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Case (i) If T is +ve

N, = Ne¥ve
For example VTN j
1f N, ='S. and if (EE)K,T ~2
= B »

%

Then, - N

54| Since 36.9 > 5
Case (i) If T is -ve N =N
For example A
. If N, =5 and if (E,-E,)/K,T =2
, = 5. ‘

N
N, = 0.6766

N Since 5 >0.6766
is show:
I 0? ;k‘\;\:ntht? number of atoms in excited state can be made m
s in the ground state only under negative temperat e
ure.

But, the negati i
gative temperature is practically not possible. Therefore

papulation inversion can be achieved by some other artificial process k 10Wn as
p n

: The medium in which the opulation inversion tak
Active medium: 1 P es

Active centre: ;

re: The material in whi B

state . . : & ich the atoms dre rai .

to achieve population inversion is called as active centre iiedto excied

2.8

PUMPING. METHODS

-Pumping: The process isi
L g+ Tt of raising more number of atom. i
by artificial means is called as pumping process. ! ¢ fo exclied staie

There are ‘several method ic

; s by which the population irfversi i
can ] ifversio

| b'c achieved. Some of the most commonly used methods are " (pumping)
i:)) Optical pumping

) Direct electron excitation (Electric discharge)
(¢)  Inelastic atom-atom collision. ’
(d)  Direct conversion
(e)  Chemical process !
(a) Optical pumping: Here the atoms arc excited wi
I‘J}?:IO}:\S emitted by.an external optical source. The atoms abso:l‘)he:\:crghe,fl:oor
he photons and raises to excited state. (e.g) Ruby Laser, Nd-YAG L:{ser "

Lasers &

W

(b) Direct electron excitation: The electrons are accelerated to
very high velocities by strong clectric ficld and they collide with gas atoms and
these atoms are raised 10 excited state (e.g.) Gaseous ion lasers (argon laser),
Helium-Neon (He-Ne) laser, CO, Laser etc.

() Inelastic atom-atom collision: In this method a combination

of two types of gases are used, say A'and B, both having same (or) nearly
coinciding excited states A* and B*. .

During electric discharge ‘A’ atoms get excited due to collision with
electrons. The excited A* atoms now collide with ‘B’ atoms so that B goes to
excited state B* (e.g) Helium-Neon laser, CO, laser

(d) Direct conversion: Due to electrical energy applied in direct
band gap semiconductor like GaAs etc., the combination of electrons and holes
takes place and electrical energy is converted into light energy directly.
(e.g) Sem_iconduclor laser.

(e) Chemical method: Due to some chemical reactions, the atoms
may be raised to_excited state. (e.g) Dye laser.

2.9 OPTICAL RESONATOR

The optical resonator constitutes an active medium kept inbetween a 100%
reflecting mirror and a partially reflecting mirror as shown in fig. 2.6.

This optical resonator acts as a feed back system in amplifying the light
emitted from the-active medium, by making it to undergo multiple reflections
between the 100% mirror and the partial mirror. Here the light bounces back
and forth between the two mirrors and hence the intensity of the ‘light is increased
enormously. Finally the intense, amplified beam called LASER is
allowed to come out through the partial mirror as shown in fig.2.6.
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Gas Lasers

2.10 FLOW CHART FOR LASER ACTION I an ples: €O, lascr, He-Ne laser.

Exam ’
The flow chart for the aser | conductor laser ) 0 i

action is as shown in fig. 2.7, Iniially - As (Gallium Arsenide 133¢
by some means of pumping process Example: G
atoms in the active medjum are allowed
1o go from ground state o excited state

and hence the population inversion is
achieved.

(v) Llquid lasers ohal.

. E jun
sxample: Europt
ol hemical lasers

i red in alc
1 benzoyl acetonate dissolved in

() Dye loser and €

. Cf
At this stage a spontaneously Aluminium Sanaet!
emitted photon, so called stimulating

Nd-YAG6 [Neodymlum-Yffrlum

s g g 2.12

photon .|nc1dcnt on the LXCII'C‘q atoms in LASER Nd-YAG laser
the active medium and initiates the Stimulat; Characteristics of

stimulated emission. phou

id state laser]
- - Doped insulator laser [Solid s

s i - Yurium Aluminium Garnet [Y,ALO,,]

Ac{ivc ‘::‘:1(‘;"‘ - Neodymium ('Nd" ions]

Acuxv?ng method - Optical pumping

o P_ ource - Xenon flash lamp o
-..Pumping source Ends of the rods polished wit tall
Opsioe Resonaset and two mirrors, onc of them is totally

The light emitted due to
stimulated emission, stimulates more
number of atoms in the active medium
1o come from the excited state to the
ground state and hence more number of
photons are emitted from the active
medium. Thus amplification of light

reflecting and the other is partially
begins. reflecting.
' 3
( This amplified light travels back Power output . 2 x 10* watts
and forth between the 100% mirror and - ture of output - Pulsed
the partial mirror in the optical resonator Natu o mdiiea e 1.064 pm.
and hence “an intense amplified beam of Wavelength e

light, so called LASER is emitted . ins lalor—];\sct. It is a four
' A ] A is a doped insu

through the partial mirror. Introducf::]n;h:l:;(\i’v/\ccmﬁsm is taken in the form of a crystal. Here

i

type of lasers has
ts growth. Those type rate high

level system in Whi

= . during i .
al is intensionally doped ) used _to gene!

211 TYPES OF LASERS ::ﬁn(t:)::)ll's:; éncrgy levels with same energy. The laser is
Lasers are classified into five major categories based on the type of ' power intensity.

“Doped Insulator Laser™ refers to the active medium,
active medium.

inciple: The term : 3+, ymium ion has
Prm?lPle arnet doped with neodymium Né The 20:13 sty
i id yttrium aluminiun g ical pumping these ions are rais of
® Solid state laser : many energy levels. Due to optical p! ble state to E, state, the laser beam
38 classified into two ypes . During the transition jrom. metastable ¢
i pend St | R e e
¢ a e =) 2
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Construction: The acti i

o : ctive medium is made

alumi et [Y i i

NdB#m“'];ln, gr::;;l .[\3 Als O,,] doped with a rare earth metal ion neodymium
]evels. for'boy_h m;on;i irrllon'rllallyﬁ\:cupi:s the yttrium jons and provides the energy
4 L ) g transitions and pumping. This rod i ced inside

highly reflecting elliptical cavity as shown in ﬁpg.Zg.S. 00 s placed inside 2

as a rod which has yttrium

A close optical coupling is made by placing the xenon fla
by the laser rod, in such a way that most of the rfdiation from tls12 lﬂa:sl'l: :Lelj;
pas-ses through the laser rod due to the elliptical cavity. The flash tube n.m' be
swud?ed (?N 2nd controlled with the help of a capacitor. The discharg; of
capacitor is initiated using 2 high voltage source.

Encrgy (¢V) —_—

Ny
£,EE—> Various energy kevessof ng"
E,—> Mota stable siate
EQ—)(;vrw\d stats energy level
Fig. 2.9
Jevels the ions make nommdiat%\'e d
called as meta stable state, until the

ecay and is
population

3. From these energy
gathered in a state
inversion is achieved. )

4. Once the population inversion is achieved,
builds up rapidly.

5. Hence, pulsed fo

the stimulated emission

m of laser beam of V'avelcngih»»u}é-i»_#mjs.. L
i i itl E, (lower)-
itted during the transition from }.3‘ o0 E, ) ,

A " of heat is produced by the flash wbe during the

large amount of ! 2 - 2o
5.2 ' 6. ::mk_i ¢. Hence cooling arrangement is made either by ‘blowing air

(or) circulating water over the crystal.

The optical .resonator is formed by grinding the ends of the rods and -

coated with silver accompanied by two mirrors, one is 100% reflecting and the Applications of Nd-YAG Laser

other is partially reflecting which-is included to increase the efficiency of the Tolis et wransmitting signals 10 2 longer distances.
ouput beam. It is used in long haul communication system.
Working

1.

3 i lications.
3. Itisalso used in the endoscopic 2pP ica =
4' s a vital role in remote sensing applications.

1. -The xenon flash lamp is switched ON and the light'is allowed to fall

1t play:
on the laser rod. >

2. The intense white light excites the neodymium (Nd*) ions from the .
gruuhd state to various energy levels above E,. Hence the atoms are
raised to group of higher levels in E; as illustrated in the energy
level diagram fig.2.9. . T
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1 UM - NEON LASER
Characteristics of He-Ne LASER
Type : Gas laser

Activi i i
¢ medium Mixture of Helium and Neon in the

) ratio 10:1
Active centre : Neon

Pumping method
Optical Resonator
Power output 0.5 - 50 mW

.
l\':uurc of output Continuous waveform
Wavelength : 6328A

Electrical pumping
Pair of concave mirrors

He-Ne lfsr:r?f‘;‘ji::on;d—rplf laser is discovered by AliJavan an USA scientist
coRSrerce. hiaher di:::' mlof ;eumg_a continuous laser beam. Light with higl;
it. But lh" oS - tonality and hxgh:r mono-chromacity can be obtained fi

2 output power is generally in the order of few milliwats rom

Principle: Thi. i i
e Lafl:[-izufp [::ﬂ is based on the principle of stimulated emission,
rodu 1 nedium of gas. Here, the population inversion is udu’em}

due to the interacti
he in ion benween the Dwi hi L
o d 0 gases which have closer higher energy

ol Coagdsfru?llo:\ l_t censisu_ of a gas discharge tube, which is made u
Y and_am\, Em;,h with the mixture of helium under a pressure of Imm ;;
Neon 2r the pressure of 0.Imm of Hg. The ratio of the Hc-rgc

mixture is 10:1 (i.e) the i
oy number of He atoms is greater than the number of Ne

The electrodes at the ends of the discharge tube are connected to the

radio frequaicy oscillator to prod ical di i
opedli produce electrical discharge in the He-Ne mixture

LaSER

\100'. Reflester

Rodo Freg Osaillazor Patual
reficcrer

Fig. 2.10 He-Ne Laser

Lasers

/
The end faces of

are called as
reflecting the

reflecting concave mi
wbe respectivelys whick

Working
1.

8.

Deignation gren

’—'-’;’-’/;/"

be are tilted 3t the brewster :m;le and
4 1o produce plane polarized light py
A fully reflecting and partial
discharge

the discharge U
indows. It is us¢

olarized light.
g fcfl and right ends of the

Brewster W
pcrpcndlcula
rirror is placed at the :
) acts as a resonant cavity.

By electrical discharge in 2 B3S tube, the ground state helium

atoms are excited to higher energy levels.

The excitation occurs due to the collision of discharged electrons

with helium atoms.

ted helium atoms collide inelastically with the neon

The exci .
level as that of the helium energy

atoms which have close energy
level.

Therefore the Helium atom delivers its energy to Neon atoms
by the process known as resonant collision ensrgy transfer.

This resonant energy lransf.er takes place because the
corresponding energy levels of he_)i_\;r_x}__(l}_{ and 2s%) are almost
closer to the Neon energy levels (2s and 3s). T

The-probabil'\ly of energy transfer from Neon to He decreases
because of high pressere in He than Ne and also because of its

density in the mixture.

Thus some of the He atoms are de-excited and come back to
ground state.

The excited states of neon are shown by energy bands.

suhuasgines [ | 2 SRE SL!
ik 2p’35\2p~4s‘ 2935 | 2030 ‘Zp’\ﬂ

9. 'We have two sets of sub levels (3s and 2s) and (2p and 3p)

between these levels three predominant laser transition takes place
as shown in fig.2.11.
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Fig. 2.11 Energy Level Diagram

First resi i i
onant energy transfer is made from 2s'

emission takes place between 3s and 2

10 3s and stimulated
wavelength of radiation.

P. emitting 6328A

(A.\ole: S.ince 3s to 2p has higher energy difference, the laser
light emitted is of lower wavelength).

Sl'u.nulal.cd emission between' 3s to 3p gives 3.39 um (33912A
which lies in infra red region) of radiation.

Sm_nulned emission between 2s to 2p gives 1.15 um (11523 A
which also lies in infra red IR region) of radiation.

The atoms undergo transition from 2p to Is giving photons by
Spontancous emission.

The transition from 1s to ground level takes place by nonradiative
process. .

Since the electron density in 3s and 2s levels of Neon is always
greater than the other levels of Neon. We get continuous laser
output of wave length 6328A with few milliwatt power.

ALITER - He-Ne Laser energy level diagram

An alternate energy level diagram for He-Ne laser is as shown in fig.2.12.

A - ’ ~ Q..

1A

00, A A C‘..Q,mmm.ﬁ(}) DO mir

g

mscrx ! ; 3

2.19 [

(H) Migher Energy Level
>

E:
-
Excitedatoms 7 Laser outpet by
" Resonance Energy 3 Susducd Emsion
s Transfer
/ — E
/ 1
” . Prears fom
,I—— He atoms retum ¥
{j toground state after — E
I\’ exciting Ne atoms ¥
II Non Radarne
’ transton
d (G) Ground Sute
Helum "Neca E:

Where

Applications of He-Ne Laser
1.
2.
3.

Fig. 2.12 He-Ne Laser Energy Level Diagram
G - Ground state of He (Is°)
H - Excited state of He 2s°, 2s'
E, - Sublevel of Ne (3s) [2p’5s). 2s[2p’4s]
E,- Sublevel of Ne (3p) [2p°4p). 2p(2p’3p)
E, - Sublevel of Ne (1s) [2p’3s]
E, - Ground state of Ne [2p*]

Because of its high power it is used in open air communications
It is used to produce holograms (3D pho(ognphs).
It is used in determining the size of tiny particles.

Type
Active medium

Active centre
Pumping method
Optical Resonator

Power output
Nature of output

Wavelength of the output @

2.14 CARBON-DI-OXIDE [CO;] LASER

“ Choracteristics of CO, Laser ‘-/

Molecular Gas Laser

Mixture of CO,, N, and Helium (or)
Water vapour

co,

Electric discharge method

Metallic mirror of gold (or) =
silicon mirrors coated with aluminium
10 KW

Continuous (or) pulsed

9.6 ym & 10.6 ym

(96000A & 106000A)
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S
— I‘t‘tmdt‘.xcjiﬁn: An Indian Engineer ¢.K.N Pyl designed the CO, laser,
"¢ KW in the case of atoms, clectrons can be cxci&mmv ¢ levels
The distribution of electrons in the shells and sub-shells define the L‘i‘ i
state of the molecule (eg. He-Ne laser). ¢ cletionie

Besides these electronic energy levels,
the molecule can have other enerpy levels also
duc to rotation and vibration of the molecule
(COy) they give rise to various rotational and
vibrational energy levels, as shown-in fig.2.13.

Energy
Where, )

EE, - Electronic energy levels

vy - Vibrational energy levels

——08

vi=0
j» J' - Rotational energy levels. !
iR &y Fig. 2.13
Principle: The transition between thes
levels lea o_the

as_laser. Here the Nilrogc;)
atoms are initially raised to excited state. The nitrogen atoms delivers the
energy to CO, atoms which has closest energy level to it. Then, transition takes
place between the vibrational energy levels of the CO, atoms and hence laser
beam is_emitted.

¢ yibrgtional and rotational enexgy
construction of molecular

The molecular gas laser can have two types of transitions

()

Transition between vibrational states of the same electronic state
(fig.2.14).

(ii) Transition between vibration levels of different electronic state
(fig.2.15). :

V=2
V=l

Fig. 2.14

Fig. 2.15

l‘

NOTE : No need fo writé the introdtiction and to draw these figures, if CO,

"'LASER is asked for 8 marks. |

iti [ ere nsition
Jaser of satisfics the first condition (i.c.) here llhc Il;::r trar
o " . the same electronic state.
en vibrati energy levels of th
occurs between vibrational Ly ' e s —
Fundamental modes of vibration o €O
There are three fundamental modes of vibration.
1 Symmetric stretching mode (10°0)
2. Bending mode (01°0, 02°0)
3 l\symmclric stretching mode (00°1, 0072)
i) Symmetric stretching mode (10°0)
i i and
Here the carbon atom is stationary
the oxygen atoms oscillate (or) V\b.m\c along o C - ?dc
the alx'\s of the molecule as shown in ﬁg.‘l._\ﬁ (1ySymmetric m
(sim\;hnncously it approaches (or) departs with
respect 1o the carbon atom). The state of

b Fig. 2.16

i inte 'q) here

vibration is given by 3 integers Smnq i

(10°0), which corresponds to the degree of ol

excitation. /

i) Bending mode (01°0, 02°0) . o
Here the atoms will not be linear, \ o

rather the atoms will vibrate pgrper.\d'\cular
{0 the molecular axis as shown in Fig 2.17.
This gives rise to two quanta of frequency
represented by (01°0, 02°0).

(2)Bending mode

iii) Asymmetric stretching mode-(00°1, 00°2)
Here all the three atoms will v}brale.

Here the oxygen atoms vibrate in l.he

opposite direction to the vibration c!u-echon o ¢ o

of carbon atom as shawn in Fig.2.18,

(3)Asymmetric mode
which gives the quanta of frequency
(00°1 and 00°2)

Fig.2.18
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Construction
o

It consists 01; a di X

- ischarge tube i i )

and helium i X ube in which CO, is ith i

niioRe andgj;:,s };vuh lhelr.pressurc level of 0.3%-1 2[2,le°lr11‘ r_:k?nrg with nitrogen

atoms in the upper (l:e\];zfp;;tggy' Nitrogen helps 0 in;:réésc it(i)e L?bur;?; COZ;’

th 5, while helium h - lon o
e lower level of CO, and also to cool the disc:;l:gsct:u;)ﬁpopulaw Aickggms

The discharge i
Sodium chloridelBre%\c:szl:I P;?:élgfvd by D.IC. excitation. At the ends of the tube
silicon mirrors coa . SOWS arg placed as shown in fig. 2.19
F—— r;ﬂe‘;’:::d ;Vr:;:hf\flummmm (or) metallic mirror ofggold is e?no;::g;iadl
i . ' orm the resonant i
increased by increasing the diameter of the ur:b:avny. The output power can be

To Vaccum Pump

PARTIAL MIRROR

Brewsier NiCl

P
VT Window

Fig. 2.19 CO, Laser

Working

1)  The discharge is passed through th i
g gh the tube first, the Nitroge
are raised to excited state gen oms

e +N, = N*

GV ﬁ%al)r'm SUJWM; P

g

i et

3)

4)

5)

6)

The excited N, atoms undergo resonant energy transfer with CO,
atom and raises CO0,(00°1) to excited state due to closer encrgy

level of CO, (00°1) and Nitrogen.

;i
|
|

N,*+CO, - CO*+N,

When transition takes place between 00°1 to 10°0, laser of
wavelength 10.61m is emitted as shown'in fig.2.20.
between 00°1 and 02°0

Similarly, when transition takes place
d as shown in fig.2.20.

laser beam of wavelength 9.6t m is emitte

Since 00°1 — 10°0 has a higher gain than 00°1 —» 02°0 transition,
usually the laser beam of wavelength 10.6pm is produced more.

When the gas flow is longitudinal power output is 50 to 60 watls
but if the gas flow is perpendicular to the discharge tube the
output power may be raised to 10 kilowatt/m.

Asymmaric

Symmetric  Bonding

Fig. 2.20 Energ) Level Diagram
The interactive anima y

7) This type of CO, laser is known as TEA laser (Transversely
Excited Atmospheric Pressure Laser).. ~

can be
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8)  The contamination of carbon monoxide and oxygen will also have

some effect on the laser action. To avoid this the unused gases

can be pumped out and fresh CO, must be pumped inside the
discharge tube.

Applications of Coaﬁajgr__

e _.'_ . ground. state energy-level. s :

HOTE Tne upper enefg} Ievei of Heﬁum canne! be seen in tha
enetgy iewzl diagram bew::se it ocours »ely far from the -

1. This laser has applications in medical field such as neurosurgery, |
microsurgery, treatment of liver, lungs and also in bloodless
operations.

.I\-J

It is widely used in open air communication.

This laser also have wide applications over military field.
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2,20 HOLOGRAPHY (-v}{/‘-( h RILE,

The wand “Hoelogrmphin ™ as derivad o a ek wond, Inpreek Holos?
means whole' and erakein means "o wiite’, i other way we can say ‘graphy”’
means Crecording’, Therefore Nolopraphy  means reconding the complete
information about an objeet i a holographic plae photographie plate). ]

We know, in 2kofography 0 we want 1o take photograph, we have to
Hlaminate the Haht over the ohjeet, Then the Tiaht veflectad fome tha objet has
@ be focussad onto e phatoaphic il with the help of 2 lens system i the
camera, Thin mives vise o awal mage of the objeet i the o of & neRuive,
Thus, after washing and developing the peRative, W will st a ddinenstonal
inaae of the objeet,

Y A - ALY S Py N )
;'\‘3:?:2- ne, }{"\‘\(\ W A O

Holograpky &y similar 10 iy & 1 {
Admensiomal e QF an e asing @ hawer haam, Ihatan
Folognint, I iz Rologram we can s e fong, Side and wop o
‘ < o) JD- s, |

e obiavt, shnilar 1 what we s nvidan fane

-
i

Y aw g oM
. ~ .
OIS B QNI W “

LAY i\\ﬁi\\\\ﬁ ot
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Types of holographic techniques
There are different holographic techniques by which we can make
holograms. They are

() Optical holography.

(i) Acoustical holography.

(i) X-ray holography.

(iv) Microwave - holography.

(v)  Double expanded holography.

(vi) Real time holography.

(vii) Time average holography.

Let us discuss the construction and seconstruction of a hologram by
optical holography using laser beam.

Construction of Hologram

Principle Two bearms, onc from the object (object beam) and the
other from the laser source (reference beam) are super inposed on a kolograpkic
plaze to form an image called hologram.

Working

A monochromatic source of Laser is made to fall on a beam splitter
(B) with the help of a condensing lens (C). The beam splitter splits the incident
beam into two beams viz, (i) Reference beam (R) and (ii) Object beam (0) as
shown in fig.2.27.

) The reference beam will
directly fall on a holographic plate
(Photographic Plate) and the object
beam after gets scattered by the object
will fall on the holographic plate.

holographic
plate
Therefore the two beams

i.c., the reference beam and the object
beam will interfere with each other and
the interference pattern is recorded on
the holographic plate. This on
developing and processing we get a Object,
hologram. figHa2]

o The Interactive animation of this
concept can be viewed (n the CD.

["n SEry

—

S

s ) wing precautionary
During the construction of & hologeam, e following F

measures has to b
(i) The distance travelled by the
should be almost equal.

e taken. -
¢ refererne beam and the object beam

(i) Ratio of light intcnsity between the refesence beam and object beam
should be 3:1.

(iii) Total darkness should be maintaine
plate.

(iv) The total setup has to be kc;?l ina ubr_.\ : e
vibrations due to the natural seismic vibrations of the Earth.

d, while losding the holographic

cion less table, to averd

Reconstruction of a Hologram

Principle

A beam of light (reading beamn) having the serme wavelength ":.t that of
the reference beam used for constructing the kologram, &5 rie 1o Jall over the
hologram. This beam is diffracted by the holograrn. which trourm pives  nise 1o

a 3-dimensional image in the field of view.

Working

During the reconstruction process, the object is first removed and the
Jaser beam is switched ON. The laser light (reference-beam) will pow act as a
reading beam (Rpy). This reading beam is made to fall on the hologram as shown
in fig.2.28.

Now, due to diffraction the observer can clearly see 2 3-dimensional
image through the hologram. Here, the image appears as if the object is really
present. Therefore, the observer can move his head side wise or an just change
the position of the eye ball, so that he can enjoy the full view of the image.
Hence the hologram is reconstructed.
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Applications of holography
= 1) They are used in the production of photographic masks. . i
2) Holography can be used in non-destructive testing. . |
e 3) Itisused inthe identification of finger prints. i
! 4) Itisalso used in data processing, optical signal processing etc. )
~ ul
{ 5
Observer ! ‘i’%
’— 2.21 DIFFERENCES BETWEEN A PHOTOGRAPHY & HOLOGRAPHY b
S M 2A9- i
i \2: -
! =
! Photography is a 2-Dimensional HO“’SF“P“Y is a 3-Dimensional
'-} recording process. recording process.
1 Ordinary light can be used for | Only Laser beam should be used
; recording. for recording (or) constructing a
{ hologram.
: It is based on lens systems. It is a lensless system.
Precautions ! Amplitude alone can be recorded. Both L{\:‘Pm“de and Phase can be
i recorded.
The following precautionary measure f i 1 . s i .
reconstruction of a hologe ary measures are followed during the Image is recorded totally. Image is recorded bit by bit.
gram. ! 0
" N Image has poor resolution. Image has very high resolution.
(i) The object should be Y e .
) ]] . be removed carefully. To get the positive of the image it | Since we can directly view the
(ii) The reading beam should have same wavelength as that of the needs printing. positive through the hologram
reference beam. there is no need of printing.
(iii) Hologram should not be disturbed. No need of vibration less table Needs a vibration less table.
NOTE + Wiiile reconstriicting
t
‘souices like: sodium E
.. conditlon that ft should have sam wavalength {
Creference beam uséd for-construct g the hologram. |
i
- 3 é
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Scanned with CamScanner



i =

N e

™ e g 4
e~ 3

Dr.G.
M.sérg Mugam

. B.Eg,
M::sfam Pfofcssr:cr, él%n‘g:g?gsph'oq
Bunrch Canijg.g |
ng_lh Vallankanal Ang §, .Suf‘é:c:epchzf‘c’
anjavur. 7 (" - 97519536881690

360 = T H mawmon

CHAPTER 3

Laser

3.1, INTRODUCTION

Laser, Laser, Laser—the word is uttered even by children now-a days. The word is

lready accepted as a real word having verb form “to lase'@j:tually the word Laser is an -

acronym for “Light Amplification by Stimulated Emission o
mg a definite information” C‘T'"I 2M- l

o of laser in 1960, the initial statement from some workers was that
laser was a solution in search of a problem or at best it could be used for solving trivial problems.
lut after years of rescarch and development, diverse applications of laser in the fields such as
manufacturing industry, defense system, scientific and medical applications, communication
and information processing, entertainment, meterology, sensor, optical switching and thousands
of other areas have been found. The main properties of laser as compared to conventional light
sources, are its intensity, directionality, monochromatism and coherence. A particular
application of laser, therefore, utilizes one or more of these unique properties. In several
applications its use has improved the speed and efficiency of the earlier methods while in
others, it presents the only solution. Table 3.1 illustrates a short history of Laser, mentioning
year, achievement and related achiever. :

Table 3.1 Short History of LASER

Radiation”. Each word is carry-

After the appeara

N

T

Achicvement

Achiever

Thenretically proved the existence of a
process termed as stimulated emission

Albert Einstein ~—

Invented MASER using stimulated emis-
sion process .

Charles H. Townes, J.P. Gordon & H.J.
Zeiger (USA), Nikolay Basov and
Aleksandr Porkhorov (USSR)

Proposed to extend Maser concept to
optical {requencies

Charles Townes and A11hu;' Schawlow

/1960

First optical LASER : Ruby crystal
energy source: Flash Lamp

' =

Theodore H. Maiman

A961

First Gas Laser : He-Ne

~

All Javan et al.
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68 . OPTICAL FIBRES AND LASER
Year Achievement Achiever ]
o0 Neodymium Laser Johnson and Nassau
<1962 First Semiconductor Laser Robert N. Hall
~1963 CO, Laser Kumar Patel
~1964 First Ion Laser : Argon Ton Laser William B. Bridges
AE)GG First tunable Laser : Organic Dye Sorokin and J.R. Lankard
~1970 First UV Laser (Molecular Hydrogen) Hodgson Waynant
1976 First rare-gas halide excimer laser Ewing et al.
(Xenon Fluoride)
4)75 First quantum well laser (GaAs Semicon- | Ziel et al.
ductor)
A976 First free-electron laser John M.J. Madey ct al.
/1979 First broadly tunable laser Walling et al.
. (Alexandrite laser)
/{985 First soft X-ray laser (Highly ionised Se | D.L. Matthews ct al.
plasma)

This chapter includes short information about the nature of laser and its principle, dif-

ferent types of laser and citation of a few of the thousands of applications for lasers. Lastly but

not the least , it is appropriate to mention about the hazards of careless use of lasers.

3.2. LASER NATURE AND BRIGHTNESS

The enormous growth of laser technology has stimulated a broad range of sclicnlilic and i
engineering applications that exploit some of the unique properties of !aser light. These !
rived from the distinctive way laser light is produced in contrast to the i

roperties are de r | ' .
Zen::r'ltion of ordinary light. For example, in an ordinary sodium vapour lamp the atoms

S tancously emit photons (i.e., light) at irregular times in random direc%iuns. "I"huru, wave
:‘ponnta are p;'oduced in ‘packets’, by randomly born photons with unrelated births. The result is
o 5 ! . P . .
a non-synchronised light emission resulting in isotropic illumina
broad spectrum.

Lasers are often terme oc!
light. The parameters i.e., Monochromaticity,

of laser source are as follows:
e Monochromaticity : Monochromatic means same

Coherence, Directionality, and. High Intensity

equency or wavelength. The

i =7
Wwavelength width of the laser emission is generally confined in the range of 10= to ,

er to a poor quality laser, whereas, in thermal sources

-2 igh quality stable las 0
Afor bigh quality rof 108 A (1A =108 cm).

Jwavelength spread is of the orde

tion of incoherent light over a 4

d as monochromatic, coherent and collimated sources of |

e

8

LASER
v lieht menoclronratic but aiso i3 constituent photaoy |
o et ¥ i

tobe Tho
abicrend chatrster (o the bases ishh. Yo Y

- s e phise LI
arve b ol the e phasd t . R
' X' ) 1 1l Loigehit Lotz 8 diode s LS 7 equipped witlan optreal (ifter, may wefi
prodduced by an Ligghit Lo
but net cohe

o Uohercnee Mot

1 The colierence of laser is due to ity

¢ owenvelvone ariaang " fraction limited vperation. The special
v hole area of the wavelront. Fig. 3.1 illustrates the incoherent
N

uniplu

cobierence «
are ol Tezhe

1t ight having no phase relatonship

nreni nght trom laser source

col the collimated properties of laser, it can travel

n
over Ly dispersed. The Luser essentially sends out plane
waves in i stent governed by the diffeaction at the mirror ends
of the souree. For example, HeNe laser has a beam diser angle in the order of
06" e milh radion

o lligh Intensit teemnely bright an compavisen t more conventional

sources. The emission o ton trom typieal Tisers range over 2010 photonses,
o

i
whereas, thermal sonsces emit at the rate of 10 phaton/see.

ght received by Barth from Sun ias,
dthat ihe laseris brighter than the Sun. These monochroma

Comparing the brightness of aiaser with that of

shown i Table 3.2], it can be

coherent and collimated characters make the Loy By

<,
nvery special helping its use in various

applications

Table : aser Briphtoess with Respec o Lighi Received by Earth from Sun

. LaAsew ‘z
|

- p—

2.04 x 10

iy

3.3. PRINCIPLES OF LASER

} Foexplnn e aerany m " LASER™ it i better to discus
e Laght Amplitication by Strmutated on of Radi

chletterofthe word L A S ER

ation™
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. light, it may be any other form ofelectrnmagnclir: wave f.¢,
are invisible.

amplified by a particular process called stimulated emission of radiation

tion”. Now to explain this, it is better to include
absorption, Spontaneous emission before Stimulated emission as follows :

e T

OPTICAL FIBRES AND LASER

Light. Light. is an clectromagnetic wave,
f: Che word Light” does not me,

-8 an only visible
infrared or ]y

aviolel, light which
Amplification. Amplification means

gain in inlunsi(y. In LASER, (lye light is heing

Next the question asked the meaning of the stalement “stimulated emission of radia-

discussions on (he

processes, Stimulated

¢ Stimulated absorption. We know that electrons exist al specific ‘energy levels' or
‘states’ characteristic of a particular atom or molecule as shown in [ig. 3.2, These
energy levels can be imagined as orbits around (he nucleus of an alom. Usually the

" atoms exist in the lowest energy stale i.e., ‘ground state’. Now, clectrons of the atoms
from the ground state can be pumped to higher energy levels i.c., outer orbits by
providing energy in different ways. This is depicted in Fig. 3.3, where two energy

: UV

E— ” i

Fig. 3.2. Energy level diagram of an atom with various allowedif;gzzzms
The lowest energy state, E,, is the ground state. All others are excl

Excited state

Ground state E.
E, -
2 -———
AE ]
w X
) e e——— ;
= B ‘
. =i (b)
) )

after the stimulated absorption
S s by ann l::v:;t?rshzeég:se ra:er;:idresenl electr:::.l;n:;!meclron
! avPhOtO" forod from ;espfoujnd state to the excited state Ew
) W"Sfe"e‘faéiﬂr;ls z ghoton whose energy hv = E, - ]‘,. — ol o the
o enET e te can move
8ap between the energy levels.’ in this situation. the s gp le“dmg o () mct be
6,28, - €. ehergs B t\xig is done by light, then, dep
§,28,- §,. [ energy pump
pa——

M
I'Q/ C'-

i1 Z
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LASER

being used, specific wavelengths of light are absorbed to excite the electrons. This is
known as stimulated absorption process. o
Spontaneous emission. In contrast to the absorption process, the emission process
can/(:ccur in two different ways. Firstly, if an electron z.spolntan_eously decays fr?m
higher to lower energy states i.e., from outer to inner orbit, it emits a phn.tor? ha\;;ng
energy equal to the energy difference between the two energy states. This is calle
gpontaneous emission (Fig. 3.4) process. The frequency or waveleng'th ?fem.ltted ra-
diation is precisely related to the amount of energy released. In this situation alsfz,
depending on the material being used, specific frcquenc;f (v) or wavelength (1) is
emitted at the time of de-excitation i.e., spontaneous emission process. Therefore, the
energy of the emitted radiation (E) must be, Eu =E,-E =hv=hc/.

5n

Exciled state Ground state

S S punigf bipht

Flg. 3.4. Diagram representing the spontaneous emission of a photon by an
atom that is initially in the excited state E,. When the electron falls to the
ground state, the atom emits a photon whose energy hv = E, - E,.

—

M,

EScimuyu{d emission. Next type of emission process is Stimulated emission. Actually,
it is possible to force an emission process by means of a photon. That means a photon
of definite energy (E) can force an electron to move Tom higher to lower energy states
having the same energy difference, yielding another photon, where,E = v = E, — El;]
This second process results in the two photons (incoming and emitted) of-the-Same
energy xle.('iame frequency or wavelength (monochromatic) and furthermore, these
two photons will be in the same phase (coherent). This is known as stimulated emission
processTFig. 3.5). Therefore, an excited atom can relax to a stable state by releasing

Excited state Ground state
Al E2
_ =
AVAVAY™ AVAVAW™ -
AVAVAV
—_—
g
Before After

Fig. 3.5. Diagram representing the stimulated emission of a photon by an incoming
photon of energy hv. Initially, the atom is in the excited state. The Incoming photon ‘
stimulates the atom to emit a setond photon of energy hv = E, - E,.
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R photon which is identioal in enonyy, divection, and phase with the incident photon.
These 1o photons cx i tarm fnteraet with other exvited atome, Thus stavted with
On2 photon, we ean have twy, four, eight photons and so on. This amplitication
“\1\‘5‘1.\\“:3,5 £ % bulld wp of photons 1 the systenm as 2 vasult of the chain veaction of
svenis ] 3" R

) am

Tmportant condition for the production of Laser, that is ealled
incident photon can cause atomie transitions either upward
downward (stimulated emission), Both processes are equally probable,

When lght is incident on a system of atoms, there is usually 8 net absarption of encrgy because
there sre many more stoms in the ground stste than in the excited states in the case of thevmal
aquilibrium. Actuslly, when the system is in thermal equilibrium, the distribution of energy
states at s given femperatare follows the well known Boltzmann's law as

5D
o€

—_—
where, N snd N, are the populations in a given energy state E and in the ground state (E = 0)
snd X is the Boltzmann's constant and T the absolute temperature. It is clear from the above
aguation that the population is maximum in the ground state and decreases exponentially as
one goes to higher energy states as depicted in Fig. 3.6 (). Therefore, in a normal situation,
there are more stoms in the ground state ready to absorb photons than there are atoms in the
excited states, ready to emit photons. However, if the situation is just reverse, i.e., there are
more atoms in an excited state than in the ground state as illustrated in Fig. 3.6 (b), a net
emission of photons can result. Such a condition is called population inversion. This, in fact, is
the fundamental principle involved in the operation of a laser. Thus if we don’t have a lot of
excited atoms to start with, there is not much probability of obtaining of substantial amount of
stimulated emission. Therefore, to get a laser to work, we need to have a population inversion.
This can be done by providing an initial energy to the atoms by passing electrical current or
illuminating it with a bright light pulse or using other laser sources.

Enorgy

E
E
h
H
'
E
Ny <N,
E
Ny N N, ] N
No.of atoms No. of atoms
@) (b)

Fig. 3.6. (a) Populations at different energy states of atoms
(b) Population invertion through pumping process.

et s

e At LA

e L

Lasei
g e .
as hest wsed by Townes in 1954 ;. |

P Qated emision w N aod X i
wenan ok M\,\,\J\.\}.‘L-\- .\.., e catfedt e MASEL. At acronyn foe Mgy
am it Y

Uhe phean
At about the same time, ¢ Si“\ilard‘,

RTINS RN AL R ! ation.

Amplitication by Stimulated Emission of "‘“h: ser principle was later exte

e od by Drachorov and Hasov, Ihe nuse N Ntended

was also propased by Prock cin 10, which led (o the realisation ofthe g
\

by Schawlow and Towne: :
s by S A laser device was """"‘n.\‘lraw'

optical frequenaie

N f - wation of
now known as the laser, The fivst suee ssful operation

Maiman in 1960 using vuby crystal, .

Actually 43 vears before the tvention ol laser, Binstem p!\-xhch'fl the concept of |y,
theoretically in 1917, at the time when electronics was unheard of, l.r;ln..s‘ls(urs didn't exigt ,
vacuum valves were still a novelty, He predicted that under certain circumstances, gn it
dent photon could generate another one, of ex: sty the same energy e.g., the same frequers
Rinstein also mentioned that in this type of emission both photons, old and new, “'Ouldh"

ation with propagation in the same direction,

phase having same polariz
Thus, laser light oviginates from atoms, ions, or molecules through a process of stimulazy]
emission of radiation. [n any laser device the laser medium is contained in an enclosure o
vizes the normally random emission process into an intense directions,
ad coherent wave. A schematic diagr: " a laser s1 i icted &
d cohere wes A schematie diagram of a laser design is depicted i

cavity which or,
monochromatic

Fig. 3.7, The three main components of o laser device are as follows:

Spontaneous emission in
random diractions
” ~N

-
1
|
/' : >l—: } Laser’
-
| —> Output
Mirror ﬂ
Energy input Mitror

Stimulating
wave on axis

Fig. 3.7. A schem

2 atic diagram
Active medium : The gram of a laser design.

o fns. The eee active lagep medi — )
state, w hi]:-]: Ln\]tl:l‘: ?lL;lllLi}fU["Lhe active :im t;)::;';;:: a C(){lccti()ll ()[:atoms. ml)lét'lﬂfS
short Iifetimuso{'cxcned s:'“lme (.~ 108 gg¢) must be ;“‘-'bt = having a sty 359
before spontanepyy emis%i:tes' When such is the‘cas? ‘u‘ng compared to the usualf

/‘/thping Device ; Son. The mediyp, may be s:ii;tl;;;ui‘;léed emission will oce

4 or gas.

: The actj
o : tve iu ust be ip
ote atoms fy it SmL ltllledl M must pe ; a state of
ate th & state of population inversionié

7 example, by eleetys an i,
S Ctrical a4 AN in the
lamps for ol arge for 8round st s e
0 befor solid st; 8¢ for gases, cureeng i ate. The pumping is done, st
Plical Resonatg,. . fuection for semiconductors,

: 8 other |;
to allaw (h, i emite, er laser devices
by the ug ,“m to stimulage furt} a Photong must b, e,
L the se ol veflogyin,, mir. ’Ql‘emissinn fi ¢ confin
s made Lotally > & he engs rfr)m ot
\nd the o
oth

horg 'gd in the system long enoud!

the syste Xcited atoms. This is achieved

CT S slightly ¢ M. One of the two end mirrets |
Y transparent allow photons
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L8 ant considering different aspects which va,
Characteristics of lasers ean be vastly different
;(‘( ‘S-}n n807Ts G el
as follows : -
o o b ‘NS [)f lﬂﬁt‘-‘lh
71 Size : from tenths of millimetres Ll tts (109 watt)
- . i ' d 5 ‘
1) Power : from microwatts (10-3 watt) Lo gigawd
er a1 { rupees
1 Cost - from few hundred to many millions of rup
ous wave.

" o continu
10~ second to con i i
n principle but the lasing material or

rs Wwor the same

ASErs wo k on h ) . ] £ :
r]ry }‘\n ”"ervie\v ()I dl”!_‘["ent, L} pf}.‘ﬁ ”f Idne‘l S are glvEn
< .

' Pulse duration : fro
All’the above mentioned |
the mechanism for energy pumping v
helow
1. Gas Laser o :
rally have a wide variety of characteristics. For example, 50{ne gas lasers
1 mw, but other commercial gas lasers emit power of the order of
)

am for years ; others emit pulses lasting a few
deep ultraviolet (UV) through the visible

le is Helium Neon laser.
-m

Gas lasers gene
emit feeble power below
kilowatts. Some lasers can emit continuous be
nanoseconds. The output wavelengths may vary from
and infrared (IR) to millimetre waves. Most common examp

3.4.1.1 Helium-neon (HeNe) Laser _
The schematic diagram for HeNe laser is shown in Fig. 3.9. HeNe laser at wavelength of
_632.8 nm is the most common of all the visible output lasers and this red wavelength kas
become the standard for HeNe laser. Commercially available HeNe lasers operating at the
632.8 nm [nm = Nanometer = 1072 meter| wavelength can be obtained with continuous wave
(CW) outputs ranging from 0.5 mW to 50 mW and because of this power range, these lasers are
safe for laboratory experiments and artistic displays. Some HeNe lasers have interchangeable
sets of mirrors for operatjon at 1.15 ym and 3.39 pm. The laser medium is a mixture of helium

and neon gases. An electrical discharge is used to excite the medium to a higher energy level.

He-Ne mixture
1 mm Hg of He
0.1 mm Hg of Ne

99.9% reflective Glass 99% reflective -
flat mi . ire
itror | envelope  CONCaVe mirror

I [/ — _5 /
/ Paralle| beam
\ Capilary tube /
RN
~

RF power Source

Fig. 3.9. Typical H
The pumping action takes place i
excited by the discharge t
levels happen to be very

e-Ne gas Lager.

na complex ang ina:

9 two of the exciteg enelrngtirl Iiect manner. First the helium atoms ar¢
; v levels ag "

33 and 2g ey els as shown in Fig. 3.10. These tW0

1eon atoms, ey, ‘els of the nepy atoms. When the excited

The atomg

close tg the

helium atoms collide with the |
the respective levela.

Scanned with CamScanner




l

b glass that contains many other elements.
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T ) s
aresult stimulated emission is taking place and light o BRES AND LaseR
. 3 \4

at the 28 level, on the other hand, drops (o avelengtl 63y

g B0 is emj "
atoms he 3s ) the 2p 1oye) | ot 15 emitted, The
h the atoms at the 3s level may instond el by emitging oy
However, ead drop dowy, 1, the 3p level lb u,hg Al 115 mum,
4,39 mm. 'L by emitting light o
He
Collisional Ne
3s Excitation 3
—_ S 3.39um 4

BN

2s -
3 > -\ 8328 m
S s um 2p

Y

P

Excitation

Helium

Neon
Fig. 3.10. Energy levels of Helium neon laser.

342.50lid State Laser

Asolid state laser is one in which the atoms that emit light are fixed within a crystal‘ or
a glassy material. In the community of laser scientists, semiconductor (thuugh‘crystta][liul:e ;
material, i.e., solid) lasers belong to a separate category. Ruby lasx.er, the ﬁl:t I:ts.er;'r:;e:.{n eiun):
Maiman in 1960, was a solid state laser. Another example of solid state laser is ym

yttrium-alyafinium-garnet (Nd:YAG).
34210Ruby Laser l OM

it i in soli te lasers ar
The atoms that emit light in solid ;lt]r; :uby, e solid state laser (6

ies, California in
laser constructed by T.H.Maiman at the Hughes Laboratornes

94 nm) was the first

chromium ato.
e the active

e dispersed in a crystal or a piece of

1960. Ruby is §
ms. Ai%* ions in the 7
centres whereas the

7 (1 ight) of
basically Al, O, crystal containing about 0.05% (by weig

3 titut
ions. Cr3* ions cons

aystal lattice are substituted by C_ry |
dluminium and oxygen atoms are inert. A
refined greatly since then, the same basic P

though t
rinciples under

he operation of soliq
lie the operatl

is shown in Fig. 311 The

of solid state lasers. Arrangement of the 1aser "L Light from an externa
arod, with reflecting mirrors placed at each end.

Xenon
flash lamp

74

Coolant

ant
i External mirfor

(parxially ﬂansminmg)

[ ATA <

Laser bea™
External
mirror y N
/ -
Auby
laser rod
power soUrce o ruby raser-
[se
f a pU
.. diagram ©
tic diad

Fig. 3.11: Schem?

state lasers has be'en
on of the entire famxly
crystal is shaped into
] source (like

a pulsed

LASER 79

(lash lamp, a bright continuous arc lamp, or another laser) enters the laser rod and excites the
| light-cmitting atoms. The two mirrors which form a resonant cavity in the laser rod, pro‘vides
s the feedback needed to generate a laser beam that finally emerges through the output mirror.
: The energy level diagram is shown in Fig. 3.12. Ruby lasers are operated in pulsed fashion
with repetition rates of one pulse per second and energy as high as 100 joules per pulse.

Pump band

Upper laser level

Lasing transition

Ground level

b
Fig. 3.12. Energy level diagram for Ruby Iaser.j /0/1 Z.
~44.2:2 The Neodymium yttri l garnet (Nd :YAG)
12 The Neodymium-aluminium-garnet (Nd :YAG) laser is-a good example of the most
3 commonly used solid state lasers. The laser medium is made up of yttrium- aluminium-garnet,

i with trivalent neodymium ions present as impurities. The neodymium-YAG laser uses triply
{ ionised Nd as lasant and the crystal YAG (yttrium-aluminium-garnet) as the host. The laser
: transition involved, corresponds to a wavelength of 1.06 um, in the near infrared region and is
pumped optically using high pressure gas-discharge lamps or diode laser. The energy level
4 diagram is shown in Fig. 3.13. These lasers are capable of average power outputs up to 1 kW.

Pump band

Upper leser level
Lasting transition
Lower leser level

-

i

Ground level

\ Fig. 3.13. Energy level diagram for Nd in YAG.

Cs.d.a. Semiconductor Laser [O IV\

is the semiconductor laser. For the uniqueness of its qualitie:
i| having numerous applications such as two way video,
tion storage and processing etc. Its uniqueness is for t

s, semiconductor diode laser is

audio and data transmission, informa-

he following factors :

/LB' miniature in size (mm x mm x mm) and so natural integration capabilities with mi-
cro electronic circuitry .

A efficient

inexpensive

A unique and the most important type of laser in terms of opto- electronics applimtiou(-

—— i
ST
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_KT can be directly driven and mecdulated by
& covering a wide spectral range (IR, visibl
AT availability of powers ranging from a fe
" & large gain spectral width
3 tunability over several 100 Angstrom
Semiconductor laser emits light at various w
red and research is underway for development of bl

The light amplification by the process of stimulated emission is not exactly in the form
that is discussed earlier.

A semiconductor laser uses special properties of the transition region
at the junction of a P-type and a n-type semiconductors. In semiconductor materialg, as a
result of the extensive interaction of energy between atoms, the energy levels form bands.
Energy band diagrams for an n-type and a p-type semiconductors are depicted in Fig. 3.14.

electrical currents
e and near UV)
w milli Watt to a few Watt

avelengths like ultra violet, red and infra-
luc and green semiconductor laser.

Conduction band

Conduction band e
Fermi level

o L Femilve
l DRDTIPIURNE €,
Valence band Valence band
(a) (b)

Flg. 3.14. Energy band diagram : (a) a n-type semiconductor; (b) a p-type semiconductor.

: ion band is designated by E_ and is
ap between the valence band and the conduction nd by B,
gi:sfgﬁngefectronvo‘lts. The Fermi level E, is the level that divides the occupied from the
unoccupied levels. ‘ .
i i in Fi Is readjust so that the E band is
- tion, as shown in Fig. 3.15, the energy leve! s : :
h h:aatlfr:::::ult the junction. The valence band E, and the conduction band E, of th{J
the sam iconductor are higher than the corresponding bands olt the n-type sr:mlcond;xctor.‘dn g
tYP: osl?g::vard bias i.e., if a positive voltage is applied on the p side, the electrons on the n side :
cas: .e.,

ill be attracted by the applied voltage and will cross into the junction region. There they /f
wil al

. ¢ G . ositi ias.
recombine with the holes that have been pushed into the junction region by the positive bias
This process will continue as long as the external circuit is on, because the electrons and holes

that have recombined are continuously replenished.

ntype  junction p-type
Fig. 3.15. A p-n junction energy band diagram.

nd i y emi in the form of photons. The
When the electrons and holes recombine, they emit energy in fi 5. |
s't'ox: retgion in which this process takes place is therefore the source of radiation,
tion transiti

H i o 3.f .
junc to the E, and E, transition levels as discussed earlier (Fig, 3.5)

and may be viewed as gquivalent

S s s R AT

e

LASER

To obtain stimulated emission and amplification from this region. the My
oobtn s ate ¢

ang
- s "
ds to be created, for which a high density of electrong and )
Crson necd: 4

lensi I holes must exiat simultaneously i the junction region. To achieve this,
density ol holes - . stor lasers. Fig, 3. 166a0 and « :

: I pen junctions are used in semivonductor Lisers. Fig, 31600 and (b) shoy Tetgey,|
dopec 8 £

population v

ptyper

n-typo ola3 =

(a)
Fig. 3.16. Energy band diagram : A heavily doped p-n junction, (a) without and
(b) with an applied tias woltage

the resultant er

1y levels of a heavily doped pon junction without bi
transition region with a high concentration of electrons
the p-n junction. This region serves as
radiation emitted within jt through ele
laser is illustrated schematic:

asing voltage mdy
and holes with a forward bias sy
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44, Other Laser devices [’DMI
1&4110" and Metal Vapour Laser
The ion lasers, as the name implies, uge onised rare e
e excited states of the ions that are involved in (i 1"“{“2‘15(:.5 as the active medium, 1t i
K e i s Process. Examples are ionie
agon (Ar), xenon (Xe) and krypton (Kr) gas. They are operated at high meo‘rf:[z are l\(;nll;s(}(l
g erature and they

T levels of these
two collision process—the fir
Al ) ; : ; ss—the first
alision ionises the atom, the second provides the necessary excitation. Transitions between
tighly excited states of the singly ionised argon atom can be used to obtain number of visible
(or near visible ) wavelengths between 0.35 mm and 0.53 mm. The argon laser is one of the
pitimportant lasers in use today. Some gas lasers are also labelled as icn lasers.

Many types of metal vapour lasers are there, e.g., HeCd and HeSe which are the most

produce Jaser light in the infrared, visible or ultraviolet regions. The pos
Jssers vary from milliwatt to several watts. Excitation is a powe

inportant commercial ones. The HeCd laser has wavelengths at 0.441 pm in the blue and
03% pm in the UV. The power output of these metal vapour lasers is in the range of
5-100 mW range. Some applications of such lasers are light shows, full colour image genera-

. tim, spectroscopy etc.
3442 Carbon Dioxide Laser (CO,) 5/\/(

There are several types of carbon dioxide gas 1
isusually a mixture of carbon dioxide, nitrogen mei f’th e
Lsers can produce pulses of laser having power 1n bll,h?.r;seolaser is a mo!
tiscapable of vaporising any material. The carl.)ovn d.lo‘“ vide the mecharis
wlealar vibrations rather than electronic transitions pro
There are several types of CO, lasers.

One type of CO, laser of increasin,

asers but the active mediam in all of them

er gases like heliu '
4 att at 10.6 um and thatis \'{hy
lecular laser in which

m for lasing action.

STEA” ; the |
- is the so-called “TEA laser;
g importance oesure.” The name 0
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halogens (F, Cl, Br, I) is due to the relatively efficient production of th'eiz" ex;xtedltst:';f‘ﬂz}t’
eiectron beam collisions and the fact that their emission wavelengths lie in t i‘l:sr The
(0.2 <2. < 0.4 pum) region of the spectrum, a region not covered wc!l by other types o ;rs.
impoitant excimer laser gases are krypton fluride, xenon fluride, argon fluride and xenon
chloride. It can generate billion watt of power pulses.

3.4.4.4 The Liguid (Dye) Laser

Dye lasers, as the name suggests,

a wide range of wavelengths and thus have the great a

select a fine tuned wavelength as required. Liquid dye lasers can ?mi' 5
(UV) through the whole visible spectrum to 1800 nm (IR). In the liquid dye laser, the dye is the

active medium. It is usually dissolved in a liquid solvent such as alcohol or ethylene glycol
{antifreeze). The source of energy for a liquid dye laser is usually a flash lamp or another laser
like argon or a krypton ion laser. An example of a liquid dye laser is the rhodamine 6G laser.
The emitted light from the rhodamine 6G laser is having a broad range of frequencies from 570
to 655 nm which includes the orange colour light of 590nm. This laser is tunable using optic:’ﬂ
lenses and prisms to select the desired wavelength. This capability is of great value in certain
types of spectroscopic investigations in and near visible wavelengths. Liquid dye lasers are

used for investigation process in chemical reactions.

use liquid organic dyes. Liquid dye laser beam covers
dvantage of being tunable. The user can
t Jaser beams from 250nm

3.4.4.5 The Free Electron Laser

The conventional microwave sources produce waves at wavelength A 2 1 cm. and the
different types of lasers operate at infrared and optical wavelengths. Hence, there remained a
big void of sources in the range 1 cm 2 A 2 30 pum. Free electron laser emerged as versatile
device of megawatt power that filled the entire void and proved to be suitable for satellite
communications, precision radar and plasma heating in thermonuclear fusion device. FEL
also produces tunable radiation at infrared, optical wavelengths and even much shorter
wavelengths upto X-rays.

In a Free Electron Laser (FEL), the kinetic energy of a relativistic electron beam is
transformed into laser radiation. This transformation takes place when the electron beam
passes through an alternating magnetic field that forces the electron to move in an oscillatory
path. The resuitant electromagnetic radiation (Laser) travels along the system axis. The electron

Acelarated
electron

Electron
beam
source

Optical Partial
cavity mirror
mirror

Fig. 3.19. Schematic representation of a free electron laser.
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beam is produced by a particle accelerator and the magnetic field is produced by a specially
designed t. A schematic diagram of a FEL is shown in the Fig. 3.19.

3.4.4.6 Chemical Laser

Some lasers are stimulated by chemical reactions instead of an outside source of energy.
Chemical lasers most often utilise gases as active medium and the end products of the reaction
are excited energy states that are capable of emitting photons. Some chemical lasers can produce
pulses of energy as enormous as 200 gigawatts. (~ of 1012 i.e., Billion watt ). Among the most
important chemical lasers are systems that utilize hydrogen fluoride (HF) and deuterium
fluoride (DF) as the active laser molecule. These devices offer several attractive features,
including both CW and pulsed operation; fairly large output powers; shorter IR lasing
wavelengths (3—4 pm). Chemical lasers are becoming increasingly important as a research tool
and probably will be available in the commercial market in the near future.

MmN
3.5. VARIOUS APPLICATIONS OF LASER !O'

From its invention in 1960, laser has provided magic solutions to numerous problems. '
Applications of lasers exist throughout our society, and new uses are discovered almost daily.
Starting from measurement of the distance to the moon with incredible accuracy, it can also
repair detached retinas in the human eye, can stop bleeding deep inside a patient’s body and
even can be used in cancer treatment and genetic engineering. It slices through heavy steel as
if it were cheese and that is why it is having lots of applications in industry too. Lasers read
supermarket bar code labels in automatic cash registers and register books in modern library.
As weapons for defensive purposes, powerful lasers can also destroy air planes. It is also used
widely to promote scientific progress, like its use in fusion power plants which can provide the i
human race with much of its required energy for the years to come.

The uses of lasers today is so far reaching and widespread that a comprehensive
enumeration is impossible. A major application of laser in the field of communications will be '}
discussegt separately in the following chapter. The following are a few of the thousands of %
ions for lasers : i

. Applications In Industry ;
Of course, the laser beam used in industry is invisible but laser tools can cut a varicty of i

materials. Because of laser, it is possible to weld, cut and drill metals perfectly for industrial !

use. Laser machining/welding is being performed with efficient high power CO, laser beam }

(Fig. 3.20). Advantages are like low noise, dust, fume and vibration levels, the ease of starting

a cut in the middle of a work piece and so on. It also eliminates the need for a wide range of ;

cutting tools. Application of laser leads to higher yields with superior product quality. The

various material processing methods using laser are : )

e Surfing: Lasers are very effective for heating discrete arcas very rapidly. Generally  ©
1.0 kW CW CO, laser is used

e Welding: ywo types of laser welding i.e.,CW and pulsed, are done with CO, and Nd- pan
YAG lasers having power 500 W or more pul

The impaort
rameters of lngop

—// Mirrer

_— Focusing

- lens

—— Shielding
gas

E:% l Nozzle
P Workpiece

Fig. 3.20. Schematic diagram for beam fccusing head design for laser welding.
o~ Cutting : Industrial cutiing is done with CW or pulsed CO,, with high repetition rate.
Nd : YAG laser is specially used in the manufacture of aircraft engine parts
/»/Drilling:: Low power CO, lasers are used to perforate polythene to make air beds fr
burn patients, drilling holes in babies bottle nipples, aerosol nozzles, etc.

o
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g and drilling

cod not be in close pmnmity for performing cuttin
« of difficult accessibility )
od without depositiot

e The laser head n
operations in location
‘which can be melt

1 can be cut with the laser
e Any solid material
beam
The limitations are :
o It cannot be used to cut metals that have
aluminium, copper and their alloys
e Work tables should be made from metal which is
/('J{tput energy from laser is difficult to control pn—ci.s-zly
(} 2. Applications in Medicine and Surgery
As laser light can be concentrated into spots, the laser has found applications not only in
diagnosis but also in surgery and other forms of treatment. Laser surgery
since the mid-1960s, when the first retinal lesions were being successfully repaired. Today,
laser surgery is a vast field of activity as a cutting tool. Fig. 3.23 shows the schematic diagram
of beam delivery system used in surgery with CO, lasers. The various application areas cover
gynaccology, tonsils removal, drilling and cutting bone tissues, stopping of gastric bleeding,
removal of birth marks and dermatology. The laser scalpel attacks fewer cells than a steel
knife and evaporates them quickly. Since laser beam can be scat down readily through optical
fibres and fibres can be introduced into arte

high conductivity of high reflectivity €.8-»

not affected by laser beam

N

ries using catheters, it becomes possible to treat

Rotatable
mirrors

mu

gam
Es, 1 P, PhOn

f Physics
aosrmient of Priysics
< & Science Coleg®

0;'-1975195
leas

Fig. 3.23. Schematic diagram for CO, la:
, laser beam delivery system in
surgery.

coronary artery blockages using lasers (Fig. 3.24 o i
:;t;l:n]:l:d;ei:il::clthe P}llaque. a l‘n.tty material buil)t ::1 ;not"}:ﬁm:;s“:;n;mu e |
ind.;ccs o s Auser as cxu:.nswe use in R & D activities in medical s » ng the blood
¢ 2 ges in cells.. but is opposed to destroying them ; A saenf:e. The laser beam
genetic engineering. Beside this, in laser m:upuncg;,m ety 3 as such this is applicable in
:;‘f}‘:llc:v:lrzfmfcl:'cfd - ﬁf\e’ micro m“nipulnlnr—orier;tcd las::s;‘:d.yenr\oh.i silver and gold
li:‘c power lupmol:f;;,ce;t‘mcr laser can change the shape of the c:ms‘ o Emat s b
thermal damage to th s n'nd s correcting the refracti e o e
e surrounding tissues. Even in root canal ve error of eyes with minimal
nal therapy, the dentist can insert
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the laser fibre into the root canals, remove
totally and effectively the bacteria causing
pain and destruction to healthy parts of t
characteristic wavelengths of the lasers us

Viewing fibre

bulndle Ar1/eria| plaque

Laser beam
through fibre

OPTICAL FIBRES AND LASER

the infected tissue by vaporising it and destroy
the infection. All these things are done giving less
he tooth of the patient. The Table 3.3 lists some
ed in medical science.

Fig. 3.24. Removal of arterial plague using laser radiation carried down an optical
fibre inserted into the artery. A viewing fibre bundle is also incorporated.

Table 3.3 : Different Types of Lasers Used in Medical Science

- Laser Wavelength (nm) Nature
co, - 10,600 Infrared
Er:YAG 2,940 Infrared
Ho : YAG 2,060 Infrared
< P?d:YAG 1,3100 Infrared
U Nd: YAG 1,064 Infrared
Ruby 694 Red
" Dye 632 Red
577 Yellow
504 Green
o He-Ne 632 Red
Gold vapour 632 Red
Cu va’pour 632 Réd
i Krypton 578 Green
Argo; 488 Blue
575 Green
Excimer 193-351 uv
) Free:-electron 193-351 Variable i

£e

i It

Sicniss

l 8

LASER B :
sing infrared lasers a visible laser like H&\'eu
inti autions 1d be t: ;
used Lo fix the tarzet plane. An important point 13 that P"CC““L‘;)'\_‘S;\}:‘:\“(\ A akgn for ugy
Jasers in medical science. Lasers givingt outputs In various wavelensine on mng‘gé"‘l‘}l‘lg Doy

re u‘ser‘l in (hﬂ'en:nt fields of medical science. Not onfyll e p! ¢ g e e lagy,
?‘LL 1‘[‘0 the type (pulse or continuous) and the duration of gxpoaurcfmay'a tec issues yig ‘
(i?ﬂc‘ré’m phvsicﬂ] “henomenon. Fig. 3.25 is the schematic (hag'rlarln:taln l.ns "“";‘ent_\!sedin
medical sceience fnrl detection and surgical works. All these nrelre 1 et 1:) abetx}-lan optical
which are used cither to illuminate the spot or Lo transport laser to burn the unwanted g,

ments.

i isi » eye, so while u
Infrared is invisible Lo the eye, so while

Fig. 3.25. The schematic diagram of an optical fibre related
instrument used in medical surgery.

3.5.3. Applications in Three-Dimensional Imaging by Holography W) g

A conventional photograph is only a flat record of a real image projected ontoa.
photographic film. The three dimensional character (i.e., the phasce information) o_f_ﬂ\(‘_‘ﬂ’ﬂ
is almost entirely lost during such graphic recording process. A hologram on the other .
hand 1s a WQnsinnnl photography, o “photograph’ of an ohject that retaiss
information about the phases of waves coming from the object through the use of laser. Duritg
the recording process, two waves superimposes, one coming from the object and another coherest
reference wave, both originating from the same laser source. These twg waves produe
%ntcrl‘e nce [ringes in the plane of the photographic medium. This record carrying &
fnformatmn of amplitude and phase of the object is known as hologram, which means “whil¢’
in Greek language. In the reconstruction process of image, the hologram is illuminated by ¢
same type of laser wave which is used in the recording of hologram. Iig. 3.26 (a) and F¢

20 resDeclivalv e N i
3.26(b) respectively demonstrate the experimental arrangements for producing hologram
from the hologram using same laser.

H@Q&— V\?QB& CH& Mg) KB
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Qvject
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. Photograpnic
Sitm

I | —_—l [ E—
Laser H l Laser /| o
alf- "~~~ N (A
silvered \l\.‘ Laser
N Leam
X
Hologram
formed
(@) L. Lens to diverge the laser beam (o)

Fig. 3.26. (a) Experimenlal arrangement for making a hologram : (b) Expenmental
arrangement for viewing 3D image using same laser source.

The idea of holography was invented by Denuis Gabor in 1547 but its s
only after lasers were available. Today, it is used in a multitude of w
dimensional representation of objects, fingerprint identification and laser |
cards often have reflection holograms (Fig. 3.27) printed on them. They n
difficult for forgers to copy. Also, the publisher of a book. now-a-days
to establish the genuineness of the publication.

including th

1scanning. Credit
ake the
yrefers to use hologram

-ds very

Fig. 3.27. Hologram on a credit card.

3.5.4. Applications in Entertainment Incustry (Audio, Video Compact Lisc)

The entertainment industry too uses lasers in the torm of audio, video compact (hs.c and
laser show. All information, whether pictorial. verbal, alphabetical or nume'rlcal is rc(llu:.c;:;z
strings of binary “zeros” and “ones”. The Fig. 3.28() Sh(?“f's a cump(:lct dxsc.'Cn(]yq‘iil d:h
(audio, video or data storage ) uses a laser (GaAlAs) for '.vnt‘mg \'ery" hlgl;‘denslrt:‘nlg:he disk:
onto a fine layer of a metallic bismuth compound, the rccnrdlng me.dlum.wo'r re: l;mgdam Dmo.
the same laser is used in combination with a detector (PIN photo. dwd:).' nl"::ﬂar data ono
the fine layer of a bismuth compound is done by mc:lms of ablation. £ t:n};‘: S R
obtained by burning out a hole in the high-shine blS{nllth layer rel?n.s: it
storing while the unburnt location denotes a “zero”. The data ;r(tz, rLf]r:—rhi; it
tightly wound spiral, pre-grooved bismuth base. On the t.op of bo 1 s T},e .[hm oy
layers of 1.1 um are placed for strengthening and protective purposes. k

T
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tracks is 1.6 pm. This arrangement corre-

: s : » in between the 5
diameter of 0.6 pm and the distance in Rt con of pits.
sponds to a bit density of 3 x 10 bits/mm?. Fig. 3.28(b) shows cross section of p

5 \\“t\!‘ W08 ym—>,
b S EL) > " 4
N N LT
(K1
9l Cross section T
- of apit
Pits forming
the track

(magnified view)

""" The spiral track
(a) ®)

Fig. 3.28. Schematic diagram of (a) Compact disc with player, (b) Cross section of a pil.

A compact disk is having capacity of 640 million Bytes (1 million Byte = 1 MB = 108
Bytes, 1 Byte = 8 bits). It can even store information contained in an encyclopaedia and that is
why now encyclopedia is available in compact disk (CD). To explain this fact, we can do
caleulation roughly like this : for storing one letter or character for 8 bit system, one byte is
required. Therefore, for the contents of one page of having ~ 20 lines and each line containing
of ~ 10 words and each word of approximately 5 characters, we need at least (1 x 5 x 10 x 20)
bytes = 1000 bytes, i.e., 1 kilo bytes ( 1 kB ) storage capacity. Thus it is clear (Table 3.4) that
one compact disk having capacity of 640 MB (1 million Byte = 10° Bytes) can hold the text
content of 1280 books, each of 500 pages, which by itself is a small library. Therefore, first the
microfilm, then the magnetic disks and now the optical compact disk (CD) have d.

rasticall
reduced the volume required for information storage. Y

The CD player consists of a set-of servo systems that mak
focus on the surface of the CD and track across the fine surface of
to rotate at a correct speed. Motors perform simple mech:
optical assembly and the loading/unloading system.

The main advantage of using a CD is that its fine track is not easily damaged and does
not wear out in use as there is no hard ncedle or stylus touching the surface of the CD. There
is no direct contact between the reading mechanism and the disk surface as the signals are
being read from the disk through a reflected beam of laser light. Fig. 3.29 demonstrates the
basis of readout from an optical disc. ]

¢ the laser beam accurately
the CD when the CD is made
anical operations to drive the CD,
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Photodiode
detector

Read beam
from laser
Beam

splitter

Dust
particles
«— Transparent
protective layer
urface containing pits

Fig. 3.29. The diagram depicts the basis of read out from an optical disk. The laser beam is focused
on the surface of CD containing information in forms of pits. The reflected laser beam is locused
on the photodiode which extracts the information in the form of electrical digital pulses.

Even dust particles on the protective layer do not affect the read out.

Table 3.4 : Capacity of Compact Disk

—1.2 MB

Capacity of one Floppy (3%) — 144 MB

— 640 MB

— 1 Byte

— 1 x5=>5Bytes

— 5 x 10 = 50 Bytes

_ 50 x 20 = 1000 Bytes = 1kB
_ 1kB x 500 = 500 kB = 0.5MB
> 0.5 x 1280 = 640 MB

ener/viewer can skip from one song/video

Capacity omee Floppy (5%)

Capacity of one Compact Disk ( CD)

1 Letter/Character

5 Characters (= 1 Word) »

10 Words (= 1 Line)

20 lines (= 1 Page)

500 Pages ( = 1 Book)

. 1,280 Books (1 Small Library)
o ) that the list

frame ‘?: dﬂlr';ﬁrl:lravi:;nn :'il;i frce::i):ij: There is anoth.er type of new optical_ stora;e disks,

called Digital Versatile Disk (DVD). Unlike CDs, it conta}ns two lafyers of dat.a Ii:ut.st }.;Ad!ustment

of the position of the lens permits the player to read information from either the upper or

lower information layer of a DVD.

3.5.5 Applications in Supermarket’s Bar Code, the lerfnrlan’i] r;alg::; v;:;:da I

. T;;:aziElzikézsnde.v;::::raz‘:ﬁ‘scf)fxlsﬁio;xglsc};r:; the beginning of the decade of

crossing,

A

AR a2 Fat PN

— ~
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“80s” nnd by now. its presence on the supermarket goods is nin.wsl m?iverSﬂl‘ Re-"dinga e
code by a .\'.1';|x|[1¢‘|' is much faster and move acenrate than keying in the information in ghet&‘,\
vegister by looking at the text \abel given on the article. )\r\v.’\nlngos_n; using bar “"JEsinu,}"
tields mul‘mh- increased patient safety through label checks on medicine bottles. The barcr;:
is also widely used by libraries in lending and returning books. Several codes are at P"Sem;u.
use. The mast (requently encountered one is the Universal Product Code (UPC). Thig bar%
can be read in both the left-to-right and right-to-left directions. In addition, the beauty ol
am lies in the method of decoding the information. The laser bar-code scanner ha.!h:.
major parts : a laser (LED chip) and a detector (2 photo diode + transistor chip). The b‘"%
is held in front of the laser beam. The laser light is absorbed by the black lines of the bar ey
and is reflected by the white lines of the bar code. Finally the reflected light is reaching,
detector which transforms it into an electrical signal made of low and high states which i
translated into digital signal and get fed into the computer cnabling viewing of the inforg.
tion on the compulter screen or taking oul a print. -

[V

12345 .7 67890

syste

Fig. 3.30. A diagram of UFC version of bar code.

3.5.6. Applications of laser as a sensor device

Light is having wave character, therefore it can demonstrate the physical propertis
like interference and wave modulation. As laser light has a well-defined phase, a wide varie
of applications are possible based on interference or wave modulation ;u::h ’.l licationiiﬁ"
c]udu. sensing and measuring of various kinds of physical param;:tcm'likc te;npirnture e
Fl1nn§1-n] pressure, frequency and clectrical current intensity etc “‘.-mr;u di 'pns nrel;m'"
in this respect in chapter 2 and the experiments ave included in ;‘l\mpt(-r :cussm
3.5.7. Applications in Laser Printing

) I,_uscr is ulsg used in printer to get high quality printing. A schematic dia; m of a l3#!
I[?rjlju:r..m shown in Fig. '331 The laser printer is based on ti\e ;)rincip‘lc of Yeg;l:,"fﬂphy‘ ™
};\\\Lr‘}llllf\]l(.‘.l:‘ x-rc' page p.rmLurs. A page of Lext or pictures is composed at a tir;le. The image?
' e printed is l)[t)}xl:l\ up into dots and these dots are projected through a semiconductor B
seam and a scries of lenses onto a revolving drum having a li 'h: ‘:‘ M"r?“c‘o face. 3
ll]()(!lllﬂhf(! I ser light is focused and scanned repeatedly :cr‘us:”\ u::':‘tsl:lt‘l'v:-i::; 'ha\'iﬂ!’
::].Ot?“fl?hl*“,w sx.u‘la.cc made up wn‘h selenium/cadmium sulphide (C:iS,' ;lhich is initid

cectrostatically charged by corona discharge method at the “surface ch i ation. W
the modulated laser beam strikes Lhe surfage, sclenium/CdSAt:“ -dc" S f_’“tt;’ elm Bt
ph(mor{\mmn of photo conductivity and hence the charges lgv\kc::,mesf'wndulfm“i“:k"si
zm.ducmg‘a ‘cl?nrge image’ corresponding to the pattern car;iec; b\?{hemfr“at ee; Taser bes®
Next the otating drum passes through the ‘developing station’ where i:(‘c(::e's into "

_
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with ehnrged earbon particles of the toner and a real black and white image of the churgo
puttorn s formed on ik, This image i then tranaforred to the rotating paper under heat treatment
ab the "teanstor station” and thus, printing takes place finadly on the paper, The vonolution of
print imago ean e more than the arder of 300 dpi (ot per inehn
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| Study
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Universal laser systems Inc. is the innovator and the largest manufacturer of various |
decorative pieces. The computer controlled laser system is already available for decorative
purposes and industrial uses as follow :

e Engraving : like, rubber stamp, decorative etching, pen and gifts, plaques and award,

plastic name badges, desk accessories, leather and glass

e Marking : like, bar coding, identification tags and ;

e Cutting : like, wood, acrylic, rubber, leather, fabric, paper, laminated plastic, plastic 3

film, ceramic, coated metal glass, stencils, patterns and gaskets }

Rubber stamp engraving is very popular. It is a direct digital method for producing §
rubber stamps without going through a labour intensive photographic process. Once the stamps :i
are designed in the graphics software, they are printed by the Universal laser system (ULS) i

i
1
k
i
N

i

3.5.11. Application in Decorative Uses i
t

{

where the rubber is engraved. ULS provides special software and hardware to allow the laser
systems to perform this job.

3.5.12. Application in Meteorology

The introduction of lasers, specially visible wavelength gas lasers , has dramatically @
increased the scope of optical meteorology. Advantages of optical meteorology are high resolu-
tion, ‘non-contact’ capability, high scanning speed, measurement in inaccessible sites, meas-
urement in severe and aggressive environments, lightness and ease in setting up. Sensing in j
meteorology is based on interference and heterodyne frequency shifting. Various applications }
are as follow :

A. Optical alignment : The brightness of a 1-5 mW HeNe laser is sufficient as th
beam is easily visible in an ambient background or daylight uptoa distance of several hundre
‘meters from the laser. This feature alone has led to a large number of relatively straight 3
forward alignment applications. Very accurate settings in the direction of alignment can be |
obtained using quadrant detector as {llustrated in Fig. 3.35. In this type of detectors, the photo 7
sensitive area is divided into four quadrants, each of them produces signal when laser beam
falls on it. For laser beam of small diameter, 2 small displacement between the quadrant
detector and the beam produces a large imbalance output signal which is of great help for:}
alignment setting. Fig. 3.36 shows another type laser scanner system used for leveling purpose. ’i
The beam expander expands the beam and the pentaprism turns the laser beam through a

Position Quadrant ;

indicator detector i
(Vertical) .

N Position !

indicator i

(Horizontal) J

Fig. 3.35. Schematic diagram of a laser alignment system.

LASER 97
right nnul;-. This type of system can be used during the installation period of wall or ceiling
tiles. ‘

(‘)

(\Fonm pusm D »

Detector
} Baam axpandar

Laser

-

Fig. 3.36. Diagram of a laser scanner system used for leveling.

B. g?smnccfnc:fsurcmcn'. : The most common application of laser is distance meas.
urement. 1.1(-ct optical interferometry is used over short distances and beam modulati .
pulse technique is used for long distances. .

e Interfer ic Techni ici '

4 m:x;l"f(:xgr;etrlc l'e(:.hmquc. The basic interferometric technique (Fig.3.37) utilises
E dified Twyman-Green Interferometer. Th i 2
. The collimated output beam i i
P yman Gireen e g output beam is split equall;
Ly ab ’::n sp};ttv;r:xlcntLd at 45° to the wavefront. The separated plnnepw'\vefmn{
ams are reflected upon themselves by isms b ’ .
ems cube corner prisms behavi i i
Y sms behaving like mirrors

and recombined by another beam plitter. e two separated beams travel a differ-
splitter. If the t eparal

' oth separated v

ent total path, they will interfere with each other when recombined

M, .

B,

I&

Y'( M : Mirror
BS : Beam splitter

S'—b—b—

BS,

« Bowm Modutaton . F|:. 3.37. Mach Zehnder Modulation.

— a i ec r.xiquc. Due to atmos . g
diSmnm:';:;:;:j;::n]:mm-d to distance of m?:::i::h':‘:b:]e"ce' o Bor st
e ulation method is better. Th, b‘  fum an BNe ot Gat
distome it ¢ modulated at a certain freque e profaciad b Sl
o :mn.t t 0 B¢ measured. The light reflected br'lc

0 a detector ag illustrated in Fig. E'; 3‘?)
g. 3.38.

t{] and projected to the target whos?
The target is received by a telescope
¢ phase of the modulation of the
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return beam is different from that of the emitted beam because ol the time taken for

the light to travel to the target and back. The phase shift is related to the path length
2L by o
L
-y -
o D N ANTATA
> /Ar\x/f\\, LAN AN
A\ \1 J ‘:/ JANY
|
/\ Detector
N
/N
/

Splitter
Dittusive

Diode laser
surface

ser finder that uses an amplitude modulated laser.

Fig. 3.38. Diagram of ala
ase shift of the modulated beam.

o is the ph
& = 2m(2nL)A,

atmosphere and A, is the modulation wave-

where n is the refractive index of the

length of laser in vacuum.

o Pulse-Echo Technique.

transit time for a very short pulse of light refle

consists of a pulse laser, a telescope to collect the re

an accurate timer as depicted in Fig. 3.34. An accuracy of
possible in this method.

C. Velocity Measurement : Measure
laser Doppler velocitymetry. The HeNe laser bea
by the fluid flow is measured. The frequency of the scatt
and it is pl'oportiom‘,! to the tluid velocity. By this technique, velocities ranging from a few
centimeters per second to hundreds of meters per second can be measured. A typical dual-

m is shown in Fig. 3.39. Light from @ low power (=5 mW) HeNe laser passes
f similar power-

Distance can also be measured by timing the round-trip

cted from a distance target. The system
flected light, a photo detector and
5 m in ranges of 5-10 km is

id can be made by
particles carried along
ered light is slightly Doppler shifted

ments of the velocity of the flu

m scattered from the

peam optical syste
through a beam splitter which gives two parallel beams ©
Within the region of overlapping beams, fringes will be formed. The distance between
the fringes , S is given by
i 5 = M2 sin (8/2)]
t of velocity v (cmV/sec) in @

jarticle acr  fringe field with a componer
Ifa partxcl«. passes across the f'ﬂngtmxe el at o e at e

divection perpendicular to the fringe field,
frecluency

e detector will be m

LASER

Boam Acoustic optical
spiittar 1 modutation

stem that uses the reference beam

m of a laser doppler SY:
f a moving object.

Fig. 3.39. Block diagral
to measure the velocity O

technique
f=2V[sin (6/2) x 10%/632.8] Hz

The output from the detector is fed to a spectrum analyse
storage oscilloscope or chart recorder.

D. Angular rotation measurement
w quite well established an
commercial aircraft. The gyro has a ring configural
two laser beams travel in opposite directions as i
operation of laser to adjusted such that total distance aro

r whose output is recorded on a

: The measurement of the rate of rotation using
d the so called ring gyro is used in military and
tion using an equilateral triangle, in which
llustrated in Fig. 3.40. The wavelength of
und the path is an integral number

laser gyroscope is no

Detector

=1

Beam
splitter

Fig. 3.40. Sagnac interferometer for rotation measurement

of wavelengths. Any change in the length i
\ hs. £ of the rin i :
a'xdls offr;:aho.n is through the point which is junct;go;ei‘;l:liem 2 chmge in wavelength. The
sides of e t,nfmgle and normal to the plane of the triangle. T:e rpendicular bisectors of the
have slightly different waveler}gths and frequencies to Satisfl., th: ‘-‘?:l?i Fé’unt&r rotating beams
ition that the round tri
P

Scanned with CamScanner




A I et ] I

RERPRIRO, e rmsomrin

" important role is the entire field of scientific rese:
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path length should be an integral multi
can be detected by beating the two be.
rotation.

ple of wavelength. The difference in frequencies which
ams together at the output point is a measure of the

3.5.13. Application in Scientific Research

Last, but certainly not the least, of the human endeavours in which lasers play an

arch. This encompasses physics, chemistry,
biology and various atomic studies. For example, lasers offer an opportunity to investigate the
basic laws of interaction of atoms and molecule: with electr tic waves of high intensity.
Laser is also being employed for separating the various isotopes of an element. This LIS (laser
isotope separation) has enormous use for the large scale enrichment of uranium in nuclear
power reactors. Even, genetic research using laser is quite popular. The most prominent of
which is perhaps atomic fusion, which ushered in the hope of becoming a new source of energy
for mankind. In inertial confinement fusion, a powerful burst of fusion energy is produced by
focusing high powered laser beam on a tiny pellet of fuel as illustrated in Fig. 3.41. Another
use of laser radiation is to cool atoms and atomic ions to very low temperatures and this can be
done by suitable arrangement of the frequency and position of the laser beam. The laser cools
small specimens to very low temperatures, in some cases about 1 microkelvin.

Incoming laser beam
Pellet core Ablation surface

DT fuel

Ablating
plasma

Rellocted
lasor ray

Imploding
fuel pellot

ﬁ Critical-donsity

surface

Flg. 3.41. Schemalic lllustration of the laser fuslon procass where a spherical pellot
of nuclear fuel Is irradiated symmetrically with Intense laser beams.

3.5.14. Application in Wireless Communication

Semiconductor lasers with optical fibre are widely used in Telecommunication (l“ig: 3.42).
These optical ication is di 1 in detail in chapter 4, Bosido optical fibre, wm.-lluuu
communication using laser is also being used in LAN. In caso of wircless LA,I‘\J, ﬂ(ymnltlm:e:
infrared technology is used. This tochnology i:'; similar to the ono that I:? used in 'l :/ ol ‘r(,lulnnl n
control, Tho transmitter uses simple inexpensive IR LEDs and a photodiodo is used ns receiver.
Thoere aro two types of IR LANa:

|

B

LASER 1o

—iE=

e —
| ' InGaAsP(active) l_; —

e,
=I5 ] s v
'ﬁ\'. B P

Optical fiber PIN photodiode
detector
(a) (b) (c)

~n-InP butfer .

_--n-inGaAs

E_,_._ n-InP substance

Laser diode
transmitter

Fig. 3.42. Basic elements of a fibre optic communication system. (a) In GaAsP laser transmitter,
(b) Optical fibre for transmitting light ; (c) PIN photodetector.

o Direct beam IR LANs. This is referred to as line
transmission of highly focused narrow IR beam that connect one terminal to another,
Obviously the receiver and transmitter must be properly aligned. It gives longer range
and higher data vates upto 10 Mbps. [t is best suited for fixed terminals and specially

for large file :ts. Different optical arrangements used for this purposes are
shown in Fig, 3.43,

of sight links which involves the

e

[x

.
Transmitter ™

a ™~
A - Teansmittor Recoivor
- P aeean ho
2 i ——— .
Mirror
' ) Mirror
Flg. 3.4, Vanouy oplical systems g

sod for axpandiny
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« Diffused IR LANs. It provides case of installation as the transmission of signals are

in all directions. Because of multiple paths invalved, data transmission :nl. : e

limited to about 1 Mbps. For example, sometime, laptops have m-buili IR (r:\nscn-,i\'uxr'

chip which enable communication between purtable laptop and a fixed terminal, printer

of using infrared is the reduced cost. Disad-
rrupted when obstacles are

or any peripheral. The main advantage
vantage is the limited range, i.c. transmission is inte
present because infrared does not penetrate solid matter.

3.6. THE POWER RANGE OF LASER

Table 3.5 displays the characteristics of typical lasers and their various uses. A glance
at the table shows that some lasers generate kilowatts of continuous wave power and some

others are capable of producing megawatts, gigawatts and even terawatts of pulsed peak power.

Table 3.5 : Characteristics of different types of lasers
P
Peak Pulse Wavelength Uses
Power Nature* B
m-_ I
HeNe 1 mW CcwW 633 nm Supermarket Seanners, hologram.,
alignment operations, industries,
nondestructive testing thke surface
{law), roughness, medical applications
and communication
. S
CcwW 488 nm Entertainment, Medical (eye),
Spccuuscopic, material processing,
holographic work
|
cwW 10.6 pm Cultting and Welding, open air commu-
nication, LIDAR, surgery
I
P 10.6 pm Heat treating
— | . . PO b
Nitrogen 0.01 MW r 337 nm Scientific studies
Semiconductor
cwW 840 nm CD players, measuring instruments,
optical communication
| ] -
cw 760 nm Laser printers
& Fibre communications
3pm e communication®
cwW 1.3y
I, |
694 nm Live holography. Medical applications
1.06 pm Semiconductor processing, Material
o ’ rocossing, Ophthalmolaky

e ey e

3
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Type of Peak Pulse Wavelength Uses
Laser Power Nature*
N&:YAG 50 MW P 1.06 pm Medical applications
QS
NA:YAG 2 kW 3 1.06 pm Short-pulse studies
(ML) ]
Nd:Glass | 100TW P 1.06 pm __Laiﬁﬂ':/____—
Ion - -
Argon ion 2W cw 350 nm Medical applications
I
Argon ion 20W cw 488-514 nm Medical applications
Krypton ion 1w cw 350 nm Medical nppli;:ations
Kripton ion [ 6 W cw 647 nm Medical applications
Xenon ion — P 540 nm )
Vapour
Copper 50 W P 510, 578 nm Medical applications
vapour '
Gold 0W ¢ P 628 nm Medical applications
vapour
Dye -
Ring dye 1(30 mW cw 'l‘um.\bhi Spccn-osmpy:tudy
Rh6G(ML! P N
(ML) 10 kW P 600 nm Scientific studies, Mecdical applications
Chemical
HF 150 W
PorCW 3 pm Weapons destruction and Industrial
applications .
DF 100 W PorCW Envi
nvir t itoring
Excimer
AIF 10 MW
P 193 nm Materials processing
XeCl 50 kW P 375 .
— nm Medical applications
oF 50 W P
. 193nm Medical applications
KrF 100W P 249 i
nm Medical applications
XeF 30W P 351 :
= nm Medical applications
re¢ ~nW P N
electron 193-351 nm | Medical applications

“ P : Pulsed ; CW : Continuous wave ; QS : Q~sv;i;cl\ ; ML : Mode lock
i : Mode loc
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