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(57) Abstract: An electromagnetic energy concentrator ap
paratus for capturing electromagnetic energy and focussing
said energy toward a specified target (202), the apparatus

Fig. 8 comprising an electromagnetic radiation source (206) and a
control system configured to cause electromagnetic radiation
from said source to be applied to a selected plurality of three-
dimensional portions of an atmospheric volume in a propaga

208 tion path of said electromagnetic energy so as to heat and/or
ionise the air within said portions, wherein said selected por
tions are spatially located together in a three-dimensional
configuration so as to simulate an electromagnetic radiation
path modifying element (204) for capturing said electromag
netic energy and directing and/or converging said captured
energy toward a focal point at or adjacent to said specified
target (202). A method of creating an atmospheric electro
magnetic radiation path modifying element operative to simu
late an electromagnetic energy concentrator is also described.
The electromagnetic energy may be the sun.



w o 2016/162697 A llll I I I I 11 III III I III I III 11 II III II I II

Declarations under Rule 4.17: Published:

— as to applicant's entitlement to apply for and be granted — with international search report (Art. 21(3))
a patent (Rule 4.1 7(H))



A METHOD AND APPARATUS FOR CONCENTRATING

ELECTROMAGNETIC ENERGY

This invention relates generally to a method and apparatus for

concentrating electromagnetic energy and, more particularly but not necessarily

exclusively, to a method and apparatus for capturing and concentrating or

focussing high power electromagnetic energy (for example, solar or radio

frequency energy) onto a specified region, for example, a moving target aerial

platform, for use a weapon so as to effect damage on said target or a solar

panel for use as a solar power generation system.

Solar panel electricity or power generation systems are well known and

widely used, and employ an array of solar panels which may incorporate one or

more photovoltaic cells or comprise solar hot water panels. The effectiveness

of a solar panel is essentially defined by the number of photons from the

available sunlight it can capture and convert into energy, and it will be apparent

to a person skilled in the art that a solar panel is at its most effective around

midday during a clear day in mid-summer, when the sun is at its highest point

and sunlight falls substantially vertically onto the solar panels, thereby utilising

the maximum possible surface area to collect photons for conversion.

However, at other times of the day and year and when there is a lot of cloud,

output is reduced significantly. In particular, even during clear days during the

summer, as the sun moves across the sky, and sunlight is therefore incident on

the solar panels from an angle, the effective surface area of the panel, and

therefore its effectiveness, is significantly reduced.

There is an ongoing desire to improve the effectiveness of solar panels

and, for example, it has been proposed to coat the panels with a reflective

coating that enables the panels to capture more solar energy from an angle.

Some recent module designs include concentrators in which light is focussed by

lenses or mirrors onto an array of smaller cells. However, such designs still

have a significantly reduced effectiveness when sunlight is incident thereon

from an angle relative to that achievable from direct sunlight. Furthermore,

such designs tend to be relatively complex to install, requiring numerous

additional components, which increases the cost of installation and

maintenance, and makes resultant systems more vulnerable to failure.



It is known, in military applications, to employ focussed electromagnetic

energy as a weapon against an adversary target in order to inflict damage on

the target. However, such weapons systems require the provision of on-board

electromagnetic energy sources of sufficient power to emit a sustained high

power energy beam for a sufficient period of time to achieve the desired result.

This clearly has size, weight and power implications, specifically in respect of

aerial platforms, where there is an ongoing drive to minimise size, weight and

power overhead.

It is therefore an object of aspects of the present invention to address at

least some of these issues.

In accordance with the present invention, there is provided an

electromagnetic energy concentrator apparatus for capturing electromagnetic

energy and focussing said energy toward a specified region or target, the

apparatus comprising an electromagnetic radiation source and a control system

configured to cause electromagnetic radiation from said source to be applied to

a selected plurality of three-dimensional portions of an atmospheric volume in a

propagation path of said electromagnetic energy so as to heat and/or ionise the

air within said portions to generate an atmospheric electromagnetic radiation

path modifying element of a given orientation relative to the electromagnetic

radiation source within the atmospheric volume, wherein said selected portions

are spatially located together in a three-dimensional configuration so as to

generate the electromagnetic radiation path modifying element in a defined

orientation within said atmospheric volume to capture said electromagnetic

energy and direct and/or converge said captured energy toward a focal point at

or adjacent to said specified region or target.

The selected plurality of three-dimensional portions of the atmospheric

volume may be in a radiation path between a solar source and said specified

region or target.

The selected portions may be spatially located together in a substantially

unbroken three-dimensional configuration corresponding to the three-

dimensional shape of a generated electromagnetic radiation path modifying

element.



ln another exemplary embodiment, the selected portions may be

configured such that the non-selected portions are in a configuration

corresponding to a three-dimensional shape of a generated electromagnetic

radiation path modifying device.

In yet another exemplary embodiment, the selected portions may be

spatially located together in a three-dimensional configuration corresponding to

an annulus having a non-circular cross-section.

The electromagnetic radiation path modifying element generated by said

selected portions may be a lens, and wherein said control system may be

configured to cause electromagnetic radiation from said source to be applied to

said selected plurality of three-dimensional portions so as to heat and/or ionise

the air therein and change the refractive index thereof. In this case, the

electromagnetic radiation path modifying element generated by said selected

portions may be a converging lens and said selected portions may be spatially

located together in a concave lens configuration. In alternative exemplary

embodiments, the atmospheric element may be operative to generate a

converging lens and the non-selected portions may be spatially located together

in a convex lens configuration. In yet other exemplary embodiments of the

invention, the electromagnetic radiation path modifying element generated by

said selected portions may be a diffractive lens and said selected portions may

define a plurality of three-dimensional shapes, each spatially separated from

each other within said atmospheric volume. In the case where the atmospheric

element is operative to generate a diffractive lens, the three-dimensional

shapes, spatially separated, may define a plurality of concentric transmissive

and adjacent substantially opaque regions in the form of a zone plate.

The electromagnetic radiation path modifying element generated by said

selected portions may be a reflective device and the control system may be

configured to cause electromagnetic radiation from said source to be applied to

said selected plurality of three-dimensional portions so as to heat and/or ionise

the air therein.

The atmospheric volume may be divided into an array of three

dimensional portions, and said control system may be configured to cause said



electromagnetic radiation from said source to be applied to said selected

portions. The electromagnetic radiation from said source may be sequentially

applied to said selected portions.

The electromagnetic radiation source may comprise a beam steering

mechanism for selectively steering a beam of electromagnetic radiation output

therefrom, said control system optionally being communicably coupled to said

beam steering mechanism and configured to generate signals for steering said

beam of electromagnetic radiation relative to said atmospheric volume so as to

sequentially apply electromagnetic radiation to said selected portions.

Alternatively or in addition, the apparatus may comprise a beam splitting

module for splitting a beam output from said electromagnetic radiation source

into a plurality of paths corresponding to respective locations of selected

portions.

The electromagnetic radiation source may comprise one or more laser

sources.

The apparatus may further comprise a monitoring module for monitoring

atmospheric conditions along the path between the electromagnetic radiation

source and the generated electromagnetic radiation path modifying element

including within the element itself and the surrounding volume of said element,

generating data representative thereof, and transmitting said data to said

control system which is further configured to adjust at least one characteristic of

said electromagnetic radiation applied to said selected portions of said

atmospheric volume so as to compensate for atmospheric distortion.

The apparatus may further comprise a quality monitoring module for

monitoring the performance of the generated electromagnetic radiation path

modifying element against a predefined set of desired criteria, and generating

signals to dynamically adjust beam steering/splitting and/or power of the

electromagnetic radiation source so as to reduce or eliminate deviation of the

properties and characteristics of the simulated electromagnetic radiation path

modifying element from that which is defined by the predefined criteria.

The apparatus may comprise a tracking module for obtaining or receiving

tracking signals representative of a path of movement of the specified target



and provide said tracking signals to the control system, wherein the control

system is optionally configured to adjust at least one characteristic of the

electromagnetic radiation applied to said selected portions of said atmospheric

volume so as to adjust one or more of the size, location and orientation of the

atmospheric electromagnetic radiation path modifying device.

In accordance with another aspect of the present invention, there is

provided a method of generating an atmospheric electromagnetic radiation path

modifying element operative to generate an electromagnetic energy

concentrator and direct said electromagnetic energy towards a region or target,

the method comprising dividing an atmospheric volume into a matrix of three

dimensional portions, defining the orientation of the atmospheric

electromagnetic radiation path modifying element in said atmospheric volume to

enable capture of said electromagnetic energy and direction and/or

convergence of said captured energy towards a focal point at or adjacent to

said specified region or target, applying electromagnetic radiation to a selected

plurality of three-dimensional portions of the atmospheric volume, located within

a path of said electromagnetic energy, so as to heat and/or ionise the air within

said portions thereby to define the orientated atmospheric electromagnetic

radiation path modifying element in the atmospheric volume, wherein said

selected portions are spatially located together in a substantially unbroken

three-dimensional configuration.

Other aspects of the present invention may extend to a control system

for apparatus substantially as described above, configured to be communicably

coupled to said electromagnetic radiation source, said control system

comprising a database on which is stored data representative of a three-

dimensional matrix configuration of a plurality of three-dimensional elements in

different orientations, and a processor for mapping said stored three-

dimensional configuration of elements to an atmospheric volume, the processor

being further configured to generate actuation signals configured to cause said

electromagnetic radiation source to apply electromagnetic radiation to a

selected plurality of portions of said atmospheric volume so as to heat and/or

ionise the air therein to thereby generate said atmospheric electromagnetic

radiation path modifying element in a defined orientation within said



atmospheric volume, said selected portions being spatially located together in

substantially the same configuration as said stored three-dimensional matrix

configuration of elements.

These and other aspects of the present invention will be apparent from

the following specific description in which embodiments of the present invention

are described, by way of examples only, and with reference to the

accompanying drawings, in which:

Figure 1 is a schematic diagram illustrating the concept of an M by N cell

matrix for the purposes of defining an atmospheric volume within which an

atmospheric electromagnetic radiation path modifying component may be

created for use in a solar or an electromagnetic energy concentrator apparatus

in accordance with an exemplary embodiment of the present invention;

Figure 2 is a schematic diagram illustrating the manner in which laser

power may be applied to selected cells within a matrix to create an atmospheric

electromagnetic radiation path modifying element for use in a solar or an

electromagnetic energy concentrator according to a first exemplary embodiment

of the present invention;

Figure 3 is a schematic diagram illustrating an alternative manner in

which laser power may be applied to selected cells within a matrix to create an

atmospheric electromagnetic radiation path modifying element for use in a solar

or an electromagnetic energy concentrator according to another exemplary

embodiment of the present invention;

Figure 4 is a schematic diagram illustrating an atmospheric converging

lens for use in a solar or an electromagnetic energy concentrator according to

an exemplary embodiment of the present invention;

Figure 5 is a schematic diagram illustrating an atmospheric Fresnel zone

plate created for use in a solar or an electromagnetic energy concentrator

according to an exemplary embodiment of the present invention;

Figure 6 is a schematic diagram of a focussing arrangement

employing atmospheric reflective components for use in a solar or an

electromagnetic energy concentrator apparatus according to an exemplary

embodiment of the present invention;



Figure 6A is a schematic side view of the focussing arrangement

of Figure 6 ;

Figure 7 is a schematic block diagram illustrating apparatus for

creating an atmospheric electromagnetic radiation path modifying component in

a solar or an electromagnetic energy concentrator apparatus according to an

exemplary embodiment of the present invention;

Figure 8 is a schematic diagram illustrating an electromagnetic energy

concentrator apparatus according to an exemplary embodiment of the present

invention, in use; and

Figure 9 is a schematic diagram illustrating a solar concentrator

apparatus according to an exemplary embodiment of the present invention

Thus, aspects of the present invention operate on the principle of using

one or more laser devices to selectively alter the refractive index and/or cause

ionisation of portions of a three-dimensional region of the atmosphere remote

from the laser device(s) so as to create or simulate an electromagnetic radiation

path modifying component of a desired size and having selected radiation

modifying properties for use as a solar or an electromagnetic energy

concentrator in, for example, a solar power generation system or an

electromagnetic energy concentrator in, for example, a directed energy weapon

system.

In general, and referring to Figure 1 of the drawings, the volume of the

atmosphere in which an electromagnetic radiation path modifying component is

required to be created can be considered as a cell matrix 10 comprised of M

rows and N columns or layers of 'cells' 2 , wherein a cell is simply a predefined

three-dimensional portion of the matrix. In the example shown, each cell is

identical in size and shape, but this is not essential, and the present invention is

not necessarily intended to be limited in this regard. It will also be appreciated

that the number of cells in the vertical dimension of the cell matrix may vary.

Thus, the cell matrix may be of any desired size, shape and number of cells.

Within the matrix 10 , the three dimensional structure of an

electromagnetic radiation path modifying device can be defined in terms of a

number of cells 2 in a desired configuration, and it is these cells that will then



be targeted by the laser source in order to effect the desired change in their

respective properties (either by ionisation or heating to cause a change in

refractive index).

It is known that an increase in temperature of a volume of air causes a

corresponding decrease in density of that volume of air. As a result, the

refractive index of warm air is lower than that of cooler (and therefore denser)

air. Thus, some aspects of the principles employed in the present invention

operate on the principle that by providing a volume of air that is warmer than the

air around it, that volume of air can cause refraction of a beam of

electromagnetic radiation as it passes through, in a manner similar to a

convergent or divergent lens.

It is also known that if an electric field of a sufficiently high power is

applied to a volume of air, the air may be ionised. Ionised air has reflective

properties. Thus, some aspects of the principles employed in the present

invention operate on the principle that by ionising a volume of air can cause it to

reflect a beam of electromagnetic radiation as it hits that volume, in a manner

similar to a mirror or similarly reflective device. A mixture of the two principles

can be used to create a diffractive element, as will be described in more detail

later.

Thus, referring back to Figure 1 of the drawings, it will be appreciated

that by selectively heating or ionising cells 12 within the matrix 10 a three

dimensional atmospheric electromagnetic radiation modifying component can

be created using a high power electromagnetic radiation source. This may be

achieved in a number of different ways. For example, a pulsed power laser

(PPL) may be employed, and the 'Kerr' effect exploited therewith in order to

attain self-focussing of the laser beam at a required point (i.e. within the

selected cell). Alternatively, a combination (i.e. crossing over) of two

continuous wave (CW) laser beams at a required point may be used to achieve

the desired effect. Either way, the lasers are configured to selectively heat or

ionise the atmosphere, thus changing its refractive index and electromagnetic

properties such that electromagnetic energy passing through the heated cells is

refracted and/or electromagnetic energy hitting the ionised cells is reflected.



Thus, referring to Figure 2 of the drawings, apparatus used to effect one

exemplary embodiment of the present invention comprises at least one laser

source 14 mounted in an enclosure 15 . In the example shown, the laser source

14 is a pulsed power laser source configured to emit high power laser pulses

toward the cell matrix 10 via a laser transparent aperture 16. A reflective

device, i.e. mirror, 18 is mounted on a dual-axis actuator (not shown) in the

main laser output path, the actuator being communicably coupled with a control

system that is configured to cause the actuator (and, therefore, the mirror 18) to

move thereby to selectively direct the laser output through the aperture 16

toward selected cells 12 of the matrix 10 . The control system may, for example,

be configured to cause the laser output to be scanned across the cell matrix

providing a pulse (or more than one pulse) to each selected cell, either via a

raster pattern or a pattern optimised to suit the type of radiation modifying

component required to be created and its operational requirements.

As mentioned briefly above, the laser pulse is self-focussing by means of

the 'Kerr' effect, thereby enabling it to deliver enough concentrated power to

heat or ionise the cell at which it is directed. The Kerr effect is a change in the

refractive index of a material in response to an applied electric field. In the case

of a laser pulse of sufficiently high power, its electric field is sufficiently high to

change the refractive index of the air. As a result, the cross-sectional area of

the pulse (perpendicular to the direction of propagation) can be thought of as

shrinking with distance (due to the differences in refractive index), thus bringing

the pulse to an intense focus at some point down range of the laser, in this case

at the selected cell. This intense focus is of sufficiently high intensity to heat or

ionise the cell to change its refractive index and/or other radiation path

modifying properties. One or more pulses may be provided per cell, dependent

upon the desired effect and environmental conditions. It may also be necessary

to periodically re-supply laser pulses to all selected cells to maintain the

required change in refractive index and other radiation modifying properties for

as long as the electromagnetic radiation path modifying component is required.

Referring to Figure 3 of the drawings, apparatus that may be used in an

alternative exemplary embodiment of the invention, two CW (continuous wave)

laser sources 20, 22 may be provided in respective enclosures 24, 26, each



having a laser transparent aperture 28, 30 therein. Once again, each laser

system is provided with a mirror 32, 34 mounted on a dual-axis actuator (not

shown) communicably coupled to a control system (not shown). Operation of

the system is similar, in principle, to that described previously with reference to

Figure 2 of the drawings except, in this case, two (or more) spatially separated

CW lasers (which may be mounted on the same platform or across different

platforms) are used to selectively heat/ionise the atmosphere in each required

cell. This is achieved by ensuring (through pointing) that the laser beams cross

over at the same point (in the selected cell 12), thereby ensuring that sufficient

power is attained. Such scanning may be performed on the basis of a control

system configured to maintain a predetermined spatial separation and

orientation between the atmospheric component and the electromagnetic

radiation source. However, in an alternative exemplary embodiment, such

scanning may be performed using a control system configured to direct the

source(s) at specific coordinates corresponding to specific respective absolute

locations within the atmosphere.

In yet another exemplary embodiment, and either in addition to the

above-mentioned arrangements or alternatively, it is envisaged that a beam

splitter could be employed to split a laser beam into numerous new paths

corresponding to the configuration of a plurality of respective cells to be

targeted. Thus, a plurality of such cells could be targeted simultaneously,

without the need for scanning a single laser path across the cell matrix.

In the following, a number of exemplary atmospheric electromagnetic

radiation path modifying components that can be created in this manner will

now be described, one or more of which could be used in a solar or an

electromagnetic energy concentrator apparatus according to any one of a

number of exemplary embodiments of the present invention. However, it will be

appreciated by a person skilled in the art that the principles set forth herein can

be applied in numerous different ways in order to create different types and

configurations of solar or electromagnetic energy concentrator, and the present

invention is not necessarily intended to be limited in this regard.

Referring to Figure 4 of the drawings, in one of its simplest forms, the

principles described above may be employed to create an atmospheric



converging lens. The illustrated lens 40 is of a double concave lens

configuration (i.e. opposite to the normal double convex lens configuration of a

physical converging lens, since then heating of the cells causes the refractive

index of the air therein to be decreased) and, in the example shown, has been

created generally centrally within the cell matrix 10 with its longitudinal axis in

line with the generally central vertical axis of the matrix 10 . In order to create

the lens 40, the cells corresponding to the three-dimensional 'structure' of a

double concave lens are heated, for example using one of the methods

described above, thereby to reduce the refractive index of those cells relative to

the surrounding cells, and cause the rays of an incoming beam 4 1 of

electromagnetic radiation to be refracted as they enter the component 40 and

converge to a focal point 42. It will be appreciated here that the refractive index

(n2) of the heated region is less than that (n1 ) of the unheated region 10 . Thus,

the double concave formation of the heated region 40 is required to attain the

desired converging characteristic. For the avoidance of doubt, it will be

appreciated that the component 40 is a three-dimensional region within the cell

matrix comprised of a plurality of atmospheric cells, each of which has been

heated in order to attain the required refractive index. In an alternative

exemplary embodiment, a converging lens may be created by heating the cells

surrounding a three-dimensional configuration of cells in the shape of a convex

lens (similar in form to that of a conventional converging lens). Thus, the

resultant atmospheric element would comprise a convex lens-shaped region of

unheated cells surrounded by a body of heated cells. In this case, because the

refractive index of air is greater than that of the heated air, and due to the

double convex shape of the unheated region, the resultant atmospheric element

operates like a conventional double convex converging lens. In yet another

exemplary embodiment, the body of heated cells may form an annulus having,

for example, a double convex cross-section.

A control system may be employed to ensure that the correct amount of

laser power is applied to each cell in order to attain the required level of heating,

having regard to environmental factors and the refractive index change required

to be achieved. When the electromagnetic radiation path modifying component



is no longer required (for example, at night), the laser power can simply be

removed, and the atmospheric cells will quickly return to their normal state.

In the case described above with reference to Figure 4 of the drawings,

the refractive index of the heated cells forming the lens structure is substantially

constant, and varying radiation path modifying properties can be achieved by

the geometry of the component (i.e. size, profile, 'thickness). In other words, as

with a physical component, it is just the geometry of the three dimensional

volume of heated cells that defines the function of the resultant lens.

Referring now to Figure 5 of the drawings, in other exemplary

embodiments of the present invention, diffractive and refractive properties may

be combined in order to create more complex configurations of atmospheric

electromagnetic radiation path modifying elements for use in a solar

concentrator apparatus according to exemplary embodiments of the invention.

In the illustrated example, a Fresnel zone plate 46 is defined substantially

diagonally across the cell matrix 10 . The zone plate 46 is formed of concentric

rings of heated cells, diametrically separated by unheated cell regions, or it may

be formed of concentric rings of ionised cells (reflective) diametrically separated

by regions of heated or unheated cells (transmissive). The resultant component

combines refraction with the diffractive effects from boundaries between regions

of significantly different refractive index and/or electromagnetic properties.

Thus, it can be seen that more complex electromagnetic radiation path

modifying components can be created by varying both the geometry and the

refractive indices within the atmospheric 'structure'.

As explained above, it is also possible to simulate reflective components

and arrangements for use in sensors according to various exemplary

embodiments of the present invention. Thus, referring to Figures 6 and 6A of

the drawings, a focussing arrangement is illustrated which is comprised of two

reflective atmospheric lenses 50, 52. In this case, two spatially separated cell

matrices 10a, 10b are defined, both of which are three-dimensional concave

elements (relative to the incoming beam of electromagnetic radiation 54).

The atmospheric reflective lenses 50, 52 are formed by ionisation of

selected cells (in a configuration matching the required 'structure' and



orientation of the respective lenses within the cell matrices 10a, 10b. In the

example illustrated, the ionisation of the cells for both lenses may be effected by

means of a pair of laser sources 55a, 55b mounted, for example, in, on or near

a solar panel array or platform. However, it is envisaged that, using a different

control system, a single laser source could be used to create two or more

spatially separated atmospheric radiation modifying components. In use, an

incoming beam 54 of electromagnetic radiation, such as solar radiation or radio

frequency electromagnetic radiation from a directed energy weapon system,

hits the first reflective lens 50 and is reflected and converged toward the second

reflective lens 52. The beam 54 is then reflected and converged by the second

reflective lens 52 toward a specified region.

In the examples illustrated, the cell matrices 10a, 10b are 'upright' and

the orientation of the atmospheric radiation path modifying elements is achieved

by the pattern of the ionised/heated cells. However, it will be appreciated that,

in alternative exemplary embodiments of the invention, the cell matrix itself may

be oriented to match the required orientation of the radiation path modifying

element and, in this case, the populated cell pattern (relative to the cell matrix)

will always be the same for a particular radiation path modifying element of a

specified size. Also, it will be appreciated that a more 'curved' profile of the

elements thus created may be achieved by varying the degree of

heating/ionisation in the peripheral populated cells.

Referring to Figure 7 of the drawings, an apparatus for use in a solar or

an electromagnetic energy concentrator apparatus in accordance with an

exemplary embodiment of the present invention for creating the primary

objective electromagnetic radiation path modifying element for electromagnetic

radiation 'collection' comprises a control module 100 communicably coupled to,

for example, a dual-axis actuator on which a reflective component is mounted

within a laser system such as that described above with reference to Figures 2

and 3 of the drawings. Such a laser system may, for example, be mounted on

or in relation to a solar panel array or an aerial platform, for example.

The control module 100 comprises a processor 102 communicably

coupled to a database 104. The database has stored therein data

representative of one or more cell matrices, representative of respective



atmospheric volumes, and the cells therein that need to be 'populated' (i.e.

heated or ionised) in order to construct a respective three-dimensional

atmospheric electromagnetic radiation path modifying element. Such data may

also include information as to the degree of ionisation/heating required to be

maintained in order to achieve the required electromagnetic radiation modifying

characteristics of the element. It will be appreciated that the database may

simply include a single 'template' or populated cell matrix, bespoke to the

platform or application in which the respective atmospheric element is to be

used. However, in alternative exemplary embodiments, the database may

include a plurality of different such templates from which a required component

can be selected for use, as required. A sensor (not shown) may be provided for

monitoring the angle of incidence of the principal solar radiation or

electromagnetic energy rays and the processor is configured to receive such

sensor signals, via an interface 106, together with tracking signals from, for

example, a radar tracking device, representative of the relative location of a

target platform, when the electromagnetic energy is for direction at a target, and

in response thereto retrieve data representative of the size and orientation of

the required electromagnetic radiation path modifying component in order to

focus the solar or electromagnetic energy onto a specified region, for example a

solar panel or the target platform. Electromagnetic radiation sensors and

trackers are known in the art for detecting and tracking electromagnetic signals,

and such devices will be known to a person skilled in the art. In alternative

exemplary embodiments, where the electromagnetic energy source is the sun,

rather than using a sensor, the angle of incidence of the solar radiation may be

predicted using the date, time of day and geographic location together with a

defined table of solar positions, as will be apparent to a person skilled in the art.

Feedback may be provided, not only from the quality monitoring module

(described below), but also from a monitoring device located within the solar

panel itself, in order to ensure that the effectiveness of the panel is optimised

according to the solar position and angle of incidence or, for an electromagnetic

energy concentrator to direct energy at a target, the location of the

electromagnetic energy source (e.g. the sun or a radio frequency directed

energy weapon) and angle of incidence, as well as the relative location of the

target platform.



Thus, the processor 102, in response to the sensor signal(s), searches

the database 104 for the populated cell matrix data corresponding to the size

and/or orientation of the atmospheric component required to be created, and

retrieves the associated data. A transformation module 108 is provided, which

transforms the matrix cell data onto data representative of the real atmospheric

matrix cell within which the atmospheric component is to be created, both in

terms of size and orientation thereof, and determines precise coordinates for

the location of each real atmospheric cell relative to the corresponding

respective cell of the stored matrix, and a mapping module 110 maps the

respective population data from the stored cell matrix onto the data

representative of the real atmospheric cell matrix accordingly. Thus, the

processor now knows the precise physical location of each cell in the real

atmospheric cell matrix and the cell 'population' pattern required to create the

atmospheric component. Finally, such data is converted, by a signal processing

module 112, into a scanning pattern comprised of a pattern of actuation signals

configured to move and actuate the laser beam(s) in order to selectively

heat/ionise the real atmospheric cell matrix in the required pattern (and to the

required degree) to create the three-dimensional atmospheric electromagnetic

radiation path modifying element. In other words, the actuation signals are

configured to control the power and beam steering of the laser source(s) to

heat/ionise each selected cell as required. The electromagnetic radiation

sensor/tracker tracks the path of the incident solar energy and, as the sun

moves across the sky, or movement of the target, and the sensor signals cause

the size/orientation of the atmospheric component to be adjusted by the

processor accordingly, so as to continuously optimise solar energy collection

throughout the day or concentration in respect of the target platform.

Furthermore, an atmospheric lens monitoring system 116 may be

provided within, or communicably coupled to, the control module 100. The

atmospheric lens monitoring system 116 may, for example, comprise a low

power laser of a suitable wavelength (as will be apparent to a person skilled in

the art) to detect atmospheric effects. Thus, the monitoring system 116 may

form part of a feedback loop with the signal processing module 112 to enable

the actuation signals to be adjusted to compensate for atmospheric distortion.



ln alternative exemplary embodiments, the apparatus may comprise a quality

monitoring module for monitoring the performance (i.e. the properties and

characteristics) of the atmospheric element against a predefined set of desired

criteria, and generating signals to dynamically adjust beam steering/splitting

and/or power of the electromagnetic radiation source so as to reduce or

eliminate deviation of the properties and characteristics of the atmospheric

element from that which is defined by the predefined criteria. Such deviation

may be caused by atmospheric distortion or otherwise. In other words,

successive and/or continuous 'fine tuning' of the atmospheric element is

facilitated to create and maintain an atmospheric element having consistently

desired characteristics and quality.

Referring to Figure 8 of the drawings, an electromagnetic energy (in this

case, solar) concentrator apparatus according to an exemplary embodiment of

the present invention is mounted in or on a moving aerial platform 200. The

platform 200 comprises a radar tracker (or receives radar tracking signals from

a remote source) which are indicative of an adversary platform 202 in the

vicinity thereof. In response to detection of an adversary platform 202, the

control system of the apparatus causes an atmospheric electromagnetic

radiation path modifying element 204 to be created in the manner described

above, using one or more on-board laser source 206. The size, location and

orientation of the radiation modifying element 204 is determined by the relative

location of the adversary platform 202, as well as the position of the sun 208 in

the sky, as described above. The atmospheric radiation path modifying element

204 is operative to converge the solar radiation to create a concentrated or

focussed solar energy beam 2 10 directed onto the adversary target 202. The

tracking signals are further utilised to track movement of the adversary platform

202 and adjust the size, location and/or orientation of the radiation modifying

element 204 so as to optimally maintain a concentrated solar energy beam 2 10

on the adversary platform 202 for as long as it is required.

It will be appreciated that an alternative exemplary embodiment of the

present invention could employ atmospheric reflective elements to perform the

concentration of the electromagnetic energy, in a manner similar to that

described with reference to Figure 6 of the drawings.



ln yet another exemplary embodiment of the present invention (not

shown), the electromagnetic energy source may, in fact, comprise a radio

frequency directed energy weapon carried on-board the platform 200, or

elsewhere. In this case, the system of the present invention is configured to

create an atmospheric element that captures and concentrates the RF

electromagnetic energy output from such a DEW system, thereby increasing the

speed at which it is effective and also providing the opportunity to use lower

power RF electromagnetic DEW sources, such that the size, weight and power

overhead in respect of an aerial platform can be reduced.

Referring to Figure 9 of the drawings, a solar concentrator apparatus

according to an exemplary embodiment of the present invention is illustrated, in

use. A solar panel array 300 is shown, mounted in or on the roof 302 of a

building or other structure. A laser source 304, including a control system of the

type described above is also mounted on the roof 302. In use, a sensor in the

control system determines the angle of incidence of the solar energy 308, and

the control system causes an atmospheric converging lens 306 to be created in

the atmosphere between the solar energy and the solar panel array 300,

oriented substantially perpendicular to the angle of incidence of the rays 308.

Thus, the solar energy is concentrated toward a focal point, such that more

photons therefrom are concentrated onto the solar panel array 300, thereby

improving the efficiency of the overall system. The tracking device within the

control system tracks the changing angle of incidence of the solar energy as the

sun moves across the sky, and causes the orientation of the atmospheric lens

206 to change accordingly, such that it is always perpendicular to the angle of

incidence.

It will be appreciated that an alternative exemplary embodiment of the

present invention could employ atmospheric reflective elements to perform the

concentration of the solar energy, in a manner similar to that described with

reference to Figure 6 of the drawings.

It will be appreciated by a person skilled in the art from the foregoing

description that modifications and variations can be made to the described

embodiments without departing from the scope of the invention as defined by

the appended claims. Indeed, it will be appreciated that numerous variations



are possible in terms of the shape and configuration of the three-dimensional

heated/ionised cell combinations in order to define any desired atmospheric

electromagnetic radiation path modifying component in order to optimise solar

or electromagnetic energy collection in any desired circumstances.



CLAIMS

1. An electromagnetic energy concentrator apparatus for capturing

electromagnetic energy and focussing said energy toward a specified

region or target, the apparatus comprising an electromagnetic radiation

source and a control system configured to cause electromagnetic

radiation from said source to be applied to a selected plurality of three-

dimensional portions of an atmospheric volume in a propagation path of

said electromagnetic energy so as to heat and/or ionise the air within

said portions to generate an atmospheric electromagnetic radiation path

modifying element of a given orientation relative to the electromagnetic

radiation source within the atmospheric volume, wherein said selected

portions are spatially located together in a three-dimensional

configuration so as to generate the electromagnetic radiation path

modifying element in a defined orientation within said atmospheric

volume to capture said electromagnetic energy and direct and/or

converge said captured energy toward a focal point at or adjacent to said

specified region or target.

2 . Apparatus according to claim 1, wherein said selected portions are

spatially located together in a substantially unbroken three-dimensional

configuration corresponding to the three-dimensional shape of a

generated electromagnetic radiation path modifying element.

3 . Apparatus according to claim 1, wherein said selected portions are

configured such that the non-selected portions are in a configuration

corresponding to a three-dimensional shape of a generated

electromagnetic radiation path modifying device.

4 . Apparatus according to claim 1, wherein said selected portions are

spatially located together in a three-dimensional configuration

corresponding to an annulus having a non-circular cross-section.

5 . Apparatus according to any of the preceding claims, wherein said

electromagnetic radiation path modifying element generated by said

selected portions is a lens, and wherein said control system is configured

to cause electromagnetic radiation from said source to be applied to said



selected plurality of three-dimensional portions so as to heat and/or

ionise the air therein and change the refractive index thereof.

6 . Apparatus according to claim 5 , wherein said electromagnetic radiation

path modifying element generate by said selected portions is a

converging lens and said selected portions are spatially located together

in a concave lens configuration.

7 . Apparatus according to claim 5 , wherein the atmospheric element is

operative to generate a converging lens and the non-selected portions

are spatially located together in a convex lens configuration.

8 . Apparatus according to claim 5 , wherein said electromagnetic radiation

path modifying element generated by said selected portions is a

diffractive lens and said selected portions define a plurality of three-

dimensional shapes, each spatially separated from each other within said

atmospheric volume.

9 . Apparatus according to claim 1 or claim 2 , wherein said electromagnetic

radiation path modifying element generated by said selected portions is a

reflective device and wherein said control system is configured to cause

electromagnetic radiation from said source to be applied to said selected

plurality of three-dimensional portions so as to heat and/or ionise the air

therein.

10 .Apparatus according to any of the preceding claims, wherein said

atmospheric volume is divided into an array of three dimensional

portions, and said control system is configured to cause said

electromagnetic radiation from said source to be applied to said selected

portions.

11.Apparatus according to claim 10 , wherein the electromagnetic radiation

source comprises a beam steering mechanism for selectively steering a

beam of electromagnetic radiation output therefrom, said control system

being communicably coupled to said beam steering mechanism and

configured to generate signals for steering said beam of electromagnetic

radiation relative to said atmospheric volume so as to sequentially apply

electromagnetic radiation to said selected portions.



12. Apparatus according to any of the preceding claims, further comprising a

monitoring module for monitoring atmospheric conditions along the path

between the electromagnetic source and the generated electromagnetic

radiation path modifying element including within the element itself and

the surrounding volume of said element, generating data representative

thereof, and transmitting said data to said control system which is further

configured to adjust at least one characteristic of said electromagnetic

radiation applied to said selected portions of said atmospheric volume so

as to compensate for atmospheric distortion.

13 .Apparatus according to any of the preceding claims, further comprising a

quality monitoring module for monitoring the performance of the

generated electromagnetic radiation path modifying element against a

predefined set of desired criteria, and generating signals to dynamically

adjust beam steering/splitting and/or power of the electromagnetic

radiation source so as to reduce or eliminate deviation of the properties

and characteristics of the simulated electromagnetic radiation path

modifying element from that which is defined by the predefined criteria.

14. A method of generating an atmospheric electromagnetic radiation path

modifying element operative to generate an electromagnetic energy

concentrator and direct said electromagnetic energy towards a region or

target, the method comprising dividing an atmospheric volume into a

matrix of three dimensional portions, defining the orientation of the

atmospheric electromagnetic radiation path modifying element in said

atmospheric volume to enable capture of said electromagnetic energy

and direction and/or convergence of said captured energy toward a focal

point at or adjacent to said specified region or target., applying

electromagnetic radiation to a selected plurality of three-dimensional

portions of the atmospheric volume, located within a path of said

electromagnetic energy, so as to heat and/or ionise the air within said

portions thereby to define the orientated atmospheric electromagnetic

radiation path modifying element in the atmospheric volume, wherein

said selected portions are spatially located together in a substantially

unbroken three-dimensional configuration.



15 .A control system for apparatus according to any of claims 1 to 13

configured to be communicably coupled to said electromagnetic radiation

source, said control system comprising a database on which is stored

data representative of a three-dimensional matrix configuration of a

plurality of three-dimensional elements in different orientations, and a

processor for mapping said stored three-dimensional configuration of

elements to an atmospheric volume, the processor being further

configured to generate actuation signals configured to cause said

electromagnetic radiation source to apply electromagnetic radiation to a

selected plurality of portions of said atmospheric volume so as to heat

and/or ionise the air therein to thereby generate said atmospheric

electromagnetic radiation path modifying element in a defined orientation

within said atmospheric volume, said selected portions being spatially

located together in substantially the same configuration as said stored

three-dimensional matrix configuration of elements.



















A . CLASSIFICATION O F SUBJECT MATTER

INV. F24J2/06 F24J2/08 G02F1/01 G02F1/29 F24J2/40
G02F1/09

ADD.
According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G02F F24J H02S H01L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 5 269 288 A (STI RBL ROBERT C [US] ET 1-15
AL) 14 December 1993 (1993-12-14)
col umn 5 , 1i ne 28 1i ne 51 ; f i gures 1-3
col umn 5 , 1i ne 65 col umn 6, 1i ne 5 ;
f i gures 1-3
col umn 6, 1i ne 15 l i ne 27 ; f i gures 1-3
col umn 6, 1i ne 47 1i ne 59 ; f i gures 1-3
col umn 6, 1i ne 60 col umn 7, l i ne 2 ;
f i gures 1-3

US 5 415 156 A (STI RBL ROBERT C [US] ET 1-15
AL) 16 May 1995 (1995-05-16)
col umn 5 , l i ne 48 - col umn 7, l i ne 30;
f i gures 1-3

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

16 June 2016 04/07/2016

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Mendao, Joao



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 94/28361 Al (STI RBL ROBERT C [US] ; WI LK 1 , 2 ,4,5 ,
PETER J [US] ) 8 December 1994 (1994-12-08) 9-15
page 17 , l i ne 2 - page 19 , l i ne 27 ;
f i gures 1-3

US 2009/171477 Al (NAYFEH TAYSI R H [US] ET 1 , 14
AL) 2 July 2009 (2009-07-02)
paragraph [0031] ; f i gure 2A

W0 2011/057342 Al (K0H HONG SE0W [AU] ) 1 , 14
19 May 2011 (2011-05-19)
page 7 , l i ne 4 - page 8 , l i ne 5 ; f i gures
2 , 3

US 5 593 549 A (STI RBL ROBERT C [US] ET 1 , 2 ,4,5 ,
AL) 14 January 1997 (1997-01-14) 9-15
col umn 7 , l i ne 6 - l i ne 27 ; f i gures 1 , 2
col umn 7 , l i ne 36 - l i ne 47 ; f i gures 1 , 2
col umn 7 , l i ne 59 - col umn 8 , l i ne 4 ;
f i gures 1 , 2
col umn 8 , l i ne 24 - l i ne 47 ; f i gures 1 , 2

US 4 686 605 A (EASTLUND BERNARD J [US] ) 1-15
11 August 1987 (1987-08-11)
f i gures 1 , 2 , 4



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 5269288 A 14-12-1993 NONE

US 5415156 A 16-05-1995 NONE

WO 9428361 Al 08-12-1994 AU 7045094 A 20-12-1994
O 9428361 Al 08-12-1994

US 2009171477 Al 02-07-2009 NONE

WO 2011057342 Al 19-05-2011 NONE

US 5593549 A 14-01-1997 NONE

US 4686605 A 11-08-1987 NONE


	abstract
	description
	claims
	drawings
	wo-search-report

