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STUDIES OF NEW MEDIA FOR RADIATION INDUCED LASERS 	 i"

k 

K.S. Han
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{	 B. Tabibi	 x

i	 Department of Physics and Engineering Studies

ABSTRArT

The purpose of this project is to investigate various lasants, especially,

	

•	 2-iodohepafluoroproper ►e (i-C3F7I) which could be used for the direct solar

pumped lasers. During the period of Feb 1, 1979 through July 31, 1981. Y.J.
r,

Sheiu, research associate, achieved optical pumping of iodine laser using a

small flashlamp. Using i-C 3F71 as a laser gain meditm, threshold inversion

	

^a	 density, small signal gain, and laser performance at the. elevated temperature 	 3

Here measured. The experimental results and analysis are presented in Chapter I.
Q

` During the period of Sept 1, 1981 through August 1, 1982, S.R. Raju,

research associate made the numerical simulation of the iodine laser kinetics

C3F7I and IBr system, using the model developed by ,;.W. Wilson. The results 	 ^`I

are presented in Chapter II and NASA,•Technical Paper 2182.

	

•°	 During the period of April 1, 1983 through April 30, 1984 I.H. Hwang,

research associate; made the effort to evaluate the concept of..a direct solar- 	 H
F

pumped laser amplifier using (i-C 3F7I) as the laser material, while another 	 E

research associate Tabibi continued to make an effort of reevaluating several

kinetic coefficient for i-C3F'7I laser system. The results are discussed in

Chapter III.

F2k

* present Address: Old Dominion University Department Norfolk, VA 23501

* "	 "	 University of Alabama Department of physics University,

	

{	 Alabama 35486
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Chaper I. IODINE LASER

s

1. INTRODUCTION

This chapter summarizes the experimental work done on the optical pumping

of an atomic iudoine laser using a : s cl)23. xenon frashlamp. Threshold inversion	 4

density, small signal gain measurement and laser performance at"elevated
9

temperature were studied.

High power laser beam offers the advantage of transmitting power without

the conventional power lines. This concept is especially useful in space

applications such as laser propulsion, space communication, space to space	 !j,

	

79	

M

power transmission and space to earth power transmission. Solar radiant
s?

energy is the ideal energy source for these applications because the obvious.

reason is no need to provide the energy source. A number of approaches to

convert solar energy into laser energy have been proposed. 1,2,31 These systems

are electric discharge laser system (EDL) 4 , Gas dynamics laser system (GDL) c	? j

and optical pumped laser system (OFL) 3 '
6
' The EDL requires inefficient

f

conversion of solar energy into electric energy, although it is feasible	 ?f

with present day's technology. The GDL requires heating the gas to high

temperature then expanding -the gas rapidly to low temperature to achieve

	

^	 el

the required population inversion. This involves heating, compressing and 	
7

1

	

+	 I
cooling of tine gas. Such a system is evaluated to be the heaviest solar

laser system requiring high launch cost, although its technology is well 	 fi

established. unlike EDL and GDL, the concept of a direct optically pumped

laser is ra}her simple. It means converting solar photons to laser photons

directly in a single energy conversion scheme.

Historically, there are numerous laser systems that were optically

pimped by flashlamps or lasers. Contrary to flashlamp output which is

1



2

t

intense and uv radiation on the short wavelength side of the 5700 0K blackbody

radiation. These will put constraints upon using solar photons as an optical

pumping source. In the followia-ig, we summarized some of the .important criteria

t	 for choosing an ideal lasant for sr; lace solar laser system:
•	 r

1. Low threshold, because of -the relative low intensity of solar ra-
diation;

2. Broadband laser pumping mechamism and good overlapping between
solar spectrum and the absorption spectrum of the lasant; 	 t

3. High quantum efficiency;
a

4. Reversible system for prolong period operation ir , space;

5. Operable at elevated temperature to minimize the radiator size.

u 2.	 IODINE LASER

In Wilson's paper 7 , it was pointed out that a successful solar pumped

laser is likely to be a photcdissociation laser which lased from the atomic

mestable state. 	 A typical example cf this class of laser is the alkyliodiode

compounds that can be photolytically dissociated into the I 	 metastable

`
8

'
9

' 10.state which then lases at 1.315 um 	 They have fairly large broadband

absorption cross section centered at X=270 mm with bandwidth of 200rm to 400nm
y

depending on the different iodine compounds (Fig. 1). 	 This rather broad pump

band prompted the choice of atomic iodine laser as a candidate for solar pump bard

lasers although the absorption_ band lies at the near uv side of the solar spectrum.

The kinetic pathway of this laser has been studied, and the energy level diagram

is given in Fig'. 2.	 Deactivation of the upper laser level can occur in'a

collision with an excited iodine atom and a parent molecule or any products of the

photolysis.	 The iodine ground state. I(P 3/? ) will eventually be lost by recombing

back into the parent molecule or by the formation of molecule iodine.
M.

^I
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The rate of forming a stable alkyl dimer by two free radicals is very slow so

that the chemical recycling requirement ll,12 is modest for space application,

The radiative life time of the upper state is 130 msec, and the life time is a
a

greater than 100 usec.	 I2 is the most important quencher of -the laser, however

to I	 is dissociated by the visible light of the solar spectrum and the effect of
2'

quenching is decreased.	 Because of the above reasons, the iodine laser has the °I

potential of being a high gain and c;w solar pumped laser.
,I

The major disadvantage of the solar pumped iodine laser is the spectral

mismatch between the laser pup band and the solar spectrum. 	 For the absorption

band of C3F^I from 250 nm to 300run, there are about 1.2% of the total MO solar ^.

radiation is usable.	 Other iodine compounds
13,14

 such as C4F9I and (CF3)AsI2

shows a better spectral match, and 73% of the solar irradiance could be utilized

^m

for laser pumping. 	 The small spectral efficiency, however, may be overcome by

use of a large collection area and a high concentration of the solar radiation.

Both are attainable with present space technology. iY

3.	 THRESHOLD INVERSION DDISITY

` To determine the minin= solar concentration required for pu pping an iodine

laser, the threshold inversion densit7f of the iodine laser system was measured.

The threshold inversion density on can be determined from r 1r2T2G = 1 where

G = exp (2a6nR) at the threshold of laser emission, r 	 and r2 are the mirror

relectivities, T is the transmittance of the filter in the cavity, G is the small

signal gain, a is the stimulated emission cross section and k is the cavity

length (Fig. 3). 	 The threshold condition was obtained by varying the value of

` T in this experiment.	 A linear xenon flashlamp was used as the pump source.

3
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The power source for the flashlamp was > 1.8 uF capacitor charged up to 7kv
..

The flashlamp was coupled to a quartz laser tube in an elliptical reflector

The flashlamp and the laser tube were located at focal points of the elliptics

s, so that	 the laser tube was illuminated isotropically. 	 The laser tube had
a

u r
Brewster angle windows and the cavity was formed with an aluminum-coated back

mirror that had 10 percent transmission at 1.32 um.	 An InAs diode detector

was used for measuring the laser output power and a silicon detector was

used to minotor the flashlamp light output.

The absolute intensity of the xenon flashlamp was obtained by ccmparing it

9 • against a standard carbon arc.	 A 0.5-m McPherson spectrometer was used to

record the spectra of both sources on Kodak 101-01 film.

Fige 4 shows the spectra of the carbon arc and the xenon flashlamp in

the range from 250 to 360 rm.	 The mercury lines were used for wavelength

y indication.	 Conversion of the film density into intensity showed that the

peak intensity of the flashlamp spectrum was located near 300 nm which
Y.

,. corresponds to a blackbody temperature of 96000K.	 The total source intensity

° in the pumpband from 250 to 290 rim is then obtained by:

' 290nm
I ea =	 I(a)da

250

2	
1

tA
3.75 x 102 W cm	 Sr

F

' The xenon flashlamp had a diameter of 0.5 cm and a length of 10 cm. 	 Therefore

. the total LU power is 2.36 x 10 4W.	 Since the flashlamp pulse duration was

12 µs, the radiant energy EuV in the UV band is 0.28J.	 This value can be used

to estimate the inversion density en produced by the flashlamp. 	 Since (I) <<(I*):

E
An	

<hv>(vol).^

p
4
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where (I) and V* ) are the concentrations of the ground state and the excited

state iodine atoms in the laser system, respectively. The average photon energy

<hv> = 4.5 eV and (vol) is the volume of the laser tube ( N120 cm3). n is the

overall efficiency of pumping the iodide ar p), can be expressed-as:

n = nr • nr , ng ' na

where nr is the reflectivity of the reflector (60 percent for alu ninun),

,It is the transmittance of the quartz tube wall ( ,,90 percent), and ng is the

geometrical efficiency of the reflector used (ti90 percent), and na is the

absorption coefficient of the lasant 0 ,45 percent for C3F7I). Hence:

n=0.22

Insertion of these values into the above equation yields the inversion desnsity:
J

An = 7 x 1014cm-3 2
Tho iodine laser system reached the threshold condition (r 1 2r T O- A with T = 92

percent (the transmittance of the filter in the cavity), r l = 96 percent, and r2

= 90 percent. The gain G of the system therefore was 1.37 or a round trip gain

* of 2.3 percent per cm, From the relation G = exp (2v(en)R) and a = 6 x 10 718 cm-2

the, stimulated emission cross section for 20 Torr C3F7I, we obtain An = 9 X 10
14cm 3

which is in general agreement with the value 7 x 10 14cm-3 obtained from the pumping

energy. Since the threshold condition above neglects the transmittance of the

two Brewster windows, the gain and the threshold inversion density are actually

somewhat lower. If 98 percert transmission is assumed for the windows, the overall

_.	
transmission T' = (.98) (.98) (.98) = .882 which results in a 32.6 percent loss

cavity with G = 1.48 and en = 1.1. x 10 
. 5 
Cm3,

The minimum cavity loss is limited by the absorption of the Brewster

windows (W.8 percent) and the mirror loss of 2 percent may be a practical choice.

5	 '^

h
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The overall cavity loss then become ti10 percent. For such a low loss cavity:

14'R
en(min) = 3.4 x 10 am

The minimum UV energy density U required for the inversion is:

U = en by = (3.4 x 1014 cm-3 ) (4.5 eV)

= 18.36 x 10-5 Jcm,3

This value corresponds to the energy of the UV band of 11 solar constants for

one second. Since solar concentrations of over 1,000 are common practice requirement

for the threshold energy seems easily satisfied by a solar concentrator in space.

4. GAIN MEASURDIENT

To determine optimum operating conditions of solar pumped iodine laser the

small signal gain poeasiarement was perfon ed. The experimental set up included an

oscillator and an amplifier, both were pumped by xenon flashlamps. The oscillator

signal was sent through the amplifier, signals were measured by two InAs detector,

DM and DA, where DM is the monitor signal and DA is the amplifier signal (Fig. 5.)

Ratio of (DA/DM)o was obtained without pumping the amplifier, and then (nA/DM)p was

obtained with flashlamp pumping the amplifier. The amplifier tube was filled with

the same gas when we took both ratios. G is the small signal gain and G is defined

as	

r
1 DA/DM

Fl)m) 0

G can also be obtained by G = exp (en.a.Y.) from theory, where An is the inversion

density, a is the stimulated emission cross section and R is the gain, length.

Fig. 6 gave typical results of small signal gain measurement. A linear increase

of small signal gain with pumping energy was observed (Fig. 7), this was expected

since increasing energy produced more atomic iodine in the excited state. At

constant pumping power, the excited state produced was proportional to the gas pressure

while the stimulated cross section decreased as pressure went up. Therefore it

6

z



showed a maximum in the profile lFig. 6). 	 The optimum pressure for lasing was

from 10 Torr to 20 Torr.	 The time variation of the small signal gain indicated

that energy storage time for the upper laser level was 1 cosec order (Fig. 9).

5.	 LASER PMOAKWE AT ELEVATED TEMPERATURE

In this study, a laser was put inside a cylindrical oven of 2 11 i.d. with 3

a xenon flashlamp parallel to the laser tube. 	 The seals of the flashlamp was

cooled by blowing air. 	 Oven temperature was measured by thermo couple. 	 Laser
j	 T

cavity was formed by two laser mirrors outside the oven. 	 Ln front of each

.. mirror, there was an iris whose opening was minimized (typically k a m ) to insure
i

single mode oscillation.	 Laser signal was detected by an InAs detector. 	 Tle

flashlamp output was monitored by a silicon detector. 	 Throu&i the whole temperature

range, the variation of the signal from silicon detector was no greater than

10'1.	 The iodine bearing compound used was C3F7I.	 The gas introudced into the

^}laser ta.be with typical waiting time of 5 min. before flashlamp was fired.

Variation of the peals laser output with temperature at fixed gas number
M

density was given in Fig. 10.	 C3F7I pressure at 300 QK was 5 Torr. 	 We observed

a gradually decreasing of the laser output with increasing temperature. 	 Lasing':]
t	 t

s stopped at 660 °K, at this temperature, gas pressure of up to 50 Torr was used

with no lasing observed.	 Peak laser output at T = 600 OK was 50% of its valuer

at T = 300 °K.	 Fig. 11 gave the variation of the total pttlse length with ±t

^a

temperature and the time delay of the first laser pulse with respect to the firing

of the flashlamp pulse.	 Laser pulse occurred about the same time until ti 600 °K.

k The pulse length was decreased by 50'l at T = 600 °K. t

For a fixed number density gas in a laser tube, there are at least three

fr: tors affecting the laser performance Vhen temperature is changing:

(1) reaction rates are temperat,u a dependent
(2) pyrolysis of the parent gas
(3) `ernperature dependence of the Einstein coefficient of the

stimulated inte^action. 1

1The temperature dependence of stimulated transition is given by



4

40

A = c3
21 4mG v tspA V

x
4

which also depends on the Doppler broadening of the laser transition.

Becni , a of lack of data on (2) and (3), we were not able to analyze these

two factors with Doppler broadening. However, experimental results indicated that

photodissociation iodine laser was capable of operation at temperature up to

k'	 600 OK with only 50'1 decrease of its peak power output.

6. PARAMETER STUDY OF IODINE LASER PUMPED BY 5KW
TAMARACK SOLAR SIMULATOR

In this study, a kinetic model developed by Wilson 
12 

was used for parameter

study. The kinetic equations and rate coefficients from Wilson and Lee 12 was

listed in Tables 1 and 2. The tamarack solar simulator has 5 KW output in beam,

the irradiance survey of the solar simulator output gave an average of 14,700

solar conne'^wk',P `v»`.ion over 5.6 cm long when a cone shaped collector was used to

conei^:ntrw; the output beam. Other important information included cavity length

56 cm, radius of laser mirrors = 10 m, reflectivity of laser mirror = 99.5/, and

output mirror transmission was 3'0 typically. Fig. 12 and 13 gave computer laser

outputs corresponding to 3 msec and 15 msec solar simulator pulse respectively.

Fig. 14 to Fig. 17 summarized the parameter study under various conditions. I 2 and

02 were the most important quencher of the upper laser level, and the effect of

12 and 02 impurities were given in Fig. 18 and Fig. 19. Fig. 20 gave the laser

pulses when successive solar simulator pulses were pumping the same gase filling.

The details are found in Ref 25 and NASA Technical paper 2182 (1984).

N4

ti'^	
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Fig. 13 IODINE LASER OUTPUT
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Table I Kinetic Equation s	 ORIGINAL
OF POOR Qjjp^.-

U12 KICRIE1*3 + K2ER3C13	 SICR13
dt
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2dt
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23

1

7F

23
r

23( CI* 3	 2

23
2	 2
I A t.-.*/(4v hVAv)

L
arc. - - 

O '.Cn (r, r2)

n
-'2rb

2 /L.2

Vf 31

k 'W I



Table 2	 Rate Coefficient, s

w
Reaction Rate R Reference Symbol Value-Used
*

I	 + R -+ IR 4(-12) CF3 Beverly-Wong K
1

3.0(-12)

o

2.1(-12) i-c3F7 Beverly-Wong

1.5(-12) CF Fisk

3.0(-12) CF3 LLL

I* + 1 2 -+ I +2 3.6(-11) - Beverly-Wong Q2 3.6(-11)

3.6(-11) - Fisk

b Hohla-Kompa

3.2(-12) - LLL

r..

I* + RI -♦ I + RI 6.0(-17) CF3 Beverly-Wong Q1 8.0(-16)•

' 2.8(-16)
i-C3F7

Beverly-Wong

4(-16) CF3 Hohla-Kompa

Ky.	 ' 5.4(-17) CF3 LLL

r, 8.0(-16) C 3 F LLL7
4.6(-17) n-C3F7 Stephan-Comes

t I + R -+ RI 3(-11) CF3 Beverly-Wong K2 5.0(-11)
n

` 1.5(-10) i-C3F7 Beverly-Wong
..

( 5(-11) CF3 Fisk

5(-11) CF3 LLL

R + R -+ R2 3(-12) CF3 Beverly-Wong K3 1.1(-12)

4.2(-12) C3 F7 Beverly-Wong

/ k 8(-12) CF3 Fisk a

6(-13) n-C3F7 Fisk

1.5( -13) i-C3F7 Fisk

3(-14) t-C F Fisk

,
7 32



,P

'^a

i

Table 3 COMPARISION O LASANTS FOR MOLAR LASERS..._.,...^ ;

LLL
• 9

C3F^I NOCI Br^2 Dye

A

threshold*1014 
cm 

3
inversion density 10160 3

1016 3
high

laser
transition 1.3 p.m 5-6 J.-m 2.7.4.3,10.6/m *visible

solar spectrum
utilization 1.2%. near uv *40%, uv-6500A *155, visible visible

Q.E. *20% .4 10% t5%. --25%

kinetic electronic E-V E-V transfer -

high temperature
operation *60OK 570K low -

chemical
reversibility chemical slow recovery *reversible flowing system

reprocessing
required

* advantages E
1.

G
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23 ' stimulated emission rate

w 23 : stimulation frequency

f : intracavity photon energy density

T: lifetime of a photon in the resonator cavity

g : geometric factor for the cavity

0 : line width

L : length of the laser cavity

r i ,r2 : mirror reflection coefficients

r. : laser beam width

S1 : photodissociation rate coefficient of the iodine compound

S i = 2.4410-3 C sec-1 for C3F
7
I at AMO solar irradiance

C : solar concentration

S2	photodissociation rate coefficient of iodine

S2=4.2x10-2 C sec-1 for I2
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5

i	

y8

1
a

s Reaction Rate R Reference Symbol Value-Used
^r

R + R ♦ R2 1.0(-11) CF3 Hohla-Kompa K3 1.1(-12)

1.5(-11) CF3 LLL

1.0(-11) C
3 F7

LLL

I* + 02 -4 I + 02 2.5( - 11) - Burde-McFarlane - 8.6(-12)

8.6(-12) - LLL

I + I + 02 -+ 3.7(-32) - LLL - 3.7(-32)

I2 + 02

I + I + I 2 -^ 21 2 7.4(-32) - Beverly -Wong C4 2.9(-30)

3.86(-30) - Blake-Burns

2.9(-30) - LLL

I	 + I + 1
2 

-. 2I2 1.5(-31) - Beverly -Wong C3 4.3(-32)

4.3(-32) - LLL
r

.
I+I+RI-+

I 2 + RI 7.8(-33) i-C3F7 Beverly-Wong C2 4.5(-31)

5.2(-33) CF3 Beverly-Wong

4.5(-31) i-C F
37

LLL

1.5(-31) CF3 LLL

i

I	 + I + RI -+

I 2 + RI 1.6(-32) Beverly-Wong C1 1-6(-33)

1.0(-33) - LLL

1.0(-32) - Stephan-Comes

d Beverly-Wong,ref.19; F s	 ,ref.11; Ho	 a -Kompa,ref.2	 ;	 _,re .	 ;

Blake-Burns , ref.22; Stephan-Comes,ref.23; Burde-McFarlane , ref.24.
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CHAPTER II

INTRODUCTION

This chapter sum+narizes the work done on the iodine laser kinetics from

September 1, 1981 through January 31, 1982.

A kinetic model of the iodine laser developed by J.W. Wilson and J.H. Lee

has been successful in predicting the threshold and the early pulse structure

of the laser output. The experimental results are given in Ref. 2. 111 this work

this model is further developed to include the non-uniform exposure of the laser

cell to the pumping light and improved estimates of some of the critical rate

coefficients which go-varn the late time pulse shape are made from the experimental

data.

The intensit-y of the pumping light near the laser tube is given by:

C ( r ,1) = CO Exp -2.77( 12 + r
` L	 R,

where CO	
2

= 2.7 kw/cm at the peak of the simulator pulse

	

•	 i

L = 4.75 cros

R = 0.325 cros
.i

The effective temperature after reflection from the parabolic mirror was taken

as 60000K and the reflection coefficients of -the conic collectors are taken as

that for typical MgF2 coated aluminum surfaces.

The photo-dissociation rates Ei of the laser gases are calculated by

integration of the photo-absorption cross section. over the spectrum of a blackbody

at 60000k. The parameters used for the calculation are given in table I.

DO is the line width. and Aj the center of absorption. h is are given by:

9i - Si ^f Exp (-ao Px) + (1-f)Exp (-0.223Qo Px)^

36
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x

Where P is the alkyliodide partial pressure. x is the depth of penetration

.f the pupping light into the Laser cell.
R

The kinetic pathways and the kinetic equations are shown in Fig. 1 and

table II and the kinetic rate coefficients 6-21 are given in table'III.

The stimulated emission cross section 13 a=(2 X 101 + 0.443 Ri ) -1 em2

and the Einstein coefficient 13 A=7.7 sec
-1

. The cavity time constant 22

L
T = -2 L c	 In r,t2.

.

Where Lc is the cavity length (56 cros), and c is the speed of light. r l , r2

are reflective coefficients of the cavity mirrors (,995 and .98). P is the photon

density in the optical cavity and g is the coupling parameter of the spontaneous

emission to the optical cavity 1 - g is related to the laser beam width r b by:

g = Lam- =1. 79 x 10-5

The factor	 is a geometric factor resulting from the non-uniform/:7.177
pumping Tmax is the stimulated emission rate at the spatial peak of the pumping

pulse. Here vie a e interested in the kinetic processes which dominate in the

laser output at late times. It is found that the shape of the pulse at late times

is governed by the rate at which I 2 is formed, the 1 2 quenching coefficient and

recombination rate of I and R.

Specifically it can be shown that the late time pulse depends on the quantity q2

given by:

q =
2	

Q2 C2	 1 [Ri]2 l t - tth)
k
2

From table III it car, be seen that the value of Q
2 
C 2/k2 is, very uncertain. By

using the laser experimental data at late times, &-i attempt is made to obtain

limits on the quantity Q2C2/k2.

t
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Fig. 2 shows the laser output pulse when the are plasma is reasonably steady

but there is some motion . of the arc plasma after 1.6 msec. Using their laser

output pulse, a lower bound on the quantity Q 2C2/k2 is derived.

From table III, the rate Constant factor of n - C3F7
I, Q2C2/k2 1

 ratifies

1.4 X 10 33 -C Q2C2	 < 3.4 X 10-30

k

But the present kinetic model shows that the mean values of table II for Q 
2 
C 
2

and k2 result in excessive quenching so that new limits on these parameters can

be set by the present ex,- ,riments as shown in table IV. The new limits are;

1.4 X 10-33 < Q2C2 < 1.9 X 10-31

k2

In Fig. 1, the experimental laser output as peen by the germanium detector is

ccmpared to the calculated laser output for k 2 = 2.3 X 10-11, Q2 = 4.4 x 10-11

C, = 6.9 x 10-32.
e-

Table IV also shows the kinetic rates associated with other experiments. k-,

lies midway between the previously reported values which differed by an order of

magnitude. The earlier values of Q 2 (ref 9 and 15) must be reflected on the

basis of the present results while more recent is consistent with the present

result.

The latest kinetic results in detail will be found in NASA Technical Paper

2182.
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a

n-C3 F7 I i-C3F7I' 12

oo, cm 2 7.9 ^4 10-19a 6.2 x 10- 19b 9'.14 x 10-19c

ao, rm 272a 275b 499c

Do, rm 12.7a 14.5b 23.Oc

I 1.0a 1.0b 0.51

S, sec -1 3.04 x 10- 3 3.37 x 10- 3 3.38 x 10-2
ya

f 0.652 0.653 0.673

aruf.
6ref.

3
4'

I-ref. . 5

r.
r

i

i

i
i
i
t

F

Table I. Photodissociation parameters used for the
equivalent per of one solar constant exposure
Co =(1.4 kW).
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oa T)	 Table It. Kinetic EquationsQ l-,-'J4

RdrRil. KICR][ 1*3 + K2 [R]CI] - (1v)) Ci[Ri]
dt 

A 
dt
U (, -uv ) C j C R1 3 K,[R]CI*] - K2CR]CI] 2K31R] 2
R vis

d[R 2]
mdt2

K 3 [R]2dt 

d[121 U C	 23[13[I*][121—crt-- 	 + C2111 [Ri] + C

	

+ C4111 2[ 1 21 	 121121

d(1*1
dt	 R

R 
Uv ) C,[Ri] + C	 - KCRJCI*] - C
vis	 21121	 ,

C	 ,31,111*11121 - Q[I*][Ri]	 Q211*111 21	 Imax	 ACI*]

d rI j
021121 + Q,[I*][Ri] 

+ Q21I*111 21 + 1max + ACI*]

''	 - CI [I]CI*J[Rij - 2C
2 

111 2 [Ri] - C 
3 
[I][l*](X 

21

	

2C41 1 1 
2
[ 1 2]	 K 2[R]CI]

d	

, Fr-,	 + gA[I*]rm
LC	 Tc

L

r
Camax	 2
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f.
f,

I
I
f
I
L
TL
c.

C
t
I
F

l

Table III. Mean kinetic coefficients obtained from the
literature  and the associated uncertainty fac-
tors.	 Note that the factor in parenthesis
give the uncertainty 1 i mi is associated with
each rate.

n-C3F7I	 i-C3F7I

K l a 7.9 x 10-13 (5.9)* 1 4.4 x 10- 13 (5.4)*1

K2b 2.3 x 10- 11 (3.5)" 3.9 x 10- 11	(4.3)tl

K3 c 2.6 x 10- 12 (4) tl 9.0 z li,' 13 	 (3.8)tl

Qld 2.0 x 10- 16 (4.2) tl 2.8 x 10-16

Q2e 1.9 x 10- 11	(2.6) tl 1.9 x 10- 11	(2.6)tl

C l f 1 x 10- 33 8.8 x 10- 33	(1.2)tl

C29 8.5 x 10- 32 (5.3) ±1 8.3 x 10- 32 (5.3)±1

C3 h 5.6 x 10-32	 (1.5)tl 5.6 x 10 - 32 (1.5)±1

CO 2.0 x 10- 30 (4.3) tl 2.0 x 10- 30 (4.3) ±1

arefs. 6-10	 frefs. 6, 8, 14
brefs. 6-11	 9refs. 6-8
crefs. 6-12	 frefs. 6, 8

17 20 21refs. 6, 7, 13, 14	 ref s. 6 9 8,
erefs. 6, 8, 12, 13 9 15-19

Note that the factor in parenthesis give the uncertainty limits
associated with each rate.
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Table 1V. Present values for late time kinetic rate
coefficients in comparison to previous
estimates.

Present	 Others

8.5 x 10- 11 )a 9.0 x 10-12)a
K2	4.3 x 10- 11 (1.9)1

7 x 10-12)b

5 x 10- 12 ) c 3.2 x 10-12)d
Cie	 3.1 x 10- 11 (1.6)±1

2.1 x 10- 11 ) e 3.1 1 .5 x 10-11)f

C2	3.7 x 10-32 (2.3) tl 	8.5 x 10-32)a

aref . 7
bref . 9
cref . 15
dref . 6
eref . 16
frefs. 8, 17, 18, 19

r



Chapter N	 Direct-Solar-Pumped Laser Amplifier

1. Introduction;

This part of the report summarizes the research performed during March 1,

1983, through February 29, 1984. Our major effort was in evaluating the concept 	 s
R

of a direct solar-pumped laser amplifier using 2-iodohepafluoroprupane (i-C3F7I)

as the laser material. To simulate the solar radiation in space with a pulsed

flashlamp light, we measured the spectral distribution of emission from a long

flashlamp. We also developed a parabolic cylindrical reflector-collector system

in which the beams from the flashlamp are projected parallel resulting in a beam

profile similar to that of the solar beam.	 We measured the optical energy couplilg

efficiency by the reflector-collector system from the flashlamp into the laser

q tube using a modified photodiode detector. 	 Also measured is the optimum pressure

of the i-C3F7I gas in the laser tube for the present pumping scheme. 	 It was j

found that the optimum pressure of the i-C3F'7I gas in the laser tube was about

30 torr for the input energy of 135 J. 	 The threshold inversion density of the

laser was calculated from the experimental data of the pumping light and the
4

optimum pressure inside the laser tube. 	 The laser cavity was composed of
t'

99.8-percent R and 98-percent R mirrors.

We estimated the photodissociation rate from the measured threshold condition.

The photodssociation rate was about 0.05 percent of the i-C 3F7I molecules for l

the electrical energy	 f 135 J	 lied t	 1gy	 app	 o the flashlamp. 	 This photodissociatlon I

rate is directly corrected to the energy storage capacity of the laser , tube to

be used as an amplifier tube. 	 Further investigation on the amplifier scheme is

currently pursued under a ne;; NASA grant.
1

2.	 Iodine laser
i

We used i-C3 F7I gas as a laser material for the direct solar-pumped laser
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although the i-C3F7I is far from being an ideal laser material for the solar-

pumped laser, because of'the poor overlap between the absorption band of the

i--C3F7I and the solar spectral. distribution.. However, among the many laser

schemes, su;h as an iodine photodissociation laser [1], an iodine bromide ;+

photodissociation laser [2], a neodymium chelate laser [3], and a blackbody

k
pumped 'user L41, only the iodine photodissociation laser has been successfully

demonstrated with a solar simulator because it has excellent laser kinetics for

9 a high power laser.	 After the laser action in atomic iodine produced by

photodissociation of alkyliodide was discovered [5], it was considered as one

of the candidates for the inertial confinement or laser fusion driver [6]. $,

Exte,!sive studies were followed for topics such as (1) lasing process, (2)

spectroscopic structure of laser transition, (3) power and energy amplification,
s

(4) parameters in kinetic process, (5) development of efficient laser materials,

and (6) effective pumping methods.	 From the results of many researchers, it is

known that i- or n-C3F7I is the most effective laser material.	 When these

chemical compounds (parent molecules) are irradiated by ultraviolet (UV) radiation

(250 - 300 nm), these molecules are dissociated into excited atomic iodine

(5 2P1/2)	
and perfluoroalkyl radical R (R = i-C 3F'7I or n-C3F7 ).	 The excited

atomic transits to ground state (5 2Y1/2 )	 causing laser excitation at the

wavelength of 1.3 um as shown in figure 1. 	 However by the influence of the

i lear magnetic moment of the atomic iodine,	 e	 ep^c	 gr	 tthe upper level of the transition

is split into two sublevels and the lower level of the transition is split into

four sublevels [7].	 These sublevels are designated by F number as shown in

figure 2. Because of this hyperfine struture, the laser transition and

amplifying processes are rather complicated. The transition , prebability from

F = 3 of the upper level to F = 4 of the lower level is the highest, so that,

in most cases, the laser oscillation comes from this transition.
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The excited iodine atoms have a very long 'lifetime because their electric

dipole transitions from the upper states to the ground states are forbidden.

Only the magnetic dipole or electric quadruple transition is allowed, so that

the 'transition probability is very. low. Both calculated [8] and measured [7, 91

lifetimes of the excited iodine atom extend more than 100 ms. This lifetime of

the excited iodine atom allows the laser oscillation by a weak pumping power

such as mode rately-cc ncent rated solar power.

Another advantage of the i-C3F7I photodissociation laser is the high degree

of reversibility of the chemical processes. It is known that more than 90 percent

of the used chemical in the laser oscillation can be recombined to its original

compound [10]. This characteristics of the i-C3F7I allows quasi-sealed-off

operation of the iodine laser. But, this chemical has a disadvantage for solar-

pumped laser application, because the power of the near Gv band from the solar

radiation useful for photodissociation of the i-C 3F 7I is only 1 percent, as

mentioned earlier.

As shown in figure 1, the laser action by the photodissociation of the

perfluoroalkyl iodide is very complicated and various physical and chemical

reactions are involved in the iodine laser action. Many researchers were

engaged in determining the reaction, constants [11, 121, yet the experimental

data of the reaction constants scatter over a wide range among the researchers.

Theoretical works have also been performed for understanding of the solar-pumped

laser kinetics based on the experimentally determined reaction constants'[13,14,

151. Recently, J.W. Wilson et al. [16] have studied various reaction constants

already published, and they investigated threshold kinetics of solar-simulator-

pumped iodine laser and found general agreement with experimental results of

Langley Research Center. This work may be extended to the amplifier system for

better understanding of our experimental results.
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3. Laser System

The laser system used in this experiment is shown in figure 3. We used

two parabolic aluminum (ALZAK finish) cylinders to compose a reflector-collector

system of flashlamp light to simulate the solar beam in space. The non-parallel
A

beam from the flashlamp was filtered out by installing a narrow, circular

cylinder in front of the flashlamp (see fig. 3). The flashlamp was located

at the focus of the parabolic cylindrical reflector. The laser tube was made

of a quartz tube with 15 mm O.D. and 11.5 mm I.D. The pumped length of the 	 f

laser tube was 116.5 cm.	
I

The windows of the laser tube, which were made of INFRASIL, were installed

on a pair of demountable connectors at Brewster's angle. 	 The demountable

connectors make cleaning the system easy after successive operations of the laser

excitations.	 It is necessary to remove the iodine crystals, some solid

photochemical products, and dust wfiich adhere inside the ti_bo and on the Brewster's

windows.
p

The optical cavity r;as composed of a fully-reflecting mirror (R =99.8

percent) with a radius of curvature of 10 m and a partially-reflecting mirror }	 `'

(R = 98 percent) as an output coupler. 	 At times, a	 partially-reflecting

mirror, with 85 percent reflectance, was used as an output coupler.

The gas supply system is shown in figure 4.	 Prior to filling the i-C3F7I

gas into the laser tube, the laser tube was evacuated down to 2 X 10
-6 torr

with the hi	 vacuums	 Fstem.	 The i-Chigh	 y	 3 71 gas was distilled under vacuum by

cooling one evacuated bottle with liquid N2 and keeping the i-C3T7I	 liquid

around -2&C.

The gas fill pressure in the laser tube was measured by an MKS Baraton

pressure gage (Head, 2154; signal conditioner, 2155; power supply, 2156).

s0	 -
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4. Measurement of the 122ak spectral aveer distribution of flashlamp

	

=	 The flashlamp used it) this experiment was ILC-4655, wtlich had 5 mm I.D., 	 r

and the arc length was about 120 cm. The electrical circuit used for energizing

	

o	 the fl.ashlamp is shown ir; figure 5. The main eriergy-storage capacitor had

capacitance of 2.7 uF and could be charged to 30 M The electrical energy 	 s

applied to the flashlamp was varied by the charging voltcCe of the storage

capacitor.

The trigger, pulse was applied to the spark gap and to the fltishl^vnp

simultaneously, to obt uri reliable and pmbreakdowri-free operation of the
9

flashlarnp for a wide range of the charging voltage of the storage capacitor,.

At first, the absolute spectral-power-output characteristics of the

flashlanp was rneaiLnyed to ccmp^lre with the solar , radiation. The rrw surement

of the funk spectral-power-output distribution from the f'1ashlatip wcLti rc.u,r.led

out by cornpruing with the spectral-power d 1Stl'ibrlt1G1`i 01' 11 :taridLU-d cnU,hon-arc

light source. The^	 d i a tr , i b r 1. } eu i of the carbon cuvc wr.L,,	 6t
f

measured by others acid it is }:r iawl i that tho spc-c. trrxl -l)owe: r-c)u tpu t d b:; t.r 1 bu L ic)r i

of the carbon arc, operated Lz der , sp cif iced cor id 1. t.icn is, U; very re • 1. i Bible for.

the absorption band of i-(: 1 . ̂1 (21)0 in - :3U(.) 11111) [ 16, 1'/] . A } ogpii-kampe made 	 `

by Spindler-Floyer Company was used for , this; pui-posu. The electrodes of the
..	 r

carbon arc were Noris 11 carbon rod (d a. , G rrm) for , the etude, and Nor h, U

carbon rod (dia. , 7 rim) for-the cathode. The 1.u ,c c:urr tier i t wi i.^s f' b x(.i(t. crt `/ . 4 A.

The light from the, carbon rare wcL^ c:huplae:d by ari ol)t:ic117 Chol)E)f-r It the 1'VUcluc rIcy 	 „ I

	

Y
	 of 670 Hz. Using a spec tiurneter (McHi(:, rsui1 0.0 rn) "xi rr pi io tornu'l t 1 p I i el,

	

^J

	 (1'.M.) tube (I l 9669 Q10, the optical ir)Urisity fr ,orri the (., r.u ,bori • ru ,c wc:i;i 1W.':sLr d

at every 10 n>rri from L)40 rim to 50O run. The .:Ese cLrorrx t.c r mn equipped with ri

grating having 6UO lines/mm, rand the j 1 .­atiril; w1.is bllixud at, N(XAim.
1
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The light intensity of the flashlamp was also measured at every 10nm to compare

with that of the carbon arc. To make the same solid angle of emission from

the two light sources, the identical optical system was placed at the same

distance from the sources. The measuring system is described in figure 6.

By comparison of the peak light intensities by the monochromator-P.M.

tube system for the carbon arc and the flashlamp at each wavelength, we obtained

the results shown in figure 7. When the charging voltage of the stcrage

capacj.tor for the flashlamp was 10 kV (electrical energy; 135 J), the peak

spectral-power output in the pumping band of i--C 3F7I was comparable to that of

the 6,000 K blackbody radiator.

The spectral energy distributions of the carbon arc and the flashlamp were

also recorded on the photographic film (Kodak tri-X panfilm). The densitometric

traces are shown in figure 8. The upper four traces are for the spectral output

energy from the standard carbon arc at different exposure times. The exposure

time was determined by using a well-calibrated optical shutter. The lower four

traces are for the spectral output enek •i. from the flashlamp at different electrical

energies. By using the upper four traces, the contrast index (C.I.) of the used

film could be determined by the relation

D - Do
log E log Eo X	 (1)

for the linear region of the optical density (D) of the exposed film. The E

in equation (1) is known as exposure and is the amount of the exposed spectral

energy to the film. If we plot the optical density versus the logarithm of

the exposure, we could obtain the H-D curve (Hunter-Driffield curve) as shown

in figure 9. At the wavelengths of 260 nm, 270 nm, 280nm, and 290 nm, the

measured optical densities of the film have shown a good linearity against
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the logarithm of the exposdres and the measured C.I. uas unity. However, at the

wavelength 250 rm, the optical density of the film is not linearly dependent

on the logarithm of the exposur° because of the weak exposure. And, at the i
y	

wavelength 300m, the film is zaturated at tle long exposurere e time so that the

p	 optical density is also not linearly dependent on the exposure.

If the C.I. of the film is determined, then the spectral-radiant energy can

be calculated from equation (1), i.e.,

E = E010 (D-DO)/yo
10(D-D0)/y	 (2)	 j
 t

By using the spectral-radiant energy of the carbon are for 0.1 second exposure

as the referpnce spectral-radiant energy, the spectral-radiant energy frcm the

flashlamp was obtained. The spectral-potter distribution of the flashlamp could 	 i

be calculated by dividing the spectral-radiant energy of the flashlamp derived

from equation (2) by the measured optical pulse width. The spectral-power

distribution measured  by the monochromator-P.M. tube method is compared in table 	 p

R -	 1 to that measured b the densitometric method However the c arison of they	 . .	 omp

results in table 1 shows that the measurement of the spectral-power distribution 	 r

by the densitometric traces are up to 100 times larger. This discrepancy is
a

resulted from the poor reciprocity of the photographic film used in this
i

experiment [18]. So, the quantitative relation obtained by the densitometric

methcd is unreliable.
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Table 1.-Corp.::^ hsion of the peak spectral power output
wo w .red by two different methods.

Monochrcmeter-P.M. tube method
Wave-	 Unit; w/cm3 sterad
length	 I

nm	 135.0 J	 210.9 J	 303.8 J	 413.4 J

260 1.01 x 107 1.64 x 107 2.02 x 107 2.20 x 107'

270 0.71 x 107 1.21 x 10^ 1.61 x 107 1.19 x 107

280 1.44 x 107 2.03 x 107 2.44 x 107 2.87 x 107

290 1.96 x 107 3.15 x 107 3.88 x 10 4.57 x 107

Wave--
length
nm

Densitometric method

135.0 J 210.9 J 303.08 J 413.4 J

10 108 109 109260 3.31 x 5.75 x 1.00 x 2.22 x

8 8 9 9
270 4.10 x 10 7.54 x 10 1.11 x 10 2.46 x 10

8 8 9 9
280 3.75 x 10 6.52 x 10 1.02 x 10 2.12 x 10

8 8 9 9
290 3.26 x 10 6.36 x 10 1.86 x 10 1.31 x 10

F

i
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5. Measurement of Coupling Efficiency of .Pump Light

When the flashlamp.is energized, the light emitted from the flashlamp is

focused into the axis of the laser tube through the quartz tube by reflection

from the reflector-collector system (see fig,. 3). However, because of imperfectness

of both the reflectance of the aluminum reflectors and the transmittance of the

quartz tube, the optical energy from the flashl= ip cannot be, coupled into

the laser tube. Moreover, because of our intention to simulate the near-parallel

solar-beam profile by using parabolic, cylindrical reflector's, the pumping

intensity in the laser tube became anisotropic. So, it was necessary to measure

the coupled energy into the laser tube from the flashlamp.

To measure the coupling efficiency of the optical energy in the W range,

the best instrument is a P.M. tube which has a good sensitivity in W light. But,

a P.M. tube which can be installed in our laser tube (I.D., 11.5 mm) was not

available. To avoid this difficulty, a small detector system was made of a

silicon photodiode (EG&G, SGD-040A), as described in figure 10. By the previous

measurement, we found that the optical pulse shape from the flashlamp in visible

and IN range was rather different from that in I.R. range. So, a glass filter

which cut the I.R. light was used in front of the silicon photodiode, such that

the detector system had no 1.R. response. The transmittance of the used glass

filter is shown in figure 11. The range of >50 percent transimission lies between

385 nm arid 540 nm. The photodiode was biased 90 V negatively, and the signal

cable was terminated by a 502 resistor.

By using a set of neutral density filters, the linearity of the detector

system was examined. The detector response to the optical intensity is shown

in figure 12. As shown in figure 12, the response of this detector is linear up to

18 mA, which corresponds to 900 mV for 509 termination. Therefore, all measurements

were taken below this limit.0,

c
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After the examination of the detector response, the optical intensities

at different distances from the flashlamp for different applied electrical

energies were measured. By these measurements, the optical intennsity at the

distance 0.5 cm from the flashlamp. axis were extrapolated, so that the light

intensity at 0.5 cm from the laser tube axis could be compared. These measurements

were best fitted by the curve

I=I /	 -	 - 1.70	 3

as shown in figure 13, where r is the distance of the detector from the flashlamp

axis. This result is reasonable based on the physical consideration of the

measurement. Since	 flashlamp is very long (120 cm arc length) so that it can

be approximated to a line source if the detector is located far, from the lamp.

The optical intensity from the linear light source is proportional to the inverse

of the distance. However, as the position of the detector comes closer to the

flashlamp the inverse distance relation for the optical intensity needs short

range correction. This correction appears in equation (3) as [1 -exp(-r/1.70)].

The optical intensity coupled into the laser tube was measured by inserting

the same detector into the laser tube. The optical intensities were measured at

six different positions along the axis of the laser :rube and at every 150 around

the tube axis. After the measurements of the photodetector signals of the optical

intensities, they were compared with the detector signal extrapolated by equation

(3) to the distance 0.5 cm away from the flashlamp axis. The results are shown

in figure 14. Because of the parabolic geometry of the reflector-collector system,

the optical intensities coupled into the laser tube in the direction of 0 0 and

1800 of the focal plane are very weak. Also the optical intensity distribution

around the tube axis is very irregular and, except for the middle part of the
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laser tube, the intensity distribution is quite asymmetric. This irregularity

and asymmetry may be originated from the imperfectness of the narrow, circular

cylinder which reflects back the nonparallel beam from the flashlap (see fig. 3).

The results shown in figure 14 are the optical intensity coupling efficiencies

in the visible range (- 475 rm) of the spectrum. To convert these results into

the LV range (- 270 nm) of the spectrum, we should consider the path of the beam.

Referring to figure 3, most of the beam from the flashlamp is to reflect from

the reflectcr-collector system to be coupled into the laser tube. The reflectance

of the aluminum sheet used for the reflector-collector system in the LJV range

of the spectrum is about 70 percent of that in the visible range (19]. Including

this reflectance of the aluminum sheet, the measured overall coupling efficiency

by the reflectcr-collector system is about 7 percent.

6. Laser OUtout Dependence on Cas Fressure

The laser output for various gas fill pressures was measured in order to

find the optimum  pressure for the laser system. A germanium photodiode (JUDSON

INFRP.RID Mcdel J16LDO) wt:ich was calibrated by a He-Ne laser at 632.8 nm of

Crown poker, and the spectral sensitivity curve provided by the manufacturer, was

used for the laser power measurements. The peak laser power as a function of

gas pressure is plotted on figure 15. The optimum gas pressure for this laser

system is near 30 torr.

7. Measurement of Fhotodissociation Rate

A typical laser output signal monitored in this experiment is shown in

figure 16. For this run, the gas pressure was 30 torr and the applied electrical

energy to the flashlamp was 13E J. As shown in figure 16, the laser. oscillation

starts around 14.5 us after the onset of the flashlamp, or the threshold of laser

action reaches after 14.5 us of pumping of the i--C 3F 7I gas. The threshold

i
n,
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photodissociation rate of the parent molecule (i-C3F71) can be calculated by

theoretical consideration using the absorpticn cross section of the parent

molecule and spectral power distribution coualed into the laser tube. The

threshold photodissociation rate can be expressed as

90 th 
"abW P(X,t)' : a dX dt

. he	 (4)

;.,,here ©ab (a) is the absorption cross section of the parent molecule, P (a,t) is

the spectral input power per unit area per unit wavelength into the laser tube,

h is Planck's constant, c is the velocity of light, and t th is the start time

of laser oscillation. The integration should be done in the absorption band

of the parent molecule.

By using the previous experimental results of spectral power distribution

of the flashlamp (fig. 7), and the pump light coupling efficiency by the reflector-

collector system, the threshold photodissociation rate could be calculated from

equation (4). In this calculation it was assu?ned that the laser tube was illuminated

by the pump light isotropically, and that the spectral power output from the flashlamp

was linearly increased in time until the light intensity reached its peak at 16

us. And, also, it was assumed that when the parent molecule was excited by W

light in the absorption band, it dissociated only into perfluoroalkyl radical

R and excited atomic iodine 1*[12], i.e.,

*	 *
[RI]	 ► 	 I + R.

The calculated value of the threshold photodissociation rate W from equation (4)

is 4.3x_10-5.

The pump energy used for the threshold photodissociation can be calculated

by the relation

gp

F

n
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%tiere Ff(at) is the spectral power output from the flashlamp, ncoup is the

coupling efficiency of the reflector-collector system and t+ is the solide angle.^
A
e

The flashlamp used in this experiment is long so that it can be considered as

a linear light source. 	 Then, the integration of equation (5) with respect to

solid angle is simply multiplication of 2ff. 	 And, the spectral range of the

integration in equation (5) should be the same as the absorption band of the

parent molecule i-C3F 72.	 With these considerations, the calculated pump energy
a

for the threshold photodissociation from equation (5) was 0.045 J.

If we consider the parent molecule as an ideal gas,. then the density in the q

laser tube is 9.6 x 10 1 molecules/cm3 for 30 torr at room temperature (300 K).

Multiplying the threshcld photodissociation rate from equation (4), the density of

the excited atomic iodine is calculated as
1

*	 17	 -5	 13	 3[I ] = [RI] x W = 9.6 x 10 	 x 4.3 x 10	 = 4.1 x 10	 atoms/cm .

However, as mentioned in section 2, the excited atomic iodines are distributed

in hyperfine levels of the excited state according to the degeneracy of each levelI

Iso that the population density in b = 3 sublevel of the excited atomic iodine

is [I*] x 7/12 = 2.4 x 10 13 atoms/cm 	 (see fig. 2).	 And, the laser oscillation

starts by the transition from b = 3 of the excited state to 	 F'= 4 of the ground .

state of the atomic iodine. 	 Also at the beginning of the laser oscillation there
I
'

is no population in the ground state. 	 So the threshold inversion density of this
i

laser system is 2.4 x 1013 atoms/cm3.

The threshold inversion density can also be calculated by using the laser

L.
^threshold condition.	 The laser threshold condition is given as

R1R2 exp (2k ost AN th ) = 1	 (6)	
i

where Rl and R2 are the reflectances of laser cavity mirrors, k is the pumped

length of laser tube, Qst is the stimulated emission cross section of the laser

ww-
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transition and ANth is the population inversion density at the threshold. If

the stimulated emission cross section ath is known, then the thrE4hold inversion

density eNth can be calculated from equation (6) substituting the measured

reflectances of the cavity mirrors (Rl = 0.998, R2 = 0.98) and the pumped length

of the laser tube	 116.5 cm). However, the experimentally measured

stimulated emission cross section of the transition from F = 3 of the excited

state to F = 4 of the ground state of atomic iodine scatters over a rather wide

range according to the researchers [20,21, 22]. If the result in reference 21

is adopted, then the stimulated emission cross section of the transition is

3.0 x 10-18 cm2 at the i-C3F'7I pressure of 30 torr. The calculated threshold

inversion density from equation (6), with measured reflectances of the cavity 	 w	 9

mirrors, the pupped length of the laser tube, and the stimulated emission cross

'	 section is AN = 3.2 x 1013 atoms cm3 which is	 good /	 wh	 anagreement with theg	 g

result of the calculation by the photodissociation rate.
ti

The maximum photodissociation rate is also estimated by using the laser 	 }

threshold measurement with additional losses inserted in the laser cavity. The	 9

laser threshold condition for the cavity with a loss can be written as	 F

R 1 R 2 
L2 exp(21 as t AN) = 1	 (7)
	 i ..

w

where Rl and R2 are the reflectances of cavity mirrors, L is the loss factor

for a single pass, R is the gain length in the laser cavity, ast is the stimulated

emission cross section of t."'ie- laser transition, and AN is the population inversion
x-

i
	 density. A full reflector (Rl = 0.998) and an output coupler (R2 = 0.85)

were used for laser cavity mirrors, the laser action was observed when the
i

electrical energy of 135 J was applied to the flashlamp (charging voltage of the	 j

storage capacitor, 10 KV') at the i--C3F 7I gas pressure of 30 torr without any
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loss inside the laser cavity. From this fact, the population inversion density

calculated from equation (7) is

AN > 2.4 X 1014 atoms/cm3.

When the same full reflector and a different output coupler with reflectance

R2 m 0.98 were used for laser cavity mirrors, and a slide glass (Corning 2947)
L

wi.-U transmittance 0.91 at 1.32 um was inserted inside the laser cavity as a

loss factor, the laser action was not observed. So, the population density

calculated from the equation is

AN < 3.0 X 10 14 atoms/cm3.

From the above two results, it can be concluded that the maximum 'population

density in the F = 3 level of the excited state of the atomic iodine is

AN = 2.7 X 1014 atoms/cm3,

when the laser tube was pumped with electrical energy 134 J. The total,

photodissociation rate can be estimated from the above result as

2.7 X' 1014 atoms/cm3 X (12/7)

9.6 X 1017 molecules/cm3

where the factor 12/7 is included because the laser action is initiated only

by the transition from F = 3 of excited state to F = 4 of ground state of the

atomic iodine. So the total photodissociation is about 10 times larger than

the threshold photodissociation when the present laser system is pumped by an

electrical energy of 135 J.

When this laser tube is used for an amplifier tube, the energy stored in

the tube can be estimated as

Est= AN • hv L . V	 (S)
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where Est is the stoned energy inside the laser tube, eN is the total population

2
density in the excited state of the atomic iodine (F = 3 and F - 2 of Pl/2),

h is Planck's constant, vL is the laser frequency, and V is the volume of gain

medium. The total population density in the excited state is calculated as

(2.7 x 1014 atoms/cm3) x (12/7) = 4.6 x 1014 atoms%cm3

when the laser tube is filled with i-W7I gas at the pressure of 30 torr and

is pumped with electrical energy of 135 J. The stored energy estimated from

equation (8) for the present laser tube is 8.3 mJ in the wavelength of 1.32 pm.

3	 8. Conclusion

In this experiment, an iodine laser system was developed to evaluate the
.,	 s

concept of a direct solar-pumped laser amplifier. To simulate the solar radiation

in space with a pulsed flashlamp, a parabolic cylindrical reflector-collector

system was developed such that the reflector made the radiation from the

flashlamp parallel and the collector concentrated the radiation into the laser

tube. To compare the radiation from the flashlamp with the solar radiation in

space, the spectral power output from the flashlamp was measured in the range

of UV and visible of the spectrum. It was found that the spectral power distribution

'	 in the absorption band of the i-C3F7I molecule (250 nm - 300nm) from the flashlamp

was nearly the same as that of the 6,000 K blackbody radiator when the flashlamp

energized with electrical energy of 135 J.

The coupling efficiency of the pump light by the reflector-collector system

was measured. The result showed that the overall coupling efficiency by the
^t

reflector-collector system was 7 percent in the absorption band of the i--C3F7I

molecule.

The optimized i-C3F7I gas pressure itnside the laser tube, the laser
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output was measured as a function of the gas pressure 	 The optimun pressure
n{

for the present laser system was 30 torr when the laser tube was pu pped with

electrical energy 135 J.

The threshold photodissociation rate of the i .-C3
F7I gas was measured by

using the measured result of the spectral power distribution of the flashlamp

and the measured optical coupling efficiency by the reflector-collector system.
,

The result showed that the threshold population density in the excited state of

n atomic iodine was 2.4 x 1013 .	 This result was compared with the calculation
r

s

from the laser threshold condition and showed a good agreement.	 At the same
Y

time the punp energy used for the threshold photodissociation was calculated to
r

be 45 mJ in the absorption band of the i-C3F7I molecule.L

Also, the total population inversion was measured from the laser threshold

condition by changing the output coupler mirror or inserting a loss in the laser'

cavity.	 he totalty.	 population density in the excited state of atomic iodine was

4,6 x 1014 atoms/cm3 when the laser tube was filled with i-C 3F7I gas at 30 torr

pressure and wased with electrical energygy of 135 J.	 And, the stored energy

was calculated from the measured total population and was found to be 8.3 mJ in

case the laser tube was used for laser amplifier.

{
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Fig. 10. Modificaticli of photodiode used in the experiment.
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Fig. 11, Transmittance of blue glass filter.

Fig.12. Response of photodiode for different light Intensity.

Negative bIas:90V,Ioad resistor:500.
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APPENDIX I

ABSTRACT - IEEE SOUTHEAST CONFERENCE 80 -(ELECTRO-OPTICS AND LASER APPLICATIONS)

Direct Solar-Pupped Lasers
	

a

Ja H. Lee,
Vanderbilt University, Nashville, TN .37235

f

Y. J. Shiu
Hampton Institute,,Hampton, VA 23668

and

NASA langley Research Center, Hampton, VA 23665

Abstract

The feasibility of direct solar pumping of high-power lasers is

being investigated and one of the candidates, an iodine photodissociation

laser at X = 1.315 pm, was tested. Threshold inversion density, effect

of elevated temperature (to 670K) on the laser output, and laser gain

from a cavity filled with C 
3 
F 

7 
1 vapor irradiated by a 32-kW solar simulator

were measured. These results and the concentration of solar radiation 	 t

a
required for the solar'punped iodine laser will be disscused.
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APPENDIX II

ABSTRACT - NASA TECHNICAL REPORT 2182 SOLAR SIMULATOR-PL?4PED ATGUC IODINE
LASER,KINETICS

John W. Wilson
NASA Langley Research Center

Hampton, VA 23665	 n

S. Raju and Y. J. ShiLL
Hampton Institute	 a
Hampton, VA 23668

ABSTRACT

The literature contains broad ranges of disagreement in kinetic data for

the atomic iodine laser. A kinetic model of a solar-simulator-pumped iodine

laser is used to select those kinetic data consistent with recent laser experiments

at the Langley Research Center. Analysis of the solar-simulator-pumped laser

experiments resulted in the following estimates of rate coefficients: for alkyl

radical (n-C3F7) and atomic iodine-(I) recombitnation, 4.3 x 10 -11 (1.9)± 1 cm3/s;

for n-C3F7I stabilized atomic iodine recombination , (I + 1) 3.7 x 10-32 (2,3)±1

cm6/s; and for molecular iodine . (I2 ) quenching 3.1 x 10-11 (1.6)+1 cm3/s. These

rates are consistent with the recent measurements.
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