NCERT Solution for Class 12 Physics : Chapter 9 Ray Optics and Optical Instruments

Q 9.1 A small candle, 2.5 cm in size is placed at 27 cm in front of a concave mirror of
radius of curvature 36 cm. At what distance from the mirror should a screen be placed
in order to obtain a sharp image? Describe the nature and size of the image. If the

candle is moved closer to the mirror, how would the screen have to be moved?

Answer:

Given, size of the candle, h =2.5 cm

Object distance, u = 27 cm

The radius of curvature of the concave mirror, R = -36 cm

focal length of a concave mirror = R/2 =-18 cm

let image distance = v

now, as we know
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now, let the height of image be /i’

magnification of the image is given by
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from here
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Hence the size of the image will be -5cm. negative sign implies that the image is

inverted and real

if the candle is moved closer to the mirror, we have to move the screen away from the
mirror in order to obtain the image on the screen. if the image distance is less than the

focal length image cannot be obtained on the screen and image will be virtual.

Ray Optics and Optical Instruments Excercise:

Question:

Q 9.2 A4.5 cm needle is placed 12 cm away from a convex mirror of focal length 15
cm. Give the location of the image and the magnification. Describe what happens as the

needle is moved farther from the mirror.

Answer:

Given, the height of needle, h =4.5 cm

distance of object = 12 cm

focal length of convex mirror = 15 cm.

Let the distance of the image be v

Now as we know
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Hence the distance of the image is 6.7 cm from the mirror and it is on the other side of

the mirror.

Now, let the size of the image be h'
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h = 2.5em

Hence the size of the image is 2.5 cm. positive sign implies the image is erect, virtual

and diminished.
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magnification of the image = i =4.5 = 0.56
m = 0.56

The image will also move away from the mirror if we move the needle away from the

mirror, and the size of the image will decrease gradually.

Q 9.3 A tank is filled with water to a height of 12.5 cm. The apparent depth of a needle
lying at the bottom of the tank is measured by a microscope to be 9.4 cm. What is the
refractive index of water? If water is replaced by a liquid of refractive index 1.63 up to
the same height, by what distance would the microscope have to be moved to focus on

the needle again?

Answer:

Given:

Actual height of the tank,h = 12.5 cm
Apparent height of tank,h' = 9.4 cm

let refrective index of the water be

/ 121
= ﬁ_t -7 1.33(approx)

so the refractive index of water is approximately 1.33.

Now, when water is replaced with a liquid having # = 1.63
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Hence the new apparent height of the needle is 7.67 cm.
Total distance we have to move in a microscope =9.4 - 7.67 =1.73 cm.

Since new apparent height is lesser than the previous apparent height we have to move

UP the microscope in order to focus the needle.

Q 9.4 Figures of (a) and (b) show refraction of a ray in air incident at 60° with the normal
to a glass-air and water-air interface, respectively. Predict the angle of refraction in
glass when the angle of incidence in water is 43” with the normal to a water-glass

interface [Fig.(c)].
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Answer:

As we know,by snell's law

prpsintly = pasinty where

H1 = refrective index of medium 1



01 = incident angle in medium 1
H2 = refrective index of medium 2
P2 = refraction angle in medium 2

NOW, APPLYING IT FOR fig (a)

Lsinbl = prgiqss51m30

o

sinb0 0.86602; ) E0g
Hotass = i35 =~ 0.573576
Now applying for fig (b)
Lsin60 = prygpepsind7

sinb60 83660
Hwater = = 1.184

sind7 ~ 7313
Now in fig (c) Let refraction angle be f/ so,

HuaterStnAd = igiass51n0

Huater * 81143

stnfl =
Haglass

1.184 % 0.707
sinf = —— > 200 _ 0 5546
1.500

6 = sin~1(0.5546) = 38.68

Therefore the angle of refraction when ray goes from water to glass in fig(c) is 38.68.



Q 9.5 A small bulb is placed at the bottom of a tank containing water to a depth of
80cm. What is the area of the surface of water through which light from the bulb can

emerge out? Refractive index of water is 1.33. (Consider the bulb to be a point source.)

Answer:

Rays of light will emerge out in all direction and upto the angle when total internal

reflection starts i.e. when the angle of refraction is 90 degree.

let the incident angle be i when refraction angle is 90 degree.

so, by snell's law

#le-r:rra'-“'f:f“: = 1sin90

from here, we get

Now Let R be Radius of the circle of the area from which the rays are emerging out. and

d be the depth of water which is = 80 cm.

From the figure:

tani = —
;

R = tani * d = tand8.75Y * 80cm

R=91cm



So the area of water surface through which rays will be emerging out is
IMR? = 3.14 % (91)%cm?

= 2.61m?

therefore required area = 2.61m? .

Q 9.6 A prism is made of glass of unknown refractive index. A parallel beam of light is

incident on a face of the prism. The angle of minimum deviation is measured to be 40

What is the refractive index of the material of the prism? The refracting angle of the

prism is 60" | If the prism is placed in water, predict the new angle of minimum deviation

of a parallel beam of light.

Answer:

In Prism :

Prism angle ( .4 ) = First Refraction Angle ( "1 ) + Second refraction angle ( 7'2)

also, Deviation angle ( § ) = incident angle( t ) + emerging angle( e ) - Prism angle ( A )

the deviation angle is minimum when the incident angle( ? ) and an emerging angle( ¢ )

are the same. in other words

from (1) and (2)

Omin = 21 — A



2 e, (3)
We also have
r=re=r=

A
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Now applying snells law using equation (3) and (4)
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putting those values in (5) we get
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s1nal

- Hl
SN 5

Hence the refractive index of the prism is 1.532

Now when the prism is in the water.

Applying Snell's law:
. Omin + A
pysin

1] A
5 ) = pasin_

=
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Hence minimum angle of deviation inside water is 10.32 degree.

Q 9.7 Double-convex lenses are to be manufactured from a glass of refractive index
1.55, with both faces of the same radius of curvature. What is the radius of curvature

required if the focal length is to be 20cm?
Answer:

As we know the lens makers formula

1 1 1

— = {p21 — 1){—=— — =)
ot = Dl = 5

[ This is derived by considering the case when the object is at infinity and image is at

the focus]
Where [ = focal length of the lens
H21 = refractive index of the glass of lens with the medium(here air)

1 and F2 are the Radius of curvature of faces of the lens.



Here,

Given, f = 20cm,
Hi=Rand fl2=—R
H21 =1.55

Putting these values in te equation,

R =40+0.55

R =22cm

Hence Radius of curvature of the lens will be 22 cm.

Q 9.8 A beam of light converges at a point P. Now a lens is placed in the path of the
convergent beam 12cm from P. At what point does the beam converge if the lens is (a)

a convex lens of focal length 20cm, and (b) a concave lens of focal length 16cm?

Answer:

In any Lens
1 11
1 uw  f

11 = the distance of the image from the optical centre



1t = the distance of the object from the optical centre
I = the focal length of the lens
a)

Here, The beam converges from the convex lens to point P. This image P will now act

as an object for the new lens which is placed 12 cm from it and focal length being 20

cm.

So
I
v 12 20
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v 60

Hence distance of image is 7.5 cm and it will form towards the right as the positive sign

suggests.
b)

HERE, Focal length f = -16cm



Hence image distance will be 48 cm in this case, and it will be in the right direction(as

the positive sign suggests)

Q 9.9 An object of size 3.0cm is placed 14cm in front of a concave lens of focal length
21cm. Describe the image produced by the lens. What happens if the object is moved

further away from the lens?

Answer:

In any Lens
1 11
1 uw  f

11 = the distance of the image from the optical centre
1t = the distance of the object from the optical centre

f = the focal length of the lens

Here Given,
it = -14 cm
f=-21cm
1 1 1

v —14  —21




Hence image distance is -8.4 cm. the negative sign indicates the image is erect and

virtual.

Also as we know,]
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From Here

W = —ih
i
—8.4

W = ———%3=18cm
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Hence the height of the image is 1.8 cm.

As we move object further away from the lens, the image will shift toward the focus of
the lens but will never go beyond that.size of the object will decrease as we move away

from the lens.

Q 9.10 What is the focal length of a convex lens of focal length 30cm in contact with a
concave lens of focal length 20cm? Is the system a converging or a diverging lens?

Ignore the thickness of the lenses.

Answer:

When two lenses are in contact the equivalent is given by



where f1 and f2 are the focal length of two individual lenses.
SO,Given,

f1=30cmand f2 = —20cm (as focal length of the convex lens is positive and of the

concave lens is negative by convention)

putting these values we get,

11 1
f30  —20
I

f 60

f = —6lcm

Hence equivalent focal length will be -60 cm and since it is negative,equivalent is

behaving as a concave lens which is also called diverging lens.

Q 9.11 A compound microscope consists of an objective lens of focal length 2.0 cm and
an eyepiece of focal length 6.25 cm separated by a distance of 15cm. How far from the
objective should an object be placed in order to obtain the final image at (a) the least
distance of distinct vision (25cm), and (b) at infinity? What is the magnifying power of

the microscope in each case?

Answer:

In a compound microscope, first, the image of an object is made by the objective lens

and then this image acts as an object for eyepiece lens.



Given

the focal length of objective lens = fobjective = 2 cm

focal length of eyepiece lense = feyepicee = 6.25cm

Distance between the objective lens and eyepiece lens = 15 cm

a)

Now in Eyepiece lense

Image distance = ' final = -25 cm (least distance of vision with sign convention)

focal length = Seyepiece = 6,25 cm

1
.fr;,lr;n'r:'r Ufinal (X!
1 1

U Ufinal fr;;rpz'r:'r
T S B
uw =23 6.25 5

= —hem.

Now, this object distance u is from the eyepiece lens since the distance between lenses

is given we can calculate this distance from the objective lens.

the distance of u from objective lens = @ + 1t =15 — 5 = 10cm . This length will serve

as image distance for the objective lens.

1= 10em



so in the objective lens

1 B 1 1
fuil.jrt'h'rr u WUinitinl

1 B 1 1
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Uintial = -2.5 cm
Hence the object distance required is -2.5 cm.

Now, the magnifying power of a microscope is given by

v i
(1+ )
|Uinitial| feyepiece” where d is the least distance of vision

m =

so putting these values

10 25
m=—I(1+ - J__‘J = 20
2.0 6.25

Hence the lens can magnify the object to 20 times.

b) When image is formed at infinity

in eyepiece lens,
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from here 11 = - 6.25., this distance from objective lens = d+1=15-6.25=8.75=uv

in the optical lens:
1 1 1

.foiljr:'h'rr u WUinitial

1 1

Pd | =
I

Uinitinl
Uinitial = —2.59m

Now,

v d

m=—I(1+ )
|Uinitial| feyepiece” where d is the least distance of vision

putting the values, we get,

Hence magnifying power, in this case, is 13.51.

Q 9.12 A person with a normal near point (25 cm) using a compound microscope with
objective of focal length 8.0 mm and an eyepiece of focal length 2.5cm can bring an
object placed at 9.0mm from the objective in sharp focus. What is the separation

between the two lenses? Calculate the magnifying power of the microscope

Answer:



Inside a microscope,

For the eyepiece lens,

1 1 1

.fr;,lr;n'r:'r Veyepiece Ueyepiece
we are given
Veyepiece = —2acm

fryrpz'r:'r = 2.hem
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Ueyepiece =25 25 25
25 B
Ueyepicce = _H = —2.2Tcm

we can also find this value by finding image distance in the objective lens.

So, in objective lens

1 1 1

fuil.jr['h'rr Vohjective Uabjective
we are given
fuil.jr['h'l'r = 0.8

Uahjective = —0.9
1 1 1
0.8 Vabjective —0.9




1 0.1

Vahjective 0.7

Vohjective = r.2em

Distance between object lens and eyepiece = |teyepicce

cm.
Now,

Magnifying power :

o — Unbe jective |:1 N il ]
| Uahjective | fryrpz'r['r
7.2, 20 o
m=—I(1+—) = 8%
0.9 2.0

Hence magnifying power for this case will be 88.

T Vobjective = 2 27 + 7.2 = 9.47

Q 9.13 A small telescope has an objective lens of focal length 144cm and an eyepiece

of focal length 6.0cm. What is the magnifying power of the telescope? What is the

separation between the objective and the eyepiece?

Answer:

The magnifying power of the telescope is given by

fL:uEl jective
m = ——

..fr yepiece
Here, given,

focal length of objective lens = Tobjective = 144 cm



focal length of eyepiece lens = fl'_!,lrpz'r['r = 6cm

" — fr.:uilljrr'h'rr _ J.-l-l _ 94

fryr;u'r:'r 6

Hence magnifying power of the telescope is 24.

in the telescope distance between the objective and eyepiece, the lens is given by
d = f, objective T feyepiece

d =144+ 6 = 150

Therefore, the distance between the two lenses is 250 cm.

Q 9.14 (a) A giant refracting telescope at an observatory has an objective lens of focal
length 15m. If an eyepiece of focal length 1.0cm is used, what is the angular

magnification of the telescope?
Answer:

Angular magnification in the telescope is given by :

.}(Uiljr['h'rr

angular magnification = «« = Jeyepiece
Here given,
focal length of objective length = 15m = 1500cm

the focal length of the eyepiece = 1 cm

1500

so, angular magnification, o« = 1




a = 1500

Q 9.14 (b) If this telescope is used to view the moon, what is the diameter of the image
of the moon formed by the objective lens? The diameter of the moon is 3.48 x 106m |

and the radius of the lunar orbit is 3.5 x 108m

Answer:

Given,

The radius of the lunar orbit,r = 3.5 x 108m

The diameter of the moon,d = 3.43 x 106m

focal length f=15m

let 1 be the diameter of the image of the moon which is formed by the objective lens.
Now,

the angle subtended by diameter of the moon will be equal to the angle subtended by

the image,
il B dy
rof

3.48 % 105 o

3.8% 105 15
dy = 13.Tdem
Hence the required diameter is 13.74cm.

Q 9.15 (a) Use the mirror equation to deduce that:



an object placed between f and 2f of a concave mirror produces a real image beyond 2f.

Answer:

The equation we have for a mirror is:

1 1 1
f v u
I 1 1
u_f U

Given condition / < u < 2f gnd v = 2f

1 1 1 1 1

— < — = — — = —
2f i fand? 2f
L L 1
2f ’ u f
1 1 1 1
_——_— T —_- — — T — — —
fo2f u f
L = i =0
2f
2f <v <0

Here [ has to be negative in order to satisfy the equation and hence we conclude that

our mirror is a concave Mirror. It also satisfies that —t' = —2f (image lies beyond 2f)
Q. 9.15 (b) Use the mirror equation to deduce that:

a convex mirror always produces a virtual image independent of the location of the

object.



Answer:

In a convex mirror focal length is positive conventionally.

so we have mirror equation

1 1 1
f u w
11 1
e'_f i

Here, since object distance is always negative whenever we plut our object in the left

side of the convex mirror(which we always do, generally). So vis always the sum of two
positive quantity(negative sign in the equation and negative sign of the u will always
make positive) and hence we conclude that ' is always greater than zero which means
the image is always on the right side of the mirror which means it is a virtual image.

Therefore, a convex lens will always produce a virtual image regardless of anything.
Q 9.15 (c) Use the mirror equation to deduce that:

the virtual image produced by a convex mirror is always diminished in size and is

located between the focus and the pole.
Answer:
In a convex mirror focal length is positive conventionally.

so we have mirror equation



here since [ is positive and u is negative (conventionally) so we have,

- =

I 1
u [ thatis

v < f

which means the image will always lie between pole and focus.

1 I 1 u—f
v f  wu uf

v _ 1

magni fication(m) = —— =

u  f—u

here since u is always negative conventionally, it can be seen that magnification of the
image will be always less than 1 and hence we conclude that image will always be

diminished.
Q 9.15 (d) Use the mirror equation to deduce that:

an object placed between the pole and focus of a concave mirror produces a virtual and

enlarged image.
Answer:
The focal length I of concave mirror is always negative.

Also conventionally object distance u is always negative.



So we have mirror equation:

I 1 1
f_e' i
1 1 1
v f w

1
Now in this equation whenever 1 = I o will always be positive which means v is

always positive which means it lies on the right side of the mirror which means image is

always virtual.

Now,

v f

m=——=—

1L u— f

since the denominator is always less than the numerator, so the magnitude

magnification will always be greater than 1

Hence we conclude that image is always gonna be enlarged.

Hence an object placed between the pole and focus of a concave mirror produces a

virtual and enlarged image.

Q 9.16 A small pin fixed on a table top is viewed from above from a distance of 50cm.
By what distance would the pin appear to be raised if it is viewed from the same point
through a 15cm thick glass slab held parallel to the table? Refractive index of glass =

1.5. Does the answer depend on the location of the slab?

Answer:

As we know,



Refractive index =

actual depth

apparentdept h

Here actual depth = 15cm

let apparent depth be d'

And refractive index of the glass = 1.5

now putting these values, we get,

15

1.h = —
d’

d =10

the change in the apparent depth = 15-10 =5 cm.

as long as we are not taking slab away from the line of sight of the pin, the apparent

depth does not depend on the location of the slab.

Q 9.17 (a) In the following f igure shows a cross-section of a ‘light pipe’ made of a glass
fibre of refractive index 1.68. The outer covering of the pipe is made of a material of
refractive index 1.44. What is the range of the angles of the incident rays with the axis of

the pipe for which total reflections inside the pipe take place, as shown in the figure.




Answer:
We are given,

Refractive index of glass( 'glass ) and outer covering( Heuterlayer ) is 1.68 and 1.44

respectively.

Now applying snell's law on upper glass - outer layer,

o _
HalassStIlE = F"uurr:'fr:yr;--“'J’-J‘lg[]

i’ = the angle from where total Internal reflection starts

Houterlayer 1.44

= —— =0.8571
Hglass 1.68

sini’ =

i' = 50Y

At this angle, in the air-glass interface
Refraction angle r = 90 - 59 = 31 degree
let Incident Angle be i .

Applying Snell's law

Lsint = pgigsssinr

sini = 1.6851n31 = 0.8652

1 = 60 (approx)



Hence total range of incident angle for which total internal reflection happen

is0 = 1 < 60

Q 9.17 (b) What is the answer if there is no outer covering of the pipe?

Answer:
In the case when there is no outer layer,

Snell's law at glass-air interface(when the ray is emerging out from the pipe)

LolassSini = 1sin90
Halass

1 1
sint’ = = —— = 0.595
Hglass 1.68

i’ =36.5

refractive angle r corresponding to this = 90 - 36.5 = 53.5.

the angle r is greater than the critical angle

So for all of the incident angles, the rays will get total internally reflected.in other words,
rays won't bend in air-glass interference, it would rather hit the glass-air interference

and get reflected

Q 9.18 (a) Answer the following question:



You have learned that plane and convex mirrors produce virtual images of objects. Can

they produce real images under some circumstances? Explain.

Answer:

If our object is virtual then Plane and convex mirrors can produce a real image. That is,
when the light coming from infinity goes into the convex mirror, it creates a virtual object
behind the convex mirror. the reflection of this virtual object in the convex mirror can be

taken out on screen and hence convex mirror can make a real image.

Q 9.18 (b) Answer the following question:

A virtual image, we always say, cannot be caught on a screen. Yet when we ‘see’ a
virtual image, we are obviously bringing it on to the ‘screen’ (i.e., the retina) of our eye.

Is there a contradiction?

Answer:

No, there is no contradiction. A virtual image is formed whenever the light rays are
diverging. We have a convex lens in our eye. This convex lens converges the diverging
rays into our retina and forms a real image. In other words, the virtual image acts as an
object to the convex lens of our eye to form a real image, which we see on the screen

called retina.

Q 9.18 (c) Answer the following question:

A diver underwater looks obliquely at a fisherman standing on the bank of a lake. Would

the fisherman look taller or shorter to the diver than what he actually is?

Answer:



The diver is in denser medium (water) and fisherman is in lighter medium (air). As the
diver is looking at the fisherman, rays of light will go from fisherman to divers eye, that
is, from lighter medium to denser medium. Since rays deflect toward normal when it
goes form lighter to a denser medium, the fisherman will look taller than actual to the

diver.

Q 9.18 (d) Answer the following question:

Does the apparent depth of a tank of water change if viewed obliquely? If so, does the

apparent depth increase or decrease?

Answer:

Yes, appearing depth of water will decrease when we view obliquely, this happens
because of the fact that light bends from its direction whenever it goes from one

medium to another medium.

Q 9.18 (e) Answer the following question:

The refractive index of diamond is much greater than that of ordinary glass. Is this fact

of some use to a diamond cutter?

Answer:

We use diamond as a cutter because it is very hard and sharp. The refractive index is
high in diamond ensures that light goes through multiple total internal reflections so that
light goes in all direction. This is the reason behind the shining of the diamond. Light
entering is totally reflected from faces before it getting out, hence producing a sparkling

effect



Q 9.19 The image of a small electric bulb fixed on the wall of a room is to be obtained
on the opposite wall 3m away by means of a large convex lens. What is the maximum

possible focal length of the lens required for the purpose?
Answer:

As we know for real image, the maximum focal length is given by

d

.farer:.r = 1

where d is the distance between the object and the lens.

So putting values we get,
3 o
fmr:.r = 1 = 0.75

Hence maximum focal length required is 0.75.

Q 9.20 A screen is placed 90cm from an object. The image of the object on the screen
is formed by a convex lens at two different locations separated by 20cm. Determine the

focal length of the lens.
Answer:

As we know that the relation between focal length I, the distance between
screen IJ and distance between two locations of the object d is :

D? — d*

F=—p

Given: D =90cm., d =20cm ,



SO

fo 90? — 207
T 400
a0® — 202 770
f== — L —21.39cm

Hence the focal length of the convex lens is 21.39 cm.

Q 9.21 (a) Determine the ‘effective focal length’ of the combination of the two lenses in
Exercise 9.10, if they are placed 8.0cm apart with their principal axes coincident. Does
the answer depend on which side of the combination a beam of parallel light is incident?

Is the notion of effective focal length of this system useful at all?

Answer:

Here there are two cases, first one is the one when we see it from convex side i.e. Light
are coming form infinite and going into convex lens first and then goes to concave lens
afterwords. The second case is a just reverse of the first case i.e. light rays are going in

concave first.

1)When light is incident on convex lens first

11 1
oo i
11 1
v f  wu
1 1 1

v 30 anfinite

1= alem



Now this will act as an object for the concave lens.

1 1 1

feoncave U fromeoncave U fromeoncave

Ufromeoncave = 30 — 8 = 22em

I 1 1
_EU f'_ﬁ'mru'ml['r:rr 33
11
v 220
= —220cm

Hence parallel beam of rays will diverge from this point which is (220 - 4 = 216) cm

away from the centre of the two lenses.

2) When rays fall on the concave lens first

1 1 1

i o i

1 1 1

v f  wu

11 1
v =20 in finite
v = —20cm

Now this will act as an object for convex lens.

11 1

i
.f['l'.i'i'l UET ! fi"[-"i'r-!['l'.i'i'l UVEr ”fi" IMCoMTUVer

U fromeonver = —20 — 8 = —28cm
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U fromeonver = —420cm

Hence parallel beam will diverge from this point which is (420 - 4 = 146 cm ) away from

the centre of two lenses.

As we have seen for both cases we have different answers so Yes, answer depend on

the side of incidence when we talk about combining lenses. i .e. we can not use the

effective focal length concept here.

Q 9.21 (b) An object 1.5 cm in size is placed on the side of the convex lens in the

arrangement (a) above. The distance between the object and the convex lens is 40cm.

Determine the magnification produced by the two-lens system, and the size of the

image.

Answer:

Given

Object height = 1.5 cm

Object distance from convex lens = -40cm

According to lens formula

1 1 1

[}
! fi"l'.?'i'H['I'.F'i'Il'I'.I' .f['l'.?'i'll'l'.l' ”fi"Ui'H['l’.:'i'll'l’.l'



1 1+ 1 B 1
U fromeony ex 30 —40 120

Ufromeonver = 120

Magnificatio due to convex lens:

v 120

3

Mepprer = —— =

u —40
The image of convex lens will act as an object for concave lens,

SO,

1 1 1
- —

U fromeoncave feoncare U fromeoncave

Ueoneare = 120 — 8 =112

1 1 N 1
U fromeoncave —20 112

1 92

U fromeoncave - 2240

—2240
92

' —
u fi"Di'ﬂ»EDi"tCﬂ'l'E -

Magnification due to concave lens :

zzcm* 120
92 112 92

Meoneare =

The combined magnification:

Meombined = Meonver ¥ Meoneare

20 _
M eombined = 3 ﬁ = 0.652



Hence height of the image = Mcombined * h
=0.652 * 1.5 =0.98cm
Hence height of image is 0.98cm.

Q 9.22 At what angle should a ray of light be incident on the face of a prism of refracting
angle 60 so that it just suffers total internal reflection at the other face? The refractive

index of the material of the prism is 1.524 .

Answer:

Let prism be ABC ,

as emergent angle ¢ = 90",
F*’_ql'r:.-s.-s-“'*’:fﬂ‘z = 151m90

= 0.6562

SINTry =

1.524

ra = 417 (approx)



Now as we know in the prism
ri+rm=A4

Hence, "1+ = A —ry = 60— 41 = 19"
Now applying snells law at surface AB
Lsini = pigiqsssinry

sint = 1.524sm19

sint = 0.496

Hence the angle of incident is 29.75 degree.

Q 9.23 A card sheet divided into squares each of size 1 mm 2is being viewed at a

distance of 9 cm through a magnifying glass (a converging lens of focal length 10 cm)

held close to the eye.

(a) What is the magnification produced by the lens? How much is the area of each

square in the virtual image?

(b) What is the angular magnification (magnifying power) of the lens?

(c) Is the magnification in (a) equal to the magnifying power in (b)? Explain.

Answer:

Given,



Object distance u = -9cm

Focal length of convex lens = 10cm

According to the lens formula

111
oo i
11 1
10 » -9
I
v 10 9
= = =9 cm

a) Magnification

! —90
m = v = —=10em
i ]

The area of each square in the virtual image

=10 % 10 x 1 = 100mm? = 1em?

b) Magnifying power

'}.'
_ 4By
lu| 9
c) No,

e - X
magnai fication = —
i

d

magnt fying power = —

Jul |



Both the quantities will be equal only when image is located at the near point |v| = 25

cm

Q 9.24 (a) At what distance should the lens be held from the figure in Exercise 9.29 in

order to view the squares distinctly with the maximum possible magnifying power?
(b) What is the magnification in this case?

(c) Is the magnification equal to the magnifying power in this case?

Answer:

a)

maximum magnifying is possible when our image distance will be equal to minimum
vision point that is,
v =—23

f = 10em (Given)

Now according to the lens formula

111
._e' i
11 1
u v f
11 1
uo =25 10



ol
= —J: = —T.14ecm
i

Hence required object distance for viewing squares distinctly is 7.14 cm away from the

lens.

b)

Magnification of the lens:

! 2 _
m = ‘— = — %] = 3.
i a0

L=

c)

Magnifying power

i 25
{—:—[Jﬂ'i?:.j._

M=

[y
L—_—

i

Since the image is forming at near point ( d = 25 cm ), both magnifying power and

magnification are same.

Q 9.25 What should be the distance between the object in figure 9.23 and the
magnifying glass if the virtual image of each square in the figure is to have an area of
6.25 mm 2. Would you be able to see the squares distinctly with your eyes very close to

the magnifier?
Answer:
Given

Virtual image area = 6.25 mm 2



Actual ara =1 mm 2

We can calculate linear magnification as

we also know

o
nm = —
(!

U= i

Now, according to the lens formula

1 B 1 1

i o i

1 B 1 1

10 mu i

1.1 1

—|f—_ — J_Tl = —

2.5 10

u = —bem and

v =mu=25%(—0) = —1dcm

Since the image is forming at a distance which is less than 25 cm, it can not be seen by

eye distinctively.

Answer the question



Q 9.26 (a) The angle subtended at the eye by an object is equal to the angle subtended
at the eye by the virtual image produced by a magnifying glass. In what sense then

does a magnifying glass provide angular magnification?

Answer:

Angular magnification is the ratio of tangents of the angle formed by object and image
from the centre point of the lens. In this question angle formed by the object and a
virtual image is same but it provides magnification in a way that, whenever we have
object place before 25cm, the lens magnifies it and make it in the vision range. By using
magnification we can put the object closer to the eye and still can see it which we

couldn't have without magnification.

Answer the question

Q 9.26. (b) In viewing through a magnifying glass, one usually positions one’s eyes very

close to the lens. Does angular magnification change if the eye is moved back?

Answer:

Yes, angular magnification will change if we move our eye away from the lens. this is
because then angle subtended by lens would be different than the angle subtended by
eye. When we move our eye form lens, angular magnification decreases. Also, one
more important point here is that object distance does not have any effect on angular

magnification.

Answer the question?



Q 9.26 (c) Magnifying power of a simple microscope is inversely proportional to the
focal length of the lens. What then stops us from using a convex lens of smaller and

smaller focal length and achieving greater and greater magnifying power?

Answer:

Firstly, grinding a lens with very small focal length is not easy and secondly and more
importantly, when we reduce the focal length of a lens, spherical and chronic aberration
becomes more noticeable. they both are defects of the image, resulting from the ways

of rays of light.

Q 9.26 Answer the Question?

(d) Why must both the objective and the eyepiece of a compound microscope have

short focal lengths?

Answer:

We need more magnifying power and angular magnifying power in a microscope in
order to use it effectively. Keeping both objective focal length and eyepiece focal length

small makes the magnifying power greater and more effective.

Answer the Question?

Q 9.26 (e) When viewing through a compound microscope, our eyes should be
positioned not on the eyepiece but a short distance away from it for best viewing. Why?

How much should be that short distance between the eye and eyepiece?

Answer:



When we view through a compound microscope, our eyes should be positioned a short
distance away from the eyepiece lens for seeing a clearer image. The image of the

objective lens in the eyepiece lens is the position for best viewing. It is also called "eye-
ring" and all reflected rays from lens pass through it which makes it the ideal position for

the eye for the best view.

When we put our eyes too close to the eyepiece lens, then we catch the lesser refracted
rays from eyes, i.e. we reduce our field of view because of which the clarity of the image

gets affected.

Q9.27 An angular magnification (magnifying power) of 30X is desired using an objective
of focal length 1.25cm and an eyepiece of focal length 5cm. How will you set up the

compound microscope?

Answer:

Given,

magnifying power = 30

objective lens focal length

Tobjeective = 1. 25cm

eyepiece lens focal length

feyepicce = 5 om

Normally, image is formed at distance d = 25cm

Now, by the formula;



Angular magnification by eyepiece:

_ el _ 25 ]
Meyepicee = l+ ——=1+—=6

fe yepiece )

From here, magnification by the objective lens :

30 _
Mogioginn = — = 5
objective 3 since ( Mgbjective ¥ Meyepiece = Mtotal )

(i _
—_—— =

Mghjective =
i

= —Hu

According to the lens formula:

1 B 1 1
i o i

1 B 1 1
1.25 —hu i
from here,
u=—1.5em

hence object must be 1.5 cm away from the objective lens.
v =—mu=|—15){5) =75

Now for the eyepiece lens:
1 11

f
1
5



= —4.17cm
Hence the object is 4.17 cm away from the eyepiece lens.
The separation between objective and eyepiece lens

Ueyepiece T Vobjectivve = 41T+ 5.7 =11.6Tecm

Q 9.28 (a) A small telescope has an objective lens of focal length 140cm and an
eyepiece of focal length 5.0cm. What is the magnifying power of the telescope for
viewing distant objects when

(a) the telescope is in normal adjustment (i.e., when the final image is at infinity)?
Answer:

Given,

the focal length of the objective lens fovjective = 140cm

the focal length of the eyepiece lens feyepicce = dcm

normally, least distance of vision = 25cm

Now,

As we know magnifying power:

ectiv 140
_— fuil.jr[mr _ — 98

f EYEPIECE o

Hence magnifying power is 28.



Q 9.28 (b) A small telescope has an objective lens of focal length 140cm and an
eyepiece of focal length 5.0cm. What is the magnifying power of the telescope for

viewing distant objects when

(b) the final image is formed at the least distance of distinct vision (25cm)?
Answer:

Given,

the focal length of the objective lens fovjective = 140cm

the focal length of the eyepiece lens feyepiece = Dem
normally, least distance of vision = 25cm

Now,

as we know magnifying power when the image is atd =25 cm is

= Mfl o .J][II _!,lrpz'r['r-] P J.-l[]l:l 3 i] _ 336

.fryrpz'r['r d . D 25
Hence magnification, in this case, is 33.6.

Q 9.29 (a) For the telescope described in Exercise 9.28 (a), what is the separation

between the objective lens and the eyepiece?
Answer:
a) Given,

focal length of the objective lens = fobjective = 140cm



focal length of the eyepiece lens = feyepiece = 5 cm
The separation between the objective lens and eyepiece lens is given by:
feyepiece + fobjective = 140 + 5 = 14dem

Hence, under normal adjustment separation between two lenses of the telescope is 145

cm.

Q 9.29 (b) 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?
Answer:

Given,

focal length of the objectove lens = Fobjective = 140cm

focal length of the eyepiece lens = feyepicee = 5 cm

Height of tower Dtower = 100m

Distance of object which is acting like a object u = 3km = 3000m.

The angle subtended by the tower at the telescope

||r||f'|:|u|r;|' J.[::][::] J.
tantl = = = —
0] 3000 30

Now, let the height of the image of the tower by the objective lens is Rimage .

angle made by the image by the objective lens :



h image h it e

fuiljrt'h'rr B 140

tant’' =

Since both, the angles are the same we have,

tant = tanf’

L _ h LG e
30 140
140

Nimage = e 4.Tem

Hence the height of the image of the tower formed by the objective lens is 4.7 cm.
Q 9.29 (c) What is the height of the final image of the tower if it is formed at 25cm
Answer:

Given, image is formed at a distance d = 25cm

As we know, magnification of eyepiece lens is given by :

_ d
m =1+
fryr;n'r:'r
25
m=1+—==06
0
Now,

Height of the final image is given by :

Nimage = Mhgyject = 6 % 4.7 = 28.2cm

Therefore, the height of the final image will be 28.2 cm



Q9.30 A Cassegrain telescope uses two mirrors as shown in Fig. 9.30. Such a
telescope is built with the mirrors 20mm apart. If the radius of curvature of the large
mirror is 220mm and the small mirror is 140mm, where will the final image of an object

at infinity be?

FIGURE 9.30 Schemalle diagram of a reflleclng belesc o [Cassegrain).

Answer:

Given,

Distance between the objective mirror and secondary mirror d = 20mm
The radius of curvature of the Objective Mirror

Ropjective = 220mm

So the focal length of the objective mirror

220
bejEEH:‘l'E = T = 110mim

The radius of curvature of the secondary mirror

Rsr:cmtdnry = 140mm



so, the focal length of the secondary mirror

140

f.'sr['mlrfrtry = T = T0mm

a

The image of an object which is placed at infinity, in the objective mirror, will behave like

a virtual object for the secondary mirror.
So, virtual object distance for the secondary mirror

”.'sr:'mlrfru'y = foiljr:'rz'rr —d =110 — 20 = 90mm

Now, applying the mirror formula in the secondary mirror:

1 B 1 1
oo i
1 B 1 1
v f u
1 B 1 1
v 70 90
i = 31lbmm

Q 9.31 Light incident normally on a plane mirror attached to a galvanometer coil
retraces backwards as shown in Fig. 9.33. A current in the coil produces a deflection of
3.5 °of the mirror. What is the displacement of the reflected spot of light on a screen

placed 1.5 m away?



el

-+ 1.5 m

.

FIGURE 9.36

Answer:

Given

Angle of deflection § = 3.5"

The distance of the screen from the mirror I} = 1.5m

The reflected rays will bet deflected by twice angle of deviation that is
-0

20 =350%2=T7

=

Now from the figure, it can be seen that

d
1.5

tan2d =

d=10%tan2d =2+ tan7 = 0.184m = 18.4em
Hence displacement of the reflected spot of the light is 18.4cm

Q 9.32 Figure 9.34 shows an equiconvex lens (of refractive index 1.50) in contact with a
liquid layer on top of a plane mirror. A small needle with its tip on the principal axis is
moved along the axis until its inverted image is found at the position of the needle. The

distance of the needle from the lens is measured to be 45.0cm. The liquid is removed



and the experiment is repeated. The new distance is measured to be 30.0cm. What is

the refractive index of the liquid?

FICURE 9.34

Answer:

Given

The focal length of the convex lens feonver = 30cim

here liquid is acting like the mirror so,

the focal length of the liquid — Jriquid

the focal length of the system(convex + liquid) fsystem = 4dcm
Equivalent focal length when two optical systems are in contact

1 1 1

f.'s_:,l.'srrm .f:'ml veT ffz'r;uz'rf




1 1 1

ff tiguied f.'s ystem f['ml VET

1 1 1 1
Jriquid 45 30 90

fl'z'r;uz'rf = —90cm

Now, let us assume refractive index of the lens be Hiens

The radius of curvature are i and —F .

As we know,
1 ) 1 (1 1 )
= ||L ” g — | —_——_—
f['[??ll'l’.l' # o R _R
1 2

= (ftens — 1) —
..f['[:'”l'l—.l- o R

R = 2(pens—1) feonver = 2(1.5 — 1)30 = 30cm
Now, let refractive index of liquid be Fliguid
The radius of curvature of liquid in plane mirror side = infinite

Radius of curvature of liquid in lens side R = -30cm

As we know,
1 , (] 1
= | Hliguid— —_— -
fl'z'r;uz'rf Hliguid =1 R i finite
1 ) oo 1
—— = | Hhguid — J-]-”x_}

90 30



_ 1
“l’z'r;m'rf =1+ E

Hiiguid = 1.33

Therefore the refractive index of the liquid is 1.33.





