Lect. 9: Interference

Consider isotropic EM wave radiation by a point source.

E~ %eij (Spherical wave)

1
Why R dependence?

because j | Ef R’ sin #d@d ¢ should be constant.

Two point sources separated by d

Etotal = El + E2

‘|
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Lect. 9: Interference

E(R,9,¢) — E1 4+ E2 _ RAe_ijl +Ae—ij2

1 2

Assume R >>d RlzR—%sinH RzzR+%sin6’
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Lect. 9: Interference

For max., k %sin f=m;

d =02 E(R,0) :%eij cos(k%sin 0)

| (Intensity) ;‘ E‘Z — 4(2)2 cos” (K d sin@) => There exist max. and min. intensity conditions

. d . 1
For max., k%siné?zmﬂ kdsing=2mg ~ Formin, Kk—sin@=(m+_)z

phase difference: 2mz phase difference = (2ZM+1)z

: 1
length difference: mA length difference: (M + EM

=» Constructive interference =>» Destructive interference
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Lect. 9: Interference

| (Intensity) =|E[* = 4(2)2 cosz(k%sin 0)

Double Slit Interference
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Lect. 9: Interference

Interference in a dielectric slab
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Lect. 9: Interference

tt'e et

Bou = v = teTh 4 (1) a0t 4 (1) e e ee = O g

E[ _ (1)’ _ (tt')’
‘Ei‘z [1—([")2 e—j2k|—][1_(r’)2ej2k|-] [1—(!") ]2 +4r'" sinz(kL)

1= (/' Pe 2 [1= (/' Pe2] =1=(r')V e = (Ve + ()
=1-2(r"? cos(2kL) + (1')*
=1-2(7'(1-2sin® kL) + (')*
=[1= (") + 4(r' Y sin®(kL)
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Lect. 9: Interference

2
T = ‘Et‘ = (tt’)z
E [1-(r') 1 +4r?sin?(kL)
; { = 2n1 , rv:u’t': 2n2
- n, +n, n, +n, NN,
> > 1
L= 2 7 12 = 2
n, Ny Ny (n,+n,) ) (n, +1n,)°
LetR=r"
= 5 ) _
(1-R)’ +4Rsin’ (kL) 1+(14FF1)2sin2(kL)
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Lect. 9: Interference

1

4R ]
+ (1_R)281n2(kL)

Fabry-Perot Interference

Max. Transmission: sin(kL)=0 =>T =1
A

2n,

kL = mr; n2277[L:m7z =>L=m

Min. Transmission: sin(kL) =1

1 2 1
kL= (Im+—)7; n,—L=(M+—>)7r =>1L =
( 2) 275 ( 2)
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(half wavelength)

(m + %) (quarter wavelength)
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Lect. B: Interference

Period? =» Free Spectral Range

Aw C 1 2L
Q] C C 7 Af = — —— T =
‘e n, n, L 27 2n,L T %2
(round-trip time)
2 2
AA =7 //i,:nz—ﬂ. Aﬂ,:d_ﬁAk:_nzz_fAk:_ A
K dk 2n,L
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Lect. 9: Interference

|

T = 1.0

1+4RZSiIlZ(kL) 0.8
(I-R)

0.6

Sharpness (Linewidth)?

0.4

Determine K where T =0.5

—= 1 4R > sin”(AKL) =1 o°

1+ (14F\|;)Zsin2(2m7z rakL)y =R

o [A=R) g UTR) =R g pwaM<<t)
AKL = sin IR 2 JR JR

(1-R)

VR

As R increases, FWHM decreases => sharper response

0.2

FWHM (Full Width at Half Maximum): 2AkL=

@) W.-Y. Choi

Optoelectronics (17/2)



Lect. 9: Interference

HomeWOI‘k- Consider a Fabry—Perot interferometer made of two identical partially reflecting/transmitting
mirrors as shown below. The mirrors transmit and reflect half of the incident power. (Or it

has r = 1/sqrt(2) and t = j/sqrt(2)).

o> My o> Ho o> Hy

I e —> ]om

A
A 4

(a) What is l,w/li,? Give your answer as a function of sin(kd), where k is the wavenumber in
the vacuum and d is the distance between two mirrors.

(b) If the output power is plotted as a function of the frequency of the input light, what is the
frequency separation between two adjacent peaks? Express your answer interms of c,
speed of light, d, and other fundamental parameters if required.

(c) What is the finesse of this interferometer? Give a numerical answer.

[Finesse = (Free Spectral Range)/FWHM]
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