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Principle of Laser:

An atomic system having one or two meta-stable states is chosen.
Normally, the number of atoms in the lower energy state is greater than
that in the meta-stable state.

This population is inverted by a technique known as optical pumping. Itis
made induced absorption of incident photons of suitable frequency.

The atoms are made to fall from meta-stable state to lower energy state
and photons are emitted by stimulated emission.

The photons are reflected back and forth in the active medium to excite the
other atoms.

Thus a large number of photons are emitted simultaneously which
possess the same energy, phase and direction. This process is called
‘amplification of light'.

To produce laser beam, the following two conditions must be fulfilled:

1. The meta-stable state should all the time have larger number of atoms than
the number of atoms in lower energy state.

2. The photons emitted due to stimulated emission should stimulate other
atoms to multiply the photons in the active medium.
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Three components of laser
action

1. The Pump: Itis an external source which supplies energy to obtain
population inversion. The pump can be optical, electrical or thermal.
In Ruby Laser, we use optical pumping and in He - Ne Laser, we use
electric discharge pumping.

2. The Laser Medium: Itis materialin which the laser action is made to
take place. It may be solid, liquid or gas. The very important
characteristic requirement for the medium is that optical inversion
should be possible in it.

3. The Resonator: It consists of a pair of plane or spherical mirrors
having common principal axis. The reflection coefficient of one of the
mirrors is very near to 1 and that of the other is kept less than 1. The
resonatoris basically a feed-back device, that directs the photons back
and forth through the laser medium.

odpr Psfeie> =




1. Optical Pumping: (WW@ - Com)
If luminous energy is supplied to medium for causing population
inversion (light source in the form of short flashes of light; Ruby

Laser)
2. Electric discharge

In discharge tube when a potential difference is applied between
cathode and anode; accelerated electrons emits towards anode
(gaseous-ion laser).

3. Inelastic atom-atom collision:

In electric discharge one type of atoms are raised to their excited

states. These atoms collide in-elastically with another type of atoms
(He-Ne Laser).

4. Direct Conversion:

A direct conversion of electrical energy into radiant energy occurs as
in LED’s. (Semiconductor Laser)

5. Chemical reaction
Energy comes from chemical reaction without any other external source.
(CO;, laser)
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Applications of He—m’ﬁ

He-Ne lasers have many industrial and

scientific uses.

He Ne lasers are often used in laboratory
demonstrations of optics,

The Narrow red beam of He-Ne laser is
used in supermarkets to read bar codes.

Measuring distances



Mo

« A consumer application of the red He-Ne
laser 1s the Laser Disc plaver, made by
Pioneer. The laser is used in the device to
read the optical disk.

e guided “smart” weapons

* The He- Ne Laser 1s used 1n
Holography in producing the

3D images of objects.



APPLICATIONS OF LASERS

. In Communication W
. Industrial Applications

‘ Medical Applications

. Military Applications

. In Computers

o In thermonuclear fusion
. In Scientific Research

. Entertainment

g Holography



Appllcatlnns of Laser Light:

The smallest lasers used for telephone communication over optical fibres
have as their active medium a semiconducting gallium arsenide crystal
about the size of the pin-head.

2. The lasers are used for laser fusion research. They can generate pulses of
laser light of 10-'° s duration which have a power level of 10 W.

It is used for drilling tiny holes in diamonds for drawing fine wires. _

Itis used in precision surveying.

It is used for cutting cloth (50 layers at a time, with n@ frayed edges).

o o & W

It is used in precise fluid-flow velocity measurements using the Doppler
effect.

~

It is used precise length measurements by interferometry.
8. Itis used in the generation of holograms.

9. Itis used to measure the x, y and z co-ordinates of a point by laser
interference techniques with a precision of £ 2 x 10° m. It is used in
measuring the dimensions of special three-dimensional gauges which, in
turn are used to check the dimensional accuracy of machine parts.

10. Medical applications: It has been used successfully in the treatment of
detached retinas and cancer. A single pulse of laser beam of duration of a
thousandth of a second only is needed for welding the retina.



Holography




* The method of producing the 3-diamensional image of an
object due to the interference phenomena of coherent light
waves on a photographic plate is known as holography.

* The idea of holography was first developed by Dennis Gabor
in 1948. The invention of laser duri mg 1960 enhanced
researchin this field. afprvi

 When an object 1s photographed bv a camera. a 2-dimensional
image of 3-dimensional object 1s obtamned. Here only the
amplitude of the light wave 1s recorded on the photographic film.
[n holography. both the phase and the amplitude of the light
waves are recorded in the film. The resulting photograph is
called hologram. In Greek. “holo” means whole and “graphv’
means writing. So holography stands tor whole writing.

* The recorded hologram has no resemblance to the original
object. It has in it a coded form of information of the object. The
image 1s reproduced by a process called reconstruction
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hotography

A conventional photography

is a 2-D image of a 3-D scene

A conventional
lacks the perception of the
depth or the parallax with

photograph

which we view a real life
a conventional
photograph only records the
intensity pattern., 3-D
character of the object scene

1s lost.

scene. Since

Comparison

Holography

Holography  represents a
photographic  process m a
broad sense, but essentially 1t
differs from a usual photo, as
the phase of Lght wave
scattered by the object carries

the complete information
about 3-D structure of the
object

Hologram contains depth and
parallax. which provides the
ability to see around the object

placed behind
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w Photography

 The mtensity variations are

recorded on the photographic

plate  while the phase
distribution prevailing at the
plane of the photographic

plate 18 completely lost.

In conventional photography.
there 18 one to one
relationship between object
and mmage point as the light

originating from a particular

point of scene 18 collected by
a lens focused on that
particular point.

Comparison

Holography

It gives information about
amplitude as well as the phase
of an object. So hologram

preserve information about
the object for later
observation.

* Hologram received light from

every point of a scene and
hence there 1s no one to one
relationship. This 1s a record
of entire signal wave.



Photography

Two dimensional (2-D) image of

a three dimensional (3-D) object
The quality of depth 1s missing
Each region contains separate
and individual part of the
original object

In conventional photography.
radiated energy 1s recorded and
phase relationship of wave

arriving from ditferent distances
and direction 1s lost

Ordinary Light can be used for
recording

It 1s based on lens systems
A 69 mm photograph can hold
ne printed page only

Holography

Three dimensional (3-D) image of
an object
It provides depth perception also
Each part contain mformation
about the entire object
In holography phase relationship 1s
recorded by using technique of
interterence of light waves.
Only laser beam should be used tor
recording (or ) constructing a
hologram
It 1s a lensless systems

L 69 mm hologram can store up

y 300 such pages



How Holograms Work Basic Setup
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Construction of Hologram: Recordin De

Laser beam




Reconstruction Process: e WW)
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Applications of HologW

* 1) In information storage in computers.
 2) In holographic cinema.
« 3) In data processing.

 4) Hologram can be used as an optical
grating.

« 5) Ininformation coding.
* 6) In pattern recognition.
and many more.......






