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ELECTRICAL POWER TRANSMISSION SYSTEM AND METHOD

[0001] Related Applications

£0002] This application is a continuation-in-part of U.S. patent application serial number

13/785,209 filed March 5, 2013, which is herein incorporated by reference in its entirety.

[0003] Field of the Invention

[0004] This invention relates to systems for transmitting power, and more particularly to

transmitting power with reduced magnetic field effects outside the conductor.

[0005] Background of the Invention

[0006] The use of conducting wires to carry electrical power is well known, as is the fact
that a current passing through a conductor generates an external magnetic field around the

conductor.

{0007] In many environments, magnetic fields of this type are undesirable, such as under
high-power transmission lines or in power cords in certain locations, or generally any area
where people or animals are exposed to high magnetic fields. For example, power supplies
for pacemakers implanted in a person’s body transmit power inside the person’s body, and a
magnetic field there is undesirable. As another example, in the context of hybrid cars, power
is supplied via cables within the body of the car, usually as relatively high-amperage, high-
voltage aliernating current, e.g., 360 volt AC, ‘gvhic-h can produce undesirable exposure of

people in the car to high magnetic fields.
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[0008] The prior art reflects some efforts to reduce the effect of a magnetic field around a
conducior. For example, shieiding methods have also been employed in the prior art using
magnetized materials. Shielding to block magnetic fields generally involves application of a
coating or surrounding cover that prevents some of the magnetic field around the conductors
trom extending through it.

{0009] Depending on the material used, the coating material can be relatively expensive.
Also, it may be vulnerable to damage so that the magnetic field leaks through. Even if
intact, there is a degree of magnetism that is not interrupted by the shielding, and that may,
depending on the conditions, constitute an unacceptable level of magnetic field around the

conductor.

10010] Summary of the Invention

[0011] It is therefore an object of the present invention to provide a system and method for

transmitting electrical power that overcomes the drawbacks of the prior art.

[0012] According to an aspect of the invention, a power carrier for transmitting an electrical
current to and from a load comprises a proximal end having first and second proximal
electrical connections leading thereto. A first set comprising at least three electrical
conductors are all electrically connected in parallel with the first proximal electrical
connection, and a second set comprising at least three electrical conductors are all
electrically connected in parallel with the second proximal electrical connection. The
electrical conductors extend over a length of the carrier and are supported so as to be

electrically separate from each other over the length in a cross-sectional arrangement

e

s
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relative to one another in the carrier. A distal end is opposite the proximal end and has first
and second distal electrical connections leéciing therefrom. The first set of electrical
conductors are all electrically connected in parallel with the first distal elecirical connection,
and the second set of electrical conductors are all electrically connected in parallel with the
second distal electrical connection. The first and second sets of electrical conductors are
positioned in the cross-sectional arrangement such that the arrangement includes at least one
Jjunction area surrounded by at least two electrical conductors of each of the sets that are
organized so as to alternate between the electrical conductors of the first set and the
electrical conductors of the second set. The electrical conductors around the junction area
are at a distance from adjacent electrical conductors of the other set so that respective
magnetic field passageways are defined between each of the electrical conductors and the

adjacent electrical conductors.

[G013] According to another aspect of the invention, a power carrier for transmitting an
electrical current comprises a proximal end having first and second proximal electrical
connections leading to it. A distal end is opposite the proximal end and has first and second
distal electrical connections leading from it. A first set of electrical conductors are all
electrically connected in parallel between the first proximal electrical connection and the
first distal electrical connection, and a second set of electrical conductors are all electrically
connected in parallel between the second proximal electrical connection and the second
distal electrical connection. The electrical conduciors extend over a length of the carrier and
each is surrounded by insulating material so as tc be electrically separate from each other
over the length in a cross-sectional arrangement relative to one another in the carrier. The

cross-sectional area remains constant over the lengih of the carrier. The first set of electrical



PCT/US2014/019823

WO 2014/137873
conductors all are electrically connected in parallel with the first distal electrical connection,
and the second set of electrical conductors are all electrically connected in parallel with the
second distal eiectrical connection. The first and second sets of electrical conductors are

positioned in the cross-sectional arrangement so that a number of junction areas are defined

between groups of electrical conductors. An equal number not less than two of electrical

L]

conductors of each of the sets are positioned 50 as to be equidistant from a respective center
point of each junction area, to be spaced around the centerpoint at equal angular
displacements relative to each other, and to alternate between the electrical conductors of

the first set and the electrical conductors of the second set. The cross sectional arrangement

of the electrical conductors is a rectangular matrix with at least four junction areas or a

10
hexagonaliy packed pattern with at least seven junction areas.

[0014] According to another aspect of the invention, a method of transmitting electrical
power comprises providing a carrier as described above, and supplying electrical current to
the first proximal electrical contacts so that the current flows through the first set of

conductors to the first distal electrical connection, through a transformer and to a load. A

i5
return electrical current is received from the load via the transformer to the second distal

electrical connection and through the second set of electrical conductors.

et objects and advantages of the invention will become apparent in the

0015] Oth
specification herein, and the scope of the invention will be set out in the claims.

~—

20

{0016] Brief Description of the Drawings

{0017] FIG. 1 is a schematic diagram of a circuit utilizing an electrical power transmittal

-4-
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system according to the invention.

[0018] FIG. 2 is a schematic diagram of the parallel connection of wires in an electrical

carrier according to the invention.

0019} FIG. 3 is a schematic diagram of a cross-section of a 16-wire embodiment according

to the invention.

{0020] FIG. 4 is a detail partial diagram illustrating an exemplary one of the magnetically

balanced junctions in the carrier of FIG. 3.

[0021] FIG. 5 is a schematic diagram of a cross-section of a 24-wire embodiment according

to the invention.

[0022] FIG. 6 is a detail partial diagram illustrating an exemplary one of the magnetically

(v

balanced junctions in the carrier of FIG.
{0023] FIG. 7 is a diagram of a magnetically balanced junction surrounded by eight wires.
[0024] F1G. 8 is a cross-sectional diagram of another alternate embodiment of carrier
according to the invention.

{0025] F1G. 9 is a schematic diagram of another circuit making use of a carrier according to
the invention.

[0026] FIG. 10 is a schematic diagram of a three-phase AC power distribution circuit
employing carriers according to the invention.

{0027] FIG. 11 is a cross-sectional diagram of the arrangement of the wire conductors in the

carrier used in the example.
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{0028] F1G. 12 is a cross-sectional diagram of an alternate embodiment of carrier having

metallic inserts to reduce capacitance.

{0029] FIG. 13 is a cross-sectional diagram of an alternate embodiment of a carrier

according to the invention with a lattice of metallic elements surrounding the conductors.
{0030] FIG. 14 is a perspective diagram of one of the elements of FIG. 13.

10031] FIG. 15 is a side view of a stack of elements in the embodiment of FIG. 13.
{0032} FIG. 16 is a perspective diagram of a portion of the embodiment of FIG. 13.

{00337 FIG. 17 is a detailed cross-sectional diagram of another alternate embodiment of a

carrier according to the invention with a surrounding lattice of metallic elements.

{0034] FIG. 18 is a perspective diagram of one of the elements of the embodiment of FIG.

17.

[0033] F1G. 19 1s a cross-sectional view of still another alternate embodiment of carrier in

which a metallic structure surrounds the conductors.

{0030] FIG. 20 is a cross-sectional view of a further alternate embodiment of carrier in

which a metallic structure surrounds the conductors.

{0057] Detailed Description

[0038] FIG. 1 is a schematic diagram of a basic circuit with an electrical power transmittal
system carrying an electrical current, both a forward and a return current, between a power

source 3 and a load 5. Power source 3 applies either two poles of electrical power to two
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wires or electrical conductor lines 7 and 9. The power source may be DC or AC, and the two
poles of electrical power may be positive and negative poles of DC current, two

complementary phases of AC, or a phase or pole of AC or DC and a connection to ground.

[0039] Lines 7 and 9 are connected with a step-up or step-down transformer generally
indicated at 11. Transformer 11 increases or decreases the voltage of electrical power
applied via lines 7 and 9 and outputs the increased or decreased voltage electrical power on

leads 13 and 15 that lead to a proximal end 23 of power carrier 17. Power carrier 17 extends

over a length that may be as long or short as required by the specific application.

[0040] The distal end 25 of the carrier 17 has two output wires or electrical conductor lines
19 and 21. Output lines 19 and 21 are connected to two respective connections to load 5 and
transmit the electrical power to them. Load 5 can be any electrical device, e.g., a light

source, a motor, or any kind of circuitry that uses the electrical power for its operation.

{0041] in operation, the power source applies electrical power to line 7, the power is
converted ic a different voltage current flowing on wire 13, flows through power carrier 17
and output wire 19 to reach load 5. On the other side of load 5, a return electrical current
flows along line 21 , through carrier 17, and line 15 to reach the other side of the transformer
11. The other input side of transformer 11 connects with wire 9 going back to power source

3, or to ground if appropriate.

{0042] Referring to the schematic diagram of FIG. 2, the power carrier 17 comprises two
sets of wires 27 and 29, with all of the wires of each set being connected in parallel. The
tirst ends of wires of set 27 connect electrically in parallel to line 13 via a branch structure

generally indicated at 21, and the opposite second ends of the wires of set 27 connect in
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parallel io line 19 via a branch structure 33. The first ends of wires of set 29 connect
electrically in parallel to line 15 via a branch structure generally indicated at 35, and the
opposite second ends of the wires of set 29 connect in parallel to line 21 via a branch
structure 37. While FIG. 2 shows each set of wires comprising eight wires, it may be
understood that the sets of conductors may comprise a variety of numbers of wires all

connected in parallel, as will be discussed further below.

f0043] FIG. 3 is a schematic diagram of a cross-section of the carrier 17 of a preferred
embodiment of the invention. In this embodiment, the wires are supported in a square or
rectangular 4 x 4 matrix, and that cross-sectional arrangement is preferably constant over the
length of the carrier. There are two sets of wires connected in parallel, eight wires 41 and
eight wires 43. The material of the carrier 17 is generally square in cross-seciion and is
electrically insulating, so that each of the wires 41 and 43 is electrically insulated from the

others.

{0044] Wires 41 carry the electrical current in one direction (i.e., coming out of the diagram
in FIG. 3) and wires 43 carrying the returning current (i.€., in the direction into the diagram
ot FIG. 3). Magnetic fields around wires 41 flow counter-clockwise in the plane of FIG. 3,
and the magnetic fields around wires 43 flow clockwise. The arrows indicate the direction
of the magnetic field formed by the wires as current flows through them to and from the

{oad.

[0045] In the matrix arrangement of FIG. 3, the wires are organized in four rows and
coiumns. The wires adjacent each wire in the same row or column are of the other set of

wires, i.e., wires 41 have wires 43 adjacent them in the same row or column, and wires 43
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have wires 41 adjacent them in the same row or column. Because the magnetic fields of
these row-adjacent or column-adjacent wires flow in the opposite direction, in the interstitial
magnetic flow regions 53 between the row-adjacent or column-adjacent wires, the magnetic

fields around the two neighboring wires extend in the same direction.

[{0046] FIG. 4 shows a detail of one of the junctions 51. Junction 51 has four conductors
surrounding its center point C, a first pair of conductors 41 carrying current in a direction
out of the diagram, and a second pair of wires 43 carrying current into the diagram. The four
conductors are arranged to surround the junction S1spaced angularly from each other at a 90
degree offset, so that their centers are located at 457, 135°, 225", and 315°, and they define
interstitial magnetic flow regions 52 aligning at 0°, 907, 180°, and 270" of counterclockwise
rotation measured from the horizontal axis around the center point C. In the junction area
51, the magnetic fields around wires 41 and 43 in the row-direction flow away from the
junction 52 in opposite directions, and they also combine to cancel each other out. Similarly,
the magnetic fields around wires 41 and 43 in the column-direction flow in opposite
directions into the junction 52, and combine to cancel each other out. There is as a result

substantially no magnetic field at each junction 32.

{0047] As seen in FIG. 3, two of the wires 41 and 43 of each junction 51 are shared with the
neighboring row-adjacent or column-adjacent junctions. Each junction has a net magnetic

field that is canceled out to zero in the vertical and horizontal directions.

[0048] On the outer surface of the carrier, at the inter-row and inter-column magnetic flow
regions 53 between the wires, the magnetic field extending along parallel to the surface by

the adjacent wires cancels out the magnetic field extending along the surface on the other
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side of the magnetic flow region. reducing the magnetism outside the carrier 17. There 1s
some magnetic field created by the current in the adjacent surface wires that extends directly
outward or inward, but its magnitude is not as great as the magnitude around an ordinary

conductor pair. The ultimate result is a reduced magnetic field around the carrier 17.

{0049] The cross-sectional arrangement of FIG. 3 is substantially constant over the length of
the carrier 17, and preferably the carrier 17 is a rectangular parallelepiped. Alternatively, the
cross-sectional arrangement rotates spirally over the length of the carrier, with the relative

positions of the wires staying the same at all cross-sections over the length of the carrier 17.

[0050] The relative positions and currents flowing in the wires in the carrier 17may result in
some capacitance between the wires. The degree of capacitance can be adjusted or reduced
by the presence in the interstitial regions 53 of material that has a dielectric-altering effect.
In particular, conductive or ferromagnetic material may be placed in the interstitial regions

so as to reduce the capacitance in the carrier 17.

[0051] In addition to the matrix arrangement shown in FIG. 3, other square or rectangular
matrix-type configurations may be employed as a carrier, e.g., carrier 17, to reduce magnetic
field outside the carrier as well. The matrix preferably has two or more junctions, e.g., the

cross section should be a 2x3 matrix of wires or larger.

{0052] F1G. 5 shows another embodiment of the invention, which may also be used as the
carrier 17 in the circuit of FIG. 1. The cross section shown in FIG. 5 is the same over the
length of the carrier, and the carrier has two connections at each end, as seen in FIG. 1.
[0053] In the embodiment of FIG. 5, conduciors 65 carry current in the carrier 71 in one

direction and conductors 67 carry the return current in the other direction. All the wires of a

-10-
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given respective set 65 or 67 are connected in parallel with each other by branching

structures similar to those of FIG. 2, so as to carry the associated current in parallel with the
other conductors of the same set, and so as to deliver the current to a single connector at the
opposite end of the carrier 71, essentially with pairs of lines 13 and 15, 19 and 21, as seen in

FIG. 1.

{0054] In FIG. 5, the arrows indicate the direction of the magnetic fields formed by the
conductors. Conductors 65 generate a counterclockwise magnetic field and conductors 67
generate a clockwise magnetic field as shown in the diagram. The triangular channels 64
each have three sides, each side inwardly facing the three wires of the associated conductor
and outwardly facing either a conductor of the other set of conductors or the outer surface of
the carrier 71. As a result, the magnetic fields in the interstitial magnetic flow regions
between the faces of adjacent triangular channels extend in the same direction, and do not

conflict with each other.

[0055] Magnetic fields also extend along the outer surface of the carrier 71, canceling each
other out perpendicular to the surface, but with partial outwardly or inwardly directed
magnetic fieids, as indicated by the arrows in FIG. 3. Radially inward of the carrier 71, the
magnetic fields meet and cancel each other out at the six-direction intersections or junctions

73 1n the interior, resulting in no net magnetic field at these intersections.

[0056] FIG. 6 illustrates the geometrical relationship and the mutual cancelation of
magnetic fields inside the carrier at each junction 73. Six conductors surround the junction
73, and three of these, conductors 75, carry the current in one direction and three,

conductors 77, carry the returning current in the opposite direction. The three conductors 75

-11-
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are each adjacent two of the other conductors 77 such that in half of the interstitial regions
the magnetic fields produced flow outwardly away from the junction 73, as indicated by
magnetic field arrows 80, and, on the other side, inwardly toward the junction 73, as shown

by arrows 81.

[0057] it will be apparent that the outgoing magnetic field flow arrows 80 are
approximately equally distributed about a circle centered at the center point C at 120
degrees displacement to each other. As a result, the three magnetic fields indicated by the
arrows 80 at 30°, 180° and 270° combine to cancel each other out. Similarly, the 120-degree
staggered three inward flowing magnetic fields 81 at 90°, 210° and 330° also cancel each

other out, resulting in little or no total magnetic field at junction 73.

{0058] The carrier with this type of six-wire junction is preferably a hexagonal carrier as

seen in FIG. 3, but may alternatively be smaller, e.g., a single hexagonal group of six wires

with a single junction, or may also be any configuration made by combining two or more
junctions 73 each having six surrounding conductors 75 and 77, some of which may be
shared between adjacent junctions 73. The conductors may each comprise one, three, or
generally any number of wires. As with the rectangular matrix arrangement of FIG. 3, each
junction 73 shares at least two of its wires, one from each set 75 and 77, with an adjacent

junction 73.

100591 A general principle of the conducting carrier of the invention is that the sets of
incoming and outgoing power lines are organized in a matrix or other pattern configuration
in a plane perpendicular to the diameter of the extension of the lines. That pattern has the

lines grouped around junctions or intersections of the magnetic field pathways between the



n

10

WO 2014/137873 PCT/US2014/019823

lines. Each junction is surrounded by a number 2N of lines, N lines of which carry the
electrical connection in one direction, and the other N lines of which carry the returning
electrical current in the opposite direction. The 2N lines are grouped substantially equally
staggered about the junction center point C, each at 180/N degrees rotational displacement
relative to the next adjacent line in the group around the junction. The lines are also
alternated as one proceeds around the junction so that if a given line carries current in one
direction, the adjacent lines on either side of it, which are rotationally separated by 180/N

degrees around the center of the junction from the line on either side, carry power in the

opposite direction.

[0060] In this configuration, the opposing current lines cooperate in creating magnetic fields
flowing, either toward or away from the junction, in the same direction in the intersectional
pathways between the wires. By “pathways,” it is meant the magnetic flow regions between
the iines, which may be filled with insulation or spaces containing air, or in any case
preferably magnetically-neutral, non-conductive material or gas. Metallic, ferromagnetic or
other materials having an effect on the dieleciric properties of the separating distance
between the lines may be placed in the passageways to reduce any capacitance in the

system.

10061] The number N may be 2, as in FIGS. 3 and 4, or it may be 3, as in FIGS. 5 and 6.
Even larger numbers N of conductors, e.g., 4 or 5 or higher, may also be used to form a ring
around each the junction. In the various configurations where N is 2 or greater, some of the
wires around a first junction may also serve as wires in other adjacent junctions in the cross

sectional arrangement. Depending on the number N employed, adjacent junctions may have
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different numbers ot wires arranged around their respective center points.

[0062] Fig. 7 shows a detail of an alternate embodiment carrier in which a junction 82 is
surrounded by eight wires, i.e., N=4. Four wires 83 carry current in one direction (out of the
page of the diagram) and the other four wires 84 carry current in the opposite direction (into
the page of the diagram). The magnetic fields flow away from junction 82 in passageways
85 generally following the arrows at 45°, 135°, 225° and 315°, canceling each other out to
zero. The magnetic fields flow into the junction 82 through passageways 85 generally
following the arrows at 0%, 90%, 180" and 2707, also canceling each other out to zero. The

resuit is overall a zero net magnetic field in the junction 82.

[0063] The junction structure of FIG. 7 may be adjacent one or more other similar eight-
wire junctures. For each additional eight-wire junction, one wire 83 and an adjacent wire 84
from the first junction 82 are part of the additional junction, together with six other wires in
addition to those of the first junction 82.

10064] Referring to FIG. 8, an alternate embodiment of a carrier according to the invention
has a carrier body 85 preferably of insulating material with a cross section as shown. A first
set of wires 86 extend through the carrier body 85 in parallel carrying electrical current in
one direction, and another set of wires 87 linked in parallel extending through the carrier

body 85 and carrying electrical current in the opposite direction. The wires 85 and 86 are

organized in a pattern over the length of the carrier.

{0065] In this pattern, the wires are in octagonal or square groups, as shown in the FIG. 7
and FIG. 4. Each octagonal group has a center point C1, and each square group has a center

point C2. The wires are arranged therearound equally distributed rotationally, alternating

-14-
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between wires 86 and wires 87. The result is that the magnetic fields produced by wires 86
and 87 combine to cancel each other out in the individual junctions C1 and C2, as has been
described above in regard to the previous embodiments with octagonal or square junction
groups of wires, so that the magnetic fields total to approximately zero at each junction

about a center point C1 or C2.

[0066] Circuits for application of conductors according to the invention include the circuit
of FIG. 9. A power source 97 supplies AC or DC current via two opposing contacts 98 and
99 leading two and from an input coil 101 of a transformer 103, which is preferably a step-
up transformer that increases the current voltage. Transformer 103 has an output coil 105
connecting with output lines 107 and 108 that lead to a carrier 111 configured with multiple
wires is a parallel arrangement with cross-sectional pattern having one or more zero-net-
magnetic-field junctions, such as found in, e.g., any of the previously described
embodimenis. The elecirical current of the lines 107 and 108 is carried to and from the
opposing end of carrier 111, where the parallel sets of wires thereon connect with lines 113
and 115, which connect to the input coil 117 of a second transformer 119, which preferably
steps down the voltage received. Transformer 119 has a second coil 121 connected to two
lines 123 and 125 connecting with load 127. As in the embodiment of FIG. 1, load 127 may
be a lamp or motor, or any device powered by the electrical current. The circuit of FIG. 9
provides for efficient transmission of power from source 97 to load 127 with reduced

exteral magnetic fields produced.

[0067] Referring to F1G. 10, another embodiment of circuit employing power carriers

according to the invention transmits multi-phase AC current from a power source that
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produces three phases x, v, and z of AC electrical power. Each phase x, y and z is supplied
to the input coil of a respective step-up transformer 131, which taps at its other end to the
ground. Transformers 131 have output coils each of which is connected to an end of a
respective carrier 133 configured according to the various embodiments described above.
The outputs of the carriers 133 are each connected with a respective step down transformer
135, which reduces the voltage of current in the carrier 133 back to its original level. The

transformers 135 each have an output line 136 that connects to and supplies a respective

phase x, y, or z of the AC power to load 137, which may be anything that uses or operate:

77

oni AC power. The other line from the transformer output coil goes o ground. In this

-~

embodiment, AC power is efficiently supplied via low magnetic field carriers 133 to load

137.

{0068] In any of the above embodiments, the conducting wires may be superconducting

wires.

[0069] The carrier according to the invention may have a capacitance created over its length
between the incoming and returning currents, which may be undesirable. FIG. 12 shows a
carrier 151 in which the capacitance is reduced, as has been mentioned above. Two sets of
incorning and outgoing wires 153 and 155 are supported in insulating material 157. Also
supported in the insulating material 157 are a number of bars 159 of conductive or
ferromagnetic materials between the wires 153 and 155 in the magnetic passageways
between them. The pieces of conductive or ferromagnetic material 159 extend over the
entire length of the carrier 151, each lying in a respective passageway between wires 153

and 155 so as to reduce the dielectric between the wires, and as a result the capacitance. The

-16-
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individual pieces 159 may have slight contact at their corners, but are generally electrically

separate from each other.

10070] FIG. 13 is a cross-sectional view of another embodiment of power carrier for use in
place of the carriers shown in FIGS. 1, 9 or 10. The power carrier 200 has a first set of
conductors or wires 208 and a second set of conductors or wires 209, each set of wires 208
or 209 carrying electrical current in opposite directions, with each set of wires electrically
connected in parallel, similarly to the embodiment of FIGS. 1 to 4. The conductors or wires
may also be formed as bundles of insulated wires held together in the space for the

conductors,

{0071] The conductors or wires 208 and 209 alternate with each other, and form a six by six
(6x6) matrix, although other sizes of matrix can readily be used advantageously. The
alternating of wires 208 and 209 results in each wire 208 having four wires 209 arranged
around it, above and below in its column, and left and right of it in its row, except for the
wires 208 or 209 on the surface of carrier 200. The cross-section is preferably constant over

the length of the carrier 200.

[0072] Wires 208 and 209 are electrically insulated by insulation 207 surrounding each of
the wires 208 and 209 over the length of the carrier 200. The wires 209 are connected
electrically in parallel with each other, and the wires 208 are also connected electrically in
parallel with each other, and the carrier is connected as shown in e.g., FIGS. 1, 2, 9 and 10,
with wires 209 carrying the electrical power in one direction and the wires 208 carrying the
electrical current in the other direction. A housing 203 of protective preferably insulating

material surrounds the conductors 208 and 209, and supports therein a lattice structure.

-17-
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[0073] Wires 208 and 209 are bound in the lattice structure, which is formed of flat plate
members or elements 201 and 202, which are of conductive or ferromagnetic material.
Elements of 201 and 202 have high magnetic permeability and are electrically isolated from
one another wherever surfaces of adjacent elements are facing each other. They also may be
laminated on their cuter surface with appropriate material so as to electrically insulate each

element 201 or 202 from adjacent elements.

[0074] The elements 201 and 202 are of metallic material that has a ferromagnetic quality
that causes their presence to interact with the magnetic fields created by current flowing
through the adjacent conductors 208 or 209, preferably reducing capacitance in the carrier.
The ferromagnetic material may be a conductive material such as iron where the elements
201 or 202 are isélated from each other electrically. However, a number of other materials
may be employed, including non-conductive ferromagnetic insulator material. For instance,
g variety of ferromagnetic insulators exist with the chemical composition La;NiMOg, where
M represents Mn, Tc, Re, Ti, Zr or Hf. Another ferromagnetic insulator useable for elements
201 and 202 has a chemical composition K;CrgOje. It should also be understood that these
insulators are sometimes described as being no longer metallic. The term metallic as used
herein is iniended more broadly to embrace any material containing atoms of metallic

elements.

[0075] A large number of elements 201 and 202 together form the lattice as a generally
tubular box structure around the wires 208 and 209. The elements define generally
octagonal conductor spaces extending the length of the carrier 201 through which the

conductors 208 and 209 extend. Each conductor 208 or 209 is surrounded by four elements,

-18-
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which are preferably supported in siacks, and the stacks extend over the entire length of the

carrier 200,

[0076] In addition to defining passages in the lattice or box structure through which the
conductors or wires extend, the elements 201 and 202 define between them gaps 205 that
also extend the length of the power carrier 200. The gaps 205 may contain air, or another
material, including solids and fluids, and a thermal cooling system (not shown) may be
connected with the gaps so as to introduce gas or fluid to flowing through the gaps 205,
cooling the carrier 200. The wires 209 and 208 are arranged around gaps 205 such that wires
209 and 208 alternate, and the various contributions to the magnetic field inside the gaps
205 net to about zere, substantially canceling cut the field in at least one point in the cross-
section of each individual gap 205. Although the elements of conductive or ferromagnetic
material 201 and 202 provide for greater magnetic permeability inside the system, the
arrangement of conducting wires 209 and 208 around gaps 205 in power carrier 200 results

in a substantially reduced measurable magnetic field outside of the carrier 200.

[0077] The presence of the elements of conductive or ferromagnetic material 201 and 202
affects the electrical characteristics of the system, which includes altering the inductance
and capacitance of the carrier 200. The elements of conductive or ferromagnetic material
201 and 202 are supported between the wires 209 and 208, and they alter the exient of the
magretic field created by the current in the wires 209 and 208, generally increasing the

mutual inductance of the wires.

{0078] Referring to FIG. 14, each element 202 has a narrowed central portion 211, and

forked prongs 213, 215, 217 and 219. As mentioned above, the element 202 is preferably
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completely made of a magnetically permeable material, e.g. a ferritic or ferromagnetic
material. The prongs 213, 215, 217 and 219 are set at approximately 45° angles from the
central section 211, and each terminates in a perpendicular face at 45° to the central portion
211. In the embodiment shown, the element 202 is about 1 mm thick and about 5 to 15 mm

in total length.

[0079] The element 202 may itself be a magnet, and have one magnetic pole, e.g.. N, at
prongs 213 and 215, and the other magnetic pole, e.g., S, at prongs 217 and 219. Thus
prongs 213 and 215 will be attracted to prongs 217 and 219 of another similar element or
piece 201 or 202 adjacent to them. This mechanically stabilizes the system, as the elements
201 and 202 may be arranged to hold themselves in place by magnetic attraction to other

adjacent elements 201 and 202.

[0080] Each element 202 has four indentions or recesses 225, 227, 221, and 223. Elements
201 and 202 and indentations 225 and 227 are sized such that the elements 201 and 202 fit
between conductors, e.g. conducting wires 208 and 209 as in FIG. 13. The indentations 221
and 223 are sized to provide the gap 205, which may be used as an electrical insulator
and/or for thermal cooling, Recesses 225 and 223 combine to form the octagonal space

between the four elements 202 grouped around each wire 208 or 2009.
group

[0081] The individual elements 201 and 202 are adjacent each other, but all spaced slightly
apart and electrically insulated from each other. This may be accomplished by lamination
with an insulating material, or by separation from each other by air, or most preferably, by
coating of the elements 201 and 202 with a liquid insulator, e.g., iransformer oil, which is

well known in the art.

-20-
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[0082] FIG. 15 shows a detail side view of a partial stack of elements 202. The elements
202 are preterably insulated from adjacent elements 202 above and below them, by, e.g.,
lamination, transformer oil, or some other relatively thin insulator. This reduces the

formation of stray currents, which lead to reduced efficiency and unwanted heat buildup.

The stack preferably extends the full length of the carrier 200.

y

{0083] FIG. 16 shows a partially cut away perspeciive detail view of an embodiment of the

e

carrier 200 shown in FIG. 13. Conducting wires 208 and 209 carry electrical current, and are
electrically insulated by insulators 207. The elements 201 and 202 here are shown stacked.
The faces 214 of the elements are all closely positioned but spaced apart enough to prevent
electrical current flow between them. Gap 205 is more clearly shown here to be a channel of
space, allowing for airflow or flow of a gas so as to provide heat moderation. Alternatively,

gap 205 may be filled with a solid or fluid that has desired electrical or thermal qualities.

[0084] F1G. 17 shows a partial cross-sectional view of still another embodiment of power
carrier 240. The embodiment shown is similar to that of the embodiment of FIGS. 13 to 16,
in that conducting wires 248 and 249 carry electrical current in opposing directions and
alternate in row and column as described above for the other embodiments, and elements
241 of ferromagnetic material are stacked so as to form a lattice structure comprising tubular
box structures of elements 241 forming generally octagonal passages extending the length of
the carrier, and through which respective conductors 248 or 249 extend. Conductors or
wires 249 are surrounded by insulating layer 243, which is in turn each surrounded by the
adjacent three or adjacent four box structures. Gaps 245 are defined between the box

structures, and may be used to provide thermal cooling for the system by gas or liquid
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ccolant, as described in the previous embodiment. As with the previous embodiment, the
individual elements are kept insulated from each other by intervening space, air, material
(e.g., plastic or other insulator laminate), or insulating liquid, such as transformer oil. The

ferromagnetic material may be conductive or an insulator, as described above with respect

(9]

to the previcus embodiment, as well.

[0085] FIG. 18 shows a perspective drawing of a single generally U-shaped element of
conductive or ferromagnetic material 241. The element 241 has central section 251, and
prongs 253 and 254. The element also has recess or indentation 255, which forms a side of
the octagonal passage receiving a conducting wire, e.g., wire 248. The prongs 253 and 254
10 are set at an approximately 45° angle from the central section 251 and provide faces 257 at
45" as well as for forming the box structures with other elements 244. The elements 241
may be magnetized, such that prong 253 has one magnetic pole and prong 254 has the other
magnetic pole. The dimensions of the element 241 are preferably a length of 5 to 15 mm and

a thickness of about 1 mm.

o
i

[0086] FIG. 19 shows a cross-sectional view of an alternate embodiment of power carrier
301. The power carrier 301 has a housing 302 of plastic or soine other non-conducting
material that provides the exterior of the carrier 301 and supports therein an 8x8 rectilinear
matrix of conductors 303 and 305 extending the length thereof. Conductors 303 and 303 are

preferably each made up of a respective set of conductive wires 307 and 309 that contact the

[

other wires of the given conductor and carry current through the power carrier as has been
described above. Conductors 303 are surrounded by insulation 308, and carry current in one

direction and conductors 305 carry the returning current in the opposite direction, the

29
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different directions of current being indicated schematically by o or + on the relevant wires
307 and 309. The conductors 303 and 305 alternate so that the conductors adjacent each
conductor in its row and column are conductors of the other set of conductors 303 or 3035,

carrying the current in the opposite direction, as described in the previous rectangular

embodiments, e.g., FIGS. 3 and 13.

f0087] To adjust the electrical properties of the carrier 301, it has a series of plate members
or plate elements 311 stacked on each other over the length of the carrier. The plate
members 311 are of ferritic or ferromagnetic material, or some other material that influences
magnetic fields passing therethrough, but the plates 311 are preferably of a ferromagnetic
insulator material, such as those described above with respect to the embodiment of FIG. 13.
The plate members are about 1 min thick and are separated from each other electrically by
spacing them apart with an air gap, by laminating each plate 311 with an insulator material,
or by providing some other insulation for transformer components, e.g., transformer oil.
Plates 311 are all essentially identical over the length of the carrier 301, and have apertures
313 therein that are aligned so as to create tubular passages over the carrier through which
the conductors 303 and 305 extend. The plate members 311 also have aligned gaps or
apertures 315, through which coolant in the form of air, coolant gas, or coolant liquid is
supplied to cool the power carrier 301 and carry away heat created by the electrical currents
passing through it.

[0088] Referring to FIG. 20, where different electromagnetic properties of a power carrier
are desired, the embodiment of FIG. 19 may be modified so that the plate member is divided

into discrete elements. The same reference numbers are used for the identical parts of the
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power carrier 330 shown in FIG. 20, but, instead of the plate mefnbers 311 of Fi1G. 19, each
layer of the stacked metallic plates is composed of electrically isolated discrete elements,
1.€., semicircular elements 331 and generally X-shaped or hourglass-shaped elements 333,
which are adjacent each other but electrically isolated from each other by lamination or
separation by air or other insulating material, e.g., transformer oil. The identical elements
are stacked over the length of the power carrier 330, and form passages 335 through which
the conductors 303 and 305 extend, as well as gas or liquid cooling passages 337 through

which coolant or air is supplied so as to carry heat away from the power carrier 330.

EXAMPLE

{0089] An experiment was conducted to determine the efficacy of a carrier according to an
embodiment of the invention.

[0090] For the experiment, the carrier used was of a cross section as seen in FIG. 11. The
carrier 145 was formed as 2 matrix of wires 147 and 149, all of which were 28 AWG
stranded wire. The wires 147 and 149 were supported in a matrix arrangement as shown,
where the wires were spaced 0.05” apart in the rows and the columns. Wires 147 were all
connected in parallel and wires 149 were all connected in parallel as in the schematic of
FIG. 2. The insulation referenced generally as 151 around the wires 147 and 149 was 300

volt gray PVC insulation.
[0091] As a control example, a typical two wire elecirical cord was used.

[0092] A 120 volt AT power source was connected at one end of the two-wire electrical
cord, and a 950 watt power load was connected at the other end. The magnetic field around

24
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the two-wire cord was then measured, vielding a reading of 72 milliGauss.

[0093] The same 120 voit AC power source was connected at one end of the carrier, and the
other end of the carrier was connected to the same 950 watt power load. The magnetic field
around the carrier was then measured. The measured field sirength was from 5 to 6

milliGauss, a reduction of more than 90%.

[0094] Whiie the present invention has been described with reference to the specific
embodiments, the description is illustrative of the invention and is not to be construed as
limiting the invention. Various modifications can be made to the preferred embodiments
without departing from the spirit and scope of the invention as defined by the claims. It will
be understood that the invention herein extends well beyond the embodiments of the
disclosure, and the terms used in this specification should be understood to be language of
description, not limitation, as those of skill in the art with this specification before them will
be able to make changes and modifications therein without departing from the spirit of the

invention.
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WHAT IS CLAIMED IS:

A power carrier for transmitting an electrical current, said power carrier comprising:

a proximal end having first and second proximal electrical connections leading
thereio;

a first set comprising at least three electrical conductors all electrically connected in
parallel with the first proximal electrical connection, and a second set comprising at least
three electrical conductors all electrically connected in parallel with the second proximal

electrical connection:

the electrical conductors extending over a length of the carrier and being supported
50 as to be electrically separate from each other over said length in a cross-sectional

arrangement relative to one another in the carrier; and

a distal end opposite the proximal end and having first and second distal electrical

connections leading therefrom;

the first set of electrical conductors all electrically connected in parallel with the first
distal electrical connection, and the second set of electrical conductors all electrically

connected in parallel with the second distal electrical connection; and

the first and second sets of electrical conductors being positioned in said cross-
sectional arrangement such that the arrangement includes at least one junction area
surrounded by at least two electrical conductors of each of said sets organized so as to
alternate between the electrical conductors of the first set and the electrical conductors of the

second set, said electrical conductors around the junction area being at a distance from
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adjacent electrical conductors of the other set so that respective magnetic field passageways

are defined between each of the electrical conductors and the adjacent electrical conductors.

2. The invention according to claim 1, wherein the electrical conductors surrounding
the junction area are substantially equidistant from a centerpoint therein and are

substantially equally distributed thereabout.

3. The invention according to claim 1, wherein the junction area is surrounded by at

least three of said clectrica! conductors of each of said sets.

4, The invention according to claim 3, wherein the junction area is surrounded by three
electrical conductors of each of said sets equidistant from a centerpoint and arranged
staggered 60 degrees apart from each other therearound so as to form a hexagonal

arrangement around the junction area.

5. The invention according to claim 3, wherein the junction area is surrounded by four
electrical conductors of each of said sets equidistant from a centerpoint and arranged
staggered 45 degrees apart from each other therearound so as to form an octagonal

arrangement around the junction area.

-

6. The invention according to claim 5, wherein the arrangement includes a second
junction area surrounded by two of the electrical conductors of each of the sets of elecirical
conductors, one of said two electrical conductors of each of the sets being also in the

octagonal arrangement of the first junction area.

The invention according to claim 1, wherein the cross-sectional arrangement is

constani over the length of the carrier.
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The invention according to claim 1, wherein first branching structures electrically

3.
link ends of the electrical conductors of the first set to the first proximal and distal electrical

connectors, respectively, and second branching siructures electrically link ends of the

electrical conductors of the second set to the second proximal and distal electrical

connectors, respectively .
The invention according to claim 1, wherein

N

the arrangement includes a second junction area,
the first junction area 1s surrounded by two of the electrical conductors of each of the

sets of electrical conductors in a first square or rectangular configuration, and
1) the second junction area is surrounded by two of the electrical conductors of the first
rectangular or square configuration and one or more additional electrical conductors of the
first set and one or more additional electrical conductors of the second set.

The invention according to claim 9, wherein the electrical conductors surrounding

10.
the second junction area are in a second square or rectangular configuration.

The invention according to claim 10, wherein the cross sectional arrangement is an

15 1L

array having at least two rows and two columns, wherein the electrical conductors from the
first set alternate with the electrical connectors in the second set along each row and along

each column, such that junction areas are defined between the rows and columns each

surrounded by two electrical conductors of each set.
The invention according to claim 11, wherein the array has at least four rows and

20 12

four columns.
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13.  The inveniion according to claim 1, wherein insulating material surrounds each of

14, The invention according to claim 13 wherein pieces of material are supported
between electrical conductors in at least some of the magnetic passageways, said material
being selected so as to reduce dielectric separation between at least some of the electrical

conductors of one of the sets and one or more adjacent electrical conductors of the other set.

15.  The inveniion according to claim 1, wherein the sets each include at least twelve
electrical conductors, and the cross-sectional arrangement includes six additional junction
areas positioned around the junction area and staggered at approximately 60 degrees relative
to each other, each of said junction areas being surrounded by three electrical conductors
from the first set and three electrical conductors from the second set, said electrical

conductors being staggered at about 60 degrees relative to each other.
16.  The invention according to claim 1, and further comprising

and electrical power supply supplying electrical current to the first proximal

electricai connection; and
an electrical load connected between the first and second distial electrical

connections;

the electrical current flowing through the first set of electrical conductors, then
through the load, then back through the carrier through the second set of electrical

conductors.
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17.  The invention according to claim 16, wherein the electrical power supply supplies an

opposing pole to the electrical current at the second proximal electrical connection.

18.  The invention according to claim 16, further having a first transformer changing the
voltage of the electrical current before it is supplied to the first proximal connection and a
second transformer changing the voltage of the electrical current beiween the first distal

electrical connection and the load.
19. A power carrier for transmifting an elecirical current said power carrier comprising:

a proximal end having first and second proximal electrical connections leading

thereto;

a distal end opposite the proximal end and having first and second distal electrical

connections leading therefrom,;

a first set of electrical conductors all electrically connected in parallel between the
first proximal electrical connection and the first distal electrical connection, and a second set
of electrical conductors all electrically connected in parallel between the second proximal

electrical connection and the second distal electrical connection;

the electrical conductors extending over a length of the carrier and each being
surrounded by insulating material so as to be electrically separate from each other over said
fength in a cross-sectional arrangement relative to one another in the carrier, said cross-

sectional area remaining constant over the length of the carrier;

the first set of electrical conductors all being electrically connected in parallel with

the first distal electrical connection, and the second set of electrical conductors all
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elactrically connected in parallel with the second distal electrical connection; and

the first and second sets of electrical conductors being positioned in said cross-
sectional arrangement so that a number of junction areas are defined between groups of

electricai conductors;

wherein an equal number not less than two of electrical conductors of each of said
sets are positioned so as to be equidistant from a respective center point of each junction
area, to be spaced around the centerpoint at equal angular displacements relative to each
other, and to alternate between the electrical conductors of the first set and the electrical

conduciors of the second set; and

the cross sectional arrangement of the electrical conductors is a rectangular matrix
with at least four junction areas or a hexagonally packed pattern with at least seven junction

areas.
20.  The invention according to claim 19, and further comprising
a power supply transmitting a pole of the electrical current to the first proximal

elecirical connection and connecting an opposing pole of the electrical current to the

second preximal electrical connection; and

a transformer connected with the distal elecirical connections and a load so as to
receive the electrical current therefrom, change a voltage thereof and supply the
electrical current to the load, and to return the electrical current via the second distal

electrical connection to the carrier and the power supply.
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A method of transmitting electrical power comprising

providing a carrier according to claim 1, and

supplying electrical current to the first proximal electrical contacts so that the current
tlows through the first set of conductors to the first distal electrical connection,
through a transformer and to a load;

receiving a return electrical current from the load via the transformer to the second

distal electrical connection and through the second set of electrical conductors.

]
b

The power carrier of claim 1, wherein a plurality of electrically isolated elements of
material interactive with magnetic fields is supported at least partially in the

magnetic field passageways.

23.  The power carrier of claim 22 wherein said elements are arranged in a stack in which
said elements are isolated electrically from each other and together form a wall between one

of the conductors of each of said sets of conductors; and

wherein additional elements of magnetically interactive material are arranged in

isolated stacks forming walls that define a box structure around one of said conductors;

wherein further elements of magnetically interactive material are supported in stacks

forming walls so as to form box structures around others of said conductors;

said elements having outer surfaces defining passages extending in the power carrier
and providing cooling of the power carrier by gas or liquid coolant passing through said

passages:;

the elements being formed of ferritic or ferromagnetic material and separated from

-32-
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each other by transformer oil; and

said elements being plate-shaped and having angled end portions facing each other at

comers of the box structures.

24.  The power carrier of claim 22, wherein the elements each comprises a generally
planar member of ferromagnetic material having apertures therein through which the
conductors extend, said elements being spaced from each other and stacked so that the
apertures align lengthwise of the power carrier and the elements together form box

structures around the conductors.
25.  The power carrier of claim 19, and further comprising

a lattice structure made of ferromagnetic material supported in the power carrier and
extending over a portion of the length of the power carrier, said lattice structure including a
plurality of wall structures separating the conductors of different sets, said lattice being

formed of plate members stacked and electrically separated from each other;

said plate members having apertures therein through each of which a respective one
of the conductors extends, or said plate members comprising a plurality of plate elements
organized to define a plurality of box structures each surrounding a respective one of the

conductors.

26.  The power carrier of claim 25, wherein the plate members are laminated

ferromagnetic material.

27.  The power carrier of claim 22, wherein the plate members define gaps in the power

carrier extending over the length of the carrier, and wherein the power carrier is cooled by

~-33-
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supplying cooling gas or cooling liquid flowing through the gaps so as to receive heat

therefrom.

28.  The power carrier according to any of the foregoing claims 22 to 27, wherein the

material is a ferromagnetic insulator material.

28.  The power carrier according to any of the foregoing claims 22 to 27, wherein the

material is a ferromagnetic insulator material.
30. A method of transmitting electrical power comprising
providing a carrier according to any of the previous claims, and

supplying electrical current to the first proximal electrical contacts so that the current
flows through the first set of conduciors to the first distal elecirical connection,

through a transformer and to a load;

receiving a return electrical current from the load via the transformer to the second

distal electrical connection and through the second set of electrical conductors.
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