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1. Initiation method.

Xe flashes, surface spark discharge flashes, and rare gas halide lasers were studied for
the ultraviolet radiation sources for the dissociation of F;, and CO, lasers were studied for
the dissociation of SF,. X.ray was also studied for the pre-ionization of main discharge in
the laser gas, which is very suitable for high pressure and large volume discharge. Pre-
liminary experiments using raregas halide lasers were well succeeded. The surface-spark-
discharge flash developed here are shown to be very useful as inmitiation sources of H,/F.
chemical lasers because of its high radiative efficiency in the UV region, no corrosion by
HF, good scalability to large volume laser system, and long life.

2. Kinetics and reaction mechanism.

The method for extending the use of sealed HBr laser, up to 900 times, was achieved
by Cl, activation. The J dependence of 4. 2 micron CO; pressure broadening was measured.

3. Analysis of chemical lasers.

HF, HCI, HBr and photodissociation iodine chemical lasers were analysed using computor
and the characteristics of them were compared each others. A reliable computor simulation
code for chemical lasers is established from the comparative studies between the experiments
and theoretical calculations. Effects of initiation modes (initiation pulse width, dissociation
rate of Fo) to HF laser performances are predicted using the simulation code.

4. Constructions of high power chemical laser systems.

Three types of high power H,/F: chemical laser systems, which are initiated by a Xe
flash, surface-spark flash, and E-beam, have been developed. An output HF laser energy of
nearly 100 J/pulse (5 psec FWHM) with a overall electrical efficiency of 9% is obtained in
the Xe.lamp initiated laser system which have about 10/ active volume. In the newly
developed photoinitiation type using a surface-spark flash, an HF laser energy of about 10
Ijpulse (2 usec FWHM) with a overall electrical efficiency of 13% is achieved from about 1/
active volume, with improvements of several problems in conventional Xe flash lamp initi-
ation types. On the other hand, the 600 keV-150 ] E-beam initiated laser system demonstrates
more than 100 J/pulse {200 usec FWHM) of HF laser energy with a intrinsic electrical ef-
ficiency of more than 200%.
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Fig. 1. Structure of the Xe-lamp electrodes.
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Fig. 18. Decrease fraction of F, with time
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Table 1. Comparison of Hg/F; dark reaction rates.

Measurements of preveaclion

mixing

worker ratio pli‘:g?,?)r & method rate
S.N. He:Fo:Np 100 UV absorp. 10%
Suchard 1:1:60

D.B. Hy:FuNg 100~700 UV absorp. 0. 5%/min.
Nichol 1:1:10~20 HF probe

D.B. HyFp0xN, ~760 e (—5%/mhj
Nichot 1.25:7. 5:0, 5:90. 75 {EouT)
Keio H2:Fa:0p:N, ~500 UV absorp. 0.05% /min
Univ. 4:10:0. 5:85. 5

(

-T7.5%/ min)
(Eout)
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Fig. 19. Decrease fraction of F; with time
after the mixing with explosion.
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Fig. 22. Energy density distribution of HF
laser beam against a position on the diam-
eter.
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Fig. 23 Variation of HF laser energy as a
function of input energy.
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Fig. 24. Variation of HF laser energy as a
function of total gas pressure.
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Table 2.

Maximum

Value
(1) Output Energy )] 70
(2) Specific Energy (J/1) 12
(3} Output Power {Mw) 18*
(4} Output Intensity (kw/cm?) 180
(5) Electrical Efficiency (%) B, 7H¥
(6) Chemical Efficiency (%) 4.9

Gas content ratio; Ho/Fs/On/Ar=2/10/1.5/86.5%

Total pressure: 500 Torr

Input energy: 1730 J {36 kV)

Resonator scheme: Al{concave)total reflector--
510, flate coupler

* FWHM =3, 8 usec

** Input energy=720 ] (24 kV)

Table 2 wildj= L& —, BEERFNLHO
W= s A — (Specific energy), LD
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Fig. 25. Effect of wall materials {Teflon, Al)
to HF laser energy.
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Fig. 26. Typical emission profiles measured
just behind a coupling mirror when using
different wall materials such as (a) Teflon,
(b) Al-1, and Al-2.

A Si0, flat plate was used as a coupling
mirror.
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Fig. 27. Oscillation thresholds of various par-
asitic modes supported by the reflection
of wall or resonator mirror, as a function
of wall reflectivity at 2.7 pgm band.
A Si0; coupler was used.
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Fig., 28, Typical emission profiles measured
just behind a coupling mirror when using
different resonator configurations such as
(a} Al {concave, R=7.2m)+Si flate, (b)
Unstable resonator I, and {¢) Al {concave,
R=7.2 m)+CaF, fiate. An Al2 wall was
employed.
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Fig. 29. Oscillation thresholds of various par-
asitic modes supported by the reflection
of wall or resenator mirror, as function
of wall reflectivity at 2.7 ym band.

A Si coupler was used.
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Table 3.

Unstable I Unstable II

Concave Mirror

Diam. {mm) 50 50

Radi. {m) 7.5 5.0
Convex Mirror

Diam. (mm) 26 10

Radi. (m) 3.9 1.0
Cavity Length (m) 1.8 2.0
Magnification 1.9 5.0
Effective (9%) 62 82
Transmittance
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Table 4.

Resonator Effective (%) HF Laser (J)
Scheme Transmittance  Energy
{a) CuBe-5i(Flat) 54 9.8
(b) CuBe-CaFy(Flat) 95 8.6
(c) Unstable I 62 9.7
(d) Unstable II 82 9.2

Laser Medium i31 l|32 P3

R, R

0 1.89 5.1 64m
Unstable
resonator
R, (1) : #50mm

R=75m
R; {dn): @26mm
R=3.9m
L: 1.8m
M: 192
Ho/F /0y /Ar
=2/10/1/87 %
P=500 Torr
4 Xe lamps

(36kV)

Fig. 30. Characteristics of propagating HF
laser beam using unstable resonator con-
figuration I.
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