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Population Inversion:

Under ordinary conditions of thermal equilibrium the number of atoms in higher
energy level 2 (N,) is considerably smaller than the number in lower energy level
1(N3), so that there is very little stimulated emission compared to absorption.
Hence under ordinary condition an incident photon is more likely to be absorbed
rather than emission. Hence laser action will not take place. If, however, the large
number of atoms are made available in the higher energy level (N2 > N;) then
stimulated emission will take place easily. This process of achieving the large
number of atoms in the higher energy level than the lower energy level is known as
population inversion.

The term population inversion describes an assembly of atoms in which the
majority atoms are in energy levels above the ground state (lower energy level).
The process of achieving population inversion is known as “pumping” of atoms.
Most commonly used methods are as follows:

1. Optical pumping (used in Ruby Laser): In this most suitable pumping
technique, the atoms in the ground state are excited to higher energy state
by means of optical photons. The energy is supplied continuously in the
form of short of flashes of light. The excited atoms from the upper most
level ( in which the atom can reside only for about 10 sec) go to the
metastable state ( a state in which atom can reside for about 10-3 sec, much
longer than short lived uppermost level) to create a state of population
inversion. In this case the frequency of pumping photons must be higher
than emitted photons so that the atoms can be pumped to the higher energy
level from the lower energy level. Optical pumping is suitable for those
media which are transparent to light. Maiman employed optical pumping
method for the production of laser beam in Ruby laser.

2. Electrical pumping.

3. Inelastic atom-atom Collisions:In this method of pumping, the accelerated
electrons produced by electric discharge of the gaseous medium ( a mixture
of two gases) collide with the atoms of one kind of gas ( which are
responsible for pumping). The excitation energy of these atoms are readily



transferred to the atoms of other kind of gas (which are responsible for laser
transition) in their inelastic collision with them. In this way population
inversion is achieved by inelastic atom-atom collisions in He-Ne gas laser.
In He-Ne laser, helium is the pumping medium and neon is the leasing
medium.

4. Chemical pumping.

Metastable States:

When an atom gets sufficient energy, by any means, its electrons jumps from inner
to outer orbits. This state of atom is called excited state. The atom remains in an
excited state for a period of 10 sec. After that short period it comes back to the
ground state by releasing excess energy spontaneously. For stimulated emission,
the atom should remain for a longer time. As the atoms are continuously going to
excited state pumping process they should remain in the higher energy state until
the population in the higher state (N,) becomes greater than that in the lower state
(N1). A long lived energy state (~ 10 sec) from where the excited atom do not
return to the lower level instantaneously is called metastable state. In fact
metastable states are those energy levels of the atoms from which the transitions to
the ground states are not allowed by selection rules. However, the atom can fall
from the metastable state to the ground state either by giving up the appropriate
amount of energy to another atom during a collision process or it may absorb
radiation and go to a higher energy state which is allowed by selection rule and
from there it may return to normal state by emission of radiation. Thus, if certain
atoms are excited to the metastable state, the probability of spontaneous emission
will be quite nwgligible.

Need of Three Level:

Suppose there are only two energy levels, a metastable state hv above the ground
state. The more photons of frequency v we pump into the assembly of atoms, the
more upward transitions there will be from the ground state to the metastable state.
However, at the same time the pumping will induce downward transition from the
metastable state to the ground state. When half the atoms are in each state, the rate
of stimulated emissions will equal the rate of induced absorption, so the assembly
cannot even have more than half its atoms in the metastable state. Hence a



condition of population inversion will not achieve because (N1 = N2) and therefore
in this situation stimulated emission will not take place and laser amplification will

not occur.
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HELIUM NEON LASER
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The lasers are profitably used in almost every field including fundamental research, The commn
applications of lasers are as follows :

1. Metallic rods can be melted and joined by means of a laser beam (laser welding).
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APPLICATIONS
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