Chapter 9. Ray Optics and Optical Instruments

1.A biconvex lens made of a transparent material of refractive index 1.25 is immersed in a
water of refractive index 1.33. Will the lens behave as a converging or a diverging lens? Give
reason. [All India 2014]

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

2.A biconvex lens made of a transparent material of refractive index 1.5 is immersed in a
water of refractive index 1.33. Will the lens behave as a converging or a diverging lens? Give
reason. [Ail India 2014]

Ans. A biconvex lens acts as a converging lens in air because the refractive index of air is less
than that of the material of the lens. The refractive index of water is less than the refractive
index of the material of the lens (1.5). So, its nature will not change, it behaves as a
converging lens.

3.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? [All India 2014]

Ans. The adjacent figure shows a convex lens L in contact with a plane mirror P is the point
object kept in the front of this combination at a distance of 20 cm from it.

L M

20 cm

Since, the image is coinciding with the object itself, the rays from the object after refraction
from the lens fall normally on the mirror M and form an image coinciding with the object itself.
So, the image is formed at the focus of the lens. So, focal length of the lens is 20 cm.

4. Write the relationship between angle of incidence i, angle of prism A and angle of
minimum deviations from a triangular prism. [Delhi 2013]
Ans.The relation between the angle of incidence /', angle of prism, A and the angle of
minimum deviation, An, for a triangular prism is given by
= A+ &m_

2
5.How does focal length of a lens change when red light incident on it is replaced by violet
light? Give reason for your answer. [Foreign 2012]

Ans . The refractive index of the material of a lens increases with the decrease in wavelength of
the incident light. So, focal length will decrease with decrease in wavelength according to the
formula.

T 11
u-nl—=—-—
Fom )(Rq Rz]

Thus, when we replace red light with violet light then due to increase in wavelength the focal
length of the lens will decrease
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6.Name the physical quantity which remains same for microwaves of wavelength 1 mm and
UV-radiation of 1600 A in vacuum.  [Delhi 2012]

Ans. Both microwave and UV-rays are a part of the electromagnetic spectrum. Thus, the
physical quantity that remains for both types of radiation will be their speeds equal to
c. c=3x10%m/s

7.Under what condition, does a biconvex lens of glass having a certain refractive index act
as a plane glass sheet when immersed in a liquid? [Delhi 2012]

Ans. When refractive index of lens is equal to the refractive index of liquid.

8.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]

From Snell’s law, p = S—m—" ==

sinr )

= veesint for given value of i

= Smaller angle of refraction, smaller the

velocity of light in medium.

Velocity of light is minimum in medium, A ‘as

angle of refraction is minimum, i.e. 15°. (1)

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

Ans Because refractive index for a given pair of media depends on the ratio of wavelengths
and velocity of light in two medium and not on frequency

10.The refractive index of diamond is much greater than that of glass. How does a diamond
cutter make use of this fact? [HOTS; All India 2011C]

Ans. The refractive index of diamond is much higher than that of glass. Due to high refractive
index, the critical angle for diamond air interface is low. The diamond is cut suitably so that
the light entering the diamond from any face suffers multiple total internal reflections at the

various surfaces.

11.If a ray of light propagates from a rarer to a denser medium, how does its frequency
change? [All India 2011c]

Ans. Frequency remains unchanged when light travels from one transparent medium to
another transparent medium.

12.State the criteria for the phenomenon of total internal reflection of light to take
place. [Delhi 2011,2010, 2008C]

Ans. Following are the criteria for total internal reflection
(i) Light must pass from a denser to a rarer medium.
(ii) Angle of incidence must be greater than critical angle

13.A lens behaves as a converging lens in air and a diverging lens in water (g = 4/3). What



will be the condition on the value of refractive index (g) of the material of the lens? [Delhi
2011c]

Ans. Refractive index of the material of lens is less than the refractive index of water.

14.A converging lens axially in contact with a diverging lens; both the lenses being of equal
focal lengths. What is the focal length of the combination?  [All India 2010]

Combined focal length of a lens combination

1 1

— =—+ — (For two thin lenses in contact)
f f; fz

(focal lengths are equal, one is convex and

other is concave)

= -1———-0 = f=o0
f

1)

15.A glass lens of refractive index 1.45 disappears when immersed in a liquid What is the .
value of refractive index of the liquid? [Delhi 2010]

When a lens immersed in a liquid disappears

16.Calculate the speed of light in a medium whose critical angle is 30°. [Delhi 2010]

t) Crrtncal angte is the angle of mcldence for whlch
g " angle of refraction becomes 90° Here, in thls

case refractive index, p =

. . C
* Refractive index, 1 = — = ——
v sin !C

= Vv=C SiniC:3x]DB><sin3U°

3108 % L =1.5x108m/s
2 (1)

17.Why does the sky appear blue? [Foreign 2010]

Due to large scattering of visible light of smaller
wavelength (blue colour) as intensity of

. 1
scattered light o« —.,
Y (1)

18.Under what condition does the formation of rainbow occur? [All India 2010C]

Ans. Availability of rain drops causes refraction, dispersion and total internal reflection of sun
light results in the form of rainbow and the back of the observer should be towards the sun.

19.Two thin lenses of power + 6 D and -2D are in contact. What is the focal length of the
combination? [All India 2010]



Resultant power of the combination,
P=P +Py=6-2=4D

'e4 o f=tm=25cm
f : 4

20.Two thin lenses of power + 4 D and -2D are in contact. What is the focal length of the
combination? [All India 2010]

Refer to ans. 19, (f = 50 cm).

21.Two thin lenses of power + 5D and -2.5D are in contact. What is the focal length of the
combination? [All India 2010]

Refer to ans. 19, (f = 40 cm).

22.Why are convex mirrors used as side view mirrors in cars? [Delhi 2009c]

Ans. Because convex mirror forms virtual, erect and smaller image of object irrespective of
relative position of object from mirror and therefore, its field of view is very wide.

23.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? [hots; Delhi
2008]

| O Asthelensis placed in same medium as that of the|
| " lens, the ray will pass without any deviation.

ST — et

In liquid, 1 = (&i = J(l - -1—)
f M R‘I R2

Given, p,=p,

l=[!'l_g_]](_1-__}_]=0 or = oo
f Hg Ry Ry (1)

24.How does the power of convex lens vary if the incident red light is replaced by violet light?
[Delhi 2008]

! 42 From lens maker’s formula, l. -1) k] ~-1-]
! f Ry R,

We can write

P=(u-1)[£-—ki} ;
1 2

For same lens when only medium Is changed

= Pec(—1) |
Also, I o< v j
A (wavelength) !

Pe< l

A

Due to decrease of wavelength (red to violet),
the refractive index of glass increases and
hence power of lens increases. (1)

25.Explain giving reason why the sun looks reddish at sunrise or sunset? [Foreign 2008]



. 1 .
Intensity of scatte-=14  light oc-}: (Rayleigh

criteria). !

Red light have got highest wavelength in
visible spectrum, therefore scatters least and
hence, red light from sun able to reach on the
earth at the time of sunrise and sunset.
Therefore, the sun appears reddish at the time
of sunrise and sunset. (1)

2 Marks Questions

1.Draw a ray diagram of a reflecting type telescope. State two advantages of this telescope
over a refracting telescope. [ Delhi 2014 C; All India 2008C; Delhi 2008]

Ans.
: Objective
/ mirror (C)
73 g
[
§5 8 3.8
=2 I3
w Qo =
g3= 28
N\
— v 4
Advantages

(i) Reflecting telescopes have high  resolving power due to a large aperture of mirrors.
(i) Due to availability of paraboloidal mirror, the image is free from chromatic and
spherical aberration.

2.Draw a schematic diagram of refracting telescope. Write its two important limitations.
[Delhi 2014c]

Ans.
L . .
Objective
/ mirror (C)
3 g
w
8§58 39
=32 22
w3 =
29 %8
N\
| S— 1]

Limitations of refracting telescope over a reflecting type telescope.
(i) Refracting telescope suffers from chromatic aberration uses large sized lenses.
(i) It is difficult and expensive to make such large sized lenses.

3.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. [Delhi 2014c]

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



4 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]

Given, focal length of convex lens,

fi=+25cm = + 025 m and focal length of
concave lens, f, =-20cm=-0.20m
Equivalent focal length of convex and concave

lens,
1T 1 _ 1 1T 1

=t — = — e —_——
f, f, 25 —-20 100
F==100cm=-1m

Now, the power of lens P = %
1

F

For convex lens, P, :fl =505
1

For concave lens, P, = L
f, —0.20
Hence, power of the combination
popapo 1, 1__100 100
0.25 -0.20 25 =20
_400-500 _-100 _ .
100 100
Here, the focal length of the combination
=100 cm=-1m
Since, the focal length is in negative, so the
system will be diverging in nature. (2)

5.Draw a schematic arrangement of a reflecting telescope (Cassegrain) showing how rays

coming from a distant object are received at the eyepiece. Write its two important
advantages over a refracting telescope. [Delhi 2013C]

Ans. Diagram of a reflecting telescope (Cassegrain) is shown as below:
Advantages of reflecting telescope over a refracting telescope are given as below:

(i) A reflecting telescope reflects all wavelengths of light at the same angle, so there are no

colour halos.
e b e R . .
" Objective
Secandary | E/mirror
mirror ™

Eyepiece




(i) A mirror has only one surface to be figured, so it is easier to control the shape.

(i) A mirror reflects the light, so the material that is made from does not have to be

transparent ultraviolet light reflects equally well.

6.Two convex lenses of same focal length but of apertures A, and A, (A, < A)), 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
2011]

Resolving power of telescope, R, = 1_.;2_1

where, A = aperture or diameter of the objective telescope

and A =wavelength of the objective.

= Rec A
Ratio of resolving powers of two telescopes Ri_A
Ry A,
A > A
o R, >R, (1)
The larger the aperture of objective, higher the resolving power of telescope. As well more gathering
of light to form the image and hence, brighter image would be obtained. (1)

7.Define the resolving power of a telescope. Write any two advantages of a reflecting
telescope over a refracting telescope. [Delhi 2010 c]

Resolving power of a microscope is defined as the reciprocal of its limit of resolution (d) i.e.
RP of microscope = 1/d

where, limit of resolution is equal to the smallest distance between two closest objects whose vivid or

clean image can be seen through the microscope and given by d = 24 sin6
u sin

21 sin®
A
where, A = wavelength of light used, (1)
6= semivertical angle of the cone formed by object at objective
and p = refractive index of molecule between object and lens.
{a) Resolving power increases with the increase of 1.
(b) Resolving power decreases as resolving power =< 1/X.. (1/2x2=1)

Resolving power of microscope =

8.Draw a labelled ray diagram of an astronomical telescope in the near point position. Write
the expression for its magnifying power.  [All India 2008]

Ans. Ray diagram of an astronomical telescope in the near point position is



Objective Eyepiece

R,
dist,

B
At infinity

Astronomical telescope

Magnifying power, M = — ;—“ (1 + %]

e

where f,, f, focal length of objective and eye lens and D = least distance of distinct vision.

9.Draw a ray diagram of an astronomical telescope in the normal adjustment position. State
two drawbacks of this type Of telescope. [Delhi  2008]

L

Obijective
/ mirror (C)
o8 ¢
oy
558 38
228 33
w Qo =
SERR
AN
— ]

Drawbacks

(i) Image formed by these telescopes have chromatic and spherical aberration.

(i) The length of telescope is very large in normal adjustment.

10.Draw a ray diagram of compound microscope. Write the expression for its magnifying

power. [Delhi 2008]
Ans.

Eye lens

Objective lens




Magnifying power of a compound microscope
M=- L 1+ fE

o (5]
where, L= length of telescope

f, = focal length of objective and

f. = focal length of eye lens (1)

11.(i) Draw a labelled ray diagram showing the formation of a final image by a compound
microscope at least distance of distinct vision, (ii) The total magnification produced by a
compound microscope is 20. The magnification produced by the eyepiece is 5. The
microscope is focussed on a certain object. The distance between the objective and
eyepiece is observed to be 14 cm. If least distance of distinct vision is 20 cm. Calculate the
focal length of the objective and the eyepiece. [Delhi 2014 C]
(i) Refer to ans. 3. (1)

(i) Given, Magnification, M = 20

Magnification of eyepiece, m, =5

Least distance vision, D =20 ¢cm

Distance between objective and eyepiece,
L=14cm

We know that,
Magnification, M =m, x m,

m 20
= mu=—=—=4
m, 5
D
my =1+ —

e
where, f, is focal length of eyepiece.

= 5=1+-2~(~] = f,=5cm

e (1}
Using lens formula for eyepiece,
1_-1 1_-5_-1

T20 5 20 4

Ut"
u, =-4cm
{objective distance for eyepiece)
L=vy +|ue|

= vo=l-|u,|=14-4=10cm
Magnification produced by objective,

m,=--2

Ug

Object distance for objective,

Using lens formula for objective,
1_1_1
f, v, u,
1 1 1 1
= o — I — e
10 =25 10 25

f,=2cm

12.Draw a labelled ray diagram of a refracting telescope. Define its magnifying power and
write the expression for it. Write two important limitations of a refracting telescope over a
reflecting type telescope. [All India 2013]



Objective Eyepiece

A
R
dist,
B
At infinity
Astronomical telescope
- f, f
Magnifying power, M= — 2 [1+ ¢
f, D

where f,, f, focal length of objective and eye lens and D = least distance of distinct vision.

- Objective
/ mirror (C)
A P
2420 o
2«38 8§ v;
W 2 4
- Eyepiece
N /
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Limitations of refracting telescope over a reflecting type telescope.
(i) Refracting telescope suffers from chromatic aberration uses large sized lenses.

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

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

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

eyepiece.

14.A compound microscope uses an objective lens of focal length 4 cm and eyepiece lens
of focal length 10 cm. An object is placed at 6 cm from the objective lens. Calculate the
magnifying power of the compound microscope. Also, calculate the length of the
microscope. [All India 2011]

Ans.



For compound microscope,
fo=4cm, f, =10 cm
U,==-6cmv,=-0D=-25¢cm
For objective lens,

1_1_

fO 1"IIIIZ,'I UO
1 1 (1 1 1 1 1
———— = —=— = — = —
4 v, \6 v, 4 6 12

V=12 cm

. Magnifying power M

(e
(-

Magnifying powerM = -7
Length of microscope =|v,| +|u,|

where, v, =12 cm
For eye lens,
Ve==25cm, f,=10cm, u, =1
111
feﬁve UE
S R L R
u, v, f, -25 10
1.-2-5__ 7
u, 50 50
50

U, =——acm=-714cm
7

Length of microscope
=|v | +|ue| =12 +7.14=19.14 cm

NOTE

1. The separation between objective and eye lens is known as length of microscope.
2. The image formed by objective is an object for eye lens.

15.A giant reflecting telescope at an observatory has an objective lens of focal length 15 m.
If an eyepiece lens of focal length 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 108 m. [All India 2011]

Ans.



For astronomical telescope,
fo=15m=1500 cm

f,=1cm
Angular magnification m = — lo (1/2)
e
=_15x100 cm=“1500
1cm (1)

NOTE As clear from the figure of astronomical
telescope, angle subtended by moon at the
objective must be equal to the angle
subtended by image formed by objective on
the objective lens.

The angle subtended by moon at objective
D
o= , .
Radius of lunar orbit

3.42 x10° m
o=
3.8x10°m

2, then angle subtended by image © med
by objective on itself

o= % (i)
where, d = diameter of image
From Egs. (i) and (ii), we get

. (0)

A

3.42x10° _ d ({1
2 10% 1500 )
X )
’ 8 T l-._{..,_.
38 x10

16.Two convex lenses of focal length 20 cm and 1 cm constitute a telescope. The telescope
is focused on a point which is 1T m away from the objective. Calculate the magnification
produced and the length of the tube if the final image is formed at a distance 25 cm from the

eyepiece. [Delhi 201 ic]

Ans.

Given, f,=20 cm, f, =1cm, v, = =25 cm
For objective
u,=-100 cm, f, =20 cm
1 1 1 1
—_
Ug 20 v, (=100)

1
fo v
i_i_ 1 15-1= 4
v, 20 100 100 100
V,=25cm (1/2)




For eye lens
fo=1cm, u, =2, v, =-25

T 1 1 1 1 1
—_—— e — — = e —m
fo Vo U, 1 -25 u,
1 1 26 1
T4+ — == — —_—= - —
25 Ue 25 Ug
)
26
U] =0.96 cm (1/2)

Magnification

e+ 2)-- (%))
m=-21+=|=—|=2|[1+22
u, \ . 100 1

m=-_x26=-6.5
4 (1)
Length of telescope, L = v, +u, =25 +0.96

L=25.96 cm (1)

17.The objective of an astronomical telescope has a diameter of 150 mm and a focal length
of 4.00 m. The eyepiece has a focal length of 25.00 mm. Calculate the magnifying and
resolving power of telescope. (X = 6000 A for yellow Colour). [Delhi 2011C]

The diameter of objective of the telescope
=150 x107m
f,=4m
f,=25x10"m and D=0.25m
Magnifying power,

M:—f”('l-l_g_\
e \ e )

M= — 4 1+ 0.25
25 x107 25 %1073

M=-3900 ¢ 10
4000 x 11

73

Re ...1g power = —
&b do

_1.22) _1.22 x6x107
D 0.25

— -b
=2.9%107" rad (1)

de

. 1
. Resolving power = ——— =034 x10°
29%x107°

18.(i) Draw a neat labelled ray diagram of an astronomical telescope in normal

adjustment. Explain briefly its working.

(i) An astronomical telescope uses two lenses of powers 10 D and ID. What is its
magnifying power in normal adjustment? [All India 2010]



Ans.
Refer to ans. 2.

The image formed by objective lens must fall on the focus of eye lens in order to form final
image at infinity.

1
(i) As, f,=—=0.1m=10cm
‘10

f =%=1m=100cm

e

(1)
Magnifying power in normal adjustment,
| - _fo__100
f, 10
M=-10 (1)

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

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

Ans. (i) Refer to ans. 3.
The magnification by compound microscope is two step process.

Firstly, the objective gives a magnified image of the object and after that the eye piece
produces the angular magnification.

(i) f, and f, of compound microscope must be
small so as to have large magnifying power as

R

fo\ 1o
20.Draw a schematic diagram of a reflecting telescope (Cassegrain). Write two important

advantages that the reflecting telescope has over a refracting type. [Foreign 2010]

Ans.

0 When rays from infinity, Le. parallel rays are -
* reflected by a concave mirror they will tend to |
meet at focus after reflection. '

'
]

Diagram of a reflecting telescope

Paraboloidal
objective
Secondary mirror
mirror .
Parallel rays from F <Z_
distant object N
Eyepiece

| s s

Refer to ans. 1 (for advantages). [1 ;]



21.Explain with the help of a ray diagram, the working of an astronomical telescope. The
magnifying power of a telescope in its normal adjustment is If the length of the telescope is
105 cm in this adjustment, find the focal lengths of the two lenses. [Ail India 2010C]

Ans. For figure refer to ans. 2.
The parallel beam of light from distant object get focused in focal plane of objective at angle

a. This image A'B’ acts as an object for eye lens which lie between optical centre of eye lens
and its focus. Eyepiece form virtual, erect, magnified image A" B" at least distant of distinct

vision.
In normal adjustment, M =|-2 =20
[
f‘,_} = 20.*;,
Also, length of telescope,
fo+f.=105
20f, + f, =105 = 21f,=105
= =5cm

e
f,=20f,=20x5=100cm (1)

5 Marks Questions

22.Draw a labelled ray diagram showing the image formation of a distant object by
refracting telescope,

Deduce the expression for its magnifying power when the final image is formed at infinity.

(i) 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. [All India 2014]

Ans.

(i) For figure refer to ans. 8.

When the final image is formed at infinity,
angular magnification is given by
M = p
o
However, § and o are very sm 'l
B=tanB or o=tan. (1)
tan o
I is the image formed by the objec.
f, are the focal length of obje iive @
eyepiece, respectively.

tam:at=i or tanE;:L
f —f,

P~

fE' f-0

M = or M=--=2
fe

T (1
fo



(i) Given, f, + f, =105, f, =20 f,

105
f =——=5
<21
f, =20 x5=100cm
M:E:E(_}:m
f. 5

23.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]

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

When final image is at D,
S f f
magnifying power, M = -2 |1+ £
gnifying pow fe[ D)
fﬂ

In normal adjustment, M = — £
e

For telescope

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

When final image forms at D = 25 c¢m

. Magnification, M = — E (1 + fﬁ]

.\ D
150( SJ
=— |1+ =
5 25
-.150.¢6
5 5
M=-36 (1}]
2

Let height of final image is h cm

h
tanf=—
P 25



B = visual angle formed by final image at eye
o = visual angle subtended by object at

objective
100 m 1
fane=——=—
3000m 30
But, M= tanB
tan o.

g

36=1 x30=00

25 5
h=-38%5_ 30¢m [11]
6 2

Negative sign indicates inverted image.

24 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]

Differences  between  telescope and
microscope are given as below:

Characteristics Telescope Microscope

1. Position of ;ﬂl\mtmiﬁuﬁnity Near objectf;e ata
object distance lying
_ between f, and2f,
2. Position of Focal Beyond 2 f, when
image planeof  f, is the focal

objective  length of objective.

For microscope

fo=1.25¢cm,f,=5cm

When final image forms at infinity, then
magpnification produced by eye lens is given

by |
iFcp 'Fe 1.25 5
30%1.25

L L=7.50cm

5 1



For objective lens
Vo=L=7.5cm
fo=1.25cm, u,=?
Applying lens formula
1 1 1 1 1 1

— = — =

fo v, u, 1.25 75 wu
1 1 1.25-75
Ug

[s]

75 1.25 7.5%1.25
625
7.5x 1.25
7.5% 1.25
= U,=——=-=1.5cm
6.25 3)

The object must be at a distance of 1.5 cm
from objective lens.

25. 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 1.25 cm. If the eyepiece 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]

Ans For figure Refer to ans. 3.

The objective lens forms real, inverted magnified image A'B’ of object AB in such a way that
AB’ fall some where between pole and focus of eye lens. So, A'B’ acts as an object for eye lens
and its virtual magnified image A" B” formed by the lens.

The magnifying power of a compound microscope is defined as the ratio of the visual angle
subtended by final image at eye ((3) and the visual angle subtended by object at naked eye
when both are at the least distance of distinct vision from the eye.

m =m, m,, where m, and m, are magnification
produced by objective and eye lens,
respectively.



=1+ D [By lens formula]

e
usJ\ e )

This is required expression.
Also, u,=+1.5cm
o=1.25cm,f,=5cm

Ve=—D=-25cm
For objective lens,

L 1 1 1 1
—_ = — — = — = ——
fo v, u, 1.25 v, 1.5
1 1 1T _1.5-1.25
=1 —_—— e —
v, 1.25 15 1.5x1.25
_ 025 1
1.5x1.25 7.50
Ve = 7.5 cm (1)

Magnifying power,

—ET-een

=-5x6
m = —30. : (1)

26.(i) (a) Draw a labelled ray diagram to show the formation of image in an astronomical
telescope for a distant object.

(b) Write the three distinct advantages of a reflecting type telescope over a refracting type
telescope.

(i) A convex lens of focal length 10 cm is placed coaxially 5 cm away from a concave lens
of focal length 10 cm. If an object is placed 30 cm in front of the convex lens. Find the
position of the final image formed by the combined system. [All India 2009]



(i) (a) For figure Refer to ans. 5.
(b) For advantages Refer to ans 9. (2)
(i) ;=10 cm,f, =—=10 cm,u = — 30 cm from
convex lens,
For | lens,
u=-30cm, f=+10cm,v=2
L R I

=
f v u 10 v (=30
1_1 1 _3-1

= v=15cm (1)
This image would be a virtual object for Il lens.
For Il lens,
U, =+10cm
[ concave lens is at a distance
of 5 cm from convex lens]
f,==10cm,v=1

1T 1 1

= = —

f v u
LI
=10 v 10

= l=0 = yv=o0
v

So, final image forms at infinity.

27.Draw the labelled ray diagram for the formation of image by an astronomical telescope.

Derive the expression for its magnifying power in normal adjustment. Write two basic

features which can distinguish between a telescope and a compound microscope. [Foreign
2009]

For figure Refer to ans. 12. (2)

Magnifying power of astronomical telescope in
normal adjustment. ke

Magnifying pow&a‘rf: B
o

Vlsual angle formed by final image at eye lens
Visual angle formed by object at naked eye

AiBl
B_ten _ pr
m=—-= =
o tana A'B
OB’
~OB" _ +f,
B'E -u

e (1)



For final image at infinity, B’ point must lie on
focus of eye lens, i.e.u, = ..

Magnifying power in norn"ad]u‘;tment
i
2. (1)

m=s—-—
fo

(i) Telescope has objective of a large aperture

and large focal length whereas microscope
" ‘have objective of small aperture and focal
~ length.

(iif The relative distance between objective
and eye lens may change in telescope
whereas the separation between objective
and eye lens in compound microscope
remain fixed. (1)

28.(i) Draw a ray diagram for the formation of image by a compound microscope. Define
its magnifying power. Deduce the expression for the magnifying power of the microscope.
(ii) Explain

¢ Why must both the object and the eyepiece of a compound microscope have short
focal lengths?

e While viewing through a compound microscope, why should our eyes be positioned
not on the eyepiece but a short distance away from it for best viewing?  [Foreign
2008]

Ans. (i) For figure Refer to ans. 3.
For magnifying power refer to ans. 25

(ii) (a) Refer to ans. 19 (ii).

(b) When eyes are positioned at short distance away from eyepiece, then the image formed at
infinity can be seen which is more suitable and comfortable for viewing by the relaxed eve
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