Geometrical Optics

| EXERCISES |

ELEMENTARY
Q1 (2
Q2 (4
30°
3 =180 — 60 = 120°
2400 r,
30°",
___—

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

8 = 120° Anticlockwise = (360° — 120°) clockwise
(2)

(3)
Mirror height = man height

100 _go
2
(3)
360° 360° 300°
0 60 60
n=>5

(B)

Lateral inversion refers to inverted image of object
when kept in front of mirror.

Image of HOX appears same as HOX.

(3

1 1 1
—_t— = —
v u f
1 1 1
—_t = -
v —f f
.
)

(4)

1 1 1
—_t—=—
v u f

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

i1 1
v -40 -20
v =-40 cm
~v__ (40
M=—=-— :l
40

(1)
v=2u
1 1 1
—_t— = —
v u f
u=-30cm

(A)
By using mirror formula
u=+x; f=-f

111

v -f X

1 1 —(x+f) _
Viivinimer: = —ve (aways)
so if object virtual, image always real.

420
T><3 = 315 nm

(4)
Vel ocity and wavelength change but frequency remains
same.

(1)
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Q.16 (4)
For TIR medium at refraction must be rarer.

Q.17 (3)
34 C= 24 90
> snC= 3 sin
8
= C=snt(j
Q.18 (3)
Noc—oc—
%
Q.19 (4)
We know that 6c =sin*
H glass
and Moo depends on wavelength of light
1
“glass OCI

When L isminimumthe p will bemaximum & hence Q.27

0. will be minimum.
A is minimum for voilet hence 0_ is minimum for

voilet light.
Q.20 (3)
sin[(8yn +A)/ 2]
M en(ar2)
. (60+30
Sm[ 2 ] 1x2
= =+/2
sin(30) V2 V2
Q21 (1)
Mblue>ured
Q22 (2
1
Hocx,kr>7»0
Q23 (1)
J2 sin30°=sine
e=145°

Deviation = 45° —30° = 15°

Q.24 (2)
nR—Ni _Nr N
R v u
21 2 1 0
o “v- 20 = v=40cm

Q.28

Q.29

Q.30

3
g
g

Lens changes its behaviour if R.I. of surrounding be-
comes greater than R.I. of lens.
i < 1.33

3

— N
i

f,

Distance between lensis =f, +f,

(4
(2
i_( )( 1 \\
. Het[R TR,
R T \(1 1)

e e
Fuaer _ [g_j
EREEs

f . =4f

water air

1
P= f_ Power decrase



Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Geometrical Optics

(1)
P=P +P, Q41 (3
=+4+ (-3
=+1 . . 1
Magnifying power of a microscope m o i
(3)
PL = Pl + P2 Since fviolet < fred ;e mviolet > mred
1
P=% JEE-MAIN
- OBJECTIVE QUESTIONS
Q1 (2)
(1) All thereflected rays meet at apoint, when produced
( \ backwards.
Hy — 1
()] =
L uy _lj \
1 } *~~::::::1\
) o 1
[1.62—1.42)
= 15-1
05 10
Q.2 (1)
) There is a phase change of 180° in reflection.
n, —n 6 Q.3 (@H)]
=, +n, = o5 By the laws of reflection angle of incidence = angle
2 -1 of reflection Zi = Zr
3) Q4 (2
_ _ An image is caled area image if the rays after
doc(n—1) = pg isleast so 55 isleast. reflection or refraction actually meet hence converg-
ing rays from real image.
(2) When rays actually meet real image is formed
Angular dispersion does not depends upon
dispersive power Q5 (4)
Irrespective of the type of mirror.
(4)
Q.6 (4)
MP = (1+ Bj _ (1+ éj _6 Minimum distance between object and imageis zero
- f/ - 5/ 7 when image concides with the object i.e., object is
placed at 2F.
(2) 7 2
For normal adjustment Q. (2)
fo incident ray
m=-—%" >

e

When final imageisat least distance of distinct vision
from eyepiece,

m=—1o (1+f—e) =10 (1+3j =12
f d 25

(2)

1

For a compound microscope m o f
o'e

" final reflected ray

final ray is Il to first mirror.



Geometrical Optics

Q.8

Q.9

Q.10

Q.11

Q.12

(2)

c Al

In AABC 90° + 36 = 180° = 6 = 30°

3

AT

E
«—d —»‘5<—d—>

(i)

)

» +X

11311515155 1155 5ERENNENENY
3

—d+A—F—d+A—>
(i)

From figure (i) and (ii) it is clear that if the mirror
moves distance'A’ then theimage movesadistance
Therefore Amplitude of SHM of image = 2A

(3)

If time in the clock is T, & time in image clock is

T, then.

T,+T,=12:00:00

4:25:37+T, =12:00: 00
T,=07:34:37

(A)
A plane mirror forms inverted image of object line
perpendicular to it.

3:25 8:35
Object Image
(D)

Deviation produced by plane mirror is given by
S =180 - 2i

Q.13

Q.14

Q.15

Q.16

Q.17

herei = 90 — 60 = 30°
8 = 180 — 60 = 120°

(3)
Taking first reflection by A.

A

:

U MO

+—>
15 cm 15¢cm 5¢
55 cm

Taking first reflection by

:

35cm
+—>

AW A v o)

o

o @ 3
(o3
3

=

Ly

ALLALAN ARVANNY

L — > I
1 «—>
25cm A Scm 5emB 45 cm
(B)

From the following figure we can see that incident
& reflected ray are paralel to one another.

1 mirror

i Reflected
-0190-0

1™ mirror

(2)

Perpendicular distance between object & mirror is
equal to perpendicular distance between image &
mirror.

Initially the separation between object and image is
200 cm. After 6s the mirror has moved 30 cm to-
wards the object. Hence object-mirror separation is
70 cm. So object image separation is 140 cm.

(A)
By image formations
N
N
3 R
IR
SRR’ RRPUUIIN \ P
4L 2L N L 5L
3 3 4l N 33
13 R
N
j— 2L >|
(3)

All the images formed by two plane.
Mirror inclined to each other form images which
lie on a circle.



Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

(©)
First reflection =3 Q.24
Second reflection = 3
Third reflection =1
Tota =7
(A)
By the formula for the number of image formed
360 ) ,
o 1 where 6 is angle between the mirror.
360
No. of images = T—1=5
(B)
Only concave mirror forms larger image of an ob-
ject.
(4)
v Q.25
Given — =12 = v =4%2
o111
VNI Q.26
1 1 1
_—t — = —
“2u u -f
after solving u = =30, =10 cm Q.27
(A)
A
I :““““““““'Jo =1cm
u = 20cm .
Q.28
1.1 1_1 1 _ 3 20
v f u 10 (20 " T20'VT73
cm
20
v 3 1
| = - — = — 1= —
u © (~20) 8 3
.. The distance between tip of the object and image
is=AC = ,/(BC)? + (AB)?
2 2
20 1 6404
= 20 + — +|1-— = —_—
S\/[ sj[sj V7o om
Q.29

(3)

Only aportion of incident light isreflected by mirror
and rest is transmitted in mid water. So intensity of
reflected light is less than intensity of incident light
& hence image formed is less bright.

Geometrical Optics

(3)

only in above two casesimage movestowards mirror.

(3)
Paraxial rays are considered because they form
nearly a point image of a point source.

(1)
It is created at focus ie + 20 cm, when object is at
infinity

(3)

1
0o

I
If Oand | areon samesidesof PA. o will be positive

which implies v and u will be of opposite signs.

I
Similarly if O and | are on opp. sides, o) will be

-ve which implies v and u will have same sign.

V
If Oison PA, | = (_U] O=0

= | will also be on. PA.

1 1 1 1 -1 1
—_ = [ — .
-f —-v -u v u f
. 1 -
Slope=-1 intercept = T (positive)

5
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Q.30

Q.31

Q.32

Q.33

(A)
For real inverted image formed by concave mirror.
V=—-Ve u=-ve f=-ve

v
f
= Aisright answer.
2nd Method,

u ™.
= 7 & are positive

= Xy=x+y
= Xy—-X-y+1l=1=(x-1)(y—1)=1Hence
(A

(4)

..

[ —————»
10cm

So diameter of the image = fa
1x L P
=10 1""180) " 18

(2)

Using mirror formula

1
m—f’%

Hereu = —f, f = +f

1 1 1
=
v (-f) f
_f
=V = >

(1)

Using mirror formula
1 1 1

vV u f

Here we have a virtual object so sign of u is posi-
tive.

Q.34

Q.35

T% f=+f

Takingu = —2f & f = +f

1 1 1
—_— "t — = —
v u f
1 1 1
—_— .t — = =
v -2f f
i1 .1 2+1
v TF T 2f T of
v -2f/3 1
M==u~""2f ~3

(2)
Magnification is—3 becauseimageisreal & inverted.

-V
m= —

v = 3u.
given u = 20 cm

v = —-60 cm
4—%
20cm£

By using mirror formula

111
60 20  f
f = =15 cm



Q.36

Q.37

Q.38

Q.39

Q.40

(4)

Hereu = -30 cm, f = =15 cm

object is at centre of curvature

= image will be real and of same size.

(2
Us i f I i -
sing mirror formula ho =~ U
G h 1 v
iven he ~2 - U
u
h = —-=
ence v >
given

u=-40=v=20
Using mirror formula

21 1.1
40 20 f
1 _ 1
f 40
f =40
convex mirror with focal length = 40 cm
(2)
Given

v
m=+2=——
u

v =-2u

Using mirror formula
1011

2u  u 10

Ll o oA
2u 10 u=Scm ns.
(1)

Incorrect statement
A concave mirror forms only virtual image for any
position of real object.

(B)

In convex mirror Image is not at infinity ()

.
.
A
N
.
A
S

Q.41

Q.42

Q.43

Q.44

Q.45

Geometrical Optics
(B)
Using mirror formula
From the data given we get
v = +10, u = -50

111 50

10 50 f ~'7 4

R E = 25cm

=5 =

(B)

3_); x ok E ]
¢ 22.5cm >

I, is the image formed by concave mirror.
For reflection by concave mirror
u=-x,v=-(45-x), f=-10cm,

1 1 1
—_—_——
-10 —-(45-x) -x

1 x+45-x
10 x(45-X)
cm, 30 cm

but x = 30 cm is not acceptable because x < 22.5
cm.

=X2—-45x+450=0=>x=15

(D)
Given
o oh 1 v
Mhy “nh " n U
u
V=——
n

Using mirror formula

D11 (01 1
“u u f u ) f

u=-f(n-121)
|ul=f(n-1)
(2)

Jy _ 6000
H=5, 4000 — 1
(3)
i=2r

lsni=nsnr

= 2sini/2cosi/2= nsini/2
= cosil2 =(n/2)

= 1 =2cos? (n2)
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Q.46

Q.47

Q.48

Q.49

Q.50

(A)

. tsin(i—r)
Displacement = “cosr
and 1sini = n x ginr

Since i and r are small angles. and i = nr
Displacement =t (i —r)

r
. Displacement = t i (1_Tj

. (1_3 _10(n-1 Q.51

n

(1)
r¢r=90° = rr=(90-r
u, sinr=np,cosr

(1)

Q.52
o)
tanr = ——
My
o . Ha
Critical angle = sin™* u—: sin™ (tan r)
1
Q.53
(1)
4 Q.54
nquanz = ! nglycerine = E
nquartz 2 3
= = ——= — =
nglycerine 4/3 2 urd
Glycerine ] Glycerine
Oﬁ’ﬁ“’er Objlect
o o] Q.55
T
=15 10 1575 h
ift=t |-~ =18 (17575 | =6cm
Hrel 3/2
(3)

From the formula

Appartent depth: n
Re al depth n

air

glass

air

Apparent depth = Real depth X
glass

The letter which appear least raised has maximum

Apparent depth and henceit hasminimum p for glass.

ml
Y

for p to be minimum A should be maximum which
is for Red.

(1)
d_

X _
d 18 M

dy _4dx o
= dt 3dt e Mme

(A)
Sun has dlliptical shape when it ireses and sets due
to the phenomenon of atmospheric refraction.

(©)
Real depth= d=1m
Virtual depth = d’ =0.9m

da_1
d n
_ 1 _10
H= 09 " 9
(1)
_1.Ca _ .V
sme-“ B:CB—m
(4)




Q.57

Q.58

Q.59

Q.60

R
e, =5 e 1)

A ray of light intering at 90° from rarer medium
makes an angle of refaction equal to critical angle
in the denser medium and critical angle is given by

— oin-1 3
GC—SII’I Z
3
GC:tan*ﬁ ...... ()]
Equation (1) & (2)
i_ R R = 12x3
7 1270 7

_sini_ x/_:>sm|—\/_X

sin30°
(3)

We know that formula for deviation
d=i+e-A&r +r,=A

=i r,=0 r+0=A

1
e=0 r
A=A
lsni=psnA
Because angles

\/— =i =45,

Np Np
S:A(E—l):SaA andSoc(I—

(B)
Ho M1 _Ho7Hg Ho M1
\; u R v -R

v =—R for al values of pn.

_ Moo=

-R

Q.61

Q.62

Q.63

(B)
For minimum deviationi .= e
A

andr, = > =r,=r
d=i+e-A=2(G_ -1 =38
. (D)
Now
44° = 42° + 62 — 2r = r = 30°

-9
From (1) and (2)

i = 49°

(2

From the formula

d=i+e-A
6 =50 + 40 — 60 = 30°
8, < 30°.

A
300
8min

400 i=-¢e 500 >

©)
., =i+e—-A
Smin:A
So 2A =2
i=A

Now for refraction on first surface.

sni=psnr,
sSinA =psnA/2

Geometrical Optics

[For minimum deviation r, =1, = A/2]
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Q.64

Q.65

Q.66

Q.67

Q.68

10

(4)

Given angle of incidence |,

Given angle of emergence I,
Condition for minimum devidation
i=e = .

(1)

6=30°=i+e-A
60 + e—30 =30
e=0

(1)

For minimum deviation
nN=r=r=2r=A
A
2
Now from Sndll’'s law
1sini= 2 sin30°
i = 45°

r= = 30°

©
usino=1

- l 1

0= sin E
1

H=1sino,

0.<0
sno_<sno
1 1

—_< —

TN
n>y2.

©
Normal incidence
i=0,r,=0,r,=A=60°

eoll2
snC = =3

1
n
O

600 \ """""

Q.69

Q.70

Q.71

The incident angle is greater than critical angle so
ray will suffer TIR.

& =1 — 20 (in case of reflection)

& =180 — 120 = 60°

(2)

Applying Snell'slaw on surface of incidence 6 =sin-
1[sin 60)
V3

/\ _

5%";[} 0 5 ¢

¢ = 180 — [60 + 0]

¢ = 180 — {600+ Sinl(Sir:/%OOJ:l

= 180° — [60 + 30] = 90°

(1)

Radius of
curvature = 20cm

M=3/2 |t=20cm

Considering refraction at the curved surface,
u=-20,u,=1
M,=32 ;R=+20

. Uo Ha Mo —Hq
lying £2 _ L
applying == — < -
1 3/2 1-3/2 1
=V TZ2 " 2 V-

i.e. 10cmbelow thecurved surface or 10 cm above
the actual position of flower.

(1)

1 1 1
o)

1 1 1
S (15— ——=
= g )(ZR R]

S 1.1
= _24 2 2R

R=6cm= 2R =12 cm



Q.72

Q.73

Q.74

Q.75

Q.76

Q.77
R
2R
(1)
Given R, = 09 R,
1_1
fA fB
2 2
163-1) 5 =(x,-1) 5
(163 -1) g~ = (=) R
X, = 1.7
Q.78
(3)
Lens changesiits behaviour if R.I. of surrounding be-
comes greater than R.I. of lens.
Higns < 1.33
(4)
Image of sun is formed in the focal plane. So,
d, 8> oﬂ d
Diameter of image =
100x0.5°
= 1800 x T x 10 mm = 9.
(D)
For vertical erect image by diverging lens.
Q.79

u, v and f are negative

u %
T :+veand?:+ve

1
f

|
c | =
<R
1]
+
H

<|—

i
v

C |

y = = since x & y are +ve graph liesin first

X+1
quadrant.
Also,atx=0,y=0andax=x,y=1
(A)
Using the given formula
d=(n-1A
adr +r,=A
and for Smm r1 =r,=r=A/2
Hence 6

Geometrical Optics

(2)
1mm /\
f=10cm
11 1

10: v _—(_15) = v=+30cm

2
%
for small object |dv| = u_2 [du]

2
30
= (—j x1 =4 mm

15

(1)

1 1 1

VU T (1)
-y

m= -(2)

f
from (1) and (2) m = Ty

18
here m = — > = — 9 {only real images can be

formed on the screen, which is inverted}

f
9= 1 (<10

-of+90="1
10f = 90
f=9cm

(4)

We know that P= 1A & Pxt=E

E
Hence |A = ?

L d)’ ndi
Initialy energy/sec = | x = 5] =

ST
- 1 | 1 |

Final Intensity Ind®3/16 3

S0, NOW T itial Intensity - Ind? / 4 "4

Focus will not change.

11
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Q.80

Q.81

Q.82

Q.83

Q.84

12

(©

— N /)

2

Distance between lens is f, + f,

(1)

10cm —20cm

(2)

The rays coming from infinity parallel to principal
axis and paraxial meet on focus after refraction and
the rays originating from focus of the lens originate
parallel to principal axis afer refraction.

A

R

4

h

—»——

—P—/ﬁ‘l

\ L,

(4)
f,=f,=f.=f, =P, =P
(1)
Using the formula P = f(
p,=2D

_ 100 _
f1 = T = +50 cm
f,=-10
f, = -100 cm

1. F _ i}
feq f1 f2

I P S ok
=[50 100 = [ 100

feq = 100 cm

inm)

L

1

00

Q.86

Q.87

Q.88

(1)

We know that on cutting the lens into two parts
perpendicular to its principal axis power of the two
parts will be P/2 each. Let initial power of lens be
P.

Then (P), = (P), = PI2

Pf = (Pl)f : (PZ)f = P PI = Pf .

No changein power hence no changeinfocal length.

(4)
f, f, fy
10 15 15/ \15 15
+ +
n=3/2 n=4/3

1111 1 2 1
= f, 1 f feq fm f, 77 18
= feq =—-18 cm
So, the combination behaves as a concave mirror

1 2 2
-10 ~ -R f,
2.1 2 _56-20 _ 3
R 10 56 560 560
1 _ 18
R ~ 560
18 L
-1 560 ~ 56
L
H= 18
10 28 14
u:1+———:—
18 ~ 18 9
(A)
R 7%
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1 1.2 2 1 Q.92 (B)
?_oo f, — f, — -28 A A
A Kh
1 1 , h h
f,=56cm= (n-1) R) = 5 0] < - - -
Kh Uy b 4h Ku,
14 1 1 280 < >
1l ==—= _ =&2¢ Ku v v
( 9 )R 56 ~ g °m '
For case 1
u=-u =vVv=-ku = f=-
Q89 (3 111 ”
f=_10 f_w ku1 ul - f .........
_ + For case 2
o u=-u,= v=Kku, = f=-
L ) 1 1 1
-t T =2 2
l:f—_f—:()_i:>|::5 ku, u, f @
Foim R -1 On solving (1) & (2)
1
Q.90 (4 f= > (u, +u,)
11,1 d_
fof fy fify Q.93 ©
From the formula
1 1 d _o
T 95 _20 _500 hg =+/ny xhy =v/8x12.5=10cm
_ 2-25_ d
T 500 | 500 Qo4 (D)
d=5cm. All are true.

Q91 (B) Q9% () o
The focal length of mirror formed will be f = R/ Answer 1s A becaus_eA net angle of dispersion by
2 each surface slope is equal to zero.

Q.96 (D)
o is property of material.
Q.97 (D)
10 cm Dispersion will not occur for amonochromatic light.
f =-1lcm Q.98 (2
[-ve sign as concave mirror is formed]
f, = 20cm __ Ny _6
® [n\, +n,) T 25
-1
i = i -2 i 2
f:eq f:m f/
-1 -2 -10-11 Q9 (1)
11720 T 110 16333 - 1 = 16161 = 0.0172
ny—l
-110
fo = T 1.6333-1.6161 _0.276
1.6247 -1
Q.100 (2)

Angular dispersion does not depends upon

dispersive power

13
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Q.101

Q.102

Q.103

Q.104

Q.105

Q.106

Q.107
Q.108

Q.109

14

(2)
Ray of Red light bends minimum because it has
maximum A & minimum L.

(A)
0; | Oy
—+—==0
1 f2
1 _T02 1 (o 2
fl (,01 f2 ' 0)2 1
1_-2
fi
1 1 1 -2 1 1
- —t+t—= —t— = —
f, f, 10 f, b 10
=f,=-10cm = f =5cm
(A)
VIBGYOR
45°§'i xT nl
_ 1
snC=—
1

for red C > 45°

(B)

11 e

fl f2

®; O ®; _ —®
eSO T, S T
A e A

0, <o,=|f,|<|f]
(2)

By constitution of simple microscope we can
observe it

(4)
re(oo3) - (3 -

(3)
(3)
(3)

In normal adjustment

Q.110

Q.111

Q.112

Q.113

Q.114

Q.115

Q.116

Q.117

S0 50=—@ =

e
(- eyepieceis concave lens)
andL =f +f =100-2 =98cm

f,.=—2cm

(2
v = magnifying power

D
= 1+—
Y F

4
(2

For normal adjustment
fo
T f
When final imageisat |east distance of distinct vision
from eyepiece,

m':—f—O [1+f—e] =10 (1+3] =12
d 25

e

(2

mefo

fe

m = 10 x 20 = 200 cm

4)
11

- E metre

f=
p
f = 0.5 mthisis positive so lense is convex lense.

©)
. (Loo_fo_fe)'D
Byusngm = ——————
* fOfe
(L,-1-5)x25
= 45=——F———— =L =15cm
1x5 *



Q.118

Q.119

Q.120

Q.121

Q.122

Q.123

Q.124

(2)

For a compound microscope m o

(2)

In microscope final image formed is enlarged which

in turn increases the visual angle.

(4)

Q.125

Magnification of acompound microscopeisgivenby Q.126

\Y

u

(3)

1
Magnifying power of a microscope m o T

Since

(1)

0

f

violet

D
Ue

<f

= |m| =

red ?

, .M

violet

m, x m,

>m

red

L,=v,+f,=14=v +5 =v,=9cm
Magnifying power of microscope for relaxed eye

oD 9025 g
m= Uo .fe or 25= T oruo—g
(2)
vo D
- —Xx—
M. = Ug fe
11 1
Fromf Vo U
1 1 1
= (+12) v, (-125 = V.=30cm
) = =<2 = 500
L
30 .3 o,
Im.I=125"73
(1)

When the final image is at the least distance of dis-

tinct vision, then

fofy,fe) -

5

200

1+

5
25

_] _

200x 6
5x5

=48

Q.127

Q.129

Geometrical Optics

When the final image is at infinity, then

(1)

In terrestrial telescope erecting lens absorbs a part
of light, so less constant image. But binocular lens

gives the proper three dimensional image.

(4)
f0
In thiscase |m| = f, =5 ..(i)

and length of telescope =f +f =36 ...(ii)
Solving (i) and (ii), we get f_ =6 cm, f =30 cm

©)

1 1
f = 125 =08mandf = _—20——0.05m

L | =1f|—1f{ =0.8-0.05=0.75m=75cm

0 _
and |m,| = 7 0.05 16
(3)
In normal adjustment
m=_fo
fe
S0 50=—@ = f,=-2cm

e
(- eyepieceis concave lens)

andL =f +f =100-2 =98cm
(4)

f0
Inthlscase|m|—]c =5 ..()

and length of telescope=f +f =36  ..(ii)
Solving (i) and (ii), we get f_= 6 cm, f =30 cm

15



Geometrical Optics

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

16

(B)

450
90° 60

B B'

A

Let A'B' betheimage of tower AB. Thefoot of tower
coincides with foot of image. Let the mirror be CD
then from the given condition and from A CAB.

h
tan 45° = ) = h=60m
©

uM. LL

2L ~. 2L
3L

M, moves on line paralel to the mirrors so to find
out where M, will be able to see image of M, we
have to find the total length where M is visible of
M, soraysoriginatefrom M, & after reflection meet
at M,. By using similar triangles. We find total vis-
ible length isequal to (3L + 3L) =6L.

Distance 6L

Hence time duration will be = SPCT = m
©

.....
.....

:
200cm 50cm

L ets assume that awidth of x (cm) isvisible to man
then from similar triangles.

ADEC~AAB'C
250 50 .
X 10 = X= cm

h=10 cot 6

T
10m

When mirror is rotated with angular speed o, the
reflected ray rotates with angular speed 20 (= 36
rad/s)

dh d
= |—| = |—(10cot6
speedofthespot—‘dt‘ _‘dt( )‘

= ‘_ 10COSe029 @‘ = _ix *
dt (06
= 1000 m/s.
(D)
A i A
goAam
)‘(03m ...................... E
1.5m
E 2 A e, . o
0gm -,
F
B x X BI

Let AB be the object whose image formed by plane
mirror CD isA'B'. The portion visible to the object
can be drawn as shown in the ray diagram and EF is
the length visible to him.

To calculate EF : AAGC ~AAA'E' & AAGD ~ A

AAF
In AAGC& AAAE INAAGD & AAA'F
AG _ AA' AG _ AA'
GC - AIEI GD - AIFI
X _ 2 X 2
0.4 A'E' 0.7  A'F'
A'E'=0.8 AF=14
NowA'F -A'E'=EF =EF
14-08=06=EF
(A)
Let AB be the street lamp of ht 3h and CD be the
man of hieght h.
FromAABE and A CDE
BE _ DE
AB ~ CD

d
The rate at which shadow isincreasing is d_?c/ .



Q.7

Q.8

X+y Y A

3h  h N

d_X_ C

dt =V 3h o

d_Y_X B < ><—>y E
dt 2

Visible
portion

H

Let AB bethe boy with hiseyelevel at Eand A'B' be
the image then the visible portionis AH. A EID ~ A
EE'H'

EI _ EE'

ID E'H

Now we know that EE'=2 El, ID=0.6 m

& AH=AH'=AFE +EH
EH=12AndAH=12+0.1=13m.

Hence boy cannot see his feet.

(B)
We know that the component of velocity parallel to
mirror remains same for image but for perpendicu-
lar component.

mirror (1) \lcosg,
\\é\&
O
> <

mirror (2)

V,=-V
Now to find relativevelocity V;, = V; — Vi, where

0

\712 isrelative velocity \71 isvelocity of image (1)

& V, isvelocity of image (2).

X
Q

S/‘o %

N

.
£
XY

\712 = 2 sinp on performing vector subtraction.

Q.9

Q.10

Q.11

Q.12

Geometrical Optics

VI + VO
We know that from formulaV = 5
where V = Velocity of mirror
V. = Velocity of image
V. = Velocity of object
We can write velocity of image for first mirror af-
ter Ist reflection
V,=2V
For second reflection this velocity becomes veloc-
ity of object.
_ 2V + VI
2
,=—4V
IV |[=4V
Thus after n™ reflection
V,=2NV

(B)
Component of velocity of object L to mirror fol-
lows the condition.

Vim =— Vo [for zcomponent only |

Vi -8=-[5-8]

V, =11k

The remaining components remain same as that of

the object S0 V, =3i + 4]+ 11Kk

(©)
uf  (-15)x(-10)

VEUF T ass10 O 0em

\Y
m=-—=-2 ~AB=CD'=2x1=2mm
BC AD 2

=B'C=A'D'=4mm
. Perimeter length=2+2+4+4=12mm Ans.

©
%&- 12cm
_’ —
+—>

4m/s
20cm£

17



Geometrical Optics

Q.13

Q.14

18

Using mirror formula

Lir01 1 1 1 1
“Viu f T v —20 -12

v =-30cm redl.

dv. -v?
dt e o

2

-V
(V| _O) = u2 (Vo_o)
5
Vi=—20

V, = -9cmi/s towards right.
So away from the mirror.

(B)

Using mirror formula

h —-v  —uf

hy = u ~ulu-1)

=

dh,  -f dh,

dt ~u-f dt
-20

vV, = “15-(-20/2) x 2 = -4mm/s

5 10m/§|
f=20c%‘25cm >

u =-25cm
f=-20cm

v =-100 cm

Using mirror formula

dv _ (100) X
dt -\ 25 ) *10=_160i

(©

Q.16

Figure shows arod of infinite length with point A at
distance u and B at infinity.

By using mirror formulawe find the image of point
A& B.

Point A

u=—u f=f

-1 1

f

u
1
u

<|kr <|r

1
f

Point B
U=—oof=—f
1 1 _—_1

V f
V=-—T.

- oy
Distance = U_f —-f= U_f

(©)

Using mirror formula

by solving

1 4b a(2b - a)

v _a2b-a) — VT 4
) a
so distance from focus = E -V

(2b-a) @’

4 4

a
= - -a
2



Q.17

Q.18

Q.19

Q.20

Q.21

(B)

Imageislarge and redl.

Concave mirror such that object is closer than im-
age.

Mirror should be placed towards left of I.

(©

Given

u=-15cm = f=-10cm= v =+30cm
(Using mirror formula)

Q.22

For 1™ reflection
Minimum value of 6 = 45°

(D)
Can be understood by the following ray diagrams :

- focal plane

-

Q.23

Since, rays are amost perpendicular to P-axis
Image will form at focus of size =0 .

(A)

Form=2

v
m=-—=2

u
V==2u 0)
11,1 1_ 1.1
f-v u—"F -2u u

Geometrical Optics

1_1
= f_2u:u_2
& v=-f

Distance between object & image = f + /2 = 3f/2
For m=-2

Y,
m=-—==2

u
v=2u

EO S -
= FTou g TUT Ty &VE

3f
Distance between object & image = 3f -
(©
For M, u, = -30cm, f, = 20cm
1 1 1 1 1 1
- =

v, =-60 cm
2
u, = +(60 — (10 + 30)) = +20 cm
f, = +10cm
1 1 1
v_ E:E :>v2:+20cm
2
Now for M,
Vi

m, = -4

Vi Vo

= X = — X—
Total M. =m, xm, U, U,

(-60)(+20)
~ (=30)(+20)

M, = +2
(A)

%O Elv

I, will behave as an object for M,,. Hence

r<

dv_-v’du
dt  u? dt
Image will go towards right.

19



Geometrical Optics

Q.24

Q.25

Q.26

Q.27

20

(A)
The ray in this case is not paraxial so ray after re-
flections does not pass from focus but from point

R
5 secO from C.

Q.28
oo £ 1
SNY=cp 2
= 6=30° [~ CP=2f]
BC =1 secO
BC_ 2
f V3
(B) Q.29
For M,
_uf  -15x(-10)
VUt Z15—(c10) - 30em
ForM, u= 10cm
_10x(-10)
V= —10_(_10) =-5cm
-V -5 1
magnification m = o 1072
. . 1 3
so, distance of image from CD = > x 3= > cm
, . 3 3
-, distance of imagefromAB=3- - = — cm
2 2 Q.30

(D)
Asnvaries'y’, parallel slabs can be taken, and we
know in parallel slabs
n sini = constant. asn,sini, =1 x sin90° = 1
= constant
nfinal = r‘Iair = 1
= 1l=1xsnr, =71, =90°
Deviation is zero.

(A)
y axis
_(normal)
A
i M
x-z¥ Ta
plane B B

From Snell's Law
wsini=p,sinr

a __o
" \/a2 +b? \/az + B2
Because r, & r;, are unit vector hence
Jal+b’=1 &

SO pa=p,a

o’ +p* =1

(©

L 5 .
2sini= —sinr
2

2x1 45 L

J5 ZTSinr {5 r
2

i —i—53°
snr=¢ =

Now check options.

(©)
i = 60°

Displacement =t secr sin (i —r) =5,/2

\/5 sinr
:15560r|:TCOSF— 2 :5\/5

=r=30°

Now psinr=sini
31
227

u:

(©)

<—t
23.2 [—— 20p —»

— 10+20p —p<4—10 —H

Distance of I, from refracting surface = 20 p
Distance of I, from reflecting surface

Distance of I, from reflecting surface = 10 + 20 p
Distance of L, from refracting surface = 20 + 20 p
Distance of 1, from refracting surface

20 +20u
= ———— =10+ 232



Q.31

Q.32

Q.33

20
= — +20=132
u
20 200
H=7932 T 132 ™™ Q.34

Apparent Depth M2

Real Depth 7 1y

(21/2) 1
x  4/3
X =14 cm
(B)
3h
dlzj
Apparent depth of B Q.35
dZ:n3(t—1+t—2+t—3]
n Ny N3
_h-36_ 36
%="273 "15
36 36
d-d=-——

nsng=1xsin0

sin® JnZ —sin” @ Q.37

= Cos¢=

= sing=
=" -

For TI.R.90-¢>C= cos¢>sinC

Jn? —sin’ @

n

>sinC

Geometrical Optics

Nv=9~10 "2
sin®>snC

§> >C

5 TH=0

(©)

1
1.4
C = 45,58
For TIR to take place 6 > C.

snC=

©)

For transmission

r, <sim* (Yp) & r, <sin* (Up)

r,+r, <2sint(Up) A<2sn? (1)

1 1
i -1 0 — 2> —
S () > 45° = ﬁ:ug\/z.

(B)

Deviation by prism.

81:A(u—;) =4°(15-1) =5 =2°
for plane mirror

i=2°0

5,=180°—2i = 176° = 5=5,+5,= 178°

21



Geometrical Optics

Q.38

Q.39

Q.40

22

(D)

4

»

In the graph for angle of deiration v/s angle of inci-
dence the shift in angle of incidence on right side is
more than that of left side x, > x,. Hence only one

i H
370 —~X 500 ~—~530
Xy

X,

angle is sutable e = 38°.

(©

Using formula for relation between 5 . & A.

. (A + SmmJ
sin
B 2

3

2

sin

90 + 6.,
2

(A)

sinA
2

. (90 +3,
sin| ~—_—min

2
sin45°

)

2

90+8mm] NE)

2

= 60° = §,, = 30°

For light be transmitted the ray should not suffer
TIR at second refraction. Hencer, < 6.

If maximum value of r, is less than C then the ray
will be always transmitted

r+r,=A
(rz)max = 600 - (rl)min

For r, to be minimum i should be minimum

Qn (imin) = \/g sin (rl)min

In limiting case (r,) ., = O

Q.41

Q.42

Q.43

(B)

Deviation by prism=A(n—1) =4°(1.5-1) 2°
For 90° total deviation, deviation by mirror
=90° — 20 =88°

180° — 2i = 88°

2i = 92°

i = 46°

Mirror should be rotated 1° anticlockwise.

(A)
90-0>c

cosO>sinc

(9>9><E 0<37°
cosO2 x5 =037

(B)

From properties of prism
r+C=A

r=A—C=75—sin-1[ﬁ] =30°



Q.44

Q.45

lsini= /7 sinr Q.46
1
i =sin [\Ex—j
2
i =45°
(D)
izl o= pA=l
T2 4T 4
sini sine
sinr, ~ sinr, ~ M Q.47
. 1 : 1
= sinr = " andsinr, = e
. _ _ T
Sincer; +r,=A = 2 :>r1—z -1,
o1 1
= §inn = cos, — T S
= J2.sinr, +sinr, = cos, Q.48
J2 1 ;L
= —t—= = T2
H 2u 2u
- %(2+1+ZJ - 1_i
n 2 2n
1 (9+ 1]
= 219 =1
pel2 2
W2=5=p= 5.
(A)
Q.49
150 asdhe 3‘450 4505'

On second surface for grazing emergence
J2 sinr,=1sn90°

r, = 45°

A=r +r,=>r =15

Now for Ist surface

l1sini= /2 sin15°

i =sint o

Geometrical Optics

r,=0,r,=A
sSn2A=pusinA

2sinAcosA
H= " GinA =2 CosA
©)

T

= — 0 =
8=(15-1)x5°=25x 180

(B)

R=20cm|f|=10cm
Image will form on focal plane
Distance of image from P-axis = [f| &

100 0.97
= X

180 M
(D)

Using refraction formula at curved surface,

m =157 mm

-i—i-v—‘?,R-

"2V 2R T T
Fromfigure = = —  ;x== d
romrtigure R = 3R X = 3

23



Geometrical Optics P

Q50  (A)

4 3
n2=§, n1=§
R=-10cm u=-x
i 1_4/3—3/2
= 3v 2x ~10
o deu docku 1.3.(1 3
051 (DCe;/|at|on—90°coc wise or 270° anticlockwise. =V 2 60 2x
For first refraction for real imagev >0
_ 3 (1 3
%_%:—HZRM :Z(%—§j>0 = x>90cm
3 1 3/2-1
- = Q.55 (A)
2x00 (=X) +10 U= —x
1 1 n,=
;:E:X:ZOCm. n =15
Q.52 ©
4 M=1.5 M =1
Herenzzg
—Ppf
X
Fish Boy
e 2R> ‘
n=1
ul——R 1 3 1-1.5
R=+R vV 2X -R
_ 1
fromn_Z_n_lzu for real image — >0
\% u R \4
4 1 (4/3-1) 4 1 1 1 3
~3v R R —~3v 3R R 2R 2x
=v=-2R
Then the distance from the centre Q.56 (A) )
=R+2R=3R For refraction by upper surface
Q53 (O 16 1 16-1
v, -2 1
n=133 n=15
1.6
X y = — =06-05=01
\Z1

= v,=16m
For refraction by lower surface

Imageisawaysvirtual because rays goesfromrarer 2. 1 = 2-1
to denser medium. Vo -2 1
Q.54 (A) 5

= =1-05=05

n, = 3/2 n, = 4/3 Vs,

x 0O y 2 4
= V,= - =4m

— 205

Distance between images = (16 — 4) = 12m.

24



Q.61

20 cm

_ (+20)(-40)
17 (20-40) 27
=40
1 1 1 x

40
Q.62

? - fl f2 flf2

1.1 20
T 40 40 40x(-40)

1
80
f =80 cm.

1
f

Q58 (D)
C Q.63

OB=y and OA=x
y?+ OC? = BC? -~ @

X2+ OC?= CA?

BC2+ CAZ=(x +y)?
(3)-I(1) + (2)]

= xy =0C?

e
()

Q.64

Xy :f_ocz
X+y " AB

f=

Q.59 (©
I*lens = diverging lens (concave)
= focus = -5cm
2 |ens = converging lens (convex)
= focus = +5cm

Q.60 (©
C — A converging lens may be used and the object
be placed at a distance less than f from the lens.

Q.65

Geometrical Optics
(D)
The object will now appear to be placed at O' which
is a point between C & o for mirror. So image is
formed between C & O.

= v=+60cm
h =-1lcm

(D)

dv vZ du

dt 2 dt

vV, +vV,
LI2 ‘ /

u? — 2 u? — v2
:V|=V€ uz :V>< uz

upto 2f u<v Hencev, =-ve
after 2f u>v Hencev, = +ve

(A)
There are 3 lenses touching each other and f, = f, =
10cm. Letradius=R

25



Geometrical Optics

Q.66

Q.67

26

(2 2 ~ 1000
=110 " 15) *100= 755

Power = 6.67 diaptor
©

\
m:3:U =v=3u

u=-10cm = v =+30 cm

101 1
30 10 ~ fo

30
feq:TcmfZ:—30

1 1 1 1 1 4
-, L 14
feg ”fi f, ~fi 30~ 30
f. =6cm

A\
20 cm

convex lens horizontal

1 -1 3 1 -26
—=—-2 + = -
180 180 180 ~

m

Q.69

Q.70

“w
~
-~
~
-
-~

15cm 10cm 20cm

d
AN

v

30cm

Ray retraces its path when it appears to come to-
wards centre of curvature

R=20

F=10cm

For ray to retrace its path it must fall normally on
mirror.

(B)

|<—P
X 15cm

u=-x,f=30cm, v=+w0

1 1 1
— 4+ =2-=x=30
0 X

~ 30
/%R =40 cm

For auto collimation the image should be formed
on object so the object should be placed at centre of
curvature of the equivent mirror.

(A)

K:
II““II\

1.1 2
fy fm T,

1 _- 2y 1t _-1
Pm:_fm :E—Z(p—l) R jfeq 10
(Equivalent system is concave mirror with focal

length 10 cm R = 20 cm and hence u = 20 cm)
u=20cm



DZ _ d2

4D

90?2 - 207
4 x40

= f=214cm

f=

= f=

Q.5
Q.72 (A)

h,= J6 x3 =4.2cm

Q73  (A)
§=5,-8,=0
(u,— DA, - (1,—DA,=0
(1L54-1)u —(L72-1)A,=0
=> A,=3°

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q.1 (A, C, D)
(A) No, when object is between infinite and focus
Jimage is real.
(C) when object is between pole and focus, image
is magnified.
(D) when object is between pole and focus image
formed by convex mirror is real.

Q2 (B,D) Q.6

v
Here, sp=PA and SQ = QB
so, position of A and B doesn't depend on separation
of mirror fromthewall so, the patch AB will not move
on thewall.

SA and SB are constant
So, AB = constant.

Q.3 (A,D) Q7
Theimagewill look like white donkey becauseasmall '
part of lines can form completeimage. Theimage will
be less intense because some light will stopped by
streakes.

Q.4 (A,D)

Geometrical Optics

T i+l rt+0=n
2 2

i+r=0
d=2i+2r

d=20 (Anticlockwise)

(B,C)

Let AB bethemanwith hiseyelevel at Eand A'B' be
the image

EI

170 cm
160 cm
77777777777

.
.

B \B'
Using similar AEHG & AEE'B'
EE _EH

E'B' HG

EE'= 2EH & E'B' = 160 cm

HG =80 cm

FH =5cm

Hence length of mirror required is FG = 85 cm and
bottom of mirror should be 80 cm or less above the

ground or else feet will not be visible.

(B,D)
Field of view is same for all positions of the mirror
and hence spot on wall remains unaffected

(8.0

uf _ (-10)(10) _

We havev = u—f —10-10 -

2 20530

j 20c0s30°

V2
V., =— 5V
u2

oX

27



Geometrical Optics

Q.8

Q.9

28

_ [fozoﬁz_ﬂm e
-10 2 2
and viy=—(%j oy ——(_ionZOXE—Smm/
s.
Vy|__ 5 _ 2
Hence tanb = U —5\/5/2—\/5

and v, = [5\/_} +(5)? :imm/s

(B,0)

AANMUNNNNY NN

A

»
»

50

f=60 v=+30
f=60 v=4+36cm

for A u=-60
for B’ u=-90
Image length = 6cm

. Magnification =

Ul

(B,D)
Ray becomes vertical means angle of incidence =
45°, . O with x-axis=45° Slope=+1

A

45 135

_—2 K—.'.l
dx COSL =x

Zcosn—x—+1 cosz—l
= L 7072

L V3L
SX= oo y= —
3 o
X 2L V3L
cos— =-1 =>X= 5 . y=
L 3 T

Q.10

Q.11

Q.12

(A,B,D)
Refer to Q.no. F-4. Ex.1, Part-

nR ngR
= or
2n, —n; —ng 2n, —n; —Ng

f

2 = fis—ve= lensisdiverging

2 — fis+ve= lensisconverging.

If n,=n +n, = f = o neither converging nor
diverging.

(B,C,D)
w,=sinr=p,sini

r= Sin—l[“—zsinij
Hq

for zero deviation p,
ie,k,=1
If p, > p, condition for C.

Hy

T
pz.sing =, Sin 90°

5
T2

My

_ : f
=k, 30

Ifk >0r—0

) T
r=r1|1— 3
r-il> 3

(B,C,D)
For critical angle

o)

1

snC=

u
90°—C > sint—
1




Q.13

Q.14

Q.15

Q.16

Q.17

M3
cosC> —
(231

VHT —1f >y
M- HT >3 - (B)
i ps > - (C)

= ul+ps >l ... (D)

(B, D)

Cy, sinr

1
C, sini =ten30°= 73

1
Cy = \/5 C..
since y is denser, total interna reflection can take
place when ray isincident fromy.

(A.D)
d=i+te-A
We know that if i and e are interchanged deviation
remains same.
d=i+(i+20)-60=40=2i -40
i =40° (e =60°)

or similarly i = 60 (e =40)

(B,C,D)

A — for min deviation there are two angles of inci-
dence

B—i=e so r=r,

C—>i=90° or e=90° forg__

D3, =-DA

(A,B)

3/2 1 3l2-1
v (-120) 60

Ford, =120 m

= V =00
so, theray isincident normally on the mirror. so for
any valueof d,, ray retracesitspath. sol, isat O. ford,
3/2 1 3/2-1

v (-240) 60

l,Od =240cm

= v =360cm.
If first image isformed at mirror ray retraced its path
to formimage at O.

(A, Q)
Ho ( Hyq
e
X

u=-x,n,=pu,n =p, R=-R

Q.18

Q.19

Q.20

Q.21

Geometrical Optics

:H_2+H1_H2_H1
\% X -R
Ho Wy Mo My
\% X R

Ifu,>p, =>v=-ve
If xis—ve and p, >p, = v =+ve

(A,B,C)

Power, focal length and chrometic aberration of alens
depend on refractive index of the material of lens
which, in turn, depends on wavelength of the incident
light.

(A,B,C)

10cm 20cm -5cm

l—5cm—>
<10cm>¢—d, —><20cm—>

Clearly, final rays are paralél to principal axis for
any valueof d, and d, = (20—5) =15 cm.

(B,0)
1.1 1 111
f v 4 +30 v -15
E N S SO S
v 30 15 30 V-
P 60 cm
[, © \/ E L
—
P 150m“ RS -
~ 30cm " 15¢m | 45cm
For plane mirror u=-30-15=-45cm
=>v=+45cm
For second refraction
u=-60,f=30cm
1 1 1 1 1 1 1
———— —=—————=———vVv=-60cm

3 v -60v 30 60 60
final image isreal and 60 cm left from lens.

(A,D)
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Q.22

Q.23

Q.24

30

A — Theimagewill look like awhite donkey on the
photograph

D — Theimagewill belessintense compared to the
casein which no

such glassis used.

(A, Q)
10 —» 15
Mz:%
Hl—i
2

1 4 1 1 2
— = -1 4+ — = —
f, (3 Ls 15) 45

11 -2
f ~ 15/2 15

(due to

On cutting lens into two halves power of each sec-
tion becomes P/2 on combining them again net
power of system becomes P so focal length of two
system (ii) and (iii) is same.

(B,C,D)
I I __Screen
6 cm
< ™ >« y >
+—>
(y-x)
D=90cm

h,=hy, =/h; h, =6cm

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

uv+u=90
=>v=54,u=36=d=18
D? —d?
4D
902 - 182

f:4><—903f:21.60m

f=

(B,C)

The light splits in different colours inside the dlab
due to dispersion.

But the emergent rays will be parallel and will
overlap with others hence giving white emergent
beam.

Inside the slab rays of different colours are not
parallel and they intersect each other.

N

=

(A,B,C)
Obvious from theory

(D)
From passage, (D) is correct.

(©
From passage, (C) is correct.

(D)

From points (2) and (3) of passage:
f and f' must be of opposite sign.
Also o <wyand f < f,

which is satisfied only by (D).

(B)

®; @

ffp f © 0
®y f_1 1

= . f, T e D
11,1 1

j—t F fl f2 - 40 ................. (2)
After solving (1) & (2)
f, =20cm
f,=—40cm.



Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

(D)
Chromatic aberration doesn't occur in case of
spherical mirrors.

(D)

1. 11
f v u
Herev = 2.5 (Distance of Retinaas position of image
is fixed)
u=-x

.39
111 °
725 x Forf .

o 1 1.1
X IS minimum fo 25 25 Q.40
(B)
1 1 1
For f__ :xismaximum E = 2—5 — Q.41
(B)
For near sighted man lens should make the image of
the object with in 100 cm range
For lensu=—o v =—100
1 1 1

flens -100 -
©
For far sighted man lens should make image of the
nearby object at distance beyond 100 cm
For grown up person least distance is 25 cm for lens
u=-25v=-100 Q.42
1 1 1 1 3
B L s Q.43
f -100 (-25) f 100
P=+3 Q.44

so no. of spectacleis = +3.

(©

Ha Mo _Mp—ly w1 _p-l
\Y u R 2R -2R 2R
(B)

Hp M _Hp—ty w1 _p-1

v U R ~ 2R » R

(B)
From the symmetry of the figure ray inside the sphere
is paralel to principa axis.

Geometrical Optics

0 AU I

Taking refraction at A.
po 1 _pt
o -R R

(A)

When we squeeze the lens f will decrease so turnip
will move toward 2f(R) from f so image will move
towards lens (from oo — 2f)

(B)

Since image of object is moving towards R so lateral
magnitude will decrease therefore lateral height will
decrease.

(A)

— |
(2
VL

Asturnipsmoves awaysimagewill also movetowards
lens. So to form image on card again focal lenght of
lens to be decrease. Therefore squeeze of lens to be
decrease.

(A)
©
©
(42) and (44)
sin A+6m 60°+8
. 2 sin(;mj
a A = Jo=— < J
S'nf V2 sin30°
60°+5
= 22 0m gm0

5 =30°Alsoi+e=A+3.

for 5=5_ 2i=60°+30°=> =45

() for5=9_,

1
e=90°=> r2=sin-1[“]
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Q.45

32

1
= r,=sn? [f] =45°=r =A-r,=15°
sini

=u=42
sin15° H V2
sni= |z sin15°
i=sn?(,2 sin15)
5. =i1+e—A=30°+sn" (/2 sin15%)

m

(A)p B)p (Oa (D)g
(A) For converging lens (convex lens)
111
v u f
u=-x, v=y,f=d (+ veconstant)
|
Iyl |
|
:
|
—_ ==
|
X
1 1 1
—_—t—=—
v x d
111
y_d X
ax=0
y=0
Forx=0tox=d, y=—ve
so,ifx T ylandly| T
At x=d,y=ow
whenx>d ,y+ve and

ax=ow,y=d

taking magnitude of y, distance graph is shown.

(B) For converging mirror (concave mirror )
1 1 1

—_—t—_—=—

1
y
1.1 2

y X R
Atx=0,y=0

R
for 0<x< E,y:+ve

1 R
and asxincreasas; decreasesoy T upto x = >

_R -
X= 2 y =0
So, graphis(l)
R

when x > >y (~ve)

andasx T, Wyl , yT so lyld
R

Atx:oo,y:—z

graph breaks so graph is (1)

(C) For diverging Lens (concave lens)

1. 1.1

v u f
u=-xf==dv=y
1 1 1

—_t— =

y X d
111

y_ x d

= yisadways—ve
Atx=0,y=0

Iyl

+d

+d/2

Asx Tyl so, ly| T

orx=o,y=-—d
graphis(2)

(D) For diverging Mirror (convex mirror )

1 1 1
—_—t—_—=—
v u f
PR . S
u=-xf=+-,v=y
11 2 1 1 2
Yy x RTy xRV e
Atx=0,y=0
dy _ ¥y~
dx XZ



Geometrical Optics

lyl e
R/2 AI:A|:1+ : (1_ij:|
F-y n
R/4 AF
Fy=Tg
xT,y?
dh 1
_R R A=A E
Atx=2.y=, [ AF[ nﬂ
Atxzoo’y:E _ +2X3 l_i
taking magnitude of y distance graph is graphis (2) ) L0\ 15| = Heem=iamn
Q.46 (i) B,Ds(ii)A,B,C,D;(iii) A,B,D; (iv) D Q.2 [60]
Convex mirror always forms virtual image of real . Beam is parallel to base = mm deviation
object.
NUMERICAL VALUE BASED Sin(mj sin(60+yj
QL  [12mm] hm ol o B
NG . (60}
y sin| SN
\ 2 2
d AT
/ ______________ Sn(6o+yj — ﬁ
____________ 2 2
3 60+ ~
= 5
v = 60°
Q3 [6]
u=—30-2t)
20-2t{ \30-2t
ﬁ*—*/\:—”
20 30
F+Normal shift
v=20-2t
Normal shift=h(l—%) 1 1 1
v u F
A A’ 2012t +3012t:%
F-y 1 _ _
Y Foy+ h[l—nj 50- 4t 1

600+ 4t2—100t _ 5
250 — 20 = 600 + 4t2 — 100t
42-80t+350=0

. 40:1600-1400 _ 40-14

7 2 = 6.465 sec.

e
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Q4

Q.5

34

(10]
Refraction plane surface
h'—h&—ZOXS/Z—SO
T TEem
Mirror
11 1
_+_:_
v u f
1 1 1
_t =
v -45 -10
90
V= —7 from pole of mirror.

distance of object from plane surface

90 105-90 15

7 7 -7

Refraction at plane surface

M,
=10I'=1,
X HI
L5110
x=l'=9273,=7 =™x=10

(location of final image from plane surface)

[24 cm]

(1) Image by partia reflection = 12 cm below water
surface

(1) For mirror object appears at

u 24 12

41374137 1
u=24+12><§:> u=40cm
Reflection
1 1 1 1 1 1
- = = - ==
v -40 +60 v 60 40
= Vv =+24cm
Refraction

Al _ 48

1 = g/3 7%

Thus, distance between two images = 36 — 12 =24
cm

Q.7

Q.8

[21]

4
4 1 3t
3v -30 5
30"
4 1 1 1
3v 15 30 30
v=40" = u=235"
1 4/3 1-4/3
v +30 -5
1 6 4
2.2
v 90 90
v=9

distance from observer = 21"

[32]

2?+2]+I2
3

n=
e=—i
Using, f = &—2(&-N)A

Y ) (2i + 2]+ K)

3 3
i+ 2@k - T8I AK
9 9

[10]
2M9 _ 5,102

k
111
v f u



Q.9

Q.10

1_ 1 3 1 -2+1

v -10 -20 20

v=-20cm

d, = 20 cm (initia distance of image from mirror)
1_ 1 3 1 -3+2

v -10 -15 30

v=-30cm

d, = 30 cm (final distance of image from mirror)
d, —d; = 10 cm (distance in which the image oscil-

| ates)

[8.00]

mirror
Vo=—4m/s d-ve
Vim=—HVYq
Vi =+ 4/3 x 4
v, =+16/3

Viim

Vig= I

+16/3
Vg =

e 4/3
Vip=4-(-4)=8mis

=4

[5mm]
u=-24

uf
“u+f

Vv

_ —24x15  124x15
V= _24+15= g =X
— D =200-24-40=136cm

R, v 40
003~y —24

40
R = 4 x 0.03=0.05mm

= d=005x2+006=0.16x 10°m
AD 6000 x 107 x 136 x 1072

T d 0.16x1073
B=51x%x10"m=>51mm

KVPY

PREVIOUS YEAR'S
(a) Object is at 2f, so theimage isformed at the same
distance from the lens (20 cm) to the right.

(b) Sincelight hasto retraceits path, the mirror should
be placed so that the previousimageis at its centre of
curvature. Thus the mirror must be placed 30 cm to

Q.1

Q.2

Q.3

Q.4

the right of the lens.

Geometrical Optics

(c) For the plane mirror, reflection forms an image
40 cmto theright of the lens. Using the lensformula,

we see that the final image is formed at
40/3 cm to the left of the lens.

(B)

/dix
S
|
B/
h
0,
source

a distance of

r should be such that rays beyond it got totally

internally reflected
For this@ >C orsin®>snC

r 1
= >=
aso K snc Nl
A r 1
In limiting case =—
h?+r? K
: h
solving we get |r =
pe-1

(3)

This system will behave as dlab.
.. No dispersion
No deviation

First image is real and second is virtual.
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Geometrical Optics
Q.5 (D) A0 (A
At first incidencelight is deviated towards the normal Q ) he
therefore pi, > . Also at second incidence TIR takes
place therefore U, > p, also u, > p, because for the R= /HZ 1
same angle in medium p,,, angle in u, mediumis|less.

Q.11 (D)
My <pa<p,
. Q12 (A)
f Perpendicular incidence so no deviation.
P
O < <, Q.13 (D)
Li=2/r
Qe (® - sini
15xsni=12sdgnr 20
15 sinr
Sinr = ESHI 2cosr = \@
TIR should not take place r=30°&i=60°
~sinr<1 Note : But for r = 30° TIR cannot take place at B.
Lo6ni <1 Q14 (B)
12 c
12 AM=B+ 5 +.
Sini < ¢ H() 22
> >
sini < 0.8 Ho = Hy = Hs
1 Q.15 (D)
i - —=0.707
.sm 45 2 R .
| > 45 19
Q7 (0 ANy
0 i 60° 10
h./ v
Q.16 (B)
u=-10m
— R=15m
X2
1xsni=upsinr l+123
. 4 u R
sin (90 - 0) —gsmr 11 2
x 4 2 v 10 15
tanr=—= ==
2h 7x2 7 30
2 V=13
sinr=—
/53 v 30
m=-—-—= ~0.07
coso=2x 2 -8 u  43x10
3
J53 353 017 @)
Q8 (O
i =45°>C
For minimum refractive index C = 45°
usin45°=1 /4
p=~2=1.42
Q9 (D)
T/
Only half part of the lenswill be used so its intensity S =Ty
will be decreased 4
S,=n-2r
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Q.18

Q.19

Q.20

T
=——r
S 4
3n
S=5+5,+S5,= 7—4[‘

(A)

On refraction of light, frequency remain unchanged.

However speed and wavelength get change.
(A)

sin45° > sin 0,

1.1
V2
u>+2
taking equation 2 only
45-0_>r,8n(45°-0) >sinr
icose —isine >%
N2t 2T
2
W1 117,
H Hou

. Ansis p>+/5 asthisis common solution.

(B)

f=10cm
After silvering of flat face lens behave as mirror of
focal length feq.

D

<

- g

/>0

Geometrical Optics

1 1 1 1

_— =t — 4+ —

feq f, f, fs

1 2 1

_— =t —

feq f, f,

1 2 1

_—=—t—

feq 10 o

f =5

eq

. 1 1 1

mirror formula -=—+—
f u v

1 1 1

_—=— 4 —

-5 -30 v

v=-6cm

Imageisrea and 6 cm away from silvered lens.

d = radius of disc
A =nd?
From similar triangle

AD _DE
FG GE

R
2c0s6

r
d R_(R_ R j
2 2c0s0

r 2coso-1

d -cos6+1

—cosO+1
d=| ——|r
(20056—1]
- sinf=—
R

R?-r?
;.C0S0 = ——

2 2
Cos0 = {1—?]




Geometrical Optics P

Q.26 (B)
Q.22 (D)
100°
_; k+ H
400
40° 40°
@{ !@ W, =133

1 nl—n{ 1 1 } For TIR
i B B 40° > 6
Fom R R sin40°>sin @,
R]_:_O.Z ; R2 :0.2 ur
n,=16 ; n =20 sin 40° > o
1 [1.6—2}[ 1 1 } u
=553 . Pw
f 2 -02 02 sin4Qe > Hg
(-0.4) 2
= X |
2 (-0.2) o, >—w_
1 2 9" sindo°
1 1.33
f = 0.5 metre H=>06a
Converging lens asf is positive. '
023 (B) p > 2.07
Q.24 (C) Q27 (®)
Snell law 15cm
sni=psnr S -~ '
b 2cm/s v—>v
sini=|a+—|snr !
% . 10f =10cm
. - . =10cm
Differentiating WI;h respect t(:)k U = —15cm. f = +10 cm
O=cosr dr(a+—2j+sin r(—s(—z)jdk 11 1 fu
A A ———=r = —
2 b ob v u f u+f
O=cosr dr[ax—:J+sin r(_—3)dx _ (+19(=15
A A ~15+10
i v =+30cm
m=cosrdr(a?f+b) )
A dv._ v7 du
d:2bd7”: tanr dat T 2 dt
2
» (a7 +b) dv  (+30Y .
_(2btanr)on ot = (15) (F2Om
(an® +bn) dv
i + 8 cm/s (away from lens)
Q.25
Q.28 (B)
190° 90°
— -
Iy H H
r'i Visible pool §
bottom
lo X 0.6m X

4
Snell Iawlxsin90°=§sinr

Distance between object to image in both case is 90
cm. Because object is at same position so image also snr=—
be at same position in both cases.
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Q.29

Q.30

Q.31

N
(D) diameter = 2x + 0.6 = 14.2
nD? _ 3.14x(14.2)°
4 4

Area= m? ~ 160 m?

(A)
f=5cm

f+u
Aslensis oscillating with small amplitude A.

Image will oscillate with m?A
When lens move left then O will come near to lens
thus | will go away. Thus image is oscillating out of
phase with respect to lens.
5 5

M5-20 = —15

1
5-20 3

. . 1% A
Amplitude of image = (5) A=—

(©)

Meta materials are the material for which refractive
index is negative for them. Refraction diagram is

shown, here. In question sametypeof diagramisgiven.

©
45°
o h
\{45° T
h
455,
<+
(h—10cm)

From diagram r = 45°

Q.32

Q.33

Geometrical Optics

using snell law

4 . .
—sini =sinr
3
sini = 3
\/§x4
42
3
23
_ 3
tani = >3
. h-10
tan|=T
htani=h-10
10=h[1l-tani]
he 10
T 1-tani
= 27 approx.
=27cm
(D)
lJ‘air:
M = 1-33
s, =1.6
nl

n,>n

- Lens should be filled with liquid which has more
refractive index in comparison to liquid in which lens
is immersed.

.. Ans (D) is the correct option as

MC% > Mwaler

(A)

=1, + MX?

First 1t will decrease because x isincreasing and axis
is coming closer to COM axis. After Passing COM
axis, M&!I will again increase.

= | isminimum about the axis passing through COM
if we compare | about parallel axis
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Q.34

Q.35

40

©

My
L,

45°

M3

B
Applying snéll’slaw

for surface AB:

u, Sind5° =y, sing,

(1)

for surface AC :

u,sin (o —0,) = p, sin 45
u, sin 45°=p, cos 0,

..... 2Qw=9

Squaring and adding equation (1) & (2)

[
2 2

=15 = Hf +H5 = 2u;

r+0_=90°
(1) _
1xsin(90°—a)=upusnr

cosa =pusinr
(2

90°—-e> 06,
..(3)

psine=1xsnao

cos Oc > sine

sina
cos ¢ >
p

1-sin?6c> iz[l— n?sin?r]
u

1—i2 >i2[1— 2 sin?(90°-0c)]
noon

1—i2>i2—cos2 oc
TERT
N
n n
2>£2
u
1) & (2

cos . = p sin (90° — 6c¢)
COS oL = [ COS OC

cosa <1

pcosbc< 1l

/1—i2 <1
poH

1—i2<i2
[ O

n<v2

. \/§<u<ﬁ

(©)
Incident Ray = —]
Perpendicular

After Reflection
Parallel ray

Reflected Ray

Vector = ﬁf—l]
2 2

xcos 30° = @Lg

300

X

Reflected Ray
X sin 30° :LZ

B)
Theoretical

(D)

(i) For plano-concave lens or concave lens if object
is placed beyond focus image is erect.

(i) For convex lens If object is placed beyond focus
image is inverted.

(©)



Q.40

Q.41

Q.42

Q.43

Q.44
Q.45

Q.46

. (6m+Aj
.. sn
sini 2
sinr sin()
2
sn 5, +A
15,0004 2
T EAJ
sin| —
2
KmOCl
A

28 (M) > 8, (A,)if Ay <y

(D)
90-0, +90-0,+0 =180

20, + 20, = 180 0=0,+06,
0,+6,= 90 0 = 90°
(B)

The double rainbow has red on the inside and violet
on the outside.

5 2 15
=——t——="+
4/3 3/2 4

(B)
©
(©

40 cm

v
Light will come out whenthe angleislessthan critical
angle'C'

= ¢ =50° (approx)
ot =2c
50

2x-——x60

=16.27 sec
T

Q.47

Q.48

Q.49

Q.50

Q.51

Geometrical Optics

(©)

P air
Giventhat : p, <p, <py<p,
sin c < sin 30° (for emerging)

p>2
So, rays 3 and 4 will emerge out

(D)
R.I. of Prism B should belessthan R.I. of prism A

(©)
From theory

(A)

From theory

(©

From geometry, o + 0, =

|
Q
1]
N a

N a

ta= = =p=0
§ = B=0
B y_zjy_z_i

AlsoAD|BC& ABJ|ICD

ABCD isaparalelogran & AB = CD
Also, AABQ=DCDS

From trignometry

AQ_CR
QB BR

41
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Q.52

Q.53

Q.54

Q.55

Q.56

42

Let length of each side of square by I, AQ = X,
& QB =y

X f—=X
—=——=X=Y
y (-y

0o

i 4

(B)

v
Magnification (m) = +G
From lens formula,

l_lzijg—lzgjgzg_{_l
v u f % f f

u
.. graph between (;] [inverse of magnification] and u

1
will be straigh line with slope T
From graph, slope = 250

S f= i m=0.004m
250

©

(A) Rainbow occurs because of refraction, reflection
& dispersion of light.

(B) Dispersion

(C) Due to presence of concentric grooves in compact
disc, light gets diffracted & produced colorful pattern.
(D) Due to scattering of blue color.

(B)
Theoretical — B

(A)

Since the images are being made on screen, hence real.
.. Image will beinverted

Also since blue and white are nearer to lens, hence their
real image will be far from lens as compared to red &
green

HenceAns. (A)

(A)

. TP
n.Sind. = n sin90

SRR
eC=sm1[nJ

0 = sint CAnA+(1_CA)nB
¢ 15

Q.57

Q.58

— Graph between 6 and C, will be curve of sin™,
Check for C, = 0.5, to find most appropriate graph

0. - Silr]_1(0.5(1.5) + 0.5(1.3)j
15

. 14
0. =sin 1—5 = 69°

.. Correct option is (A)

(B,C,D)

n >n,

this means light is going from rarer to denser medium.
So 6, will always be lessthan 6,

n,sing, = n;sinb,

So cos(6,) will never be imaginary and also g, can't be
90°.

In question incorrect options are asked.

.. (B,C,D)

(B)

Camerawill receive minimum intensity when. Light will
incident at Brewsters.s angle.

L tani=p=4/3
— =53
P
53
B N0 A
6PM 6AM

time taken by sunto go fromA to P

) 12h .
will be x 143° =9.53 hr = 9 hr 32 min.

2<hr
180°
o time=6AM + 9 hr 32 min= 3:32 PM

JEE-MAIN
PREVIOUS YEAR'S
Q1 [15cm]
f
m=3§ ., =>m=-m
f —f

f +(=10) ~ f + (-20)



Q.2

Q.3

Q4

Q.5

. ) 6 @
S0+ 10 =7 -20 1 _[r Jfr_2
f-10=—f +20 F | ||R, R,
2f = + 30 1
f=+15cm If“L:HSjE:():}F:oo
4
% Q7 (1)

Same orientation so imageisvirtual. It iscombination
or real object and virtual image using height it is
possible only from convex mirror.

0,=002; =15 0,=003;
u,=16

N Achromatic combination
“““ SH-
0,-6,=0
1 0,=0,
S Eye ®, 8, =, 9,
&3, =06 -8,=2°

and different frequency.

5. — o8, _ 20
Both obtain same angle, since image can be at a too,
distance greater than 25 cm, object can be moved
Q)
closer to eye Eye 81( 1] 2°
0‘)2
[150] 2)
81[1—J =2
3
5, =6°
2x o, =, -1A;
6°= (1.5 1)A
A =12°
Xx+y
Q9 (4
R2=r2+ (R-1)2
2y R2=r2+R?+ 2 - 2Rt
=3(x+y) Neglecting t2, we get ‘h
_ 3(50) eglecting , weg P
=150 cm
r2
1) R=%
Deviationisminimuminaprismwhen
i=er =r,andray (2) isparallel to baseof rism. 1 A 1 1) p-1
Ry _ (3x107%)?
1=

f=

2= 2><3><10-3><[3

2_1j

Geometrical Optics

Red light and bluelight have different wavelength
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Q.10

Q.11

Q.12

44

9x10™*

- 6x103%x1 x 2
f=03m=30cm

[30]

(2)

If distant objectsareblurry then problemisMyopia
If objectsaredistorted then problemisAstigmatism

e

—

0
¢
o
r
4 5 0\0
-
#
#
»
#

Q

Assuming that the right angled prismisanisoceles

prism, so the other angleswill be 45° each.

= Eachincident ray will makean angle of 45° with
the normal at face PR.

= The wavelength corresponding to which the
incidence angle is less than the critical angle,
will passthrough PR.

= 0C=critical angle
= 06C=sn-1 [1j

n
= If6C>45°
thelight ray will pass

— (0C)Red=sin-1 (

Red will pass.

= (6C)Green=sin-1 (

Greenwill not pass

R

1
j =51.94°

1
) =44.76°

Q.13
Q.14
Q.15
Q.16
Q.17
Q.18
Q.19
Q.20
Q.21
Q.22
Q.23

Q.24

Q.25

Q.26

1
— (6C)Blue=sin —1(—] =42.15°

1.49

Bluewill not pass
= Soonly redwill passthrough PR.

[25]

(4)

[60]

(4)

(2)

(3)

(1)

(1)

[600]

(2)

[2]

(2)

4
pn=1
175-H

=k

Height of water observed by oberver

H__H _3d
n, (4/3) 4
Height of air observed by observer = 17.5—-H

According to question, both height observed by
observer is same.

3H _175-H
4

= H=10cm
Option (2)

(2)
(3)



Geometrical Optics

Initially most of part will be transmitted. When 0 > i

Q2 10 , all the light rays will be total internal reflected. So
transmitted intensity = 0
02 |[5:] A = 60° So correct answer is (C)
S =2i—-A
=2 x 60° — 60° = 60° Q2 [2]
sin™t (6"“”+Aj “S_
V] :—2 p=1 04
(A =3 cm
sin™ (2] «/_ Re GV
uw=7/4 [I
v 3x108 e
n 18 cm
prism \/5
w=4/3 .
AP =10x 102 x ﬁ E
2
5x1072 B
= x~/3x+/3 Mo M _Mp—My
ime = 3310° VTR
=5x 107" sec ,
Ans. 5 l_ - Z_l
4v -24 6
N 7.3 1_2_1
Q.30 (1) 4v 24 24 24 12
7x12 V -
Q.31 (4 =V =21cm
Vg V,
B N 21 774
Mirror used is convex mirror (rear-view mirror) o 4/3
VI/m = —mZVO/m 21 _ Zx g
Given, 0S" 4 4
Vom =40 m/s oS =16
me f 10 10 - BS'=2cm
f—-u 10+190 200
1 Q3 (B)
sV, = ——x40=-0.1m/s
' 400 1 (u_l){i_i}
.. Car will appear to move with speed 0.1 nv/s. fi Ry Ry
Hence option (4)
n=15 _
JEE-ADVANCED p=1.2
PREVIOUS YEAR'S
Q1 (O
; 1112
o R =14cm R =14cm
’ 1 11
9 glass =1 E: (1'5_1){H_;}
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Geometrical Optics

1 05 Q.7 (A)
—=— Angle between given raysis 120°
ho14 so angle of incidence is 30°
‘Ly
i:(l.Z—l){i—i}
f2 o0 -14
1_02
f2 14 g,;\\ 30° 7
v_Qx 0’1/\
1_1. 1 05 02 >, y
fof f, " 14 14
1_07
fo1 Q8 (A, (©
i+~ 1 _1 1 L -1 (l—ij = fg, =oo (infinite)
v 140 40 20 40 fim R R
1 2-1 . No effect of presence of film.
v 40 From Air_to Glass
v =40cm Using single spherical Refraction :-
Ny 1_n,-1
vV u R
Q4 (B)
15 1 15-1
c ——— = = Vv=3R
n= — Vv oC R
o ” - f,=3R
or metamaterials From Glassto Air_ :-
c
V= m l_n_z _ 1-n,
vV u -R
Q5 (O 1.15_1-15
Meta material has a negative refractive index 7V« -R
= Vv=2R
ng .
. §no,= Esmel = n,isnegative - f,=2R
=, 0, negative Q.9 (C)
r
6 © Snic= 50
1 v h
v=8m (magnification=—% = —)
3 u
u=-24m
(s 41,1
f 2 o R
R=3m
indi:v=8m (= 3_u) :n_g_ r
u=-24m s~ Jr2in?
1 (3 j(l 1) "
il N = X272
f 2 R = .
«© =N [12 12
R=3m
5.77
= x2.72 =
11.54 1.36
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[ e Geometrical Optics
Q.10 (O X] 1 1 2 1

= — . = —-—+—-=— =—- =f =7

B =B duetoring fof f o

(R)

(S

(B) Pr2Q4R3S-1

B, =B duetowire- 1

. Q13 (A
B, =B duetowire-2 Applying snell’slaw at PQ
| 1xsin45’ =2 xsinr
In magnitudesB, =B, = ;L [
o =r =30
pola At surface PR
Resultant of B, and B, = 2B, cosb = — 5
mr : 1 1
snc=—=—
21l ma’ po2
B, = 3
4nr
For zero magnetic field at P P
Hola  2polna’ 0
2 = 3
i 4nr \\
=h~122 T A %C\S
Q T
Q.11 (B)
|
Magnetic field at mid point of two wires = u—0d®
T =c=45
Magnetic moment of loop = 2
ag b= Ina c+0'=90°
],l0|28.2 ' 0
Torque on loop =M B sin 150° = d =0'=45
012 (B) In“PAB,
' 0 +120° + 45° =180°
1 (3 1 1) 1
) O R S =0-15
Hence, (A)
1
:>_:1.+1-:£:>f :L Q14 (B,C,D)
feg ~f f v @ 2 For parallel interfaces between media, snell’slaw can
be applied for two different points.
1 3 1 Hence, (b, ¢, d)
Q) =27 =>f=2r
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Geometrical Optics P

Q15 (AD)
convex mirror forms virtual image for real object
1 1 2
S—t——=—
+10 -30 R
R=30cm
For image formed by lens,
_ f
~ f-30
= f =20 Or 60 ZZCOS% snA o1~ 003/;

4c08° " 2cos—
2 2

i =sin? {sinA /4c052%—1—cosA}

I

f
=—+1

H R .

=250r15 r, =— for minimum deviation.
Hence, (a, d) 2

A 1| M p
Q.16 (A) E:COS 1[5} = A =2cos* [E}

For lens, . .
or 1ens Calculation of r fori = A
1 1 1 inA=us
s+ _ 4+ —v=75cm lsnA=psinr
v 50 30 _ A
For mirror, SinA = Zcosz.smr
1 1 1 = v=-50 (At origin) A

—+ -
v (75-50) 50
As mirror is rotated by 30°, reflected rays will rotate

by 60°.
Hence, (A) A A
rle/Z r2=A/
Q.17 (A CD)
5., =(2)-A
= 2A=2 \4
= i=Aandr=A/2 (look solution at right side)
A+A ZsinA cosA
. + — Cos—
sm[ } 25in ™ cosh snr——2 2 _gpA A
_ 2 1 2 2 2= r=—
Hn= = 2cos— 2
: [A} A 2
sin| — smE
2 Q.18 [8]
A Considering Snell's law between first layer and mt
u=2c0s— layer.
2 nsin ® = (n—mAn) sin 90°

lsni,=puxsin(A-0) L
A . 16x - =(1.6-n(0.1))1
= ZcosE[smAcoseC —CosASING] 2
r m—%—s
= 2COS% sinAy1-sin®6 —cosAl} 0.1

L u
Q.19 [130]

=2cos% sinA }1—%——003': ----- L O R ST LT
H (ZCOSZJ

20 ¢cm 2 emi
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Q.20

2

r.2_1
R 20 10

) 1
.. Ratio of area= 100

Let energy incident on lens be E.
*. Given E =13
.. A - .
. E
Sofinal, — =7??
a
E=Ax130

Also 2 =—
0°A T 100

.. Average intensity of light at 22 cm =

=100 x 1.3 =130 kW/m?

(D)

Distance of point A is f/2
Let A’ isthe image of A from mirror, for thisimage

1 1 1

v —f/2 —f
1.2 11

v f f f

image of line AB should be perpendicular to the prin-
ciple axis and image of F will form at infinity, there-
fore correct image diagram is

Q.21

Geometrical Optics

(A,CD)
Whenn =n,=n

1 2
—=(n-Dx—
g (=g

1 (n+An)-1

11 _(n—lj+(n+An)—1_2(n—1)+An
fg T+Af | R R R

R (R
A= 2m-n+an) (201

n+An

R{ (n-1)-(n-1+An) | -An XE
= 2] (n-1+An)(n-1) | (n-1 2
ﬂ __An
f~ 2nop @

Af An

(1) Relation beteeen f—and Y is independent of

R so0 (1) is correct.

(2) 2n—2<nbecausen<?2
Af_fAn| an A

= 2 n 7

An
n-1

An
7‘ So (2) wrong

fAn  (20x107%)
(n-1)  15-1
(3) iswrong

(3) |Af| = =40x10°=0.04 So

An Af )
4 If ' < 0then T > 0 from equation (2)
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Geometrical Optics

Q.22

Q.23

50

[50.00]
For maximum time the ray of light must undergo TIR
a al surfaces a minimumanglei.e. 6

n,

For TIRnsn6_=n,
S 9 144
N9 =715

X
Inabove A sinf_ = E

X
Sin6¢

d=

L
Sin6¢
where L = length of tube, D =
Timetaken by light

D _ L/sinb

T Cc T 2x108
t=50x 10°s

Similarly D =
length of path of light

1 3 -1
_+_ —_—
v 2H 23
1 A . 38
v 6 6
)

3T 31

o [, <, <H] & (4,-H)

-5 % e
29 31 cm

Q.24

Q.25

Q.26
Q.27
Q.28

[1.50]
At 6 = 60° ray incidents at critical angle at second

surface So, sinB = /3 sinr,

V3 .
7=\/§smr1
r, = 30°
r,=45°=C
{3 sin45°=nsin 90°
n=£:nz=—
2 2
[0.69]
For the given lens
u=-30cm
v=60cm
111 i
& =——— onsolving:f=20cm
f v u
111
dso -=———
f v u
on differentiation
df dv du
2oV
df dv du
rEa vk
i><100 f[ﬂ+%} x100%
f Ve ou

1
f=20cm,du=dv = Zcm

Since there are 4 divisionsin 1 cm on scale

df 1/4 1/4
.= = x100%
e {(60) (30 }
i + 1 x100%
3600 900

= 5[3}%:35%:0.69%
%] b

(B)
(BCD)
(BC)



Wave Optics

| EXERCISES |

ELEMENTRY
Q1 (2
Q2 (3

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Huygen's wave theory fails to explain the particle
nature of light (i.e. photoelectric effect)

3)

(4)

Lot a1 a1
l, 25° " a2 25 " a, 5
®3)

a_3

a 5

e (@+3)° (3+5)° 16
’ Imin (al_az)z (3—5)2 1
(3

For constructive interference path difference is even

multipl f&
ultiple of ..

(1)
| o @

(2
¢=nl3,a =44a=31

So,A= [a® +ai+2a.a,c050 >A ~6

(4)

Diffraction shows the wave nature of light and
photoelectric effect shows particle nature of light.
(3)

For brightness, path difference

So second is bright.

Q.12 (3

B_E _ 5000x 107 x 1

d 0.1x10° m=5x10°m=05cm
L1 X

Q.13 (2
If intensity of each waveis|, then initialy at central
position |, = 41. when one of the slit is covered then

|
intensity at central position will be | only i.e., ZO

Q.14 (2)

Q.15 (1)
When white light is used, central fringe will be white
with red edges, and on either side of it, we shall get
few coloured bands and then uniform illumination.

Q.16 (2)
Q.17 (4

In the presence of thin glass plate, the fringe pattern
shifts, but no change in fringe width.

Q.18 (2
Q.19 (1)

According to given condition
(M=Dt=nx t,n=1

So, (-1t

min

=1
mo T p-1"15-1 "

t
Q.20 (2
Diffraction is obtained when the dlit width is of the
order of wavelength of EM waves (or light). Here
wavelength of X-rays (1-100 A) is very-very lesser
than dlit width (0.6 mm). Therefore no diffraction
pattern will be observed.

Q.21 (2
Polariser produced prolarised light.

Q.22 (3
If an unpolarised light is converted into plane
polarised light by passing through a polaroid, it's
intensity becomes half.
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Wave Optics

JEE-MAIN Q.8 (2
OBJECTIVE QUESTIONS Wave nature
Q1 (1)
weknow | o A2, Q.9 (2)
Principle of Superposition.
I, A? \/Z A P perp
= 7. "2 =47 =5a =A A =21
I, A3 1 A 12 Q.10 (2
Yy, =A;sindwt, f; =0
Q2 (3
=A,COS [3(,01: + EJ
o= (i o = (a7 4 =01 e °
| = - = —Jif =1L —A cn| ™ n _r, z
min (\/IT \/E)z (\/H ‘ﬁ)z y,=A,sin (E+3wt+€j’ f,= 2+6
Q3 (¥ Df=f,~f;
pontrgst indicates the ratllo. of maxmum .posaple A¢_E+E 3n+m _ﬂ_ﬁ
intensity on screen to the minimum possible intensity. 566 6 3
e Wit T
As7 — = (\/I— \/1_)2 Q11 (2
mn V2 Givenl,:1,=100:1
so it only depends on the source intensity. I
1
— =10:1
Q4 (2 JL

Giveny, =A;sinwt, f; =0

e = (\/E+JE)2 =(10+1)2=121
(\/ﬂ—@)z =(10-1)2=81

. Y
Y, =A, cos (wt +f) = A2 S'n(§+®t+¢J

Imin

f= = +f
2 T _ 121: 81
Af=f,—f, L 7777
n A
Ap=2+ o= A=A o Q12 (4)
In coherent sources initial phase remains constant.
A
Ax =5 X Af Q.13 (2
Phase difference changes with time.
A £+¢
Ax = 2 |2 Q.14 (1)
Q5 (3
Amplitude depends upon intensity and phase
difference. Wave front.
Q6 (4

In interferene there should be two coherent sources
and propagation of waves should be simultaneously Q15 (3)

and in same direction. Freguency remains constant wave length decreases.

Q7 (3 o Q.16 (2)
Intransverse and longitudinal waves.
AX=n\ (maxima)
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Wave Optics

Q17 (1)
130 Q21 (1)
— - =013 In monochromatic light, only one wave length is
present.
PRV
2 ” Q22 (4
A=lzrmp M '
3, __i:l_o_o______ 4 Lets look at the screen.
v
fram— A A2
- 13,/2 i minima
8
s 3><102><100 15 X 100 Hy 250
maxima
Q18 (1) 75%
weknowthat p = 2 & 4 > minima
d yellow blue*

= as )\ decreases, so 3 also decreases.
as we know that 75% intensity will correspond to a

Q19 (2 point where intensity is 3 1.
AD {1 =41}
As} << d; wecanwe P= 4 e 2 o)
wegetj = %939“ =0.5mm. 3|0=2'o(1“;COSA¢)
As B isnot very small; hence it might so happen that cos (Ad) = >

till 2000 maxima, we no longer can apply

y’=1000><[3. Ad):E o0 —
Lets seeif we can apply:

At 1000™ maxima. Path difference is 1000 A.

dxy
= 10001 =dsind = /D2+y2
_ yd
(1073 m)2 xy? AD= =
= (5x10%2= I32—+y2 p D
0.25 % -%I"
25D?=y?(1-0. =|===|"xD
= 025D?=y?(1-025) =y (0.75) x v
o ¥
D «—p—>
y= 3 =0577m D
As0.577 m. and 0.5 m. are quite distant, so we could
not usey’ = 1000 B for such a high maxima.
yd A D A
— == = —Xx =
Q.20 (2 D6 Y g g
2n
Ap=2" Ax _B B B
A y_ 61 B 61 B+ 6
-6
P — 1X11° _7.692n L D _6000x10%x1
- =— X —="——75"" =
5460 x10 0 Y=% %74 32102 .2 mm
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Wave Optics

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

54

(3)
Lets take any general point S on theline AB.

Clearly: for any position of SonlineAB; we havefor
A PQS:

PQ+QS>PS {in any triangle sum of
2 sides is more then the third side}

= PS-QS< 3.

AsPS—QSrepresentsthe path difference at any point
on AB = it can never be more than 3A. Now minimas
occur at.

so 3 minimas below R (mid point of AB) and 3 also
aboveR.

(2)

Yy _62k1D

62_@ :>y—7d
d

xiD_621,D _ , 62x5893

d d 5461
(3
ax=(24-1)k-dY

2 D
DA

y=(2X—1)%
(3

D
)
A p
(2

AD
dary
(1)

AD

b d
5 - xd

L

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

(2)

%%}+1:7
(3
4I0:I
l,=1/4
(3
I’=4Icos?A7¢
Ay _ 1 Ay _ 1
= C0S? 5 —4:>cos 5 _J_rz
_ 2x dy ndy 1
= M=5D T2
ndy_E AD
D 3 3d
(1)
_dy 2n
AP = "5
~_aD_1
Y="d "%
_T v A _
Ap = 5 = I" =4l cog 5 =2l

(3)

AstheDT position of first maxima

ie,yt (%)

— First decrease then increase.

(3)
l,=4
Intensity due to one

_ 0.25x10°x4x107° y 2n

100x1072 6000x107*°
Ap = n/3

31,
4



Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

3) Q.41

1
:>2I:4|c0§%¢:>cos%¢:—2
Q.42
Ap_m dy 2n_=n
2 47D % 2

1x102%xy 1 B
= 1x500x10" 4 —Y=1Zx07m

3)
0.3 x10°® x sin30° = n x 500 x 10° = n =300
" 299 + 299 + 1 = 599

Q.43

Q.44

S,P—S,P=nj = const.
= equation of hyperbola
Q.45

(2)

For strong reflection.

Lo k35

].l—21212 ......

Lyt At du
:>X—4ut,3.5,7 ......

= 3000 nm. 1000 nm, 600 nm, 430 nm,333 nm.
= only option is 600 nm.

(2)

niD AgD
d - (n+1) d

= n. 7800 = (n + 1) 5200
=n=2.

Wave Optics

(4)
4 x 6300 = (4.5) &

A :@xz = 5600 A

(4)

d/2| 2d/3

42 - % y=2d/3—d/2

T 0

we know that P will be the central maxima (at which
path difference is zero)

Now op=9-9_.¢
owor=%5"3"%
(3)

Fourth maximawill be at y = 4.

4)D

d
as }\‘Green > }\‘blue'
= BGreen > Bblue
= X

Green > Xblue

X(blue) 4360

Also get 3 areen) ~ 5460

(4)
D = By using white light instead of single wavelength
light.

(1)

- P¢
| " 5 mm.
—

Clearly the central maxima at P(initially) shiftsto P
where PP =5 mm.

So now, path difference at P must be zero.

= dsind = (n-1t

= dtanf = (u -1t

. d(PP)
WELT o

;getp=12
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Wave Optics

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

56

(4) Q.53
Aswe know, at the point of 75% intensity

1
cosp = 5

= APT3 e e s

“6'6'6 6 6
(= A 5A A 11 13n
=T B(u-1)"6(u-1) 6(u-1) 6(u—1) 6(1—1)
=0.2pum; 1 pum, 1.4 ym, 2.6 pm.......
Hence only 1.6 um is not possible.
(4)

AD
P="q

Q.54

Inwater A soBd

2n _ 2mpX
AT

_ Ao Ay _ 1 Ad _m
2| = 4l cog? 2:>cos2 =2 = >

T4
jt
rNe J T S t=A2
A 2 4
(2)

‘(Zu—l)t—(u—l).Zt‘ =

Q.55

dy

D
d. tD

t: 7y:>y:7

D d
(4)

Ax:(2n+1)%

AX= (0, + 1) — (L, + £) = (2n + 1) %
4

S,
- c.m. shift
S, i down
_AD _ .
B = — =remain same.

d

(2)

d=(u-1)Ax1

no. of fringes =

16d* 16[(n-1)A.1T7
%D  6000x1019x5°
=533
(3

t changes more rapidly when we go outwards.
= path diff. changes more rapidly

= fringewidth |

(3)
Ap =1 + (2ut). 27L_7t

at top
t—> 0

m phase difference

o phase difference

Ad=m

Minimafor all the

wavelength.

Top position will appear dark.

= Aswemovedown violet Maximawill appear first.
first colour will be violet.



Q.56 (1)

t 1.33
1.5
4. _
2 x §t =600
t =225 nm.

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q1 (B)

Imax = Imin (\/ﬂ + \/E)z _ (\/ﬂ_ \/g)z

Imax + Imin - (ﬁ1+ﬁ2)2+(\/§—\/g)2

B 1+2)% —(1-2)? 8 4
T @+22%+(1-22 10 5
Q.2 ©)
. d
anr= —
C
.. b
sni=—
C

= isini=usnr

Q3 (A

Notice that d is not very small than D; so we can not

use Ap =d sino.

5/2

12ecm—>

Q.4

Q.5

Q.6

Q.7

Q.8

Wave Optics

N | >

SP-SP=AP= — {-- first minima}

A
= 4521122 —(12 :Egetk:ZCm

(B)
Aswidth? = | 1

= Imin: (\/r_\/z)z
=1L =1,

Imin¢ 0
(B)

Intensity in first case = 4l

In second case = 4l | cos” A7¢

I 41

. Average=2l, = [ =37 =2:1
0

2

(D)
Let us say, " minima of 400 nm coincides with m®"
minima of 600 nm.

1 D 1 D
n+— 400x — = | M+ — 00 x —
[ ZJ Xd [ Zj.6 Xd

= 400 n = 600m + 100.

6m+1
4

= n= = (some integer or non-integer) +

0.25
Hence n can never be an integer. So no minimaof 600
nm coincides with any minima of 400 nm.

(A)
nAD _n,D
d d
= n, x 6500 = n, x 5200
=>n=4
n,=5

_ 4x6500x107'°x120x10"*
y= 2x107°
y = 0.156 cm

©
Obviously; for u = 1, O will be a maxima. As p
increases, the intensity will decrease and hence option

(©).
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Wave Optics

Q.9

Q.10

Q.11

58

(D)
At point Pwe assumet, provide greater path difff.

> M-t - -1t

=t -1, =AX

ift;>t,  Ax =+ve (shift towardsA)
if t, <t, Ax=-ve (shift towards B)

(B)

When light passes through a medium of refractive
index , the optical path it travelsis (ut).

Therefore, before reaching O light through S, travels
(ul + b) distance while that through S, travels a
distance (I + b)

i.e.: path difference=(ul +b) - (1 +b) = (u-1) 1.
For a small element 'dx' path difference Ax = [(1 +
ax) — 1] dx = ax dx

For the whole length ;

uk ERS

For aminimato be at 'O'.

A
Ax=(2n+1) >

. a A
e.:.—=(2n+1) -
i.e > (2n )2
For minimum'a; n=0

ar® »
= —/—=_-=>a= "3 Ans.
2 2 14

(A)

n;_ 2n
[n ljtx}b

2 2

Q.12

Q.13

Q.14

(A)

Ccos 7 >

BRI
for third Maxima = A¢ = 6n

for second Minima = A¢ = 3n

Ap must lie between 3 and 61

e

% isnot lying in the Range.

(A)

At B; AP =4} (maxima)

At X= oo ; AP=0 (maxima)

Hence in between; the point at which path difference
is either A, or 2o or 3A — they will be maximas.
Hence 3 maximas.

(B)

The 2 sources are.

s,

3
T e ]

AsOisamaxima, Hence OP = 3.

d_ D
=2

3d?
et A =
@d) ATy



Wave Optics

Q.15

Q.16

(B)

Point O isaminimaHence the first maximawill be at

_B
y= > from O.

1D 600x1079 x1 015
= y=7-—w=—"TT—7-:=015mm.
Y=20d) T 4x1x10-3

o :

<«f —9

A

QR is the difference between the light reaching at Q B= °
and P respectively

2 o8

. 0
for given case o = >

VZ-1)d=@5-1t

t=2(2-1)d
<—B—9 Q.18 (D)
For PQ to be one fringe. the path difference between A, Ax = 0=> Maxima
the interfering light beams will change by ‘A’ while
moving fromPto Q
| path difference at P— path differenceat Q | = ol ) i =d= 2} Minima
D B 2
.0 .0
sin——| —fBsin—||| =
|(B . 2D|"h c
.0 A — A, CBright
:2[39”2_7‘3=23in(9/2) — B, D Dark
- . A
for near normal incidence sin6~6 B = ) Q.19 (A)
Aliter : , Ax = 0["R >>2a]
YNNG - __
6(» AX = 3a
0

59



Wave Optics

= 3a=nA = n=15 d=2ad

AX=15L —> Maxima =2a(p-1)d
=14+14+14+14+4=60 ra+D) D
= 2a(p -1« a
Q.20 (D) a— o
_ M
AX = 20, =PB= 2a(u-1)
Q.23 (A)
dcos@ X
EAA . - rarer
< air
D 3\cos = 2\
coso = % denser
X 5
tan6:5=§ 2ut:%:>t=%
Q.21 (A)
SP-SP=16 JEE-ADVANCED
. SSP-SSP=1/3 MCQ/COMPREHENSION/COLUMN MATCHING
..... (1)
Q1 (BD)
SSP-SSP=41/3
..... @ Wi+yif o
= 1
= Ap= % X % (\/1__ \/E)z
2 - (1) by checking the options: I, = 4 unit.I, = 1 unit.
SS,P-SSP=1 A [
and 7 =47 =2
:>A¢=%x7\ =2r Az I2
Takebase SS,P Q.2 (B.0)
Red ——> Blue
J1 M
JI AD
5 — %
| = (zﬁ)2 +(VI)+2.2VIVI cos1200 Q3 (G
02
=3l 1(6) =1, cos? %{Ad):dsme%
Q.22 (A)

150 x 10° .
10) = I, cos? |:—3><108 ans'ne}

1(0) =1, cos™ (sind . /2)

T Io
at0=30°= 1(6)=1,008 | 7| =5

a0=90° = I cosn/2=0
1« » ao=0
1(0) =1,cos’0=1,
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Q.4

Q.5

Q.6

Q.7

Q.8

(A.Q)

—
-
——

Q$y=b/2

Clearly at Q, path difference = d sin6

by _ b?

= bsind ~ btanez? =2

2
. . A
Now whenever % will be odd multiple of P those

A's will be having minimaat point Q.

o? _ L 3 5k
= 242" 22
b2 b? b
:>x_d,§’5d .....
(B,C,D)

The fringes next to central will be violet and there
will not be a complete dark fringe.

(A,C)
Shift %y = (u-1)t
for C.M.
y=(-D.t 5
(A,C,D)
(IR

A — The fringe pattern will get shifted towards
covered dlit.

Lo = WL +JLF|L=#L then
Lo = W& —VEF 1, 11,

AD
P="q

(doesn’t change)

(C.D)

Path difference at 0
=(u-1t

Q.9

Q.10

Wave Optics

i/

C.M.
s, A an (Max.)
4n

[¢] 3
B 16 {Maxima)

S,

14rn
3

AtA.Ax:(p—l)t—% =

1.05 um= 9000 A +y, x 103

AtB.

AX = (u— 1)t + %:m

10500 A + 2 =3x4500A

(AC)

Asd << D, = path difference =d sind (at 0) = Imm
x §in 30° = 0.5 mm

if itisamaxima = 102 x 0.5 = (5000 x 10 )m x
(n)

n must be integer.

1x1072 xy
1

get n = 1000.

Hence O is a maxima of intensity 41 |

Now path difference at Q = d siné only QS, = QS.,.
dsin6=1x12=05mm =integer multiple of A .
Hence maxima.

(A,D)

Hy AX,
1) Sl

A
Ha A, = Kai
l2

2) ) 4 =t

25 AX,

61
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2. Q.15

2P
AX = 2xa., + AX, = AX,
Hy > 1y > 1y

AX=p, + AX, —AX,

.
= AX, = AX, = %

AX=2)\, =\
Maxima at Interface (1)
= My <H, > g

A

AXlz i,

AX,=0

A,
AX =2\, + % = (2n+1)%
Q.16
Minima at (1) interface

Q.11 (D)
Wave fronts are spherical in shape of radius ct.
Hence (D).

Q.12 (O

The wave fronts are always perpendicular to the light
rays.
Hence, (C). Q.17
Q.13 (B)
Using snell'slaw ;
sin(45° 2 1
—( )=£:sinr= —=>r=30°
sinr 1 2

Hence, (B) is correct.
Note: The shown lines are wavefronts and not rays.

Q.14 (A)
After reflection by mirror the parallel rays concentrate
at the focus.

. <
T~ %

f

Hence the plane wave front becomes spherical
concentrated at the focus.
Hence, (A).

62

(A)

[o RSN

2
InAABC;sin(i)=a INAXxyz; sin(r) =

(©

If phase difference at point P is zero then
n dsinG =n,dsing’

= 0'=37°

y
d astan0' = —
and astand D

3
= y=-,m

Itisnegative because upper pathin mediumn, islonger
than lower path in the same medium.

(D)

Path lengths in medium 2 are equal for point O.
Therefore

path difference = d sin

(0.3)(3)
Ay =0.3Mmm, Ay, = 0 - 0.36mm
9
dsineg
Ap = 10,
9
2n
A= Ap
¢ A

Ap = 21 ><1><i 4/3 :10_7T
03(4/3j 2 )L10/9 3

10/9

0

[=1,+1,+2I, cos[2n+%]=l



Q.18

Q.19

Q.20

Q.21

Q.22

(A)

As we go up from point O, path difference will

increase. At O, phase difference is 3r + g and when

it becomes 4, there will be maximum. Extra path

2
difference created in medium 2 must lead to ?n phase

difference.

E . 27

N .dsinG,.n,= 3
Us a 0, = 3 tan0, = i =Y
sing values sin 5 = tanO, = 616 - D

300 150

Y= o154 “M7 154 M

Comprehension - 3 (Q.19 to Q.21)
(ACD)

B-—MBT

VIBGYOR

AT
(AB,D)

ingewidth= P = &
Angular fringe width = D-d

(B.D)
C is not correct
C.M.; does not change.

(A)a.rs(B)p.ars (C)ars (D) p.ars
Initially at adistance x from central maximaon screen
is

21X
L=1,+ 41+ 2/15 /41, cos™ =, where =

Imax = 910 and Imin =
. . Lo 1 :
(A) At points where intensity is gth of maximum

intensity, minima is formed
. Distance between such pointsis 8, 28, 3B, 4B, .....

3
(B) At points where intensity is gth of maximum

R <. S S
intensity, cos B "2 orx =g
. Distance between such pointsis
B 2B B, 2B
3" 3 ,B,B+3,B+ 3 2B, .....
0 00e?® —oory P
(©) co B - orx—4.
. Distance between such pointsis
B B
2,[3,[3+ 5 2B, .....

21X 1 B
(D) cos B —Eorx— 6

Wave Optics

B 2
33’BB+

. Distance between such points is —»——

NUMERICAL VALUE BASED

Q.1

[0012]
S
[}
20 30 $h
2mm/ 0 ‘ 1
[
S
0.1 50
h_ =~ =h =1mm
1
L+h, @ h =
01 20 =L+ 4 mm
= L=3mm
AD  5x10'x1
= =" .3 =25x 10*m
d 2x1073
3x10° 300

63



Wave Optics

Q.2 [0001]
The path difference at point P,
AX=(SS,-SS) + (SP-SP)

dy , d@d/2)
- D, D,
For constructive interference,
dy d?
= —_—+— =
AX Dl 2D2 ni
(107°)(0.5sinw t)x10~°  (1073)2
+ =ni
1 2x2
T
(0.5 sin(g} t) x 106+ 0.25 x 10°°

= (5000 x 10%n = 0.5 x

_ (g) _ 05n-0.25 Q4
sn 6 t= 05

For the minimum value of t, n = 1.

(3
sin 6 t—2

10-®n

HE
N 5 t= 6 or t=1sec.
Q.3 [520 nm]
1
. —ln+=|A
R 2t|J ( 2)
| Q.5
(o
n:1.58v/i/
n=156 1 i 5 It:1_25pm

n=1.52 ;’\(0)

(for destructive interference)

1

1
= 2t(1.56) = (n+§j A

64

1
= 2x0.25x% 106 x 1.56 = n+§ A

1
,'(n+§) A = 78x107 =780 nm

780

1
n+=
2

n=0, A =1560 nm

1560
nzl,k:T:SZOnm

2
n=2A=780x E = 312 nm (not possible)

[0001]
Reflected ray from upper surface would shift by A/2
only while reflected from lower surface would not
have any shift.

2ut=ni =naA,
= (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 2x 128t =(4) (640)

_ 4% 640
t= 5128

= 1000 nm = 1um

[1100]
d=x0
n_k

X = = condition of dark fringe
20 9

n = 0, first dark fringe a join of plates
n = 4, fifth dark fringe at fiber



d=x6= =2\

2
d=2x550nm = 1100 nm

KVPY
PREVIOUS YEAR'S
Q1 (O
I =1, (cos’p)*
3 4
= on[zj =30%o0f I,
Q2 (B)
Separation
. . AD
Bright fringe = a
fr=c
If f is doubled
A become halved
.. B become half
1
===0.5mm
P 2
Q3 (A
Imin = 0
=4,
=2,
Q4 (O
First Maluslaw Io 2 (o}
IO Polarizer |0/2 I1polarizer [EJCOS 30
Q5 (B)
AD
P=q
_h__ N
mV 2mgAV
A - |
B oc x JAV asAV isdouble
. Bisitimec of B
. \/5 old
o PBray =078 =0.7W
Q6 (B)

Screen

Q.7

Q.8

Q.9

Wave Optics

Sand S are source of YDSE
6 = 0.5 x 107 radian (very small)
D =S0O cos 6 + 100
=20 x 1+ 100
=120 cm
d=2xS0sno
=2%x20x%x0
= 40 x 0.5 x 102 cm
2 x10?cm
_ AD _ 440x10°°x120x10?
b= = 0o
264 x 107
= 2.64mm

(A)
Y

Verticd

| =20 W/m?

0
! :2—20=1OW/m2

_ o
Il_E
I, =1, cos* 30°

2
= 10(£J = 10X4§1

2

=75 W/m?

©)
I =1, +1,+~/214/21, cosd
| = A%+ 4A%+ 4A%cos ¢ = A2(5 + 4 cos ¢)

|
— A210
|0—9A2:> —_—

I =|§°(5+ 4cos0)

(©)
A
As L=t ?

Hreg < Hpive
Asreflected light is polarized incidence angle should

be equal to Brewster angle
i, = tan ()
65
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so 0y >04

Q.10 (D)
At central maxima
Due to 400 nm = 41 |
Due to 800 nm = 4T
Total Intensity =81,

JEE-MAIN
PREVIOUS YEAR’'S

Q1 (1

(Vi + T
(i - T

e (21
Toin (\/5—1)2

Imax

Imin

2X +124/2 — 2x — 1+ 22x
2X+1+2\/§+2X+1—2\/§X

42x [2\/_2xj

ax + 2~ (x+1

=

Qz (9

. 1.22n o .
sind = 5 = If D isincreased = sin 0 decreased

.. size of circular fringe will decrease
Intensity will increase.

Q3 (1

AD 500x107° x1
I PETE

=25x10%=0.25 mm

66

Q.4

Q.5

Q.6

Q.7

Q.8

(3]

1 5 Power
I - E(SOC) EO - 47_[(2)2
Lo , _1000x12 1
5 X OB =7 100
1 3x10° ,
2 9x10° * o =3
E; =180
. Ey;=1341V/m
~13V/m
(1)
AD
p=""
d
Ay <Ay
S By <Br

And thereis no change in intensity of bright and dark
fringes.

(3)

Al o
A, "3 Al=XA,=3X

| = =41

min

Doo [(A1+A2)2J _@)? 16
(AL -A)?) " (202 ™ 4

[75]
| =1, cos%(0)
| = 100 x cos?(30°)

&
[ =100 x| =5~

2

| =100x >
4

| =75 Lumens.

[600]

AD
B="q



Q.9

Q.10

Q.11

Q.12

Q.13
Q.14
Q.15
Q.16
Q.17

Q.18

)= 6x107° x107°

10
A=6x10" m=600x 10°m
A =600 nm

[3]
‘60
ce, [ ([RE| =2
5 4 x3

()

5 AD_5890x10" 05
d 0.5x10°°

=589 x 106 m

Distance between first and third bright fringeis 23

=2x589 x 10°m
=1178 x 10°m Ans. (2)

)
Resolving power (RP) o %

h_ h
A= v

mv
S0 (RP) o< n
RP o P

RP o mv
RPoc m

(6]
AL
TC =V

N Y = 220

~ 3x10°

x 630 x 10°= 6 x 10°m

(1)
(2)
(2)
(4)
(30]

[300]

Wave Optics

Q.19 [1]
Given amplitude « dlit width
Also intensity oc (Amplitude)? «c (Slit width)?
2
L anya,
[, \1
2
Imin _ \/E_\/E _(3_])2_1—5
lnae (1 41, 3+1) 4 4
=x=1.00
JEE-ADVANCED
PREVIOUS YEAR'S
Q1 (D)
_aD
P=
VIBGYOR A increase
Ay >Ag> Ay
S0 Be>Bs > Py
Q2 (B)
For half of maximum intensity
2[=1,+ 1, + 21, cosd
) _n 3n 5m
0 (Phase difference) =Sy Ty
. . A 31 5% 2n+1k
Path differenceis a4 2
Q.3 (A,B,C)
_AD
p= d
Boc )
S AN BB

No of fringesin agiven width (m) = % =

1

Moc B: m<m,

3%,D 1800D
d d

9A\,D 1800D
2d d

So, 3 maxima of A, will meet with 5" minimum of
A

1

3 maximum of A, =

5" minimum of A, =

A
Angular sepration = q= Angular seperation for 2,

will be lesser
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Q.4

Q.5

Q.6

68

(CD)

Since SS, line is perpendicular to screen shape of

pattern is concentric semicircle

AtO,

27 27 x 0.6003x10°°

Z(S0O-S0)= = 2001z

A (S50-50) 600x107°

Theregion very close to the point O will be dark
(c.d)

(AC)
,,,,, P x=dsin
[ asip ST E
VS S iR
— "/
CH
A =600 nm
a P1 AX=0
attP2 AX=18mm=ni
No. maximum will be
AX 1.8mm
=N=—n= =3000
A 600nm
aP, Ax = 30001

hence bright fringe will be formed.
at P, 3000" maxima is formed.

for ‘D’ option Ax =dsin®

dAx = dcosd.dd RL = dcosd.R0

RA
RdO = ——— aswemove from P, to P,

dcoso
0 T cosd | Rdo

(©)

(1) Ax =dsina = da. (as o is very small)

-6 2(2x103)rad
o= 180 - ( )r
Ax _ (3x107)(2x107%) _

A 6x107 B
so constructive interference

1

DA
@p= o

d
(3) Ax, = doc + Ey

=3 x 10* (2 x103+ 11 x 10%) = 39 x 107

AX 39x10~
—L = ="~ =65 sp destructive
N 6x1077

Q.7

(4) Ax = % = (3 x10) x 11 x 10° = 33 x 107

AX, 33x107

p .

—= =5.5 = destructive

» 6x107 7

(A)

(A)

Converging E
Diverging %
Converging E



