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(57) ABSTRACT 

An electromagnetic radiation Source is disclosed that pro 
duces a single mode operation at a desired operating fre 
quency. The electromagnetic radiation source is included in a 
wide variety of applications including a wireless power trans 
mission system, a system for providing wireless/high-band 
width communications in accordance with the present inven 
tion, a lighting system, an irradiation system, a weapons 
system, etc. 

20 Claims, 14 Drawing Sheets 

  





U.S. Patent Oct. 27, 2009 Sheet 2 of 14 US 7.609,001 B2 

22 
Electron Velocity 
a 

| site III 
G 

3O 32 

2. & W y 33333333NSENSENSENSENSE SNARENENENANAANENANNANENANENANANE 2NENANKNENANENANENINANANANAN4N4NNEN 3.6 be a Na Na Sa aaaaaaa a Y S S N S S N a \ a, a Na S 
F G. 5 B 3 4. 

    

    

  

  

    

  

  



US 7.609,001 B2 Sheet 3 of 14 Oct. 27, 2009 U.S. Patent 

F.G. 6A 32 36b 360 
  



U.S. Patent Oct. 27, 2009 Sheet 4 of 14 US 7.609,001 B2 

S21 LIN 20 mV/REF -60 mV 1: 93.655mly 7.200 000 000 GHz 

|| | | ET || 
E Ital 

3" 
| | | | |RS-2s. . . As Rafi. as 
I-5'? INI it A 
US-VUMVV1 YN-V-ST 

CENTER 7.200 000 000 GHz SPAN 4.000 000 000 GHz 

SMALL DIAMETER 

AVg 
20 

PI MODE = 7.201 GHz 

Q = 544 

FIG. 7A 

    

    

  

    

  



US 7.609,001 B2 Sheet 5 of 14 Oct. 27, 2009 U.S. Patent 

7.022 GHz Mkri AT 

SWP 20.0 mS RBW 3 MHz 
WBW MHz 

7.000 GHz 
1.000 GHz 

CENTER 
SPAN 

FIG. 7B 

  



U.S. Patent Oct. 27, 2009 Sheet 6 of 14 US 7.609,001 B2 

Magnetic Field 
F G. 8B 22 into 28 Page 

  



U.S. Patent Oct. 27, 2009 Sheet 7 of 14 US 7.609,001 B2 

  



U.S. Patent Oct. 27, 2009 Sheet 8 of 14 US 7,609,001 B2 

TH 
EIHEIHINAIAIlific -30 
III 

    

  

  

  



U.S. Patent Oct. 27, 2009 Sheet 9 of 14 US 7.609,001 B2 

Cell Phone 
Tower 
124 

12O 

2) Receiver Element 
123 

Transmitter 
Element 
122 

Fido Mile 126 
Neighborhood user 

To / From Broadband Optical 
Fiber NetWork 

FIG. 16 

Transmitter 

Receiver 

123 

N-/ 
N-7 N 
Transmitter 

122 125 

123 

F.G. 17 

  

    

  

  



U.S. Patent Oct. 27, 2009 Sheet 10 of 14 US 7.609,001 B2 

122 122 

DDD (CGC 
123 

148 148 146 

S 
F.G. 18 

FIG. 19 

170 172 122 76 174 122 160 
N. HOMulu- 1 / 

FIG 21 

192 

HRH FIG. 23 

  



U.S. Patent Oct. 27, 2009 Sheet 11 of 14 US 7.609,001 B2 

122 160 2OO 
2O2 /NOM 

W 
122 

FIG. 24 

220 

12 222 2 224 

EH-He), 
FIG. 26 

230 

\ 238 
232 122 224 Missile ) 

POWer C 
Source Ontroller 236 Target 

FIG. 27 

User 
TO 644 
POWer 
Source 

H -- 

24 
123 

122 

N B) Y D FIG. 28 

  



U.S. Patent Oct. 27, 2009 Sheet 12 of 14 US 7.609,001 B2 

250 
\ 
\ 
r 

123 252 

eYo. --> 
/N 256 (2. 122 Hi? 

FIG. 29 is . 

FIG. 30 

122 
Extra-Terrestial 270 

POWer 

Generator ./ 

272 -/ 
123 

274 

FIG. 31 

  

  

  



U.S. Patent Oct. 27, 2009 Sheet 13 of 14 US 7.609,001 B2 

  



U.S. Patent Oct. 27, 2009 Sheet 14 of 14 US 7.609,001 B2 

300 312 314 

304 

316 

304 

  



US 7,609,001 B2 
1. 

OPTICAL MAGNETRON FOR HIGH 
EFFICIENCY PRODUCTION OF OPTICAL 
RADATION AND RELATED METHODS OF 

USE 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. patent 
application Ser. No. 10/982.591, filed Nov. 5, 2004, now U.S. 
Pat. No. 7,265,360 which is hereby incorporated herein by 
reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates generally to light sources, and 
more particularly to a high efficiency light source in the form 
of an optical magnetron and related applications. 

BACKGROUND OF THE INVENTION 

Magnetrons are well known in the art and have long served 
as highly efficient sources of microwave energy. For example, 
magnetrons are commonly employed in microwave ovens to 
generate Sufficient microwave energy for heating and cooking 
various foods. The use of magnetrons is desirable in that they 
operate with high efficiency, thus avoiding high costs associ 
ated with excess power consumption, heat dissipation, etc. 

Conventional microwave magnetrons employ a constant 
electric and magnetic field to produce a rotating electron 
space charge. The electron space charge interacts with a plu 
rality of microwave resonant cavities to generate microwave 
radiation. Conventional magnetrons are efficient generators 
of microwave energy for frequencies in the 1 to 10 GHz 
region. At higher frequencies, the maximum output power 
drops and the required electric and magnetic field strength 
increases (at higher frequencies the resonant cavities become 
proportionally smaller). The practical upper frequency limit 
for conventional magnetron designs is about 100 GHz at 
about 1 Watt (W) of continuous power. By comparison, at 1 
GHZ, conventional magnetrons can produce several kilowatts 
of continuous power. In short pulses, most magnetron designs 
can produce peak powers 1000 times higher than their maxi 
mum continuous power levels. In pulse operation, multi 
megawatt power levels are possible in the 1 to 10 GHz range. 

Conventional magnetrons employ anodes which have a 
plurality of resonant cavities arranged around a cylindrical 
cathode. The resonant cavities typically number from six to 
twenty. They may be shaped as hole and slot-keyhole struc 
tures or as straight-sided pie-shaped structures. FIGS. 1A-1C 
illustrate several conventional magnetron anode designs, 
namely, the slot-keyhole, the straight-sided pie-shaped struc 
ture and the rising Sun structure (i.e., an anode with resonant 
cavities having varying dimensions), respectively. 
Mode control is an importantissue in magnetron operation. 

A mode is a collective oscillation of all of the resonant cavi 
ties. In a single mode, all of the cavities may oscillate at 
substantially the same frequency but with some phase differ 
ence between adjacent cavities. The most desirable mode of 
operation occurs when adjacent cavities oscillate 180 degrees 
out of phase with each other or piradians out of phase. This is 
known as pi-mode, and is the most power efficient mode. 
Numerous other modes are possible. For example, all cavities 
can oscillate in phase with each other, which is known as the 
Zero pi-mode. Another possibility is that adjacent cavities 
oscillate pi/2 radians or 90 degrees out of phase with each 
other. In general, the number of distinct possible modes 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
equals the number of resonant cavities. As more cavities are 
added, the number of possible modes increases. 

Without some sort of mode control device, a magnetron 
can and will oscillate at any possible mode. Each mode has a 
slightly different oscillation frequency and power efficiency. 
Without mode control, a magnetron oscillator will jump 
about in frequency and power level in an uncontrolled man 

. 

The frequency and power limitations of conventional mag 
netron designs arise from a breakdown of mode control. 
Mode control is conventionally accomplished either by using 
strapping rings 10 as shown in FIGS. 1A and 1B, or by 
alternating the size of the resonant cavities 12 as in the rising 
Sun design of FIG. 1C. As a practical matter, these prior art 
methods of mode control fail when the number of cavities 
exceed approximately twenty. Numbers higher than forty 
heretofore have been considered completely impractical. 

Since the spacing of anode pole pieces depends directly on 
the operating wavelength, this limitation drives higher fre 
quency designs to very Small size and limits their power 
handling capability. The very Small size also requires very 
large magnetic fields to maintain Small radius electron orbits 
within the small device. At 100 GHz for example, the reso 
nant cavities are reduced to a fraction of a millimeter in 
length. Such small pieces of metal may cause problems as a 
result of being unable to handle high-power levels without 
melting. Furthermore, as the anode diameter becomes 
Smaller, impractically large magnetic fields are required to 
produce tighter electron orbits around the cathode. 

With reference to FIG. 2, a conventional cylindrical mag 
netron 14 is provided with a central electron emitting cathode 
16 and a circumferential anode 18 containing a plurality of 
resonant cavities 12. A high Voltage source (not shown) is 
used to accelerate electrons from the cathode 16 to the anode 
18 (the cathode is at negative potential and the anode is at 
positive potential), and an axial magnetic field 20 causes the 
electrons to follow curved orbits on their way from the cath 
ode 16 to the anode 18. A power coupling port 19 provides a 
means to deliver the energy away from the resonant cavities 
12. Planar (non-curved) magnetrons are also possible with 
similar operating principles. For clarity, only cylindrical mag 
netrons will be discussed. 

During operation of the magnetron 14, an electron cloud 
rotates about an axis of symmetry within an interaction space, 
e.g., the space between the anode and cathode. As the cloud 
rotates, the electron distribution becomes bunched on its 
outer Surface, thereby forming spokes of electronic charge 
that resemble the teeth on a gear. The operating frequency of 
the magnetron is determined by how rapidly the spokes pass 
from one gap to the next in one half of the oscillation period. 
The electron rotational velocity is determined primarily by 
the strength of a permanent magnetic field and the electric 
field which are applied to the interaction region. 

FIG. 3 illustrates an expanded view of a portion of a con 
ventional magnetron anode 18 in pi-mode operation. For 
simplicity, the curved structure is drawn straight. When oper 
ating in the desired pi-mode, adjacent resonant cavities 12 
oscillate out of phase with each other. The space between the 
cathode and anode is filled with a rotating electron cloud 22. 
A high voltage accelerates the electrons from cathode 16 to 
anode 18 and Supplies the electrical energy which is con 
verted into microwave power. 
At an instant of time during pi-mode operation, it can be 

seen that the microwave fringing fields 24 at the resonant 
cavity openings have alternating directions. The circulating 
electron cloud 22 sees electric fields across consecutive open 
ings which go from plus to minus potential, then minus to 
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plus, then plus to minus, etc. The result is that the Surface of 
the metal polepieces 26 between resonant cavity openings are 
alternately at either positive or negative potential. Since elec 
trons are attracted to positive and repelled from negative 
potentials, pi-mode operation serves to efficiently bunch the 
electron cloud 22. 
The rotating electron cloud 22 interacts only with the fring 

ing fields 24 between anode poles. The function of the mul 
tiplicity of microwave resonators 12 is to Support and main 
tain the oscillating fringing fields 24. As taught in commonly 
assigned U.S. Pat. No. 6,724,146, a multiplicity of microwave 
resonators is not necessary to produce magnetron operation. 
It is sufficient to provide a multiplicity of anode pole pieces 
that Support pi-mode at fringing fields across the anode open 
ings. 

For many practical reasons, the distance D between anode 
openings is typically a fraction of the operating wavelength, 
Such as, for example, one-tenth or one-hundredth of the oper 
ating free space wavelength. The anode circumference of a 
typical prior art microwave-oven magnetron is about one-half 
the guided-wave wavelength and contains ten resonators for a 
spacing D of about /20 wavelength. It is also known as a 
practical matter that mode control fails for magnetrons con 
structed with more than approximately twenty resonant cavi 
ties 12. From these two facts it can be seen that mode control 
is difficult when the circumference of the anode is larger than 
approximately one wavelength at the operating frequency. 

Recently, the applicant has described a high frequency 
magnetron that is suitable for operating at frequencies here 
tofore not possible with conventional magnetrons. This high 
frequency magnetron is capable of producing high efficiency, 
high power electromagnetic energy at frequencies within the 
infrared and visible light bands, and which may extend 
beyond into higher frequency bands such as ultraviolet, X-ray, 
etc. As a result, the magnetron may serve as a light source in 
a variety of applications such as long distance optical com 
munications, commercial and industrial lighting, manufac 
turing, etc. Such magnetron is described in detail in com 
monly assigned, U.S. Pat. No. 6,373,194 and U.S. Pat. No. 
6,504,303, the entire disclosures of which are incorporated 
herein by reference. 

This high frequency magnetron is advantageous as it does 
not require extremely high magnetic fields. Rather, the mag 
netron preferably uses a magnetic field of more reasonable 
strength, and more preferably a magnetic field obtained from 
permanent magnets. The magnetic field strength determines 
the radius of rotation and angular Velocity of the electron 
space charge within the interaction region between the cath 
ode and the anode. The anode includes a plurality of small 
resonant cavities which are sized according to the desired 
operating wavelength. A mechanism is provided for con 
straining the plurality of resonant cavities to operate in pi 
mode. Specifically, each resonant cavity is constrained to 
oscillate pi-radians out of phase with the resonant cavities 
immediately adjacent thereto. An output coupler or coupler 
array is provided to couple optical radiation away from the 
resonant cavities in order to deliver useful output power. 

Additionally, applicant has made further improvements to 
the magnetron, wherein the wavelength of operation may be 
in the microwave band, infrared light or visible light bands, or 
even shorter wavelengths. The magnetron converts direct cur 
rent (dc) electricity into single-frequency electromagnetic 
radiation, and includes an array of phasing lines and/or inter 
digitated electrodes that are disposed around the outer cir 
cumference of an electron interaction space. During opera 
tion, oscillating electric fields appear in gaps between 
adjacent phasing lines/inter-digitated electrodes in the array. 
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4 
The electric fields are constrained to point in opposite direc 
tions in adjacent gaps, thus providing pi-mode fields that are 
necessary for efficient magnetron operation. Such a magne 
tron is described in detail in commonly assigned U.S. Pat. No. 
6,724,146, the entire disclosure of which is incorporated 
herein by reference. 

Nevertheless, a strong need remains in the art for even 
further advances in the development of high frequency elec 
tromagnetic radiation sources. For example, a strong need 
remains for a device having improved operation at high fre 
quencies, e.g., over 100 GHZ, while operating at high power 
levels. More particularly, a strong need remains for a device 
which does not utilize multiple resonant cavities, thereby 
simplifying the construction of the magnetron. Such a device 
would offer greater design flexibility and would be particu 
larly well Suited for producing electromagnetic radiation at 
very short wavelengths and operating at high power levels. 

SUMMARY OF THE INVENTION 

One aspect of the invention relates to an electromagnetic 
radiation source. The electromagnetic radiation Source 
includes an anode having a first conductor; a second conduc 
tor positioned relative to the first conductor; a plurality of 
inter-digitated pole pieces coupled to the first conductor or the 
second conductor, wherein adjacent pole pieces are separated 
by a gap; at least one mechanical phase reversal positioned 
along the first conductor or the second conductor, the 
mechanical phase reversal forcing a polarity change between 
pole pieces adjacent to the mechanical phase reversal. The 
electromagnetic radiation source further includes a cathode 
separated from the anode by an anode-cathode space; electri 
cal contacts for applying a dc Voltage between the anode and 
the cathode and establishing an electric field across the 
anode-cathode space; and at least one magnet arranged to 
provide a dc magnetic field within the anode-cathode space 
generally normal to the electric field. 

Other aspects of the invention are directed to an exemplary 
electromagnetic radiation source (e.g., optical magnetron) in 
a variety of systems including a welding system, a process 
heating system, an optical powertransmission system, a wire 
less/high-bandwidth communications system, a cutting sys 
tem, a lighting system, a medical diagnostics system, a medi 
cal therapy system, a system for killing insects, a system for 
killing plants, a directed energy weapon system, a system for 
converting direct current to optical power, a system for wire 
lessly providing electrical power to an aircraft, a system for 
wirelessly providing power to a satellite, a system for wire 
lessly transmitting electrical power from a space-based power 
generation station to earth, a pollution remediation system, a 
photochemical processing system, and a display system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic view of a prior art magnetron anode 
utilizing a slot-keyhole resonator design; 
FIG.1B is a schematic view of a prior art magnetron anode 

utilizing a straight-sided pie-shape resonator design; 
FIG.1C is a schematic view of a prior art magnetron anode 

utilizing resonators having various dimensions; 
FIG. 2 illustrates a prior art magnetron utilizing the anode 

of FIG. 1B: 
FIG.3 is an expanded view of a portion of the anode of the 

magnetron of FIG. 2 during pi-mode operation; 
FIG. 4 is an isometric view of an exemplary anode in 

accordance with an embodiment of the invention; 



US 7,609,001 B2 
5 

FIG. 5A is a schematic view of the rings of the exemplary 
anode of FIG. 4; 

FIG. 5B is a schematic view of the rings of the exemplary 
anode of FIG. 4, illustrating the mechanical phase reversals; 

FIG. 6A is a sectional view of the exemplary anode of FIG. 
4 during pi-mode operation; 

FIG. 6B is a sectional view of the exemplary anode of 
FIGS.4 and5 during pi-mode operation, illustrating the effect 
of the mechanical phase reversal; 

FIG. 7A is a graph illustrating the Q-factor of an embodi 
ment of the exemplary anode inaccordance with the invention 
with respect to prior art anodes and, more particularly, FIG. 
7A shows standing wave resonances in an exemplary anode 
with a circumference of 2 free-space wavelengths; 

FIG. 7B is a graph of the output power from an embodi 
ment of the exemplary anode inaccordance with the invention 
during operation in pi-mode (Note that mechanical phase 
reversals have preferentially selected oscillation at only one 
of the modes); 

FIG. 8A is an isometric view of an exemplary magnetron 
incorporating an exemplary anode in accordance with an 
embodiment of the present invention; 

FIG. 8B is a top view of the exemplary magnetron of FIG. 
8A: 

FIG. 9 is an isometric view of an anode in accordance with 
another embodiment of the invention; 

FIG.10 is an isometric view of an anode inaccordance with 
yet another embodiment of the invention; 

FIG. 11 is an isometric view of an anode and coupling 
probes in accordance with an embodiment of the invention; 

FIG. 12 is a schematic view of several probes inaccordance 
with an embodiment of the invention; 

FIG. 13 is a schematic view of the rings of the anode of 
FIG. 4 illustrating the coupling pins between conductors; 

FIG. 14A is an isometric view on an anode structure in 
accordance with another embodiment of the invention; 

FIG. 14B is an isometric view on an anode structure in 
accordance with yet another embodiment of the invention; 

FIG. 15 is an isometric view of three stacked anodes in 
accordance with an embodiment of the invention. 

FIG. 16 is a schematic diagram illustrating an exemplary 
optical magnetron in a system for providing wireless/high 
bandwidth communications in accordance with the present 
invention; 

FIG.17 is a schematic diagram illustrating a wireless/high 
bandwidth communications system including an exemplary 
optical magnetron in accordance with the present invention; 

FIG. 18 is a schematic diagram illustrating an exemplary 
optical magnetron as part of a communication system for 
wirelessly transmitting and receiving data in accordance with 
the present invention; 

FIG. 19 is a schematic diagram illustrating an exemplary 
optical magnetron in a point-to-multipoint system for trans 
mitting data in accordance with the present invention; 

FIG. 20 is a schematic diagram illustrating an exemplary 
optical magnetron in a microwave process heating system in 
accordance with the present invention; 

FIG. 21 is a schematic diagram illustrating an exemplary 
optical magnetron in a welding system in accordance with the 
present invention; 

FIG. 22 is a schematic diagram illustrating an exemplary 
optical magnetron in a system for providing medical diagnos 
tics and/or treatments in accordance with the present inven 
tion; 

FIG. 23 is a schematic diagram illustrating an exemplary 
optical magnetron included in a system that can be used for 
applying optical energy to a broad area; 
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6 
FIG. 24 is a schematic diagram illustrating an exemplary 

optical magnetron in a system for irradiating grain; 
FIG. 25 is a schematic diagram of an exemplary optical 

magnetron in a pollution remediation system; 
FIG. 26 is a schematic diagram illustrating an exemplary 

optical magnetron as part of a directed energy weapon in 
accordance with the present invention; 

FIG. 27 is a schematic diagram illustrating an exemplary 
optical magnetron as part of a missile target seeking system in 
accordance with the present invention; 

FIG. 28 is a schematic diagram illustrating an exemplary 
optical magnetron in a system for wirelessly transmitting 
electrical energy in accordance with the present invention; 

FIG. 29 is a schematic diagram illustrating an exemplary 
optical magnetron in a system for providing electric power to 
an aircraft in accordance with the present invention; 

FIG. 30 is a schematic diagram illustrating an exemplary 
system for wirelessly providing power to a satellite in orbit; 

FIG. 31 is a schematic diagram illustrating an exemplary 
optical magnetron in a system for transmitting power from an 
orbiting power generation station in accordance with the 
present invention; 

FIG. 32A is cross-sectional view taken along the diameter 
of an exemplary optical power cable for use in connection 
with Such exemplary optical power transmission systems as 
described in, for example, FIG. 21; 

FIG. 32B is a cross-sectional view taken along the longi 
tudinal axis of an exemplary optical power cable for use in 
connection with Such exemplary optical power transmission 
systems as described in, for example, FIG. 21; 

FIG. 33 is a schematic diagram illustrating an exemplary 
optical magnetron in a lighting system in accordance with the 
present invention; 
FIG.34 is a schematic illustration of an exemplary optical 

magnetron in a display system in accordance with the present 
invention. 

DESCRIPTION OF THE INVENTION 

The following is a description of the present invention with 
reference to the attached drawings, wherein like reference 
numerals will refer to like elements throughout. To illustrate 
the present invention in a clear and concise manner, the draw 
ings may not necessarily be to scale. 
The applicants have discovered that large anodes, e.g., 

anodes with a circumference larger than one free-space wave 
length, exhibit traveling waves along the inner circumference 
of the anode. In other words, the surface of the anode supports 
creeping waves that propagate around the circumference of 
the anode in both clockwise and counterclockwise directions. 
The traveling waves change phase as they travel around the 
anode and, at certain operating frequencies, look like stand 
ing waves, e.g., they are in phase with themselves as they 
complete one revolution around the anode. These stationary 
or standing modes perturb and control the phase of the indi 
vidual resonators, thereby makingpi-mode operation for con 
ventional magnetron anodes sometimes difficult or impos 
sible to achieve. 

Referring to FIG. 4, an anode 30 in accordance with an 
embodiment of the present invention is shown. The anode 30 
need not include discrete microwave resonators. Instead, 
resonance is provided by standing wave modes and pi-mode 
electric fields are developed in conjunction with multiple 
poles having gaps formed between adjacent poles, wherein 
the length of the run is greater than the operating wavelength 
W, preferably greater than 2W, and more preferably greater 
than 3W. Additionally, in accordance with the present inven 
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tion a mechanical phase reversal of the poles is introduced 
every /2) of the standing wave. Note that the wavelength of 
the standing and traveling waves is much shorter (about 
5-times shorter) than the wavelength of a free-space wave of 
similar frequency. As used herein, a “run” refers to the length 
of the anode. An annular anode, for example, has a run that is 
equal to the circumference of the anode. A flat anode, on the 
other hand, has a run that is equal to the length of the anode. 

In the embodiment of FIG.4, the anode includes an annular 
top conductor 32 and an annular bottom conductor 34. The 
annular conductors have a radius “r” and are arranged to be 
concentric with respect to each other. A plurality of pins 36, 
which form a “ring of pins' within the anode 30, have a length 
“L” and are electrically coupled to the top conductor 32 or to 
the bottom conductor 34 and extend therefrom, wherein the 
pins each are separated from adjacent pins by a gap “G”. The 
pins 36 function as anode pole pieces and, as will be discussed 
below, the gaps between the pins 36 provide fringing fields 
which interact with a rotating electron cloud (not shown). 

The practical limit for the number of pins can be thousands 
or even millions of pins in a single anode. The large number 
of pins allows the fabrication of large devices with high power 
capability that can operate at higher frequencies and shorter 
wavelengths than magnetrons using conventional anode 
designs. Moreover, the large devices require only modest 
magnetic fields for operation. 
The radius r of the anode 30 can vary depending on the 

requirements of the specific application. The length L of the 
pins affects the frequency of operation of the magnetron. 
Longer pins reduce the frequency of operation, while shorter 
pins increase the frequency of operation. Similarly, the pin 
gap G between pins also affects the frequency of operation of 
the magnetron. In one embodiment, the gap or spacing 
between pins is such that there are 10 to 20 pins per standing 
wavelength along the circumference of the anode. The cross 
sectional shape of the pins can be rectangular, triangular, 
circular, or any other geometrical shape. 
The top and bottom conductors 32,34 of the anode 30 may 

be viewed as conductors in a parallel wire transmission line, 
wherein the transmission line is connected back upon itselfin 
a large circle. As was noted above, some pins 36 are con 
nected to the top conductor, while other pins are connected to 
the bottom conductor. FIG. 5A illustrates this aspect of the 
anode, wherein top pins 36a are connected to the top conduc 
tor 32, and bottom pins 36b are connected to the bottom 
conductor 34. Generally speaking, the pins 36 are configured 
So as to provide an inter-digitated structure. More specifically, 
top pins 36a of the top conductor 32 mesh with bottom pins 
36b of the bottom conductor 34. As used herein, mesh refers 
to an alternating pattern between at least two objects, wherein 
the objects do not contact one another. 

The pins 36 connect to a Voltage generated by the standing 
microwave fields on the ring. With reference to FIG. 6A, 
which is a cross sectional view of the anode of FIG.5A taken 
along the section A-A, Voltages between adjacent pins 36a, 
36b provide fringing fields 24 that can interact with the cir 
culating electron cloud 22. More specifically, the fringing 
fields 24 between the pins 36a, 36b exactly replicate the 
pi-mode fields of prior art magnetrons devices. Thus, the 
anode of the present invention can operate in pi-mode without 
the need for mode control mechanisms, e.g., strapping rings 
of prior art anodes. 

For certain discrete frequencies, the inner circumference of 
the anode 30 equals an integer number of standing half wave 
lengths of the operating microwave frequency. At these reso 
nance conditions, the traveling waves of microwave energy 
are in phase with themselves after each trip around the cir 
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8 
cumference of the ring and form standing waves. The result is 
a very high-Q low-loss resonance at a microwave frequency. 
FIG. 7A shows the results of resonance measurements in a 
ring of one hundred twenty pins for several modes. More 
specifically, the discrete modes in a ring of one hundred 
twenty pins show Q-values around or above 500. The Q of a 
conventional magnetron resonator is on the order of 100. 
Thus, the anode of the present invention, when utilized in a 
magnetron, offers a significant improvement in the Q factor 
when compared to magnetrons utilizing prior art anodes. 
At approximately every half standing wavelength around 

the ring, the connecting pins 36 are provided with a mechani 
cal phase reversal 38 as shown in FIG. 5B. The microwave 
standing waves on the ring go through an electrical phase 
reversal at every half wavelength, and the mechanical phase 
reversal 38 forces a polarity change between the top pins 36a 
and the bottom pins 36b that corresponds with the phase 
reversal of the standing waves. In other words, the mechanical 
phase reversal compensates for the microwave phase reversal 
and, thus, presents continuously in-phase pi-mode fields to 
the circulating electrons. The mechanical phase reversal 
ensures that a particular mode of operation, Such as a desired 
single operating frequency, for example, is maintained. FIG. 
7B shows the microwave output power from the anode of 
FIG. 7A where the mechanical phase reversals have been 
designed to select only one of the possible standing wave 
modes. The result is a pure single mode operation. As will be 
appreciated by those skilled in the art, one or more mechani 
cal phase reversals 38 can be placed along the anode to 
Support a single operating mode at any of the possible anode 
SOaCS. 

The orientation of the phase reversals 38 can alternate 
between the top conductor 32 and the bottom conductor 34. 
For example, a first mechanical phase reversal can have both 
pins coupled to the top conductor 32, and the next mechanical 
phase reversal can have both pins coupled to the bottom 
conductor 34. 
The mechanical phase reversal can be implemented, for 

example, by forming the pins 36 Such that two pins connected 
to the same conductor are adjacent to each other. In other 
words, the pins of one conductor, e.g., the top conductor 32. 
do not mesh with corresponding pins of the other conductor, 
e.g., the bottom conductor 34. By this manner, the circulating 
electrons continually see pi-mode fields which do not reverse 
in phase and which remain synchronous with the electron 
motion. The spacing between pins of the mechanical phase 
reversal is the same as the spacing between other pins, e.g., a 
gap “G” between pins of the mechanical phase reversal. 
The position of the standing wave can float or drift along 

the surface of the anode. To anchor the position of the stand 
ing wave, a shorting bar 36c is electrically coupled between 
the top conductor 32 and the bottom conductor 34, thereby 
providing a solid reference point. More specifically, the short 
ing bar 36c is placed between one pair of mechanical phase 
reversals 38. Any remaining mechanical phase reversals do 
not include the shorting bar36c. With the shorting bar36c, the 
location of the standing wave is fixed. 

FIG. 6B, which is a cross sectional view of the anode of 
FIG. 5B taken along section B-B, illustrates the effect of the 
mechanical phase reversal 38 on pi-mode operation. As was 
previously described, the pins 36 connect to a Voltage gener 
ated by the standing microwave fields on the ring. Assuming 
a negative charge develops on a first top pin 36a1 and a 
positive charge develops on an adjacent bottom pin36b1, then 
a negative charge develops on the next top pin 36a2, while a 
positive charge develops on the next adjacent bottom pin 
36b2. This pattern, e.g., negative (top pin)-positive (bottom 
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pin), negative (top pin)-positive (bottom pin), etc., continues 
as before until the mechanical phase reversal 38. 

At the mechanical phase reversal 38, two bottom pins 
36b3, 36b4 are adjacent to each other. Following the above 
pattern, a positive charge develops on bottom pin 36b3, a 
negative charge develops on adjacent bottom pin 36b4, and a 
positive charge develops on the next top pin 36a4. Thus, the 
polarity of the top and bottom pins has been shifted or 
reversed. Moreover, this reversal corresponds to the phase 
reversal of the standing waves. Thus, even though the stand 
ing waves undergo a phase reversal, thereby changing the 
polarity of the standing wave Voltage, the mechanical phase 
reversal 38 compensates for the polarity change by changing 
the polarity of the top and bottom pins, thereby replicating the 
pi-mode fields of prior art magnetrons and therefore main 
taining pi-mode operation. The shorting bar 36c locks the 
position of the standing wave on the anode. 

FIGS. 8A and 8B illustrate a magnetron 14' incorporating 
an anode 30 in accordance with an embodiment of the present 
invention. The magnetron includes the anode 30 and a cath 
ode 16 separated by an interaction space (or anode-cathode 
space), electrical contacts +V-V for applying a Voltage to the 
anode and cathode, and a magnet (not shown), which pro 
duces a magnetic field 20. Operation of the magnetron 14' will 
now be described. 
A high Voltage (not shown) is applied between the cathode 

16 and anode 30 via the contacts +V, -V as is conventional, 
and the high Voltage accelerates electrons from the cathode to 
the anode, thereby creating a circulating electron cloud 22. As 
the cloud moves through an interaction space (e.g., the space 
between the anode and cathode), traveling wave modes, 
which prevent mode control in magnetrons utilizing conven 
tional anodes, form and develop a charge on the pins 36 that 
creates fringing fields 24. The fringing fields 24 replicate 
pi-mode fields of prior art magnetrons. More specifically, and 
with further reference to FIG. 6B, the traveling wave modes 
create a resonance whereby a negative charge develops on a 
first pin 36a1 and a positive charge develops on an adjacent 
pin 36 b1. The next adjacent pin 36a2 develops a negative 
charge and the next adjacent 36b2 pin develops a positive 
charge, etc. The circulating electron cloud 22 interacts with 
the developed charge, e.g., electrons are attracted to the posi 
tive charge and repelled from the negative charge, thereby 
efficiently bunching the electron cloud. As the standing waves 
go through an electrical phase reversal, which occurs at every 
half wavelength, the mechanical phase reversals 38 force a 
change in polarity of the pins 36, as shown in FIG. 6B, thereby 
maintaining pi-mode operation. 
The anode 30 of the present invention can be substantially 

larger than one-wavelength in circumference at the operating 
frequency while maintaining mode control. This is significant 
since magnetrons utilizing prior art anodes would experience 
failure of mode control when the circumference of the anode 
became larger than approximately one wavelength at the 
operating frequency. Additionally, the anode of the present 
invention permits large electron orbits and thus can operate 
using Small magnetic fields at short wavelength operation. 
Furthermore, and unlike conventional magnetron anodes, the 
anode 30 permits mode control with a large number of pole 
pieces. 

With reference to FIG.9, aforty pinstructure inaccordance 
with an embodiment of the anode is shown. The anode 30' 
includes a Supporting flange 40 integrally formed with the 
ring of pins 36. During operation, the traveling waves, which 
circulate about the ring of pins, are closely attached to the 
space Surrounding the pins 36. Significant power levels 
extend outward from the ring by only about two pin spacings. 
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10 
Thus, the circulating power and mode frequency are largely 
unaffected by the addition of flanges or Support structures. 
Additionally, the power stays near the pins and does not travel 
outward on the flanges. As should be appreciated, the size of 
the flange can vary based on the specific requirements. More 
over, various flange sizes will not degrade performance of the 
anode. 

FIG. 10 illustrates a one hundred twenty pin structure in 
accordance with another embodiment of the anode. The 
anode 30", in contrast to the embodiment of FIG. 9, has 
almost no supporting flanges. In both embodiments, output 
coupling probes 42 are placed closely to the pins 36 to couple 
to the tightly bound circulating power, as illustrated in FIG. 
11. The coupling probes provide a means to deliver the energy 
from the pins to a remote area or device. The coupling probes 
can be capacitively and/or inductively coupled to the anode. 
Inductively and capacitively coupled probes should be placed 
within two pin-spacings of the ring of pins 36. FIG. 12 illus 
trates several embodiments of coupling probes, including 
inductive loops 44, Small metal antennas 46, and dielectric 
probes 48 that sample the electric field of the circulating 
WaVS. 

Alternatively, the coupling probes can be directly con 
nected to the anode via one of the mechanical phase reversals 
38. For example, a first conductor can be coupled to one pin of 
a mechanical phase reversal, and a second conductor can be 
coupled to a second pin of the same mechanical phase rever 
sal, wherein the power output is the differential between the 
two conductors. The conductors can be coupled at the mid 
point of the each respective pin of the mechanical phase 
reversal. 

In addition to annular shaped anodes, non-annular struc 
tures also are practical. Similar microwave resonances found 
in annular shaped anodes are observed in Straight or curved 
sections of transmission lines that are provided with short 
circuit pins 36d at their ends, as shown in FIG. 13. 

For practical designs that may require very large numbers 
of pins, it is feasible to break up a large ring into several 
sectors. Non-ring structures may be used as stand-alone arcs 
in very large cylindrical magnetrons. An optical resonator can 
be employed with the arcs to enhance performance at short 
operating wavelengths. Non-ring structures also can be used 
in planar (cylindrical) magnetrons devices. Alternatively, a 
large anode may beformed from several independent Subsec 
tions that are coupled together to form the anode structure. 

For example, and with reference to FIG. 14A, four arcs 50 
are used to form a general anode structure. The arcs 50 are 
similar to the anode 30, except they do not form one continu 
ous anode structure, and they include shorting pins 36d at the 
ends of each arc. Each arc is separated from an adjacentarc by 
a gap G1, wherein G1 is an integer multiple of the gap G 
between adjacent pins of the arc. Each arc includes a top 
conductor 32 and a bottom conductor 34", and a plurality of 
pins 36 connected to the top, bottom or both conductors as 
previously described. FIG. 14B illustrates an anode similar to 
the anode of FIG. 14A, except the anode is formed from four 
separate arcs 50' that are coupled together to form a continu 
ous anode structure. Each arc includes a top conductor 32" 
and a bottom conductor 34", and a plurality of pins 36 con 
nected to the top, bottom or both conductors. 
Anodes in accordance with the present invention may be 

stacked one above another as shown in FIG. 15. Stacking 
allows the anode to have a larger area and higher power 
handling capability than would be possible with a single ring 
anode design. Additionally, anodes 30 preserve their high-Q 
low-loss resonance when Stacked, provided a minimal spac 
ing “K” exists between the anodes. In general the spacing K 
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between anodes should be no Smaller than the spacing G 
between adjacent pins 36 in the anode. If the spacing K is on 
the order of two pin spacings, the anodes interact sufficiently 
to induce frequency locking between anodes. In this manner, 
a single pi-mode resonator may be constructed with thou 
sands of times the area and power handling capability of 
conventional magnetrons anode designs. 

Accordingly, an anode for use in a magnetron has been 
disclosed that permits single mode operation while including 
substantially more than one-hundred pole pieces. Moreover, 
the anode eliminates the prior art requirement for a multiplic 
ity of microwave resonators. The multiplicity of resonators 
are replaced with a ring of pins, which serve to provide a high 
quality microwave resonance and to present pi-mode electric 
fields to the circulating electron cloud. The circumference of 
the anode can be substantially larger than one-wavelength of 
the operating frequency, and the anode, whether cylindrical or 
planar, may be stacked for large area and high power handling 
capability. Furthermore, the anode in accordance with the 
present invention permits large electron orbits and, therefore, 
Small magnetic fields at short wavelength operation. The 
anode also may be segmented into multiple sectors, thereby 
facilitating the fabrication of large anode designs. 

Turning to FIG. 16, an exemplary optical magnetron 122 is 
shown in a system 120 for providing wireless/high-band 
width communications. The system 120 includes a transmit 
ting optical magnetron 122 for transmitting electromagnetic 
radiation, and an optical receiver 123 for receiving electro 
magnetic radiation emitted from the transmitting optical 
magnetron 122. The transmitting optical magnetron 122 and 
optical receiver 123 are mounted on a tower 124 and can be 
connected to one or more servers 125 or computers that in 
turn are connected to a broadband network. It will be appre 
ciated that the optical receiver 123 can be a conventional 
microwave magnetron or another device capable of receiving 
the electromagnetic radiation transmitted by the transmitting 
optical magnetron 122. A fixed or mobile user 126 within 
range of the tower 124 is provided with a transmitter and a 
receiver. Data can be transmitted over the system 120 using 
communication protocols similar to that used in other optical 
transmission systems. By utilizing the high power optical 
magnetron of the present invention, higher data-transfer rates 
can be achieved and many more end-users can be serviced 
from a given tower than in conventional systems. In addition, 
the greater ranges that are achievable with the optical mag 
netron of the present invention means fewer towers are 
needed to service a given area. Further details of the wireless/ 
high-bandwidth communications systems are set forthin U.S. 
patent application Ser. No. 10/231,651 filed on Aug. 30, 2002, 
which is hereby incorporated herein by reference in its 
entirety. 

Turning to FIG. 17, another wireless/high-bandwidth com 
munications system 130 including an exemplary optical mag 
netron 122 in accordance with the present invention is shown. 
This system 130 is identical to the system 120 shown and 
described in connection with FIG. 16, except that instead of 
being mounted on a tower, a transmitting optical magnetron 
122 and optical receiver 123 are mounted on a satellite 132 in 
orbit around earth. In the past, satellite communication has 
been limited to a relatively small portion of the microwave 
spectrum, which in turn has limited the available data rates. 
Accordingly, ground services which have almost unlimited 
bandwidth for long-haul applications have kept Such satellite 
communications systems from becoming mainstream. Using 
the optical magnetron 122 of the present invention enables 
new frequency bands to be exploited for satellite communi 
cations services. By opening up larger portions of spectrum, 
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12 
a satellite system using the optical magnetron of the present 
invention will be able to directly compete with ground wired 
systems in terms of delivered bandwidth. 

In FIG. 18, an exemplary optical magnetron in accordance 
with the present invention is shown as part of a communica 
tion system 140 for wirelessly transmitting and receiving 
data. Data can be transmitted over the system 140 using 
communication protocols similar to that used in other optical 
transmission systems, such as the system 120 of FIG. 16. The 
system 140 includes first and second transmitting optical 
magnetrons 122 for transmitting optical energy and a first and 
second optical receivers 123 for receiving transmitted optical 
energy. Each optical magnetron 122 and optical receiver 123 
is connected to a land-based network 146, Such as a landline 
telephone network for transmitting telephone calls. The opti 
cal magnetrons 122 and optical receivers 123 can be mounted 
on towers 148 for increasing effective range. The system 140 
can be part of a wireless communication system or network, 
commonly referred to as a cellphone networkfortransmitting 
and receiving Voice calls and/or data between one or more 
wireless devices and/or one or more wired devices. 

In FIG. 19, an exemplary optical magnetron in accordance 
with the present invention is shown in a point-to-multipoint 
system 150 for transmitting data. As will be appreciated, data 
can be transmitted over the system 150 using communication 
protocols similar to that used in other optical transmission 
systems. The system 150 includes an optical magnetron 122 
in accordance with the present invention configured to trans 
mit data using electromagnetic energy to a plurality of Sub 
scribers 152. The higher power transmission rates achievable 
with the optical magnetron 122 of the present invention 
results in higher data rates thereby permitting more subscrib 
ers to be serviced from a given central transmitter which may 
be mounted on a tower 154. Greater ranges than currently 
achievable are also possible with the optical magnetron of the 
present invention thus further reducing the number of towers 
needed to service a given area. 

Turning now to FIG. 20, an exemplary optical magnetron 
122 in accordance with the present invention is shown in a 
microwave process heating system 160. Such a system 160 
can be utilized in a microwave oven, for example. The system 
160 includes an optical magnetron 122 and a power source 
162 connected to the optical magnetron 122. The optical 
magnetron 122 of the present invention greatly expands the 
power levels and available frequencies available to the pro 
cess heating system 160 as compared to conventional sys 
temS. 

FIG. 21 illustrates a system 170 for welding including an 
exemplary optical magnetron 122 in accordance with the 
present invention. The system 170 includes a power source 
172, an optical magnetron 122, and a welding wand 174 
connected to the optical magnetron 122 via a fiber optic cable 
for directing the optical energy emitted by the optical mag 
netron 122. The system 170 can also be used for cutting 
various metals by heating the metal, similar to the manner in 
which a blowtorch is used to cut metal. Energy from the 
optical magnetron 122 can be focused on a target area via a 
focusing means (e.g., within the wand), thereby heating and/ 
or cutting the metal. 

Turning to FIG.22, an exemplary optical magnetron 122 in 
accordance with the present invention is shown in a system 
180 for providing medical diagnostics and/or treatments. The 
optical magnetron 122 is configured to direct electromagnetic 
energy at a patient 182 to facilitate, for example, body scan 
ning and/or imaging. The system 180 can also be used to 
direct treatment energy, Such as tissue-penetrating micro 
waves for hyperthermic treatment, at the patient 182. 
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In FIG. 23, an exemplary optical magnetron 122 in accor 
dance with the present invention is included in a system 190 
that can be used for applying optical energy to a broad area, 
such as an agricultural field 192, for example. Energy from 
the optical magnetron 122 can be scanned overa target area at 
a particular wavelength and/or energy level etc. via a focusing 
means (e.g., a waveguide). Such a system 190 can be utilized 
for exterminating insects and/or for destroying vegetation, 
Such as weeds. It will be appreciated that, by modulating the 
intensity and/or wavelength of the directed energy, certain 
types of vegetation and/or insects may survive while other 
types are eliminated. Accordingly, the system 190 can be used 
as a selective herbicide/insecticide to eliminate only 
unwanted vegetation and/or insects while leaving desired 
vegetation and/or insects unharmed. The system 190 can also 
be used to destroy seeds prior to germination thereby “sani 
tizing soil prior to planting crops. The system 190 can be 
mounted to a vehicle, such as a tractor or an aircraft 194, or 
can be provided in a portable form factor that can be used in 
Smaller applications, such as in the household. The optical 
magnetron of the present invention could also enable Such a 
system, mounted on a satellite, to be operated remotely from 
Space. 

Another application of agricultural pest control is irradia 
tion of grain. In FIG. 24, an exemplary optical magnetron 122 
in accordance with the present invention is shown in a system 
200 for irradiating grain as it enters a storage silo 202. It will 
be appreciated that such a system 200 can be used to irradiate 
grain at other times and locations, such as when loading or 
unloading grain from a hold on a ship. 

In FIG. 25, an exemplary optical magnetron 122 in accor 
dance with the present invention is included in a pollution 
control and/or remediation system 210. The system 210 
directs optical energy of suitable frequency and intensity at a 
polluted medium 212, Such as air, for destroying and/or cata 
lyzing pollutants 214. The system 210 can be ground based, 
mounted on an aircraft, or satellite based. The system 210 can 
be configured to treat air in the atmosphere (e.g., by broadly 
directing optical energy at the atmosphere). Alternatively, air 
can be drawn through a chamber and optical energy can be 
directed at the air as it passes therethrough. Alternatively, 
smaller versions of the system 210 can be configured to treat 
emissions from industrial processes and/or motor vehicle 
emissions. Accordingly, the system 210 can be mounted to a 
Smokestack of a powerplant or a tailpipe of a vehicle. The 
system 210 can also be used in a conventional type airpurifier. 

In FIG. 26, an exemplary optical magnetron 122 in accor 
dance with the present invention is shown as part of a directed 
energy weapon 220. The directed energy weapon 220 
includes a power Source 222, the optical magnetron 122, and 
a focusing device 224 for focusing energy emitted from the 
optical magnetronata target. The directed energy weapon can 
be vehicle mounted, satellite mounted, or contained in a por 
table unit that can be carried by a user. Stationary units are 
also possible. The directed energy weapon 220 can be used to 
apply a lethal dose of energy to a live target 226 or can 
alternatively be configured to apply a less than lethal dose of 
energy for crowd control and other purposes. The directed 
energy weapon 120 can also be used to destroy electronic 
equipment or merely jam electronic equipment by delivering 
optical energy at a particular frequency. 

In FIG. 27, an exemplary optical magnetron 122 in accor 
dance with the present invention is shown as part of a missile 
tracking system 230. The missile tracking system 130 
includes a power source 232, a controller 234, and an optical 
magnetron 122. The system 230 can be ground-based or can 
be installed on an aircraft for tracking missiles and/or other 
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projectiles and/or aircraft. Alternatively, the system can be 
mounted on a satellite. Such a system 230 can be used in 
conjunction with a missile defense system for tracking and 
deflecting and/or destroying enemy missiles before they 
reach their intended targets. In an exemplary embodiment, 
energy from the optical magnetron 122 is directed at an 
incoming missile in order to deflect the missile away from its 
intended target and/or to destroy the missile before impact 
with its intended target. 

Turning to FIG. 28, an exemplary optical magnetron in 
accordance with the present invention is shown as part of a 
system 240 for wirelessly transmitting electrical energy. The 
system 240 includes a power source or generator 242, a trans 
mitting optical magnetron 122 connected to the power source 
242, and a receiving optical magnetron 123 for receiving the 
wirelessly transmitted energy and converting it to electrical 
power. The power is transmitted in the form of electromag 
netic energy. The electrical power can then be transmitted via 
existing power distribution lines to users 244. Accordingly, 
power can be transmitted through the air between the trans 
mitting optical magnetron 122 and the receiving optical mag 
netron 122. As will be further described, however, the trans 
mitting optical magnetron 122 and the receiving optical 
magnetron 122 can be coupled via a microwave cable, such as 
a fiber-optic cable, for transmitting optical energy. The sys 
tem 240 can be used in place of high-voltage wire-based 
power transmission systems thereby eliminating high-volt 
age wires. This can be advantageous because microwave 
cables can be closely packed, unlike high-voltage wires, 
which permits increased capacity over existing utility right 
of-ways. Further, microwave cables generally do not radiate 
possibly harmful electromagnetic fields to nearby structures 
or people. 

Turning to FIG. 29, an exemplary optical magnetron in 
accordance with the present invention is illustrated in a sys 
tem 250 for providing electric power to an aircraft 252. The 
system includes similar components to the above-described 
system 240 for wirelessly transmitting electrical energy, 
including a receiving optical magnetron 123 mounted on the 
aircraft 252 for receiving electromagnetic energy from a 
transmitting optical magnetron 122 and converting the energy 
into a electric power that can be used to power one or more 
electric motors to propel the aircraft 252. Such a system 250 
can be used to provide power not only for take-off and flight 
ofmanned or unmanned aircraft, but also for running onboard 
systems such as Surveillance equipment, radar, etc. A tracking 
system 256 can be provided for tracking the aircraft and 
aiming the transmitting and/or receiving optical magnetrons 
122 and 123 for efficient operation. 

Similarly, FIG. 30 shows a system 260 for wirelessly pro 
viding power to a satellite 262 in orbit. The system includes 
an exemplary transmitting optical magnetron 122 in accor 
dance with the present invention for transmitting optical 
energy to a receiving optical magnetron 123 aboard the sat 
ellite 262. By transmitting power to the satellite 262 while in 
orbit, onboard power Supplies can be Smaller and/or elimi 
nated altogether thereby reducing the weight of the satellite 
which in turn permits more efficient launching of the satellite. 
The system 260 can be used in connection with a geo-station 
ary satellite, in which case the transmitting optical magnetron 
122 and satellite 262 are typically stationary relative to each 
other, and thus tracking the satellite 262 and aiming the opti 
cal magnetrons 122 is typically not critical. The system 260 
can also be used with a satellite 262 that is not in a geo 
stationary orbit. In such case, Suitable tracking and aiming 
systems can be employed to aim the optical magnetrons 122 
and 123. As an example, for a satellite 262 that is only visible 
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for a few hour period at a given location on earth, a tracking 
and aiming system 266 can be utilized to beam power to the 
satellite 262 when in visible range. The satellite 262 can be 
configured to operate off of battery power when not in visible 
range, or alternatively can shut down until power transmis 
sion is once again available. 

Turning to FIG. 31, an exemplary optical magnetron in 
accordance with the present invention is shown in a system 
270 for transmitting power to earth from an extraterrestrial 
power generation station 272. The system 270 includes the 
power station 272, which can be an orbiting power station or 
could be located on a celestial object Such as the moon or 
another planet, a transmitting optical magnetron 122 for 
transmitting the power generated by the power station 272 to 
a receiving optical magnetron 123 on earth 274. For example, 
the system 170 could be used for transmitting power from a 
lunar-based solar energy farm or an orbiting nuclear power 
plant. The system of FIG. 31 has generally the same compo 
nents as the above-described optical power transmission sys 
tem 240 (FIG. 24), and functions in essentially the same way. 
By removing power generation stations from the Earth's 
atmosphere, any pollution generated by Such stations can be 
kept away from the Earth's atmosphere thereby providing 
environmental benefits. This is particularly the case for power 
generators such as nuclear power generators, which although 
provide a “clean' source of power still represent significant 
hazards to humans (radiation) in the event of a malfunction. 
Accordingly, the system of FIG. 24, by permitting remote 
location of the powerplant, avoids pollution of the Earth's 
atmosphere and reduces the potential for malfunctions to 
adversely impact humans. 

It will be appreciated that the above-described systems 
describing wireless optical transmission of data and/or elec 
trical power transmission can be wireless or can include an 
optical cable for containing the optical energy. Turning to 
FIGS. 32A and 32B, an optical power cable for use in con 
nection with such system is illustrated. The optical power 
cable 282 can be used to connect an exemplary transmitting 
optical magnetron 122 in accordance with the present inven 
tion to an energy receiving element, which maybe another 
exemplary optical magnetron. The optical power cable 282 
can be a fiber-optic cable which permits the optical energy to 
travel within the cable with minimal losses and avoids scat 
tering of the optical energy. Such a cable can also be useful in 
applications where line of sight aiming of the optical magne 
tron and energy receiving element is not possible. 

The optical power cable 282 includes a generally transpar 
ent core material 284 having low absorption and scattering 
loss. The core material 284 can be glass, plastic, an inert gas, 
or a vacuum, for example. A cladding material 286 Surrounds 
the core material 284 and serves to confine the optical power 
to the core material 284 and prevent leakage of the same from 
the cable 282. Although typically little or no optical power 
flows in the cladding material 286, the cladding material 
should preferably have low absorption and scattering loss. 

Turning to FIG. 33, an exemplary optical magnetron in 
accordance with the present invention is shown in a lighting 
system 290. The system includes an optical magnetron 122 
and one or more lighting units 292 that receive energy from 
the optical magnetron 122 and convert the energy to visible 
light. The lighting system 290 can be, for example, a micro 
wave-powered electrodeless lighting system wherein the 
lighting units 292 are Sulfur lamps consisting of a quartz bulb 
containing Sulfur and inert argon gas at the end of a thin glass 
spindle. The optical magnetron 122 can be used to bombard 
the lamps with electromagnetic energy of a suitable wave 
length to excite the gas thereby heating the Sulfur into a 
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brightly glowing plasma. Such lights can be used to replace 
conventional streetlights and offer potentially vastly higher 
efficiency than current gas discharge lamps and LED-based 
lamps. As an alternative, wireless energy transmitters (for 
example as illustrated in FIG. 23) can be used in conjunction 
with conventionally powered lamps to provide electrical 
energy to generate light. An optical cable can also be used as 
desired. 
An optical magnetron in accordance with the invention can 

also be used to directly generate visible light for lighting 
applications. In general, directly generating light with an 
optical magnetron in accordance with the invention is more 
efficient than generating light by other means, such as, ther 
mal or gas discharge light sources or light emitting diodes 
(LEDs). For example, a single optical magnetron could be 
used to generate light for an entire office building. A network 
of fiber-optic cables could be used to distribute the light to 
emitting structures throughout the building. 

Turning to FIG.34, an exemplary optical magnetron 122 in 
accordance with the invention is illustrated in an exemplary 
display system 300. The display system 300 includes the 
optical magnetron 122 that functions as a light source, a 
mirror 304, a color generator 306, a condenser 308, a reflector 
310, a spatial light modulator 312, a projection lens 314, and 
a display Screen 316. Light produced by the optical magne 
tron 122 travels along the illustrated path ultimately produc 
ing an image on the display Screen 316. It will be appreciated 
that the display system 300 is exemplary, and that the optical 
magnetron can be used as a light Source in a wide variety of 
display systems including rear projection systems and pro 
jector systems. It will further be appreciated that the optical 
magnetron can be configured to directly produce pure colored 
visible light and that, therefore, the color generator 306 can be 
omitted in certain applications. 

Although the description of some of the above-described 
systems includes the optical magnetron 122 as set forth in 
FIGS. 1-15, it will be appreciated that is some applications 
other optical magnetrons can be utilized. Further, elements 
referred to as transmitters and receivers in the above-de 
scribed systems can be optical magnetrons such as set forth 
above, or alternatively may be other optical magnetrons or 
other devices that can perform the transmitting and/or receiv 
ing functions. 

Although the present invention has been described with 
reference to specific exemplary embodiments, it will be evi 
dent that various modifications and changes may be made to 
these embodiments without departing from the broader spirit 
and scope of the invention as set forth in the claims. Accord 
ingly, the specification and drawings are to be regarded in an 
illustrative rather than a restrictive sense. 

Although the invention has been shown and described with 
respect to a certain preferred embodiment or embodiments, it 
is obvious that equivalent alterations and modifications will 
occur to others skilled in the art upon the reading and under 
standing of this specification and the annexed drawings. In 
particular regard to the various functions performed by the 
above described elements (components, assemblies, devices, 
compositions, etc.), the terms (including a reference to a 
“means') used to describe such elements are intended to 
correspond, unless otherwise indicated, to any element which 
performs the specified function of the described element (i.e., 
that is functionally equivalent), even though not structurally 
equivalent to the disclosed structure which performs the func 
tion in the herein illustrated exemplary embodiment or 
embodiments of the invention. In addition, while a particular 
feature of the invention may have been described above with 
respect to only one or more of several illustrated embodi 
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ments, such feature may be combined with one or more other 
features of the other embodiments, as may be desired and 
advantageous for any given or particular application. 
The following claims are in no way intended to limit the 

Scope of the present invention to the specific embodiments 
described above. In addition, any recitation of “means for is 
intended to evoke a means-plus-function reading of an ele 
ment and a claim, whereas, any elements that do not specifi 
cally use the recitation “means for', are not intended to be 
read as means-plus-function elements, even if the claim oth 
erwise includes the word “means'. 
What is claimed is: 
1. An electromagnetic radiation source, comprising: 
an anode comprising: 

a first conductor; 
a second conductor positioned relative to the first con 

ductor; 
a plurality of inter-digitated pole pieces coupled to the 

first conductor or the second conductor, wherein adja 
cent pole pieces are separated by a gap: 

at least one mechanical phase reversal positioned along 
the first conductor or the second conductor, the 
mechanical phase reversal operable to force a polarity 
change between pole pieces adjacent to the mechani 
cal phase reversal; 

a cathode separated from the anode by an anode-cathode 
Space; 

electrical contacts for applying a dc voltage between the 
anode and the cathode and establishing an electric field 
across the anode-cathode space; and 
at least one magnet arranged to provide a dc magnetic 

field within the anode-cathode space generally nor 
mal to the electric field. 

2. An electromagnetic radiation Source as set forth in claim 
1 in combination with a welding wand for directing the elec 
tromagnetic radiation generated by the electromagnetic 
radiation source for welding. 

3. An electromagnetic radiation Source as set forth in claim 
1 in combination with a power Source for Supplying power to 
the electromagnetic radiation source, the electromagnetic 
radiation source being adapted for process heating. 

4. An electromagnetic radiation Source as set forth in claim 
1 in combination with a power Source for Supplying power to 
the electromagnetic radiation source, the electromagnetic 
radiation source being adapted for optical power transmis 
Sion. 

5. An electromagnetic radiation Source as set forth in claim 
1 in combination with a power Source for Supplying power to 
the electromagnetic radiation source, the electromagnetic 
radiation source being adapted for wireless/high-bandwidth 
communications. 

6. An electromagnetic radiation Source as set forth in claim 
1 in combination with a wand for directing electromagnetic 
radiation generated by the electromagnetic radiation Source 
for cutting. 

7. An electromagnetic radiation Source as set forth in claim 
1 in combination with a lighting unit adapted to receive elec 
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18 
tromagnetic radiation from the electromagnetic radiation 
source and convert the radiation to visible light. 

8. An electromagnetic radiation source as set forth in claim 
1 wherein the electromagnetic radiation Source is adapted for 
performing medical diagnostics. 

9. An electromagnetic radiation source as set forth in claim 
1 wherein the electromagnetic radiation Source is adapted for 
performing medical therapy. 

10. An electromagnetic radiation Source as set forth in 
claim 1 wherein the electromagnetic radiation source is 
adapted for killing insects. 

11. An electromagnetic radiation Source as set forth in 
claim 1 wherein the electromagnetic radiation source is 
adapted for killing plants. 

12. An electromagnetic radiation Source as set forth in 
claim 1 in combination with a focuser adapted for focusing 
electromagnetic radiation generated by the electromagnetic 
radiation source at a target. 

13. An electromagnetic radiation Source as set forth in 
claim 1 wherein the electromagnetic radiation source is 
adapted to receive direct current and generate optical energy. 

14. An electromagnetic radiation Source as set forth in 
claim 1 in combination with an optical power receiver for 
receiving optical power from the electromagnetic radiation 
Source and converting the optical power to direct current. 

15. An electromagnetic radiation Source as set forth in 
claim 1 in combination with a receive mountable to an air 
craft, wherein the receiver is configured to receive electro 
magnetic radiation generated by the electromagnetic radia 
tion Source and convert the radiation to electrical power. 

16. An electromagnetic radiation source as set forth in 
claim 1 in combination with a receive mountable to a satellite, 
wherein the receiver is configured to receive electromagnetic 
radiation generated by the electromagnetic radiation Source 
and convert the radiation to electrical power. 

17. An electromagnetic radiation Source as set forth in 
claim 1 in combination with space-based power generator and 
an earth-based receiver, wherein power generated by the 
space-based power generator is converted to electromagnetic 
radiation by the electromagnetic radiation source, and 
wherein the receiver is configured to receive electromagnetic 
radiation generated by the electromagnetic radiation Source 
and convert the radiation to electrical power. 

18. An electromagnetic radiation Source as set forth in 
claim 1 wherein the electromagnetic radiation source is 
adapted for pollution remediation. 

19. An electromagnetic radiation source as set forth in 
claim 1 wherein the electromagnetic radiation source is 
adapted for photochemical processing. 

20. An electromagnetic radiation source as set forth in 
claim 1 in combination with a display Surface, wherein the 
display Surface is configured to display an image in response 
to radiation generated by the electromagnetic radiation 
SOUC. 


