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I Laser
A laser is a device that emits light (electromagnetic radiation) through a process of
optical amplification based on the stimulated emission of photons. The term "laser"
originated as an acronym for Light Amplification by Stimulated Emission of Radiation.
The emitted laser light is notable for its high degree of spatial and temporal coherence.

Spatial coherence is typically expressed through the output being a narrow beam which
is diffraction-limited, often a so-called "pencil beam." Laser beams can be focused to
very tiny spots, achieving a very high irradiance, or they can be launched into beams of
very low divergence in order to concentrate their power at a large distance.

Temporal (or longitudinal) coherence implies a polarized wave at a single frequency
whose phase is correlated over a relatively large distance (the coherence length) along
the beam. A beam produced by a thermal or other incoherent light source has an
instantaneous amplitude and phase which vary randomly with respect to time and
position, and thus a very short coherence length.

Most so-called "single wavelength" lasers actually produce radiation in several modes
having slightly different frequencies (wavelengths), often not in a single polarization.
And although temporal coherence implies monochromaticity, there are even lasers that
emit a broad spectrum of light, or emit different wavelengths of light simultaneously.
There are some lasers which are not single spatial mode and consequently their light
beams diverge more than required by the diffraction limit. However all such devices are
classified as "lasers" based on their method of producing that light: stimulated emission.
Lasers are employed in applications where light of the required spatial or temporal
coherence could not be produced using simpler technologies.

IT Design
A laser consists of a gain medium, a mechanism to supply energy to it, and something to
provide optical feedback. The gain medium is a material with properties that allow it to
amplify light by stimulated emission. Light of a specific wavelength that passes through
the gain medium is amplified (increases in power).

For the gain medium to amplify light, it needs to be supplied with energy. This process
is called pumping. The energy is typically supplied as an electrical current, or as light at
a different wavelength. Pump light may be provided by a flash lamp or by another laser.

The most common type of laser uses feedback from an optical cavity—a pair of mirrors
on either end of the gain medium. Light bounces back and forth between the mirrors,
passing through the gain medium and being amplified each time. Typically one of the
two mirrors, the output coupler, is partially transparent. Some of the light escapes
through this mirror. Depending on the design of the cavity (whether the mirrors are flat
or curved), the light coming out of the laser may spread out or form a narrow beam. This
type of device is sometimes called a laser oscillator in analogy to electronic oscillators, in
which an electronic amplifier receives electrical feedback that causes it to produce a
signal.
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Most practical lasers contain additional elements that affect properties of the emitted
light such as the polarization, the wavelength, and the shape of the beam.

III Stimulated emission

In the classical view, the energy of an electron orbiting an atomic nucleus is larger for
orbits further from the nucleus of an atom. However, quantum mechanical effects force
electrons to take on discrete positions in orbitals.

When an electron absorbs energy either from light (photons) or heat (phonons), it
receives that incident quantum of energy. But transitions are only allowed in between
discrete energy. This leads to emission lines and absorption lines.

When an electron is excited from a lower to a higher energy level, it will not stay that
way forever. An electron in an excited state may decay to a lower energy state which is
not occupied, according to a particular time constant characterizing that transition.
When such an electron decays without external influence, emitting a photon, that is
called "spontaneous emission". The phase associated with the photon that is emitted is
random. A material with many atoms in such an excited state may thus result in
radiation which is very spectrally limited (centered around one wavelength of light), but
the individual photons would have no common phase relationship and would emanate
in random directions. This is the mechanism of fluorescence and thermal emission.

An external electromagnetic field at a frequency associated with a transition can affect
the quantum mechanical state of the atom. As the electron in the atom makes a
transition between two stationary states (neither of which shows a dipole field), it enters
a transition state which does have a dipole field, and which acts like a small electric
dipole, and this dipole oscillates at a characteristic frequency. In response to the
external electric field at this frequency, the probability of the atom entering this
transition state is greatly increased. Thus, the rate of transitions between two stationary
states is enhanced beyond that due to spontaneous emission. Such a transition to the
higher state is called absorption, and it destroys an incident photon (the photon's energy
goes into powering the increased energy of the higher state). A transition from the
higher to a lower energy state, however, produces an additional photon; this is the
process of stimulated emission.

IV Gain medium and cavity

The gain medium is excited by an external source of energy into an excited state. In
most lasers this medium consists of population of atoms which have been excited into
such a state by means of an outside light source, or an electrical field which supplies
energy for atoms to absorb and be transformed into their excited states.

The gain medium of a laser is normally a material of controlled purity, size,
concentration, and shape, which amplifies the beam by the process of stimulated
emission described above. This material can be of any state: gas, liquid, solid, or plasma.
The gain medium absorbs pump energy, which raises some electrons into higher-energy
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("excited") quantum states. Particles can interact with light by either absorbing or
emitting photons. Emission can be spontaneous or stimulated. In the latter case, the
photon is emitted in the same direction as the light that is passing by. When the number
of particles in one excited state exceeds the number of particles in some lower-energy
state, population inversion is achieved and the amount of stimulated emission due to
light that passes through is larger than the amount of absorption. Hence, the light is
amplified. By itself, this makes an optical amplifier. When an optical amplifier is placed
inside a resonant optical cavity, one obtains a laser oscillator.

In a few situations it is possible to obtain lasing with only a single pass of EM radiation
through the gain medium, and this produces a laser beam without any need for a
resonant or reflective cavity (see for example nitrogen laser). Thus, reflection in a
resonant cavity is usually required for a laser, but is not absolutely necessary.

The optical resonator is sometimes referred to as an "optical cavity", but this is a
misnomer: lasers use open resonators as opposed to the literal cavity that would be
employed at microwave frequencies in a maser. The resonator typically consists of two
mirrors between which a coherent beam of light travels in both directions, reflecting
back on itself so that an average photon will pass through the gain medium repeatedly
before it is emitted from the output aperture or lost to diffraction or absorption. If the
gain (amplification) in the medium is larger than the resonator losses, then the power of
the recirculating light can rise exponentially. But each stimulated emission event
returns an atom from its excited state to the ground state, reducing the gain of the
medium. With increasing beam power the net gain (gain minus loss) reduces to unity
and the gain medium is said to be saturated. In a continuous wave (CW) laser, the
balance of pump power against gain saturation and cavity losses produces an
equilibrium value of the laser power inside the cavity; this equilibrium determines the
operating point of the laser. If the applied pump power is too small, the gain will never
be sufficient to overcome the resonator losses, and laser light will not be produced. The
minimum pump power needed to begin laser action is called the lasing threshold. The
gain medium will amplify any photons passing through it, regardless of direction; but
only the photons in a spatial mode supported by the resonator will pass more than once
through the medium and receive substantial amplification.

V The light emitted

The light generated by stimulated emission is very similar to the input signal in terms of
wavelength, phase, and polarization. This gives laser light its characteristic coherence,
and allows it to maintain the uniform polarization and often monochromaticity
established by the optical cavity design.

The beam in the cavity and the output beam of the laser, when travelling in free space
(or a homogenous medium) rather than waveguides (as in an optical fiber laser), can be
approximated as a Gaussian beam in most lasers; such beams exhibit the minimum
divergence for a given diameter. However some high power lasers may be multimode,
with the transverse modes often approximated using Hermite-Gaussian or Laguerre-
Gaussian functions. It has been shown that unstable laser resonators (not used in most
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lasers) produce fractal shaped beams. Near the beam "waist" (or focal region) it is highly
collimated: the wavefronts are planar, normal to the direction of propagation, with no
beam divergence at that point. However due to diffraction, that can only remain true
well within the Rayleigh range. The beam of a single transverse mode (gaussian beam)
laser eventually diverges at an angle which varies inversely with the beam diameter, as
required by diffraction theory. Thus, the "pencil beam" directly generated by a common
helium-neon laser would spread out to a size of perhaps 500 kilometers when shone on
the Moon (from the distance of the earth). On the other hand the light from a
semiconductor laser typically exits the tiny crystal with a large divergence: up to 50°.
However even such a divergent beam can be transformed into a similarly collimated
beam by means of a lens system, as is always included, for instance, in a laser pointer
whose light originates from a laser diode. That is possible due to the light being of a
single spatial mode. This unique property of laser light, spatial coherence, cannot be
replicated using standard light sources (except by discarding most of the light) as can be
appreciated by comparing the beam from a flashlight (torch) or spotlight to that of
almost any laser.



