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LABORATORY OPIERATIONS

The Laboratory Operations of The Acroupat e Corporation is cionducting

experimental and theoretic-al inve.stigations neces•a • .- i the evaluation and

application of scientific adiances to nr%% nilitasy concepts and systems. V'er-

satitty and flexibility have been developed to a high degree by the laboratory

personnel in dealing -ith the many pruble is t.ncountered in the nation's rapidly

developing sp4ce and missile systems. tEpe rtlse in the latest scienr'tic devel-

opments is vital to the accomplishment on tasks related Io these problems. V'he

laboratories it.at contribute to this research are:

Aerophysics LaLoratur.: Launch and reentry aerodynamics, heat trans-
fer, reentry physics, chemical k;retics. structural imechanics, flight dynamics.
atmospheric pollution, and high-power gas lasers.

m and Physics Laboratory: Atmo.ipheric reactions and atmos-
pheric optics, heit;cal reactions :rn polluted atmospheres, chemical reactions
of excited species in rocket plunies. chemical thernodynamnics, plasma and a
laser-induced reactions, laser cheniistry, propulsion Chemistry, space vacuum
and radiation effects on materials, lubrication and surface phenomena. photo-
sensitive materials and sentors, high precision laser ranging, and the appli-
cation of physics and chemistry to problems of law enfu.rcement and biomedicine.

I
Elerironics P-eeaeari. llaboratory: Eiectromagnetic theory, devices, and

propajgaton phenomena, inl•"i•n.gplaszana elect rornagnetics; quantum electronics,
lasers, and electro-optics; conmiunication sciences, applied ,lectronics, semi-
conducting. supercondiicting, and crystal device physic-s, optical ant' acoustical
imaging; atmospheric pollution, millimeter \cave and far-infrared technology.

KMat,-rials Sciences Laboratry;: D-relopment of new materials; metal
-matrix cornposites and new, fornis of c ariton,; test and evaluation or graphite
and ceramics in reentry; spacecrak materials and eleetron;i components in
nuclear weapons environmnent; appli( shnor of fracture mechanics to stress cor-
rosion and fatigue-induced fractures in structural metals.

e .h)sics laborator : Atmospheric and ionospheric physics, radia-
tion from h density and cmtpnsition of the atmosphere, aurorae
and airglow; magnetospheric physics, cosmic rays, generation and propagation
of plasma waves in the magnetosphere; solar physics. studie.. of solar rnagnetic
fields; space astronomy, x-ray astronomy: the effi-tr. of no-I.&!-
magnetic storms, and solar activity on the earth's atriosiphere, ionosphere, and
rnagnetosphe-re: the effects of optical, electromagnetic, and particulate radia.
tions in space on space systems.
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Output pulse observations are presented for a I-le--i~ihited CO laser

pum11ped by vib rational -vibrat ion (VIV) energy transfer from vibrati onally

excited 1_F produced by the D2 -_F 2chain re.ac-tion. Flash photolysis of
3

the F, initiated the reaction. A 290-cm reaction chamber containing

a 0.5-atm mixture with a mole ratio D *F :CO *He =0. 33:1.8:10 gave
2 2 2'

a single -pulse output energy of 2. 8 J. Relative to the amiount ofD
prescnt in the reaction chaniber, this corresponds to a chemical ef-

ficiency greater than 501'.
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A 1I'TRAG T

Output pulse observations arc prcsented fur a lie-diluted CO2

laser pumped by vibration-vi±Uration iVV) energy transfer iron'

vibrationallv excited DF produced by the D -1'"_ chain reaction. Flash
3

photolysis of the F', initiated the reaction. A 290-cm reaction cham-

ber containing a 0. 5-am n mixture with a mole ratio D,:F 2 :0C :14ie =

0. 33:1:8:10 gave a single-pulse output energy of 2.8 J. Relative to the

amount of D1 present in the reaction chamber, this corresponds to a

chemical efficiency greater than 5O/4,
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EFFICIENT PULSED CHEMICAL LASER

We have measured pulse energy and temporal and spatial

distribution of the pulse from a DZ -Fz /CO chemical transfer laser

involving the pumping and transfcr steps

F 4 D 2 -- DF(v) + D (1)

D 4 F 2 -D-DF(v) + F (2)

DF(v) -G C 2o DP(v-1) + CO (3)

where v and * indicate vibrational excitation. The reaction was

initiated by flash photolysis of the F-,.

First operation of a DF/CO2 laser was achieved by Gross

(Ref. 11who ohserved the laser pul.se formG '..A.. ined w, v... var:uu...

F 2 O-Dz -GO 2 mixtures were flash photolyzed. Chain-reaction pwnping,

by the use of reactions (1) through (3), was introduced by Cool and co-

workers (Rcfs. 2-5), who have made an extensive study of the power

output of cw D,-F 2 /GO, lasurs. After careful optimization of D1-F) -

GO 2 -lie flows, tey found chenmical efficiencies as large as 4.6%.

Several other studies of cw D 2 -F 2 /CO 2 lasers have also been performed

(Refs. 6-8). Pulsed operation of a chain reaction D 2 -F 2 /COZ laser

has been reported by Ba. ov et al. (Refs. 9 -10) and Poehler et al.,

(Ref. 11),who flash photolyzed D2 -F 2 -C0 2 and D 2 -F 2 -C0Z-He mixtures,

respectively. In the experiments of Poehler et al., with a total sample

pressure of 700 Torr, the energy output was 5.2 J; with their composition,

this corresponds to a chemical efficiency of 3. 2%, Here we report

preliminary studies of a pulsed D2 -F 2 /CO 2 laser with flash-photolyzed

D) -Fz-CO -hIe tMixtures in which pulse energies as large as 2. 8 J and

peak powers greater than 160 kW have been achieved. Thi.:. pilse energy

corresponds to a chemnical efficiency greater than 5%.
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1:-xperiiiifntb were perfurmed by the use of the apparatus A

shliown in Fig. 1. The laser tube was a section of quartz pipe ( Thermal

American Fused Quart A) of 25-tunm i.d. and 55-cm length fastencd to

aluminum fixturus holding G CI windows at the appropriate Browser s

angle. The laser tube w.as centered within a 1. 2-m optical resonator

fo,.rmed by a spheirical mirror of 8. 8-m radius and one of a set of

dielectric -coatcd germuaniumn flats (Valpey). The spherical mirror
was coated with Au and Mg, 2 to a nominal rcflectivity of 98%. The

dielectric flats had various transinissivitics ranging from 1 to 35%.

Helium (Matheson, 99, 99%) and F 2 (Matheson, 98%) were premixed

at a kitole ratio of 10:1 in a 19-liter passivated stainless steel bottle

at 10 atnm. A flow of the lie-Ft, mixture was delivered througlh a regulat-

ing valve to a mixer where it w\,as injected through a calibrated sonic

orifice. Mietered flows of the remaining gases, D. (Matheson. 99. 5%).

CO, (Matheson, 99. 8%), and the balance of the Ile were introduced into

the mixer through another sonic orifice. As a precaution against pre-

ignition of the tnixturc, the mixer was cooled by immersion in a dry

ice and alcohol bath. Likewise, downstream of the laser, the m-ixture

flowed through a flame arrestor composed of a parallel-flow array of

fine tubes that was cool,kd in another such bath. The flow rate was such

that the 290-cm 3 volume of the quartz pipe was exchanged, nominally,

cvcry 1. 5 s kc. Gabub frotn the system wevre exhausted by a 30-literimin

mechanical pump (Kinney) after passing through a charcoal trap to pro-

tect the putup from unreacted F 2 . Pressures were measured with F 2 -

compatible gauges (ileis,) with Cu-Be Bourdon tubes.

A Xe flash lamp of 56-ctn active length (Kemlitc) energized by

an ignitron-triggered 14. 7- fLF/20-kV capacitor (Sangarno) served to

initiate the reaction, Close coupling of the flashlamp to the laser tube

was accom plished by wrapping the two together with an aluminumi foil

reflector.

-2-L



F2.,lie u2 C02 He PUMP

M IX ER ARRESTOR

COLD BA-H BEt.LOWS COLD BATH

BREWSTER QUARTZ PIPE
WINDOW"-•U [ HOLDER Y

ENERGY METER FLASHLAMP

NOT SHOWN;
LASER COOLING , TEM,INVAR ALIGNMENT FIXTURES

Fig. 1. Iligh-Pressure 1'lash Photolysis Laser Apparatus. (The
laser cooiinlg system and In var alignment fiAtures are
not shown.)
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" I li'1rg. u It Ih" I s S r p1,ls iL w%'s icas tiurcd by focusing the

uo utLt bcom' into a cal)rio ictcr A coe -t1'cr1llopilc unit. (TRG) ', itih a

-cmn-diai apcrturc w\aS used. TIic tii'~c history of tihe laser pulse was

obs rvcd with a ALu:Ge dtector (Raythlcon). The flaslillaxp intensity

history was ,iiki nitored \vvithi a type 929 plio tudiodu (RCA). 1;Estimates

of th' s pattia l distribution of energy in thu laseVr oUtl;ut wuCrt obtained

by obse, rving color patteurns forim ed in an encapsulated liquid crystal

sc,'ccii (National Casslh RuP istvr) lihld in the out pul beaiiu

XV t, 1 .- ) c operated thv laser with good st cC ss at initial pressure s

up to 0. '3 at ii. Ani ()scilloscopc record ef flashilamp intensity (opper

boai ) and I Sts' outtput (lower beato ) fur a 0. 5 -atni milixt ire with a mole

ratio 1)2:I"', CO, :lh, = 0. 33:1:8:10, flash energy of 2400 J (18 kV),

and 3 5'•, output cotupling is shown in ,ig. 2. An neCrgy out put of. 8 J

-was obtained for thes e conditions. The liquid -crystal observations

indicated that roughly one -third of t1he reuacto r cross -sectional area
".r':. 1 l'k A •1 1 '~'llL ''~ i b ~ l

For the total volumue ol the reactor, 290 cnm , and an initial

prCss urC of 012, 6. 5 Torr, reactions (1) and (2) liberate 54.7 J, The

licZa sured laser output, 2 8 J, is 5. 1P' of this chemical energy release.

With tie actual Vo ltMC usefully employCd by the resonator i modes

aC.;C)tinte'd for ain Cfficiency of 15. 3 ",o is yielded. This chemical efficiency

is significantly largecr than the 3. 2'V obtained in earlier c'hain-reaction

S-I.• , /C_,_, ptius 'd-ia.s r cxp(ri-iients and the 4. 0o value reporti d lor

an opti l1jZ "c cw lascr. w

The1 ratio of ouLr I ser's output clicrgy t1' its Vo0IUIIU is just

slightly lcss than 20 j /liter atim. Again, with the active volume of the

las,..r1 usclilly c n1ph'y(cd by the r(,sonator 'Modes a cC outed for, an eviiergy

dlent; ity of appr,)o Xliiatcly -10 J /liter attoi is yielded. This eiergy is

-4-



200 mV

I00 mV

-2Oiseci

Fig. 2. Laser and Flashlamp Temporal Distribution. (a) Flash-lamp Profile (RCA 929 Fhotodiode, 50-4 Load). (b) D,-F2/
ccL•v r %Outp)UL (Au;Ge Detector, 5u-1i Load). -
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proiiisingly close to the 10- to 50-J/liter atii values reported

recently for electrically pumped atmospheric-pressure CO2 lasers

(Ri'fs. 12-14).:--

Etching of the NCI Brewster windows by the corrosive gases in

the system complicated the experiments. The largest energies were

seen \wth freshly installed windows. On successive shots, window

etc-hing produced a fairly rapid deterioration in performance. We found

that a baF 2 coating on the windows gives only a moderate amelioration

of this problem. Because of this complication, we have not compl Aed

a full optimization of operating parameters for maximnur energy output.

Thus, while the foregoing 2.8 J is the largest energy the laser has pro-

duced so far, we do not believe it represents maxnnwin output for this

device. Increased initial pressure and further optimization of mixture

composition, mirror alignment, output coupling, and strength of

initiation all merit attention. Exploration of these possibilities is

underway, as is coniparision of the results with theoretical modeling. *

N. G. Basov, 7th Quantum Electronics Conference, Montreal, Canada,
1972.

Rt. L. Kcrber, N. Cohen, and G. Emanuel, "A Kinetic Model and
Computer Simulation for a Pulsed DF!CO2 Chemical Transfer Laser,'
(unpublished).
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