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* The image of a star is like a dot!
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e The image of a star is still like a dot!




Need for very large telescopes !!!




* H. Fizeau and E. Stephan (1868-1870):

“In terms of angular resolution, two small apertures distant of
B are equivalent to a single large aperture of diameter B”
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An introduction to optical/IR interferometry

1 Introduction

R=pz (1)
i A=2p ;2R
N
@ w
i
T[F:T[f/p2 (1.2)
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2 Reminders

2.1. Representation of an electromagnetic wave
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E=acos[2nt(vt -z/A)] c1y —

where A=c/v=cT. @12
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2.1. Representation of an electromagnetic wave
E=Re{aexp[i2zr(vt -z/A) ]|} .15

E = Re{ a exp[-i @] exp[i2Tvt]} (14
where e=2mz/A. (2.1.5)

E = a exp[-1 ¢ exp[i2nvt] (2.1.6)
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2.1. Representation of an electromagnetic wave

E = Aexp[i2rvt] @17

with A=a exp[-i (P] (2.1.8)

v ~ 6 104Hz for A = 5000 A
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2.1. Representation of an electromagnetic wave

2 R s
<E ) = ll_rDoE__" E at (2.1.9)
(Eb=a’l 2 M

| = A A*= [JA[B= a2. (2.1.11)
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2.2. The Huygens-Fresnel principle
‘ﬁ?;\
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(2.2.1)
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2.2. The Huygens-Fresnel principle
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2.2. The Huygens-Fresnel principle

1st experiment!
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3 Brief history of stellar diameter measurements
a) Galileo (1632) *
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3 Brief history of stellar diameter measurements

b) Newton:

Vo -V =-5log (z /g), @
A=2R;/z , (32)
A~210% (8 109). (3.3)

c) Fizeau-type interferometry
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4 Interferometry with two independent telescopes

a) Young'’s double hole experiment (24-11-1803)
2 X X
PRI - PRl =m @2
P, (B/2,0,0)

P(x,y,2)
g [~~~ T o — S
e=Xx/z=A/B i
v (4.6)

P, (-B/2,0,0)
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4 Interferometry with two independent telescopes

b) Fizeau ... the father
of stellar interferometry
(1868)
fA=>@2=A/(2B), @4

fringe disappearance!

Fringe visibility:

U= Imax_lmin
Imax-'_lmin
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4 Interferometry with two independent telescopes

b) Fizeau ... the father of stellar interferometry (1868 )

2nd experiment!




An introduction to optical/IR interferometry

4 Interferometry with two independent telescopes

b) Fizeau ... the father of stellar interferometry (1868 )

Stéphan, 1873
A <<0,16”
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Marseille 80 cm telescope
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4 Interferometry with two independent telescopes
b) Fizeau ... the father of stellar interferometry (1868 )
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4 Interferometry with two independent telescopes
b) Fizeau ... the father of stellar interferometry (1868 )

e Anderson

e Brown and & : ' e
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5 Light coherence

5.1 Quasi monochromatic light (waves and wave
groups)

B(A)

4000 6000 8000 A(A)
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5 Light coherence

5.1 Quasi monochromatic light (waves and wave
groups)
V+AvV

V(z1) = Ia vexp@2l(v't—z/A')dv' 61y

v-Av

=/ (t)VD(t) expiid1(vt-z/A)) exp(iZ‘I(vt.-.z/)\))
V(z,t) ZA(z,t)expli2\l (4~2/ A))

(5.1.3)

A(zt) = VT;(V') exp@201((v'-v)t —z@/ A'-1/ A)))dv' 614

v-Av
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5 Light coherence
5.1 Quasi monochromatic light (waves and wave

groups)
1/A\) i
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5 Light coherence

5.1 Quasi monochromatic light (waves and wave
groups)

Ay=2.2um
A €[2.07 ; 2.33]um
A A =0.13um

Time [s]
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5 Light coherence
5.2 Fringe visibility

g = Ns(t)vq(t» (5.2.1) Vq(t) =V, (t _th) V., (t _th)
(5.2.2)
P1+ Vy(0) g ?
S a
.I.l_
P V()
Vq D=V, *V.(t - T)(5.2.3) £ = t2q _th (5.2.4)
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5 Light coherence
5.2 Fringe visibility

|.=1 +1 +2] Rey,(7)} Y. 0=\, OV, t-1)/]

(5.2.5) (5.2.6)

ylz(r) = <A5(Z!t) AZ(Z;t - T)> EXp(—i 201 VT)/ I

(5.2.7)

It 71/ Av ¥, =|y1,(r=0) exp{ B,,~12M v7)

(5.2.8)
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5 Light coherence
5.2 Fringe visibility

| = | +] +2] \ ylz(O)\ cos(Blz—ZI'l VZ') e

U = Imax_lmin -
Imax-l_lmin

y,0 sz
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5 Light coherence

5.3 Spatial light coherence 2

: VACEDAVAO
27 ylZ(T =0) = <\/1 (t)V2(t)>/ |(5_3.1) < - (5.3.2)

V.0=>V,0

S =2d V,(t |, ?
forizl,l\lS P1+ 1() :
dS y
P2 V(1)

JﬁJO){iwivi; +M>}/|
i=1 i (5.3.3)



An introduction to optical/IR interferometry

5 Light coherence
5.3 Spatial light coherence

N

ACEIVAVAR S YT
=1 (5.3.3)

{vua) =lat-r./o/r Jexdiznve-r /of
V.0 =(a t-r./0/r Jexdiznv-r, /o)

V2OV,,0 =|a; (t=ri1/ C)

2
as long as: ‘ril_riz‘SC/AV:A IV EY

2
(r o1 exd-i2nv(y,,=r )/ cf ¢39

(5.3.6)
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5 Light coherence
5.3 Spatial light coherence

| (s)ds = ‘ai

(5.3.7)

Y, 0= r'(‘;’) exg~i2n(p, )/ Ajds/ | 539

Il Theorem of Zernicke-van Cittert !
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5 Light coherence

5.3 Spatial light coherence y
P, (X, Y, 0)
d 1
. Ny
P (X, Y, 2)
‘ P,(0, 0, 0)
-1 =[BR-PR|=|-(¢+Y2) /22 +(X{+Yn) (5.3.9)

where (=X'/Z and n=Y"/Z (5.3.10)
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5 Light coherence
5.3 Spatial light coherence

V., 0, X/AYIA) =exp |§0

(5.3.11)
1'4¢,n7) \(Z (5.3.12)
Sqtting: u—X/)L v =Y/A:
y,,Quv) =expi ¢ D[ 1'(¢.m)exd-i2n(ug +vp)dddr cai

' =] y,,Ouvexpig, ) expi 2N (Zu +nv)}d(u)d(v) (5.3.14)
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5.4 Fourier transform (cf. Léna 1996)
5.4.1 Definitions:

TF_f(9)=[ f(xe ~dx s
f(X) = j_‘: TF_f(s)@ ds, o
[ 1f Q[ 54
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5.4 Fourier transform (cf. Léna 1996)
5.4.1 Definitions: Generalisation:

TF_fw=[ fre"™dr = e
5.4.2 Some properties:
a) Linearity:
TF (af) =a TF f, a 0 0, a being a constant,

(5.4.5)

TF_(f+g) = TF_f + TF_g. (5.4.6)
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5.4 Fourier transform (cf. Léna 1996)
5.4.2 Some properties: b) Symmetry & parity:

f(x) = P(x) + I(x), (5.4.7)

TF_1(s)=2 J-: P(X) cos@rxs)dx — 2i Jj | (X)sin@/xs)dx. 648

Re f(s)
i

lllustration of TF_f(s): f(x) is
a real fonction. The real and
Imaginary parts of TF_f(s) are
shown.
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5.4 Fourier transform (cf. Léna 1996)
c) Similitude:

TF_(f(ax))(s) = |alt TF_(f(x))(s/a), (5.4.9)
where a [ [J, IS a constant.

d) Translation:
TF_(f(x - Q))(s) = e2™s TF_(f(x))(s)
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5.4 Fourier transform (cf. Léna 1996)
e) Derivation:

TE (df/dx)(s) = 2ims TF_f(s), TF_(d"fldx)(s) = (2iTs)"
TF_f(S) _ (5.4.11)

5.4.3 Some Important cases (one dimension):

a) Door function:

N(x)=1ifx O]-1/2, 1/2], (5.4.12)
=0 1f x O ]-00, -1/2] or x L [1/2, oo].
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5.4 Fourier transform (cf. Léna 1996)

fx)

The door function and E  sine s

Its Fourier transform U\
(cardinal sine) = ]- H_,_i/ —Sle—e
TF _ (M(x))(s) = sinc(s) = sin(1s) / T18. S 1)

TF_ (M(x/a))(s) = |a| sinc(as) = |a| sin(Tas) / Tas. 6419
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5.4 Fourier transform (cf. Léna 1996)
b) Dirac distribution:

6) (X) — Jf:o eZiIBXdS- (5.4.15)

its Fourier transform is thus unity (= 1) in the interval ]-co, ool.
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5 Light coherence
5.5 Aperture synthesis

sin(MBb/ Az)
NBb/ Az

U=

ylZ(O,B//])‘ -

(5.5.2)

[NBb/AZ' =Tl (5.5.3)

A~M\/B, foragssas

rectangular source. | | N /

A~ 1.22\/ B, for555
a circular source !
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5 Light coherence
5.5 Aperture synthesis

Exercises (...): point-like source?, double point-
like source with a flux ratio = 1?, gaussian-like
source?, uniform disk source?, ...



Case of a double point-like source with a flux ratic= 1

_Visibility function (green=imaginary)

Q 1 2 3 4
10k normalized resolvability (SIZE=1.0)
% HhE
= / \
L % \ / \
- "-\ .’fl \ .,. "\.\ =1
—0.5F \ k=
r \ /,e" \\.\ ; / B
=1.0¢0 ot -
0 1 2 3 4 S,

Spatial Frequency



Case of a double point-like source with a flux ratid.7/0.3

Visibility

05F

o=
o

I
o
¢y

_Visibility function (green=imaginary)

1 2 3 4 S
ized resolyqbility (SIZE=1.0)

1 2 3 4 8
Spatial Frequency




Variation of the fringe contrast as a function of theangular
separation between the two stars:




If the source is characterized by a uniform disk lightdistribution,
the corresponding visibility function is given by

U:[Imax_lminj:‘y (O)‘:TF(I)ZZ\]]_(]THUDB//])
Imax+ Imin 12 nHUDB/A
DL & !E
;5 Visibility function , Uniform disk, D=1
1.0F =
0.8 =
b u ]
= 0.6— —
2 - :
S 041 i
0.2 —]
0.0F \—MF:
0.0 | 0:5 - 1:0 - 1:5 | o 2:0 - 2.I5

Spatial Frequency




VDL'(B) =

SW Virginis

M7.3 111 semi-regular variable in 1996 & 1997
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{Alr d = (-6 cm [Biz: d = 08 am 0 = 1 cm
Al = 0-588, i,y =0 [pas] = 0380, fhyy = 0 [l = (148, By = D

Imax — Imin
-IITIHX + J]-rrnin

[e) = By iy SGTIRIC cos(}—\: g () with |C] =

&
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For the case of the Sun:
G,p=1.2214/B =1.220.55/B(u) =30’ x 60" / 206265
B(n) = 206265 x 1.22 x 0.55/ (30 x 60) = 76.9 u

du)=7.20r14.4u=>» 0=2.441/d=7.8 or3.9

See the masks!






First
fringes
for the
Sun:
9/4/2010
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OVLA Sun 2




ELSA PSF

ELSA

« 50u
. 14p




ELSA Sun 24




Interferometric observations
on 10/4/2010 of Procyon,
Mars and Saturn, using the
80cm telescope at Haute-
Provence Observatory and
adequate masks ...









Procyon
B=12 mm
d=2mm







Saturn
B=4mm
d=2mm




Saturn
B=12 mm
d=2mm
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=« 6 Some examples of optical interferometers

73



To Distant Source

Optical
Delay Line
(ODL,)

Image Plane

N

Optical
Delay Line
(ODL,)



First fringes with 12T




i beyrie, “Interference fringes obtained on Vega with two
optical felescopes,” Astrophys. J. L71-L75 (1975)
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6 Some examples of optical interferometers
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6 Some examples of optical interferometers

The Auxiliary Telescope Array on top of Paranal

VLTI Control Building

' Rail Network

Auxiliary Telescope

Observing Station [ilwith its built-in

Transporter

VLT Control Building

http:/www. &eos' utg.ac.be/HARI/
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7/ Some results

Star Spectral Luminosity Angular diameter
type class % 103 seconds of arc

x Boo K2 Giant 20

o Tau KS Giant 20

« Sco M1-M2Z  Super-giant 40

B Peg M2 Giant 21

o Cet Mbébe Giant 47

a Orj M1-M2 Super-giant 3447

variable ‘

Table 2.1. Stars measured with Michelson’s interferometer.
From Pease (1931).
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7/ Some results

Table 2. Dimmtires stelisives mesuris & 1'1YT

DIAMETRE  mesuné e LEMAPRIATURE EFFECTIVE DISTANCE
NOM SPECTRE AwBiEgm A w33 pm RO 1-&55% Lo=22um | BnDEEED
on k. e anoma. d'wes o deg st dagrds Kabvitt | {1 pc = 3,26 o)

o Cas KD Sdz0% F. F1 ] 4200 1 200 : Lyt

8 And MO 122213 HAL0S By 300+ 260 it 2343

+ Ang K34 88208 W 550 £ 250 15

o Par Filb L8204 Hxd 000 4+ 800 1266

o Lyy j Alln 1¥20% 6 + 45 000 3 B0 RO+ 100
aki ] KN 1A%t (33 4300 3 350 Wk

B Gem : KOHE TEELH $x2 4800 220 W

# Ui xdii ax1 Xxh 220 + 200 it
yrm ¥5Hi 87408 HIttd 4510 &300 1 230 okt A : g9 2}

B Qe i F JEE03 133 4530 x 220 : Wb

g Gimrg MHEE HELLE - B H o 95 § B+ 15

i Tl £5HE MTFah4 &7 3904 = 3 : N3

& Boag : K2ZH NE212 e FLT TS v 1l
£ ALra GHi 2012 1.743 A0 + 200 L 137408
o Aury e pH] AB%15 FRAE Y Ba50 + X0 137308

a Lyt ADY A0 r AT AN ! 5103
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6 Some examples of optical interferometers
Interferometry to-day is:

Very Large Telescope
Interferometer (VLTI)

e 4 x8.2m UTs
e4x1.8Mm ATS
e Max. Base: 200m




[EE




Cerro Paranal

Repiiblica de Chile
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« 6 Some examples of optical interferometers

17-28/4/2010
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6 Some examples of optical interferometers

Interferometry to-day is also:

The CHARA
Interferometer

e6 X 1m
telescopes
 Max. Base:
330m




X

150-foot solar tower

k. v

Exhibn Building - -, - M. Wilson Observatory
ne '-

Site Manager’s
Residence

60-inch telescope _ I N

AWATAW

Half-million-gallon water
tank in case of fire ~

N\
\
.\ \\

Light pipes fo
central facility
CHARA Beam
Synthesis Facility

Engineering Shop

CHARA Array of Georgia State University
9 CHARA facilities are indicated with a bold outline
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6 Some examples of optical interferometers

Interferometry to-day is also:

Palomar
Testbed
Interferometer
(PTI)

e 3 X40cm
telescopes

e Max. Base:
110m
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6 Some examples of optical interferometers

Interferometry to-day
IS also:

Keck
Interferometer

e 2 X10m
telescopes
e Base: 85m







Closure phases- what are these?

» Measure visibility phase®) on three
baselines simultaneously.

Atmospheric turbulence 7000

e Each Is perturbed from the true phase

Telescope 1

((p) N a particular manner: _—f_ Baselinel2 / .................

DL=@,t+e -5
q)23 — (ng + E:2 h E:3 Baseline 3-1
D, =@y teg-gg

Telescope 2

Baseline 2-3

e Construct the linear combination of these:
Dot Dot Dy =@+ Pogt @y R -
The error terms are antenna dependent — they vanish suthe

The source information is baseline dependent — it resnain
We still have to figure out how to use it!



Closure phase Is a peculiar linear combination of tae tr
Fourier phases:

— In fact, it is the argument of the product of thalilgies
on the baselines in question, hence the name tripldugot
(or bispectrum):

V12V o3Var = [Vig [Vagl [Vaq| exp(i2n [P+ P oat Do) = Tyog

— S0 we have to use the closure phases as additianstramts
In some nonlinear iterative inversion scheme.

17-28/4/2010 2010 VLTI school - Porguerolles
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6 Some examples of optical interferometers
Interferometry to-day Is also:

Nullin interferometry

 Measurement of « stellar leakage »
e Allow to resolve stars with a
a small size interferometer

I

Star o
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6 Some examples of optical interferometers

Interferometry to-day Is also:

Tipton sweep, mull =0.038

Time [g]

Time [s]
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6 Other examples of interferometers: ALMA
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6 Other examples of interferometers: DARWIN
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8 Three important theorems ... and some applications
8.1 The fundamental theorem
8.2 The convolution theorem

8.3 The Wiener-Khintchin theorem

Réf.. P. Léna; Astrophysique: méthodes physiques de
I'observation (Savoirs Actuels / CNRS Editions)
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8.1 The fundamental theorem

a(p,q) = TF_(Ax,y))(p.a),
a(p.a) = [ Al y) exel-i271{px+ ay Joxdy,

A

with
p = X/(Af)
q=y/(Af)
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8.1 The fundamental the

ne distribution of the comp

orem

ex amplitude a(p,q) in
ne Fourier transform of

ne distribution of the comp

T
the focal plane is given by t
t
the entrance pupil plane.

ex amplitude A(x,y) in
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8.1 The fundamental theorem
Application: Point Spread Function determination

CTAKY) = Ay Py(X.y), (8.1.1)

o, Poxy) =MN(x/a)M(y/a). (8.1.2)
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8.1 The fundamental theorem

al2 al2

a(p,a) =TF _[Axyl(p.a)= | [ Ajexd-i2m(px+ay)lddy  (8.1.3)

-al2 -al2

al2 al2

a(p,q) = A, j exf— i 27px|dx J' exf-i2my]dy (8.1.4)

-al2 -al2

a(p,q) = A a2 [sin(rpa) / (Tpa)] [sin(Tma) / (Tga)]. (8.1.5)

i(p.q) = a(p,q) a<{p.q) = [a(p.9)|* = [h(p,q)* =
=iy a* [sin(mpa) / (Mpa)]* [sin(Ta) / (Tga)]-. (8.1.6)



An introduction to optical/IR interferometry

8.1 The fundamental theorem
Application: Point Spread Function determination

Ap =Aq = AXI(M) = ByI(M) = 2/a> A, = Ag, = 2M/a (8.1.7)
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8.1 The fundamental theorem

Application: Point Spread Function de
h(p,a) = TF_(P(x,y))(p.q)

A R -

p 061/ R, (6 R,=0)

() = [a@)I? = (A, T2 [R2 2 X(Z,) / Z, -R22 3(Z) 1 Z)% (8.1.8)
with Z, = 2ntR, p’ / (Af) and Z = 2rtR, p’ / (M). (8.1.9)
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BESSEL FUNCTIONS (REMINDER)

Integral representation of the Bessel functions
1 (m . _1m .
J, = Z_TIO codxsin(9)jds J (x) = 7_7-‘-0 cogns - xsin(d)d

Undefined integral Graphs of t?eoﬂx) and J(x) functions

jx'\]o(x')dx':x\]l(x) o

Series development (x ~ 0):
Jo(X) = 1 - x2/22 + x4/(2242) - x®/(224262) + ...
J (X) = X/2 - x3/(224) + x5/(22426) - x"/(2°42628) +-1-
J.(X) = (2 / (x))Y2 cos(x - nTv2 - 104) ... and when x is large!




An introduction to optical/IR interferometry

8.1 The fundamental theorem: 2 telescope interferometer

Two coupled optical telescopes: simplified opticalesol (a). Distribution of the
complex amplitude for the case ofitwo circulargbpquare (c) apertures and
correspondina impulse response



An introduction to optical/IR interferometry

8.1 The fundamental theorem: 2 telescope interferometer

h (p.a) =TF(P(.Y)(p.a) = | . P (xy)exq-i2n{px+ay)lxdy  (8.1.10)

h (p.a) =TF(R,(x+D/2)+PR,(x-D/2))(p,q) =

TF(R(x+D/2))(p,q) +TF(R,(x-D/2))(p.q) =

exp(7D) TF (K, (x))(p,q) +expi /D) TF (R,(X))(p,q) = (8.1.11)
(exp(7D) +exp(i7D)) TF (R (x))(p,q) = o

2 cos(D) TF (K, (x))(p,a)

For the particular case of two square apertures:

o ., [(sin@md) [ singpd) ) (8.1.12)
l(p,Q)-‘h (IO,CI)‘ =4cos(mD)d E md j( d j




Dristant

: Source

4

M
II'.I'
i
¢ . Incident
‘ -"-I’J]ilsut'rc}ﬂtx
S s*B -
x
B
r
Aperture s
"Iil'l' "IR L“uu
! -
-
Delay E).c]uj.'
Line 1 Line 2
dl a2

Beam

Combination

A2
xl



=

Telescope 1 e lelescope 2

Nasmyth Focus e Nasmyth focus

atary
Coudé Focus AR | “I Coude Focus

Interferometry fringes




Delay lines at the VLTI

VLTI (Chili)




What do the VLTI telescope locations look like?

O - Unit Telescopes (1-4)

AT Rail Track
O - Auxiliary Telescope
Stations Beam Combination
Laboratory

Delay Line Tunnel

Ty

£ % Circle with
%, 4 200m diameter

'-l.._.-_,-'



@ Cross Track |
Unit Telescopes ] / { Instrumentation
| /" Laboratory

Delay Lines

mmi] ,,,,_ Long Track

1
1
1
5
s
£ F
4

1 2
L :
1 -

¥

]

-
H
£

VLTI Stations




How are those locations related to thhecoverage?

This is the uv-plane:

u

l

/ v
o © © o) 00 ©

% @
@
© Note: This is the uv-plane for an object at zenith.
In general, the projected baselines have to be used.




Examples of Fourier plane coverage

Dec -65

Dec -15

u (10% )



How does the uv plane coverage impact imaging?
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An introduction to optical/IR interferometry

8.2 The convolution theorem
f(x)0g(x) = (Tt 0g)(x) = jRn f(x=1t)g(t)dt

fix}» Rech. (%Aq) g {xjeRact D)
$ 4 fx-t} 4 @it}
£ % B |

“ase | sarr X b oy

Convolution product of two 1D rectangle functions.f&), B) g(x), C) g(t) and f(x-t);
the dashed area represents the integral of the groflf(x-t) and g(t) for the given x
offset, D) f(xI-0(x) = (fLg)(x) represents the previous integral as a function of



An introduction to optical/IR interferometry

8.2 The convolution theorem

e(p.q) = O(p.q) Ulh(p,q)|,

e(p,q) = ijO(r,s)‘h( p—r,g-9)| drds




An introduction to optical/IR interferometry

8.2 The convolution theorem

For the case of a point-like source:

O(p,q) = E o(p,q), (8.2.1)
[O(X) =0if x£0, 3(X) = if x =0 ] and (8.2.2)

e(p,q) = O(p,q) Ulh(p,q)|* = E &(p,q) U[h(p,q)|* = E [h(p,q)|* (8.2.3)



An introduction to optical/IR interferometry

8.2 The convolution theorem

More generally, since

TF (fOg) =TF_(f) TF _(9). (8.2.4)
We find, because

e(p,q) = O(p,q) Ulh(p,q)l° (8.2.5)
that:

TF_(e(p,q)) = TF_(O(p,q)) TF_(Ih(p.9)l?), (8.2.6)

and, finally,
O(p.q) = TF*[TF_(e(p,a)) / TF_(Ih(p,a)[?)]. (8.2.7)



An introduction to optical/IR interferometry

8.2 The convolution theorem

O(p,a) = \2E/ @) TT(pA /@ TN/ (8.2.8)
e(p,q) = O(p,q) Ulhy(p,q)|?.
e(p) = O(p) Uiho(P)I*, 2 (8.2.9)
e(p):2d2(/1/qp)@jp_*f’j(sm(nd)j co< (rD)dr (8.2.10)
p-@ nd
sin(rd))
p— j =~ Cte sur [p-@/2\, p+@/2]], et (8.2.11)

2 Sln d 2 p+@l/2A %)
e(p)=2( (/llqo)x/E( ﬁi)ﬁfj) )j ‘[p_wm cos (77D)dr . (8.2.12)



An introduction to optical/IR interferometry

8.2 The convolution theorem

e(p)zzof(s"n(’p d)j ot ccog w0, 8.2.13)
d

e&(p) = Zd{SIn(]gd)j BLO( p)dp+%0( P) DcostD)}
D (8.2.14)

e(p) = A{B% Re(O(p) DeprZmD))} , (8.2.15)

AzdeESIH(md)j et B:%IRO(p)dp; (8.2.16)
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8.2 The convolution theorem
e(p) = A{B+%R6([R0(r)exp(i 2ﬂ(p—r)D)dr)} , (8.2.17)
e(p) = A{B+%costD)TF _(O(r))(D)} , (8.2.18)

Y(D) = (&nax - €min) / (Gnaxt Emin); (8.2.19)

y(D) = TF_(O(r))(D) / (2B) = TF_(O(r))(D) JO(p) dp. (8.2.20)
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8.3 The Wiener-Khintchin theorem
The Wiener—Khinchin theorem states that the
power of a

IS the of the
corresponding function. In our case,
this theorem merely states that the Fourier tranform
of the PSF (see Eq. (8.2.7)) is the auto-correlation
function of the distribution of the complex amplitude
In the pupil plane :

)= [[ A6 y) A+ py+a)ixdy

TF(h(p,q)



