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(57) Abstract: A liquid prime mover is provided that includes a support member for holding a contiguous liquid entity (e.g. a wa-
ter droplet) having a defined dimension "d". An ion permeable exchange membrane is mounted on the support member. Also, a
positive electrode and a negative electrode are mounted on the support member with a distance between them. Importantly, the ion
permeable membrane is positioned between the respective electrodes and the liquid entity. A voltage source is connected between
the electrodes to establish an ion flow passing through the exchange membrane, and through the liquid entity when "d" overlays
the distance between the electrodes, to thereby move the liquid entity on the support member.
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LIQUID ELECTRO-MECHANICAL PRIME MOVER

FIELD OF THE INVENTION

The present invention pertains generally to systems and methods for
moving a small entity of a contiguous liquid, such as a water droplet, along a
prescribed path. More particularly, the present invention pertains to systems
and methods that move liquid entities by ohmic resistance. The present
invention is particularly, but not exclusively, useful as a system or method for
immobilizing one type ion (e.g. negative ion), while a current of the other type
ion (e.g. positive ion) creates a motive force for the liquid entity.

BACKGROUND OF THE INVENTION

As an electric current is passed through an electrolyte solution, the
effect is to cause a chemical decomposition in the solution. The consequence
of this decomposition is the neutralization of positive and negative ions at the
electrodes; a phenomenon known as electrolysis.

During electrolysis, the respective densities of positive ions and
negative ions are nearly equal and, since both positive and negative ions are
present, the net force of the ions acting on the solution will be substantially
zero. On the other hand, if one type ion (e.g. negative ion) is immobilized by
other than electrical means, the other type ion (e.g. positive ion), will exert a
force on the solution. Specifically, this force is due to ohmic resistance of the
mobile ion as it moves through the liquid solution. As has been
demonstrated, this resultant force can move the liquid.

For example, consider an arrangement wherein two ion permeable
membranes are positioned in a liquid (e.g. water). In this arrangement, each
membrane has a respective area "S", and each membrane is permeable to a
same type ion (e.g. a positive ion). Further, consider the membranes are
located at a distance "L" from each other, and electrodes are positioned
opposite the pair of membranes from each other. The volume flux "T" in the

region between the two membranes, and the pump pressure "Ap" in this
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region can be mathematically expressed. Importantly, these expressions
include operational parameters that are indicative of the fluid flow efficiency
for the arrangement. In this context, for positive ions, it can be mathematically
shown that:
I' = [SK/2][jL/p+ - Ap]

where: j is current density, K is the water permeability coefficient of the
membranes, and p. is the positive ion mobility in water. It needs to be
appreciated, however, there are limitations for the above mathematical
expression. These limitations concern the density of positive ions, and
current density. Nevertheless, with these limitations accounted for, additional
mathematical manipulations show that maximum pumping power "Ppymp"
occurs when:

Ap = jL/2 ps; and

T = [SK/4][jL/p.]

Functionally, the import of the mathematical expressions presented
above is that an operational relationship can be established between the ion
permeability of a membrane, and the electric current density that is necessary
to generate a motive force on a liquid entity. More specifically, as noted
above, when only ions of a same type (positive or negative) flow through a
liquid, a resultant force is exerted on the liquid due to ohmic resistance.
Under appropriate conditions, this force will cause the fluid to move in the
direction of the ion flow. As implied above, the conditions for this to happen
will be influenced by characteristics of the membranes that are used.

When considering the characteristics of a membrane, the generation of
a force that will cause a fluid to flow depends primarily on how much ion
momentum is lost in the membrane. This, in turn, will depend on the
permeability of both the ions and the liquid (water) in the membrane.
Typically, values of permeability for both ions and water in the membrane are
small. This indicates the loss of ion momentum is due predominantly to their
interaction with the membrane lattice and not with the water. The force due to
the limited ion permeability is predominately on the membrane, not on water.



WO 2009/142990 PCT/US2009/043981

10

15

20

25

30

In light of the above, it is an object of the present invention to provide a
liquid prime mover having a region of electrolyte solution that is bound at both
ends by membranes permeable to the same species of ions, for movement of
liquid through the region due to the ohmic resistance of permeable ions when
an electric current passes through the region. Another object of the present
invention is to provide a liquid prime mover that is easy to use, relatively
simple to manufacture, and comparatively cost effective.

SUMMARY OF THE INVENTION

In accordance with the present invention, a device for moving a liquid
entity on a support member relies on the ohmic resistance that is generated in
the liquid entity when a flow of ions passes through the entity. As envisioned
for the present invention, either positive ions or negative ions can be used to
provide the motive force for the liquid entity. In either case, an ion permeable
exchange membrane(s) is(are) used to allow the flow of only one type ion
(positive or negative) through a defined portion of the liquid entity. A proton
exchange membrane can be used for this purpose when the solution is acidic.
On the other hand, for saline solutions, membranes that are permeable to
sodium or chlorine ions can be used. For purposes of the present invention,
the liquid entity is contiguous in the defined portion, and the defined portion of
the liquid entity has a dimension "d". Typically, in the case of a droplet, the
dimension “d” will be the diameter of the droplet. On the other hand, if the
liquid entity lies on a trough, the dimension “d” can be a specified distance
along the length of the liquid-filled trough.

Structurally, the device of the present invention includes a support
member for holding the liquid entity as it is being moved. With different
embodiments, the support member can be an open conduit (i.e. a "trench"), a
closed conduit (i.e. a tube) or a flat plate. Regardless of its configuration, the
support member will effectively establish a pathway for the liquid entity.
Importantly, in each case an ion permeable exchange membrane is
associated with the pathway on the support member. In all configurations,
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however, it is important that the defined portion of the liquid entity (i.e. the
volume of liquid wherein the motive force is applied) must somehow be
bounded by an ion permeable exchange membrane(s).

To establish a current path for the present invention, a positive
electrode is positioned at a first location adjacent the membrane on the
support member. And, a negative electrode is positioned at a second location
adjacent the membrane on the support member. Importantly, both the
positive electrode and the negative electrode are positioned opposite the
membrane from the defined portion of the liquid entity. Thus, a current path is
established that extends from an anode, through the membrane and into the
defined portion of the liquid entity. The current path then continues from the
defined portion and, again, through a membrane to the cathode. For all
embodiments, the distance “L” (i.e. distance along the current path from
membrane to membrane) must be less than the dimension "d" of the liquid
entity. Stated differently, the liquid must be contiguous from membrane to
membrane. The pumping action on water then occurs in the defined portion
(i.e. the solution region that is between the membranes). The magnitude “” of
this pumping force per unit volume can be shown to be:

f=jlus
where j is the current density and p. is the mobility of the positive ion.

As will be appreciated by the skilled artisan, only two electrodes are
required for the present invention. Nevertheless, for disclosure purposes, it
will be appreciated that a plurality of electrodes can be employed and
positioned on the support member. Further, when a plurality of electrodes is
employed, a controller can be provided to selectively establish a particular
electrode as either a positive electrode or a negative electrode.

In the operation of the prime mover of the present invention, a positive
electrode and a negative electrode are simultaneously activated. This
activation can be done selectively, but must occur when the dimension "d" of
the contiguous liquid entity overlays or extends through the distance "L"
between membrane surfaces. Recall, the activated electrodes and the liquid
entity are on opposite sides of the ion permeable exchange membrane.
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Under these conditions, depending on the type of ion permeable membrane
being used, only ions of the permeable type will flow in the liquid entity
through the distance "L". The resultant ohmic resistance then causes the
liquid entity to move on the support member.

For a preferred embodiment of the present invention, the support
member is a substantially fiat plate having a first side and a second side. In
this embodiment, the ion exchange member is positioned against the first side
of the plate. Further, a plurality of electrodes can be mounted in a matrix
array on the second side of the plate. In this matrix array there are a plurality
of rows and a plurality of columns. Due to the structural configuration of this
embodiment, each electrode in a row will be substantially at the distance "L"
from each adjacent electrode in the row. Also, each electrode in a column is
substantially at the distance "L" from each adjacent electrode in the column.
A controller can then be used to activate a voltage source and thereby
selectively establish each electrode as a positive electrode or a negative
electrode.

In a variation of the preferred embodiment of the present invention, the
second side of the support member can be formed with an elongated open
conduit (i.e. trench), with or without branches. In this embodiment the
elongated conduit can be defined as having a first end and a second end, with
at least one positive electrode positioned between the first end and the
second end of the conduit. At least one negative electrode can then be
positioned between the positive electrode and the second end of the conduit.
Again, the controller can be used to activate the voltage source for moving the
liquid entity along the conduit.

In an alternate preferred embodiment of the present invention, the
conduit can be formed as a tubular structure having a wall formed with a
lumen defining a longitudinal axis. In this embodiment, the ion permeable
membrane is positioned against the wall of the conduit to surround the lumen
of the conduit. Alternatively, the ion permeable membrane can include a first
membrane that is positioned across the lumen of the conduit, and a second
membrane that is positioned across the lumen of the conduit from the first
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membrane. In this case, both the first and the second membranes are
located between the positive electrode and the negative electrode. For a
variation of this embodiment, the cross-section of the conduit is rectangular
shaped to establish a top panel, a bottom panel and opposed side walls.
Also, the first and second membranes are rectangular shaped with respective
side edges mounted on the opposing side walls of the conduit in a zigzag
pattern, with a respective first end affixed to the bottom panel and a
respective second end affixed to the top panel.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of this invention, as well as the invention itself, both
as to its structure and its operation, will be best understood from the
accompanying drawings, taken in conjunction with the accompanying
description, in which similar reference characters refer to similar parts, and in
which:

Fig. 1 is a perspective view of a closed-conduit, liquid prime mover in
accordance with the present invention;

Fig. 2A is a cross-section view of a closed-conduit, two-membrane
embodiment of the prime mover shown in Fig. 1, as seen along the line 2-2 in
Fig. 1;

Fig. 2B is a cross-section view of a closed-conduit, single-membrane
embodiment of the prime mover shown in Fig. 1, as seen along the line 2-2 in
Fig. 1;

Fig. 3 is a perspective view of an open-conduit (i.e. trench) version of a
liquid prime mover in accordance with the present invention;

Fig. 4. is a cross-section view of the prime mover shown in Fig. 3, as
seen along the line 4-4 in Fig. 3;

Fig. 5 is a perspective view of an alternate embodiment of the closed-
conduit prime mover in accordance with the present invention;

Fig. 6 is a cross-section view of the closed-conduit prime mover shown
in Fig. 5, as seen along the line 6-6 in Fig. 5;
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Fig. 7 is a flat plate version of a liquid prime mover in accordance with
the present invention;

Fig. 8 is a bottom plan view of an electrode array for the flat plate prime
mover as seen along the line 8-8 in Fig. 7; and

Fig. 9 is a cross section view of the flat plate prime mover as seen
along the line 9-9 in Fig. 7.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring initially to Fig. 1, a prime mover in accordance with the
present invention is shown and is generally designated 10. In Fig. 1 it can be
seen that the prime mover 10 involves a hollow tube 12 that is formed with an
enclosed fluid channel 14. The prime mover 10 also includes a voltage
source 16 that is connected with the tube 12 by two electrodes; a positive
electrode 18 and a negative electrode 20. For the present invention, there
can obviously be many more electrodes than the electrodes 18 and 20.
Further, as envisioned for the present invention, the voltage source 16 can
include a processor/controller (not shown) that can selectively establish or
change the polarity of an electrode 18 or 20.

Possible internal structures for the prime mover 10 are best
appreciated with reference to Figs. 2A and 2B. In Fig. 2A, one embodiment of
the prime mover 10 incorporates an ion permeable membrane 22 and an ion
permeable membrane 24. For purposes of the present invention, the
membranes 22 and 24 may be permeable to either positive or negative ions.
Both membranes 22 and 24, however, need to be the same type membrane
and, therefore, permeable to the same type ion. Preferably, the membranes
22 and 24 are each a so-called Proton Exchange Membrane (PEM), such as
“Nafion” manufactured by the DuPont company. With such a structure, the
prime mover 10 will immobilize negative ions and prevent them from entering
the region 26 (i.e. the defined portion of a liquid entity 28) between the
membranes 22 and 24. On the other hand, because they are permeable to
the membranes 22 and 24, positive ions (e.g. protons) can pass through the
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region 26. And, because the membranes 22 and 24 are also permeable to
liquid in the region 26, the ohmic resistance between the positive ions and the
liquid will cause the liquid to flow through the region 26. As noted earlier,
PEMs are preferably used with acidic solutions and membranes permeable to
sodium and chlorine ions are used with saline solutions. Dimensionally, the
embodiment of the prime mover 10 in Fig. 2A indicates that the liquid extends
in the tube 12 through a dimension “d”. Further, Fig. 2A also shows that both
membranes 22 and 24 are located between the electrodes 18 and 20 and are
separated from each other by the distance “L".

Another embodiment of the prime mover 10 is shown in Fig. 2B. In this
case, the liquid in the fluid pathway (channel) 14 of tube 12 is shown as a
contiguous liquid entity 28 having an end 30 and an end 32 that are at a
dimension “d” from each other. Here, however, there is but one ion
permeable membrane 34. As shown, the membrane 34 is positioned on the
wall 36 of the tube 12. Importantly, the membrane 34 is between the liquid
entity 28 and both of the respective electrodes 18 and 20. Stated differently,
the liquid entity 28 extends over (i.e. overlays) both of the electrodes 18 and
20. Indeed, this dimensional relationship is required for the embodiment of
prime mover 10 shown in Fig. 2A as well as for the embodiment shown in Fig.
2B. In any event, the current path from electrode 18 to electrode 20 will pass
through the membrane 34 at different locations, and will pass through the
liquid entity 28 between these locations (i.e. d > L).

Fig. 3 shows a configuration for a prime mover 10’ that is formed with
an open fluid pathway (channel) 38 (i.e. a trench or groove). More
specifically, the open fluid pathway 38 is formed on the surface of a plate 40.
For the prime mover 10, an ion permeable membrane 42 provides a liner for
the open fluid pathway 38. As shown in Fig. 4 the electrodes 18 and 20 are
located under the open fluid pathway 38, to position the membrane 42
between the electrodes 18 and 20 and the contiguous liquid entity 28 that will
travel along the open fluid pathway 38. In all essential operational respects,
the prime mover 10’ functions substantially in the same way as the
embodiment of prime mover 10 shown in Fig. 2B. As before, the distance “L”
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between locations on the membrane 42 needs to be less than the dimension
“d” of the liquid entity 28.

Another embodiment of the prime mover 10 is shown in Fig. 5 wherein
the enclosed fluid channel 14 is rectangular shaped. As shown, the
rectangular shaped fluid channel 14 is bounded by a top panel 44, a bottom
panel 46 and opposed side walls 48 and 50. The usefulness of such a
configuration is perhaps best appreciated with reference to Fig. 6. There it is
indicated that the opposed side walls 48 and 50 can be used to SUppOl‘t an ion
permeable membrane 52 and an ion permeable membrane 54. In this case,
the membranes 52 and 54 are directly separated from each other by the
distance “L”, and both membranes 52 and 54 are configured with a zigzag
pattern. For this embodiment of the present invention, it is to be understood
that a liquid (i.e. water) will fill the enclosed fluid channel 14. And, in this case
the distance “L” is shown as being the separation distance between the
membranes 52 and 54. Importantly, regardiess whether the liquid entity 28 is
a water droplet on a plate, or extends through the tube 12, the electrodes 18,
20 must always be at least at a distance greater than “L” from each other.
And, “d” must also be greater than “L".

In yet another embodiment of the present invention, a prime mover 10’
is shown in Fig. 7. In this case a flat plate 56 is being used as a support
member for a plurality of liquid entities 28 (the entities 28a, b and ¢ are only
exemplary). As best appreciated with cross reference to Fig. 8, an electrode
array 58 is positioned on the underside of the flat plate 56, with an ion
permeable membrane 60 located between the plate 56 and the electrode
array 58. For the prime mover 10, individual electrodes 62 in the array 58
can be established as either a positive electrode 18 or a negative electrode
20. For example, the electrode 62a may be positive while the electrode 62b is
negative, and vice versa. The point is that the electrodes 62 can be
programmed to be of a selected potential depending on the desired
movement of the liquid entity 28 over the plate 56.

In the operation of the prime mover 10 (N.B. the prime movers 10’ and
10” will operate the same way) a liquid entity 28 (or a liquid body) is
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positioned so that a dimension “d” of the liquid entity 28 simultaneously
overlies two electrodes (e.g. electrodes 18 and 20 [see Fig. 2A]). In this
example, illustrated in Fig. 2A, when a voltage potential is applied to the
electrodes 18 and 20, negative ions “-“ will be immobilized from entering the
region 26 by the permeable membranes 22 and 24. Protons (i.e. positive ions
“+"), however, will move through the region 26 because they are permeable to
the membranes 22 and 24. The resultant ohmic resistance will generate a
force that causes the liquid in the prime mover 10 to move in the direction of
the arrow 64.

While the particular Liquid Electro-Mechanical Prime Mover as herein
shown and disclosed in detail is fully capable of obtaining the objects and
providing the advantages herein before stated, it is to be understood that it is
merely illustrative of the presently preferred embodiments of the invention and
that no limitations are intended to the details of construction or design herein
shown other than as described in the appended claims.

10
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What is claimed is;

1. A prime mover for a liquid medium which comprises:

a support member for holding a portion of the liquid medium as
a contiguous entity having a dimension "d";

a positive electrode mounted on the support member;

a negative electrode mounted on the support member;

at least one ion permeable exchange membrane positioned on
the support member between the liquid entity and the positive
electrode, and between the liquid entity and the negative electrode to
immobilize a first type ion; and

a voltage source connected to the positive electrode and to the
negative electrode to establish a flow of a second type ion
therebetween, with the ion flow passing through the liquid entity to
move the liquid entity on the support member.

2. A prime mover as recited in claim 1 wherein the support
member is an elongated conduit having a first end and a second end, with the
conduit defining a fluid pathway therebetween, and wherein the positive
electrode is positioned between the first end and the second end of the
conduit, with the negative electrode positioned between the positive electrode
and the second end of the conduit.

3. A prime mover as recited in claim 2 wherein the conduit is a
tubular structure having a wall and is formed with a lumen defining a
longitudinal axis, and the ion permeable membrane is positioned against the
wall of the conduit to surround the lumen of the conduit.

11
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4, A prime mover as recited in claim 3 wherein the ion permeable
membrane is a first membrane positioned across the lumen of the conduit,
and the prime mover further comprises a second ion permeable membrane
positioned across the lumen of the conduit at the axial distance "L" from the
first membrane, with both the first and the second membranes located
between the positive electrode and the negative electrode.

5. A prime mover as recited in claim 4 wherein the first membrane
and the second membrane are positioned substantially perpendicular to the
axis of the conduit.

6. A prime mover as recited in claim 5 wherein the positive
glectrode and the negative electrode are positioned in the lumen of the
conduit.

7. A prime mover as recited in claim 4 wherein the cross-section of
the conduit is rectangular to establish a top panel, a bottom panel and
opposed side walls, and wherein the first and the second membranes are
rectangular shaped with respective side edges mounted on the opposing side
walls of the conduit in a zigzag pattern, with a respective first end affixed to
the bottom panel and a respective second end affixed to the top panel.

12
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8. A prime mover as recited in claim 1 wherein the support
member is a substantially flat plate having a first side and a second side,
wherein the ion exchange member is positioned against the first side of the
plate and the prime mover further comprises:

5 a plurality of electrodes mounted in a matrix array, with the
matrix array having a plurality of rows and a plurality of columns,
wherein each electrode in a row is at the distance "L" from each
adjacent electrode in the row, and each electrode in a column is at the
distance "L" from each adjacent electrode in the column; and

10 a controller for selectively establishing each electrode as a
positive electrode and, alternatively, as a negative electrode.

9. A prime mover as recited in claim 1 wherein the distance "L" is
approximately one millimeter.

10. A prime mover as recited in claim 1 wherein the ion permeable
15 exchange membrane is a Proton Exchange Membrane (PEM) and the ion
flow is a proton flow.

13
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11.  Aliquid prime mover which comprises:

an ion permeable exchange membrane;

a positive electrode positioned at a first location adjacent the
membrane;

a negative electrode positioned at a second location adjacent
the membrane;

a contiguous liquid entity positioned against the membrane
opposite the positive electrode and opposite the negative electrode
across the membrane; and

a voltage source connected to the positive electrode and to the
negative electrode to establish an ion flow therebetween, with the ion
flow passing through the exchange membrane for interaction with the
liquid entity, to move the liquid entity on the support member.

12. A prime mover as recited in claim 11 wherein the ion permeable
membrane is positioned on a support member.

13. A prime mover as recited in claim 12 wherein the support
member is an elongated conduit having a first end and a second end, with the
conduit defining a fluid pathway therebetween, and wherein the positive
electrode is positioned between the first end and the second end of the
conduit, with the negative electrode positioned between the positive electrode
and the second end of the conduit.

14. A prime mover as recited in claim 12 wherein the conduit is a
tubular structure having a wall and is formed with a lumen defining a
longitudinal axis, and the ion permeable membrane is positioned against the
wall of the conduit to surround the lumen of the conduit.

14
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15. A prime mover as recited in claim 12 wherein the ion permeable
membrane is a first membrane positioned across the lumen of the conduit,
and the prime mover further comprises a second ion permeable membrane
positioned across the lumen of the conduit at the axial distance "L" from the
first membrane, with both the first and the second membranes located
between the positive electrode and the negative electrode.

16. A prime mover as recited in claim 11 wherein the ion permeable
exchange membrane is a Proton Exchange Membrane (PEM).

17. A prime mover as recited in claim 11 wherein the ion permeable
membrane is permeable to sodium and chlorine ions.

18. A prime mover as recited in claim 11 wherein the liquid entity is
a water droplet.

19. A method for moving a contiguous liquid entity having a
dimension "d" which comprises the steps of:

providing a prime mover comprising an ion permeable exchange
membrane, a positive electrode positioned at a first location adjacent
the membrane, a negative electrode positioned at a second location
adjacent the membrane, and a voltage source connected to the
positive electrode and to the negative electrode to establish an ion flow
therebetween, with the ion flow passing through the exchange
membrane for interaction with the liquid entity; and

operating the voltage source to selectively activate the positive
and negative electrodes, to move the liquid entity on the support
member.

20. A method as recited in claim 19 wherein the liquid entity is a
water droplet.

156



WO 2009/142990 PCT/US2009/043981

VOLTAGE
SOURCE | 16

B B
18 26 20 14
FIG. 2A

30 18 34 20 32 14
FIG. 2B

1/3



WO 2009/142990

PCT/US2009/043981

~
SOURCE |16
44
7248 50
14
™ 6
46 \/
FIG. 5
w v
14 44
J \ 52) _.HAJM 64
) AL
2 2077
[/ e
18 46 54 20

2/3



WO 2009/142990 PCT/US2009/043981

FlG. 8

3/3



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2009/043981

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - BO1D 57/02 (2009.01)
USPC - 204/451

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢
IPC(8) - BO1D 57/02 (2009.01)
USPC - 204/415, 417, 451-455, 600, 601; 205/792.5,793

lassification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of

data base and, where practicable, search terms used)

USPTO EAST System (US, USPG-PUB, EPO, JPO, DERWENT). Patbase, GoogleScholar, DialogPro

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2005/0284762 A1 (ASTORGA-WELLS et al) 29 December 2005 (29.12.2005) entire 11-17, 19
document
Y 1-6, 8-10, 18, 20
A 7
US 5,486,337 A (OHKAWA) 23 January 1996 (23.01.1996) entire document
Y 1-6, 8-10, 18, 20
US 6,911,132 B2 (PAMULA et al) 28 June 2005 (28.06.2005) entire document
Y 9

D Further documents are listed in the continuation of Box C.

[]

. Special categories of cited documents:

“A" document defining the general state of the art which is not considered
to be of particular relevance

“E" earlier application or patent but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0" document referring to an oral disclosure, use, exhibition or other
means

“P"  document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

26 June 2009

Date of mailing of the international search report

07 JUL 2009

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 5§71-273-3201

Authorized officer;
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report

