Real and Virtual Images

If light rays, after reflection or refraction, actually meets at a point
then real image is formed and if they appears to meet virtual image is
formed.

7

(Real image) = (Virtual (Real object) =" (Virtual image)

object)
Real image
oy (Real image)
N _/‘ ) (Real object)
e Size---- IO LU I
P (Virtual
il object) (Virtual

image)

Reflection of Light

When a ray of light after incidenting on a boundary separating two
media comes back into the same media, then this phenomenon, is called
reflection of light.

Normal

Incident ray Reflected ray

Boundary

Fig. 29.
() Li=Zr

(2) After reflection, velocity, wave length and frequency of light
remains same but intensity decreases.

(3) There is a phase change of Tt if reflection takes place from denser
medium.

Reflection From a Plane Surface (Plane Mirror)

The image formed by a plane mirror is virtual, erect, laterally inverted,
equal in size that of the object and at a distance equal to the distance of the

object in front of the mirror.

inclined plane mirrors.

J=(180 — 2J)
(A) Single Reflection

J=(360 - 26)
(B) Double Reflection
Fig. 20.3
(2) tmages by two inclined plane mirrors : When two plane mirrors
are inclined to each other at an angle € then number of images () formed
of an object which is kept between them.

0 o
() n= [% —1}; If 3690 = even integer

)
(i) If P = odd integer then there are two possibilities

Object Object

L B
02

(A) Object is placed
symmetrically

(B) Object is placed

asymmetrically

Fig. 29.4



(3) Other important informations

(i) When the object moves with speed u towards (or away) from the
plane mirror then image also moves towards (or away) with speed w. But

relative speed of image w.r.t. object is 2u.

(i) When mirror moves towards the stationary object with speed u,

the image will move with speed 2z in same direction as that of mirror.

o / o /
o— <«—0 O «~—0
u u Rest 2u
U

Mirror at rest Mirror is moving

(A (8)
Fig. 29.5
(iii) A man of height /4 requires a mirror of length at least equal to

h/2, to see his own complete image.

(iv) To see complete wall behind himself a person requires a plane
mirror of at least one third the height of wall. 1t should be noted that

person is standing in the middle of the room.

(A)

Curved Mirror Fig. 206

It is a part of a transparent hollow sphere whose one surface is

polished.

!

Principal
axis

Convex mirror

Concave mirror

. Fi A . .
Concave mirror converges theq?éﬁgrays and used as a shaving mirror,
In search light, in cinema projector, in telescope, by EN.T. specialists etc.

Convex mirror diverges the light rays and used in road lamps, side
mirror in vehicles etc.

(1) Terminology

(i) Pole (P) : Mid point of the mirror

(ii) Centre of curvature (C) : Centre of the sphere of which the mirror
is a part.

(iii) Radius of curvature (R): Distance between pole and centre of
R =+ve, R = 00)

curvature. (R =-ve,

(iv) Principle axis : A line passing through Pand C.
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(v) Focus (F) : An image point on principle axis for an object at oo.

(vi) Focal length (4 : Distance between Pand F.

(vii) Relation between fand R : f= >

(F=—ve,f =+ve,f =)

(viii) Power : The converging or diverging ability of mirror

(ix) Aperture : Effective diameter of light reflecting area. Intensity of
image oc Area oc (Aperture)

(x) Focal plane : A plane passing from focus and perpendicular to
principle axis.

(2) Sign conventions :

Incident ray .

+

N

Principle axis

Mirror or Lens

] ) Fig. 20.8

(i) All distances are measured fromethe pole.

(ii) Distances measured in the direction of incident rays are taken as
positive while in the direction opposite of incident rays are taken negative.

(iii) Distances above the principle axis are taken positive and below the
principle axis are taken negative.

Table 29.1 : Useful sign

Concave mirror
Convex
Real image (u = f) Virtual image (u< f) mirror
Distance of object u — — u > - u = -
Distance of image v — — v > 4 v o+
Focal length £ — — f > - Ff > »
Height of object O — + 00— + 0 — +
Height of image / — - I =+ ] = +
Radius of curvature R — — R—> - R — +
Magnification m — — m— + m =

Image Formation by Curved Mirrors

Concave mirror : Image formed by concave mirror may be real or
virtual, may be inverted or erect, may be smaller, larger or equal in size of
object.

(1) When object is placed at infinite (i.e. = 0)

Image
At F
Real
Inverted

Very small in size

Fig. 29.9
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Magnification m << — 1

(2) When object is placed between infinite and centre of curvature (i.e.
u> 26

Image
Between Fand C
Real
Inverted
Small in size
m<—1

(3) When object is placed at centre of cuFign#9d9(j.e. u = 2/

Image
At C
Real
Inverted
Equal in size
m=—1

(4) When object is placed between centrdigf 28#vature and focus (ie. £
<u< Zf)
Image
Between 2fand oo
Real
Inverted

Large in size

m>—1
Fig. 20.12
(5) When object is placed at focus (i.e. v= £

Image
At 00
Real
Inverted

Very large in size

m>>—1

(6) When object is placed between focus 58d280% (ie. v < #

Image ot
Behind the mirror e
Virtual
Erect
Large in size

m>+1

Convex mirror : Image formed by convex mifi8r 38Mways virtual, erect
and smaller in size.

(1) When object is placed at infinite (ie. u= 00)

Image
At F
Virtual
Erect
Very small in size

Magnification m << + 1

Image
Between Pand F
Virtual
Erect

Fig. 2916

Small in size

Magnification m < +1

Mirror Formula and Magnification

For a spherical mirror if v = Distance of object from pole, v = distance
of image from pole, £= Focal length, R = Radius of curvature, O = Size of
object, /= size of image

(1) Mirror formula: — ==+ =
f v u

(2) Lateral magnification : When an object is placed perpendicular to
the principle axis, then linear magnification is called lateral or transverse
magnification.

f f—-v
f-u f
(* Always use sign convention while solving the problems)

Axial magnification : When object lies along the principle axis then its
I -, -v
axial magnification M = — = M

o (up —uy)

2 2 2
If object is small; m = _d_V 1Y - L = u
du \u f-u f

Areal magnification : If a 2D-object is placed with it's plane
perpendicular to principle axis. It's Areal magnification

Areaofimage (A) 2 A
T———————— - => M, =m" = —
Areaof object(A,) A,



Refraction of Light

The bending of the ray of light passing from one medium to the other

NN

medium is called refraction.

\\

Princ (B) (C)

1
Fig. 2917
(1) The refraction of light takes place on going from one medium to

another because the speed of light is different in the two media.

(2) Greater the difference in the speeds of light in the two media,

greater will be the amount of refraction.

(3) A medium in which the speed of light is more is known as
optically rarer medium and a medium is which the speed of light is less, is
known as optically denser medium.

(4) When a ray of light goes from a rarer medium to a denser
medium, it bends towards the normal.

Incident ray
Rarer medium

Deviation = (i— 1)

Denser medium Refracted ray

(5) When a ray of light goesFig:®2®1& denser medium to a rarer

medium, it bends away from the normal.

Denser medium

Deviation = (r—17)

|
|
|
|
h
|
|
|
1
. |
Rarer medium '
|

Fig. 29.1
(6) Smell’s law : The ratio of sing o?tae angle of incidence to the angle

of refraction (r) is a constant called refractive index

sini
ie. —— = (a constant). For two media, Snell's law can be
sinr
sini
written as | [, = 2 =—
4 sinr

= x sini = U, xSinr ie. ,uSin@ = constant

Also in vector form : 1 x i =pu(txn)

Refractive Index

(1) Refractive index of a medium is that characteristic which decides

speed of light in it.

(2) 1t is a scalar, unit less and dimensionless quantity.
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(3) Absolute refractive index : When light travels from vacuum to any
transparent medium then refractive index of medium w.r.t. vacuum is called

C

. . . _C
it's absolute refractive index i.e. yacuum Hmedium =

Absolute refractive indices for glass, water and diamond are
respectively 1y = % =15y, = % =1.33and g = % =24

(4) Relative refractive index : When light travels from medium (1) to
medium (2) then refractive index of medium (2) w.r.t. medium (1) is called

- . oo . Hy _Va
it’s relative refractive index e | 1, = —==—

Hy YV
speed of light in medium 1 and 2 respectively).

(where v and v are the

(5) When we say refractive index we mean absolute refractive index.

(6) The minimum value of absolute refractive index is 1. For air it is
very near to 1. (=1.003)

(7) Cauchy’s equation : = A+ /% + /% + o

(j'Red > ﬂvioletso HRed < /'tviolet)

(8) If a light ray travels from medium (1) to medium (2), then

1My = £ /1_1 -
o Ay v,
(9) Dependence of Refractive index
(i) Nature of the media of incidence and refraction.
(ii) Colour of light or wavelength of light.
(iii) Temperature of the media : Refractive index decreases with the
increase in temperature.

Table 29.2 : Indices of refraction for various substances, Measured with

light of vacuum wavelength 4 = 589 nm

Substance Refractive Substance Refractive

index index
Solids at 20°C Liquids at 20°C
Diamond (C) 2.419 Benzene 1.501
Fluorite (CaF,) 1.434 Carbon disulfide 1.628
Flused quartz (SiO,) 1.458 Carbon tetrachloride 1.461
Glass, crown 1.52 Ethyl alcohol 1.361
Glass, flint 1.66 Glycerine 1.473
Ice (H,0) (at 0°C) 1.309 Water 1333
Polystyrene 149 Gases at 0°C

1 atm

Sodium chloride 1.544 Air 1.000293
Zircon 1.923 Carbon dioxide 1.00045

(10) Reversibility of light and refraction through several media

Incident ray

2
i 3
2
1
1M X 13 =1
(A) 11y = ® U
1 M2 " Orzﬂg:ls

Fig. 29.20
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Real and Apparent Depth

If object and observer are situated in different medium then due to

refraction, object appears to be displaced from it’s real position.

(1) When object is in denser medium and observer is in rarer medium

1}
[ 1
b o¢
A
[: o
() p= Real depth _292]

= ig.-20.
Apparentdepth — h’
(ii) Real depth > Apparent depth

(ifi) Shift d =h—h" = l—i h. For water ,uzizdzﬂ;
u 3 4

For glass p 33d h
or glass u=— =—
2 3

(iv) Lateral magnification : consider an object of height x placed
vertically in a medium # such that the lower end (B) is a distance A from

the interface and the upper end (A) at a distance (4 — x) from the interface.

Opti

Ha h
H

Distance of image of B (ipigBiofgem the interface =

Distance of image of A (i.e. A) from the interface = &(h —X)

H
. Ho
Therefore, length of the image —= X
H
1
or, the lateral magnification of the object M = e _ -
o H

(v) 1f a beaker contains various immiscible liquids as shown then

d d d
Apparent depth of bottom = L2 3
Mo Hy Mg
H q
u - dac _d1+d2+ ..... " 4
“““““ o S T o -
Hi M3 i
Fig. 29.23
2
In case of two liquids if d; =d, than u= Lty
q 1 2
M+

(2) Object is in rarer medium and observer is in denser medium

% Id T
H

oln|

2\

0] K=

(ii) Real depth < Apparent depth.

(i) d=(u—-2h

N e h o h
(iv) Shift for water d,, = 3 ; Shift for glass dg = 2

Refraction Through a Glass Slab

(1) Lateral shift : The refracting surfaces of a glass slab are parallel to
each other. When a light ray passes through a glass slab it is refracted twice
at the two parallel faces and finally emerges out parallel to it's incident
direction ie. the ray undergoes no deviation O = 0. The angle of emergence
(e) is equal to the angle of incidence (7)

[e— ~ —>I

M
The Lateral shift of the ray is the pe{?ﬁéﬁd’@ular distance between the
incident and the emergent ray, and iFis goes by

MN = tsec rsin (i—r)

(2) Normal shift : If a glass slab is placed in the path of a converging or
diverging beam of light then point of convergence or point of divergence
appears to be shifted as shown

Normal shift @
) \f\_.% i
O0'=x=[1-—|t
H r 0 )
_ Jf;i;;. = — X
/ M

Fig. 29.26

(3) Optical path : 1t is defined as distance travelled by light in vacuum
in the same time in which it travels a given path length in a medium.

X
Time taken by light ray to pass through the medium = 'u—; where x
c

= geometrical path and fix = optical path

Light

X

Total Internal Reflectioﬁg'(gl("'lzlzz)

=




When a ray of light goes from denser to rarer medium it bends away
from the normal and as the angle of incidence in denser medium increases,
the angle of refraction in rarer medium also increases and at a certain angle,
angle of refraction becomes 90, this angle of incidence is called critical
angle (O).

When Angle of incidence exceeds the critical angle than light ray

comes back in to the same medium after reflection from interface. This
phenomenon is called Total internal reflection (TIR).

Fig. 29.28

1
M u= m =cosec C where 1t —> parer Lpenser

2) Conditions for TIR

i) The ray must travel from denser medium to rarer medium.

(
(
(ii) The angle of incidence 7 must be greater than critical angle C
(3) Dependence of critical angle

(

i) Colour of light (or wavelength of light) : Critical angle depends

1 .
upon wavelength as A4 oc — oc SINC

(@) Ag >4, =>C >C,

A v
L - Hr =D __D (for two media)

RMD Hp A VR

(i) Nature of the pair of media : Greater the refractive index lesser

(b) Sin C =

will be the critical angle.
(a) For (glass- air) pair — Cgp = 42°
(b) For (water-air) pair —> C ooy = 49°

(c) For (diamond-air) pair —> Cgizmona = 24°
(iii) Temperature : With temperature rise refractive index of the

material decreases therefore critical angle increases.

Common Examples of TIR

(1) Looming : An optical illusion in cold countries

(2) Mirage : An optical illusion in deserts

| 3 o A, s

(3) Brilliance of diamond : Flgueg.49 repeated internal reflections
diamond sparkles.

(4) Optical fibre : Optical fibres consist of many long high quality

composite glass/quartz fibres. Each fibre consists of a core and cladding.

Ray Optics 1641

(i) The refractive index of the material of the core (u) is higher than
that of the cladding (£).

(i) When the light is incident on one end of the fibre at a small angle,
the light passes inside, undergoes repeated total internal reflections along
the fibre and finally comes out. The angle of incidence is always larger than
the critical angle of the core material with respect to its cladding.

(iii) Even if the fibre is bent, the light can easily travel through along
the fibre

(iv) A bundle of optical fibres can be used as a 'light pipe' in medical
and optical examination. It can also be used for optical signal transmission.
Optical fibres have also been used for transmitting and receiving electrical
signals which are converted to light by suitable transducers.

(5) Field of

water can see the w|

Fig. 2931
(a) Apex angle = 2C =98°
. h 3h
(b) Radius of base r=htan C = ——; for water = —
w1 V7
2 9 2
(c) Area of base A= ———; for water a=—-h
puo =1 7

(6) Porro prism : A right angled isosceles prism, which is used in
periscopes or binoculars. 1t is used to deviate light rays through 90° and

180° and also to erect the image.

45

45° 45°>

# 45 45

Fig. 29.33



[ ]
m 1642 Ray Optics

Bo=f My M

(1) Refraction formula :
R v u

Where f1; = Refractive index of the medium from which light rays are
coming (from object).

M, =Refractive index of the medium in which light rays are entering.

u = Distance of object, v = Distance of image, R = Radius of curvature

(2) Lateral magnification : The lateral magnification m is the ratio of
the image height to the object height

om0

Lens Fig. 29.34

(1) Lens is a transparent medium bounded by two refracting surfaces,
such that at least one surface is curved. Curved surface can be spherical,

cylindrical etc.

(2) Lenses are of two basic types convex which are thicker in the
middle than at the edges and concave for which the reverse holds.

0 convex

Bi ex Plan

Bicoj fave Plar{ |oncave Con@oncave
(3) As“there are two spherical surfaces, there are-two centres of

curvature C and C and correspondingly two radii of curvature R and R

(4) The line joining C and P& 2%3ed the principal axis of the lens.

The centre of the thin lens which is on the principal axis, is called the

onvex Con

optical centre.
(5) A ray passing through optical centre proceeds undeviated through

the lens.

Incident light R — Positive

ﬂl\ R, — Negative
G R 19) G
=/ Py

2
% /{l )
A
Incident light R — Negative
v R, — Positive
G — : (.) :2
A/ §
(B)
Fig. 29.36

(6) Principal focus : We define two principal focus for the lens. We are
mainly concerned with the second principal focus (7). Thus wherever we

write the focus, it means the second principal focus.

First principal focus : An object point for which image is formed at

infinity.

*) (8)
Second principal focus : An imiggeopyint for an object at infinity.

o

Focal Length, PBwer and Aferture of@ens
Fig..29.38
(1) Focal length (# : Distance of second principle focus from optical

centre is called focal length
feonvex —> Positive,  Teoncave —> negative, fpne —
(2) Aperture : Effective diameter of light transmitting area is called

aperture. Intensityofimage oc (Aperture)?

(3) Power of lens (P) : Means the ability of a lens to deviate the path
of the rays passing through it. If the lens converges the rays parallel to the
principal axis its power is positive and if it diverges the rays it is negative.

1 1
Power of lens P = —— = 100 ; Unit of power is Diopter (D)
f(m) f(cm)
Peovex —> POSItive, Py e — Negative, Ppléme —> Z€ero .

Rules of Image Formation by Lens

Convex lens : The image formed by convex lens depends on the

position of object.

(1) When object is placed at infinite (ie. u = )

Image

At F
Real 2F F F 2F

Inverted
Very small in size
Magnification m << — 1

(2) When object is placed between infinite an %H?e u>2f

Image

Between Fand 2F A

Real /3\

Inverted . o E F Z_F
2F F W

(3) When object is placed at 2F (i.e. u= Zfaig. 29:40

Very small in size

Magnification m < —1

Image
At 2F

24

2F F

Fig. 29.41



Real
Inverted
Equal in size

Magnification m= —1

(4) When object is placed between Fand 2F (ie. f< u<2f)

Image !
Beyond 2F
Real ﬁ\f" 2F
Inverted 2F F i

j

|
. . U
Large in size !
1

Magnification m> — 1

Fig. 29.42
(5) When object is placed at F(ie. u=f)

Image \
Real R : F 2F
Inverted 2F F

Very large in size
Magnification m >> — 1
Fig. 2043

(6) When object is placed between Fand optical center
(ie.u<fF)

Tmage RSO
Same side as AR

that of object Y

Virtual

|
f
Erect !
F :
large in size :
Magnification m > 1 '
Fig. 29.44

Concave lens : The image formed by a concave lens is always virtual,

erect and diminished (like a convex mirror)

(1) When object is placed at o©

Image
At F
Virtual

2F

Erect

Point size

Magnification m << + 1

Fig. 29.45
(2) When object is placed any where on the principal axis

Image

Between optical centre and focus

Virtual

Erect

Smaller in size F

Magnification m < +1

Fig. 20.46
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Lens Maker's Formula and Lens Formula

(1) Lens maker's formula : If R and R are the radii of curvature of first
and second refracting surfaces of a thin lens of focal length Fand refractive

index t (w.r.t. surrounding medium) then the relation between £z, R and

R is known as lens maker’s formula.

1 1 1
G e

Table 29.3 : Focal length of different lenses

Lens Focal length For p=15

Biconvex lens

R =R R
f= f=R
R, =-R 2(u-1)

Plano-convex lens

Ry = R
=— f=2R
R, = -R («-1)
Biconcave
R, =R I f--R
2(u-1)
R, =+R
Plano-concave
Ry = R
=—0 f=-2R
R, =R (-1

(2) Lens formula : The expression which shows the relation between g,

vand fis called lens formula.

1 1 1

f v u

Magnification

The ratio of the size of the image to the size of object is called

magnification.
L I v f f-v
(1) Transverse magnification : M =—=—=——=—— (use
O u f+u f
sign convention while solving the problem)
Lo P L _Vo—vy
(2) Longitudinal magnification : M =— = . For very small
O u-u
2 2 2
. dv v f f-v
object N=—=|—| =|—— | =|—
du \u f+u f
2
(3) Areal magnification: Mg =—=m* =| ——| ,
A, f+u

(A = Area of image, A = Area of object)
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(4) Relation between object and image speed : If an object moves with

constant speed (V) towards a convex lens from infinity to focus, the image

2
will move slower in the beginning and then faster. Also V; = (%} .V,
+u

Newton's Formula

If the distance of object (x) and image (x) are not measured from

optical centre, but from first and second principal foci then Newton's

formula states % = XX,

F

T

. Fig. 29.
Lens Immersed in a Li§aid’

If a lens (made of glass) of refractive index 4 is immersed in a liquid
of refractive index g, then its focal length in liquid, £ is given by

1 1 1 .
?I_(I/lg _l)[R_l_R_ZJ ...... (l)

If f, is the focal length of lens in air, then
1 1 1
—= -D|—-——= ...
fa ( aklly )( Rl Rz ] (i)
-1
o & gD
fa (I:ug 1)

() 4g > gy, then fi and f, are of same sign and f; > f,.

That is the nature of lens remains unchanged, but it's focal length
increases and hence power of lens decreases.

(2) If 4tg = p4, then fi =o0. It means lens behaves as a plane glass
plate and becomes invisible in the medium.

] H

(3) I g <, then f aﬂé 2h.4Bave opposite signs and the nature

of lens changes ie. a convex lens diverges the light rays and concave lens
converges the light rays.

¥

Displacement Method

Fig. 29.49

By this method focal length of convex lens is determined.

Consider an object and a screen placed at a distance D (> 4/) apart.
Let a lens of focal length #be placed between the object and the screen.

o =
12
5
< D> 4f
Screen

Fig. 29.50

(1) For two different positions of lens two images (l; and I,) of an
object are formed at the screen.

2 _x? X

(2) Focal length of the lens f = D =
4D m; —m,

Iy

I
where m; =— ; m, :62 and mym, =1.

(3) Size of object O = /l;.1,
Cutting of Lens

(1) A symmetric lens is cut along optical axis in two equal parts.
Intensity of image formed by each part will be same as that of complete
lens. Focal length is double the original for each part.

(2) A symmetric lens is cut along principle axis in two equal parts.
Intensity of image formed by each part will be less compared as that of

1
complete lens.(aperture of each part is T times that of complete lens).
2

Focal length remains same for each part.

2f 2f

£P P2 P2

Fig. 29.51

=

X
Y

(Y
Combination of Lens Fig. 20.52

(1) For a system of lenses, the net power, net focal length and

magnification are given as follows :

P=P, +P, + P ,

Mm=m; XMy XMg Xeorrrrers .

(2) In case when two thin lens are in contact : Combination will

behave as a lens, which have more power or lesser focal length.

fl f2
f, +1,

i=i+i3|:= and P=P +P,
F f f

1 2

(3) If two lens of equal focal length but of opposite nature are in

contact then combination will behave as a plane glass plate and

F

combination — %°

(4) When two lenses are placed co-axially at a distance d from each
other then equivalent focal length (7).

Fig. 29.53



1. 1.1 4 ap-p+P,-drpP,
F f, f, f,

(5) Combination of parts of a lens :

’ = and

fi F-r F-r
Fig. 20.54
F= 12
F=00
f’
Fig. 29.55

Silvering of Lens

On silvering the surface of the lens it behaves as a mirror. The focal

1 2 1
length of the silvered lensis —=—+—
i

where f; = focal length of lens from which refraction takes place

(twice)
f,, = focal length of mirror from which reflection takes place.

(1) Plano convex is silvered

D)

fon
Fig. 2056
- E f = R o F=
- 2
fi fo
Fig. 29.57
fp=0 ff=——so F=———
(#-1) 2(u-1)
) Double convex lens is silvered
:2 : |
f fo

Fig. 20.58

[————=0]
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. R R R
Since i =———,f, =— so F=——
2(u—-1) 2 2Qu-1)

Defects in Lens

(1) Chromatic aberration : Image of a white object is coloured and
blurred because i (hence # of lens is different for different colours. This

defect is called chromatic aberration.

Real  Violet
White

light

— f—

) —>

Fig. 20.59
ty > pg so fg >,

Mathematically chromatic aberration = g — f, = of,

@ = Dispersive power of lens.

= Focal length for mean colour = ,/fg f,

Removal : To remove this defect ie. for Achromatism we use two or
more lenses in contact in place of single lens.

—==0 or

Mathematically condition of Achromatism is : f_ ra
1 2
o, f, =—w,f;
(2) Spherical aberration : Inability of a lens to form the point image of
a point object on the axis is called Spherical aberration.

In this defect all the rays passing through a lens are not focussed at a
single point and the image of a point object on the axis is blurred.

Marginal rays ' Marginal rays

PPae F’

Paraxial ray

Paraxial rays )

Removal : A simple method to :‘éduéeospherical aberration is to use a
stop before and infront of the lens. (but this method reduces the intensity
of the image as most of the light is cut off). Also by using plano-convex
lens, using two lenses separated by distance d= F— F', using crossed lens.

(3) Coma : When the point object is placed away from the principle
axis and the image is received on a screen perpendicular to the axis, the
shape of the image is like a comet. This defect is called Coma.

It refers to spreading of a point object in a plane L to principle axis.

Image of P

P

Removal : It can be reduced byrpronggly designing radii of curvature of
the lens surfaces. It can also be reduced by appropriate stops placed at
appropriate distances from the lens.

(4) Curvature : For a point object placed off the axis, the image is

spread both along and perpendicular to the principal axis. The best image
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is, in general, obtained not on a plane but on a curved surface. This defect
is known as Curvature.

Removal : Astigmatism or the curvature may be reduced by using
proper stops placed at proper locations along the axis.

(5) Distortion : When extended objects are imaged, different portions
of the object are in general at different distances from the axis. The
magnification is not the same for all portions of the extended object. As a
result a line object is not imaged into a line but into a curve.

(6) Astigmatism : The Apreading of image (of a \point object placed

away froMBIRE principal axis) along the pﬁncigéﬁtgl?igdiénéﬁéd Astigmatism.

. Fig. 29.62

Prism ¢
Prism is a transparent medium bounded by refracting surfaces, such

that the incident surface (on which light ray is incidenting) and emergent

surface (from which light rays emerges) are plane and non parallel.

(1) Refraction through a prism

i — Angle of incidence,

e — Angle of emergence,

A — Angle of prism or refracting
angle of prism,

rand r — Angle of refraction,

J — Angle of deviation

Fig. 29.63
A=r+r, and i+e=A+06

sini 1 sinr,
- ; For surface AB — = —*
sinn, u sine

For surface AC u =

(2) Deviation through a prism : For thin prism & = (¢ —1A. Also

deviation is different for different colour light eg. t1g < t1, so og <9y .

Hetint > Hcrown S0 O > O¢

(i) Maximum deviation Condition of maximum deviation is

Zi=90°=r =C, 1, =A-C

and from Snell's law on emergent

surface

ezsin_l{sin(A—C)}

sinC

sinC

sin(A—C) } /i Fig. 29.64

T cinl
Oay = — +8iN
max 2 l:

(i) Minimum deviation : It is observed if Zi=/e and

Zr, = Zr, =T, deviation produced is minimum.

Fig. 29.65

(a) Refracted ray inside the prism is parallel to the base of the prism
for equilateral and isosceles prisms.

®) r=2 and j= Dt Om
2 2
A
.. sin;é‘m
(c) ﬂzi or ,UZ—Z (Prism formula).
sinA/2 sinA/2

(3) Condition of no emergence : For no emergence of light, TIR must
takes place at the second surface

For TIR at second surface r > C

SoA>r+C (FromA=r+r)

As maximum value of I} =C

So, A>2C. for any angle of

incidence.

Fig. 29.66

If light ray incident normally on first surface ie. Z 7= 0° it means Zr

= 0° So in this case condition of no emergence from second surface is A >
C

. . . 1
= sinA>sinC = sinA>— = u>cosec A
U

Dispersion Through a Prism

The splitting of white light into it's constituent colours is called
dispersion of light.

1api W
Hpne //
|.LJI(II ll'll.(-|(.lJKl]I
Fig, 20.67 (LSS
ig. 29.

(1) Angular dispersion (6 )

: Angular separation between extreme

colours ie. 0 =8, —8g =(ly —Ug )A . It depends upon g and A.

- 1)
< S, S\ (‘/-?creen
Incident /&‘
white light =\ .‘ R
v

Fig. 29.68
(2) Dispersive power (@) :

0 _ Hy —MHR

w=—=""""

wher e {ﬂy = M}
Sy My~

2

=> It depends only upon the material of the prism ie. 4 and it doesn't
depends upon angle of prism A



(3) Combination of prisms : Two prisms (made of crown and flint

material) are combined to get either dispersion only or deviation only.

(i) Dispersion without deviation (chromatic combination)

Flint

Al _ (ﬂy _1)

A (W,

Crown
Fig. 29.69

0., :6’(1—%j:(a)6 —0'5)

(ii) Deviation without dispersion (Achromatic combination)

Flint

A (y — 1r)

A _(,U'v_#'R)
O et :5[1_2.]
[0)

Scattering of Light

Crown

Fig. 29.70

Molecules of a medium after absorbing incoming light radiations,
emits them in all direction. This phenomenon is called Scattering.

1
(1) According to scientist Rayleigh : Intensity of scattered light oc /1—4

(2) Some phenomenon based on scattering : (i) Sky looks blue due to

scattering.
(ii) At the time of sunrise or sunset sun looks reddish.
(iii) Danger signals are made of red colour.

(3) Elastic scattering : When the wavelength of radiation remains
unchanged, the scattering is called elastic.

(4) nelastic scattering (Raman’s effect) : Under specific condition,
light can also suffer inelastic scattering from molecules in which it's
wavelength changes.

Rainbow

Rainbow is formed due to the dispersion of light suffering refraction
and TIR in the droplets present in the atmosphere. Observer should stand

with its back towards sun to observe rainbow.

A of the Ralnbonw 43" 4°  42° 40°

(1) Primary rainbow : (i) Tw&ig:efdfition and one TIR. (ii) Innermost

arc is violet and outermost is red. (iii) Subtends an angle of 42° at the eye

of the observer. (iv) More bright

Ray Optics 1647

(2) Secondary rainbow : (i) Two refraction and two TIR. (ii) Innermost

arc is red and outermost is violet. (iii) 1t subtends an angle of 52.5%at the

eye. (iv) Comparatively less bright.
Colours of Objects

Colour is defined as the sensation received by the eye (rod cells of the
eye) due to light coming from an object.

(1) Colours of opaque object : The colours of opaque bodies are due to
selective reflection. eg.

(i) A rose appears red in white light because it reflects red colour and

absorbs all remaining colours.

(ii) When yellow light falls on a bunch of flowers, then yellow and

white flowers looks yellow. Other flowers looks black.

(2) Colours of transparent object : The colours of transperent bodies
are due to selective transmission..

(i) A red glass appears red because it absorbs all colours, except red
which it transmits.

(i) When we look on objects through a green glass or green filter then

green and white objects will appear green while other black.

(3) Colour of the sky : Light of shorter wavelength is scattered much
more than the light of longer wavelength. Since blue colour has relatively
shorter wavelength, it predominates the sky and hence sky appears bluish.

(4) Colour of clouds : Large particles like water droplets and dust do
not have this selective scattering power. They scatter all wavelengths
alomost equally. Hence clouds appear to the white.

(5) Colour triangle for spectral colours : Red, Green and blue are

primary colours.

Green (P)

Blue (P) Red (P)

Magenta ()

(i) Complementary colours : Grédg 8#d2Magenta, Blue and Yellow, Red
and Cyan.

(i) Combination : Green + Red + Blue = White, Blue + Yellow = White,
Red + Cyan = White, Green + Magenta = White

(6) Colour triangle for pigment and dyes : Red, Yellow and Blue are

the primary colours.

Yellow (P)

Green () Orange (S)
Blue (P) Red (P)
Radish violet ()
(Mauve)
Fig. 29.73

i) Complementary colours : Yellow and Mauve, Red and Green, Blue
p Ty
and Orange.
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(ii) Combination : Yellow + Red + Blue = Black, Blue + Orange = Black,
Red + Green = Black, Yellow + Mauve = Black

Spectrum

The ordered arrangements of radiations according to wavelengths or
frequencies is called Spectrum. Spectrum can be divided in two parts
Emission spectrum and Absorption spectrum.

(1) Emission spectrum : When light emitted by a self luminous object
is dispersed by a prism to get the spectrum, the spectrum is called emission

spectra.
Continuous emission spectrum

(i) 1t consists of continuously varying wavelengths in a definite

wavelength range.

(ii) 1t is produced by solids, liquids and highly compressed gases
heated to high temperature.

(iii) eg Light from the sun, filament of incandescent bulb, candle
flame etc.

Fig. 20.74
Line emission spectrum

(i) 1t consist of distinct bright lines.
(ii) 1t is produced by an excited source in atomic state.

(iii) eg. Spectrum of excited helium, mercury vapours, sodium vapours
or atomic hydrogen.

Fig. 29.75
Band emission spectrum

(i) Tt consist of district bright bands.

(i) 1t is produced by an excited source in molecular state.

(iii) eg. Spectra of molecular H,, CO, NH 3 etc

Fig. 20.76
(2) Absorption spectrum : When white light passes through a semi-
transparent solid, or liquid or gas, it's spectrum contains certain dark lines
or bands, such spectrum is called absorption spectrum (of the substance

through which light is passed).
(i) Substances in atomic state produces line absorption spectra.

Polyatomic substances such as H,, CO, and KMnQO, produces band

absorption spectrum.

(i) Absorption spectra of sodium vapour have two (yellow lines)

wavelengths D, (5890 A) and D, (5896 A

(3) Fraunhoffer’s lines : The central part (photosphere) of the sun is
very hot and emits all possible wavelengths of the visible light. However, the

outer part (chromosphere) consists of vapours of different elements. When

the light emitted from the photosphere passes through the chromosphere,
certain wavelengths are absorbed. Hence, in the spectrum of sunlight a large

number of dark lines are seen called Fraunhoffer lines.

Sun's atmosphere

Cromosphere

Photosphere

Fig. 20.77
(i) The prominent lines in the yellow part of the visible spectrum were
labelled as D-lines, those in blue part as Flines and in red part as Cline.

(ii) From the study of Fraunhoffer’s lines the presence of various
elements in the sun’s atmosphere can be identified eg. abundance of
hydrogen and helium.

(iii) In the event of a solar eclipse, dark lines become bright. This is
because of the reason that the presence of an opaque obstacle in between
sun and earth cuts the light off from the central region (photo-sphere),
while light from corner portion (cromosphere) is still being received. The
bright lines appear exactly at the places where dark lines were present.

(4) Spectrometer : A spectrometer is used for obtaining pure
spectrum of a source in laboratory and calculation of £ of material of prism

and 4 of a transparent liquid.

It consists of three parts : Collimator which provides a parallel beam

of light; Prism Table for holding the prism and Telescope for observing the
spectrum and making measurements on it.

The telescope is first set for parallel rays and then collimator is set for
parallel rays. When prism is set in minimum deviation position, the
spectrum seen is pure spectrum. Angle of prism (A) and angle of minimum

deviation (J,,) are measured and 4 of material of prism is calculated using
prism formula. For 4 of a transparent liquid, we take a hollow prism with
thin glass sides. Fill it with the liquid and measure (J,,) and A of liquid

prism. 4 of liquid is calculated using prism formula.

(5) Direct vision spectroscope : It is an instrument used to observe
pure spectrum. It produces dispersion without deviation with the help of n
crown prisms and (N —1) flint prisms alternately arranged in a tabular

structure.

For no deviation N(x—1)A=(n-1) (¢'-1A".

Human Eye
‘!\'dmn
Ciliary Muscles
Eve Lens \ ______
o)
Yellow Spot
Comen
x Blind Spot
Aqueows humour
— Optic Nerves

Vitreous Humour

(1) Eye lens : Over all behavesFei)gs. ggc'ggvex lens of 1 =1.437



(2) Retina : Real and inverted image of an object, obtained at retina, brain

sense it erect.

(3) Yellow spot : 1t is the most sensitive part, the image formed at
yellow spot is brightest.

(4) Blind spot : Optic nerves goes to brain through blind spot. 1t is not

sensitive for light.

(5) Ciliary muscles : Eye lens is fixed between these muscles. It's both
radius of curvature can be changed by applying pressure on it through
ciliary muscles.

(6) Power of accomodation : The ability of eye to see near objects as

well as far objects is called power of accomodation.

(7) Range of vision : For healthy eye it is 25 cm (near point) to o (far
point).

A normal eye can see the objects clearly, only if they are at a distance
greater than 25 cm. This distance is called Least distance of distinct vision
and is represented by D.

(8) Persistence of vision : Is 1/10 sec. i.e. if time interval between two
consecutive light pulses is lesser than 0.1 sec, eye cannot distinguish them

separately.

(9) Binocular vision : The seeing with two eyes is called binocular

vision.

(10) Resolving limit : The minimum angular separation between two
objects, so that they are just resolved is called resolving limit. For eye it is

1 :(ij :
60
Defects in Eye

(1) Myopia (short sightness) : A short-sighted eye can see only nearer
objects. Distant objects are not seen clearly.

(i) In this defect image is formed before the retina and Far point
comes closer.

Concave lens

— d ‘
(B) Removal of Defect

Retina

. Retina
Far point

(A) Defected eye

(i) In this defect focal lengtlFigr2¢qbi of curvature of lens reduced or

power of lens increases or distance between eye lens and retina increases.

(iii) This defect can be removed by using a concave lens of suitable

focal length.
(iv) If defected far point is at a distance d from eye then

Focal length of used lens #= — d= — (defected far point)

(v) A person can see upto distance —> x, wants to see distance —> y

X X—
y or power of the lens P = y
X—y Xy

(y>x)so f=

(2) Hypermetropia (long sightness) : A long-sighted eye can see distant

objects clearly but nearer object are not clearly visible.

(i) Image formed behind the retina and near point moves away

N

Convex lens

Retina

]e<z2" 0

Near
point

(A) Defected eye

Retina
e e o

(B) Removal of Defect

Fig. 29.80
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(i) In this defect focal length or radii of curvature of lens increases or
power of lens decreases or distance between eye lens and retina decreases.

(iii) This defect can be removed by using a convex lens.

(iv) If a person cannot see before distance d but wants to see the

object placed at distance D from eye so f = and power of the lens

d-D

dD

(3) Presbyopia : In this defect both near and far objects are not clearly
visible. 1t is an old age disease and it is due to the loosing power of
accommodation. It can be removed by using bifocal lens.

(4) Astigmatism : In this defect eye cannot see horizontal and vertical
lines clearly, simultaneously. It is due to imperfect spherical nature of eye
lens. This defect can be removed by using cylindrical lens (Torric lenses).

Lens Camera
(1) In lens camera a converging lens of adjustable aperture is used.
(2) Distance of film from lens is also adjustable.

(3) In photographing an object, the image is first focused on the film
by adjusting the distance between lens and film. 1t is called focusing. After
focusing, aperture is set to a specific value and then film is exposed to light
for a given time through shutter.

(4) Fnumber :

called £number of the camera.

The ratio of focal length to the aperture of lens is

2,28, 4, 5.6, 8,1, 22, 32 are the Fnumbers marked on aperture.

Focal length 1

Fnumber = => Aperture € ——
Aperture f - number

(5) Time of exposure : It is the time for which the shutter opens and
light enters the camera to expose film.

(i) If intensity of light is kept fixed then for proper exposure

1
(Aperturey

Time of exposure ()

(i) If aperture is kept fixed then for proper exposure

c— T
[Intensity(1)]?

Time of exposure ()

= It=constant = I;t; =I,t,

(iii) Smaller the Anumber larger will be the aperture and lesser will be

the time of exposure and faster will be the camera.

(6) Depth of focus : It refers to the range of distance over which the
object may lie so as to form a good quality image. Large Fnumber increase

the depth of focus.
Microscope

It is an optical instrument used to see very small objects. It's

magnifying power is given by
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m = Visualanglewithinstrument(s3)
Visualanglewhen objectisplaced at least distanceof distinctvision(«)

(1) Simple microscope
i) It is a single convex lens of lesser focal length.

(
(ii) Also called magnifying glass or reading lens.
(

iii) Magnification’s, when final image is formed at D and o (ie. Mp

and M) mD=(1+EJ and mwz(Bj
f f .
max min
. . . D-a
(iv) If lens is kept at a distance a from the eye then my =1+ ;
and m_ = D-a
Virtual and

enlarged image

I(— v,=D to © —>|

Fig. 20.81

(2) Compound microscope

|(— u, I v,

o

A

f— v.-Dto 0 —>{

Fig. 29.82
(i) Consist of two converging fenses called objective and eye lens.

(i) feye lens ~ fobjective and (diameter) eyelens ~ (diameter )objective

iii) Intermediate image is real and enlarged.
g 8!

(iv) Final image is magnified, virtual and inverted.

(v) U, =Distance of object from objective (o), V, = Distance of image
(A'B’) formed by objective from objective, U, = Distance of A'B’ from eye

lens, v = Distance of final image from eye lens, /= Focal length of objective, /=

Focal length of eye lens.

v D

(vi) Final image is formed at D : Magnification My = ——0(1 +f—J
0 e

and length of the microscope tube (distance between two lenses) is

Lp =v, +U,.

Generally object is placed very near to the principal focus of the
objective hence U, = f;. The eye piece is also of small focal length and the

image formed by the objective is also very near to the eye piece.

So V, = LD’ the length of the tube.

. -L D
Hence, we can write Mp = f_ 1+f—

0 e

(vii) Final image is formed at o : Magnification

D
- = Yo 2 g length of tube L =V, + f,
Uo fe
L,-f —f)D
In terms of length m_ = Col e 9)
f

(viii) For large magnification of the compound microscope, both f;

and f, should be small.

(ix) 1f the length of the tube of microscope increases, then its
magnifying power increases.

(x) The magnifying power of the compound microscope may be
expressed as M =m, xm, ; where m is the magnification of the objective

and m is magnifying power of eye piece.

Astronomical Telescope (Refracting Type)

By astronomical telescope heavenly bodies are seen.

A f £ fe— u,—>I
’ f~
B :
V| E
R
le— v=Dtoo —f
Fig. 20.83
U] fobjective > feyelens and dobjective > deyelens-
(2) Intermediate image is real, inverted and small.
(3) Final image is virtual, inverted and small.
f f f
(4) Magnification : Mp = % 14+=] and m,=--2%
fy D fy

(5) Length: Lp =1, +u, and L, =f, +f,
Terrestrial Telescope

It is used to see far off object on the earth.

. Fig. 29-?4 L. .
(1) Tt consists of three converging lens : objective, eye lens and erecting

lens.



(2) 1t’s final image is virtual, erect and smaller.

f f f
(3) Magnification : My = —O(l+—5J and m = 0

fe T
(4) Length: Lp =fy;+4f+u, and L, =1, +4f+f,

Galilean Telescope

It is also type of terrestrial telescope but of much smaller field of view.

!

k_vf:D to oo_)l

(1) Objective is a con%rgmg fens while &ye lens 1s dlvulging lens.

ig. 29.8|
. . 0 e f0
(2) Magnification : My =—|1-—= | and M, =—
f D fy

e
(3) Length: Ly =f; —u, and L, =1, — 1,

Reflecting Telescope

Reflecting telescopes are based upon the same principle except that
the formation of images takes place by reflection instead of by refraction.

Objective

Eye piece

If #is focal length of the con
and £ the focal length of the eye-piece, the magnifying power of the

spherical mirror used as objective

Fig. 29.86
reflecting telescope is given by m = f_o
e
Further, if D is diameter of the objective and d, the diameter of the
DZ
pupil of the eye, then brightness ratio (f) is given by £ = d—2

Resolving Limit and Resolving Power

(1) Microscope : In reference to a microscope, the minimum distance
between two lines at which they are just distinct is called Resolving limit

(RL) and it’s reciprocal is called Resolving power (RP)

Objective

Fig. 29.87

[————=0]
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RL=—2 andrp.= 2510 _ pp oL
2usind A

A = Wavelength of light used to illuminate the object,

M = Refractive index of the medium between object and objective,

6 = Half angle of the cone of light from the point object, Sing=
Numerical aperture.

(2) Telescope : Smallest angular separations (d6) between two distant
objects, whose images are separated in the telescope is called resolving limit.

So resolving limit d@ = 1.224
a
. 1 a 1
and resolving power (RP)=—= = R.P.c = where a =
de 1224 A

aperture of objective.
Binocular

If two telescopes are mounted parallel to each other so that an object
can be seen by both the eyes simultaneously, the arrangement is called
'binocular’. In a binocular, the length of each tube is reduced by using a set
of totally reflecting prisms which provide intense, erect image free from
lateral inversion. Through a binocular we get two images of the same object
from different angles at same time. Their superposition gives the perception
of depth along with length and breadth, ie, binocular vision gives proper

three-dimensional (3D) image.

N

Photometry o]

£ 1
The branch of optics that deals with the study and measurement of
the light energy is called photomet#jg. 29.88
(1) Radiant flux (R) : The total energy radiated by a source per second
is called radiant flux. It's S.1. unit is Watt (W).

(2) Luminous flux (@) : The total light energy emitted by a source per
second is called luminous flux. 1t represents the total brightness producing

capacity of the source. It's S.1. unit is Lumen (/m).

(3) Luminous efficiency (77) : The Ratio of luminous flux and radiant

flux is called luminous efficiency ie. 7 =—.

R
Table 29.4 : Luminous flux and efficiency
Light source Flux (lumen) Efficiency (lumen/watt)
40 W tungsten bulb 465 12
60 W tungsten bulb 835 14
500 W tungsten bulb 9950 20
30 W fluorescent tube 1500 50

(4) Luminous Intensity (L) : In a given direction it is defined as
luminous flux per unit solid angle 7e.

L= ¢ , Lightenergy  Si.unit
o  secxsolidangle

lumen
steradian

= candela (Cd)
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The luminous intensity of a point source is given by : L = 41 =
T

p=4x(L)
(5) Muminance or intensity of illumination (/) : The luminous flux

incident per unit area of a surface is called illuminance. | :%. It's S

Lumen

unit is ——— or Lux (k) and its CGS. unit is Phot.
m
1Lumen
1Phot=10"Lux=—-—
cm

(i) Intensity of illumination at a distance r from a point source is

1= ¢ L

4ar? r2

(ii) Intensity of illumination at a distance r from a line source is

1= ol
27rl r

(iii) In case of a parallel beam of light | oc ro

(iv) The illuminance represents the luminous flux incident on unit area
of the surface, while luminance represents the luminous flux reflected from

a unit area of the surface.

(6) Relation Between Luminous Intensity (L) and Mluminance (/) : If S
is a unidirectional point source of light of luminous intensity L and there is
a surface at a distance r from source, on which light is falling normally.

(i) Muminance of surface is given

L
by: | =— \
rZ

S

. . Aw
(ii) For a given source L = constant
1 o
so |oc — This is called. Inverse Fig. 29.89
r

square law of illuminance.

(7) Lambert’s Cosine Law of llluminance : In the above discussion if
surface is so oriented that light from the source falls, on it obliquely and the

central ray of light makes an angle 6 with the normal to the surface, then

Lcosé

(i) Muminance of the surface | =

g. 29.90
(i) For a given light source and point of illumination (ie. L and r =

constant) | oc COS@ this is called Lambert’s cosine law of illuminance.
L 0
= I = =1,(@0=0")

(iti) For a given source and plane of illuminance (ie. L and A =

constant)

Fig. 29.91

cos&:E w0 1= cos? 0
r h?

Lh
or |:—3 ie loccos® @ or |o<:—3

(8) Photometer and Principle of Photometry : A photometer is a device
used to compare the illuminance of two sources.

Two sources of luminous iR&R%XJ2L, , and L, are placed at distances
r, and r, from the screen so that their flux are perpendicular to the

screen. The

2
L, L, L, n .. -
— =—5 = ——=|—| ; Thisis called principle of photometry.

2
r r L, r,

distance I, and I, are adjusted tll I, =1,. So

T Tips & Tricks

&5 After reflection velocity, wavelength and frequency of light remains
same but intensity decreases.

&5 If light ray incident normally on a surface, after reflection it
retraces the path.

&5 If two plane mirrors are inclined to each other at 90;, the emergent
ray is anti-parallel to incident ray, if it suffers one reflection from each.
Whatever be the angle to incidence.

&5  We observe number of ... ~hick plane mirror, out of them

only second is brightest.

Incident light (100%)
= 10%

P >\\ ) )
el 80% <—— Brightest image

>
—k—
<<

SA 9%

&5 To find the location o\aﬁ\e.bj Aj‘om an inclined plane mirror, you

have to see the perpendicular dlstance of the object from the mirror.

—_—

o
_ /l ///
— 4 —
< /l ///
,
/// (/ ///
= Oe--—-—--------% S - /
e =~
- M <~
— >
# < w
./ Correct rong

&5 Imiges faymedly mirrors do not show chroftic Aerration.

£S5 In concave mirror, minimum distance between a real object and it's
real image is zero. (i.e. when u=v=2{j

£ If a spherical mirror produces an image ‘m7 times the size of the



object (m = magnification) then u, v and fare given by the followings

u:[m—_ljf, v=—(m-1)f and f:( m ju
m m-1

&5 Focal length of a mirror is independent of material of mirror and
medium in which it is placed and wavelength of incident light

&5 Divergence or Convergence power of a mirror does not change
with the change in medium.

&5 1f an object is moving at a speed v towards a spherical mirror
along it’s axis then speed of image away from mirror is

(&)
Vi=— —— |V,
u—f

&S When object is moved from focus to infinity at constant speed, the
image will move faster in the beginning till object moves from fto 2£
and slower later on, towards the mirror.

&5 As every part of mirror forms a complete image, if a part of the
mirror is obstructed, full image will be formed but intensity will be
reduced.

7

&5 In case of refraction of light frequency (and hence colour) and
phase do not change (while wavelength and velocity will change).

&5 In the refraction intensity of incident light decreases as it goes from
one medium to another medijum.

&5 A transparent solid is invisible in a liquid of same refractive index
(Because of No refraction).

&5 When a glass slab is kept over various coloured letters and seen
from the top, the violet colour letters appears closer (Because A, < Ag

h
so fh, > Mp and from = h_ if W increases then h' decreases i.e.

Letter appears to be closer)

&  Minimum distance between an object and it’s real image formed by
a convex lens is 4£

& Component lenses of an achromatic doublet cemented by canada
blasam because it is transparent and has a refractive index almost equal
to the refractive index of the glass.

&5 Parabolic mirrors are free from spherical aberration.
&5 1f a sphere of radius R made of material of refractive index i, is

placed in a medium of refractive index £y, then if the object is placed at

Hy =ty
equidistant from the sphere

a distance {LJR from the pole, the real image formed is

H 7 - D H
o P e
N
&5 The lens doubléts * sed4mrel 2% spear€= X ™dmatic for blue and red

colours, while these used in camera are achromatic for violet and green
colours. The reason for this is that our eye is most sensitive between
blue and red colours, while the photographic plates are most sensitive
between violet and green colours.

& Composite lens : If a lens is made of several materials then

H
/12
Hy
Ha
Hs

)
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Number of images formed = Number of materials used

Here no. of images = 5

&5 For the condition of grazing emergence through a prism. Minimum
angle of incidence i, = sin™t [ﬂﬂz —1sinA —cos A} .

&5 If a substance emits spectral lines at high temperature then it
absorbs the same lines at low temperature. This is Kirchoffs law.

&5 When a ray of white light passes through a glass prism red light is
deviated less than blue light.

&5 TFor a hollow prism A# 0 but §=0

&5 If an opaque coloured object or crystal is crushed to fine powder it
will appear white (in sun light) as it will lose it's property of selective
reflection.

&5 Our eye is most sensitive to that part of the spectrum which lies
between the Fline (sky green) and the C-line (red) of hydrogen, and the
mean refractive index of this part is nearly equal to the refractive index
for the D line (yellow) of sodium. Hence for the dispersive power, the

He — He

following formula is internationally accepted @ = ———=

tp -1

&5 Sometimes a part of prism is given and we keep on thinking
whether how should we proceed ? To solve such problems first complete
the prism then solve as the problems of prism are solved

=

& 6w w it's focal

nt objects, t
length is largest. B

&5 Minimum separation (d) between objects, so they can just resolved

r
by a telescope is : d = ——

R.P.

Where r = distance of objects from telescope.

&5 As magnifying power astronomical telescope is negative, the image
seen in astronomical telescope is truly inverted, i.e., left is turned right with
upside down simultaneously. However, as most of the astronomical objects
are symmetrical this inversion does not affect the observations.

£5 If objective and eye lens of a telescope are interchanged, it will not
behave as a microscope but object appears very small.

£S5 In a telescope, if field and eye lenses are interchanged magnification
will change from (¥/ £) to (f/f), i.e, it will change from m to (1/m), i.e,

will become (1/m7) times of its initial value.

£5  As magnification produced by telescope for normal setting is (£/#),
so to have large magnification, # must be as large as practically possible
and £ 'small. This is why in a telescope, objective is of large focal length
while eye piece of small.

&5 In a telescope, aperture of the field lens is made as large as
practically possible to increase its resolving power as resolving power of

a telescope o (D/A). Large aperture of objective also helps in improving
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the brightness of image by gathering more light from distant object.
However, it increases aberrations particularly spherical.

&5 For a telescope with increase in length of the tube, magnification
decreases.

&5 In case of a telescope if object and final image are at infinity then : 5.
_L_D
I o
D /4\ d
— st £ .
& If we are given four convex lenses having focal lengths )

f, >f,>1f; >f,. For making a good telescope and microscope. We
choose the following lenses respectively.

Telescope  f,(0), f,(e) Microscope f,(0), f;(e)
&
look towards (or take a photograph)of distant astronomical object (say

If a parrot is sitting on the objective of a large telescope and we

moon) through it, the parrot will not be seen but the intensity of the 7.
image will be slightly reduced as the parrot will act as obstruction to
light and will reduce the aperture of the objective.

&5 The

monochromatic light of wavelength 5500 A is called 1 lumen.

luminous flux of a source of (1/685) watt emitting

&5 While solving the problems of photometry keep in mind.

R poc L (As ¢= nR = 47l)

8.
o L
R, ¢ Ly

T Ordinary Thinking 0.

Objective Questions

Plane Mirror

Two vertical plane mirrors are inclined at an angle of 60° with
each other. A ray of light travelling horizontally is reflected first
from one mirror and then from the other. The resultant deviation is

10.
(a) 60° (b) 120°
(c) 180° (d) 240°
2. A plane mirror reflects a pencil of light to form a real image. Then

the pencil of light incident on the mirror is
[MP PMT 1997; DCE 2001, 03] n
(@) Parallel

(c) Divergent

(b)
(d) None of the above

3. What should be the angle between two plane mirrors so that

whatever be the angle of incidence, the incident ray and the

Convergent

reflected ray from the two mirrors be parallel to each other

[KCET 1994; SCRA 1994]

(@ 60° (b) 90° 12.
() 120° (d) 175°
4. A plane mirror reflecting a ray of incident light is rotated through

an angle € about an axis through the point of incidence in the
plane of the mirror perpendicular to the plane of incidence, then

@)

The reflected ray does not rotate

(b) The reflected ray rotates through an angle 6

(c) The reflected ray rotates through an angle 260

(d) The incident ray is fixed

A plane mirror is approaching you at a speed of 10cm/sec You

can see your image in it. At what speed will your image approach

you [CPMT 1974]
(a) 10cm/sec (b) 5cm/sec
() 20cm/sec (d) 15cm/sec

A light bulb is placed between two plane mirrors inclined at an
angle of 60°. The number of images formed are
SCRA 1994; ATIMS 1997; RPMT 1999; AIEEE 2002;
Orissa JEE 2003; MP PMT 2004; MP PET 2004]
(b) 2

(d) 4

@ 6
(c) 5

It is desired to photograph the image of an object placed at a
distance of 3M from the plane mirror. The camera which is at a

distance of 4.5mM from the mirror should be focussed for a

distance of [NCERT 1971]
(@ 3m (b) 4.5m
() 6m (d) 7.5m

A thick plane mirror shows a number of images of the filament of
an electric bulb. Of these, the brightest image is the

(b)
(d) Llast

(@) First Second

(c) Fourth

A man is 180cm tall and his eyes are 10CM below the top of his
head. In order to see his entire height right from toe to head, he

uses a plane mirror kept at a distance of 1M from him. The
minimum length of the plane mirror required is

[MP PMT 1993; DPMT 2001]
(a) 180cm (b)
(c) C)

A person is in a room whose ceiling and two adjacent walls are

90cm

85cm 170cm

mirrors. How many images are formed [AFMC 2002]
@ s
© 7
When a plane mirror is placed horizontally on a level ground at a

distance of 60mM from the foot of a tower, the top of the tower and

its image in the mirror subtend an angle of 90° at the eye. The
height of the tower will be [CPMT 1984]

(b)
(d)

A ray of light incidents on a plane mirror at an angle of 30°. The

(a 30m 60m

(¢) 90m 120m

deviation produced in the ray is
(a) 30°
[NCERT 198, CPMT 1901]

(b) 60°

(d) 120°



20.

21.

22.

A ray of light is incidenting normally on a plane mirror. The angle of

reflection will be [MP PET 2000]

(@ 0° (b) 90°
(c)  Will not be reflected (d) None of the above

When light wave suffers reflection at the interface from air to glass,

the change in phase of the reflected wave is equal to

[CPMT 1991; ) & KCET 2004]

T
@ o ® =

() = & 2z

A ray is reflected in turn by three plain mirrors mutually at right

angles to each other. The angle between the incident and the

reflected rays is [Roorkee 1995]
(@) 90° (b) 60°
() 180° (d) None of these

Two plane mirrors are at right angles to each other. A man stands
between them and combs his hair with his right hand. In how many

of the images will he be seen using his right hand [MP PMT 1995; UPSEAT 2001]

(@) None (b) 1
(c) 2 3
When a plane mirror is rotated through an angle 6 then the
reflected ray turns through the angle 26 then the size of the image
(@) 1s doubled (b) 1s halved
(¢) Remains the same (d) Becomes infinite
A plane mirror produces a magnification of

[MP PET/PMT 1997]
(@ -1 (b) +1

(c) Zero (d) Between 0 and + ©

A plane mirror makes an angle of 30° with horizontal. If a vertical
ray strikes the mirror, find the angle between mirror and reflected

ray [RPET 1997]
(@) 30° (b) 45°
() 60° d) 90°

A watch shows time as 3 : 25 when seen through a mirror, time
[RPMT 1997; JIPMER 2001, 02]

9:35
8:25

appeared will be
(@) 8:35 (b)
€ 7:35 ()
If an observer is walking away from the plane mirror with

6m/sec. Then the velocity of the image with respect to observer

will be [RPMT 1999]
(@) 6m/sec (b) —6m/sec
(¢) 12m/sec (d) 3m/sec

A man runs towards mirror at a speed of 15m/S. What is the
speed of his image [CBSE PMT 2000]
(@) 7.5 mls

() 30 mls

(b) 15 m/s
(d) 45 mis

23.

24.

25.

26.

28.

29.

30.

32.
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A small object is placed 10 cm infront of a plane mirror. If you stand

behind the object 30 cm from the mirror and look at its image, the

distance focused for your eye will be

[KCET (Engg.) 2001]
(a) 60 cm (b) 20 cm
(c) 40 cm (d) 80 cm

An object is at a distance of 0.5 m in front of a plane mirror.

Distance between the object and image is [CPMT 2002]
(@) 05 m (b) 1m
() 025 m (d) .5 m

A man runs towards a mirror at a speed 15 m/s The speed of the
image relative to the man is [Kerala PET 2002]
(@ 15 ms~* (b) 30 ms*
(c) 35 ms™ (d) 20ms™?
The light reflected by a plane mirror may form a real image

[KCET (Engg. & Med.) 2002]

a) If the rays incident on the mirror are diverging
b) If the rays incident on the mirror are converging
If the object is placed very close to the mirror

Under no circumstances

Two plane mirrors are inclined at an angle of 72°. The number of

images of a point object placed between them will be [KCET (Engg. & Med.)1999;

(@) 2 (b) 3
(€) 4 ) s

To get three images of a single object, one should have two plane
mirrors at an angle of [AIEEE 2003]

() 30° (b) 60°
() 90° (d) 150°

A man of length 4 requires a mirror, to see his own complete image

of length at least equal to [MP PET 2003)]

h h
(@) 2 (b) 3
h
(c) 5 d) A

Two plane mirrors are at 45° to each other. If an object is placed

between them, then the number of images will be

[MP PMT 2003]
@ s (b) 9
(©) 7 (d) 8

A man having height 6 m. He observes image of 2 m height erect,

then mirror used is [BCECE 2004]
(b) Convex

(d) None of these

(a) Concave
(c) Plane

A light beam is being reflected by using two mirrors, as in a
periscope used in submarines. If one of the mirrors rotates by an
angle 0, the reflected light will deviate from its original path by the

angle [UPSEAT 2004]

@ 20 (b) 0°
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() @ (d) 46

[RPMT 2000]
(b) Infinite
(d) Indefinite

A ray of light is incident at 50° on the middle of one of the two

Focal length of a plane mirror is
(@) Zero
(c) Very less

mirrors arranged at an angle of 60° between them. The ray then o
touches the second mirror, get reflected back to the first mirror,
making an angle of incidence of [MP PET 2005]

(@) 50° (b) 60° 10.
(c) 70° (d) 8o0°

Spherical Mirror

1
A convex mirror of focal length #forms an image which is — times
n

the object. The distance of the object from the mirror is

®) [”—_ljf
n n

© [ﬂjf @

n

@ (-Df

(+1)f

A diminished virtual image can be formed only in
[MP PMT 2002]
(@) Plane mirror (b) A concave mirror

(¢) A convex mirror (d) Concave-parabolic mirror

Which of the following could not produce a virtual image 12
(@) Plane mirror

(b) Convex mirror

(¢) Concave mirror

(d) All the above can produce a virtual image

An object 5CM tall is placed 1M from a concave spherical mirror

which has a radius of curvature of 20CM The size of the image is 13
(@) 0.1lcm (b) 0.50cm

() 0.55cm (d) 0.60cm

The focal length of a concave mirror is 50CM. Where an object be

placed so that its image is two times and inverted .
@@ 75 cm (b) 72 em

() 63 cm (d) 50 cm

An object of size 7.5Cm is placed in front of a convex mirror of

radius of curvature 25CM at a distance of 40CM. The size of the

image should be

(@) 2.3cm (b) 1.78cm

(¢) lcm (d) 0.8cm s
The field of view is maximum for

(a) Plane mirror (b) Concave mirror

() Convex mirror (d) Cylindrical mirror

The focal length of a concave mirror is £and the distance from the 16.

object to the principle focus is x. The ratio of the size of the image
to the size of the object is

[Kerala PET 2005]

@ 2 ® -
X

f f2

© |+ @

[MP PET 1993]
(a) Virtual (b) Real
(d) Inverted

Image formed by a convex mirror is

(c) Enlarged
In a concave mirror experiment, an object is placed at a distance X;

from the focus and the image is formed at a distance X, from the

focus. The focal length of the mirror would be

(@) XiX, (b) VXX,
X + X, Xy
(c) — (d) X,

A convex mirror is used to form the image of an object. Then which
of the following statements is wrong

[CPMT 1973]
(@) The image lies between the pole and the focus
(b) The image is diminished in size
(c) The image is erect
(d) The image is real

Given a point source of light, which of the following can produce a
parallel beam of light [CPMT 1974; KCET 2005]
(@) Convex mirror

(b) Concave mirror

(c) Concave lens

(d) Two plane mirrors inclined at an angle of 90°

The ima)ae formed by a convex mirror of focal length 30CM is a
[MP PET 1993 . . .
quarter of the sizé of the object. The distance of the object from the

(a) 30cm (b)
() 120cm (d)

90cm
60cm

A boy stands straight infront of a mirror at a distance of 30Cm
1
away from it. He sees his erect image whose height is gth of his

real height. The mirror he is using is

[MP PMT 1993]
(@) Plane mirror (b) Convex mirror
(¢) Concave mirror (d) Plano-convex mirror

A person sees his virtual image by holding a mirror very close to the
face. When he moves the mirror away from his face, the image
becomes inverted. What type of mirror he is using

(b) Convex mirror
(d) None of these

Which one of the following statements is true

(a) Plane mirror

() Concave mirror

(@) An object situated at the principle focus of a concave lens will
have its image formed at infinity

(b) Concave mirror can give diminished virtual image

(c) Given a point source of light, a convex mirror can produce a

parallel beam of light



20.

21.

22.

23.

24.

(d) The virtual image formed in a plane mirror can be

photographed
The relation between the linear magnification M, the object

distance U and the focal length f is

f-u f
@ m=— ® m=t7y
f+u f
) m=— @ m=t

While using an electric bulb, the reflection for street lighting should
be from

(@) Concave mirror (b) Convex mirror
(c) Cylindrical mirror (d) Parabolic mirror
A concave mirror is used to focus the image of a flower on a nearby

well 120cm from the flower. If a lateral magnification of 16 is
desired, the distance of the flower from the mirror should be

(@ 8cm (b) 12cm
() 80cm (d) 120cm
A virtual image larger than the object can be obtained by

[MP PMT 1986]
(@) Concave mirror (b) Convex mirror

(c) Plane mirror (d) Concave lens

An object is placed 40CM from a concave mirror of focal length
20cm. The image formed is

[MP PET 1986; MP PMT/PET 1998]
(@) Real, inverted and same in size
(b
(

c) Virtual, erect and larger

Real, inverted and smaller

=

(d) Virtual, erect and smaller
A virtual image three times the size of the object is obtained with a

concave mirror of radius of curvature 36CM. The distance of the

object from the mirror is [MP PET 1986]
(@) 5cm (b) 12cm
() 10cm (d) 20cm

Radius of curvature of concave mirror is 40CM and the size of

image is twice as that of object, then the object distance is
[AFMC 1995]

(a) 60cm (b) 20cm

() 40cm (d) 30cm

All of the following statements are correct except

[Manipal MEE 1995]

(a) The magnification produced by a convex mirror is always less
than one

(b) A virtual, erect, same-sized image can be obtained using a
plane mirror

() A virtual, erect, magnified image can be formed using a

concave mirror

(d) A real, inverted, same-sized image can be formed using a

convex mirror

25.

26.

27.

28.

29.

30.

31
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If an object is placed 10CM infront of a concave mirror of focal

length 20cm, the image will be [MP PMT 1995]

(a) Diminished, upright, virtual
(b) Enlarged, upright, virtual
(c) Diminished, inverted, real
(d) Enlarged, upright, real

Which of the following form(s) a virtual and erect image for all

positions of the object [ITJEE 1996]

(@) Convex lens (b) Concave lens

(c) Convex mirror (d) Concave mirror

A convex mirror has a focal length f. A real object is placed at a

distance f in front of it from the pole produces an image at

(a) bRy ET 19861 ®b) f

© f/2 d) 2f

An object 1cm tall is placed 4CM infront of a mirror. In order to
produce an upright image of 3CM height one needs a

(@)
(b)

Convex mirror of radius of curvature 12cm
Concave mirror of radius of curvature 12cm
(c) Concave mirror of radius of curvature 4Cm

(d) Plane mirror of height 12cm

Match List 1 with List 11 and select the correct answer using the

codes given below the lists : [SCRA 1998]
List 1 List 11
(Position of the object) (Magnification)

(1) An object is placed at focus
before a convex mirror

(A) Magnification is — ©

() An object is placed at
centre of curvature before a

(B) Magnification is 0.5

concave mirror

(M) An object is placed at

(C) Magnification is +1
focus before a concave mirror

(IV) An object is placed at
centre of curvature before a

(D) Magnification is — 1

convex mirror

(E) Magnification is 0.33

Codes :
(a) 1-B, 11D, 1I-A, IV-E (b) 1-A, 11-D, I-C, IV-B
(C) 1-C, I-B, M-A, 1IV-E (d) 1-B, N-E, M-D, 1IV-C

A concave mirror gives an image three times as large as the object
placed at a distance of 20CM from it. For the image to be real, the
focal length should be

[SCRA 1998; JIPMER 2000]

(a) 10cm (b) 15cm

() 20cm (d) 30cm

The minimum distance between the object and its real image for

concave mirror is [RPMT 1999]

(@) £ (b) 2f
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32.

33.

35.

36.

37.

38.

39.

40.

(c) 4f (d) Zero
An object is placed at 20Cm from a convex mirror of focal length
10cm. The image formed by the mirror is

[TPMER 1999]

(@) Realand at 20cm from the mirror

(b) Virtual and at 20Cm from the mirror

(c) Virtual and at 20/3cm from the mirror

(d) Realand at 20/3cm from the mirror

A point object is placed at a distance of 10Cm and its real image is

formed at a distance of 20CmM from a concave mirror. If the object

is moved by 0.1cm towards the mirror, the image will shift by

about [MP PMT 2000]

(@) 0.4cm away from the mirror
(b) 0.4cm towards the mirror
(¢) 0.8cm away from the mirror

(d) 0.8cm towards the mirror

Under which of the following conditions will a convex mirror of
focal length Fproduce an image that is erect, diminished and virtual
(@) Only when 2f > u> F (b) Only when u= £

(c) Only when u< £ (d) Always

The focal length of a convex mirror is 20 cm its radius of curvature

will be [MP PMT 2001]
(@) 10 cm (b) 20 cm
(¢) 30 cm (d) 40 cm

A concave mirror of focal length 15 cm forms an image having twice
the linear dimensions of the object. The position of the object when

the image is virtual will be
(@) 225 cm (b) 7.5 cm
(¢) 30 cm (d) 45 cm

A point object is placed at a distance of 30 cm from a convex mirror
of focal length 30cm. The image will form at

[JIPMER 2002]

(@) Infinity
(b) Focus
(c) Pole

(

d) 15 cm behind the mirror

An object 2.5 cm high is placed at a distance of 10 cm  from a
concave mirror of radius of curvature 30 cm The size of the image

is [BVP 2003]
(@) 92cm (b) 10.5 cm
() 5.6 cm (d) 7.5 cm

For a real object, which of the following can produced a real image

(@) Plane mirror (b) Concave lens

() Convex mirror (d) Concave mirror

An  object of length 6 cm is placed on the principle axis of a
concave mirror of focal length fat a distance of 4£ The length of

the image will be [MP PET 2003]

(@ 2cm (b) 12 em

41

42.

43.

44.

(c) 4cm d) 12 cm
Convergence of concave mirror can be decreased by dipping in
(a) Water (b) oil

(c) Both (d) None of these

What will be the height of image when an object of 2 mm is placed
on the axis of a convex mirror at a distance 20 cm of radius of
curvature 40 cm [Orissa PMT 2004]
(@) 20 mm (b) 10 mm
() 6 mm (d) 1 mm
Image formed by a concave mirror of focal length 6 cm, is 3 times
of the object, then the distance of object from mirror is

[RPMT 2000]
(b) 8 cm

(d) 12 em

(@ -4 cm
() 6cm
A concave mirror of focal length # (in air) is immersed in water
(s =413). The focal length of the mirror in water will be

@ f (b)

@ —f (d)

Wi~ w|»

Refraction of Hight at Plane Surfaces
{AMU EEngg.) 2001

To an observer on the earth the stars appear to twinkle. This can be
ascribed to

[CPMT 1972, 74; AFMC 1995]
(@) The fact that stars do not emit light continuously
(b) Frequent absorption of star light by their own atmosphere
(c) Frequent absorption of star light by the earth's atmosphere
(d) The refractive index fluctuations in the earth's atmosphere
The ratio of the refractive index of red light to blue light in air is
(@) Less than unity
(b) Equal to unity
(c
(d

) Greater than unity
) Less as well as greater than unity depending upon the
experimenta] arrangement

The refractive index of a piece of transparent quartz is the greatest
for [MP PET 1985, 94]

(@) Red light (b) Violet light
(c) Green light (d) Yellow light

The refractive index of a certain glass is 15 for light whose
wavelength in vacuum is 6000 A. The wavelength of this light when
it passes through glass is

[NCERT 1979; CBSE PMT 1993;

MP PET 1985, 89]
(a) 4d6viska JEE 2003] (b) 6000 A
(d) 15000 A

When light travels from one medium to the other of which the
refractive index is different, then which of the following will change

[MP PMT 1986; AMU 2001; BVP 2003]

(c) 9000 A

(a) Frequency, wavelength and velocity
(b) Frequency and wavelength
(c) Frequency and velocity



(d) Wavelength and velocity

A light wave has a frequency of 4 %10 Hz and a wavelength of

5x1077 meters in a medium. The refractive index of the medium

is [MP PMT 1989]
(@ 15 (b) 133
() 10 (d) 0.66

How much water should be filled in a container 21 cm in height, so
that it appears half filled when viewed from the top of the container
(given that 1, =4/3)

[MP PMT 1989]
(@) 8.0cm (b) 10.5 cm
(¢) 12.0 cm (d) None of the above

Light of different colours propagates through air
a) With the velocity of air

(
(b
(
(

With different velocities

=

c) With the velocity of sound

~

d) Having the equal velocities

Monochromatic light is refracted from air into the glass of refractive

index 4. The ratio of the wavelength of incident and refracted

waves is
[JIPMER 2000; MP PMT 1996, 2003]
. b 2
@ 1:p (b) 1:p
() u 1 d) 1
A monochromatic beam of light passes from a denser medium into a
rarer medium. As a result [CPMT 1972]

(@) 1ts velocity increases (b) 1ts velocity decreases

(c) 1ts frequency decreases (d) 1ts wavelength decreases
Refractive index for a material for infrared light is

[CPMT 1984]
(a) Equal to that of ultraviolet light
(b
(c
(

d) Greater than that for ultraviolet light

=~

Less than for ultraviolet light

N

Equal to that for red colour of light

The index of refraction of diamond is 2.0, velocity of light in
diamond in cmy/second is approximately

[CPMT 1975; MNR 1987; UPSEAT 2000]

(@) 6x10% (b) 3.0x10%

€ 2x10% d) 1.5x10%

A beam of light propagating in medium A with index of refraction n
(A) passes across an interface into medium B with index of
refraction n(B). The angle of incidence is greater than the angle of
refraction; W(A) and v(B) denotes the speed of light in A and B Then
which of the following is true

@) WA= (B and n(A) > n(B)
(b) «A)>v(B) and n(A) < n(B)
() “A) <vB) and n(A) > n(B)
( (

(
d) WA) < (B) and n(A) < n(B)

20.

21.
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A rectangular tank of depth 8 meter is full of water (pz=41/3),
the bottom is seen at the depth  [MP PMT 1987]

(@) 6m (b) 8/3m

() 8cm (d) 10 cm

A vessel of depth 2d cm is half filled with a liquid of refractive index
#y and the upper half with a liquid of refractive index g, . The

apparent depth of the vessel seen perpendicularly is

@ d [—”1”2 J ® d [i + i]
Mt Uy o K

© Zd[i+iJ @ Zd[ ! j
M K Mk

A beam of light is converging towards a point | on a screen. A

plane glass plate whose thickness in the direction of the beam = t,
refractive index = £, is introduced in the path of the beam. The

convergence point is shifted by

[MNR 1987]
(@) t (l - l] away (b) t (l + i] away
P I
() t [1 - lj nearer (d) t [1 + i} nearer
P P

Light travels through a glass plate of thickness ¢ and having

refractive index n. If c is the velocity of light in vacuum, the time
taken by the light to travel this thickness of glass is

[NCERT 1976; MP PET 1994; CBSE PMT 1996;

KCET 1994; MP PMT 1999, 2001]

@ — (b) tnc
nc

@ = @ =
C n

When a light wave goes from air into water, the quality that
remains unchanged is its

[AMU 1995; MNR 1985, 95; KCET 1993; CPMT 1990, 97; MP PET 1991, 2000,
02; UPSEAT 1999, 2000;

AFMC 1993, 98, 2003; RPET 1996, 2000, 03;
RPMT 1999, 2000; DCE 2001; BHU 2001]
(b) Amplitude
(d) Wavelength

Light takes 8 min 20 sec to reach from sun on the earth. If the
whole atmosphere is filled with water, the light will take the time

(atty =413)
(@) 8 min20 sec (b) 8 min
(d) 1 min6 sec

(@) Speed
(c) Frequency

(¢) 6 minn sec
The length of the optical path of two media in contact of length d;

and d, of refractive indices 14 and 4, respectively, is

@ 0+ 15d, (b)  ad; + 160,
d,d d, +d
Y2 (d) 1 2
Mk MM,

Immiscible transparent liquids A, B, C, D and E are placed in a
rectangular container of glass with the liquids making layers
according to their densities. The refractive index of the liquids are
shown in the adjoining diagram. The container is illuminated from
the side and a small piece of glass having refractive index 1.61 is
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22.

23.

24.

25.

26.

27.

28.

gently dropped into the liquid layer. The glass piece as it descends

downwards will not be visible in [CPMT 1986]
(@) Liquid A and B only A 1.51
(b) Liquid Conly g 1-53
(¢) Liquid Dand E only < 161
D 1.52
(d) Liquid A, B Dand E = 765

The refractive indices of glass and water w.r.t. air are 3/2 and 4/3
respectively. The refractive index of glass w.r.t. water will be

[MNR 1990; JIPMER 1997, 2000; MP PET 2000]
(b) 9/8
(d) None of these

(@) 8/9
(c) 7/6
If juj represents refractive index when a light ray goes from

medium 7 to medium ; then the product , 14 X g1L, X 4143 is equal

to [CBSE PMT 1990]
@ sm b) s
1
() — d) st
1Hy

The wavelength of light diminishes £ times ( #2=1.33 for water)

in a medium. A diver from inside water looks at an object whose
natural colour is green. He sees the object as

[CPMT 1990; MNR 1998]
(@) Green (b) Blue
(c¢) Yellow (d) Red
Ray optics fails when
(@) The size of the obstacle is 5 cm
(b) The size of the obstacle is 3 cm
(c) The size of the obstacle is less than the wavelength of light
(d) (a) and (b) both
When light travels from air to water and from water to glass, again
from glass to CO, gas and finally through air. The relation
between their refractive indices will be given by
(@) aNw X wNg X giNgas X gasNa =1

(b)  anyx whgl X gasNg1 X giNa = 1

(€)  aNyX whgt X giNgas = 1
(d) There is no such relation

For a colour of light the wavelength for air is 6000 A and in water
the wavelength is 4500 A. Then the speed of light in water will be

(@) 5.x10%m/s (b) 2.25x10% mys

(c) 4.0%108 mys (d) Zero

A ray of light travelling inside a rectangular glass block of refractive

index +/2 is incident on the glass—air surface at an angle of
incidence of 45°. The refractive index of air is 1. Under these

conditions the ray [CPMT 1972]

(@) Will emerge into the air without any deviation

29.

30.

3L

32.

33.

34.

(b) Will be reflected back into the glass

Will be absorbed

—
g}
~

(d) Will emerge into the air with an angle of refraction equal to
90°

If & and g are respectively, the electric permittivity and the

magnetic permeability of free space, & and g the corresponding

quantities in a medium, the refractive index of the medium is

[IT-JEE 1982; MP PET 1995; CBSE PMT 1997]

@ [ b 5
Hoéo Hoéo
&
() Hobo () Hiy
HE £&

A beam of monochromatic blue light of wavelength 4200A in air

travels in water (22 =4/ 3 ). Its wavelength in water will be
(a) 2800 A (b) 5600 A
(c) 3150 A (d) 4000 A
If 4 be the relative permeability and K, the dielectric constant
0
of a medium, its refractive index is given by
[MNR 1995]

1 1

—_— b
V oKy ®) Ho Ky
(c) \/,UoKo (d)

If the speed of light in vacuum is C m/sec, then the velocity of

HoKo

light in a medium of refractive index 1.5
[NCERT 1977; MP PMT 1984; CPMT 2002]

(@ 1s15 x C (b) 1sC

(c) s 15 (d) Can have any velocity

In the adjoining diagram, a wavefront AB, moving in air is incident
on a plane glass surface XY. Its position CD after refraction through
a glass slab is shown also along with the normals drawn at A and D.

The refractive index of glass with respect to air (x#=1) will be

equal to
[CPMT 1988; DPMT 1999]
sing
@ sing'
) sing
sing'
sing'
© sing
AB
d —_
)

When light enters from air to water, then its

[MP PMT 1994; MP PET 1996]



35.

36.

37.

38.

39.

40.

41.

(@) Frequency increases and speed decreases

(b) Frequency is same but the wavelength is smaller in water than
in air

(c) Frequency is same but the wavelength in water is greater than
in air

(d) Frequency decreases and wavelength is smaller in water than in

air

On a glass plate a light wave is incident at an angle of 60°. If the
reflected and the refracted waves are mutually perpendicular, the
refractive index of material is

[MP PMT 1994; Haryana CEE 1996;
KCET 1994; 2000]

() @ ®) V3
3
() 3

3 4
Refractive index of glass is 3 and refractive index of water is 3 If

the speed of light in glass is 2.00x10% my/s, the speed in water

will be [MP PMT 1994; RPMT 1997]
(@) 2.67x10% mss (b) 2.25x10% myss
(c) 1.78x10% mss (d) 1.50x10% s

Monochromatic light of frequency 5x10™ Hz travelling in vacuum
enters a medium of refractive index 1.5. lts wavelength in the
medium is

[MP PET/ PMT 1995; Pb. PET 2003]
(b) 5000 A
(d) 5500 A

(a) 4000 A
(c) 6000 A

Light of wavelength is 7200 A in air. It has a wavelength in glass

(¢ =1.5) equal to [DCE 1999]

(a) 7200 A (b) 4800 A

(c) 10800 A (d) 72015 A

Which of the following is not a correct statement

[MP PET 1997]

(a) The wavelength of red light is greater than the wavelength of
green light

(b) The wavelength of blue light is smaller than the wavelength of
orange light

() The frequency of green light is greater than the frequency of
blue light

(d) The frequency of violet light is greater than the frequency of
blue light

Which of the following is a correct relation [MP PET 1997]

@) aklr = akhy X 1My (b)  akty X fhy = whty

(©) aty X 4y =0 @) att | wite = athy

The time taken by sunlight to cross a 5 mm thick glass plate

(u=312)is [MP PMT/PET 1998; BHU 2005]
(@) 025x10- S (b) 0.167x107" s
() 25x10% s d) 1.0x10™% s

42.

43.

44.

45.

46.

47.

48.

49.

50.
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The distance travelled by light in glass (refractive index =1.5) in a
nanosecond will be [MP PET 1999]

(@) 45 cm (b) 40 cm
() 30 cm

(d) 20 cm
When light is refracted from air into glass

[T 1980; CBSE PMT 1992; MP PET 1999;
MP PMT 1999; RPMT 1997, 2000, 03; MH CET 2004]

(@) 1lts wavelength and frequency both increase
(b) 1lts wavelength increases but frequency remains unchanged
(c) lts wavelength decreases but frequency remains unchanged

(d) 1Its wavelength and frequency both decrease

A mark at the bottom of a liquid appears to rise by 0.1 m. The depth
of the liquid is 1 m. The refractive index of the liquid is

9
(@) 133 (b) E
(c) % (b) 15

A man standing in a swimming pool looks at a stone lying at the
bottom. The depth of the swimming pool is A. At what distance
from the surface of water is the image of the stone formed (Line of
vision is normal; Refractive index of water is n)

(@ hln (b) nih
(c) A (d) hn
On heating a liquid, the refractive index generally
[KCET 1994]
(@) Decreases
(b) Increases or decreases depending on the rate of heating
() Does not change
(d) TIncreases

If | denotes a unit vector along incident light ray, T a unit vector
along refracted ray into a medium of refractive index g and f
unit vector normal to boundary of medium directed towards
incident medium, then law of refraction is

[EAMCET (Engg.) 1995]

@) i.0=pu(.0) (b) ixh=ufix)

(©) ixh=pu(xn) d) (i xh)=Fxh

The bottom of a container filled with liquid appear slightly raised
because of [RPMT 1997]
(@) Refraction (b) Interference

(c) Diffraction (d) Reflection

The speed of light in air is 3 %108 m/s. What will be its speed in
diamond whose refractive index is 2.4

[KCET 1993]

(@) 3x10® m/s (b) 332 m/s

() 1.25x10% mys (d) 7.2x10® m/s

Time taken by the sunlight to pass through a window of thickness 4
mm whose refractive index is 1.5 is

[CBSE PMT 1993]
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52.

53.

54.

55.

56.

57.

58.

@ 2x107° sec (b) 2x10% sec

(©) 2x107™ sec d) 2x10% sec
Ray optics is valid, when characteristic dimensions are
[CBSE PMT 1994; CPMT 2001]
(@) Of the same order as the wavelength of light
(b) Much smaller than the wavelength of light
(c) Of the order of one millimetre
(d) Much larger than the wavelength of light
The refractive index of water is 1.33. What will be the speed of light

in water [CBSE PMT 1996; KCET 1998]
@ 3x10%® m/s (b) 2.25x10°% m/s
(&) 4x10® m/s (d) 1.33x10% mys

The time required to pass the light through a glass slab of 2 mm
thick is ( Hgla =1.5) [AFMC 1997; MH CET 2002, 04]

@ 107°s (b) 10 s

() 1075 d) 1085

The refractive index of water with respect to air is 4 / 3 and the
refractive index of glass with respect to air is 3/2. The refractive
index of water with respect to glass is

[BHU 1997; JIPMER 2000]

@)

()

Nk | ©

Electromagnetic radiation of frequency n, wavelength A, travelling
with velocity v in air, enters a glass slab of refractive index . The
frequency, wavelength and velocity of light in the glass slab will be
respectively

[CBSE PMT 1997]
n 1 v A v
@ ——— b n—,—
H HH MU
© i< @ oAy
M MU

What is the time taken (in seconds) to cross a glass of thickness 4
mm and u = 3 by light [BHU 1998;

Pb. PMT 1999, 2001; MH CET 2000; MP PET 2001]
@ 4x10™ (b) 2x107M

8 Xlo—lo

A plane glass slab is kept over various coloured letters, the letter

() 16x107™ (d)

which appears least raised is

[J & K CET 2004; BHU 1998, 05]
(b) Violet
(d) Red

(a) Blue
() Green

A ray of light is incident on the surface of separation of a medium
at an angle 45° and is refracted in the medium at an angle 30°.

59.

60.

61.

62.

63.

64.

65.
What will be the velocity of light in the medium[AFMC 1998; MH CET (Med.) 1999]

(@) 1.96x10% mys (b) 2.12x10® m/s

() 3.18x10°m/s (d) 3.33x18% m/s

3
Absolute refractive indices of glass and water are 3 and 3 The

ratio of velocity of light in glass and water will be
[UPSEAT 1999]
@ 4:3 (b) 8:7
() 8:9 d 3:4
The ratio of thickness of plates of two transparent mediums A and B

is 6 : 4. If light takes equal time in passing through them, then
refractive index of B with respect to A will be

[UPSEAT 1999]
(b) 15
(d) 133

The refractive index of water and glass with respect to air is 1.3 and
1.5 respectively. Then the refractive index of glass with respect to

(@) 14
(c) 175

water is [MH CET (Med.) 1999]
26 15
9 b =2
@ Ts ®) 2%
13 15
il 4 ==
© Ts @ 13

A tank is filled with benzene to a height of 120 mm. The apparent
depth of a needle lying at a bottom of the tank is measured by a
microscope to be 80 mm. The refractive index of benzene is

(@ 15 (b) 25
(d) 45

Each quarter of a vessel of depth # is filled with liquids of the
refractive indices i, n, nand n from the bottom respectively. The

() 35

apparent depth of the vessel when looked normally is

%1+1+1+1J

H{n, +n, +n; +n,) n n, ng n

b
@ 2 (b) 2
%1+1+1+1]
© (N, +n, +ng +ny,) 5 n n, ng n
4H 2

A ray of light passes through four transparent media with refractive
indices 4.4, 13, aNd 1, as shown in the figure. The surfaces of

all media are parallel. 1f the emergent ray CD is parallel to the

incident ray AB we must have

[NT-JEE (Screening) 2001]

@ =

D
(b) 1o =3 P T / s
(© 3=y sl —T |¢€
@) =t /

The reason of seeing the Sun a little before the sunrise is

[MP PMT 2001; Orissa JEE 2003]



66.

67.

68.

69.

70.

7.

72.

73.

(@) Reflection of the light (b) Refraction of the light

(c) Scattering of the light (d) Dispersion of the light

An under water swimmer is at a depth of 12 m below the surface of
A bird is at a height of 18 m from the surface of water,
directly above his eyes. For the swimmer the bird appears to be at a

water.
distance from the surface of water equal to (Refractive Index of
water is 4/3)

[KCET (Engg.) 2001]
(@) 24 m (b) 12m
(d) 9m

The optical path of a monochromatic light is same if it goes through
4.0 cm of glass or 4.5 cm of water. If the refractive index of glass is
1.53, the refractive index of the water is

() 18m

[UPSEAT 2002]
(@) 130
(c) 142

(b) 136
(d) 146
Which of the following statement is true [Orissa JEE 2002]
(@) Velocity of light is constant in all media

(b) Velocity of light in vacuum is maximum

(c) Velocity of light is same in all reference frames

(d) Laws of nature have identical form in all reference frames

A ray of light is incident on a transparent glass slab of refractive
index 1.62. The reflected and the refracted rays are mutually
perpendicular. The angle of incidence is

[MP PET 2002]
(@) 583 (b) 50
() 35 (d) 30

A microscope is focussed on a coin lying at the bottom of a beaker.
The microscope is now raised up by 1 cm. To what depth should the
water be poured into the beaker so that coin is again in focus ?

(Refractive index of water is —)

[BHU 2003]
4
a cm b) — cm
@@ 1 (b) 3
(c) 3em (d) 4em

Velocity of light in glass whose refractive index with respect to air is
1.5 is 2 X 100 m/s and in certain liquid the velocity of light found to
be 2.5 x 10'm/s. The refractive index of the liquid with respect to air
is [CPMT 1978; MP PET/PMT 1988]
(a) o0.64
() 120

(b) 0.80
(d) 144
Stars are twinkling due to

(a) Diffraction

[CPMT 1997]
(b) Reflection
(c) Refraction (d) Scattering

A thin oil layer floats on water. A ray of light making an angle of
incidence of 40° shines on oil layer. The angle of refraction of light

ray in water is (i =1.45, fhaer =1.33)

[MP PMT 1993]
(@) 36.r
(c) 26.8

(b) 445°
(d) 28.9°

74.

75-

76.

77.

78.

79.

80.

81.

82.

83.
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An object is immersed in a fluid. In order that the object becomes
[AIIMS 2004]

invisible, it should

(a) Behave as a perfect reflector
(b) Absorb all light falling on it
()

(d)

Have refractive index one

Have refractive index exactly matching with that of the
surrounding fluid

When light travels from glass to air, the incident angle is 6; and
the refracted angle is 6, . The true relation is

[Orissa PMT 2004]
@ 6,=0, (b) 6, <6,

() 6,>6, (d) Not predictable

Velocity of light in a medium is 1.5 x108m /s. lts refractive index

will be [Pb. PET 2000]
(@ 8 (b) 6
€ 4 d) 2

The frequency of a light ray is 6 x10™ Hz. Its frequency when it
propagates in a medium of refractive index 1.5, will be

[MP PMT 2000; DPMT 2003; Pb PMT 2003; MH CET 2004

() 1.67x10%Hz (b) 9.10x10™ Hz

() 6x10™Hz d) 4x10%Hz

The refractive indices of water and glass with respect to air are 1.2
and 1.5 respectively. The refractive index of glass with respect to

water is [Pb. PET 2002]
(a) 06 (b) o8
(c) 125 (d) 175

The wavelength of sodium light in air is 5890 A. The velocity of

light in air is 3x108ms™. The wavelength of light in a glass of
refractive index 1.6 would be close to

[DCE 2003]
(a) 5890 A
(c) 9424 A

(b) 3681 A

(d) 15078 A

The mean distance of sun from the earth is 1.5 x10% Km (nearly).
The time taken by the light to reach earth from the sun is

(@) 0.2 min (b) 8.33 min
(c) 12.5 min (d) 6.25 min

Refractive index of air is 1.0003. The correct thickness of air column
which will have one more wavelength of yellow light (6000 A) than
in the same thickness in vacuum is

[RPMT 1995]
(b) 2 cm
(d) 2 km

The wavelength of light in air and some other medium are

(@) 2 mm

() 2m

respectively A, and A,. The refractive index of medium is
[RPMT 2003]

@ Ayl Ay b) An /2

() Ay XAy (d) None of these

An astronaut in a spaceship see the outer space as
[CPMT 1990, MP PMT 1991; JIPMER 1997]

(a) White (b) Black
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84.

85.

86.

87.

88.

89.

90.

(c) Blue (d) Red
Speed of light is maximum in
[CPMT 1990; MP PMT 1994; AFMC 1996]
(@) Water (b) Air
(c) Glass (d) Diamond
Which one of the following statements is correct
[KCET 1994]
(@) In vacuum, the speed of light depends upon frequency
(b) In vacuum, the speed of light does not depend upon frequency
() In vacuum, the speed of light is independent of frequency and
wavelength
(d) In vacuum, the speed of light depends upon wavelength
If the wavelength of light in vacuum be A, the wavelength in a
medium of refractive index n will be
[UPSEAT 2001; MP PET 2001]

(@) ni ® =

n

@ = @ n
n

In vacuum the speed of light depends upon [MP PMT 2001]
(@) Frequency

(b) Wave length

(c) Velocity of the source of light

(d) None of these

A transparent cube of 15 cm edge contains a small air bubble. lts
apparent depth when viewed through one face is 6 cm and when
viewed through the opposite face is 4 cm. Then the refractive index
of the material of the cube is

[CPMT 2004; MP PMT 2005]
(@) 2.0 (b) 25
() 16 d) 15

A glass slab of thickness 3 cm and refractive index 3/2 is placed on
ink mark on a piece of paper. For a person looking at the mark at a

(d) He has to direct the beam at an angle to the vertical which is
slightly more than the critical angle of incidence for the total
internal reflection

Finger prints on a piece of paper may be detected by sprinkling
fluorescent powder on the paper and then looking it into

(@) Mercury light (b) Sunlight

(c) Infrared light (d) Ultraviolet light

Critical angle of light passing from glass to air is minimum for

(@) Red (b) Green

(c) Yellow (d) Violet

The wavelength of light in two liquids ‘¥ and ‘¥ is 3500 A and
7000 A, then the critical angle of x relative to y will be

(a) 60° (b) a5°

(c) 30° (d) 15°

A fish is a little away below the surface of a lake. If the critical angle
is 49°, then the fish could see things above the water surface within

an angular range of 8° where

[MP PMT 1986]
(@) 0=49°
(b) 0=90°
(©) 6=98°
10
d) 6=24—
(d) >

If the critical angle for total internal reflection from a medium to
vacuum is 30°, the velocity of light in the medium is
KCET 2000; BCECE 2003; RPMT 2003]

(@) 3x10% mys (b) 1.5x10% mys
() 6x10% mys (d) V3 %102 mss

A ray of light is incident at an angle 7 from denser to rare medium.
The reflected and the refracted rays are mutually perpendicular. The
angle of reflection and the angle of refraction are respectively rand

distance 5.0 cm above it, the distance of the mark will appear to be [Kerala PMT 260ghen the critical angle will be

(@) 3.0cm (b) 4.0 cm

(¢) 4.5cm
A fish at a depth of 12 cm in water is viewed by an observer on the
bank of a lake. To what height the image of the fish is raised.

(@ 9cm (b) 12 em
(d) 3cm

(d) 5.0cm

(c) 38cm

Total Internal Reflection

A cut diamond sparkles because of its

[NCERT 1974; RPET 1996; AFMC 2005]
(a) Hardness
(b
(

c) Emission of light by the diamond

=

High refractive index

(d) Absorption of light by the diamond

A diver in a swimming pool wants to signal his distress to a person
lying on the edge of the pool by flashing his water proof flash light
(@) He must direct the beam vertically upwards

(b) He has to direct the beam horizontally

() He has to direct the beam at an angle to the vertical which is
slightly less than the critical angle of incidence for total internal
reflection

CBSE PMT 1996; MP PMT 1985, 99; Pb. PET 2002]

@) sin*(sinr)

(b) sir[ﬁP(L%q rIz?)os]

() sin*(tani)

d) tan7'(sini)

[NCERT 1972]
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9. For total internal reflection to take place, the angle of incidence i

17.

and the refractive index 4 of the medium must satisfy the

inequality [MP PET 1994] 18.
1 1
@ ——=<u b) —>
Ssini Ssini
() sini<pu (d) sini>pu

Total internal reflection of light is possible when light enters from
(@) Air to glass (b) Vacuum to air

(e) Air to water (d) Water to air

19.
Total internal reflection of a ray of light is possible when the (i, =
critical angle, 1 =angle of incidence)
[NCERT 1977; MP PMT 1994]
(a) Ray goes from denser medium to rarer medium and i < i
(b) Ray goes from denser medium to rarer medium and i > i;
20.
(c) Ray goes from rarer medium to denser medium and i > i;
(d) Ray goes from rarer medium to denser medium and i< i
A diver at a depth of 12m in water (g =4/3)sees the sky in a
cone of semi-vertical angle
[KCET 1999; Pb. PMT 2002; MP PMT 1995, 2003] 21
(@) sin'(4/3) (b) tanl(4/3)
() sin*(3/4) d) 90°
Critical angle is that angle of incidence in the denser medium for
which the angle of refraction in rarer medium is
[MP PMT 1996] .,
(@ o ®) 57°
() 90° (d) 180°
The critical angle for diamond (refractive index = 2) is
[MP PET 2003] 5,
(@) About 20° (b) 60°
(c) 45° (d) 30°
The reason for shining of air bubble in water is
[MP PET 1997; KCET 1999]
(a) Diffraction of light
24.
(b) Dispersion of light
(c) Scattering of light
(d) Total internal reflection of light
With respect to air critical angle in a medium for light of red colour
[4] is O. Other facts remaining same, critical angle for light of
yellow colour [A,] will be [MP PET 1999] 25
(@ @ (b) More than 4
(%
(c) Less than & (d) —/11 26
Ay :
'Mirage' is a phenomenon due to
[ATIMS 1998; MP PET 2002; AFMC 2003]
(@) Reflection of light 27.

(b) Refraction of light

[CPMT 1973; MP PMT 1994]

(c) Total internal reflection of light
(d) Diffraction of light

A ray of light travelling in a transparent medium falls on a surface
separating the medium from air at an angle of incidence of 45°. The
ray undergoes total internal reflection. If 1 is the refractive index of
the medium with respect to air, select the possible value (s) of n
from the following

[NIT-JEE 1998]

@ 13 (b) 14
() 15 (d) 16

When a ray of light emerges from a block of glass, the critical angle
is [KCET 1994]

(@) Equal to the angle of reflection
(b) The angle between the refracted ray and the normal
(

c) The angle of incidence for which the refracted ray travels along
the glass-air boundary

(d) The angle of incidence
The phenomenon utilised in an optical fibre is

[KCET 1994; AMU 1995;

CBSE PMT 2001; DCE 1999, 2000, 01, 02; AIEEE 2002]

(@) Refraction

(c) Polarization

(b) Interference
(d) Total internal reflection

The refractive index of water is 4 / 3 and that of glass is 5/3. What
will be the critical angle for the ray of light entering water from the

glass [RPMT 1996]
- 71 4 - 71 5
sin - — b) sin”—

(@) 5 (b) 2
sin ~ — d) sin~ —

() > (d) 1

Total internal reflection is possible when light rays travel

[RPMT 1999]
(b) Air to glass
(d) Water to glass

(@) Air to water
(c) Glass to water

The velocity of light in a medium is half its velocity in air. If ray of
light emerges from such a medium into air, the angle of incidence,
at which it will be totally internally reflected, is

[Roorkee 1999
@ 15 (b 30
(c) 45 (d) 60

A ray of light propagates from glass (refractive index = 3/2) to water
(refractive index = 4/3). The value of the critical angle [JIPMER 1999; UPSEAT 20

(b) sin* [@J

(€ sint(8/9) d) sint(5/7)
Relation between critical angles of water and glass is
[CBSE PMT 2000; Pb. PET 2000; CPMT 2001]

(a) sin(1/2)

@ c-c ®) c<cC

() €=C d) c-c-o

If critical angle for a material to air is 30, the refractive index of the
material will be [MP PET 2001]
(a) 1o (b) 15

() 20 (d) 25

The refractive index of water is 1.33. The direction in which a man under
water should look to see the setting sun is
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35.

[MP PET 1991; Kerala PET 2002; Pb. PET 2003]
(b) 90 with the vertical
(d) Along the horizontal

[AFMC 2002]

(@) 49 to the horizontal

(c) 49 to the vertical
Optical fibres are related with
(b) Light

(d) None of these

(@) Communication

(c) Computer

Brilliance of diamond is due to
[ANIMS 2002; MP PMT 2003]

(b) Cutting

(d) Total internal reflection

(@) Shape
(c) Reflection
A light ray from air is incident (as shown in figure) at one end of a
glass fiber (refractive index 1 = 1.5) making an incidence angle of 60
on the lateral surface, so that it undergoes a total internal reflection.
How much time would it take to traverse the straight fiber of length
1 km

[Orissa JEE 2002]

(@) 3.33 u sec Air
(b) 6.67 U sec Air :
60°!
(C) 5.77 1 sec ' Glass
(d) 3.85 u sec
Light wave enters from medium 1 to medium 2. Its velocity in 2~
medium is double from 1. For total internal reflection the angle of
incidence must be greater than  [CPMT 2002]
(@) 30 (b) 60
(¢) 45 (d) 90

Consider telecommunication through optical fibres. Which of the
following statements is not true
[AIEEE 2003]
(@) Optical fibres may have homogeneous core with a suitable
cladding
(b) Optical fibres can be of graded refractive index

(c) Optical fibres are subject to electromagnetic interference from
outside

(d) Optical fibres have extremely low transmission loss

The critical angle for a medium is 60° . The refractive index of the

medium is [MP PMT 2004]

2 J2
a) —— b
(a) i (b)

3

J3
(© 3 @ =
Glass has refractive index g with respect to air and the critical angle
for a ray of light going from glass to air is € If a ray of light is

incident from air on the glass with angle of incidence 6, the

corresponding angle of refraction is

[MP PMT 2004]

(@) sin?|—=—= (b) 90°

d) sint [%
u

White light is incident on the interface of glass and air as shown in
the figure. If green light is just totally internally reflected then the
emerging ray in air contains

[NT-JEE (Screening) 2004]

Air Green

Glass

White

36.

37.

38.

39.
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a) Yellow, orange, red

(
(b) Violet, indigo, blue
(c) All colours

(d) All colours except green

Material A has critical angle i,, and material B has critical angle

ig(ig >i,). Then which of the following is true

(i) Light can be totally internally reflected when it passes from B
to A

(i) Light can be totally internally reflected when it passes from A
to B

(iii) Critical angle for total internal reflection is ig — i,

. sini
(iv) Critical angle between A and Bis sin™t [—A]
sinig

[UPSEAT 2004]
(@) (i) and (iii) (b)
(¢) (i) and (iii) (d)

In the figure shown, for an angle of incidence 45°, at the top

(i) and (iv)
(ii) and (iv)

surface, what is the minimum refractive index needed for total
internal reflection at vertical face [DCE 2002]

@) \/E-rl

2
§ 45¢
Air i
3 i
(b \E /
1 | “
(c) 7

d) VJ2+1

Critical angle for light going from medium (i) to (ii) is 6. The speed
of light in medium (i) is v then speed in medium (ii) is

[DCE 2002]
(a) Vv(L—cos0) (b v/sing

(c) v/cosé (d) v(-sing)

If light travels a distance x in t; sec in air and 10 x distance in

t, sec in a medium, the critical angle of the medium will be

-1 t_]_ a1 t_l

(@) tan (tz] (b) sin [tz]

(©) sin‘l[liﬂj (d) tan‘l[loi]
2

t2
The critical angle of a medium with respect to air is 45°. The
[MH CET 2003]

(b) 12
(d) 2

refractive index of medium is
(@) 14
() 15

An endoscope is employed by a physician to view the internal parts
of a body organ. It is based on the principle of

[ANMS 2004]
(@) Refraction (b) Reflection

(c) Total internal reflection (d) Dispersion
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42. A normally incident ray reflected at an angle of 90°. The value of
critical angle is [RPMT 1996]
(a) 45° (b 90°
(c) 65° d) 43.2°
43.  The phenomena of total internal reflection is seen when angle of
incidence is [RPMT 2001]
(@) 90° (b Greater than critical angle
(c) Equal to critical angle (d) 0°
44. A fish looking up through the water sees the outside world
contained in a circular horizon. If the refractive index of water is 3
and the fish is 12 cm below the surface, the radius of this circle in
cmis
[NCERT 1980; KCET 2002; AIEEE 2005; CPMT 2005]
@ 3645 b) 445
(© 367 d 36/7
45. A point source of light is placed 4 m below the surface of water of
refractive index 5 / 3. The minimum diameter of a disc which should
be placed over the source on the surface of water to cut—off all light
coming out of water is
[CBSE PMT 1994; JIPMER 2001, 02]
@ 2m b 6m
(c) 4m (d) 3m
46. A fist looking from within water sees the outside world through a
circular horizon. If the fish \/7 cm below the surface of water, what
will be the radius of the circular horizon
(@) 3.0cm (b) 4.0 cm
(¢) 4.5cm (d) 5.0cm
Refraction at Curved Surface
1. The radius of curvature for a convex lens is 40 cm, for each surface.
Its refractive index is 1.5. The focal length will be
[MP PMT 1989]
(@) 40 cm (b) 20 cm
() 80 cm (d) 30 cm
2. A convex lens of focal length f is placed somewhere in between an
object and a screen. The distance between the object and the screen
is X . If the numerical value of the magnification produced by the
lens is M, , then the focal length of the lens is
mx mx
a) —— b) ——
© Mm+1y° ® (m -1y
m +1)° m —1)°
(c) u X (d) u X
m m
3. A thin lens focal length f, and its aperture has diameter d. It forms

an image of intensity / Now the central part of the aperture upto
d
diameter E is blocked by an opaque paper. The focal length and

image intensity will change to

[CPMT 1989; MP PET 1997; KCET 1998]

(a) % and% (b) f and4l
(c) 3Tf and% (dy f and %

A lens of power + 2 diopters is placed in contact with a lens of
power — 1 diopter. The combination will behave like

(@) A convergent lens of focal length 50 cm
(b) A divergent lens of focal length 100 cm
(c) A convergent lens of focal length 100 cm
(d) A convergent lens of focal length 200 cm

A convex lens of focal length 40 cm is in contact with a concave lens
of focal length 25 cm. The power of combination is

[ITJEE 1982; AFMC 1997; CBSE PMT 2000; RPMT 2003]
(b) -65D
(d) +6.67 D

(@ -15D
(¢) +65D

Two lenses are placed in contact with each other and the focal
length of combination is 80 cm. If the focal length of one is 20 cm,
then the power of the other will be

[NCERT 1981]
(@) 1.66 D (b) 4.00 D
(¢) -100D (d) -375D

Two similar plano-convex lenses are combined together in three
different ways as shown in the adjoining figure. The ratio of the
focal lengths in three cases will be

[K/'+Na PMT 2005]

Two lenses of power +12 and — 2 diopters are placed in contact.
What will the focal length of combination

[MP PET 1990; MNR 1987;

MH CET (Med.) 2001; UPSEAT 2000; Pb. PMT 2003]

(@) 10 cm (b) 12.5 cm

() 16.6 cm (d) 8.33 cm

A concave and convex lens have the same focal length of 20 cm and
are put into contact to form a lens combination. The combination is
used to view an object of 5 cm length kept at 20 cm from the lens

combination. As compared to the object, the image will be
(a) Magnified and inverted

(b) Reduced and erect

(c) Of the same size as the object and erect

(d) Of the same size as the object but inverted

If in a plano-convex lens, the radius of curvature of the convex surface is
10 crm and the focal length of the lens is 30 cm, then the refractive index

of the material of lens will be



—BE=1E

[CPMT 1986; MNR 1988; MP PMT 2002; UPSEAT 2000]

The slit of a collimator is illuminated by a source as shown in the
adjoining figures. The distance between the slit S and the collimating
lens L is equal to the focal length of the lens. The correct direction
of the emergent beam will be as shown in figure

1 2 3

@ 1

(€) 2

A converging lens is used to form an image on a screen. When
upper half of the lens is covered by an opaque screen

[NT-JEE 1986; SCRA 1994;

MP PET 1996; MP PMT 2004; BHU 1998, 05]

(@) Half the image will disappear

(b

(

c) Half image will be formed of same intensity

(b) 3
(d) None of the figures

=

Complete image will be formed of same intensity

(d) Complete image will be formed of decreased intensity

A thin convex lens of focal length 10 cm is placed in contact with a
concave lens of same material and of same focal length. The focal
length of combination will be

[CPMT 1972; 1988]
(@) Zero (b) Infinity
(¢) 10 cm (d) 20 cm
A convex lens of focal length 84 cm is in contact with a concave lens
of focal length 12 cm. The power of combination (in diopters) is
(@) 25/24 (b) 2518
() —50/7 (d) +50/7
A convex lens makes a real image 4 cm long on a screen. When the

lens is shifted to a new position without disturbing the object, we
again get a real image on the screen which is 16 cm tall. The length

of the object must be [MP PET 1991]
(@) 14 cm (b) 8 cm
() 12 em (d) 20 cm

A glass convex lens (/lg =1.5) has a focal length of 8Cm when

placed in air. What would be the focal length of the lens when it is
immersed in water ( 4, =1.33)

[BHU 1994; MP PMT 1996 ]

(b) 4 cm
gl

(d) 32cm
n, \ 7

[CPMT 1988]
(d) Under no circumstances Lens

(@ 2m
() 16 cm
The ray diagram could be correct

(@ ¥ ny=n, =n,

(b) 1 n =n, and N, <Ny

() 1 ng=n; and N; >Ny

m,

A thin convex lens of refractive index 1.5 has a focal length of 15 cm
in air. When the lens is placed in liquid of refractive index 4/3 , its
focal length will be

20.

2L

22.

23.

24.

25.

26.

27.

28.
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[S—
[CPMT 1974, 77; MP PMT 1992]
(@) 15 cm (b) 10 cm
() 30 cm (d) 60 cm

A glass lens is placed in a medium in which it is found to behave
like a glass plate. Refractive index of the medium will be

(@) Greater than the refractive index of glass
(b) Smaller than the refractive index of glass
(c) EJS&AMT 1986Ltive index of glass

(d)

If 1, and |, be the size of the images respectively for the two

No case will be possible from above

positions of lens in the displacement method, then the size of the
object is given by [CPMT 1988]

@ I / I, (b)

() Vhxl, (d) \/II/IZ

A convex lens of crown glass (N =1.525) will behave as a divergent

I x1,

lens if immersed in [CPMT 1984]
(a) Water (n=1.33)

(b) In a medium of n=1525

(c) Carbon disulphide 7 =1.66

(d) 1t cannot act as a divergent lens

A divergent lens will produce [CPMT 1984]

a) Always a virtual image

b) Always real image

c) Sometimes real and sometimes virtual
d) None of the above

The minimum distance between an object and its real image formed
[CPMT 1973; JIPMER 1997]

(
(
(
(

by a convex lens is

(@) 15 f (b) 2 f

(c) z'?M[’ PET 1991] () 4f

An object is placed at a distance of 20 cm from a convex lens of
focal length 10 cm. The image is formed on the other side of the lens
at a distance [CPMT 1971; RPET 2003]

(@) 20 cm (b) 10 cm

() 40 cm (d) 30 cm

Two thin lenses, one of focal length + 60 cm and the other of focal

length — 20 cm are put in contact. The combined focal length is [CPMT 1973, 8
(@ +15cm (b) —15 cm

(¢) +30cm (d) -30 cm

A double convex lens of focal length 20 cm is made of glass of
refractive index 3 / 2. When placed completely in water

(344y =4 13), its focal length will be

[CBSE PMT 1990; MP PMT/PET 1998]
(a) 80 cm (b) 15 cm
(¢) 17.7 cm (d) 225 cm

Two thin lenses of focal lengths 20 cm and 25 cm are placed in
contact convex. The effective power of the combination is

[CBSE PMT 1990; RPMT 2001]
(@) 45 dioptres (b) 9 dioptres
(c) 1/9 dioptre (d) 6 dioptres
An object is placed at a distance of /2 from a convex lens. The
image will be [CPMT 1974, 89]

(@) At one of the foci, virtual and double its size
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32.

33.

35.

36.

37.

(b) At 3f/ 2, real and inverted
() At 2f virtual and erect
(d) None of these

A double convex thin lens made of glass (refractive index 1 =1.5)

has both radii of curvature of magnitude 20 cm. Incident light rays
parallel to the axis of the lens will converge at a distance L such that

[MNR 1991; MP PET 1996; UPSEAT 2000; Pb PET 2004]
(@) L=20cm (b) L=10cm
() L=40cm (d) L=20/3cm
A lens behaves as a converging lens in air and a diverging lens in
water. The refractive index of the material is
[CPMT 1991; NCERT 1979; BHU 2005]
(@) Equal to unity (b) Equal to 1.33
(¢) Between unity and 1.33 (d) Greater than 1.33
A biconvex lens forms a real image of an object placed perpendicular
to its principal axis. Suppose the radii of curvature of the lens tend
to infinity. Then the image would
[MP PET 1994)]
(a) Disappear
(b) Remain as real image still
(c) Be virtual and of the same size as the object
(d) Suffer from aberrations

The radius of curvature of convex surface of a thin plano-convex
lens is 15 cm and refractive index of its material is 1.6. The power of

the lens will be [MP PMT 1994]
(@ +1D (b) 2D
(¢ +3D dy +4D

Focal length of a convex lens will be maximum for
[MP PMT 1994]

(@) Blue light (b) Yellow light
() Green light (d) Red light
A lens is placed between a source of light and a wall. It forms
images of area A; and A, on the wall for its two different
positions. The area of the source or light is

[CBSE PMT 1995]

-1
Ay o [Lal
2 A A,

2
A A
© JAA, d) ‘/—1+ V2

Two lenses of power 6D and — 2D are combined to form a single
lens. The focal length of this lens will be

©)

[MP PET 2003]

3 1
(a) 2 m (b Zm

() 4m (d) % m

A combination of two thin lenses with focal lengths f; and f,

respectively forms an image of distant object at distance 60 cm
when lenses are in contact. The position of this image shifts by 30
cm towards the combination when two lenses are separated by 10

cm. The corresponding values of f; and f, are
(@ 30 cm, 60 cm (b) 20 cm, -30 cm
(¢ 15cm, =20 cm (d 12 cm, =15 cm

An achromatic combination of lenses is formed by joining
[BHU 1995; Pb. PMT 2000, 04]

(@) 2 convex lenses

38.

39.

40.

41.

42,

43.

44.

45.

(b) 2 concave lenses
(c) 1 convex lens and 1 concave lens
(d) Convex lens and plane mirror

A plano convex lens (f =20cm)is silvered at plane surface. Now £

will be [BHU 1995; DPMT 2001; MP PMT 2005]
(a) 20 cm (b) 40 cm
(¢) 30cm (d) 10 cm

If the central portion of a convex lens is wrapped in black paper as
shown in the figure
[Manipal MEE 1995; KCET 2001]

o
~

No image will be formed by'the remaining portion of the lens
The full image will be formed but it will be less bright

o
=

The central portion of the image will be missing

—~ e~
ol
= —

There will be two images each produced by one of the exposed
portions of the lens

A diminished image of an object is to be obtained on a screen 1.0 m
from it. This can be achieved by appropriately placing

(@) A convex mirror of suitable focal length
(b) A concave mirror of suitable focal length
(c) A concave lens of suitable focal length
(d) A convex lens of suitable focal length less than 0.25 m
The focal length of convex lens is 30 cm and the size of image is
quarter of the object, then the object distance is
[AFMC 1995]
(@) 150 cm (b) 60 cm
() 30 cm (d) 40 cm
A convex lens forms a real image of a point object placed on its
principal axis. If the upper half of the lens is painted black, the

image will [MP PET 1995)
(@) Be shifted downwards (b) Be shifted upwards
() Not be shifted (d) Shift on the principal axis

In the figure, an air lens of radii of curvature 10 cm (R; = R, =
10 c¢m) is cut in a cylinder of glass (22 =1.5). The focal length and
the nature of the lens is

[MP PET 1995; Pb. PET 2000]

Air Glass

a) 15 cm, concave

c o0, neither concave nor convex

(

(b) 15 cm, convex
(c)

(d) o, concave

A lens (focal length 50 cm) forms the image of a distant object

which subtends an angle of 1 milliradian at the lens. What is the size

of the image [MP PMT 1995]
(@) 5 mm (b) 1 mm
(c) 0.5MIMs 1995] (d) 01 mm

A convex lens of focal length 12 cm is made of glass of 1 =—.

What will be its focal length when immersed in liquid of u :;

@ 6cm (b) 12 cm
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() 24 cm (d) 30 cm

Two thin lenses of focal lengths f; and f, are in contact and

coaxial. The combination is equivalent to a single lens of power [MP PET 1996, 98;

MP PMT 1998; DCE 2000; UP SEAT 2005]

@ f+t, b -k
i+

1 f +f
=(f +f d) 12
(C) 2(1 2) () f1f2

A plano convex lens is made of glass of refractive index 1.5. The
radius of curvature of its convex surface is R Its focal length is

(@ Rz (b) R
() 2R d) w5 R
Two lenses have focal lengths f; and f, and their dispersive

powers are @; and @, respectively. They will together form an

achromatic combination if
@ aof =0, (b)

() op+f=w,+1, (d)

The dispersive powers of glasses of lenses used in an achromatic
pair are in the ratio 5 : 3. If the focal length of the concave lens is 15
cm, then the nature and focal length of the other lens would be

o f, +w,f, =0

o -fi=w,-

(a) Convex, 9 cm (b) Concave, 9 cm
(¢) Convex, 25 cm (d) Concave, 25 cm

A thin double convex lens has radii of curvature each of magnitude
40 cm and is made of glass with refractive index 1.65. lts focal

length is nearly [MP PMT 1997]
(@) 20cm (b) 31cm
(¢) 35cm (d) 50 cm

The plane surface of a plano-convex lens of focal length fis silvered.

It will behave as [MP PMT/PET 1998]

(@) Plane mirror

(b) Convex mirror of focal length 2 f

(¢) Concave mirror of focal length f /2

(d) None of the above

An equiconvex lens of glass of focal length 0.1 metre is cut along a
plane perpendicular to principle axis into two equal parts. The ratio
of focal length of new lenses formed is

[MP PET 1999; DPMT 2000]

(@ 1:1 (b) 1

() 2:1

12
1
@ 235

A lens of refractive index N is put in a liquid of refractive index N'

of focal length of lens in airis f, its focal length in liquid will be

_f'(h-1) _ f'—n)
@ n'-n ®) n'(n-1)
_n{h-1) fn' n
) f(n'-n) @ n-n'

An object of height 1.5 cm is placed on the axis of a convex lens of
focal length 25 cm. A real image is formed at a distance of 75 cm
from the lens. The size of the image will be

(@) 45cm (b) 3.0 cm

55.
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() 0.75 cm

A symmetric double convex lens is cut in two equal parts by a plane

(d) 0.5 cm

perpendicular to the principal axis. If the power of the original lens
was 4 D, the power of a cut lens will be

[MP PMT 1999]
(@ 2D (b) 3D
(c) 4D (d) 5D
A plane convex lens is made of refractive index 1.6. The radius of

curvature of the curved surface is 60 cm. The focal length of the
[CBSE PMT 1999;

Pb. PMT 1999; BHU 2001; Very Similar to BHU 2003]
(b) 100 cm
(d) 400 cm

lens is

(a) 5ORPET 2003]
(c) 200 cm
A concave lens of glass, refractive index 1.5, has both surfaces of

same radius of curvature R On immersion in a medium of refractive
index 1.75, it will behave as a

[NT-JEE 1999]

(@) Convergent lens of focal length 3.5 R

(b) Convergent lens of focal length 3.0 R
(c) Divergent lens of focal length 3.5 R
d

)

)

)

) Divergent lens of focal length 3.0 R

A convex lens of focal length 0.5 m and concave lens of focal length
m

1 m are combined. The power of the resulting lens will be

@) 1 VP PET 1997] (b) —1D

(¢) 05D (d) -o05D

A double convex lens is made of glass of refractive index 1.5. If its
focal length is 30 cm, then radius of curvature of each of its curved

surface is [Bihar CEET 1995]
(@ 10 cm (b) 15 cm
(c) 18 cm (d) None of these

A thin lens made of glass of refractive index 1.5 has a front surface +
1 D power and back surface — 6 D. If this lens is submerged in a
liquid of refractive index 1.6, the resulting power of the lens is

(@ -o05D (b) +05D

() —0625D (d) +o0.625 D

An object is placed first at infinity and then at 20 cm from the

object side focal plane of the convex lens. The two images thus
formed are 5 cm apart. The focal length of the lens is

(@ 5cm (b
(c) 15cm (d) 20 cm

10 cm

The distance between an object and the screen is 100 cm. A lens
produces an image on the screen when placed at either of the
positions 40 cm apart. The power of the lens is

[SCRA 1994]

Q
Q

(@)
(c)

The image distance of an object placed 10 cm in front of a thin lens

3 dioptres (b) 5 dioptres

Q
Q

7 diopters (d) 9 diopters

of focal[Mapgthrgogin is [SCRA 1994]
(a) 6.5 cm (b) 8.0cm
() 9.5 cm (d) 10.0 cm

A achromatic combination is made with a lens of focal length f and
dispersive power @ with a lens having dispersive power of 2.
The focal length of second will be

[RPET 1997]
(@ 2f

() —f/2

b) f/2
) —2f

[MP PET 1999]
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65. A biconvex lens with equal radii curvature has refractive index 1.6

67.

68.

69.

70.

7.

72.

73.

74.

and focal length 10 cm. 1ts radius of curvature will be
(b) 16 cm
(d) 12em

(@) 20 cm
(c) 10 cm

A convex lens [RPMT 1997]
(@) Converges light rays

(b) Diverges light rays

() Form real images always

(d) Always forms virtual images

The focal length of a combination of lenses formed with lenses
having powers of + 2.50 D and — 3.75 D will be

[RPMT 1997]
(@) —20cm
() —60cm

(b) — 40 cm
(d) —80cm
Focal length of a converging lens in air is R If it is dipped in water

of refractive index 1.33, then its focal length will be around
(Refractive index of lens material is 1.5)

[RPMT 1997; EAMCET (Med.) 1995]
@) R (b) 2R
(© 4R d) R/z2

Focal length of a convex lens of refractive index 1.5 is 2 cm. Focal
length of lens when immersed in a liquid of refractive index of 1.25

will be [CBSE PMT 1993]
(@) 10 cm (b) 2.5 cm
(¢) 5cm (d) 7.5 cm
The focal length of a convex lens depends upon
[AFMC 1904

a) Frequency of the light ray
b) Wavelength of the light ray
c) Both (a) and (b)

d) None of these

=

(
(
(
(

If a convex lens of focal length 80 cm and a concave lens of focal
length 50 cm are combined together, what will be their resulting

power [CBSE PMT 1996; AFMC 2002]
(@) +6.5D (b) -65D
(¢) +75D (d) —-o075D

f,and f. are the focal lengths of a convex lens for violet and red
light respectively and F, and F, are the focal lengths of a concave

lens for violet and red light respectively, then
(@ f <f and K, >FK b f<fyand K, <K

() f.>f and K, >FK d f,>f and F, <F

If a lens is cut into two pieces perpendicular to the principal axis
and only one part is used, the intensity of the image

[CPMT 1996]

(a) Remains same (b) — times

(c) 2 times (d) Infinite

A convex lens of focal length f produces an image — times than
n

that of the size of the object. The distance of the object from the

lens is [BHU 1997; JIPMER 2001, 02]

75-

76.

77.

78.

79.

80.

81.

82.

f
(@ nf [MP PET 2003] (b)) —
© M+D)f d (-1f

Two thin lenses whose powers are +2D and —4D respectively combine,
then the power of combination is

[AFMC 1998; CPMT 1996; Very Similar to BHU 2004]
(b) +2D
(d) +aD

(@ —-2D
() -4D

A substance is behaving as convex lens in air and concave in water,

then its refractive index is [BHU 1998]

(@) Smaller than air
(b) Greater than both air and water
(

c) Greater than air but less than water

)
(d)

Almost equal to water

A concave lens of focal length 20 cm placed in contact with a plane

mirror acts as a [SCRA 1998]

(@) Convex mirror of focal length 10 cm
(b) Concave mirror of focal length 40 cm
(

c) Concave mirror of focal length 60 cm

)
(d)

Concave mirror of focal length 10 cm

A convex lens is used to form real image of an object on a screen. It
is observed that even when the positions of the object and that
screen are fixed there are two positions of the lens to form real
images. If the heights of the images are 4 crm and 9 cm respectively,
the height of the object is

[AMU (Med.) 1999]
(@) 2.25 cm (b 6.00 cm
() 6.50 cm (d) 36.00 cm

A convex lens of power + 6D is placed in contact with a concave
lens of power — 4D. What is the nature and focal length of the

combination [AMU (Engg.) 1999]
(@) Concave, 25 cm (b) Convex, 50 cm
() Concave, 20 cm (d) Convex, 100 cm

A double convex

mgﬁ,gﬁls@é)é]‘u = 1.5 has radius of curvature of

each of its surface is 0.2 m. The power of the lens is
(@) +10 dioptres (b) - 10 dioptres
(c) -5 dioptres (d) +5 dioptres
A lens of focal power 0.5 Dis [JIPMER 1999]
(@) A convex lens of focal length 0.5 m

(b) A concave lens of focal length 0.5 m

(c) A convex lens of focal length 2 m

(d) A concave lens of focal length 2 m

A lens which has focal length of 4 cm and refractive index of 1.4 is
immersed in a liquid of refractive index 1.6, then the focal length will

be [RPMT 1999]
(@) —12.8 cm (b) 32 cm
() 128 cm (d) -32cm



83.

84.

85.

86.

87.

88.

89.

90.

A convex lens has 9 cm focal length and a concave lens has — 18 cm
focal length. The focal length of the combination in contact will be

(b) —18 cm
(d) 18 cm

(@ 9ecm
() —9cm
A double convex thin lens made of glass of refractive index 1.6 has

radii of curvature 15 cm each. The focal length of this lens when

immersed in a liquid of refractive index 1.63 is
(@) —407 cm (b) 250 cm
() 125 em (d) 25cm

A lens of power + 2 diopters is placed in contact with a lens of

power — 1 diopoter. The combination will behave like
[UPSEAT 2000]

) A divergent lens of focal length 50 cm

(
(b
(
(

=

A convergent lens of focal length 50 cm

a
(4

~

A convergent lens of focal length 100 cm

d) A divergent lens of focal length 100 cm

Chromatic aberration of lens can be corrected by

[AFMC 2000]

) Reducing its aperature

b

=

(a
(b) Proper polishing of its two surfaces

(c¢) Suitably combining it with another lens

(d) Providing different suitable curvature to its two surfaces

The relation between n and n, if behaviour of light rays is as shown

in figure is [KCET 2000]

(@ ng>>n,

b n,>n Al n
() n>n,
d) n, =n, Lens

A candle placed 25 cm from a lens, forms an image on a screen
placed 75 cm on the other end of the lens. The focal length and
type of the lens should be [KCET 2000]
(@) +18.75 cm and convex lens

(b) —18.75 cm and concave lens

() +20.25 cm and convex lens

(d) - 2025 cm and concave lens

We combined a convex lens of focal length fand concave lens of
focal lengths £ and their combined focal length was F  The
combination of these lenses will behave like a concave lens, if

@ f£>f (b) F<f

© F-r @ F<f

In a plano-convex lens the radius of curvature of the convex lens is

10 cm. If the plane side is polished, then the focal length will be

(Refractive index = 1.5)
[CBSE PMT 2000; BHU 2004]
(@) 10.5 cm (b 10 cm

() 5.5cm (d) 5em

ol
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The focal length of a convex lens is 10 cm and its refractive index is
1.5. If fiRPMElio9d)f curvature of one surface is 7.5 cm, the radius of
curvature of the second surface will be

[MP PMT 2000]
(@) 7.5 cm
() 75 cm

(b) 15.0 cm
(d) 5.0cm

92. [UP@E KOG30/ Pep Eoﬁ’zﬂa] length £ 1t is cut into two parts along the

93.

94.

95.

96.

97.

98.

99.

100.

dotted line as shown in the figure. The focal length of each part will
be [MP PET 2000]

f
(@) 7
b) £

3
(c) Ef
) 2F

An object has image thrice of its original size when kept at 8 cm
and 16 cm from a convex lens. Focal length of the lens is
(@) 8 cm
(b) 16 cm
(c) Between 8 cmand 16 cm
(d) Less than 8 cm
The combination of a convex lens (=18 cm) and a thin concave
lens (F=9 cm) is [AMU (Engg.) 2001]
(@) A concave lens (=18 cm)
(b) A convex lens (=18 cm)
(c) A convex lens (= 6 cm)
(d) A concave lens (= 6 cm)
A convex lens forms a real image of an object for its two different
positions on a screen. If height of the image in both the cases be 8
cm and 2 cm, then height of the object is

[KCET 2000, 01]
(@) 16 cm (b)
© 4 em (@

A convex lens of focal length 25 c¢m and a concave lens of focal

8 cm

2 cm

length 10 crm are joined together. The power of the combination will

be [MP PMT 2001]
(@ -16D (b) +16 D

() -6D d +6D

The unit of focal power of a lensis  [KCET 2001]

(@) Watt (b) Horse power
(c) Dioptre (d) Lux
A thin lens made of glass of refractive index £ = 1.5 has a focal

length equal to 12 c¢m in air. It is now immersed in water

4 .
/JZE . Tts new focal length is [UPSEAT 2002]

(@) 48|REeT 2000] (b) 36 cm

() 24 cm (d) 12.em

Figure given below shows a beam of light converging at point P.
When a convex lens of focal length 16 cm is introduced in the path
of the beam at a place O shown by dotted line such that OP
becomes the axis of the lens, the beam converges at a distance x
from the lens. The value x will be equal to

(@) 12 em :

(b) 24 em \\\s\\j\\\\\\\\\\
() 36 cm 05 P
(d) 48 cm ////y//%///’/////,

12cm

If two + 5 D lenses are mounted at some dis. 2"
equivalent power will always be negative if the distance is

apart, the
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102.

103.

104.

105.

106.

107.

[UPSEAT 2002]
(@) Greater than 40 cm (b) Equal to 40 cm

() Equal to 10 cm (d) Less than 10 cm

A convex lens produces a real image m times the size of the object.
What will be the distance of the object from the lens

[JIPMER 2002]
) (m ”jf ®) (m-)F
m
() (m__l]f (d) m+1
m f

A convex lens is made up of three different materials as shown in
the figure. For a point object placed on its axis, the number of
images formed are [KCET 2002]

(@) 1

®b) 5
(c) 4
@ 3

An object is placed 12 cm to the left of a converging lens of focal
length 8 cm. Another converging lens of 6 crm focal length is placed
at a distance of 30 cm to the right of the first lens. The second lens

will produce [KCET 2002]

(@) No image (b) A virtual enlarged image
(c) A real enlarged image (d) A real smaller image

If convex lens of focal length 80cm and a concave lens of focal

length 50 cm are combined together, what will be their resulting

power [AFMC 2002]
(@ +65D (b) —-65D
(¢) +75D (d) -o075D

A point object O is placed in front of a glass rod having spherical

end of radius of curvature 30 cm. The image would be formed at

a) 30 cmleft

d) 18 cm to the left

(
(b) Infinity .o Air / Glass
(c) 1 cmto the right I(m) 30 cm—)I
(

The focal length of lens of refractive index 1.5 in air is 30 cm. When

4
it is immersed in a liquid of refractive index —, then its focal

length in liquid will be [BHU 2002]
(@) 30 cm (b) 60 cm
() 120 cm (d) 240 cm

Two thin lenses of focal lengths fand fare in contact. The focal

length of this combination is [MP PET 2002]

fl f2 fl fZ
12 b) —2_

@ f -1, ®) f+1,
211, 21,1,

© 53 @ 5,

108.

109.

no.

n2.

n3.

n4.

ns.

A convex lens is dipped in a liquid whose refractive index is equal to
the refractive index of the lens. Then its focal length will

(a) Become infinite

(b) Become small, but non—zero

() Remain unchanged

(d) Become zero

An equiconvex lens is cut into two halves along (i) XOX and (ii)

YOY as shown in the figure. Let £ ', £ be the focal lengths of
the complete lens, of each half in case (i), and of each half in case
(i), respectively

Choose the correct statement f¥om the following
[CBSE PMT 2003]

@) f'=2ff"=f b) f=ff=f

() f=2ff =2f (d) f'=ff"=2f

The sun makes 0.5 angle on earth surface. Its image is made by
convex lens of 50 cm focal length. The diameter of the image will

be [CPMT 2003]
(@ 5 mm (b) 4.36 mm
() 7 mm (d) None of these

The chromatic Aberration in lenses becomes due to

[CPMT 2003]
(a) Disimilarity of main axis of rays
(b) Disimilarity of radii of curvature
(c) Variation of focal length of lenses with wavelength
(d) None of these
If aperture of lens is halved then image will be [AFMC 2003]

a) NJUERJEh 2002]

b) Intensity of image decreases
c) Both (a) and (b)

d) None of these

When the convergent nature of a convex lens will be less as

compared with air [AFMC 2003]
(@) TIn water (b) Tn oil
(¢) In both (a) and (b) (d) None of these

An achromatic combination of lenses produces

[KCET 1993; JIPMER 1997]
a) Coloured images
b) Highly enlarged image

Images in black and white

—_~ o~ =
[= ™
= —

Images unaffected by variation of refractive index with
wavelength

In a parallel beam of white light is incident on a converging lens, the
colour which is brought to focus nearest to the lens is
(a) Violet (b) Red

() The mean colour (d) All the colours together



16.

n7.

n8.
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120.

121

122,

123.

124.

A magnifying glass is to be used at the fixed object distance of 1
inch. 1f it is to produce an erect image magnified 5 times its focal

length should be [MP PMT 1990]
(@) 0.2 inch (b) 0.8 inch
(c) 125 inch (d) 5 inch

A film projector magnifies a 100 cm film strip on a screen. If the

linear magnification is 4, the area of magnified film on the screen is
CPMT 1977, 91; MP PET 1985, 89; RPMT 2001; BCEC 2005]

(@) 1600 cm (b) 400 cm

(¢) 800 cm (d) 200 cm

An object placed 10 cm in front of a lens has an image 20 cm behind
the lens. What is the power of the lens (in dioptres)

[MP PMT 1995]
(b) 3.0
(d) +15.0

(@ 15
() -15.0
A beam of parallel rays is brought to a focus by a plano-convex lens.

A thin concave lens of the same focal length is joined to the first
lens. The effect of this is [KCET 2004]

(@) The focal point shifts away from the lens by a small distance
(b) The focus remains undisturbed

(c) The focus shifts to infinity

(d) The focal point shifts towards the lens by a small distance

A thin plano-convex lens acts like a concave mirror of focal length
0.2 m when silvered from its plane surface. The refractive index of
the material of the lens is 1.5. The radius of curvature of the convex
surface of the lens will be

[KCET 2004]
(@ 04 m
(¢) 01 m

b o02m
(d) 075 m

A point object is placed at the center of a glass sphere of radius 6
cm and refractive index 1.5. The distance of the virtual image from
the surface of the sphere is

[ITJEE (Screening) 2004]
@) 2cm
() 6cm

(b) 4 cm
(d) 12 em
In order to obtain a real image of magnification 2 using a
converging lens of focal length 20 cm, where should an object be

placed [AFMC 2004]
(@) 50 cm (b) 30 cm
(¢) —50cm (d) —30cm

A plano-convex lens of refractive index 1.5 and radius of curvature
30 cm is silvered at the curved surface. Now this lens has been used
to form the image of an object. At what distance from this lens an
object be placed in order to have a real image of the size of the

object [AIEEE 2004]
(@) 20 cm (b) 30 cm
() 60 cm (d) 80 cm

A double convex lens (R; =R, =10cm) (©=1.5) having focal

length equal to the focal length of a concave mirror. The radius of
curvature of the concave mirror is

[Orssia PMT 2004]
(@) 10 cm (b

20 cm

() 40 cm (d) 15 cm

125.

126.

127.

128.

129.

130.

131.

132.

133

134.
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At what distance from a convex lens of focal length 30 cm, an object
should be placed so that the size of the image be 1/2 of the object
(@) 30 cm (b)

() 15 cm

60 cm
(d) 90 cm

A plano-convex lens is made of refractive index of 1.6. The radius of
curvaturﬁcﬁf‘,lﬂ}g s%qrved surface is 60 cm. The focal length of the

lens is [Pb. PET 2000]
(a) 400 cm (b) 200 cm
(c) 100 cm (d) 50 cm

The radius of the convex surface of plano-convex lens is 20 ¢m and
the refractive index of the material of the lens is 1.5. The focal length

of the lens is [CPMT 2004]
(@) 30 cm (b) 50 cm
() 20 cm (d) 40 cm

A combination of two thin convex lenses of focal length 0.3 m and
0.1 m will have minimum spherical and chromatic aberrations if the
[UPSEE 2004]

(@) o1 m (b

distance between them is
0.2 m
() 03 m (d) 04 m

A bi-convex lens made of glass (refractive index 1.5) is put in a liquid
of refractive index 1.7. Its focal length will

[UPSEAT 2004]

a) Decrease and change sign

[ond

(
(b Increase and change sign

(c) Decrease and remain of the same sign
(d) Increase and remain of the same sign
Spherical aberration in a lens [UPSEAT 2004]
(@) 1s minimum when most of the deviation is at the first surface

(b) 1s minimum when most of the deviation is at the second
surface

(c) 1s minimum when the total deviation is equally distributed over
the two surface

(d) Does not depend on the above consideration

The focal lengths of convex lens for red and blue light are 100 cm
and 96.8 cm respectively. The dispersive power of material of lens is
[Pb. PET 2003]

(@) 0.325 (b
(c) 0.98 (d)

The power of an achromatic convergent lens of two lenses is + 2D.

0.0325
0.968

The power of convex lens is + 5D. The ratio of dispersive power of
convex and concave lens will be

[Pb. PET 2003]
@ 5:3
() 2:5

b 3:5
(d) 5:2

The focal lengths for violet, green and red light rays are f,, fg and

fr respectively. Which of the following is the true relationship [BHU 2004; CBS

(@ fg<fg<fy b f, <fg <fg

() fg <fr <fy d) fg <fy <fg

Two lenses of power + 12 and — 2 diopters are placed in contact. The
combined focal length of the combination will be
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(@) 833 cm (b) 1.66 cm
() 125 ecm (d) 10 cm
135.  When light rays from the sun fall on a convex lens along a direction

136.

137.

138.

139.

140.

141.

142,

143.

parallel to its axis [MP PMT 2004]
(@) Focal length for all colours is the same

(b Focal length for violet colour is the shortest

(c) Focal length for yellow colour is the longest

(d) Focal length for red colour is the shortest

A convex lens is in contact with concave lens. The magnitude of the
ratio of their focal length is 2/3. Their equivalent focal length is 30
cm. What are their individual focal lengths

(b) -10,15
(d) -1510

(@) —75,50
(e) 175,50

A thin glass (refractive index 1.5) lens has optical power of —5D in

air. It's optical power in a liquid medium with refractive index 1.6

will be [AIEEE 2005]
(@ 25D (b) —25D
() 1D (d) None of these

The plane faces of two identical plano-convex lenses each having
focal length of 40 cm are pressed against each other to form a usual
convex lens. The distance from this lens, at which an object must be
placed to obtain a real, inverted image with magnification one is
[NCERT 1980; CPMT 1981; MP PMT 1999; UPSEAT 1999]
(@) 80 cm (b 40 cm
(¢) 20cm (d) 162 cm
If two lenses of +5 diopters are mounted at some distance apart, the
equivalent power will always be negative if the distance is
(a) Greater than 40 cm (b) Equal to 40 cm
(¢) Equal to 10 cm (d) Less than 10 cm
A concave lens and a convex lens have same focal length of 20 cm
and both put in contact this combination is used to view an object 5
cm long kept at 20 cm from the lens combination. As compared to
object the image will be

[CPMT 2005]
a) Magnified and inverted
b Reduced and erect
c) Of the same size and erect
d) Of the same size and inverted
The focal length of the field lens (which is an achromatic
combination of two lenses) of telescope is 90 cm. The dispersive

(
(
(
(

powers of the two lenses in the combination are 0.024 and 0.036.
The focal lengths of two lenses are

[CPMT 2005]
(a) 30 cmand 60 cm (b 30 cmand - 45 cm
(¢) 45 cmand 90 cm (d) 15 cmand 45 cm

A combination of two thin lenses of the same material with focal

lengths f; and f,, arranged on a common axis minimizes
chromatic aberration, if the distance between them is
(f,+1) (f,+1)
M) by 172
@ B ©
(0 (fi+f) (d 2(f +1,)

If the focal length of a double convex lens for red light is fg, its
[EAMCET 2005]
(b) Greater than fy

focal length for the violet light is
@ fq
(¢) Less than fg d) 2fg

144.

145.

A thin equiconvex lens is made of glass of refractive index 1.5 and its
focal length is 0.2 m, if it acts as a concave lens of 0.5 m focal

length when dipped in a liquid, the refractive index of the liquid is

17 15
(a) ry (b) 3

13 9
(c) ry (d) ry

The dispersive power of the material of lens of focal length 20 cm is
0.08. The longitudinal chromatic aberration of the lens is

(@) 0.08 cm (b) 0.08/20 cm

() 1.6 cm (d) 016 ecm

Priem Theorny & Dispersion of Light

Which source is associated with a line emission spectrum
[MP PET/PMT 1988; CBSE PMT 1993]
(@) Electric fire

(c) Red traffic light

b) Neon street sign

(
(d) Sun

Formula for dispersive power is (where symbols have their usual
meanings) [MP PMT/PET 1988]
or

If the refractive indices of crown glass for red, yellow and violet

colours are respectively £4, f, and g, then the dispersive power

of this glass would be [MP PMT 1996]

My — Ky by AT
@ S b
(c) #4BTEEE 2005] d) Bt g
Hy = Hy Hy

The critical angle between an equilateral prism and air is 45°. If the
incident ray is perpendicular to the refracting surface, then

(@) After deviation it will emerge from the second refracting
surface

(b) 1t is totally reflected on the second surface and emerges out
perpendicularly from third surface in air

(c) 1t is totally reflected from the second and third refracting
surfaces and finally emerges out from the first surface

(d) T1tis totally reflected from all the three sides of prism and never
emerges out

When white light passes through a glass prism, one gets spectrum
on the other side of the prism. In the emergent beam, the ray which
is deviating least is or

Deviation by a prism is lowest for [MP PMT 1997]

(@) Violet ray (b)
() Red ray (d) Yellow ray

Green ray

We use flint glass prism to disperse polychromatic light because
light of different colours

[EAMCET 2005] [MP PET 1993]
(@) Travel with same speed

(b) Travel with same speed but deviate differently due to the shape
of the prism

() Have different anisotropic properties while travelling through
the prism

(d) Travel with different speeds



A prism (1 =1.5) has the refracting angle of 30°. The deviation of
a monochromatic ray incident normally on its one surface will be
(sin 48° 36" = 0.75)

[MP PMT/PET 1088]
(@) 18° 36
(c) 18°
Fraunhofer lines are obtained in

[CPMT 1973; MP PMT 1989; MP PMT 2004

(b) 20° 30’
(d) 22°r

a) Solar spectrum
b
c) Spectrum from a discharge tube
d) None of the above

When light rays are incident on a prism at an angle of 45°, the
minimum deviation is obtained. If refractive index of the material of

=

The spectrum obtained from neon lamp

(
(
(
(

prism is \/E , then the angle of prism will be

[MP PMT 1986]
(@) 30° (b) a0°
(c) 50° (d) 60°
A spectrum is formed by a prism of dispersive power '@'. If the
angle of deviation is 'J", then the angular dispersion is

[MP PMT 1989]
@ ols b) Slw
() Vo d) wo

Light from sodium lamp is passed through cold sodium vapours, the
spectrum of transmitted light consists of

[MP PET 1989; RPMT 2001]
(b) A line at 5896 A

(d) No spectral features

(a) Aline at 5890 A
(¢) Sodium doublet lines

Angle of minimum deviation for a prism of refractive index 1.5 is
equal to the angle of prism. The angle of prism is (cos 41° = 0.75)

(@) 62° (b) 4r
() 82 (d) 3r
In the formation of primary rainbow, the sunlight rays emerge at
minimum deviation from rain-drop after

[MP PET 1989]
a) One internal reflection and one refraction

b

(b) One internal reflection and two refractions
() Two internal reflections and one refraction

=

d) Two internal reflections and two refractions
Dispersive power depends upon [RPMT 1997]
(b) Material of prism

(d) Height of the prism

(@) The shape of prism
() Angle of prism
When white light passes through the achromatic combination of
prisms, then what is observed

[MP PMT 1989]
(b) Only dispersion
(d) None of the above

(@) Only deviation
(c) Deviation and dispersion
The dispersion for a medium of wavelength A is D, then the
dispersion for the wavelength 24 will be

[MP PET 1989]
@) DB (b) Dia
() D2 d) D

20.

21

22.

23.

24.

25.
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The refractive index of a prism for a monochromatic wave is /2
and its refracting angle is 60°. For minimum deviation, the angle of
incidence will be

[MNR 1998; MP PMT 1989, 92, 2002; CPMT 1993, 2004]
(a) 30° (b) a5°
(c) 60° d 75
The ratio of angle of minimum deviation of a prism in air and when

dipped in water will be (o4t; =3/2 and 14, =4/3)

(@) 18
(c) 3/4

(b) 12
(d) 14
The respective angles of the flint and crown glass prisms are A" and

A. They are to be used for dispersion without deviation, then the
ratio of their angles A' /A will be

[MP PMT 1989]
-1 -1
_wﬁ ) w)(% )
(,uy _1) (/uy - 1)
(c) (/uyl_l) (d) (luy -1
The number of wavelengths in the visible spectrum
[MP PMT 1989]
(a) 4000 (b) 6000
(c) 2000 (d) Infinite
The black lines in the solar spectrum during solar eclipse can be
explained by [MP PMT 1989)]
(@) Planck’s law (b) Kirchoff's law
(c) Boltzmann's law (d) Solar disturbances

The dispersive power is maximum for the material
(@) Flint glass (b) Crown glass

(c) ML):/t‘ErzEg bAgIthS] (d) None of the above

A light ray is incident by grazing one of the face of a prism and
after refraction ray does not emerge out, what should be the angle
of prism while critical angle is C
(@) Equal to 2C (b) Less than 2C

(¢) More than 2C (d) None of the above

A parallel beam of monochromatic light is incident at one surface of
a equilateral prism. Angle of incidence is 55° and angle of emergence

is 46°. The angle of minimum deviation will be
(@) Less than 4r (b) Equal to 4r
() More than 41° (d) None of the above
The spectrum of light emitted by a glowing solid is

(a) Continuous spectrum (b) Line spectrum
() Band spectrum (d) Absorption spectrum

Light rays from a source are incident on a glass prism of index of

refraction g and angle of prism « . At near normal incidence, the
angle of deviation of the emerging rays is

[MP PMT 1993]
@ (u=2a (b)
© (u+Dea (d)

(1D
(u+2a
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27.

28.

29.

30.

31

32.

33.

35.

Which of the following element was discovered by study of

Fraunhofer lines
(b) Oxygen
(d) Ozone

(@) Hydrogen
() Helium

By placing the prism in minimum deviation position, images of the

spectrum
(@) Becomes inverted (b) Becomes broader
(c) Becomes distinct (d) Becomes intensive

Our eye is most sensitive for which of the following wavelength

(a) 4500 A
(b) 5500 A
(¢) 6500 A

(d) Equally sensitive for all wave lengths of visible spectrum

Three prisms of crown glass, each have angle of prism 9° and two
prisms of flint glass are used to make direct vision spectroscope.
What will be the angle of flint glass prisms if  for flint is 1.60 and

1 for crown glass is 1.53
(b) 16.0°
(d) 9

If the refractive indices of crown glass for red, yellow and violet

(@) moe
(¢) 15.3°

colours are 15140, 1.5170 and 15318 respectively and for flint glass
these are 1.6434, 1.6499 and 1.6852 respectively, then the dispersive
powers for crown and flint glass are respectively

(@) 0.034 and 0.064 (b) 0.064 and 0.034

(¢) 100 and 0.064 (d) 0.034 and 1.0

The minimum temperature of a body at which it emits light is
(@) 1200°C (b) 1000°C
(¢) 500°C (d) 200°C

Band spectrum is obtained when the source emitting light is in the

form of or

Band spectrum is characteristic of

[CPMT 1988; MP PET 1994; DCE 2004; MP PET 2005]
(b Molecules
(d) None of the above

(@) Atoms
(c) Plasma

Flint glass prism is joined by a crown glass prism to produce
dispersion without deviation. The refractive indices of these for
mean rays are 1.602 and 1.500 respectively. Angle of prism of flint

prism is 10°, then the angle of prism for crown prism will be
(b) 1204’
(d) 12°

(@) 12°2.4'
() 124°

The angle of minimum deviation for a prism is 40° and the angle of

the prism is 60°. The angle of incidence in this position will be
[EAMCET (Engg.) 1995; MH CET 1999; CPMT 2000]
(b) 60°
(d) 100°

(a) 30°
() 50°
In the position of minimum deviation when a ray of yellow light

passes through the prism, then its angle of incidence is

[MP PMT 1989; RPMT 1997]

36.

37.

38.

39.

40.

41.

42,

43.

a) Less than the emergent angle

c) Sum of angle of incidence and emergent angle is 90°

(

(b) Greater than the emergent angle
(

(d

)
) Equal to the emergent angle

A circular disc of which 2/3 part is coated with yellow and 1/3 part is
with blue. 1t is rotated about its central axis with high velocity, then
it will be seen as

(@) Green (b) Brown

() White (d) Violet

The fine powder of a coloured glass is seen as

(@) Coloured (b) White

(c) That of the glass colour (d) Black
When a white light passes through a hollow prism, then

[MP PMT 1987]
(@) There is no dispersion and no deviation
(b) Dispersion but no deviation
(c) Deviation but no dispersion
(d) There is dispersion and deviation both

The light ray is incidence at angle of 60° on a prism of angle 45°.
When the light ray falls on the other surface at 90°, the refractive

index of tHARPREMMGAS8Im 1 and the angle of deviation J are

given by [DPMT 2001]

(@) u=+2,5=30° ®)

V3 (d) y=\/§,5=15°

c =—,5=30°
() ==
(@) The emergent rays of all the colours are parallel to the incident

u=15,5=15°

In dispersion without deviation

ray
(b) Yellow coloured ray is parallel to the incident ray

(c) Only red coloured ray is parallel to the incident ray

(d) All the rays are parallel, but not parallel to the incident ray

Deviation of 5° is observed from a prism whose angle is small and
whose refractive index is 1.5. The angle of prism is

@ 75°

.[DPMT 2001]
(¢) 5° (d) 3.3

The refractive indices of violet and red light are 154 and 152
respectively. If the angle of prism is 10°, then the angular dispersion

(b) 10°

is [MP PMT 1990]
(a) o0.02 (b) 0.2
() 3.06 (d) 30.6

The angle of minimum deviation measured with a prism is 30° and
the angle of prism is 60°. The refractive index of prism material is

@ 2

(€) 32



45.

46.

47.

48.

49.

50.

51.

If the refractive indices of a prism for red, yellow and violet colours
be 1.61, 1.63 and 1.65 respectively, then the dispersive power of the
prism will be

[MP PET 1991; DPMT 1999]

1.65-1.62 1.62-1.61
@ b) ———
1.61-1 1.65-1
1.65-1.61 1.65-1.63
© —m @ ——
1.63-1 1.61-1

The minimum deviation produced by a hollow prism filled with a
certain liquid is found to be 30°. The light ray is also found to be
refracted at angle of 30°. The refractive index of the liquid is

@ 2 ®) V3

3 3
c — d) —
© 43 () >
Minimum deviation is observed with a prism having angle of prism
A, angle of deviation &, angle of incidence 7and angle of emergence
e. We then have generally
[MP PET 1901]

(@ i>e (b) i<e
(c) i=e (d)

A thin prism P with angle 4° and made from glass of refractive
index 154 is combined with another thin prism P made from glass
of refractive index 1.72 to produce dispersion without deviation. The
angle of prism P is

i=e=0

[MP PMT 1991, 92; IT-JEE 1990; MP PET 1995, 99;
UPSEAT 2001; RPMT 2004]

(@) 2.6° (b) 3°
© 4 @ 533
An achromatic prism is made by combining two prisms

P (¢, =1.523, 1, =1.515) and P,(x, =1.666, 1, =1.650);
where 1 represents the refractive index. If the angle of the prism
P, is 10°, then the angle of the prism P will be

[MP PMT 1991]
(@) s5°
(c) 10.6°

(b) 7.8
(d) 20°

Angle of a prism is 30° and its refractive index is \/E and one of
the surface is silvered. At what angle of incidence, a ray should be
incident on one surface so that after reflection from the silvered
surface, it retraces its path

[MP PMT 1991; UPSEAT 2001; CBSE PMT 2004]
(b) 60°
d) sinty15

For a material, the refractive indices for red, violet and yellow colour

(a) 30°

(c) 45°

light are respectively 1.52, 1.64 and 1.60. The dispersive power of the

material is [MP PMT 1991]
(a) 2 (b) 045

() 02 (d) 0.045

Band spectrum is produced by [CPMT 1978]
(@ H (b) He

52.

53.

54.

55.

56.

57.

58.

59.

60.
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) H ) Na

The band spectra (characteristic of molecular species) is due to

emission of radiation [CPMT 1982, 90]

(b) Liquid state
(d) All of three states

(a) Gaseous state
(c) Solid state
Line spectrum was first of all theoretically explained by
(b) Fraunhofer

(d) Bohr

(@) Swan
(c) Kirchoff
The spectrum of iodine gas under white light will be
(@) Only violet

(b) BriMh E1991]

(c) Only red lines

(d) Some black bands in continuous spectrum
Continuous spectrum is not due to

(b) Electric bulb
(d) Candle flame

(@) Hydrogen flame

(c) Kerosene oil lamp flame
Fraunhofer lines are produced by
(@) The element present in the photosphere of sun

(b) The elements present in the chromosphere of the sun

(c) The vapour of the element present in the chromosphere of the
sun

(d) The carbon dioxide present in the atmosphere

A medium is said to be dispersive, if [MP PMT 1990]

(@) Light of different wavelengths propagate at different speeds

(b) Light of different wavelengths propagate at same speed but has

different frequencies

(c) Light is gradually bent rather than sharply refracted at an

interface between the medium and air
(d) Light is never totally internally reflected

A ray of light is incident at an angle of 60° on one face of a prism of
angle 30°. The ray emerging out of the prism makes an angle of 30°

with the incident ray. The emergent ray is
[EAMCET 1990; MP PMT 1990]
a) Normal to the face through which it emerges
b) Inclined at 30° to the face through which it emerges
Inclined at 60° to the face through which it emerges
None of these

In a thin prism of glass (refractive index 1.5), which of the following
relations between the angle of minimum deviations J,, and angle

of refraction I' will be correct

[MP PMT 1990]
(@) oy =r (b) o,=15r
r
c) o0,=2 d) O =—
(€) Om=2r () om=7

The figures represent three cases of a ray passing through a prism
of angle A. The case corresponding to minimum deviation is
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61.

62.

63.

64.

65.

66.

67.

(@ 1 (b) 2

() 3 (d) None of these
Dispersion can take place for [MP PET 1992]
(@) Transverse waves only but not for longitudinal waves

b) Longitudinal waves only but not for transverse waves

(
(c) Both transverse and longitudinal waves
(

d) Neither transverse nor longitudinal waves

Emission spectrum of CO, gas [MP PET 1992]

(@) s a line spectrum

(b 1s a band spectrum

(c) Is a continuous spectrum

(d) Does not fall in the visible region

A ray of light passes through an equilateral glass prism in such a
manner that the angle of incidence is equal to the angle of
emergence and each of these angles is equal to 3/4 of the angle of
the prism. The angle of deviation is

[MNR 1988; MP PMT 1999; Roorkee 2000; UPSEAT 2000; MP PET 2005]
(a) 45° (b) 39°
(¢) 20° (d) 30°
The true statement is

(@) The order of colours in the primary and the secondary
rainbows is the same

(b) The intensity of colours in the primary and the secondary
rainbows is the same

(c) The intensity of light in the primary rainbow is greater and the
order of colours is the same than the secondary rainbow

(d) The intensity of light for different colours in primary rainbow
is greater and the order of colours is reverse than the
secondary rainbow

What will be the colour of sky as seen from the earth, if there were

no atmosphere [MP PMT 1992]
(a) Black (b) Blue
() Orange (d) Red

When light emitted by a white hot solid is passed through a sodium
flame, the spectrum of the emergent light will show

[MP PMT 1992]
a) The D; and D, bright yellow lines of sodium

(
(b) Two dark lines in the yellow region
(c) Al colours from violet to red
(d) No colours at all

A prism ABC of angle 30° has its face AC silvered. A ray of light
incident at an angle of 45° at the face AB retraces its path after
refraction at face AB and reflection at face AC. The refractive index
of the material of the prism is

[MP PMT 1992; EAMCET 2001]
@ 15 A

Silvered

69.

70.

7.

72.

A light ray is incident upon a prism in minimum deviation position
and suffers a deviation of 34°. 1f the shaded half of the prism is
knocked off, the ray will [MP PMT 1992]

(@) Suffer a deviation of 34°
(b) Suffer a deviation of 68°
(c) Suffer a deviation of 17°
(d) Not come out of the prism

A ray of monochromatic light is incident on of a
prism of angle 75°. It passes through the prism and is incident on
the other face at the critical angle. If the refractive index of the

material of the prism is \/E , the angle of incidence on the first face
of the prism is

[EAMCET 1983]

(@) 30° (b) 45°

(c) 60° (d) o°

Three glass prisms A, Band C of same refractive index are placed in
contact with each other as shown in figure, with no air gap between
the prisms. Monochromatic ray of light OP passes through the
prism assembly and emerges as QR The conditions of minimum
deviation is satisfied in the prisms

[CPMT 1988]
a) Aand C
b) Band C

c) Aand B

(
(
(
(

d) Inall prisms A Band C

QN
The refractive index of a material of a prism of angles 45°— 45° —
90° is 1.5. The path of the ray of light incident normally on the
hypotenuse side is shown in

[EAMCET 1985]

A
@ o~ () o
A

45°

C

B

At the time of total solar eclipse, the spectrum of solar radiation
would be [MP PMT 1990; RPMT 2004]
(@) A large number of dark Fraunhofer lines

(b) A less number of dark Fraunhofer lines

©

@

No lines at all

All Fraunhofer lines changed into brilliant colours



73.

74

75.

76.

77.

78.

79.

80.

Angle of deviation (6 ) by a prism (refractive index = x and
supposing the angle of prism A to be small) can be given by

@ S=u-1A (b) S=(u+1)A
. A+o
sin ) o s ”_lA
c) §=——"%— =
©) A @ o="
2

Angle of prism is A and its one surface is silvered. Light rays falling
at an angle of incidence 2A on first surface return back through the
same path after suffering reflection at second silvered surface.
Refractive index of the material of prism is

(@) 2sinA (b) 2cos A

(e) %cos A (d) tan A

A ray of light incident normally on an isosceles right angled prism
travels as shown in the figure. The least value of the refractive index
of the prism must be

[Manipal MEE 1995; BHU 2003]

@ 2 g
b 3

(¢) 15
(d) 20 08

C
When seen in green light, the saffron and green portions ofB our
National Flag will appear to be  [Manipal MEE 1995]

(a) Black
(b) Black and green respectively
(¢) Green

(d) Green and yellow respectively

At sun rise or sunset, the sun looks more red than at mid-day
because [AFMC 1995; Similar to DCE 2003]
(@) The sun is hottest at these times
(b) Of the scattering of light
(c) Of the effects of refraction
(d) Of the effects of diffraction
Line spectrum contains information about [MP PET 1995]
(@) The atoms of the prism
(b) The atoms of the source
() The molecules of the source
(d) The atoms as well as molecules of the source
Missing lines in a continuous spectrum reveal

[MP PET 1995]
(a) Defects of the observing instrument
(b) Absence of some elements in the light source
(c) Presence in the light source of hot vapours of some elements
(d) Presence of cool vapours of some elements around the light

source

A source emits light of wavelength 47004, 5400 A and 6500 A. The
light passes through red glass before being tested by a spectrometer.
Which wavelength is seen in the spectrum

[MP PMT 1995]
(a) 6500 A (b) 5400 A

() 4700 A (d) All the above

81.

82.

83.

84.

85.

86.

87.
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A ray passes through a prism of angle 60° in minimum deviation

positior[Mm,fqg:s'ﬁ a deviation of 30°. What is the angle of

incidence on the prism

[MP PMT 1995; Pb. PMT 2001; RPMT 2003]
(b) 45°
(d) 90°

(@) 30°
(c) 60°
When light of wavelength 1 is incident on an equilateral prism

kept in its minimum deviation position, it is found that the angle of
deviation equals the angle of the prism itself. The refractive index of

the matmhofgds) prism for the wavelength A is, then
3
@ 3 b 2

() 2 @ V2

Which of the following diagrams, shows correctly the dispersion of
white light by a prism

[NSEP 1994; MP PET 1996]

A neon sign does not produce

[MP PET 1996; UPSEAT 2004]
(@) Line spectrum
(b) An emission spectrum
(c) An absorption spectrum
(d) Photons

The refractive index of flint glass for blue Fline is 1.6333 and red C
line is 1.6161. If the refractive index for yellow D line is 1.622, the
dispersive power of the glass is

(@) 0.0276 (b) 0.276
() 276 (d) o0.106
A triangular prism of glass is shown in the figure. A ray incident

normally to one face is totally reflected, if @ =45° . The index of

refraction of glass is [ATEEE 2004]

(@) Less than 1.41

[T [
(b) Equal to 1.41
(c) Greater than 1.41 aR) |
(d) None of the above 452

The wavelength of emission line spectrum and absorption line
spectrum of a substance are related as

(a) Absorption has larger value
(b) Absorption has smaller value
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89.

90.

18

92.

93.

94.

95.

96.

(c) They are equal
(d) No relation

White light is passed through a prism whose angle is 5° If the
refractive indices for rays of red and blue colour are respectively

1.64 and 1.66, the angle of deviation between the two colours will be
(@) 0.1 degree (b) 0.2 degree
(c) 0.3 degree (d) 0.4 degree

From which source a continuous emission spectrum and a line
absorption spectrum are simultaneously obtained

[MP PMT 1997]
(@) Bunsen burner flame
(b) The sun
(c) Tube light

(d) Hot filament of an electric bulb

A thin prism P, with angle 6° and made from glass of refractive

index 1.54 is combined with another thin prism P of refractive index
1.72 to produce dispersion without deviation. The angle of prism

P, will be [MP PMT 1999]
(@) 5024 (b) 4°30
(c) 6° (d) &

If the refractive index of a material of equilateral prism is +/3 , then
angle of minimum deviation of the prism is

[CBSE PMT 1999; Pb. PMT 2004; MH CET 2004]
(b) 45°
(d) 75°

The splitting of white light into several colours on passing through a
glass prism is due to [CPMT 1999]

(b) Reflection
(d) Diffraction

(@) 30°
() 60°

(@) Refraction
(c) Interference
A white screen illuminated by green and red light appears to be
(@) Green (b) Red
(c) Yellow (d) White
Dark lines on solar spectrum are due to

[EAMCET (Engg.) 1995]
(@) Lack of certain elements
(b) Black body radiation
(c) Absorption of certain wavelengths by outer layers
(d) Scattering

Line spectra are due to

(a) Hot solids

[EAMCET (Med.) 1995]

(b) Atoms in gaseous state
() Molecules in gaseous state
(d) Liquid at low temperature

The path of a refracted ray of light in a prism is parallel to the base
of the prism only when the [SCRA 1994]
(a) Light is of a particular wavelength

b) Ray is incident normally at one face

(
() Ray undergoes minimum deviation
(

d) Prism is made of a particular type of glass

97.

98.

99.

100.

101.

102,

103.

104.

105.

106.

For a medium, refractive indices for violet, red and yellow are 1.62,
1.52 and 1.55 respectively, then dispersive power of medium will be

[RPET 1997]
(@) 065 (b) 0.22
(c) O.I%AP PET 1997] (d) o0.02

Two lenses having f :f, =2:3 has combination to make no
dispersion. Find the ratio of dispersive power of glasses used

@ 2:3 (b) 3:2

(€ 4:9 (d) 9:4

If refractive index of red, violet and yellow lights are 142, 1.62 and
1.50 respectively for a medium. lts dispersive power will be

(@) o4 (b) 03
(c) 02 d) oa

A ray is incident at an angle of incidence 7 on one surface of a prism
of small angle A and emerges normally from the opposite surface. If
the refractive index of the material of the prism is x, the angle of

incidence 7is nearly equal to

[CBSE PMT 1992]
@@ Alu b)) A/2u
() WA d wpAl2

Fraunhofer spectrum is a [KCET 1993, 94; RPET 1997;
MP PET 1997, 2001; JIPMER 2000; AlIMS 2001]
a) Line absorption spectrum

b) Band absorption spectrum

C

d

(
(
(c) Line emission spectrum
(d) Band emission spectrum

The angle of a prism is 60° and its refractive index is \/E The
angle of minimum deviation suffered by a ray of light in passing

through it is [MP PET 2003)]

(a) AbBSEFI994 RPMT1997] ) 5
(c) 60° (d) 45°
Colour of the sky is blue due to
[CPMT 1996, 99; AFMC 1993; AlIMS 1999;
AIEEE 2002; BCECE 2003; BHU 2004]
(@) Scattering of light (b) Total internal reflection
(c) Total emission (d) None of the above

Which of the following spectrum have all the frequencies from high

to low frequency range [CPMT 1996]

(@) Band spectrum (b) Continuous spectrum
(c) Line spectrum (d) Discontinuous spectrum
Stars are not visible in the day time because

[JIPMER 1997]
a) Stars hide behind the sun
b) Stars do not reflect sun rays during day
Stars vanish during the day

Atmosphere scatters sunlight into a blanket of extreme
brightness through which faint stars cannot be visible

Which of the following colours suffers maximum deviation in a

prism [KCET 1998; DPMT 2000]



107.

108.

109.

no.

m.

nz.

n3.

n4.

ns.

(@) Yellow (b) Blue

() Green (d) Orange

If a thin prism of glass is dipped into water then minimum deviation

(with respect to air) of light produced by prism will be left

—gand _4 [UPSEAT 1999]

atly =7 at =3 999
1 1
fl by =
@) 5 (b) 2
1
d -
() 2 (d) z

The refractive indices for the light of violet and red colours of any
material are 1.66 and 1.64 respectively. If the angle of prism made
of this material is 10, then angular dispersion will be

(b) 0.0
@ r

The refractive index of the material of the prism for violet colour is

1.69 and that for red is 1.65. If the refractive index for mean colour
is 1.66, the dispersive power of the material of the prism

(a) 0.66 (b) 0.06
(c) o0.65 (d) 0.69

The deviation caused in red, yellow and violet colours for crown
glass prism are 2.84, 3.28 and 3.72 respectively. The dispersive
power of prism material is

(@) o0.20

() o0.40

[KCET (Engg) 1999]
(a) 0.268 (b)
() 0.468 (d)
Dispersion of light is due to
(@) Wavelength

(c) Density of medium

0.368
0.568
[DCE 1999]
(b) Intensity of light
(d) None of these
A prism of refracting angle 60 is made with a material of refractive

index L. For a certain wavelength of light, the angle of minimum
deviation is 30. For this, wavelength the value of refractive index of
the material is

[CPMT 1999, MH CET 2000]
(@) 1231 (b) 1820
() 1503 (d) 144
Which of the prism is used to see infrared spectrum of light
[RPMT 2000]

(a) Rock Salt (b) Nicol

(c) Flint (d) Crown

When white light enters a prism, it gets split into its constituent
colours. This is due to [DCE 2000]

(a) High density of prism material

(b) Because i is different for different 4

(c) Diffraction of light

(d) Velocity changes for different frequencies

The dispersive powers of crown and flint glasses are 0.02 and 0.04
respectively. In an achromatic combination of lenses the focal length
of flint glass lens is 40 cm. The focal length of crown glass lens will

be [DCE 2000]
(@) —20cm (b) +20cm
() —10cm (d) +10em

6.

n7.

ns.

no.

120.

121.

122,

123.
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When a ray of light is incident normally on one refracting surface of

an equilateral prism (Refractive index of the material of the prism =
1.5 [EAMCET (Med.) 2000]

(a) Emerging ray is deviated by 30

(b) Emerging ray is deviated by 45

(c) Emerging ray just grazes the second refracting surface
()

d

The ray undergoes total internal reflection at the second
refracting surface

Consider the following two statements A and B and identify the
correct choice in the given answers

[EAMCET (Engg.) 2000]
A : Line spectra is due to atoms in gaseous state
B : Band spectra is due to molecules
(@) Both A and B are false
(b) A (YRSEAT MPRlis false
(c) Ais false and B is true
(d) Both A and B are true
Under minimum deviation condition in a prism, if a ray is incident
at an angle 30, the angle between the emergent ray and the second
refractiUPPMERat98 the prism is

[EAMCET (Engg.) 2000]
(@ o (b) 30
(c) 45 (d) 60

The angle of prism is 5 and its refractive indices for red and violet
colours are 1.5 and 1.6 respectively.
[MP PMT 2000]

The angular dispersion
produced by the prism is

(@) 775 (b) 5
() 05 (d) o047

If the refractive angles of two prisms made of crown glass are 10

and 20 respectively, then the ratio of their colour deviation powers

will be

[KCET 1999; AFMC 2001]
(@ 1 (b) 2:1
() 4 (d) 1:2

The nature of sun’s spectrum is
[MP PET 2000; MP PMT 2001]
) Continuous spectrum with absorption lines
(b) Line spectrum
The spectrum of the helium atom
Band spectrum
A ray of light is incident normally on one of the face of a prism of

angle 30 and refractive index \/E The angle of deviation will be
[KCET 2001]

(b) o
(d) 15

For a prism of refractive index 1732, the angle of minimum

(a) 26
(c) 23

deviation is equal to the angle of the prism. The angle of the prism
is [CBSE PMT 2001]

(b) 70
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(c) 60 d so
124.  The spectrum obtained from an electric lamp or red hot heater is

125.

126.

127.

128.

129.

130.

131

132.

(@) Line spectrum (b) Band spectrum

(c) Absorption spectrum (d) Continuous spectrum

When a glass prism of refracting angle 60 is immersed in a liquid its
angle of minimum deviation is 30. The critical angle of glass with respect
[EAMCET 2001]

(b) 45
(d) 52

to the liquid medium is
@ 42
(c) s0

Three prisms 1, 2 and 3 have the prism angle A = 60, but their
refractive indices are respectively 1.4, 1.5 and 1.6. If §, §, § be their

respective angles of deviation then
[MP PMT 2001]

@ 8-8-8 b) 6-8-8

() 8=8=3 (d 8>86>38

Which one of the following alternative is FALSE for a prism placed

in a position of minimum deviation ~ [MP PET 2001]

@ =i (b)
() i=r (d) All of these

In the visible region the dispersive powers and the mean angular

r=r

deviations for crown and flint glass prisms are @, @ and d, d
respectively. The condition for getting deviation without dispersion
when the two prisms are combined is

[EAMCET 2001]
@) Jad +Jod =0 (b)

@) (wd)? +(@d)2 =0

@od+ad =0

() awd+wd =0

A ray of light passes through the equilateral prism such that angle
of incidence is equal to the angle of emergence if the angle of

incidence is 45. The angle of deviation will be
[Pb. PMT 2002]
@ 15
(¢) 60
The solar spectrum during a complete solar eclipse is
[Kerala PET 2002]
(b) Emission line

(d) Dark band

(a) Continuous
(c¢) Dark line

Why sun has elliptical shape on the time when rising and sun

setting ? It is due to [AFMC 2002]

(@) Refraction (b) Reflection

c) Scatterin, d) Dispersion
g pe

In the formation of a rainbow light from the sun on water droplets
undergoes [CBSE PMT 2000;

Orissa JEE 2002; MP PET 2003; KCET 2004]
(@) Dispersion only

(b) Only total internal reflection

133.

134.

135.

136.

137.

138.

139.

(c) Dispersion and total internal reflection

[BH(A200N PBemiTthoss]

The Cauchy’s dispersion formula is [ATIMS 2002]

@ n=A+Bl?+Cit? (b) n=A+BA*+CA™*
() n=A+Ba?+Ca* (d n=A+BA*+CA*

A prism of refractive index 4 and angle A is placed in the minimum
deviation position. If the angle of minimum deviation is A, then the

value of A in terms of tis

@) sin? [%) (b) sin?

| M 1 H
() 2cos [Ej (d) cos (Ej

A given ray of light suffers minimum deviation in an equilateral

[EAMCET 2003]

prism P. Additional prisms @ and R of identical shape and material
are now added to P as shown in the figure. The ray will suffer

[NTJEE (Screening) 2001; KCET 2003]
a) Greater deviation
b) Same deviation

¢) No deviation P R

(
(
()
(d)

Total internal reflection

In the given figure, what is the angle of prism

[Orissa JEE 2003]

A B
A prism of refractive index \/E has a refracting angle of 60. At

what angle a ray must be incident on it so that it suffers a minimum

deviation [BHU 2003; MP PMT 2005]
(@) 45 (b) 60
() 90 (d) 180

A convex lens, a glass slab, a glass prism and a solid sphere all are

made of the same glass, the dispersive power will be
[CPMT 1986]
(@) In the glass slab and prism
(b) n the lens and solid sphere
(c) Only in prism
(d) Tn all the four

A parallel beam of white light falls on a convex lens. Images of blue,
yellow and red light are formed on other side of the lens at a
distance of 0.20 m, 0.205 m and 0.214 m respectively. The dispersive

power of the material of the lens will be
(a) 619/1000 (b) 9/200

(c) 14/205 (d) 5/214
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143.

145.

146.

147.

The refractive index of the material of the prism for violet colour is
1.69 and that for red is 1.65. 1f the refractive index for mean colour
is 1.66, the dispersive power of the material of the prism

(@) 0.66 (b 0.06

(c) o0.65 (d) 0.69

If the angle of prism is 60° and the angle of minimum deviation is
40°, the angle of refraction will be

[MP PMT 2004]
(@) 30° (b) 60°
(¢) 100° (d) 120°

The refractive index of a particular material is 1.67 for blue light,
1.65 for yellow light and 1.63 for red light. The dispersive power of

the material is ........ [KCET 2004]
(a) 0.0615 (b) 0.024
(c) o0.031 (d) 160

A ray of light is incident on an equilateral glass prism placed on a
horizontal table. For minimum deviation which of the following is

true [NTJEE (Screening) 2004]
(@) PQ s horizontal R
(b) QR is horizontal Q

() RSis horizontal
(d) Either PQ or RS is horizontal

A beam of light composed of red and green ray is incident obliquely
at a point on the face of rectangular glass slab. When coming out on
the opposite parallel face, the red and green ray emerge from

(@) Two points propagating in two different directions
(b) Two points propagating in two parallel directions
(c) One point propagating in two different directions

(d) One point propagating in the same directions

White light is passed through a prism ... colour shows minimum
deviation [Orissa PMT 2004]
(@) Red (b) Violet
(c) Yellow (d) Green

A ray of monochromatic light suffers minimum deviation of 38°

while passing through a prism of refracting angle 60° . Refractive
index of the prism material is [Pb. PET 2001]

(@ 15 (b) 13
() 08 d) 24
A ray incident a 15° on one refracting surface of a prism of angle

60°, suffers a deviation of 55°. What is the angle of emergence
(a) 95° (b) 45°

(c) 30° (d) None of these
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[JIPMER 1999]

[CBSE PMT 2004]

[DCE 2002]
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148.

149.

150.

151.

The spectrum obtained from a sodium vapour lamp is an example of
[MH CET 2003]

(@) Absorption spectrum (b) Emission spectrum
() Continuous spectrum (d) Band spectrum
The sky would appear red instead of blue if [DCE 2004]

(@) Atmospheric particles scatter blue light more than red light

(b) Atmospheric particles scatter all colours equally

(c) Atmospheric particles scatter red light more than the blue light
(d) The sun was much hotter

Sir C.V. Raman was awarded Nobel Prize for his work connected
with which of the following phenomenon of radiation

(@) Scattering (b) Diffraction
(c) Interference (d) Polarisation
In absorption spectrum of Na the missing wavelength (s) are
[BCECE 2005]
(@) 589 nm (b) 589.6 nm
() Both (d) None of these

Human Eye and Lens Camera

A far sighted man who has lost his spectacles, reads a book by
looking through a small hole (3-4 mm) in a sheet of paper. The
reason will be [CPMT 1977]

(@) Because the hole produces an image of the letters at a longer
distance

(b) Because in doing so, the focal length of the eye lens is
effectively increased

(c) Because in doing so, the focal length of the eye lens is
effectively decreased

(d) None of these
For a normal eye, the least distance of distinct vision is
[CPMT 1984]

(@) o025 m (b) 0.50 m
() 25 m (d) Infinite
For the myopic eye, the defect is cured by

[CPMT 1990; KCET (Engg.) 2000]
(@) Convex lens (b) Concave lens
(c¢) Cylindrical lens (d) Toric lens
Lens used to remove long sightedness (hypermetropia) is

or

A person suffering from hypermetropia requires which type of

spectacle lenses [MP PMT 1995]
(a) Concave lens (b) Plano-concave lens
(c¢) Convexo-concave lens (d) Convex lens

Substance on the choroid is
(@) Japan black (b) Nigrim pigment
() Carbon black (d) Platinum black
Astigmatism (for a human eye) can be removed by using
[CPMT 1972; MP PET/PMT 1988; CBSE PMT 1990]

(a) Concave lens (b) Convex lens
() Cylindrical lens (d) Prismatic lens
Circular part in the centre of retina is called
[MP PET/PMT 1988]
(a) Blind spot (b) Yellow spot
() Red spot (d) None of the above

Image formed on the retina is

(@) Real and inverted (b) Virtual and erect
(c) Real and erect (d) Virtual and inverted
9. If there had been one eye of the man, then

(@) 1mage of the object would have been inverted
(b) Visible region would have decreased
(c) 1mage would have not been seen three dimensional
(d) (b) and (c) both
10. A person cannot see distinctly at the distance less than one metre.

Calculate the power of the lens that he should use to read a book at
a distance of 25 cm

[CPMT 1983; AFMC 2005] [CPMT 1977; MP PET 1985, 88; MP PMT 1990]
(@ +30D (b) +0a25 D
() =30 D (d) +40D
1. How should people wearing spectacles work with a microscope

(@) They cannot use the microscope at all
(b) They should keep on wearing their spectacles
(c) They should take off spectacles
(d) (b) and (c) is both way
12. A man who cannot see clearly beyond 5 m wants to see stars clearly.
He should use a lens of focal length
[MP PET/PMT 1988; Pb. PET 2003]

(@) —100 m (b) +5m
() -5m (d) Very large
13. A man can see only between 75 cm and 200 cm. The power of lens
to correct the near point will be
(@) +8/3D (b) +3D
() -3D (d) -83D
14. Image is formed for the short sighted person at
[AFMC 1988]
(@) Retina (b) Before retina
(c) Behind the retina (d) 1Image is not formed at all
15. A man can see the objects upto a distance of one metre from his

eyes. For correcting his eye sight so that he can see an object at
infinity, he requires a lens whose power is
or
A man can see upto 100 cm of the distant object. The power of the
lens required to see far objects will be
[MP PMT 1993, 2003]

(@ +o05D (b) +10D
(¢) +2.0D (d -10D
16. A man can see the object between 15 cm and 30 cm. He uses the
lens to see the far objects. Then due to the lens used, the near point
will be at
10
() 3 cm (b) 30 cm
100
() 15 cm (d) cm
3
17. The far point of a myopia eye is at 40 cm. For removing this defect,
the power of lens required will be [MP PMT 1987]
(a) 40D b) —4 D
() -25D (d) 025D
18. A man suffering from myopia can read a book placed at 10 cm

distance. For reading the book at a distance of 60 cm with relaxed
vision, focal length of the lens required will be

[MP PMT 1989)]
(@) 45 cm (b) —20cm



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

() —12cm (d) 30 cm

If the distance of the far point for a myopia patient is doubled, the
focal length of the lens required to cure it will become

(@) Half

(b) Double

(c) The same but a convex lens
(d) The same but a concave lens

A presbyopic patient has near point as 30 cm and far point as 40
cm. The dioptric power for the corrective lens for seeing distant
objects is

(@ 40D (b) 4D

() -25D (d) 025D

An imaginary line joining the optical centre of the eye lens and the
yellow point is called as

(b) Vision axis

(d) Optical axis

(@) Principal axis
(c) Neutral axis

The light when enters the human eye experiences most of the
refraction while passing through

(@) Cornea (b)
(c) Vitrous humour (d)

Aqueous humour
Crystalline lens
The impact of an image on the retina remains for

(@) 0.1 sec (b) 0.5 sec
(c) 10 sec (d) 15 sec

A person is suffering from myopic defect. He is able to see clear
objects placed at 15 cm. What type and of what focal length of lens
he should use to see clearly the object placed 60 crm away

(@) Concave lens of 20 cm focal length

(b) Convex lens of 20 cm focal length

(c) Concave lens of 12 cm focal length

(d) Convex lens of 12 cm focal length

The sensation of vision in the retina is carried to the brain by

(@) Ciliary muscles (b) Blind spot
(c¢) Cylindrical lens (d) Optic nerve

When the power of eye lens increases, the defect of vision is

produced. The defect is known as
(@) Shortsightedness (b) Longsightedness
() Colourblindness (d) None of the above

A man is suffering from colour blindness for green colour. To

remove this defect, he should use goggles of
(b) Red colour glasses
(d) None of the above

(a) Green colour glasses
() Smoky colour glasses
In human eye the focussing is done by [CPMT 1983]
(a) To and fro movement of eye lens

(b) To and fro movement of the retina

() Change in the convexity of the lens surface

(d) Change in the refractive index of the eye fluids

A short sighted person can see distinctly only those objects which lie
between 10 c¢m and 100 c¢m from him. The power of the spectacle
lens required to see a distant object is

[MP PET 1992]

(@ +o05D (b) —10D

30.

3L

32.

33.

34.

35.

36.

37.

38.

Ray Optics 1691
(¢ —10D (d) +4.0D

A person can see clearly only upto a distance of 25 cm. He wants to
read a pMBIPETag8bht a distance of 50 cm. What kind of lens does

he require for his spectacles and what must be its power
(b) Convex, +15 D
(d) Convex, + 2.0 D

(@) Concave, —1.0 D
() Concave, — 2.0 D
The human eye has a lens which has a [MP PET 1994]
(@) Soft portion at its centre

(b) Hard surface

(c) Varying refractive index

(d)

A man with defective eyes cannot see distinctly object at the
distance more than 60 cm from his eyes. The power of the lens to

Constant refractive index

be used will be [MP PMT 1994]
(a) +60D (b) —60D
(c) 1.66 D (d) —1
c) -1
1.66

A person's near point is 50 cm and his far point is 3 m. Power of
the lenses he requires for

(i) reading and

(i) for seeing distant stars are
(@) —2Dand 033D (b) 2 Dand -0.33 D
() —2Dand3D (d) 2Dand-3D

A person wears glasses of power — 2.5 D. The defect of the eye and
the far Foint of the Ferson without the glasses are respectively

[MP PMT 1994]

MP PMT 1991
(@) Farsightedness, 40 cm (b) Nearsightedness, 40 cm
(c) Astigmatism, 40 cm (d) Nearsightedness, 250 cm

Myopia is due to [AFMC 1996]
(@) Elongation of eye ball

(b) Trregular change in focal length

(c) Shortening of eye ball

(d) Older age

A person is suffering from the defect astigmatism. Its main reason is

a) Distance of the eye lens from retina is increased

o

(
(b) Distance of the eye lens from retina is decreased
(c) The cornea is not spherical

(d) Power of accommodation of the eye is decreased

A person cannot see objects clearly beyond 2.0 m. The power of lens
required to correct his vision will be

[MP PMT/PET 1998; JIPMER 2000;
KCET 2000; Pb. PET 2001]
(b) —10D
(d) -o5D

(@) +2.0D
() +10D

The resolving limit of healthy eye is about
[MP PET 1999; RPMT 1999; ATIMS 2001]

(a) 1" or [%J (b) 1"

() 1° d ="
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39.

40.

42.

43.

45.

46.

47.

When objects at different distances are seen by the eye, which of the
following remains constant [MP PMT 1999]
(@) The focal length of the eye lens

(b) The object distance from the eye lens

(c) The radii of curvature of the eye lens

(d) The image distance from the eye lens

A person wears glasses of power — 2.0 D. The defect of the eye and
the far point of the person without the glasses will be

(@) Nearsighted, 50 cm (b) Farsighted, 50 cm

(c) Nearsighted, 250 cm (d) Astigmatism, 50 cm

An eye specialist prescribes spectacles having a combination of
convex lens of focal length 40 cm in contact with a concave lens of
focal length 25 cm. The power of this lens combination in diopters
is

[T 1997 Cancelled; DPMT 2000]

(@ +15 (b) -15
() +6.67 (d) -6.67
Match the List / with the List // from the combinations shown
m Presbiopia (A) Sphero-cylindrical lens
am Hypermetropia (B) Convex lens of proper
power may be used close
to the eye
(m)  Astigmatism ©) Concave lens of suitable
focal length

Bifocal lens of suitable focal
length

(V) Myopia (D)
(@) 1-A; I-C; TI-B; IV-D (b) 1-B; I1-D; T-C; IV-A
(c) 1-D; 11-B; T-A; IV-C (d) 1-D; I-A; IC; IV-B
Near and far points of a human eye are

[EAMCET (Med.) 1995; MP PET 2001; BCECE 2004]

(@) o0and25cm (b) 0and ©

(¢) 25 cmand 100 cm (d) 25 cmand ©

Two parallel pillars are 1 km away from an observer. The minimum

distance between the pillars so that they can be seen separately will

be [RPET 1997; RPMT 2000]
(@) 32m (b) 208 m

() 9.5 m (d) 183 m

Retina of eye acts like ....... of camera [AFMC 2003]

(@) Shutter (b) Film

(c) Lens (d) None of these

The hyper-metropia is a [CBSE PMT 2000]

(@) Short-side defect (b) Long- side defect
(c) Bad vision due to old age (d)

None of these

Amount of light entering into the camera depends upon
[DCE 2000]
a) Focal length of the objective lens

fon)
=~

Product of focal length and diameter of the objective lens

lg]
~

Distance of the object from camera

—_~ e~ =
[=%
=

Aperture setting of the camera

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

A man cannot see clearly the objects beyond a distance of 20 cm
from his eyes. To see distant objects clearly he must use which kind
of lenses and of what focal length
[MP PMT 2000]
(@) 100 cm convex (b) 100 cm concave
(c) 20 cm convex (d) 20 cm concave
A person uses spectacles of power +2D. He is suffering from
[MP PMT 1999] [MP PET 2000]

a) Short sightedness or myopia

(
(b) Long sightedness or hypermetropia
(c) Presbyopia
(d) Astigmatism
To remove myopia (short sightedness) a lens of power 0.66 D is
required. The distant point of the eye is approximately

[MP PMT 2001]
(@) 100 cm (b) 150 cm
() 50 cm (d) 25 cm
A pers¢isMublesibgd fioma) 'presbyopia’ (myopia and hyper metropia
both defects) should use [MP PET 2001]
(@) A concave lens

(

b)
(c) A bifocal lens whose lower portion is convex
d)

(

A person who can see things most clearly at a distance of 10 cm.

A convex lens

A bifocal lens whose upper portion is convex

Requires spectacles to enable to him to see clearly things at a
distance of 30 cm. What should be the focal length of the spectacles

[BHU 2003; CPMT 2004; PM PMT 2005]

(@) 15 cm (Concave) (b) 15 cm (Convex)

() 10 cm d) o

Far points of myopic eye is 250 cm, then the focal length of the lens
to be used will be [DPMT 2002]
(@) - 250 cm (b) - 250/9 cm

() +250 cm (d) +250/9 cm

A man can see clearly up to 3 metres. Prescribe a lens for his
spectacles so that he can see clearly up to 12 metres

[DPMT 2002]
(@ -3/4D (b) 3D
() -14D (d -4D
A satisfactory photographic print is obtained when the exposure
time is 10 sec at a distance of 2 m from a 60 cd lamp. The time of

exposure required for the same quality print at a distance of 4 m
from a 120 cd lamp is

[Kerala PMT 2002]
(@) 5 sec
(€) 15 sec

(b) 10 sec
(d) 20 sec

A person can not see the objects clearly placed at a distance more
than 40 cm. He is advised to use a lens of power

[DCE 2002; MP PMT 2002, 03]

(@ -25D (b) +2.5D
() -625D (d) +1.5D
A person uses a lens of power + 3D to normalise vision. Near point
of hypermetropic eye is [CPMT 2002]
(@ 1m (b) 1.66 m
() 2m (d) 0.66 m
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65.

A defective eye cannot see close objects clearly because their image
is formed [MP PET 2003]
(@) On the eye lens

(b) Between eye lens and retina

(c) On the retina

(d) Beyond retina

Image formed on retina of eye is proportional to
[RPMT 2001]
(@) Size of object
Size of object
©) Size of image

(b) Area of object

sizeof image

sizeof object
A student can distinctly see the object upto a distance 15 cm. He
wants to see the black board at a distance of 3 m. Focal length and

power of lens used respectively will be
[Pb. PMT 2003]

(@ —4.8cm,-3.3D (b) —5.8cm,-4.3D
(¢ —7.5cm,-6.3D (d) —-15.8cm,-6.3D
A camera objective has an aperture diameter d. If the aperture is

reduced to diameter d/2, the exposure time under identical

conditions of light should be made
[Kerala PMT 2004]

(@) V2 fold (b) 2 fold
(© 22 fold (d) 4 fold

The light gathering power of a camera lens depends on
[DCE 2003]
a) lts diameter only
b) Ratio of focal length and diameter
c) Product of focal length and diameter

(
(
(
(d) Wavelength of light used

The exposure time of a camera lens at the ﬁ setting is

200
. f
second. The correct time of exposure at 56 is
[DCE 2003]
(@) 0.4 sec (b) 0.02 sec
(c¢) 0.002 sec (d) 0.04 sec

Ability of the eye to see objects at all distances is called

[AFMC 2005]
(a) Binocular vision (b) Myopia
() Hypermetropia (d) Accommodation

[KCET 2005]

> <§@

g}

2 T
=

= Vv

—

3 —
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1dentify the wrong description of the above figures
(@) 1represents far-sightedness

(b) 2 correction for short sightedness

(c) 3 represents far sightedness
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(d) 4 correction for far-sightedness

Microscope and Telescope

The focal lengths of the objective and eye-lens of a microscope are 1
cm and 5 cm respectively. If the magnifying power for the relaxed
eye is 45, then the length of the tube is

(a) 30 cm (b) 25 cm

() 15 cm (d) 12 em

In a compound microscope magnification will be large, if the focal
length of the eye piece is [CPMT 1984]

(b) Smaller

(d) Less than that of objective

(@) Large
(c) Equal to that of objective

The focal length of the objective lens of a compound microscope is [CPMT 198

(@) Equal to the focal length of its eye piece

(b) Less than the focal length of eye piece

(c) Greater than the focal length of eye piece

(d) Any of the above three

Microscope is an optical instrument which

(@) Enlarges the object

(b) Increases the visual angle formed by the object at the eye
(c) Decreases the visual angle formed by the object at the eye
(d) Brings the object nearer

Magnifying power of a simple microscope is (when final image is
formed at D = 25 cm from eye)

[MP PET 1996; BVP 2003]

D D

@ T (b) 1+T
f D

€ 1+35 @ 1-—

If in compound microscope m and m be the linear magnification of
the objective lens and eye lens respectively, then magnifying power
of the compound microscope will be

[CPMT 1985; KCET 1994]

(@ m; —m, (b) ymy+m,
() (Mg +my)/2 (d) myxm,

For which of the following colour, the magnifying power of a
microscope will be maximum
(@) White colour (b) Red colour

(¢) Violet colour (d) Yellow colour

The length of the compound microscope is 14 cm. The magnifying
power for relaxed eye is 25. If the focal length of eye lens is 5 cm,
then the object distance for objective lens will be

(@) 1.8 cm (b) 1.5 cm

() 21em (d) 2.4 cm

If the focal length of objective and eye lens are 1.2 cm and 3 cm
respectively and the object is put 1.25 cm away from the objective
lens and the final image is formed at infinity. The magnifying power
of the microscope is
(a) 150
() 250

The focal length of objective and eye lens of a microscope are 4 cm

(b) 200
(d) 400

and 8 cm respectively. If the least distance of distinct vision is 24 cm
and object distance is 4.5 cm from the objective lens, then the
magnifying power of the microscope will be
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20.

21.

(a) 18 (b) 32
() 64 (d) 20
When the length of a microscope tube increases, its magnifying
power [MNR 1986]

(@) Decreases (b) Increases

() Does not change (d) May decrease or increase

In a compound microscope, if the objective produces an image 7and
the eye piece produces an image /, then

[MP PET 1990]
(@) 7is virtual but / is real
(b) 7is real but / is virtual
(c) 7and 7 are both real
(d) 7and 7 are both virtual

The magnifying power of a simple microscope can be increased, if
we use eye-piece of [MP PMT 1986]

(b) Smaller focal length

(d) Smaller diameter

(@) Higher focal length
(c) Higher diameter
An electron microscope is superior to an optical microscope in
(a) Having better resolving power

(b) Being easy to handle

(¢) Low cost

(d) Quickness of observation

The magnifying power of a microscope with an objective of 5 mm
focal length is 400. The length of its tube is 20 cm. Then the focal

length of the eye-piece is [MP PMT 1991]
(@) 200 cm (b) 160 cm
(¢) 2.5cm (d) o0acm

The maximum magnification that can be obtained with a convex lens
of focal length 2.5 cm is (the least distance of distinct vision is 25

cm) [MP PET 2003]
(@ 10 (b) o1
() 625 d) n

When the object is self-luminous, the resolving power of a
microscope is given by the expression

2using sin@
@) £psSIng b L7
1.22 4 A
2uc0s0 2u
nladbdl d) =£
© 222 @

The power of two convex lenses A and B are 8 diopters and 4
diopters respectively. If they are to be used as a simple microscope,
the magnification of

(@) Bwill be greater than A

(b) A will be greater than B

() The information is incomplete

(d) None of the above

Finger prints are observed by the use of

(@) Telescope (b) Microscope
(d) Concave lens

(c) Gallilean telescope

To produce magnified erect image of a far object, we will be

required along with a convex lens, is  [MNR 1983]

(a) Another convex lens (b) Concave lens

(c) A plane mirror (d) A concave mirror

In order to increase the magnifying power of a compound

microscope [JIPMER 1986; MP PMT 1997]

22.

23.

24.

25.

26.

27.

29.

(@) The focal lengths of the objective and the eye piece should be
small

(b) Objective should have small focal length and the eye piece large

(c) Both should have large focal lengths

(d) The objective should have large focal length and eye piece
should have small

If the focal length of the objective lens is increased then

[MP PMT 1994]

(@) Magnifying power of microscope will increase but that of
telescope will decrease

(b) Magnifying power of microscope and telescope both will

increase

(c) Magnifying power of microscope and telescope both will
decrease

(d) Magnifying power of microscope will decrease but that of
telescope will increase

The magnification produced by the objective lens and the eye lens of
a compound micrlfsB8Fe 1984125 and 6 respectively. The magnifying
power of this microscope is

[Manipal MEE 1995; DPMT 2002]
(b) 31

) 150

The focal lengths of the objective and the eye-piece of a compound
microscope are 2.0 cm and 3.0 cm respectively. The distance
between the objective and the eye-piece is 15.0 cm. The final image
formed by the eye-piece is at infinity. The two lenses are thin. The
distances in cm of the object and the image produced by the
objective measured from the objective lens are respectively [IIT 1995]

@ 19

(¢) 150

(@) 2.4 and12.0 (b) 2.4 and 15.0
(¢) 2.3 and12.0 (d) 2.3 and 3.0
Resolving power of a microscope depends upon

[MP PET 1995]
a
b
c
d

The objective lens of a

=

The focal length and aperture of the eye lens

=

The focal lengths of the objective and the eye lens

The apertures of the objective and the eye lens

ﬁﬁﬁﬁ
= O

The wavelength of light illuminating the object

compound microscope produces
magnification of 10. In order to get an overall magnification of 100
when image is formed at 25 cm from the eye, the focal length of the

eye lens should be

(@ 4 cm (b) 10 cm
25
() Y cm (d) 9cm

A person using a lens as a simple microscope sees an
(@) Inverted virtual image
(b) Inverted real magnified image
(c) Upright virtual image
(d) Upright real magnified image
Least distance of distinct vision is 25 cm. Magnifying power of
simple microscope of focal length 5 cm is
[EAMCET (Engg.) 1995; Pb. PMT 1999]
@ 1/s (b) 5
() 1/6 (d) 6

The objective of a compound microscope is essentially



30.

31

32.

33.

35.

36.

37.

[SCRA 1998]
(@) A concave lens of small focal length and small aperture
(b) Convex lens of small focal length and large aperture
() Convex lens of large focal length and large aperture
(d) Convex lens of small focal length and small aperture
Resolving power of a microscope depends upon
[DCE 1999]
(@) Wavelength of light used, directly
(b) Wavelength of light used, inversely
(c) Frequency of light used
(d) Focal length of objective
In a compound microscope cross-wires are fixed at the point
[EAMCET (Engg.) 2000]
(@) Where the image is formed by the objective
(b) Where the image is formed by the eye-piece
(c) Where the focal point of the objective lies
(d) Where the focal point of the eye-piece lies

In a compound microscope, the focal lengths of two lenses are 1.5
cm and 6.25 cm an object is placed at 2 cm form objective and the
final image is formed at 25 cm from eye lens. The distance between
the two lenses is

[EAMCET (Med.) 2000]
(b) 7.75 cm
(d) 1m.0o cm

(@) 6.00 cm
(¢) 9.25 cm

The length of the tube of a microscope is 10 cm. The focal lengths of
the objective and eye lenses are 0.5 cm and 1.0 cm. The magnifying
power of the microscope is about

[MP PMT 2000]

(@ 5 (b) 23
() 166 (d) 500
In a compound microscope, the intermediate image is

[NT-JEE (Screening) 2000; MP PET 2005)]
(@) Virtual, erect and magnified
(b) Real, erect and magnified
(¢) Real, inverted and magnified
(d) Virtual, erect and reduced

The magnifying power of a compound microscope increases when

(@) The focal length of objective lens is increased and that of eye
lens is decreased

(b) The focal length of eye lens is increased and that of objective
lens is decreased

(c) Focal lengths of both objective and eye-piece are increased
(d) Focal lengths of both objective and eye-piece are decreased

If the red light is replaced by blue light illuminating the object in a

microscope the resolving power of the microscope
(a) Decreases (b) Increases
(¢) Gets halved (d) Remains unchanged

The magnifying power of a simple microscope is 6. The focal length
of its lens in metres will be, if least distance of distinct vision is

25CM [MP PMT 2001]
(a) o0.05 (b) o0.06
() o0.25 (d) o0.a2

38.

39.

40.

42.

43.

44.

45.

46.
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Two points separated by a distance of 0.1 mm can just be resolved

in a microscope when a light of wavelength 6000 A is used. If the

light of wavelength 4800A is used this limit of resolution becomes
(a) 0.08 mm (b) 010 mm
() 042 mm (d) 0.06 mm

A compound microscope has two lenses. The magnifying power of
one is 5 and the combined magnifying power is 100. The magnifying
power of the other lens is

[Kerala PMT 2002]
(@) 10 (b) 20
() 50 (d) 25

The angular magnification of a simple microscope can be increased
by increasing [Orissa JEE 2002]

(b) Size of object
(d) Power of lens

(@) Focal length of lens
(c) Aperture of lens
Wavelength of light used in an optical instrument are 4, = 4000 A
and A, =5000A, then ratio of their respective resolving power
(corresponding to A, and A,)is

[AIEEE 2002]
(@) 16:25 (b) 9:1
(c) 4:5 (d) 5:4
The separation between two microscopic particles is measured P,

and Pg by two different lights of wavelength 2000 A and 3000 A
[AIEEE 2002]

P, <Pg

respectively, then
@ Pa>Pg (b)

() P, <3/2Pg (d) P, =Pg

The image formed by an objective of a compound microscope is

(b) Virtual and diminished
(d) Real and enlarged

(@) Virtual and enlarged
() Real and diminished

An achromatic telescope objective is to be made by combining the
lenses of flint and crown glasses. This proper choice is

(@) Convergent of crown and divergent of flint
(b) Divergent of crown and convergent of flint
(c) BIMPARET2900]

@

If Fand F are the focal length of the objective and eye-piece
respectively of a telescope, then its magnifying power will be [CPMT 1977, 82, 9’

Both convergent

SCRA 1994; KCET 1999; Pb. PMT 2000; BHU 2001;
DCE 2002; RPMT 2003; BCECE 2003, 04]
@ F+FK b) K xFK

[DCE 2001]

) F /Fe (d) %(Fo + Fe)

The magnifying power of a telescope can be increased by
[CPMT 1979]
a) Increasing focal length of the system
b) Fitting eye piece of high power
Fitting eye piece of low power

Increasing the distance of objects
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47.

48.

49.

50.

51

52.

53.

54.

55.

A simple telescope, consisting of an objective of focal length 60 cm
and a single eye lens of focal length 5 cm is focussed on a distant
object is such a way that parallel rays comes out from the eye lens.
If the object subtends an angle 2 at the objective, the angular width

of the image
[CPMT 1979; NCERT 1980;
MP PET 1992; JIPMER 1997; UPSEAT 2001]
(a) 10 (b) 24
() 50 d) ve

The diameter of the objective of the telescope is 0.1 metre and
wavelength of light is 6000 A. lts resolving power would be
approximately [MP PET 1997]

() 7.32x107°rad (b) 1.36x10°rad
(¢) 7.32x10°rad (d) 1.36x10°rad

A photograph of the moon was taken with telescope. Later on, it
was found that a housefly was sitting on the objective lens of the
telescope. In photograph

[NCERT 1970; MP PET 1999]
a) The image of housefly will be reduced
b

c) There is an increase in the intensity of the image

=

(
(b) There is a reduction in the intensity of the image
(
(d) The image of the housefly will be enlarged
For a telescope to have large resolving power the
[CPMT 1980, 81, 85; MP PET 1994;
DCE 2001; AFMC 2005]
) Focal length of its objective should be large
b

a
c) Focal length of its eye piece should be small

=

(
(b) Focal length of its eye piece should be large
(
(d) Aperture of its objective should be large
An observer looks at a tree of height 15 m with a telescope of
magnifying power 10. To him, the tree appears

[CPMT 1975]
(@) 10 times taller (b) 15 times taller
(c) 10 times nearer (d) 15 times nearer
The focal length of objective and eye lens of a astronomical telescope
are respectively 2 m and 5 cm. Final image is formed at (i) least
distance of distinct vision (ii) infinity. The magnifying power in both

cases will be [MP PMT/PET 1988]
(a) —48,-40 (b) - 40, -48
() —40,48 (d) -4840

For observing a cricket match, a binocular is preferred to a
terrestrial telescope because

(a) The binocular gives the proper three dimensional view
(b) The binocular has shorter length

(c) The telescope does not give erect image

(d) Telescope have chromatic aberrations

To increase the magnifying power of telescope (f = focal length of
the objective and #'= focal length of the eye lens)

[MP PET/PMT 1988; MP PMT 1992, 94]
a) fshould be large and #'should be small
b) #should be small and #should be large
c) fand fboth should be large
d) Fand fboth should be small

Relative difference of focal lengths of objective and eye lens in the

=

(
(
(
(

microscope and telescope is given as

56.

57.

58.

59.

60.

61

62.

63.

64.

[MH CET 2001]
(@) 1Itis equal in both (b) 1t is more in telescope
(c) 1tis more in microscope (d) It may be more in any one
If the telescope is reversed i.e. seen from the objective side
(@) Object will appear very small
(b) Object will appear very large
(c) There will be no effect on the image formed by the telescope
(d) 1mage will be slightly greater than the earlier one

The focal length of the objective of a terrestrial telescope is 80 cm
and it is adjusted for parallel rays, then its magnifying power is 20.
If the focal length of erecting lens is 20 cm, then full length of
telescope will be

(@) 84 cm (b)
(c) 124 cm (d)

100 cm
164 cm

telescope has an angular magnification of
magnitude 5 for distant objects. The separation between the
objective and the eye piece is 36 c¢m and the final image is formed
at infinity. The focal length £ of the objective and the focal length 7
of the eye piece are

An  astronomical

[T 1989; MP PET 1995; JIPMER 2000]
a
b
C

d

In an astronomical telescope, the focal lengths of two lenses are 180
cm and 6 cm respectively. In normal adjustment, the magnifying
power will be [MP PET 1990]

(@) 1080 (b) 200

(¢) 30 (d) 186

The magnifying power of an astronomical telescope for relaxed
vision is 16. On adjusting, the distance between the objective and eye
lens is 34 cm. Then the focal length of objective and eye lens will be
respectively [MP PMT 1989]

(@ 17 em 17 cm (b)

Na?

f=45 cmand f=-9 cm

=

f=72cmand =5 cm
f=50 cmand £=10 cm

ﬁﬁﬁﬁ
=

=30 cmand =6 cm

20 cm, 14 cm
() 32cm2cm (d) 30 cm 4 cm

In Gallilean telescope, if the powers of an objective and eye lens are
respectively +1.25 D and — 20 D, then for relaxed vision, the length
and magnification will be

(@) 2125 cmand 16 (b)
(¢) 75 cmand 16 (d)

75 cm and 20
8.5 cmand 21.25
The aperture of a telescope is made large, because

[DPMT 1999]
a) To increase the intensity of image
b) To decrease the intensity of image
9
)
In Gallilean telescope, the final image formed is
(@)
(b)

(c) Real, inverted and enlarged

To have greater magnification

(
(
(
(d) To have lesser resolution

Real, erect and enlarged

Virtual, erect and enlarged

(d) Virtual, inverted and enlarged

The magnifying power of a telescope is 9. When it is adjusted for
parallel rays, the distance between the objective and the eye-piece is
found to be 20 cm. The focal length of the two lenses are

(b) NMem, 9 cm

(@) 18 cm 2cm



65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

() 10 cm, 10 ecm (d) 15 cm 5 cm

The focal length of the objective and eye piece of a telescope are
respectively 60 cm and 10 cm. The magnitude of the magnifying
power when the image is formed at infinity is

(a) 50 (b) 6
(e) 70 d) s
The magnifying power of an astronomical telescope is 8 and the

distance between the two lenses is 54 cm. The focal length of eye
lens and objective lens will be respectively

[MP PMT 1991; CPMT 1991; Pb. PMT 2001]
(b) 48 cmand 6 cm
(d) 64 cmand 8 cm

(@) 6 cmand 48 cm
(c) 8 cmand 64 cm

An opera glass (Gallilean telescope) measures 9 cm from the
objective to the eyepiece. The focal length of the objective is 15 cm.

Its magnifying power is [DPMT 1988]
(@ 25 (b) 2/5
(¢) 5/3 (d) o4

When a telescope is adjusted for parallel light, the distance of the
objective from the eye piece is found to be 80 cm. The magnifying

power of the telescope is 19. The focal lengths of the lenses are

[MP PMT 1992; Very similar to DPMT 2004
(@) 61 cm, 19 cm (b) 40 cm, 40 cm
() 76 cm, 4 cm (d) 50 cm, 30 cm
A reflecting telescope utilizes [CPMT 1983]
(@) A concave mirror (b) A convex mirror
(¢) A prism (d) A plano-convex lens
The aperture of the objective lens of a telescope is made large so as
to [AIEEE 2003; KCET 2003]
(@) Increase the magnifying power of the telescope
(b) Increase the resolving power of the telescope
(¢) Make image aberration less
(d) Focus on distant objects

On which of the following does the magnifying power of a telescope
depends [MP PET 1992]
(@) The focal length of the objective only
(b) The diameter of aperture of the objective only
(c¢) The focal length of the objective and that of the eye piece
(d) The diameter of aperture of the objective and that of the eye
piece

Large aperture of telescope are used for

[CPMT 1981; MP PMT 1995; AFMC 2000]
(a) Large image (b) Greater resolution
() Reducing lens aberration (d) Ease of manufacture
Two convex lenses of focal lengths 0.3 m and 0.05 m are used to
make a telescope. The distance kept between the two is
(@) 035 m

() 0475 m

(b) 0.25 m
(d) o015 m

The diameter of the objective lens of a telescope is 5.0 m and
wavelength of light is 6000 A. The limit of resolution of this

telescope will be [MP PMT 1994]
(a) 0.03 sec (b) 3.03 sec
(c) 0.06 sec (d) 0.5 sec

All of the following statements are correct except

[Manipal MEE 1995]

76.

77.

78.

79.

80.

81.

82.
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(@) The total length of an astronomical telescope is the sum of the

focal lengths of its two lenses

(b) The image formed by the astronomical telescope is always erect
belMRBETHO9Tect of the combination of the two lenses is
divergent

(c) The magnification of an astronomical telescope can be increased
by decreasing the focal length of the eye-piece

(d) The magnifying power of the refracting type of astronomical
telescope is the ratio of the focal length of the objective to that
of the eye-piece

A terrestrial telescope is made by introducing an erecting lens of
focal length £ between the objective and eye piece lenses of an
astronomical telescope. This causes the length of the telescope tube
to increase by an amount equal to

[KCEE 1996]
(@ F (b) 2f
(c) 3F (d) 4f
The length of an astronomical telescope for normal vision (relaxed
eye) (= focal length of objective lens and f = focal length of eye

lens) is
[EAMCET (Med.) 1995; CPMT 1999; BVP 2003]
@ fxt O
fe
(@ f+f @ f-f

A Gallilean telescope has objective and eye-piece of focal lengths 200
cm and 2 cm respectively. The magnifying power of the telescope
for normal vision is

[MP PMT 1996]
(@) 90 (b) 100
(c) 108 (d) 198

In an astronomical telescope, the focal length of the objective lens is
100 cm and of eye-piece is 2 cm. The magnifying power of the
telescope for the normal eye is

[MP PET 1997]
(@) 50 (b) 10
1
c d) —
(c) 100 C) =0

When diameter of the aperture of the objective of an astronomical
telescope is increased, its [MP PMT 1997]

(@) Magnifying power is increased and resolving power is
decreased

(b) Magnifying power and resolving power both are increased

(¢) Magnifying power remains the same but resolving power is

inGEfREEb o]

(d) Magnifying power and resolving power both are decreased

The focal lengths of the objective and eye lenses of a telescope are
respectively 200 cm and 5 cm. The maximum magnifying power of
the telescope will be

[MP PMT/PET 1998; JIPMER 2001, 02]
(b) -48
(d) -100

(a) —40
() —60

The minimum magnifying power of a telescope is M, 1f the focal
length of its eye lens is halved, the magnifying power will become

(@) M/2 (b) 2M
(c) 3M (d) am
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83.

84.

85.

86.

87.

88.

89.

90.

9

92,

The astronomical telescope consists of objective and eye-piece. The
focal length of the objective is

[A1IMS 1998; BHU 2000]

a

b

~

Equal to that of the eye-piece

=

Greater than that of the eye-piece

c) Shorter than that of the eye-piece

(
(
(
(d) Five times shorter than that of the eye-piece

Four convergent lenses have focal lengths 100 cm, 10 cm, 4 cm and
0.3 cm. For a telescope with maximum possible magnification, we

choose the lenses of focal length

[KCET 1994]
(@) 100 cm, 0.3 cm (b) 10 cm, 0.3 cm
() 10 cm 4 cm (d) 100 cm, 4 cm

The focal length of objective and eye-piece of a telescope are 100 cm
and 5 cm respectively. Final image is formed at least distance of
distinct vision. The magnification of telescope is

(@) 20 (b) 24
(¢) 30 (d) 36
A planet is observed by an astronomical refracting telescope having

an objective of focal length 16 m and an eye-piece of focal length 2
cm  [ITJEE 1992; Roorkee 2000]

(@) The distance between the objective and the eye-piece is 16.02 m
(b) The angular magnification of the planet is 800

(c) The image of the planet is inverted

(d) The objective is larger than the eye-piece

If tube length of astronomical telescope is 105 cm and magnifying
power is 20 for normal setting, calculate the focal length of objective

(@) 100 cm (b) 10 cm
(¢) 20cm (d) 25cm
The length of a telescope is 36 cm. The focal lengths of its lenses
can be [Bihar MEE 1995]

(@) 30 cm, 6 cm (b) —30 cm, —6cm

(¢) 30 cm, —6cm (d) —30cm 6cm

An astronomical telescope of ten-fold angular magnification has a
length of 44 cm. The focal length of the objective is

[CBSE PMT 1997]
(@ 4 cm (b) 40 cm
() 44 cm (d) 440 cm

If both the object and image are at infinite distances form a
refracting telescope its magnifying power will be equal to

[AMU (Engg.) 1999]

(@) The sum of the focal lengths of the objective and the eyepiece
(b) The difference of the focal lengths of the two lenses
(c) The ratio of the focal length of the objective and eyepiece
(d) The ratio of the focal length of the eyepiece and objective
The number of lenses in a terrestrial telescope is

[KCET 1999; MH CET 2003]
(b) Three
(d) Six

The focal lengths of the lenses of an astronomical telescope are 50

(@) Two
(¢) Four

cm and 5 cm. The length of the telescope when the image is formed
at the least distance of distinct vision is

[EAMCET (Engg.) 2000]

93.

94.

95.

96.

97.

98.

99.

100.

101.

(@) 45cm (b) 55cm
275 325
——cm d) ——cm

(© 5 () 5

The focal lengths of the objective and eye-piece of a telescope are
respectively 100 cm and 2 cm. The moon subtends an angle of

0.5° at the eye. If it is looked through the telescope, the angle
subtended by the moon's image will be

(@) 100° (b) 50°

(c) 25° (d) 10°

The diameter of the objective of a telescope is a, its magnifying
power is m and wavelength of light is A. The resolving power of the
[MP PMT 2000]

(1.22a)/ A

telescope is

@) (L.222)/a (b)
() AR 224 %)

The sun's diameter is 1.4 x10°m and its distance from the earth

al(l.222)

is 10 m. The diameter of its image, formed by a convex lens of
focal length 2m will be [MP PET 2000]

(@) 0.7 cm
() 28cm

(b) 14 cm
(d) Zero (ie point image)
In a terrestrial telescope, the focal length of objective is 90 cm, of
inverting lens is 5CM and of eye lens is 6 CM. If the final image is at
30 cm, then the magnification will be
[DPMT 2001]

(@ = (b) 12
© 18[AFMC 1994] d 15
The resolving power of a telescope depends on

[MP PET 2000, 01; DCE 2003]
(@) Focal length of eye lens
(b) Focal length of objective lens
(c) Length of the telescope
(d) Diameter of the objective lens

+150cm and + 250
cm are available for making an astronomical telescope. To produce

Four lenses of focal length + 15 c¢m, + 20cm,

the largest magnification, the focal length of the eye-piece should be

[CPMT 2001; AIMS 2001]
(@ +15cm (b)
() +150 cm (d)

+20 cm
+ 250 cm
In an astronomical telescope, the focal length of objective lens and

eye-piece are 150 cm and 6 cm respectively. In case when final image
is formed at least distance of distinct vision. the magnifying power is

[KCET 2001]
(a) 20 (b) 30
(c) 60 d 15

In a laboratory four convex lenses L;,L,,L; and L, of focal

lengths 2, 4, 6 and 8 cm respectively are available. Two of these
lenses form a telescope of length 10 cm and magnifying power 4.
The objective and eye lenses are

[MP PMT 2001]
@ LaLs (b)

(c) L31 L, (d)

A telescope has an objective of focal length 50 c¢rm and an eye piece

L,,L,
L,, L,

of focal length 5 cm. The least distance of distinct vision is 25 cm.



102.

103.
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109.

The telescope is focussed for distinct vision on a scale 200 crm7 away.
The separation between the objective and the eye-piece is
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() Much greater than f, or f
[Kerala PET 2002]

@ 75 cm (b) 60 cm (d) Much less than f, or f,
(g mecm (d) 74 cm (e) Need not depend either value of focal lengths
The resolving power of a telesﬂc.ope whose lens has a diameter of 1.22 10.  For a compound microscope, the focal lengths of object lens and eye
m for a wavelength of 5000 A'is lens are f and f, respectively, then magnification will be done by
[Kerala PMT 2002] .
microscope when [RPMT 2001]
@ 2x10° (b) 2x10°
@ f=f b) f,>f
2 4
() 2x10 (d) 2x10
To increase both the resolving power and magnifying power of a © f<f (d) None of these
telescope [Kerala PET 2002; KCET 2002]
1. The angular resolution of a 10 cm diameter telescope at a
(@) Both the focal length and aperture of the objective has to be wavelength of 5000 A is of the order [CBSE PMT 2005]
increased
6 -2
(b) The focal length of the objective has to be increased (@) 10°rad (b) 10~rad
(c) The aperture of the objective has to be increased (c) 10~*rad (d) 10"°rad
d) Th length of light has to be d d
S ¢ wavelength of Tight hias fo be decrease 2.  The resolving power of an astronomical telescope is 0.2 seconds. If
A Galileo telescope has an objective of focal length 100cm and the central half portion of the objective lens is covered, the resolving
magnifying power 50. The distance between the two lenses in power will be [MP PMT 2004]
normal adjustment will be
(@) 0. sec (b) 0.2 sec
[BHU 2002; Pb. PET 2002]
(@) 96 em (b) 98 em (c) 1.0 sec (d) 0.6 sec
() 102 em d) 104 cm N3.  An astronomical telescope has objective and eye-piece lens of powers
0.5 D and 20 D respectively, its magnifying power will be
An astronomical telescope has a magnifying power 10. The focal
length of eyepiece is 20 crm. The focal length of objective is [MP PMT 2002, 03; Pb. HBT' 26b4] (b) 20
@) 2cm (b) 200 cm () 30 (d) 40
1 ) . _— . .
© Secm (d S c n4. Which of the following is not correct regarding the radio telescope
2 00 (@) 1t can not work at night
A tel f diameter 2 light of length 5000 A fi
| felescope of rhameter 2m uses NgNT of wavelEng > o (b) Tt can detect a very faint radio signal
viewing stars. The minimum angular separation between two stars
whose image is just resolved by this telescope is (¢) Tt can be operated even in cloudy weather
[MP PET 2003] (d) 1tis much cheaper than optical telescope
-4 -6
(@ 4x107" rad (b) 0.25x10 Nn5.  The diameter of objective of a telescope is 1m. Its resolving limit for
© 0.31x10° rad d 5.0 %1072 rad the light of wave length 4538 A, will be
A simple magnifying lens is used in such a way that an image is [Pb. PET 2003]
f'orme.d at. 25 cm away from the eye. In order to have 10 times (@) d (b) 25410 rad
magnification, the focal length of the lens should be [MP PET 1990?
(@ 5cm (b) 2 cm () 6.54x10" "rad (d) None of these
(c) 25 mm (d) o1 mm 16. A telescope has an objective lens of focal length 200 cm and an eye
In a simple microscope, if the final image is located at infinity then piece with focal length 2 cm. If this telescope is used to see a 50
its magnifying power is [MP PMT 2004] meter tall building at a distance of 2 Am, what is the height of the
25 b image of the building formed by the objective lens
@) 5 (b) 26 (@) 5cm (b) 10 cm
() 1em (d) 2cm
f g f
(<) 25 @ D+1 7.  Magnification of a compound microscope is 30. Focal length of eye-
piece is 5 cm and the image is formed at a distance of distinct vision
In a compound microscope the objective of f, and eyepiece of f, of 25 cm. The magnification of the objective lens is
are placed at distance L such that L equals (@) 6 ®) s
[Kerala PMT 2004] (c) 75 (d) 10
(@ f, +f, n8. At Kavalur in India, the astronomers using a telescope whose
g P
objective had a diameter of one meter started using a telescope of
b fo—f diameter 2.54 m. This resulted in [KCET 2005]
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(@) The increase in the resolving power by 2.54 times for the same

A
(b) The increase in the limiting angle by 2.54 times for the same A
(c) Decrease in resolving power
(d) No effect on the limiting angle

A Galileo telescope has an objective of focal length 100 cm and
magnifying power 50. The distance between the two lenses in

normal adjustment will be [BCECE 2005]

(@) 98 cm (b) 100 cm

() 150 cm (d) 200 cm

A compound microscope has an eye piece of focal length 10 crm and
an objective of focal length 4 cm. Calculate the magnification, if an
object is kept at a distance of 5 cm from the objective so that final
image is formed at the least distance vision (20 cm)

(@) 12 (b) m
(c) 10 d) 13
Photometry

If luminous efficiency of a lamp is 2 lumen/watt and its luminous
intensity is 42 candela, then power of the lamp is

[AFMC 1998]
@) 62 W b) 76 W
() 138 W (d) 264 W
An electric bulb illuminates a plane surface. The intensity of
illumination on the surface at a point 2m away from the bulb is

5x107* phot (Jumen/cr). The line joining the bulb to the point
makes an angle of 60 with the normal to the surface. The intensity
of the bulb in candela is

[IT-JEE 1980; CPMT 1901]
() 40V3
(¢) 20 (d)

(b) 40

40107

In a movie hall, the distance between the projector and the screen is
increased by 1% illumination on the screen is

[CPMT 1990]

(@) Increased by 1% (b) Decreased by 1%

(c) Increased by 2% (d) Decreased by 2%

Correct exposure for a photographic print is 10 seconds at a distance
of one metre from a point source of 20 candela. For an equal
fogging of the print placed at a distance of 2 m from a 16 candela

source, the necessary time for exposure is
(@) 100 sec (b) 25 sec
() 50 sec (d) 75 sec

A bulb of 100 watt is hanging at a height of one meter above the
centre of a circular table of diameter 4 m. If the intensity at a point

on its rim is |y, then the intensity at the centre of the table will be
[CPMT 1996]

@ o ®) 2451,

() 2y

A movie projector forms an image 3.5m long of an object 35 mm.

@ 5451,

Supposing there is negligible absorption of light by aperture then

illuminance on slide and screen will be in the ratio of

(@) 100:1
(c) 1:100

(b) 10°:1

(d) 1:10

A 60 watt bulb is hung over the center of a table 4 m X 4 mat a
height of 3 m. The ratio of the intensities of illumination at a point
on the centre of the edge and on the corner of the table is

(@) (7/13)*" (b) 2/
() 17/13 d) 5/4
"Lux" is a unit of [Kerala PMT 2001]
(@) Luminous intensity of a source

(b) Mluminance on a surface

(c) Transmission coefficient of a surface
(d) Luminous efficiency of source of light

[CPMT 2001]

Total ﬂmﬂnggg,];czeéioay a source of 1 cd'is
1

(a) 1. (b) 8z
1
(©) 47 (d) .

If the luminous intensity of a 100 W unidirectional bulb is 100
candela, then total luminous flux emitted from the bulb is

(@) 861 Jumen (b) 986 Jumen
(c) 1256 lumen (d) 1561 Jumen

The maximum illumination on a screen at a distance of 2 m from a
lamp is 25 /ux. The value of total luminous flux emitted by the lamp

is [JIMPER 1997]
(@) 1256 Jumen (b) 1600 fumen
(c) 100 candela (d) 400 lumen

A small lamp is hung at a height of 8 feet above the centre of a
round table of diameter 16 feet. The ratio of intensities of
illumination at the centre and at points on the circumference of the
table will be [CPMT 1984, 1996]

@@ 1 (b) z:
© 2v2:1 d) 3:2

Lux is equal to [CPMT 1993]
(@) 1 lumen/m (b) 1 Jumen/cm
(¢) 1 candela/m (d) 1 candela/em

Five Jumen/watt is the luminous efficiency of a lamp and its
luminous intensity is 35 candela. The power of the lamp is

[CPMT 1992]
(@ 8o w (b) 176 W
(c) 88 W (d) 36 W
A lamp rated at 100 cd hangs over the middle of a round table with
diameter 3 m at a height of 2 m. It is replaced by a lamp of 25 cd
and the distance to the table is changed so that the illumination at

the centre of the table remains as before. The illumination at edge of
the table becomes X times the original. Then Xis

1 16
(@) 3 (b) >7

1 1
(c) 7 (d) 9

The distance between a point source of light and a screen which is
60 cm is increased to 180 cm. The intensity on the screen as
compared with the original intensity will be

[CPMT 1982] [CPMT 1888]



20.

21.

22.

23.

24.

(@) (1/9) times (b)
(c) 3 times (d) 9 times

A source of light emits a continuous stream of light energy which
falls on a given area. Luminous intensity is defined as

[CPMT 1986]
) Luminous energy emitted by the source per second

b

a
c) Luminous flux falling per unit area of a given surface

=

(
(
(
(

d) Luminous flux coming per unit area of an illuminated surface

Venus looks brighter than other stars because [MNR 1985]

(@) 1t has higher density than other stars

(b) It is closer to the earth than other stars

(c) 1t has no atmosphere 27.

(d) Atomic fission takes place on its surface

To prepare a print the time taken is 5 sec due to lamp of 60 watt at
0.25 m distance. If the distance is increased to 40 cm then what is
the time taken to prepare the similar print

[CPMT 1982]
(@) 3. sec (b) 1 sec
(d) 16 sec

A lamp is hanging 1 m above the centre of a circular table of
diameter 1m. The ratio of illuminaces at the centre and the edge is

(¢) 12.8 sec

28.
3
1 5)2
a) — b) |—
@ 3 (b) ( 4j
4 4
O @ =
3 [ 29.
Two stars situated at distances of 1 and 10 light years respectively
from the earth appear to possess the same brightness. The ratio of
their real brightness is
[NCERT 1981] 30
(@ 1 :10 (b) 10 :1
(¢) 1 :100 (d) 100:1
31
The intensity of direct sunlight on a surface normal to the rays is
lo. What is the intensity of direct sunlight on a surface, whose
normal makes an angle of 60 with the rays of the sun
V3
a) | b) |y —
@ 1 ®) 0[ i J
(© = @ 2l
) =
2 0 32.
Inverse square law for illuminance is valid for [CPMT 1978]
(@) Ilsotropic point source (b) Cylindrical source
(c) Search light (d) All types of sources
1% of light of a source with luminous intensity 50 candel/a is incident
on a circular surface of radius 10 cm. The average illuminance of
surface is 33.
(@) 100 fux (b) 200 Jux
() 300 Jux (d) 400 Jux

(1/ 3) times 25.

Luminous flux emitted by source per unit solid angle 26.

Ray Optics 1701

Two light sources with equal luminous intensity are lying at a
distance of 1.2 m from each other. Where should a screen be placed
between them such that illuminance on one of its faces is four times
that on another face

@ oz2m (b) 0.4 m

() 08 m (d) 1.6 m

Two lamps of luminous intensity of 8 Cd and 32 Cd respectively are
lying at a distance of 1.2 m from each other. Where should a screen
be placed between two lamps such that its two faces are equally
illuminated due to two sources

(a) 10 cm from 8 Cd lamp (b) 10 cm from 32Cd lamp

() 40 cm from 8 Cdlamp (d) 40 cm from 32 Cdlamp

A lamp is hanging along the axis of a circular table of radius r. At
what height should the lamp be placed above the table, so that the

1
illuminance at the edge of the table is ry of that at its center

r r
a) — b)) —
@) > (b) N

r
) —
(c) 3
A poinJr\égE'}Ie]%%zilOO candela is held 5m above a sheet of blotting
paper which reflects 75% of light incident upon it. The illuminance
of blotting paper is
(@) 4 phot (b) 4 fux
(c) 3 phot (d) 3 /Jux
A lamp is hanging at a height 40 cm from the centre of a table. If
its height is increased by 10 cm the illuminance on the table will
decrease by

(@) 10 % (b) 20%

() 27% (d) 36%

Which has more luminous efficiency

(@) A 40 Whbulb (b) A 40 W fluorescent tube
(c) Both have same (d) Cannot say

An electric lamp is fixed at the ceiling of a circular tunnel as shown
is figure. What is the ratio the intensities of light at base A and a
point Bon the wall

(a) 1:[£PMT 1981] :5' Lamp
b) 2:43 Q

o A1 S

@ 1:42

When sunlight falls normally on earth,A a luminous flux of

Tunnel

1.57x10% lumen/m? s produced on earth. The distance of

carth from sun is 1.5x10% Km . The luminous intensity of sun in
candela will be

(@) 3.53x10% (b) 3.53x10%

() 3.53x10% d) 3.53x10%

In the above problem, the luminous flux emitted by sun will be
(@) 4.43x10% Im (b) 4.43x10% Im
() 4.43x10% Im d) 4.43x10% Im
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35.

36.

A screen receives 3 watt of radiant flux of wavelength 6000 A. One

lumen is equivalent to 1.5 x103watt of monochromatic light of
wavelength 5550 A. If relative luminosity for 6000 A is 0.685 while
that for 5550 A is 1.00, then the luminous flux of the source is

@ 4x10%Im (b) 3x10%Im
(©) 2x10%Im (d) 1.37x10%Im

A point source of 3000 /umen is located at the centre of a cube of
side length 2m. The flux through one side is

(@) 500 lumen (b) 600 /umen

(c) 750 lfumen (d) 1500 Jfumen

Light from a point source falls on a small area placed perpendicular
to the incident light. If the area is rotated about the incident light by
an angle of 60, by what fraction will the illuminance change

(@) 1t will be doubled (b) 1t will be halved

(c) 1t will not change (d) Tt will become one-fourth
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38.

39.

40.

A point source of light moves in a straight line parallel to a plane
table. Consider a small portion of the table directly below the line of
movement of the source. The illuminance at this portion varies with

its distance r from the source as

(@) Eo(:i (b) Ec;ci2
r r
1 1

(c) Eacr—3 (d) Ec;cr—4

Figure shows a glowing mercury tube. The illuminances at point A,
Band Care related as

(@) B>C>A LO GJ
(b) A>C>B
(c) B=C>A //\\

d) B=C<A Cce de .

The relative luminosity of wavelength 600 nm is 0.6. Find the
radiant flux of 600 nm needed to produce the same brightness
sensation as produced by 120 W of radiant flux at 555 nm

(a) sow (b) 72w

B

(¢) 120x(0.6)*°W (d) zooW

Find the luminous intensity of the sun if it produces the same
illuminance on the earth as produced by a bulb of 10000 cande/a at
a distance 0.3 m. The distance between the sun and the earth is

1.5%x10"m
(@) 25x10%cd (b) 25x10%cd

(¢) 25x10%cd (d) 25x10%cd

A lamp is hanging at a height of 4m above a table. The lamp is
lowered by 1m. The percentage increase in illuminace will be

(b) 64%
(d) 92%

(@) 40 %

(c) 78%
T Critical Thinking
Objective Questions

A point source of light B is placed at a distance L in front of the
centre of a mirror of width d hung vertically on a wall. A man walks
in front of the mirror along a line parallel to the mirror at a
distance 2L from it as shown. The greatest distance over which he
can see the image of the light source in the mirror is

@) de2 :
0 E
®) d% ‘s
¥ '
(€) 2d le— L —> A
(d) 3d f——— ] —

Two plane mirrors. A and B are aligned parallel to each other, as
shown in the figure. A light ray is incident at an angle of 30° at a
point just inside one end of A. The plane of incidence coincides with
the plane of the figure. The maximum number of times the ray
undergoes reflections (including the first one) before it emerges out
is

[NIT-JEE (Screening) 2002]

[NT-JEE (Screening) 2000]

| 2J3m |

T iy’ B

32 0.2m
30

l Wizl A
A concave mirror of focal length 100CM is used to obtain the

image of the sun which subtends an angle of 30°. The diameter of
the image of the sun will be

(@) 1.74cm (b) 0.87cm
(c) 0.435cm (d) 100cm

A square of side 3CM is placed at a distance of 25CM from a

concave mirror of focal length 10Cm. The centre of the square is at
the axis of the mirror and the plane is normal to the axis. The area
enclosed by the image of the square is

(a) 4cm? (b) 6cm?
(c) 16cm? d) 36cm?

A short linear object of length | lies along the axis of a concave
mirror of focal length £at a distance U from the pole of the mirror.
The size of the image is approximately equal to [IITJEE 1988; BHU 2003; CPMT 2

u —f 1/2 u —f 2

@ '(T] ®) '[TJ
f 1/2 f 2

(©) I[qu] (d) |[quJ

A thin rod of length f/3 lies along the axis of a concave mirror of

focal length f. One end of its magnified image touches an end of

the rod. The length of the image is

[MP PET 1995]
1
@ f (b) Ef
1
(c) 2f (d) "

A ray of light falls on the surface of a spherical glass paper weight
making an angle @ with the normal and is refracted in the medium

at an angle . The angle of deviation of the emergent ray from the
direction of the incident ray

[NCERT 1982]
@ (@-p) b) 2(a-p)
© (@=-p)2 @ B-a

Light enters at an angle of incidence in a transparent rod of

refractive index n. For what value of the refractive index of the

material of the rod the light once entered into it will not leave it

through its lateral face whatsoever be the value of angle of incidence
[CBSE PMT 1998]

@ n>+2 ®) n=1
() n=11 (d n=13

A glass hemisphere of radius 0.04 m and R.L of the material 1.6 is
placed centrally over a cross mark on a paper (i) with the flat face;

(ii) with the curved face in contact with the paper. In each case the



cross mark is viewed directly from above. The position of the images

will be
[1SM Dhanbad 1994]
(@) (i) 0.04 m from the flat face; (i) 0.025 m from the flat face

(b) (i) At the same position of the cross mark; (i) 0.025 m below
the flat face

(c) (i) 0.025 m from the flat face; (ii) 0.04 m from the flat face

(d) For both (i) and (ii) 0.025 m from the highest point of the
hemisphere

One face of a rectangular glass plate 6 cm thick is silvered. An
object held 8 cm in front of the first face, forms an image 12 cm
behind the silvered face. The refractive index of the glass is

(b) 08
d) 16

(@) o4
(c) 12
A rectangular glass slab ABCD, of refractive index n, is immersed in

water of refractive index n (nm>n). A ray of light in incident at the
surface AB of the slab as shown. The maximum value of the angle of
incidence ¢, such that the ray comes out only from the other

surface CDis given by

[NITJEE (Screening) 2000]

""""""""""" i m,

@@ sin™ {n—l cos(sin1 ”_zJ:l (b) sin{n1 cos(sinl iﬂ
N, n N,
© sin‘l[n—l] (@ sin‘l[n—zj
n, Ny

A diverging beam of light from a point source S having divergence

angle a, falls symmetrically on a glass slab as shown. The angles of
incidence of the two extreme rays are equal. If the thickness of the
glass slab is £ and the refractive index n, then the divergence angle

of the emergent beam is
[NT-JEE (Screening) 2000]

(@) Zero

b) «

() sin*(1/n)

d) 2sin?*(1/n) n ¢

A concave mirror is placed at the bottom of an empty tank with face
upwards and axis vertical. When sunlight falls normally on the mirror,
it is focussed at distance of 32 cm from the mirror. If the tank filled

4
with water (,u = Ej upto a height of 20 c¢m, then the sunlight will

now get focussed at

[UPSEAT 2002]
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a) 16 cm above water level

24 cm below water level

(

(b) 9 cm above water level
(c

(

)
d)

9 cm below water level

An air bubble in sphere having 4 cm diameter appears 1 cm from

surface nearest to eye when looked along diameter. If u = 1.5, the

distance of bubble from refracting surface is
[CPMT 2002]

(@) 12 em (b) 32 cm

(c) 2.8cm (d) 1.6 cm

199
height A, placeg as shown in the figure. The beaker height is 3/ and

its radius 5. When the beaker is filled with a liquid up to a height
25, he can see the lower end of the rod. Then the refractive index
of the liquid is

An obs B I005e through a pin—hole the top end of a thin rod of

[NT-JEE (Screening) 2002]

=
]

3171
|

«— 2) —>

(a) 5/2 b) (6/2)

(©) B/2)

A ray of light is incident at the glass—water interface at an angle 7 it
emerges finally parallel to the surface of water, then the value of

(d) 3/2

Hg would be  [UTJEE (Screening) 2003]

a) (4/3) sin 7 :7 ‘Water

(

(b) 1sin i SIS
(
(

c) 4/3
d) 1
A glass prism (1= 15) is dipped in water (1= 4/3) as shown in

figure. A light ray is incident normally on the surface AB. It reaches
the surface BC after totally reflected, if

[NT JEE 1981; MP PMT 1997]
(a) sin@ = 8/9

(b) 2/3<sinf <8/9

() sin @ < 2/3

(d) 1tis not possible

A convex lens A of focal length 20 cm and a concave lens B of focal
length 5 cm  are kept along the same axis with the distance d
between them. If a parallel beam of light falling on A leaves B as a

parallel beam, then distance din cm will be

(a) 25 (b) 15
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19.

20.

21.

22.

23.

24.

25.

() 30 (d) s0
Diameter of a plano—convex lens is 6 cm and thickness at the centre
is 3 mm. If the speed of light in the material of the lens is 2 x 10°
mysec, the focal length of the lens is
[CPMT 1989]

(@ 15 cm (b) 20 cm
() 30 cm (d) 10 cm
A point object O is placed on the principal axis of a convex lens of
focal length 20 cm at a distance of 40 cm to the left of it. The
diameter of the lens is 10 cm. If the eye is placed 60 cm to the right
of the lens at a distance 4 below the principal axis, then the
maximum value of / to see the image will be
(@ o (b) 5cm
() 25cm (d) 10 cm
A luminous object is placed at a distance of 30 cm from the convex
lens of focal length 20 cm. On the other side of the lens, at what
distance from the lens a convex mirror of radius of curvature 10 cm
be placed in order to have an upright image of the object coincident
with it

[CBSE PMT 1998; JIPMER 2001, 02]
(@ 12em (b) 30 cm
() 50 cm (d) 60 cm
Shown in the figure here is a convergent lens placed inside a cell

filled with a liquid. The lens has focal length + 20 cm when in air
and its material has refractive index 1.50. If the liquid has refractive

index 1.60, the focal length of the system is  [NSEP 1994; DPMT 2000]

(@) +80cm —— Liquid
(b) —80cm

() —24cm —— Lens
(d) -100 em

A hollow double concave lens is made of very thin transparent
material. It can be filled with air or either of two liquids L and L
having refractive indices n and nrespectively (n>n>1). The lens will

diverge a parallel beam of light if it is filled with
(a) Air and placed in air

(b) Air and immersed in L

(c) Land immersed in L

(d) L and immersed in L

The object distance u, the image distance v and the magnification m

in a lens follow certain linear relations. These are
1 1

(@) —versus— (b) mversus u
u \"

() wversus v (d) mversus v

Which one of the following spherical lenses does not exhibit
dispersion? The radii of curvature of the surfaces of the lenses are

as given in the diagrams

[NIT-JEE (Screening) 2002]

R# R

26.

27.

28.

29.

30.

The size of the image of an object, which is at infinity, as formed by
a convex lens of focal length 30cm is 2 ecm. If a concave lens of
focal length 20 cm is placed between the convex lens and the image
at a distance of 26 cm from the convex lens, calculate the new size

of the image
[MP PMT 1999] [NT-JEE (Screening) 2003]
(@) 125 cm (b) 25 cm

(c) 105 cm (d) 2cm

An achromatic prism is made by crown glass prism (A, =19°)
and flint glass prism (Ag =6°).1f Cluv =15 and F,uv =1.66,
then resultant deviation for red coloured ray will be

(a) 1.04° (b) 5°

(c) 0.96° (d) 135°

The refracting angle of prism is A and refractive index of material of
A

prism is COt rR The angle of minimum deviation is

(a) 180°- 3A (b) 180° + 2A

(c) 90° -A (d) 180° - 2A

An isosceles prism of angle 120° has a refractive index of 1.44. Two
parallel monochromatic rays enter the prism parallel to each other
in air as shown. The rays emerging from the opposite faces

120°

[NTYEE (ScreepingliR9Q8]each other—>——
(b) Are diverging

(c) Make an angle 2 sin? (0.72) with each other

(d) Make an angle 2{sin’1(0.72)—30°} with each other

A ray of light is incident on the hypotenuse of a right-angled prism
after trﬁy&lh{gm lel to the base inside the prism. 1If u is the

refractive index of the material of the prism, the maximum value of
the base angle for which light is totally reflected from the
hypotenuse is [EAMCET 2003]

(a) sin‘l[lj (b) tan‘l(ij
u H

(©) sin‘l(#—_lj d) cos™ [ij
u u

The refractive index of the material of the prism and liquid are 1.56
and 1.32 respectively. What will be the value of 0 for the following
refraction [BHU 2003; CPMT 2004]



32.

33.

35.

36.

37.

(a) sing > 13
11

. 11
(b) sm@zﬁ ?/

sing > —
(c) >

(d) sin@ 2= =N

V2
A spherical surface of radius of curvature R separates air (refractive
index 1.0) from glass (refractive index 1.5). The centre of curvature is
in the glass. A point object P placed in air is found to have a real
image @ in the glass. The line PQ cuts the surface at a point O, and
PO = OQ. The distance POis equal to

(@ 5R (b) 3R

() 2R d) w5 R

A plano-convex lens when silvered in the plane side behaves like a
concave mirror of focal length 30cm. However, when silvered on the
convex side it behaves like a concave mirror of focal length 10 cm.
Then the refractive index of its material will be

(@) 3.0 (b) 2.0
() 25 d) 15

A ray of light travels from an optically denser to rarer medium. The
critical angle for the two media is C The maximum possible
deviation of the ray will be

T
(a) (E - Cj

) 7-2C )

[KCET (Engg./Med.) 2002]

An astronaut is looking down on earth's surface from a space

shuttle at an altitude of 400Kkm. Assuming that the astronaut's

pupil diameter is 5mm and the wavelength of visible light is

500 nm. The astronaut will be able to resolve linear object of the

size of about [A1IMS 2003]

(@) 05 m (b) Sm

(c) 50m (d) 500 m

The average distance between the earth and moon is

38.6 x10* km. The minimum separation between the two points

on the surface of the moon that can be resolved by a telescope

whose objective lens has a diameter of 5 m with 4 =6000 Ais

(@) 5.65 m (b) 2825 m

() n3om (d) 56.51 m

The distance of the moon from earth is 3.8 x10%km. The eye is
most sensitive to light of wavelength 5500 A. The separation of two
points on the moon that can be resolved by a 500 cm telescope will
be [AMU (Med.) 2002]

38.

39.

40.

41.

42,

mT ]&5 1998,«5)\1\;; 2000]
8

3
[BH@9997;_§IP§EAT 1995]
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i

@ s51m (b)
(d) All the above

60 m

() 70 m

A small source of light is to be suspended directly above the centre of
a circular table of radius R What should be the height of the light
source above the table so that the intensity of light is maximum at the
edges of the table compared to any other height of the source

R R
@ b)) —
2 V2
© R d) 2R
A light source is located at P; as shown in the figure. All sides of

the polygon are equal. The intensity of illumination at P, is .

What will be the intensity of illumination at P

A container is filled with water (4 = 1.33) upto a height of 33.25 cm.
A concave mirror is placed 15 cm above the water level and the
image of an object placed at the bottom is formed 25 cm below the
water level. The focal length of the mirror is

c) 20
- - -4 - - - T
d) 25 3z P oo Bem
33.25 cm =1, o
A point object is moving on te pr|—_—_~ 7~~~ a\£ mirror of
focal length 24cm  towards th¢ 1 — — — = — —"_|a distance of

60cm from the mirror, its velocity is 9cm /sec. What is the
velocity of the image at that instant

[MP PMT 1997]

(a) 5cm/sec towards the mirror
(b) 4cm/sec towards the mirror

(c
(d

) 4cm/sec away from the mirror

) 9cm/sec away from the mirror

A concave mirror is placed on a horizontal table with its axis
directed vertically upwards. Let O be the pole of the mirror and C
its centre of curvature. A point object is placed at C. 1t has a real
image, m’s‘g c,}glt]egcfgl C. If the mirror is now filled with water, the
image will be [NT-JEE 1998]

(@) Real, and will remain at C

(b) Real, and located at a point between Cand oo
(c
(d

) Virtual and located at a point between Cand O
)

Real, and located at a point between Cand O
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45.

46.

47.

48.

49.

The diameter of moon is 3.5 x10% km and its distance from the

earth is 3.8 x10° km. If it is seen through a telescope whose focal
length for objective and eye lens are 4 m and 10 cm respectively,
then the angle subtended by the moon on the eye will be
approximately

[NCERT 1982; CPMT 1991]
(@ 15 (b) 20
(¢) 30 (d) 35
The focal length of an objective of a telescope is 3 metre and

diameter 15 cm. Assuming for a normal eye, the diameter of the

pupil is 3 mm for its complete use, the focal length of eye piece

must be [MP PET 1989]
(@) 6cm (b) 6.3 cm
() 20 cm (d) 60 cm

We wish to see inside an atom. Assuming the atom to have a
diameter of 100 pm, this means that one must be able to resolved a
width of say 10 p.m. If an electron microscope is used, the minimum

electron energy required is about

[AIIMS 2004]

(@) 15 KeV (b) 15 KeV

(c) 150 KeV (d) 15 kKeV

A telescope has an objective lens of 10 crm diameter and is situated
at a distance of one kilometre from two objects. The minimum
distance between these two objects, which can be resolved by the
telescope, when the mean wavelength of light is 5000 A, is of the

order of [CBSE PMT 2004]
(a) 05 m (b) 5m
() 5 mm (d) 5cm

Two point white dots are 1mm apart on a black paper. They are
viewed by eye of pupil diameter 3 mm. Approximately, what is the
maximum distance at which dots can be resolved by the eye ? [Take

wavelength of light = 500 nm)]

[AIEEE 2005]
(@) 6m
®) 3m A
() 5m
(d) 1m
A convex lens of focal length 30 cm and a concave lens of 10 cm
focal length are placed so as to have the same axis. If a parallel beam

of light falling on convex lens leaves concave lens as a parallel beam,

then the distance between two lenses will be

(@) 40 cm (b) 30 cm

() 20 cm (d) 10 cm

A small plane mirror placed at the centre of a spherical screen of
radius R A beam of light is falling on the mirror. If the mirror
makes 711 revolution. per second, the speed of light on the screen

after reflection from the mirror will be

(@) 4mnR (b) 27nR

50.

51

52.

53.

54.

© = @ =
27 ¥4

A room (cubical) is made of mirrors. An insect is moving along the
diagonal on the floor such that the velocity of image of insect on
two adjacent wall mirrors is 10 cms. The velocity of image of insect
in ceiling mirror is

(@) 10 cms (b) 20 cms
10

(c) f cms'

Figure shows a cubical room ABCD with the wall CD as a plane

(d) 1072 cms

mirror. Each side of the room is 3m. We place a camera at the
midpoint of the wall AB. At what distance should the camera be
focussed to photograph an object placed at A

(@ 15 m
b) 3m A on 5
() 6m 3m

(d) More than 6 m

. C
If an object moves towards a pllzme mirror with a speed v at an
angle 6 to the perpendicular to the plane of the mirror, find the

relative velocity between the object and the image

b) 2v
(c) 2vcosd Yo .
(d) 2vsing |

A plane mirror is placed at the bottom of the tank containing a
liquid of refractive index f£. Pis a small object at a height A above
the mirror. An observer O-vertically above P outside the liquid see P
and its image in the mirror. The apparent distance between these

two will be

(a) 2uh
¢ 0
o 2 |
# e
L
() _2h - - - = h ——
u-1 S

FIIIIIIIIIII VI I P77

d h [1 +3]
Y7

One side of a glass slab is silvered as shown. A ray of light is

incident on the other side at angle of incidence i = 45° . Refractive
index of glass is given as 1.5. The deviation of the ray of light from
its initial path when it comes out of the slab is

(a) 90

(b) 180

() 120 ¥5<

d) 45 : ©=15



55.

56.

57.

58.

59.

60.

4
Consider the situation shown in figure. Water [,uw = Ej is filled

in a breaker upto a height of 10 cm. A plane mirror fixed at a height
of 5 cm from the surface of water. Distance of image from the
mirror after reflection from it of an object O at the bottom of the
beaker is

(@ 15 cm

(b) 12.5 cm

() 7.5 cm 10
(d) 10 em 2

A person runs with a speed u towards a bicycle moving away from
him with speed v. The person approaches his image in the mirror
fixed at the rear of bicycle with a speed of

@ w-v (b)
) 2(u-v)

Two transparent slabs have the same thickness as shown. One is

u-—2v

() 2u-v

made of material A of refractive index 1.5. The other is made of two
materials B and C with thickness in the ratio 1 : 2. The refractive
index of Cis 1.6. If a monochromatic parallel beam passing through
the slabs has the same number of waves inside both, the refractive
index of Bis

je—— t ——— [ t/3 >le— 213 —>|

—_ —_ B C —_—
(@ 1 (b) 12
(¢) 13 d) 14

An object is placed infront of a convex mirror at a distance of 50
cm. A plane mirror is introduced covering the lower half of the
convex mirror. If the distance between the object and plane mirror
is 30 cm, it is found that there is no parallax between the images

formed by two mirrors. Radius of curvature of mirror will be

(@) 12.5 cm (b) 25 cm
() %cm (d) 18cm

A cube of side 2 m is placed in front of a concave mirror focal
length 1m with its face P at a distance of 3 m and face Q at a
distance of 5 m from the mirror. The distance between the images

of face Pand @ and height of images of Pand Q are

(@ 1m, 05 m 025 m

b) 0.5 m1m 02 2m

(b) 0.5 m1m 025 m »

(¢) 0.5 m, 025 m1m ZmI ____________
(d) 025 m,1m, 05 m Q 3m

A small piece of wire bent into an L shape with u{right and
horizontal portions of equal lengths, is placed with the horizontal
portion along the axis of the concave mirror whose radius of
curvature is 10 cm. If the bend is 20 ¢ from the pole of the mirror,
then the ratio of the lengths of the images of the upright and

horizontal portions of the wire is

61.

62.

63.

64.

65.

66.

67.

[y}
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@ 1:2 (b) 3:1
(c) 1:3 (d) 2:1

The image of point 7 when viewed from top of the slabs will be

(@) 2.0 cmabove P /gﬁ 1

(b) 1.5 cm above P 15 cm
4.5 ; 1

(c) 2.0 cmbelow P 15 em 2 # ¥ s em

(d) 1 cmabove P 0 A5 T

v%te%‘ SWith speed 3

A fish rising vertically up towards the surface of
. . . P e N
ms observes a bird diving vertically down towards it with speed 9

ms. The actual velocity of bird is

(@) 4.5 ms
(b) 5. ms
() 3.0 ms
(d) 3.4 ms

A beaker containing liquid is placed on a table, underneath a
microscope which can be moved along a vertical scale. The
microscope is focussed, through the liquid onto a mark on the table
when the reading on the scale is a. It is next focussed on the upper
surface of the liquid and the reading is 5. More liquid is added and
the observations are repeated, the corresponding readings are ¢ and
d. The refractive index of the liquid is

d-b b-d

- - by —

@ d-c-b+a ) d-c-b+a
d-c-b+a d-b

- - % dH — -

© 4 p @ pc-d

Two point light sources are 24 cm apart. Where should a convex
lens of focal length 9 cm be put in between them from one source

so that the images of both the sources are formed at the same place
(@) 6 cm (b) 9 cm
() 12cem (d) 15 cm

There is an equiconvex glass lens with radius of each face as R and
allg = 3/2 and ,u, =4/3.1f there is water in object space

and air in image space, then the focal length is

@) 2R b) R

() 3R2 d) R?

A prism having an apex angle 4 and refraction index 1.5 is located in
front of a vertical plane mirror as shown in figure. Through what

total angle is the ray deviated after reflection from the mirror

(a) 176
(b) 4
&
178 °
(@ 1 90° |
d) 2
An optical fibre consists of core 0 a claduing of 1

< fd. A beam of light enters from air at an angle & with axis of fibre.
The highest & for which ray can be travelled through fibre is
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68.

69.

70.

7.

) cos™t

-1

Vi = pif
() sin™yuf — 43
N

() tan

@) sec™t \uf - b

A tod of glass (1 = 1.5) and of square cross section is bent into the

shape shown in the figure. A parallel beam of light falls on the plane
flat surface A as shown in the figure. If dis the width of a side and

R is the radius of circular arc then for what maximum value of E

light entering the glass slab through surface A emerges from the
glass through B

a) 15

c) 13

(
(
(
(

d) None of these

The slab of a material of refractive index 2 shown in figure has
curved surface APB of radius of curvature 10 cm and a plane surface
CD. On the left of APBis air and on the right of CD is water with
refractive indices as given in figure. An object O is placed at a
distance of 15 c¢m from pole P as shown. The distance of the final
image of O from P, as viewed from the left is

(@) 20 cm | .
(b) 30 cm e
P| o N 4 71:
(¢) 40cm  --f--- ?____ },UW :§7:{
(d) 50 cm T

A double convex lens, lens rrgd.‘ 15 cm ssaterifl of refractive index
My , is placed inside two liquids—o 20 cm fvethdices u, and f5,
as shown. f4, >y > i3 . A wide, parallel beam of light is incident
on the lens from the left. The lens will give rise to

(a) A single convergent

beam

(b) Two different

convergent beams

() Two different

divergent beams

(d) A convergent and a divergent beam

The distance between a convex lens and a plane mirror is 10 cm. The
parallel rays incident on the convex lens after reflection from the

mirror form image at the optical centre of the lens. Focal length of

lens will be
(@) 10 cm
(b) 20 cm
() 30 cm
(d) Cannot be determined

72.

73.

74.

75.

76.

77.

78.

79.

A compound microscope is used to enlarge an object kept at a
distance 0.03m from it's objective which consists of several convex
lenses in contact and has focal length 0.02/m. If a lens of focal length
0.1 is removed from the objective, then by what distance the eye-
piece of the microscope must be moved to refocus the image

(@) 25cm (b)

6 cm

(¢) 15 cm (d) 9em

If the focal length of the objective lens and the eye lens are 4 mm
and 25 mm respectively in a compound microscope. The length of
the tube is 16 cm. Find its magnifying power for relaxed eye

position
(a) 3275 (b) 3275
(c) 0.3275 (d) None of the above

Three right angled prisms of refractive indices N;,N, and n; are

fixed together using an optical glue as shown in figure. If a ray
passes through the prisms without suffering any deviation, then

@ n=n,=ng (b)

N, =N, #N3

() 1+n,=n,+n, d) 1+n?2=n?+n?

In a compound microscope, the focal length of the objective and the
eye lens are 2.5 cm and 5 cm respectively. An object is placed at
3.75 cm before the objective and image is formed at the least
distance of distinct vision, then the distance between two lenses will
be (ie. length of the microscopic tube)

(@) 1.67 cm (b) 12.67 cm
(c) 13.00 cm (d) 12.00 cm

In a grease spot photometer light from a lamp with dirty chimney is
exactly balanced by a point source distance 10 cm from the grease
spot. On clearing the chimney, the point source is moved 2 cm to
obtain balance again. The percentage of light absorbed by dirty

chimney is nearly

(@) 56% (b) 44%

() 36% (d) 64%

The separation between the screen and a plane mirror is 2. An
isotropic point source of light is placed exactly midway between the
mirror and the screen. Assume that mirror reflects 100% of incident

light. Then the ratio of illuminances on the screen with and without
the mirror is

(@) 10:1

() 10:9

(b) 2:1
(d) 9:1
The separation between the screen and a concave mirror is 2r. An
isotropic point source of light is placed exactly midway between the
mirror and the point source. Mirror has a radius of curvature rand

reflects 100% of the incident light. Then the ratio of illuminances on

the screen with and without the mirror is
(b) 2:1
(d) 9:

The apparent depth of water in cylindrical water tank of diameter

(@) 10:1

() 10:9

2R cm is reducing at the rate of x cm/minute when water is being
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drained out at a constant rate. The amount of water drained in c.c.
per minute is (n = refractive index of air, n = refractive index of
water) [AIMS 2005]

@ x7Rnin (b) xR n/n

() 27mRn/n d) mRx
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QGraphicaI Questions o @

j—

In an experiment of find the focal length of a concave mirror a
graph is drawn between the magnitudes of v and v. The graph
looks like [ANIMS 2003]

o

The graph shows variation of v with change in u for a mirror. Points
plotted above the point P on the curve are for values of v

(@) Smaller then £ v

@ VT (b) VT (b) Smaller then 2
/ (c) Larger then 2f P
(d)

Larger than £

u— 6. The graph shows how the magnificatiép 481 produced—by a convex

thin lens varies with image distance v. What was the focal Iength of

© VT \ @ VT the used [DPMT 1995]
(@)

b
C
2. As the position of an objeet>(u) reflected from a concave smirsor is b ’"T
varied, the position of the image (v) also varies. By letting the v (b) a :
changes from 0 to +00 the graph between v versus v will be b b
c |
@ v () v () — |
a v
c care—mc—> —
d) — v
b
7. Which of the following graphs shows appropriate variation of

refractive index £ with wavelength 1

@ @ 1 ®
H \ H i
: 72— @

3. When light is incident on a medium at apgle 7 and refracted into a (c)
second medium at an angle r; the graph of sin 7 vs sinris as shown T T
in the graph. From this, one can conclude that u u
sin r
8. For a concave mirvr, 1F real i image is formed the grap}flr) tween —
30° u
sin j —>
(@) Velocity of light in the second medium is 1.73 times the velocity and 17‘7 of the form v
of light in the 1 medium
(b) Velocity of light in the 1 medium is 1.73 times the velocity in (b)
the 11 medium
(c¢) The critical angle for the two media is given by
1 u
sin I, =—
¢ \/g 1/v /v
(c) (d)
|
(d) sinl; = E
4. The graph between the lateral magnification () produced by a lens

and the distance of the image (v) is given by

u
T T [MP PMT 1994] 9. The graph between uand v for a convex mirror is
\4 \4
@ m ®) U I ; PN ;
@ i (b) /‘
0 0
v—> y—> ——> Y S

m m
\4 v
Fo f fo f




10. For a convex lens, if real image is formed the graph between (v + v)

and v or vis as follows

Zf uoryv

T ————
uoryv Zf uoryv
. Which of the following graphs is the magnification of a real image

against the distance from the focus of a concave mirror

y ‘ y ‘
@ (b)

Distance Distance
() ¥ d
m m
X X
Distance Distance
12. A graph is plotted between angle of deviation (0) and angle of

incidence (7) for a prism. The nearly correct graph is

Y
Y
@ 1 \/ (b) !‘
)
[0} - X
Ol————>x —
Y
Y
c d
(©) ! d I
O | —_——
O—)X
i— o —> X

15.
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[S—
If x is the distance of an object from the focus of a concave mirror
and y is the distance of image from the focus, then which of the
following graphs is correct between x and y

@ 7 ®)

x X
For a small angled prism, angle of prism A, the angle of minimum
deviation (0) varies with the refractive index of the prism as shown

in the graph 5 T Q
(@) Point P corresponds to 4/ =1
(b) Slope of the line PQ = A2

(c) Slope=A

o P
H—
(d) None of the above statements is true

The graph between sine of angle of refraction (sin r) in medium 2

and sine of angle of incidence (sin 7) in medium 1 indicates that

3
tan 36° & —
(tan 4)

(@) Total internal reflection can take place

sin rT

(b) Total internal reflection
cannot take place

() Any of (a) and (b)

(d) Data is incomplete o 2740

. sin / —>
relation

A medium shows

between 7and ras shown. If speed of light in the medium is nc then
value of nis

(a) 5 sin r T

®) 2
(c) 2 G0
(d) 3 sin i —>

For a concave mirror, if virtual image is formed, the graph between

m and v is of the form

|

@ 7

I —

u—> u >
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18. A ray of light travels from a medium of refractive index £ to air. lIts
angle of incidence in the medium is i, measured from the normal to
the boundary, and its angle of deviation is & J is plotted against 7 5.
which of the following best represents the resulting curve
s, laf
(@) 9 (b) ®
3, 51
6.
© s
3
3, 7
3—7!‘;2—_)) o . V7
19. The distance v of the real image formed by a cémvex lens is
measured for various object distance u. A graph is plotted between v
and u, which one of the following graphs is correct
@ 1 ®
v \4
8.
—
u—> u—> 9.
© 1 @ |
v \4
20. Forac jstance of the object+ is and
the distance of the"mge is taken on Y-axis, the nature of the graph 0.
so obtained is [BVP 2003]
(@) Straight line (b) Circle
(c) Parabola (d) Hyperbola n
R Assertion & Reason
For AIIMS ﬂspirants
]"I,,J Ao e 1 11 PR [P . P E—
‘cad-the-assertioiand-Teason-carel tiy Lo Tark—the Correct ophonout—of
the options given below:
(@) If both assertion and reason are true and the reason is the correct
explanation of the assertion.
) If both assertion and reason are true but reason is not the correct 13.
explanation of the assertion.
(c) If assertion is true but reason is false.
(d) If the assertion and reason both are false.
(e) If assertion is false but reason is true.
14.
1 Assertion  : A red object appears dark in the yellow light
Reason : A red colour is scattered less [AIMS 2004]
2. Assertion  : The stars twinkle while the planets do not.
15.
Reason : The stars are much bigger in size than the planets.[AIIMS 2003]
3. Assertion : Owls can move freely during night.
Reason : They have large number of rods on their retina.[AlIMS 2003]
16.
4. Assertion : The air bubble shines in water.

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason{BVP 2003];, —

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Air bubble in water shines due to refraction of light
[ANMS 2002]

In a movie, ordinarily 24 frames are projected per

second from one end to the other of the complete

film.

The image formed on retina of eye is sustained
upto 1/10 second after the removal of stimulus. [AIIMS 2001]

Blue colour of sky appears due to scattering of blue

colour.
Blue colour has shortest wave length in visible

spectrum. [ANMS 2001]

The refractive index of diamond is \/g and that of

liquid is \/g If the light travels from diamond to

the liquid, it will totally reflected when the angle of
incidence is 30-.

——, where u is the refractive index of
sinC

diamond with respect to liquid. [AIMS 2000]
The setting sun appears to be red.

Scattering of light is directly proportional to the
wavelength. [AIMS 2000]
A double convex lens (4 = 1.5) has focal length 10 cm.

When the lens is immersed in water (¢ = 4/3) its
focal length becomes 40 cm.

1_ M-ty (i - L] [ATIMS 1999]
f Hm Rl RZ

Different colours travel with different speed in
vacuum.

Wavelength of light depends on refractive index of
medium. [ATIMS 1998]
The colour of the green flower seen through red
glass appears to be dark.
Red glass transmits only red light.

[ANMS 1997]
The focal length of the mirror is £and distance of

the object from the focus is v, the magnification of
the mirror is £/ u.

L Sizeof image
Magnification = ————— [ANMS 1994]
Size of object
If a plane glass slab is placed on the letters of
different colours all the letters appear to be raised
up to the same height.

Different colours have different wavelengths.
The fluorescent tube is considered better than an
electric bulb.

Efficiency of fluorescent tube is more than the
efficiency of electric bulb.

The polar caps of earth are cold in comparison to
equatorial plane.

The radiation absorbed by polar caps is less than
the radiation absorbed by equatorial plane.

The illumination of earth's surface from sun is more
at noon than in the morning.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Luminance of a surface refers to brightness of the
surface.

When an object is placed between two plane
parallel mirrors, then all the images found are of
equal intensity.

In case of plane parallel mirrors, only two images
are possible.

The mirrors used in search lights are parabolic and
not concave spherical.

In a concave spherical mirror the image formed is
always virtual.

The size of the mirror affect the nature of the
image.
Small mirrors always forms a virtual image.

Just before setting, the sun may appear to be
elliptical. This happens due to refraction.

Refraction of light ray through the atmosphere may
cause  different  magnification in  mutually
perpendicular directions.

Critical angle of light passing from glass to air is
minimum for violet colour.

The wavelength of blue light is greater than the
light of other colours.

We cannot produce a real image by plane or convex
mirrors under any circumstances.

The focal length of a convex mirror is always taken
as positive.

A piece of red glass is heated till it glows in dark.
The colour of glowing glass would be orange.

Red and orange is complementary colours.

Within a glass slab, a double convex air bubble is
formed. This air bubble behaves like a converging
lens.

Refractive index of air is more than the refractive
index of glass.

The images formed by total internal reflections are
much brighter than those formed by mirrors or
lenses.

There is no loss of intensity in total internal
reflection.

The focal length of lens does not change when red
light is replaced by blue light.

The focal length of lens does not depends on colour

of light used.

There is no dispersion of light refracted through a
rectangular glass slab.

Dispersion of light is the phenomenon of splitting
of a beam of white light into its constituent colours.

Al the materials always have the same colour,
whether viewed by reflected light or through
transmitted light.

The colour of material does not depend on nature

of light.

A beam of white light gives a spectrum on passing
through a hollow prism.

Speed of light outside the prism is different from
the speed of light inside the prism.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion
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il

By increasing the diameter of the objective of
te]escope, we can increase its range.

The range of a telescope tells us how far away a
star of some standard brightness can be spotted by
telescope.

For the sensitivity of a camera, its aperture should
be reduced.

Smaller the aperture, image focussing is also sharp.

If objective and eye lenses of a microscope are
interchanged then it can work as telescope.

The objective of telescope has small focal length.

The illuminance of an image produced by a convex
lens is greater in the middle and less towards the
edges.

The middle part of image is formed by undeflected
rays while outer part by inclined rays.

Although the surfaces of a goggle lens are curved, it
does not have any power.

In case of goggles, both the curved surfaces have
equal radii of curvature.

The resolving power of an electron microscope is
higher than that of an optical microscope.

The wavelength of electron is more than the
wavelength of visible light.

If the angles of the base of the prism are equal,
then in the position of minimum deviation, the
refracted ray will pass parallel to the base of prism.

In the case of minimum deviation, the angle of
incidence is equal to the angle of emergence.

Dispersion of light occurs because velocity of light
in a material depends upon its colour.

The dispersive power depends only upon the
material of the prism, not upon the refracting angle
of the prism.

An empty test tube dipped into water in a beaker
appears silver, when viewed from a suitable
direction.

Due to refraction of light, the substance in water
appears silvery.

Spherical aberration occur in lenses of larger
aperture.

The two rays, paraxial and marginal rays focus at
different points.

It is impossible to photograph a virtual image.

The rays which appear diverging from a virtual
image fall on the camera and a real image is
captured.

The speed of light in a rarer medium is greater
than that in a denser medium

One light year equals to 9.5 x 10 km
[AIIMS 1999]

The frequencies of incident, reflected and refracted
beam of monochromatic light incident from one
medium to another are same
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)
Reason The incident, reflected and refracted rays are
coplanar [EAMCET (Engg.) 2000] 1 d 2 a 3 b 4 a 5 d
43. Assertion The refractive index of a prism depends only on the 6 a 7 c 8 d 9 ¢ 10 a
kind of glass of which it is made of and the colour
of light M b 12 d 13 b 14 a 15 b
Reason The refractive index of a prism depends upon the 16 & 17 © 18 © 19 d 20 d
refracting angle of the prism and the angle of 21 b 22 b 23 q 2% 7 25 @
minimum deviation [ANIMS 2000]
26 a 27 b 28 d 29 a 30 c
44. Assertion The resolving power of a telescope is more if the
diameter of the objective lens is more. 31 ¢ 32 ¢ 33 b 34 b 35 b
Reason Objective lens of large diameter collects more light.JAnMms 36 b 37 a 38 b 39 c 40 d
45. Assertion By roughening the surface of a glass sheet its 41 a 42 d 43 c 44 c 45 a
transparency can be reduced. 46 7 47 z 48 a 49 & 50 &
Reason Glass sheet with rough surface absorbs more light.[AlIMS ' 51 d 52 b 53 b 54 b 55 b
46. Assertion Diamond glitters brilliantly. 56 A 57 d 58 b 59 = 60 b
Reason Diamond does not absorb sunlight. 61 d 62 A 63 b 64 d 65 b
[AIMS 2005)  Teg 2 67 b 6 b 6 a 70 d
47. Assertion The cloud in sky generally appear to be whitish. 7 . 72 . 7 p 7 4 7 b
Reason Diffraction due to cloud is efficient in equal 76 4 = . 78 . 7 b % b
measure at all wavelengths. [AIMS 2005]
81 a 82 a 83 b 84 b 85 c
86 b 87 d 88 d 89 b 90 d
n Swe rS Total Internal Reflection
1 b 2 c 3 d 4 d 5 c
Plane Mirror 6 c 7 b 8 c 9 a 10 d
11 b 12 c 13 c 14 d 15 d
1 d 2 b 3 b 4 c,d 5 c
16 c 17 c 18 cd 19 c 20 d
N BN ' BN ° B B 2 a 2 ¢ 2 b 24 c¢ 2% a
11 b 12 d 13 a 14 c 15 c 26 c 27 c 28 a 29 d 30 d
16 b 17 c 18 b 19 c 20 a 3 a 32 c 33 a 34 c 35 a
21 c 2 b 23 ¢ 24 b 25 b % d 3 b 38 b ¥ 40 a
% b 27 ¢ 28 ¢ 29 c¢ 3 o e - BN BN Bl Bt
46 a
31 b 32 a 33 b 34 c
_ _ Refraction at Curved Surface
Spherical Mirror
1 a 2 a 3 d 4 c 5 a
N :° B B B B 6 d 7 b 8 a 9 ¢ 10
B ° BN " N . P 11 2 d 13 b 14 c 15 b
" d 12 b 3 b 14 b 15 ¢ 16 d 17 ¢ 18 d 19 ¢ 20 c
16 d 17 b 18 b 19 a 20 a 21 c 22 a 23 d 24 a 25 d
21 a 22 b 23 d 24 d 25 b 26 a 27 b 28 a 29 a 30 c
26 bc 27 c 28 b 29 a 30 b 31 c 32 d 33 d 34 c 35 b
31 d 32 c 33 a 34 d 35 d 36 b 37 c 38 d 39 b 40 d
3% b 37 d 8 d 9 d 0 a 4 2 c 48 a “4 4 d
4 d 42 d 43 a 4 a 46 d 47 c 48 b 49 a 50 b
51 c 52 a 53 a 54 b 55 a

Refraction of Light at Plane Surfaces
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135
140
145
150

134
139
144
149

133
138
143
148

132
137
142
147

131
136
141
146
151

60

59

58

57

56
61

65

64

63
68
73
78
83
88
93

62

70
75
80
85

69

67

66
7

74
79
84
89

72
77
82

76
81

Human Eye and Lens Camera

90

87

86
91

95

94
99

92

100

105

110

98

97

96

10
15
20
25
30
35

104
109
114

103
108
113

102
107
112

101

14
19
24
29
34
39
44
49
54
59
64

13
18
23

12
17
22
27

11

106
11

16
21

115

120
125
130
135
140
145

119

118

117

116
121

28

26
31

124
129
134
139
144

123
128
133
138
143

122
127
132
137
142

33
38
43

32

126
131

40

37
42

36
41

45

136
141

50
55
60
65

48

47

46
51

53
58
63

52

57
62

56
61

Prism Theory & Dispersion of Light

Microscope and Telescope

10
15
20
25
30
35
40

14
19
24
29
34
39
44
49

13
18
23
28
33
38
43

12
17
22
27
32
37
42

11

16
21

10
15
20
25
30
35
40

14
19
24
29
34
39
44
49

13
18
23

12
17
22
27
32

1

26
31

16
21

36
4

28

26
3

45

33
38
43

50

48

47

46

37
42

36
LY

55
60

54
59
64
69

53

52
57
62
67
72
77
82
87

51

45

58

56
61

50
55
60
65
70

48

47

46
51

65

63
68
73
78
83
88

54
59
64
69

53
58
63
68

52

70
75
80
85
90

66
"

57
62

56
61

74
79
84
89

76
81

67
72

66
I

75
80
85
90
95

74
79
84
89
94
99

73
78
83
88
93

86
91

77
82

76
81

95

94

99

93

98

92
97

100
105
110

96

87
92

abad

86
91

104
109
114

103
108
113

102
107
112

101

106
11

100
105
110

98

97

96

115

104
109
114

103
108
113

102
107
112

101

120

125

130

119

118

117

116
121

106
111

124
129

123

128

122
127

115

126
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16 a 17 b 118 a 19 a 120 a 26 d 27 b 28 d 29 d 30 b
31 c 32 d 33 a 34 a 35 c
Photometry % a & b 3B c 39 a 4 e
1 d 2 b 3 d 4 R 5 q M b 42 b 43 c 44 a 45 c
46 b 47 c
6 b 7 a 8 b 9 c 10 c
1 a 12 c 13 c 14 c 15 a
- Eaw- B N R Answers and Solutions
21 c 22 c 23 a 24 b 25 bc S
26 c 27 d 28 b 29 d 30 b
3 d 32 a 33 d 34 d 35 a .
Plane Mirror
36 c 37 c 38 d 39 d 40 c
M c (d) &=(360-20)=(360-2x60)=240°
(b) When converging beam incident on plane mirror, real image is
Critical Thinking Questions formed as shown
1 d 2 b 3 b 4 a 5 d
Plane mirror
6 b 7 b 8 a 9 b 10 c /
Real image Tl o
1 a 12 b 13 b 14 a 15 b T o
1% b 17  a 18 b 9 ¢ 2 ¢ -7 Virtual
object
21 c 22 d 23 d 24 ad 25 c
26 b 27 d 28 d 29 d 30 d
(b) Incident ray and firially reflected ray are parallel to each other
31 b 32 a 33 d 34 c 35 c
means & =180°
36 d 37 a 38 b 39 a 40 c
4 c 42 d 43 b 44 a 45 b
46 c 47 c 48 c 49 a 50 d P Q
51 d 52 c 53 b 54 a 55 b
56 d 57 c 58 b 59 d 60 b
61 d 62 a 63 a 64 a 65 c o
j— J— — f— = o
66 c 67 b 68 b 69 b 70 p From 6 =360-20 =180=360-20 = 8 =90
(¢, d) By keeping the incident ray is fixed, if plane mirror rotates
i 2 e . e i i . L @ through an angle @ reflected ray rotates through an angle 26.
76 c 7 c 78 b 79 b
Graphical Questions \%
""" 057,
1 ¢ 2 a 3 bc 4 c 5 ¢ J {9]/\
6 d 7 a 3 a 9 a 10 a (c) Suppose at any instant, plaiie mirror lies at a distance x from
object. Image will be formed behind the mirror at the same
1 d 12 a 13 b 14 ac 15 b distance x.
16 d 17 b 18 a 19 d 20 d
o 7
Assertion and Reason B T AR .-
X X —
1 b 2 b 3 4 5
¢ ¢ ¢ When the mirror shifts towards the object by distance %’ the
6 a 7 e 8 c 9 a 10 e image shifts =X +y - (X —y) =2y
" a 12 2 & ¢ 14 @ i ¢ So speed of image = 2 X speed of mirror
16 b 17 d 18 c 19 d 20 a 2 .
21 c 22 e 23 d 24 d 25 a y




(d)

(b)

(b)

(b)

Number of images = @—l = @—1 =5
0 60

F using distance of image = 4.5 m+ 3 m=7.5 m.

[ o ]

™ | |

«—3m—<«—3m—>

«— 4.5 M ——

Several images will be formed but second image will be
brightest

Incident light

90% 100 %

First image

Second brightest
image

3,% Third ima
~g ray diagram lengt

According to &§F mirror

= %(10 +170)=90cm

180 cm

;
The wallslwiuiact as—tWo mirrors [inclined to each other at

90° and so will form (%—1) =4 — 1 ie 3 images of the

person. Now these images with person will act as objects for

the ceiling mirror and so ceiling mirror will form 4 images

further. Therefore total number of images formed
=3+3+1=7
Note : He can see. 6 images of himself.
tan45°= 1= = h=60m
I Tower
L h
ol
45° l
Gy
\\\ Image
5 =180°-60° =120°
<i=<r=0°

When light is reflected from denser medium, a phase difference

of 7 always occurs.

Ray after reflection from three mutually perpendicular mirrors
becomes anti-parallel.
In two images man will see himself using left hand.

In plane mirror, size of the image is independent of the angle
of incidence.

20.

2L

22.
23.

24.

25.

26.

27.

28.

29.

30.

31

32.

—
o
~

—
n
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Size of image formed by a plane mirror is same as that of the

object. Hence its magnification will be 1.

Incident ray

Reflected ray

hr Surfage
Subtract the given time from 11: 60

Relative velocity of image W.I.t. object
=6—-(-6)=12m/sec

6m/sec 6m/sec
oo -—
o 7
See following ray diagram
Object Image

< 10cm —>| < 10cm =
30 cm

The distance focussed for eye =30+10 =40cm

Distance between object and image=0.5+0.5=1m

Object Image
T O (-
< 0.5m < 0.5m =>

Relative velocity of image W.I.t. man

=15-(-15)=30m/s

Man Image
- > oo oo ~—e-
15m/s 15m/s

Real image

Diminished, erect image is formed by convex mirror.
When a mirror is rotated by an angle O, the reflected ray
deviate from its original path by angle 26 .



(b)
(©)

(b)

1720 Ray Optics

f=—,and R=c0 for plane mirror.

Let required angle be &

From geometry of figure ¢
In A ABG o =180° — (60° + 40°) = 80°

= f =90° - 80° = 10°

In A ABD; ZA=60°, ZB=(a +2f)

= (80 +2 x10) =100° and ZD = (90° — 6)

LA+ ZB+ ZD=180° = 60° +100° + (90° — &) =180° = 6O
=70°

Spherical Mirror

1 v u
m=4+—=——>V=——
n u n
. . 1 1 1
By using mirror formula ?:_U+_ =u=—n-Df
u
n
o o 10 _gs5em
O (f-u) +5 -10-(-100)
. . f
For real image m = - 2, so by using m:f—
—-u
2-—=0 Ly _750m
-50-u
B . | f
usin; —_— =
Y ¢ O f-u
N '5: 2225/2) = 1=178cm
+(79) (7}(—40)
2
lZL;whereu=f'+)( .'.lz—i
O f-u 0] X

Image formed by convex mirror is virtual for real object placed
anywhere.

Given U =(f+X;) and V=(f+X,)
uv  (F+x)(F+x,)
u+v  (fF+x)+(fF+xy)

On so]ving, we get f2 = XX, or f= X1 X,

The image formed by a convex mirror is always virtual.

The focal length f =

Object should be placed on focus of concave mirror.

Point image

20.

2L

22.

23.

24.
25.

26.

27.

28.

29.

30.

3.

32.

(b)

(d)
(b)

(b,

(c)

m:_f 3(+3]:ﬂ:>u:—90cm
(f—u) 4) (+30)-u

1
Size is —. It can’t be plane and concave mirror, because both

conditions are not satisfied in plane or concave mirror. Convex
mirror can meet all the requirements.

Plane mirror and convex mirror always forms erect images.
Image formed by concave mirror may be erect or inverted
depending on position of object.

Virtual image is seen on the photograph.

v 1 1 1 u
m=——also —=—+— —=—+1
u f u f v
u u -V f
= ——=1-— —_= som=———
f u f-u f-u

To make the light diverging as much as possible.

Let distance =U. Now v =16 and v=u+120
u
L 12008 g6 154 =120 > u=8em.
u

Virtual image formed is larger in size in case of concave mirror.

Real, inverted and same in size because object is at the centre
of curvature of the mirror.
R
Image is virtual so m=+3.and f = ) =18 cm
f -18
So from m = = 3= (-18) =u=-12cm.
f-u (-18)—u
R .
f= E =20cm, M =2 For real image; M =—2,
-20
ByusingM=——, —-2=———=u=-30cm
f-u -20-u
For virtual image; M = +2
-20
So, +2= =u=-10cm
-20-u
Convex mirror always forms, virtual, erect and smaller image.
When object is placed. Between focus and pole, image formed

is erect, virtual and enlarged.

c) Convex mirror and concave lens form virtual image for all

positions of object.
Here focal length = f and u=—f

On putting these values in T =—+—
Vv
1 1 1 f
STt v=—
f f v 2
Erect and enlarged image can produced by concave mirror.
I f +3 f

= f=-6cm

0 f-u +1 f-(-4
= R=2f=-12cm

f f
- =-3=—
f-u f —(-20)
When object is kept at centre of curvature. It’s real image is
also formed at centre of curvature.

= f=-15cm

u=-20cm, f=+10cm also l=1+l
f v u

1 1 1 . .
Y :? Cm; virtual image.

+10 v (=20)



33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

@)

(d)

(b)

(d)

(d)
@
(d)
(d)

Mirror formula

1 1 1 1 1 1 20 .
==+-=>-=——+——=f=— cm. If object
f -20 (-10) 3

moves towards the mirror by 0.1cm then.

f v u

u=(10-0.1)=9.9cm. Hence again from mirror formula

! i+ ! =V =20.4cm e

~20/3 v 9.9
away from the mirror by 0.4 cm.

shifts

image

Image formed by convex mirror is always. Erect diminished and
virtual.

f:%:R:40cm

f=-15cm, m =+2 (Positive because image is virtual)
m= Y =V =—2U. By using mirror formula

u
L:L+1:>u =-7.5¢cm
-15 (2u) u
u=-30cm, f=+30cm, by using mirror formula
1 1 1 1 1 1
e
f +30 v (-30)

vV u
v =15cm, behind the mirror

R=-30cm = f =-15cm
O =+2.5¢cm, u=-10cm

1 1

By mirror formula =—+——=v=30cm.
-15 v (-10)
Also r_v | __ 30 = 1=+7.5cm.
) u (+2.5) (-10)
| f | —f
—_—, =2 —=———— = | =-2cm.
O f-u +6 —f—(-4f)
Convergence (or power) is independent of medium for mirror.
| f | 20 1
—_—,= = —=—— == |=1mm
O f-u 2 20+20 2
m==*3and f=-6 cm
Now M=—— = +3= —6
f—u -6-u

= u=-8cm

For real image —3 =

For virtual image 3 = = u=-4cm

—-6-u

Focal length of the mirror remains unchanged.
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Refraction of Light at Plane Surfaces

(d)
(a) Holwe > Hred

CITS W)

A
@ Apedium = 2 = 6000 _ 4000 A
U 15

(d)Velocity and wavelength change but frequency remains same.
C C

) 3x108
R
N TV T 4x10% x5x107

(c) To see the container half-filled from top, water should be filled
up to height X so that bottom of the container should appear
to be raised upto height (21-x).

=15

As shown in figure apparent depth h'=(21-X)
Real depth h =X

Raised bottom
=>Xx=12cm

(d) In vacuum, the speed of light is independent of wave length.
Thus vacuum (or air) is a non dispersive medium in which all
colours travel with the same speed.

1 A
() loc_j_lzﬂzﬁ
U Ao 1

1
(@ v ;r/lrarer < Hdenser

1
b o —
(b) poc—
8
@ v==-320 5108 m/s=15x10%em/s
Y7 2
(b) - ZLi>Z r it means light ray is going from rarer medium

(A) to denser medium.

So V(A) > Vv(B) and n(A) < n(B)

h 8
=—=>h'=——=6m
@ wu v 173
) h':ﬂ+d_2:d(i+il
/'I’l /u2 /ufl /UZ
(a) Normal
shift AX =|1-——|t ~
H S~ T ]
and shift takes place in /,_—_”_" < 5
direction of ray. /nﬁ x
>

_ distance 't nt

speed c/x
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

(b)

(b)

(d)

1722 Ray Optics

Let v'and A’ represents frequency and wavelength of light in
medium respectively.

v _clpy _c_
so vV =—= —
/'L' Al u A
ﬂ:c__i tw—éxi—lll—llmmﬁsec
c, 1 3 9 9

Optical path = ut

In medium (1), optical path = z4d;

In medium (2), optical path = z,d,
". Total path = z4d; + 14,d,

Refractive index of liquid Cis same as that of glass piece. So it
will not be visible in liquid C.

3 4
aklly Zxaﬂw 3
_ayg_3/2_g
ST, 413 8
M My Mg M 1
zﬂlxsﬂzxuls:_lx_zx_3:_1:4ﬂ1:_

Hy Hz  Hy Mg 1Ha
Colour of light is determined by its frequency and as frequency
does not change, colour will also not change and will remains
green.
Ray optics fails if the size of the object is of the order of the
wavelength.

n, Ng N n
o s Ta

aMw X wNgi X giNgas X gasN =% x =1
w'igl gas 7" gas''a n n, ngl ngas
Voc,1:>v_1:ﬂ_1
Vo A,
\'
LV, =—Ex 1, :3X108Xﬂ=2.25x108m/s
A 6000
. sini 1
. sinr=1=r=90°
= E 1/ Ho&o _ &
v 1/\//15 Hoéo
i 1 X x=31504
A 4/3 4200
=JuK
ﬂogo
”za Cn=1s
In the case of refraction if CD is the refracted wave front and v

and v are the speed of light in the two media, then in the time
the wavelets from B reaches C, the wavelet from A will reach
D, such that

34.
35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.
48.

49.

50.

—_
o o
= =

@

(b)
()
(d)

@

(d)

()

@

BC AD BC v,
= = = —

V, vy AD v,
But in AACB, BC = ACsiné
while in AACD, AD = ACsing’

v sind
From equations (i), (i) and (iii) —%=——
vy sing

1 % sin@
Also poc v = Yo _Ho SO -
v

Vg 4, sing’

From figure 60: 60

sind
He sing’

<i=60° <r=30°

sin60 _
sin30

o U=

1 Hg vV,
===
H Vv

My Vg

3/2 v,
4/3 2x108

W =2.25%x10%m/s

PR 3x10°

4 v 5x10% x15

L Aar _ 7200

glass

= 4000 A

=4800 A

a/lr
Wﬂr

Ml gy

abhw
el Hy

3, 5x1073
2 —0.25x10s

t=12 2

c 3x108

. c 3x10°8
Distance =V Xt = —xt = ——
7] 1.5

x107°
=0.2 m=20 cmn.
foc%.As Ay <Ay = f >0

Real depth = 1 m
Apparent depth= 1-0.1=0.9 m
Real depth

Refractive index ft= —— =
Apparentdepth 0.9

h
=— = h'=—
" h' n
_r
(Temperatu re)

Refractive index oc

Snell’s law in vector form is 1 xf = u(r xn)

8
V=£:%=1.25x108m/5

Y7 2.
Velocity of light in the window

3x108
= ms
1.5

1 =-2x10%ms™

-.g. _._
o <

q

o

-t
9

10



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

(d)

(b)

(b)

(b)
(b)

(b)

(b)

(d)

(b)

(d)

(b)

-3
%S:ZMO’MS
x10

Ray optics is valid when size of the objects is much larger than
the order of wavelength of light.

Hence t =

8
v:&: 3x10 =2.25x10% mss
7] 1.33
-3
t:ﬂ:].SXZXlO :10711535
c 3x10°8
4/3 8
iyt 4138
Hy 3/2 9

Frequency does not change with medium but wavelength and
velocity decrease with the increase in refractive index.

#X _ 3x4x107°

t= =4 x107" sec
c 3x108
/1=£:>h’ocl
h' 7,

&

g
¥ ¥
s ol S 4
vV IrGY OR
e /’lR SVOYY TR TV

i.e. Red colour letter appears least raised.

c _sini _sin45°
v sinr sin30°

3x10°
V=

V2

1 v v
Vet 1 _He Y9 _ M
H Ve H Vi Hyg
Time taken by light to travel distance x through a medium of
refractive index p is

=2.12x108 m/s

4/3 8

3/2 9

t:ﬂzﬂzx_Azng#Bzizl,s
c Hyn Xg 4 2

o —atly L5

e u, 1.3
Real depth _120:1'5

" apparent depth 80
Apparent depth of bottom
H/4 H/4 H/4 HI/4

+ + +
H H H3 Hy

H [ 1 1 1 1 J
= | ==

A\t My My

For  successive

refraction different  media

through
SiN@ = constant. Here as @ is same in the two extreme
media, 4 = 4.

The sun appears above

the horizon

i . >
As seen from
y Atmospheric the earth
A refraction

Actual position of the
sun

(Just below horizon)

66.

67.

68.

69.
70.

7.

72.

73.

74.
75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

—~
o, o
= —

()
(d)

(b)

(b)
@

)
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y:%zh-:ﬂh:%xw:m cm

Optical path X = constant e f4X; = fX,

= 1.53x4 =pu,x45= 1, =1.36

Velocity of light is maximum in vacuum.
p=tani = i- tant g =tan*1.62 =58.3°
Suppose water is poured up to the height 4,

So h[l—ile =h=4cm
7]

gt Ve o 2x10°
vV ug vy 15 25x10°
Stars twinkle due to variation in R./ of atmosphere.
sini
sinn

= =12

Refraction at air-oil point f;, =

_sin40

sinp = =0.443
1.45

sinn
sinr
1.33 0.443 0.443x1.45

=" 5 - Y

145 sinr 1.33
Objects are invisible in liquid of R.l. equal to that of object.

Refraction at oil-water point | fhyater =

r sinr =r=28.9°

When light ray travels from denser to rarer, it deviates away
from the normal.

c_ 3x10°

Vv 1.5x10®

Frequency remain unchanged.

akty :£:§:1_25.
124

A 5890
dy =2a 2220
Mg
8 3
t= i = M =500 sec = 8.33 min.
v 3x10
For vacuum t=n4, .. (@)
Forair t=(n+1)4, .. (i)
From equation (i) and (ii)
A 6x1077
#—1 1.0003-1

why

=3681A.

t

=2x103m =2mm.
o _C_N A
vV ni, A4,

As no scattering of light occurs. Space appears black.

1
V oc —, W is smaller for air than water, glass and diamond.

In vacuum speed of light is constant and it is equal to 3 x 10°
mjfsec



il

89.

90.

(d)

(b)

(d)
(d)

(d)
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A,
Amedium = et

7
12.
In vacuum speed of light is constant and is equal to
3x10%m/s. 13.
When viewed from face (1)
. 4.
6 cm i 4 cm o~ 15.
V= > — D
h— [ J O Air @ i 6
Face 1 E bubble Face 2 .
— x—>
| ' |
u Xk * 15 cm d .
=—==_== " . i
v v 6 0
Now when viewed from face (2)
15-x 15-x (i)
= . ii 17.
v 4 15_6 18.
From equation (i) and (ii) u = %’u =>u=15
The apparent depth of ink mark "
real depth '
= —pt — i =2cm 20.
Y7 3/2
Thus person views mark at a distance =2+2=4cm. 2L
. 1 3
Apparent rise =d| 1 — =12x|1-—|=3 cm
aku 4
. 22,
Total Internal Reflection
Due to high refractive index its critical angle is very small so 23,
that most of the light incident on the diamond is total
internally reflected repeatedly and diamond sparkles.
When incident angle is greater than critical angle, then total
internal reflection takes place and will come back in same
medium.
1 .
=——=sinC=
29 = Sinc allg
24.
As u for violet colour is maximum, so sin Cis minimum and 4
hence critical angle C is minimum for voilet colour. 2
The critical angle Cis given by 5.
. n A, 3500 1
sinC=—%="L=—"— == = C=30° 26.
n, 4, 7000 2
From figure given in question € = 2¢ = 98°. 27
1 1
HU=—T"T=— =2 28.
sinC  sin30
29.
3x10°
= Xz —15x10°m/s 30.
sini _sinr’ 1
AR = Sinr ~R*° T Sini ~ sinC
. ini sini_ sini
=sinC :_S—z—z—_ (as Li=Zr)
sin@0—r) cosr cosi
=sinC =tani=C =sin(tani)
For total internal reflection 7 > C
S .1 1
=sini>sinC = sini>— = —< u 3.

# sini
For total internal reflection light must travel from denser
medium to rarer medium.

(c)

Semi vertical angle =C = sint [lj =sin™? (3)
Y7 4

= :C:sin‘l(%J:%‘)

sinC

Critical angle = sin‘l(il
u

s @=sint 1 and 0'=sin™ 1
Hy My,

Since fi;, >ty , hence §'< 6

(c,d) For TIRj> C

. 1
= sin 7> sin C= sin45°>—= n>\/§ = n>14
n

1 4y 513 1
=>—= =

whe = 473 sinC

~sinC Hy
=sinC =i:> C :sin-l(i)
5 5

Total internal reflection occurs when light ray travels from
denser medium to rarer medium.

U= ¢ > u= . 2 also for total internal reflection
v cl2

. L o1
i>c=sini>sinc = sini>—
u

Hence i25in1[l] or i>30°
U

C=sin? L —sint| Hu :sin’l[gj
w g Hq 9

My < Hg = Gy >Cy.

1 1
H=——=— =2
sinC  sin30
Ray from setting sum will be refracted at angle equal to critical
angle.

Optical fibres are used to send signals from one place to
another.

When total internal reflection just takes place from lateral
surface i=C ie 60° =C

= sin60° :sinC:l:uz:i

u 3

Time taken by light to traverse some distance in a medium

i><103

w3

= 3.85 u sec.

v 1
. T,
MooV, 2



32.

33.

35.

36.

37.

()

(b)

1
sinC  u,

For total internal reflection , 4 =

1 1
=_—22=_—:>C=300
sinC sinC
So, for total (Internal reflection angle of incidence must be
greater than 30°.

po L1 2
sinC  sin60° /3
= - 0]
== = . i
s = Sing — " sing
Now from Snell's law y:ﬂ:ﬂ
sinr sinr
Ssinr= 00 (i)
7

From equation (i) and (ii)

. 1 (1
S|nr:—2:>r:sm —
u 7

C= sinl(iJ and g o« 1
Y7 A
Yellow, orange and red have higher wavelength than green, so

W will be less for these rays, consequently critical angle for
these rays will be high, hence if green is just totally internally
reflected then yellow, orange and red rays will emerge out.

We know C = sin™ [lj
u

Given critical angle Ig > 1,

So pg < Uy ie Bis rarer and Ais denser.

Hence light can be totally internally reflected when it passes

from Ato B
Now critical angle for A to B

Chs :sin‘l[ j = sin [ 5]
BHA

. . sini
—sint| 28| —sint| 2
L sinig

At point A, by Snell’s law
_ sin45

= — = sinr =
sinr

1 .
IU‘/E ..... ()

. . . - 1
At point B, for total internal reflection SInl; = —
U
From figure, '1 =90 -r
. 1
..8in@0°—-r)=—
u
= cosr=— .. (i)
7

38.

39.

40.

41.

42.

43.

44.

45.

46.

(b)

@

@

@
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2 —
= 2"—21 ..... (i)
2u

From equation (ii) and (iii)

1 [2u4% -1
H 2u?

3
Squaring both side and then solving we get 1 = \/;
1 v 1 v
2M =_L jﬂ:.— =>-2=— —2=.L
sind  u, sind v, sind v sing
Vv
SV, =——

- sin@

From the formula SinC = L =sinC =14

1H2
u % . 10x/t
=1-"2 5sinc="——-2
u, v x/t,
. 10
=sinC =—1

0t _ s[w_t]
tZ t2

sinas® =L = -2 —1.41
)7

Critical angle C is equal to incident angle if ray reflected

normally .. C =90°

NN N
1
yr
This gives I =3 M, hence diameter = 6m
3h 347

N

Refraction at Curved Surface

. _3h_3x12 36

Here Sini= =§ and hence tani:gz
5 4

A=

Radius of horizon circle = 3cm.

By formula % =(u-1) [Ril - RLZJ

_as-n il oosxtoL
40 " 40 20 ~ 40
f=40 cm

X
1+m

v
—=-mand v+u=x=u=

1 1 1 mx
e
f v u (m+1)
2
ar
2 ﬂfz_
|ocA2:>'—2=[ﬁ] -4 :%

Lo LA ar?

=1, = % I; and focal length remains unchanged.



(b)

(b)

(d)

(d)

1. 1.1 R P 1 100em
f~% f, 100 100 100

.. A convergent lens of focal length 100 cm.

Focal length of the combination can be calculated as

1 1 1 1 1 1 200
=F

e e i — =—"""¢
F f, f, F (+40) (-25) 3
LpotW_ 100 5p

F —200/3
1 1 1 1 1 1 80

—=—4+—>>—=—+—=1f, =——cm
F f, f, 80 20 f, 3
.".Power of second lens
P, = 100 = 100 =-3.75D

f, -80/3
In each case two plane-convex lens are placed close to each
other,and — = i+i
fl fZ
Power of the combination P = P, + P, =12-2=10D

.". Focal length of the combination

F_2100 _100
P 10

Resultant focal length =0

10cm

.. It behaves as a plane slab of glass.
10
=——  =30=
(u-1) (-1)

In case of convex lens if rays are coming from the focus, then
the emergent rays after refraction are parallel to principal axis.

= 1=1.33.

Because to form the complete image only two rays are to be
passed through the lens and moreover, since the total amount
of light released by the object is not passing through the lens,
therefore image is faint (intensity is decreased).

_ fif,  10(-10)  -100
f,+f, 10+(-10) 10-10

Focal length of the combination

1 1, 11 1 k. _iacm
F f, f, (84 (-12)
b 100_100 50

F —14 7

0=l,l, =V4x16 =8cm

f| (a;ug _l) fw (15—1)

—_—_— - = = 7

o G0 f (L5
1.33

= f, =32cm

If n >N, then the lens will be in more denser medium.

Hence its nature will change and the convex lens will behave
like a concave lens.

-1 f 5_
lzm :>—I=M = f, =60cm
f, (,,ug -1) 15 15 _1
4/3
f| (a:ug_l)
—=— = fi=0if =1 = =M.
fa (Ilug -1 | =0 0 | Ly ath =aly

20.

2L

22.
23.

24.

25.

26.

27.

28.

29.

30.

3l

32.

33.

34.

—
g}
~
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u

L v |
L =—=0%=1l,
v

=— and %
O u (0]
A lens shows opposite behaviour if £2c4ium > Hiens

A concave lens always forms virtual image for real objects.

A

1 I

2f 2f
va

lzl—i (Given U=—20cm, f=10cm v="7)
f v u
" i=£—L:v=200m

10 v (-20)
11,1 1,1
F f f, 60 (-20)
Tuater =4 X Ty, , air lens is made up of glass.
1 1 1 1 1 100 1
—=—+—=—+—=> F=——cm=— metre
F f f, 20 25 9 9
" P=LD=9D

1/9

lzl—i (Given U=_—f)
f v u 2

1 1 1 1 1 2
= =4 = —_--_=

fov (/2 v f f

1 -1 v f
= —=— andM=—=——=

u f/2

So virtual at the focus and of double size.

1 1 1
e G

Given R; =+20cm,R, =-20cm, =15
= f =20 cm. Parallel rays converge at focus. So Z=£

HMair < Higns < Hyater ©-€4 1< Hiens < 1.33

1 1 1
O |
2
1 2
For biconvex lens R, = —R; T =(u —l)[E]

Given R=0 .. f =00, so no focus at real distance.

R 15

f=——= =25cm
(-1 (L.6-1)
.p-100_100_ ,p
f 25
foc ! d ocl H focd and A > 4,
an —_—. ence an
w-n "HE7
A A
1=iand mzzk =m,m, = 2
0 0,

Also it can be proved that m;m, =1



36.

37.

38.

39.

40.

41,

42,

43.

45.

46.

47.

48.

49.

(b)

(d)

(d)

()

(b)
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So O =,/AA,
Combined power P=P, +P, =6-2=4D. So focal length
of combination F =— = l m
P 4
1t
60 f f,
and = = 1 +i 10 (i)

30 f § &
On solving (i) and (ii) f;f, =—600 and f, +f, =-10
Hence f; =20 cm and f, =—-30 cm

- [0
For an achromatic combination —+ + —2 =0
1 fZ
ie. 1 convex lens and 1 concave lens.
1 2 1 1 2 1
—=—+—=>—=—=—+—=F=10cm
F f 1, F 20 o
Since aperture of lens reduces so brightness will reduce but
their will be no effect on size of image.

Convex mirror and concave lens do not form real image. For
concave mirror V >U, so image will be enlarged, hence only
convex lens can be used for the purpose.

f 1 30

T ftu 4 30+u

Covering a portion of lens does not effect position and size of

= u=-150cm

image.

bl e -5

= f =-15cm, so behaves as concave lens.

Size of image = /=0.5 ><(1><10’3) = 0.5 mm

—

\7\"\|
Image
3

f_GaD) [5‘1) 5

Object

o (ug-D 3/2 2
5/4
of=a, 5)_12x5 =30 cm
2 2
p :l: f,+f1,
fle
fo R ___R__a
(k-1 (@5-1)
For achromatic combination, Wy + W =0
1 fZ
= w,f,+w,f, =0
ﬂ: 1352ﬂ2f2:9 cm

, f, 3 f,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

@)

@)

@

(d)

()

(b)

(b)

R

40

f = = f= ~3lcm
2(u-1) 2(1.65-1)

Focal length of effective lens

1 2 1 2 1 f
—=—+—=—+—>F=—

F § £ f o 2

i 2f, 2f
3
Principle | [T =
axis

2f

! 2f
Ratio of focal length of new plano convex lenses is 1 : 1

1 (n-1)(1 1 1 n-n\( 1 1
—=—||=————|ad = =| — || ———
f 1 R, R, f' n' R, R,
izn—l>< n' f,:_fn'(n—l)
f 1 n-n' n'-n
1 _f-v I =(25_75):—2:I:—3cm
(0] f +1.5 25
P=P+P,, if b=P,=P" = P'=P/2=2D.
=L: 60 =100 cm.
(-1 @6-1)
fi_atg-l_ 15-1  175x050 _ ..
fo mg-1 15 0.25 '
1.75
S f=-35f,=f=+35R (+ Ff=R

|

Hence on immersing the lens in the liquid, it behaves as a
converging lens of focal length 3.5 R.

= R =30 cm

ppap Lt l_ 1 1
f, f, (0.5) (-1
f= R =30 = R
2u-1) 2(1.5-1)

Total power P =P, +P, =11-6 =5D

f| (a:ug _1) Pa (a;ug _1)
Also —=—""—=> —=—"—
fa (I/ug _1) I:)I (Iﬂg _1)
i:M:PI =-0.625D
P, 1.5/1.6-1)
For first case : lzl—ij f=v
f v o
1 1 1

For second case —

f(F+5) —(f+20)

= f=10 cm

Alternative sol. — f2 = X;X, = f=10cm.

(o D? —x?2
4D
_ ¢ 100)* —(40)*
4 x40
. p-100_100
h fooo21

=21cm

5D

(Focal length by displacement method)



63.

64.

65.

66.
67.

68.

69.

70.

7.

72.

73.

74.

75.
76.

77.

78.

79.

80.

8.

82.

83.

84.

()

1 1 1 1 1 1
= > —=——-———=v=10cm
f v u +5 v (-10)
wl f="2wlf=f=-2f
_ R
2(1.6 1)

f =R =12 cm

=L:>10
2u-1)

P=P +P,=250-3.75=-1.25D

So f:ﬁz—so cm
1.2
f -1
AT R
fa 1 Mg -1
-1 -1 _
l: atlg = akly 3i:—1'5 ! =>fi=5cm
fa 14g 1 akyg _ 2 15 -1
ath 1.25
foc and /Jocl
u-1 A
P:£:£+i: ! +L:—0.75D
F f f, (+0.8) (-0.5)
According to lens makers formula
1 1 1 1
—=(u-1D| ——— | => = c(u-1
f(u){Rle] Lo (-1

Since Upeq < Myioet = Ty < frand F, <F,

Always keep in mind that whenever you are asked to compare
(greater than or less than) u, v or fyou must not apply sign
conventions for comparison.

Since light transmitting area is same, there is no effect on
intensity.

f 1 f
m = e ——
(f+u) n (f+u)

P=P +P,=2D-4D=-2D,

= u=—(+Df

l=g+i.Here f, =0, hence F:izlocm
F f 1, 2

O= I, >0=+v4%x9 =6 cm

P=P, +P, >P=+6 -4 =+2D. So focal length

_100

f =+ 50 cmm;, convex lens
fo R - :2(y—1):2(1.5—1):+5D
2(u-1) R 0.2
poltof-l _om
f 0.5
_1 _
D] 2 _h a4 1):>f,——128cm
fa Iﬂg_l 4 ﬂ_l
1.6
£:i+i:>£: 1 F=18cm
F f, f, F (+18)
-1
A A S R PY
LD 2 D) 206

85.

86.
87.

88.

89.

90.
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93.

94.

95.

96.

97.
98.
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o @82 L p 4075 em

125 1.6 1
1.63
(¢ P=P +P, =P =+2+(-1)=+1D,

4100 +100
P

f =100cm

(c)

(b) Nature of lens changes, if Liegiume > Hens
(@ u=-25cm,v=+75cm

= 1 =L—LD f =+18.75 c¢m ; convex lens.
f +75 -25
fif . o
(@) F= , Fwill be negative if f, > f,
271
b) f= R___10 =10cm
2u-1) 21.5-1)
1 1 1
b)) —=Ww-1) —-—
R
= L:(1.5—1) t 1 =R, =-15¢cm
+10 +75 R,
@ f=- R e R oo
2(u-1) (u-1)
(c) m:if&,usingmzL
f+u
For virtual i 3 f @)
or virtual image 3 =—— ... i
R Y
bor res image ~3——— i
or real image —3=——— .. i
¢ f-16
Solving (i) and (i) we get f=12cm
@) i:L+L3F=—18 cm (i.e. concave lens)
F +18 (-9)

(&) O=,ll, =+8x2 =4cm
100 100 100 100
P="y = - —_
fl f2

(©)
(©)
(@) fy=4xf, =4x12=48cm.

(d) By using lens formula
1 1 1 1 1 1
3 ] —_——

(+25) (-10)

=ﬂ:>v=48 cm

“16 v (112) v 12 16 48
Virtual Real
object Image

u =12 cm

—
@ P=P +P,—dPP,sSP= ro=250!
= For P to be negative 25d >10

= d>0.4m or d>40cm

(@ m f =-m= f :u:—(m+ljf

:f+u f+u m

(d) Number of images = (Number of materials)
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For lens (1)

v u

(+8) v (12
=V=24 cm je Image A'B' is obtained 6 cm before the

lens 2 or at the focus of lens 2. Hence final image formed by
lens 2 will be real enlarged and it is obtained at 0.

1 11 1 1 1
? =

£=8cm £=6 cm

A 1

1 < +—F+——>fFc— 24 cm 4—><b6cm>
104. (d) —=—uf2o= <= 4 30 em
F f 1 F +80 Zou
F-_—1199 P::Zgg
3 4
105. (a) By using formula H M _Ho” M
v u R
L5 1 _@5°D_ .\ 30em.
v (-15) +30

Negative sign shows that, image is obtained on the same side of
object i.e. towards left.

106. (c) By usingl = M = f, =4f, =4 x30=120 cm.
fa (I /ug - 1)

107. (b)

108. (a)

109. (d)

: ()
‘0

f
1mo.  (b) Diameter of image d = (0.5 X ﬁj x500=4.36 mm
| 50cm |
! o5 f
: d
m. () fo and U oc l |
u-1 A

nz. (c) Since intensity oc (Aperature), so intensity of image will

decrease but no change in the size occurs.

In liquids converging ability (power) of convex lens decreases.

n3. (c)

1
4. (d) Since foc—oc A, so voilet colour is focused nearer to the
y
lens.
ns. (@) Focal length for voilet is minimum.

\"
n6. () m=—=5=vVv =5 inch (Given u=1 inch)
u

Using sign convention U = — linch v=-5inch

Sttt 125inch
f v u -5 -1

n7.

ns.

no.

120.

121

122,

123.

124.

125.

126.

127.

128.

(d)

(b)

(d)

m_=4
m, =(m,)?sothat A’ = A, x16 =1600 cm?

u=-10cm, v=20cm

1 1 1 1 1 3 20
=t |- |==—=f=—cm
f v u 20 10 20
NowP=@:£=+l5D
f 20/3

1 1 1
—_ = 4 —
F f, f,

R
f= =>R=2f(u-1) =2x0.2(1.5-1)=0.2m.

2(u-1)

-1 1
Using refraction formula S B Vet B
R v u

in given case, medium (1) is glass and (2) is air

1
G oMl _ ot 1 15 " _ 1 1
R v u -6 15v -6
1-15 1 15 05 1 1
= =t — = —=—+—
-6 Y] 6 6 v 4
1 1 2 1
e - == y-6cm
v 12 4 12 6
For real image m = —2
f f 20

= = = —> u=-30 cm.
u+f u+f u+20
Focal length of the system (concave mirror)

F:i _ 30
2pu  2x15

In order to have a real image of the same size of the
object, object must be placed at centre of curvature v =

(24.

1 1 1
O N R
- (u ){Rl sz
- 2.5-1) i+i :i = =10 cm
10 10 10
.. Radius of curvature of concave mirror = 2= 20 cm.
1
m=-=
2
= f :—l: 30 =u=-90cm
u+f 2 u+30
1 1 1
I (y-1| —_ =
oo n )
l:(1.6—1) 1.1 L = f=100cm
f 60 o 100

L as-y[E-l)oFos0em.
F 20 «

For minimum spherical and chromatic aberration distance

between lenses.



129.

130.

131.

132.

133.

135.

136.

137.

138.

139.

140.

(b)

(b)

(b)

(d)

(b)

(b)

d=f, —f,=03-0.1=02m.
fi alty—1 (L5-1)x17

f, omg-1 (L5-17)
=1 2% f,=—-4.251,.
o= fe—fy _f-1F
fy fV fR
Putting value of f, and f; we get @ =0.0325.
P,+P,=2D and P, =5D, so P, =-3D
For achromatic combination
@ [P (Z3).3
@, P 5 5
foc and g oc L
u-1 A
P=P +P,=+12-2=10D
Now F :izim =10cm.
P 10
Focal length for voilet colour is minimum
f 2
f—l = .. 0)
, 3
. (i)
ff f, 30
Solving equation (i) and (ii)
f, =-15cm (Concave)
f, =10cm (Convex)
i _ (a/ug _1)
fa (I;ug -1
N i: aklg —1 _ 15-1 _ 0.5x1.6 -8
1 15 o1
1.6
= PI — & — E
8 8
To obtain, an inverted and equal size image, object must be

paced at a distance of 2ffrom lens, i.e. 40 cm in this case.

=40 cm =40 cm F=20 cm
=
Using P ) + P, | /<P, P,
for equivatent power t&be negative
dxP,P, >P, +P, = dx25>10
= d>%m = d>M = d >40cm.

Combination of lenses will act as a simple glass plate.

141.

142.

143.

144.

145.
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®, _ 0.036 3

. . f
(b) For achromatic combination L = ——2 —
f 2]

0.024 2
1 1 1

and ——— =

f, f, 90

solving above equations be get f; = 30cm, f, = -45cm

1
foc d —.

(c) 1 an ‘uocl
f -1 -0. 5—

(b) N _ 2t 05 _15-1 = 4y -1=-0.2
fa (g —1 0.2 1ig —1
3Iﬂg:0'8:i:>ﬁ:£:> 15 :i

S aty S athi S

15
= aly = ? .
(c) Longitudinal chromatic aberration

= of =0.08x20 =1.6cm.

Prism Theory & Dispersion of Light

(b) Neon street sign emits light of specific wavelengths.
(b

=

() Soc(u—1)= ug is least so Og is least.

1 in30° . .
(a) For surface AC — :SII‘-Ii = sine = x#sin30°
u  sine

= sine=1.5 x% =0.75

= e= sin*(0.75)=48°36'
From figure § =e —30°
=48° 36'-30°-18°36’

B
(@) The black lines in solar spectrum are called Fraunhoffer lines.

SinA+§m
A
& — 2 — 4 Bu +25m —i=45°
sin—
2
H 0
o M _ L ginf o A=60
Sin(A/2) 2 2
v_5r
(d) We know that =w
mean

= Angular dispersion = §, — 5, =6 = WO ean

(d) According to Kirchhoffs law, a substance in unexcited state will
absorb these wavelength which it emits in de-excitation.

. A+A

Sin

(c) By prism formula N = =
sin—
2

A A
2sin—cos—
2 2

A
sin—
2



23.

24.
25.
26.
27.
28.
29.

30.

(b)

L =

g o

1732 Ray Optics
" cosA _nh_15_ 0.75 =c0s41° = A=82°
2 2 2

@ depend only on nature of material.

Because achromatic combination has pu for all

same

wavelengths.

U= a+% (Cauchy's equation)
. . d/.l -3 2b
d d D=—— => D=-(-247)b=—
and dispersion i ( ) yo
. 3
:>Doci3:>2:i :[i :l:>D'=2
A D A 21) 8 8
= .Slnl :>‘\/E: sini
sinA/2 .{60]
s —
2
= /2 xsin30 = sini = i=45°
5
5_W:(Wlug_l): 8 :l
5. (gD (3_,) 4
2
. ’ A’ ﬂy -1
Since A(u, —1)+A'(yy —1)=0=>—=~ ——
A Hy =1

From ray diagram
A=C+6 for TIR at AC
0>Cso A>2C

B
By the hypothesis, we know yét
i+, =A+5=55°+46°=60°+5 = 5§ =41°

But 5m <0, so 5m <41°

S =W —DA. A= angle of prism.

Total deviation = 0

8, +0,+8;3+0, +05 =(y — DA, —(u, —DA,
s DA, — (g ~DA, +(ts ~DAg =0

= 2xA,1.6-1)=3(@1.53-1)9

= A, = 3[0'513; 9) =11.9°

-n
n,—1

The dispersive power for crown glass @ =

3L

32.

33.

34.

35.
36.

37.
38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

—
o
-~

~1.5318-1.5140 _ 0.0178

= =0.034
(@.5170-1) 0.5170
and for flint glass ' = w =0.064
(1.6499 -1)

A y —1
For dispersion without deviation — = Hy
A uy -1

LA (60220 0602 5 50 4
10 (1.500-1) 0.500

i A+6,

50°

In minimum deviation position Zi = /e

Yellow+ Blue = Green
(Primary)  (Primary)  (Secondary)

All colours are reflected.

Effectively there is no deviation or dispersion.

From figure it is clear that Ze =21, =0
From A=r +1,
=r =A=45°

_sini_sin60 |3

- sinr T sinds V2

Also fromi+e=A+0 =60+0=45+6 = 6 =15°

Deviation is zero only for a particular colour, it is generally
taken to be yellow.

5=(u-1)A=15-1)A= A=10°
5=(u, —1)A=0.02x10=0.2

sin[A+5mj .
2 sin45°
“TSinAl2)  sin30°
oy g _165-161
iy -1 163-1

For minimum angle of deviation for a prism
A=2r, .. A=60°

Sin60+30 _ \
Now 41 = 2 _sin45 _LXEZ‘E

Sin% sin30° 2 1

In minimum deviation condition Zi= /e, Zn = £r,

(w'-1

For dispersion without deviation — = ———=

A" (u-1)



48.

49.

50.

51.

52.

53.
54.
55.

56.
57.

58.

59.
60.

61

62.

63.

64.
65.

66.
67.

Th h o
e e

(d)

4 @172-1) 072
=——"=—— or A
Ar (154-1) 054

Ay — 1)+ A, — 1) =0° = A =5°

A=r+0 =r=30°

From Snell’s law at surface AB

_4x054
0.72

_ sini
sinr
2= i ys0
sin30°
_ 1.64-1.52 _ 0.12 —02
16-1 0.6

Because band spectrum can be found in case of molecules
(generally gas).

Solids and liquids give continuous and line spectra. Only gases
are known to give band spectra.

Hydrogen is molecular, therefore it gives band spectrum but
not continuous spectrum.

Dispersion take place because the refractive index of medium
for different colour is different, for example, red light bends
less than violet, refractive index of the material of the prism for
red light is less than that for violet light. Equivalently, we can
say that red light travels faster than violet light in a glass
prism.

We know that S =i+e—A=e=5+A—i
= 30° +30° -60° =0°
.. Emergent ray will be perpendicular to the face.

Therefore it will make an angle of 90° with the face through
which it emerges.

Sm=Ww-1)@2r)=@Q5-1)2r=05x%x2r=r

Given izeziA:§X60=450
4 4

In the position of minimum deviation

2i=A+8, or 5, =2i—A=90-60 =30°

Sky appears white due to scattering. In absence of atmosphere
no scattering will occur.

A=r+0=r=30°

_sini_ sin45°

sinr

sin30°

68.

70.

7.

72.
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74.

75.
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By formula 6 =(h —1)A = 34 =(n —1)A and in the second
position S = (n - l)%

%:% or 5’:%:170
(n—l)z

From figure

A
A=r +c=n +sin‘1[lj

=r =75 —sinl[lj
U

=75-45=30°
From Snell’s law At B

_ S_Inl /2= _sml =450
sinry sin30°

In both A and B the refracted ray is parallel to the base of
prism.

According to given conditions TIR must take place at both the
surfaces AB and AC. Hence only option (a) is correct.

sini
A=r+0 and H=—
sinr
_ sin2A
sinA
2sinAcos A
=22 P _2JcosA
sinA
B C
From figure it is clear that TIR takes place at surface AC
and BC
A
ie 45°>C

= sin45°> sinC

s>l us2

J2 u

Hence L = \/E

S

According to Rayleigh’s law of scattering, intensity scattered is
inversely proportional to the forth power of wavelength. So red
is least scattered and sun appears Red.

Only red colour will be seen in spectrum.
i_A+5m _ 60°+30°
2 2

. A+, . (60°+60°
sinf ——— sinf ————
2 _ 2 _J3

H= 5
siné sin 60
2 2

=45°
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Because in dispersion of white light, the rays of different
colours are not parallel to each other. Also deviation takes place
in same direction.

i — e (1.6333-1.6161)
(p-1)  (L622-1)

For total internal reflection @ > C

= 0.0276

= sin@ >sinC = sind >i
)7

:>y>\/§ = u>141

rou > =>u>

1
sin@ sin45°
0=, — 1, )A=0.02x5° =0.1°

A mD A
A (-1 6

= A =-45°=4°30’

sir(/“zémj Sir(so 2+5m]
—x L 2B

60°

@54-1)
1L.72-1)

ﬂ:

sin— sin
2

3 5

30°+—m] = 5, =60°
2

Dispersion is caused due to refraction as £ depends on A.
From colour triangle

Due to the absorption of certain wavelengths by the elements
in outer layers of sun.

My —pg  1.62-152

w= 0.18
u, -1 155-1

@ h_ 2

@, f, 3

oo T HR 1.62-1.42 —04

uy —1 15-1

Since the ray emerges normally, therefore € =0.
According to relation A+J =i+e,weget i=A+75.
Hence by & =(u—1)A, we get i=fA.

The atoms in the chromosphere absorb certain wavelengths of
light coming from the photosphere. This gives rise to
absorption lines.

= /2 xsin30 = sin[%j:sin%"

103.

104.
105.
106.

107.

108.

109.

no.

n2.

n3.
4.

5.

6.

nz.

n8.

1o.

120.

121.

122,

—
(=3
=

—
(=
=

= sin(MJ =5, =30°
2

1
Intensity of scattered light | oc —,

since A is least that's
A

why sky looks blue.

In continuos spectrum all wavelength are present.

Deviation is greater for lower wavelengths.

)
-1
i:(aﬂg ): 2 :4:>6W=é
5w (w:ug _1) ﬂ—l 4
4/3
0 =(u, — 1, )A =(1.66 -1.64)x10° =0.2°
(uy —1) (1.66-1)
o= Oy —OR _ 3.72-2.84 _0.268
Oy 3.28
. A+, . (60°+30°
sinf =™ | sinf ————| |
. 2 _ 2 _sin45 a1
sin(AJ sin2%” sin30°
2 2
Rock salt prism is used to see infrared radiations.

For different colours 1 changes so deviation of different colour
is also different.
By using ﬂ+& =0 = 0.02 + 0.04 ~0
b fy 40

f, =—20cm
Critical

(1 - .
C =sin (_stm —42

U

since angle of incidence at

AB (600) is
then the
(42°)  so

reflection

material of

angle for the prism

surface

greater critical

total
takes

angle

internal
place.
Line and band spectrum are also known as atomic and
molecular spectra respectively.

In minimum deviation i=€ =30° so angle between
emergent rtay and second refracting surface s
90°-30° =60°

0 =, —ug)A =(1.6-15)x5=0.5°

51 _ Al

5 A

Sunlight consists of all the wavelength with some black lines.

A:300,/l:\/5.Asweknow
A=r+5=0+r=>A=r,.

Applying Snell’s law for the surface AC




123.

124.

125.

126.
127.

128.

129.

130.

131.

132.
133.

(b)

1 sinr, sinA
u  sine  sine

o=e-r,=45° -30° =15°

. A+o, . A+A
_sm 5 _sm , sinA
H=""""A =7 A A
sin— sin— sin—
2 2 2
A A

2sin—cos— A

:#:2(;05_

sin— 2

2

A 3 A

So, «/_:2cos—:>—:cos— = A=60°
2 2 2

Light from lamp or electric heater gives continuos spectrum.
A
i +0n
2
(A
sin —
2
si 60°+ 30°
_ 2 _sin45°
# .{60") sin30°
SI
2

Also :_LC =C :sin‘l(iJ: C =45°
sin 7

A:60°,5m =30%s0 u=

S oc(u—-1)

In minimum deviation position Zij = Zi, and £1, = Zr,.
Ot =0+60'=0 =>awd+0d =0

(6 = Angular dispersion - @. 5, )

A=60%i=e=45° By i+e=A+6

= 45+45=60+6 =5 =30°

At the time of solar eclipse light received from chromosphere.
The bright lines appear exactly at the places where dark lines
were there. Hence at the time of solar eclipse continuos
spectrum is obtained.

In the morning or evening, the sun is at the horizon and
refractive index in the atmosphere of the earth decreases with
height. Due to this, the light reaching the earth's atmosphere,
bends unequally, and the image of the sun get's distorted and it
appears elliptical and larger.

In Rainbow formation dispersion and TIR both takes place.

=g

Sir(A+Aj
V2 ) s Bac 2cos’1(%j

Given O, = A, as u=

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.
148.
149.
150.

151.
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Ray Optics 1735

As the prisms @ and R are of the same material and have
identical shape they combine to form a slab with parallel faces.
Such a slab does not cause any deviation.

Angle of prism is the angle between incident and emergent
surfaces.

U= sini :>\/—: sini
A .{60)
SIin— sin —

2 2

Convex lens, glass slab, prism and glass sphere they all disperse
the light.

=i=45°

Foralens f—f, =af,

f—f 0214-0200 14

= 0= = .
fy 0.205 205
= (/uv _IuR) . (169 _165) =0.06
(,uy -1) (1.66-1)
In minimum deviation condition I = % = 6—20 =30°
o= My — Uy :1.67—1.63 _ 0.615.

p-1  1.65-1

In minimum deviation position refracted ray inside the prism is
parallel to the base of the prism.

Angle of refraction will be different, due to which red and
green emerge from different points and will be parallel.

Deviation J o p o< z

. A+, . 60+38
sin > Sin >
H=""""A =7 &0
Sin— SIin—
2 2

_sin49°  0.7547
sin30° 0.5

Using 8 =i +i, —A =55=15+i, —60 =i, =100°

15.

Sodium light gives emission spectrum having two yellow lines.

Colour of the sky is highly scattered light (colour).

Human Eye and Lens Camera

Man is suffering from hypermetropia. The hole works like a
convex lens.

In myopia, U =00, V =d =distance of far point
1 1

y —=———, weget f=-d
f v u

Since fis negative, hence the lens used is concave.

Hypermetropia is removed by convex lens.

Convex lens
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20.

21.

(b)
()

(b)
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Cylindrical lens are used for removing astigmatism.

Image formed at retina is real and inverted.

Visible region decreases, so the depth of image will not be seen.

1 11 1 1 3

P="=—"4+"=—-——+_—=—=4+3D
f vV u 100 25 100

If eye is kept at a distance d, then MP = L(?f—d), MP
0'e

decreases.

For lens v = want’s to see =0

v=cansee=—5m

... From —zi—l :>£:i—i =f=-5m.

vV o u f -5 o

For improving near point, convex lens is required and for this
convex lens

u=-25cm, v=-75cm

=——-——=f=—cm
-75 =25 2

So power sz: 100 = 8 D

f 75/2 3
In short sightedness, the focal length of eye lens decreases, so
image is formed before retina.

11 1 75
-

The image of object at infinity should be formed at 100 cm
from the eye

i1 1 _ 1
f o 100 100
-100

So the power = ——— =—

100
1
(Distance is given in cm but P == in metres)

For improving far point, concave lens is required and for this

concave lens U =00, V=—30cCm

o l=L—i:f:—30cm
f -30 o
for near point :L—lbu =-30cm
-30 -15 wu
For myopic eye f= — (defected far point)
100

=f=-40cm =D P=—-=-25D
40
For lens u = want’s to see = —60cm

v=cansee =—10Cm

111 1 1 1

f v u f —10 (60
Focal length = — (Detected far point)

= f=-12cm

In this case, for seeing distant objects the far point is 40 cm.
Hence the required focal length is

f = —d (distance of far point) = — 40 cm
Power P szm =ﬂ=—2.5 D
f —-40

22.
23.
24.

25.
26.

27.
28.

29.

30.

34.

35.

36.

37.

38.
39.
40.

—
Y
~

—
o
~

—
ol
=

For viewing far objects, concave lenses are used and for
concave lens

u = wants to see =—60CM; v=can see=—-15cm
so from lzl—l = f=-20cm.
f v u

In short sightedness, the focal length of eye lens decreases and
so the power of eye lens increases.

Colour blindness is a genetic disease and still cannot be cured.

Convexity to lens changes by the pressure applied by ciliary
muscles.

f=-d=-100cm=-1m

1 1
P==-=—=-1D
f -1
For correcting myopia, concave lens is used and for lens.
u = wants to see =—50cCcm

v=can see =—25Ccm

1 11 1 1 1

From - =---"=>-"=——-——_=f=-50cm
vV u f —-25 (-50)
So power p:@:ﬂ:—zD
f -50
f=—d=-60cm
p_100_ 10010 _ ,46p
f 60 6
For correcting the near point, required focal length
_ 50x25 —50cm
(50 - 25)
So power P:@:+2D
50

For correcting the far point, required focal length

f = —(defected far point)=-3m

~p--1p-_033D
3

Negative power is given, so defect of eye is nearsigntedness

Also defected far point = —f = —l = —ﬂ =40cm

p (-2.5)
In myopia, eye ball may be elongated so, light rays focussed
before the retina.

. 1 - :—l:—O.SD
f —(defected far point) 2

Resolving limit of eye is one minute (1').

Because for healthy eye image is always formed at retina.
The defect is myopia (nearsightness)

As we know for myopic person f= — (defected far point)
1 1

= Defected far point = — f=——=———-=0.5m
P (-2

=50 cm



41.

42.
43.

45.
46.
47.
48.
49.
50.

51

52.

53.
54.

55.

56.

57.

(b)

P N TN
o o o o
NIENI N N BN

>

(d)

Power of convex lens P, = m =25D
40
Power of concave lens P, = —% =—4D

Now P=P, +P, =25D-4D=-15D

1 0
As limit of resolution of eye is (%] , the pillars will be seen

1\°
distinctly if 6 > (—j
60

o d 1 V4
re, —>| — [X——
X 60 ) 180
XX

>—
60 x180

314 x11x10°%
60 x180

=d

=d =d>32m

f= — (defected far point) = — 20 cm
Power of the lens given positive so defect is hypermetropia.

Far point of the eye = focal length of the lens

:@ :& =151cm
P 0.66

A bifocal lens consist of both convex or concave lenses with
lower part is convex.

For lens v = wants to see = — 30 cm
and v=can see = — 10 crn
1 1 1 1 1

L= =" __ - —=f{f=-15cm
f v u =10 (-30)

Focal length = — (far point)

For lens u = wants to see = — 12 cm
v=cansee=—3 m
- S T S
f v u -3 (-12) 4

|1D12t1 = |2D22t2

Here Dis constant and | = —
r.2
L L
So —21><t1 :—22><t2 :>6—02>< 0 :@xt: 20 sec
n I 2 4)
100

f=—40cm and P=—-=-25D
40

Focal length of the lens f = %cm

1

By lens formula — = ———
vV u

= 1 =£— 1 =>v=-100cm=-1m
+100/3 v =25

58.
59.
60.

61.

62.

63.

64.
65.
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This is the defect of hypermetropia.

For large objects, large image is formed on retina.

v =-15cm, u=-300cm,

From lens formula — = 1.1
v u
i L B 30 isgem
f -15 -300 300 19
100 -100x19

d P=——o>0m=———=-633D.
and power 300

. 1
Time of exposure o€ ——————

(Aperture)

Light gathering power oc Area of lens aperture or d
2
t .
-2 _ ﬁ =4
t; 2.8
1

t, =41t :4><—:isec = 0.02 sec.
200 50

Time of exposure oc (f.number )2 =

Microscope and Telescope

L, —f —f)D
By using mm:( o~ fo —Te)
fofe
:>45:—(L°0 _1_5)X25:>L00=15cm.
1x5

For a compound microscope M oc

1, f

ole
For a compound microscope fobjective < feye piece

In microscope final image formed is enlarged which in turn
increases the visual angle.

Magnification of a compound microscope is given by
v, D
m=-—x— =|m[=m,xm,.
Up U
Magnifying power of a microscope M oc —
Since fioter < frea -~ Myiotet > Mreq
L,=v,+f, =14=v,+5 =v, =9cm
Magnifying power of microscope for relaxed eye
v, D 9 25 9
m=-—2>.— or 25=—.—= or Uy =—=18cm
u, f U, 5
=Yy b
u, f
1 1 1
From —=—-——
fo Vo U
1 1 1
= —— =V, =30cm

(t+12) v, (-1.25)



6. (d)
17 (a)
8. (b
19 (b)
20, (b)
21. (a)
22.  (d)
23. (c)
24. (a)

25 ()

26. (c)
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30 25

Smy (= x—— =200
125 3
For objective lens —:i_i
o Vo U
SLZL—L:VO =36.cm
(+4) v, (-4.5)
"-|mD‘:V_O 1+E =£[l+2—4j:32
Uy f 4.5 8

v, D
For a microscope |M |=—%x— and L=V, +U,
o Ue
For a given microscope, with increase in Z, u will increase and
hence magnifying power (m) will decrease.
In compound microscope objective forms real image while eye
piece forms virtual image.

m=1+2
f

Smaller the focal length, higher the magnifying power.

In electron microscope, electron beam (1 ~ 1A) is used so it's

RP. is approx. 5000 times more than that of ordinary
microscope (4 ~5000A).

If nothing is said then it is considered that final image is

(L, —f —f).D_ LD

formed at infinite and M, =

fofe fOfe
= 400 = 20 x 25 =f, =25cm.
0.5xf,
D 25
mmaX :l+T:1+E:11.

m =l+$ =1+ DP (mincreases with P)

Like Gallilean telescope.
1
f, T,

o'e

| m |oc

A microscope consists of lens of small focal lengths. A telescope
consists of objective lens of large focal length.

m=m, xm, =25x6 =150
When final image is formed at infinity,
length of the tube =V, + f,

=15=v,+3 =v,=12cm

1 1

For objective lens — = — ——

v u

0 0 0

1 1 1
= —= -— =Uu, =-2.4cm
+2) (+12) u,
R.P. of microscope = Z#ng

D
m=m, xm, =>m=m, x 1+f—
e

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.
44.

45.

46.

47.

:>100:10><(1+$J:>fe zécm

e
A simple microscope is just a convex lens with object lying
between optical centre and focus of the lens.

In general, the simple microscope is used with image at D,
hence

m:1+2=1+§:6
f 5

Resolving power of microscope oc 7

Cross wire arrangement is used to make measurements.

L=v, +U, :& fe D
(uo - fo) fe +D
2x15 6.25x 25
= + =1lcm
(2-1.5) (6.25+25)
m=D o m=10%25 5o
f, T, 0.5x1
Intermediate image means the image formed by objective,

which is real, inverted and enlarged.

1
R.P.oc E ; ﬂ'BIue < ﬂ'Red SO (R-P-)Blue > (R-P-)Red

m:l+%:6=l+$:>f=5cm:0.05m
Resolving limit
A .
xoc/lzx—lz—lzﬂz—(sooo:>x2=0.08mm
X, A, X, 4800

m=m, xm, =100=5xm, = m, =20
m oc%ocP

rp o« Loy BRP) 4 5
AT RP), A 4

Resolving limit (minimum separation) oc A

p

_, Pa 2000 P, <Py
Pg 3000

Similar to Q.No. 34

For achromatic telescope objective lens, convergent of crown
and divergent of flint is the best combination because

Herown < Hlint

f 1

oo . 0 .
Magnifying power of telescope is —, so as — increases,
e e
magnifying power increases.

Since m = %

f

Anglesubtended by the image
Anglesubtended by the object

e

Also m =



48.

49.
50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

_ 60 x 2
f, B f, 5

d 0.1
1222 1.22x6000x10 %0

~1.36 x10%radian

Because size of the aperture decreases.

=24°

Resolving power =

Resolving power oc aperture.
Telescope is used to see the distant objects. More magnifying
power means more nearer image.

When the final image is at the least distance of distinct vision,
then

m =—f—°(1+f—eJ=@[1+:—5j= 2006 __ 4g

fe D 5 5x5
When the final image is at infinity, then
_ o _200 4y
f 5

e

In terrestrial telescope erecting lens absorbs a part of light, so
less constant image. But binocular lens gives the proper three
dimensional image.

By formula m = 2%
e

In telescope f, >> f, as compared to microscope.

Because magnification in this case becomes reciprocal of initial
magnification.

f 80
I‘T'|:f—0:>—=203fe =4 cm

Hence length of terrestrial telescope

=f, +f, +4f =80+4+4x20=164 cm

e e

f
In this case |m |=—>=5 e (i)
fe
and length of telescope = f, + f, = 36 e (i)

Solving (i) and (i), we get £= 6 cm, f; =30cm.

f
Im|=-2= 180 _ 30
fy 6
Same as Q. No. 58.
f, :L:O.Sm and f, :L:—O.OSm
1.25 -20
Sl L= - f]|=0.8-0.05=0.75m =75cm
f, .
and | m_| =—°=£216
f, 0.05
For greater aperture of lens, light passing through lens is more

and so intensity of image increases.

Same as Q. No. 58.
f 60

f, 10

f,+f, =54 and :—°=m:8:f0:8fe

e

:>8fe+fe:54:>fe:%:6

= f, =8f, —=8x6 =148

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.
77.
78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

(b)

(b)
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—_ =
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f,-f.=9cm and f,=1,-9=15-9=6cm

b _15_ 55

>m==2
f., 6

f,+1f, =80 and ];—°=19 = f=76and =4 cm.

e

R.P.ocB
A

m:f—0 l+f—e
f, D

Resolving power oC Aperture

If final image is formed at infinity, then the distance between
the two lenses of telescope is equal to length of tube
=f,+f, =0.3+0.05=0.35m

1224 X@ (in degree)
a T

Limit of resolution =

_ [1.22><(6000><1010) 180

[0}
] =0.03 sec
5 T

Final image formed by astronomical telescope is inverted not
erect.

For normal vision (relaxed eye), the image is formed at infinity.

Hence the magnifying power of Gallilean telescope
_Jo 2004,
fe 2
b et 190
fy 2
()
(b) Magnifying power of astronomical telescope
m :—f—° 1+f—e :—@(1+ijz—48.
f, D 5 25
(b) mo L
fe
(b) fy > f, for telescope.
(@ m= —f—o .
fe
(b) |m |=f—0 l+f—e :@[14_3): 24
fe D 5 25
(a b, cd)
f
@@ |m|=-=2=20 and L=1f, +f, =105 = f, =100 cm
fe

(@)
(b)

Total length L = f, + f, and both lenses are convex.

f
L=1f, +f, =44 and |m|=f—°=10

e
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This gives f, =40 cm

In case of a telescope if object and final image are at infinity
f

then m=-2%
e

Three lenses are —> objective, eye piece and erecting lens.

Length of the telescope when final image is formed at least
distance of distinct vision is

L=f, +u, =f, + 22 _5042x25 _325
f, +D 5425 6

f

£:_°3 ’B :@3ﬂ:250

a f, 05° 2

n' 9

__AB _AB g 2x14x107 .0 0

) 10t

Resolving power of telescope =

1222

For largest magnification focal length of eye lens should be
least.

m:f—° 1+f—e _1%0 1+i =30.
f D 6 25

To make telescope of higher magnifying power, f, should be
large and f, should be least.

f, =50cm, f, =5cm, D=25cm and u, =200 cm.

Separation between the objective and the eye lens is

L= u, f, N f,.D _ 200x50 N 5x25 —71cm
u,-f,) (f. +D) (200-50) (5+25)
d 1.22

=2x10°

Resolving power =

1224 1.22x5000x107%°

f
By using M =f—03 f,

_100 _
50

2cm
e

Also L=f, —f, =100 -2 =98 cm

m :f—°:>10=f—°: f, =200 cm
fy 20
Minimum angular separation A = L = 1.22 2
P. d
-10
21.22><5000><10 ~0.3x10"°rad

2

107.

108.

109.

1o.

m.

n2.

n3.

n4.

n5.

1é.

nz.

n8.

no.

120.

(d)

(d)

m= 1+E = 10=1+§ = f =§~—25mm
f, A 9

D 25

= or 22

F F

L=vg+U, and vy >> fy, U~ T,
Magnification will be done by compound microscope only when
f, < f,
1222
a

~ 1.22x5000x10 x10*°
- 10x1072
a

1.222
f, P20
f, B 05
Radio, waves can pass through dust, clouds, fog, etc, in a radio,
telescope. It can detect very faint radio signal due to enormous

size of its reflector. So it can be used at night and even in
cloudy weather.

Angular resolution d6@ =

=6.1x10"%rad.

Resolving power =

M = 40.

Resolving limit

1224 1.22x4538x107"°

deo =5.54x10"rad.

a 1
P - L v _ &
Magnification of objective lens M = — = —=—
O u, U
| 200x107*
> —=———7— =>]=5X10m=5cm.
50  2x10°

m:V—° 1+2 =m, 1+E
uO fe fe

= 30:m0[1+25—5j:m0><6 =m,=5.

100

m::—°3 =50 = f,=2cm
3

e

Normal distance f, —f, =100—-2 =98 cm.

For objective lens —:i—i
o Vo uo
I I AN v, = 20cm
vo f u, 4 -5 20
Now M =Yo7, D :2(1+§J ~12.
Uo fe S 10
Photometry

Luminous flux=47 L =4 x3.14 x42 = 528 Lumen

Luminousflux 528 =264 W

Luminousefficiency 2

Power of lamp =



| = Lcos®
r2
2
= L= Ixr
cosé Screen
—4 4 2 =
:—5X10 x107x2 =40 Candela
cos 60°
L dl 2dr
|:_2 = —=——— (" L= constant)
r | r
= Y g00=-22 100 = 2x1= 2%

|

For equal fogging |, xt, =1; xt;
L L

= —22><'[2 :—zlxt1 = E><t2 :Exlo
5 | 4 1

= t, =50sec.

The illuminance at B

and illuminance at point C

_Lcosd L 1

|
R G CERA
L
le =—— .. ii
= lc 5\/g ( )
From equation (i) and (i) Iz = 55 Iy
| oc r—z so,

llluminane on slide  (Lengthofimage on screen)

Illuminance on screen

2
_[35M ) qghq
35 mm

The illuminance at A is

xcos@lzixi: sL

L
IA_(JE)Z 13" V13 _(13)3’2

The illuminance at Bis

X C0S 6,

L
Iy = ———
Ty
Lt .3 _ 3L
17 J17  @7)P?

_I_A_£3/2
Tl (13

Luminous intensity L = i =1= i =>g¢=4r.
4 'y/4
¢ =4 =4x3.14x100 =1256 fumen.

|=L2:>|_=|.r2 =22x2%2 =100
r

(Lengthof objecton slidef

()
()

@

@
(b)
(b)
()
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Now ¢ =47 L =4x3.14x100 =1256 /umen.

Muminance at A,
-t
AT h 2

Mluminance at B,

—;cose

g =

\/(h2 +r2)?
~Lh
- (rz +hz)a/z

_ 4 i
and L—47[ ..... (i)

From equation (i) and (ii)

47l 4xx35

=p ~ 88W .
n 5
Case 1 .
1, =200 _o5¢g 100 «d
0
25m
and Iy = 1002 cosé 2m
5)
_100 2 _ 200 AT 8
252 25 (2.5)°
Case 11, .
25
lg=Xlg=———
B B (3.25)3/2

'y 25 (25)°
0 — = ——X——
l; 200 (3.25)%2

=X=1/3

1 I, r? 602 1
|OC—:>—_—2* 2:—
r L r, 180° 9
1
| c —

rZ

To develop a print a fix amount of energy is required. Total
light energy incident on photo print

L L
|xAt=i2At:—zlA1t1=—22A2t2
r r ry
L_b o, and A=A
=== (L =L, and A = Ay)

nn



IE W}
|
|

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.
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2
=>t, = %'tl = [wj 2x5=12.8 sec.
| 0.25

1 3/2
b) Jcente _ (P +hn?)*? _[“4] _(5]3’2

Iedge h3 13 4
L L
(c) |=L2:>—21=—2 (7is same)
r ry ry
L, 1 2
:A:iz(ij =1:100.
L, r22 10

(¢) l,=1,c080 =1,c0s60° = |7°

(b) ¢ =4aL =200 7 Jlumen.

1) 2007 2
so | = = > = 2:ZOO/U)(.
100A 100xar 0.1
(b,c) According to the problem
da 46 4 P 5
x2 (1.2 —x)? Q(_ X_)l‘_ (12-x) _>Q
1 __ 4y 12 m |
x2  (1.2-x)?
l= 2 =Xx=04m and 1.2—-x=0.8m.
x 12-x
L L r
© |=r—23|_—2=¥ 8 cd » 32 cd
8 32 O r —f 209 =0
T =
x? (120 —x)? | 120 em |
Solving it we get X =40cm.
(d) ICenlel’ — (r‘2 +h2)312
Iedge h3
2 2\3/2
:>8:(r +hh3 ) :>2h=(r2 +h2)1/2
r
=4h? =r? +h* =3h? =r’= h=—1
J3
L 100
(b) |=r—2=5—2:4LllX.
L L L
d l, =—=— dl, = —
@ L= " Te00 ™™ "2 = 2500
.". % decease in illuminance
I, -1
:1|—2><100: =——x100=236

[1— ;600}100 _ 900

500 2500

1

(b)

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

()

(d)
(d)

()

()

A= > and lg = > C0s ¢
2r
(") (r 2) s
- Lamp
:LL = L b Tunnel
rt 2 22 B,_—:Z:‘% _______ /
o}
la_22_ 1 |
e 4 2 —

| = Lz =L =157x10%x(1.5x10™)? =3.53x10% cd
r

p=4r =4x3.14%x3.53x10% =4.43x10% [umen.

3
¢= 1.5x10°3

3000

Peurtace =

% 0.685 =1.37 x10% lumen

=500 lumen.

Rotation of area about incident light doesn’t change the
inclination of the light ray on the area.

_Lh

r3

By the symmetry of the rays and location of the points.
If 77 is the luminous efficiency of the bulb then.
luminous flux by 120 watt at 555 nm =nx120

Let bulb of Pwatt at 600 nm produces the same luminous flux
as by 120 watt at 555 nm then

nx120 =P x0.6 =P =% =200 watt

_ Lt
(1.5 x10)?

Tllluminance produce by the sun =

Tlluminance produce by the bulb = 10002
0.3
L 10000

According to problem =
gop (L.5x101%)2  (0.3)?

_ 2.25x10% x10*

=L - =25x10%Cd
9x10~
|1:£2:Land|2=£2=£
r2 16 r2 9

% increase in illuminance

:ﬂxloo :[%-1}100 ~78%

Critical Thinking Questions

According to the following ray diagram HI = AB =d

and DSZCDZ9
2 G




~+AH =2AD = GH :2CD:ﬁ:d

Similarly I =dso GJ=GH +HI+1J =d+d+d=3d
(b) From the following ray diagram

le—1= 2\/5 m———|
«— d
iy B
\
0.2m 30 E 30

///g/é////////////////////// A

d=0.2tan30°=—= = — = 3 =30
J3 T d 02/43

Therefore maximum number of reflections are 30.

The angle subtended by the image of the sun at the mirror

(b)

If X be the diaﬁ{é;er of the 100 em £)li|1e sun, then
Arc x 1 2n z = 1007

: == —=—"—=>X="—"==0.87cm
Radius 100 2 360 360 360
I f 10 10 2
(a) m=— —_— = —_— = —
O wu-f 25-10 15 3
2 A

2
m :A—i:Ai:mZon :(éj x(3)? = 4 cm?
0

(d) From mirror formula l = l + l

..... (i)
u
Differentiating equation (i), we obtain
2
1 1 v
0=-—dv——-du :>dv=—(—] du .. (i)
v u u
v f
Also from equation (i) —=—— .. (iii)
u u-f

2
From equation (i) and (iii) we get dv = _[Lf] N
u —_

2
f
Therefore size of image is [ : l.
u —_

Ray Optics 1743
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6. (b) 1f end A of rod acts an object for mirror then it's image will be My = R I of medium from which light rays are coming = 1.6
A and if
and u = distance of object from curved surface = — 0.04 m
U=2f—i=5—f sc;)byusing1:£+i R=—-0.04 m.
3 3 f v u L L
| 2f v DA 16 1718 5oam
! v (-0.04) (-0.04)
f13 u=2F- (3)
f ” i.e. the image will be formed at the same position of cross.
""""""" - '"'"";"""'" Case (ii) When curved face is in contact with paper
A C
| v
= i—l-r L =>v=——f
-f v -5f N
3 1= Real depth (h)
f Apparent depth (h")

". Length of image zg f-2f=—
2 2 0.04 ,
=16= o =h"=0.025m (Below the flat face)

7. (b) From the following ray diagram it is clear that
S=(a-P)+a-p) =2a-p) 10. (c) Let x be the apparent position of the silvered surface.
. |« X—)I
?
4
v
v
2
Object g Image
o g .
y
2
4
8 cm 4 12 cm
f— v
8. fe— 12 +(6-x) =
t=6 cm
According to property o1 piane nnrror
x+8=12+6-x =>x=5cm
t 6

Also t = — = ,u=§=l.2
r+i=90 =>7i=90 —r X
For ray not to emerge from curved surface i > C n. (a) Ray comes out from CD, means rays after refraction from AB

get, total internally reflected at AD
=> sin 7> sin C=> sin (90 — r) > sin C=> cos r>sin C

A v D
- 1 . 1 :
= YJl-sin’r>= +sinC == =
n nj  asmn gy e n
! 2
sinfa 1 1 - c
= 1- >—=1>—(1+sin"a)
n n n _

r‘ll _ Smamax _ ain-l nl : .
= n?>1+sifa = n>2 {sin i —1} n, sk, = gk = SIN - sinr ()
= Least value =2 Also I, +1, =90° =1, =90-1, =90-C

9. (b) Case (i) When flat face is in contact with paper.

= :90—sin‘1[ 1 J: r :90—sin‘1(n—2] (i)
2 M n;

Hence from equation (i) and (ii)

Calng 4N
Aoy = sm‘{—lsm{go —sin™ —ZH
n, Ny
My Hi _Hy— My

—= = ——— where . n o .n
v oou R - sin™ {—1 cos[sm‘l —ZH

n, n
My = R. I of medium in which light rays are going =1



12. (b) Since rays after passing through the glass slab just suffer lateral
displacement hence we have angle between the emergent rays

as Q.

Sun is at in#r(liéﬁy ie. U=00 so from mirr

13 (b) formula we have
l:L+L:f:—32 cm.
f -32 (-
When water is filled in the tank upto a height of 20 cm, the
image formed by the mirror will act as virtual object for water
surface. Which will form it's image at | such that
Actualheight Hw BO 4/3
—_—— = e — =——
Apperantheight  z, Bl 1
= Bl= BOXE:].ZXE: 9 cm.
4 4
12 cm
20 cm
\
14 (@) v=1em R=2cm
By using Mo ﬁ
Kot _to—t
v u R
115 1-15 T S
-1 u -2
=u=-1.2cm
15, (b) The line of sight of the observer remains constant, making an
angle of 45° with the normal.
1
sind = h =—
h? +(2h)? 5
_sin45°
sing
142 (Ej
1/¥5 2
sini
16 (b) For glass-water interface 11, =—— (i)
sinr
F ter-air interf: p sinr (i)
or water-air interface =— (i
"R sing0°
N " _ sini o sinr _sini
o X whla = e " Sing0°
= ’u—‘“’x&:sini:yg =—
Uy sini
17. (@) For TIR at AC

nN!

Ray Optics 1745

9
|

0>C
= sin@ >sinC

= sing >

wHy

:>sin92'u—w :siné’ZE
Hq 9

From figure it is clear that separation between lenses

d=20-5=15cm

L\

d I 5 cm

20 cm

According to lens formula i =(u-1) i —i
f R, R,

The lens is plano-convex i.e, Ry =R and R, =
-1 R
a1

fot

R u-1

1
Hence — =
f

Speed of light in medium of lens vV =2 %108 m/s

c 3x10® 3
= =—= =—=
v 2x10® 2
e A
K R/ .
: B
: 0T
(R | ¥

If ris the radius and y'is" the” thickness of lens (at the centre),
the radius of curvature R of its curved surface in accordance
with the figure is given by

RZ=r2+(R-y’ =r>+y?>—2Ry =0

2 2
Neglecting yz; we get R = r— = M =15 em
2y 2x0.3
Hence f = i =30 cm
15-1
20. (¢) In the following ray diagram A'S, ABC and CDE are
symmetric al 60 cm |
E
A 40 cm : 40 cm I 70 :
o 2P L2 _ 1 L h_25¢m
BC CD 40 20
21. (¢) For lens u=30cm, f=20cm , hence by using
111 1 1Y _eoem
f v u +20 v -30
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The final image will coincide the object, if light ray falls
normally on convex mirror as shown. From figure it is seen
clear that separation between lens and mirror is 60 — 10 = 50
cm.

22. (d)

)
(i)
(i)
- 13l 3 L F__100cm
F~ 100 20 100

=|—=-1 S where N, and n; are the
n Ri Ry

refractive indices of the material of the lens and of the
surroundings respectively. For a double concave lens,

[ 1 1 ] , ,
— — — | is always negative.

Ri R : _—

Hence f is negative only when n, >n;

23 (d)

24. (a,d)Fora]enslzl—l:>1=l+l ..... ()
f v u v u f

mso met=V 1Y omo(-Lvia i)
f f f

On comparing equations (i) and (ii) with Yy =mXx +C.

1
It is clear that relationship between — vs — and mvs vis
Vv u

linear.

25. (c) The dispersion produced by a spherical surface depends on it’s
radius of curvature. Hence, a lens will not exhibit dispersion
only if it's two surfaces have equal radii, with one being convex

and the other concave.

26. (b)

Convex lens will form image |; at it's focus which acts like a

virtual object for concave lens.

27.

28.

29.

30.

(d)

(d)

==

= == —

|<— 26cm—)|(—4cm—)‘

I 30 cm |

Hence for concave lens U=+4cm, f=20 cm. So by lens

formula 1 = 1.1 =Vv=5cm e distance of final
-20 v 4
image (l,) from concave lens v=5cm by using
| |
volo5 1 g,)-250m
u O 4 2
For achromatic combination Wz = —wg

[(et, — 1)Ale = (e, — 1)Ale

= [ Alc + 14 Ale =14, Alc + 1, Ale
= 15x19+6x1.66 =385

Resultant & = [(11, —1)Alle +[(1, —1)A]

= Al +[4 Al —(Ac + Ar)-38.5—(19 +6) = 13.5°

. . A+9
SlnA+5m A sin +0n
By using y:.—i = cot_:.—i
sin— sin—
2 2
A A+,
cosE sin 5
= A = A
SIn— Sin—
2 2
. A . (A
= sm[%"—;j:sm( +25m] =5, =180-2A
) sin30° 1
At point A. - =—
smrA 1.44

30{(, N
B ::)/600

+ N R
C \\\\\s
=r=sin(0.72) also ~BAD =180°- /r

In rectangle ABCD, Z A+ £ B+ £ C+ £ D = 360°
= (180°—-r)+60°+(180°—r)+ 8 = 360°
= 0 =2[sin}(0.72) - 30°]

If & = maximum value of base angle for which light is totally

reflected form hypotenuse.




3L

32.

33.

35.

36.

(90°—@)= C = minimum value of angle of incidence at

hypotenuse for total internal reflection
. . 1 1 a1
sin@0°— @) =sinC == = coSa = — => a = C0S 1[—]
H H H
(b) For total internal reflection from surface BC

6 >C =sind >sinC

= sing > L
I/ug

= sing > (MJ
Hprism

sin@ > ﬁ :>sin92E
1.56 13

@ L S N 15 1 (15-)

vV u R +0Q (—OP)_ +R

On putting OQ =OP, OP =5R

(d) Here 1 = g+i
F f f,

Plano-convex lens silvered on plane side has f, = .

12t 2t 60cem
F f o 30 f

Plano-convex lens silvered on convex side has f, = el

.-.£:E+£:i:£+£3R=30Cm
F f R 10 60 R

Now using % =(u —1)[%] ,weget £=1.5

(c) When the ray passes into the rarer medium, the deviation is

O =¢—0. This can have a maximum value of [%—Cj for

T
0=C and ¢p=—.
and ¢ >

When total internal reflection occurs, the deviation is
& =7 — 2, the minimum value of 6 being C. The maximum

value of 6 =7 —2C.

\
|
1
Rarer 1
I
|

Denser

rd d
1.22x500x107° x 400 x10°
= =50m
5x107°
. 1224 1.22x6000x107%°
(d) Resolving power = a = 5

Ray Optics 1747

9
|

d d
D 38.6x10’
_122x6x107  d

" 5 ©38.6x107

~ 1.22x6x107" x38.6x10’
5

Also resolving power =

=d m=56.51m

As limit of resolution

0- L ;
ResolvingPower(RP)’

and if x is the distance

between points on the surface of moon which is at a distance r
from the telescope.
X

AO =2
r

1 X . r r 1.22 ar
So A=—=—je.X=—=—"——— =x="1_"
RP RP d/1.224 d

~ 1.22x5500x107"° x(3.8 x10°)

— =51m
500x10
_ Lcosd Lh
edge — (hz +r2) - (hz +r2)3’2

di

=0
dh

For maximum extensity

Applying this condition have get h =

L
J2

R

From the geometry of the figure
p,p, = 2asin60°

L

JUh

B L L
(2asin60°)?  3a®

so, |P2 =

and Ip, cos 30°

" (RPZvad)
SR S Q1!
[(2asin60°)? +a%] 2  8a?

Ip, g P —Tlo

All options are wrong.

Distance of object from mirror

=15+ x 3 =39.93 cm

25
Distance of image from mirror =15 + T x 3=33.75

. 1 1
For mirror, —+ — = —
v u f

1 1 1
————=—= f~ 183 cm.
—-33.75 3993 f

2 2
Vi:_L WV, =— i x 9 = 4 cmysec.
f—u ~24-(-60)




42.

43.

45.

46.

47.

48.
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(d) From the following figures it is clear that real image (/) will be
formed between Cand O

c c Object
E/ ]

o
[m|= f_olnitégg =40 Finally
f 10

e

Angle subtented by moon on the objective of telescope

3
o= 392107 35 y0-2pag

 3.8x10% 38

Also |m|= B = Angular size of final image
o

=m|xa =4O><3;5><1072 =0.36 rad
3.8

1
=0.3x% 180 ~21°
Vg
Full use of resolving power means whole aperture of objective

in use. And for relaxed vision.

[866— £,5—f— £
f—°=2:> = =1f, =90¢C
f, d f, 0.3

Wave length of the electron wave be 10 x 10™m,

2
el 0
2mE A% x2m

Using 4 =

B (6.63x107%)?
(10x1072)2 x2%x9.1x107%

Joule

B (6.63x1073)? .
(10x1072)2 x2x9.1x107 x1.6 x107%®
=15.1 KeV.

1.22
=== 4 T O,
a ™ ~
1.22xd N T
> X="" -~
a l (@ FE TS — .H. RN
fe— d ——|
1.22x5000x107%° x10°
= — = 6.1 mm
10x10
i.e. order will be 5 mm.
1221 x xxa 1x107%x3x107°
=—=d= = 5 = 5m
a d 1.2221 1.22x500x10

Let distance between lenses be X . As per the given condition,
combination behaves as a plane glass plate, having focal length
ool

1 11 X
So by using EZf—+f——F
1 2 172
1 1 X

4= X x=20cm
+30 -10 (+30)(-10)

1
= ==
0

When plane mirror rotates through an angle 6, the reflected

ray rotates through an angle 26. So spot on the screen will

make 27 revolution per second.

v C0S45°=10 v=10v2 cms

In the ceiling mirror the original velocity will be seen.

10 cms
<

45°

According to the 1“0||0win]g0 ﬁ’é?gfe distance of image / from

camera =+/(6)° +(1.5)> =6.18m

1o 1.5m
f— C
A L2
3m

i
i
H 1
3m,|
'
'
'
'ty

From figure it is cl"é'ar] that relative velocity between object and
it's image = 2v cos®

Image formation by a mitior (either plane or spherical) does
not depend on the medium.

The image of P will be formed at a distance /4 below the
mirror. If d= depth of liquid in the tank.

d-h
Apparent depth of P =X; = ——
7

d+h
Apparent depth of the image of P =X, = ——
u

Apparent  distance between P and it's image
2h
=X, =X, = —
U

From the figure it is clear that the angle between incident ray
and the emergent ray is 90.

\(2;;;;/

. r r =

Incident ray ' Emergent

\<50<é;50/ h

'
¥




55.

56.

57.

58.

59.

(b)

(d

(b)

(d)

From figure it is clear that object appears to be raised by

%cm (2.5cm)

Hence distance between mirror and O'=5+7.5=12.5cm

?5 cm

110 cm

L

o
So final image will be formed at 12.5 cm behind the plane
mirror.

10

— cm

Velocity of approach of man towards the bicycle = (v - v)
Hence velocity of approach of image towards man is 2(v — v).
For A

Total number of waves = % ()
. Total number | ( optical path length
ofwaves wavelength
For Band C
fs) ol
Total number of waves = + (i)
A A

Equating (i) and (i) ng =1.3

Since there is no parallex, it means that both images (By plane
mirror and convex mirror) coinciding each other.
Object

I A
/
<— 30 cm —>[¥ 20 cm*/ l

50 cm

0 cm

\
According to property of plane mirror it wil form image at a

distance of 30 c¢m behind it. Hence for convex mirror v = — 50
cm, v=+10 cm
11 1 1 1 1 4
By using —=—+— = =" 4+ - -__
f v u f +10 -50 50
= f:%cm = R=2f=25cm.
1 1 1 1 2 3
For surface , —=——-—=1-—"=—= Vi =—m
v, f u 3 3 2
1 1 1 1 4 5
For surface @ —=——-—=1-—=—= vV, =—m
v, f u 5 5 4

LV, =V, =0.25m

Magnification of P = Vi = 3—/2 = l
u 3 2

.". Height of P = %X 2=1m

_54_

\% 1
Magnification of Q = -2 —
u 4

.. Height of Q = %XZ =0.5m

60.

61.

62.

63.

64.

UNIVERSAL
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(b) Focal length of mirror f = % = > =5cm

(d)

@

P
L i

I -
Q R «— 10m

|(— 20 m —)I

For part PQ : transverse magnification

length of image L = (f f ]x Ly
—-u

= (_—5]>< Lo _ho
—-5—-(-20) 3

For part QR : longitudinal magnification

2
Length of image L, = (L} L,

f-u
2
B (T PN S P
-5-(-20) 9 L, 1

The two slabs will shift the image a distance
d _2(1—lJt_ 2[1—i](1.5):1cm
7 1.5

Therefore, final image will be 1 crm above point P

Here optical distance between fish and the bird is

S=Yy'+uy

Differentiating w.r.t t we get E = d—y + ﬂ
dt dt dt
39:3+id_y d—y:4.5m/sec
3 dt d

The real depth = 1 ( apparent depth)
= In first case, the real depth h, = (b —a)
Similarly in the second case, the real depth h, = x(d —c)

h, > hy, the

=h,-h =ud-c-b+a)

Since the liquid is added in second case, h, —h =(d—b)
(d-b)

d-c-b+a)

The given condition will be satisfied only if one source (S)
placed on one side such that v < £ (ie. it lies under the focus).
The other source (S) is placed on the other side of the lens
such that v > f(i.e. it lies beyond the focus).

Since difference  of  real

depths

=> u=

If S, is the object for lens thenlzi—i
f -y —x
. o)
y x f

If S, is the object for lens then
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1+ 1 1t 1
f +y —-(24-x) y f (24-x)

LN

A/ 24 - x
24 cm
le———y

From equation (i) and (ii)
1 1 1 1 1 1 _ 2

— == = —+—— =
x f f (24-x) x (24 -x) f

= x? —24x+108=0. Afer solving the
X =18cm, 6 cm.

65. (c) Consider the refraction of the first surface ie. refraction from

rarer medium to denser medium

G553
Mot _ M My \2) \3)_3 2

R -u v R oV
Now consider the

refraction at the second
surface of the lens Je

refraction from  denser
medium to rarer medium

3
The image will be formed at a distance of E R . This is equal

to the focal length of the lens.
66. () Opign=W-1)A=(1.5-1)4°=2°
" Orotal = Oprism + Owtirror
=(u-1)A+(180-2i)=2°+(180-2x2)=178°

67. (b) Here the requirement is that i>C

= sini>sinc = sini>£2 0)
H
in
From Snell's law 24 = S_Ot (i)
sinr
Also in AOBA

r+i=90° = r=(90-1i)
Hence from equation (ii)
sina = g4 sin@0 —1i)
sina
H

sini=y1—cos?i =

= CoSi=

(i)

S M
H

= sifa<(f — 1) = sina <@ —ub
-1 2 2
Omax =SIN "\ th — H

Consider the figure if smallest

From equation (i) and (iii)

angle of incidence @ is greater than critical angle then all light
will emerge out of B

= 9>sin‘1(iJ:sin6>l
u

u
from figure Sind =
R+d
=R 1o (1:8)c . =
R+d gz R SH |<-(—7'>%--—R-->
d
:>—</1—1:> — =0.5
R max

Mo M _ppmp 1 2 (Q-2)
\' u

B
| €15 crm —>{

20 cm |
ie. the curved surface will torm virtual image / at distance of

30 cm from P. Since the image is virtual there will be no
refraction at the plane surface CD (as the rays are not actually
passing through the boundary), the distance of final image /
from P will remain 30 cm.

As 1, > 14, the upper half of the lens will become diverging.

As 4y > fi3, the lower half of the lens will become converging

Imaging
RNy object

| €—
10cm (ﬁIO)Cm
f— F—

From the figure,

Using property of plane mirror

Image distance = Object distance
f-10=10 = f=20cm

If initially the objective (focal length F) forms the image at

u,f 3x2
distance v then V =—00 "~ _6cm
f 3.2



73.

74.

75.

76.

(b)

(©)

Now as in case of lenses in contact

1 1 1 1 1 1
e e e I e
A FU PR f, R

So if one of the lens is removed, the focal length of the
remaining lens system

1 1 1 1 1

— = F,=25cm
FFF f 2 10

This lens will form the image of same object at a distance Vg such
UoFg

that v = ~=
Upg — Fo

So to refocus the image, eye-piece must be moved by the same
distance through which the image formed by the objective has
shifted je.15 - 6 =9 cm.

L —-f —f)D
By using M, =—( »—fo o)
fofe
(16 -0.4-2.5)x25
= =327.5
0.4x25

A B a=90 -1 p=90-n, =90 -1

[ : P22 a2 .
sini=n; sinp = sin“1=n; sin“ e (1)
At C

n, sin@0 —r,) = n, sinr, =n32 sin*r, =n? cos® 1, ...(ii)
At D

. _ . 2 2. 22
n, sin@0 —r,) =ng sinf;=n5 COS“ 1, =n3 SiN“ ry ...(iii)
At E
N, sin@0 —r;) = (1)sin@0 —1) = cos? i = n2 cos? I, ...(iv)
Adding (i), (ii), (ii) and (iv) we get 1+n2 =n? +n2

1 1

1
Lp =V, +U, and for objective lens — = — ——
o Vo U

Putting the values with proper sign convention.

1 1 1
=—- =V, =7.5¢cm
+25 v, (-3.75)
1 1 1
For eye lens — = — — —
e VE ue
L:L_i =u, =—-4.16 cm
+5 (-25) wu,

=|u, |=4.16 cm
Hence LD =7.5+4.16 =11.67 cm

The actual luminous intensity of the lamp is |; whereas the

!
intensity is |; in the dirty state.

77. (o)

78. (b
79. (b)
1 ()
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|
|

Dirty chimney Grease spot

4 "
X 10 cm

Clean chimney
Grease spot I

o, son @

! 2
o X
1 position, — =| —
1, 10

2
| X |
11 position, Y g -1 _0.64
I, 8 I

=1, =0.64 I, . Thus, % of light absorbed - 36%.

The illuminance on the screen without mirror is | = —
r

Screen

Image Lamp

g
3
W 8 cm Q

r r
The illuminance on the screen with mirror is
L . L 10 N L
rr @ 9 r?

I, =

llluminance on the screen without mirror is |, = —-
r
Tlluminance on the screen with mirror

L L 2L |
LS. S $E
272 g2 2 I,

Apparent depth h'= h
airHiquid
dn_ 1 1dh_ 1 dh
dt . at4 dt aldy, dt
Now volume of water V = 7R’h
dv 2 dh

= — =7R
dt dt

Q Lamp

r ~ r
. 3
.

Screen

Image

1 dh dh
= — =
dt

akhy X

= 7R%. ally X

Graphical Questions

AsU—>f, voow; U Vo f



2. (@)

3. (b, ¢) From graph tan 30° =

4 ()
5 (c)
6. (d)
7 @)
8. (a)

1752 Ray Optics

Atu=Ffv=o
At u=0, v=0 (ie object and image both lies at pole)

Satisfying these two conditions, only option (a) is correct.

sinr 1
sini - u,

Vv
= =43 > 2211735y, =173y,

MoV
1 . 1
Also from pu=—— = sinC=
sinC Rarer H Denser
1

= sinC = ! =

1H2 \/g

f—v 1
For a lens m:T = m= T v+1

Comparing this equation with Yy =mMX+C (equation of

straight line)

tan @ = slope = 7%

—_ v
At P, u = v which happened only when u=2f

At another point Q on the graph (above P)

v>2f
f-v 1
Foralens m=——=—-—v+1
f f
Comparing it with y = mx + ¢
1
Slope =M 2—?

b
From graph, slope of the line = —
c

1 b c
Hence——:—:>|f|:_
f c b
B
HhtE
. 1 11 1 1 1
Since — =—4+— => —=——+—
vV u \Y u f

Putting the sign convention properly
1 -1 1 1 11

=

v v fH v u f

Comparing this equation with y = mx + ¢

Slope = m = tan@ = — 1 = 6 = 135° or — 45° and intercept

C=+1

135°

—_ u

(b)

@

As u goes from 0 to — o0, v goes from + 0 to + £
For convex lens (for real image) U+V >4f

For u = 2f vis also equal to 2

Hence v+ v=4f

For concave mirror m = f_
—u

f f

u-f  x

For real image m = —

— f = mo—
(Distanceof object from focus) X

For a prism, as the angle of incidence increases, the angle of
deviation first decreases, goes to a minimum value and then
increases.

From Newton's formula Xy = 2. This is the equation of a

rectangular hyperbola.

)AtPd=0 =A(u-1) = u=1

Also O, =(u—-DA=Au, - A
Comparing it with y = mx + ¢

Slope of the line= m=A

27 _sinr
From graph, slope =tan| — |=——
10 sini
ini 1 4
Also 1 11 :&:S._:—2=§Z> My > 14
moosinr (27
10

It means that medium 2 is denser medium. So total internal
reflection cannot occur.

sinr
From graph it is clear that tan 30° = —
sini
1 sinr 1
= F=="=" = ,U=\/§
J3 siniou
c 1 1 _
Also V=—=nCc = n=—=—"—=(3)%/?

# u 3

In concave mirror, if virtual images are formed, v can have
values zero and £

Atu=0, m:—f =—=1
f-u

f

Aof o m=—— T
fou  —f—(-f)

The ray of light is refracted at the plane surface. However,
since the ray is travelling from a denser to a rarer medium, for



20.

an angle of incidence (i) greater then the critical angle (c) the
ray will be totally internally reflected.

For 7 < ¢ deviation 8 = r — 7 with 5.

- iy
1 sini A
uoosinr

Hence 6 = Sinﬁl(,u sini)—i
This is a non-linear relation. The

. . u .
maximum value of J'is &) = > C; where i = cand

.

1
H=—T"—" /
sinc \5
For 7> ¢, deviation & = 7 — 27 il

O decreases linearly with 7

0=r-2c=20
1 1
Foralens —=———
vV u

fu=0,v=Fandifu=Fv=00

Assertion and Reason

The stars twinkle while the planets do not. 1t is due to variation
in density of atmospheric layer. As the stars are very far and
giving light continuously to us. So, the light coming from stars
is found to change their intensity continuously. Hence they are
seen twinkling. Also stars are much bigger in size than planets
but it has nothing to deal with twinkling phenomenon.

Owls can move freely during night, because they have large
number of cones on their retina which help them to see in
night.

Shining of air bubble in water is on account of total internal
reflection.

After the removal of stimulus the image formed on retina is
sustained up to 1/6 second.

Because of smallest wavelength of blue colour it is scattered to
large extent than other colours, so the sky appears blue.

For total internal reflection the angle of incidence should be
greater than the critical angle. As critical angle is approximately
35°. Therefore, total internal reflection is not possible. So,
assertion is not true but reason is true.

The sun and its surroundings appears red during sunset or
sunrise because of scattering of light. The amount of scattered
light is inversely proportional to the fourth power of

wavelength of light ie. | o /1—4

Focal length of lens immersed in water is four times the focal
length of lens in air. It means

f, =4f,=4x10=40cm

20.

21.

22.
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il

The velocity of light of different colours (all wavelengths) is

same in vacuum and M oC—.

The red glass absorbs the radiations emitted by green flowers;
so flower appears black.

_f

Magnification produced by mirror m = — = =

r__f
O f-u x

x is distance from focus.

1
Apparent shift for different coloured letter is d = h(l——)
7

= Ag > Ay so pp < iy
Hence di <d, ie red coloured letter raised least.

The efficiency of fluorescent tube is about 50 /Jumen/watt,
whereas efficiency of electric bulb is about 12 lumen/watt. Thus
for same amount of electric energy consumed, the tube gives
nearly 4 times more light than the filament bulb.

Polar caps receives almost the same amount of radiation as the
equatorial plane. For the polar caps angle between sun rays and

normal (to polar caps) tends to 90°. As per Lambert's cosine

law, E oc 0S8, therefore E is zero. For the equatorial plane,

6 = 0°, therefore Eis maximum. Hence polar caps of earth are

so cold. (where Eis radiation received).

At noon, rays of sun light fall normally on earth. Therefore 6 =
0°. According to Lambert's cosine law, E oc 0S8, when 6 =

0°, cos @ = cos 0° = 1 = max. Therefore, Eis maximum.

When an object is placed between two plane parallel mirrors,
then infinite number of images are formed. Images are formed
due to multiple reflections. At each reflection, a part of light

energy is absorbed. Therefore, distant images get fainter.

In search lights, we need an intense parallel beam of light. If a
source is placed at the focus of a concave spherical mirror, only
paraxial rays are rendered parallel. Due to large aperture of

mirror, marginal rays give a divergent beam.

But in case of parabolic mirror, when source is at the focus,
beam of light produced over the entire cross-section of the

mirror is a parallel beam.

The size of the mirror does not affect the nature of the image

except that a bigger mirror forms a brighter image.

When the sun is close to setting, refraction will effect the top
part of the sun differently from the bottom half. The top half
will radiate its image truly, while the bottom portion will send
an apparent image. Since the bottom portion of sun is being
seen through thicker, more dense atmosphere. The bottom
image is being bent intensely and gives the impression of being
squashed or "flattened” or elliptical shape.
1

1
o I oc E . Ay isleast so C is also least. Also the greatest

wavelength is for red colour.

We can produce a real image by plane or convex mirror.

(Real image)




il

23.

24.

25.

26.

27.

28.

29.

30.

3.

()

(d)

()

(b)

(d)

(d)

(b)
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Focal length of convex mirror is taken positive.

The colour of glowing red glass in dark will be green as red
and green are complimentary colours.

The air bubble would behave as a diverging lens, because
refractive index of air is less than refractive index of glass.
However, the geometrical shape of the air bubble shall
resemble a double convex lens.

Glass

In total internal reflection, 100% of incident light is reflected
back into the same medium, and there is no loss of intensity,
while in reflection from mirrors and refraction from lenses,
there is always some loss of intensity. Therefore images formed
by total internal reflection are much brighter than those

formed by mirrors or lenses.

Focal length of the lens depends upon it's refractive index as

%oc(,u—l).Since My >ty so § < T

Therefore, the focal length of a lens decreases when red light is
replaced by blue light.

After refraction at two parallel faces of a glass slab, a ray of
light emerges in a direction parallel to the direction of
incidence of white light on the slab. As rays of all colours
emerge in the same direction (of incidence of white light),

hence there is no dispersion, but only lateral displacement.

It is not necessary for a material to have same colour in
reflected and transmitted light. A material may reflect one
colour strongly and transmit some other colour. For example,
some lubricating oils reflect green colour and transmit red.
Therefore, in reflected light, they will appear green and in
transmitted light, they will appear red.

Dispersion of light cannot occur on passing through air
contained in a hollow prism. Dispersion take place because the
refractive index of medium for different colour is different.
Therefore when white light travels from air to air, refractive

index remains same and no dispersion occurs.

The light gathering power (or brightness) of a telescope oc
(diameter). So by increasing the objective diameter even far off

stars may produce images of optimum brightness.

blurred

aberrations. By reducing the aperture the clear image is

Very large apertures gives images because of

obtained and thus the sensitivity of camera increases.

Also the focussing of object at different distance is achieved by
slightly altering the separation of the lens from the film.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

—_— o~

We cannot interchange the objective and eye lens of a
microscope to make a telescope. The reason is that the focal
length of lenses in microscope are very small, of the order of
mm or a few cm and the difference (£— £) is very small, while
the telescope objective have a very large focal length as
compared to eye lens of microscope.

Image formed by convex lens

Source at
infinity T Tocus
1 1
The focal length of a lens is given by T =(u- R
2

For, goggle, R= R

i—i =0. Therefore, P===0
Ri R, f

L =(u —1)(
f

The wavelength of wave associated with electrons (de Broglie

waves) is less than that of visible light. We know that resolving

power is inversely proportional to wavelength of wave used in

microscope. Therefore the resolving power of an electron

microscope is higher than that of an optical microscope.

In case of minimum deviation of a prism Zi=/Ze so

Zn = 4,

The velocity of light in a material medium depends upon it's
colour (wavelength). If a ray of white light incident on a prism,
then on emerging, the different colours are deviated through

different angles.

(e — 14R)
(y 1)

Also dispersive power @ =

i.e. @ depends upon only L.

The ray of light incident on the water air interface suffers total
internal reflections, in that case the angle of incidence is
greater than the critical angle. Therefore, if the tube is viewed
from suitable direction (so that the angle of incidence is
greater than the critical angle), the rays of light incident on the
tube undergoes total internal reflection. As a result, the test

tube appears as highly polished i.e. silvery.
In wide beam of light, the light rays of light which travel close

to the principal axis are called paraxial rays, while the rays
which travel quite away from the principal axis is called
marginal rays. In case of lens having large aperture, the
behaviour of the paraxial and marginal rays are markedly
different from each other. The two types of rays come to focus
at different points on the principal axis of the lens, thus the
spherical aberration occur. However in case of a lens with small
aperture, the two types of rays come to focus quite close to

each other.



42.
43.

45.

46.

47.

(b)

(©)

a

Resolving power = .

1.224
When glass
surface is made
rough then the
light falling on it
is scattered in Smooth surface Rough surface

different

direction due to which its transparency decreases.

Diamond glitters brilliantly because light enters in diamond
suffers total internal reflection. All the light entering in it
comes out of diamond after number of reflections and no light
is absorb by it.

The clouds consist of dust particles and water droplets. Their
size is very large as compared to the wavelength of the incident
light from the sun. So there is very little scattering of light.
Hence the light which we receive through the clouds has all the
colours of light. As a result of this, we receive almost white
light. Therefore, the cloud are generally white.

Ray Optics 1755
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In an astronomical telescope 1n normal adjustment, a straight black [ D A S G C A S
line of length L is drawn on the objective lens. The eyepiece forms a 4
real image of this line. The length of this image is /[ The Fhuater 3

magnification of the telescope is

@) % (b) TL+1
L L+lI
() T—l (d) e

Three lenses L, L, L are placed co-axially as shown in figure. Focal

length's of lenses fare give'n 30 ¢m, 10 cm and 5 cm respectively. If a (a) A distance of 0.2 m from the water surface
parallel beam of light falling on lens L, emerging L as a convergent
(

beam such that it converges at the focus of L. Distance between L A distance of 0.6 7 from the water surface

and L will be A distance of 0.3 m from the water surface

()
a) 40 cm L, (d) The same location of fish
A

(

(b) 30 cm
(¢) 20 cm
(

d) 10 cm

An object is placed at a point distast— d e the focus of a convex
lens and its image is formed at /7 as shown in the figure. The
distances x, x”satisfy the relation

X+X

(@) =f (©) (d)

2 LA
(b) f=xx' o F \/ P ' No light
() x+x'<2f D

(d) x+x'>2f 8. Which of the following ray diagram show physically possible

refraction
The diameter of the eye-ball of a normal eye is about 2.5 cm. The

power of the eye lens varies from 1.6
(@) 2 Dto10 D (b) 40 Dto 32 D n=1.8 .
™14 " n-1.6
() 9Dto 8D (d) 44 Dto 40 D 16
In a thin spherical fish bowl of radius 10 cm filled with water of
) (i)

refractive index 4/3 there is a small fish at a distance of 4 c¢m from

the centre C as shown in figure. Where will the image of fish @i

(iii)

appears, if seen from E (@ (@) (b) (i)

(@) 5.2 cm (e) (i) (d) None of these

() 7.2 cm 9. Following figure shows the multiple reflections of a light ray along a
' E glass corridor where the walls are either parallel or perpendicular to

() 4.2 cm one another. If the angle of incidence at point Pis 30°, what are the

@) 32 angles of reflection of the light ray at points @ R S and T
2 cm

respectively

A small fish 0.4 m below the surface o T is viewed through a

simple converging lens of focal length 3 m. The lens is kept at 0.2 m (a) 30 307 30°, 30°

above the water surface such that fish lies on the optical axis of the (b) 30°, 60°, 30°, 60° .




(e) 30°, 60° 60°, 30°
(d) 60°, 60°, 60°, 60°

When the rectangular metal tank is filled to the top with an
unknown liquid, as observer with eyes level with the top of the tank
can just see the corner £ a ray that refracts towards the observer at
the top surface of the liquid is shown. The refractive index of the
liquid will be

(@) 12
/
b) 14 Doz z=2 T

(
() 16
(

d) 19 - l
A concave mirror and a convegging le 46,,;;lass_w';qﬁ M =15) both

have a focal length of 3 cm when in air. When they are in water

4
[,u = E], their new focal lengths are

a)
b

C

d)

f =12 cm, f =3cm

=

f=3cm £ =12cm

~

f=3cm £ =3cm

(
(
(
(

f=12cm F =12cm

A ray of light strikes a plane mirror M at an angle of 45° as shown
in the figure. After reflection, the ray passes through a prism of
refractive index 1.5 whose apex angle is 4°. The total angle through
which the ray is deviated is

@ 90°
(b) or —);T

() o92°

(d) 93 >>

A slab of glass, of thickness 6 ¢m and Tefractive index 1.5, is placed

in front of a concave mirror, the faces of the slab being
perpendicular to the principal axis of the mirror. If the radius of
curvature of the mirror is 40 cm and the reflected image coincides
with the object, then the distance of the object from the mirror is

(@) 30 cm (b)
() 42 cm (d)

A point source of light S is placed at the bottom of a vessel

22 cm

28 cm

containing a liquid of refractive index 5/3. A person is viewing the
source from above the surface. There is an opaque disc D of radius 1
cm floating on the surface of the liquid. The centre of the disc lies
vertically above the source S. The liquid from the vessel is gradually
drained out through a tap. The maximum height of the liquid for
which the source cannot be seen at all from above is

(@) 150 cm
(b) 1.64 cm
() 133 cm
(d) 186 cm

A point object is placed mid-way between two plane mirrors
distance 'a apart. The plane mirror forms an infinite number of

20.

21

22.

Ray Optics 1757

images due to multiple reflection. The distance between the nth
order image formed in the two mirrors is

(@) mna (b) 2na
() naj2 (d) ma

A convergent beam of light is incident on a convex mirror so as to
converge to a distance 12 cm from the pole of the mirror. An
inverted image of the same size is formed coincident with the virtual
object. What is the focal length of the mirror

(@) 24cm (b)
() 6cm (d) 3cm

12 cm

PQR is a right angled prism with other angles as 60 and 30.
Refractive index of prism is 1.5. PQ has a thin layer of liquid. Light
falls normally on the face PR. For total internal reflection, maximum
refractive index of liquid is

a) 14 et

(
(b) 1.3 P h Q
(
(

c) 1.2
d) 16

R
When a ray is refracted from one medium to another, the
wavelength changes from 6000 A to 4000 A. The critical angle for
the interface will be

(@) cos‘{%) (b) sin‘{%)

) si n‘l(éj (d) cos™ [%)

Two thin lenses, when in contact, produce a combination of power +
10 D. When they are 0.25 m apart, the power reduces to + 6D. The
focal lengths of the lenses (in m) are

(@) 0.25and 0.5 (b) 0.25 and 0.125

(¢) 0.5and 0.75 (d) 0.25 and 0.75

The plane faces of two identical plano convex lenses, each with focal
length fare pressed against each other using an optical glue to form
a usual convex lens. The distance from the optical centre at which

an object must be placed to obtain the image same as the size of

object is

f f
©) ry (b) 2
() F (dy 2F

A parallel beam of light emerges from the opposite surface of the
sphere when a point source of light lies at the surface of the sphere.

The refractive index of the sphere is
3 5
> b 2
@ 3 ®) 3

5

c) 2 d) —

(c) C) >
A ray of light makes an angle of 10 with the horizontal above it and

strikes a plane mirror which is inclined at an angle € to the

horizontal. The angle & for which the reflected ray becomes vertical

is
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23.

24.

(@) 40° (b) 50°

() 80° (d) 100°

A thin rod of 5CM length is kept along the axis of a concave mirror

of 10cm focal length such that its image is real and magnified and
one end touches the rod. Its magnification will be

@ 1 (b) 2
() 3 ) 4
A telescope using light having wavelength 5000 A and using lenses
of focal 2.5 and 30 cm. If the diameter of the aperture of the

objective is 10 cm, then the resolving limit and magnifying power of

the telescope is respectively

(a) 6.1x107°rad and 12

25.

(b) 5.0x10°radand 12
() 6.1x10 °radand 8.3x10°7
(d) 5.0x10°radand 8.3 x107?

A lens when placed on a plane mirror then object needle and its
image coincide at 15 cm. The focal length of the lens is

@ wsem —

g Answers and Solutions

(a) Here we treat the line on the objective as the object and the
eyepiece as the lens.

Hence U =—(f, +f,)and f =T,

1 1
Now ————— = —
v _(f0+fe) 1:e

(fo +fe)fe

Solving we get V = ;

0o
f. _ Image size _ |
fO

Objectsize L

. . Vv
Magnification =|—|=
u

(SET-29)

.. Magnification of telescope in normal adjustment

f, L
f,
(c) According to the problem, combination of L; and L, act a
simple glass plate. Hence according to formula
1 1 1 d
==
F f f ff
1 1 d d
—_t——-— =0 —4—=—
fl fZ fl f2 1 2 fl f2



1 1 _d _ 20 d
30 10 30x-10  30x10  30x10
=d=20cm

From the figure for real image formation

x+X +2F24F= x+ X 2 2f

An eye sees distant objects with full relaxation

1 1 1 1 1

0o ———-——=—o P=—=—"—=40D
2.5x10 - f f  25x10
An eye sees an object at 25 cm with strain
1 1 1

So = — ==
2.5x10 —-25x%x10 f

or P:%:40+4:44D

Hy H _ Hy —Hq

Byusing 22 AL _ Mo~ /4
y using = 5 R
4
where 1y =§, M, =1, u=-6cm, v=2?
On putting values V=-5.2cm
Apparent distance of fish from lens U =0.2 + Ll
U
=02+ 04 _ 0.5m
4/3
Fromlzl—i 1 E—Lv:—OBm

= — =
f v u +3) v (-0.5)

The image of the fish is still where the fish is 0.4 m below the
water surface.

A water drop in air behaves as converging lens.

When light ray goes'"’f‘rom denser to rarer medium (i.e. more 1
to less 1) it deviates away from the normal while if light ray

goes from rarer to denser medium (i.e. less 1 more 1) it bend
towards the normal.

This property is satisfying by the ray diagram (i) only.

Light ray is going from liquid (Denser) to air (Rarer) and angle

of refraction is 90°, so angle of incidence must be equal to

critical angle

from figure @ 90:— 77777777 T
sinc =2 (€ sem = 0
5 N l
7777777 E

UNIVERSAL
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1 5
Al =——=—=1.2
oM sinC 4

Focal length of lens will increase by four times (ie 12 cm)

while focal length of mirror will not affected by medium.

Oret = Omirror + 5prism
=@180-2i)+(u—-D1A

=(180-2x45)+(1.5-1)x4 =92°
AX =[1—th
Y7
:(l—ijx(i
1.5

=2 cm.

C

o

Ax
K } 40 cm |

Distance of object from mirror = 42 cm.

Suppose the maximum height of the liquid is /A for which the
source is not visible.

Hence radius of the disc

h
r=
u? -1
h
l=————-=h=1.33cm
5 2
— -1
3
Norder Jorder | g’ M 1order 1 order 1 order
image image image  image  image
o
epeeeeee- fmmnnne T Do D mmmmeee gm-nmeee TR
A e gp a2 a2 L 1
<« 3a/2 —>| a — 332 —>
5a/2 5a/2

From above figure it can be proved that separation between

nth order image formed in the two mirrors = 2na

Here object and image are at the same position so this position
must be centre of

curvature
R=12 cm .
R e
=>f=— . C
2 -

For TIR at PQ ; 0<C

From geometry of figure 6=60 ie 60>C
= sin60 > sinC

3 S HLiquid P < « 1t
= Liquid Prism
2 Hprism 2

3
= :uLiquid < Txl5 = :uLiquid <1.3.



m 1760 Ray Optics
[—

B () =

sinC

Z :Z ~sinC
6000 1

=——=C= Sin_l g
4000 sinC 3

When lenses are in contact

1 1 1 1 1 . 25.
(i)

>10=—+— ..
F f 1 f, f,
When they are distance d apart
1 1 1 d

pot_1 1 d g 1,1 025 (ii)
Fofof, ff f, f, ff,

fl fz =

From equation (i) and (ii)

From equation (i) and (iii) f; + f, zg ..... (iv)

Also (f, — )% = (f, + f,)? —4f,f,

2
Hence (f, — fz)2 = [Ej -4 ><i =

| o

8 16 64

:fl_fzzg ..... )

On solving (iv) and (v) f, =0.5m and f, =0.125m

20. (c) Two plano-convex lens of focal length £ when combined will
give rise to a convex lens of focal length f/2.

The image will be of same size if object is placed at 2fi.e. at a
distance Ffrom optical centre.

Considering pole at P, we have

Ho M _Ho M
\Y u R Q—»

1 )7 1-u
OM

Vertical RR

21 (c)

» (2R) (R)
L
2R (-R)

From figure

6+6+10=90 A

22. (a)

0, IR

=
7 g o .
oo ‘/ﬂ 710 Horizontal

= 6=40°

77l line
T
7
Plane

23. (b) mirror

|(_2f
/ ) (2F-)) \

[ |
F /
End A of the rddactsasan o ¥ ctfor mirror and A’ will be its
image so u=2f-/=20-5=15 cm
1 1 1 1 1 1
: =

=4 =———=v=-—30cm.

f v u =10 v 15

_ Lengthofimage (30-20) 5
Lengthof object 5

 E—
A’ C

Now M

1
3/“2 A4 - 24.

1.22 4 1.22x(5000x107"?)
0.1

Resolving limit =

=6.1x10 °rad
When the object is placed at focus the rays are parallel. The
mirror placed normal sends them
back. Hence image is formed at
the object itself as illustrated in
figure.




