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Diffraction Pattern of Single Slit /
Simple concept about the bright or the 1 _ /

dark areca a —-
Dark area: ¢ sin(9) = % 1
2 2
: : a
Single Slit Bright area: - sin(6) = 31/4
Diffraction The central area is bright since A¢p = 0

The condition gives you the size of the central bright area, calculated
by the positions of the two first-dark areas.

a A pl
=sin(f) = - &sin(#) = tan(8) - Y~ 2
2 2 L a

The size of the central bright area 1s 2y = 2L g
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Intensity of The Diffraction Pattern of Single Slit w
The 1nitial hght EO Sin(kx — E Sin(kx — wt)
wt) is divided to N waves of
E sin(kx — wt). a
Itotal — 806<Eg Sinz(kx — (l)t)), NE = EO
Si ng |e Sl It The phase difference between Light 1 & Light 2 “
Blisir-Tauloly ~ sin(6)
0 =2m
A
The phase difference between Light 1 & Light N
N — 1 asin(8 a sin(6
d=(N-1)5§ =2n ()5N6=2n ()

N A A
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Intensity of The Diffraction Pattern of Single Slit
Superposition of the divided light waves:
frotar(X, t) = E sin(kx — wt) + E sin(kx — wt + 6) + -+

+E sin(kx — wt + (N — 1)6) = E, ., sin(kx — wt + @)

Use phasor to find out the total wave function. It 1s that to determine
E,..: and o.

Diffraction NE=E, = rdor = 1\(//)13 _E

¢
—orsin(®) = 2Fo i (@
Enet—2r51n<2)—2¢51n(2>

_ ¢
¢ ==

Single Slit
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Intensity of The Diffraction Pattern of Single Slit
Superposition of the divided light waves:

frotar(x, t) =2 % sin (%) sin (kx — wt + %)

E() ? .2 ¢> .2
| | I=eC (5| sin®(=|sin*(kx - wt)
Single Slit © (9)5 (2 sin?(kx — w
lisirTadlely sin” (%)
=IO >
2)

2
a sin(6)

¢ =2m 7
sin? (na S;n(g))
(na sin(H))2

A
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Intensity of Two Slit Diffraction Pattern

a
Interference of light from the two slits: i .
, d sin(8) _—
P = 4T .
By " Eo 1T
: fi = 751n(kx — wt) + 0} sin(kx — wt + ¢;) d
: - = Lo SIN| KX — wt +—) COS | -
Blijig-ladle]s fe=Fost T 2 e
_ P\ [ p2 o _ i
Pattern I; = &,C cos? ( > ) <E0 sin? (kx wt + - )>

d mtsin(6
I; = I, cos? (%) = I, cos? ( 2 ( ))
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Intensity of Two Slit Diffraction Pattern

d msin(0)
I, = 2
; = Iy cos ( 2 )

Considering the single slit diffraction, since
d > a, the width of the bright area of the

Real TWO S l It two-slit interference shall be smaller than
Diffraction that of the single slit diffraction.
. o (masin(8)
Pattern , (d nsin(@)) sin” ( i )
I =1, cos 2
A (na sin(H))
A

I = I, cos? (dny) sin” (%1)
)
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Resolution of A Viewport

The dark ring exists at the condition of

sin? (na siln(e)) 4
I=1 — s ) ==
0 (na sin(@))2 2 Sin(Omin) 2
A

asin(6,,;,) = 1.224 )

Resolution of

Slngle Sllt Because Qmin K 19 Sin(emin) = Hmin
1222

min —

a

Sometimes we use D rather than a to represent the diameter of a
viewport such as a telescope.

1222

min — D
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Diffraction Caused by Grating

The Grating

sosen
\
\
\
3
|
o

>7 dIl
"

U dsinf@ = mA

Here we check every two neighboring light rays. Each pair of light
rays has the same phase difference of 2m(d sin 8 /1). When each pair
of light rays have the phase difference as m(2m). They will reach
constructive interference. Thus we have the bright light at the
condition of d sin 8 = mA.



X-ray has a wavelength ranging from
0.01 to 10 nm. The lattice constants
are about 0.2 - 1 nm.

Bruker D8 Discover X-Ray
Diffraction System — light source 1s

Cu Ko(1.540598 A), electron

X- Ray transition from 2p to 1s orbitals
: : The Bragg Law:
Diffraction i g
Ak| = 2ksin
Ak|d = 27n

2 k, "W
2751n6’d = 2mn —» 2dsin@ = nA

The change of light k vector multiplying the lattice distance gives 2mn.
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P(_)Wd = I’_X- Ray light source is Cu Ka(1.540598 &)
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Polarizer and
Polarization of
Light Waves by

Selective
Absorption/Ref
lection

The wire-grid polarizer 1s made by many fine parallel metallic wires.

metal wires =,
\ E' = E,l
o+
E=Edl+E,j

The component of the electric field along the axial direction of the
metal wires will induce electrons’ motion in the wires. The metal

wires like metal reflect the light waves.
-ﬁlter

x-filter
= E, cos % =
E = EycosO1 sinfj

Iy = goC(E2(x,y,2,t)) I' = &C Eg(x y,2,t) cos? 6) = I, cos? 6
-filter

7/ 13—, a2 _
1y I sin® @ sin” a sin® 8
I'=1,sin*8 ] =1,sin?@sin’a



In the right figure, suppose the transmission axes of the left and right
polarizing disks are perpendicular to each other. Also, let the center disk be

rotated on the common axis with an angular speed w. If the unpolarized light 1s
incident on the left disk with an intensity 1,,,,,, please calculate the beam
emerging from the right disk.

After the 15t disk

1

Exam P [ > Imax of light polarized in the y-axis

E = E,9 sin(kx — wt)

Imax

2
After the 2nd disk

2 Eg 2

E = E, cos(wt) fi sin(kx — wt)



In the right figure, suppose the transmission axes of the left and right
polarizing disks are perpendicular to each other. Also, let the center disk be

rotated on the common axis with an angular speed w. If the unpolarized light 1s
incident on the left disk with an intensity 1,,,,,, please calculate the beam
emerging from the right disk.

After the 37 disk

Exam p|e5 E = E, cos(wt) sin(wt) £ sin(kx — wt)
(E?) = E} sin?(wt) cosz(wt)%

| N F

I
I = %sin2 (wt) cos?(wt)

I I
I = %sin2 (Qwt) = T—gx (1 — cos(4wt))



Polarization by Reflection

The polarization of the reflected light depends on the angle of
incidence. If the angle of incidence is 0o, the reflected beam is
unpolarized. For other angles, the reflected light is polarized to some
extent. For the particular case of Brewster’s condition, the reflected

Polarization by light is completely polarized.

Reflection - n, sinf; = n, sin 6,
I
Brew_st_ers przzgﬁgzzg_gp
Condition .
n, sin@, = n, sin (E — Hp)
n
tan 6, = 2

nq

Ref:



Light traveling in a medium of index of refraction n; is incident at an angle 6

on the surface of a medium of index n,. The angle between reflected and
refracted ray is 5. Please find the relation between 6 and (.

n, Sinf =n, sin 6,

,B=7T—9—92

Examples

92 =m—0 _ﬁ
n, sin@ = n, sinf, = n, sin(mr — 0 — B) = n, sin(6 + B)
n, sinf = n, sinf cos f + n, cos O sin

(ny —n, cosB) sinf = n, cos O sin f

N, Sin
tan @ = 2 B

ny —n, cospf



Examples

Light traveling in a medium of index of refraction n; is incident at an angle 6

on the surface of a medium of index n,. The angle between reflected and
refracted ray is 5. Please find the relation between 6 and (.

If it fits to the Brewster’s codition, f = g

tanf = Z—i
Nair =1
Ngiass = 1.6

tanf = 1.6 - 8 = 58°



Two closely spaced wavelengths of light are incident on a diffraction grating.

Starting with d sin 8 = mA, show that the angular dispersion of the grating is
m

iven b P _
& ydl_dcose'

dsinf = mA

m=0,£1,%2,43

Examples

9 dd m dob m
= —_ — =
SV AT d T d1 " dcose

C




In a single-slit diffraction experiment, the laser beam of wavelength 700
nm and the vertical slit of width 0.2 mm are used. The distance between

the slit and the screen 1s 6 m. Please calculate the width of the central
diffraction maximum on the screen.

The width of the central maximum is between the upper and lower
first-dark fringes.

Exam P les The upper dark fringe is estimated:
a A ayp; A AL (700 x 1072)(6)
2= T T T T 2 x 1073
Yp1 = 0.021m

The width of the central maximum is 2y,; = 0.042 m.




Two-Slit Interference & Singlet Slit Diffraction

Two slits of width a are separated by a distance d and are illuminated

by light of wavelength A. How many bright fringes are seen in the
central diffraction maximum?

The width of the central diffraction is:

a A a A y LA
Examples ZSing =gt =9-a7=4>Ypaark =
2LA
W = 2yD,dark — 7
The constructive interference 1s at center and at the conditions of

. y AL
dsinf =1 - dz = A = Y bright ==

The number of bright fringes is 2(y /y;) — 1 rather than 2(y,/y;) + 1
because two bright fringes at the dark edge of diffraction turn dark.

LA/a 1_2§ 1
LA/d ~ Ta

N =2

Ref:



Singlet Slit Diffraction & Resolution Limits

Light of wavelength A enters a human eye. The pupil is estimated to
have a daytime diameter of D. (a) Estimate the limiting angle of
resolution for the eye, assumes its resolution 1s limited by diffraction. (b

Determine the minimum separation distance d between two point
sources that the eye can distinguish if the point sources are a distance L
from the observer.

Examples

A
D $in pnn = 1.221 = Oy = 122

d LA
T = O > d = LOpip = 1.22—

Ref:



Examples

The diameter of the Keck Telescope at Mauna Kea, Hawaii, is 10 m.

What is the resolution of the limiting angle for a light with wavelength
of 600 nm?

The resolution regulation is D sin 6,,,;,, = 1.22A.

The a very small angle approximation, sin 0,,,;,, = 6.,in, thus

1224 600%107°

Onin = —p— = 1.22————— =7.32x 10~° rad
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