;%* ) Journal of Applied Research in Science and

‘ : Humanities

AN SHAUNS UNIYERSITY

Nature and Properties of Light and it's Applications in our life

Abdul Rahman Mohamed Ahmed Mohamed, Ali Bahaa Al-Din Ali Mohamed, Mohamed El-
Sayed Eid Mohamed, Mohamed Youssef Mohamed Mohamed, Mostafa Mohamed Abd El
Menaim Mohamed, Saleh Ahmed Salah El-Din

Supervisor: Prof.dr. Amira Mohamed Hasanen Mahmoud Shakra (A.M Shakra) , professor of
physics (Material Science).

Ain Shams University, Faculty of Education, physics Program

Abstract :

This research paper presents the concept and content of the Science Museum of Light. The
museum setrves as a platform for showcasing the rich history and properties of light, The museum
uses an application to increase student understanding about light and its applications, and
contributes to enhancing the impact of using these applications. The Light Museum is a valuable
source of knowledge and learning, providing students with a unique opportunity to explore the
concepts and experiences of light through interactive and innovative techniques., as well as the
practical applications derived from its understanding. The paper provides an overview of the
museum's design and its use of advanced engineering software in its construction. It highlights
the seven essential characteristics of light illustrated within the museum: diffraction, reflection,
refraction, propagation, interference, Absorption, and polarization. The museum features
interactive screens and advanced artificial intelligence techniques to introduce prominent
scientists and their contributions to exploring the properties of light, along with interactive
activities and experiments such as the Mirror Reflection Challenge. It also emphasizes the
importance of light diffraction and its applications in various fields, including optics, biology,
and medicine. Overall, the museum and the research paper aim to provide an immersive and
captivating experience for visitors, enhancing a deeper understanding and appreciation of the
fascinating world of light.
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1. Introduction:

Light is an essential aspect of our daily lives,
playing a significant role in both natural and
artificial environments. It serves as a vital
source of illumination, enabling us to perceive
the world around us and interact with our
surroundings. However, light encompasses
more than just brightness and visibility. In this
exploration of light, we will delve into its
various sources, the importance it holds in our
lives, and the intriguing nature that lies behind

it.

I. Light Sources:

Light originates from different sources,
categorized into both man-made and natural

sources.

A. Natural Sources

1- Sunlight: The sun, our closest star, is the
primary natural source of light on Earth. It
emits an immense amount of electromagnetic
radiation across a broad spectrum, including
visible light, which enables us to see and

experience daylight. {1}

2— Moonlight: The moon, although not a light
source itself, reflects sunlight back to Earth,
form of
This

phenomenon adds a mystical quality to the

creating a softer, dimmer

illumination known as moonlight.
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night sky and has influenced countless cultural

and artistic expressions. {2}

B. Artificial Sources:

1-Incandescent Bulbs: Incandescent bulbs
have been a traditional source of artificial
light for many years. They work by passing
an electric current through a filament,
causing it to heat up and emit light.
However, these bulbs are being phased out
due to their low efficiency and high energy

consumption .{3}

2—- LED Lights: Light Emitting Diodes
(LEDs) have revolutionized the world of
artificial lighting. They are energy-
efficient, durable, and offer a wide range of
color options. LED lights work by passing
current

an  electric through a

semiconductor, which emits photons,

resulting in visible light. {4}

II. Importance of Light in Life:

practical function of

light holds

significance in our lives, impacting both

Beyond its

illumination, immense

our biological and psychological well-

being.

Volume 1, July 2024



Biological Significance:

1-Photosynthesis: Plants need light to carry
out the process of photosynthesis. Plants use
this complex mechanism to transform light
energy into chemical energy, which allows
them to produce oxygen and other organic
chemicals that are essential for their
development and survival. Photosynthesis
also plays a critical role in maintaining the
Earth's oxygen levels and carbon dioxide

balance. {5}

2— Health and Well-being: Furthermore, light
has a significant impact on our health and
well-being. Exposure to sunlight is essential
for the production of vitamin D, which plays
a crucial role in bone health. Light therapy has
also been shown to be effective in treating
various conditions such as seasonal affective

disorder (SAD) and sleep disturbances.{6}

Throughout history, humanity has grappled
with understanding the nature of light,
leading to the development of various theories
and models. Ancient philosophers such as
Pythagoras, Empedocles, and Epicurus
proposed early concepts regarding the origin
and behavior of light. Pythagoras posited that
sight arises from visual rays emitted by the
eye, while Empedocles suggested that both
objects and the eye emit light. Epicurus
further expanded on this idea, asserting that
light originates from external sources and is

reflected off objects to produce vision. {7}
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In later centuries, scholars like Ptolemy, al-
Khwarizmi, al-Kindi, and Ibn Al-Haytham
made significant contributions to the study of
light. Ptolemy conducted quantitative studies
on the refraction of light, while al-Khwarizmi
and al-Kindi expanded on the concept of light
rays and discussed the mechanism of vision.
Ibn Al-Haytham, in his seminal work “Kitab
al-manazir” (“Optics”), conducted
mathematical analyses of light reflection and
meticulously

depicted the optical

components of the human eye. {7}

The debate over the nature of light continued
into the scientific revolution, with conflicting
theories emerging. Supporting a particle
theory of light, which postulates that light is
made up of particle streams attracted to
transparent things, was Isaac Newton.
Conversely, Christian Huygens put up a
theory of waves, according to which light
moves in waves. Thomas Young’s famous
double-slit experiment in 1801 provided
compelling evidence supporting the wave

nature of light. {7}

Moreover, there has been a lot of curiosity in
the way that light interacts with matter. Light
experiences different reactions from surfaces
like transparent glass or a green leaf,
depending on the wavelength and
composition of the material. These processes
include absorption, reflection, refraction, and
scattering, each contributing to the diverse

interactions between light and matter.{7}
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The study of light has been a fascinating
journey spanning millennia, from ancient
philosophical inquiries to modern scientific
investigations. We will investigate light's
various origins, solve its mysteries, and learn
about its tremendous significance in both
natural and artificial contexts as we set off on

this exploration of light. {7}

2. The Theoretical Framework:

"We have successfully created the world's
inaugural scientific museum of light using
advanced engineering software such as 3D
Max, AutoCAD, Autodesk Revit, and
Autodesk 3DS Max. This pioneering museum
serves as a platform to present the rich history
of light and the progressive understanding of
its properties. The six fundamental properties
of light are meticulously elucidated within the
museum:

Light Propagation
Light Reflection
Light Refraction
Light Diffraction
Light Interference
.Light absorption

N SN U A WD e

. Light Polarization

Furthermore, the museum does a good job of
illustrating real-world uses for these qualities .
It incorporates interactive screens, leveraging
cutting—edge artificial intelligence
technology, to introduce esteemed scientists
and illuminate their invaluable contributions

to the exploration of light properties.

3

Basic Sciences Sector, The Department of Physics 160

Moreover, the museum's design encompasses
a diverse range of interactive activities and
games, fostering an immersive and engaging
experience for its visitors".

Below we review the most important theories
contained in the museum and we cover these

theories with a simplified explanation:

1- Light Propagation:
The History of Light Propagation (Christian
Huygens):
Christian Huygens, a Dutch scientist, is
credited with helping us comprehend this
aspect of light transmission in the seventeenth
century. The wave theory of light, which
Huygens created, describes how light diffuses
and spreads in voids and through materials. {8}
Definitions and Explanation of Light
propagation:

When light energy runs against obstructions
on its course, it spreads out in different
directions. This phenomenon is known as
light Light

materials and objects when it comes into

propagation. interacts with
contact with them, spreading uniformly in all
directions. {9}

Applications of Light propagation:

Lenses, mirrors, and other optical devices are
designed wusing the property of light
propagation in optics. Comprehending the
phenomenon of light diffusion enhances our
comprehension of the way light interacts with
materials and propagates through a medium.
This helps create new methods and enhance

the functionality of optical equipment.

Volume 1, July 2024



The characteristic of light propagation is
utilized in the domains of biology and
medicine for the purposes of retinal
examination and analysis of living tissues by
light, as well as functional magnetic resonance
imaging (fMRI).

It is possible to learn important details about
the makeup and operations of tissues by using
scattered light.

These are some of the primary applications of
the property of light propagation, which play
a crucial role in various fields of science and

technology. {11}

2-Light Reflection:

Historical Background:

The phenomenon of light reflection has been
studied and
Scholars such as Ibn Al-Haytham (Alhazen)

and Isaac

understood for centuries.

Newton made significant

contributions to our understanding of this

property. {18}

Definitions and Explanation:

Reflection of light occurs when a ray of light
encounters a surface and bounces back,
creating a reflected ray. There are two main
types of reflection: specular reflection and
diffused reflection. {19}.

Specular Reflection: Specular reflection
describes a clear and precise reflection, similar
to what is observed in a mirror. This occurs
when light reflects from a smooth and
polished surface, such as a mirror or still

water. The reflected ray follows the law of

reflection, which states that the angle of

4
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incidence (the angle between the incident ray
and the normal) is equal to the angle of
reflection (the angle between the reflected ray

and the normal). {20}

Diffused Reflection: On rough surfaces, such
as paper or a wall, the angle of reflection varies
randomly between different points on the
surface. This causes incident rays hitting
different areas to scatter in various directions.
This phenomenon is known as diffused
reflection. Diffused reflection is essential for
perceiving non-shiny objects as it allows light
to reach our eyes from multiple directions,
resulting in the visibility of illuminated

surfaces. {19}

Applications:

There are many real-world uses and
ramifications for knowing light reflection:
Mirrors: Mirrors use the specular reflection of
light to achieve a variety of everyday
purposes, such as optical equipment,
scientific research, personal grooming, and
architecture. {9}

Optics: The study of light and its reflection
plays a crucial role in optics, enabling the
design and development of lenses, telescopes,

microscopes, and other optical instruments.

Vision: The world around us is visible to us
because objects reflect light. Our ability to see
hues, forms, and textures is dependent upon
the way light reflects off various surfaces. {23}.
utilized

Photography: Reflections are

creatively in photography to capture unique
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and artistic images. Photographers often use
mirrors, water surfaces, and other reflective
objects to create interesting compositions and

visual effects. {24}

Safety: Reflective materials and surfaces are
used for safety purposes, such as reflective
clothing, road signs, and reflective tape on
vehicles. These materials enhance visibility by
reflecting light back towards its source,
making objects more visible in low-light

conditions. {25}

Understanding light reflection has broad
implications in various fields, including
physics, optics, photography, and design,
enabling the development of technologies and
applications that rely on the manipulation and
control of reflected light. {26}
Activity:(Mirror Reflection Challenge)

We organized an activity for students to
consolidate their understanding of light
reflection using a model of a football field. (see
figure 12) In this activity, we turned the
players on the field into mirrors, replacing the

ball with a laser beam.

We directed the laser beam at the glass
mirrors and moved the mirrors to direct the
laser beam through multiple reflections on the
mirrors. We moved the mirrors in a way that
allows the laser beam to reach the goal with

the least number of reflections.

We encouraged students to use engineering
skills and creativity to move the mirrors in

such a way that the laser beam reaches the

5
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target. After the activity, we had a discussion
with the students to understand the physical

laws and properties of reflection.

Through this activity, students were able to
apply the concepts they learned about
reflection and the law of reflection, enhancing
their critical thinking and problem-solving

skills.

3- Light Refraction:
Historical Background:
The wunderstanding of refraction and
dispersion has evolved over time. Early
observations can be traced back to ancient
Greece, but the definitive explanations
emerged later.

Refraction: Scholars like Aristotle noted the
bending of light, but it was Ibn Al-Haytham
(Alhazen), a 10th-century Arab physicist, who
conducted pioneering experiments. He
published his findings in the "Book of Optics,"
where he detailed the relationship between the
angle of incidence and the angle of refraction.

27}

Definitions and Explanation:

Refraction: Refraction occurs when light
passes from one medium to another with a
different density, causing it to bend. This
bending is due to the change in the speed of
light in different materials. {29}

Theories and Laws:
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Understanding the mechanics of refraction

and dispersion involves fundamental
principles in optics.

Snell's Law: Snell's Law, formulated by
Willebrord Snellius in the 17th century,
describes the relationship between the angles
of incidence and refraction of light rays
passing between two transparent media. It
asserts that the ratio of the refractive indices of
the two media is equal to the ratio of the sines

of the angles of incidence and refraction. {31}

Laboratory Demonstrations:

Simple laboratory experiments help illustrate
the phenomena of refraction and dispersion.
Refraction Experiment: Fill a clear glass with
water and place a partially submerged pencil
at an angle. Observe how the pencil appears to
be bent at the waterline, demonstrating the

bending of light rays. {33}

Light as a Wave: The wave theory of light

provides a deeper understanding of
refraction. Light waves travel at different
speeds in different materials, causing them to
bend at the interface between the media.
Shorter wavelengths (violet and blue) bend
more than longer wavelengths (red and

orange), leading to dispersion. {32}

Dispersion: Isaac Newton, the celebrated

17th—century scientist, is credited with
discovering dispersion. He passed sunlight
through a prism, observing the separation of
colors and proposing that white light is

composed of a spectrum of colors. {28}

6
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Dispersion: Dispersion: When white light
travels through a prism or other refracting
material, it splits into its component hues,
violet, indigo, blue, green, yellow, orange,
and red. The separation of hues is caused by
the somewhat varying wavelengths and angles
at which different colors of light bend when
refracted. {30}

Dispersion Experiment: Shine a beam of
sunlight through a triangular prism. The
white light will separate into a spectrum of
colors

on a screen behind the prism,

showcasing dispersion. {30}

4- Diffraction of Light

1- Historical Background:

The phenomenon of light diffraction has a
rich history dating back to the 17th century.
The phenomenon of light bending and
spreading out when it meets obstacles or
travels through openings was originally seen
and investigated by Francesco Maria
Grimaldi, who also came up with the term
"diffraction" to characterize it. Isaac Newton
and James Gregory also made significant

contributions to the
diffraction. {30}

understanding of

2- Definitions and Explanation:

Diffraction of light refers to the bending and
spreading out of light waves when they
encounter obstacles or pass—through small
openings. It occurs due to the wave nature of

light, where light behaves as a wave that can
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diffract or spread out when interacting with
obstacles. {36}

When light passes through a narrow slit or
encounters a thin object, such as a hair or a
feather, it undergoes diffraction. The light
waves spread out and produce a diffraction
pattern. The amount of bending or spreading
of light depends on the wavelength of light.
which have

Different colours of light,

different wavelengths, exhibit different
amounts of bending and result in coloured

edges or fringes in the diffraction pattern. {30}

The width of the slit or the size of the object
also affects the spreading out of light. The
narrower the slit or the smaller the object, the
more pronounced the diffraction. The angle
between the dark bands in the diffraction
pattern, known as the angular separation, is
inversely proportional to the width of the slit.
{38}

3- Applications of Diffraction:
Diffraction of light has numerous practical
applications in various scientific fields. Some

of the key applications include:

Optics Design: Diffraction plays a crucial role
in the design of optical instruments such as
telescopes and microscopes. Understanding
the diffraction properties of light helps in
optimizing the performance and resolution of
these instruments. {29}

Diffraction Gratings: Diffraction gratings,
which consist of many closely spaced slits or

rulings, are used to disperse light into its

7
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component colours and analyse the spectra of
light sources. They find applications in
spectroscopy, where they are employed to
study the composition and characteristics of

light emitted by various sources. {40}

Crystallography: Diffraction is extensively
used in crystallography to determine the
atomic structure of crystals. By analysing the
diffraction patterns produced when X-rays
pass through crystals, scientists can derive
information about the arrangement of atoms

in the crystal lattice.

Wavefront Analysis: Diffraction techniques
are employed in wavefront analysis to
measure and characterize optical aberrations
in imaging systems. This helps in optimizing
the performance of lenses and correcting any
distortions caused by diffraction effects. {41}

In summary, diffraction of light is a
phenomenon characterized by the bending
and spreading out of light waves when they
encounter obstacles or pass—through small
openings. It has a significant historical
background and is understood through the
wave nature of light. Diffraction finds

practical applications in optics design,

diffraction gratings, crystallography, and

wavefront analysis, contributing to

advancements in various scientific fields. {42}
5— Interference of Light:

1 -History of the Phenomenon:
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The phenomenon of light interference has a
rich history in the field of optics. It was first
investigated and explained by Thomas Young
in the early 19th century. Young's double-slit
experiment

played a pivotal role in

demonstrating the wave nature of light and
laid the

interference. {43}

foundation for understanding

2-Definition and Explanation:

Interference of light refers to the interaction
of light waves when they meet or overlap in
space. It occurs due to the wave nature of
light, where light behaves as a superposition of
waves. When two or more light waves
combine, they can either reinforce each other
(constructive interference) or cancel each

other out (destructive interference). {44}

Constructive interference happens when the
peaks of two or more waves align, resulting in
an increase in the intensity of light. This leads
to the formation of bright fringes or regions
of increased  brightness.  Destructive
interference occurs when the peaks of one
wave align with the troughs of another wave,
causing a decrease in intensity. This results in
the formation of dark fringes or regions of

reduced or no brightness. {45}

3 -Applications of Interference:

a) Thin Film Interference:

Thin film interference occurs when light
waves reflect from both the top and bottom
surfaces of a thin film. The interference

between these waves can enhance or diminish

8
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specific colors depending on the film's
thickness and the light's wavelength. This

phenomenon finds applications in: {46}

Anti-reflective Coatings: Thin films are used
to reduce surface reflections on lenses or
windows by inducing destructive interference

for particular wavelengths. {47}

Interference Filters: Thin films are employed
to create filters that selectively reflect or
transmit specific wavelengths of light. These
filters are valuable in optical instruments and
spectroscopy. {30}

b) Newton's Rings:

Newton's rings refer to a pattern of
concentric, alternating bright and dark rings
observed when a Plano-convex lens is placed
on a flat glass surface. These rings arise due to
the interference of light waves reflecting from
the lens and the glass. The applications of

Newton's rings include: {31}

Optical Surface Flatness Testing: Newton's
rings provide a non-destructive method for
evaluating the flatness of optical elements like
lenses and mirrors.

Surface Quality Evaluation: The pattern of
Newton's rings offers insights into the quality

of optical components' surfaces.{35}

c) Michelson Interferometer:

The Michelson interferometer is a versatile
tool used to measure minute displacements,
changes in refractive index, and in
spectroscopy. It splits a light beam into two

paths and recombines them to generate
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interference patterns for analysis. Its

applications include: {51}

Interferometric Measurements: By modifying
one of the path lengths and examining the
resulting interference pattern, the Michelson
interferometer can measure small
displacements accurately.

Spectroscopy: The interferometer can
analyze the refractive index or spectral
characteristics of a sample by introducing it

into one of the beams. {52}

d) Interferometry in Astronomy:

Interferometry in astronomy involves
combining signals from multiple telescopes to
simulate a larger aperture, enabling more
detailed observations. Some of’its applications
include:

Very Long Baseline Interferometry (VLBI):
VLBI utilizes signals from widely spaced
telescopes to achieve exceptionally high
angular resolution, allowing detailed studies
of distant objects. {53}

Optical Interferometry: Optical
interferometers are used to study binary star
systems, determine stellar sizes, and even

detect exoplanets. {54}

e) Holography:

Holography is an imaging technique that
utilizes the interference of light waves to
create three-dimensional images known as
holograms. It finds applications in various

areas, including:

9
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Security: Holograms are employed in security
features on credit cards and identification
cards due to their difficult replication. {32}
Art and Entertainment: Holography is
utilized in art installations and entertainment
to create immersive visual experiences.

f) Fiber Optic Communication:

Fiber optic communication employs the
principle of total internal reflection to
transmit data as light pulses through optical
fibres, utilizing interference for encoding. It

has widespread applications in: {56}

Telecommunications: Fibber optic cables are
vital for long-distance and high-speed data
transmission in telecommunications
networks.

Internet Infrastructure: Fibber optic cables
form the backbone of the internet, facilitating
data transmission between servers and across
continents.

These are some of the primary applications of
light interference, demonstrating its
significance in various fields of science,

technology, and everyday life. {57}

6- light absorption:

Historical Background:

The phenomenon of light absorption has been
studied and understood for centuries.
Scholars such as Pierre Gassendi made
significant contributions to our

understanding of this property. {12}

Definitions and Explanation:
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The process through which a substance
absorbs the energy contained in light waves is
referred to as absorption of light.

Atoms and molecules contain electrons that
have specific vibrational frequencies. When a
light wave with the same frequency as an
atom's natural frequency interacts with it, the
electrons are set into motion and vibrate

accordingly. {13}

If a light wave with a particular frequency
encounters a material whose electrons have
matching vibrational frequencies, the
electrons absorb the energy from the light
wave and convert it into vibrational motion.
During this process, the electrons interact
with neighboring atoms, transferring their
vibrational energy into thermal energy. As a
result, the light wave with that specific
frequency is absorbed by the object and is not

re—emitted as light. {14}

Applications:

The absorption of light has various practical
applications and implications:

Opaque Materials: Certain materials, such as
wood, are opaque to visible light due to their
ability to absorb light waves within the visible
spectrum. This property makes them appear
dark or block the transmission of light. {15}
Selective Transparency: Some materials can
be opaque to specific wavelengths of light
while being transparent to others. Water and
glass, for example, are transparent to visible
light but impenetrable to ultraviolet light.
UV-blocking windows or filters can make use

of this feature. {16}

10
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Color Perception: The absorption of specific
wavelengths or colors of light is responsible
for the perception of colors in objects. A
substance seems to be a different color when
it absorbs specific colors from the light
spectrum because those colors are not visible
in the reflected light. An example is the green
color of leaves, where the pigment
chlorophyll absorbs blue and red colors,
reflecting green light.

Understanding light absorption has practical
implications in fields such as materials
science, optics, and color theory, enabling the
development of various technologies and

applications. {17}

7- Light Polarization:

Historical Development:

The study of light scattering and polarization
can be traced back to ancient times when
observations were made on the behaviour of
materials. However,

light in certain

significant advancements in scientific
understanding occurred in the 17th and 18th
centuries. {51}

Danish Ole Remer

experiments in 1669, where he observed the

scientist conducted
disintegration effect of light passing through
crystals. In 1808, French scientist Etienne-
Louis Malus discovered Malus's Law, which
described the reflection of polarized light
from flat surfaces. English scientist Michael
Faraday made important contributions in the
second half of the 19th century, discovering
the Faraday effect, which demonstrated the
influence of a magnetic field on light

polarization. In the 20th century, further
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progress was made through theoretical
models and experimental research, leading to
a deeper understanding of light polarization

and its applications in various fields. {51}

Definitions and Explanations:

Light polarization refers to the direction of
electromagnetic vibrations of light waves. As
light propagates, it vibrates in different
directions and planes perpendicular to its
propagation direction. The deconvolution of
light involves determining the direction of
these electromagnetic vibrations. The
polarization of light is characterized by the
polarization plane and the polarization level.
The polarization plane can be vertical,
horizontal, or any orientation in between,
specified relative to a reference plane. In
essence, light polarization describes the
property of directing the electromagnetic
vibrations of light waves and determining

their direction and level. {54}

Several theories explain the phenomenon of

light polarization:

a. Wave Theory: Developed by scientists such
as Christiaan Huygens and Augustin-Jean
Fresnel, the wave theory of light posits that
light is an electromagnetic wave. The
polarization of light is explained by the
orientation of the electric field vector
associated with the wave. The electric field
vector oscillates perpendicular to the
direction of propagation, determining the

polarization state of light. {32}

11
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b. Particle Theory: Proposed by Isaac
According to the particle theory, light is
composed of microscopic particles known as
corpuscles, Newton. The later discovery of
wave—-particle duality, which takes into

account photon behavior as quantized
packets of electromagnetic energy, helps us to
understand light polarization even though this

theory does not directly explain it.

153}
c. Quantum  Electrodynamics (QED):
Quantum  electrodynamics, a modern

quantum field theory, describes the
interaction between light and matter. In
QED, light polarization is explained by the
superposition of different photon states.
Photons can have linear, circular, or elliptical
polarization their

states, depending on

quantum mechanical properties. {50}

d. Molecular Alignment: This theory explains
light polarization when it interacts with
certain materials like crystals or molecules.
The alignment of molecules or crystal lattice
can lead to the

structures absorption,

reflection, or transmission of light with

specific polarization characteristics.
Molecular alignment theory is particularly
relevant in the study of birefringence and

optical anisotropy. {52}

Applications of Light Polarization:

Light polarization finds applications in
various fields, including:
a. 3D Imaging and Stereoscopic Images: Light

polarization is utilized to create a 3D effect in
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photos and films. By displaying two images 2. The 3D model of the museum was created
with different resolutions simultaneously and using Autodesk Revit.(see figure 3 and 4)

using 3D glasses to separate the images for
each eye, a three-dimensional perception is e

AUTODESK
formed in the viewer's mind. {54} REVIT' STRUCTURE

b. Optical Communications: Light

polarization is employed to transmit data
through  optical fibers. = Multiplexing
technology allows multiple channels of
information to be transmitted simultaneously

over a single optical cable, thereby increasing

data transfer capacity and enhancing network Figure (3): shows the program used to create 3D models.
efficiency. {55}

3.Methods of Research and tools used

Steps to Create the Light Museum Model:

1. The museum's architectural plan was

designed using AutoCAD. Figure (4): shows the 3D model for the museum The
3D model of the museum was created using
Autodesk Revit.

(see figure 1 and 2)

AUTODESK
AUTOCAD 3. The artwork inside the museum was
designed using Canvas and

PowerPoint.(see figure 5 and 6).

Figure (1): shows the program used to design the museum.

Microsoft ;
£ PowerPoint

Figure (2): shaws the museum plan was designed using AutoCAD.

Figure (5): shows the program used to design artwork
inside the museum.

12
Basic Sciences Sector, The Department of Physics 169 Volume 1, July 2024



the following URL: [elevenlabs.io]. This

website studio.d-id.com combines the

generated audio with the scientist's image,
resulting in an interactive video where the

scientist speaks about themselves.(see figure 8)

o
-
Tam the scientst Thomas Young! am th :m who degc :w:’ef.{‘!:

|
proparty-of Bght interiarence Ihm ble sht expe nnnc&

Figure (8): represents a combined picture of the scientist talking
about his self.

7- The final museum and scientist video

Figure (6): shows the artwork inside the museum was designed montages were created using Adobe Premiere
using Canvas and PowerPoint.

Pro CC. (see figure 9)

4— 3D models, such as the telescope, were

sourced from the internet and incorporated
into the museum.
5 . The museum was rendered using Autodesk

3DS Max (see figure 7)

Adobe Premiere Pro

Figure (9): shows the program used to montage videos.

AUTODESK'

3DS MAX' Methods and Tools for Creating the

"Mirror Reflection Challenge" Activity:

1. Purchase wooden boards and cut them into

desired sizes, then sand them.

Figure (7): shows the program used to render the museum. 2. Assemble the wooden boards into a

rectangular frame measuring 60 cm in length

6— Images of scientists were obtained from the and 40 cm in width. (see figure 10)

leonardo.ai website. A phrase was formulated

and passed through an Al voice generator at
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Figure (10): shows the wooden board.

3. Purchase mirrors and cut them into small,
equal-sized rectangles.

4. Buy artificial turf to serve as the playing
surface.

5. Purchase a laser pointer and attach it to one
end of the playing area.

6. Cut and glue the artificial turf onto the

wooden frame using adhesive. (see figure 11)

Figure (11): shows the picture of wooden board
after glue the artificial turf

7. Install screws on the wooden frame to serve
as the mirror placements.

8. Attach magnetic pieces to the back of each
mirror to secure them onto the screws,
allowing for easy movement and adjustment
of the mirrors in various horizontal angles.

9. Define the boundaries of the playing area by
using white paint.

10. Install the goalpost.

11. Conduct multiple tests of the setup to

ensure its effectiveness.

14
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figure (12): show Activity:(Mirror Reflection Challenge)

Light Museum Student Survey:

The questionnaire is a valuable tool used to
collect data and information from individuals
with the aim of understanding and analysing a
specific set of issues or phenomena. One
useful application of questionnaires is in
assessing the importance of students' use of

light applications, such as a light museum.

The light museum is one of the applications
that play a crucial role in promoting
awareness and interaction with scientific and
technological concepts related to light.
Knowing the importance of students' use of
these applications can help improve
educational programs and develop teaching

methods.

Through

researchers and teachers can gain valuable

conducting a questionnaire,

insights into students' experiences with light

applications and understand their opinions

and responses to them. Questions in the
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questionnaire may include topics such as the
impact of these applications on students'
learning and understanding of light-related
subjects, the extent of their use of the
applications in self-study and independent
learning, and the overall impact of such
experiences on their development of scientific

and technological abilities and skills.

Using the questionnaire, teachers and
education specialists can obtain valuable
feedback to help them improve educational
programs and design future teaching activities
based on light applications. Additionally, the
results of the questionnaire can be used to
raise awareness of the importance of such
students and the

applications among

educational =~ community in  general,
encouraging more use and interaction with

them.

In summary, using questionnaires to
understand the importance of students' use of
light applications, such as a light museum, is a
powerful tool for improving educational
programs and promoting interaction and
effective learning among students. The

questionnaire  helps gather  opinions,
preferences, and possible improvements to
meet students' needs and enhance the learning

experience.

We utilized Google Forms as a tool to create

and administer the survey. The students were

15
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presented with the museum video and its
designs on a smartboard in the classroom.The
survey was designed using Google Forms'
features, such as multiple-choice questions,

checkboxes, and text fields

The Google Forms platform facilitated the
collection of responses in an organized
manner, automatically capturing and
compiling the students' answers. This digital
tool offered convenience and efficiency in
data collection and analysis, eliminating the
need for manual data entry. Additionally, it
provided a user—friendly interface for the
students to navigate and respond to the

questionnaire easily.

Light Museum Student Survey form
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https://docs.google.com/forms/d/e/1FAIpQLSfqOKtKmWoUVo4_NrYbEZIXAIcMYLNse2M5usbE9MI27zTEXQ/viewform

4. Results of Research

Questions:

Section 1: General Information

What grade are you in?

Have you visited a science museum before?
Section 2: Museum Experience

How would you rate the overall design and
theme of the Light Museum?

Which exhibit did you find most engaging?

Section 3 Learning Outcomes

After seeing the museum, do you feel more
knowledgeable about the properties of light?
Which property of light was new to you?

Section 4. Interactive Elements

Did you participate in any hands-on
activities?

Section 5: Additional Feedback

What did you like most about the Light
Museum?
How can we improve the Light Museum

experience?

statistical analysis:

1.General Information:

- 69.2% of the students are in primary
school, while 30.8% are in middle school or
high school. see figure (13)

- 26.9% of the students have visited a
science museum before, while 73.1% have
not. see figure (15)
2.Museum Experience:

- 38.5% rated the overall design and theme
of the Light Museum as excellent, while 57.7%
rated it as good. see figure (14)
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- The most engaging exhibit according to
the students was the Mirror Maze (42.3%),
followed by the Fog Chamber, Rainbow
Maker, and Double Slit Experiment (all at
19.2%). see figure (16)

3. Learning Outcomes:

- 96% of the
knowledgeable about the properties of light

students feel more
after visiting the museum. sce figure (17)

— When asked about the new property of
light they learned, 30.8% chose Diffusion,
26.9% 7.7%

Refraction, 19.2% chose Interference and

chose Reflection, chose
Diffraction, 15.4% chose Polarization, and
19.2% stated that none of the properties were

new to them. see figure (18)

Section 1: General
Information

Whsl grade ure you In ?

Section 2: Museum
Experience

figure (13)

How would you rate the
overall design and theme of

7 the Light Museum

figure (14)
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Have you visited a science ?
museum before
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Which property of light was ?
new to you
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figure (15)

Which exhibit did you find ?
most engaging
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figure (16)

After seeing the museum, do
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about the properties ? of light

o
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figure (17)
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figure (18)
Section 4: Interactive
Elements
Did you participate in any ?
hands-on activities
figure (19)

Result of form



https://docs.google.com/forms/d/1IIRDoFv5FLq-sL5jaBYNy1Nu1w-TI-j-g6oCKTmLk_M/viewanalytics

5. Interpretation of Results

Light Museum Student Survey:

The survey results provide valuable insights
into the students' experience at the Light
Museum. Here are some key interpretations:
1. General Information:

- A significant portion of the students
surveyed are from primary school, indicating
that the museum attracts young learners.

- The majority of the students have not
visited a science museum before, suggesting
that the Light Museum may have been their
first exposure to such an educational setting.
2. Museum Experience:

— The overall design and theme of the Light
Museum received positive ratings from a
majority of the students, indicating a
successful execution in creating an engaging
environment.

— The Mirror Maze emerged as the most
captivating exhibit, followed by the Fog
Chamber, Rainbow Maker, and Double Slit
Experiment. These exhibits likely provided
interactive and immersive experiences that
resonated with the students.

3. Learning Outcomes:

— The survey demonstrates that the Light
Museum effectively enhanced the students'
knowledge about the properties of light, with
an overwhelming majority feeling more
knowledgeable after the visit.

- Diffusion and Reflection were the most
commonly cited new properties of light,
indicating that these concepts were effectively

conveyed during the museum experience.
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Overall, the survey results indicate that the
Light Museum had a positive impact on the
students' learning and engagement. It
effectively conveyed knowledge about the
properties of light and created an enjoyable
and educational experience. The results also
feedback for

improvement, such as incorporating more

provide valuable further
hands-on activities and utilizing technology
like virtual reality to enhance the interactive

aspects of the museum.

6. Conclusion

The nature, characteristics, and uses of light in
our daily lives have all been examined in this
study work. This study has centered on the
Museum of Light, which provides a venue for
showcasing the fascinating history of light and
the evolving comprehension of its
characteristics.

The museum highlights the practical uses of
the seven basic characteristics of light, which
are propagation, reflection, refraction,
diffraction, interference, and polarization.

By utilizing state—of-the-art technology and
sophisticated engineering tools, the Museum
of Light provides its guests with an immersive
and captivating experience.

Prominent scientists are introduced together
with their invaluable contributions to the
study of light characteristics through
interactive screens and artificial intelligence
technology. The layout of the museum

features a wide variety of interactive games
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and activities that create an educational
atmosphere that piques visitors' interest and

promotes a deeper comprehension of light.

The research article also covered the useful

applications that come from  the
characteristics of light. For instance, light
diffraction is essential to the creation of
optical components like lenses and mirrors,
which advances optical technology.

Practical applications of light absorption can
be found in biology and medicine, where it is
used in procedures such as functional
magnetic resonance imaging (fMRI) and
retinal examination.

The Museum of Light presents the definitions
and historical context of light qualities in
addition to highlighting their practical uses.
Visitors get a thorough grasp of light and its
importance in our lives by exploring the
museum. It is an important teaching tool that
advances scientific understanding and an
appreciation of the wonders of light.

In summary, the Museum of Light is a
trailblazing organization that connects public
participation with scientific inquiry. It
promotes study, stimulates curiosity, and
honors the significant influence of light on the
universe. Visitors of all ages are captivated and
filled with amazement by the museum's
inventive approach, which fosters a deeper
understanding for the beauty, intricacy, and
useful applications of light.

In summary, the Museum of Light is a
trailblazing organization that connects public
scientific

participation with inquiry. It

promotes study, stimulates curiosity, and
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honors the significant influence of light on the
universe. Visitors of all ages are captivated and
filled with amazement by the museum's
inventive approach, which fosters a deeper
understanding for the beauty, intricacy, and

useful applications of light.
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	Abstract:
	Unclean energy has become undesirable, as it pollutes the environment such as coal and petroleum so the whole world turned to using clean, renewable and sustainable energy. Therefore, this project was done to design a solar cell through thermal evapor...
	Through smelting, copper indium diselenide duo were prepared from their basic elements with a high degree of purity.
	Then CuInSe2 thin film was deposited using thermal evaporation procedure. Indexing the CuInSe2/n-Si heterojunction’s dark and illumination I-V characteristics curve was done at room temperature. The photovoltaic (PV) properties and several parameters ...
	The future belongs to the CuInSe2 solar cell.
	أصبحت الطاقة غير النظيفة ،تلوث البيئة، وغير مرغوب فيها مثل الفحم والبترول لذلك أتجه العالم كله إلى استخدام طاقة نظيفة متجددة مستدامة  لذلك تم عمل هذا المشروع لتصميم خلية شمسية عن طريق التبخير الحراري تعمل كمصدر للطاقة.
	تم تحضير السيلينيوم والانديوم والنحاس من خلال عملية الصهر من عناصرها الأولية بدرجة عالية من النقاء .
	ثم ترسيب اغشيه رقيقه من ثنائي السيلينيوم والانديوم والنحاس على حامله من السيلكون الإحادى من النوع السالب بطريقه التبخير الحرارى . تم قياس منحنيات الجهد والتيار في الظلام والاضاءة ومن خلال هذا الجهد
	والتيار لهذه الخلية (                                         (Au / CuInSe2/ n–Si / Al
	تم تعيين كفاءة الخلية ،وجد إنها تساوي ٥,٧٪ .
	Key Words: CuInSe2, Solar cell, thin films, photovoltaic.
	1. Introduction:
	A p-n junction that made of silicon (Si), gallium arsenide, or another material is the solar cell. Electrons in the valence band of a solar cell gain sufficient energy to move to the conduction band upon exposure to solar radiation, resulting in the f...
	After circling the external circuit and returning to the p-side of the junction,    the electrons from the n-side of the junction merge with the holes to close the current path [1].
	The increase in voltage causes electrons to move from the junction's n-side to the p-side. The movement of holes from the junction's p-side to n-side also occurs alongside with an increase in voltage. The concentration gradient between the two sides o...
	3.1 Preparation of Copper indium selenium as a bulk:
	The first ingot of the CuInSe2 material was made using stoichiometric proportions of 99.999 present pure copper (Cu), indium (In), and selenium (Se). Under vacuum, the mixture was enclosed inside a quartz tube.
	The quartz tube was gradually heated to 20  C every hour. It takes 48 h to achieve full homogeneity when the melt is kept at 750  C.
	After that, the tube cooled at a rate of 7 C/h to prevent cracking from the melt's thermal expansion during solidification.
	3.2 Preparation of Copper indium selenium as a thin film:
	Using a heat resistant filament coil around a quartz crucible or a metal boat, thermal evaporation can create thin films from pure elements, alloys, and compounds based on their melting or sublimation points. The material qualities and substrate condi...
	Under a high vacuum(2×10⁴ pa ) coating unit model was used to coat CuInSe2 thin films on the substrate surface. (Edwards E306 A) [10].
	Nippon Mining Co provides the n-type Si (100) single crystal wafers with a carrier concentration of 10²²m-³ . Area is 2cm ² , thickness is 450 micro meters and The degree of vaporization is 2 Angstroms per second were etched and cleaned using the CP4 ...
	Silicon wafers were etched, then they were washed with distilled water and ethyl alcohol. After being cleaned and etched, CuInSe2 thin films were coated on silicon wafers from the front side using the traditional thermal evaporation method.
	Gold mesh coated the over layer of CuInSe2 to serve as an ohmic electrode and Aluminium layer coated in front of layer of cell.
	4.Results and Discussion of Research:
	4.1Dark current-voltage characteristics:
	To investigate the junction qualities were constructed current–voltage characteristics I–V. Measurements of electric characteristics I–V usually become the valuable source of information about Junction properties, rectification ratio RR, diode quality...
	The analysis of I–V characteristics is also valuable for identifying the transport mechanisms, which is conduction control. The current–voltage properties of the deposited onto n-Si at the temperature of 300K in CuInSe2 Films with thickness 55 nm are ...
	The curves demonstrate a diode-like behaviour in a forward  and reverse direction with positive potential on cell .
	Fig.4.a Study I-V characteristics of Solar cell in dark with forward and reverse direction.
	4.2 Illumination current–voltage characteristics:
	The behavior of diode under illumination with forward and reverse direction is shown in Fig.4.b
	Fig.4.b I–V characteristics of solar cell under illumination with forward and reverse.
	Fig.5 Illustrates ln(I) against the voltage of solar cell, at 1.5V and RR =9.29
	Fig.5 study I–V characteristics for the junction at low voltage with forward and reverse direction.
	Fig.6 shows the I–V curves with higher current through the voltage range because direction. of the light generated carriers.
	The open-Circuit Voltage (Voc ) is higher under illumination because of the presence of light generated current.
	Short-Circuit Current (Isc) is the maximum current  at zero voltage.it’s only achievable under illumination.
	From Fig.6 we calculate the solar cell parameters such as:
	Fig.6 study I–V characteristics for the junction under illumination.
	5. Conclusion:
	I-V characteristics of solar cell
	(Au /CuInSe2/n–Si/Al) in dark have diode like behaviour.
	Gold , Copper Indium diselenide,
	n-Silicon and Aluminium photovoltaic device was prepared and determine the parameters of photovoltaic. The goal of the cell is producing clean, renewable and sustainable energy from sunlight.
	The values of Voltage open circuit (Voc) , Short circuit current density (Isc) , fill factor (ff) and efficiency (η) were calculated:  Voc = 0.567 v,    Isc=2.349×10^(-7)A,   ff= 0.85 and
	η=5.7 %
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	Introduction:
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	4. Results of Research
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