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A gravitational wave generating device comprising an ener-
gizing means which act upon cnergizable elements such as
motecules, aioms, nuclei or nuclear particles in order 1o
create nuclear reactions or collisions, the products of which
can move in a single preferred dircction with an atlendant
impulse (jerk or harmonic oscillation) of an ensemble ol
target nuclei or other encrgizable elements over a very brief
time peried, The target nuelei or energizable elements acting
in concert gemerale a gravilational wave. A preferred
embodiment involves the use of a pulsed particle beam
maoving at the local gravitational wave speed in a large!
mass, which is comprised of target nuclei, to Lrigger a
muclear reaction-and build up a coherent gravitational wave
as the panticles of the beamn move through the larget mass
and impact targel puclei over very shorl lime spans. An
information-processing device connecled lo a computer,
controls the particle beam’s high-frequency, (GHz to THz)
pulse rate and the number of particles in each bunch com-
prising the pulse in order o produce modulated gravitational
waves that can carry information. A gravilational wave
generation device that exhibits directivity. A gravilational
wave detection device that exhibits directivity and can be
tuned. The wilization of a medium in which the gravitational
wave speed is reduced in order 10 effcel refraction of the

ABSTRACT

2719944 A 10/1955 Brailsford ... e 318254 amaviiational wave.
814,769 A 1171957 Williams .. e 318171
(LisL continued on next page.) 100 Claims, 13 Drawing Sheets
o O
O
o O
6 o)
o O
O 2
i oo/ ,
21 Qe ‘_I\_>’\'Q 1 / N
R = TN
1t O—aE —7 =21 22
N —
L= 1
O O
O © O
5
23170



US 6,784,591 B2
Page 2

U.S. PATENT DOCUMENTS

3,612,630 A HV1971  Rosensweig ... .o 30810
3,667,019 A 51972 Elliow et 1l 3187254
3,903,467 A 1975 Kanamord ... 318138
39597 W 51976 Sugiura et al 318138
3.970¢ A % W96 Amold ... 557849
4,035 ! TN9TT Diges ... 290/55
4,052, A 1041977 Rumsey 416/119
4,086,505 A 411978 McDonald 310474
4,205,268 A * 5/19R0 Eerkens A55/R9Y
4,546,264 A 10/1985 Pinson ... 290454
4,968,475 A * 1171990 Drukier el al Je53
5276717 A+ 171994 Weber .. 3764156
5308571 A 3/1995 Lewis .. 741572
5,446,018 A 81995 Takahata et al, 310/90.5
5514923 A 51996 Gossler et al, .. 310474
5,646,728 A 741997 Cowsomitros ... 356/3°

5,721,461 A 211998 Taylor ... 11 Fel
5831362 A 11/1998 Chu ct al. RS 14T 1
5920579 A /1999 Hsu e 3184430

OTHER PUBLICATIONS

Tobar, Michael, “Microwave Parametric Transducers for the
Next Generation of Resonani-Mass Gravilalional Wave
Detectors,” 1998+

Salhyaprakash, B.S., et al. “G:avitational Waves,” Euro-
physics News (2001), V.32, No &%

Argyris, I, el al, *A Proposal o Wow Gravitational Experi-
ments,” Modern Physics Letters a (Dec. 28, 1997) vol, 12,
No. 40, pp. 3105-3119.*

Lewis, Melvin A, “Gravitational-Wave Versus Electromag-
nelic-Wave Antennas,” IEEE Antennas and Propagation
Magazine, vol. 37, No. 3, Jun. 1995 #

Lewis, Melvin A., “Sleuthing out Gravilalional Waves,
IEEE Spectrum, May 1995, pp. 57-61.%

Tobar, Michael, “Characlerizing multi-mede resonant-mass
gravilational wave detectors,” Journal of Applicd Physics,
V.28 (1993), pp. 1729-17306.*

Ouaway, D.J., ct al.,, “A Compact Injection-Locked Nd:
YAG Laser [or Gravilalional Wave Detection,” 1EEE Jour-
nal of Quantum Elcctronics, V.34, No. 10, Oct. 1998.*
Krausc, J. D, “Will Gravity—Wave Communication be Pos-
sible?”, IEEE Antennas and Propagation Magazine, vol. 33,
No. 4, Aug. 1991, pp. 21-23.
J. Weber, “Gravitational Waves” in Gravitation and Rela-
tivity, Chapler 5, pp. 90-105 (W.A. Benjamin, Inc.. New
York, 1964).

1. Weber, “Detection and Generation of Gravitational
Waves”, Physical Review, (1960) vol. 117, No. 1, pp.
306-313.

I. Weber, “Gravilational Radiation from the Puisars”, Physi-
cal Review Leners(1968) vol. 21, No, 6, pp. 395-396.

"

Robert L. Forward and Larry R. Miller “Generation and
Detection of Dynamic  Gravitational-Gradient  Fields”,
Hughes Research Laboratories, Aug. 5, 1966, pp. 512-518.
Gertsenshtein, MLE., “Wave Resonance ol Light and Gravi-
tational Waves” (1962}, Sovict Physics JETF, vol. 14, No. 1,
pp. 84-85.

Einstein, et al., “On Gravitational Waves”, Jan. 1937, pp.
43-54, vol. 223, 1333-4,

Brusiein, ¢t al,, “Relic gravitational waves from string
cosmology”, Physics Letters, Nov., 1995, pp. 45-31, B 361,
Elsevier Science B.V.

Vallisneri, “Prospects [or Gravitational-Wave Observations
ol Neutron-Star Tidal Disruption in Neutron—Star--Black-
Hole Binaries”, Physical Review Letters, Apr. 17, 2000, pp.
3519-3522, vol. 84, No. 16, The American Physical Socicty.
Flanagan, “Measuring gravitational wave: [fom hnary
black hole coalescences. L. Sigral 1o nois. [or inspiral,
me er, and ringdown”, Physical Review D, Apr. 2, 1998,
pp. 4535-4563, vol. 57, No. 8, The American Physical
Seely.

Pe oraro, et al, “Electromagnetic Detector for Gravitia
tic al Waves”, Physics Letters, Oct. 2, 1978, pp 165-168,
vol. 68A, No. 2.

Tokuoka, “Interaction of Electromagnetic and Gravitational
Waves in the Weak and Short Wave Limit”, Nov. 1975, pp.
1309-1317, vol. 54, No. 5, Progress of Theorectical Physics.
Chakrabarty, “Gravitational Waves An Introduction”, Phys
ics/9908041, Aug. 21, 1999, pp. 1-22, Mehta Research
[nstitute, India.

Landau, et al., “The Classical Theory of Fields”, 1975, pp.
Cover, hibliography, 345-357, Fourth Revised Englisii Edi-
tion, Pergamon Press.

Baker, “Astrodynamics, Applications and Advanced Top-
ics” Academic Press, 1967 pp. 376-3%3.

Po.  a, etal, "Generation of High Frequency Gravitational
Wavos™, Department d”Aswonomia i Asirofiscia, o/Dr.
Moliner 50, 46100 Burjassol, Valencia, Spain, 2001, The
American Physical Society, pp. 63 044014-110 044014-7,
Grishchuk, el al., “Emission of gravitational waves by an
clectromagnetic cavily”, Feb. 1974, pp. 215-221, vol. 38,
No. 2, Sov. Phys.-JETPE.

Braginskii, el al., “Electromagnetic detcetors of gravita-
tional waves”, May 1974, pp. 865-869, vol. 38, No. 5, Sov.
Phys -JETF.

Baker, “Preliminary Tests of Fundamental Concepts Asso
ciated with Gravitational-Wave Spacecraft Propulsion™,
AJAA Space 2000 Conference & Exposition, Sep. 20, 2000,
pp. 1-26 and pp. 1-5A (Addendum), Paper No. 2000-5250,
American Institute of Aeronautics and Astronautics, Inc.

* gied by examiner



U.S. Patent Aug. 31, 2004 Sheet 1 of 13 US 6,784,591 B2




U.S. Patent Aug. 31, 2004 Sheet 2 of 13 US 6,784,591 B2




U.S. Patent Aug. 31, 2004 Sheet 3 of 13 US 6,784,591 B2

FIG.34 FIG.3B
43 4,
a3 i 45
41 —>—— > 42 41 -
40 40 45
44

FIG.3C
43 46

47

45 44

41- —> 42

40 45
&4
47

46




U.S. Patent Aug. 31, 2004 Sheet 4 of 13 US 6,784,591 B2

[\
o
/I\ N
P
M A N
7o)
I
] i
w0 o0
N

FIG. 4

M

)
Wy
Q]




U.S. Patent Aug. 31, 2004 Sheet 5 of 13 US 6,784,591 B2

FIG.5



U.S. Patent Aug. 31, 2004 Sheet 6 of 13 US 6,784,591 B2

M~
o o &
NS
NS N
\ - /
\ 2}

' r\‘“—/ 4
o~ O-@_— o~ <
N ~

N (]

of
2
O
2.4,
29
(
0 (Dk
FIG.6A

= X N B NN
< ©
O\ O <
s L& L &
O% _On Os
N ~ NN NN N ~
L & L & L«
7 O7 Of
~ | L &
7o 0%
~ ~ |



U.S. Patent Aug. 31, 2004 Sheet 7 of 13

(]
~

o

—

FIG.6B
:
<
5
\

US 6,784,591 B2

. w w
C‘T{jmm
\L‘/_
l;v'—
RSN
= 21O 3%




U.S. Patent Aug.31,2004  Sheet 8 of 13 US 6,784,591 B2




US 6,784,591 B2

Sheet 9 of 13

Aug. 31, 2004

U.S. Patent




U.S. Patent Aug. 31, 2004 Sheet 10 of 13 US 6,784,591 B2

N

FIG.6F




U.S. Patent Aug. 31, 2004 Sheet 11 of 13 US 6,784,591 B2

- —> 22

FIG.6F



U.S. Patent Aug. 31, 2004 Sheet 12 of 13 US 6,784,591 B2




U.S. Patent Aug. 31, 2004 Sheet 13 of 13 US 6,784,591 B2




US 6,784,591 B2

1

GRAVITATIONAL WAVE GENERATOR
UTILIZING SUBMICROSCOPIC
ENERGIZABLE KLEMENTS

REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-parl of application
Ser. No. 09/616,683, filed Jul. 14, 2000, now U.S. Pat. No.
6,417,597, Jul. 9, 2002, which is a continuation-in-part of
Ser. No. 09/443,257, filed Nov. 19, 1999, now .S, Pat. No.
6,160,336, Dec. 12, 2000

BACKGROUND OF THE INVENTION

This invention relates to the generation, refraction and
detection of high-lrequency gravitational waves thal can be
modulated and wilized [or communications, propulsion and
for the purpose of lesting new physical and astronomical
theorics, concepts, and conjeclures. More particularly the
invention relates to the generation of gravitational waves
{GW) by the interaction of submicroscopic cnergizing and
energizable elements (molecules, atoms, nuclel, nuclear
particles, clectrons, photons, antiprotons, clc.). The inven-
tion also relates 1o the use of forces such as electromagnetic
or nuclear 1o impart a third-time derivative or oscillalory
motion to a mass consisiing of a collcction of submasses or
mass-pairs of encergizable elements such as target nuclei.

The nuclear forees, which are approximately one-hundred
times sironger than eleciromagnetic forces, are occasioned
by the interaction of an energizing mechanism such as a
submicroscopic parlicle beam with a collection ol energiz-
able elements such as target nuclei, which can be aligned
with each other, or with another particie beam whose par-
licles can also be aligned. Upon inleraction with the particle
beam or some other cnergizing mechanism, some of the

nuclei are triggered by the impacling particles o produce a

nuclear reaction thercby gencrating an impulse, that is,
undergo a reaclive jerk or a harmonic oscillation. The
resulting reactive jerk or harmonic oscillation of the
ensemble of target nuclei or other encrgizable elements
zcling in concert in turn gencrates a gravitalional wave
(GW),

The general concept of the present invention is Lo simulate
or emulate GW generaled by energizable cel stial systems
(rotating binary stars, star cxplosions, collapse to black
holes, etc) by the vse of micro, terrestrial energizable
systems. Such lcrrestrial systems generate well over 40
orders of magnitude more force intensity (nuclear or elec-
tromagnelic compared 1o gravitational) and well over 12
orders of magnitude greater frequency (THz compared to 1
Hz or a small fraction of 1 Hz) than the celestial systems.
Terrestrial energizable systems produce significant and use-
ful GW according lo the various embodiments of the present
invention, even though they are orders of magpitude smaller
than cxtra-terresirial, celestial sysic 5 In the various
embodiments of Lhe present invention .z large number of
small energizable elements are energized o & sequence or in
concerl by encrgiving elements emulating the motion of a
much larger and cxicnded body having a larger radius of
gyralion in order to enhance the generation of GW. The
laboralory generation of GW was discusscd by Pinto &
Rotoli in General Relativity and Gravitational Physics,
1998, World Scientific, Singapore. They lound (page 560)
lerrestrial laboratory GW generation 10 be . . . at the limit
of the siaie of the art . . . 7, but they did not consider
submicroscopic, specifically nuclear particles and associated
forces and did not discuss the jerk mechanism for generating
GW or computer control.
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Description of Prior Art

Robert M. L. Baker, Jr. in application Ser. No. 09/616,
683, fled Jul. 14, 2000, entitled Gravitational Wave
Generator, now LS. Pat. No. 6,417,597, leaches that a third
time derivative or jork of a mass genecrales gravitalional
waves (GW) or produces a quadrupoie moment and that the
GW energy radiates along the axis of the jerk or if a
harmonic oscillation, then radiates in a plane normal to the
axis of the oscillation. The force producing such a jerk or
oscillation can be gravitalional attraction, centrifugal,
clectromagnetic, nuclear, or, in fact, any force. The magni-
tude of the jerk or, more specifically, the magnilude of the
third time derivative of the moment of inertia of the mass
squared, determines the magnitude of the generaled GW
determined, for example by a quadruple approximation. This
latler quantily is approximately equal to the product of a
very small cocfficient and-the square of a kernel or fraction
consisting of lwice the radius ol gyration o: -he mass times
the change in force divided by the time interval required o
create the force change. The force energizing mechanism
can be a particle beam. The particle-beam frequency is that
resulting from chopping the particle beam into bunches. The
magnitude of the GW power is approximately proportional
to the square of the kernel according (o the general theory of
relativity as discussed in the Baker patcnt application Ser
No. 09/616,683, filed Jul. 14, 2000, now U5, Pal. No.
6,417,597, Transmission of modulated GW and subscquent
detection enable use of GW in communications applications.

A preferred embodiment of the invention relies on the use
of aligned target nuclei wherein the nuelear reaction atten-
dant upon the collision of the particle-beam particles with
the nuclei releases its products in a preferred direction in
space 50 that all target nuclei act in concert to producce a jerk
or harmonic oscillation of the large. mass and accumula-
tively generate a GW. Thus related o the GW gencration
pracess, but not the process itself, is the containment system
to produce nuclei alignment. That system and process is
deseribed in three patenis by Henry William Wallace. U.S.
Pat. Nos. 3,626,605, 3,626,606, and 3,823,570 and incorpo-
rated herein by reference. Applicable o the GW communi-
cations applications is the abilily 1o measure small voltages
and currents by a superconducting quantum interference
device or SQUID, that is described, for example, by Michael
B. Simmonds in U.S. Pat. No. 4,403,189 and incorporated
herein by reference. Another uscful lechnique, termed quan-
tum non-demolition, or QND, is also applicable to the GW
communications applications and is described by Harry J.
Kimble, et al. in U.S. Pal. No. 4,944,592 and incorporated
herein by reference. QND facilitales the communication
application by avoiding quantum mechanical difficultics.

SUMMARY OF THE INVENTION

The present invention provides the generation of gravi-
tational waves (GW) caused by the interaction of submicro
scopic (molecules, atoms, nuclei, nuclear particles,
clectrons, photons, etc,) cncrgizing and energizable cle-
ments. This inleraction involves electromagnetic forces or
nuclear forces. The imporiant feature of the inleraction is
that the incrtial mass of the energizable elements, taken as a
whole, is caused 10 jerk or harmonically oscillate and
thereby generate GW. A presently preferred embodiment of
the present invention utilizes strong nuclear forces that are
atlendanl 1o a nuclear reaction inggered or energized by the
impact of a submicroscopic energizing particle, such as a
photon, eleciron, prolon, neutron, antiproton, alpha particle,
cie, rom a high-frequency pulsed particle beam incident on
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2 target mass composcd of energivable elements such as
atomic nuclei. In the preferred embodiment, the nuclei arc
aligned or constrained as to spin or some olher nuclear
condilion by being placed in an electromagnetic field, in a
superconducting state, spin polarized, cic. This results in the
products of all of the nuclear reactions being cmited in
approximately the same preferred direction. Each cmission
results in a recoil impulse on the nuelei or a rapid build up
of force that jerks the nuclei or causes them w harmonically
oscillate and results in an emission ol gravilational waves or
wave/particles also called “gravilational instantons.” The
particles in the beam arc chopped into very small bunches,
that is, with, for example, GHz to THz frequency, so that a
very rapid force build up or jerk is produced in the target
mass, that is, in the larget nuclei, resulting in a GW exhib-
iing the chopping frequency. The impulse can also be
accomplished without nuclei alignment by other means,
such as molecular or high-encrgy nuclear beam particle
collision with unaligned target nuclei or by impressing a
high-frequency magnetic ficld on a high-tempcerature super
conductor. Since gravilational waves in, for example, a
superconductor move significantly slower than light speed,
the particies of the beam can be acceterated to this GW speed
and move through the cnsemble of target nuclei, which

compose Lhe larget mass, in step with the forward-moving or

radially-moving gravitational wave. Thus, the forward-
moving or radially-moving gravitational wave (GW) builds
up amplitude as the particles of the beam move through the
targel parlicles in concert to generale coherent GW and
emulate a much larger targel mass. By varying the number
of particles in cach bunch of particles in the parlicle beam
and the chopping [requency, both the beam and the gravi
Lational waves produced by it can be modulated and carry
information. The target mass or collection of target nuclei
cun be 2 solid, a liquid (including a superfiuid such as liquid
helium 11}, a gas (including an clectron gas) or other particle
collection.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a diagram of the impact of a particle beam 1
with a target mass 9 resulting in the generation of gravila
lional waves having axis 21

FIG. 1B is a diagram of bunches of particles 12 in a
particle beam interacting with another incoming particle
bunch 13 resulting in the generalion of gravilational waves
having an axis 21.

FIG. 2 is a diagram of GW 21, passing through a medium
that refract GW 34 and causcs the GW 1o bend 35 as it
traverses the surface of the medium 38 and can be focused.

FIG. 3A is a diagram of an energizing particle 41 impact
ing an energizable particle 40 resulting in the generation of
a cylindrical GW or GW ring 43.

FIG. 3B is a diagram ol a subsequent impact with other

particles 44 resulting in GW 45 that reinforces the GW 43. -

FIG. 3C is a diagram of another subsequent impact with
other particles 46 resuiting in GW 47 that reinforces the GW
43 and 45.

FIG. 3D is a dizgram of yet another subscquent impact
wilh other particles 48 resulting in GW 49 that reinlorces the
GW 43, 45, and 47.

FIG. 4 is a diagram of encrgizable particles 50, 54, 56 and
58 releasing lincar or plane-wave GW 53, 55, 57, and 59 that
result in a build up or reinforcement of GW 62.

FIG. 5 is a diagram of a particle source 15 that can be
acceleraed by an acceleration deviee 16, [ocused by a

=
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focusing device 17 and separated into bunches by a chop
ping device 18. The chopping device is controlled by a
computer 19, an information-processing deviee 20, and a
rransmitting device 71 The particle bunches 1 energiec
targel parnticles % and result in GW bhaving axis 21 and
capable of being received by a receiving device 70,

FIG. A is 1 plan view of an array ol energizable elements
such as 28 whose relative location is denoted by 27,

FIG. 6B is a diagram of an array of encrgizable elements,
members of which 26 are energized as the crest or front of
a GW 25 passes by resulting in a reinforced GW having a
dircetivity angle ol 1807,

FIG. 6C is a diagram of the array of FIG. 6B with a
direclivity angle is 135°

FIG. 6D is a diagram of the array of FIG. 6B with a
directivity angle is 90°.

FIG. 6E is a diagram of the array of FIG. 6B with a
directivity angle is 45°,

FIG. 6F is a diagram of the amay of FIG. 6B with a
directivily angle 1s 0°.

FI1G. 7 is a diagram ol various clemenis 31 that are spread
oul over a sphere 33 that results in either the gencration or
detection of GW with directivity.

FIG. 8 is a block diagram of a propulsion system utilizing
a gravitational wave pencrator according o the present
invention.

DETAILED DESCRIPTION OP THE
INVENTION

In FIG. 1A, in the preferred embodiment, an incoming
particle beam 1 impacts a target mass 9 through its contain-
ment surface 23 resulting in a nuclear reaction or collision
and the generation ol GW exhibiting an axis 21, which can
propagate radially or in cither dircction. The reaction or
collision also produces back scattered particles 2, nuclear
reaction products 3 moving in the preferred direction of
targel meclei zlignmem 22, high-energy photons 4 (for
example, x-ray emissions) also moving primarily in the
preferred direction 22, sputiered particles 7, and recoil aloms
8. A typical target atom 11 when impacted by the particle
beam is jerked by the release of nuclear-reaction products or
by collision or by other means and produce GW similar to
or in simulation of a sub-microscopic star explosion or
collapse discusscd by Geoll Burdge, Deputy Director for
Technology and Systems ol the National Security Agency,
written communication dated Jan, 19, 2000 and incorporated
berein by reference. This axis is deseribed and iflustraled
co-pending patent application, Ser. No. 09/616,683, filed
Jul. 14, 2000, now U8, Pal No, 6,417,597, In the case of
muglear-reaction-produced jerks, the radiug of gyration at the
reaclants is significantly smaller than the GW wavelength so
that the quadrupole approximation holds. The cnergizing
process can also result in harmonic oscillation or a quadru-
pole radiator. In this case the GW propagales radially or
cylindrically as discussed by Albert Einstein and Nathan
Rosen (1937, Journal of the Franklin Institute, 223, pp.
43--54). The target’s characteristic length, absorption depth,
or approximate radius of pyration of the extensive emulated
target mass 10 is utilized in the quadrupole approximation to
compule the power of the GW that is gencraled.

In FIG. 1B, the particle bunches 12 are shown impacting
or colliding with an incoming particle bunch 13 of another
particle beam al a collision angle 14, which could be any
value including zero, In this case, the incoming largel bunch
is contemplated 1o be spin-polarized noble gas, such as
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helium [T or odd-nuclear isolopes ol xenon, ele. in order to
exhibil a preferred direction in space 22.

In FIG. 2 is exhibiled 2 medium in which the GW speed
is reduced 34, the new direction of GW 35 caused by the GW
passing through a boundary of a medium 38 al an oblique
angle 36 with respect to a normal to the surface of such a
medium 37 produces GW refraction. The back surface of the
medium in which the GW speed is again changed 39 is
shown, but for clarily no refractive bending of the GW is
exhibiled. Examples of suitable media are superconducling
media.

In FIGS. 3A, 3B, 3C, and 3D are exhibited the build up
or accumulation of GW along the radially expanding eylin
drical GW wave fronts created by and normal to the maotion

direction 42 of the energizable particlc or quadrupole radia- !

tor axis. In FIG. 3A a typical central target-mass particle 40
is energized by an incoming particle 41 of the parucle-beam
bunch, The radially expanding GW wave front 43 moves out
at local GW speed.

In FIG. 3B, which is at a time At later, where At is the time
between the arrival of the first and second particle bunch,
that is, inversely proportional to the beam-chopping (re-
querncy. In this case GW 43 emanating [rom the first typical
target-mass particie 40 is reinforced or constructively inter-
feres with the GW geocrated by other target-mass particles
44 sitated at the distance VGWAL radially out [rom target-
mass particle 4, where VGW is the local GW speed. For
clarity only two particles 44 are exhibited out of a ring of

such targel particles in the targel mass in a plane normal o

the direction of the cnergizing motion. Their location will be
such as to cause their GW 45 16 constructively interfere with
and reinforce the originally expanding GW 43.

In FIG. 3C, which is at time 2At later, the GW 43

emanating from the first particle 40 and the second particles .

44 arc reinforced by another set of particles 46 and their
allendant GW 47. FIG. 3D is al Ume 3AL and lypical
target-mass particles 48 add their GW 49 to the accumulat-
ing and radially expanding GW. Each arriving beam bunch
initiates additional expanding rings of coherent GW until the
targel-mass particles are exhausted or until their replace-
menls arc unavailable. There are large numbers of energiz-
able particle sites that are simultaneously energized so that
the GW permeates the target mass as the GW arc superim-
posed. As noled by Pinto & Rotoli (op cit, p. 567)* .. the
quadrupole formula is only valid provided a svitable surface
integral vanish(es), which is the case for an assembly of
point sources, ... .

In the context of the previous application, Ser. No.
09/616,683, now 11.5. Pat. No. 6,417,597, the typical target-
mass, particles such as 40, 44, 46, and 48 are considered to
be energizable elements. Such elements can be permanent
magnets, elcclromagoets, solenoids (or nanosolenoids)
currenl-carrying  plales, piczoclectric crystals, nanoma
chines including harmonic oscillators, nanomotors and
nanosclenoids or microelectromechanical systems (MEMS)
and nanoelcctromechanieal systems (NEMS) in general, ete.
In the case of solenoids (or nanosolenoids), some
nanomachines, nanoclectromechanical systems, current-
carrying plates, ete. the encrgizing and cnegizable clements
can be colocaled, for example the energizing coil around the
cnergizable central magnetic core in the case of the nano-
solcnoids.

The energizing elements in the coniext of the 683 appli-
cation would include coils, current pulses moving in
conductors, biomolecular motors, etc. that operate under the
control of an Individual Independenily Programmable Coil
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System (IIPCS), described in the parent U8, Pat. No.
6,160,336 of which the previous Application, now U.S. Pat.
No. 6,417,597, is a continuation-in-part, in order o aclivale
or cnergize the enerpizable elements in a sequence as the
ring of GW, whose propagation planc 1s normal 1o the
dircction of the energixzable elements quadrupole radiator
axis, moves radially out at local GW speed. In this casc
dircctivily can be achieved in both 1he orientation of the
GW ring’s plane, the sector of that expanding ring where the
GW wave front is reinforced or constructively interfered
with by cnergizing the energizable clements andfor by
destructive inlerference of onc GW with another (as in the
astrophysical case of a uniformly, isotropically exploding or
collapsing star). The collector elements, in the context of the
previous application. Ser, No. 09/611,683, now 1.5, Pat. No.
6,417,597 would be at the same locations as the energizahle
clements and inlerrogated in a sequence by the IIPCS to
deiect or receive specific GW [requencies, thal is, tuncd to
the GW frequency.

In FIG. 4 the constructive interference or reinforcement or
amplification of a GW by cnergizable elements is over a
lincar patiern 50, 54, 56, and 58 produced by a micro mass
explosion or collapse which simulale a macro star explosion
or collapse, with GW dirccted along its axis as predicted by
Burdge, op. cit. 2000 is illustrated (but directed in both
directions along the axis. The rcinforcement of GW is
illustrated schematically by the arrows 53, 55, 57, and 59.
The GW builds up to a larger amplitude 62 as the beam
bunch and the GW crest or front move with the same speed
together through the particles comprising the target mass
and generate coherent GW pulses. The target particles or
cnergizable elements 50, 54, 56 and 58 are VGW Al apart
where VGW is the GW speed and Al is the 1ime between
energizatiion. Thus an extensive mass composed of all of the
energized target particles is cmulated. In the context of the
597 patenl the typical target mass particles 50, 54, 56 and
58 are considered to be cnergizable clements. As already
discussed, such elements can be magnets, conductors, piczo-
electric crystals, harmonic oscillalors, nanomachines, etc.
The collector clements, in the context of "597, would be at
the same locations as the encrgizable elements and interro-
gated in a sequence by the IIPCS 1o detecl or receive GW
having a particular frequency and phase.

In FIG. 5, of the preferred embodiment a particle source
15, which could be a laser or a nuclear rcaction, produces
pariicles thal can be accelerated by an acceleration device 16
{unless the particles are photons), focused by a locusing
device 17 such as a superconducting medium or electro-
magnetic field and separated into bunches by a beam chop-
per 18, The largel mass can be a solid, a liquid (inciuding a
superfluid such as liquid helium IT), 2 gas (including electron
gas), or another particle beam. Alternately, the beam can be
separated into bunches and modulated as 1o frequency and
number of particlcs in cach bunch at the particle source 15.
The particle source 15 or beam chopper 18 is controlled by
computer 19, an information-processing device 20 and
transmitier 71. The particle beam bunches 1 impact the
targel particles 9 and produce a nuclear reaction, generaling
GW 21, which can be received at receiving device 70. The
information processing device 200 can be, for example, a
Kalman filter and/or a lable look up for identifying the
element 1o be epergized.

In FIG. 6A, are illustrated a plan view of a typical stack
of elements or array of element scts or subseis, which could
be GW collectors or could be energizable elements such as
target atoms or nuclei. The indices, which describe the
location or address of these elements, 27 are denoted by 1, j,
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k. For example, the top element 28 has an index i=0 (th
column), j=4 (4th row), and &k represents the directivity of
this individual clement, cither produced by an active cle-
ment or clement set alignment or by connecling a specific,
kth member of an underlying stack ol elements, having the
appropriate orientation fixed, of which the figure shows only
the top member. As another cxample clement 29 has an
index i=1 (=1st column), j=1 (1sl row}), and k.

In FIG. 6B the directivity angle (o the preferred direction
22 is 180° and the prior locations of thc GW crests 61 are
behind the GW crest 25, The distance between the lines {or
planes comprising the GW wave crests) at elements in the
GW dircction 21 s 24, The clements 26 on the;anticipaled
GW crest 25 of the GW 21 are connected 10 an information
processing device, that is interrogated {(delection mode) or
energized (generalion modc). In FIG. 6C the futurc locations
of the GW crests 60 is in front of the GW crest 25 and the
direetivity angle is 135°, in FIG. 6D it is 90°, in FIG. 6L it
is 45° and in FIG. 6F it is 0°.

In FIG. 7 is illustrated a spherical sel ol element sels or
subsets or electrodes 31 comprising an element having
directivily angles ok and 8k for 2 kth member of the element
set or subsct 32 distributed over a spherc 33.

A propulsion system utilizing a gravitational wave gen-
eralor is shown in block diagram form in FIG. 8. As shown
therein, the propulsion syslem provides a gravitational wave
generator 67 disposed within a vchicle housing 75. The
generalor includes a particle-beam source 69 energizing
clements and nuclear-reaction chamber 72, which includes
the targel-mass energizable elements. Such clements could
involve high-cnergy, nuclear-pariicle collisions whose prod-
ucts are distribut d asymmetrical in the direction of tab
particic-beam energizing clement's motion (as discussed by
Charles Seile (2000), Scierce, Volume 291, Number 5504,
. 573 and incorporated herein by reference). Alternatively,
the energizable nuclear elements could be constrained 10 a
preferred orientation yielding a preferred direction of the
collision products and again, 2 nuclear jerk in a preferred
direction. Such GW directivity is illustrated schematically in
FIGS. 8A and 8B of the parent patent, U.S. Pal. No.
6,160,336. The rearward moving gravitational waves 62 exit
the rear of the vehicle propelling the vehicle in the desired
direction of ravel 74. The target-mass energizable clements
in the nuclear-reaction chamber 72 build up, by constructive
interference or reinforcement, the coherent GW 62 as exhib-
ited in FIG. 4. The system of cnergizable elements compris
ing the targel emulalcs a more extensive mass having a
longer effective radius ol gyration 10 cxhibiled in FIG, 1A
and, therefore, stronger GW and more momentum Lo cause

the forward motion in the desired direction of travel 74. A 5

refractive medium can intercepl the oppositely or forward
directed GW and those rays can be bent or refracted to the
side in order 1o reduce the forward component of GW
momentum and, thereby promote forward propulsion in the

desired dircetion of travel. The forward-moving portion of

the GW generaied by the jerks associated with the cnergi-
zation of the elements comprising the targel mass is nol
coherent. This GW portion is the result of the smaller actual
radii of gyration of each individual energizable clement
Thus weaker GW is gencrated and as previously mentioned,
can be bent 1o the side by a GW refractive medium and far
less momentum is caried away o counter the propulsion in
the desired forward direction of travel so that forward
propulsion dominates.

The present invention relics upon the fact that the rapid
movement or jerk or oscillation of a mass or collection of
submicroscopic particles such as nuclei will produce a
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gquadrupole moment and generate useful high-frequency, for
example, up to QuadraHertz (Qhz) or higher-[requency,
GW. The device deseribed herein accomplishes GW gen-
eralion in several ways based upon the intcraction of encr-
gizing and cnergizabic submicroscopic parnicles.

In a preferred embodiment a collection of target nuclei or
targel-bearn parlicles are jerked or otherwise sct in motion,
for example, harmonic oscillatory motion, in concert, in
response to the impact of a particle beam, which is a directed
flow of particles or waves thal carries energy and informa-
tion. The particle beam moves with the same speed as the
local speed of the gravilalional waves. According to Ning Li
and Douglas Torr (1992), Physical Review B, Volume 64,
Number 9, p.5491, if the target is a superconductor, Lhen the
GW are estimaled Lo be two orders of magnitude slower than
the speed of GW in a vacuum or the speed of light
Specifically, they state: “It should be pointed out that since
nothing is known of the phase velocity of a gravitatonal
wave . . . propagating within a superconductor, it is usually
presumed to be equal Lo the velocity ol light. We argue that
the interaction of the coupled eleciromagnetic and gravilo-
cleciromagnetic fields with the Coop r pairs in supercon-
ductors will form a superconducting condensale wave char-

acterized by a phasc velocity vp,, . Since . . . the phasc
veloeity can be predicled for the first time as
vp, w10 (s (3t

which is two orders of magnilude smaller than the velocity
of light.”

The 1arget will exhibit an absorption thickncss, that is, a
length over which many of the impacting particles inleract
with the largel nuclei 10 produce a nuclear reaction whose
collision products move in a preferred direction resulting in
a jerk or oscillation.

The particle beam is composed of bunches of panicles
generated in a cylindrical beam pipe, each bunch enters the
largel malerial and interacts with a cylinder of target nuclei
or largel beam pariicles, comprising the targel mass, having
a length that is associaled with the radius of gyration of the
emulaled target mass. The results of the inicraction, in
addition o the jerk or oscillation imparied to the target mass
by nuclear reaction or collision, include back-scattered par-
ticles 5, secondary electrons 6, sputtered particles, forward-
scatlered particles (channcling) and recoil aloms as well as
ion implantation,

The jerk-producing or oscillation-producing collisions
involve clastic (single Coulomb) and inelastic
(bresstrahlung) scatlering impacts on nuclei and particles
and sometimes result in a nuclear reaction, the products of
which move oul in a preferred direction based upon the
alisnment of the targel 22. The particle beam bunch'’s front
edge sirikes the nuclei or particles in the cylindrical target
mass volume al & speed equal to the local GW speed. As
each nucleus or other particle-beam target 15 impacied and is
jerked or otherwise sct in motion by the reaction 1o a nuclear
products emission or collision, il generates GW in the
direction of or normal o the beam’s velocily andfor the
alignment direction at the Larget nuclei and the GW grows in
amplitude and emulales a large target mass having an
clleclive radius of gyration larger than that of any single
encrgizable element.

The GW can also be generated in the direction normal w
aquadrupole (harmonic-oscillator) axis or in the direction of
ais jerk, so that the particle-beam dirccied GW builds up or

; accumulates and generates a coberent GW as the beam

particles progress through the target nuclet and therchy,
emulates an cxtensive tarpet mass. According o Douglas
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Torr and Ni- . (1993), Foundation of Physics Letlers,
Volume 6. & er4, p371 % . the lattice fons, . .. must
execute coherent localized motion consisient with the phe
nomenon of superconductivity,” Thus, a preferred embodi-
ment ig |0 have the targel nuclei constrained in a cylindrical
superconductivity state. As the particle-beam bunch moves
down the cylinder of 1arget nueled, it strikes one targel nuciei
afller another, creating a W and adding to the forward
moving o radially-directea (/W's amplitude as il progresses
in step with the bunch’s paruictss in Lhe preferred direction
in space ol FIG. 1A 22 thereby 2mulating an cxtensive largel
mass. The particle-bearn bunctes are modulated by a
particle-emission andfor choppar-control computer to impart
information by modulating the generaled GW. In addition,
since the GW can be slowed by virlue of passing through a
medium such as a superconductor (Li and Torr op. cit, 1992)
and, therelore, refracted by it, as in a lens, the GW can be
focused and intensificd. The GW can also be venerated in a
direction normal wo a dipole axis. According 10 Joseph Weber

(1964), Gravilation and Relativity, ¥ A. Benjamin Ine., :

Mew York, p. 91, a summation of chaye times acccleration
gives rise o dipole radiation, which also can be accomplish
d gravitationally in a supcrconductor according to Li and
Torr, op. Cit. 1992, pp. 5489MF and Torr and Li, op. Civ 1593,
pp. 3711

In another embodiment clectron transfor dy cirnies
between incident particle-beam pas molecule encigizing
clements, for example, nitric oxide, M7 nd a mewal target
surface composed of crergizable eler such as Aa (111)
has been discussed by Yuhui Huang
Volume 290, No. 5489, pp. 111-114. ‘e large-amplitude
vibrational motion associaicd with the cnergizable target
maolecules in high vibrational siales strongly modulates the
energy driving foree of the energizing cleciron-transfer

reaction. In this regard, although not discussed in any 3

connection with GW generation, according to Huang, et al.
(ibid, p. 113), * . . . the multiguanium vibratonal Lransfer
oceurs on the subpicosceond time scale.”

In order 10 accomplish exgeriments or communication

wilh a GW generation or transmitter device, it is nec: sary
to detect or receive GW. In this rcpard application & No.
09/616.683, filed Jul. 14, 2000, now U.S. Pat. No. 417,

597, describes such a detection device in which the coulector
elements replace the cnergizabie clements of the present
invention. The GW receiver is oriented in a dircclion from
which the GW is known to be generated. The GW can be
focused on the detection device by means of a refractive
medium exhibiting & lense shape, as shown in FIG. 2, in
order to amplily the GW intensity. Furthermore, sincr the
GW frequency is also known, the collector elements «. the
GW receiver can be interrogated, that is, selectively con-
nected by the control computer to an information-proc ssing
device, in a scquence al the anticipated incoming GW
frequency, that is, tuncd. Thus, as the incoming GW pass
through the ensembic of the GW receiver's collector
clements, utilizing piezoclectric crysials. or capacitors, or
strain gauges or lransducers, or parametric transducers, or
nanomachi:  elc,, these elements are interrogated at the
amticipated @ of passage of the GW crest past them.
The uneerw. 1y is in the determination of the GW phases.
Within, for ex:.eple, a subpicosecond time resolution, all of
the possible GW phases (or times thal the GW crest hits the
leading rows of collecwor clemenis) are initially swept
through by the control computer o establish the phase that
correiates best with the maximum amplitude ol the received
GW signal, that is, luned to the GW signal. After this
iminalizalion the GW paase is tracked by, say, a Kalman
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filtering technique deseribed or »p. 384-392 of Robert M. L.
Baker, Jr. (1967) Astrods . .mics, Applications and
Advanced Topics, Academic “ress, New York, The small
voltages and currents produced by some of the allernative
cotlector elements can be measured, for example, by a
superconducting quanium interference device (SQUID)
using Josephson junctions (described in U.S. Pat. No. 4,403,
189) and/or by quantum non-demolition (QND) techniques
utilized in optics but applied to the problem of reducing
quantum-poise limitations for high-frequency GW. The
QND technique was first suggested by Vladimir Braginsky
of the Moscow State University and published by A, M.
Smith (1978} in “Noise Reduction in Optical Measurement
Systems)” IEE Proceedin s, volume 125, Number 10, pp.
935-941. Superconductors arc also contemplated for vsc in
connection with the collection clements as discussed in the
previous application, Ser. No. 09/616.683, filed Jul. 14,
2000, so that the collection elements can be in a supercon-
ducling state. .

Referring again to U.S. Pal. MNo. 6417,597 describes
colicetor elements that ¢ detect GW throug! the same
conductors as are attache. o the cnergizable ¢ ments for
GW generation and are + secled by an Ind: dual Inde-
pendently Programmable System (IIPCS), . device that
acls as a transceiver. Th "8 is more fully described in
1U.8. Pat. No. 6.610,33 :ch a control computer can
connect the collector clemer:.s logether and interrogate them
ir: a pattern that will effecti~2ly sense GW incoming {rom a
specific direction and, in Lz fashion, it can connect the
energizer elements and energize them in a pattern that will
efiectively direct the radially or iincarly propagating GW or
slecr them in a specific <ection. It is valuable, therelore,
both to scan for GW fre a given set of directions, and o
steer GW in a piven sei  ( direclions, that is, 10 provide for
direetivity in both receruon 'md transmission of GW. The
control computer, acting in .oncerl with the information-
processing device, establishes a communications link
between a GW receiver and a GW transmitier or,
allernatively, among GW transceivers and establishes point
10 multipoint communication.

The aforementioned directivity can be best illustraled by
FIG. 6. FIG. 6A cxhibits a plan view of a typical section of
an array of clements or eleme  sels or subsets. the elements
with indices 27,1, j, ok, ok r resems the directivily angle,
measured relative 10 some arsarary fixed direction in space
30, of an individual clemen:, either produced by aclive
element alignment (by being in an clectromagnetic field, in
a superconducting siale, spin polarized, ewc) or heing an
clement sel or subset, or by connecting to a specific member
ol an underlying stack of elements baving the appropriale
orentation fixed. of which the figures shows only the top
member, In this lader case the i, j element siack may, for
cxample, be 180 members high, each member offset [rom
the next by one degree k=1 to 180} in the three-dimensional
ensemble of elements. The cenwal or conirol compuler or
information processing function is, therefore, a table look up
of the indi.-cs that should be “on™ for a given directivity and
also loc ~d on the crest of the specific GW of interest
(incom*  or outgoing). An “on” element is one thal is
interrogered (for reception) or energized {for transmission).

In FIG. 6B the directivity angle to the preferred direction
2235 180°. The clements on the anticipated GW crest 25 of
interest of the GW 21 are communicaled (o collectors and
interrogated (detection mode) or energized (generation
mode}. The prior locations of the GW crests 61 are behind
the crest °3. In FIG. 6C the directivity angle is 1357, and the
future |- .tions of the crests 60 are in front of the crest 25,
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In FIG. 60 the directivity angle is 90°, in FIG. 6E it is 45°,
and in FIG. 6F il is 0°. A coordinale rotation will afford
ditectivity in three dimensions. In this latier regard, the
elements could be arrays of elements or ¢lement sels or
subscts and those arrays could be sphencally isotropic in
their activity as either collectors or energizable clements. In
one cmbodiment, the element sets or subscts consist of
piczoelectric crystals in a spherical configuration or array.
Thus, GW can be scnsed or generated in any direction. In
this case, lhc piczocleciric crystals would be spread oul
evenly over the surface ol a sphere 33 exhibited in FIG. 7.
In a preferred embodiment cach element would consist of a
spherical piczoelectric crystal 33 with clectrodes 31 spread
out evenly over its surface and interrogated or energized in
opposile pairs 1o achieve directivily in detection or genera-
ton of GW.

FIG. 7 illusirates the sphere 33 and the clements 31
(colleclors or cnergizable) comprising the element scls or
subsets, A typical member of this element sct or subset, 32,
has its dircclivily angles o, and 8, for the kih member of the
clement sets or subsets defined by the notation ¢, (0, 8,).
In one embodiment, the elements are picroclectric crystals.
In a preferred embodiment the clements are electrodes 31
attached to the surface 33 of a single, spherical piczoelectric
crystal. Thus the propagation ol the GW can be steered as
oppositc pairs of the electrodes are energized and detected
from specific directions as the opposite pairs of electrodes,
acling as collectors, are interrogated. Collectively the
myriad of such spherical piczoelectric crystals can generate

or detect a coherent GW by cnergizing or interrogating them

in an appropriale patlemn or sequence as illustrated in FIGS.
6B, 6C, 6D, 6E, and 6F.

NUMERICAL EXAMPLE

The specific relationship for GW generation by enerpizing
clemems, such as parlicle-beam particles, colliding with
energizable elements, such as aligned target nuclei, will be
an outcome of the use of the present invention described
herein. To beuer understand that relationship, it is helpful to
refer to the standard quadrupole approximation, Eq.
(110.16), p.355 of L. C. Landau and E. M. Lifshitz, The
Classical Theory of Fields, Fourth Revised English Edition,
Pergamon Press, 1975 or Eq. (1), p.d463 of ). P. Osiriker,
{(“Astrophysical Source of Gravitational Radiation in
Sources of Gravitational Radiation,” Edited by L. L. Smarr,
Cambridge University Press. 1979) which gives the GW
radiated power (walls) as

Pr-dEAd=—{(GI5c VKA D ") [ watis] ()

where
E=energy |joules],
=time [s],
G=6.67423x107"" [m*/kg—s?] (universal gravitational
constant, not the Einsiein tensor),
¢=3x10* | m/s] (the speed of light), and I]uu[kg—mz] is the
quadrupole moment-of-inertia tensor of the mass of the
target particles, and the & and B subscripts signify the
tensor components and dircctions. The guantity
(d*D,pfdt®)” is the kermel at the guadrupole approxi-
mation.
Equation (1) can also be expressed as:

P=K o (WCYS 7 [waits] ]

where I=(Zm)r” [kg—m?], the moment of inertia,
(Em)=sum of the masses of the individual targel nuclci
that are impacted by the particle beam, expel nuclear
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reaction products, and caused Lo jerk or recoil in unison,
[ke), (or, at least jerk or oscillate as the forward-moving GW
[ront moves by),

r=the eflective radius of gyrations of the cnsemble of
larget nuelei that constitute the targel mass [m], and K, =a
dimensionless constant or [unction o be cstablished by
experiment.

The third derivative of the moment of inertia is

PP A Emd P I =2 Em) P %))
and d*v/dt”’ is computed by noting that
2r{Eml ridi =n2rf, [N-m] {(equation of motion) 4

where n is the number of beam particles, which interact with
largel nuelei 1o emit nuclear-reaction products, and is the
nuclear reactive [oree on a given target nuclei caused by the
release of nuclear-reaction products. The third derivalive is
approximated by

dMidrt =g, AL (5
in which A [, is the nearly instantancous inerease in the force
on the ensemble of nuclei caused by the release of nuclear-
reaction products or the collision impulse over the briel time
interval, Al. The At is the nuclear-reaction time for a typical
individual collision, taken here to be 1072 [s]. We will also
take, for convenience of calculation, the time belween
emission of particle bunches also to be AL Thus the chop-
ping frequency would be one THz.

As a bunch of beam particles strike the targel nucle
material, the particles impact on the largel nuclei, with, for
example, 10% of them causing a nuclear reaction. In this
regard, the characteristic length (or emulated or ellective
radius of gyration, 1) of the target mass could be considered
10 be the thickness of the target mass or the distance that the
particle-beam bunch moves at local GW speed before the
number of particles in a given bunch is reduced by half or
by some other measure ol the effective radius of gyration of
the targel mass as the ensemble of energized particles
comprising the larget mass move in concert at local GW
speed and cmulale a cohesive target mass. The larget nuclei
are held in place by intermolecular forces thal propagate at
the local sound speed, that is, during the At interval while the
beam particles interact with the target oucler and create
aligned puclcar-reaction products, the particles move a dis-
tance vAL, where v is the particle speed that is made equal
to the local GW speed, VGW, but the nuclei move more
slowly and influence onc another ai sound speed. Thus,
alternative characteristic lengths could be either vAL or the
distance local sound travels in at or the Jength of the
targel-mass cylinder, or the absorption thickness, elc. For the
numerical example we will choose r=1 [em]=0.01 [m] and
the beam itself to have a cross-sectional area of one square
centimeter. Thus for the numerical exampie the targel mass
is a cube one centimeter on a side and the generated GW
rings from harmonic oscillation that move out in a plate or
siab one centimeter thick.

With K,.4,~32, as in the case of the GW radiated by the
cenirifugal-force jerk of a spinning rod, from Egq. (1), p.90
of Joseph Weber (1964), “Gravitational Waves in Gravita-
tion and Relativity,” Chapter 5, W. A. Benjamin, Inc., Now
York and Introducing Eq. (5), Eq. (2) becomes

Pl 7600 2(n2r AL /AN | watts) {6)

The number of particles in a typical bunch is eslimated to be
approximately that of the Stanford Linear Collider (SLC) or
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4x10" particles. It is cstimated thal 10% of the particles
impact target nuelei and result in nuclear reaction (that is, a
10% harvest), son=4x 10" Inserting these numbers into Eq.
{6) we have

P=1.76410 {41020 01 Af, JArF | watts] {7

and, subject to further verification as (o the mass defect and
impulsive nuclear foree, thal is verification of the magnilude
of the jerk, we take AL=1x10"" [N] and A=10""" [s]
resulling 1n

P=1.13210 [wans).

The reference area is cither the rim of a disk one cenumeter
thick and one centimeter in diameter or 3.14x107% [m?] for
a GW flux of 3.6x10™"¥ [watts/m”] for a harmonic oscilla
tion of the argel clemenis or one squarc cenlimeter for a
linear jerk of the target elements (there is a factor of 0.5 since
the GW is bifurcaled-—half moving in the direction of the
jerk and half in the opposition direction). The former leads
to a forward component of GW flux of 5.65x107'% [waus/
m?]. A lens sysicm composed of a media in which the GW
is slowed (such as a superconducting media) could concen-
trate or focus the GW from, say, a one square cenlimeler, (o
10 micrometers® for an increase in GW fux of 10° 10
5.65x10°"* {watsfm?]. Note thal in the refraction medium
the GW wavelength is significantly smaller than 10
micrometers” at THz frequencics, so that GW diffraction, if
present, is not very significant. All of the foregoing quadru
pole cquations arc approximations to P. Due 1o the slowness
ol the GW, aboutl onc hundredih of light speed, the GW
wavelength in the superconducting target is about Agy,
0.01cAI=3x10°x107"*=3x10*Im], but still larger than the
radius of the target nuclei, beam particles, or nuclear-
reaction products, so Agy is much greater than the radius of
the target particles and also, duc 1o the slow propagation
speed, all speeds are much less than . Thus the quadrupole
approximation is good, but still K54, will be further refined
as will the harvest and other details of the energizing and
jerk-producing or harmonic-oscillation-producing mecha-
nism of the invention such as Af,, and At. The GW produced
alsois ... isell the source of some additional gravitational
field™ as noted by Landau and Lifshitz (op cil, 1979, p. 349)
and discussed in the Propulsion scction of TUS. Pal. No.
6,417,597, Thus attendant 1o the GW is a change in gravity
that can be cffectively utilized for the movement of mass
and, hence, as a propulsion means.
Analysis ol Binary Pulsar PSR 1913+16

As discussed in the Prior application Ser. No. 09/616.,663,
now 1.5, Pat. No. 6,417,597, since binary pulsar PSR
1913416 represents the only experimental confirmation ol
GW, the [eatures and advantages of the present invention
will be beuer undersiood by a further analysis of this
double-star system. According 1o Robent M. L. Baker, Jr., p.
3 of “Preliminary Tests of Fundamental Concepts Associ
ated with Gravilational-wave Spacecrall Propulsion,” Paper
No. 2000-5250 in the CD-ROM proceedings of the Ameri-
can Institute of Acronautics and Astronautics Space 2000
Conference and Exposition, AIAA Dispatch:
dispatch@1h1 lib.mo.us, or www.aiaa.org/publications, Sep.
19-21, 2000, the double star exhibits a mass of m=2.05x
10% {kg), a semi-major axis, a, of 2.05:<10% [m], and a mean
motion, n {or w) of 2.25x10-4 [radians/s|. The average
centrifugal force component or force-vector component sub-
ject to cage during the star pair's orbil, Al ,, is

man®={5.561 0")(2. 0510 )2.253%107° =5 T7x 1072 N], (8)

From Eqg. (1), p. 90 of Joscph Weber, {op cit. 1964} and
from Eg. (2) herein, onc has for Einstein’s formulation
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{1918, Sitzungsberichte, Prcussische Akademi der
Wisserschafien, p. 154) of the gravilational-wave (GW)
radialed power ol a rod spinning about an axis through its
midpoint, having a moment of incria, 1 [kg—m?), and an
angular rate, @ [radians/s]:

P2-32GPw 505 = GO0 Y i5(e/2)® wans| )
or

Poe] 76210 0 P=—1 600 2 et P (0
where using classical (not relativistic) mechanics, [rmw’])*

can he associaled with the square of the magnilude of the
rod’s centrifugal-force veetor, f,, for a rod of mass, m, and
radius of gyration, 1. This vector reverses every half period
al twice the angular ratc of the rod (and a component's
magnitude squarcd completes onc complete period in halt
the rod’s period). Thus the GW frequency is 2w and the
time-rate-of-change ol the magnitude of, say, the
x-component of the centrifugal foree, £, is

AL At 2 0 (1

{Note that frequency, v=w/2m.) The change in the
cenirifugal-foree vector itsell (called a “jerk” when divided
by a time interval) is a diffcrential vector at right angles to
f,, and directed tangentiaily along the are that the dumbbell
or rod moves through. As previously mentioned, Equation
(9) is an approximation and only holds accurately lor
r<<hgw (wave length of the GW) and for speeds of the GW
generator far less than ¢ (the speed of light).

Eqguation (%) is the same equation as thal given for two
badies on a circular orbit on p. 356 of Landau and Lifshitz,
op. ¢il., 1975, (I=pr? in their notation) where @=n, the orbital
mean molion,

As a validation of the use of a jerk to estimate
gravitational-wave power, let us ulilize the jerk approach lor
computing the gravitational-radiation power of PSR 1913+
16. We computed in Equation (8) that each of the compo-
nents of force change, Af,, ,=5.77x10° [N] (multiplicd by
two since the centrifugal force reverscs its dircction cach
half period) and At=(1%) (7.75 hrx6D minx60 sec)=1.395x
107 [s]. Thus using the jerk approach:

P 7610 2 (20AL JAY HPAf, pn fAG 121 T6x10 V(262,05
1058 7T 10971 308310732 ~10. 1107 [watts) (12)

versus 9,296x10% [walts] using Landau and Lifshitz’s (op.
cit.,, 1975, p. 356) more cxact formulation given by the
analyscs of Baker (op. cit., 2000, p. 4) integrating using the
mean anomaly. The stunning closeness of the agrecement is,
of course, fortuitous since due 1o orbilal eccentricity there is
no symmeltry among the Al  components around the orbil.
Mevertheless, the value of the jerk approach is well dem-
onstrated.

APPLICATION OF THE INVENTION TO
COSMOLOGY

Since the present invention produces waves or ripples in
the conjectured spacelimeuniverse (STU) continuum or fab
ric (sce U.S. Pal. No. 6,160,336). it can be used to explore
cosmological conjectures and theories. According to a
thumbnail sketch of Einstein's theory of general relativity,
time and space disappear with material things. Thal is,
migller (stars o atomic nuclei) are inseparably connected to
time and space and vicc versa. “Things™ arc all but hills,
valleys, and holes in the fabric of Einsiein's spacetime.

It 15 conjectured that the equivalence of inertial and
atiractive mass and the unification of all forces,
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gravilational, centrifugal, electromagnetic, nuclear, cic. is
that they arc all simply undulations in the multidimensional
STU fabric. We may consider a centrifugal force ficld w be
a gravilational force field and clastic. thrust, drag, cic., force
ficlds to be elcctromagnetic in origin. Thus force is a
properly of STU and vice versa. Such a concept is similar to
that cxpressed by Schrodinger in 1946 (reported in Denis
Brian's Einstein a lite, 1996, John Wilcy & Sons, p. 351) in
his theory that “ . . . purely wave theory, in which the
structure of spacc-time would yield gravitation,
clectromagnetism, and even a classical analog of strong
nuclear (forcesy”. In fact, the term “gravitational waves”
could be replaced by the wrm “lorce waves™ or “inertia
waves” since it is the change in force, any force or attraction,
or jerk of an inertial mass that results in the waves or ripples
in the STU fabric.

Gravitational waves arc related directly to an inertial mass
in motion (caused by either a change in allraction or
force—a jerk or harmonic oscillation) and not directly

related to a gravitational field. In this regard, the wavel

particles for such a {orce wave are proposed to be defined as
“gravitational instantons” or “instantons”. Such wave/
particles would be analogous to photons associated with
clectromagnetic waves, gravilons associated with gravita-
tional airaction, and gluons associated with strong nuclear
forces. For historical reasons the lerm gravilational waves
should be retained, whereas 1o avoid confusion with gravi-
tons and the erroncous association of GW cxclusively with
gravitational attraction the term “instantons™ is used.

There is & fundamental difference belween photons,
gravitons, gluons, elc., and instantons. The former are mani
fested by the curvature of the multidimensional STU fabric
created by the attractions or forces associated with charge,
mass, nuclear particles, etc. (all conjectured to be similar to
gravity, that is, not really “forces™, bul motion along con-
vergenl or divergent geodesics in the muitidimensional
STU), whercas the latler is manifested by the rapid changes
in the forces or jerk or oscillation associated with the
[ormer—Iike “cracking a whip™ or “siriking a drum head™ of
STU fabric 10 produce ripples in the STU fabric as Landau
and Lifshitz (op cit, p. 355) suggest, such STU [labric
distortions caused by high-frequency gravitalional waves
(cxpressed as instantons) change gravity (expressed as
gravilons) itself, Thus all the properties of wave/particles,
like diffraction and dispursion, may not be present in the
instanions.

Conlinuing with the thumb-nail-sketch conjectures of the
STU continuum al the most clementary level, the inherent
uncertainty in position and velocity (as opposed to the

praciical, cxperimental inability to exactly define position s

and velocity simuitancously) is simply a reflection of the
fact that you can’t “see” the entire STU panorama from any
one single vanlage point. Thus there can bc complete
determinism, cawse and eflect can prevail, and “God does
not have to play dicc”, because everything is in the STU
fabric, for exampic, in dilferent universes at different times
everything cannol be “scen”. A “line” cannol connecl
“points” in the STU fabric, but the “points™ arc still there and
their “motion™ on the [abric is prediclable: but,
unfortunately, they can’t be “seen” or predicied simulia-
neously. The more conventional spacelime continuum is
cmbedded in the multidimensional STU, which 1s a multi-
dimensional manifoid.

As [ar as quantum mechanics is concemed, the detailed
surface of the STU fabric can be thought of as nibbed or like
sleps—essentially quantum sieps. According to this conjec
ture the intractabic frontier between * . . . a smooth spacial
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gcometry . . . 7 and . . . the violent fluctuations of the
quartum world on short distances . . . the roiling [renzy of
quantum foam.” (Brian Greene, 1999, the elegant universe,
MNorton, New York, p. 129) is nothing more or less than the
interface between osculating universes on small scales in
which entities shift back and forth at will—actually smooth
transitions with mass/fenergy and momentum conserved and
entropy constant. Thus the measurement of the fundamental
constants in a given universe are subject 10 a very small
variation depending wpon “where” (or “when”) they arc
measured.

In this regard, “where” has a more global meaning. In the
STU “where” is similar 1o position in convenlional space
(but a continuum of dimensions). On the other hand “where”
and whal are time-like universe dimensions. In “our” uni-
verse its simply “lime-when.” These extremely simplified
gencral cosmological conjectures would require very com-
plicaled mathematics in order to obtain quanlitative resulls
and make them more than just superficial fantasies. Thus the
present invention would be useful in obtaining experimental
insights concerning the foregoing conjectures and confirma-
tion of quantitative cosmological theories and predictions.
Also the receiver aspect of the invention, as it relates to the
detection of high-frequency GW, would be uscful in study
ing the “Big Bang” information imprinted on GW back-
ground belween about 107" and 107'* [s] after its start.

What is claimed is:

1. A gravilational wave generating device comprising:

a plurality of target nuclei in a constrained state,

a source of submicroscopic pariicles dirccied at the target
nuclei,

a computer-controlled logic system operatively connecled
1o the particle source for selectively propelling the
particles toward the target nuclei to cause products of
a nuclear reaction 1o be emitied from the nuclei, and

“a containment systcm [or aligning the products of the
nuclear reaction such that the products move in
approximately the same direction, produce a third time
derivative of the motion of the target nuclei reacting to
the emitted products of the nucicar reaction and thereby
generate gravitational waves in that direction.

2. A device according to claim 1 in which the plurality of
target nuclel are contained in a superconducting medium.

3. A device according to claim 1 in which the plurality of
Larget nuclei comprises a fAoid.

4. A device according 1o claim 3 wherein the fluid
includes electrons.

5. A device according to claim 3 in which the fluid is a
superconducting fluid.

6. A device according 10 claim 1 in which the plurality of
target nuclei comprises a gas.

7. A device according to claim 1 in which the plurality of
target nuclei are constrained in an electromagnetic field.

8. A device according to claim 7 in which the electro-
magnetic field is external to the plurality of target nuclei.

9. A device according 1o claim 7 in which the clectro-
magnelic Geld is ferromagnetic.

10. A device according to claim 7 in which the electro-
magnetic field comprises inlermolecular forces,

11. A device according 10 claim 1 in which the plurality
of tarpet nuclei are aligned in a spin-polarized slate.

12. A device according to claim 1 in which the source of
particles for producing nuclear-reaction products is 2 pulsed
particle bearn.

13, A device according 1o claim 12 in which the particles
comprising the particle beam arc photons.



US 6,784,591 B2

17

14. A device for generating gravitational waves compris-
ing a source of products of ouclear reactions under the
conirol of a computer-controlled logic system to produce a
third time derivative of the motion of energizable ¢clements
and therchy generate gravitational waves.

15. A gravilalional wave gencrating device comprising:

a plurality ol largel energizable elements,

a plurality of energizing elements that act on the cnergi-

zable clements, and

a computer controlied logic system operatively connecied

to the energizing elements to control the action of the
cnergizing clements so as to produce a third time
derivative of the motion of the energizabic elements or
a jerx and thercby generale gravilational waves,

16. A device according 1o claim 15 in which the energi-
zable elements are molecules.

17. A device according to claim 15 in which the energi-
zable elements are atoms.

18. A device according to claim 15 in which the cnergi-
zable clements arc alomic nuclei.

19. A device according to claim 15 in which the cnergi-
zable elements are nuclear particles.

20. A device according o claim 19 in which the nuclear
particles are electrons.

21. A device according to claim 15 in which the energiz-

ing elemer:s are an anisolropic particle beam.

22, A duvice according to claim 21 in which the beam
particles cotlide with the enerpizable elements and produce
a third lime derivative of the motion of the cnergizable
clements and generate gravitational waves.

23. A device according to claim 22 in which the beam
particles collide with the cnergizable elements to produce a
nuclear reaction that cavses the gjection of nuclear reaction
products that resull in a third 1ime derivative of the motion
of the encrgizable elements.

24. A device according to claim 15 in which the energiz-
ing clements are an isotropic particle beam.

25. A device according to claim 15 in which the cnergiz-
ing elem>nis create a multiqguantum vibrational event for the
energizat: elements on a subpicosceond lime scale and
gencrate :-avilalional waves,

26. A device according to claim 15 in which the energiz-
ing clements are microwaves.

27. A device according 1o claim 15 in which the energiz-
ing clements are one or more magnetic fields.

28. A device according to claim 15 in which the energiz-
ing elements are one or more electric felds.

29. A device according to claim 15 in which the energiz-
ing elemenls move in sequence o deline a gravilational-
wave front and energize the cnergizable elements in sequen-
tial order to generate and accumulate gravitational-wave
cnergy as the gravitational-wave fronl progresses.

30. A device according 1o claim 29 in which the gravita-
tional waves comprising the wave front arc coherent,

31. A device according Lo claim 15 in which the energiz-
ing elements arc cholons of a laser.

32, A device according to claim 15 in which the energiz-
ing clements are clectrons.

33. A device according to claim 15 in which the cnergiz-
ing elements are protons.

34, A device according 1o claim 15 in which the energiz-
ing clements are ncutrons.

35. A device according 1o claim 15 in which the energiz-
ing elements arc nuclear particles.

36. A device according to claim 15 in which the energiz-
ing elements are atomic nuclei.

37. A device according to claim 15 in which the energiz-
ing elements are molecules.
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38. A device according to claim 37 in which the molecules
are ionized.

39. A device according to claim 15, in which the cner-
gizing clements are current-carrying coils.

40. A device according to claim 15, in which the energi-
zable clements are one or more permanent magnets.

41. A device according o claim 40 in which the perma-
nent magnels are submicroscopic.

42, A device according to claim 15, in which the energi-
zable elements are one or more eleclromagnets.

43. A device according to claim 42 in which the clectro-
magnets are submicroscopic.

44, A deviee according o claim 15, in which the ener-
gizing clements are current-carrying electrical conductors.

45. A device according to claim 15, in which the cnergi-
zable eiements are currenl-carrying electrical conductors.

46. A device according to claim 15 in which the cnergi-
zable elements are energized in a patiern in order to achieve
directivity in gravitational wave transmission.

47. A device according to claim 46 in which the direclivily
is changed over time in order 1o control the dircction of the
gravitational wave transmissions.

48, A device according to claim 46 in which the energiz-
ing elements are energized in a pattern that will transmit
gravitational waves to a radialing gravitational wavc trans-
mitter in order to cstablish a GW communications source.

49, A device according 1o claim 46 in which the patiern
produces constructive interference among some of Lhe gravi-
tational waves,

50. A .evice according Lo claim 46 in which the pattern
produccs destructive interference among some of the gravi-
tational waves.

51. A device aceording to claim 15 in which the energi-
zable clements are harmonic oscillators.

52. A device according 1o claim 15 in which the energi-
zable elements are capacitors.

53. A device according o claim 15 in which the energi-
zable elemenls are disposed in a spherical array.

54. A device according to claim 53 in which the spherical
array comprises piezoclectric crystals spread evenly over Lhe
surface of a sphere,

55. A device according to claim 53 in which the energi-
zable clement comprisc a spherical piezoelectric crysial or
crystals.

56. A device according to claim 55 in which actuating
clectrodes arce spread cvenly over the surface of the piezo
electric erystals and operatively connecled 10 a power source
controlled by a computer-controlled logic system.

57. A device according Lo claim 15 in which a refractive
medium concentrales or focuses the pravitational waves
emitted by the gravilational wave generator.

58. A device according to claim 15, in which the energi
zable elements are pieroelectric crystals.

59. A device according to claim 185, in which the energi-
zable elements are nanomachines.

60. A device according Lo claim 59 in which the nano-
machines are harmonic oscillators.

61. A device according to claim 59 in which the nano-
machines are nanomotors.

62. A device according 1o claim 59 in which the nano-
machines are solenoids.

63. A device according to claim 59 in which the nano-
machines are microelectromechanical systems (MEMS).

64, A device according (o claim 15 in which the enerviz-
ing elements are antiprolons.

65. A device according Lo claim 15 in which the energi-
#able clements are antiprolons.
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66. A device according to claim 15 in which the encrgi-
zable clements are cnveloped in a dielectric.

67. A device according to claim 66 in which the dielectric
hay & spherical form.

68. A device according to claim 15 in which the energiz
ing clements arc sources of clectromagnetic radiation.

69. A device according to elaim 15 in which the encrgi-
zablc elements are submicroscopic particles.

70. A device according Lo efaim 15 in which the computer-
controlled logic system is a modulator,

71. A device according Lo claim 15 in which the cnergi-
zable clements are maintained in a state of superconductiv-
ity.

72, A device according o claim 15 in which the computer-
controlled logic system is a wvehicle trajeciory or orbit
determination processor,

73. A gravilalional wave detection device comprising
gravitational-wave collector clements that arc interrogated
by a computer-controlled logic system according 1o an
cxpecled anival time of the crests of a gravitational wave of
a predetermined gravitational wave frequency and phase in
order Lo be a tuned gravitational wave receiver.

74, A device according to claim 73 in which the inlerro-
gations continue as the gravitational wave phase is deter-
mined and locked on by a control computer.

75. A device according 1o claim 73 in which the colleclor
elements are lransducers.

76. A device according to claim 75 in which the trans-
ducers are parametric transducers.

77. A device according o claim 75 in which the trans
ducers measare the curvature of the spacetime continuum.

78. A device according to claim 73 in which the collector
clements arc capacilors.

79. A device according to claim 73 in which the collector
elements are harmonic oscillators.

80. A device according to claim 73 in which signals from
the collector clements can be measored by a superconduct-
ing quantum interfercnce device (SQUID).

81, A device according to claim 73 in which the signal
from the collector elements are sensed using quanium non-
demolition (QND) lechnigues.,

82. A device according to claim 73 ip which the collector
clements arc interrogated in a pattern according o an
expecled incoming gravilationzl wave direction in order to
achicve directivity in GW reception.

83. A device according Lo claim 73 in which the dircctivily
is changed over time in order o scan for gravitalional wave
transmissions,

84. A device according to claim 73 in which the collector
clements arc disposed in a spherical array.

85. A device according to claim 84 in which the spherical
array of colleclor element comprises a plurality of piczo-
electric erystals spread evenly over the surface of a sphere.

86. A device according to claim 84 in which the collector
element comprise spherical piczoclectric crystals.

87. A devicc according to claim 86 in which actuating
electrodes arc spread cvenly over the surface of the piczo-
clectric crystals and operatively connected to a computer-
controlled logic system.

88. A device according to claim 73 in which the collector
clements arc submicroscopic.

89. A device according to claim 73 in which the luned
gravilational wave receiver receives gravilational waves
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relracted by a medium positioned in [ront of the
gravilational-wave receiver.

90. A device according 1o claim 89 in which the medium
is # superconducting medium,

91. A device according to claim 89 including a lens for
concentraling or focusing the gravitational waves.

92. A device according 1o claim 89 including a serics of
gravitational-wave refracting media [or conceniraling or
focusing the gravilalional wavces.

93. A device according to claim 73 in which the collector
clements are maintained in a state of superconductivity.

94. A gravilational wave communications device com-
prising:

a gravitational wave gencrator for producing gravitational
waves having a particular frequency and amplitude as
determined by the frequency and amplitude of the jerks
of the masses comprising the gravitational wave
gcneralor,
modulator conneeted to the generator for imparting
information 1o the gravitational waves by modifying
their frequency and amplitude,
computer-controlled logic system for controlling the
frequency and amplitude of the jerks,

a detector for receiving the modulated gravitational waves

having a particular frequency and amplitude, and

a demodulator controlled by a computer-control logic

system for extracting the information from the fre
quency and amplitde of gravitational waves and deliv-
ering il Lo a presentation device.

95. A gravitational wave communicalions device com
prising:

a plurality of target nuclei aligned in a constrained statc,

a source of submicroscopic particles directed at the target

nuclei,

=

-

a computer-controlled logic system operatively connected
to the particle source for selectively propelling the
parlicles toward the larget nuclei to produce a nuclear
reaction,

a comainment system for aligning the products of the
nuclear reaction such that the particles move in
approximaicly the same direction, produce a third lime
derivative in the motion of the targel nuclei and thereby
generate gravitational waves, and

a lransmitter operatively connecled 10 the containment
system for selecting the number of particles propelled
al any given time to modulate the gravilational waves.

96. A device according o claim 95 wherein the transmitler
includes a modulator.

97. A device according o claim 96 in which the modulator
imparls information to the gravitational waves by selecting
their frequency and amplitude.

98. A device according to claim 97 including a detector at
a remole location for receiving the modulated gravitational
waves.

99_ A device according Lo claim 98 including a demodu-
lator connected to the deleclor.

100. A device according to claim 99 including a presen-
lation device connectled to the demodulator.
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