Part 3
Coherence and Sour ce Requirements

« CoherenceTime

e CoherenceLength
» Partial Coherence
e Temporal Coherence
Spatial Coherence
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Coherence

e Temporal Coherence
— A sourceisnever strictly monochromatic

» Spatial Coherence
— A sourceisnever truly a point source
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Coherence Time

Maximum transit time difference for good
contrast fringes

E = Acos(kx — 2 rvt)
Av = Frequency Bandwidth

For good contrast fringes
[27i0At -2 7(V + AV)At < 27

1
At < Av
Coherence time
S
A=1= Av
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Coherence Length

Distance light travels during coherence time

Coherence length

c _ A2

|C:CTc:m—m
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Partial Coherence

| ={(B+B)E+E))
=(Bf+E°+EE + EE)
=1+ |2+2R€<E1E;>
= i+ I2 + 212 Ref pa2(7)]

y12(7) = | yr2( 1)l %2(7)
Let
@o(1) = aw(r)-wr1

Then
=+ + 2\/@|V.L2(T)| cos(a12(7) — @71)

2000 - James C. Wyant Part 3 Page 5 of 10

Degree of Coherence

|y12(7)| is called degree of coherence

|Effect of | y12(7)| is to reduce fringe contrast

|y12(7)| =1, complete coherence
0<|pyi2(7) <1, partial coherence
|y12(7) = 0, complete incoherence

Effect of a1o( 1) isto shift the fringes
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Temporal Coherence

Source Distribution
[(v)

o
>

v

DJO'I (v)cos(2 rrvr)dv
R y(7)] =*—=
JI(V)dV
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Fringe Visibility as Function of Path Difference
for Laser Having N Longitudinal M odes
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x axisis path differencein units of thelaser cavity length
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Spatial Coherence

I (&, n7) issource distribution
& and 8, are angular distance between points being
interfered as measured from the plane of the source

°
Poi nts
0 ~ being
interfered
°

Source

Fringe Visibility
[ ket naydédn
V== G ey
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I nter ference Fringes obtained Using
Partially Coherent Light

000

V=0.593 V=0.361 V=0.146

Sour ce size fixed, distance between pointsinterfered varied.

From B.J. Thompson and E. Wolf, J. Opt. Soc. Am. 47, 895 (1957)
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