








There are several important conditions that our laser 
must satisfy. 

 First of all, the light that it produces must be coherent. That is to say,
it must emit photons that are in-phase with one another.

 Secondly, it should emit monochromatic light, i.e. photons of the Secondly, it should emit monochromatic light, i.e. photons of the
same frequency (or wavelength).

 Thirdly, it would be desirable if our laser's output were collimated,
producing a sharply defined "pencil-like" beam of light (this is not
crucial, but clearly a desirable condition).

 Lastly, it would also be desirable for our laser to be efficient, i.e. the
higher the ratio of output energy - to - input energy, the better.























 Achieving population inversion in a two-
level atom is not very practical. Such a task
would require a very strong pumping
transition that would send any decaying
atom back into its excited state.

 This would be similar to reversing the flow
of water in a water fall. It can be done, but
is very energy costly and inefficient.

Why not Two level laser systems is possible?

is very energy costly and inefficient.

 In a sense, the pumping transition would
have to work against the lasing transition.

 That is to say, once the population inversion
is achieved the laser would lase. But
immediately it would end up with more
atoms in the lower level. Such two-level
lasers involve a more complicated process.







Four level laser system Vs Three level laser systems

 One of the advantage of four level atomic system on three level is that in
four level there occurs more transition as compared to three level and
hence probability of transition is large in four level atomic system and
hence analyzing four level or higher level atomic system gives more
advancement to technology and gives new ideas and high approach to
certain problems.

 Moreover four level or higher level atomic system is more complex to
analyze.

 Also four level atomic system is more suitable for laser action than
three level because in four level atomic system population inversion can
be easily acheived because the transition from metastable state is not
directly to ground state as in three level.









Optical pumping
Electric discharge or excitation
by electrons

Methods of Achieving Population Inversion

by electrons
Inelastic atom-atom collisions
Thermal pumping
Chemical reactions









INTRODUCTION 

a. A Ruby laser is a solid-state laser that uses a synthetic ruby
crystal as its gain medium.

b. It was the first type of laser invented and was first operated by
Theodore H. “Ted” Maiman at Hughes Research Laboratories
on 1950-05-16.on 1950-05-16.

c. The ruby mineral is a combination of aluminum oxide with a
small amount (o.o5%) of Chromium which gives its
characteristic pink or red color by absorbing green and blue
light.

d. The Ruby laser is a pulsed laser, producing red light at 694.3
nm. After receiving pumping flash tube, the laser light emerges
for as along as the excited atoms persist in the ruby rod, which
is typically about a millisecond.





Optical Pumping mechanism in Ruby laser

 Optical pumping is a process in which light is
used to raise the atoms from lower energy
energy state to higher energy state to create
population inversion.

 Optical pumping is used in solid lasers: Ruby Optical pumping is used in solid lasers: Ruby
laser

 The solid material have very broad absorption
band, so sufficient amount of energy is absorbed
from the emission band of flash lamp to create
population inversion.

 Xenon flash tubes are used for optical pumping.
Eg: Ruby lase, Nd-YAG lasers.



Energy level diagram















Electrical Discharging pumping mechanism 
in He-Ne Laser

 In this process atoms are excited in to the
excited state by collision with fast moving
electrons in discharge tube.

 This process generally used in gas lasers.

 Since gas lasers have very narrow absorption
band so optical pumping is not suitable for gas
lasers

Eg: He- Ne Laser , CO2 Laser, and Argon- Ion
laser





















Nd- YAG Laser 





















Pumping mechanism in Semiconductor Laser

 Injection Current pumping mechanism is generally used in 
semiconductor lasers.

 In this, by passing high current across the junction, the 
population inversion will create.  

 In semiconductor lasers the population inversion always creates 
among  majority and minority charge carriers.

Examples: InP and GaAs semiconducting lasers.


































