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P71 ABSTRACT 
A helium-nitrogen laser is described in which energy in 
the visible range is emitted as a result of charge transfer 
reaction between helium ions and nitrogen molecules. 
The helium and nitrogen are present in a gas mixture at 
serveral atmospheres pressure, with a nitrogen partial 
pressure on the order of less than one percent. Prior to 
applying a discharge pulse to the gas mixture at the high 
pressure by means of a pair of main discharge elec- 
trodes, the gas mixture is preionized to prevent arcing 
when the discharge pulse is applied. The preionization 
is achieved by the application of a high voltage across a 
pair of secondary electrodes which are spaced apart in 
a direction perpendicular to the spacing direction of the 
main discharge electrodes and the longitudinal axis of 
the space in which the gas mixture is contained. Feed- 
back, by means of a pair of appropriately spaced mir- 
rors, is provided, to produce coherent energy pulses at 
a selected wavelength. 

21 Claims, 3 Drawing Figures 
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CHARGE TRANSFER REACTION LASER WITH 
PREIONIZATION MEANS 

ORIGIN OF THE INVENTION 5 
The invention described herein was made in the per- 

formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 

BACKGROUND OF THE INVENTION 

(72 Stat. 435; 42 USC 2457). 10 

1. Field of the Invention 
The present invention relates to lasers and, more 

particularly, to lasers in which thermal energy charge l5 
transfer reactions take place. 

2. Description of the Prior Art 
The usefulness of lasers which operate at the visible 

and ultraviolet (w) wavelengths, or ranges is well 
appreciated. Recently, a nitrogen ion laser pumped by 2o 
charge transfer reaction, which operates in the visible 
range, has been described in the literature in the follow- 
ing listed references: 

a. “Stimulated emission from charge-transfer reac- 
tions in the afterflow of an e-beam discharge into high- 
pressure helium-nitrogen mixtures” by C. B. Collins et 
al. Applied Physics Letters, Vol. 24, No. 10, May 15, 
1974; 

b. “A nitrogen ion laser pumped by charge transfer” 3o 
by C. B. Collins et al. Applied Physics Letters Vol. 25. 
No. 6, Sept. 15, 1974. 

c. “Scaling of the helium-nitrogen charge transfer 
laser” by Collins and Cunningham. Applied Physics 
Letters Vol. 27, No. 3, Aug. 1, 1975. 

d. “Thermal modification of the kinetic sequence 
pumping the helium-nitrogen charge-transfer laser” by 
Collins et al. Applied Physics Letters Vol. 28. No. 9. 
May 1, 1976. 

25 

35 

2 
Another disadvantage of the Collins’ laser, which is a 

direct result of the need for the e-beam, is the fact that 
the laser can only operate at He pressure, which is be- 
lieved to be considerably higher than the minimum 
needed for efficient charge transfer reaction to take 
place. As is appreciated He is practically transparent to 
an e-beam at relatively low pressure, e.g., several atmo- 
spheres. It is for this reason that in the latest publica- 
tions concerning the Collins’ laser, He pressure on the 
order of 34 atmospheres (atm) is suggested, even though 
in the earlier publications He pressures of 3 atm and 7 
atm are reported. Consequently, the laser structure or 
chamber has to be designed to withstand such high He 
pressure. 

A need therefore exists for a laser which operates on 
the charge transfer reaction principles to produce emis- 
sion in the visible range, as is the case in the Collins’ 
laser, but one in which other than an e-beam is used to 
activate the laser. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is a primary object of the present invention to pro- 
vide a laser for producing emission at wavelengths in 
the visible range. 

Another object of the invention is to provide a rela- 
tively simple laser operable by charge transfer reaction 
to provide emission at visible wavelengths. 

A further object of the invention is to provide a rela- 
tively simple laser in which charge transfer reaction 
takes place between a rare gas and molecules of an 
additive gas. 

Yet a further object of the invention is to provide a 
laser in which charge transfer reaction takes place in a 
mixture of a rare gas and an additive gas, where the gas 
mixture pressure may be significantly lower than here- 
tofore attainable. 

Still a further object is to provide a laser of the type 
in which charge transfer reaction between a rare gas 

transitioi is between the (0,;) or (0,3) vibrational com- 
ponents of B2&+ and XzB,+, light at 470.9nm or at 
522.8nm is produced. 

In the Collins’ laser the input or pumping energy is 
provided by a powerful electron beam (e-beam) which 
represents the major and most significant disadvantage 
of the laser. In one reported embodiment (reference c) 
of the Collins’ laser, each pulse of the e-beam has a 
voltage on the order of lMv, at a current of 13Kamp 
and is of a duration of about 20nsec. Thus, the laser 
input power is about 260 joules (J). Clearly, the power 
necessary to produce such an e-beam pulse is much 
higher. The best reported output power under unspeci- 
fied conditions is about 2.3Mw at 15-16 nsec or about 
36mJ. Thus, the need for the e-beam in the Collins’ laser 
results in an extremely inefficient laser. More impor- 
tantly, the machinery, e.g., the accelerometer, needed 
to produce the e-beam is very large, requiring a rela- 
tively large room to be accommodated in, is very com- 
plex and very expensive. Consequently, the laser is too 
cumbersome and expensive for many commercial as 
well as scientific applications. 

fust preionized t o  produce a &bst&tially uniformglow 
discharge in the mixture. Thereafter, a triggering or 
discharge pulse of selected energy and duration is ap- 
plied to produce a uniform main discharge in the mix- 

50 ture, which ionizes some of the rare gas present, and 
initiates the charge transfer reaction, so as to produce 
emission in the visible range. With the preionization, the 
charge transfer reaction may be triggered by a pulse 
from an appropraite source, e.g., a capacitor, appropri- 

55 ately charged so as to produce a pulse of desired energy 
and duration. Thus, the need for an e-beam, which is 
required in the prior art to initiate the charge transfer 
reaction, and which as hereinbefore explained is most 
disadvantageous, is completely eliminated. 

The circuitry necessary to produce the preionization 
and to trigger the mixture to initiate the reaction is 
compact, relatively inexpensive and highly reliable. 
With the preionization technique, the laser of the pres- 
ent invention may be operated at relatively low pres- 

65 sures, e.g., less than 10 atm as well as at higher gas 
mixture pressure. 

The novel features of the invention are set forth with 
particularity in the appended claims. The invention will 

60 
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best be understood from the following description when the particular embodiment the gas mixture in space 12 
read in conjunction with the accompanying drawings. consisted of less than 1% Nzin He at a pressure of about 

BRIEF DESCRIPTION OF THE DRAWINGP 3-4 atm. 
In addition, in accordance with the present invention 

FIG. 1 is a combination block, partial isometric, and 5 preio&ation electrodes 19a and 19b are included. 
CrOSS-SeCtiOnal View Of one embodiment Of the hVen- These electrodes are positioned on the opposite sides of 
tion; and insulating plates 16 and 17 respectively, remote from 

and are partial diagrams in space 12. These electrodes also extend along the cham- 
ing some specific aspects of the invention. ber length. The very important function which elec- 

lo trodes 19a and 19b perform will be described hereinaf- 
ter. However, prior thereto, the electrical circuitry to 
which the main discharge electrodes 15a and 15b and 
the electrodes 19a and 19b are connected will be de- 
scribed. 

Briefly, the circuitry includes a pulse generator 20 

source 22. The positive (+) and negative (-) terminals 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will first be described in con- 
nection with a laser embodiment in which charge trans- 
fer reaction takes place at thermal energy levels be- 15 
tween helium (He) and nitrogen (N2) and in which laser 

nent of the BZB,++X2Xg+ transition of the nitrogen 
emission is produced, by the (0,l) vibrational compo- which is connected to a prepdser Or 

ions, Nz+. The charge transfer reaction between He2+ 
and N2 may be symbolically represented by the follow- 20 e.g.9 ground, are connected to preionization 

of prepulser 22 with respect to a reference potential, 

ing sequence: 19u and 19b, respectively. When generator 20 provides 
a pulse, prepulser 22 is activated to provide a high posi- 

(1) tive voltage, e.g., + 50kv to electrode 19a and simulta- 
neously a high negative voltage, e.g., -5Okv to elec- 

(2) 25 trode 19b. Thus, a very high voltage of lOOkv, is present 
(3) across the space between electrodes 19u and 196. 

The output pulse from pulse generator 20 is also ap- 
The invention however is not intended to be limited to plied to variable delay unit 24. The latter delays the 
this embodiment and, as will become apparent from the Pulse applied thereto and then applies it to a Pulsed 
following description, transistions other than from the 30 discharge power Source 25. Thus, Power Source 25 is 
B2B,+(v=0) state of N2+ to the XzXg+(v= 1) are possi- pulsed after prepulser 22 is activated and the high volt- 
ble, such as to the X2Bg+(v=2), XzBg+(v=3), etc. Also, age is applied across electrodes 19u and 1%. by a time 
the invention is not limited to one using a He-N2 gas interval controlled by variable delay 24. 
mixture. Rather, it is applicable to any laser in which In one embodiment which was actually reduced to 
charge transfer reaction can take place between ions of 35 practice, the output of pulse power source 25 with re- 
a gas, such as a rare gas and molecules of an additive spect to ground, when power source 25 is pulsed, is fed 
gas- to electrode 15u through a multiple cable transmission 

Attention is now directed to FIG. 1 which is a combi- line 27 and multiple connector 28. The transmission h e  
nation block and cross-sectional diagram of one em- 27 consists of a plurality, e.g., 25, shielded coaxial ca- 
bodiment of the invention. Therein, numeral 10 desig- 40 bles, SO that when these cables are connected to elec- 
nates the laser chamber in which lasing action is pro- trade 5~ and a discharge pulse is supplied from Source 
duced. Chamber 10, which is shown in partially isomet- 25 an equipotential gradient is produced along the elec- 
ric view and in section is an elongated rectangular, trode. The other main discharge electrode 15b is con- 

e- +HE + Hef 4- 2e- 

Hef 4- W e +  HE,+ f He 

HE2+ 4- N2+ N2+ (&Z,') 4- W e  

hollow chamber, extending lon&udin&' along axis 11. 
It may be made Of any appropriate 

nected to ground through multiple connector %. The 
capable of 45 shieldings of the coaxial cables are grounded. Conse- 

the pressure ofthe gas mixture introduced 
the 

quently, in effect each cable is a small capacitor which 
stores the charge with sufficient delay so that the equi- therein from an appropriate Source (not shown) 

space 12. Since in accordance with the present inven- 

e.& < 10 atm, the chamber 10 can be fabricated even 50 the electrical impedance of the pulsed power 

trademark Plexiglass for thermoplastic acrylic polymer 
resins, or the like. 

discharge electrodes 15a and 1% and two spaced apart 55 charge pulse to the 
insulating plates 16 and 17. The latter may be formed of It has been recognized that in Order for the charge 
glass. The space 12 is closed off at its opposite ends by transfer reaction to take place a large 
quartz or glass windows (not shown). The main dis- amount Of He iS required, at a reasonably high pressure, 
charge electrodes 15a and 15b, which in one embodi- preferably not less than several atmospheres, e.g., 1 2  
ment are elongated stainless steel bars, configured to 60 atm- It has also been recognized that in Order for Proper 
prevent arcing extend the length of chamber 10. The charge transfer reaction to take place it is essential that 
insulating plates 16 and 17 extend colinearly with the the main discharge in the gas mixture, When the dis- 
main discharge electrodes along the chamber length. In charge pulse from power supply 25 is applied, be a glow 
one embodiment, actually reduced to practice, the rather than an arc between electrodes 15a and 15b. 
length of chamber 10 is 64cm, the spacing between the 65 However, arcing cannot be prevented in the gas mix- 
electrodes 15u and 15b, representing the space height, is ture at the relatively high pressure, unless the gas mix- 
about 1.9cm, and the spacing between plates 16 and 17 ture is preconditioned, prior to the application of the 
is about 0.6cm for a total gas volumn of about 70cm3. In discharge pulse from power source 25. 

potential distribution of charge along electrode 15a is 

25 

be stressed that means other than the multi-coaxial ca- 

the gas mixture pressure may be low, effected. The transmission he 27 is also used to match 
from a plastic such as that under the to the effective impedance of the gas -tures It should 

The space 12 in chamber 10 is defined by two main ble's transmission h e  may be used to COUpk the dis- 
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In accordance with the present invention the gas initiate the charge transfer reaction is achieved by cir- 

mixture preconditioning is achieved by the application cuitry (means) without an e-beam. Herein, the need for 
of the high voltage, e.g., 50-1OOkv across electrodes 1 9 ~  an e-beam is completely eliminated. In the laser of the 
and 196, just prior to the application of the main dis- present invention, preionization of the gas mixture is 
charge pulse from power source 25. One can view the 5 used to precondition the mixture, so that a discharge 
electrodes 1 9 ~  and 196 as forming a capacitor so that pulse from a simple power source, such as a charged 
charge or current flows between electrodes 1 9 ~  and capacitor, can be used to cause the formation of the 
196, producing a sufficient number of charge carriers, helium ions without arcing, even though the helium is at 
i.e., electrons and ions, uniformly distributed in the gas high pressure. As should be appreciated, the circuitry 
mixture to prevent arcing of the main discharge. 10 can be produced relatively inexpensively and housed in 

One can view the preconditioning of the gas mixture, a very small space, whereas the equipment needed to 
by the application of the high voltage across electrodes produce the e-beam, which is required in Collins’ laser, 
1 9 ~  and 196, as preionizing the He-N,mixture. Once the is very large, and very costly. Thus, whereas the cost of 
mixture is preionized when the power source 25 is the Collins’ laser would be extremely high, thereby 
pulsed the discharge pulse therefrom initiates the 15 limiting its potential use, the laser of the present h e n -  
charge transfer reaction in the mixture without arcing. tion can be produced at a modest cost, requires only a 
That is, the reaction takes place uniformly in the vol- small space and, therefore, can be used in may commer- 
ume of gas rather than be localized to a very small cial and scientific applications. 
section of the volume. Another significant advantage of the laser of the 

In one embodiment the power source 25 consisted of 20 present invention is the fact that it can operate repeti- 
a capacitor of 2 5 s  charged to a voltage v=30kv. It tively, i.e., be pulsed at a reasonably high rate. Thus, it 
was discharged by fuing a thyratron by the pulse from can be thought of as a repetitively pulsed charge trans- 
delay 24, into a mixture of He at 3-4 atm with less than fer reaction type laser. To date, it was operated satisfac- 
1% Nz. The discharge pulse duration was on the order torily at a rate of at least 10 Hz. It is clear that higher 
of 25nsec. The measured output was a light pulse at 25 pulsing rates can be used. It is believed that a high en- 
427.81~11, i.e., in the violet range of 180kw and of a ergy e-beam such as the one required in the Collins’ 
duration of about Insec, which in terms of joules corre- laser cannot be fired anywhere near such a rate. 
sponds to an output of 1.5m.J. The duration and power It is recognized that the desirability of preionizing a 
of the output light pulse can be increased by increasing high pressure gas in lasers to prevent arcing has been 
the power of the discharge pulse. This can be achieved 30 known in the art. For example, transverse preionization 
by increasing the capacitor size, for example to 7 5 s  or has been used in C021asers. Recently transverse preion- 
more, and the voltage to which the capacitor is initially ization has been described by Russian authors in the 
charged. A large capacitor has a longer discharge time following references: 
and consequently, in the laser of the present invention a 1. “Superradiance on the 2+ and 1- bands of nitrogen 
longer duration output light pulse may be expected. A 35 in a discharge at pressures above 10 atm.” by V.N. 
discharge pulse from source 25 of a duration on the Ishchenko, et al, JETP Lett., Vol. 19, No. 7, Apr. 5, 
order of 30-50nsec or more, can easily be produced. 1974, published by American Institute of Physics. 

In the particular embodiment, which was reduced to 2. “The Nz+ Laser” by V. N. Ishchenko et al., Optics 
practice, end mirrors 30, spaced apart along the laser Communication, Volume 13, number 3, March 1975. 
longitudinal axis 11 about the center of space 12, were 40 The laser described in reference #1 is a neutral nitro- 
used to tune the laser to produce the BZX,,+(v=O) + gen laser in which direct electron impact takes place. 
Xz2,+(v=1) transition of the nitrogen ions, thereby As is appreciated, such a laser operates in the super- 
resulting in a light pulse of 4 2 7 . 8 ~ .  In FIG. 1, only the radiation or superfluorescent regime and is not one with 
back mirror 30 is shown, while the front mirror is de- feedback, provided by two end mirrors, designed to 
leted to simplify the drawings. It should be clear that by 45 produce a highly collimated beam of light tuned to a 
proper selection of mirrors 30, having desired reflectiv- particular wavelength. In a laser operating in the super- 
ity properties, the novel laser may be tuned to produce radiation (or superradiant) regime the excitation and 
the 0,2 and 0,3 vibrational components of the BZB,+-+ inversion exist only briefly, on the order of several nsec, 
XZX,+transitions of Nz+, and thereby produce light so that there is insufficient time for energy to travel 
pulses at 4 7 0 . 9 ~  and 522.8nm, Le., blue and green, 50 between the two end mirrors to provide feedback. This 
light pulses, respectively. is clearly indicated in reference # 1. Since the inversion 

From the foregoing it should thus be appreciated that duration is so short the input pulse duration is very 
in the laser of the present invention the gas mixture is short. In the reference an input pulse with a rise time of 
first preionized to produce uniformly distributed charge 3-5nsec is suggested. 
carriers in the gas mixture, prior to the application of 55 In fact, in a neutral nitrogen laser in which super- 
the discharge pulse. Thus, when the main discharge radiation without feedback takes place, the output pulse 
pulse is applied arcing is prevented in the relatively high is either not collimated or only partially collimated, by 
pressure mixture, and the proper charge transfer reac- the use of one mirror. Thus, it is in fact not a true laser. 
tion takes place uniformly in the gas volume. To date it One manufacturer of a neutral nitrogen laser type de- 
was discovered that at least for the laser, hereinbefore 60 vice refers to the device as a superfluorescent discharge 
described, the time delay provided by delay 24 should device, rather than as a laser. However, for explanatory 
preferably be not less than lOnsec and not more than purposes and due to the accepted terminology in the art 
2psec. the superradiating neutral nitrogen laser-type device 

It should thus be appreciated that in the laser of the will be referred to as a laser. 
present invention a transition takes place by charge 65 In attempting to produce the neutral nitrogen laser 
transfer reaction between Hq+and Nz, which is similar the authors of reference #1 must have realized that it 
to that occurring in the Collins’ laser. However, in the would be preferable to have the nitrogen under high 
present invention the formation of the helium ions to pressure, e.g., 10 atm to increase the amount of nitrogen 
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in the cavity. They added He as a buffer gas and found 
that it is preferable to preionize the gas mixture to facili- 
tate the discharge by direct electron impact in the high 
pressure gas mixture. However, such preionization is 
suggested only in the context of a neutral nitrogen laser 
operating in the superradiant regime. 

The laser, described in reference #2, although re- 
ferred to as a Nz+ (nitrogen ion) laser is in effect the 
same as the laser described in reference #l. Although 
the authors make reference to the transition from the 
B2&+ state of Nz+ to the X28,+ state of the vibrational 
components 0,O and 0,l they indicate that such transi- 
tions are due to intensive superradiation and that the 
laser is pumped by direct electron impact rather than by 
a charge transfer reaction. The authors indicate that the 
described laser is one operated in the superradiation 
regime and state that, “We consider superradiation to 
be the regime of highly directional induced radiation 
without resonator.” They further state in the first para- 
graph of reference #I that “. . . the principal mechanism 
that produces the inversion is direct electron impact 
with ionization and excitation of the molecules.” On 
page 232 of reference #2 the authors state that “The 
observed dependence of superradiant power on the 
Nz-He mixture pressure and the lack of delay of the 
super-radiant pulse with respect to the current pulse 
front give one grounds for considering a one-event 
process of electron impact to be the mechanism of pro- 
ducing inversion.” Thus, the laser described in refer- 
ences #1 and #2 is one operating in the super-radiant 
regime and one pumped by direct electron impact. 

The volumes of some of the cells, described in refer- 
ence #2, are very small. The largest volume is of cell 
no. 3 which is on the order of 45cm3. Since the laser was 
operated in the superradiant regime, in which the transi- 
tion time is extremely short, the durations of both the 
input or discharge pulse and the output pulse are ex- 
tremely short. Also, in such a short time only limited 
input energy can be introduced. For the largest cell of 
45cm3 they describe an input energy from a capacitive 
discharge source of 5nF, charged to mkv, for a total 
energy of 9J. It was indicated that such a capacitor has 
a discharge time of about 3-5nsec. The output pulse had 
a power of 4OOkw at 2nsec or about 0.8m.J. 

In reference #2 the preionization was merely used to 
precondition the high pressure gas mixture to enable its 
discharge. However, since superradiant operation was 
contemplated, in which the transition time is extremely 
short, the importance of providing a uniform distribu- 
tion of the current carriers in the mixture was not con- 
templated nor discussed. Except for cell no. 3 the other 
described cells had very small volumes, on the order of 
less than lcm3 and therefore the desirability of provid- 
ing uniform distribution of charge carriers in such small 
volumes never arose. 

It should thus be realized that the laser described in 
each of references # 1 and #2 operates in the superradia- 
tion mode or regime. Such a laser does not include 
feedback, generally provided by means of a resonator, 
such as two separated mirrors, since the photon transit 
time between the mirrors is longer than the transition 
time which is on the order of very few nsec. Also, due 
to the extremely short transition time the input pulse is 
generally very short, typically very few nsec, since 

3), described in reference #2, the.other cells ,are-of 
extremely small volumes, e.g., less than lcm3. The au- 
thors described the preionization only for the purpose 
of facilitating a discharge in a high pressure gas mixture. 

5 They were not concerned nor did they mention the 
desirability of providing a substantially uniform distri- 
bution of charge carriers in a relatively large volume by 
means of the preionization. 

Unlike the laser described in references #1 and #2, 
10 the laser of the present invention is one in which feed- 

back is provided, such as by means of two mirrors 30 to 
produce coherent output radiation. The laser of the 
present invention is pulsed by a relatively long duration 
discharge pulse on the order of not less than lhsec,  

15 e.g., 25nsec or more to produce a relatively long output 
pulse, e.g., on the order of 8-13nsec and longer. Thus, in 
the laser of the present invention the duration during 
which charge transfer reaction takes place is relatively 
long, and takes place in a reasonably large volume on 

20 the order of tens of cubic em3. In order to optimize the 
relatively long reaction in the high pressure mixture it is 
believed that the preionization has to be performed to 
produce a substantially uniform distribution of charge 
carriers, so that when the discharge pulse is applied the 

25 reaction takes place substantially uniformly in the large 
gas mixture volume to thereby optimize the output 
energy. Otherwise, the reaction will occur in one or 
more localized spots in the volume which would 
greatly reduce the number of formed nitrogen ions, and 

30 thereby reduce the ions undergoing the state transition. 
In accordance with the present invention the main 

discharge electrodes 15a amd 15b are spaced from one 
another so that most of the charge carriers produced by 
the preionization i.e., by applying the high voltage 

35 across the preionizing electrodes 19u and 19b, flow 
between the electrodes rather than be diverted to the 
main discharge electrodes 15u and 15b. This aspect may 
best be explained in connection with FIG. 2, wherein 
elements like those previously described are designated 

40 by like numerals. In FIG. 2, the insulating plates 16 and 
17, which in practice are located between electrodes 
19u and 19b are purposely deleted. 

In FIG. 2, dashed lines 35 designate the directions of 
flow of the charge carriers. As shown, the main elec- 

45 trodes 15u and 15b are preferably spaced apart so that 
most of the charge carriers flow between the preioniza- 
tion electrodes 19a and 196, rather than to the elec- 
trodes 15a and 156. Consequently, the charge carriers 
are substantially uniformly distributed in the gas mix- 

50 ture in space 12. Thus, when the discharge pulse is 
applied, the charge transfer reaction takes place sub- 
stantially uniformly within the gas volume, rather than 
be localized at one or more spots. 

Although hereinbefore the preionization of the gas 
55 mixture has been described in connection with the par- 

allel spaced apart elongated electrodes 190 and 196. it 
should be appreciated that the invention is not intended 
to be limited thereto. For example, spark UV preionk- 
tion, in which high voltages are applied to pin-like units 

60 which have sharp edges, may be used. However, the 
preionization technique has to be one which is compati- 
ble with the gases in the mixture to insure that proper 
preionization takes place in the gas mixture at high 
pressure. 

there is no point applying an input pulse which is much 65 
much longer than the transition time. Clearly, the out- 
put pulse is very short. In the references an output pulse 
duration of 2nsec is mentioned. Except for one cell (no. 

In FIG. 1 the insulating plates 16 and 17 are shown in 
contact with the main discharge electrodes 1% and 156. 
The insulating plates 16 and 17 may be formed of glass 
or other dielectric material. Beveling the ends of ,the . 

. 
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plates 16 and 17, as shown in FIG. 3, eliminates direct 
contact of the plates with the main discharge electrodes, 
to prevent surface currents on the glass plates going to 
the main electrodes 15a and 1% rather than through the 
gas mixture. 

Although, hereinbefore the invention has been de- 
scribed in connection with the helium-nitrogen charge 
transfer reaction laser the invention is not intended to be 
limited thereto. The laser with the circuitry, or means, 
to preionize the high pressure gas mixture to provide a 
substantially uniform distribution of charge carriers 
prior to the initiation of the charge transfer reaction 
may be used in a laser containing any desired gas mix- 
ture in which charge transfer reaction is to take place. 
For example, instead of helium and nitrogen, the laser 
may include a mixture of neon (Ne) 'and nitrogen. In 
such a laser the charge transfer reaction steps may be 
represented by the following sequence: 

e- + Ne + Ne++ 2e- 

Ne++ 2Ne 4 Nez+ + Ne 

e- + Ne + Ne+ + 2e- 
Ne+ + 2Ne +Ne,+ + Ne 

Ne2+ + N, +N +[B28,+(v=O)] + Ne 1 
N2+P288B+(~= 1,2, ...)I 

Likewise, the nitrogen in the helium-nitrogen mixture 
may be replaced by oxygen (03 to produce green light 
by the transition of the 02+ states b4Zg- to the a%p 
state. Similarly, the charge transfer reaction may take 
place between Hez+ and CO ions (CO+), which under- 
goes the transition between its Bz8+ state, and X28, 
Azni to produce a light pulse at 247nm. 

Another example of a laser in which the teachings of 
the invention may be incorporated is one in which 
xenon (Xe) is used as the rare gas together with nitrogen 
trifluoride (NFJ as the additive gas. The mixture also 
includes a large amount of He or Ar to serve as a buffer 
gas. In such a laser the reaction process may be de- 
scribed as follows: 

e- + Xe + Xe* + e- 

Xe* + NF,+ XeF* + NF, 

XeF'hv -+ Xe + F (laser) 

The star denotes an excited state. In such a laser the 
output pulse is 351.lnm in the ultaviolet (UV) range. 

Although particular embodiments of the invention 
have been described and illustrated herein, it is recog- 
nized that modifications and variations may readily 
occur to those skilled in the art and consequently, it is 
intended that the claims be interpreted to cover such 
modifications and equivalents. 

What is claimed is: 
1. A laser of the charge transfer reaction type com- 

laser resonant cavity means including a chamber, 
defining an internal space extending along a longi- 
tudinal axis and containing a mixture of gases at a 
pressure of not less than one atmosphere; and 

prising: 

circuit means including; 
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10 
first means for preionizing the gas mixture in said 

space, said first means including means for induc- 
ing charge carriers in said gas mixture; 

second means including first electrode means for 
discharging a pulse of energy into the gas mixture 
after the first means induced charge carriers 
therein to thereby initiate a charge transfer reaction 
between different gases of said mixture; and 

third means for controlling said first electrode means 
to discharge energy into said gas mixture after the 
first means induced the charge carriers. 

2. The laser as described in claim 1 wherein said 
circuit means include a source of pulses applied to said 
first and second means and delay means for delaying the 
application of each pulse to said second means after the 
application of the pulse to said first means by a prese- 
lected time interval. 

3. The laser as described in claim 2 wherein said 
preselected time interval is in the microsecond range. 

4. The laser as described in claim 2 wherein said 
preselected time interval is in the range of lOnsec to 
2psec. 

5. The laser as described in claim 1 wherein said gas 
mixture is at a pressure of not less than several atmo- 
spheres and includes at least one rare gas and an addi- 
tive gas of a type which is adapted to undergo a charge 
transfer reaction with said at least one rare gas. 
6. The laser as described in claim 5 wherein the the 

partial pressure of said additive gas is not greater than 1 
percent. 
7. A laser system comprising: 
a chamber defining an internal space extending along 

a longitudinal axis and containing a mixture of 
gases, said mixture including at least two gases 
between which a charge transfer reaction can take 
place; 

first and second main discharge electrodes disposed 
parallel to said longitudinal axis and spaced apart 
from one another in a first direction perpendicular 
to said longitudinal axis; 

a source of a trigger pulse; 
preionization means responsive to said trigger pulse 

and including means for inducing charge carriers in 
said gas mixture; 

means responsive to said trigger pulse for applying a 
discharge pulse of energy to said first and second 
discharge electrodes a preselected interval after the 
inducement of charge carriers in said mixture to 
initiate the charge transfer reaction in said gas mix- 
ture, whereby energy is emitted from said chamber 
along said chamber; and 

feedback means disposed along said longitudinal axis 
for reflecting back to said chamber at least some of 
the energy emitted therefrom. 

8. The laser as described in claim 7 wherein said gas 
mixture is at a pressure of at least several atmospheres. 

9. The laser as described in claim 7 wherein the space 
volume is on the order of tens of cubic centimeters. 
10. The laser as described in claim 7 wherein said 

source is adapted to provide trigger pulses at a rate of n 
pulses per second where n is not less than 1. 
11. The laser as described in claim 10 wherein n is not 

less than 10. 
12. The laser as described in claim 7 wherein said 

feedback means include a pair of spaced apart mirrors 
with reflectivity characteristics related to energy emit- 
ted from said chamber. 
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13. The laser as described in claim 12 wherein s i d  gas 
mixture is at a pressure of at least several atmospheres 
and the space volume is on the order of tens of cubic 
centimeters. 
14. The laser as described in claim 12 wherein said 5 

source is adapted to provide trigger pulses at a rate of n 
pulses per second where n is not less than 1. 
15. The laser as described in claim 14 wherein said gas 

mixture is at a pressure of at least several atmospheres 
and the space volume is on the order of tens of cubic 10 
centimeters. 
16. The laser as described in claim 12 wherein said 

preionization means include a pair of secondary elec- 
trodes extending parallel to said longitudinal axis and 
apart from one another in a second direction substan- 15 
tially perpendicular to said longitudinal axis and power 
means triggered by said trigger pulse for applying a 
voltage across said pair of secondary electrodes to in- 
duce charge carriers substantially uniformly in the gas 
mixture. 20 
17. The laser as described in claim 16 wherein said 

second direction is perpendicular to said first direction. 
18. The laser as described in claim 16 wherein said 

source is adapted to provide trigger pulses at a rate of n 
pulses per second where n is not less than 1. 
19. A method of producing coherent energy at a 

selected wavelength comprising the steps of: 
providing a mixture of gases at a pressure of not less 

than about one atmosphere in a space of prese- 
lected volume, the space defining a longitudinal 30 
axis and the gas mixture including at least two 

25 

12 
gases between which charge transfer reaction is 
adapted to take place so as to cause constituents of 
one of said gases to undergo a state transition re- 
sulting in the emission of energy including energy 
at said selected wavelength; 

inducing charge carriers in said gas mixture substan- 
tially uniformly distributed in said space therein; 

discharging a pulse of energy into said gas mixture to 
initiate the charge transfer reaction between said 
gases, said pulse of energy being discharged a pre- 
selected interval after the charge carriers are in- 
duced in said gas mixture with said charge carriers 
being induced so as to prevent arcing in said gas 
mixture when said pulse of energy is discharged 
therein; and 

feeding back to the gases in said space energy at said 
preselected wavelength which is emitted from said 
space as a result of the state transition of one of the 
gases which takes part in said charge transfer reac- 
tion. 

20. The method as described in claim 19 wherein the 
volume of the gas is on the order of not less than 50 cm3, 
and the amount of the gas undergoing said state transi- 
tion in said mixture is not greater than one percent of 
the total mixture. 
21. The method as described in claim 19 wherein said 

preselected time interval is substantially in the range of 
IOnsec to 2psec, and the gas mixture is at a pressure of 
at least several atmospheres. * * * * *  
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