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(57) ABSTRACT 

There is an increasingly intense need to harness solar energy 
due to an ever growing shortage of conventional energy 
sources, The instant invention is concerned with method and 
apparatus for solar concentrator micro-mirrors on solar 
power satellites and the moon to focus and re?ect large 
quantities of solar energy. Method and apparatus are taught 
for directly re?ecting solar energy to the Earth; re?ecting 
solar energy to a microwave converter in space which 
transmits microwave energy to the Earth; and re?ecting 
solar energy to a laser radiation converter which beams laser 
radiation to the Earth. The concentrated energy received at 
the Earth may be converted directly to electricity or indi 
rectly by thermo-mechanical means. The advantages and 
disadvantages of the di?‘erent means of sending such con 
centrated energy to the Earth are discussed. A particularly 
important objective of this invention is the focussing of 
sunlight for solar power conversion and production. The 
instant invention can contribute to the goal of achieving 
environmentally clean solar energy on a large enough scale 
to be competitive with conventional energy sources. 
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MICRO-OPTICS CONCENTRATOR FOR SOLAR 
POWER SATELLITES 

[0001] The following US. patents, allowed patent appli 
cations, and pending patent applications are fully incorpo 
rated herein by reference: 

[0002] 1. US. Pat. No. 6,843,573 by Mario RabinoWitZ 
and Mark Davidson “Mini-Optics Solar Energy Concen 
trator” issued on Jan. 18, 2005. 

[0003] 2. US. Pat. No. 6,738,176 by Mario RabinoWitZ 
and Mark Davidson, “Dynamic Multi-Wavelength 
Switching Ensemble” issued on May 18, 2004. 

[0004] 3. US. Pat. No. 6,612,705 by Mark Davidson and 
Mario RabinoWitZ, “Mini-Optics Solar Energy Concen 
trator” issued on Sep. 2, 2003. 

[0005] 4. US. Pat. No. 6,698,693 by Mark Davidson and 
Mario RabinoWitZ, “Solar Propulsion Assist” issued on 
Mar. 2, 2004. 

[0006] 5. US. Publication #2003-0193726-A1 by Mark 
Davidson and Mario RabinoWitZ, “Active Re?ection, 
Illumination, and Projection” published on Oct. 16, 2003. 

[0007] 6. US. Publication #Not Designated Yet, by Mario 
RabinoWitZ, “Spinning Concentrator Enhanced Solar 
Energy Alternating Current Production” is Pending. 

[0008] 7. US. Publication #Not Designated Yet, by Mario 
RabinoWitZ, “Manufacturing Transparent Mirrored Mini 
Balls for Solar Energy Concentration and Analogous 
Applications” is Pending. 

[0009] 8. US. Publication #Not Designated Yet, by Mario 
RabinoWitZ, “Advanced Micro-Optics Solar Energy Col 
lection System” is Pending. 

[0010] 9. US. Publication #Not Designated Yet, by Mario 
RabinoWitZ, “Alignment of Solar Concentrator Micro 
Mirrors” is Pending. 

[0011] 10. US. Publication #Not Designated Yet, by 
Mario RabinoWitZ and Felipe Garcia, “Group Alignment 
Of Solar Concentrator Micro-Mirrors” is Pending. 

[0012] 11. US. Publication #Not Designated Yet, by 
Mario RabinoWitZ and David V. Overhauser, “Manufac 
ture and Apparatus for Nearly Frictionless Rotatable 
Array of Micro-Mirrors in a Solar Concentrator Sheet” is 
Pending. 

[0013] 12. US. Publication #Not Designated Yet, by 
Mario RabinoWitZ, “Improved Micro-Optics Solar Energy 
Concentrator” is Pending. 

[0014] 13. US. Publication #Not Designated Yet, by 
Mario RabinoWitZ, “Dynamic Re?ection, Illumination, 
and Projection” is Pending. 

[0015] 14. US. Publication #Not Designated Yet, by 
Mario RabinoWitZ, “Induced Dipole Alignment of Solar 
Concentrator Balls” is Pending. 

BACKGROUND OF THE INVENTION 

[0016] Due to pollution and resource attrition, conven 
tional fossil fuel energy sources such as coal, oil, and natural 
gas must soon be supplanted by reneWable poWer sources 
such as solar energy. HoWever, solar energy has not alWays 
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been directly available on Earth due to atmospheric condi 
tions. Even during clear Weather, the back-scattering by the 
atmosphere attenuates solar poWer from 1400 W/m2 above 
the atmosphere to 1000 W/m2, at best, on Earth. Because of 
scattering of light in the atmosphere, the diffuse component 
of the 1000 W/m2 on Earth is not available for specular 
re?ection from a concentrator to a conversion receiver. So 

depending on atmospheric conditions, air density ?uctua 
tions and composition, only a peak poWer density of about 
850 W/m2 may be available for conversion in a concentrator 
system on Earth. HoWever the full 1400 W/m2 is available 
in outer space to the micro-optics solar concentrator of the 
instant invention. 

[0017] Even 1000 W/m2 is not alWays available for direct 
conversion on Earth, depending on time and Weather. Cap 
turing the sun’s energy With a Solar PoWer Satellite above 
the atmosphere can avoid both the problems of variable 
Weather, and of sunlight scattering in all directions from the 
atmosphere. A full 1400 W/m2 Would be available for both 
direct conversion and for a concentrator system. This is one 
Way that solar energy Would be available in both good and 
bad Weather. 

[0018] The instant invention differs substantially from all 
previous Solar PoWer Satellite systems in the use of a 
micro-optics solar concentrator. In particular it differs from 
assemblages such as those of Glaser US. Pat. No. 3,781, 
647; BroWn US. Pat. No. 3,989,994; Jung and Whalen US. 
Pat. Nos. 4,234,856 and 4,264,876; Preukschat US. Pat. No. 
4,384,692; Fitch and Spencer US. Pat. No. 4,408,206; 
Copeland and Martin US. Pat. No. 4,415,759; and Sim 
burger US. Pat. No. 6,127,621. None of these patents utiliZe 
a micro-optics solar concentrator. Nor do any of these 
patents teach or have the capability of directly re?ecting and 
focussing sunlight to a receiver based on the ground. The 
US. Space Program successfully uses solar energy for 
poWer on board spacecraft. The instant invention enables the 
transmission of solar energy from orbiting satellites and 
even the moon to the Earth. 

DEFINITIONS 

[0019] “Bipolar” refers herein to either a magnetic assem 
blage With the tWo poles north and south, or an electric 
system With + and — charges separated as in an electret. 

[0020] “Concentrator” as used herein in general is a 
micro-mirror system for focussing and re?ecting light. In a 
solar energy context, it is that part of a solar Collector 
system that directs and concentrates solar radiation onto a 
solar Receiver. 

[0021] “Concentration factor” is < or ~ of the ratio of the 
area of the concentrator to that of the area of the receiver. It 
is the factor such as 10><, 100x, etc. by Which the solar ?ux 
is concentrated at the receiver relative to the ordinary solar 
?ux. 

[0022] “Dielectric” refers to an insulating material in 
Which an electric ?eld can be sustained With a minimum 
poWer dissipation. [Most transparent materials are dielec 
trics. HoWever Indium/Tin Oxide (also called ITO in the 
literature) is a conductor that is also transparent.] 

[0023] “Elastomer” is a material such as synthetic rubber 
or plastic, Which at ordinary temperatures can be stretched 
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substantially under loW stress, and upon immediate release 
of the stress, Will return With force to approximately its 
original length. 
[0024] “Electret” refers to a solid dielectric possessing 
persistent electric polarization, by virtue of a long time 
constant for decay of charge separation. 

[0025] “Element” or ‘ball’ or “cylinder” refers to the basic 
mirrored component of the instant invention Which in a 
broad sense are spheroids and cylinders. The elements are 
transparent in the upper semi-sphere or semi-cylinder 

[0026] “Focussing planar mirror” is a thin almost planar 
mirror constructed With stepped varying angles so as to have 
the optical properties of a much thicker concave (or convex) 
mirror. It can heuristically be thought of someWhat as the 
projection of thin equi-angular segments of small portions of 
a thick mirror upon a planar surface. It is a focusing planar 
re?ecting surface much like a planar Fresnel lens is a 
focusing transmitting surface. If a shiny metal coating is 
placed on a Fresnel lens it can act as a Fresnel re?ector. 

[0027] “Geosynchronous (geostationary) orbit” is a satel 
lite orbit parallel to the Earth’s equatorial plane at an altitude 
of 22,300 miles. such that a satellite moving East to West 
Would be in synchronous rotation With the Earth so that it is 
stationary With respect to any point on the Earth. 

[0028] “ITO” is a conducting alloy of Indium/Tin Oxide 
that is transparent. 

[0029] “Laser” of the traditional kind, basically utiliZes 
the natural frequencies of atoms or molecules betWeen 
alloWed energy levels for generating coherent electromag 
netic radiation in the ultraviolet, visible, or infrared regions 
of the spectrum. 

[0030] “Packing fraction” herein refers to the fraction of 
an available area occupied by the collection (ensemble) of 
rotatable elements. 

[0031] “Receiver” as used herein in general is a system for 
receiving re?ected light. In a solar energy context, it receives 
concentrated solar radiation from the micro -mirror assembly 
for the conversion of solar energy into more conveniently 
usable energy such as electricity. 

[0032] “Thermoplastic” refers to materials With a molecu 
lar structure that Will soften When heated and harden When 
cooled. This includes materials such as vinyls, nylons, 
elastomers, fuorocarbons, polyethylenes, styrene, acrylics, 
cellulosics, etc. 

[0033] “Zeta potential,” is the net surface and volume 
charge that lies Within the shear slipping surface resulting 
from the motion of a body through a liquid. It is an electrical 
potential that exists across the interface of all solids and 
liquids. It is also knoWn as the electrokinetic potential. The 
Zeta potential produces an electric dipole moment (?eld) of 
a spherical body When it is made from tWo dielectrically 
di?ferent hemispheres due to the interaction of the sphere 
With the ?uid that it is immersed in. 

SUMMARY OF THE INVENTION 

[0034] This invention provides a means for reducing the 
cost of solar energy derived from solar poWer satellites by 
utiliZation of a micro-optics solar concentrator that is both 
lightWeight and loW cost. The technology disclosed in the 
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instant invention makes available large quantities of poWer 
that can be transmitted from space to the Earth from either 
man-launched orbiting satellites or the moon. In the various 
embodiments of this invention solar poWer can be directly 
re?ected to the Earth by the concentrator; enabled conver 
sion by the concentrator to microWaves Which are radiated 
to the Earth; or enabled conversion by the concentrator, and 
then beamed by lasers to the Earth. The advantages and 
disadvantages of these approaches Will be given in conjunc 
tion With the detailed description of these embodiments. 

[0035] In addition to the ability to re?ect light directly to 
the Earth, the micro-optics solar concentrator of this inven 
tion provides a loW cost means for achieving a?fordable solar 
energy by greatly reducing the Weight and cost of solar 
concentrators Which increase (concentrate) the density of 
solar energy incident on the solar energy converters in a 
satellite. A limiting factor in the utiliZation of solar energy is 
the high cost of energy converters such as photovoltaic cells. 
For example, for the purpose of generating electricity, a 
large area of expensive solar cells may be replaced by a 
small area of high-grade photovoltaic solar cells operating in 
conjunction With the inexpensive intelligent micro-optics of 
this invention. Thus the instant invention can contribute to 
the goal of achieving environmentally clean energy on a 
large enough scale to be competitive With conventional 
energy sources. 

[0036] The rotatable elements of this invention are mir 
rored balls and cylinders that are transparent in the upper 
semi-sphere or semi-cylinder. As derived in Us. Pat. No. 
6,843,573 of Which the inventor of this instant invention is 
the co-inventor, balls in a square array have a packing 
fraction of 0.785 and 0.907 in an hexagonal array. Balls have 
an advantage over cylinders in that they can operate in either 
a single-axis or tWo-axis tracking mode. Cylinders have an 
advantage over balls in that they can have a packing fraction 
of nearly 1, but they are limited to a single-axis tracking 
mode. 

[0037] The micro-mirrors of this invention may be aligned 
by a Wide variety of embodiments using electomagnetically 
interactive materials such as electret, optoelectric, conduct 
ing, thermoelectric, electrophoretic, Zeta potential, resistive, 
semiconductive, insulating, pieZoelectric, magnetic, ferro 
magnetic, paramagnetic, diamagnetic, or spin (e.g. spin 
glass) materials. These different alignment means have 
many things in common, and each can be used to advantage 
depending on circumstances. These different embodiments 
have never been used or taught for a solar concentrator, 
though most are Well-knoWn in other ?elds. My novel 
induced dipole method of alignment is a preferred embodi 
ment since no electret or magnet needs to be embedded in 
the balls, thus simplifying the manufacturing process and 
reducing costs. It is similarly advantageous over the Zeta 
potential method Which requires that the balls each be made 
from tWo dielectrically di?ferent hemispheres. In conjunc 
tion With FIGS. 5, 6, and 7, for speci?city I Will describe in 
detail my novel induced dipole method of alignment Which 
uses just one dielectric material. From this speci?c case the 
reader may understand the general idea of hoW alignment 
Works, and also gain an insight into hoW other methods 
operate. 

[0038] A preferred embodiment of the instant invention 
achieves alignment by the induced dipole alignment of solar 
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concentrator balls such that the dipole that is induced in the 
dielectric material surrounding a mirror acts in harmony 
With the induced dipole in each mirror. An external applied 
electric ?eld E induces a dipole by polarizing the dielectric 
to partially cancel the ?eld E inside the dielectric. In an 
applied electrostatic ?eld, E, a dipole moment is induced in 
the metallic conducting material of the micro-mirrors 
because the charge distributes itself so as to produce a ?eld 
free region inside the conductor. To internally cancel the 
applied ?eld E, free electrons move to the end of each 
conducting mirror antiparallel to the direction of E, leaving 
positive charge at the end that is parallel to the direction of 
E. The electrostatic ?eld induces and aligns the electrostatic 
dipoles of the dielectric and mirrors in a Way someWhat 
analogous to an induced magnetic dipole in a pivoted 
ferromagnetic material in a magnetic ?eld. When pivoted, a 
high aspect ratio (length to thickness ratio) ferromagnetic 
material becomes polarized and rotates to align itself parallel 
to an external magnetic ?eld. Similarly an electrostatic ?eld 
polarizes and aligns each dielectric ball and mirror. The 
mirror has a high aspect ratio of diameter to thickness. The 
ball is bifurcated into tWo semi-balls, each of Which has a 
high aspect ratio of diameter to thickness. 

[0039] The instant invention obviates or minimizes the 
major disadvantages associated With direct collection and 
conversion of solar energy on the Earth. There are many 
objects, aspects, and applications of this invention. Broadly 
this invention deals With the general concept of method and 
apparatus for focussing solar energy from solar poWer 
satellites to the Earth by using an on-board micro-mirror 
concentrator in any of a number of embodiments. A particu 
larly important object is the focussing and transmission of 
solar energy from space for poWer conversion and produc 
tion on Earth. Accordingly, other aspects and advantages are 
given beloW. 

[0040] A particularly important aspect is to provide a 
satellite direct re?ection and focussing system for solar 
radiation. 

[0041] Another aspect is to provide a loW cost, light 
Weight micro-optics concentrator on board a satellite for the 
conversion of solar energy to microWaves. 

[0042] Another aspect is to provide a loW cost, light 
Weight micro-optics concentrator on board a satellite for the 
conversion of solar energy to laser coherent radiation. 

[0043] Another aspect is to provide a rugged satellite 
system for conversion of solar energy to heat. 

[0044] Another aspect is to provide a light-Weight micro 
optics concentrator that can be utilized in the transmission of 
solar energy from the moon. 

[0045] Another aspect is to provide large-scale environ 
mentally clean energy. 

[0046] Another aspect is to help in the industrialization of 
developing countries. 

[0047] Another aspect is to provide a loW-cost, tough, 
light-Weight, concentrated e?icient solar energy converter 
that is highly portable. 

[0048] Another aspect is to provide a miniaturized quasi 
planar heliostat ?eld con?guration that can track the sun. 
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[0049] Another aspect is to provide a portable system that 
can easily go anyWhere man can go, to track and concentrate 
the sun’s energy. 

[0050] Other aspects, objects and advantages of the inven 
tion Will be apparent in a description of speci?c embodi 
ments thereof, given by Way of example only, to enable one 
skilled in the art to readily practice the invention as 
described hereinafter With reference to the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] FIG. 1 is a perspective vieW shoWing tWo solar 
poWer re?ecting satellites Which orbit the Earth, and are 
equipped With micro-optics solar concentrators to directly 
re?ect and focus solar energy to the Earth. 

[0052] FIG. 2 is a perspective vieW shoWing tWo solar 
poWer satellites Which orbit the Earth, and are each equipped 
With a micro-optics solar concentrator to re?ect and focus 
solar energy to an energy converter Which then poWers a 
microWave transmitter to radiate energy to the Earth. 

[0053] FIG. 3 is a perspective vieW shoWing tWo solar 
poWer satellites Which orbit the Earth, and are each equipped 
With a micro-optics solar concentrator to re?ect and focus 
solar energy to an energy converter Which then poWers a 
laser to beam energy to the Earth. 

[0054] FIG. 4 is a perspective vieW shoWing our moon 
equipped With a micro-optics solar concentrator to re?ect 
and focus solar energy to an energy converter Which then 
poWers a microWave or laser beam to energize the Earth. 
Also shoWn is direct refection and focussing of solar energy 
to the Earth by means of a second micro-optics solar 
concentrator. 

[0055] FIG. 5a is a cross-sectional vieW of a rotatable 
element consisting of an induced dipole mirror sandWiched 
betWeen induced dipole dielectric semi-balls (semi-spheres 
or semi-cylinders), aligned parallel to partitioned electrodes 
Where an ensemble of such elements are a major constituent 
of a micro-optics concentrator. 

[0056] FIG. 5b is a cross-sectional vieW of a rotatable 
element consisting of an induced dipole mirror sandWiched 
betWeen induced dipole dielectric semi-balls (semi-spheres 
or semi-cylinders), aligned perpendicular to partitioned elec 
trodes Where an ensemble of such elements are a major 
constituent of a micro-optics concentrator. 

[0057] FIG. 50 is a cross-sectional vieW of a rotatable 
element consisting of an induced dipole mirror sandWiched 
betWeen induced dipole dielectric semi-balls (semi-spheres 
or semi-cylinders), aligned at a tilted angle With respect to 
partitioned electrodes Where an ensemble of such elements 
are a major constituent of a micro-optics concentrator. 

[0058] FIG. 5d is a cross-sectional vieW of a rotatable 
element With a micro-mirror sandWiched betWeen dielectric 
semi-balls. These elements are completely surrounded by a 
lubricating ?uid Which is encapsulated inside a concentric 
cavity. 

[0059] FIG. 611 represents a top vieW of an array of 
partitioned highly resistive electrodes shoWing in detail a top 
vieW of one such electrode and the voltages at its four 
corners. 
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[0060] FIG. 6b represents a bottom vieW of an array of 
partitioned highly resistive electrodes showing in detail a 
vieW of a bottom electrode and the voltages at its four 
corners. 

[0061] FIG. 711 represents a top vieW of an array of 
fragmented highly resistive Wire electrodes shoWing in 
detail a top vieW of a set of four such adjacent electrodes and 
the voltages at their ends. 

[0062] FIG. 7b represents a bottom vieW of an array of 
fragmented highly resistive Wire electrodes shoWing in 
detail a bottom vieW of a set of four such adjacent electrodes 
and the voltages at their ends. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0063] FIG. 1 is a perspective vieW (not draWn to scale) 
shoWing a solar poWer re?ecting satellite 2 Which orbits the 
Earth, and is equipped With a micro-optics solar concentra 
tor Q containing rotatable elements 1 to intercept solar 
radiation 3 and directly re?ect the solar radiation as a 
focussed beam 30 to a receiving station 20 on the Earth. The 
rotatable elements 1 are balls or cylinders that are preferably 
less than 1 mm in radius, and are transparent in the upper 
semi-sphere or semi-cylinder. The rotatable elements 1 
containing micro-mirrors as described in conjunction With 
FIGS. 5a to 5d are aligned in part by grid lines of Wire 
electrodes 62 as described in conjunction With FIGS. 7a and 
7b. A second orbiting solar poWer re?ecting satellite 3 is 
similarly equipped With a micro-optics solar concentrator Q 
to intercept solar radiation 3 and directly re?ect this solar 
radiation 3 as a focussed beam 30 to another receiving 
station 21 (or the same station 20) on the Earth. The satellites 
g and 3 are preferably in geosynchronous (geostationary) 
orbits and about 8000 miles apart. Such orbits Would keep 
both satellites above the horiZon in direct vieW of the sun, 
and both Would have a direct line of sight to the same 
receiving station 20, When it is desirable to send to the same 
station. Intelligent computer-aided steering With feedback, 
such a Was used in the Lunar Ranging experiments can guide 
the focussed light beam 30. In case of mis-steering of the 
re?ected light 30, the micro-optics solar concentrator Q can 
be quickly de-focussed to greatly reduce the poWer level of 
this beam 30. 

[0064] The receiving station 20 on the Earth Would be 
equipped With a receiver for conversion of the solar beam 30 
to heat and then electricity, or directly to electricity, etc. The 
receiving station 20 could also have a micro-optics concen 
trator to re?ect and focus the beam 30 onto a receiver. The 
electricity thus obtained could then be transmitted over 
superconducting, cryogenic, or ordinary transmission lines, 

[0065] The direct re?ection and focussing of solar radia 
tion is preferred When it is desired to reduce the Weight and 
cost of the solar poWer satellite. The simplicity, light Weight, 
and loW cost of direct re?ection and focussing by the 
micro-optics solar concentrator Q is its main advantage. It 
is simpler, less costly, and less vulnerable to failure than 
systems that transmit microWaves or laser beams from the 
satellites since no conversion equipment is needed on the 
satellite. It is also more e?icient in the poWer sent from the 
satellite, as no energy conversion takes place on the satellite. 
HoWever this needs to be judged relative to some disadvan 
tages of such a direct re?ection and focussing system. Some 
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of the disadvantages are attenuation by the atmosphere, and 
that an optical beam is vulnerable to Weather conditions such 
as clouds. The Weather related disadvantages are someWhat 
ameliorated by having tWo or more solar poWer satellites 
With tWo or more receiving stations. Furthermore, since it is 
not necessary to convert energy at the satellite, this some 
What makes up for atmospheric attenuation. MicroWave and 
laser systems require conversion of solar energy at the 
satellite and then conversion again of the energy radiated to 
the Earth. 

[0066] FIG. 2 is a perspective vieW (not draWn to scale) 
shoWing a solar poWer re?ecting satellite A Which orbits the 
Earth, and is equipped With a micro-optics solar concentra 
tor Q containing rotatable elements to intercept solar radia 
tion 3 and re?ect the solar radiation 3 as a focussed beam to 
a receiver/converter 16 on the satellite 5. The rotatable 
elements 1 are balls or cylinders that are preferably less than 
1 mm in radius, and are transparent in the upper semi-sphere 
or semi-cylinder The rotatable elements 1 containing micro 
mirrors as described in conjunction With FIGS. 5a to 5d are 
aligned in part by grid lines of Wire electrodes 62 as 
described in conjunction With FIGS. 7a and 7b. The ele 
ments 1 (mid-plane mirrored balls and cylinders) may be 
individually oriented as shoWn in FIGS. 5a to 50, or groups 
may be collectively aligned to simplify tracking and focus 
ing. Different groups are given different orientations to 
achieve focusing. The number of mirrors per grid cell are a 
design variable. The voltages can be controlled by a small 
micro-processor (computer) With analog voltage outputs. 
The micro-optics solar concentrator Q is shoWn as a square 
array that can conveniently be put together in modular form 
along the grid lines 62. HoWever, other shapes of the 
concentrator Q such as circular and oval may also be used. 

[0067] An articulated pole 8 supports the receiver/con 
verter 16. As shoWn, the articulated pole 8 alloWs the earth 
pointing transmitter to remain pointing to the earth While the 
micro-optics solar concentrator Q is kept pointing to the 
sun. When the receiver/converter 16 is a solar photovoltaic 
receiver/converter, the pole 8 can serve double duty to 
advantage as both a receiver support and conduit for elec 
trical Wiring to and from the receiver/converter 16. The 
receiver/converter is preferably above the center of the 
micro-optics concentrator Q, positioned at a height about 
equal to that of 1/z the concentrator Q diagonal length 
making an approximately 45 degree angle from it to the 
corners of the concentrator Q. The conduit pole 8 has 
electrical cables in it, Which bring electricity produced by 
the receiver/converter 16 to operate the microWave trans 
mitter 4 Which transmits a microwave beam 5 to the receiv 
ing station 20 on Earth. In case of mis-steering of the 
microWave beam 5, the micro-optics solar concentrator Q 
can be quickly defocused to greatly reduce the poWer level 
of the transmitted microWave beam 5. 

[0068] A second orbiting solar poWer re?ecting satellite § 
is similarly equipped With a micro-optics solar concentrator 
Q to intercept solar radiation 3 and re?ect and focus this 
solar radiation 3 as a focussed beam 30 to a receiver/ 
converter 16 on the satellite §. An articulated pole 8 supports 
the receiver/converter 16. As shoWn, the articulated pole 8 
alloWs the earth pointing transmitter to remain pointing to 
the earth While the micro-optics solar concentratorQ is kept 
pointing to the sun. The pole 8 can serve double duty to 
advantage as both a receiver support and conduit for elec 
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trical Wiring to and from the receiver/converter 16. The 
receiver is preferably above the center of the micro-optics 
concentrator E, but may also be at any position With respect 
to the micro-optics concentrator Q. The conduit pole 8 
carries energy from the receiver/converter 16 to poWer the 
microwave transmitter 4 Which transmits a microWave beam 
to a receiving station 21, or the same station 20 on Earth. The 
satellites A and § are preferably in geosynchronous orbits 
and about 8000 miles apart. Such orbits Would keep both 
satellites above the horiZon in direct vieW of the sun, and 
both Would have a direct line of sight to the same receiving 
station 21, When it is desirable to send to the same station. 

[0069] Both in orbit and on Earth, conversion of the solar 
energy can be accomplished by any of a number of means 
such as photovoltaic, thermoelectric, and thermo-mechani 
cal such as With a Stirling heat engine or turbo-based 
Rankine cycle solar generators. Basically these turbo-gen 
erators can consist of a closed loop Working ?uid that is 
heated to high temperature and pressure through the micro 
mirror solar concentrator system of the instant invention. 
Direct mechanical Work can thus be done, and electricity can 
thus be generated to poWer the microWave transmitters on 
the satellites. 

[0070] An advantage of microWaves is that they can pass 
through the atmosphere With minimal attenuation. The mini 
mal absorption and scattering of microWaves in the atmo 
sphere makes them less vulnerable to the Weather and clouds 
than visible radiation. This makes microwave transmission 
to the Earth from solar poWer satellites preferable to regions 
Which have a great deal of inclement Weather. HoWever the 
disadvantage is one of capital and maintenance cost as Well 
as Weight. 

[0071] FIG. 3 is a perspective vieW (not draWn to scale) 
shoWing a solar poWer re?ecting satellite 6 Which orbits the 
Earth, and is equipped With a micro-optics solar concentra 
tor Q containing rotatable elements 1 to intercept solar 
radiation 3 and re?ect the solar radiation 3 as a focussed 
beam to a laser 17L on the satellite 6. The elements 1 
(mid-plane mirrored balls and cylinders) may be individu 
ally oriented as shoWn in FIGS. 5a to 50, or groups may be 
collectively aligned to simplify tracking and focusing. Dif 
ferent groups are given different orientations to achieve 
focusing. The number of mirrors per grid cell are a design 
variable. The voltages can be controlled by a small micro 
processor (computer) With analog voltage outputs. The rotat 
able elements 1 are balls or cylinders that are preferably less 
than 1 mm in radius, and are transparent in the upper 
scmi-sphcrc or scmi-cylindcr. Thc micro-optics solar con 
centrator Q is shoWn as a square array that can conveniently 
be put together in modular form along the grid lines 62. 
HoWever, other shapes of the concentrator Q such as 
circular and oval may also be used. 

[0072] An articulated pole 8 supports a laser 17L Which 
can be directly pumped by the re?ected radiation from the 
micro-optics solar concentrator Q. As shoWn, the articulated 
pole 8 alloWs the earth pointing transmitter to remain 
pointing to the earth While the micro-optics solar concen 
trator Q is kept pointing to the sun. The laser 17L is 
preferably someWhat centered above the micro-optics con 
centrator Q, at a height such that an approximately 45 
degree angle is made from it to the comers of the concen 
trator Q. The laser 17L transmits a Well-collimated laser 
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beam 6 to the receiving station 20 on Earth. Intelligent 
computer-aided steering With feedback, such a Was used in 
the Laser Lunar Ranging experiments can guide the laser 
beam 6. In case of mis-steering of the laser beam 6., the 
micro-optics solar concentrator Q can be quickly de-fo 
cussed to greatly reduce the poWer level of this beam 30; or 
the laser can be switched off. 

[0073] Any of a number of different kinds of lasers may be 
used. Traditional lasers operate by atomic excitation. A 
collection of atoms is prepared so that there is a population 
inversion ie more atoms are initially excited than not. Then 
an incident light Wave Will stimulate more emission than 
absorption. This produces a net ampli?cation of the incident 
light beam. The acronym LASER stands for Light Ampli 
?cation by Stimulated Emission of Radiation. Population 
inversion can be achieved by concentrating light from the 
sun (or a ?ash lamp) onto the amplifying medium. Altema 
tively lasers may be used to optically pump other lasers. The 
free-electron laser operates by a different principle, Which 
involves transit of electrons through a spatially varying 
magnetic ?eld. This causes the electron beam to Wiggle, and 
hence to radiate. The large Doppler frequency increase at 
relativistic electron speeds can be regulated. This permits 
tunable emission Well beyond both sides of the visible With 
coherent radiation from the millimeter (Well above the 
infrared) doWn to x-ray Wavelength of hundreds of ang 
stroms. 

[0074] The laser preferably produces radiation in the red 
to infrared Wavelengths of ~6000 A to ~20,000 A to 
minimiZe absorption and back-scatter in the atmosphere. 
Any of a number of different kinds of lasers may be used. 
For example a ruby laser producing red light ~7000 A 
Wavelength has been used for lunar ranging experiments in 
beaming light through the atmosphere, re?ecting from an 
array of comer re?ectors on the Moon, back through the 
atmosphere, and back to a detector on the Earth using only 
1 Joule of energy per pulse. A neodynmium YAG (yttium 
aluminum garnet) laser produces infrared radiation ~l0,000 
A Wavelength. An Argon ion laser could also be used. 

[0075] A second orbiting solar poWer re?ecting satellite 7 
is similarly equipped With a micro-optics solar concentrator 
Q to intercept solar radiation 3 and re?ect and focus this 
solar radiation 3 as a focussed beam 30 to a laser 17L on the 
satellite 6. An articulated pole 8 supports a laser 17L Which 
can be directly pumped by the re?ected radiation from the 
micro-optics solar concentrator Q. The laser 17L is above 
the micro-optics concentrator Q. The laser 17L transmits a 
Wcll-collimatcd laser beam 6 to the receiving station 20, or 
another station 21 on Earth. In case of mis-steering of the 
laser beam, the micro-optics solar concentrator Q can be 
quickly defocused to greatly reduce the poWer level of the 
transmitted beam. Or the laser can be switched off. The 
satellites 6 and Z are preferably in geosynchronous orbits 
and about 8000 miles apart. Such orbits Would keep both 
satellites above the horizon in direct vieW of the sun, and 
both Would have a direct line of sight to the same receiving 
station 21, When it is desirable to send to the same station. 

[0076] Lasers are preferable because they produce a nicely 
collimated beam. A loW poWer level laser signal can be used 
for aiming to the Earth receiver 20 or 21 before the poWer 
level is increased to full capacity. Another advantage of laser 
radiation of red or longer Wavelength is that it can pass 
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through the atmosphere With little attenuation. This is Why 
the setting sun looks red, as the red and longer Wavelengths 
pass through the greater travel distance via the atmosphere, 
and the shorter Wavelengths are back-scattered and 
absorbed. The minimal absorption and scattering of long 
Wavelength laser beams in the atmosphere makes them less 
vulnerable to the Weather and clouds than visible radiation. 
HoWever the disadvantage is one of capital and maintenance 
cost as Well as Weight. 

[0077] FIG. 4 is a perspective vieW (not draWn to scale) 
shoWing a micro-optics solar concentrator Q containing 
rotatable elements 1 to intercept solar radiation 3 and re?ect 
the solar radiation 3 as a focussed beam to a Laser and/or 
microWave transmitter 18 on our Moon, Which is our natural 
satellite. The rotatable elements 1 are balls or cylinders that 
are preferably less than 1 mm in radius, and are transparent 
in the upper semi-sphere or semi-cylinder. An articulated 
pole 8 supports a transmitter 18 Which can be directly 
pumped by the re?ected radiation from the micro-optics 
solar concentrator Q When the transmitter 18 is a laser. 
When the transmitter 18 is a microWave transmitter, the solar 
energy re?ected from the micro-optics solar concentrator Q 
is ?rst converted to electrical energy Which is then converted 
to microWaves. The transmitter 18 is preferably above the 
center of the micro-optics concentrator Q, positioned at a 
height about equal to that of 1/2 the concentrator Q diagonal 
length making an approximately 45 degree angle from it to 
the comers of the concentrator Q. The transmitter 18 
transmits a collimated beam 7 to the receiving station 20 on 
Earth. 

[0078] Also shoWn in FIG. 4 is a second micro-optics 
solar concentrator Q containing rotatable elements 1 Which 
intercept solar radiation 3 and re?ect the solar radiation 3 as 
a focussed beam of light to a receiving station 21 on Earth. 

[0079] FIG. 5a is a cross-sectional vieW of a rotatable 
element 1 With a micro-mirror 2 aligned parallel to top 
partitioned highly resistive electrode 52 and bottom parti 
tioned highly resistive electrode 5b, Where an ensemble of 
such elements and electrodes are a major constituent of a 
micro-optics concentrator. The micro-mirror 2 is sand 
Wiched betWeen a dielectric top semi-ball 6T Which must be 
transparent, and a bottom semi-ball 6B Which is preferably 
transparent, but need not be. The micro-mirror 2 is a shiny 
circular ?at conducting metal of thickness d close to the 
equatorial plane of the elements 1. The partitioned elec 
trodes and other types of electrodes are discussed in con 
junction With FIGS. 2a, 2b, 3a, and 3b. A micro-processor 
sends signals via bus bars to establish voltages from a poWer 
supply to each partitioned electrode Which is made of a 
highly resistive thin transparent conductor such as an alloy 
of indium tin oxide (ITO). For top partitioned electrode 52, 
the left corner is at voltage V1 and the right comer is at 
voltage V2. For bottom partitioned electrode 5b, the left 
corner is at voltage V3 and the right comer is at voltage V4. 
A signal sets the voltages so that V3=Vl, V4=V2, V2<Vl, 
and V4<V3, to produce an approximately uniform applied 
electric ?eld E parallel to the electrodes 52 and 5b as shoWn. 

[0080] The electric ?eld E polariZes the semi-balls 6T and 
6B With an induced dipole moment D With positive charge 
+ on the right and — charge on the left as shoWn. Similarly, 
the applied electric ?eld E also induces an electric dipole 
moment M in the metallic conducting material of the micro 
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mirror 2. This is because When a metallic conductor is placed 
in an electric ?eld, the charge distributes itself so as to 
produce a ?eld free region inside the conductor. To inter 
nally cancel the applied ?eld E, negative — free electrons 
move to the end of each conducting micro-mirror 2 opposite 
to the direction of E, leaving positive + charge at the end in 
the direction of E. The torque interaction of the induced 
electric dipole moment D of the dielectric and M of the 
micro-mirror 2 and the electric ?eld E acts to align the 
micro-mirror 2 parallel to the electric ?eld E as shoWn here 
in FIG. 5a. The torque is proportional to the product of E 
and the total vector dipole moment and Will be analyZed 
folloWing the detailed description of FIG. 1]. An electret(s) 
embedded in the dielectric may be used to augment the 
torque to overcome frictional effects. 

[0081] The axis of symmetry of the elements 1 is perpen 
dicular to the applied electric ?eld because the micro 
mirrors 2 and hence the induced polariZation dipole ?eld is 
perpendicular to the axis of symmetry. Here E is parallel to 
the equatorial plane of the balls and the top surface 52 Which 
admits light. 

[0082] FIG. 5b is a cross-sectional vieW of a rotatable 
element 1 With a micro-mirror 2 aligned perpendicular to top 
partitioned highly resistive electrode 52 and bottom parti 
tioned highly resistive electrode 5b, Where an ensemble of 
such elements and electrodes are a major constituent of a 
micro-optics concentrator. The micro-mirror 2 is sand 
Wiched betWeen a dielectric top semi-ball 6T Which must be 
transparent, and a bottom semi-ball 6B. For top partitioned 
electrode 52, the left corner is at voltage V1 and the right 
corner is at voltage V2. For bottom partitioned electrode 5b, 
the left corner is at voltage V3 and the right comer is at 
voltage V4. A signal sets the voltages so that V2=Vl, 
V4=V3, Vl<V3, and V2<V4, an approximately uniform 
applied electric ?eld E is produced perpendicular to the 
electrodes 52 and 5b as shoWn. The micro-mirror 2 aligns 
itself parallel to the applied electric ?eld E due to the 
induced electric dipole moment D of the dielectric and 
induced electric dipole moment M of the micro-mirror 2, 
With positive charge + on the top and — charge on the bottom 
as shoWn. 

[0083] FIG. 50 is a cross-sectional vieW of a rotatable 
element 1 With a micro-mirror 2 aligned at a tilted angle With 
respect to top partitioned highly resistive electrode 52 and 
bottom partitioned highly resistive electrode 5b, Where an 
ensemble of such elements and electrodes are a major 
constituent of a micro-optics concentrator. The micro-mirror 
2 is sandWiched betWeen a dielectric top semi-ball 6T Which 
must be transparent, and a bottom semi-ball 6B. For top 
partitioned electrode 52, the left corner is at voltage V] and 
the right comer is at voltage V2. For bottom partitioned 
electrode 5b, the left comer is at voltage V3 and the right 
corner is at voltage V4. A signal sets the voltages so that 
Vl<V2, V3<V4, Vl<V3, and V2<V4, an approximately 
uniform applied electric ?eld E is produced that is tilted With 
respect to the electrodes 52 and 5b as shoWn. The micro 
mirror 2 aligns itself parallel to the applied electric ?eld E 
due to the induced electric dipole moment D of the dielectric 
and induced electric dipole moment M of the micro-mirror 
2, With positive charge + and negative — charge at the ends 
as shoWn. 

[0084] As shoWn in FIG. 5d the containment sheets 17 for 
holding the elements 1 may be made of a thermoplastic such 
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as an elastomer. Examples of materials that are appropriate 
transparent dielectrics for making the elements lare: glass, 
polycarbonate, acrylic polymers made from acrylic deriva 
tives such as acrylic acid, methacrylic acid, ethyl acrylate, 
methyl acrylate (some trade names are lexan, lucite, plexi 
glass, etc.). Glass is preferred for longevity in the ultraviolet 
environment of the sun, and loW material cost. Its disadvan 
tage is the higher cost of manufacturing equipment because 
of its high melting point and reactivity in the molten state. 
The above plastics are preferred because of their clarity 
(transparency) and ease of manufacture. 

[0085] A rough and ready approximate equation for the 
torque on a mid-plane mirrored ball is 

Where '5 is the torque in neWton-meters, V is the applied grid 
voltage, r is the ball radius in meters, d is the mirror 
thickness in meters (d<2r), and K is the dielectric constant 
of the ball. For example 2<K<3 for Lucite. Both the mirror 
and the ball Work together to contribute to the total torque. 
Depending on the relative values of d, r, and K, the mirror 
or the ball can dominate in the torque contribution. Kzn2, 
Where n is the index of refraction of the ball. 

[0086] For a high packing density of balls, one needs to 
take into consideration the e?iciency reduction due to block 
ing of light (shadowing) by one mirror on other. Worst case 
blocking is expected to occur When the incident light ray is 
normal to the concentrator and the exit ray is a grazing ray 
almost parallel to the plane of the concentrator at critical 
angle 6), A Worst case estimate for the e?iciency factor f due 
to shadoWing caused by high packing density is 

f~1—sin owe/2), (2) 

Where ®<J1:/2. The critical angle 6) for total internal re?ec 
tion occurs for sin ®=l/n. @is the angle of re?ection of the 
light With respect to the normal of the concentrator mirror 
array surface in going to the receiver. If the receiver is 
moved toWards the normal to the mirror array, the e?iciency 
factor f approaches 1. The e?iciency factor f also gets larger, 
the larger n is. 

[0087] Since nzVK, this is an incentive to use a dielectric 
for the balls With a large dielectric constant K to reduce 
shadoWing effects. Fortunately nature is helpful here, as a 
larger K also produces a larger torque to align the balls as 
can be seen from the above torque equation (1). For large 
K>>l, the torque is approximately proportional to K so for 
example doubling K roughly doubles the torque, as can be 
seen from the torque equation (1). It is clearly preferable to 
use a dielectric for the balls With index of refraction n>l.2 
and dielectric constant K>l.4. One has to be careful to use 
the high frequency value of K in converting to n, as n is for 
the extremely high frequencies for light. A loW frequency 
value of K is adequate in the torque eq. (1). 

[0088] Table l is indicative of the improvement in the 
e?iciency factor by increasing the index of refraction or the 
dielectric constant of the ball, not to mention the increase of 
the torque for alignment. The numbers obtained from eq. (2) 
are approximate Worst case. 
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TABLE 1 

11 (Index of f (Efficiency K (dielectric 
refraction) factor) constant) 

1.2 0.553 1.44 
1.3 0.639 1.69 
1.4 0.700 1.96 
1.5 0.745 2.25 
1.6 0.781 2.56 
1.7 0.809 2.89 
1.8 0.831 3.24 

[0089] FIG. 5d is a cross-sectional vieW of a rotatable 
element 1 With a micro-mirror 2. The micro-mirror 2 of 
thickness d is sandWiched betWeen a dielectric top semi-ball 
6T Which must be transparent, and a bottom semi-ball 6B. 
The elements 1 are a major constituent of a micro-optics 
concentrator. The element 1 is completely surrounded by a 
lubricating ?uid 18 Which is encapsulated inside a concen 
tric cavity 19. The cavities 19 are inside a transparent 
elastomer sheet 17, Which is positioned betWeen alignment 
electrodes as are described in conjunction With FIGS. 6a, 
6b, 7a, and 7b. Thus the con?ned and lubricated element 1 
can make a nearly frictionless rotation, With hardly any 
undesirable displacement. An ensemble of such elements 
can thus be aligned as a group With the application of 
moderate poWer. It is preferable to utilize a liquid 18 Whose 
index of refraction matches the clear semi-sphere or clear 
semi-cylinder, and it should have the same density as 
element 1 to minimize buoyant forces. The index of refrac 
tion of the sheet 17, the liquid 18, and the optically trans 
missive upper portion of elements 1 should all be approxi 
mately equal. The elements 1 should be roughly balanced to 
minimize gross gravitational orientation. 

[0090] In addition to controlling the torque as given by eq. 
(1), the micro-mirror thickness d and density pm can be 
varied to achieve a preferred overall density for the ball. The 
micro-mirror thickness is purposely shoWn thinner here than 
in the previous ?gures, to illustrate the achievement of a 
loWer overall density. To reduce friction and other retarding 
forces, it is very important for the ball to match the density 
of the encompassing lubricating ?uid 18 so that it Will be 
buoyed up to ?oat in the ?uid and not sink to the bottom 
because it is too dense, or ?oat to the top because its density 
is too loW. It is also important for the dielectric of the ball 
to match the index of refraction of the encompassing lubri 
cating ?uid 18, and both should match the index of refrac 
tion of the sheet 17 Which houses the balls (made of 
semi-balls 6T and 6B), ?uid 18, and concentric cavities 19. 
It is not easy to ?nd a dielectric material Which meets both 
matching requirements of density and index of refraction. 
This is Where being able to vary the thickness d and density 
pm of the mirror material becomes paramount. 

[0091] In the case of a spherical ball, for a given density 
pm of the mirror, and density pd of the dielectric, to match 
the ?uid density pf, the mirror thickness d should be 

d: i. 
HAM-Pd) 
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In the case of a spherical ball, for a given mirror thickness 
d, and density pd of the dielectric, to match the ?uid density 
pf, the mirror density pIn should be 

4 (4) 
Wm W) mm P. 

pm : mad 

Matching the density of the ?uid 18 by adjusting the mirror 
thickness and/or density has the advantage of maintaining 
gross symmetry in the balls, and is thus preferred as they Will 
thus be roughly balanced to minimize gross gravitational 
orientation. Another Way to match the density of the ?uid 18 
is to adjust the bottom semi-sphere density by adding or 
removing Weight in voids in the bottom semi-sphere Which 
need not be transparent. 

[0092] Let us noW look at various possible embodiments 
for the addressing electrodes. The different con?gurations 
shoWn, and combinations of them can operate to align the 
elements 1 and track the sun, or other light source in a 
non-solar application. A conducting, but highly resistive 
material like Indium/Tin Oxide (ITO) can be sputtered on 
the sheets that contain the elements 1 to form the addressing 
electrodes. The optical transparency of ITO makes it ideally 
suited for addressing the balls. 

[0093] FIG. 611 represents a top vieW of an array of 
partitioned highly resistive electrodes With grid spacing L 
shoWing in detail a top vieW of one such electrode 52 and the 
voltages at its four corners. Voltages V1 and V2 correspond 
to voltages V1 and V2 shoWn in the cross sectional FIGS. 
1d, 1e, and 1f Voltages V1‘ and V2' are the voltages at the 
corners of this top electrode 52 beloW the plane of the paper. 
Each partitioned electrode is made of a highly resistive thin 
transparent conductor such as an alloy of indium tin oxide 

(ITO). 
[0094] FIG. 6b represents a bottom vieW of an array of 
partitioned highly resistive electrodes With grid spacing L 
shoWing in detail a vieW of a bottom electrode 5b and the 
voltages at its four corners. Voltages V3 and V4 correspond 
to voltages V3 and V4 shoWn in the cross sectional FIGS. 
1d, 1e, and 1f Voltages V3' and V4' are the voltages at the 
corners of this bottom electrode 5b beloW the plane of the 
paper. 

[0095] FIG. 711 represents a top vieW of an array of 
fragmented highly resistive Wire electrodes With grid spac 
ing L shoWing in detail a top vieW of a set of four such 
adjacent electrodes and the voltages at their ends. At the top, 
Wire electrode 62 has voltages V1 and V2 at its ends Which 
correspond to voltages V1 and V2 shoWn in the cross 
sectional FIGS. 1d, 1e, and 1]. Wire electrode 6p! is a Wire 
perpendicular to the plane of the paper With voltages V1 and 
V1‘ at its ends. Wire electrode 6v! is a vertical Wire With 
respect to the plane of the paper With voltages V2 and V2' 
at its ends. Wire electrode 6m has voltages V1‘ and V2' at its 
ends, and is under the top electrode 62. Each fragmented Wire 
electrode is made of a highly resistive thin transparent 
conductor such as an alloy of indium tin oxide (ITO). 

[0096] FIG. 7b represents a bottom vieW of an array of 
fragmented highly resistive Wire electrodes With grid spac 
ing L shoWing in detail a bottom vieW of a set of four such 
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adjacent electrodes and the voltages at their ends. At the 
bottom, Wire electrode 6b has voltages V3 and V4 at its ends 
Which correspond to voltages V3 and V4 shoWn in the cross 
sectional FIGS. 1d, 1e, and 1]. Wire electrode 6pb is a Wire 
perpendicular to the plane of the paper With voltages V3 and 
V3' at its ends. Wire electrode 61/!) is a vertical Wire With 
respect to the plane of the paper With voltages V4 and V4' 
at its ends. Wire electrode 6ub has voltages V4 and V4' at its 
ends, and is under electrode 6b. 

Operational Modes 

[0097] Let us consider various combinations of the elec 
trodes and their advantages and disadvantages. The parti 
tioned electrodes 52 and 5b of FIGS. 2a and 2b may be 
operated as a pair. The advantage of doing this is that the 
most approximately uniform electric ?elds may thus be 
created here With only a negligible amount of fringing ?elds 
at the edges. A disadvantage of this con?guration is that it 
has the smallest optical transparency since the incident light 
must be transmitted and re?ected through each partitioned 
electrode of, for example, transparent ITO. 

[0098] Operating the fragmented Wire electrodes of FIGS. 
3a and 3b as a pair has the advantage of providing the 
greatest transparency since the Wire electrodes have a small 
cross section With most of the light passing betWeen them. 
Thus a larger percentage of the incident light Will be 
re?ected to the receiver. A disadvantage of this con?guration 
is that it produces the least uniform electric ?elds. Yet 
because of symmetry, the components of the ?eld that 
diverge from uniformity cancel, and a main component 
remains to align the elements (balls and cylinders) in the 
same direction as Would be provided by the corresponding 
uniform electric ?eld that partitioned electrodes Would pro 
duce. This con?guration has the further advantage that When 
the top side becomes Worn or soiled, this con?guration can 
be turned over so the pristine bottom side can be used on top 
With a high transparency to the incident and re?ected light. 

[0099] The presently preferred con?guration is the frag 
mented Wire electrodes of FIG. 711 on top to receive the 
light, combined With the partitioned electrodes of FIG. 7b 
on the bottom so that the combination more closely approxi 
mates the desired uniform electric ?eld. With the fragmented 
Wire electrodes con?guration on top, the same large per 
centage of the incident light Will be re?ected to the receiver 
as for the con?guration of fragmented Wire electrodes on 
both top and bottom. 

[0100] In order to accomplish alignment economically, 
one can use a pulsed voltage source, When the elements 1 
need only be aligned intermittently. The elements 1 (balls 
and cylinders) may be individually oriented, or groups may 
be collectively aligned to simplify tracking and focussing. 
When groups are collectively oriented, as a group they may 
have a projected group concavity to aid in the focussing to 
the receiver. The number of mirrors per grid cell are a design 
variable. The voltages can be controlled by a small micro 
processor (computer) With analog voltage outputs. 

[0101] There is a trade-off betWeen complexity of the 
concentrator grid, and siZe of the poWer supply and control 
system. One element per grid cell is the maximum com 
plexity of the concentrator grid and control system, and 
presents the minimal requirement for the poWer supply. 
Unlike displays that require high resolution, groups of balls 
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may be collectively oriented to simplify tracking and focus 
sing. When groups are collectively oriented as a group they 
may have a projected group concavity to aid in the focussing 
to the collector. Only intermittent alignment of the elements 
is necessary in the tracking of the sun, so a pulsed or step 
function voltage source may be used. An intermittent use of 
large voltage is much less di?icult to achieve than the same 
steady state voltage. 

Advantages of Outer Space Energy Collection 

[0102] Not only is there more solar energy available above 
the atmosphere than on the Earth’s surface in the best of 
circumstances, but the solar energy in orbit is nearly con 
tinuously available. Above the atmosphere 1400 W/m2 is 
available compared With 1000 W/m2 at sea level. The only 
satellite unavailability is the blackout associated With the 
equinoxes of about an hour. 

[0103] A geosynchronous satellite Would receive about an 
order of magnitude more solar energy than the most propi 
tious locations on Earth. On Earth, ideal solar poWer loca 
tionsifor example the SouthWest in the United Statesi 
Would be far from the major centers of poWer consumption. 
A geosynchronous solar poWer satellite could hover 22,300 
miles above receiving stations close to major centers of 
poWer consumptioniWherever they might be. 

[0104] Non-geosynchronous satellites can operate in 
either of tWo modes. They can be switched off When they are 
out of line-of-sight from their respective receiving stations 
on Earth. Or alternatively, they can operate continuously by 
sequentially transmitting to a series of properly spaced 
receiving stations around the Earth. This Would be about a 
1500 mile East-West separation in the equatorial region. The 
angular separation of ~21° Would remain the same as the 
latitudes move toWard the poles, but the distance separation 
Would be accordingly less. 

[0105] Vicissitudes of nature such as earthquakes, gusts, 
rainstorms, and grime are essentially absent in the outer 
space environment compared With those on Earth. Com 
bined With Zero gravity, this makes possible large-scale 
structures that are much cheaper and lighter than those on 
Earth. 

[0106] While the instant invention has been described With 
reference to presently preferred and other embodiments, the 
descriptions are illustrative of the invention and are not to be 
construed as limiting the invention. Thus, various modi? 
cations and applications may occur to those skilled in the art 
Without departing from the true spirit and scope of the 
invention as summariZed by the appended claims together 
With their full range of equivalents. 

1. Apparatus for converting solar energy in space to 
concentrated energy on Earth comprising: 

a) a satellite system With at least one geosynchronous 
satellite positioned such that said satellite is in energy 
receiving relationship to the sun; 

b) solar energy re?ecting means comprising a concentra 
tor array of micro -mirrors in rotatable elements embed 
ded in individually encapsulting cavities in an optically 
transmissive sheet; and 

c) electromagnetic means for addressing and aligning said 
elements in said array. 

2. An apparatus of claim 1 Wherein said solar energy is 
directly re?ected to Earth for energy utiliZation. 
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3. An apparatus of claim 1 Wherein said solar energy is 
re?ected by said array of micro-mirrors to a microWave 
converter Which transmits microWave energy to the Earth for 
energy conversion. 

4. An apparatus of claim 1 Wherein said solar energy is 
re?ected by said array of micro-mirrors to a laser radiation 
converter Which beams laser radiation to the Earth for 
energy conversion. 

5. An apparatus of claim 1 Wherein said solar energy is 
re?ected by said array of micro-mirrors to a laser radiation 
converter Which beams laser radiation of Wavelength longer 
than 5000 A to the Earth for energy applications. 

6. (canceled) 
7-13. (canceled) 
14. Apparatus for converting solar energy in space to 

concentrated energy on Earth comprising: 

a) a satellite system With at least one satellite positioned 
such that said satellite is in energy receiving relation 
ship to the sun; 

b) solar energy re?ecting means comprising a concentra 
tor array of micro-mirrors in rotatable dielectric ele 
ments embedded in individually encapsulating cavities 
in an optically transmissive sheet and 

c) induced electric dipole means for aligning said ele 
ments in said array. 

15. An apparatus of claim 14 Wherein said solar energy is 
directly re?ected to Earth for energy utiliZation. 

16. An apparatus of claim 14 Wherein said solar energy is 
re?ected by said array of micro-mirrors to a microWave 
converter Which traits microWave energy to the Earth for 
energy conversion. 

17. An apparatus of claim 14 Wherein said solar energy is 
re?ected by said array of micro-mirrors to a laser radiation 
converter Which beams laser radiation to the Earth for 
energy applications. 

18. An apparatus of claim 14 Wherein said solar energy is 
re?ected by said array of micro-mirrors to a laser radiation 
converter Which beams laser radiation Wavelength longer 
than 5000 A to the Earth for energy conversion, of Which the 
infrared Wavelengths are Within a non-attenuating band-pass 
in the earth’s atmosphere. 

19. (canceled) 
20. An apparatus of claim 14 Wherein an articulated pole 

alloWs an earth pointing transmitter to remain pointing to the 
earth While said concentrator array is kept pointing to the 
sun. 

21. An apparatus of claim 14 Wherein at least one satellite 
of said satellite system hovers at an altitude beloW geosyn 
chronous orbit 

22. An apparatus of claim 14 Wherein at least one non 
geosynchronous satellites of said satellite system sequen 
tially transmits energy to a series of successively spaced 
receiving stations around the Earth. 

23. An apparatus of claim 1 Wherein at least one satellite 
of said satellite system hovers at an altitude beloW geosyn 
chronous orbit. 

24. An apparatus of claim 1 Wherein at least one non 
geosynchronous satellites of said satellite system sequen 
tially transmits energy to a series of successively spaced 
receiving stations around the Earth. 


