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




Need for very large telescopes !!!




e 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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Convolution theorem
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Wiermner Kitchen theorem




An introduction to optical/IR interferometry

1 Introduction

2 Reminders

3 Brief history of stellar diameter measurements
4 Interferometry with two independent telescopes
5 Light coherence (Zernicke-van Cittert theorem)
6 Examples of optical interferometers

/ Results

8 Three important theorems (Fundamental theorem,
Convolution theorem and Wiener-Khintchin
theorem)!
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1 Introduction




An introduction to optical/IR interferometry

1 Introduction

P =R /z (1.1)
A=2p L 2R
w
F=1/ p2 (1.2)

Te=Flo)=(E/opH* 5



An introduction to optical/IR interferometry

2 Reminders

2.1. Representation of an electromagnetic wave

§<—>§T= 1/v
4'
E
o LV..
E=acos[2n (vt -z/N)] iy < A

where A=cT=c/v. e



An introduction to optical/IR interferometry
2.1. Representation of an electromagnetic wave
E=Re{aexpli2zn(vt -z/N) ]} .15

E = Re{ a exp[-i ¢] exp[i2nvi]} .14
where db=2nz/ A @

E = a expl[-i (I)] exp[i2mvi] (2.1.6)



An introduction to optical/IR interferometry

2.1. Representation of an electromagnetic wave

E=Aexp[i2nvt] @1

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

v ~6 104 Hz for A = 5000 A



An introduction to optical/IR interferometry

2.1. Representation of an electromagnetic wave

<E > = lim — fE dt (2.1.9)

r= T
<E2> = a2/ 2 (2.1.10)

[=AA*=|A|2=a2. @11
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2.2. The Huygens-Fresnel principle

c=244)\/d

(2.2.1)
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2.3. Atmospheric turbulences
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An introduction to optical/IR interferometry

= 2.3. Atmospheric turbulences

Fried parameter: r,
Coherence time (Greenwood time) : t, = 0,314 1,/v

Seeing : f =098 A /1,

21



An introduction to optical/IR interferometry

2.3. Atmospheric turbulences

Speckles
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An introduction to optical/IR interferometry

2.2. The Huygens-Fresnel principle

I st experiment!
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3 Brief history of stellar diameter measurements

a) Galileo (1632) v

A=2p=D/z
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3 Brief history of stellar diameter measurements
b) Newton:
Vg -V =-5log (z /zg), @6

A=2Rgy /z . (62

A~2103"" (81073 7). (3.3)

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

a) Young’ s double hole experiment (24-11-1803)

2, A X

[PP,| - |PP,| =n\ @b
P, (B/2,0,0) .

3 s e — S
B d=x/z=A/B :
(4.6) |
P, (-B/2,0,0) L& |
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4 Interferometry with two independent telescopes

b) Fizeau ... the father
of stellar interferometry

(1868)
IfA=¢2=N/(2B), @

fringe disappearance!

Fringe visibility:

Imax _Imin
U =
Imax + Imin
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4 Interferometry with two independent telescopes

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

2nd experiment!
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4 Interferometry with two independent telescopes

b) Fizeau ... the father of stellar interferometry (1868)
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Stephan, 1873
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An introduction to optical/IR interferometry

Marselille 80 cm telescope







An introduction to optical/IR interferometry

4 Interferometry with two independent telescopes
b) Fizeau ... the father of stellar interferometry (1868)

» Michelson, 1890 (satellites
of Jupiter)

» Michelson and Pease (1920)
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4 Interferometry with two independent telescopes
b) Fizeau ... the father of stellar interferometry (1868)
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An introduction to optical/IR interferometry

o Light coherence

5.1 Quasi monochromatic light (waves and wave
groups)
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An introduction to optical/IR interferometry

o Light coherence

5.1 Quasi monochromatic light (waves and wave
groups)

=) O @) 10
v+Av

V(z,t) = fa v exp(2I1(V't =z /ANdY' 5.1
v-Av

exp(-RI1(vt-z/N)) exp(12I1(vt-z/\))

(5.1.3)

A(z,t f a(V" ) exp(2II((v'=v)t = z(1/ A'=1/ A)))dv' 614

v-Av



An introduction to optical/IR interferometry

o Light coherence

5.1 Quasi monochromatic light (waves and wave
groups)
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An introduction to optical/IR interferometry

o Light coherence

5.1 Quasi monochromatic light (waves and wave
groups)

Ao = 2.2um . ﬁﬂﬂh ¥
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An introduction to optical/IR interferometry

5 Light coherence
5.2 Fringe visibility

L=V OV 0,

P,

Vq () = V1 (t )+ Vz (t . t)(5.2.3)

Vi(®)

Vq(t) =V (¢ _th) +V,(t _t2q)

(5.2.2)

£

-+

V(1)

r= t2q - th (5.2.4)
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o Light coherence
5.2 Fringe visibility

[,=]+] +2] Relp,®} 7, @=0F,0-0)/]

(5.2.5) (5.2.6)

Y, (0= (4, (z.0) 4,(z,t = 7)) exp(—i2[Ivz)/ |

(5.2.7)

It {(1/Av Y, @ = ‘)/12 (7:=O)‘ exp(i B,,—i211vT)

(5.2.8)
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5 Light coherence
5.2 Fringe visibility

I[,=1+1 +2] ‘)/12(0)‘005(/312 y 2HV1:) .

]max _]min
U= (1 Y )= }/12(0)‘ (5.2.10)

max mim



