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ATMOSPHERE-PENETRATING LASER

RELATED APPLICATION/S

This application claims the benefit of priority of Israel Patent Application No. 278274 filed
on 25 October 2020 and of Israel Patent Application No. 282027 filed on 24 March 2021, the

contents of which are incorporated herein by reference in their entirety.

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to a device and method for improving atmospheric
penetration by laser.

Lasers, first invented in the 1960's, are now widely used in numerous applications. Some
of those applications require the laser beam to penetrate distances through the atmosphere. Such
applications include but are not limited to LIDAR, laser range finding, laser guidance systems for
weapons and missile defense systems.

However laser energy tends to get absorbed by the atmosphere creating a "thermal
blooming" phenomena, so whereas a very small low power laser beam may travel tens of
kilometers in a light guide and carry signals, in the atmosphere the beam energy is attenuated due
to a plurality of factors such as air composition at deferent altitude, moisture content, temperature,
dust, etc., thus long distance applications need relatively high power laser beams to have any effect
at a distance. LIDAR and Laser range {inding and guidance systems require some but not much
energy to reach the target but a laser beam intended for destroying incoming missiles does depend
on the amount of energy reaching the target. In particular, atmospheric conditions define the extent
to which the laser beam is attenuated, so that on some days a given output power may be sufficient
and on other days it may not.

A way of making atmospheric penetration by a laser beam more effective and more

predictable would thus be welcome.

SUMMARY OF THE INVENTION

The present inventors noted that different wavelengths of laser react in different ways to a
plurality of atmospheric factors. Thus long but lower energy red wavelengths tend to be simply
blocked whereas short higher energy wavelengths tend to heat the moisture etc and thus dissipate
their energy.

Thus the idea is to provide two or more laser beams of different wavelength and combine

them into a single beam, typically using optics. The resulting composite beam may then combine
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2
the behaviors of both wavelengths and provide improved penetration through the atmosphere.

Thus as a non-limiting example, the higher energy beam may heat the atmosphere along the length
of the beam causing moisture and dust to dissipate and create a tunnel for the lower energy beam.

According to an aspect of some embodiments of the present invention there is provided a
device comprising:

a first laser source configured to produce a laser beam of a first wavelength;

at least a second laser source configured to produce a laser beam of a second
wavelength; and

an optical combiner configured to combine the first and at least the second laser
beams into a single composite beam having at least two wavelengths.

In embodiments, the {irst wavelength is from the red end of the spectrum and the second
wavelength is from the blue end of the spectrum.

In embodiments, the first wavelength and the second wavelength are selected for their
different behaviors during atmospheric penetration.

Embodiments may have three, four, {ive, six or more laser sources, each with different
wavelengths, or some may have the same wavelengths but may be pulsed differently.

In embodiments, one of the wavelengths is selected as a transport wavelength, to clear a
path through the atmosphere and ensure that a second of the wavelengths arrives at a target with a
minimum of attenuation.

In embodiments, the combined beam comprises the transport wavelength alongside or
surrounding the second of the wavelengths, thereby to clear a path in the vicinity of the second of
the wavelengths.

According to a second aspect of the present invention, there is provided a laser beam in the
atmosphere, the laser beam comprising at least two wavelengths, each wavelength selected for a
different behavior during atmospheric penetration.

The beam may have three or more different wavelengths or pulse patterns.

In embodiments of the device or of the laser beam, one of the wavelengths is selected to
heat water vapor encountered more than other wavelengths, thereby to clear a path for the other
wavelengths by heating the vapor and causing currents of air to remove dust and water vapor from
the path.

Unless otherwise defined, all technical and/or scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Although methods and materials similar or equivalent to those described herein can be

used in the practice or testing of embodiments of the invention, exemplary methods and/or
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materials are described below. In case of conflict, the patent specification, including definitions,

will control. In addition, the materials, methods, and examples are illustrative only and are not

intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRA WING(S)

Some embodiments of the invention are herein described, by way of example only, with
reference to the accompanying drawings. With specific reference now to the drawings in detail, it
is stressed that the particulars shown are by way of example and for purposes of illustrative
discussion of embodiments of the invention. In this regard, the description taken with the drawings
makes apparent to those skilled in the art how embodiments of the invention may be practiced.

In the drawings:

FIG. 1 is simplified diagram showing a device for producing a laser beam for improved
atmospheric penetration according to a first embodiment of the present invention;

FIGs. 2A-B are a cross-section of a variation of the device of Fig. 1;

FIG. 3 is an exploded diagram showing the parts of the device of Figs. 2A-B:

FIG. 4 is a cross-sectional view of the device of Fig. 1 showing beam paths;

FIG. 5 is a view of a second embodiment of the present invention;

FIG. 6 1s a view of the device of Fig. 5 with the cover of the combiner removed;

F1G. 7 is a view of the device of Fig. 5 with the laser beams shown;

FIG. 8 is a simplified diagram showing communication between two locations along a line
of sight using an embodiment of the present invention;

FIG. 9 is a simplified diagram showing a satelite for usc with the present embodiments;

FIG. 10 is a simplified diagram showing a chain of satellites providing communication
between two points on the earth's surface;

FIG. 11 shows how satellites may be used with the present embodiments to allow for
control of a missile over the horizon;

FIG. 12 shows a drone for use with the present embodiments;

FIG. 13 shows a laser beam according to the prior art and indicating dispersal of energy
of the laser beam; and

FIG. 14 is a simplified diagram showing a concentrated beam protected by an atmospheric

tunnel according to embodiments of the present invention.
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DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

The present invention relates to a device for improving the atmospheric penetration of laser
beams.

In the present embodiments, two or more lasers of different wavelengths and an optical
combiner are provided. A single composite beam is produced which then combines the abilities of
all the wavelengths included in order to improve atmospheric penetration.

Before explaining at least one embodiment of the invention in detail, it is to be understood
that the invention is not necessarily limited in its application to the details of construction and the
arrangement of the components and/or methods set forth in the following description and/or
illustrated in the drawings and/or the Examples. The invention is capable of other embodiments or
of being practiced or carried out in various ways.

Referring now to the drawings. Figure 1 illustrates a device 10 having two laser sources 12
and 14, each connected to an optical combiner 16, which combines the lasers into a single
composite beam.

The first laser source 12 produces a laser beam of a first wavelength. The second laser
source 14 produces a laser beam having a second wavelength different from the first wavelength.
Further laser sources may be added to increase the number of wavelengths used.

The optical cornbiner 16 may combine the first, second and any other laser beams into a
single composite beam having both wavelengths. The beam may include the different wavelengths
directly following a single path or the beam may be shaped so that one wavelength surrounds the
other or is next to the other, as will be explained below.

The laser sources are optically connected to the optical combiner 16, for example using
optical fibers 18.

Reference is now made to Figs. 2A-B, which is a cross section of the device of Fig. 1. Parts
that are the same are given the same reference numerals and are not described again except as
required for an understanding of the present view. The laser sources 12 and 14 provide their laser
energy to the optical fibers 18 which end at terminations 20 in the combiner 16. The combiner 16
comprises an arrangement of mirrors and/or lenses that receives and combines the two
wavelengths into a single beam. Specifically, mirrors 22 and 24 serve to combine the beams into
a single beam and reflect them out through outlet 26. It is noted that the mirror 24 has a suitable
shape such as a parabolic surface (not shown) to deflect the beams from either side towards the
outlet.

Reference is now made to Figs. 2B which is a cross-section as with Fig 2A but of a variation

of the device of Fig. 1 in which a lens 25 is added between the mirror 24 and mirror 22. The lens
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may change the focus of the beam to carry out beam shaping or widen or narrow the beam path.

The lens may be centrally located as shown or may be to the side to intercept just one of the beams
prior to combination.

Reference is now made to Fig. 3, which is an exploded diagram showing the parts of Figs.
2A-B. As shown the mirror 24 has a central opening 28 to allow the combined beam to pass
outwardly to outlet 26. As shown in greater detail in Fig. 4 the first laser source produces beam 30
and the second laser source produces beam 32. The mirror 24 receives the beams 30 and 32 at
either side from each of the laser sources and reflects them back to mirror 22. Mirror 22 receives
the beams at an angle from mirror 24 and directs them together towards the opening 28 in mirror
24 and through to outlet 26.

Reference is now made to Figs. 5, which 1s a siroplified diagram showing a variation of the
embodiment of Fig. 1 in which multiple laser sources are used to provide the composite beam.
Three, four, five, six or more wavelengths may be used, and the present figure illustrates a six
wavelengths. More particularly, laser sources 40, 42, 44, 46, 48 and 50 are connected to combiner
52 which has outlet 54 for outputting the composite laser beam. The laser sources are connected
to the combiner via optical fibers 56.

Reference is now made to Fig. 6, which is a cutaway drawing of the device of Fig. 5 with
the casing of the combiner removed. As in Fig. 5, laser sources 40, 42, 44, 46, 48 and 50 are
connected to the combiner, where terminations 57 terminate the optical fibers 56. The beams go
to mirror 58 where they are reflected back to mirror 60 and combined to exit at opening 62. Fig. 7
is the same view but showing the multiple beams 70 from the different laser sources being
combined by the mirrors into single output beam 72.

In use, the different beams are of different wavelengths. For example one of the
wavelengths may be from the red part of the spectrum and a second wavelength may be from the
blue end of the spectrum. Typically, the wavelengths are selected for their different behaviors
during atmospheric penetration. Thus one wavelength may tend to heat water vapor encountered
more than other wavelengths and may be taken advantage of to clear a path for the other
wavelengths by heating the vapor and causing currents of air to remove dust and water vapor out
of the way. Hence, a particular wavelength may be provided because of its properties as a transport
wavelength, to clear a path through the atmosphere and ensure that another wavelength arrives at
a target with a minimum of attenuation.

The transport wavelength may actually overlap and coincide with the second of the

wavelengths, or it may be alongside or surrounding the second wavelength. In cither case a path
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may be cleared by the beam to allow the intended energy to get through without attenuation or

with minimal attenuation.

The wavelengths may be pulsed, and the different wavelengths may be pulsed differently,
so that each one may be optimized separately for its respective intended effect. 1t is further noted
that more than one of the multiple laser sources may be used with the same wavelength but pulsed
differently to provide different effects. The different pulses may be used to identify the different
beams for example in cases where reflections of the beams are used to identify distances or
atmospheric disturbances. Reflections due to atmospheric disturbances may be used to refine the
atmospheric penetration of the device. For example a particular pattern of reflections may indicate
a particular characteristic of the atmosphere and then the device may modify the beam by altering
the pulses or wavelengths used accordingly. Such methods of characterizing the atmosphere using
laser are known in the art.

The method may also be used with optical equipment to create a path through which the
optical device can see without thermal distortion. Such a path may be used with an optical device
intended to see into the distance, including astronomical viewing.

In an airplane travelling through fog, an embodiment may be used to clear a path of visibility for
the pilots.

Reflections of the laser beam may be used to indicate changes in atmospheric conditions
and make corresponding changes to the channel. In other embodiments a detector at the far end
may detect changes and control the necessary changes. Such changes may involve changes in
signal strength or in some cases to changes in the wavelengths used. Meteorological data may be
used as an input to the laser system to optimize the system for current atmospheric conditions, and
such data may be obtained for example by use of radar. Such optimization may stabilize the system
even in adverse atmospheric conditions.

Reference is now made to Fig. 8, which is a simplified diagram showing a laser source 80
according to the present embodiments carrying out communication with a detector 82. If the
detector 82 is also a laser source and the source 80 also includes a detector, then two-way
communication is also possible. The use of multiple wavelengths as before creates a
communication tunnel where the amount of distortion or diffusion or attenuation is minimized. As
a result, a straight line laser communication path may be set up and less power used than in
conventional laser communication. However line of sight is required by the laser.

Reference is now made to Fig. 9, in which satellite 90, in earth orbit, has a body 92, a
reflector 94 and solar panels 96. The satellite reflector 94 may be used to redirect the laser beam

from one location to another and overcome the earth's curvature. In addition, the laser beam may
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be absorbed to provide power to the satellite, say in the case of failure of the solar panels. The base

98 of the reflector 94 may include a universal joint and an actuator so that the reflector angle can
be accurately changed in three dimensions. It will be appreciated that a single satellite may have
multiple reflectors. The multiple reflectors may deal with multiple sources and/or may deal with
multiple destinations or targets. Thus a single source may control multiple missiles or multiple
sources may communicate with each other or control missiles.

As shown in Fig. 10, communication from a first focation 100 reaches a second location
102 despite the earth's curvature. The beam is the multiple wavelength beam of the previous
embodiments, which creates a tunnel that is free from distortion, attenuation etc, and thus means
that a laser beam may carry communication over long distances. The beam is carried between
satellites 104, 106 and 108, and the satellites include reflectors as shown in Fig. 9. As above, the
communication may be bidirectional.

Reference is now made to Fig. 11, which shows how the laser beam may be used to control
a ballistic missile over the horizon. Control station 110 controls missile 112 over the horizon. A
control laser beam is sent via satellites 114 and 116, and the missile may also transmit data such
as its GPS position or altitude, or speed or attitude or a view of the target etc in the reverse
direction. The control beam may in fact be multiple beams from multiple sources.

Reference is now made to Fig. 12, which 1s a simplified diagram that shows a drone 120.
The drone receives a laser beam according to the present embodiments. and in one embodiment is
controlled by signaling from the beam. which gives full line of sight control. The drone is also able
to relay the beam, for example to direct it to another drone that is over the horizon from the beam
source, so that the drone serves in the same way as the satellite referred to above. The drone is also
able to relay the beam between two ground locations to provide communication between locations
that do not have line of sight. It is noted that communication is hard to intercept or interfere with
since the beam is very narrow and is constantly changing its route as the drone moves.

The beam may also be used to power the drone or assist with powering the drone, so that
the drone may remain airborne for longer.

Reference is now made to Fig. 13 which shows a missile 130 being controlled by a prior
art laser beam 132. Despite the beam being a laser beam, atmospherics disperse the beam so that
over distance there is no concentrated energy. Adaptive optics may be used to stabilize the system
and achieve optimal results.

Reference is now made to Fig. 14 which shows a missile 140 being controlled by a beam
according to the present embodiments. A tunnel 142 is set up and within the tunnel, beam 144

reaches the missile without distortion.
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The devices of the present embodiments may be used to provide laser beams for any

application where significant atmospheric penctration is required and in particular for those
applications where minimizing power attenuation is critical.

In an embodiment, both the beams may be of the same wavelength, thus avoiding
interference between the two beams. Operation may be the same in that an outer shape of beam
engulfs the passage of the inner beam and thus clears a path as above. The embodiment may thus
prevent or reduce terminal bluming.

In an embodiment, two combined beams may be provided side by side, so that one of the
beam combinations may protect or help to protect the other beam combination from effects of
directional atmospheric disturbance, such as winds. The protection may be provided by a single
bearn rather than a combination beam, and in an embodiment, both of the beams may be simple
beams.

The device may be combined with a weather sensing system or wind sensing system so as
to position the two beams to provide protection, or more generally to calibrate in respect of the
weather, for the purposes of optimization etc. A third beam may be provided for calibration
purposes.

It is noted that the laser beam has a defined range of efficiency through the atmosphere.
The combination has an increased range of efficiency. However the combination may additionally
be used to provide a stage for a further length. That is to say one combined beam may provide a
tunnel that provides an inifial base for a second, third and more tunnels, thus ielescoping the
effective range. It is possible to calculate in advance, or observe, the optimum effective beam range
for a given section of atmosphere. Using telescoping it is possible to provide different
optimizations for different sections of an atmospheric path. Observations may be optical or using
electromagnetic means. Spectral observations may be used.

Using the above technigues, the beams being wsed by the system may be changed during
the course of an interception operation.

it is possible for the system (o hit something and detect its vange at an initial low power. If
the range is not consistent with the expected threat, or the range is consistent with friendly forces,
the sysiern remains at low power and does oo harm. Only i the range is cousislent with ao
expected threat 1s the power turmed up 0 cause damage.

The terms "comprises”, "comprising”, “includes", "including”, "having" and their
conjugates mean "including but not limited to".

The term "consisting of means "including and limited to™.
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As used herein, the singular form "a", "an” and "the" include plural references unless the

context clearly dictates otherwise.

It is appreciated that certain features of the invention, which are, for clarity, described in
the context of separatec embodiments, may also be provided in combination in a single
embodiment, and the text is to be construed as if such a single embodiment is explicitly written
out in detail. Conversely, various features of the invention, which are, for brevity, described in the
context of a single embodiment, may also be provided separately or in any suitable subcombination
or as suitable in any other described embodiment of the invention, and the text is to be construed
as if such separate embodiments or subcombinations are explicitly set forth herein in detail.

Although the invention has been described in conjunction with specific embodiments
thereof, it is evident that many alternatives, modifications and variations will be apparent to those
skilled in the art. Accordingly, it is intended to embrace all such alternatives, modifications and
variations that fall within the spirit and broad scope of the appended claims.

All publications, patents and patent applications mentioned in this specification are herein
incorporated in their entirety by reference into the specification, to the same extent as if each
individual publication, patent or patent application was specifically and individually indicated to
be incorporated herein by reference. In addition, citation or identification of any reference in this
application shall not be construed as an admission that such reference is available as prior art to
the present invention. To the extent that section headings are used. they should not be construed
as necessarily limiting.

In addition, any priority document(s) of this application is/are hereby incorporated herein

by reference in its/their entirety.
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WHAT IS CLAIMED IS:

1. A device comprising:

A first laser source configured to produce a laser beam of a first wavelength;

At least a second laser source configured to produce a laser beam of a second
wavelength;

An optical combiner configured to combine the first and at least the second laser

beams into a single composite beam having at least two wavelengths.

2. The device of claim 1, wherein the first wavelength is a red wavelength and the second

wavelength is a blue wavelength.

3. The device of claim 1 or claim 2, wherein the first wavelength and the second wavelength

are selected for their different behaviours during atmospheric penetration.

4. The device of any one of the preceding claims, comprising at least three laser sources.

5. The device of any one of the preceding claims, comprising at least four laser sources.

6. The device of any one of the preceding claims, wherein one of the wavelengths is selected as a
transport wavelength, to clear a path through the atmosphere and ensure that a second of the
wavelengths arrives at a target with a minimum of attenuation.

7. The device of any one of the preceding claims, wherein the combined beam comprises the

transport wavelength alongside or surrounding the second of the wavelengths, thereby to clear a

path in the vicinity of the second of the wavelengths.

8. The device of any one of claims 1 to 7, configured to provide an outer shape using said

first beam and to provide said second beam inside said outer shape.

9. A laser beam in the atmosphere, the laser beam comprising at least two wavelengths, each

wavelength selected for a different behavior during atmospheric penetration.

10. The laser beam of claim 9, comprising at least three different wavelengths.
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11. The laser beam of any one of claims 9 to 10, wherein one of the wavelengths is selected as

a transport wavelength, to clear a path through the atmosphere and ensure that a second of the

wavelengths arrives at a target with a minimum of attenuation.

12, The laser beam of claim 11, wherein the transport wavelength is directed alongside or
surrounding the sccond of the wavelengths, thereby to clear a path in the vicinity of the second of

the wavelengths.

13. The laser beam of any one of claims 9 to 12, wherein one of the wavelengths is selected
for an ability to heat water vapor encountered to a greater extent than other wavelengths, thereby
to clear a path for the other wavelengths by heating the vapor and causing currents of air to remove

dust and water vapor from the path.

14. A method of communication with laser comprising using the device of any one of claims
1-7.
15. A method of communication with laser comprising using the laser beam of any one of

claims 9 1o 13.

16. The method of communication of claim 15, comprising relaying the beam via one or more

satellites.

17. The method of communication of claim 15 comprising relaying the beam via one or more

drones.

18. A method of powering a satellite or drone comprising providing to the satellite or drone

the laser beam of any one of claims 9 to 13, and absorbing power {rom the beam.

19. A method of powering a satellite or drone comprising providing to the satellite or drone a laser

beam {rom the device of any one of claims 1 to 8 and absorbing power from the beam.

20. A device comprising
at least one laser source configured to produce a laser beam of a first wavelength, the

wavelength selected to exert a first effect on the atmosphere;
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at least a second laser source configured to produce a laser beam of a second wavelength

selected to exert a second cffect on the atmosphere; and
an optical combiner configured to combine the first and at least the second laser beams into
a single composite beam having at least two wavelengths to produce a composite effect on the

atmosphere.

21. The device of claim 20, further comprising an optical sensor, the optical sensor being

aligned along the composite beam.

22. The device of claim 21, wherein the optical sensor is an astronomical sensor.

23. The device of any one of claims 20 to 22, further configured to use reflections from said

wavelengths to optimize said combined beam in the face of atmospheric changes.

24. The device of claim 23, further configured to use radar or meteorological data to optimize

said combined beam.

25. A device comprising:

a first laser source configured to produce a laser beam of a first wavelength;

at least a second laser source configured to produce a laser beam also of said first
wavelength;

an optical combiner configured to combine the first and at least the second laser

beams into a single composite beam.

26. The device of claim 25, wherein the first and second laser sources are configured to operate

at the same time.

27. The device of claim 25, wherein the first and second laser sources are configured to operate

one after the other.

28. The device of any one of claims 25 to 27, configured to produce a ring of laser beams.
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29. The device of any one of claims 1 to 8 or 25 to 28, wherein said combined beam is

combined with at least one further combined beam to provide telescoped laser beam stages, thereby

to increase an effective range.

30. The device of any one of claims 1 to 8 or 24 to 29, configured to provide a second
combined beam alongside said combined beam, thereby to provide shielding from atmospheric

disturbance.

31. The device ol any one of claims 1 to 8 or 25 to 30, combined with a weather sensing unit or a

wind sensing unit.

32. The device of claim 31, comprising a second combined beam to provide said weather

sensing.
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