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s
Ultvasenics

!ntroduc{-ior): Sound wave s of frequencies fmv\ama from 20Hz to 20KkHz
are called Sonic waves of audible waves, as they ave Pe-.ce‘;vcd by
buman eay. Sound waves with the frequencies lesses than 20Hz
ase called Infrasonics , while those whose frequency is greatey
than 20kHz (i.e., bcﬁand the audible hm'n’() ave called Ultrasonic
waves o1 Supersonics -'ﬂwouah humanbeinas are not capable of
hem\‘n? Ultrasonic waves |, cextain animals Like doas, bats, and
mavine animals Like w%ales,shaiks) dolPLms have +he ab‘,b‘hd to
heas the hiah frequenty sounds

Bats and dolesns ave lnown O aenevate_ uftrasonic waves
and use the veglections of the aves to vfmd theiv wmd-ﬂ“&
waves adegplected from the suﬂroundmﬁ obJec{S ave P”wve(J by
Ahe bats and from dhe tme elapsed between the amﬁa-hm) and
Tegloction of the pulses, the divection and distance of "he OI?/(CLS
ave detexmined. The lmaa ears of bats ave speciabsed o detect
these sounds. _

Lia‘* iS shonahj absosbed by sea-waley and hence the vadius
of v-‘s‘.bilikd is limited. Relah‘\/ehé, ulhas.omc waves ave less abseibed
by sea-wate Thus mawne animals use ulbasonic pulses 10 localz
pish, to aveid obstacles:

In 4hic chapler we will be |Lamm8 pwduc.-Hon, detection of

Whrasonic waves « Also we will be Iemnmg +he. Propod-ies of ultrasonics
ond Yheiv applications -




Us- 2

Magnelostsiction effu,’( $—
li)hen a -fummaland-ic vod such as iron,or nickel s J&ep{t Ina

magneHic field pavahe) to iks lenaih, the 10d suppers a change In
ite lema'th “This phenomenon 15 known as maﬁne’rOshic‘r;on effect.
“Thys c%an@e in \m%'t‘n dcraends on the ma.an‘ﬁude of the -field and

the natuve of the material - s eppect was discoveved bv Joule

n (B47 -

Efxglanajn‘on : The adjacm't fiqure shows
a wive wound avound the fevmmaane‘h‘c ] (Wbé]‘]

vod - When the D.c field e tuvyned on

cusvent £ lows 'thvouah the wive - Leb the

magneHc field associaled with this d-o cument ,
i of 4lne d-c fre ld s

-ﬁek’ s
f01 Q_CLCL) ht‘(lf
Ywice

nEveasEs: W ’e"’a‘Hﬁ of the vod - When “he Po)ars'y\y
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MODULE-II: LASER AND FIBER OPTICS
A. LASERS

Introduction:

LASER is a device that emits light through a process of optical amplification based on the
Quantum effect called stimulated emission of electromagnetic radiation. LASER is an acronym
for Light Amplification by Stimulated Emission of Radiation.

Distinquish between conventional light and Laser light:

Conventional light Laser light

1. It emits photons in all directions with 1. It emits photons in a narrow, well-defined
wide range of wavelengths. directional beam.

2. These are incoherent (No fixed phase 2. These are highly coherent (constant phase
among the photons emitted by the source). relationship among the photons)

3. May be multi-wavelength 3. Single wavelength or color.

4. Intensity is low 4. Intensity is very high.

5. Ex.:- Electric Bulb, candle, etc., 5. EX.:- Ruby Laser, He-Ne Laser, etc.,

Characteristics of Laser light

Like ordinary light laser light is electromagnetic in nature. However, there are few characteristics
not processed by the normal light. Some of the main characteristics of laser beam are mentioned
below:

1. High Monochromaticity,

2. Extremely Directional,

3. Extremely Coherence, T RO A

4. High Intensity and brightness. W._ P e

1. Monochromaticity: The light emitted from

a laser is highly monochromatic, that is, it is
of one unique wavelength (color). The light
from a laser typically comes from one
atomic transition with a single precise
wavelength. So the laser light has small
broadening width (AL) and is almost the
purest monochromatic light.

For Ordinary white light, AA= 300 nm, For monochromatic light, AA= 5-10 nm

For Laser light, AA= 0.2 nm

«—— 10 A

Intensity (I) —»

For ordinary source

—» 1000A fe—
Wavelength (3) —»
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2. Directionality: We know that when light travels then it tends to spread out, this spreading of
light is called divergence and the angle at which the light spreads is called angle divergence
(¢). Generally divergence is more in ordinary light and lesser in laser light.

Usually a laser generates
less than one mille radian —=———
(0.001) divergent beam. This J,ASER l ( ) a1 . a2
means that a beam from the
laser will spread to less than - |
1cm diameter at a distance of 10 d1
m from the laser. The laser d |
beam divergence is illustrated in !
the adjacent figure.

3. Coherence: The light coming from the Laser

Is said to be coherent, which means the group W

of photons (Laser beam) are in phase in
space (Spatial) and time (Temporal). Laser W

light is much more coherent than ordinary
light. Figure: Coherent Light Waves

-1y

dy-dy

divergence, ¢

4. Intensity and Brightness: Intensity of a wave is defines as energy per unit time flowing
through a unit normal area. In Laser light, energy is concentrated in small region of space with
small wavelengths with greater intensity. A laser beam has brightness many times in magnitude
greater than that of conventional sources due to high directional property of laser beam.

Therefore, Laser light is an extra ordinary light emitted under stimulated and amplified
conditions, so that the beam is characterized by high intensity, specific directionality,
high monochromaticity and high degree of coherence.

ABSORPTION, SPONTANEOUS AND STIMULATED EMISSION:

To describe the phenomenon of Absorption, spontaneous or stimulated emission, let us
consider two energy levels, 1 and 2, of some atom or molecule of a given material, their energies
being E1 and Ez (E1<E»).

I. Absorption: Let us now assume that the atom is

initially lying in level 1 (Adj. Fig.). If this is the Absorption

ground level, the atom will remain in this level 2 _ ™E:
unless some external stimulus (photons) is applied to

it. We shall assume that, a photon of frequency v is hv hv

incident on the material. In this case there is a finite W
probability that the atom will be raised to level 2.
The energy difference E>—E1 required by the atom to

1 ’C_:} E;
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undergo the transition is obtained from the energy
of the incident photon. This is the absorption
process.

. Spontaneous emission: Let us now assume that

the atom is initially in level 2. Since E> > Eg, the
atom will tend to decay to level 1. The
corresponding energy difference, E>-Ei, must
therefore be released by the atom. When this
energy is delivered in the form of an

Spontaneous emission

2 {l:‘; E
1 — E

2

1

electromagnetic wave called photon, the process will be called spontaneous (or radiative)

emission.

Stimulated emission: Let us now
suppose that the atom is found initially in level 2
and that a photon of frequency vo is incident on
the material (Adjacent Fig.). Since this photon
has the same frequency as the atomic frequency,
there is a finite probability that this photon will
force the atom to undergo the transition 2—1. In
this case the energy difference E>—E; is delivered
in the form of a photon that adds to the incident

one. This is the phenomenon of stimulated emission.

Stimulated emission

N

2

AVA'\'ne

vy

Ez

NN\

There is a fundamental difference between the spontaneous and stimulated emission processes.
In the case of spontaneous emission, the atoms emits a photon that has no definite phase relation
with that emitted by another atom. Furthermore, the photon can be emitted in any direction. In
the case of stimulated emission, since the process is forced by the incident photon, the emission

of any atom adds in phase to that of the incoming photon and along the same direction.

EINSTEIN’S COEFFICIENTS:

In 1916, Albert Einstein proposed that N, ~

) . O () E:
there are three processes occurring in the
formation of an atomic spectral line. The three - m 'g
processes are referred to as spontaneous .g g 3
emission, stimulated emission, and absorption. O BiaNip £ | B Nap 21 AnN,
With each is associated an Einstein coefficient E % 3
which is a measure of the probability of that < o a
particular process occurring. Einstein considered

N—0 b ' E1

the case of isotropic radiation of frequency v, and

energy density p(v).
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Let us consider N1 and N be the populations in the energy levels of energies E1 and E»
respectively in a system of atoms at a thermal equilibrium of temperature T.

Upward transition:

Absorption is the process by which a photon is absorbed by the atom, causing an electron to
jump from a lower energy level E; to a higher one E2. The process is described by the Einstein
coefficient By,

The absorption rate is directly proportional to N1 and p(v)
Therefore, Rate of absorption = By;N.p(V)  -—---—----—--- Q)
Here B2 is Einstein’s coefficient of absorption.

Downward transition:

Spontaneous emission is the process by which an electron "spontaneously” (i.e. without
any outside influence) decays from E; to Ei:. The process is described by the Einstein
coefficient Az1.

Spontaneous emission rate is directly proportional to N2 only.
Therefore, Rate of spontaneous emission = AyyN, ------------- (2
Here, A2 is the Einstein’s coefficient of spontaneous emission.

Stimulated emission is the process by which an atomic electron in the excited E> is
interacting with a photon of certain frequency may drop to a lower energy level E1, transferring
its energy to that photon. A new photon created in this manner has the same phase, frequency
and direction of travel as same as the incident photon. The process is described by the Einstein
coefficient B21.

Stimulated emission rate is directly proportional to N2 and p(v).
Therefore, Rate of stimulated emission = B, N, p(v) ---------- 3)
Here, B2: is the Einstein’s coefficient of stimulated emission.
Consider an ideal material with only two non-degenerate energy levels, at thermal equilibrium,
Absorption = spontaneous emission + Stimulated emission ~ ------ 4)
i.e. BNip(») =A21N2 + BioNop) - ®)

B12N1p(w) - B12N2p(v) = A21N2
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[B12N1 — B21tN2] p(v) = A2:1N2

p(v) [Blzﬁfﬁzzﬂvz] or ) BZINZ{TZZ_;?%)]A}
1
o p(v) ‘221{%(5_3)]_1} ________________ v

But, in thermal equilibrium, the Boltzmann’s distribution law applies, so,
-E —E
N; = Nyexp (RT;) and N, = Nyexp (kT;)
where, No is population in ground state and kg is the Boltzmann’s constant.
N _ EamEa) _ ﬂ] i Ei= A1) e
Therefore, N, exp[ e ] = exp [kBT (Since, Ex-E1= hv) @)

Substituting eq. (7) in eq. (6), we get

s B

kpT/\Boq

According to Plank’s law of black body radiation at temperature T we have the energy density
p(v) at frequency v is

v3
p) = T —gn— e ©)
e (7)1
Comparing eg. (8) and eqg. (9), we get
Azq . gmhvd & R
By 3 (10) B21 1 (11)

Equations (10) and (11) show the relations between Einstein’s coefficients B1o, B21 and Aos.

From the above relation eqg. (10) shows that the ration of rate of spontaneous (A21) to rate of
stimulated emission (B21) is proportional to cube of the frequency of the incident radiation.
The eq. (11) shows that the rate of absorption is equal to the rate of stimulated emission, when
the system in equilibrium.

POPULATION INVERSION:
At thermal equilibrium, the no of atoms in level 2 is less than the no of atoms in level 1
(N2<N3). The process of making of higher population level 2 than the population in level 1 is
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known as population inversion (N2>N1) This is highly non equilibrium situation. When the
population inversion exists, rate of stimulated emission is greater than rate absorption occurs and

the light passing through the material is amplified.

E4 ;

: i
Es| M5t ET

Normal Population £ [~
Eqf Mg

u, Population Inversion
SN Naeaen, E- [N >
c ——..
Elrml

£ + I, s

Fopulation Number N

LASER PUMPING:

The process of achieving the population inversion by sending the atoms from lower level
to higher levels through supply of energy to the lower level atoms is called laser pumping. The
supply of energy is usually provided in the form of light (Optical) or electric current
(Electrical). But, more exotic sources such as chemical or nuclear reactions can also be used.

i. Optical Pumping: Optical pumping is a process in which light is used to raise or pump
electrons from lower energy level in an atom or molecule to higher one. It is commonly used
in solid state lasers (Ex.: Ruby Laser, etc.).

ii. Electrical Pumping: Electric discharge is common in gas lasers. Gas lasers have very narrow
absorption band, pumping then in any flash lamp is not possible. In most of the cases
population inversion is created by means of electric discharge. (Ex.: He-Ne Laser etc.)

META-STABLE STATE:

Metastable state is an excited state of an atom or other system with a longer lifetime than
the other excited states. However, it has a shorter lifetime than the stable ground state. Atoms in
the metastable state remain excited for a considerable time in the order of 10-%to 10-s. During
metastable state, all the parameters associated with state hold stationary values. A large number
of excited atoms are accumulated in the metastable state.

The population of metastable state can exceed the population at a lower level thereby
establishing population inversion in a lasing medium. Population inversion could not be created
without a metastable state.

THREE LEVEL SCHEME:

We have seen that the key to laser action is to obtain a population inversion between two
levels of energy E1 and E> with E2>E3, so that more atoms are in the level 2 than in the level 1. In
the three-level lasers figure, we look for three levels in an atom such that Es>E>>E; , with a fast
decay between levels 3 and 2 and a slow decay between 2 and 1. Incident radiation of angular
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frequency vs; = (E5 —E;)/h is used to
raise as many atoms as possible from the
level 1 to level 3. Note that a population
inversion cannot be obtained between levels
3 and 1, because when the number of
atoms N3 in level 3 equals the number N1 in
level 1, absorption will be balanced by
stimulated emission and the material will

become transparent at the frequency vai. If
level 3 decays rapidly to level 2, a
population inversion can be obtained
between levels 2 and 1. An example is the
ruby laser.

FOUR LEVEL SCHEME:

Except in special cases, Es
such as the ruby, it is difficult to
produce a population inversion
between a ground state and an
excited state, because initially all

Es3

the atoms are likely to be in the FPumpingbetween
level1 & 4

ground state, and we have to get
more than half the atoms into level Ez
2 before a population inversion
can be achieved. An easier
approach is to use a four-level
system in the adjacent figure and

attempt to create a population b

Three Level scheme

Es -
Faset Decay
E: - 2
Pumping Between Laser Action Between
Levels | and 3 Levels 2 and |
E: - 1

Four Level Scheme

Fast Decay

3

Laser Action

Between Levels 3 and 2

2

Fast Decay

1

inversion between two excited levels. We start with all the atoms in the ground statel, and none
in the excited states 2, 3 and 4 (E2<Es<E4). Level 4 is chosen so that it has a fast decay to level 3,
and pumping between levels 1 and 4 immediately produces a population inversion between
levels 3 and 2. As level 2 begins to fill up by stimulated emission at the frequency (Es-E2)/h, the
population inversion will decrease. To minimize this, level 2 is chosen so that it has a fast decay

to the ground state.

REQUIREMENTS FOR THE LASER SYSTEM:

The basic requirements of the Laser system are shown in below figure. It consists of three basic

parts as given below:
i. Pumping System
ii. Active medium
iii. Optical Resonator
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Pumping System: Pumping source is the basic energy source for a laser. It gives energy to
various atoms of laser medium & excites them, so that population inversion can take place
and it is maintained with time. The excitation of atom occurs directly or through atom or

atom collision.

There are various types of
pumping systems depending on
the nature of the active medium.

. Active Medium: Active medium

is the heart of the laser system and
is responcible for producing
population inversion (gain) and
subsequent generation of laser. It
can be a solid, liquid,
semiconductor or gas medium and
can be pumped to higher energy
state.

/

Optical Resonator

N

Active
Medium

Output
Beam

High Reflectance T T T T Output Coupler

Mirror (HR)

Excitation
Mechanism

Mirror (OC)

Optical resonator: It plays a very important role in the production of laser beam from the
laser system. It is a setup used to obtain amplification of slimulated photons, by oscillating
them back and forth between two extreme limits. It consists of two plane or concave mirrors
placed co-axially. One mirror is fully reflecting and other is partially reflecting.

RUBY LASER:
The first working laser was built in 1960 by T.H. Maiman using a Ruby crystal and so
called the Ruby Laser. This is also called solid state laser or three level laser. Ruby belongs to
the family of gems consisting of Al>Os with various types of impurities. For example in Ruby
laser used the pink ruby contains 0.05% Cr atoms (Al203+0.05%Cr,0z3). The schematic diagram
of the Ruby laser is as follows:

Ruby Rod

Fully reflecting face

Partiall}.! reflecting face

Glass tube

csid

Power [
source |-

Xenon flash tube

-
: Laser beam
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Construction: The Ruby laser consists of a ruby rod whose length is few centimeter and
diameter is 0.5 cm. This is made up of with chromium (Cr®") doped Al.Os material. Both the
ends of the ruby rod are silvered such that one end is fully reflecting and the other end is partially
reflecting. The ruby rod is surrounded by helical xenon flash lamp tube which provides the
optical pumping to raise Cr* ions to upper energy level. The light from the xenon flash tube was
focused by the cylindrical cavity onto the ruby rod, thereby exciting the chromium atoms which
were responsible for the laser action.

Working: The ruby laser is a three-

Level system (Adjacent Fig.) since '§§

only three energy levels are involved -

in the process of stimulated emission. g 3 {Ef;rgisﬁﬂt;zﬁ?
The depopulation of the ground state ;L;T;F:"”ﬂ 5 non-radiative processes
for population inversion is achieved by &

exciting the atoms of the ruby crystal 5 @2- Metastable
with intense light from a xenon flash @ & stale

lamp. Thus the atoms are excited from  vanstiog__ 5 E% 2| g 2c -

the ground state (level 1) to an upper 1= 1 E| E 238 W\
state (level 3) by means of absorption. il & B 5 ﬁl:r? :::
From the energy level 3, the atoms are 51,;:

0

transferred to energy level 2 without

emitting radiation (non-radiative transfer). The energy level 2 is called met stable level since the
atoms stay at this level for a longer interval of time. Finally, the atoms return to the ground state
from the meta stable level through the process of stimulated emission giving rise to an intense
laser light at 6943A°. The laser beam comes out in the form of a pulse of very short duration
(about a millisecond).

Applications: They are still used in a number of applications where short pulses of red light are
required.

i. Holography's around the world produce holographic portraits with ruby lasers, in sizes up to
a meter squared.

ii. Many non-destructive testing labs use ruby lasers to create holograms of large objects such
as aircraft tires to look for weaknesses in the lining.

Iii.Ruby lasers were used extensively in tattoo and hair removal.

Drawbacks:

I. The laser requires high pumping power because the laser transition terminates at the ground
state and more than half of ground state atoms must be pumped to higher state to achieve
population inversion.

ii. The efficiency of ruby laser is very low because only green component of the pumping light
is used while the rest of components are left unused
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iii. The laser output is not continues but occurs in the form of pulses of microseconds duration.

HELIUM-NEON (He-Ne) LASER:

The He-Ne laser active medium consists of two gases which do not interact form a
molecule. Therefore He-ne laser is one type of atomic gas laser and also called as Four level
laser.

Construction:

v Fully reflecting mirror Partially reflecting Mirror N

' S

é Brewster's Windows .\:?E

Z N

,ﬁ Y —
Z Het+Ne (10:1) N

,f- e
;.fj | LASER
A % Output
g Discharge %

1 Electrodes \I
-+ —
&

DC Power Supply
He - Ne gas laser consists of a gas discharge tube of length 30cm and diameter of 1.5cm.
The tube is made up of quartz and is filled with a mixture of Neon under a pressure of 0.1mm of
Hg. The Helium under the pressure of 1mm of Hg, the ratio of He-Ne mixture of about 10:1,
hence the no. of helium atoms are greater than neon atoms. The mixtures is enclosed between a
set of parallel mirrors forming a resonating cavity, one of the mirrors is completely reflecting and
the other partially reflecting in order to amplify the output laser beam.

Working:
In the He-Ne laser the light produced by atomic transitions within the Neon atom. The

Helium does not directly produce laser light but it acts as a buffer gas, this purpose of which is to
assist/help the atoms of the other gas to produce lasing action.
The active energy levels of He

and Neon atoms are show in adjacent F3 3_

figure. In helium there are three active ' H‘ET’"E Es

energy levels named as Fi, F> and F3 comRions 6328 4°
: ; . Fr— -

where as in Neon, there are six active

energy levels named as Ei, Ez, Es, Eg

Es, and Es. In Helium, the metastable Excitadtion II Erpn?:stlaonl:nus

states are F> and F3, where as in Neon, electrpn colfisions E

E4 and Ee. When a discharge is passed with H1 He ptoms e

through the gaseous mixture electrons

are accelerated in the tube these Fr - X Ei1

{Helium) (Meon)



accelerated electrons collide with the helium atoms and excite them to higher energy levels (F
and F3) since the levels are metastable energy levels, He atoms spend sufficiently long time.
Inelastic collision of the excited helium atoms (F2 and F3) with the ground state (E1) Neon atoms
results in transfer of energy to the neon atoms, exciting them into E4 and Eg states. This is due to
the coincidence of energy levels between the helium and neon atoms. Since Es4 and Es are
metastable states, hence the population inversion takes place between the E¢ and E4 with respect
to Es and Es. The stimulated emission takes place between Es — Esgives a laser light of wave
length 6328A° and the stimulated emission between Ee —Es gives a laser light wavelength of
3.39um. Another stimulated emission between Es—Es gives a laser light wavelength of 1.15um.
The neon atoms undergo spontaneous emission from E3 —E2 and Es — Ez. Finally the neon
atoms are returned to the ground state Ei1 from E2 by non-radiative diffusion and collision
process.

After arriving the ground state, once again the neon atoms are raised to E6 & E4 by
excited helium atoms thus we can get continuous wave output from He-Ne laser. But some
optical elements placed insides the laser system are used to absorb the infrared laser wavelengths
3.39um andl.15um. Hence the output of He-Ne laser contains only a single wavelength of
6328A° and the output power is about few milliwatts.

Applications:

i.  The Narrow red beam of He-Ne laser is used in supermarkets to read bar codes (Bar-code
scanners).
ii.  The He-Ne Laser is used in Holography in producing the 3D images of objects.
iii.  He-Ne lasers have many industrial and scientific uses, and are often used in laboratory
demonstrations of optics.

SEMICONDUCTOR (Diode) LASER (GaAs Laser):

Semiconductor lasers also known as quantum well lasers are smallest, cheapest, can be

produced in mass, and are easily scalable. They are basically p-n junction diode, which produces
light of certain wavelength by recombination of charge carrier when forward biased, very similar
to the light-emitting diodes (LEDs). LEDs possess spontaneous emission, while laser diodes emit
radiation by stimulated emission.
Principle: In the case direct band gap semiconductors there is a large possibility for direct
recombination of hole and electron emitting a photon. GaAs is a direct band gap (1.44 eV)
semiconductor and hence it is used to make lasers and light emitting diodes. The wave lengths of
the emitted light depend on the band hap of the material.
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Construction:

The P* and N* regions of the
diode are obtained by heavily doped p-
and n-regions of GaAs. The thickness of \ ®
the p-n junction layer is very narrow at
the junction, the side walls are well =

mirror leaky
| Mirror

) +

p(_)llshed and pa_ralle_l to each othe_r. photons bouncing back P type 6}@
Since the refractive index of GaAs is and forth in the crystal O

. . . o
high, the reflectance at the material air K \ > ¥
interface is sufficiently large so that the /

external mirrors are not necessary to active region i

produce multiple reflections. The p-n N type

junction is forward biased by |
connecting positive terminal to p-type
and negative terminal to n-type.

Working:
The population inversion
can be obtained by injecting - d
electrons and holes in to the
junction from the n-region and p- E P-tyee Lo~ N-type
region by means of forward bias | AN/
voltage. When the forward bias Eg N ::::::::::::::
is not connected, no electrons '3:33:33:33:33
and holes present in the depletion Er 5666650066660 [ Ee
region. When small forward bias 00000000000050 Q)sfcharee | | E,
voltage is given to the p-n 000000000000 0¢ e | E

) : 000000000000 00
junction then small number of |

electrons and holes will injected
into the depletion region from
respective regions. When
relatively a large current of the order of 10* A/cm? is passed through the junction then large
number of electrons and holes will be injected into the depletion region as shown in above
figure. Then the direct recombination processes take place between holes and electrons in the
depletion region and release the photons. Further the emitted photons increase the rate of
recombination. Thus more number of photons produced having same phase and frequency of the
induced photons.

The wavelength of the emitted radiation depends on the energy band gap of the
semiconductor material. The energy gap of the GaAs Semiconductor is 1.44 eV then it emits
laser light of wavelength ~8600 A°.
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hc  6.625x1073%4x3x108
A=—= = 8626 A°

Eg 1.44

The efficiency of the laser emission increases when a cooling arrangement provided to the laser
diodes.

APPLICATIONS OF LASER: There are many scientific, military, medical, industrial and
commercial laser applications which have been developed since the invention of the laser.

i. Laser Drilling: Laser drilling is one of the few techniques for producing holes in hard
materials with desired diameter. The diameter of these holes as small as 5 microns.
Laser-drilling is used in many applications, including the oil gallery of some engine blocks,
aerospace turbine-engine cooling holes, laser fusion components and printed circuit board
micro-vias.

ii. Laser Welding and Cutting: The highly collimated beam of a Laser can be further focused
to a microscopic dot of extremely high energy density for welding and cutting. The
automobile industry makes extensive use of CO2 laser with powers up to several KW for
computer controlled welding on auto assembly lines.

iii.Lasers in Data Storage: The reading and writing (Store) of the data on a compact disc (CD
or DVD) is done with semiconductor laser.

iv. Lasers in scientific research:

a) Lasers are used to clean delicate pieces of art, develop hidden finger prints
b) Laser are used in the fields of 3D photography called holography
c) Using lasers the internal structure of micro organisms and cells are studied very accurately
d) Lasers are used to produce certain chemical reactions.
v. Laser in Medicine:
a) The heating action of a laser bean used to remove diseased body tissue
b) Lasers are used for elimination of moles and tumours, which are developing in the skin
tissue.
c) Laser beam is used to correct the retinal detachment by eye specialist.

vi. It is used in biomedical science.

vii. Itis used in 3D photography.

viii. It can be used for measuring velocity of light, to study spectrum of matters, to study

Raman effect.

iX. Itisused in holography.

X. It is also used in military, like LIDAR.

xi.  Itis used to accelerate some chemical reactions.

xii.  Itis also used in nuclear fusion reactions.
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B. FIBER OPTICS

STRUCTURE OF AN OPTICAL FIBER:
Optical Fiber: A very thin, long, flexible, transparent, cylindrical dielectric medium which

guide the light signal propagated through it.
It consists of three parts:
1. Thecore
2. The cladding, /
3. The outer jacket.
e The core is the inner part of the fiber, which
guides the light signal.
e The cladding surrounds the core completely.
e The refractive index of the core (ny)is greater than the cladding(n;) to satisfy the total
internal reflection (n1>ny)
e The outer jacket provides the mechanical protection to the fiber.
The core and cladding diameters are about few microns. Optical fibers are arranged in bundles
called optical cables and used to transmit light signals over long distances.

r
Core Cladding Sheath

PRINCIPLE AND WORKING OF OPTICAL FIBER:
Principle: The transmission of light in optical fiber is based on the principle of Total Internal
reflection.

Let n; and n; be the refractive indices of core and cladding respectively such that n;>n,.
Let a light ray travelling from the medium of refractive index n; to the refractive index n, be
incident with an angle of incidence ¢ and the angle of refraction r. By Snell’s law,

nisin @ =nysinr  ---------- (@)

The refracted ray bends towards the normal as the ray travels from rarer medium to denser
medium. On the other hand, the refracted ray bends away from the normal as it travel from
denser medium to rarer medium. In Optical fiber, the light ray travelled from core (denser) to
cladding (rarer) medium, there is possibility of total internal reflection, if the angle of incidence
is greater than the critical angle (6.).
Critical Angle: When a light ray moves from high refractive index (core) medium to low
refractive index (cladding) medium and for a particular angle of incidence the refraction angle (r)
is 90° then the angle of incidence is known as critical angle (6.).

Cladding Cladding . n
r n, n, Cladding 2
r=90°
ﬁ
n; Core n n,
Core 9 1 ﬂ\
Core
0<o0, 0=0, 6=>0,
Fig.1 Fig.2 Fig.3
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I.  When 6 < 6., then the ray refracted into the second medium as shown in above fig.1.
ii. When 6 = 6., then the ray travels along the interface of two media as shown fig. 2.
iii. When 6 > 6., then the ray totally reflects into the same medium (core) as shown in fig.3.
The critical angle can calculated from Snell’s law, suppose if 8 = 6. then r = 90°, hence
Ny sin 6. = n, sin 90°

. n
sinf, = n—z
1

or 0, = sin~! (ﬂ)
nq
This is known as critical angle of mediums of refractive indices n; and n, (n1> ny).
The light signal once entered the fiber and takes total internal reflection with in the core as
shown in fig.4, it will continue to propagate till the other end of the fiber.

ACCEPTANCE ANGLE:
The maximum angle of incidence to launch the beam at its one end to enable the entire

light to pass through the core is called acceptance angle.

When we launch the light beam in to the fiber at its one end the entire light may not pass
through the core and propagate. Only the rays which make the angle of incidence greater than
critical angle undergo total internal reflection and propagate through the core and all other rays
are lost. Let us consider a ray enters the core of refractive index n; from air medium of refractive
index n, with an angle of incidence «; at the interface of air and core and incident at the interface
of core and cladding with an angle of incidence @ as shown in below figure.

Normal to core-
cladding Interface

=

B_,,-,—-";-?Cladding (Nn5)

[ Fiber axis

Air (ng) Cladding (n,)

Fiber end
face

e s gy e e e e e e e e e e e e e

C
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If the angle of incidence at the interface of air and core is maximum (ai=amax), the angle of
incidence at the interface of core and cladding is equal to critical angle (6=6.). If the angle o;is
less than the amax, the angle of incidence at the interface of core and cladding would be greater
than the critical angle (6>6;), and further total internal reflections cascades through the fiber.
From fig.,AABC,
a, =90—46 )
sina; _ my
sin a, n,

At air — core interface, the Snell s law is,
: ny -
sing; = —tsina,
No
sina; = ~sin(90 — 6)
o
sina; = ﬂcos 0
No
sin ., = —=cos 0, (When ;= omax, =6,  -—--- 1)

Snell’s law at core and claddlng interface gives,
At critical angle(6=6.), the angle of refraction is 90°
n,sinf@, = n,sin 90

Sin HC = Tl_1
2 n3
cosf. =y1-sin*6. = [1-— - (2)
1
2 2
2 n;y—m
= n n 1 2
From Eq. (1), we get, Sin @0, = — |1 — =2 =
n nj n,
Thus,
nd—n2
sin ., =
max n,
nf-nj
Aoy =Sin L[ X—| 3)
ne

This amax Is known as Acceptance angle.

ACCEPTANCE CONE: The acceptance cone is derived by rotating the Acceptance Angle
about the fiber axis. Light launched at the fiber end within this acceptance cone alone will be
accepted and propagated to the other end of the fiber by total internal reflection. Larger
acceptance angles make launching easier.

Acceptance
cure
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Numerical Aperture: The numerical aperture (NA) of an optical fiber is defined as sin of
acceptance angle and is dimensionless number that characterizes the range (ability) of angles

over which the system can accept light.

Therefore, NA =sin (amax) =

If the refractive index of air is unity (uair=1), thus the Eq. (4) reduces as,

NA = \/n? —n3 =nV2A

2_.2
ni—n;

No

n;—ns;

where A= —= called Fractional Index difference

ny

FIBER TYPES AND REFRACTIVE INDEX PROFILES:
Depending upon the refractive index profile of the core, optical fibers are classified into

two types. They are:
I. Step Index (SI) Fiber

ii. Graded Index (GI) fiber

i. Step Index (SI) Fiber: In step index fibers, the refractive index of the core is uniform
throughout the medium and undergoes an abrupt (Step) change at the interface of core and

cladding.

The light in the fiber propagates
by bouncing back and forth from
core-cladding interface. The step
index fibers propagate both single
and multimode signals within the
fiber core. The light rays propagating
through it are in the form of meridinal
rays which will cross the fiber core
axis during every reflection at the
core — cladding boundary and are
propagating in a zig — zag manner.

nir)

Single Mode

ol

m [ |n
2a

Multimode

100 pwm

The variation of refractive index profile with radial distance r for the SI fiber is shown in

the above figure.

n(r) = ny(core)

= n, (cladding)

The number of possible propagation modes in the core depends on the radius of the core and NA

of the fiber and is given by VV-number as

V= ZA—" a(NA) Where ‘@’ is the radius of the core and NA-Numerical Aperture.

2
The number of modes (paths) through the SI fiber is = V;
The propagation modes in the SI Fiber in both the modes are shown below:

Core

Cladding

Single mode SI fiber

Cladding

Multimode SI Fiber
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ii. Graded Index (GI) Fiber: In graded index fibers, the refractive index of the core varies
gradually as a function of radial distance from the fiber center.

The refractive index of the core decreases as we move away from the centre. The
refractive index of the core is made to vary in the form of parabolic manner such that the
maximum refractive index is present at the centre of the core.

The variation of refractive index profile with Graded Index Fiber
radial distance r for the Sl fiber is shown in the P

ny 1 —2.‘.‘.[:—:}‘:

adjacent figure. N

nix}
n(r) =n; [1-24(%)" (0 <7 < a) (core) ﬂ

=n;, (cladding)
Here a is the grading parameter which decides the
variation of RI in core.

a = 1 for linear grading,

o =2 for parabolic grading

a = oo for Step Index grading.

The transmitted light signals travel through the
core medium in the form helical (sine waves) rays, which
will not cross the fiber axis at any time.

The number of modes propagated through the Gl
Fiber depends on the radius of the core and NA of the fiber. Therefore,

S0-T3um

2
The possible number of modes propagated through the Gl Fiber is = VT
The propagation modes in the GI Fiber are shown below:

Graded Index Fiber

ATTENUATION:
Attenuation means loss of light energy as the light pulse travels from one end of the fiber
cable to the other. It is also called as signal loss or fiber loss. It is directly proportional to the

length of the cable. It limits the optical power which can reach the receiver at the destination end
of the fiber.
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Attenuation is mainly caused as a result of
I. Absorption loss
ii. Scattering loss and
iii. Bending losses.

Attenuation is defined as the ration of input optical power (P;) to the output optical power (P,)
The following equation defines the signal attenuation as a unit of length:

a(dB/km) = —%loglo (%‘:)

Absorption loss: Every material has a characteristic of absorbing a fraction of the incident
light. Optical fibers are also no exception. This property is called intrinsic absorption.
Besides the intrinsic absorption, the impurities whatsoever present in optical fiber also absorb
light which is called impurity (Extrinsic) absorption. Such types of absorptions result in the
reduction of the strength of the light signal propagating through the optical fiber cable.

Scattering __loss: Light signal
scattering can be thought of as the
deflection of a ray from a straight

path, for example by irregularities
in the propagation medium,
particles or in the interface
between  the  two media.

Irregularities and defects (which [ cLapping
are produced when optical fibers

are manufactured) are main causes for the scattering of light in unexpected directions.
Bending losses: This loss induced by physical stress on the fiber. Bending loss is classified

according to the bend radius of curvature:

a) Macrobend Loss  b) Microbend Loss
a) Macroscopic Bending: Macro-bend Losses are
observed when a fiber bend’s radius of curvature is
large compared to the fiber diameter. These bends
are a great source of loss when the radius of
curvature is less than several centimeters.

b) Microscopic Bending: Micro-bend Loss are
caused by small discontinuities or imperfections in
the fiber. Uneven coating applications and improper
cabling procedure increases micro bend loss.
External forces are also a source of micro bends.

Macroscopic Bending

External Force

n, cladding

n, core

n; cladding

bof
External Force

Microscopic Bending
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APPLICATIONS OF OPTICAL FIBERS:

Due to its variety of advantages optical fiber has a wide range of application in different
fields namely:

i.  Communication:

ii. Medicine and

iii. Sensors etc.,
i. COMMUNICATION: Optical fibers are used as wave guides in the communication system.

A typical block diagram of optical fiber communication system (OFCS) is shown in the
following figure. It mainly consists of the following parts:
a) Encoder, b) Transmitter, c) Waveguide, d) Receiver and d) Decoder.

Converts biary signal

Transmitter o optical (light on for
o= mmmmmmmmmmmees ‘1" and off tor “07)

Electrical | Fncoder y| Drive | | Light % Optical fiber

Signal |/P Circuit Source

Electrical to binary
signal (O or 1)

Receivebhinary ([ oo et
signal and pass to

1

1

H

i - Signal |}
||ght50urte ! Detector Restorer i Decoder Teji':tr'lcal
Optical to emmem - \ ] Signal O/P

electrical signal KeSp all the
Amplifies the

electrical signalin

signal .
& sequentialform

Fig.: Block Diagram of Optical Fiber Communication System

a) Encoder: The audio signal (i.e., the words spoken by us) is converted into electrical signal
which is an analog signal. Encoder is an electronic circuit that converts this analog signal
into binary or digital signals.

b) Transmitter: The digital signal from the encoder is fed to the transmitter which consists
of two parts- Drive circuit and Light source. Drive circuit receives the digital signal from
encoder and feeds it to the light source. Light source is usually LED or a Diode LASER. If
digital ‘0’ is received then light source will be turned OFF. If digital ‘1’ is received then
the light source will be turned ON. Thus light source converts electrical signals into
optical signals.

¢) Waveguide: Now the Optical signals generated by the transmitter are fed to an optical
fiber which acts as waveguide. The signal traverses over longer distances through these
waveguides.

d) Receiver: On the other side of the waveguide, he optical signal is received by the receiver
which consists of Photo detector, amplifier and a signal restorer. The Photo detector
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receives the optical signal and generates the equivalent electrical signals. These electrical
signals are amplified by the amplifier. The signal restorer keeps all the electrical signals in
a sequential form and supplies to decoder.

e) Decoder: It is an electronic system that converts the digital signal to analog signal.

MEDICAL:

Optical fibers are generally used in Endoscopy. They are also used in LASER
Angioplasty (Laparoscopic Surgery) which is usually used for operations in the stomach area
such as appendectomies. A LASER Angioplasty usually makes use of three channels
(bundles) of optical fibers. Channel 1(One optical fiber cable) is used to observe where
exactly the cholesterol deposits are present. LASER of suitable power is sent through channel
2 to destroy the cholesterol deposits. Channel 3 is used to suck out the debris.

SENSORS:

Another important application of optical fibers is in sensors. If a fiber is stretched or
squeezed, heated or cooled or subjected to some other change of environment, there is
usually a small but measurable change in light transmission.

Level Sensors:

A chamgered Optical fiber, containing of
core alone is used in a level sensor. The
condition here is that the refractive indices of
air, core and liquid should such that Najr < Ngore
< Niiquid-

A light signal from the source is fed to the
fiber core as shown in fig. (i). The light signal
reaches the detector after getting subjected to
total internal reflections in the core. It is
observed here that the liquid level did not touch
the tip of the optical fiber yet and hence the
light signal smoothly reaches the detector.

When the liquid raises to sufficient level as
shown in figure (ii), at the point of core-liquid
interface, total internal reflection cannot take
place. The reason is Neore< Niiquia. Therefore the
light signal gets leaked into liquid without
reaching the detector.

Thus the light signal reaching the detector
indicates lower liquid level while the detector
does not receive the light signal, indicates
sufficient level of the liquid.
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UNIT-V
NON DESTRUCTIVE TESTING

Non-Destructive testing is the use of noninvasive techniques to determine the
integrity of a material, component or structure or quantitatively measure some
characteristics of an object. It is the testing of materials, for surface or internal
flaws or metallurgical condition, without interfering in any way with the
integrity of the material or its suitability for service.

Does not destroys the test specimen after testing, allow the part to be used for
its intended purpose

Destructive: The material is destroyed & connot be used after testing.ex-
tensil,impact etc.

TYPES OF DEFECTS:

e CRACKING

e SPALLING

e STAINING

e CONSTRUCTION&DESIGN DEFECTS
e HONEYCOMBING

e DUSTING

e BLISTERING

e RAIN DAMAGE

CRACKING
Minor —shrinkage......... repaired by cosmetic treatment
Major-over load of structure....need of investigation for causes
Major- (i)-Dormant-do not increase size once formed.
(li)-Active-changes under load
(iii)fine cracks-less than 1mm
medium cracks-Imm-2mm
wide cracks-greater than 2mm

SPALLING



De-lamination of the surface of concrete is know as spalling

--internal stress or external stress are responsible for spalling

CAUSES-1-external load producing highly stressed narrow zone
2-corrosion of steel embedded in concret
3-freeze-thaw effect of entrapped water

4-chemical reactions,effloresecence,repeated wetting&drying

STAINING DEFECT

It caused by absorption of water.which contains minerals/salt.
Staining caused by efflorescence.

CONSTRUCTION & DESIGN DEFECT

1-choice of wall thickness , out of plumb of walls

2-Dfective of joint and bonds,lack of movement of joints , misalignment of joints
3-failure to connect inserting walls&columns

4-impropare drainage path causing staining.

5-poor layout that causes excessive torsion

6-cracking below beams due to inadequate gap for deflection.
HONEYCOMBING

It occurs when too much coarse aggregate appears on the surface with some
cavities underneath.

DUSTING

Dusting is a surface defect which appears as fine powder on the concrete surface
and come off when brushed.

BLISTERING



Blistering occur when the fresh concrete surface is sealed by trowelling trapping
air or bleed waterf undert the surface.It avoided by delaying trowelling as long as
possible and covering to prevent evaporation.

RAIN DAMAGE

Heavy rain may cause pitted surface or eroded surface on a concrete structure.
such damage can be avoided by convexing newly placed concrete with plastic
sheeting when rain.

Importance of NDT:

1. NDT increases the safety and reliability of the product during operation.

2. It decreases the cost of the product by reducing scrap and conserving materials,
labor and energy.

3. It enhances the reputation of the manufacturer as a producer of quality goods.
All of the above factors boost the sales of the product which bring more
economical benefits for the manufacturer.

4. NDT is also used widely for routine or periodic determination of quality of the
plants and structures during service.

5. This not only increases the safety of operation but also eliminates any forced
shut down of the plants.

Six Most Common NDT Methods
P Visual Testing (VT)
» Dye Penetrant Testing (DPT)
P Magnetic Particle Testing (MPT)
P Ultrasonic Testing (UT)
» Eddy Current Testing (ECT)
P X-RAY Radiography Testing (RT)
1.Visual Testing

Visual testing is the most basic and common inspection method involves in using
of human eyes to look for defects. But now it is done by the use special tools such



as video scopes, magnifying glasses, mirrors, or borescopes to gain access and
more closely inspect the subject area.

Visual Testing Equipments

*Mirrors (especially small, angled mirrors),
eMagnifying glasses,

eMicroscopes (optical and electron),
eBorescopes and fiber optic borescopes,
eClosed circuit television (CCTV) systems,
eVideoscope.

Robotic crawlers permit observation in hazardous or tight areassuch as air
ducts, reactors, pipelines

2.Dye Penetrant Testing

This method is commonly used for detect the surface cracks or defects. Dye
penetrant Testing (DPT) is one of the most widely used nondestructive Testing
(NDT) methods. DPT can be used to inspect almost any material provided that its
surface is not extremely rough.

Dye Penetrant Testing Process

Three liquids are used in this method.
1. Cleaner

2. Penetrant

3. Developer

At first the surface of the material that is to be tested is cleaned by a liquid. The
liquid is called cleane. Then a liquid with high surface wetting characteristics is
applied to the surface of the part and allowed time to seep into surface breaking
defects. This liquid is called penetrant. After five or ten minutes the excess
penetrant is removed from the surface. Then another liquid is applied to pull the
trapped penetrant out the defect and spread it on the surface where it can be



seen. This liquid is called deveoper. After Dye Penetrant Testing there are surface
cracks are Detected.

Advantages of Dye Penetrant Testing:

1.This method has high sensitivity to small surface discontinuities.

2. Large areas and large volumes of parts/materials can be inspected rapidly and
at low cost.

3. Indications are produced directly on the surface of the part and constitute a
visual representation of the flaw.

4. Aerosol spray can make penetrant materials very portable.

5. Penetrant materials and associated equipments are relatively inexpensive.
Limitations of Dye Penetrant Testing:

1.0Only surface breaking defects can be detected.

2.Precleaning is critical since contaminants can mask defects.

3. The inspector must have direct access to the surface being inspected.
4. Surface finish and roughness can affect inspection sensitivity.

5. Post cleaning of acceptable parts or materials is required.

6. Chemical handling and proper disposal is required.

3.Magnetic Particle Testing:

This method is suitable for the detection of surface and near surface
discontinuities in magnetic material, mainly ferrite steel and iron. Magnetic
particle Testing (MPT) is a nondestructive testing method used for defect
detection. MPT is fast and relatively easy to apply, and material surface

preparation is not as critical as it is for some other NDT methods.

Basic Principle of MPT:

In the first figure the magnetized metal has no crack and there only two poles
that is north pole and south pole. And in second figure the magnetized metal has
a crack and at the crack point there creates another north and south pole for the



magnetic flux leakage.

Magnetic Flux Leakag Crack
Magnetic Flux Line agnehic Tlix Leakage y

Fig 1: Magnetized Metal with no crack Fig.2: Magnetized Metal with crack

Magnetic Particle Testing Process:

The first step in a magnetic particle testing is to magnetize the test component by
a MPT equipment. If there any defects on the surface or near to the surface are
present, the defects will create a leakage field. Then finely milled iron particles
coated with a dye pigment are applied to the specimen. These particles are
attracted to magnetic flux leakage fields and will cluster to form an indication
directly over the defects. This indication can be visually detected under proper
lighting conditions.

First the welding joint is magnetized by MPT equipment. Then finely

milled iron particles are applied to the magnetized weld joint. Iron particles make
a cluster at the welding joint for magnetic flux leakage because of welding
defects.

Advantages Magnetic Particle Testing:

1.1t does not need very stringent pre-cleaning operation.

2. Itis the best method for the detection of surface and near to the surface
cracks in ferromagnetic materials.

3. Fast and relatively simple NDT method.

4. Generally inexpensive.

5. Will work through thin coating.

6. Highly portable NDT method.

7. It is quicker.

Limitations of Magnetic Particle Testing



1.Material must be ferromagnetic.

2. Orientation and strength of magnetic field is critical.

3. Detects surface and near-to-surface discontinuities only.
4. Large currents sometimes require.

4.Ultrasonic Testing:

This technique is used for the detection of internal surface (particularly distant
surface) defects in sound conducting materials. In this method high frequency
sound waves are introduced into a material and they are reflected back from
surface and flaws. Reflected sound energy is displayed versus time, and inspector
can visualize a cross section of the specimen showing the depth of features.

Basic Principle of Ultrasonic Testing:

A typical UT system consists of several functional units, such as the pulses
/receiver, piezoelectric transducer, and display devices. A pulses /receiver is an
electronic device that can produce high voltage electrical pulses. Driven by the
pulses, the transducer generates high frequency ultrasonic energy. The sound
energy is introduced and propagates through the materials in the form of waves.
When there is a discontinuity (such as a crack) in the wave path, part of the
energy will be reflected back from the flaw surface. The reflected wave signal is
transformed into an electrical signal by the piezoelectric transducer and is
displayed on a screen. In the figure below, the reflected signal strength is
displayed versus the time from signal generation, when a echo was received.
Signal travel time can be directly related to the distance. From the signal,
information about the reflector location, size, orientation and other features can
sometimes be gained.
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Advantages of Ultrasonic Testing:

1.Thickness and lengths up to 30 ft can be tested.

2. Position, size and type of defect can be determined.
3. Instant test results.

4. Portable.

5. Capable of being fully automated.

6. Access to only one side necessary.

Limitations of Ultrasonic Testing:

1. The operator can decide whether the test piece is defective or not while the
test is in progress.

2.Considerable degree of skill necessary to obtain the fullest information from the
test.

3.Very thin sections can prove difficult.

5.Eddy Current Testing:

This method is widely used to detect surface flaws, to measure thin walls from
one surface only, to measure thin coatings and in some applications to measure
depth. This method is applicable to electrically conductive materials only. In

this method eddy currents are produced in the product by bringing it close to an
alternating current carrying coil. The main applications of the eddy current
technique are for the detection of surface or subsurface flaws, conductivity
measurement and coating thickness measurement.

Electromagnetic Induction

eEddy currents are created through a process called electromagnetic induction.
*When alternating current is applied to the conductor, such as copper wire, a
magnetic field develops in and around the conductor.

*This magnetic field expands as the alternating current rises to maximum and
collapses as the current is reduced to zero.

If another electrical conductor is brought into the proximity of this changing
magnetic field, the reverse effect will occur. Magnetic field cutting through the
second conductor will cause an “induced” current to flow in this second
conductor. Eddy currents are a form of induced currents!
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Crack Detection:

Magnetic Field
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Crack detection is one of the primary uses of eddy current inspection. Cracks
cause a disruption in the circular flow patterns of the eddy currents and weaken
their strength. This change in strength at the crack location can be detected.

Advantages of Eddy Current Testing:

1.Sensitive to small cracks and other defects

2.Detect surface and near surface defects

3.Inspection gives immediate results

4.Equipment is very portable

5.Method can be used for much more than flaw detection
6.Inspects complex shapes and sizes of conductive materials

Limitations of Eddy Current Testing:

1.0nly conductive materials can be inspected.
2.Surface must be accessible to the probe.
3.Skill and training required is more extensive than other techniques.



4.Surface finish and roughness may interfere.
5.Depth of penetration is limited.

Radiography Testing:

Radiography Testing (RT), or industrial radiography is a nondestructive testing
(NDT) method of inspecting materials for hidden flawsby using the ability of short
wavelength electromagnetic radiation (high energy photons) to penetrate various
materials. Radiographic Testing Method is nothing but to take the shadow picture
of an object onto a film by the passage of X-ray or Gamma ray through it. It is the
same as the medical radiography (X ray). Only difference in their wave length.

Radiography Testing Process:

The principles are the same for both X and Gamma radiography. In X-radiography
the penetrating power is determined by the number of volts applied to the X-Ray
tube - in steel approximately 1000 volts per inch thickness is necessary. To
produce an X or Gamma radiograph, the film package is placed close to the
surface of the subject. The source of radiation is positioned on the other side of
the subject some distance away, so that the radiation passes through the subject
and on to the film. After the exposure period the film is removed, processed,
dried, and then viewed by transmitted light on a special viewer. Various
radiographic and photographic accessories are necessary, including such items as
radiation monitors, film markers, image quality indicators, darkroom equipment,
etc. Where the last is concerned there are many degrees of sophistication,
including fully automatic processing units. These accessories are the same for
both X and Gamma radiography systems. Also required are such consumable
items as radiographic film and processing chemicals.
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Essential Elements for Radiography Testing

1. A source of penetrating radiation, such as an X-ray machine.

2. The object to be radiographed, such as a weldment.

3. A recording or viewing device, usually photographic (X-ray) film enclosed in a
light tight holder.

4. A qualified radiographer trained to produce a satisfactory exposure.

5. A person skilled in the interpretation of radiographs.

Radiation Safety

lonizing radiation is an extremely important NDT tool but it can pose a hazard to
human health. For this reason, special precautions must be observed when using
and working around ionizing radiation. Complicating matters further is the fact
that Gamma and X-ray radiation are not detectable by the human body. However,

the risks can be minimized when the radiation is handled and managed properly.

Advantages of Radiography Testing:

1.Information is presented pictorially.

2. A permanent record is provided which may be viewed at a time and place
distant from the test.

3.Useful for thin sections.

4.Sensitivity declared on each film suitable for any material.
Limitations of Radiography Testing:

1.Possible health hazard.

2. Need to direct the beam accurately for two-dimensional defects.
3. Film processing and viewing facilities are necessary

4. Not suitable for automation.

5. Not suitable for surface defects.

6. X-RAY FLUORESCENCE:

An X-ray fluorescence (XRF) spectrometer is an x-ray instrument used for routine,
relatively non-destructive chemical analyses of rocks, minerals, sediments and
fluids.It is typically used for bulk analyses of larger fractions of



geological materials. One of the most widely used methods due to its relative
ease, low cost of sample preparation and the stability and use of Xray
spectrometers. One of the best analytical techniques to perform elemental
analysis in all kinds of samples, no matter if liquids, solids or loose powders.
HISTORY OF XRF

e The history of XRF dates back all the way to 1895 when German physicist
Wilhelm Conrad Roentgen accidentally discovered X-rays while studying cathode
rays in high-voltage, gaseous discharge tube.

e However, the possible use of X-rays for analysis went unnoticed until 1913
when Henry Moseley established the specific relationship between the
wavelength of a characteristic X-ray photon and the atomic number of the excited
element.

e In 1925 X-rays were used for the first time to excite a sample, but the technique
was only made practical in 1940 and the first commercial XRF spectrometers were
produced in 1950.

FUNDAMENTAL PRICIPLES OF XRF

e XRF works on methods involving interactions between electron beams and x-
rays with samples.

e Made possible by the behavior of atoms when they interact with radiation.

e When materials are excited with high-energy, short wavelength radiation (e.g.,
X-rays), they can become ionized.

e If the energy of the radiation is sufficient to dislodge a tightly held inner
electron, the atom becomes unstable and an outer electron replaces the missing
inner electron.

e When this happens, energy is released due to the decreased binding energy of
the inner electron orbital compared with an outer one.

e The emitted radiation is of lower energy than the primary incident X-rays and is
termed fluorescent radiation.

* Because the energy of the emitted photon is characteristic of a transition
between specific electron orbitals in a particular element, the resulting
fluorescent X-rays can be used to detect the abundances of elements that are
present in the sample.



XRF - WORKING

e An XRF spectrometer works because if a sample is illuminated by an intense X-
ray beam, known as the incident beam, some of the energy is scattered, but some
is also absorbed within the sample in a manner that depends on its chemistry.

e The incident X-ray beam is typically produced from a Rh target, although W, Mo,
Cr and others can also be used, on the application.

e When x-ray hits sample, the sample emits x-rays along a spectrum of
wavelengths characteristic of the type of atoms present.

e If a sample has many elements present, the use of a Wavelength Dispersive
Spectrometer allows the separation of a complex emitted X-ray spectrum into
characteristic wavelengths for each element present.

e Various types of detectors used to measure intensity of emitted radiation.

e Examples of detectors used include the flow counter and the

scintillation detector.

* Flow counters measure long wavelength(>0.15nm) x-rays typical of elements
lighter than zinc.

e The scintillation detector is commonly used to analyze shorter wavelengths in
the X-ray spectrum(K spectra of element from Nb to I; L spectra of Th and U).

e The intensity of the energy measured by these detectors is proportional to the
abundance of the element in the sample.

* The exact value for each element is derived from standards from prior analyses
from other techniques.

X-ra i XRF Results
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APPLICATIONS XRF

X-Ray fluorescence is used in a wide range of applications,

including

e research in igneous, sedimentary, and metamorphic petrology

* soil surveys

* mining (e.g., measuring the grade of ore)

e cement production

e ceramic and glass manufacturing

e metallurgy (e.g., quality control)

e environmental studies (e.g., analyses of particulate matter on air filters)

e petroleum industry (e.g., sulfur content of crude oils and petroleum products)
» field analysis in geological and environmental studies (using portable, hand-held
XRF spectrometers) X-ray fluorescence is limited to analysis of

e relatively large samples, typically > 1 gram

e materials that can be prepared in powder form and effectively homogenized
e materials for which compositionally similar, well-characterized standards are
available

e materials containing high abundances of elements for which absorption and
fluorescence effects are reasonably well understood

STRENGTHS & LIMITATIONS OF XRF

Strengths

X-Ray fluorescence is particularly well-suited for investigations that

involve:

* bulk chemical analyses of major elements (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P) in
rock and sediment

e bulk chemical analyses of trace elements (>1 ppm; Ba, Ce, Co, Cr,Cu, Ga, La, Nb,
Ni, Rb, Sc, Sr, Rh, U, V, Y, Zr, Zn) in rock and sediment

LIMITATIONS

In theory the XRF has the ability to detect X-ray emission from virtually all
elements, depending on the wavelength and intensity of incident x-rays.
However...

e In practice, most commercially available instruments are very limited in their
ability to precisely and accurately measure the abundances of elements with Z<11



in most natural earth materials.

e XRF analyses cannot distinguish variations among isotopes of an element, so
these analyses are routinely done with other instruments.

e XRF analyses cannot distinguish ions of the same element in different valence
states, so these analyses of rocks and minerals are done with techniques such as
wet chemical analysis or Mossbauer spectroscopy.



Physics of Nanomaterials

Definition of Nanotechnology: “Nano Materials are the materials which have structure

components with size less than 100nm at least in one dimension”

“Nanotechnology is the understanding and control of matter at dimensions of roughly 1 to 100
nanometers, where unique phenomena enable novel applications. Encompassing nanoscale
science, engineering and technology, nanotechnology involves imaging, measuring, modeling,
and manipulating matter at this length scale.” At the nanoscale, the physical, chemical, and
biological properties of materials differ in fundamental and valuable ways from the properties of
individual atoms and molecules or bulk matter. Nanotechnology R&D is directed toward
understanding and creating improved materials, devices, and systems that exploit these new
properties.

Important:
1-Dimension : Thin films or surface coatings
2-Dimension : Nano Wires, Nano Tubes

3-Dimension : Nano Crystalline materials, Quantum Dots (Tiny Semiconducting Device)

Why the properties of nano particle are different from macroscopic particles ?

1. Surface to Volume Ratio : In the case of a spherical particle

Surface area = 4] [r?
Volume= (4/3) []r®
Surface area to VVolume Ratio = 3/r

“Lesser the radius , Greater the ratio”

Similarly in the case of cube we have

¢

sides = 3 sides =2 sides = 1
surface = 32 x 6 = 54 surface =2 x 6 = 24 surface = 11x6=6
volume = 3 = 27 volume =2*=3 volume = 1* = 1

surface/volume 22 surface/volume <3 surface/volume =6



2. Quantum confinement in nano particles

Nano technology an emerging technology which has gained fame in every field of life from an
excellent sunscreen to an electronic chip. This emerging technology has given excellent
properties to even those elements which at one time were thought of being useless. For example
Carbon is a non metal but when considered at the nano scale the carbon nano tubes are the best
conductors .But what is the enigma beyond size if this size can make a non conductor an
insulator what is the basic physics beyond it .Well the answer is simple and that is Quantum
confinement.

When atoms are isolated energy levels are discrete. When atoms are closely packed, the energy
levels splits and bands will be formed . Nano materials represents intermediate stage. When the
materials sufficiently small in size (<10 nm), Organization of energy levels into which electrons
can change. This phenomenon results from electrons and holes being squeezed into a dimension,
called exciton Bohr radius.

The quantum confinement effect is observed when the size of the particle is too small to
be comparable to the wavelength of the electron. To understand this effect we break the words
like quantum and confinement, the word confinement means to confine the motion of randomly
moving electron to restrict its motion in specific energy levels (discreteness) and quantum
reflects the atomic realm of particles. So as the size of a particle decrease till we a reach a nano
scale the decrease in confining dimension makes the energy levels discrete and this increases or
widens up the band gap and

ultimately the band gap energy also increases. Since the band gap and wavelength are
inversely related to each other the wavelength decrease with decrease in size and the proof is the
emission of blue radiation .Comparison of a bulk material and nano particle reveals that too from
the diagram the blue wavelength and the red wavelength
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Electrical, optical and magnetic properties of nano particles:

Various properties of the materials like electrical, optical and magnetic are sensitively
depend on the size of the matter. Thus the above properties greatly vary for a material in the bulk
size to the same material in nano size.

Electrical properties:
If the material has at least one of the dimensions of the order of nano metre then it is
called Quantum well. We know the energy of the particle inside the potential box is
n2h?
E= 8mlL?
Considering L = 1 cm, for electron the separation between the consecutive energy levels will be
of the order of 10"** eV which is quasi — continuous. In the case of L = 100 nm, the separation
between consecutive energy levels is around 10eV. Thus in nano scale range the energy levels
are discrete.
However, the change in electrical properties cannot be generalized. In nano ceramics and
magnetic nano composites, the electrical conductivity increases with the decrease in particle size
whereas in metals electrical conductivity decreases with the reduction in particle size.

Optical properties:

In some of the materials, energy is related to wavelength (colour). Therefore the optical
properties of the particle can be finely tuned depending on its size. Thus particles can be made to
emit or absorb specific wave lengths of light by merely controlling their size. Gold nano spheres
of 100 nm appear in Orange while 50 nm nano spheres appear in Green.

Magnetic properties:




The strength of a magnet is measured in terms of coercivity and saturation of
magnetization. These values increase, with the decrease in the grain size and an increase in the
specific surface area of the grain. Thus nano particles possess good magnetic properties.

Synthesis of Nanomaterials:

1). Physical Method
2). Chemical method

Physical Method:

Synthesis of Nanomaterials by Laser Ablation:

Since the discovery of laser decades ago, laser has been intensively used and studied for various
applications including laser ablation. Even though the first experimental paper about laser
ablation was reported as early as 1963, laser ablation was not employed for synthesizing
nanomaterials with the purpose for gas sensing until mid 1990s.

Laser ablation means the removal of material from a surface by means of laser irradiation. The
term “laser ablation” is used to emphasize the nonequilibrium vapor/plasma conditions created at
the surface by intense laser pulse, to distinguish from “laser evaporation,” which is heating and
evaporation of material in condition of thermodynamic equilibrium. A typical schematic diagram
of laser ablation is shown in the following figure. Briefly, there are two essential parts in the
laser ablation device, a pulsed laser (CO2 laser, Nd-YAG laser etc) and an ablation chamber. The
high power of the laser beam induces large light absorption on the surface of target, which makes
temperature of the absorbing material increase rapidly. As a result, the material on the surface of
target vaporizes into laser plume. In some cases, the vaporized materials condensate into cluster
and particle without any chemical reaction. In some other cases, the vaporized material reacts
with introduced reactants to form new materials. The condensed particle will be either deposited
on a substrate or collected through a filter system consisting of a glass fiber mesh. Then, the
collected nanoparticle can be coated on a substrate through drop-coating or screen-printing
process.
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BALL MILLING: Ball milling is a method of production of nano materials by the process of a
mechanical crushing. The mills are equipped with grinding media composed of wolfram carbide
or steel. Small balls inside a drum-like cavity are rotated at high speeds and by gravity actions,
they settle on a solid layer where they crushed into nanocrystals.

\y, ﬁgii f‘?

The following are the various types of ball mills:

1) Attrition ball mill
2) Planetary ball mill
3) Vibrating ball mill
4) Low and high energy ball mills

The significant advantage of this method is that it can be readily implemented
commercially. Ball milling can be used to make carbon nanotubes and boron nitride
nanotubes. It is a preferred method for preparing metal oxide nano crystals like Cerium
(Ce02) and Zinc Oxide (ZnO).

Chemical method:



Chemical VVapour Deposition Method:

1.The vapour of the heated precursor is carried into the reaction chamber by the carrier
gas (inert gases like Argon Neon).

2. The atoms in the vapour are relatively hotter when they enter into chamber.

3. They agglomerate around the relatively cooler atoms present in the reaction chamber
forming nano clusters.

4. Once the required size dusters are formed they are sent on to the scraper and collected
in particle collector.

5. In a different kind of arrangement, a substrate will be present in the reaction chamber
and the hot atoms in the vapour get accumulated on the substrate. They involve in a chemical
reaction either with the substrate or with a second kind of atoms taking the substrate as the
platform.Thus atoms will be deposited layer by layer and the substrate is taken out once the thin
film of required thickness is ready.
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Sol-Gel Method:

Colloid suspended in a liquid is called Sol. A suspension that keeps it shape is called Gel.
Steps Involved in Sol-Gel Method:

Step-1: Formation of different stable solutions of alkoxide or solvated metal

precursors.(a precursor is a compound that participates in the chemical reaction that produces

another compound)

Step 2: By Dehydration reaction ,we can form a Gel which results dramatic increase in viscosity
of the solution.

step 3: Drying the gel, when water and other volatile liquids are removed from gel network.



The resulting monolith is termed a ‘Xerogel’.

step 4: In Dehydration,the surface bound M-OH groups are removed by calcining at a
temparature upto 800° C.

Step-5: Densification and decomposition of Gels at high temparatures (T>800° C).The pores of
Gel network will collapse.
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Carbon nanotubes (CNTSs):

Carbon nanotubes (CNTS) are allotropes of carbon with a cylindrical nanostructure. Nanotubes
have been constructed with length-to-diameter ratio of up to 132,000,000:1, significantly larger
than for any other material. These cylindrical carbon molecules have unusual properties, which
are valuable for nanotechnology, electronics, optics and other fields of materials science and
technology. In particular, owing to their extraordinary thermal conductivity and mechanical
and electrical properties, carbon nanotubes find applications as additives to various structural
materials.

Nanotubes are members of the fullerene structural family. Their name is derived from their long,
hollow structure with the walls formed by one-atom-thick sheets of carbon, called graphene.
These sheets are rolled at specific and discrete (“chiral™) angles, and the combination of the
rolling angle and radius decides the nanotube properties; for example, whether the individual
nanotube shell is a metal or semiconductor. Nanotubes are categorized assingle-walled
nanotubes (SWNTs) and multi-walled nanotubes (MWNTS).


https://en.wikipedia.org/wiki/Chirality

Most single-walled nanotubes (SWNTSs) have a diameter of close to 1 nanometer, and can be
many millions of times longer. The structure of a SWNT can be conceptualized by wrapping a
one-atom-thick layer of graphite called graphene into a seamless cylinder. SWNTSs are an
important variety of carbon nanotube because most of their properties change significantly. In
particular, their band gap can vary from zero to about 2 eV and their electrical conductivity can
show metallic or semiconducting behavior. Single-walled nanotubes are likely candidates for
miniaturizing electronics. The most basic building block of these systems is the electric wire, and
SWNTSs with diameters of an order of a nanometer can be excellent conductors.

Multi-walled nanotubes (MWNTS) consist of multiple rolled layers (concentric tubes) of
graphene. There are two models that can be used to describe the structures of multi-walled
nanotubes. The interlayer distance in multi-walled nanotubes is close to the distance between
graphene layers in graphite, approximately 3.4 A.

Carbon Nanotubes Properties and Applications

There are numerous carbon nanotubes applications which take full advantage of CNTs unique
properties of aspect ratio, mechanical strength, electrical and thermal conductivity. We’ve
compiled the list below for you.

Properties:

CNTs have High Electrical Conductivity

CNTs have Very High Tensile Strength

CNTs are Highly Flexible- can be bent considerably without damage
CNTs are Very Elastic ~18% elongation to failure

CNTs have High Thermal Conductivity

CNTs have a Low Thermal Expansion Coefficient

CNTs are Good Electron Field Emitters

CNTs Aspect Ratio

Applications:
CNTs Thermal Conductivity
CNTs Field Emission
CNTs Conductive Properties
CNTs Energy Storage
CNTs Conductive Adhesive
Molecular Electronics based on CNTs
CNTs Thermal Materials
CNTs Structural Applications
CNTs Fibers & Fabrics
CNTs Catalyst Supports
CNTs Biomedical Applications
CNTs Air & Water Filtration


https://en.wikipedia.org/wiki/Band_gap
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Electrical%20Conductivity
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Strength%20and%20Elasticity
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Strength%20and%20Elasticity
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Strength%20and%20Elasticity
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Thermal%20Conductivity%20and%20Expansion
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Thermal%20Conductivity%20and%20Expansion
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Field%20Emission
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Thermal%20Conductivity
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Field%20Emission%20Applications
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Conductive%20Plastics
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Energy%20Storage
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Conductive%20Adhesives%20and%20Connectors
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Molecular%20Electronics
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Molecular%20Electronics
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Thermal%20Materials
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Structural%20Composites
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Fibers%20and%20Fabrics
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNT%20Catalyst%20Supports
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Biomedical%20Applications
https://www.cheaptubes.com/carbon-nanotubes-applications/#CNTs%20Air%20and%20Water%20Filtration

e Other CNT Applications


https://www.cheaptubes.com/carbon-nanotubes-applications/#Other%20CNT%20Applications
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