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ABSTRACT

High pressure gas laser technology offers the possibility for stable lasers
at finely controlled tunable frequencies and power levels needed for atmospheric
remote sensing. Broadly tunable precision CW lasers for LHS or CW DIAL measure-
ments, or repetitively pulsed high intensity lasers with the required character-
istics for high-resolution DIAL observation of pressure-broadened pollutant
line~profiles (to obtain altitude discrimination) are possible. A fixed fre-
quency chirp-free and highly stable intense pulsed laser can be made for Doppler
wind velocity measurements with accurate ranging. The talk will review the
related technologies in the 10 um region. The review will be in the form of
a progress report presenting an on-going research and engineering effort.

INTRODUCTORY REMARKS

This talk was presented in two parts. The first part gave the details of
the work relating to the generation of intense IR laser pulses at highly stable
(and chirp-free) single frequency for Doppler wind velocity measurements. It
took place at a workshop (chaired by Dr. Robert Menzies) on the evening of
March 26. The second talk presented the work addressed to energy extraction
from a high pressure CO, laser at a tunable single-mode frequency. It took
place on March 27 at the session on Coherent Applications (chaired by Dr. Frank
Goodwin). Both talks reviewed the status of a project currently in progress.
Future publications (and final reports to NASA) will give extensive details of
the various phases when completed. For this proceeding, the viewgraphs shown
in the two talks are submitted as figures along with detailed descriptions out-
lining the presentations.

GENERATION OF INTENSE OO LASER PULSES AT A STABLE
CHIRP-FREE SINGLE FREQUENCY
Frequency Stabilization by Transient Injection Locking
With transient injection locking (TIL), the laser energy fram an intense
gain-switched CO3 pulsed plasma can be extracted at a single-mode frequency
triggered by an injected (weak-field) radiation. With an internal low pressure

CO9 gain cell, the TIL laser oscillation occures on a single mode of the reso-
nator lying near the center of a (M5 amplifying transition. The identity of
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51



the laser field inside the resonator as an oscillating sinusoidal field is
established after two or three transits across the length of the resonator
(after the gain onset). Subsequent oscillation buildup in the single mode (near
the line-center) will occur as in a free-running oscillator, without an inter-
ference from the (weak) injected field.

In the course of transient oscillation buildup, the oscillating laser fre-
quency w is subject to time variations caused by refractive index changes of
the medium. It is known that by far the dominant source of refractive index
change arises from shock waves due to the intense current-pulse producing the
high density CO, laser plasma. Rapid deposition of energy in the medium causes
the shock waves, which propagate at sound speed. However, the onset of violent
refractive index changes due to this cause generally occurs at late times
(because of propagation at sound speed) exceeding tens of usec after the current
pulse. Accordingly, this effect can result in sizable chirping mainly at the
tail of a long duration (several usec) pulse. In practice, the magnitude of
this chirping effect can be minimized by operating at a low plasma-~current
pulse; this, however, will be at the expense of a reduction in energy-deposition
capacity and energy-conversion efficiency.

Another cause of frequency chirping is saturation of the amplifying transi-
tion. This effect occurs during a laser pulse if the resonator mode on which
laser oscillation occurs is appreciably detuned from the transition center.

This chirping effect is largest in the buildup portion (the leading edge) of
the pulse. At line-center, however, there will be no contribution to chirping
due to this source.

From the above it appears that the chirping will be at a minimum on line-
center and for a moderate laser excitation (sacrificing energy-conversion effi-
ciency), particularly for pulse durations below several usec. However, the
studies reported here have revealed additional causes leading to small time
dependent refractive index changes during the pulse and, hence, frequency chirp-
ing. The dominant process arises from a time dependent change in molecular
composition of the medium taking place during each laser pulse. The intense
current pulse produces sizable molecular decomposition. The resultant unstable
constituents of the gas subsequently evolve (after each current pulse) toward
the equilibrium gas mixture. 1In addition, the effect of redistribution of
populations in the low-lying excited molecular states also contributes to a
time-varying refractive index change during the laser pulse. Although the
refractive index variations due to these causes are small, the resultant fre-

quency chirping can be sizable.

Under the best conditions, the chirping rate on line-center (for a several
hundred millijoule laser) can be reduced to a fraction of one MHz/usec for
pulses below one usec duration. On the tail of the pulse, extensive heterodyne
observations show that the chirp rate will build up to values larger than sev-
eral MHz/usec at times beyond five or ten lusec after the onset of the leading
edge of the laser pulse. At this stage of the art, it appears difficult to
reduce the frequency chirping below this observed limiting value reported here.
It is also to be noted that refractive index variations leading to frequency
chirping will be larger in a higher energy laser.
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Doppler wind velocity measurements (and other accurate Doppler Lidar appli-
cations) require a laser pulse of several usec duration at a chirp rate below
100 kHz/usec. A proposed method is described below, offering the possibility
of removing the residual frequency chirping from the laser output pulse.

Figure 1 shows the experimental arrangement employed in heterodyne obser-
vations of TIL frequency characteristics. Two methods are employed. The first
relates to the studies of single-mode TIL operation near line-center obtained
with an internal low pressure G0y gain cell. In this case, the single-frequency
laser output is heterodyned against an external CO; laser local oscillator to
observe the frequency characteristics. For a variety of reasons, it is advan-—
tageous to achieve single~mode TIL energy extraction employing an external
CW 05 laser master oscillator for TIL driver, as shown in figure 1. (In this
case, the internal CW CO; gain cell is switched off). The advantages include
the possibility of employing the CW TIL driver laser also as the local oscilla-
tor in heterodyne detection of the Lidar return signal.

If the external TIL driver laser is detuned from the peak of the resonator
mode of the pulsed power oscillator, the TIL laser osciallation occurs at a fre-
quency shifted to the peak of the resonator mode. 1In the extensive studies of
frequency chirping and the related effects, the injected frquency, WInjr is
detuned by a known amount from the peak of the power oscillator resonator mode.
The TIL laser output is heterodyned against the same CO, laser employed as the
TIL driver laser (see fig. 1).

Detuning of the external TIL driver laser from the center frequency, Wy
of the power oscillator resonator mode is obtained as follows: With the intense
pulsed plasma switched off, the internal CW COj gain cell is employed to obtain
CW laser oscillation at the center frequency Wor Of the power oscillator
resonator mode. (With PZT tuning, the mode is centered on the internal low-
pressure CO3 gain profile.) With heterodyne observation, the TIL driver laser
is detuned from w, by a preselected known amount. Rugged and stable resonator
configurations are used to avoid appreciable long term drifts (as verified by
frequent heterodyne observations in the course of an experiment). Once the
known detuning is achieved, the internal CO, gain cell is switched off. The
TIL energy extraction and heterodyne observations are then performed at the
known detuned injected frequency.

It is necessary to decouple radiatively the power oscillator laser totally
from LO (and external TIL driver). A ring resonator with appropriate suppressor-
mirror (to avoid backward oscillation) and appropriate padding with attenuators

are employed.

In accurate observation of frequency chirping, it is important to employ
adequate optical isolation and electrical shielding of the high intensity plasma-
current pulses (and the LO laser power supply); otherwise, the local oscillator
will suffer (due to optical feedback or spurious electrical pickup currents)
small frequency variations, rendering the measurements invalid. To verify the
absence of such a spurious IO chirping, another LO is used to probe the fre-
Juency of the first LO during the short observation time (while the energy
zxtraction from TIL power oscillator occurs). One arrangement to achieve this
is shown in figure 1.
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It is essential to study frequency chirping effect (due to refractive
index variation) at late times (about 5-to-10 usec). After the onset of TIL
laser pulse the tail of the gain-switched pulse generally provides a weak,
slowly decaying, laser output at such late times. Although the intensity on
the tail is considerably below the main laser pulse, it can be readily detected
with heterodyne detection and employed in the studies of frequency chirping.
Figure 2 shows typical oscilloscope traces of a photopreionized single-mode TIL
laser output (at several hundred millijoule energy per pulse) heterodyned with
a CW 10; the heterodyne beatnote (in the MHz range) appears superimposed on the
pulse profile. The main pulse is below one usec and has a long tail. The
upper figure is displayed to show the general features of the observation. 1In
the lower trace, the oscilloscope is triggered at about five pusec after the main
pulse. It shows an initial zero beat and a subsequent increase in beatnote.

At about 10-to-11 usec after the pulse, the chirp rate has increased to a value
of about 3 MHz/usec. This displays the limiting chirp rate obtainable in a
typical several hundred millijoule photopreionized TIL CO; laser. As noted,
lasers at higher pulse energies will suffer larger chirp rates. At early times
after the onset of the laser pulse, however, the chirp rate can be considerably
below the value stated here. This can be obtained by carefully centering the
power oscillator resonator mode near the line-.center and at a somewhat reduced
energy deposition efficiency and uniform excitation across the cross section

of a (seed gas) photopreionized CO; laser. For a one usec pulse, the chirp rate
can be as low as a fraction of one MHz/Lsec.

Removal of Residual Frequency Chirping From Output Laser Pulse;
A Proposed Method

The proposed chirp removal method employs electro-optic modulation of the
laser output at an rf frequency. The modulating rf voltage is obtained from
a laser beatnote produced by mixing a small fraction of the intense laser pulse
with the output of a stable CW laser. 1In one embodiment, the stable CW laser
frequency (or the frequency of the high-energy pulsed laser) is tuned so that
the beatnote appears at a convenient rf range. (This heterodyning is accomplished
at large input radiation signals incident on the mixer element, hence the beat
voltage across the mixer appears at a sizable signal level). The resultant beat-
note, after amplification in a broadband rf amplifier (when necessary), is
applied to an electro-optical modulator to produce frequency modulation of the
output laser pulse. Inspection will show that one of the rf sidebands will be
free from laser chirp. The block diagrams in figures 3 and 4 give a summary
description. A variable optical delay is provided to make up for small delays
in the rf amplifier circuit. It can be shown that if this delay is not totally
corrected, the chirping effect, although reduced by orders of magnitude, will
not be totally eliminated; the remaining chirp will be (dw/dt)Tt, where (dw/dt)
is the chirp rate at the output of the pulsed laser and T 1is the delay time.
(In practice, T can be reduced to values below several nsec.)

In an ultimate design it is possible to employ single sideband e.o. modu-

lation, converting more than 50 percent of a (e.g., ten joule) laser output pulse
to a nearly chirp-free sideband. Depending on the laser intensity, it will also
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be possible to use the e.o. modulator in the form of a thin (possibly waveguide
type) sample to achieve high conversion efficiency at reduced modulator rf
voltages.

Other applications require a pulsed chirp-free master-oscillator unit at a
reasonably large output power level; the master-oscillator unit can then be used
in a MOPA configuration to extract a chirp-free amplified output from a high
energy power amplifier. If the master oscillator provides a reasonably large
output power, the requirements for multipass power amplification will be enorm-
ously relaxed. (In the existing MOPA systems, multipass amplification with
intricate isolation stages are needed because of low-level power outputs of the
existing stable master oscillators. This is the main reason for complexities
of the existing high energy MOPA systems.) A longitudinally excited low pres-
sure Q-switched CO, laser, for example, can be used in the chirp-removal system
suggested here. Such a Q-switched CO, laser, after chirp removal, can be used
as a master oscillator at a relatively high peak intensity in a MOPA system.

This proposed method, yet to be developed, was presented in the conference
wor kshop because of its potential application in generation of chirp-free radi-
ation for accurate Doppler Lidar.

ENERGY EXTRACTION FROM GAIN-SWITCHED HIGH PRESSURE CO, LASER AT A

STABLE TUNABLE MONOCHROMATIC FREQUENCY

Energy extraction by Transient Injection Locking (TIL) at a tunable fre-

quency requires the utilization of an external tunable master oscillator, driving

an intense pulsed power oscillator at the tunable frequency. 1In this sytem a
weak radiation field (from the tunable master oscillator) is introduced in the

resonator of the pulsed power oscillator at the frequency of a selected resonator

mode. As the power oscillator gain is rapidly switched on, under appropriate
conditions, laser oscillation buildup occurs at the single-mode selected by the
frequency of the weak injected field. This is a transient process and appre-
ciably differs from the previously known steady state injection locking. The
transient injection locking under consideration in this talk is an extension

of the well known art of superregenerative amplification in the microwave
region, where enormously large gains are obtained with a (repetitively pulsed)
gain-switched microwave (or rf) oscillator, driven by a weak (input) signal.

An important feature of the TIL process relates to its transient nature:
the oscillation "buildup" at the selected single mode will "hold on" only for
a limited time dQuration. The oscillator will switch after a short time inter-
val (determined by the injected field) into its free-running oscillation mode.

If the weak-field injected radiation is introduced at the frequency of one
of the resonator modes lying near the peak of a high-gain line - consider, e.g.,
a power oscillator with a grating resonator tuned to the high-gain line - the
time duration of switchover (to the steady-state oscillating mode) is generally
long. However, if the selected mode is appreciably detuned from the peak of
the high-gain line, unless the injected field has sufficient intensity, the
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switchover from the selected mode to the free-running oscillating mode (or
modes) will occur in the early times during transient oscillation buildup.

For a power oscillator with a resonator employing broadband reflectors
(without a grating), injection of a weak field at the frequency of a low-gain
transition of the CO, amplifying band will cause initial oscillation buildup to
occur on the selected mode of the low-gain line. The free-~running oscillation
(without the injected field), however, occurs on several modes of the high-
gain line of the amplifying band. Accordingly, the switchover from the TIL on
the low~-gain line will generally occur to multimode oscillation on the line with

the highest gain.

Energy extraction at the frequency of a resonator mode selected by TIL will
be complete if the switchover time to free-running oscillation occurs at late
times after the main pulse (i.e., it takes place on the decaying tail of the
laser pulse). If appropriate conditions are not satisfied, the switchover time
will be in the early buildup time (or at a time during the main pulse), in which
case TIL energy extraction at the desired frequency will not be complete.

Complete~versus—partial TIL energy extraction is a subject requiring exten-
sive scrutiny for a tunable TIL laser. This important problem is not encountered
for a TIL gain-switched CO; laser with an internal low pressure gain cell (caus-
ing line-center TIL). The internal low pressure gain cell selects a mode near
the center of a high~gain line and, hence, as noted previously, the switchover
time to the free-running oscillating mode (which may be, e.g., another resonator
mode adjacent to or in the vicinity of the selected mode) will take place at late
times on the tail of the pulse. However, the switchover process can be an
important effect if the injected radiation is introduced at a frequency where
the gain of the medium is lower than the peak gain (even by as much as five or

ten percent).

The switchover time duration critically depends on several parameters.
They consist of: (a) Intensity of the injected radiation, (b) the gain-above-
loss-factor at the mode selected by the injected field compared to the gain-
above-loss factor in the region where free~running oscillation can occur,
(c) the detuning of the frequency of the injected field from center-frequency
of the selected resonator mode, and (d) the saturation parameters of the
medium determined by pressure effect.

For the power—-oscillator laser at a fixed pressure, and a given resonator
loss factor, the condition for complete energy extraction by TIL can be described
by a threshold intensity, Iyn, of the injected field inside the resonator.

This threshold is defined by the intensity of the injected radiation causing
the switchover time to take place at times not shorter than two or three times
the duration of the main pulse. Accordingly, the threshold intensity (for com-
plete TIL energy extraction) will depend on the gain factor at the injected
frequency, and the detuning of it from the peak of the selected resonator mode.

The work of colleagues (ref. 1) in Canada on TIL of a gain-switched CO,

laser (and the other workers) have addressed the problem of line-center TIL on
a high-gain line. Energy extraction in such a system is always in the "complete
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regime". The previous works have not dealt with TIL energy extraction at a
tunable frequency, requiring an understanding of the complete-versus-partial
TIL energy extraction presented here (for the first time).

In the experimental studies discussed here, the TIL process is explored
in the line-center region, as well as at frequencies appreciably detuned from
the 003 line centers. 1In the line-center observations, an external line-
tunable low pressure CW CO, laser is used as the TIL driver master oscillator.
In this case, e.g., complete-versus-partial energy extraction on a low-gain line
is explored by TIL of a gain-switched power oscillator employing a broadband
resonator. In this case the switchover from line-center TIL on the low-gain line
will take place to free~running multimode oscillation on the highest gain line.

The energy extraction at frequencies appreciably detuned from CO, line
centers are studied employing an external line-~tunable low pressure N0 laser
as the TIL driver master oscillator. It is known that the N30 and CO5 ampli-
fying bands (in the 10.6 um region) overlap one another. Several N,0 laser
lines lie at known frequencies detuned fram the center frequencies of nearby
COy lines. With a gain~switched CO5 power oscillator at varying pressures (cor-
responding to varying collision broadened linewidths), off-line center TIL is
studied employing the N2O TIL driver laser. This process is also studied using
the CO, power oscillator with a grating tunable resonator containing within it
a low pressure N,O gain cell.

Figure 5 is a schematic of well-known TIL with an internal low pressure
gain cell. Observation of a smooth output pulse is a good indication of TIL.
This is observed with the low pressure gain cell switched on. Without the low-
pressure gain cell, the output is accompanied with beatnotes originating from
mul timode operation.

Figure 6 is schematic of a tunable TIL employing an external (tunable)
master oscillator.

Figures 7, 8, and 9 relate to complete-versus-partial TIL energy extraction.
The upper trace in figure 7 is a computer modeling theoretical estimate for a
case in which an injected field at 20 mW intensity is introduced in the resonator
of a gain-switched (05 power oscillator at the frequency of the P(10) line (with
the power oscillator laser employing broadband resonator reflectors). The main
pulse shows buildup and decay of the P(10) line. Full scale absissa is 10 usec.
The gain-switched pulse is focllowed by a long tail (caused by transfer from N0
to C03). The switchover to the free-running oscillation on the P(18), the high-
gain line, is also displayed (the lower trace). 1In this case (which corresponds
to a non-complete energy extraction), the total laser output will consist of
a superposition of the two curves, with the main peak dominantly consisting of
the P(10) line and an early switchover on the tail to the P(18) line. This
figure 7 also shows experimentally observed near-complete TIL energy extraction
with about one miW injected radiation in the P(12) line. The switchover occurs
to the P(18) line on the tail of the pulse. When this occurs, the P(18) line
appears (as in a free-running oscillator) with multimoding. The breaking into
a multimode operation seen on the decaying portion of the observed pulse is due
to the switchover from single mode TIL P(12) line to multimode free-running
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P(18) line. For clarity of presentation, the lower figure is a hand drawing
of the somewhat faint (high speed) oscilloscope picture of the experimental
trace shown.

Figure 8 shows the observed pulses described in figure 7, except the
injected field intensities are varied. The two traces in figure 8 show the con-
trol of switchover time by injected field intensity.

Figure 9 shows the observed pulses described in figure 7 for about 50 mW
injected radiation, showing complete energy extraction (with the switchover time
delayed to late times on the tail not appearing on the trace). The intensities
of the injected field for figures 7, 8, and 9 correspond to the injected fre-
quency, UWyppn4r tuned to the center frequency of the power oscillator resonator
mode (via the method described in the explanation of figure 1). Additional
details of figures 7, 8, and 9 will be published by S. Nazemi and A. Javan.

Figure 10 lists several N0 laser lines at frequencies differing by known
amounts from CO, line centers.

Figure 11 illustrates that the threshold injected field intensity for com-
plete energy extraction (I,) depends on the parameter N given in the figure.
As is seen, the parameter N in turn depends on pressure broadened linewidth
as shown. Iy at a fixed detuned frequency is considerably lower for a broader
line (higher pressure).

Figure 12 gives the TIL threshold intensity, I¢n, for complete energy
extraction at a detuned frequency employing the R(10) N0 line (at 1980 MHz
removed from P(16) COp line center). The threshold injected intensity (value
for inside resonator), 1Igi, 1s given at 3 different pressures. At about one
atmosphere pressure, larger than 50 mW is required for complete TIL energy
extraction. At about 2.5 atmospheres, on the other hand, 3 uW is sufficient for
complete energy extraction (at the detuned N9O frequency). The threshold
values are given for the injected field carefully tuned to the peak of the
power oscillator resonator mode, with the method extensively described in the
explanation of figure 1, employing CW N0 lasers (and gain cell) instead of
CW CO, lasers (and gain cell), see figure 1.

We mention here, with great emphasis, that an important aspect of engineer-
ing of a tunable TIL CO, laser is control of the power oscillator resonator mode
with respect to the frequency of the tunable injected radiation. Based on
extensive component-by-component experimental investigations, a frequency track-
ing unit, complete with fine control and calibration, has been designed and is
under consideration by NASA LaRC for possible implementation. Future publica-
tions will describe the control system.

Tunable frequency energy extraction by TIL from an energetic gain switched
CO, laser can be achieved with a TIL driver input consisting of a frequency tun-
able laser pulse (low energy) with a duration as short as about ten nsec (or
longer). A grating tunable photopreionized high pressure CO, laser can be
reliably operated (with seed gas photoionization) at output energies in the ten
to fifty mj range. Such a high pressure laser can be tuned to frequencies
appreciably detuned from CO, line centers. However, the spectrum of the grating
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tunable high pressure pulsed CO5 laser is generally broad. It consists of

mul timode oscillation spread over a range of about 2000 MHz. This laser, by
itself, is inadequate for use as a driver TIL master oscillator. On the other
hand, if it is followed by an appropriate Fabry-Perot filter, it is possible
to reproducibly select one (or two) oscillating modes for use as a tunable TIL
driver master oscillator. (Controlling the tuning can be achieved with simul-
taneous - ganged - laser grating and Fabry-Perot filter tuning.)

In the system employed, the selected (filtered) oscillating modes appeared
(after the filter) at a pulse duration somewhat below 100 nsec at a peak intens-
ity of about 0.1 to 1 kW. The Q05 power oscillator was triggered at a (variable)
delayed time with respect to the pulsed driver master oscillator. The pulsed
injected field is introduced in the gain-switched CO3 power oscillator during
the early buildup time. By varying the delay, it is found that about 100 nsec
time window is readily available to achieve TIL with the injected pulse. This
experiment has been successfully performed. However, detailed observations
(and the possible utilization in a remote sensing experiment) are presently
postponed for a later date.

A short pulse TIL driver master oscillator cannot be used at the same time
for heterodyne detection of the Lidar return signal. (The return signal arrives
at a delayed time.) Such a system would require a separate LO laser (such as
a tunable diode laser) in the Lidar detection system.

A gain-switched 00) power oscillator operating at a multiatmospheric pres-
sure, driven with an appropriate TIL driver master oscillator, can offer fre-
quency tunable output in ranges considerably detuned from CO, line centers.

An isotopic high pressure CO, laser can be operated closed cycle (sealed off)
with catalytic 00, regeneration. Such an isotopic CO5 laser, reliably operat-
ing with seed gas photopreionization (refs. 2 and 3), offers broad frequency
tuning at about 3 atmospheres pressure.

An important tunable master oscillator available for TIL driver is the
system consisting of a line tunable CW CO5 laser followed by a tunable micro-
wave e.o. modulator (ref. 4). The tunable microwave sidebands have sufficient
intensity for TIL energy extraction.

With a tight control of the power oscillator resonator mode and its cen-
tering on the injected frequency, it should also be possible to employ a tunable
diode laser as the tunable TIL driver master oscillator.

Another possibility (sugested by A. Mooradian of Lincoln Laboratory) is
Pérametric mixing of a CO and COj laser to generate discretely tunable radia-
tion (by about 150 MHz spacing) over a broad region in the 10 um range.

A-tunable TIL in the CO5 line center region (applied to an atmospheric dif-
fgrentlal remote sensing experiment) has been reported (ref. 5) by R. Menzies
with a tunable (by several hundred MHz) waveguide COp laser.

An ideal yidely tunable master oscillator for a differential absorption
(ref. &) experiment, however, is a miniature e-beam sustained CO; laser cur-
rently under extensive development.
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PRECISION MINI E-BEAM-SUSTAINED TUNABLE CW CO5 LASER;
A COMPONENT-BY~COMPONENT DESIGN STUDY

A design-study project is in progress to construct a miniature e-beam sus-
tained tunable CW CO, laser, with a thin pencil-like plasma volume (of about
10 cm x 1 (mm)2), capable of operating at pressures as high as 3 to 4 atmo-
spheres. Such a laser will offer a fine frequency-tuning characteristic, with
a single-mode output at a CW output power up to about 50 watts. The removal
of deposited heat energy (necessary for CW operation) is achieved by rapid
transverse gas flow. The thin cross-section of the pencil-like plasma facili-
tates the heat removal at a subsonic flow. The design calls for operation at
a sustainer voltage below avalanche breakdown, where the totality of the elec-
trons in the thin pencil-like CO, plasma is produced by the secondaries from
the incident primary e-beam. The e-~beam is in the form of a thin ribbon trans-

mitted through a thin foil.

The operating pressure under consideration is up to 3 to 4 atmospheres,
where broad tuning can be obtained, as in reference 3, with an isotopic CO,5 gas
mixture,

It is necessary to employ a low-Fresnel number resonator with a short mirror
spacing (13 cm in the present design).

The requirement for a short low-Fresnel number resonator together with the
miniature nature of the device calls for novel design considerations within
severe space limitations (of the miniature laser). The short resonator of the
laser facilitates energy extraction at a minimum diffraction loss.

The electron gun is of the plasma cathode design. Figure 13 shows internal
components of the electron gun made visible by removal of the anode. The hollow
cathode and its concentric shield are precisely aligned inside the vacuum box
(left) by means of two high voltage feedthroughs which are not seen in this
view. The anode plate is 2 cm thick to allow for water cooling channels. A
wide slot is cut out of the central portion of the anode. This is covered on
the vacuum side by a thin narrowly slotted plate to permit electron passage
into the 2 cm long field free region. A 0.3 mil thick aluminum window seals
the outside of the wide anode slot. This device produces a uniform, stable,
cw electron beam 9 cm long and 0.2 cm wide at a current density of 300 uA/cm2

and energy of 30 keV.

Figure 14 is an electron gun similar to that shown in figure 13 in opera-
tion with the ribbon-like beam emerging into the atmosphere. In this view the
two H.V. feedthroughs are visible emerging from the vacuum chamber. Also visi-
ble is the glow of ionized air in the path of the electron beam. The uniformity
of the glow reflects the uniformity of the emergent beam.

The author expresses acknowledgment to the Spectroscopy Branch, LaRC,
Virginia, headed by R. V. Hess, for continued encouragement and support. The
program has extensively benefited from the modeling estimates and other inves-
tigations of the branch, specifying the various requirements.
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Figure 1l.- TIL characteristics; heterodyne observations
in the CO, line-center region.
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Figure 2.- Heterodyne signal ring power oscillator (TIL)
display of chirping at late times.
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Figure 3.- A method for removal of frequency chirp
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Figure 4.- A method for removal of frequency chirp

from a pulsed laser:

experimental arrangement.
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Figure 7.- Theoretical and experimental energy
extraction by Transient Injection Locking.

Figure 8.~ Effect of varying injected power on the
time-of-onset of multimoding.
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Figure 9.- Complete energy extraction by
Transient Injection Locking for the
case of strong injected radiation.
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Figure 10.~ Difference frequencies for
some N,O and CO, laser lines.
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Figure 12.~ TIL at detuned frequencies:
ITH versus pressure.
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Figure 13.- Internal view of plasma cathode electron gun.

Figure 14.- Plasma cathode electron gun operating
in air.
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