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tem of passive and stationary elements is
employed to combine the radiation from a
of Delaware, United States of America of plurality of spacially distinct beams so that
777 106th Avenue Northeast, C-00777, Belle- a plurality of composite beams result. Each
5 vue, Washington 98009, United States of composite beam contains colinear and superAmerica do hereby declare the invention, imposed beam components from each of
for which we pray that a patent may be the original, distinct laser beams. The sysgranted to us, and the method by which it tem can also provide power splitting of the
is to be performed to be particularly de- energy in the distinct beams into the equal
10 scribed in and by the following statement:— components in each of the composite beams
The present invention relates to laser so that each component in a single comoptics and in particular to an optical system posite beam can represent the same percentage of the energy as in the original input
for combining laser beams.
In isotope separation by isotopically selec- beam.
15 tive photoexcitation of one isotope in an
According to a first aspect of the invenenvironment of plural isotopes, as for tion there is provided a system for combinexample discussed in United States Patent ing laser beams of diverse frequencies into
3,772,519, it is common to find a plurality a plurality of beams, each comprising laser
of laser beams separately generated. It is radiation having components of each of said
20 desired to combine these into a composite diverse frequencies, said system comprising
beam having components from each of the a plurality, greater than two, of sources of
separate laser beams. It is known that laser laser radiation including at least first and
beams, or radiation in general, of differing second sets of sources; said plurality of
frequencies in separate beams may be com- sources of laser radiation providing respec25 bined onto a single path having colinear tive input beams of laser radiation of
superimposed beams composed of com- different frequencies; a plurality of beam
ponents of each of the original beams by splitting elements positioned to receive on
the use of dichroic elements. Additionally, one surface of each radiation input beams
it is known as, for example, discussed in from said first set of sources and to receive
30 United States Patent 3,924,937, that a on the second surface of each the radiation
plurality of laser beams of pulsed radia- input beams from said second set of sources;
tion having sequentially triggered pulses in said first plurality of beam splitting eleeach beam may be combined using a system ments providing a plurality of sets of composite beams of radiation comprising a first
of rotating optics.
35
For high power appliactions, the losses set of composite beams including a fracinherent in dichroic elements, particularly tion of the radiation from said first set of
when combining laser beams of closely sources superimposed on a fraction of the
spaced frequency, will reduce the efficiency, radiation from said second set of sources;
or power available in the combined beams. a second set of composite beams comprising
40 Similarly, the use of rotating optics to pro- a fraction of the radiation from said first
vide beam combining in the case of time set of sources superimposed on a fraction
sequenced, pulse beams while feasible, pre- of the radiation from said second set of
sents an element of mechanical complexity sources; and a further plurality of beam
splitting elements responsive to the plurality
which it might be preferable to avoid.
45
In the present invention, an optical sys- of sets of composite beams for providing
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a set of output beams, each beam thereof
having a fraction of the radiation in each
of the input beams from said first and second
sets of sources.
5
According to a second aspect of the invention there is provided a system for combinging a multiplicity of beams of laser
radiation of diverse frequencies to provide
a multiplicity of output beams of laser radia10 tion, each output beam including a component from each of said multiplicity of
beams of diverse frequencies, said system
comprising means for providing said multiplicity of laser beams of diverse frequencies;
15 a first plurality of beam splitters each receiving on different surfaces thereof respective laser radiation from said multiplicity
of beams and providing a set of output
beams, the output beams from each beam
20 splitter including in combination all of the
frequencies of laser radiation applied to the
surfaces thereof; and a further plurality of
further beam splitters each positioned to
receive different laser radiation of combined
25 frequencies from a plurality of beam splitters
other than said further plurality of beam
splitter elements on respective surfaces thereof and to provide a further set of output
beams of laser radiation each of the further
30 set of output beams of laser radiation including laser radiation of each frequency in said
multiplicity of beams.
According to a further aspect of the invention there is provided a system for com35 bining laser beams of diverse frequencies
into a plurality of beams, each comprising
laser radiation having components of each
of said diverse frequencies, said system comprising a plurality of sources of laser radia40 tion including at least first and second
sources; said plurality of sources of laser
radiation providing respective first and
second input beams of laser radiation of
different frequencies; at least one beam
^"Splitting element positioned to receive on
one surface radiation from said first source
of said plurality of sources and to receive
on the second surface thereof the laser radiation from said second source of laser radia50 tion of said plurality of sources; said beam
splitting element providing a plurality of
output beams comprising a first output beam
including a fraction of the radiation in said
first input beam superimposed on a frac55 tion of the radiation in said second input
beam; and a second output beam comprising a fraction of the radiation in said first
input beam second superimposed on a fraction of the radiation in said second input
beam; and a plurality of parallel channels
of uranium vapor receiving each of said output beams.
Embodiments of the present invention will
now be described by way of example with
65 reference to the accompanying drawings of

2

which:
Fig. 1 is a diagram of a prior art technique
for combining laser beams;
Fig. 2 is a pictorial view of the technique
of the present invention for combining two 70
laser beams; and
Fig. 3 is a diagram of an array according to the present invention for combining
a greater number of laser beams.
The present invention contemplates a sys- 75
tem of one or more passive, stationary beam
splitting elements for combining the radiation from a plurality of separate, spacially
distinct laser beams into combined beams
each having components of all of the input 80
laser beams. The use of beam splitters in
accordance with the teaching of the present
invention permits the realization of a high
efficiency beam combining system, particularly for combining beams of different, but 85
only slightly different frequencies. The present invention avoids the losses inherent in
the use of dichroic elements for the combination of beams as, for example, shown in
another technique in Fig. 1, or the addi- 90
tional elements required with rotating
optics.
According to a technique which might be
employed to combine beams of laser radiation illustrated in Fig. 1, a set of dichroic 95
elements 12, 14 and 16 may be employed to
combine four beams 18, 20, 22 and 24 of
laser radiation, each having the same power
level P (or different power levels as desired)
at distinct frequencies, F l , F2, F3 and F4. 100
Mirrors 26, 28 and 30 are shown in use to
direct radiation for proper application to
each of the dichroic elements 12, 14 and 16.
There results from the system of combining
optics, a composite beam 32 combining the 105
components of all of the input beams 18,
20, 22 and 24.
For isotope separation, particularly
uranium enrichment, according to the technique shown in the above referenced Patent 110
3,772,519, it may then be desired to divide
the power in the beam 32 into separate
beams having identical spectral content but
sharing the power in the beam 32 in order
to excite various portions of the uranium 115
vapor simultaneously. A set of beam
splitters 34, 36 and 38 are employed with
reflecting mirrors 40 and 42 to split the beam
into four separate beams 44, 46, 48 and 50,
each having components at the frequencies 120
Fl, F2, F3 and F4 and one quarter of the
power at each frequency as in the input
beams 18, 20, 22 and 24.
In addition to the use of a large number
of optical elements for the beam combining 125
and splitting system of Fig. 1, all of which
require precise and stable optical alignment,
the use of dichroic elements 12, 14 and 16
introduces a significant loss inherent in the
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dielectric layers patricularly where the frequencies Fl, F2, F3 and F4 are closely
spaced as may be the case where the laser
beams are employed in isotope separation.
The same results of combined and power
5
split radaition may be achieved more simply
and with less potential energy loss in the
incident laser beams using a beam splitter
concept as illustrated basically in Fig. 2.
10 As shown there, a beam splitter 52 which
is typically 50% reflecting and 50% transmitting and typicaly consisting of a multilayer dielectric element (or thin metal film
element) is provided to receive radiation in
15 input laser beams 54 and 56 on opposite
surfaces. The fabrication of such a beam
splitter is well known in the art. The radiations in the beams 54 and 56 are of different
frequencies, Fl and F2, which may be
20 selected for producing excitation of an isotope between different energy states in a
process of isotopically selective ionization
as described in the above-referenced Patent
3,772,519. The power, P, in each beam is
25 typically the same, but need not be so. The
radiation in the beam 54 having a power, P,
is divided between an output beam 58 containing one half of the power, P, and an
output beam 60 containing the other half of
30 the power, P, in the beam 54. The beam
58 will also contain a component of transmitted energy from the input beam 56 and
the output beam 60 will contain a component of reflected radiation from the input
35 beam 56, each at a power level of one half
P.
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The two output beams 58 and 60 will
each contain equal components of the radiation of the input beams 54 and 56, typically
half the power in each input beam. Each
component in the output beams 58 and 60
will be completely superimposed upon and
colinear with the other beam and only
slightly displaced therefrom due to the dispersive properties of the beam splitter 52.
A beam splitter array for combining and
power splitting a multiplicity of input beams
as might be used in isotope separation is
more completely illustrated in Fig. 3. As
shown there, the array consists of four beam
splitter elements 62, 64, 66 and 68 positioned to combine the output radiation of
four lasers 70, 72, 74 and 76, each of
different frequencies, F l , F2, F3 and F4.
While shown for use with four lasers, the
array of Fig. 3 may be employed with a
lesser number, such as three, as desired.
The radiation from the lasers 70 and 72
is applied to opposite surfaces of the beam
splitter 62 as input beams 78 and 80. The
resulting output beams 82 and 84 each have
component beams at the frequencies F l and
F2 at half the power level, P, of the original
input beams 78 and 80. Similarly, the radiation from the lasers 74 and 76 are applied
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as input beams 86 and 88 to opposite surfaces of the beam splitter 66 to provide
resultant output beams 90 and 92. The beams
82 and 92 are diretced toward beam splitter
68 on opposite surfaces for combining into 70
beams 94 and 96. Beams 84 and 90 are
directed toward beam splitter 64 on opposite
surfaces for combining into output beams
98 and 100.
Each of the four output beams 94, 96, 75
98, 100 contains a quarter of the power
of each input beam 78, 80, 86, 88 and thus
is a composite beam containing each of the
colors or frequencies generated by the lasers
70, 72, 74, 76. No elements except four 80
beam splitters are required for this exemplary system and these may be made to
operate with very low losses.
The four output beams 94, 96, 98 and
100 are then advantageously applied through 85
parallel enrichment channels 102, 104, 106,
108 respectively which may be spaced
regions of a uranium isotope separation
chamber or separate chambers as shown
in the above patent or in U.S. Patent Serial 90
No. 3 939 354.
WHAT WE CLAIM IS:—
1. A system for combining laser beams
of diverse frequencies into a plurality of
beams, each comprising laser radiation having components of each of said diverse
frequencies, said system comprising:
a first plurality, greater than two, of
sources of laser radiation including at least
first and second sets of sources;
said plurality of sources of laser radiation
providing respective input beams of laser
radiation of different frequencies;
a plurality of beam splitting elements
positioned to receive on one surface of each
radiation input beams from said first set
of sources and to receive on the second
surface of each the radiation input beams
from said second set of sources;
said first plurality of beam splitting elements providing a plurality of sets of composite beams of radiation comprising:
a first set of composite beams including
a fraction of the radiation from said first
set of sources superimposed on a fraction
of the radiation from said second set of
sources;
a second set of composite beams comprising a fraction of the radiation from said
second set of sources; and
a further plurality of beam splitting elements responsive to the plurality of sets of
composite beams for providing a set of
output beams, each beam thereof having
a fraction of the radiation in each of the
input beams from said first and second sets
of sources.
2. The system of claim 1 wherein the
fractions of radiation from each source
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appearing in said output beams are approximately equal.
3. The system of claim 1 wherein the
fraction of radiation from each source
5 appearing in said output beams are not
equal.
4. The system of claim 1 wherein the
fractions of beams comprising each of said
output beams are colinear.
10
5. The system of claim 1 wherein each
beam splitting element includes a multidielectric layer element.
6. The system of claim 1 wherein each
beam splitting element includes a thin metal
15 layer element.
7. The system of claim 1 wherein the
power in each of said input beams is
approximately equal.
8. The system of claim 1 wherein the
20 power in each of said input beams is
different.
9. The system of claim 1 including a
plurality of parallel channels of uranium
vapor receiving each of said output beams.
25
10. The system of claim 9 wherein said
plurality of parallel channels include an isotope separation chamber.
11. The system of claim 1 wherein:
said plurality of sources number at least
30 four to provide at least four input beams
of laser radiation;
at least two beam splitting elements are
provided in each plurality, the first plurality
thereof responding to said at least four input
35 beams to provide at least four composite
beams each having the radiation from a
different combination of two input beams
therein and the further plurality of said
beam splitting elements responding to the
40 composite beams of said first plurality of
beam splitting elements to provide at least
four output beams, each containing the
radiation from all of said at least four input
beams.
45
12. A system for combining a multiplicity of beams of laser radiation of diverse
frequencies to provide a multiplicity of output beams of laser radiation, each output
beam including a component from each of
50 said multiplicity of beams of diverse frequencies, said system comprising means for
providing said multiplicity of laser beams
of diverse frequencies;
a first plurality of beam splitters each re55 ceiving on different surfaces thereof respective laser radiation from said multiplicity
of beams and providing a set of output
beams, the output beams from each beam
splitter including in combination all of the
60 frequencies of laser radiation applied to the
surfaces thereof; and

a further plurality of further beam
splitters each positioned to receive different
laser radiation of combined frequencies from
a plurality of beam splitters other than said
further plurality of beam splitter elements
on respective surfaces thereof and to provide a further set of output beams of laser
radiation each of the further set of output
beams of laser radiation including laser
radiation of each frequency in said multiplicity of beams.
13. The system as claimed in any one
of claims 1 to 12 further including a
plurality of parallel channels of uranium
vapour receiving each of said output beams.
14. A system for combining laser beams
of diverse frequencies into a plurality of
beams, each comprising laser radiation having components of each of said diverse
frequencies, said system comprising:
a plurality of sources of laser radiation
including at least first and second sources;
said plurality of sources of laser radiation providing respective first and second
input beams of laser radiation of different
frequencies;
at least one beam splitting element positioned to receive on one surface radiation
from said first source of said plurality of
sources and to reecive on the second surface
thereof the laser radiation from said second
source of laser radiation of said plurality
of sources;
said beam splitting element providing a
plurality of output beams comprising:
a first output beam including a fraction
of the radaition in said first input beam
superimposed on a fraction of the radiation
in said second input beam; and
a second output beam comprising a fraction of the radiation in said first input beam
second superimposed on a fraction of the
radiation in said second input beam; and
a plurality of parallel channels of uranium
vapor receiving each of said output beams.
15. The system of claim 14 wherein said
plurality of parallel channels include an isotope separation chamber.
16. A system for combining laser beams
of diverse frequencies into a plurality of
beams each containing radiation of each of
the input frequencies, substantially as hereinbefore described with reference to Figure
2 or 3 of the accompanying drawings.
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