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In this reporting period, the small signal gain coefficient and spectral
characteristics of an electrically excited room-temperature CO laser
have been investigated for the purpose of understanding the role of the
necessary gas constituents and the possible excitation mechanisms
involved.

The room temperature operation is possible only with higher partial
pressures of the major constituents as compared to those at 77°K. The
need for a higher partial pressure of CO at 20°C seems to be simply to
compensate for the reduction in gain with increasing temperatures. A
6:1 ratio of Nz to CO is also found to be necessary, while the optimum
ratio at 77°K is nearly 1:1. The higher ratio of N, at 20°C seems to be
needed primarily to shield the CO molecules against decomposition by
collision with highly energetic electrons. The oxygen concentration
necessary for room-temperature operation of the CO laser is critical
since any excess of oxygen would help form an undesirable amount of
CO,.

veota 'y
The typical output spectrum of the CO laser at 20°C is given in Tab.leuI.
The higher quantum numbers of the rotational lines, as compared to
those observed at 77° K, are consistent with the theory of a molecular

laser. The disappearance of the lower vibrational bands below the 9-8 |

band is a special feature of the room temperature operation. Since the
vibrational temperatures are not expected to cliange drastically ‘with the
molecular kinetic temperature, the vibrational bands 6-5, 7-6, 8-7

which are present at 77°K should normally be expected at room temperature.
This discrepancy may be explained in terms of the anharmonic decoupling,
which seems to be a characteristic of a diatomic molecular laser with small

anharmonicity.

»

The appearance of more than one rotational line in any particular vibrational

band is a result of cascading. This is clearly established by a study of the
time resolved spectroscopy of the CO laser. The gradual decrease of the

rotational quantum number with increasing vibrational quantum number
also lends support to cascading,
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The preliminary results of gain measurements of the optimum mixture
for the room temperature CO laser has been obtained. The small signal
gain for the strongest line in the absence of cascading has been measured
to be 15% per meter. The actual gain in the presence of cascading must
be higher, since the optimum coupling necessary for room temperature
operation of a laser with a one meter discharge tube is nearly 15%.

The yain measurement and the spectral studies are being continued for
the various lines and at different temperatures. Plans are being made
for the measurement of vibrational relaxation rates.
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