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ABSTRACT

An efficient procedure for determining the operational potential of a

laser system is the experimental measurement of gain. Two laser systems,

a flowing CO^-^-He laser and a chemical CO^-HN, laser, were studied using

a pulsed gain measurement technique. The experimental investigation

indicated that the flowing C0„ -N -He laser system could produce lasing

action and that the saturation parameter was 15 watts/cm . The experimental

results for the chemical laser show a gain of approximately 8% per meter and

agree qualitatively with a computer model of the CC^-HN laser. However,

difficulties in obtaining consistent results, which were attributed to

saturation of the lasing medium by the reference signal, and a low signal-

to-noise ratio prevented any final conclusion. Further experimental

investigation of the CC^-HN., laser will be necessary to determine the full

potential of the laser system.
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I. INTRODUCTION

Many different laser systems have been investigated since the first

laser action was observed in July 1960 by T.H. Maiman. One of the most

important laser systems is the COo molecular laser because of its high

quantum efficiency (40%) and power output. Although pure C0„ lasers exist,

most often vibrationally excited nitrogen molecules are used to create the

population inversion among the CO molecules, and different methods of

exciting the N molecules lead to a variety of laser systems.

One of the more common CO -N laser systems is the flowing laser

where the N is excited by an electrical discharge. Two major advantages

of a flowing system over a sealed system are: 1) a reduction of the gas

temperature by convection and exhaustion of the heated gas, and 2) the

removal of accumulated CO molecules and other products of the gas mixture

and electrical discharge. The reduction of the gas temperature prevents

the excitation of C0_ molecules to the lower laser level while the removal

of unnecessary molecules reduces collisional relaxation of the excited N
2

and CO molecules. Both effects contribute to an increase in power output.

A novel but very promising system is the transfer chemical laser. By

releasing the energy stored in the lasing medium itself through a chemical

reaction, a high energy output can be realized for a small initiating energy

input. The most favorable reactions for the production of laser action are

those which are isothermal and create a sufficiently non-equilibrium state

to produce a population inversion. Branched-chain reactions satisfy these

conditions, and in particular the flash photolysis of hydrogen azide (IIN )

results in a chemical reaction which decomposes the UN,. The decomposition

of HN produces vibrationally excited nitrogen molecules which through a





near resonant energy transfer causes a population inversion in the vibrational

levels of the CO molecules.

The work reported herein describes the pulsed gain measurements performed

on a chemical CC^-HN^ laser and on a flowing CCL-N2 laser with helium added.

A discussion of the theory involved in calculating the unsaturated gain co-

efficient and the saturation parameter is included to give an understanding

of the processes involved in the gain experiments performed.





II. THEORY ON GAIN AND SATURATION PARAMETER

In the following sections the equations for the gain coefficient and the

saturation parameter are developed. As all lasers are quantum mechanical

devices, an accurate development of these equations would require the use of

quantum mechanics. However, a classical approach and a simplified version

of the C0
?
-N

2
laser model will afford sufficient understanding of the

mechanisms involved.

A. SIMPLIFIED MODEL OF THE CO -N LASER
2 2

In the C0 2 molecular laser the transitions are between vibrational

levels. Figure 1 shows the grouping of these vibrational levels to form a

simplified three-level laser system. The notation used to describe these

levels is shown in Fig. 2 and can be written in the' form (v,v
2
v,) where the

v
1

, v , and v are quantum numbers, v. describes the number of vibrational

quanta in the symmetric stretch mode, v 2 describes the number of vibrational

quanta in the bending mode, and v, describes the number of vibrational quanta

in the asymmetric stretch mode. The bending mode is twofold degenerate and

usually carries a superscript to indicate the degeneracy.

In the simplified three-level system we have three modes:

Mode - ground state, no vibrational excitation

Mode I - excited states in the symmetric stretching and bending modes

of C0
2

Mode II - excited states in the asymmetric stretching mode of C0
2

and

N
2

This simplification can be made because of the extremely fast vibrational

resonant energy transfer between the N (v=l) and CO (00 1) levels, as well

10
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CARBON DIOXIDE MOLECULE

O O GROUND STATE

. a J eo SYMMETRIC
STRETCH MODE

v, AD
V'v /\_'

WT
V

QA BENDING
MODE

• CO ?=^D ASYMMETRIC
STRETCH MODE

In the bending mode the atoms may vibrate in two mutually

perpendicular planes, causing a twofold degeneracy with

slightly different energy levels.

Figure 2. Vibrational States in the C0~ Molecule
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as a very fast energy exchange between CO (10 0) and CO (02°0) due to Fermi

resonance. Within Mode II there is a rapid transfer of vibrational energy

from the higher excited levels of CO (00°y ) and N
2

to C02 C00°1) and N
2
(v=l).

Similarly within Mode I there is a rapid transfer of energy from CO (0v
20)

to the C0
2
(010) level.

If the system were in thermal equilibrium, a Boltzmann population distri-

bution would be expected to hold over the energy levels:

VN
m = gn/^m

exP "(E
n " V/KT ^

At any T>0, a state with lower energy will have a larger population than a

state with higher energy and lasing would not be possible. This is where

another feature of the C0„ molecule becomes important. Not only is the

energy quantized into discrete vibrational levels, but the vibrational

energy levels are divided into rotational energy levels. These levels are

characterized by the quantum J, and due to the symmetry of the C0
2
molecule,

the upper laser level has only odd J levels while the lower laser level has

only even J levels.

To create a population inversion, a higher energy state having a larger

population than a lower energy state, the system must be disturbed such that

a thermal equilibrium does not exist. Two types of population inversions

exist: 1) a total inversion where the population of the Mode II energy

states is larger than the population of the Mode I energy states and 2) a

partial inversion where some of the rotational levels in Mode II have larger

populations than some of the rotational levels in Mode I. Since there is a

rapid transfer of energy among the rotational levels in a vibrational state

(Ref. 23), it is possible to assume a Boltzmann population distribution for

the rotational levels. Then

N = N
v

cxp [-E(J)/kT] (2-2)
J »v

13





where N, is the population of the J rotational level and N is the total
J,v r r v

population of the vibrational level. The requirement for lasing is:

N T > N, v- = v, - 1J l'vl J
2 'v 2

2 1

Two transitions, the P branch and the R branch, are often encountered.

They represent transitions where the change in the quantum number is +1.

In particular, the P branch is for AJ = +1, and the R branch is for AJ = -1.

B. GAIN

Although a population inversion is necessary for lasing, the crucial

question is whether the gain of the laser system will be great enough to

surpass the inevitable losses of the system. This requirement can be expressed

as:

f < (I -I
Q
)/I

where f is the fractional loss per pass, and I and I are the light inten-

sities before and after passage through the amplifying media. To determine

if this condition is met it will be necessary to calculate the gain.

Consider a parallel beam of light of frequency between v and v+ dv and

intensity I(v) traveling in the positive x direction from x to x + dx.

Suppose there are N nonexcited atoms per unit volume of which 6N are capable

of absorbing in the frequency range v and v+ dv, and N 1 excited atoms of

which 6Ny are capable of emitting in the same frequency range. Then the

increase in energy of the beam is

:

d[Id v ] = fiN^wB^I dx/c - 6N
v
hvB12 I dx/c (2-3)

or

~|~ dv = [B
21

6N; - B
21
6NJ hv/c (2-4)

11





Spontaneous re-emmission is not directional, therefore its contribution in

the direction of the reference beam can be ignored relative to the stimulated

emission which is directional. The unsaturated gain coefficient is defined

by:

dl/dx = a I (2-5)

Substituting equation (2-5) into equation (2-4) and integrating, the

following result is obtained

/ a
Q

dv = [B2 iN' - B
12

N] hv /c (2-6)

This represents the gain over the entire spectrum; however, laser

emission is generally restricted to certain frequencies as mentioned in the

previous section. It is necessary to consider the emission line shape and

the factors influencing the line shape before the gain may be determined.

As a consequence of its finite radiative lifetime t , isolated stationary

emitters will have a Lorentzian line shape and a natural line width Av, =

l/4TTT
r ;

/ a
Q

dv = a
oL

Tr [(v - v )
2 + (Av

L )
2]/Av

L
(2-7)

At higher temperatures or lower pressures the emission line is broadened

principally by the Doppler shifts due to thermal motion in the gas. The ^

result is a Gaussian line shape and a natural line width Av^ = (ln2 2kT/itic-)v
;

1/2
/ a dv = a Avr (7r/ln2) exp[ln2(v - v )

2
/A\>

2
]

(2-8)

Physically these two conditions imply that a transition on which a population

inversion is to be created must have a radiative lifetime large enough for

spontaneous emission not to compete with the inversion-producing process.

At higher pressures and lower temperatures, the intermolecular interactions

begin to interfere with the inversion-producing process.

15





For the simplified CO -N
2

laser, n represents the population of the

upper level and n, represents the population of the lower level. Assuming

Doppler broadening and a Boltzmann distribution existing over the rota-

tional levels, equations (2-2,6,7,8) can be used to write the gain co-

efficients for P and R branch transitions Ref . 3:

ctp(J) = (h/8TTK)"\/mc
2/2™ (X^

1
A
21

/T3/2 ) (2J-1) x

{n2
B2 exp [-F

2
(J-l)hc/KT] - n^exp [-FjGDhc/KT]}

o
R (J)

= Ch/8TTK)Vmc
2
/2TTK (X^A

21
/T3/2 ) (2J+3) x

{n2
B2exp [-F 2 CJ+l)hc/ KT] - n-^exp [-F

1
(J)hc/<T]

}

where

A21
= (8irhv

3/c 3 ) B = Einstein A coefficient
for the transition

As the population inversion will be smaller for R branch transitions than

for P branch transitions, the gain for the R branch will be less as

demonstrated by the fact that

exp[-F
2
CJ-l)hc/KT] > exp[-F

2
(J+l)hc/KT]

Therefore, lasing will be predominant for the P branch transition.

C. SATURATION PARAMETER

In the previous section, small-signal gain was discussed. When a high

intensity signal passes through the lasing media, a situation can be

reached where the upper laser level will be depopulated faster than the

N
2

can excite C0
?
molecules up to the upper laser level. When this happens,

the measured gain coefficient begins to decrease from the unsaturated gain

coefficient. If n is the number of photons per unit time which pass

through the laser, n is the number of available quanta per unit of laser

16





length, and N is the maximum value that n
z

can assume, then from Refs. 1

and 2 for a homogeneous broadened media;

5n
z
/6t = -an

t
n
z

+ c(N z - n
z ) (2-9)

This is an expression of energy conservation.

The dimensionless constant 'a' describes the gain interaction between

the radiation energy measured in terms of the number of photons passing

through the medium per unit time and the potential radiation energy stored

in the laser medium. The uisaturated gain coefficient, saturated gain

coefficient, and intensity of the beam can be expressed as;

a = aN L (2-10)
o z

a = an
z
L

Ice an (2-12)
t

Under steady state .conditions the left-hand side of equation (2-9) is zero.

Using equations (2-10, 11, 12) the following equation can be found:

a = a /(l + I/O (2-13)
o -*

where I is the saturation parameter which is defined by that value which

reduces a to one-half of the a value. For the case of inhomogeneously
o

broadening a similar analysis can be made leading to the result;

a = a /(l + I/I
s

)
(2-14)

It is rather complicated determining the saturation parameter theoretically,

but a simplified expression given by Ref. 3 for a homogeneously broadened

medium is

17





I
s

= 87rTr
hv/gCv^ 2 [nj/zkVny + gunJ,/ g]L

z kjn^ ] (2-15)
i i

By substituting characteristic values into equation (2-15) , a value for I

was calculated in Ref. 3 of approximately 0.3 watts/cm which is about two

orders of magnitude smaller than measured values. The main source of this

discrepancy between theory and experiment is attributed to the fact that the

CCL laser is a multilevel lasing system with both homogeneous and inhomo-

geneous broadening. This discrepancy makes experimental determination of

the saturation parameter necessary.

18





III. LASER SYSTEMS

Two laser systems are discussed in this section: a flowing C0
2
-N

2
-He

laser and a chemical CC^-HN-j laser.

A. FLOWING C0
2
-N

2
-He LASER

In the flowing CO„-N„-He laser system an electrical discharge is used

to raise the nitrogen molecules to a vibrationally excited state. The

excited N
2

then transfers energy to C0
2
molecules raising them to the

upper laser level (Mode 2) bringing about a population inversion. Helium

has the beneficial effects of deactivating the lower laser level (Ref. 4)

and modifying the discharge properties of the laser medium resulting in

the more efficient production of the vibrationally excited N
2
molecules

(Ref. 5).

Referring to Fig. 1 the equations for the populations of the three

excited levels may be written as:

dn2/dt = (3n^ - ?n
9

.+ kn N* - k'n
2
N° - K_.n_ -

*• o z oz ^zzlz
"S

21
If

2
n
2

+ S
12

If
i
n

i
C3 - 1}

dydt - K
2i

n
2

- Vl S
21

If
2
n
2

- S
12

If
1
n
1

(3-2)

dN*/dt = yN° - ?N
2

- kn
Q
N* + k'n

2
N° (3-3)

N
2

= N° + N* (3-4)

n = n + n, + n . (3-5)
o 1 2

*

No spontaneous emission terms are included for emissions between N
2

and

N 9 because nitrogen has a zero dipole moment in the ground state which

19





strictly forbid any radiative rotation-vibration transitions. This also

implies that it is most improbable that the vibrational energy will be

turned into translational energy during an intermolecular collision and,

therefore, the vibrationally excited N~ is very long lived. The spon-

taneous emission terms for CO2 between the upper laser level and the

ground state have been neglected as for this transition the radiation is

strongly trapped. Radiative relaxation of the other CO levels can be

ignored in comparison to collisional relaxation. The electron excitation

and de-excitation rates are related by:

C = 3exp(E/Ee)

C = yexp(E/E
e )

where E is the energy of the molecular level under consideration and E

is the mean electron energy in the plasma. An approximation which can be

made is that k = k' since

k = k' exp h(v - v )/kT = 0.914 k 1

The rate constants for collision induced vibrational relaxation are

defined as

K
ij

=
1

k
C0

2
, 1

P
i

where kp t is the appropriate relaxation rate of the binary mixture of

CC>2 and gas ' l 1
, and p-. is the partial pressure of gas '1'. The sub-

scripts 'ij' denote the levels between which relaxation occurs. Taylor

and Bittermann (Ref. 4) present a large amount of data covering the rate

constants for various gases on both CO- and N
2

. However, for flowing

systems only N
2 and He are usually of importance.

20





B. CO -HN, LASER
2 3

In the previous section, electrical excitation was used to raise

nitrogen molecules to a vibrationally excited energy level. Another

important method of exciting the nitrogen molecules is through the use of

a chemical reaction. An ideal reaction would create a large number of

excited N molecules without raising the temperature of the lasing medium

as high temperatures degrade the conditions required for a partial in-

version and reduces the efficiency of the conversion of the vibrational

energy into coherent radiation. To produce a high reaction rate, an

electrical discharge or photolysis could be used, but much energy is

required in the forced acceleration of a chemical reaction. The most

promising method is the use of branched chain reactions whose rates may

be very high and are not greatly influenced by the amount of energy used

in the initiation of such reactions.

The explosion of hydrazoic acid (HN,) represents one of the chemical

reactions that meets the requirements listed above. Listed below are the

primary reactions involved in the photochemical decomposition of HN (Refs

.

6, 7, 8 and 9)

HN
3

+ hv + NH' + N'(X z ) (3-6)

N* + HN -> NH(X3 E ") + '2N (3-7)
2. «-> Z

NH* + HN -> NH + N (3-8)

NH 1 + HN, -> H + 2N' (3-9)
3 2 2

NH + HN -»• NH + N (3-10)
Z O Do

2N., + 3N (3-11)
~ 2

NH + Nil * !I
7

+ N (3-12)

21





where the prime signifies non-electronic excitation. Equation (3-9) is

the chain initiating step while equation (3-8) quenches the reaction.

All of the reactions may be represented by classical (phenomenological)

chemical kinetics. From Ref. 10 the stoichiometric relation describing a

one step chemical reaction of arbitrary complexity may be represented by

the relation

n n

Z iyM. -> E n'.'M.

j = l J J j=l J J

' ii

where n'- and n- are respectively the stoichiometric coefficients for the

reactants and reaction products. The rate equation for the chemical

specie M. can be expressed as;

ii ,
n «

d(M.)/dt = (n. - n.) r. tt (M.)^,
i ! ! i

j
=1 J J

where r. is the reaction rate constant. Reference 11 has determined or
i

estimated the reaction rate constants involved and utilized them in

creating a computer model of the C0
9
-HN laser system. It should be

noted that a large amount of uncertainty exists concerning the rate

reaction of equations (3-7) and (3-9) due to lack of experimental data.

Equations (3-1) through (3-5) can be used to describe the CO^-HN

laser if the terms describing the electrical excitation are dropped and

equations (3-6) through (3-12) included. The actual lasing mechanism

remains unchanged, only the means of 'pumping' or raising N to an excited

state is different from the flowing C0
2
-N_-He laser. Section II-B may be

used for determining the gain.
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IV. EXPERIMENTAL TECHNIQUE

A. GENERAL DESCRIPTION

A block diagram of the experimental setup for both the flowing

C0
2
-N2-He laser and the chemical CC^-HN^ laser is shown in Fig. 3. Due

to the highly toxic and explosive nature of the chemicals used in

generating the hydrazoic acid (HN3) , the laser tube, HN, generating equip-

ment, and flashlamp are located in a fume hood. A plexiglass cover acts

as an extension of the fume hood providing a larger area for measuring

chemicals. During the actual experiment the plexiglass shield is raised

to allow the passage of the infrared-red radiation to the IR detector.

The non-toxic, non-reactive gases are stored to the immediate left of the

fume hood and are connected through valves to the laser tube.

On the far left is the reference C0
?

laser and smaller helium laser

used for synchronizing the electrical and recording equipment. By means

of mirrors, the respective laser beams are directed through a slit and

beam chopper located at the left of the tube. To the right of the fume

hood is the electrical control box, capacitor bank, and the power supply.

To isolate the operator and detecting equipment from the large voltages and

toxic chemicals involved in the experiments, the main control panel,

recording equipment, and IR detector have been separated wherever possible

from the other equipment.

B. VACUUM AND CHEMICAL SYSTEMS

The vacuum system (Fig. 4) provides the means of bringing the desired

mixture of C0~, N~, He, and HN, into the laser tube for the experiment and
2 2' ' 3
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exhausting the gases from the tube after the experiment. Located on the

floor directly in front of the fume hood is the primary pump. A smaller

mechanical vacuum pump is located under the fume hood and is used for

removing excess hydrazoic acid from the system, preventing the corrosive

HN3 from damaging the larger primary pump.

The gases used for the CO -HN, laser were manufactured by ARC (Air

Reduction Company, Inc.) and are supplied in one liter pyrex flasks at a

pressure of 755 mm of mercury. Their guaranteed purity is:

99.995%

99.999%

99.9995%

Each flask is controlled by a solenoid switch and the quantity and rate

of induction of the gases is controlled by needle valves located immediately

behind the inlets. For the flowing CCu-N^-He laser, a gas mixture manu-

factured by the Matheson Company was used. The mixture was determined by

analysis to contain the following volume percentages:

6.5%

19.6%

Carbon Dioxide CCu

Nitrogen N~

Helium He

Carbon Dioxide CO

Nitrogen N2

Helium He Balance

Flow pressure was controlled by a two-staged regulator.

The chemical system consists of the hydrazoic acid (HN ) generating

system, storage containers for the inert gases (CO,,, N„, He), and the

stainless steel valves and tubing which connect the various components.

There are two safety features built into the chemical system. First, all

components of the toxic gas generator are contained under the fume hood,

and measurements of all toxic chemicals are made through a small opening

in the plexiglass extension of the fume hood minimizing operator contact
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with the chemicals. The second safety feature is that the valves con-

necting the components of the system are operated from the main control

panel. This allows fast isolation of any part of the system if such

action becomes necessary.

The HN, generating system is connected to the other components of the

system through a 1/4 inch pyrex U-tube by a combination of two ball-joints

and a flexible connection (bellows). The ball-joints allow for easy

separation of the generating flask for cleaning purposes and ensures a

reliable vacuum seal after replacement.

Prior to evacuation of the system, phosphorous pentoxide is placed in

the U-tube for the purpose of absorbing any water vapor in the system. The

hydrazoic acid is generated in a 500 ml pyrex flask (Fig. 5) fitted with

a pyrex burette graduated in cubic millimeters. The generation of HN-, is

accomplished by the following reaction (Ref . 12)

:

NaN
3

+ H
3
P0

4
-> HN t + NaH

2
P0

4

The amounts of sodium azide (NaN
3 ) and phosphoric acid (H,P0

4 ) needed can

be calculated by knowing the volume of the generating system and the

desired partial pressure of HN . The amount of NaN„ is measured on the

scales under the plexiglass shield, mixed with Dow Corning 704 diffusion

pump fluid (silicone based) to facilitate handling of the NaN , and placed

into the generating flask by removing the relief valve assembly. The

quantity of H PO. is chosen slightly higher than stoichiometric to insure

that all of the toxic and explosive NaN_ is consumed.

After the system has been evacuated, the H PO, is introduced to the
1

3 4

system and stored in the graduated pyrex burette prior to mixing with

the NaN^. From the main control, a motor is operated which turns a

stopcock (Fig. 5) allowing the lUPO to mix with the NaN,. A relief

27





MANUALLY
OPERATED
STOPCOCK

STOPCOCK
OPERATED BY
REVERSIBLE
AC MOTOR

ICE

WATER

3
mm

SCALE

TO
STORAGE FLASK

MANUALLY

OPERATED

STOPCOCK

RELIEF
VALVE

l^\

TO

t

\y

EXHAUST

BELLOWS

l A VACUUM
1 JOINT

u BALL
JOINT

V J

Figure 5. UN. Generating Flask

28





valve opens to the exhaust at atmospheric pressure to prevent damage

from possible overpressure in the generating unit. Thorough mixing of

the chemicals is enhanced by means of a teflon coated magnetic stirrer

in the bottom of the flask. The gaseous HN is allowed to flow through

the U-tube into an adjoining three liter storage flask. By opening the

various solenoid switches, the desired mixture of HN and the inert gases

can be introduced into the laser tube. A strain-gage pressure transducer

is used for monitoring the pressure in the tube. Figure 6 gives a schema-

tic diagram of the pressure transducer. The readout from the transducer

is displayed on a Vidar model 510 integrating digital voltmeter.

C. ELECTRICAL SYSTEM

Although the equipment used in the two laser systems shared the same

power supply, the requirements of the two systems were very different.

1. Continuous Discharge System

The flowing CCL-N^-He laser required a continuous discharge between

two electrodes inserted in the laser tube. Figure 7 shows a block diagram

of the power supply and circuit for both the flowing laser system and the

charging system of the CO -HN., laser. The main features of the continuous

discharge system are the NJE (New Jersey Electronics) Model HA-51 variable

high voltage power supply (0-30kv, 0-10ma) and the two tungsten electrodes.

Normal operating procedure was to switch from the charging circuit

to the continuous discharge circuit by means of switch 3. From the control

box, vacuum switch 1 was closed and the power supply then adjusted to give

the desired discharge voltage.

2. Flash lamp

The electrical system required for the flashlamp is much more

complex than for the continuous discharge circuit and is composed of
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Figure 6. Schematic Diagram of Pressure Transducer
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three electrically separated circuits: the charging circuit, the discharge

circuit, and the triggering circuit.'

Figure 7 gives the basic block diagram of the charging system. In

the "dumped" condition, the high voltage vacuum switches are in their normal

(de-energized) position: switch 1 open, switch 2 closed. The position of

the switches is reversed for charging. The capacitor bank which consists

of four 7yF and two 1.5uF high voltage (up to 25 kv) capacitors in parallel

is charged in series with a 3Wi resistor by the power supply.

The voltage on the capacitor bank is indicated by a 20 A API

(Assembly Products, Inc.) meter relay connected in series with a 200Mfi

resistor and calibrated as a volt meter. The meter relay also is the main

controlling element in the charging system as shown in Fig. 8. When the

capacitor bank reaches a preset voltage and the pointers of the meter relay

make contact, R is energized and reverses the position of switches 1 and

2, thereby interrupting the charging process. The system is placed back

in the charging condition by closing the 'fire' push button which activates

R_ and de-energizes R-,.

A block diagram of the discharge circuit and triggering circuit is

shown in Fig. 9. The discharge circuit consists of a flashlamp, capacitor

bank, power supply, and inductance. The 30.0yh inductance coil is con-

structed of 3/8 inch copper tubing consisting of 25 windings 15 cm in

diameter. All components of the discharge circuit have been silver

soldered to minimize losses. The remaining small ohmic resistance

(R = 0.0018 ohms) has been neglected in the calculation of the operating

parameters.

A xenon filled, ILC model 7L24 (60 cm by 7 mm diameter) flashlamp

with nickel plated copper electrodes was used. The lamp can be operated
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under manufacturer's warranty with a damping factor of 1.1 to 0.7. The

flash circuit was designed for a pulse duration of 100 microseconds and

a damping factor of 0.8 which allows a variation of energy output with a

minimum change in pulse duration. The flashlamp energy output with

capacitor bank voltage was calculated in Ref . 13 and the results are

shown in Fig. 10.

The object of the triggering circuit is to create an ionized

spark streamer between the two electrodes of the flashlamp which allows

the main discharge to occur. As shown in Fig. 9, the circuit consists of

two elements. The elements, both manufactured by ILC, are an ILC model

T105 trigger transformer with a step-up ratio of 60:1 and an ILC model

PG-10 pulse generator. The pulse generator has an output signal of 0-500

volts and a maximum rise time of 0.5 microseconds.

D. LASER TUBE AND REFERENCE LASER

The laser tube is constructed from fused quartz and is approximately

65 centimeters long with an inner diameter of 30 millimeters and a wall

thickness of one millimeter. Illustrated in Fig. 11 are the main character-

istics of the tube. Located along the top of the quartz tube are two joints

for the entering the exhausting of gases during the experiments. Along one

side of the tube are two tungsten electrodes used for establishing the

electrical discharge when the flowing CO -N 7 -He laser system is operating.

Instead of attaching the windows directly to the laser tube, they are

fastened with a silicon based cement to quartz joints which arc then fitted

over the end of the laser tube. This arrangement facilitates cleaning of

the tube and the windows. As the reference laser beam is randomly polarized,

the windows are situated perpendicularly with respect to the optical axis

rather than at the Brewster angle.





Energy
(joules)

1500 --

1000

500 ..

\ 1 1 \ i 1 1 h
10 15
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Figure 10. Flash Energy vs. Capacitor Voltage
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Top View

Side View

Figure 11. Laser Tube

36





The reference laser used is a model XBF CO2 laser manufactured by-

Apollo Lasers, Inc. and rated at a nominal output of 7 watts in the

fundamental TEM mode. The power supply is of the current regulated

type to insure a uniform plasma tube excitation current. A single control

knob determines the bias on the current regulating tube, and thus adjusts

laser output power. The emission wavelength is near 10.6 microns varying

among rotational levels. To stabilize the wavelength to a greater degree

the temperature of the cooling water is carefully regulated by a Messgerate-

Weck-Lauda Thermostat.

E. DETECTING AND RECORDING EQUIPMENT

A SBRC (Santa Barbara Research Center) gold-doped germanium IR detector

was used for detecting the 10.6 micron radiation. The detector is operated

at 77°K (liquid nitrogen temperature) with a D of 10' at 10.6 microns and

a response time of 25 nanoseconds. Figure 12 shows the photoconductor

signal and bias arrangement used for the experiments. A Perkin-Elmer grating

monochrometer (model MG-126) with a blaze angle of 12 microns was used to

monitor a specific wavelength of light. It was calibrated with a He-Ne

laser and cross-checked with a mercury light.

In the experiment with the flowing C0
2
-N

2
-He laser system, a Tektronic

Type 549 storage oscilloscope was used to monitor the output of the IR

detector. An ac motor operating at 3200 rpm with a slitted disk was used

to chop the reference signal into pulses. The two-step procedure followed

was:

1. With the desired flow of the gas mixture passing through

the laser tube, but with the power supply off, the output

from the detector for the reference beam was recorded.
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2. With both the desired flow and an electrical discharge

in the laser tube the output was recorded.

A sample of the output is shown in Fig. 13. Any difference in the magni-

tude of the two outputs would be due to the gain of the reference signal

caused by the amplifying media of the laser.

For the C0
2
-HN, laser system a Tektronic Type 551 dual beam oscillo-

scope and a photo-diode detector were also used. Timing was of major

importance for the experiments performed on the chemical laser. The

sequence of events required for the experiment can be broken down into

four steps:

1. A lens covering the photo-diode is opened.

2. A He-Ne laser beam passing through the chopper

illuminates the photo-diode triggering the sweep

of both oscilloscopes.

3. 40 microseconds later the first slit in the chopper

aligns with the reference beam and the detector

records the first pulse.

4. 450 microseconds later the delayed trigger circuit

of the storage scope triggers the pulse generator

causing the flashlamp to fire. At approximately the same

time the second slit of the chopper aligns with the

reference beam and the detector records the second

pulse.

The output of the photo-diode is always displayed on the dual pulse

oscilloscope and recorded by means of a Polaroid camera. Depending on

whether it was desired to compare the IR detector output with the flash

pulse detected by the photo-diode or with a reference experiment, the output
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Figure 12. Bias Circuit for IR Detector

Figure 13. Sample Photograph of Flowing Laser Hquipment.

Bottom Traci ["race. Time Scale: 5 ms/cm
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of the IR detector would be displayed on either oscilloscope. A sample

of the output for both of the above cases is shown in Fig. 14.
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Reference Trace on Bottom. Time Scale: 0.1 ms/cm

Photco-Diode Signal on Bottom. Time Scale: 0.1 ms/cm

Figure 14. Sample Photographs of Chemical Laser Experiment
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V. EXPERIMENTAL RESULTS

A. FLOWING CO -N
2
-He LASER

The gain for the flowing laser system was measured for flow pressures

varying from 1.5 torr up to 10.0 torr and for three different reference

signal intensities. Figures 15, 16, and 17 display the results of the

experiments. The average gain between 4.0 and 10.0 torr was 40% per

2
meter for a reference intensity of 4.55 watts/cm , 39% per meter for a

2
reference intensity of 5.1 watts/cm , and 38% per meter for a reference

intensity of 5.3 watts/cm . This quantity of gain is sufficient for the

laser to produce detectable continuous lasing action. It was not deemed

necessary to optimize the flowing laser to produce greater outputs than

those measured because; 1) the laser is intended to be used only for the

alignment of the optical cavity and 2) the experiments performed on the

laser were done primarily to develop experience to be used in making gain

experiments on the chemical C0
2
-HN, laser. The scatter in the experimental

results is attributed to variation in the reference beam and electrical

noise. To minimize these effects, the data were averaged over six to

seven pulses for each condition of pressure and reference signal intensity.

From the experimental results the gain was found to have little depen-

dence on pressure over the range of 4 to 10 torrs . By disregarding any

pressure dependence an average value of the gain coefficient was found for

each reference beam intensity resulting in three sets of data points (a,

I). This information was used within equation (2-14) to estimate the

saturation parameter and the unsaturated gain coefficient. It was found

that:

2
I
s

= 15 watts/cm

a Q
= 52.5% per meter
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The value of the saturation parameter is slightly lower than values

reported from other experiments (Ref . 3) but very reasonable for this

experimental laser. For the gas mixture; diameter of the laser tube,

and operating pressures the value for the unsaturated gain coefficient

compares favorably with the experimental results illustrated in Ref. 3.

B. CHEMICAL CO -HNj LASER

Experimental measurements for the CCU-HN, laser show gain on the

order of 8% per meter. However, due to difficulties in repeating ex-

perimental results, it is not possible to draw definite conclusions at

the present time. Gain measurements show a peak approximately 30 to 40

microseconds after the beginning of the flash pulse and the gain lasts

for 5 to 10 microseconds. About 10 microseconds after the gain has

reached a maximum, a substantial amount of absorption occurs lasting

for over 100 microseconds. This absorption is due. to the chemical reaction

raising the temperature of the lasing medium until CCu molecules in the

ground state are excited up to the lower laser level preventing a popula-

tion inversion between the upper and lower laser levels. The experimental

data agree qualitatively with a computer model of the C0
2
-HN laser given

in Ref. 11. Further experimentation with different gas mixtures and

pressures is needed to optimize the laser system before a conclusion can

be reached concerning the operational capability of the chemical laser.
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VI. CONCLUSION

The major objectives of the research conducted were the experimental

measurement of gain and the determination of the operational potential for

a flowing CO -N -He laser and a chemical CO -HN T laser. Both the un-
2 2 2 3

saturated gain coefficient and saturation parameter for the flowing laser

were measured demonstrating the ability of the flowing laser to produce

lasing action. Gain was detected for the CO_-HN_ laser, but due to

inconsistencies in the experimental data it was not possible to reach a

conclusion concerning the operational potential of the chemical laser

system. Further experimentation and improvement of the experimental setup

should eliminate these inconsistencies.

The following recommendations are made for possible improvements of

the experimental investigation of the CO^-HN., laser system:

1. Operation at a lower reference signal intensity to

eliminate the problem of saturation.

2. Use of an IR lens to focus the reference signal on the

detector and placing the detector nearer the laser tube

to reduce energy losses.

3. Extension of the laser cavity to increase the distance

over which the reference signal is amplified.

4. Operation with a larger reference beam diameter to

maximize the signal to noise ratio by allowing more

energy (but the same intensity) to pass through the

lasing medium.
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