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Sample image Fresnel diffraction

Is there a bright spot in the shadow of an opaque disk?
Nearly 200 years ago, Augustin Fresnel and Francois
Arago’s remarkable answer to this question validated

the wave theory of light and inaugurated the modern
theories of diffraction. Today, their renowned experiment
can be easily reproduced using lasers and cameras.

Far beyond its historical interest, the experiment is a versatile platform to illustrate the main
concepts of optical physics, including diffraction, interference, speckle, and Fourier optics.
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At the beginning of the 19" centu-
ry, Newton’s corpuscular theory of
light was hard pressed to explain
Thomas Young’s observations of in-
terference fringes by light passing
through double slits. Consequently,
in 1818, the French Academy of
Sciences launched a contest to
reward an improved understanding
of the properties of light. Augustin
Fresnel authored one of two re-
ports submitted to the Academy of
Sciences [1]. Fresnel’s essay notably
developed a means to describe light
diffraction using a wave theory of
light based on Huygen’s principal.
The prize committee was principally
composed of arenowned generation

of scientists who favoured Newton’s
particle theory. Amongst their ranks
was Siméon Poisson who thought he
had debunked Fresnel's theory when
he remarked that it predicts a bright

www.spectros.ch

spot at the centre of the shadow of
an opaque disk, which he held to
be clearly false [3]. Fresnel realized
however that shadows in every-
day life generally lack the spatial
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coherence and geometry required Figure 1. path, held by two clips (Thorlabs

for such an observation. Fresnel,
together with the committee pre-
sident, Francois Arago, put Poisson’s
prediction to the test, and Arago an-
nounced to the world that there is
indeed a bright spot in the shadow
of adisk! Itis difficult for scientific re-
volutions to be hailed overnight, and
when the French Academy awarded
Fresnel its prize in 1819, the official
report highlighted the accuracy of
the agreement between theory and
experiment, while the word “wave”
was mentioned only once. Fresnel’s
wave theory was almost immediately
included in curriculums however,
and its successes were of such ma-
gnitude that within only a few short
years, the notion of light as particle
emissions was relegated to the realm
of historical anecdote until its spec-
tacular revival by Einstein nearly a
century later. Fresnel’s prize mar-
ked only the beginning of the phy-
sical optics adventure, and several
decades of discovery, mathematics
and scientific revolution had to pass
before Fresnel’s intuitions and hy-
potheses were all firmly vindicated.
In modern times, Fresnel's theory of
light diffraction is now understood
as an approximation to more com-
plete theories, but its practicality is
such that its use is still widespread.
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Experimental demonstration setup (A), with
its different operation modes forimaging the
sample (B), direct Fresnel diffraction (C) and
Fraunhofer diffraction (D).

Now, more than 200 years later, using
lasers and cameras, we can easily re-
produce this historical experiment
which played such a crucial role in
our understanding of the properties
of light.

This modernized version of the
Fresnel-Arago experiment is built
on a 120 x 30 cm® breadboard for
ease in handling (Fig. 1A). The light
source is a 0.8 mW compact HeNe
laser at 632.8 nm, whose output is
further attenuated, by a neutral
density filter, down to 0.2 mW. This
power provides adequate visualiza-
tion of the light beam while being low
enough to ensure correct eye safety
without requiring any specific laser
safety equipment for the teacher or
the students.

The laser beam is laterally ex-
panded 16x using a telescope made
of two lenses in order to reach abeam
diameter of around 10 mm enabling
correct visualization. The sample is
placed directly on the laser beam

FH2) which provide a versatile ap-
proach to move the sample during
the live demonstrations. The came-
ra is a USB-powered monochrome
CMOS device (Thorlabs DCC1545M)
whose sensor is placed in the light
beam with no further optics. In or-
der to operate under ordinary light
conditions, the camera is equipped
with a 610 nm long pass color filter
to block most of the visible light from
the room while transmitting the red
laser light.

Fresnel diffraction by the sample
object at finite distance is viewed di-
rectly on the camera (Fig. 1C). A sup-
plementary biconvex lens of 200 mm
focal length on a flippable mount can
be used to image the sample on the
camera (Fig. 1B). Additionally, ano-
ther lens can be added to observe
large distance Fraunhofer diffrac-
tion patterns (Fig. 1D). In this latter
case, thelensis positioned so that the
camera lies in the image focal plane
of the lens. We used a 750 mm focal
length, again on a 90° flip lens mount
to allow inserting and removing
the lens so as not to require optical
alignment during demonstrations.
Further details about the optical se-
tups, including complete references
of the components used can be found
in Ref. [2].



PIONEERING EXPERIMENT

Fresnel, together with the committee president,
Francois Arago, put Poisson’s prediction to the test,
and Arago announced to the world that there is indeed
a bright spot in the shadow of a disk!

EXPERIMENTS

TO BE PERFORMED

The demonstration setup allows to vi-
sually demonstrate major concepts of
physical optics: diffraction, interfe-
rences, speckle, Fourier optics... Table 1
summarizes the main experiments that
can be performed. Online videos on the
Youtube channel of Institut Fresnel [3]
show some examples of experiments re-
corded live. A principal common feature
is to frequently switch from directly vi-
sualizing the sample (using the imaging
lens, Fig. 1B) to observing the diffraction
shadow (removing the imaginglens to be
in Fresnel diffraction conditions, see Fig.
1C). Below, we briefly describe the diffe-
rent experiments and the sample pre-
paration, focusing on simple methods

Table 1.

that anyone can reproduce without spe-
cific tools.

The Fresnel-Arago diffraction experi-
ment aims at observing the central bright
spot in the shadow of an opaque disk. To
fabricate the opaque disks, we deposited
small dots of water-soluble black paint
on a clean microscope glass slide using a
thin brush or the tip of a needle. It takes
a bit of trial and error to find the right
consistency of the water-diluted black
paint (paint for model making works
well), but once the right consistency
is achieved, nearly circular droplets of
diameters from 0.5 to 2 mm are readily
obtained. For the experiments, diffe-
rent disk diameters can be compared,
showing that larger disks produce smal-
ler Fresnel-Arago spots. Putting the disk

Demonstration experiments and main concepts illustrated with this setup.
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Diffraction by a disk: This demonstration reproduces the historical

Fresnel-Arago spot Fresnel-Arago experiment and explores the shadow
of an opaque disk, answering the question: is there
light in the center of a shadow from a black disk?

Absolute

Diffraction by a hole:
the Airy disk

What is the shadow of a single hole milled in an
opaque screen? The most studied case of diffraction
isillustrated here experimentally using simple
optical elements.

with \/\/@\/ 2
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Young’s double
slits interferences

Can adding light to light create shadow? This
demonstration shows that this can indeed be the
case, reproducing Young’s historical double slit
interferences experiment, which is now the most
studied interference configuration.

Random interferences
and Speckle

What is the shadow of multiple scatterers
illuminated by a coherent laser beam? This
demonstration illustrates the principle of speckle 2 2 HH
formation by multiple random interferences. MUItI pu p“ capabllltles
Strioscopy and Fourier optics ~ Mastering optics allows you to filter animage even
before it reaches the camera! This demonstration
illustrates the principle of strioscopy, which is a

specific application of Fourier optics.

Windows 7/10
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Fabricated sample Sample image Fresnel diffraction scatterer) then translating the sample
' to increase the sample-camera dis-
tance, the shadows of each scatterer

Fresnel-Arago

experiment . . .
progressively interfere until a com-
Diffraction plete random interference pattern
by a disk . .
(speckle) is obtained.
For the strioscopy experiment, the
sample is a prepared microscope slide
Airy disk (slice of rat intestine in our case). The
image is formed on the camera, then
Eiﬁraaﬁgfl’; (keeping the imaging lens) a black
¥ disk (the same as for Fresnel-Arago
experiment) is inserted in the lens
back focal plane (200 mm away from
Young’s the lens) to block the ballistic trans-
double slit mitted light and filter high spatial

frequencies. As a consequence, the
image contrast is inverted, and fine
details stand out more prominently.
This illustration of Fourier optics de-

Interferences

i

sample on a rail and moving it away Figure 2. monstrates how image formation is
from the camera gives nice results. Examples of samples and experimental resultsfor  affected by the optical system, without
This simple experiment allows one three selected demonstrations. involving computer processing.

to travel through disk’s shadow and
observe the growth of the Fresnel

diffraction pattern. way, with an interslit distance below 1 The reproduction of a famous ex-
The same setup allows one to vi-  mm. This experiment illustrates how periment of the early 19" century
sualize the diffraction by a single interferencesleadto some regionsha- turns out to be a rich and versatile
hole; by far the most studied exa-  vingincreased lightintensity whilein platform to illustrate and demons-
mple of diffraction. To fabricate othersit falls to nearly zero. Students trate the main concepts of optical
this sample, a thin plastic sheet was  can also see how changing the dis- physics. Diffraction, interferences,
painted in black to make an opaque  tance between slits affects the inter- speckle, image formation, Fourier
screen. Circular holes of diameters  fringe separation: narrower inter-slit optics and strioscopy can be shown
from 0.5 to 2 mm were then drilled  distances yielding larger separation in a didactic manner. Using modern
manually using drill bits bought at  between fringes. optical elements, building this sys-
a local hardware store. The effect of Supplementary experiments in- tem and performing these experi-
different hole diameters on the dif-  volve speckle formation and ran- ments is nowadays quite easy [2].
fraction pattern can be illustrated. = dom interferences. Here, the sample Additionally, short videos illustrating
The Airy diffraction patternisreadily ~ consists of butterfly scales randomly the experiments described here can
visible, and is important to discuss  deposited on a glass microscope slide, be found on the Youtube channel of
the resolution in optical microscopy.  although virtually any multiple scat- Institut Fresnel. With a supplemen-
By moving the sample closer to the  tering media would produce similar tary discussion of the coherence
camera (~1-2 cm), we can also ob-  conceptual results. In this experi- concept in optics, we hope that this
serve dark regions at the centre of the ~ mentthe sample is placed on the rail modern homage will help to stimu-
bright spot, showcasing spectacular  just in front of the camera (visuali- late the next generation of young
additional diffraction patterns. zing the shadow from each individual engineers, scientists and teachers.

Young’s double slitinterferences are
also frequently used to discuss the in-
terference phenomenon. To fabricate
the single and double slits, a cleaned
microscope glass slide was covered
with black spray paint. Next, the paint
layer was scratched using the tip of a
needle guided by a ruler. Nearly pa-
rallel slits can easily be obtained this
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BRINGING LIGHT TO YOUR
CUSTOMIZED, COMPLEX OR EXTREME
ENVIRONMENT IS OUR CHALLENGE!

Since 1972, SEDI-ATI Fibres Optiques designs and builds
turn-key solutions based on optical fibers to enable you
to bring photons in any environment, whatever your
constraints are!

With 50 highly skilled and qualified professionals, a strong R&D
team, an ISO 9001 and ISO 13485 certified quality system, SEDI-
ATT has in house resources required to adapt, integrate and
qualify an intrinsically fragile material such as the optical fiber,
to awide variety of complex, harsh and even extreme environ-
ments. Two clean rooms are available as well as essential factory
equipment such as two evaporation chambers, spectrometer,
OTDR, special plasma glass bench, precision turning machine,
pressure test bench, helium leak bench...

SEDI-ATI is very active on many demanding markets charac-
terized by critical and extreme physical parameters such as
temperatures close to -273 °C or above 600 °C, pressures close
to 5000 bars in detonation, or radiation levels up to 100 M Gray.
Besides, such parameters must often be combined and turn our
challenges into real feats!

Through our long-term relationship with our customers, we are
proud to contribute to many pioneering projects in the fields of
energy (LMJ, RJTH, ITER), astronomy (MOONS, WEAVE), medi-
cal (NANOPTiX) and many other confidential projects. With the
help of our customers, we thrive in many applications such as
cryogenics for cyber security, quantum-optics, IR spectrometry,
very high temperatures encountered in engine or furnace tests,
as well as fiber-optic sensors deployed in the reactor core of a
nuclear power plant.

Our permanent stock of more than a hundred references of
optical fibers allow us to offer various types of products:
Bulkhead and inline fiber-optic hermetic feedthroughs.
Achromatic multimode couplers and WDMs.
Custom fiber optic assemblies, bundles, arrays and octopus.
Fiber-optic spools for tethered vehicles.
Special patch cords, cables, and connectors.
Fiber optic medical devices.

SEDI-ATI is an agile company, creating sustainable and long-
term value for its customers. We are always ready to listen to
your requests and needs, to offer you optimal solutions and
technical advice. So do not hesitate to consult us!

CONTACT

Pascal SLOBADZIAN / Sales Director
contact@sedi-ati.com / www.sedi-ati.com
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The unachievable
becomes feasible!

A waorld first in Fhe nuclear field!

For the first fime in history, a fiber-optic sensor has
successfully demonsirated operation for a safely
funcltion in @ nuclear environment.

Cryogenic cold

Fiber-optic links and feedthroughs designed Ffor
quantum pholtonics applications, have demonsirated

operation below 1.5 K and 10" high-vacuum.

Share your dreams with usl!
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