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1-1 A(Sem-1 &2)

1-2A (Sem-1 & 2) Relativistic Mechanics

Pbstﬁidtes

CONCEPRPT OUTLINE : PART-1

Frame of Reference ; It is that coordinate system which is used to
identify the position or motion of an object.

Types of Frame of Reference :

a, Inertial frame of reference, and

b. Noen-inertial frame of reference.

Show that the frame of reference moving with constant

velocity v is an inertial frame of reference.

Let = iy a frame of reference which is in rest to an ohserver and & i~
ancother frame of reference moving with constant velocity v in 1he
positive x direction with respect to the same ohserver.

2. o and o’ are origin of frame s and s' respectively.

Iy y Sy

3. Initially o and o’ coincide with each other at timet=¢' =

where ¢ and # = time measured in s and s' frames respectively.
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4. Suppose P be a point in the space.

5. NowfromFig.1.1.1, x=x"+vt (L1
¥y =y -(L1.2)
z=2 l No relative motion ..{1.1.3)
t=¢t | ~(1.1.4)

6, Eqg.{l.1.1)toeq.(1.1.4) are position and time transformation equations

in g and s' frame,

7. Differentiating eq. (1.1.1) w.r.t. ¢ on both sides,

dx dx' vdt
ax _ ox Y& ..{1.1.6)
ot dt ot
dx dx Jr'ﬁi,i (- t=8 - dt=dt)
dt dt  dt
= u,o=u'_ +v (1.1.6)
8. Differentiatingeq. {1.1.2) w.r.t. ¢,
dy _ dy _ (117
dt dt - _
dy dy
& o =X (v t=t)
dt dt’ .
= o, o=, .-.(1.1.8)
9. Similarly, u, =u, ..(1.1.9)
10. Now differentiating eq. (1.1.6) w.r.L. £, we get,
du, _ du + ﬂ
dt dt ot
% = ‘i{:‘ (- v =constant)
o die,
—* = Z . (v t=¢)
ot dt!
= a = ax‘ W(1.1.10)
11. Similarly on differentiating eq. (1.1.8) and eq. {1.1.9), we get
a =a ' .(1.1.11)
a,=a .(1.1.12)
12. Eq. (1.1.10}, eq. (1.1.11) and eq. (1.1.12) shows that the acceleration is
invariant in both frames,
13. So a frame of reference moving with constant velocity is an inertial

frame.

{ Derive the Galilean transformation equations and show

that its acceleration components are invariant.

Answer |

1.

Suppose we are in an inertial frame of reference s and the coordinates
of some event that occurs at the time ¢ are x, v, z as shown in Fig. 1.2.1,

14 A (Sem-1 & 2)
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2.

10.

An observer located in a different inertial frame s which is moving with

. -+
respect to s at the constant velocity v, will find that the same event
occurs at time ' and has the position coordinates x’, y* and z'.

- —
Assume that v isin positive x direction.,
When origins of s and s coincide, measurements in the x direction made

in s is greater than those of s* by vt (distance).

Hence, X'=x—vt .(1.2.1)
y"=y L(1.2.2)

z’=z . L1233

t'=1¢ L(1L2.4)

'I‘I_'xese set_ of equations are known as Galilean transformations,
Differentiating eq. (1.2.1) with respect to £, we get

dx’ _ dx _ vy 2} no relative motion
dt  dt dt

dx’  dx .

T E—.v (ct=¢ . dt'=db
Similarty & _ 9

dt’ di
wnd do' _ dz

dt’ df

Since, dx'/dt' = u ', the x-component of the velocit in s’
s g ¥ measured in s, and
dx/dt = u_, ete., then, (

ux: =u_-v L01.2.5)
uy, =u, L(1.2.6)
u'=u L(L27)

Eq. (1.2.5), eq. (1.2.6) and eq. (1.2.7) can be written collectively in the
vector form as '

. u"= @w-v .(1.2.8)
To obtain the acceleration transformation, we differentiate the eq. (1.2.5),
eq_: (1.2.6) and eq. (1.2.7) with respect to time such that

du’ d © die
s L — ) = By
ar @V
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Similarly du, A, aq 9. _du,
’ di' dt dt'  dt
du , du) . du, )
3 , ) X - ¥ _
mee e gy TW gy %
du, _ du, _o.du, _
de 7 dt gt z
Then we get a'=a, ..(1.2.9)
a’'=a, -(1.2,10)
a,;: 3 LL(1L2.11)

-

or writing these equations collectively, @ =

{4, The measured components of acceleration of a particle are independent
of the uniform relative velocity of the reference frames.

i In other words, acceleration remains invartant when passing from one

inertial frame to another that is in uniform relative translational motion.

fpue 1.8, | Show that the distance between points isinvariant under

-+ulilean transformations.

Let {x, v, z,) and (x,, ,, 2,) be the coordinate of two points P and @ in
rest frame s. Then the distance between them will be
d= \/(:n:2 x4y~ )+ -2
Now the distance between them measured in moving frame s’ is
d'= Jlx, =2, P+ (3, —y, Vo (22, P
{Tsing Galilean transfermation
) =x, vy, =y, v i andz)/ =z,—- vt
=%, ~viy'=y -Vt andz’' =z —vi

i. Hence
i ity = v, )=l = OF + (3 ~ v, )= (3 = v, OF +[(2, —v. )= (2, ~ v, )

N (R N T Y P
- . d:=d

Objective of Michelson-Moriey Experiment :

The main objective of conducting the Michelson—Morley experiment
was to confirm the existence of stationary ether.

According to Morley if there exist some imaginary medium like ‘ether’ in
the earth atmosphere, there should be some time difference between
relative motion of body with respect to earth and against the motion of

earth.
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3.

Due to this time difference there exist some path difference and if such
path difference occurs, Huygens concept is correct and if it does not
occur then Huygens concept is wrong.

Michelson-Morley Experiment :

In Michelson-Morley experiment there is a semi-silvered glass-plate P
and two plane mirrors M, and M, which are mutually perpendicular and
equidistant from plate P.

There is a monochromatic light source in front of glass plate P.

The whele arrangement is fixed on a wooden stand and that wooden
stand is dipped in a mercury pond. So it becomes easy to rotate.

Let v be the speed of imaginary medium (ether) w.r.t. earth and ¢ is the
velocity of light, so time taken to move the light ray from plate Pta M,
and reflected back, ’

TJ = d o+ d - EC_ .-
c+v e-v te? —v |
T _ 2de _ 2d
1 — 1T ]
c2[1— :—A} C[I-Eé':|
Expanding binomially, '
4
T, = E[u"—zJ L1410
e c

[Neglecting higher power term]
Time taken to move a light ray from plate P to M, and to reflect back,

¥

M, My

i

v o7 s '[
- — -
- .|
P |
il

i1




Physics 1-7 A (Sem-1 &2)

) 2d v?
7. Expanding binomially, T, = T{l + :l W(1.4.2)

[Neglecting higher power term]

8 S0, time difference,

2d vi| 2d v?
a=TimTe= —[“ﬂ'T[“Ezf

2 v* ad[+v* | dv*

= E 1+ f— -1- — 1= |5z = 3

¢ et 2c e | 2¢ ¢

9. Now, the apparatus is rotated by 90" so that the posit_ion of mirror M|
and M, gets interchange. So time taken from P to M| is,

-(1.4.3)

r 2
T'= % 1+ %}
and time taken from P to M is,
: .
T, = % 1+ :—2}
10. Time difference, Af' =T, - T, .
= -2g_1+ i__v_"‘__li] = ——Zd—‘;z= —ég—z L l4d)
c 2¢2 c* 2c c

11. So, total time difference,

. dv? fdv”] 2dv?
AT = b= 8l = et AIL_ P

12. Since, path difference = speed of light x AT

2 2
A=ex ATl = ¢ x%v— = 2d: ..(1.4.5)

¢
13. IfA is the wavelength of light used then the path difference in terms of
the number of fringes is given by,

2d v®
n=Aalk= o,
15. Taking, d=11m
Velocity of earth, v = 3 x 10* m/s

ity of light, ¢ = 3 x 10° m/s
Veloetty ol ;= 6000 A [1A=10"m]

n 2><,11><Q><10’23 _222102”___22:1.1
T 9x10° x6000~107° 6000 ~ 60 30
n =036
16. If such type of medium like ‘ether’ exists in the atmosphere, there must
i shift of 0.36.
17. I;:[ai:hf:llsl;ie—;}l];?igy performed that experiment several timmes In diﬁ'ef'ent
siluations, in different weather conditions but no fringe shift was obtmrfed
hence Huygens concept of ‘ether drag’ is wrong. This is known as negative

result.
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{ What will be the expected fringe shift on the basis of

stationary ether hypothesis in Michelson-Morley experiment 7 It
the i{l’ecti\re length of each part is 8 m and wavelength used is
BODOA? .

1. We know that fringe shift is given by
- 2d v? - 2% B x(3x10%)%
oo (31092 x8x1077
['v v=3x10'm/sandc =23 x 10" n/=:

=0.2

State Einstein’s postulates of special theory of relativity.
Explain why Galilean relativity failed to explain actual results of
Michelson-Morley experiment. [genin:

A. Einstein's Postulates : There are two postulates of the special theory
of relativity proposed by Einstein :
i. Postulatel:

The laws of physics are the same in all inertial frames of reference

moving with a constant velocity with respect to one another.

Explanation : -

1. If'thelaws of physics had different forms for observers in different
frames in relative motion, one could determine from these
differences which objects are stationary in space and which are
moving.

2. Asthere iano universal frame of reference, therefore this distinction -
between objects cannot be made. Hence universal frame of
reference is absent.

ii. Postulate 2 :
The speed of light in free space has the same value in all inertial frames
of reference. This speed is 2.998 x 10° m/s.

Explanation :
1. This postulate is directly followed from the result of Michelson-
Morley experiment.

B. Reason for Failure Galilean transformation to Explain Actual
Resulis of Michelson Morley Experiment

1. In Galilean transformations the speed of light was not taken to be
constant in all inertial frames.

2. These equations were based on absolute time and absolute space.

3. The above two sssumptions contradict the Einstein postulates.
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So the Galilean transformation failed to explain the actual results of
Michelson-Morley experiment.

Lorentz Tronsfi

COQNCEPT OQUTLINE : PART-2

!  Lorentz Transformations : The equation relating the coordinates
nf a particle in the two inertial frame on the basis of special theory of
relativity are called Lorentz transformations.

What are Lorentz transformation equations ? Derive

e 17

ihe expression for it.

Answer ]

The equations in special theory of relativity, which relate to the space
and time coordinates of an event in two inertial frames of reference
moving with a uniform velocity relative to one ancther, are called Lorentz
transformations.

2. Let us consider two frames of reference s and g’ in which frame s’ is
moving with velocity v along x-axis. The coordinatee of frame s are
{x, y, 2, ¢} while the coordinates of frame s’ are {x', y", 2", ¥').
According to first postulates of special theory of relativity in frame s’,

Xoxlx—vi) => xXs=klx—vi) LLALTD
where, k = Proportionality constant.
In frame s, a o (x'+ vi'}

x = R (x' +vi') AL

¥ ' ¥y

s i s _av

5 2,8 G »

o x ,/, o' o -
II,
z ’z'
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5. Puttingx'ineq. (1.7.2),
x=k [k(x—vt)+vt’] = [k? (x — vi) + v ']
x = ki — kvt + kvi'
kvt' = (1 —k%x + k%t
po QopDxrbive  d-ghr LA1T
fev kv
6. According to second postulate of special theory af relativity, speed of
light is a constant quantity.
In frame s, x =ct A1 T4
In frame &*, x=ct LLAL7A
7. Putting the value of x' and #* from eq. (1.7. 1} and eq (1.7.3)in eq. [ [.7.5!

klx-vt)= (1 k%) 4che
vk

k%1 p] =
x[ vk )J lek + vk] ¢t
= lcRrvRE . L1.7.6)
Lk—-- (1= k*J

9.  On comparingeq. {1.7.6) with eq. (1.7.4),
lck+vhk)

r-—c
PR -(1—%}
L vk

ck +vk=¢ - k%)
4
¢ I
vk = ——(1- k%)
vk
vi kA= -0 4+ otk
B (vi-ecB+e®=0
k2 (2 —vi) = g*
2
f—g [e?-v?] =1
2]
k“[l——‘%J =1
C
TP
1-¥
Lo
1
or k= -—
v
1- =
Vool
10. Putting the value of £ ineq. (1.7.1),
e 1 {x—vt] (First Lorentz transformation cauation!
o*

h_
y1= e




1-11A (Sem-1&2)

Physics
a ¥y =Yy {Second Lorentz t.ransformati'un equation)
2=z (Third Lorentz transformation equation)
x(1 - &%) x[l ‘l
"= kt="1|=~-kithkt
11. Now, £ = v B
=2 } - _ |+t _
v
= 1!1—‘;—2 1-4
VU
[ v? 1 t
= i 1—-7 + =
vive e v ﬁ v
L T e? o
i 2
vz v i
LA | -— |
] Gaciuted U SN P PO
2 2 v v v
RS
L c? - c
x v t —vx+clt
=2 2 |t v - . 2
vx
t....a
t =
VE
1_'"_2'

12, Similarly putting the value of % in eq. (1.7.2), inverse Lorentz

transformation equationsg,
1

x=———2
v

1——

5

[x'+vi]

Deduce the Lorentz transformation equations from

Also show that at low velocities, the Lorentz

E 1 nstein’s poatulates. 4
Galilean transformations.

transformations redu(_:e to

1-12 A (Sem-1 & 2) Relativistic Mechanics

A. Lorentz Transformation Equations from Einstein’s Postulates :
Refer Q. 1.7, Page 1-9A, Unit-1.

B. Condition at which Lorentz Transformations Reduce to
Galilean Transformations : :

1. Lorentztransformation equation,

x"”’i' (1B
v

1 -——

c2

Xx =

"2 Atlow velocities means v <<< ¢

2

Thus, 1-Y -1
c
So eq. (1.8.1) reduces to, x = x' + v’ L1820

Eq. (1.8.2)is a Galilean transformation equation.
3. It means atlow velocities, the Lorentz transformation reduces to Galilean
transformation.

Show that the space time interval 22 + y% + 2% - £%#2 = () is
invariant under 1l.orentz transformation.

The Lorentz transformation are

t
rve' tl+—“—v;:
,y=p,z=z'and t = £

7 z
1’1-v— 1-¥_
e® c?

2. Using eq. (1.9.1} in given equatjon
x4+ ¥2 + 2P =02

x= (L8

g’ 2 t'+ —g
= x "'2 +y|2+z.2__'c2
v vt
1-— 1-—
c? c?
12
= y|2+z|2 = 1v2 [cz EI2+ - _ va v?:l?}
s
2
= y'2+z'2 - 1 - I:(cztnz xm){l_"_g]:‘
-y ¢
"~z
e
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- x1‘3+yl2+zl‘2 ___cztl2
3. Hence x* +y? + 2? = ¢ {? ig invariant under Lorentz transformation.

71 As measured by O a bulb goes off at x = 100 km, y = 10 km,

z=1kmand £ =5 x 10! sec. What are the coordinates x', ', =’ and ¢’ of
this event as determined by a second observer ' moving relative to
O at - 0,8 ¢ along the commeon x-x’ axis ?

Givenix-
v = =0.8 %

To Find : Coordinates s’
i, Since, x' = x—vtz
1-Y
& -4
X = 100 -{-0.8x3x10")x 5= 10 = 366.66 km
J1-¢0.8)
[ ¢ =3 x 10" kkm/s}
v 4 (-0.8%3x10°)x100
N ;o t—?-x :5)510 - (3)(105}2
) Jl v J1-(0.87
-V
[
=12.77 = 10*s
3 ¥ =3=10km
z'=2=1km

Show that a moving circle will appeared to be an ellip=e

Que 111
if it is seen from a frame which is at rest.

Answér. |

1 The equation of circle is x® + y* = a®
2. Putting the values from Lorentz transformation,

[‘ vewe' T 2
- +y' = g

v2
[
ol 32 1 1
ff_l_VT.i +22\x wi 4y =gt
1 ool
R
5 £ s

" e R PR L oatv
AT L 20T ey =gt
e? o
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2 2
x|2+y'2[1_x2_\ - az[ _%_j_‘ﬂtl‘z_levt‘
< ¢
2 12 2 512 [l ]
e = PEA A R AN NGRIRT
C R ()
c ¢
a EAPRE) 1 '
3. Let, P=1-L and Q=g l’_;__*_?‘__;"_’_
s Ll L JI
{
Hence, eq. (1.11.1) becomes,
12 [
x ¥
P Y
2 '
(G;P)”%- =1 L1112

4. Eq.(1.11.2) represents an equation of ellipse.

{ What is length contraction ? Find out its equation using

Lox;éhtﬁ transformation.

e N

The appeared decrease inthe length of a body in the direction of motion

is called length contraction.

2. let us consider two frame of reference s and s' in which frame & is
moving with velocity v along x-axis.

3.  Arodoflength ‘L. is moving horizontally in frame 5.

Pig: 1,581,
3. According to Lorentz transformation,

e x, —vi
i s e

VQ

J1-5

o

, X, —~vi

x, = —/—

H 2

1-Y,

e

xz' -'.2(‘1’ = ) _jj_

oo
\jl — o
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(apparent length}

L= L,

Quel-f@{ What do you mean by proper length ? Derive the

expression for relativistic length. Calculate the percentage
eontraction of a rod moving with a velocity of 0.8 ¢ in a direction

inclined at 30° to its own lengih.

Answer l

A.  Proper Length : The length of a bpdy measured by an observer in the
frame in which the hody is at rest called proper length or actual length.

B. Expression for Relativistic Length : Refer Q. 1.12, Page 1144,
Unit-1.

. Numerlcal

1. Suppose the proper length oi’rod 1sL
Z  Observed length, along the direction of motion,

L, = L, cos 30° x J1- (0.6F = 0.7L,

3.  Observed length, perpendicular to the direction of motion,

L, =L,sin30° = 2o

Ly sin 30°

1-16 A (Sem-1 & 2) Relativistic Mechanics

4. Length of moving rod,
L® 1/2
= JLT+L? = [(_0.7L°)2+[—29J ] = 0.86L_
. A

5. Percentage contraction in length = L, - L % 100
L,

ég ~0.86L,
= x 100 =14 9%
I,

What will be the apparent length of rod of length 5

and inclined at an angl .
2 spoed of 3 x 107 mure. gle 60° to horizontal. This rod is moving with

1. Since, frame of reference is movm
y ! g alon, x—du-ect on. Sal
appears to change in x-direction only. & 101m. Bﬂgﬂl of vod

2. Bo, new length in x-direction,

2 2
L=, 1-%2_ = 5c0360° 1_{____*2";33
L4

L =2487m
3. New apparent length of rod,

= JI? + (58in60°)°

= J(2.487) + (53in60°)® =4.99m

—_ v=3x 10 ms

e LD T Y

Y
b
.
u
~
LY
by
LY
-

T
by
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v How much time does a metre stick moving at 0.1 ¢

relntlve to an observer take to pass the observer ? The metre stick is
parallel to its motion.

Answ'er o ]

1.
. L 0.894
2. = s - =18 & g
Time v~ 01x8x10° 3.81 x 108 sec
VK \_-""-';3; What is time dilation ? Find out its equation using

Lorentz transformation and give an example to show that time
dilation is a real effect.

A Time Dilation :

1. In the special theory of relativity, the moving clock is found to run
slower than a clock at rest does. This effect is known as time dilation.

2. Buppose s and s’ are two frames of references. Frame &' is moving with
congtant velocity v in the positive x direction w.r.t. frame s.

3. (2, 2,7 be the times of occurrence of two events measured by the clock
in frame s’ and ¢, be the corresponding time interval, then we have

t, =1,-12 ..{1.16.1)

4 If(4,t,) be the times ‘of occurrence of the =ame events measured by the
another clock in the stationary frame s and ¢ be the corresponding time
interval, then we have

£ =t ~¢
S|
Jving Lorentz transformation equation,
..I , v r
t',+ -‘-’-}'-- t+ —%
t= e” e
2 2
v v
=
vx' ., vx'
. o 2'24——2—2'1— o2 _ tl?,_tll
2 v2
=g
e e
H
= -t - (1.16.2)
v
1——
C'2
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8. From eq. (1.16.1) and eq. (1.18,2), we get, £ > ¢,
So the relativistic interval of time is more than proper interval of time.

8 , g -y
L Y ok
i
1
1
i
]
t
\
I
1
I
1
1
1

7. Therefore a moving clock appears to g0 slow (i.e. ., take more time to
complete a rotation compared to arest clock),

8. va—-c,then,r=co

9. Ifvisveryless thancthen¢=¢,

B. Time Dilation is a Real Effect :

1. The cosmic ray particles called p-meson are created at high aititude
about 10 km above earth’s atmosphere and are projected towards earth
surface with velocity 2.994 x 10? nvs.

2. It decays intoe* {Positron) with an average life time of about 2 x 10-% sec

3. Therefore, inits life time y-meson can travel a distance,

d=vt=299 x 108 x 2 x 10°=800m
4. Butitisfound at earth surface alsb. It is possible because of time dilation
effect.
t 2x10*

= 3 -

VZ
\fl_"_-’-' 1_ {2 994x£q]
¢ 310

[ ¢, =2 % 10% sec.]

=317 x 10-% sec
5. Inthistime a p-meson can travel a distance
d =2.994x 10¢8x 3.17 x 105= 9490.98 m = 10 km

6. This shows that time dilation is a real effect.

The proper mean life time of + ) meson is 2.5 x 10-° sec.

Calculate :

1. Mean life time of + § meson travelling with the veloeity
2.4 x 10°m/s,

2. The distance travelled by this + ¢ meson during one mean life
time.

3. The distance travelled without relativistic effect.
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Answer ]

Given : 1, = 2.6 x 10-8%5,§
ToFind: i - Meanlifs time:
i.  Distance travelle
iii. Distange travelleds

Moo fife t1 , 1, 25x10°  25x10°
: ime, = = =
1. earn Ii1e Lirm J; Ez- r2.4x]08 ]2 \/1“‘{0-8)2
¢ T 3x10° |
-8
= gi‘£—=4.17x10“359:13
0.6

2. The distance travelled = (2.4 x 10%) x (4,166 x 10r%) = 10 m

3. The distance Lravelled without relativistic effect
=(24x10%) x{25x 10% =6 m.

Que 1.18. I The half life of a pa.riicu.lar particle as measured in the

laboratory comes out to be 4.0 x 10-® see, when its speed is 0.8 ¢ and
3.0 x 10" sec, when its speed is 0.6 ¢. Explain this.

Answer |

1. The time interval in motion is given by

t= ot = (where, t, = proper time interval)
2. The proper half life of the given particle is |
3. Inthc first case t=40x10%secandv=0.8¢
=40 10 [y [%ET = 2.4 x 10°* sec

4. As proper halfl life 1s independent of veloeity, therefore half life of the
pariicle when speed is 0.6 ¢ must be given by

ty 24x10° 24x10" _ o o

0.8 !

= =

2 2
v \]1 _(089)
¢ ¢
which is actual observation.

5. Thus the variation of half life of given particle iz due to relativistic time
dilation.

At what speed should a clock be moved so that it may

appear to lose | minute in each hour 7

u = — and u o=
*T 4 = de

dy 4 dy’
@ = ——and =
Y dt “y dr’
uo= B2 g o9
T dt o dr

4. Now using the Lorentz transformation equation,

x'+ vt

e
v
1*:_7
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1. Since, rest clock takes 60 minutes for T time interval.
Rest clock takes 1 minute for 7/60 time interval.

2. Now, moving clock takes 59 minutes for same T time interval.
Moving clock takes 1 minute for 7/59 time interval.

: T r
3. H N = — d F=—
ere o 60 an 59
4. From time dilation formula, ¢ = S
|| v2
1 - ?
T

V2

T __ 60 59
T A bl
1-—
&
v=545x 107 /s

j Deduce the relativistic velocity addition theorem. Show.
that it is consistent with Einstein’s second postulate,

01415, Marks 05 |
Marks 07 |

A Relativistic Velocity Addition Theorem ;

1. Let s and s’ be two frame of references in which & is moving with ::
constant velocity v in the x direction w.r.t. frame .

2. Let P be a point having coordinate (x, y, 2, t) and (x', ¥,z t"Yin frame =~
and s' at any ingtant of time.

3. In these two frames the components of the velocities of that partici
along x, y and z axis will be given by
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0

: P (xiyrz- t)
1 -

! @,y 2, )
:
¢
i
]

5. Differentiating above equations, .
dx = GxHvdt (1.20.1)

dy = dy' ..(1,20.2)

oz = dz' .(1.20.3)
dt'+ %dx'

dt = — & .. {1.20.4}

VZ
h_¥_
C2

Dividing eq. (1.20.1) by eq, (1.20.4),
dx _ dx'+vde
at de'+ gfdx‘

Multiply and divide by % on R.H.S.

dx ar Y '+ v
&? = m = ux = I:T—T ...(1.20.5)
dt' ot at'
Similarly dividing eq. (1.20.2) by eq. (1.20.4},

2
1
dy' Ji- L
dy _ Y et | dr

dt dt'+ '-;%dx' 1
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2
u, '\f 1- v_z
[4
w, = ———°— ..(1.20.8)
v
1+ - W, !
<
|| b4
u’z ' 1 - _‘:2_
9. Similarly, = ——t (1.20.71
1+—u'
e?
0. If motmn of object is only in x direction then « = «_ and equation becomes
w'vrv
“= v
1v+ =
B. Consistency with Einstein’s Second Postulate ;
Case-1:1f u' = ¢, then
0= _c+_vv_ mpoletvle
1+ 2 c e+v)
Case-2: If v = ¢ then
w'+ e
w= o
1+ —
(.'2
Case-3 : If v =c¢and u' =c then
= c+ccc e
1+-°2
CZ

1. Sothe velocity of any object capnot be greater than ', whatever be the
velocity of moving frame or velocity of object in that frame.

2. Therefore, the relativistic velocity addition theorem is consistent with
the Einstein’s second postulate of special theory of relativity,

Rocket A travels towards the right and rocket B travels

towards the left with velocity 0.8¢ and 0.6c respectively relative to
the earth. What is the velocity of rocket :

a. A, measured from B, and

b. B, measured fromA?

= 0. 8¢ and 9.6¢ respectively,
wastived from B.
‘alacity frogkét B meaguyed from A,

1. The velomty addmon formula,
7

HV
1+—
e*

u =
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Earth frame

F4
Velocity of earthw.r.t. B,v=06¢

2.
3. Velocity of A w.r.t, earth, u'=0.8¢
4. Velocity of A w.rit. B,
u'+v _ 0.8¢+086¢
u = — =
{0.8¢)(0.6¢)
1+ E;" 1+ ——5——
(4
o= Lde = (0.946¢
- 1.48

5 Velocity of earth w.r.t. A,

v=-08¢
6. Velocity of B w.r.t. earth,
u'=-06¢

7. Velocity of Bw.r.t. A,
u'+vy _ (~0.6¢)+(-0.8¢c)
(—(J.S)(—O.fi)c:‘_2
=

H = — =

1+ u; 1+
[

uw=—0946¢ )

8. Negative sign indicates that velocity of B w.r.t. A is towards left.

Que 1.22. | Show that no particle can attain a velocity larger than

velocity of light.

Answer

1. et v'=candv=
v+ v

2.  we know, v, = -
1+
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CONLCEPT OUTLINE : PART-3

Variation of Mass with Velocity : Mass is a function of the velocity
of the body. It increases with increasing velocity represented by the
relation :

m

a

m= -
f v
12

c!

Mass Energy Equivalence ; The variation of mass with velocity has
modified the idea of energy, so that, & relationship can be established
between mass and energy.

OR
Show that the relativistic invariance of the law of conservation of
momentum leads to the concept of variation of mass with velocit;

1. Supposes and s’ are two frame of references in which 5’ is moving with
a constant velocity ‘v’ w.r.t. observer o.
2. Two identical bodies A and B having same mass m are moving with
velocity ¥’ but in opposite direction in s’ frame.
3. After some time both collides and stick together and momentarily come:
to rest in s' frame,
4. Now from velocity addition theorem,
1
iy = __u+?' L1230
u'v
1+ 5

Uy = ——— L{123.2)
1.2V
02
Where, u, and u, = velocity of A and B in s frame before collision
and

m, and m, = their masses in s frame.

5. From the law of conservation of linear momentum,

mi, + muu, =(m, +m,) v L01.23.3)
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s 4

m‘
{
<

6
bﬁm

T

- L
x'
2 ] T -
-
Pralyy X
-
Z e
-
-
5 -
ey 4

Putting the value of x, and u, from eq. 1) and eq. (1.23.2), in

eq. {1.23.3) we get

r r
- mlf u'sy \+m2f u+lv\ = (m, + mpv
u'v u'v
: L1+ ch Ll— o J
'+ 3 —u'+v
- my| = mylv - T
1+%82% 1-27
c? e
r -va‘ [
w't v-v——j v-—5—+u'-v
= T ey | =TT ey
2 c2
|:1 vz: |: Vz}
T )
' c ! <
= mu we =¥ w'v
1+— 1—_{:2—
w'v
1+—
- L R .(L23.4)
7y 1-%Y
z
¢

Now, squaring eq. (1.23.1), we get

’ 2
2 _ w+v
ul_ ' 2
l+u vwe*

1 u? 1 1( w'+v ) c? ¢
% =lr3 - ;
c c uv u'v

1+ = 1+ 54
¢
2 1
u?v? 2u'v (uw'? vP 2u'v
1+ + - = +—=+
3 3 P pE)
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o
+
¥

3 —_ -7 ..(1.23.5)

LA : .{1.23.6)

u; g
myfl-—% = m,,{1-—% =m, = constant
c

9. Ifbody Bis at restin stationary frame s that is u, = 0 before collision and

m, = m,in frame s.

10. As bodies A and B are identical and have saine mass in «". So, m, = m

(relativistic mass} for u =v.

Therefore, m= 2

Derive Einstein mass energy relation E = mc? and discuss

s

it. Give some evidence showing its validity.

A Einstein Mass Energy Relation :

=

L

Suppose a force ‘F i{s acting on a bedy of mass '#:" in the same direction
as its velocity 'v',
The gain in K.E. in the body is in the form of work done.
If a force °F° displaces the particle through a small distance ‘ds’, then
work done, :

dW=dK=F.ds L1241
Aceording to Newton'’s Law of motion,

dp _ dimyi

dr ot
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.
5. Multiplying ‘ds’ on both sides, we get

= Fds=m -d—s-.dv+ vis—.dm
dt dt
ds
6. Fromeq.(1.24.1), dKk=mvdv +vidm ..(1.24.2) ( &;=V)
7. But we know that, m = - i’ = (m, = rest mass of particle)
v
JI‘EE-.
On diffcrentiating, we get
3
ENTE S g .
e a2 (2 - e
v2 c c 2\
49
c‘Z
drm = mvdv me_Te
2]y : v
C _C_z 1—-07
(1.24.3)

dm (e — v2) = v dv
8.  Now putting the value of eq. (1.24.3) in eq, (1.24.2), we get
dRK = (e2=vdm+vidm =c*dm
If the change in kinetic energy of a particle be K when it's mass changes

from rest mass m, to relativistic mass m, then
K e -
I dK = I c*dm
n y
K =c*(m-m)=c?(Am)
t. Total energy of particle,
E = Relativistic K.E. + Rest mass energy
E=(m-m)c®+myge?=me? :
This is Einstein's mass energy-relation, which states mass energy
equivalence,

B. Ewvidence of its Validity :
In nuclear reaction such as fission and fusion. These reactions take

place in nuclear reactor and during the explosion of atom bomb. The
cause of production of energy in stars and some other processes bécomes
knewn today only due to the discovery of this important mass energy

-

selation.

T T e e e = s o = e vl e
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2 In process of annihilation of matter, an electron and a positron give up
all its mass inte two photons. The entire mass is converted into encryy

This verifies mass-energy relation.

Derive the relation
a. E'apPieiy m*cé, and

K!
b P= 1‘:,—4—2»;0 K where, K is kinetic energy.

a. Derivation for B = P2s® 4 mtel:

1. Total energy of a particle is, E = mc? w(1.25.1
2. The relativistic mass, m = —i’_‘v;z_ (1.25.2)
1——c—2—'
3. Putting the value of eq. (1.26.2) in eq. (1.25.1),
Ba M me  md
‘/1—3.2 1.._32_‘:i 1 ;n2v2c2
c? m? et T Tmte
= = m“c2 —
‘ P
1- me ot
= o my ¢t mict
P o E = me?)
mict BT
[ P%?)
= E‘*‘Ll«- i J = my2et
. E2— Pz mogc"
= E? = pip2 mnzc"'

b. Derivation for P= X Lo
L 4]

L. Total energy, K = relativistic kinetic energy + rest mass energy
= E=K+my?
= K= E—-mge?

= K= ‘Hm:c"+chz—m°c2 (o E= fm2ets Pt

= K+mye? = \fmgc‘ = LA250
2 On sﬁzmng both side of eq. (1. 25.3), we get

= + inglct + 28m 02 = m et + Prgt

= B 4 2Rm o = Poe?
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2
= P2 = 2Km, + X
c
2
= FP= — +2n10K

Show that the relativistic form of Newton’s second law,

Que 1.26:;
when F is parallel to ¥ is
= m dvf v’\ e
F o=, dtL
1. .Newto.n’s second law,
= dPF d . _
F = =— )
@t sa™
- But m = ”, =
v
12
c2

- _‘i m,

v
S P =y T‘,‘z
o*
- 1

F:: + e
e "1 v: dt :'(1_32_ dt
[ T :\ o2
L V2 -
1 dv = dav
= m, T 32 3y
\/ A (S
- 1-—
— c c ol
vY I vy vt dv w2
F o= 1"'—- l-—)+—| = —_—1-
F o dr L =y [L s et Mo dt [ 02]

';;':ue 1.29. l The mass of a moving electron is 11 times its rest mass,
ks8]

t'ind its kinetic energy and momentum. | AKTY 2011512 May

:inswer' : |

Given:tm = llm

To Find : i K:metm e :
ii, Momentum"
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1. Since, m= —m"—2
v
1=z
So 11m, = — I, =
v
-
vz 1 ve 1
-2 - — 1Y o
2 C11T T EZ 1
Y = 0995
[

v=0995x3x103 2.985 x 10* nv/s
2. Kinetic Energy, KE. = (m - m_) c?
: = (11 m, —~m } c® = 10 m ¢*
= 10x 9.1 x 10" x (3 x 10712 = 8.19 x 10 ]
P= mv-llmv-llelxlO"xQ%ﬁHxH)“
P= 2987><10‘2‘Ns

3. Momentum,

| The total energy of a moving meson is exactly twice its

AKTUaom-w '

2. BSince, m= i z
1Y

c

mu
2m, . e
CZ

1
2= ——==- => v=0.866¢

1-%,

or

= 0866 x 3 x 10%= 259 x 10° m/s
Show that the relativistic K.E. will convert into classical -

K.E. if v << c.
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Answer I

1. The expression for relativistic K.E. is

K={m-—m}lc*=

1v: 3 v? :
K = mc* {1+—--v—+§—4+...-—1

c 1
3. Since, ve<ci.e., vic << 1, g0, higher terms may be neglected. !
2 .
Thus, K = m c? [1 +é A 1}%% vE ... (Classical K.E.)
c

4,  Therefore, if ve< ¢ then relativistic K. E. will convert into classical K.E.

Que 1.80. , Calculate the workdone to inerease speed of an electron

of rest energy 0.5 MeV from 0.6c to 0.8c.

Answer

Given : Initial velocity = 0.6¢; Final
To Find : Amount of workdone.: -

-

K E. nf electron, K=m - moc'z =

2. Now initial kinetic energy,

_ .-
2173
K, =myg? [1—[0'66] } -1| =0.26 m_c?
L t ll c
o K, =0.25 x 0.5 x 10° eV = 1.25 x 10° eV ;‘
. > M |
., 0.8¢
2. FinalKE, K, =m* {1 —[ - J } -1
K, = 0.666 x 0.5 x 10° eV = 3.33 x 10° eV

4 Annount of work = K, - K
© - 333 % 10° - 1.25 x 10°% = 2.08 x 10° eV

It
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=208 x10°x 1.6 x 20719 J

[ lev=16x10 ...
= 3,828 x 10014

A charged particle shows an acceleration uf

4.2 x 10" cm/s? under an electrie field at low speed. Compute th:
acceleration of the particle under the same field when the speed h::
reached a value 2.88 x 10" om/s. The speed of light is 3 x 10 cm/s.

L Atlow speed v <<c, the effective mass m = mo
2. Acceleration at low speed,
s
e, = =4.2 210" e/ g2
mﬂ
3. NOW, m= m, = n, _ M,

(%]

\/_"_”‘ i [2.ssx10mf 0.28
¢ U 8x10™

4. Now, acceleration at high speed,

a=¥___F ___028F
m m, {028 m,

a=028x%x42x102=1.176 x 1012 cm/s?
] If the kinetic energy of a body is twice its rest maus.

energy, find its velocity.

To, Biel : Velasity o bod

1L Kinatic energy, K.E. = 2 x rest MAss energy

1 ]
=mviz= 2 xm o2
2 [}

2. We know that, m= _Th
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s So,

2
vi= 4c21’1-:—2

3
vt = 16¢t [1- :—2]
vi=16ct— 16 %2
v+ 16civi=-16¢t=0
—16¢% + /256 c* + 4 x 16 ¢*

v? =
2
. —16c°£17.88¢°
vi= o
v=0972¢ [Taking positive sign]

;’,‘!ue 1.33. | Show that the rest mass of photon is zero.

Answer I

A photon travels with the velocity of light. Its momentum is8 given by,

P=_TV
1Y
c2
But the mementum of a photon of radiation of wavelength X is
= % (% is Planck’s constant)
L3 _ _myv
A 1 v?
c2
2
R 1o
¢
T n., =
° e vi
But for photon v=oec,
S, m, = 0

Therefore, the rest mass of a photon is zero.

-Que 1.34. | Calculate the length of one meter rod moving parallel
i its length when its mass is 1.5 times of its rest mass,

1-34 A (S'em-_l & 2) Relativistic Mechanics

.«i\-%
1. As we know m= 0
V2
1- 2
<
1.6 my=
v.2
1-2
s
2
1-Y. - 2
¢ 3
2,  According to length contraction formula
2
L=L, 1-¥_
02
L=1x2-2 _0667m
3 3
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rlof Magnetic Field to Satisfy
guation in Vicuum

CONCEPT OUTLINE : PART-1

Electromagnetic : It is the study of the mutual interactions betwen -
electric charges. Charges may be stationary, they may move wit’
constant velocity or they may be in accelerated motion.

Equation of Continuity : It states, “The net change in the tora!
amount (of the eonserved quantity) inside any region is egnal to the

resultant of the amount that flows in and out of the region through
the boundary™. :

Maxwell’'s Electromagnetic Theory : Maxwell proposed the theory
of light to explain the different phenemenon (e.g., reflection, refraction.
total internal reflection, polarization, etc.). This theory is known =
Meaocwell’s electromagnetic theory.

Mexwell’s Equations in Free Space or in Non Conductinyg
Medium :

i
— : — - B

2, div B =0 B-dS =0
b curl Buo 2B Bai--t([ 3.4
- Ry c Tl ) i
I
= g - HB - |
4  curl g-2P H-dl=Io—.dS !
- ot c s & N

Displacement Current : It is defined as €, times to the rate of
change of electric flux through the surface.

Il,= q}gg
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Equation of Continuity :

The equation of continuity represents the conservation law of charge in
electromagnetism, :

If I is the corresponding current due to decrease of charge inside the
given region, then we have

dg
f=——= (2.1,
dt (2.1.1)

If pis the volume charge density of that region and o the corresponding
surface current density, then eq. (2.1.1) can be expressed as

. — d
Jdsg = - = Vv «£2.1.2
! T !,pd (2.1.2)
Using Gauss’ divergence theorem
[Ads = [divAav.
5 v
On left hand side of eq. (2.1.2), we get
.3 -d
divd dV = —
\j: iv pr i[pdV
3 p
or idedV = J{EJ av
.(2.1.3)

or J‘(di\u} +a—p)dV =0
v ot
Since Vis an arbitrary volume, eq. {2.1.3) holds only if its integrand will
be zero, i.e.,
divd + P -0
fa4
This expression is known as equation of continuity.

Physical Significance :
The equation of continuity is expressed as,

2—4 A (Sem-1 & 2) Electromagnetic Field Theory

.
divd +2P =0 42.1.4)
at

2. According to the Gauss's theorem in electrostatic
— -
divD = v.D=p

-y
where D is the diaplacement vector,
3. Thus, eq. {(2.1.2), becomes

— g . -
div JJ + E(divD) =0

(65\1

-
or divJ + div LEJ =0 (- Divergence ig independent of time}

{ =)
.| 8D
or div|J+—| =0 .(2.1.5)
ot

4. The solenocidal vector is very important e.g., we consider the discharge
of a capacitor through resistance R.

5. Ifwe consider a closed surface S, on apart of the circuit Fig, 2.1.1, then
the current leaving &, is equal to the current entering it. Same cannot
be said to the closed surface S;, until one admits a displacernent current

— —
(8 D /51) as equivalent to the conduction current .J .

6. But with this equivalence we have a closed circuit, which takes the form
of conduction carrent in the wire and a displacement current in the
capacitor dielectric between the plstes.

7. Eq.(2.1.5) signifies the treatment of the capacitor as a circuit element.

Derive the modified equation for the curl of magnetic
field to satisfy continuity equation,

1. ...Ampere’ls law is given as
Vox FI = ,} .
Taking the divergence of both sides of eq. (2.2.1}, we get

L2,2.1)
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[

.

[+

< {\?x[—;’): V-j

But according to vector identity, divergence of acurl is zero, therefore,

\?-[Vx}'—_}} =0

LN Vv; =0

This resultant is not consistent with the continuity equation [V of = %’]
i ¢, statemient of Ampere’s law is inconsistent and some modification is
requiredinit.

Suppose we add an unknown term G to eq. (2.2.1), then

VveH =Jd+G .(2.2.2)
Tukng divergence of both sides of eq. (2.2.2), we have
VIV H) = V. JJ+G) =0
Fe Vv J eV G =0 '
ar V.G ==V )
| V.G = _[_ %]:0_"0_ vj:_apv} L A2.2.3)
ot at ot
We know the peint form of Gauss’s law as, V - D =p,
Taking differentiation of both sides v %’Z—) = -66%
Putting this value in eq. (2.2.3), we get
V-G =v. oD
at
or G = D .{2.2.4)
ct )
Using eq. (2.2.2) and eq. (2.2.4) we get,
.. o
Vx H = -
x g + "

Que 2.3. I Derive the Maxwell’s equation in differential form.

Answer

Al
1.

Derivation of Maxwell’s First Relation :
According to Gauss’ law of electrostatics :

“The net electric flux (¢g) passing through a cloged surface is equal to
(1) times the total charge g contained in the surface”.

g = A
£n

Thus, .(2.3.1)

2-86 A (Sem-1 & 2)
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The electric flux can also be expressed as
b = IE.ds_ AL
£

where E is the strength of the electric field and E .ds isthe electii.

flux passing through a surface elements ds of a closed surface 5.
From eq. (2.3.1) and (2.3.2), we have
IE.dE =2 BTN
5 %

IfV i:_'e the volume enclosed by the surface S and p be the volume iy
density, then the total charge enclosed in the closed surface can ‘v
expressed as

ds
B

q= jpdv AE84
J .
From eq. {2.3.3) and eq. (2.3.4), we get
[F a5 - 2 foav
5 oy
or £g J.E.d.g = IpdV
b3 . v
or [eE a5 = [pav
v
or Iﬁ.d.? = IpdV (2.3.5)
H v

where D} =g, E is the electric displacement vector in the presence of
free space.

Using Gauss’ divergence theorem on the left hand side of eq. (2.3.5), wo
get, '

Jdivl_)'dv = deV { ISZ-d'é=jvdindvj
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or [(divDdV - pdV) =0 _ (2.3.6)
v

. Since Vis an arbitrary volume, eq. (2.3.8) holds only if its integrand will
be zero, i.e.,
(div D —p) =0
fe, div D = P
This is the Maxwell’s first relation or equation.
4. In free space, volume charge density, p=0

So, div D =0
B. Derivation of Maxwell’s Second Relation :

i We know that an isolated magnetic pole does not exist in the nature.
Hence, the net magnetic flux ®,, passing through a closed surface is

zero.
Thus, -{2.3.7)
7. The magnetic flux can be expressed as
Dy = j B.ds _ (2.3.8)
s

where B is the strength of the magnetic field and E.ds the net

magnetic flux passing through a surface elements d s ofaclosed surface
S, :
From eq. (2.3.7) and eq. (2.3.8), we get

j B.ds = 0 (2.3.9)
8

1. Using Gauss’ divergence theorem on the left hand side of eq. (2.3.9) we
get,
. Er— —
[divEdv =0 [ JA.ds=Jaiv AdV] (2.8.10)
’ s v

% Since Vis an arbitrary volume, holds only if its integrand will be zero,

adt,
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—
divB =0

This is the Maxwell's second relation or equation,
6. Thisrelation states that there are no magnetic monopoles in the world.
C. Derivation of Maxwell’s Third Relation :
1. According to Faraday's law of electromagnetic induction :

“The induced emf (electromotive force} produced in a current carrying

coil is equal to the negative time-rate of magnetic flux @, associated

with the coil”.

Thus, . e= 2 (@, (2311

2. If E isthe strength of the electric field corresponding to the induced

emf e, then the induced emf can be expressed as line-integral of E
around the coil Fig. 2.3.3,i.e.,

L2.3.12)
3. Comparmg eq {2 3. ll)Ia‘nd eq. (2.3. 12) we have
= T d
E -df = —— (D) L2313
.[ a M .
4. The magnetic flux can be expressed as
= JE-ds‘ L 12.3.14)
8
5. Substituting the value of @, in eq. (2.3.13), we get
[E al = _i“ﬁds']
ot
C O
or IE’.dI = —J' ° (B .d) .(2.3.15)
c 5 o
6. Using the Stokes curl theorem on the left hand side of eq. (2.3.15), we
get

F.di=-{2@®.dd
éfcurlE ds I-!at $
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[ = - @ m
! ccurl B.ds + —{(B.ds)| =0
ToL : 2
SF
S
_{ [cur] E - 'q?— l ds) =0 ..(2.3.16}
ot
s - . .
7. Since, §is an arbitrary surface, eq. (2.3.16) holds only if its integrand is
zero, t.e., .
curl £ + —EE =0
at
. B
or cuar] £ =-—- —

This is the Maxwell's third relation.
D. Derivation of Maxwell's Fourth Relation :
1. According to Ampere’s circuit law :

“The line-integral of magnetic induction vector B around a closed
current carrying loop is equal to p, times the current flowing in the

loop”. _
2. Thus, [B.dl =p,r (2317
;.
3 Since, B = uni-i , we have
Jro B al =py
«
or [H.dl =1 (2.3.18)
¢

4. Let us consider a small surface elements ds ofthe surface S bounded

by the closed loop C. If 3 be the surface current density of the loop,
then the current flowing in the closed loop can be expressed as

1=jJ.d§
8

..{2.3.19)

s T it « e

2~-10A (Sem-1 & 2)

Electromagnetic Field Theory

o

10.

Substituting the value of f from eq. (2.3.19) in eq. (2.3.18), we have
_[ﬁ.df = f?.dé L 2.3.20:
4 -

Using Stokes curl theorem on left hand side of eq. (2.3.20), we get

Jeun B di = [7.a5 - [ _[E.é}:jcurlﬁ-%]i
-1 8 c 8 i

or curl H = J
Using eq. (2.3.21) in the equation of continuity, we get

«(2.3.21)

div (curl ) + gt—p =0 [ div3+2—?=0;

. &p
ie., > = 0

Eq. {(2.3.22) is applicable for the steady-state conditions in which the
charge density is not changing with time. This shows that for time
varying fields, Ampere’s law should be modified. For this, Maxwell
suggested that eq. (2.3.21) should be modified as follows :

[~ divicurl H)=0]..(2.3.22)

—_

curl H = J + dJ, (2.3.23)

where J, is known as the displacement current density.
Taking divergence on both sides of eq. (2.3.23), we get

div {curl H ) =div ¢ 3+ '},D)

or _ 0 =div (J + Ip) [~ div(eurl H)=0]
or div e} = —div jD
o 4.0 v dien s 3y Op
or Et_ = diy JD [ le(J)-FE:U_;
. —
or édiv D) _ div J,,
8t
(aDY . =
or div [_85_ =div J,
8_ —
or g = JD L2320
From eq. (2.3.28) and eq. (2.3.24), we get

curlf}=j+g
&
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This is the Maxwell's fourth relation or equation.
11. From this relation, it is clear that the displacement current density

relates the electric field vector E as { D =cE ) to the magnetic field
vector H.

12. In free space, surface current density J=0

So, curl(H)" 6D
o

Derive the Maxwell's equation in integral form.

A Maxwell’s First Relation in Integral Form :
1. The Maxwell's first relation is

div D =p (2.4.1)

2.  Integrating this over an arbitrary volume V bounded by a closed surface
S, we have

J’ (div D) &V = j pdV | (242)

3. Using Gauss divergence theorem on the left hand side of eq. (2.4.2), we

get
Y

J'ﬁ.dé-_ jpdv

[ IA.JQ:J‘div AdV
v 7

where § is the surface which bounds the volume V.
4. In free space, velume charge density, p = 0.

So, If)dg =0
5

This is the integral form of the Maxwell’s first relation.
B. Maxwell’s Second Relation in Integral Form :
1. The Maxwell’s second relation is

div B =0 L(2.4.3)
2. Integrating this over an.arbitrary volume Vbounded by a closed surface
3, we have

[div BdvV=0 (2.4.4)

v
3. Using Gauss’ divergence theorem on the left hand side of eq. (2.4.4}, we
get

P )

PR s e
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- - -+ - —+
IBds =0 : IA.ds:Idiv AdV] (245
5 8 J
Where 8 is the surface which bounds the volume V.
This is the integral form of Maxwell’'s second relation.

4,
C. Maxwell’s Third Relation in Integral Form :
1. Thethird Maxwell’s relationis

curl E = _ % ..(2.4.6)
2. Integrating this over an arbitrary surface 5 bounded by a closed loop C,
we have )
jcurlf di = _J' Z(B.d® (2.4.T)
3. Using Stoke s curl theorem on left hand side of eq. (2.4.7), we get
[B.dl =~ 2@ .as) |- [Adi=[eurads
o : J
c s c E:
[ 3
) E.dl = ——| | B.ds
i.e., I E .di ar |\£ J

_ Here C is the ccl‘osed loop which bounds surface S.
4. This is the integral form of Maxwell’s third relation,
D. Maxwell’s Fourth Relation in Integral Form :
1. The Maxwell’a fourth relation is

curl (H)=dJ + i‘g . A2.4.8)
ot
2. Integrating this over an arbitrary surface S bounded by a closed loop C,
we have
J-curl:’:f.dg = J [3+C—D—) ds .{2.4.9)
5 8 ot

3. Using Stoke’s curl theorem on left hand side of eq. (2.4.9), we get

(_ 6D { = u (6‘|
I ) IA _[c IIA 4 .

=

]

[H.4l
C
or J}_'—]_df=J'(J+JD]d?

Here, C is the closed loop whlch bounds surface S.
4. This is the integral form of Maxwell's fourth relation.
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Using Maxwell equation Curl B = Hp (J + %?] » Prove
L 4

—

3. In free space, surface current density, J =0

SC‘, J‘I‘i.d?: Jjud; i thatdiv_D:p.
v 8 !
. | _
— — aD — j 1 T , . o
or IH dl = f——.ds : ' e Maxwell's equation is given by :
[ad & 7.1
: ’ — - g
Carl B = {J+6_l?_}
a

Que 2.5. | Given the physical significance of Maxwell’s equations.
i; But we know, E = HUI}

A Physical Significance of Maxwell’s First Equation : ; N
1. It signifies thal the total flux of electric displacement through a closed : Se, Curl 7 = {,}’ + %} URRE
: 2 '
: i 2. Taki di ,
surface enclosing a volume is equal to the net charge ¢ [z J.pdV] i ng the divergence of eq. (2.6.1), we obtain
v . =
div(Curl H) = div {J + Q} =0
ot

contained within that velume.
B. Physical Significance of Maxwell’s Second Equation :
1. [t signifies that the net outward flux of magnetic induction through a :
surfuce enclosing a volume is equal to zero. :
2. This shows the non-existence of monopoles in nature,
C. Physical Significance of Maxwell’'s Third Equation :

3.  Sincethe div of any vector quantity is zero i.e.,
div (Curl FN = 0

" Therefore, div {j . @_1 =1
bt )

L. . div 7 + div @ =0
i. It signifies that the emf | = JE .d { | induced around a closed path is o
c

R i e e e, e

. . div:; +18divDL _ 0
_ > - o 2B
equal to the negative rate of change of magmetic flux [ =—- IB .ds ’
.8 4. From continuity equation, we have div J + & o 0
linked with that closed path. e
e, div J = 2
' T e L (2.8.3)

D. Physical Significance of Maxwell’s Fourth Equation : i
. 4 A ot
8. Using eq.(2.6.3)in eq. (2.6.2), we »l:tain

-+ —
l. It signifies that the mmf [z JH .di J around a closed path is equal to dp Odiv D
b3 - =

ot at
the sum of the conduction current and displacement current linked - .
with that closed path, : : _ dp _ édivD
. 1 at ot
-
div D =p
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Explain the concept of displacement current and show

1 Let us consider an electric circuit consisting of a battery B, resistance &,
key K and a capacitor € in series as shown in Fig. 2.7.1.

c i
5 K
1 82 \

Fig. 271 Elebide il _
When we close the cireuit by pressing the key K, the charging of the
capacitor starts,

4. Consider acircular surface §, and a semispherical surface 8, such that
both are bound by the same closed path. During charging, there is no
actual flow of charge hetween the plates of the capacitor.

4. Hence, the current flows through surface S, but not through S,

h

Applying Ampere’s law for the surface 8,, we have

_[E._df =pd 2T
Applying Ampere’s law for the surface §,, we have
j’ﬁ.df =0 W{(2.7.2)

5. Since the results of eq. {(2.7.1) and eq. {2.7.2) contradict each other,
these equations cannot be corrected.

Maxwell tried to improve the contradiction between the two equations
by adding an additional term p, I'f, on the right-hand side ofeq. {2.7.1).

%, Thus, the modified Amperes law can be expressed as
[B.dl=pd+1p ‘ (2.7.3)
where I; is known as digplacement current.

% The displacement current is given by
I=Ad, A2.7.4)

where A is the area of the plates of capacitor and Jp, is the displacement

current density.
According to Maxwell’s fourth relation, the displacement current density

is given by

~J

T e T i g see
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JIp= %? ' - 42,75
11. From eq. {2.7.4) and eq. (2,7.5), we have
ab
Ip=A—
b ot
O {ep®
or Ip= A—%g———) [ D=y K]
d{F)
ar ID= Agg E— L 2T .8)

12,

13.

14.

156.

If ¢ is the surface charge density of the plates of capacitor and g is the
charge on each plate, then we know that

- q
== =2 b o= {gid))

. gg  Agp ? .
Using this relation in eq. (2.7.6), we get

a !
o= s )
qa

%9 _g
ot

This shows that the displacement current in the space between the
plates of capacitor during charging is equal to the conduction current.

Thus, the concept of displacement current needs a modification to
Ampere'’s law.

ie., I,=

Explain the characteristics of displacement current.

The displacement current is the current only in the sense that it produces
a magnetic field. It has none of the other properties of current since it is
not linked with the motion of charges.

The magnitude of displacement current is equal to the rate of change of
magnitude of electric displacement vector, e, J, = (8D/dt).

Tt serves the purpose to make the tatal current continuous across the
discontinuity in conduction current. As an example, a battery charging
a capacitor produces a closed current loop in terms of total current

Igm=1+1,
The displacement current in a good conductor is negligible compared to
the conduction current &t any frequency less.than the optical frequencies

(= 1075 Hz).
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Thearem, Plane E!ectmmagnetm W
Transverse Nature, Relation Between Kl el
Fields of an Electrom@gﬂse\ ( -\W@ves. :

| R ————

CONCEPT OUTLINE ! PART-2

Poynting Vector : The magnitude and the direction of flow of energy
per unit area per unit time in an EM-wave travelling in free space (or

—
vacuum) can be expressed by a vector known as Poynting vector S .

Electromagnetic Waves : Electromagnetic waves are coupled electric
and magnetic oscillations that move with speed of light and exhibit

typical wave behaviour.

Fnergy Density of Electromagnetic Wave : The total
elaclromagnetic energy density

W= COEZ

Que 2.9.

Long Answer T

What is Poynting vector 7

Answer l

A
i

w

Poynting Vector : ]
The magnitude and the direction of flow of energy per unit area per unit
time in an EM- wave travelling in free space (or vacuum) can be expreased

REY
by a vector known as Poynting vector § .

Expression for Poynting Vector :

Let us consider a srnall volume element &V = A dx, where A is its cross
sectional area and dx its length along X-axis.

If 415 the kM-energy density of the EM-waves, then

=1 B2 -l--;—pOHQ (2.9.0)

T T LR, - L b e 1o a1

ki er Tt e,

Electromagnetic Field Ll -
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3. Hence, the energy assoclated w1th vohune element dV is given by

U=udVe= [55032 +%pOH2JAaIx A28

4. The relation betweern the magnitudes of field vectors E and H i

E

Mo 1
- = — = O= — Yot
H g 0T o0 e

5. Using eq. (2.9.3) and eq. (2.9.2), we have

1 E)
U= Lz“E C g hoH ] Adx

1
o U_ (_ __)
2c + 5C EHA dx
FHA dx of 4
or e /7 o N
dx 1dt) [ C-
or U = EHAd W2

6. Hence by definition, the EM-energy passing through per unit area per
unit time with EM-wave, i.e., magnitude of Poynting vector is

U EHA di
“Adt T aaqr -EH

7. Invector form, this expression can be expressed as

— —

-
S =E x H
Derive Poynting theorem and explain its physicai

significance.
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EcurlH =f-{J+aOQf—}
4, Poynting Theorem : _ K -
. According to this theorem, “The time rate of EM-energy within a certain : or FeurlH =E -J+6 E (9E
volume plus the time rate of EM-energy flowing out through the a
boundary surface is equal to the power transferred into the EM-field”. : . —_ — — aE
C . or E.J =K curlH — ¢ E-—
i, Derivation of Poynting Theorem : &t
g , . ; _ o _ - o R
Suppose we have some charges and current, which at time ¢ produces : or E.J = H curlE~div(ExH-ey B r"n; .
fields E and B . : _ 42.10.5) %
Then, the work done on an element charge dg contained in a volume’ :' tr div(Ax By=B.curl A— A .curl B]
element dV due to its displacement 47 in time d¢t under the influence of 3 8. Maxwell's third relation is
Lorentz force F is eurl E = _%
F.di= dq(E+vxB)-di ' - H
(B +v x B) N or curl B = —pg 9;"_ {2.10.8)
F.dl= dq(E+vxB)-vdt ' [ V= dj] _j 9. Using eq. (2.10.6) in eq. (2.10.5), we have
= dg(E.V)dt +dg (v x B).v)dt E.J = F(—uo—aafj]-di"(fxﬁ)—ﬁog"(:f
=(E.v)dgdt ' — _ '
¥xB).v=[vB¥v : ' 7 gH_ 522 _gvE.m
[since{v x B).v=[v Bv}=0] ..{2.10.1) or E.J = —peH P _EGE'E_ v iL x
4 If p and 3 be the volume charge density and current density or E.J = _a_(EQHE + 50 EzJ_ div(E =« &)
respectively, then we have _ - a2 2
. — : —r
| dg=pdV and pv = J 42.10.2) or F.J - _g[%H2+%E2J-div(S) (2107
+  Using eq. {2.10.2} in eq. (2.10.1}, we have L. ' .
—_ = S S — where S = {E x H) is the Poynting vector.
i = iy R = (E.J)dV dt ;
Feal [E P ] pd'v % E 10 Using eq. (2.10.7} in eq. {2.10.3}, we have
5.  Hence, the total work done per unit time on all the charges in some . ' aw  _ J‘ [_ a2 (Eﬂ_ H? + &0 E? ] _ div (§)} dv
volume V is given by dt o\ 2 2
dW = 5 . N
Sl j@&.3rav .£2.10.8) : o dw_ _ Zif ﬂHz_'_E_uEz]dV_J‘div(S)dV
v _ dt dr J\ 2 2 v
Maxwell’s fourth relation is _ ..62.10.8)
curl H = J @ 11. Since, dW/dt represents the power density that is transferred into EM-
field and increases the mechanical energy (kinetic, potential or whatever)
— oF - - . of the charges, therefore, if uy, denotes the mechanical energy, then we
Or curl H = o +gg ? [-'- D =gy E] ...{2.10-4) have .
7. Taking the scalar product of E on both sides of the above eq.(2.10.4), i‘dz_ = % J.“M dav L (2.10.9) )
we have ¢ v |
L i
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12. Also, the EM-energy density is given by

_ Ko g2 B0 p2
Yo = 2H +2

..(2.10,10)

Using the eq. (2,10.9} and eq. (2.10.10} in eq. (2.10.8), we obtain

13.
-
a4 j.uM dv = :ij'uem dV—Idiv (S)dv
dt dt
v v v

3 ’ d
ur Jdiv(S}dV-: "EJ(UM*'uem)dV
v v '
- ]
or Jdiv (8)dv = ].-a;(um + g ) AV
v v
— a
ar div § = —-Et—(uM + Ugm)

C. Physical Significance :

) 3 - -
The Poynting vector 8 deseribes the flow of energy mtk.le same Way as

-2 L]
¢the current density vector J describes the flow of charge. Since t:he
equation of continuity expresses the conservation of charge, the Poynting
theorem represents the conservation of energy.

A 500 watt lamp radiates power aniformly in all

Que 211,
directions. Calculate the electric and magneti
m distance from the lamp.

¢ field intensities at 1

ToFind: i Electrif

i Areailluminated = 4nr? = 4% (1)% = 4n m?

‘ _ 300
5 Therefore, Energy radiated per unit area per second = I

3. lence, from Poynting theorem

§1-1E B 500 a1
{§i=|ExH|=EH="— A2 )
£ Mo —377Q (2112

and I .

4. Multiplying eq. (2.11.1} and eq. (2.11.2), we get

2-22 A (Semi-1 & 2) Electromagnetic Field Theory
E?= % x 377 = 15000.36
or E = 122,475 Vim
and H= E 0.325 A/m
377

{ Calculate the magnitude of Poynting vector at the

surface of the sun. Given that power radiated by the sun
= 8.8 x 1026 Watts and radius of the sun = 7 x 10® m.

The Poynting vector is given by :
g Power  3.8x10™ _ 3.8x10%
T o4nr? T 4r(7x105)% 1,961 x 108
= 6.171 x 107 W/m?

1.

Define EM waves. State a few properties of

1. EM waves are coupled electric and magnetic oscillations that move with
speed of light and exhibit typical wave behaviour.

2. The properties of electromagnetic waves are as follows :
i.  Infreespace or vacuum, the EM wave trave! with speed of light.
. The electrostatic energy density is equal to the magnetic energy
density.
ili,. These waves carry both energy and momentum, which can be
delivered to a surface.

iv. EM waves are transverse in nature.
v. Electromagnetic waves of different frequencies can exist.

: Derive clectromagnetic wave equation in free space.

OR
F.Tsing Maxwell’s equations, derive electromagnetic wave equations
in vacuum and prove that wave propagate with specd of light.

1.  Maxwell's relations are given by,

5
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divD=p

divBE=0

curl E=—28 (2.14.1)

at
curl H=J + oD
| ot |
For the propagation of EM-waves in free space {(or vacuum), we have
a=0,p=0,e,=1,u, =1

ie., J = ok =0,e=g48,= aamd B= b H. T g

.. Thus, the Maxwell’s relations for the propagation of EM-wave in free
space (or vacuum) are given by

divD=0
divEB=0
curl B - - 28 2.14.2)
ot (2,14,

curl H = Q

ot

\  For freespace, D = tgE and B = uoH ,so we have
divE =0
divH =0
curl B = — o 28 (2.14.3)
ot
curl H =g L2
ot

5. Taking curl on both sides of the third relation in eq. (2.14.3), we have
curl (curl E) = curl [— Ho %{:——]
grad (div E) - V2E = —pg curl (%;{:?—J
(- grad(div A )— v2A =curl (curl 4)]

[+ div E = 0]

ke o 20 [mmg]

-V?‘E' == U [g](mﬂ Ff_.)
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> 8*E
—V2E = gy Mg | —5 L12.14.4)
6. Now taking curl on both sides of fourth relation in eq. (2.14.3), we can
show that
viH = SOFOL 5 42,1400
gt
7. Comparing eq. (2.14.4) and eq. {2.14.5) with the general wave eq.,
= 1 (P
vy = =} == |, visthe wave velocit
M v? L 6t2J Y
we get € =1
o Mo ve
. 1 : 1
Le., v = T = )
Ko . Ko
4 ~J
\/7( T Eg) [ an )
1 1
v =

1 _7 - rf'_ 1 ]
— 5 (10 1 I l
9x 10 L9x10" )
(+c  1/4 mey=9x 10° N-m?%C? and nyf4n = 107 Wh/A-m1)
V= ‘/ g =10 =3 x 10% nvs = ¢ (speed of light]

This shows that EM-wave travel with the speed of light in: free space for
vacuum).

Qe Dy Show that E, H and direction of propagation form a set
of orthogonal vectors,

F o

1. Considering EM-waves as plane waves, the electric and magnetic vectors

E and H can be expressed as

E

il

E  exp LK -7 —ot)

H = Hgexp[i{& 7 —ob)

2. These two equations represent the plane-wave selutions of Maxwell's
relations for the propagation of EAf-waves in free space lor vacuum . In
this condition, the del operator (V) and partial time derivative sperator

[ﬁ] can be expressed as
&t
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V=iK l
d . (E] - ]'_{,J | : .--(2.15.1)
an ot j
where K is the propagation constant and @ the angular frequency of
EM-wave.
3.  From eq.{2.14.3) and eq. (2.15.1), we get
e N E‘ = 0
K . F} = 0
ifé * E :-—-p,o(-io)H)
and rif%xf;f =ao(—_imé)
or k’ é ={Q
K-H=0
K x E =poH (2.15.2)

-r

K < H =-g0E

4 From the sct of eq. (2.15.2), it is clear that £, K and H vectors are
perpendicular to each other. This indicates that EM-waves p}"opagatngg
in free space (or vacuum) are transverse in nature. This fact. is shownin

Fig. 2.15.1.

Fig. 2.15.1. Transverse natire of BM-w?

Que 2.16. | Discuss the energy density of electromagnetic wave.

[T

2-26 A (Sem;l & 2) Electromagnetic Field Theory

1. When the electromagnetic waves travel in free space, the electrostatic
energy uensity &, and magnetostatic energy density & , are given by

1 1o

u, = —2-aOE

1 2

= =pg H
w,, 2!-10

2. Total energy density of EM-wave is given by

1 1
w=u,tu,= EBQE2+—§]JDH2
3. - But for a plane electromagnetic wave in free space

E_ |t pg- /E_DE
[ £g o
1 s 1
4. So, w= —g, B2+, .0 g2
g fo 2!-10 Ho

u =g, 52

This is the total electromagnetic energy density.

Wauves,

CONCEPT DUTLINE : PART-3

Skin Depth : It is defined as the depth of a conductor from the surface
at which the amplitude of the wave is Lfe of the amplitude of surfacce.

carried by electromagnetic waves,

The momentum of a particle of mass m moving with velocity v is given
by
o =mv L2171
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2. According to Einstein’s mass-energy relation
Energy, U=me2 or m= —[-;:
c
- U -
P = o v -(2.17.2)

3. The energy density in plane electromagnetic ‘wave in free space is given

by

where E is the magnitu

= EDEQ L(2.17.3)

de of electric field.

4. Thus, the momentum density or momentum per unit volume associated

with an electromagnetic wave is
—+ u -
P = =V _ (2,17 4)
5. Tfthe electromagnetic waves are propagating along X-axis, then
v =
p = -Zif .(2.17.5)
4. The Poynting vector
.§ = 1 (l_fi x 1_’?)
Hq
- E? - - 2,
8= L { E=xB= E i] ..{2.17.6)
[T ' ¢

7. Substituting the value of E? from eq. (2.17.3)in eq. {2.17.6), we get

“ § = uci e 1 W
£¢CHg ;“nEoJ
s L2177
c

8. Putting the value of 1 from eq, (2.17.7) in eq, (2.17.5), we get

-3

S=
or wi=

-

p =

.
ar P =

b HEg. (2.17.8) represe

—
s_1
T et

(ExB)
T, 1 —sw
£,(E x B) 'pccz"' B)

nts momentum per unit valume for an

L+

L{2.17.8)

electromagnetic wave. The value of this momentum is,

P=

i
—~ or u=pc
¢

i.e., Energy density =~ wave momentum % wave velocity.
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Electromagnetic Field Theory

Define radiation pressure. Derive the relation between

radiation pressure and energy density.

Radiation Pressure :

When electromagnetic wave strikes a surface, its momentum changes.
The rate of change of momentum is equal to the force. This force acting
on the unit area of the surface exerts a pressure, called radiation pressure,
Relation between Radiation Pressure and Energy Density :
Let a plane electromagnetic wave incident nermally on u perfectly
absorbing surface of area A for a time 1.

If energy U/ is abhsorbed during this time, the momentum p delivered to
the surface ie given, according to Maxwell’s prediction, by

U
p=—
c
If 8 is the energy passing per unit area per unit time, thén
U=8SAt
S At
c
where S is the magnitude of Poynting vector.

=

But S u (energy density)
¢

o p = uA
From Newton’s law average force F acting on the surface is equal to the
average rate at which momentum is delivered to the stoface. Therefore,

F=2 o4
I
The radiation pressure p,, exerted on the surtice.
F —
Pogd = E- U

Hence, the radiation pressure exerted by a normally incident plane
electromagnetic wave on a perfect absorber is equal to the energy density
in the wave.

For a perfect reflector or for a perfectly reflecting surface, the radiation
after reflection has a momentum equal in magnitude but opposite in
direction to the incident radiation. The momentum imparted to the
surface will therefore be twice as on perfect absorber. That is,

Prad = 2u

Discuss depth of penetration or skin depth.

B s et
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PPhysics

Answer ’

1. The depth of penetration is defined as the depth in which the strength of
electric field associated with the electromagnetic wave reduces to Le
times of its initial value.

Depth of penetration or skin depth is a very important parameter in
describing conductor behaviour in electromagnetic field and in radio
communication.

i
1wt

E & = penetration depth
l/e —

o

E

-y —— =X

Distance ——#
Fig. 2.19.1.
3. The reviproeal ol ottenuation constant is called skin depth or depth of
poenelration e,
1
attenuation constant
4. For good conductors, penetration depth decreases with increase in
frequency and is given as

2

wpa

5=

Fonr poor conductars, skin depth is independ. it of frequency.

5= 2 JE
agyp
Que 2.20. [ Show that for a poor conductor, the skin depth can be

expressed as

o

5=2
o

= Io]

\

Answer

I We know that fur a conducting medium, the propagation constant can-

lw expressvd as

K=u+i

2 12
Here. w= /- ( -1
: em

e

2-30A (Sem-1 & 2) Electromagnetic Field Theor-

. —
and ]3=(o,|'a—“” 1+[£] +1
2_L £60

. and skin depth is given by

5= 1

172

o

2. For a poor conductor o << g, 50 we can approximate the first term i1

square rogt hracket of right hand side of expression of « using 1!,
binomial theorem as -

2 1
i 2 Ng 2 4 z
]+{EJ =[1+32 c1. O ot
_ Ew” 2202 grtpt 240
. 2 2
. Ny
Le, 1+ [‘—] —1= —(EF—
£m 2 g2

3. The expression of « therefore reduces to

- 1/2
ol o

£
2L2awJ

: lep o
or o= 2 .o or fad
2 V2 ew

4. Hence, the skin depth for a poor conductor can be expressecl as

5=_=._._
a oiu

| For silver, p = 1 and o = 8 x 16” mhos/m. Caleulate the
skm depth at 10® Hz frequency. Given, 1 =47 x 107 N/AZ,

o=

.x 107.mbos/m, £= 10° Hz

1. Since silver is a good conductor, therefore, -thé skin depth is given

e
(2nf) p,o

&=
\/(2nx103)x4m10 Tx3x107
3=9.19x 10-5m

©e©
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Part-1 _ (3-2A to 3-114)
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» Waove Particle Dual
* Matter Waves
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* Born litt rp‘re

* Sehrodinger W ;
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3-1 A (Sem-1&2)

3-2 A (Sem-1 & 2)

Quantum Mechanics

§
i

.s Law, Rayleigh-Jeans
rtiche Buahty, Maiter Waves.

CONCEPT QUTLINE : PART-1

Wave Particle Duality :

According to Einstein, the energy of light is concentrated in small
bundles called photon. Hence, light behaves as a wave on one hand
and as a particle on the other hand. This nature of light is known as
dual nature, while this property of light is known as wave particle
duality.

de-Broglie Wave or Matter Waves :

de-Broglie wavelength is given by

A= ﬁ
P
de-Broglie wavelength in terms of temperature is given by
A h
A= o ——
r 3mkT

Black Body :
A body which absorbs completely all the radiations incident upon it,
" reflecting none and transmitting none, is ealled a black body.

Absorptivity of a black body is unity for all wavelengths.

It appears black whatever the wavelength of incident radiatjon is.
When a black body is heated to a suitable high temperature it emits total
radiation which is known as black body radiations.

From the energy point of view, black body radiation is equivalent to the
radiation of an infinitely large number of non-interacting harmenic
oscillations, the so called radiation oscillations.
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No actual bedy is a perfect black body, it is only an ideal conception.
Lamp black is the nearest approach to hlack body which absorbs nearly
a9 % of the incident radiation.

Platinum black is another example of 2 black boady.

Energy Distribution :

Resulis of the studies of black bedy radiation spectra are shown in
Fig. 3.1.1 in which variation of intensity with waveélength for various

temperatures are shown.

Intensity —a

Wavelength —

Fig, 3.1.1.
The energy distribution in the radiation spectrum of black body is not
unifori. As the temperature of the body rises, the intensity of radiation
fur each wavelength increases.

At a given tejnperature, the intensity of radiation increases with increase
in wavelength and becomes maximum at a particular wavelength. With
further increase in wavelength, the intensity of radiation decreases.
The point of maximum energy shifts towards the shorter wavelengths
as the temperature increases. .

For agiven temperature the total energy of radiation is represented by
the area between the curve and the horizontal axis and the area increases
with increase of tempetature, being directly proportional to the fourth

power of absolute temperatures.

Que 3.2, l Discuss Stefan’s law.
Answer | '

L

&

The total amount of heat (&) radiated by a perfectly black body per
second per unit area is directly proportional to the fourth power of its

absolute temperature (7), L.e.,

ExT* or E=oT?
where, o= Universal constant and is called Stefan's constant.
This law is also called as Stefan's fourth power law,

If a black body at absolute temperature T is surrounded by another
black body at absolute temperature T, then the net amount of heat (E)

tost by the former per second per em? ig given by

34 A (Sem-1 & 2)

Quantwn dMechar

4,

E = l:}'(T“l — TO4)
This law is also known as Stefan-Boltzmann law.

Explain Wien’s laws of energy distribution.

within the wavelength A and A + dA is given as,

A
u,dh= 5 fAT)dh IEEE

A = Constant, and

FOUT) = A function of the product AT and is giver <.
ﬂlT] = e-c}:f}.kf = e—nﬁ«.T

w, dh= ArS e Td),

For i =o,u, s0andfork=0,u, =0.

Thus eq. (3.3.2) shows that no energy is emitted by a wave oi anlin:
wavelength as well as by a wave of zero wavelength.

For T =0, eq. (3.3.2) reduces to : &, d =A7°, which is finite gquantsi-
and is in open contradiction with the Stefan’s fourth power law (o7
V‘_’ier}’s lftw of energy distribution, however, explains the enc::
distribution at short wavelengths at higher temperature and fails in:
long wavelengths.

Displacement Law :
As the te:-mperature of the body is raised the maximum energy tends ..
be associated with shorter wavelength, i.e., )

%, T'= constant (8.8

A, = wavelength at which the energy is maximum , and

T = absolute temperature.

Th_us, if_ radiation of a particular wavelength at a certain temperature 1~
F\dlabatlcally altered to another wavelengths then temperature change:
in the inverse ratio. i

Discuss Rayleigh-Jean’s Law,

where,

where,

The total amount of energy emitted by a black body per unit volume at
an absolute temperature T'in the wavelength range 2 and & + d). is given
an, :

warm BT

where, & = Boltzmann’s constant = 1.381 x 10-2 J /K.
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2.

|

Que 35

The energy radiated in a given wavelength range A and A + dA increases
rapidly as A decreases and approaches infinity for very short wavelengths
which however can’t be true.

This law, thus, explains the energy distribution at longer wavelengths
at ail temperatures and fails totally for shorter wavelengths.

The energy distribution curves of hlack body show a peak while going
towards the ultra-violet wavelength (shorter .) and then fall while
Rayleigh-Jean’s law indicate continuous rise only.

This is the failure of classical physics and this failure was often called as
the “Ultra-violet catastrophe” of classical physics. :

Derive Planck’s radiation law and show how this law

successfully explained observed spectrum of black body radiation.

-

Planck’s Radiation Law :

According to Planck’s gquantum hypothesis the exchange of energy by
radiations with matters do not take place continuously but
discontinuously and discretely as an integral multiple of an elementary
quantum of energy represented by the relation .

E=hv
where, v = frequency of radiations, and

h = Planck’s constant.
Thus, the resonators can oscillate only with integral energy values Av,
2hv, 3hv, ..., nhvoringeneral K =nhvin=1,2,8,..).
Hence, emission and absorption of energy by the particles of a radiating
body interchanging energy with the radiation oscillation ocecur discretely,
not in a continuous sequence.
In relation E, =n Av, n is called a quantum number and the energies of
the radiators are said to be quantised and allowed energy states are
called quantum states.
On the basis of his assumptions Planck derived a relation for energy
density (i } of resonators emitting radiation of frequency lying between
v and v + dv which is given as follows :

8nkv'  dv :
u, dv = C—a m ..(3.6.1)
Brhe  dr
or uld = T m ..£3.5.2)

The eq. (8.5.1) and eq. (3.5.2) are known as Planck’s radiation law,
Experimental Verification of Planck’s Radiation Law : According
to Planck’s radiation law expression for energy density is given as

8rn Ac di
mdh= =5 omr _y

3-6 A (Sem-1 & 2) Quantum Mechanics
a. Wien’s Law from Planck’s Radiation Law :

1. For shorter wavelengths AT will be small and hence "7 > 1

2. Hence, for samall values of AT Planck’s formula reduces to

8rhe di

h‘.A di= T eMW = 8n Ae 8 e""'”"“’Td?t
or u, dh= AL" e T\ ...{3.5.3}
where, A = Constant (= 8x Ac), and

a = Constant (= Ac/k).
Eq. {(3.6.3) is Wien's law,

This result shows that at shorter wavelengths Planck’s law approaches
Wien's law and hence at shorter wavelengths Planck’s law and Wien's
law agrees (Fig. 3.5.1).

Planck’s law
L

Rayleigh-Jean's law

ot

—
o
Rayleigh-Jean’s Law : R
¥or longer wavelengths ¢**#7 ig small and can be expanded as follows:

ke he
AT o ] o e o
€ TRRT TWRT
Hence, for longer wavelengths Planck’s formula reduces to
8n he 3&T
udh= TS di
or u,dh = 8“1” dh .{3.5.4)

- Eq. (3.5.4) shows that for longer wavelengths Planck’s law approaches

to Rayleigh-dean's law and thus at longer wavelengths Planck’s law and
Rayleigh-Jean’s law agree (Fig. 3.5.1).

Thus, it is concluded that the Planck’s radiation law succesqful ly explained
the entire shape of the curves giving the energy distribution in black
bhody radiation.

Discuss the wave particle duality.

%".-1’:_ .
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_Answer |

t According to the Planck's theory of thermal radiativn; Einstein’s
explanation of photoelectric effect; emnission and ahsorption of radiation
by substance, blaclk body radiation ete., the electromagnetic radiation
consist of discrete indivisible packets of energy (Av) calied photons which
manifest partivie character of radiation. On the other hund, mucroscopic
nptical phenomena like interlerence, diffraction and polarisation reveal
and firmty coufirm the wave character of electromagnetic radiation.
Therefore. we conclude that the eleetromagnetie radiation has dual
character, incertain situation it exhibits wave properties and in other it
acts like a particle. '

The purficle and wave properties of radiation can never be observed
stmultaneously. To study the path of 2 beam of monachrematic radiation,
wir uae the wove theory, while to calculate the amount of energy
rransactions of the same beam, we have to recourse te the photon or

[

partrehe Lheory.
3. It has been found imipossible Lo separate the particle and wave aspects of

clectromagnetic radiation.

Que 3.7. I What are de-Broglie’s waves or mattcr waves 7

nAnswer l

i, When a material particle moves in a medium, a group of waves is
associated with it due Lo which it shows the wave particle duality, These
waves are known as matter waves or de-Broglie waves.

According to de-Broglie's concept, each material particle in motion

of momentum p.

Wave natureg ox ———
Particle nature

Que 3.8, l Deduce expression for wavelength of de-Broglie wave,

Answer
1. Let a photon having enargy,

E=hy= % : (3.8.1)

If a photon possesses mass, it is converted into energy.

Now accprding to Einstein's law,
E = mc? +0(3.8.2)

B

hehaves as waves, having wavelength ‘A" associated with moving particle

3-8 -
A(Sem-1&32) Quantum Mechanic-

mc2 = .}E = i= hC ‘
A fn02 ) ‘
k A
k = _— =, —— E
i, = A 'p { . FHE = :‘

5. In place of photon, we take i i
‘ s material particle havi & :
with velocity %', The momentum, ng massm movm_.-:‘

pD=mv
6. The wavelength of wave associated with particle is,
mv. p ‘

This is de-Broglie’s wavelength.

7. IfE, is kineti i 't
velqtity o th;l:,energy of material particle of mass ‘' MOV W ‘

E, = % my?
2 .3
E. = MV
= s |
or E = (mv)? ;f-z_ |
k 2m 2m
or b= 2mE,
8. The de-Broglie’s wavelength, A = —,_i=_— ‘
v'QmEk ‘

9. According to kinetic theor as
{ v of gases, the i i by
the material parto b Al average kinetic energy (& Pl ‘
3
g, = 3 KT ‘
10. The de-Broglie's wavelength, ‘

A i ‘

7\‘ = =
\/2mx ?%Z BmET |

where, K=1.38 x 1023 /K
T = temperature (K. ‘

11. Suppose materi icle i . :
therf: ' rial particle is accelerated by potential difference of Vvolt ‘

Ek =gV ‘
. where, g = charge of particle. ‘

4. From eq.(3.8.1) and eq. (3.8.2), ‘
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12. The de-Broglie’s wavelength,
e B
2mgV

Qu’e"if&_&‘“ | Derive an expression for de-Broglie wavelength of
hielium atom having energy at temperature T K.

Qs

the material particle is given as

3
E, = EKT

2. The de-Broglie's wavelength,

J2mE, \/2 3KT 3mKT
mx ==

where, K =1.38 x 10-23 J/K, and
T = temperature (K).

Que 3.1 | The kinetic energy of an electron is 4.55 x 10-25.J, Calculate
the velocity, momentum and wavelength of the electron.

To Find:

i Wavelengthi YOI

if m_ is the rest mass of electron, v is the velocity of the electron, then its
kinetic energy (E,) is given by

E = 1 m_v?

2
2F 2% 455 %102 ;
/ m: = 1 10T " 1 x 10% m/s

m,=9.1x 105 kg

R
v =

~  Momentum of electron,
p=my=91x10"1x10%=9.1 x 10 kg m/s

3.  Wavelength of electron,
%= h/p = (6.63 % 10731)/(9.1 x 10-28) = 7.29 % 100" m

3-10A (Sem-1 & 2) Quantum Mechanics

Find the de-Broglie wavelength of neutron of energy

2.8 MeV (given that A = 6.625 x 10-*J-s, mass of neutron
{m. )= 1675 x 10 kg and 1 eV = 1,6 x 10°'% Joule).

1. Rest mass energy of neutron is given as
m, c? = 1.675 x 10727 x (3 x 10%?
1.5075 x 10-19J

_ 1.507x 107
C16x10°®
2. The given energy 12.8 MeV is very less compared to the rest mass

energy of neutron, therefore relativistic consideration in this case is not
applicable.

3. Now de-Broglie wavelength of the neutron is given as
h

A=

J2mE,

E, = 12.8 x 105 x (1.6 x 10-19)J

6.625x10 ™
J2x1.675x10 % x12.8 < 10° x 1.6 x 10" ™
_ 6.625x 107
T 8.28x10"%
=8%x 1015 m
=8x10%A

=942 18 MeV

=
A=

| Calculate the de-Broglie’s wavelength associated with

1 .
a proton moving with a velocity equal to 20 th of light velocity.
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A. Time Independent Schrodinger Wave Equation :

h= —— . '
mv 1. Conmde.r.a system Pfstationary wave to be associated with particie i
663 %10 M _14 tl_1e position coordinate of the particle (x, v, 2} and v is the perioc
A= —= = 2.646 x 10 m displace t . " ) ’ periods
1.67 »107% % 1.5 % 107 _ placement at any jnstant time .
[ m=1.67x10"2"kgand k= 6.63 x 10-34J-5] ' 2. The general wave equation in 3-D in differential form is given as
= 2.646x 10744 : 1 a2 .
V= Y 3T
ve o

_ S : where, v = velocity of wave, and
Time Dependent and Time Independent.Schrodingeris Wave. . .
Equation, Born Interpretation of Wave Functien, So vz

Stationary State, Schrodinger Wave Eguation fo "

62 62 (3‘2 .
Pl + 52— + ps = Laplacian operator.

i

3. The wave function may be written as

Particle in a Box, Compton Effect. ¢
W= e NESERS
. —— — H 4. Differentiate eq. (3.13.2) w.r.t. time, w
CONCEPT OUTLINE : PART-2 =‘- ks o tme, we get,

— : : — — -’_— = — f o lpoe—l"wi‘ (g
Wave Function and its Significance : o et e
The wave function v is described as mathematical function whose 5. Again differentiating eq. (3.13.3), we get
variation builds up matter waves. |y | 2 defines the probability density 2y 2 2 .
of finding the particle within the given confined limits. y is defined as P e
probability amplitude and |y | 2 is defined as probability density. 2
Schrodinger’s Wave Eguation : i i_g) = —-wly (117 .
This wave equation 18 a fundamental equation in quantum mechanics . o ) o
and describes the variation of wave function v in space and time. 6. Putting these value in eq. (3.13.1),

Compton Effect : The phenomenon in which the wavelength of the . —®
incident X-rays increasces and hence the energy decreases due to : : ’ W= “‘_T‘P' . L
scattering from an atom is known as Compton effect. _ '
: 7 B - _2riv @ 2g
R b : o= 2rv = = 5T IRERENE
Questioné-hs@éi""s TR T _ 8. From eq.(3.13.8) and eq. (3.13.5), we get
= : . 4n*
- 2, =
! Long Answer Type and Medium Answer Type Questions Viy = — IV B R
: e e - - E 9. From de-Broglie's wavelength, . = _h
Que 3.13. ! What is Schrodinger wave equation 7 Derive time 1 ot 2 gmv )
. ~drm* v
independent and time dependent Schrodinger wave eguations. then, iy = ——h;; Y yr RN N
l AKTUY 201 5‘16,52013“1?4 10. IfE and V are the total energy and potential energy of a particic and E,

is kinetic energy, then,

Answer l ' : 1
: Ek:E—V ar ..2_mv2=E—V

1. Schrodinger’s equation, which is the fundamental equation of quantun:
mechanics, is a wave equation in the variable y, : m*v?=2m (E-1" .

ot}
[
i
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11.

12,

i

From eq. (3.13.8) and eq. (3.13.9), we get

~4n22m[E - Viy
h2

2m[E-V

+ Jl[_2_}‘|_’ =0 [where, =2 | 31810
h 2rn

This is required time-independent Schrodinger wave equation.

For free particle, V=0 '

Viy =

Viy

V2 oy 4 3;’;_‘ Ey=0
!
Time Dependent Schrodinger Wave Equation :
We know that wave function is y = y e~%¢
On differentiating w.r.t, time, we get,
By

o bt
o iwy.e
y .
ar -5 =12y ..(3.13.10
o
But Eshv = v= %
S0, eq. (3.13.11) becomes,
dy __, (E]
a TR R
dy i h
v __ Ly - -
ot P [ A 211:]
h iy
By=— -1
or AR
or Ew=ih ?a—‘: (3.18.12)

Now time independent Schrodinger wave equation is,
VZy 4+ 2ﬁ—’; (E-Viy=0
2 -2m
Viy+ ;2— [Ey ~Vyl=0

Using eq. {3.13.12), we g_et,

V2y 4 _i% [sn%-w] -0

3-14 A (Sem-1& 2) Quantum Mechuanics
fvz_gﬂvj weo 2Ry 0Y
\ 2 #? ot
{ " J i
or - visv =ip ¥
2m v g Igt
"This is required time dependent Schrodinger wave equaticon.
[ . S
7. - En:V‘ +V = H - i5s known as Hamiltonian operator.
., Ew
and, ih = Ew —» energy operator.

r‘:,
Then, Hy = By

| Discuss the Born’s interpretation of wave function,

1. Max Born interpreted the relation between the wave function v v ¢t
and the location of the particle by drawing an analegy hetween the
intensity of light or photon beam and the intensity of ¢lectran beum.

2. Consider a beam of light (EM-wave) incident normally on a sercen The

magnitude of electric field vector E of the beam is given by
E = E,sin thx —wt)
where, E, = Amplitude of the electric field.
3. Foran EM-wave, the intensity [ at a point due to a monochromatic beam
of frequency v is given by
I=ce,<E%?> ERERY
Here, «<EZ» = Average of the square of the instantanrous
magnitudes of the electrie field vector o the
wave over a complete cvele,
¢ = Velocity of light in free space. and
£, = Electric permittivity of free spuce.

4. Theintensity may also be interpreted as the number NV of photons cach
of energy hv crossing unit area in unit time at the peint ander
consideration normal to the direction of the photons,

Thus, Ii=Nhv 031402

5. Comparing eq. (3.14.1) and eq. (3.14.2), we get,
N hv = cgy< E?>

cE ;
or N= 2 e gP s
¥

or ' N < E% . IR R B
This relation is valid only when a large number of photons are invel od,
i.e., the beani has the large inlensity.
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6. [f we consider the scattering of only a single photon by a crystal or the
passage of only a single photon through a narrow glit, then it is impossible
to observe the usual pattern of intensity variation or diffraction.

7. Inthis situation, we can only say that the probability of photon striking
the screen is highest at places where the wave theory predicts a maximum
and lowest at places where the wave theory predicts a minimum.

8. Eq.(3.14.3) shows that < E? > is a measure of the probability of photon
crossing unit area per second at the point under consideration. Hence,
in one dimension, <&2%> is a measure of the probability pér unit length of
finding the photon at the position x at time ¢,

Que 3.15. I The wave function of a particle confined to a box of
length L is

2
yix) = \/gsin-i—x Qzx<L

and ywix) = 0 everyvwhere else,
Calculate probability of finding the particle in region

(1 ] _L'
2

Answer I

L. The probability of finding the particle in interval dx at distance x is

2 ., e
plxddx = |w{®dx 7 Sint 7 dx

2. The probability in region O < x < £2‘- is

L2 Liz2 . of nx
P= Io plx)dx = IO Zsm [T)dx

L2

21@]
[1 cos T dx

E=]

e TN

Lo~
bO |

Que 3.16, l Discuss the stationary state solutions in brief.

Answer I

1. A state of the system in which probability distribution function yy* is
independent of time is called stationary state of the system.
where, w = wave function, and

yw* = complex conjugate of wave function.
Let the probability distribution function yy* for a system in the state is
given by the wave function

w
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wix,y, 2, )= > a,f,(x, v 2) e 5" (3.16.]
. 2 031603
The complex conjugate of eq. (3.16.1) is,
WLy, 2 = 3, Ff, x, y, 2) e (316
-~ FERN N L
The product of y and v* or probability distribution function Wi is glven

by

e R P
m=1

el |

= 3

= 20,0 filx,3,2) fxy 2)
+ 2 £y (56 3, 2) £ (3, y, 2) @B B0 SRT R

3. The prohz’abi]{ty distribution function that is, yy* will be independent of'tiy:.
:hni:ywhen @,’ s are zero f'or all values except for one value of £ _ In such -
wave function contains only a single term and expressed a’.:s o

W%, v 2, 8) = fx, y, 2) g- &
4. Bince wy* = f.F is independent of time, the solution vepresent. . i
eq. (3.16.4) is stationary state solution.

g .
| Write the Sc!:lmdxnger wave equation for (4 particle in

a box and solve it to obtain the eigen value and eige neiion

ot

50175

2.

L ’LeEa pa‘rticle is confined in one-dimensional boy of length ‘L’ The particia
is free i.e. i inside o
(e €., no external force, so potential entergy inside box is zero

A
V=0 for D<x<l
_ _ V=w for x<OGand x>7
¢.e., outside the box the potential energy is infinite,
The particle cannot exist outside the box,
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y=0forx=Landx =0
i Schrodinger time independent equation for free particle (V= 0),

Ty 2% Ey=0 BT
dx 3
62
ar “_% +khEy=0 [where, k2 = 2——'E:| -(8.17.2)
dx A2

4. Solution of eq. (3.17.2) i&

wlx) = A sin kx + B cos kx ..(3,17.3}
5. Using boundary condition, y =0 atx =0
0=Asin0+Becos(
or B=0
and y=0atx=L
0= A sin kL + B cos kL
or AsinkL =0 or sinkL =sinnax i B=20]
kL=nm, n=1,2,3,..Butn=z0
k= IT '
L
H Now eq. (3.17.3) becomes,
w, (x) = A sin % [Eigen function]
) 2 2.2
and _n.mg_ _ 217;E - EoNE it
L A 2mL?
252
h . h
: Then, E = 22 Eigen ener, [ﬁ = ——}
en, e |Big gy} o
}12
Fur v=1, ;= -———, itisground state encrgy of particle.
8mL

. wyae 3.18. | A particle is in motion along a line between x = 0 and
. = £ with zero polential energy. At points for which x < 0 and
+ = X, the potential energy is infinite. The wave function for the
warticle in n'? state is given by :
. AnX
Wy, =A sin I

¥ind the expression for the normalized wave function.
OR
t1erive normalization wave funetion.

Answer |

The eigen function is,

w, (x) = A sin ELE .(8.18.1)

i

Quantum Mechanics
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2. Now applying normalization condition to find constant A,

L
flw )P dx =1
o
& nmx
jAzslnz[—'—)dx =1
0 L
2 L
A—_f[l—cos—n—xjdx =1
29
' 2nnx
A2 s ——
| * | <
L L o
.
A L=
2
A=

3. So, ed. {3.18.1) becomes, v, (x} =

This is normalization function.

which has wid_th 2.5 x 10-1° m. Assuming the height of the box to be
infinite, calculate the lowest two permitted energy values of the

electron.




Physics 3-19 A {Sem-1 & 2)

i We know that,

n? At
"7 8mlI?

n? (6.63 x 10734)?
»T 8x8.1x 107 x (2.5 x 1071%)?
[ h=6.63%10"%J.5 m=91x 103 keg}

9.66 x 1071952
9.66x 10"

= Texi0®

= 6.037 n?eV
2. For n =1, £, =6037eV
n =2, E,=24.15eV .
Que 8.20. I Compute the energy difference between the ground state

and firet excited state of an elect:ron in one-dimensional box of length
10% m

Afiswer I

Given:l =16%m. -

To Fitd: Energydﬁf' ‘mm -
state. . .

n2h2

8mlI?
B on2 (6.63 x_13?4‘)2 _
" Bx9.1x107°" x(107%)
0.6 x 10721 n?
1.6x107®
: E_=3.75x10%aZeV
2. For ground state (n = 1), E1 =3.75 x 102 eV
3. Firstexcited state (n=2), E, =0.015eV
Difference between first exeited and ground state,
E,—E, =(15-3.75) 108 ¢V = 11.25 meV

1.  We know that eigen energy, E_ =

= = 0.60 x 10721 22J

(]

A particle confined to move along x-axis has the wave

function y = ax between x = 0 and x = 1,0, and y = 0 elsewhere. Find
the probability that the particle can be found between x = 0.35 to
x = 0.45. Also, find the expectation value < x > of particle’s position.

™
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311 be found between

1, The probathty of ﬁndmg the particle between x, and X, when itisinn’

state is,
¥ 2
P= [|w.fas
£1
2. Here, x,=035 and x,=0.45
_ (046 g, 0045
Therefore, P= _[0.35 (ax)ydx =g Iu.asx dx

2 2
a 5 70.48 _a” E
P= 3 [x Jo.as ! {(0.45)° - (0.35Y

2
= % [0.091125 - 0.042875] = 0.0161 o2
3. The expectation value of the position of particle is given by
<x > = _[ xhy, ) dx

4. Since, the particle is confined in abox having its limitx = 0 tox = 1 then.

1 1
<X >= Ix.(ax)zdx =a? _[xadx
0 [

az
CxX >= T =O.2502

Determine the probabilities of finding a particle trapped

in a box of length L in the region from 0.48 L to 0.55 L for the ground

AKTU 2017-18

1. The eigen function of particle trapped in a box of 1ength Lis

2 nmx
{x) =
v, (x) 1||L51n 7

P= T| w, ()P dx= ——fﬁ-m2 hhaed

2. Probahility,
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p_ %J‘% 1 - cos 2’“=x]dr - L[x__fa_sinm}

L Ll” 2m L |,
Since, x, = 0.45 L and x, = 0.55 L, for ground state, n=1
BEL
P= 1 [x L sin 2mx
L L 0,454

. IO 5L — £ sin 1 lrc] - (0 45L — L gin ¢ 911:]
T LN 2 ‘ ' 2 '
. 3 1, |
- 1{0.55 -1 sin198° | ~[0.45 -1 .
[ o sin 198 J 0.45 2 sin 162 _|

|

P=0.,198362 =19.8 %

Gue 3.23. | Discuss Compton effect and derive an expression for

.« ompton shift,

OR
Derive an expression for Compton shift showing dependeney on
angle of scattering. '

Answer - |

i, When a monochromatic beam of high frequency radiation is scattered
hy & substance, the scattered radiation contain two components-one
having a lower frequency or greater wavelength and the other having
the same frequency or wavelength,

T'he radiation of unchanged frequency in the scattered beam is known
a1+ 'unmodified radiation’ while the radiation of lower frequency or slightly
higher wavelength is called as ‘modified radiation’.

This phenomenon is known as ‘Compton effect’.

i Let a photon of energy Av collides with an electron at rest.
During the collision it gives a fraction of energy to the free electron. The
electron gains kinetic energy and recoil ag shown in Fig. 3.23.1.

Scattered
X-rays
Modified
X-rays

Detector

Scattez:el:'"”"-«-.., Unmeodified

X-rays

Recoil "=,
electron

Collimator

10.

11.

{a) Geometry of Compton scattering

Av'sin 8

vicos B

Energy hv "-.‘/4, X .)d;  CETREEN

. [+ BN

Momentum hv - oIV Cos b

c ecoil )
electron .
mv gin ¢ my

(&) Components of momentum
. - before and after collision
a. Before collision :

i.  Energy of incident photon = Av

A
i, Momentum of incident photon = 2
L&

iii. Rest energy of electron = myc?

iv. Momentum of rest electron =0
b. After collision :

i.  Energy of scattered photon = Av'

ii, Momentum of scattered photon = hv

o

iii. Energy of electron = me?

iv. Momentum of recoil electron = mv
According to the principle of conservation of energy,

hv + mge® = Av' + mc? ..(3.23.1)

Again using the principle of conservation of momenturm along and
perpendicular to the direction of incident, we get,
Momentum before collision = Momentum after collision

Ei+0= AV cos B+ mvcosd L13.23.2)
¢ €
0+0= E'r—'a-lin@)—jrn.v sin ¢ .L03.23.3)
¢
From eq. {3.23.2), we get,
mvcceos = hv —Av' cos 0 L3234
From eq. (3.23.3), we get,
mve sin ¢ = Av' sin B ..(3.23.8}

Squaring eq. (3.23.4) and eq. (3.23.5) and then adding, we get.
mvicZ= (hv — hv' cos 0)% +(Av' sin 0)2 _
= h2v2 - 9h2 vy cos O + AZvZ cos? 8 + R4 Esin® 0
= h2{v? + v% - 2vyv' cas B] ..13.23.6)
From eq. (3.23.1), we get,

me2 = Ay v+ mye?
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Squaring, 2ot = AHVE = 2uv + v'E) 4 ZR(v — VI mget + mg

2C4

..{3.23.7)

12. Subtracting eq. (3.23.68) from eq. {3,23.7), we have, . 4
mZed— mivic? = — 2RZyw{1 — cos B) + ZAlv — ')y mye” + mytc
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14,

15,

or et (2 - v2) = — Sh2vw'(1 — cos 0) + Zhlv — V') mucz + m(,z ot
2 2
or Elé—'z (e? —v%)y = — 2h%yv'(1 — cos ©) + 2Alv — V1) mye? + mgled
v
1_ —
o2
m = — st
i 2
1-¥
c?
or mytet = = 2h%vw'(1 —cos 8) + 2A(v— V1 mge? + my?ct
Zhiv —vrmgel = 2!;2_»'\;'(1 ~ tos 6) ...(3.23.8)
or VoY z(l—COSB)
WY e
Lol R cos® .(3.28.9)
vooov e

Fq. (3.23.9) shows that v/ < vasm,, ¢, b are the constants with pesitive
values and the maximum value of cos & = 1. This shows that the scattered
frequency is always smaller than the incident frequency.

From eq. (3.23.9), we have,

c &t qicos®
v v myec
or A=k o= h {1-cos0)
m.oc
or Ah= 2 n28 .(3.23.10
mpe 2

From eq. (3.23.10), it is noted that Compton shift depends on angle of
scattering.

Qui# 8.24. | Explain the experimental verification of Compton effect.

The apﬁaratus used by Compten for experimental verification of
Cotnpton effect is shown in Fig. 3.24.1.

cr

Monochromatic X-rays of wavelength » from a Coolidge tube €T are
allowed to fall on a target material T such as a small block of carbon.

The scattered X-rays of wavelength A’ are received by a Bragp -
spectrometer BS, which can move along the arc of a circle.

The wavelength of the scattered X-rays is measured for different value:
of the scattering angle.

6=0° b =d5° &= 90° 4= 135°
A AR

The plots of intensity of scattered X-rays against their wavelength are
shown in Fig. 3.24.2 for $ = 0°, 456°, 90° and 135°. .
These plota show the two peaks for non-zero values of ¢, which is the

indication of the presence of two distinct lines in the scattered X-ray
radiation. :

One of these lines is known as the unmodified line which has the same
wavelength as the incident radiation and the other line is known as the
modified line which has the comparatively longer wavelength. The
Compton shift AX is found to vary with the angle of seattering.

Why Compton shift is not observed with visible light ?

The energy of a visible light photon say of wavelength » = 6000 A
{= 6 x 10" m) is given by

E:fl\?=£]£
A
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_ (6.6x107% x 3% 10%)
6 x10"7)

- (6.6x107%% x3x10%)
1.6x1071% xgx10"7)
=206V =2eV
Whereas the energy of X-ray photon, say of wavelength
‘.= 1A =10~ m will be more than 1000 times the above value.
The hinding energy of the electron in the atoms is of the order of the
10 eV. For example, the binding energy of the electron in the hydrogen

d

atom is,
E = 2n2k222moe4
S A
Where, k = 1/4ne, =9 x 10° N-m?C?2,
my=91x 10" kg,
= 8.6 x 10-3 J-g,
e=16x10-12C,
Z=1
Thus., E, - 2229 x 10%)? (8.1 x 10731) (1.6 x 10 19)% 5

(6.8 x 10~ 34)2

_ 27281 x10'8)(9.1 x 10731y (1.6 « 107 19)4 oV
(6.6 x10"34)2 (1.6 x 107 19) '

= 13.68 eV

Hence, this electron can be treated as free when X-rays are incident but
this electron cannot be treated as free for visible light. So, the Compton
effect cannot be observed for visible light.

(SIOT)
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Coherent Sources, ‘E ;

CONCEPT OUTLINE : PART-1

Interference : The non-uniform distribution of the light intensity due

1o the superposition of two waves is called interference.

Necessary Conditions for Interference :
Light sources must be coherent in nature,
Light waves should be of same frequency.
The sources of light must be very close to each other.
Light sources should be menochromatic in nature.
. The light waves must propagate along the same direction.
ypes of Interference : ’
Constructive Interference : At certain points the resultant
intensity () is greater than the sum of individual intensity of two
waves, The interference produced at this point is known as
constructive interference, it results into bright fringe. At
constructive inlerference,

I>1 +1, .
Destructive Interference : At certain points the resultant
intensity ) is less than the sum of individual intensity of two
waves. The interference produced at this point is known as
destructive interference and it results into dark fringe. At

’ destructive interference, :

SN

[e—

b

1’(114-1’2

o Quentigns

Que 4.1, ' What do you understand by coherent sources 7 Hdw are

these ohtained in practice ?

j

swer

A. Coherent Sources :
1. Two sources are said to be coherent if they emit continuous light waves
of the same frequency or wavelength, nearly the same amplitude and

Physics . 4-3 A (Sem-1 & =

having sharply defined phase difference that remains constant « .
time.

B. Production of Coherent Sources :

1. Iftwosources are derived froma single source by some device, thor -
phase-change in one is simultaneocusly accompanied by the same phos
chang.'e in the other. Thus the phase difference between the two sour -
remaing ¢constant.

o

Following are the devices for creating eoherent sources of light :
a. Young’s Double Slit :

1. In this device, two narrow slits 8, and 8, receive light from:
same narrow slit S. -

2. H‘ence S, and 8, act as coherent sources, as shown
Fig. 4.1.1.

k2
N/

2
[
S,

b. Lloyd’s Mirror :

1. In t{n‘s device, aglit § and its virtual image & formed by reflection
& mirror are the coherent sources, as shown in Fig. 4.1.2.

8

¢ Fresnel’s Double Mirror :

1. Inthis device two virtualimages S and 8, of a single slit &, fornu-:
by reflection at two plane mirrors M, and M, inclined at a smi.

;‘?gg,tl‘j;, each other, are the coherent sources as shown (1.
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P
s I
Sl
I”
s o
S
] Y
t
3.  According to principle of superposition, the resultant displacement st
: ke : point Pis
:l. Fresnel’s Biprism : 3 . Y=y, +y,
1. Inthisdevice, 8 and §,, which are the images of a slit 8 formed by ¥ = a, 8in ©f + a, sin (ot + &)
refraction through a biprism, act as coherent sources, as shown in : = a, 8in ©? + a, [sin ©f cos & + cos wi sin &l
Fig. 4.1.4, or ¥ = 8in of (@, + a, c08 3) + (@, sin §) cos wt ...(4 2.3)
4. Letus take, '
Acosd=a, +a,co8d ..14.2.4)
] Agin¢=a,sind ...(4.2.5)
B " Then, eq. (4.2.3) becomes,
3 y = A cos ¢ sin wf + A 8in ¢ cos wé
or ¥ = A sin (of + ¢) ..(4.2.6)
Michelson’s Interferometer : i 5. Since, e% (4_1.2.3)}:}19 rem.}ltant “E:vzef)clua(t;g: }};;‘;g) :ﬁp:;ﬁ?; is
T. In this device, a single beam is broken into two light waves can be obtained by squaring eq. (4. Y andeq. it e MNP
- i : Al=al+a2cos28 +2q cosd+a,fsin"S
perpendicular to each other, one by reflection and the other by L e "5 ‘
) ; A?=a+a’+2a a,c08H
refraction. : ) T8 TN .
2. The two beams, when reunite produce interference fringes. Here : 6. By the definition, intensity is directly proportional to the square of
these two beams act as coherent sources, : amplitude, TaA?
r— { o
Que 4.2, | Explain theory of interference by two waves, i or I=KA? - [K =1, in arbitrary unit]
' OR I=A*=qa’+a/°+2aa,c085
“uplain Young’s double slit experiment. A Condition t&: Maximum Intensity (Constructive Interference,
- : I_ )¢ _ '
mswer | _ 1. If cos§=1 ie. 8=2nn
Lol us consider Lwo superimposed waves travelling with same frequency where, n=0,123,..
2, I = a’+a’+ 20,
\ 2(U j and having constant phase difference in the same region. I__=(a +a
- T .
3 i ' di 3. SO, Imnx > Il + 12
Ifa, and a, are amplitude of two waves, the displacement of two waves N
at any instant{ is given by 4. Path difference = — x Phase difference
y, =« sin wt 4.2 2n
M, = 0, 8in (o + 5) . (4.2.2) o _ A
weliere, & = initial phase difference T on x Znr=2n 2

even multiple of L/2.

I

2
" x Path difference
A
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B. Condition for Minimum Intensity (Destructive Interference,

FAPRE
1. If cosd=—1 ie,d=(2n+ 1)
where, n=0,12 3.
2. I . =al+a’-2a0,
= (a, —a,)
3. Henece, 1, <1 +1

=

Path difference = Ex—- x Phase difference
T

]

A A
o {2n + 1)m=(2n + 1}2
odd multiple of A/2.

Que 4.3. | Discuss the interference in.thin film due to reflected
light. What happens when film is excess thin ?

OR
Explain the phenomenon of interference in thin films due to reflected

light and transmitted light.
Ansﬁner
1. Consider a paralle] sided transparent thin film of thmknesstand refractive
index p> 1.

2.  Let 8A a monochromatic light of wavelength * be incident on the upper
surface of the film at an angle {. This ray gets partially reflected along
AR and partially refracted along AC direction.

3.  Now at point ' it again gets reflected along CD and transmitted along
DE.
B
!
I L E
I s50°
] N 2]
+ Al 4
iy »
¢
e
¥ i
C I {901 A{} ;\
Q
Q90

P .
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A Interference in a Thin Fﬂm by Reflected Light :
1. Acqordmg to Fig. 4.3.2, t.he path difference between AR and DE rays,
A = path ACD in film - path AL in air

A =p(AC + CD)— AL 431
2 Nowin AANC and ANCD, '
cosr= T _CN
AC CD
AC=CD= _*
co cosr

3. NowinAALD,

. AL
BNt = EﬁAL=ADSin£
AL = (AN + ND)sin ;

4.  But, from AANC and ANCD,

AN =ttanr and ND=¢tanr
8o, AL = 2tt&nrsm:.

5. ~ Putting the values of AC‘ CD and AL in eq. (4.8.1),

2¢
, dn-. P
cos ] 2ttan r.sin?
2 -
] g ST
cosr ) cos r
2 e
ut [1-sin® -} = sini |
cos r sin ro
A=2uteosr -

6.  Since, the ray AB is reflected at the surface of a denser medium.

Therefore, it undergoes a phase change of x or path difference of
The effective path difference between AR and DE is

_ A

. A=2ntcosr+ 3z _ .(4.3.2)
8. Condition for Maxima :
1 I A=2n &
2
where, n=0,1,2 3.
2. Then, 2ut cosr + X =2n r
2 2

_ A
2ntcosr=(2n - 1) 3 -44.3.3)
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b. Condition for Minima :
A
1. A={2n+1) 2
where, n=0,123..
A A
2. 'Then, 2;4!.‘(::::31"-1-5=(2n-|-1)E
2ut cos r = 1A\ . {4.3.4)
B. Interference in a Thin Film by Transmitted Light :
1. From Fig. 4.3.1, the path difference between two transmitted rays, CP
and Fg,
A = Path CDF in film — path CR in air
A=ul(CD + DF)—CR .{4.3.5})
, . DM ¢ '
2. Nowin ACDM, cosr= ——=CD=—— and CM={tanr
Ccb cosr
3. In ADMF, cogr= 2‘ll{::»j:u?': ¢ and MF =ttanr
DF cos r
4. In ACRF, gini= _g_g = CR=CFsini
or CR=(CM+MF)sini
CR=2ttanr sin{
5.  On putting the value of CD, DF and CR in eq. (4.3.5),
A= 2 _ 2ttan rain ¢
cosr
_ 2nt —2t5inrpsinr [."u=sl1nz]
cos r CoBr sinr
A= 2pt 1 -sin®r]
cos r
A=2utcosr ..{4.3.6)
a. Condition for Maxima :
1. If A=2n % [where, n=0, 1, 2, 3...]
2. Then, 2utcosr= 2n.%
or 2ut cos r = niA A48T
b. Condition for Minima :
1. If A= {2n + 1) [where,r=10,1, 2, 3..]

2. Then, 2uptcosr=(2n+ 1) ..(4.3.8)

[ ST ST
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C.
1.

Condition for Excess Thin Film : _
When the film is excessively thin such that its thickness ¢ is very small
as compared to the wavelength of light, then 2ut cos r is almost zero.
Hence effective path difference becomes A

2
Thus every wavelength will be absent and film will appear black in
reflected light.

Discuss the formation of interference fringes due to a

wedge-shaped thin film seen by normally reflected monochromatic
light and obtain an expression for the fringe width.

V5B, Wkhs 07

Formation of Interferences Fringes :

A wedge shaped thin film is one whose plane surfaces OA and OF are
slightly inclined to each other at a small angle & and encloses a film of
transparent material of refractive index p as shown in
Fig. 4.4.1.

The thickness of the film increases gradually from O to A, At the point
of contact thickness is zero. '

‘When the upper surface OB of the film is illuminated by a parallel beam
of monochromatic light and the surface is viewed by reflected light, then
the interference between the two rays; one P@ reflected from the upper
surface of the film {(glass to {ilm boundary) and the other F(7 obtained by
internal reflection {(film to glass boundary} at the back surface and
consequent transmissions at the film surface AB.

Q@ ¢

Film to glass
/’— boundary

1 A
Air

!
Glasz to film
boundary

Fig aan
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4. Since both the rays PQ and FG {or PEFG) are derived from the same
incident ray SP (by the division of amplitude) they are coherent and on
overlapping produce a system of equidistant bright and dark fringes.
The fringes are straight and parallel to the contact edge of the wedge.
With white light coloured fringes are observed.

5. When abeam of monachromatic light is incident normally at point P on
the upper surface of the film, the path difference between the rays
reflected from the upper and lower surfaces of the film is 2u ¢, where ¢
is the thickness of the film at P, i

6. At peint P, reflection occurs from the interface between the optically
denser medium and opticaily rarer medium, therefore, there occurs an
additional path difference of A/2 or phase change of . Thus an additional
path difference of A/2 is intreduced in the ray reflected from the upper
surface. .

7. Hence the effective path difference between the two rays

= 2 _—
Wt

& The condition for bright fringe or maximum intensity is
2ut + A2 = 2nh/2 '

- or 2ut = (2n - 100/2,
where, n=1223.. ca(4.4.1)
9. Similarly,, the condition for dark fringe or minimum intensity is
2w+%=(2n+1)m '
or 2ut = na, ’
where, n=90,12 .. L{4.4.2)

B. FExpression for Fringe Width : Fringe width o or the separation
between the two successive bright fringes or between two successive
dark fringes may be obtained as follows :

1. Letx, be the distance of n* dark fringe from the edge O of the film as
shown in Fig. 4.4.1. :

B

Then, tan @ = —
x

n
2. Putting this value of #, in eq. {4.4.2), we get,

¢, tan 8 = ik (44.9)

Physics ' 4-11 A (Sem-1 & 2}

3. Similarly, ifx__, is the distance of (n + 1)* dark fringe, then
2ux, , tan 8= (n+ 1A Lldd
4. Subtracting eq. {4.4.3) from eq. (4.4.4)}, we get,
2uix,, —x ) tan 9= 2

A
or X =X = — .
i = s ol
5. For very amall value of 6, tan 8~ @
. , A
Fringe width, o = x,,; - %, = ——
ge el — Xn 2: 0 A4

where, 0 is measured in radian.
6. Si_milarly, we can obtain same formula for the fringe width of brigt .
fringes, that is the fringe width of bright fringe is expressed as,

A
o= BRE S

2u0
7. htis cl.ear from eq. {4.4.6) and eq. (4.4.7) that for a given wedge angle (1.
the fringe width of dark or bright fringes is constant (as A and . -
conatant). It means that the interference fringes are equidistant from
one another.

{ White light falls normally on a film of soapy water whos:

thickness is 1.5 x 10~ cm and refractive index is 1.33. Whic!

wavelength in the visible region will be reflected most stromgly ™

the film fall:

e

2ntcos r = (2_n;1_}7\.

2x1.33x16x10°x1=(2n-1) /2
4x1.33x1.5x10°% 7.98x10°
= cm

1. Since,

A= =
2n-1- 2n-1
_ 7.98x107
@n-1)
2. Forn=1, A = 7980_' x 10-1° = 7980 A (visible region).
3. Forn=2 - 7.98 x 1077 _ 7.98 x 1077 =2660x 10-°

T @n-1 3
= 2660 A (not in visible region).

4. Hence, 7980 A is most strongly reflected wavelength in visible region.
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1 Aman whose eyes are 150 cm above the oil film on water

surface observes greenish colour at a distance of 100 cm from his
feet. Find the thickness of the film,

(Mog=14,u . =188, =50004)
Answer I

Given : p =1,

To Find : Thi

(. The condition for maxima,

[where,n =1, 2, 3....]

2t cosr=(2n-1) %

or { = (2r —1)A
4ucos r
From Fig. 4.6.1,
tanz= 100 _2
150 3
. 2
sing = ——_
V13
3. Bince, n= s_m +
sin r
_2
sinp= 30:_ V18 _ 43962
T} 1.4

and cos r = \/1-sin?r = {1 -(0.3962)] = 0.9182
(2n-1)A _ (2n-1)5x1077
4ucosr T 4x1.4x 0.9182
= (Zn—1) x 9.724 x 108 m ~.
Puttingn=1,2 3...... value of ¢ is calenlated.
Eyes

i.  Therefore, t=

Physics 4-13 A (Sem-1 & 2)

Light of wavelength 5893 A is reflected at nearly normal

clda:nce m a soap film of p = 1.42. What is the least thickness of
this film that will appear :

3
i. Least Thickness of Dark Film :
1. Since, the condition for the dark film in reflected system is
2ut cos r = nh
2.  For normal incidence, r =0andcosr=1
S 2t =nk or t=ni2u
3. For least thickness of the film, n =1
-
2p
5893 x107"

t= ———  _2075x10"cm
Zx1,42

ii. Least Thickness of Bright Film :
1. The condition for bright film

A
2utcosr=(2n-1) 5
2, For normal incidence, r=0andcosr =1

A

. 2ut=(2n-1) 5

3. For least thickness, n=1 '
A kS
2ut=(2=x1-1) Z or 2ut = 5

A 5893x10°*

= = =1.08375x10"%cm
4n 4x1.42

and t=

H

| .4
| White light is incident on a soap film at an angle sin 5

and the reflected light is observed with spectroscope. It is found
that two consecutive dark bands correspond to wavelength
6.1 » 10~ cm and 6.0 x 10~ cm. If the p of the film Le 4/3, calculate its

thickness,
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i = s 45 :

To Find : ThickaeBgobiam taiends

1. Since, the condition for dark band is 48D
2ut cos r = nh TR .l

2 Ifnand (n+ 1) are the orders for dark bands for wavelengths A, and X,

respectively, then,

2ut cos r = Rk, .(4.8.2)
and Zutcosr=(rn+ 13,
or 2ut cos r = nh, = (n+ D, .(4.8.3)
A
or n= . ._3?\'2
3. On putting the value of n in eq. (4.8.2),
A 2Ry
2ut cos = "2 op fm—— L E———
Mo -, (h, —A)24C08 T
iniY’ { sin i )
sini A
4. But, cosr= ~1-sin’r= 1—[T] L L sinrJ
(4/5Y°
cos r= 1—|\\4}{3J =
; 6.1x107° x6.0x10°
5. NOW, = 3 I
(6.1x10° -6.0x107)x2x 38

= 0.0017 cm.

Two plane glass surfaces in contact along one edge are

separated at the opposite edge by a thin wire, If 20 inte:ifier::lze;
fringea are ohserved between these edges, in sodium lLig N
wavelength, ) = 6890 A of normal incidence, find the diameter of the

wire.

Given : N =2
To Find 't Dinsebe S Wie
1. Let the diameter of the wire be ‘o and the length of the wedge be 7.

2. The wedge angle is given as

d
tan 8 = —

i
tan ® =~ 0 (As@issmall)

‘Physics ' 4-15 A (Sem-1 &

t
d
g

3.
A A S
o= 2“"_56 (v =1 for air wi-uc
. s :
or 0= l_l L,‘, .
2d
4. If N fringes are seen,
i =No
S,
d= N2
_ 2
d= 20 x25890
d = 58900 A

d =588 x 104 cm

Discuss the necessity of an extended source 7

When a thin film is illuminated with monoechromatic light from « :i:
source and is viewed with a lens of small aperture, the light refiect.-
from all corresponding point on the film does net reach the .-

simultaneously as shown in Fig. 4.10.1(a). Thus only a small portion .
the film will be visible. :

To see the whole film, the eyve will have to be moved from one pesition

to the other. Hence, with a point source the entire film cannot be views::
at a glance.

If we employ an extended source, the light reflected by every point .
the film reaches the eye (as shown in Fig. 4.10,1(b)}. Hence, the entic
film can be viewed simultaneously by keeping the eve at one place on!.

Hence an extended source of light is necessary to view a film
simultaneously. '
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Lol

o

Eye

W‘Aen a plano-convex lens of large radius of curvature is placed on a
plane glass plate with convex surface in contact, a thin film between the
lower surface of the lens and the upper aurface of glass plate is formed,

The thickness of this film is very small (or zero) at the contact peint and
gradually increases from contact point to outward.

When a monochromatic light falls on the film, we get dark and bright
concentric circular fringes having uniform thickness.

These rings are first investigated by Newton and are called Newton’s

rings.

Experimental Arrangement :

According to Fig. 4.11.1, 8 is a monochromatic source of light placed at -

the focus of lens L.

A horizontal heam of light' fall on the glass plate G placed at 45° to the
incident beam.

This beam is partly reflected from glass plate G.
This reflected beam fall normally on the lens L, placed on glass plate E.

Hence, the interference occurs between the rays reflected from the
upper and lower surface of the film.

Interference rings are seen with the help of lower power microscope M.

The fringes are circular because the air film is symmetrical about the
point of contact with lens and glass plate.

Physics 4-17T A (Sem-1 & 2)
M
153
45°
4 1%\
// - \S
<7
It B I
! 1r ¥
L
N %
L | E

Bright ring

B. Explanation:
1. According to Fig. 4.11.2, rays (1) and (2) are reflected interfering rays
corresponding to incident ray SP.

1 &
2
air film \
L
S—i

E

'?;a_«f;

9. Now the effective path difference between (1) and (2) rays is given as:

A
A=2utcosr+ 3

where, u = Refractive index, and
L ¢ = thickness.
3. For normal incidence, r =0, therefore
cos=1

A
4. Hence, A=2nt+ 2
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5. At point of contact (O) of the lens,
=0
A=
= T2
6. Thisis condition of minimum intensity hence the central spot of the ring
is darl. '
a. Condition for Maximum Intensity (Bright Rings) :
1. If path difference, A =2n % [where, n = 0,'1, 2,8.1
A A A
2.  Hence, 2ut + 2 =2n 3 or Z2w=(2n-1) 3
. A
3. For air, p:l:»2t=(2n—1)§
b. Condition for Minimum Intensity (Dark Rings) :
1. If path difference, A =(2n + 1) —:;i [where,n =0,1, 2, 3...]
2.  Hence, 2ut + % ={2n + 1) %
21t = i
3. For air n=1=2¢=ni

| Describe and explain the formation of Newton’s rings in

reflected monochromatic light, Prove that in reflected light
diameters of the dark rings are proportional to the square root of

natural numbers.

OR
What are Newton’s rings ? Prove that in reflected light diameters of
the bright rings are proportional to the square root of odd natural
number.

Answer ]

Newton’s Rings : Refer Q. 4.11, Page 4-18A, Unit-4.
Diameter of Rings :

. Let R is radius of curvature of lens ‘L’ and ¢ is thickness of air film at
poing ‘P

oW P

w2

From the geometrical properties of circle as shown in Fig. 4.12.1,
AP x AB = ADO x AF
rxr=¢x2R-8
rt = 2Rt~ ?

Phyéics _
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L

In actual, R is quite large and ¢ is very small. So, £2 is neglected.

Hence, r?= 2R¢
2
r
t= — 2.0
. 2R LA A
For Bright Rings :
Since, we know that,
A
2=102n-1) —
. ( ) 2
On putting the value of ¢ from eq. (4.12.1),
Tt A 2 AR
2 2R - 2r 1)—2— or .r ={2n - 1)7
If radius of n* bright ring is r,
Then, r= @L_‘?M A4.12.2)
D, is diameter of ' bright ring,
4
ri= (D"]
” 2
Now, from eq. (4.12.2),
[&)2 _ 2n-DiR
2 2
or D?=2(2n- 1R
or D, = J2(2rn-1R
Let, K= V23R
D = K\2n-1 . fwhere, n=0,1. 2. 3. .
. . D o« V2n-1
Diameter of bright ring is proportional to the square root of odd natura;
numbers.
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h. For Dark Rings :
1 Since, we know, 2{=n\ »
Substituting the value of ‘¢’ from eq. (4.12.1),

2
2 ;—R =npiorri=niR

-

If radius of n* dark ring is r .

Then, r = nilt

1. D is diameter of n*" dark ring,
r.=D /2
D 2
then, (?") =niR or D?2=4niR
D = JdniAR

4 Let, K= J4.iR

Therefore, D, = KEvn or D, < Jn

5. Diameter of dark ring is proportional to the square root of natural
number.

{ Explain the formation of Newton’s ring ? If in a Newton’s

ring experiment, the air in the interspaces is replaced by a liguid of
refractive index 1.33, in what proportion would the diameter of the

rings changed ?

Answer &
A. Formation of Newton’s Ring : Refer Q. 4.11, Page 4-164A, Unit-4,
2. Numerical:

| Diameter of a ring in liquid film _ 1
; Diameter of the same ring in air film JE
1

= ﬁ = 0.867

2 So, the diameter of rings decreased by the portion of 0.867 of natural
diameter.

«4:14.] Show that the diameter D of the n'* Newion’s ring,
when two surface of radius R, and R, are placed in contact is given
L1 _anm

R, DB

by the relation : 1
R,

Physies 4-21 A (Sem-1 & 2)

Newton’s Rings formed by two Curved Surfaces :
Casel: '

When a planoconvex lens of radius of curvature R, is placed on the
planoconcave lens of radius R,. _

Let at point A the thickness of air film is ‘" and a* dark ring is passing
through A and its radiusis r,.

According to Fig. 4.14.1, .

r. A/
i1
B
C
 Fig. 4.14.1,
t=¢ —t, [ AC:rlandB('-—-I_,_l
_onor orr—-’ﬁf—l——iJ
2R, 2R, 2 LR, R,
or Coar=pp{l_ 1) (4.14.1)
\® &/
For dark ring,
2ut = nd .
2f = nh - vop=1 for airl IRES EWA
From eq. {4.14.1) and eq. (4,14.2},
o1 _1Y
"\® R,
or 1 1 _ ni
Rk R r
But, D =2r
1 1 4nd
R R, I}
Casell:

Let both the lenses are planoconvex and their curved surtace is in
contact.

Let %' is thickness of air film at point A and R and R, are radius of
curvature of lenses respectively as shown in Fig 4.14 2,
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3. Since, t=t +t,
k-] 2 2 1
. :,f«_[ﬂ,,_}
2R, 2R, 2| R,
(1 1)
= pd =
or 2¢ '-r”LRl R_J
4, Fordark ring, 2t = nh
{1 1)
P e — = MR
H L . RE'J
1,1 _ nt
R R
5 But, rn=D“i'2
1 + 1 _ 4nk
Rl R.E. Dl'l2
1,1 _ 4ni
6. Hence, R, *R —Df

Que 4.15. l Describe how Newton’s ring experiment can be used to
determine the refractive index of a liquid ?

Answer l

{.  The transparent liquid whose refractive index is to be determined is
introduced between lens and glass plate.

Since, diameter of n®* dark ringis given by -

2.
p 2= 4nAE .(4.15.1)
* H
3. Similarly, for (n + p¥* dark ring,
pr . Ao+ pRE ..{4.15.2)

Arp

H

Physics _ ' 4-28 A (Sem-1 & .

4. On subtracting eq. {(4.15.1) from eq. {4.15.2),
4 piR

D, 6 -D}'= (For liquid) A4 55
6. Forair,p=1
. wa -D 2= 4pAR ’ _ (4154
6. Ondividing eq. (4.15.4) by eq. (4.15.3),
(D:+p D:)mr
B= —oa hay
(Dn+p Dn )quu'd

Newton’s rings are observed by keeping a spheric:

surface of 100 cm radius on a plane glass plate. If the diameter of the
16" bright ring is 0.590 cm and the diameter of the 5™ ring is
0.336 cm, what is the wavelength of light used ?

1 2014:15, Marks 05__ .

5_—5 = 10,-R= 100 gim.
" A

1. If D and D be the dmmeber of (n + py and n‘h bnght ring,

thy A D, =D
o1 : T 4 pR
Ao (0:590)° -(0.336)"
4 x10x100

= 5.88 x 105 cm = 5880 A

Newton’s rings are observed normally in reflected light

of wavelength 6000 A. The diameter of the 10* dark ring is
0.50 cm. Find the radius of curvature of lens and thickness of the

corresponding air film.

1. * The diameter of n* dark ring is given by

2

4n7\.

J’J2 4nit or R=
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0,50 x 0.50

T 4x10x6.0x107
2. Ift is the thickness of the film correspending to a ring of D diameter,

=104.17em -

then,
D, D2 0.50%0.50
= =2 pr f="n 7YY g 4
4R 3R - Bxi0a.17 - 29¢*107 em
Frazenhofer .Ef

Spectra; Diffr

CONCEPT ODUTLINE | PART-2

Diffraction : Diffraction of light is a phenomenon of bending of light
and spreading ocut towards the geometrical shadow when passed
through an ohstruction.

Rayleigh's Criteria : The spectral lines of equal intensity are said to
be resolved, if the position of the principal maxima of one spectral line
coincide with first minima of the other spectral line.

{Jue 4.18. { What is meant by diffraction of light ? Write name of the

two classes of diffraction and explain it.

Answer: I

Screen & Screen

S=nuree Source

Opaque
obstacle Y

Aperture

The departure of light path from true rectilinear path or the bending of
“wht around corners of an obstacle is called diffraction of light.

Physics 4-25 A (Sem-1 & 2)

2. ‘When light passes through small apertures or by the side of small obstacles
it does not follow rectilinear path strictly, but bends at round corners of
the obstacles.

3. Diffraction phenomena can be divided into two types :

4. Fresnel Diffraction :

1. In Fresnel diffraction, the source of light and the screen, both arc
placed at finite distance from the diffraction element {obstacle ar
apertures) in which incident wavefront is either spherical or
cylindrical and no lens are used.

b. Fraunhofer Diffraction : _

1. In Fraunhofer diffraction, source of light and the screen both are
placed at infinite distance from diffraction element in which incident
wavefront is often plane.

2. Here convex lenses are used for focusing diffracted light.

Describe Fraunhofer diffraction due to a single slit and

show that relative intensities of successive maxima are nearly

OR
Discuss the phenomenon of diffraction at a single slit and show
that the relative intensities of successive maxima are nearly

4 4 4

T 26115, Marks 05
91: 251: 491; ] 2014-% arks

T g rerees

OR
Explain the diffraction pattern obtained with diffraction at single
slit. By what fraction the intensity of second maximum reduced

2013:14; Marks 05 |

from principal maximum ?

A. Fraunhofer Diffraction due to a Single Slit :

1. The light from a monochromatic source S is converted into parailel
beam of light by convex lens L.

2. Now this beam is incident normally on a slit AB of width ‘¢’

3. Now according to Huygen's wave theory, every point in AB sends out
secondary waves which are superimposed to give diffraction pattern on
screen XY,

4, Inthisdiffraction pattern, a central bright band is obtained because the
rays from AB reach at C in same phase and here the intensity is
maximum,

5. The rays which are directed through an angle 8 are focused at point ‘P
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10.

11.

12.

To find intensity at P let us draw normal AK.
Path difference of rays meeting at P is
BK =esin b

: 2 .
and, phase difference = LTT:] esin &

Let AR be divided into large number of equal parts. The secondary
waves originating from these parts will be of equal amplitude ‘a’ (say).

Then phase difference between two successive waves will be

&= %[%J esin @

Now, according to n simple harmonic waves,

ns . (mesin 9)
in ¢ in] ————
_ asin 2 as ( n
T sind/2 . (nesinﬁj
sin| ———
ni
Let nd = 20
and, a= -:—esinﬁ
osin o . Lo
Then, E= - — ig very small, So, sin—=—
sin[gi n non
n
or R= Msma:bR:Aosumu fvnra=A)
Intensity at point ‘P, '
2 2
[=R= A 800 .(4.19.1)

£Oor
Position of Maxima :
Bin o

=1whena—0
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._gina .. 1 & a® \1_
Ll_l:lél - = !ll_:.rgu[u @4-'_5 J =1
2, I=I(1® = I=I,
n
3. o= —egind
2 es
™. .
—esinh = 0=s8ind=0
0=0
4. Point C is central maxima or principal maxima.
b. Position of Minima
1. If ain o -0
a
= sina =0
o=
o= mn fwhere, m =1, 2, 3....)
2. Hence, ens;nﬁ =% mn
e sin B = + (mi} [where,m=1,2,3.....] ..(4.19.2}
3. Eq.{4.19.2) gives the direction of first, second, third .... minima and this
equation is called diffraction equation.
¢. Secondary Maxima :
1. The condition of secondary maxima may be obtained by differentiating
eq. (4.19.1} w.r.t. a and equating it to zero.
al _d A“g[sinm)2 _a 22Sinop_ [acosa z—sina }
da da o ° o o
2. Either e 0= sina=0
«
or acoso—sina={0
a=tano
8. sin a = 0, gives position of principal minima and position of secondary
maxima ia given by
a=tana ...(4.19.3)
4. Eg.{4.19.3)can be solved graphically by plotting the curves
y=o and y=tana
5. According to curves, the point of intersection of these two curves gives

the value of o satisfying the equation u = tan a. These points correspond
to the value of

3n tbn  Tn
a = 0, * —
2 2 2
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¥ o S
= s
) 2 g
¥ ] :‘ §G
o
I ;@9 I
ohésfase/ A -
x| /7 |3n/2nl6n/3x]| 7n -
2 2 2 2

EERECE A

6 At a=0, the position of principal maxima,

. 2
I=1, [sma] -1

o
T AL o= 32”' , the intensity of first secondary maxima,
{ . 3a)°
. 2 sin —
I =1 (S‘““] =1, 2| A4
° o 3n Ot
2

5 .
5 At a= —2—n » the intensity of second secondary maxima,

{ . 5z)°
7= sin—7- _ 4l
20| bx 25n°
2
F 1
Intensit‘yT
Central

—4n -3n 2n -=x 0 ® 2x-3n 4
—e
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. .. . 4 4 4
10. The ratio of relative intensityas: 1: —:——:——:....
9n* 28 4911&_
o (1.1 1
o ‘358l 1oL
11. Direction of secondary maxima is given by
. A
esinf==x{2m + 1) 3
12, But, a=™gno or g=F@m+nl
A A 2

a=(2m+1)% m=1,234...

Hence, o= :_32,5—“,7—“,%

slit of width 0.10 mm. Calculate the total angular width of the central
maxima and also the linear width as observed on a screen placed
1 meter away.

: dtliotcentral iv
b S savidthof ckntral maxima.-
1. Since, e 5in 0 = ni
2 For n = 1 and for small 8,
-5
b= l= 6x10 =6x10"rad.
e 0.01

3. Total angular width, 20 = 2 x 6 x 10~
=1.2x102%rad or 0.688°

4, Linear half width=0D =6 x 10° % 100 = 0.6 cmn
B. Total linear width =200 =2 x 0.6 = 1.2 cin

4

[0 TR | | PRI
-—— ) ——ip
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7] Digcuss Fraunhofer diffraction at a double slit.

1. Consider a parallel beam of monochromatic light having wavelength A
incident normally on two paralle] ‘'alits AB and CD as shown in
Fig. 4.21.1.
2 Width ofeach slit is ‘¢’ and are separated by distance ‘. Distance between
8, and S, point is’e + .
3. Now each slit diffracts the light at an angle 9 to incident direction.

X
L, iv. But,
ﬂ ‘
5 w "
. \WA
v I.Bt, B = E r
2" {e+d)ain &
2
_. Y then, Rr=442 T2 cos®p
_ o
£ From the theory of diffraction due to single slit we know that, resultant 8. Now, by definition,
amplitude is :
. o I= R = 4A%sin’ a.cos’p
R=A and a=zesm9 ' 9 H a®
) 3 ence, the regultant intensity depend i :
6. Let 8, and 8, are two coherent sources, each sending wavelets of - Algin? Y depends upon fllowing two factors:
, a
i 7 due to diffraction, and

amplitude 4 222 in the direction of 6.
o ii. c¢os? P, due to interference.

7 Therefore. the resultant amplitude due to interference of these two 7
waves at point P can be calculated as : :
i. Draw perpendiculars S.K on S K.

A%(gin? a)fu?

ii. Path difference, §,K=(e+d)sin® .(4.21.1)
and, phase difference, .
5= —iﬁ (e +d)sin® (4.212)
ii. IfR'is resultant amplitude at point P then, according to Fig. 4.21.2.
OB? = OA? + AB* + 2AB.OA cos &, -
R?2=R*+ R*+2RRco8 B ' ' ] " _”(0) n 2=
= 2R? 4+ 2R%co8 8 a

= 2R?(1 4 cos 8) = 2R? [2;,-032;)




4-32 A (Sem-1 & 2) Wave Optics Physics 4-83 A (Sem-1 & 2)

I 2 . 2, It is constructed by rolling a large number of parallel and equidistant
cos B lines on a glass plate with a diamond point.

A,  Explanation ;

1. Let aparallel beam of monochromatic light of wavelength *A” be incident
- on'N slits.
2 . 2. This light diffracted at an angle 0 is focused at point P on the screen by
T : ] lens L, having same amplitude. :
4A2 ((sin? o)fee?) cos? B | R=A %

3. Lete be the width of each slit and ‘d” be the opaque space between two
slits, then (e + d) is called grating element,

4. Path difference = (e + d) sinl ©

ML SN and, phase difference,
2B = —2—n(e+d) 5in 9.
Ll 3 - l
Conditions for Maxima : 5. 'Therefore, as we pass from one vibration to another, the path goes on
if. cos® B =1 or B==zxnn [where, n =0, 1, 2, 3,...] inereasing by an amount (e + d) sin 8 and phase goes on increasing by an
. But, = % (e+d)sind amount 2n {e + d) sin 0. Thus, phase increases in arithmetic progression.
b ) : 6. Now, the resultant amplitude and intensity at point P due to N slits can
iy (e+ad)sin® _ : be obtained by vector polygon method,
(e +d)sin 8= £ nh [where, n =0, 1,2, 8,....] ' sin N2
¥, Conditions for Minima : : R=R 2
If, cos® 3 =0 or cosB=0 ' sy
p=x@n+D 2 [where, n.= 0, 1,2, 3,...] Ly
l Ll ql r
Then, {(e+disinf=zx(2n+ 1 2 _ ry Sy INE - =
— _— . ) } - -
-] What do you mean by a diffraction grating ? Derive L LY -
~xpression of Fraunhofer diffraction due to N slits. : 8 ‘ég’_'::"‘; : ,; Lo ¢
OR : SR S5 1N
wrive the eonstruction and theory of plane transmission grating. \{\“ i /_ -
txplain the formation of spectra by it. s\ -
Answer ]
! The diffraction grating consists of a large number (N) of parallel slits ' Pig. 4.22.1.
having equal width and separated by an equal opaque space. : 7. But, d=2p
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. 2N
Rsm——E
Hence, R=_— 2
sinﬁ
2
._ p SIDND ' (4.22.1)
or R=R sin p | .
where, R=A sino. (due to single slit)
o
. 2 inN 2
8. Intensity I=R?=A? [m] [gm_BJ o (4.22.2)
' ' o sin
6. Hence, intensity distributed is product of two terms I®* term

- 2
Az 2 J represents diffraction pattern due to single slit and IT™ term
| o

kS

S

{ sin N
L sin 3 J )
Condition and Intensity of Principal Maxima :
When, sinp =0

represents interference pattern due to IV slits.

. P==znn [where, n =0, 1,2, 3...}] ...{4.22.3)
Then, sinNp=0
Hence, sir.n NB 9 is indeterminate form.
sinf3
It is solved by L-Hospital rule.
d
e (sin NP}
su_lNEn - lim dp = lim Ncos Np N
I\ ezan SIHB Prznn —d(sinB) Prtan cosﬁ
dap
r
B M
r
2p
N
O T T S
: K 2
: sin Np .
Putting the value of Sinp = Nin eq. (4.22.2), we get,
sin :

I=A® 80°¢ A (422.9)
o
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4. 'The direction of principal maxima is given by, sinB =0, f = + rix
5. We know, B = %(em) sin €

Bo, +nt= {—(e+d)sin0=>(e+d)§in0=tnl e

For n = 0 we get, 8 = 0 and get zéro order principal maxima.
n=1,23,...... correspond to %, [I", III order principal max::.
Condition for Minima :

The intensity is minimum when, sin N = 0

But, sinB»0

SEN -

Hence, Np=+mn or |3==E;T“

or, %(8+d)sin9 =xmr or Ne+d)sind==+mi AT RS

where, m can take all integral values except O, N, 2N, 3N ... ..
m=0gives maximaandm=1,2,3, ... (N -1} give minima.

B. Secondary Maxima :

1. There are (¥ — 1} minima between two consecutive principal ma:-
therefore, there are (N - 2) other maxima comning alternatively wn
minima between two successive principal maxima.

2. Position of secondary maxima is obtained by differentiating eq. 1 5. ..
w.r.t. B and equating it to zero.

dI - A sin"az[sinNBMNcoaNB sinf —sin NP cos fi]_o
= = ! e =
sinf} sin” p

dp a’
or, NcosNBsinB —sinNBcosp=0
and, tan Np = N tan p

3. FromPFig. 4.22.3,

Ntanf

Ntanp
;} 1+ N?tan’p
Squaring both sides and dividing by sin®*j,
sin® Np N?tan®g N?

sin VB =

sin’p [+ Ntan’Psin’Bl  [L+ N — Dsin“bi
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. sin? Np . |
Puttl.ng the value of ma— in eq. (4.22.2), .

- 2 N2
I=Az ( sin “] (4.22.8)
) o [1+(N?~1)sin®B) o
Intensity of secondary maxima _ I 1
Intensity of principal maxima I  [1+(N® —Dsin®p]
Zero order
principal
maxima
L First
St ] :
”_;n’m ., First principal principal
! c1pe maxima maxima
Taxema
Secondary Becondary 4 Second
maxima maxima prinecipal
maxima
Secondary minima Secondary minima .

Figi4.22.4.
Jue 4.23. I What is diffraction grating ?_Show that its dispersive
1

2
e+(£] a2
n

power can be expressed as J where all terms have

'+ usual meanings.

nswer |
Diffvaction Grating : Refer @, 4.22, Page 4-32A, Unit-4.
roof :

Since. (e+d)sin®=nk = sinp= _TA (4.23.1)
(e +d)

thiferentiating eq. (4.23.1) w.r.t. i, we get,

e + ) cos & 8 n
i

- ndh _ ndi
le+d)cos® (¢4 d)f1-sin’p

vutrting the valve of sin 0 from eq. (4.23.1) in eq. (4.23.2), we get
ndi nd dh

...(4.23.2}

A= =
% Jle+d? -n'A’ et dY
{ehkd)\/l_(e-;—d)z [ ] _A‘Z
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4. Hence, dispersive power, 48 = 1
oh (e +d ]2 e

n

What do you understand by missing order spectrum ?

What particular spectra would be absent if the width of
transparencies and opacities of the grating are equal ? Show that
only first order spectra is possible if the width of the grating element
is more than wavelength of light and less than twice the wavelength
of light.

OR
What are the conditions absent spectra in the grating ?

1. Sometime for a particular angle of diffraction ‘0 satisfying the relation
(e + d}8in © = n, there is no visible spectrum obtained. This phenomeunon
is known as missing order spectrum.

2. We know that condition for a minima in a single slit is given by

e 8in 8 = ma L4241
and the condition for the principal maxima in the r'" order spectrum is
given by '

(e +d)sin @ = na L44.24.2)

3.  Ifhoth conditions are simultaneously satisfied, the ditfracted rays from
all transparencies are superimposed upon each other but the resultant
intensity is zero, i.e. the spectrum is absent.

4. " From eq. (4.24.1) and eq. (4.24.2), we have, 2¥ d_n
e i
This is the condition for absent spectra.
5 If e=d then, n=2m
So that 2™, 4%, 8" . order of the spectra will be missing corresponiing
tom=1,23,...
6, Whend=2ethen,n=3m
" Hence, 3@, 6", 9% | spectra will be missing corresponding to
m=123. o
7.  The maxir:. » number of spectra available with a diffraction grating in

the visible region can be evaluated by using the grating equation for
normal incidence as
(e +d)sin® =nk or n= M%IEL
8. The maximum possible value of 8 is 90°.
_ {e+d)sin90 (e+d)

max A, l
9. Ifthe grating element (e + ) lies between A and 2X or grating element
(e + d) < 2
Then, R < % <2
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10. Therefore, for normal incidence only first order will be obtained.
11. Hence, if the width of grating element is less than twice the wavelength

of light, then only first order is possible.
@iéiﬁﬁ What is dispersive power Of grating and resolving power
of an optical inatrument ? Explain Rayleigh’s eriterion of resolution.

A. Drispersive Power of a Diffraction Grating :
1. The dispersive power of a diffraction grating is defined as the rate of
change of the diffraction angle with the wavelength. It is expressed as

dn
2.  Fora grating, (e +d)sin 0= ni
Dhifforentiating w.r.t. A, we get,

(e+d)n‘:i)sf3%lEi =n

a4 on
di = fe+d)cos®

Resolving Power of an Optical Instrument :

The ability of an optical instrument to produce the separate images of
two objects placed very close to each other is known as resolving power.
Rayleigh’s Criteria of Resolution :

According to Rayleigh's criterion, the spectral lines of equal intensity
arc said to be reseclved, if the position of the principal maxima of one
spectral line coincide with first minima of the other spectral line.

ar

i+

e

g
\:1\ Resultant

i intensity curve
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m‘g 4:%82| What do you mean by resolving power of grating ? Ders:
the necessary expression.

ks :
Resolving Power of Grating :
Tt is defined ag the ratio of wavelefigth (1) of any spectral line to th-
smallest difference of two wavelengths (dh), for which the spectral iin
can be resolved at the wavelength ).

1.

Resolving power of grating = EA}:

B. Expression:
1, Leta ligh.t consisting of two wavelengths A, and A, is incident normai:
on a grating element (e + &) and the spectral lines corresponding to ..
and 1, are formed on screen P, and P,,
2. Thesg spectral lines, j_ust resolve if they satisfy the Rayleigh's eriterion
the direction of n* principal maxima for wavelength (2 Yis given b,
le +d) sin 8 = nh, ' ]

Nie +d) sin 8 = Nna, Laad
3. And T* minimain direction (8 + g0} is
Nie + d) sin (6 + db) = mi, R BT

except (m =0, N, 2N .....

_—
—_—
- .
—_—
__*

4. When, m = (0N + 1), eq. (4.26.2) bec
Nie + d)sin (8 + d0) = (nV + 1, ceddldy
5. The principal maxima due to wavelength 2, in direction (6 + 461 ix
le +d)sin (8 + dB) = nh,
Nle + d) sin (8 + dO) =}\."n)&2 : LI
6. Comparing eq. (4.26.3) and eq. (4.26.4), we get, o
(nN + 13, = Nna, Lo
7. Ifk =3, hy=x+dh, di = Agy—2 eq.(4.26.5) becomes
(nV + 1)) = Nn(h +d3)

A
or A=Nndh or L _
dn ”A_r
Rut, le+d) minB=nh or noletdlsingd
2 . Nletd)sing
da, A
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Find the angular separation of 5048 A and 5016 A

wavelengths in second order spectrum obtained by a plane
diffraction grating having 15000 lines per cm.

1. Since, dah = A=A,
= 5048 - 5016 =32 A =32 x 10-¥m

Ay +A, 5048 + 5016

2. h= o= 2 =5032 A =5032 x 10°° m
3. Now, angular separation is given by,
-1
a8 = dh, _ 32 ><210
. 2 "
EEm e
; n 2 )
_ 32x10°%° _ 32x10™"
\/71.65 x10™% ~25.832x10™ J10'14(71.65 —25.32)
32x107° D
= m =691 x 10 rad

Que 4.28, | A diffraction grating used at normal incidence gives a

yellow line (A = 6000 A) in a certain spectral order superimposed on
a blue line (). = 4800 A) of next higher order. If the angle of diffraction
is sin-! (8/4), caleulate the grating element.

1. X, — &, = (6000 —4800) x 10-*

Physics 4-41 A (Sem-1 & 2)

= 1200 x 10-%cm
2. 8ince grating element,

e+d= ;\'1;\'27.

(A, — A,)5in B

6000 x 107® x 4800 = 10°°
e+d=

1200 x 1078 x 0.75
=32 x10"*cm.

d A diffraction grating used at normal incidence g‘wés a

yellnw llne (= 6000A)i in a certain spectral order superimposed on
ablue line (A = 4800 A) of next higher order. If the angle of diffraction

is 60°, calculate the grating element. |.@§TU20 18-14, Marks 05]

Same as Q. 4.28, Page 4—40A, Unit-4. (Ans. 2.77 x 10-* cm)

Find out if a diffraction grating will resolve the lines

8037.20 A and 8037.50 A in the second order given that the grating is
justable to resolve two lines of wavelengths 5140.34 A and 5140.85 A

in the first order. 15; Marks 05 |

’il_ifﬁ‘a_éﬁon grating.

1. 'The resolving power of a grating is given by Eli =nN

1(x]
Therefore, LY
5140.34 + 5140.85 _ ¢1 40 595 &

2
di= 5140.85 —-5140.34=0.51A and n=1

1 [5 140.595J = 10080
1 0.51
2.  Hence, the resolving power of a grating in second order
Mdr = nN = 2 x 10080 = 20160, Y
3. The resolving power required to resolve the lines 8037.20 A and :
8037.50 Ain the second orderisi/di

where, A=

N=
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In this case W= %330—;@3@ =8037.35 A
dr' = 8037.50 — 8037.20 = 0.30
Resolving power, A _ 803735 26791.17

dv - 0.30
Thus, the grating will not be able to resolve the lines 8637.20 A and
£037.50 A in the second order because the required resolving power
(26791.17) is greater than the actual resolving power (20160).

Que 4.31. I A diffraction grating used at normal inc_:idence gives a
green line (5400 A) in a certain order n superimposed on the violet
line (4050 A) of the next higher order. If the angle of diffraction is 30°,
find the value of n, also find how many lines per cm there in the
grating.

Answer E

Given : A, = 5400 A = 5400 x 10 cm, A, = 4050 x 107, 6

A, =h,=1350% 10"%cm : e

To Find : i Order of spectrum, n.
ii. Grating lines per cm.

>

i

The direction of principal maxima for normal incidence is given by
{e + d)8in 9 = RA
Lot a' order maxima of A, coincide with (n 1 13 order maxima of A, we

[

[

have,
fe +d)sin @=nk =(n+ DA,
or al,={n+ 10, or n= P
11 —hy
_ 4050x10°° _
1350 x10°®
3. Now,ile +d)sin 8= —Mi or e+d=——li2,——
Ay Ay (3, —k;)sin @

5400 x 10°° < 4050 x 10°%

e+d=
1350 107° xsin30°

4. Number of lines per cm,

B
1 _1350x10°  _.oo.

N= = - =
e+d B400x4060x2

OO

Fiber Optics and
Laser
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CONCEPT DUTLINE : PART-1

Optical Fibre : Optical fibre consists of a core surrounded by a cladding
and a sheath. It is a thin, transparent and flexible strand. It is made up
't ofglass or plastic. It works on the principle of total internal reflection.
| Acceptance Angle : It is defined as the maximum angle that a light
il ray can have relative to the axis of the fibre and propagates down the
| fibre. :

| Numerical Aperture : It is a dimensionless number that characterizes
| the range of angles over which the fibre can accept or emit light.

. Dispersion : The amplitude of the optical signal propagating in an
! optical fibre attenuates due to losses in fibres as well as it spreads
_ during its propagation. Thus, the output signal received at the end
' becomes wider compared to the input signal. This type of distortion
arises due te dispersion effect in optical fibres.

.. What is optical fibre ?

1. Optical fibre is a long, thin transparent dielectric material made up of
glass or plastic, which carries electromagnetic waves of optieal
frequencies {visible to infrared) from one end of the fibre to the other by
means of multiple total internal reflection.

Optical fibres work as wave guides in optical communication systems.

3 Anoptical fibre consists of an inner cylindrical material made up of glass
or plastic called core. '

4 The core is surrounded by a cylindrical shell of glass or plastic called the
cladding.

. The refractive index of core (n,) is slightly larger than the refractive

index of cladding (r,), (i.e., n,> n,).

o
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6. The cladding is enclosed in a polyurethane jacket as shown in Fig. 5.1.1.
This layer protects the fibre from the surrounding atmosphere.

7. Many fibres are grouped to form a cable. A cable may contain one to
several hundred such fibres.

Polyurethane

Claddi L
Core adding protective jacket

Fig s

Explain the principle of optical fibre.

1. The working of optical fibre is based on the principle of total internatl
reflection.

2. Total internal reflection is the phenomenonin which a light ray reflects
completely in the first medium, when it is incident on the boundary of
two different mediums.

3.  When alight ray is incident on a high to low refractive index interface,
then from Snell’s law, Fig. 5.2.1(a).

Sin®, _ n; . .(5.2.1}

sin @, m, . _
n,andn, = Refractive indices of denser and rarer mediums
1

where,
respectively.
' 1 '
mo : !
i
| |
> 6, = 00° {
] e
( i " N9, =058,
Oyt 0.1 '
| 1 .
I
mn : : _
? (a) . b) e}

-&_':Qp:tidal fibre.

4. Since n, > n,, so from eq. (6.2.1), we have
sin 8, _ 1
gin 9,

1.e., sin 0,< sin 6,
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re., e <90, W (5.2.2)
5.  When the refracted light ray emerges along the interface, {.e., when the
angle of refraction becomes 90°, i.¢. 8, = 90°, the corresponding value of
the angle of incidence is called the critical angle and denoted by 6,
Fig. 5.2.1(b).
6. Thus for 8, =8_,8, = 90° eq. (5.2.1) becomes

sin B_= y .(5.2.3})
n,

7. If06, =0 > 4, the incident light ray is totally reflected back into the
originating medium with high reflection efficiency 99.9 %. This event ia
known as total internal reflection, Fig. 5.2.1{(c).

8. The necessary conditions for total internal reflection of alight ray in an
optical fibre are therefore as follaws :

i 'The refractive index of fibre core should be higher than that of the
cladding.

ii. The light ray should be 1nmdent between the core-cladding interface
and the normal to the core-cladding interface at an angle greater
than thecritical angle.

ii. The respective refractive indices n, and n, of core and cladding
materials of the fibre should be related to the critical angle by the
relation given in eg. (5.2.3).

ng Cladding

Core

il‘ig. 6.2 2.

Qup 6.3. | What do you mean by accep;;ance angle and nuimerical

aperture 7 Obtain the expression for acceptance angle and numerical
aperture.

Answer |

A, Acceptance Angle : [t is defined as the maximum angle of incidence at
the end face of an optical fibre for which the ray can be propagated in
the optical fibre. This angle is also called acceptance cone half-angle,

B. Numerical Aperture:
1. Itrepresents the light-gathering capacity of an optical ﬁbre
2, Light-gathering capacity is proportional to the acceptance angle, 9,

3.  So, numerical aperture can be the sine of aceeptance angile of the fibre
ie., sin .

Physics _ 55 A (Sem-1 & &
C. Expression for Acceptance Angle :
1. Applying Snell’s law at points B in Fig. 5.3.1.
n, sin (90° — 8,) = n, sin 90°
n cos8 =n,
cos 0, = LS
n
ar sin 91 = J1- c032 91
2
= -2 (531
et
2. SBnell’slawatO,
n,sin @, = n, sin 9,
or sin 9, = 5 sin 0, AB
nO
3.  On substituting eq. (5.3.1) in eq. (5.3.2),
-gin O, = J Jn‘ =" LB
fy ny
Acceptance angle
Fibre axia —s‘-
ny
Light ray
4. As the fibre ia in air. So, the refractwe index n, 1\
The eq. (5.3.3) becomes, .
8in B, = fn? — n? _ A5
This is the equation for acceptance angle.
D. Expression for Numerical Aperture (NA) :
1. According to the definition for numerical aperture (NA),
NA =sgin 6, = ,fn? - n L5350
2. Let the fractional change in the refractive index (A) be the ratio between

the difference in refractive indices of core and cladding to the refractive
index of core,



56A(Sem-1 &2)
. Fiber Optica and Laser
.’."(_'_, A = _fﬂ_—-_}lz_
| n ..(5.3.6)
o1 no—-n,=A n,

-.(5.3.7)
3. Eq.(5.3.5)can be written as ; |

, i ‘ ‘ NA = . fnf - ng = \/("'1 - nz)(n.l + nz) ...{5.8.8)
- Substituting €q. {5.3.7) in eq. (5.3.8), we get

NA= Jan (n, + n,)

5. Sine
e, my=ny; so, n o+ n,~2n
NA= [2An? = n o V2A ..(5.3.9)

4. Numerieal aperture can be i
., A € Increased by incre z iad
the llghtvgathermg capacity of the fibre. Aeing &' and thus enhances

7. (\;\@ canznot incr‘ease A to avery large value becau
1spersion, which cause signal distortion.

Que 54,7

seit leads to intermodal

Write the classification of optical fibres,

N ) OR
tiscuss the different types of optical fibre, Why graded index fibre i
reis

1 -\t . - I3 “
aetter than multimode step index fibre, " %‘"‘ g )

@ {xlass Fibres :

1 .
‘ These fibres consist, of glass as the core and also glass as the claddi
2. These are the most widely used fibres. *

3 Lo
To reduce the refractive index of cladding, impurities such as

Germanium, Boron i
paraaniu » Phosphorous or Fluoride are added to the

Plastic Clad Silica or P.C.S. Fibres :

1. By replacing the cladding wi
J g with a plastic coatj of th i
index lower than that of core, a plastic clad fib:g is ach?eii%acnve

2. Its advantage is onl
: ¥ that the replac i
with plastic offers the savingin ccgt. ement of the glass cladding

The limitations are :

L .Losses are more than the glass fibres,

4.  Refractive index varies with temperature,

ni, Fibre life is small, mainly in humid envifonment

i

—
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c. Plastic Fibres:

1. These fibres consist of both core and cladding of the plastic material.

2, These fibres are cheaper in comparison to the above fibres.

3. But these fibres have high losses and tow bandwidth. _

4, Also life of these fibres is small and refractive index varies with
temperature.

5. 'These fibres don't need protective coating and they are more flexible.

6. Attenuation of plastic fibres is more than glass or silica fibres but
even then they are frequently used for short distance computer
applications.

ii. Classification of Optical Fibres Depending on Number of Modes :
a. Monomode or Single Mode Fibre :

1. In this, fibre is capable of transmitting only one mode.

2. Supposewe make the core of the fibre for any small ray of order of
2 to 8 um, then only one ray of light can enter the core and get
guided by total internal reflection.

3. Major advantage of single mode fibre is that it exhibits minimum
dispersion loss and hence, the highest transmission bandwidth.

4. Only high-quality laser sources that produce a very focused beam
of nearly monochromatic light can be used for single-mode
operation.

5. Because of the superior transmission characteristics, such fibres
are extensively used for long-distance applications.

b. Multimode Fibres:

1. Inthis, the fibre is capable of transmitting mere than one node, so
the name multimode fibre,

2 The multimode fibre has the core diameter of the order of
50 pm i.e., larger than the manamode fibre.

3. Asthe coreradius is large enough, it accommodates many different
rays of light or modes, each entering the core at different angles.

4. Since the different mode have different groups velocities, there
exists considerable broadening of transmitted light pulses.

5. Hence, dispersion losses are more and bandwidth fength product is

small of order of 1 GHz-km.
These fibres are useful for moderate distances.
7.  The loss of information capacity however is compensated by certnin

benefits of multimode fibres over monomode fibre such as .

i Incoherent optical source can be used in multimede fibre due
to large core diameter and large acceptance angle.

ii. Ease ofsplicing or joining.

Lower tolerance requirements on fibre connectors.

&,

1
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iii. Classification of Optical Fibres Depending on the Index Profile :
a. Multimode Step Index Fibre (MMSIF) :
1. It consists of a core material surrounded by a concentric layer of

cladding material with a uniform index of refraction n, that is only Fibre axis
slightly less than that of core of refractiveindex~, ¢ G mmsmmspEopEssfssaoT oo ow
2. Ifthe refractive index is plotted against the radial distance from the
core, the refractive index abruptly changes at the core-cladding
surface creating a step, hence the name step index.
o Ry >Ry>hg T

6. Light rays periodically.diverge and converge along the length o o
fibre, .

]addinh\ :
6’”:_"_1_ }____,,_-_/
N

PiEEAATR tlon in & multimode graded index fibre.
¢, Single Mode Step Index Fibre (SMSIF) :

1. Inthis fibre, the core of a fibre is made so smalil that onlv v -
light can enter the core and get guided by the total internal yo:
hence the name single mode.

2., This will be the only ray of light or mode that can enter thu ..
such a shallow angle.

LT P P -
Fig. 5.4.1;,

3. The name step index is due te this index prefile and the term
multimode is due to its feature of propagating a number of modes,

4, 1Its manufacturing is such that ite core radius is large enough to
accommeodate many different rays of light or mode each entering
the core at different angles.

,

“““““““““““““ Fibre axis
. m2

Fig. 5.4.2. Propagation in multimode step index ﬁlg:né;
b, Multimode Graded Index Fibre (MMGIF) :

1. tnthis, the material in the core is medified so that the refractive
index profile does not exhibit step index change but & parabelic
refractive index profile which is maximum at the fibre axis,

2. 1ntihis file, index of refraction has a maximum vaiue n, at the axis
and lesser values falling off gradually and hence the name graded
index 1s given to this fibre.

3. Since the light travels faster in a medium with lower refractive
index, the light ray, which is farther from the fibre axis travels
faster than the ray which is nearer to the axis.

4. As the refractive index is continuously changing across the fibre
axis, the light ray is hent towards the fibre axis in almost sinusoidal
fashion.

Light vrays are curved towards the fibre axis by refraction.

“Cladding »,

(C”e.:*e -_}._d--__;.d_ﬁlwyf_\,__
A

Fig. 5.4.8. Propag"atj_'.on& in a single mede step index fibre.

3. Major advantage of this fibre is that modal dispersion - .. .
eliminated and because of this, such fibres are extensively .
long distance communication.

4, Different fibre designs have a specific wavelength called .-
wavelength above which it carries only one mode.

3. 3ingle mode step index fibre has a superior transmission v
over other fibre types of the above because of the absenco ol .
dispersion.

oy}
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B. GradedIndex Fibre is Better than Multimode Step Index Fibre :
In graded index fibre, the index of refraction in the core decreases
continuously while in multimode step index fibres the refractive index
of a core has a constant value, Therefore graded index fibre is better
than multimode step index fibre.

Que 5.5. | What are advantages of optical fibre over copper wire 7

Answer... _
i. The information carrying capacity of a fibre is much greater than the

microwave radio system.

Attenuation in optical fibre is much lower than that of coaxial cable or
twisted pair.

Smaller in size and lighter in weight.

The life of fibre is longer than corresponding copper wire.

Fibre communication system is more reliable as it can better withstand
environmental conditions. .

3. TFhe cost per channel is lower than that of metal counterpart.

7. Handling and installatior cost of optical fibre system is very nominal.

Que 5.6, . | Differentiate between single mode fibres and multimode

fibres,

Answer l

. S.No.|  Single Mode Fibres. . L. Multimode Fibres .7
.1 | In single mode fibres there is | In multimode fibres, large
' only one path for ray numbers of paths are available
propagation, for light ray propagation.
E Single mode step index fibres | Multimode step index fibres have

I have less core diameter |larger core diameter (50 lo
| (= 10 ym) and the difference | 200 pm) and the difference
' between the refractive indices | between the refractive indices of
" of core and cladding is very | coreand cladding is large.
| small,
3. In single mode fibres, thereis | There is signal distortion and
‘ | no dispersion. dispersion takes place in
' multimode fibres.
in- Signal transmission capacity is | Signal transmission capacity is
‘ | less but the single mode fibres | more in multimode fibres.
" are suitable for long distance | Because of large dispersion and
" communication. attepuation, they are less suitable
‘ ! - | for long distance transmission.
5 ' Launching of light into single | Launching of light into multi
‘ | mode fibres is difficult. mode fibres is easy.
8. )‘ Fabrication cost is very high. | Fabrication cost is less.

Physics 5-11 A (Sem-1 & 2)

If refractive indices of core and cladding of an optical

fibre are 1.50 and 1.45 respectively determine the value.s of numerical
aperiure, acceptance angle and critical angle of the fibre.

[AETU 2014-15, Marks 05

Given:n;,=150,n,= 1.45

To Find : i. Numerical aperture.
i, Acceptance angle.

fii,. Critical angle of fibre.

1. Numerical aperture,
NA=~n, Jeay

n-ny  1.50-1.40 g3

e A= S < J

where. n, 1.50
So, NA = 1.50 JIZ » 0.033) = 1.50 x 0.257 = v.185

2, Acceptance angle, 8 = sin™! (NA) = sin~' (0.385) = 22.64°
8. According to Snell's law, .
i) o [ n:\' —sin ' i 1_-_4;5".
sin 8, = _n_z or 0 =sin n,JF L1 50/
1
= 75.16°

Que 5.8. | A stepindex fibre has core and cladding refractive indicos

1.466 and 1.460 respectively. If the wavelength of light f.),éf‘ﬁ pm is
pagated through the fibre of core diameter 50 um, lind the

ro
gormalized frequency and the number of maode supported by the
fibre.
Answer ]
' d 50 o5
Given : n, = 1.466, n,= 1.4603,2. =085 um,a = E) =? =25 um
To Find ; i  Normalized frequency.
© §i.  Number of mode.
i,  Normalized frequency is given by,
' 2ra T
A= ‘T\IH] R
= 2x7 2D f1 4667 1460 =2l

0.86
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2.  Number of guided modes,

2
No (24487 o0 635 ~300
2 2
Queﬁ.ﬁ Describe the basic principle of communication of wave

in optical fibre. A step index fibre has core refractive index 1.468,
cladding refractive index 1.462. Compute the maximum rgdius
allowed for a fibre, if it supported only one mode at a wavelength

1300 nm.

Ansx"ver |

A. Basic principle of c/lommunication of wave in optical fibre :
B.

Refer Q. 5.2, Page 5-3A; Unit-5.
Numerical ;

Given:N=1,A= 130‘3{1& =1
To Find ; Maximum ra.dl 5. alld wed f

2
W
1. Number of modes supported, N = >

2

1= 2
v=1414
2. Let, g is radius allowed for a fibre.
2
2rx o ﬁ
= ——" " - {1.46B)° -(1.462)
141 = 3o0x10° V'

292,56 % 107% = g [(1.468)% — (1.462)°

a=22x10%m=22um

Que §.10. ; Discuss the different types of losses in optical fibre.

f

Answer

J

A, Absorption Losses:

1. Absorption is the most prominent factor causing the attenuation in
aptical fibre, '

2. The absorption of light is caused by the following thrge different

mechanisms ;
i. Intrinsic Absorption : .
1. It is the absorption of light by the material of the core itself,

Physics
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2. The intrinsic absorption is a material property of glass iisei

3. There iz a tendency of the fibre material to absorh a s
amount of light energy.

ii. Exirinsic Abusorption:

1. The presence of impurities in the fibre material is 4 nL
source of loss in practical fibres. This is known as extrin-.
absorption. :

iii. Absorption by Atomic Defects :

1. Atomic defects in the fibre material are also respunsible i
the loss of light energy. '

2. The atomic defects are created in the manufacture of the i

3. These defects are also created when the fibre i« exposed
rays, y-rays, neutrons and electron beams.

Scattering :
It is the loss of optical energy due to imperfections in the fibre,

Due to this phenomenoen, the light is scattered in all directions wh: -
causes the loss of the optical power in the forward direction.

This loss is known ag Ragyleigh scattering loss.

Rayleigh scattering loss is found to be inversely proportional ic 1.
fourth power of the light wavelength,

54
41
3L

2.4
1L

— Wave length (pie
0.7 08 09 1011 12 1314 15 ¢ 8

Bending Losse;ﬂ:' - .
The bending losses occur due to bends present in the fibre structu:
These are of two types :
i Micro Bending :
1. Micro bending losses are caused either during ti.
manufacturing or during the cabling process.
2. Microbends may not be visible with the nzaked eyes.

3. During the manufacturing the microscopic bending of thi ¢,
of the fibre occurs due to thermal contraction betwean 1.
core and cladding.
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i. Macro Bending :

t.  Excessive bending of the cable or fibre may result in loss known
as macrobend loss.

2. The fibre is sharply bent so that light traveling down the fibre
can't make turn and js lost in the cladding,

Macro bend

Fig/ 8.10/4.
Que 5.11. | Define attenuation, Explain attenuation constant.

Answer

L Altenuation :

. Tt is defined as the reduction in amplitude (or power) and intensity of
signal as it is guided through optical fibre.

Tt ix mainly due to absorption and scattering.

Altrnoation Constant

it iso e optical power launched at the input end of the fibre, then the
pover I at adistance L down the fibre is given by

P, =P et ~A5.11.1)
whoere, o = Attenuation constant.
Tik:...+ warithms on both the sides of eq. (5,11.1),

o = % In 1;1_' (5.11.2)
In units of dB/A&m. « is defined through the equation

10 P

ABthm FA log P:}

[n cage of an ideal fibre, P, = P, and the attenuation would be zero.

whue 5,12, I Write a short note on dispersion.

¥

Physics . 5-15 A (Sem-1 & 2)

£

1. Dispersionis the tirne distortion of an optical signal that results from the
time of flight differences of different component of that signal, typically
resulting in the pulse broadening.

2. In digital transmission, dispersion limits the maximum data rate, the
maximum distance, or the information carrying capacity of a single-
mode fibre link.

3. In analog transmissiorn, dispersion can cause a wavefarm to become
significantly distorted and can result in unacceptable levels of composite
second order distortion {CSO),

4. When no overlapping of light pulses takes place, the digital bit vate BT
must be less than the 'reciprocal of the broadened (through dispersion)
pulse duration (21).

5 Dispersion in optical fibres can be classified into three main tvpes
i.  Material dispersion,

ii  Waveguide dispersion, and
iii, Modal dispersion.

A communication system uses a 10 km fibre having 2

chss of2.5vd'Bfkm. Compute the gutput power if the input power is
500 u'W.

Cagmm = El‘)g 10 ﬁ
L %P
2.5= % log m%‘] x10°°
0 -~
(105 = 5—9;"&—
- P = 5—0((;;—)}_tﬁ=1.58 W

Explain dispersion and attenuation in optical fibre, The

optichl power, after propagating through a 500 m long fibre, reduced
to 25 % of its original value. Calculate fibre loss in dB/km.

o
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Emission of Radiatic
Various Letvels of Las,

Dispersion : Refer Q. 5.12, Page 5144, Unit-5.
Attenuation ;: Refer Q. 5.11, Page 5—14A, Unit-5.
Numerical ;

The attenuation is given as,

o= 10 log,, [—PAJ
L B,
Elog {——-—P‘ }
05 " |07F
o= 20x 0.1249
o = 2.498 dB/km = 2.5 dB/km

o=

5

-

CONCEPT UOLUTLINE : PART-2

Laser : It is an acronym for Light Amplification by Stimulated Emission
of Radiation.

Spoataneous Emission ! It takes place when excited atoms make
transition to lower energy level without any external stimulation.
Stimulated Emission ! It takes place when a photon of energy
(hv = E, - E ) stimulates an excited atom to make transition to lower

energy level.

R 3
Einstein’s Coefficients : h‘—-s—nsi—

¢

21

Population Inversion : The phenomenon is which the number of
atoms in the higher energy state becomes comparatively greater than
the number of atoms in the lower energy state is known as population

inversion.

Physics 5-17 A (Sem-1 & 2)

Explain LASER and different types of process of

radiations.

LASER : , .

1. LASER stands for “Light Amplification by Stimulated Emission of
Radiation”.

2. Itis adevice used to produce a strong, monochromatic, collimated ana
highly coherent beam of light and it depends on the phenomenon of
“stimulated emiasion”.

B. Processes of Radiation :

a. Absorption of Radiation :

1.  When an atom is.in its ground state and a photon of energy hv is
incident over it, it comes to its excited state after absorbing thai
photon. This process is known as absorption of radiation.

E, Before 2 After E,
&
AN
E -
F 1 El

2. The probability of absorption of radiation is given by :
P 1= ‘Bm PLv)
where, B,, = Einstein's coefficient of absorption of radiation
and
plv) = Energy density.
h. Spontaneous Emission of Radistion :

1. When an atem ig in its excited state, it can remain there only for
10/ sec. After that it comes to its ground state and releases a photon
of energy hv. This process is called spontaneous emission of radiation.

E, Before 2 After

By

N e By
Y E,

2. The probability of spontaneous emiasion of radiation is given by :

(Pﬂl)smlanmu = A?l . .
where, A, = Einstein’s coefficient of spontaneous emission
of radiation.

c. Stimulated Emission (Induced Emission) of Radiation :
1. When an atom is in its excited state and a photon of energy #1 is
incident over it, atom comes to its ground state.
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g. But now instead of ohe, two photons of énergy hveach are released.
. When tpese two photons of energy kv each are incident on another
two excited state atoms, four photons of energy Av each are released.

= - I 2 | ——— |
L : mhvl : mi\\;
R N === B
1
___________ —» LASER
—
——#= Beam
—
—_—

4. Thlis process goes on continuously and as a result, a monochromatic,
ur}xd:rectmnal beam of photon is released, which is known as
stimulated emission of radiation.

I'he probability of stimulated emnission of radiation is given by

h Pa ) timutaged = B?.ﬂ:’(v?
where, B,, = Einstein's coefficient of stimulated emission of
radiation, and
plv) = Enerpgy density.

]

Differentiate between spontaneous emission and
stimulated emission.

Answer I

T g P— TR = =
8. No. | Spontaneous Ewission I -

ulated Emission

| LIt is a natural i_:ransition in ; It is an artificial transition whi;:h
which an atom is de-excited |occurs due to de-excitation of an |
i] i after .the end of its life-time in | atom before the end of its life-time
i ‘ the higher energy level. in the higher energy level.
2. | The photon emitted due to [The photon emitted due tod

. spontaneous emission can stimulated emission can move only
i | move in any direction, in the direction of the incident
N ] photon.

3. Thg pI:ObabilitY of spontaneous { The probability of stimulated
emission depends only on the |emission depends on the
properties of the two energy | properties of the two energy levels
levelg ) between which the |involved in the transition as well
transition ocours, as on the energy density of

incident radiation.

Que 5.17. l Discuss necessary condition to achieve laser action.

1. There are three conditions to.achieve laser action as foliows :

i . The number of atoms in higher energy state musl he greater than
that in lower energy state so that the rate of emission becomes
greater than the rate of absorption.

i, The radiation must be coherent so the probability of spontancous
emission should be negligible in comparison to the probability of
stimulated emission.

iii. ‘The coherent beam of light must be sufficiently amplified.

"1 What are Einstein's coefficients 4 and B ? Establish a

A Einstein’s Coefficients A and B:
1. The probability that an absorption transition ocours 1= miven by
P,=8B, pw) IRERERE
where, B,= Constant of propartionality known uax the
Finstein's coefficient for induced absorption.

2. The probability that a spontaneous transgition gcours i=given by
. (P?l)am:ntnnpuua = 2t . B I_H.ZI
where, A, = Constant known as the FEinstein's coefficien!
for spontaneous emission
3. The probability that a stimulated transition occurs is given by
Py imuntea = BaiPlt) (5.18.3)
where, B, = Constant of proportionality knewn as the
Einstein’s coefficient for stimulated emission.
B. Relation Between Einstein’s Coefficients AandB: .
1. Under thermal equilibrium, the mean pepulation NV, and N, in the lower
and upper energy levels respectively must remain constant.
9. This condition requirés that the number of transitions from £, {0 £,
" must be equal te the number of transitions from E to E..

Thus,
The number of atoms absorbing ] _ [ The number of atoms emitting ‘-I
photons per second per unit volume , | photons per unit volume i

3. The number of atoms absorbing photons per second per unit volume
- = B ,plvIN,
4. 'The number of atoms emitting photons per second per unit volume
=Ay, N, + B, pl N,
5. As the number of transitions from E | to E, must equal the number of
transitions from E, to E,, we have
B pXvIN, = A, N, + B, pvIN,
pvy 1BV, - BmNz] = AN,

...{5.18.4}
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oiv) = — ...(5.18.5)
[Blle - BsiNzl

By dividing both the numerator and denominator on the right hand side
of the eq. (5.18.5) with B _N,, we obtain,

piv) = Baf By ..(5.18.6)

A &}
LNz B,
But, according to Boltzmann distribution law,

Ng o o B BT
N

As E,-E =hv,
N2 PLTIE S NJ ik T
2 = or i =¢
Nl NE
S Ay 1 5.18.7
pv) B, |7 -B, /B, ' (6187

To maintain thermal equilibrium, the system must release energy in
the form of electromagnetic radiation.

It is required that the radiation be identical with black body radiation
and be consistent with Planck’s radiation law for any value of 7",
According to Planck’s law,

3
plv) = [8’2’;" JLM}, _J ..(5.18.8)

where, ¢ = Velocity of light in free space.
Energy density p{v) given by eq. (5.18.7) will be consistent with Planck’s
law given by eq. (5.18.8), only if

A-21 _ Sﬂhvs

Zonoo .(5.18.9)
By, e

and, Bio1 or B,=8B, ..(5.18.10)
B, n _

The eq. (5.18.9) and eq. (5.18.10) are known as the Einstein’s relations.
The coefficients B ., B,, and A, are known as Einstein’s coefficients.
It follows that the coefficients are related through

CS
B,=RB, = WA*‘ ..(6.18.11)

The relation (6.18.11) shows that the ratio of coefficients of apontanecus
versus stimulated emission is proportional to the third power of frequency
of the radiation. This is why it is difficult to achieve laser action in higher
frequency ranges such as X-rays.

Qu ] 19, | What is population inversion ?

Physics 5-21 A (S8em-1 & £,

The phenomenon is which the number of atoms in the higher enerpy
state becomes comparatively greater than the number of atoms in th
lower energy state is known as population inversion.

‘2, According to Boltzmann'’s equation, if N, and N, are the number .-
atoms in the ground and excited states,

then, N, _ o\ Es-Ey AT
N,
or Ny _ o-amr
N].
where, AE = Energy difference between the ground stai:

and excited state,
k = Boltzmann’s constant, and
T = Absolute temperature,

3. But for atomic radiation AE is much greater than 4T, Therefor.. .
thermal equilibrium the population of higher state is very much smalic.
than the ground state i.e., N, =N,

4. As a result the numbers of stimulated emissions are very little a-
compared to absorption. Therefore laser action will not take place.

5. Ifsomehow the number of atoms in excited state are made larger thau
in the ground state i.e., N, > N,, the process of stimulated emission
dominates and the laser action can be achieved. ’

f 3

E [ 1 F; excited state

+

h g excited state

e, ) K, metastable
£, metastable atate state

1 Bround state E, ground state

O No. of atoms —b--: O  No.ofatems —w
{a} In thermal equilibrium {5} After population inversion

g s
% { '3

O

] Explain the concept of 3 and 4 level laser.

OR
Discuss the principal pumping schemes.

Three Level Pumping Scheme ;

A typical three level pumping scheme i shown in Fig. 5.20.1.

The state E| is the ground level; £, is the pump level and E, is th
metasiable upper lasing level.

P
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3. When the medium is exposed to pump fre s s
. : quency radiation, a 1
o amber of atoms will be excited to E, level. e Physics | 5-23 A (Sem-1&2) .
to the metastabie Leoe & et rapidly undergo downward transitions
Pamng el evel £, through transitions. . 4. The atoms stay at the E, level for only about 10 sec, and quickly drop to
o ping oeve]o the metastable level E,.
4 2oL E, -0 90 ¢ Og ' 5.  Ag spontaneous transitions from the level E, to level E, cannot take
Rapid Up_per 3 - place, the atoms get trapped at the level E,. The populatien at the level
decay lasing level E, grows rapidly.
o o 4 _ \ 6. The level E, is well above the ground level such that (E,— E)) > &T.
Metastable E, K, Therefore, at normal temperature atoms cannot jump to level E, on the
state strength of thermal energy. .
7. Asaresult, thelevel E, is virtually empty. Therefore, popujation inversion
Vi : is attained between the levels £, and E,,.
] 8. A photon of energy Av = (E, — E,) emitted spontaneously can start a
000 S oo chain of stimulated emissions, bringing the atoms to the Jower laser
T U0 o o-ooogu £, o e 0. g level E,.
Groun(d 5‘5*’3'58 Lower lasing level 1 9. From the level E, the atoms subsequently undevigo non-radiative
_ a ) : transitions to the ground level E, and will be once agawmn avalable for
5. The atoms are trapped at thi;l N : excitation.
5 }[?;elEz to the Ies,l'elp.E1 is'forhidcel‘;il. 7 spontaneous transition from the : Que 3.21.| Show that two level laser system has no practical
3. 1 > . . .
accigl::]?zigf (ff?;:;ﬁ_:;e:tﬁ: Ii:f:g;’ 1? short time there will be a large & significance for lasing. Explain the principle of three level lasers.
7. When more tha_n‘halfof'theg!'ound Ievela‘toms accumulate at £, the population LAKTU 2013-14, Marks 05—|
inversion condition is achieved between the two levels E, and e -A__—|
2 nswer

: Now a phetan can trigger stimulated emission.
2. Four Level Pumping Scheme :

A typical four-level pumping scheme is shown in Fig. 5.20.2,

I
2. The level E, is the ground level, E, is the pumping level, £, is the
» g

metastable upper lasing level and E, is the lower lasing level. E.. & and
" 2' 3

A. Twao Level Laser System has no Practical Significance for
Lasing 7

1.  The two level laser system has na practical significance beciinse in two
level system pumping is not suitable for obtaining populidion inversien,

£, are the excited levels. 2. The time span Af, for which atoms have to stay bt the upper level £,
, Pumping level : must be lenger for achieving population inversion condition
4 y Rapid Eqa o o o Upper lasing 3. IHenee, in two level system condition of population inver 2o vilh i
decay level achieve because (IV, )
E E 4. Thus stimulated emission will not take place and Loseramy 0 e vall
v, Metastable ° 3 not occur. _
state B, Principle of Three Level Laser : Refer Q. 5.20. Page 5 U1 Eoarh.
Ey
5.22, l Explain Ruby laser with its construction and working.
Lower lasing Que P ¥ &
E, E, level Also explain its draw backs. :
Ground state . m
{a) .
®) A Ruby Laser :
3 Whenl A 1.  Rubv is basically Al Q. (silica) erystal containing about 0.05 5 thy weigho
actiir; i:lega?:e(:'f P f:fquency v, 18 incident on the lasing medium, the of ¢chromium ato ms.
level & . S are rea llyexglted from the ground level to the pumping 2,  The Al* ionsin the erystal latiice are substituted by Cr ¥ ions,
! 3. Cr* ions constitute the active centres whereas the aluminium and
oxygen atoms are inert,
4. The chromium ions give the transparent ALQ, ervstal a pink or red
colour depending upon its cancentration.
- A




524 A (Sem-1 & 2)

0

o

8.

Fiber Optics and Laser

Construction :

The construction for generating Ruby laser is shown in Fig. 5.22.1.
Active material is a small eylinder of pink aynthetic ruby, about 0.5 c¢m in
diameter and few centimetres long.

Two parallel mirrors are used, one mirror M , ig fully silvered and the
other mirror M, is partly silvered so as to enable the coherent light
radiation to be emitted through that end.

The mirrors must he separated by a distance that is an exact number of
half wavelengths apart. '

Ruby erystal

supply Xenon flash tube.

Fig. §22.1, Conshi
Cnoling is used to keep the ruby at a constant temperature.
Since quite a lot of the energy pumped into it, is dissipated into heat,
pumping process is carried with the help of a xenon flash tube.
Working : ' _
Chromium ions are excited by the optical pumping, which is achieved by
the xenon flash tube and raised to higher energy states M,
The excited atoms return to the lower state L from higher state H in two
steps as shown in Fig. 5,22.2.
First they return to meta-stable state M.
This transition is radiationless transition and energy of this transition is
passed to the erystal lattice as heat loss due to eollisions.
The chromium ions that returned to M level can remain in this state for
several milli-secunds.

-k~ L. H
A-A~4 - (s .
Ve "~ Radiationless transition
S - -~

5600 A

y,
’f
2

/\/—> 1: E E Laser transition

/\/_._ Tt 0 (6943 A)
P

N™e &6 t ¥ ¥ L

Fig. 5.92.2. Brietg dia el
Thus, the accumulation of the coming excited atoms at M level from &
level increases its population.

orw
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7. When a chromium ion falls to the lower level L. from the meta-stat
level M by spontaneous emission, it emits a photon of 6943 A.

8. This photon travels along the axis of ruby rod and is reflected back u.:
forth by the silvered mirrors as shown in Fig. 5.22.3.

9. The photon travelling parallel to the axis of the tube will start phot::
multiplication by stimulated emission of other chromium ions of M lev. .

10. When the photon beam becomes sufficiently intense, it emerges throw::
the partially silvered end of the ruby rod in the form of laser pulse:.

11. The laser beam is red in colour and corresponds to a wavelengt!:

100 % reflective

-

6 N

(6943 A).
Light Amplification by Stimulated Emissicn of Radiatior

99 % reflective
mirror ' . mirror
Ruby tdser:

Drawbacks ;

The output of the laser is not continuous but eceurs in the forim of 1210
of microsecond's duration.

The efficiency of ruby lasers is very less,

It requires greater excitation in order to achieve population inver:..

T 201415, Marks 05

®N

o0

SRR

He-Ne Laser :

Helium-neon (He-Ne) laser is a gaseous laser.

The laser action of this laser is based on a four level pumping sco -
The population inversion is achieved through inelastic atom-at .
colligiong. Thig ig the basic principle of He-Ne laser.

Conatruction :

The construction for generating He-Ne laser is shown in Fig. 5.2 1
It consists of a long discharge tube of length about 50 crm and dian:u
1lcm.

The tube is filled with a mixture of He and Ne gases in the ratio 80
Hehum is the pumping medium and Neon is the lasing mediuns.
Electrodes are provided to produce a discharge in the gas and th.
connected to a high voltage power supply.

On the axis of the tube, two reflectors A7, (fully silvered) and A4, tpart i
gilvered) are fixed.

The distance between the mirrors is adjusted such that it equals mr-. 2
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Fig. 5.28.1. Construction

Wurkin E:
The encryy level diagram is shown in Fig, 5.232

. ] 20.66 oV
20,61 oV Lasetliransition

18.70 eV
M, Radiationless

" transition

e Gz
‘ Ne
’ | 1g‘. 5.23.2. Energy level diagram of He-Ne lgger
Sumiping is achieved by using elec '
N ture, .
Flectrons and jons in thig di i

a E 8 discharge collide wi isi

th': alevel M, which is meta—stab]: ° With He stoms relsing them
1 he He atoms are more readily
lighter. Excitation level )
fevel M = 20 86'eV of Ne.

Some pf i
ome « Ttho ‘F.‘XCItEd‘I“Ie atoms transfer theiy energy to Ne atoms of
- ne hs atrs by collisions between helium and neon atomes e
s, the e ; o
e thees .xted He atoms return to ground state by transferring their
lere o N atoms through collisions, &en
St sinetic energy of helium ato i
ook 5 oms provides the itic v B
—avting the neon atom, P " the additional 0.05 ¢ for
Mg i ) .
o TJ-FLIF- fhe main pumping schieme of He-Ne system
1% neon i d . )
P at.m:ns are active centres.
-| e hehium gasin the laser tube provides the
e ntvessary population inversion for las
HUeTSION 8 maintained becauge -
The meta-stabiljt
lovel £,
This Ne atnms ‘el B
e Ne atoms from leve] £ decay rapidly to the neon ground state

W

"

trical discharge in the helivm-neon

excitable than Ne atom because they are
, = 20.61 eV of He is very close to excitation

pumping medium to attain
er action, This population

v of level E, ensures a ready supply of Ne atoms in
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11. In this way, M, state of Ne can become more highly populated than
level E. )

12. The lager transition occurs when Ne atoms fali from level M, to £
through stimulated emission.
A red laser light of wavelength 6328 A is obtained in He-Ne laser.

13.
" E. Superiority of He-Ne laser over Ruby laser :
1

He-Ne lager produces continugus iaser beam while ruby luser produces
light in the form of pulses.

2. He-Ne laser employs a four level pumping scheme while ruby laser
employs a three level pumping scheme.

What is the advantage of four level laser systems over

three level laser systems ? Describe the construction and working
of ruby laser. [[AK'TU 2017-18, Marks 07 |

A, Advantages of Four Level Laser System over Three Level
Systems ;

1. It is easy to achieve population inversion with four level systom Than
with a three level system. '

2. Inthe four level laser, the transition does not terminate at the eroand
state, the pumping power needed for the excitation of atoms is vuch
lower than in a three level laser.

3. The efficiency of four level laser is much better than that of a three level
laser.

4. TIn order ta get population inversion-in three level lasor systems more
than 50 % of the atoms in the ground level E, must be: liffed to level £,
while it is not necessary in case of four level lasors,

5. The threshold pump power required for populati-: faversion in three
level lasers is larger than in four level laser

B. Construction and Working of Ruby & sar : Refer Q. 5. 22,
Page 5-23A, Unit-5. :

What are various applications of . ASER beam 7

1. Thelaser beam is used for drilling, welding and melting of hard materials
like diamonds, iron, steel, ete.

2. It is used in heat treatments for hardening or annealing in motallurgy.

3. The laser beam is used in delicate surgery like cornea grafting and in

the treatment of kidney stone, cancer and tumor.

Laser is used in helography, fibre optics and nonlinear optics.

During war-time, lasers are used to detect and destroy enemy missiles,

Now, laser-pistols, laser-rifles and laser hombs are alse being made,

which can be aimed at the enemy in the night.

SRS
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7 Laser is very useful in science and research areas.

Laser is used for communications and measuring large distances.

Semiconductor laser is used for recording and erasing of data on compact

disks,

10 Semiconductor lasers and helium-neon lasers are used to scan the
universal bareodes to identify products in supermarket seanners.

Que 5.26, l In a Ruby laser, total number of Cr? is 2.8 x 109, If the
iaser emits radiation of wavelength 7000 A, calculate the energy of

oo

the laser pulse.

Answer |

Given :n=2.8x 10, 4 = 7000 A = 7000 x 10-¥m
To Find ; Energy of the laser pulse,

1. We know that, :
FEnergyv = II:IC
Energy = 2:8% 10" x 6.63 x 107* x 3 x 10°
o 7000 = 10- 1
[ A=663x10-%Jgandc¢ =3 x 10% m/s)
= 7.856J
. A 7.956
m Fnergy =

—
1.67 = 10"
4.764 x 10 eV

QOO
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Relativistic Mechanic-
(2 Marks Questions:

1.1.
Ans.

1.2,

14.
AT

1.5.

1.7.

Ais,

What is frame ol reference 7
A coordinate system with respect to which we jeasae the pos
of a point object of an event is called a frame of reference.

Define inertial frame of referenec.

i - Inertial frame of reference is defined as the frame inwhich a luni

is at rest or moving with uniform velocity and is not under :u--
force.

What are non-inertial frames 7
The frames of reference with respect te which an uwnacceler::
body appears accelerated are called non-inertial frames.

What was the aim of Michelson-Morley experiment ?

The aim of this experiment was to prove the existence ofthe eth.
and to test whether the ether is fully or partially dragged wi:.
hodies moving in it.

What are the conclusions of Michelson-Morley experimen

a. There is no existence of hypothetical medium ether.

b.  Thevelocity oflight in all inertial frames of reference reniin.
constant. '

What are the Einstein postulates of special theory o
relativity ?

Postulate I : The principle of equivalence.

Postulate II : The principle of constancy of the speed of light.

What do you understand by variant and invariant und. -
the Galilean transformation ?

Variant means the physical quantities which change froni o
frame of reference to another frame of reference, ez velocit.
Invariant means the physical quantities which do vot i ee
one frame of reference to another frame of reference. Exoug:
distance between two peointsis invariantin true inertial frames
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1.8. What do you mean by Lorentz transformation ?

Axig The equations in special theory of relativity, which relate to the
space and time coordinates of an event in two inertial frames of
reference moving with a uniform velocity relative to one-another,
are called Lorentz transformations.

1.9. What is the conclusion of Lorentz transformation 7
A¥ig. The conclusion of Lorentz transformation is that it limits the
maximum velecity of the material bodies,

1.10. Write down the inverse Lorentz transformation equations,
Ang Lorentz inverse transformation equations are ;

x'+ vl ¢’+vx’fc“

—m———— ¥ =y, 2z and l = ————

" L1l Define length contraction.
Ans. Thelength of a moving rod will appear to be contracted if it is seen
from a frame of reference which is at rest. This decrease in length
in the direction of motion is called length contraction.

X =

1.12. What do you undersiand by time dilation ?
[ARTT BT84, M 07

Anig. In the special theory of relativity, the moving clock is found to run
slower than a clock at rest does. This effect is known as time dilation.

1.13. Give the Einstein’s mass-energy relation.
Ans. E = me?
This relation is known as Einstein’s mass-energy relation.

Li4. Give some examples of mass-energy equivalence.
Ans. Some important examples of the mass-energy equivalence are as
follows:
a. Pair production phenomenon,
b, Annijhilation phenomenen (production of y-rays photon),
¢. Nuclear fusion, and
d. Nuclear fission.

i.15. What are massless particles 7

i i A
Ans. A particle which has Zero rest mass () is called a massless particle.
The velocity of the massiess particle is same as that of light in free
space.

1.16. Which frames are known as accelerated frames ?
Ans. Non-inertial frames are known as accelerated frames.

3Q-3 A (Sem-1 & 2)
Physics {2 Marks Questions) &:Q—__ & 2)
een energy and momentum.

AKTU :20&5!16._%1'1:5 02

1.17. Find relativistic relation betw

- o s A
sy Asthe relativistic total energy E of a particle of rest mass (¥ in
terms of its momentum p may be expressed as
A
— Sty ot + Pt _
E= my P o)

E=pe

ations used 7 N
d to convert the laws of mechanics
frame, moving with co nstant

1.18. Why are Galilean transform
yu Galilean transformations are use
gom one frame of reference to another
velocity with respect to the first frame,

of reference or not 7

neriial frame because

1,19. Is earth an inertial frame
we can take earth as

’ i hisani
AR ine to Newton's assumption eart
ﬁ!crcgll:g];gudy of any particle or body onearth,

i i ame of reference. ‘ _ olves
Eeﬁilof:her hand earth rotates about its ax18 as well as reva
i

around the sunin its orbit so it can also be treated as non-inertial

frame of reference.

sults of Michelson-Morley experimett
(ARG HETE1S, Marks 02|

interpret the negat ive

1.20. How the negative re

interpreted ? 2

p: v i -e offered to
llowing explanations were Oli€ ‘

f:sults ng Michelson-Morley experiment

a. Etherdrag hypothesis,

b. Fitzgerald-Loreniz cont

¢, Constancy of speed of Ii

traction hypothesis, and
ght hypothesis.

1.21. What is proper length of a rod 7

“ARTLI 2016-17, Marks 02
. observer in the frame in
length or actual length of

he rod measured by an

K hoft
e N tre at rest is called proper

which the rod is
rod.

0O
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Electromagnetic Feild Theory

Electr‘omagnétic
Field Theory
(2 Marks Questions)

2.
Ans,

2.2,

Ans,

2.3.
Ang.

2.5.

What is displacement current ?

ihe changing electric field in vacuum or dielectric is equivalent to a
current which produces the same magnetic effect as an ordinary
cirrent mn a conductor. This equivalent current is known as
thsplacement current. :

Expinin mathematically displacement current.

I, = ;; $D.ds
[(f= J)ﬁ%?—d::
= ij; .ds

Whaore, I 4

%‘tg is displacement current density,

State Gauss’ law in electrostatics.

Cruss’ law states that the electric flux passing through any closed
hyjathetical surface of any shape drawn in an electric field is equal

to U=, times the total charge enclosed by the surface.
e, b= E:“d;:-i

. @ eﬂ
Where, ¢ = Total charge.

Define Gauss’ law in magnetostatics.

CGauss' law states that the magnetic flux around a closed surface is
cqual Lo zero., -

¢= §B.ds=0

State the Ampere’s circuital law.

Physics {2 Marks Questions)

50Q-5 A (Sem-1 & 2

ARE

2.6.

AWE

2.7.

2.8.

2.9,

2.10.

Ampere’s circuital law states that line integral of magnetic induct i«

B fora closed path is numerically equals to p, times the currend
through the area bounded by the path.

E-e‘) @E.d_j =]-101

Where, B, = Permeability of free space.

State Gauss’ divergence theorem.

It states that the flux of vector field F over any closed surface '+
equal to volume integral of the divergence of the vector field enclivi
by the surface ‘s’.

[[F.d5 = [ffavF av
X v
It is used to transform surface integral inte velume integral.’

Give the physical interpretation of the Maxwell’s equation

a. First equation represents the Gauss’ law in electrostatics fo:
the static charge:

b. Second equation represents Gauss' law for magnetism.

¢. Third equation represents Faraday's law in electromaynet.:
induction, ' _

d. Fourth equation represents the generalized form of Aniper
law.

What do you undersiand by equation of continuity 7

The equation of continuity expressea the fact that the electri-
charges ean neither be ereated nor be destroyed in macroscopic

quantities.
it is given as
V.d +—
ot

I

0

%

For static field, =0

N

v.J

0

Write the physical significance of equation of continuity.

The current diverging from a small volume element must be equai
to the rate of decrease of charge within the volume.

Write Maxwell’s equation in free space.

For free space, p =) and conductivity, o = @ therefore ./ = 0. Henceo
the Maxwell’s equations in differential form become :
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b. v.B=0 or V.H =0
[ V’XE :—EE =—.u0_a_}z
ot ot
d éxéz@_zeo;ag
(24 ot

2.11. What do you mean by electromagnetic waves 7

Afis. Electromagnetic waves are the coupled electric and magnetic
oscillations that move with speed of light and exhibit wave behaviour.

2312, State Poynting theorem.

Ams. According to this theorem, the time rate of EM-energy within a
certain volume plus the time rate of EM-energy flowing out through
the boundary surface is equal to the power transferred into the
EM-field.

2.13. Wrile wave equation in free space.
A#E. The wave equations in free space are as follows !

2 7y 62I}
VEH = g, e, 20

FE
gl

]!

V2

2.14. Write the mathematical expression of skin depth.
An#® The reciprocal of attenuation constant is called skin depth or depth

of penetration.
S= 1
Attenuation constant
For good econductor 8= 2
oo
. 2 &
For poor conductor b= = \/:
ayH

2.15. The electric field intensity E = 250 sin 101% V/m for a field
propagating in the medfum whose ¢ = 5.0 #/m and ¢_= 1.0.
Calculate the displacement current density J ;.

Physics (2 Marks Questions} SQ-7 A (Sem-1 & 2)

: ._.-;,- ﬂ&mcﬁ5-0 S’mi :Er = 1.0
worit derisity, -

= 5plas
1. The displacement current density 7, is given by
=d_Q=E;d£ {'.'e=er60=1x8.85x10“2)
47 Tde T dt .
1k d = 10
Jy = 885107 12605in1071]

= 8.85 x 1012 x 250 x 1019 cos 1049/
=.22.125 cos 10*° ¢ A/m?

2,16, If a plane electromagnetic wave in free space has magnitude
of H as 1 A/m. What is the magnitude of E? -

L T Bt Brar e asth o 17N bl T

1. For free space, the characteristics impedance,

E Mg
B At B .
0T H, Ve
’ 4n x107
bt _ErAtr _3
E,= HDJ:EE:]-X 8854 » 10 12 =376.72Vm

2.17. Caleulate the skin depth for a frequency of 10'° Hz for silver.
Given = 2 x 107 S/m and p =4xn x 1077 H/m. .

£ 0TS, s 4 x 107 Him

2
1. We know that, 8 = oo
= 2 I w = 2nv)
= I x 107 x2x107 x 2% 3.14 x 10%

= 1125 nm

©00
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Quantum Mechanics

(S o -

Quantum Mechanics
(2 Marks Questions)

3.1
Ang.

3.2.
Aia,

3.3
A

3.4.
Ang.

3.5.

3.6.

Axig,

What is a black body ?
A body which absorbs completely all the radiations incident upon it,
reflecting none and transmitting none, is called a black body.

Define black body ratliations.
When a black body is heated to a suitable high temperature it emits
total radiations which are known as black body radlatmns.

Which bkody is assumed to be perfectly black ?
Lamp black is the nearest approach to black body which absorbs
nearly 99 % of the incident radiation.

Define Wien’s law.
Wien showed that the maximum energy, Eﬁ of the emitted radiation
from black body is proportional to fifth power of absolute
temiperature (T %),
E aT?
or E = Constant x T'°
What is Rayleigh-Jean’s law 7
Rayleigh-Jean’s law states that the total amount of energy emitted

" by a black body per unit volume at an absolute temperature 7T in

the wavelength range A and A + dX is given as

u,dh = &;_,TT di

Define Planck’s law.
Planck’s derived an equation for the erergy per unit vol‘um‘e of
black body in the entire spectrum of black body radiation. It is given

by :

Physics (2 Marks Questions)

SQ-9 A (Sem-1 & 2:

3.7. What do you mean by wave particle duality ?

ARE  According to Einstein, the energy of light is eoncentrated in =,
bundles called photons. Hence, light hehave as a wave on one b
and as a particle on the other hand. This nature of light is kinow::
dual nature, while this property of light is known as wave: Pt
duality. o

3.8. What are the properties of matter waves ?

A¥is: Following are the properties of matter waves :
a. Each wave of the group travel with a velocity known as phi.
velocity.
b. These waves cannot be shserved.

¢. The wavelength of these waves, A =

o

3.9. What is matter or de-Broglie waves ?
po v v f&ccordipg to de-Broglie, a particle of mass m, moving with velocit v +
is associated with a wave called mafter wave or de-Broglie wave

1] ;]

L=z == —

P my

3.10. If uncertainty in the position of a particle is equal to .-
Broglie wavelength, what will be uncertainty in ti:

3 T67Marks 02

Amg Uncertainty in the position of a particle = de-Brglie avelengtl;,

measurement of velocity ?

Ax=l=£ LL08.10010
p

Where, £ = Planck’s constant, and
P = momentum of particle,
According to Heisenberg's uncertainty principle,

Ax Apzi L300
2n
Let Av be the uncertainty in velocity,
AP = m.Av 183,193

Putting eq. (3.10.1) and eq. (3.10.3) in eq. {3.10.2)

EML\V= i
2r

So, uncertainty in velocity,
v

Av = 2—1‘ f-- p=rnv]
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3.11. Define wave function. .
A5HE The quantity whose variation builds matter wave is called wave

3.12.
AiE:

3.13.

3.14.

3.15.

3.16.

fenction {y)..

What are eigen values and eigen funciions ?7

The values of energy for which Schrodinger’s steady state equation
can be solved are called eigen values and the corresponding wave
functions are called eigen functions.

Write the characteristics of wave function.

The wave function ‘¥ contains all the measurable information about
the particle.

It can interfere with itself This property explains the phenomenon
of electron diffraction.

The wave function ¥ permits the calculation of most probable value
of a given variable.

How can we obtain a perfect black surface 7
Amn ideal model of a perfectly black surface is obtained if a small hole

is made in the opaque walls of a closed hollow cavity.

What is ihe physical significance of wave function ?

The wave function ¥ itself has no physical significance but the
square of its absolute magnitude | ¥ ? gives the probability of finding
the particle at that time.

Why Compton effect is not obsexrvable for visible light ¢

Compton effect is not observable for visible light because the
maximum value of Compton effect AA = 0.04852 A (when 6 = 180°)

is very small {about 0.001%) as compared to the mean valie of
wavelength of visible light (~5000 A). Compton effect is observable
oniy with X-rays and not with visible light.

QOO
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Wave Optics
(2 Marks Questions)

4.1.

4.2.
A

4.3.

4.4,

4.5,
AR

4.6.

Define interference. ' ‘ ‘
The modification in the intensity of light resulting from U
superposition of two {or more} waves of light is called interference.

Explain interfercnce in thin films.

When a thin film of transparent material like oif drop zpres
the surface of water is exposed to an extendoed snurce of Hight, 1t

appears coloured. This phenomenon can be explained as interferener
of thin films.

el arvor

Explain the factor responsible for changing fringe width in
AKTU 2016-17, Marks 02

wedge shaped film. :
Wedge angle ‘@ is the factor responsible for changing !'r'ingo width
in wedge shaped film because as the wedye anglo is g}‘aduaﬂ_v
decrease, the fringe width increases and finally fringes disappoar
when 8 = 0 or when the faces of the film become parallel.

Define Newton’s rings. - |
When a monochromatic light falls on the film, we get dark antd
bright concentric fringes having uniform thickness. thescrings are

called Newton's rings.

Write down the conditions for bright and davk rings.

Condition for Brighi Rings :
Qut=02m-11/2

Condition for Dark Rings :
opt = mi

In Newton’s ring experiment fringe widt'h decr(f?ases- with
the increase in the order of fringe. Explain why ?

[AKTU 2013-14, Marks 02
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Ans,

4.7.

‘Ans,

4.8,

Ans,

Ang.

In Newton’s ring experiment fringe width decreases with the
increase in the order of fringe because as the order of fringe

inerenses the thickness of the air film is also increased.

In o Newton's ring set up.the air film is enclosed below the convex
lens. The thickness of the film is constant over a circle having
centre at the center of the lens. Hunce the fringes are circular.

On which factor the condition of brightness or darkness

depends ? .
The condition of brightness or darkness depends on the path
Aifference belween tlie two reflected rays.

Define diffraction. .
Diffraction of light iz a phenomenon of bending of light and
spreuling out towards the geometrical shadow when passed through

an nhstruction.

Whal are the types of diffraction 7
Thrre are two types of diffraction
Fresnel diffraction, and

Fraunhefer diffraction.

What happens to diffraction pattern when slit width of
single slit experiment increases ?

[ARTE2016-17, Marks 02|
H we increase the width of the slit, diffraction patitern gets
narrmver. Increasing the size of the opening reduces the spread
in the pattern.

Differentiate between Fresnel and Fraunhofer diffractions.

Fresnel Diffraction

Latleral distances are

i portant,

important,

Ohseerd pattern is a projection | Observed pattern is an image ofthe

of o diffracting element. . |souree.

R

The centre of diffraction |The centre of the diffraction
pattern may be bright or dark | patternis always bright for all paths
depeading upui the number of | parallel to the axis of the lens.

Frosel zones,

Physics (2 Marks Questions)
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4,13,
A

4.15.
AN

4.18.

Define diffraction grating, :

Diffraction grating is an arrangement consisting of a large numib»-.
of close parallel, straight, transparent and equidistant slits, cact: . -
equal width e, with neighbouring slits being separated by an vpu:.
region of width d.

What do you mean by dispersive power of a plane diffractio:.
grating ?

Dispersive power of a grating is defined as the ratio of the differenc
in the angle of diffraction of any two neighbouring spectiral lines (¢
the difference in wavelength between the two spectral lines,

How the dispersive power related to order of the spectrum
The dispersive power is directly proportional to the areder .
spectrum, i.e., higher is the order greater is the disper-ive pov e

What is Rayleigh’s criterion of resolution 7

_ FARTU 2015-16, Marks 02
According to Rayleigh, the two point sources or two cqually interse
spectral lines are just resalved by an optical instrument when the
central maximum of the diffraction pattern due to onc suuree full-

exactly on the first minimum of the diffraction pattern or'the oiher
and vice-versa.

Differentiate between the dispersive power and resolving

a

4.17.
power of grating.
ANE
8:No.| - Dispersive Power "~ | -~ . Resolving Power -|
a. | Itis defined as the rate of It is defined as the ratio of the
cl_)ange of angle of wavelength of any spectral line to
diffraction with the the smallest wavelength dilference -
wavelength used. between neighbouring lines for
which the spectral lines can be jus
resoived.
h. | Dispersive power is given The resolving power of a grating s :
by @. = ——_n : b A
da (e+d)coso gven by “n =nN
c¢. | Dispersive power depends Resolving power iz independoent
upon the grating element grating element. -
4.18. Differentiate the interfere: . nd M eaction.
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i
| S:No.| -Int

a.

i In this, the interference
i pceurs between the two
| separate wavefront
_emanating from two
voherent sources.

between the innumerable
secondary wavelets produced by the
unohsgtructed portion of the same
wavefront.

In this, the interference occurs

.| The interference fringes The diffraction fringes are never
, are usually equally equally spaced.
| spaced.
c. In an interference pattern In diffraction pattern the intensity
all the bright fringes are of central maximum is maximum
[ ofequal intensity. and goes on decreasing a3 the order
i ‘ of maxima increases on either side
N . | of the central maxima.

4.19. Why the centre of Newton’s ring is dark ?

Aaziz, At the point of contact of lens and glass p]t.e, the path difference is
zero and phase change ‘n' takes place due to reflection on glass.
Hence dark spot will be formed at the centre of ring systemn.

4.20. What are the applications of thin film interference ?

Auns. Applications of thin film interference are as follows :

v, Measurement of small displacements,
. Testing of surface finish,
o, Testing of a lens surface, and
d. Thickness of a thin film coating,
411, Two independent sources could not produce interference.
Why ?
Ang  Twe independent sources could not produce interference because
- there will be phase difference development between the two waves
and hence sustained interference will not develop.

1,22, What will be the effect on the intensity of principal maxima of

diffraction pattern when single slit is replaced by double slit 7
Ans,  Insingle slit diffeaction, intensity of principal maxima,

¥oaiqe?
a2 AfEinTa :
I= proft1e

By 1'ep} acing single $1it by double slit, the resultant intenwity at any
point on the screen is given by :

44%sino

I= P

cos’p

50, the intensity of principal maxima becomes 4 times.

©Oe
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Fibre Optics and Laser
(2 Marks Questions)

a.1.

Ans,

5.2
I Ans,

5.3.

AnSs.

5.6.
Ans,

5.7.
Ay

0.8,
ARE.

Define fibre optics. . .
Fibre optics is a technology in which signads e cnnlx-x-rtvr.\. o
clectrical into apticad signals, transmiteed througl a thinglass o
and reconverted into electricnl signals,

What is optical fibre ?

Ar aptical fibre is a evlindrieal wave guide nade ol transpes
dielecirie, which guides ligha woves aJeng it Tengrth by votadnr, e
refllection, :

o

What do you understand by total internal reﬂection ;
Total internal refleetion is the phenomenon in whjclh there 18 comn ‘l
reflecetion of light within the mediwm or there is nurefracted iy, It oo
when angle of incidence is greater than critical angle,

Write down the advantages of optical fibres.

The advantages of optical fibres include :
High datatransmission rates and bandwidlh,

Low losses, .
Small eable size and weight, and
Data security.

What are the functions of cladding ? .

The cladding performs the following impertant functions: .
Protects the fibre from physical damage and absorbing suilan
contaminants. . o N
Prevents leakage of light energy from the fihre through evanesoen
waves,

What is critical ray ? . e
The ray incident, at the core-cladding boundary, at the orticabs o
iscalled a critical ray.

Define acceptance angle. . D
Acceptance angle is the maximum angle that 2 light vas _rl.m T
relative to the axis of the fibre and propagato down 1l [ibre.

Define modes, . e
The light ray paths along which the waves are in phieemsiae the
fibre are known as modes.
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Fibre Optics and Lazer

5.9. What is attenuation ?

A#ig. The attenuation is defined as the reduction in amplitude or power
and intensity of a signal as it is guided through optical fibre.

5.10. Define acceptance cone.

Ang, A cone obtained by rotating a ray at the end face of an optical fibre,
arpund the fibre axis with acceptance angle is known as acceptance
cone.

5.11. What is dispersion ?

Ans. The amount by which a pulse breadens as it passes through a
multimode fibre is commonly known as dispersion.

5.12. Give full form of LASER,

Ans. LASER is the acronym for Light Amplification by Stimulated
Emission of Radiation.

5.13. Differentiate between the ordinary beam and laser beam.

Aysg.

8. Neo.| Ordinary Beﬂm . P i
a. It is not monochromatic. It is monochromatic.
b. | Ordinary light is produced | Laser beam is. produced by
by spontaneous emission. stimulated beam.
e, It iz incoherent. It is coherent.
5.14. Define spontaneous emission and stimulated emission.
OR :
What is stimulated emission of radiation in a laser 7

Ans. Spontaneous Emission : The process in which photon emission
occurs without any interaction with external radiation is called
spontaneous emission.

Stimulated Emission : The phenomena of forced emission of
photons are ealled induced emission or stimulated emission.

5.15. What do ¥you mean by population inversion ?

Atis. The phenomenon in which the number of atoms in the higher
energy state becomes comparatively greater than the number of
atoms in the lower energy state is known as population inversion.

5.16. Define pumping. T

Ans. The process of supplymg energy to the medium to transfer it into
the state of population inversion is known as pumping.

5.17. Define metastable state.

Ans.  Metastable state is particular excited state of an atom, nucleus, or

other system that has a longer lifetime than ordinary excited states

Physics (2 Marks Questions)

SQ-17A (Sem-1 & -

5.18.

and that generally has a shorter lifetime than the lowest encery
state, called the ground state,

Give few important appllcatlons of optlcal fibre ?
- 2018-16, Marks 02.

Following are the important apphcatlons of optu:al fibre :
In communication, In optical sensors,

In illumination applications, and d. Inimaging optics.
Which fibres are generally used underx sea water 7
Single mode fibres are generally used under sea water.
Write down some applications of laser.

Following are the applications of laser :

In surgery, b. In helography,
In communications, d. In computer industry, and
Laser printing.

How can be modal dispersion minimized ?

Modal dispersion can be minimized by using single mode =i, -
monomode step index fibres or graded index multi mode fibro:
Why does ruby laser emits red or pink colour ?

Ruby laser emits red or pink colour due to the presence of ctirvas,
ions depending upon its concentration.

How is population inversion achieved in He-Ne las:: -

In He-Ne laser, the population inversion is achieved throw:!: ~ono
atom-atom collisions.

What precautions are needed to minimize materia

dispersion 7

Material dispersion can be minimized either by choosmg source-
with narrow spectral range or by operating at longer wavel(,n_uJ .

Differentiate between spontaneous arn imulated emissii ..
of radiation.

' :Sgtlmu iated Emission

In thlS hght exmtted is not | Monochromatic light is emitted.

monochromatic,

b. Not controllable from Controllable from outside.
outside.

c. Incoherent photons are- Coherent photons are emitted.
emitted.

d. No amplification of light. Amplified beam is achieved.

QOO
o
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B.Tech.
(SEM. I) ODD SEMESTER THEORY
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ENGINEERING PHYSICS-I

Time ¢ 3 Hours Max. Marks : 100

SECTION-A

Mote: There are three Scections A, B and Cin this paper. Questions are to
be done from all three Sections.

L. Attempt all parts. Give answer of each part in short : (2 x5 =10}
a. What do you understand by time dilation ?

Ans. Rofer Q. 1.12, Page SQ-2A, 2 Marks Questiong, Unit-1.

I What are massless particles ?
Ans. Refer . L15. Page SQ—2A, 2 Marks Questions, Unit-1.

. Ta Newton's ring experiment fringe width decreases with
the increase in the order of fringe. Explain why 7

Ans. Heter (. 4.6, Page 8Q-114A, 2 Marks Questions, Unit-4.

. How the unpolarized light and circularly polarized light
distinguish?

Avn Inuupolarized light, the light is passed through a single plane while

i civeularly polarized light., the ight is passed through two planes.

. What do you mean by population inversion?
Ans. Refer Q. 5,17 Page §Q-16A, 2 Marks Questions, Unit-5.

SECTION-B
2 Arlemipt any three parts, All parts carry equal marks : (8 x 3 =15)
a. Caleculate the length of one meter rod moving parallel toits
iength when its mass is 1,5 times of its rest mass.
Ans. Hefer @ 1,54, Pagel-33A, Unit-1.

2. The speed of an electron is measured io be 5.0 x 10° m/s toan
accuracy of 0.003 %. Find the uncertainty in determining
the position of this eleciron (mass of electreon is
0,31 % 10! kg and Planck’s constant is 6.62 x 10~ J-s).

Solved Paper (40013- 14t
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V6 0 10/, aseuracy = 0.083 %, m, = 9.1 x 107 kg,
SgERx W0HIs

To Find yUncertdinty in position of electron.

0,008 NP
1. Uncertainty in veloecity, Av = - — > 5.0 = 10" 015 mis
' 100
h Az o
2. Ax.&p=ﬂ = A= oo
r 66210777
M= o mAY) 2x3.14x91 w10 G
Ax = 7.72% 104 m,

i rad in reflected light with
« szn‘;g:ﬂ:"f:z)gg i.r;f :l:)esgr;:mter of the 10'0 dark ring i
:;:5 xc;.n, find the radius of curvature of the lens and ithe
thickness of the corresponding air film.
Aww Refer Q. 4.17, Page 4-234, Unit-4.

i incidence gives a

i ction grating used at normal.lt'ICI
@ Ae;lll(:t:fvwrﬂ‘limfs (fl; 6000 A) in a certain spec_tral ordear
)s(u erimposed on ablue line (. =4800 A) of next h.lghet' prder.
Iftfl.le angle of diffraction is 60°, calculate the grating element.

X Refer Q. 4.29, Page 4-414, Unit-4.

e. Therefractive indices of quartz for polarized light p, and p,
are 1.5508 and 1.5418 res ectively. Calculate the phase
retardation for h = 5000
0.032 mm. ’

when the plate thickness is

5418 6,082 mm = 0.0032 o,

. 2n 2 B
1. The phase retardation = Y A= ~ (p, —~ 0t

_ 2x3.1401.5508 - 1,5418) 4 4937

6000 = 10°°
= 3.617 rad.
SECTION - C

Note: Attempt all the question of this section. All questions carry equal

marks.
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3. Attempt any one part of the following : (Ex1=15)
a. State Einstein’s postulates of special theory of relativity.

Explain why Galilean relativity failed to explain actual
resulis of Michelson-Morley experiment.
Ans. Refer Q. 1.8, Page 1-8A, Unit-1.

b. Show that the relativistic invariance of the law of
conservation of mementum leads to the concept of variation
of mass with velocity and equivalence of mass and energy.

Ans.

A. Variation of Mass with Velocity : Refer Q. 1.23, Page 1-24A,
iUnit-1. .

B. Equivalence of Mass and Energy : Refer Q. 1.24, Page 1-26A,
Unit-1.

4. Attempt any one part of the following : (Gx1=5)

a. Deduce a relation between phase velocity and group velocity
in a medium where wave velocity is frequency dependent.
What happens if the phase velocity is independent of
frequency ? :

ASiA:
. dx o
1. Asph locit, = =
s phase velocity A 2 " K
2. For the amplitude of wave packet to be constant
% - %x = Constant
3. Hence, group velocity
A
v=9_2 _25
§ dt AK AKX
2,
v, = Lo do
& a0 AK  dK
_d avp
Ve = TdE(KvP)sz-'-K K
[ %:vp and m=Kvp]
Ve T (_212) d;p
(%)
A
dv
halh :J
Vg VP d?L
4. Thisis a relation between group velocity A and wave velocity v,in

a dispersive medium in which wave velocity is frequency dependent.

SP4A (Sem-1&2)
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av
5. If Eg =0, then the phase velocity does not depends on frequenc

and become independent
VP = Vg

b. A particle of mass m is confined to a one-dimensional box of
length L. Derive an expression for wave function and energy.

Kigg Refer Q. 3.17, Page 3-16A, Unit-3.

5. Attempt any one part of the following : Bxl=-
a. Discuss the interference in thin film due to reflected ligh:
What happens when film is excess thin ?

AW Refer Q. 4.3, Page 4-6A, Unit-4.

h. Explain the diffraction pattern obtained with diffraction !
single slit. By what fraction the intensity of second
maximum reduced from principal maximum ?

KB Refer Q. 4.19, Page 4-26A, Unit-4.

6. Attempt any one part of the following : (Gx1=-
8. What is diffraction grating ? Show that its dispersive pow: -

J(ez2) s

their usual meanings.
Refer Q. 4.23, Page 4-36A, Unit-4.

where all terms haw:

can be expre d as

What do you mean by double refraction ? Explain the
working principle of Nicol Prism.

Double refraction :
‘When a bheam of unpolarized light is incident on the surface of an
anisotropic crystal such as calcite or quartz, it is found that it will
separate into two rays that travel in different directions. This
phenomenon is called birefringence or double refraction.
Unpolarized
light

Calcite
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2. E;;e(gvga:;‘vi E}llr:i}i{no“;{l as ordinary ray (O-ray) and extraordinary
¥ (F- » which are lin i i i
oy ray - early polarized in mutually perpendicular
? v‘:{/]c»rking Principle of Nicol Prism :
. en anunpolarized light ray SAf parallel to th 1 1
: ‘ : e face DC” is inci
on the face 4° D, it splits into O-ray and E-ray P isincident
2. The O-ray is going from calcite .
_ : to Canada Balsam t
optically denser medium {hy = 1.66) to a rarer medium fﬁvelslf?;;]
47 - B "

4. The refractive index of O-ray w.r.t. Canada Balsam =p i
iL, ’{“he critical angle for Q-ray, 0. =sin" (1) = sin'1(1.55/01.660) = 69°
3. 811::; tal‘lte (ljengtcl; ot];; t}ie prism is sufficient, the angle of incidence of
- - -anaca Balsam layer becomes greater thag i iti
angle. Hence the O-rav i *311 da oot
poate ray is totally reflected from the Canada Balsam
6. Onthe other hand, the E-ray is going from .caic:ite to Canada Balsam

tras els if o1 an Dptlcally aret ed. u e = 1 9 o de 51
I
( ) fagt iamnt ( lE .4 ) t a 11,

7. I rhig wav, the li . :
. v, the light emerging from the Nicol rism i
polarized with vibrations Pparallel to the principal selztion s plane

7. Attempt any. one part of the £ i
ollowing : 5x1
a. 31’3‘;::;1';;::; ;wcl» le':vel laser system has no pra:ti::l)
o . .
paBuifi T lasing. Explain the principle of three level

Ans. Refer Q. 5.21, Page 5-23A, Unit-5.

b. Discuss different t i i
) : ypes of optical fibre, Wh aded i
fibre is better than multimode step index fil?;ng: ? ed index

Ans. Refer (). 5.4, Page 5-BA, Unit-5,

O
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B.Tech,
(SEM. I) ODD SEMESTER THEORY
EXAMINATION, 2014-15

ENGINEERING PHYSICS-I

Time : 3 Hours

Max. Marks : 100

SECTION- A

1 Attempt all parts of this question. Each part carries 2 marks.
(2 x5 =10}

a. What are inertidl and non-inertial frames of reference 7
Ang; Inertial Frame : Refer Q. 1.2, Page SQ-14, 2 Marks Questisns.
Unit-1. '

Non-inertial Frame : Refer . 1.3, Page SQ--1A, 2 Marlks tgiestions.
Unit-1.
b. What is double refraction ?

A4y, The phenomenon in which we get two refracting plase poiunze:d
rays corresponding to one incident polarized light ray is callizd doubie
refraction. .

c. Why are fringes circular in Newton's ring experiment 7

Explain.
Asiw: Refer Q. 4.7, Page SQ—-12A, 2 Marks Questions, 1Tnit-4.
d. What is stimulated emission of radiation in a laser 7
Adigy Refer Q. 5.14, Page SQ-16A, 2 Marks Questions, Unit-5.
e. What do you know about acceptance angle and cone in a

fiber ?
AME& Acceptance Angle : Refer Q. 5.7, Page SQ-15A, 2 Marks

Questions, Unit-5, _
Acceptance Cone : Refer Q. 5.10, Page 5Q-18A, 2 Marks

Questions, Unit-5.
SECTION-B

2 Attempt any three of this question. Each part carries 5 marks,
(Ax3=15)

a. Calculate the work done to increase speed of an electron of

rest energy 0.5 MeV from 0.6¢ to 0.8e.
Afig. Refer Q. 1.30, Page 1-31A, Unit-1.

b. An electron is bound in one dimensional potential box
which has width 2.5 x 10 m. Assuming the height of the
box to be infinite, calculate the lowest two permitted energy
values of the electron,

AKE, Refer Q. 3.19, Page 3-18A, Unit-3.

. Newton's rings are observed by keeping a spherical surface

of 100 em radius on a plane glass plate, If the diameter of
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Adrs,

Axig,

2.

the 15th bright ring is 0.590 cm and the diameter of the 5h
ring is 0.336 cm, what is the wavelength of light used 7
Refer Q. 4.16, Page 4-23A, Unit-4.

Find out if a diffraction grating will resolve the lines
8037.20 A and 8037.50 A in the second order given that the
grating is just able to resclve two lines of wavelengths
5140.34 A and 5140.85 A in the first order.

Refer Q. 4.30, Page 4—41A, Unit-4..

If refractive indices of core and cladding of an optical fibre

are 1.530 and 1.45 respectively determine the values of
numerical aperture, acceptance angle and critical angle of
the fibre.
Refer Q. 5.7, Page 5-114A, Unit-5.

SECTION -C
Attempt any one part of all questions. Rach quest:on carries 5
marks. {5 x5=256)
Deduce the Lorentz transformation equations from
Einstein’s postulates. Also show that at low velocities, the
Lorentz transformations reduce to Galilean
transformations. '
Refer Q. 1.8, Page 1-11A, Unit-1.
Deduce the relativistic veloeity addition theorem. Show that
it is consistent with Einstein’s second postulate.
Refer Q. 1.20, Page 1-20A, Unit-1.
Explain group velocity. Establish a relation between group
velocity and phase velocity and show that these velocities
are equal in non-dispersive medium.

Group Velocity : The velocity with which a wave packet moves
forward in the medium is called group velocity.
Relation between Group Velocity and Phase Velocity :

A wave packet consists of a group of waves slightly differing in their

wavelength, velocities, phase and amplitude as shown in Fig. 1.

-

wave packet

Amplitude

Fig. 1.
Such a wave packet moves with its own velocity called group velocity
(v )or particle velocity and velocity of individual waves forming the
wave packet is called phase velocity {vp).

SP-8A (Sem-1&2)
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8. We know thatv, = vi
and the de-Broglie’s wavelength

h

mv
and E =hv=mc? ='v=mc¥h
4. Eq. (1) becomes,

mc? k ] c?
v = —_— = —
b ;) mv v
5. Since group velocity {vg) is equal to particle velocity (v) ie. v -
2
< 2

Then v =— or V.V, =¢
Py, P g

C. Velocities in Non-Dispersive Medium :

1. The angular frequency o of de-Broglie's waves associated with

particle of rest mass m, and moving with velocity v is given by,
w=2mvand £ = hv

= v=%andE=mc2

2nE _2mmc® | Z2wmc’ AN

R — o
hx\/ _V_2 \'11 o
[ 4

o= 2nm,c’ l_v_2 v
A c*

Differentiate both sides of above equation w.r.t. v, we get
-3

do _ M[i)[l_ﬁf [__2_1]
dv k 2 c?) o?

do - 2am,v

dv 2 3
rl1-Y |
%)

Also, the wave number % of de-Broglie’s wave is

po 2m_2mmv _ 2mm,v

» R J <2
hx f1-—
2
Differentiate both sides of above equation w.r.t. v, we get
ak _ 2nm,
dv ~ a
’ al1-2
o2

We know that group velocity,

oy =
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o dk
From eq. (2) and eq. (3), we get
3
r 232
r1-%]
v o o 2mmy T
: ; .- 2nm,
rl1-%. "
(.'2

b ¥xplain Heisenberg’ i
ixplai e &£’s uncertainty principle ? i
Heisenberg's gamma ray microscoepe ple ¥ Describe
Awin, ‘
1} fexsedt_xberg’s Uncertainty Principle :
L. - . . . ‘@ . '] *
ccording to this principle, “It is impossible to determine the exact
position and momentum of a particle simultaneously”

—

{a) Ap large, Ax small

i {6} Ax large, Ap small
- ((wlz:g';l ZA:OWaveilpacket : {a) Narrow, and (b) Wide
2. are the uncertain position and , ti
then according to this principle momentum of particte
Ax Ap 2
2T
%rl'j d Av Ap 2> A
e product of uncertainty position and i
‘ . uncertain
par.tlcle is greater than or equal to #/2n. f momenturm of
Bl. fexsenberg’s Gamma-ray Microscope :

. letct us try to measure the position and linear momentum of an
electron using an imaginary microsc i i i
i scope with a very high resolving

2. The electron can be ohserved if
Th _ at least one i
it into the microscope lens. photon is scattered by

3. The limit of resolution of the microscope is given by the relation
_ A
2sing
Here d represents the distance bet i
1 ween the tw i
be just resolved by the microscope. © points which can

SP-10A (Sem-1 & 2)

Solved Paper 12014- 161

Pholon Electron

[o]
Fig. 3. Measurement of position and linear
momnentuin af an electron.
4. This is the range in which the electran would hoe vizible when
disturbed by the photon.
5. Therefore, the uncertainty in the measurement of tho poeilion ol
the electronis

7. )
Gin o . o
6. However, the incoming photon will interact willh
through the Compton effect.

% To see Lhis clectron. the seattercd photon should carer thoe
microscope within the angle 26.

8 The montentum imparted by the photon to the electian duriug the
impact is of the arder of hik.

9. The componenl of this momentum along (24 b= 1—
aleng QOB is A/ sin 81,

10. Hence the vncertainty in {he measurement of thie prentim of

tho electron is

S =d =g

o cdoctron

e~ o tha

A .' .

: ) yof . h

A= s osin @ le sn a2 ainn o
’ VoA A Y

11, Multiplying cq. 11 by eq. 121, we olrlain

2 L
ArAp = e 2 sin )=
/ 2sin(0 A
12 A more sophisticnted approach will shomw thit S sy

a. Describe and explain the formatinn of Newtans RTITIE NS

reflocted monochromatic light. Prove thatin roetterted ligh
the diameter of bright rings arc propovtional to the square
roots of odd natural numbers.
Ahg Refer Q. 4.12, Page 4-18A, Unit-4.

b. Discuss the phenomenon of diffraction at a single slit a:.d
show that the relative intensities of the successive
maximum are nearly 1: 4/9n? ; 4/2507 ..

Avia, Refer . 4.19, Page 4254, Unit-4.
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6. a,

A,
Al

Describe the construection, working and application of Nicol
prism.

Construction : )
1t is a calcite crystal with a principal section ABCD whose length is

three times its breadth as shown in Fig. 4.
A A

2.

b

SE

&

Ay
7. a.

-

O-ray

Fig. 4. Construction of a caleite crystal.
In this situation, the new blunt corners will A’ and C'.
The crystal is then cut into two pieces from one blunt corner A’ to
other blunt corner € along a plane A'C’ perpendicular to the principal
section ABCD and perpendicular to both the faces A’D’ and BC".
The twe cut surfaces so obtained are polished optically flat and
joined by a transparent medium called Canada balsam.
Canada Balsam is a transparent liquid whose refractive index lies
between the refractive indices of calcite for the O-ray and E-ray.
Working : Refer Q. 6(b), Page SP—4A, Solved Paper 2013-14.
Application :
Use in microscopy and polarimetry.
Used for cbserving the sample placed between orthogonally orlented
polarizers.
Discuss the He-Ne laser with necessary diagrams. Give lts
superiority over ruby laser.
Refer Q. 5.23, Page 5—25A, Unit-5.
Explain single mode and multimode fibres. Also give the
characteristies of each type of mode.
Refer Q. 5.4, Page 5-6A, Unit-5.
Explain the process of a hologram construction with
necessary diagrams. Also give some applications of
hologram.

Hologram Construction :

The monochrematic light from a laser has been passed through a
50 % beam splitter so that the amplitude division of the incident
beam inte two beams takes place.

SP-12 A (Sem-1 & 2}

Solved Paper (2014-15:

. One beam falls on mirror M, and the light reflect from M, falls -

the object. This beam is known as an object beam.

3. The object scatters this beam in all directions, so that a part of th:
scattered beam falls on the holographic plate.

4. The other beam is reflected by mirror M, and falls on the hologruph:
plate. This beam is known as reference beam.

5. Superposition of the scattered rays from the object and the reference
beam takes place on the plane of the holographic plate, so iha:
interference pattern is formed on the plate and it is recorded.

6. The recorded interference pattern contains all the information o:
the scattered rays i.e., the phases and intensities of the scatteredd
Tays.

7. For proper recording, the holographic plate has to be exposed to s
interference pattern for a few seconds.

8. After exposing, the holographic plate is to be developed and fixea o
like in the case of ordinary photograph.

9. The recorded holographic plate is known as hologram.

10. The hologram does not contain a distinct image of the ohject. 1i
contains information in the form of interference pattern.
11. Fig. b6 shows the method of recording an image on a holographiv
plate.
ermr r
M,
Reference
4
beam Holographic
plate
Coherent laser
Laser . - / - .
light / Ohject beam @& rrer
Beam splitter M,
Fig. 5. Recording of hologram.
B. Applications: _
1. The 3-D images produced by holograms have been used in variou:

fields, such as technical, educational also in advertising, artistic
display etc.

In hospitalg, holography can be used to view the working of inner
organs three dimensionally.

Holographic interferometry is used in nen-destructive testing of
materials to find flaws in structural parts and minute distortion-
due to stress or vibrations, ete. in the objects.

Holography is used in information coding.

Many museums have made holograms of valuable articles in their

collections, o
©eO
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SECTION-A

1. Attempt all parts. All secti é i
b ot in Shoet cctions carry equal marks. er(tze :riséwe; 3: :

A, How the negative resn F M .
epeteds Its of Michelson-Morley experiment

A A p oy p
ns. Refor Q. 1.20, Page SQ-34, 2 Marks Questions, Unit-1,

X h Fj‘irfd relativistic relation between energy and momentuin
Ans, Refer Q. 1,17, Page SQ-34, 2 Marks Questions, UInit-1 .

. grtzgf?rt-ﬂintylin the position of a particle is equal tcv- de
ie wavelength, what wi i i .
Broglie wave ofveloc:;ity? ill be uncertainty in the
Awns,

Given : Uncértainty in thie position of a particle = de-Brogiie

w_a_'\feleng'th _
. 8 - ) .
o Find : Uncértainty in the velacity. . -
1. Aimrding to Heisenberg'’s uncertainty principle |
A
AL AP E e
L 2 o (2)
i o1 W be rhie aneertainty in velocity,
| NP = AV 3
Detiimng e L1l anid eq. (3) in eq. (27 S
L FoAY = '-‘-#1_
[« =]

n 2
So.uncertainky in veloeity,

Mﬂf)_'__'______ Solved Paper (2015-161

g.

Kie

i

3.

Note:

3.

4.

Write the characteristics of wave function.
Refer Q. 8.13, Page SQ-104A, 2 Marks Questions, Unit-3.

Why the center of Newton's ring is dark 7
Refer Q. 4.19, Page S-14A, 2 Marks Questiens, Unit-4.

Define plane of polarization and plane of vibration.

Plane of Polarization : The plane containing the direction of
propagation of the light, but containing ne vibrationg iz called the

plane of polarization.
Plane of Vibration : The plane containing the direction o tvibratior

and direction of propagation of light is called the plane of vibration

Define optic axis of doubly refracting erystal.

A certain direction in a doubly refracting crystal along which the
speed of light of two refracted light rays rem ains the same. is knowr

as optic axis of that doubly refracting crystal.

What is Rayleigh's criterion of resolution ?
Refer . 4.16, Page 8Q—134A, 2 Marks Quastions, Uni -4

Define metastable state.
Refer Q. 5.17, Page 8Q-16A, 2 Marks Questions, b -7

Give few important applications of optical fibvre.
Refer Q. 5.18, Page SQ-17A, 2 Marks Quesatiome, T
SECTION-B

Attempt any five questions ! (10 x 5= 50]

. What do you mean by proper length 7 Ikey iy the expression

for relativistic length. Caleulate the r . fage contraciion
of a rod moving with a velocity of Hh.4 .+ dirvection inclined
at 30° to its own length.

Refer Q. 1.13, Page 1-18A, Unit-1.

Show that the relativistic inpvs. ance of the law of
conservation of momenturn leads t ire concept of variation
of mass with velocity.

Refer Q. 1.23, Page 1-24A, Unit-1.

State Heisenberg's ungertainty principle. Prove that
de the nucleus and proton can

electron cannot exist insi
exist.

Heisenberg’s Uncertainty Principle : Reler @ 4 I,
Page SP-9A, Salved Paper 2014-15. :
Non-existence of Electrons in the Nucleus ¢

We know that the radius of nucleus is the order of 10-11 ny
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If an electron is confined within nueteus the uncertainty position of
electroi is
Ax = 2x 107 m
Now according to uncertainty principle,
Ax Ap = ih—
2n
R 6.63x107%

S 3 TED =5.276 x 1021 kg m/s
T x T x x

and Ap

Fig. 1
Using relativistic formula for the energy of the electron

"“DEC +J'?12 4

Asthe rest energy mc? of an electron is of the order of 0.511 MeV,
which is much emaller than the value of first term. Hence the
second term is neglected therefore,
K = pz o2
E = pc=(5276 x 10021 x (3 x 105)J
£ o 5276107 x3x10° o g7 ey
1.6 x107'*

Thus, if an clectron exists inside the nucleus then its energy should
he of the order of 97 MeV. But the experiment shows that no
clectron in the atom possesses kinetjc energy greater than 4 MeV.
Hence. no eleetron can exist inside the nucleus.
Existence of Proton in Nucleus:
We know that the radius of an atom is of the order of 10-1*m. Thus,
il a proton exists inside the nucleus then the maximum uncertainty
in its position is given by

(axd o= 2x 107 ¥ m
1" the uncertainty relation,
typllAavl = 4

Ul ininiun uncertainty in the momentum of proton is given by
h 1.055 = 10" *

Pl = = - =5.275 x 10~ 21 kg-m/s
f [IYEINS {Mlmn 2 w 10 .1-I
Since the minimum uncertainty in the momentum of a proton
shwuld be egual Lo its monentum, {2

SP-16 A (Sem-1 & 2) Solved Paper (201516
= (AD)y, = 5.275 x 10~ 2 kg-m/s
4. The corresponding energy of the proton is given by

Aiish

Note:

2m  2x1.6x107%

(5.275 x 107 2)?
2x1.6x107 x1.6 x10""
ie., E = 52 keV
Thus, if a proton existsinside the nucleus thenits encrgy shoulit -
of the order of 52 keV. The experiment shows that a proton i 1t
atom possesses kinetic energy of the order of 52 keV. Heneo
proton can exist inside the nucleus,

P _(5.275x10°%7 |

ie., E=

Explain the physical significance of wave function, Derive
Schrodinger’s time independent wave equation.

Physical Significance of Wave Function : Refer Concept
Outline-2, Page 3—-11A, Unit-3.

Schrodinger’s Time Independent Wave Equation : Kelvr
Q. 3.13, Page 3—-11A, Unit-3.

Explain the formation of Newton’s ring ? If in a Newton -
ring experiment, the air in the interspaces is repiaced by .
liguid of refractive index 1.33, in what proportion would
the diameter of the rings changed ?

Refer Q. 4.13, Page 4-20A, Unit-4.

Discuss the phenomenon of diffraction at a single shit and
show that intensities of successive maxima are :

4 .4 4
on® " 1502 " 49n®
Refer Q. 4.19, Page 4-254A, Unit-4.

1:

Discuss the construction and working of a He-Ne lasery.
Compare it with ruby laser.
Refer Q. 5.23, Page 5-254, Unit-5.

Describe the basic principle of communication of wave in
optical fibre. A step index fibre has core refractive index
1.468, cladding refractive index 1.462. Compute the maximun:
radius allowed for a fibre, if it supported only one mode it
wavelength 1300 nm.

Refer Q. 5.9, Page 5124, Unit-5.
SECTION - C

Attempt any two questions from this section : (I8 x 2= Mn
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10 a. Deri‘fe the Galilean transformation equations and show
N that its acceleration components are invariant.
Ans. Refer Q. 1.2, Page 1-34, Unit-1.

b. I the kinetic energy of a body is tWice it
find its velocity. - its rest mass energy,

Aing. Refer Q. 1.32, Page 1-32A, Unit-1.

c. Exp!ain de-Broglie's hypothesis. Discuss the outcome of
Davisson-(zermer’s experiment in detail.

A. de-Broglie’s Hypothesis ; Refer Q. 3.7, Page 3-7A, Unit-3.
]?i. IO)utcomes of Davisson-Germer’s Experiment :
. Davisson and Germer caleculated the de-Broglie i
two different approaches, Petio wavelength using

2. In the first approach, Davisson and Germer used de—Brogli;e’s
hypothesis. ’

3. They plptted the variation in the intensity of electron beam against
scattenng anglg for different accelerating voltages to study the
effect of increasing electron energy on the scattering angle ¢o.

4. Thi:y found that a bump begins to appear in the curve for V= 44
VOILS.

5. With incregsing Qotential, the bump meoves upward, and becomes
more plromlncnt in the curve for V = 54 volts at ¢ = 50°, thereby
indicating the maximum suffering in electron beam for V = 54 volts
as shown in Fig. 2.

6OV

Fig. 2. Plots of iptensity of electron beam against scattering
angle for different values of accelerating voltage.

6. Thus, for V= 54 V, the de-Broglie wavelengtlh of the electrons is

12.24 :12;2:_4_* 1.66 A
N 5 G ¥

7. In the st?cond approach, Davisson and Germer caleulated the
de-Broglie wavelepgth by treating the electron beam as a wave.

A=

8. They used Bragg's equation, nh = 2d sin 0.

For nickel crystal, d =091 A. Also, 8 = 65°. Hence for the first order
{n = 1) reflection, we have

SP-18 A (Sem-1& 2)
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10.

11.

11.a.

b.

. Describe the canstruction

. Prove that v, x Vv

x=2dsine=2xo.91xsan65°=1.65.& L

Eq. (1) and eq. (2} show an excellent agreement between the Lwo
approaches. :

Thus, the Davisson-Gérmer experiment provides a direct
verification of wave nature of electrons and hence it also verifies
the de Broglie’s hypothesis.

Explain the phenomenon of interference in thin film due to

reflected rays.
Refer Q. 4.3, Page 4—6A, Unit-4.

A diffraction grating used at normal incidence gives a
vellow line (X = 6000 A) in a certain spectral order
superimposed on a blue line (. =4800 A) of next higher order.
If the angle of diffraction is sin-! (3/4), calculate the grating
element.

Refer @. 4.28, Page 4404, Unit-4.

and working of Nicol prism.
Refer @. 6(b), Page SP—4A, Solved Paper 2013-14.
= ¢?, where v, = phase velocity and

v, = group .vefocityf
Refer Q. 4(a), Page SP-TA, Splved Paper 2014-15.

Discuss the different types of optical fiber in detail.’
Refer Q. 5.4, Page 5—6A, Unit-5.

total .numher' of Cr*® is 2.8 x 101% If the

In a Ruby Laser,
0 A, calculate the

Laser emits radiation of wavelength 700
energy of the Laser pulse,.
Refer Q. 5.26, Page 5-28A, Unit-5.

Physical Constants :
Mass of electron m,= 9.1 x 103 kg

Mass of proton m, = 1.67 x 1077 kg

Speed of light c=3x108m/s

Planck’s constant k=663 %10 Jd/s

Charge of electron e= 1.7 x10°1%C
Boltzmann’s constant k& = 1.38 x 102 m® kg 52 k!

OO
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Note: A, Band C are three sections in this question paper. Attempl;

Ans.

Ans,

Ans.

al]l seven partis from section A, any three parts from section
B and all questions from section C. :

Section - A
Attempt all parts of this section,
What is proper length of a rod ?
Refer Q. 1.21, Page 8Q-3A, 2 Marks Questions, Unit-1.

Explain the concept of rest mass of photon.
The rest mass is the mass of a particle {photon) as measured by an
observer who secs the particle still and with zero speed. In other
wirds, the particle 1s at rest as far as this observer is concerned.
’Il'h us comes the term “rest mass™. But according to special relativity,
light always travels with the light speed ¢, and is never at rest and
st particle has zero rest mass.
What is Wien’s law ?
Refor Q. 3.4, Page SQ-8A, 2 Marks Questions, Unit-3.
Explain the factor responsible for changing fringe width in
wedge shaped film. '
Refor Q. 4.3, Page 8SQ-11A, 2 Marks Questions, Unit-4.
What happens to diffraction pattern when slit width of
single slit experiment increases 7 .
Refer Q. 4.11, Page SQ-124, 2 Marks Questions, Unit-4.
What are metastable states 7
Refer Q. 5.17, Page SQ-16A, 2 Marks Questions, Unit-5.
What precautions are needed to minimize material
dispersion 7 : .
Refer 3. 5.24, Page SQ-174A, 2 Marks Questions, Unit-5.

Section - B

{2x7=14)

Attempt any three parts ; (Tx3 =21
Describe Michelson - Morley experiment and explain the
outcome of the experiment.

Hefor Q. 1.4, Page 1-6A, Unit-1.

Derive time independent Schrodinger wave equation and
give physical interpretation of wave funection. Also explain
eigen value and eigen function. '

SP-20 A {(Sem-1 & 2)
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Asin
A.

B.

C.

Time Independent Schrodinger Wave Equation
Refer Q. 3.13, Page 3-11A, Unit-3.

Physical Interpretation of Wave Function : Refer Concept
Outline : Part 2, Page 3—11A, Unit-3.

Eigen Value and Eigen Function :

The values of energy E_for which Schrodinger’s steady-stat:
equation can be solved are called eigen values and the corresponding;
wave functions ¥, are called eigen functions.

The discrete energy levels of the hydrogen atom are an example
a set of eigen values,

Eigen value equation

Gy =GY¥, LAy

Where G is the operator that corresponds to G and each (7 is o
real number. .

When eq. (1) holds for the wave function of a system, it is 2
fundamental postulate of gquantum mechanics that on.
measurement of G can only yield one of the values of (3, .

If measurements of G are made on a number of identical systen:
all in states described by the particular eigen function ¥, wach
measurement will yield the single value G, '
‘What do you understand by Newton’s ring ? Explain thair
experimental arrangement. How can you determine the
wavelength of light with this experiment ?

Newton's Ring and their Experimental Arrangement :
Refer Q. 4.11, Page 4-164, Unit-4.

Wavelength of Light : Refer Q. 4.15, Page 4-22A, Unit-4.

What is the concept of four level lager systems ? Give tha
construction and working of He-Ne laser.

Four Level Laser Syatem : Refer Q. 5.20, Page 5-21A, Unit-i.
He-Ne Laser : Refer Q. 5.23, Page 5-25A, Unit-5.

What do you understand by modes of an optical fibre ¥
Discuss propagation of light in single mode, multimode and
graded index fibres.

Modes of an Optical Fibre : Refer Q. 5.8, Page 5Q-16A, 2 Marks
Questions, Unit-5. .
Propagation of Light in Single Mode, Multimode and Grade«
Index Fibres ; Refer Q. 5.4, Page 5-6A, Unit-5.

Section - C
Attempt any two parts : . (35=x2="7}
What do you mean by length contraction 7 Explain it.
Refer Q. 1.12, Page 1-14A, Unit-1.
Deduce and discuss Einstein’s mass-energy relation,
E = me?
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Ans. Refer @. 1.24, Page 1--26A, Unit-1.
. Calculate the percentage contraction of a rod moving with
a velocity of 0.8 ¢ in a direction at 60° to its own length.
Angl Same as Q. 1.13, Page 1-15A, Unit-1. (Ans. = 8.34%)
4. Attempt any two parts : BhH5x2=T)
a. Describe energy distribution in black body radiation.
Asig; Refer Q. 3.1, Page 324, Unit-3.
b. Explain the modified and unmodified radiations in Compton
scattering 7
Axng, Refer Q. 3.24, Page 3—23A, Unit-3.
c. Calculate the wavelength of an electron associated with
kinetie energy of 6.95 x 102¢ Joules.
Ang, Same as Q. 3.10, Page 3-9A, Unit-3. (Ans. = 5.895 % 10~ " m)
5. Attempt any two parts : (3.5x2=7
a. Explain the missging orders in the spectra of a plane
transmission grating. ' '
Ans, Refer Q. 4.24, Page 4-37A, Unit-4.
b. Explain Rayleigh criterion of resolution.
Ana. Refer Q. 4.25, Page 4-384A, Unjt-4.
¢. A plane transmission grating has 15000 lines per inch. Find
the resolving power of grating and the smallest wavelength
difference that can be resolved with a light of wavelength
6000 A® in the second order,

i. The rescolving power of a gréﬂ:ing is gtven by
_)\'__ =nN )
Cdi
( l] = 2 x 15000 = 30,000
(@ ’

2. The smallest wavelength difference is given by
A

—_— - 0
a2 30,000
— 10
dhe P BO00AIOT
30,000 30,000

) (3-5 x2= 7)
a. Show that the plane polarized and circularly polarized light
are the special cases of eiliptically polarized light.

€. Attempt any two parts ;

A,
1. Suppose that a plane polarized light ray of amplitude A is incident

on a uniaxial crystal at an angle of & as shown in PFig. 1.

Solved Paper (20 16-1_7d]
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i ; (r-ray

i mplitudes of E-ray and 3
2 Lot A vely andbi tsllr::p%::see Ell.ix.?feienli:e between the two emergent

ectively, If &
rr"flsyl; then their vibrations can be expressed as
' %

bl

Y9 — —X
— F—
— |
i i iaxial erystal.
i . bie refraction in a umaxia’ ) e
Fie- 1 Dm;::AcosBsin (mr+ﬁ)=asm{mr+m o
i 33 = b sin ol
ra y=Asme1_nmf .
I[g?); g-l;a);]] y = A cos 8 sin o = a 510 wi
Where a=AcosBandb:Asm8
3. From e:q. (21, we have : _ s
o ot = 11 —si V2 = (1 - (¥/B11° L4y
< of = 11 —sin’wt] =[1-
Hence, COS® | -

4 Now from 82-52’5;6(3?186] = @ (sin wt cos & + cos wl sin &)

: ; .
Using eq. (3) and eq. {4)in eq. (8), and I‘.Eirf'anglng, we hav 6
> smg(xfgl]z + (/5% — [{2xy cos Blffab] = smwbé e
Eq. (é) is the general eq. of an ellipse, Now :
three cases : .
Case & ; (6), we have
=0, then from edq. (o) -,

- %er:xﬁfa)'zo-’r (_yj";)2 — {{2xy cos OWab] = sin® 0

(xla)® + (y/B)E — {2xyXabl = 0

~(y/bNE=0
lwfa) - & y = (blelx

ne asshown in Fig. a).
polarized.

the following

iai i fa straight li
2. Thisis the equation 7 7 t light is plane

1n this case, the emergean
Y

Fig. 1. (&) Plane polarized lighti.

Case 11+ (&), we have
5 = /2, then from eq. 194 e
L When (bxz'a)?‘ + (y/b)? — [(2xy cos w2 = sin? ©/2
(xia) + Lw’b)2 =1
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a b .
9. This is the equation of a symmetrical ellipse as shown in
Fig. 1ib). In this case, the emergent light is elliptically
polarized. ' :

Y

Fig. 1. (b} Elliptically polarized light.
Case Il :
1. When § = w2 and a = b, then from eq, (8), we have
(xla)? + (yla)2— [{2xy cos n/2)a?] = sin® /2
' (xfa)? + (yla)® = 1
x2+yi=a?
9. This is the equation of a circle as shown in Fig, 1(¢). In this
case, the emergent light is circularly polarized.

Y

¥ a
Fig. 1. (c) Circularly polarized light, '
&, From the above discussion, it is clear that the plane polarized light

and the circularly polarized light are the special case of elliptically
polarized light.

b, What are Einstein’s coefficients 7 Obtain a relation between
them.
Ang. Refer Q. 5.18, Page 5-19A, Unit-5.

¢. A certain length of 5 % solution causes the optical rotation
of 20°. How much length of 10 % solution of the same
substance will cause 35° rotation ?

Given : 9, = 20° and 6, = 35°
To Find : Length of 10°% solution

SRR

1. Letlength of 5 % solution =/,, and
Length of 10 % solution = I,
2. Since substance is same,

SP-24 A (Sem-1 & 2) Solved Paper (2016-17!

Specific rotation S = S -2
ZICI 1202
20° _ _ 36°
[x6% 1,x10%
L, =781,
7. Attempt any two parta: (35=x2="}

8. Describe different types of losses in optical fibre.
Az Refer Q. 5.10, Page 5-124, Unit-5.

b. Explain the condtruction and reconstruction of image in
holography.

A Construction : Refer Q. 7(b), Page SP-11A, Solved Paper 2014-15.
‘B. Reconstruction :
1. Asshownin Fig. 2, the hologram is exposed to the laser beam from
one side and it can be viewed from the other side.

oy

VFirst order
Laser beam
@ > — ¥~ Zero order

Virtual image
Helogram
) Fig. 2. Image reconstruction.

2. This beam is known as reconstruction beam.

8. The reconstruction beam illuminates the hologram at the same
angle as the reference beam.

4. The hologram acts as a diffraction grating, s0 constructive
interference takes place in some directions and destructive
interference takes place in other direction.

5. A real image is formed in front of the hologram and a virtual image
is formed behind the hologram.

6. It is identical to the object and hence it appears as if the object is

- present. The 3-D effect in the image can be seen by moving the
head of the observer.

7. During recording, the secondary waves from every point of the
object reach complete plate.

8. So, each bit of the plate contains complete information of the object.

9. Hence, image can be constructed using a small piece of hologram

-

Real image

¢. Calculate the acceptance angle and numerical aperture of
the optical fibre if the refractive index of core and cladding

are 1.50 and 1.45 respectively.

Awsss: Refer Q. 5.7, Page 5-11A, Unit-5.

0O
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Note: Attempt all sections. If require any missing data : then choose

suitably.

Section-A
1. Attempt &all questions in brief.

I3 I3 2 7=
a. Is earth an inertial or non-inertial frame of re(fe:enctl:‘i)’

Justify your answer.

Ak Refer Q. 1.19, Page SQ-3A, 2 Marks Questions, Unit-1.
b. What is Wien’s displacement law 7

Ang., As the temperature of the body is raised the maximum energy

tends to be associated with shorter wavelength, i.e.
%, T= Constant ,

c. What do you mean by group velocity 7

Ang:. The velocity with which the wave i
thw packet obtained by su it
of wave travelling in group is called group velocity v superposition

v o de
& AKX
d Deft i 1 i
grat;l:g(.lispermve power of a plane transmission diffraction

Asig;, Refer Q. 4.14, SQ-13A, 2 Marks Questions, Unit-4.

of radiation.

e. Differentiate between spontaneous and stimulated emission

Arg Refer Q. 5.25, Page SQ-17A, 2 Marks Questions, Unit-5.
f. What do you mean by specific rotation ?

A#ig: The specific rotation of an optically active substance at a given

temperature for a given wavelength of light is defined as the rotation

(in degrees) produced by a path of one deci i
substance of unit density. P ¢ decimeter length in @

g. What do you mean by acceptance angle 7
Ans. Refer Q. 5.7, Page SQ-154A, 2 Marks Questions, Unit-5.
Section-B
2. Attempt any three parts of the following : {(Tx3=21)

a. Obtain Galilean transformation equations. Show that

length and acceleration are in i :
variant i
transformations. nt under Galilean

SP—26 A (Sem-1 &2)
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A, Galilean Transformation Equation and Acceleration

Component are Inv

ariant : Refer @ 1.2, Page 1-3A, Unit-1.

B. Length Component are Invariant : Refer Q. 1.3, Page 154,

Unit-1.

b. Derive Planck's radiation law; Show that Planck’s formula

for the energy distribution in a thermal spectrum 1S
applicable for all wavelengths.

—5A, Unit-3.
Kaws Refer Q. 3.5, Page 3-HA, o
c:. Give the construction and theory of plane transmission

P % 20

grating. Explain the formation of spectra by it.

Refer Q. 4.23, Page 4-86A, Unit-4.

d. Whatis the advantage of four level laser systems over three

level laser systems 2 Describe the construction and working
of ruby laser.

m‘ Refer Q. 5.24, Page 5-27A, Unit-b. .
e. Whatis holography ? Explain the basic principle of holography

using construction and reconstruction of image.

A Holography : It is amethod of producing a three dimensional image of

an object employing the coherence properties of a laser beam.

B. Construction and Reconstruction of Image ! Refer Q. 7la),

3.
a.

Kiies
b.

i
A,
B.

4,

a.

A
B.

b-

Page SP-244A, Splved Paper 20 16-17.

Section-C -
i A (7T x =
t any one of the following : . !
?)ttiﬁlge thg relativistic velocity addition theor;:n:. Show tha
it is consistent with Einstein’s gsecond postulate.
— Unit-1.
Refer Q. 1.20, Page 1 204, . ‘
What do you mean by time dilation ? Establish a r:a.l?::;n
for?t. At what speed should a clt.;ck be moved so that ¥
appear o lose 1 min each hour :

Time Dilation : Refer Q. 1.16, Page 1-17A, _ELJrlnt,-l.
MNumerical : Refer @. 1.19, Page 1-194, Unit-L. -
i | (7= =
one part of the following ! =7
?\?;fzﬁl I:; :11:); ctc:ngept of de-Broglie matter wa‘;ﬁsu?e[l)::::;}:i
Davisson-Germer experiment and prove tha :
possess wave nature.

: 3 3.7, Page 3T Cnit-d
- e Matter Waves: Refer Q. 3.7, STA Ut
g:\fi’;:il:j}emer Experiment : Refer @ 1U0tcl Page SP-174
Solved Paper 2015-16. . -
i £ a particle In &
i gion for the energy states of & le it
Flndd?::l::gil;)ejal box. Determine the prqhabxhty of fin fr:'?"%
g.n:;rticle trapped in 8 box of length L in the region
0.45 L to 0.55 L for the ground state.
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Ans.
A. Expression for the Energy States of a Particle in a
One-dimensional Box : Refer Q. 3.17, Page 3-16A, Unit-3.
E. Numerical: Refer Q. 3.22, Page 2-204, Unit-3.
5. Attempt any one part of the following: (Pix1=D
a. I[¥scuss the formation of interference fringes due to a wedge-
shaped thin film seen by normally reflected monochromatice
light and obtain an expression for the fringe width.
Ane. Relvr Q. 4.4, Page 4-9A, Unit-4.
. Gbiain an expression for the intensity distribution due to

Arig.

p o B

Ans,

T3 e

’___.“\

]

Fraunhofer diffraction at a single slit. A light of wavelength
6000 A falls normally on a slit of width 0.10 mm. Calculate
the total angular width of the central maximum.

Fraunhofer Diffraction at Single Slit ; Refer Q. 4.19,
Mage 4-25A, Unit-4.
Numerical : Refer Q. 4.20, Page 4-294, Unit-4.

Attempt any one part of the following : (Tx1l=7)
Explain the phenomenon of double refraction and discuss
the various characteristics of ordinary and extraordinary
rayvs. Find the thickness of a quarter wave plate of gquartz
for light of wavelength 5893 Z The refractive indices for
erdinary and extraordinary rays are 1.544 and 1.553
respectively.

Phenomenon of Double Refraction : Refer Q. 8(b),
Page SP—1A, Solved Paper 2013-14,

Charactleristics of Ordinary Ray :

Ordinary ray travels with the same velocity in all directions of the
cryatal

Vilpeity of @-ray is same along different directions of the crystal.
Ordinary ray chevs the law of reflection.

Vibrational vectors of O-ray are perpendicular to the optic axis.
{’haracteristics of Extra Ordinary Ray :

Extraprdinary ray travels with different velocities along different
directions of the crystal. .

Veloeity of E-ray is different along different directions of the crystal.
Vibrational vectors of E-ray are in the principal plane.
Numerical :

Given : = 1.544, 1, = 1.553 and {or godium light

% = 5893 A = 5893 x 10" em

To Find : Thickness of quarter wave plate. .
The thickness of a quarter wave plate for positive crystal like qu.artz‘ is
— }.' e

4, — gt

! =
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b2

O oo

-6 -&
_ _5.893x10° _ 5.893x 104 1624 x 10 oo
4(1.553 - 1.644) 4 x9=x10
What do you mean by optical activity ? Give Fresnel’s theory
of optical activity and derive the necessary expression for
the optical rotation.

Optical Activity : _
When plane-polarized light passes through cer_‘tain_ substances tin
plane of polarization (or plane of vibration) of light 1s_mtatud abors
the direction of propagation of light through a cextain angle.
This property is known asoptical activity and these substances are said to
be optically active and this phenomenon s called optical rotation.
Fresnel’s Theory of Optical Activity : ‘
When beam of plane-polarized light incident on an optically active
substance along its optic axis it splits into two oppositely dirccted
circular motion, one is in clockwise direction, while another is 11
anticlockwise direction. _

The velocity of two circularly polarized beams is different for aptically
active substance, and same for optically inactive substance.
Due to different velocities the phase difference occurs between then:
1n dextrorotatory substance, the velocity of right handed cormpon:
greater than left handed component v, > v,.

Tn laevorotatory substance, the velocity of v, > v, '
On emergence from the substance, these two circular motic
recombine to produce a plane polarized light.

Mathematical Explanation @

Let a plane polarized beam be incident normally on & Guitds.
refracting crystal like quartz plate with its faces perpendicular
the optic axis,

These beam divided inte two parts, clockwise and anticlockwi
directions, in circular motion. _

The cireular motions travelling along the optic axis have different voloace:

el

A
Q@ P

B
¥ Optic axis
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4. Therefore a phase difference (§) occurs batween them.
5. Now considering the case of dextrorotatory (v, » v, ).
AB —Optie axis,
OP and O — Two circular motions rotating in opposite directions.
6. At the time of emergence these vibration are represented as
x, = a cos (wt + 8),y, = a sin (wt + 8) clockwise.
x, = —a cos (0t), ¥, = a ain (wi} anticlockwise,
7. By superposition theorem the resultant of x and y component are
X=x +x,=acos{af +8) —acos ot

X= 2asin—g-sih(mt+ -g—] L1
and Y=y +y,~asin (ot + 8) + a sin wt
Y= 2a cos% -sin[mt + -g] (2)

8. The resulting vibrations along X-and Y-axis are insame penodandphase
9. Now dividing eq. (1) by eq. (2), we get
X & 8
v - tan-z— or X = Ytan—2-
This equation is of a straight line having slope tan 6/2 with Y-axis.

10. Ify, and p, are refractive indices of right and left handed light and
t ig thickness of crystal,

path difference = (u, ~ u )2
and phase difference = § = %F(pL ~ gkt

and angle of rotation 26 = &

20 = %’i{m — )t

L3
8= I(I-I-L - Hﬂ)t

7. Atternpt any one part of the following : (Txl=7)
a. Explain single mode and multimode fibres. Differentiate

between characteristic properties of single mode and
multimode fibres.

A. Single Mode and Multimode Fibres: : Refer Q. 5.4, Page 5-84,
Unit-5.

B. Difference between Single Mode and Multimode Fibres :
Refer Q. 5.6, Page 5-10A, Unit-5.

b. Explain dispersion and attenuation in optical fibre. The
optical power, after propagating through a 500 m long fibre,
reduced to 25 % of its original value. Calculate fibre loss in
dB/lom.

Ang, Refer G, 5.14, Page 5-15A, Unit-5.
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