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26. Reflection of Light

Introductory Exercise 26.1

1. Sincec = 1 where c is the speed of light

VHo€o

. . 1 .
in vacuum hence unit of ——— is m/s.

VHogo

. Hence

B, =2x10"" T sin [500x + 1.5x 10''¢]
Comparing this equation with the standard
wave eqution B, = B, sin [kx + o]

k=500m’1:>k=27n

= Xzz—n
k
= A= 2n m:imetre

500 250

o=1.5x 10" rad/s

= 9mn =1.5x 10!
= n= E x 1011 Hz
21
11
Speed of the wavev = - = 1.5x 10
k 500
=3 x10% m/s

Let E,, be the amplitude of electric field.
Then E, =cB, =3 x 10® x2x 1077
=60V/m

Since wave is propagating along x-axis and
Balong y-axis, hence E must be along z-axis

= E =60V/m sin [500x + 1.5 x 10*'¢]

Introductory Exercise 26.2

1. Total deviation produced

F\180°—29

No
0=180°-2i+ 180°-20
8=360°-2(i+ 0)

From figure
0=90°-1i

= 8=360°-2[i+90 -]
=180°

Hence rays 1 and 2 are parallel (anti-
parallel).

2. vy =2 m/s for plane mirrorv; =2 m/s.

Velocity of approach =v,, +v; =4 m/s.

. 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



tan¢:BC :gzl
cc 2
¢=45°
So, NK =4 x tan45°=4m

Hence in minimum height
=6m +4m=10m

In AAC'C

tanG:é:2
2

In AL' LA we get,

=EK + KN =6+ KN LL
=tan 0
Now in ANKB,
NK LL _9
~——=tan¢ = NK =KBtan ¢ = 4
KB
=4 tan ¢ = LL' =8m
In ABC' C we get, Maximum height =CA + LL' =8 + 8 =16 m

Introductory Exercise 26.3

. Here f =—10 cm (concave mirror) = 1_- 1+2
v 10
=-25
@u em = v=10cm

Using mirror formula . L .
’ Hence, image is virtual, erect and two time

1 1 1
L7 of the object.
v u f .
1 1 1 1 1 2. Hereu=-3m, f=—=m,
= =TT 2
v f u 10 25
549 we have,
= o m Wl 1 1
) 5500 v f u
=——=-167
- ’ 3 o = 1:—24_1
v 3
Hence image is real, inverted and less
= v=-0.6m

height of the object.

(b) Sinceu = — 10 em As ball moves towards focus the image

moves towards —co and image is real as the

Hence object is situated on focus of the distance decreases by focal length image
image formed at . become virtual which moves from + « to
(Qu-5,f=-10 zero.
1 - 1.1 —_ 1 + 1 (b) The image of the ball coincide with ball,
v f uw 10 5 whenu=-R=-1m



Using h =ut + % gt

2h 2% 2

= t=|—=
\ g 9.8

=0.639 s

Similarly again images match at t =0.78 s.

. Since image is magnified, hence the mirror
is concave.

-v  -v
Here, m=—o—=—=5

u u

= U =— 5 u .o (1)
Let distance between mirror and object is x.

Since image is formed at a distance 5 m
from mirror

v=—(5+x) ...(ii)
From Eqgs.(i) and (ii), we get

—(5+x)=-bx
= 4x =5
= x=1.25

Hence mirror is placed at 1.25 m on right
side of the object by mirror formula

1 1 1
4+ = -,
v u f
we have
11 1
f 6.25 1.25
-6.25
= =—
f 6

HenceR:Zf:>R:—6‘3£:—2.08m

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.

. Let us solve the first case :

By applying the geometry we can prove that,

PA’ =v=?cm

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

AB_A'B
40 (40/3)
A'B :% :gcm

Similary, we can solve other parts also.

. Simply apply :

1. 1.1
v u f
I — . .
and m == =— for lateral magnification. If
o u

magnitfication is positive, image will be
virtual. If magnification is negative, image
will be real.



AIEEE Corner

m Subjective Questions (Level 1)

1. Herev =39.2 ¢cm, hencev =-39.2 cm

and magnification m =1
= h; =h,=4.85

Hence image is formed at 39.2 cm behind
the mirror and height of image is =4.85 cm.

. From figure, angle of incident = 15°

Incident ray

Reflacted ray Mirror

Let reflected ray makes an angle 0 with the
horizontal, then

6 +15°+15°=90° = 0 =60°
A C

o" o o o”

c &
<«—30cm—4—» O, E 3¢ E»
o S G
™ o o
°

«—5cm——s|  [TB50em 70 en

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.

. The distance of the object from images are
2b, 4b, 6b..... etc.

<~ 2 b——

Olll oll b b Ol OH
——————————————— - \
«~—— b —3 1
B T S >

—————————————————— 1-—==>| 4b-—---——-1
<~ 4b —FH——

Hence the images distance are 2nb, where
n=12.... Ans.

. Suppose mirror is rotated at angle 6 about

its axis perpendicular to both the incident
ray and normal as shown in figure

R

B

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

From figure (a) angle of rotation =,
From figure (b) it is i —20

Thus, reflected ray has been rotated by
angle 26.

6. I is incident ray £i=30°=Z4r

< 1.6m
A

'

%Qo [)
20 cm

D]
W —

A’<—X—>P

From A PA’ A, we get



* _ tan30°= x =20 tan 30°
20

No. of reflection = AB = &
X 20 cm x tan 30°
=83 ~14

Hence the reflected ray reach other end
after 14 reflections.

. The deviation produced by mirror M; is
=180°-2a

and the deviation produced by mirror M, is
=180-2

Hence total deviation

=180 -2a + 180 -2¢

=360-2(a + ¢)
In A ABC we get,
90-a+6+90-¢=180
= a+¢=0

Hence deviation produces =180 —26.

. Heref:—gz—%:—llcm

Object height 2, =6 mm
u=-16.5cm

(a) The ray diagram is shown in figure
B
\
A : ; \
A

/B' u=16.5cm

Using mirror formula, 1 + 1.1
v u f
1 1 1
= - _=
v [ u
1 1 1  -165+11
= =4 =
v 11 16,5 16.5x11
16.5
= =18 am
5.5

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
iml=| 21233 _g
lul 165
Hence size of image is h; =2 x hy

=2x6=12mm.

. Hereu:—lZcm,f:+§:+10cm

Using mirror formula

1 1 1
—+ — ==
v u f
we get
1 1. 1 1 1
v f u 10 12
_6+5
60
= v=@cm=5.46cm
11

The image is formed on right side of the
) 60 ) .
vertex at a distance 11 cm. the image is
virtual and erect the absolute magnification
isgivenbylmlz‘EI
lul
60 |_5

= lml=| ——— =2
[ 11x(-12)| 11

m<1
Hence image is de-magnified.

Height of image A, =lm |x hy



10.

11.

12.

= h, :£x9=§=4.09mm
11 11

The ray diagram is shown in figure

/Lo

B

4

_-

2 —a
ATlZg 5/11cm F
(0)

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_ 1
u 9
u

= vV=——
9

By mirror formula, 1 + 1 1, we have

v ou
1 1 1 10 1
- e = - =
u/9 u 18 u 18

= u =180 cm (left side of the vertex).

Here u =-30 cm, since image is inverted.

Hence the mirror is concave.

1 -v u
m=-—=— =>v=——
2 u 2
Using mirror formula, ~ + — = 1, we get
v u f
2211 _ -3 1
u u f u f
= f——z=—@ -10cm
3 3

Hence mirror is concave of focal length
10 cm.

Heref:—%cm:—mcm

(a) Since image is virtual

v
= m=— = v=mu
u

= v=3xu
= v =3uandvis +ve

By mirror formula,
1 . 11 1 1 1

_ = -
v u f 3u u 12
1-3 1

= ——=-—= u=8cm
3u 12

(b) Since image is real

= m=-Y=8=v=-3u
u

By using1 + 1 :l, we get
v u f

1 1 1 -4 1
B
12  3u 12
= u=16cm
(c)Herem:;vzlzv:_E
m 3 3
1 1 1
= - =
u/3 u 12
= S = u=48cm
u 12
13. Wehave1+1:l
v u f
3U—iatu:f,v:oo
u-f
The variation is shown in figure
v(m)
0.5 F-————-

I
I
I
4
I
025} —————— q:
: »u(m)

I

I

I

I

I

I

I

|
|
|
a1
|
3
|
I
|
|
|
|
|
|
|
|

Hence focal length if assymtote of the curve.

Whenu < f, Image is virtual. It meansv is
negative.

When

u—0v—->0



14.

15.

16.

1.

Here f =21ecm = R =2f =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.

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,

w-Hw-H=uv-w+)f+f> .4

1 1 1
—+—+ —, we get
v u f

Using

...(>i1)
Putting the value of uv in RHS of Eq. (i), we
get

w-Nu-f=w+wf-w+uwf+f>
w-fo-f=F

Hence proved.

uv =W +v)f

Let object is placed at a distance x from the
convex mirror then for convex mirror

u—xandf:+§

m Objective Questions (Level 1)

When convergent beam incident on a plane
mirror, then mirror forms real image

Plane mirror
__rPlane (o]

L~ Virtual object

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

Using 1+l:l, we get
v u f
1 1 2 xR
- ="= v=
v x 12 2¢+ R
For concave mirror
2
u,:_F2R+ xR |_ [2R® +5xR
L 2x+RJ 2x+ R
v’:—(2R—x)andf'=—§
Usingl+l=l, we get
U’ ur f!
B 1 B 2x +R) 2
(2R -x) (2R*>+5xR) R
= 4R3 —2x*R + 8xR?
=8R® + 16xR? —10x°R
= 4R? + 8xR? —8x’R =0
= 4R[R? + 2xR - 2x%1=0
= 222 ~2xR - R% =0
R+0
2R+ 23R [1++/3]
= x = = R

2

4
[1+\/§JR
= x =
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

1,11

v u f
we get,

1 1 1



) . v
also magnification m = — — = o0.
u

Hence, correct option is (c) o, .

3. Total deviation, 6 =35, + &,

=180-26 + 180 —2a

but a=90-0
= 5=180-20+180-2(90-10)
= 5=180°

Hence, option (a) is correct.

. A concave mirror cannot from a virtual

image of a virtual object.
Hence option (a) is correct.

. For a concave mirror for normal sign
convention ifu=—f > v=w

and atu=-o,v=—f

graph between u and v is

A

—————ee e <

The dotted lines are the asymptotes
(tangent at o) of the curve.

Hence correct option is (b).

6. From figure

20°+6
20+0="70°
6 =70°-20°
6 =50°

Here (1) and (2) are paralledl 11 to each

other.

Hence the correct option is (a)

7. The radius of curvature of convex mirror

=50°.

R =+60cm.
Its focal length f =§=+30cm
o v 1
Magnification m =~ ==
u 2
u
= v=—
2
Using mirror formula, 1 + 1.1 ,
v u f
1 1 1
we get, - ==
u/2 u 30
-3 1
= T
u 30
= u=-—90cm

v=%=_45cm
2

Hence distance between A and Bis

=90-45
=45cm

Hence the correct option is (c).



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

A

Mirror

Y F
Length of mirror =AB =0.75m
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 =0.05m

CF =HF -HC =HF =CE
=1.50-0.05=1.45m
The distance of the bottom edge of mirror
above the floor is
BP=KF =CF -KC=CD-AB
=145-0.75=0.7m

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 correct

. Since the image is magnified hence mirror is
concave mirror.

Here m=—£=3:>v:—3u
u
= lv|=-3ul=3u
but lv —u]=80
= [8u —u|=80= wu=40cm'

10.

11.

12.

Using mirror formula, we get

1,11
v u f
_1. 1.1
3u u f
-3u
= -7
4
= f:_3;40:—30cm

Mirror is concave and focal length is 30 cm.

Correct option is (a).

Herem:+1:—3
n u
u
= v=——
n
From mirror formula 1 = 1 + 1,
v ou
we get,
1 1 1
PR + =
f (—u/n) u
= u=—(n-0f

Hence the correct option is (d).

Differentiating mirror formula, we get

dv v?du du .
—=—5— [ here —is-ve]
dt u® dt dt
Using mirror formula
1 1 1
4+ = -,
v u f
1 1 1
we get —=—-=
v f u
Here u=—60cm, f =—24cm
Putting these we get, v=40cm
Hence, dv =£x 9 =4 cm/s
dt 60

Hence the speed of the image is 4 cm/s
away from the mirror.

Hence correct option is (c).

The wrong statement is (d)



10

13.

Let v, is the speed of mirror, v, is the speed

of particle and v, is the speed of the
observer, then speed of the image measured
by observer is given by

m Assertion and Reason

1.

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).

Using mirror formula 1+1=1 we get

vou

1—izi:v =10cm

v 20 20

ie image is virtual exect and since m = v % .
u

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).

Using mirror formula 1+lzl we get

vou
1 1 1

v f u
If u is front of mirror u is negative and f is
negative for concave mirror.

1 1 1 uf
= =+ > =

v f u f-u
= u—->f=v->m

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).

Real view mirror of vehicles is convex
mirror, hence assertion is true.

Vop =2[vy, +v,1-1,
= Uop =2[10 + 4] -2
=28 -2 =26 cm/s

Hence correct option is (d).

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).

. Since m =—2hence 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 and F, m <1.

Hence correct answer be (a) or (b).

Incident ray

)
Reflected ray

Hence assertion is true.
For normal incidence i =0 hence 8 =180°.

hence assertion is true but reason is false.
hence correct option is (c).




. U

Deviation produced by M; =180° —2{
Deviation produced by M, =180°-2r

Total deviation produced =360° —2(i + r)

But from figure i + r =90°, hence deviation
=180° for any value of i.

m Objective Questions (Level 2)

=nA

max

7%

o = & for SHM
m

Maximum speed of insect relative to its
image

=2v,_ ..l =2v sin 60°

max

=A\/§\/E

Hence correct option is (c).

max

.au" =g
Height =x

i
!
X
]
]
S N A M B
Let after time ¢ paperndicular distance

between mirror and source is x' we have
from figure

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

11

Hence assertion is true but reason is false.
Correct option is (c).

. The correct option is (b).
9.
10.

The correct option is (a, b).

The correct option is (b).

AB=2MB - SA =2x'tan ¢ — SA
=2x"tan ¢ —2x' tan O
= AB=2x'[tan ¢ —tan 0]
=2x' {SM SN

: —,}zz[SM—SN]
X X

= AB=2x L,
where SM — SN =L =Length of mirror

d d
21aB1=% @) =0
:dt[ 1 dt( )

“- Length of mirror is constant.

Hence the correct option is (d).

. Hereu =-—10cm and v =-20 cm

Using mirror formula

1 1 1 dv du
—+-=—weget=———=0
u v v u
= @—_ﬁ—_ﬁ—_4
du u? 10
= dv =-4du
= dv=-4-(-0.1), heredu=-0.1
= dv =0.4 cm,

ie, 0.4 cm away from the mirror.

Hence the correct option is (a).

. The first and second images are shown in

figure but according to question
L4 Ly
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5. For vertical part — 1 +-=-Z=
20 v

6-x)-x=4

= 2=2x = x=1m

Hence the correct option is (c).

1

1
5

20 cm

=

20 cm
20
= =-=
3

Im l_‘ 2|_| 20/3

“lul | 20

= Lv—Ecm

3

For horizontal part first end is at C hence
its image is also at C ie atv =—10cm, for

other end
1 1 1
- 4 ==
-20 v 5
20
= lv]|==—
3
20
L —Iv—u|=‘——10
H |3
10
= L, ="—
3

TheratioL; : L, =1:1

Hence correct optionis (c) 1: 1.

Hereu=-15cm, f =—10cm

Using 1+1:l
v u f

Weget, v=-30cm
U_(UZ_UI)

Wehave m=—=
m. Uy -

3

:%:2
= dv =2du,
A B
2 mm 2 mm

AB=du=4mm
= dv=2x4 mm = dv=8mm

Hence the correct option is (c).

. If the mirror is rotated by an angle 6 in

anticlock, wise direction about an axis o« 1 to
the plane mirror, the new angle of incidence
becomes i — 0 and angle of reflection also
i —20.

According to problem

i+1-20=45°
2i =45° + 20 =45° + 2x 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°.

. 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.

A

X

X

Person 170 Tm E T

B

We have2x =60cm = x =3 cm
The distance of O from P is
=170-3 =167 cm

Hence correct option is (a).



9. Acceleration of block

10.

11.

A C
m| 9w Y
B D
X
3m
= 3mg 38

Sm+m 4

Acceleration of block CD :
P 2mg 28
D" om+m 3

Since the accelerations are in opposite

directions relative acceleration of one image
with respect to other is given by

3g 2g 17g

+ =24+ ="t
“ap T p =T T3 T g
Hence the correct option is (c).

Here @ =tan 30°
0.2

1
= BD =02x —
NE)
No. of reflections = ﬂ =
0.2/+3

Hence, the correct option is (b).

Resolving velocity along parallel to mirror
and perpendicular to mirror, we get

v cos 37°

12.

13

v,=vsin37°andv, =vcos37°

From figure, we get

v, =vcos 37°sin37° +vsin 37°cos 37°
=2vc0s37°sin37°

vx=2x5xéx§:%:
5 5 5

v, =V CoS 37°x cos 37°

4.8

—vsin37°x sin 37°

v, =v [cos® 37° —sin? 37°]

(i3

=5x zx 1:z=1.4
5 5 5
Hence velocity of image is given by
- L N
V=0,1+0,]
= v=481i+14]j
Hence the correct option is (c).

Since elevator start falling freely, the
relative acceleration of the particle in
elevator frame =g -g=0

u=[2m/s

0=45°

Hence, in elevator frame path of the
particle is a straight line.

The vertical component of velocity is

1
usin45°=2 x — =1m/s
V2

The separation between mirror and
particle in 0.5 s is

y=v,t=1x0.5=0.5m
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13.

14.

The separation between image of particle
and particle at this moment

=2y=2x05m=1m
Hence the correct option is (b).
Here velocity of mirror

v, =4i+4j+8k
and velocity of object

\70 =31+47+5 k

. A . L N
Since k is normal to the mirror hence i and j

components of image velocity remain
unchanged ie, velocity of image can be
written as

A A

\?i -3i+4j+v, k
but v, =2u,,, —v,, =2x8 -5=11
Hence, we get

\_7:- =31+4j+ 11k (wrt ground)
Hence, the correct option is (b).
3i+4j+11k
Only option (b) satisfy the given condition.
Here X, =-2, X, =+ 10
Using Xio + Xil =%

we get
1 1 1

0 2 f
f=-2.5cm

Hence, the mirror is concave.

=

We know that y, = ffA

Hence, the correct option is (b).

16.

17.

18.

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

1
%
A 3

Hence correct option is (b).

The image formation by plane mirror is
shown as

A

Mo

l— 10 cm 20 cm

45°
4% i

= x=10v2

E =sin 45°
x
The x-coordinate is 10v2 cos 45° =10
and y-coordinate is — 10+/2 sin 45° =—10
X

45° 450 102 cos 45°
10 45°
10[2

10/2 sin 45°
X

Hence, the convert option if (c), (10, — 10).

x; = fro _Z10x10_ 5 om
%o —f -10-10

For concave mirror f =—10cm.

y, = o :—1O><—2OCm
f—x -10-10
=+10 cm

Hence the coordinates of image are (5, 10).

Therefore, the correct option is (d).



19. For convex mirror f =+ 10 cm

fr, 10x10

i = = =0
xo—f 10-10

yoo Mo 10x-20
f-y, 10-10

= More than one options are correct

1. Here f =-20cm

Case 1. (if image is real) u,v and f all are
—ve.
Herem =2=v=-2u

using mirror formula

1 1 1
—t —=—
v u f
1 1 1
weget, -—-—-—=-—
2u u 20
= i=i:>u=+30cm
2u 20

Case 2. (if image is virtual)

uand f are —ve, whilev is +ve

1 1 1
= — ==
2u u 20
= u=+10cm

Hence possible values ofu are 10 cm, 30 cm.
The correct options are (a) and (b).

. Magnitude of focal length spherical mirror

is f and linear magnification is 2

Since concave mirror fro inverted real image
and magnification is less than unity,
therefore u > 2f.

Hence option (a) is correct.'
If image is erect than it is a convex mirror.
Let mirror is concave hence focal length

Heremzlz—E
2 u

20.

15

Hence the correct option is (d).

It concave mirror is replaced by plane mirror
the coordinates are (0, + 40).

Hence the correct option is (d).

u
= v=——
2
. . 1 1 1
Using mirror formula = + = ==, we get
u v f
_1 1_1
ul/2 u f
-3 1
= =_=
u f
= u=-3f

Hence, if the mirror is concave the object
distance will be 3f.

Let mirror is convex, then
1 v

u:§ 2

Using mirror formula, we get

1 1 1
——-Z="su=f
u/2 u f

Hence, if mirror is convex the object distance
will be f.

Hence correct options are (a), (b), (c) and (d).

. Since by a plane mirror

speed of image =speed of object

Hence speed of image alsov.
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Horizontal component (along mirror)
=vcos 0

Vertical component (L to mirror)
=vsin 0

Hence image velocity also make an angle 6
with the mirror.

Resolving velocity along (y-axis ie, parallel
to mirror) and (x-axis ie perpendicular to
mirror).

- A h

Vo =vsini+uvcos J

— . A n

v, =—vsini+vcos ]
Relative velocity of object w.r.t. image is

- - -

. A
Voi =Vo —V; =20sin 01

Hence, correct options are (a), (b) and (d).
i

(@)

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
Olies between C and F'.

If centre of curvature lies to the right hand
side of O thenv <u.

Hence, this option is incorrect.
Hence, the correct options are (a), (b) and (d).

Here f =—20cm,u =-30cm

: A
/

< 300 m >

Using mirror formula

1 1 1
==
v u f
we get,
v=-60
Different this w.r.t. time, we get
ldv 1du
v dt u® dt
dv v [ du )
= — ==
dt u \ dt
Hence in event (1),
du __
dt
dv 607
= —=——5x-v=4v
dt 30

Hence, speed of image in event (1) is 4v.
after time y coordinate of object y, =vt

but x, =—-30

then yi:‘ o :‘_20“”:‘
| f-x| | -20+30|
y; =1-2vt|=2v¢
= i _ 9y
dt

Hence, option (b) and (c) are correct.

. For plane mirror

3f ‘ 3f
u=3f=v=3f
For concave mirror
u=-3f

Using mirror formula
1 1 1 2

v 3f f 3f
= v=-1.5f
= lv]=1.5f



For convex mirror,

11, 1_4
v 3f f 3f
= v =0.75f

Hence maximum distance in event (1) if
image is from plane mirror and minimum
distance from convex mirror

When v =1.5f, thenv =1.5f
by plane mirror

For concave mirror
1 1 1 2 1

w 15f f 3f f

m Match the Columns

1. (a)m =-2,since |m|=2>1

Therefore mirror is concave and *.: m is —ve.

Hence image is real [for concave mirror m
is =—ve]

Therefore,
(a)—>q,r

(b) Since m = - %, - mis—ve

Hence mirror is concave and image is real.
(b)—>q,r

em=+2,"m>1

Hence mirror is concave and . m is + ve
Hence image is virtual.

(c)—>q,s

(d)'.'lm:+%<1and+ve

Hence the mirror is convex and image is
virtual.

(d)—>p,s

. Plane mirror (for virtual object) — only real
image

=(a)—>p

17

_2-3__ 1
3f 3f
= v=-3f
= lvl=3f
For convex mirror
1 2 1 5
= 4 =
v 3f f 3f
= v=0.6f

Hence, in event (2) maximum distance of
image from the concave mirror.

Hence, correct options are (a), (b) and (c).

b)—>r
(c)—>p

. (a) Since object and its image are on opposite

side of principle axis.
(0]

Hence mirror is concave
=(a)or.

(b) Similarly as for option (a).
(b)>r

(c) Since image and object are of same
height from AB.

Hence mirror is plane mirror.

(©)>p
(d) Since image is magnified.
(@] !
[ ] [ ]
I I
A B

Hence mirror is concave [D is. distance
between O and mirror is less than the focal
length].
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Hence
(d)—>r.
(a) For concave mirror M, focal length

=-20cm
When x =20 cm, Mirror is M,

v = and magnified
(a)>p,s

(b) For convex mirror M, 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 1 1
= 4 =
v 20 20 10
= v=10cm

Hence image is virtual.
(b)>r

(c)u=-30cm, f =—20cm
1 1 1 2-3 1

v 30 20 60 60

v=-60cm

Hence image is real.

m:—@:—Q
30

Hence image is magnified (2 times).
=()—>q,s

(d) for mirror M, (convex) at X =+ 30 cm
image again virtual.

(d->r

(a) For concave mirror f =—20 cm

Case L. Image is real.

m=2=——=v=-2u
u
Using 1—1:1
u u f
1 1 1
weget, —-——-—=-—
2u u 20
3 1
= —_—=
2u 20
= u=30cm

If image is virtual v =2v

1.1 1
2u u 20
= u=10cm

Hence correct option are as
(a)—>p,q
(b) Here m :%<1

Hence image is real.

1
= —=———>U=——
2 u
1
Using ~ + -~ =—, we get
v ou
_ .1 1
ul/2 u 20
= 3 i:> u=60cm
4 20
Hence correct option is none of these.
= (b)>s
(¢)if m =1, thanu =2f
u=-40cm

Hence correct option is none of these.
= () —>(s)

(d) Similarly as in part (b) we see that
answer is none of these.

= (d) > (s)



27 Refraction of Light

Introductory Exercise 27.1

1. Let real depth of dust particle is x and
thickness of slab is ¢

t

1st 2nd
face L—— o face
X <t — X —>
From Ist surface
_ Real depth
App. depth
1.5= = x=9cm ...(1)
6 cm

From other face

U= %:t x=4x15

= t=x+6=9+6=16 cm
4 p, 4 .
2. =—=i2—_ ...(@)
1M 3 u 3
3 pg 3 "
=—= = =— ...(i1)
23 2 1y, 2

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

us _4 % 3 _ 9
w3 2
3. Frequency remain same.

Let v, is velocity in medium (1) and v, in
Medium (2)

We have
pp=—andpy =—
Uy Uy
= ﬁ 3 U = bUl
Ho Vg Lo

Similarly, wavelength A, = L M

Ho
4. Fromv, =ni,
8
= hy =l = 310 5 107m
n, 6x10°
=50 nm
e (50054 6g
A, 300 3

Introductory Exercise 27.2

1. Since light rays are coming from glass to air

Ho M1 _Ho ~H1

applyin,
pplymg — ” ” R

1 15 1-15
- —_—_——_— =

v 10 -1.5

1 1 15 -1+45
= —=——+ —=

v 30 10 30
= v=@=8.57cm

3.5

2. “72_”1 H2 M1
v ou R
1.5 1 05

(200 6

On solvingv =45 cm

1 0.5
bi_i Yo
()v (-100 6

On solving we getv =—90cm
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1.5 1 05
(00— -——=—1
v (-3) 6

On solvingv =-6.0cm

3. Light rays are coming from glass to air

4 1-4/3
~10)  (-15)

+
- 2

1 )
— on solvingv =-9 cm
30 45

4.

5.

Applying Y M1 _H27H1
voou R

144 1 044

= ==

v o 1.25

On solvingv =0.795 cm
Mo Mg _Ho My

v u R
1635 1 _ 0.635
v (-9) (-2.50)

on solvingv =6.993 cm

Lateral magnification m =— v
u
=- 76'293 =-0.777

Introductory Exercise 27.3

1. We have
1 1

1 11
_2_ )
0w f ){Rl RJ

1

= oo (165 1)[ - l}
20 R R
- "3+1=0.65x;2
60 R
= R =60x0.65=39 cm
2 Usingl——z—,weget
v
1 1 1 1 1 1
- = =S ——=— 4 —
-50 x 30 x 30 50
On solving x =—18.75cm
_~v_ 50
u 18.75
: . 50
Height of filament image =2 x
18.75
=5.3 cm

?_(“ D{R 112}

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

1

. Using formula 1. 1.1 whenu -0, v >0

v o u

whenu — f,v — o hence image moves from
surface to .

20

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

1 (13 1}[;2}_—0.5)(;2
fi \1.8 R 1.8 20
f'=36cm

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



[y
[ =

6. Using —-—=
v

~ |

112
(-20) 10

C:\)—‘:

On solvingv =20 cm

Magnification = — o1
u
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 1

v u f

we get

1 L :1:i:>x:2Ocm
x (=) f 10

Hence the distance between two lenses

=20cm +20cm =40cm

:%+% ...(1)
11,1 )
v, [ u+du

l_}_(u+du—u)

on solving, we get

v v (Ww+duu
— ! e 2
vou du thickness dv = —l; du
v u(u + du) u

10. Size of image = |6 x ; =2cm.

11. Let image distance isu

Im|=3=v=3u

12.

13.

21

i-t—l:i:>v=16cm
3u u 12
Since image is upright and diminished

hence lens is concave. Now

u-v=20 ...(4)
v 1
m=—=—
u 2
1 u-20
= Z =
2 u
= u=40cm andv =20 cm
= Using 1_1:1
v u f
—i+i=1:>f=—400m
20 40 f

The image coincide itself if light falls
normally on plane mirror hence object must
be on focus i.e.+ 10 cm.

1 " 1 :2(H2/H1) 2@/ -1

v ou R, R,
1,1 _2(43) 243-1)
v 02 04 0.4

On solvingv =12cm

. Since shift in position Az =0.1 m

Hence real depth =(0.1 + 0.2) m

=0.3m
and apparent depth=0.2m
_ real depth
H apparent depth
035
0.2
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AIEEE Corner

1. Incident ray Reflected ray

/ 90°
p

Reflected ray

Wehaver +90°+i=180°=r=90-i

From Snell’slaw 1.5 = Sme___ Smi

sinr sin 90-9)

= tani=1.5
= i=tan 1(1.5)
2. n, =ar - 343 _ 4999
u 1498

w

Critical angle 6 =sin"1(0229) =13.2°

3 x 10°
3. Sped in glycrinev, = ‘- ;47
n .

g
20 1.47
g =20 203147 g0 1085

v, 38x10°

108
Speed in glycrinev, = £ 3 : 6;)
n .

g
20 20x1.63
v, 3x108

c

t =10.8x107°

t, —t; =(1086 -9.8) x 108
=1.67x1078%s
1x10°m 1x10°m
vy, 3x10%/1.2
12x10°°
"~ 3x10°

4. (a) tl =

= £ =0.4x10"1s
_15x10°°

SRR =05x10“s
X

_ 1x10° 1.8x10°
3x10%/1.8 3x108

3 =0.6x 1071

Hence ¢, is least and ¢; =0.4 x 107
(b) Total number of wavelengths
Ipym 1.5pum 1um
h ;nl * A/:; i 75713
_ 1000x 1.2 nm N 1.5x 100nm
600 nm 600 nm
1x1.8 x1000nm
600nm

_4500 ;o
600

5. The given wave equation is

W _3x 10 x 2ut
10

E (y,t)=E, sin 2
5x

Comparing with standard equation
E (y,t) =E,sin[ky — ot]

=27n_7,(0:2n>< 3x10M
5x10
14
p=0 23107y 5 108 mis
k 21W5x 10
8
Refractive index n = = Ll()s =
v 1.5x10
. . 2n
Wavelength in this way A, = "
= hy=— 2" _5x10m
25/5x 10
= A, =500nm
If vacuum, wavelength is A then
-
n
= A=nk, =2x500=1000nm

6. Refraction from plane and spherical
surfaces
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N4 N 8. The situation is shown in figure
2
1 2
0.25¢cm

For first surface 12 — M1 _H2 ~H1

voou R
1.5 1 0.5
in 60° - b (-25) 10
We have Su.l =1.8 v )
sinr 15 1 1 7
sin 60° = T To0 oF on
= sinr= v 20 2. 5 20
1.8 30
= v=——cm
= sinr= V3 =0.48 7
2x1.8 This image acts as a virtual object for 2nd
= r =sin1(0.48) surface
30 170
= r=28.7° s, :_(20+7) - em
7 7
N MO _ t
ow g onr and R=-10cm
= MO =6tanr Mo Hq _Ho ~Hy
voou r
Similarly ON =6tan r 1 15 -05
— MN =MO + ON =12tan r = 12tan(28.7°) T 7y AT
= MN =6.6cm 1 1 105
4 sin 45° - v % 170
7. From Snell’s law — =~— v
s = v=-85cm
A 450: Hence final image will produced at —65cm
1m[*° ID from Ist surface.
|
B ! 9. Herev=-1cm
3m i ' R=-2cm
]
1 Applying Mg My _Ho —Hg
| voou R
c E F 1 15_ 1-15 _-05_1
Solving we get r =32° X -2 -2 4
EF =DE tan r =3 tan 32° N ﬁ:%
x
=1.88m _6
= x=—=-12cm
Total length of shadow =1 + 1.88 5

=2.88m
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10.

11.

O
®
|
Air 1 10.em
|
[}
+ 1
3cm =3/2
¥

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

Here shift = t(l - 1)

n

:3[1—i):lcm
3/2

Hence object appear to the mirror
=(10+1cm
=11lcm

The image formed by mirror =—11cm

Hence image formed by the mirror at 11 cm
behind the mirror.

< 6cm >

<«—8 cm—>

“«— 6 —X—><— X

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-x)=x+6=>x=4cm
realdepth 6

Step IIL. n
app. depth 4

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

12.

<« 4cm—>

Here sinr:L
,/42+n2
. 2
sini=
+n?
sini 4 42 +n?
= = SN T
sinr 3 92/42 4 ;2
4 2
- f T 5n?-28
16 + n?

u R
1_&_1—1.5
v -5
= 1=i:>v=100m
v 10
14. For first surface“i—ﬂzM
v u R
1 2

«— 10 cm—> 5 ¢

30 cm
= 1—5—l 0—5:>v—300m
o 10



15.

16.

17.

For 2nd surface
1 1.5

= Z =
v 10 10

Hence the distance from first face is
=(10+5) cm
=15cm
Since rays goes from paper weight (n =1.6)
to air hence

Observer

1 16 1-16

v (-3) 5

1 06 1.6
= i

v 5 3

On solving we getv =-0.58 = |[v|=0.58 cm

Hence the distance between observer and
table top is =(8 —0.58) cm =7.42 cm.

Let real velocity of bird =v, cm/s
Velocity of bird w.r.t. fish =16 cm/s
Velocity of bird w.r.t. water = vy
But wp +v, =16 cm/s

Herev r= 4 cm/s

4

= —vp+4|=16
(3 g j

= é1)B=120m/s
3

= vg =9cm/s

Let the distance between the object and
screen is d and let distance between object
and lens is x

18.

25

Using lens formula 1.1 = % we get

U u
1 1 _ 1
d-x (—x) 16
=N x% —xd +16d =0
d+.d® -64d
= x=f

d+d® -64d
d—.d? -64d
and Xo :f
= X — %y =+/d® —64d

But x; —x, =60= d*> —64d —3600=0
= (d -100) (d + 36) =0
= d=100 -d #-36

Hence the distance between object and
screen is 100 cm.

...1:(n_1){1_1}
f R R,
For identical double convex lens
IR|=IR;|=R
but R,=RandR, =-R
= ;:(n—l)[;+;}=(n—l);
R
- n -
= =g o e h sy
R R
dfp =——
and f, 2(1.7-1) 14

(a):>ﬁ:1.4:>fl:f2 =14:1
fa

(b) For first lens
£ = 1? =—1'6R:—8R
2[;_1} 2x1
1.6

hence first lens become concave (diverging)

For 2nd lens
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19.

20.

21.

po R _16R _

: - -

2[1.7_1} 2x0.1
1.6

Hence 2nd lens remain convex.

Here u =-10cm acts the virtual object for

thelensv:—15cmusingl—1:1
v u f
1 1 1
= ==
-15 10 f

On solving we get f =—-30cm.

Situation is shown in figure.

MAM
<—x TE.S S2
4»\/2‘—24 -X —>

For Ist source direction left to right is + ve

Using — -~ =—, we get
v u f

1 1 1 1 1 1

v (—x):9 v x 9 @

For 2nd source direction right to left is + ve

hence_—1+ 1 :1 ...(ii)
v 24-x 9

On adding Eqgs. (i) and (ii) we set

Ty 1 2 2 o4ri108-0
x 24-x 9
- x=6,18

hence lens can be placed at a distance of
6 cm from any source.

Since the object is placed at c of first lens
hence image also form at ¢ and of same
magnification i.e.v =2f. Since two lens are
separated by distance f hence the distance
between 2nd lens and image is f. This image
acts a virtual object for this lens using

1 1 1 1 1
———=—,weget ———>Uv==
v u f v f 2
—-f2 _
and magnification m, :—E:i:i
u f 2

22.

23.

24.

Hence image is formed at g right of 2nd

lens.

Since the object is placed at 2f hence image
also form 2f by lensi.e., at 60 cm. The mirror
must be placed at that place that it made the
final image at focus of lens. The difference is
shown below.

/ \ SOcmfl,|
O o —e/

15
<«— 60cm — <«— 60cm —

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

The diagram is shown in figure.

—

-« X > <«—40—
<« f=40cm —

The parallel ray after refraction on
convergent lens meet at focus =40cm. Let

distance between two lenses is x then using

1.1 =% for diverging lens

v ou
i 1 -1
o (40-x) 15
= x=25cm

Here f; =20cm f, =10cm and d =30 cm
fi=20cm f, =10cm

|7.5 cm /p
30 cm—

o |
<—300m4>‘ 30cm I

<~ d —

convex Lens  convex Lens

| lind
For first lens usingl—lzlwe get
v u f
1 i:ijlzi—iSUIGOCm
v 30 20 v 20 30



25.

26.

For 2nd lens

1 1. 1
v 30 10
1 1 1

= .
v 30 10
1 4

:> — PR
v 30

= v=7.5cm

Hence image formed at7.5 cm from 2nd lens.

For lens u=-40cm f=+20cm wusing
1 1 1

v u f

1 1 1

=4 =

v [ u

1 1 1 2-1 1
= e e e

v 20 40 40 40
= v=40cm

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

Using T4 i=o =
v u f v f u
1 1 1

= —=-—-—=v=-5cm
v 10 10

o — 1V N\
<« 40 cm—»\ J 4715cm <_>100m
<30 cm

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

fi=+10cm f,=-20cm f3=+9cm

<10 cm—>-
<«—15cm—>< 5cm >

For first lensv =+ 10cm
For 2nd lensu =-5cm, f =—20cm

217.

27

Using——lzl

u f

1 1 1
:> — S —

v 20 5
= v=—4cm

For thirdlensv =-9cm and f =9 cm

1 1 1
:> R

v (-9) 9
= V=00

Hence the image formed at « or rays become
parallel.

Situation is shown in figure when space
between two convex lenses is filled with
refractive index 1.3 it become a concave lens
of radii R =-30cm and R, =+ 70 cm hence
it focal length is

1
“(n-1|=—-—
(n ){R }

:(13 - )|:% —%:|

= f=-70cm
Hence the equlvalenlt focal length of

~S [ KR

combination — = —
F 30 70 70
= F =30cm if
u =-90cm then using
111
F v u
1 1 1
weget —==—+—
30 v 90
1 1 1 2 1
:> — [P —
v 30 90 90 45
= v=45cm
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c 3x108

28 Mo = =03 10°

0, =sin’ L =sin‘1( ! )
Mice 1.30

=sin"%0.77)

=1.30

29. (a) Let angle of refraction in material 2 is r

then sin 0 = 1.8 :E ...(1)
sinr 1.6 16
For (2) to (3) interface
sinr Q _ E
sin90° 1.8 18
. 13 ..
= sinr=— ...(>i1)
18
From (i) and (ii) sin 6 = 18 X %

= 0= sinfl(Ej
16
(b) Yes, if 0 decreases r also decreases and
become less than the critical angle and

hence light goes into material 3.
30. Let maximum height of liquid is A. From

figure for critical angle C

...(0)

Herer =1cm and p :g putting these

values in Eq. (i). Solving we get i = gcm

2

Here sin 0, = .

He
Now if water film is poured on the glass air

surface. Let emergent angle at glass water
surface is r, then

33.

sinr Mg 3x3
. . 9 2 3
= sinr=—sinf, =—x —=—
8 8 3 4
. ,1(3)
= r=sin —
4

32. For total internal reflection at top surface

n
|
90-r;
[}
[}
4 -
sin(90°-r) n
sin 90° ny
= cosr="1
ngy
and s1.n 0 _ny
sinr n
= sin 0 :@sin r
n
= sinezn2 1-cos®r
n
2
i _(nlJ
m ny
2 2
= sinf= an
n
2
= 0=sin! (”2} -1
n

The deviation angle vary from 0° to 6° where
6=90°-c ...(d)

where C is the critical angle

u, 43 8

Now, sinc = —

w, 32 9
From Eq. (i) cos 6 =sinC

= cosB:§

9



35.

= 0= cos_l(g)
9

Hence deviation angle vary from 0° to

(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

2
(b) Now :.L:iv"z””
S

inC

n r
or C :sin_l(lJ
u

—sin! _r
(,172 +h? J

]
]
:6 n=10

-jgo 90°-r,

r

_ [X%0°r L =125

For maximum angle 0 the angle 90 — r at left
surface must be equal to critical angle

= sin(90°—r)=i=@=é
1.25 125 5
4
= cosr=—
5
) 3
= sinr=—
5
Now, Sinf _ 4955
sinr 4

36.

317.

38.

29

. 5 . 5 3
= sinf=—sinr=—x —
4 4 5
= O:Sin_l(ﬁ)
4
A +6m
sin
2
“:
sin —
. (A +sin
sm( j 2sinécosé
J3 = _ 2 2
sin — sin —
2 2
= cosé—ﬁ:é—30°
2 2
= A =60°
Here i =r, =0°.

Now, let other face angle of incidence is r

n+n=A=0+np=A

= r=A=30°
si.nir?:ij sini =1.4sinn
sini 1.5

= sin i, =1.5x sin 30°

= i, =sin 1(0.75) =19°

From figure sin ZOQP = ZOQR




30

The ray retrace its path from ref. by surface On solving we get ny =1.656
AB hence ZAR6 =90° from geometry it is 44, A2
clear that r =30° “fih
_Sini N 018 @ _ _0.18x30
sinr 20 30 27 20
_sin 45 :p:yﬁ:u:ﬁ = wy, =0.27
Now, =t s =
40. Depends on formula. F fi b F 20 30
41. The maximum angle will be A =2C where C = F =60cm
is the critical angle 45. 2. 2 9
i f
Now, C = sin*l(i] =41.81 o
1.5 o _h
Hence A =2C =2 x 41.81 =83.62 % f
(A +3, 3 _ _h
sin T 2 f2
42. :7AhereA =60° 3
A N __3
sin 9 fi B f2
(60°+5, New L_1.1
- s1n( 5 ] F A5
7T sin0e o112
0.75 =sin (MJ 150 £ 3f
2 fo =50cm and f; =—75cm
= 60° + §,, =2sin %(0.75) . sin i,
46. Applyingp =—-—+
= 3, =22.8 s r
and not deviation =180° —22.8 =157.2° Find angle r; for two different refraction
(b) If the system is placed in water indices. Because i; =65° from both the
15 45 cases.
M3 T 4 Then again apply
sin iy S _
= 60°+ 3§, =2sin '(1.125x sin30°) =iy, (ndfind . Becauser, =4 —n
= d, =2sin [%} -60° Then apply :
3= +i)—A

Net deviation =180 - §,, =128.4°

43. 0="V"ER
py -1

for two refraction indices. Then difference
in deviations is :

1.665—1.645 Ad=8 - &
My _1

0.0305 =
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Objective Questions (Level-1)

. Endoscope is bases on total
refraction Hence, correct option is (c)

. Herep:A+k£;

p is dimensionless.

= B =dimension of u

— B =7 = Bhas dimension of Area

Hence, correct option is (d).

. Shift:[l—lj
u

"’ U is minimum. than other visible colour.
Red colour least raised.

correct option is (c)

. Critical angle 0, :sinl(lJ
u

" o is maximum for violet colour hence 6,
for violet colour is least.

Hence correct option is (d)

. We haveP:;
f(metre)
_ 100 =100><(n—1)[l+1}
f(cm) R r
:P=100X0'6X2=+12

10

Hence, correct option is (a).

. Speed of light in water = <
My

3x10°

w =2.25x 10°® m/s
4/3

= U

Hence correct option os (c).

. Due to TIR emergent beam will turn into
black.

Hence correct option is (c).

internal

8. ' v =nlibutfrequency nremain constant and
v decreases hence L decreases.
Hence correct option is (b).

9. Using Snell’s law

I
o gz A7 ’
L 0

Dy

1 2

On first and 2nd interface

sin i _Mg )
sin® py
and w =Hs ...(11)
sinr o

Multiplying (i) and (ii), we get
sini Mg
sinr 4
Hence correct option is (b).
10. We havei=r andr =90-i

A B

Denser medium
iln

/ 90° Rarer medium
r2
C
ini 1
Now ~ Sni_l
sinr W
sin i 1
= T o N
sin(90° -7
o1 .
= tani=— ...(3)

p

If C is the critical angle then C = sinl[l]

= C =sin !(tan i)

Hence correct option is (a).
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11. Let angle of minimum deviation is §,,

12.

13.

we know that

sin(A+8mj
B 2
~ 3]
sin| —
2

. (60°+3,,)
sin ——— ™~

N -2
sin 30°
= i =sin (Mnj
V2 2
- 6040 _ ypoy s, —30°
2
Hence correct option is (a).
We know that
1 [1 . 1)
f R, R
Loas-p[E-oL
a R, R,
- 1 _os-p/t-L
0.2 R, R,

L[5 4lk10
05 (n
- 115 4
5 m
15 4 5x1.5
= == =n, = n=—
n, 5 4

N i

X i

14.

15.

sini _ py

We have, — (@)
sin 58

S _KHe ...(ii)
sinrn Wy

and smp _Ms ...(ii)
Ssin 7‘3 Hz
M =t ...(iv)
sin x Hg

Multiplying (i), (ii), (iii) and (iv), we get
SmE_He = sinx="sini
sinx p Ly

Hence correct option is (b)

Let radius of curvature of the lens is R

thenl =(n —1)(l + lj: f= R

f R R 2(x-1)

Let focal length of one part is f*

then l=(n—1)[l—l}
f' R «

R

:> ’ — — 2 ’
4 (n-1) 4

The focal length of the combination is

l:i+i+i+i:>F:£
F 2f 2f 2f 2f 2
Hence correct option is (b).
Here P=+5D= f + =20cm
1 1 1
= —=15-D)|=—-= ..(@)
20 Lﬁ R, }
and—i: E—1 11 ...(ii)
100 |\ n, R, R,

&Y
Dividing Eq. (ii) by (i) _é \"m )

0.5
N 1,19
10 n;
5
= n,=—
3

Hence correct option is (b).
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16. We know that 20. Minimum deviation condition
1 1.1 d n=r=r=90°—r+90°—r+A =180°
Fh f hh = A=2r
* whole system is concave = F' <0 A
= r=—=30°
d 1 1 2
—>—+—=d>fi+f o
ho ko Now  a_sini
= d >(10+20) cm = d >30 cm smr
sin i
Hence only possible value of the given values = 2= sin 30°
is 40 cm.
Hence correct option is (d). = Sthe= 2
17. Since when A >260, total light is reflect = i=45°
(TIR) take place hence maximum value of A Hence correct option is ().
is 26,.
o1 11,1 _d ()
Hence correct option is (c). F fi f:l fifs
18. ‘- emergent ray is L to the surface N 1 1.1 2 (i)
- b=r, =0 oF £ f hh
rin=A=rn=A 1 1,1 4d .. (iid)
sini Frofi i hHhf
Now =—
sin A On solving (i) , (ii) and (iii) we get F' =2F.
Since i and A are small Correct optjon is (a).
= SlnL:lE?.ndSHlA:A 29 1 —(n-1) 1 1
= ”' = L = l = “A f Rl 132
A 1
L —=(1.5-D| =
Hence correct option is (c). 24 R 2R
sin| 4+ 9 -~ 195  p_Gand2r-12
2 24 2R
19l u = 7A
sin 2= Hence correct option is (a).
" A+s, 23. The system is shown in figure.
A f=+30cm
= cot+ —=——~—— 2
2 A | 0 /\ | lind
sin ~—
2 s e 15 oma\ b 15| e—ssom—s
<«15cm><15cm cm>|<«—45 cm—>
= A;8m =90°—% «——30cm—>
. 1 1 1
= A+5,=180°-A Using  ~-—=-
m v u f
= 3, =180°-2A 1 1 1
= = =—=v=-30cm
Hence correct option is (d). v ( 15) 30
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24.

25.

26.

27.

This image I; 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 cm =75cm.

Hence correct option is (c).

511.145 _ 3 )
sin

siny _ |2

sin r 3

Multiplying Eq. (i) and (ii)

s1p45 _ 2
sin r,
) 1
= sinm ==
2
= rp, =30°

Hence correct option is (a).

For small angle prism
F=30cm

(0]

<«— 60cm —
8in =(u —1) A if p increases
= Omin — increases
Hence correct option is (a)
sini _ny sin g
sinr ny gi n( é j

i
et

2

= 2cos£:n :>i:2cos_1(£j
2 2

Hence correct option is (c).

Situation is shown in figure.
F=30cm

(@)

<« 60cm —

28.

29.

30.

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 c¢m.

Correct option is (b).
sin 45°

sinr

=ﬁ:>sinr:%:>r=30°

Ao

45°

hence total deflection = 45° —(-45°) =90°

Hence correct option is (a).

sin(A + Sm]
_ 2

“ =
sin —
2
. (90°+5,,
sin| ———
3 2
= —_—_——
2 sin 45°
= sin 90°+ 8 ) _ ﬁ =sin 60°
2 2
= d,, =30°

Hence correct option is (c)

lzm_n{l_l}
f R, R

here n=2"" L

air  _

n’glass 5

1

1 (1 j[l 1
= —=—-1|| —=+—
f \15 10 10

= f =-15cm. Hence lens is concave

Correct option is (a).



31. Forlensu=-12cmand F =+ 10 cm

Wehavel—l:l

v u f

1 1 1
= ==

v 12 10
= v=60cm

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.,

R

convex

:50cm3F:§:25cm

Hence the correct option is (b)

32. T /\

10 cm—>

.11 1 1 1 1
Using=--===
v u f

= v=-30cm

v (-12) - 20

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 havep = St

sinr

60°
45°

60°

J2 _ sin 45°

V3

=sinr= g: r =60° (on both faces)

sinr

Hence the angle between emergent ray

35.

36.

37.

35

=90°-(30 +30°) =30°

Hence correct option is (b).

Since the ray retrace its path hence
/AR =90°= /R@N = /r=30°
w="Y s sin g =psin r =2 x sin 30°

sinr

= sini= = i=45°

2
Hence correct option is (c).
f=10cm

the focal length of = 1_1 + 1

F 10 10

= F=5cm

Hereu=-7.5cm, FF =5cm

1 1 1 1 75-5
= S+t ———-=> ==
v 75 5 v T.5x5
= v=+15cm
Hence |m | = v height of image :E
u height of object 7.5

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

v u R

1 31 32-1
- e E—

v 2 (o) -20
= v=+40cm

Hence correct option is (a).

Lok
f \ng R, R,

Here R, =-30cm and R, =-50cm
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38.

1 ( 1.5 j[ 1 1 j
P 1 -+ =
f \14 30 50
On solving
= f=-1050cm
Hence correct option is (d).

From the figure, it is clear that p; =pg <py

Hence correct option is (b).

. Here A =60°, §,, =60°

. (A+3,
sin
B 2 _ sin 60°
3 sin 2 sin 30°
V3/2
== \/g
ST

Hence correct option is (a).

JEE Corner

Assertion and Reason

1.

3.
4.

Due to shifting of image on refraction
Shayam appear nearer to Ram and light
suffer two refraction. Hence, both (a) and (b)
are correct but reason does not explain the
assertion.

Correct option is (b).

Applying lens formula
1. 1.1
v u f

Let u = object distance from lens

v =d —u distance of image from lens.

v+u=d
1 1 1
= - =
d-u -u f
= u? —du +df =0
d+.d-4
- y = dENG AT sz

~uisreal henced >4f

Thus mean distancev =4f, if
u=-2f,v=2f. Hence both assertion and
reason are true, and reason explain or may

not explain assertion. Hence correct option
is (a, b)

Correct option is (b).

Correct option is (c).

5. Since both assertion and reason are true

built reason is not explain assertion Hence
correct option is (b).

. Using mirror formula.

1. 1.1
v u f
Here u=-w
f =— [ (concave lens)
1 1 1
=
v o —f
= v=—f

Hence image is formed at principle focus
thus assertion is false but reason is true.
Hence correct option is (d).

sin(A + (‘Smj
_ 2

sin A/2
Here A=60° p=+2
(60 +35,, ]
sin
- -\ 2 )
sin 30°
= 60+0n _ 450 5, —30°
2

Hence both assertion and reason are true
and reason explain assertion correctly.

Correct option is (a).



8. Focal length of combination

11,1 11
F Fconvex Fconvex fi fZ
if fi>5
1 1
7<7
ik

= 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).

. Since glass slab produced a net shift. Hence
v is increased. Thus magnified image is
obtained but image may be real or virtual
depending on the position of slab.

Correct option is (b)

10.

11.

12.

13.

37

In this case image distance of O; and O, are

same from the lens.
1 1

1 .
~ — > =" and reason is trure.
v ou

Hence correct option is (d).

Assertion is false since only ray energe if
refractve index of the colour less than the
prism and angle of incidence is less than
critical angle but reason is true. Correct
option is (a).

Iftwo object is placed between pole and focus
image is real hence assertion is true. Also
reason is correct.

Hence correct option is (b)

Since both assertion and reason are true and
reason explanation is correct.

Hence correct option is (a).

Objective Questions (Level 2)

m Single option correct

1. We have y = 2eal depth
App. depth
4 1
= —_——
3 App.depth

= App. depth :%

Hence the distance between bird and mirror
=2+ 3 = Em
4
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 11 11
= 4 =
4 4 2

Correct option is (d).

Ho Mg Mo~y

2 voou R
Here p=—ouy =1
and py =1.5
= 15 + 1 %: v=3R
v w
Hence correct option is (b).
3. From figure, r =30°
Normal

r=0+a-90=120°-90°



Hence p = sin 60 =+/3
sin 30°

The correct option is (d).

4. The lens become diverging if

Hi—Hg >Hg —H3

= Hp+ g > 20y
or 2ug <pp+pg
Hence correct option is (b).
1 1 1 16f
v, 16 f 16-f
- -16 - )
L G A ..00)
16 16(16-f) 16-/)
and l+1=1:>v2=i
v, 6 f 6-1
Wy = %2 (- image is virtual)
= my = 66 __ ...(i1)
6(6-f) 6-f
But m; =my = i = _f
16-f 6-f
= -6+ f=16-f=2f =22
= f=1lcm

Hence correct option is (d).

. Letreal depth at any instant ¢ of the water is
h then volume of water V = nR2h

v _ gz dh (@)
dt dt
Let apparent depth at this instant is A’
_ Real depth
H Apparent depth
= L h =>h = My
n L)
Now dn —x= dn
dt ny, dt
= dh _xny ...(i)
dt mn

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

dv _ nRxny
dt n

Hence correct option is (b).

air

v 0=37"=i=[90-(90-0)]=0=37°
Applying Snell’s law on face BC.

sin37° _p, 3
sinr pu; b
= sinr:ésin37°:§><§:1
3 3 5
= r=90°

Hence deviation § =90° + 37°=127°

Correct option is (b).

. Let refractive index of liquid is p

For position of fish w.r.t. bird is
_ Real depth x

=S u=— ..(4)
H App.depth H hy
For position of bird w.r.t. fish is
1
J .(2)

woohy

From Eq. (i) and (ii) we getu = %
1

Hence correct option is (a).

R
(R-1t)

S((R-*+32=R?
= 2Rt=9 “R>>T



10.

11.

12.

13.

B 900 mm
3 mm

=300 mm

= R =150mm =15cm

Hence correct option is (a).
vy v f v —f

_v
my =L =

-f )
= ...(3)
v, W -f) '

1 1 1
—t—=—==Uy =

v, Uy f

vy —f
...(i1)

my =my
_f _ Lj f _ Ul + v2

v —f vf 2

Hence the correct option is (d).

1 1 1 d

—="+
F fi K hk

_ _hh
hitf-d

as d increases f; + f; —d decreases hence F
increases. Hence image move to right.

=

Correct option is (b).

In this case, minimum deviation of ray 1 is
same as ray 2.

Hence correct option is (c).

For critical angle at glass air surface
sinE)czizg ...(@)
He 3
Now for glass water surface.
B, _sin6, 43 2
we sinr 32 3xsinr
. 4
= sinr=—
3

Now for water air surface

14.

15.

16.

39

uiw:sinrjﬁzéx 1
p, sinr 3 3 sinr
= sinr =1=r =90°

Hence correct option is (d).

For limiting angle of incident emergent ray
become parallel to the 2nd face

sin 7’

Js , '4J3
=,|[==r =sin —
sin 90° 7 7

Now r+30°+ 7 =90°

= r=60°-r
= r=(60°—sin! ,/3/7)
Now = s‘1n !

sinr

sin i

/7
et —_ =
3 sin[60-sin'./3/7]

= j=sin" {,/7/3 x sin (60 —sin™,[3/7}

= sinl{\g x sin (60° —210)}

—sin? {\/7/3 x sin19°}
=sin"0.49} = 30°

Hence correct option is (a).

The image form the object itself if the rays
incident parallel to optical axis on the mirror
i.e., image of refraction is formed at . It is
possible when O is placed at focus i.e.,
d=10cm

Hence correct option is (c).

The dot will appear at ¢ for all values of p.
Since position does not in same medium.

Hence correct option is (b).
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17. We have for total internal reflection

B E
3/2
990 \ 6/5
0
A c D
sini @
sin90 3/2
= sin i =é:> i:sinfl(ij =53°
5 5
Hence the ray will not cross BC if i >53°
= 90 + 0 +i=180°
0=90-i.i>53°
= 0<37°

Hence correct option is (a).
18. For reflection at curved surface
1 1 (3 ) 1
o 2 1k =
v (—x) 2 10

20x
= v=
x —20

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

u7g _ Hw(x -20) Mg ~Hy
0 20x o

=

= x=20cm

Hence answer is (c).

19. The ratio of focal length in the situation II

and ITITis 1:1.

Hence correct option is (c).

20. We have L1 =l
OB (-04A) f
1 1 1
= A
OB OA f
= = OBOA . oB.0A-AB
OA + OB

OB.OA _
= f= B ..(G)
Now AB? = AC? + BC?

(OA + OB)> =0C? + 0OA? + OB? + OC?
=
OA? + OB? + 20A0B =20 C? + OA? + OB
= OC?> =0A OB ...(ii)
Putting this value in Eq. (i), we get
oc?
= f= AB

Hence correct option is (c).

. The shift produce

at=t|1-—2-
wH g

1 32 9

86| 1-— | = oe =2

{ 9/8} e T3 g
=36X1:4cm

Hence correct option is (b).

_ Real depth
H App. depth
4 real depth
= - - -
3 10.5cm

= Real depth = g x10.5ecm =14 cm

Hence correct option is (d).

. vyo=+1lcmandy, =-2cm

m=-Y=2=Y
u u
Now let x be the position of lens then
v=50-xandv =(40 + x).

50—«
= 2=
40 + x
= 80 +2x =50 -«
= -3x=30=x=-10cm

Hence correct option is (c).



24.

25.

26.

217.

28.

If the plane surface of plano-convex lens is
silvered it behave the concave mirror of focal
length f,,/2

fn =10cm
= f., =5cm hence R =10 cm
Correct option is (c).

Since lens made real and magnified image,
hence it is a convex lens when lens dipped in
water its focal length.

1 ““1][“1}
f Hg Rl RZ

4/3 1 1 -1(1 1
= —-1|| =—+— |=—/| —+—
3/2 R, R, 9\R, R
- f is —ve lens behave as concave, hence
the image is virtual and magnified.

Correct option is (c).

The prism transmit the light for which angle
of incidence(c), 2¢ <90°= ¢ < 45°

[ ]

1

Hence p = = =J2=1414
sinC sin 45°

Correct option is (b).
1.1 _L1om=|2=s
v (-1 f
For convex lensv =3u
L + 1 1:> f =12 cm (for real image)
48 16 f

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).

Vg :nkgziznkg ...(1)
He

41

and < - ni, ...(ii)
“w
Dividing (i) and (ii)
Py _te_ 4 _4
Mg My 3ug B
O
3
Hence correct option is (a).
x:f:lfz +d(fi —d) and y = (fi—-dA
h+f-d fi+tfh-d
f=20cm f=-20

=]

<«—30cm—>

Here fi =/, =20cm, d =30cm

and A=55m =0.5cm

Putting these values we get
x=25cm and y =0.25cm

Correct option is (b).

. Since for each 6 angle of incidence at

glass-air boundry remains 0° hence there
will never be total internal reflection.

Correct option is (d).

. Diameter = x Original diameter

4 4
=—xlcm=-—cm
3 3

Hence correct option is (a).

32. l:(1.5—1)[i+ 1 }
f

] 20 20

= fi=20cm

Hereu; =-30cm
11 1 1 1 1

= —=— — —
v ou fi vy 20 30
v

Magnification |m,| :‘ iy 6£ =
u| 30

=v; =60cm

+2

(Inverted image)
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33.

34.

35.

For second lens. L + 1 i:> vy =+30cm
v, 60 20
30| 1

Magnification |my| = ‘ 0 ‘ =5

Total magnification =m; x my, =1

Hence object size remains 3mm and it is 36.
formed at (120 + 30) cm =50 cm from first
lens.
Hence correct option is (b).
From left hand side refraction occur from
ng =2ton; =1
n="1-1_05
ny, 2
n 1 _n- 1
v u R
05 1 _-05 1 05
10 10 10 10
Y 37.
= v=10cm
Hence correct option is (a).
Forlensv=-20cm, f =+ 10cm
Using1 1 :lwe getv =20cm
v u f
38.

This image acts virtual object for convex
mirror. For mirror v = —(x —20)

and v =—(20+ x) and f =+ 60cm

Usingl+1:l
v u f
1 1 1

“(20+x) (x-200 60

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

In this case system behave as concave
mirror or focal length =p x f,

=1.5x20=30cm

Now using mirror formula
1 1 1
—+—=—weget
v u f

Hence correct option is (d).

Shift in mirror :6(1 - %j =2cm

<~ 06cm—

Man
15

«~—50ecm——m

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

=96 cm
Hence correct option is (b).
Using lens formula 1.1 = 1
v u f
1 1 1

+ =
(f +40) (f+100 f
On solving we get f =20cm

Hence correct option is (c).

sin 0
S on oy
sin(90-6,)
sin 0
cos 6,
2
Now cos 0, < |+ "2
m
2 2
= sinf< |72, ny
m
= sin 0 < n% - n%

Hence correct option is (a).



39.

40.

41.

For mirror u=-1cm (taking upward

direction + ve)

f=-2cm

1 1.1

v f u
= 1:—14.1:1

v 2
= v=2cm

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 is
= 1—i x9 =3 cm
3/2

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

We have Mz _ M1 _Hz ~H1
voou R

For real object u is + ve

N pe (Mg —my) py
v R u
Ris+veandp; >p,

= L BN §
v u

= v=—ve

Hence, if u; >y then these cannot be real
image of real object.

Hence, correct option is (a).

At oil-concave surface

l=(1.6—1)[l+ 1} -1_06
fi o 10 fi 10

At other surface light goes from oil to glass
1 :(E _1J[_i _i}
fo \1.6 10 20
1 03

f, 20x1.6

Let focal length of combination is F’

42.

43.

44.

45.

46.

43

l_l+l 06 0.3
F fi 5 10 20><16
= F =28.57 cm

Hence correct option is (d).

Using formula
Mo Mg _Ho My

v u R
For real image 1 is —ve
- Hg M1 _Hz2 7Hi
v u R
1.5 05 1
= il
v R u
= 1—5:i lv1s+ve1fu>2R
v 2R u

Hence correct option is (b).

vzlwhenu<f

u lend to lens

= if u—0v—->0

Hence correct option is (d).

Since image formed by diverging lens is
always virtual.

Hence correct option is (a)

If the object place at first focus the image
forms at w ie, rays incident the plane surface
normally and retrace its path.

R 60 490em

Mg —py 0.5

Nowx=f =

Hence correct option is (a).

Ho M1 _H2"Mig  _16
R Ho

i1 Y
E_ 1 1.6—1_£
v; (-2) 1 10
16 6 1 1

= —_— =
v; 10 2 10

= v1:16m

For Ly =2



47.

2 1 _2—1_1

vy, (-2 1

E:1 —=—=Uy=4m
Uy

Hence separation between images =v; —vy
=(16—-4)cm
=12cm

Hence correct option is (a).

System behave a a concave mirror

Hereu =-10,v =—40cm

Using mirror formula

1 1 1
—+—=—weget
v u f

-1 1.1

40 10 f

= More than one options correct

1.

Since prism are identical hence if a right
prism produce deviation & inverted prism
produce deviation —4.

if n =2m deviation becomes zero.
if n =2m + 1 deviation produce is &

Hence correct options are (a) and (b).

sin i

30° sinr

* sini=psinr
= u=tan30°=+3

if speed of light in medium x isv
v v
then speed of light; in medium y =~ =—
TG
Since y is denser w.r.t. x hence total internal
reflection take place when incidence in y.

48.

49.

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

The focal length of lens combination is 2f

1 (1.8-1.2) [1 1}
Hence —=———-—| —+ =
2f  (1.2-1 © R

1 06

16 0.2R

= R=48cm

Hence correct option is (a).

If plane surface is silvered the system acts a
concave mirror having focal length

:5:24cm
2

Hence correct option is (c).

The correct options are (b) and (d).

The correct options are (b) and (c).

4. The lens form real image if D>4F
(displacement method)
.2
and f =D2 il
4D

and the magnification m;m, =1

Hence correct options are (b), (c) and (d).

. Deviation produced by prism

d=(u-1DA=(1.5-1)4°=2°
if the mirror is rotated 0 =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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m Match the Columns

1. Correct match is 4. (a) > q,
(a) »>q,r (b)—> p, s M) >r
(¢) > pr (d)— pr c)>r
2. (a) > p,r (b) >q,s d—p
©—>qr @—qr 5. Sincelz(n—l){l—l}
3. o f R, R,
. M heren=15for(a)n=1.4
1 ] - 1_(1.5 1)[1 1}
! p2 > p 14 N Rr n
= fis+ve
Hence image distance is less than x and hence
virtual.

(a) > p, s* f increases, power decreases

=@ —q,s (b) > g, s f is —ve and increase in
Similarly as in (a) the correct match for magnification
(b) > q,r Similarly
(c)—>1 \J / (¢) > q,sand
| (d— p,s
2 6. For real object at 2c convex lens form image
at 2c similarly for virtual object concave lens
o) does.
(a)—>q,s (b)—>q,r
(0> p,s (¢c)>q,r d) —q,r

dp,r



28 Interference and Diffraction
of Light

Introductory Exercise 28.1

. Because they are incoherent ie, A¢ does not I = —10 1 6x [2 cos? 0 _ lﬂ I,
remain constant. - 2
. Since laser is highly coherent and =110 + 12cos> 0 —6} I,
monochromatic source of light - 2
. I=I,cos®0/2 - 4+12cos22}10
310 _ 2 B
= T—Iocos 0/2 :410[1+3c082g}
V3
= cos 6/2:? Now, I, :%)
06 n
= —=— 4 2 0
= I=-1 1+ 3cos” —
= =" d
3 6. =22 (u-1¢
D
A AmoA
= Ax =— % ¢ = X — =— by
2\ 2 3 6 if ¢= 2 D
w-
But Ax = ¥d d
D = Ax = L _
DAx D A D 2
= y=——=—x—
d d 6 For maxima Ax = n
1.2x600x 107 yd ( 1}
Sy=""""""" 7" 48 um = ~—=[2n+=|A
YT 0.25x10% %6 3 D 2

. 2ut = (n - %j A for minimum thickness n =1 This become minima.

For minima Ax :(n - 1) A

2

= t=%=4315:0.5cm 4 A N
woo4xl yd _n_ . M

A2 2

. Herea; =3aanda, =a

yd . .
R% =(3a) + (@)% +2x 3a x a x cos 0 =7 n) this become maxima.

= I =91, +1, +6I,cos 6 Hence maxima and minima
= I =[10+6cos 611, interchanged.

are
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7. For two slit experiment = n=6
dsin 6 =ni 8. Since amplitude of each wave is equal. The

. ni amplitude of resultant wave is zero if waves

= sin 0 =— . .
d are equally displaced in phase

. ni , 360° o

But sinf<1=—<1 le, 0= =45
) 8
4 1 *6 . o
- < % ne : X : 377 —6.67 Hence phase difference must be 45
X

AIEEE Corner

m Subjective Question (Level-1)

1. R? =a? + a2 +2a,aycos § - ezg
()R =2a,a,=a, =a
2 21 22 2 Now, ¢:27 Ax
4a” =a” +a” +2a” cos ¢ A
= cosp=1= ¢$=0° 222775 Ax
(i) 2a® =2a® + 2a” cos ¢ 2z
= $=90° - A=y
(iii) a® =2a? + 12a2 cos ¢ But Ax:%
:>cos¢:?:> 6=120 D Ax
= =—
(iv) 0 =202 + 2a cos = ¢ = 180° d
W Y N _ Imx)i 1x500x107
(1“'1] Y 4 x Imm 4x1073
2. Imax :(a1+a2) _ Qo
I (0 —ay)? (al 1T = y=1.25x10"*m
Qs 4. I =1 ., cos2g
) 2
5 I 0 T
(a)~max — ] cos? —= 0=—
3+1J 2 max
- %&:72:8?:16 2 \ 2 2
min 5 Now 0 =" x Ax
3-1 A
A yd D)
Ax="and Ax =""= =—"-
Imax:Imin:16:1 - 4an D:> 4d
0
3. I=1I_, cos®>— (b)ll =1 cosZQ
2 max max 9
I X
= o =Imaxcos2* :>cos§=cos5:> e:zl
2 2 2 3 3

0 2n
= COS — =C0S — ===
9 b=—x Ax
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21

2T Ao Ax =
3 3

Now Ax = yd:>y D
D 3d

5. (a)I =1 coszg

max
I,.-=1,and06=60°
= I =1I,cos®30°= ZIO =0.751,

21
(b)6=""x Ax
A
T2 Ak
3 A
L 480
:> J—
6

= Ax =80 nm

For constructive interference difference
wavelength =0, 2, 2\

A=6>d,, =5

Hence only constructive interference occur
at AL=0

= ngm =25m

For destructive interference AL =, 34

Only possibility at AL =6

Which occur at x =1m and x =4 m from A.

8
7. The wavelength A = ‘o LIOG =2.5m
n 120x10
A - B
° ® =(9 ol )
X >

For constructive interference
x—(0 —-x)=n)\,wheren=0,1,2...
x=4.5,5.75,7,8.25
The other points are 3.25, 2,.75

10.

11.

12.

. In Young’s double slit experiment

D
d
= 2.82x10°m %
460x 10
= A =590 nm
. x, for bright fringe is given by
nD)\
nTTg
= Xy = Dx and _2D%
1Ty Ry

Ax = % the angular separation

-7
sin(Ae):&:&:%:2.5x 1074
D d 2x10°

(AB) =sin'[0.00025]
=0.014°
When whole appratusis immersed in water

x=nwx=§x 700x 10°m

_D)L_48x107%x4x7x107"

= = =0.90mm
d 3x25x10
w, D nd wy _ D
d
(D; =Dy)
- wl_w2 -
d
2
= 3x10° 102107
10
8
o =3, 10 — =2x10"°m =2um
15 10°
For bright fringe x,, :D;M

For first light (A = 480 nm) the third order
1x3x 480x107°

Bright fringe is x5 = 5% 10
X

For second light (A =600 nm)
. 1x3x600x107°
Xy = —~
5x 10




3 x 1079 x (600 — 480)
5x 1072
B 3x120

!
Ax =x3 — x5 =

x 1078

Ax =72x 1078 Ax =72 um
13. Fringe width :
D
T d
_(500x 107°) (75x 10°?)
- (0.45x 107%)

(O]

=0.83x 10 m =0.83 mm

Distance between second and third dark
line = one fringe width =0.83 mm.
14. For first order bright fringe
D),
x ==t
d
3x600x107°
d
18x107" 18
= = = X
4.94x1073 5.94

= 4.94x107°%=

10*m

Let for wavelength A first dark fringe is
obtained at this point for first dark fringe

D\
x="
2d
— 4.94 %103 :M
2x 18 x 10~

= 2x18x 1077 =32

= 2=12x 10"m A =1200 nm
15. !

e 2

Sq //’/’,—”’
et y1
=250
screen

S

16.

17.
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For dark fringe
dsin 6 =(2n —1)%

For first dark fringe n =1 and for 2nd, n =2

dsine:&
2
dsinG':%jsine:i
2 2d
N WS
JD? +y? 2d
and y72:%
550 x 107°
= 1 - T L)
JB5x 102 + 7 2x18x10
Yo  3x550%107°

and = —
J85x102)? 452 2x1.8x10

On solving y, —y; =12.6 cm

Wavelength of source A = »
2meV
6.62x 10734

=

A=
V2% 9.1x 1071 x 100x 1.6 x 1071

= A2=1.24x10""m
DL 3x1.24x1071°
w=—=

ST ST

Given A =546 nm =5.46x 10 'm,D =1m

d=03mm =0.3 x 10°m
(a) At distance y =10mm =10 x 107°m from
the central fringe path difference will be
y.d 10x10°%%x0.3x1073
D 1

=3x10°%m

Ay

Corresponding phase difference
2 2n

¢:i‘xAx=7_7x3x10*6 rad
A 5.46x 10

=1978°
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18.

19.

I =IOCOSZQ
2

=1, cos® (%j =1, cos® 989°
I=3x 10_410
(b) Fringe width w = %

5.46x 107 x 1
w=————"—/,

—— =1.82mm
0.3x 10
Number of fringes = _10mm =5.49
1.82mm

Hence the number of fringe is five.

Shift due to sheet of thickness 10p and
refractive index 1.6 is
Ax, = (wn-1tD
d
10x10°¢x1.5

= Ax; =(1.6-1) x
! 1.5x1072

= Ax; =0.6x10x 10 =6 x 10°m
Shift due to sheet of thickness 15 and
refractive index 1.2 is

(1.2-1)x15x10%x 1.5
1.5x 1073

Axy =

Axy, =3 x 10°m
Since these shifts are in opposite direction
of central maxima hence net shift
Ax = Ax; — Axy =6x 10°m -3 x 10°m
=3x10%m =3 mm
Let A is the wavelength of light D is screen

distance from source and d is the separation
between slits (all are in metres)

Shift = ax = H = DD
(1.6-1)x1.964x10°x D
- d

= Ax

20.

21.

A = 1.1784 D

= x10%m

Now when ¢ is removed and D is doubled the
distance between successive maximum (or
minima) i.e., fringe width
2D\
w="—=
d
but according to question Ax =w

1.178x10°D 2D
d d

= 1=0.589 x 10°°m =589 nm

Let n bright fringe (» =5500 A) concide with
10th

bright fringe of 6000 A
= nx 5500 A =6000 A x 10
= n=11

Similarly first bright fringe concide with 1st
fringe. Now fringe width
14.74 -12.5
we_{FT40
10

=0.224 mm

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 mm

Hered=1cm

1cm

“~——<—7T

D=100m
A =500 nm



For first dark fringe
_ AL 100x 500x 10°°
YTod T 2x107
= y =2.5mm

22, The destructive interference will be 2ut = ni

for thinnest n =1

= 2ut =\
A 650x107°
= t= =2
2u 2x1.42
= t=114 nm

23. Here ¢t =0.485pum, ¢t =485 nm, n =1.53

(a) Condition for constructive interference
in refractive system

2ut :(n —%)k where,n=1,2

For n=1% =4nut=4x1.53x485
=2968.2mm

which does not lie in visible region put

we get L =424 nm, 594 nm, ...

(b) For structive interference in transmitted
system

2ut =nA, puttingn =1, 2,

only A =495 nm is lie in visible region.
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24. For constructive interference
2ut =(n —%)kfor t to be minimum n =1

A 6000
= t =

M -1154 A
4 4x1.3

25. For destructive interference

2ut = nA for ¢ to be minimum

n=1
= p= 800 )
2u 2u

For constructive interference

A
ut=C2n-1=
ut = ( 9

2 @n-1n=

n 2
1600=(2n -1 A

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

For

800 A
X —— =
2

n=2

1600 =31

@zk: A =533 nm

forn=3, A= % =320 nm which does lie

in visible

Hence A =533 nm

Objective Questions (Level-1)

m (Single option correct)

1. Using phasor method

R=,8+62 =10m

Hence correct option is (b).

2. Here 5—1 =B

2
Imax :[\/Z"'\/Z]z
I i :[\/z_\/g]z
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L 2
Imin _ 12 _ B_l
Imax ﬁ 1 B+1
IZ
04

max _Imin) _ B+1_B+1 ’
(Imax + Imin ) ZB

Imax B Imin _ 1

Imax - Imin B2
Hence, correct option is (d).

For nth dark fringe

x,=2n-1) Di
2d

For 1st dark fringen =1

D
= X =—o
2d
Angular position 6 = sin~! (%)
= 0 =sin! [L}
2a
4| 5460x 10710
= O=sin"| —
2x0.1x10
= 0 =sin1[273 x 107°]
= 0 =sin "' [0.00273]
= 6=0.16°
Hence correct option is (b)
For 10th bright fringe x;, = %
: D¥
For 6th dark fringe x5 =(2x6 -1) o
But x6 :xlo
11 5, 10D
2a d
N 20
= o227
Ao 11
But u= & - @ =18
Ao 11

Hence correct option is (a).

5. Shifg— *— DD
(1.5-1Dx10x107° x 100x 102
2.5x107
-6
=% =2x10°m =2mm
2.5x 10
Hence correct option is (a).
6. x, = D for nth bright fringe
N = %(2n —1) for nth dark fringe

Ax =x, —x,’ :%[2n -2n+1]
2d
_D».
2d
Hence correct option is (c).

7. Since at centre path difference for all colour
is always zero hence centre will be white.

Hence correct option is (a).
8. nyx A =nyx
60 x 4000 =, x 6000= n, =40
Hence correct option is (a).

9. Initial fringe width w; = %

(D-5x102))
d

|Aw|=|w2—w1|=%><5><10‘2

Final fringe width w, =

= 3x107° = x5x 1072

1073

3x10°°

= =L = 6000 A =2

Hence correct option is (a).



Now l:‘/z i \/E =
Imin \/ﬂ \/7 A ~-1
I,
[49 r >
+ 1 +1
1 ax 9 3 100
\/ﬁ Ty 16
9 L3
— max :%
min 4
Hence correct option is (a)
_ Dni
= Xg = 3D =7.5x10°m
d
_7.5x107°x0.2x107°

3x1

m Assertion and Reason

1. We have I =41 cos” * 1f¢:23£

wegetl =1,
Hence assertion is true.

Now path difference = % xphase difference

T
Path difference = i X 2r _ &
2 3 3

Hence reason is true.

But reason is not the explanation of
assertion. Hence correct option is (b).

. Here assertion and reason are both true but

reason is not correct explanation of
assertion. Correct option is (b).

12.

13.

. Assertion

53

= A=0.5x10"
Hence correct option is (b).

Let nth fringe of 6500 A concide with n'th

=500 nm

fringe of 5200 A.
. :an 6500 A :Dn' « 5200 A
d
n 5200 4
n' 6500 5

It means 4th fringe of 6500 A coincide with
5th fringe of 5200 A hence the distance

_ 4x120x107* x 6500x 107"
2x 107

x=0.156cm
Hence correct option is (a).

Since number of minima does not depends
on orientation hence n; =n,

Hence correct option is (a).

is wrong since fringes are
symmetrical ie, fringes obtained both above
and below point O. Reason is true.

Correct option is (a).

. Here both assertion and reason are true and

reason correctly explain assertion. Hence
correct option is (a).

Both assertion and reason are true and
reason correctly explain the assertion.

Hence correct option is (a).

. 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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2.

d cos 0

0
«~— d —
S1 S

Path difference at point P is Ax =d cos 0

The path difference decreases as 6 increases.
- as 0 — increases, cos 0 — decreases

dcos 0

Hence order of fringe n = 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).

Here assertion is true and reason is false
and reason does not correctly explain
assertion. Correct option is (c).

9.

10.

o dsin 0 =nk
= sin ezn—xbutgzél
d A

= sinO:E
4

Now if 6 =30°
n=4sin 30°=2

Hence assertion is true.

=

Also reason is true and does not correctly
explain assertion correct option is (b).

Here assertion is false. Since shift

= G -1eD is independent of M.

Hence shift of red colour = shift of violet
colour.

and reason is true

Hy >Hp

Hence correct option is (d)

Objective Questions (Level 2)

. I:4I()cos2E

o
= I, =4I, cos® )
o
- x zg .4
and 21, =4I, cos® ™
o
N X% :% ...(i1)
a o o
AX =2, —Xg=— —— = —
RT3 T 12
Hence correct option is (c).
I=4I, cos2(Ej=kcos2(Ej
A A
1 =kcos2[%x k)zk .1

I kc0s2(Ej
4 by

= ﬁ =k cos? (E)
4 A

w1
= Ccos — ==
A2
X 1(1)
— =cos | —
A 2
™ T w 2%
= —=—o0or —=—
A3 A3
A 2\
= X=—0rx=—

Hence correct option is (b).

. Light of wavelength Ais strongly reflected if

2ut=(n+%)k n=0,12 ...(4)

=2ut=2x1.5x5x10"m =1.5x 10 °m

Putting A =400 nm in eq. (1) and using
eq. (ii)



1.5x10%m =[n+%jx 4x10"m

= n=3.25
Putting A =700

1.5x 1078 m=(n+%)x 7 %1077

n=1.66
Hence n can take values2 and 3.
From (i)if n =2, x:% ~600 nm
if n=3A=429 nm

only A =600 is given in the options.
Hence correct option is (b).
Din 100x 107

. X, = = Xn
" d 001x107
= x, =l For = 4000 A
10
-10
xn:nx4000>j510 m 105 xn
10
=0.04xn

= x, =4nmm
Similarly for A =7000 A
x, =Tnmmn =5,6
hence only x =5
Passes through hole A =5000 A

Hence correct option is (b).

. I=41, cosz(Ej where o _ Ak
o d

1% 6000x 1071°
o=

108 6~ 107

5% I, =1, COSZ(E)
a

3 9 X
— =c0s” —
16 a
NE) T
= —— =c0s —
4 o

99

-1 3 o -1 3
TX = 0L COS — | = X=—CO0S —
\ 4 T \ 4

= x =0.20mm

Hence correct option is (d).

6. Number of fringes shifted = @
4= a.5- 1)°>< t
6000 A
= i x6x10"m =t
0.5
= t=4.8um

Hence correct option is (a).

7. For nth order minima

ol
I e S
I
Sy | —————— b
Vo = 2n -1 D for 3rd miniman =3
2d
_5D) _5)
Y3794 " 20
0=tan 0 = i
D
Hence correct option is (b).
8. AB-d=3q-2%>"
C
]
|
(-a0) |
A-—=- + B
| (24, 0)
|
D
AB=15)\
Hence total maxima=14x 4 + 4
=60°

Hence correct option is (a).
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9. I =4I, 0052[E

= 1= 4I()cosZE —}
oa 4

I=4I()cosZE
4
41,
=—=2I
D) 0
= L1
I 2

Hence correct option is (b).

10. 1 =1, cost(u ~1) t}
o

atp=I = I=1I,

Hence correct variation is (c)

11.1=1, cosz(%)

3 2(%)
—1,=1,cos”| —
4070 A

™ 7T,
:> —_ J—
L 6
A
= x = 6 butx =(u -1)¢
)
= 15-Dxt==
( ) % 5
- _ % _6000 4
3 3
= £=2000 A =0.2 um

Hence correct option is (a).

12. Net shift =(u; 1) —(uy — 1) ¢

=(uy —pg)t =(1.52-1.40) x ¢

Net shift =0.12x 10.4 um

13. w=

14.

15.

16.

=12x 104 x 10 °m
=1248 x 10 °m
=1248 nm

Net shift =ni

where n is + ve integer

= ni =1248

Now, for 416 =1, n =3

For624 =X,n=2

Hence correct option is (c).

AD  6300Ax1.33m
dxn 1mm x 1.33

63x107° x1.33m
10°x 1.33

=0.63 mm
Hence correct option is (a).
()
=4x0.63 mm =2.52mm
Correct option is (a).
Ax =2 of fridge width

(H_l)t:2><0.63mm

_2x0.63
0.53

Hence correct option is (b).

=1.57 mm

Since on introducing thin glass sheet fringe
width does not change hence fringe width

=0.63 mm.

The correct option is (a).



m More than one options correct

1. Atcentre path difference between all colours

is zero hence cnetre is white since violet has
least wavelength hence next to central will
be violet and since intensity is different for
different for colours hence there will be not a
completely dark fringe

Hence correct options, are (b), (c) and (d).

. Correct options are (a), (c) and (d).

. w1 =4I;cos® g atcentre =0 =1 =4I,
and at distance 4 mm above o is again
maxima hence its intensity is also 4.

Hence correct options are (a) and (c).

m Match the Columns

1. ~I1=41, coszg

if 0=60°  I=3I,
if 0=90°  I=2I,
if 0=0° 1=4I,
if 0=120° I=I,

Hence correct match is

(a) > s5(b) > g;(c) > p;(d)>r

A
Ax =—x A
21 ¢
= A¢=2%Ax if Ax:&
= A¢—2—n—120°
3
if Ax:&
6

Ad=60°if Ax :2,A¢:90°
Using I =41, cosz(%ej

The correct match are

57

4. The correct options, are (a), (c) and (d)

Since phase difference = constant

Light should be monochromatic.

. Since in this case fringe pattern shift

upward hence the correct options are (a), (b)
and (c).

. M =Nyl for maxima

Using this option (a) is satisfied and
(2n; - DN =(2ny —1) )y for minima

Using this 3rd option is satified

Hence correct options are (a) and (c).

@->q M —>p)o>rd-o>s

. Distance between third order maxima and

central maxima = % =3w

Distance between 3rd order minima and
central
Maxima :(3 - lj& :2.5& =2.5w
2)d d

Distance between first minima and forth
order
maxima = 74D7» = & =25w

d 2d
Distance between first minima and forth
order

. 4D) D\

maxima=——-—=3.5w

d 2d
Distance between 2nd order maxima and
fifth order minima =4.5w - 2w =2.5w

hence correct match is

(@ —>q;(b) > p;(c) >r;(d)—> p
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4.

Since fringe shift in the division of sheet
placed soure hence

(@—p
Similarly for other the correct match

(b)>r,s)—>p(d)—>p
When y = % there will a dark fringe at 0.

hence (a) > ¢

wheny=E=3 2D
6d 2d

The intensity becomes 31
(b)—>p

D
when y =—— Intensity =21
y 4d y

(c)—>s

AD
when y =—— Intensity =1
Yy 3d y

d)->r

. When a thin plate (transparent) is placed in

front of S; zero order fringe shift above from
O hence
(a)—>r

When S; is closed interference disappear
and uniform illuminance is obtained on
screen hence

(b) > p,q
Similarly (c) — r, s and

When s is removed and two real sources s;
and s, emitting light of same wavelength are
placed interference disappear. Since sources
become non-cohrrent hence (d) — p, ¢



29. Modern Physics 1

Introductory Exercise 29.1

1. The positron has same mass m as the

electron. The reduced mass of electron
positron atom is
_mxm 1

m+m 2

1 11
Ay 6563 A

1
= — == .2 = ), ="8
Ay He ™ g2 2
Ao =164 nm

=R {l - ig} for largest wavelength n =3
2 n

~1_p P _ 1}
s 4 9

36 36

S A= 20
5R 5x1.097 x 10

= A=656nm

272
gon h
3. For H-atom r, =0~
nme
u, = ¢
. =
280nh
272
2, gon“h” x 2gqnh
T, = =2n T
u, me” x e
_4gyn’h?
me*
1 me*
nTm T 42313
T, 4eyn°h
4
> n=—s—
4e2h?

0 91x10% x (16x 1079
4% (8.85%x 10712)% x (6.6 x 10734)3

V1

= v, =6.58 x 10"° Hz
vi v; 6.58x10"
V2 == 73 e
23 8 8
=0.823 x 10'° Hz

® 1=R[i-i}

by 12 2
C 8 3
:}V:—:3X10 XR*
A 4
9x10% x 1.097 x 107
= V= 4

=2.46x 10 Hz
(¢) Number of revolutions
=, x T=0.823 x 10" x 1x 107®

=8.23 x 108 revolution
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4. Reduce
mym,  207m x 1836m

(207m +1836m)

mass
=186m

I’I’LH +mp

n? h?
r=4ne ———5 |=4ne — 5
' 0[4n2ue2J 0(4112(186m)e2J
Putting the value we get
n =2.55%10""m
_ —wet
8¢2h?

) =-2810eV

Ionization energy = - E; =2.81 keV

34
5. (a) L= ho_ %
mv  46x 107 x 30

6.6x 10734
9.1x 103 x 107

=4.8x10%*m

(b) A= =7.3x 10 ''m

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

n=3

_9 _ 9
18R 8x1.097 x 107

LIR[l_l}

M, 4

_ 4 4

2 3R 3x1.097x107

1 [1 1} 5R
—=R| 5 -5 |===
Ag 2 3°] 36

_36
5R

= =102 nm

=

=122 nm

= Mg

Soy= % _653nm
5x1.097 x 10
Ag x Ag
7. Vg =Vg +vp = =_—* P
o he, ~ g,

c c c 0.71x0.63
— =t — = =
g kKa 7‘La @ 0.71-0.63
1.1 1, _550mm

Lo }‘Kﬁ g, ¢
8. xzﬁ
AE
E3
Ey =—-2870 e\
K Ky
Eq
6.6x 10734 x 3 x 10®
= hg = 5
“ (E;-2870)x1.6x 10
-34 3
o 071x 109 - 6:6x107 x3x 10_19
(E; —2870)x 1.6x 10
Solving this we get

E, =—4613eV
6.6x107%* x3x108

= =0.63
Kz (4613 -E;) x 1.6x107%°
Solving this we get E5 =—-2650eV
4E .
9- V31:7:f ...(1)
5E
3
4E
1] 2
E
3E 3(4E)\ 3f
Vo1 =——=— =—
h 4\ h 4
_E_7
V3g = L4
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Introductory Exercise 29.2

1. eVO :%—W

_ 6.6x 107 x 3 x 108
2x 107" x 1.6x 107

= eV, ~4.3eV

= eV, =6.2eV -4.3eV =19eV
= V,=1.9 volt

2. P=15mW=15x10°W
Energy of each photon

_6.62x 107 x 3 x 10°
- 4x107

=4.96x101°J
Number of photons incident per second
- P _ 15x107°
~ Energy of each photon  4.96x 10

=3 x 10"
The number of photoelectrons produce
=0.1% x 3 x 10'° =3 x 10"
Currenti=3x 10 x 1.6x 1077 A
=4.8x107 A=0.48 uA
3. K,.. =hf -W =hf —hf,

= Kmax “(f—fo)

4 Ky =25 -W
A

16.62x10%* x 3 x 10°
1 2x107 x1.6x 107"

-3 eV

=[6.20-3]eV =3.20eV

The minimum kinetic energy =0.

5. K ox =hIf - 1]
1.2eV =hl[f - f,] (1)
4.2eV =h[1.5f —f;] ...(ii)
Dividing Eq. (i) and Eq. (ii)
124 f-1p
42 1.5f - f,
= 8 ~2f, =T ~fy
= 5f = 4f
4
= fo :ngO-Sf

=1.2x1.6x101° =6.62x 1073 L)fs _fo}

1.2x1.6x107"° 2f, fy

= =
6.62x 10734 8 4

= fo =1.16 x 10*°Hz

Subjective Questions (Level I)

1. Here . =280 nm =28 x 10 ®m
he 6.6x107%* x 3 x 10° J

E= 8
A 28 x 10
5 19.8 x 1072* x 10'6 Jo 198 x 107 J
28 28
-19
198 x 10 198 ., 6oy

= eV =
28 x 1.6x 107 28 x 1.6

~19
WehaveE=me2:>m:£2:Llo16
¢ 28x9x10

= m=82x10"%kg
Momentum p =me =8.2x 10726 x 3 x 108

=2.46x 102" kgm/s

2. Intensity of light at a distance 2m

1 = 1 W/m?

From the source = ————
4mx (2) 167
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Let plate area is A

Energy incident on unit time is

E, = 1 Ao
167

Energy of each photon
_6.6x107%* x 3 x 10°
4.8x107"

Number of photons striking per unit area

x Ax4.8x107"

. 16w
Ax66x10°*x3x10% x A

=4.82x 10" perm? s
3. Here p=8.24 x 10 2® kgm/s

(a) Energy of photon E = pc
= E=824%x102 x3x10°8
= E=247x10"1J
E in joule
1.6x 107
2.47x107"
1.6x107"

Energy ineV =

Energy (ineV)=1.54 eV

(b) Wavelength
-34
_h_ 6.6><10_28 804 nm
p 824x10
This wavelength in Infrared region.
8
4, Wehavec=fk:>fzgzw
L 6x10'm
= f=5x10"Hz

E
We have p = " = E = pt power per sec =

energy

= P=E

= 75=(hxv)xn
75

=

T 6.6x10 % x5x 102

= n =2.3 x 10?° photons/sec

5. () E =2.45MeV =2.45x 1.6x 107 x 10%J

-13
E:hv:>v=E=3'92X 1(334
h 6.6x10

=v=5.92x10%° Hz
(b) We have c =vi= r=C

\Y
x:mzmw 10 m
. We have p:\/ﬁ
= P = 2mK1andp2=\/m7K2
N b | Ky
P K,
N 5y -2
= K, =4K,

(b)E, = pcand E, = pyc= E, =2p;c

. (a) Since power =energy per unit line

let n be the number of photons

:>P=nE:>10=nx%

_10xA _ 10x500x 107
he  6.6x10%*x3x10°
= n=252x10"

(b) Force exerted on that surface

P 10 333,108 N

¢ 3x10°

=>n

. Absorbing (power) light =70% of incident

light
= P, =70% of 10W =7W
Refractive power =30% of 10 W

= P, =3W
The force exerted = Q + %
_ '? +2 ><C3 13
c 3x10°
=43x10°N



9. Force =rate of change of momentum

R p cos 60°

p sin 60
60

p cos 60

Y

p sin 60°

F:%hereAt:IS
At

F =2pcos60°

F=p
= F = n—h
by
where n is number of photons striking per
second
P 1x 10" x 6.63 x 1074

663 x 107°

=10°N

10. Here output energy =60 W/s

2x 60

Pressure p=—— =4x 107 N
P 108

de-Broglie wavelength
11. Herem =5g = m =5x 10°kg, v =340m/s

by de-Broglie hypothesis wavelength
L h _ 662x107"
mv  5x 107 x 340

= A=3.9x 10°* m
Since A is too small. No wave like property
is exhibit.

h 6.6x 1074

12.(a) h, =—— =
myu  9.1x 1073 x 4.7 x 10°

=155x10""m
b = 6.6x 10734
P 1836x9.1x 10721 x 4.7 x 107°

=8.44 x 10 “m

13.

14.

15.

16.

63

@n o _h_6.6x10*
p P T28x100

= p=2.37x 10 ** kgm/s
2
() p? =2m,K=>K=2L"_
2m
i (237x 10724y

T 2x9.1x 103!

e

= K=3.07x10"8J
KinJ 3.07x10"'®

K(@neV)= =
1.6x107°  1.6x107%°

= K =19.2 eV
Here T'=273°+20°=293 K

3RT h
Urms = 71”37": Mo
rms

_h
3 MRT

~ 6.6x 10>
\/3 x 1836 x 9.1x 10731 x 8.31 x 293

= A=

= 1=1.04 A
For hydrogen like atom
E=-—KHereE=-34¢eV

= K=34¢e¢V=34x16x10"19J
h )

A==

p 2m,K

~ 6.6x 107
V2% 9.1x 1071 x 3.4 x 1.6x 107

= 1=6.663 A

In Bohr model the velocity of electron in nth
orbit is given by
2

= Zgonh
Putting the values of e, ¢y, h and n =1, we
get
2.19 x 10°
—m
4

U, =2.19x10’m/s and U, = /s
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17.

18.

19.

m,U; melly 0 %
‘4
- . 6.6x 107
'79.1x10°1x2.19x 10°
=3.32x10m
= Ay =4% =4x3.332x10"m

=13.28x 10" m

=1.33x 10 °m

The radius of first Bohr orbit
r =0.529 x 1070

The radius of fourth Bohr orbit
7, =16x0.529 x 107
2mr; =2x 3.14 x 0529 x 10710
~3.32x 10 %m =3,

Bohr Atomic Model and Emission Spectrum

For hydrogen like atom we can write

e, =ﬁ(13.6 evV)
n

For lithium atom z =3 we get
E,= _—2(13.6 ev) - 1224
n

eV
n2

The ground state energy is forn =1

N E =$ev —_122.4eV

Ionization potential = - E; =122.4 eV
For hydrogen atom we can write

(a) E=—K > K =34eV

(b)PE =-2K =-2x3.4=-6.8eV

Since potential energy depends upon
refrence hence it will changed.

Binding energy of an electron in He-atom is
E,=24.6eV. ie, the energy required to
remove one electron from He-atom =24.6 eV

Now, He-atom becomes He™ and energy of
He" ion is given by
_ —2%(13.6)

n
n2

E forHe" z =2, we get

E =-4x13.6=-544eV.

Hence energy required to remove this
electron =54.4 eV, thus total energy
=24.6+54.4=T79eV

20. For hydrogen atom E, =

21.

-13.6eV

n2

Putting n =3, we get

_-13.6eV

E;= =-151eV

Hence hydrogen atom is in third excited
state the angular momentum

L_@_%_3x6.62x10‘34
21 2n 2x 3.14

= L=3.16x10"*kgm?/s
he  6.6x 1072 x 3 x 10°

We have A =——
AE AE
34 8
_ 6.6x 107°% x 371><0 10 (in Joule)
1023 x 10

_ 6.6x10* x3x10°
1023 x 107° x 1.6x 1071°

~12.1eV
= E,-E =12.1eV ButE, =-13.6eV
=>E,=-151eV
136

For H-atom E,, = _1:23'6 = -151=-"0r
n n

(in eV)

= n=3

Hence atom goes to 3rd excited state. The
possible transition are (3 -2,3 -1, and
2 — 1) ie, 3 transitions are possible and the
largest wavelength =1023 A

(From3 —>1)



22,

23.

24,

For hydrogen like atom
E, :é(13.6) eV
n

ForLi** 2z=3
=E, =i22'4eV:> E, =-122.4eV
n
E;= ~1224 v _ 1366V

AE =E; - E, =(122.4 -13.6) eV =108.8 eV

-34 8
}LZEZG'GXIO ><3x}1(; —113.74 A
E 108.8 x1.6x 10

The excited state energy He' atom will be
equal to the sum of energies of the photons
having wavelength 108.5 nm and 30.4 nm.

Moo
663 x 1074 x 3 x 10° [ 1 +L}
107 1085 304
= E,-E =83.7x10"J
-19
_8Tx10MT oy
1.6x 1079 JeV
ForHe" atom E,, = Llfﬁ)ev
n
ForHe" z=2
E, :7542'4 eV
n
= E, =-54.4eV
= E, -E, =54.4(1 -izjev ...(ii)
n

From Eqgs. (i) and (ii), we get
52.3 =54.4(1 - izj
n

= 1-L -096
n

= n=>5

For hydrogen like atom

E, =ﬁ(13.6)ev
n

65

Let for ten transitions quantum numbers
of energy levels aren,n +1,n + 2, n + 3 and
n+4

~0.544 eV n
n+1
n+ 2
v n+3
ogsevY v Y n+4
M:_ossev ()
n
—Z2(137-6);V =-0.544eV ...(ii)
(n+4)
Dividing Eq. (i) and Eq. (ii)
2
(n +24) _ 085 4 6o
n 0.544
- ntd_ 195
n
. 144195
n
- 4025
n
N n-—2 _16
0.25

Putting this value of n in Eq. (i)
-2*(13.6) _

o~ =-0.85
(16)
- 2 _256x0.85
13.6
= 2 =16=2=4

Hence atom no. of atom is = 4

We know that AE = h—;

= A= % for smallest wavelength AE is

maximum
~ 6.6x 107 x 3 x 10°
[-0.544 —(-0.85)]x 1.6 x 107

L =40441 A
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25. Here E; =-15.6eV = V2 =mo’r?
h
(a) Hence ionization potential But by Bohr’s postulate muvr = n
T
=—FE; =15.6eV \ 2r2_n2h2
he = mvrt =
(b) We have A = “E for short wavelength 4
272
AE is maximum = m3atrt = ’1:2
-34 8
—\(—9. X 1.0X = r =—5——%-45
4Pm3’
(c) Excitation potential for n =3 state is - ron
=E;-E, =-3.08+15.6=1252V
5o i 28. i:R(z—1)2[1_l}=i
(d) Fromn=3ton=1 Ak, 21 2
AE =E; —E, =-3.08 + 15.6=12.52¢eV 1 1
2
he ——=R(z-1) [1——2}
We know A =— }”Kg 3
AE
_ 1_AE_ 1252x16x10" N My _8x9 27
A he 6.6x107°% x3x10° hg, 4x8 32
=1.01x 107 (m Y _27, 27
= KKB 32 7‘Ka 39 Ao
26. (a)E; =-6.52eV h
c
. 29. 1, ==
A =860 nm =8600 A eV

Energy of this photon 5. _66x 10734 x 3 x 108
_ 12375(eV) % 1.6x107° x25x 10°

8600

=1.44¢eV
= X, =49.5pm

hence i‘ntern?l energy f)f a.tom after = gy, =2, =2x 495pm =99 pm

absorbing this photon is given by

E, =E; +144eV =-6.52+1.44

=-5.08eV

[1pm =10"2m]
30. fy, =(2.48 x 10"*) Hz (2 - 1)?

12375 (eV) 32107 5 48107217
(b) hy =—"——--=295eV = T Tenex -
4200 Ko
hence internal energy of the atom after - 3 x 10° —(z-12
emission of this photon is given by 0.76 x 10710 x 2.58 x 10'°
E;, =E, -2.95eV =(-2.68 —2.95) eV (z-1)=40 = z=41
= E; =-563eV 31. %, =’L“; AL=26pm when V, =15V
27. HeveUzlmm2r2:> deU =m?a’r ¢
2 dr = Ay =(); —26) pm
2 hc 1 he 12 1
muv _ 2 2 }\4 - = = — }\,
But ——=midr /' ex15V 15eV 15 15



32.

= (), —26) =§?»i
= 31, —26x 3 =21,
= A; =78 pm
781012 = 6:6% 10724 x 3 x 108
1.6x10° xV
6.6x 3 x 10726
=

T16x78x10 2 %107
= V =15865 volt

JV =a(z-b)
c 2 2
= —= -b
. a“(z-b)
1 a2 92
= —_—=— -b
rooc (z-0)
2
- 1 _ @ (13 g
887pm ¢
2
and L =a—(30—b)2
146pm =z

Dividing Eq. (i) and Eq. (ii)
146 _{(13 - b)}2

887 |(30-0)
= 2.5:M
13-b
= 32.5-256=30-b
2.5=1.5b
po?
3

...(1)

...(ii)

33. Jf =

2 2
L:g(%_é)
c 3

- q{za_gjz

67

. 2
%26 987 pm x (13 _gj
2
887 pm X(lg _g)
= hog = _~
(26_0
3
2
—887 pm x
P (73
=198 pm
3RC
—(z-1
4
\/W:\/3X1.1x107><3x108
4
4.92x 10" x 4 \
S o =(z-1
- 9x1.1x 10" (z-1)

= (z-1)=41= 2=42

34. P=Vi=40kW x 10mA =400 W

400><1: AW
100

(a) Total power of X-rays =4 W

% of P =

(b) Heat produced per second
=400-4 =396 J/s

Photoelectric effect

35. Einstein photo electric equation is

K .x=hv-W

max

= eV, :%—W Ko =€V

= 10.4 eV =&075 -1.7eV
AL(A)

— wA) =12375 1099 A
12.1

For H-atom A = E: AE = 12375
AE 1022

(z-17

——=12.1eV
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This difference equalton =3 > n=1
transition.

K .=hv-W
6.6x107* x 1.5x 10"
1.6x 107"

36.

= K .« -3.7

= K, =6.18-3.7=2.48eV

37. Here work function

W(n eV) = 12375
5000 A

K, ..=¢eV,=3eV
K. -"_w
A

max

=2.475eV

5 _ 12375
L@n A)
12375

=229 _929260 A
5.475

—2.475

= A

38. Comparing the given graph with

f=1x10" Hz
(a) v, =threshold frequency 6 =10 x 10** Hz
=10 Hz
(b)W =4¢eV

(c) h =slope of the graph
_CD__8ev
AD 20x10"“Hz

39.

. 8x1.6x107%

PR L 10%* J-s
X

vl(max) — §
U2 (max) 1

Here

Using Einstein equation, K, = % -Ww,

we get
1 hc
3 mv?nax N w

where m is the mass of photoelectron
1 he
~mlv P=""W
9 1(max) 7\41

...

=

1 he
5 m [UZ(max) ]2 =T

-w ...(>i1)

and

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

hc[i_i}sw
6000 3000
6.6x103* x3x10% x7

= =
6000x 107 x 1.6x 107°

8w

= W =1.81eV
Putting the value of Win Eq. (i)
he

1 9
g ima 3000x 10710

~181x16x 107

5 662x1073* x3x 108
7m(u1 max) = 7
2 3x10

—2896x 1071°
%m(ul max)? =662x 1071 —2896x 107

%m(ulmax)Q =3724x107"



40.

41.

Loy 3724 107 x 2
1max/ — 91x 10—31

~1.81x16x107* --
= Uy ey =9 % 10° m/s

:lvlmax =3 x 105 m/S
3

m, =9.1x 107!

and vy .«

Here intensity I =2 W/m? and

Area A =1x10*m?

Energy incident per unit time on the metal
surface

E=IA=2 x410*4 w
9 104 2x107" eV

1.6x10719 g

15
:2>< 10 oV/s

Energy of each photon =10.6eV

Number of photons incident on surface
~ 2x 10"
1.6x 106

Number of photoelectrons emitted
_053  2x107
100 1.6x106
=6.25 x 10" per second
Minimum KE =0
Maximum KE =(10.6 -5.6)eV =5eV

Kmax = he -W
X
= 34 8
Ky <863 10810 o e
180x 10
: 1078
Lot =% —2x1.6x 1071

%mevfm =11x10" -3.2x 107"

=7.2x1071%J

69

12x7.2x 107 6
Umax = W =1.25x 10 m/S

9.1x10%1%x1.25% 108

r= mvmax —
eB 1.6x10° x5x107°
r=0.148 m

42, The given equation is
E =(100v/m)[sin((5x 10") ¢
+sin (8 x 10%) ¢]
Light consist of two different frequencies.
Maximum frequency

15
_8x107 o7 10 Hz
21

For maximum KE we will use Einstein’s
equation
(KE) ox =hv-W

_1.27x10" x6.62x 10>

-2
1.6x 107"
= (KE),.x =3.27eV
43. Here E =Esin 1.57 x 107(x — ct) frequency
of the wave
15
v 1873107 7 05
2x3.14
We have
~34 15
eV, - 6.6x 107°% x 0.771§>< 10 19 lev
1.8x10

m Objective Questions (Level-1)
1. Einstein photo electric equation is
K ..=hv-W

its slope = h =planck constant which is
same for all metals and independent of
intensity of radiation.

max

Hence correct option is (d).

2. Since current is directly proportional to
intensity therefore as current is increased



70

intensity is increased since A,

ocl, if Vis
\%

decreased A_.  is increased.

min
Hence correct option is (c).
For hydrogen atom2 (Bohr’s model) nth

orbital speed v, = 2emh
€oT

For first orbit n =1

62

U =
! 2eq x h

~ (1.6x 10719
2% 8.85x 1072 x 6.62x 10734

= v:(i)x3x108 .
137 137

Hence correct option is (c).

=

22 210 4P 10
g6 A Sa 80X —>84B2

Hence correct option is (b)
Ay (in A) = 12375 12375 ~0.62 A
V (in volt) 20x 1000

Hence correct option is (c).

max

2eV
= Umax =4
m

_ [2x1.6x 107" x 18 x 1000
9.1x 107

We have %mev2 =eV

= Uy =8x107m/s

Hence correct option is (a).

2
For hydrogen atomv, = _°
2¢onh
e e
= U2 e 5 U3 =
2g, x 2h 2e5 x 3h
N v _3
vy 2

Let A, and A4 are the de-Broglie
wavelengths

e Apin =

_ _Us

h
muy
Ny
mug
2
3

o
7‘3
h _
}\‘3

Hence correct option is (a).

. For hydrogen like atom

E, :é(13.6 eV)
n

For ground staten =1

= E =-7x13.6eV
But E, =-122.4 eV

= -122.4eV =—2%x13.6eV
= 2 =9

= z=3

Hence it is Li2*

The correct option is (c).

he M7minx100=—%x100

min

min 67
=-2%
is decreased by 2%

Percentage change in A,

Hence A

‘min

correct option is (c)

10. E, = ﬁ(lS.G eV)for first excited state n =2
n
= E, :%(13.6) eV

= -13.6eV =%x 13.6eV

= z=2
Hence it is He*

Correct option is (a).

) 12375
11. &, (in A)y=——=2"2
min V (in volt)
= V= 712?5 =12.375x10° V

= V=124V



12.

13.

14.

15.

16.

Hence correct option is (c).
We have L = h

D
_h_6.62x107*

= - -
L 0.5x1071°

= L=1326x 10" kg-m/s

Hence correct option is (c).

he 66x 10734 x 3% 10°
— A =

W = — =
A 0 16x109x 16

= Ao =7750 A
Hence correct option is (a).

For H-like atom Balmer

el

For third Balmer line n =5

= 2x109x 107[1—%}
1085 x 10 175

series is

~100x1000
1085 x 1.097 x 21

= z=2

Binding energy =(13.6) x 2%eV =13.6 x 4 eV
=54.4¢eV

Hence correct option is (a).

If V; =0 then total energy =KE
= KE =13.6eV

and the energy difference between two
states =10.2eV

Hence total energy in this state
=13.6+10.2
=23.8eV

The correct option is (c).

__he _

330
he

2200

Substracted Eq. (i) from Eq. (ii), we get

eV, ..(G)

...(i1)

17.

18.

19.

3300 —-2200
3300 x 2200

3 he
 3x2200x 1071
_ 6.6x10** x3x10°
3x2200x1.6x 107 x1071°
30 15
16 8

Hence the correct option is (c).
he

eVO = hc X

0

E="_w
»
ag = _w
23
- 4E=%—W

From Eqgs. (i) and (ii)

4(’w_wj_?”“f_w
A A

= 3w

he _
A
W:hc

3\

Hence correct option is (b).

=

By Moseley’s law
\/7=a(z—b)forKa lineb=1
\/7=a(z—1)

= f=aB1-1D=ax30

and Jf =a(G1-1)=9x50

- £
f5

Hence correct option is (a).
JF =JRO) (z-D % —niz}

for K, ,n=2

71

()

...(>i1)

...
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20.

21.

22,

Kg,n=3

1 3
Ji. =NRC - [1- L] <vRC v 2

M:M(Z—l) 1—;:\/RC(z—1)X\/§

Jh [Bx4 [32
Jf. V9x3 N7’
Correct option is (a).

1 1 1
—=R| 5 —— | heren=3
A [22 nZ}

- derl -

w=he

62\

Hence correct option is (a).
23. eV, =h[2V, - V,]1=hV,

=

(1)
eV =h[3V, - V,1=hx 2V, =2RV, ...(i1)
From Egs. (i) and (ii)

eV =2xeVy,=V =2V,
Hence correct option is (b).

24, For H-atom Lyman series is

1 1 1
TRl - —
A [12 nz}

5R
36 = v=£=RC[i i}

A 2 2

= A= 36 For H-like atom
5R 1 1
Hence correct option is (c) v =RC [E - ?} x 2
h h
Ay =———and A, =ne ForLi*",n=3=v =vx3%=9v
2 meV eV
Hence correct option is (c).
Ap 1 [eV
= — == 25. Ground state energy of H-atom =-13.6eV
Amin € \2m
1 \/ 1.8 x 10" x 10000 ForLi' atom E, = 001V 22
= n
3x 108 2
-13.
; = 1366y = 136V
N Ap _ 3x10 _1 n
Amn  8x10° 10 N n=3
Hence correct option is (c). Hence correct option is (c).
1 .
5ev0:%“_w ) 26, mof =hvy - W ()
he 1 5 .
= ii —muvy =hvy - W ...(ii)
A% ™ w ...(i) o M2 Vg
From Egs. (i) and (i) = %m [} —v31=hlv; —vy]
e gy _te_y o
32 A = vy —Uy =—[v; — vy
m
Lo e ke y i o
3n 2 ence correct option is (b).
N % 5 ;3) AW 27. Il?or Lyr;lan jeries
2he L]
= — =4W

3\



28.

29.

30.

For largest wavelength n=2

1
——R — 31.
A [12 24
= l:R[l—l}
A
= x:i
3R
ForHe™ atom
L:R(zﬁ[i—iz}:m[l—%} 32.
Me 2 n 4 n
= ﬁzélR{l—%J
4 4 n
3 1 1
= - = =
16 4 n?
1 1 3 4-3
= ==
n® 4 16 16
= iz:i 33
n 16
= n=4

Hence correct option is (b).

Wehave\ﬁz g><(z—1)

7
\f 3x1.0973x10° «(92-1)
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Hence correct option is (c).

We have, %, h s hg = L
o B, J2m E,
h

Ay =——=""my,>m, >m,
b \2m,Es ’

and Ae=hy =L, “E; >E;>E,

Hence correct option is (a).

KE in ground state =13.6eV

Total energy in n = o =KE + Energy
difference betweenn =wton =1
= Total energy
=13.6eV +13.6eV
=27.2eV

Hence correct option is (b).

. Here P =1000 W,v =880 kHz =880 x 10°Hz

Let n is the number of photon p emitted
per second
P 1000

= = =
hv  6.62x 107%* x 880 x 10°

=1.7x10%

Correct option is (b).

34. Here 1=3000 A =8x10"m

=0.15 A

3><91><91>< 1.0973x 107
Hence correct option is (c).
For K, Ky and L, of X-rays
VK, =V, t Vi,
= Yo=Y, +Y;
Hence correct option is (b).

We have A = ——

and A, = ——— 35.

Energy of incident radiation E = h—; joule

he .
= E= i tex10m ™Y
6.62x 3 x 10726
T axl6x10% 2PV

-+ E <work function hence no emission of
electrons it means sphere remain natured.

Hence correct option is (c).

K, :ﬂforn:5
n
E, =_135'¥ — 0546V

Hence correct option is (a).
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36.

37. A

Koo =E-W =(6.2-4.2)eV =2eV
=2x1.6x10°J
=3.2x107J

Hence correct option is (b).
 6.62x10°%
 5200x 10710

6.625x 10727
= S IV 5
5.2x9.1x 10

= K

max

=9.1x 103 xv

~1400m/s

38. K

Hence correct option is (c).
6.62x 107 x 3 x 10°

= -1|eV
e {3000x 1079 % 1.6x 107"

Koo =3.14eV =3.14x1.6x10719J

= %mevzmax =3.14x1.6x 107"

3.14x3.2x 1071
7 Umax =47 707078

~10%m/s

Hence correct option is (d).

JEE Corner

. Here both assertion and reason are true and

reason explain correctly assertion. Correct
option is (a).
For photon E = he and p= E
A c
= If Lis doubled, E and p are reduced to
half. Hence assertion is true. Since speed of
photon is always c. Hence reason is false.
Hence correct option is (c).

If frequency is increased keeping intensity
constant photoelectron emitted the plate
reach other plate in less time hence
saturation current can be increased. Reason
can be true or not hence correct option is
(a, b).

Here both assertion and reason is true and
reason correctly explain assertion. Hence
correct option is (a).

Here assertion is true since possible
transition are6 —>3,6 >4,6 5553,
5—>4,and 4 — 3. According to reason total

nin —1) transition has n =3 = w =6

it may explain or may not explain assertion
Hence correct option is (a, b)
We have

eVy =hlv-vq]

10.

= Vo =—vy ——Vvg ...@)

e e
if v 2v, v, does not become double hence
assertion is false but reason is true. Hence
correct option is (d).

. Here both assertion and reason are true and

reason may or may not explain assertion
correct option is (a, b).

. Here assertion and reason are both true.

he . .

Amin = — if V — increases
ev

A... — decreases

‘min
but reason is not correct explanation of
assertion hence correct option is (b).
E, - -136
ny
= E, >E,

L. v
Hence assertion is trueand E =- K =+ 2

= vismoreinn =2

Here reason is also true but it is not correct
explanation of assertion hence correct
option is (b).

Here assertion is false but reason is true.
Hence correct option is (a).



m Objective Questions (Level 2)

2
L F, —F=0mM _m ..G)
R
and mur = @ ...(ii)
21
From Eq. (ii)
nh
=S>v=
2nmr

Putting this value in Eq. (i)

GM R’
r 4em%?
= r —7’12}7‘2
47 m*GM
KE =1mv2 zlm x GM :GMm
2 2 r 2r
PE - -GMm
r

= E =KE +PE
_ -GMm _ -GMm x 4¥°m*GM

= F
or 2n2h2

B 2172, 3

—E-= 27{26}2# for ground state n =1
n

—2°G*M*m3

A
n

Hence correct option is (b).
. We haveyp, =i,4, =%« nr
Tn

exX XTI XU, eu,r,

T T o 2

= anexv—lxﬂzevlr‘lxn
n 2 2

and plzevz—lrlxl

= M1:H?2

Hence magnetic moment decreases two
times correct option is (b).

715

_ 2
. For H-like atom E, = (ILLQ)Z&}V
n
Here E, = % and E, = -13.6 2
E, -E, =40.8eV
= 13.6 22 x [1—%} =40.8
. Z2 _ 40.8 X 4 Z2 :4
136x 3
= Z =2

Energy needed to remove the electron from
ground state is
~E, =+(13.6)x Z2 =+ 13.6x 4 =54.4eV

Hence correct option is (a).

e e ev,
ln:7:2 =
T, 4nr, 2mrn,
un
u, c—andr, «—
n
1 5 1
= an73:>7:73
n hp 2
= i =8iy

Hence current increases 8 times correct
option is (c).

. Since five dark lines are possible hence atom

is excited to n =6 state.

The number of transition in emission line
nn-1)

2

Number of emission transition = % =15

Hence correct option is (c).

. A, =mw? for hydrozen atom r, = kn®

where £ is constant.
= A, =nk’n*

A
= Ay =mk? cZn = pt
1
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Taking log both sides log (‘Z"J =4log,
1

Hence it is a straight line with slope =4
Correct option is (b)

For hydrogen atom i, « 1 and

3
i 1 2
BnoclocBn:kf5 [, xn"]
r, n
= BzzﬁandBlzk
2
B_1_1
- B 2 32
= B =32B,

Hence magnatic field increases 32 times.
The correct option is (d).

For H-atom Lyman series is given by

1:R[lz—iz}forﬁrsthnen:2
A 1 n
1 1
= —=R|1-=
A { 24
1 3R
= —=—
A 4

Momentum of photon P, =

> >

Let momentum of atom p,

-+ Initial momentum was zero. Hence using
momentum conservation law, we get

h 3hR

= My=2"=220

Py =Dpgp= MU x 4
3hR
= v="—"r
4M

Hence the correct option is (a).
Light wave equation is
200 V/m sin (1.5x 10"®sec ™) ¢

x c0s (0.5 x 10%sec ™M) ¢
1.5x 10"

Here maximum frequency = 5
T

Maxmum incident energy

10.

11.

12.

13.
14.

1.5x 10" 6.6x1073
= X
o 1.6x1071°

=0.98 eV

Since work function =2eV >maximum
energy hence no emission of electrons.

Thus correct option is (d).

Since in Balmer series of H-like atom
wavelengths (in visible region) are found
same or smaller hence the gas was initially
in second excited state.

Correct option is (c).
For H-atom 7T}; =2mn®
and for H-like atom

2mn®

2

For H-atom in ground state T}, =2n

T =

For H-like atom in first excited state

T :(Zn)x23 _2nx8

: 2 2
But Ty, :2Tx:>2n=w
2
= =16
= z=4

Hence correct option is (c).
For K, line of X-ray

1 o

T 17
.+ z (atomic No.) for Pb?%*, Ph?%6 | Pp208
are same hence A, =y =A3.
Hence correct option is (c).

The correct option is (d).

-13.6eV

nZ

Since E,, =

= E, =-13.6eV

—13.6eV

and first excited state E, =



15.

16.

17.

= E2 :—3.4 eV
AE =E, —E, =10.2if K <10.2¢V

The electron collide elastically with H-atom
in ground state.

The correct option is (c).

For Lyman series 1 =R [lz - %} here n =3
A ¥ n

= 1 =R[1 —1}

A 9

1 8R
= =

A9

h 8Rh

Pphoton X :T
But P, Photon — P, H-atom
= @ =M _ x

9 p
8x1.097x10" x6.6x 10734

= v=

9x1837x9.1x 10731

= v=4m/s

Hence correct option is (a).

Power = VI =150x 10° x 10x 107 =1500 W
The 99% power heated the target hence
Heating power = % x1500=15x99 W

The rate at which target is heated per sec.

(in cal)
_15x99 555 [ 17 =ical}
4.2 4.2

Hence correct option is (c).

13.6eV x 2°
E,=-—2°2"%

n

By 13.6eV 2andE, - -13.6eV 2
AE =E, - E, =(13.6)eV x 22 [1 —i}

S ' 9 16
— AE = M —32.4 eV

16x9

18.

19.

20.

21.

77

16x32.4x9
~ 13.6x7

49

= z=17

Hence correct option is (d).
h h h

A=— = =
p \/ZmpK \/2mpeV
=
10°13 = 6.6x 1073
2 1836x9.1x 1071 x 1.6x 107 x V
= V =8.15x 10* volt

Hence correct option is (b).

Since E,, oc%and L, x<n
n
5.l

L,

n

Hence

The correct option is (d).

eu,r, 1
nn ey, o = andr, o n?

n

Since p,, =

=>u, =kn

Where % is constant for H-atom

For ground state p;=kx1=Fk ..(@)
For third excited state n =4
o =kx 4=4F ...(>i1)

From Egs. (i) and (ii) we get py =4y,
Hence correct option is (d).

By conservation of momentum

Mv=(M, + M )v=0v =%

Let initial KE of H-atom = K
Final KE of each-H-atom = g

For excitation % =E, -E, = 136 136
= E =10.2eV

2
= K =20.4eV

Hence correct option is (a).
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22. We know that for H-like atom
E,=-K,=> K, =34¢eV

L
p 2m,K
6.6x 10734

2x9.1x107x3.4x1.6x 10"

= 1=6.6A
Hence both options (a) and (b) are correct.

Hence answer is (c) both are correct.

23.25. 0.6e= "¢y @)
4950 x 10
1.1e:E— ...(i1)
A

Subtracting Eq. (i) from Eq. (ii) we get

Ay 4950x 10

0.5x1.6x 107" 1 1
= 34 g+ 0~ 5
6.62x 104 x3x10%  4950x 10 Ao

=)y 4111 A
From Eq. (i)
6.6x1073* x3x 10°

= ~19eV
4.95%x107" x1.6x 107

23. W=19eV

Hence correct option is (c).

24, L=4111 A

Hence correct option is (c)

25. Since magnatic field does not change the KE
of electrons hence retarding potential

remain same.

Hence correct option is (c).

26. (KE) .« =5eV —-3eV =2eV
=2x1.6x-19dJ
h h

A

mn = om K

27.

28.

6.6x 10734

= Apin =
V2% 9.1x 107 x 2% 1.6 10719

min

=8.69 A
Hence correct option is (b).

Photo emission will stop when potential of
sphere becomes stopping potential

- 4 T:clso % =2V
Since (KE),.ax =€V
hence Vo =2

= q =8ngyr coulomb

Hence correct option is (b)

Let ¢ be the time for photo emission

xgxt:2

4neg 1

_ 8mgyr
q

t

Intensity of light at 0.8 from source
~3.2x107°

= =4 x 1074 W/m?
41 x(0.8)

Energy incident on the sphere in unit time

E =nx(8x10%?*x4x10* =8.04x 10°*W
Energy of each photon
E,=5x1.6x10" =8x10"J
Total number of photons incident on the
sphere per second
_E, 8.04x10°

11
B sx10

Since 10° photons emit one electron.

Hence the total number of photoelectron
per sec is @:ﬂzﬁzl

10t 10°
Therefore,
g=nyxext=10°x1.6x 107"% x ¢
9x10” x1.6x 10 x ¢

r

= 2




2x 8x 1073

Tox16x100 S

Hence correct option is (c).

m More than one options are correct

1.

) he . .
Since A =V if v increases 1, decreases
e
hence the interval between 1, and %, as
well as A, and 2 increases.

The correct options are (b) and (c).

Ron?V oclandE oc%for Bohr model of
n n

H-atom

= VRocnand%ocn

Hence, the correct options are (a) and (c).

For Bohr model of H-atom

3

Lon, ren? and Txn

Hence % is independent of n

£oci2and£ocn,Locn3
n r

Hence correct options are (a), (b) and (c).

h h
wA=—and A=
mu N2mK
Hence heavy particle has smallest

wavelength when speed and KE both
particle are same.

The correct options are (a) and (c).

Since there are six different wavelength

n=4

Y v n=1

Hence, final state will be n = 4.

Since two wavelengths are longer than %
[(From n=4 >3 andn =3 — 2)]

Hence initial state wasn =2

79

and there are three transitions shown as
(1), (2) and (3) belonging to Lymen series.

Hence correct options are (a), (b) and (d).

. '.'\/?:a(z—b)

\/? versus zis a straight line

c 1 a
=—= . |- =—(z-b)
=5 \/; Je
hence\/i versus z is a straight line

f=a’(z-b)

= log f =log a® +log (z — b) which is a
straight line

Hence correct options are (a), (b) and (c).

m Match the Columns :

1. Lymen series lies in UV region, Balmer

series lies in visible region and Paschen and
Brackelt series lie in infrared region. Hence

@ |r
(b) g
© |p
(d) p
. For H-atom E, = _lz’GeV
n
= E, = _?'GeV = _15'6 eV

Tonization energy from first excited state of
H-atom

E--E, -138y @)
4
ForHe" ion
Ey 1) :M x Z? forHe' z=2
n
= En(He)zﬂx 4
n

Ionization energy of He™ atom from ground
state =(13.6)eV x 4 =4FE x 4 from Eq. (i)

=16E
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5.

E,(He) = w ~-(13.6)eV

ButE, =— K, K, =(13.6)

andU =-2K =-2x(13.6) =—2x 4E = - 8E

From Eq. (i)

KE in ground state of He" ion
=(13.6)eV x 4
=4E x 4 =16E

Tonisation energy from Ist executive state

:_[‘13‘;6\’} 4-13.66V =4E

Hence correct match are

(a) —> S
(b) —> r
(c) — s
(d) — p
K, . =hv-WandV, :ﬁv v
e e
Slope of line -1is h, Y; =W
Slope of line -2 is ﬁ, Y, = w
e e
Hence correct match are
(@ — q
(b) —> P
(c) — r
(dy —> s
2
T2 ™ LU ?
v z n
3
n
= T c —
2
=(a)>r
Loen =(b)—>s
Vel =) os
n
n2
Rx— = d)—>q
z
Balmer series is

2 n
For 2ndlinen=4and Az =1

N l:(l_i)R
» \4 16

B

N 36 36
Bi " BR 5(&] 16x 5

27

=(a)->p

%zR[i—i}nz&zl,&..

_36x 3\

hp, 25 x 4

. _100 _ 100
Bs 21R 21X(§)
3

- 100x 3% 251

T 21x16 28

= (b)—(s)

For Lyman series
i:R[ ! —i} n=23,4

A 2
1 1 1
= ~ =R| .-~
M, [12 22}
4
L 73R
5 A
:>}\’L :?:Z = (C)—>q
&
L:R{l_l}:%
A, 9] 9
9 9 9x 3L 27h
A =——= = =

LIR{i_i}:Rx(%—éL):mR
2 52

100



6. The proper match are
(a)—>s

- X-ray is inverse process of photoelectric
effect [high energy electrons convert in
electromagnetic radiation]

= b)->p
A, o< %: (c)>q
- Wavelength of continuos X-ray depends
on voltage
=>->q
7. (KE).x <[ and stopping potential o f

= (@ —>pr

81

- stopping potental « f hence it remains
same

= (b)>s

Current is directly proportional to
Intensity. Hence sat current increases but
stopping potential does not chase

=) —>gq,s
*(KE),,.x =hf —W and stopping potential

:[hf_Wj

e e

IfW is decreased (KE) ., and stopping
potential increased

=>d->pr



Modern Physics 11

Introductory Exercise 30.1

4 x 3600
R, =AN =1000Bq
= A=1.55x10""/s
= &zlzﬂze%t = log8 =\t 0.693 0.693
R, 8 N, Tp=—"r—=—T"=124h
L 1.55x10
N 3log2=1982, 9
&4 1, (b) Ry =10mei =10 3.7 x 10%° x 10~ Bq
=3.7x10® B
= Ty = 9 =3 days d
3 RO = 7\‘N0
Average, life=1.44 x T}, =1.44x 3 =4.33 R, 3.7x10°
=>Noy=—=——"1"—"5%
days L 1.55x10
2. Ry =N, =92.39 x 10'® (atoms)
. 40x3.7x 101 x 106 22693 N, ()R =Rye ™
64.8 Coeos
40 % 64.8 x 3.7 x 10* =10mCix e 124 =1.87 mCi
= No = 0.693
: . 4. RO = 7\4N0
:13.8ix 10 R, 6 10"Bq
_ —At =Y - - =
NOW, N - Noe N() 1015
—-0.693 x10
NlO :Noe 64.8 =6X 1074/S

~0.693 x 10 ~0.693  0.693
~0.693x10 Ty =—— = -
=13.83x 10" xe 648 A 6x10

—0.693 x12
Ny, =13.83x10" xe 648

=1.16x 10%s

5. N,=N,=N,

Ty, =50 min and Tyz =100 min

= Ny - N, =13.83x 10’ y

-0.693 x 10 —0.693><12\| Nx:(NO)(ljn :NO(IT :&
e 648 _o 648 2 2) 16
n 2
o R A0
~9.47 x 10” nuclei 2 2 4
3. (a) R, =10mCi, R =8 mCi= 10 — ¢ No

R N, _176_1
-6 -
= 1og%=xx4x3600 N, TO 4
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Introductory Exercise 30.2
—-4.002602) u

1. AE =AMc
Here, P=10°J/s =10° x 24 x 60 J/day
9
= am =10 280 g6 q0tkg
(3 x10°)

9
2. Number of fission = 10° Jis

200x 10% x 1.6x 107
=3.125x 10*

3. Given reaction is
92U238 90Th234 + 2He4

AM =(238.050784 —234.043593

AM =0.0004589 u
AE =AM x 931.5MeV
=0.0004589 x 931.5
=4.27 MeV
4. Complete reactions are
(a) 3Li% + \H?> - ,Be + on'
(b) 1,C1% + H' > S + ,He*
(c) ;,Be’ + ;He* - 3(,He*) +,n'

(d) 35Br™ + H? > ;Kr' +2(,nh)

AIEEE Corner

m Subjective Questions (Level 1)

Radioactivity

1. (a) Initially the rate of distingration is
{(2Y) <o
dt ),

After 5 min ;i;\f =AN

)
L Ny _ldt )y 4750 _

N  dN 2700
dt

)
log N
Now N =N, e ™ ork:—%

2.3026 N,
= A= log,, =2
; 210 N
_23026) 7
5
= A=0.113 /min
(b) Half-life = 2693 Z 0693 _ ¢ 139 min
A 0.113

2. We have A =AN

6x 101 =Ax1x10%

= A=6x10"*s7!
o 0693 _ 0.693
V2 L 6x107*

=1155s

=19.25 min
3. A=\AN

A =8Ci=8x3.7x10" decay/s
, 0-693 _0.693
T, 53yr
0.693
5.3 x 365 x 24 x 60 x 60s

= N=—
by

_ 8x3.7x10'" x 5.3 x 365 x 24 x 3600
0.693

= N=7.2x10"
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6.023 x 10?3 nuclei =60 g
_ 60g
© 6.023 x 10%°

Hence 7.2 x 10" nuclei
_ 60x7.2x 10"

3
= 6023108 x10Te

4. Number of decay per second

1 x 6 x 1073 x

N 0.693
M 238

4.5%x10° yr

_6x10% 0.693
238  4.5x10° x 365x 24 x 60 x 60s

=1.23 x 10* decay/s
5. Probability of decay
P=(1-e™)=(1-e "Tmen)

=P=(1-¢"%=1-¢2=0.39
206
6. Since initially no Pb nuclei is present and

after time ¢ the ratio of —* =3
Pb
1 238
It means 1 of original U nuclei decays.

Hence N =Nge ™
(NO _JVO\J:NO ei}L
4
3 _u
4
N t:10g4 —log3
A
= o d—10gd) \p 109 yr
0.693
= t=1.88x10%yr

7. (R)gp,, =M4No

(R2)0P33 =2 N
Ry =(Ry)gp,, +(Bs)op,,

(R)p,, =M N =114N, e !
_log2
=\ x4Nye 14

x 60 x 365

(Ry)

tP3q

8.

9.
10.

11.

12.

_log2

(By)p,, =ho x Noe 2

R=B)p + Bty
1082 60 « 365 —10g2><60><365:|

x 60 x 365

:NO 47\418 14 +7\2€ 25

_ 3mCi
(AN + 1)

7log2 ><1640><365 7lv;g52 « 60 x 365
40 e + Age

3 mCi

4 x log 2 . log 2
14 25

log2 x 60 x 365 log2
{411042‘329 14 +1°i2xef 25 X60X365]

~0.205mCi
Complete reactions are
(a) ggRa?*’ —— o + ggRN???
(b) g0 —— F¥ 1 e+ v
(c) 13A1% —— [ ,Mg® +e" +v
Only reaction (b) is possible.
AE =(7x1.000783 + 7 x 1.00867 —14.00307)

x 931.5MeV
= AE =104.72MeV
AE =[8m,, +8m, —m(30'®)]x 9315

=(8 x 1.007825 + 8 x 1008665 —15.994915)
x931.5 =127.6 MeV

(a) Number of nuclei in kg
_6.023x10%
235

1

Energy
~6.023 x 107
235

=8.09 x 10'3J

x 200x 108 x 1.6 x 1071°



13.

14.

15.

8.09 x 10'%J
" 30x 10°J/g

8.09 x 103
" 30x 10°

8.09
3
=2.7x 10%kg

(b) Mass

1
x 10% x Wkg

Applying conservation of momentum
M(xva = MTivTi
—_ M(XUU.

= U
Ti M
Ti

K, = %Mavi =6.802 MeV

1 o 1. MZ%E
KTingTi UT1:§MT1 M%i

= KTi:]]g“ (%Mavij
Ti

_ 4 L 6.802MeV
208

_ 1 . 6.802-0.1308 MeV
52

Power =100 MW =108 W =102 J/s
10° _10*' MeV

T16x10BJMeV 1.6 s

Energy per fission =185 MeV

. 10%
Hence number of fissions =————— /s
1.6x 185
Number of nuclei in 1 kg
s 6023 % 10
235
6.023 x 10?6 x 1.6 x 185

Hence t = I

235x 107

=8.78 days

(a) The given reaction is
B2+ H— 1?4+ H

AM =[2m (;H?) - m (H?) — m ((HY)]

16.
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=[2(2.014102) - 3.016049 —1.007825]u
AM =0.000433 u
@ =AM x931.5=0.000433 x 931.5
~4.05MeV
(b) AM =(2x2.014102 - 3.016049
—-1.008665) x 931.5
AM =3.25MeV
(c) AM =(2.014102 + 3.016049 — 4.002603
—1.008665) x 931.5
AM =17.57 MeV
The given reaction is
He' + He*—— Be®
AM =(2x 4.0026 —8.0053) u
=(8.0052 -8.0053) u
AM =-(0.0001)u

.+ AM is negative this reaction is not
energetically favourable

AE =AM % 931.5
=-1x10"* x931.5MeV
=-93.15 keV

. Number of nuclei in 1 kg water

~ 6.023 x 10
18
6.023 x 107 L L5x 102
18 100
_ 6.023 x 1.5 X 1022
18
Energy realesed per fission

=(2x2.014102 -3.016049 —1.007825)x 931.5

Heavy water =

=4.33x102%x931.5x10% x 1.6 x 107°J
6.023 x 1.5 x 10?2
18

x 4.33x931.5x 1.6x 10716

Hence total energy =

=3200MdJ
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m 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+e +7.

Hence Correct option is (c).

Since nuclear force is same for all nucleons.
Hence F, =F, =F;

Correct option is (a)..

Given reaction is gy X2°° —— 4, Y168
Difference in mass number =200 — 168 =32

Hence Number of a-particles = % =8

Difference in atomic number =10

hence number of B -particles =6

Hence correct option is (d).

The reaction is

0o U?? + onl—— ., Xe'®® + .Sr¥ +3(,n)
The correct option is (b) three neutrons.
The reactions are A >+ o and f —> C + 28

After one o atomic number reduced by 2 and
after 28 atomic number increased by.

Hence A and C are isotopes Correct option
is (d).

Here m, =1.00785u, m, =1.00866 u

and m, =4.00274 u
Am =2(m, + m,) —m,
= Am =[2(1.00785 + 1.00866) — 4.00274]u
= Am =003028 u
AE = Am x 931.5 MeV
=0.3028 x 931.5 =28.21 MeV

Hence correct option is (c).

7 1

10.

n n
2 8 2
= n=3
= 3x Ty, =8s
8
= T, =—s
273

Hence correct option is (d).
N =N, e ™ for mean life t :%

1

_Ax=
Ny

e

Hence the fraction disintegrated

=M:(1-1j
N, e

Correct option is (b).

7 1
. N:NO —gNO :gNO

1 n

n
= 1:(1) =>n=3
8 2

15 min 5 min

Hence half life T}, =

Correct option is (a).

Since radioactive substance loses half of its
activity in 4 days it means its half life

T, =4 days
Now A =5% of A,
= A =iA0

20

A 1
= - =

A, 20
But A=Aje M= 1 e M

20
log 20

= log20=At=t =



11.

12.

But A= log, 2
12
log, 20 T log;, 20

= = =4.32x4
12 log, 2 vz logy, 2

=t

= t=17.3 days
Hence correct option is (c).
Total energy released per sec
=1.6 MW =1.6x 10°Jss
Energy released per fission=200 MeV
=200x 106 x 1.6x 107°J
=2x1.6x10711J

Number of fission per second
1.6x 10°

16
“oxiex10m OO

Hence correct option is (a).
“R=R, A"
Volume = g R? = g TRSA

Mass of nucleus = A x 1.67 x 102" kg
mass A x1.67x 102" kg

volume g ﬂ:}-{03 A

Density p =

_1.67x10" kg
=

—nR

3 ™o
" p is independent of A, hence ratio of

Pr_q,
P2

densities

Correct option is (d).

m Assertion and Reason

1.

Here both assertion and reason are true but
reason does not explain assertion. Hence
correct option is (b).

Here assertion is false but reason is true
since for heavier nucleus binding energy per
nucleon is least.

Correct option is (d).

13.

14.

15.
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N=Nye "= "=e™
0
0,698 o L1
= =e 6.93 —e_ -
0 e

Fractional change

=M:(1—1j:0.63
N, e

Hence correct option is (b).

Since radioactive substance reduce to about

6% it means N = No

16
1 n
We have N=(N0)(§j
= i:(lj =>n=4
16 \2

4x Ty =2h= Ty, =30min
Hence correct option is (a).

Probability of a nucleus for survival of
time ¢.
N Nye™

-\t
Dicproival) = —— = =e
(survival) NO NO

For one mean life ¢ :%

“axlt L

e tr=e ==
e

= P

survival —

Hence Correct option is (a).

. Here both assertion and reason are true but

reason is not correct explanation of
assertion. Hence correct option is (b).

. 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 p-decay

processisn —> p+e +U
but reason is true hence correct option is (d).

Here assertion is true but reason is false.
Correct option is (c).

Here both assertion and reason are true and
reason may or may not be true. Correct
option is (a, b)

Both assertion and reason are true but
reason is not correct explanation of
assertion. Hence correct option is (b).

10.

11.

. Here reason is true but assertion is false

~+1amu=931.5 MeV
Correct option is (d)

Both assertion and reason are true but
reason does not correctly explain assertion.
Hence correct option is (b).

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)

m Single option correct

1.

Let initially substance have N; nuclei then
N=N,e™
AN _ e
dt
At t=t
we get
[(ﬂvj :_}\‘Ni e—}»t :NO ...(i)
dt ),_,
At t=4t
A
dt ),_4 16

Dividing Eq. (i) and Eq. (ii) we get

83M =16

Now at ¢ :(E)t
2

...(iii)

—-11x
— ¢
[dN] =—AN,e 2
dt ), 1
-8\t ﬂ
=—AN;e 2 xe 2
—4\
_-AN et N,
o3M 16x /16

From Egs. (ii) and (iii)

_No
64
Hence, correct option is (b).
. Wehave A=), + A, _log2  log2
30 60
- - log 2
20
Now N =N, e M
—tlog2
= No =Nye 20
4
= log 4 = ilog 2
20
t
= 2log2=—1log 2
g 20 g
= t=40yr

Hence correct option is (c).

. From graph it is clear that number of

nucleons in X is N4 and binding energy per
nucleon is E4 for Y nucleon is N, and BE per
nucleon is E;.

Similerly W = E| N,



The reactionisW - X +Y

The energy released is
(EsNg4 + E;Ny — E(N7)

Hence Correct option is (b).

. Energy =(110x 8.2 +90x 8.2 -200x 7.4)
=200x(8.2-17.4)

=200x 0.8 =160 MeV

Hence correct option is (d).

. The reaction is

B? + H? - He' + energy

Energy =(4x7-2x1.1)MeV
=(28 —4.4) =23.6 MeV

Hence Correct option is (b).

. Total energy released per second
=16x 10°W
=16x 10°J/s

Energy per fission =200 MeV
=200x 10 x 1.6x 1071°
=2x1.6x 10711

- Efficiency =50%

Hence power (energy converted per second)

_92x1.6x10 1 x 20 _16x101g
100

6
Number of fission = 16><710_11 =10'/s
1.6x 10

Hence correct option is (d).
dN

AN

dt

-+ After time N become
dN

conservation = — =0

A A AT
- N:—: -
L log2 log2

T

Hence correct option is (d).
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. By conservation of momentum

Muyv=(Myz+MyV
= v =—
Let initial KE of H-atom = K

Final KE of each H-atom = g

For excitation

K -E,-E, = -136, 13.6)eV
2 4

= 5 =10.2eV
2

= K=2x10.2x1.6x107"°

= %MH u? =2x10.2x1.2x 1.6x 1071?

L, [22x12x10.2x2x1.6x107"
" 1.673 x 107

=6.25x% 10*m/s

Hence correct option is (c).

. Let us suppose just before the death no

radioactive atoms were present hence
original activity A, is given as

Ay =AN, ...(1)
After death the radioactivity decreases

exponentially ie,
dN

A="""=)N=\Nye ™ ..(i)
dt 0¢
Dividing eq. (ii) by eq. (i) we get
A Y
Ay

or At :logﬂortzllogﬁ
A Y A

Now A, =15 decay/min/gram
375
A =—— decay/min/,
900 “CCHIIE

but . 0.693
5730 yr
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10.

11.

5730 15200 5730 200
t= x log x log —
0.693 375  0.693 25
= t= 5730 x log 8
0.693
_ 5730 510g2 25730 3
0 693
= t=17190yr

Hence correct option is (c).

NP — NO e*?u(tl +1)

and Ng=N, e ™

Now Ap=ANpand A, =AN,

= i —& :eihtl
Aq Ng

A
= Aty =log[QJ

AP

l A =T1 A
j J—
28 AP 8 AP

Hence correct option is (b).
The given reactions are
\B? + H?
B? + H? > He' +n
= 3H? 5,He +n+p
Mass defect

- H+p

Am =(3 x2.014 —4.001 -1.007 —1.008)

Am =0.026 amu
Energy Released
=0.026 x 931 MeV =3.87 x 10712J

This energy produced by the three
deutronatoms. Total energy released by

10*° deutrons

1040
= x3.87x1072J=1.29x10%J

The average power P =10 W =10 J/s

Therefore total time to exhaust all
deutrons of the star will be

1.29 x 10%8

Hence correct option is (c).
~log2
0og ¢

s ~102s.

. leNoei}\‘lt:Noe tl

—loth
N2 :NO e_kzt :NO e t2

and Ry =k =N,y
Let after time ¢, R, =R, then
= &:1
R
= h><£=1
b Ny
[tg -1 ]
log2| =—|x
— ﬁ:&:egttltzj t
b N;

t bt
= 10g=t><log2><{
h til

170693ty 1)) tl

Hence Correct option is (a).

=N L, X52 5 YA+ He!
= Z =92and A =228

()

...(>ii)
...(ii1)
...(1iv)

. The given reaction is ZX232—> Y +a

- Initially X is in rest hence momentum of

a-particle after decay will be equal and
opposite of Y.

= Myvy =M v,
= Uy =—*0U
Y MY o

Total kinetic energy

1

K, = Q(Mavi + Myv%)
2.2

- K zl{Mavg o, M}

2 My



14.

15.

= KTleavg 1+ Mo
2 My
4
= K,.=K |1+—
r “[ 228}
= Kq:@KT
228

Hence Correct option is (b).

Energy of emitted photon =7 MeV

=7Tx10%x1.6x1071°J
=11.2x10713J
11.2x 10713J

Momentum of photon = -
3 x10° m/s

= % x 102! kg-m/s

- Initial nucleus is stationary
Applying conservation of momentum
principle

= = = =
O =Pnuc + Pphoton = Pruc = —Pphoton

- =
= |Pnuc| =| —Pphoton |

=P, :% x 1072 kg-m/s

nuc

Mass of nucleus =24 amu

=24 x1.66x 10?7 kg

But P2, =2mK,,.

= 42

e = Iz)fr; "9 xlzl ;<22><41>} .12;61:) 102 Joule
N

K - 11.2x112x 10™* oV
T 18 %24 x 1.66x 10727 x 1.6x 107

~1.1keV
Hence correct option is (b).

Let time interval between two instants is ¢;
then

]\]1 _ NO e—}»(t +1q)

16.

17.

18.
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and N, =2N,e
A]. = N].}\, = 7\‘N0 eik(t * tl)
Ay = Ny =1(@2Ny)e ™
= ﬁ = 1 X e_}“tl
A
= LA'I :e_;‘tl
Ay
= log A | Aty
= 4 :llog Ay
by 24,
= 4= T log Ay
log 2 24,

Hence Correct option is (c).
The given reaction is
H?+ H2— H3+ H!
AM =[2m (;H?) - m (H?) - m ((HY)]
=(2x2.014102 —-3.016049 —1.007825) amu
=4.33 x 10 *amu
AE =4.33 x 107 x 931.5MeV
=4 MeV
Hence correct option is (c).

Number of fusion required to generate
1 kWh
_ 1x10°x 3600
4x10°%x1.6x1071°

18
_ % —5.6x 10 ~10'8

Hence correct option is (b).

The energy released =4 MeV

This energy produced by two atoms.

Hence energy produced per atom
=2MeV =2x 1.6x 10713J

Hence number of atom fused to produced
1kWJ



_ 36x 105713 _18 g8
2x1.6x 10 1.6

Mass of deutrium which contain

E x 10'® atom
1.6

m More Than one Option is Correct

1- x:No,y:WO

x N, 1
= T _ 20 _ =
y AN, A

where A is decay constant

Hence  is constant throught.

y
x_1_ 1 T
y & 0.693 0.693
T
X 2
= =>T, xy =MN,y)
y
NO

For one halflife N = 5

N°]2 NGy

:(xy)T:k[z 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 y-ray. The reaction
is
X' —5X+y

Hence by gamma radiation atomic number
and mass number are not changed. Since
after emission of one o atomic number
reduced by 2(,a*) and after 2B atomic
number is increased by (2). Hence correct
options are (a), (b) and (c).

. Here half lives are T"and 27 and N, = N,,,

N, =N, after 4T for first substance = 4 half
lives and after 4T the second substance =2
Half lines.

18 x 108 5
=— - =3.7x107 kg.
1.6x 6.02 x 107 &
Hence correct option is (c).
1Y N
= N_= - =250
¥ 0[2] 16
1Y N
N, =N, =| ==
Y 0(2) 4
N, Ny/16 1
= = = —
N, Ny/4 4
Let their activity are R, and R,
= R, =)N,andR, =) N,
0.693
= y _& :hx Nx = T X l
R, A, N, 0.693 " 4
2T
~ R_ 1
R, ” 2

Hence correct options are (b) and (c).

. Since nuclear forces are vary short range

charge independent, no electromagnetic and
they exchange (n — p orp — n). Hence the
correct options are (a), (b), (c) and (d).

. “R=R, A"

M Ax167x10*" kg
- o=
4/3 R gnRgA

p

= pisindependent of A.
-a7
But p = , 1.67x107*" kg

3% 3.14 x (1.3 x 1071%)3

=1.8 x 10*” kg/m?®

Hence correct options are (b) and (c).



m Match the Columns

1. Here N, =x, let A is the decay constant.

= N=Nje " =xe™

d—Nzkxe_M but N =y
dt dt|,_,
= y=hxe’ =x
= r=2
x
Hence
(a)—>s
Halflife T, = 282 1082 _ %1409
A Yoy
x
Hence
(b)—>p
We have activity R = AN = Lxe
at t:1
A
—kxl 1 A
R=)\xe L=)xe  =—7
e
but Ax =y
= R=Y
e
Hence
(c)—>r

Number of nuclei after time ¢ = %

N=xe

1

Ax=
AoX
e

Hence

(d)—s

Thus correct match is
(a)—> s

(b)—>r

(c)—>r

d)—>s
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2. Inreaction P + P — @ energy is released

~» Binding energy increases when two or
more lighter nucleus combine to form
haviour nucleus.

Hence correct match is
(a)—p

Similerly for reaction
P+P+R—>R

Correct match is
(b)—>p

for reaction

P + R =2@Q from graph BE per nucleon
increases.

Hence energy is released.
Correct match is
(©)—>p

For the reaction
P+@=R

We will check energy process if BE per
nucleon is given. Hence data is not
sufficient correct match is

(d)—s

. Since A and B are radioactive nuclei of

(A + B) decreases with time. Hence correct
match is

(a) —q

-+ A is converted into B and B is converted
into C and decay rate of A > Band B > C
are not known. Hence correct match is

(b)—>s

Since at time passes A is converted to B
and Bis converted to C. Hence nuclei of
(B + C) increases. Correct match is

(c)—p

Similerly the correct match for (d) is
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(d)—>s

4. After emission of 1o particle mass no

5.

decreased by 4 but after emission of 18
particle atomic number will increase or
decrease by 1. Hence for (a)

(a)—p,s
(b) —>p,r
(c)—>s
(d)—>q,r
For

(a)—p

Since BE per nucleon of heavy nuclei is
about 7.2 MeV. Hence

(b)—s

X-ray photon have wavelength about 1 A
the energy of this wavelength is of order of
10 keV.

(c)—>r

- Visible light energy of order of ~2eV.
Hence

(d)—q
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