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ABSTRACT

On the 28 of December 2013, The United Nations (UN) Gendrssembly 68 Session proclaimed 2015 as the
International Year of Light and Light-based Teclogis (IYL 2015). The proclamation of an Internatib Year
focusing on the light science and applications ga&zes the importance of light in the society, Whidays a vital role in
our daily lives, being visible in a widespread nembf different areas, as for instance, in techgpl@ducation, energy,
art, agriculture, health, among many others.

In this work, the members of the Image Processialgokatory from the Universitat Autonoma de Barcal¢bAB),

analyze the concept of readapting some experinmemistics -usually conducted in different coursetha UAB physics
degree- into the artistic context of the MACBA (Musd'Art Contemporani de Barcelona). This projexd]led

SummerLight, takes place within the framework @& tWL, as part of the activities devised to promttte visibility of

light. The readapted experiments are expectedathtand improve the knowledge of high school sttedesith respect
to different important physical phenomena relatedtlie wave nature of light as polarization, intesfeees and
diffraction. This study analyzes the suitability tfie proposed experiments in terms of student alptikills

improvement. In addition, its contextualizationdiran artistic scenario is also discussed.

Keywords: Barcamp, Contemporary Art, innovation, educationQptics, education in Art, Optics experiments,
transmission of knowledge, horizontal hierarchy.

1. INTRODUCTION: A NEW LEARNING FORMAT

All children have the capacity to innovate, thinkdaexpress divergent thoughts. These capacitiesamnetimes lost
when children grow up, probably due to the educasigstems which do not promote or reward thesdésdkilt rather,
tend to stifle them. Students are assessed -aingatdly selected- depending on some criteria whighidentical for all
the children and imposed by those who design tlheatn plans. That is, students usually lose timgiividuality and

since the learning process is often away from thigdien’s own reality and experiences, they evdhtuase their

interest on knowledge. In the case of Physics gutit§) the loss of creativity and interest is davimportance. How do
we want to develop scientists if we are killing theate creative scientists that most children are?

According to H. Gardner, a well-known scientistifrédarvard University, the creativity is an endeawnhich “requires
deep immersion in the subject matter, the developro€skills, the capacity to ask questions thatemét been asked
before and to spend as much time as necessaryrte gp with the best answers we can to those questjd]. He also
points out the fact that if one wants to be cregtimne must take risks and do not care if they Fail this to happen
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there must be a place where experimentation igaield and even fostered. The attitude of educawrmlso of
importance. When they pose questions to which taezanany answer and when they give students tecehto make
errors, they are promoting a learning based ontigrga J. M. Davis [2] agrees with this idea andimts out the fact that
creativity flourishes in environments where autogpopenness, and collaborative relationships algeda

M. Grossen [3] talks about the concept of “creatbedlaboration” which, according to him, refers tiwo different
aspects: the fact that collaboration in itself isr@ative task, and the fact that the outcomes fsardy groups usually
tend to be more creative due to the exchange akidad the constant feedback among the team menitsToncept
is of particular importance in science, where nudshe studies are the result of teamwork.

Coming back to education, many pedagogues [4, fdeagith the idea that society and science havieatly changed

in the last century and still continue to changa atgh rate in the 2century and in this sense, new education methods
are required. Education should prepare next gdoesaffor the future challenges and foster the hurpesyress.
However, the issue remains difficult. How is theowhedge transmitted? Which are the factors whidhallow building
more creative and therefore more efficient eduoasigstems? In this article, we present an innogafptics-and-Art
based education programme format, intended to sifjool students from different study areas. Theygammme has
been developed at the MACBA and counts on the stjghthe UAB.

2. THE PRECEPTSOF SUMMERLIGHT

SummerLight is an educative project in which Op&gperiments from the UAB will be presented withimart context
(at the MACBA installations). The proposed plaregrio break away from pre-established educatiogranomes and
commits to the horizontal transmission of knowledigethis case both Optics and Contemporary Artvkiedge) rather
than to the knowledge coming from the authority aiith a marked vertical hierarchy. The idea isrmtpiement a more
transversal method where students have an actleeimaheir own learning process. In this programiie Optical
experiments are of great importance since thewaditudents to understand complex concepts frormtmactive and
hand-on approach.

Summerlight has been inspired by BarCamps', giving special consideration to the idea of teeutient maker” who
learns on a trial/error basis. The interaction agnetudents is also very important since the stigiedifferent
knowledge, skills and interests lead to the enrighimof the group as a whole and the students asidodls.
SummerLight aims at the collective building of @ptiand Art knowledge and culture. The understandfrihe optical
concepts comes therefore, not from repetition,flmrh the creation and the association of ideas. mh@ pedagogical
traits are:

e Horizontal hierarchy, or the absence of hierarchy

¢ Hands-on approach

e Team work

*  Work flexibility, i.e., students make their own ¢t® about the working subjects. Teams change dépgiach
the activity

e Active participation of students in several simnéiaus activities, some of them directly focus oe th
pedagogical objective and some of them relatetid@eneral performance of the course

¢ Collaborative learning system

! BarCamp is a course format where participants proposedavelop, in groups, their own ideas. These coussee first performed
in the field of computer programming, but becaukéheir versatility and the advantages they ofteese were diversified to other
domains, such as art, for instance.
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¢ Make the most of all the opportunities: low-costienil, the use of installations, etc.

More in particular, SummerLight has been conceiwgthin the framework of the International Year ofght and
specially shaped for thirty high-school studentg ahd 18 years old-. The project consists on avesek duration
program during which the students are expectedxpdoee and learn about Optics. This initiative Heeen specially
devised assuming the fact that Optics conceptsowdth increasingly present in our daily lives, aseally difficult to
explain to students and also difficult to underdtéy them. In this sense, we have decided to desidifferent and
innovative format course where Optics is exploraanf an artistic approach. Because Optics is a temgible and
visual science, the possibilities that art generate infinite. We next present the learning maed&ummerLight, which
has been based on the Kanter’s model of innov@ipn

/_\/ﬁ

Optics and Art
» Horizontal hierarchy knowledge
* Hands-on approach T « Self-learning
* Team work rocesS
* Work flexibility and Innovation capacity . Colilabora .
—>
| openness l learning process
* Active participation of »Tastingnd
students Transversal skills: stable knowledge
* Maximum utilisation of Communication &
resources: material, information, group
installations, etc. organization,

\ / technology use, etc.

Figure 1. Learning model of SummerLight, in whiciffetent resources are mainstreamed to obtain aoviative
capacity. This leads to the specific knowledge pti€s and Art, but also to other transversal skillsese capacities
are again streamed, obtaining a lasting knowledgehis more efficient.

3. STRUCTURE OF SUMMERLIGHT

The course is articulated at two different levelsgarding the form and the working methodology. Sehaéwo
organizational levels are simultaneously exhibdad they influence each other, giving place tormplex structure.

With respect to the form, SummerLight has been ewed as a “Consultancy firm specialized in lighEvery day,
students receive questions related to light andc€pfThese questions must be all of them answeredna# hours.
The process is the following: when they listen e guestions, students themselves decide in whielstipns they
prefer to work, immediately establishing the wotkigroups which will operate this particular day.e$é groups will
most surely change the next day, since studentsfimd new interests in the cluster of questionsviyearrived. The
working groups decide then how they are going tewamn the chosen questions. They propose some exgds and
have a limited time to perform them. Once the amswee found, they communicate to the person wheipusly called
to tell him the response.

We highlight the importance of the knowledge traission in this particular format. The only commuation channel is
auditory, both in the listening of the questiond #me transmission of the answers. The denial pfvésual support is an

’ These questions are real questions posed by ditizem Barcelona. People will phone and leave thegstions in an answering
machine. These questions will be answered withih@4s by the specialists, who are the Summerlsgidents.
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important restriction which may a priori make diffit the communication, but which fosters the irmttion process and
makes students to find new ways to express theeseht the same time, there is also a kind of “Wgki”* which is
made up from the students’ answlers

The programme presents therefore three differenhemds: listening to the questions and formatiorthef working

groups as well as planning of the work to be penfmt, experimental development in which studentsyaart their own

proposals and finally, delivery of the answers Iwpipe. The idea is that all the students can fittighcourse having
comprehended a number of concepts in Optics ande@qguorary Art. To ensure that this happens, anathgvity has

been included in the programme, which is called nflamentals”. Students listen to specific concepreugh

headphones and must then explore them. They cdormeexperiments, think about a device relatedht particular
concept, etc. They are supposed to post an ertwytlie “Wikilight”, which implies an interestingansference from
heard knowledge transmission (headphones) to aisd@hvknowledge transmission (Wikilight).

Regarding the methodology, the activities are cetey determined by the working conditions, whicavé been

intentionally brought to the extreme. Again, a rieibn has been imposed which fosters the cragtivi students and
their capability to problem-solving. This restrarti is the amount of light available. Through theirse, the degree of
light significantly changes. Students begin therseun complete darkness, and as the course adyamoege light is

allowed. Optics experiments will be completely citioded by this parameter.

4. SUMMERLIGHT: A PLACE FOR INNOVATION, A PLACE FOR OPTICAL EXPERIMENTS

We have already pointed out the importance of tbeking place to achieve innovation, creativity andollaborative
learning process. The room must be a unique ambjevitich will allow for the following aspects:

« Interaction among the different working groups.

e All the groups have to share the same materiak iBhanother added challenge, since they will haveok for
different approaches when they cannot use the rabtlkeey wanted at first instance.

* We ensure that all the students work with the skghé conditions.

As already pointed out, some optical experimentsnfithe UAB will be brought to the SummerLight pragme.

Students will be able to use the setups eithenswvar the questions or to explore about the cosgaq@viously heard
through the headphones. The experiments have bemmewr specifically due to the tangibility with whithey expose
Optical concepts which otherwise may be difficaltunderstand. In particular, experiments of positn, diffraction

and interferences have been included. In additimmoutcomes from these experiments present vepaveffects. We
next present each of these experiments:

4.1. Fraunhofer diffraction:

In this experiment, light is understood as a wdv#fraction is a phenomenon produced when lightsees a small
aperture (in the order of its wavelength) sincghis situation, the light wave is perturbed. Thauahofer diffraction is
a particular case of the Fresnel diffraction thedurs when light source illuminating the apertund #ghe observational
plane are both of them faraway from the apertutgo(aalled object), so light can be approximategpleme waves.

* With this term we refer to a kind of blog wheredstnts can all of them include their own commente iHea is to build something
similar to Wikipedia, where the knowledge is cobiadtively created.

* However, the communication with the “client” whcaghe question is never made through the “Wikilighut rather through the
phone. The visual support will serve to anotheppse of the programme which we will explain laterim this paper.
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Under this approximation thdiffraction patterrproduced bythe diffractive object in the f-field can be understood as
the modulus squared of the Foutiemsform of thediffractive object [7].

Figure 2. Setsp of the Fraunhofer optical experiment. The laagrHe-N¢g crosses a small object, whose diffraction is gutgd
on a faraway screen. The diffraction pattern cpoass to the Fourieransform.

We count on different objects, whose diffractioritgans ca be seen in the following tablilote that or the single slit,
the double slit and the circle, the mathema descriptions have been included, whéreefers to the angle which
determines the position that we are analy.on the far-field, where a screen has bpkatec. For the other two objects

(the hexagonal grid of hexagons and the squaredodrsquares, respective, we have not included thmathematical
description because of its complexity.

Table 1. Object, Fraunhofer diffraction patternerbed at the screen and its corresponding mathemhdescriptior

Description of the Fourier
Object Fraunhofer diffraction pattern transform (diffraction pattern

of the object)
Single slit H

Double slit H %
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The main idea of this experiment is that studemidewustand the wave-like behavior of light and tlomsequent
diffraction phenomena produced by small apertutestd spatial discontinuities (in intensity or piathat they impose.
A speech should reinforce the importance of thigsmtal phenomenon, explaining not only the fundataenof
diffraction but also that it can be used as a foomany applications. Clearly, all the applicationsthe field of
diffractive optics are based on diffraction [8],fas instance for the generation of digital leny d8d for the generation
of filters to improve the quality of images [10]eMertheless, diffraction is useful in many othetds as for instance in
biology [11] (e.g., to track and measure bactewafthe diffraction pattern they produce) and far tharacterization of
the structure of crystalline materials by usingay-diffraction.

4.2. Polarization

When the wave behavior of light was experimentphgved (Young experiment), several scientists etiard study light
as wave, unrevealing its polarization propertidseréfore, different mathematical formalisms wereposed [12, 13] to
describe the polarization of light as well as iiteraction with polarizing mediums and surfaceghLican be understood
as an electromagnetic wave formed by an eleceld ind a magnetic one, which are always perpeladitweach other
and also to the propagation direction of light. Moklight sources (such as the Sun, a light betb,) emit unpolarized
light (i.e.,the relative phases and amplitudes of the electyortic components cannot be defined as they rarpdoml
vary). Other light sources as for instance modiasérs, are fully polarized. In addition, a fullppolarized beam can
become partially or fully polarized when interagtiwith different materials. In case of fully polzed light, depending
on the relative phases and amplitudes of the doesti components of the electric field, we caninggtish three
different types of polarization states: linear piziation (the electric components of field osciélatin phase or contra-
phase), circular polarization (the electric compusef the light oscillates with the same maximumphtude but they
are retarded ®2) and elliptical polarization (any other case)or specifically, linear and circular polarizatioae
particular cases of elliptical polarizations [1B].addition, if the state of polarization of ligheam is not constant but
varies as a function of space and/or time, sompalarized content may be present, defining paptiddrized beam, or
even fully un-polarized beams.

As stated, a fully unpolarized light beam can beeguartially or fully polarized when interacting twisome materials
that can be found in different states of the mafer instance, natural light is polarized by chogslichroic materials
(e.g., Polaroid films), by reflection on dielecsiohen impinging the surface under the Brewsteney or due to the
Rayleigh’s diffusion in some gases. On the othedh¢éhe state of polarization of the light beam bartransformed into
a different one by being transmitted through bingfent materials. These materials present diffed@iectric responses
(they present structural anisotropy) which leadat@ery interesting optical property: they show elifint refraction

indexes (two different index for uni-axial matesi@nd three different indexes for bi-axial matsdialin this section, we
focus both on the study of polarization by dichmwiand on the retardance introduced between the a@oemps of an

electric field when passing thought birefringentienils.

Polarizers are dichroic materials that can poldigtg beams. In these thin films, molecules argredd, forming chains
of molecules which function as a dipole and wikrdfore absorb light in the direction of the ch&me component of
the light will be almost completely absorbed whife perpendicular component will pass through tbkarzer. The
efficiency of the polarizer (i.e, its absorptiondatnansmission capacities) always depends on theriak its thickness
and the wavelength used. In the ideal case, byicrpshe transmission axis of two polarizers, ttreesn should be dark,
but due to the efficiency of the polarizers, whismever perfect, we can observe a bluish colaherscreen. To analyze
the efficiency of a dichroic material as a functminthe wavelength, different filters can be plaeér the white light,
leading to more monochromatic light source.
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Figure 3. Polarization set-up. We illuminate with extended white light source. We next place a eqgent lens at a proper
distance, leading to an approximately collimatedrbeA second convergent lens is placed at thet@xihage the sample plane.
Between them, we can place the different materabetstudied (polarizers, birefringent materials,)e

Figure 4. Two crossed polarizers result in a bluigsteen since the efficiency of polarizers is noe¢ dtwundred per cent and
depends on the wavelength of the light. These jzelar are less efficient for the blue part of thectrum.

We also study polarization in birefringent matesiaBirefringent materials are optically anisotropince light travels
with different speed depending on the axis. Thespt@f one component will be retarded with respet¢hé other one.
The shift of phase between the two perpendicul&arization components, depends on the difference of the refractive
indexes between the ordinary and the extraordiagiy; fe-No), the width of the material, d, and the wavelengftthe
light with which we illuminated,. Mathematically it can be expressed as:

Z(nerno)d=5 (1)

To study the effect of birefringent materials or fiolarization of light, we use the set-up providtedrig. 4, by setting
the transmission axis of the two polarizers pakalle to each other. After this, a birefringent enit is placed in

between the two polarizers and a convergent lergé® the sample plane to a screen. As an examieedfingent

material, we have used a set of cellophane sttipk on a glass wafer and with the extraordinarg axiented at the
same direction. Images in Fig. 5 show the lightriigtion obtained at the screen when illuminatihg cellophane with
linear polarization having different orientatioms.Fig. 5A) we use a linear polarization with trerge orientation than
the extraordinary axis of the cellophane stripsthis situation, the state of polarization is natdified because the
entire electric field is travelling into an effegi media of indexd Thus, a uniform white light image of the cellopba
is observed at the screen. We next illuminate #mepde with linear polarization but in this case ofithe extraordinary
axis, this being achieved by rotating the orientatf the input polarizer. In this situation, aarefancedis introduced

between the electric field components, the valuélading given by Eq. (1). As a consequence, thergatterns shown
in Figs. 5 B) and C) are observed. To understaadetttolor distributions, note that we are illumimgthe cellophane
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strips with polychromatic light, and thus each wewngth sees a different retardance. In this caaseh evavelength
presents a different polarization at the exit & fample plane. Afterwards, this set of polarati(a polarization for
each]) is projected on a privileged polarization, thigrization being fixed by the polarizer placedita exit (the

linear analyzer). In addition, note that on théstedges (top and bottom) we observe a changelaf dhis is because
the sample consists on different superposed cdlophayers, leading to different thicknesseat the edges (i.e., to
different values obin eq. (1)).

We can also observe the birefringent responseaistipk when they are subjected to an externalsstrigsfact, stress in
plastic may induce structural anisotropy, thusifgrihe material into a birefringent material (ségure 6).

m

Figure 5.Left image: lllumination of cellophane with white light. Theréfringent material has been placed between two
polarizers. Depending on the position of the secpoldrizer with respect to the first one, differevdvelengths are selected,
giving place to the different polarization pattethat we can observe in the three consecutive ngistd) For the transparent
pattern, light crosses the material in such a vy the incident linear light is parallel to onetb& anisotropic axis of the
cellophane. In this case, there is no shift of phastween the two components and the polarizatidight is not modified.B)

and C) Different colors are obtained with the superpositi layers of cellophane, changing the parameteredjuation (1).

Figure 6. We place a plastic material between wedrossed polarizers and exert a pressure on #teriad, changing the chain
of molecules. This turns the plastic into a biregent material.

4.3. Michelson interferences

Interferences are another physical phenomenorecktatthe wave-like behavior of light. In the fallmg experiment,
the Michelson interferometer is studied. This ekxpent was initially performed by Michelson becaulme wanted to
demonstrate the existence of the aether (theoketiedium that was used by physicists to explainghepagation of
light, in a model similar to what sound waves dotlie air). According to Michelson, in presence ether, the
interference pattern produced by the superposdifomo light rays should be different dependingtbe orientation of
the interferometer with respect to the Earth tratish. After many set-up improvements, it was fipaoncluded that
aether does not exist since interferences weresdéinge independently of the chosen orientations Her Michelson
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interferometer. However, the interferometer hastsece then widely used for metrology becausesdiigh precision.
For example, we can know the width of a thin filjnkmowing the refraction index of the material asick versa.

Figure 7 Set-up of the Michelson interferometer. tda observe two arms whose mirrors can be movedder to change the

distance that light travels in each arm, creativegefore the interference pattern. For illuminating interferometer, we use a He-
Ne laser followed by a microscopic objective wharkeates a punctual light source. The obtainedfarmces exhibit rotation

symmetry.

By using monochromatic light we are ensuring latigge coherence for the light. In addition, since are using a
punctual light source, the obtained interferencétepa is delocalized. In this configuration, sphati waves are
produced. If the system introduces a differencéhi optical paths of the interfering beams, therfetence pattern
shows rotational symmetry. A series of maximums ardimums of intensity are distributed in concemtiings. The
larger the optical path difference, the thinner @imber the rings will appear. If the case where dptical path is
identical for the two arms, a constant intensitll appear. However, if a misalignment exists betwte two mirrors of
the Michaelson interferometer, a different fringetprn will be observed.

Figure 8.Left: Ring-like interference pattern obtained when illnating the interferometer with a punctual and mbmnomatic
(633nm) light sourceRight: Fringes-like interference pattern obtained bynilinating the interferometer with an extended white-
light source.

Finally, the concept of temporal coherence cantbeiesd by using a polychromatic light source. Tis thim, we have
illuminated the system with an extended incandeskzanp. As white light presents a very short terap@oherence,
interferences can only be observed when the twe aytical paths are very similar to each otherddition, similarly
to what happens in the previous case when dealittgextended light, the interference pattern i® dtsalized. Under
this scenario, when interferences are observed $igguwhite light, a very good calibration of the diielson
interferometer is ensured. In this particular sitg the interferometer can be used to measurahickness or the
refraction index of different thin films by measugithe optical path difference introduced by theemal.
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5. CONCLUSION

We have presented an innovative education prograbrased on Optics and Contemporary Art which triepromote
the long-lasting knowledge, the self-learning psscef the person as well as the collaborative lrgrrSome chosen
Optics experiments from the UAB have been assemétethe installations of the MACBA (where the pijés
performed) because of their particular characiesisThese experiences are easy to perform by a6y#d high-school
students and present remarkable visual outputshaiike them very impressive. With the appropriatielance from
the monitors, we can presume that students withledout diffraction, polarization of light and énterences which are
all of them physical phenomena related to the waatere of light. The relationship between Opticd &ontemporary
Art has an important role in the progress of thegpgimme.

The form and methodology proposed in SummerLiglmwabktudents to get involved in subjects they aterested in,
fostering the active participation of them in theiwn learning process. The programme counts onraeireovative
aspects. For instance, regarding the form, theseobas been devised like a consultancy firm withegise in light,
where supposedly, students are the light experts ranst therefore answer real questions about anye-like

phenomenon of light. The answers must be giveninv2#d hours from the moment someone asked themtcadd this,
they have to perform any experiment they can egeisRegarding the methodology, the degree of lighle working
room changes as the course advances, starting salutd darkness. Special importance has been divethe

transmission of knowledge, which is mainly donetlyh auditory meanings (although visual knowledgadmission is
also present through the “Wikilight”).

The final goal of SummerLight is to build a leamiprocess which is more effective and where stweah acquire

problem-solving capacity. We strongly believe ttieg multidisciplinary approach in which sciencedressed and the
openness with which ideas are considered duringvtiie programme will encourage students to putsare science

studies, and particularly, Physics and Optics sidiVe hope that this innovative course can bespiration for other

educative programmes and that we can increasinghktaway from pre-established education modelghich students

do not take an active role in their own learning.
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