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26. Reflection of Light

Introductory Exercise 26.2
1. Total deviation produced

d q= ∞ - + ∞ -180 2 180 2id q= ∞ - +360 2( )i

From figure q = ∞ -90 ifi d = ∞ - + -360 2 90[ ]i i= ∞180
Hence rays 1 and 2 are parallel (anti-
parallel).2. v0 2=  m/s for plane mirror vi = 2 m/s.

Velocity of approach = +v vi0  = 4 m/s.3. In figure, AB is mirror, G is ground, CD is
pole and M is the man. The minimum height 
to see the image of top of pole is = EN

Introductory Exercise 26.1
1. Since c = 1

0 0m e  where c is the speed of light

in vacuum hence unit of 1
0 0m e  is m/s.

2. Hence 
B x ty = ¥ + ¥-2 10 500 107 11T 1.5sin [ ]
Comparing this equation with the standard 
wave eqution B B kx ty = +0 sin [ ]w  

k = -500 1m  fi k = 2pl  

fi l p= 2
k

 m 

fi l p= 2
500

 m = p
250

 metre

w = ¥1.5 1011 rad/sfi 2 1011pn = ¥1.5fi n = ¥1.5
2

1011p  Hz

Speed of the wave v
k

= = ¥w 1.5 10
500

11

   = ¥3 108  m/s
Let E0 be the amplitude of electric field.
Then E cB0 0

8 73 10 2 10= = ¥ ¥ ¥ -
           = 60 V/m

Since wave is propagating along x-axis and 
B along y-axis, hence E must be along z-axisfi E = 60 V/m  sin [ ]500 1011x t+ ¥1.5
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= + = +EK KN KN6
Now in DNKB,

NK
KB

= ftan    fi NK KB= tan f
= 4 tan f

In DBC C¢  we get,

tan f = ¢¢ = =BC
CC

2
2

1

f = ∞45
So, NK = ¥ ∞ =4 45 4tan  m
Hence in minimum height = + =6 4 10m m m
In DAC C¢  

tan q = =4
2

2

In DL LA¢  we get,
LL
LA

¢ = tan q
fi LL¢ =

4
2

fi LL¢ = 8 m
Maximum height = + ¢ = + =CA LL 8 8 16 m

Introductory Exercise 26.31. Here f = - 10 cm (concave mirror)

(a) u = - 25 cm 
Using mirror formula,

1 1 1
v u f

+ =  

fi 1 1 1
v f u

= -  = - +1
10

1
25fi 1 5 2

50v
= - +  

fi v = - = -50
3

167.  cm

Hence image is real, inverted and less
height of the object.
(b) Since u = - 10 cm, 
Hence object is situated on focus of the
image formed at •.
(c) u - 5, f = - 10

1 1 1 1
10

1
5v f u

= - = - +

fi 1 1 2
10v

= - +
fi  v = 10 cm
Hence, image is virtual, erect and two time
of the object.2. Here u = - 3 m, f = - 1

2
 m, 

we have, 

(a) 1 1 1
v f u

= -
fi 1 2 1

3v
= - +

fi v = - 0.6 m
As ball moves towards focus the image
moves towards -• and image is real as the
distance decreases by focal length image
become virtual which moves from + • to
zero.
(b) The image of the ball coincide with ball,
when u R= - = - 1 m
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Using h ut gt= + 1
2

2

fi t h
g

= = ¥2 2 2
9.8

  = 0.639 s
Similarly again images match at t = 0.78 s.3. Since image is magnified, hence the mirror
is concave.

Here, m v
u

= -  fi - =v
u

5

fi v u= - 5 …(i) 
Let distance between mirror and object is x.
Since image is formed at a distance 5 m
from mirror

v x= - +( )5 …(ii)
From Eqs.(i) and (ii), we get- + = -( )5 5x xfi 4 5x =fi x = 1.25
Hence mirror is placed at 1.25 m on right
side of the object by mirror formula

1 1 1
v u f

+ = ,

we have
1 1 1
f

= - -
6.25 1.25fi f = - 6.25
6

, 

Hence R f= 2  fi R = - = -6.25 2.08
3

 m

Thus mirror is concave mirror of radius of
curvature 2.08 m.

4. Since the incident rays and reflected rays
are parallel to each other therefore mirror is
plane mirror.5. Let us solve the first case :

By applying the geometry we can prove that,

PA v¢ = = 40
3

cm

Further, in triangles ABP and PA B¢ ¢ we
have,

AB A B
40 40 3

= ¢ ¢
( / )\ A B AB¢ ¢ = =

3
2
3

cm

Similary, we can solve other parts also.6. Simply apply :
1 1 1
v u f

= =
and m I

o
v

u
= = -  for lateral magnification. If

magnitfication is positive, image will be
virtual. If magnification is negative, image
will be real.
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AIEEE Corner
¢ Subjective Questions (Level 1)1. Here v = 39.2 cm, hence v = - 39.2 cm

and magnification m = 1fi  h hi o= = 4.85
Hence image is formed at 39.2 cm behind
the mirror and height of image is = 4.85 cm.2. From figure, angle of incident = ∞15

Let reflected ray makes an angle q with the 
horizontal, thenq + ∞ + ∞ = ∞15 15 90    fi  q = ∞603.

Since mirror are parallel to each other •
image are formed the distance of five closet
to object are 20 cm, 60 cm, 80 cm, 100 cm and
140 cm.4. The distance of the object from images are 
2 4 6b b b, , ..... etc. 

Hence the images distance are 2 nb, where 
n = 1 2, ,K . Ans.5. Suppose mirror is rotated at angle q about
its axis perpendicular to both the incident
ray and normal as shown in figure

In figure (b) I remain unchanged N and R
shift to N¢ and R¢.

From figure (a) angle of rotation = i,
From figure (b) it is i - 2q

Thus, reflected ray has been rotated by
angle 2q.6. I is incident ray – = ∞ = –i r30  

From D PA A¢ , we get

4

ii

I
N

R
y
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y
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x
20

30= ∞tan  fi x = ∞20 30tan

No. of reflection = = ¥ ∞AB
x

160
20 30

cm
cm tan= ª8 3 14

Hence the reflected ray reach other end
after 14 reflections.7. The deviation produced by mirror M1 is = ∞ -180 2 a

and the deviation produced by mirror M2 is = -180 2
Hence total deviation= - + - f180 2 180 2a  = - + f360 2 ( )a
In D ABC we get,

90 90 180- + + - f =a qfi a q+ f =
Hence deviation produces = -180 2q.8. Here f R= - = - = -

2
22
2

11 cm

Object height h0 6=  mm
         u = - 16.5 cm

(a) The ray diagram is shown in figure

      

Using mirror formula, 1 1 1
v u f

+ =
fi 1 1 1

v f u
= -

fi  1 1
11

1 11
11v

= - + = - +¥16.5
165

16.5fi v = - ¥ = -16.5
5.5

11 33 cm

Hence the image is formed at 33 cm from the
pole (vertex) of mirror on the object side the
image is real, inverted and magnified. The
absolute magnification

| |m v
u

=ΩΩ ΩΩ= =33 2
16.5

Hence size of image is h hi = ¥2 0= ¥ =2 6 12 mm.9. Here u = - 12 cm, f R= +
2

 = + 10 cm

Using mirror formula
1 1 1
v u f

+ =
we get

1 1 1 1
10

1
12v f u

= - = +
   = +6 5

60fi v = 60
11

 cm = 5.46 cm

The image is formed on right side of the
vertex at a distance 60

11
 cm. the image is

virtual and erect the absolute magnification
is given by | |m v

u
=ΩΩ ΩΩfi | |

( )
m = ¥ -ΩΩΩ ΩΩΩ=60

11 12
5

11Q  m < 1
Hence image is de-magnified. 
Height of image h m hi = ¥| | 0

 5
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fi hi = ¥ = =5
11

9 45
11

4.09 mm

The ray diagram is shown in figure

10. Here f = - 18 cm

Let distance of object from vertex of concave
mirror is u. Since image is real hence image
and object lie left side of the vertex.

Magnification m v
u

= - = 1
9fi          v u= -

9

By mirror formula, 1 1 1
v u f

+ = , we have

   - - = -1
9

1 1
18u u/

  fi  - = -10 1
18ufi u = 180 cm (left side of the vertex).11. Here u = - 30 cm, since image is inverted.

Hence the mirror is concave.

m v
u

= = -1
2

  fi  v u= -
2

Using mirror formula, 1 1 1
v u f

+ = , we get

- - =2 1 1
u u f

   fi - =3 1
u ffi f u= -

3
 = - = -30

3
10 cm

Hence mirror is concave of focal length
10 cm.12. Here f = - 24

2
 cm = - 12 cm

(a) Since image is virtualfi m v
u

=    fi   v mu=

fi           v u= ¥3  fi            v u= 3  and v is +ve
By mirror formula, 

1 1 1
v u f

+ =  fi 1
3

1 1
12u u

- -
fi 1 3

3
1

12
- = -
u

  fi   u = 8 cm

(b) Since image is real fi m v
u

= - = 3 fi v u= - 3

By using 1 1 1
v u f

+ = , we get

- - = -1 1 1
12e u

 fi - = -4
3

1
12ufi u = 16 cm

(c) Here m v
m

= - = 1
3

 fi v u= -
3

 

fi - - = -1
3

1 1
12u u/fi - = -4 1

12u
   fi   u = 48 cm

13. We have 1 1 1
v u f

+ =
fi  v uf

u f
= -   at u f= , v = • 

The variation is shown in figure

Hence focal length if assymtote of the curve.
When u f< , Image is virtual. It means v  is
negative.
When u f= 2

v f= 2
u Æ 0, v Æ 0

6
B

A 12 cm B'

FA'5/11cm(O)

u(m)
v(m)

0.50.25
0.50.25



14. Here f = 21 cm fi R f= =2 42 cm

Since the object is placed on C. Hence its
image by concave mirror is formed on C. This 
image acts as a virtual objet for plane mirror
the distance between plane mirror and
virtual object = 21 cm. 
Hence plane mirror forms its real image in
front of plane mirror at 12 cm.15. Let u is the object distance from vertex,  v is
the image distance for vertex and f  is the
focal length then distance between object
and focus is u f-  and distance between
image and focus is  v f-  ie,

( ) ( ) ( )u f v f uv u v f f- - = - + + 2 …(i)

Using 1 1 1
v u f

+ + , we get

uv u v f= +( ) …(ii)
Putting the value of uv in RHS of Eq. (i), we 
get

( )( ) ( ) ( )u f u f v u f v u f f- - = + - + + 2

( )( )u f v f f- - = 2

Hence proved.16. Let object is placed at a distance x from the
convex mirror then for convex mirror

u x-  and f R= +
2

Let v be the distance of the image from pole 
(vertex) of convex mirror.

Using 1 1 1
v u f

+ = , we get

1 1 2
12v x

- =   fi   v xR
x R

= +2
 

For concave mirror 

u R xR
x R

R xR
x R

¢ = - + +ÈÎÍ ˘̇̊ = - ++ÈÎÍ ˘̇̊
2

2
2 5

2

2

v R x¢ = - -( )2  and f R¢ = -
2

Using 1 1 1
v u f¢ + ¢ = ¢, we get

- - - ++ -1
2

2
2 5

2
2( )

( )
( )R x

x R
R xR Rfi 4 2 83 2 2R x R xR- += + -8 16 103 2 2R xR x Rfi  4 8 8 03 2 2R xR x R+ - =fi 4 2 2 02 2R R xR x[ ]+ - =fi 2 2 02 2x xR R- - =Q R π 0fi x R R R= ± = ±2 2 3

4
1 3

2
[ ]

fi x R= +ÊËÁÁ ˆ̃̃̄1 3
2

¢ Objective Questions (Level 1)1. When convergent beam incident on a plane
mirror, then mirror forms real image

2. When an object lies at the focus of a concave
mirror u f= -  focal length of a concave
mirror is negative.
Using mirror formula

1 1 1
v u f

+ =
we get,

1 1 1
v f f

- = -  fi v = •

 7

I

Plane mirror

Virtual object
O



also magnification m v
u

= - = •.

Hence, correct option is (c) • •, .3. Total deviation, d d d= +1 2

= - + -180 2 180 2q a
but a q= -90fi d q q= - + - -180 2 180 2 90( )fi d = ∞180
Hence, option (a) is correct.4. A concave mirror cannot from a virtual
image of a virtual object.
Hence option (a) is correct.5. For a concave mirror for normal sign
convention if u f= -  fi v = •
and at u = - •, v f= -

graph between  u and v is 

The dotted lines are the asymptotes
(tangent at •) of the curve.
Hence correct option is (b).

6. From  figure

20 70+ = ∞q
        q = ∞ - ∞70 20
        q = ∞50

Here (1) and (2) are paralledl 11 to each
other.
Hence the correct option is (a) = ∞50 .7. The radius of curvature of convex mirror

R = + 60 cm. 

Its focal length f R= = +
2

30 cm

Magnification m v
u

= = 1
2fi v u=

2
 

Using mirror formula, 1 1 1
v u f

+ = , 

we get, - - =1
2

1 1
30u u/fi - =3 1

30u
 

fi u = - 90 cm

v u= = -
2

45 cm

Hence distance between A and B is = -90 45= 45 cm
Hence the correct option is (c).

8

v
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8. Here it is given that height of the boy
HF = 1.5 m

Length of mirror = =AB 0.75 m
The ray diagram is shown in above figure.
H is the Head of the boy and F is the feet. It
also shows the paths of the rays that leaves
the head of the man enter his eyes (E). After
reflection from the mirror at point A, and
the rays that leave his feet and enter his
eyes after reflected at point B.

From figure CE HE= =1
2

0.05 m

   CF HF HC HF CE= - = =
          = - =1.50 0.05 1.45 m

The distance of the bottom edge of mirror
above the floor is

BP KF CF KC CD AB= = - = -
       = - =1.45 0.75 0.7 m

But according to question BD = 0.8 m (given)
which is greater than 0.7 m, the height
required to see full image. Hence the boy
cannot see his feet.
Option (c) is correct9. Since the image is magnified hence mirror is 
concave mirror.
Here m v

u
= - = 3 fi v u= - 3fi | | | |v u u= - =3 3  

but       | |v u- = 80fi | |3 80u u- =  fi  u = 40 cm'

Using mirror formula, we get

     1 1 1
v u f

+ =
- - =1

3
1 1

u u ffi f u= -3
4fi f = - ¥ = -3 40

2
30  cm

Mirror is concave and focal length is 30 cm.
Correct option is (a).10. Here m

n
v
u

= + = -1

fi v u
n

= -
From mirror formula 1 1 1

f v u
= + , 

we get,
1 1 1
f u n u

= - +
( / )fi u n f= - -( )1

Hence the correct option is (d).11. Differentiating mirror formula, we get
dv
dt

v
u

du
dt

= 2

2       [Q here du
dt

 is –ve]

Using mirror formula
1 1 1
v u f

+ = ,

we get        1 1 1
v f u

= -
Here u = - 60 cm,  f = - 24 cm
Putting these we get,    v = 40 cm

Hence,      dv
dt

= ¥ =40
60

9 4
2

2  cm/s

Hence the speed of the image is 4 cm/s
away from the mirror. 
Hence correct option is (c).12. The wrong statement is (d)

 9
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13. Let  vm is the speed of mirror, vp is the speed
of particle and vp is the speed of the
observer, then speed of the image measured
by observer is given by

v v v vop m p o= + -2 [ ]fi vop = + -2 10 4 2[ ]
      = - =28 2 26 cm/s

Hence correct option is (d).

¢ Assertion and Reason1. Assertion is wrong since when a virtual
object is placed at a distance less than the
focal length its real image is formed.
Hence answer is (d).2. Using mirror formula 1 1 1

v u f
+ =  we get 

1 1
20

1
20v

- =  fi v = 10 cm

ie image is virtual exect and since m v
u

= = 1
2

.

Hence image is diminished, thus assertion
is true.
If u = + 20 cm for virtual object v = • hence
reason is true but reason is not correct
explanation of assertion. Hence answer is (b).3. Using mirror formula 1 1 1

v u f
+ =  we get 

1 1 1
v f u

= -
If u is front of mirror u is negative and f is
negative for concave mirror.fi 1 1 1

v f u
= - +   fi  v uf

f u
= -fi u fÆ   fi v Æ •

Hence assertion is true also in refractive
image and object moves in opposite
direction. Hence both assertion and reason
are true and reason correctly explain the
assertion Correct answer is (a).4. Real view mirror of vehicles is convex
mirror, hence assertion is true.

It never makes real image of real object
reason is also true but convex mirror is used
because since its field of view is greatest.
Hence both assertion and reason are true
but reason is not correct explanation of
assertion. Correct answer is (b).5. Since m = - 2 hence it is definitely a concave
mirror since only concave mirror form
magnified image. Since concave mirror form
only real image of real object hence reason is
also true. Hence it may true but when object
is placed between C F mand , < 1.
Hence correct answer be (a) or (b).6.

Hence assertion is true.
For normal incidence i = 0 hence d = ∞180 .
hence assertion is true but reason is false.
hence correct option is (c).7.

10
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Deviation produced by M i1 180 2= ∞ -
Deviation produced by M r2 180 2= ∞ -
Total deviation produced = ∞ - +360 2( )i r
But from figure i r+ = ∞90 , hence deviation = ∞180  for any value of i.

Hence assertion is true but reason is false.
Correct option is (c).8. The correct option is (b).9. The correct option is (a, b).10. The correct option is (b).

¢ Objective Questions (Level 2)1. v Amax = w

fi v k
m

Amax =
Q    w2 = k

m
 for SHM

Maximum speed of insect relative to its
image = ^ = ∞2 2 60v vmax max sin= A k

m
3

Hence correct option is (c).2. au gn = Ø
Height = x

Let after time t paperndicular distance
between mirror and source is x¢ we have
from figure

    AB AM MB SM SA MB= + = - +
but  SM MB=

   AB MB SA x SA= - = ¢ f -2 2 tan
          = ¢ f - ¢2 2x xtan tan qfi   AB x= ¢ f -2 [tan tan ]q
         = ¢ ¢ - ¢ÈÎÍ ˘̇̊2x SM

x
SN
x

 = -2 [ ]SM SN

fi AB L= ¥2 , 
where SM SN L- = = Length of mirrorfi d

dt
AB d

dt
L[ ] ( )= =2 0

Q Length of mirror is constant.
Hence the correct option is (d).3. Here u = - 10 cm and v = - 20 cm

Using mirror formula
1 1 1
u v f

+ =   we get = - =dv
v

du
u2 2 0

fi dv
du

v
u

= - = - = -2

2

2

2
20
10

4

fi dv du= - 4fi dv = - - -4 ( )0.1 , here du = - 0.1fi dv = 0.4 cm, 
ie, 0.4 cm away from the mirror.
Hence the correct option is (a).4. The first and second images are shown in
figure but according to question

 11
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( )6 4- - =x xfi  2 2= x   fi   x = 1 m
Hence the correct option is (c).5. For vertical part - + = -1

20
1 1

5v

fi v = - 20
3

 

| | /m v
uv =ΩΩ ΩΩ=ΩΩΩ ΩΩΩ20 3

20
 = 1

3
 

fi Lv = 10
3

 cm

For horizontal part first end is at C hence
its image is also at C ie at v = - 10 cm, for
other end - - + = -1

20
1 1

5v
 fi v = - 20

3fi | |v = 20
3

L v uH = - = -ΩΩ ΩΩ=| | 20
3

10 10
3fi LH = 10

3
The ratio L LV H: := 1 1.
Hence correct option is (c)  1 : 1.6. Here u = - 15 cm, f = - 10 cm

Using 1 1 1
v u f

+ =
We get, v = - 30 cm

We have m v
m

v v
u u

= = --( )2 1

2 1

     = =dv
du

2

fi dv du= 2 ,

AB du= = 4 mmfi dv = ¥2 4  mm  fi  dv = 8 mm
Hence the correct option is (c).7. If the mirror is rotated by an angle q in
anticlock, wise direction about an axis • ̂  to 
the plane mirror, the new angle of incidence
becomes i - q and angle of reflection also 
i - 2q.
According to problem

i i+ - = ∞2 45q
2 45 2i = ∞ + q = ∞ + ¥ ∞ = ∞45 2 20 85

But angle of incidence = angle of reflection.
Hence the angle between origial incident
and reflected ray was 85∞. Similarly is the
mirror is rotated clockwise the angle became 
5∞.
Hence correct option is (c) 85∞ or 5∞.8. The person see his hair if the incident ray
statics from point A after reflected by mirror 
reach his eyes. Let O is point at minimum at
a distance x below the point A.

We have 2 60x =  cm fi x = 3 cm
The distance of O from P is = - =170 3 167 cm
Hence correct option is (a).

12
A B2 mm2 mm

FC10 cm P
20 cm

20 cm

qq
x

x
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B

A

O
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9. Acceleration of block 

a mg
m mAB = +3

3
 = 3

4
g

Acceleration of block CD :

a mg
m m

g
CD = + =2

2
2
3

Since the accelerations are in opposite
directions relative acceleration of one image
with respect to other is given by

a a g g g
AB CD+ = + =3

4
2
13

17
12

Hence the correct option is (c).10. Here BD
0.2

= ∞tan 30

fi      BD = ¥0.2 1
3

No. of reflections = =2 3
3

30
0.2 /

Hence, the correct option is (b).11. Resolving velocity along parallel to mirror
and perpendicular to mirror, we get

v v|| sin= ∞37  and v v^ = ∞cos 37
From figure, we get
v v vx = ∞ ∞ + ∞ ∞cos sin sin cos37 37 37 37= ∞ ∞2 37 37vcos sin

vx = ¥ ¥ ¥ = =2 5 4
5

3
5

24
5

4.8

v vy = ∞ ¥ ∞cos cos37 37
            - ∞ ¥ ∞v sin sin37 37
v vy = ∞ - ∞[cos sin ]2 237 37

     = ¥ +ÊËÁ ˆ̃̄ -ÊËÁ ˆ̃̄5 4
5

3
5

4
5

3
5

     = ¥ ¥ = =5 7
5

1
5

7
5

1.4

Hence velocity of image is given byv i jÆ = +v vx y
^ ^

fi v i jÆ = +4.8 1.4^ ^

Hence the correct option is (c).12. Since elevator start falling freely, the
relative acceleration of the particle in
elevator frame = - =g g 0

Hence, in elevator frame path of the
particle is a straight line.
The vertical component of velocity is 

u sin 45 2 1
2

1∞ = ¥ =  m/s

The separation between mirror and
particle in 0.5 s is

y v ty= = ¥ =1 0.5 0.5 m

 13
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The separation between image of particle
and particle at this moment = = ¥2 2y 0.5 m = 1 m
Hence the correct option is (b).13. Here velocity of mirror v i j km

Æ = + +4 4 8^ ^ ^

and velocity of objectv i j ko
Æ = + +3 4 5^ ^ ^

Since k^ is normal to the mirror hence î and ĵ
components of image velocity remain
unchanged ie, velocity of image can be
written as v i j ki izvÆ = + +3 4^ ^ ^

but v u viz mz oz= - = ¥ - =2 2 8 5 11
Hence, we get

    v i j ki
Æ = + +3 4 11^ ^ ^  (wrt ground)

Hence, the correct option is (b).
3 4 11$ $ $i j k+ +14. Only option (b) satisfy the given condition.

Here X0 2= - , Xi = + 10

Using 1 1 1
0X X fi

+ =
we get

 1
10

1
2

1- =
ffi        f = - 2.5 cm

Hence, the mirror is concave.

We know that y fy
f xi = - 0

0

         = - ¥- + =2.5
2.5

1
2

5 cm

Hence, the correct option is (b).

16. There are two mistakes one in ray (1) and
other in ray (3).

Hence correct option is (b).17. The image formation by plane mirror is
shown as

10 45
x

= ∞sin      fi  x = 10 2

The x-coordinate is 10 2 45 10cos ∞ =
and y-coordinate is - ∞ = -10 2 45 10sin

Hence, the convert option if (c), (10, - 10).18. x fx
x fi = - = - ¥- - = +0

0

10 10
10 10

5 cm

For concave mirror f = - 10 cm.

y fy
f xi = - = - ¥ -- -0

0

10 20
10 10

 cm

      = + 10  cm
Hence the coordinates of image are (5, 10).
Therefore, the correct option is (d).
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19. For convex mirror f = + 10 cm

x fx
x fi = - = ¥- = •0

0

10 10
10 10

y fy
f yi = - = ¥ -- = - •0

0

10 20
10 10

Hence the correct option is (d).20. It concave mirror is replaced by plane mirror 
the coordinates are (0, + 40).
Hence the correct option is (d).

¢ More than one options are correct1. Here f = - 20 cmCase 1. (if image is real) u v,  and f  all are
–ve.
Here m = 2 fi v u= - 2
using mirror formula

    1 1 1
v u f

+ =
we get, - - = -1

2
1 1

20u u
 

fi          3
2

1
20u

=  fi u = + 30 cm

Case 2. (if image is virtual)
u and f  are -ve, while v is +vefi 1

2
1 1

20u u
- = -

fi           u = + 10 cm
Hence possible values of u are 10 cm, 30 cm.
The correct options are (a) and (b).2. Magnitude of focal length spherical mirror
is f  and linear magnification is 1

2
Since concave mirror fro inverted real image
and magnification is less than unity,
therefore u f> 2 .
Hence option (a) is correct.'
If  image is erect than it is a convex mirror. 
Let mirror is concave hence focal length = - f .

Here m v
u

= = -1
2

fi v u= -
2

Using mirror formula 1 1 1
u v f

+ = , we get

- - = -1
2

1 1
u u f/fi - = -3 1

u ffi u f= - 3
Hence, if the mirror is concave the object
distance will be 3 f .
Let mirror is convex, then 

m v
u

= = 1
2
 fi u v=

2
Using mirror formula, we get

1
2

1 1
u u f/

- =  fi u f=
Hence, if mirror is convex the object distance 
will be f .
Hence correct options are (a), (b), (c) and (d).3. Since by a plane mirror
speed of image = speed of object

Hence speed of image also v.
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Horizontal component (along mirror) = v cos q
Vertical component (^ to mirror) = v sin q
Hence image velocity also make an angle q
with the mirror.
Resolving velocity along (y-axis ie, parallel
to mirror) and (x-axis ie perpendicular to
mirror). v i jÆ = +0 v vsin cos^ ^

v i ji v vÆ = - +sin cos^ ^

Relative velocity of object w.r.t. image isv v v iÆ Æ Æ= - =0 0 2i i v sin ^q
Hence, correct options are (a), (b) and (d).4.
As image is on opposite side of the principle
axis (inverter image) hence the mirror is
concave because convex mirror always form
erect image.
The mirror is lying to the right of O and the 
O lies between C and F.
If centre of curvature lies to the right hand
side of  O then v u< .
Hence, this option is incorrect.
Hence, the correct options are (a), (b) and (d).5. Here f = - 20 cm, u = - 30 cm

Using mirror formula

1 1 1
v u f

+ =  

we get, 
v = - 60

Different this w.r.t. time, we get- - =1 1 02 2v
dv
dt u

du
dtfi dv

dt
v
u

du
dt

= - ÊËÁ ˆ̃̄2

2  

Hence in event (1),
du
dt

v= -
fi dv

dt
v v= - ¥ - =60

30
4

2

2

Hence, speed of image in event (1) is 4v.
after time y coordinate of object y v t0 =
but x0 30= -
then   y fy

f x
v t

i = -ΩΩΩ ΩΩΩ= - ¥- +ΩΩΩ ΩΩΩ0

0

20
20 30

y vt vti = - =| |2 2fi dy
dt

vi = + 2

Hence, option (b) and (c) are correct.6. For plane mirror

u f= 3  fi v f= 3
For concave mirror

u f= - 3
Using mirror formula

1 1
3

1
v f f

= -  = - 2
3 ffi v f= - 1.5fi | |v f= 1.5

16

300 m
O

A B

O

I

3f 3f



For convex mirror, 
1 1

3
1 4

3v f f f
= + =

fi v f= 0.75
Hence maximum distance in event (1) if
image is from plane mirror and minimum
distance from convex mirror
When v f= 1.5 , then v f= 1.5
by plane mirror 
For concave mirror

1 1 1 2
3

1
u f f f f

= - = -
1.5

                 = - = -2 3
3

1
3f ffi v f= - 3fi | |v f= 3

For convex mirror
1 2

3
1

v f f
= +  = 5

3 ffi v f= 0.6
Hence, in event (2) maximum distance of
image from the concave mirror.
Hence, correct options are (a), (b) and (c).

¢ Match the Columns1. (a) m = - 2, since | |m = >2 1.

Therefore mirror is concave and Q m is -ve.
Hence image is real [for concave mirror m
is = - ve]
Therefore, 
(a) Æ q, r

(b) Since m = - 1
2
, Q m is - ve

Hence mirror is concave and image is real.
(b) Æ q, r
(c) m = + 2 , Q m > 1 
Hence mirror is concave and Q m is + ve
Hence image is virtual.
(c) Æ q, s

(d) Q 1 1
2

1m = + <  and + ve 

Hence the mirror is convex and image is
virtual.
(d) Æ p, s2. Plane mirror (for virtual object) Æ only real
imagefi (a) Æ p

(b) Æ r
(c) Æ p3. (a) Since object and its image are on opposite 
side of principle axis.

Hence mirror is concave fi (a) Æ r.
(b) Similarly as for option (a).
(b) Æ r 
(c) Since image and object are of same
height from AB.
Hence mirror is plane mirror.
(c) Æ p
(d) Since image is magnified.

Hence mirror is concave [D is. distance
between O and mirror is less than the focal
length].
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Hence
(d) Æ r.4. (a) For concave mirror M1 focal length= - 20 cm
When x = 20 cm, Mirror is M1

v = • and magnified
(a) Æ p, s 
(b) For convex mirror M2 of focal length + 20 cm if X  (distance of object from pole) = 20

Using mirror formula 1 1 1
v v f

+ =
we get 

1 1
20

1
20

1
10v

= + =
fi  v = 10 cm
Hence image is virtual.
(b) Æ r
(c) u = - 30 cm, f = - 20 cm

1 1
30

1
20

2 3
60v

= - = -  = - 1
60

v = - 60 cm
Hence image is real. 

m = - = -60
30

2

Hence image is magnified (2 times).fi (c) Æ q, s
(d) for mirror M2 (convex) at X = + 30 cm
image again virtual.
(d) Æ r5. (a) For concave mirror f = - 20 cmCase I. Image is real.

m v
u

= = -2  fi  v u= - 2

Using 1 1 1
u u f

- =
we get, - - = -1

2
1 1

20u ufi 3
2

1
20u

=
fi u = 30 cm
If image is virtual v v= 2

1
2

1 1
20u u

- = -
fi u = 10 cm
Hence correct option are as
(a) Æ p, q

(b) Here m = <1
2

1

Hence image is real.fi 1
2

= - v
u

 Æ v u= -
2

Using  1 1 1
v u f

+ = , we get

- - = -1
2

1 1
20u u/fi 3

4
1

20
=  fi u = 60 cm

Hence correct option is none of these.fi (b) Æ s
(c) if m = 1, than u f= 2  

     u = - 40 cm
Hence correct option is none of these.fi (c) Æ (s)
(d) Similarly as in part (b) we see that
answer is none of these.fi (d) Æ (s)
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27 Refraction of LightIntroductory  Exercise 27.1
1. Let real depth of dust par ti cle is x  and

thick ness of slab is t

From Ist surfacem = Real depth
App.depth

1.5
cm

= x
6

 fi  x = 9 cm …(i)

From other facem = -t x
4

 fi t x- = ¥4 1.5

fi t x= + = + =6 9 6 16 cm

2. 1 2
4
3

m =  fi mm2

1

4
3

=  …(i)

2 3
3
2

m =  fi mm 3

2

3
2

=  …(ii)

From Eqs. (i) and (ii), we get

mm3

1

4
3

3
2

2= ¥ =
3. Frequency re main same.

Let v1 is velocity in medium  (1) and v2 in
Medium (2)
We have m1

1
= cv  and m2

2
= cvfi mm1

2

2

1
= vv  fi v v2

1

2
1= mm

Similarly, wavelength l mm l2
1

2
1=

4. From v na a= lfi la aavn= = ¥¥ = ¥+ -3 10
6 10

5 10
8

14
7m

= 50 nmm ll= = = =am 500
300

5
3

1.67

Introductory Exercise 27.2
1. Since light rays are com ing from glass to air

ap ply ing m m m m2 1 2 1v u R- = -
fi 1

10
1v - = --1.5 1.5

1.5fi 1 1
30 10

1 4
30v = - + = - +1.5 .5

fi v = =30
3.5

8.57 cm

2.

m m m m2 1 2 1v u R- = -
(a) 1.5 0.5m - - =1

20 6( )

On solving v = 45 cm

(b) 1.5 0.5v - - =1
10 6( )

On solving we get v = - 90 cm

t
x 2ndface1stface t – x



(c) 1.5 0.5v - - =1
3 6( )

On solving v = - 6.0 cm
3. Light rays are coming from glass to air

    m m m m2 1 2 1v u R- = -
1 4

3 10
1 4 3

15v - - = --( )
/

( )
1 4

30
1
45v + =  on solving v = - 9 cm

4. Applying   uv u R2 1 2 1- = -m m m
fi   1.44 0.44

1.25v - • =1

On solving v = 0.795 cm

5.

m m m m2 1 2 1v u R- = -
1.635 0.635

2.50)v - - = -1
9( ) (

on solving v = 6.993 cm

Lateral magnification m vu= -
fi = - = -6.993

9
 0.777

Introductory Exercise 27.3
1. We have

1 1 1 1 1 1
1 2v u f R R- = = - -ÈÎÍ ˘̇̊( )m

fi - + = - - -ÈÎÍ ˘̇̊1
20

1
60

1 1 1( )1.65 R Rfi - + = ¥ -3 1
60

20.65 Rfi R = ¥ =60 390.65 cm

2. Using 1 1 1v u f- = , we get

1
50

1 1
30- - =x  fi - = +1 1

30
1

50x
On solving x = - 18.75 cm m vu= - = 50

18.75

Height of filament image = ¥2 50
18.75

 

           = 5.3 cm

3.

1 1 1 1f R R= - +ÈÎÍ ˘̇̊( )m

If lens faces becomes opposite three is no
change in radius of curvature hence focal
length does not change.

4. Using for mula 1 1 1v u f- =  when u Æ 01 v Æ 0

when u f vÆ Æ •,  hence im age moves from
sur face to •.

5.

1 1 1 1
1 2f R R= - -ÈÎÍ ˘̇̊( )m

fi 1 1 1 1 2
20f R R= - - -ÈÎÍ ˘̇̊ = ¥ -( )1.3 0.3

fi f = - 100
3

cm

(a) When immersed in a liquid of 1.8
refractive index 
1 1 2 2

201f R= -ÊËÁ ˆ̃̄ -ÈÎÍ ˘̇̊ = - ¥ -1.3
1.8

0.5
1.8f ¢ = 36 cm

(b) The minimum distance is equal to the
focal length = 36 cm

20

O
10 cm



6. Using   1 1 1v u f- =  

1 1
20

12
10v - - =

( )

On solving v = 20 cm

Magnification = - = -vu 1

Hence the image of same size and inverted.
Let the distance between second lens is x
Since magnification is unity image distance
also x using again

1 1 1v u f- =
we get

1 1 1 1
10x x f- - = =

( )
 fi x = 20 cm

Hence the distance between two lenses= + =20 20 40cm cm cm

7.

1 1 1v f u= +  …(i)

1 1 1
1v f u du= + +  …(ii)

1 1v v u du uu du u¢ - = + -+( )
( )

 on solving, we get

v vv duu u du- ¢¢ = +( )
 thickness dv vu du= - 2

2

10. Size of im age = ¥ =6 2
3

2 cm.

11. Let im age distance is u
      | |m = 3 fi v u= 3

1
3

1 1
12u u+ =  fi v = 16 cm

12. Since im age is up right and diminished
hence lens is concave. Nowu v- = 20 …(i)m vu= = 1

2fi 1
2

20= -u ufi u = 40 cm and v = 20 cmfi Using 1 1 1v u f- =
- + =1

20
1
40

1f  fi f = - 40 cm

13. The im age co in cide it self if light falls
nor mally on plane mir ror hence ob ject must
be on focus i e. . + 10 cm.

8.

1 1 2 2 12 1

2

2 1

1v u R R+ = - -( ) ( )m /m m /m
1 1 2 4 3 2 4 3 1v + = - -

0.2 0.4 0.4
( / ) ( / )

On solving v = 12 cm
9. Since shift in po si tion D t = 0.1  m

Hence real depth = +( )0.1 0.2 m= 0.3 m
and apparent depth= 0.2 m m = real depth

apparent depth

   = =0.3
0.2 

1.5
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AIEEE Corner
1.

We have r i+ ∞ + = ∞90 180  fi r i= -90

From Snell’s law 1.5 = = -sin
sin

sin
sin ( )

ir i i90fi tan i = 1.5fi         i = -tan ( )1 1.5

2. n vuw w= = =air 0.229343
1498

Critical angle q = = ∞-sin ( . )1 0229 13.2

3. Sped in glycrine v cng g= = ¥3 108

1.47t vg1 8
820 20

3 10
10= = ¥¥ = ¥ -1.47 9.8 s

Speed in glycrine v cng g= = ¥3 108

1.63t vc2 8
820 20

3 10
10= = ¥¥ - ¥ -1.63 10.8~

t t2 1
81086 10- = - ¥ -( . )9.8= ¥ -1.67 s10 8

4. (a) t v1

6

1

6

8
1 10 1 10

3 10
= ¥ = ¥¥- -m

1.2
m

/= ¥¥ -1.2 10
3 10

6

8fi t1 1410= ¥ -0.4 st2 6

8
1410

3 10
10= ¥¥ = ¥- -1.5 0.5 s

t3

6

8

6

8
141 10

3 10
10

3 10
10= ¥¥ = ¥¥ = ¥- - -

/1.8
1.8 0.6

Hence t1 is least and t1 1410= ¥ -0.4 s
(b) Total number of wavelengths= + +1 1

1 2 3

ml ml mlm 1.5 m m
/ / /n n n= ¥ + ¥1000

600
100

600
1.2 nm
nm

1.5 nm
nm+ ¥ ¥1 1000

600
1.8 nm

nm= =4500
600

7.5

5. The given wave equation isE y tx( , ) = ¥ - ¥ ¥ÈÎÍ ˘̇̊-E y tax sin 2
5 10

3 10 27
14p l

Comparing with standard equationE y t E ky tx( , ) sin [ ]= -0 wk = ¥ = ¥ ¥-2
5 10

2 3 107
14p , w p

v k= = ¥ ¥¥ = ¥-w pp2 3 10
2 5 10

10
14

7
8

/
1.5 m/s

Refractive index n cv= = ¥¥ =3 10
10

2
8

81.5

Wavelength in this way l pn k= 2

fi l pn = ¥ = ¥ -2
25 5 10

5 107
7

/
m

fi ln = 500 nm
If vacuum, wavelength is l thenl ln n=
fi l l= = ¥ =n n 2 500 1000 nm

6. Refraction from plane and spher i cal
surfaces

22
Reflected ray

Reflected ray

Incident ray
90–i90°

ii
r



We have  sin
sin

60∞ =r 1.8 

 fi                 sin sinr = ∞60
1.8fi  sin r = ¥ =3

2 1.8
0.48

fi        r = -sin ( )1 0.48fi        r ~- ∞28.7

Now          MO r
6

= tan

fi MO r= 6 tan
Similarly ON = 6 tan rfi MN MO ON r= + = = ∞12 12tan tan( )28.7fi MN = 6.6 cm

7. From Snell’s law 4
3

45= ∞sin
sin r

Solving we get r = ∞32EF DE r= = ∞tan tan3 32
       = 1.88 m

Total length of shadow = +1 1.88
         = 2.88 m

8. The sit u a tion is shown in figure

For first surface m m m m2 1 2 1v u R- = -
fi 1.5

2.5)
0.5v - - =1
10(fi 1.5

2.5v = - = -1
20

1 7
20fi     v = - 30

7
cm

This image acts as a virtual object for 2nd
surface u2 20 30

7
170
7

= - +ÊËÁ ˆ̃̄ = - cm

and   R = - 10 cm

     m m m m2 1 2 1v u r- = -
fi  1

170 7 10v + = --1.5 0.5
/fi   1 1

20 170v = - 10.5

fi    v = - 85 cm
Hence final image will produced at -65 cm
from Ist surface.

9. Here v = - 1 cm

   R = - 2 cm

Applying m m m m2 1 2 1v u R- = -
fi 1

1
1

2 2
1
4- - = -- = -- =1.5 1.5 0.5xfi    - =1.5x 5

4fi  x = - = -6
5

1.2 cm

 23

2 cm

0.25 cm 10 cm
21

45° 45° DB1 mA

3 m
C E F

r

N
N2N160°

r
r r6 cm
N3
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10.

Image formed by refection acts the virtual
object for the mirror.

Here shift = -ÊËÁÁ ˆ̃̃̄t 1 1m= -ÊËÁ ˆ̃̄ =3 1 1
3 2

1
/

 cm

Hence object appear to the mirror= +( )10 1  cm= 11 cm
The image formed by mirror = - 11 cm
Hence image formed by the mirror at 11 cm 
behind the mirror.

11.

Step. Let shift in mirror is x then the
distance of object.
From the mirror is = + -8 6( )x .
Step II. Plane mirror form image behind
the mirror at same distance as the distance 
object from mirror hence 

8 6 6+ - = + fi( )x x  x = 4 cm

Step III. m = = =real depth
app.  depth

6
4

15.  

hence real position of the bubble inside
sphere is 1.2 cm from the surface.

12.

Here sin r n= +442 2

sin i n= +222 2

fi u ir= sin
sin

 fi 4
3

4 2
2 4

2 2

2 2
= ++ nn

fi 4
9

4
16

2

2= ++nn  fi 5 282n =
fi n2 28

5
=  fi n = 2.4 cm

13. Using m m m m2 1 2 1v u R- = -
1 1

5v - • = --1.5 1.5

fi 1 1
10v =  fi v = 10 cm

14. For first sur face m m m m2 1 2 1v u R- = -

fi 1.5 0.5v - • =1
10

 fi v = 30 cm

24

8 cm 6 – x x

6 cm
O O'6 cm

O

3 cm RI = 3/2
Air 10 cm

ri

4 cm

5 cm10 cm
21

30 cm



For 2nd surface
1

15 5v - - = -1.5 0.5
( )fi 1 1

10
1

10v = - -  fi v = - 5 cm

Hence the distance from first face is = +( )10 5 cm= 15 cm
15. Since rays goes from pa per weight ( )n = 1.6

to air hence

1
3

1
5v - - = -1.6 1.6

( )fi 1
5 3v = - -0.6 1.6

On solving we get v = - 0.58 fi | |v = 0.58 cm
Hence the distance between observer and
table top is = - =( )8 0.58 cm 7.42 cm.

16. Let real ve loc ity of bird = vB cm/s

Velocity of bird w.r.t. fish = 16 cm/s
Velocity of bird w.r.t. water = mvB
But mv vB f+ = 16 cm/s
Here vf = 4 cm/sfi 4

3
4 16vB +ÊËÁ ˆ̃̄ =

fi 4
3

12vB = cm/s

fi vB = 9 cm/s
17. Let the dis tance be tween the ob ject and

screen is d and let dis tance be tween ob ject
and lens is x

Using lens formula 1 1 1v u f- =  we get 

1 1 1
16d x x- - - =

( )fi x xd d2 16 0- + =fi x d d d= ± -2 64
2

Let x d d d
1

2 64
2

= + -
and x d d d

2

2 64
2

= - -
fi x x d d1 2

2 64- = -
But x x1 2 60- =  fi d d2 64 3600 0- - =fi ( ) ( )d d- + =100 36 0fi d = 100  Q d π - 36
Hence the distance between object and
screen is 100 cm.

18. Q 1 1 1 1
1 2f n R R= - -ÈÎÍ ˘̇̊( )

For identical double convex lens 
| | | |R R R1 2= =

but   R R1 =  and R R2 = -fi 1 1 1 1 1 2f n R R n R= - +ÈÎÍ ˘̇̊ = -( ) ( )

fi f Rn= -2 1( )
 hence f R R1 2 1

= - =
( )1.5

and f R R
2 2 1

= - =
( )1.7 1.4

(a) fi ff12 = 1.4 fi f f1 2 1: := 1.4

(b) For first lensf R R Ri = -ÈÎÍ ˘̇̊ = - ¥ = -
2 1 2 1

81.5
1.6

1.6

hence first lens become concave (diverging)
For 2nd lens

 25

3 cm 8 cm
5 cm

Observer

n = 1.6



f R R R2
2 1 2

8= -ÈÎÍ ˘̇̊ = ¥ =1.7
1.6

1.6
0.1

Hence 2nd lens remain convex.

19. Here u = - 10 cm acts the vir tual ob ject for
the lens v = - 15 cm us ing 1 1 1v u f- =
fi 1

15
1

10
1- + = f

On solving we get f = - 30 cm.
20. Situation is shown in figure.

For Ist source direction left to right is + ve
Using 1 1 1v u f- = , we get

1 1 1
9v x- - =

( )
 fi 1 1 1

9v x+ = …(i)

For 2nd source direction right to left is + ve

hence - + - =1 1
24

1
9v x  …(ii)

On adding Eqs. (i) and (ii) we set
1 1

24
2
9x x+ - =  fi x x2 24 108 0- + =

fi x = 6 18,
hence lens can be placed at a distance of
6 cm from any source.

21. Since the ob ject is placed at c of first lens
hence im age also form at c and of same
mag ni fi ca tion i e. . v f= 2 . Since two lens are
sep a rated by distance f  hence the dis tance
between 2nd lens and im age is f . This im age
acts a vir tual ob ject for this lens us ing 
1 1 1v u f- = , we get 1 1v f-  fi v f=

2

 and magnification m vu ff2
2 1

2
= - = - = -/

Hence image is formed at f
2

 right of 2nd

lens.
22. Since the ob ject is placed at 2f  hence im age

also form 2f  by lens i e. ., at 60 cm. The mir ror
must be placed at that place that it made the
fi nal im age at fo cus of lens. The difference is
shown below.

Hence the distance between lens and mirror = +40 15cm cm = 45 cm

23. The di a gram is shown in figure.

The parallel ray after refraction on
convergent lens meet at focus = 40 cm. Let
distance between two lenses is x then using 
1 1 1v u f- =  for diverging lens

1 1
40

1
15• - - = -

( )xfi x = 25 cm
24. Here f1 20= cm f2 10= cm and d = 30 cm

For first lens using 1 1 1v u f- =  we get

1 1
30

1
20v + =  fi 1 1

20
1

30v = -  fi v = 60 cm

26
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For 2nd lens
1 1

30
1

10v - =
fi 1 1

30
1

10v = +
fi 1 4

30v =
fi v = 7.5 cm
Hence image formed at 7.5 cm from 2nd lens.

25. For lens u = - 40 cm f = + 20 cm us ing 
1 1 1v u f- =

1 1 1v f u= +
fi 1 1

20
1
40

2 1
40

1
40v = - = - =

fi v = 40 cm 
Hence the image is at 40 cm right from the
lens. Since distance between mirror and
lens is 30 cm. Hence for mirror v = + 10 cm, f = - 10 cm.

 Using 1 1 1v u f+ =  fi 1 1 1v f u= -
fi 1 1

10
1

10v = - -  fi v = - 5 cm

Hence image is formed at 5 cm from the
mirror toward lens.

26.

For first lens v = + 10 cm
For 2nd lens u = - 5 cm, f = - 20 cm

Using 1 1 1v u f- =
fi 1 1

20
1
5v = - -

fi v = - 4 cm
For third lens v = - 9 cm and f = 9 cmfi 1 1

9
1
9v - - =

( )fi v = •
Hence the image formed at • or rays become
parallel.

27. Situation is shown in figure when space
be tween two con vex lenses is filled with
refractive in dex 1.3 it be come a con cave lens
of ra dii R1 30= - cm and R2 70= + cm hence
it fo cal length is

1 1 1 1
1 2f n R R= - -ÈÎÍ ˘̇̊( )

fi 1 1 1
30

1
70f = - - -ÈÎÍ ˘̇̊( )1.3

fi f = - 70 cm
Hence the equivalent focal length of
combination 1 1

30
1

70
1

70F = - +
fi F = 30 cm if u = - 90 cm then using 

1 1 1F v u= -
we get 1

30
1 1

90
= +vfi 1 1

30
1

90
2

90
1
45v = - = =

fi v = 45 cm
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28. n cvice 2.3
1.30= = ¥¥ =3 10

10

8

8

   qc n= ÊËÁÁ ˆ̃̃̄ = ÊËÁ ˆ̃̄- -sin sin1 11 1
ice 1.30

        = -sin ( )1 0.77
29. (a) Let an gle of re frac tion in ma te rial 2 is r

then sin
sin

qr = =1.8
1.6

18
16

 …(i)

For (2) to (3) interface
sin

sin
r

90
13
18∞ = =1.3

1.8fi sin r = 13
18

 …(ii)

From (i) and (ii) sin q = ¥18
16

13
18fi    q = ÊËÁ ˆ̃̄-sin 1 13

16

(b) Yes, if q decreases r also decreases and
become less than the critical angle and
hence light goes into material 3.

30. Let maximum height of liq uid is h. From
figure for crit i cal an gle C

m = = +1 2 2

sin C r hr  …(i)

Here r = 1 cm and m = 4
3

 putting these

values in Eq. (i). Solving we get h = 4
3

cm

Here sin q mc g= =1 2
3

Now if water film is poured on the glass air
surface. Let emergent angle at glass water
surface is r, then

sin
sin

q mmc wgr = = ¥¥4 2
3 3fi sin sinr c= = ¥ =9

8
9
8

2
3

3
4

q
fi r = ÊËÁ ˆ̃̄-sin 1 3

4

32. For to tal in ter nal re flec tion at top sur face

sin ( )
sin

90
90

1

2

∞ -∞ =r nnfi cos r nn= 1

2

 and sin
sin

qr nn= 2

1fi sin sinq = nn r2

1fi      sin cosq = -nn r2

1

21

 = - ÊËÁÁ ˆ̃̃̄nn nn2

1

1

2

2

1

fi       sin q = -n nn2
2

1
2

1
2

fi             q = ÊËÁÁ ˆ̃̃̄ --sin 1 2

1

2

1nn
33. The de vi a tion an gle vary from 0° to q∞ where q = ∞ -90 c  …(i)

where C is the critical angle

Now, sin /
/

c wg= = =mm 4 3
3 2

8
9

From Eq. (i) cos sinq = Cfi cos q = 8
9

28
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fi q = ÊËÁ ˆ̃̄-cos 1 8
9

Hence deviation angle vary from 0° to 
cos .- ÊËÁ ˆ̃̄1 8

9

34.

(a) Only circular patch light escapes
because only those rays which are
incident within a cone of semivertex
angle C [Critical angle] are refracted out
of the water surface. All other rays are
totally internally reflected as shown in
figures

(b) Now m = = +1 2 2

sin C r hr
or     C = ÊËÁÁ ˆ̃̃̄-sin 1 1m

= +ÊËÁÁ ˆ̃̃̄-sin 1
2 2

rr h
35.

For maximum angle q the angle 90 - r at left
surface must be equal to critical anglefi sin ( )90 1 100

125
4
5

∞ - = = =r
1.25fi cos r = 4
5fi sin r = 3
5

Now, sin
sin

qr = =1.25 5
4

fi sin sinq = = ¥5
4

5
4

3
5

r  

fi q = ÊËÁ ˆ̃̄-sin 1 3
4

36. m d= +ÊËÁ ˆ̃̄sin

sin

A m
A2
2

3 2

2

2
2 2

2

= +ÊËÁ ˆ̃̄ =sin sin

sin

sin cos

sin

A
A A AA

fi cos A
2

3
2

=  fi A
2

30= ∞
fi A = ∞60

37. Here i r1 1 0= = ∞ .
Now, let other face angle of incidence is r2Q r r A1 2+ =   fi 0 2+ =r Afi       r A2 30= = ∞

sin
sin

ri22 1=
1.5

 fi sin sini r2 2= 1.4

fi sin sini2 30= ¥ ∞1.5fi       i2 1 19= = ∞-sin (0.75)
38. From figure sin – = –OQP OQR

Hence the ray retrace its path.
39.
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The ray re trace its path from ref. by sur face AB hence – = ∞ARq 90  from ge om e try it is
clear that r = ∞30m = sin

sin
irfi m = ∞∞sin

sin
45
30

 fi m = 1 2
1 2
/
/

 fi m = 2

40. Depends on formula.
41. The maximum an gle will be A C= 2  where C

is the critical angle

Now, C = ÊËÁ ˆ̃̄ =-sin 1 1
1.5

41.81

Hence A C= = ¥ =2 2 41.81 83.62

42. m d= +ÊËÁ ˆ̃̄sin

sin

A
A m
2

2

 here A = ∞60

1.5 = ∞ +ÊËÁ ˆ̃̄
∞sin

sin

60
2

30

dm

0.75 = ∞ +ÊËÁ ˆ̃̄sin 60
2

dm
fi 60 2 1∞ + = -dm sin ( )0.75fi dm = 22.8
and not deviation = ∞ - = ∞180 22.8 157.2
(b) If the system is placed in waterm = =1.5

4/3
4.5
4fi 60 2 301∞ + ¢ = ¥ ∞-dm sin ( sin )1.125fi dm¢ = ÈÎÍ ˘̇̊ - ∞-2 601sin 1.125

2

Net deviation = - = ∞180 dm 128.4

43. w m mm= --V RY 1

0.0305 1.665 1.645= --m y 1

On solving we get my = 1.656

44.

w w1

1

2

2
0f f+ =

fi 0.18
20 30

2+ -w  fi w2
30

20
= ¥0.18

fi w2 = 0.27

Now, 1 1 1
1 2F f f= +  fi 1 1

20
1

30F = -
fi F = 60 cm

45.

w w1

1

2

2
0f f+ =

fi  ww1

2

1

2
= - ff

    3
2

1

2
= - fffi     f f1 2

3
2

= -
Now,  1 1 1

1 2F f f= +
fi   1

150
1 2

32 2
= -f ff2 50= cm and f1 75= - cm

46. Applying m = sin
sin

ir11
Find angle r1 for two different refraction
indices. Because i1 65= ∞ from both the
cases.
Then again applym = sin

sin
ir22  and find i2. Because r A r2 1= - .

Then apply :d = + -( )i i A1 2

for two refraction indices. Then difference
in deviations is :Dd d d= -1 2

30



Objective Questions (Level-1)
1. Endoscope is bases on to tal in ter nal

refraction Hence, correct option is (c)

2. Here m l= +A B
2Q m is dimensionless.fi Bl2
= dimension of m

fi B = l2 fi B has dimension of Area
Hence, correct option is (d).

3. Shift = -ÊËÁÁ ˆ̃̃̄1 1mQ m R is minimum. than other visible colour. 
Red colour least raised.
correct option is (c)

4. Critical an gle q mC = ÊËÁÁ ˆ̃̃̄-sin 1 1

Q m 0 is maximum for violet colour hence qc
for violet colour is least.
Hence correct option is (d)

5. We have P f= 1
(metre)= = ¥ - +ÈÎÍ ˘̇̊100 100 1 1 1f n R r( )

( )
cmfi P = ¥ ¥ = +100 2

10
120.6

Hence, correct option is (a).

6. Speed of light in wa ter = cwmfi vw = ¥ = ¥3 10
4 3

10
8

8
/

2.25 m/s

Hence correct option os (c).
7. Due to TIR emer gent beam will turn into

black.
Hence correct option is (c).

8. Q v n= l but fre quency n re main constant and v de creases hence l de creases.
Hence correct option is (b).

9. Using Snell’s law

 On first and 2nd  interface
sin
sin

iq mm= 2

1
 …(i)

and sin
sin

q mmr = 3

2
 …(ii)

Multiplying (i) and (ii), we get
sin
sin

ir = mm3

1

Hence correct option is (b).
10. We have i r= 1 and r i2 90= -

Now sin
sin

ir2 1= mfi sin
sin ( )

i i90
1∞ - = mfi tan i = 1m  …(i)

If C is the critical angle then C = ÊËÁÁ ˆ̃̃̄-sin 1 1m  fi C i= -sin (tan )1

Hence correct option is (a).
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11. Let an gle of min i mum deviation is dm
we know that

m d= +ÊËÁ ˆ̃̄
ÊËÁ ˆ̃̄sin

sin

A
A

m
2

2

fi 2
60

2
30

= ∞ +
∞sin ( )

sin

dm

fi 1
2

60
2

= ∞ +ÊËÁ ˆ̃̄sin dm  

fi 60
2

45+ = ∞dm  fi dm = ∞30

Hence correct option is (a).
12. We know that

   1 1 1 1
1 2f n R R= - -ÊËÁÁ ˆ̃̃̄( )

       1 15 1 1 1
2

1 2a R R= - -ÊËÁÁ ˆ̃̃̄( . )

fi 1 0 1 1 1
1 20.2

.5= - -ÊËÁÁ ˆ̃̃̄( ) R R  ...(i)

Let refractive index of the liquid s nl  fi 1 1 1 1
1 2f nn R Rcm l= -ÊËÁÁ ˆ̃̃̄ -ÊËÁÁ ˆ̃̃̄

fi - = -ÊËÁÁ ˆ̃̃̄ ¥1 1 10
0.5

1.5nlfi   - = -1
5

11.5nlfi   1.5 nl = 4
5

 fi 5
4

¥ =1.5 nl   fi  nl = 15
8

Hence correct option is (b).
13.

We have, sin
sin

ir1 1= mm  …(i)

sin
sin

rr12 2

1
= mm  …(ii)

and sin
sin

rr23 3

2
= mm  …(iii)

sin
sin

rx3 4

3
= mm  …(iv)

Multiplying (i), (ii), (iii) and (iv), we get
sin
sin

ix = mm4   fi  sin sinx i= mm4

Hence correct option is (b)
14. Let ra dius of cur va ture of the lens is R

then 1 1 1 1f n R R= - +ÊËÁ ˆ̃̄( )  fi f Rx= -2 1( )

Let focal length of one part is f ¢
then 1 1 1 1f n R¢ = - - •ÈÎÍ ˘̇̊( )

fi f Rn f¢ = - = ¢
( )1

2

The focal length of the combination is
1 1

2
1

2
1

2
1

2F f f f f= + + +  fi F f=
2

Hence correct option is (b).
15. Here P = + 5D fi f + = 20 cmfi     1

20
1 1 1

1 2
= - -ÈÎÍ ˘̇̊( )1.5 R R …(i)

and - = -ÊËÁÁ ˆ̃̃̄ -ÈÎÍ ˘̇̊1
100

1 1 1
1 2

1.5n R Re  …(ii)

Dividing Eq. (ii) by (i) - = -ÊËÁÁ ˆ̃̃̄
1
5

11.5

0.5
nl

fi          1
10

1+ = 1.5nlfi   nl = 5
3

Hence correct option is (b).
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16. We know that
1 1 1

1 2 1 2F f f df f= + -
Q whole system is concave fi F < 0fi df f f f1 2 1 2

1 1> +  fi d f f> +1 2

fi d > +( )10 20 cm fi d > 30 cm
Hence only possible value of the given values 
is 40 cm.
Hence correct option is (d).

17. Since when A c> 2q  to tal light is reflect
(TIR) take place hence maximum value of A
is 2qc .
Hence correct option is (c).

18. Q emer gent ray is ^ to the sur facefi i r2 2 0= =Q r r A1 2+ =  fi r A1 =
Now         m = sin

sin
iA

 Since i and A are smallfi sin ~i i-  and sin ~A A-fi       m = iA  fi i A= m
 Hence correct option is (c).

19. m d= +ÊËÁ ˆ̃̄sin

sin

A
A m
2

2

fi cot
sin

sin
+ = +ÊËÁ ˆ̃̄A A

A m
2

2

2

d
fi A Am+ = ∞ -d

2
90

2fi A Am+ = ∞ -d 180fi dm A= ∞ -180 2
Hence correct option is (d).

20. Min i mum de vi a tion con di tionr r r1 2= =  fi 90 90 180∞ - + ∞ - + = ∞r r Afi     A r= 2fi      r A= = ∞
2

30

Now     m = sin
sin

irfi   2
30

= ∞sin
sin

i
fi sin i = 1

2fi            i = ∞45
Hence correct option is (a).

21.

1 1 1
1 1 1 2F f f df f= + -  …(i)

fi 1
2

1 1 2
1 2 1 2F f f df f= + -  …(ii)

1 1 1 4
1 2 1 2F f f df f¢ = + -  …(iii)

On solving (i) , (ii) and (iii) we get F F¢ = 2 .
Correct option is (a).

22.

1 1 1 1
1 2f n R R= - -( )

fi 1
24

1 1 1
2

= - -( )1.5 R Rfi 1
24 2

= 0.5R fi R = 6 and 2 12R =
Hence correct option is (a).

23. The sys tem is shown in figure.

Using 1 1 1v u f- =
fi 1 1

15
1

30v - - =
( )

 fi v = - 30 cm
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This image I1 act as a virtual object for
mirror since plane mirror form image at
same distance as object. Hence the distance
between object and image is 
( )30 45 75+ =cm cm.
Hence correct option is (c).

24.

sin
sin

45 3
1

∞ =r  …(i)

sin
sin

rr12 2
3

=
Multiplying Eq. (i) and (ii)

sin
sin

45 2
2

∞ =rfi     sin r2 1
2

=
fi           r2 30= ∞
Hence correct option is (a).

25. For small an gle prism

d mmin ( )= - 1 A if m increasesfi dmin Æ increases
Hence correct option is (a)

26. sin
sin

ir nn= 2

1
 fi sin

sin

ii n
2

ÊËÁ ˆ̃̄ =
Q r i=

2fi 2
2

cos i n=    fi i n= ÊËÁ ˆ̃̄-2
2

1cos

Hence correct option is (c).
27. Situation is shown in figure.

Since image after reflection form on object
itself hence the  object  must be placed at
focus of the lens. The rays after refraction by
lens becomes parallel to optic axis. Hence
reflection rays follow the same path and
final image form on x itself. Hence x = 30 cm.
Correct option is (b).

28.

sin
sin

45 2∞ =r  fi sin r = 1
2
 fi r = ∞30

hence total deflection = ∞ - - ∞ = ∞45 45 90( )
Hence correct option is (a).

29. m d= +ÊËÁ ˆ̃̄sin

sin

A
A m
2

2

fi 3
2

90
2

45
= ∞ +ÊËÁÁ ˆ̃̃̄

∞sin

sin

,dm

fi sin sin90
2

3
2

60∞ +ÊËÁ ˆ̃̄ = = ∞dm
fi dm = ∞30
Hence correct option is (c)

30.

1 1 1 1
1 2f n R R= - -ÈÎÍ ˘̇̊( )

here n nn= =air

glass 1.5
1

fi 1 1 1 1
10

1
10f = -ÊËÁ ˆ̃̄ +ÈÎÍ ˘̇̊

1.5fi f = - 15 cm. Hence lens is concave
Correct option is (a).
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31. For lens u = - 12 cm and F = + 10 cm

We have 1 1 1v u f- =
fi         1 1

12
1

10v + =
fi     v = 60 cm
Since the distance between lens and mirror 
is 10 cm. Hence the image formed 50 cm
from convex mirror. The rays retrace its
path if image is formed at the centre of
curvature of the mirror i.e.,
   Rconvex = 50 cm fi F R= =

2
25 cm

Hence the correct option is (b)
32.

Using 1 1 1 1 1
12

1
20v u f v- = fi - - =

( )fi v = - 30 cm
Hence the distance between mirror and this
image is 40 cm. Therefore second image
formed 40 cm behind the mirror.
Hence correct option is (c).

33. We have m = sin
sin

ir

fi 2
3

45= ∞sin
sin rfi sin r = 3

2
 fi r = ∞60  (on both faces) 

Hence the angle between emergent ray

= ∞ - + ∞ = ∞90 30 30 30( )
Hence correct option is (b).

34.

Since the ray re trace its path hence – = ∞ARQ 90  fi – = – = ∞RQN r 30m = sin
sin

ir fi  sin sin sini r= = ¥ ∞m 2 30

fi sin i = 1
2

 fi i = ∞45

Hence correct option is (c).
35. f = 10 cm

 the focal length of = = +1 1
10

1
10Ffi  F = 5 cm

Here u F= - =7.5 cm cm, 5fi 1 1 1
5v + -

7.5
 fi 1 5

5v = -¥7.5
7.5fi v = + 15 cm

Hence | |m vu=  fi height of image
height of object 7.5

= 15

Height of image = ¥ =2 1 2cm cm
Hence correct option is (a).

36.

nv nu n nR2 1 2 1- = -
fi 1 3

2
1 3 2 1

20v - • = --( )
( / )

fi v = + 40 cm
Hence correct option is (a).

37.

1 1 1 1
1 2f nn R RgL= -ÊËÁÁ ˆ̃̃̄ -ÊËÁÁ ˆ̃̃̄

Here R1 30= - cm and R2 50= - cm

 35
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fi      1 1 1
30

1
50f = -ÊËÁ ˆ̃̄ - +ÊËÁ ˆ̃̄1.5

1.4

On solvingfi f = - 1050 cm
Hence correct option is (d).

38. From the figure, it is clear that m m m1 3 2= <
Hence correct option is (b).

39. Here A m= ∞ = ∞60 60, d
      m d= +ÊËÁ ˆ̃̄ = ∞∞sin

sin

sin
sin

A
A m
2

2

60
30

       m = =3 2
1 2

3/
/

Hence correct option is (a).JEE Corner
Assertion and Reason

1. Due to shift ing of im age on re frac tion
Shayam ap pear nearer to Ram and light
suf fer two re frac tion. Hence, both (a) and (b)
are cor rect but rea son does not ex plain the
as ser tion.
Correct option is (b).

2. Ap ply ing lens for mula
1 1 1v u f- =

Let u = object distance from lensv d u= -  distance of image from lens.Q v u d+ =fi 1 1 1d u u f- - - =
fi u du df2 0- + =fi u d d f= ± - 4

2Q u is real hence d f≥ 4
Thus mean distance v f= 4 , if u f v f= - =2 2, . Hence both assertion and
reason are true, and reason explain or may
not explain assertion. Hence correct option
is (a, b)

3. Cor rect op tion is (b).
4. Cor rect op tion is (c).

5. Since both as ser tion and rea son are true
built rea son is not ex plain as ser tion Hence
cor rect op tion is (b).

6. Us ing mir ror for mula.

  1 1 1v u f- =
Here      u = - •

         f f= -  (concave lens)
1 1 1v f+ • = -  

fi v f= -
Hence image is formed at principle focus
thus assertion is false but reason is true.
Hence correct option is (d).

7. m d= +ÊËÁ ˆ̃̄sin

sin /

A
A

m
2

2

Here A = ∞60 ,  m = 2

fi 2

60
2

30
= +ÊËÁ ˆ̃̄

∞sin

sin

dm

fi 60
2

450+ =dm  fi  dm = ∞30

Hence both assertion and reason are true
and reason explain assertion correctly.
Correct option is (a).
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8. Fo cal length of com bi na tion
1 1 1 1 1

1 2F F F f f= + = -
convex convex

if f f1 2>fi 1 1
1 2f f<

fi F = - negative
Hence assertion is true. Since power is a
measure of converging or divergence of a
lens. Hence reason is not true. Correct
option is (c).

9. Since glass slab pro duced a net shift. Hencev is in creased. Thus mag ni fied im age is
ob tained but im age may be real or vir tual
de pend ing on the po si tion of slab.
Correct option is (b)

10. In this case im age dis tance of O O1 2and  are
same from the lens. Q  1 1 1v u f- =  and reason is trure.

Hence correct option is (d).
11. As ser tion is false since only ray energe if

refractve in dex of the col our less than the
prism and an gle of in ci dence is less than
crit i cal an gle but rea son is true. Cor rect
op tion is (a).

12. If two ob ject is placed be tween pole and fo cus 
im age is real hence as ser tion is true. Also
rea son is correct.
Hence correct option is (b)

13. Since both as ser tion and rea son are true and 
rea son ex pla na tion is cor rect.
Hence correct option is (a).Objective Questions (Level 2)

¢ Single option correct
1. We have m = Real depth

App.depthfi           4
3

1=
App.depthfi App. depth = 3

4
Hence the distance between bird and mirror= + =2 3

4
11
4

m

Since plane mirror form image behind the
mirror (for real object) at same distance as
object hence the distance between bird and
its image = + =11

4
11
4

11
2

 m

Correct option is (d).

2.

m m m m2 1 2 1v u R- = -
Here m = - •  u1 1=
and m2 = 1.5fi 1.5 0.5v R+ • =1  fi v R= 3

Hence correct option is (b).
3. From figure, r = ∞30

Q r = + - = ∞ - ∞q a 90 120 90
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Hence m = ∞∞ =sin
sin

60
30

3

The correct option is (d).
4. The lens be come di verg ing ifm m m m1 2 2 3- > -fi m m m1 3 22+ >

or 2 2 1 3m m m< +  
Hence correct option is (b).

5.

1 1
16

1
1v f+ =  fi v f f1

16
16

= -m v f f f f1
1

16
16

16 16 16
= - = - - = --( ) ( )

 …(i)

and 1 1
6

1
2v f+ =  fi v f f2

6
6

= -m2
2
6

= v       (Q image is virtual)

fi m f f f f2
6

6 6 6
= - = -( )

 …(ii)

But m m1 2=  fi -- = -f f f f16 6fi - + = -6 16f f  fi 2 22f =fi         f = 11 cm
Hence correct option is (d).

6. Let real depth at any in stant t of the wa ter is h then volume of wa ter V R h= p 2fi dVdt R dhdt= p 2   …(i)

Let apparent depth at this instant is h¢Q m = Real depth
Apparent depthfi nn hh2

1 1
=  fi h nn h1

1

2
=

Now dhdt x nn dhdt¢ = = 1

2fi dhdt xnn= 2

1
 …(ii)

From Eq. (i) and (ii), we get

dVdt R xnn= p 2
2

1

Hence correct option is (b).
7.

Q q = ∞37  fi i = - - = = ∞[ ( )]90 90 37q q
Applying Snell’s law on face BC.

sin
sin

37 3
5

2

1

∞ = =r mmfi sin sinr = ∞ = ¥ =4
3

37 5
3

3
5

1

fi       r = ∞90
Hence deviation d = ∞ + ∞ = ∞90 37 127
Correct option is (b).

8. Let refractive in dex of liq uid is m
For position of fish w.r.t. bird ism = Real depth

App.depth
 fi m = xh1

 …(i)

For position of bird w.r.t. fish is
1

2m = yh  …(2)

From Eq. (i) and (ii) we get u hh= 2

1

Hence correct option is (a).
9. 

fi ( )R t R- + =2 2 23fi 2 9Rt ~-    Q R T>>
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fi 2 900
3

300R = =mm
mm

mm

fi R = =150 15mm cm
Hence correct option is (a).

10.

1 1 1
1 1v v f+ =  fi v fvv f1

1

1
= -m vv fv f1

1

1 1
= - = --( )

 …(i)

1 1 1
2 2v v f+ =  fi v fvv f2

2

2
= -m vv f f2

2

2 2
= = -m  …(ii)

Q m m1 2=fi -- =fv f fv f1 2
 fi f v v= +1 2

2

Hence the correct option is (d).

11.

1 1 1
1 2 1 2F f f df f= + -

fi F f ff f d= + -1 2

1 2

as d increases f f d1 2+ -  decreases hence F
increases. Hence image move to right.
Correct option is (b).

12. In this case, minimum de vi a tion of ray 1 is
same as ray 2.
Hence correct option is (c).

13. For critical an gle at glass air sur face

sin q mc g= =1 2
3

 …(i)

Now for glass water surface.mm qwg cr= sin
sin

 fi 4 3
3 2

2
3

/
/ sin

= ¥ rfi sin r = 4
3

Now for water air surface

mmwa rr= ¢sin
sin

 fi 4
3

4
3

1= ¥ ¢sin rfi sin r¢ = 1 fi r¢ = ∞90
Hence correct option is (d).

14. For lim it ing an gle of in ci dent emer gent ray
be come par al lel to the 2nd face

Q sin
sin

r¢∞ =
90

3
7

 fi r¢ = -sin 1 3
7

Now  r r+ ∞ + ¢ = ∞30 90fi    r r= ∞ - ¢60fi    r = ∞ - -( sin / )60 3 71

Now    m = sin
sin

irfi 7
3 60 3 71= - -sin

sin [ sin / ]
i

fi i = ¥ -- -sin { / sin ( sin / }1 17 3 60 3 7= ¥ ∞ - ∞ÏÌÓ ¸̨̋-sin sin ( )1 7
3

60 21

= ¥ ∞-sin { / sin }1 7 3 19= - ∞-sin { ~1 300.49}
Hence correct option is (a).

15. The im age form the ob ject it self if the rays
in ci dent par al lel to op ti cal axis on the mir ror i.e., image of refraction is formed at •. It is
possible when O is placed at focus i e. ., d = 10 cm 
Hence correct option is (c).

16. The dot will ap pear at c for all val ues of m.
Since po si tion does not in same me dium.
Hence correct option is (b).
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17. We have for to tal internal reflection

sin
sin

/
/

i
90

6 5
3 2

=
fi sin i = 4

5
 fi i = ÊËÁ ˆ̃̄ = ∞-sin 1 4

5
53

Hence the ray will not cross BC if i > ∞53fi 90 180+ + = ∞q i
 q = -90 i Q i > ∞53fi q < ∞37
Hence correct option is (a).

18. For reflection at curved sur face
1 1 3

2
1 1

10v x- - = -ÊËÁ ˆ̃̄ ¥
( )fi v xx= -20

20

This image act as virtual object for
plane-glass-water surfacefi 

m m m mg w g wx x• - - = -•( )20
20fi x = 20 cm

Hence answer is (c).
19. The ra tio of fo cal length in the sit u a tion II

and III is 1 : 1.
Hence correct option is (c).

20. We have 1 1 1OB OA f- - =
( )fi 1 1 1OB OA f+ =

fi f OB OAOA OB= +.    Q  OB OA AB+ =  

fi f OB OAAB= .  …(i)

Now AB AC BC2 2 2= +
( )OA OB OC OA OB OC+ = + + +2 2 2 2 2fi OA OB OAOB C OA OB2 2 2 2 22 20+ + = + +fi  OC OA OB2 =  …(ii)

Putting this value in Eq. (i), we getfi f OCAB= 2

Hence correct option is (c).
21. The shift pro duce

        Dt t w g= -ÈÎÍÍ ˘̇̇̊
1 2m

= -ÈÎÍ ˘̇̊
36 1 1

9 8/
 Q w gm = =3 2

4 3
9
8

/
/= ¥ =36 1

9
4 cm

Hence correct option is (b).

22. m = Real depth
App.depthfi 4

3
= real depth

10.5 cmfi Real depth = ¥4
3

10.5 cm = 14 cm

Hence correct option is (d).
23. Q y0 1= + cm and yi = - 2 cmm vu= -  fi 2 = vu

Now let x be the position of lens then v x= -50  and v x= +( )40 . fi 2 50
40

= -+ xx 

fi 80 2 50+ = -x xfi - =3 30x  fi x = - 10 cm
Hence correct option is (c).

40
3/2

B E

C Dq
q i90° 6/5
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24. If the plane surface of plano-con vex lens is
sil vered it be have the con cave mir ror of fo cal
length fm /2Q fm = 10 cmfi fe = 5 cm hence R = 10 cm
Correct option is (c).

25. Since lens made real and mag ni fied im age,
hence it is a con vex lens when lens dipped in
wa ter its fo cal length.

1 1 1 1
1 2f R Rwg= -ÊËÁÁ ˆ̃̃̄ +ÊËÁÁ ˆ̃̃̄mm

= -ÊËÁÁ ˆ̃̃̄ +ÊËÁÁ ˆ̃̃̄ = - +ÊËÁÁ ˆ̃̄4 3
3 2

1 1 1 1
9

1 1
1 2 1 2

/
/ R R R R ˜Q f  is - ve lens behave as concave, hence

the  image is virtual and magnified.
Correct option is (c).

26. The prism trans mit the light for which an gle 
of in ci dence(c), 2 90c £ ∞ fi c £ ∞45

Hence m = = ∞ = =1 1
45

2
sin sinC 1.414

Correct option is (b).

27.

1 1
16

1v f- - =
( )

 Q | |m vu= = 3

For convex lens v u= 3
1

48
1

16
1+ = f  fi f = 12 cm (for real image)

Similarly when distance is 6 cm, 3 times
virtual image is formed hence mirror is
convex with focal length 12 cm.
Correct option is (c).

28. v ng g= l  fi c ng gm l=  …(i)

and c nw wm l=  …(ii)

Dividing (i) and (ii)mm llwg gw=  fi 4
3

4
5mg =

fi m g = 5
3

Hence correct option is (a).

29. x f f d f df f d= + -+ -1 2 1

1 2

( ) and y f df f d= -+ -( )1

1 2

D

Here f f d1 2 20 30= = =cm cm,
and D = =55m 0.5 cm
Putting these values we getx = 25 cm  and y = 0.25 cm
Correct option is (b).

30. Since for each q an gle of in ci dence at
glass-air boundry re mains 0° hence there
will never be to tal in ter nal reflection.
Correct option is (d).

31. Diameter = ¥m Orig i nal di am e ter= ¥ = -4
3

1 4
3

cm cm

Hence correct option is (a).

32.

1 1 1
20

1
201f = - +ÈÎÍ ˘̇̊( )1.5

fi f1 20= cm
Here u1 30= - cm

1 1 1
1 1v u f- =  fi 1 1

20
1

301v = -  fi v1 60= cm

Magnification | |m vu1
60
30

2= - = = +
(Inverted image)
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For second lens. 1 1
60

1
202v + =  fi v2 30= + cm

Magnification m2
30
60

1
2

= =
Total magnification = ¥ =m m1 2 1
Hence object size remains 3mm and it is
formed at ( )120 30 50+ =cm cm from first
lens.
Hence correct option is (b).

33. From left hand side re frac tion oc cur from n2 2=  to n1 1= .n nn= = =1

2

1
2

0.5nv u nR- = -1 1

0.5 0.5 0.5v - = - + =1
10 10

1
10 10fi v = 10 cm

Hence correct option is (a).
34. For lens v = - 20 cm, f = + 10 cm

Using 1 1 1v u f- =  we get v = 20 cm

This image acts virtual object for convex
mirror. For mirror v x= - -( )20
and  v x= - +( )20  and f = + 60 cm

Using 1 1 1v u f+ =
1

20
1
20

1
60- + - - =

( ) ( )x x
After solving we get x = 20 cm.
Hence correct option is (c).

35. In this case sys tem be have as con cave
mir ror or fo cal length = ¥m fe  

        = ¥ =1.5 cm20 30
Now using mirror formula

1 1 1v u f+ =  we get

1 1
20

1
30v - = -

fi 1 1
20

1
30v = -  fi v = + 60 cm

Hence correct option is (d).

36. Shift in mir ror = -ÊËÁ ˆ̃̄ =6 1 1 2
1.5

cm

Hence man lie at 48 cm from mirror. The
distance of image from observer = ¥2 48

           = 96 cm
Hence correct option is (b).

37. Using lens for mula 1 1 1v u f- =
fi 1

40
1

10
1

( ) ( )f f f+ + + =
On solving we get f = 20 cm
Hence correct option is (c).

38.

sin
sin ( )

q q90 1- =c n
sin
cos

qqc n= 1

Now cos qc n nn< -1
2

2
2

1fi sin q < - ¥n nn n1
2

2
2

1
1

fi sin q < -n n1
2

2
2

Hence correct option is (a).
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39. For mir ror u = - 1 cm (tak ing up ward
direction + ve)f = - 2 cm

1 1 1v f u= - -
fi 1 1

2
1 1

2v = - + =
fi v = 2 cm
Hence mirror form virtual image behind
mirror at 2 cm from pole. This image acts as
virtual object for slab on see below the slab
the shift isDt = -ÊËÁÁ ˆ̃̃̄ ¥ =1 1

3 2
9 3

/
cm

Hence virtual image form on object thus
correct option is (a).

40. We have m m m m2 1 2 1v u R- = -
For real object u is + vefi m m m m2 2 1 1v R u= - +( )

Q  R is + ve and m m1 2>fi m m2 1v u= - +ve

fi v = - ve
Hence, if m m1 2>  then these cannot be real
image of real object.
Hence, correct option is (a).

41. At oil-con cave sur face
1 1 1 1

101f = - • +ÈÎÍ ˘̇̊( )1.6  fi 1
101f = 0.6 

At other surface light goes from oil to glass
1 1 1

10
1

202f = -ÊËÁ ˆ̃̄ - -ÈÎÍ ˘̇̊1.5
1.6

1
202f = ¥0.3

1.6

Let focal length of combination is F

1 1 1
10 201 2F f f= + = + ¥0.6 0.3

1.6fi F = 28.57 cm
Hence correct option is (d).

42. Using for mulam m m m2 1 2 1v u R- = -
For real image m is -vefi m m m m2 1 2 1v u R+ = -
fi 1.5 0.5v R u= - 1

fi 1.5v R u= -1
2

1  v is + ve if u R> 2

Hence correct option is  (b).

43. v fuf u= -  when u f<
u lend to lensfi if u Æ 0, v Æ 0
Hence correct option is (d).

44. Since im age formed by di verg ing lens is
al ways vir tual.
Hence correct option is (a)

45. If the ob ject place at first fo cus the im age
forms at • ie, rays in ci dent the plane sur face
nor mally and re trace its path.

Now x f R= = - - - - = -1
1

2 1

60 120mm m 0.5
cm

Hence correct option is (a).

46.

m m m m2

1

1

1

2 1v u R- = -  for m2 = 1.6

1.6 1.6v1

1
2

1
1

6
10

- - = - =
( )fi 1.6v1

6
10

1
2

1
10

= - =
fi v1 16= m
For m2 2=
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2 1
2

2 1
1

1
2v - - = - =

( )
2 1 1

2
1
22v = - =  fi v2 4= m

Hence separation between images = -v v1 2= -( )16 4 cm= 12 cm
Hence correct option is (a).

47. System be have a a con cave mir ror
Here u = - 10, v = - 40 cm
Using mirror formula

   1 1 1v u f+ =  we get- - =1
40

1
10

1f

fi             f = - 8 cm
Hence correct option is (a).

48. The fo cal length of lens com bi na tion is 2f
Hence 1

2 1
1 1f R= -- - • +ÈÎÍ ˘̇̊(

)
1.8 1.2)
(1.2

1
16

= 0.6
0.2Rfi R = 48 cm

Hence correct option is (a).
49. If plane sur face is sil vered the sys tem acts a

con cave mir ror hav ing fo cal length = =R
2

24 cm

Hence correct option is (c).

¢ More than one options correct
1. Since prism are iden ti cal hence if a right

prism pro duce de vi a tion d in verted prism
pro duce de vi a tion -d.
if n m= 2  de vi a tion be comes zero.
if n m= +2 1 de vi a tion pro duce is d
Hence cor rect op tions are (a) and (b).

2.

Q   sin sini r= mfi     m = ∞ =tan 30 3
if speed of light in medium x is v
then speed of light; in medium y v v= =m 3

Since y is denser w.r.t. x hence total internal
reflection take place when incidence in y.

The correct options are (b) and (d).
3. The cor rect op tions are (b) and (c).
4. The lens form real im age if D F≥ 4

(dis place ment method)

and f D xD= -2 2

4
and the magnification m m1 2 1=
Hence correct options are (b), (c) and (d).

5. Deviation pro duced by prismd m= - = - ∞ = ∞( ) ( )1 1 4 2A 1.5
if the mirror is rotated q = ∞2  ray become
horizontal after reflection from mirror.
Again if mirror is rotated by 1° reflection ray
deviated by 2° from horizontal and after
passing through prism again ray become
horizontal.
Hence correct option are (a) and (b).
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¢ Match the Columns
1. Correct match is

(a) Æ q r, (b) Æ p s,
(c) Æ p r, (d) Æ p r,

2. (a) Æ p r,    (b) Æ q s,
(c) Æ q r, (d) Æ q r,

3.

Hence im age dis tance is less than x and
vir tual.fi (a) Æ q s,
Similarly as in (a) the correct match for
(b) Æ q r,
(c) Æ 

(c) Æ p s,
(d) p r,

4. (a) Æ q,
(b) Æ r
(c) Æ r
(d) Æ p

5. Since 1 1 1 1
1 2f n R R= - -ÈÎÍ ˘̇̊( )

here n = 1.5 for (a) n = 1.4fi 1 1 1 1
1 2f R R= -ÊËÁ ˆ̃̄ -ÊËÁÁ ˆ̃̃̄1.5

1.4fi  f  is + ve
hence 
(a) > p s,  Q f  increases, power decreases
(b) Æ q s,  Q f  is - ve and increase in
magnification
Similarly
(c) Æ q s,  and
(d) Æ p s,

6. For real ob ject at 2c con vex lens form im age
at 2c sim i larly for vir tual ob ject con cave lens
does.
(a) Æ q s, (b) Æ q r,
(c) Æ q r, (d) Æ q r,
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28 Interference and Diffractionof LightIntroductory Exercise 28.11. Because they are incoherent ie, Df  does not
re main constant.2. Since la ser is highly coherent and
mono chro matic source of light3. I I= 0

2 2cos /qfi 3
4

20
0

2I I= cos /q
fi cos /q 2 3

2
=

fi q p
2 6

=
fi q p=

3fi Dx = ¥ = ¥ =ll f lp p l
2 2 3 6

But Dx ydD=
fi y D xd Dd= = ¥D l

6fi y = ¥ ¥¥ ¥ =--1.2 600 10
0 25 10 6

48
9

2.
mm

4. 2 1
2

m lt n= -ÊËÁ ˆ̃̄  for min i mum thick ness n = 1

fi t = = ¥ =lm4
3

4 1.5
0.5 cm

5. Here a a1 3=  and a a2 =R a a a a2 2 23 2 3= + + ¥ ¥ ¥( ) ( ) cos qfi I I I I= + +9 60 0 0 cos qfi I I= +[ cos ]10 6 0q

I I= + ¥ -ÈÎÍ ˘̇̊ÈÎÍ ˘̇̊10 6 2
2

12
0cos q

   = + -ÈÎÍ ˘̇̊10 12
2

62
0cos q I

   = +ÈÎÍ ˘̇̊4 12
2

2
0cos q I

    = +ÈÎÍ ˘̇̊4 1 3
20

2I cos q
Now, I I

max = 0
9fi          I I= +ÈÎÍ ˘̇̊4

9
1 3

2
2

max cos q
6. Dx ydD t= - -( )m 1

if t = -lm2 1( )fi Dx ydD= - l
2

For maxima Dx n= lfi ydD n= +ÊËÁ ˆ̃̄2 1
2

l
This become minima.

For minima Dx n= -ÊËÁ ˆ̃̄1
2

l
          yd nD - = -l l l

2 2fi ydD n- l this become maxima.

Hence maxima and minima are
interchanged.



7. For two slit experimentd nsin q l=fi sin q l= nd
But sin q £ 1 fi nld £ 1

fi       n d£ l   fi  n £ ¥¥ =--4 10
6 10

6

7 6.67

fi         n = 68. Since am pli tude of each wave is equal. The
am pli tude of re sul tant wave is zero if waves
are equally dis placed in phaseie, q = ∞ = ∞360

8
45

Hence phase difference must be 45°

AIEEE Corner
¢ Subjective Question (Level-1)1. R a a a a2

1
2

2
2

1 22= + + fcos

(i) R a a a a= = =2 1 2,
4 22 2 2 2a a a a= + + fcosfi  cos f = 1 fi f = ∞0  

(ii) 2 2 22 2 2a a a= + fcosfi f = ∞90
(iii) a a a2 2 22 2= + fcosfi cos f = -1

2
 fi f = ∞120

(iv) 0 2 22 2= + fa a cos  fi f = ∞180

2. II a aa a
aaaa

max

min

( )
( )

= +- = +ÊËÁÁ ˆ̃̃̄
-ÊËÁ

1 2
2

1 2
2

1

2

2

1

2

1

1Á ˆ̃̃̄2

fi IImax

min
= +ÊËÁÁ ˆ̃̃̄

-ÊËÁÁ ˆ̃̃̄ = =5
3 1

5
3 1

8
2

16

2

2

2

2

    I Imax min: := 16 13. I I= max cos2
2
q

fi I Imax
max cos

2 2
2= q

fi cos cosq p
2 4

=

fi       q p=
2

Now,        f = ¥2pl Dx
      p pl2

2= ¥ Dx
fi Dx = l

4

But    Dx ydD=
fi y D xd= D
fi y = ¥¥ = ¥ ¥¥ --1

4 1
1 500 10

4 10

9

3
m

mm
l  

fi y = ¥ -1.25 10 4 m4. I I= max cos2
2
q

(a) I Imax
max cos

2 2
2= q fi q p=

2

Now q pl= ¥2 Dx
fi Dx = l

4
 and Dx ydD=  fi = Ddl4

(b) 1
4 2

2I Imax max cos= q
fi cos cosq p

2 3
=  fi q p= 2

3f = ¥2pl Dx
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fi 2
3

2p pl= ¥ Dx fi Dx = l
3

Now Dx ydD=  fi y Dd= l
35. (a) I I= max cos2

2
q 

I Imax = 0 and q = ∞60fi        I I I I= ∞ = =0
2

0 030 3
4

cos 0.75

(b) q pl= ¥2 Dx
fi p pl3

2= ¥ Dx
fi Dx = =l

6
480
6

 nm

fi Dx = 80 nm6. l lA B= = 6m

For constructive interference difference
wavelength = 0 2, ,l lQ l = > =6 5dAB
Hence only constructive interference occur
at Dl = 0fi x = =5

2
m 2.5 m

For destructive interference Dl l l= , 3
2

Only possibility at Dl = 6
Which occur at x = 1 m and x = 4 m from A.7. The wavelength l = = ¥¥ =cn 3 10

120 10

8

6 2.5 m

For constructive interferencex x n- - =( )9 l , where n = 0 1 2, , Kx = 4.5, 5.75, 8.257,
The other points are 3.25, , .2 75

8. In Young’s dou ble slit experimentw Dd= l
fi 2.82 2.2¥ = ¥¥- -10

460 10
3

3m l
.fi l = 590 nm9. xn for bright fringe is given byx nDdn = l

fi x Dd1 = l and   x Dd2
2= l 

Dx Dd= l the angular separation

sin ( )D Dq l= = = ¥¥ = ¥-- -xD d 5 10
2 10

10
7

3
42.5

      ( ) sin [ ]Dq = -1 0.00025= ∞0.01410. When whole appratus is im mersed in wa terl l= = ¥ ¥ -nw 4
3

700 10 9m

w Dd= = ¥ ¥ ¥ ¥¥ ¥ =- --l 48 10 4 7 10
3 25 10

2 7

5 0.90 mm

11. w Dd1
1= l and   w Dd2

2= l 

fi w w D Dd1 2
1 2- = -( ) l

fi 3 10 10
10

5
2

3¥ = ¥ ¥- --1.5 l
fi l m= ¥ = ¥ =-- -3 10

10
2 10 2

8

2
6

1.5
m m

12. For bright fringe x D ndn = l
For first light ( )l = 480 nm  the third order
Bright fringe is x3

9

3
1 3 480 10

5 10
= ¥ ¥ ¥¥ --

For second light ( )l = 600 nmx3

9

3
1 3 600 10

5 10
¢ = ¥ ¥ ¥¥ --
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Dx x x= ¢ - = ¥ ¥ -¥- -3 3

9

3
3 10 600 480

5 10
( )

        = ¥ ¥ -3 120
5

10 6

  Dx = ¥ -72 10 6, Dx = 72 mm13. Fringe width :w l= Dd= ¥ ¥¥- --( ) ( )
( )

500 10 75 10
10

9 2

30.45
m

= ¥ -0.83 10 3 m = 0.83 mm
Distance between second and third dark
line = one fringe width = 0.83 mm.14. For first or der bright fringe

         x Dd= l
fi   4.94 ¥ = ¥ ¥- -

10 3 600 103
9dfi    d = ¥¥ = ¥- - -18 10

10
18 10

7

3
4

4.94 5.94
m

Let for wavelength l first dark fringe is
obtained at this point for first dark fringex Dd= l

2

 fi 4.94 4.94¥ = ¥ ¥¥ ¥- -10 3
2 18 10

3
4

l
fi 2 18 10 37¥ ¥ =- lfi       l = ¥ -12 10 7m l = 1200 nm15.

For dark fringed nsin ( )q l= -2 1
2

For first dark fringe n = 1 and for 2nd, n = 2dsin q l=
2dsin q l¢ = 3
2

  fi  sin q l=
2dfi      yD y d1

2
1
2 2+ = l

and  yD y d2
2

1
2

3
2+ = l

fi y y1
2 2

1
2

9

635 10
550 10

2 10( )¥ + = ¥¥ ¥- - -1.8
…(i)

and y y2
2 2

2
2

9

635 10
3 550 10
2 10( )¥ + = ¥ ¥¥ ¥- --1.8

On solving y y2 1- = 12.6 cm16. Wavelength of source l l=
2 meV

fi l = ¥¥ ¥ ¥ ¥ ¥-- -6.62
9.1 1.6

10
2 10 100 10

34

31 19

fi l = ¥ -1.24 m10 10

w Dd= = ¥ ¥¥ =--l 3 10
10 10

10

10
1.24 m 36.6 cm

17. Given l = = ¥ -546 10 7nm 5.46 m, D = 1md = = ¥ -0 mm 0.3 m.3 10 3

(a) At distance y = = ¥ -10 10 10 3mm m from
the central fringe path difference will beDy y dD= = ¥ ¥ ¥- -. 10 10 10

1

3 30.3

      = ¥ -3 10 6 m
Corresponding phase differencef ll p= ¥ = ¥ ¥ ¥- -2 2

10
3 107

6Dx
5.46

 rad

   = ∞1978  
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I I= 0
2

2
cos q

    = ∞ÊËÁ ˆ̃̄ = ∞I I0
2

0
21978

2
989cos cos

I I= ¥ -3 10 4
0

(b) Fringe width w Dd= l
w = ¥ ¥¥ =- -5.46

0.3
1.82 mm10 1

10

7

3

Number of fringes = =10 mm
1.82 mm

5.49

Hence the number of fringe is five.18. Shift due to sheet of thick ness 10m and
refractive index 1.6 isDx tDd1

1= -( )m
fi Dx1

6

31 10 10
10

= - ¥ ¥ ¥¥- -( )1.6 1.5
1.5fi Dx1
3 310 10 6 10= ¥ ¥ = ¥- -0.6 m

Shift due to sheet of thickness 15m and
refractive index 1.2 isDx2

6

3
1 15 10

10
= - ¥ ¥ ¥¥ --( )1.2 1.5

1.5Dx2
33 10= ¥ - m

Since these shifts are in opposite direction
of central maxima hence net shiftD D Dx x x= - = ¥ - ¥- -

1 2
3 36 10 3 10m m= ¥ -3 10 3m = 3 mm19. Let l is the wavelength of light D is screen

dis tance from source and d is the sep a ra tion
between slits (all are in me tres)

         Shift = = -Dx tDd( )m 1

fi Dx Dd= - ¥ ¥ ¥-( )1.6 1.9641 10 6

fi Dx Dd= ¥ -1.17 m84 10 6

Now when t is removed and D is doubled the
distance between successive maximum (or
minima) i e. ., fringe widthw Dd= 2 l
but according to question Dx w=fi   1.178 ¥ -10 6 Dd  = 2 Dd l
fi   l = ¥ -0.589 m10 6  = 589 nm20. Let n bright fringe (l = 5500 Å) concide with
10th 

bright fringe of 6000 Åfi n ¥ = ¥5500 6000 10Å Åfi n ~- 11

Similarly first bright fringe concide with 1st
fringe. Now fringe widthw = - =14.74 12.5 0.224 mm

10

Hence position of 10th bright fringe= -14.74 0 224.  ~- 14.55 mm

Position of zero order bright fringe= -12.75 0.224 ~- 12.25 mm21. Here d ~- 1 cm

D = 100 ml = 500 nm
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For first dark fringey d= = ¥ ¥¥ --Dl
2

100 500 10
2 10

9

2fi y = 2.5 mm22. The de struc tive in ter fer ence will be 2m lt n=
for thin nest n = 1fi 2m lt =fi t = = ¥¥ -lm2

650 10
2

9

1.42fi t = 114 nm23. Here t = 0.485 mm , t = 485 nm, n = 1.53

(a) Condition for constructive interference
in refractive system

2 1
2

m lt n= -ÊËÁ ˆ̃̄     where, n = 1 2,

For n = 1, l m1 4 4 485= = ¥ ¥t 1.53
    = 2968.2 mm

which does not lie in visible region putn = 2 3, , ……
we get l = 424 594nm, nm, …

(b) For structive interference in transmitted
system
2m lt n= , putting n = 1 2, ,

     only l = 495 nm is lie in visible region.

24. For con struc tive in ter fer ence

2 1
2

m lt n= -ÊËÁ ˆ̃̄  for t to be minimum n = 1

fi     t = = ¥ =lm4
6000

4
1154

1.3
Å

25. For de struc tive in ter fer ence
2m lt n=  for t to be minimumn = 1fi t = =lm m2

800
2

 …(i)

For constructive interference

2 2 1
2

m lt n= -( )

2 800 2 1
2

m m l¥ = -
2

( )n
1600 2 1= -( )n l

For n = 1, l = 600 nm which does not lie in
visible region
For        n = 2

1600 3= lfi  1600
3

= l  fi  l = 533 nm

for n = = =3 1600
5

320, l nm which does lie

in visible
Hence l = 533 nmObjective Questions (Level-1)

¢ (Single option correct)1. Using phasor method R = + =8 6 102 2 m

Hence correct option is (b).2. Here II B1

2

2=
I I Imax [ ]= +1 1

2I I Imin [ ]= - 2
1 2
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II
IIII

min

max
= -

+
È
Î
ÍÍÍÍ

˘
˚
˙̇̇
˙ = -+ÈÎÍ ˘̇̊1

2

1

2

2

21

1

1
1

bb
fi ( )

( )
max min

max min

I II I-+ = + - +ÈÎÍ ˘̇̊b bb1 1
2

2

fi I II Imax min

max min

-- = 1
2b

Hence, correct option is (d).3. For nth dark fringex n Ddn = -( )2 1
2

l
For 1st dark fringe n = 1fi x Dd1 2

= l
Angular position q = ÊËÁ ˆ̃̄-sin 1 1xDfi q l= ÈÎÍ ˘̇̊-sin 1

2afi q = ¥¥ ¥ÈÎÍ ˘̇̊- - -sin 1
10

3
5460 10
2 100.1fi q = ¥- -sin [ ]1 510273fi q = -sin [ ]1 730.002fi q = ∞0.16

Hence correct option is (b)4. For 10th bright fringe x Dd10
10= l

For 6th dark fringe x Dd6 2 6 1
2

= ¥ - ¢( ) l
But x x6 10=

11
2

10a D Ddl l¢ =
fi ll¢ = 20

11

But m ll= ¢ = =20
11

1.8

Hence correct option is (a).

5. Shift = -( )m 1 tDd= - ¥ ¥ ¥ ¥¥ - --( )1.5
2.5

1 10 10 100 10
10

6 2

3

= ¥¥ = ¥ =-- -5 10
10

2 10 2
6

3
3

2.5
m mm

Hence correct option is (a).6. x Dndn = l for nth bright fringe

x Dd nn¢ = -l
2

2 1( ) for nth dark fringe

Dx x x Dd n nn n= - ¢ = - +l
2

2 2 1[ ]

Dx Dd= l
2

Hence correct option is  (c).7. Since at cen tre path difference for all col our
is al ways zero hence cen tre will be white.

Hence correct option is (a).8. n n1 1 2 2¥ = ¥l l
60 4000 60002¥ = ¥n  fi n2 40=

Hence correct option is (a).9. Initial fringe width w Dd1 = l
Final fringe width w D d2

25 10= - ¥ -( )l
| | | |Dw w w d= - = ¥ ¥ -

2 1
25 10l

fi 3 10
10

5 105
3

2¥ = ¥ ¥- - -l
fi 3 10

5

6¥ =- l   fi   6000 Å = l
Hence correct option is (a).
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10. IImax

min
= 49

9

Now II I II I
IIII

max

min
= +-ÈÎÍÍ ˘̇̇̊ = +

-
È
Î
ÍÍÍÍ

˘
˚
˙

1 2

1 2

2 1

2

1

2

1

1
˙̇̇

2

IImax

min
= +

-
È
Î
ÍÍÍÍ

˘
˚
˙̇̇
˙ = +-

È
Î
ÍÍÍ

˘
˚
˙̇49

9
1

49
9

1

7
3

1
7
3

1

2

˙ =2

100
16

fi IImax

min
= 25

4

Hence correct option is  (a)11. x Dndn = l
fi x Dd3

33 10= = ¥ -l 7.5 m

fi l = ¥ ¥ ¥¥- -7.5 0.210 10
3 1

3 3

fi l = ¥ =-0.5 nm10 5006

Hence correct option is (b).12. Let nth fringe of 6500 Å concide with n¢th
fringe of 5200 Å.fi x Dn d Dndn = ¥ = ¢ ¥6500 5200Å Å 

fi nn¢ = =5200
6500

4
5

It means 4th fringe of 6500 Å coincide with
5th fringe of 5200 Å hence the distancex = ¥ ¥ ¥ ¥¥- --4 120 10 6500 10

2 10

2 10

3x = 0.156 cm
Hence correct option is (a).13. Since number of min ima does not de pends
on ori en ta tion hence n n1 2=
 Hence correct option is (a).

¢ Assertion and Reason1. We have I I= 4
20

2cos f if f p= 2
3

we get I I= 0

Hence assertion is true.

Now path difference = ¥lp2
phase difference

Path difference = ¥ =lp p l
2

2
3 3

Hence reason is true.
But reason is not the explanation of
assertion. Hence correct option is (b).2. Here assertion and reason are both true but
reason is not correct explanation of
assertion. Correct option is (b).

3. Assertion is wrong since fringes are
symmetrical ie, fringes obtained both above
and below point O. Reason is true.
Correct option is (a).4. Here both as ser tion and rea son are true and
rea son cor rectly ex plain as ser tion. Hence
cor rect op tion is (a).5. Both assertion and reason are true and
reason correctly explain the assertion.
Hence correct option is (a).6. Assertion is true since locus of all fringes is
circle. But reason is wrong since fringes may
have any shape.
Correct option is (c).
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7.

Path difference at point P is Dx d= cos q
The path difference decreases as q increases. Q as q Æ increases, cos q Æ decreases

Hence order of fringe n d= cos ql  decreases

as we go above P. Hence assertion is wrong
(false).
For 11th order maxima path differenc is
more hence reason is true but assertion is
false correct option is (d).8. Here assertion is true and reason is false
and reason does not correctly explain
assertion. Correct option is (c).

9. Q  d nsin q l=fi sin q l= nd  but dl = 4

fi sin q = n
4

Now if q = ∞30fi n = ∞ =4 30 2sin
Hence assertion is true.
Also reason is true and does not correctly
explain assertion correct option is (b).10. Here assertion is false. Since shift = -( )m 1 tDd  is independent of l.

Hence shift of red colour = shift of violet 
colour. 

and reason is trueQ m mV R>
Hence correct option is (d)Objective Questions (Level 2)1. I I x= 4 0

2cos pafi I I x
0 0

2 14= cos lafi x1 3
= a …(i)

and 2 40 0
2 2I I x= cos pafi x2 4

= a …(ii)Dx x x= - = - =1 2 3 4 12
a a a

Hence correct option is (c).2. I I x k x= ÊËÁ ˆ̃̄ = ÊËÁ ˆ̃̄4 0
2 2cos cospl plI k k= ¥ÊËÁ ˆ̃̄ =cos2 pl l  …(i)I k x

4
2= ÊËÁ ˆ̃̄cos pl

fi k k x
4

2= ÊËÁ ˆ̃̄cos plfi        cos plx = 1
2plx = ÊËÁ ˆ̃̄-cos 1 1

2fi pl px =
3

  or  pl px = 2
3fi x = l

3
 or x = 2

3
l

Hence correct option is (b).3. Light of wave length l is strongly re flected if

2 1
2

ut n= +ÊËÁ ˆ̃̄ l   n = 0 1 2, , …(i)

fi 2 2 5 10 107 6ut = ¥ ¥ ¥ = ¥- -1.5 m 1.5 m
Putting l = 400 nm in eq. (1) and using
eq. (ii)
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1.5 m m¥ = +ÊËÁ ˆ̃̄¥ ¥- -10 1
2

4 106 7n
fi      n = 3.25
Putting       l = 700

1.5 ¥ -10 6 m = +ÊËÁ ˆ̃̄ ¥ ¥ -n 1
2

7 10 7 

n = 1.66
Hence n can take values 2 and 3.

From (i) if n = 2 , l = ¥ + =4
2 2 1

600ut nm

if n = 3 l = 429 nm
only l = 600 is given in the options.
Hence correct option is (b).4. x D nd nn = = ¥¥ ¥--l l100 10

001 10

2

3.fi       x nn = -l10 5  For l = 4000 Å

      x n nn = ¥ ¥ = ¥ ¥-- -4000 10
10

4 10
10

5
5m

           = ¥0.04 nfi x nn = 4 mm
Similarly for l = 7000 Å
  x nn = 7 mm n = 5 6,
hence only x = 5
Passes through hole l = 5000 Å
Hence correct option is (b).5. I I x= ÊËÁ ˆ̃̄4 0

2cos pa  where a l= Ddfi a = ¥ ¥¥ = ¥-- -1 6000 10
1 10

6 10
10

3
4( )

75% I I x
0 0

2= ÊËÁ ˆ̃̄cos pa
3
16

2= cos paxfi 3
4

= cos pax

  p ax = ÊËÁÁ ˆ̃̃̄-cos 1 3
4

   fi  x = ÊËÁÁ ˆ̃̃̄-ap cos 1 3
4fi x = 0.20 mm

Hence correct option is (d).6. Number of fringes shifted = -( )m l1 t
            4 1

6000
= - ¥( )1.5

Å
t

fi 4 6 10 7
0.5

m¥ ¥ =- t
fi t = 4.8 mm
Hence correct option is (a).7. For nth or der min ima

y n Ddn = -( )2 1
2

l for 3rd minima n = 3

y Dd3
5
2

5
2

= =l lqQ q q~ tan- = dD
Hence correct option  is (b).8. AB d a a= = = ¥3 3 5

5

AB = 15l
Hence total maxima = ¥ +14 4 4

                  = ∞60
Hence correct option is (a).
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9. I I x= ÈÎÍ ˘̇̊4 0
2cos pafi I I= ¥ÈÎÍ ˘̇̊4

40
2cos pa a

I I= 4
40

2cos p
   = =4

2
20

0
I I

fi II0 1
2

=
Hence correct option is (b).10. I I t= -ÈÎÍ ˘̇̊

0
2 1cos ( )pa m

at m = I   fi      I I= 0

Hence correct variation is (c)11. I I x= ÊËÁ ˆ̃̄
0

2cos pl
3
4 0 0

2I I x= ÊËÁ ˆ̃̄cos plfi pl px =
6fi   x = l
6

 but x t= -( )m 1

fi ( )1.5 - ¥ =1
6

t l
fi t = =l

3
6000

3
Å

fi t = =2000 Å 0.2 mm
Hence correct option is (a).12. Net shift = - - -( ) ( )m m1 21 1t t= - = - ¥( ) ( )m m1 2 t t1.52 1.40
  Net shift = ¥0.12 10.4 mm  

= ¥ ¥ -12 104 10 9m= ¥ -1248 10 9m= 1248 nm
Net shift = nl
where n is + ve integerfi nl = 1248
Now, for 416 = l, n = 3
For 624 = l , n = 2
Hence correct option is (c).13. w Dd n= ¥ = ¥¥l 6300

1
Å 1.33 m

mm 1.33= ¥ ¥¥--63 10
10

8

3
1.33 m

1.33= 0.63 mm
Hence correct option is (a).14. Dx Dnd Dnd Dnd= - = ÊËÁ ˆ̃̄7 3 4l l l

Dx = ¥ =4 0.63 mm 2.52 mm
Correct option is (a).15. Dx = 2 of fridge width

( )m - = ¥1 2
2

t 0.63 mm

t = ¥ =2 0.63
0.53

1.57 mm

Hence correct option is (b).16. Since on in tro duc ing thin glass sheet fringe
width does not change hence fringe width = 0.63 mm.
The correct option is (a).
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¢ More than one options correct1. At cen tre path difference be tween all colours 
is zero hence cnetre is white since vi o let has
least wave length hence next to cen tral will
be vi o let and since in ten sity is different for
different for colours hence there will be not a
com pletely dark fringe
Hence correct options, are (b), (c) and (d).2. Correct op tions are (a), (c) and (d).3. Q I I= 4

20
2cos q at cen tre q = 0  fi I I= 4 0 

and at distance 4 mm above o is again
maxima hence its intensity is also 4 0I .
Hence correct options are (a) and (c).

4. The cor rect op tions, are (a), (c) and (d)
Since phase difference = constant
Light should be monochromatic.5. Since in this case fringe pat tern shift
up ward hence the cor rect op tions are (a), (b)
and (c).6. Q n n1 1 2 2l l=  for max ima

Us ing this op tion (a) is sat is fied and 
( ) ( )2 1 2 11 1 2 2n n- = -l l  for min ima
Us ing this 3rd op tion is satified
Hence correct options are  (a) and (c).

¢ Match the Col umns1. Q I I= 4
20

2cos q
if q = ∞60           I I= 3 0

if q = ∞90           I I= 2 0

if q = ∞0             I I= 4 0

if q = ∞120         I I= 0

Hence correct match is
(a) Æ s; ( ) ;b Æ q  (c) Æ p; (d)Æ r2. D Dx = ¥lp f

2fi  D Df pl= 2 x  if  Dx = l
3

 

fi Df p= = ∞2
3

120

if Dx = l
6Df = ∞60  if Dx = l

4
, Df = ∞90

Using I I= ÊËÁ ˆ̃̄4
20

2cos Dq
The correct match are

(a) Æ q; (b) Æ p; (c) Æ r; (d) Æ s3. Distance be tween third or der max ima and
cen tral max ima = =3 3Dd wl
Distance between 3rd order  minima and
central

Maxima = -ÊËÁ ˆ̃̄ = =3 1
2

Dd Dd wl l2.5 2.5

Distance between first minima and forth
order

maxima = = =4
2

Dd Dd wl l 2.5

Distance between first minima and forth
order

 maxima = - =4
2

Dd Dd wl l 3.5

Distance between 2nd order maxima and
fifth order minima = - =4.5 2.5w w w2
hence correct match is
(a) Æ q; (b) Æ p; (c) Æ r; (d) Æ p
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4. Since fringe shift in the division of sheet
placed soure hence
(a) Æ p
Similarly for other the correct match 
(b) Æ r s, ; (c) Æ p; (d) Æ p5. When y Dd= l

2
 there will a dark fringe at 0.

hence (a) Æ q
when y Dd Dd= = ÊËÁ ˆ̃̄l l

6
3

2

The intensity becomes 3I
(b) Æ p

when y Dd= l
4

     Intensity = 2I
(c)Æ s 

when y Dd= l
3

    Intensity = I
(d) Æ r6. When a thin plate  (trans par ent) is placed in
front of S1 zero or der fringe shift above fromO hence
(a) Æ r
When S1 is closed  interference disappear
and uniform illuminance is obtained on
screen hence
(b) Æ p q,
Similarly (c) Æ r s,  and
When s is removed and two real sources s1
and s2 emitting light of same wavelength are 
placed interference disappear. Since sources 
become non-cohrrent hence (d) Æ p q,
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29. Modern Physics IIntroductory Exercise 29.11. The po si tron has same mass m as theelec tron. The reduced mass of elec tronpo si tron atom ism = ¥+ =m mm m 12 m
R mechH = 4

02 38efi   R RP H= 21 12 132 2lH HR= -ÊËÁ ˆ̃̄
1 12 132 2lP PR= -ÊËÁ ˆ̃̄

fi  llPH HP
RR= = 2

fi l lp H= = ¥2 2 6563 Å = 13126 Å     = 1.31 mm1 12 132 2 2lHe = -ÊËÁ ˆ̃̄ ◊R zH
fi   1 1 2l lHe H= ◊ z   fi    l lHe H Å= =2 656322 2fi    lHe nm= 1642. 1 12 12 2l = -ÈÎÍ ˘̇̊R n  for larg est wave length n = 3
fi   1 14 19l = -ÈÎÍ ˘̇̊R
fi l = = ¥ ¥365 365 107R 1.097fi  l = 656 nm

3. For H-atom r n hmen = ep0 2 22
u enhn = e 2

02T ru n h nhme en nn= = ¥¥2 2 22 2 02 2p p e ep0
     = 4 0 3 34e n hmer T men hn n= =1 4 4

02 3 3efi r meh1 4
02 34= efi n1 31 19 412 2 310 16 104 10 10= ¥ ¥ ¥¥ ¥ ¥ ¥- -- -9.18.85 6.6( . )( ) ( 4 3)fi n1 1510= ¥6.58 Hzn n n2 13 1 152 8 108= = = ¥6.58

     = ¥0.823 1015 Hz(b)   1 11 122 2l = -ÈÎÍ ˘̇̊R
fi  n l= = ¥ ¥ ÈÎÍ ˘̇̊c R3 10 348
fi n = ¥ ¥ ¥9 10 1048 71.097
        = ¥2.46 Hz1015(c) Number of revolutions= ¥ = ¥ ¥ ¥ -v T2 15 810 1 100.823= ¥8.23 106 revolution



4. Reduce mass = + = ¥+ =m mm mp pmm 207 1836207 1836 186m mm m( ) m
r h e h m e1 0 22 2 0 22 24 4 4 4= ÊËÁÁ ˆ̃̃̄ = ÊËÁÁ ˆ̃̃̄pe p m pe p ( )186Putting the value we getr1 1310= ¥ -2.55 mE eh1 4

02 28 2810= - = -me eV
Ionization energy = - =E1 2.81 keV5. (a) l = = ¥¥ ¥ = ¥-- -hmv 6.6 4.8 m1046 10 30 10343 34
(b) l = ¥¥ ¥ = ¥-- -6.69.1 7.3  10 m111010 103431 7

6. (a) After absorbing 12.3 eV the atom excitedto n = 3 state

1 1 12lL R n= -ÈÎÍ ˘̇̊
1 1 19 891lL R R= -ÈÎÍ ˘̇̊ =

fi lL R1 98 98 10 1027= = ¥ ¥ =1.097 nm1 1 142lL R= -ÈÎÍ ˘̇̊
fi lL R2 43 43 107= = ¥ ¥ =1.097 122 nm1 12 13 5362 2lB R R= -ÈÎÍ ˘̇̊ =
fi lB R= 365

fi lB = ¥ ¥ =365 1071.097 653 nm
7. n n nb a aK K L= +  fi l l ll la a b

a bL K K
K K= ¥-c c cK K Ll l lb a a= +  fi l aL = ¥-0.71 0.630.71 0.63

fi 1 1 1l l la b aL K K= -  l aL = 5.59 nm
8. l = hcED

fi             l aK E= ¥ ¥ ¥- ¥ ¥- -6.6 1.610 3 102870 1034 8
1 19( )fi 0.71 6.6 1.6¥ = ¥ ¥ ¥- ¥ ¥- - -10 10 3 102870 109 34 8
1 19( )ESolving this we get      E1 4613= - eV         lK B E= ¥ ¥ ¥- ¥ ¥ =- -6.6 1.6 0.6310 3 104613 1034 8

3 19( )Solving this we get E3 2650= - eV9. n31 4= =Eh f  …(i)

n21 3 34 4 34= = ÊËÁ ˆ̃̄ =Eh Eh f
n32 4= =Eh f
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Introductory Exercise 29.2
1. eV hc W0 = -lfi eV0 34 87 1910 3 102 10 10= ¥ ¥ ¥¥ ¥ ¥ --- -6.6 1.6 4.3 eV

fi eV0 = - =6.2eV 4.3 eV 1.9 eVfi V0 = 1.9 volt2. P = 1.5mW = ¥ -1.5 W10 3Energy of each photon = ¥ ¥ ¥¥- -6.62 10 3 104 1034 87= ¥ -4.96 10 19 JNumber of photons incident per second= = ¥¥ --PEnergy of each photon 1.54.96 1010 319             ~- ¥3 1015The number of photoelectrons produce = ¥ ¥0.1% 3 1015 = ¥3 1012Current i = ¥ ¥ ¥ -3 10 1012 191.6  A= ¥ -4.8 A10 7  = 0.48 Am3. K hf W hf hfmax = - = - 0fi K f fmax ( )µ - 0

4. K hc Wmax = -l= ¥ ¥ ¥¥ ¥ ¥ -ÈÎÍ ˘̇̊-- -6.62 1.6 eV10 3 102 10 10 334 87 19
= - =[ ]6.20 eV 3.20 eV3The minimum kinetic energy = 0.5.                   K h f fmax [ ]= - 0  1.2 eV = -h f f[ ]0  …(i)4.2 eV 1.5= -h f f[ ]0  …(ii)Dividing Eq. (i) and Eq. (ii)       12442 0 0= --f ff f1.5fi 3 2 7 70 0f f f f- = -fi          5 40f f= fi  f f f0 45= = 0.8

fi 1.2 1.6 6.62 0.8¥ ¥ = ¥ -ÈÎÍ ˘̇̊- -10 1019 34 0 0f f
fi 1.2 1.66.62¥ ¥¥ = =--1010 28 41934 0 0f f
fi f0 1510= ¥1.16 Hz

Subjective Questions (Level I)1. Here l = = ¥ -280 28 10 8nm mE hc= = ¥ ¥ ¥¥- -l 6.6 J10 3 1028 1034 88
E = ¥ ¥ = ¥- -19.8 J J10 1028 198 102834 16 19
E = ¥¥ ¥ = ¥ -- -198 1028 10 1982819 191.6 eV 1.6 4.6 eV~

We have E mc= 2 fi m Ec= = ¥¥ ¥ -2 1916198 1028 9 10fi m = ¥ -8.2 kg10 36Momentum p mc= = ¥ ¥ ¥-8.2 10 3 1036 8      = ¥ -2.46 kg-m/s10 272. Intensity of light at a dis tance 2 mFrom the source = ¥ =14 2 1162 2p p( ) /W m
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Let plate area is AEnergy incident on unit time isE A1 116= p w
Energy of each photon = ¥ ¥ ¥¥- -6.6 4.810 3 101034 87Number of photons striking per unit area

n AA A= ¥ ¥ ¥¥ ¥ ¥ ¥ ¥
-

-
116 1010 3 10

7
34 8p 4.86.6= ¥4.82 1016 per m2 s3. Here p = ¥ -8.24 kg-m/s10 28(a) Energy of photon E pc=fi E = ¥ ¥ ¥-8.24 10 3 1028 8fi E = ¥ -2.47 J10 19Energy in eV in joule1.6= ¥ -E 10 19

          = ¥¥ --2.471.6 1010 1919Energy (in eV) = 1.54 eV(b) Wavelength l = = ¥¥ =--hp 6.68.24 nm1010 8043428This wavelength in Infrared region.4. We have c f= l fi f c= = ¥¥ -l 3 106 108 7m/smfi f = ¥5 1014 HzWe have p Et=  fi E pt=  power per sec =energyfi P E=fi 75 = ¥ ¥( )h v nfi = ¥ ¥ ¥- 7510 5 1034 146.6fi n = ¥2.3 1020 photons/sec

5. (a) E = = ¥ ¥ ¥-2.45 MeV 2.45 1.6 10 J19 610E h= n fi n = = ¥¥ --Eh 3.926.6 1010 1334fi n = ¥5.92 Hz1020(b) We have c = nl fi l n= c
fi l = ¥¥ = ¥ -3 10108205.92 5.06  10  m13

6. We have    p mK= 2fi p mK1 12=  and p mK2 22=fi pp KK12 12=
fi   12 12= KK  [ ]Q p p2 12=
fi K K2 14=(b) E p c1 1=  and E p c2 2=  fi E p c2 12=fi E E2 12=7. (a) Since power = energy per unit line              let n be the number of photonsfi P nE=  fi 10 = ¥n nclfi n hc= ¥ = ¥ ¥¥ ¥ ¥--10 10 500 1010 3 10934 8l 6.6fi n = ¥2.52 1019(b) Force exerted on that surfaceF Pc= = ¥ = ¥ -103 108 3.33  10  N8

8. Absorbing (power) light = 70% of in ci dentlightfi Pa = 70% of 10 7W W=Refractive power = 30% of 10 Wfi PR = 3 WThe force exerted = +Pc Pca R2
= + ¥ = ¥7 2 3 133 108c= ¥ -4.3 N10 8
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9. Force = rate of change of mo men tum

F pt= DD  here Dt = 1 s
F p= ∞2 60cosF p=fi F nh= l  

where n is number of photons striking persecondfi F = ¥ ¥ ¥¥ =-- -1 10 10663 10 1019 349 86.63 N
10. Here out put en ergy = 60 W/sPressure p = ¥¥ = ¥ -2 603 108 4  10  N7

de-Broglie wavelength11. Here m = fi = ¥ -5 5 10 3g m kg,  v = 340 m/sby de-Broglie hypothesis wavelengthl = = ¥¥ ¥ --hmv 6.62 105 10 340343fi l = ¥ -3.9  10  m34Since l is too small. No wave like propertyis exhibit.12.(a) le ehm v= = ¥¥ ¥ ¥--6.69.1 4.71010 103431 6= ¥ -1.55 m10 10
(b) lp = ¥¥ ¥ ¥ ¥-- -6.69.1 4.7101836 10 103431 6= ¥ -8.44 m10 14

13. (a) l = hp fi p h= = ¥¥ --l 6.62.8 1010 3410fi p = ¥ -2.37 kg-m/s10 24
(b) Q p m Ke2 2=  fi K pme= 22fi K = ¥¥ ¥ - -( )2.379.1 102 1024 231fi K = ¥ -3.07 J10 18

K K( )in eV in J1.6 3.071.6= ¥ = ¥¥- --10 101019 1819fi K = 19.2 eV14. Here T = ∞ + ∞ =273 20 293 K
v RTMrms = 3  fi l = hMvrmsfi l = hMRT3

= ¥¥ ¥ ¥ ¥ ¥--6.69.1 8.31103 1836 10 2933431
fi l = 1.04 Å15. For hy dro gen like atomE K= -  Here E = - 3.4 eVfi K = = ¥ ¥ -3.4 eV 3.4 1.6 J10 19l = =hp hm Ke2

= ¥¥ ¥ ¥ ¥ ¥-- -6.69.1 3.4 1.6102 10 103431 19
fi l = 6.663 Å16. In Bohr model the ve loc ity of elec tron in nthor bit is given byU enhn = 2

02ePutting the values of e h, ,e0  and n = 1, wegetU1 710= ¥2.19 m/s and U4 610= ¥2.194 m/s
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fi l1 1= hm ve  and l l4 4 1 14 4= = =hm u hm ue e
fi l1 3431 61010 10= ¥¥ ¥ ¥--6.69.1 2.19     = ¥ -3.32 m10 10fi l l4 1 104 4 10= = ¥ ¥ -3.332 m     = ¥ -13.28 10 10 m

      = ¥ -1.33  10 m9The radius of first Bohr orbit   r1 1010= ¥ -0.529The radius of fourth Bohr orbit r4 1016 10= ¥ ¥ -0.529fi            2 2 0529 101 10pr = ¥ ¥ ¥ -3.14 .     ª ¥ =-3.32 m10 10 1l
Bohr Atomic Model and Emission Spectrum17. For hydrogen like atom we can writee znn = - 22 (13.6 eV)

For lithium atom z = 3 we getE n nn = - = -92 2(13.6 eV) 122.4 eV
The ground state energy is for n = 1fi E1 21= - = -122.4 eV 122.4 eV
Ionization potential = - =E1 122.4 eV18. For hydrogen atom we can write(a)  E K= -   fi K = 3.4 eV(b) PE 3.4 6.8 eV= - = - ¥ = -2 2KSince potential energy depends uponrefrence hence it will changed.19. Binding en ergy of an elec tron in He-atom is E0 = 24.6 eV. ie,  the en ergy re quired tore move one elec tron from He-atom = 24.6 eVNow, He-atom becomes He+  and energy of He+  ion is given byE z nn = - 2 2(13.6) for He+ =z 2, we get
       E1 4= - ¥ = -13.6 54.4 eV.Hence energy required to remove thiselectron = 54.4 eV, thus total energy = + =24.6 54.4 eV79

20. For hy dro gen atom E nn = -13.6 eV2Putt ing n = 3,  we get E3 9= - = -13.6 eV 1.51 eV
Hence hydrogen atom is in third excitedstate the angular momentumL nh h= = = ¥ ¥¥ -2 32 3 102 34p p 6.623.14fi L = ¥ -3.16 kg-m /s10 34 2

21. We have l = = ¥ ¥ ¥-hcE ED D6.6 10 3 1034 8
fi DE = ¥ ¥ ¥¥- -6.6 10 3 101023 1034 810  (in Joule)
fi DE = ¥ ¥ ¥¥ ¥ ¥-- -6.6 1.6 in eV)10 3 101023 10 1034 810 19 (

     ~- 12.1 eVfi E En - =1 12.1 eV But E1 = - 13.6 eVfi En ~- - 1.51 eVFor H-atom E nn = -13 62.    fi   - = -151 13 62. .n   fi   n = 3Hence atom goes to 3rd excited state. Thepossible transition are ( , ,3 2 3 1Æ Æ  and 2 1Æ ) ie, 3 transitions are possible and thelargest wavelength = 1023 Å(From 3 1Æ )
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22. For hy dro gen like atom     E znn = - 22 (13.6) eV
For Li+ + =z 3fi E nn = -122.4 eV2  fi E1 = - 122.4 eV
      E3 9= - = -122.4 eV 13.6 eV
DE E E= - = - =3 1 ( )122.4 13.6 eV 108.8 eVl = = ¥ ¥ ¥¥ ¥ =- -hcE 6.6108.8 1.6 113.74 Å10 3 101034 819

23. The ex cited state en ergy He+  atom will beequal to the sum of energies of the photonshav ing wave length 108.5 nm and 30.4 nm.fi E E hc hcn - = +1 1 2l l   663 10 3 101034 810. ¥ ¥ ¥- -  11085 1304+ÈÎÍ ˘̇̊
fi E En - = ¥ -1 191083.7 J= ¥¥ =--83.7 J1.6 J/eV 52.3 eV1010 1919  …(i)
For He+  atom E z nn = - 2 2( )13.6 eV
For He+   z = 2 E nn = 54 42.  eV
fi E1 = - 54.4 eVfi E E nn - = -ÊËÁ ˆ̃̄1 21 154.4 eV …(ii)
From Eqs. (i) and (ii), we get52.3 54.4= -ÊËÁ ˆ̃̄1 12nfi 1 12- =n 0.96
fi    n  = 524. For hydrogen like atomE znn = - 22 (13.6) eV

Let for ten transitions quantum numbersof energy levels are n n n n, , ,+ + +1 2 3 and n + 4

- = -z n2 2( )13.6 eV 0.85 eV …(i)- + = -z n2 24(( )13.6) eV 0.544 eV …(ii)
Dividing Eq. (i) and Eq. (ii)( )n n+ = =4 22 0.850.544 1.5625
fi n n+ =4 1.25
fi 1 4+ =n 1.25
fi 4n = 0.25
 fi n = =4 160.25Putting this value of n in Eq. (i) - = -z2 216( )( )13.6 0.85
fi z2 256= ¥ 0.8513.6fi z2 16=  fi z = 4Hence atom no. of atom is = 4We know that DE hc= lfi l = hcED  for smallest wavelength DE ismaximum      l = ¥ ¥ ¥- - - ¥ ¥- -6.60.544 0.85 1.610 3 10 1034 8 19[ ( )]            l = 40441 Å
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25. Here E1 = - 15.6 eV(a) Hence ionization potential = - =E1 15.6 eV(b) We have l = hcED  for short wavelength DE is maximum fi l = ¥ ¥ ¥- - ¥ ¥ -- -6.6 5.3 1.6 Å10 3 100 10 233534 819( ) ~
(c) Excitation potential for n = 3 state is= - = - + =E E3 1 3.08 15.6 12.52 V(d) From n = 3 to n = 1 DE E E= - = - + =3 1 3.08 15.6 12.52 eVWe know l = hcEDfi 1 1010 3 101934 8l = = ¥ ¥¥ ¥ ¥ --DEhc 12.52 1.66.6    = ¥1.01 107 ( )m - 126. (a) E1 = - 6.52 eVl = =860 8600nm ÅEnergy of this photon = =123758600(eV) 1.44 eV

hence internal energy of atom after absorbing this photon is given by E Ei = + = - +1 1.44 eV 6.52 1.44     = - 5.08 eV(b) l2 123754200= =(eV) 2.95 eV
hence internal energy of the atom after emission of this  photon is given byE Ei = - = - -1 2.95 eV 2.68 2.95 eV( )fi Ei = - 5.63 eV27. Heve U m r= 12 2 2w  fi  F dUdr m r= = 2 2w

But mvr m r2 2 2= w

fi v m r2 2 2= wBut by Bohr’s postulate mvr nh= 2pfi m v r n h2 2 2 2 224= pfi m r n h3 2 4 2 224w p=
fi          r n hm4 2 22 3 24= p wfi             r nµ28. 1 1 1 12 12 2 0l laK R z= - -ÈÎÍ ˘̇̊ =( )

1 1 1 132 2l bK R z= - -ÈÎÍ ˘̇̊( )
fi ll b

a
K
K = ¥¥ =3 94 8 2732fi l l lb aK K= =2732 2732 0

29. l0 = hceVfi l0 34 819 31 10 3 1010 25 10= ¥ ¥ ¥¥ ¥ ¥--6.61.6fi l01 = 49.5 pmfi l l0 02 12 2 5= = ¥ =49. pm 99 pm[ ]1 pm m= -10 1230. f zKa = ¥ -( ) ( )2.48 Hz10 115 2
fi 3 10 10 2 18 15 2¥ = ¥ -l aK 2.48 ( )
fi 3 1010 10 1810 15 2¥¥ ¥ ¥ = --0.76 2.58 ( )z
( - -z 1 40) ~   fi z = 4131. li hceV=    Dl = 26 pm when Vf = 1.5 V
fi l lf i= -( )26 pml lf ihce V hceV= ¥ = = =1.5 1.5 1.5 1.51 12 1
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fi ( )l li i- =26 23fi 3 26 3 2l li i- ¥ =fi li = 78 pmfi 78 10 10 3 101012 34 819¥ = ¥ ¥ ¥¥ ¥- - -6.61.6 Vfi V = ¥ ¥¥ ¥ ¥-- -6.61.6 3 1078 10 102612 19fi V = 15865 volt32. V a z b= -( ) fi c a z bl = -2 2( )
fi    1 2 2l = -ac z b( )
fi 1887 132 2pm = -ac b( )  …(i)
and  1146 302 2pm = -az b( ) …(ii)
Dividing Eq. (i) and Eq. (ii)146887 1330 2= --ÈÎÍ ˘̇̊( )( )bbfi 2.5 = --3013 bbfi 32.5 2.5- = -b b302.5 1.5= b   b = 53

1 26 5326
2 2l = -ÊËÁ ˆ̃̄ac

1 26 53887 13 5326
2

2l = f -ÊËÁ ˆ̃̄
¥ -ÊËÁ ˆ̃̄pm

fi l26
2

2887 13 5326 53= ¥ -ÊËÁ ˆ̃̄
-ÊËÁ ˆ̃̄pm

= ¥887 347322pm ( )~- 198 pm33. f RC z= -3 4 1( )
 4.2 1.1¥ = ¥ ¥ ¥ ¥10 3 10 3 10418 7 8  ( )z - 1 2
fi 4.2 1.1¥ ¥¥ ¥ = -10 49 10 118 15 2( )z  
fi ( )z - =1 41 fi z = 4234. P Vi= = ¥ =40 10 400kW mA W% of P = ¥ =400 1100 4 W
(a) Total power of X-rays = 4 W (b) Heat produced per second= - =400 4 396 J/s

Photoelectric effect35. Einstein photo elec tric equation isK h Wmax = -nfi eV hc W0 = -l   Q K eVmax = 0
fi 10.4 eV Å 1.7 eV= -12375l( )fi l( )Å 12.1 Å= =12375 1022
For H-atom l = hcED  fi DE = =123751022 12.1 eV
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This difference equal to n = 3 Æ =n 1transition.36. K h Wmax = -nfi K max = ¥ ¥ ¥¥ -- -6.6 1.51.6 3.710 101034 1519fi K max = - =6.18 3.7 2.48 eV37. Here work func tion        W(in eV) Å 2.475 eV= =123755000K eVmax = =0 3 eVK hc Wmax = -lfi 3 12375= -l( )in Å 2.475
fi l = =12375 22605.475 Å

38. Comparing the given graph withK h Wmax = -n

 f = ¥1 1014 Hz(a) no = threshold frequency q = ¥10 1014 Hz= 1015 Hz(b) W = 4 eV (c) h = slope of the graph = = ¥CDAD 820 1014eV Hz

fi h = ¥ ¥¥ = ¥- -8 102 10 101915 341.6 6.4  J-s
39. Here vu12 31(max))(max =

Using Einstein equation, K hc Wmax ,= -lwe get12 2mv hc Wmax = -lwhere m is the mass of photoelectronfi 12 1 2 1m v hc W[ ]( )max = -l  …(i)
and 12 2 2 2m v hc W[ ](max) = -l  …(ii)
Dividing Eq. (i) and Eq. (ii), we get

vv
hc Whc W12

2 1
2

maxmax
ÊËÁÁ ˆ̃̃̄ = -

-l
l  fi ( )3 2 1

2
= -

-
hc Whc Wl
lfi 9 82 1hc hc Wl l- =

fi hc W96000 13000 8-ÈÎÍ ˘̇̊ =
fi 6.6 1.6¥ ¥ ¥ ¥¥ ¥ ¥ =- - -10 3 10 76000 10 10 834 810 19 W
fi W = 1.81 eVPutting the value of W in Eq. (i)  12 3000 101 2 10m u hc( )max = ¥ - - ¥ ¥ -181 16 10 19. . 12 662 10 3 103 101 2 34 87m u( ) .max = ¥ ¥ ¥¥= - ¥ -2896 10 19. 12 662 10 2896 101 2 19 19m u( ) . .max = ¥ - ¥- -

12 3 724 101 2 19m u( ) .max = ¥ -
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fi  ( ) . .maxu1 2 19313 724 10 29 1 10= ¥ ¥¥ --- ¥ ¥ -1.81 16 10 19.   Q     me = ¥ -9 1 10 31.fi  u1 59 10max = ¥  m/sand v v2 1 513 3 10max max= = ¥  m/s
40. Here in ten sity I = 2 2W m/  andArea A = ¥ -1 10 4 2mEnergy incident per unit time on the metalsurface E IA= = ¥ -2 10 4 W= ¥ = ¥¥- --2 10 2 10104 419J/s 1.6 eVs   

= ¥2 10151.6 eV/s
Energy of each photon = 10.6 eVNumber of photons incident on surface = ¥¥2 10106151.6 .Number of photoelectrons emitted = ¥ ¥¥0.53 1.6100 2 1010615.= ¥6.25 1011 per secondMinimum KE = 0Maximum KE 10.6 5.6 eV eV= - =( ) 541. K hc Wmax = -lfi K max = ¥ ¥ ¥¥ - ¥ ¥- -6.6 1.610 3 10180 10 2 1034 89 19
12 3 1018 2 102 18 19m ve max = ¥ ¥ - ¥ ¥- -6.6 1.612 11 10 102 19 19m ve max = ¥ - ¥- -3.2

            = ¥ -7.2 J10 19

vmax = ¥ ¥¥ = ¥--2 1010 101931 67.29.1 1.25 m/s
r mveB= = ¥ ¥ ¥¥ ¥ ¥-- -max 9.1 1.251.6 10 1010 5 1031 619 5r = 0.148 m42. The given equation is E t= ¥( ) [sin (( )100 5 1015v / m + ¥sin ( ) ]8 1015 tLight consist of two different frequencies.Maximum frequency = ¥ = ¥8 102 1015 15p 1.27 Hz
For maximum KE we will use Einstein’sequation( )maxKE = -h Wn= ¥ ¥ ¥¥ ---1.27 6.621.610 1010 215 3419fi ( )maxKE 3.27 eV=  43. Here E E x ct= ¥ -0 710sin ( )1.57  frequencyof the waven = ¥ ¥¥ = ¥1.57 3.14 0.753 102 1015 15
We have eV0 34 151910 1010= ¥ ¥ ¥¥ -ÊËÁÁ ˆ̃̃̄- -6.6 0.751.8 1.9 eV
fi V0 = 1.2 V 

¢ Objective Questions (Level-1)1. Einstein photo elec tric equa tion isK h Wmax = -nits slope = =h  planck constant which issame for all metals and independent ofintensity of radiation.Hence correct option is (d).2. Since cur rent is di rectly pro por tional toin ten sity there fore as cur rent is in creased
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in ten sity is in creased since lmin µ 1V , if V  isde creased lmin  is in creased.Hence correct option is (c).3. For hydrogen atom (Bohr’s model) nthor bital speed v enhn = 2
02eFor first orbit n = 1fi v e h1 2

02= ¥e  
= ¥¥ ¥ ¥ ¥-- -( )1.68.85 6.62102 10 1019 212 34

fi v c~- ÊËÁ ˆ̃̄ ¥ ¥ =1137 3 10 1378
Hence correct option is (c).4. 86 22 3 80 210 4 84 210A X BæÆ æÆa b
Hence correct option is (b)5. lmin ( ) ( ~in Å in volt) 0.62 Å= = ¥ -12375 1237520 1000VHence correct option is (c).6. We have 12 2m ve max = eV
fi     v eVmmax = 2

= ¥ ¥ ¥ ¥¥- -2 10 18 100019 311.6 9.1 10fi    vmax ~- ¥8 107m/sHence correct option is (a).7. For hy dro gen atom v enhn = 2
02efi v e h v e h2 2

0 3 2
02 2 2 3= e ¥ = ¥, efi vv23 32=

Let l2 and l3 are the de-Brogliewavelengths

fi ll23 2
3

32= =hmvnmv
vv

fi ll23 23=
Hence correct option is (a).8. For hy dro gen like atomE znn = - 22 (13.6 eV)
For ground state n = 1fi E z1 2= - ¥ 13.6 eVBut  E1 = - 122.4 eVfi  - = - ¥122.4 eV 13.6 eVz2fi   z2 9=fi    z = 3 Hence it is Li2+The correct option is (c).9. lmin = hceV  fi  D Dll minmin ¥ = - ¥100 100VVPercentage change in lmin %= - 2Hence lmin  is decreased by 2%correct option is (c)10. E znn = - 22 (13.6 eV) for first ex cited state n = 2
fi E z2 24= - ( )13.6 eV
fi   - = - ¥13.6 eV 13.6 eVz24  
fi    z = 2Hence it is He+Correct option is  (a).11. lmin ( ) ( )in Å in volt= 12375Vfi V = = ¥123751 10312.375 V
fi V = 12.4 eV
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Hence correct option is (c).12. We have l = hpfi p h= = ¥¥ --l 6.620.5 1010 3410fi  l = ¥ -13 26 10 24.  kg-m/sHence correct option is (c).13. W hc= l0  fi l0 34 81966 10 3 1016 10 16= ¥ ¥ ¥¥ ¥- -. . .fi l0 7750= ÅHence correct option is (a).14. For H-like atom Balmer se ries is 1 12 12 2 2l = -ÈÎÍ ˘̇̊z R nFor third Balmer line n = 5fi 11085 10 109 10 14 1510 2 7 2¥ = ¥ ¥ -ÈÎÍ ˘̇̊- z .
fi z2 100 10001085 21 4= ¥¥ ¥ =1.097fi z = 2Binding energy = ¥ = ¥( )13.6 eV 13.6 eVz2 4         = 54.4 eVHence correct option is (a).15. If V1 0=  then to tal en ergy = KEfi KE 13.6 eV=and the energy difference between twostates = 10.2 eVHence total energy in this state = +13.6 10.2= 23.8 eVThe correct option is (c).16. eV hc W0 3300= -  …(i)

2 22000eV hc=  …(ii)
Substracted Eq. (i) from Eq. (ii), we get

eV hc0 3300 22003300 2200= ¥ -¥= ¥ ¥ -hc3 2200 10 10
V0 34 819 1010 3 103 2200 10 10= ¥ ¥ ¥¥ ¥ ¥ ¥- - -6.6 1.6= =3016 158fi V0 158= V
Hence the correct option is (c).17. E hc W= -l  …(i)

             4 3E hc W= -l/fi 4 3E hc W= -l  …(ii)
From Eqs. (i) and (ii)4 3hc W hc Wl l-ÊËÁ ˆ̃̄ - -
fi hc Wl = 3
fi W hc= 3l 
Hence correct option is (b).18. By Moseley’s lawf a z b= -( ) for K a  line b = 1f a z= -( )1fi f a a= - = ¥( )31 1 30  …(i)and f a¢ = - = ¥( )51 1 9 50fi ff ¢ = 35fi f f¢ = 259Hence correct option is (a).19. f RC z n= - -ÈÎÍ ˘̇̊( ) ( )1 112 12for  K na , = 2
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K nb, = 3f RC z RC za = - -ÈÎÍ ˘̇̊ = - ¥( ) ( )1 1 12 1 342
f RC z RC zb = - - = - ¥( ) ( )1 1 19 1 89ffba = ¥¥ =8 49 3 3227 ,

Correct option is (a).20. 1 12 12 2l = -ÈÎÍ ˘̇̊R n   here n = 3
fi 1 12 13 9 49 4 5362 2l = -ÈÎÍ ˘̇̊ = -¥ÊËÁÁ ˆ̃̃̄ =R R R
fi l = 365RHence correct option is (c)21. lD hmeV= 2  and lmin = hceV
fi ll D c eVmmin = 1 2

= ¥ ¥ ¥13 10 10 1000028 111.8
fi ll Dmin = ¥¥ =3 103 10 11078Hence correct option is (c).22. 5 0eV hc W= -l  …(i)
eV hc W0 3= -l  …(ii)
From Eqs. (i) and (ii)53 5hc W hc Wl l- = -
fi 53 4hc hc Wl l- =
fi hc Wl ( )5 33 4- =
fi 23 4hc Wl =

fi W hc= 6lHence correct option is  (a).23. eV h V V hV0 0 0 02= - =[ ]  …(i)eV h V V h V hV= - = ¥ =[ ]3 2 20 0 0 0 …(ii)From Eqs. (i) and (ii)eV eV= ¥2 0 fi V V= 2 0Hence correct option is (b).24. For H-atom Lyman se ries is1 11 12 2l = -ÈÎÍ ˘̇̊R nfi v c RC n= = -ÈÎÍ ˘̇̊l 11 12 2For H-like atomn¢ = -ÈÎÍ ˘̇̊ ¥RC n z112 12 2
For Li+ + =, n 3 fi n n¢ = ¥ =3 92 vHence correct option is (c).25. Ground state en ergy of H-atom = - 13.6 eVFor Li+ +  atom E eVn zn = - ¥( 13.6)2 2 
fi - = - ¥13.6 eV 13.6 eV 92nfi n = 3Hence correct option is (c).26. 12 12 1mv h W= -n  …(i)12 22 2mv h W= -n  …(ii)
fi 12 12 22 1 2m v v h[ ] [ ]- = -n n
fi v v hm12 22 1 22- = -[ ]n n
Hence correct option is (b).27. For Lyman se ries1 11 12 2l = -ÈÎÍ ˘̇̊R n
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For largest wavelength n = 21 11 122 2l = -ÈÎÍ ˘̇̊R  
fi 1 1 14l = -ÈÎÍ ˘̇̊R
fi l = 43RFor He+  atom1 12 1 4 14 12 2 2 2lHe = -ÈÎÍ ˘̇̊ = -ÈÎÍ ˘̇̊R z n R n( )
fi 34 4 14 12R R n= -ÈÎÍ ˘̇̊
fi 316 14 12= - nfi 1 14 316 4 3162n = - = -
fi 1 1162n =
fi n = 4Hence correct option is (b).28. We have 1 34 1l = ¥ -R z( )
fi 1 3 73 104 92 17l = ¥ ¥ ¥ -1.09 ( )
fi l = ¥ ¥ ¥ ¥ =43 91 91 1071.0973 0.15 Å
Hence correct option is (c).29. For K Ka b,  and La  of X-raysn n nb a aK K L= +fi Y Y Y2 1 3= +Hence correct option is (b).30. We have l = hmqV2lp phm eV= 2  and la a (2= hm Ve2 )
fi lla ap p ppmm mm= = ¥ = =2 2 4 8 2 2

Hence correct option is (c).31. We have, l , la ae ehm E hm E= =2 21 2  
           lp phm E= 2 3   Q m m mp ea > >

and           l l lae p= =     Q E E E1 3 2> >Hence correct option is (a).32. KE in ground state = 13.6 eVTotal energy in n = • = +KE  Energydifference between n = • to n = 1fi Total energy = +13.6 eV 13.6 eV= 27.2 eVHence correct option is (b).33. Here P = 1000 W, n = = ¥880 880 103kHz HzLet n is the number of photon p  emittedper secondfi n Ph= = ¥ ¥ ¥-n 100010 880 1034 36.62  
  = ¥1.7 1030Correct option is (b).34. Here l = = ¥ -3000 3 10 7Å mEnergy of incident radiation E hc= l  joule

fi E hc= ¥ ¥ -l 1.6 in eV)10 19 (
E = ¥ ¥¥ ¥ =--6.621.6 4.125 eV3 103 10 2626Q E < work function hence no emission ofelectrons it means sphere remain natured.Hence correct option is (c).35. Q E nn = -13.6 eV2  for n = 5

E5 25= - = -13.6 eV 0.54 eV
Hence correct option is (a).

 73



36. K E Wmax ( )= - = - =6.2 4.2 eV eV2fi K max = ¥ ¥ -2 10 191.6  J= ¥ -3.2 J10 19Hence correct option is (b).37. l = ¥¥ = ¥ ¥-- -6.62 9.1105200 10 103410 31 v
fi v = ¥¥ ¥ -- -6.6255.2 9.1 m/s1010 14002731 ~

Hence correct option is (c).38. K max = ¥ ¥ ¥¥ ¥ ¥ -ÈÎÍ ˘̇̊-- -6.62 1.6 e10 3 103000 10 10 134 810 19 V
K max = = ¥ ¥ -3.14 eV 3.14 1.6 J10 19fi 12 102 19m ve max = ¥ ¥ -3.14 1.6

fi vmax ~= ¥ ¥¥ ---3.14 3.29.1 m/s1010 101931 6
Hence correct option is (d).JEE Corner1. Here both assertion and reason are true andreason explain correctly assertion. Correctoption is (a).2. For photon E hc p Ec= =l and

fi If l is doubled, E pand  are reduced tohalf. Hence assertion is true. Since speed of photon is always c. Hence reason is false.Hence correct option is (c).3. If frequency is increased keeping intensityconstant photoelectron emitted the platereach other plate in less time hencesaturation current can be increased. Reasoncan be true or not hence correct option is(a, b).4. Here both assertion and reason is true andreason correctly explain assertion. Hencecorrect option is (a).5. Here assertion is true since possibletransition are  6 3 6 4 6 5 5 3Æ Æ Æ Æ, , , ,5 4 4 3Æ Æ, and . According to reason total n n( )- 12  transition has n = fi ¥ - =3 6 3 12 6( )
it may explain or may not explain assertionHence correct option is (a, b)6. We have eV h0 0= -[ ]n n

fi    V he he0 0 0= -n n …(i)
if n nÆ 2 0 n0 does not become double henceassertion is false but reason is true. Hencecorrect option is (d).7. Here both assertion and reason are true andreason may or may not explain assertioncorrect option is (a, b).8. Here assertion and reason are both true. Q    lmin = hceV  if V Æ increases
       lmin Æ decreasesbut reason is not correct explanation ofassertion hence correct option is (b).9. Q    E nn = -13 62 .
fi E E2 1>Hence assertion is true and E K v= - = + 2fi v is more in n = 2Here reason is also true but it is not correct explanation of assertion hence correctoption is (b).10. Here assertion is false but reason is true.Hence correct option is (a).
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¢ Objective Questions (Level 2)1. F Fa c=  fi GmMr mvr2 2=  …(i)
and mvr nh= 2p  …(ii)
From Eq. (ii)fi v nhmr= 2pPutting this value in Eq. (i)GMr h hm r= 2 22 2 24p  
fi r n hm GM= 2 22 24pKE = = ¥ =12 12 22mv m GMr GMmrPE = -GMmrfi E = +KE PEfi E GMmr GMm m GMn h= - = - ¥2 42 2 22 2p
fi E G M mn h= -2 2 2 2 32 2p  for ground state n = 1
fi E G M mn= - 2 2 2 2 32p
Hence correct option is (b).2. We have m pn n n n ni A eT r= = ¥ 2
fi m p pn n nn n ne r ur eu r= ¥ ¥ ¥ =22 2fi m n e vn r n ev r n= ¥ ¥ ¥ = ¥1 1 2 1 12 2fi m2 1 1 22= ¥ev r
and m1 1 12 1= ¥ev r
fi m m1 22=
Hence magnetic moment decreases twotimes correct option is (b).

3. For H-like atom E nn = - (13.6)Z eV22
Here E z2 24= -(13.6)  and E z1 2= - 13.6

E E2 1- = 40.8 eVfi 13.6 40.8Z2 1 14¥ -ÈÎÍ ˘̇̊ =
fi Z2 408 413 6 3= ¥¥ fi..  Z2 4=
fi   Z = 2Energy needed to remove the electron fromground state is - = + ¥ = + ¥ =E Z1 2 4( )13.6 13.6 54.4 eVHence correct option is (a).i eT eru

evrn n nn
nn= = =2 2p p

Q u nn µ 1 and r nn µ 12fi i nn µ 13 fi ii21 312=
fi i i1 28=Hence current increases 8 times correctoption is (c).5. Since five dark lines are pos si ble hence atom is ex cited to n = 6 state.The number of transition in emission line = -n n( )12Number of emission transition = ¥ =6 52 15
Hence correct option is (c).6. A rn n= p 2 for hydrozen atom r knn = 2where k is constant.fi A k nn = p 2 4fi A k1 2= p  µ AA nn1 4=

 75



Taking log both sides log logAAn n1 4ÊËÁÁ ˆ̃̃̄ =
Hence it is a straight line with slope = 4Correct option is (b)7. For hydrogen atom i nn µ 13 and
  B irn nnµ  µ B k nn = 15 [ ]Q r nn ¥ 2
fi B k2 52=  and B k1 =
fi BB21 512 132= =
fi B B1 232=Hence magnatic field increases 32 times.The correct option is (d).8. For H-atom Lyman se ries is given by1 11 12 2l = -ÈÎÍ ˘̇̊R n  for first line n = 2
fi 1 1 122l = -ÈÎÍ ˘̇̊R
fi 1 34l = R
Momentum of photon P hp = lLet momentum of atom pAQ Initial momentum was zero. Hence usingmomentum conservation law, we getp pA B=  fi Mv h hR= =l 3 4fi     v hRM= 34Hence the correct option is (a).9. Light wave equation is 200 1015 1V/m 1.5 secsin ( )¥ - t¥ ¥ -cos ( )0.5 sec1015 1 tHere maximum frequency = ¥1.5 102 15pMaxmum incident energy 

= ¥ ¥ ¥¥ --1.5 6.61.6102 101015 3419p= 0.98 eVSince work function = >2 eV maximumenergy hence no emission of electrons.Thus correct option is (d).10. Since in Balmer se ries of H-like atomwave lengths (in  vis i ble re gion) are foundsame or smaller hence the gas was ini tiallyin sec ond ex cited state.Cor rect op tion is (c).11. For H-atom T nH = 2 3pand for H-like atomT nzx = 2 32p
For H-atom in ground state TH = 2pFor H-like atom in first excited state   T z zx = ¥ = ¥( )2 2 2 832 2p p
But T TH x= 2  fi 2 2 2 82p p= ¥ ¥zfi z2 16=  fi z = 4Hence correct option is (c).12. For K a  line of X-ray1 12 2l = -ac z( )
Q z (atomic No.) for Pb Pb Pb204 206 208, ,are same hence l l l1 2 3= = .Hence correct option is (c).13. The cor rect op tion is (d).14. Since E nn = -13.6 eV2fi E1 = - 13.6 eVand first excited state E2 4= -13.6 eV
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fi                      E2 = - 3.4 eV          DE E E= - =2 1 10.2 if K < 10.2 eVThe electron collide elastically with H-atom in ground state.The correct option is (c).15. For Lyman se ries 1 11 12 2l = -ÈÎÍ ˘̇̊R n  here n = 3
fi 1 1 19l = -ÈÎÍ ˘̇̊R  
fi 1 89l = R

P h Rhphoton = =l 89But P PPhoton H-atom=fi 89Rh M vp= ¥
fi v = ¥ ¥ ¥ ¥¥ ¥ ¥ --8 10 109 107 34311.097 6.61837 9.1fi v = 4 m/sHence correct option is (a).16. Power = = ¥ ¥ ¥ =-VI 150 10 10 10 15003 3 WThe 99% power heated the target henceHeating power = ¥ = ¥99100 1500 15 99 W
The rate at which target is heated per sec.(in cal)   = ¥ -15 99 3554.2 ~  Q1 1J 4.2 cal=ÈÎÍ ˘̇̊
Hence correct option is (c).17. E znn = - ¥13.6 eV 22E z3 29= - 13.6 eV  and E z4 216= -13.6 eV
DE E E z= - = ¥ -ÈÎÍ ˘̇̊4 3 2 19 116( )13.6 eV
fi DE = ¥ ¥¥ =13.6 eV) 32.4 eV( 2 716 9 2

fi z2 97 49= ¥ ¥¥ =16 32.413.6fi z = 7Hence correct option is (d).18. l = = =hp hm K hm eVp p2 2  
fi 10 102 1836 10 1013 3431 19- -- -= ¥¥ ¥ ¥ ¥ ¥ ¥6.69.1 1.6 Vfi V = ¥8.15 volt104Hence correct option is (b).19. Since E nn µ 12  and L nn µ
Hence E Ln nµ 1

2The correct option is (d).20. Since m pn n neu r= 2  Q u nn µ 1  and r nn µ 2
fi m n kn=Where k is constant for H-atomFor ground state m1 1= ¥ =k k …(i)For third excited state n = 4m2 4 4= ¥ =k k  …(ii)From Eqs. (i) and (ii) we get m m2 14=Hence correct option is (d).21. By con ser va tion of mo men tumM v M M vH H H= + ¢( )  fi v v¢ = 2Let initial KE of H-atom = KFinal KE of each-H-atom = K2For excitation K E E2 42 1= - = - +13.6 13.6
fi K2 = 10.2 eV
fi K = 20.4 eVHence correct option is (a).
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22. We know that for H-like atom    E Kn n= -  fi K n = 3.4 eVl = =hp hm Ke2
= ¥¥ ¥ ¥ ¥ ¥-- -6.69.1 3.4 1.6102 10 103431 19

fi l = 6.6 ÅHence both options (a) and (b) are correct.Hence answer is (c) both are correct.23-25. 0.6e hc W= ¥ --4950 10 10  …(i)
1.1 e hc W= -l2  …(ii)

Subtracting Eq. (i) from Eq. (ii) we get0.5 e hc= - ¥ÈÎÍ ˘̇̊-1 14950 102 10l
fi 0.5 1.66.62 ¥ ¥¥ ¥ ¥ + ¥ =-- -1010 3 10 14950 10 11934 8 10 2lfi l2 ~- 4111 ÅFrom Eq. (i)W = ¥ ¥ ¥¥ ¥ ¥ --- -6.64.95 1.6 1.9 eV10 3 1010 1034 87 19 ~

23. W = 1.9 eVHence correct option is  (c).24. l = 4111 Å Hence correct option is (c)25. Since magnatic field does not change the KEof elec trons hence re tard ing potentialre main same.Hence correct option is (c).26. ( )maxKE eV eV eV= - =5 3 2= ¥ ¥ -2 191.6 J     lmin = =hp hm Ke2

fi lmin = ¥¥ ¥ ¥ ¥ ¥-- -6.62 9.1 1.61010 2 103431 19
= 8.69 ÅHence correct option is (b).27. Photo emis sion will stop when potential ofsphere be comes stop ping po ten tialfi 14 20pe qr = V

Since  ( )maxKE eV= 0hence V0 2=fi q r= 8 0pe  coulombHence correct option is (b)28. Let t be the time for photo emis sion 14 20pe ¥ ¥ =qr t
t rq= 8 0pe

Intensity of light at 0.8 from sourceI = ¥¥ - ¥- -3.2 0.8 W/m104 4 1032 4 2p ( ) ~
Energy incident on the sphere in unit timeE1 3 2 4 88 10 4 10 10= ¥ ¥ ¥ ¥ = ¥- - -p ( ) 8.04 WEnergy of each photonE2 19 195 10 8 10= ¥ ¥ = ¥- -1.6 JTotal number of photons incident on thesphere per secondh = = ¥¥ =--EE12

819 11108 10 108.04
Since 106 photons emit one electron.Hence the total number of photoelectronper sec is n n2 11 116 510 1010 10= = =
Therefore, q n e t t= ¥ ¥ = ¥ ¥ ¥-2 5 1910 101.6fi 9 10 10 29 14¥ ¥ ¥ ¥ =-1.6 tr  
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t = ¥ ¥¥ ¥ --2 8 109 10351.6  fi t = 111 s
Hence correct option is (c).

¢ More than one op tions are cor rect1. Since l0 = hceV  if v in creases l0 de creaseshence the in ter val be tween l aK  and l0 aswell as l bK  and l0 in creases.The correct options are  (b) and (c).2. R nµ 2, V nµ 1 and E nµ 12  for Bohr model ofH-atomfi VR nµ  and VE nµ
Hence, the correct options are (a) and (c).3. For Bohr model of H-atomL nµ ,    r nµ 2  and   T nµ 3 Hence rLT  is independent of nLT nµ 12  and Tr n L nµ µ, 3
Hence correct options are (a), (b) and (c).4. Q l = hmv and l = hmK2Hence heavy particle has smallestwavelength when speed and KE bothparticle are same.The correct options are (a) and (c).5. Since there are six different wave length

Hence, final state will be n = 4.Since two wavelengths are longer than l0 [(From n = Æ4 3 and n = Æ3 2)]Hence initial state was n = 2

and there are three transitions shown as(1), (2) and (3) belonging to Lymen series.Hence correct options are (a), (b) and (d).6. Q f a z b= -( )f  versus z is a straight lineQ f c= l fi 1l = -ac z b( )
hence 1l  versus z is a straight line

f a z b= -2( )fi log log log ( )f a z b= + -2  which is astraight lineHence correct options are (a), (b) and (c).
¢ Match the Columns :1. Lymen se ries lies in UV re gion, Balmerse ries lies in vis i ble re gion and Paschen andBrackelt se ries lie in infrared re gion. Hence(a) r(b) q(c) p(d) p 2. For H-atom E nn = -13.6 eV2fi    E2 22= -13.6 eV = -13.6 eV4Ionization energy from first excited state of H-atom E E= - =2 413.6 eV  …(i)

For He+  ionE n ZH ( ( )He) 13.6 eV= - ¥2 2 for He+ =z 2
fi En( )He  = - ¥13.6 eVn2 4
Ionization energy of He+  atom from groundstate = ¥ = ¥( )13.6 eV 4 4 4E  from Eq. (i)    = 16 E
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E2 44( ) ( ) ( )He 13.6 eV 13.6 eV= - ¥ = -
But E K2 2= -  fiK2 = ( )13.6  and U K E E= - = - ¥ = - ¥ = -2 2 2 4 8(13.6)From Eq. (i)KE in ground state of He+  ion = ¥( )13.6 eV 4= ¥ =4 4 16E EIonisation energy from Ist executive state= - -ÊËÁ ˆ̃̄ ¥ = =13.6 eV 13.6 eV4 4 4E
Hence correct match are(a) æÆ s(b) æÆ r(c) æÆ s(d) æÆ p3. K h Wmax = -n  and V he We0 = -n
Slope of line -1 is h, Y W1 =Slope of line -2  is he , Y We2 =
Hence correct match are(a) æÆ q(b) æÆ p(c) æÆ r(d) æÆ s4. T rv= 2p  Q r nzµ 2  fi U znµ
fi T nzµ 32fi ( )a  Æ rQ L nµ    fi (b) Æ sQ V znµ   fi (c) Æ s
Q R nzµ 2   fi   (d) Æ q

5. Balmer se ries is

1 12 12 2lB R n= -ÈÎÍ ˘̇̊ n = 3 4 5, ,  …
For 2nd line n = 4 and l lB =fi 1 14 116l = -ÊËÁ ˆ̃̄ R
fi l = 163R1 12 131 2 2lB R= -ÈÎÍ ˘̇̊
fi l l

lB R1 365 365 163
36 316 5= = ÊËÁ ˆ̃̄ = ¥¥

fi l lB1 2720= ÊËÁ ˆ̃̄
fi (a)Æ p 1 12 15 25 425 4 211003 2 2lB R R R= -ÈÎÍ ˘̇̊ = ¥ -¥ =( )
fi l lB R3 10021 10021 163= = ¥ ÊËÁ ˆ̃̄

= ¥¥ =100 321 16 2528l l
fi (b)Æ ( )s  For Lyman series1 11 12 2lL R n= -ÈÎÍ ˘̇̊   n = 2 3 4, ,
fi 1 11 121 2 2lL R= -ÈÎÍ ˘̇̊ 
fi lL R1 43=
fi l l

lL1 516 4= ÊËÁ ˆ̃̄ =    fi  (c) Æ q
1 1 19 892lL R R= -ÈÎÍ ˘̇̊ =

fi l l
l lL R2 98 98 163

9 316 8 27128= = ¥ = ¥¥ =
fi (d) Æ s
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6. The proper ma tch are(a)Æ s Q X-ray is inverse process of photoelectriceffect [high energy electrons convert inelectromagnetic  radiation]fi (b) Æ pQ lc Vµ 1  fi (c)Æ q 
Q Wavelength of continuos X-ray dependson voltagefi (d) Æ q7. Q ( maxKE) µ f  and stop ping potential µ ffi (a) Æ p r,

Q stopping potental µ f  hence it remainssamefi (b)Æ s Q Current is directly proportional toIntensity. Hence sat current increases butstopping potential does not chasefi (c) Æ q s,Q (KE)max = -hf W  and stopping potential = -ÊËÁ ˆ̃̄hfe WeIf W  is decreased ( )maxKE  and stoppingpotential increasedfi (d) Æ p r,
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Modern Physics IIIntroductory Ex er cise 30.11. R N0 0 8000= =l BqR N1 1000= =l Bqfi RR NN e t1

0 0

1
8

= = = - l   fi  log 8 = lt
fi 3 2 2 9

12
log log

/
= ¥Tfi T12

9
3

3/ = =  days

Average, life = ¥ = ¥ =1.44 1.44 4.33T12 3/
days2. R N0 0= lfi 40 10 1010 6

0¥ ¥ ¥ = ¥-3.7 0.693
64.8

N
fi N0

440 10= ¥ ¥ ¥64.8 3.7
0.693

        = ¥13.83 107

Now,   N N e t= -
0

l
N N e10 0

10= - ¥0.693
64.8

        = ¥ ¥ - ¥
13.83

0.693
64.8107

10e
              N e12

7
12

10= ¥ ¥ - ¥
13.83

0.693
64.8fi   N N10 12

710- = ¥13.83e e- ¥ - ¥-ÈÎÍÍ ˘̇̇̊0.693
64.8

0.693
64.8

10 12

ª ¥9.47 109 nuclei3. (a)      R0 10= mCi, R = 8 mCi fi RR e t0 = l
fi      log 10

8
4 3600= ¥ ¥l

fi l = ¥0.223
4 3600fi l = ¥ -1.55 /s10 5

  T12 510/ = = ¥ =-0.693 0.693
1.55

12.4l  h

(b) R0
10 310 10 10 10= = ¥ ¥ ¥ -mci 3.7 Bq

      = ¥3.7 Bq108R N0 0= lfi N R
0

0
8

5
10
10

= = ¥¥ -l 3.7
1.55

 

     = ¥2.39 1013 (atoms)
(c) R R e t= -

0
l

= ¥ - ¥
10

30
mCi

0.693
12.4e  = 1.87 mCi4. R N0 0= lfi l = = ¥RN0

0

11

15
6 10

10
Bq

= ¥ -6 10 4/sT12 4
3

6 10
10/ = = ¥ = ¥-0.693 0.693 1.16 sl5. N N Nx y= = 0T x12 50/ = min and T y1 2

100
/

= minN N N Nx n= ÊËÁ ˆ̃̄ = ÊËÁ ˆ̃̄ =( )0 0

4
01

2
1
2 16N N N Ny n= ÊËÁ ˆ̃̄ = ÊËÁ ˆ̃̄ =0 0

2
01

2
1
2 4

NN
NNxy = =0

0
16

4

1
4



In tro duc tory Ex er cise 30.21. D DE Mc= 2

Here, P = = ¥ ¥10 10 24 609 9J/s J/dayfi DM = ¥ ¥¥ = ¥ -10 24 60
3 10

10
9

8 2
4

( )
9.6 kg

2. Number of fis sion = ¥ ¥ ¥ -10
200 10 10

9

6 19
J/s
1.6

  = ¥3.125 10193. Given re ac tion is

92
238

90
234

2
4U Th HeæÆ +DM = -(238.050784 234.043593

- 4.002602) uDM = 0.0004589 uD DE M= ¥ 931.5 MeV
       = ¥0.000 931.54589
       = 4.27 MeV4. Com plete reactions are

(a) 3
6

1
2

4
7

0
1Li H Be+ Æ + n

(b) 17
35

1
1

16
32

2
4Cl H S He+ Æ +

(c) 4 9
2

4
2 0

13Be He He4+ Æ +( ) n
(d) 35

79
1

2
36

79
0

12Br H Kr+ Æ + ( )n
AIEEE Corner

¢ Subjective Questions (Level 1)Radioactivity1. (a) Initially the rate of distingration is-ÊËÁ ˆ̃̄ =dNdt N
0

0l
After 5 min - =dNdt Nl
fi         NN

dNdtdNdt0 0 4750
2700

= ÊËÁ ˆ̃̄ = = 1.76

Now N N e t= -
0

l  or l = - ÊËÁÁ ˆ̃̃̄log NNt 0

fi l = 2.3026
10

0t NNlog

= 2.3026 1.76
5 10log ( )

fi l = 0.113 /min

(b) Half-life = = =0.693 0.693
0.113

6.132l  min

2. We have A N= l
6 1011¥  = ¥ ¥l 1 1015fi           l = ¥ - -6 10 4 1s

       T12 46 10
1155/ = = ¥ =-0.693 0.693l  s

= 19.25 min3. A N= lA = = ¥ ¥8 1010Ci 8 3.7  decay/sl = =0.693 0.693
5.3 yrT12/

   = ¥ ¥ ¥ ¥0.693
5.3 s365 24 60 60fi N A= l

   = ¥ ¥ ¥ ¥ ¥ ¥8 10 365 24 3600103.7 5.3
0.693fi N = ¥7.2 1019
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6.023 ¥ 1023 nuclei = 60 g

1 60
1023= ¥g6.023

Hence 7.2 ¥ 1019 nuclei= ¥ ¥¥60 10
10

19

23
7.2

6.023
 = ¥ -7.11 10 3 g

4. Number of decay per secondmM N A¥ ¥ = ¥ ¥l 1
238

6 1023 ¥ ¥0.693
4.5 yr109

   = ¥6 10
238

23
 ¥ ¥ ¥ ¥ ¥ ¥0.693

4.5 s10 365 24 60 609

   = ¥1.23 104 decay/s5. Probability of decayP e et t T= - = -- -( ) ( )/1 1l meanfi P e e= - = - =- -( )/1 15 10 2 0.396. Since initially no Pb
206

 nuclei is present and
after time t the ratio of NN v

Pb
= 3

It means 1
4

 of original U
238

 nuclei decays.

Hence                        N N e t= -
0

l
N N N e0

0
04

-ÊËÁ ˆ̃̄ = - l
    3

4
= -e tl

fi       t = -log log4 3lfi t = - ¥ ¥(log log )4 3 109
0.693

4.5 yr

fi t = ¥1.88 yr1097. ( )R N1 0 1 032
4P = l

( )R N2 0 2 033P = l
    R R R0 1 0 2 032 33

= +( ) ( )P P

          = + =N0 1 24 3( )l l mCi
( )R N N et t

1 1 1 032
14P = = -l l l

( )
logR N et1 1 0

2
14

60 365

32
4P = ¥ - ¥ ¥l

( )
logR N et2 2 0

2
25

60 365

33P = ¥ - ¥ ¥lR R R tt= +( ) ( )1 232 33P P= +ÈÎÍÍ ˘̇̇̊- ¥ ¥ - ¥ ¥N e e0 1

2
14

60 365
2

2
25

60 365
4l llog log

= +3
4 1 2

mCi
( )l l

4 1

2 60 365
14 2

2
25

60 365l le e- ¥ ¥ - ¥ ¥+ÈÎÍÍ ˘̇̇̊log log

= ¥ +ÈÎÍ ˘̇̊3
4 2

14
2

25

mCi
log log

4 2
14

2
25

2 60 365
14

2
25

60 365log loglog loge e- ¥ ¥ - ¥ ¥+ ¥ÈÎÍÍ ˘̇̇̊
ª 0.205 mCi8. Complete reactions are

(a) 88
226

86
222Ra RNææÆ +a

(b) 8
19

9
19O FææÆ + +e n

(c) 13
25

12
25Al MgææÆ + ++e n9. Only reaction (b) is possible.10. DE = ¥ + ¥ -( )7 71.000783 1.00867 14.00307¥ 931.5 MeVfi DE = 104.72 MeV11. DE m m m Op n= + - ¥[ ( )]8 8 8

16 931.5= ¥ + ¥ -( .8 825 8 10086651.007 15.994915)¥ 931.5  = 127.6 MeV12. (a) Number of nuclei in kg= ¥ ¥6.023 10
235

1
23

Energy = ¥ ¥ ¥6.023 10
235

200 10
23

6 ¥ ¥ -1.6 10 19

= ¥8.09 J1013
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(b) Mass = ¥¥8.09 J
J/g

10
30 10

13

3

= ¥¥8.09 g10
30 10

13

3

= ¥ ¥8.09 kg
3

10 1
10

9
3= ¥2.7 kg10613. Applying conservation of momentum

      M v M va a = Ti Tifi             v M vMTi
Ti

= a a
K M va a a= =1

2
2 6.802 MeV

       K M v M M vM L
Ti Ti Ti Ti

Ti
= =1

2
1
2

2
2

2
a a

fi K MM M vTi
Ti

= ÊËÁ ˆ̃̄a a a1
2

2

        = ¥4
208

6.802 MeV

        = ¥ =1
52

6.802 0.1308 MeV

14. Power = = =100 10 108 8MW W J/s= ¥ =-10
10

108

13

21

1.6 J/MeV 1.6
MeV

s

Energy per fission = 185 MeV

Hence number of fissions = ¥10
185

21

1.6
 / s.

Number of nuclei in 1 kg 
U 6.023235

2610
235

= ¥
Hence t = ¥ ¥ ¥¥6.023 1.610 185

235 10

26

21

          = 8.78 days15. (a) The given reaction is

1
2

1
2

1 1
1H H H H3+ æÆ +

     DM m m m= - -[ ( ) ( ) ( )]2 1
2

1
3

1
1H H H

= - -[ ( ]2 78252.014102) 3.016049 1.00 uDM = 0.000433 uQ M= ¥ = ¥D 931.5 0.000433 931.5
    ª 4.05 MeV

(b) DM = ¥ -(2 2.014102 3.016049- ¥1.008665) 931.5DM = 3.25 MeV
(c) DM = (2.014102 3.016049 4.002603+ -- ¥1.008665 931.5)DM = 17.57 MeV16. The given reaction is

He He Be4 4 8+ æÆDM = ¥ -( )2 4.0026 8.0053 u
        = -(8.0052 8.0053) uDM = - (0.0001) uQ DM is negative this reaction is not

energetically favourable
       D DE M= ¥ 931.5= - ¥ ¥-1 10 4 931.5 MeV= - 93.15 keV17. Number of nuclei in 1 kg water

    = ¥6.023 10
18

26

Heavy water = ¥ ¥ ¥ -6.023 1.510
18

10
100

26 2
 

    = ¥ ¥6.023 1.5
18

1022

Energy realesed per fission= ¥ - - ¥( )2 2.014102 3.016049 1.007825 931.5

= ¥ ¥ ¥ ¥ ¥- -4.33 931.5 1.6 J10 10 103 6 19

Hence total energy = ¥ ¥6.023 1.5 10
18

22

¥ ¥ ¥ ¥ -4.33 931.5 1.6 10 16= 3200 MJ
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¢ Objective Questions (Level-1)1. Since during b-  decay a neutron in the
nucleus is transformed into a proton, an
electron and an antineutrino as n P eÆ + +- g.
Hence Correct option is (c).2. Since nuclear force is same for all nucleons.
Hence  F F F1 2 3= =  
Correct option is (a)..3. Given reaction is 90

200
80

168X YæÆ
Difference in mass number = - =200 168 32

Hence Number of a-particles = =32
4

8

Difference in atomic number = 10
hence number of b -particles = 6
Hence correct option is (d).4. The reaction is

92
235

0
1

54
138

38
94

0
13U Xe Sr+ æÆ + +n n( )

The correct option is (b) three neutrons.5. The reactions are A Æ +b a and b bÆ +C 2
After one a atomic number reduced by 2 and
after 2b atomic number increased by.
Hence A and C are isotopes Correct option
is (d).6. Here m mp n= =1.00785 u 1.00866 u,

and ma = 4.00274 uDm m m mp n= + -2( ) afi Dm = + -[ ( ) ]2 1.00785 1.00866 4.00274 ufi Dm = 00. 3028 u
     D DE m= ¥ 931.5 MeV

      = ¥ =0.3028 931.5 28.21 MeV
Hence correct option is (c).7. N N N N= - =0 0 0

7
8

1
8

But N N n= ÊËÁ ˆ̃̄
0

1
2

 fi 1
8

1
20 0N N n= ÊËÁ ˆ̃̄

fi     n = 3fi  3 812¥ =T / sfi         T12
8
3/ = s

Hence correct option is (d).8. N N e t= -
0

l  for mean life t = 1lfi N N e Ne= =- ¥
0

1
0l l

Hence the fraction disintegrated= - = -ÊËÁ ˆ̃̄N NN e0

0
1 1

Correct option is (b).9. N N N N= - =0 0 0
7
8

1
8

But N N n= ÊËÁ ˆ̃̄
0

1
2fi   1

8
1
2

= ÊËÁ ˆ̃̄n
 fin = 3 

Hence half life T12
15

3
5/ = =min  min

Correct option is (a).10. Since radioactive substance loses half of its
activity in 4 days it means its half lifeT12 4/ =  days
Now A = 5% of A0 fi A A= 1

20 0

fi AA0

1
20

=
But    A A e t= -

0
l  fi 1

20
= -e tl

fi  log 20 = lt fi t = log 20l
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But  l = log
/

eT 2
1 2

 

 fi = = ¥t T Tee12 1 2
10

10

20
2

20
2

4/ /
log
log

log
log

= 4.32

fi t = 17.3 days
Hence correct option is (c).11. Total energy released per sec = = ¥1.6 MW 1.6 J/s106

Energy released per fission= 200 MeV = ¥ ¥ ¥ -200 10 106 191.6 J= ¥ ¥ -2 10 111.6  J
Number of fission per second = ¥¥ ¥ = ¥-1.6

1.6
10

2 10
5 10

6

11
16/s

Hence correct option is (a).12. Q R R A= 0
1 3/

Volume = =4
3

4
3

3
0
3p pR R A

Mass of nucleus = ¥ ¥ -A 1.67 kg10 27

Density r p= = ¥ ¥ -mass
volume

1.67 kgA R A10
4
3

27

0
3

fi          r p= ¥ -1.67 kg10
4
3

27

0
3RQ r is independent of A, hence ratio of

densities rr1

2
1= .

Correct option is (d).

13.          N N e t= 0
–l  fi NN e t

0
= –l

fi      NN e e e0

0 693
6 93

10 1 1= = =¥– .
. –

Fractional change = - = -ÊËÁ ˆ̃̄ -N NN e0

0
1 1 063~ .

Hence correct option is (b).14. Since radioactive substance reduce to about 
6% it means N N= 0

16

We have     N N n= ÊËÁ ˆ̃̄( )0
1
2

 

fi      1
16

1
2

= ÊËÁ ˆ̃̄n
 fi n = 4

4 212¥ =T h/  fi T12 30/ =  min
Hence correct option is (a).15. Probability of a nucleus for survival of
time t.p NN N eN et t

(survival) = = =- -
0

0

0

l l
For one mean life t = 1lfi Psurvival  = = =- ¥ -e e el l1 1 1

Hence Correct option is (a).

¢ Assertion and Reason1. Here both assertion and reason are true but
reason does not explain assertion. Hence
correct option is (b).2. Here assertion is false but reason is true
since for heavier nucleus binding energy per
nucleon is least.
Correct option is (d).

3. Here both assertion and reason are true but
reason is not correct explanation of
assertion. Hence correct option is (b).4. Here a ssertion is true but reason is false
since electromagnetic waves are produced
by accelerating charge particles.
Correct option is (c).
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5. Here assertion is wrong since b-decay
process is n p e vÆ + +–

but reason is true hence correct option is (d).6. Here assertion is true but reason is false.
Correct option is (c).7. Here both assertion and reason are true and
reason may or may not be true. Correct
option is (a, b)8. Both assertion and reason are true but
reason is not correct explanation of
assertion. Hence correct option is (b).

9. Here reason is true but assertion is falseQ 1 amu = 931.5 MeV
Correct option is (d)10. Both assertion and reason are true but
reason does not correctly explain assertion.
Hence correct option is (b).11. Here both assertion and reason are true and
reason may or may not be correct
explanation of assertion .
Hence correct options are (a, b).

Objective Questions (Level 2)
¢ Single option correct1. Let initially substance have Ni  nuclei thenN N ei t= - l dNdt N ei t= - -l l

At      t t=
we getdNdt N e Nt t i tÊËÁ ˆ̃̄ = - == -l l

0 …(i)

At t t= 4dNdt N e Nt t i tÊËÁ ˆ̃̄ = - == -
4

4 0
16

l l  …(ii)

Dividing Eq. (i) and Eq. (ii) we gete t3 16l =  …(iii)

Now at t t= ÊËÁ ˆ̃̄11
2dNdt N et t i tÊËÁ ˆ̃̄ = -=

-
11
2

11
2l l

     = - ¥- -l l lN e ei t t8
2

3
2

     = - = ¥-l llN ee Ni tt 4

3
0

16 16

From Eqs. (ii) and (iii)= N0
64

Hence, correct option is (b).2. We have l l l= + = +1 2
2

30
2

60
log log

fi     l = log 2
20

Now    N N e t= -
0

l
fi   N N e t

0
0

2
20

4
= - log

fi  log log4
20

2= t
fi 2 2

20
2log log= t

fi          t = 40 yr
Hence correct option is (c).3. From graph it is clear that number of
nucleons in X is N3 and binding energy per
nucleon is E3 for Y  nucleon is N2 and BE per
nucleon is E2.
Hence X Y E N E N+ = +3 3 2 2

Similerly W E N= 1 1
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The reaction is W X YÆ +
The energy released is 
( )E N E N E N3 3 2 2 1 1+ -
Hence Correct option is (b).4. Energy = ¥ + ¥ - ¥( )110 2008.2 90 8.2 7.4

         = ¥ -200 (8.2 7.4)
         = ¥ =200 1600.8 MeV

Hence correct option is (d).5. The reaction is

1
2

1
2

2
4H H He energy+ Æ +

Energy = ¥ - ¥(4 7 2 1.1) MeV= - =(28 4.4) 23.6 MeV
Hence Correct option is (b).6. Total energy released per second= ¥16 106 W= ¥16 106 J/s
Energy per fission = 200 MeV= ¥ ¥ ¥ -200 10 106 191.6= ¥ ¥ -2 10 111.6 J Q Efficiency = 50%
Hence power (energy converted per second)= ¥ ¥ ¥ = ¥- -2 10 50

100
1011 111.6 1.6 J

Number of fission = ¥¥ =-16 10
10

10
6

11
18

1.6
/s

Hence correct option is (d).7. dNdt A N= - l
 Q After time N become

conservation  fi dNdt = 0

fi      N A A
T

AT= = =l log log2 2

Hence correct option is (d).

8. By conservation of momentumM v M MH H H= + ¢( ) nfi       v v¢ =
2

Let initial KE of H-atom = K
Final KE of each H-atom = K

2
For excitationK E E

2 4
13 62 1= - = - +ÊËÁ ˆ̃̄13.6 eV.

fi K
2

= 10.2 eV

fi K = ¥ ¥ ¥ -2 10 1910.2 1.6fi    1
2

2 102 19M uH 10.2 1.2 1.6= ¥ ¥ ¥ ¥ -
fi uH

1.2 10.2 1.6
1.673

= ¥ ¥ ¥ ¥ ¥¥ -2 2 10
10

19

27

       = ¥6.25 m/s104

Hence correct option is (c).9. Let us suppose just before the death no
radioactive atoms were present hence
original activity A0 is given asA N0 0= l  …(i)
After death the radioactivity decreases
exponentially ie,A dNdt N N e t= = = -l l l

0  …(ii)

Dividing eq. (ii) by eq. (i) we getAA e t
0

= - l
or lt AA= log 0  or t AA= 1 0l log

Now A0 15=  decay/min/gramA = 375
200

 decay/min/g

but  l = 0.693
yr5730
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t = ¥ ¥ = ¥5730 15 200
375

5730 200
250.693 0.693

log log

fi t = ¥5730 8
0.693

log

   = ¥ = ¥5730 3 2 5730 3
0.693

log

fi t = 17190 yr
Hence correct option is (c).10. N N eP t t= - +

0 1l( )  …(i)

and          N N eQ t= -
0

l
Now A NP P= l  and A NQ Q= lfi AA NN ePQ PQ t= = - l 1

fi   lt AAQP1 = ÊËÁÁ ˆ̃̃̄
log

fi t AA T AAQP QP1
1= ÊËÁÁ ˆ̃̃̄ = ÊËÁÁ ˆ̃̃̄l log log

Hence correct option is (b).11. The given reactions are

1
2

1
2

1
3H H H+ Æ + p

1
2

1 2
4H H He3+ Æ + nfi 3 H He1

2
2

4Æ + +n p
Mass defectDm = ¥ - - -( )3 2.014 4.001 1.007 1.008Dm = 0.026 amu
Energy Released = ¥ = ¥ -0.026 MeV 3.87 J931 10 12

This energy produced by the three
deutronatoms. Total energy released by 
1040 deutrons= ¥ ¥ = ¥-10

3
10 10

40
12 283.87 J 1.29 J

The average power P = =10 1016 16W J/s
Therefore total time to exhaust all
deutrons of the star will be 

t = ¥ ª1.29 s s.10
10

10
28

16
12

Hence correct option is (c).

12. N N e N et t t
1 0 0

2

1 1= =- -l log

    …(i)

N N e N et t t
2 0 0

2

2 2= =- -l log

…(ii)R N1 1 1= l  …(iii)
and R N2 2 2 2= =l l  …(iv)
Let after time t, R R1 2=  thenfi RR1

1
1=

fi     ll1

2

1

2
1¥ =NN

fi ll1

2

2

1

2 2 1
1 2= = -ÈÎÍ ˘̇̊ ¥NN e t tt t tlog

fi          log logtt t t tt t2

1

2 1

1 2
2= ¥ ¥ -ÊËÁÁ ˆ̃̃̄

fi   t t tt t tt1
1 2

2 1

2

1
= - ¥

0.693 ( )
log

Hence Correct option is (a).13. The given reaction is Z AX Y232
90æÆ + afi Z AX Y232

90 2æÆ + He4fi Z = 92 and A = 228Q Initially X  is in rest hence momentum of a-particle after decay will be equal and
opposite of Y .fi M v M vY Y = a afi         v MM vY Y= a a
Total kinetic energy K M v M vT Y Y= +1

2
2 2( )a a

fi K M v M M vMT y Y= +ÈÎÍ ˘̇̊1
2

2
2 2

2a a a a
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fi K M v MMT Y= +ÈÎÍ ˘̇̊1
2

12a a a
fi K KT = +ÈÎÍ ˘̇̊a 1 4

228fi K K Ta = 232
228

Hence Correct option is (b).14. Energy of emitted photon = 7 MeV= ¥ ¥ ¥ -7 10 106 191.6 J= ¥ -11.2 J10 13

Momentum of photon = ¥¥ -11.2 J
10 m/s

10
3

13

8

= ¥ -11.2 kg-m/s
3

10 21

Q Initial nucleus is stationary
Applying conservation of momentum
principleO = + fi = -Æ Æ Æ ÆP P P Pnuc photon nuc photonfi | | | |P PÆ Æ= -nuc photonfi Pnuc

11.2 kg-m/s= ¥ -
3

10 21

Mass of nucleus = 24 amu
         = ¥ ¥ -24 10 271.66 kg

But    P mKnuc nuc
2 2=fi K Pmnuc

nuc 11.2 11.2 10
1.66

Joule= = ¥ ¥¥ ¥ ¥ ¥ - -2 42

272 9 2 24 10fi K cnuc
11.2

1.66 1.6
eV= ¥ ¥¥ ¥ ¥ ¥ ¥-- -112 10

18 24 10 10

42

27 19
.

    ª 1.1 keV
Hence correct option is  (b).15. Let time interval between two instants is t1
then N N e t t

1 0 1= - +l ( )

and N N e t
2 02= - lA N N e t t
1 1 0 1= = - +l l l ( )A N N e t
2 2 02= = -l l l( )fi AA e t1

2

1
2

1= ¥ - l
fi 2 1

2
1AA e t= - l

fi log AA t2

1
12

ÊËÁÁ ˆ̃̃̄ = l
fi t AA1

2

1

1
2

= ÊËÁÁ ˆ̃̃̄l log

fi t T AA1
2

12 2
= ÊËÁÁ ˆ̃̃̄

log
log

Hence Correct option is (c).16. The given reaction is

1
2

1
2

1
3

1
1H H H H+ æÆ +DM m m m= - -[ ( ) ( ) ( )]2 1

2
1

3
1

1H H H= ¥ - -( )2 2.014102 3.016049 1.007825  amu= ¥ -4.33 amu10 3DE = ¥ ¥-4.33 931.5 MeV10 3

 = 4 MeV
Hence correct option is (c).17. Number of fusion required to generate
1 kWh = ¥ ¥¥ ¥ ¥ -1 10 3600

4 10 10

3

6 191.6= ¥ = ¥ ª36 10 10 10
18

18 18
6.4

5.6

Hence correct option is  (b).18. The energy released = 4 MeV

This energy produced by two atoms.
Hence energy produced per atom = = ¥ ¥ -2 2 10 13MeV 1.6 J
Hence number of atom fused to produced
1 kWJ
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= ¥¥ ¥ = ¥-36 10
2 10

18 10
5

13
18

1.6 1.6

Mass of deutrium which contain 
18 1018
1.6

atom¥
= ¥¥ ¥ = ¥ -18 10

10
10

18

23
5

1.6 6.02
3.7 kg.

Hence correct option is (c).

¢ More Than one Option is Correct1. x N= 0, y N= l 0fi xy NN= =0

0

1l l
where l is decay constant

Hence xy is constant throught.

Q xy T
T= = =1 1l 0.693 0.693

fi xy T> ,  xy N= l( )0
2

For one half life N N= 0
2fi ( )xy N N xyT = ÊËÁ ˆ̃̄ = =l l0

2
0
2

2 4 4

Hence correct options are (a), (b) and (d).2. The correct options are (a), (b), (c) and (d).3. A nucleus in excited state emits a high
energy photon called as g-ray. The reaction
is X X* æÆ + g
Hence by gamma radiation atomic number
and mass number are not changed. Since
after emission of one a atomic number
reduced by 2 2

4( )a  and after 2b atomic
number is increased by (2). Hence correct
options are (a), (b) and (c).4. Here half lives are T and 2T and N Nx = 0, N Ny = 0 after 4T for first substance = 4 half
lives and after 4T the second substance = 2
Half lines.

fi N N Nx = ÊËÁ ˆ̃̄ =0

4
01

2 16N N Ny = ÊËÁ ˆ̃̄ =0

2
01

2 4fi     x NN NNxy= = =0

0

16
4

1
4

/
/

Let their activity are Rx and Ry.fi R Nx x x= l  and R Ny y y= l
fi y RR NN TTxy xy xy= = ¥ = ¥ll

0.693

0.693
2

1
4

fi RR yxy = = 1
2

Hence correct options are (b) and (c).5. Since nuclear forces are vary short range
charge independent, no electromagnetic and 
they exchange (n pÆ  or p nÆ ). Hence the
correct options are (a),  (b), (c) and (d).6. Q R R A= 0

1 3/  r p p= = ¥ ¥ -MR A R A4 3
10

4
3

3

27

0
3/

1.67 kg

fi r is independent of A.

But r = ¥¥ ¥ ¥-
-1.67 kg

3.14 1.3

10
4
3

10

27

15 3( )

    = ¥1.8 kg/m1017 3

Hence correct options are (b) and (c).
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¢ Match the Columns1. Here N x0 = , let l is the decay constant.fi N N e x et t= =- -
0

l ldNdt x e t= -l l    but   dNdt yt = =
0fi y x e x= =l l0fi l = yx

Hence
(a) æÆ s

Half life T yx
xy12

2 2 2/
log log log= = =l

Hence
(b) æÆ p
We have activity R N xe t= = -l l l
at  t = 1lR x e x e xe= = =- ¥ -l l ll l1 1

but lx y=fi R ye=
Hence
(c) æÆ r

Number of nuclei after time t = 1lN x e xe= =- ¥l l1
Hence
(d) æÆ s
Thus correct match is
(a) æÆ  s
(b) æÆ r
(c) æÆ r
(d) æÆ s

2. In reaction P P Q+ Æ  energy is releasedQ Binding energy increases when two or
more lighter nucleus combine to form
haviour nucleus.
Hence correct match is
(a) æÆ p
Similerly for reactionP P R R+ + Æ
Correct match is
(b) æÆ p
for reactionP R Q+ = 2  from graph BE per nucleon
increases.
Hence energy is released.
Correct match is
(c) æÆ p
For the reactionP Q R+ =
We will check energy process if BE per
nucleon is given. Hence data is not
sufficient correct match is
(d) æÆ s3. Since A and B are radioactive nuclei of 
( )A B+  decreases with time. Hence correct
match is
(a) æÆ qQ A is converted into B and B is converted
into C and decay rate of A BÆ  and B CÆ
are not known. Hence correct match is
(b) æÆ s
Since at time passes A is converted to B
and B is converted to C. Hence nuclei of 
( )B C+  increases. Correct match is
(c) æÆ p
Similerly the correct match for (d) is
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(d) æÆ s4. After emission of 1 a particle mass no
decreased by 4 but after emission of 1b
particle atomic number will increase or
decrease by 1. Hence for (a)
(a) æÆ p, s
(b) æÆ p, r
(c) æÆ s
(d) æÆ q, r5. For 

(a) æÆ p
Since BE per nucleon of heavy nuclei is
about 7.2 MeV. Hence
(b) æÆ sX-ray photon have wavelength about 1 Å
the energy of this wavelength is of order of
10 keV.
(c) æÆ rQ Visible light energy of order of ª 2 eV.
Hence
(d) æÆ q
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