
the (angular) magnification me due to it when the final image is formed at the near point, is

m,=1+ ?— ...(i1)

When the final image is formed at infinity, the angular magnification due to the eyepiece, me = (D//e)
m, = (D f i ...(ifD)

Thus, the total magnification from equation (i) and (iii), when the image is formed at infinity, is

= o= (52)

~
(b) Resolving power of a microscope : " \‘ ‘
Resolving power (RP) « X Sina Gl

(1) The focal length of the objective lens has no effect on the, resglwngpower of microscope.
(ii) When the wavelength of light is increased, the resolvmg powég of‘a microscope

decreases because RPP o< %

(b) For eye piece, m, = 2%, p = 2¢ = —29;_4 o
u, R '
Also ek, = k- -‘-a-—-al-._;{.\\.r -iv: 5cm
oo Ve M fo, W W4

m=m,xm, A =¥—-’2@=5xm = m, =14
Also, IvI+IueL-,-14-——>ub-—(14 4) 10cm

mt,—-l——v— = ~4= 1-%)—=>fﬂ =2 cm
0 ' o0

Hence Focal length of objective = 3.5 cm and Focal length of eyepiece =5 cm

Question 112.

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

(b) Suppose the lower half of the concave mirror’s reflecting surface is covered with an opaque material.
What effect will this have on the image of the object? Explain (Delhi 2014)

Answer:

(a) The formation of image is shown in the
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B’

A E
The magnification is not uniform and image is distorted because of the reason that the parts of mobile are
situated at different distances from the mirror.
(b) When lower half of the concave mirror’s reflecting surface is covered with an opaque material, the image

will be of the whole object, i.e. mobile. However, as the area of the reflecting surface has been reduced, the
intensity of image (brightness) will be reduced to half.

Question 113.

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 at 15 cm from each other. A point object lies 60 cm in front of the convex lens.
Draw a ray diagram to show the formation of the image by the combination. Determine the nature and

position of the image formed. P e
Answer: \ y
. s A Ve, -
Given:ff=20cm, f, = T’“ = 10 ¢m, P =X,
e ":‘\,‘L_ ! .5"}\""’@\- »

(i} For convex lens, u = —60 cm, '\'-'-._K_.,_*""
.fr =20 em, =7 :h :
1ol 1
f v i
1 Ll ! 1 3-la\2 YT
v 7w 20 —60 M0 60 30

v = 30 cm Kﬁ"', ) Vid
(i1} For convex mirror. = N\ ¥
Now u-3l] 15--«-15 cm, f=10 em

B 41 1

}5 :}1‘ o f u

The image I, is formed behind the mirror and acts as a virtual object for the convex mirror; and finally
image I is formed, which is virtual between focus and pole of mirror.

I
e 80 cm ———3¥ 30 cm——25
e—lﬁcr_n—:-

Ray diagram
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Question 114.

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. A beam of light coming parallel to the principal axis is incident
on the convex lens. Find the position of the final image formed by this combination. Draw the ray
diagram showing the formation of the image. (All India 2014)
Answer: ~
Given : u = oo, f, =20 cm,

f,=10cm, d=50cm

(1) For convex lens

11 _1 or 2w il
v u f v f u
1 1 1 1
- = +—=— csov=20cm
‘ v 20 20
(i1) For concave mirror
u=50=20=-30 cm, f=-=10cm

s e

< 50 cm .~
Final image is real and lies between F;&;ﬁ‘%ﬁoma\-’e mirror.

b

Question 115. A

A convex lens of fo Hengﬂﬁgg,t'm is placed coa_uaf!y with a convex mirror of radius of curvature 20
cm. The two are ke%ﬁﬁmpaﬂ 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 diagram showing the image formation.
(All India 2014)

Answer:
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Given: fi=20cm, f, =

d=15cm, u=40cm
(i) For convex lens, u=-40cm, fj=20cm, v="7

QO . | OF = = e

f v o v f u
13,1 1

or —_— s v =40 cm

L

v 20 -40 40

(ii) For comvex mirror
u=40-15=(-)25 em,
(a) as per Cartesian sign convention f= 10 cm
(b) lens and mirror are parallel 15 cm apart

Question 116. ) %

A ray PQ is incident narmaﬁy on the face AB of a triangular prism of refracting angle of 60°, made of a
transparent material of vefractive index 2/3-\, as shown in the figure. Trace the path of the ray as it
passes through the prism. Also calculate the angle of emergence and angle of deviation. (Comptt. Delhi
2014)

A

P 60°

B C

Answer:
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If 1, is the critical angle for the prism/material,

Hence, refracted ray grazes the surface AC as ic =1 .
« Angle of emergence = 90° PR
and Angle of deviation = 30° iws/

Question 117.
(i) A giant refracting telescope has an objective lens of foctl k m If an eye piece of focal length
1.0 cm is used, what is the angular magnification of the telescop

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

(Delhi 2015) ‘\V
Answer:

(i) Let : fo = focal length of objective s"ﬁ;

f. = focal length of eye lens = 1. 0 c %‘“

Angular magnification (m)

f0 15nf~’ &%!,500

(i)
g - A fo——1,

C = By

A

L

Angular size of the moon

- [‘HBX 10° ] o 548 x 1072 radian

38x10% | 38
Angular size of the image
(334.5‘ x102 x 1500) - [1‘? x 15) radian

Diameter of the image = (-%-E-S- X ls)x focal

length of eye piece = ( Jx 1 cm
13.7
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Question 118.

Define the term ‘critical angle’ for a pair of media.

A point source of monochromatic light °S’ is kept at the centre of the bottom of a cylinder of radius 15.0

cm. The cylinder contains water (refractive index 4/3) to a height of 7.0 cm. Draw the ray diagram and

calculate the area of water surface through which the light emerges in air.

Answer:

(a) Critical Angle : For an incident ray, travelling from an optically denser medium to optically rarer

medium, the angle of incidence, for which angle of refraction is 900, is called the critical Angle.

] " . _‘E ( 1J
L= ——r or i, =sin"" | =
sin I, J H
(b
) A
4
@ (i)
7 cm
B 7 c
1 i 'S
= Sinr. ~ 3 e e,
3 AB A
. sin I' E —_C A ‘-m‘f@
f,;? ‘_2—

=
%]

- \16-9=17 \?& >

BC 7 A
AC

oS i, = olml taan!‘,=§--=1}—a kﬂ y
From figure, ;
. 3 x \>
t = -;-r- = - X = i\\’
an i, = = T == J_ t‘n%

Area = mx? = 631 cm? K‘:}ﬁ,
~ The Area of water surface through ¢ light emerges in air is 631 m>

Questlon 119.

Which two of the fo]lowmg\m&aﬁ and Ls will you select as objective and eyepiece for constructing best
possible N

(i) telescope \
(ii) microscope? Give redson to support your answer. (Comptt. Delhi 2015)
Lens Power (P) Aperture (A)
L, 6D 1em
L, 3D 8 cm
L, 10D 1cm
Answer:

(1) Telescope : L2 : objective, Lz = eyepiece
Reason : Light gathering power magnifying power will be larger.

(1) Microscope : L3 : objective, L) = eyepiece
Reason : Angular magnification is more for short focal length of objective and eyepiece.

Question 120.

(a) Write the factors by which the resolving power of a telescope can be increased.

(b) Estimate the angular separation between first order maximum and third order minimum of the
diffraction pattern due to a single slit of width 1 mm, when light of wavelength 600 nm is incident normal
on it. (Comptt. All India 2015)
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Answer:
(a) Factors for increasing the resolving power of telescope : The resolving power of a telescope is given by,

BY'= 1557
where, |4 = diameter of aperture of objective lens
A = Wavelength of light used
From the above expression, we conclude :
(i) RP = d, so by increasing aperture of
objective lens, R.P is increased.

(i) RP = 1} so by decreasing the

wavelength of light used, R.P is
increased. )
(111) Resolving power is independent of focal length of objective lens.

(b) Given:a=1mm= 1 x 10°m,
A =600 nm = 600 x 10”m
(/) Condition for minima is,

asin 8, = nk or a sin 8, = 3\ s
= P ."s:d'-{j
[ 3] e e
35 . A QS
0= 2 00) e
[~ for small angles, sin 6 = 6] A r'ﬁ»_{’”‘_’fﬁ '
(i) Condition for maxima is, P \}\;{ :E '
. A i y
asin 6, = (2n + 1) 5 =8 =1] %;_.Qmw
o 31 3 _-:'"'?-\%
asin @, = 5 ~\ &
» ; B
3A o
8= 2g X “\ i)
» for small glg sin 8-~ 0]
From the equahon&‘{f) am?% we have
—i . 32
- - T 2-T-F

Putting the value of A and'a, we have

3 x (600 x107%) .
AB = T = 9 x 10~ radian

Angular separation = 9 x 10~* radian

Question 121.
(a) Calculate the distance of an object of height ‘h’ from a concave mirror of radius of curvature 20 cm,
50 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)
Answer:
{a) Given : R = -20 ¢m and magnification
=-2
Focal length of the mirror f R2=-10cm
Magnification (m) =
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- = = v =2u
u
Using mirror formida
11,1 11,1
f v u 10 2u wu
1 3
il = 2u=-30
= #=-15¢m
. v=2x-=15cm =-30 cm
1. 1
b) —=—+—
()f L2

Using sign convention, for convex mirror, we
have f>0, u <0

Using the formula l . -
f u
« f'is positive and u is negatwe,
= v is always positive, hence image is always virtual. A
Question 122. ey

Draw a schematic ray diagram of reflecting telescope showing how rays cam%émm’ a distant object are
received at the eye-piece. Write its two important advantages over a reﬁaggg& scope. (Delhi 2016)

Answer:
Reﬂectmg telescope. Telescope with mirror objectives is callet reﬁ g,,telescope This is also known as
C assegram telescope / Newtonian telescope. The ray diagram o g type telescope is shown in figure.
Ob|eclwe mirror
dustant

object gecondary
mirror &

Advantage over refracnng teleSBD

" z

1. Since reﬁ@cting‘telescope has mirror objective, so the image formed is free from chromatic
aberration.»

2. Since the spherical mirrors are parabolic mirrors, free from spherical aberration, they produce
a very sharp and distinct image.

Question 123.

Explain the following, giving reasons :

(i) When monochromatic light is incident on a surface separating two media, the reflected and refracted
light both have the same frequency as the incident frequency.

(ii) When light travels from a rarer to a denser medium, the speed decreases. Does this decrease in speed
imply a reduction in the energy carried by the wave?

(iii) In the wave picture of light, intensity of light is determined by the square of the amplitude of the
wave. What determines the intensity in the photon picture of light? (All India 2016)

Answer:

(1) Reflection and refraction arise through interaction of incident light with atomic constituents of matter
which vibrate with the same frequency as that of the incident light. Hence frequency of reflected and
refracted light both have the same frequency as the incident frequency.
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(i1) No, energy carried by a wave depends on the amplitude of the wave and not on the speed of wave
propagation.

(111) For a given frequency, intensity of light in the photon picture is determined by the number of photons
incident normally on crossing a unit area per unit time.

Question 124.

A convex lens, of focal length 25 cm, and a convex mirror, of radius of curvature 20 cm, are placed co-
axially 40 cm apart from each other. An incident beam, parallel to the principal axis, is incident on the
convex lens. Find the position and nature of the image formed by this combination. (Comptt. All India
2016)

Answer:

The given ‘setup’ is as shown

The object, being at infinity, the image formed by the convex lens, is at its focus, i.e. 25 cm from the lens.
This image becomes the ‘object’ for convex mirror.

Now, for the convex mirror

Object distance = (40 —25) cm = 15 cm

Radius of curvature, R = 20 cm

u=-15cm, R=+20cm e
Using the mirror formula : P,
1.1 31 2 AN Y
——= ==, ;r_T"@-g:d
U u f R il L Ty Qﬁ

s U= +6 cm lﬁ'\\l
The final image is, therefore, a vitrual image that appears to be formed (behind the convex mirror) at a
distance of 6 cm from it.

Question 125.
(i) A ray of light incident on face AB of an equilateral glass prism, shows minimum deviation of 30°.
Calculate the speed of light through the prism.

A
B C
(ii) Find the angle of incidence at face AB so that the emergent ray grazes along the fauce AC. (Delhi
2016)
Answer:

(1) Given : For equilateral glass prism £A = 60°, £6m = 30°
We know
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(]
i
e
“
i
Bl
I

A]sou=;=>v= ms™!

[3%]

=2122x108ms? [ ¢c=3x10° ms]
(if) Given that the emergent ray grazes along the
face AC '

B C ’*@;\}

At face AC, let the angle of incidence bg Q’E&.,g&*az'ing ray e =90°
J = 45°

: = r, = sin.
sinr £ P

Let angle of re ri-&n\ Mc:e AB be r;
Now ry + 1, = fﬁg&*

.o Tl-'—'A-l’z =Im°’""450=150

Let angle of incidence at this face be

= =

_sini
©osinp
= J2=—21_orsini= +2(sin 15%)
sin15°¢
= 42 x 0.26 = 0.364
Zi= 21"

Question 126.

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

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

Answer:

(a) Given : Wavelength of monochromatic

light, . = 589 nm = 589 x 10m,
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Refractive index of water, u = 1.33,

Speed of light in air, ¢ =3 x 10* ms™'

Frequency of light does not depend on the property of the medium in which it is travelling. Hence, the
frequency of the emergent ray in water will be equal to the frequency of the incident or emergent light in air.

¢ 3x108
~ Refracted frequency v = e
=509 x 1014 Hz

Speed of light in water is related to the refractive index of water, as :

¢ 3x108
= —= = 2.26 x 10 m/s
Wi J
Wavelength of light in water is given by the relation,
- Yo 226x10° _ 44s 007 x 10 m
v 5.09x10
= 444,01 nm

(b) Given : R, = =R, = R, p = 1.55,
f=20em =20 x10?2m, R=?

We know
1=[a_1}[;_1_]
folm Ry R; e
;R -1||=
20 %10 1 R Gy

On solving, we get, R=22 x102m=22cm A

Question 127. 4

(a) Draw a ray diagram depecting the farnmtmn 0_{ Ihe mm:g‘e bv an astronomical telescope in normal
adjustment.

(b) You are given the following three lensesy anch ﬂvo lenses will you use as an eyepiece and as an
objective to construct an acrrﬂnmmcai Ieieempg? Give reason. (All India 2017)

A

Lenses %\Eer (D) Aperture (cm)
L2 | 6 I

Ls 10 1
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Answer:
(a) Ray diagram of Astronomical telescope :

— Cb]ectlve h—-———f; S Eyepie(‘e

S

(b) Objective Lens : Lens L;

Eyepiece Lens : Lens L2

Reason : The objective should have large aperture and large focal length; while the eyepiece should have
small aperture and small focal length.

Question 128.
(a) Draw a ray diagram showing the formation of image by a reflecting relqmpﬁf;’

(b) Write two advantages of a reflecting telescope over a refrtutmg relempe (All India 2017)

Answer: >

Reflecting telescope. Telescope with mirror objectives is, eaf[ed re_{leenng telescope. This is also known as
Cassegrain telescope / Newtonian telescope. The ray dla%ram of reflecting type telescope is shown in figure.

Ra
fro‘r:} “S. Objective mirror .,
/'2 ) ‘t\.-b_ :

W

Y

Advantage over refraQ,Url éﬁléﬂ@pe

N\

1. Since reﬂeé‘l'mg telescope has mirror objective, so the image formed is free from chromatic
aberration.

2. Since the spherical mirrors are parabolic mirrors, free from spherical aberration, they produce
a very sharp and distinct image.

Question 129.
(a) Draw a ray diagram for the formation of image by a compound microscope.

Lenses Power (D) Aperture (cm)
L; 3 8
La 6 1

Ls 10 1
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(b) You are given the following three lenses. Which two lenses will you use as an eyepiece and as an
objective to construct a compound microscope?

(c) Define resolving power of a microscope and write one factor on which it depends.

(All India)

Answer:

(a) Compound microscope :

(a) Ray diagram of a compound microscope : A schematic diagram of a compound microscope is shown in
the figure. The lens nearest the object, called the objective, forms a real, inverted, magnified image of the
object. This serves as the object for the second lens, the eyepiece, which functions essentially like a simple
microscope or magnifier, produces the final image, which is enlarged and virtual. The first inverted image is
thus near (at or within) the focal plane of the eyepiece, at a distance appropriate for final image formation at
infinity, or a little closer for image formation at the near point. Clearly, the final image is inverted with
respect to the original object.

Jeef e frf\
& |, | Eyepiece

L/

- -- :I.'_ _,;.'.'-'-.'.[.)..__.__,_..___q

Magnification due to a compound microscope. 4
The ray diagram shows that the (linear) magmﬁcatmn duc torthic objective, namely h’/h, equals

} _L A N

hnB=[%}{%] jﬁifﬁ

Here h’ is the size of the first lmage, the object size being h and fo being the focal length of the objective.
The first image is formed‘neat the, foeal point of the eyepiece. The distance L, i.e., the distance between the
second focal point ofithe. OE:geC'tWE and the first focal point of the eyepiece (focal length fc) is called the tube
length of the compound, MICrOSCope.

|

As the first inverted image is near the focal point of the eyepiece, we use for the simple microscope to obtain
the (angular) magnification me due to it when the final image is formed at the near point, is

m, =1+ % )

When the final image is formed at infinity, the angular magnification due to the eyepiece, me = (D//e)
m, = (D J£) £¥ (i)

Thus, the total magnification from equation (1) and (ii1), when the image is formed at infinity, is
m= mym, = (L X D]
0" e Tf; _ Te- |

(b) Objective : Lens L3 Eyepiece : Lens L2

(c)
Resolving power of a microscope :

Resolving power (RP) e us}i\ne
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1. The focal length of the objective lens has no effect on the resolving power of microscope.
2. When the wavelength of light is increased, the resolving power of a microscope

decreases because R « ' 1‘][

Question 130.

An optical instrument uses eye-lens of power 16 D and objective lens of power 50 D and has a tube length
of 16.25 cm. Name the optical instrument and calculate its magnifying power if it forms the final image at
infinity. (Comptt. Delhi 2017)

Answer:

The optical instrument is Compound Microscope.

Given:P,=16D, L = 1625 cm, P, =50 D
We know, f= =

100
Y — .? A = 2 m
A = 6.67 ¢m, f = C

D=25cm
The magnifying power of compound microscope -
iS _.-‘"""_‘_J =2 _‘}
1 D _ 1625 25 AN

m——x—=u=--x—=-= = 30.45 )
f;. 2 O 6 67 - ;-,;_._,'r,'._..! -

Question 131. L N
Answer the following questions: A

(a) Plane and convex mirrors produce virtual i images of oﬁf’ﬁcm Can they produce real images under
some circumstances? Explain N\ "o -

(b) A virtual image, we always say, cannot hg cd g"lﬂ' on a screen. Yet when we ‘see’ a vitrual image, we
are obviously bringing it on to the acg;eeu (TfM e retina) of our eye. Is there a contradiction?

(c) A diver under water, looks obligue  at'gfisherman standing on the bank of a lake. Would the
fisherman look taller or shorterﬁg r;rs er than what he actually is?

(d) Does the apparatus depth )f' « tanik of water change if viewed obliquely? If so, does the apparatus
depth increase or degreas sé2 |

(e) The refractive index ofﬂramnnd is much greater than that of ordinary glass. Is this fact of some use to
a diamond cutter? (C. omptt Delhi 2017)

Answer:

(a) Rays converging to a point ‘behind’ a plane or convex mirror are reflected to a point in front of the
mirror on a screen. In other words, a plane or convex mirror can produce a real image if the object is virtual.

Convince yourself by drawing an appropriate ray diagram.

(b) When the reflected or refracted rays are divergent, the image is virtual. The divergent rays can be
converged on to a screen by means of an appropriate converging lens. The convex lens of the eye does just
that. The virtual image here serves as an object for the lens to produce a real image. Note, the screen here is
not located at the position of the virtual image. There is no contradiction.

(c) Taller

(d) The apparent depth for oblique viewing decreases from its value for near-normal viewing. Convince
yourself of this fact by drawing ray diagrams for different positions of the observer.
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(e) Refractive index of a diamond is about 2.42, much larger than that of ordinary glass (about 1.5). The
critical angle of diamond is about 24°, much less than that of glass. A skilled diamond-cutter exploits the

larger range of angles of incidence (in the diamond), 24° to 90°, to ensure that light entering the diamond is
totally reflected from many faces before getting out, thus producing a sparkling effect.

Question 132.

An optical instrument uses eye-lens of power 20 D and the objective lens of power 50 D. It has a tube
length of 15 cm. Name the optical instrument and calculate its magnifying power if it forms the final
image at infinity. (Comptt. Delhi 2017)

Answer:

The optical instrument is Compound Microscope.

Given: P, =16D, L = 1625 cm, P, =50 D

[

We know, f= =
100 100
f, = oy =6.67 cm, f = -SF_Zcm
D =25 cm
The magnifying power of compound microscope il
is 7> ")
1 _D _1625_ 25 AT
M= —x—=—=-x— = 3045 A -
b f;, 20 667 _ N Y
Hint : Compound microscope, m = 37.5 s %\ ¢ ;k‘% v
i %
Question 133. ’%\« _/

An optical instrument uses eye-lens of power 12.5 and Objfc‘! lens of power 50 D and has a tube length
of 20 cm. Name the optical instrument and calcu?qge magnifying power, if it forms the final image at

infinity. (Comptt. Delhi 2017) s\ Y
Answer: | % A
The optical instrument is Compound v@npe
Given:P, = 16D, L = 1@@ =50D
We know, f = -ﬁ‘f&%r -
L=%-667 I=E=2cm
D =25 cm
The magnifying power of compound microscope
18

1. D 1635 25 _ ..
o f 20 667

Hint ;: Compound microscope, m = 31.25

7 =

Ray Optics and Optical Instruments Class 12 Important Questions Long Short Answer Type

Question 134.

(a) For a ray of light travelling from a denser medium of refractive index nj to a rarer medium of
refractive index nz, prove that nz/ ni, where i is the critical angle of incidence for the media.

(b) Explain with the help of a diagram, how the above principle is used for transmission of video signals
using optical fibres. (Delhi 2008)

Answer:
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(a) When i =i, r = 90°
Using Snell’s law of refraction : nx sin ic = n2 sin 90°
ny sin i, = ny sin 90°

n i n
sini, = —&
ny

i is critical angle Le. the angle of incident
where | in the denser medium for which angle of
refraction in the rarer medium is 90°.

m,<n,

Rarern,  [790°

(b) When a video signal is directed into an optical fibre at a suitable angle, it undergoes internal reflections
repeatedly along the length of the optical fibre and comes out of it with almost neg@%loss of intensity.
o n®

lesser refractive index cladding 2 ‘Q

-
4 v
yt = refractive index  Core of high i j
(refractive index) <\,\'

—_—

»

Question 135. '\ﬂ
Derive the lens formula, 1/f=1/v=1/thfora concave lens, using the necessary ray diagram. Two lenses of
powers 10D and — 5 D are pld&e%vnmcf.

(a) Calculate the power of'th lens.

(b) Where should an'ebjéerbe held from the lens, so as to obtain a virtual image of magnification 2?
Answer:




(a) Derivation :
As AABC ~ AA'B'C

_AB _CB (M)
A'B’ CB: o,
As AMCF, ~ AA'BF,
MC CF
e o i "' MC = AB
A'B’ B'F, ( ’
AB _ CF,

= (i
A’B’  CF,-CPB’ ti)

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

CB _CF e
CB’ CF, -CP’ P i

According to sign conventions & \gw/
CB=-u, CB =-9, CF; =~f i

T § - (Y
T ——_'0—=—f+u = %z—_f-#v «”A\ﬂ\w
= -futuv=-fr Suw=-fo+fu

= ¥y = x

= uv = f(u-0v)

=70 ,‘ \>
- -0 =='l ' _

_=l_l "< -~
” ;b W}J
(b) (f)P:IﬁJrI% -5 D =5D
(it) m=+ 2, u=?, f=?1)-=l—g'9—=20
According to the formula :
- = 4L
m T =u+f -
ko= BB =
;- )"-2 20
=10-20 =-10 cm

Question 136.
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Trace the rays of light showing the formation of an image due to a point object placed on the axis of a
spherical surface separating the two media of refractive indices n; and n2. Establish the relation between
the distances of the object, the image and the radius of curvature from the central point of the spherical

surface.

Hence derive the expression of the lens maker’s formula. (Delhi 2009)

Answer:
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For small angles

MN MN
tan ZNOM = = tan ZNCM = e
MN

tan ZNIM = —
M1

i
L M R——>
I v >

Now, for ANOC, 1 is exterior angle
i = ZNOM + ZNCM

. MN MN 2
B o o —
'S oM T MC 0
Similarly, r = ZNCM - ZNIM
Le. r= MN MN (17)
o MC MI e

Now by Snell’s law, ny sini=n, sinr,
or for small angles ni = nyr
Substituting the values of i and r from equations
(1) and (i1), we get _
H] "2 _ ﬂ2 — ”l ...'-I:..
OM ' MI  MC "f(’ll}
By applying Cartesian sign convention,
OM =-M, MI = -y, MC =+R .
Substituting these values in (ii1), we get o
i BE. SOt g
voou R g
This equation gives us aselatioft be’cween object and image distance in terms of refractive index of the
medium and the radl,ys of the curyature of the curved spherical surface. It holds for any curved spherical
surface. -
Lens maker’s formula '

(a) Lens maker’s formula : Consider a thin double convex lens of refractive index nz placed in a medium of
refractive index nj. Here, nj <nz. Let B and D be the poles, C1 and C2 be the centres of curvature and R and
R: be the radii of curvature of the two lens surfaces ABC and ADC, respectively. For refraction at surface
ABC, we can write the relation between the object distance u, image distance v and radius of curvature

R as

Mg m My=r ()

For refraction at surface ADC, we can write the relation between the object distance v1, image distance v



and radius of curvature R», as

Hh . 5m 4% .. (i)
vy R,

Adding equations (i) and (ii), we get

31__1_21=(n2_"1)[1 1]

v u R, - R,

1 1 iy, — M 1 1 =
AP 5. S W | ... B

U ou [ n ][Rl R, ] +{if)

If the object is placed at infinity (1 = <), the
image will be formed at the focus i.e. v = f,

LT | e T D '
] e

This is lens maker’s formula.
(b) AAPB ~ AA’B'P

A'B’ = hy, AB = +h,
BP = +v, BP = -u

Question 137.

G

Draw the labelled ray diagram for the formation of image by a compound microscope.
Derive the expression for the total magnification of a compound microscope. Explain why both the
objective and the eyepiece of a compound microscope must have short focal lengths.(Delhi 2009)

Answer:
Compound Microscope :

14
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Magnifying power : The magnifying power of a compound microscope is defined as the ratio of the angle
subtended at the eye by the final virtual image to the angle subtended at the eye by the object, when both are

at the least distance of distinct vision from the eye.
B _tanPp W /u. K D

m= == = = —,— = Mgm

a tanae h/D h u, ’
' Ty
Here, m, = = —L
U T

As the eye-piece acts as a simple microscope

D D . vo{ D]
LM = — =14 Som o= 1+—
‘ ":' ?e- Uy

As the object AB is placed close to the focus fy of the objective

= Up = -fo
Also image A’'B’ is formed close to the eyelens whose focal length is short, therefore vo = L = the length of
the microscope tube or the distance between the two lenses

mu = U_c. - - L
Hy 0
= _.!"..[1 + 2] [For final image at D .
f('] f; ’ :\:.4_"'.'-\5—'.-;:

(1) If the focal lengths are less, then their magnifying power will be more. (7 .-
(11) To avoid any aberrations in refraction due to larger bend on passing Lbrq;g;gh the eye-piece.

- v

EY

Question 138. -‘;\ \ "
(i) Draw a labelled ray diagram to show the formation gf rmageLm an astronomical telescope for a distant
object. k

(ii) Write three distinct advantages of a reﬂectmg tfype re?'?swpe over a refracting type telescope.

(b) A convex lens of focal length 10 cm is pfacetbwaagmﬂy 5 cm away from a concave lens of focal length
10 cm. If an object is placed 30 cm in fmm qf“ﬂng anex lens, find the position of the final image formed
by the combined system. (All India 2009) '

Answer: " A
@ “\)

(1) Magnifying power m = —foqg I?“dué‘s not change with increase of aperature of objective lens, because
focal length of a 1e1}_§_‘l}_as 1ig concern with the aperature of lens.

JOTRVE N, — i Eyepiece

Al infinity
Astronomical telescope in normal adjustment

(11) Drawbacks :

» Images formed by these telescopes have chromatic aberrations.
o Lesser resolving power.
¢ The image formed is inverted and faintes.

(i1)
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@ N Paraboloidal
ecti
K/ ob| ve

v

Secondary
mirror

> yi

Eye piece

=<

Cassegrain reflecting type telescope
(i1) Advantages of reflecting telescope over a refracting telescope:

—_—

Due to large aperture of the mirror used, the reflecting telescopes have high resolving power.

2. This type of telescope is free from chromatic aberration (formation of coloured image of a
white object).

3. The use of paraboloidal mitror reduces the spherical aberration (formation of non-point,
blurred image of a point object).

4. Image formed by reflecting telescope is brighter than refracting telescope.

5. A lens of large aperture tends to be very heavy and therefore difficult to make and support by

its edges. On the other hand, a mirror of equivalent optical qual:ly}metghﬁ less and can be

supported over its entire back surface.

“\-.‘_-z.
A, —
(b) For convex lens : _ o Ny v
1 "b“ u _,'I“‘- > 4
Using — = ———, we have \ "
& v ou ( "-“,}« ’
- % '
10 v (-30) ~ -
1 1 1 2 1 N\
. | i S ..-. v — 15,.m ‘t>!',. )

v 10 (=30) 30 15 »
Since concave lens is at 5 cm dlstanc%a é‘irtua‘? o’bject for concave lens is said to be at a distance of 10 cm.

For concave lens : My, **%___ y
Using 2.r.l we have”
Fv v NI
11,1 N gL
v f u N v (-10)

= v=_0
-~ Image will be at infinite distance or the ray will emerge parallel to the axis.

Question 139.

Draw a ray diagram to show the working of a compound microscope. Deduce an expression for the total
magnification when the final image is formed at the near point.

In a compound microscope, an object is placed at a distance of 1.5 cm from the objective of focal length
L.25 cm. If the eye piece has a focal length of 5 cm and the final image is formed at the near point,
estimate the magnifying power of the microscope. (Delhi 2010)

Answer:

Compound Microscope :
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E iece

A Objective L
e SN s L
i B fn ci rE]
E - -‘— 3 j A'

ﬁ"i ,d"“‘
il D -
Least distance of distinct vision

Magnifying power : The magnifying power of a compound microscope is defined as the ratio of the angle
subtended at the eye by the final virtual image to the angle subtended at the eye by the object, when both are
at the least distance of distinct vision from the eye.

Numerical:
Given : iy = - 1.5 cm, fu = 1.25 cm,
)fe =53 cm, D =25cm
Applying lens formula for objective lens :
1 1 1
Bl o bl o 528, 1,
% fo U % 125 15 75 75 -

S Py =7.9cm '
. Magnifying power, A N
_ “%[,,D)__75 . AN

= g R = N

x : &, :
The -ve sign shows that the final image is an inverted image..~"

Question 140.
(@) Obtain lens makers formula u_\m‘g ghw c’_\pgexs ion
n, ny  (np-m) A\

- p” _R M".J,&;r ‘ '
Here the ray of light propagdting from a rarer medium of refractive index (n;) to a denser medium of
refractive index (nyisincidenton the convex side of spherical refracting surface of radius of curvature
(b) Draw a ray diagram'to show the image formation by a concave mirror when the object is kept between
its focus and the pole. Using this diagram, derive the magnification formula for the image formed. (Delhi
2011)
Answer:
(a) Lens maker’s formula : Consider a thin double convex lens of refractive index n» placed in a medium of
refractive index nj. Here, n) < n2. Let B and D be the poles, C| and C: be the centres of curvature and R and
R> be the radii of curvature of the two lens surfaces ABC and ADC, respectively. For refraction at surface
ABC, we can write the relation between the object distance u, image distance v and radius of curvature

R; as

B B h D)

(U] 2] R]_
For refraction at surface ADC, we can write the relation between the object distance v, image distance v
and radius of curvature R», as
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L UL T (. (i)
vy R,

Adding equations (i) and (ii), we get

MM -y [L_L]

v U R, R,

1 1 My — M 1 1 i
e | R H i s,

T u [ ) ][Rl R2:| (iz)

If the object is placed at infinity (u = o), the
image will be formed at the focus ie. v = f,

LI T | P
f ["1 1][R1 Rz:| G2)

1 1 ) |

—— oo ¥, . 1 — —

r el [Rl Rz]l
This is lens maker’s formula.

(b) AAPB ~ AA'B'P
AR S Ol
" AB  BP Sy
A’BF = hzr AB = +h, - e .: v
BP=+v, BP=-u ANV

hy, +v

W -u

Magnification farmu’ta derived,

hz +T '-)ﬂ

m=s — g ——

Question 141.

Define magnifying power of a telescope. Write its expression.

A small telescope has an objective lens of focal length 150 cm and an eyepiece of focal length 5 cm. If this
telescope is used to view a 100 m high tower 3 km away, find the height of the final image when it is
formed 25 cm away from the eyepiece. (Delhi 2012)

Answer:

The magnifying power of a telescope is defined as the ratio of the angle subtended at the eye by the final
image formed at the least distance of distance vision to the angle subtended at the eye by the object at
infinity, when seen directly

m = P— .um=‘f—0[1+-fi]
o fe 4
Angle substended by the 100 m tall tower at 3 km aways is,
o =tan o = LI rad.
3x10° 30
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Let h be the height of the image of tower formed by the objective.

Then angle subtended by the image produced by the objective will also be equal to h and is given by
h h h 150

= o e— — i — = = 5
=% 150 130 30 30 "
Magnification produced by the eyepiece
D 25
m=1+ —=1+— =6
fo 5
Height of the final image =} x m,
=5%x6=30cn

Question 142.

How is the working of a telescope different from that of a microscope?

The focal lengths of the objective and eyepiece of a microscope are 1.25 cm and 5 cm respectively. Find
the position of the object relative to the objective in order to obtain an angular magnification of 30 in
normal adjustment. (Delhi 2012)

Answer:
Telescope Microscope
; Reﬁqﬁiqg power is not so large
1. Resolving powershoulc bs: “buit the magnification should be
higher for certain magnification. ‘s 3
A %\ _T__ugher.
Hovgl.length ofobjgftwe .should Both objective and eyepiece
be kept larger while'eyepiece
2. : . should have less focal length for
focal length should be small for better magnification
better m_'a,gy_;_a:fﬁgafian‘ g :
3 | Obj éf'zt_._;yg'éhould be of large Eyepiece should be of large
. 4 |‘aperture. aperture.
._ 1 Distance between objective and D stange ’f)etween objecti Ve and
\ S D eyepiece is fixed, for focusing an
4. . eyepiece is adjusted to focus the : .
) 4 - s object the distance of the
object at infinity. e
objective is changed.
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Given:f;=125cm, f =5cm, m=30 SRp—
. Distance, d =30 -5 =25 cm
Angular magnification = 30, m =m, x m,

d _25

= m¢=}:=—§-z5 S My=30+5=6
But m, = % =% ~6 = —iL
o Hy
e UU = -'6 uu )
Applying lens equation to the objective lens,
111 Lot .l
fo v o —bup
X 148 _. 7
1.25 —5[1‘0 —6?10
7175 35
L My = =22 = -1.46
W= R, 4 o
~ (> v.-’
Question 143. A Sy,

Draw a ray diagram showing the formation of the image by a point o on the principal axis of a
\dides hy amid nz, when a point source is kept
in rarer medium of refractive index nv Derive the re!aﬁgn betw n{vﬁject and image distance in terms of

refractive index of the medium and radius of curvaturé of the surface.
Hence obtain the expression for Lens-maker’s formula case of thin convex lens. (Comptt. Delhi
2014)

Answer: "\Q
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For small angles

MN MN
tan ZNOM = = tan ZNCM = e
MN

tan ZNIM = —
M1

i
L M R——>
I v >

Now, for ANOC, 1 is exterior angle
i = ZNOM + ZNCM

. MN MN 2
B o o —
'S oM T MC 0
Similarly, r = ZNCM - ZNIM
Le. r= MN MN (17)
o MC MI e

Now by Snell’s law, ny sini=n, sinr,
or for small angles ni = nyr
Substituting the values of i and r from equations
(1) and (i1), we get _
H] "2 _ l‘l2 — J‘I'l ...--I:..
OM ' MI  MC "f(’ll}
By applying Cartesian sign convention,
OM =-M, Ml = -v, MC =+R /
Substituting these values in (ii1), we get o
i BE. SOt g
voou R g
This equation gives us aselatioft be’cween object and image distance in terms of refractive index of the
medium and the radl,ys of the curyature of the curved spherical surface. It holds for any curved spherical
surface. -
Lens maker’s formula '

(a) Lens maker’s formula : Consider a thin double convex lens of refractive index nz placed in a medium of
refractive index nj. Here, nj <nz. Let B and D be the poles, C1 and C2 be the centres of curvature and R and
R: be the radii of curvature of the two lens surfaces ABC and ADC, respectively. For refraction at surface
ABC, we can write the relation between the object distance u, image distance v; and radius of curvature

R as

Mg m My=r ()

For refraction at surface ADC, we can write the relation between the object distance vi, image distance v
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and radius of curvature R», as

h n 312 % .. (i)
vy R,

Adding equations (i) and (ii), we get

n n 1 1
_1___"l=~.(n2-nl)[ ]

i R_I_R—2

1 1 fy — 1 1 1 -
LI 5 S W | R

VU [ ny ][Rl Rz] <uo{éit)

If the object is placed at infinity (1 = o), the
image will be formed at the focus i.e. v = f,

n 1 1 \
=[?f—— l][-ﬁ'l——-iz—:l ...(IU)

il Lo

1 1 1
iy [ g 1] [—— —
£ o R, R,
This is lens maker’s formula. - G
(b) AAPB ~ AA'B'P N 2%
AW _BP
" AB  BP PR
A’B' = h2! AB = 4 h, _ ‘n\L !
B'P = +v, BP = —u L *aﬁ_}w-;
“'{,:_,‘I y 4
hy
Iy N

Question 144.

(a) A point object is placed in front of a double convex lens (of refractive index n = n2/nl with respect to
air) with its spherical faces of radii of curvature Ry and R2. Show the path of rays due to refraction at first
and subsequently at the second surface to obtain the formation of the real image of the object.

Hence obtain the Lens-maker’s formula for a thin 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 20 cm. (Comptt. All India)
Answer:

(a) Lens-maker’s formula. The image of point object O is formed in two steps. The first reflecting surface
‘c) forms the image 1 of the object O. The image I acts as a virtual object for formation of image I by the
second surface ‘ca.

For the first surface ABC ‘¢,
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U vy —>

For the second surface ADC ‘¢,

—-n PR P Sk
D, DI DG,

For a thin lens, Bl; = DI,,
b L, O, ol (i)
B, DI DC,
On adding equations (i) and (ii), we have A
iy
-n, _f_l_ _ L 1 > J
ob tor - 2" ™ [Bc1 +1:'.~c,!]

If the object is at infinity, then, OB = e and
[ is at the focus of the lens o NV
= f(focal length of convex lens)

L+ I = (o, - . e .
+f (ny = ny) [BC,+DC =

N

By the sign convention, BC,; = +R 1%- v
A

n g o
...where [ n,, = -ni= n, is the refractive index of
1

material of the lens)
o jrocti i)
1

=3 —(1 55— ”[R ——R-] -——ﬂ 55)(—
=U.55x2:<20-22cm

Question 145.
(a) Draw a labelled ray diagram showing the image formation of a distant object by a refracting

telescope.
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Deduce the expression for its magnifying power when the final image is formed at infinity.
(b) The sum of focal lengths of the two lenses of a refracting telescope is 105 cm. The focal length of one
lens is 20 times that of the other. Determine the total magnification of the telescope when the final image
is formed at infinity. (Comptt. All India 2015)
Answer:

(a) Refracting telescope :

Magnifying power. It is defined as the ratio of angle () subtended by the final image on the eye to the angle
() subtended by object on eye.

= ta_nﬂ:(ﬁ] =".‘_,-.
tana (o
Magnifying power G

M = :}fﬂ (for comfortable view) \
# . Ay

he

= :f&[“-it;] (for strained eye) L\
Limitations of refracting telescope over a a reﬂecfiiig"gpe telescope :

{‘-
y

1. It suffers from chroman@&abmaﬁeﬂ due to refraction and hence the image obtained is
multicoloured and blut:{e&v; » 4

2. Asalens of large Qﬁparﬂus can’t be manufactured easily, its light gathering power is low and
hence can*t bc 1{scd to'see faint stars.

,-'r‘;.:.-—:‘__ﬂz_r{ -
Rﬁ B L%
“fana o M—}: - 72'
(b) Given : f, + f, = 105, fo=20f,
0f+f=105 =f£=3_5
fo =20 %5 =100 cm

)‘5_1{}0
M= o=

Expression : M: =

=20

Question 146.

(a) A ray ‘PQ’ of light is incident on the fuce AB 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

Lit Le=41A+ £
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where 6 and e denote the angle of deviation and angle of emergence respectively.

Plot a graph showing the variation of the angle of deviation as a function of angle of incidence. State the
condition under which £3 is minimum.

(b) Find out the relation between the refractive index () of the glass prism and £A for the case when the
angle of prism (A) is equal to the angle of minimum deviation (3m). Hence obtain the value of the refractive
index for angle of prism A = 60°. (All India 2015)

Answer:

(a) The figure shows the passage of light through a triangular prism ABC. The angles of incidence and
refraction at the first face AB are i and rv while the angle of incidence (from glass to air) at the second face
AC is r2 and the angle of refraction or emergence e. The angle between the emergent ray RS and the
direction of the incident ray PQ is called the angle of deviation 9.

In the quadrilateral AQNR, two of the angles (at.the vertices Q and R) are right angles. Therefore, the sum
of the other angles of the quadnlateral Es 180"
ZA + ZOQNR = 180" '
From the triangle
Ty + Ty + AQNR=IBD°
Comparing these two equations we get
rni+n=A
The total deviation 8 is the sum of deviations at the two faces,
d=(-r)+(e-r)
that is
d=ite orli+vtLe=LA+8 .. .()
A plot between the angle of deviation and angle of incidence is shown in the figure. In general, any given
value of 6, except for i = e, corresponds to two values i and hence of e. This, in fact, is expected from the
symmetry of i and e in equation (i) above, i.c., 6 remains the same if i and e are. interchanged. Physically,
this is related to the fact that the path of ray in the diagram above can be traced back, resulting in the same
angle of deviation. At the minimum deviation dm, the refracted ray inside the prism becomes parallel to its

base. We have,
d=d,.
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When angle of incidence (i) and angle of emergence (¢) are equal, ie,

Li=Le
& e
S 6o
2
S 500
2 . :
= 1 I
S 40°tecmenn- day |
@ pim g |
g R
L l' L L ef L]
0° 20° 40° 60° 80°
Angle of incidence (i)
(k) We know that for a prism
A+d
sin| 7=
. si ﬁ
2
Given, ZA = Zd,, _a
. (A+A oy,
E'“[ ) J s A 251[1%(0’5% N % g
i gt e
Sll'l-f Sll'l? smf ; ;_“:_ﬂ_“': 2
A o 9 B DN AT
2005 7 =2¢08 30" =2 x - \ &
= 3 =1.752 Given, A = 60° g
& ;’-'-}“'} .‘ :
Question 147. \ >

(a) Draw a ray diagram showing the i image ﬁjmifar}ﬁn by a compound microscope. Obtain expression for
total magnification when the images jis fﬁi’mé&" at mf nity.
(b) How does the resolving power of.a wm}aund microscope get affected, when

"
(i) focal length of the objectivejs ﬁecngased
(ii) the wavelength of hgh :s,mcreds“ed ? Give reasons to justify your answer.
Answer: ae h 4
(a) Ray diagram of a chmpound microscope : A schematic diagram of a compound microscope is shown in
the figure. The lens nearest the object, called the objective, forms a real, inverted, magnified image of the
object. This serves as the object for the second lens, the eyepiece, which functions essentially like a simple
microscope or magnifier, produces the final image, which is enlarged and virtual. The first inverted image is
thus near (at or within) the focal plane of the eyepiece, at a distance appropriate for final image formation at
infinity, or a little closer for image formation at the near point. Clearly, the final image is inverted with
respect to the original object.

JE e/

Magnification due to a compound microscope.
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The ray diagram shows that the (linear) magnification due to the objective, namely h’/h, equals

my = %:;‘g ki)

s (3)-1)

Here h’ is the size of the first image, the object size being h and fo being the focal length of the objective.
The first image is formed near the focal point of the eyepiece. The distance L, i.e., the distance between the
second focal point of the objective and the first focal point of the eyepiece (focal length f.) is called the tube
length of the compound microscope.

As the first inverted image is near the focal point of the eyepiece, we use for the simple microscope to obtain
the (angular) magnification me due to it when the final image is formed at the near point, is
D e
m,=1+ ...(i1)
E

When the final image is formed at infinity, the angular magnification due to the eyepiece, me = (D//e)
= (D/ ) ..(ii)

Thus, the total magnification from equation (i) and (iii), when the image is formed at infinity, is

m= mym, = L X L /
R U 5 -
(b) Resolving power of a microscope :

RESOI\'Ing power (RP) o psinB A, — o

—

(1) The focal length of the o'bjectne lens has no effect on the mqolmg@omr of microscope.

decreases because R «< % {*--.

O
Question 148. " *’-“vy- £
(a) A point object ‘O’ is kept in a medm»g oﬁgjmmve index nj in front of a convex spherical surface of
radius af curvature R which veparq{é’@*{hé@gcond medium of refractive index n; from the first one, as
shown in the figure. 4 \ V¥
Draw the ray diagram dwwnf,g"*rhéxwmge Sformation and deduce the relationship between the object
distance and the m;g%gg_dmghc_gm terms of n; n; and R.

(b) When the image formed above acts as a virtual object for a concave spherical surface separating the
medium n; from n; (n2 > ny), draw this ray diagram and write the similar [similar to (a)] relation. Hence
obtain the expression for the lens maker’s formula. (Delhi 2015)

Answer:

(a) For small angles
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MN MN
MN
tan ZNIM = _IV"H_

Now, for ANOC, 1 is exterior angle
s 1= ZNOM + ZNCM

. MN A MN ;
= —+—— (1)

OM MC
Similarly, r = ZNCM - ZNIM
) A, SN (1) P v
T MC MI N\
Now by Snell’s law, n, sini = n,sinr, ulirs
orfor small angles n,i = n,r A O\ o,
Substituting the values of i and r from ~* % ("

equations (1) and (ii), we get
i R T, Sl
OM Ml MC

By applying Cartestan sign canuentwu, ‘ -
OM = -y, Ml = ~p, MC = +R -

Substituting these values in Qx‘&\w; get
L L .. B,
v u R A | -

This equation gives- magelaﬂf)ﬁ%etween object and image distance interms of refractive index of the
medium and the raduwpf “the curvature of the curved Spherical surface. It holds for any curved Spherical
surface. Yy

(b) Len’s maker’s formula : Consider a thin double convex lens of refractive index nz placed in a medium of
refractive index ni.

Here n; <naz. Let B and D be the poles, C; and Cz be the centres of curvature Rjand Ra be the radii of
curvature of the two lens surfaces ABC and ADC, respectively.

For refraction at surface ABC, we can write the relation between the object distance u, image distance v) and
radius of curvature R; as
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ssill)

Refraction through a double convex lens

For refraction at surface ADC, we can write
the relation between the object distance v,,
image distance v and radius of curvature R,, .

as

b & hheiy i)

v 4] RQ L~ ;\'-.—f.s:qs-'{j
Adding equations (i) and (i), we get aX 3

L St

MM gy | oL oA -

(4 u 2 l R Rz _,.'\ :r‘"-%‘k J.&‘I:-:‘ v

1 1 eyl 1 n \‘( )

A L | o i) \ Vv

v ou " R, R, g& y

‘:I‘.\‘II':.‘:&F"')....

If the object is placed at infinity (u = )4 ﬁémv_
image will be formed at the focus Le s fy "

=

1 [m T 1] A
folm Ry Ry |4\
- N

Question 149.

(i) 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.

(ii) What is dispersion of light? What is its cause?

(iii) A ray of light incident normally on one face of a right isosceles prism is totally reflected as shown in
figure. What must be the minimum value of refractive index of glass? calculations.
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Answer:

(1)

(a) The figure shows the passage of light through a triangular prism ABC. The angles of incidence and
refraction at the first face AB are i and rv while the angle of incidence (from glass to air) at the second face
AC is r2 and the angle of refraction or emergence e. The angle between the emergent ray RS and the
direction of the incident ray PQ is called the angle of deviation 4.

In the quadrilateral AQNR, two of the angles (at the ven?ees Q and R) are right angles. Therefore, the sum
of the other angles of the quadrilateral is 180°.

ZA + ZONR = 180°
From the triangle

ry + 1, + ZQNR = 180° _
Comparing these two equations, we“get
ntn=A
The total deviation 8 is the sum ot_‘ de‘vlatmns at the two faces,

=(i-r) +{g— "
that is
Sd=i+e¢ or Zi #'Ze=£A+5 voolf)

A plot between the angle of deviation and angle of incidence is shown in the figure. In general, any given
value of 8, except for 1 = e, corresponds to two values 1 and hence of e. This, in fact, is expected from the
symmetry of 1 and e in equation (1) above, i.e., 6 remains the same if i and e are. interchanged. Physically,
this is related to the fact that the path of ray in the diagram above can be traced back, resulting in the same
angle of deviation. At the minimum deviation dm, the refracted ray inside the prism becomes parallel to its
base. We have,

d=d,
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When angle of incidence (i) and angle of emergence (¢) are equal, ie,

Li= Le

60.-

50° 4o

&
" S p————

Angle of deviation ()

|
|
I
|
]
|
|
I
1
i

.

wu L L eﬁ I
0@ 20# 40# GU_O Buu
Angle of incidence (i)

(k) We know that for a prism

s A3)
H=— A
SL ]

Given, ZA = Zd,, i

. (A+A A A
~ 5N T _ SinA B 251“?(0‘5? ) Fi .J,, -’
P e R A o Gy
Sll'l-f Sll'l? smf { J

A ND
= 2 cos %z.'{cos 30° =2 % ﬁ ,V-AN@’%'
= {3 =1732 Gwen, A W%\ )

e

(11) The white light disperses when passed thr 3 . ;ﬁx_‘-}sm, because the refractive index of the glass of the
prism is different for different wavelength ﬁc@ic: ). Hence, different colours get bent along different

directions. K V‘D
AN

(ii1) For total internal reﬂcctlorfufz%ﬁ (critical angle)

| 4

\N NS

\ 4
= 45° 2 /i, ic, 20red5® [ /
b . - \ !. \\
sin i < sin 45° < - ) \
C 72'

)-J— ::.l_l} J_
Slnfc

Hence, the minimum value of refractive

index must be V2 = 1.41
Hence, the minimum value of refractive index must be V2 = 1.41

F

Question 150.

(i) Derive the mathematical relation between refractive indices ny and nz of two radii and radius of
curvature R for refraction at a convex spherical surface. Consider the object to be a point since lying on
the principle axis in rarer medium of refractive index n; and a real image formed in the denser medium
of refractive index n2.

Hence, derive lens maker’s formula.

(ii) 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 position
is the image formed?
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Answer:
(a) For small angles
MN MN
tan ZNOM = oM tan ZNCM = V7
MN

Now, for ANOC, i is exterior angle
1= ZNOM + ZNCM

_ MN MN .0

Ler = _W. = ..N_iﬁ (!f) X
MC Ml A %
Now by Snell’s law, n, sini = n,sinr, AN (WY

orfor small angles n;i = n,r
Substituting the values of i and r from
equations (i) and (ii), we get -

g o m Mmh-n
oM "M~ MC _f““"
By applying Cartestan sign conmffnu,
OM = -u, Ml = —v, MC +R_ W
Substituting these valuﬁsm ‘{ur‘) we get
., S _Zﬁ
v u
This equation gwes us a):elatlon between object and image distance interms of refractive index of the
medium and the radius of the curvature of the curved Spherical surface. It holds for any curved Spherical
surface.

(b) Len’s maker’s formula : Consider a thin double convex lens of refractive index nz placed in a medium of
refractive index ni.

Here n; <na. Let B and D be the poles, C and Cx be the centres of curvature Riand Ra be the radii of
curvature of the two lens surfaces ABC and ADC, respectively.

For refraction at surface ABC, we can write the relation between the object distance u, image distance vi and
radius of curvature R as
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Refraction through a double convex lens

For refraction at surface ADC, we can write
the relation between the object distance v,,
image distance v and radius of curvature R,, .

as
hH R Mty 4
v Ul R2 [ee -(”) L~ :\:_4__-,_-.;:_%
Adding equations (i) and (1), we get > g
——— =(n,-n = — el
g W ( ’ l) R, R2 Ay { N !
_]; _ 1 _ ny + iy L B L (;ﬁ) “"",..‘_ . :;-’-:m.
v u "y Rl Rz " ‘L "}.,.-

If the object 1s placed at infinity (u = w)fﬂlé )
image will be formed at the focus ie 0% Y

3 y :
N\ (D)

1 [n, 11 A
—_— =] || ——— = @ "
folm R RV

= v = 100 cm a real image on the other side, 100 cm away from the surface.

Question 151.

(a) Draw a labelled ray diagram to obtain the real image formed by an astronomical telescope in normal
adjustment position. Define its magnifying power.

(b) You are given three lenses of power 0.5 D, 4 D and 10 D to design a telescope.

(i) Which lenses should be used as objective and eyepiece? Justify your answer.

(ii) Why is the aperture of the objective preferred to be large? (All India 2016)

Answer:

(a)

(1) Magnifying power m = —f0fe. It does not change with increase of aperature of objective lens, because
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focal length of a lens has no concern with the aperature of lens.

) Objective ke——f, —»{ Eyepiece

Atinfinity
Astronomical telescope in normal adjustment

(i1) Drawbacks :

¢« Images formed by these telescopes have chromatic aberrations.
¢ Lesser resolving power.
o The image formed is inverted and faintes.

ity
(b) Definition : It is the ratio of the angle subtended at the eye, by the final 1ma%e 10 the angle which the
object subtends at the lens, or the eye.

(1) Objective = 0.5 D and eye lens = 10 D - E'TQ
** This choice would give higher K f‘}\% »,
magnification as M = fozpe { bt
e Po j
(i) High resolving power/Brighter image/ lower limit Ofg‘mﬁfion.

Question 152. 3

(a) A point object, O is on the princip &n%ﬂ spherical surface having a radius of curvature, R. Draw
a diagram to obtain the relation beﬂge t& object and image distances, the refractive indices of the
media and the radius of curw:tu’&g:fi&e spherical surface.

(b) Write the Lens Makér.s ﬁ}mml?ﬁmd use it to obtain the range of values of (:‘he refractive index of
the material of the lens) or.) the focal length of an equiconvex lens, kept in air, would have a
greater magnitude rh(}q that of the radius of curvature of its two surfaces. (Comptt. Delhi 2016)

Answer: 4

(a) For small angles
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MN MN
MN
tan ZNIM = _IV"H_

Now, for ANOC, 1 is exterior angle
s 1= ZNOM + ZNCM

. MN A MN ;
= —+—— (1)

OM MC
Similarly, r = ZNCM - ZNIM
) A, SN (1) P v
T MC MI N\
Now by Snell’s law, n, sini = n,sinr, ulirs
orfor small angles n,i = n,r A O\ o,
Substituting the values of i and r from ~* % ("

equations (1) and (ii), we get
i R T, Sl
OM Ml MC

By applying Cartestan sign canuentwu, ‘ -
OM = -y, Ml = ~p, MC = +R -

Substituting these values in Qx‘&\w; get
L L .. B,
v u R A | -

This equation gives-us, a.g;elaﬂbﬁ%etween object and image distance interms of refractive index of the
medium and the radius: pf “the curvature of the curved Spherical surface. It holds for any curved Spherical
surface. Yy

(b) Len’s maker’s formula : Consider a thin double convex lens of refractive index nz placed in a medium of
refractive index ni.

Here n; <naz. Let B and D be the poles, C; and Cz be the centres of curvature Rjand Ra be the radii of
curvature of the two lens surfaces ABC and ADC, respectively.

For refraction at surface ABC, we can write the relation between the object distance u, image distance v) and
radius of curvature R; as
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Refraction through a double convex lens

For refraction at surface ADC, we can write
the relation between the object distance v,,

image distance v and radius of curvature R,, .

as

Adding equations (i) and (1), we get
%’—"T] = (1, = ny) -Ell——-Rl—z
Lok [Bz%m]% _RLZ] i)

If the object 1s placed at infinity (u = w),ﬂlé )
image will be formed at the focus ie /% fi ~

1_m %{:“niaa
A R W

This is lens maker's formula.

(h) Lens Maker’s formula,
1 1 1
ool
For equiconvex lens :
R,=+ve=R R,=-ve=-R

- 3-eaf3

f

For f to be greater than R
2u-1)=<1

= 2u-2<1 or 2u < 3
u<15 '

Hence required range is 1.0 <p < 15

° B
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Question 153.

The relation, between the angle of incidence

(i) and the corresponding, angle of deviation (9), for a certain optical device, is represented by the graph
shown in the figure. Identify this device. Draw a ray diagram for this device and use it for obtaining an
expression for the refractive index of the material of this device in terms of an angle characteristic of the
device and the angle, marked an 8m, in the graph.(Comptt. All India 2016)

N

v

f—»

Answer:

1. The device identified is a ‘PRISM".

2. For ray diagram and derivation : ol
(a) The figure shows the passage of light through a triangular prism ABC. The gnﬁks of incidence and
refraction at the first face AB are i and rv while the angle of incidence (from#glass to air) at the second face
AC is 2 and the angle of refraction or emergence e. The angle_ betwegn‘thé“vemergenl ray RS and the

direction of the incident ray PQ is called the angle of devlatloﬂ R /W

#y

In the quadrilateral AQNR two of the angles (at the vertices Q and R) are right angles. Therefore, the sum
of the other angles of the'quadrilateral is 180°.
ZA + ZONR = 180°
From the triangle
ry + 7, + ZQNR = 180°
Comparing these two equations, we get
n+tn=A
The total deviation 8 is the sum of deviations at the two faces,
d=(-r)+(e-ry)
that is
S=ite ordivLe=LA+E ..()
A plot between the angle of deviation and angle of incidence is shown in the figure. In general, any given
value of 8, except for i = e, corresponds to two values i and hence of e. This, in fact, is expected from the
symmetry of i and e in equation (i) above, i.e., 6 remains the same if i and e are. interchanged. Physically,
this is related to the fact that the path of ray in the diagram above can be traced back, resulting in the same
angle of deviation. At the minimum deviation dm, the refracted ray inside the prism becomes parallel to its
base. We have,

d=d,
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When angle of incidence (i) and angle of emergence (¢) are equal, ie,

Li= Le

60.-

50° 4o

&
" S p————

Angle of deviation ()

|
]
I
|
]
|
|
I
1
i

-—-

i, (T

30® S T
0@ 20# 40# GU_O Buw
Angle of incidence (i)
(k) We know that for a prism
A+d

sin _Tﬂ]

= ——%
Sl2

Given, ZA = Zd,, A

. (A+A
- Eln[ i J- SinA _ 25“’-%(0’5% i '?:‘% '.7"}
o= . A A T p ./
sin -f sin ? sin E ‘Q M-ﬂ.,,,-"

o '\E 4
-=2msz-2c0530 2><— gﬁ

= .f;i = 1.732 Given, A = 60° kﬂ

Question 154. X}
(a) Draw a ray diagram to show the image, @ by a combination of two thin convex lenses in
contact. Obtain the ﬂprcsufm jor th his combination in terms of focal fengrhs of the lenses.
(b) A ray of light passing from air n eqm!areral glass prism undergoes minimum deviation
when the angle of madence rg,é a‘he angle prism. Calculate the speed of light in the prism. (All

India 2017) %

Answer: M‘ﬁf
(a) Two thin lenses m\bgntac Two thin lenses, of focal length fi and f> are kept in contact. Let O be the
posmon of object and letn be the object distance. The distance of the image (which is at I1), for the first lens

is Vi.

..

This image serves as object for the second lens.
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Let the final image be at I, We then have

111 1_1_ 1

i v o u h U B

i 1 1 1 1 1
Adding we get, —+—=——-—=—

g g T2 v uf

1 1 1

B i e P=PF +P

f h A LI

(k) At minimum deviation
_ A _ o
r = 5 30

[ being an equilateral prism]
Given, i = 2 x 60° = 45°

d
_ sin45° _ l =
sin30° 1

T =2
2
». Speed of light in the prism

] f -
& 3 X 10 =21 x ms_j !,..4 kY J

- 5=

\/ v
Question 155. \

(a) Expkrin with reason, how the power of a diverg:'ng anges when
(i) it is kept in a medium of refractive index grea x an that of the lens,

(ii) incident red light is replaced by violet ligl

(b) Three lenses L; L3, L; each of focal le cin are placed co-axially as shown in the figure. An
object is held at 60 cm from the opti e of'Lens L. The final real image is formed at the focus of L;.
Calculate the separation between - K

(i) (L; and Lz) and ‘\%’
(ii) (L2 and L3). ( Campft. i\ 17)

T AL AT AN

— 60 cm —e -3 I+

Answer:
(a) The power of a lens is the reciprocal of its focal length.
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P= % (when ‘f* is taken in meters)
p=[m=m 1 1
m AR R
_M(_ZJ e s
- m R . R1 Rz R
= negative

[+ R, is negative for diverging lens
(1) If n, > n, (given)

m =M pecomes negative

n

= L becomes positive

f
or lens becomes converging
() = (M)ysotet > (My)red
which means that the power of lens increases on changing to violet li ght from réd l:ght
(b) Given : f, = f, = f; = 30 cm N &N
u, = 60 cm, I is formed at the focus of L-,_ AL ALY

e

NgEty

LiL=% Ll;=? 7\ W
Since final image (I3) is formed at the focus of Ls, the rags emergmg from L: and incident on L3 have to be
parallel to principal axis.
Since the object is placed at a distance of 60 cm fﬁam 'Ld i.e., at 2F; the image will be formed at 2F on the
other side of L; (60 cm). ) %
This image I; will be at the focus of Lg, b.ecausc J:ays emerging out from L2 are parallel to principal axis.

because rays emerging o,ut fram "L, are
parallel to principal axises %
(1) L,L:—gfl+f2—{2x30)+30
=90 cm
(ii) LoLs can be any distfmce.

Question 156.

(a) Deduce the expression, by drawing a suitable ray diagram, for the refractive index of triangular glass
prism in terms of the angle of minimum deviation (D) and the angle of prism (A).

Draw a plot showing the variation of the angle of deviation with the angle of incidence.

(b) Calculate the value of the angle of incidence when a ray of light incident on one face of an equilateral
glass prism produces the emergent ray, which just grazes along the adjacent face. Refractive index of the
prism is \2. (Comptt. All India 2017)

Answer:

(a) The figure shows the passage of light through a triangular prism ABC. The angles of incidence and
refraction at the first face AB are i and rv while the angle of incidence (from glass to air) at the second face
AC is r2 and the angle of refraction or emergence e. The angle between the emergent ray RS and the
direction of the incident ray PQ is called the angle of deviation 9.
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In the quadrilateral AQNR, two of the angles (at the vertices Q and R) are right angles. Therefore, the sum
of the other angles of the quadrilateral is 180°.
ZA + ZQNR = 180°
From the triangle
ry + 1y + ZOQNR = 180°
Comparing these two equations, we get
n+n=A
The total deviation 8 is the sum of deviations at the two faces,
d=(-r)+(e-ry)
that is
d=i+te ordi+Le=LA+8 ..()
A plot between the angle of deviation and angle of incidence is shown in.the figure. In general, any given
value of 8, except for i = e, corresponds to two values 1 and hehce qfr_jﬁ':i This, in fact, is expected from the
symmetry of i and e in equation (i) above, i.e., d remains the same ifii and e are. interchanged. Physically,
this is related to the fact that the path of ray in the dia gram above can be traced back, resulting in the same
angle of deviation. At the minimum deviation dm, the refractedray inside the prism becomes parallel to its
base. We have, Na Y '

3=dm_



When angle of incidence (i) and angle of emergence (¢) are equal, ie,

Li= Le

60.-

50° 4o

T ) D

-

Angle of deviation ()

|
|
I
|
]
)
|
I
1
|

i, (T

30° f | v P
0° 20° 40° 60° 80°
Angle of incidence (/)
(k) We know that for a prism
A+d

sin —z-’*"“]

= ——%
512

Given, ZA = Zd,,

. (A+A
~ 5'“[ p) J sinA _ 251[1%(05%

ll — - A L . - A
sinoy sin 5 sin
= 3 =1.732 Given, A =60l |
(b) Given p =2-, £i="? .

SSREY
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Since the emergent ray just grazes along the ad;acent face of an equilateral glass prism,

l . :_ B 4
sihc= —= = sin 45 R A
‘_‘ X
4 \‘;i‘

=C—45 % W
Since r + ¢ = 60" ¢ = vr=\v,1.5’

-

sini _ m

=

sinr =;1n15"
= sini= v2 sin 15°

= Zi = sin"! [v2 sin 15°]




