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Abstract

Y oung s interferograms with high visibility reveals a high degree o f  spatial coherence o f first order. But, spatially partial 
coherence o f second order can be observed when it interferes itself through a compensated M ichelson s interferometer attached 
a t the exit o f the Young s slit pair. We show that the patterns a t the exit o f the Michelson s interferometer are Y oung s 
interferograms with modulation fringes, which allow an estim ation of the degree of the high order spatial coherence. ©  1998 
Elsevier Science Ltd. All rights reserved.
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1. Fundamentals

Fig. 1 shows the experimental setup. A pair of 
Young’s slits, o f width a along the x axis, length 
I » a  along the y axis and separation b>a, is illumi
nated by art H e N e laser. The mirrors M l and M2 
of a compensated Michelson’s interferometer reflect 
the Young’s interference pattern it produces. The 
reflected patterns will be superimposed at the CCD  
sensor, which is attached at the exit o f the 
Michelson’s interferometer.

The reflected patterns can interfere depending on the 
tilting angle (f>, which introduces a relative lateral shift 
between the patterns. This interference allows us to 
analyse the coherence patch of the optical field [1]. 
Indeed, it will produce a modulation of the Young’s 
pattern whose fringe orientation, period and visibility 
depend on this lateral shift and on the structure of the 
coherence patch of the optical field. * 1 2 * 1 2
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Ij(x,y) is the intensity distribution o f the pattern from 
the mirror j  ( j  = 1, 2); (X, Y) is the relative lateral shift 
between the patterns reflected by the two mirrors and 
W<d(x ,y;X, Y) = Re|^(x -  X,y -  Y)£[(x,y)E2(x -  X, 
y   Y)\, where Re denotes the real part; 
n(x   X,y — Y) — |/z(x  X,y   Y)\eiaxr is the complex 
degree o f spatial coherence o f the optical field, 
with 0 <  |/i(x  X,y  y)| <  1, m(x x ) = 1 and 
aXy = olXy(x  — X,y — Y); E /x,y) is the amplitude distri-
bution o f the pattern from the mirror j ,  and the aster
isk denotes complex conjugate.

So, the visibility of such an interferogram [1] 
will be given by V = [2 jI\(x ,y )J I2(x -  X,y -  Y)]/ 
[7i(x,^) + I2(x -  X,y -  Y)]\n(x -  X,y -  7)1  Thus, for 
Ii(x,y) ~  I2(x — X,y — Y), V  will be large inside the 
coherence patch of the optical field and will be small 
or zero outside of it.
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The intensity distribution of the interferogram at the 
exit and of a Michelson’s interferometer when the opti
cal field is spatially partial coherent [1] is given by
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Fig. 1. Experimental setup to obtain an interference pattern from a 
Young s interferogram.

A c co rd in g  to  th e  ex p erim en ta l se tu p , le t us 
a ssu m e  th a t  Ij(x,y) rep re sen ts  a  Y o u n g s p a tte rn  o f  
h ig h  v isib ility , w h ich  is d u e  to  a  h ig h  degree  o f  
first o rd e r sp a tia l coheren ce  o f  th e  o p tic a l field. 
T h ere fo re , th e  v isib ility  o f  th e  m o d u la tio n  a t  th e  
ex it o f  th e  M ich e lso n s in te rfe ro m e te r  w ill reveal a 
sp a tia lly  p a r t ia l  co herence  o f  seco n d  o rd e r , d u e  th e  
p a r t ia l  c o rre la tio n  betw een  p a irs  o f  co rre sp o n d in g  
ra d ia to r s  a t  th e  in te rfe ro m e te r  m irro rs  M l  a n d  
M 2.

T a k in g  in to  a c c o u n t th a t  k   2n/X, w ith  X th e  
w av e len g th  a n d  L  th e  o p tic a l p a th  len g th  in to  
th e  co m p en sa ted  M ich e lso n s in te rfe ro m e te r [2], we 
h av e

(2 a)

(2 b)

F o r  X   Y   0 E qs. (1) a n d  (2 a ) (c ) yield 
I{x,y)   4 | E0 12 {sin[(A:<2 /  L)x ] /  {ka /  L )x } 2 {sin[(A7 /  L)y\ /

Fig. 2. (a) Young s interferograms outside o f  the coherence patch of  
the optical field, (b) A  vertical profile in (a).
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Fig. 3. (a) Young s interferograms partially located inside o f  the 
coherence patch o f the optical field, (b) A vertical profile in (a).

(kl/L)y}2 cos2[(kb/L)x], w h ich  exh ib its  th e  sam e s tru c
tu re  as an  in d iv id u a l Y o u n g  p a tte rn  w ith o u t m o d u
la tio n , an d  allow s us to  ca lib ra te  th e  M iche lson  
in te rfe ro m e te r. T he m o d u la tio n  fringes o n  th e  Y o u n g  
p a t te rn  w ill be m ain ly  described  b y  th e  first cosine 
te rm  in  p a ren th eses  in  exp ression  (3), w h ich  is 
o b ta in e d  fro m  E q. (2c), by  ap p ly in g  the  tr ig o n o m e tr ic  
id en tity  fo r th e  p ro d u c t o f  cosine  fu n c tio n s [1 3], i.e.

( 3 )

I f  X  < (XL/b) exp ression  (3) a p p ro a c h e s  to  |/r(x  X, 
y  T ) |c o s  aXy{cos2[(kb/L)x] + (kb/ 2L ) X sin[(2kb/L)x]}. 
T h e  coefficient o f  th e  seco n d  te rm  in to  th e  p a ren th es is  
w ill be  sm aller th a n  1, so  th a t  th e  sinus fu n c tio n  can  
be  co n sid ered  as a  p e r tu rb a t io n  o f  th e  cosine sq u ared . 
In  o th e r  w ords, th e  p ro file  o f  th e  m o d u la tio n  fringes 
(w hen  th ey  a p p e a r)  w ill be essen tia lly  the  cosine  
sq u a red  function .

Fig. 4. (a) Superimposed Young s interferograms, completely located 
inside o f the coherence patch o f  the optical field, (b) A vertical pro
file in (a).
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Fig. 5. Superimposed Young s interferograms with (a) left and (b) right horizontal shifts. The histograms o f their vertical profiles are similar as 
in Fig. 4b.

2. E xperim en ta l resu lts

F ig u res  2 5  show  th e  p o r t io n  o f  th e  d iffrac tio n  cen
tra l p e a k  o f  th e  Y o u n g s p a tte rn s  a t  th e  ex it o f  th e  
M ich e lso n s in te rfe ro m e te r. T h e  size o f  th e  coh eren ce  
p a tc h  o f  th e  o p tica l field is o f  th e  o rd e r  o f  th e  a re a  o f  
th o se  d iffrac tio n  p eak s , i.e.  X,y   Y)| >■ 1 inside  
th em .

In  F ig . 2 a  th e  Y  sh ift is g re a te r  th a n  th e  size o f  th e  
co h eren ce  p a tc h  a lo n g  th is  axis. A s a  co n seq u en ce ,
|n(x  X ,y   T)| »■ 0. In d eed , th e re  is a  low  in ten s ity  
m o d u la tio n  b e tw een  th e  su p e rim p o sed  p a tte rn s  a n d  a n  
ab sen ce  o f  m o d u la tio n  in to  th e  Y o u n g ’s lobes 
(F ig . 2b).

T h e  sq u a re  cosine like  m o d u la tio n  in  th is  reg io n  
increases sign ifican tly  w h en  th e  Y  sh ift becom es 
sm alle r, b u t  th e  lack  o f  v is ib ility  is even a p p a re n t in  
th e  Y o u n g ’s lobes (F ig . 3a a n d  b).

T h e  h igh  v isib ility  o f  th e  sq u a re  cosine like m o d u
la tio n , i.e. |//(x   X,y   y )| 1, w ill be  a p p a re n t in side  
th e  w ho le  Y o u n g s lobes a s  Y  ► 0 (F ig . 4 a  a n d  b ).

In  F ig . 5a a n d  b  th e  Y  sh ift is neglig ib le  b u t  n o t  th e  
X  sh ift. A fte r  a  sh ift o f  a b o u t  tw o  o rd e rs  o f  th e  
Y o u n g ’s p a tte rn , i.e. X m lX L /b ,  th e  ex p ressio n  (3) 
a p p ro a c h e s  to  cos2([kb/L)x + otXr]  T h u s , th e  m o d u
la tio n  fringes a re  o f  h igh  v is ib ility  (sq u a re  cosine like) 
a n d  covers th e  w ho le  Y o u n g ’s lobes. I t  is a lso  in te re s t
ing  to  observe  th e  ch an g e  in  th e  o r ie n ta tio n  o f  the  
m o d u la tio n  fringes, w h ich  is essen tia lly  re la ted  to  th e

ch an g e  o f  sign  in  th e  coheren ce  p h a se  aXY w hen  th e  
p a t te rn  sh ift goes fro m  th e  le ft to  th e  r ig h t.

3 . C onclusions

S p a tia l co h eren ce  o f  seco n d  o rd e r  c an  be  an a ly sed  if  
a  Y o u n g s p a tte rn  in te rfe res  itse lf  th ro u g h  a  c o m p en
sa te d  M ich e lso n  in te rfe ro m e te r. M o d u la tio n  fringes on  
th e  Y o u n g s p a tte rn  c a n  be  o b se rv ed  a t  th e  ex it o f  th is  
device , w hose  v is ib ility  p ro v id e s  a n  e s tim a tio n  o f  th e  
deg ree  o f  th e  h igh  o rd e r  sp a tia l coherence .
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