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DISCLAIMER

This is not a detailed description of Francois’s many contributions to the field of Long
Baseline Interferometry — Pierre Lena, Antoine Labeyrie, and a few others are much
better equipped to give such a presentation.

My presentation is a view of what Francois was up to as he turned his focus to long
baseline optical interferometry, how his strategic thinking and professional
connections led to the first implementation of fiber optics in the field, and how that
blazed the path for the use of today’s modern photonics devices.

| had the great fortune of working with Francois during this time, and to meet his
many colleagues, many of whom are in attendance today.



LONG BASELINE INTERFEROMETRY FOR THE NON-EXPERT
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SELECTED PAPERS BY FRANCOIS: UNDERSTANDING AND EXPLAINING
TURBULENCE EFFECTS IN ASTRONOMICAL IMAGING

Speckle interferometry through small multiple apertures. Opt. Comm.
Michelson stellar interferometer and aperture synthesis in optics
Defocusing effects in astronomical speckle interferometry Optics Comm.

Effects of atmosphere in stellar speckle interferometry (with JOSA
Claude Roddier)

A rotation shearing interferometer with phase-compensated J. Opt.
roof-prisms (with Claude Roddier and J. Demarcq)

Effects of atmospheric turbulence on the formation of visible and J. Opt.
infrared images

New trends in speckle interferometry Proc. SPIE

The effects of atmospheric turbulence in optical astronomy Progress in Optics
On the isoplanatic patch size in stellar speckle interferometry J. Opt.

On the origin of speckle boiling and its effects in stellar speckle  J. Opt.
interferometry (with J. M. Gilli and G. Lund)




SELECTED PAPERS BY FRANCOIS: ARCHITECTURES AND STRATEGIES
FOR LONG BASELINE INTERFEROMETRY

How to achieve diffraction limited resolution with large space Advances in Space Research
telescopes

Future possibilities of ground-based interferometry in the visible  Workshop on ESO's Very Large
(Cargese) Telescope

Long Baseline Michelson Interferometry with large ground-based Journal of Optics

telescopes operating at optical wavelengths.... I. and Il. (with

Pierre Lena)

Mechanical Vibration Constraints on a Long Baseline Michelson NOAO R&D Note
Interferometer

Pupil plane vs. image plane in Michelson stellar interferometry JOSAA

Imaging strategies for a space-borne interferometer ESA Workshop on Optical
Interferometry in Space (Granada)

Redundant vs. nonredundant beam recombination in an aperture JOSAA

synthesis with coherent optical arrays

Signal to Noise Ratios and Beam Combination ESO-NOAO Joint Workshop, Oracle
AZ

Passive vs. Active Methods in Optical Interferometry ESO Conference Workshop No. 29




Claude Froehly, Limoges

(date unknown)

ORIGINS OF FIBER LINKED INTERFEROMETERS

Three men on a boat, a story told to me by
Francois. .

Antoine Labeyrie, Francois Roddier, and
Claude Froehly sailed from Cannes to
Corsica on Labeyrie’s boat in 1980. Labeyrie
proposed using fiber optics to replace
conventional optics in an interferometer
beam combiner. Froehly thought through the
problem while navigating all night.

-
Francois Roddier, Cargese 1988
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A SprAacCE INTERFEROMETER CONCEPT

French physicist Pierre Connes, father of the Fourier Transform Sp_ectrometer, saw Froehly’s paper and, at the
invitation of Labeyrie, presented “A Fiber Linked: Version of Project Trio” (Connes, Froehly, Facq) at the 1984 ESO
Conference in Cargese. Addressed issues of coupling, guiding, path equalization, polarization. |

At about this time, Francois, Claude and family
emigrated to Tucson, Arizona, where Francois and
Claude worked in the Advanced Development
Program at NOAO on the University of Arizona
campus under Jacques Beckers. Francois and
Jacques shared a background in solar astronomy.

m kg "
o= |

Jacques Beckers

Pierre Connes




How | MET FrRANCOIS IN 1985
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EXPERIMENTS AND ANALYSIS AT NOAO
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Figure 2: Radio-telescope mounted array of small

Fig. 1. Experimental setup: (a) input and simple pinhole output; optical telescopes

(b) path-scanning output used to produce Fig. 2.
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Appl. Opt 1987 Workshop, Oracle, AZ, January 1987



FIRST MULTI-TELESCOPE IMAGING, FIRST 5-TELESCOPE BEAM

COMBINER

Fig. 3. Rear view of telescopes. Each telescope has its own tip-tilt
stage, translation stage (for phasing), and one SM fiber.

Fig. 4. (a) Negative print of object (“'satellite”) transparency. (b) Object smoothed by Gaussian
with FWHM = 1.6 arcsec. Contour levels are 10% steps from 0. (c) Reconstruction from five
telescopes, after self-calibration. The CLEANed map has been smoothed by the same Gaussian
as (b) (FWHM shown in hatched region). Contour levels are —10%, 0%, 10%,...,.90% of peak. (d)
Computer simulation of laboratory experiment. Nolseless amplitudes and closure phases sre
processed in the same sel-calibration loop as the laboratory data. This is the “ideal” experi-
mental result given the object and Fourier plane coverage.

Shaklan, Fiber Optic Beam Combiner
for Multi-Telescope Interferometry,
Opt. Eng. 1990

Fig. 1. Schematic of the beam combiner. A1-C2: input SM fibers from telescopes. PZT: Pie-
zoelectric transducer. Pivot: flexure hinge. The PZT and lever arm introduce optical path fluc-

tuations by stretching fibers; this provides temporal modulation of fringes. A-F: 50/50 direc-
tional couplers. 1-6: “internal” SM fibers. Stretcher: translation stage and base. DD-DF:
photomuiltiplier tubes. Dots: epoxy.

Photo from Shaklan Dissertation, UA 1989
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FLUOR FIBER LINKED UNIT FOR OPTICAL RECOI\/IBINATION
CoupE bU FORESTO ET AL 1990+

20%

Figure 2: principle of the triple coupler in JOR

EAST AUXILIARY

FROM
WEST AUXILIARY

This impartant breakthrough using fluoride-based fibers followed closely on the heels of our
laboratory tests. It brought into play the K band (2-2.5 um) and L band (3.4 — 4.1 um) where
turbulence is greatly reduced compared to the visible..

On-sky tests using a pair of auxiliary siderostats at the McMath telescope at Kitt Peak.

In use at the IOTA interferometer on Mt. Hopkins.

Later, implemented at CHARA.
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A BRIEF DETOUR: CARGESE MEETING ON DIFFRACTION-LIMITED IMAGING
wiTH VERY LARGE TELESCOPES, 1988. :

‘This illustrates how we designed interferometers before we all had desktop computers.

Francois and Yves Rabbia in Cargese, 1988 .. Chris Haniff and Hans Zinnecker in Cargese, 1988
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_TO COMPLETE THE STORY, WE BRING
LAUDE FROEHLY BACK INTO THE FINAL SCENE.

i METIERS =

Stuart SHAKLAN |
Un Américain a Limoges
pour réaliser

le plus grand

télescope du monde

i EIN jeune  Ameéricain,
./ Stuart Shaklan, est a
Limoges pour quinze mois. 1
s'intégre aux équipes de re-
cherches de I'l.R.C.0.M. pour
tenter de trouver un systéme
de liaison avec des fibres
optiques entre plusieurs té-
lescopes.

Stuart Shaklan arrive de
|'observatoire de Tucon dans
|'Arizona, ou il a passé sa
these le 14 juillet. Ce ne
pouvait étre qu'avec succes
pour cet amoureux de la
France.

« Si je suis ici, c'est parce
que j'ai envie de connaitre Ia
culture et... la nourriture
frangaises, mais aussi parce
que ['équipe optique de la
Faculté des Sciences est trés
intéressante. »

Stuart Shaklan, avec les
chercheurs de ['l.R.C.0.M,,
va tenter de trouver le moyen
de réunir plusieurs téles-

.copes - par des fibres opti-

ques. Il est, en effet, difficile

10 - « Le Populaire du Centre » — Mardi 24 octobre 1984

de réaliser des télescopes de
plus de dix metres de diame-
tre. Mais certains scientifi-
ques pensent qu’en en asso-
ciant plusieurs petits répartis
sur un vaste terrain, par
exemple d'un hectare, on
arrive a constituer un im-
mense télescope de cette
surface.

« Ici I'équipe est trés forte
en fibres optiques, estime
Stuart Shaklan, et jai déja
des pistes de recherches in-
téressantes. »

Cette venue a Limoges de
cet étudiant de I'université de
|'Arizona constitue une re-
connaissance des capacités
scientifiques du pdle optique
électronique et micro-ondes
de la Faculté des Sciences de
Limoges.

Stuart Shaklan est I'un des
dix boursiers de la « National
Sciences Foundation ». Une
preuve de plus de la cote des
équipes de I'l.LR.C.0.M. aux
U.S.A.
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I\/IODERN DAY INTEGRATED OprTics BEam COMBINERS
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[ Mortimer et al, BIFROST
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Off-axis arm

Panettier, Mourard, Monnier ¢
al, SPICA-FT integrate optic :
CHARA

PIC outputs

Fig. 1. Top: integrated optics chip including 20 two-beam combiners

written with different parameters. Bottom: dimensions of the chosen La”ement et al, PhOtOnIC Beam
(wo-beam combiner used in this paper and labeling of the waveguides. . '

The terms bar and cross are used to distinguish the output of the initially Com b| ner fOF SU ba ru, JATIS
cxcited waveguide from the cvanescently coupled arm output. 2023

Fig. 15 Latest wafer graphic design system view on Klayout software. It comprises test PICs with
simple functions to characterize fundamental properties of the waveguides, as well as isolated

Te p pe r et al , L & M Ba n d bea m CO m bi n e r 20 1 7 ;g:t;r:;i:;:rr:nons (asymmetric directional couplers and ABCD cells) and also two complete




CONCLUSION

Francois Roddier played a major role in analyzing long baseline
interferometer performance, deflnlng configurations and observation
strategies, and in the architectural approach to beam recombination. He
was an important link connecting classical interferometers to today’s
modern photonics. From his theoretical treatment, to the first
conversation between Labeyrie, Froehly, and himself, to our first
experiments in fiber-linked interferometers, his contributions have greatly
advanced the field and will continue to do so with future generations.
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