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SYSTEM FOR HARVESTING ATMOSPHERC 
ELECTRICITY 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

Not applicable. 

FIELD OF THE INVENTION 

The Subject technology relates in general to a system for 
harvesting atmospheric electricity, and more particularly to a 
system that uses a laser to form an electrically conducting 
plasma filament for harvesting atmospheric electricity. 

BACKGROUND 

It is well known that large quantities of electrical energy are 
present in the atmosphere and in lightning. Lightning was one 
of the first forms of electricity harnessed in the modern age by 
Benjamin Franklin in his famous kite experiment. 
A lightning discharge typically contains on the order of 

10" Joules of energy. It has been estimated that the total 
electrical power of lightning across the Earth is of the order of 
10' watts. Collection of electrical energy from clouds asso 
ciated with lightning is a problem that needs to be resolved. 

Lightning is but a small part of the total electrical activity 
of the atmosphere. When a local buildup of charge above the 
Earth exceeds the local breakdown potential of the atmo 
sphere a lightning discharge occurs. However, there is a con 
tinual invisible flow of charge from Ionosphere to Earth 
occurring day and night over the entire surface of the globe, 
which exceeds the global lightning power output by many 
times. The source of this flow of charge from the atmosphere 
to Earthis the Sun. Radiation from the Sun helps form most of 
the ions found in the Ionosphere, a highly charged region 
above the atmosphere, through ionization of atmospheric 
molecules. Solar radiation, particularly in the UV and soft 
X-ray bands, consist of photons whose energies are well 
Suited to ionization. The Sun also emits continuously a Solar 
wind of positively charged particles. These are captured by 
the Earth’s magnetic field and further contribute to the Iono 
sphere. The positively charged region in the Ionosphere in 
turn induces (by electrostatic induction) a negative charge on 
the surface of the Earth. The Earth becomes in effect an 
enormous spherical capacitor. A potential gradient or electric 
field is thus established between the two “plates' of this 
capacitor, the Ionosphere (or Electrosphere) and the Surface 
of the Earth. While the upper strata of the atmosphere conduct 
electricity reasonably well, the lower levels act as an insulator 
or dielectric. Near the surface of the Earth, this electrostatic 
potential gradient is on the order of about 100 Vm' in sum 
mer, rising to 300 Vm' in winter. This flow of charge can be 
tapped and directed to provide useable electrical power. This 
Source of atmospheric electricity has the following advan 
tages: (1) Simple and robust technology; (2) Low cost tech 
nology—much cheaper than photovoltaics or wind turbines; 
(3) Available day and night in all weather conditions—in fact, 
more power is produced at night than during the day; and (4) 
Available at any point on the Earth's surface. Collection of 
this source of atmospheric electricity is another problem that 
needs to be resolved. 

SUMMARY 

According to various aspects of the Subject technology, a 
system for harvesting atmospheric electricity is provided that 
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2 
Solves some orall of the foregoing problems. In some aspects, 
the system may be used to harvest atmospheric electricity 
arising from an electrostatic potential gradient: (1) between 
ground and a cloud, (2) between differently charged regions 
of the same cloud, (3) between differently charged regions of 
different clouds, and (4) between different regions of atmo 
sphere, where there is a vertical Voltage gradient. In other 
aspects, the system may be used to harvest atmospheric elec 
tricity arising from an electrostatic potential gradient between 
the Ionosphere (or Electrosphere) and the surface of the 
Earth. 

According to various aspects of the Subject technology, a 
system for harvesting atmospheric electricity is provided. 
The system comprises a laser configured to form a plasma 
filament. The system also comprises a collector configured to 
collect electricity flowing along the plasma filament. 

According to various aspects of the Subject technology, a 
method for harvesting atmospheric electricity is provided. 
The method comprises forming a plasma filament with a 
laser. The method also comprises collecting electricity flow 
ing along the plasma filament. 

According to various aspects of the Subject technology, an 
apparatus for harvesting atmospheric electricity is provided. 
The apparatus comprises means for forming a plasma fila 
ment with a laser. The system also comprises means for 
collecting electricity flowing along the plasma filament. 

It is understood that other configurations of the subject 
technology will become readily apparent to those skilled in 
the art from the following detailed description, wherein vari 
ous configurations of the Subject technology are shown and 
described by way of illustration. As will be realized, the 
Subject technology is capable of other and different configu 
rations and its several details are capable of modification in 
various other respects, all without departing from the Scope of 
the Subject technology. Accordingly, the drawings and 
detailed description are to be regarded as illustrative in nature 
and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide further understanding of the Subject technology and are 
incorporated in and constitute a part of this specification, 
illustrate aspects of the Subject technology and together with 
the description serve to explain the principles of the subject 
technology. 

FIG. 1 illustrates a first example of a system for harvesting 
atmospheric electricity. The system comprises a laser config 
ured to form a plasma filament and a collector configured to 
collect electricity flowing along the plasma filament. The 
plasma filament forms a conducting path between ground and 
a cloud. 

FIG. 2 illustrates a second example of a system for harvest 
ing atmospheric electricity. A plasma filament and a lightning 
togetherform a conducting path between ground and a cloud. 
A condensing mirror directs the beam of laser towards the 
cloud. 
FIG.3A illustrates a third example of a system for harvest 

ing atmospheric electricity. A laser system situated on an 
airplane forms two plasma filaments that together complete a 
conducting path between a first region of a cloud and a second 
region of the cloud. The first region of the cloud and the 
second region of the cloud carry opposite electric charges. A 
collector configured to collect electricity flowing along the 
two plasma filaments is also situated on the same airplane as 
the laser system. 
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FIG. 3B illustrates a fourth example of a system for har 
vesting atmospheric electricity. It is similar to FIG. 3A, 
except two lightnings complete the conducting path between 
a first region of a cloud and a second region of the cloud (i.e., 
a first lightning electrically connects the first region of the 
cloud to one of the plasma filaments and a second lightning 
electrically connects the second region of the cloud to the 
other plasma filament). 

FIG. 4 illustrates a fifth example of a system for harvesting 
atmospheric electricity. A laser system situated on an airplane 
forms two plasma filaments that together complete a conduct 
ing path between a first cloud and a second cloud. The region 
of the first cloud that is connected to the first plasma filament 
and the region of the second cloud that is connected to the 
second plasma filament carry opposite electric charges. 

FIG.5 illustrates a sixth example of a system for harvesting 
atmospheric electricity. A laser situated on an airplane forms 
a plasma filament that completes a conducting path between 
a first region of atmosphere and a second region of atmo 
sphere. A collector situated on the same airplane as the laser 
can collect electricity flowing along the plasma filament, 
because a vertical Voltage gradient exists between the first 
region of atmosphere and the second region of atmosphere. 

FIG. 6 illustrates an example of a collector configured to 
collect electricity flowing along the plasma filament. The 
collector may be a charge collection circuit characterized by 
capacitance, inductance, and resistance. The electricity may 
be collected by charging a capacitor. 

DETAILED DESCRIPTION 

The detailed description set forth below is intended as a 
description of various configurations of the Subject technol 
ogy and is not intended to represent the only configurations in 
which the subject technology may be practiced. The 
appended drawings are incorporated herein and constitute a 
part of the detailed description. The detailed description 
includes specific details for the purpose of providing a thor 
ough understanding of the Subject technology. However, it 
will be apparent to those skilled in the art that the subject 
technology may be practiced without these specific details. In 
Some instances, well-known structures and components are 
shown in block diagram form in order to avoid obscuring the 
concepts of the Subject technology. Like components are 
labeled with identical element numbers for ease of under 
Standing. 

FIG. 1 illustrates a first example of a system 100 for har 
vesting atmospheric electricity. The system 100 comprises a 
laser 110 configured to form a plasma filament 120 and a 
collector 130 configured to collect electricity flowing along 
the plasma filament 120. The plasma filament 120 forms a 
conducting path between ground and a cloud 140. 
The plasma filament 120 comprises an electrically con 

ducting plasma filament. The plasma comprises of electrons 
and positive ions. The electrically conducting plasma fila 
ment may beformed in atmosphere using an ultra short pulse 
laser (USPL). The USPL forms a plasma filament by raising 
the conductivity of a very small diameter channel (~100 
microns or less) for a very brief time. The propagation of high 
power (-10' W/cm) pulses from the USPL is accompanied 
by filamentation—self-channeling of femtosecond laser 
pulses in stable high-intensity light filaments with ~100 
microns diameters (so that the Kerr effect focusing balances 
defocusing due to plasma formation). This filamentation 
keeps the beam virtually free of diffraction divergence. The 
long plasma strings have high electron densities (10'/cm) 
which Support high conductivities. The ionization of air at 
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4 
these intensities results from multi-photon processes. Fila 
mentation has been produced and detected at altitudes as high 
as 13-20 km. Almost no beam scattering occurs in filamen 
tation phenomenon, and virtually all the pulse energy is 
invested in ionization of air molecules. With the typical elec 
tron density and channel diameter, a 160 m.J pulse is sufficient 
to generate a 1 km long channel. 
Once initiated, plasma filaments cannot go on forever, and 

typically only propagate a kilometer or so before energy 
depletion and exhaustion. However, by using two coaxial 
USPL projection optics having different time-lensing param 
eters, a near and far filament could be initiated in a "daisy 
chain' to extend the total length of the conductive channel. 
The onset offilamentation in the far filament is time-lensed to 
coincide with the exhaustion range of the near filament. Addi 
tionally, using negative chirp, femtosecond laser pulses can 
propagate almost without loss until different frequency com 
ponents of the wave packet, propagating at different speeds 
due to dispersion in air, come together at a certain desired 
location so that the laser intensity there exceeds the filamen 
tation threshold, resulting in long ionized filaments created at 
a distance of up to several miles from the laser source. In other 
words, negative chirp is used to essentially focus a beam of 
the laser at a desired distance to form the plasma filament 
there. Accordingly, this technique may be used to move the 
starting point and to extend the length of the plasma filament. 
The size, electrical conductivity, and lifetime of the plasma 

filaments are enhanced by an auxiliary radio-frequency elec 
tromagnetic waves or microwaves. The plasma filament may 
act like an antenna to absorb the auxiliary radio-frequency 
(RF) electromagnetic waves or microwaves. 
The pulsed collection of electric charge and energy is 

repeated with an optimal (possibly very high) repetition rate 
of the pulsed laser and of the auxiliary RF waves or micro 
waves. The energy collected per one pulse should exceed the 
energy spent on creating and enhancing the plasma filaments, 
so that the net energy collected is positive. The optimal pulse 
repetition rate (PRR) depends upon atmospheric conditions 
which can vary widely over even short time durations. As a 
general rule, one tries to tune the repetition rate to the plasma 
relaxation time (the ion-electron recombination time) so that 
the conductivity of the filament remain as high as is optimal 
given the atmospheric conditions at the time. A feedback 
control system that varies the PRR as well as the rest of the 
pulse-shaping parameters may be employed to optimize the 
net power production of the system. For more information 
regarding pulse shaping and tailoring, which is the central 
theme of the field called “quantum control', please see A. 
Assion, T. Baumert, M. Bergt, T. Brixner, B. Kiefer, V. Sey 
fried, M. Strehle, G. Gerber (30 October). “Control of Chemi 
cal Reactions by Feedback-Optimized Phase-Shaped Femto 
second Laser Pulses”. Science 282 (5390): 919-922. doi: 
10.1126/science.282.5390.919. PMID 97.94756. 

FIG. 2 illustrates a second example of a system 200 for 
harvesting atmospheric electricity. A plasma filament 120 and 
a lightning 210 together form a conducting path between 
ground and a cloud 140. A condensing mirror 220 directs the 
beam of laser 110 towards the cloud 140. A collector 130 is 
configured to collect electricity flowing along the plasma 
filament 120. 

In the case of electricity collection from the cloud 140, the 
initial and RF-enhanced plasma filaments can be relatively 
short, not reaching all the way from ground to the cloud 140. 
The relatively short plasma filament can be optimized so that 
it would trigger propagation of the so-called leader (as in 
natural lightning), which would effectively use the energy 
and potential of the cloud to eventually create an electrically 
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conducting path between ground and the cloud 140. The final 
conducting path would comprise of a plasma filament 120 and 
a lightning 210. 

It is not shown in the figures, but alternatively both the laser 
110 and the collector 130 may be placed on a mobile device, 
which moves together with the cloud. One such mobile device 
may be a vehicle moving on the ground, but another Such 
mobile device may be an airplane flying in the air. In the case 
of an airplane flying in the air, plasma filaments may be 
formed by the laser to reach both ground and the cloud at the 
same time. In the event the plasma filament directed at ground 
is not long enough to reach ground, a lightning may also be 
formed to complete the conducting path to ground. 

FIG. 3A illustrates a third example of a system 300 for 
harvesting atmospheric electricity. A laser system situated on 
an airplane 310 forms two plasma filaments (321, 322) that 
together complete a conducting path between a first region 
331 of a cloud 330 and a second region 332 of the cloud 330. 
The first region 331 of the cloud 330 and the second region 
332 of the cloud 330 carry opposite electric charges. In the 
example shown here, the first region 331 of the cloud 330 
carries positive electric charges, while the second region 332 
of the cloud 330 carries negative electric charges. A collector 
configured to collect electricity flowing along the two plasma 
filaments is also situated on the same airplane 310 as the laser. 
Positive and negative charges are naturally separated within 
the cloud, so this example makes use of the electrostatic 
potential gradient between different regions of the same 
cloud. 

FIG. 3B illustrates a fourth example of the system 300 for 
harvesting atmospheric electricity. It is similar to FIG. 3A, 
except two lightnings (341, 342) complete the conducting 
path between a first region 331 of a cloud 330 and a second 
region 332 of the cloud 330 (i.e., a first lightning 341 electri 
cally connects the first region 331 of the cloud 330 to one of 
the plasma filaments 321 and a second lightning 342 electri 
cally connects the second region 332 of the cloud 330 to the 
other plasma filaments 322). The lightning formation is again 
because the initial and RF-enhanced plasma filaments can be 
relatively short, not reaching all the way from the collector 
situated on airplane 310 to the cloud 330. These relatively 
short plasma filaments can be optimized so that they would 
trigger propagation of the so-called leader (as in natural light 
ning), which would eventually create an electrically conduct 
ing path between the two regions of cloud 330 via a connec 
tion through airplane 310. The final conducting path would 
comprise of two plasma filaments (321, 322) and two light 
nings (341,342). Of course, one of the lightnings may not be 
formed, if one of the plasma filament can reach all the way 
from airplane 310 to cloud 330. 

FIG. 4 illustrates a fifth example of the system 300 for 
harvesting atmospheric electricity. A laser system situated on 
an airplane 310 forms two plasma filaments (421,431) that 
together complete a conducting path between a first cloud 420 
and a second cloud 430. The region 422 of the first cloud 420 
that is connected to the first plasma filament 421 and the 
region 432 of the second cloud 430 that is connected to the 
second plasma filament 431 carry opposite electric charges. 
In the example shown here, region 422 of cloud 420 carries 
positive electric charges, while region 432 of cloud 430 carry 
negative electric charges. Positive and negative charges are 
naturally separated within the cloud, so this example makes 
use of the electrostatic potential gradient between different 
regions of different clouds. Once again, in case one of the 
plasma filament cannot reach all the way from airplane 310 to 
any one of the clouds, then lightning may be formed to com 
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6 
plete an electrically conducting path from airplane 310 to any 
one of the clouds. But these embodiments are not shown in the 
figures. 

FIG. 5 illustrates a sixth example of the system 300 for 
harvesting atmospheric electricity. A laser system situated on 
an airplane 310 forms a plasma filament 501 that completes a 
conducting path between a first region 510 of atmosphere and 
a second region 520 of atmosphere. A collector situated on the 
same airplane 310 as the laser system can collect electricity 
flowing along the plasma filament 501, because a vertical 
voltage gradient exists between the first region 510 of atmo 
sphere and the second region 520 of atmosphere. Because no 
clouds are needed for this embodiment, atmospheric electric 
ity collection is possible under fair weather conditions (rely 
ing on the naturally existing vertical Voltage gradient in the 
atmosphere) as well as under foul weather conditions. 

FIG. 6 illustrates an example of a collector 130 configured 
to collect electricity flowing along a plasma filament 620. The 
collector may be a charge collection circuit characterized by 
capacitance 631, inductance 632, and resistance 633. The 
electricity may be collected by charging a capacitor associ 
ated with capacitance 631. Battery 610 represents these natu 
rally existing Voltage sources: (1) between ground and a 
cloud, (2) between differently charged regions of the same 
cloud, (3) between differently charged regions of different 
clouds, and (4) between different regions of atmosphere, 
where there is a vertical Voltage gradient. The plasma filament 
620 can, for the purpose of analysis and optimization of the 
charge collection process, be viewed as electromagnetic 
transmission lines characterized by their effective capaci 
tance, inductance, and resistance per unit length. Accord 
ingly, the parameters of the charge collection circuit and of 
the effective transmission line representing the plasma fila 
ments are optimized, so as to maximize the net charge and 
energy collected (minus the energy spent on generating and 
enhancing the plasma filaments). 
The foregoing description is provided to enable a person 

skilled in the art to practice the various configurations 
described herein. While the subject technology has been par 
ticularly described with reference to the various figures and 
configurations, it should be understood that these are for 
illustration purposes only and should not be taken as limiting 
the scope of the Subject technology. 

There may be many other ways to implement the subject 
technology. Various functions and elements described herein 
may be partitioned differently from those shown without 
departing from the scope of the Subject technology. Various 
modifications to these configurations will be readily apparent 
to those skilled in the art, and generic principles defined 
herein may be applied to other configurations. Thus, many 
changes and modifications may be made to the Subject tech 
nology, by one having ordinary skill in the art, without depart 
ing from the scope of the Subject technology. 

It is understood that the specific order or hierarchy of steps 
in the processes disclosed is an illustration of exemplary 
approaches. Based upon design preferences, it is understood 
that the specific order or hierarchy of steps in the processes 
may be rearranged. Some of the steps may be performed 
simultaneously. The accompanying method claims present 
elements of the various steps in a sample order, and are not 
meant to be limited to the specific order or hierarchy pre 
sented. 
A phrase Such as “an aspect does not imply that such 

aspect is essential to the Subject technology or that Such 
aspect applies to all configurations of the Subject technology. 
A disclosure relating to an aspect may apply to all configu 
rations, or one or more configurations. An aspect may provide 
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one or more examples of the disclosure. A phrase Such as an 
"aspect may refer to one or more aspects and vice versa. A 
phrase Such as an "embodiment does not imply that Such 
embodiment is essential to the Subject technology or that Such 
embodiment applies to all configurations of the Subject tech 
nology. A disclosure relating to an embodiment may apply to 
all embodiments, or one or more embodiments. An embodi 
ment may provide one or more examples of the disclosure. A 
phrase such an "embodiment may refer to one or more 
embodiments and Vice versa. A phrase Such as a "configura 
tion' does not imply that such configuration is essential to the 
Subject technology or that Such configuration applies to all 
configurations of the Subject technology. A disclosure relat 
ing to a configuration may apply to all configurations, or one 
or more configurations. A configuration may provide one or 
more examples of the disclosure. A phrase Such as a “con 
figuration' may refer to one or more configurations and vice 
WSa. 

Furthermore, to the extent that the term “include,” “have.” 
or the like is used in the description or the claims, such term 
is intended to be inclusive in a manner similar to the term 
“comprise' as “comprise' is interpreted when employed as a 
transitional word in a claim. 

The word “exemplary' is used herein to mean “serving as 
an example, instance, or illustration.” Any embodiment 
described herein as “exemplary' is not necessarily to be con 
Strued as preferred or advantageous over other embodiments. 
A reference to an element in the singular is not intended to 

mean “one and only one unless specifically stated, but rather 
“one or more.” The term "some' refers to one or more. Under 
lined and/or italicized headings and Subheadings are used for 
convenience only, do not limit the subject technology, and are 
not referred to in connection with the interpretation of the 
description of the Subject technology. All structural and func 
tional equivalents to the elements of the various configura 
tions described throughout this disclosure that are known or 
later come to be known to those of ordinary skill in the art are 
expressly incorporated herein by reference and intended to be 
encompassed by the Subject technology. Moreover, nothing 
disclosed herein is intended to be dedicated to the public 
regardless of whether such disclosure is explicitly recited in 
the above description. 

What is claimed is the following: 
1. A system for harvesting atmospheric electricity, com 

prising: 
a laser configured to form a plasma filament comprising at 

least a first filament and a second filament, wherein onset 
of formation of the second filament coincides with an 
exhaustion range of the first filament; 

an auxiliary Source of electromagnetic energy operable to 
enhance the plasma filament by applying electromag 
netic energy to the plasma filament; and 

a collector configured to collect electricity flowing along 
the plasma filament. 

2. The system of claim 1, wherein the plasma filament 
comprises an electrically conducting plasma filament. 

3. The system of claim 1, wherein the laser is a pulsed laser. 
4. The system of claim3, wherein the pulsed laser is pulsed 

at an optimal repetition rate. 
5. The system of claim 1, wherein the electromagnetic 

energy comprises at least one of radio-frequency energy or 
microwave energy. 
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6. The system of claim 1, wherein the plasma filament 

forms at least a part of a conducting path between ground and 
a cloud. 

7. The system of claim 6, wherein at least one lightning 
forms another part of the conducting path between ground 
and the cloud. 

8. The system of claim 1, wherein the plasma filament 
forms at least apart of a conducting path between a first region 
of a cloud and a second region of the cloud. 

9. The system of claim 8, wherein at least one lightning 
forms another part of the conducting path between the first 
region of the cloud and the second region of the cloud. 

10. The system of claim 1, wherein: 
the laser is further configured to form a second plasma 

filament, 
the plasma filament is connected to a region of a first cloud, 

and 
the second plasma filament is connected to a region of a 

second cloud. 
11. The system of claim 1, wherein the plasma filament 

completes a conducting path between a first region of atmo 
sphere and a second region of atmosphere. 

12. The system of claim 11, wherein a vertical voltage 
gradient exists between the first region of atmosphere and the 
second region of atmosphere. 

13. The system of claim 1, wherein the collector comprises 
a charge collection circuit. 

14. The system of claim 1, wherein the laser is situated on 
ground. 

15. The system of claim 1, wherein the laser is situated on 
a mobile device. 

16. The system of claim 15, wherein the mobile device is an 
airplane. 

17. The system of claim 1, wherein negative chirp is used to 
move the starting point of formation of the plasma filament to 
a desired location. 

18. A method for harvesting atmospheric electricity, the 
method comprising: 

forming a plasma filament with a laser, wherein the plasma 
filament comprises at least a first filament and a second 
filament, and wherein onset of formation of the second 
filament coincides with an exhaustion range of the first 
filament; 

applying electromagnetic energy to the plasma filament to 
enhance the plasma filament; and 

collecting electricity flowing along the plasma filament. 
19. An apparatus for harvesting atmospheric electricity, the 

apparatus comprising: 
means for forming a plasma filament with a laser, wherein 

the plasma filament comprises at least a first filament 
and a second filament, and wherein onset of formation of 
the second filament coincides with an exhaustion range 
of the first filament; 

means for applying electromagnetic energy to the plasma 
filament to enhance the plasma filament; and 

means for collecting electricity flowing along the plasma 
filament. 

20. The system of claim 1, wherein the laser is an ultra short 
pulse laser (USPL). 

21. The system of claim 1, wherein the laser comprises two 
coaxial USPL projection optics having different time-lensing 
parameters. 


