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[57] ABSTRACT 
Apparatus is arranged in selected embodiments of sev-

eral combinations, each sometimes being referred to 
as a system, and each embodiment establishing a large 
enclosable chamber containing a laser energy reacting 
medium through which a laser beam is created. When 
laser energy pulses of such a beam are created, they 
are guided in a continuous path using reflectors in this 
chamber, and they receive supplemental energy units 
from multiple spaced laser pumps. 
Each laser pump is effective in respect to its own 
inverted population laser energy source, and each 
laser pump is triggered by an overall excitation control 
system. The laser beam is thereby supplemented to a 
higher level at each laser pump. Yet at all times the 
laser energy reacting medium remains at a level below 
super radiance. 
A working unit or working pulse of a laser beam is 
allowed to escape from each large enclosable chamber 
through an escape exit only when a preselected very 
high energy level is reached. The escape exit of this 
chamber may be designed to be destroyed by the 
exiting high level pulse energy of the laser beam. Also 
an escape exit may be opened upon the operation of a 
piezoelectric decoupler. 

29 Claims, 18 Drawing Figures 
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M E T H O D AND APPARATUS FOR OBTAINING 
VERY H I G H ENERGY LASER PULSES: P H O T O N 

C Y C L O T R O N 

B A C K G R O U N D O F T H E INVENTION 5 

As indicated in many l i terature sources such as " A 
Guide to The Lase r " edited by David Fishlock and pub-
lished by Macdonald and Company Ltd. 1967, the gen-
eration of laser light, also referred to as the coheren t 10 
light, has been unde r t aken in many ways, such as by 
using solid-state lasers, gas lasers, liquid lasers, and 
semiconduc to r lasers. Also laser appara tus has been 
opera ted for many purposes , such as holography by 
laser light, eye opera t ions using a laser, te lecommuni- 15 
cations using lasers, controls initiated by lasers, meas-
urements by lasers and heat ing by lasers. 

For example , in utilizing lasers with o ther appara tus 
to create the basis for observing and/or making meas-
urements U.S. Pat. No. 3 ,398,287 is refer red to, 20 
wherein Ruben S. Krogstad, Victor Vali and Walter 
Vali illustrate and descr ibe their radiat ion sensitive 
geophysical strain measur ing appara tus . It is very effec-
tively used to indicate the occur rence of as well as the 
magni tude of relative movemen t be tween two port ions 25 
of the ear th ' s crust. T h e two por t ions observed were lo-
cated a great distance apar t for the laser provided a 
substantially monochroma t i c beam of radiation which 
pe r fo rmed throughout a great chhe rence distance. 

Th roughou t all the known prior research and devel- 3 0 

opments of appara tus to utilize laser energy, there re-
mained limitations in the level of energy to be reached 
in creating a laser pulse. For example, the energy in the 
laser pulse was limited by the number of molecules, 
a toms or color centers available. Also the energy in the 3 5 

laser pulse was limited by the power density a solid or 
fluid laser may tolerate . Yet laser pulse energy at 
higher levels in laser beams, if obta inable , was consid-
ered for possible applicat ions. 

The re fo re , this appara tus and the method illustrated 
and described herein is now provided to increase the 
energy of laser pulses in a laser beam to very high lev-
els. When so raised, a working pulse of a laser beam is 
found to be useful for many applicat ions, inclusive of 
incorporat ion in o the r appara tus and in pract icing 
o ther more comprehens ive overall methods . 

S U M M A R Y O F T H E I N V E N T I O N 

Appara tus and me thods are provided to increase the 
energy of laser pulses in a laser beam to very high levels 
going well beyond the past established limits at tr ibuta-
ble to the limitation of the number of molecules , atoms, 
or color centers available, and to the limitation of the 
power density tolerated by solid or fluid lasers. The ap-
paratus and method both center on providing a large 
enclosable chamber and creating therein a cont inuous 
path to be repeatedly traveled over by pulses of a laser 
beam, as each pulse is supplemented with energy f rom 
many laser pumps, sequentially opera ted , until a prede-
termined level of energy is reached , so a working pulse 
of a laser beam is allowed to escape f rom the cont inu-
ous path and f rom the large enclosable chamber . 

The appara tus is available in many embod imen t s and 
the componen t s thereof are derived f rom many select-
able conventional units. Also new selectable units are 
provided, such as the cont inuously replaceable reflect-
ing materials utilized in creat ing the cont inuous path 
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defined by the scalable large enclosable chamber . 
Moreover , escape exits are designed to reflect pulses of 
a laser b e a m until a p rede te rmined very high energy 
level is reached and then they a re to be destroyed al-
lowing the escape of a working pulse of a laser beam. 

Throughou t the pract ice of the method , in its various 
modifications, af ter the laser beam has been crea ted 
the increases in the energy levels of the pulses of the 
laser beam are kept under control so super radiance 
levels of the laser energy reacting medium are never 
reached. Only, when starting is the laser energy react-
ing medium somet imes allowed to become super radi-
ant in the direction of motion of the intended laser 
beam, generally refer red to as the forward direction. 
But when starting is assured, the laser energy reacting 
medium is kept below a super radiant level. Moreover , 
in reaching escape energy levels of the pulses of the 
laser beams, the increments of the energy supplied at 
each inverted populat ion laser energy source, are con-
trolled in such an effective way, tha t the shor tened de-
scription of the appara tus in any of its embodiments is 
denoted by the words, photon cyclotron. 

D R A W I N G S O F P R E F E R R E D E M B O D I M E N T S 

T h e drawings illustrate several embodiments selected 
f rom many potential embodiments , wherein: 

FIG. 1 is a schematic view, using directional arrows 
and with port ions removed for illustrative purposes , of 
an embodiment of the appara tus to p roduce high level 
energy pulses of laser beams, wherein a large enclosa-
ble c h a m b e r is const ructed of two long parallel pipes 
and two shorter parallel pipes arranged at right angles 
to the longer pipes, and mirrors are used to ref lect the 
pulses of the laser beam which is c rea ted in a fluid me-
dium such as carbon dioxide, xenon, neon, helium-
neon mixture, etc. , using multiple laser pumps , and one 
mirror serves as the escape exit, being capable of de-
struction when a preselected pulse energy level of the 
laser beam is reached, and a mechanical valve is there-
af ter closed quickly to keep the fluid as pure as possible 
in the chamber by keeping the surrounding a tmo-
spheric fluids out; 

FIG. 2 is a partial schemat ic view of por t ions of the 
large enclosable chamber , illustrated in FIG. 1, show-
ing the destroyed mirror and the closed mechanical 
valve; 

FIG. 2A is a partial schemat ic view of port ions of the 
large enclosure chamber , illustrated in FIG. 1, showing 
how an outside starting laser may be used and its beam 
is directed through a window into the path of the cham-
ber using a mirror which thereaf te r is immediately de-
stroyed by using electronic means; 

FIG. 3 is a schematic view, with port ions removed for 
illustrative purposes, of another embodiment of the ap-
paratus to p roduce high level energy pulses of laser 
beams using dye lasers, and eliminating all optical in-
terfaces while relying on total internal reflect ion, as in-
dicated by the arrows, and utilizing piezoelectric de-
couplers both to in t roduce an initial energy pulse into 
the appara tus and to extract the amplified pulses of the 
laser beam f rom the apparatus; 

FIGS. 4 and 5 are both partial schemat ic views of 
port ions of the large enclosable chamber , illustrated in 
FIG. 3, showing in FIG. 4 the exit piezoelectric decou-
pler uncoupled so no pulse of a light beam will escape, 
and in FIG. 5, the same exit piezoelectric decoupler 
coupled so a working pulse of a light beam will escape; 
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FIG. 6 is a schematic view, with portions removed for 
illustrative purposes, of another embodiment of the ap-
paratus to produce high level energy pulses of laser 
beams, wherein long pipes are connected at their ends 
by glass prisms which are effective in changing the di-
rection of the laser beam, as indicated by the arrows, 
by total internal reflection at the respective corners of 
this overall rectangular arrangement of this large en-
closable chamber , and the energy initiating pulse is 
supplied through the operation of a piezoelectric de-
coupler , and a working unit of an amplified pulse of the 
laser beam is extracted from the system by the opera-
tion of another piezoelectric decoupler; and 

FIG. 7 is a schematic view, with portions removed for 
illustrative purposes, of another embodiment of the ap-
paratus to produce high level energy pulses of laser 
beams, wherein a large enclosable pipe chamber termi-
nates in end compartments , having two lens and two 
mirror reflectors, arranged in a subassembly, is utilized 
to create the continuous path followed by the laser 
beam which is created in a gas such as carbon dioxide, 
xenon, etc. , and pumped across and back through the 
pipe chamber , the respective mirror reflectors being 
composed of continuously moved thin dielectric or me-
tallic strips, handled by roll mechanisms, the move-
ments being necessitated by destruction of the reflec-
tive properties of the strips upon reflecting each pulse 
of the laser beam, and then subsequently, upon the 
passing of the end of the reflecting strip, the working 
unit of the laser beam escapes through a window in an 
end compar tment ; 

FIGS. 8 through 13, in partial schematic views, with 
portions removed, indicate various types of pumps 
which in reference to each selected type are utilized, 
around a respective large enclosable chamber , a flash 
tube pump being shown in FIG. 8, a gas discharge 
pump being illustrated in FIG. 9, a radio frequency dis-
charge pump being shown in FIG. 10, a microwave 
pump being illustrated in FIG. 11, an electronically 
controlled pressure changing mechanism or gas dy-
namic pump as shown in FIG. 12; and an independent 
laser being shown as a pumping laser in FIG. 13; 

FIGS. 14 through 17 show how respective large en-
closable chambers may be arranged in different geo-
metric patterns. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

Introduction to All Embodiments 
The term laser derived from light amplification by 

stimulated emission of radiation, as used in describing 
the method and apparatus of this invention maintains 
its conventional meaning. However, instead of being 
concerned with the initial creation of a laser pulse by 
using many known methods and apparatus, the method 
and apparatus of this invention is directed to increasing 
the energy of starting laser pulses from any source to 
very high levels. 

Previously, the energy levels obtainable in laser 
pulses were limited by the number of molecules, or 
atoms, or color centers available and/or the power den-
sity to be tolerated by solid or liquid lasers, often called 
dye lasers, all in reference to the initial creation of a 
laser pulse. Now using this method and apparatus, in its 
various embodiments , the former limitations are by-
passed as a laser pulse f rom any source is entered into 
or created within a large polygon enclosure containing 

, 4 8 0 
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a lasing medium. As the laser beam is directed through-
out this large polygon enclosure, side by side, inverted 
population lasing sections of the overall volume are 
timely and repeatedly excited, subject to the limitation 

5 of keeping the lasing medium below super radiance. 
The excitation of the inverted population sections, also 
referred to generally as pumping, it timed so the in-
verted population is at a maximum when the related 
laser pulse returns to the particular section of the lasing 

!() volume being pumped. The energy of the inverted pop-
ulation in each section is then added to the laser pulse, 
after each traversal around the interior of the polygon 
enclosure. After continued pumping very high energy 
level laser pulses are obtained and when they reach a 

15 working unit they are released f rom the enclosure 
which is often a polygon enclosure. The terms photon 
cyclotron are considered descriptive of the respective 
embodiments of many types of apparatus or so called 
systems used in obtaining these very high energy laser 

20 pulses. 

Gas Photon Cyclotron Having a Destructable Mirror at 
a Corner and a Mechanical Closing Valve 

In FIG. 1 the enclosed polygon 20 is composed of two 
25 long pipes 22, 24 spaced apart and parallel, the broken 

lines indicating this extensive overall length. These long 
pipes 22, 24 are connected by comparatively much 
shorter pipes 26, 28 which are transversely arranged 
and equipped with angular corner mirror structures 30, 

30 32, 34, 36. At the corner mirror structure 30, there is 
a pipe extension 38 having a mechanical valve assem-
bly 40 positioned well beyond short pipe 26, and having 
a destroyable end closure structure 42 at its terminus. 
In comparison to all the other mirror structures 32, 34 
and 36, angular corner mirror structure 30 is made in-
tentionally weaker to serve, upon its destruction, as the 
exit for a working pulse of a very high energy laser 
beam which continues on to destroy end closure struc-
ture 42 and thereafter be utilized for a selected pur-

4 0 pose. 

In order to raise the energy of an admitted or created, 
starting laser pulse, pumps 44, i.e., inverted population 
sections, are arranged adjacent one another throughout 
the length of the long pipes 22, 24. Then their opera-

4 5 tions are timed to increase the energy of a laser pulse 
as the laser beam is being directed, as indicated by the 
directional arrows. In this embodiment the directional 
path is long in reference to a return trip or cycle to a 
pumping location 44. The latter is also referred to as a 
section of the lasing medium wherein there is an in-
verted population which receives a time excitation. 

As illustrated in FIG. 2, when a laser pulse reaches a 
designed energy level, the angular corner mirror struc-

S 5 ture 30 is destroyed and the end closure 42 is destroyed 
and the working unit of a laser beam escapes. The me-
chanical valve 40 immediately thereafter closes to pro-
tect the lasing medium which in this embodiment is 
preferably carbon dioxide, f rom the atmospheric fluids. 

60 Starting This and Other Photon Cyclotrons 

The starting of this apparatus, i.e., system, or i.e., 
photon cyclotron may be by a conventional method of 
amplifiers in series with an oscillator or similar purpose 

6<_ accessories, or as illustrated in FIG. 2a, a starting laser 
46 may be used, to introduce an initial pulse. It enters 
through window 47 into the enclosed polygon 20 where 
it is redirected along the interior path of the photon cy-
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clotron by using the mirror 48. After the pulse is redi-
rected, an electrical energy pulse of high current is 
used to destroy mirror 48. It is destroyed during the 
round trip of the laser light beam which takes more 
than 1 microsecond in this embodiment . 5 

Ano the r way to initiate a laser light pulse capable of 
traveling around the photon cyclotron is to let the sys-
tem, only at this starting t ime, become super radiant 
only in the direction of the propagat ion of the pulse, 
generally refer red to as in the forward direction. Dur- 10 
ing this limited start up t ime the gain in this forward di-
rection is greater than one in the expression: 

g = e* " > 1 
where L may be made as large as desired, being the 

length of many round trips through the enclosed poly- 15 
gon 20. 

Dye Photon Cyclot ron Having Piezoelectric 
Decouplers 

In FIG. 3, a general a r rangement of an enclosed poly- 20 
gon 50 is shown which is similar to the a r rangement il-
lustrated in FIG. 1. The re are the long pipes 52, 54 and 
short pipes 56, 58 and the polygon is fu r the r shaped by 
the corner s t ructures 60 , 62, 64, 66 to establish a total 
internal reflection path of the laser beam throughout 25 
the liquid lasing med ium, the overall a r rangement 
being broadly referred to as a dye laser photon cyclo-
tron. 

Again pumps 44 are ar ranged throughout the lengths 
of the long pipes 52 , 54, identifying the inverted popu-
lation sections of the lasing medium, which is any one 
of those liquid mediums currently being used in dye la-
sers. These pumps 44 become effect ive in a t imed se-
quence using convent ional excitation and t iming equip-
ment , as subsequently indicated in FIGS. 8 through 12. ^5 

A piezoelectric decoupler subassembly 70 is utilized 
to in t roduce an initial pulse, f rom a conventional 
source, into the system, and a piezoelectr ic decoupler 
subassembly 72 is utilized in ef fec t to clear or to open 
an exit for the working unit of the very high energy 
pulse of the laser beam following the operat ion of this 
embodiment of the photon cyclotron. The operat ion of 
the piezoelectric decoupler 72 subassembly is diagram-
matically illustrated in FIGS. 4 and 5. In FIG. 4 , the 
laser beam is continuing its reflective pa th , as indicated 
by the direction arrows in FIGS. 3 and 4, within the 
polygon enclosure 50. No voltage is being supplied to 
the piezoelectric crystal port ions 74 of the decoupler 
subassembly 72 as switch 76 remains open in circuit 78, ^ 
shown in part. As a consequence , the open gap, de-
noted at A, remains in excess of a wave length, and the 
decoupler subassembly 72 remains uncoupled . How-
ever, when the ant icipated high level energy pulse- is 
created, switch 76 is closed and voltage is applied to 
the piezoelectric crystal port ions 74. Then their resul-
tant movement substantially closes the gap, denoted at 
B, to well under a wave length, and the decoupler sub-
assembly 72 is coupled. As a consequence , a working 
unit of the laser beam is released for its intended pur- 6 ( ) 

pose. Also crystals per forming these coupling and de-
coupling funct ions may be described as piezomagnetic 
crystals. 

Gas Photon Cyclotron Having Glass Prisms 

In FIG. 6, a gas photon cyclotron 80 is illustrated 
having a polygon 82 cons t ruc ted of spaced and parallel 
long pipes 84, 86 joined at their ends by glass prisms 

40 
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88, 90 and containing a gas lasing medium such as car-
bon dioxide, xenon, neon, hel iumneon, etc. The path of 
the laser beam within polygon 82 is shown with arrows, 
and the changes in direction are accomplished through 
total internal reflection. 

Pumps 44 are spaced throughout the long pipes 84, 
86. Each pump is at a section of the lasing medium 
which is an inverted populat ion location. The pumps 44 
are excited and timed by conventional means indicated 
in part in FIGS. 8 through 12. Preferably, as discussed 
in conjunct ion with the dye laser photon cyclotron hav-
ing polygon 50, piezoelectric decouplers 70, 72 are 
likewise utilized to respectively introduce a starting 
pulse and subsequently permit the exit of a working 
pulse of the high energy level laser beam for its in-
tended assignment. 

Gas Photon Cyclotron Having a Long Pipe Equipped 
With Paired Lens and Mirror Reflectors, the Lat ter 
Being Moved Into a Reflecting Position, Destroyed 

Upon Reflect ion, Cleared Away, and Replaced 
Through Operat ion of a Moving Strip of Reflection 

Material 

In FIG. 7, a gas photon cyclotron 92 is shown utiliz-
ing one long pipe 94 instead of a polygon. At each end 
of pipe 94 is a lens 96. Within the pipe 94 there is a gas 
lasing medium, such as carbon dioxide, xenon, etc. Be-
yond each lens 96, is powered assembly 98 to move re-
flecting materials 100 to serve as one time mirrors and 
then to move them on to be replaced by new reflecting 
materials 100. Rollers 102 holds and dispenses new re-
flecting materials 100. After its destruction in part , 
where a laser beam has been ref lected, it is collected on 
rollers 104. Af te r the material 100 f rom either roller 
102 at ei ther end is depleted, the working unit of the 
high level energy laser beam exits to accomplish its in-
tended purpose through an exit window 106 or 108. 

As indicated in conjunct ion with the descriptions of 
the other photon cyclotrons, pumps 44 are spaced 
throughout the long pipe 94. Their operat ion is under-
taken through the cor rec t timing of conventional exci-
tation equipment . The respective inverted populat ion 
sections of the lasing medium timely add the increased 
energy to the laser beam, until the working unit exits. 

Various Pumps to be Used in Selected Embodiments of 
the Photon Cyclotrons 

In FIGS. 8 through 12, various pumps are schemati-
cally indicated, having been previously denoted in gen-
eral by numera l 44. The conventional flash tube pump 
110 in FIG. 8 is used with dye laser and solid state laser 
photon cyclotrons. With respect to photon cyclotrons 
using a gas lasing medium, all of the following pumps 
44 are selectively used: the gas discharge pump 112 of 
FIG. 9; the radio f requency discharge p u m p 114 of 
FIG. 10; the microwave-wave guide pump 116 of FIG. 
11; the electronic control led gas dynamic or pressure 
changing mechanism p u m p 118 of FIG. 12; and other 
conventional pumps, not shown. 

Outside Laser Opera ted as a Pumping Laser 

In the various embodiments of these photon cyclo-
trons, conventional equ ipment and methods will be 
used and under taken to excite the lasing medium in the 
various section locations, within the long pipe or pipes. 
In addit ion an outside laser 122 will be utilized as a 
pumping laser, as indicated in FIG. 13. 
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Various Conf igura t ions of the Enclosable C h a m b e r 
Which Conta ins the Lasing Medium 

In FIGS. 1, 3 and 6, the enclosable c h a m b e r configu-
ration compr ised the two long pipes and the two short 5 
pipes, the latter fo rmed to aid in redirect ing the laser 
beam. 1" ^IG. 7, the enclosable c h a m b e r was essen-
tially a single pipe. As indicated in FIGS. 1 4 , 1 5 , 1 6 and 
17, o ther enclosable c h a m b e r conf igurat ions may be 
used, such as the square of FIG. 14, the octagon of FIG. 10 
15, the hexagon of FIG. 16 and the triangle of FIG. 17. 

S o m e Design Cri ter ia in Relation to Specific 
Embod imen t s 

In per forming this me thod and in designing appara tus 15 
useful in pract ic ing this me thod , the object ive is to pro-
vide several separate side by side inverted populat ion 
volumes and with respec t to each respect ive inverted 
populat ion volume it is used repeatedly on a t imed se-
quence as its pulse re turns . The rea f t e r , the limit of the 20 
energy c rea ted in a laser pulse is generally de te rmined 
by the reflect ion proper t ies of the mirrors . 

During operat ion of the photon cyclotron, once 
s tar ted, t he laser medium stays below radiance 
th roughout all of the comparat ively small sect ions of 25 
each inverted populat ion. This means the gain in each 
section is less than 1, and the equat ion is: 

g = e s a < 1 
where N is the inverted populat ion density, o is the 
cross section for s t imulated emission and L is the 30 
length, or the largest dimension, of the individual 
pumped section. 

The pumping or discharge of each section is t imed so 
it coincides with the arrival of the laser pulse. For ex-
ample, if the length of the system is 500 meters , the 3 5 

round trip of the pulse takes 3.3 micro-seconds. There -
fore , by pumping each section, of the laser med ium, 
every 3.3 micro-seconds and timing the pumping to co-
incide with the arrival of the laser pulse, each section 
of the laser gas medium may be used repeatedly , and 4 0 

the energy of the inverted populat ion is added repeat-
edly. Considered in this way, the appara tus in its opera-
tion is qui te analogous to a cyclotron where energy is 
added to the particle beam repeatedly at each accelera-
tion gap, and consequent ly this appara tus may be re- ~ 
fer red to as a pho ton cyclotron. 

In respect to fu r the r embod imen t s of the appara tus , 
when a ca rbon dioxide laser is opera ted as a photon cy-
clotron and gold ref lectors are used, the laser pulse en- ^ 
ergy reached may be almost an o rder of magni tude 
higher than a single pass or conventional ly opera ted 
carbon dioxide laser. T h e energy limit is set by the 4 
percent loss on the gold mirrors, and the power density 
on the mirrors is not an operat ional limiting fac tor . 

If, however , dielectric ref lectors are used for mirrors, 
the losses are cut to abou t 0.1 pe rcen t per ref lect ion. 
Then the power density on the mirror surfaces is criti-
cal and must be kept below 10H watts pe r square centi-
meter . For a 1 micro-second long pulse and a sur face 
area of 104 square cent imeters , which is equivalent to 
a surface area at the turn mirror of a 4 foot d iameter 
pipe, the maximum energy obtainable is 10" joules per 
pulse. T o reach this level, every round tr ip in the pho-
ton cyclotron has to add about 4000 joules to the laser fi<. 
pulse. Af te r about 500 round trips in the enclosed 
chamber in a 500 me te r long overall appara tus , the lim-
iting energy of 106 joules is reached. In this appara tus 
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or system embod imen t there are about 102s molecules 
at a 10"2 a tmosphere and if Va, pe rcent of these are used 
4000 joules may be added per round trip. 

In respect to ano the r embodiment , a photon cyclo-
tron 150 meters long is made of 4 inch d iameter glass 
tubing. The round trip of the laser light takes 1 micro-
second. During the limited t ime, as necessary, an oscil-
lator pulse may be introduced. Also a laser light beam 
pulse may be removed out of the appara tus or system 
in re fe rence to these time sequences or intervals of 1 
micro-second. The gas density or the discharge power 
may be adjusted so the 10 meter sections are kept 
below the super radiance length, there being about 30 
discharge units, i.e., inverted populat ions or pumps . 
When ca rbon dioxide is used as the laser medium, the 
appara tus or system, in operat ing as a photon cyclo-
t ron, will opera te at wave lengths of 10 microns. When 
xenon is used it will ope ra t e at wave lengths of 3.5 mi-
crons. 

W e claim: 
1. A method for increasing the energy of laser pulses 

to very high levels, comprising: 
a. arranging a large chamber , the chamber having 

multiple internal reflecting means to guide a laser 
beam in a cont inuous path in the chamber until an 
escape energy level is reached , the chamber fu r ther 
having an escape exit means which remains closed 
until opened at an escape energy level of a working 
unit of a very high energy laser pulse; 

b. arranging multiple spaced laser pumps along the 
c h a m b e r and in communica t ion with the laser 
beam in the cont inuous path in the chamber , each 
laser p u m p related to an inverted populat ion of a 
laser energy source; 

c. arranging an excitat ion control system to trigger, 
in a selected sequence , the multiple spaced laser 
p u m p s arranged along the cont inuous path cham-
ber; 

d. placing within the cont inuous path chamber a laser 
energy react ing medium; and 

e. supplying energy to the excitation control system 
to timely opera te the laser pumps as their respec-
tive laser pulse is initiated and the rea f te r returns to 
its respective laser inverted populat ion volume 
which adds a laser energy increment to compensa te 
for reflective losses and to exceed the then occur-
ring laser pulse level to increase the resulting laser 
pulse to be p u m p e d at the follow on laser inverted 
populat ion volume, and yet at all t imes, the laser 
react ing medium is kept at a level which is below 
super radiance. 

2. Appara tus for increasing the energy of laser pulses 
to very high levels, comprising: 

a. means defining a large chamber , the chamber hav-
ing multiple internal reflecting means to guide a 
laser beam in a cont inuous path until an escape en-
ergy level is reached , also having an escape exit 
means which remains closed until opened at an es-
cape energy level of a working unit of a very high 
energy laser pulse; and conta ining a laser energy 
react ing medium; 

b. multiple spaced laser pumps mounted along the 
large chamber , each laser p u m p being posit ioned 
with respect to an inverted populat ion of a laser en-
ergy source; 

c. an excitat ion control system connec ted to the mul-
tiple spaced laser pumps to trigger energy releases 
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to them in a selected sequence so their respective 
laser pulse is first initiated, and thereafter upon its 
return, it is again given energy from this respective 
laser inverted population volume, so the added 
laser energy increment compensates for reflective 5 
losses and adds energy to exceed the then occur-
ring laser pulse energy level to increase the result-
ing pulse energy to be pumped at the follow on in-
verted population volume, keeping at all times the 
laser energy reacting medium at a level which is 1" 
below super radiance. 

3. Apparatus for increasing the energy of laser pulses 
to very high levels, as claimed in claim 2, comprising in 
addition, an energy source for the excitation control 
systems. 15 

4. Apparatus for increasing the energy of laser pulses 
to very high levels, as claimed in claim 2, wherein the 
escape exit means comprises a reflective material 
which will cease to reflect laser pulse energy when it ^ 
reaches a preselected very high energy level and there-
fore allow the very high energy laser pulse to escape as 
a working unit. 
5. Apparatus for increasing the energy of laser pulses 

to very high levels, as claimed in claim 4, having in ad-
dition, when the laser energy reacting medium is a gas, 
a mechanical valve means to close the large chamber 
immediately after the escape of the working unit of a 
very high energy laser pulse to prevent any continuing 
harm to the laser energy reacting gaseous medium. 

6. Apparatus for increasing the energy of laser pulses 
to very high levels, as claimed in claim 2, when the laser 
energy reacting medium is a gas, wherein a feed mecha-
nism supplies the multiple internal reflecting means 
which guide the laser beam in a continuous path, 
whereby, as said reflecting means are depleted, they 
are continuously replaced immediately following the 
reflection of a laser pulse, as the feed mechanism is op-
erated. 
7. Apparatus for increasing the energy of laser pulses 

to very high levels, as claimed in claim 6, wherein said 
multiple internal reflecting means comprise metallic 
strip materials and said feed mechanism supplies the 
strip materials as the feed mechanism is operated, the 
strip materials continuously being moved through the 
reflecting locations where their reflective properties 
are sufficiently destroyed upon the reflection of each 
laser puise to require their replacement during the op-
eration of this apparatus. 
8. Apparatus for increasing the energy of laser pulses 

to very high levels, as claimed in claim 7, wherein said 
feed mechanism comprises powered rollers for moving 
said metallic strip materials into and out of their re-
flecting locations. 
9. Apparatus for increasing the energy of laser pulses 

to very high levels, as claimed in claim 7, wherein the 
metallic strip comprises a discrete length of reflective 
material which terminates during operation of the feed 
mechanism to thereby open the exit and permit the es-
cape of the working unit of the very high energy laser 
pulse. 

10. Apparatus for increasing the energy of laser 
pulses to very high levels, as claimed in claim 2, 
wherein the large chamber comprises two long pipes 
connected together at their ends by glass prisms and 
the laser energy reacting medium in the two long pipes 
is a gas. 
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11. Apparatus for increasing the energy of laser 
pulses to very high levels, as claimed in claim 2, 
wherein the large chamber comprises four pipes ar-
ranged in perpendicular pairs, two being longer and 
parallel, and two being shorter and parallel, and incor-
porating mirrors in effective corner locations, one of 
said mirrors serving as an exit when a very high energy 
laser pulse is created causing its destruction, and the 
laser energy reacting medium in the four pipes is a gas. 

12. Apparatus for increasing the energy of laser 
pulses to very high levels, as claimed in claim 11, hav-
ing in addition, a mechanical valve means to close the 
chamber immediately after the escape of the working 
unit of a very high energy laser pulse by destroying the 
mirror located at one of the corner locations. 
13. Apparatus for increasing the energy of laser 

pulses to very high levels, as claimed in claim 12, 
wherein the Conner mirrors are four in number and one 
mirror of the four is thinner than the others to be the 
one to be destroyed allowing the escape of the working 
unit of a very high energy laser pulse. 
14. Apparatus for increasing the energy of laser 

pulses to very high levels, as claimed in claim 10, and 
further comprising an outside laser oscillator and a pi-
ezoelectric crystal decoupler, said decoupler being sit-
uated adjacent one of the glass prisms in said chamber, 
whereby a pulse of laser energy may be introduced into 
said chamber to start said apparatus by changing the 
gap distance between a face of said decoupler and a 
face of said prism to optically couple said decoupler to 
said prism. 
15. Apparatus for increasing the energy of laser 

pulses to very high levels, as claimed in claim 14, 
wherein a second piezoelectric crystal decoupler is sit-
uated adjacent a second one of said glass prisms to ex-
tract a working unit of a very high energy laser pulse 
when said second decoupler is moved to decrease the 
gap distance between a face of said second decoupler 
and a face of said second prism to thereby optically 

4 0 couple said second decoupler to said second prism. 
16. Apparatus for increasing the energy of laser 

pulses to very high levels, as claimed in claim 2, 
wherein the spaced laser pumps are flash tube units. 
17. Apparatus for increasing the energy of laser 

4-<i pulses to very high levels, as claimed in claim 2, 
wherein the spaced laser pumps are gas discharge units. 
18. Apparatus for increasing- the energy of laser 

pulses to very high levels, as claimed in claim 2, 
wherein the spaced laser pumps are radio frequency 
discharge units. 
19. Apparatus for increasing the energy of laser 

pulses to very high levels, as claimed in claim 2, 
wherein the spaced laser pumps are microwave units. 
20. Apparatus for increasing the energy of laser 

pulses to very high levels, as claimed in claim 2, 
wherein the spaced laser pumps are pressure changing 
units. 
21. Apparatus for increasing the energy of laser 

pulses to very high levels, as claimed in claim 2, 
wherein said first means defines a rectangular chamber 
having an axis which circumscribes a rectangular con-
figuration to provide a continuous path for the laser 
beam. 

^ 22. Apparatus for increasing the energy of laser 
pulses to very high levels, as claimed in claim 2, 
wherein said first means defines a triangular chamber 
having an axis which circumscribes a triangular config-
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urat ion to provide a cont inuous pa th for the laser 
beam. 

23. Appara tus for increasing the energy of laser 
pulses to very high levels, as claimed in claim 2, com-
prising in addit ion, an outside laser for in t roducing a 5 
laser pulse into the laser energy react ing medium in 
said c h a m b e r to start said appara tus . 

24. a p p a r a t u s for increasing the energy of laser 
pulses to very high levels, as claimed in claim 2 wherein 
the large chamber is a polygon in which the cont inuous 10 
path for the laser beam is provided. 

25 . Appara tus for increasing the energy of laser 
pulses to very high levels, as c laimed in claim 2, 
wherein the spaced laser pumps are gas dynamic units. 

26 . Appara tus for increasing the energy of laser 15 
pulses to very high levels, as c laimed in claim 2, 
wherein the spaced laser pumps are outs ide pumping 
lasers. 

27 . Appara tus for increasing the energy of laser 
pulses to very high levels, as claimed in claim 2, includ- 20 
ing an inside mirror in the c h a m b e r to redirect an in-
coming start ing laser pulse along the optical axis of said 
chamber the inside mir ror including an electrical en-
ergy means to destroy this inside mirror immediately 
af ter the pulse is redi rec ted and thereby clear the path 25 
for the laser beam within the chamber . 

28. Appara tus for increasing the energy level of a 
laser pulse comprising: 
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means defining a chamber ; 
a laser med ium enclosed in the chamber ; 
a plurality of laser pumping sections operable to in-

termit tent ly p u m p the laser medium in the cham-
ber ad jacen t each laser pumping section; 

an excitat ion control system to trigger, in a selected 
sequence , the laser pumping sections; 

means for introducing a laser pulse in the chamber ; 
and 

means for selectively triggering the pumping sect ions 
so as to increase the energy level of the laser pulse. 

29. A me thod for increasing the energy level of laser 
pulses compris ing the steps of: 

placing reflecting means with a polygonal-shaped 
chamber so as to guide a laser beam in a cont inu-
ous path through the chamber ; 

confining a laser medium within the chamber ; 
spacing laser pumps along the chamber so as to p u m p 

the laser medium therein; 
in terconnect ing each laser p u m p with an excitation 

control system to trigger the laser pumps in a se-
lected sequence; 

initiating a pulse of laser radiation in the chamber ; 
and 

selectively exciting the laser medium in the chamber 
with the laser pumps so as to increase the energy 
level of the laser pulse. 

40 

45 

50 

60 

65 


