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RAY OPTICS

REFLECTION FROM PLANE SURFACES

DEFINITION

When alight ray strikesthe surface separating two media,
apart of it gets reflected, i. e., returns back in the initial
medium, it isknown asreflection.

TERMSRELATEDTOREFLECTION

1.

Ray : Aray of light isthe straight line path of transfer of
light energy. >
Itisrepresented by astraight linean arrow - head indicating
the direction of propagation.

Mirror : Itisahighly polished smooth surface from which
most of the incident light gets reflected. It is represented
by a line with hatches in the reverse side of the smooth

surface.

«—— Smooth side

Object :

(@ Point fromwhichincident ray actualy divergeiscalled
real object. Point at which incident rays appear to
convergeiscalled virtual object.

virtual "
Object

Real
Object

(b) Object isdefined on the basis of incident ray.

(¢) Minimum two rays are required to show the position
of object.

Image:

(@ Point at which reflected or refracted rays actually
converge is called real image. Point from which
reflected or refracted rays appear to divergeis called

virtual image.
Real Virtual "
Image Image "

(b) Minimumtwo reflected or refracted raysarerequired
to determine the image position.

LAWSOFREFLECTION

Therearethree laws of reflection:

() The angle of incidence is equal to the angle of
reflection. (£i=«r)

(i) Theincident ray, the normal and thereflectedray liein
the same plane.

(iif) Thereisaphase change of = radianswhen light wave
isreflected by permeable denser medium surface but
no phase change occursif it isreflected by rarer medium

surface.
N Phase N
i change No phase
: of & change
i
Rarer Rarer
denser I Denser
I
I
i\ Nophase :
N  change N Nophase
change

REFLECTIONBY PLANEMIRROR

@
(b)

©

@
C)
®

The image formed by the plane mirror is always erect, of
the same size and at the same distance as the object is.
To seethefull imageinaplane mirror, itslength isjust half
the height of the man and it has to be kept in specific
position.

When the plane mirror or any reflecting surfaceis turned
through an angle 6 and if incident ray remains stationary,
then the reflected ray will turn through 26.

Image of an object formed by aplane mirror isperverted &
if objectisreal then virtual image formed.

When the two plane mirrors are parallel to each other, the
number of imagesisinfinity.

When two plane mirror are held at angle 6 with their
reflecting surfacesfacing each other and an object isplaced
between them, images are formed by successivereflections.

. . 360
First of all wewill calculate, n= ? then —

(i) If nisfraction, number of imageswill bewhole part of
thisnumber. Ex. If n=7.2, number of images=7

(i) 1f nis even whole number then no. of images=n-1

(iii) If n is odd whole number then no. of images=n-1
(for symmetric object), n (for asymmetric object).

[
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If the angle between the two mirrors is 0, the deviation
produced by successivereflectionsisd = 5+ 6, =2r - 26.

Note: When reflection takes place by asmooth surface, it
iscalled regular reflection but when reflection takes place
by arough surface, it is called diffused reflection.

Examplel:

Find theminimum height of amirror whereonecan seehis
full image.

Sol. Let HL isthe height of the person and E isthe position of
his eyes. Now applying laws of reflection,
1 Hy=l M 3
we have, M'L'= 5 EL 7 T
H E
) 7
and MH =5 HE clat
HL =MM' -MH -L'M" | " o
11 S R
=HL- EHE_ 5 EL =HL- > HL = EHL
So therequired height of themirror be half of the height of
the person
Example2:
Find the minimum height of a mirror required to see the
completewall behind him.
Sol. From,AAA’'M and AMEE' wehave
A'M _ ME' A 8
2d d M _— H
= A'M=2MFE' S &
Againfrom, AEE' M’ M
and A M’ B’ B we have Bt B
<—d> _<d—>
EM MB e
d 20 o7
Now, MM'=A'B'-A' M - M'B’
=AB-2(ME'+E'M')=AB-2MM' = MM '=(1/3) AB
Thus, minimum height of the mirror be 1/3 of thewall and
the person must be in themiddl e of the mirror and thewall.
Example3:

Two planemirrorsareinclined at anangle 6 . Aray of light
isincident ononemirror at an angle of incidencei. Theray
isreflected fromthismirror, fallson the second mirror from
whereitisreflected parallel to thefirst mirror. What isthe
valueof i, theangle of incidence interm of 6 ?

Sol.

Thesituationisillustrated infigure. XA istheincident ray.
BCisthefinal reflectedray. Itisgiventhat BCisparalld to
mirror M. Look at the assignment of the angles carefully.
Now N, isnormal to
mirror M. Therefore 3=0
Thenfrom A OAB
0+p+90°-i=180°
or 0+60+90°-i=180°
or i=20-90°
Thus if the angle of
incidenceisi = 26 —
90°, then thefinal
reflected ray will be parallel tothefirst mirror.

~3

Example4:

Sol.

Q.1

Q2

Q3

Two plane mirrors are placed at an angle a so that aray
parallel to one mirror gets reflected parallel to the second
mirror after two consecutive reflections. Find thevalue of o
As shown in figure, ray AB goes to mirror M, , gets
reflected and travels along BC and then gets reflected by
M, and goesin CD direction. It the angle between M, and
M, be a, then ZOBC and ZOCB areequal to o

o 300=180° .. a.=60°

TRYITYOURSELF-1
A man 2mtall stands 5min front of alarge vertical plane
mirror. Then the angle subtended at his eye by hisimage
intheplanemirror isnearly :
(A)0.4rad (B) 0.2rad
(©02 (D)0.4°
A clock hung on awall has marks instead of humbers on
its dial. On the opposite wall there is a mirror, and the
image of the clock inthe mirror if read, indicatesthetime as
8:20. What isthetimein the clock.

(A)3:40 (B)4:40

(©)520 (D)4:20

A point source of length Sis —V
AV

located onawadl. A planemirror
. , I ismoving
parallel to the wall with
constant velocity v. The
bright patch formed on the S
wall by reflected light will

(A)movewith uniformvelocity v and will have alength 21.
(B) movewith uniform velocity 2v and will havealengthl.
(C)movewith uniformvelocity 2v & will havealength 2.
(D) move with uniform vel ocity but will have a changing

length.

Wall

2
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Q4 Apoaintsourceof light'S at adistanced fromthe screen A (A)22°
produces light intensity |, at the centre of the screen. If a (B) 68°
completely reflecting mirror M is placed at a distance d (7N
behind the source as shown inthefigure, find theintensity (D) None
at the centre of the screen —
9 10 ANSWERS
(A) an |o (B) a |o
10 9 D ®) 2 (A) 3)(©
8 9 “ ® 5) (D) ©)(©)
© 3o D glo (7 ® ® (A) 9)®)
Q.5 A planemirror of length2m (10 (B)
is keptalong the line y=—x as
shown inthefigure. Aninsect REFLECTIONAT RVED SURFACE

Q6

Q7

Q8

Q.9

having velocity of 4j cm/sis
moving alongthex-axisfrom

6%
far away. The time span for which the insect can see its

gy

imagewill be
(A) 50 sec (B) 25 sec
(C) 252 sec (D) 5042 sec

Two mirrors, labeled LM for left mirror and RM for right
mirror inthe adjacent figure, are parallel to each other and
3.0mapart. A person standing 1.0 mfromtheright mirror
(RM) looks into this mirror and sees a series of images.
How far from the person is the second closest image seen
intheright mirror (RM)? LM RM

(A)10.0m

(B)40m

(©6.0m %

(D) 80 m T m

Anobject ismoving with avelocity of 2i + 3]+ 6k . A plane

mirror whose reflecting surface is parallel to y-z planeis
moving with avelocity of f+]+ k . What isthe velocity of
image as seen by a stationary observer?

(A) j+4k (B) 3j+6k
(©) —j-4k (D) —i +3j+6k
A student holds a hand plane mirror to observe the back

of her head while standing in front of and looking into a
wall plane mirror. If sheis standing 4 ft away from wall
mirror in front of the wall mirror and she holds the hand
mirror vertically 1 ft behind her head, shewill seethe back
of her head approximately how far behind thewall mirror?

(A)6ft (B) 51t
(C)4ft (D) 31t
A plane mirror approaches a stationary person with some

acceleration 'd. The acceleration of hisimage, as seen by
the person, will be
(A)a

(C a2

(B) 2a
(D) none

Q.10 A ray of light isreflected by two mirrors placed normal to

each other. The incident ray makes an angle of 22° with
one of the mirrors. At what angle 6 does the ray emerge?

TYPESOF CURVEDMIRROR

1

A curved mirror isasmooth reflecting part (in any shape)
of a symmetrical curved surface such as paraboloidal,
ellipsoidal, cylindrical of spherical.

Concave Mirror : If the reflection takes place from the
inner surface of aspherical mirror, thenthemirror iscalled
mirror.

Convex Mirror : If theouter surface of the spherica mirror
actsasareflector then the mirror iscalled convex mirror.

TERMSRELATEDTO SPHERICAL MIRROR

1

2.

3.

Centre of Curvature (C) : It is the centre of sphere of
whichthemirrorisapart.

Radiusof Curvature(R) : Itistheradiusof the sphere of
whichthemirrorisapart.

Pole (P) : It is the geometrical centre of the spherical
reflecting surface.

Principal Axis: Itisthe straight linejoining the curvature
to the pole.

Focus(F) : When anarrow beam of raysof light, parallel to
the principal axisand closetoit (know asparaxial rays), is
incident on the surface of a mirror, the reflected beam is
found to converge ( concave mirror) or appear to diverge
(convex mirror) from a point principal axis. Thispoint is
called focus.

Focal Length (F) : It is the distance the pole and the
principal focus. For spherical mirrors, f=R/2

REFLECTION THROUGH CONCAVEMIRROR:

Concave mirror

P — Poleof mirror
PC = Radius of curvature.

F — Principal focus
C — Centre of curvature.
PF = Focal length.

3
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When a narrow beam of light travelling paralel to the
principal axisisincident on the reflecting surface of the 1.
concave mirror, the beam after reflection converge at a
point on the principal axis.

RULESFORRAY DIAGRAMS

When aray fallsin the direction of centre of curvature of

mirror then it reflects back along the same path.

2. Aray, pardlel totheprincipal axiswill after reflection, pass
through the focus.

3. Aray, passing through thefocusisreflected parallel to the

_ principal axis.
4.  Imageformed by theconcavemirror :
Position of object Position of image Nature Figure
At infinity At the focus Redl, inverted &
diminished
Between infinity & Between focus & Real inverted small

Centre of Curvature

centre of curvature

insize

At centre of curvature

At centre of curvature

Read, inverted and of
the same size

C F
Y &
Between Focus & Beyond centre of Redl, inverted and . 1
centre of curvature curvature enlarged C F
/ < g
At Focus At infinity Real, inverted and /
very large F\
Between Focus & Behind the mirror Erect virtual &
Pole enlarged

[ 4
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REFLECTIONTHROUGH CONVEX MIRROR
When a narrow beam of light travelling paralel to the
principal axisisincident on the reflecting surface of the
mirror, the beam after reflection appear to divergefroma 3.
point on the principal axis.

Here-ve magnification impliesthat imageisinverted with
respect to object while +ve magnification meansthat image
is erect with respect to object

Other formulaeof magnification

f _f—v
fou M7

m=

4. Thepower of amirror isdefined as
C
__ 1 __ 100
f(in m) f(in cm)
The unit of power isdiopter.
5. Thefocal-length of aspherical mirror of radiusR isgiven
CONVEX MIRROR w f - (R/2)

0] \slv(;:; aray incident on convex mirror in the direction of In sign convention, f (or R) is negative for concave or

centre of curvature after reflection comes back along the ﬁf:?r\cl)?rgl ng mirror and positive for convex: o diverging
. samepath. . 6. Newton'sformula f2=x,x,

(i) When aray incident on convex mirror parallel to the f = focal length of mirror] x,=Position of object with respect
principal axis, after reflection, appears to come from the tofocus] ., = Position of ilmagewith respect to focus
focus. 2 '

(iii) A ray appearing to pass through the focus is reflected Uses:

Faralle:ctotheedp; ncipal axis. ) (@ Concave mirror : Searh lights, Motor head lights,

magetormed by convex mirror . - . Shaving mirror, by dentists, in solar cookers, etc.

A convex mirror formsonly virtual imagesfor al positions () Convex mirror : As rear view mirror because their

of thereal object. Theimageisawaysvirtual, erect, smaller . oL .

than the object and is located between the pole & the field of view islarge, Reflectorsfor street light, etc.

focus. The image becomes smaller and moves closer to NOTE

the focus a5 the object is moved away from the mirror. 1.  Asevery part of amirror formscompleteimage, if apart of
mirror (say half) is obstructed (say converted with black

SIGNCONVENTION paper) full image will be formed but intensity will be

(i)  All distances are measured from the pole. reduced

(i) Thedistance measured along the direction of propagation '
of light are taken as positive and the direction opposite to M
the propagation of light is taken as negative. O

(iii) The distance (heights) measured above the principal axis ' © F P
i.e. along positive Y axis, are taken as positive while
distances below the principal axis i.e. along negative Y Obstruction " .
axis are taken as negative.

2. If an object moved at constant speed towards a concave

MIRRORFORMULAE mirror f.ror_n infinity tofogus theimagewill moveslovx_/er in

1. If an object is placed at a distance u from the pole of a the beginning and faster in the last, away from the mirror.
mirror and itsimages is formed at a distance v (from the Thisisbecauseinthetime object movesfrom «o to Cthe

11 1 image will movefrom F to C and when object movesfrom
pole) then —+=== Ct.o Ftheirnagewilll movefrom Cto o . At C the speed of
v ou f object and imagewill be equal.
In this formula to calculate unknown, known quantities )
are substituted with proper sign. (V_\ ) )

2. If athinobject linear size O situated vertically on the axis Vi=- kUZJ Vo [Wherev; velocity of image]
of amirror at adistance u fromthe
poleand itsimage of sizel isformed at adistancev (from V)2
the pole), magnification (transverse) is defined as V= - (E] Vo [V, velocity of object]

(+ve Erect image) 3. ldentification of mirror on thebasisof images:

| v —— (-ve inverted image)
m= {_} =" { } J S (Jm|>1 large image)

L . (m|<1Smal image)

If theimage of areal object placed near the mirror is
(i) Virtual, erect and of samesize, themirror isplane.
(i) Virtual, erect and magnified, the mirror isconcave.
(i) Virtual, erect and diminished, the mirror isconvex.

5
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Example5: (i) u=+30cm,f=20cm

Sal.

A concavemirror of focal length f producesarea imagen
time the size of the object. What is the distance of the
object fromthemirror.

f —f

;-n= ——

—f-u
—(n+1
Mf

m=-n; m= =nf+nu=-f

T f-u

nu=-f-nf =>u=

Example6:

Sal.

The focal length of a concave mirror is 30 cm. Find the
position of the object in front of the mirror, so that the
image isthree times the size of the object.

Hereimage can bereal or virtua. If theimageisreal
f=-30,u=?,m=-3

= 3= —2_ =40
M=F_u = T g g UTmwem
If theimageisvirtua
f —
m=—— = =u=-20cm.

3% 304

Example7:

Sal.

The sun (diameter D) subtends an angle 6 radian at the
pole of a concave mirror of focal length f. What is the
diameter of theimage of the sun formed by the mirror.
Since the sun is very distant, u is very large and so

1
0 ispractically zero

1 0.1, 1 11 1
u v u f'v f
e

The image of sun will be formed at the focus and will be
real, inverted and diminished

A'B' = height of image

A'B’

ZF:e:f_ =d=f0

_arc
" radius

Example8:

Sal.

A beam of light converges towards a point O, behind a
convex mirror of focal length 20 cm. Find the nature and
position of imageif thepoint Ois-

(i) 10cmbehindthemirror (i) 30 cmbehind the mirror
Here object isvirtual
() u=+10cm
f=+20cm
_uf
VI uTE
_10x20 20
= V=100 cm
eaton m=- (3} m=-(55
magnification m=-— o) m=-17p =+2

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

uf  30x20

VT Ut 30-20

60
;v=+60cm; m=- % =2

TRYITYOURSELF-2

An abject of height h = 5cmislocated at a distance

a= 12 cmfrom aconcave mirror with focal length 10 cm.

Find the height of the image.

(A)10cm (B)15cm

(©)20cm (D)25cm

The distance of an object from a spherical mirror is equal

to thefocal length of the mirror. Then the image:

(A) must be at infinity (B) may beat infinity

(C) may be at the focus (D) none

Find the incorrect statement/s for a concave mirror

producing avirtual image of the object.

(A) The linear magnification is always greater than one.
Except at the pole

(B) Thelinear magnification is always less than one.

(© The magnification tends to one as the object move
nearer to the pole of themirror.

(D) Thedistance of the object from the pole of the mirror
islessthan the focal length of mirror.

A virtual erectimageinaconcave mirror isrepresented, in

the given figure, by

v/f v/f
v/f v/f
©) u/f (D) —T) u/f

A linear object AB is placed along the axis of a concave
mirror. The object ismoving towardsthemirror with speed
U. The speed of the image of the point A is 4U and the
speed of theimage of B isalso 4U. If the center of theline
length of the object. S
(A)3L/2 E
(B)5L/3 A B
(D) None g
A concave mirror of radius of curvature 40 cm forms an
image of an object placed onthe principal axisat adistance
immersed inwater (1= 1.33) then
(A) theimagewill shift towardsthe mirror.
(B) themagnificationwill reduce.
magnification will increase.
(D) the position of the image and magnification will not
change.

AB is at a distance L from the mirror then find out the
©L -

45 cm in front of it. Now if the system is completely
(© the image will shift away from the mirror and
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Q.7

Q8

Q9

A point object is placed on the axis of aconcave mirror of
focal length 24cm such that theimageisformed at adistance
of 48cm from the pole. Distance of the object from pole
may be

(A)48cm (B) 16cm

(©)32cm (D)20cm

A convex mirror has a radius of curvature of 20 cm. An
object is placed at such adistance from the mirror that the
size of the image is exactly half that of the object. The
object distance must be

(A)20cm (B)30cm

(©)10cm (D)40cm N
The diagram shows an obj ect
located at point P, 0.25meter T

from aconcave spherical mirror P = f
with principal focus F. The

focal length of the mirror is

010m

How does the image change as the object is moved from
point P toward point F ?

(A) Iltsdistance from the mirror decreases

(B) Thesize of image decreases

(© ltsdistancefrom the mirror increases

(D) The size of images increases

Q.10 A pin10 mmtall isused asan abject infront of amirror and

theimageformed iserect and 2mm¢tall.

(A) Movingthepincloser tothe mirror will maketheimage
larger.

(B) Theimage must bereal.

(© Themirror must be converging.

(D) Both(B) and (C) arecorrect.

ANSWER
® © (2 (B) (3 B)
4 © ®(© (6) (D)
(7) (AB) @ © (9)(CD)
(10) (A)
REFRACTIONAT PLANE SURFACE

The bending of thelight ray from its path in passing from
one medium to the other medium is called refraction of
light.

If the refracted ray bends towards the normal relative to
the incident ray, then the second medium is said to be
denser than thefirst medium. But if therefracted ray bends
away from the normal, then the second mediumis said to
berarer than the first medium.

p Normal Normal
7, %,
% i %
%, AN
Rarer Denser 2
Denser
'%;% Rarer
r
fq& r G}}%’Qy
2L ’@/

REFRACTIVEINDEX

@

()

©

@
©

®

Refractiveindex of second mediumw.r.t. first medium
_Hp _Clvy v
27 Ty v
_ Velocityof lightin first medium
~ Velocity of light in second medium
Absoluterefractiveindex of medium (nor ) :

Velocity of lightinvaccum ¢ Sini

Velocityof lightinmedium v Sinr

Refractive index is the relative property of two media. If
the first medium carrying the incident ray is a vacuum,
thentheratio _:m iscalled the 'absolute refractive index
nr
of the second medium'. Therelativerefractiveindex of any
two mediais equal to theratio of their absolute refractive
indices. Therefore, if the absolute refractive indices of
medial & 2 ben; & n, respectively, then the refractive
index of medium 2 with respect tomediumlis-
ny, Sini

112 12 n Sinr n15|n| n23|nr

n_l
1M =
2Ny

For three medium 1, 2, 3 due to successive refraction.

n n n
243511

1N X oNg X gny =15 n N, ng
For two medium, n; & n, arerefractiveindiceswith respect
to vacuum, the incident and emergent rays are paralel

then n; sing; = n, sing,,.

Medium
1

LAW OF REFRACTION

@

Snell’s Law : For any two mediaand for light of agiven
wave length, theratio of the sine of the angle of incidence
to the sine of the angle of refraction is a constant.

% = constant, wherei=incidenceangle, r=refractionangle.
The incident ray, the refracted ray and the normal at the
incident point al liein the same plane.

Frequency (and hence colour) and phase do not change
(while wavelength and velocity changes)
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APPLICATION OF SNELL’S LAW

@

(b)

©

@

©

®

When light passes from rarer to denser medium it bends
toward the normal. Using Snell’s Law u; Sinf; = p, sinb,

sinb; _up
sinby

ThusIf py, > p, then6, < 0,
When light passes from denser to
rarer medium it bends away from 01
thenormal. M1
From Snell’s law

® M2

Y
)
Y
Y
Y

sinb; _pp 62
sinfy 1y
ThusIf p, < p, then0,> 0,
When light propagates through a series of layers of
different medium, then according to Snell’s law
Ky SINO, = [, SINO,= pg SN = ... = constant
Conditionsof norefraction
(i) Iflightisincident normally onaboundaryi.e., Zi=0°
Then from Snell’s law
W Sin0=p,sinr=sinr=0i.e. Zr=0i.e,
light passes undeviated from the boundary.
(so boundary will beinvisible)
(i) If therefractiveindicesof two mediaareequadl i.e,, if,
H=Ho =1
Then from Snell’s law
wpsSini=psnr= Zi=Zri.e,
ray passes undeviated from the boundary with
Zi=/r=0andboundary will not bevisible.
Thisisaso why atransparent solid isinvisiblein a
liquidif ug=p
Relation between object and imagedistance:
Anobject O placed infirst medium (refractiveindex ) is
viewed fromthe second medium (refractiveindex ). Then
the image distance dyp and the object distance d, are

(1,)
related as dAP:U:L_inAC

(i) 1f py>py,i.e, whentheobjectisobserved froma
denser medium, it appearsto be farther away fromthe
interface, i.e. dyp>dac

(i) 1f uy<py,i.e., whentheobject isobserved fromararer
medium, it appearsto be closer to the interface, i.e.

dap<dac
Note: Theaboveformulaisapplicableonly for normal
view or paraxial ray assumption.

Relation between object and image Velocities:

(i) If an object O movestoward the plane boundary of a
denser medium then the image appears to be farther
but moves faster to an observer in denser medium.

If vg = v then v, = nv Where , vy & v, represents
object and image velocities w respectively.

(i) If an object O moves toward the plane boundary of a
rarer medium then the image appears to be closer but
moves slower to an observer inrarer medium. If vy =v
thenv,=v/u

Deviation (d) :

(i) Alightray travelling from adenser to ararer medium
atanangle a <0  then deviation.
5=p-a=sn"t(usna)-o and 5, = % -0,

(ii) If light isincident at ananglea. >0 ., Thentheangle
of deviationisd =n—2aand§,, =n—20,

REFRACTIONTHROUGH SLAB

Refractive index & thickness of glass slab is p & t
respectively. One light ray AB incidents on slab,
Displacement produced, in emergent ray dueto refraction.

tsin(i—r
L _tsn(-n
cosr

=tsecrsin(i—r)

When object in denser medium & observer in rarer
medium:

Thickness of denser mediumist, inwhich aobjectisat a
point O. Dueto refraction, image may be seen at apoint I.

>

(@) Air
Refractiveindex
_ Reddepth AO 't

H=Virtuadepth - Al Al

t
Virtual depth= E

. . (1)
Virtual displacement (Ol)= OA-Al =t Ll— HJ

8
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2. Refractionthrough successivedab of different thickness Example9:
& refractiveindex. Eye Light waves of 5895 A wavelength travels from vacuumto
amedium of refractive index of 1.5. Velocity of light and
A Air wavelength inmediumwill be

/ mo| ¢

L |/ 4
t

Ho | ¥

0

t
M \1,3
0]
L th 13
' B s T S S
Virtual depth (Al) TRETIRETA
Virtual displacement (OI)

= tl[l_u_llj +1p {1—&} +13 [l—i\ Forvererreee,

When aobject & observer bothareinrarer medium.
Eye

Air

Let observer isin ai'r & object is at apoint O in air, as
shown in figure. A glass is there in between observer &
object. Imagesformsat point | Refractiveindex of glassis

(.1
W Virtual displacement =0l = Lt_ﬁ

When abject in rarer medium & Observer in denser
medium. Refractiveindex of water isp. Observer isinwater,
Image may be seen at apoint | when aobject at apoint O
isviewed.

/ A Ai

=

Water

ve
va
va
7
va

Eye
Red height 1

Virtual height p
Virtual displacement (Ol) = Al-AO = (u-1)AO.

(1) 2 x 108 m/sec, 3330A (2) 3x 108 m/sec, 3930 A
(3) 2x 108 m/sec, 3390 A (4) None
Sol. (2). If velocity of light invacuumisc then velocity of light

3
inmediumis v= E:w
n 15

Wavelength of light in mediumis

_&_@—3930,&
““n 15 ° '

=2 x 108 m/sec

Example10:
When aglassslab is placed on adot on apaper. It appears
displaced by 4 cm, viewed normally. What isthe thickness
of dabif therefractiveindex 1.5.

. (1) (1)
Sol. Displacement =t Ll—w S0 4=t Ll—w

ux4 15x4
T u-1 15-1

t =12cm

Example11:
A mark at the bottom of a beaker is focussed by a
microscope. When water is poured in the beaker up to a
height of 16 cm, the microscope hasto beraised through a
distance of 4 cmin order to bring the mark to focus again.
Calculatetherefractiveindex of water.

Sol. Letdbethereal depth of water. The apparent depth will be
d/u. So the microscope hasto be raised through adistance

(. d) (. 1)
o5 =)

(. 1) (. 1)
Now d Ll_ﬂ =4 or 16 Ll_ﬂ =4 - u=4/3

TOTAL INTERNAL REFLECTION
The phenomenon : In case of refraction of light, from
snell'slav wehave pqsini=p,sinr
If light is passing from denser to rarer medium through a
plane boundary then p; = pp and p, = pg so with

n=(up/HR)
sni= "Rgnr ie sni=3"0 )
Up u
i.e.sini a sinrwith(Zi) <(£r) (asp>1)
Rare medium ! ! !
M7 Hr I v~ iilmor  miNoLight
Denser medium i b =
W= Mo ! I:ec,:/ |>B: i
e

Pl ! ;

A

[
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1)

)

So asangle of incident i increase angle of refraction r will
alsoincreaseand for certainvalueof i (< 90°) r will become
90°. The value of angle of incidence for which r = 90° is
called critical angle and is denoted by 0.

Fromeg. (2), SN OCZT I8, SN0 == e ©)

And henceegn. (2) intermsof critical angle can bewritten
assini=sinrxsing.i.e,sinr= _sum .......... 4
sin B¢

Soifi>0,sinr>1. Thismeansthat risimaginary (asthe
value of sin of any angle can never be greater than unit)
physically this situation implies that refracted ray does
not exist. So thetotal light incident of the boundary will be
reflected back in to the same medium from the boundary.
Thisphenomenaiscalled total internal reflection.

Note:

For total internal reflection to take place light must pass
from denser to rarer mediumthuslight from air to water (or
glass) and fromwater to glasstotal internal reflection can-
never take place.

Total internal reflection will take place only if angle of
incidence is greater than critical angle.

In case of total internal reflection asall (i.e. 100%) incident
light is reflected back into the same medium there is no
loss of intensity while in case reflection from mirror or
refraction from lensesthereis someloss of intensity asall
light can never bereflected or refracted. Thisiswhy image
formed by TIR are much bright than formed by mirror or
lenses.

Critical angle (q,) : In case of propagation of light from
denser of rate medium through a plane boundary critical
angleistheangle of incidence for which angle of refraction
is90° and so fromsnell'slaw, u sini=p,sinr

UDp Snec = UR S|n90

HR

i.e sinecz—:{l} with uzu—Dor eczsin_l{lJ
i

Up LM UR

For a given pair of medium critical angle depends on
wavelength of light used and critical angleismaximum for

11
red and minimum for violet rays. {asa MGVGI}
For agiven light is depends on nature of pair of medium
lesser the 1 greater will the critical angle and vice—versa.

3
Glassair : As pg =§anduA:1i.e., M:”_G=§

a2

. [2
S0 (0c)gp =sin {5} =420

4
Water air : As by = andp, =1 i.e, “:“_:

3 T

S0 (0¢)wa = sin_l[ﬂ =49°

0| ©

3 4. Ho
GlassWater : Aspg =7 and py =7 i.e, p=—>=
2 3 Hw

. 1(8
So, (0c)ew =sin 1(5) ~ 637

Someillustration of total internal reflection :

() Shining of air bubble (2) Sparking of diamond
(3 Optical -fibre (4) Action of 'Porro’ prism
(4 Duration of sunsvisibility  (6) Mirageand looming

Optica Fibre

/
N S0 —
B /ol gy S (? @)%
J— N et ta> py
Water <

Light Pip
) o
45°
TIR 90°
=45 > TIR > JIR
/?‘ g
90° 450 450 \S\
A Y
* (B)
Bending of rays by 90° Bending of rays by 180

Bending of Image
E Horizon M

(0]
Earth

(A)

Earth N

[
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(B) Looming

NOTE

A fish inside water cannot see the entire surface of the
pond. It sees only a circular patch of light because only
those light rays which are incident within a cone of semi
vertex angle C (critical angle) arerefracted out of the water
surface al other rays suffer total internal reflection from
the figurein AAMO
: r
SinC= —
r? +h?

1
ButSinC=—
i

wherer isthe radius of

circular patch of light

and h isdepth of the fish. =
r h

E Vr? 4+ h?

Examplel2:

Sol.

Q1

Q.2

Onelight waveisincident upon aplate of refracting index
u . Incident anglei, for which refractive & reflectivewaves
are mutually perpendicular will be

(1)i = 45° @i=smi(p)

(3)i=coseci(p) (4)i=tanl(p)
sini

- gnr

Angle between refractive & reflective waves

= 180°— (i+1)=909= i+ =090%r=90°i

__sni__sni _ . . . 1

M= SE0)  cosi A ZiEETW
TRY ITYOURSEL E-

A ray of light passes from vacuum into a medium of
refractive index n. If the angle of incidence is twice the
angle of refraction , then the angle of incidenceis :

(A) cost (n/2) (B) sin1(n/2)

(C) 2cost (n/2) (D) 2sin}(n/2)

A parallel beam of light, travelling in air, isincident at an
angle of 60° on a plane boundary of refractiveindex /3.

The angle between incident and refracted wavefronts, is
(A)0° (B)30°
(©) 60 (D) 150°

Q.3

Q4

Q.5

Q.6

Q.7

Q8

Q.9

A plane sound wavetravelsfromair to water. Theangle of
incidenceisa,; andtheangleof refractionis o, Assuming
Snell'slaw to bevalid

(A) oy, <ay (B) oy >0y

Qay=0y (D) a, =90°

Light passesfromair intoflint glasswithindex of refraction
n. What angle of incidence must the light have so that the
component of its velocity perpendicular to the interface
remains same in both medium?

(A) tan™1 (1/n) (B) sin1(1/n)

(C) cos™t (1/n) (D) tan1n

If atmospheric refraction did not occur, how would the
apparent time of sunrise and sunset be changed?

(A) sunrise would be later and sunset earlier

(B) sunrise would be later and sunset later

(C) bothwould be later

(D) bothwould be earlier

It is found that electromagnetic signals sent inside glass
spherefromA towards B reach diametrically opposite point
C. Speed of electromagnetic signalsin glass cannot be:

(A) 1.0 x 108n/s C Vocoum
(B) 2.4x 108 m/s

(C)2x 10" m/s B
(D)4x 10" m/s

Light traveling through three transparent substances
follows the path shown in figure. Arrange the indices of
refraction in order from smallest to largest. Note that total
internal reflection does occur on the bottom surface of
medium 2.

A)n, <n,<n ; M
1S ST

(B)n,<n;<ng i )

C)n,<ny<n ;

(O ny<ng<n, i 3

(D) ng<n;<n,
A ray of light travellingin amedium of refractiveindex pis
incident at an angle 6 on a composite transparent plate
consisting of 50 plates of refractive indices 1.01y, 1.02y,
1.03u.....1.50u. They ray emergesfromthe composite plate
into amedium of refractiveindex 1.6u at anglex. Then

A [01]50_6 B)s —§'9
(A)sinx= 15 sin ( )snx—ssm

5 [151)50 -
(D)sinx= 10 sin
A vesseal of depth dishalf filled with aliquid of refractive
index p, andthe other half isfilled with aliquid of refractive

index . The apparent depth of the vessel, when looked
at normally fromair is

8
(C)sinx= gsine

(B)d (Hl + Hz)

d 1 1
© 5 (iy+hy) © d L—;d

=
I11
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Q.10 When a pin is moved along the principal axis of a small
concave mirror, theimage position coincideswith the object
at apoint 0.5 mfromthemirror, refer figure. If themirror is
placed at adepth of 0.2 minatransparent liquid, the same
phenomenon occurswhenthe pinisplaced 0.4 mfromthe
mirror. Therefractiveindex of theliquidis 4&

(A) 6/5 S

(B)5/4

© 43 i 0.2m
(D) 32 0.2 m

h7h77777ﬁ717
AN ER Sol.

@ © ) (B) 3)(B)

4 ) ) (A) (6) (B)

(1) (O) 8 (B) 9 (A)

(10) (D)
REFRACTIONAT RVED RFACE

REFRACTIONATASNGLE SPHERICAL SURFACE
L et the object is placed inamedium of therefractiveindex
uy. The spherical curved surface (convex or concave)
separate it from another medium of refractive index p,.
Thenif v, uand R arerespectively, the object distance, the
image distance and theradius of curvature of therefracting
surface, then the formula connecting u, v and R is

_H1 Ha_Ha—My
u v R

Thisformulais applicable for convex as well as concave

spherical curved surfaces.

1.  Focal length of asingle spherical surface

A single spherical surface as two principa focus points

which are as follows—

(i) First focus: Thefirst principal focus is the point on
the axis where when an object is placed, theimageis
formed at infinity.

Thatiswhen, u= f;, v =oo, thenfrom

_ﬂ+ﬁ:(uj
u v R

A 4 {r {V

_ M Mo R
(f1) R
= -mR
(M2 — 1)

Second focus. Similarly, the second principal focusis
the point where parallel rays focus.

e

© ®

or

(ii)

Y

YYYYYY Y

4

Sol.

Thatis, u; =-w, vy =f,, then

Mo _H2~7HM1 o _ HoR

fa R (2 — 1)
iii) Ratio of Focal | th'f—lz_ﬂ
(iii) Ratio of Focal length ; f, o

Example13:

A small point object is placed at O, at a distance of 0.60
metrein air from a convex spherical surface of refractive
index 1.5. If theradius of the curvatureis 25 cm, then what
isthe position of the image on the principal axis.
According to sign convention, it is given that

u=-0.6m, R=0.25m ; l/l]_:l(air)'u2:1'5
Therefore, using

_ 15 1 15-1
_ﬁ+Q=—“2 “1 , Weget —_————t—
u v R v (-06) 025
__t,05_ 5,1 _45m
TT06 025 3 °T3 TVTH

The image is formed on the other side of the object (i.e.
inside the refracting surface).

Examplel4:

Oneend of acylindrical rod isgrounded to ahemispherical
surface of radiusR = 20 mm. Itisimmersed in water (u =4/
3). If therefractiveindex of therod is 1.5 and an object is
placed in water on the axis at adistance of 10cm from the
pole, thentheposition of theimageis................. (determine)
Using sign convention,

u=-10cm, R=+0.2cm

=133 u,=1.50

Therefore, using

Wi M2 M2 —1.33+E_ 15-1.33

u \% R -10 \% 0.2
E——l'—% E— 0.133+0.085=-0.048
o VT 10 To2 7Y Hee=—l
or v=—m=—31.250m

Thus, theimage is formed at a distance of 31.25 cm form
the pole on the axis, inside the water.

[+
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Q1

Q.2

Q.3

Q4

Q5

Q.6

TRYITY RSELE-4
In the figure shown a point object O is placed in air. A
spherical boundary separates various media of radius of
curvature 1.0 m. AB isprincipal axis. Therefractiveindex
above AB is 1.6 and below AB is 2.0. The separation
between the images formed due to refraction at spherical
surfaceis:

(A)12m

(B) 20m o 1.6
©)14m A B
(D)10m ™\ 0

A fish sees the smiling face of a scuba diver through a

bubble of air between them, as shown. Compared to the
face of the diver, the image seen by the fish will be —

Q) ===

Diver Bubble Fish

(A) smaller and erect

(B) smaller and inverted

(©) larger and erect

(D) Can be either of above depending on the distance of
thediver.

A secondary rainbow is formed when light rays coming

fromthe sun undergo the following through spherical water

droplets: (IR = internal reflection)

(A) arefraction, IR and then refraction

(B) two refractionsonly

(C) arefraction, IR, again IR and thenrefraction

(D) arefraction, IRand again IR

Theobserver 'O' seesthedistance AB asinfinitely large. If
refractive index of liquidis p; and that of glassis u,, then
},ll/MZ is: glasg —

(A)2

(B) 12 1l

©4 0]

(D) None of these
A paraxial beamisincident onaglass(n=1.5) hemisphere
of radiusR=6 cminair asshown. Thedistance of point of
convergence F from the plane surface of hemisphereis

(A)12cm — /l\\
(B)5.4cm

F
(©)18cm -
(D)8cm
A glass sphere of index 1.5 and radius 40 cm has half its

hemispherical surface silvered. The point where aparallel
beam of light, coming along adiameter, will focus (or appear
to) after coming out of sphere, will be:

(A) 10 cmtotheleft of centre (B) 30cmto theleft of centre
(C) 50 cmto theleft of centre (D) 60cmto theleft of centre
Q.7 A concavemirror isplaced on ahorizontal surface and two
thin uniform layers of different transparent liquids (which
do not mix or interact) are formed on the reflecting surface.
The refractive indices of the upper and lower liquids are
uq and u, respectively. The bright point source at aheight
‘d’ (d is very large in comparison to the thickness of the
film) above the mirror coincides with itsown final image.
Radius of curvature of the reflecting surface thereforeis

pqd
A G
(©) nyd (D) p,d

Q.8 A solid transparent sphere (1 = 1.5) has a small dot at its
center. When observed from outside, the apparent position
of the dot will be
(A) closer to the eye than its actual position
(B) same asits actual position
(C) farther away from the eye than its actual position
(D) atinfinity

Q.9 Arayincident at apoint B at anangle of incidence6 enters
into a glass sphere and is reflected and refracted at the
farther surface of the sphere, as shown. The angle between
the reflected and refracted rays at this surface is 90°. If

refractiveindex of material of sphereis /3, valueof 6 is—

(A) /3 (B) n/4

(©)n/6 (D) /12

Q.10 A convex spherical surfacewith radiusr separatesamedium
with index of refraction 2 from air. The rays are refracted
into denser medium. Asan real object ismoved toward the
surface from far away along the central axis, itsimage:
(A) changes from virtual to real when it isr/2 away from

the surface.

(B) changesfromvirtual toreal whenitisr away fromthe
surface.

(© changesfromreal to virtual when it isr/2 away from
the surface.

(D) changesfromreal to virtual whenitisr away fromthe
surface.

ANSWERS

® ®» 2 A) 3 (©

@ (A ) (D) (6) (D)

() O ) (B) 9) (A)

(10) (D)
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LENSTHEORY

A lensisapiece of transparent material with two refracting
surface such that least one is curved and refractive index
of use material is different from that of the surroundings.

A thin spherical lenswith refractiveindex greater than that
of surrounding behaves a convergent or convex lensi.e.
converges parallel raysitscentral (i.e. paraxial) portionis
thicker than marginal one.

Ril] IR, R| |[R  =| |R Ry[R,

Bi- Equi - Plano- Concavo-
Convex lens
If u > Hy Converging lens
If Hm< W Diverging lens
Ri| | Rz RIIR Ryl |[R&>= Ry | Ry
Bi- Equi - Plano- Convexo-
Concave lens

IfH > 1y, Diverging lens
If H v < Converging lens

TERMSRELATED TOTHINSPHERICAL LENS

1.

2.

Optical - Oisapoint for given lensthrough which any ray
passes undeviated.

C, C, isaline passing through optical
and perpendlcul ar to the lens. The centre of curvature of
curved surface always lie on the principal axis (asin a
sphere is always perpendicular to surface)

(0] (0]
G G Cy C

Principle - Focus - A lens has two surface and hence two
focal pointsfirst focal point is an object on the principal
axisfor whichimageisat infinitewhile

Second focal point is animage point on the principle axis
for which object isat infinity.

@)
(if)

4

Focal - Length f - isdefined asthe distance between optical
centre of alens and the point where the parallel beam of
light converges or appear to converge.

Aperture- Inreferenceto lensaperture meansto effective
diameter of its light transmitting area so that brightness
i.e. intensity of image formed by alens which depends on
the light passing through the lens will depends on the

sguare of aperturei.e. | o« (Aperture)2

Sign - Convention

Whenever and where possible, rays of light are taken to
travel fromleft to right.

Transverse distance measured from optical centre and are
taken to be positive while those below it negative.
Longitudinal distances are measured from optical centre
and are taken to be positive if in the direction of light
propagation and negative if opposite to it e.g., according

to our convention case of a
A |;R2
&) ‘3 el G \E &)

Ry(=0C,)=Positive R,(=0C,)=Negative
R,(=0C,)=Negative R,(=0C,)=Positive
f(=OF)=Positive f(=OF)=Negative

While using the sign convention it must be kept in mind
that-

To calculate an unknown quantity the known quantities
are subgtituted with sign in a given formula.

In the result sign must be interpreted as there are number
of sign conventions and same sign has different meaning
in different conventions.

RULESFORIMAGEFORMATION

In order locate the image formed by a lens graphically
following rules are adopted -

A ray passing through optical centre proceeds undeviated
through the lens. (by definition of optical centre).

A ray passing through first focus or directed towards it,
after refraction from the lens becomes parallel to the
principal axis. (by definition of F,)

A ray passing parallel to the principal axis after refraction
through the lens passes or appear to pass through F, (by
definitionof F,).

Only two raysfrom the same point of an object are needed
for image formation and the point where the rays after
refraction through the lensintersect or appear to intersect
is the image of the object. If they actually intersect each
other the image isreal and if they appear to intersect the
imageissaid to bevirtual.

—
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@

Imageformation by alens

For convergent or Convex Lens

Position of object

Details of image

Figure

Atinfinity

Redl, inverted diminished
(m<<-1) AtF

Betweensand 2F

Real, inverted diminished
(m<-1) Between F and 2F

At 2F

Redl, inverted diminished
=—lat2F

2F

Between 2F and F

Red, inverted enlarged
(m>-1) Between 2F and o

and object on same side

AtF Real, inverted enlarged 0 F |
(m>>-1) At infinity oF = \
Between focusand | Virtud, erect enlarged
pole (m > +1) Between oo —=t0

(b) For Divergent or Concavelens

N

TN F

If object at infinity

In front of lens

A\\ Virtual, erect

M\\ image will beformed at focus

=
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REFRACTIONTHROUGHATHINLENS

If an object isplaced at adistance ufromthe optical centre

of alensand itsimagesisformed at adistance v (fromthe

optical centre) and focal length of thislength isf then
11 1

v u f

NOTE

1.

Focal length of lens (lensmaker for mula)

1 1 1

f ity =1) Ri Ry
where u, refractiveindex of lenswith respect to medium.
R, = radiusof curvature of first surface of lens,
R, = radius of curvature of second surface of lens
Thepower of alensisdefined as

pe 1 100

T f(in m) f(@in cm)

The unit of power isdiopter.

If athin object linear size O situated vertically onthe axis
of alens at a distance u from the optical centre and its
image of sizel isformed at adistance v (from the optical
centre). magnification (transverse) is defined as

(+ve Erect image)
———— (—ve inverted image)

- (Jm| >1 large image)

(Im| < 1 Small image)

Here-ve magnification impliesthat imageisinverted with
respect to object while +ve magnification meansthat image
is erect with respect to object
Other formulae of magnification

f f-v

m=tra M ¢

SPECIAL POINTS

For real extended objectsif the image formed by asingle
lensiserect (i.e., mispositive) it isalwaysvirtual. In this
situation if the image is enlarged the lens is converging
(i.e. convex) with object between focus and optical centre
and if diminished the lensisdiverging (i.e. concave) with
image between focus and optical centre.

[ [

FO OF I

For real extended object, if the image formed by asingle
lensininverted (i.e., misnegative) itisalwaysreal and the
lensis convergent i.e., convex. Inthissituation if the size
of imageis

*

Smaller thanobject Equal to object  Larger than object

Object between Objectisat2F  Object isbetween
oo and 2F 2Fand F
Imageisbetween Imageisat2F  Imageis between
Fand 2F 2F and

In case of inverted imageformed by alenstheinversionis
truei.e., left isturned right and up, down.

-

Object

*

*

t\@’*
V tlA

Image
A) (B)

A very small part of alensformscompleteimage, if aportion
(say lower half) is obstructed (say covered with black
paper) Full image will be formed but brightness i.e.,
intensity will be reduced (to half). Also if alensis painted
with black stripsand adonkey is seen throughiit, the donkey
will not appear zebrabut will remain donkey with reduced
intensity.

If L isthe distance between areal image by alens. then as

L=(Jul+Iv)=((u-vv)*+2Vw)

So L will be minimumwhen

(\/G—\/V)z =min=0i.e,u=v

On substituting u=—uand v =+ u in lens formula, we get
1 1 1

u -u f
Sothat (L),,,=2f+2f=4f [asforlL,,u=V]
i.e, the minimum distance between a real object and its
real image formed by asinglelensis 4f.
If an object is moved at constant speed towards a convex
lensfrom infinity to Focus, theimagewill move ower in
the beginning and faster later - on, away from the lens.
Thisis because in the time object moves from infinity to
2F, theimage will move from F to 2F and when the object
movesfrom 2Fto F, Theimagewill movefrom 2F toinfinity.
At 2F the speed of object and image will be equal.

i.e,u=2f

—
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2
f
V=V, [uj} ; WhereV ; isthe speed of object
(uand f are to be substituted with proper sign)
In case of sun - goggles, the radii of curvature of two
surface are equal with centre on same sidei.e,,

1 1 1
R1=R2+R.33;=(M—D{35—:§}=0

i.e,f=oand P=(Uf)=0

Thisiswhy sun - goggles have no power or infinite focal
length. Same is true for a transparent sheet with the
differencethat hereR; = R, =0

If the two radii of curvatures of athin lens are not equal,
the focal length remains unchanged whether the light is
incident on first face or the other. This is because if we
substitute R, and R, with proper sign in lens - makers

1 1

1
formula, wealwayshave == (u-1)| —+ —
ay. ; (n ){Rl Rz}

If an equiconcave lens of focal length f is cut into equal
parts by a horizontal plane AB then as none of i, R; and
R, will change the focal length of each part will be equal to

i E_( -1 N
that of initial lensi.e. P H R, R,
1_2(p-1)

f R

However in thissituation aslight transmitting area of each
part becomes half of initial so intensity will reduce to half

IfR,=R,=R =

1
and apertureto 2 timeof itsinitial value (aso (Aperture)?)
C

f! f
R R

D
(A) (B) ©

However if thesamelensin cut into equal partsby avertical
plane CD thefocal length of each part will become

1 1 1] p-1 1
= (p-1N]=—=|==— r—
- (uy| -2 2 s
i.e., focal length of each part will be doubleof initial value.
In this situation as the light transmitting area of each part

@

White Light

of lens of remains equal to initia intensity and aperture
will not change.

If alensis made of number of layersof different refractive
indicate as shown in fig. for given wavelength of light it
will have as many wave lengths so form as many image as

thereare i 'sas % oc(pn-1)

Asfocal length of alensdependson pi.e. (Uf) oc (u—1)
the focal length of given lens is different for different

B
wavelengths (u= A + x—z ) and is maximum for red and

minimum for violet whatever be the nature of lens.

(A) (B)

If alensof glass(u = 3/2) isshiftedformair (1 = 1) towater
(u=4/3) thenas.

1 a2 1 _[e
fa{ 1 1}( and fw{(m) 1}K

Fe [8] [K
With K:{ii—ih}; fiZ[EJX{E}
Ri Ry A

i.e. focal length of alensinwater becomesfour timesof its
valueinair and so power one fourth [asp = (1/f)].

If alensisshifted from one medium to the other depending
on the refractive index of the lens and medium following
three situation are possible.

Hm < pp butp,increase: Inthissituationp= (u; /pupy)
will remain greater than unity but will decrease and

(1/f) oc (u—1) (1/f) will decrease i.e. f will increase (without
change in nature of lens) as explained in previous point.

Wm =np :Inthissituationp = (u /py) =1,

so that (1/f) oc (u—1) =0 i.e. f= w0 i.e, lenswill neither
converge nor diverge but will behave as a plane glass.
plate.

Hp
v Hm

) L= Bm ®)

=
I17
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(© upm >y cInthisstuationp=(p /ppy) <1
So in lens-maker's formula sign of f and hence nature of

lenswill changei.e.......... aconvergent lenswill behave as
divergent and vice-versa.

“’L Hm i
Hm
—_—
s M
(A) (B)

Ve

K

Examplel5:
An object is situated at a distance of f/2 from a convex
lens of focal length f. Find the distance of image

. 11 1
Sol. For aspherical lens, VUt
For convex lens, u=—f/2 and fis + ve
11,1 12 1
v f u f f f
Examplel6:

An object of length 1 cmis placed at adistance of 15 cm

from a concave mirror of focal length 10 cm. The nature

and size of the image are —

(1) real, inverted, 1.0cm (2) redl, inverted, 2.0cm

(3) virtud, erect, 0.5cm (4) virtual, erect, 1.0cm
Sol. (2).Givenu=-15cm, f=-10cm, O=1cm

11 11 11 1 1
_+_—_ — e —

v u f'v f u —_—10—_—15.'.v:—300m
1Y B i=2xi=2
0O u -5 o TTeXsToemm

Imageisinverted and on the same side (real) of size2 cm.

Examplel7:
A biconvex lens whose both the surfaces have same radii
of curvature has a power of 5D. The refractive index of
material of lens is 1.5. The radius of curvature of each
surface is —
(1) 20cm
(3)10cm
-— 1 . -— 1 —_— 1 —

D.P= T f= I—D—Em—ZOCm
For an egquiconvex lens

1 2(u-1)

f R

R=2(u-1)f =2x0.5x20=20cm

(2)15cm
(4 5cm

Sol.

Example18:

A lensplaced at adistance of 20 cmfroman object produces
avirtual image 2/3 the size of the object. Find the position
of theimage, kind of lensand its focal length.

Virtual image means, | ispositive and it is given that

I—EOTh —+g
=30 Thus m=+ 2

Sol.

Further because u = -20 cm (given), using

2__ 1
'3 f+(-20)
The f is negative, thus the lens is a concave lens. Again

m=f—u,weget or f=-40cm

2 v e
3—_20 OI‘V——3—— Do Cn

The virtual image is on the same side of the object.

, v
using m= , we get

Example19:

Anobjectisplaced at adistant of 1.50 mfromascreen and

a convex lens placed in between produces an image

magnified 4 times on the screen. What is the focal length

and the position of the lens.

The information given in the question ray diagram. It is

giventhat m=(1/0)=-4

Let lensis placed at a distance of x from the object. Then
u=-x%, and v=(1.5-x)

1.5-x

Sol.

%
usingm=a , weget—4=
or 4x=15-x or 5x=15. Thus, x=0.3metre
Thelensis placed at a distance of 0.3m from the object
(or 1.20mfromthe screen)

For focal length, we may use

_4:f—
f+(-0.3)

or —4f+1.2=f or 5f=1.2. Thus, f=1.5/5=0.24
Thefocal lengthis0.24m (or 24 cm)

=f+u

COMBINATION OFLENSES
When several lenses or mirrors are used co-axially, the
image formation is considered one after another in steps.
The image formed by the lens facing the object serves as
object for next lensor mirror theimage formed by the second
lens (or mirror) acts as object for the third and so on. The
total magnification is such situations will be given by

|l le,

o o 1

In case of two thin lensin contact if the first lens of focal
length f, formsthe image |, (of an object)at adistance v,
fromit.

1. 1.1

v, u = e @)

[+
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; ¢ * If alensof focal length f is cut intwo equal part as shows
AR in eachwill havefocal length f. Now of these partsare put
o) - in contact as shown in the resultant length will be
—V—> 111
| u 3}4 A > E=f—+f— i.e. F=(f/2)
now the image I, will act as object for second lens and if .
the second lensformsimage. | at adistance v from it @I ID VL Llﬂv 2
I 1 1
Vv (2 (A) (B) ©
i o2 However if the two parts are put in contact as shown in
So adding Eqn. (1) and (2) we have first will behave as convergent lens of focal length f while
I 1 1 1 I 1 1 . I 1 1 the other divergent of same focal length (being thinner
—— ===+ = o ——=== with —=—4+— : i o
v ou f; fo v u f ff f, near the axis) so in this situation.

i.e. the combination behave asasinglelens of equivalent
focal length f given by

I 1 1
E—EJFE or P=P;+P, .. ®
If the two thin lens are separated by adistanced apart Fis

I 1 1 d
given by E_E+€_E’SOP=P1+P2_P1P2d'

NOTE

*

If two thin lens of equal focal length but of opposite nature
(i.e. one convergent and other divergent) are put in contact,
the resultant focal length of the combination be

I 1 1

Foar ol
i.e. the system will behave as a plane, glass plate.
If two thin lens of same nature are put in contact then as

1 1 1 1 1 1 1
= > and =>—
F fl f2 T F fl F f2
i.e. F<f,and F<f, i.e. theresultantfocal lengthwill be
lesser than smallest individual.
If two thin lenses of opposite nature with different focal
lengths are put in contact the resultant focal length will be
of same nature as that of the lens of shorter focal length
but its magnitude will be more than that of shorter focal
length.
If alensof focal length f isdivided into two equal partsas
in figure (A), each part hasafocal length f' then as
1_1 + L f'=2f
foff
i.e. each part have focal length 2f now if these parts are
put in contact asin (B) or (C) the resultant focal length of

F=c0 andP=0

thecombinationwill be% = %+ %i.e F=f (=initid value)
— L2 L2
—

(A) (B) ©

1 1 1 .
F +f _f I.€. r

A convex lens of focal length 10.0 cmisplaced in contact
with a convex lens of 15.0 cm focal length. What is the
focal length of the combination.

Sol. For combination of lenses
11,1 1,1 25 1

. :EJFE =101 150 6" Therefore, f =6cm

Example21:
A 20 cm convex lensis placed in contact with adiverging
lens of unknown focal length. The lens combination acts
asaconverging lensand hasafocal length of 30 cm. What
isthe focal length of the diverging lens.
Sol. Letf,isthefocal length of the diverging lens. Then,
1 1 1

fhf
Itisgiventhat f; =+20cm, f=30cm

1 1 1 1 1 1
—=—t— 0 —_--_ - _%"°
30 20 f, 7 f, 30 20 60
Thus, f,=-60cm
Comment. If we change the question and claim that the
combination actsasa diverging lensand hasafocal length
of 30 cm, thenf; =+20cm, f,=?, f=-30cm

1 11 1 1 1 5

2-3 1

%0

—_—_——t—, —=————= —
0 20 f, “f, 30 20 60 f=-12cm

Example22:
Ten identical converging thin lenses, each of focal length
10 cm, arein contact. What is the power of the combined
lens.

Sol. For thin lenses in contact

P=P,+P,+.....=10P =

—
I19




SOAL

ODM ADVANCED LEARNING

STUDY MATERIAL: PHYSCS

LENSWITH ONE SLVERED SURFACE
If the back surface of alensis silvered and an object is
placed in front of it then :

* First, light will pass through the lens and it will form the

imagel;.

’ ) %\
) i;’ = 0 v Iy
(A)
P
i / =
©

I1 P

* Theimagel, will act asan object for silvered surfacewhich
acts as curved mirror and forms animage |, of object I,.
* The light after reflection from silvered surface will again
pass through the lens and lens will form final image | 5 of
object I,
This all is shown in Fig. In such situation power of the
silvered lenswill be

P=P_+Py, +P,
wet i)
wit = — where —= - > b

L7 5, i DR R,

1 R,
and Pyy=- — wherefy, = —=
fu 2
So the systemwill behave asacurved mirror of focal length
Fgivenby F=-1/P

CASES:
(A) When the plane surface is silvered and the object is in
front of curved surface : In this situation,

1 1 1]_@-) o
E_(u_l)[R OO}— R and FM-E_oo
-1 1
fL R fu @
And hence power of system
P=P +Py,+P =2P_+P,
-1 2(u-1
P G R ] e R A
1R
So F=- P_ 2(“—1) ............. (2)
i.e., thelenswill behave asaconcave mirror of focal length
[R2 (u-1)].

- L )
5 5 )

(A) (B)

(B) When the curved surface is silvered and the object isin
front of plane surface : In this situation

1_ i_i}_ (n-1) _(R)
E—(u—l) LO RIT R and fy, = >
1 () 1 _2
SOPL—E— R and PM——W—R
And hence power of system
P=P_+Py,+P _=2P_+P,
_2Mm-) 2 2u
e P= R + R-R 3
1__R
So F=- P 2u e 4
i.e., thelensequivalent to aconcave mirror of focal length
(R2).
Example23:

The radius of curvature of the convex face of a plano-
convex lensis12 cmanditsrefractiveindex is1.5. (a) Find
the focal length of thislens. The plane surface of the lens
is now silvered. (b) At what distance from the lens will
parallel raysincident on the convex face converge ?
(c) Sketch the ray diagram to locate the image, when a
point object is placed on the axis 20 cm from the lens.
(d) Calculate theimage distance when the object is placed
asin(c).

Sol. (&) Asforalens, by lens-maker'sformula

1 F_i}
Herep=15R;=12cmandR, =
f=24cm

1 {i_i} .
So f——(1.5—1) 12 » i.e,

i.e., thelens as convergent with focal length 24 cm.

—> 12 Cm\E—

(A) (B)

R=12cm R=w

/

/
/

\
\
AAJARRARNARANANNNY
!

|35 i 1 0 10 Cm \‘ T2
i€—30Cm — E\
©

=
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(b) Aslight after passing through the lenswill beincident
onthemirror which will reflect it back throughthelens
again,soP=P +Py, +P =2P +Py,

1 1 1

ButhP, = Ezﬁ and PM:_; =0

S0 P=2x +0=

0.12

[as f —E—oo:l
0.24 D M™2

The systemis equivalent to a concave mirror of focal

1 1
length F, P:_E ie., F:—E:—O.lzm:—lzcm

i.e., therayswill behave as a concave mirror of focal
length 12 cm. So as for parallel incident rays u = — oo,
frommirror formula
1 N 1 1 h 1 N 1 1
v u f we avev -0 =12
i.e., parallel incident rayswill focuswill at adistance
of 12 cminfront of the lensas shownin Fig.

(c) and (d) When object is at 20 cm in front of the given
silvered lens which behaves as a concave mirror of
focal length 12 cm, frommirror formula

1+1—1h1+1—1' - 30
vy "7 wehave T+ — o =—7 ie,v=-30cm,
i.e., theslvered lenswill formimage at adistance of 30
cmin front of it asshownin Fig. (C).

ie,v=-12cm

DEFECTSOFIMAGE

CHROMATICABERRATION

Theimage of awhite object (or illuminated by white light)
formed by a lens is usualy coloured and blurred. This
defect of theimage produced by alensiscalled ‘chromatic
aberration'. Thisdefect arisesbecause the refractiveindex
of thematerial of thelensand hencethefocal length of the
lens, is different for different colours of light for a thin
lens, thefocal length f and therefractiveindex narerel ated

1 1 1
S e

whereR; and R, aretheradii or curvature of the surface of
the lens. Since the value of nislargest for the violet light
and least for red; the foca length f,, of the lens for the
violet light isleast and the focal length f, for the red light
islargest. Therefore, when a parallel beam of white light
passes through a lens,

White Rays

@

it isdispersed into its constituent colours. The violet rays
are focussed at apoint F, closer to the lens, while the red
rays are focussed at a point Fy, farther from the lens. The
rays of intermediate colours are focused between F,, and
Fr. If ascreenbe placed at F,, the centre of theimagewill
be violet whilethe outer edgewill bered. At Fy, the centre
of theimage will be red and outer edge violet further, the
image is blurred because it is not where in perfect focus.
Chromatic aberration is of two types.

Longitudinal or Axial ChromaticAberration :-

When awhite point O issituated onthe axisof alens, then
images of different colours are formed at different points
along the axis. The formation of imagesof different colours
at different positions is called 'axial or longitudinal
chromatic aberration'. The axial distance between the red
andthevioletimages(lz - 1,/) isameasureof thisaberration.
If the object isat infinity; then the longitudinal chromatic
aberration is equal to the differencein focal - lengths

(fr - fy) for thered and the violet rays.

| I?QI
S |
MN

O

()

©

/
| |R\)
/s
e
longitudinal
Chromatic
Aberration

N

Lateral ChromaticAberration:
Asthefocal-length of thelensvariesfrom colour to colour,

f
the magnification {m:u?} produced by the lens also

varies from colour to colour. Therefore, for a finite-size
white object AB(fig.), the images of different colours
formed by the lensare of different sizes. The formation of
images of different coloursin different sizesiscalled lateral
chromatic aberration. Thedifferencein the sizesof thered
image BrAR and the violet image B, A, is a measure of
this aberration.

B
RED R Laterd
— —T Chromdtic
\ Tﬁrd a 5(/ Abaration
A R

!
I
|
l
| Fr Ay Ar
|
1
1
1
)

Expression for thelongitudinal chromaticaberration of a

lens: fr—fv = {nxy—_nRny

(ny -ng)

LﬁJ isthe dispersive power of the material of the
y

lenswhichisdenoted by w. Thus, thelongitudinal chromatic
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aberration (where object isat infinity) of thelensisgiven
by
fR _fV =0 ><f

For a lens neither » nor f,, can be zero. Therefore, for
single lens the chromatic a%erratlon cannot be zero. It is
also clear from the above formula that smaller the focal
length of a lens (i.e. greater the power), smaller is the
chromatic aberration in the lens.

ACHROMATISM

@

When as white object is placed in front a lens, then its
imagesof different coloursare formed at different positions
and are of different sized. There defects are called
'longitudinal chromatic aberration' and 'lateral chromatic
aberration' respectively. If two or morelensesbe difference
colours are same position and of the same size, then the
combination is called 'achromatic combination of lenses
and this property is called 'achromatism'.

In practice, both types of chromatic aberrations can not
be removed for al colours. We can remove both types of
chromatic aberration only for two colours by placing in
contact two lenses of appropriate focal lengths and of
appropriate different material. On the other hand, only
lateral chromatic aberration can beremoved for all colours
when two lenses of appropriate different material. On the
other hand, only lateral chromatic aberration can be
removed for all colours when two lenses of the same
material are placed at aparticular distance apart.
Condition of Achromatismfor twothin lensesin contact :
Suppose two thin lenses are placed in contact. Suppose
the dispersive powers of the materials of these lenses
between violet and red respectively n,,, ng, n, and n'y,,
N'g, n'y. If for these rays the focal lengths of the first lens
are respectively fV, R fy and the foca lengths of the
second lensarefy/', fg', ., then for the first lens, we have

Ry
l 1 1
o = (ny —1){R—1—R—J ..... ()]
1
fR =(nr _1)[R_1_R_2} (2

Subtracting the second equation from the first, we get

i—i—( ny — ”R){i—i}

fv fr Ri Ry
(ny —nR) 1
= ( y )
(ny -1 R Ry
1.1 .1
f, fr_ fy (3
(1 1) 1
Nv —NR _ (ny-)| =———|=—
because 0,1 =w and Ny LRl RZJ »

Similarly, for the second lens, we have

1t .t

fo' fr' fy e 4
Adding equations (3) and (4), we get

(1, 1) (1, 1) o,

vy e g e SR 5

If the focal lengths of this lens-combination for the violet
and the red rays be F, and Fp, respectively, then

101 1 1 1 1

—+t—=—" and  t7 =
fy fyv' R & fr fR' R

1 1 o o
. fromeq. (5), wehave E_§_§+F

But for the achromatism of thelens combination, thefocal-
length must bethe samefor all coloursof lighti.e. F, = F.
Hence from the above equation, we have

Thisisthecondition for alenscombination to achromatic.
It givesusthe following information :

Both the lenses should be of different material. If both the
L ‘ o= andthenfrom
equation (6). We have

i+i|:0 or i:0 or Fy=oo
fy fy Ry
that isthe combination will then behave likeaplane glass-

plate.
® and o' are positive quantities. Hence, according to eq.
(7), f and f, ' should be of opposite signs, i.e., if one lens
is convex t%e other should be concave.
For the combination of behaviour like a convergent
(convex) lens—system, the power of the convex lens should
be greater than that of the concave lens. On other words,
the focal length of the convex lens should be smaller than
theconcave lens. Accordingto eg. (7), wehave ff—y = —ﬁ,
y (O]
If fy islessthan f,' then o should be less than o' . Hence
for a converging 1/ensrsystem the convex lens should be
made of amaterial of smaller dispersive power.
The dispersive power of crown glass is smaller than that
of flint glass. Hence in an achromatic lens-doublet the
convex lensis of crown glass and the concave lens is of
flint glass, and they are cemented together by Canada
Balsam (a transparent cement). This achromatic
combination is used in optical instruments such as
microscope, telescope, camera, etc. In the condition for
achromatism

[+
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Example24: theimageis
Focal lengthsof two lensaref and f ' and dispersive powers (A) 5cm/sec (B) 10cm/sec
are my and 2wy, To form achromatic combination from (C) 20 cmvsec (D) 40 cm/sec

Sal.

Q1

Q.2

Q3

Q4

Q5

Q.6

Q.7

these—

Qf'=2f 2)f =-2f

(3)f'=f/2 4 f==12

(2). For achromatic combination

©_ 0 220 2 Ll ey

o o "o 200 2° f' 2 ort=-
TRYITY RSELE-

A concave lens with unequal radii of curvature made of
glass (ug =1.5) hasafocal length of 40 cm. Inair if itis
immersed inaliquid of refraciveindex p =2, then

(A) it behaveslike convex lens of 80 cmfocal length

(B) it behavelikeaconvex lens of 20 cmfocal length

(C) itsfocal length becomes60 cm

(D) nothing can be said.

Anobject 'O'iskept inair in front of athin plano convex
lens of radius of curvature 10 cm. It's refractive index is
3/2 and the medium towardsright of plane surfaceiswater
of refractiveindex 4/3. What should be the distance 'x' of
the object so that the rays become parallel finaly.

(A)5cm X
0 n,=4/3

(B) 10cm
ng=3/2

(C)20cm
(D) none of these

Thediagram showsan equiconvex " e
lens. What should be the condition

on the refractive indices so that

the lens become diverging?

(A) 2uy>pq—g (B) 2uy<pytug

(©) 2u>20 -1y (D) 2uy> pytpg

In the case of aconverging lens, area object isat afinite
distance L fromthelens. Itismoving with speed 5m/s. The
image isformed at one of thefocus of thelens. What isthe
speed of the image?

(A)5m/s (B) infinite
(©)10m/s (D) 20m/s
A converging lensisused to produce an image on ascreen

of an object. What change is needed for the real imageto

be formed nearer to the lens ?

(A) increasethefocal length of thelens (lensand position
of objectisfixed).

(B) insert adiverging lensbetween thelensand the screen
(converging lens and position of object is fixed).

(©) increase the distance of the object from the lens.

(D) move the object closer to the lens.

A nearsighted person cannot clearly see beyond 250 cm.

Find the power of the lens needed to see objects at large

distances.

(A)-0.4D (B)2.5/11D (C)2.5/9D (D)-0.4D

A real object is placed 1 cm above the optical axis of a

convex lens of focal length 40cm. The object distanceis

60cm. I the object now startsmoving perpendicularly away

fromthe optical axiswith aspeed =10 cm/s, the speed of

Q.8

Q9

Which of thefollowing quantitiesrelated to alens depend
on the wavelength of the incident light ?

(A) Refractiveindex (B) Focal length

(C) Power (D) Radii of curvature
The adjacent figure shows a thin plano-convex lens of
refractive index p, and a thin plano-concave lens of
refractive index p,, both having same radius of curvature
R of their curved surfaces. Thethin lensof refractiveindex
u5 hasradius of curvature R of bothits surfaces. Thislens
is so placed in between the plano-convex and
plano-concave lenses that the plane surfaces are parallel
to each other. The focal length of the combination is

R B R

(A)
(bt —pz-1) (M1 +p2 +13)
R R Hy Ho
C -
© (b1 —12) ©) (M1 —H2—n3—3) s

Q.10 A cameralenswith afocal length of 5.5 cmisused to take

the picture of a person 1.68 m tall. What is the person's
distance from the lens, if the image just fills the 24 mm
vertical dimension of thefilm?
(A)24m
(©)39m

(B)5.6m
(D)1.6m

Q.11 Dispersive powers of materials used in lenses of an

achromatic doublet areintheratio 5: 3. If thefocal length
of concave lensis 15 cm, then the focal length of the other
lens will be -

(A)-9cm (B)+9cm
(©)-12cm (D)+12cm

AN ER
@ (A ) (©) 3 (B)
4 ©) ®)(©) (6) (A)
7 © (8) (ABC) 9)(©)
(19 (©) (11) (B)

PRISM

REFRACTIONBYAPRISM :

Prism : Prism is a homogeneous, transparent medium
enclosed by two plane surfacesinclined at an angle. These
surfaces are called the refracting surfaces and the angle
between them is called the refracting angle or the angle of
prism. A

PQ incident ray, QR refracted ray, RSemergent ray,  angle
of deviation and e angle of emergence.

—
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2. Angleof deviation : Angle between theincidentrays& 6. Dispersivepower of prism

emergent ray iscalled angle of deviation.
Inthe quadrilateral AQNR, two of the angles(at the vertices 0=2v=0% _(v=ng)A
Q and R) areright angles. Therefore, the sum of the other Oy (ny -HA
angles of the quadrilateral is180°. Where Sy isdeviation angle for yellow colour.

Z A+ ZQNR=180° o —n
| . 1+T,+ Z QNR=180° w=—tR
Comparing these two equations, we get ny -1

rn+rn=A .. Q) 7.  Combination of Prisms:

The total deviation & is the sum of deviations at the two As the dispersive powers of the different materials are
faces, 5=(i-ry)+(e-ry) different, two or more prisms of different materials can be
thatis, §=i+e—A .o @ combined such that_the_rays of compositglight on pass_i ng

3. Minimum deviation : For a given prism, the angle of th.rough thg cpmblnatlop may §uffer e|.ther @spersmn
deviation dependsuponthe angle of incidence of thelight- . without dgwatlon or Qewatlor? W'thou.t dlspergon. .
ray falling on the prism. It is seen from the curve that as 0 Achrqmaﬂc combi natlo_n (deV|§\t| on W',thOUt dispersion):
the angle of incidence i increases, the angle of deviation Condition for achromatic combination:: 6, +0,=0
first decreases, becomes minimum for aparticular angle of (n,—-n)A= _(n'v - n'r)A '
incidence and then again increases. Thus, for one and
only one, particular angle of incidence the prism produce n, +Ng n'v + n'R .
minimum deviation. At the minimum deviation 5, the Net mean deviation = { 2 }A_ T‘l A
refracted ray inside the prism becomes parallel to itsbase.

o ®wd+w's'=0,wherew, o aredispersive powersfor

= 60" thetwo prismsand 6, 8’ are the mean deviation.

j% 50°}

g

<

30° b
0 200 40°  60° € 80°
Angle of incidence (i)

4.  Formulafor therefractiveindex of theprism (i) Dispersion without deviation(Direct vision combination)
Wehave d=3,,, i =ewhichimpliesr; =r,. Thiscombinationis used for dispersion without deviation.
Eq. (1) gives2r=Aorr=A/2 Condition=0
Eq. (2) gives, 5,=2i-A,ori=(A+5,)/2

s n(A + Smj
ne Sini _ 2
Sinr sin ( éj
2

WhereA isprismangle & 5, isminimum deviation.
Note:
(a) When prismisthin, then value of A will besmall (< 10°)

Om=(-L)A Net angle of dispersi
(b) Condition for maximum deviationi, ori,=90°. gie of dispersion

5. Angular dispersion for prism : Whitelight splitsinto its 0=(n,—Nn)A+ (n'v — n'r)A '

constituent colours, on passing through prism. This is
known as dispersion. The angle between the emergent
rays of any two colours is called angular dispersion
between those colours.

If deviation anglefor violet &
red ared,, & S respectively,
then angular dispersion.

0=5,-0g Red
Yell
8= (Ng—1) A, folet
5,=(n,-1A

0=(n,-1)A-(ng-1)A=(n,—ng)A.

Praoblemssolving tips:

Seps 1 : Draw aray diagram starting from the object
passing through al refracting surfaces. Label all theangles.
Seps2: Apply therelevant formulaat each of therefracting
surfaces. (Snell rules)

Steps 3 : Develop any additional equations based on
geometry.

Seps4 : Solvethe simultaneous equations systematically.
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Example25: 1 1 1
Prismangleof aprismis10°. Their refractiveindexforred g5 n=—= gnd \/§=m orsinC= 5o C=45°

& violet colour is 1.51 & 1.52 respectively, then find the
dispersive power.

(I"LV_“I'\
oy

Sol.
Uy_l

Dispersive power of prism, ® =

_pytp, 1524151
T2 2

152-151 0.1
1515-1 1515

but Ky =1.515

Thereforem = =0.019.

Example26:
Prismangle & refractiveindex for aprismfor a60° & 1.414.
Find the angle of minimum deviation.
Sin(A+8,,)/2 sin(60+8,)/2
l,l = _—

Sal.
sin 30° sin 30°

=1414=

( 60° )
= Sm\MJ = 0.707 = Sin45°

60+,
2

= =450=5, =30°

Example27:

Theangleof crown glass (u=1.52) prismis5°. What should
beangleflint glass (u = 1.63). Prism, so that thetwo prism
together may be used in direct vision spectroscope ?
For adirect vision spectroscope

81+62:0 (Hl—l)A1+(H2—1)A2:0

((u-1) [1 52—]1J
-_ A =_|= 0 —_ )
or A,= Uz_ﬂ 1 163_1) %5 4.12

Sal.

Example28:
Therefracting angle of the prism is60°. What isthe angle
of incidencefor minimum deviation ? Therefractiveindex

of material of prismis /2.

Sol. For minimumdeviation r=A/2=60/2=30°

i sini
. sini -
Fromsnell'slaw —— =p or 2=— 30°
sinr sn

VY TS,
sni=75 \/E—sm45 or i=45
Example29:
A ray monochromatic light is incident on the refracting
face of prism angle 75°. It passesthrough the prismand is
incident on the other face at the critical angle. If the
refractive index of the prism is /2, then determine the

angle of incidence on thefirst face of the prism.

snC

Now, A=r;+r,=r;+C (- 1,=C)

or 75%°=r;+45° . r;=30°
siniq o _ _
further p= _sinrl orsini; =pxsinr; = /2 xsin30°
1 1
ini :\/EX—:_ i. =458°
orsiniy 2 \/52 i;=45
Example30:

Angle of aprismisA and itsone surfaceissilvered. Light
ray falling at an angle of incidence 2A on first surface
return back through the same path after suffering reflection
at second silvered surface. Refractiveindex of material is.

Sol. Given i=2A ; figurer=A
~ . _sini_sn2A _2sinA cosA — 2 cosA
M= gnr” sna sinA -
Example3L:

ArayfalsonaprisnABC (AB =BC) and travelsasshown
in adjoining figure. Find the minimum refraction index of
theprism material.

1 1

Sol. AngleofincidenceC=45° - u= SnC _ sin45° =2

TRYITYOURSELF-6
Q.1 A trihedral prismwith refracting angle 60° deviatesalight
ray by 30°. Therefractiveindex of thematerial of prism

(A) may beequal to /2 (B) can not begreater than /2

(C) can not be lessthan /2 (D) none of these

Three thin prisms are combined as shown in figure. The
refractive indices of the crown glassfor red & violet rays
arep, and p,, respectively & thosefor theflint glassare ',
and ', respectively. Theratio (A'/A) for whichthereisno
net angular dispersion

Q.2

Hy —Hyr B 2(ny — 1)
Z(H‘v_lfl'r)( ) Hy— Ry

(A)

My ~Hr
(C©) ~+ _ . (D) Noneof these
Hy—Hy

—
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Q.3 Dispersion occurs when (A) 3 ®B) 2

Q4

Q5

Q.6

Q.7

Q.8

(A) somemateria bend light more that other material.

(B) amaterial changes some frequencies more than other.

(© light has different speedsin different materials.

(D) amaterial slows down some wavelengths more than
others.

Whitelight isdispersed by the prism, and fallson ascreen

to form avisible spectrum. Which of the following is/are

true?

(A) Thefrequency changesfor each colour, but the speed
stays the same.

(B) Red wavelengths are deviated through larger angles
than green wavelengths.

(©) Violet light propagates at a higher speed than green
light whileinthe prism.

(D) The speed of all coloursis reduced in the prism, with
maximum reductionfor violet light.

A ray of light parallel to the axis of a converging lens

(having focal length f) strikes it at a small distance h’ from

itsoptica centre. A thin prism having angle 6 and refractive

index  is placed normal to the axis of lens at a distance ‘d’

from it. What should be the value of p so that the ray

emerges parallel tothelensaxis.

(A)% (B)%+1 mz\ W
SRV

© @ine ® @ine h—d —»

Consider the four different cases of dispersion of light ray
which hasall thewave lengthsfroma; toA, (A, > A,). The
dotted representsthelight ray of wave length kavg. Which
ray diagram is showing maximum dispersive power?

(A) /

© -~

For a prism kept in air it is found that for an angle of
incidence 60°, theangle of refraction'A', angle of deviation
'5' and angle of emergence '€ become equal. Then the
refractiveindex of theprismis

(A)1.73 (B)115
(©15 (D)1.33
The curve of angle of incidence

versusangleof deviationshown .
has been plotted for prism. The
value of refractive index of the
prismused is

60°

40°  60°

(©) V3142 (D) 2/3

Q.9 Inthe given curve of above question. Find the value of
anglei, in degreesis
(A)40° (B)60°
©)70° (D)90°

Q.10 A parallel beam of whitelight fallson aconvex lens. Images
of blue, red and green light are formed on other side of the
lens at distances x, y and z respectively from the pole of

thelens. Then:

(A)x>y>z (B)x>z>y

(CQy>z>x (D) None
Q.11 Thefocal length of alensis greatest for which colour?

(A) violet (B) red

(C)ydlow (D) green

AN ER

D) (AB) () (B) 3 (D)

4 O ) (B) (6)(B)

) (A) 8 (A) (9) (D)

(10) (©) (1) (B)

ATTERIN FLIGHT

* As sunlight travels through the earth’s atmosphere, it gets
scattered (changes its direction) by the atmospheric
particles.

* Light of shorter wavelengthsis scattered much more than
light of longer wavelengths.

* The amount of scattering is inversely proportional to the
fourth power of thewavelength. Thisisknown asRayleigh
scattering. Hence, the bluish colour predominates in a
clear sky, since blue has a shorter wavelength than red
and is scattered much more strongly. In fact, violet gets
scattered even more than blue, having a shorter
wavelength. But since our eyes are more sensitive to blue
than violet, we see the sky blue.

Intensity of scattered light o k_14

* At sunset or sunrise, the sun’s rays have to pass through
alarger distance in the atmosphere. Most of the blue and
other shorter wavelengths are removed by scattering. The
least scattered light reaching our eyes, therefore, the sun
looks reddish. Thisexplainsthe reddish appearance of the
sun and full moon near the horizon.

RAINBOW

* Rainbow is sunlight spread out into its spectrum of colors
and diverted to the eye of the observer by water droplets.
The "bow" part of the word describes the fact that the
rainbow isagroup of nearly circular arcsof color al having
acommon center.

Rainbows are generated through refraction and reflection
of light in small rain drops. The sun isaways behind you
when you face arainbow, and that the center of the circular
arc of therainbow isin the direction oppositeto that of the
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sun. Therain, of course, isin the direction of the rainbow
i.e. rain drops must be ahead of you and the angle between
your line-of-sight and the sunlight will be 40°-42°,
Theprimary and secondary rainbowsare phenomenathat
formed by the reflection and refraction of sunlight in tiny
water droplets. When a sunbeam is being refracted twice
and reflected once by the droplet, a primary rainbow will
form (Itsinner and outer edges subtend angles of 41° and
43° with theaxis of the rainbow respectively).

If the beam is being refracted twice and reflected twice, a
secondary rainbow will form (Its inner and outer edges
subtend angles of 51° and 54° with theaxis of the rainbow
respectively). As the secondary rainbow is formed by one
more reflection than the primary rainbow, itismuch fainter
and rare to see. On the other hand, since the paths of
sunbeamsin a primary rainbow and a secondary rainbow
are different, the colors of the secondary rainbow are
arranged in just the reverse order of the primary one.

OPTICAL INSTRUMENTS

THEEYE

*

Power of Accommodation : Theahility of thelensto change
its shape to focus near and distant objects is called
accommodation.

The minimum distance, at which objects can be seen most
distinctly without strain, is called the least distance of
distinct vision. Itisalso called thenear point (N.P.) of the
eye. For ayoung adult with normal vision, the near point
isabout 25 cm.

The farthest point upto which the eye can see objects
clearly iscalled thefar point (F.P) of theeye. It isinfinity
for anormal eye. Thusanormal eye can see objectsclearly
that are between 25 cm and infinity.

Nearsightedness: If the eyeball istoo long or thelenstoo
spherical, theimage of distant objectsisbrought to afocus
in front of the retinaand is out of focus again before the
light strikes the retina. Nearby objects can be seen more
easily. Eyeglasseswith concave lenses correct thisproblem
by diverging the light rays before they enter the eye.
Nearsightednessiscalled myopia. Myopiamost commonly
developsin childhood (between 8 and 14).

If deflected far point is at adistance d from eye then focal
length of use lens f = — d = — (deflected far point)

A person can see upto distance — X, wantsto see distance
—>y(y>x)so f =Y o power of thelens p-X=¥Y

X-y Xy

Farsightedness: If the eyeball istoo short or the lenstoo
flat or inflexible, the light rays entering the eye —
particularly those from nearby objects — will not be
brought to a focus by the time they strike the retina.

Eyeglasses with convex lenses can correct the problem.

@

Farsightedness is called hypermetropia or hyperopia.
Squinting, eye rubbing, lack of interest in school, and
difficulty in reading are often seen in children with
hyperopia. If a person cannot see before distance d but
wants to see the object placed at distance D from eye so
f =d_D and power of the lens |:>=d__D.
d-D

Astigmatism: Astigmatismisthe most common refractive
problemresponsiblefor blurry vision. Most of the eyeball's
focusing power occurs along the front surface of the eye,
involving thetear film and cornea (the clear 'window' along
the front of the eyeball). The ideal cornea has a perfectly
round surface. Anything other than perfectly round
contributes to abnormal corneal curvature - this is
astigmatism. Here'sagood way to demonstrate the effects
of astigmatism. Look at your reflection in the curved
surface of around soup spoon and compare it with your
reflection in an oval teaspoon. Cylindrical lensis use to
correct astigmatism.

Example32:

Make adiagram to show how hypermetropiais corrected.
The near point of a hypermetropic eyeis 1 m. What isthe
power of the lens required to correct this defect? Assume
that the near point of the normal eyeis 25 cm.

Sol.

Retina

To correct the defect, the image of an object at 25 cm.
should be brought at 100 cm.

i1 11 11

f v u -100 -25
1_-1,1_-1+4 3 o f =+@=+33.30m.
f 100 25 100 100 3

A'B'-Corrected image

i !_\_A?L_O
AB - object
Y KZ 7

So aconvex lensof focal length 33.3 cm. isrequired.

100
p==>"_30D
Power, F=333

—
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Example33:

Sal.

A farsighted person cannot focus clearly an objects that
are less than 145cm. from his eyes. To correct this prob-
lem, the person wear eyeglassesthat arelocated 2.0 cm. in
front of his eyes. Determine the focal length that will per-
mit this person to read a newspaper at a distance of 32.0
cm. fromhiseyes.
The near point is 145 cm. and eyeglasses are 2.0 cm. in
front of the eyes. Therefore, v=-143 cm.
Theobjectisplaced 32.0cm. fromtheeyesso u=+30.0cm.
Thefocal length is obtained from equation

1 11 1 1

Z=Z4Z= + =0.026cm™*
f u v (300cm) -143cm '

Hence, f=38cm.

CAMERA

@

(b)

Pinhole Camera: Itisbasesonrectilinear propagation of
light and forms the so called image on the screen whichis
real and inverted. If an object of size O is situated at a
distance ufromthe pinholeand itsimage of sizel isformed
at adistance v from the pin hole -

6:—:— —_ =

i.e,

O u
Lens-Camera : In it a converging lens whose aperture
and distance fromthe film can be adjusted, isused. Usualy
object isreal and between « and 2F; so theimageisrea,
inverted diminished and between F and 2F as shown in
Fig.
Herelensformula

1 1 1 ith v licabl

v uT wit m= 5=, isapplicable.
In photographing an object, the image is first focused on
the film by adjusting the distance between lens and film
(called focusing). After focusing, apertureis set to aspecific
value (for desired effect) and then film is exposed to light
for a given time through a shutter. For proper exposure of
aparticular film, adefinite amount of light energy must be
incident onthefilm. Soif | istheintensity of light, Sisthe
light transmitting area of lens and t is the exposure time,
then for proper exposure, | x S t = constant
Light transmitting area of a lens is proportional to the
sguare of its aperture D; so above expression reduces to

| x D2 x t = constant

NOTE

*

If apertureiskept fixed, for proper exposure,
| x t = constt. e, Iit;=1t,
and if the source of light is a point
5 X t = —

=5
sl="7
i b r

If intensity iskept fixed, for proper exposure,
D2 x t = constant

ﬂ L2 x t
2

i.e, Timeof exposure oc

(Aperture)2
Theratio of focal length to the aperture of lensiscalled
_ Focal length
f-number of the camera, i.e., f-number = —Ap orture

If focal length = constant

Apert —_—
Perture e f —number

Time of exposure o (f-number)?

Example34:

Sol.

Photograph of theground aretaken from an air-craft, flying
at an altitude of 2000 m, by a camera with alens of focal
length 50 cm. Thesize of thefilminthe camerais

18 cm x 18 cm. What area of the ground can be
photographed by this camera at any one time.

As here u=-2000m, f=0.50m, so from lens formula

1.1 1 i1 1
VT wehave T o000) T 05

i.e l=i— L ;i [asi>>i}
v 05 2000 T 05 0.5 2000
v=0.5m=50cm=f

Now asin case of alens

_X_i—_i 10—3
M=y 22000 4~
So 1,=(ma) (mb)=n?A [~ A=ab]
I 18cm x 18cm

|.e.,A=—2=

m [(1/4) x 10‘3]

> =(720mx720m)

Example35:

Sol.

The proper exposure time for a photographic printis20 s
at adistance of 0.6 mfrom a40 candle power lamp. How
long will you expose the same print at adistance of 1.2 m
froma 20 candle power lamp ?
In case of camera, for proper exposure

1,0,%;, = 1,D,%,
AshereD is constant and | = (L/r?)

Ly L,

xt,= — xt
R T
40
So 7 x20= Az
(0.6) (1.2)
i.e, t=160 sec

[+
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MICROSCOPE

Itisan optical instrument used to increase the visua angle
of neat objectswhich aretoo small to be seen by naked eye.
SimpleMicroscope: Itisalso known asmagnifying glass
or simply magnifier and consists of aconvergent lenswith
object between its focus and optical centre and eye close
toit. Theimage formed by it iserect, virtual enlarged and
on same side of lens between object and infinity.

unadded-eye v=D to
(A) eye with Instrument

(B)

Themagnifying power (MP) or angular magnification of a
simple microscope (or an optical instrument) is defined as
the ratio of visual angle with instrument to the maximum
visual angle for clear vision when eye is unadded (i.e.,
when the object is at least distance of distinct vision)

Visual anglewithinstrument 6
Max. visual angle for unadded eye 6,

i.e, MP=

If an object of sizehisplaced at adistanceu (<D) fromthe
lens and itsimage size h' isformed at adistance V (> D)

fromth LI RS

romtheeye 0="-=" with 0 =1
6_hD_D

S v R— @

Now there aretwo possibilities
(a) Iftheir imageisat infinity [Far point]
Inthissituation from lensformula-

11 1 1 1 1
———=— wehave ——=— i.e,u=f
v u f o -u f

D D
So MP=—==—=

0T e 2

Ashereuismaximum[asobjectisto bewithinfocus], MP
isminimum and as in this situation parallel beam of light
enters the eye, eyeisleast strained and is said to be nor-
mal, relaxed or unstrained.

(b) Iftheimageisat D [Near point]

Inthissituation asv = D, from lensformula

11 1 et t_t.. b_,. D
v U_f we ave_D —U_f l1.e, = f
D D
MP=—=|1+—
So g { f} ............... ®

As the minimum value of v for clear vision is D, in this
situation u is minimum and hence this is the maximum
possible M P of asimple microscope and asin thissituation
final imageisclosest to eye, eyeisunder maximum strain.

NOTE

1)

)

©)

Simple magnifier is an essential part of most optical
instruments (such as microscope or telescope) intheform
of eyepieceor ocular.

The magnifying power (MP) have no unit. It is different
from power of alenswhichisexpressed in diopter (D) and
isequal to thereciprocal of focal length in meter.

With increase in wavelength of light used, focal length of
magnifier will increase and henceits MP will decrease.

Example36:

Sal.

A man with normal near point (25 cm) reads a book with
small print using a magnifying athin convex lens of focal
length 5 cm. (a) What is the closest and farthest distance
at which he can read the book when viewing through the
magnifying glass ? (b) What i sthe maxi mum and minimum
MP possible using the above simple microscope ?

(a) Asfor normal eye far and near point are co and 25 cm
respectively, so for magnifier v, =—0 & v, =-25cm.
However, for alensas

1 1.1 I

v u f € u_(f/v)—l
So uwill be minimumwhenv =min=-25cm
. _ 5 25
L.e, (u)min_ m =- E =-4.17cm

Ansuwill be maximumwhenv =max = oo

So the closest and farthest distance of the book from the
magnifier (or eye) for clear viewingare 4.17cmand5cm
respectively.

(b) Asin case of simplemagnifier MP = (D/u). So MPwill
be minimumwhenu=max=5cm

: =25 _D

e, (Mp)min___s =5 _— f

And MPwill be maximumwhenu=min=(25/6) cm
_o5 I D}

e, (MP) s = =6 |=1+—

e MPnex = — o576y Z8 77

COMPOUND -MICROSCOPE

Construction : It consists of two convergent lenses of
short focal lengths and apertures arranged co-axially lens
(of focal length f ) facing the object is called objective or
field lenswhilethelens (of focal length fe) facing the eye,
eye-piece or ocular. The objective has a smaller aperture
and smaller focal length than eye-piece the separation
between objective and eye-piece can be varied.

Image Formation : The object isplaced between Fand 2F
of objective so theimage IM formed by objective (called
intermediate image) is inverted, real enlarged and at a
distance greater than f;, on the otherside of the lens. This
image IM acts as object for eye-piece and is with in its
focus. So eye-pieceformsfina imagel whichiserect, Virtual
& enlarged with respect to intermediate image I,;. So the
final image | with respect to object is Inverted, virtual,

e
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enlarged & at adistance D to oo fromeye on the sameside of
eye-pieceas|y,.

Z-n
[
R

<
=

’’’’’
- ——
R

===

Magnifying power (MP)

magnifying Power of an optical instrument is defined as —
Visua anglewithinstrument 6

~ Max. Visual angle for unadded eye 6,

MP

If the size of objectish and least distance of distinct vision

h n
%=5 7 0=y,

e[ 2]

l_v. h__ v :
o0 U i.e, . [asuis—ve]

isD.

But for objective m=

vi D
So MP= —U[u—} with length of tube
e
L=v+u,
now there are two possibilities —
(@ Ifthefinal imageisat infinity (far point) :
This situation is called normal adjustment as in this
situation eye is least strained or relaxed. In this
situation as for eye - piecev =«

1 1 1

o —u, f, ie, Ug=fo=maximum

Substitution this value of u, in Eqn. (1), we have

v| D
MP:_GL_} WithL =V +fy e @)
e
(b) Ifthefinal imageisat D (near point) :
In this situation as for eye - piecev =D
1 1 1 1 1 D
———=r e, —==|1t
-D -u. fg ' Ug D{ fe}
Substituting this value of uein Eqn. (1), we have
Y, D fo.D
MP=——|1+—|with L=V+—=
u{ +fJ with forD 3

Inthissituation asu, isminimum, MPismaximumand
eye is most strained.

Inmicroscopefocal length of objectivelensf issmall
and object is placed very closed to objective lens so—
ux=f; L=v+u, [ug<<V]

LD
v IMPE_——

L ff,

Q

NOTE
1.  Magnifying power of microscopeisnegative soit produces
final image alwaysinverted.

Ve D D
2 me:—e:—:|:1+f—:|,mo:V—O=X3 MpszXme
e uo

Ue Ug u
v D Y D
MP)yjn=——— - (MP =——|1+—
3. (MP)min uf, (MP) max u{ fe}
LD
MP|= -———
4. |IMP] o
5. MP does not change appreciably if objective lens and

eye-piece are interchanged [MP ~ (LD/fyf)]. MP is
increased by decreasing the focal length of both the
lenses.

If distance between eye and eye-piece lens is D then
distance between final imagein eye-piecelens D'= (D -d)

' L(D-
MP:Q:M: MPl:]__E:|< MP
fofe fofe D

F?F)—— —:¥—'OC££ FQ | i
“RL% (Resolving power)

8. In electron microscope
A =.,/(150/V) A, where V = Potential difference
Example37:
Thelength of amicroscopeis14 cmandfor relaxed eyethe
magnifying power is 25. The focal length of the eyepiece
is 5cm. Calculate the distance of the object and the focal
length of the objective.
Sol. Length of microscopeis:
L=vy+f, 14=vy+5v,=9cm-
9
M=—E X 2 or 25=—3 X £ orug=--=-18cm
up fe Us 5 )
1 1 1
Now, —=——-—butu,isnegative, therefore
fo Vo U
1 15 6
€=5+§=§ or fo=15cm
TELESCOPE

Itisanoptical instrument used to increase the visual angle
of distant large objects. Init object isbetween «o and 2F of
objective and hence image formed by objective is real,
inverted, and diminished and is between F and 2F on the
other side of it. Thisimage (called intermediateimage) acts
as object for eye - piece.

=
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-3
o
f e

Objective len

Magnifying Power (MP)
magnifying Power of atelescope is defined as

Visual anglewithinstrument _ 6
~ Visua angle for unadded eye B 0o

MP

Butfromfig. 0, = (y/fg) and 6 = (y/-uy)

0 fo
So MP=%= —L—J with length of tube
L= (fO + ue)
Now there are two possibilities —
If thefinal imageisat infinity (far point)
L 11 e =t
-0 Ug - fe e e
So substituting this value of uein Eqgn. (1) we have
MP=—(fy/f) and L=(fy+f) ... )
In this case object and final image are at infinity so both
total light entering and |eaves the telescope are parallel to
itsaxis as shown in fig.

i 1

|

If thefinal imageisat D(Near point)
In this situation as for eye - piecev =D

1 1 1
TN W R

-D -ug fg -Ug fg D
So substituting this value of ue in Egn. (1), we have
f f
MP=f—°{l+—e} With L = fy+—reD
e D fe+D
......... ©)

In this situation u, is minimum so for a given telescope
M P ismaximum whilelength of tube minimum

fo _ Apertureof object
Note: fe - Apertureof eyepiece

i.e, Mp:f_oz
f

b
e d
Reflecting telescopes: Modern tel escopes use aconcave
mirror rather than alensfor the objective. Telescopeswith
mirror objectives are caled reflecting telescopes. They

have several advantages. First, there is no chromatic
aberration in a mirror. Second, if a parabolic reflecting
surface is chosen, spherical aberration is also removed.
Mechanical support is much less of a problem since a
mirror weighs much less than alens of equivalent optical
quality, and can be supported over its entire back surface,
not just over itsrim. One obvious problemwith areflecting
telescope isthat the objective mirror focusses light inside
the telescope tube.

Objective

Secondary mirror
mi rror~,
‘ /
Figure : Schematic diagram of areflecting
telescope (Cassegrain).
Example38:

Sol.

Diameter of themoonis3.5 x 10% kmand itsdistance from
earth is 3.8 x 10° km. It is seen by a telescope whose
objective and eyepiece have focal lengths 4m and 10cm
respectively. Theangular diameter of theimage of themoon
will be nearly

H5° (210°
(320° (4)25°
3).M=—T0__40 __44
fo 10
Angle subtended by the moon at the objective
35x10° ad_
= —3.8 < 10° =0.009 radian.
Thus angular diameter of theimage=M x visual angle
, 0.36 x 180
=40x0.009=0.36radian= 314 =20°

Example39:

A telescope consisting of an objective of focal length 60
cm and a single-lens eyepiece of focal length 5 cm is
focussed at a distant object in such a way that parallel
rays emerge from the eye piece. If the object subtends an
angle of 2° at the objective, then the angular width of the
image will be —

(D10° (2 24°
(3)50° (4 Ve°
Sol. (2 m=f_0:E : [3=af—0=2x@=24°
. . fo a P 5
NOTE
1.  Magnifying power of telescopeis negative so it produces

2. (MP)yjp :_{:_O:| : (MP)ay = _]fc_o|:1+_e}

alwaysinverted image.

f
D

e e

—
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3. MP becomes (1/m?) times of itsinitial value if objective
and eye-piece are interchanged as MP ~[f,/f ]

4.  MPisincreased by increasing thefocal length of objective
lens and by decreasing the focal length of eye piece lens.

TRYITY RSELE-7
A small telescope has an objective lens of focal length
144cm and an eyepiece of focal length 6.0cm. What isthe
magnifying power of the telescope? What isthe separation
between the objective and the eyepiece?
A giant refracting telescope at an observatory has an
objectivelens of focal length 15m. If an eyepiece of focal
length 1.0cmis used, what isthe angular magnification of
the telescope?
If the telescope (of above question) is used to view the
maoon, what isthe diameter of theimage of the moon formed
by the objective lens? The diameter of the moon is
3.48 x 10%m, and the radius of lunar orbitis3.8 x 108m.
A personwithanormal near point (25cm) using acompound
microscope with objective of focal length 8.0 mm and an
eyepiece of focal length 2.5cm can bring an object placed
at 9.0mm from the objective in sharp focus. What is the
separation between the two lenses? Calculate the
magnifying power of the microscope.
For anormal eye, the far point is at infinity and the near
point of distinct vision is about 25cm in front of the eye.
The cornea of the eye provides a converging power of
about 40 dioptres, and the least converging power of the
eye-lensbehind the corneaisabout 20 dioptres. Fromthis
rough data estimate the range of accommodation (i.e., the
range of converging power of the eye-lens) of a normal
eye.
A patient can’t see objects beyond 2m. What corrective
lens will you suggest?
A compound microscopewith an objective of 1.0cm. focal
length and an eyepiece of 2.0cm. focal length has a tube
length of 20cm. Calculate the magnifying power of
microscope, if thefinal imageisformed at the near point of
the eye.
The magnifying power of an astronomical telescopein the
normal adjustment position is 100. The distance between
the objective and the eyepieceis 101cm. Calculate thefocal
lengths of the objective and of the eyepiece.
Here three lenses have been given. Which two lenses will
you use as an eyepiece and as an objective to construct
an astronomical telescope ?

Q1

Q.2

Q3

Q4

Q5

Q.6
Q.7

Q8

Q9

L enses Power (P) Aperture(A)

Ly 3D 8cm.

L, 6D lcm.

L 10D lcm.

AN ER

(1) 24,150cm (2) 1500
(3)13.7cm (4)9.47cm, 88
(5) 20to 24 dioptre (6) -0.5 dioptre lens
(7) 250 (8) fo="1cm. andf,=100cm.

(9) L, objective, L5 eyepiece

ADDITIONAL EXAMPLES

Examplel: M,
Find the number of images
formed by two mutually I, i
perpendicular mirrors. /
360 360 4
T8 9
.. nisaneven number
Thus, number of imagesformetjaG ly
=n-1=3. All these three
images lie on a circle with centre at C (The point of
intersection of mirrors M, and M,) and whose radius is
equal to the distance between C and object.

v
A
O

Sol. Here, n

Example2:
Two planemirrorsareinclined to each other at someangle.
A ray of light incident at 30° on one, after reflection form
the other retraces its path. The angle between the mirrors

is-
(1) 30° 2)45°
(3)60° (4) 9P
Sol. (1) Zi=/r=30°
£ 0lQ=60° |
10Q=90°-60°=30°
0OYENET~ P
w N
LI/ 777777 77777777777777777777777 B
Example3: 0 Q

Therefractiveindex of apieceof glassis1.5and it
accommodates as many waves as are accommodated in 18
cmwidth of water column. If therefractiveindex of water is
1.33 then the thickness of glass piece will be -

(1)20cm (2)10cm
(3)12cm (4)16cm
Sol. (4). Nglass = 15, Nyger =1.33, t, 4 =18Cm, tylass™ ?
1.33x18
——— =16cm

" Nlass tglass: Nyater twater © tglassz 15

Example4:
The magnify power of the objective of a compound
microscopeis? if the magnifying power of the microscope
is 35, then the magnifying power is eyepiece will be
(1245 25
(328 442

Sol. (2. m=mym,; 35=7m,; .. ;=5

Example5:
Two lenses of power + 2.50 D and - 3.75 D are combined to
formacompound lens. Itsfocal length in cm. will be

(140 (2)-40
(3)-80 (4)160
Sol. (3).P=P;+P,; P=250-3.75=-125D
1
f= P or f 129 =-0.8m=-80cm.

=
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Example6: Example9:

Sal.

Thefocal length of lens of refractiveindex 1.5inair is30
cm. When it isimmersed in water of refractiveindex 4/3,
thenitsfocal length will be
(1) 120cm

(3)30cm

(2)60cm
(4)240cm

: L 1] 1 1 1]
@~ £ =0-D) R "R, | 39~ A5-D|R, R, |

Refractive index of glass with respect to water
Mag 1 1]

My _15 3=1125 1 ( 1) {———
= = Xo=1 ee — = —
TR T3 TWHwgTY R, Ry |

1 1 1
or F=[1.125—1] R, R,

fr 0.50
=—— . f'=120cm

o 3070125

Example7:

At what distance fromaconvex lensof focal length 30 cm.
an object should be placed so that the size of image be 1/
4 that of object ?

(1) 30cm (2)60cm
(3)15cm (4)90cm
o me Vol o111
- @m=-0=7 “f u v
114 13 o
"3 uu T Tu Y
Example8:

Sal.

Therefractiveindex of thematerial of aprismis /2 andits

prism angle is 30°. One of itsrefracting facesis polished.

Theincident beam of light will return back for theangle of

incidence

(1) 60°

(3)3r

(2). Theray of light returns
back from the polished
faceAC
« ADE =90°. Fromthe
figureitisclear that the
angle of refraction at face
AB is30°. Hencefrom shell'slaw

(2) 45°
@

sini

=— B
H sinr ¢

sini

p=f2 orr=30° "*/E_sin30°

N2 1 -
orsini=— = =sni ..i=

2 42

A white ray of light emerges out of a prism of angle 5°. If
therefractiveindicesof blueand red coloursare 1.659 and
1.641 respectively, the angle of dispersion between two
colourswill be-

(1) 0.0 @

(30.° 4
Sol. . 6=(ug—-Hg)A=(1.659-1.641)x5=0.09°
Example10:

Sal.

A beam of light containing blue,
green and red colours, isinciden

on aright angled prism

as shown in the (figure).

If the refractive indices of the

material of prismfor blue, green — >
and red coloursare 1.47 , 1.44 and

1.39 respectively then thisprismwill

(1) separate some part of blue colour from red & green
colours

(2) separate all the three colours from other two colours
(3) not separate any of the colours from other two colours
(4) separate some part of red colour from green & blue
colours

Red
450

Dark-blue y

1

4).n= —— =~
@ sinic  sSin4%°

=1.4142

As Hg and p, are 1.44 and 1.47 respectively are more than
1 = 1.41142 hence the green and blue colourswill undergo
total internal reflection. For colour i <i hence this colour
will getrefracted inair

Examplell:

A thin prism P of angle 4° and made of glass of refractive
index 1.54 is combined with another thin prism P of
refractiveindex 1.72 for dispersion without deviation. The
angle of prism Pwill be

(D26° (24
(3533 @3
_AW-D 4059
Sol. (4).A’'= w-1 - o7 =>A'=3
Examplel12:

A person can hot see the objectsbeyond 50 cm. The power
of alensto correct thisvision will be

(H+2D (2)-2D

(3+5D (405D

Sol. (2). As the person can see objects upto 50 cm. it means

that theimage of an object situated at infinity must be
formedat50cm.i.e.
1

1 1
u=o0,v=-50cm. therefore from —=—+—
f v u

orf=v=-50cm

P= 2 met P=——— =_2D
_f meter or =— 0.50 =—

g
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Examplel13:

Sol. (). - TR =05 =" DT

The focal length of field achromatic combination of a
telescope is 90cm. The dispersive powers of lenses are
0.024 and 0.036 respectively. Their focal lengthswill be-
(1) 30cmand 60cm (2)45cmand90cm

(3) 15cmand45cm (4)30cmand-45cm

1 0.024 1 2

1 f2 f2 0036f1 ! f2 3fl
1. 1.1
F— fl f2 F=90cm
1.1 2 3x30 _
90 f, 3 f,=30cm orf,=- =-45cm
Examplel4:

Sal.

An achromatic doublet isformed by combining two lenses.
If thefocal length of the lensesand their dispersive powers
aref, f’ and o o’ respectively, then

(1) 0=, 0 =20, f'=-2f (2) ©=0,,0" =20, {' = 2f

f f
(3) © =0, ' =2mq, f' =~ 5 (4) ®= g, ' =20, f'= 5

f
(2). Fromthe condition of achromatic, ; + o =0

asinal four options m = wy and o' =2,

o 200 2 T2 T rf,— 2or =
Examplel5:

A person cannot see an obj ect lying beyond 80cm whereas
anormal person can easily see the object distant 160 cm.
Thefocal length and the nature of the lens used to rectify
thisdefect will be -
(1) -160 cmconcave
(3) 60 cm concave

111}
f

(2) — 160 cm, convex
(4) 160 cm convex

-1 1
=—+— . f=-160

O v ou’ 80 60

vV u

Examplel6:

Sal.

The focal length of the objective and the eyepiece of an
astronomical telescope are 16 mand 2 cm respectively. A
planet is viewed with its help, then
(1) The angular magnification of the planet is — 800
(2) Theimage of the planet isinverted
(3) The distance between the objective and the eye piece
is16.02
(4) All the of the above
(4). .. Distance between objective and eyepiece

=fo+ fe= 16.02m.

fo
Angular magnificationM=- — orM = -800

fa 002 -
Theimage formed by atelescope is awaysinverted

Examplel7:

The focal length of the objective and the eyepiece of a
microscope are 4mm and 25mm respectively. If the final
image is formed at infinity and the length of the tube is
16cm. the magnifying power of the microscopewill be

(1)-3275 (2)-32.75
d3.275 43275
Vo D (54
Sol. (). M=———; Uy=- | 731
@ T 13
M= —13.5 25 3975
- ( 541) 25
13
Example18:

An astronomical tel escope of magnifying power 8 ismade
using two lenses spaced 45 cm apart. The focal length of
the lenses used are

(1) F=40cm f=5cm
(3) F=5cm.f=40cm

(2) F=8cmf=5cm
(4 F=20cm,f=5cm

F
Sol. ().M=— andL=F+f=45cm

f

M=8 ; F=8f ; 8f+f=45 .. f=5cm .. F=40cm

Example19:

Sol.

A transparent thin film of uniform thicknessand refractive
index n; = 1.4 iscoated on the convex spherical surface of
radius R at one end of a long solid glass cylinder of
refractive index n, = 1.5, as shown in the figure. Rays of
light parallel to the axis of the cylinder traversing through
the film from air to glass get focused at distance f; from
thefilm, whileraysof light traversing from glassto air get
focused at distancef, fromthefilm. Then choosethe correct
option
(3 If, |=3R
(b)|f,]=28R /A
(0)f,]=2R
(d)|f,|=14R Air
(A)ac (B)b,d M2
(C)c,d (D)ad
(A). Asthicknessof filmis
uniform, the effective power of thefilmiszero.
We can find the answer just by considering glass-air
interface.

Ny

Incasel, Ho M1 _HMo~Ha
u R

15
leesE—O_iljfl—I%R A
1 R '
M1 _Ho—H
u R

Gives, i_o_l 15

fy -

Incase 2, Fa_
\Y;

=f,=2R

—
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WAVE OPTICS

NATUREOFLIGHT

PROPERTIESOFLIGHT

(D Lightexistinform of energy.

(2) Velocity of lightin vacuumis 3 x 108 ms.

(3 Velocity of light depends upon medium.

(4) Light exhibitsthe phenomenon of reflection, refraction,
Interference, diffraction, polarisation, photo electric
effect etc.

THEORIESTO EXPLAINTHE BEHAVIOUROFLIGHT

gk

Newton's corpuscular theory.

Huygen's theory of waves.

Electro Magnetic wave theory.

Quantum nature of light.

Dual nature of light.

Newton'scor puscular theory:

() Light consists of extremely small, very light weighed
material particlescalled corpuscles.

(@ The corpuscles travel with the velocity of light.

(3 When the corpuscles strike out retina, they produce
the sensation of vision.

(4) This theory explains the reflection, rectilinear
propagation of light.

Failstoexplain following:

() According to this theory, velocity of light is more in
denser medium rather than rarer medium, which is
wrong.

(2 It fails to explain the phenomena of interference
diffraction, & polarisation of light.

(3 Corpuscles of different coloursare of different sizes.

(4) 1n one medium, corpuscle of one colour travels with
uniform velocity & whenit enter in another mediumiit
travel swith different uniform vel ocity.

WAVE FRONT

The locus of all particles vibrating in the same phase is
called wave-front.

Point source
Secondary
wavelets
Primary Secondary
wave front

wave front

(a) Each point of wavefront is considered as source of
secondary wavelets.

(b) Theray of light is considered in the direction of out-
ward normal to the wave front.

Form of wavefront : Formof wavefront dependson nature
of light source.

Threetypesof wavefront :

Spherical wavefront :

(@ Light sourceis point source.

(b) Effective distance should be finite.

(©) Intensity oc 1/r2

Cylindrical wavefront :

(@ Light sourceisline source.

(b) Effective distance should be finite.

(©) Intensity oc 1/r

Planewavefront :

(@ Light sourceisat large distant.

(b) Effective distance should be at infinite.
(¢) Intensity does not depends on distance.

HUYGEN SWAVE THEORY

(1) Huygen proposed the wave theory of light. Light
travelsinform of wavefront in medium.

(2 Accordingto thisprincipal, energy isemitted inform
of waves from light source.

(3) It need medium for propagation of light that's why a
universal hypothetica medium called ether isproposed.

(4) Each point on the wavefront acts as a centre of new
disturbance and emits its own set of spherical waves
called secondary wavelets.

(5 The envelope or the locus of these wavelets in the
forward direction givesthe position of new wavefront
at any subsequent time.

(6) Direction of wave propagation and wave front are
mutually perpendicular to each other.

(7) At large distances from the source, all wavefronts
appear to be plane.

(8) The theory explained successfully the reflection,
refraction, interference, diffraction.

(99 Huygens wave theory can't distinguish between
longitudinal and transverse waves. Hence, the theory
could not explain polarisation. However, later on it
could interpret the phenomenon on the basis of light
being assumed to be transverse.

(10) Thisprincipal isvalid for all types of wave. e.g. light
waves, sound waves.

Failstoexplain:

(@ This theory cannot explain photo-electric effect,
compton, & Raman effect.

(b) Hypothetical medium in vacuum is not true
imagination.

(c) Thetheory predicted the presence of back wave, which
proved to befailure.

T
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QUANTUM NATUREOFLIGHT

@
(b)
©
(@

©

®
)

(h)
0

To explain the spectral energy distribution curve of black
body radiation Plank Theory was used.
According to thisprinciplethelight isemitted by the source
in the form of energy bundles, called photons.
Energy of photon (E) is proportional to frequency (v)

E «v = E=hv ; hisplanck constant.
Energy of photon of various frequency or wavelengths

h
has different energy. E= TC

Rest mass of photon is zero, but its effective massis

_E _hv

2 2
©c h hv E
Momentum of photon, P=—=—=—
A C ¢

Intensity | = nhv
n=number of photonsincident on unit areain one second,;
hv = Energy of single photon

N (Total number of photon incident on the surface)

Total energy emitted N E
= Energy of onephoton ' ~he/a

E = Total energy incident on the surface.

On the basis of thistheory photo electric effect, Compton
effect & Raman effect can be explained.

By thistheory diffraction, Interference, Polarisation cannot
be explained.

Dual Natureof Light :

*

According to this light has dual nature, one wave nature
(E.M. wave) & second corpuscles nature (Energy particle
of planck).

In microscopic description, when we talk about
propagation of light in medium then wave natureof light is
considered.

In microscopic description, when light mutually interacts
with matter, then particle nature of light is considered.
Both particle & wave nature exist together but we can't
see both nature in single experiment.

All phenomenon of light can be explained by this.

INTERFERENCE

PRINCIPLE OF SUPERPOS TION

Two, or move Progressivewaves cantravel simultaneously
in a medium without affecting the motion of one another,
Therefore, the resultant displacement of each particle of
the medium at any instant is equal to the vector sum of the
displacements produced by the two waves separately. This
principleiscalled principle of superposition.

Resul tant

SO A A
AR

displacement —»

Resultant displacement: y =y, +Y>

M eaning of principleof superposition :

The principle of superposition means that if a number of
waves are travelling in a medium, then each one travels
independently as if the other waves were not present at
all; the shape and other characteristics of any wave not
changed.

INTERFERENCE OFTWOWAVES

When two waves of same frequency travel in a medium
simultaneously in the same direction then, due to their
superposition, the resultant intensity at any point of the
medium is different from the sum of intensities of the two
waves. At some points the intensity of the resultant wave
isvery large while at some other pointsit isvery small or
zero.
M athematical inter pretation of interference of twowaves
Let us consider two simple harmonic progressive waves
of the samefrequency travelling in the samedirection, Let
&, and a, be the amplitudes of the waves at that point be
y, and y, then. y =3 Snot........ 0)
and y,=asin (ot +9) ...... (i)

/27 is the frequency of each wave. By the principle of
superposition, the resultant displacement at the point is
givenby y=y,+y,

=a; Snot+a,sin (ot + ¢)

=g Snwt+a,sinot cos¢ + a, cos ot sin ¢

=sin ot (3 + a, cos ¢) + cos wt (a, Sin ¢)
Let a; +a,cos¢ =Rcoso............. (iii)
anda,sing=RsSiNO .......c.ccocnrnnn (iv)
where R and 6 are new constants. Then
y=Rsnotcos® + Rcosotsin® or y=Rsin(ot+6)
Resultant

displacement —»

Thisequationissimilar to eq. (i) and (ii) Hencethe resultant
displacement at that point is changing sinosudeally with
amplitude R. To determine R, we square eq.(iii) and (iv)
and then add:

R? cos? 0 + R?sin?0 = (a, + a, cosp)? + (a, Sin ¢)?
or Rz—a2+a2 + 23,8, COSp
Theintensity is directly proportional to the square of the
amplitude. Hence the resultant intensity | is given by

| oc (a2 + a,2 + 2a,a, cosp) and phase angle ¢

asing
& +ay Cosd
The resultant intensity at any point depends upon the
phase difference ¢ between the two waves at that point.
Comment : If ¢ phase diff isequivalent of x path difference
or At time difference, then remember
o x _ At

anT

= tan™1

=
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TWOTYPESOFINTERFERENCE
(i) Congtructive (ii) Destructive
Law of conservation of energy in constructive &
Destructiveinterference:

Energy redistribution takes place in interference . Energy
will shift from the position of destructive interference to
position of contructive interference, total energy remain
constant.

CONSTRUCTIVE{l >(I;+1,)}

DESTRUCTIVE{l <(I, +1,)}

The phase difference between two waves an
evenmultipleof ni.e.
8 =2ntwheren=0,1, 2
The path difference between two waves
isan even multiple of A/2.
A=2n(A/2) wheren=0,1,2
The timeinterval between two wavesiseven
multipleof T/2
6=(2n)T/2, n=0,1,2
The resultant amplitude of waveis equal to the
sum of amplitudes of individual waves
A=a+a
If ¢=0,2n,4n,..2nn
The resultant intensity is more than the sum
of intensities of individual waves.

=l +1,+2 (1l = (JI +415)?

Both waves reach at any point in same phase

Qe resuitant

EN
T <H.,

| |
3n 4n < ¢ phase diff.

m
A
2

_3 0 A % 20 path diff.

Intensity of resultant wave (interference)
pattern when the waves have equal

The phase difference between two wavesisanis
odd multiple of .

d=(2n-1)nrwheren=0,1, 2

The path difference between two wavesis an odd
multiple of A/2.

A=(2n-1)A12, wheren=1,2

The time interval between two wavesisan odd an
multipleof T/2

6=(2n-1)T/2,n=1,2,3

The resultant amplitude of wave is equal to the
difference of amplitudes of two waves
A=a-a,

If =, 3m, 5x, ... (2n-)x

The resultant intensity is less than the sum of
intensities due individual waves

1=l +1,-21ly = (JI; -15)?

Both waves reach at any point in opposite phase

Crest
.7 - o N
SN
Trough Resultant

lm =L+ 1L,+2 11,

RYAVAN

Lo=L+L+2VL1,
| | | 1
2n 3n 4n <« ¢ phase diff.

1
3n 2n -n 0 ¢
3 a2 o 2 3k 3 pathdiff
2 2 2 2

Intensity of resultant wave (interference pattern)
when the intensity of the two waves are not equal
intensities note that the average intensity is

| + 1
I — max min — I +|
- 5, Thth
Examplel: 2 1
The two coherent sources of intensity that ratio 2 : 8 I, 8 4 Slp=4p @
produce an interference pattern. The values of maximum Fromegs. (1) and (2)
and minimum intensitieswill be respectively. €
(D1,and91, (2)9, andly e = 11+ 41 +2y/41 2 =5l +41;
(3) 21, and 8l (4) 81, and 21, _
Where |, isthe intensity of first source lmax =91 e ©)
sol. (.1 =li+lh+ 20, @) lmin=l1*la=2y4lz e @
According to question Fromegs. (2) and (4), | i =1, +41,=2411 15 51 0=1y

[4
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COHERENT SOURCE
The two sources of light, whose frequencies are same and
the phase difference between the waves emitted by which
remains constant with respect to time are defined as
coherent sources.
There are two independent concepts of coherence namely
(i) temporal coherence (ii) spatial coherence
Temporal coherence: Inatypica light source (like sodium
lamp) alight wave (photon) is produced when an excited
atom goes to the ground state and emits light the duration

; =9 to 10710 sec. Thus the electromagnetic

(Ilght) wave remains sinusoidal for this much time. This
time known as coherence timeit is denoted by 1
Spatial coherence: Two waves at different poi nt in space
are said to be space coherent if they preserve a constant
phase difference over any timet.

Note: Laser isasource of monochromatic light waves of

high degree of coherence. The entire wave front of the

laser beam is spatially coherent.

Main paints:

1. They are obtained from the same single source.

2. Their state of polarization isthe same

NOTE

1. Laserlightishighly coherent & monochromatic

2. The light emitted by two independent sources
(candles, bulbs, etc.) isnon coherent and interference
phenomenon can not be produced by such two
sources.
Method of obtain coherent light source :
() Division of wavefront (ii) Division of Amplitude

CONDITIONSFOR SUSTAINED INTERFERENCE PATTERN

The source of light must the monochromatic.

Two sources of light must be coherent.

Frequencies of two waves must be same.

The amplitudes of two waves must be nearly equal.

The distance between two light sources must be small

narrow.

The two coherent sources must be narrow.

* If the two light waves are polarized then their state of
polarizations must be same.

* The two light waves must travel in the same direction .

* The vibrations of two waves must bein the samedirection

* The distance between the source & the screen must be
large.

* % * %

*

EXPERI MENT OF YOUNG'SDOUBLESLIT

This experiment shows interference of light

S, & S, dlit behaves like two coherent source.

On Screen, Bright & Dark portion are aternatively found.
Bright portion is called Bright fringe & dark portion is
called dark fringe.

Central fringeisawaysbright.

Energy conservesin interference of light.

Itisexplained on the basis of huygen principal .

This experiment verifies the wave nature of light.

* %

*

* % * %

l«—Second bright
|l«— Second dark
le— First bright

o

First dark

le— Central / bright
First dark

le— First bright
Second dark
E<— Second bright

-
Light
Source

\Z

o

\
| —

|
I

4 —I —
|
|
|
I
:

sabutl} aouaB e |

—a —
Nw *(I]
e
<
pv)
—— > —

D———]

(@) At apoint on screen to find dark or bright fringe, it
depends upon path difference between S;P & S,P
light waves.

(b) Two types of path difference between light waves :
(i) Geometrical path difference.

(ii) Optical path difference.

(c) Inaboveexperiment optical difference S;P& S,P
has geometrical path difference so,
Total path difference = Geometrical difference

xd
SP-S,P="5 (note- sinb ~tan6 ~ Q)
Bright Fringes: If n" bright fringe formsat point P, then

Xod _ 5 x WD
D d

So distance between central fringe & nt" bright fringe :

for Bright fringe: S,P—SP=

nxD
Xn = 4 = 1first bright fringe

= n=2 Second bright fringe
Dark Fringe: If nth dark fringeformsat apoint P, then for

Xpd _ (2n-1) N
2
= distance between central fringe & nt" fringe.
_(2n-1)AD
n 2d
n=1 First brightfringe.
n=2 Second bright fringe.
Distance between dark & bright fringewhicharein coming
order iscalled fringe width.
In Interference Fringe width of dark & bright fringes are
AD

%\meB=?

dark fringe.

e
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@

©)

4

Q)

©)

™

A
Angular width of fringe: a D=; a =p/D= d

Commentson Young'sinterferenceexperiment :
Energy is conserved in interference. This indicated that
energy isredistributed from destructive interferenceregion
to the constructive interference region .

If the entire arrangement of young'sdouble dlit experiment
isimmersed in water then fringe width decreases

Bwater  Mwaer 1 1

Bair N abtw (473
If white light is used in placed of monochromatic light in
young's double dlit experiment.
(@ Central fringeiswhite
(b) Coloured fringe around the central white fringe
() Inner edge of the dark fringe is red. While the outer
edgeisviolet (or blue)
(d) Inner edge of bright fringeisviolet (or blue) and the
outer edge isred.
If afilter dlowing only &, (of ) isplacedinfront of dlit
s, andfilter allowing only A, . (or 1,) isplaced isfornt of
dit s,. then there is no interference pattern.
If athin glass plate or micasheet isplaced in front of one
of the dlit, then central fringe shifts towards that dlit,
refractive index of glassis p and the thickness of sheet t,
then the optical path = ut so extra path difference (u - 1)t
If the central fringe now appears at the location of
previously formed nth bright fringe then (i -1)t = ni if the
central fringe appears at the position of previously formed

A
nth dark fringe then (n— 1)t = (2n— 1)5

If the width of the dit Sincreased then degree of spatial
coherence decreases. As aresult the interference pattern
gradually disappears similar occurs if distance between
S, and S, isincreased.
Thefringevisibility: V = Ve = lmin

max * I min

Viax - ifli=1,=10r 5, =0

If widths of dlits S; and S, are unequal the brightness of
the bright fringe and the darkness of the dark fringe
decreases.

ifl;>>1thenl o =1in

(8) Whenwavesfromtwo coherent sources S, are S, interfere

in space the shape of the fringe is hyperbolic with foci at
S,ands,.

NOTE

*

The fringe width increases with increase of distance
between the source & the screen

Fringe width decreases by increasing distance between
twoditsS; & S,

If the experiment isrepeated in water instead of air then 8
decreases .

When one of the ditsof S; & S, isclose theninterference
does not take place

When the two dlits are illuminated by two independent
sources then interference fringes are not obtained.

When one of thedlitisclosed & width of another ismade
of the order of A, then diffraction fringes are observed
When ditisilluminated with different coloursthen fringes
are obtained of the same colour but their fringeswidth is
different.

In young's double dlit experiment light waves undergo
diffraction at both the dlits and the diffracted waves
superimpose to produce interference.

The wavelength undergoing destructive interference, the
colour of that wavelength will be absent.

The wavelength for which the condition of constructive
interferenceisfulfilled that colour will bevisible maximum
consequently the fringes will be coloured.

Example2:

Sol

InYoung'sdlit experiment 10th order maximum s obtained
at the point of observation in the interference pattern for
A = 7000 A. If the source is replaced by another one of
wavelength 5000 A then the order of maximum at the same

point will be -
(1)12th (2)14th
(3)16th (4)18th

. (. ngA=ny%,;10% 7000 =n,x5000; n,=14

Example3:

Sol

In Young's double slit experiment the two slits are
illuminated by light of wavel ength 5890 A and the distance
between the fringes obtained on the screen is 0.2°. If the
whole apparatus is immersed in water then the angular
fringewidth will be, it therefractiveindex of water is4/3.

(1)0.30° (20.15°
(3)15° (4 30°
. (2. o, =1d
0g XA (o) water _ Mwater
[0 A

(0g) A

= oo = (00)water =0.15°
QF 1 HwaterM

=
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Example4: When Fresnel'sarrangement isimmersed in water :

Sol.

Theintensities of two sourcesare | and 9 | respectively. If
the phase difference between the waves emitted by them
is then theresultant intensity at the point of observation
will be-

@®3 241

(3)101 (4821

@. 1'=l3+1,+2fl115 cosp; 1;=1,1,=91,¢0=x

I'=1+91+2/91%2 cost=101-61=41

FRESNEL'SBIRPISV EXPERIMENT

@

¢
C)

It is optical device to obtain two coherent sources by
refraction of lights.
Theangleof biprismis179° & refractingangleis o = 1/2°,
Distance between source & screenD =a+b.

Screen

Distance between two coherent source =d = 2a (n-1)a
Where a = distance between source & Biprism

b = distance between screen & Biprism

u = refractiveindex of the material of prism.

5~ 9B _2a(u-Dap _yhd2 P

D (a+b) (a+b)
Note- aisinradian oc°=ocxﬂ
¢ 180 °

Suppose refracting angle & refractive index is not known
then d can be calculate by convex lens.

One convex lenswhose focal length (f) and 4f < D.
First convex lens is kept near biprism & d, is calculated
then it is kept near eyepiece & d, is calculated.

d=./d;d,
Application : With the help of this experiment the
wavel ength of monochromatic light, thickness of thin films
and their refractive index & distance between apparent
coherent sources can be determined.

(i) Effect ond: d o < dg,. Thus when the Fresnel's
biprism experiment is immersed in water, then the
separation between the two virtual sources decreases
but in young's double dlit experiment it does not
change.

(i) Inyoung's double dlit experiment B decrease and in
fresnel'sbiprism experiment p increases.

Example5:

Sol.

In Fresnel's biprism experiment the width of 10 fringesis
2cmwhich areformed at adistance of two 2 meter fromthe
dit. If the wavelength of light is 5100 A then the distance
between two coherent sources will be

. m (2)5.1x10%cm.
(3)5.1x10%mm (4)10.1x 104 cm
DA
d=—"—
(1. B 1)

According to question, .. = 5100 x 1010 m

2 .2
=—x10"m D= =7
p=ygx107m . ) :D=2m, d="
2x51x1078
Fromegs. (1)and (2), d=————5— =51x10"%m
2x10

TODETERMINE THICKNESSOF THINFILM

On placing the film, the whole interference pattern gets
shifted on that side where the film is placed. When athin
filmof thicknesst & refractiveindex p isplacedinthe path
of one of the waves then the fringe pattern gets shifted by
adistance x and if the shift is equivalent to n fringes, then

. (L—=DtD
d

nzu &
A

the path difference increases by (i —1)t on placing the plate.

Example6:

Sal.

When a mica sheet of thickness 7 micronsand u = 1.6 is
placed inthe path of oneof interfering beamsinthe biprism
experiment then the central fringe gets at the position of
seventh bright fringe. Wavelength of light used will be

(1)4000A (2) 5000 A
(3)6000A (4) 7000 A
@3). A= fo=pt o)

n
Accordingto question,n=7.u=1.6, t=7x10%m ..(2)

Fromegs. (1) and (2), A = 6 x 10~ meter

Example7:

Whenaplasticthinfilm of refractiveindex 1.45isplacedin
the path of one of the interfering waves then the central
fringe is displaced through width of five fringes. The
thicknessof thefilmwill be, if wavelength of lightis5890A.
(1)6.544x 104 cm (2)6.544x 104 m
(3)6.54x10*cm (4)65% 10 cm

—
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WAVE OPTICS
B B(0.45)t
2. Xo=L(u-nt=5p= PO
@ ~7o=y 5890x 1020
—10
g2 2800 T o 104em

0.45

INTERFERENCEBY THINFILMS

Q.1

Q.2

The interference cause by thin films is due to the
interference between the waves reflected from the upper
and lower surfaces. These two reflected coherent waves
are obtained from the same incident wave by division of
amplitude. A film of thicknesst and refractive index p
produces a path difference of 2ut cos r between the two

A
reflected waves and an additional path difference > or

phase difference of rt isproduced dueto reflection of one
wave from adenser medium. Thusthetotal path difference

in reflected wavesis

A
For maxima2ut cosr + 5= nA

[—— — ——
=

A
or Zutcosr:(Zn—l)E

"
.

A
and for minima2ut cosr + 5= @n+ 1)5

A
or 2utcosr=(2n-1) >

Herer isangle of refraction. For normal incidence or near
normal incidencer =~ 0,0 that

A
for maxima2ut =(2n+ 1) 5 ; forminima2ut =nj

If afilmisvery thint ~ O, then the condition of minimais
satisfied and the film appears dark in reflected light.
In transmitted waves similar interference is observed but

A
now the additional path difference of > is absent.

So in transmitted waves.
2ut cosr = nA for maxima

A
and 2ut cosr=(2n+ 1) > for minima.

TRYITYOURSELF-1

Two beams of light having intensities| and 41 interfereto
produce a fringe pattern on the screen. Phase difference
between the beams is /2 at point A and = at point B.
Then the difference between resultant intensitiesat A and
Bis

(Al B)2 ©a3l D)4
Waves from two ditsarein phase at the ditsand travel to
a distant screen to produce the second minimum of the
interference pattern. The differencein the distance traveled
by the wavesis:

Q.3

Q4

Q5

Q.6

Q.7

Q8

Q.9

(A) half awavelength

(B) awavelength

(C) three halves of awavelength

(D) two wavelengths

Intensities of light due to the two dlitsof YDSE are | and

41. How far from the central maximawill the intensity be

equal to the average intensity on the screen? (B is the

fringewidth).

(A)B/2 (B)p/3

(©)pl6 (D) p/4

In a Young’s double slit interference pattern, the intensity

of the central fringeat P= 1, when onedlit widthisreduced

to one forth the intensity at P will be

(A) 1,2 (B)1/4

©) (9/16) 1, (D) @A 1,

Interference fringes are obtained in Young’s double-slit

experiment on ascreen. Which of thefollowing statements

will be incorrect about the effect of introducing a thin

transparent plate in the path of one of the two interfering

beams.

(A) The separation between fringes remain unaffected.

(B) The entire fringe system shifts towards the side on
which plateis placed

(© The conditions for maxima and minima are reversed
i.e., maximafor odd multiple of A/2 and minima for
even multipleof A/2.

(D) Shape of the fringe also remains unaffected.

In a Young's double-slit experiment, the central bright

fringe can beidentified

(A) asit has greater intensity than the other bright fringes

(B) asit iswider than the other bright fringes

(C) asitis narrower than the other bright fringes

(D) by using white light instead of monochromatic light

In a Young's double-slit experiment, if the slits are of

unequal width,

(A) fringeswill not beformed

(B) the positions of minimum intensity will not be
completely dark

(©) bright fringe will not be formed at the centre of the
screen

(D) distance between two consecutive bright fringes will
not be equal to the distance between two
consecutive dark fringes

InaYDSE, if theincident light consists of two wavel engths

A, and 1, the dlit separationisd, and the distance between

the dlit and the screen is D, the maxima due to each

wavelength will coincide at a distance from the central

maxima, given by

A+ Ao MDD A,D

21772 1= and=22=
(A) 2Dd (B) LCM of r an r
C) (=2 2 D) HCF f—MDand—kZD
© (=25 (D) of = q

The contrast in the fringes in any interference pattern
depends on

(A) fringewidth (B) ratio of width of dits
(C) distance between the dits (D) wavelength

—
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Q.101n Young's double dlit experiment the distance between
ditsis 2 x 104 m. The adjacent maxima of interference
pattern subtends an angle of 10.8 minutes at the midpoint
between dits. Thevalueof A of light used inthe experiment

isnearly
(A) 5890 A (B) 6280 A
(C)4850A (D) 6500 A
AN ER
1) O 2 (© 3 (D)
@ © ®)(© (6) (D)
(7) B) 8 (B) 9®) (10)(B)
DIFFRACTION

* It is the spreading of waves round the corners of an
obstacle, of the order of wave length.

* The phenomenon of bending of light waves around the
sharp edges of opague obstacles or aperture and their
encroachment in the geometrical shadow of obstacle or
aperture is defined as diffraction of light.

* Necessary Conditionsof Diffraction of Waves:

The size of the obstacle (a) must be of the order of the
wavelength of the waves (1).

Zr1
A

Note : Greater the wave length of wave higher will beits

degree of diffraction. Thisisthe reason that diffraction of

sound & radio wavesis easily observed but for diffraction

of light, additional arrangement have to be arrange.
Asound > Might

Wave length of sound isnearly equal to size of obstacle. If

size of obstacleisa & wavelength of light isA then,

SNo. aVi/sl Diffraction
@ a<< Not possible
@ a>>) Not possible
€) a~\ Possible

INTERPRETATIONOFDIFFRACTION
As aresult of diffraction, maxima & minima of light
intensities are found which has unequal intensities.
Diffraction is the result of superposing of waves from
infinite number of coherent sources on the same wavefront
after the wavefront has been distorted by the obstacle.
Exampleof Diffraction :

* When an intense source of light isviewswith the partially
opened eye, colours are observed in the light.

* Sound produced in one room can be heard in the nearby
room.

the point p (where diffraction effect isto be observed) are
to be at afinite distance from the diffracting obstacle.

Fraunhoffer Diffraction : Fraunhoffer diffraction dealswith
wavefronts that are plane on arrival and an effective
viewing distance of infinity. If follows that fraunhoffer
diffractionisanimportant specid caseof fresnel diffraction.
In'Youngsdoubledlit experiment, we assume the screen to
berelatively distance, that we have fraunhoffer conditions.

FRAUNHOFFER DIFFRACTIONFORSINGLESLIT

In this diffraction pattern central maximais bright on the
both sideof it, maxima& minimaoccurs symmetrically
For DiffractionMaxima:
asnd=(2n+1)A/2
Diffracted rays P

incident plane
wavefront

Slit Lens

Screen
For Diffraction Minima:

asin®=n\
Themaximaor minimaisobserved dueto the superposition
of waves emerging from infinite secondary sources
between A & B points of dlit.

Fringewidth:
' LIM\ §
—~

M3

v

The distance between two secondary minima formed on
two sides of central maximum is known as the width of

. 2f
central maximum. W= %
f =focal distance of convex lens, a= width of dit

2\
Angular width= Wy = =

* Appearance of a shining circle around the section of sun  Examples8:

just before sun rise.
Coloured spectrum is observed if a light source at far
distance is seen through athin cloth.

*

TWOTYPEOFDIFFRACTION
Fresnel Diffraction : Fresnel diffraction which involves
non-plane (spherical) wavefronts, so that the sources and

A monochromatic light with a wavelength of A = 600 nm
passesthrough asingle dlit which hasawidth of 0.800mm.
(a) What isthe distance between the dlit and the screen be
located if thefirst minimum in the diffraction patternisat a
distance 1.00 mm from the center of the screen?

(b) Cd culatethe width of the central maximum.

—
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Sol. (&) The general condition for destructive interferenceis

. by
sm€)=mg, m=+1,+2,+3,.....

For small 6, we employ the approximation

A
SN0 ~tan 0 =y/L ,whichyields%z m>
Thefirst minimum correspondstom=1.
Ify; =1.00m, then
(8.00x107%m) (1.00x10~3m)
1(600x10~°m)

(b) Thewidth of the central maximumis
w =2y, =2(1.00x 1073 m) =2.00m.

A
mhi

=1.33m

RESOLVING POWER OFOPTICAL INSTRUMENTS
A large number of images are formed as a consequence of
light diffraction fromasource. If two sources are separated
suchthat their central maximado not overlap, their images
can be distinguished and are said to beresolved R.P. of an
optical instrument is its ability to distinguish two
neighbouring points.

Resolving power of amicroscope:

The resolving power of microscope isits ability to form
separate images of two point objects lying close together.
It is determined by the least distance between the two
points which can be distinguished. This distance is given

by d= , where A is the wavelength of light used

2usin®
to illuminate the object and p isthe refractive index of the
medium between the object and the objective. Theangle
0 isthehalf angle of the cone of light from the point object.
Resolvi _1 2using

esolving power = I
Resolving power of atelescope:
The resolving power of telescope is the reciprocal of the
smallest angular separation between two distant objects
whose imagesare separated in the telescope. Thisisgiven

by 6= 1221 , where 0 isthe angle subtended by the point
a

object at the objective, A is the wavelength of light used
and aisthe diameter of thetelescope objective. A telescope
with a larger aperture objective gives a high resolving
power.

Prism: R.P.=t (du/dA) = A/dA.

Diffraction Grating:

RP=AdA=Nxn

(N istotal number of lines& nisthe order of spectrum)
Eye: Thelimit of resolution of human eyeis1' of arc
(Oneminuteof arc)

Example9:
In an electron microscope the accelerating voltage is
increased from 20kV to 80 kV. The resolving power of the
microscopewill become..............

Sol. Resolving power of amicroscope o 1/A o AV

i.e., Resolving power will becometwo times.

Example10:
Thediameter of the objectivelensof atelescopeis5mand
wavelength of light is6000 A. Find the limit of resolution
of this telescope.

- . 122n
Sol. Angular limit of resolution = radian.

_122x6000x1070  180°
5 Y
DIFFRACTIONOFLIGHT & SOUND

Sound travels in form of waves, that's why it is also

diffracted. Generaly diffraction of sound wavesis easily

observed rather than light because wavelength of sound
waves is the order of obstacle, but wavelength of light is
very small in comparison to obstacle.

(@ Ordinary audible sound has wavelength of the order
of Im & sizeof ordinary obstacle hassame order that's
why diffraction is easily observed.

(b) Ordinary light has wavelength of 10" m & ordinary
obstacle has greater size in comparison to its
wavelength that's why diffraction pattern is not
observed.

Generally diffraction of ultrasonic waves are not
observed because its wavelength has order of 1 cm.

x 3600s =0.03s

RECTI LINEARMOTIONOFLIGHT
Rectilinear motion of light can be explained by diffraction
of light.

* If size of obstacleisthe order of wavelength of light, then
diffraction of light takes place & itsrectilinear motion of
light is not possible.

* If size of obstacle is much greater than wave length of
light, then rectilinear motion of light is observed.

THEVALIDITY OFRAY OPTICS
Fresnel distance (z) : It is defined asthe distance of the
screen from the dlit at which the spreading of light dueto
diffraction at single slit becomes equal to the width of the

2
dit. D=zp= —

For distances much smaller than z, the spreading due to
diffraction is smaller compared to the size of the beam. It
becomes comparabl e when the distance is approximately
z¢. For distances much greater than z, the spreading due
to diffraction dominates over that due to ray optics (i.e.,
the size aof the aperture). Ray opticsisvalid inthelimit of
wavelength tending to zero.

—
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Examplell:

Sol.

Estimate the distance for which ray optics is good
approximation for an aperture of 4 mm and wavelength
400nm.
Here,a=4mm=4x103m
A =400nm=400x109m=4%x10"m
Ray opticsis good approximation upto distances equal to
Fresnel’s distance (Zp).
2 -3y2
ZF:a_:(4><10 ) — 20m
A 4x1077

POLARISATION
Experiments on interference and diffraction have shown
that light is a form of wave motion. These effects do not
tell usabout the type of wave motioni.e., whether thelight
waves are longitudinal or transverse.
The phenomenon of polarization has helped to establish
beyond doubt that light waves are transverse waves.

UNPOLARISEDLIGHT

An ordinary beam of light consists of a large number of
waves emitted by the atoms of the light source.
Each atom produces a wave with its own orientation of

electric vector E so al direction of vibration of E are
equally probable.

The resultant electromagnetic wave is a super position of
waves produced by theindividual atomic sourcesanditis
called unpolarised light. In ordinary or unpolarised light,
thevibrations of the el ectric vector occur symmetrically in
all possible directions in a plane perpendicular to the
direction of propagation of light.

POLARISATION

The phenomenon of restricting the vibration of light
(electric vector) in aparticular direction perpendicular to
the direction of propagation of waveiscalled polarisation
of light.

In polarised light, the vibration of the electric vector occur
in aplane perpendicular to the direction of propagation of
light and are confined to asingle direction in the plane (do
not occur symmetrically in all possible directions).

After polarisation the vibrations become asymmetrical
about the direction of propagation of light.

Single direction
for electric field

Random electric
field directions

l Direction of
wave travel

Direction of
wave travel

Polarized light Unpolarized light

Symbol
Unpolarised light

Polarised light

= or —e—e—e—>

POLARISER

Tourmaline crystal : When light is passed through a
tomalinecrystal cut parallel toitsoptic axis, thevibrations
of the light carrying out of the tourmaline crystal are
confined only to one direction in aplane perpendicular to
the direction of propagation of light. The emergent light
fromthe crystal is said to be plane polarised light.

Nicol Prism: A nicol prismisan optical devicewhich can
be used for the production and detection of plane polarised
light. It wasinvented by William Nicol in 1828.

Polaroid : A polaroid isathin commercial sheetintheform
of circular disc which makes use of the property of selective
absorption to produce an intense beam of plane polarised
light.

EXPERIMENTAL DEM ONSTRATION OF POIARISATION OF
LIGHT

Take two tourmaline crystals cut parallel to their
crystallographic axis (optic axis).

First hold the crystal A normally to the path of a beam of
colour light. The emergent beam will be dlightly coloured.

11 N
T T

Ordinar -
light Y Polariser
Rotate the crystal A about PO. No change in the intensity
or the colour of the emergent beam of light. Take another
crystal B and hold it in the path of the emergent beam of so
that itsaxisisparallel totheaxisof thecrystal A. Thebeam
of light passes through both the crystals and outcoming
light appears coloured.

U

Ordinary :
light Polariser
Now, rotate the crystal B about the axis PO.
It will be seen that the intensity of the emergent beam
decreases and when the axes of both the crystals are at
right angles to each other no light comes out of the crystal
B.

B
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sin6,
A According to snell'slaw, M= sne, 0]
= o) But according to Brewster's law
sin@,
' =tan6,= (i)
Ordinary Polariser H p Cosep ........

light

If the crystal B is further rotated light reappears and
intensity becomes maximum again when their axes are
parallel. This occurs after a further rotation of B through
90°. This experiment confirms that the light waves are
transverse in nature.

The vibrations in light waves are perpendicular to the
direction of propagation of the wave.

First crystal A polarisesthelight so it is called polariser.
Second crystal B, analysesthelight whether it ispolarised
or not, soitiscalled analyser.

METHODSOFOBTAININGPLANE POLARISEDLIGHT

Polarisation by reflection : The simplest method to
produce plane polarised light isby reflection. This method
wasdiscovered by Mausin 1808. When abeam of ordinary
light isreflected from asurface, thereflected light is partially
polarised. Thedegree of polarisation of the polarised light
in the reflected beam is greatest when it isincident at an
angle called polarising angle or Brewster'sangle.

Polarising angle : Polarising angle is that angle of
incidence at which the reflected light is completely plane
polarisation.

Brewster's Law : When unpolarised light strikes at
polarising angle 6, on an interface separating a rare
medium from adenser medium of refractiveindex i, such
that p=tan ep thenthereflected light (light in rare medium)
iscompletely polarised. Also reflected and refracted rays
are normal to each other.

e,

Thisrelation isknown as Brewster's law.

The law state that the tangent of the polarising angle of

incidence of atransparent mediumisequal toitsrefractive

index p=tanod

In case of polarisation by reflection :

(i) Fori=0,refractedlightispartially polarised.

(i) Fori= ep reflected and refracted raysare perpendicul ar
to each other.

(i) Fori<®,ori> ep both reflected and refracted light
become partially polarised.

From equation (i) and (ii)

sind, sinb, )
: =———=sin6, =cosb,
sin6,  cosb,
sing,=sin (90°-6,)
= 0,=90°-06 or 0,+6,=90°
Thusreflected & refracted rays aremutually perpendicular.

By Refraction : In this method, a pile of glass platesis
formed by taking 20 to 30 microscope dides and light is
made to be incident at polarising angle 57°. According
Brewster law, the reflected light will be plane polarised
with vibrations perpendicular to the plane of incidence
and the transmitted light will be partially polarised.
Sincein onereflection about 15% of thelight with vibration
perpendicular to plane of paper isreflected therefore after
passing through a number of plates emerging light will
become plane polarised with vibrations in the plane of
paper.

By Dichroism : Some crystals such as tourmaline and
sheets of iodosulphate of quinone have the property of
strongly absorbing the light with vibrations perpendicul ar
to the specific direction (called transmission axis) and
transmitting the light with vibration parallel to it. This
selective absorption of light is called dichroism. So if
unpolarised light passes through proper thickness of these,
the transmitted light will plane polarised with vibrations
parallel to transmission axis. Polaroids work on this
principle.

By scattering : When lightisincident on small particlesof
dust, air moleculeetc. (having smaller size ascompared to
the wavelength of light), it is absorbed by the electrons
and is re-radiated in all directions. The phenomenon is
called as scattering. Light scattered in a direction at right
angles to the incident light is always plane-polarised.

LAWOFMALUS

When a completely plane polarised light beam isincident
analyser, then intensity of emergent light varies as the
square of cosine of the angle between the planes of
transmission of the analyser and the polarizer.
| oc cos?0 = | =1, cos?0

(i) If6=0°thenl =1y maximumvalue (Paralel arrangement)
(ii) If 6 =90° then | = 0 minimumva ue (Crossed arrangement)
If plane polarised light of intensity 1(= KA?) is incident
onapolaroid and itsvibrations of amplitudeA make angled
with transmission axis, then the component of vibrations
parallel to transmission axis will be Acos 6 while
perpendicular toit will beAsin6.

—
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*

'

loEo IE *

Polaroid will passonly those vibrationswhich are parall el
to transmission axisi.e. Acos 0 " lgoc A2 *
So the intensity of emergent light

| =K (Acos0)? = KA2cos?0

In CD player polarised laser beam acts as needle for
producing sound from compact disc.

It has also been used in recording and reproducing three
dimensional pictures.

Polarised light is used in optical stress analysis known as
photoelasticity.

Polarisation isalso used to study asymmetriesin molecules
and crystals through the phenomenon of optical activity.

If an unpolarised light is converted into plane polarised Example12:

light itsintensity becomes half.

If light of intensity I, emerging from one polaroid called
polariser isincident on asecond polaroid (called anal yser)
theintensity of light emerging from the second polaroid is

I, =1, cos?0 Sal.

0= angle between the transmission axis of thetwo polaroids.

Optical activity : When plane polarised light passes
through certain substances, the plane of polarisation of
the emergent light is rotated about the direction of
propagation of light through a certain angle. This
phenomenon is optical rotation.

The substance which rotate the plane of polarision rotates
the plane of polarisation is known as optical active
substance. Ex. Sugar solution, sugar crystal, sodium
chlorate etc.

Optical activity of a substance is measured with the help
of polarimeter interms of specific rotation which isdefined
as the rotation produced by a solution of length 10 cm (I
dm) and of unit concentration (1g/cc) for a given wave
length of light at a given temp.

Specific rotation

0
[a]tkoc = RO = rotation in length L at concentration

Typesof optically activesubstances

(@ Dextrorotatory substances: Those substanceswhich
rotate the plane of polarisationin clockwise direction
are called dextro rotatory of right handed substances.

(b) Laveorotatory substances: These substanceswhich
rotate the plane of polarisation in the anticlockwise
direction are called laveo rotatory or left handed
substances.
The amount of optical rotation depends upon the
thickness and density of the crystal or concentration
in case of solutions, the temperature and the
wavelength of light used.
Rotation varies inversely as the square of the Q-1
wavelength of light.

Sol.

APPL ICATIONSAND USESOFPOLARISATION
By determining the polarising angle and using Brewster's
Law p = tand,, refractiveindex of dark transparent substance Q-2
can be determined.
* In calculatorsand watches, numbersand lettersare formed
by liquid crystalsthrough polarisation of light called liquid
crystal display (L.C.D.)

Sol. -

Two polaroids are crossed to each other. When one of
them is rotated through 60°, then what percentage of the
incident unpolarised light will be transmitted by the
polaroids ?

Initially the polaroids are crossed to each other, that isthe
angle betweentheir polarising directionsis90°. When one
is rotated through 60°, then the angle between their
polarising directionswill become 30°.

Let the intensity of the incident unpolarised light = 1
Then theintensity of light emerging fromthefirst polaroid

i Iy = 1 |

Is 11= E 0

Thislight isplane polarised and passesthrough the second
polaroid. Theintensity of light emerging from the second
polaroidisl, = I, cos?0

0 = the angle between the polarising directions of the two

1
polaroids. |1 =§|0 and 6 = 30°

|
So, Iy = Ilcosz30°:%locosz30° - f=

ol w

. |
= Transmission % = |—2><100=SX100=37.5%
0

Example13:

At what angle of incidence will the light reflected from
water (1 = 1.3) be completely polarised ?
FromBrewster'slaw, tanf,=p=13 = 0=ta 113=153

Examplel14:

If light beamisincident at polarising angle (56.3°) on air-

glass interface, then what is the angle of refraction in

glass?

i, +r,=90°

r—9(§) —|p—90° 56.3°=33.7°
TRYITYOURSELF-2

A parallel beam of light of wavelength 500 nm fallson a
narrow dit and the resulting diffraction patternisobserved
onascreen 1 maway. It isobserved that the first minimum
is at a distance of 2.5 mm from the centre of the screen.
Find the width of the dlit.

Two towers on top of two hills are 40 km apart. The line
joining them passes 50 m above a hill halfway between the
towers. What is the longest wavelength of radio waves,
which can be sent between the towers without appreciable
diffraction effects?

—
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Q3

Q4

Q.5

Q.6
Q.7

Red light of wavelength 6500 A from adistant sourcefalls
on adit 0.5 mm wide. What is the distance between two
dark bandson each side of central bright band of diffraction
pattern observed on a screen placed 1.8 m from dlit ?
Calculate the distance of a beam of wavelength 500 nm
cantravel without significant broadening if the diffraction
apertureis3mmwide.
A ditof width disilluminated by light of wavelength 5500A.
What will bethe value of d when (i) thefirst minimumfalls
at anangleof diffraction of 30°? (ii) Thefirst maximumfalls
at an angle of diffraction of 30° ?
Therefractiveindex of denser mediumis1.732. Calculate
(i) polarising angle (ii) theangleof refraction.
Two polaroids ‘A’ and ‘B’ are kept in crossed position.
How should a third polaroid ‘C’ be placed between them
so that the intensity of polarized light transmitted by
polaroid B reducesto 1/8th of theintensity of unpolarized
lightincident on A ?
AN ER

(2) 12.5cm. (3)4.68x103m

(5) (i) 11000, (i) 16500 A

(7)45°

(1) 0.2mm
(4) 18m
(6) (1)60° (i) 30°

ADDITIONAL EXAMPLES

Examplel:

Consider interference between waves from two sources of
intensities| & 4l. Find intensities at pointswhere the phase
differenceism.
D1

34

@sl
@3l

Sol. (1). 1=R? =a?+a,%+2a a,cosd=1+4l +4l cosn

I=51-41=1

Example2:

The width of one of the two dlitsin a'Young's double dlits
experiment is double of the other dlit. Assuming that the
amplitude of the light coming from a dlit is proportion to
slit-width. Find the ratio of the maximum to the minimum
intensity in the interference pattern.

H3A4:1 29:1

41 416:1

Sol. (2). Supposethe amplitude of thelight wave coming from

thenarrow ditisA and that coming from thewider dlit
iS2A. The maximum intensity occurs at aplace where
constructive interference takes place. Then the
resultant amplitude is the sum of the individual
amplitudes. Thus, A, =2A+A=3A

The minimum intensity occurs at a place where
destructive interference takes place. The resultant
amplitude is then difference of the individual

amplitudes.
Thus, A, = 2A-A=A.

2
Imax _ (Ama)” _ (BA)° _ g
Imin ~ (Amin)®  (A)

Example3:

Theintensity of thelight coming from one of thedlitsina
young's double slit experiment isdoubletheintensity from
the other dlit. Find the ratio of the maximum intensity to
the minimum intensity in the interference fringe pattern
observed.

191 (2)34:1
34:1 416:1
h_2 a_[h_v2

- @ ,710 8, (1, 1

At the point of constructiveinterference, the resultant

amplitude becomes (a; + &,) = J2+1 atthe point of
destructive interference, the resultant amplitude is

(y—-ay)= J2-1

_(ata)®  (2+1)%
(a-2)° (V2-1)°

Imax

min

Example4:

Sol.

Two waves originating fromsource S; and S, having zero
phase difference and common wavelength A will show
completely destructive interference at a point P if

(S,P-S,P)is
(1) 51 (2) /4
(22 (4) 1102

(4). For destructive interference :
Path difference=S,P-S,P =(2n-1) A/2
Forn=1,S,P-S,P=(2x1-1)A2=2/2

n=2, S P-S,P=(@2x2-1)M2=3)\2
n=3, S P-S,P=(2x3-1)A2=5)\2
n=4, S P-S,P=(@2x4-1)A2=T12
n=5 S$P-S,P=(2x5-1)A2=9)\2
n=6, SP- 52P (2x6-1)A/2=11A/2

So, destructive pattern ispossible only for path difference
=1102.

Example5:

In an interference pattern, at a point we observe the 16
order maximumfor A, = 6000A. What order will bevisible
hereif the source is replaced by light of wavelength

A, =4800A .
(1)40 (2)20
(3)10 (4)80

Sol. (2). Thedistance of abright fringefrom zero order fringeis

givenby X, = b

D & dis constant

NpAq =Ny2y

n=16,1,= 6000A, Ay= 4800A ; n,=20

[+
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Example6: 343

InYoung's experiment the wavelength of red light is Sol. (2). Pathdifference=171.5A=—2

7.5x107° cm. and that of bluelight 5.0 x 105 cm. Thevalue . 2

of nfor which (n+1)™ the bluebright band coincideswith = odd multiple of half wavelength .

nth red band is - It means dark fringe is observed
)8 )4 According to question,
(32 @1 343 0.01029 x 2 5
Sol. (3). ny Ay =n, A, for bright fringe 0.01029 = 77“ == =6x10""cm
AL =6000A
n(75x 10°5) = (n+1) (5 x 10°5) -
5.0x107° Example10:
N=———"—F-= A polariser and an analyser are oriented so that maximum
25x10 light istransmitted, what will betheintensity of outcoming
Example7: light when analyer is rotated through 60°.

In Young's dlit experiment, carried out with lights of
wavelength A = 5000 A, the distance between the dlit is
0.2mm and the screenisat 200 cm fromthedlits. The central
maximumisat x = 0. Thethird maximumwill beat x equd to.

() 1.67cm (215cm
(3)0.5cm (45.0cm

nAD 3\.D

Sal. (2). XnZT or X3=T

«. _ 3 (5000 1078) x 200

3 =1.5cm
0.02

Example8:
Interference fringes were produced in young's double dlit
experiment using light of wave length 5000 A°. When a
film of material 2.5 x 103 cm thick was placed over one of
the dlits, the fringe pattern shifted by a distance equal to
20 fringewidth. Therefractiveindex of the material of the

filmis
(125 (2133
314 415
_(n-DtD _M_D_B
Sol. (3). n= r but g = 5 3d_x
n=(u-DHtp /A

20B = (u—1) 2.5 x 1073 (/5000 x1078)

_ 20x5000x x10°°

p-1 3
25x10"

p=14

Sal.

Example9:
The path difference between two interfering waves at a
point on screen is 171.5 times the wavelength. If the path
differenceis0.01029 cm. Find the wavel ength.
(1) 6000 % 10710 cm (2) 6000 A
(3) 6000 x 108 mm (4) None

Sal.

Sol.

According to Malus Law

2
17 1
I=I000529=I000526O°=I0[§} :ZO

Examplel11:

Inyoung'sdouble dit interference experiment, the distance
between two sources is 0.1/7 mm. The distance of the
screen from the sourceis 25 cm. Wavelength of light used
is5000A. Thenthe angular position of thefirst dark fringe
is-

(101 (20.15°
(303 (4)0.45°
(4). The angular position 6 = % :% (.p= %)

The first dark fringe will be at half the fringe width
from the mid point of central maximum. Thus the
angular position of first dark fringewill be-

6 1[@ _ 1{5000><Tc xlO_lo}@

g=—=—| — = — = (0]
> 24 2| 1x1073 71: 0.45°.

Examplel2:

Whenwave of wavel ength 0.2 cmismade incident normally
on adlit of width 0.004m, then the semi-angular width of
central maximum of diffraction patternwill be-

(160 (2)30°

(3)0° 4)0°

(2). 0=sint [&] ......... o)
a
According to question, L =2 x 103 m
a=4x103m L. )

1
Fromequation (1) and (2) 6 =sin? (E) —0=30°

[+
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CHAPTER 6 : OPTICS

EXERCISE-1[LEVEL-]1]

Choose onecorrect responsefor each question.

Q1

Q.2

Q3

Q4

Q.5

Q.6

Q.7

Q.8

PART1:REFLECTION BY

PLANE MIRROR
A ray isreflected in turn by two plane mirrors mutually
at right angles to each other. The angle between the
incident and the reflected rays is —
(A)90° (B)60°
(©) 180° (D) None
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
(A) None B)1
©2 (D)3
A man runs towards a mirror at a speed 15 m/s. The
speed of theimagerelative to themanis

(A)15m/s (B)30m/s
(©)35mis (D) 20 m/s
Focal length of aplanemirroris

(A) Zero (B) Infinite
(C) Very less (D) Indefinite

A clock hung on awall has marksinstead of numberson
its dial. On the opposite wall there is a mirror, and the
image of theclock inthemirror if read, indicatesthetime
as8:20. What isthetimein the clock.
(A)3:40 (B)4:40
(©)520 (D)4:20
Two mirrors, labeled LM for left 1w RM
mirror and RM for right mirror in
the adjacent figure, are parallel to

each other and 3.0 m apart. A é
person standing 1.0 m from the >

. . . . 2m Im
right mirror (RM) looksinto this

mirror and sees a series of images. How far from the
person is the second closest image seen in the right
mirror (RM)?

(A)10.0m (B)4.0m

(©6.0m (D)80m
A planemirror approaches astationary person with some
acceleration 'a. The acceleration of hisimage, as seen
by the person, will be

(A)a (B) 2a
©al2 (D) none
PART 2:REFLECTION BY
PHERICAL MIRROR

Thefocal length of aconcave mirror is50cm. Where an
object be placed so that its image is two times and
inverted

(A)75cm
(©)63cm

(B) 72cm
(D)50cm

Q9

Q.10

Q.1

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

The minimum distance between the object and its real

image for concave mirror is

(A)f (B)2f

(C) 4f (D) Zero

An object 2.5 cm high is placed at a distance of 10 cm

from aconcave mirror of radiusof curvature 30cm The

sizeof theimageis

(A)9.2cm (B)10.5cm

(©)5.6cm (D)7.5cm

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—

(A)-4cm (B)9cm

(©)6cm (D)12cm

A concavemirror of focal lengthf (inair) isimmersedin

water (1 = 4/3). Thefocal length of the mirror in water

will be

(A)f (B) (4/3) f

(C) (34 f (D) (7/13) f

Radiusof curvature of concavemirror is40cm & thesize

of image is twice as that of object, then the object

distance is

(A) 60cm (B)20cm

(©) 40cm (D)30cm

A concave mirror givesanimagethreetimesaslargeas

the object placed at a distance of 20cm fromit. For the

image to be real, the focal length should be

(A) 10cm (B)15cm

(C)20cm (D)30cm

Thedistance of an object fromaspherical mirror isequal

to thefocal length of the mirror. Then the image:

(A) must be at infinity (B) may beat infinity

(C) may be at the focus (D) none

Find the incorrect statement/s for a concave mirror

producing avirtual image of the object.

(A) Thelinear magnificationisawaysgreater than one,
except at the pole.

(B) Thelinear magnification is always less than one.

(© The magnification tends to one as the object move
nearer to the pole of the mirror.

(D) Thedistance of the object from the pole of the mirror
islessthan the focal length of mirror.

A virtual erectimagein aconcavemirror isrepresented,

in the given figure, by

v/t k v/f

A v e !
........... v/t v/t

© B R O NI Wt

—
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PART 3: REFRACTION AT Q.29 The apparent depth of aswimming pool is1.2m. What is
PLANE REACE itsreal depth ? (Teke i, = 4/3)
Q.18 Velocity of lightinamediumis 1.5 x 108 ns. Itsrefractive (A)1.6m (B)2.5m
index will be — (©32m (D) 1Im

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

(A)8 (B)6

©4 (D)2

Light travels through a glass plate of thickness t and
having refractive index n. If cisthe velocity of light in
vacuum, the time taken by the light to travel this
thickness of glassis

(A) t/Inc (B)tnc

(C)nt/c (D) tc/n

When alight wave goesfromair into water, the quantity
that remains unchanged is its

(A) Speed (B) Amplitude

(C) Frequency (D) Wavelength
Therefractiveindicesof glassand water w.r.t. air are 3/2
and 4/3 respectively. The refractive index of glassw.r.t.
water will be

(A)8/9 (B)958

© 76 (D) None of these

For acolour of light thewavelength for air is6000 A and
in water the wavelength is 4500 A. Then the speed of
light inwater will be

(A) 5.0 10 m/s (B) 2.25x 108 /s
(C)4.0x 108 /s (D) Zero

The speed of light in air is 3 x 108 m/s. What will beits
speed in diamond whose refractiveindex is 2.4
(A)3x108m/s (B)332m/s

(C) 1.25x 108 m/s (D) 7.2x108m/s

The refractive index of a piece of transparent quartz is

the greatest for
(A) Red light (B) Violetlight
(C) Greenlight (D) Yellow light

The wavelength of sodium light in air is 5890 A. The
velocity of lightinairis 3 x 108 m/s. Thewavelength of
lightin aglass of refractiveindex 1.6 would be close to

(A)5890A (B) 3681 A
(C) 9424 A (D) 15078 A
Speed of light ismaximumin

(A) Water (B)Air

(C) Glass (D) Diamond

Which one of the following statements is correct

(A) In vacuum, the speed of light depends upon
frequency.

(B) Invacuum, the speed of light does not depend upon
frequency but depends on wavelength.

(© In vacuum, the speed of light is independent of
frequency and wavelength.

(D) In vacuum, the speed of light depends upon
wavelength.

Thedistancetravelled by light in glass (refractive index

=1.5) inananosecond will be

(A)45cm (B)40cm

(©)30cm (D)20cm

Q.30

Q31

Q.32

Q.33

Q.34

A ray of light passes from vacuum into a medium of
refractiveindex n. If theangle of incidenceistwicethe
angle of refraction , then the angle of incidence s :

(A) cos (n/2) (B) sin1(n/2)

(C) 2cost (n/2) (D) 2sin}(n/2)

A pardlel beam of light, travellinginair, isincident at an
angle of 60° on a plane boundary of refractive index

J3. The angle between incident and refracted

wavefronts, is

(A)0° (B)30°

(C)60° (D) 150°

A glassdab of thickness 3 cm and refractiveindex 3/2is
placed on ink mark on a piece of paper. For a person
looking at the mark at a distance 5.0 cm above it, the
distance of the mark will appear to be —

(A)3.0cm (B)4.0cm

(©)45cm (D)5.0cm

A fish at a depth of 12 cm in water is viewed by an
observer onthe bank of alake. To what height theimage
of thefishisraised.
(A)9cm

(C)3.8cm

A ray of light passes
through four transparent
mediawith refractive
indices py, py, ug and py,
as shown in the figure.
Thesurfacesof all mediaareparallel. If theemergent ray
CD isparallel totheincident ray AB, we must have:
(A) py =1y (B) =13

O uz=1y D)=y

(B)12cm
(D)3cm
H H, M K

PART 4: TOTAL INTERNAL REFLECTION

Q.35

Q.36

Q.37

Q.38

Critical angleof light passing fromglasstoair isminimum
for -

(A)Red (B) Green

(C) Yellow (D) Violet

The wavelength of light in two liquids ‘X’ and ‘y’ is
3500A and 7000 A, then thecritical angleof x relativeto

ywill be
(A) 60° (B) 45°
(© 3w (D) 15°

For total internal reflection to take place, the angle of
incidencei and therefractiveindex p of the medium must
satisfy the inequality

(A) - <n ®) 5w
(©)sini<p (D)sini >p

Total internal reflection of light is possible when light
entersfrom

(A) Air to glass
(C) Air towater

(B) Vacuumtoair
(D) Water to air

=
I50
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Q.39 A cut diamond sparkles because of its face of the diver, the image seen by the fish will be —

Q.40

PART

Q.41

Q.42

Q.43

Q.44

Q.45

(A) Hardness

(B) Highrefractiveindex
(C) Emission of light by the diamond

(D) Absorption of light by the diamond

If the critical angle for total internal reflection from a
medium to vacuum is 30°, the velocity of light in the
mediumis
(A)3x108m/s
(C)6x108m/s

(B)1.5x 108 m/s
(D) /3 x108m/s

. REFRACTION AT SPHERI
SURFACES

In the figure shown a point object O isplaced in air. A
spherical boundary separates various media of radius
of curvature 1.0 m. AB isprincipa axis. The refractive
index aboveAB is1.6 and belowAB is2.0. The separation
between theimagesformed dueto refraction at spherical

surfaceis:
1.6
0

A B
2m
2.0

AL

(A)12m (B) 20m

(©14m (D)10m

Theobserver 'O’ seesthedistance AB asinfinitely large.
If refractive index of liquid is i, and that of glassis p,,
then py/u, is.

glasg —

%{}Z £
0]

(A)2 (B)12

©4 (D) None of these

A solid transparent sphere (1= 1.5) hasasmall dot at its
center. When observed from outside, the apparent
position of the dot will be

(A) closer to the eye than its actual position.

(B) same asits actua position.

(©) farther away from the eye than its actual position.
(D) atinfinity.

PART 6: LEN
Which of the following is not the case with the image
formed by concave lens ?
(A) It may be erect or inverted.
(B) It may be magnified or diminished.
(©) Itmay bered or virtual.
(D) Real image may be between the pole and focus or
beyond focus.
A fish sees the smiling face of a scuba diver through a
bubble of air between them, as shown. Compared to the

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

O ()=

Bubble Fish

(A) smaller and erect

(B) smaller and inverted

(C) larger and erect

(D) Can beeither of above depending on the distance of
the diver.

A bi-convex lensis made from glass of refractive index

1.5 and radius of curvature of both surfaces of the lens

is20cm. Theincident ray parallel to principal axiswill be

focussed at a distance Lcm from lens on principal axis

where:

(A)L=10 (B)L=20

(©L=40 (D)L=20/3

A convex lens of power 4D is kept in contact with a

concave lens of power 3D, the effective power of

combination will be:

(A)7D (B)4D/3

(©1D (D)3D/4

The power of aplano-convex lensisP. If thislensis cut

longitudinally alongits principal axisinto two equal parts

and then they are joined as given in the figure. The

power of combinationwill be:

gAY

AP (B)2P

© P2 (D) zero

If the focal length of a magnifier is 5 cm calculate the
power of the lens.

(A)20D (B)10D

(©)5D (D)15D

A concave lenswith unequal radii of curvature made of
glass(ug =1.5) hasafocal length of 40 cm. Inair if itis
immersed inaliquid of refractiveindex , =2, then

(A) it behaveslike convex lens of 80 cmfocal length.
(B) it behavelike aconvex lens of 20 cm focal length.
(© itsfocal length becomes 60 cm.

(D) nothing can be said.

The diagram shows an equiconvex lens. What should
be the condition on the refractive indices so that the
lens become diverging?
(A) 2H2>H1_H3

(B) 2uy<pqtpg

(©) 2u>21-1y

(D) 2H2> Hitug

In the case of a converging lens, areal object is at a
finite distance L from the lens. It is moving with speed
5m/s. The image is formed at one of the focus of the
lens. What is the speed of the image?

(A)5m/s (B) infinite

(C)10m/s (D) 20 m/s

Diver

M Hy H3

=
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Q.53 A converging lens is used to produce an image on a Q.61 At sunset or sunrise, the Sun'srays have to passthrough

PART 7. REFRACTI]

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

screen of an object. What change is needed for the real

image to be formed nearer to the lens ?

(A) increase the focal length of the lens (lens and
position of object isfixed).

(B) insert a diverging lens between the lens and the
screen(converging lens& position of object isfixed).

(©) increase the distance of the object from the lens.

(D) move the object closer to the lens.

N IN A PRISM

Athinprismof angleA =6° producesadeviationd =3°.

Find therefractive index of the material of prism.

(A)15 (B)10

(©25 (D)05

Dispersion occurs when

(A) somemateria bend light more that other material.

(B) amaterial changes some frequencies more than other.

(C) light has different speedsin different materials.

(D) amateria slows down somewavel engths more than
others.

White light is dispersed by the prism, and falls on a

screento formavisible spectrum. Which of thefollowing

idare true?

(A) The frequency changes for each colour, but the
speed stays the same.

(B) Redwavelengthsaredeviated through larger angles
than green wavelengths.

(©) Violet light propagates at a higher speed than green
light whileinthe prism.

(D) The speed of all colours is reduced in the prism,
with maximum reductionfor violet light.

For a prism kept in air it is found that for an angle of

incidence 60°, the angle of refraction 'A’, angle of

deviation '8' and angle of emergence '€’ become equal.

Then therefractiveindex of the prismis

(A)1.73 (B)115

(©15 (D)1.33

The curve of angle of incidence  §

versus angle of deviation shown 70°

has been plotted for prism. The 60°

value of refractive index of the

prismused is 400 60" iy
(A) 3 (B) V2
©) V3/2 (D) 2/+/3

Inthe given curve of above question. Find the value of
anglei, in degreesis

(A) 40° (B) 60°
(©) 70° (D) 90°
PART 8: SCATTERING OF LIGHT

When light raysundergoestwo internal reflectioninside
araindrop, which of the rainbow isformed?

(A) Primary rainbow (B) Secondary rainbow
(© Both(A) & (B) (D) Can't say

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

alarger distance as

(A) shorter wavelengths are removed by scattering.

(B) longer wavelengths are removed by scattering.

(© less frequency of scattering wavelength.

(D) Both(A)and (B).

A passenger in an aeroplane shall

(A) never see arainbow.

(B) may see a primary and a secondary rainbow as
concentric circles.

(©) may see a primary and a secondary rainbow as
concentric arcs.

(D) shall never see a secondary rainbow.

The amount of scattering is inversely proportiona to

the fourth power of the wavelength. This is known as —

(A) rayleigh scattering (B) maxwell scattering

(C) oserted scattering (D) reynold scattering

Which of the following statement is correct?

(A) At sunset or sunrise, the sun's rays have to pass
through a small distance in the atmosphere.

(B) Rayleigh scattering which isproportional to (1/1)2.

(©) At sunset or sunrise the sun's rays have to pass
through a larger distance in the atmosphere.

(D) Most of the blue and other shorter wavelengths are
not removed by scattering.

Red colour is used for danger signals because

(A) it causes fear.

(B) it undergoes least scattering.

(C) it undergoes maximum scattering.

(D) None of the above

PART9: HUMAN EYE
A person cannot see distinctly at the distance less than
one metre. Calculate the power of the lensthat he should
use to read a book at a distance of 25 cm
(A)+3.0D (B)+0.125D
(C)-30D (D) +4.0D
A man can see upto 100 cm of the distant object. The
power of the lens required to see far objectswill be
(A)+05D (B)+1.0D
(©)+20D (D)-1.0D
For the myopic eye, the defect is cured by
(A) Convex lens (B) Concavelens
(C) Cylindricd lens (D) Toriclens
A person can not see the objects beyond 50cm. The
power of alensto correct thisvision will be
(A)+2D (B)-2D
(©)+5D (D)05D

PART 10: MICR PE
The focal length of the objective lens of a compound
microscope is —
(A) Equal to the focal length of its eye piece
(B) Lessthan the focal length of eye piece
(C) Greater than the focal length of eye piece
(D) Any of the above three

—
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Q.71 Least distance of distinct vision is 25 cm. Magnifying (D) All of the above

Q.72

Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

Q.79

Q.80

power of simple microscope of focal length5 cmis
(A)1/5 (B)5

©1/6 (D)6

The magnify power of the objective of a compound
microscopeis7 if themagnifying power of themicroscope
is 35, then the magnifying power is eyepiece will be
(A) 245 (B)5

(©28 (D)42

In a compound microscope, the focal lengths of two
lenses are 1.5 cm and 6.25 cm. If an object is placed at
2cmfrom objectiveand thefinal imageisformed at 25cm
from eye lens, the distance between the two lenses is
(A)6.00cm (B)7.75¢cm

(©)9.25cm (D)11.0cm

PART11: TELE PE
An astronomical telescope hasan angular magnification
of magnitude 5 for distant objects. The separation
between the objective and eye- piece is 36 cm and the
fina imageisformed at infinity. Determinethefoca length
of objective and eye-piece.
(A) 30cm, 6¢cm, (B) 15cm, 12cm
(©) 25cm, 12cm (D) 8cm, 12cm
The focal length of achromatic combination of a
telescope is 90cm. The dispersive powers of lenses are
0.024 and 0.036 respectively. Their focal lengthswill be-
(A)30cmand 60cm (B) 45cmand90cm
(C) 15cmand45cm (D)30cmand-45cm
A reflecting telescope hasalarge mirror for itsobjective
with radius of curvature equal to 80 cm. The magnifying
power of this telescope if eye piece used has a focal
length of 1.6 cmis
(A) 100 (B)50
©2 (D)5
A small telescope has an objective lens of focal length
144 cmand an eye piece of focal length 6.0cm. What is
the separation between the objective and the eye piece?

(A)0.75m (B)1.38m
(©)10m (D)15m
PART -12 : HUYGEN’S PRINCIPLE

Theideaof secondary waveletsfor the propagation of a
wave was first given by

(A) Newton (B) Huygen
(C) Maxwdll (D) Fresnel
By amonochromatic wave, we mean

(A) A singleray

(B) A singleray of asingle colour

(C) Wave having a single wavelength

(D) Many rays of asingle colour

A shortcoming of Huygen model could not

(A) explain the absence of the backwave.

(B) determine the shape of the wavefront for a plane
wave.

(©) explain the point source emitting waves uniformly
inal directions.

(OR:11

Figure shows behaviour of a wavefront when it passes
through a prism.

A
A
Incident
Refracted
wavefront wavefront
B B'

Which of the following statement{ s) is/are correct?

I.  Lower portion of wavefront (B") isdelayed resulting
inatilt.

II. Timetakenby light toreachA'fromA isequal tothe
timetakentoreach B' fromB.

1. Speed of wavefront is same everywhere.

IV. A particle on wavefront A' B' is in phase with a
particle on wavefront AB.

(A)landll (B) Il and Il
©MandIV (D) landlll
Q.82 Ray diverging fromapoint source formawavefront that
is
(A) cylindrica (B) spherica
(C) plane (D) cubical
PART -13: INTERFERENCE OF LIGHT

Q.83

Q.84

Q.85

Q.86

Q.87

Q.88

Q.89

Twoidentical light sources S; and S, emit light of same
wavelength A. Theselight rayswill exhibit interferenceif
(A) Their phase differences remain constant

(B) Their phases are distributed randomly

(C) Their light intensities remain constant

(D) Their light intensities change randomly

Theratio of intensities of two waves are givenby 4 : 1.
Theratio of the amplitudes of the two wavesis

(A)2:1 B)1:2

©4:1 (D)1:4

As a result of interference of two coherent sources of
light, energy is

(A) Increased

(B) Redistributed and the distribution does not vary
withtime

(©) Decreased

(D) Redistributed and thedistribution changeswithtime

What causes changes in the colours of the soap or oil

filmsfor the given beam of light

(A) Angle of incidence (B) Angleof reflection

(C) Thicknessof film (D) None of these

The intensity ratio of two wavesis 9 : 1. These waves

produce the event of interference. Theratio of maximum

to minimumintensity will be

(A)1:9 (B)9:1

©1:4 (D)4:1

If theratio of intensities of two wavesis 1: 25, then the

ratio of their amplitudeswill be

(A)1:25 (B)5:1

(©)26:24 (D)1:5

If the amplitude ratio of two sources producing

—
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Q.90

Q.91

Q.92

Q.93

Q.94

Q.95

Q.96

interferenceis3: 5, theratio of intensities at maximaand
minimais

(A)25:16 (B)5:3

(©16:1 (D)25:9

Two light sources are said to be coherent if they are

obtained from —

(A) Two independent point sources emitting light of
the same wavelength.

(B) A single point source.

(©) A widesource.

(D) Two ordinary bulbs emitting light of different
wavelengths.

Two waves of intensity | undergo Interference. The

maximum intensity obtained is

(A)I/2 B)I

©2 (D)4l

Two beams of light having intensities | and 4l interfere

to produce a fringe pattern on a screen. The phase

difference between the beamsis n/2 at point A and = at

point B. Then the difference between the resultant

intensitiesat A and B is

(A) 2l B)4

©5sl DO)7

PART -14: YOUNG’S D BLESLIT

EXPERIMENT

Two coherent light sources S; and S, (A= 6000 A) are

1mm apart from each other. The screen is placed at a

distance of 25 cm from the sources. The width of the

fringes on the screen should be

(A)0.015cm (B)0.025cm

(©)0.010cm (D)0.030cm

The figure shows a double dlit experiment P and Q are

thedlits. The path lengths PX and QX areni and (n+2)A

respectively, where n is a whole number and A is the

wavelength. Taking the central fringe as zero, what is

formed at X

(A) First bright (B) First dark

(C) Second bright (D) Second dark

In the Young’s double slit experiment, the spacing

between two dlits is 0.1 mm. If the screen is kept at a

distance of 1.0m from the dits and the wavelength of

light is5000 A, then the fringe width is

(A)1.0cm (B)1.5cm

(©)05cm (D)2.0cm

In Young’s double slit experiment, if L is the distance

between the dlitsand the screen upon which interference
pattern is observed, x is the average distance between

Q.97

Q.98

Q.99

the adjacent fringes and d being the dlit separation. The
wavelength of light is given by

(A) xd/L (B)xL/d

(C) Ld/x (D) /Ldx

If yellow light in the Young’s double slit experiment is
replaced by red light, the fringe width will

(A) Decrease

(B) Remain unaffected

(C) Increase

(D) First increase and then decrease

In Young’s experiment, the ratio of maximum to minimum
intensitiesof thefringe systemis4 : 1. Ratio of amplitudes
of the coherent sources —

(A)4:1 B)3:1

©2:1 (D)1:1

InaYoung doubledlit experiment, two films of thickness
t; and t, having refractive indices p; and |, are placed
in front of ditsA and B respectively. If pyt; = ot the
central max. will

(A) not shift

(B) shift towardsAif t; <t,

(C) shift towardsB if t; <t,

(D) shift towardsA if t; > t,

Q.100 Inyoung's double dlit experiment, the distance between

two dlits is made three times then the fringe width will
become —

(A) 9times
(C) 3times

(B) L/9times
(D) 1/3times

Q.101 A double dlit experiment is performed with light of

wavelength 500 nm. A thin film of thickness 2um and
refractiveindex 1.5 isintroduced in the path of the upper
beam. The location of the central maximum will —

(A) Remain unshifted

(B) Shift downward by nearly two fringes

(C) Shift upward by nearly two fringes

(D) Shift downward by 10 fringes

Q.102 Waves from two dlits are in phase at the dits and travel

to a distant screen to produce the second minimum of
the interference pattern. The difference in the distance
traveled by the waves

(A) haf awavelength

(B) awavelength

(C) three halves of awavelength

(D) two wavelengths

PART -15: DIFFRACTION
Q.103 The penetration of light into the region of geometrical
shadow is called
(A) Polarisation (B) Interference
(C) Diffraction (D) Refraction

Q.104 A ditof size0.15cmisplaced at 2.1 mfromascreen. On

illuminating it by alight of wavelength 5 x 10-5cm, the
width of central maximawill be

(A)70mm (B)0.24mm

(©14mm (D)0.14cm

Q.105 Red light isgenerally used to observe diffraction pattern

R
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fromsingledlit. If bluelight isused instead of red light,

then diffraction pattern

(A) Will bemoreclear (B) Will contract

(C) Will expanded (D) Will not bevisualized
Q.106 A beam of light of wavelength 600 nm from a distant

sourcefalsonasingledit 1 mm wide and the resulting

diffraction pattern is observed on a screen 2 m away.

The distance between the first dark fringes on either

side of the central bright fringeis

(A)1.2mm (B)1.2cm
(©24cm (D) 24mm
Q.107 In order to see diffraction the thickness of thefilmis
(A) 100A (B) 6,000A
(©1mm (D)1cm

Q.108 Fraunhoffer diffraction pattern is observed at adistance
of 2m on screen, when a plane-wavefront of 6000A is
incident perpendicularly on 0.2 mm wide dlit. Width of
central maximais:

(A)10mm (B)6mm
(©)12mm (D) None

Q.109 Thefirst diffraction minimadueto asingledit diffraction

isat 0 = 30° for alight of wavelength 5000A. Thewidth

of thedlitis

(A)5%x10°cm (B)1.0x10%cm
(C)25x10°cm (D)1.25x 105 cm
PART -16: RESOLVING POWER

Q.110 Thediameter of objectivelens of atelescopeis6cmand
wavel ength of light used is 540nm. Theresolving power
of telescope is —

(A)9.1x 10%rad™? (B) 10°rad™?

(C) 3% 10*rad™? (D) None of the above
Q.111 For better resolution, a telescope must have a

(A) largediameter objective.(B) small diameter objective.

(C) may belarge. (D) neither large nor small.
Q.112 The resolving power of a microscope is basically

determined by the —

(A) speed of the light used.

(B) wavelength of the light used.

(C) both (A) and (B).

(D) neither (A) nor (B).

PART -17: POLARISATION

Q.113 Two Nicolsareoriented with their principal planesmaking
an angle of 60°. The percentage of incident unpolarized
light which passes through the system is
(A) 50% (B) 100%

(©)125% (D) 37.5%

Q.114 Whenlight of acertain wavelength isincident on aplane
surface of amaterial at aglancing angle 30°, thereflected
light isfound to be completely plane polarised. Determine
refractive index of given material —

(A) V3 (B) V2

(€ 1/~2 (D)2
Q.115 Thecritical angle of acertain mediumissin-1(3/5). The
polarizing angle of the medium is—
(A) sin1(4/5) (B) tan"1(5/3)
(C) tan~1(3/4) (D) tan1(4/3)

EXERCISE-2(LEVEL-2)

Choose onecorrect responsefor each question.

Q.1 An object of length 6 cmisplaced on the principleaxis of
aconcave mirror of focal length f at adistance of 4f. The
length of theimage will be

(A)2cm (B)12cm

(©4cm (D)1.2cm

A ray of light travelling inside arectangular 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 —

(A) Will emergeinto the air without any deviation.

(B) Will bereflected back into the glass.

(© Will be absorbed.

(D) Will emergeinto the air with an angle of refraction
equal to 90°.

What is the time taken by light to cross a glass of

thickness4 mmand =3

(A)4x 101 sec (B)2x 10 M1 sec

(C)16x 1011 sec (D) 8x 10 10sec

An under water swimmer isat adepth of 12 m below the

surface of water. A bird isat aheight of 18 m from the

surface of water, directly above hiseyes. For the swimmer

the bird appears to be at a distance from the surface of

water equal to (Refractive Index of water is4/3)

Q.2

Q.3

Q.4

(A)24m (B)12m

(©18m (D)9m

In acompound microscope, theintermediateimageis:
(A) virtual, erect and magnified

(B) real, erect and magnified

(C) readl, inverted and magnified

(D) virtual, erect and reduced

A plane sound wave travelsfrom air to water. Theangle
of incidence is o, and the angle of refraction is a.,.
Assuming Snell'slaw to be valid

(A) o, <oy (B) oy, >0y

(©)oay,=0y (D) o, =90°

Light passes from air into flint glass with index of
refraction L. What angle of incidence must thelight have
so that the component of its velocity perpendicular to
the interface remains samein both medium?

(A) tant (L) (B) sn(1/p)

(C) cos™t (Up) (D) tant

If an observer iswalking away from the plane mirror with
6m/sec. Then the velocity of the image with respect to
observer will be
(A) 6m/sec

(C) 12m/sec

Q5

Q.6

Q7

QS8

(B)—6m/sec
(D) 3m/sec

=
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Q.9 Anobject of size 7.5cm is placed in front of aconvex Q.18 A person wears glasses of power — 2.5 D. The defect of

Q.10

Q.1

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

mirror of radiusof curvature 25cm at adistance of 40cm.
The size of theimage should be

(A)2.3cm (B)1.78cm

(©1lcm (D)0.8cm

The image formed by a convex mirror of focal length
30cmisaquarter of the size of the object. The distance
of the object fromthemirroris

(A)30cm (B) 90cm

(C) 120cm (D)60cm

A concave mirror isused to focus the image of aflower
on a nearby well 120cm from the flower. If a lateral
magnification of 16 isdesired, the distance of the flower
fromthemirror should be

(A)8cm (B) 12cm

(©)80cm (D) 120cm

The optical density of turpentine is higher than that of
water while its mass density is lower. Fig shows alayer
of turpentinefloating over water in acontainer. For which
one of the four rays incident on turpentine in Fig, the
path shown is correct?

MENNR

Turpentine \X\ \ \

Weter Fox Y
(A)1 B)2
©)3 (D)4

A light wave has a frequency of 4 x 104 Hz and a
wavelengthof 5x 10~ metersin amedium. Therefractive
index of themediumis

(A)15 (B)133

©10 (D) 0.66

A concave lens of glass, refractive index 1.5 has both
surfaces of sameradius of curvature R. Onimmersionin
amedium of refractiveindex 1.75, it will behaveasa:
(A) convergent lens of focal length 3.5 R.

(B) convergent lens of focal length 3 R.

(©) divergent lens of focal length 3.5 R.

(D) divergent lensof focal length 3 R.

The ratio of thickness of plates of two transparent
mediums A and B is 6 : 4. If light takes equal timein
passing through them, then refractive index of B with
respect to A will be

(A)14 (B)15

©175 (D)1.33

Refractiveindex of air is1.0003. The correct thickness of
air column which will have one more wavelength of
yellow light (6000 A) then in the same thickness in
vacuum is

(A)2mm (B)2cm

©2m (D) 2km

A diver at adepth of 12minwater (u = 4/3) seesthe sky
in acone of semi-vertical angle

(A)sin1(4/3) (B) tan1 (4/3)
(C)sin1(3/4) (D)90°

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

the eye and the far point of the person without the

glasses are respectively

(A) Farsightedness, 40 cm

(B) Nearsightedness, 40 cm

(C) Astigmatism, 40cm

(D) Nearsightedness, 250 cm

A luminous point object isplaced 9

at O, whoseimageisformedat | as |

shown in figure. Line AB isthe 4+ o

optica axis. A EB

Which of the following statement is incorrect — I

(A) If alensisused to obtain theimage, then it must be
aconverging lens and its optical centre will be the
intersection point of lineAB and OlI.

(B) If alensisused to obtain theimage, then it must be
a diverging lens and its optical centre will be the
intersection point of lineAB and OlI.

(© If a mirror is used to obtain the image, then the
mirror must be concave and object and image
subtend equal angles at the pole of the mirror.

(D) lisrea image

A student can distinctly see the object upto a distance

15cm. He wants to see the black board at a distance of

3m. Focal length and power of lens used respectively
will be

(A)-4.8cm,-3.3D (B)-5.8cm,—4.3D

(C)-7.5cm,-6.3D (D)-15.8cm,-6.3D

If the focal length of objective and eye lensare 1.2 cm

and 3 cmrespectively and the object isput 1.25 cm away

from the objective lens and the final image isformed at
infinity. The magnifying power of the microscopeis

(A) 150 (B)200

(©)250 (D) 400

A telescope of diameter 2m uses light of wavelength

5000A for viewing stars. The minimum angular separa-

tion between two stars whose image is just resolved by
this telescope is

(A)4x 10 rad (B)0.25x 10 rad

(C)0.31x 108 rad (D)5.0x 10-3rad

A man can see the object between 15 cmand 30 cm. He

uses the lensto see the far objects. Then dueto the lens

used, the near point will be

(A) (10/3)cm (B) 30cm

(©)15cm (D) (100/3) cm

An eye specialist prescribes spectacles having a

combination of convex lens of focal length 40cm in

contact with a concave lens of focal length 25 cm. The
power of this lens combination in diopters is —

(A)+15 (B)-15

(C)+6.67 (D)-6.67

The maximum magnification that can be obtained with a

convex lens of focal length 2.5 cmis (the least distance

of distinct visionis 25 cm)

(A)10

(C)625

()0.1
(D)11

—
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Q.26 A simple magnifying lensis used in such away that an Vaccum
imageisformed at 25 cm away fromthe eye. In order to
have 10 times magnification, thefocal length of thelens B
should be —
(A)5cm (B)2cm
(©25mm (D)0.Lmm A) 1.Ox 1081/s B)2.1x 108m/s
Q.27 Aray of light isreflected by two mirrors placed normal EC; 2'x 107 mfs ED)) 4'x 107 mfs

Q.28

Q.29

Q.30

Q.31

Q.32

to each other. The incident ray makes an angle of 22°
with one of the mirrors. At what angle 6 does the ray
emerge?

(A)22° (B)68°

©) ax (D) None

An object of height h = 5cmislocated at adistance a=
12 cm from a concave mirror with focal length 10 cm.
Find the height of the image.

(A)10cm (B)15cm

(©)20cm (D)25cm

A linear object AB isplaced along the axis of aconcave
mirror. The object is moving towards the mirror with
speed U. The speed of theimage of the point Ais4U and
the speed of theimage of B isa so 4U. If the center of the
line AB is at adistance L from the mirror then find out

the length of the object. \E

(A)3L/2 (B)5L/3

©L (D) None

A concave mirror of radius of curvature 40 cmformsan

image of an object placed on the principal axis at a

distance 45cm in front of it. Now if the system is

completely immersed inwater (u = 1.33) then

(A) theimage will shift towardsthe mirror.

(B) themagnificationwill reduce.

(©) the image will shift away from the mirror and
magnification will increase.

(D) the position of theimage and magnification will not
change.

A pin 10 mmtall isused asan object in front of amirror

and theimageformed iserect and 2mm tall.

(A) Moving the pin closer to the mirror will make the
imagelarger.

(B) Theimage must bereal.

(© Themirror must be converging.

(D) Both(B) and (C) arecorrect.

Itisfound that electromagnetic signals sent inside glass

sphere from A towards B reach diametrically opposite

point C. The speed of electromagnetic signalsin glass

cannot be:

4 B

—

Q.33

Q.34

Q.35

Q.36

Light traveling through three transparent substances
followsthe path shown in figure. Arrange the indices of
refraction in order from smallest to largest. Note that
total internal reflection does occur on the bottom surface
of medium 2.

A)n,<n,<n ; 1y
1S T =T

B)n,<n,<n : n,
Cz 153 AN
n,<ny,<n =
(C)ny<ng<n, : 3

(D)ng<n;<n,
A ray of light travelling inamedium of refractiveindex p
is incident at an angle 6 on a composite transparent
plate consisting of 50 plates of refractiveindices 1.01p,
1.02u, 1.03u.....1.50u. They ray emerges from the
composite plateinto amedium of refractiveindex 1.6 at
anglex. Then

(101 0 _ .
(A) snx= 15] sno (B)snx=(5/8)sin6

15)%
(D)sinx = (10]j sino

A point source of light B, placed at adistance L in front
of thecentre of aplanemirror of width d, hangsvertically
onawall.

(© snx=(8/5)sn6

L

B
»

2L

A A
A 4

A manwalksinfront of themirror longalineparallel to
themirror at adistance 2L fromit as shown. The greatest
distance over which he can see the image of the light
sourceinthemirror is

(A)di2 (B)d

© (D)3d

Threethin prisms are combined asshown infigure. The
refractive indices of the crown glass for red & violet
rays are p, and p,, respectively & those for the flint
glass are ', and ', respectively. The ratio (A'/A) for
which there is no net angular dispersion

Crown X7/ Crown
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B 2 (g — 11y Q.42 The equation of two light waves are y; = 6cosat,
(A) _MvTHr (B) ———= y, = 8cos(wt + ¢). The ratio of maximum to minimum
2(uy —ur) Hy —Hr intensities produced by the superposition of these waves
3 will be
(vt (D) None of these (A)49: 1 (B)1:49
Hv ~Hr (©1:7 (D)7:1
Q.37 A ray of light paralldl to the axis of a converging lens InaYoung'sexperiment , two coherent sources are placed

Q.38

Q.39

Q.40

Q.41

(having focal length f) strikes it at a small distance ‘h’
fromitsoptical centre. A thin prism having angle 6 and
refractiveindex pisplaced normal totheaxisof lensat a
distance ‘d’ from it. What should be the value of p so
that the ray emerges parallel to the lens axis.

h —d— p
A) 1o B) 7o+t
h h +1
© d+1)e ®) @d+)e

Consider the four different cases of dispersion of light
ray which has all the wave lengths from A, to A, (A, >
M,). The dotted represents the light ray of wave length
xwg. Whichray diagramis showing maximum dispersive
power?

(A) /

© -~

In Young’s double slit experiment, the distance between
the two ditsis 0.1 mm and the wavelength of light used
is 4 x 10~"m. If the width of the fringe on the screen is
4mm, the distance between screen and dit is
(A)0.1mm (B)1cm

(©0.1cm (D)1m

In Young’s double slit experiment, the distance between
sources is 1 mm and distance between the screen and
sourceis1m. If thefringewidth onthe screenis0.06 cm,
then =

(A) 6000 A (B) 4000A

(C)1200A (D) 2400 A

Two dlits are separated by a distance of 0.5 mm and
illuminated with light of A = 6000A.. If the screenisplaced
2.5mfromthedlits. Thedistanceof thethird bright image
fromthecentrewill be
(A)15mm

(©6mm

(B) 3mm
(D)9mm

0.90 mm apart and the fringes are observed one metre
away. f it produces the second dark fringe at a distance
of 1mm from the central fringe, the wavelength of
monochromatic light used would be.

(A)60x 104 cm (B)10x 104 cm
(C)10x10°cm (D)6x10°cm

A diverging beam of light from a point source S having
divergence angle o falls symmetrically on a glass dab
as shown. The angles of incidence of the two extreme
rays are equal. If the thickness of the glassslab ist and

itsrefractiveindex isy, then the divergence angle of the
S

emergent beamis:

(A) zero (B)a

(OELEVN (D) 2sin(1/p)

In a certain double slit experimental arrangement
interference fringes of width 1.0 mm each are observed
when light of wavelength 5000A is used. Keeping the
set up unaltered, if the source is replaced by another
source of wavelength 6000 A, the fringe width will be
(A)O5mm (B)L.0mm

(©12mm (D) 1L.5mm

Two parallel dlits 0.6 mm apart areilluminated by light
source of wavelength 6000A. The distance between two
consecutive dark fringeson ascreen 1 m away from the
ditsis

(A)1mm (B)0.01mm

(©0.1m (D)10m

Young’s double slit experiment is performed with light
of wavelength 550 nm. The separation between the dits
is1.10 mmand screenisplaced at distance of 1 m. What
is the distance between the consecutive bright or dark

fringes
(A)1.5mm (B)L.0mm
(©)05mm (D) None of these

InaYoung’s double slit experiment, the slit separation is
1mm and the screen is 1 m from the slit. For a
monochromatic light of wavelength 500 nm, the distance
of 3rd minima from the central maxima is —

(A)050mm (B)1L.25mm

(©)1.50mm (D) 1.75mm

The light of wavelength 6328 A isincident on adlit of
width 0.2 mm perpendicularly, the angular width of central
maximawill be
(A)0.36°
(©0.72°

(B)0.18°
(D) 0.09°

—
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Q.50 When wave of wavelength 0.2 cm is made incident Q.57 In a Young's double-slit experiment, the central bright

Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

normally on adlit of width 0.004m, then the semi-angular
width of central maximum of diffraction patternwill be-

(A) 60° (B)30°

(©)or (D)0

A screenisplaced 2m away from the single narrow dlit.
Caculatethedit widthif the first minimumlies5mmon
either side of the central maximum. Incident planewaves

have awavelength of 5000A.
(A)2x10*m (B)2x103cm
(C)2x10*m (D) None

Inyoung’s double slit experiment, 12 fringes are observed
to be formed in a certain segment of the screen when
light of wavelength 600 nmisused. If the wavelength of
light is changed to 400 nm, number of fringes observed
in the same segment of the screen is given by

(A)12 (B)18

©24 (D)30

A beam of light of wavelength 600nm from a distant
sourcefalsonasingledit 1.00mmwide and theresulting
diffraction pattern is observed on a screen 2m away.
The width of the central max. is —

(A)1.2cm. (B) L.2mm.

(©)24cm. (D) 24mm.

Two plane mirrorsA and B are aligned parallel to each
other, asshown inthefigure. A light ray isincident at an
angle 30° at apoint just inside one end of A. The plane
of incidence coincides with the plane of thefigure. The
maximum number of timesthe ray undergoesreflections
(including thefirst one) before it emergesout is

- oAm |
B
A
0.2m 3(° Eo}/
A\ 4 A
(A)28 (B)30
©3R (D)34

InaYoung’s double slit interference pattern, the intensity
o ‘ o When one dlit width is

reduced to one fourth the intensity at P will be

(A) 1,2 (B)1 /4

(©) (9/16) 1, (D) @A 1,

Interference fringes are obtained in Young’s double-slit

experiment on a screen. Which of the following

statements will be incorrect about the effect of

introducing athin transparent platein the path of one of

the two interfering beams.

(A) The separation between fringes remain unaffected.

(B) The entire fringe system shifts towards the side on
which plateis placed

(© Theconditionsfor maximaand minimaarereversed
i.e., maximafor odd multiple of A/2 and minimafor
even multiple of A/2.

(D) Shape of the fringe also remains unaffected.

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

fringe can beidentified

(A) as it has greater intensity than the other bright
fringes.

(B) asit iswider than the other bright fringes.

(C) asit is narrower than the other bright fringes.

(D) by using whitelight instead of monochromatic light.

A ray of light incident at an angle 6 on arefracting face

of aprism emerges from the other face normally. If the

angleof theprismis5° and the prismismade of amaterial

of refractiveindex 1.5, theangle of incidenceis

(A)75° (B)5°

(©)15° (D)25°

Consider sunlight incident on aslit of width 10* A. The

image seen through the dlit shall

(A) beafinesharp dlit white in colour at the center.

(B) a bright dlit white at the center diffusing to zero
intensities at the edges.

(C) abright slit white at the center diffusing to regions
of different colours.

(D) only be adiffused dlit whitein colour.

Which one of the following phenomenaisnot explained

by Huygens construction of wavefront?

(A) Refraction (B) Reflection

(C) Diffraction (D) Originof spectra

Thedirection of ray of light incident onaconcave mirror

isshown by PQ while directionsin which the ray would

travel after reflectionisshown by four raysmarked 1, 2,

3and4 (Fig). Which of thefour rays correctly showsthe

direction of reflected ray?

(A) 1
©)3

(B)2

(D)4

When the angle of incidence is 60° on the surface of a
glassslab, itisfound that thereflected ray iscompletely
polarized. Velocity of lightin glassis

(A) V2x108m/s (B) v/3x10®8m/s
(C)2x108m/s (D)3x 108 m/s

There are certain material developed in laboratories
which have a negative refractive index (Fig.). A ray
incident fromair (medium 1) into suchamedium (medium
2) shall follow a path given by —

i : 1
(A) mﬁm ]

iir 1
© ///)75///5

1

(m///;%%ﬁLLé

b 1
O) 77777777
2

—
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Q.64 The sky would appear red instead of blue, if - Q.68 Alight of wavelength 6000A iscoming fromastar. What

Q.65

Q.66

Q.67

(A) atmospheric particles scatter blue light more than
red light.

(B) atmospheric particles scatter all colours equally.

(©) atmospheric particlesscatter red light morethanthe
bluelight.

(D) the sun was much hotter.

Unpolarised light is incident on a plane glass surface.

What should be the angle of incidence so that the

reflected and refracted rays are perpendicular to each

other?[u for glass=1.5]

(A) 60° (B)90°

(&) 0x (D)57°

If the ratio of amount of scattering of two light wavesis

1: 4, thentheratio of their wavelengths

(A) V2:1 (B)2:1

(©)3:1 (D) 2J2:1

An object approaches aconvergent lensfrom the | eft of

the lens with a uniform speed 5 m/s and stops at the

focus. Theimage

(A) moves away from the lens with an uniform speed
5m/s.

(B) moves away from the lens with an uniform
acceleration.

(©) moves away from the lens with a non-uniform
acceleration.

(D) moves towards the lens with a non-uniform
acceleration.

Q.69

isthe limit of resolution of atelescope whose objective

lenshas adiameter of 100 inch?

(A)4.2x 105 rad (B)2.9%10 " rad

(C)1.5%x10*rad (D)4.0x 107 rad

In a Young’s double slit experiment, the source is white

light. One of the holes is covered by a red filter and

another by abluefilter. In this case

(A) there shall be alternate interference patterns of red
and blue.

(B) thereshall beaninterference patternfor red distinct
fromthat for blue.

(© thereshall be no interference fringes.

(D) thereshall be aninterference pattern for red mixing
with onefor blue.

Q.70 Which one of the following spherical lenses does not

exhibit dispersion? Theradii of curvature of the surfaces
of thelenses are as given in the diagrams :

(A) RI<IR2 (B) R ( ©
(¢ e}
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EXERCISE - 3(NUMERICAL VALUE BASED QUESTIONYS)

PART -A: RAY OPTICS

NOTE : Theanswer toeach questionisaNUM ERICAL VAL UE.

Q.1

Q.2

Q.3

The refracting angle of the prism is 60°. What is the
angle (in degree) of incidence for minimum deviation ?

Therefractiveindex of materia of prismis /2.

A planemirror of circular shapewithradiusr =20cmis
fixed to the ceiling. A bulb isto be placed on the axis of
themirror. A circular areaof radiusR =1 monthefloor is
to beilluminated after reflection of light fromthe mirror.
The height of the room is 3 m. What is the maximum
distance(in cm.) from the centre of the mirror and the
bulb so that the required areaisilluminated ?

Figurel given below showsaglassvessd, partialy filled
with water. A narrow beam of light isincident vertically
downinto the water and passes straight through. Figure
Il shows the vessel glass tilted until the angle 6, such
that the light is refracted along the lower surface of the
glass. If refractiveindices of air, water and glassare 1, 4/

3
3and 1.5respectively andsin6 = N thenfind thevalue
of A.

Air

WeateF-----
VVaLer

Glass

Q.4

Q5

; <

Figure-l
Showninthe figure hereisaequi-convex lensplaced in
liquid medium. Thelenshasfocal length +20cm. whenin
air, and itsmaterial hasrefractiveindex 1.50. If theliquid
has refractive index 1.60. Find the value of focal length
(incm.) of thelensinliquid.

Figure-I1

A light ray parallel to the x-axis strikesthe outer reflect-
ing surface of asphere at apoint (2, 2, 0). Itscentreisat
the point (0, 0, —1). The unit vector along the direction of

yz

X2

the reflected ray is xi +yj + zk . Find the value of

Q.6

Q7
QS8

Q9

Q.10

Q.u

Q.12

A parallel beam of light fallsnormally on thefirst face of
a prism of small angle. At the second face it is partly
transmitted and partly reflected, the reflected beam
striking at the first face again and emerging fromitina
direction making an angle 6° 30’ with the reversed
direction of the incident beam. The refracted beam is
found to have undergone a deviation of 1°15’ from the
original direction. Therefractiveindex of theglassis 13/
A. Find the value of A.

In the above question, find the angle of the prism (in
degree)

Five spheres are lined up in front of a plane mirror as
shown. Number on the sphere of which the observer
will be ableto see the reflection.

® @
© 600

Mirror

Observer

A plane mirror is placed 25cm. away from a concave
spherical mirror perpendicularly to the principal axis of
the concave mirror. What should be the distance (incm)
infront of concave mirror, where we place acandleif its
images formed by the two mirror independently are at
the same distances from the candle ? The radius of the
concave mirror is 40 cm. (Consider images formed by
singlereflection only.)

A point object is placed at the centre of curvature of a
concave mirror (taken as origin). A plane mirror isalso
placed at adistance of 10cm. from the object as shown.
Consider two reflection first at plane mirror and then at

, X i
concave mirror (Xq, Yo). Find =20 the coordinates of
Yy

0

—}
|

A large glass slab (i = 5/3) of thickness 8 cmis placed
over apoint source of light on aplane surface. Itisseen
that light emerges out of the top surface of the dlab from
acircular areaof radius R cm. What isthevalue of R ?
Image of an object approaching a convex mirror of ra-
diusof curvature 20 malong itsoptical axisisobserved
to movefrom 25/3mto 50/7min 30 seconds. What isthe
speed of the object in km per hour ?

the image thus formed.

20cm.

—
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Q.13 Consider aconcave mirror and aconvex lens (refractive PART -B: WAVE OPTICS

Q.14

Q.15

index = 1.5) of focal length 10 cm each, separated by a
distanceof 50 cminair (refractiveindex = 1) asshownin
the figure. An object is placed at a distance of 15 cm
from the mirror. Its erect image formed by this
combination has magnification M,. When the set-up is
kept inamedium of refractiveindex 7/6, the magnification
becomes M. The magnitude | M,/M |.

A
v

A
y

50cm

A monochromatic beam of light isincident at 60° on one
face of an equilateral prism of refractive index n and
emerges from the opposite face making an angle (n) with

J3 thevaueof O is

do
60° and E= m . The value of mis -

A monochromatic light is travelling in a medium of
refractiveindex n = 1.6. It enters astack of glasslayers
fromthe bottom side at an angle 6 = 30°. Theinterfaces
of the glass layers are parallel to each other. The
refractive indices of different glass layers are
monotonically decreasing asn,, = n—m An, where n,,
istherefractive index of the mth slab and An=0.1 (see
the figure). The ray is refracted out paralel to the
interface between the (m — 1) and mth slabs from the
right side of the stack. What is the value of m?

rm n—mAn !
'm-1 n-(m-1)An__—" o
l—-------;—’-’ ------------ -
== . e
- Y ———————— == -
X / X
A n—3An'!
2, / n—2An,
1A n—An
n

Q1

Q.2

Q.3

Q4

Q5

Q.6

In a YDSE two thin transparent sheets are usedin
front of thedlitsS; and S, . py =1.6 and u, = 1.4. If both
sheets have thickness 't' , the central maximum is
observed at a distance of 5 mm from centre O. Now the
sheets are replaced by two sheets of same material of

oo Mg + Ho ; .
refractive index > but having thickness t; and
+t
t,suchthat t' = 12

2

Now central maximum is observed at distance of 8 mm
from centre O on the same side as before. Find the
thicknesst; (inum). [ Given d=1mm, D=1m]

(ot >, t)
S, P
d
[/ (0]
5 (Mot —> i, 1)
D

Visiblelight of variable wavelengthisincident normally
on athin sheet of plasticin air. Thereflected light hasa
minimaonly for A =512 nmand A =640 nminthevisible
spectrum. What isthe minimum thickness (in um) of the
film(u=128)

Two coherent sources S; and

S, are emitting light of S

wavelength 5000A are placed

at 0.1mmapart, [
as shown in thefigure. d
A detector is moved along a
line perpendicular to S; S, and J
passing through S;. Find the
distance (in cm.) of farthest
maximafroms,.

In Young’s double slit experiment, the introduction of a
thin transparent film reduces the intensity at centre of
screen by 75%. Then p =refractiveindex of film=x/y if
A =t wheret = thickness of film and A = wavelength of
light. Find the value of x+y.

In a standard Young’s double slit setup, we get 60 fringes
on a section of screen with monochromatic light of
wavelength 4000 A. If we use monochromatic light of
wavelength 6000 A, then the number of fringesthat would
be obtained in the same section is —

M, and M, are plane mirrors
and kept parallel to each other.
At point O therewill bea 1

maxima for wavelength. X o
Light from monochromatic Y

source Sof wavelength A isnot

P
Sle——D—»

A
-~
M2 5
2

reaching directly on the screen if A is % then find

thevalueof X.[D >>d,d>> 1]

[¢
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Q.7

Q.8

Figure shows two coherent sources S; - S, vibrating in
same phase. AB isanirregular wirelying at afar distance

*_10%,
d

2 BOA =0.12°. How many bright spots will be seen
onthewire, including pointsA and B.

from the sources S; and S,. Let

A
I S]_ ------------
e I
d <l
__J,_-.-.?.I ---------------------------
S7 B

AYoung'sdoubledlitinterference arrangement with dits
S, and S, isimmersedinwater (refractiveindex = 4/3) as
shown in the figure.

g
il
d

S

Q.9

Q.10

The positions of maxima on the surface of water are
given by x2 =p?m?2)2 — d2, where ). isthe wavelength of
light in air (refractive index = 1), 2d is the separation
between the slits and m is an integer. The value of p is —

A parallel monochromatic beam of light is incident
normally onanarrow dlit. A diffraction patternisformed
on a screen placed perpendicular to the direction of the
incident beam. At the first minimum of the diffraction
pattern, the phase difference between the rays coming
from the two edges of the dlitis (X =). Find the value of
X.

Two beams of light having intensities| and 4l interfere
to produce a fringe pattern on a screen. The phase
difference between the beamsis n/2 at point A and & at
point B. Then the difference between resultant intensities
at A and B is(X) I. Find thevalue of x.

[¢
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STUDY MATERIAL : PHYSCS

EXERCISE -4[PREVIOUSYEARSJEE MAIN QUESTIONS]

Q.1

Q.2

Q.3

Q.4

Q5

Q.6

Q7

Q.8

Q9

Q.10

PART -A: RAY OPTICS
Two plane mirrorsareinclined at 60° to each other. The
[AlEEE-2002]

(A)5 B)6

©s8 (D) None

Which of the following is used in optical fibres —
[AIEEE-2002]

(A) Tota internal relection  (B) Scattering

(C) Difraction (D) Refraction

An astronomical telescope has a large aperture to —

(A) Reduce spherical aberration [AIEEE-2002]

(B) Have high resolution

(C) Increase span of observation

(D) Havelow dispersion

Wavelength of light used in an optical instument are

A1 =4000A and ., = 50004, thenratio of their respective

resolving powers (corresponding to A1 and A,) is—

(A)16:25 (B)9:1 [AIEEE-2002]
(©4:5 (D)5:4

The image formed by an objective of a compound
microscope is — [AIEEE-2003]
(A) Real and diminished (B) Real and enlarged

(C) Virtual and enlarged (D) Virtual and diminished

To get three images of a single object, one should have

two plane mirrors at an angle of — [AIEEE-2003]
(A)90° (B)120°
Q30 (D) 60°

A light ray isincident perpendicularly to one face of a
90° prism and istotally internally reflected at the glass-
air interface. If theangle of reflexionis45°, we conclud

that the refractive index n — [AIEEE-2004]
1 4
(A)n<ﬁ(3)n>ﬁ u 1
m| 45:3\?\

1
©n> 75 O)n<y2 -

A plano convex lensof refractiveindex 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]

(A)20cm (B)30cm

(©)60cm (D)80cm

A fish looking up through the water sees the outside

world contained in a circular horizon. If the refractive

index of water is 4/3 and the fish is 12 cm below the

surface, theradiusof thiscircleincmis  [AIEEE-2005]

(A) 36\7 (B) 3617

(©)36\5 (D)4\5

Two point white dots are 1 mm apart on a black paper.

They are viewed by eye of pupil diameter 3 mm.

Q.1

Q.12

Approximately, what isthe maximum distance at which
these dots can be resolved by the eye ?

[Takewavelengthof light =500nm]  [AIEEE-2005]
(A)5m (B)1m
€ 6m (D)3m

The refractive index of glassis 1.520 for red light and
1.525for bluelight. Let D, and D, beanglesof minimum
deviationfor red and bluelight respectively inaprism of
this glass. Then — [AIEEE 2006]
(A) D, can be less than or greater than D,, depending
upon the angle of prism.
(8)D,>D, (C)D, <D, (D)D,=D,
Two lenses of power -15D and +5D are in contact with
each other. The focal length of the combinationis
(A)-20cm (B)-10cm [AIEEE 2007]
(©)+20cm (D) +10cm

Q.13 A student measuresthefocal length of aconvex lens by

putting an object pin at a distance ‘u” from the lens and
measuring the distance ‘v’ of the image pin. The graph
between ‘u” and ‘v’ plotted by the student should look

like [AIEEE 2008]
v(cm) \ veem

(A) Ol u(cm) (B) e) —u(cm)
v(cm) v(cm)

© ol u(cm) (D) Ol u(cm)

Q.14 Anexperiment is performed to find the refractive index

of glassusing atravelling microscope. In thisexperiment
distances are measured by - [AIEEE-2008]
(A) astandard laboratory scale

(B) ameter scale provided on the microscope

(C) ascrew gauge provided on the microscope

(D) avernier scale provided on the microscope

Q.15 A transparent solid cylindrical rod hasarefractiveindex

of 2/~/3. Itissurrounded by air. A light ray isincident
at the midpoint of one end of the rod as shown in the

figure.
9

Theincident angle 6 for which thelight ray grazesalong

thewall of therodis- [AIEEE-2009]
(1 . _1(3)
(A) sn 1(3] (8) sin 1(%

©) sint [%} (D) sin* [%}

—
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Directions: Q.16 — 18 are based on the following paragraph.

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Aninitially parallel cylindrical beam travelsinamedium
of refractiveindex () = ug + p, |, where ugand u, are
positive constantsand | istheintensity of the light beam.
Theintensity of the beam is decreasing with increasing
radius.

As the beam enters the medium, it will —
(A) diverge

(B) converge

(C) diverge near the axisand converge near the periphery
(D) travel asacylindrical beam

The initial shape of the wave front of the beam is —

[AIEEE 2010]

(A) convex [AIEEE 2010]
(B) concave

(C) convex near the axis and concave near the periphery
(D) planar

The speed of light in the medium is —
(A) minimum on the axis of the beam
(B) the same everywhere in the beam
(C) directly proportional to theintensity |

(D) maximum on the axis of the beam

Acar is fitted with a convex side view mirror of foca
length 20 cm. A second car 2.8 m behind thefirst car is
overtaking thefirst car at arelative speed of 15m/s. The
speed of the image of the second car as seen in the

[AIEEE 2010]

mirror of the first one is — [AIEEE 2011]
A) = v B) =
(A) 7oM's (B) 7gm's
(C)10m/s (D) 15m/s

Let the x - z plane be the boundary between two
trangparent media. Medium 1inz> O hasrefractiveindex
of \/2 and medium 2 with z < 0 hasarefractiveindex of
J3 . Aray of light in medium 1 given by the vector
A =6131+8J3]-10k in incident on the plane of
separation. Theangle of refractioninmedium2is
(A)30° (B)45°  [AIEEE 2011]
(©)60° (D) 75°
Anobject 2.4 minfront of alensformsasharpimageon
afilm 12 cmbehind the lens. A glassplate 1 cmthick, of
refractiveindex 1.50 isinterposed between lensand film
with its plane faces parallel to film. At what distance
(fromlens) should object shifted to bein sharp focuson
film?
(A)7.2m (B)24m
(©32m (D)5.6m
Diameter of aplano-convex lensis6cmand thickness at
the centre is 3mm. If speed of light in material of lensis
2 x 108 m/s, the focal length of the lens is —
[JEEMAIN 2013]
(B)20cm
(D)10cm

[AIEEE 2012]

(A)15cm
(©)30cm

Q.23

Q.24

Q.25

Q.26

The graph between angle of deviation (8) and angle of
incidence (i) for a triangular prismis represented by —
[JEEMAIN 2013]

A)T (B)T m
ST‘ U | V
) (D)

A thin convex lens made from crown glass ([ = 3/2) has
focal lengthf. Whenitismeasured intwo different liquids
having refractive indices 4/3 and 5/3, it has the focal
lengths f, and f, respectively. The correct relation
between the focal lengths is — [JEEMAIN 2014]
(A) f, > f and f; becomes negative

(B) f, and f,, both become negative

(O f =f,<f

(D) f; > f and f,, becomes negative

A green light isincident from the water to the air-water

interface at the critical angle (6). Select the correct

statement [JEEMAIN 2014]

(A) The spectrum of visible light whose frequency is
more than that of green light will come out tothe air
medium.

(B) Theentire spectrumof visiblelight will come out of
the water at various angles to the normal.

(© Theentire spectrumof visiblelight will come out of
the water at an angle of 90° to the normal.

(D) The spectrum of visible light whose frequency is
less than that of green light will come out to the air
medium.

Monochromatic light isincident on aglass prismof angle

A. If therefractiveindex of thematerid of the prismisp, a

ray, incident at an angle 6, on the face AB would get

transmitted through the face AC of the prism provided.
[JEE MAIN 2015]

(A) 9<Sin_1|:“sin{A_Sin—1(ﬁ}}i| X
(B) 6> cos” {ugnLAJrsm 1[1}1‘
u
{ A \}
© 6<cos },lSH']LA-i—SH’] )

1[ 1))

)

D) 6 >sin‘{psin{A—sin‘
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Q.27 Anobserver looksat adistant tree of height 10 mwith a (B) 20 cm from the convergent mirror, same size asthe
telescope of magnifying power of 20. To the observer object.
the tree appears. [JEEMAIN 2016] (© 20cm fromthe convergent mirror, twice the size of
(A) 10timesnearer (B) 20timestaller the object.
(C) 20timesnearer (D) 10timestaller. (D) 40 cmfromthe convergent lens, twicethesize of the
Q.28 Inanexperiment for determination of refractiveindex of object.
glass of a prism by i — 3, plot, it was found that aray Q.33 A convex lens (of focal length 20 cm) and a concave
incident at angle 35°, suffersadeviation of 40° and that mirror, having their principal axesalong the samelines,
it emergesat angle 79°. Inthat casewhich of thefollowing are kept 80 cm apart from each other. The concave mirror
isclosest to the maximum possibl e val ue of therefractive isto theright of the convex lens. When an object iskept
index? [JEE MAIN 2016] at adistance of 30 cm to the left of the convex lens, its
(A) 1.6 (B) 17 image remains at the same position even if the concave
(©18 (D)15 mirror isremoved. The maximum distance of the object
Q.29 A diverging lenswith magnitude of focal length25cmis for which thisconcave mirror, by itself would produce a
placed at a distance of 15 cm from a converging lens of virtual imagewouldbe:  [JEE MAIN 2019 (APRIL)]
magnitude of focal length 20 cm. A beam of parallel light (A)20cm (B)10cm
fallsonthediverging lens. Thefinal imageformedis: (©)25cm (D)30cm
(A) Virtual and at adistance of 40 cm from convergent Q.34 Magnification of compound microscopeis 375. Length
lens. [JEEMAIN 2017] of tube is 150mm. Given that focal length of objective
(B) Redl & at adistance of 40 cm fromthedivergent lens. lensis 5mm, then value of focal length of eyepieceis:
(C) Real & at adistance of 6 cm from the convergent [JEEMAIN 2020 (JAN)]
lens. (A)2mm (B)22mm
(D) Real & at adistance of 40 cm from convergent lens. (©12mm (D)33mm
Q.30 Consider atank made of glass(refractiveindex 1.5) with Q.35 Focal length of convex lensinairis16 cm (uglass= 15).
athick bottom. Itisfilled with aliquid of refractiveindex Now the lensis submerged in liquid of refractive index
M. A student finds that, irrespective of what the incident 1.42. Find the ratio of focal length in medium to focal
anglei (seefigure) is for a beam of light entering the length in air has closest value
liquid, the light reflected from the liquid glass interface [JEEMAIN 2020 (JAN)]
is never completely polarized. For this to happen, the (A)9 B)17
minimumvalueof pis: [JEE MAIN 2019(JAN)] ©1 (D)5
Q.36 The magnifying power of atelescope with tube 60cmis
5. What isthe focal length of its eye piece?
[JEE MAIN 2020 (JAN)]
(A)30cm (B)40cm
(©)20cm (D)10cm
Q.37 Thecritical angleof amedium for aspecific wavelength,
(A) 3/5 (B) 5/4/3 if the medium has relative permittivity 3 and relative
©) 573 (D) 4/3 permeability 4/3 for thiswavelength, will be:
. . . [JEE MAIN 2020 (JAN)]
Q.31 A convex lensis put 10 cm from a light source and it (A) 60° (B) 15°
makes a sharp image on a screen, kept 10 cm from the (C) 45° (D) 30°
'e'.“s- Now.aglass bI.OCk (refracuye ' nde>f 1.5)0f 1.5¢cm Q.38 A pointobjectinairisinfront of the curved surface of a
thickness is plgced n corjtact with the I!ght Source. To plano-convex lens. Theradius of curvature of the curved
gfet the sharp image agan, the screen is shifted by a surface is 30 cm and the refractive index of the lens
distance d. Thend is: [JEEMAIN 2019(JAN)] material is 1.5, thenthefocal length of thelens(incm) is
(A) 0.55cmaway fromthelens i [JEE MAIN 2020 (JAN)]
(B) 1.1cmaway fromthelens Q.39 A vessd of depth 2hishalf filledwith aliquid of refractive
(C) 0.55cmtowardsthelens
(D)0 index 2/2 and the upper half with another liquid of
Q.32 An upright object is placed at a distance of 40 cm in

front of a convergent lens of focal length 20 cm. A
convergent mirror of focal length 10 cmis placed at a
distance of 60 cm on the other side of the lens. The
position and size of thefinal image will be:
[JEEMAIN2019(APRIL)]
(A) 40 cm from the convergent lens, same size as the
object.
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refractive index /2. The liquids are immiscible. The
apparent depth of the inner surface of the bottom of

vessel will be: [JEEMAIN 2020 (JAN)]
h 3 h h
AWpE B2 O35 055
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Q1

Q.2

Q3

Q4

Q.5

Q.6

Q.7

Q.8

Q9

PART -B: WAVE OPTICS

To demonstrate the phenomenon of interference, we
require two sources which emit radiation —-[Al EEE-2003]
(A) of the same frequency
(B) of different wavelengths
(C) of the same frequency and having a definite phase

relationship.
(D) of nearly the same frequency
The maximum number of possible interference maxima
for dlit-separation equal to twice the wavelength in

Young’s double-slit experiment is — [AIEEE-2004]
(A) Infinite (B) Five
(C) Three (D) Zero

Theangleof incidence at which reflected light in totally
polarized for reflection from air to glass(refractiveindex

n), is— [AIEEE-2004]
(A) sinL (n) ®) sinL (1n)
(C) tan1 (1n) (D) tan™! (n)

When an unpolarized light of intensity |, isincident on
apolarizing sheet, the intensity of the light which does

not get transmitted is - [AIEEE-2005]
1 1

(A) E |o (B) Z |o

Q0 D)1y

If 15 istheintensity of the principle maximuminthesingle
dlit diffraction pattern, then what will be its intensity

when the lit width is doubled ? [Al EEE-2005]
(A)2l, (B)4l,
©1, (D) 142

A Young'sdouble slit experiment usesamonochromatic
source. The shape of the interference fringes formed on

ascreen is- [AIEEE-2005]
(A) hyperbola (B) circle
(C) straight line (D) parabola

In a Young’s double slit experiment the intensity at a
point where the path-difference is A/6 (A being the
wavelength of the light used) is I. If 1, denotes the

maximum intensity, 1/l jisequal to - [AIEEE-2007]
1 J3

O ®) -

©12 (D) 3/4

A mixture of light, consi sting of wavelength 590 nm and
an unknown wavelength, illuminates Young’s double
slit and gives rise to two overlapping interference
patterns on the screen. The central maximum of both
lights coincide. Further, it is observed that the third
bright fringe of known light coincideswith the 41 bright
fringe of the unknown light. From this data, the

wavelength of the unknown light is — [AIEEE-2009]
(A)393.4nm (B) 885.0nm
(©)4425nm (D) 776.8nm

A thinair filmisformed by putting the convex surface of
a plane-convex lens over a plane glass plate.With
monochromatic light, this film gives an interference
pattern due to light reflected from the top (convex)
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Q.10

Q.1

Q.12

Q.13

Q.14

surface and the bottom (glass plate) surface of the film.

Satement-1: Whenlight reflectsfromthe air-glassplate

interface, the reflected wave suffers a phase change of

. [AIEEE 2011]

Satement-2 : The centre of the interference patternis

dark.

(A) Statement-1 istrue, statement-2 isfalse.

(B) Statement-1istrue, Statement-2 istrue, Statement-2
isthe correct explanation of Statement-1.

(C) Statement-1 istrue, Statement-2 istrue, Statement-2
isnot the correct explanation of Statement-1.

(D) Statement-1 isfalse, Statement-2 istrue.

In Young’s double slit experiment, one of the slit is wider

than other, so that amplitude of thelight from one dlitis

double of that from other dlit. If I, be the maximum

intensity, the resultant intensity | when they interfere at

phasedifference ¢ isgivenby : [AIEEE-2012]
[ Lm[ E)

(A) ~g (4+5cos¢) (B) 5| 1+2008° 7
Lm[ Q] '_m[ zi]

(© - 1+ 4cos? > (D) 9 1+8cos >

Abeam of unpolarised light of intensity I is passed

through a polaroidAand then through another polaroid

B whichis oriented so that its principal plane makesan

angle of 45° relative to that of A. The intensity of the

emergent light is — [JEEMAIN 2013]

(A) Iy (B) 142

Q) ly4 (D)1/8

Two coherent point sources S; and S, are separated by

a small distance 'd' as shown. The fringes obtained on

the screen will be — [JEEMAIN 2013]

ne A

,S”"W

Screen

(A) points (B) straight lines

(C) semi-circles (D) concentriccircles
Two beams, A and B, of plane polarized light with
mutually perpendicular planes of polarization are seen
through a polaroid. From the position when the beam A
has maximum intensity (and beam B has zero intensity),
arotation of Polaroid through 30° makesthe two beams
appear equally bright. If theinitial intensities of the two
beamsarel, and | 5 respectively, then | /15 equals:
(A1 (B)1/3 [JEEMAIN 2014]
©3 (D)32

Assuming human pupil to have aradius of 0.25 cmand
acomfortable viewing distance of 25 cm, the minimum
separation between two objects that human eye can
resolveat 500 nmwavelengthis  [JEE M AIN 2015]
(A)30um (B) 100pum

(©) 300pm (D) 1pm
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Q.15 On a hot summer night, the refractive index of air is (A)320 (B) 641
smallest near the ground and increases with height form ©321 (D)640

Q.16

Q.17

Q.18

Q.19

Q.20

the ground. When alight beam is directed horizontally,

the Huygen's principle leads us to conclude that as it

travels, the light beam [JEEMAIN 2016]

(A) Goes horizontally without any deflection

(B) Bends downwards

(C) Bends upwards

(D) Becomes narrower

The box of apin hole camera, of length L, has ahole of

radius a, It is assumed that when the holeisilluminated

by aparallel beam of light of wavelength A the spread of

the spot (obtained on the oppositewall of the camera) is

the sum of its geometrical spread and the spread due to

diffraction. The spot would then have its minimum size
min) When — [JEE MAIN 2016]

0.2
(A) a:\/ﬂand bmin :T

(B) a=+/AL and b, = /4L

2
© a= }LT and b, = V4AL
(D) None of these
In a Young’s double slit experiment, slits are separated
by 0.5 mm, and the screenis placed 150 cm away. A beam
of light consisting of two wavelengths, 650 nm and
520nm, is used to obtain interference fringes on the
screen. The least distance from the common central
maximum to the point where the bright fringes due to
boththewavelengthscoincideis: [JEE MAIN 2017]
(A)7.8mm (B)9.75mm
(©)15.6mm (D) 1.56mm
Unpolarized light of intensity | passes through an ideal
polarizer A. Another identical polarizer B isplaced behind
A. Theintensity of light beyond B isfoundto bel / 2.
Now another identical polarizer Cis placed between A
and B. Theintensity beyond B isnow found to be |l / 8.
The angle between polarizer Aand CigJEE MAIN 2018]
(A)45° (B)60°
(&) 0x (D) 30°
Theangular width of the central maximuminasingledit
diffraction pattern is 60°. The width of the dlit is 1um.
Thedlitisilluminated by monochromatic planewaves. If
another slit of same width is made near it, Young’s fringes
can be observed on a screen placed at a distance 50 cm
fromthedlits. If the observed fringewidth is 1 cm, what
is dit separation distance? (i.e., distance between the
centres of each dlit.) [JEEMAIN 2018]
(A) 75um (B) 100um
(©)25um (D) 50 um
InaYoung's double dlit experiment, the dits are placed
0.320mmapart. Light of wavelength A =500 nmisincident
on the dlits. The total number of bright fringes that are
observed in the angular range -30° <0 < 30°is:
[JEEMAIN 2019(JAN)]
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Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Calculatethelimit of resolution of atelescope objective
having a diameter of 200 cm, if it has to detect light of
wavel ength 500 nm coming from astar :
[JEEMAIN2019(APRIL)]
(A) 305 x 1079 radian (B) 152.5x 109 radian
(C) 610 x 109 radian (D) 457.5 % 10 9 radian
In a Young's doubble dlit experiment, the ratio of the
dit'swidthis4: 1. Theratio of theintensity of maximato
minima, closeto the central fringe on the screen, will be
[JEEMAIN2019(APRIL)]

(A) (/3+D*:16 (8)9:1
©4:1 (D)25:9
Visiblelight of wavelength 6000 x 108 cmfallsnormally
on asingle dit and produces a diffraction pattern. It is
found that the second diffraction minimumisat 60° from
the central maximum. If thefirst minimum isproduced at
0,, then 6, iscloseto [JEE M AIN 2020 (JAN)]
(A)25° (B)20°
(©)30° (D) 45°
A polarizer - analyser set is adjusted such that the
intensity of light coming out of the analyser isjust 10%
of the original intensity. Assuming that the polarizer -
analyser set does not absorb any light, the angle by
which the analyser need to be rotated further to reduce
the output intensity to be zero, is

[JEE M AIN 2020 (JAN)]
(A)60° (B)184°
(C)45° (D)71.6°
In a Young's double dslit experiment, the separation
between the ditsis0.15 mm. In the experiment, asource
of light of wavelength 589 nmisused and theinterference
pattern is observed on a screen kept 1.5 m away. The
separation between the successive bright fringes on the

screen is: [JEEMAIN 2020 (JAN)]
(A)5.9mm (B)39mm
(©)19mm (D)2.3mm

In a double dit experiment, at a certain point on the
screen the path difference between the two interfering
wavesis (1/8)1" of awavelength. Theratio of theintensity
of light at that point to that at the centre of a bright

fringeis: [JEEMAIN 2020 (JAN)]
(A)0.568 (B)0.672
(©)0.760 (D)0.853

In a Young's double slit experiment 15 fringes are
observed on a small portion of the screen when light of
wavelength 500 nmisused. Ten fringesare observed on
the same section of the screen when another light source
of wavelength 2 isused. Then the value of A is(in nm)
[JEEMAIN 2020 (JAN)]
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EXERCISE -5[PREVIOUSYEARSAIPMT /NEET QUESTIONS
PART -A: RAY OPTICS Q.9 Alenshaving focal length f and aperture of diameter d
Q.1 Theangular resolution of a 10cm. diameter telescope at formsanimageof intensity |. Aperture of diameter d/2in
awavelength of 5000A is of the order of — [AIPM T 2005] central region of lensis covered by ablack paper. Focal
(A) 106 rad (B) 102 rad length _of lens and intensity of image now will be
(C) 107 rad (D) 106 rad respectively [AIPMT (PRE) 2010]
Q.2 A convex lens and a concave lens, each having same (A)f&1/4 (B)3f/4& 1/2
focal length of 25cm. are put in contact to form a ©f&3a - (D)fi2& 112
combination of lenses. The power in diopters of the Q10 Thespeedof lightinmediaM, and M, are 1.5x 10° /s
combination is — [AIPM T 2006] and 2.0 x 108 m/s r%pectlv_ely_.A ray of I|ght_ entersfrom
(A) 50 (B) infinite medium M, to M, at an incidence angle i. If the ray
(C) zero (D)25 sufferstotal internal reflection, thevalueof i is
Q.3 A microscopeisfocussed on amark on a piece of paper (A) Equal tosin(2/3) ) [AIPMT (MAINS) 2010]
and then aslab of glass of thickness 3cm and refractive (B) Equal to orlessthan sin™(3/5)
index 1.5 is placed over the mark. How should the (C) Equal toor greater than Si(3/4)
microscope be moved to get the mark in focus again — (D) Lessthan sin™(2/3) _ o
[AIPMT2006] Q-11 Arayoflightisincident ona60® prismat theminimum
(A) 4.5cm. downward (B) 1.cm. downward deviation position. The angle of refraction at the first
(C) 2cmupward (D) 1cm. upward face (i.e., incident face) of the prism is —
Q4 Thefrequency of alight wavein amaterial is2 x 1014 Hz [AIPMT (MAINS) 2010]
and wavelengthis5000A. Therefractiveindex of material (A) zero (B) 30°
will be - [AIPMT 2007] (C)45° - (Deo _
(A) 150 (B)3.00 Q.12 Which of the following is not due to total internal
(€133 (D) 1.40 reflection”? _ [AIPMT (PRE) 2011]
Q.5 A smal coinisresting on the bottom of a beaker filled (A) Brillianceof diamond
with liquid. A ray of light from the coin travels upto the (B) Working of optica fibre
surface of the liquid and moves along its surface. How (C) Difference between apparent and real depth of apond
fastis the light travelling in the liquid—  [AIPM T 2007] (D) Mirage on hot summer days _
Q.13 A biconvex lens hasaradius of curvature of magnitude
s — 20cm. Which one of the following options describe best
the image formed of an object of height 2 cm placed
4em 7 30cmfromthelens? [AIPMT (PRE) 2011]
(A) Redl, inverted, height =1 cm
(B) Virtual, upright, height=1cm
(C) Virtual, upright, height =0.5cm
(A) 2.4x 108 m/s (B)3.0x 108 nv's (D) Real, inverted, height =4 cm
(C)1.2x108nv's (D) 1.8x 108 m/s Q.14 A converging beam of rays is incident on a diverging
Q.6 Two thinlensesof focal lengthsf,; and f, arein contact lens. Having passed though the lens the rays intersect
and coaxial . Power of thecombinationis [AIPM T 2008] at apoint 15 cmfromthelensonthe oppositeside. If the
- . : ot lensisremoved the point where the raysmeetswill move
1T T 2 1+T12 5 em closer to the lens. The focal length of the lensis:
) fif2 ®) \/; © \/E ©® 2 [AIPMT (MAINS) 2011]
Q.7 A boy istrying to start a fire by focusing sunlight on a (A)-10cm (B)20cm
piece of paper using an equiconvex lens of focal length (C)-30cm (D)5cm _
10cm. The diameter of the sunis 1.39 x 10° m and its Q-15 A thin prism of angle 15° made of glass of refractive
mean distancefromthe earthis 1.5 x 1011 m. What isthe index p; = 1.5iscombined with another prism of glass of
diameter of the sun’s image on the paper ? [AIPM T 2008] refractiveindex p, = 1.75, the combination of the prism
(A)12.4x 104 m (B)9.2x 104 m produces dispersion without deviation . The angle of
(C)6.5x104m (D)6.5% 105 m the second prism should be:  [AIPMT (MAINS) 2011]
Q.8 A ray of light travelling in a transparent medium of (A7 (B) 10° ©2° D)5
refractive index p, falls on a surface separating the Q-16 Whenabiconvex lens of glass having refractive index
medium from air at an angle of incidence of 45°. For L47isdippedinaliquid, itactsasaplane sheet of glass.
which of the following value of i the ray can undergo Thisimpliesthat the liquid must have refractive index.
total internal reflection? [AIPMT (PRE) 2010] [AIPMT (PRE) 2012]
(A)p=1.33 (B) =140 (A) equal to that of glass  (B) lessthan one
(C)u=150 (D)u=125 (C) greater than that of glass (D) less than that of glass
e
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Q.17 Array of lightisincident at an angle of incidence, i, on Q.25 Theangleof aprismisA. One of itsrefracting surfaces

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

one face of prism of angle A (assumed to be small) and
emergesnormally fromthe oppositeface. If therefractive
index of the prismisp, theangleof incidencei, isnearly

equal to [AIPMT (PRE) 2012]
(A) LA (B)pA/2
(C) Al (D)A/2u

A concave mirror of focal lengthf, isplaced at adistance
of d from a convex lens of focal length f,. A beam of
light coming frominfinity and falling onthis convex lens-
concave mirror combination returns to infinity. The
distance d must equal : [AIPMT (PRE) 2012]
(A)fy+1, (B)—f,+f,

(O f, +2f, (D) -2f +f,

The magnifying power of atelescope is 9. When it is
adjusted for parallel rays the distance between the
objective and eyepiece is 20 cm. The focal length of

lenses are: [AIPMT (PRE) 2012]
(A)10cm,10cm (B)15cm,5¢cm
(©)18cm,2cm (D) 11cm,9cm

For the angle of minimum deviation of a prism to be
equal toitsrefracting angle, the prism must be made of a
material whoserefractiveindex : [AIPMT (MAINS) 2012]
(A) liesbetween 2 & 1 (B) liesbetween2& 2
(C)islessthan 1 (D) isgreater than 2
A rod of length 10 cm lies along the principal axis of a
concave mirror of focal length 10 cmin such away that
itsend closer to the pole is 20cm away from the mirror.
Thelength of theimageis  [AIPMT (MAINS) 2012
(A)10cm (B) 15¢cm
(©25cm (D)5cm
A plano convex lens fits exactly into a plano concave
lens. Their plane surfaces are parallel to each other. If
lensesare made of different materialsof refractiveindices
M, and , and Risthe radius of curvature of the curved
surface of thelenses, thenthefocal length of combination
[NEET 2013]

2R R R R
® (M2 — 1) ®)> (tr2) " 72 —pp) " (M —m2)
For anormal eye, the cornea of eye providesaconverging
power of 40 D and the least converging power of the eye
lens behind the corneaiis 20 D. Using this information,
the distance between the retina and the cornea-eye lens

can be estimated to be — [NEET 2013]
(A)15cm (B)5cm
(©)25cm (D)167cm

If the focal length of objective lens is increased then

magnifying power of — [AIPMT 2014]

(A) Microscope will increase but that of telescope
decrease.

(B) Microscope and telescope both will increase.

(©) Microscope and telescope both will decrease.

(D) Microscope will decrease but that of telescope will
increase.

Q.26

Q.27

Q.28

Q.29

Q.30

issilvered. Light raysfalling at an angle of incidence 2A
on the first surface returns back through the same path
after suffering reflection at the silvered surface. The
refractive index , of the prism is — [AIPMT 2014]
(A)2sinA (B) 2cosA

(C) (1/2) cosA (D) tanA

Therefracting angle of aprism'A’, and refractive index
of the material of the prismis cot (A/2). The angle of
minimumdeviationis: [AIPMT 2015]
(A)180°-2A (B)90°-A

(C)180°+2A (D) 180°-3A

Two identical thin plano-convex glasslenses (refractive
index x 1.5) each having radiusof curvature of 20cmare
placed with their convex surfacesin contact at the center.
Theintervening spaceisfilled with oil of refractiveindex
1.7. Thefoca length of the combinationis[AIPM T 2015]
(A)-25cm (B)-50cm

(©)50cm (D)-20cm

In an astronomical telescope in normal adjustment a
straight black line of length L is drawn on inside part of
objectivelens. The eye-piece formsareal image of this
line. The length of thisimageis|. The magnification of
the telescopeis: [RE-AIPMT 2015]

L L L L+1
w7 @7 ©O7 1O
A beam of light consisting of red, green and blue colours
isincident on aright angled prism. Therefractiveindex
of the material of the prism for the abovered, green and
blue wavelengths are 1.39, 1.44 and 1.47, respectively.

The prismwill - A [RE-AIPMT 2015]
Blue ———0

Green —————
Red ——

45°
B c

(A) separatethered colour part from the green and blue
colours.

(B) separatethe blue colour part fromthe red and green
colours.

(©) separate all the three colours from one another.

(D) not separate the three colours at all.

The angle of incidence for aray of light at arefracting

surface of aprismis45°. Theangleof prismis60°. If the

ray suffers minimum deviation through the prism, the

angle of minimum deviation and refractive index of the

material of the prism respectively, are

[NEET 2016 PHASE 1]

(B)30°; /2
(D)30°; 1/+/2

(A) 45°; 1/2
© 45°; 42

=
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Q.31 A astronomical telescope has objective and eyepiece of combination produces dispersion without deviation. The

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

focal length 40 cm and 4 cm respectively. To view an
object 200 cm away from the objective, the lenses must

be separated by adistance [NEET 2016 PHASE 1]
(A)37.3cm (B)46.0cm
(©)50.0cm (D)54.0cm

Match the corresponding entries of column-1 with

column-2. [Where m is the magnification produced by

themirror] [NEET 2016 PHASE 1]
Column-1 Column-2

(A) m==2 (a) Convex mirror

B) m=-1/2 (b) Concave mirror

(© m=+2 (c) Redl image

(D) m=+1/2 (d) Virtud image

(A)A—>bandc;B—bandc;C—>b&d;D—>a&d
B) A—aandc;B—aandd;C—a&b;D—>candd
© A—aandd;B—bandc;C—ob&d;D—>b&c
(D) A—»candd;B—>bandd;C—>b&c;D—>a&d
Two identical glass (U, = 3/2) equiconvex lensesof focal
length f each are kept In contact. The space between the
two lensesisfilled with water (= 4/3). Thefocal length

of the combinationis [NEET 2016 PHASE 2]
(A)f/3 (B)f
(C)4f/3 (D)3f/4

An air bubble in a glass dab with refractive index 1.5
(near normal incidence) is5 cm deep when viewed from
one surface and 3 cm deep when viewed from the
opposite face. The thickness (in cm) of the slab is —

[NEET 2016 PHASE 2]
(A)8 (B) 10
©12 (D) 16

A person can see clearly objects only when they lie
between 50 cm and 400 cm from his eyes. In order to
increase the maximum distance of distinct vision to
infinity, the type and power of the correcting lens, the
person hasto use, will be [NEET 2016 PHASE 2]
(A) Convex, +2.25 diopter

(B) Concave, —0.25 diopter

(C) Concave, —0.2 diopter

(D) Convex, +0.15 diopter

Theratio of resolving powers of an optical microscope
for two wavelengths 1., = 4000 A and ., = 6000 A is —
(A)9:4 (B)3:2  [NEET 2017]
(C)16:81 (D)8:27

A beam of light fromasource L isincident normally ona
plane mirror fixed at a certain distance x from the source.
The beam is reflected back as a spot on a scale placed
just above the source I. When the mirror is rotated
through asmall angle 6, the spot of the light isfound to
move through a distance y on the scale. The angle 6 is

given by [NEET 2017]
(A)y/x (B)x/2y
(©)xly (D)y/2x

A thin prism having refracting angle 10° ismade of glass
of refractive index 1.42. This prism is combined with
another thin prism of glass of refractiveindex 1.7. This

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

refracting angle of second prism should be[NEET 2017]
(A)6° (B)&°

(©)10° (D) &

An astronomical refracting telescope will have large
angular magnification and high angular resolution, when
it has an objective lens of [NEET 2018]
(A) Largefocal length and large diameter.

(B) Largefocal length and small diameter.

(C) Small focal length and large diameter.

(D) Small focal length and small diameter.

Therefractiveindex of the material of aprismis J2 and

the angle of the prism is 30°. One of the two refracting
surfaces of the prismismade amirror inwards, by silver
coating. A beam of monochromatic light entering the
prism from the other face will retrace its path (after
reflection from the silvered surface) if its angle of

incidence on the prismis [NEET 2018]
(A)30° (B)45°
(©e0° (D) Zero

Anobjectisplaced at adistance of 40 cm fromaconcave
mirror of focal length 15 cm. If the object is displaced
through a distance of 20 cm towards the mirror, the
displacement of theimagewill be [NEET 2018]
(A) 30 cmtowardsthe mirror

(B) 36 cmaway fromthemirror

(C) 30 cmaway fromthemirror

(D) 36 cmtowardsthe mirror

Two similar thin equi-convex lenses, of focal length f
each, are kept coaxially in contact with each other such
that the focal length of the combinationis F,. When the
space between the two lenses is filled with glycerine
(which hasthe same refractiveindex (1 = 1.5) asthat of
glass) then the equivalent focal length is F,. The ratio

Fy:Fywill be: [NEET 2019]

A)2:1 (B)1:2

©2:3 (D)3:4

Pick the wrong answer in the context with rainbow.
[NEET 2019]

(A) Whenthelight raysundergo two internal reflections
in awater drop, a secondary rainbow isformed.

(B) The order of colours is reversed in the secondary
rainbow.

(© An observer can see a rainbow when his front is
towards the sun.

(D) Rainbow isacombined effect of dispersonrefraction
and reflection of sunlight.

Intotal internal reflection whenthe angle of incidenceis

equal tothecritical anglefor the pair of mediain contact,

what will be angle of refraction? [NEET 2019]

(A) 180°

(B)0°

(C) Equal to angle of incidence

(D) 90°

=
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PART - B: WAVE OPT]I Q.8 Twoslits in Young’s experiment have widths in the ratio
Q.1 InYoung’s double slit experiment, the slits are 2mm apart 1:25. Theratio of intendity at the maximaand minimain
and are illuminated by photons of two wavelengths the interference pattern, (15 / Iyin) 1S
A, =12000A & 2,=10000A. At what minimum distance (A) 49 (B) 9/4[RE-AIPMT 2015]
from the common central bright fringe on the screen 2m ©) 12149 (D)49/121
from the slit will a bright fringe from one interference Q-9 Inadiffraction pattern dueto asingledlit of width a, the
pattern coincide with a bright fringe from the other ? first minimum is observed at an angle 30° when light of
(A)3mm (B)8mm  [NEET 2013] wavelength 5000 A is incident on the dlit. The first
(©6mm (D)4mm secondary maximum is observed at an angle of —
Q.2 A parallel beam of fast moving electrons is incident [NEET 2016 PHASE 1]
normally on anarrow slit. A fluorescent screenisplaced (A) sint (1/4) (B)sin (2/3)
at alargedistancefromthedlit. If the speed of the electrons (©)sint(1/2) (D) sin™t (3/4)
isincreased, which of the following statementsiscorrect Q.10 The intensity at the maximum in a Young's double slit
(A) The angular width of central maximum will be experiment is | . Distance between two dlitsisd = 54,
unaffected. [NEET 2013] where )\ isthewavel ength of light used in the experiment.
(B) Diffraction pattern is not observed on the screeniin What will be the intensity in front of one of the slitson
the case of electrons. the screen placed at a distance D=10d
(O) The angular width of the central maximum of the [NEET 2016 PHASE 1]
diffraction patternwill increase. (A) 1o (B) /4
(D) The angular width of the central maximum will © @41, (D) 1y/2
decrease. Q.11 Theinterference pattern is obtained with two coherent
Q.3 Abeamof light of A = 600 nm from adistant sourcefalls light sources of intensity ratio n. In the interference
on asingle dlit 1 mm wide and the resulting diffraction e — U min ..
pattern is observed on a screen 2m away. The distance T will be
between first dark fringes on either side of the central max = -min
bright fringeis [AIPMT 2014] [NEET 2016 PHASE 2]
(A)1.2cm (B)1.2mm
(©)24cm (D)24mm (A) ﬁ (B) 2/ (©) > (D) 2\/52
Q.4 Inthe Young's double-dlit experiment, the intensity of n+1 n+1 (n+1) (n+1)
lightisk at apoint onthescreenwherethepath difference Q-12 A linear aperture whose width is 0.02 cm is placed
isA. (1 beingthewavelength of light used). Theintensity immediately infront of alensof focal length 60 cm. The
at apoint where the path differenceis /4, will be - aperture is illuminated normally by a parallel beam of
(A) K (B)K/4 [AIPMT 2014] wavelength 5 x 10~° cm. The distance of the first dark
(C)K/2 (D) Zero band of the diffraction pattern from the centre of the
Q.5 Inadoubleslit experiment, the two slits are 1mm apart screen is [NEET 2016 PHASE 2]
and the screen is placed 1 m away. A monochromatic (A)0.10cm (B)0.25cm
light wavel ength 500 nmis used. What will be thewidth (©)0.20cm (D)0.15¢cm
of each dlit for obtaining ten maximaof doubledlitwithin Q.13 Young's double slit experment is first performed in air
the central maximaof Sng|e§|t pattern ? [A| PMT 2015] and then in amedium other than air. It isfound that 8th
(A)0.1mm (B)05mm bright fringein the medium lieswhere 5" dark fringelies
(©)0.02mm (D)0.2mm inair. Therefractiveindex of themediumisnearly
Q.6 Foraparalle beam of monochromatic light of wavelength (A)1.59 (B)169  [NEET 2017]
"\, diffraction is produced by a single slit whose widith ©178 (D)1.25
'al is of the wavelength of the light. If 'D' isthe distance Q-14 Two Polaroids P, and P, are placed with their axis
of the screen from the dlit, thewidith of the central maxima perpendicular to each other. Unpolarised light I, is
will be [AIPMT 2015 incident on P, . A third polaroid P; iskept in between Py
and P, such that its axis makes an angle 45° witht  hat
(A) DA (B) Da (©) 2Da (D) DA of P, . Theintensity of transmitted light through P, is
a A A a (A) 14 (B)ly/8  [NEET 2017]
Q.7  Atthefirst minimum adjacent to the central maximum of (©) 1416 (D) 1y2

a single-dlit diffraction pattern the phase difference

between the Huygen's wavel et from the edge of the dlit

and the wavel et from the mid point of the dlitis
[RE-AIPMT 2015]

(B) (/4) radian

(D) mradian

(A) (n/8) radian
(C) (n/2) radian

=
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Q.15 Unpolarised light isincident from air on aplane surface (A)2.1mm (B)1.9mm
of amaterial of refractiveindex 'W'. At aparticular angle (©)1.8mm (D) 1.7mm

Q.16

of incidence'i', it isfound that the refl ected and refracted
rays are perpendicular to each other. Which of the
following optionsis correct for this situation?

(A) i=sin1(Up) [NEET 2018]

(B) Reflected light is polarised with its electric vector
perpendicular to the plane of incidence.

(©) Reflected light is polarised with its electric vector
parallél to the plane of incidence.

(D) i =tan! (Up)

In Young's double slit experiment the separation d
between the ditsis 2 mm, the wavelength A of the light
used is 5896 A and distance D between the screen and
ditsis 100 cm. It is found that the angular width of the
fringesis 0.20°. To increase the fringe angular width to
0.21° (with same A and D) the separation between the
dlits needs to be changed to [NEET 2018]

Q.17

In a double dit experiment, when light of wavelength
400 nm was used, the angular width of the first minima
formed on a screen placed 1 m away, was found to be
0.2°. What will betheangular width of thefirst minima, if
the entire experimental apparatusisimmersedin water?

(Myerer =47 3) [NEET 2019]
(A)0.266° (B)0.15°
(C)0.05° (D)0.1°
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ANSWERKEY
EXERCISE - 1
Ql1]2]3]a]5]6]7]89]10]11]12]13]14]15]16]17]18[19]20]21]22]23]24]25
Alclele|B|Aa|lCc|B|A|D|D|A|A|D|B|B|B|D|D|C|C|B|B|C|B|B
Q| 26| 27| 28|29 30| 31| 32|33|34]|35|36|37|38|39|40| 41| 42| 43| 44|45 |46|47|48]|49]50
Alelc|p|lalc|BlB|D|D|D|C|A|D|B|B|A|A|B|A|A|lB|C|D]|A]|A
Q| 51|52|53|54]55|56|57|58|59]|60|61|62]63|64|65|66|67|68|6a|70|71]|72]|73|74]75
AlB|D|c|Aa|D|D|A|A|D|B|A|B|A|C|B|A|D|B|B|B|D|B|D|A]|D
Q|76|77|78|79|80|81|82|83|84|85|86|87|88|89|00]|91]|92|93|94]95|096|97]98|99]|100
Alclole|c|Aa|Aa|B|A|AlB|C|D|D|C|B|D|B|A|C|C|A|C|B]|B]|D
Q |101]102{103(104| 105 106[ 107|108 109[ 110|111 112[113| 114|115
Alclclclc|e|p|s|c|B|A|A|B|C|A|B
EXERCISE - 2
ol1l2[3[al5 67 [8[o10]11]12[13[14[15[16[17[18[19[20]21]22[23[24]25
Al A Alalcle|o][c BlalB|Aa|Aa|lB|A|lC|B|B|D|B|C|B][B]|D
Q |26 272829303132 33|34 |35 |36 |37 38|30 |40 |21 |42 |43 |44 |45 |26 |47 [48[49 |50
Alcle|lolc|ola|e|ols|o|elele|o|alD|[Aa|D|B|C|A[C|B|A|B
Q |5152 (53|54 555657 58|59 |60|61|62|63|64|65|66|67|68|69]70
Alalelols|clc|o|alalolsle|alc|lo|alcle|Cc|C
EXERCISE - 3 (PART-A)
Q| 1] 234 567|809 10]11]12]13]14]15
A |45 75| 4 |160] 32| 8| 2| 1 |10|180]| 6 | 3| 7| 2] 8
EXERCISE - 3 (PART-B)
Ql1]2[3]4]5]6]7] 8] 910
A |33 170403 |3] 3| 2] 4
EXERCISE - 4 (PART-A)
Q| 1234|567 8] 9 10]11]12[13]1a]15]16] 17 18] 19] 20
A|lA|lA|B|D|C|A|B|A|B|A|]C|B|B|D|D|B|D|A]|B]|B
Q | 21 |22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39
AlD|c|lc|D|D|D|B|D|D|A|A|A|[B|B|A|D|D]|S6]|B
EXERCISE - 4 (PART-B)
al 123456 7]8]9]10]11]12]13[14]15]16]17]18]19] 20
AlclelolalelalDo|c|a|D|c|olelalc|D[AlAlC]|B
a|21[22|23 (24| 25] 26] 27
AlalB[Aa|B|A|D]750
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EXERCISE - 5 (PART-A)

1(2(3|4|5|6(7|8)|9|10|11]|12|13|14|15|16 |17 |18 (19|20 |21 (22|23 |24 |25

bjc|p|/B(D|(A|B|]C|C|(C|B|C|D|C|B|[A|A|C|C|B|(D|D|D|D|B

26 (27 |28|129|30(31(32|33|34|35(36|37|38(39(40|41|42(43 (44

> 0> 0

A|B|A|A|(B|D|A|D|fC|(B|B|D|/A[A|B|B|B|C|D

EXERCISE - 5 (PART-B)

5(6|7|8(9)10|11(12|13|14(15|16|17
A|C|D|D(C|D|(D|Df(B|D|(D|B|fD|C|B|B|B|B

o
—
(X
w
B

[+
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p
SOLUTIONS @ ®1=lh=, 3 s,
T
RAY OPTICS ; o
TRYITYOURSELE-1 l,= 5 2
47(3d) q

@

@

©)

©)
(B). 2m 2m
<+— 5mM——»

<«— 5m—>

2
tane—E,tane—e

(6)

(7

8

SA=2x,SB=2(x+/)
AB=SB-SA=2/
Length of the patch will be=2¢

©)

SA'=2(x +d)

SA'-SA=2(x+d)-2x=2d

Soif plane mirror ismoved then patch will move2din
same time so velocity of patel will be 2v if velocity of
mirrorisv.

P 1| 10

|:|l+|2: WI:1+§:|=§|O

(D). Insect can seeit'simage from A to B.

Distance between |, and 0 = 6m

(B). Indirection parallel to mirror
Vi=Vy=-[Vo-Vul
V=2V -V, =2%x1-2=0
Indirectionparallel tomirror,V =V
(A).

Final image position
Ie.

(B). Sinceinthe sametimeinwhich mirror movesby x, the
image moves by 2x. so same relation will carry in
velocity aswell as acceleration.

X
4—
2x 1
o} L,
u «— |y —

=
I76
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(10)

1)

2
3
4
©)

(6)
(7

8

©)
(B). %7 ° (10)
Fromacorner reflector, reflected ray isantiparallel to
incident ray.
TRYITYOURSELF-2 )
uf
D). v=— =-60cm
©).v=—
hy -v _
50 =h=-25cm
(B).
(B). @)
(D).
(C). For concave mirror if x & y are object distanceimage
distance respectively, we have 211 - 1
xy
1,1 1 1lox 1ay
y [f| 7 xZdt y2dt ©)
V| %2 Vel 1 x
= [G1=—% For |g =7 -=%2 4
vyl y2 V| a4y “)
X 3[f| .
For, g =2, wegetx= 3 [for point A]
X If] _
For, — =-2,wegetx= Y [for point B]

Asthe middle point happensto be focus of mirror, we
get |f|=L

(D). In mirrorsfocal length isindependent of surrounding
medium.

(AB).f=-24;|v|=48,u="?

11 1 E
—_t—_=—
v u f

24
1 11 2
u f v
1
u

= u=-48cm or-16cm
C).f=10cml m—f— ©
(C).f=10cm Y
mzl : lz 10 ; 10-u=20; u=-10
2 2 10-u

(CD). Aslong as object moves towards the mirror image
moves away from the mirror (for u > f) and
m =-v/u Vv > U S0 image size increases.

(A). Mirror isconvex becauseimage of area objectissmall,
erect and virtual as the object pin moves towards the
mirror size of imageincreasebut misalwaysm<1,

m = 1 when object isat pole.

TRYITY RSELE-
(C). Let angleof refractionis 6

sin20 2sin6 cosO
- =N=>—————=n
sino sind
0 =cos (n/2)
inc.
60% 3peAr
(B).
ref.
V3
30

1sin60°= /3 sin¢
¢ =30°

(B). In water, speed of sound is higher so water is rarer
medium hence bending away from normal.

c
(D).ccos6 = n CoS ¢ C M

ar
\%ccose

N cos6 = cos ¢
1sn®=nsn¢

) glass
sin“0 n ;
n? cos?0 + ——=1 £ 'C/n
n
2 _n2an? 20
n%-n?sn%0 + =1
1 2 2
<n20 {—z—n }zl—n
n
1+n?
2 n? n
sin“0 =
1+n? 9
1
sind = ;tanb=n
1+n
,” ~ ( atmosphere
// \
\
A). . I |
\ 1
\ 7/

As distance from earth decreases | of air increases.
Hence even if sun is below horizon, its raysreach the
earth hence increasing the period of day.

4
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(6 (B). 45°>0. (2  (A). The bubble acts as a diverging lens.
1 & = Imageisvirtua, erect and diminished.
sn45> = = /2 <p % 3? (©.
H ? (4)  (A).Imageof B must beat infinity
3x10®

orv<
V2

(7) (D). Asthe ray moves towards the normal while entering
medium 2 from 1, we have n, > n;
For total internal reflectionat interfaceof 2 & 3, n, >ng
Besides, ng should also be less than n; or else ray
would have emerged in medium 3, parallél toitspathin
medium 1. Hence, n; < n; <n, isthe correct order.

0
0

1.01p
1.02p

T50p
l.6p X

Snell'slaw : psin6=1.6 psinx

® (B)

©)

sinx = Esine
"8

@ @2 \1 ///]LL )
d2 j
@)

h, =d/(2u,) ; h; =d/(2u,)
O — Initial object position
| — Final image position.

(. 1)
(10) (D). At-tLl__J
At=t(u-1)

Hence,0.4+0.2[u-1]=0.5
p-1= 5

TRYITYOURSELF-4

16 1 16-1 R=1m
(1) A1 = v -2 1 16
=v;=16 A— B
2m
20 1 _2-1
2=y T 271

= Vo=4; |[vi=Vy|=12m

(D).

(D).

<],
H;

B3 M1 _ Hz—H1+H3—M2
\% u Rl RZ

Hz W1 Mo~ H1 H3—H2
o (- ZR) (-R) 0

M1 Ho—Hq | _
R~ -R =My = 2l 21

M_,

M=2)

15 1 15-1

Vv w6 g
15 05 12 cm

56 ‘
v=18cm

— >
V12 o i NEgp=8m
R=40cm

For refracting surface

M2 M _Ha27H
Y u R
n=120cm

1
for mirror (2), 3 ==

v=-40/3
for refracting surface

303

1 15 1-15
v —(200/3) -40

1,45 05_ 1 1 45
v 200 40 v 80 200
v=-100cm

So distance of image from centre will be
100 - 40 =60 cm (left of the centre)
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(7) (D). Asthickness of liquid is | _ _

negligible, shift duetot, . @ @ o-ti-teh,Rehe

isnegligible. m B v u Ry R>

\ I [1 /
(t (1 1)) JT/ M3 Mg _Hp—Hi H3—Hp
- 1 H22 -

i m Ik ! v o R (-R)

So we can remove this layer. : Mg uz—ul_(ug—p2)<o

Now apparent ht. of object for mirror = dy, v R R

So for thisto form image on the object, object should
be at centre of curvature of mirror.
R=du,

(8)  (B).No effect of refraction on light coming from centre,
becauseit isalong normal.

9 A).a+90°+60=180°= «=90-0

4

= 1sn06=
(10) (D).

3sin(90-0); 6=60°

TRYITYOURSELF-5

1 1 1
® @ =D | Try R,

0 [y R
-V R " Ry

f_i_ a“g_l R W (5)
LA

fa i“g_l R, R,
_ _ 0.5
i 1571 06 99 _gyem ©
—40 g_l -0.25
2
f, =+ 80 cm (convex nature)
M3 M1 _Ho—H1 H3—H2
2 (O} —— +
&_321.5—1+4/3—3/2 @
o X 10 o0 X i
Hy
-1.05 0 [Mur4s
x 10
x=-20cm n=3/2

For diverging naturev <0

Ha o Hs

—

Hz—H1<H3—H2

P2y <yt g

R R

(D).

©. v
@ w=fl
(b) diverging lenswill divergeraysfurther.
© wW=xT
(A). If image of « isformed at 250 cm lensworkswill
1! f=-250cm; f=-25
550 o > f=-250cm; f=-2.5m
P=—— =_04D
T 257 7
O).hy = mhy= 0 I
( ) |_m0_ u+f lem
__Mhe o, -
T 60+40 0 60
Mo _ o i0=—200m
—_— T = — ==/ X = —
dt dt cms

E
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(8 (ABOQ).
1 11y 1
© ©7F" R EEN

1 [ 1 lj
—= - -—+—=|=0
f (h3-1 Rt R

Leuea(3-2)-

(n2-71)
R

1 1 1

pa— _+_

S

R et 7 S )
f R R R

(100 @©).m=—"""o2 0 y=22

u=-71x55cm=-3.9m

f
W) @) =

5
but2,=— andf=-15cm
o' 3

1) (AB).5 . < 30°

min =

uS\/E
Smax = 30°
i+90-60>30°= i>0°

2
pzﬁ ; usSin60°>1sn90°

@  (B)-0r=2A(u, —p) ~ (uy—py) A'=0
E: 2(py — 1)
A My — Uy

(M1 —12)

3
4
©)

(6)

()

(®)

©)

(10)
(1)

@

)

(D).
(D).
(B). tand, = hf

N one= M1

— =(u- = — =

f oW fg M
dy -8R

(B).(DZ 6y -1

SY— 1=0for B, so B is showing maximum dispersive
power.
(A).6=i+te-A
fori=60°givenA=3=e
A=56=e=60°
Applying Snell’s law on first surface
1xsin60°=psin30°= p= .3 =173
(A).6=i+te-A
drin = _60° wheni=e
60° =2i—-A=2(60°)-A
A=60°

Sin[A+6mmj Sin(60+ 60)
2 2

RO
sin| — sin| —
2 2
(D). When angle of incidenceisi,, e=40°
(fromreversibility of ray)
asos=70°
70°=i; +40°-A

N

. i =90°

©).

(B).
TRYITYOURSELF-7

24, 150cm

Here, focal length of objectivelens, f, =144 cm

Focal length of eye-piece, f,=6.0cm

f
Therefore, usingm= L —m= % =

e
Also, the distance between objective and eye pieceis
=fy+f,=144+6=150cm

24

1500.

~ 1500

Angular magnification = f—o =1500

e

¢
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(3 137cm 111 1 -1 1 1
Let D be the diameter of moon’s image ——t =D S=— ———+§
u v f f -25 5/3 25 5
D _ Diameter of moon
Then 7500 ~ Radius of Tunar orbit or 1_1+15_16
f 25 25
3.48x10° x 100
- 270XV 2V _ 100 _ 100 _ )
38x10° x100 Power P= m dioptre= 55 % 16 =64 dioptre
348 _ = Power of eye lens = 64 — 40 = 24 dioptre.
= D=1500x 355 380 =13.7cm Therefore, the rough range of eye lensis 20 to 24 dioptre.
(4  9.47cm, 88 111
Heref,=0.8cm;f,=2.5cm (6) ———
D=25cm,v,=-D=-25cm v
Ug=-9.0mm=-0.90cm 1 1 .
Linear magnification of the eye lensis given by P= RN -0.5 dioptre lens
- Here ¢ =20cm, D =25cm. fy=1cmandf_ =2
me=5=1+2 LR, By O 0 e
Ue fe  Ue 2.5 ¢ 20 D 25
SUy=— == cm
¢ u 25
1 1 1 m:mome: 20><—=250
Using —— +— = — for objective lenswe get 2
Uy Vo fo f
_To_
) 1 i 1 @®) m= i 100
-0. 90 vg 0.80 o, fo=100f,
Since, fo+fo=101
o -+ 1 _09-08 Then,  100f +f,=101
Vo 08 09 072 fo - Tem, andfo—loocm
0.72 9) SuncetheapertureofIensLllsIargest itisused as objec-
Vo= 1 OM= 7.2cm tive for atelescope.
Separation between two lenses ;:;II:rns L, is used as eyepiece since its focal length is
=|ugl+ Ivpl= 22 +7.2=2.27+7.2=947cm
WAVE OPTICS
Magnifying power
( \ TRYITYOURSELF-1
M =0 | D 72(1+§]=88 - x
—up U fo) 09U 25 (L)  (D)lp=1+4+ 2y4l cosE=5I
(55 20to24dioptre
When the object is placed at infinity, the eye makes use of lg=1+4l+2 41 cosm=1
the least converging power, Therefore, total converging Ip—lg =4l
power of corneaand theeyelens=40+20=60dioptre. ~ (2)  (C).
1 1 1 ®d O
souUsing—- —+—=— 4 (©.
u v f
® ©
I S S © ()
U= e e n  ®.
-1.1 1 _ 100 5 MDAy _ npDA, | ﬂz[%)/[%j
_OO+V—6O:> oM 60cm|e v=g3com 8 (B). a4 ' n d d
To focus the object at the near point,
D1, , DA
5 = LCM of 1 & —2
u=-25cm;v=3cm d

3
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© @) N
(10) (B).d=2x10" ® () sine=F
10.8 T . . L
G:Md:k:[ﬁjX@XUlo 4 —6280 A For first minimum
ni
Using, sinf= - = 1X§§°° -~ 11000A
TRYITYOURSELE-2 (2n+2)
; — — HA
(1) Given,D=1m,n=1 i) Usinasin 6 = n+
X=25mm=25x103m (i) Using 2 d
A=500nm=500%10"m=5x10"m
For  maimum wegetsno = 2
_ D m.D or 1 maximum, wegetsin6 = 55
Using formula, X=n7 = d:T
fod=3r 3,900 _gesm0h
-7 2sin30c 2 05
1x5x10 " x1
or d=W =2x10*m=0.2mm (6) () Using up=tani
. o Weget taniy=p=1.732=i = 60°
(20  Sizeof aperture,a=50m o .
Distance of aperture from tower, i) p= sini, or snr= sni, :sin60°
Ty T on 1732

40
Zg=— =20km=20x103m

2 . AJ3/4 1732/2 1 — ano
, , o SnrEqoe =7 2 TX
2 a~ _ (50)

Fresnel distance, Zg _a ~ A=—= 3
A Zg 2010

or A=125x10"3m=125cm.

(3)  Widthof the central maximum - $ $$ o |V / " "
g 20% _ 2x18x (6500x10720) °

- 3
g 05x10) =468x10°m A Caangled
Let 1, betheintensity of unpolarised light incident on
d>  (3x1073)? polaroid A so using Maluslaw [I = 1,c0s%6]

4 Fresnel’s distance, Dg = - =18m

—7
| |
5x10 I'=-9¢0s?0 then I”" = 2 cos?0
2 2
lo 2 z[n ]
|"""=—cos“0cos”| ——0
and 5 5
lo 20620 log 2 o
=—c0s“0sin“6=—sin“20 " =—
> 8 But 8

thussin20 = 1 or 6 = 45° or w/4 radian.
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CHAPTER-6: OPTICS (1) (A).m=zx3andf=-6cm
EXERCISE-1 Nowme 43 =6
(1)  (C). Ray after reflection from two mutually perpendicul ar ow T f_u == T _6-u

mirrorsbecomes anti-parallel.
(2 (B). Intwo images man will see himself using left hand.

Man Image
B <—e-
3 (B). 1sms 15m/s

Relative vel ocity of imagew.r.t man
=15-(-15)=30m/s
4  (B).f=R/2,and R=wfor planemirror.

. -6
For real image 73=E =u=-8cm

For virtual image 3=ﬁ:u:—4cm

(12) (A). Focal length of the mirror remains unchanged.

R
13y (D). f :E:ZOcm, m=2

For real image; m=-2,

f
ing M=——+: -2=
By using .

For virtual image; m=+2

® So, +2= = u=-10cm
14 Bm—f-s—f f=-15
14 ®). m=r—1 =20 = 15em
(15) (B). Thedistance of an object from a spherical mirror is
equal to thefocal length of the mirror then theimage
may be at infinity.
(16) (B). Thelinear magnification is lessthan one.
Distance between I, and O = 6m ¢ 3x108
(7)  (B). Sincein the sametimein which mirror movesby x, (18) (D). p=_= 3=
. . . . vV 15x10
theimage moveshby 2x. So samerelationwill carry in
velocity aswell as acceleration. (19) (C). time= distance: t :it
X speed c/n c
Uex (20) (C).Letv 'and A represents frequency and wavelength
u=x o l, of light in medium respectively.
o) I, '_l_C/“—E—V
X YWITERS
- y—+t e—u—
f 3 .4 _akg _3/2_9
(8)  (A).For real image m = -2, so by using m=— (21) (B) aHg =oabw =g o whg = Ay 4/3 8
-50
=2 gy U= Teem 22) (B).me:»ﬁ%—l
(9) (D). When object is kept at centre of curvature. It’s real V2 2
image isalso formed at centre of curvature. Vi s 4500 o5 1P
(10) (D). R=-30cm=f = -15cm; O =+2.5cm, u=-10cm Va=y e T Mg T MIS
1 1 1 c 3x10®
i ——="4+———=v=30cm 23) (C).v=—= =1.25x10%m/s
By mirrorformula —ye =1+ oy (23 (© W 24
v, _ 30 1
0~ U (+25 (10 ;I =+7.5cm. (24)  (B). woeom A >y
[83
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A 5890 (36) (C). Thecritica angle Cisgiven by
(25) (B) Ag=— —2-——-3681A. %
. 5 sncon2_M 3500 1 _.n
n, A, 7000 2
(26) (B). v, w is smaller for air than water, glassand  (37)  (A). For total internal reflectioni > C
o H 11
diamond. =shi>sinC=sni>—=—<u.
(27)  (C).In vacuum speed of light is constant and it is equal ) “ S
to 3 x 108 m/sec (38) (D). For total interna reflection light must travel from
denser mediumto rarer medium.
i to c to 3x108 102 (39) (B). Dueto highrefractiveindex itscritical angleisvery
(28) (D). Distance=V x _EX = % small so that most of the light incident on the
o —0.2m=20cm. g:xggg ;;cr)lt(?;hternally reflected repeatedly and
(29)  (A). Swimming pool means p, o = 4/3
1 1
4 =—= =
Sothat thereal depthR=ap = 12 - =1.6m (40 B)- H=gc ™ sn30
30) (C).Letangleof refractionis6 8
(0 (© _ 9 _ 3 5c108ms
sin20 2sin0 cosO
sin® sin® 16 1 16-1 R=1m
0 = cost (2) @) A= 5= 2 v=b
Angle of incidence = 20 = 2cos™ (n/2) 20 1 _2-1 A B
I, = —
sin60 2 v 2 1
G ® gne =V3;0=30 \on = V=4 |vy-v|=12m
Angle between incident (42) (A). Imageof B must beat infinity
ray and refracted ray ’%\ Ho W Mo~y -
=60-30=230° © -2R -R {;;g: '
(32) (B). The apparent depth of ink mark i W
— : 2
_reddepth 3 2 MR
p S 3/2 (43) (B). No effect of refraction on light coming from centre,
Thus person views mark at adistance = 2 + 2 = 4cm. becauseit isalong normal. _ _
(44) (A). For areal abject in concavelens, theimageisaways
) —d[l— 1) 12><[1—§) virtual, erect, diminished and on the other side of the
(33) (D). Apparentrise = 9| T 2) =3cm. lens as object.
i , (45) (A). The bubble acts as a diverging lens.
G4 ). Applylng _Sfe” slawatBand C, = Imageisvirtual, erect and diminished.
Hsini = constant or (46) (B). Fromlensformula
My SNig=H,Sinic
But AB|CD __i\ i_(i) _05x2
ig=ic O hy=H, _‘(“ 1)( =05 R \ZR/|T 20
f =20 cm. Thereforerayscoming parallel to axiswill
H Ha formimageat 20cm.
D (47) (C). Effectivepower P=P; +P,=4-3=1D
éc (48) (D). One part of combination will behave as converging
B ¢ lens and the other as diverging lens of same focal
‘y length. As such total power will be zero.
A (49) (A). Aspower of alensisreciprocal of focal lengthinm,
P= 1 - diopter=20D
1 L 5x102m 005 "
(35 (D). abg==—==>9nC=
ne i 50 (A). — 1 {L— i}
Asy for violet colour ismaximum, sosin Cisminimum G0 @ fa =Gy~ | CR) "R,
and hence critical angle C is minimum for violet
colour.
[ 84
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. { 1 _i} Sm[msmm) Sm(eowo)
f (|Mg ) (_Rl) R2 2 _ 2 :\/5

(51)

(52)

(53)

(54)

(55)
(56)

(57)

(58)

f; 15-1 u
—_40_—@_1, f; 40 025 80cm
2

(B). \ /

Assume ;= Hz=H
Convex lensbecomedivergingif |, < u check option
which satisfy above relation.

f

v _

= V|-?V03V1‘f2 x4vy=4x5 = 20m/s
()'v x f v x f

@ fT>v?

(b) diverging lenswill diverge raysfurther.
© xT = vl

)
(A). Weknowthat 8 =A(u-1)or p=1+ A

3
HereA=6°,6=3°, thereforep=1+ s =15

(D). Dispersion occurswhen amaterial slowsdown some
wavelengths more than others.
(D). The speed of all coloursisreduced inthe prism, with
maximum reductionfor violet light.
(A).d=i+te-A
fori=60°givenA=38=¢e
A=5=e=60°
Applying Snell’s law on first surface
1xsin60°=psin30° = u=,/3 =173
(A).d=i+te-A
dyin =60° wheni=e

60°=2i-A=2(60°)-A .. A=60°

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)
(67)

B

(D). When angle of incidenceisi,, e = 40°
(fromreversibility of ray)
dsnd=70° .. 70°=i; +40°-A . i;=90°

(B). Secondary rainbow is formed by rays undergoing
internal reflection twiceinside the drop.

(A). At sunset or sunrise, the Sun's rays have to pass
through a larger distance in the atmosphere. Most
of the blue and other shorter wavelengths are
removed by scattering. The least scattered light
reaching our eyes, therefore, the Sun looks reddish.
This explains the reddish appearance of the Sun and
full Moon near the horizon.

(B). A passenger in an aeroplane may see a primary and
a secondary rainbow as concentric circles.

(A). As sunlight travels through the Earth's atmosphere,
it gets scattered (changes its direction) by the
atmospheric particles. Light of shorter wavelengths
is scattered much more than light of longer
wavelengths. The amount of scattering is inversely
proportional of the fourth power of the wavelength.
This is known as Rayleigh scattering. Hence, the
bluish colour predominatesin aclear sky, since, blue
has a shorter wavelength, than red and is scattered
much morestrongly. In fact violet gets scattered even
more than blue, having a shorter wavelength. But
since, our eyesare more sensitiveto blue than violet,
we see the sky blue.

(C). At sunset or sunrise the sun's rays have to pass
through alarger distancein the atmosphere and most
of the blue and other shorter wavelengths are
removed by scattering.

(B). From Rayleigh's scattering,

Amount of scattering o i4
A

Since, Ao ismMore, it is least scattered and hence,

suitable for indication signals.
1 11 1 1 3
f vV u 100 25 100
(D). Theimage of object at infinity should be formed at
1 1 1

1
100cmfromtheeye 7% 100 100

=+3D

So the power = —— 00 _
100

-1D

1
(Distanceisgivenincmbut P= T in metres)
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(68) (B).Inmyopia, U=, v=d=distance of far paint.

By l:1—1 we get f=—d

fo 40
M aonifvi m=l=--=25
agnifying power, m=% "= 7 g

fov ou (77) (D). The separation between the objective and the eye
Since f is negative, hence the lens used is concave. piece = Length of the telescope tube f = fj + f
(69) (B).Asthe person can see objects upto 50 cm. it means Here, fy=144cm=1.44m
that the image of an object situated at infinity must f=6.0cm=0.06m
beformed at 50 cm. i.e. u= oo, v =—-50 cm. therefore f=1.44+0.06=1.5m
1 1 1 (78) (B). Theideaof secondary waveletsisgiven by Huygen.
from PR f=v=-50cm (79) (C). Monochromatic wave means of single wavelength
not the single colour
1 (80) (A). Huygen’s argued that the amplitude of the secondary
P= meter or P=-ry=-2D wavelets is maximum in the forward direction and
(70)  (B). For acompound microscope zero inthe backward direction, by making thisadhoc
£ . assumption. He could explain the absence of the
objective < 'eyepiece backwave. However, this adhoc assumption is not
(71) (D). Ingenera, thesimple microscopeisused withimage satisfactory and the absence of the backwaveisredly
D o5 justified from more rigorous wave theory.
aD,hence m=1+—=1+—=6 (81) (A). When incident wave fronts passes through a prism,
B o f _ _5 then lower portion of wavefront (B) is delayed
(72)  (B).m=mymg; 35=7m, .. mg=5 resulting in atilt. So, time taken by light to reach A'
(73) (D). Here,f;=1.5cm,f,=6.25¢cm, fromA isequal to thetimetaken to reach B' from B.
Up==2Cm, Ve =—-25Cm (82) (B). Wavefronts eminating from a point source are
1 1 1 1 1 1 spherical wavefronts.
For objective, Vo Ug = o Vo 2 15 (83) (A). For interference phase difference must be constant.
a (Y2 2
1.1 1y Vo =6cm (84) (A)_|oca2:>a_1=(1j 1
Vo 15 2 2
(85) (B).Ininterference energy is redistributed.
For eye piece, 1 1 1 (86) (C). For viewinginterferencein oil filmsor soap bubble,
Ve U fq thickness of film is of the order of wavelength of
light.
i_i:i;_ 1 :iJri or Ug=-5cm. >
-25 u, 625 u, 625 25 Iy 1
Distance between two lenses ) (D) 1 9 e _|\12 _ \/§+12:4_2:ﬂ
=]vgl+|u|=6cm+5cm=11cm 1y 1, Iy Jo-1 2 1
(74)  (A). Incase of astronomical telescopeif object and final \/; -1
image both are at infinity.
MP =—(fyfy) andL =fy+f, )
So here ~(fy/f) =—5and fy+f,= 36 Lh_ 1 & 1 _ & 1
Solving these for f,, and f,, we get (88) (@)1, 25 a3 25 a 5
fo=30cmandf,=6cm
© ®, _ 1 0024 a 3 lma_(a+a)’ (3+5°_16
(18) (). = ¢ = =007, Tooa, ®) ©-%75 Tl @-a)? 6-9° 1
(90) (B). Whentwo sources are obtained from a single source,
1 = _2 . 1_ l+i .. E=90cm the wavefront is divided into two parts. These two
fp 3t - F £ fp 77 wavefronts actsasif they emanated from two sources
1 1 2 3% 30 having a_lfixed_ phasg relatiozwshi p.
%:f__3f_; 1=30cmor fzz_T =—45¢m (91) (D). For maximumintensity$=0
1 oh
(76)  (C). Thefocal length of objective mirror I=lp+15+ 2\/@cos¢
fo=2 -8 _40em =1+1+2/11cos0° = 4l
2 2 (92) (B). At point A, resultant intensity
and focal length of eye piece=1.6 cm In =y +1,=5l; andat point B
[ 86
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(93)

(94)

(95)
(96)

(97)

(98)

(99)

(100)

(101)

(102)

(103)
(104)

(105)

(106)

IB = |1+|2+2 |1|2 cost =5l + 4l
lg=9lsolg—1,=4l
6000x10 10 x 25x 1072
1073
=150000 % 102 =0.15x 10-3m =0.015cm.

(C). For brightness, path difference = ni = 2\
So second is bright.

(A). B=

AD  5000x1070x1

C. =0 = m — -3 = .
©).B=7 O1x 103 5x10m=0.5cm
(A). We know that fringe width
B:% .'.X:L—X:X:X—d
d d L

(C). Fringewidth (B) = % =Pk

As Ared > Ayaiow: hence fringe width will increase.

2
2
I a
). mx P2 7 24 5% 3
I min (ﬁ—l\ 1 a 1
a )

(B). Optical path difference
= -Dh-(l-D =tk
If t; <t, =(+) so it should shift towardsA.
(D). B oc 1/d .. Onincreasing d threetimes
B will become 1/3 times.
(O). If shift isequal to n fringes width, then

_ (=Dt _(15-1)x2x10°° B SPS J
A 500x107° 500
Sinceathinfilmisintroduced in upper beam.
So shift will be upward.

(C). Waves from two dlits are in phase at the dits and
travel to a distant screen to produce the second
minimum of theinterference pattern. The difference
in the distance traveled by the wavesisthree halves
of awavelength.

(C). It is caused due to turning of light around corners.

(C). Width of central maxima

n

2D 2x21x5x107’
d 0.15x107?

(B). Agjye < AReg - Thereforefringe patternwill contract

=1.4x103m=1.4mm

because fringe width oc ),

(D). Distance betweenthe first dark fringeson either side
of central maxima=width of central maxima

2D 2x600x10 7 x 2

d 1x103 =2.4mm.

(107) (B).

(108) (C).

Thickness of the film must be of the order of
wavelength of light falling onfilm (i.e. visiblelight)
Width of central maxima

_ 2f _ 2x2x6000x10°1°

=12mm
a 0.2x1073

(109) (B). The distance of first diffraction minimum from the

central principa maximum x =AD/d

. e—i—& d= A

Y= p5~"4 7% Sne

-8
= g=200107 5 5x105 =1.0x10%em.
sin30°

110) (A). Resolvi f tel RP . D
(110) (A). Resolving power of telescope ( )_A9_1.22X

un @

(112) (B).

(113) (©).

(114) (A).

(115) (B).

where, D = diameter of objective
A =wavelength of light
Given,D=6cm=6x10?m
A=540nm=540x10""m

—2 4
RP— 6x10 - ol 6000x10 rad~L
1.22x540% 10" 540x1.22
=9.1x10%rad™?
Ap = 261
a

AO will be small if the diameter of the objective is
large. Thisimpliesthat the telescopewill have better
resolving power, if aislarge. Itisfor thisreason that
for better resolution, a telescope must have a large
diameter objective.

1.22)

MmN ongn

it isto be noted that

From equation, d

it is not possible to make sin B larger than unity.

Thus, we see the resolving power of amicroscopeis

basically determined by the wavelength of the light

used.

Intensity of polarized light from first polarizer
=100/2=50

| = 50cos? 60° = 5740 -125

Angleof incident light with the surfaceis 30°. Hence

angle of incidence = 90° - 30° = 60°.

Sincereflected lightiscompletely polarised, therefore,

incidencetakesplace at polarising angle of incidence

Gp. .'.6p=60°

Using Brewster's law, p = tan 6, =tan 60° .. u=

J3

Herecritical angle, i, =sin"%(3/5) .. sini =3/5
1 .5

As B =5ni. "3

According to Brewster'slaw, tan ip =u
where ip isthe polarising angle

—
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— taniy =§:> ip= tan‘1[§j
3 3 6m/sec 6m/sec
IR e —
EXERCISE-2 o [
@ @A L_ T L - _oem
LI E T > —= =- )
O f-u +6 -f—(-4f) I f
) o 5 . Csni 1 (9 (B).Byusing o T-u
.Since sug =V2,0 I
@ () Snceakg o2 snr " 2 (@502
=725 =1=178cm
sinr=1=r=90° +(19) [7j ~ (~40)
-3
3 A t:p_X:—3x4><12 =4x10 M 1 (+30)
c - ol I G -
3x10 (10) (B). m= :>[+ )_ =u=-90cm
(f—u) 4/ (+30)-u
@ (A u:%: h'zuhzgx18:24m (11) (A).Letdistance=u.
(5)  (C). Theray diagramsasfollows: Now % =16 andv=u+120
L A20%Y 6 150 -120= u=8cm,
u
(12) (B).Inthefigure, the path shown for theray 2 is correct.
Theray sufferstwo refractions: At A, ray goes from
air to turpentine, bending towards normal. At B, ray
goes from turpentine to water (i.e., from denser to
rarer medium), bending away from normal.
12 3 4
From the figure it is clear that image formed by \\\ \ \
objective (or theintermediateimage) isrea, inverted Alr A
and magrified. Tupeninel AN\ Y
(6)  (B).In water, speed of sound is higher so water is rarer Water % B\\ X
medium hence bending away from normal.
c 3
(7)  (D)-coosh=—cos¢C . 139 @nu=S=Y_ 30 g
nCOSG—:OS(I) ar (13) (A ¥ vV VA 4x10%x5x1077
1snO=nsin¢ (14 (A).R;=-R, R,=+R, ug=1.5and
20 glass H,=1.75 Ri R,
sin
n? cos?0 + 2 =1 l_(ﬁ_l\(i_i\ E
in26 o f LHm JLR1 R2 ﬂ
n?-n2sin% + . 1 Substituting the values, we have
2 2 L(E_l] (i_i)_i
sin?0 {—2—” }1—” f \175 R R) 38R fT*35R
5 Therefore, in the medium it will behave like a
sin20 = n convergent lens of focal length 3.5 R. It can be
1+n? understood as, W, > Hg » the lens will change its
ino= " tmo= behaviour.
snv= /1+ 2 tanb=n (15) (B). Time taken by light to travel distance x through a
(8) (C).Relativevelocity of imagew.r.t. object medium of refractiveindex u is
=6—(-6) =12 m/sec t:%:”—B:X—A:E:AuBzgzl.S
Cc Ha XB 4 2
(16) (A).Forvacuumt=nr, .. 0]
Forart=(n+H)r, .. (i)
| 83 From equation (i) and (i)
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7 ko) _100_
. Ao 6x1077 _ 2%10-3m LHZK_J (24) (B). Power of convex lens P, 20 25D
p—-1 1.0003-1 a
=2 100
= mm. Power of concavelens P =—E=—4D
N 11} . 4(3
(17 (). Semivertica angle — ¢ =sin™}{ L -} 3] P_R+Py=25D-4D=_15D
(18) (B). Negative power is given, so defect of eye is 25 (D). Mymax =1+2=1+§=11
nearsigntedness. Also defected far point f 25
1 100 D 25 25
0 (25) (26) (C).m i = fo =Te 9
O:
© e s
4 \7\ @) ®. Tk
i
o From acorner reflector, reflected ray isantiparallel to
\\% incident ray.
© | ] e (o Leiollto 1o
|/&/§ 28 O T vt T g VT 80em
MY k=2
(D) Imageisinverted = It should be rea 5oy —MmE-25em
(20) (D).v=-15cm,u=-300cm (29) (C).For concave mirror if x & y are object and image
1 1 1 . . 11 1
Fromlensformula = = — — — distance respectively, we have Evaiv _m
f v u y
111 9w A i AT
f 15 300 300’ 19 x X y
V x2 vV 1 x
100 -100x19 X X -
P=—cm=—10—" —_ = = For [ 1=, o=%2
Power - 300 6.33D. Vy y2 Vy| 4y
X 3If )
@) (B).m, __ Y% b p o1t 1 For, =2, wegetx= %[for pointA]
L'IO fe fO VO u0
X f
1 1 1 For, - =-2,wegetx = U [for point B]
= =——-——— =vVv,=30cm y 2
(+12) v, (-1.29) As the middle point happens to be focus of mirror,
we get|f|=L
slm,, | = 30 % ) =200 (30) (D). Inmirrorsfocal length isindependent of surrounding
125 3 medium.
(22) (C). Minimum angular separation (31) (A).Mirror is convex because image of areal object is
small, erect and virtual as the object pin moves
1 122) ; ) ; . ;
AQ = RP- a4 towards the mirror size of image increase but mis
i awaysm<1, m=1when objectisat pole.
_10 (32) (B) 45°>GC
_122x5000x10"" _ . 6 L &
2 sn4s5>— = /o <pu %7
(23) (B).For improving far point, concave lens is required H 9
and for this concave lens u=o0, v=-30cm orv < 3x10°
1 1 1 V2 ) .
So - =——-—=f=-30cm (33) (D). Astheray movestowardsthe normal while entering
fr-30 medium 2from 1, wehaven, >n;
_ 1 1 For total internal reflection at interface of 2 & 3,
for near point T b 30cm n, > n, Besides, ny should also be less than n, or

T
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(34)

(35)

(36)

37)

(38)

(39)

(40)

(41)

elseray would have emerged in medium 3, parallel to
its path in medium 1. Hence, ng < n; < n, is the
correct order.

®B).

L.éop

Snell'slaw : psin6=1.6usinx
snx = §sine
]

(D). Theray diagramwill beasfollows:

c |

G

H

-

=3
[y s>

D
S
E
F\\
;» J
q >

HI=AB=d; DS=CD=d/2

d
Since, AH=2AD .. GH=2CD= 25 =d
Similarly,1J=d .. GJ=GH+HI+1J=d+d+d=3d

(B). 61 =2A (ny —pr) = (g —py) A'=0

A’ _ 2 (ny —py)
A uy -y
(B). tans, = hif 1 o
Ong =0=-8 +8p=0 [ |\ ™"n |
h h o
T =(u-1)0= g +1=p
dy —OR
(B). o=
8y -1
Sy— 1 =0 for B, so B is showing maximum dispersive
power.
—7
©). p="2 = 4x10?) :M: D=1m
d 0.1x10™
@), p="P = 006x102)= > Xlg = 2 = 6000A
d 1x10~
(D). Distance of the nt" bright fringe from the centre,
_nD
" d

(42)

(43)

(44)

(45)
(46)

(47)

(48)

 3x6000x1070x 25

05x1073
(A). a; = 6 units, a, = 8 units

a I 2
141 §+1
| max _L& _L8 _4_9

. 2 2
I min |:a1_1:| |:6_ :| 1
as 8
(D).D=1m.,d=.90mm=.9%x103m

The distance of the second dark ring from centre
=103m

-9x103m=9mm

= X3

3D

A D
S Xp=(2n-1) EVE Forn=2,X,= > d

2Xnd  2x103x.9x10°°
3D 3
A=6x10"m.=6x10"cm.
(B). Divergence anglewill remain unchanged becausein
case of aglassdab every emergent ray isparallel to
the incident ray. However, the rays are displaced

dlightly towards outer side. (In the figure OA || BC
and OD || EF)

= A=

BL_% , 10 _5000

B, 6000% P2=5500"
(A). Distance between two consecutive

_ AD 6000x107 10«1
Darkfringes=—=—"—"""—">3—
d 0.6x10

—1x103m=1mm.

(C). Distance between consecutive bright fringes or dark
fringes=p

AD 550x107° x1

p="" = ——=500x10"° = 0.5mm
d 1.1x10™
(B). Distance of n" minima from central bright fringe
_(2n-DAD
T 2

Forn=23i.e. 39 minima

e
I90




SOAL

(49)

(50)

(51)

(52)

(53)

(54)

(2% 3-1) x500x10°® w1 Therefore, maximum number of reflectionsare 30.
Xo— X X X
X3 v 1i103 (55) (©).1=1+1+2J11=4
6 , I I 9 9
_5x800x10 7 _ 4 5541073m=1.25mm V=tV T =gl =15l
(A). Theangular half width of the central maximaisgiven (56)  (C).The C(_)nd|t|ons for maximaand minima depends on
path difference.
_ A 6328 x 1010 (57) (D). InaYoung's double-slit experiment, the central bright
by snf=— =0=—"—7- fringe can be identified by using white light instead
a 0.2x10 of monochromatic light.
6328x 1020 %180 (58) (A).According to the question, ray emerges from other
= — degree=10.18° surface of prism normally,
02x10 xn Angle of incidence at second face, r' = 0°
Total width of central maxima=20=0.36° Now, r+r'=A A
(B).o=snl(Ma .. 1) = r=A-r=5°-0°=5°
According to question sini bor
A=2x103m Using snell'slaw, p=—— >
a=4x103m .. @) o Sinr
From equation (1) and (2), sni=psnr= 15xsin5°=0.131
o=sml(12):6=230° = 0=i=dn1(013)=75 _
(A). Here distance of the screen from the dlit, (59) (A). Theimage seen through the dlit shall be afine sharp
D=2m, a=? dit white in colour at the center.
Xx=5mm =5x103m, (60) (D). Huygen’s construction does not explain quantisation
% =5000A =5000 x 1010 m of energy and asit isnot ableto explain emission &
For thefirst minima, sin® = A/a=x/D, absorption spectrum. _
(61) (B). Inspherical mirrors, theincident ray passing through
DL 2x5000x1071° 4 thefocusof mirror becomes parallel to principal axis
a=—- 5x10°3 =2x107m after reflection, which is shown by ray 2.
(62) (B).Asreflected light iscompletely polarized, therefore,
(B).Fringewidth,m:%ocx i,=60°, u=tani, =tan 60° = 3
When the wavelength is decreased from 600nm to c c 3x10° Nen::
400nm, fringewidthwill also decrease by afactor of As 1= v Vs m - J3 =v3x10°m/s
4/6 or 2/3 or the number of fringesin the same segment
will increase by afactor of 3/2. ) _sni . Sni
Therefore, number of fringes observed in thesame  (63)  (A). Using Snell'slaw, K=o = Snr= e
segment =12 (3/2) =18 According to question, | is negative
) ) 2 sinr is negative.
(D). Angular width of central maximum = q Hence, r is negative, therefore graph (A) is correct.
) i 2D 2x600x10°x2 (64) (C). Amount of scattering o i4 (Rayleigh's law)
Width of central maximum = q - — A )
1x10 Thus, sky appears blue as blue light (short
=24x10%m=24mm wavelength) is scattered more than red and
0.2 predominates. If red light will be scattered more, sky
(B).d=02tan30°= = wolld appears red.
V3 (65) (D).Given,i+r=n/2
ol According to Brewster'slaw, we gettanig = =15
— =2 “—<_d_: So,iB:tan_l(l.S)DiB:57°
i.e., this is the Brewster's angle for air to glass
T interface.
. (66) (A). Weknow, from Rayleigh's scattering.

Amount of scattering oc i4
A

[4
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ODM ADVANCED LEARNING Q.B.-SOLUTION STUDY MATERIAL : PHYSCS
(Amount of scattering), kg For refraction at glass-air interface, ray passing through
- . =— i 1 1
(Amount of scattering), ;Lf ; snr_ 1 —snr=—
POINEQ: §1e0 " 15 15
1 M \ 7»2 (1)114 1 For refraction at water-glass interface, ray passing
=\ == .. }\,1:}\,22\/5:1 sne 15 3
LMJ Mo N4 V2 through point P, .—=? =sinf=—

(67) (C). When an object approaches a convergent lens from snr 4 4
theleft of thelenswith auniform speed of 5 nvs, the (
image moves away from the lens with a non-uniform  (4) 160 £ (n-0 L ——) f=20, p=15
acceleration.

(68) (B).A 100 inchtelescopeimpliesthat
2a=100inch = 254 cm (1 1) 1 i:(__](i_i\
Thus,if L =6000A =6x 10" cm LRl 2/ 10 f 16 LRl R,

Then, limit of resolution of atelescope f'=_160cm
-5 (5) 32. A
o= 28000~ 5 95 10 rad . 2
127 . 2i+2j+k . -

(69) (C).The light from two slits of Young's double dlit n= 3 v e=—1
experiment is of different colours/wavelengths/ L o (0\0 =y > X
frequencies. Hence, there shall be no interference Using, T=e-2(en)n \\/
fringes. R

.~ 2(-2)(2i+2j+k)

WNCER pfL 1) =TT 3

LRl Ro I
For no dispersion, R; = R, = —iA+g(2iA+2]+I2)=_I+8é+4k)
EXERCI (6)8,(7)2. 1, =6°30"; 5=(n-DA
PART -A:RAY OPTICS -
(1)  45.For minimumdeviation, r=A/2=60/2=30° 1.25x 180" (-DA .. @
sini sini
Fromsnell'slaw 5. snr =M 2= 4§n30° N,
1 1 3-1°15
- 8ni=— =—F7—= =g 0 i = 450
s 8ni 2>< 2 NA sin45° or i=45
(20 75.FromAABC R
O =20
From AAPO hi sin2A
rom N Sn65 (2
tan® = % .(2)  300-h p—l
20 80 i
Dividin ; 6.5 1)=25 13/8
From(1) and (2) C B 9 21 " 65 (W-1)=25p ;pu=
4 20:>h=20X15=75cm _65°_ 65 40— 20
15 h 2u  2x65
(8) 1. Usethefirst law of reflection. Only sphere #1 isin a
position such that light leaving it can reflect from the
mirror to the observer.
® 4 |?==::::::ZI:::M i
(9) 10. 25cm
| (25-%) G (25%)
¢ R =40cm
[o2

[
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Q.B.- SOLUTION

SOAL
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(10)

(1)

(12)

(13)

Since, singlereflectionistaken.

The image formed by the plane mirror must lie at the
centre of curvature of the concave mirror, so that the
final image formed by the concave mirror must beformed
at the same position (at the object position of the con-
cavemirror.

Hencex+2(25-x)=R ; x=10cm.

180. Distanceof I, frommirror =40cm

1 11 1 1 1 1

+— +—
u :>—1O v -140 :>v

(14)

L1
40 10

< |k ]|

Using magnification formula,
| \ |

-40/3
- =
—20tan1°

—40

20cm

< > I
A %.\910 10cm T =

1° o X

10cos 1° | 20/3cm 40/3cm

20tan 1°

| 10cos 1°
1 20cm.

20tan1® 20 e 20 =@ T
= =—tan— =
180 3

I —
= 3 3

180 27

o
Coordinate of image = 327

(15)

6. 8cm sn.=3/5 .. R=6cm.

_ 50 _ 25 _
3. Forv1—7m, ul——250m.,v2— ?m, u2——50m

. 25 18
Speed of object = 0 X = 3 kmph Q)

f \Y%
7. Formirror, M = ——=——
f u

—u
20 v

210415 -15
M=-2,v=-30cm.

f 10
M=—=—=-1": =
For lens, U 10-20 s M =2

n-1 7 ., 70
=—=f"=—cm
(w4 4

Lo ™

Inliquid, © =

(f'isthefocal length of lensin medium of refractiveindex
Ho=7/6)

70 M
f! 4 M =14 - 2| _
M': = :—7 y M2—14, __7
/ M
freu 70, 1
2. sin60=nsnr ... Q)
snO=nsin(60-r) ... 2

Differentiating eg. (2)

cosed—6 =-—ncos (60— r)ﬂ+ sin (60—r)
dn dn
Differentiating eq. (1)

dar .
ncosr—+sinr=0
dn

—tanr

coseﬁz—ncos(GO—r)( )+sin(60—r)

@=i(+cos(60—r) tanr+sin (60-r)
dn cos6
o 1
dn cos60
8. We know that for the given case,
u sin = constant
So, 1.6sin (30°) = (n—m An) sin90°
ie 0.8=n-mAn
Solving, m=8

. 11
(cos30x tan30+sin30) = 2[§+Ej =2

PART -B: WAVE OPTICS
33. Path difference,

AX ={(SP—t3) + noto} —{(SP—t1) + paty}
= (S$P-SP) +{ (12 - Dty — (m - Dy}

(i) Infirst case:

D D
y1= E{t(ul—l) —t(uz -1} = E{t(ul_ o)}
-3 -3
or = 2X10 "X D107 t,+t,=5x10"°

1x (L6-1.4)

(if) When both sheets have same refractive index

16414
H=7

15

E




SOAL

ODM ADVANCED LEARNING

Q.B.-SOLUTION

STUDY MATERIAL: PHYSCS

@

©)

O

Q)

©)

™

Yo

-- tl_t2=

40.

- St k-D -t -0} = (DG t)}

8x10 3 x1x1073 _ 8x 1070
1x(1.5-1) 05

Onsolving, t; =33 um
Reflected ray from upper surface would shift by A/2
only while reflected from lower surface would not
haveany shift. 2ut=nA; =noA, = (N =n,+1)
as there is no minima in between these two wave-
lengths

(n+1) (512) = (n) (640)

n, (640-512) =512

n,=4
So 2x1.28t=(4) (640)

to 4 x 640
T 2x1.28

-16x10° (8

=1000nm=1um

d*>+D?*-D=1 ©
d?+D%?=D?+2%2+20D
o_d®_ 107

2L 2x5x1077

D=1cm.
As intensity becomes one-fourth

=102m

1
L Coshp=-= = ,
o > o
2n 2n
=—AX=—(u-Dt
and ¢ . k(u )

|
r]ll)]_ = r]zzt) 2 I) r]]_l 1 = r1zzl 2 I) n 2 = r]l'i"lL
2
4000A
6000A
The situation can betaken asif there are two sources
S; and S, as shown in figure. Due to these S; and

S,, the central maximawill be at P at a distance d/2
fromO.

=60 =40

For O tobeamaxima: s (10)
y 1
3dd 2
Path difference= ——=nA r LI
2D /2
) o
30 i I a2f
~ 2nD 1
AL
o o, 3d? 3d? v d
e, A=—,—
2D’ 4D =
. A 3
3. Angular width = ria 10 (given)

.. No. of fringeswithin 0.12° will be

0.12x 2%
n :—_35
360x10

.. The number of bright spotswill be three.
3. For constructiveinterference AX = mi

g\/d2+x2 —\/d2+x2 =mi

[2.09]

S \/ x2 + d?

%\/d2+x2 =mh ;x2=9m?\2-d?; p=3

2. Atfirsminima, bsn0=A

First
minima
0

1D
or b(y/D)=A or y=?

or bo=Ax

Ab .

—=ASN0=06
o 5
Now, at P (First minima) path difference between the
rays reaching from two edges (A and B) will be

b d
AX = yE (comparewith Ax = yE inYDSE)

or Ax=)A [Fromeqg. (1)]
Corresponding phase difference (¢) will be

¢=[ﬁ)-Ax=ﬁ-x:2n
A A

4. 1(¢)=ly+l,+2 o8  ...(2)
Here, I, =1andl,=4l
Atpoint, A, ¢ =m/2
ly=1+41=5|
AtpointB,o=n
Ig=1+41-41=I
Iy—lg=4l

[¢
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OPTICS Quzh- SOlLUTOnN
EXERCISE-4 or AB_ oA 12 3%
PART -A:RAY OPTICS B Hz_l_ " N
. 0=60°; 0 60°
asnis even no. o_f images is (n - 1). (10) (A). Weknow Y > 122&
so no. of images is (6 — 1) = 5. D d
(2  (A).Totd internal reflection. 3 3
3  (B). Havehigh resolution D4 _10x3x10° _30_g,
(4 (D). Resolving power of an optical instruments is in- 1220 1.22x5x10 6.1
1 Dmax =5m
Aie, RPo = (1) (©).D=(u-DA
A For blue light p is greater than that for red light.
. So,D,>D
Resolving power at A, A e27 71
i 9P L-—2 :@:5;4 (12) (B). Power of alensisreciprocal of itsfocal length.
Resolving power a A, 2, 4000 Power of combined lensis
(5)  (C).Virtual and enlarged. P=P,+P,=-15+5=-10D
360° 1 100
6 A). N= -1; Given n=3 f===—cm=
© () iv 5= 10 10cm
360° 360° 1 1
3=T—1 S ; 6=90° (13)  (B). Theconvex lensformulais, VT
(7)  (B).Fortotal internal reflection at glass-air interface, the If uincrease, on the negative side v decreases
critical angle C must be lessthan 45°. 11 ¢
u
1 . .1 So that —+— = constant. Also, V=——
Now, N=——=or C=sin™| = | <45° vV ou u—f
snC n i.e., v does not decrease linearly with increasing u.
[1j (14) (D). A vernier scale provided on the microscope.
—| <sin45° n> .
o n " G 7 N> 15) (D). sin® IRE /34/'/%4 \
®  (A). Theeffectivefocal length is given by (19 (0)-sinbc =7 ] ,
1.2t 2
ff, f 1sme:usmr:ﬁ5m(90—ec)
1 1 1 1
R _2f3 2.1 gt
f, o 30/ 60 3 43 2" \/§
2 1 R (16) (B). Asintensity ismaximumat axis,
or T3y ;Again,R=30cm;f = 5= 15cm pwill be maximum and speed will be minimum onthe
' axis of the beam.
1 1 1 1 1+2 3 1 beamwill converge.
Now, == 5+ 156 7= 30 ~ 30 10% 0CM (17) (D). For aparallel cylinderical beam, wavefront will be
To have areal image of the size of the object, the planar. L L
object must be placed at the centre of curvature of 18) (A). Tr_]e speed of light in the medium isminimum on the
the equivalent mirror. axisof the beam.
So, therequired distanceis2 x 10 cm= 20 cm. 1 1 1
(9)  (B). Thesituationisshownin figure. 19) (B). v 280" 20
. 1 1 1 1 14+1 280
A ‘R —=—+—, —=—— ; V=—
Y v 20 280 v 280 15
9 i12cm

. 1 AB
SinB. =— - tanf. =— - AB=O0OAt
(o} u, C AO anec

(v _ (280 ),
=) Yo - vi= (15280)

e
I95
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Q.B.-SOLUTION

STUDY MATERIAL: PHYSCS

< 2.8m >

-15 1
1= ; Vi=——_m/s
15x15 15
1
N4
(20) (B). i
2
02
t

X-Y plane, pysin6; =p,sinB,
10 _ 10 10
V(6V3)% + @32 +100 V400 20

cosO; =

1
c0s6, = 20 0,=60°

3 :
J2sin60° =+/3sin6, ; \/Exg=«/§sm62 ;

sin® L o
2 2 ;0,=45
1 1 1 20+1 240
(1) (D)'f 12 240 240 ° 21
1 35
Shift= 1[1—2] :E :Now, V' =12-=—=—cm.
3 3 3
21 3 1 1_3 21 _ 1[3_2_1]
240 35 u’'u 35 240 5\7 48
5 _[144-147
u_ | a8x7 ,u—5600m.—?.-6m
(22) (C).n=3/2
32+ (R-3mm)2=R2 R=3cm.
= 32+ R2-2R (3mm) P
+ (3mm)2 =R2 R 3mm
=R=~15cm
NCHIE
f 2 15) =f=30cm ‘-

©).

f f [g_)
(D)-f—m= W=D . h_ =4 =f = 4f

) L

3
fy 2
_—e——-—m—mm——— —5
f (3/2 j =<0
i |
5/3
(D). As frequency of visible light increases refractive
index increases. With theincrease of refractiveindex
critical angle decreases. So that light having
frequency greater than green will get total internal
reflection and the light having frequency less than

green will passto air.
(D). sno=psnrg

4/3

. sin® .
— SNh=—— > =8N L—
u

rh=A- sm‘l{g—J:r2<sm L]

. _1(sin@) _1(1\
= AT o) ssn )
_1(sm6\

— A-sin” LHJ<S| kuJ

— Sn {A—sn‘l[in < S‘Ee

1( 1))

LDU <sno

u(sin(A—sin_
1

()

1 1

— Sin LusmLA sin LuJU <0

(B). 20timestaller asthe angular magnificationis20 and
we observe angular magnification.
Option (C) would not be very correct asthetelescope
can be adjusted to form image anywhere between
infinity and least distance for distinct vision.
Suppose that the image is formed at infinity. Then
the observer will haveto focusthe eyesat infinity to
observe the image. Hence it is incorrect to say that
theimage will appear nearer to the observer.

5
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(28) (D).8=i+e-A= 40=35+79-A=A=T74°

Let usput p = 1.5 and check. Shift dueto slab =t {1— ﬁ\ in the direction of incident
n[A+6min] Sm[74+5min] 5
152 . i 15 Sm(;o) ray = 1.5[1—§] =05
sn—
2 1 1 1.1 12 9 .5 _iosman
S v -95 5 v 5 19 95 9 ' '
= 0.9:Sin[37+7m] (32) (A). Therewill be 3 phenomenon

(i) Refractionfromlens
) Sm . . (i) Reflectionfrommirror
Solving, 37+—"=64"=6m =54 (iii) Refraction fromlens
After these phenomena. Image will be on object and

This angle is greater than the 40° deviation angle . .
will havesamesize.

aready given. For greater 1, deviation will be even

higher. Hence p of the given prism should be less _ f=10cm
than 1.5. Hence the closest option will be 1.5. 0 f=20cm 12
Upon solving the given case we get 1 = 1.31. S
29 (D).f,=-25cm,f,=20c}m T S
40cm 40cm
15cm Iy Iy 20cm §
60cm
::: 18 refraction u = - 40cm; f = +20cm
= = v=+40cm(imagel;)andm, =-1
For reflection
For diverging lens VV =-25cm u=-20cm; f=-10cm
For converging lens,u=—-(15+25)=-40cm = Vv =d—20cm (image I,) andm,=-1
2Nd refraction
1—i:i:l:i—i:i:v:mcm u=-40cm; f=+20cm
v -40 +20 v 20 40 40 = v=+40cm(imagel,) andmy=-1
= Imageisrea ) ) Total magnification=m; x m, xmy=-1
(30) (A).C<iy, Herei,is"brewester angle and final imageisformed at distance 40 cm from
andciscritical angle. convergent lens and is of same size as the object.
f =20cm
H : c //%\\)\)\LLF:@%
: B3 B) 5=
30cm \/ 60cm ?E

80cm
Image formed by lens

1 15 . 15 1 1.1 1.1 1
S —————;siniy=———— VU f vz goiv=te0cm
B 2+ (15)2 u? +(1.5)2 _ y .
If image position does not change even when mirror
3 isremoved it meansimage formed by lensisformed
\/uz + (1.5)2 <15xp;: uz +(15)% < (ux 1.5)2; K< E at centre of curvature of spherical mirror.
Radius of curvature of mirror =80 — 60=20cm
| = Focal length of mirror f =10cm
(31) (A). e ﬂ For virtual image, object isto be kept between focus
S U | and pole.
Screen =Maximum distance of object from spherical mirror for
10em 10em which virtual imageisformed, is 10cm.
111 1 1 1
—_——_ = :>———=—:>f=50m.

v u f 10 -10 f

[4
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QDM ADVANCED LEARNING
(B). Case-l : If final image is at least distance of clear
vision
D) 150(, 25)
M.P.=— 1+— 375=—1+—
L ) P75 )

(35)

(36)

@37
(38)

(39)

375_,. 25 3U5_25

=1l+—; —=

30 fe 30 fg

fe=7—50=2.17cm; fe=22mm
345

Case-ll : Iffina imageisat infinity
L(D)
= —|—|=375-f
M.P. foLfeJ ; fex22mm

1 (ug 11
(A). fa )LRl RZJ

1 (ug 11
n L R R,

(1 150
W e (29
fm (Bg ) (150 ) (1.92)(0.5)
ey (P

fm_ (1429 (05 go05 g
fa 0.08

(D). L=fy+f,=60cm

fo
M =E=5:> fo=5f,= 6f,=60cm; f,=10cm

(D). SNbe=S=—X __ 9.=30
u

J3x(413)
60.00

Using Lens-Maker'sformula:

(1 1)
__(H_)kR_l_R_z

%: (1.5-1) (3—]6— ]

f=60cm
(B). For near normal incidence,

h ha:tual
h
( Hin ) p= 2

LurefJ

1)
)

3

(4)

©)

(6)
()

(®)
©)

(10)

PART -B: WAVE OPTICS
(C). Of the same frequency and having a definite phase

relationship.
(B). For maximumd sin6 =ni
..Sn = % —— Second maxima
sno<1 —1— First maxima
ni ——— Centre maxima
—<1
d —1— First maxima
d —— Second maxima
n<—
A
. 2\
Givend=2) .'.nST
n<?2 ax = 2

. Total possible max WI|| befive.
(D) According to Brewester'slaw, n=tani
Here, |p— Polarized angle, n=refractiveindex

0, i =tan™! (n)
(A).1=1,cos?0
Intensity of polarized light =1/2
: B o _lo
Intensity of untransmitted light = lg )
SN2
sin© n(ay
B). I =1 (—) and e:—(_]
(B) o[~ D
For principal maximumy =0
-, 0=0. Hence, intensity will remain same.
(A). Hyperbola
2
(D). Phase difference = 7“ x path difference
2t A 0w
e, 0=5""5"3
¢) | 2( 9
As | =1 cos? (E P =cos (Ej
max
3D 4n,D _
(©). o 4 3x590=4x%,; k,=442.5nm

(A). S1: When light reflects from denser med (Glass) a
phase dift of = is generated.
S2 : Centre maximaor minimadepends on thickness
of the lens.

(D). Iy =lg+4lg+2ly x 4l cosd

I
I =lg+4lg+4l cos¢:?m(5+4cos¢)

= ?m(1+ 8cos ¢/ 2)

[¢
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(11) (C). Relation between intensitiesis 9
n_ Ay 4 _ 4x650%x1077 x15

(12)

(13)

(14)

(15)

(16)

17

|0] » o 1 1o
Ip =| = |cos“(45°) = = x—=—
R [2 @) =553

{452
lo (192 p/

(Unpolarised) J IR

(18)

A

(D). It will beconcentric circles.

wlk

|
(B). 1,€08%30 = 15C0S?60 ; ﬁ =

@. -

25cm

1220 1.22x(500x10°m)
20, (1]
100

=3.05%10°m=30pm
(C). Consider aplane wavefront travelling horizontally.
Asit moves, its different parts move with different
speeds. So, its shape will change as shown
= Light bends upward

£ 5,

(D). Geometrical spread=a

(19)

:t‘ — |AL/2a
= L IaI
Parallel beam

of light

(20)

A AL
L= L;Sum(b): a+—

by
Diffraction spread = (2—[3) = oa %

For b to be minimum

@=O:>1—7L—L=O:>a=
da 2a2

AL AL
and by, = /7+,/7 =J2iL

_ n17\.1D B n27\,2D
(A). 1= g Y2 = a4
NjAq =NoAy

AL

(21)

(22)

.Given, y; =Y,

=7.8mm

n, M 50T 5107
(A). When an unpolarized light of intensity | passes
through apolarizer for the 1st time, intensity of output
is1/2 (irrespective of orientation of polarizer)
A B

—
12

—

So, —
12

i.e., polarizers A and B have axes parallel to each
other.
Now let theaxis of C makeanangle 6 with A, & (-6)

A C

—
112

—
112020

—_—

withB. —
I 1/2co26c0s20

I 4

| .
—Cos 925 ; Solving, 6 = 45°

21
(C). Angular width of central maxima= ’

(whereaisdlit width and A iswavelength)

= (i) InYDSE, fringewidth

AD
p= o [wheredisslit separation and D isdistance

; B—Bxﬂa:d——Dna
of screen from dlits) 4.6 6p
-6
4= L340 1006
2 6x10” 4
(B). d oM

Path difference d sin 6 = n\, where d = seperation of
dlits, A =wavelength, n=no. of maximas
0.32x1035n30=nx500% 107 ; n=320
Hencetotal no. of maximasobserved in angular range
—-30° <0 <30°ismaximas =320+ 1+ 320=641
122

D

(A). Limit of resolution of telescope =

o L22x 500x10°°

200x 1072
B).1;=4ly; 1,=1,

Ima = (i1 +12)7 = (2410 + 1) =91
lin = (W1 —V12)? = (@{flo = lo)? =1 -

=305 x 109 radian

max _ 9
I

min 1

[¢
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(23) (A). For 2™ minima, dsin® =21 v=2x10Mx 5000 x 10710 = 108 m/s
_ N A 3 _ Refractive index of the material
sm9-7(g|ven), a2 - 0] c_3><108_3
Sofor 1% minimais, dsinf =% v 18
) by 3 (5) (D). Hypotenuse comes out to be 5cm. o
smezazé (from equation (i) L sni —aem—
o q . o 8 y T = i
0 =25.65° (fromsintable) ; 6~25 nee W sin9o°
|
24) (B).1=1,c08% ; %: lgcos®0 15 fom
L 1 " sni 3
c0s0 =——==0.31 <—= whichi -
J10 2 whichis0.707 o 30108 C0|n8
S0 6 > 45° and 90 — 6 < 45° so only one Speed, v = MTE =18x10°m/s
optioniscorrecti.e. 18.4°.
Angle rotated should be = 90° - 71.6° = 18.4° © @ 1 1 1 fy+f,
-9 — =t — =
25 (A). ﬁ=%:%:5.9mm Fqg f1 f2 f,f,
) @ ®).~=Y:0=139x10% v=01m
(26) (D).1=1,co? > TR - v =0.1m,
u=15x10"1m;1=92x10%m
| N (2n ) 8  (C). Fortota internal reflection, sini >sinC
— = cos? [—d)j —cos?| 28| _ 2 ( Ej 0853 where, i = angle of incidence,
lo 2 2 8 C=critical angleBut,sinC=1/u;
) sni>1/u or u>2lsni
(27)  750.00. The length of the screen used portion for 15 o
fringes, and also for ten fringes. W>1/sin45° (i=sin45° (Given)) ; u>+/2
15500 D _10 AD L (9  (C). Focal length of the lens remains same.
xOUxm = 10X = 115X 50=2 A =750nm Intensity of image formed by lensis proportional to
area exposed to incident light from object.
EXERCISE- i.e., Intensityocareai.e.,l_Zzﬁ;
PART -A:RAYOPTICS L A
2 2
-10 s d nd
Q) 8 =1.22% 122 5000><1(32 Initial area, A= [Ej =
6 10X106 After blocking, exposed area,
=6.1x10° .. Order=10" 2 2 2 2 2
A nd® w(d/2) nd® nd® 3nd
1 1 1 1 1 2= T o T T T
(2 (C).Fromtheformulg, == —+—=—-—= 4 4 4 16 16
Power of combination= 1/f =0 o _A2_ 16 _3 _ | _3 | _
(3 (D). Inthelater case microscopewill be focussed for O'. L A, xd2 4 orf2=7,2=7 (12=10)
Soitisrequired to be lifted by distance OO'. 16
Hence focal length of alens=f;
. Intensity of theimage = 31/4
[ Joj
Image—/ }
c 3x108
° (100 (©).ForM;: W =—= 5=
OO’ = real depth of O — apparent depth of O. Vi 1.5x10
3.3 [H:M} ¢ 3x10° 3
= 15 apparent depth For M, : H2=V—2:2.0X108 :E
-3 15-1] 3x05 _1c For total internal reflection
- 15 | 15 m. sini > sinC, wherei = angle of incidence,
4 B). By usingv = n\
@ ® nge n22><1014Hz C =critical angle. ButsinC:%
’ 1

AL =5000A =5000x 10710m

[¢
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Consider, i=A=90°then1sini=nsinry;
gnizﬁzﬂzgn*@ snA=nsin(A/2)
H ? : A A A
(1) (B).Angleof prism,A=r, +r, ZsinEcosE:nsinE; 2cos%=n
For minimumdeviation, ry =r,=r
0 When A=90°=i_. thenn_. =2
A=2r; A=60°; r=A 80 _3n it min
2 2 i=A=0; nmax_z
(12) (C). Red & apparent depth are explained onthebasisof  (21) (D) Whenuy =-20cm » f=10cm
refraction only. TIR not involved 1 1 1 B A
(13) (D). Assumep=1.5 V—1+2—0—5 —
1 (1 1) 10cm 20cm
F=D x| ;f=20em. 111
12 v; 10 20 20 Vi=eocm v
l_lzf}; }_%22_10 . V=60 When u, = -30cm.
v u v -
Magnification is viu =-2 izi—izi ; Vo, =15cm.
) v, 10 30 15
ll—:)||:2;|hi|:2><|h0| L=v;-v,=5cm.
. 1 1 1
11 1 (22) (D). Equlvalentfocallength:f—:f—+f—
9 ©.5-4°7 e 1 T2
= = =7 1 1 1
u=10,v=15,f f_:(ul_l)[___R]+(H2_1)[i_lj
1 1 1 e © - -R o
15 10 f | m
10-15 1 L fgg = LI
150 f My~ o My
(15) (B).Deviation=zero. S0,6=5,+6,=0
(M -DA +(y,-1)A,=0 (23) (D). For anormal eye, rays coming from infinity should
A,(1.75-1)=-(15-1)15° goto theretinawithout effort whenwelook at infinity,
05 lens offers minimum power and hence combination
Az=—0'75x15°:—10° gives 40D + 20D = 60D.
' Distance between the retina and the cornea eye has
1 (ug N1 1) must be equal to focal length.
16) (A). == =2 -1 ———].
0 &= YR R, f= (1/60) m=1.67cm
Here, f=o0,50 1/f=0, sop,= | . L P
) 1 1 g m . = — 1 -
(A7)  (A). For normal emergence, e=0. (24) (D). MPof microscope fo +fe
Thereforer,=0andry =A
Snell’s Law for incident rays MP of telescope = f_o{h f_e}
lgni=psinry=psinA fo D
For small angle, i =pA (25)  (B). Normal incidence at silvered surface
EENAP
(18) (C).M; d=f, +2f, sini
2 =—
sinr
1 22
«—d—
(19) (©).MP=fyfy ... (1) fg+f,=20....(2) p=SN2A _ 2SNACOSA 5 ca
Onsolving, f,=18cm, f,.=2cm sinA sinA
(20) (B).5,,=i+e-A o 8+ A
Smin=Athen 2A =i +ein caseof sm[ 5 ]
minimum deviatioin, i =e (26) (A)- = NG
2A=2i ; r;=1,=A/2 sn(A/2)
["101
I—
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A+s 320 (A).
sin [ m) (A) m=-2, so image is magnified and inverted. Which is
ot D 2 /) _cos(Al2) possible only for concave mirror. since image is i
2 sin(A/2) sin(A/2) inverted soit will bereal.

. (A+6 .
gn[ ]:sm(QO—A/Z) :>6min:180°—2A

2

i_(ﬂ_lj [i_i]
f, U1 —20 +20

100
=f,=——cm
7

f5isaso40cm.

VR A W
@ w\) o\

Magnification of telescope, M = f/f,
fo 1 fe | fe

fotu

j l
Vfe-(fo+fe) L fo L

M==
|

=2=1414

1 1
(29) (A). M_sml sin4s°
(Hyeg =1.39) <H, Ky > 15 g > 1

(33)

n=15 n=17 N=15

(34)
(35)

(36)

Only red colur do not suffer total internal reflection.

(30) (B).Ray passsymmetrically
through prism
=(i+e)-A=30°

min
sin[A+6—mj
N 27

sin—

=2

... 11 1 1 1 1

Objective, ———=—-=> ———(——=—
vV u

11 1 5-1 1

vV 40 200 200 50°
For normal adjustment L =u+f_ =54 cm.

v=50

(37)

(38)

(39)

(B) m=-1/2, so image is inverted and diminished. since
imageisinverted, soit will bereal, and themirror will
be concave.

(© m = +2, image is magnified so the mirror will be
concave. Imageiserect soit will bevirtual.

(D) m=+1/2, image is erect so image will be virtual.
Imageisvirtual and diminished, so themirror should
be convex.

1 2 1 3
(D).f_z(ug_)R R [Ug ZJ’R:f

1

2
= L4
fl —(uw ) R

3

=2
R 3f
1 1,11 1 1
_+__ —
fff f

- T

2
o F 1

_2
3f

1.2 2_ 4 ¢ 3

feq f 3f 3f
(C).d=(d;+dy))p=15(5+3)=12cm

(B). Maximum distance of distinct vision = 400cm. So

image of object at infinity isto beformed at 400 cm.

1—1 = i—l_l ;P=-0.25D
v ou f’-400 o f'
. 1 ﬂ 7»_2 6000 A 3
(B). Resolving powerocx, RP, 7, 4000 A~ 2
light spot
1ght spo /eN
y
AN y . y
D). source x 26:; ’ 925
L)

(A). For dispersion without deviation, 8, = 8,
Ar(H-1)=A(H-1)
10(1.42-1)=A,(1.7-1) ; A,=6°

(A). For telescope, angular magnification = :—O

E

So, focal length of objective lens should be large.

Angular resolution = should be large.

122

So, objective should have large focal length (f) and
large diameter D.
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(40) (B). For retracing its path, light Minimumn; & n, are’5 and 6 respectively.

ray should be normally incident
on silvered face.
Applying Snell'slaw at M,

sni__ 2 @
sn30° 1
:>sini:\/§>< i.e,i=45°
2 €
Ef =15cm
(41) (B) (0] 40 cmf
4
11,111 1.1 11
f vy u' 15 v; 40'v; 15 40
vy =-24cm. (5)
When object is displaced by 20 cm towards mirror.
Now, u,=-20
T
f v, 15 v, 20'v, 20 15
Vv, =-60 cm.
Image shifts away from mirror by = 60— 24 =36 cm.
P P P P ©
)
42 (B).
- Gids Glass
ass (1.5
((31“3‘ \ air 19 (19 Glycurine (15)
Equivalent focal lengthinair —=~+1-2
R f f f
When glycerin is filled inside, glycerin lens
behaves like a diverging lens of focal length (-f).  (8)
11111 R 1
R fff f'F 2
(43) (C). Rainbow can't be observed when observer faces
towards sun.
©)
f oo
44 (D). :
Ati =i, refracted ray grazes with the surface.
So angle of refractionis90°. (10)

PART -B: WAVE OPTICS
(1)  (©). According to question n;A; = Nyk,

10000 _ 5
12000 6

M _Ap_

No My

D  5(12000x109) (2)
d 2x1073
=6x103m=6mm

(D). As speed of electronsisincreased so wavelength of
electrons will decreases. The angular width (cA) of
the central maximum of diffraction pattern will
decrease.

(D). Distance between 13 order dark fringes

=width of principal max

Xmin =

_ 2D 2x600x10° x2
d 1073
=2400x106=24%x103m=24mm
(C). Path difference A meansmaximal ., = K

I—Kcoszq) Kcosz[ZTc K 1il:KcoszE:—
472 4

(D).d= 1mm:1cr3 m,D=1mm
A=500nm=500x10"9m
Width of central maximainsingledit=2AD/a.
Fringewidthin doubledlit exp., p =AD/d

—10%D——ZKD;a d 1xlO m=0.2mm
d a 5 5

i . 2DA
(D). Width of central maxima= —

(D). For firss minimaat P, asin6 =&

Axq _(al2)sin®

Phase difference, A, = = 2n . x 21

A¢1=;7x 21 =rradian

g 1T
B, w, 2571, 1

2
maX:(./(I /19 +1) :(5;32:2
m|n L\/(l “1) -1 5- 4
(D). 18 minimum, asin® = ni
n=1asn30°=Ar=a=2\
1% secondary maximum, asin 6, = 31./2

3 3 413
SN =—=— O=9n ——
= 17 2a 4
St 2.5\
(D) Imax = 1o ZZ. = o
d
dx—
g Wn__2_d_ 2
Path diff. = D = Tod ~20-2
|
Phase diff = 90° ; |=|0C032%:EO

[4




SOAL S
Q.B.-SOLUTION STUDY MATERIAL : PHYSICS

ODM ADVANCED LEARNING

(1) ®B).14/1,=n (15) (B). When reflected light rays and refracted rays are
B 2 2 perpendicular, reflected light is polarised with electric
Imax = (1 +412)” = (Vn+271; field vector perpendicular to the plane of incidence.

lmin = (11 =412)2 = (-2,

Imax_lmin_ 4"/ﬁ 2\/5

loe + Imin . 2(N+1)  n+1

Ly
0=—== H
(12) (D). -
-5
:f_k - 60x5x10 " =0.15cm. Also, tani = (Brewster angle)
a 0.02 )
(13)  (©).-(Yg)gright, medium = (Y5 )park, air (16)  (B). Angular width = —
M:[Z(a—ljﬁ_ %Bzgﬁzuzgzljg A A
d 2 d’>pd 2d 9 020°=—— _.(i); 0.21°=—_ (i)
2mm d
Py Dividingweget,@zi s d=1.9mm
P3 o 021 2mm
Iy I 2 (17)  (B). Inairangular fringewidth 6,=f/D
(14) @®).— 1 ) _,3 Angular fringe width in water
: L I o
- o - B 0 _02 o
_{5° ubD o 4/3
Ilzl—0 N PES 0c05245°—|—0
2 4

[¢
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