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INTRODUCTION

Solids can be broadly classified into Crystalline and Non-
crystalline or Amorphous.

In crystalline solids the atoms are arranged in a periodic
manner in all three directions, where as in non crystalline the
arrangement is random.

Non crystalline substances are isotropic and they have no
directional properties.

Crystalline solids are anisotropic and they exhibit varying
physical properties with directions.




SPACE LATTICE

»A Space lattice is defined as an infinite array of points
in three dimensions in which every point has
surroundings identical to that of every other point in the

array.




Three dimensional /lattice

Lattice planes

™\ Lattice lines
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BASIS

If basis associated with every lattice point, crystal structure is generated.
The basis provides number of atoms per lattice point.
Example: In NaCl the basis is diatomic and in CaF, the basis Is triatomic.
Lattice + basis = Crystal structure




UNIT CELL

> A unit cell is the smallest geometric figure, the
repetition of which gives the actual crystal
structure.

Representation of space Representation of dimensions
lattice and unit cell of a unit cell




CRYSTALLOGRAPHIC AXES

The lines drawn parallel to the
lines of intersection of any three faces of
the unit cell which do not lie in the same

plane are called Crystallographic axes.

PRIMITIVES:

a, b and c are the dimensions
of an unit cell and are known as
Primitives.

INTERFACIAL ANGLES:




LATTICE PARAMETERS

The primitives and
interfacial angles together
c called as lzttice pararmeters,

Y

NOTE

1. Primitives

2. Interfacial angles




PRIMITIVE CELL
The unit cell which is formed by primitives is called primitive cell.

A primitive cell contain only one atom per unit cell.

NOTE

All primitive cells are unit cells




Crystal System Relation
between
primitives

Cubic
Tetragonal
Orthorhombic
Monoclinic
Triclinic
Trigonal

Hexagonal

a=b=c
a=b#c
az b#c
az b#c
aZz b#c
a=b=c

a=b#c

Relation between
Interfacial angles

o= B=y= 90°
o= B=y= 90°
o= B=y= 90°

o= B= 90, v 90°
ot B v 90°
o= p= y#90°
o= B=90°, y=120°

Bravias
lattices

Pl F
Pl
P1,FC
P,C

No. of
bravias
lattices

3
2
4
2
1
1

1
Total=14

Example

NaCl
TiO,
KNo,
CaSo,2H,0
K,Cr,0,
calcite

Sio,



I.Cubic crystal system

Simple Body-centered Face-centered
(bee) ) |




2.Tetragonal crystal system

divd

)

Simple Body-centered
a=b#c, a=B=y=90° I

TETRAGONAL SYSTEM




3.0rtho Rhombic crystal system

A7
vV

Simple

Base-centered
azb#c; and

ORTHORH
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Body-centered
0= ﬁ = Y = 90 .

OMBIC SYSTEM

Face-centered



4.Monoclinic crystal system

12

Simple Base-centered
azb#c, a=y7=90°%p

MONOCLINIC SYSTEM




5.Triclinic crystal system

Y a—

a=bxcC —

axzPBx2ys+90°

TRICLINIC SYSTEM
i




6. Trigonal crystal system




Hexagonal crystal system

a=3=90°, y=120° -

EXAGONAL SYSTEM




Crystal Structures

Some Important Definitions:

1.NEAREST NEIGHBOUR DISTANCE:
2. ATOMIC RADIUS

3.COORDINATION NUMBER:




1.Nearest neighbour distance:

The distance between the centers of two
nearest neighboring atoms is called nearest
neighbour distance.

2.Atomic Radius:

Half the distance between two nearest neighboring atoms in a
crystal

3.Coordination Number:

Co-ordination number is defined as the number of
equidistant nearest neighbors that an atom has in a given
structure.



4 .Packing Fraction or Atomic

Packing Factor (P.F or A.P.F)

Atomic Packing factor is the ratio of volume occupied by
the atoms in an unit cell to the total volume of the unit

cell. It is also called packing fraction.




1.SIMPLE CUBIC STRUCTURE




(ii) Number of atoms per
unit cell

(8x 1/8) =1

(iii) Atomic radiusr = a / 2




(v) Packing factor

Number of atoms In unit cell x Volume of one atom

Packing Factor or P.F =

Total wvolume of a unit cell
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(i) Structure: The unit cell of this structure has one atom
at each corner and one atom at the center of the cube.

One-eighth of

(ii) Number of atoms per unit an atom
cell

B8x1/8)+1=2

(i) Atomic radius

One atom









(v). Atomic packing factor

Number of atoms in unit cell x Volume of one atom

Packing Factor or P.F =

Total wvolume of a unit cell
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(i) Structure: This type of unit cell contains 8 corner
atoms and 6 face centered atoms.







(v).Atomic packing factor

] Number of atoms in unit cell x VVolume of one atom
Packing Factor or P.F =

Total wvolume of a unit cell

(74%




Diamond structure:

(i) Structure: Diamond is a combination of
two interpenetrating FCC - sub lattices.

One starts from X (0,0,0)

the other starts from Z (a/4 ,a/4,




How to draw this

difficult

structure?
\ A

1




(0,0,0)

A

(

v



(iNumber of atoms per unit cell

(8 x 1/8) + (1/2 X 6) + 4 = 8.

(iii) Atomic radius r = V3a / 8.




(v). Atomic packing factor

Number of atoms In unit cell x Volume of one atom

Packing Factor or P.F =

Total wvolume of a unit cell
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» Nacl Crystal is an ionic crystal. It consists of two
FCC sub lattices.

» One of the chlorine ion having its origin at the

(0, 0, 0) point and other of the sodium ion having
Its origin at (a/2,0,0).

» Each ion in a NaCl lattice has six nearest
neighboring ions at a distance a/2, i,e its Co-
ordination number is 6.




Sodium Chlonde structure

Rock salt structure



> Each unit cell of a sodium chloride having
four sodium 1ons and four chlorine 1ons.
hus there are four molecules In each unit

cell.

Positions :
Cl:(0,0,0) (1/2,1/2,0) (1/2,0,1/2) (0,1/2,1/2)

2,1/2).(0.0.1/2) (0.1/2.0)(1/2.0.0
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> Square brackets [ ] are used to indicate the directions

> The digits in a square bracket indicate the indices of
that direction.

> A negative index 1s indicated by a ‘bar’ over the digit .

EXx: for positive x-axes—[ 100 |

for negative x-axes—[ 100 |




[001]

[000]

[010]
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CRYSTAL PLANES & MILLER

INDICES

Reciprocals of intercepts made by the plane which are

simplified into the smallest possible numbers or integers

and represented by (h k1) are known as Miller Indices.
(or)

The Miller Indices are the three smallest integers which

have the same ratio as the reciprocals of the intercepts

having on the three axes.
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PROCEDURE FOR FINDING MILLER INDICES
Find the intercepts of desired plane on the three Co-

ordinate axes.
EX: (pa, gb, rc)

where a, b, ¢ are the primitives.
Divide the intercepts by the primitive vectors.
(pa/a, gb/b, reic) =(p, g, 1)

Take the reciprocals of these numbers which is equal
to 1/p:1/q:1/r.

Convert these reciprocals into whole numbers by
multiplying each with their L.C.M , to get the
lest whole number.



Important features of miller indices

When a plane is to any axis, the intercept of the
plane on that axis is . Hence its miller index for
that axis Is

When the intercept of a plane on any axis Is negative, a
IS put on the corresponding miller index.

All equally spaced parallel planes have the Index
number (h Kk 1).




Intercepts of the plane (2a, b, c)

After dividing the intercepts by the
primitive vectors then (2,2,1).

The reciprocal of these values are
given by (1/2,1/2,1).

LCM is equal to 2.

Multiplying the reciprocals with
LCM we get Miller indices

XV



Construction of [100] plane

Intercepts of the Plane are = (1,%,x)

_ _ 1 1 1 z4
Reciprocal s of intercepts are = (—,—,—)

1 o o

Miller indices : (100 )
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Construction of (010) plane

Intercepts  of the Plane are = (00,1, )

1 1 1
R eciproca Is of intercepts are = (—,—,—)
o 1 oo

Z“
Miller indices : (010 )




Set of (0 1 0 ) parallel planes




Construction of (001) plane

Intercepts of the Plane are = (o, 1)

1 11
Reciproca Is of intercepts are = (—,—,—) z 4

o oo 1

Miller indices : (001)

J00
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Construction of (110) plane

Intercepts

2| R eciproca

Miller

/

-

Indices

Is of intercepts

: (110 )

are

of the Plane are = (1,1, »)






Construction of (7 0 0) planes

Intercepts  of the Plane are = (1,0 ,)

1
Reciprocal s of intercepts are = (=, —,
1

Miller indices : (100)




Intercepts of the planes are (
Reciprocals of intercepts are (

_— Miller indices




How to draw the planes by using Miller Indices?

Stepl: Write the miller indices

Step2: Take the reciprocals of miller indices
Step3: Multiply the numbers with their primitives.
Step4: Draw the three axes with a cube and put a

points on these axes.

oin all these points and shade that region



Example: Draw (100) plane

Step1: (100)

Step?2: (1/11/01/0) = (1 o0 )

Step3: (1Xa coxXb coXxc)

Step4: (a 0 )

Step5: Draw the axes with cube and represent the
point at a and co means which is parallel to
those axes

Y

Step2: If step 2 contains fractions
for example (1 1/2 1/3)




EXERCISE

Find miller indices of following planes

y y y




EXERCISE

Find miller indices of following planes

Yy Y

e
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Crystal Directions

The general representation of crystal directions are [ h k | ]

Z
(017 ] [ 001 ] [ 101 ]

[
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INTER PLA \ NER SPACING OF
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Let (h k1) be the miller indices of the plane .

ABC.

Let ON=d be a normal to the plane passing -
through the origin ‘0’.

Let this ON make angles a, 3 and y with X, y
and z axes respectively.

Imagine the reference plane passing
through the Origin “0” and the 7
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next plane cuttlng the intercepts

Iy se =
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OA =a/h, OB = b/k, OC =c/l
A normal ON is drawn to the plane ABC from the

(1P

origin “0”. the length “d” of this normal from the origin to
the plane will be the inter planar separation.

fromA ONA

fromA ONB

fromA ONC




of directional co




In cubic system as we know thata = b = ¢, so the
expression becomes




X- RAY DIFFRACTION
&
DEFECTS IN CRYSTALS

.



Bragg’s Law

\

From 2
From above equa g.\










Laue Method




From figure

Tan26= R/D . o

26 = R/D (Since © is small) s o

© = R/2D o O o o0 o©
Knowing “©” and observing “Laue pattern® we o 0
can analyze the crystal structure of the specimen. 0
Merits: Laue’s Pattern
1. It is useful to determine the orientation of the internal

arrangement of the atoms in a crystal.
2. It is used to study the crystal Symmetry.
Demerits:

It is not suitable to determine the crystal structure
AT G perties of the crystal.









Each Cone is formed due
to same set of parallel




mR

From figure

40= S/R

© = S/4R
By knowing 0 values of different cones, the inter planar spacing(d)
can be calculated. ("'nA = 2dsin®0)

Knowing inter planar spacing of different planes and match any set

containing three values(d,, d,, d; ) with standard values of

(dypo:dy10:d117), try this for different combinations one can find type of
&L SC,BCC,FCCQC).







DEFECTS IN CRYSTALS

.



Introduction

» In an ideal crystal, the atomic
arrangement is perrectly regular and
continuous but real crystals never
perrect.

» They always contaln a considerable
density derects ane imperfections that
arrect thelr physical, chemical D
Jmechanical and electronic properties.

» Crystalline ﬁm%@rf@@@@m@ can be
classiviec on the basis of thelr geometry
under rour main divisions namely




(i) INIONIC DEFECTS :
1. Point defects L.vVacancies
: : 2.Interstitial impurity
(0-dimensional) 3.Compositional defects.
a. Substitutional
b. interstitial
4 .Electronic defects
(i) IONIC DEFECTS:
1. Schottky
2.Frenkel

2 |ine defects [ 1. Edge dislocation
(1-dimensional) | 2- Screw dislocation

Defects

1.Grain boundaries
2. Tilt boundaries
- 3. Twin boundaries
4.Stacking faults

1.Cracks

\ { 2.Voids or air bubbles



1.Point Defects

Point imperfections are also

called zero dimensional imperfections.
One or two atomic diameters is the typical size of a

point imperfection.



















It is formed by the errors in charge

distribution 1n solids
Fx: Zinc Oxide

7N 2 0—2 /n +1 0—3
7N 2 0—2
/N 3 O-1 7N 2 0—2
7N 2 0—2

This is due to presence of a vacancy
or an interstitial impurity or due to

-|ih temperature.



(1) IONIC DEFECTS:

1. Schottky Defect

2.Frenkel Defect

.



1. Schottky Defect
It is formed by missing of one

anion and one cation. It is a
type of vacancy. Cation

Anion

,:f//
- & cation



2.Frenkel Defect

It 1s formed by occupying the void space by
interstitial 1on (usually cations are smaller than
anions. SO cations can occupy empty space between
the atoms) Cation

Anion

GNITS



2. Line defects
(1- dimensional defects)

1. Edge dislocations

2. Screw locations

.



Fig (a): Perfect Crystal:

.



Fig (b): Crystal with Edge dislocation:



% Symbol indicates the
dislocation starts from top to
bottom (Positive dislocation)

T-- Symbol indicates the
dislocation starts from bottom to top
(Negative dislocation)

.



2. Screw locations
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2. Screw locations

Fig (b): Crystal with Edge dislocation






Burger vector

= The magnitude and the

direction of the dislocation is
defined by a vector called the
‘Burgers vector’.

= Consider two crystals one
perfect and another with edge
[slocation.







From fig. 1.

Starting from the point P, we go up by x steps, then
move towards right by y steps, and move down by x
steps and finally move towards left by y steps to reach
the starting point P, the burgers circuit gets closed.

From fig 2.
We end up at Q instead of the starting point P.

Now we have to move an extra step QP to return to ‘P’
in order to close the burgers circuit.

The magnitude and the direction of the step defines

the Burgers vector (BV)
Burger Vector = QP =Db

“TheBurgers vector is perpendicular to the edge
RN dislocation line.




Burgur vector — in Screw locations

Fig (a): Perfect Crystal




The Burgers vector parallel to the
screw dislocation line.

—_



A laser is a device that emits light through a process of optical amplification based
on the stimulated emission of electromagnetic radiation.

The term “LASER" originated as an acronym for "light amplification by

stimulated emission of radiation".

Stimulated emission was first used by Townes and Schawlov in USA & Bosov &
Prokhrov in USSR.

Maiman demonstrated the first Laser in 1960.




Absorption:

Before Absorption After Ab?orptlon




Spontaneous emission:




‘Stimulated Emission:
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Spontaneous Emission of Radiation Stimulated Emission of Radiation

It is a Polychromatic radiation.

It has less intensity.

It is a Monochromatic radiation.

It has less directionality and more angular
spread during propagation.

It has High intensity.

It is Spatially and temporally incoherent
radiation,

It has high directionality and so less
angular spread during propagation.

In this emission ,light is not amplified.

It is Specially and temporally coherent
radiation.

Spontaneous emission takes place when
excited atoms make a transition to lower
energy level voluntarily without any
external stimulation.

In this emission , light is amplified.

In a single downward transition,
Spontaneous emission results in the
emission of one photon.

Stimulated emission takes place when a
photon of energy equal to h vy, (ZE,-E,)
stimulates an excited atom ,to make
transition to lower energy level.

Ex: Light from an ordinary electric bulb,
Light from an LED.

In a single downward transition ,
Stimulated emission results in the
emission of two photons.

Ex: Light from a Laser source.




1.High Monochromaticity
2.High degree of coherence
3.High directionality
4.High brightness

1.Monochromaticity:
Q




2.Directionality:

Laser beam emits light only in one direction.

It travels very long distances without divergence. And so, Laser communication
IS carried on between the earth and the moon.

The directionality of a Laser beam is expressed in terms of divergence.

Suppose r, and r, are the radii of a laser beam at distances D, and D,  from a
laser, then the divergence, AO= (1, - 1,)/ D,-D;

The divergence for a laser beam is 0.01 milliradian where as incase of  search
light it is 0.5 radian.




’3. Coherence:

Sunlight {mati different colors}

LED» one color {monochromatic) and waves not it phase {non-coherent)

LASER: One color {moniochromatic) and waves inphase {cohererat)




Temporal coherence:

P, P,

Continuous wave

, AVAAVAVAV!

P1 Discontinuous wave P, I




Spatial Coherence:

Spatially coherent waves

™\

Spatially incoherent waves I

iHHHHH -



4.Brightness:

The Laser beam is highly bright (intense) as compared to the conventional light
because more light is concentrated in a small region.

It is observed that the intensity of 1mV laser light is 10,000 times brighter than the
light from the sun at the earth’s surface.

The number of photons coming out from a laser per second per unit area is about
10%2to 103*where as the number of photons coming out per second per unit area of
a black body at 1000K having a wavelength of 6000 is 1016

Laser light is coherent and so at a time many photons are in phase and they
superimpose to produce a wave of larger amplitude.

The intensity is proportional to the square of the amplitude and hence the intensity
of the resultant laser beam is very high.




Population Inversior

e Conditions for population inversion

are.
]
® .
normal
| population
u ® _ o & e o
& & 2 @& & ¢
population
inversion




Meta Stable state

alom lifetime ~ 1077 5

lifatime — 10-3 5




Photons produced
by stimulated
ooooo00oFE, emission have

\’W if a significant b ° a definite phase
population inversion relationship,
Em = hV exists, then stimulated producing I
Incident emission can produce coherent
photon significant light light.
amplification

E,




Laser System




r

3 Excited energy lovel
r

{Spontaneous energy emission)

Active medium: Pumping 2 Metastable energy level

Energy

Stimulated emission
ASER
A (LASER)
Ground energy level

r

Energy states of a Three level Active medium
Energy Source:




Construction:

High-intensity
’ Reflective cylinder \ flash lamp / Ruby rod

|
=

:
J)

Power
supply

J
P
e

Switch

‘ Trigger 100% -reflective 95%-reflective Laser
electrode mirror mirror beam




Working:

Q
el
F -
e /EF{HEII:I 1 Rapid \
F lewvels T non-radiative
FE transitions

Metastable lewvels

< E
Lasaer \\

doub et
transition

T T N

6995 i ) 4

= ZFOocm

Srounc state rF.

=
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Applications

Ruby laser is used in Distance measurement using ‘pulse echo’ technique.

Ruby laser is used to create holograms of large objects such as aircraft tires to look
for weaknesses in the lining.

Used in atmospheric ranging, scattering studies and LIDAR measurements.

Used for trimming resistors and integrated circuit masks

Ruby lasers were used mainly in research One of the main industrial uses is drilling
holes through diamond.

Used in military as target designators and range finders

Used in research applications such as Plasma production and fluorescence
spectroscopy.

Ruby lasers were used extensively in tattoo and hair removal.




Drawbacks

4 As Ruby laser is a three level A
pumping scheme, it generally
requires very high pumping

POWer. -

/" Efficiency is very less, as only
green and blue components of
the incident light are absorbed

and the remaining

\__components are left unused.

/7




P
‘

Helium-Neon(He-ne)laser
s
Highly Enclted Level
Upper Level
{Metastable)
s _ ﬁs
w2 Population
5 HE Inversion
i RE Between
o~ % wl These States
Active medium: i :
LaserlLevel
Natural
Energy Source: Depopulation
Ground
Four-Level  State I

Energy states of a Four level Active medium

T



Construction:

+

Laser Bore Tube Glass Tube




Working:
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28 > 35
o 3.39 um
? He-Ne ;:_ 3p
I T
o 1 llston 632.8
: : 25 ———
I ? ! 115 pm
+ i : I
|
: : Fast radiative
i I transtiions
" ]
g Excitation s
7 S by electron ' :
collision 5
i Diffusion
' 1o walls

Ground __ ¥
\Hehum St Neon /I

Energy band diagram of He-Ne laser







He-Ne laser is widely used in laboratories for all interferometric
experiments.

He-Ne lasers are used in super market checkout counters to read bar
codes.

He-Ne laser scanners are used for optical character recognition.

The He-Ne lasers are used by newspapers for reproducing
transmitted photographs.

He-Ne laser is widely used in metrology in surveying and as an
alignment tool.

It is used in Guns for targeting.

They are used in 3D recording of objects called holography.




Itis a

relatively
low power
device which
means that
Its output
power Is

low.

He-Ne laser
Is a low gain
system or
device.

To obtain
single
wavelength
laser light, the
other two
wavelengths
of laser need
suppression,
which is done
by many
techniques and
devices. So it
requires extra
technical skill
and cost.




Principle:
@

Conduction

b Conduction

Phonon band

emissio

A" o

Photon emission

VE e

Momentum

Photon emission

Indirect bandgap

Direct and Indirect band gap
Semiconductors




Construction:
Active medium:

@
] / \
vy Metal Contact
S/ /‘ Partially
-—>polished
face
P —> Laser
° Polished Cutput
Face €| " /Lb Metal Contact
v
pn junction

Y
Energy Source: A\ Roughened Face y;

Ga As diode laser

LR R



Working:

Energy band p-n junction (a) in equilibrium orward bias




Explanation:

Output

q ! th Diocde Current




Calculation of wavelength of the emitted radiation:

\(

g |
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Drawbacks of homo-junction lasers:

o

Advantages of hetero-junction lasers over Homo-junction lasers:
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L_asers in Communication:

+
+

T
+

Lasers in under water communication

R L



Lasers in Industry:

Lasers used in welding
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Drilling Steel foil for high density filters



Laser surface treatment to change the micro _ _ _
structure of metals through controlled The world’s first all-diamond ring,

heating and cooling. cut with Laser
B AR



_asers in medicine:

Lasers in tattoo removal

Lasers used in stomatolo



Lasers used to destroy kidney stones
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Lasers in Military:




Lasers in Computers:

2\
i
=
2
]
=
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P

Laser assembly inside a CD burner

Laser Beam Printer (LBP) by Epson
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L_asers in thermo nuclear fusion:

o

Lasers used in nuclear fusion reactors

Fusion of deuterium and tritium using 192 lasers
LA L LA LL L LR RRRRRRR R



|_asers in Scientific research:

Q
Q
Q
Laser Scanning Microscope micrograph
& of human RBCs

/ gaseous dliffusion
high-pressure 235F c-enriched stream
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Finger print scanning using Laser
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FIBRE OPTICS




Introduction to Fibre Optics

T 0 0



T 0 0



Structure of an Optical Fibre



Strength
Member

Cladding

f

/

QOuter T

Jacket
Coating Core
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Principle of Optical Fibre

If angle of incidence If the angle of incidence
is less that critical is equal to the critial
angle, most of the angle,most of the light

light passes throug travels along the surface,

though quite a lot is
reflected back.

critical
angls

weak strong
reflection reflaecton

If the angle of
incidence is greater
than the critial
angle, all the light
is reflected back.

total imtermal
reflection




TLUL UL AT

LTI

Incident ray 5 Reflected ray

angle greater than
critical angle (c)



Condition for Total Internal Reflection

LUAtLERARARARERERRRRR R R R bR R



Acceptance angle and Acceptance cone

Acceptance
Cone







Equation for Acceptance angle
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Numerical Aperture (NA)

Snell's law: Fair SIN B4 = 77, sin O _
air air 1 c

Solid angle

(1 —cosO,; )

Numerical Aperture = NA = rigjr sin O4ir = sin O,
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Types of Optical Fibres

Cladding—%
r

Step-Index Fiber

1T > _f1

Graded-Index Fiber







Step index optical fibre

Core_
Cladding >




Refractive index profile in Single mode Step
index fibre

Index Profile Fiber Cross Section and Ray Paths

ny| |n,

| —t
2a 125pm
i | ' (cladding)
- 8-12 pm
— _1_ _ :[ (core)

Typical Dimension

Monomode step-index fiber I



Refractive index profile in Multimode Step
index fibre

Multimode step-index fiber

10 T



Transmission of signal in step index fibre




Graded index optical fibre

Parabolic Light path \

Light Source

n,>n, n = refractive index



Refractive index profile in Multimode graded index fibre

i

125-140 pm
(cladding)

50-100 wm

(core)

Multimode graded-index fiber






Transmission of signal in graded index fibre




Differences between step index and graded index fibers

Step index Fibre

v" The refractive index of core is uniform and
step or abrupt change in refractive index takes
place at the core cladding interface

v' The light rays propagate in zigzag manner
Inside the core. The rays cross the fiber axis
for every reflection.

v Signal distortion is more in multimode step
index fibre. There is no distortion in Single
mode fibre.

v' The bandwidth is about 50 MHz km for
multimode fibre and it is more than 1000
MHz km in case of single mode fibre.

v' Attenuation of light rays is more in
multimode fibres but in Single mode fibres it
IS very less.

v NA of multimode fibre is more, but in
Single mode fibres, it is very less.

AN\ RN B N~ . 0 -

Graded index Fibre

v  The refractive index of core is non-

uniform. It decreases parabolically from the
axis of the fiber to its surface.

v' Light rays propagate in the form of skew
rays or helical rays. They will not cross the
fiber axis.

v Signal distortion is very low even though
the rays travel with different speeds inside the
fibre.

v The bandwidth of the fibre lies in between
200 MHz km to 600 MHz km, though the
theoretical value is infinity.

v' Attenuation is light rays is less in graded
index fibres.

v NA of Graded index fibres is less.



Differences between Single mode and Multimode fibers

I- Single mode Fibre -- Multimode Fibre -‘

v'In single mode fiber there is only one
path for ray propagation.

v’ A single mode step index fiber has less
core diameter (<10 pm) and the
difference between the refractive indices
of core and cladding is very small.

v'In single mode fibers, there is no
dispersion.

v'Signal transmission capacity is less but
the single mode fibres are suitable for
long distance communication.

'\/Launching of light into single mode
fibers is difficult.

| v'Fabrication cost is very high.

PR AN A VN VAL L

v In multimode fiber, large number of
paths are available for light ray

propagation.

v'Multi mode step index fibers have
larger core diameter (50-200um) and the
difference between the refractive indices
of core and cladding is large.

v'Signal distortion and dispersion takes
place in multimode fibers.

v'Signal transmission capacity is more in

multimode fibres. They are less suitable
for long distance communication.

v Launching of light into multimode

fibers is easy.
v" Fabrication cost is less.




Attenuation in Optical Fibres



Optical Fibres in Communication

AF signal such
as voice in analogue
form (electrical)

AF output i.e.,
| information again
| in analogue form

encoder

Amplifier
and
decoder

Transmitter

Modulator, light $¢
drive circuits and

Electrical couplers
signal

Binary

Optical
fibre

Binar .
b Light — T | Repeater
detector

electrical

Receiver



Transmitter
|

Modulator,light &
drive Circuits and

Electrical couplers
signal




(&
Transmitter
¢ Modulator, light S¢
encoder ‘ drive circuits and
Electrical couplers
signal \
\
Optical / “\
@ |
Amplifier \ Binary Light
and detector |
decoder | electrical
| | signal
@
|
Receiver
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AF output i.e., Amplifier Binary | Light
information again 1] and detector Repeater
l decoder electrical

in analogue form
| signal

|
Receiver




Advantages of Optical fibres in Communication









Applications of Optical Fibres
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Interference is...

- the process in which two or more
light, sound, or electromagnetic
waves of the same frequency
combine to reinforce or cancel
each other, the amplitude of the
resulting wave being equal to the
sum of the amplitudes of the
combining waves.




Striking colors observed on thin films due to
Interference
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TYPES OF INTERFERENCE

Interference is of two types.

1. Constructive interference / constructive superposition

2. Destructive interference / destructive superposition

- Constructive
interference

Destructive
180° out _ interference
of phase =—

(
) D

In phase

(
)

%



1. CONSTRUCTIVE INTERFERENCE:

When crest of one light wave falls on the crest of another wave then the

resultant intensity increases and this type of interference is called constructive

Interference. Here we get maximum intensity.

Constructive interference

Crests

troughs

Crests and trough reinforce



2. DESTRUCTIVE INTERFERENCE:

When crest of one light wave falls on the trough of another wave then

the resultant intensity decreases. This type of interference is called destructive

Interference. Here we get minimum intensity.




Interference in thin films

Optical Path:

*The optical path travelled by a light ray in a medium of refractive index 'u' is

not equal to actual path travel led by the light ray.

Thin film planes can be parallel to each other or inclined. That is why, the concept
of interference in thin films can be studied under two categories, namely,

1. Interference in parallel plate film and

2. Interference in wedge-shaped films.

»We observes colors in such thin films as
soap bubbles, coatings on camera lenses
and in a butterfly's wings or peacock's
feathers.




these two rays produce
the interference you see

@ in the film
@)

top interface ®

thin film (3)|/(4)

bottom interface

®

v When ray 1 strikes the top interface, some of the light is partially
reflected, ray 2, and the rest is refracted, ray 3.

v When ray 3 strikes the bottom interface, some of it is reflected, ray 4,
and the remainder is refracted, ray 6.

v'"When ray 4 strikes the top interface from underneath, some is reflected

(not shown) and some is refracted, ray 5.

It is the interference between rays 2 and 5 that produces a thin film's

color when the film i1s viewed from above.



Interference in plane parallel films due to reflection
of light:

destructive interference
ray 2

olass

air

olass




Interference in plane parallel films due to reflection of
light:




Interference in plane parallel films due to reflection of

e [or constructive interference
2utcosr=(2n£l) A/2 n=0,1,2 ...
 For normal incidence £r=0°
2ut=02ntl)A/2 n=0,1,2...

e For destruction interference
2utcosr=nA n=0,1,2...
« For normal incidence £r=0°
2ut=nin=0,1,2...




Interference in plane parallel films due to transmitted of
light:

The conditions for bright is

2udcosr=na
. n=0,1,2...
T The conditions for dark is
. 2 ndcosr=(2n+l) A2
l n=0,1,2...

We can say the interference
pattern due to reflected and
transmitted rays are

complementary each other.




*s*Newton’s rings are formed due to interference between the waves reflected
from the top and bottom surfaces of the air film formed between the plano
convex lens and plane glass plate. This phenomenon was first described by

Newton that why they are known as Newton’s rings

y
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Ray 1: half-wavelength =
phase change
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B plate




L is a planoconvex lens with large radius of curvature .
G is a plane glass plate
L is placed with its convex surface on G.
*monochromatic light is incident on L normally by using 45°
arrangement of glass plate.
A part of light is reflected from curved surface of lens and another one is
reflected from plane surface of glass plate.
*Now interference take place between these two rays
I.e one is reflected from upper surface of air film and another one

reflected from lower surface of air film.

*Thus we get alternative bright and dark fringes .




Newton’s rings are formed due to interference between the light rays reflected
from the top and bottom surfaces of air film between the plate and the lens.

The formation of Newton’s rings can be explained with the help of Fig




A part of the incident monochromatic light AB is reflected at B (glass-air boundary) in
the form of the ray (1) with any additional phase (or path) change. The other part of light is
refracted along BC. Then at C (air-glass boundary), it is again reflected in the form of the ray (2)

with additional phase change of  or path change of g

As the rings are observed in the reflected light, the path difference between them is 2ut

cost +§ For air film u =1 and for normal incidence =0, path difference is 2t + g

At the point of contact t=0, path difference is g 1.e., the reflected light at the point of

contact suffers phase change of m. Then the incident and reflected lights are out of phase and

interfere destructively. Hence the central spot 1s dark.

The condition for bright ring 1s 2t + g =nAd Rayd
i
2t= (zn-l)g where n=1, 2. 3... //Ray2
The condition for dark ring is L
A A
2t + > (2n+1) 3 B /Air Film
2t=nA wheren=0.1.2.3... P
(0] c




To find the diameters of dark and bright rings, let ‘L’ be a lens placed on a
glass plate P. The convex surface of the lens is the part of spherical surface

(Fig) with center at ‘C’. Let R be the radius of curvature and r be the radius of
Newton’s ring corresponding to the film thickness ‘t’.

From the property of a circle, NA x NB = NO x ND
Substituting the values, r x r =t x (2R-t)

r?=2Rt-t?
As‘t” is small, ¢2 will be negligible

2= 2Rt

?"2

2R

For bright ring, the condition is

2t= (2n-1) g

r?¢ A
r2— n—z )
Replacing r byg, the diameter of n® bright ring will be
D_2 _ (2n—1)AR
4 2

D =/2n — 1+/2AR
Dovin—1

Dvodd natural number




2t=nAi

2
2 =nl
2R
r’=n AR
D?=4n AR
D=2+/n AR
Dx \/n

D Vnatural number

Thus, the diameters of dark rings are proportional to the square root of natural
numbers.

With the increase in the order (n), the rings get closer and the fringe width
decreases and are shown in Fig.




Let R be the radius of curvature of a Plano-convex lens, A be the wavelength of light

used. Let D,,, and D,, are the diameters of m™ and n® dark rings respectively. Then

D2=4mJR
and D2=4(n) AR
D2—D2=4(m-n) AR

Newton’s rings are formed with suitable experimental setup. With the help

of travelling microscope, the readings for different orders of dark rings

were noted from one edge of the rings to the other edge. The diameters
of different orders of the rings can be known. A plot between

D2 and the number of rings gives a straight line as shown in




D2-D2

From the graph,

The radius R of the Plano-convex lens can be obtained with the help of a
Spherometer. Substituting these values in the formula, A can be calculated.




The experiment is performed when there is an air film between glass plate
and the Plano-convex lens. The diameters of m" and n dark rings are
determined with the help of travelling microscope. We have

‘ DZ—DZ=4(m-n) AR —(8) H

The system is placed into the container which consists of the liquid

whose refractive index ‘y’ is to be determined. Now, the air film is
replaced by the liquid film. Again, the diameters of the same mt and
nth dark rings are to be obtained. Then we have

Using the above formula, ‘p’ can be calculated.




Diffraction is...

- the bending of waves, esp. sound and light
waves, around obstacles in their path.
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Waves tend
to curve
round the
edges of
the
barriers.



1. Fresnel diffraction,
2. Fraunhofer diffraction

Fresnel diffraction

To study diffraction, there should be a light source, obstacle and screen.
In this class of diffraction, the source and screen are placed at finite
distances from the obstacle. To study this diffraction, lenses are not
necessary as the source and screen are at a finite distance. This diffraction
can be studied in the direction of propagation of light. The incident wave
fronts are either spherical or cylindrical.

Fraunhofer diffraction

In this class of diffraction, the source and screen are placed at infinite
distances from the obstacle. Due to the above fact, lenses are needed to
study the diffraction. This diffraction can be studied in any direction. In
this case, the incident wave front is plane.

\\\\\\\\




Fresnel diffraction

> |

|

Fraunhofer diffraction




# German Optician

# Known for the discovery

of dark absorption lines
(Fraunhofer lines)

# 1814- Invented

SPECTROSCOPE

# 1821- developed

DIFFRACTION GRATING L AT
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Fraunhofer diffraction - Single slit

s Consider a slit AB of width ‘e’.
s Let a plane wave front WW’ of monochromatic light of wavelength A

propagating normally towards the slit is incidenton it. T
s he diffracted light through the slit is focused by means of a convex lens on a

screen placed in the focal plane of the lens.
s According to Huygens-Fresnel, every point on the wave front in the plane of

the slit is a source of secondary wavelets, which spread out to the right in all

directions.




% Those wavelets travelling normal to the slit, i.e., along the direction OP,
are brought to focus at P, by the lens. Thus, P, is a bright central image.

s The secondary wavelets travelling at an angle © with the normal are
focused at a point P, on the screen.

< Depending on path difference, the point P, may have maximum or
minimum intensities.

% To find the intensity at P,, draw the normal AC from A to the light ray at
B.

The path difference between the wavelets from A and B in the direction 8 1s given by
Path diff =BC=AB sin6 =e sin 6
Corresponding phase diff =20 - X path difference

Erf
=— ¢ s51n6
Fi

Let the width of the slit be divided into n equal parts and the amplitude
of the wave from each part is ‘a’. The phase difference between any two
successive waves from these parts would be

[Tutal phase] = [— e sm{—]] d (say)
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Using the method of vector addition of amplitudes, the resultant amplitude R is
given by

_asinnd/2
sind/2
_asin(m esinB/4)
sin(m esin®/ni)

sina _
=a— where a=1m esin 6 /4
sina/n

_ _sina , .
A (* a/n is very small)

a sina

=1 - (~ na =A)

Intensity = [=R2=A2 (Sim)z

a




=0

mesin®
A

0

sinB =0
6=0
Then R=A
Lax =R?=A2




Minimum Intensity Positions.

‘I’ will be maximum, when sinx=0

oa=+mmn

mesing

+mm
A

esinG=+mai wherem=123... —(4)

Secondary Maxima
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Either sin =0 or acosa — sina=0
Sin o=0 gives positions of minima.
Hence the positions of secondary maxima are given by
acosa — sing=0

a=tan



The points of intersections are

(principal maximum)

(1** secondary maximum )

(274 secondary maximum)

From the above expressions, it is evident that most of the incident light is
concentrated in the principal maximum.




The variation of I with respect to o is shown in fig. The diffraction pattem consists of a

central principal maximum for @=0. There are secondarv maxima of decreasing intensity on
: : : » In | 5w : -
either sides of it at positions a =+ ?,i y Between secondarv maxima, there are minima at

positions @=tm,t2m.137,.....
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An arrangement consisting of large number of parallel slits of the

same width and separated by equal opaque spaces is known as
diffraction grating.




Construction

» Fraunhofer used the first grating consisting of a large number of parallel
wires placed very closely side by side at regular intervals.

» The diameter of the wires was of the order of 0.05mm and their spacing
varied from0.0533 mm to 0.687 mm.

» Now gratings are constructed by ruling equidistant parallel lines on a
transparent material such as glass with a fine diamond point.

» The ruled lines are opaque to light while the space between any two lines
IS transparent to light and acts as a slit. This is known as Plane transmission
grating.

» On the other hand, if the lines are drawn on a silvered surface (plane or
concave) then the light is reflected from the positions of mirrors in between
any two lines and it forms a plane or concave reflection grating.

» When the spacing between the lines is of the order of the wavelength of
light, then an appreciable deviation of light is produced.




»Let ‘e’ be the width of each slit and ‘d’ be the width of each opaque part.

»Then (e+d) Is known as grating element. XY is the screen placed
perpendicular to the plane of a paper.

» Suppose a parallel beam of monochromatic light of wavelength A be
Incident normally on the grating.

»By Huygen’s principle, each of the slit sends secondary wavelets in all
directions.

» The secondary wavelets travelling in the same direction of incident light will
come to a focus at a point P, of the screen as the screen is placed at the focal
plane of the convex lens. The point P, will be the central maximum.

»Now, consider the secondary waves travelling in a direction inclined at an
angle with the direction of the incident light.

»These waves reach the point P, on passing through the convex lens in
different phases.

»As a result, dark and bright bands on both sides of the central maximum are
obtained.




If there are N slits, then there will be N diffracted waves, one each from
the middle points of the slits. The path difference between two
consecutive slits is (e+d) sin©. Therefore, there is a corresponding
phase difference of (211/A). (e+d) sin©® between the two consecutive
waves. The phase difference is constant and it is 2.

Hence, the problem of determining the intensity in the direction ©
reduces to finding the resultant amplitude of N vibrations each of
amplitude (A sinx/x ) and having a common phase difference

%’*(mﬂ} sing = 2B NGH!




Now, by the method of vector addition of amplitudes, the direction of © will be

Aginx gin Nf

o ginf

AndI=R? =052 (222621, (3152 {’:ﬂ”ﬂ = (2)

smﬂ

R'=

The factor gives the distribution of intensity due to single slit while the
factor (sin‘@=%y sin°B) gives the distribution of intensity as a combined
effect of all the slits.

The intensity would be maximum when sinf3 = 0.

or f=+nm where,n=0, 1,2, 3___.

but at the same time sin N = 0, so that the factor (sinNp/sinf}) becomes
Indeterminate. It may be evaluated by applying the usual method of
differentiating the numerator and the denominator, i.e., by applying the

Hosp1tal’ rule Thus,




The maxima are obtained for







As there are (N-1) minima between two adjacent principal maxima, there must be (N-
2) other maxima between two principal maxima. To find out the position of these

secondary maxima, equation (2) must be differentiated with respect to f and then
equate it to zero. Thus,

dl _  Asin in Nf
B 11}2-3{3- )

sinf

[.N coeN B .ﬂ'.:i;;inﬂ B casE] =0 or
N cos N p sinp — sinN[f cosp =10

N tanf = tan N

The roots of this equation other than those for which p = tnm (which correspond to principal

maxima) give the positions of secondary maxima. To find out the value of (sin’Np/sin’p) from

equation Ntanfi = tanNp, a triangle shown below, in the figure is used.




N
sin Nf =
P J (N2 +cot?
sin®*Ng NZ®
sin® g (N2 +cot? f)xsin®
NZ
NZsin® f+cos® R

As N increases, the intensity of secondary maxima relative to principal
maxima decreases and becomes negligible when N becomes large.




(a) & (b) Graphs showing the variation of intensity (c) The Resultant

Figures (2) and (b) show the graphs of variation of intensity due to the factors sin® oc/od
and sin®Np /sin” B respectively. The resultant is shown in figure (c).




»To determine the wavelengths emitted by the atomic element in a
discharge tube and to identify the element

A large number of equally spaced parallel slits is called a diffraction
grating.

TSunIight

¥

When sunlight falls on a diffraction grating, a rainbow of colors is
produced at each principal maximum (m = 1, 2, ...). The central
maximum (m = 0), however, is white but is not shown in the
wing.
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Telescope

A GRATING SPECTROSCOPE




Grating
© 2003 Thomson - Brooks Cole

» The light to be analyzed passes through a slit and is formed into a parallel
beam by a lens. The diffracted light leaves the grating at angles that satisfy
d Sinﬂbright:mﬂ




» Collimator — parallel light — diffraction grating

» Pattern observed
» O measured .. find A

. diffraction grating
adjustable slit

é’ﬂlﬂﬂﬂﬂ\l\\\\\\@
SN

turntable

measuring scale



The spectrometer is made up of three parts:

the collimator - an optical device which produces a parallel
beam of light from your monochromatic light source

the telescope - an optical device which focuses a beam of
parallel light in the plane of the crosshairs

the turntable - supports the diffraction grating and enables
measurement of the angular position of the telescope

DO NOT TOUCH THE RULED SURFACE OF THE GRATING







