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Total internal reflection :

Ths phenomenon which occurs when the light rays travel from a more optically
denser medium to a less optically denser medium

A ray of light passes from a mediutn of water to that of air. Light rav-will be refracted
atthe junction separating the two media Since it passes from a medium of 2 higher
refractive index to that having & lowsr refractive index_ the refiacted light ray bends
away from the normal At a specific anple of incidence. the incident ray of light 1s
refracted 1 such a way that it passes along the surface of the water. This particular
angle of mcidence 1s called the crinical ancle. Here the angle of refraction 15 90
dagrees. When the angle of incidence 15 greater than the cnncal angle, the incidemt
rav 15 reflected back to the medium We call this phenomenon total miemal

reflection

Figure(1) : Total internal reflection

Formula of Total Intemnal Reflechion :
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Where :

« ris the anele of refraction
» |15theangleof incidence
« 1 15 the refractive mdex 1 medium 1
13 15 the refrachive mndex mn medium 7

Examples of Total Internal Reflection

Followmg arethe examples of tetal vuernal reflection:

Diamond:

‘When the iicident ray falls on every face of the diamond such that the angle formed,
the ray i& greater than the crtical angle. The crincal value of the diamond 15 237
This condition is responmble for the total internal reflection 112 diamond which
makes it shine.

Optical fibre:

When the incident rav falls on the cladding, it suffers toral intemal reflection as the
angle formed by the rav 15 greater than the crincal angle Optical fibers transmit
signals, not only ecross cites but across counmiss and contments making
telecommumcation one of the fastest modes of mformation transfer Opncal fibers
are also used 1n endoscopy.

Critical angle :

The cntical angle 15 defined as the anple of incidence that provides an angle of
refracuon of 9 -dsgrees.

Ogi= sin™ (nym)
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Figure (2) : critical angle

Solved Problems:
1- Calculate the ermtical angle for the diamond-air boundary?

@erit = sin” (ny'ny)

Oerit = s (L000/2.42) =24 4 degrees
2- Calculate the critical angle for the olass-air boundary 7

Ocnit =sim™ (nz'n:)

@cént =sin™ (1.000/1.5y=41.1 deprees

3- A nngis placed ina contamner full of elycenin If the critical angle s found 1o
be 37 4% and the refractrve index of sglveenn sgrven to be 147 find the
refractive index of nng.
njsing. = nagin90
mpsm3T4T=147*( 1)

n,=147 zip3745=142
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Refraction by prism:

A prism,_ can be used to separate vistble light into s different colars. A prism
is a pyramid-shapad object made of transparent matenal, usually clear glass
or plastic. The matenal that 1s transparent allows light to pass through it A
prism transmits hight but slows it down When light passes from airto the glass
of the prism, the change m speed causes the light to change duection and
bend Dus to the differsnces in the refraction index between the air and the
glass, light bends once entenng the prism. Since the sides are angled, the light
bends, sven more, when it exits the prism Longer wavelensths tend to sefract

lzss while shorter wavalensths tend to refract more.

Rifractbon thraugh o' Eluss Slab and Gloss Brism

Prisms in ophthalmelogy
Prisms ars used commonly in ophthalmic practice. In strabismus, thevhme a
diagnostic and therapeutic role.
A prism is a lens which defilects lisht and can cemrect ophthalmic
misalignment, An ophthalmic prism has an apex and a base
Light rays sefracted throush a prism ‘always bend toward

the base (Snzll's law) The power of 2 prnsm s desigpnated as
“prism diopier which 15 a measure of the strabismus deviation.
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The amount of  deflection  depends on  the  refrachve
imndex of the material and the posmion in which the prism s held

Types of ophthalmic prisms :

Prisms ars wsad for diggnostic and  therapsuhic  purposss.
Diagnostic prisms are made of olass or plastic Glass prisms
have 2 higher refractve index and therefore deflect light more
than plastic  prisms.
For therapeunce purposes. there ‘are two kinds of prnisms
glass and Fresnel Glass pnsms have the disadvantase of being
heavy, cosmetically dissansfying. and gwimg nse w0 disturbing
reflections and abermations. Fresnel prisms are based on  the
principle that the power of the prnsm will not depend on the
thickness of the ponem bui on the prism anpgle These gprisms
are thinner, cosmencally zcceprable, and have less abemrations.
However. they reduce visual acuiiv and conirast sensitiviiy

Prismatic Effect of Spherical Lenses:

A plus lens 13 two prnsm lenses cstacked base to  base,
while 2 munus lens 15 two pnsms stacked apex o apex
Therefors. spectacles affect the measured
strabismus  deviations, A plus lens will decrsase the measured
deviaton and a minus lens will increase it

ODY D

Prismatic effect of spherical lenses
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Fourth [zcture Abervation i [enses

Aberration In optics 15 a property of optical system such as lensss that cause light
te be spread out over some region of space rather than focused to 2 powmr. Aberration
‘cause the imapge formed by alens to be blumed or distorted depending on the aciual
siz= shape and position. It divided intotwo categories monochromatic aberration and

chromatic aberration

The aberration of an :mage 15 not due to any defect in the construction of the lens,
but 1t 15 due to the reasons mennoned below: (1) The phenomenon of refraction in
the lens and (2) Vananon of refractive index of the matenial of & lens with the
wiavelength of light

Monochromatic aberration:

Monochremanc abetrations ars opucal distortions. These are created by whue lighe
passing throush the lens at different spesds and angles There are five different types
of monochromatic aberrations: They are, (1) Sphencal abemation (2) Coma (3)
Asngmatiem (4) Curvature of the fisld and (3) Distortion. These ars offen referred
to by the shape of the distortion created.

1-Spherical Aberration
The mnability of lesns to bring to a focus a point object to a sngle point 1mage 1s

called spherical aberration The glass slements of a lens are not fiat but curvad
The hght entering at the edges of a lens refracts more than light-entening in the
middle Light entering from the edges Hits the optical axis at'a different pomnt than
light enterme m the center This creates a soft-focus look called asphenical
aberration.
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2-Coma

The aberration of defzet Coma oceurs when the image of a point object situated just
off the axis i3 camet — ike shaped. This type of aberration anses due to the fact that

1mage

the different zones of a lens:produce unequal lateral magnification of the

Coma aberrations are like sphencal aberranons The difference lies mn the shape of

the distortion. Rather than round. the distortion 1s elongated, like the shaps.of a

comet. This ocours when hight emtering at the =doe of a lens comes 1n o1 an anglé

(Coma 1s more-obvious af the edoes of the frame

=

Spherical

@ @

No Aberration Comatic
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3-Asugmatism

A lens or an optical svstem corrected for spherical aberranion and come sull shows
‘another defect known as Astigmatism_ A lens suffenne from astigmatism will be
unable to form a point image of a point object situated far away from the axie
Instead of 2 point imags 15 a pawr of short lines normal to =ach other and at shightly

different distances from the lens.

4 Curvature of field
Field curvatore concerns the gualrv of focus across the fiame. Ti:l'E image may be
sharp in the middle and los= focus rowards the ede=s.

S-Distortion
Distorhion, 1s refers to the deformation of an imape. There are two kinds of
deformanton. namely barrel distertion and pincushion distortion

With bairel distortion_ the canter of the mmdee bulges m the center and loaks
smallerat the edgas.
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Fourth [zcture Abervation i [enses

Chromatic aberration:

Chromiatic aberration (present when using miore than one wavelength of light) 15
the vanation in the focal lenoth of a lens with respect to the wavelength The
effect is that, for multi wavelength light, the image ofan object point wiil not be
focused on a single mmage point and, therefore, will be blurred A lens is etther
umabls to bring all wavelengths of color to the same focal plane,

It 15 due to different colors of light travelling at different speeds while passing
through @ lens. As a result, the image can look blurred or nonceabis colored

edees (red, gresn, blue. vellow, purple, magenta) can appear around ehbjects.

Perfect Lins with na

Chromatic Aberrakion Liwitisch bl / Aokal

Chramsatic Abiniratian

Chromanc aberranons are further classified mto two types. tramsverse and
lonsitudinal

Transverse chromatic aberration (TCA) oecurs when the size of the image changes
with wavelength In other words: when whie light is used, red. vellow, and blus
wavelengths focus at separate points ina verhcal plane

Longitudinal chromatic aberration (LCA) arcurs when different wavelengths focus
at different points along the horizontal optical axss as aresult of dispersion propertiss
of the glass The refractive mdex of a glass 15 wavelength dependent. so 1t has a
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slightly different =ffect on where sach wavelength of light focusss, resulting in
separate focal pounts
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Compound lenses

A compound lens uses muluple lenses The most obvious example of a simple
lenz is a malf}rmg._ E_'laﬁs which uses a single less to maosmiy an object. while an
example of 2 compound lens is a compound microscope, which uses multiple lenses
to increase the viewer's capacity to magnify an ohject

1-Increase the maonification of the image.
2_Obrain the erect inage of an obyject.

3-Reduce aberranions or defects cavsed by using a single lens.

VE=1t Uh-(dMifs) oo {Newton equation for compound lens  if
ther= 15 a distarice between lenses )

f- equivalent focal length
1i: focal length for first lens
{:: focal length for sscond lens

d- distance between lenses

VE=16+ YV ... ... . . _.(ifthe lenses contact without distance )




Lens maker's Equation
There 15 a special formula for lenses that relates the refractive mdex of a lens with
the radu of curvaturs of its surfaces.

With the focal iength known as the lens makers formula, it 1s 3 very impertamt
formula for the optical design procsss, because 1t 15 related to the tvpe of lens
material through its refractive index, and the shape of the lens through its radi of
curvaturs for surfaces, thus identifying the lens by ns focal length.

For a thin lens
Vi=(n-1)[ URs I/Ry]

f 15 the focal length of the lens

n i3 the refractive index of the lens material,

R 1s the radius of curvature of the face clossst to the object

B2 1s the radius of curvature of other face

radiss of curvature for plane lens 15 infinity.
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NOTE: the sign of the radii is determined accoring to the direction of the mncident
rave . If the ravs fall on a concave surface , the sign of (R) 13 NEGATIVE | If the
rays fall on covex surface | the sign of (R )15 POSITIVE  Finally , ifthey fallona
plane surface | the sign of {R} is INFINITY _

Power of lens

The ability of the lens (2) 15 represented in the ability of the lens to collect
(converging) or disperseidiverzing) the light rays falling ‘on it. and the power is




calculated through the Caussmian formula also with conaidening the special unts
called Diopter which equal to ( L'm)

P=11

Problems :

1-A plane convex lens made of glass with a refractrve index of (1.7 ) Calculaie the
radii of curvature of the lens that oives a power to the lens of (3 D)

2-The refractve index of a lens 18 gyven as 1.5, two curved surfaces have radios of
curvature 10cm and -13cm respectively. Calculate the focal lencth of the given lens?
3- Find the radius of curvature of the convex lens of index of refractive 1.52 when

the radius of one face twice the other and the power of lens 20D 7

4-The radn of both surfaces of an sguiconvex lens of index 1 60 are &qual to 8.0 cim
Find its power.

3-A compound lens consisting of a convex lens with a focal lensth of 20 cm_and a
concave lens with a focal length of 20 cm, 10 cm distance between them  Calculate
the equivalent focal lensih.




o S daale
el el Agal

ol b i

ipadl oz aall) oo
Optical physics
Sl &Sl gl olgs - L 5 b
Properties of images formed by lenses
Javh: ALl

k,-l,r-mﬁg,:::l.bi




Optical _p_ﬁ_j_.r.:fr:.: Second lecture

The Lenses

Lens are usad 1o focus light and form an inage in cameras_ teléscopss, microscopes,
aveglasses an evenin our eves, Lenses work very much hike mirrors. We will discuss

two tvpss of lenses
Convex Lenses

The double convex lens 15 a converging lens. When light waves paralicl to the
principle axis from an infinitely far object passes through the lens, it will converge
at a focal pownt F on the principle axis. The distance between the focal pomnt and the

lens 15 the focal length, which is always a positive value for converzing lenses

Properties of intage formathon by comvex lens

Incident Refracted Diaeram (1 hin lens)
Ray Ray
Paralict : o r "l
PincipdlAnis:  Tueough o T I ¥ s
Thromgh optic Ry moves abing -__-E' < l L
Cermre wame pth 1 |'-"
"
i e Faralicl w0 principal J — _:.
sih A =




Optical physics Second lecture

Casel:

Object beyond 2F

The position of object ;
Bevand 2F°

The position of image :
Between F and JF
Properties of image :

- Smalter
2- Invertad
3- Beal
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Case 2 :

The position of object :

& IF

The position of image :

At IF
Properties of image :
1-Same size

2-Inverted

2 Real
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Case .'*!-. :

et

g

The position of object :

betwesn JF and F

The position of image ;

bevond 2F
Properties of image :
1- larger

2-Inverted

G5

_1;_-

Object between F" and 2F
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Case 4 ;

Object at F'

The position of object :
ArE

The position of image :
No.clear imaze formed

Case>:

Object between F* and the Lens

The position of object :

betwesn |F and the lens
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The position of image ;
Behind the lens
Properties of image :
l-iarger
2-upright
Avartual
¢ Concave Lenses

The double concave lens is a diverging lens When light waves from an mfinitely
iar object passes through the lens; the hight waves wall diverge as1iist onginated from
a focal point F on the principle axis. The focal length 15 alwave a negative value for

diverging lenses.

The position of object -
between 2Fand BT
The position of image :

In front the lens between F' and the lens
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Properties of image :
1—mﬂ:r ]
2-upright

J-virtual

Example 1: A magnifying slass has a focal length of (10em),a person uses it to
read at a distance of 8cm a- find a-the imase distance, b-the image propertiss. f=
10cm, o= 8cem .

Sol -

Lf=1/1/0=

1/10 =1/i+178= - 40em

== (vo)=-(~40/8y=3.56

the image 15 vartual, upnght, magnifiad
Ex:2: find the image position of a 7 6cm high flower placed af 25om to the left of
the converging lens (£= Scm) b-find the valus of magnification of the lens, e the
image properties.

Sol.:

a VELrYo.. ... .. 15=14+125=625 am

bm=-(1/0)y=-62525=-025

c-the 1mage 15 : real anverted, smaller in size




Ex.3"a concave lens with a focal length of 60cm, forms & virtual image at 20cm 1o
the left of lens for the object. Find:1-the object distance 2-the magnification.

sol:
1.|-"'ﬂ'+=]:'IIr =1 f
Vorl30=1460........ 0=30cm

n=-(1 0)=-(-2030)=0.66

the mmage 13 virtual, vpright, smaller in size
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Optical physics First lecture

The Eve & Vision

The human eve achieves vision by formung an wmase that stonilates nerve
endings. creatng the sensation of sight. Like a camera, the eve consists of an aperfure
and lens system af the fromt, and a lhight-sensitive surface at the back Light enters
the =ve through the aperture- lens systenm. and 1s focus=d on the back wall The lens
system consists of tive lenses: the corneal lens on the front surface of the eve, and
the crvstalline fens inside the =ve The spacs betwesn the lens=s 15 fillsd vwith a
transparent Bud called the agqueous humor. Also betiveen the lenses 15 the mns; an
opaque, colored membrans At the center of the ins 1s the pupil. a musclz—comrollsd,
vanable- diameter hols. or aperture, which controls the amount of light thar enters.
the eye The mterior of the eve behind the crystalline lens 15 filled with a colorless.
rransparent matenal called the vitrecus humor. On the back wall of the eve 15 the
retina a membrane contatmng hight-sensitive nerve cells known as rods and cones.
Rods are very sensitrve to low hight levels. but provide us onlv with lovw-resolution.
black-and-white viston Cones aliow us to see 1n color at higher resolution. but they
require higher light levels The fovea, a small area near the center of the retina,
contains only ;on%:g and 15 responsible for the most acute vision. Sipnaizs from the
rods and cones ars carned by nerve fibers to the optic nerve, which leads 1o the brain
The optic nerve comects 1o the back of the eve; there are no light-sensitive cells'at

the point where 1t attaches. resulting 10 a blind spot.
The Refraction of Light by the Eye

Light entering the eve is first bent, or refracted, by the cornea - the clear window

on the outer fromt surface of the eveball The comsa provides most of the eve's
optical power or lizht bendins ability. Afier the light passes through the cornga, it1s
bent again — to a more finely adjusted focus — by the crystalline lensanside the sve.
The lens foruses the light on the retina. This 15 achieved by the cliary muscles in
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the sve. They change the shape of the leas, bending or flatteming 1t 10 focus the light
rays on the retma This adjustment in the lens :s necessary for bringing near and far
objects into focus. The process of bending light to produce a focused wmage on the
retina 15 called "refraction” Ideally, the light 15 "refracted” in such a manner that the
ravs are focused mnto a precise imape on the retina Many viston problems occur
because of an srror in how the =ves refract licht In nsarsishtedness (myvoma), the
light rays form an unage i front of the retina In farsightedness (hyperopia), the ravs
focus behind the retina In astismatism, the comea 1s shaped like 3 Tootball instead
of a baseball. This causes light ravs to focus on more than one plans. so that a single
clear imazse cannot be formed on the retma As we ags, we find readine or

performing clozs-up acuvities more difficult This condition is called presbvopia

and 1t results from the crystalline 1ens loosing flexiblity, and therefore the abihiy to
bend ]ight

Spherical Refracting Surfaces:

A simple lens consists of a single piece of transparent material while a compound

lens consists of several simple. lenses (elemenrs), usually arranged alonz a
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common axis, Lenzes are mads from materials such as glass or plashc. A leas can
foeus light to form an image, unlike a prism. which refracts light without focusing.
Devices that similarly focus or disperse waves and radiation other than visibls light
are also called lenses.

Lenses are used 1 vanous imaging devices like telescopes and cameras. They are
also used 2s +vispal aids in glassss o correct defects of wision such
‘as myopie and hyvperopa:

Tvpes Of Thin Lenses

The classification of a lens depends on how the light rays bend when they pass
throngh the lens The two man types of lenzes are:

« Convex Lens (Converging)
« Concave Lens (Diverging)

A wransperent matenial bound by nwo surfaces. of which onz or both surfaces are
sphérical, forms a lens. Thiz means that a lens 15 bound by at lsast one spherical
surface. In such lenses_ the other surface would be plane ‘A lens may have two
spherical surfaces, bulgping outwards. Such alens s called & double convexlens It
1s simply called a convex lens: It 1s thicker at the middle as compared to the edges.
Convex lens converges hght ravs a5 shown in Fig




Double concave lens 15 bounded by two sphencal curfaces, curved inwards It 1s
thicker at the edges than at the muddle. Such lenses diverge light ravs as shown in
Fio. Such lenses are also called diverping lenses. A double concave lens 1s simply
called a concave lens.

FOCAL POINTS AND FOCAL LENGTHS

Diagrams showing the refraction of light by convex lens and by concave lens are
grven in figure. The axis in each case 1s a straight line through the geometrical center
of the lens and perpendicular to the two faces at the points: of mtersection. For
spherical lens=s this line which jomns the centers of curvature of the two surfaces.
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Ray diagrams shown in the figure illustrates the primary and secondary focal points
F and F" and the corresponding focal lengths f and £ of thin lenses.

The primary fotal point (F) of convex lens: an axial point having the property that
anv rav comung from 1t | travels parallel to the axis after refracnion.

The secondary focal pount (F') of convex lens an axia] pout having the property that

-any incident myv traveling parallel to the axss will, after refraction, proceed towasrd,
The primary focal pownt (F) of concave lens: an axial pomnt having the property that
any 1ayv proceeding toward 1t travels paralle! 1o the axis after refraction

The secondary focal pont (F') of concave lens: an-axial pomnt having the property
that anv incident ray traveling parallel to the axis will. after refraction, appear to
come from. F.

Focal length’ The distance between the center of a lens and sither of s focal ponts,

these distances denoted by fand ' the below figure

lens equatioens :

1) VE=10+ 14, (Gaussian law for thin tens )
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(f is always negative for concave lens | and always positive for convex lens

2} Magnification , m = -1 o = hi' ho, (m_ hi | nepative for inverted image and
positive for upright image ) . (m =1/ the image larger than object )

(m=1/the image smalier than obiect , m =1 the image n the same s17z= with object)

3)0 is always positive if the object m front of lens |, 1 positive for real tmage and
negative for virtal image
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Medical Physics Fifih locture

Refraction

It physics, refraction s the change in the path of a wave passing from one medium
to another or from a zradpal change in the medium. The electromagnetic waves
constituting light are refracted when crossing the boundary from one transparent
medium to another bacause of theiwr chanse in speed A may of lisht of one
waveleneth or eolor (different wavelengths appear as different colors to the human
‘eye). that passing from air to glass 1s refracted. or bent. by an amount that depends
on its speed mn aur and glass. the two speeds dependmg on the wavelength A ray of
sunheht 15 compossid of manyv wavelenoths that in combination appear to be
colorless. Upon sntering a glass prismy the different refractuions of the various

warelénoths spread them apart as in 2 ramnbow

sin 91 ! Ny

sinf, v

EIE T G T T

Figure (1) : Refraction of hight

Refraction of light 1s shown in the fisure above When light travels from air o
glass. the light slows dovwn and changes direction slightly. When light travels from




a less dense substance to & denser substance, the refracted light bends more 1owards
the normal line. If the light wave approaches the boundary in 2 diwection that 1s
perpendicular to it, the light ray doest’t refract in spite of the change in speed

Laws of Refraction of Light
Laws of refraction state that

« Themncident ray refracted ray. and the nommal to the interface of two media at
the point of incidencs all lie on the same plane.
» The ratio of the sine of the ansle of incidence to the sine of the angle of
refraction 1s a constant. This1s also known as Snell's law of refraction
siny/ sin—constant=p
Snell’s Law
Snell’s law gives the deoree of refraction and relation between the angle of
mecidence, the angle of refraction and refractve indices of a grven pair of media
We know that light expenences the refraction or bending when it travels from
one medmm to another medium. hence called Snsll's law.
Snell’s law 15 defingd as " The ratic of the sine of the angle of incidence to the
sine of the angle of rafraction 15 a consiant, for the light of a grven coior and for
tie given pair of media ', Snell’s law formula 15 expressed as:
FiN; sins=consiant=p
nysing =masing
Where 1 15 the angle of meidence and ris the angle of refracnen. This constant
value 15 calied the refractive index of the second medium with respect to the first




" Soedl's Law
e \
! msinf = masnty
|
o,

Soall's Law Formals

Figure (2) : Snell’s law
Solved problem :
Light travels from air nito an optical fiber with an mdex of refraction of 144, (a) If
the angle of incidence on the end of the fiber 15 22°, what 15 the angle of refraction
inside the fiber? (b) Skeich the path of lizht as'ut changes meadia

(&)
n:sinng —rasin

(1.00) sin 22° = 1.44 sm B3,
sinB: =(1.00/1.44) s1n 22° = 0. 260
B; = g [G!ﬁﬂ} =15

(b)
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Relative refraciive index

I5 the rano of the speed of hght m the medim 1 to the speed of hight m medum 2.

_ speed of light in medium 1

e = speed of light in medium 2

Absolute Refractive Index :

Is the ratio of the speed of light 1 vacoum (e) 1o the speed of hight 1n the medium

(v) The value of absolute refractive index is greater than unitv.
n=c/v
Note.(n=1 for air, 1.33 for water , 1.520 for olass | and 2 419 for diamond)

Wavelength and the Index of Refraction:

As Iight moves from atr imto water. 1t not only slows. but the wavelength changes |

the wavelenzth bacomes shorter in the densér medium of water
n=wavelength in vacuum / wavelength in medium
Seolved Problem :

1-The speed of light 1n an ynknovwn medium 15 measured to b (2763 10°m’s) , What
15 the mndex of refracnion of the madium?

n=cv=3"10"8/276* 10"8 =108




Home Work :

1- Optical fibers are zencrally composed of silica (which represent a medium ), with.
an mdex of refraction around (1.44) Find the velocity of light that traveled mna
silica (or i medium )7

2- Light with speed (2* 1078 my's ) traveled in unknown madium and then passed in
‘plass with speed ( 1.5 1078 m's ) . Find relative refractive index 7 and absolute
refractive index for slass 7

3-The wavelength of red lioht from (He-Ne laser ) is 633 nm inair but 474nm inside
the eve ball. Calculate a-the index of reffacnion mside the eve ball. b-the spead of
light inside the eve ball

4- Light traveling through an optical fiber (1=144) reaches the end of the fiber and
exits tmto arr.  1f the angle of meidencs on the ead of the fiber 15 30°, whar 1s the
angle of refracthion cutside the fiber?

3- A ray of light 1= incident through piass, onan mterface separaning plass and water,
What 1s the angiez of refraction 1f the angie of incidence of the rav 1n glass 1523 #7

6-What should be the ancle of incidence of a hight ray incident through air on the
boundary separating air from water so that the angle of refraction 15 30 7
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Medical Physics

Lig]lt © 15an electromagnenc radiation visiblete the human eve | responsible
for the visual perception . Ranges from the wavelength of light between (300 om 10
700 nm) . The mam charactenistics of visible light are intensity |, direcion of
propagation , frequency or wavelength | spectrum | and  polanzation ,  whle s
velocity in a vacuum 15 sstimated at (3*10%m / 3) and 15 one of the fundamental
constants in pature It 13 common to all fypes of electromagnenc fadianon (EMR),
that visible hight 15 emitted and absorbed in the form of small "beams” called photons
that can be studied as particlss or waves  This characienstic 15 called the dualiiv of
a parucle wave . The study of light 15 known as optics , and it 15 an importamt
research field in modern physics .

The nature of light : 1izht 1s 2 kind of enerzy that travels in waves Light
travels very fast and in <traight lines . It can travel through a vacuum and manv other

med:a .
Light sources:

There are two general sources of light:

1-Natural light sources : that ar= all the nme or occasionally present i nature
without buman intervention, like (the sun 15 the main primary aind natural source of
light, the moon is alse natural light source. However, the moon 15 secondary light
source, because 1t onlv reflects light of the sun.)

2-Artificial light sources - thavwere mtroduced by humans becavse of certamn
-advantages , like (Fire. Oul lamps Candles. Gas lamps, Electric are lamps
Ancandsscent lamps  Gas discharze lamps | Huorescent lamps, =tc)
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Theories of light

1-Newton's theory (or particles theory ): Around 1700 the zreat Newton.
supposed that licht was made up of smiall particles . The particles theory was
postulated by ancient Greeks and was favored by Sir Isaac Newton According 1o
this theorv, 2 luminous bodv continuously enuts tinv, ight and =lastic particles cailed
particles in all directions. These particiss are so small that they can readily tavel
through the interstices of the particles of matter with the velocity of light and they
possess the property of reflection from a polished surface or transmission through a
transparent medmum. When these particlss fall on the retinz of the ave, they produce
the sensation of vision. On the basis of thus theory, phenomena like seculinear
propaganion, reflectnen and refraction could be accounted for, satsfacionly.

Main drawback of this theory -

1- This theorv couldn't explamn the phenomena of (imterference | diffraction . and
polarization ) of light

2 The velocity of light 1n denser medium 1s grater than its velocity m low dense
madium | |

3- This theory assumes that the source of light losss the mass at ¢ emmns

cmpusdﬂs
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2- Huyvgens' principle ( or wave theory) : Ths first person to explam how
wiave theorv can also account for the laws of geomestnc optics was Chnshaan
Huyeens in 1670. The mamn feature or characteristics of Huyzens wave theory are
(1) Lizht travels from one place to anctlier in vacuum or transparent medium m the
form of waves

2% These waves are emutted by the source of hght & travel with vniform velocity
111 the homegensous medium' (3) To explamn propagation of hght waves throush
vacuum he supgested the existence of hypothetical madium called ( ether jpressm
evervivhere , and this medium 1s necessarv for the propagation of waves & the whole
space 1s filled with an imasinary mediom called Exher (4) Experimentally he proved
that velacity of light 11 rarer mediuim 1s oreates than in denser mediim
According to this. The disturbance from the source is propagated in the form of
wiaves through space and the ensrov 15 distributed equally, i all directions When
these waves camrying engroy are incident on the eve, the optic nerves are excited and
the sensation of wision 1s produced. Huvgens assumed these waves t© be
lonetudinal, 10 which the vibration of the particles s parallel to the dwection of
propagation of the wave Assumung that energy s transmutied 1n the form of waves,
Huygens could sansfactoniy explamn reflection, refracnon

Huyvgens had a very important in sipht into the nature of wave propagation which
1s nowadays called Hiegens' principiz. this pninciple states that
Every poutt on a wave-front may beé considered ‘@ source of secondary spherical
wavelets which spread out in the forward direction at the spead of hight The new
wave-front 1= the tarigental surface to all of these secondary wavelets. Accordmng 1o
Huyeens' prnciple; a plans light wave propagates though free space at the speed of
laight. This theory sxplawn the phenomena ( reflection |, refraction , mterference and
diffraction ) .
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Main drawback of this theory :

It fauls to explam pelanzauon , photeelecine effect and Compron

Figure(1): Huygens' principle

3-Electromagnetic Theory : Electromagnenc theory of light was put forward
by Jfames Clerk Maxwell 1n 1873, According to this theory, light consist of
ﬂum'ummg_ electnic and magnetic ficlds propagating in the form of elecromagnetic
waves. But this theory failed to explain the photoelectne effect. Maxwell found that
Iight 15 an Eiar_u'umagnﬂnc wave at a speed equal to the speed of ight. Maxw=ll
his equations. proved that electromasnetic 15 3 wave with frequency and velocity.
He was able to calculate the speed of light mathematically approximated, and was
ablz o prove that all electromagnetic waves are moving in the vacuum at the spead
af light

In 2 vacuum. this valus was calculated to be 3% 10% m/s. This is exactly the spesd of
light observed from the experniment Maxwell suggested that this isn't comncidence

rather light &= an electromagnstic wave An sleciromasnetic wave consists of

L
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chanomng-eleciric and magnehe fislds winch are perpendicular to each other. So, the

light wave is transverss in nature,

Mpgnetic Fieslet l"ﬂ..'i

Sleistrie Field [E)

-

Figure(2):electromagnetic wave

4-Quantum Theory of Radiation: Wave theory of light couldn’t explamn
cerfan phenomena such as photoelectiic effect, atomic excitation. Compton Effect
stc. In 1905 AD, Albert Einstein proposed a new theory of light called quantum
theory based on the assumptions of Max Planck According to this theory, lighs
consists of a uny packet of eneroy callad quanta or photons. The enerpy of ach

‘Quanta’ grvea by:
E=ht

E =Energy of each quanta
h = Planck’s Constant

f = frequency of radiation

The absorption and the release of energy 15 always in the infegral multiple of this

SNETOY.

L4
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3-Dual Nature of Light: Some expeniments show wave nature of lizht whereas
the some show particle nature of light Instead of considering light as wave or
particle we must treat light as having both parncle and wave nature. This s called
Dual nature of light.
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