
Sunday, 2 March 2003 Laser History - Gasdynamic Page: 1

http://home.achilles.net/~jtalbot/history/gasdynamic.html

GAS DYNAMIC LASER

In 1962 Basov and Oraevskii proposed that rapid cooling could produce population inversions in molecular systems. A few years later others
suggested that this could be accomplished by expansion of a hot gas through a supersonic nozzle. And in 1966, the first gasdymamic laser was
successfully operated at the Avco Everett Research Lab. (Gerry, 1970).

According to Anderson (1976) gas dynamic lasers are first cousins to rocket engines. They also share design similarities with supersonic wind
tunnels. In rocket nozzles, aerodynamicists work hard to create equilibrium flows so as to obtain maximum specific impulse; on the other hand in a
laser, all possible efforts are made to produce a highly non-equilibrium  expansion.

Adiabatic Expansion Cooling Gasdynamic Laser : Hot gases expand
through appropriately shaped nozzles from a high pressure, high
temperature chamber into a low pressure chamber. This creates a highly
non-equilibrium region were a strong population inversion takes place.
Very high laser output power can be achieved. The diffuser is used to shock
down the supersonic flow to subsonic speeds, then the gases are generally
exhausted to the atmosphere.

Population inversions require that the lasing medium be forced  as far as possible from equilibrium. In equilibrium, statistical thermodynamics tells
us that the upper levels have an exponentially decreasing population as a function of increasing energy, which means that the lower quantum levels
have a larger population than the upper levels, thus a photon is more likely to cause an absorption. In highly non-equilibrium situations, the
populations are reversed and the upper level is overpopulated relative to the lower level, and a photon is more likely to induce a stimulated emission,
hence laser action is possible.

 Large scale 135 Kilowatt gasdynamic laser at Avco Everett Research Lab, Inc. was among the first
very high power lasers. Initially this research was classified by the U.S. government, even today
information on these types of lasers is scarce. (Gerry, 1970)

Non-equilibrium turbulent flows are much more likely to occur in rapidly expanding stellar atmospheres where ideal  equilibrium flows are rarely
encountered. If adiabatic expansion alone can produce one of the most powerful lasers on earth; this mechanism should also be one of the most
prevalent astrophysical means of producing laser action. 

PRACTICAL USE
High power CO2 lasers are used in manufacturing for drilling, cutting, welding, heat-treating and alloying (LaRocca, 1982). Some of these lasers
are so powerful that beams emerging from the chamber could potentially destroy the optics. For a time the gasdynamic laser was seriously
considered for use in the space based Strategic Defence Initiative (SDI) or Star Wars program.
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