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5.2 INTERFERENCE OF LIGHT

5.64 (a)

(b)

In this case the net vibration is given by
X =gicoswt+acos(we+d)

where 0 is the phase difference between the two vibrations which varies rapidly and
randomly in the interval (0,2 x ). (This is what is meant by incoherence.)
Then . x=(a;+a,cosd)coswt + a,sindsinw ¢

The total energy will be taken to be proportional to the time average of the square of
the displacement.

Thus E = < (a;+a,c0s5) +a2sin°d > = a° + a2

20t> = <SiN“@E> = 1 and has been absorbed

as < cos 8 > = 0 and we have put < cos >

in the overall constant of proportionality.

In the same units the energies of the two oscillations are E% and a% respectively so the
proposition is proved.

—» A A
Here r'= agjcoswti+aycos(wt+d)j

and the mean square displacement is o a% + ag

if O is fixed but arbitrary. Then as in (a) we see that £ = E, + E,.

5.65 It is easier to do it analytically.

E,=acoswt, & = 2asinot

13 =§—a cosgt—coswt-sin-’!sinmt
37 2 3 3

Resultant vibration is

4

2 ]sinmt

E= :’—g-cosmn-a(Z—

This bas an amplitude = %V49 +(8- 3\/?)2 = 1:8%¢a

5.66 We use the method of complex amplitudes. Then the amplitudes are

Ay =a,Ay=ae'®, ... Ay =ae'¥ V¥

and the resultant complex amplitude is

A = A1+A2+...+AN = a(1+ei¢+ezi¢+.”+ei(N—1)|p)
l-eiNQ

1-¢'%
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The corresponding ordinary amplitude is
: 1-e'N"
1Al =a} %

172

[l—ew" 17N
= g — X "
1-e'Y 1-¢7'7
N
'2-2amN¢]”’ sin—5

2-2cosg - )

in 2
sin -

5.67 (a) With dipole moment L” to plane there is no variation
with 0 of individual radiation amplitude. Then the in- P
tensity variation is due to interference only.

In the direction given by angle 8 the phase difference
is 1
2n , 0
—(dcos0)+p = 2kx for maxima d
l dcost
Thus dcosﬂ-(k—l)k
2x

k=0,21,22, .. 2

We have added @ to zTndcosﬂbecause the extra path that the wave from 2 has to travel

in going to P (as compared to 1) makes it lag more than it already is (due to @).

(b) Maximum for O = n gives ~d = (k—%)l

Minimum for 8 = 0 gives d = k'-i-rl)l

21 2
Adding we get k+k’—n+5 A =0
This can be true only if k’=—k,q;=32‘—
since O<gp<n
Then —&-(k—-l-))g
4
HCI'C "’0,-1,—2,—3,...

(Otherwise R.H.S. will become +ve ).
Putting k = -k, E=0,+1,+2,+3,...

1
d-(E+Z]h.
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If Ag is the phase difference between necighbouring radiators then for a maximum in the
direction @ we must have

EEdcmﬂ+Atp =2nk

i

For scanning @ = wr+f

d Ag _
Thus loos(w:-rﬂ)-rzn k
or Ap=2n Ic-%cos(mnﬂ)]

To get the answer of the book, put § = a -xn/2.

From the general formula

&x-%
Ax I\
we find that “ A1 AR
since d increases tod + 2 A h when the source is moved away from the mirror plane by A A.
Thus nd=d+2Ah oo d=2Ak/(n-1)
2AhAX
Finall Am——= = (06pum.
d (m-1 " "F

We can think of the two coherent plane waves as emitted from two coherent point sources
very far away. Then

1A A
A= T =
But %-w(ihp«l)
A
80 Ax = —,
L
(@) Here §'S" = d = 2ra
Thena x = (B0
Putting b = 1-3metre, 7 = -1 metre
' 1 .
A=0Spum,a =12 = 5x57nd"n
weget Ax = 1-1mm
2ba

+] =834+1 a9

Number of possible maxima = N
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®)

(2 b is the length of the spot on the screen which gets light after reflection from both

mirror. We add 1 above to take account of the fact that in a distance A x there are two
maxima).

When the silt moves by 8 ! along the arc of radius r the [incide;nt ray on the mirror rotates
&1

by g this is the also the rotation of the reflected ray. There is then a shift of the fringe
of magnitude,
&1

b— = 13mm.
r

If the width of the slit is & then we can imagine the slit to consist of two narrow slits
with separation 8. The fringe pattern due to the wide slit is the superposition of the pattern
due to the€se two narrow slits. The full pattern will not be sharp at all if the pattern due

to the two narrow slits are —;-Ax apart because then the maxima due ¢o one will fill the

minima due to the other. Thus we demand that

b ( )
6m--1_Ax- b+r)a

r 2 4ra

ry A
or 6”“-(1+3)T&-42"m'

572 To get this case we must let r — o in the formula for A x of the last example.

5.73

- (b+r)d_ A

So Ax .
2ar 2a
{A plane wave is like light emitted from a point source at ).
Then A=20Ax = 0-64 um.
2 Jppun— .
2 — . Sl ASen Ak W Wk . AR -

()

f

2

We show the upper half o1 the lens. The emergent light is at an angle o

from the axis.

Thus the divergence angle of the two incident light beams is
a

1P=f
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When they interfere the fringes produced have a width

A

Ax-—-ﬂ'--O-ISmm.
P a

The patch on the screen illuminated by both light has a width b and this contains
by _bd

Ax fz_l fringes = 13 fringes

(if we ignore 1 in comparis on to %’- (if 5.71 (a) )
(b) We follow the logic of (5.71 c). From one edge of the slit to the other edge the distance

is of magnitude & [i.e.-;- to 9-+6).

2
. . . 4 - Ay b
If we imagine the edge to shift by this distance, the angle /2 will increase by > = Ef
and the light will shift = b%
. . . &b
The fringe pattern will thercfore shift by —f-
o i 0 A o [A J AL,
Equating this to 5 =5, We get O, >ab 375 pm.
A
Ax = d X% b \_
l=a+b
de2(n-1)0a d ) b
d=(n-1)0 ¥
d= 2da
n= RI of glass
Thus Ao 2{n=1)8a8% _4o4um.

a+b

It will be assumed that the space between the biprism and
the glass plate filled with benzene constitutes
complementary prisms as shown.

Then the two prisms being oppositely placed, the net

deviation produced by them is

8 =(n-1)6-(n"-1)0=(n-n')0

Hence as in the previous problem
d=2ad=2ab(n-n')

<o A (a+b)Ar

*r= 2aB(n-n')
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For plane incident wave we let g— o

80

A
Ax = 20(n-n) = (-2 mm .

5.76 Extra phasc difference introduced by the glass plate is

2N
Y (n-1)h

This will cause a shift equal to (n—l)& fringe widths
ie. by (n- 1)" M 2 mm.

The fringes move down if the lower sht is covered by the plate to compensate for the extra
phase shift introduced by the plate.

5.77 No.

s0

578 (2)

®)

of fringes shifted = (n'-n)-}[: ~N

n - n+%§‘~ - 1:000377 .

Suppose the vector E.‘, E". , E‘” correspond to the incident, reflected and the transmitted
wave. Due o the continuity of the tangential component of the electric field across the
interface, it follows that

E +E'; = E, )
where the subscript T means tangential
The energy flux density is E xH S

Since HVppg = EVeg,

HeEV2Vern =nV 2E
o ™

Now S .. nE? and since the light is incident normally

nE? = m, E? 4+ mE” 4]
or n (Er-E7) = mE™
SO ny (E.-E') = m E‘t" (3)
” 2 n
S0 E, . E;

Since E,” and E, have the same sign, there is no phase change involved in this case.

From (1) & (3)
(m+m)E’+(m-m)E, =0
or E/ =g

m+n
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If ny>n;, then E, & E, have opposite signs. Thus the reflected wave has an abrupt
change of phase by x if 7y > n, i.c. on reflection from the interface between two media
when Jight is incident from the rarer to denser medium.

79
()
DIV, S
~ (2)
Path difference between (1) & (2) is
2ndsec0y~2dtan 0;sin 0,
Siﬂz 91
n—-
=2d R n2aV @ -sin’e,
< 2
e
1- sz 1
n
For bright fringes this must equal (k + %) A where -% comes from the phase change of & for
(1)
Here k=0,1,2,..
Thus 4dV r? _sin?0, = (2k+1) A
or de—2U0228)  _oiiqe28um.
4Vu2-sin201
5.80 Given

2dV P -1/4 = (h%)xomum(bﬁgm fringe)

2dVn*-1/4 = ¥ x040pm  ( dark fringe)
where k, &' are integers.

Thus 64 k+% = 40k or 4(2k+1) =5k
This means, for the smallest integer solutions

k=2 K =4

4 x 0-40

Hence de —2222 _ = 065um.
2Vni-1/4
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581 When the glass surface is coated with a material of RL n' = Vn ( n = RI of glass) of

appropriate thickness, reflection is zero because of interference between various multiply
reflected waves. We show this below.

Let a wave of unit amplitude be normally incident from
the left. The reflected amplitude is -r where

r= Vn-1 Incident =1 &
Va+l t 7
Its phase is -ve so we wrile the reflected wave as -r. < < ’;
The transmitted wave has amplitude ¢ ~R -th {//
2 ~t¢pf———v/
t = _ [/
14y the2 ;
This wave is reflected at the second face and has amplitude < {/
143
~tr | tth ///
o a=Va_ Va-l +o3
nevy Vat+l

The emergent wave has amplitude — 11 r.

We prove below that ~¢7 =1-r2 There is also a reflected part of cmplitude

trr' =—tr? where r is the reflection cocfficient for a ray incident from the coating towards
air. After reflection from the second face a wave of amplitude

+eer = 2 (1=r%)F?
emerges. Let d be the phase of the wave after traversing the coating both ways.
Then the complete reflected wave is
—r=(1-rHre®s(1-r3)r3e???

-(1L-r3yr3ed ..
2 i
= —r=-(1-r)re -
1+7r%e®
2 R 2, i 1
= -—r[1+r e " +{1l-r)e .
1+r2ef?
, 1+t
M = P ———————
1+r%e’®

This vanishes if 8 = (2k+1)x. But
8= 2% 2Vndso

d =

A
e (2k+1)



We now deduce t¢ = 1 -r2 and ¥ = +r. This follows
from the principle of reversibility of light path as shown
in the figure below,

tr4ri=1
-rt+r'r =0
ot =1-p?
r=+r.

(- r is the reflection ratio for the wave entering a denser
medium ),

5.82 We have the condition for maxima
2dV n? -sin261 - (k-l- -1-) A

2

This must hold for angle 0 = %—9— with successive values of & Thus

2d\/u2-sm’(e+ﬂ) - (k--l—)l
2 2
Zanz-sinz(B-%e—) - (k+%)3\

Thus A = 24{\/n2-sm29+69sinecose

—V n?_sin’0 - 6 Bsin B cos 0 }
d 00sinBcos O

V n2_sin?0

2 .2
n°~sin“0 A
Thus d= Sn2050 = 152pum

= 2

5.83 For small angles 0 we write for dark fringes

. 2
2dV n-sin’0 = Zd(n-sm 9) = (k+0)A

2n

For the first dark fringe 6 « 0 and
2dn = (k+0)A
For the i® dark fringe
< 2
sin” O; ]
Zd(n-— > ]-(Ic{,-u-l]}\.
2

.2 nh . ¥;
Bu B —— - 1 L1
or sin v; d ( [} ) E—I—z
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L
—_— .?;.-c

2 2
. nix,. P =nn
Fmally T([—k)- _J-F_
2 2
s d(ri-re)
41%n(i-k)

S5.34 We have the usual equation for maxima
tha\/nz-sinzel = k+}- A

' 2 ) dary
Here h;, = distance of the fringe from top \
hyo = dy = thickness of the film

Thus on the screen placed at right angles to the reflected

ight hi <
Ax = (hy-hy_y) 0088,

ACUSBl

20,2 _ gin?
el TdK\

5.85 (a) For normal incidence we have using the above formula
A
Ax = 2na

= 3’ on putting the values

$0 a-ZnAx

(b) In a distance ! on the wedge there are N = éﬁmges.

If the fringes disappear there, it must be due to the fact that the maxima due to the
component of wavelength A coincide with the mainima due to the component of
wavelength A + A A. Thus

A

: 1
Ni = {N-E)(L+A?~) or Ah = 5=

Al - 1 _Ax 0-21
A 2N 21 30
The answer given in the book is off by a factor 2.

80

= 0-007.
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5.87

5.88

589

5.90
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We have

:_ 1
r zklR

So for k differing by 1 (Ak = 1)

1 1
2rAr = zAkkR - 21R
AR
or Ar = 4r°

The path traveresed in air film of the wave constituting the k* ring is

52

1
" zkk
when the lens is moved a distance A b the ring radivs changes to 7’ and the path length
becomes

rﬂ

?+2&h - -i-kl

Thus r -\/rz-ZR&h = 1Smm,.

212
Inthiscasethepathditferencem R

This must equals (k- 1/2 )} A ( where k = 6 for the six" bright ring.)

for r>ry and zerofor rs ry.

Thusr-Vro +( ]RR = 3-8 mm

From the formula for Newton’s rings we derive for dark rings
dy’ dy’
el kR, i kRA
dgz - dlz
4(kz~ky)R
Substituting the values, A = 0-Sum.

SO = A

Path difference between waves reflected by the two convex
surfaces is
(k4
R, R,

Taking account of the phase change ai the 2™ surface we
write the condition of bright rings as
,2 1 L L 2k+1 A
Rz 2
k=4 for thc fifth bright ring.




180

591

1 1 9. 4 18 A
Th — — O — A -
s RY‘R 2V ET
1 1 1 1
Now — = ~1)=, > = -1)—
Vg gLy
1 1 1 18 A
SO — = 4= -1)— =P =240D
F A £ (» )d2
Here n = R of glass = 1-5.
2 _2
I-Ien:.fl:'=-=(n—1)(R1 Rz]
1 1 i)

As in the previous example, for the dark rings we have
2f1 1Y) @ 2
W\RTR | T T Tk
k = 0 is dark spot; excluding it, we take k = 10 hre.

Then r-\ﬁ“q':'l « 349 mm.

(b) Path difference in water film will be

nor?| o~
" (R R
where 7 = new radius of the ring. Thus

wor2 = r2

or T=r/Vn, = 303mm.
Where ny = RI. of water = 1-33,

5.92 The condition for minima are

2
r 1
R n=|k+ > A,
(There occur phase changes at both surfaces on reflection, hence minima when path difference
is half integer multiple of A).
In this case k = 4 for the fifth dark ring
(Counting from k = O for the first dark ring).
Thus, we can write

r=V(2K-1)AR/2n, ,K=5
Substituting we get r = 117 mm.

5.93 Sharpness of the fringe pattem is the worst when the maxima and minima intermingle :-

m A, = (nl--;-]ma
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595

5.96

161

or putting M=A, My=A+tAA
we get n“&)\.-%
A
or A : 40.

M AR " 20,-09 " ©

Interference pattern vanishes wnen the maxima due to one wavelength mingle with the minima
due to the other. Thus

2AR = k) = (k+1)}0,
where A A = displacement of the mirror between the sharpest patterns of rings

Thus k(A=2) =)\
M
or k= P Ay
2
So Ah M M 29 mm .

S 2(M-A) 2AN T

The path difference between (1) & (2) can be seen to be

A=2dsec0-2dtan Osin 0

= 2dcos @ = kA
for maxima. Here & = half-integer.

The order of interference decreases as O increases i.e. as

the radius of the rings increases. i
(b) Differentiating Q
2dsin080 =X~ |
S )
onputting Ok = -1, Thus
A :
68 = 5~ (2)
O 0 decreases as O increases. - ~
2d s
(3) We have ky,, = 5 for 8 = 0.= 10",

(b) We must have
2dcosQ = kA = (k-1)(A+AN)

2
Thuslul-andAl-E A

k“ 24 k" 2d

= 5 pma. on putting the values.



