Coherence
(Chapter 5 — Part B)

Diffraction and Interferometry
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YDPI — Off-Axis Source Point
off-axis . observation
point ’ OPD » s d q plane
source l NN '
)
a*(y,)=d(, - »,) T<XM z
aperture | OPD¢» 2yt E,(»9 :ﬁef{“f*o"”)}
z=-1 plane % n Zo
E(y) = 22
I(yQ=1,+1,+2\[LI, cos{k(r, - ;- OPD)} 2 r,
=L+, + 2L, cos{ (opD¢- oPD)}
dl The net result of a source shift
=L +1,+2LI, cos is a shift in the center of the fringe
. z OPD zy
) PD pattern, where shift =—=—— =—-2
=1, +1,+2JL1, cos.ﬂa?vcr.zo o c !
& 2% g
OPTI 505 Fall 2002 © 2002 Tom D. Milster Slide5B-2

SC




YDPI — Off-Axis Source Point
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YDPI — Two Off-Axis Source Points
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The second source point contributes its own fringe pattern in the
observation plane that is shifted with respect to the fringe pattern
from the first source point.
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YDPI — Two Off-Axis Source Points

» We know that the beat-frequency term between the two sourcesis
not observable if the frequency difference between the sourcesis
greater than the detection bandwidth. In terms of wavelength,

| 2
Dl =—Dn
C
* For example, a 1GHz difference frequency yields a wavelength
difference of
2
(05" 10¢) , o
Dl ==————"-(10%=1.7"10”m=0.017 A

3 1¢
«Effects, like fringe period, for this wavelength difference may be
very difficult to measure in the observation plane.

* Therefore, avery narrow bandwidth distributed source can be
considered as a collection of independent radiators for which the
resulting fringe fields from each source point add in irradiance.
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YDPI — Two Off-Axis Source Points

Small source separation Larger source separation
yields closely spaced yields more widely
fringe fields and high spaced fringe fields and
contrast lower contrast

Fringe field from
source 1.

Fringefield from
source 1.

| The effect of varying the source separation is to change the contrast.
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YDPI — Multiple Source Points
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YDPI — Multiple Source Points

Three Source Points
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YDPI — Multiple Source Points

Five Source Points
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YDPI Extended Source
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YDPI Extended Source
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YDPI Extended Source

1(OPDY = (K, +K,)1, + 2JKK,I,m,cos(k OPDt+ b,,)

7 g* (v, b
m, (OPD ¢ = I—I 1 f(OPDQ|  van Cittert — Zernike Theorem
L

b, :phase‘i;cgglz(y.v)a«qligl f(OPDG)
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Spatial Coherence and the Diffractometer
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Fig. 10.4. Tha Diffeactometer.
* Spatial coherenceis controlled by changing irisradiusr ;.

* Vishility is measured at F by varying pinhole separation d.

» Reference — Born and Wolf
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The Diffractometer
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The Diffractometer
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Formal Coherence Development
opague screen with
two pinholes
incident wave field
E(7, ) measurement wave field
1:1 n E(r,t) =E,(r,t)+ E,(r,1)
s__s__s__\::'.
= - The degree of coherence
% isthe “interfereability” of
P9 the incident wave field at
p;,and p, measured at the
point 7.

» Andytic — square integrable and well defined.
« Ergodic — the ensembl e average equals the time average from atypical member.

 Stationary — ensemble averages are independent of the time origin.

OPTI 505 Fall 2002 © 2002 Tom D. Milster Slide 5B-16
SC




Formal Coherence Development
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Formal Coherence Development — Mutual Coherence
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Formal Coherence Development — Degree of Coherence
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Formal Coherence Development — Limits

mutual coherence G, (t) = <E'1(t)~EZ(t+t)>
sdf coherence G, (t) = <E1(t)E(t+t)>
irradiance G,(0) = (Eﬁ)ﬁ(r)): I,

mutual intensity G, (0) = (El(t)g(t))= Jpy

temporal coherence spatial coherence
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YDPI — Combination Effects
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