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SUM~V 1ARY

Theoretical Analy sis  indicated the possibili ty of exciting ?tw o_ lev el If
4.3 ~a.m cw laser action involving the CO2 (00 0 1) — (00 °0) t ransi t ion using
high intensity DY laser power as an optical pump. The necessary very large
population inversion in CO2 was postulated to be achi evable in a C02 / D F /H e
gas mixture where  primary DF pum p power was to be used for generat ing
vi gorous excitation of DY molecules via multi l ine DY optical resonance
absorption. The excitation thus achieved in the DF molecules was predic ted
to be t ransferr ed  to the CO2 (00 °1) level with nearly uni t eff iciency,  generat-
ing extraordinari ly hig h population levels required in the CO2 acceptor
state . The goal of this program was to experimentally verif y this postulated
laser transit ion.

Laser demonstration experiments were conducted and oscillation at
4. 3 micrometers was observed. The Optical Resonance pumped Transfer
Laser (ORTL) c ell containing DF and CO2 was located internal to the DY
pump laser optical resonator.  The chosen ORTL gas mixture was maintained
at 22 Torr  and contaIned mole fractions of 6. 5. 25 , and 68. 5 percent for CO2
DY . and He respectively . The 4. 3 ~m resonator was a closed cavity confi guration.
Laser action was determined by observation of the scattered light f rom one
of the resonato r mi r rors .  Laser radiation between 4. 25 and 4 .29  rnicrom-
eters was observed and identified with the (00 °l)  —( 00 °O) P-transit ions P(2 )
through P(20). In addition , new DY laser transitions, as well as some pre-
viously observed DF lines , were observed in the ORTL cell. The unexpected
occurrenc e of strong DY laser oscUlation in the wavelength region of interest
for C02, complicates the problem of unique laser transition assignment. The
assignment to CO2 was therefore mad e on the basis of additional spectral
structure information.
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PREFACE

The work discussed in this report is based upon propritary prior work

supported by Hughes Independent Research and Development fund s In addi-

tion, work supported by the Ballist ic Miss i le  Defense Advanced Technology
Center under Contract DASGb O-77 -C-0 05 6 has strongly influenced the techni-
cal approach on the present  program . It has also made possible the demon-

- . 0 0stration of two level laser action on the CO2 (00 ) —(00 0) transition
reported here.  This task could neve r have been accomplished in a five month
time span without  the extensive use of apparatus that was available from pr ior
ef for t s  covered by the BMDATC contract  dealing wi th  a related , but separa te ,
technology. This report was authored by 3. Finzi and P .K .  Baily. The
aut hors would like to acknowled ge the technical guidance provided by
F. N. Mastrup . and numerous technical discussions with G. Holleman and
3. Wang . We would also like to acknowled ge the assis tanc e of H. Injeyan .
3. Jacobson , C. Lovejoy, L. Marabella . R .  Shimazu , and L. William s in
performing the experiments.
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1. INTRODUCTION

1.1 BACKGROUND

High energy chemical lasers in advanced space systems are presently

under active consideration by ARPA arid other government agencies. The

ability of the laser system to deliver near ultimate irradianc e levels to distant
t a r g e t s  at p rescr ibed  output power levels depend s on the extracted beam
quality, the output optics size and the attainable precis ion in pointing and
tracking.  Modern chemical space laser conc epts involve cavity resonators ,
such as the cylind rical configurat ion , whe r e satis f ac tor y “mode ” control  or ,
mo r e  p recisely, the ability of the resonator to outcouple a near diffraction

limited beam is questionable or uncer ta in .  Achievement of the required pre-
cision in pointing and tracking may require  sing le lin e oper atio n o n ce ada ptive

optics approaches are  seriously pursued for beam focusing . This is so
because the activ e phase control of a selected line f rom amongst  the large
number of emitted high energy chemical laser lines does not imply control of
the entire multiline beam. It is likely that successful  active phase control of
a chemical laser beam will only be possibl e when the output is in fact  single
line.

The related problems of beam control and single line operation are
both amenabl e to solution by the Optical Resonance pumped Transfe r  Laser
- OR TL) conc ept. The ORTL concept (F igure  1) promises  to permit one to
c onvert f rom high efficiency multi line , low optical quality, “multimode ” cw

p r i m a r y  laser  cavity power to single line , cw low divergenc e laser output —

power. This is accomplished by arranging for the primary, rnultiline DY (HF)
power to oscillate between too highly reflective mirrors as shown in Figure 1.
The ORTL. cell, which is placed w ithin this trapped DY (HF) laser radiation

field become s, in a well designed ORTL. the major primary power sink .

Effective resonanc e absorption in the ORTL cell is achieved by mixing a well
balanced amount of DY (HF) gas into the ORTL gas. The multiline, primary

- 
fi DY (HF) laser power absorbed by the DY (HF) donors is subsequently trans-

i~rred by V-V collisions to an acceptor molecule which becomes the lasing
molecule for the single line output (ORTL) laser. Expectations of better beam

quality are a consequence of the resonant absorption of optical radiation; this

I
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Figur e 1. Optical Resonance Pumped Transfer
Laser (ORTL) Concept.

minimizes the heating of the ORTL medium and good medium homogeneity
can be maintained . Thi s is especially true if the primary and OR TL radiation

are  very close in wavelength. In addit ion , very hig h volumetric Megawatt/
liter active volume ) power output levels appear to be r ealizable. The closed
cycle ORTL concept would allow the use of unusual gases as ORTL laser

sources. These mig ht includ e isotopically enriched substances or substances

which shoul d riot be discharged into the atmosphere at high ra tes  because of

their  explosive or toxic nature.

2 
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The intracavity ORTL conce pt was fi r s t  dem onstra ted  at Hugh es in
June , 1976 with a multiline OF laser as the pr imary source of radiation
and CO2 as the OR TL medium. Single line CW oscillation was achieved at
10. 6 microns. This 10. 6 ~m or DF/C02 ORTL is not very pract ical  for
app lica tions specifically re qui r ing eff icien t space lasers , however , because
of the inherent  and unavoidabl e power loss associated with converting DF
power at an average wavelength of 3.8 ~~ to 10. 6 ~.im CO2 laser  radiation.
This power loss occurs because all energy transfer processes in the ORTL
medium are quantum effects and, therefore , the maximum possible ORTL
output power to ORTL input powe r ratio is limited by the wavelength ratio.
Another ORTL with a more favorable , i. e., shorter , output wavelength was
therefore desired. In the special case of DF/C02 ORTL’s very reliable pre-
dictions on the transfer of OF excitation to the CO2 (00 °].)  level could be
made because of the detailed and quanti ta t ive knowled ge of the inv olved
kine tics. Such analys is  indicat ed that mixing r at i os and press ure s  could be
defined where  over 90 percent  of t he optically pumped DF level energy would
be t r ans f e r r ed  to the CO2 (00 °i )  level. Shorter wavelength lasing could be
accomplished if it were  possible to enforce effective lasing from CO2 (00 °] . )
to a level close to the ground state or to the ground state itself. Furthe r
theoretical work at Hughes clearly i ndicat ed the possibil i ty of effective lasing
in the CO, 4. 3 j.i rn band with a multiline OF to sing le line 4. 3 ~m power con-
version eff iciency as high as 70 percent.  The only uncer tainty wa s the
unknown role of V-V collisions in the CO2 ORTL component.

The high efficiencies potentially achievable in this “two-level” system
lead to a pre liminary inve s ti gation of the scalability of such a laser system.
Under the sponsorshi p of Hughes IR&D , a f i r s t  o rde r  model was
deve loped that described the complicated interaction of the mult i l ine
pump (DF )  laser and the ORTL both situated in the same trapped
DY radiation field. The relevant DF and CO2 vibrational energy
level s t ruc ture  is shown in Figure 2. For favorable conditions ,
power conversion efficiencies from 3. 8 ~m average wavelength , rnulti line
DY chemical laser pump power to single line OR TL output power at 4 .3  ~m

~J. H . S. Wang, J. F inzj , and F. N. Mastrup, App].. Phys. Lett. 31, 35 ( 1977)
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Figure 2. DF /CO~ energy
t r ans f e r  level dia gram.

a re predicted to be over 70 percent .  Calculated output power re fe r red  to unit
volume can reach 1. 7 megawat t / l i te r  at room temperature  with an optical
pump flux of 90 k w/ cr n2 at the ORTL cell. As a result of these considera-
t ions  a five month p ro g ra m was undertaken to experimentally de m ons t rate

a 4. 3 mic rome te r  DF /C02 Opticall y pump ed Resonance  Transfer  Laser.

1.2 PROGRAM OBJECTIVES

The major objectives of the 4. 3 Micrometer  Laser Demonstrat ion
Experiment Program were to:

• Demonstrate and characterize 4. 3 ~m CO2 lasing action in a DF
laser pumped DY/CO2 ORTL.

• Assess , through comparison with theoretical analysis, the gross
effects of V-V collisions in this system.

• Define the need for future and refined work, if any, in th is tech-
nology area as applied to the chemical space laser ORTL.

The major technical problem associated with a successful laser demonstration
was t he uncertain effects of CO2 — CO2 V-V collisions. To successfully

4
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achieve the objectives the program was defined in terms of four work tasks

as follows:

1. Apparatus Modification and Experimental Design

2. 4. 3 Micrometer CW OF/ CO2 ORTL Demonstration

3. 4. 3 Micrometer CW DF/ C02 ORTL Ch a r a c t e r i z a t i o n

4. Data Analysis  and Evaluation

While the object ives  associated with the f i r s t  and second tasks were achieved ,
fu r ther  experiments will be required to dete rmine the precise role of V-V

collisions.

1.3 ACCOMPLISHMENTS

The program plan whic h was delineated at the inc eption of the contract
was fo llowed with no major modifications. During the f i r s t  three months of

• t he program , the Hughes OF/ CO2 ORTL model was used to define favorable
conditions for  achi eving inversion in the CO2 (00 1) — (00 0) transition.
Fluorescenc e experiments were performed under those conditions. The
quantitative analysis of these data indicated tha t population inversions on thi s

• t ransi t ion were  probabl y achieved. These experiments were  described in
the Interim Technical Report  (Hughes Report  No. P77-490 , October , 1977)
and the reader is r eferred to tha t report  for details. Also during the f i r s t

• three months the configuration and conditions for  an intracavity laser demon-
stra tion experiment were  defined . OR TL and DY resonator mir rors  and an
OR TL cel~ were  fabrica ted.

• While awaiting completion of this ha rdware , an extra-cavity
4. 3 micrometer  laser demonstration was attempted and transient oscillations
were observed in the 4. 1 to 4. 7 i.Lni ba nd. The experiment was described in
the October 19 77 Monthly Report .  The DF pump flux available in this con-
fi guration was fairly low (2 00 W/cm 2 ); never theless transient 4.3 ~.m laser
emission signals were  observed with a 3 cm gain length . However , the flow

conditions could not be controlled well enough to allow reliable reproduction
of the laser emission where inversion was barely achieved. Thi s experiment
will not be described again because it has been largel y superseded by the

5
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in t racavity experiment which was carr ied out in the fi ft h month of the program.
This confi g uration enabled a much larger  pumping flux to be utilized and reli-
able cw operation was achieved. The experimental details are described in
Section 2 . The laser emission wavelength was measured with a spectrometer ,
and the observed radiation was at the expected wavelength. Unexpectedly, DY laser
laser oscilla tion on a variety of hi gh vibrational level t ransi t ions was also
observed. Analysis of these additional transit ions has led to art identification
of a number of optically excited DF line s , some of them associated with
v = 4 to v = 3 transitions. One of these , namely P( 13) ,  has not been obse rved
before and overlap s the CO2 (00 ° 1) — ( O 0 °0) t ransit ion.  The unexpected
occu rrence of this par t icular  DY laser t ransi t ion in the ORTL cell , of course ,
considerably complicates the problem of unequivocal identification. Additional
evidence besides the match of wavelength with a likely CO2 transi tion is
therefore required for identification. Such additional evidence is available
and is presented in the body of the report .

6
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2. INTRACAVITY LASER DEMONSTRATION EXPERIMENT

2.1 EXPERIMENTAL CONFIGURATION

• The facility used for intracavity 4 .3  1.i.m laser demonstration
experiment s has been described in detail elsewhere. The discussion here

- 
will s tress the operating characterist ics of the facility as they pertain to the
present experiments. A photograph of the intracavity ORTL facility is shown

in Figure 3 and a schematic is shown in Figure 4. Referr ing to the schematic ,
M1 and M2 housings contain the mi r rors  that f o r m  the OF laser resonator
cavity , while M3 and ORTL house the CO2 laser mirrors .  The two optical
axes are orthog onal.

The OR TL gas enters the OR TL block from below and flows into the
ORTL chambers through a 3 mm circular duct (see Figure 5). Surrounding
the duct is a gas curtain of helium that matches the pressur e and velocity of
the OF/C 02 /He core flow. The helium curtain serves as a gas boundary to
the ORTL flow, confining it to the duct cross section as it leaves the nozzle.

F The nozzle and curtain are shown in the foreground of Figure 3. The flow
intersects both the OF and CO2 laser axe s 5 mm downstream of the nozzle.
The flow exits on top throug h the vertical tube shown in the photograph.

The hig h circulating DY flux is focused to pump the ORTL cell by the

OF optical resonator cavity. Two spherical mir rors  2” diameter , 71 cm
radi us, are separated by a distance of 141 cm to form a concentric cavity .
The copper substrates are water cooled , and coat ed with Ag/ThY 4. They
have a measured reflectivity of 99 ± 0. 2 percent at 3. 75 ~~~ The temper-
ature rise of the cooling water is measured by thermocouples, enabling
calorimetric measurement of the powe r deposited in each mirror .  A CaF2
window at Brewster ’s angle provides the necessary separation between the
DY laser medium (—1 Torr) and ORTL medium (20-200 Torr) .

~
‘Interirn Technical Report , 4. 3 Micrometer Demonstration Experiment ,
Hughes Report No. P77-490 , October , 1977 , Append ix A , and Monthly
Report for July, Contract DASG6O-77-C-0056 , Optical Resonance Transfe r
Laser Investigation.

7 
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The OF power outcoupled by th e Brews ter window easi ly burns plexi-
glas allowing measurement of the beam cross-section. The beam cross-
section converges to a minimum at a 71 cm distanc e from M1 (cavi ty center),
then diverges. Pl exiglass burns are  routinely made a t this dis tance and at a

distance equivalent to the ORTL nozzle location (10 cm from cavity c enter)
to provide information on the DY irradiation beam cross-sect ion.  The intra-
cavity flux at the ORTL nozzle is then obtained from the relation:

F - _ _ _ _  _ _ _ _

N - (1 - R l )A N 
+ (1 - R Z )A N

where FN is the intracavity flux at the nozzle , AN is th e beam cross  section

at the nozzle, and Q1, Q2, R1, and R2 represent the power deposited in

mirrors  one and two and their reflectivities. Typical value s for Q
1 and

range from 60 to 75 watts, and R1 = R 2 ~ 99 percent, and AN is (4-5) mm x
2 mm. Thus FN ranges from 120 to 190 kw/cm2.

- In addition to providing information about the beam cross section, the

outcoupled DF beam is di r ec t ed t oward a spectr ometer to record the spect ral

dis tribution. Approximately 30 percent of the output falls in the 1 0 band,

40 percent in the 2 — 1 band and 30 percent in the 3 — 2  band . The rotational

• dis tribution is similar for each band , rang ing from P(8) to P( 14) with the peak
at P( lO) or P ( l l) .  The rotational distribution is sensitive to the presence of
DF in the ORTL gas. Because intracavity absorption , and therefore loss is
a function of vibrational and rotational quantum number, one expects the

intracavity flux distribution for differing V, J state s to change. For the
range of DF mixture examined the distribution shifted by one to two J line s
toward higher J states.

Elements of the 4. 3 pm laser demonstration experiment are shown

schematically in Figure 6. The CO2 resonator is formed by a flat mirror
and a 1 meter radius concave mirror, both coated for 99. 8 percent reflec-

tivity at 4. 3 p.m and separated by 45 cm. (The reflectance of the optics was

measured on a Perkin Elmer Model 180 spectrometer.) The cavity is nearly
- semiconfocal. The fundamental mode beam waist is 1.2 mm. A shutter sup-

porting a 1 mm thick CaF2 window can be interposed to either entirely block

10
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Apparatus.

the beam or place a CaY2 window at Brewster’s angle. Laser oscillation is

detected by light scattered from the spherical mirror and then imaged onto

either a radiometer or an evacuated spectrometer (McPhear son 218).

The radiometer contains a torodial mirror  to focus the image onto a

0. 050 inch diameter aperture. An interference filter (4. 1 p.m to 4.8 pm

bandwidth) located immediately b ehind the aperture serves to discriminate

4.3 p.m emission from OF laser scattered light and 10. 6 ~m oscillation. The

signal is detected by a Hg:CdTe detector , then fed to a PAR 124 lock-in axnpli-

-
. f ie r  for signal-to-noise enhanc ement. The entire radiometer path length is

rigorously purged with N2 to allow unattenuated 
transmission of 4. 3 pm band

radiation.

Following a 4. 3 p.m experiment , the radiometer was calibrated “in

situ” with a CO2 laser. The flat mi r ror  at M3 was removed , and a 4 mm

diameter CO2 beam coincident with the 4. 3 p.m optic axi s was injected. The

CO2 beam cross section at the scattering mirror was measured, as well as

the beam power and the lock-in amplifier signal. The 10. 6 p.m signal was

scaled to 4. 3 pm taking into consideration detector responsivity, coating

• reflectivity, and scattering efficiency. The calibration factor thus estimated

was 12 watts incident power on the mirror for each volt of the lock-in amplifier.

The ORTL turn-on procedure is as follows. First the ORTL N2 purge,

• the curtain and the nozzle flows are established. At this point, the nozzle

- 
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flow contains only helium. The OF laser is turned on and aligned for maxi-

mum power. A scan is made of the DY laser spectrum, and the beam cross

section at the ORTL nozzle is verified with a plexiglas burn. (It is essential

tha t the length of the OF burn be 50 percent longer than the 3 mm ORTL

nozzle, and that the DY and CO2 axes intersect.) DF and CO2 
are then added

to the He core flow, and the ORTL cavity pressure is set by throttling the

flow. Addition of CO2 last is a safety precaution 
to minimize the possibility

of CO2 penetration past the confines of the He curtain.

2.2 EXPERIMENTAL RESULTS

Two types of 4. 3 p .m laser demonstration experiments were carried

out. The first series used a radiometer to detect stimulated emission, while

in the second series the radiomet er was replaced with a spectr ometer in

order to further define the emission wavelength. A sample of the strip chart

data obtained for a successful 4. 3 pm radiometer experiment is shown in

Figure 7. The experimental conditions prevailing at the time the circle is

- 
indicated are given at the left. The mole f r act ions were:  CO2 5. 1 percent ,

OF 17 percent, and He 78 percent, at 23 torr. The irradiation flux was
• 2 . .. .

150 kw/cm . A summary of 4 .3  p.m experimental conditions is given in

Table I. On the average, the ratio of OF to CO2 is about 4 to 1. The tem-

peratures listed in the table are  measured 2 cm downstream of the excitation

zone; they therefore  indicate the total power absorbed by the gas , but not the

instantaneous temperature at the excitation zone.
Results obtained when the radiometer was replaced by a spectrometer

are shown in Figures 8 and 9. The experimental conditions are given in the

last 3 rows of Table I. The spectrometer grating had 150 lines/mm and was

blazed at 4 p.m. Its dispersion was 212 A/mm.

2.3 DISCUSSION OF RESULTS

Figure 7 clearly indicates that stimulated emission occurred within

the wavelength region of 4. 1 pm to 4. 8 p.m. No signal was detected for

a OF/He mixture, under these conditions. Rapid switching between 4. 3 pm 
-
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Figure 7. 4. 3 p.M Laser Demonstration.

TABLE I. INTRACAVITY LASER DEMONSTRATION EXPERIMENTS

Flux CO2 DF He P T
Exp’t (kw/c mn2 ) (%) (%) (%) (torr )  (°K) Detection

1 73 6. 7 29 64 22 >420 Radiometer

2 150 5.1 17 78 23 513 Radiometer

3 200 6. 6 25 68 22 472 Spectrometer

4 230 6. 9 25 68 22 498 Spectrometer

5 230 6. 3 23 71 20 494 Spectrometer

- - •~~~~~~~~~• 
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Figure 8. Optically Pumped OF Laser Spectroscopy.
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Figure 9. 4. 3 p.M Laser  Spectroscopy .

and 10.6 p.m radiometer filters gave the same modulated signal as spoiling the

cavity. Therefore, 4. 3 p.m lasing and 10. 6 p.m lasing were not simultaneously
occurring. From the peak radiometer signal, one can estimate the circulat-

ing flux inside the OR TL cavity. Recalling the radiometer calibration
described in Section 2.1 , the observed signal of 270 mV implies an intracavity

power of 3. 2 watt s, and intracavity flux of 45 watts/cm2. The total power
absorbed by the gas can be calculated from the recorded temperature rise

via the expression

W = 4 . l 8 Z~~~T~~~~~. C~ .

where Z is the total molar flow rate through the OR TL nozzle , AT the
observed temperature rise, ~~~. the mole fraction and C~1 the heat capacity of

the I ORTL component. Substituting the values listed in Figure 7 yields

3. 35 watts for the power absorbed by the gas.

Figures 8 and 9 show the spectrometer data. In Figure 8, the output

in the region from 4. 30 p.m to 4. 0 p.m was examined with an instrument

resolution of 2.3 cm~~. Lines shorter than 4.2 p .m cannot originate from

15
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tra nsitions; therefore  they must  be assi gned to other transitions . The
assi gnment is shown in Table 11. (Literature values are obtained from
R. E. Meredith and X - S .  Kent , Line Strength Calculations , Wil low Run
Report , 1966.)

Except for the 4 — 3 transitions , the optically pumped DY ORTL lines
overlap with the DY pump lines.  However , not all pump lines are observed

in the ORTL output. The signal orig inate s from stimulated emission and is
not scattering or f luorescence because it is modulated by the shut ter .
Althoug h it seems surprising that OF lines should be excited to laser oscilla-
tion in a DF pumped laser , part ial  inversion and positive gain on hi gher

J levels can be achieved by thermal redis t r ibut ion  from strongly pumped
transitions.

TABLE II. OF LINE ASSIGNMENT

XMeas u red >~Litera tur e  I-KM- ~LI Assignment
Peak (cm~~ ) (cm~~ ) (c m’~~) V J

A 2340 2339. 7 0 .3  4 — 3  P (13)

B 2391 2390.4 0. 6 4— 3 P ( 11)

- C 2394 2393.2 0.8 3—Z P (14)

D 24l9 2419. 7 0 .7  • 3 — 2  P (13)

E 2447 2445.9  1.1 3 — 2  P ( 12)

F ~47 1 247 1.7 0 .7  3 — 2  P ( 11)

C 2475 2474. 2 0.8 2— 1 P (14)

H 2500 2501.4 1.4 2 —  1 P ( 13)
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Fi gure 9 shows the spectral  scan in the 4. 3 p.m region. The upper
trace is a CO2 absor ption spectrum taken by the same spectrometer  with
slits 70 p.m wide ( 0 . 7 5  cm~~ resol ution) . The lower t race is the ORTL signal
scanned f rom 4. 2 p .m to 4 . 5  p.m with slits 1 mm wide ( 1 1 . 6  cm~~ resol ution) .
The observed signal exhibits  a number of local maxima which can be assi gned
to vario us CO2 P- t rans i t ions  as shown in Table III . (L i t e ra tu re  values are
taken Iron-i R.  A. McClat chey , et al . ,  AFCRL Atmospheric  Abs orption Line
Parameters Compilation , AFCRL-TR-73-00~,6 , January , 1973.)  There is
but one problem with  the above assi gnment.  The spectrometer  resolution ,
being seven times l a rge r  than the spacing between adjacen t CO2 lines , was

not expected to be capable of resolving rotational s t ruc tu re .  An alternate
hypothesis  would have the observed spectrum be attributed to temporal oscil-
la tio n s of the DF P 3( 13 1  line at 4. 274 p.m. The belief that the observed radia-
tion emanates from the CO2 molecule , rathe r than the DY , is based on a

number of observat ions .  The observed signal correspond s to anticipated CO2
transi t ions .  Not only do the four larg er maxima correspond to P(8) ,  P( 10) ,
P ( 14 ) , and P( 16) , but the smaller peaks on the short  and long wavelength
slopes correspond to the positions of P(2) , P(4 ) , P (6) ,  P (1 8) ,  and P( 2 0).
The reduct ion in si gnal in the reg ion of P ( l 2 )  may be associated with the near
resonance with the P( 13~ ~ 4 to v 3 DY line. Fur thermore , there were no

temporal var ia t ions  e lsewhere  on this trace nor on other spectra , in cludin g
the one shown in Fi gure  8. The possibility that these unique signal variat ions
are reall y temporal variations (in a DF line) with a period corresponding to
the swee p time between CO2 P- t rans i t ions  is less likely . Furthermore , the
shape of the observed si gnal is not consistent with a single laser line distorted
by the slit function. This apparent discrepancy between the resolution
exhibited by the spectrometer trace and the actual spectrometer slit setting s
has not been as yet resolved.

We have also examined the possibility that 4. 3 p.m transitions associated

with combination levels of CO2 may be responsible for the observed spectrum
shown in Figure 9. Specifically , the line positions of CO2 (Ol

h l)_s. (Ol b O) and
CO2 (00 o2)~~ (00 0 1) were calculated using spectroscopic constants tabulated

1 1 . .  -by McCl atchey , et al. For the (01 l ) ’- ( O l  0) transition , the lines corresponding

17
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- TABLE III. CO 2 ORTL LLN E ASSIGNMENT

K K Ass ignmentMeasured L i t e ra tu re
(cm~~ ) (c m~~~) (00 °1) — ( 0 0 ° 0 )

2346 .9  ± 0 .8  2347 .58  P (Z~

2 3 4 5 . 4  ± 0 .8  2 3 4 5 . 9 9  P (4 )

2344.0 ± 0 . 8  2344 .35  P (6)

2343. 1 ± 0 . 4  2 3 4 2 . 7 3  P ( 8)

2340. 7 ± 0 . 4  2341 .06  P ( l 0 )

2337.5 ± 0 .4  2337 .66  P (14)

‘ 2 3 3 5 . 9  ± 0 . 4  2335 .9 2  P( 16)

2 3 3 4 . 3  ± 0 .8  2 3 3 4 . 1 6  P (18 )

2 3 3 3 . 4  ± 0 . 8  233 2 .37  P (2 0)

to the experimentally observed wavelen gths include P2 and R(2 )  throug h
R ( 8) ;  for the (00 °2)— .. (00 °1) t ransi t ion , the lines R( 14)  throug h R(2 6)  fall
in the appropr ia te  wavelength  range.  Both potential ass i gnments could ,
however , be ruled out by the absence of correlated P- t ransi t ions .  A
spectrometer  scan from 4 . 2  p.m to 4. 5 p.m revealed no such radiation .
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3. F U T U R E  WORK

Althoug h l aser  osc i l l a t ion  has been achieved at 4 . 3  micrometer s .

the re  are  still  many unanswered  ques t i ons .  As an ini t ial  s tep,  unequivocal

confi rmation of CO2 4. 3 p.m osc i l la t ion  is des i red  under various excitation

conditions wi th  outcoup led 4. 3 p.m laser  rad ia t ion .  Def in i t i ve  proof of CO 2
- 4. 3 p.m osc i l la t ion  can be obtained by suf f ic ien t ly hi gh reso lu t ion  spectroscopy.

It is l ikel y that  CO2 laser  perfo rmance can be improved by suppress ing  OF
oscillation while allowing CO 2 oscill ation. This could be achieved by either

reducing hi g h v ib ra t iona l  DY population densi t ies  or by the use of wavelength

selective CO2 resonators. The most practical wavelength selective resonato r

appears to be one which uses a Littrow mounted grating as one of the resonator

elements. This grating would be designed to allow oscillation on one CO2
P- t r ans i t i on  only.  The selected transition would be one which does not over-

lap a DY t rans i t ion .

Once competing DF osci l lat ions are suppressed , the charac ter iza t ion
of the CO~ ORTL pe r fo rmance  can be p u r s u e d .  Varia t ion  of OF pump flux

intensi ty  and wavelength  d i s t r ibu t ion  and var ia t ion  of ORTL p r e s s u r e,  tem-

pera tu re . and gas mix tu re  can be c a r r i e d  out  in a controlled manner to

• enhance our understanding of the system and the physical  processes  involved.

By car ry ing out this  inves t iga t ion  in conj unction wi th  a strong modelling
- effort the relative importance of var ious  processes  not included in present

models can be a s ses sed  and a sound basis  for  per formance  prediction can be

develo ped.
The other area for invest i gation involves quest ions of system efficiency ,

and appara tus  des ign .  There  are a number of improvements  to the present

experimental  conf igura t ion  which should be made .  The rep lacement of the

Brewste r window which separate s the DY pump laser  f ro m the ORTL cell by
a simplified aerodynamic window is expected to reduce system losses.
Optimization of the desi gn of the helium cur ta in  confining the ORTL flow is
anothe r area in which improvements can be made. Because of the large
pump flux levels that are required to reach the threshold for laser oscillation
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in a two-level ORTL, measured efficiency tends to be low in a small device.

High efficiencies are more easily achieved with scale-up , and a hi gher
experimental value would be measured. Because the system characterization

would a1-o be much easier in a system which is well above threshold , an
p

increase in DY pump powe r allowing a longer gain length ORTL cell to be
used is extremely desirable .

4
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