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o Therefore, the separation between central bright fringe with m" and
(m+1)" bright fringe is given by

For the mt" bright fringe :

For the (m+1)* bright fringe :

© The separation between successive (consecutive) bright or dark

fringes, Ay is given by (m+DAD miD
AY = Y= I =

where
m:order=0,1,2,.....
A :wavelength

D : distance between double -slits and the screen
B d : separation between double - slits &

© The separation between m*" dark fringe and central bright fringe is
given by
where

m:order=0,12,.....

o From the equation below, D
Ay =—
© Ay depends on: d
i) the wavelength of light, A
i) the distance apart, d of the double slits,
i) distance between slits and the screen, DD
o Explanation for the above factors:

(a) if A is short and hence Ay decreases for fixed D and d. The
interference fringes are closer to each other and vice-versa.

(b) if the distance apart d of the slits diminished, Ay increased for fixed 1D

and / and vice-versa.
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(c)
(d)

(€)
(f)

(9)

(h)

if D increases Ay also increases for fixed 4 and vice-versa.

if the source slit S, is widened the fringes gradually disappear.
The slit S, then equivalent to large number of narrow slits, each
producing its own fringe system at different places. The bright
and dark fringes of different systems therefore overlap, giving
rise to a different illumination.

if one of the slit, S, or S, is covered up, the fringes disappear.

if the source slit S, is moved nearer the double slits, Ay is
unaffected but their intensity increases.

if the experiment is carried out in a different medium, for example
water, the fringe separation ) decreased or increased
depending on the wavelength, 4 of the medium.

if white light is used the central bright fringe is white, and the

fringes on either side are coloured. Blue is the colour nearer to
the central fringe and red is farther away as shown in figure

below. White

_-] 26

Table below shows the range of wavelength for colours of visible

light.

Colour Range of A/nm
Violet 400 - 450
Blue 450 - 520
Green 520 - 560
Yellow 560 - 600
Orange 600 - 625
Red 625 - 700
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Example 7:

In a Young's double experiment, the slits separation is 1.0 mm. The distance
between the slits and the screen is 1.0 m. The wavelength of the sodium light
used is 5.9 x 105 cm.

d.
b.

Calculate the separation between two consecutive dark fringes.

It the sodium light is replaced with a blue light, what is the changes
to the interference pattem on the screen?

solution d =1 x 107 m, D=1.0m, . =59x 10" m

= |

. By applying the formula below,
AD
_'h =
d

Ay =5 Ox107* m

b. Sodium light is yellow .

LD
Ate < "}"}rellnw and Ay = — where D and d are constant

‘!}‘.1 Iblu-e < Q‘-‘ I}'ellnw

hence, the fringes get closer to each other. 28

Example 8:

A monochromatic light of wavelength 600 nm falls on a system of
double-slits of unknown slit separation. At the same time, the double-
slits is illuminated by a monochromatic light of unknown wavelength. It
was observed that the 4% order maximum of the known wavelength light
overlapped with the 5t order maximum of the unknown wavelength
light. Find the wavelength of the unknown wavelength light.

Solution: A; = 600 x 10~ m
4th order 5% order

maximum s | maximum
1
--------------------- zeroth order tf{ s L-"" zeroth order
' S, maximum ’ 2|~ maximum
D
- — Lyl
A, Lo .
By applying the separation from central bright fringe for maximum
(bright) fringe, thus S mDA
For 4t grder maximum : o d  For 5 order maximum :
4DA, SDA,
VvV, = . = =
¥y 1 Y 7
Because the fringe is overlap, thus
Ys =¥;5
4D},  5D4,
d d

A, =4.8x10"m or 480 nm
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Example 9: HW

Young's double-slit experiment is performed with 583-nm light and a
distance of 2.00 m between the slits and the screen. The tenth

interference minimum is observed 7.26 mm from the central maximum.
Determine the spacing of the slits.

Ans: 1.54 mm
Example 10: HW

A Young's interference experiment is performed with monochromatic
light. The separation between the slits is 0.500 mm, and the interference

pattern on a screen 3.30 m away shows the first side maximum 3.40
mm from the centre of the pattem. What is the wavelength?

Ans: 515 nm

S, and S, are two new sources of coherent waves in phase
because they originate from the same source S .

An interference pattern is formed on the screen.

11.4. Interference of Air Wedge

- Lo
lr-.ln'clling
mieroscope
air
g "l Ta=
monochromatic l‘ I X ly
light source I
glasé plate 1 o Explanation:
lass slide P ‘ B Ray S incident at point O is

Jass ﬁlidqm- i (i) partially reflected (ray OL)

(i) refracted (OB) and then reflected

) at B (ray PQ)
m 0011223344 ) (iii) The two wave-trains are coherent
# dark since both have originated from
fringe the same point O.
(iv) OL and PQ produce interference if
brought together by the eye or a
SFOET Ay microscope =
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(v) Since the incidence is nearly normal (point P very close to Q), the path
difference between the rays at O (ray OL and ray OBPQ) is given by,

path difference, AL = OB +BP = nt, + nf,,

= Z2nt,, where 1 is refractive index of air = 1.0

(vi) At X, t, = 0 and thus the path difference = 0 and a bright fringe is expected,
but a dark fringe is observed at X. This is due to the phase chanae of = rad
for ray PQ (reflected at a denser medium at B)

(vii)Hence, ray PQ is in antiphase with ray OL and when brought together (by the
retina or lens) to interfere, a dark fringe is obtained.

1
For constructive interference : 1nf =mh+—%
(bright fringe) 2

For destructive interference :

(dark fringe)
[onmmt moazi]

o a phase change of = rad is equivalent to a path difference of % i

o From equation (1) :

When m=0. I, =%)L == 1=t bright fringe (1% order maximum)
m=1, ;= j /. w274 bright fringe (27 order maximum)
m=2. f,=5/ ==h3c bright fringe (3 order maximum)

1.e. Bright fringes are formed when the thickness of

: B v, O Y
air film, £, = A, 3 A, g A e

From equation (2) :
When m=0. f,=0 =1 dark fringe (1= order minimum)
= % A = 27 dark fringe (2@ order minimum)
m=2, t,=A == 3 dark fringe (3" order minimum)

1.e. Dark fringes are formed when the thickness of
arr film, £, = 0,34, A
o Notes:
o Ray reflected on a denser medium == 7rad phase change
o Ray reflected on a less dense medium == no phase change s

¥ i b
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The separation between the 1st dark fringe to the m * dark fringe, [,

T 3

tan o = — ="
L m

I,
[ =—m ... (3)
Tan o
mél
From equation (2) - [,, = —— substitute into equation (3)

m= u,j'._z._.....
A :wavelength

n :refractive index

o :angle of inclination of glassslide ==

The separation between the 1=t dark fringe to the m ' bright fringe, [,

1
i+ /
From equation (1) - u substitute in equation (3)

where m=0.1.2......
The separation between adjacent dark fringes or bright fringes, Ax
Put m =1 into equation (4),
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12.4. Newton's Rings

o
A
. Z
|
travelling R | " ,4,4
microscope " '
S ]
R-t,,! , ;/Q
| \ /]
A monochromaric : "\ '. ".
light source — \
A 7 i » Tt
A& :5/ -+ Y_\ _,g‘[,/z?
/l b - = _;/’A:"v
glass plate | | : X E{ ﬁ|
. ' G 3
plano-convex _ -7 T T - e -
lens é .
alass block ’ — 3
S5
(a) Apparatus setup

Explanation for the dark circle at
the centre is the same arguments
as for air wedge.

SF027 (b) Newton's Ring 2

For constructive interference :

{bright ring)
_ ¥ -I(l]

For destructive interferance ;

(dark ring)
fracms_memn ]

By using the figure below and Pythagoras’ theorem:
s T
¢ Rl={R—zm}-+(T""J
2

R*=R>-2Rt_—t] o
Rty ¢ isverysmall.hencer ® ~0

d .2
= =R, (3
. m e (3)

Am_ where d_ : diameter of ring
2 R :1‘a¢_ﬁus of curvature
27 1, thickness of air 3
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Diameter of dark ring

mA
From equation (2) : 7, = > substitute in equation {3)
]
d’.’ Iy A
Pm .'ER! ki l
4 . 2n )

where
m=0.1.2.....

When 711 = () ==p Cenfral dark spot (zeroth order minimum},cfﬂ =0
77t = 1 wmmmp 1% dark ring (15t order minimumy)
i = 7 mmmp 27d dark ring (2™ order minimumy)
= 3 == 3™ dark ring (3™ order minimum)

Diameter of bright ring

N (m+L)A ) ) _
From equation (1) - ¢, = 2—- substitute in equation (3)
F
. Ll - (m+L)A
4 W
where
m=0,1..2......

When 717 = () s=p 15t bright ring (15 order maximum)
1ir = J =P 2nd pright ring (2" order maximum)
71 = 2 === 3 bright ring (3™ order maximum)

701 — 3 =P 4% pright ring (4™ order maximum)

Example 11:

In a Newton’'s ring experiment, the diameter of the m® dark ring is 0.56 cm and
the diameter of the (m+19)th dark ring is 1.34 cm. Determine the radius of
curvature of the plano-convex used in the experiment if the wavelength of light
used is 589 nm.

Solution: d,, = 0.56 x 10~ m, dpojo=1.34x 107 m, A =589 x 10° m

,hn =1
For mth dark ring : di — 4RmA
( a2y ! .
(056 %102 =4RmA oo (1)

ar
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For (m+19)hdarkring : d. ;= 4R(m+19)A4
(1.34%102F —a4R(M +194 ... 2)

Divide eq. (2) by eq. (1) E’ 1.34 f LD
\O.56 ) e
5. 73m—m =19

me—F  iisein (3)
Substitute eq. (3) Into eq. (1)
R=3.33m

13.4. Thin Film Interference

< Thin oil films on water and soap bubble display rainbow like colours.

o The colours are the result of constructive interference between light reflected
from two surfaces of the thin film.

Thin film on a denser medium, e.g non-reflective coating

o The figure below shows the interference between light waves reflected from

the upper and lower surfaces of thin film (refractive index, 1) on a denser

medium. Phase difference between ray 1 and ray 2,
Trad phase

Adp=m7—x7=0 =mp 2sources
mange -|~ Fi 8 I'Ed pE‘!E.SE fl'i = in phase
: » Change Path difference between ray 1 and ray 2,
4 A I— path difference = 2nt,,
N A Constructive interference:
m=10" / where
T x m=0,12,.....
n=15 V4 I
i Destructive interferance:

\ where
st ] l m=0.1.2

Thin film in air

o

The figure below shows the interference between light waves reflected from
the upper and lower surfaces of thin film (refractive index, »m} in air.

i Phase difference between ray 1 and ray 2,
T rad phase P

change Ad=m—0=m 2 sources in
::hangexl 2osulf e antiphase
LiE o, Path difference between ray 1 and Ay 2,
| A 4 =

pathdifference= 2nf,_

Constructive interference:

w—ry3 M ? m=0.12....

Destructive interference:
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Example 12:

Two flat microscope slides of 45 mm in length are in contact along one edge,
and the opposite edges are separated by a fine piece of wire. When the air-
wedge formed is illuminated by light of wavelength 430 nm, interference
fringes of separation 0.19 mm are observed.

Calculate:
a. the angle of the air wedge,
b. the diameter of the wire.

Solution: A=430x107 m, L =435x10° m, Ax =0.19x10* m, n = 1

) 1d
a. By applying the equation of separation between fringes in air wedge,
A
Ay = ——
2rtan o

g A J
o = tan
2nAx
a =1.13x 10 rad or0.065°

b. From the figure, o

tan & — —
L

d =5.09x10 " m

Example 13:

A soap film reflects strongly red light (A, = 700 nm) and green light (A, = 500
nm ) when illuminated by white light. If the refractive index of soap is 1.40,
calculate minimum thickness of the soap film.

Solution: 1 = I1.40

For red light (i) — Constructive interference occurs if
]‘ ]
2nt, =(m +;)A1L m=0,12.3.......

,_(m+d,

m

2n
wWhen m =0 , hence P
t =21 = 125nm

m

i
For red light, the minimum thickness : 12 57m.

For green light (3,) — Constructive interference occurs if
(m+L)A,
mo 2n
When i =0 , hence A,

t, =——=4&89.3 nm
H
For green light, the minimum thickness ©:  &§9.3 nm.
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