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(54) System for i l luminating a region 
for isotopically selective photoexcita-
t ion 

(57) An optical reflection system 16,18 
for illuminating substantially all of a 
three-dimensional space 12 of a trans-
versely flowing vapor with multiple 
traversals of a beam of radiation is 
provided in an isotope separation sys-
tem to improve the absorption rate of 
isotopically selective laser radiation ap-
plied to a three-dimensional vapor en-
vironment. 
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SPECIFICATION 

System for illuminating a region for isotopically 
selective photoexcitation 

5 
Field ofthe Invention 
_ The present invention relates to a method and 

apparatus for illumination of a three-dimensional 
region with a beam of radiation. 

10 
Background ofthe Invention 

In isotope separation utilizing laser induced isoto-
pically selective photoexcitation as described in 
United States Patents 3,772,519 or 3,939,354, a 

15 three-dimensional, flowing environment of plural 
isotopes is illuminated with laser radiation tuned for 
isotopically selective photoexcitation. For efficient 
isotope separation or enrichment, it is desired to 
both selectively excite and ionize all ofthe compo-

20 nents in the vapor within the three-dimensional 
space and to utilize all ofthe available laser beam 
energy for this purpose. While the probability of 
absorption by any one particle is low, i.e. a small 
absorption cross-section, an improvement in the 

25 probability of absorption may be achieved by in-
creasing laser energy or intensity. This in turn 
requires long beam paths with resulting problems in 
beam alignment to insure economically efficient 
utilization of beam energy. 

30 
Brief Summary of the Invention 

In the present invention, an improvement is 
achieved in laser beam utilization that increases the 
probability of photon absorption without extreme 

35 beam propagation lengths. The invention is particu-
larly applied to excite and/or ionize particles of a 
particular isotope type within a transversely flowing 
vapor region having particles of a plurality of isotope 
types. 

40 The improvement is achieved by defining a cavity 
within the three-dimensional space ofthe vapor 
using a set of opposed reflecting surfaces or mirrors. 
Laser radiation, which may be a composite beam of 
multiple colors and of high pulse repetition rate 

45 which is capable of producing isotopically selective 
photoexcitation, is applied to the cavity such that the 
radiation in each pulse is specially mixed within the 
three-dimensional space ofthe vapor by multiple 
reflections from the mirror surfaces. The multiple 

50 reflections ofthe beam produces a multipass charac-
teristic in the illumination of the vapor within the 
three-dimensional space ofthe cavity which greatly 
improves the probability for absorption by those 
individual particles in the vapor which will respond 

55 to the frequencies ofthe laser radiation. 
The mirrors may be parallel ortilted, with respect 

to each other, plane or curved in a large range of 
possible configurations which achieve the spacial 
mixing ofthe radiation within the three-dimensional 

60 space. The configuration may be designed to trap 
the radiation so that relatively little is lost from the 
cavity or configured to cause it to exit the cavity after 
a predetermined number of reflections for further 
use by absorption within other cavities. 

65 The use of a spatial mixing concept further 

reduces the requirements on optical beam quality, 
mirror alignment and stability. In addition, since the 
energy in a single beam may be more completely 
utilized in a single multipass cavity, a plurality of 

70 cavities may be provided, each separately excited 
with laser radiation independent ofthe others. This 
will permit adjustment, or maintenance of one cavity 
without interruption ofthe enrichment processes in 
other cavities. 

75 
Brief Description ofthe Drawings 

These and other features ofthe present invention 
are more fully set forth below in the detailed 
description of an embodiment, presented for pur-

80 poses of illustration and not by way of limitation, 
and in the accompanying drawing, of which: 

Figure 7 is a schematic side view of a simplified 
single cavity illustrating the principle of multipass 
laser illumination of a three-dimensional space for 

85 producing isotopically selective photoexcitation in 
accordance with the present invention; 

Figure 2 is a schematic side view of an isotope 
separation chamber employing the present inven-
tion; 

90 Figure 3 is an end view of the cavity of Figure 2; 
Figure 4 is a side pictorial view of a complete 

isotope separation system employing the invention 
with apparatus for applying the radiation to the 
separation chamber; 

95 Figures 5-8 are schematic views of components of 
the Figure 4 apparatus. 

Detailed Description ofthe Invention 
The present invention contemplates a system for 

100 illuminating a three-dimensional space with multi-
passes of isotopically selective photoexcitation and/ 
or photoionization radiation to produce more effi-
cient utilization ofthe excitation radiation in a 
system for isotope separation. 

105 The basic principle ofthe present invention is 
schematically and simply illustrated in the diagram 
of Figure 1 showing a region 12 having a predeter-
mined depth into the page through which a vapor 
flow 14 is passed such that substantially the entire 

110 three-dimensional space ofthe region 12 is filled 
with the vapor from the flow 14. It is desired to 
illuminate the entire vapor flow within the region 12 
with laser radiation tuned to produce isotopically 
selective excitation and/or ionization in one or more 

115 energy steps. It is further desired to produce a beam 
intensity sufficient to excite and ionize a large 
number ofthe particles of the desired isotope type in 
the vapor flow 14, if notall of such particles. If a 
beam of such intensity were applied on a single pass 

120 through the region 12, however, less than all ofthe 
radiation in the beam would be utilized or absorbed 
requiring that the beam be propagated over substan-
tial lengths through similar such regions in order to 
make efficient use ofthe radiation energy initially 

125 generated. 
In addition, radiation of sufficient intensity for 

optimum efficiency may be expensive and difficult to 
achieve in a beam of sufficient size to cover the 
region 12. Intensity may be augmented by reducing 

130 the beam size through suitable optics, but the 
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smaller beam cross-section would require a high 
pulse rate due to the shorter transit time of the vapor 
particles across the smaller beam cross-section. 

The resulting trade-off between beam propagation 
5 length, intensity and repetition rate and the limita- 70 

tions resulting from them may be substantially 
eased in accordance with the present invention by 
placing the region 12 in an optical cavity defined, for 
example, by opposing, slightly inclined reflecting 

10 surfaces 16 and 18 to which a beam 20 of laser 75 
radiation is applied over the edge of one mirror, 16, 
for reflection by mirror 18 through the region 12 and 
reflection subsequently by mirror 16. Repeated 
reflections by the mirrors, a suitable number of 

15 times, may be achieved with the beam exciting the 80 
cavity between the mirrors 16 and 18 over the edge 
of one mirror, such as mirror 18, as shown, In this 
manner the beam 20 is caused to illuminate the 
entire region 12 with a multiplicity of traversals. The 

20 multiple passes greatly increase the absorption rate 85 
for the particles within the region illuminated over 
each pulse duration in the beam 20 maximizing the 
utilization of the beam energy in a single region 12. 
Although the exiting beam 20 may be applied to one 

25 or more further chambers, the necessary beam 90 
propagation distance or numbers of chambers to be 
illuminated may be significantly reduced while in-
suring more efficient utilization of the radiation. It is 
additionally possible to reduce the cross-sectional 

30 dimensions of the beam 20 to augment its intensity 95 
at any given point. In this confined, intensified form, 
the multiple traversals of the beam between the 
mirrors 16 and 18 defining the cavity cause it to 
criss-cross the region 12 insuring complete illumina-

35 tion of substantially all portions of that region 100 
greatly increasing the transit time for vapor particles. 

The beam 20 may also be dimensioned such that 
major portions of the region 12 are multiply illumin-
ated by several passes of the beam 20 in reflections 

40 between the surfaces 16 and 18. In this manner, 105 
absorption rate is improved by augmenting the 
radiation intensity or photon density within the 
portions of the region 12 multiply illuminated by the 
superposition of the several beams. 

45 The mirrors 16 and 18 may be configured in 110 
different patterns including parallel configurations in 
which the beam enters at one side and after multiple 
traversals exits either side as desired. Preferably, 
they are curved spherically or cylindrically. As thus 

50 configured, the cavity concept described provides 115 
for more complete utilization of energy in the 
applied laser beam in a manner equivalent to 
passing the beam or propagating it over long 
distances through a multiplicity of vapor filled 

55 regions 12, but without many of the problems 120 
incident in propagating over long distances such as 
beam divergence. These problems can be more 
readily treated by reducing beam size or providing a 
refocusing function by curvature of the mirrors 16 

60 and 18. Additionally, alignment and stability require- 125 
ments on the beam, critical when propagating over 
long distance, due to the extreme moment arm at 
the far end of the propagation distance, are also 
greatly reduced. 

65 With respect now to Figures 2 and 3, the applica- 130 

tion of the multipass cavity concept to a laser 
enrichment module is more fully indicated. As 
illustrated there, the region 12 is defined as the 
interior of a separation chamber 22 and is located in 
a vapor flow 24 from a source 26 such as an electron 
beam vaporization source. The cavity is defined by 
mirrors 16 and 18 placed typically several meters .-
apart ouside of the chamber 22 and, typically, inside 
of extension pipes 28 and 30 which may or may not 
have windows 32 and 34 of an optical grade quart?, 
for example, to permit the passage of light between 
the mirrors 16and 18 through the cavity region 12 of 
the chamber 22. As indicated above, the beam 20 is 
applied over the edge of the mirror 16 for multiple 
reflections by the mirrors 16 and 18 through the 
region 12 to provide spatially mixed radiation within 
the beam 20. As indicated above, the mirrors 16 
and/or 18 preferably are curved to provide a focusing 
function that reduces divergence inherent in the 
laser radiation. 

As indicated in Figure 3, the region 12 is typically 
bounded by plates 36 and 38 separated typically by 
10 cm and has within it a central electrode 40. 
Alternatively, the region 12 may be divided to lie 
only between one of the plates 36 and electrode 40 
with a similar region placed between the other plate 
38 and the central electrode 40. As is indicated in the 
above-referenced patents, which are to be incorpo-
rated herein by reference, this structure is employed 
preferably as means for applying an electric field to 
the regions surrounding the electrode 40 to act, in 
conjunction with a magnetic field 42, to produce 
acceleration on ionized particles for collection, typic-
ally on plates 36 and 38. 

Also, preferably, several regions 12 are placed 
adjacent each other within a series of further plates 
similar to plates 36 and 38 which fan circumferential-
ly about the point from which vapor is emitted by the 
source 26. 

While the beam 20 has been indicated as a single 
laser beam, it may also include superimposed 
radiations for producing several steps of excitation 
and/or ionization of the vapor within the region 12. It 
is also to be noted that the tilt or inclination of the 
mirrors 16 and 18 has been exaggerated and curva-
ture not shown for purposes of illustration. Tilt 
would in effect be substantially lower to achieve the 
multipass characteristic. 

With respect now to Figure 4, there is shown a 
more complete system for providing multiple pass 
illumination of a vapor environment in accordance 
with the present invention. As shown there, a ; 
chamber 50 has within it a region 52 corresponding 
generally to the regions 12 illustrated in the above 
figures. The region 52 is placed over a vapor source 
54, typically for elemental uranium vaporization. The 
chamber 50 is surrounded by coils 56 which are 
employed to produce an axial magnetic field indi-
cated as magnetic field 58. A return path for the 
magnetic field 58 is preferably provided by a high 
permeability structure including top and bottom 
plates 60 and 62 which are attached to left-and 
right-hand end plates or discs 64 and 66. 

The chamber 50 has an opposite ends extension 
pipes 68 and 70 which act to limit the vapor 
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migration from the chamber to optics used to 
produce the multipass radiation characteristic. On 
opposite ends of the extension pipes 68 and 70 
where they pass through or are bolted to the high 

5 permeability plates 64 and 66 are additional vapor 
traps 72 and 74 which further include exhaust ports 
7.6 and 78 for the removal of vapor from the vapor 
traps as explained below. 

On further opposite ends from the vapor traps 72 
10 and 74 are assemblies within chambers 80 and 82 

used to contain the cavity mirrors such as the 
mirrors 16 and 18 described above. The chambers 80 
and 82 terminate typically in respective windows 84 
and 86 which provide exit and entrance ports for the 

15 laser beam such as beam 88 shown entering from 
the right. The entire region between the windows 84 
and 86 within the chamber 50, extension pipes 68 
and 70, vapor traps 72 and 74 and cavity mirror 
assemblies in chambers 80 and 82 contain substan-

20 tially the same low pressure environment of approxi-
mately 10~4 torr. The low pressure is typically 
maintained by a vacuum pump attached to evacuate 
the interior of the chambers 50 and accordingly of 
the other chambers attached to it. 

25 The beam 88 is preferably applied through the 
input window 86 past alignment optics which in-
clude a beam rotator 92 and a beam director 94 as 
more fully explained below. The functions of the 
beam rotator 92 and director 94 are to adjust the 

30 position and axial angle of the beam as well as the 
angle of rotation of the beam, typically having a near 
rectangular cross-section, about the axis of beam 88. 
In particular, it is desired that the long dimension of 
the cross-section be horizontal in the case where the 

35 beam is walked vertically through the cavity on 
successive passes. 

With respect now to Figure 5, there is shown an 
embodiment for the beam director 94 particularly 
useful in explaining its function. The drawing of 

40 Figure 5 is an exemplary mounting that is not 
intended to be limiting. In the partially cutaway view 
of Figure 5 an outer housing 100 is rotationally 
mounted about a horizontal elevation axis 102 to 
provide elevation control over the beam. The sup-

45 port for the housing 100 about the axis 102 is 
provided through bearings of which bearing 104 is 
shown, a complementary bearing being located to 
the rear of the housing 100 in view of Figure 5. The 
bearing 104 is supported above a rotatable plate 106 

50 by an arm 108. The plate 106 rotates about a vertical 
axis 110 above a bottom plate 112. 

-The input beam of radiation 88 from the beam 
rotator 92 is applied to a first reflective prism 114 
mounted on a pedestal 116 secured to the plate 106. 

55 In this manner, the prism 114 rotates with the plate 
106 about the vertical axis 110. 

The beam 88 is applied to the reflecting surface 
114for reflection vertically to a further reflecting 
surface or prism 118 which is secured to the housing 

60 100 and rereflectsthe radiation onto a horizontal 
trajectory or axis 120. The angle made with the 
horizontal is adjusted accordingly by a rotation 
about the elevation axis 102throughthe bearings 
mounting the housing 100 such as bearing 104. 

65 The radiation along the axis 120 is then reflected 

onto vertical and then horizontal trajectories, ulti-
mately onto a horizontal axis 124 by a further pair of 
reflecting surfaces or prisms 126 and 128 which are 
generally maintained parallel and fixed within a 

70 housing 130 which is rotatable about the axis 120 
within the housing 100 on bearings 132. 

The beam directed horizontally along the axis 124 
is then once more reflected vertically and then 
horizontally onto an output axis 134 by respective 

75 reflecting surfaces or prisms 136 and 138 which are 
set within a housing 140 rotatable within the housing 
130 on bearings 142. 

The axis 120 substantially coincides with the axis 
of rotation for the housing 130 while the axis 124 

80 substantially coincides with the axis of rotation for 
the housing 140. In this manner, adjustment of the 
angular orientation of the two housings 130 and 140 
permits positioning of the beam at any point over a 
limited area. In addition, rotation about the axes 102 

85 in elevation and 110 in azimuth adjust the angular 
orientation of the beam on the output axis 134 in 
those directions, again over limited angles. 

As indicated above, the typical cross-sectional 
shape of the beam 88 is generally rectangular, due to 

90 the manner of generation of the radiation in a 
narrow transverse pumped, transverse flow laser 
amplifier. As a result of the adjustments in beam 
angle and position provided by the beam director 94 
described above, the rotational orientation of the 

95 beam about the axis 134 may be other than as 
desired, typically with the larger cross-sectional 
dimension horizontally disposed. This angular posi-
tion may be corrected for or adjusted by the beam 
rotator 92 shown more specifically in Figure 6 to 

100 include a housing 150 rotatable within supports 152 
through bearings 154. Mounted within the housing 
150 is a K mirror configuration which includes an 
input mirror 156 inclined to the axis of the input 
beam 88 to direct it onto a horizontally disposed 

105 mirror 158. The mirror 158 reflects the beam 88 to an 
output mirror 160 inclined oppositely to the input 
mirror 156 to redirect the beam onto an output axis 
which forms an extension of the input axis. Rotation 
of the housing 150 within the bearings 154 rotates 

110 the angular position of the beam cross-section about 
the output axis without changing its position or 
direction. This permits an adjustment in the ultimate 
orientation of the cross-section a bout the axis of the 
output beam 134 in Figure 5 once the position and 

115 direction of the beam has been established as 
desired through the adjustment of the beam director 
shown there. 

First and second embodiments for the vapor trap 
are now illustrated in Figures 7 and 8 respectively. 

120 As shown in Figure 7, the laser beam 88, as it is 
generated by a laser or lasers 150, is a series of 
pulses. The beam 88 is directed toward the side of a 
first disc 152 through a set of stator plates 154 and 
156 to the edge of a further disc 158 and then into the 

125 separation chamber between separation plates 160 
and 162 corresponding to the plates36 and 38 from 
Figure 3. The discs 152 and 158 are driven on a 
common shaft 164 by a motor 166 which is synchro-
nously driven with the pulsing of the lasers 150 by a 

130 controller 170. The discs 152 and 158 have apertures 
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or slits 172 and 174 in their edges at the location 
where the laser beam 88 is applied. The motor is 
synchronized and aligned such that the slits 172 and 
174 are positioned to pass the beam 88 during each 

5 pulse. Preferably, the discs 152 and 158 are placed 70 
adjacent to the ends ofthe stator plates 154 and 156 
which act as collimtors for vapor particles. The 
combination ofthe discs 152 and 158 and stator 
plates 154 and 156 are positioned within each ofthe 

10 vapor t raps72and74of Figure4. 75 
In operation, vapor can pass through the combina-

tion of beam slits 172 and 174 and through the 
collimator defined by the stator plates 154 and 156 
only when the trajectory ofthe individual particle is 

15 sufficiently parallel to the axis of the laser beam 88 80 
so as not to strike either ofthe stator plates 154 and 
156, and when its velocity is such that it will just pass 
through each ofthe slits 172 and 174 at the particular 
moment when each slit opens the passage between 

20 the stator plates 154 and 156. This greatly limits the 85 
number of particles within the entire atmosphere 
which may transmit the vapor traps 72 and 74. 
Additionally, the traps 72 and 74 are evacuated 
through the conduits 76 and 78 to suitable vacuum 

25 pumps. 90 
As can be appreciated, a rapidly moving vapor 

particle having sufficient speed to pass through both 
slits 172 and 174 at the moment of their coincident 
alignment with the region between the plates 154 

30 and 156 will readily pass the dynamic barrier if 95 
sufficiently parallel to the axis beam 88, It is also 
clear, that slower moving particles having the neces-
sary axial alignment and precisely located within a 
set of narrow velocity distributions may also pass 

35 through the second ofthe slits 172 on the second, 100 
third.... revolution after its passage through the first 
slit 174. This situation can be avoided by using the 
embodiment illustrated in Figure 8 wherein the discs 
152 and 158 and the stator plates 154 and 156 are 

40 replaced by a set of rotating plates 180 which extend 105 
radially about a cylinder 182. The cylinder 182 and 
plates 188 are rotated similarly to the discs 152 and 
158 in synchronism with the pulsing of lasers 150, 
and the cylinder is positioned such that each pulse of 

45 laser radiation in the beam 88 occurs atthe exact 110 
moment when a set of adjacent plates 180 are 
positioned to permit the entire beam, including the 
multi-pass reflections, to pass between the plates 
into the region between the chamber separation 

50 plates 160 and 162. 115 
The operation ofthe dynamic vapor trap illus-

trated in Figure 8 additionally sweeps the entire 
volume covered by the region between the adjacent 
plates 180 between each pulse. For this purpose, the 

55 plates 180 typically extend in an axial direction along 120 
the axis ofthe laser beam 88 a distance sufficient to 
substantially reduce the numbers of high velocity 
vapor particles which can pass between the plates 
180 in the interval that they are exposed during each 

60 laser pulse. The swept vapor may be additionally 125 
delivered to the output conduits 76 and 78 for 
evacuation by the vacuum pumps. 

The struture of Figure 8 is additionally useful 
wherein plural sets of adjacent separation structures 

65 such as plates 160 and 162 illustrated in Figure 7 are 130 

employed within the separation chambers. In such 
case, plates 160 and 162 may have to each side of 
them further separation structure plates 184 and 186 
(Figure 8), each having central anodes 188 as 
discussed above with respect to Figure 3. In this 
manner, the optical channel between each sets of 
plates 184-160,160-162, and 162-186 aresimu-
laneously open for passage of multipass laser 
radiation through the structure of rotating plates 
180. This configuration makes particularly efficient' 
use of a separation channel by adaptation to the use 
of a plurality of adjacent separation structures each 
illuminated with multipass radiation using a struc-
tureofthetype illustrated above with respectto > 
Figure 4. 

In order to provide for the proper geometry, the 
axis 190 of rotation for the cylinder 182 from which < 
the plates 180 radially emanate is typically aligned 
with a line 192 from which vapor emanates from the 
linear vapor source 194 corresponding to vapor 
source 54 in the drawings of Figure 4. 

The effect ofthe vapor traps 72 and 74 is to avoid 
contamination of a cavity mirror within the cham-
bers 80 and 82, as well as the exit and entrance 
windows 84 and 86. This is particularly advan-
tageous with the present invention insofar as optics 
are contained within the environment ofthe cham-
bers containing the uranium vapor. 

The above-described illustrative embodiment of 
the present invention is presented for exemplary 
purposes only with the contemplation that modifica-
tions to the shown structure exist within the scope of 
the present invention. Accordingly, it is intended to 
define the invention only in accordance with the 
following claims. 

CLAIMS 

1. A system adapted to provide multipass illumi-
nation of a region for isotopically selective photoex-
citation comprising: 

a three-dimensional space containing a region to 
be illuminated with isotopically selective photoex- > 
citation radiation, extending in a first elongate 
direction along an axis and terminating on opposite 
sides with first and second means for reflecting <• 
radiation positioned remote from the region to be 
illuminated; 

means for generating a vapor flow of a material 
having a plurality of isotope types and positioned to 
direct the vapor flow into the region of said three-
dimensional space to be illuminated and transverse 
to said first direction along said axis; 

means for applying a beam of radiation including 
radiation for providing isotopically selective photo-
excitation of one of said plurality of isotope compo-
nents in said vapor to a portion of one of said first 
and second reflector means; 

said first and second reflecting means being 
disposed on and with respectto said axis to provide 
multiple reflections therebetween to produce expo-
sure of substantially all of said three-dimensional 
space to said radiation. 

2. The system of claim 1 wherein at least one of 
said first and second reflecting means is adapted to 
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provide focusing ofthe beam of radiation. 
3. The system of claim 1 wherein said first and 

second reflecting means are disposed to reflect said 
beam through said region on plural paths inclined to 

5 each other and to said axis. 
4. The system of claim 1 wherein: 

. said applying means includes means for providing 
said beam with a cross-section substantially smaller 
than the cross-section of said three-dimensional 

10 space transverse to said axis. 
5. The system of claim 4 wherein said beam 

cross-section is long in the direction orthogonal to 
the direction of vapor flow between said first and 
second structures and substantially short in the 

15 direction of vapor flow. 
6. The system of claim 4 wherein said applying 

means includes means operative in association with 
said first and second reflecting means for causing 
the multiple reflections through said space to over-

20 lap thereby increasing the intensity ofthe radiation 
in said space. 

7. The system of claim 1 wherein: 
said beam is nonsymmetrical in cross-section 

about said axis; and 
25 means are provided for rotating the cross-section 

of said beam about said axis. 
8. The system of claim 1 wherein said applying 

means includes means for adjusting the position at 
which said beam is incident upon the one ofthe first 

30 and second reflecting means. 
9. The system of claim 8 wherein said adjusting 

means includes means for rotating said beam 
around first and second axes which are offset and 
generally parallel. 

35 10. The system of claim 8 wherein said adjusting 
means includes means for deflecting said beam 
about first and second orthogonal axes. 

11. The system of claim 1 wherein: 
a plurality of said three-dimensional spaces ofthe 

40 type of claim 7 are provided in adjacent relationship 
to each other and each having corresponding first 
and second reflecting means; 

said plurality of said three-dimension spaces 
being circumferentially adjacent around a line para-

45 llel to said axis; 
said vapor generating means providing said vapor 

as a flow directed radially away from said line 
toward said plurality of three-dimensional spaces. 

12. The system of claim 11 wherein each of said 
50 plurality of three-dimensional spaces has radiation 

applied thereto. 
, 1 3 . The system of claim 1 wherein: 

said first and second reflecting means include 
mirrors oppositely inclined with respect to said axis; 

55 and 
said beam applying means includes means for 

applying said beam onto one of said mirrors over an 
edge ofthe other of said mirrors to cause multipass 
reflections between said mirrors with the beam 

60 exiting said space over the farthest array edge ofthe 
one of said mirrors. 

14. The system of claim 1 wherein said reflectors 
include mirrors inclined to said axis and generally 
parallel to each other. 

65 15. The system of claim 1 wherein the distance 

between said reflectors is a plurality of meters. 
16. The system of claim 1 further including 

collection plates and an anode electrode therebe-
tween bordering said region. 

70 17. The system of claim 1 further including first 
and second cathode electrodes bordering said re-
gion. 

18. The system of claim 1 wherein said beam 
includes plural colors. 

75 19. The system of claim i wherein said radiation 
applying means includes means for applying said 
radiation as a sequence of pulses. 

20. The system of claim 19 wherein said radia-
tion applying means includes si least one pulsed 

80 laser. 
21. The system of claim 1 wherein said radiation 

includes a beam having divergence and said first 
and second reflector means include curved reflec-
tors for refocusing the divergent beam to reduce 

85 divergence, 
22. The system of claim 21 wherein said reflec-

tors are spherically curved. 
23. The system of claim 21 wherein said reflec-

tors are cylindrically curved. 
90 24. The system of claim 1 wherein said vapor 

generating means includes means for vaporizing 
uranium. 

25. The system of claim 24 further including 
means for inhibiting the passage of vapor from said 

95 region. 
26. A system for providing multipass illumina-

tion of a region for isotopically selective photoexcita-
tion substantially as hereinbefore described with 
reference to the accompanying drawings. 
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