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I. INTRODUCTION

It has been determined from various experiments, that a far tield energy
loss is occurring in large atmospheric transverse excited EDL's fitted with
unstable resonators of moderate magnification. It has further been observed
that the near field burn pattern from such EDL's shows a striking pattern of
crosshatched lines varying in size from one-fourth to one-half millimeter
square, or more. A possible mechanism is suggested for this mode-medium
interaction and an experiment(s) which may prove this mechanism to be con-
ducted on the existing S3 C02 laser device. A brief history of experimental
results and interpretation of results are presented in the following sections
of this report.

II. BACKGROUND

Experiments at both AVCO and Westinghouse, as well as others, have

indicated that a NF/FF energy loss occurs in pulsed CO2 TEA lasers. This
effect bcgan to be important after about 3 microseconds or so, although there
was every reason to believe that a phenomenon mechanism was operating as early
as the mode formation time. The expected energy in the far field central spot
Legins to be reduced in the 3 microsecond time frame and continues to worsen
as time passes. This "lost" energy evidently appears in high angle diffrac-
tion/interference patterns, measured out to 5 milliradians, but perhaps existing
tomuch higher angles. It has been argued that this mechanism is some sort of
stimulated scattering which would necessarily result sooner or later in any
gas laser. The argument is that the minute homogeneities existent in the laser
medium gas would inevitably result in a high angle NF/FF energy loss. This
argument seems insufficient.

III. EXAMINATION AND VERIFICATION OF THE THESIS

A. Analysis of the Phenomenon and a Proposed Mechanism

It is proposed that the NF/FF energy loss mechanism, as observed
in our TEA lasers, is a phenomenon of the unstable resonator and the resultant

crosshatched pattern observed at the near field position. Let us assume the
following scenario. Given, is a pulsed CO2 TEA laser with an unstable reson-
ator. After the electric pulse begins, and as energy begins to appear as
directional stimulated emission, a preferred mode of interaction of the reson-
ator with the lasing medium begins to develop. This mode is not the simple
non-nodal wavefront predicted by a simplified theoretical treatment of such a
resonator, because the mirror edge Fresnelling of the exit pupil (the feedback
mirror) is superimposed on the field. This is true because part of the Fresnel
radiation from the mirror edge is fed back into the resonant cavity to be
amplified and reamplified via stimulated emission, establishing itself as an
integral part of the light field formed in what is known as the mode formation
time.

Therefore, the laser light begins to appear as the mode is formed
(tens of nanoseconds) and, of necessity, appears within the cavity as a light
field of adjacent, thin parallelpipeds in two dimensions, the transverse spatial

frequency of which is defined by the complicated Fresnel patterns set up within
the resonant cavity. It is important to notice that this pattern exists in the
light field only, as described by the mirror edge Fresnelling, and not in the
laser medium. The light field is merely passing through the laser medium.
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As the laser pulse matures, the effects of localized heating and
cooling is felt exactly according to the parallelpiped geometry. The bright
portions are lasing best and are heated due to lower state thermalization,
while the dark portions retain more of their energy trapped in the t, etastable
upper levels of CO2 and N2, and remain relatively cool. The localized heating
differential results, in the medium sonic time frame, in the light field
parallelpipeds being "burned" into the laser medium so as to form the medium's
own corresponding parallelpipeds, with the medium's gas matter superimposing
itself upon the light field's parallelpipeds. The result is a pressure

differential and a change of density (Ap) between the two locations. This
Ap will co respondingly result in a difference in refractive index, An. As
the medium structure (in the sonic time frame) begins to form, it interacts
with the light field (via the An) at very low (grazing) angles so as to
result in light piping and an effective large decrease in the exit pupil . -

size for the laser. This interaction, much like the light field and the " -

medium structure, should not be considered as a smooth, regular, or static
event. Indeed, as potential variables in the resonator exercise their options,
the situation should be dynamic. The far field total energy readings would
average out this dynamic effect. The result would be an observed NF/FF
energy loss manifesting itself in the time it takes TEA laser molecules to
move the distances required (millimeters) to form the parallelpipeds. The
"lost" energy would appear at high angle in directions and angles corres- -

ponding to the effective reduction in exit aperture size as defined by the
medium parallelpipeds. The light piping effect would reinforce itself by
tending to constrain laser radiation to the cold, dense, and dark portions
of the parallelpipeds, while electrical pumping would continue to place
energy into the medium as a whole, and the light portions of the parallel-
pipeds in particular. In short, the NF/FF energy loss would be driven by
mirror edge Fresnelling and locked in, in a dynamic sort of way, by the

light piping effect. It is important to note that the laser radiation is
not zero for the dark portions of the field. The dark portions are lasing
also, but merely at a reduced level.

B. Proposed Experimental Verification

1. Description of Experiment

An experiment to check this theory could be done as follows:
During the CO2 laser pulse, another laser pulse (probe) is fed through the
laser medium in a transverse direction. This pulse would be of another wave-
length so as not to interfere with the CO2 stimulated emission (this may not
be required in a practical sense). If this transverse laser pulse (TLP)
encounters a series of "lines" as defined by suggested parallelpipeds, then
diffraction and interference should occur to project, in the far field, an
in-line series of spots defining the diffracted order-, of the incident laser
spot. For this order scattering to occur to an observable extent, several
things must be true. The parallelpipeds "burned" intl the medium must be of
such definition (large An) so as to he visible to the probt: laser pulse.
The probe laser pulse must occur after the time period requihed for thy-
"burn-in" to occur. And finally, the recording film must be ,,Iiv,.. fl

to record the small amount of energy present in the !1,P.
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To do this experiment on S at least two holes (top and bottom)
must be cut in tne aiuminumcontainer and optical windows eakpldc". Tlic
probe laser must be a powerful CW variety or a pulsed type, with a wavelength
corresponding to a fast film. The wavelength need not be visible. "Light
carving" equipment must be available (Pockels cells, etc.) along wirh mirrors
and a good camera with a fast shutter, capable of electrical switching. A
suitable film must be available.

This experiment can be done with a single beam pass in any
accessible position along the resonator axis, or (with additional light
carving equipment) with several transverse beams separated in time by light
flight periods which may be varied at will. In the latter case, a "movie"
of approximately five exposed frames would be possible, yielding a series
of frames of the development of the parallelpipeds in the lasing medium as
a function of time. Several variations of these two methods are possible,
each providing various capabilities with various equipment.

2. Experimental Diagrams
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