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UNITS

DESCRIPTION

UNIT-I

The wave equation, general solution of one dimens.ional wave
equation; Harmonic waves; Standing waves on a string qf fixed
length; Energy of a vibrating string The wave equation for
longitudinal waves on a thin cylindrical rod; Energy density and
energy transmission in waves; Application to Earthquak'es.
Standing waves on a stretched rectangular membrane: solution
by method of separation of variables; normal modes of
vibrations.

UNIT-II

General Theory of Image Formation: Cardinal Points of an
optical system, general relationships, thick lens formula and lens
combination, langrange equation of magnification.

Abberations: Chromatic and monochromatic abberations and

their reductions. Corrector plates.

UNIT-1II

films; Application 1o Non-reflecting films, Newton rings;

Review of Interference of light; Interference in thin parallel

Michelson interferometer and its application for precision
determination of wavelength; Multiple beam interference; Fabry-
Perot interferometer and etalon; Intensity distribution.
Fraunhofer diffraction at a slit; the intensity distribution; Two
slit diffraction pattern; The intensity distribution.

UNIT-IV

Diffraction at N parallel slits; intensity distribution at an N
parallel slits. Resolution of images; Rayleigh criterion; Resolving
power of a diffraction grating. Frensel half-period zones: The
Zone-Plate; Diffraction at a circular aperture; Diffraction by a
straight edge (analysis using halfperiod zones). Polarization by
reflection, Malus’s law; Double refraction; Refraction in
Uniaxial crystals; Optical activity; Rotation of plane of
polarization; Origin of optical rotation in liquids and in crystals.

Scanned with CamScanner

J




UNIT-

2 Waves & its characteristics.

stone is thrown on the still water of the pond. When the stone hits the water then ‘Ihe /)a’r//’c./c.; (lg/ :;{lru,r"/:
ihat region start to vibrate. These vibrating particles vibrate the neighboring of particles. .I his the vi ‘;r:; )
reaches to the edge of the pond by vibrating the particles of water. The particles of water oscillate up a'n" own
but do not move forward. The periodic vibration that passes over the surface of water due 1o the oscillatory
motion of the particles is called wave.

The mechanical energy produced due 1o the vibration of water particles is transferred from one place to
another through vibration. So, energy is transferred from one place to another through wave. y

The periodic motion of particles which wransfers energy from one place to another rhrough. a )f;arferla
medium but does not displace the particles permanently is called wave. The wave produced in solid, liguid or
gaseous medium is called mer anical wave. Water wave, sound wave etc. are mechanical waves. To Iramf'er the
mechanical wave elastic medium is needed. There is another type of wave that does not need any mediuni 1o
propagate which are called electromagnetic wave.

The characteristics of waves are tlie ollowings:

1. The wave is produced due to the harmonic motion of the particles but the particles are not displaced
permanently.

N

A medium is necessary for the propagation of mechanical wave.
The wave transfers energy from one Place to another.

The velocity of wave depends on the nature of medium.
3. The reflection, refraction and superposition occur in case of wave.

(): - The wave equation.

YRR The wave equation Jor a plane wave traveling in the x direction is

N W

8_2X 1 9%y

a —

ox* v of

Where v is the phase velocity of the wave and y represents the variable which is changing as the wave passes.

This is the form of the wave equation which applies to a streiched string or a plane electromagnetic. The
mathematical description of a wave makes use of Partial derivatives.

In two dimensions, the wave equation takes the form
o’u . P u_ 1
Y 2
o’ oyt Vv or

Which could describe a wave on a Stretched Membrane?
Waves in Ideal String
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The wave equatic
segment of a string.
If a constant horizo

String Wave Equation Development

Analysis of the forces on a segment of string gives two relationships:

on for a wave in an ideal string can be obtained by applying Newton

ntal tension T is maintained in the

T,sinB—T, sino = pAx—5

Combination of these two expressions for small ang

w 2 Law to an infinitesimal

string, then

T,cosa=T,cosf=T

Newton's 2nd law becomes

)

J°y

o’

les gives

T,coso=T,cos3=T

2

Jy
o’

T,sin B =T, sinot = pAx
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Combining gives

TIysinf  Tisina _ pAxd’y
T,cosp Tcosa T of

slope=tan . and relating his to the slopes at the segment ends gives

dy
T| X x+Av Ax 1 [ oy dy p hE y
slope =tan @ XtAhe —|=— - |2
dy Ax| 0x|,,,. ox|,| T ot
ax X In the limit Ax— 0 this becomes
P =mass per unit length d’y _pdy

D: - General solution of one dimensional wave equation.

PR The wave equation is an important second-order linear partial differential equation for the description

of waves— as they occur in physics— such as sound waves, light waves and water waves. It arises in fields
like acoustics, electromagnetics, and fluid dynamics.
General solution

Algebraic approach

The one-dimensional wave equation is unusual for a partial differential equation in that a relatively simple
general solution may be found. Defining new variables:

f=z—c ; n=zx+ct
Changes the wave equation into

u
ocon

0

Which leads to the general solution
u(€,n) = F(§) + G(n)
or equivalently:
u(x,t) = F(z — ct) + G(x + ct)

In other words, solutions of the 1D wave equation are sums of a right traveling function F and a left traveling
Sunction G. "Traveling" means that the shape of these individual arbitrary functions with respect to x stays
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Jstant, however the functions are translated lef and right with time at the speed ¢, This was derived by Jean le
constant,

Rond d'4 lembert.

| | ' . ’ e

{nother way to arrive at this result is to note that the wave equation may be "factored":

9_ 9112 _ .91, ¢
ot “or| ot Tz

and therefore:

du  Qu 0 4 Oou Ju
ay —Cho = an TR e
gt ox ot = Oz

These last two equations are advection equations, one left traveling and one right, both with constant speed c.

For an initial value problem, the arbitrary functions F and G can be determined to satisfy initial conditions:

u(z,0) = f(x)
u(z,0) = g(z)

The result is d'Alembert's formula:

T —ct z4ct 1 ot
2 2c
he classical sense i = ) eCt! k ; av s F-and G may also be
In the classical sense if f{x) € C* and &(x) €C"" then u(t, x) € C". However, the waveforms y

generalized functions, such as the delta-function. In that case, the solution may be interpreted as an impulse that
travels to the right or the left.

r=ct

The basic wave equation is a linear differential equation and so it will adhere to the superposition principle. This
means that the net displacement caused by two or more waves is the sum of the displacements which would have
been caused by each wave individually. In addition, the behavior of a wave can be analyzed by breaking up the
wave into components, e.g. the Fourier transform breaks up a wave into sinusoidal components.

Plane wave eigenmodes

Another way 1o solve for the solutions to the one-dimensional wave equation is to first analyze its
Jfrequency eigenmodes. A so-called eigenmode is a solution that oscillates in time with a well-defined angular

Jfrequency w, with which the temporal part of the wave function for such eigenmode takes a specific form g

The rest of the wave function is only dependent on the spatial variable 1, hence amounting to separation of
variables. Now writing the wave function as

u,(z,t) = e f(2)

We can obtain an ordinary

part f(z)

differential equation for the spatial

32 w 32 —iw ' —1 82 —iw
3; - w[e 'tf(:c)] = —wle wtf(a:) = CQ@[E ‘ tf(l)]
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which is precisely an eigenvalue equation for b (CII) hence the name eigenmode. It has the well known plane
wave solutions

f(z) = Ae™™

’

With wave number
k=w/c
The total wave function Jor this eigenmode is then the linear combination
¥ — piut —ikz " - S
uw(l’t) =€ [Ae BT A Betk.r] = Ae i(kz +wt) + Bez( I ),

where complex numbers A; B depend in general on any initial and boundary conditions of the problem.

Eigenmodes are useful in constructing the Sull solution to the wave equation, because each of them evolves in time

.. ' —wt . . . .
trivially with the phase factor ¢ ", So with this, the full solution can ahways be decomposed into an eigenmode
expansion

u(z,t) = /ﬂo s(w)uy(z,t)dw

—QQ
or in terms of the plane waves,

U(il?.t) :/ S+(w)6—i(kz+wt)dw+/‘ S_(w)ei(k.r—wt)dw

—0 .
e d] ) a0 .
— / Sy (w)e—z}.-{m+ct) dw + / S (w)exk(::—ct) dLu‘
J—o0 —2a

=F(z - ct) + G(z + ct),

Which is exactly in the same form as in the algebraic approach. Functions S+ (@) are known as the Fouirier
component and are determined by initial and boundary conditions. This is a so-called Sfrequency-domain method,

alternative to direct time-domain propagations, such as FDTD method, of the wave packet U(I ] t).

m Harmonic waves are described by sinusoidal functions. The wavelength is equal to linear distance between
repetitions of transverse disturbance or phase. A harmonic of such a wave is a wave with a Sfrequency that is a
positive integer multiple of the frequency of the originalwave, known as the fundamental frequency. The
original wave is also called the 1st harmonic, the following harmonics are known as higher harmonics.
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Simple harmonic motion can also be angular. In (his case, the restoring torque required for producing SHM is
directly proportional to the angular displacement and is directed towards the mean position.

Consider a wire suspended vertically from a rigid support. Let some weight be suspended from the lower
end of the wire. When the wire is twisted through an angle 0 from the mean position. a restoring forque acts on it
tending 1o return it to the mean position. Here restoring torque is proportional to angular displacement 0.
Hencet=-C0

Where C is called torque constant.

binodal spinodal

Temperature

stable

: Composition
It is equal fo the moment of the couple required to produce unit angular displacement. Its unit is N m rad”. The

negative sign shows that torque is acting in the opposite direction to the angular displacement. This is the case of
angular simple harmonic motion. '

Examples: Tensional pendulum, balance wheel of a watch.
; - Standing waves on a string of fixed length

m A standing wave is a pattern which results from the interference of two or more waves traveling in the same
medium. All standing waves are characterized by positions along the medium which are standing still. Such
positions are referred 1o as nodes. Standing waves are also characterized by antinodes. These are positions
along the medium where the particles oscillate about their equilibrium position with maximum amplitude.
Standing wave patterns are always characterized by an alternating pattern of nodes and antinodes.
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Antinodes

Transverse waves o a string

Standing waves of many different wavelengths can be produced on a string with two fixed ends, as long as

an integral number of half wavelengths fits into the length of the string. For a standing wave on a string of length
L with two fixed ends

L=n(/2), n=123,...

o Fundamental: L = )/2, n = 1, 1/2 wavelengih Sits into the length of the string.

» Second harmonic: L = ). n = 2, one wavelength fits into the length of the string.

* Third harmonic: L = 3)/2, n = 3, 3/2 wavelengths fit into the length of the string.
For a string the speed of the waves is a function of the mass per unit length u = m/L of the string and the tension
Fin the string.

Waves on a string with two fixed ends will be generated by a string vibrator. The waves will all have a Srequency
of 120 Hz. Their wavelength is given by A = v/f. Since the frequency is fixed, the wavelength of the waves can
only be changed by changing the speed of the waves. Students will adjust the tension in the string until 1, 2, or 3
half wavelength of a wave with f = 120 Hz fit into the length of the string. Then 120 Hz is a natural frequency of
the string and the vibrator drives the string into resonance. The amplitude increases and the standing waves can
easily be observed.

(: - Vibrating String? :
VBB The fundamental vibrational mode of a stretched string is such that the wavelength is twice the length of the
string.
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Applying the basic wave relalfonship gives an expression for the ﬁma'amen!a/ [frequency:

f _ Vwave on string
l —

2L

Calculation

; e T
Since the wave velocity is given by y = [~ the frequency expression

m/L
can be put in the form:
T T =string tension
f _ym /L M =string mass
s

2L [ =stringlength

The string will also vibrate at all harmonics of the fundamental. Each of these harmonics will form a standing on

the string.

D: - Wave Velocity in String.

m The velocity of a traveling wave in a stretched string is determined by the tension and the mass per unit

length of the string.
o T
The wave velocity is given by ) = | ——
m/L
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i hen the waw I\"H“l‘)".\’hil) (A Up,)’h,'(l 0 a .\"I‘Llfchc‘l .‘.”.,'"g it is seen ’I,{” resonant .w{”"””g "'{IVU”IU(/L'.V are
( N U 2 A o
ood. The lowest frequency mode for a stretched string is called the fumdamental, and l1s frequency 18 given

,,,ulu
by
i T o
— T =string tension
_ \lm/ L m = string mass
fl B 2L L =string length
From

Velocity = sqrt ( tension / mass per unit length )

m If you pluck your guitar string, you don't have 1o tell it what pitch to produce - it knows! That is, its pitch is
its resonant frequency, which is determined by the length, mass, and tension of the string. The pitch varies in
different ways with these different parameters, as illustrated by the examples below:
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I you have "/’ ’100
| N
iring with |,

starting p! tch:

Ifyouwant 1o rajse the pitch of a string by increasing its fension:

Tension |Frequency

|
1

I the e |
\and change* 1o |pitch rigina 0 f)
| will be |
' 1 octave up (-TTO /)
/! the | _
70,:;1: 20 Hz 2 octaves up IITSTO
en

P .
four times the|200

ren 4 octaves up 2561 0
1y

3 octaves up ’g-/ Ty

§\§§:

four times the
mass

50 Hz 5 octaves up |1024 E?fa

|

“with the other parameters y, .- see that it is not practical to tune a string over a large pitch range using the
reset fo 1heir  tension, since the tension goes up by the square of the pitch ratio.
original values.

D: - The wave equation for longitudinal waves on a thin cylindrical rod.

m There are two major kinds of waves: transverse waves and longitudinal waves. The medium transmitting
transverse waves oscillates in a direction perpendicular to the direction the wave is traveling. A good example is
waves on waler: the water oscillates up and down while transmitting a wave horizontally. Other common
examples include a wave on a string and electromagnetic waves. By contrast, the medium transmitting
longitudinal waves oscillates in a direction parallel to the direction the wave is raveling. The most commonly
discussed form of longitudinal waves is sound.

Transverse Waves: Waves on a String]

Imagine—or better yet, go grab some twine and set up—a length of string stretched benween hwo posts so that it is
taut. Each point on the string is just like a mass on a spring: its equilibrium position lies on the straight line
between the two posts, and if it is plucked away from its resting position, the string will exert a force to restore its
equilibrium position, causing periodic oscillations. A string is more complicated than a simple mass on a spring,
however, since the oscillation of each point influences nearby points along the string. Plucking a string at one
end causes periodic vibrations that eventually travel down the whole length of the string. Now imagine detaching
one end of the string from the pole and connecting it to a mass on a spring, which oscillates up and down, as in
the figure below. The oscillation at one end of the string creates waves that propagate, or travel, down the length
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ring itsell
. j ou: the string itsel
wring. These are called, appropriately, traveling waves. Don’t let this name conf ; - g i e
5 ' ' . 1, 1 " l‘
of the oves up and down, returning 1o its starting point once per cycle. The wave travels,
1
only !

- o in this case—only oscillates up and down,
string

/

YN

- .‘/ L | m

uone[Isa
Stpourad

l ¢

' rtonsion. FT . he mass density of the siring, e
depends on the force of tension, “7 , exerted by the pole on the string, and on the mas: 4

totol tnnes

The formula for the wave speed is:

Py

(L v —"—
EXAMPLE

BIALISLSA T 0w p segiim e 04 g og L A e e gt 0
v -

A string is tied to a pole at one end and 100 g mass at the other, and wound over a pulley. The
string’s mass is 100 g, and it is 2.5 m long. If the string is plucked, at what speed do the waves
travel along the string? How could you make the waves travel faster?

Assume the acceleration
. i 7iod
due to gravity is 10 m/s*.

Since the formula for the speed of a wave on a string is expressed in terms of the

mass density of the string, we'll
need to calculate the mass density before we can calculate the wave speed.

0.1 kg .
= —— = (0.0l kg
I hm 0.04 kg /m

2
The tension in the string is the force of gravity pulling down on the weight, Fr = mg = (.1 kgd10mss) = IN.
The equation for calculating the speed of a wave on a string is:

[Fr N
P = T R
\' n \.‘ 0.4 kg/m
This equation suggests two ways to increase the speed of the waves: increase
mass from the end of the string, or replace the string with one that is less dense.

=im/s

the tension by hanging a heavier
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p imdinal Waves: Soun:

WS O SIFING OF In water are trangyy situdinal means

l hile o rse, sound waves are longitdinal. The term long
at the medium transmitting the waves—air, in the case of sound waves—oscillates back and forth, parallel 1o
ihe direenon in which the wave is moving. Ths back-and-forth motion stands in contrast 10 the behavior of
[PnSWTSE WIS, which oscillate up and down, 1h'rpendicula.r 0 the direction in which the wave is moving.
Jmagine @ slinky. If you hold one end of the slinky in each of your outstretched arms and then jerk one arm
shghtly towar d the other, you will send a pulse acr;)ss the slinky toward the other arm. This pulse 1s transm itted
by each coil of the slinky oscillating back and forth parallel 1o ll;e direction of the pulse.

-—

When the string on a violin, the surface of a bell, or the paper cone in a stereo speaker oscillates rapidl, i
creates pulses of high air pressure, or compressions, with low pressure spaces in between, called rarefactions.
These compressions and rarefactions are the equivalent of crests and troughs in fransverse waves. the distance
between two compressions or two rarefactions is a wavelength.

Pulses of high pressure propagate through the air much like the pulses of the slinky illustrated above, and
when they reach our ears we perceive them as sound. Air acts as the medium for sound waves, just as string is the
medium for waves of displacement on a string. The figure below is an approximation of sound waves in a flute—
each dark area below indicates compression and represents something in the order of 10%! air molecules.

S
wavelergth

Loudness, Frequency, Wavelength, and Wave Speed
Many of the concepts describing waves are related to more familiar terms describing sound. For example, the
square of the amplitude of a sound wave is called itsloudness, or volume. Loudness is usually measured
in decibels. The decibel is a peculiar unit measured on a logarithmic scale. You won’t need to know how to
calculate decibels, but it may be useful to know what they are.

The frequency of a sound wave is often called its pitch. Humans can hear sounds with frequencies as low
as about 90 Hz and up to about 15,000 Hz, but many animals can hear sounds with much higher firequencies.
The term wavelength remains the same for sound waves. Just as in a stretched string, sound waves in air travel at
a certain speed. This speed is around 343 m/s under normal circumstances, but it varies with the temperature
and pressure of the air. You don 't need to memorize this number: if a question involving the speed of sound comes
up on the SAT II, that quantity will be given to you.

A: - As a sinusoidal wave moves down a string, the energy associated with one wavelength on the string is
transported down the string at the propagation velocity v. From the basic wave relationship, the distance traveled
in one period is vT = A, so the energy is transported one wavelength per period of the oscillation.
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Energy E, In one period T, this
'i;> energy is moved
along one wavelenglh

A Powor = =2
ower = =
=
The energy associated with one wavelengih of the wave is
L 2,0
E,=—lw°A°A
)
: o | Y
so the transported poweris = S H @Al = Hw* A%y
Z T 2
Argular frequency
ol the wave Wave propacaron

veiccly

. ] \ 5 9 /I
oy e monted — — LAY
2/

\

Mass per unit Wave
longthofthe et
string

Energy in a String Wave

The energy associated with a traveling wave in a stretched string is conveniently expressed as the energy per
wavelength.

Potential energy

Ktl.= %(Am)(o’_v’

Vo owave
prepagunion

o N
AKE = =Amv;
2 .
Kinetic energy

The energy of a small segment of the string can be expressed as the sum of the kinetic energy and elastic potential
energy of the segment. The differential form of the elastic potential energy is
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1, 1
dU = ~O°ydm = —©*y* dx
2 .
ysing the description of a traveling wave
S LS
¥ =Asin(ky - o1
The potential energy expression becomes

dU = %Hﬂ)zl\z sin’(kx — con)dx

_ oen ti d it is mosl
The energy for a full wavelength can be found by integrating this expression at a given time, an

convenient to set I:0for this integran'on. The energyfor one wave]eng[h along the string 15
P
2.9 .« 1
}J(D'A'Jsm‘(kr)d.\‘
\]

UA.:

| —

A

2 1 2,42
U, = %HCO'A'[%.\'. —Z]Esin(Zkt)] = Zﬂ“"fm

0
The differential kinetic energy is
] l 9

dKE = %v_;dm =y vy pdx

Using the velocity expression
v, = WA cos(kx — or)
the kinetic energy takes the form
I 20 2
dKE = ;yw A~ cos™(kx = wt)dx

and again setting t=0 for simplification

] ] 4 ;) ) 1 2.

KE; = Eua)v{ Jcos‘(kr)dx = Z,uco'A'/l
0

The total energy associated with a wavelength is
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Ey=U,+KE, = % Ha A*A

gince this amount of energy is transported o distance of one wavelength along the string in on¢ period, this

pres sion can be used to calculate the pow
&

m Wave represents distributed energy, Except for standing waves, the wave Iransporis energy along with ’It
from one point to another. In the contexy of our course, we shall focus our attention to the transverse harmonic
wave along a string and investigate energy being transported by it. But the discussion and results .would be
applicable to other transverse waves as well through a medium. For a base case, we shall consider an ideal case
in which there is no loss of energy.

We supply energy by continuously vibrating the fiee end of taut string. This energy is transmitted by the
small vibrating string element to the neighboring element following it. We can see that vibrating smal.l ele{llenfs
(also referred as particle) possess ener & as it oscillates (simple harmonic motion for our consideration) in l'he
transverse direction. It can be easily visualized as in the case of SHM that the energy has nwo components i.e.
kinetic energy (arising from motion) and potential energy (arising from position). The potential energy 1s elastic
potential energy like that of spring. The small string element is subjected to tension and thereby periodic
elongation and contraction during the cycle of oscillatory motion.

There are few important highlights of energy transport. The most important ones are:

o The energy at the extreme positions along the string corresponds to zero energy.

o The kinetic and elastic potential energies at the mean (equilibrium) position are maximum.
VBB 4n earthquake is a sudden vibration or trembling in the Earth. More than 150,000 tremors strong enough o
be felt by humans occur each year worldwide. Earthquake motion is caused by the quick release of stored

potential energy into the kinetic energy of motion. Most earthquakes are produced along faults, tectonic plate
boundary zones, or along the mid-oceanic ridges.

Earthquake Waves

Earthquakes are a form of wave energy that is transferred through bedrock. Motion is transmitted from the point
of sudden energy release, the earthquake focus (hypocenter), as spherical seismic waves that travel in all
directions outward (Figure 3). The point on the Earth's surface directly above the focus is termed the
Epicenter. Two different types of seismic waves have been described by geologists: body waves and surface
waves. Body waves are seismic waves that travel through the lithosphere. Two kinds of body waves exist: P-waves
and S-waves. Both of these waves produce a sharp jolt or shaking. P-waves or primary waves are formed by the
alternate expansion and contraction of bedrock and cause the volume of the material they travel through to
change. They travel at a speed of about 5 to 7 kilometers per second through the lithosphere and about 8
kilometers per second in the asthenosphere. The speed of sound is about 0.30 kilometers per second. P-waves
also have the ability to travel through solid, liquid, and gaseous materials. When some P-waves move from the

ground to the lower atmosphere, the sound wave that is produced can sometimes be heard by humans and
animals.
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S-waves or secondary waves are a second type of body wave. These waves are slower than P-waves and can only
move through solid materials. S-waves are produced by shear stresses and move the materials they pass through
in a perpendicular (up and down or side to side ) direction.

Surface waves travel at or near the Eqrth's surface. These waves produce a rolling or swaying motion
causing the Earth’s surface to behave like waves on the ocean. The velocity of these waves is slower than body

waves. Despite their slow speed, these waves are particularly destructive to human construction because they
cause considerable ground movement.

et us describe the different types of waves in earthquakes.

1. Body Waves: They travel through the earth's interior and hence are called body waves. Ray paths are created
by them as a result of refraction by the earth’s surface that is of varying density and modulus. The density and
modulus than vary in accordance to temperature, composition, and phase. The entire concept is very much
similar to the refraction of light waves

2. Primary Waves: Primary waves are also called p waves. These are compressional waves. They are
longitudinal in nature. These are a type of pressure waves. The speed of P waves is greater than other waves.
These are called the primary waves as they are the first to arrive during the earthquake. This is because of
large velocity. The propagation of these waves knows no bounds and hence can travel through any type of
material, including fluids. They travel at nearly 2 times the speed of S waves.

3. S-Wave: S waves stand for shear waves. They resemble the jello bowl and vibrations in it. This is the way they

travel. The second wave being felt during an earthquake is called a S wave. The speed of S wave is less than a
P wave . The motion of S wave is restricted through solid rock only. The up and down, or side-to-side
movement of the rocks is contributed o S waves. S waves motion is prohibited through a liquid. This is
different from a p wave that can move through a liquid as it is a compression wave. It can be said that the
rigidity if liquid is not enough for the transmission of S waves. The speed of S wave is slower than P wave and
hence cannot move through a liquid. This information about the travel patterns of waves can be easily utilized
by scientists to determine the structure of earth. S wave is generated by various reasons such as earthquakes,
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E
wlcano eruption, explosions, meteor hitting earth surface or by huge machines. 1t should be noted that the

waves produced by earthquakes do not have a consiant speed neither they iravel in straight lines.

surface Wave: These waves travel through the surface of the earth and hence are called the _;';;;ﬁzc-e waves.
They are also called L waves. They are similar to the waves in water. The speed of surface wave 1S less li.n:y
pody waves. This is the most dangerous and destructive type of destructive wave due to the long 1ime perloh,
Jarger amp litude, low frequency efc. the e.ﬁi’.Ct or strength of Ihése waves diminish as they move away from ¢

' ‘ ' ce. The
uce. Surface waves (L-waves) are analogous to water waves and ravel along the Earth's surfa

st
ve wave. The name surface

speed of these waves is less than that of body waves. They are the mosi destructi
waves is common because they diminish as they get further from the surface.

Rayleigh Waves: These ways are also known as ground roll. These are also a type of surface WO ﬂ,e'y
ravel as ripples on the surface. They are much similar to that of ripples on warer: The restoring force her_e is
Jastic and not gravitational. The discovery of these waves was done by John William Strutt, Lord Rayleigh,
1885, The speed of Raleigh waves is less than body waves, roughly 90% of the velocity of S waves for
typical homogeneous elastic media.

6. Love Waves:It is a horizontally polarized wave. the name is afier AEH. L

o

ove .They have the largest

amplitude.
7 Stoneley Waves: A Sioneley wave is a classification of Rayleigh wave with large amplitude.
0: - Solution by method of separation of variables.
m The method of images and complex analysis are two rather elegant fec
equation. Unfortunately, they both have an exiremely limited range of application. The
discuss in this course, namely, the separation of variables, is somewhat messy, but possess a
application. Let us examine a specific example.

hniques for solving Poisson s
final technique we shall
far wider range of

P y=0
Consider two semi-infinite, grounded, conducting plates lying parallel o the I - z plane, one at , and the

=T
other at (see Fig. 46). The lefi end, at T = 0, is closed off by an infinite strip insulated from the two

Po (3/)

plates, and maintained at a specified potential . What is the potential in the region between the plates?

y conducting plate
-\
N
o
[ \\
" \

¥ =

y=0
Figure 46:

We first of all assume that the potential is z-independent, since everything else in the problem is. This reduces
the problem 1o two dimensions. Poisson's equation is written

Po ¢
oz’ -a_fzo (771)
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| the wacuum region benween the conductors, The boundary conditions are
4(x0) = 0, (772
4(z, ) _ 0 (773)
g2l
for , since the two plates are earthed, plys

4(0,y) = 6o(v) e

0<y<n
Jor , and

¢(z,y) =0
as T — 00. The latter boundary condition is our ysyal one for the scalar potential at infinity.

The central assumption in the method of separation of variables is that a multi-dimensional potential can be
written as the product of one-dimensional potentials, so that

776
B(z,9) = X(2) Y 3). &L
The above solution is obviously a very special one, and is, therefore, only likely to satisfy a very small subset of

possible boundary conditions. However, it turns out that by adding together lots of different solutions of this form
we can match to general boundary conditions.

Substituting (776) into (771), we obtain

(775)

d’Y &Y )
A 1.3 S (777)
dr? d dy? E

Let us now separate the variables: i.e., let us collect all of the T -dependent terms on one side of the equation,

Y
and all of the - -dependent terms on the other side. Thus,

18X 14

Xd2 = T ag (778)

This equation has the form

f(z) = g(y), (779)
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.~ and  are general functions, Ty j
s v e e ) ’| $ f » ! 144
yhelt ¢ only way in which the above equation can be satisfied, for

d s ]
ct”"'ml ra if both sides are equal 1, the same constant, Thus
. l -

LEX 1y (780)
X =K =-yo
kK2

The reason why we write k2, rather than

: _ _ , will become apparent later on. Equation (780) separaies hlo
nwo ordinary differential equations:

o = 'K 781)
dz? ’ (
dy 12y
X = - : (782)
We know the general solution to these equations:
X = Aexp(kz)+ Bexp(-k1), (783)
Y = C sin(k y) + D cos(k y), (784)
Giving
p = [ Aexp(k z) + Bexp(—k z) ] [C sin(k y) + Dcos(ky)]. (785)
Here, A, B, C, and D are arbitrary constanis. The boundary condition (775) is automatically satisfied
k>0 —k?
if A=0and . Note that the choice k2, instead of , in Eq. (780) facilitates this by making -

either grow or decay monotonically in the z -direction instead of oscillating. The boundary condition (772) is
automatically satisfied if D = 0. The boundary condition (773) is satisfied provided that

dn(k) =0, (3%

which implies that k is a positive integer, 1. (say). So, our solution reduces to

#(z,y) = C exp(-nz) sin(ny), (787)
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: ' condition
, B has peen absorbed into C'. Note that this solution is only able to satisfy the final boundary

,,-hc"" ¢'ﬂ (y) Sin(n y)

' . . nethod of
74) p,m-ided is proportional to . Thus, at first sight, it wwould appear thal the 1

‘ ' .« i not the case.

ration of variables only works for a very special subset of boundary conditions. However, thi sl, 5 e s

o ‘ ove :

s, Now comes the clever bit! Since Poisson's equation is linear, any linear combinatiot ©. 50 h‘f.l s
ether lots of solutions inve

. We can therefore form a more general solution than (787) by adding 108

Solb'ﬁo
ddf"”""' values of m. Thus,
— (788)
#(z,y) = " C,exp(-nz) sin(ny),
n=1
. - sions (772, (773) and
where the are constants. This solution automatically satisfies the boundary conditions (772),
(775)- T he final boundary condition (774) reduces to
(789)

$(0,y) = i C,sin(ny) = ¢o(y)-

n=1

| | . Ca $o(y)
The question now is what choice of the  fits an arbitrary function
sin{n y)
make use of wo very useful properties of the functions
form a complete set. The orthogonality property of these functions manifests itse

? To answer this question we can

. Namely, that they are mutually orthogonal, and
If through the relation

~
7 s T
/; sin(ny) sin(n'y) dy = 55“,,:, (790)
JTIHJ — 1
where the function if n =n' and 0 otherwise is called a Kroenecker delta. The completeness
. . $o(y)
properly of sine functions means that any general function can ahvays be adequately represented as a

sin(n’
weighted sum of sine functions with various different m values. Multiplying both sides of Eq. (789) by ( y)

. and integrating over , we obtain

z_;l c, fu sin(ny) sin(n'y) dy = L do(y) sin(n'y) dy. (791)
The orthogonality relation yields
D Tl = " foly) s
52_31 n O = 5 G = fn ¢o(y) sin(r'y) dy, (792)
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0 (793)

9 pr
Co=~ [ 9uly) sin(ny) dy.

¢o(v)

Thus, we oW have a general solution to the problem for any driving potential

()

Ifthe potential is constant then
794)
2¢u [ 2 ¢y (
Co==2 [ dn(ny) dy= == [1—cos(nm)],
T o snley) dy="
giving -
Ca=0
foreven T, and
4o (796)
Gn =
nw
forodd n. Thus,
4 exp{-nz)sin(nz
#(z,y) = ol > p(-nz) sin( ). (797)

™ m

n=13,5

In the above problem, we write the potential as the product of one-dimensional functions. Some of these functions
grow and decay monotonically (i.e., the exponential finctions), and the others oscillate (i.e., the sinusoidal
functions). The success of the method depends crucially on the orthogonality and completeness of the oscillatory
fa(2)

functions. A set of functions is orthogonal if the integral of the product of two different members of the set
over some range is always zero: i.e.,

[ 120 Inla)dz =0, 799

n#m
Jor . A set of functions is complete if any other function can be expanded as a weighted sum of them. It
turns out that the scheme set out above can be generalized to more complicated geometries. For instance, in
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and the oscillatory

rical geomeiry. the monotonic finctions are power faw functions of the radial variable, are
¢

¥ jons are Legendre polynomials. The latter qye both mutually orthogonal and form a cr)m/)/c"ﬂ' set. 1 hc’ltZ‘ s
'Mh, eylindrical, ellipsoidal, “hyperbolic, torojdal, erc. coordinates. In all cases, the associated mu’ g
‘-bl-no'" s are mutually orthogonal and form 4 complete set. This implies that the method of separd

] ables is of quite general applicability.

wart Finally, as a simple example of the solution of Poisson's equation in spherical geomel

(he 0aS€ of a conducting sphere of radius q, cen tered on the origin, placed in a uniform 2-directe

ry, let us consider
d electric field

Eq Vig=0 r1>a
= 2 . undary
of magnitude . The scalar  potentig] » satisfies for . with the bo
i B~ Eyz =il Here, T and 8 are
candmOHS (gnf'ing )asr — 00, and atr=a. ere,
Sphen'cal polar coordinates. Let us try the simplified separable solution )
(799
4(r, g) =" cosd.
Vig=10 = st
It is easily demonstrated that the above solution satisfies provided m = 1or . Thus, the mo
Vig
general solution of which satisfies the boundary condition at T — 00is
- (800)
#(r,8) = —Eor cos8 4 ar ? cosé.
The boundary condition at T = a is satisfied provided
Eyd (801)
o= g .
¢=0 r<a _
Of course, inside the sphere (i.e., ). The charge sheet density induced on the surface of the sphere
is given by
0¢(r =a
s=¢E(r=a)=—¢g M = 3¢ Ey cosb.

or
mA mode of vibration is characterized by a modal frequency and a mode shape. It is numbered according to
the number of half waves in the vibration. For example, if a vibrating beam with both ends pinned displayed a
mode shape of half of a sine wave (one peak on the vibrating beam) it would be vibrating in mode 1. If it had a
Jull sine wave (one peak and one valley) it would be vibrating in mode 2.

In a system with two or more dimensions, such as the pictured disk, each dimension is given a mode
number. Using polar coordinates, we have a radial coordinate and an angular coordinate. If you measured Sfrom
the center outward along the radial coordinate you would encounter a Sull wave, so the mode number in the
radial direction is 2. The other direction is trickier, because only half of the disk is considered due to the
antisymmetric (also called skew-symmetry nature of a disk's vibration in the angular direction. Thus, measuring
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80° along the angular direction yoy would ¢

: ncounter a half wave, so the mode number in the angular direction
| NO the mode number of the Sy *
,S . . - -

stem | , , e " "
femis 2-1 or 1.2 depending on which coordinate is considered the "first” and

(S0 it is important 1o always indicate which mode number matches

e e c0 e 1, » Moo n .
hich 1S considered the "second coordinae
ith each coordinate direction).

~ = i . - . 1 d ' 24 ‘
Each m(x.e is entirely independen; of all other modes. Thus all modes have different frequencies e
Jower modes having lower frequencies) anq different mode shapes

Lenses

A lens is a piece of transparent materia] that cap Jocus a transmitted beam of light. This is usually bounded by
o sphencal surfaces, or a spherical and q plane surface

— = Erplanation <7

A piece of transparent substance (commonly glass, plastic, quartz etc.) bounded by two surfaces of regular

curvature is known as "Lens". A lens is used 1o change the curvature of wavefronts so that light may be focused 10
a desired position.

Basically thin lenses fall into two categories:

Converging or Convex
Diverging or Concave
A convex lens is thicker in the middle and thinner at the edges, converges light rays towards its optical axis,

so that a beam of parallel rays converges at a point F (shown in figure given below). For example in bright sun
light, a convex lens may produce a spot of light intense enough to ignite paper.

Fig Convex lens and its Principal Focus or Focal Point

A concave lens which is thinner in the middle and thicker at the edges bends rays outward from its optical axis
(see figure below)
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Fig Concave lens gpg its Principal Focus or Focal Point
The point F to which the rays qre brought 1o ] inci i

distance between the optical centey of the |
Conventionally f'is taken to be positiye Jor convey
Q,_Geneml Theory of Image F. ormation

A:=The most general optical system is considered, in which the object and image may also be curved surfaces.
For each object point a base ray is chosen, whose intersection with the image surface defines the geometrical
image point. It is shown that, with suiiaple choices of axes for the object and image spaces, principal azimths
ahways exist around the object space and image space parts of the base ray.

lenses and negative for concave lenses.

e
=

-1

g acam.- -’
f‘\? r -; (0]

= 3 T

Z

g kN "
Q AN+

=

A

-1
= R

These azimuths are suchthat, in a paraxial type approximation, rays entering with coordinates (XS,0) and (O,yT),
respectively, emerge with coordinates (X'S,0) and (0,y'T). This theorem enables the definition of canonical
entrance andexit pupil variables, (xS,yT) and (x'Sy'T), and object and image space variables, (GS,HT) and
(G'S,H'T), such that the geometrical image of (GS,HT) is at G'S = GS,H'T = HT, and (for an isoplanatic image
point) any finite aperture ray entering with coordinates (xS,yT) emerges with x'S = xSY'T = yT. The analysis also
leads to formulas for the two principal local magnifications of the image and to the sine condition for a general
optical system. Both the geometrical and diffraction theory of image formation Jor a general optical system are in
this manner shown 1o reduce to exactly the same forms as for an axially symmetric system. In Part 2, the
necessary computing methods are obtained for the practical application of the theory.
Cardinal Points of an Optical System
the points on the optical axis OO’ (see Figure 1) of a centered optical system that can be used to construct the im
age of anarbitrary point in space for objects in the paraxial region, which is the region around the axis of symmet
1y of the systemwhere a point is represented by a point, a straight line by a straight line, and a plane by a plane.
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° 4 \\"890 space
Object space H H" r"\\o'
- o

! o
——

S

igure ’.' Pos";;-o? Ioiflhf;mu'zge A" of an arbitrary poins 4 projectedby an optical system S can be found if the car
‘Mﬂwr':lllseﬁo it's o;’i]caﬁgz fggs’yszem are known: a ray passing fhrougir the.ﬁz;:gfocus I is directed by the Y
:i{l‘r:gah the back focus F” aj'fter reﬁ'c’zi’:ii:, ray that is incident upon the system parallel to the axis 00'is directed
There" are four cardinal points in an optical system: the front and back foci F and F'a
prfnCiPa’ points Hand H’. The back focus is the image of an infinitely remote point located o
he object SPAce, an(.j the frontfocus is the image in the object space of an infinitely remote poi
ce. The principal points are the points ofintersection with the optical axis of the principal planes, which ar
anes for which the optical system S produces full
size mutual images (every point Hy located in the principal plane HHy at a distance h from the axis 00’ appears in
the otherprincipal plane H”H’; as the point H'y at the same distance h from the axis as point Hy).
The distance from point H to point Fis called the front focal distance (negative in the figure), and the dist
ance from point H’ topoint ' is called the back focal distance (positive in the figure).
The construction of an image A’ of an arbitrary point 4 for a centered optical systen using the points F, H
H',and F'is shownin Figure I.

The Thin Lens Formula
The nature and position of an image formed by a lens can be calculated from the lens formula.

nd the front and back
n the optical axis int

nt in the image spa
e the pl

1 | L

ITp o
Here pis the distance of object from the lens and q is the distance

of the lens.
T f;'.rpimm_téun =]

Let us consider an object OPwhose real but inverted image is formed by a

figure:

of image from the lens and fis the focal length

thin convex lens as shown in the
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[ris clear from the figure that AOXP and AIXQ are similar then according to theorem of geomelry,

OFP IQ
PX QX
OP PX
17 " ox
OF P
1Q g
In figure, A FX and AIFQ are also similar then according to geometry,
AX O 1Q
FX FQ
A _EX e op
10 ()
QP B FX
IQ QX -—FX
OF
1Q g
Comparing equation(1) and (2), 4 '
g=J _ .}
= ===
q P
= — i — I_
¢ P
= 1= ! + L
r 1
Or,
1 1 N 1
f p q

This equation is known as the lens formula.
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ation of Thin Lenses

it bject can b ;
(0" e of an odject can be made erecy . e suitable
ageof and much magnified by using more than one lenses- Therefore

) optical instruments
1_ 1 1
ffi r

above expression is for the combinatiop of

of the o Y s the
‘ vol here f1 i one lens and f2 15
I j length f the other. enses where f1 is the focal length of

\ g rplanation <]

- the optical instruments two o . . 7 nature 0f
n most of P 0 ormore lenses are used in combination. The location, S1z¢ and

ihe ﬁna’ image can be determined by using lens formula or ray diagram. In either case, we Jocate first the nnag;
ormed by lheﬁ,-st lens. Usmg that Image as the Objec[for the second lens, lheﬁnal imagejbrn‘led by the secon

s the
Jens can be located. If there are more than pyo lenses. This process is continued, the object for each lens 1S th
image for the preceding lens as in the figure below:

Object L,

s GERRtl

0em 60 cm i

Fig  Showing a combination of thin lenses

Referring to the above figure, we can see that lens L1 forms an image I1. This image acts as a real object for
the lens L2, which forms a real image 12. Notice that 12 is inverted with respect to I1 and erect with respect to the
object.

We now consider the case when the two thin lenses are in contact, which means their separation is very small
as compared to their focal lengths. This is illustrated in figure below:
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oint object O be placed at a disianc,

el -
L{jsfﬂ" ce ql(infig q2). From the lens formy,;
7¢
at

o by it

P Jfrom the lens L1 whose real image I1(in Sig! 2) 1 o med by
11 1
LI W = (1)
P (3] f 1

is the focal length of lens L1.

”'})g’re. i ) es 1] .
This image now SErves as a virtual object for the second lens L2 of focal length f2. If

sion between the lenses. The distance of this virtual object from lens L2 will be the same @

ve neglect the small
s ils distance

5 . .

from! he lensL1. If the lens forms an image I of this virmal object at a distance .

' 1 1 1
oA 2

s the object is virtual for lens L2 i.e. P2 = g

Adding equation(1) and (2) we get,

or,
5t h = (3)

Now if we replace the two lenses of focal lengths f1 and f2 by single lens of focal length f such that it forms an

image ata distance q of an object placed at p from it as shown in figure below, such a Jens is called equivalent
lens, and its focal length is known as equivalent focal length.

pa
0 J 1 I
For equivalent lens L, we have
1 1 1
-_—t - ==
p ¢ f = (4)
Comparing equation(3) and (4) we get,
11 " I
fh £ == (5)

This close combination behaves as a single lens whose focal length is given by the above relation.
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".m.,,,(j) shows that for a parr of l¢
4 L

» . y 7 (”
s nses i contact the sum of the reciprocals of thelr mdividual f

I qal 10 the reciprocal of the focal Je '
L

ngth of the combination.

” od Microscope and its Magnification

‘ﬂ"‘ ‘!.,,ml device used to observe very smayr e

A . e gion of plants
e cis like bacteria, cells, gas molecules and sectt f 1
g

o coplanaltan = |

| . 5 . =
T high magnification is desired, q compo
fore the object called Objectiveq

. i Bl s s o - lenses one
und microscope is used. It consists of wo convex d '

’ :

e J before ! nd other placed before the eye called Eye-piece. ‘
The objective has very small focal length fo and small apernire, whereas eye-picce has relatively large

fe and large apermre.

focal

[c'”g!h
orking . . .

when a small object OP is placed at disiance p just before the focus of objective then @ real, in ‘
o ag"’ﬁ‘-’d image 1Q is formed at distance qwhich falls within the jocus of eye-piece. The eye-piece n‘ used. ’a.s
pagnifying 8lass and it akes up the image 1Q as an object and since it lies within the focal length of eye-prece
(hen it forms a virtual and much magnified final image I'Q" as shown below.

verted and

' P ' ' !
E _E‘ 90 >E Pe >
1 : \
s | a
' i
. 5 \
4 . . i ’
t 2 (b‘ t i 2
Object T 1 v
’F, | ) F, i - F, )
\ !
m Objective
- ) Eyc-?icce
g |
(£ '
o :
~ '
'
I’

cessan
A
[=™
Y

Fig Ray diagram of Compound Microscope
Magnification

If aand Bare the visual angles subtended by the object and image respectively when formed at the least distance
of distinct vision. Then magnifying power of microscope will be

M:g

0 = (1)
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or
0= , when obj

’

N
”~ ieht angle triangle AQ'XI’
™

ect OPis p),
. ace . . ~
Placed at least disance of distinct vision in front of eye. LA = afor

Fall
tan3 = _] Q
XQ@

[} /-
3 = iIQ
;\Q)»i'l’""mg the values of and 3 in equarion (1) we get, (
! Y/
= A = _] Q x i..
d OP
(yaYi
= .\f = : Q
Jt can be written as, op
IYal
T o
Q oP ‘
A = My X My = (2)
Where
M1 is the magnification of objective
M2 is the magnification of eye-piece
As,
M=
Po
And since eye-piece is used as magnifying glass then,
{
My=1+=
€
Therefore equation(2) can be written as,
q d
o> M=% (1 + —) |
Po f e = (3)
This expression gives the magnification of eye-piece.
As the object is placed very close to the focus of objective then,
Po = fo
And since 1Q is formed very close to the eye-piece then,
o = I

Where L is the distance between objective and eye-piece and it is also known as length of the microscope. Now

equation(3) may be written as,
7 L (1 + : )
) fO fﬂ

The limit to which a microscope can be used to resolve details, depends on the width of the objective. A wider
objective and use of blue light of short wavelength produces less diffraction and allows more details to be seen.
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A
. ole ) ficroscope or Magnifying Glass and its Magnification

&... oP"cal instrument, which is used 1o see or Magnifying
o

small objects distinctly is called Simple Microscope

"‘,55' Vi Janadron - |

. . y e Le.
”oﬂ‘“"x jens which help us to observe clearly an object (very small object) which is brought close 10 ey

2 least distance of distinct vision, is called Magnifying Glass

st disance TR . s formed
| yhen the object is placed inside the focal point of e lens, then erect, magnified and virtual image is Jo

. . hear point or 25 cm.
The angular magmﬁcano'n of the magnifying glass is defined as the ratio of visual ang
age seen !.hl‘O"gh a ""ag"lﬁ"f?g' glass 10 the visual angle subtended by the object when p
jstance of distance of distinct vision and seen through naked eye i.e.

le subtended by the
laced at the Jeast

3 -
M= ol = (1)
@ sion and
. : 151
Now suppose a small object OP forms a visual angle "o", when it is placed at least distance 0f V15 ified
when it 15 placed at distance "p" within focal length of magnifying glass then its erect, virtual and magr

_ _ 7 : es below:
image 10 18 formed at least distance of vision and it subtends a visual angle nB 7 g5 shown in the figures b

P

i

Fig B Image Angle
In figure A, the right angle triangle AOAP gives,

OP
lanae = —
JA
For small angle tano & «
O
o0 = ——
d
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/wr"ﬁ.k""‘t' B. the right angle triangle AOAp gjy,,
’ -
“ tan3 = %
0OA
‘ 3= 9F
. a . .
ng the valuies of wand B in equarion (1), we ger I
il
M2 4
p OP
or,
P
According to the lens formula,
1 ~ 1 1
i p g
As the final image is virtual then,
¢=-—d
b 11
Multiplying both sides by "d",
d d d
=S — = - — =
f p d
v d
since P,
{
5 S M — 1
or,
d

This expression gives magnifying power of magnifying glass or simp'le microscope.
It is thus obvious that for a lens of high angular magnification the focal length should be small. If, for

example, f = 5 cm and d = 25 cm, then M = 5, the object would look five times larger when viewed through such
a lens.

Power and Aberration of Lenses
The reciprocal of focal length of lens is called Power of lens i.e.
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Power of lens = . =i
. - focallen = f
ot (Blurring and distortion) in the ; : ‘o g iC
fhe defect 8 ) in the image formed by lenses is due to two common reasons i-¢. Spher ical

ation and chromatic aberratior
‘l

1 1. These are knoyy
{

ﬁre reciprocal of focal length of a lens is jig power. The greater the focal length, the lesser will be the power 0/
jens and smaller the focal length, the greater will be the power of lens
I ca5e ofcombinaﬁon of two lenses, -

‘ = n as Lens Aberrations or defects of lens.
}-'rulmum.m <]
o 4

1 1 1
fh hf
= P=p+ P B
This shows that the power of combination of two lenses in contact is equal to the sum of their individua
powers.

4
T

Unit
The unit of power of lens is "Diopter" and it is defined as the reciprocal of focal length in meters.
i.e. ,
. 1.
1 Diopter(D) = ——
' 1 meter

Defects of Lenses or Lens Aberrations
1-Spherical Aberration

When rays of light parallel to the principal axis of a lens pass thrér:gh zones near its edges, these are brought
10 focus nearer the lens than those rays which pass through region nearer to its center. Therefore, the focus is not

a sharp point but is contained in a region called "focal region". This produces blurred images. This problem is
known as spherical aberration as shown in figure:

' Fig Spherical Aberration

Minimizing

. By using only central portion of the lens. This can be achieved by using a stop on the lens which makes
effective aperture of the lens small.

. By making opposite surface of the lens of different curvatures.

s - Bycombining a strongly convergent lens of producing little spherical aberration in the opposite direction.
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o pomatic Aberration

. g

s et that different wavelengi) i diff .
he Jac - 8ihs of light refracted b flerent points 8¢

{‘-rmlion as shown in figure: d i e

are

rise 10 chromatic

Fig Chromatic Aberration

Actually a thick lens may be regarded as made up of two prisms placed
dispersion of the refracting medium of the lens different wavelength of light focus at different poin's. Hence image
formed by lens consists of small linear spectrum. Chromatic aberration for a diverging lens is opposite 10 that for
a converging lens.
Minimizing
. This defect can be reduced 1o a large extent by combining a converging lens of crown glass with a
diverging lens of flint glass. These lenses are so chosen that the dispersion of one is equal and opposite 10 that the
other. Lenses which are free fiom dispersion are called "Achromatic lenses".

one above the other and due 10

Q: - Resolving Power.
A:-The resolving power of an instrument is its ability to reveal the minor details of the object under examination.

—w Eeplunation <7
When an object is placed in front of a convex lens at a point beyond itsfocus, a real and inverted image of the
object is formed as shown in the figure below:
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Resolving Power is expressed as the mini the minor details of the object unde .

‘ inimum angle which two point sources subtended at the instrument so

at their images are s o distinct < ,
i & seen two distinct spots of light rather than one. Raleigh showed that for light of

wavelength Zthrough a lens of diameter D, the resolving power is given by

Qpin = 1.22—

In the case of a grating spectrometer, the resolving power R of the grating is defined as
R_ A _ A
A — A1 AA
Where A= 21 =22 and M. = 2 - 21.Thus, we see that a grating with high resolving power can distinguish
small difference in wavelength. If N is the number of rulings on the grating, it can be shown that the resolving
power in the mth-order diffraction equals to the product N x m, i.e.
R=Nxm

Q:-Least Distance of Distinct Vision
A:-The minimum distance from the eye at which an object appears to be distinct is called the least distance of
distinct vision or near point.
~» Erplanation <7
The normal human eye can focus a sharp image of an object on the eye if the object located anywhere from
infinity to a certain point called the "Near Point". |
The minimum distance of an object from eye to have its clear image is called "Least Distance of Distinct Vision".
This distance is about 25 cm from the eye. It is denoted by d. If the object is held closer to the eye than this
distance the image formed will be blurred and fuzzy. The location of the near point, however, changes with age.
Visual Angle
The angle subtended by an object at the retina of eye in called "Visual Angle". The apparent size of an object
depends upon its actual size and on the angle subtended by it at the eye.Thus the closer the object is to the eye,
the greater is the angle subtended and larger appears the size of the object.
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The greater the visual angle, the greater is the apparent size of the object.
) .!_,mgh.' piect is called
N . . . 5 14 0

'lw‘;l'hvn the object is displaced at d, then the angle subtended at a naked (unaldet/) eye, by the 0%

. robject Angle". It is denoted by o(alpha).
I
A
\

~—

\a(\\\fy@;

Ray diagram for Object Angle

d

mage Angle ' w It is denoted
When the angle subtended by the image, formed at d, on the naked eye, is called "Image angle”.
by 8 (beta).
N
i
1
F
¥ =
d 1 \.\_

Ray diagram for Image Angle

Linear Magnification
The ratio of the size of the image to the size of the object is called "Magnification". It is denoted by M.

q

I
M=—=-
p

0
Where,
I = Image Size
0 = Object Size
p = Distance of object from the lens or mirror
q = Distance of image from the lens or mirror
Derivation for the Above Equation
When an object is placed in front of a convex lens at a point beyond its focus, a real and inverted image of the

object is formed as shown in the figure:
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From the above figure, ABABO and AA'B'() qrp similar triangles
L. . X SIED.
For similar iriangles the ratio of the lengih of the corresponding sides is equal i.¢,

I oB'
TR
- OB
OB' = q = Image Distance
y OB = p = Object Distance
Therefore,
! q
) 0O p
S,
{
M= 5
Therefore, ‘
===
O p

Angular Magnification
The ratio of the angles subtended by the image as seen through the optical device (aided eye) to that

subtended by the object at the naked (unaided) eye, is called "Angular Magnification”. It is also called the
magnifying power, Mathematically,

3
AM=—
&
UNIT-111

Q: - Review of Interference of light

A:-Interference of light:-Two slits A and B illuminated by a single monochromatic source S act as coherent
sources. The waves from these tvo coherent sources travel in the same medium and superpose at various points
as shown in Figure. The crest of the wavetrains are shown by thick continuous lines and troughs are shown by
broken lines. At points where the crest of one wave meels the crest of the other wave or the trough of one wave
meets the trough of the other wave, the waves are in phase, the displacement is maximum and these points appear
bright. These points are marked by crosses (x). This type of interference is said to be constructive interference.

Scanned with CamScanner



clive interference. Therefore, on a screen XY the intensity of lig

" 1.e. bright and dark bands which are referred as interference fiinges. dhe
on account of the superposition of two waves is called interference.

The intensity of light (1) at a point due 10 q

alternatively maximum and minin
redistribution of intensity of light

ave of amplitude (a) is given by I «a’.
Ifa,and a; are the amplitude of the two interfering waves, then
I, O(afamllz Cl’llzz
so, IyI, = a,z/azz
For constructive interference, I,o & (a; + a 2)’ and for destructive interference, I, o (a;—ay)’
Tnad Lnin = (@1 + @)/ Lip o (a;— a)?
Q: - Interference in thin parallel films

A: - Consider a transparent thin film of uniform thickness t and its\ refractive index pu bounded by two plane
surfaces K and K' (Figure). :

Fr

K
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| Fig: Interference in thin Sfilms
o of monochromatic light AB inciden, on the surface K
‘vr\ ed IO the film along BD. At the point D on the.
’: . iransmitted out of the film along DG. The refle
i . The ray EH after refraction ay H, finally

' /]
of the film is partly reflected along BC and parl’y

. » DI an
surface K', the ray of light is partly reflected alons el

. ' . i W, I l:s’ )(ll‘(l ¢
cted light then emerges into air along EF which 5 I
emerges along HJ.

A pplication to Non-reflecting films

g - An antireflective or anti-reflection (4R) coatingis a type ofoptical coating applie
of lenses and other optical devices 1o redyce reflection. This improves the efficiency of the s)s
Jess light is lost. In complex systems such as a telescope, the reduction in l'ejlectio;;.s also improves the confras! of
(he image by elimination of stray light. This is e specially important in planetary astronomy. In other applications:
the primary benefit is the elimination of the reflection itself, such as a coating on eyeglass Jenses that makes th’e
gyes of the wearer more visible 1o others, or a coa;ing 10 reduce the glint from a covert viewers
pinoculars or telescopic sight.
Applications

d to the surface
fem since

rical surface,

Anti-reflective coatings are used in a wide variety of applications where light passes through an op
and camera

and low loss or low reflection is desired. Examples include anti-glare coatings on corrective lenses
lens elements.

Corrective lenses

Opticians dispense "anti-reflection lenses” because the decreased reflection makes them look beiter, and they
produce less glare, which is particularly noticeable when driving at night or working in front of a computer
monitor. The decreased glare means that wearers often find their eyes are less fired, particularly at the end of the
day. Allowing more light to pass through the lens also increases conirast and therefore increases visual acuity.

Antireflective ophthalmic lenses should not be confised with polarized lenses, which decrease (by
absorption) the visible glare of sun reflected off surfaces such as sand, water, and roads. The term
"antireflective” relates to the reflection from the surface of the lens itself, not the origin of the light that reaches

the lens.

Many anti-reflection lenses include an additional coating that repels water and grease, making them
easier to keep clean. Anti-reflection coatings are particularly suited 10 high-index lenses, as these reflect more
light without the coating than a Jower-index lens (a consequence of the Fresnel equations). It is also generally
easier and cheaper to coat high index glasses.

Photolithography

Antireflective coatings are ofien in microelectronic photolithography to help reduce image distortions associated
with reflections off the surface of the substrate. Different types of antireflective coatings are applied either before
or afier the photoresist, and help reduce standing waves, thin-film interference, and specular reflections.

Q: - Explain Newton’s Rings Theory
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it

Al

Convex Interferogram
Te‘sl Part —
»
m=0
m=$
r f
_.m

Re — =
.\(m + ,})-)
; : ' - medi d
Thus, it travels a total path 2t. One of the two reflections takes place at the surface of the denser mediunt al; t
w3y - ) ) S.
hence it nﬂroduces an additional phase change of m or an equivalent path difference /2 between nwo wavele

binodal spinodal

Temperature

stable

LCST

Composition

. The condition for brightess is,

Path difference, & = 2t + A/2 = n

2t=(2n-1) \/2

Wheren = 1, 2, 3 ... and A is the wavelength of light used.

The condition for darkness is, path difference 6 = 2t + /2 = (2n+1) /2

2t=ni

Wheren=20,1,2, 3 ...

The thickness of the air film at the point of contact of lens L with glass plate P is zero. Hence, there is no path
difference between the interfering waves. So, it should appear bright. But the wave reflected from the denser glass
plate has suffered a phase change of = while the wave reflected at the spherical surface of the lens has not

suffered any phase change. Hence the point O appears dark. Around the point of contact alternate bright and
dark rings are formed.

Q:-Define & describe on Newton’s Rings.
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Fig: Newton’s rings

Q:-Describe A pplications of Newton’s rings
(i) Using the method of Newton's rings, the wavelength of a given monochromatic source of light can be
determined. The radius of nth dark ring and (n+m)th dark ring are given by
r.l=nRA and 1pim = (n+m) RA
Fim— Pt = MRA

S0, A= fFurm’ —1a"]/mR

KNoWing rusm, - and R, the wavelength can be calculated.

(ii) Using Newton's rings, the refractive index of a liquid can calculated. Let Jqand A,
of light in air and in medium (liquid). If r,is the radius of the n" dark ring in air and if ryis the radius of the

 represent the wavelength

n™ dark ring in liquid, then
r. =nRl,

2 _
r =nRA, = nRA/u
V2
so, p =1/ Py

Experiment of Newton’s Rings

Figure shows an experimental arrangement for producing and observing Newlon's rings. A monochromatic
source of light is kept at the focus of a condensing lens. The parallel beam of light emerging from lens falls on the
glass plate kept at 45 O The glass plate reflects a part of the incident light vertically downwards, normally on the

thin air film, enclosed by the plano convex lens and plane glass plate.
The reflected beam from the air film is viewed with a microscope. Alternate bright and dark circular rings

with dark spot as centre is seen.
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(a)

(b)
Fig: Newton’s rings

Q: - Michelson interferometer and it application for precision determination of wavelength. Multiple beam
interference; Fabry-Perot interferometer ang etalon.

A: - An interferometer is an instrumen; for making precise measurements for beams of light of such factors as
length, surface irregularities, and index of refraction. It divides a beam of light into a number of beams that
travel unequal paths and whose intensities, when reunited, add or subtract (interfere with each other). This
interference appears as a pattern of light and dark bands called interference fringes. Information derived from
fringe measurements is used for precise wavelength determinations, measurement of very small distances and
thicknesses, the study of spectrum lines, and determination of refractive indices of transparent materials. In
astronomy, interferometers are used to measure the distances between stars and the diameters of siars.

In 1881 the American physicist A.A. Michelson constructed the interferometer used in the Michelson-
Morley experiment.(see figure) The Michelson interferometer and its modifications are used in the optical
industry for testing lenses and prisms, for measuring index of refraction, and for examining minute details of
surfaces (micro topographies). The instrument consists of a half-silvered mirror that divides a light beam into two
equal parts, one of which is transmitted to a fixed mirror and the other of which is reflected to a movable mirror.
By counting the fringes created as the mirror is moved, the amount of movement can be precisely determined.
Michelson also developed the stellar interferometer, capable of measuring the diameters of stars in terms of the
angle, as small as 0.01" of an arc, subtended by the extreme points of the star at the point of observation.
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In 1896 the British physicist Lord Rayleigh described the Rayleigh interference refractom

for determining the refractive indices of gases and liquids. It is a split-beam instrunien o
h a material of known ex

eter, still widely used
1, like the Michelson

interferometer. One beam serves as a reference, while the other is passed first throug,
of refraction and then through the unknown. The index of refraction of the unknown can
displacement of its interference fringes from those of the known material. .

The Fabry interferometer (variable-gap interferometer) was produced in 1897 by the French Ph}’s’c’ffs
Charle Fabry. It consists of two highly reflective and strictly parallel plates called an etalon. Because of the hlgh
reflectivity of the plates of the etalon, the successive multiple reflections of light waves diminish very slowly in
intensity and form very narrow, sharp fringes. These may be used to reveal hyperfine structures in line spectra, to
evaluate the widths of narrow spectral lines, and to redetermine the length of the standard meter.

be determined by the

(A) Pinhole at lens focus;

(D) reflector; (E) eye point;

(L) quality lens; (C,) reference )
Fizeau-Laurent RIT14 (L[240 ene; (C,) workpiece interferometry  system:-The  Fizeau-Laurent
surface interferometer reveals departures of polished surfaces from a plane. The system was described by the
French physicist A.-H.-L. Fizeau in 1862 and adapted in 1883 into the instruments now widely used in the optical
industry. In the Fizeau-Laurent system, monochromatic light (light of a single color) is passed through a pinhole
and illuminates a reference plane and a work piece directly below it. The light beam is perpendicular to the work
piece. By maintaining a slight angle between the surface of the work piece and the surface of the plane of

reference, fringes of equal thickness can be seen through a reflector placed above them. The fringes constitute a

e e A A S
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erence pattern will be caused by the superposition of many beams:
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Thes.e Jringes are much sharper than those obtained with to-beam interference. With a large number of
beams the intensity is extremely high when they are all in phase (<= 0), but, even when the phase difference
between any two successive beams (e.g., the first and the second) is quite small, the phase difference between the
first and, say, the thirtieth beam is so large that the later beams in the series are in opposition to the earlier
beams. Thus the intensity is relatively small except when the value of ¢is close 10 one of the values 2 stp (in which
p is an integer). Multiple-beam Jringes of constant inclination were used by Charles Fabry and Alfred Pérot in
France for resolution of spectral lines having only small differences of wavelength. Multiple-beam fiinges of

constant thickness have been used by an English physicist, Samuel Tolansky, to detect surface irregularities down
to less than a nanometre.

The Fabry-Perot Interferometer and Etalon

Until the development of all-dielectric multi-layer reflection coatings, which have low light-loss coefficients, the
Fabry - Perot interferometer had very little application to the spectrometry of faint light sources, although it was
used by Fabry and Buisson as early as 1911 on the relatively bright Orion nebula, though with lossy metallic
layers.

The most common form that it has taken is with two plane parallel reflecting layers. However, there is an
interesting spherical version which is not widely used. Here the more common version will be emphasised.:
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Sof two s eflecting mirrors that can be either curved or flat.In the Fab'.y
ehveen two semi-sitvered glass plates can be varied. One plate remains

of the insy hi s ut threaded on an
accurate screw. ‘ument whilst the other is mounted on a n

The adjustment of the Fabry
Fabry - Perot interferometer, the mu
normal incidance are used. The inne
are parallel, so that they enclose q
in order to avoid disturbing effects

-Perot interferometer is in many ways similar to that of Michelson. In the
ltiple beam interference Jiinges from a plane parallel plate illuminated near
¥ surfaces are coated with partially transparent films of high reflectivity and
Plane parallel plate of air. The plates themselves are made slightly prismatic,
due to reflections at the outer uncoated surfaces.

Only certain wavelengths of light will resonate in the cavity: the light is in resonance with the
interferometer if and only if m( 3./ 2) = L, where L is the distance between the two mirrors, m is an integer, and
is the wavelength of the light inside the cavity. When this condition is fulfilled, light at these specific wavelengths
will build up inside the cavity and be transmitted out the back end for specific wavelengths. By adjusting the
spacing between the two mirrors, the instrument can be scanned over the spectral range of interest.

\/ VAV,

Al g c’

Mutlu Dogruel
Consider a narrow, monochromatic beam from an extended source point making an angle (in air) of éwith
respect fo the optical axis of the system. The single beam produces multiple coharent beams in the interferometer,
and the emerging set of parallel rays are brought together at some point P in the focal plane of the converging
lens L. The nature of the superposition at P is determined by the paih difference between successive parallel
beams; taking the refiraction index for air as 1, the condition for brighmess is

2t cos8=mA.
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Applications Of Fabry-Perot Interferometers

The Fabry-Perot interferometers have a wide range of applications. All these applications, however, are either
based on the study of the fine structure lines, or the comparison of wavelengths as discussed under the title
"resolution", above. When a Fabry-Perot interferometer is illuminated by some quasi-monochromatic light, the
intensity distribution of the transmitted light differs from its standart form and yields some information about the
spectral distribution of the light used. If we imagine that their wavelength difference is gradually increased, and
providing they do not differ too greatly in intensity, their presence will eventually be evident from the presence of
two mutually displaced sets of maxima in the interference pattern. The components are then said to be resolved by
the interferometer. In this way, Fabry and Perot were able to observe directly the fine structure of spectral lines

which Michelson could only infer, and the Fabry-Perot interferometer has since played a dominant role in this
branch of spectroscopy.

Q: - Intensity distribution.

A:- In physics, intensity is a measure of the energy flux, averaged over the period of the wave. The word
"intensity" here is not synonymous with "strength”, "amplitude”, or "level”. as it sometimes is in colloquial

speech. For example, "the intensity of pressure” is meaningless, since the parameters of those variables do not
maich.
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Q:-Define Fresnel & F, raunhofer,

A: - Diffraction phenomenon can pe classifie

d under two groups (i) Iresnel diffraction and (ii) Fraunhofer
diffraction.

In the Fresnel diffraction, the source and the screen are at finite distances from the obstacle producing
diffraction. In such a case the wave front undergoing diffraction is either spherical or cylindrical.

In the Fraunhofer diffraction, the source and the screen are ar infinite distances from the obstacle
producing diffraction. Hence in this case the wavefront undergoing diffraction is plane. The diffracted rays which

are parallel to one another are brought to focus with the help of a convex lens. Fraunhofer pattern is easier to
observe practically by a spectrometer.

Q: - Diffraction from Two Slits.

A: - Water waves will exhibit a diffractive interference pattern in a 2 slit experiment as diagrammed below. The
diagram shows the crests of the water waves at some time. Downstream Jrom the slits, we will see constructive
interference where the waves from the slits are in phase and destructive interference where they are 180 degrees

T2

out of phase, for example where a crest from one slit meets a trough from the other. The plot labeled

shows the interference pattern at the location of the absorber. Diffraction is a simple wave phenomenon.
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e light was held 10 pe a IM wave, The diffraction patiern fron iwo narrow
Sland in terme o1 i , : ,

nlerms of waves. The semp is shown in the diagram below.

EM waves of wavelength /\ are emitted from a single light-source, like a laser. They travel to two narrow slits,

(for simplicity) equidistant from the source, and a distance d apart. Light travels from the slits to a detection
screen. A diffraction pattern can be seen on the detection screen, like the one shown in the picture below.

T

The center of the diffiaction patfern occurs at the location on the screen equidistant from each slit where
the waves from the two slits are in phase (because they have traveled exactly the same distance) and the fields
add, so the waves interfere constructively and there is an intensity maxinmm. Some distance off this center of the
diffraction pattern, there will be destructive interference benveen waves from the two slits and the intensity will
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his will occur when the disiance travel - /\/ 2 ’
| :dro/;ase and the fields from the nyo i ca:citll by two waves differs by 50 the waves are 180 degrees

0 . :
ol ute this location by look;
o comp Y lookin . .
e o g al the above diagram. We assume that the distance 1o the screen is much

grea;er' than " . For light detected g1 gy, angle 0

-

, the extra disiance traveled from slit 1 15 just dsind. so

dsind =

S|

e angle of the first minimum (or null) can be found from the equation

More generally we will get amaxinmm if the paihs from the slits differ by an inreger number 0/

. 1 dSiIl@ =n ' _
wavelengins A and we will get anull when the paths differ by a half integer number
dsin Oy — LA

wavelengths.

Although it is very difficult because electrons are charged, 2 slit electron diffraction has also been observed.

O R ST )
B |

PR Al )

[Tt SR O

] ()

(h) X

So, all kinds of particles seem to diffract indicating there is some kind of wave involved. We will now continue
with some thought experiments on diffraction to illustrate the physics that Quantum Mechanics needed to maich.

* Example: Derive the location of the nodes in the diffraction patiern from tvo narrow slits a distance d apart.
Now try to compute the intensity distribution.

Q: - Diffraction on multiple slits.

A: - Interference pattern of the light diffracted on multiple slits

« In technology, of immense significance are interference patterns that are formed after diffraction on
multiple parallel slits.
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What is the distribution of the elec

Iric fiel, : . , . -allel
slits, each of width a and separated Jield on the screen benyeen diffraction grating that consisis of N paralle

by distance 4 »

Calculation of the intensity distribution in diffraction grating
* It is rather easy again to calculate (but see textbook for low math discussion) in far-field Fraunhofer

regime
o We have learned that a single slit in far field regime creates the distribution of the electric field given by
sin(3/2 : Ta .
F= EOM cos (kr —wt) , [ =2r—sinf
372 )

The roral elecrric field from N slits in a grating is just the sum of individual contributions

Because the sources are coherent, this sum results in interference of individual contributions.

We must take into account relative phases of the contributions from individual slits to a point on screen.
The formula above was written so that we took the phase of the light that passes through the center of our
single slit to be zero. Then each subsequent slit has an additional phase shift due 1o light path length

difference. So the contribution of individual slit number i should be written as
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E sin((3/2)
o= L0 - COs (k:*r - , N
E’ 8/2 u’t+A@i) E:ZE;'
: and the rotal is just =1
. shall use the followiy - . J .
e shal ’ f 18 Setup: we consider even number of slits, with a first pair of slits
* L ances = d’2from the centrql Jj ) '
dis ase difference b ne, the second pair at distances + 3d/2 and so on.
. e y o ’ c*,
; The p ’: B o ;? m ien paths from the centers of slits and the central line are, pair Wise
e pemmernies the e X090 dphi = 2 &pi (@) sind
Vhere es j - . e me
athdd i " pairsand ¢ is the phase difference in two-slit interference exper iment.
) ey ]
o Now to sum over all slits, we sum the contributions of two slits in each pair, and then sum o

(aandb)al

ver all the

pairs
sin(3/2) N2
B=E é/f 5™ feos (kr — wt + Agy) +cos kr — wt = )

sin(3/2) |2
E=2E, L]{;% %) D cos (Ady) | cos (kr = wt)
M= p=1

o So for intensity

o aen12 [N/2
I =4I, {%J Y cos(Ady)

p=1

o Or plugging everything in

2 2
sin (w2sin@) | |2 d
-—(—"\——) > cos ((Qp - l)rrx sin @

p=I

Nslits: [ = 4],

Q: - What is the Resolution of images.
A: - Image resolution can be measured in various ways. Basically, resolution quantifies how close lines can be to

each other and still be visibly resolved. Resolution units can be fied fo physical sizes (e.g. lines per mm, lines per
inch), to the overall size of a picture (Tines per picture height, also known simply as lines, TV lines, or TVL), or 1o
angular subtenant. Line pairs are often used instead of lines; a line pair comprises a dark line and an adjacent
light line. A line is either a dark line or a light line. A resolution 10 lines per millimeter means 5 dark lines
alternating with 5 light lines, or 3 line pairs per millimeter (5 LP/mm). Photographic lens and film resolution are

most often quoted in line pairs per millimeter.

Resolution is the capability of the sensor to observe or measure the smallest object clearly with distinct
boundaries. There is a difference between the resolution and a pixel. A pixel is actually a unit of the digital
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pixel, The s . , . ,

‘ image will bu smaller the size of the pixel, the higher the resolution
ew .

il be. Images having smaller pixel sizes occnupy more space

The term resolution is often used

' - . Jor a pix o e ‘
od ;‘ulcrnallonal standards specify pixel count in digital imaging, even though American, Japanese,

that it sho
Color images distinguish | uld not be so used, at least in the digital camera field.
uish light of differ,
ght of different spectra. Multispectral images resolve even finer differences of

gpectrum or wavelength than is pee
t Jution 1} _ ded to reproduce color. That is, multispectral images have higher spectral
resolution than normal color images S, sp ge.

Radiometric resoluti
olution ; .
determines how finely a system can represent or distinguish differences

intensity, and is u.
7}{0, is ty;i;ca I of CO::::&;?:E;:E;]ZE a T;uml?er of levels o‘r a number of b'ils, Jor example 8 bits qr 256 Ie:ei;
intensity o reflectivity can be e g p ¢ h’gher.the radiomelric resolution, the.bener .sublle. d('ﬂ"’ 7";2,1 i
pically limited by the noise Jo, : nted, at least in theory. In practice, the e_ffef:rlve radiometric resoitt
. ; e level, rather than by the number of bits of represenitation.
Q: - Describe the Rayleigh criterion.
ﬁizo;;};el_fzi Z’grz ;’;’Z’; ;’;{; ;:’ the ‘.gel‘wrally accepted criterion for the minimin reso‘lvable
s _ l on-limited when the first diffraction minimum of the image
coincides with the maximum of another.
If all parts of an imaging system are considered 1o be perfect, then the res
will be limited by diffraction. Considering the single slit expression above, then W
the slit width, the angle for the first diffraction minimum is 90°. This means that the w
the plane of the slit and will not contain resolvable information about the source of the w
simplified statement that the limit of resolution of any imaging process is going 10 be on the
wavelength of the wave used to image it.
Q: - Resolving power of a diffraction grating.
A: - The diffraction grating, a useful device for analyzing light sources, consists of a large number of equally
allel lines on a glass plate with a

slits. A ransmission grating can be made by cufting par
machine. The spaces between the lines are transparent to the light and hence act as separale

de by cutting parallel lines on the surface of a reflective material. The
reflection of light from the spaces bentween the lines is specular, and the reflection from the lines cut info the
material is diffuse. Thus, the spaces berween the lines act as parallel sources of reflected light, like the slits in a
transmission grating. Gratings that have many lines very close to each other can have very small slit spacings.
For example, a grating yuled with 5 000 lines/cm has a slit spacing d = (1/5 000) cm = 2.00 x 107 cm.

Resolving power of the diffraction grating

The diffraction grating is most useful for measuring wavelengths accurately. Like the prism, the diffraction
grating can be used o disperse a spectrum into its wavelength components. Of the two devices, the grating is the
more precise if one wanls 10 distinguish two closely spaced wavelengths. For o nearly equal wavelengths

); and 1 between which a diffraction grating can just barely distinguish, the resolving power R of the grating s

defined as

detail - the imaging
of one source point

olution of any imaging process
hen the wavelength is equal to
ave is spread all the way 10
ave. This leads to the
order of the

spaced parallel
precision ruling
slits. A reflection grating can be ma
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| R=—2___ A
/ o= A, A (38.11)

/I'/""vl - (At A) /2 and 4 ).
j ’ prences in wavelength. If N line
/ I‘”"h_o,-der diffraction is

Thus . ringuish small
A Thus, a grating that has a high resolving power can distinguish s ,
Y i » ' , , : ! oy IN ¢
vof the gr ating are illuminated, it can be shown that the resolving power'! h

R = Nm (38.12)

Thus, resolving power increases wigh increasing order mmber and with increasing nmber of illumina ted I ,s-'c/)r

. Nofeihar &= orgs = 05 this signifies thar all wavelengths are indistinguishable for the zerolh‘O/" ‘; ,-
maxm'mm. Howe\'ei.', consider the second-order diffraction pattern (m = 2) of @ grating that has 5 000 1t Z;)&()
illuminated {;y the light source. The resolving power of such a grating in second order isR=5000%x2=1 0 ’0'
Therefore, Jor a mean wavelengih of, for example, 600 nm, the minimum wavelength separation be,w‘eeﬂ mR
spectral lines that can be just resolved is 43 = JR = 6,00 x 107 nm. For the third-order principal maxinin,
=15 000 and 4 = 4.00 % 10” and so on.

One of the most interesting applications of diffraction is holography, which is used 10 create three-

dimensional images found practically everywhere, from credit cards to postage siamps.
Q: - What are half period zones? _
A: - A Fresnel zone plate is a cheapo sort of lens, made of transparent material with a set of concentric black
rings. These are sized such that there is a half wavelength path difference (from plate 1o view screen) between the
inner and outer part of a black ring, and also between the inner and outer part of the clear space benveen the
black rings. Light from a point source behind the zone plate will be focused ata point on the view screen. You can
get cheap magnifiers which use the same idea.
Fresnel's assumed that a wave front started from a source can be divided in to a

o Large no. of strips or zone called the Fresnel's zone of small area. if the path

o difference between secondary wavelets reaching a point on screen started from

«  Two consecutive zone is N2(or the phase difference is 2nd) then the zones are called Fresnel's half period

zone..

Q: - What is a zone plate?

Az - A zone plate is a way of focusing light, like a lens, but using Fresnel diffraction instead of refraction. This is
cool from a theoretical point of view, because it demonstrates the wave nature of light. And it's cool from a
photography point of view, because the images produced have a unique glow, with a impressionistic almost-
painted look. If you're attracted 10 a cerlain lo-fi "old-camera” aesthetic, using a zone plate is a way fo gel it
authentically, rather than faking it in post-processing.

Zone plates are becoming increasingly useful as a way of focusing X-rays. They are used in X-ray
telescopes in astronomy and X-ray lithography in experimental printed circuit fabrication. Basically the zone
plate is a way of doing non-lens photography similar to the pinhole but that allows more light to get to the film.
This makes the "effective” fi lower allowing for shorter exposures. Practically this means almost 3 stops or 1/8
the exposure time. Not bad, this would bring F2048 to F256, a vast improvement. This is one of the least
understood areas of non-lens photography. It took me quite some time to find the proper equations and
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, By using a drawing Progrcrlilahemanng areas of clear (orwhite) and opaque (or black).
normal size quite easily. such as Core| Draw on the PC, we can draw out the Zone Plate at say | 00X
0:- foﬁ-action at a circylgy aperture
A: - Circular Apernyye Diffraction ‘

d | eramye

mention the
More,

. m, but don't give enough information for the fay
Lis about 10 be revealed! Do not be put off by the math, as /
on. MATH: diameter of zone = 2 X squareroot(focal length X
(green light, zone plates are wavelength sensitive just like the

When light from a point source passes through a small circular

aperture, it does not produce a bright dot as an image, but rather a diffuse circular disc known as Airy's disc
surrounded by much fainter concentric circular rin gs. This example of diffraction is of great importance because
the eye and many optical instruments have circular apernires. If this smearing of the image of the point source is
larger than that produced by the aberrations of the system, the imaging process is said to be diffraction-limited,
and that is the best that can be done with that size aperture. This limitation on the resolution of images is
quantified in terms of the Rayleigh criterion so that the limiting resolution of a system can be calculated.
Diffraction by a Straight Edge

Using the slide marked "straight edge/opaque disks," a laser is positioned so that it falls on the edge. The light
does go into the shadow region; it bends around the edge and spreads out into the shadow region. The picture
below shows what happens when the laser beam falls on a straight edge

Q:-Explain Polarization by Reflection.

A: - Polarization by Reflection: The simplest method of producing plane polarized light is by reflection. Malus,
discovered that when a beam of ordinary light is reflected from the surface of transparent medium like glass or
water, it gets polarized. The degree of polarization varies with angle of incidence.

Consider a beam of unpolarised light AB, incident at any angle on the reflecting glass surface XY.
Vibrations in AB which are parallel to the plane of the diagram are shown by arrows. The vibrations

which are perpendicular to the plane of the diagram and parallel to the reflecting surface, shown by dots
(Figure).
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_ Fig: Polarization by reflection
A part of the lighy i reflected along BC "

- oL and the rest is refracted along BD.
When the light is all eam with an analyzer, it is Jound that the ray is partially plane polarized.
completely plane polari aa’ O;;ed to be incident at o particular angle, (for glass it is 57.5°) the reflected beam is
15ed. e an [ ) . ] . . .

called the po Ial'ising angle i), 8le of incidence at which the reflected beam is completely plane polarised is
Q: - Malus’s Iy,
A:-Accordi ,

- ’ mg, 0 malus, when completely plane polarized light is incident on the analyzer, the intensity I of the
light transmitted by the analyze

‘ o ris directly proportional to the square of the cosine of angle between the
transmission axes of the analyzer and the polarizer.
i.e 1o cos’0

Polariser Axis

Analyser
A E sing ‘ﬂ'\xus
E. o
8 /E, cosp

Suppose the angle between the transmission axes of the analyzer and the polarizer is 0. The completely plane
polarized light form the polarizer is incident on the analyzer. If Egis the amplitude of the electric vecior
transmitted by the polarizer, then intensity I of the light incident on the analyzer is

JEs) Eoz
The electric field vector Eq can be resolved into two rectangular components i.e Ey cos6 and Eysin. The analyzer
will transmit only the component (i.e Eo cosf ) which is parallel to its transmission axis. However, the component
Eosin will be absorbed by the analyser. Therefore, the intensity I of light transmitted by the analyzer is,

Scanned with CamScanner



. 4 S
/ T — -~

( T'o (Eyx cos0 )?
[/1g=(E,x cos0 )’/ Ey’ = cos’0
| 2 I=1I,x cos’0
'ﬂn”' fore, 1ooo cos*0. This proves law of malys
jyhen 6=0°(or180°) I = Iy cos®0° = I ol (
o That is the inten sity of light transmitred by the analyzer is maximum

hen the transmission axes of the anafyser
when 0 =90°.1 =1 cos’90° - ¢ Th:;yze’ and the polarizer are parallel.

IS the intensity of light transmitied by the analyzer is minimum when the

Q: - Define & Describe on Doypje Refraction

o refracted

A: - Bartholinus dis
scovered that when q ray of unpolarised light is incident on a calcite crystal,
1gle object

rays are produced. Thij ) i ]
e T This phenomenon is called double refraction (Fig: a). Hence, W0 images of a sit
: phenomenon is exhibited by several other crystals like quartz, mica €Ic.

(@ (b)

Fig: Double refraction

When an ink dot on a sheet of paper is viewed through a calcite crystal, two images will be seen (Fig: b). On
rotating the crystal, one image remains stationary, while the other rotates around the first. The stationary image
is known as the ordinary image (0), produced by the refracted rays which obey the laws of refraction. These rays
are known as ordinary rays. The other image is extraordinary image (E), produced by the refracted rays which

do not obey the laws of refraction. These rays are known as extraordinary rays.
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/ v d double refracting crysial the
v ]
I"‘/;‘nmv ray travels with diffeye

ordinary ray
nt velocjries along dj

‘ refracting .
. N .
o clliptical wave front copye sp & crystal py
L

travels with same velocity in all directions and the exird
fferent directions.

ondi oduces spherical wave front corresponding 10 ordinary ray
, 1 hg to extraordinary ray.
| s 2 Cryst e :

“‘1”‘;‘1 opnC axis. n’e l‘eﬁ‘acn\»e I"d

‘{' A point source inside q

r ‘dlreclion in which both the rays travel with same velocity. This direcrio'n Is
0:- Refraction in Uniaxiq) C’ystalzx 15 same for both rays and there is no double re fraction along this direction.
A: - Crystals like calcite, quartz, jce 4
Double refraction cqp ' i
and some other C"ysta[: zs;fg: doa; y Obliq.“e iﬁcidence oflse, lght ray orlte ’hé i ]ce[la”d ;{;Z;
direction is called the i ficns of,}’: Y one direction along which double re:ﬁucngn c-loes not take place.

Uniaxial crystqlg are trq ? C'Tys!al, c-znd il e u.maJ‘ﬂal e | axis is
different from the othey wo ¢ ”SI""SS,\,e. optical elements in which the refractive index of On.e ci'ySIa' m.1 is
also referred 10 as ghg o : ystq axej's (i.e. ni#n; = ny). This unique axis is called the extraordm'ar };1 ax;;a ”
smallest refractive jndey aI;dct}‘: -x’S' .ng,ht BV Wl & Vigher it Deloo ] 1}?rough an ’_ar. ?s 0
e is axis is called the fast axis. Similarly, an axis which has the l’nghe'.st refractive
e phase velocity of light is the lowest along this axis. The optic axis can be the
the crystal depending upon the material. Negative uniaxial crystals
wis  wheress g : 'have ne <.n,, so for these crystals, the ext;'a?rdinary .axis ( OP"’C' .axis) is the fast

: or  positive  wuniaxial ~ crystals  (e.g. quartz SiO;, sellaite (magnesium  fluoi ide)
MgFy, rutileTiOy), n, > n , and thus the extraordinary axis (optic axis) is the slow axis.
Q: - Optical activity; Rotation of plane of polarization.
A: - Optical isomers are mirror-images to each other and have an asymmetric or chiral carbon atom in their
molecules. They can rotate the plane of plane polarized light in the opposite direction. Optical isomers were
given their name because they were first able o be distinguished by how they rotated plane-polarized light.

(|3H3 E (|3H3

AR H- 70~

CH3CH; \NHQ HgN/ CHyCH3
Mirror

nd tourmaline having only one optic axis are called uniaxial crystals.

called a slow axis sipce th
Jast or the sloy axis  for

(e.g. calcite CaCO;, ruby AL,0;)

Conditions of Optical Isomerism:

(i) The compound must be optically active.

(i) There must exist a chiral carbon atom in the organic morn to make it asymmetrical and thus show the optical
activity.

(iii) Optically active compounds rotate the plane of plane polarized light into opposite directions.

(iv) This results in two different configurations, example; it produce two optical isomers.

(v) The configurations are mirror images of one another.

Q:-Origin of optical rotation in liquids and in crystals.
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jquid Crystals » )

molecules have no orderly arrangement. The molecules can move with respec! iy
resent in a highly ordered P ;

re cannol Slow.

/;, a liquid the
andon manner, so liquids are able to flow.
hey cannot move from their positions as they are held rigidly in p
Cerain organic compounds, exhibit properies characteristic of both
bove their melting points. These are called liquid crystals.

They are fluids but their molecules are arranged in a highly ordered Way- At te
range the order is lost and they become like any other liquid. Liquid crystal displays
calculators, wrist watches, TV screens and a host of other objects in use. o e
Three types of molecular arrangements, Inown as nematic, smectic and cholesteric liquid crysiars hav

like shapes behave as Jiguid

been identified. Several unsymmetrical molecules proximate/y rod- 4
’-Dfmelhoxyazoxybezene, -

that have ap,
crystals. Some examples are shown below along with their chemical formulas: 4, 4
butyloxy-4-ethanoylazobenzene, Cholesterylbenzene.
-OR (R is an alkyl group),

All are organic compounds and end in a po

NH, etc. Many have jlat parts such as a benzene ring.
The three types of liquid crystals differ in the kind of order of the molecule
liquid crystals the molecules are arranged parallel io each other but

centres are oriented randonly.
Smectic liquid crystals show g
re one molecule thick. These are a

In a solid the particles are P ik
lace. Particles in (he solid 514 e

liquid and solid ina remperatiré range Ji

ures aboveé this

mpera _
md in

(LCD's) are Jou

—NOZv n

lar group, €8+ ~ CN,
In the nematic

s within the crystals.
other, but their

can slide or roll over each

reater order. The molecules are parallel to each other and are arranged in
layers that a ble to slide readily over each other. Liquid crystals of this type are
10 the

turbid and viscous.
In cholesteric liquid crystals the molecuile

in the nematic fashion, with slightly differen
A
bl
] R
Nematic Smectic

< are arranged in thin layers but they are aligned parallel
¢ ovientations from one layer fo the next.

layers

Cholesteric

Figure: Arrangements of molecule in liquid crystals (a) Packing in a nematic liguid crystal (b) Packing in a
Smectic liquid crystal and (c) Packing in a C holesteric liquid crystal.
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i | ' iquid crystal displays
o Use of liquid crystals is based on theijy special electrical and optical properties. In liquid crystal display

. . sas! one of which is
1CD 's) a thin layer of nematic liquid crysial is placed betveen 1o electrodes (at Jeas

.. gional across the
,,.ansparenr) that are arranged on glass in special pattern. In the absence of any electric Sig

' h the cell. When a
Jlectrodes the molecules a uniformly oriented. In this configuration light passes readily throug

. : i stal are changed and
parncular electrode segment is energized, the orientations of the molecules in the liquid ¢ty

" 7
j umbers and letters ca
the substance becomes opaque. By activating appropriate segments in (his way various 1

- p ittle power. ._
be formed and displayed. One advan tage of the liquid crystal devices is that they use very .

e - rs in the light scattered
In cholesteric liquid crystals the presence of smectic-like layers give rise to colo

pacing o avers d. 2 {
. ds o different colors are observed a
Jrom them. the spacing of the | yers depends on the temperafure: consequently iffer

. al science small difference
different temperatures. This effect is used to make liquid crysta | thermometer. In ,,,gd,cl; el ffr S
of temperature on different parts of the skin of a patient due 10 abnormalities can

change of liquid crysials. The technique is called thermographs.
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