























the short times involved in the laser pulse, a true
measure of the chemical efficiency is the ratio of
emitted energy to the chemical energy in the ac-
tive volume. According to this definition, the
chemical efficiency of the CO. transfer chemical
system is approximately 30% . The peak gain co-
efficient of this laser system used as an amplifier
is approximately 3 m! with a time dependence
quite similar to the behavior of the pulses emitted
by the oscillator. Analytical studies of a kinetic
model of this laser system have been used to pre-
dict the performance of the laser in terms of gain
coefficient, power output, and pulse duration as a
function of the various operating parameters.’
Good agreement between the experimental and
analytical results has been achieved, providing a
model capable of assessing the feasibility of new
experiments together with analyzing results of
these experiments and those performed in other
similar systems.

Another Approach to a Chemical
Laser

The pulsed chemical transfer laser program has
been most successful. The original concept that
the chemical pumping and vibrational relaxation
kinetics are equally affected by operating pressure
has been verified by operating the laser at pres-
sures up to one atmosphere, with no apparent loss
in chemical-to-laser efficiency. Theoretical studies
show that the operating pressure can probably be
increased to nearly ten atmospheres before three-
body reactions begin to starve the chemical
kinetics of essential free-radical chain carriers.

With all this success, the D,-F.-CO. chemical
transfer laser retains its one major drawback—the
reactants and products are toxic and corrosive and
difficult to handle outside a laboratory environ-
ment. In recognition of this problem, APL has
undertaken to study other chemical reactions that
offer potential as chemical lasers yet have reason-
able handling qualities. One such approach has
been a pure chemical CO. laser based on the
catalyzed combustion of CO with N,O. The chem-
ical kinetic chain of interest is

X + N,O—->N, + XO
X0 +CO - CO, + X
where X is a catalyst element from the first col-
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umn of the periodic table, i.e., X = H, Li, Na,
K, or Cs. Of these catalysts, Na appears most
attractive from the kinetics standpoint and experi-
ments to date have concentrated on its use. This
chemical kinetic scheme offers several obvious ad-
vantages for a chemical laser:

1. Relatively safe fuel and oxidizer and com-
bustion products (CO-N.,O mixtures are inert in
the absence of the catalyst).

2. Desirable products for a CO., laser.

3. High exothermicity (87 kcal/mole).

Actually, when a sodium catalyst is used, about
70% of the heat of reaction occurs in the CO,-
producing-step. This energy is equivalent to nine
CO. upper laser level vibrational quanta and could
potentially directly excite the CO, product mole-
cule since excess chemical energy tends to ac-
cumulate in the newly-formed bond. However,
there is no assurance that the upper laser level
vibrational mode will be preferentially excited if
this process occurs. One of the striking features
of the Na-catalyzed CO-N,O combustion is the
strong visible Na D-line chemiluminescence that
occurs with it; this chemiluminescence is a visible
indicator of disequilibrium.

These chemical laser experiments are being
conducted in a low-pressure fast-flow reactor simi-
lar to that used by Cool for the D.-F.-CO., cw
transfer laser. In this coaxial flow configuration,
however, the chemical laser gain is expected to
be too low for self-sustained laser oscillation and
the experiments have been generally restricted to
laser gain measurements. To date no positive indi-
cation of gain has been recorded.

Conclusion

It appears that chemical lasers will be an im-
portant source of radiant energy capable of operat-
ing with high efficiency. The strong chain reaction
occurring in the pulsed chemical CO, transfer laser
is able to produce high power pulses of consider-
able energy. Provided that more efficient means of
producing the original F atom concentration can
be found, the system could be scaled to much
larger sizes without requiring large external power
sources. The applicability of the chemical laser
would obviously be enhanced if safer and less ex-
pensive fuels could be discovered. A mode-locked
pulsed chemical system capable of generating high-
energy pulses in the nanosecond range might prove
to be important in plasma fusion studies.
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