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A BLACKBODYRADIATION-PUMPEDC02 LASEREXPERIMENT

Walter H. Christiansen and R. J. Insuik
• University of Washington

Russell J. De Young
NASALangley Research Center

SUMMARY

Thermal radiation from a high-temperature oven was used as an optical
pump to achieve lasing from C02 mixtures, Laser output as a function of
blackbody temperature and gas conditions is described. This achievement
represents the first blackbody cavity-pumped laser and has potential for
solar pumping.



INTRODUCTION

Direct conversionof sunlight into laser light withoutthe need for a
complicatedintermediatestep of energy conversionis a significantadvan-
tage for high-power CW space-based lasers. The principle of broadband
optical pumping using flashlamps to achievea working laser is well known
and has been put into practice with the ruby laser, the Nd:YAG laser, and
dye lasers (ref. 1). Broadband pumping of gas lasers has not been so
extensivelystudied. Recently, however, an optically pumped iodine laser
has been demonstratedusing a solar simulator(ref. 2).

Solar pumpingof bound-boundabsorptiontransitions,typicalof infra-
red lasers, is also a possibility. This approach normally would be very
inefficient,and thereforeof little interest, due to the fact that the
absorptionbandwidthsof many potentialgas laser media are small in rela-
tion to the effectivebandwidthof the solar spectrum. Consequently,only
a very small fraction of the solar energy can be absorbed and converted
into laser light. A concept for efficientoptical pumping of an infrared
laser medium has evolved which has the potential of making these solar-
pumped lasersvery efficient (ref. 3). In this method, a blackbodyheated
by focused sunlight is used as the opticalpumping source. The basic idea
is shown in fig. 1 wherein an insulated body provides the intermediate
radiationfield. If an opticallyactive medium contained in a transparent
vessel is inserted into the insulated cavity, the overall thermodynamic
efficiencycan be markedly improved. In fact, the potentialefficiencyof
this approach is orders of magnitude greater than utilizing sunlight
directly in narrow band absorptionmedia (ref. 3). This improvementallows
the entire solar flux to contributeto the lasing because of the thermo-
dynamics of the cavity. If the cavity radiationis withdrawnvia the pump-
ing bands of the laser medium, the nonequilibri_npart of the radiation
field in the cavity is returned to a distributionby thermalre-emissionof
the hot walls. In this way the pumping radiationof these type lasers are
continuously replenished and all of the energy source is utilized
(ref. 3). This scenario is schematicallyshown in fig. 2, where collected
sunlight heats a blackbody cavity to 1500°C. Radiation emitted from the
wall has the spectraldistributionas shown in(_). This emission impinges
on a transparenttube containing C02 gas which absorbs some of the black-
body emission over a narrow bandwidthat 4.2 um (shown in(_)). This dis-
tribution is reasorbedand thermalizedby the cavity wall and re-emittedas
(_)which repeatsthe process again.

This laser system seems well suited for space applications,particu-
larly in view of new concepts (ref. 4) of waste heat rejection. Utilizing
this pumping concept, laser system studies have been made to megawatt
levels (ref. 5), where the overallefficiencyof conversionof solar radia-
tion to laser radiationwas shown to be 10-20 percent.

This report summarizes recent experimental results on blackbody
cavity-pumped CO2 lasing. This is the first blackbody cavity-pumped
laser, and establishes the plausibility of this unique laser pumping
concept.
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EXPERIMENTALBACKGROUNDANDSETUP

Because of the importance of this idea, an experiment to demonstrate
the physics of this laser pumping concept is being carried out at the
University of Washington. This experiment utilizes an electrically heated
oven which simulates the equivalent solar-heated cavity. Carbon dioxide
was selected initially as the lasing medium since its properties are well

• understood and it is a good candidate for testing the pumping concept.
Prior calculations having shown the level of gain and its relationship to
the blackbody temperature (ref. 6). These results showed that one should

" be able to achieve threshold conditions fairly easily with translational
temperatures of the gas on the order of 300 K.

The lasing experiment is conducted in a non-steady manner; that is, an
uncooled sapphire laser tube is exposed only briefly to the blackbody
radiation. Lasing should occur until the laser tube and the gas within
become hot. In this experiment, a C02-He-Ar mixture is illuminated by the
radiation field from an electrically heated oven capable of achieving
1500 K. After achieving the proper oven temperature (in the neighborhood
of 1200 K - 1500 K), the oven is opened and moved around the laser tube to
start pumping action. Data are taken for a few seconds and the heater is
then removed from around the laser tube, thus completing the cycle.

The laser tube is 60 cm long, but is only illuminatedover the center
50 cm. It has an 8 mm diameter,chosen to match the optical depth of the
gas mixture. The optics have been mounted on a breadboard vibrationally
isolated from the oven and its support. The laser cavity is nearly con-
focal with a 1-meteropticalpath and laser output is taken from a Brewster
window reflection. The cavity mirrors are maximum reflectors at 10.6 _m.
An electric (glow) discharge apparatus is also built into the system and
shown in fig. 3. Running the discharge device with a laser mixture con-
firms operational alignment of the optics for the blackbody experiment.
The discharge apparatus is removed from the optical system when blackbody
pumpingis used.



PRELIMINARYRESULTS

Preliminary tests have been carried out to measure the heating rate of
the laser tube. By sealing off the laser tube and monitoring the gas
pressure within the tube, a type of gas thermometry is achieved. The first
set of experiments was conducted using an infrared quartz laser tube which
has similar physical properties to sapphire. It was found that the gas
within the laser tube reached temperatures of 700-750 K after 45 seconds
with oven temperatures ranging from 1000-1275 K. Thus, there is sufficient
time (_ 10 sec) for a lasing experiment before the laser mixture becomes
too hot.

Figure 4 shows an oscilloscope trace of a typical laser signal from
this apparatus at a gas pressure of 10 Torr. At an estimated calibration
of 0.16 mw/mv, the laser signal is about 0.4 mw and lasts 3.7 sec. The
signal is obtained with a Hg-Cd-Te detector measuring the weakly coupled
laser output from a Brewster window. Lasing has not yet been observed with
a 5-percent output coupler. The laser signal is chopped at 30 cps, thus
giving a hashy look to the trace. However, the upper envelope is clearly
defined. Two seconds after the oven is opened and placed around the tube,
lasing begins. The heating of the tube and laser mixture terminates the
signal.

A series of experiments was conducted over a range of pressures for a
fixed laser mixture and the overall results of relative laser output and
duration of lasing are plotted in fig. 5. These results show a maximum
laser signal and signal duration at 8 Torr. No laser signal was obtained
at pressures less than 4 Torr or more than 16 Torr. The results have been
very repeatable. The time duration of the signal is consistent with gas
heating times.

Prior calculations have shown the level of gain and its relationship
to the blackbody temperature (ref. 6) using _ simple model for the case of
an optically thick gas. Gains exceeding I m-_ were predicted for moderate
oven temperature and under some conditions there is gain predicted for oven
temperatures as low as 1100 K. With this model, the gains were calculated
to be considerably larger under low-pressure conditions (0.8 Torr CO2 -
0.2 Torr He) than under high-pressure conditions such as 10 Torr (0.8 Torr
C02 - 0.2 Torr He - 9 Torr Ar). These early predictions indicated that
lasing should occur easily at 1 Torr and progressively become more
difficult at higher pressures as inert diluent is added. This trend is not
indicated by the preliminary experiments as fig. 5 shows. Figure 5
indicates that the small signal gain must be considerably smaller than
originally estimated, at least at low pressures. A numerical code is now
being developed to better predict the small signal gain for this laser.
This model, which includes diffusion of excited states to the wall and
catalytic wall deactivation, is being used to predict the small signal
gain go for this laser medium. Early results indicate that this °
mechanism can account for the trends shown in fig. 5, but further modeling
and experimental proof is required.
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CONCLUSIONS

The results of this experiment demonstratethe ability to convert
broadbandblackbodyradiationinto laser light. Preliminarydetailsof the
threshold conditions,the duration of lasing, and the power obtained in
lasing under various thermal conditions have been presented. The experi-
mental results fully illustrate the physical principle of the radiation
conversionprocess.

5



REFERENCES

1. Yariv, A.: Introductionto OpticalElectrtonics,2nd edition, Holt,
Rinehart,and Winston, Inc., New York, 1976, pp. 157-197.

2. Weaver,W. R.; and Lee, J. H.: A Solar Simulator-PumpedGas Laser.
Laser Focus, March 1981, p. 16.

(

3. Christiansen,W. H.: A New Conceptfor Solar-PumpedLasers. Progress
in Aeronauticsand Astronautics,vol. 16, K. Billman, editor,AIAA,
New York, 1978, pp. 346-356.

4. Mattick,A. T.; and Hertzberg,A.: Liquid Droplet Radiatorsfor Heat
Rejection in Space. Journalof Energy,vol. 5, 1981, p. 387.

5. Taussig, R.; Bruzzone,C.; Nelson,L.; Quimby,D.; and Christiansen,
W.: Solar-PumpedLasers for Space Power Transmission. Proceedings
of the AIAA Terrestrial Energy Systems Conference, Orlando, FL,
1979. AIAA Paper No. 79-1015.

6. Yesil, 0.; and Christiansen,W. H.: OpticallyPumped CO2 Laser Mix-
tures. Journalof Energy,vol. 3, 1979, p. 315.

6



SUNLIGHT

MIRRO_ COLLECTOR INSULATED
AND CONCE_KATOR BLACKBODY CAVITY

APERTURE

_SER DK_4

RADIATOR

Figure i. Schematic diagram of a solar blackbodycavity-pumpedlaser
system.



CO

BLACKBODYCAVITY COLLECTED SUNLIGHT

AT 1500" K

_C

\

t

LASER TUBE WITH

Q C02

Figure 2. Schematic diagram of the blackbody pumping process.
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Figure 3. Experimental set-up of the blackbody cavity-pumped C02
laser.



Figure 4. Blackbody-pumped C02 laser signal chopped at 30 Hz. The
vertical axis is i mV/div, the horizontal axis is I sec/div,
and the total pressure is 8 Torr.
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Figure 5. Peak power and lasing duration versus pressure for an
estimated output coupling of 0.05 percent.
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