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l .  Opt ical  set-up

The opt ical  set-up is is schematical ly clescr ibed in Fig. l .  A distorted plane rvave isfocussed by a lens or a mirror L1, rv i th iocal length.f  ,  oo- i ts focal pt"n. F. f i " ; ; ; ; ; :[ure sensor consists of two image detectors. One cietect the i rradiance distr ibut ion inplane P1 at a distance I  before F. The <.r fher detect the i rradiance distr ibut ion in planePo at the same distance /  af ter f .  For the sake of symmetry, a second lens Lq of focql-length |  /2 is used in plane -F ro reimag.e l1 at a Ji . , r" f .  /  beyond .F. I t  is sho*,n thar, . .at  the geometr ical  approxima[ion, the di f lerence between the i rradiance distr ibut ions inplllu.t P1 and P"' is a measure of t,he local wavefront curvature and of the wavefronrradial  t i l t  at  the edge of the pupi l .

Figure I

2.  I rradiance distr ibut ion in plane p1

Let '  V(7) be the complex ampl i t i . rde of the incoming rvavefronf,  and p(r)  the pupi lt ransmission funct ion (equal  [o one inside the pupi l  and Iqu" l  to zero orrrs ide).  The com-plex ampl i tude ar rhe lens (or mirror)  our,put ls

.{o{7) : P(i)V(Ru*p -;o*'  -  \ .r  (1)
The complex ampl i tude di f f ra*ed in plane p1 is given by i f  ]

. { r ( l :P(4V(d.*p- io*-  -  L 72
'" \ . /  " , \ / : l )exPttr ly]1 {?)
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\1 'nere the convolut ion operator * descr ibes Fresnei di f i racrron over &E.xpressing Ihe convolutioo ,. uo iot.g*iut gi.,r.,

'{ r(7) : 

^b 
I P(T')v(7,).xp -in4u*p iolE)t 67,

|  +,  
At  '  I ( / - / )  - '

:, 
^fuexn'?rf; I 

pl,)v(rlu*n ;offi
X exp -2i7f :T:Ttt dv,r( / - , )  * '

oistance , f  - l

(s)

equal to

(6)

(.7)

convoiv-

(8)

The related imadiance distr ibut ion is rhe square of rhe
/r(4: la(nl,

I: 
F I IP(v')P(7"'){/(r')q/'(7,,,

X exP' "ffiu*n z;offidF'd','
cr,  changing var iable F/ inro f ,+V, Eq. (a) Lrecomes

1r(7) :  
- f  -  f "*o-;o F'r r r" :  

/ f  ' '  \ f7-r) t*Pz;of
x I p(vt)p7,+v)v7,)v(l'+v]exp _2r,r 

\ffi
3. Irradiance distr ibut ion in plane p2

,.." frn;o:i}i ' ' ,. 
amplitude Ar{4 diffracted in prane F is obtained by se*ins /

l+O
t /+ L r-rr(r-) : .f;exp ;,rfi [ r(r')V(F,)ex p _2ir!Z!47rtAJ , \ / . r -  t '  , ' t '  , '  

n,
or.  af ter t ransmission through lens lo,

l - t
r t  t -  L r  -.{.r( r ) : ;;exo _;n17/p(7,)v171u*p _2, o267,tAJ \1 . t ' , ' ,  

' -1,  xJ
The complex ampl i tud" Az(T) di f i ra*ed further over a disrance I  is obtained bvtng again rvi th the Fresnel l inr". t ioo ofrr"ro, 

'ance { ts obtained b-

lc(F) : A,p(TJ * *.*p ir#
rvhich gives after a few manipulat ions

-ac(d :,\ i, exp -i1-L/r1r.,;v1r-,;exp

X exp-:;"ffia/
a reraLron very s imirar to (3).  The rerated i r radiance distr ibut ion

I , (FJ :  I  
f .xp;o-E1 

"xp2io 
vT'  \s( /  - t lz  r  L^H '  / r  

r / (7_ter.  \U _t)

complex ampl i tude

dv,tv

{3)

(4)

. F'2
- t i f : - \ f  (f -u

ls  very srmi lar  to (5)

(e)
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i  10)

(11)

(5) or { t0)  rakes signi f icanr values
of pa, i .e.  when

v(r')

Since
have

V'lv'+Vl e exp -.OvO(v,)
ry I _ FV6(7'l|

Pq is much smal ler than t ,he enirance pupi l ,  under the

(12)

(13)

(14)

same condit ions, rve also

(  l5)
P(7')P(7,+V] x p(T1
Hence, Eq.(S) becomes

I , (v :  I  rexp -r ,  ,  ,7 '  ="xoz;o VT' \z( | _Uz r L^p -, ,, 
{l l|4 X(/ _/ )

x [p(i,)(, - *rr(r,)Jexp -z;o -lEt-dF,dy' (16)
Tht second intesral iu Eq. (10) is given by t,he Fourier rransform of p(7,)
[ ' -  ovo(r t ' ) )  *ni .n beeomes negr ig ibry smai l  ar  f requencies rarger than r /psHencetLi, iot.grul t"kJs signif icant values onlv for

tVl .- r
xl g -r) = po oF, 1d q x/(/-t)

-  I  po (17)

:ili:'"t'!Tj;ilillt;* 
t" (tt), the quadraric phase in the firsr inresrar becomes yery

; ;7 '  
-< 

Ul / ; / )<<,
\ l ( l - t l '  tp i

x I P(T.)r(7.,+DV(r')V(F,+Z)exp ! . [vTltnyffidF'dz

3. The geometr ical  opt ics approximation
Let pg be the corr.elat ion length of t ,he complex ampl i tude disturbance of the incom-tng rvavefront' Phvsically, wavefrJnt fluctu.ations-cf 

"."r. 13. difiiacilil;o-u., uo uogr.\f ps and produce on.pran" p1 u utu.-orrir. i l ] l  q"i;; 'Thi, bru, musr be srna, com-
ifi:l liil;'ruL*: ofluctuations 

we want ro measure which is ps scared down by a

Y+..+ or, -V140<<rpo I  lpo
We assume that this condit ion is met in the fol lowing.

The contr ibut ion.to the integral  over i ,  in Eqsonlv when \f (l - 'r l/tpf is rargerih"o o, of rhe order
6l<\f (f -tl

pol

when condition (ll) is mer rhis occurs 
1:.:_r4spo,. 

hence the produ* v(7.,)v(7',+flin. Eqs (5) and irol 
".o 

b.-;;;.; by an approximare _expression varid onry when
FII*rI'."il:;: o"'. pha"e iisturb"o.., aud' c ar rine a1 r-1- t:n. nli.' Ji'in. incoming

{/(7')V'(v,+V): exp -;(O{r,+m _ dF,))
or, for Fl{{po,
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i t-  and can be neglected, y ie ld ing

I t - l -/ r (F) :  
-# - fexp:;nE_
^-1t  

_t)-  "  
^( /_/)

i .e.  the i l luminat ion is uniform overt imes the entrance pupi l  br ightne;
(19) sives

r(v): U /t)zPeF/r)

(20)

a reduced size pupil  , ima.Sg.. 
with bright ness (f / l)zas expe*ed from geometiical optics.'simitr.jv,ni.

I  O.) \

x /P(i') [t - tol(,']Jexp -zi,1#rtdv,dr
Simi lar ly,  Eq. (10) gives

Iz, (v) :+ fexpzir  VT' Xz(f -l)2 t L^P &"' 
\F

x IP("') [r - 
"o/(r',)Jexp 

2i.ffidr,fi (re)
The approximation we have made is called the geometricar approximation since it yierds
il::l;f;i,:1[f[it 

geomeurical optics' It was ;;;;;;;iser in his earry rheory or ster-

4. The senaor aignal
When rhe incoming wavefront is a plane wave (/_0), Eq, (tg) gives

'I{7'l : 
I r"xp2io-E.-,pf,.,)exp 

z;o FT'\21y -1'y r w^P " " 6ryt1 r/ U _tldv,@
: U /r)zPur/t)

(21 )describing an inverted but otherwise ident icar pupir  image..when the incoming beam islJilill',i,lHhHT,Hitt(;]";"l;". F, 
-'',-"""ur;X. 

(18) is rhe sum,i tr,, above
A/r( f l : *  fuxpz;tr f i=' \z(l  _t)z t v^y..,,  

{FIi-
xV. I p(v,)V/(F')ex p _2irJv, dv,fi

Changing y' into

v" : \f (I,-tl -,

Iexpz;rlt

(18)

glves

l /r( ') :

NF

x t. I P (v,)V/(F')ex P _2 i rfft dfldi,-
( 23)
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t/r(F) : ifLr-1r r' 2tr,#o lavlqvd(tr/\l
:  _\ f tu l l  I  a r ,  _, . \  l

zrtf l*owtt)6, + vz6(fr/t)J 
,rn,

;i"i;Ji";i:':::lii;i.,,::;miT,i:Tl',11,:i*."!"d the pupir edge rhe deriva,ive
..," ?,1T,iilll;flr$?,*'iilT','i;, j'i1f:1f*ir in prane pz *a sum or a uni-
A/rF) :  Ut( t - ,u I  i  t t  H,r \^ I--r\' , - zi'* l*oentt)6, + vr't_fr/r)l (2s)
we take as the sensor sisnal ̂9(7) the 

*{.::"::, 
Ir(1-!l\:nberween the iiluminabionsin planes P1 and p2 normarir.d *itn r1F) or, using Eqs 1io7,1z+]aud (25)

s(4: a&(F)-arr(-7)

_I

[*^u,t)6, +v,ovr/rtfJrl (27)

n i'JlJ:"J'.::il lil ;'d)l;-ji;::* xlljf::l:_.urvarure v"6 oothe pup' and:n,T'iiT::,''lrlJl!'",r,rj"*:1* j.1?:FIJ!?,,J,1il:':i:J'3#,:lj'l:lli,l:tr e r r i e v a I b v so r v i n g t h e p o i slon ; ; ";" ;?; ;l' : ['. "# t""X #:;' .."""T i,,:n '
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