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1-Human eye

The best thing that the eye can be likened to is a camera that forms a real, inverted
Imagination on the retina. The brain subsequently undertakes the task of analyzing
and correcting this imagination, and thus seeing things and bodies as they are in
reality. The human eye is characterized by being approximately spherical in shape
(Figure 1) with a radius of r = 1.2cm. In front of it is a transparent layer called the
cornea, which is birefringent n = 1.351 and filled with a fluid with a watery

consistency that is birefringent n = 1.333.
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The cornea is responsible for the refraction of the light falling in the eye and then
directing it towards the focal lens, which in turn concentrates this light to fall in the
focus behind the lens. The formed images of the objects are located in a sensitive

area of the retina called macular. In this region concentrates a Very high percentage



gll-dbl) g Linial) colidil Luls - Lecture 1

of cones and rods, which are responsible for distinguishing colors due to it's

sensitivity to the different wavelengths of the incident light.

Tablel:Optical parameters of typical human eye. R indicates surface radius, t is the

distance to next surface, n is the index of refraction between surfaces

Surface Radius Distance Refractive Index

R1 (air to cornea) 7.8 mm t1(cornea) 0.6mm 1.376

Rz (cornea to aqueous) 6.4 mm t2 (aqueous) 3.0mm 1.336
R3(aqueous to lens) 10.1 mm t3 (lens) 4.0mm 1.386-1.406

R4 (lens to vitreous) 6.1 mm ts (vitreous) 16.9mm 1.337

2-Introduction:

In order to understand how the vision process works, than to develop and design
precise optical systems and instruments, the optical modelling of the human eye and
the accurate prediction of the optical performance is a crucial topic for the light
engineering as well as vision science. In the past, various optical eye models with
different features were developed, among them the Gullstrand’s schematic eye
model won the Nobel prize in 1911 .He illustrated relevant optical surfaces (the
cornea and the crystalline lens) of an eye and described their geometry
quantitatively. After 100 years, today, the development of optical simulation
software and ray tracing methods enable us to reproduce the optical system of the
human eye quantitatively with more accuracy. For instance, to construct a statistical

eye model, at first the biometrical data of the human eye was assessed using clinical
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devices, than new simulated data were generated and finally validated with biometric
data . However, previous eye models focused particularly only in some features like
only corneal data, only accommodation or aging, used personalised or average
population data and either mono- and polychromatic light. To the best of our
knowledge, there is no eye model of the complete optical system. Therefore,
developing a complete eye model may prove advantageous to understand the vision
process and its application in the ophthalmology, the medical technology and the
light engineering. This paper presents a review of optical eye models and provide
insight into which facts will play an important role to develop a complete eye model

by using contemporary technology
2-1 Optical eye models

1-The human eye

2-Gullstrand eye model

3-Emsley reduced eye

4-Navarro eye model

Gullstrand eye model:

The figuer represents a well-known eye model with optical components and
values proposed by an ophthalmologist Allvar Gullstrand, who won the Nobel Prize
in physiology and medicine in 1911 for his work concerning the dioptrics of the eye.
Prior to his eye model, no optical eye model have included as many optical

refracting surfaces as he described with his model. The idea behind the eye model
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Is that for him as an ophthalmologist, if more optical surface parameters, e.g. radius
of curvature and refractive index, are described, it helps to predict the eye diseases
effect in which optical component either on the cornea or lens or on other
components is and how much optical parameter value deviates from the healthy and
disease eye. This knowledge leads to evaluate about the disease severity, progression

and diagnosis outcomes after the treatment.
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He had measured the optical surface parameters of the human eye by using
techniques and devices (slit lamp, ophthalmoscope) available at that time and
collected and averaged data for each optical component of healthy eyes. Those
values were considered as gold standard values for the healthy eye. He assumed
following six-refracting surfaces which are essential to model a human eye: air to
anterior cornea, agueous humor and posterior cornea, aqueous humor to lens outer
surface(cortex), lens core to lens cortex and vitreous humor and lens cortex. His eye
model’s corneal total refractive power around 43 D, which was two-third of the eye’s

focusing power (58 D) and average lens power was approximately 19 D .
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He considered refractive index values, distance next to next surface, radius of
curvature and shape as parameters. In addition, he introduced the term astigmatism
in eye optics. Furthermore, he described for the first time the mechanism of intra
capsular accommodation, which was not considered before his eye model. This
mechanism means that the human lens is made up of different fiber layers on the
lens cortex and nucleus , thus the refractive index differs, resulting the focusing of
the object varies in lens cortex and nucleus. This knowledge helped in the future to

understand and invent Intra ocular lens with different focal power for cataract.
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Fig. 2 Optical components of the Gullstrand’s schematic eye in relaxed form; all

values are in mm

His eye model does not provide information about a shericity about the optical
surfaces, the curved form of the retina, many layered lens structure (GRIN Structure)
and the opening size of the pupil. The values were for healthy eyes, which does not
illustrate which age or ethnic group was taken, which wavelength was sent to form

an image and in which illuminance enviroment the values were measured.
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3-Reduced paraxial schematic eyes:

Further simplifications are possible that may give models accurate enough for
some calculations such as estimates of retinal image size. Reduced eyes contain only
an anterior cornea as a refracting surface. In the more sophisticated eyes, the two
principal points and the two nodal points are separated, but in reduced eyes, the
principal points P and P’ must be at the corneal vertex V, and the nodal points N and
N’ must be at the corneal center of curvature. For the eye power to be similar to those
of more sophisticated eyes, reduced eyes must have shorter axial lengths. As the
cornea has absorbed the power of the lens, its radius of curvature is much smaller
than those of more sophisticated eyes. As reduced eyes lack a lens, optical

parameters associated with accommodation cannot be investigated.
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4-Listing reduced eye:

For understanding, listing simplified the data data by choosing the single principle
point and single nodle point lying midway between two principle points and two

nodal points respectively , this is called Listing reduced eye.

TABLE 5: Comparing Gullstrand’s schematic eye and Listing's

reduced eye.

Features

Principal focus
Fi

Fa

Principal points
Py

Py

MNodal points
N,

N3

Gulistrand’s schematic
eye

15.7 mm in front of the
cornea

244 mm behind the
cornea

1.3 mm behind the cornea
in anterior chamber

1.60 mm in the anterior
chamber

7.08 mm from the cornea

7.33 mm from the cornea
in the lens

Listing’s reduced
eye

17 mm in front of
the cornea

244 mm behind
the cornea

1.5 mm behind
the cornea in

anterior chamber
Mil*

7.2 mm from the
cornea

7.22 mm from the
cornea in the lens

*There is only one principal point in Listing's reduced eye
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1-1Myopia sadl sad
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If an eye is myopic, only close objects can be seen sharply and with good
resolution.Accommodation fails to adjust for more distant objects. The reason for
this effectcan be an eye-ball which is too long, too short a radius of curvature of the
cornea, oran eye lens with a very short focal length. Figure3 shows these three cases

ofmyopia. The correction of this problem can be by means of spectacles with a nega-

tive refractive power.
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Figuerl:The three most important reasons for myopia.ln case a) the eye-ball is too
long, in case b) the curvature of the corneais too large, and in case c), the refractive

power of the eye lens is too large.

Since natural accommodation results in a shorter focal length of the eye
lens,myopia can therefore be corrected with the help of an additional lens. Due to
the sign of the effect it is not possible to compensate for myopia by accommodation.
If no correction lens is used, the accommodation reduces the visus of the eye as can
be seen in last figure. If the radiance is low for scotopic vision, a natural myopia of
the eyes due to adaptation occurs. The reasons for this night-myopia are the
immobile position underlow radiance and the chromatic shift of the best

accommodation.
The treatment:

This visual error is corrected with a spherical refractor , which is a concave lens that
forms a virtual true (non-inverted) image, located at the actual far point of the
myopic eye, so that it becomes a real image for the second surface of the lens. Thus,
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light rays that comes from it refracts through the correction lens, forming an inverted
Image on the retina, which means a clear vision, figuer3.

When an object is anvwhere in
front of a diverging lens, the image
is virtual, upright, stnaller than the

object, and on the front side of the
lens.

M
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On the contrary to Myopia, a hyperopic patient suffers from the problem of being
unable to see close objects clearly, while being able to see distant objects clearly.
This is also due to an error in the cornea and the ocular lens, since the refractive
force is low and therefore cannot refract the light rays, coming from nearby objects,
strongly enough to form an image on the retina (the focal length is very big). Means

the blurring of seeing these close objects.

ideal a) c)

Figuer4:The three most important reasons for hyperopia.In case a) the eye-ball is
too short, in case b) the curvature of the cornea is too small, and in case c) the

refractive power ofthe eye lens is too small. The first diagram shows an ideal eye.
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The treatment:

This optical error can be treated (corrected) with a convex lens in order to increase
the eye's refractive force, this lens creates a virtual image of the nearby body, so
that this image falls at the patient's near point, Therefore the lens treats it as a real
object, refracts the light rays coming from it strongly to form an image exactly on
the retina, which means seeing these nearby objects clearly.

When a farsighted eye looks at an object

located between the near point and the eye, A converging lens causes the
the image point is behind the retina, image to focus on the retina,
resulting in blurred vision. correcting the vision,

Converging lens

Near \ \
point T '

Object
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3-2Astigmatism

If the refractive power of the eye is different in the horizontal and the vertical
cross-section, this is known as astigmatism. In most cases this defect results from
differ-ent radii of the cornea. Usually the refractive power is larger in the vertical
section.The correction of this aberration is only possible with a toric lens. For the
descrip-tion of this refractive error, the amount of astigmatic difference and the
location ofthe azimuth are necessary. It is also possible to correct the astigmatism of
the corneaby using hard contact glasses which force the cornea to adjust the radii of

curvature.Only a small residual error due to a tear film usually remains.
The treatment

astigmatism, is not a spherical refractive error and cannot be fully corrected with
a spherical lens, but it can be corrected with what is referred to as a cylindrical lens.
A cylindrical lens has maximum dioptric power in one meridian, while the

orthogonal (perpendicular) meridian has no dioptric power.
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Introduction:

as far as astronomy is concerned is just a “light bucket”. In almost all
applications,we are not interested in magnification, but simply in collecting enough
photons to measure.Usually, this means collecting enough photons to achieve a
desired ‘“‘signal/noise” ratio, alwaysimportant in astronomy.With larger telescopes,
we increase the collecting area, so we increase the number of photons collected. This
means that we can observe fainter objects, but we can also improve resolution.This
can be spatial resolution, but it is often more important to get better spectral
resolution(eg. by using echelle spectrographs) or better time resolution for “high-
speed” photometryor spectroscopy. This means that one can take very short exposure

(direct or spectroscopic)measures whilst retaining good signal/noise.
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Fundamental principles

Most large reflecting telescopes are composed of conic surfaces (paraboloids
.ellipsoids, hyperboloids) formed by rotating conic sections about their axes of
symmetry. Working directly with reflection laws for conics is thus more informative
than dealing with lens formulas. In the realm of optics, the fun-damental property of
conics is that the normal at a given point on any conic bisects the angle formed by
the two radii joining that point to the two foci (figuer). This means that all optical
rays issuing from a source located at one of the foci will converge at the other focus
and thus form a perfect image of the source. This perfect imaging of a point source
is called “stigmatism.”The simplest case is that of the parabola, which is a
degenerated ellipse with one of its foci at infinity. Rays issuing from this focus at
infinity, that is to say, rays parallel to the parabola axis, will, after reflection,

converge at the parabola focus.

OS5 (A0 ) prdand cdaalila) Al JISET) Ak 5 jae pehansl (o8 AnsSlall ol Sl e ¢ oS5
SV (il 8 e Hdile ISy Jaadl Q8 UG5 LU ) sae J s B)) 90 dada g i adaliae (4
Al WY A el caly yallalle bl sl s ae Jalaill e 53] ST aey ilda g jall
Dbl Gl LSy A )3l Caty g i gl e Al A die (g3 gaall O (4 il g Al
e Baliall A gall AasY) aran () iag 13 5 (JauY) 3 Nl JSEN) () 5l Al ol Jay 3 (5300
Glad  raall 40le s ) gam IS5 L 5 5 AV 850 (8 ol g ()3l (538) (B 1y Hdae
JSE g 5 (A adadll Al o Al Lol 5 @y 300y ansl i jaand il ) geaill 124 e
At ol Al die 5 )5l 03 (e B jalall 2 V) 5 Al 843 )5 o) a8 ) sadie 5 slaay

(A adadll 3 )5 die (alSadY) day )W Co g ¢ AN adadl) ) gaal & ) gall



gll-dbl g Linal) colidil Luls Lecture3

Ellipse Hyperbola

Fig. The property of conics that is the foundation of reflecting telescopes:the normal
at any point of a conic bisects the two radii issuing from that point (Apollonius
theorem).

The next case uses a second conic surface with one of its foci coincident with the
focus of the parabola. This second conic surface will reimage the original source at
its second focus, again in a perfectly stigmatic way. When this second conic is an
ellipsoid, the system is called a“Gregorian,” and when it is a hyperboloid, it is a

“Cassegrain” (Fig. 4.2). A system with three powered mirrors follows the same

principle.
Common focus of Paraboloid Common focus of [Paraboloid
paraboloid and ‘s paraboloid and
ellipsoid hyperboloid >

\ ! .
————————————— ____._’___ e ——
[ AN
Ellipsoid e Hyperboloid \ \
Gregorian telescope Cassegrain telescope

Fig. 4.2. A system of coaxial conic surfaces with coincident foci is “stigmatic.”
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An optical telescope:

IS an instrument that gathers and focuses light, mainly from the visible/IR part of
the electromagnetic spectrum, to create a magnified image for direct view, or to

make a photograph, or to collect data through electronic image sensors.

Telescope Functions
1-Light-gathering power:

The Light-gathering power of a telescope is simply its ability to collect light and
is therefore proportional to the collecting surface area, or a?, if a is the aperture
(usually by “aperture” we mean the diameter of the primary mirror).

For point sources (such as stars), ideally the image is concentrated into the same
area irrespective of focal length (or f-ratio) so “speed” depends only on aperture.

2- Resolving power

Light passing through a circular aperture suffers Fresnel diffraction, so that even an
infinitely small point source will show a somewhat diffuse image with an
interference pattern — the diffraction pattern

=5

Figure 14: Diffraction pattern produced by a circular aperture. The central spot is the
Airy disk.
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In astronomy, the radius of the first minimum in the diffraction pattern is referred to
as the Airy disk. The angular radius is given by:

0 = 1.22ﬁ

a

Actually sin 0, but we can write sin § = 6 because the angles are very small. And the
linear radius is:

o = 1.22fi
a

where:
f = focal length
a = aperture (diameter of the objective)

A = wavelength

Example: For white light (A ~ 56004 = 5.6 x 10 %cm, given a lens of diameter 4cm and a focal
lenght of 30cm, the Airy disc has an angular radius:

1.22 x % = 1.71 x 107° radians = 3.5 arcsec

and a linear size of: )
30 x 1.71 x 107 = 5.1 x 107" cm.

For a point source (star), the central disk is thus ~ 0.0lmm in diameter.
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Types of telescopes:
Refracting and Reflecting Telescopes

e A lens or mirror changes the direction of light to concentrate incoming light
at a focus and form an image of the light source at the focal plane.

e Telescopes using lens are refractors, and those using mirrors are reflectors.
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Distant light
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Concave mirror
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Incoming parallel light | / / / “ \\

rays from a distant object

Essentially parallel
light rays

Focal length Sis \(’ ’ f
e V/ Focal point

There are three basic types of optical telescopes — Refractor, Newtonian reflector
and Catadioptric. All of these telescopes are designed to collect light and bring it to
a focus point so that it can be magnified by an eyepiece, however each design does
it in a different manner. Each of the designs has the potential to perform very well,

and all have their own virtues, as well as faults.
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1-The Refractor,

also known as the dioptrics, is a telescope that uses lenses to refract, (bend), the
light that it collects. This refraction causes parallel light rays that converge at a focal
point at the opposite end, where they can be magnified by an eyepiece. The large
lens at the front is called the objective lens. The objective lens usually comprises of
two or more individual lenses that are bonded and or arranged together to make up
what is called the objective lens cell. The glass material used can also vary which

will help in the overall performance of the objective lens.
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Problems with refractors:

e Chromatic aberration: focal length varies with wavelength
e Costly to make a large lens free of defects, such as bubbles
e Lightis absorbed and scattered in the glass

e Heavy to support, distortion under weight
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2-Newtonian Reflector

The Newtonian Reflector, also known as catoptrics, is a telescope which uses a
spherical or concave parabolic primary mirror to collect, reflect and focus the light
onto a flat secondary mirror (diagonal). This secondary mirror in turn reflects the
light out of an opening in the side of the tube and into an eyepiece for focus and

magnification.
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3-Catadioptrics

Catadioptrics are telescopes that use a combination of mirrors and lenses to fold
the light path and direct it for focus and magnification through a hole in the primary
mirror. There are two popular designs, the Maksutov-Cassegrain and Schmidt-
Cassegrain. Both designs have similar advantages and disadvantages. In Maksutov
designs the light enters a thick meniscus correcting lens with a strong curvature. The
light then strikes the primary mirror and is reflected back up to the secondary mirror
that reflects the light out an opening in the rear of the instrument. The secondary
mirror is usually an aluminized spot on the back of the meniscus corrector. The
Maksutov secondary mirror is usually smaller than the Schmidt's thus giving the
Maksutov better resolution for planetary observing. The Maksutov is usually heavier
than the Schmidt and the thicker correcting lens takes longer to reach thermal
stability. In Schmidt designs the light enters a thin aspheric Schmidt correcting lens.
The light then strikes the primary mirror and is reflected back up to the secondary

mirror that reflects the light out an opening in the rear of the instrument. Schmidt's

9
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usually have shorter focal lengths thus making them more suitable for fainter deep

sky objects. The thinner corrector plate means the Schmidt is faster to reach thermal

stability.
Telescope with Reflector mirror
1- Single-mirror systems:

A telescope with a single mirror is possible but has a very limited field. In such a
system, the dominant aberration is coma and the angular length of the comatic
image on the sky (in radians) is given by:

3 0
Coma = ——
16 N 12
where 0 is the semifield angle (angle from the optical axis) in radians and
N1 is the mirror focal ratio (N1 = f1/D). On the ground, because of seeing,
comatic images up to 0.5 in length may be considered acceptable, so that

the practical semifield angle expressed in arcminutes will be

0 = 0.044N7}

2-Two-mirror systems

Focus access is greatly improved by folding the beam and bringing the focus
behind the primary mirror. In one form or another, a two-mirror system is the most
widely used telescope configuration. It benefits from minimal reflection and central
obstruction losses, is compact, and offers an external and very accessible focus. In
its classical form, the two-mirror system consists of a parabolic primary and a

conical secondary relaying the common focus to the final focus.

10
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3- Three- and four-mirror systems

1L—;§ S s ———a '

The Ritchey-Chr’etien is an excellent and widely used combination, but interest
has recently shifted to three and more mirror combinations because of the need for
beam steering or wavefront correction. Wavefront correction and line-of-sight jitter
compensation can be done with the secondary mirror, but it is generally preferable
to use small mirrors that can be oriented or deformed rapidly with minimal negative
dynamic effects. If a deformable mirror or fine steering mirror is used, it should be
placed at a pupil. The exit pupil of the R-C combination is located in front of the
secondary mirror and is virtual, but one can reimage that pupil in order to create a
small, real, accessible pupil. This can be accomplished by introducing a single
powered mirror (tertiary), provided that the system is used slightly off axis to avoid
beam blockage, or by the use of two judiciously placed extra powered mirrors
(tertiary and quaternary) to remain on axis . An example of a three-mirror

combination isshown in figuer.

11
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4-Systems with spherical mirrors

Spherical primary mirrors have the advantage of low-cost fabrication. But
correction of the massive spherical aberration over a reasonable field is not
trivial and generally requires three additional mirrors. An example is shown

in figuer.

Figuer:Six-mirror system proposed for a 100-meter telescope with a spherical

primary mirror. Two of the mirrors are simple flats.

12
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Advantages of reflectors:
* The mirror is made to be highly reflective.

* Fewer problems with chromatic aberration, glass defects, support and distortion.

* Spherical aberrations can be corrected.

13
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1-Total Internal Reflection

Total internal reflection is an optical phenomenon that happens when a ray of light
strikes a medium at an angle larger than a particular critical angle with respect to the
normal to the surface.

e The phenomenon of total internal reflection is used in many ophthalmic
instruments such as gonioscope and fiber optic cables that have many medical
as well as nonmedical uses.

e Critical Angle

Critical angle is the angle of incidence above which total internal reflection occurs.
It is defined as the angle when the incidence ray is of such an angle that the refracted
ray is at right angles to the normal.

:(Reflection's & Refraction's laws) _ LasiVly QulSaiy) Cailgd
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The first law of reflection states that the incident ray of light on a smooth
transparent surface is reflected at an angle of reflection 0; equal to the

angle of the incidence ;. So, the following relation is achieved:

The incident ray. the reflected
ray, and the normal all lie in

G—“-ﬂ‘j dj{y‘ u.ﬂs:_i‘}(.\ (5-’)"13 the same plane, and 6, = 61.

Normal

Reflected

ray

Incident
ray
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The second law of reflection states that both, the incident ray on the smooth
surface and the reflected ray from this surface, are at the same level so that the
normal on this surface separates these two rays.

wbjwdm@éh&u)yJ&c@}."aﬂui}!\Mc\;ﬁ\&d\)&\ﬁbe@\)@&\dﬂ

The refraction of light is known as a deviation in the direction of light rays when
it crosses a surface, separating two transparent media with different densities, due to
the different speed of diffusion of light in these two mediums.

al s il 5 gaall g bl g o) sl 5 saall o bl e SIS () e SN LSV ) 58 Galy
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The first law of refraction states that both, the incident ray and the refracted
one on the surface, are located in one level.
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n, -sini =n, -sinr

All rays and the normal lie in the
same plane, and the refracted
ray is bent toward the normal
because vs << vj.
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The angle of incidence corresponding to the angle of refraction (r = 90°)

is called the critical angle, and is given via the following relation:

/1
sin90° =n-sinf; = 0O¢ = arcsin (;)



g l-dpbl| g Lnwall Cliidil) 4ulS
Lubl) ol judllecily puadl] il
Dr.mohammed

Index of refraction.

The two transparent optical media that form an interface are distinguished from one

another by a constant called the index of refraction, generally labeled with the
symbol n. The index of refraction for any transparent optical medium is defined as
the ratio of the speed of light in a vacuum to the speed of light in the medium, as
given in Equation:

[

where ¢ = speed of light in free space (vacuum)
v = speed of light in the medium

n = index of refraction of the medium

The index of refraction for free space is exactly ome. For air and most
gases it is very nearly one, so in most calculations it is taken to be 1.0.
For other materials it has values greater than one. Table 1-1 lists indexes

of refraction for common materials.

Table 1-1 Indexes of Refraction for Various Materials at 589 nm

Substance n Substance n
Air 1.0003 Glass (fiint) 1.66
Benzene 1.50 Glycerin 147
Carbon Disulfide 1.63 Polystyrene 149
Com Syrup 221 Quariz (fused) 146
Diamond 242 Sodium Chloride 154
Ethyl Alcohol 1.36 Water 133
Gallium Arsenide (semiconductor) 340 Ice 1.31
Glass (crown) 152 Germanium 41
Zircon 1.92 Silicon 35
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The greater the index of refraction of a medium, the lower the speed of light in
that medium and the more light is bent in going from air into the medium. Figure
down shows two general cases, one for light passing from a medium of lower index
to higher index, the other from higher index to lower index. Note that in the first case
(lower-to-higher) the light ray is bent toward the normal. In the second case (higher-
to-lower) the light ray is bent away from the normal. It is helpful to memorize these
effects since they often help one trace light through optical media in a generally

correct manner.

Incident

ray Normal Normal  Original Bending is
| } direction _ away from
n« flower) I A~ normal +
nt {lower) | : ,\"\\’ o
: n1 lower) : ,g‘__i,.-"" Refracted
7 ray
T7777777777777777777 R777777 7777777777777 7777 7777 /,{7 T
, \ I\ "> Original ny (higher) .~ |
Ny (higher) | N : \'gRt) |
e |\ direction ]
: &~ Bending 7 :
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Refracted norma) v
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(a) Lower to higher: bending toward normal (b) Higher to lower: bending away from normal

Figuer:Refraction at an interface between media of refractive indexes
nland n2
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The eye structure:

Three layers of human eye

The eyeball has three coats as given below.

External fibrous coat

anterior chamber \

aqueous humour

suspensory ligaments

Fig. 1.1: Structure of Eye

optic nerve

The anterior, transparent, one-sixth
part of the eyeball is called cornea.
This refracts the rays of light into
the eye. Cornea further extends
with a membranous structure called
conjunctiva. The connecting area of
cornea and conjunctiva is limbus.
External fibrous coat is formed of
cornea and sclera.

Middle vascular coat

This coat is formed by the iris,
ciliary body and choroid (anterior to
posterior). This coat is vascular and
pigmented, underlying the sclera.

Internal nervous coat

Internal nervous coat is formed of retina. The retina
receives an inverted image of the objects seen. These
images are conducted to the brain through a nerve called
the optic nerve, which is connected at the posterior end

of the eyeball.

Parts of human eye

(a) Anterior chamber: It is the one-third part of the
eyeball which is bound by the cornea anteriorly, and the
lens posteriorly. It contains the iris and a fluid called
the aqueous humour.
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(b) Posterior chamber: It forms the rest of the two-thirds
of the eyeball, bound by the intraocular lens anteriorly
and optic nerve head and retina posteriorly. It contains
a gelly-like fluid called vitreous humour.

(c) Pupil: 1t is an aperture of variable size in the centre
of iris, which regulates the amount of light entering the
eyeball.

(d) Iris: It is the coloured membrane behind the cornea
and in point of lens with an aperture of variable size
called pupil. It has a circular and long muscle fibre. Iris
is attached to the ciliary body.

(e) Lens: It is a transparent, biconvex structure situated
between the iris and witreous humour. Its function is
to focus the luminous rays; these rays form a perfect
image on the retina. With age, the central portion of the
lens compresses by the surrounding fibres and results
in opacity, which is called cataract.

Blind spot

The beginning of the optic nerve in the retina is called the optic
nerve head or optic disc. Since there are mo photoreceptors
(cones and rods) in the optic nerve head, this area of the retina
cannot respond to light stimulation. As a result, it is known as
the ‘blind spot’, and everybody has one in each eye.

(f) Vitreous humowur: This is a gel-like substance
which maintains the shape of the eyeball. It is also a
refractive media.

(g) Retina: It is a transparent layer forming the inner
coat of the eye, it supports the choroid layer. The rays
of light, on entering the eyeball, converge and form
an image on the fovea—the posterior part of the eye
on retina.

(h) Sclera: It is the outermost coat of the eyeball. It
maintains strength and structure of the eyveball. It is
also known as the white of the evye.

(i) Cornea: It is the clear, transparent, anterior portion
of the external coat of the eyeball. The rays of light enter
this layer. Cornea accounts for two-thirds of the total
optical power of the eve.
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Field of vision

The field of vision is the area that is seen all around. The field of view of a human
eye is 95° on the left or right of the eye, 75° downwards, 60° towards the nose, and
60° upwards (Fig.1.3). It is in this space that an object can be seen while the eye
fixes upon one point.Fig. 1.3: Field of vision for human eye

macular
18°

paracentral

Did you know?

Why do we have two
eyes for vision and not
just one?

There are several
advantages of having
two eyes instead of one.
It gives a wider field of
view. A human being
has a horizontal field
of view of about 1500
with one eye, and of
about 1800 with both
eyes. The ability to
detect faint objects is, of
course, enhanced with
two detectors instead

60°

far ‘ far of one.
peripheral peripher: Some animals,
s usually prey animals,
100-110° ’{}om.:o‘ have both their eyes

: . positioned on opposite
sides of their heads to
give the widest possible
field of view. But our
eyes are positioned on
the front of our heads,
and it thus reduces
our field of view in
Monocular vision is the vision when each eye is used favour of what is called

; stereopsis. Shut one

separately to see an object. eye amd the world looks
flat-two-dimensional.
Keep both eyes open
and the world takes

Fig. 1.3: Field of vision for human eye

Monocular vision

Binocular vision

Binocular vision is the vision when both eyes are on the third dimension
used together to see an object. It gives perception of of depth. Because our
: ; eyes are separated
size, s.hape and depjch of the .ob-Ject seen. As a re§ult, by a few centimetres,
the object seen by either eye is interpreted as a single each eye sees a slightly
image. Thus binocular vision is important, and required different image. Our

. . % p 2 brain combines the two
for drivers, pilots and such coordinated operations like images into one, using

catching a ball. etc. the extra information to
? tell us how close or far

away things are.
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Types of eye movement

The movement of eyes is under voluntary control of
the eyes. The types of movement include voluntary

Fig. 1.4: Diagram showing Fovea

(both vertical and horizontal), tracking (both
voluntary and involuntary) and convergence. The
movements of the eye must conjugate in order
to prevent double vision. The retina is a photo-
sensitive layer that forms about 65% of inner
surface of the eyeball. At the posterior end of the
retina is a small elevation called the fovea or fovea
centralis (Fig. 1.4). It has the sharpest vision and
colour perception.

Muscles of the eye

The movement of eyeball is controlled by six
muscles. Each eye moves in all the directions. The
eyes also have a rotational movement. Horizontal

eye movements are controlled by the medial and lateral
rectus muscles, while superior rectus and interior
rectus muscles perform superior and inferior movement
of the eyes. A machine is used by opthamologists to
record muscle balances and movements of eyes it is
called synaptophore (see Fig. 1.5).

Extra ocular cranial nerves
nuclei

There are three cranial nerves
innervating eye muscles. The oculo
motor nerve, (CNIII), innervates all

of the extra ocular muscles. It

innervates the elevator of the upper lid.
In addition, cranial nerves no. II, IV, V
and VII also have play a role in other
functions of the eyes, such as movement

of upper lid, tear secretion, etc.

Tracking or smooth pursuit
movements

and

also

eye Fig. 1.5: Synaptophore machine

We are able to move our eyes smoothly when tracking a
moving object. This is an involuntary fixation on objects
that are moving in relation to the head. The eyes have the

tendency to track moving objects.
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Retinal Image Size

The size of the image that falls upon the retina is influenced by the nature of the
patient’s refractive error and the manner in which it is corrected. Retinal image size
Is of clinical importance because clear, comfortable, and functional binocular vision
requires the fusion of the images formed on the two eye’s retinas. When the images
are sufficiently unequal in size, fusion becomes difficult and the patient may
manifest asthenopic and other symptoms. A difference between the retinal image

size (or shape) of the two eyes is referred to as aniseikonia.
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SPECTACLE MAGNIFICATION

Both the refractive power and shape of a spectacle lens may affect retinal image size.
Plus lens power causes angular magnification, while minus lens power causes
minification. The change in retinal image size due to lens refractive power is referred
to as the power factor.Lens shape also affects retinal image size. For our discussion,
shape is defined as front surface power, thickness, and index of refraction. All these
contribute to the shape factor magnification produced by a lens.

The power and shape factors are independent from one another. Consider two
equally powered lenses (e.g., two +5.00 DS lenses). Because of their equal pow-
ers, both have the same power factor. If refractive power was the only consider-

ation, both lenses would produce the same magnification. But if the two lenses
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had different shapes, meaning that the front surface powers, thicknesses, or indices
of refraction were different, they would cause unequal magnification because they
have unequal shape factors.

In trying to understand the shape factor, it may be helpful to recall that a tele-
scope, when focused for infinity, has no refractive power, yet produces angular

magnification. It’s possible to make a miniature Galilean telescope from a spectacle
lens that has a plus front and minus back surface. Since this spectacle-telescope
doesnot have any refractive power, it does not cause power magnification (the power
factor is 1.0x), but it does have magnification due to its shape. A lens (such as the
one we just described), which has no refractive power, but does produce angular
magnification, is sometimes referred to as a size lens.Spectacle magnification
(Mspect) Can be expressed as follows:

ﬂ/fspect = (ﬂ/[poﬂ-'el‘) (‘MSh‘JPS)

where M .. is the power factor, and My, . is the shape factor.

The power factor is calculated with the following formula:

1

M =
power 1 _ dFv

/

where d is the vertex distance and F, is the back vertex power.
The formula for the shape factor is

B 1

M, =L
Shﬂ c
n

where t is the lens thickness, n is the lens’s index of refraction, and F1 is the power

of the front surface.Putting this all together, we have
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Msped = (Mpower) (Mshupe)

n

el

Let’s see how we can use this formula. A polycarbonate lens has a power of
+5.00 D and a front surface refractive power of +2.00 D. If the lens has a center
thickness of 4.0 mm and the vertex distance is 14 mm, what is the magnification
produced by the lens?

It’s straightforward to substitute in the formula for spectacle magnification as

follows:

M,..= [1 _1de} (1 - (11) F J

1 1

14' =

Mipeat [1 —(0.014 m)(+5.00 D)] [1 _ (WJ(H 00 D)
1.586 °

M_ =(1.08)(1.01) = 1.09x

spect

The spectacle magnification produced by the lens is 1.09x. Of this, 1.08x is due
to the power of the lens and 1.01x% is due to its shape.

As we mentioned previously, two lenses with the same refractive power may have
different spectacle magnifications. Let’s consider another lens that has a power of
+5.00 DS, but has a front surface power of +15.00 DS. We’ll assume that the lens is

3
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made of the same material and has the same center thickness and vertex distance.
What magnification is produced by this lens?

M =1 } !
spect 1 —dFV 1 B (_f) F
1

n

M = L
speet = | T (0,014 m)(+5.00 D)

)

+15.00 D
1586 ) )

M. =(1.08)(1.04)=1.12

SpﬁCf

Although each of these +5.00 DS lenses has a power factor of 1.08x, they produce
different spectacle magnification because the shape factors are different (1.01x vs.
1.04x). The lens that has the more curved front surface results in more magnification.
When two lenses of equal power are made of the same material and have the same
thickness and vertex distance, the lens with the more curved front surface will
produce greater magnification. (Keep in mind that almost all spectacle lenses have
a plus front surface.1)

RETINAL IMAGE SIZE IN UNCORRECTED AMETROPIA
Ametropia

The eye is a sophisticated optical system constituted of multiple refracting
surfaces, and to solve certain optical problems it is necessary to consider the optical
proper-ties of the eye in all their complexity. For many problems and clinical cases,
however, a satisfactory solution can be obtained by using a simplified optical model
of the eye, referred to as a schematic eye.
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There are various schematic eyes. For our purposes, we will work with what is

called the reduced eye, 1. It consists of a single spherical refracting surfacel with a
radius of curvature of 5.55 mm that separates air from aqueous, which is assumed to

4



gl g duawal) cibudil) a8 Lecture 4
Luball ol udll
Dr.mohammed

have an index of refraction of 1.333. There is a single nodal point located at the
center of curvature of the refracting surface. As is the case for all spherical refracting
surfaces, the principal planes are coincident with the surface. The distance from the
surface to the retina—the axial length—is 22.00 mm.
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The reduced eye is emmetropic, meaning that as illustrated in Figure 7-2, light
rays originating at infinity are focused on the retina.2 Let’s look at this in more detail.
First, we’ll determine the power of the reduced eye. Since we know its radius of
curvature and the relevant refractive indices, the surface’s refractive power can be
calculated as follows:

72"— 12
p=

. 1.333 —1.000
0.00555

F =+60.00 D

F =

Ametropia is due to a mismatch between the eye’s refractive power and its
axial length. The retinal image size in uncorrected ametropia depends on whether
the ametropia is axial or refractive in nature.

The reduced eye has a length of 22.22 mm. When the eye is longer than this, it
Is said to have axial myopia, and when it is shorter, axial hyperopia. Most myopia

Is axial in nature. If the eye is more powerful than the reduced eye, which has a
power of +60.00 D, the condition is called refractive myopia, and when the eye is
weaker than +60.00 D, the condition is refractive hyperopia. Either myopia or
hyperopia can have a mixture of axial and refractive components.
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Let’s first look at axial ametropia. Figurel shows three axial lengths that would
be expected in hyperopia, emmetropia, and myopia. Suppose the eye is viewing an
arrow. A light ray emerging from the tip of the arrow passes undeviated through the
eye’s nodal point and contributes to the retinal image. Note that as the eye’s axial
length increases, the size of the retinal image also increases. This tells us that in
uncorrected axial myopia, retinal image size is larger than in emmetropia and that in
uncorrected axial hyperopia, it is smaller than in emmetropia.

Now let’s see what happens to retinal image size in uncorrected refractive
ametropia. As illustrated in Figure 2A, the eye has a fixed length. When the
refractive power of the eye increases (as in myopia) or decreases (as in hyperopia),
the image becomes blurred, but its size does not change. Think of a projector that
focuses an arrow on a screen. If we adjust the focus so that the image is blurred, as
in Figure 2B, the blurred image, as measured from the centers of the blur circles, is
the same size as the focused image
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Fig 1.In axial ametropia, the retinal image size increases as the eye’s axial length
increases.
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FigA. In refractive ametropia, image blur is not due to the axial length being too
short or long. B. Refractive ametropia results in a blurred retinal image, but does
not affect the image size

RETINAL IMAGE SIZE IN CORRECTED AMETROPIA

Before talking about retinal image size in corrected ametropia, let’s recap what
we’ve learned so far about spectacle magnification and retinal image size in
uncorrected ametropia:

* A plus spectacle lens causes magnification.

* A minus spectacle lens causes minification.

* A contact lens causes no magnification (or minification).

» In axial myopia, the retinal image is larger than in emmetropia and in axial
hyperopia, it is smaller than in emmetropia.

* In refractive myopia and hyperopia, the retinal image is the same size as in

emmetropia.



gll-dnbsl] g duaal) culidil) Luds Lecture 4
duball gl judlf
Dr.mohammed

TABLE 1. RETINAL IMAGE SIZE IN AMETROPIA

Retinal Image Size When the Ametropia Is

Corrected with a Corrected with
Uncorrected (mm) Contact Lens (mm) Spectacle Lens* (mm)
Emmetropia X X X
Axial myopia >X >X X
Refractive myopia X X <X**
Axial hyperopia <X <X X
Refractive hyperopia X X >X**

*Spectacle lens located at anterior focal point of eye.

**The retinal image size in uncorrected refractive myopia and hyperopia is the same
as in emmetropia. Correction of refractive myopia with a spectacle lenscauses minifi
cation, while correction of refractive hyperopia with a spectacle lens causes magnifi
cation.

What does this imply about retinal image size in corrected ametropia?

We can assume that the retinal image size will be about the same as in emmetropia
when:

* Axial ametropia is corrected with spectacles (A minus lens minifies the enlarged

image found in uncorrected axial myopia and a plus lens magnifies the diminished
image found in uncorrected axial hyperopia.)

* Refractive ametropia is corrected with contact lenses (The retinal image size in
uncorrected refractive myopia and hyperopia is the same as in emmetropia, and

a contact lens doesn’t change this.)

For the retinal image in corrected axial ametropia to be exactly the same size as in
the emmetropic eye, the spectacle lenses should be positioned at the anterior focal

point of the eye, which is 16.7 mm (i.e., 1000/60.00 D = 16.7 mm) anterior to the
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reduced eye’s front surface. This is referred to as Knapp’s law. In clinical practice,
it is not necessary for the vertex distance to be exactly 16.7 mm. Retinal image size
in uncorrected and corrected ametropia is summarized in Table 1.

What are the clinical implications of all this? Consider anisometropia, a relatively
prevalent condition in which the two eyes have different refractive errors.
Depending on the magnitude and nature of the anisometropia (axial or refractive)
and the manner in which it is corrected (spectacles or contact lenses), the retinal
Images in the two eyes may be different sizes, a condition we previously referred
to as aniseikonia.

let’s look at an exomp|e. A poﬁenr has the fo//owing refractive error:

OD  -2.00DS
oS  -5.00DS

Since the corneas of the two eyes have the same power, we can assume that the
anisometropia is axial in nature. The left eye has a longer axial length, making its
uncorrected retinal image larger than the right eye’s. Correction with spectacle
lenses would minify the images of both eyes, but since the left lens is more minus,
it would cause more minification. As a result, both eyes would have image sizes
equal to that found in emmetropia.Does this mean that we should not consider
prescribing contact lenses for this patient?Not really. The visual system is
remarkably adaptable, and patients with axial anisometropia generally do well with
contact lenses. If a patient with significant axial anisometropia cannot adapt to
contact lenses, however, it is possible that their symptoms are related to aniseikonia.

We’ll do one more case. A patient has no visual discomfort when she wears contact
lenses, but has never felt comfortable wearing her current polycarbonate spectacles,
which have the following powers:

OD —5.00 DS
OS -2.50 DS
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Both of these lenses have front curvatures of +2.00 D and center thicknesses of
1.5 mm. Keratometry readings reveal that the right cornea is about 4.00 diopters
stronger than the left. Assuming that the spectacle lens powers are appropriate
and that the patient’s symptoms are due to aniseikonia, how could we design

her new spectacle lenses to minimize the symptoms?

This is a case of refractive anisometropia. When not wearing any correction
or while wearing contact lenses, the retinal images are equal in size. Wearing
spectacles, however, causes the right eye’s retinal image to be smaller than the
left eye’s image. Assuming a vertex distance of 14 mm, the power factor for the

right lens is

Power factor =

1-dF,

Power factor = ! =0.935x

I - (0.014 mm)(-5.00 D)

For the left lens, the power factor is

Power factor = ! =0.966x

1 - (0.014 mm)(-2.50 D)

When both lenses have a front surface curvature of +2.00 D and a center thick-
ness of 1.5 mm, the shape factor for each lens is

Shape factor = 1
1-(5)F,
n
Shape factor = 0 001; =1.00x
l-|——|+2.00D
1.586

10
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Since the total spectacle magnification is the product of the power and shape
factors, a front surface power of +2.00 D and a center thickness of 1.5 mm result in
magnification of 0.935x for the right eye and 0.966x for the left eye.

We can compensate for this difference by changing the shape factor for the right
lens. By increasing its curvature and thickness, we can increase its magnification
relative to the left lens.’ Let’s select a front surface curvature of +10.00 D and a
thickness of 5.0 mm for the right lens. The shape factor is

1
Shape factor = =1.03x

1 - 0.005 +10.00 D
1.586

The total spectacle magnification for the right lens is

‘{wspect - (‘Mpo“-'er)(‘wshape)
M.,...=(0.935)(1.03) = 0.963x

With this design, the spectacle magnification of the right lens (0.963x) is very close
to that produced by the flatter, thinner left lens, thereby all but eliminating the
aniseikonia. The right lens, however, would look much different than the left lens,
and this may not be cosmetically acceptable to the patient. When the shape of a lens
Is intentionally manipulated to affect retinal image size, the lens is sometimes
referred to as an iseikonic lens.

SUMMARY
The retinal image size depends on the nature of the ametropia (axial or refractive)

and how it is corrected (contact lenses or spectacles). In uncorrected axial myopia,
the retinal image is larger than in emmetropia, while in uncorrected axial hyperopia,
it is smaller than in emmetropia. Correction with a contact lens does not alter this,
whereas correction with a spectacle lens makes the retinal images in axial myopia
and hyperopia about the same size as in emmetropia. In comparison, the retinal
image sizes in uncorrected refractive myopia and hyperopia are both equal to that in
emmetropia. Again, correction with a contact lens does not alter this, whereas

11
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a minus spectacle lens used to correct refractive myopia makes the image smaller
than in emmetropia, and a plus spectacle lens used to correct refractive hyperopia
makes the image larger than in emmetropia. The correction of anisometropia may
result in aniseikonia. In the case of axial anisometropia, one would expect that
correction with spectacles would be preferable to contact lenses, but this often is not
the case. When prescribing spectacles for refractive anisometropia, it’s sometimes
necessary to minimize the difference in spectacle magnification between the two
eyes. This may require special lens designs in which front surface power and lens
thickness are selected for this purpose. Commonly, however, modest adjustments in
front surface power and thickness, while minimizing vertex distance, are sufficient.
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Coherent Sources:

» Two waves are said to be coherent , if they emit same frequency or wave length
and are in phase or constant phase difference.

CONDITIONS FOR OBTAINING COHERENT SOURCE:
* Coherent sources are obtained from single source.
* The source must emit mono chromatic light.

* The path difference between light sources must be very small.

e ﬁvﬂg_ Young’s Double Slit Experiment
‘ Thomas Young first
Bl m demonstrated interference in
= A light waves from two sources

in 1801.
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e Why can’t two sources behave as coherent sources?

Two different sources can never produce waves of samephase because each source
of light contains infinite number of atoms and the waves which are emitted by them
will not be in phase. The atoms after absorbing energy go to excited states and emit
radiations when fall back to ground state.

e Single slit and double slit

Parallel light rays which pass through a small aperture begin to diverge and
interfere with one another. This becomes more significant as the size of the aperture
decreases relative to the wavelength of light passing through, but occurs to some
extent for any size of aperture or concentrated light source.

Since the divergent rays now travel different distances, some move out of
phase and begin to interfere with each other-- adding in some places and partially or
completely canceling out in others. This interference produces a diffraction pattern
with peak light intensities where the amplitude of the light waves add, and less light
where they cancel out. If one were to measure the intensity of light reaching each
position on a line, the data would appear as bands similar to those shown below.

Single slit : Diffraction phenomena can be clearly demonstrated by means of the
intensive and coherent light of a laser. Diffraction of the incoming parallel light at
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the slit aperture causes the light to propagate also in the geometrical shadow of the
slit diaphragm. Moreover, a pattern of bright and dark fringes is observed on the
screen. This cannot be explained by the laws of geometrical optics.
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Fig. 1 Schematic representation for the diffraction of light at a slit
a slit width

D: distance between the screen and the slit

y. distance of the 2nd intensity minimum from the centre

9: direction in which the 2nd destructive interference is
observed

(S: path difference

m:the order of interference pattern

An explanation is only possible if wave properties are attributed to the light
and if the diffraction pattern observed on the screen is considered as a superposition
of a (infinitely) great number of partial bundles coming from the slit aperture. In
certain directions, the superposition of all partial bundles leads to destructive or
constructive interference, respectively. Fig. 1 suggests a simple approach to make it
plausible that dark fringes occur at positions where every partial bundle from one
half of the slit is associated with exactly one partial bundle from the other half so
that they cancel each other. For the partial bundles coming from the slit under the
angle 0 , this is true in those cases where path difference 6 between the central ray
and the rim ray is an integer multiple m of half the wavelength A of the light:
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A
S - m. > m=1,2.3, . (1)
a

where = E sin 6 ()
Using trigonometry, we can show that:
tan 8 = 2

D
For small diffraction angles the following relation holds approximately:

y

sin O = tan O = — (3)

D
Thus, from the condition for destructive interference (1), the

wavelength is obtained:

=22
m D

This relation establishes a connection between the wavelength A and the geometry
of the experiment. If the slit width a is known, Eq. (4) enables the wavelength A to
be determined. On the other hand, it is possible to determine the size of a diffraction
object like hair or string from a diffraction experiment with monochromatic light of
known wavelength.

e Effect of coherent light on human eye:

WHAT SPECIFIC PORTIONS OF THE ENVIRONMENTAL ELECTROMAGNETIC SPECTRUM CAUSE EYE
DAMAGE?

With sufficient magnitude almost all portions of the electromagnetic spectrum
can cause damage to the eye. For example: Lasers of a wide variety of wavelengths
from the short wavelength UV (Excimer laser for LASIK) through the visible
spectrum (Argon laser for diabetic retinopathy) to short wavelength IR (YAG laser
for iridotomy and capsulectomy) are used to “damage” eye tissue in the treatment of
various eye conditions.

However, in our “natural” environments with natural and man-made lights,
the most offending portions of the EM spectrum are the UV-A (315 nm to 400 nm),
UV-B (280 nm to 315 nm), and “blue-light” portion of the visible spectrum (380 nm
to 500 nm). Our atmosphere generally protects us from UV radiation below 280 nm.
Additionally, as the cornea and crystalline lens absorbs almost all natural UV
radiation, UV radiation is thought to cause damage to the anterior eye, while short
visible light (“blue-light”) can cause damage to retinal structures. Also, as the

4
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damaging processes are thought to be at least partially photochemical in nature, the
damaging effects can be cumulative in nature, which may compound across one’s
lifetime.

e Solar Energy Technology Choice Development

The annual solar radiation which has an average of 4 - 7.5 KW/m? is available
in Middle East and North Africa (MENA) countries such as Egypt and Saudi Arabia.
Moreover, the above average solar radiation is approximately five times higher than
the average solar radiation in Europe which is around 1 KW/m? and in Greece is
around 1.7 KW/m?. Hence, solar energy can be nominated as the promising source
of renewable energy in this region

The goal of this investigation is to study the proper solar energy technology and to
match it with the applications. SE technologies discussed [1-10] may be

classified into:

I. Solar thermal energy conversion is to convert solar

radiation to:

1- Heat water. This application type has two main technologies:
(a) Flat plate collector.

(b) Evacuated tubes collector.

2- Electricity via converting water to steam.

I1. Photovoltaic applications, which means the direct conversion of solar irradiance
to electricity. The cost of each technology represents the main obstacle facing the
spread of such technology. The efficiency of different technologies varies between
6 - 44.4% for amorphous silicon-based solar cells with multiple-junction production
cells with enormous cost variation. Some of these technologies are already
commercialized in the market and others are in R&D phase. This makes SE
technology choice a real problem related to the application [2].
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e Solar Photovoltaic System

Photovoltaic power generation is a method of producing electricity, using solar cells.
A solar cell is a device that /converts solar optical energy (solar radiation) directly
into electrical energy. It is essentially a semiconductor device fabricated in a manner
which generates a voltage when solar radiation falls on it.

Semiconductor Materials and Doping

A few semiconductor materials such as silicon (Si), cadmium sulphide, (CdS) and
gallium arsenide (GaAs) can be used to fabricate solar cells. Semiconductors are
divided into two categories: intrinsic (pure) and extrinsic, An intrinsic
semiconductor has negligible conductivity, which is of little use. To increase the
conductivity of an intrinsic semiconductor, a controlled quantity of selected impurity
atoms is added to it to obtain an extrinsic semiconductor. The process of adding the
Impurity atoms is called doping.

a pure semiconductor, electrons can stay in, one of the two energy bands the
conduction band and the valence band, The conduction band has electrons at a higher
energy level and is not fully occupied, while the valence band possesses electrons at
a lower-energy level but is fully occupied (Figure 3-1). The energy level of the
electrons differs between the two bands and this difference is called the band gap
energy.
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e Nanotechnology in renewable energy systems

Nanotechnology is extremely important for efficient use, storage and production
of energy. In this context, it is one of the main objectives to contribute to cleaner,
sustainable, production by reducing energy use with raw materials. Thus, it is
ensured to prevent waste from various sources and to develop environmentally
friendly production systems that produce less waste.

The future sustainable development of society is based on renewable and
environmentally friendly alternative energy sources. These energy sources can be
listed as solar, wind, biomass, hydrogen and geothermal energy. These clean sources
can be used alternatively to traditional energy sources. These sources are expected
to provide 50% of the world's primary energy by 2040

Nanotechnology in the field of renewable energy sources, which is thought to be
a solution to global warming that disrupts the natural balance, is one of the popular
topics of today's technology.

Nanotechnology has provided new possibilities to solve problems that need to be
overcome in the field of energy. One of the biggest problems in energy resources
today is the lack of alternative energy resources or the efficiency of the resources
available cannot be brought to the desired level.

Problems arising during the storage and transportation of the energy obtained
cause energy losses. In addition, the energy obtained cannot be evaluated efficiently
by the users and there is a lot of energy loss during the usage phase. For the solution
of these problems, intensive work is being carried out in line with the innovations
brought by nanotechnology

1-Applications of Nanoparticles in Batteries

applications and solutions. When the size of the bulk materials is reduced to the
nanometer sizes, the quantum mechanical properties of electrons contribute to their
behavior as they dominate the physical properties. Electrons are confined in all three
dimensions. The quantum mechanical properties of electrons contribute to their
behavior and dominate the physical properties of electrons confined in all three
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dimensions. Using nanoparticles in a battery increases the contact area between the
electrode and the electrolyte. This is important since electrolytes will prevent ions
from conducting ions. Nanoparticles provide penetration length and stress
modulation, producing high power and capacity. Different types of nanoparticles
could be used in batteries, such as Nano carbons, graphene, carbon nanotubes, etc..
It is important to use inexpensive, low-conductivity nanoparticles in battery
electrodes, such as lithium iron phosphate and lithium titanate. This resulted in
commercializing batteries with those substances. Batteries are used in cellular
packages, mobiles, laptops, computers, etc.

Using NPs in batteries opens up a wide area of research for researchers, increasing
the efficiency, weight reduction, and life expectancy of this type of
battery.Nanoparticles may be exploited to enhance the electrochemical systems. It
could be used in lithium batteries in two general groups:

1- Enhancing the overall performance of battery constituents such as anode and
cathode. 2- Creating a variety of batteries, including flexible batteries, Nano-
batteries, and 3D batteries. Inert Nanomaterials could be used to improve
conductivity. It was found that nanoparticles can provide high capacity and power
by providing penetration length and stress regulation. Furthermore, it is a safe,
stable, and low-cost substance.



1-Nanomaterials to hydrogen production

consisted of a TiO2 anode and Pt cathode for oxygen and hydrogen production [4].
PEC water splitting has been consideredas the most attractive method over other
hydrogen productionapproaches. As schematically shown in Fig. 2, when a
TiO2anode is irradiated by light with energy larger than its band gap,electrons and
holes are generated in the conduction and valencebands, respectively . As a result,
water is oxidized by photogenerated holes on the TiO2 anode to produce oxygen,
while photogenerated electrons transfer to the Pt counter electrode and participate in
hydrogen production. In the PEC process, oxygen production on photoanodes,
involved in a 4-electron reaction, is kinetically limited for water splitting. Thus,
much research effort has been focused on the design of nanostructured photoanodes
for oxygen production via PEC water splitting.

TiO2 represents one of the most important semiconductor materials for PEC
water splitting . Due to its large band gap of about 3.2 eV, TiO2 cannot absorb visible
and infrared light for solar water splitting. Thus, doping of either metal or non-metal
ions has been widely adopted to narrow the band gap of TiO2 by introducing
acceptor or donor levels in the forbidden band, making TiO2 sensitive to visible light
[5,6]. For example, a C-doped TiO2 nanocrystalline film, prepared by controlled
combustion of Ti metal in a natural gas flame, exhibited a high water-splitting
performance with a total conversion efficiency of 11% and a maximum
photoconversion efficiency of 8.35%. Thiswas mainly due to its enhanced visible
light absorption . The morphology of TiO2 anodes will also affect the PEC water
splitting performance, by varying the charge transfer ability.Grimes and co-workers
prepared and examined the use of TiO2 nanotube arrays for PEC water splitting,
which greatly benefits from the nanotubular architecture that gave rise to superior
electron lifetimes and, hence, more efficient charge separation. A high
photoconversion efficiency of 16.5% under UVlight illumination could be obtained
with 24 mm-long nanotubeselectrochemically fabricated in an ethylene glycol based
electrolyte .
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Water Splitting Solid state hydrogen storage

A scheme of renewable energy (e.g., solar energy and hydrogen) based economy
based on some selected technologies of renewable energy conversion and utilization.

2-Nano-photocatalysts for hydrogen production

By looking into the basic mechanism and processof photocatalytic water splitting,
one could find that efficient photocatalysts should have (1) suitable band gaps and
band structures to absorb abundant solar light to drive hydrogen- and oxygen-
evolution half-reactions; (2) good charge transfer ability for electrons and holes
moving to the semiconductor/electrolyte interface with retarded charge
recombination; and (3) high surface catalytic reactivity for half-reactions. In the past
decades, numerous efforts have been dedicated to meet these critical requirements
of photocatalysts designed for high efficiency hydrogen production from water
[5,37-41]. In this section, research progress in our group on the design of nano-
photocatalysts for hydrogen production was introduced, showing our great efforts
and professional ideas to advance this technology, applicable for high-efficiency and
low-cost solar fuel production in the near future.

As discussed in the previous section, TiO2, as the moststudied wide band gap
photocatalyst, has been extensively doped with ions to narrow its band gap for
efficient visible light photocatalytic hydrogen production [6]. However, the doping-
created energy levels could act as recombination centers for photoinduced charges,
which would seriously limitthe photocatalytic activity of doped TiO2.
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Illustrated scheme of photocatalytic water splitting

CO2 Capture or Separation Technologies

Direct air capture, apart from its physical occurrence in vegetation and trees (the
REDD+ programme from the United Nations), was and is until now the least
investigated, but might carry a huge potential, although the American Physical
Society’s most optimistic calculations estimate the cost of direct air capture at

$600/ton of carbon dioxide removed.Natural CO2 capture and reuse is seen daily in
the function of trees and vegetation. The efficiency of these natural systems are
small, but forests also provide other advantages to nature and humankind such as
biodiversity, food and fiber,novel drugs, and so on and they are already playing an
important role in reducing the overall CO2 concentrations as only half of the emitted
carbon dioxideends up in the air. The rest is captured in soil, water, and trees and
vegetation,.

CO2 can be captured using different technologies and at different stages of the

combustion/power generation process and also directly from air: postcombustion,
precombustion, oxyfuel combustion, chemical looping combustion, cryogenic
separation, and direct air capture technologies (Figure ).
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Overview of CO2 capture technologies

There exist different CO2 separation technologies that can be applied to
isolate the CO2 from the flue/fuel gas stream prior to transportation.
Advancedtechnologies, such as wet scrubber, dry regenerable sorbents,
membranes,cryogenics, pressure and temperature swing adsorption, and other
concepts have been developed.

1-silica-supported poly(ethyleneimine) :(PEI) materials are demonstrated to be
promising adsorbents for CO2 capture from ambient air. The materials have an
enhanced thermal stability with extremely high CO2 adsorption capacities under
simulating ambient air conditions (400 ppm CO2 in inert gas), exceeding 2 mol
CO2=kgsorbent, as well as enhanced adsorption kinetics compared to conventional
class 1 sorbents.

2-Metal-Organic Frameworks (MOF): Zeolites, microporous aluminosilicate
materials, are among the most commercially available adsorbents studied for CO2
capture [32]. Their pores have the ability to selectively sort molecules based on a
size exclusion process [33].From numerous studies, it is apparent that zeolites are a
more effectiveadsorbent at lower temperatures and higher pressures [34]. It is



expected that the disadvantages associated with zeolites prevent them from
becoming a major contributor.



