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(54) Title: METHOD FOR DETECTING AN INTERFACE BETWEEN FIRST AND SECOND STRATA OF MATERIALS

(57) Abstract: Methods of detecting an interface
between first and second materials having different
dielectric loss factors disposed in a stratified manner
in a volume of materials using a sensing apparatus
having a length of transmission line that includes an
inner conductor surrounded by a dielectric material
and at least one shielding conductor are disclosed.
A predetermined number of sublengths of the inner
conductor are exposed along the length of the
transmission line, with adjacent sublengths of the
exposed inner conductor being separated by shielded
sublengths. In a first embodiment the sensing apparatus
is excited by a radio frequency signal at a predetermined
amplitude. The excited sensing apparatus is inserted
into the volume of materials to a predetermined depth
through the first layer and into the second layer. The
signal transmitted through the sensing apparatus is
detected and its attenuation measured. The interface
between strata within the volume is identified based
upon the attenuation of the radio frequency signal.
In an alternate embodiment the sensing apparatus is
excited by a radio frequency signal at a predetermined
amplitude and progressively inserted into the volume of
LM materials. The position of the sensing apparatus within
the volume is tracked and the attenuation of the radio
frequency signal is monitored as a function of insertion
distance into the volume to detect first distance ranges
having a substantial rate of change of attenuation and second distance ranges having substantially no change of attenuation. The
location of the interface between strata within the volume is identified based upon differences in the rate of change in attenuation
in adjacent first distance ranges.
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TITLE
METHOD FOR DETECTING AN INTERFACE BETWEEN FIRST AND
SECOND STRATA OF MATERIALS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority under 35 U.S.C. §119 from U.S.
Provisional Application Serial No. 60/609,152, filed September 10, 2004.
Field of the Invention The present invention relates to a method for

detecting an interface between a first and a second strata of materials.
Description of Related Art It is often necessary to determine the

interface between two strata of materials, such as between two liquids in a
vessel, which is typically required in a chemical separation or decanting
operation. Conventional techniques using electromagnetic radiation, such
as ultrasonic sensing or radio frequency rangingor optical/infrared
sensing, are typically used in such applications. If the materials attenuate
the transmitted radiation sufficiently, the upper strata of material may
completely absorb the radiation and such techniques may be unable to
detect the interface between an upper and a lower strata.

Accordingly, it is believed advantageous to provide a sensing
apparatus, a system and a method for detecting the interface between two
strata of materials, especially for materials that are highly absorbing, which
overcomes the deficiency of the prior art.

SUMMARY OF THE INVENTION
The present invention is directed toward methods of detecting an

interface between first and second materials having different dielectric loss
factors disposed in a stratified manner in a volume of materials. The
methods use a sensing apparatus having a length of transmission line that
includes an inner conductor surrounded by a dielectric material and at
least one shielding conductor. A predetermined number of sublengths of
the inner conductor are exposed along the length of the transmission line,
with adjacent sublengths of the exposed inner conductor being separated
by shielded sublengths.
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In a first embodiment of the method of the present invention the
sensing apparatus is excited by a radio frequency signal at a
predetermined amplitude.

The excited sensing apparatus is inserted into the volume of materials to a
predetermined depth through the first layer and into the second layer. The
signal transmitted through the sensing apparatus is detected and its
attenuation measured. The interface between strata within the volume is
identified based upon the attenuation of the radio frequency signal.

In an alternate embodiment the sensing apparatus is excited by a
radio frequency signal at a predetermined amplitude and progressively
inserted into the volume of materials. The position of the sensing
apparatus within the volume is tracked and the attenuation of the radio
frequency signal is monitored as a function of insertion distance into the
volume to detect first distance ranges having a substantial rate of change
of attenuation and second distance ranges having substantially no change
of attenuation. The location of the interface between strata within the
volume is identified based upon differences in the rate of change in
attenuation in adjacent first distance ranges.

BRIEF DESCRIPTION OF THE FIGURES

The invention will be more fully understood from the following

detailed description taken in connection with the accompanying drawings,
which form a part of this application and in which:

Figure 1 is an elevational view in section of a sensing apparatus
using a linear coaxial transmission line in accordance with the present
invention;

Figures 2A, 2B and 2C are sectional views taken along respective
section lines 2A-2A, 2B-2B and 2C-2C in Figure 1;

Figure 3 is elevational view similar to Figure 1 illustrating a
generally linear transmission line in which the exposed sublengths of inner
conductor are in the form of single-turn or multi-turn loops;

Figure 4 is elevational view similar to Figure 1 illustrating a helical

transmission line;
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Figure 5 is an elevational view in section of a sensing apparatus
using a planar transmission line in accordance with the present invention;

Figures 6A, 6B and 6C are sectional views taken respective section
lines 6A-6A, 6B-6B and 6C-6C in Figure 5;

Figure 7 is a schematic view of a sensing apparatus as shown in
Figures 1 or 5 in use in accordance with a first embodiment of a method of
the present invention to detect an interface between first and second
materials M4, M2 respectively, disposed in a stratified manner in a volume
of materials, where the sensing apparatus is inserted to a predetermined
depth into the volume;

Figure 8 is a plot showing the attenuation of a radio frequency
signal passing though the sensing apparatus as a function of the position
of the interface between the first and second materials;

Figures 9A and 9B are schematic views of a sensing apparatus as
shown in Figures 1 or 5 in use in accordance with a second embodiment of
a method of the present invention to detect an interface between first and
second materials M4, My respectively, disposed in a stratified manner in a
volume of materials, where the sensing apparatus is inserted progressively
into the volume;

Figure 10 is a plot showing the attenuation of a radio frequency
signal passing though the sensing apparatus as a function of insertion
distance;

Figures 11A and 11B are diagrammatic views of alternate forms of
a modified sensing apparatus amenable in use in accordance with the
second (progressive insertion) embodiment of a method of the present
invention, each sensing apparatus having a single exposed sublength of
transmission line;

Figures 12A and 12B are schematic views similar to Figures 9A and
9B, showing a sensing apparatus of Figure 11A in use in accordance with
the second embodiment of a method of the present invention to detect an
interface between first and second materials M4, M2 respectively, disposed
in a stratified manner in a volume of materials, where the sensing

apparatus is inserted progressively into the volume; and
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Figure 13 is a plot showing the attenuation of a radio frequency
signal passing though the sensing apparatus as a function of insertion
distance.

DETAILED DESCRIPTION OF THE INVENTION

Throughout the following detailed description similar reference

characters refer to similar elements in all figures of the drawings.

The present invention is directed to a sensing apparatus 10 for
detecting an interface defined between a first material Ms and a second
material M, disposed in a stratified manner in a volume of materials. The
first material M has a first dielectric loss factor and the second material Mz
has a second, different, dielectric loss factor. Either of the materials could
be a liquid or a granular or pelletized solid. The sensing apparatus 10
comprises a length of transmission line 20 having an inner conductor 30
surrounded by a dielectric material 32 and at least one shielding conductor
34. A predetermined number of sublengths 36-1, 36-2, ..., 36-M of the
inner conductor 30 are exposed along the length of the coaxial
transmission line 20. Adjacent sublengths 36-1, 36-2, ..., 36-M of the
exposed inner conductor 30 are separated by shielded sublengths 38-1,
38-2, ..., 38-N. The numbers M and N may be equal or may differ by no
more than one. The term “exposed” is used throughout this application to
convey the concept that the sublength of inner conductor can interact
electromagnetically with the surrounding material.

In the embodiments of Figures 1 and 5 the transmission line 20 is
substantially straight, while in Figure 4 the transmission line 20 is helical.
In Figures 1, 2A-2C, 3 and 4 the transmission line 20 is coaxial. In Figures
5 and BA-6C the transmission line 20 is a planar (e.g., stripline)
transmission line.

In the embodiment of Figures 1 and 2A-2C the sublengths 36 of
exposed inner conductor 30 are collinear with the shielded sublengths 38.
Figure 2A illustrates a sectional view through a shielded sublength 38.
Figures 2B and 2C show alternative arrangements wherein the exposed
sublengths 36 are created by removing part of the shielding conductor 34
from the inner conductor 30. In Figure 2B the inner conductor 30 remains
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mechanically surrounded by the dielectric material 32, while in Figure 2C a
portion of the dielectric material 32 has been removed to mechanically
reveal the inner conductor 30. In both instances the inner conductor 30 is
exposed electromagnetically.

As shown by reference characters 36L-1 and 36L-2 in Figure 3 the
exposed sublengths 36 may be looped in form. The loop 36L-1is a single
turn loop while the loop 36L-2 is a multi-turn loop. The sensitivity of the
exposed loops to the dielectric loss factor of the material into which the
sensing apparatus is inserted increases with the number of turns of the
loop.

The transmission line 20 may be formed into a helix as shown in
Figure 4. The helical embodiment has the advantage of exposing more
sublengths 36 of inner conductor 30 to the materials M1 or M2 for a given
depth of insertion of the sensing apparatus.

Figures 5 and 6 show a planar form transmission line 120 in
accordance with the present invention. The planar transmission line 120
has an inner conductor 130 surrounded by a dielectric material 132. The
dielectric material 132 is sandwiched between a first shielding conductor
layer 134A and a second shielding conductor layer 134B. A
predetermined number of sublengths 136-1, 136-2, ..., 136-M of the inner
conductor 130 are exposed along the length of the planar transmission line
120. Adjacent sublengths 136-1, 136-2, ..., 136-M of the exposed inner
conductor 130 are separated by shielded sublengths 138-1, 138-2, ...,
138-N. Again, the numbers M and N may be equal or may differ by no
more than one.

In the embodiment of Figures 5 and 6A-6C the sublengths 136 of
exposed inner conductor 130 are collinear with the shielded sublengths
138. The exposed sublengths 136 may be created by removing all (Figure
6B) or part (Figure 6C) of the shielding conductor 134A from the inner
conductor 130. In addition, that part of the second shielding conductor
134B indicated by the reference character 134R (in Figures 6B, 6C) may
also be removed.
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In Figures 6B and 6C the inner conductor 130 remains mechanically
surrounded by the dielectric material 132, although it should be understood
that a portion of dielectric material 132 may been removed to mechanically
reveal the inner conductor 130.

It should be understood that a planar transmission line 130 may be
implemented in a looped structure equivalent to that of Figure 3 or a helical

structure equivalent to that of Figure 4.

-0-0-0-

As shown in Figure 7, in accordance with a first embodiment of a
method of the present invention, sensing apparatus 10/110 (Figures 1, 3,
4, or 5) is excited by a radio frequency signal S at a predetermined
amplitude and is inserted a predetermined total distance D into the volume
V. (For economy of illustration the sensing apparatus of only Figure 1is
illustrated). The distance D must be at least sufficient to pass through the
interface between the materials M4, Mo. As shown the distance D may
conveniently be selected to be substantially equal, but just less than, the
depth of the volume V. As shown, the sensing apparatus 10/110 is
disposed a distance D+ into material My and a distance D2 into material Ma.
For purposes of illustration Figure 7 shows the lengths of the exposed
sublengths 36/136 and the shielded sublengths 38/138 are shown as
being equal. However, it should be understood that the lengths of
exposed sublengths 36/136 and shielded sublengths 38/138 may be
selected to be either equal or different in accordance with the expected
dielectric loss of the materials M1, Ma, the overall depth of the volume of
materials My, Mo, and the desired precision for determining the location of
the interface. In a typical arrangement the number of the exposed
sublengths 36/136 and the number of the shielded sublengths 38/138 may
range from about two to about twenty.

A signal S from a radio frequency source F propagates down the
sensing apparatus 10/110 into the volume V. The signal S is attenuated at
each exposed sublength 36/136 in accordance with the dielectric loss
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factor L1 and dielectric loss factor L, of the respective materials M4, Mz into
which the particular exposed sublength 36/136 is disposed.

Each exposed sublength 36/136 is separated by shielded
sublengths 38/138. Since the inner conductor 30/130 is not exposed to
the materials M, or M; in the shielded sublengths 38/138, there is
substantially no loss as the signal S passes through these shielded
sublengths.

Figure 8 is a plot showing the attenuation A of a radio frequency
signal S passing though the sensing apparatus 10/110 as a function of the
position of the interface (i.e., the distance of the interface from the top of
the volume) between the first and second materials My, Ma. The total
attenuation A in amplitude of the radio frequency signal S is the sum of the
attenuation in the first material M1 plus the attenuation in the second
material M,. The attenuation‘in the first material M, is proportional to the
total number of exposed sublengths 36/138, i.e., the number of lengths of
the inner conductor 30/130, exposed to the first material M4. The
attenuation in the second material M. is proportional to the total number of
exposed sublengths 36/138, i.e., the number of lengths of the inner
conductor 30/130, exposed to the second material M2. The attenuation A
thereby provides an indication as to the location of the interface between
the first material M4 and the second material Ma.

As may be determined from inspection of Figure 8, the loss factor L
of the second material M, is greater than the loss factor L4 of the first
material M1 as evidenced by the greater change in attenuation per
exposed sublength at the left of the plot (Region 1). The sloped portions of
the plot represent distance ranges where the position of the interface is
adjacent to an exposed sublength 36/136. The level portions of the plot
represent distance ranges where the position of the interface is adjacent to
a shielded sublength 38/138. As is described in conjunction with Figure 7
the lengths of exposed sublengths 36/136 are equal to the lengths of the
shielded sublengths 38/138, as evidenced by the equal distance ranges
along the x-axis of the sloped and level portions of the plot.
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As shown in Figures 9A and 9B, in accordance with a second
embodiment of a method of the present invention, the sensing apparatus
10/110 (Figures 1/5) is excited by a radio frequency signal S from a radio
frequency source at a predetermined amplitude. The sensing apparatus
10/110 is inserted progressively into the volume V, as is apparent from a
comparison of the insertion distances in Figures 9A and 9B. The signal S
propagates down the sensing apparatus 10/110 into the volume V. The
signal S is attenuated at each exposed sublength 36/136 in accordance
with the dielectric loss factor L4 and dielectric loss factor L of the
respective material M; or M, in which each particular exposed sublength
36/136 is disposed.

Each exposed sublength 36/136 is separated by shielded
sublengths 38/138. Since the inner conductor 30/130 of the shielded
sublengths 38/138 is not exposed to the material My or My, there is
substantially no loss as the signal S passes through these sublengths.

As seen from Figure 9A, as the length of sensing apparatus 10/110
is progressively inserted into the material M4, the attenuation A in
amplitude of the radio frequency signal S is proportional to the number of
exposed sublengths 36/136 (i.e., the total length of the inner conductor
30/130) exposed to the dielectric loss created by the first material M
(Region | of the plot of Figure 10.)

As seen from Figure 9B, as the length of transmission line 20/120 is
progressively inserted through the material M, into the material My, the
attenuation A in amplitude of the radio frequency signal S further increases
in proportion to the additional number of exposed sublengths 36/136 (i.e.,
the total length of the inner conductor 30/130) exposed to the dielectric
losses created by the second material M (Region |l of the plot of Figure
10.)

Figure 10 shows a plot of attenuation along the Y-axis relative to the
insertion depth of the sensing apparatus along the X-axis. Region |
represents the sensing apparatus 10/110 being inserted into a first
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material M4, while Region I represents the sensing apparatus 10/110
being inserted in a second material M. It can be seen that the attenuation
increases as the insertion depth increases.

As the first exposed sublength 36/136 is inserted into the first

material My a first distance range “a” is defined in which the attenuation

increases at a substantial rate. The slope of the plot in the first distance

range “a” is indicative of the loss factor L of the first material M4. The
length of the first distance range “a”
the first exposed sublength 36/136.

As the sensing apparatus is further inserted the first shielded

along the x-axis equals the length of

sublength 38/138 is introduced into the first material M4. This occurrence
defines a second distance range “b” in which the attenuation has
substantially no change. The length of the second distance range “b”
along the X-axis equals the length of the shielded sublength 38/138.

As each additional exposed sublength 36/136 is inserted into the

material M4 additional first distance ranges “a” are defined (in which the
attenuation increases at a substantial rate). Similarly, as each additional
shielded sublength 38/138 enters the material M1 additional second
distance ranges “b” (in which the attenuation has substantially no change)
are defined.

As illustrated in Region I, as the first exposed sublength 36/136
enters the second material My another first distance range “a” (in which the
attenuation increases at a substantial rate) is defined. Note, however, that
owing to the difference in dielectric loss factor Lz in material Mz the rate of

[{Poe )

change of attenuation in this first distance range “a” in the material M, is
different from the rate of change of attenuation in first distance ranges “a”
in the first material M.

As the first shielded sublength 38/138 enters the second material
M, another second distance range “b” is defined in which the attenuation
has substantially no change.

As seen from Figure 10 an interface between the first material M+
and the second material M, may be detected by comparing the rates of

[{poel)

change of attenuation in adjacent first distance ranges "a and identifying
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that position along the depth axis at which the rates of change are
different.

Note that the loss factor L, of the second material M is illustrated to
be greater than the loss factor L of the first material M1. It should be
appreciated that the reverse could be true.

Note also, that for purposes of illustration the lengths of the
exposed sublengths 36/136 and the shielded sublengths 38/138 as being
equal. As was discussed in conjunction with Figure 7, it should be
understood that the lengths of exposed suble’ngths 36/136 and shielded
sublengths 38/138 may be selected to be either equal or different in
accordance with the expected dielectric loss of the materials M4, My, the
overall depth of the volume of materials M1, Mz, and the desired precision

for determining the location of the interface.
-0-0-0-

The method in accordance with the second embodiment of the
present invention may also be practiced using a modified sensing
apparatus as illustrated in Figures 11A and 11B.

The sensing apparatus 210 shown in Figure 11A is disclosed and
claimed in copending application S.N. 60/531,034, filed December 18,
2003 and assigned to the assignee of the present invention (CL-2470),
while the sensing apparatus 310 shown in Figure 11B is disclosed and
claimed in copending application S.N. 60/531,031, filed December 18,
2003 and also assigned to the assignee of the present invention (CL-
2469).

In each case the sensing apparatus 210 (Figure 11A) or 310 (Figure
11B) comprises a length of transmission line 220/320 having an inner
conductor 230/330 surrounded by a dielectric material 232/332 and at
least one shielding conductor 234/334. Only a single sublength 236/336 of
the inner conductor 230/330 is exposed at the distal end of the shielded
sublength 238/338 of the respective transmission line 220/320.

-10 -
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In Figure 11A the single exposed sublength 236 takes the form of
monopole sensing element while in
Figure 11B the single exposed sublength 336 takes the form of looped
sensing element.

The sensing apparatus shown in Figures 11A or 11B may be used
to practice the second embodiment of the method of the present invention
in a manner similar to that discussed in connection with Figures 9A, 9B. In
Figures 12A, 12B only the sensing apparatus 210 of Figure 11A is shown.

As the sensing apparatus 210/320 is progressively inserted into the

[{pe

material My (Figure 12A) a first distance range “a” is defined in which the
attenuation increases at a substantial rate. This is graphically illustrated in
Region | of the plot of Figure 13. The attenuation increases until the full
length of the single exposed sublength 336 is immersed in material M+, at
which time the attenuation reaches level A;.

As long as the single sublength 336 is within material M further
insertion results in no further change in attenuation. As illustrated in
Region Il of Figure 13 this serves to define a second distance range “b” in
which the attenuation has substantially no change.

When the single exposed sublength 236/336 passes into the
material M (Figure 12B) the change in attenuation resumes, thus defining

another distance range “a” (Region Il of Figure 13). Assuming the loss
factor L, in the material M. is greater than the loss factor L1 in the material
M,, attenuation increases to reach the level A, when the exposed
sublength 236/336 is fully immersed in material M..
From that point on further insertion of the exposed sublength 236/336
produces no further increase in attenuation (i.e., another distance range
“b”).

The attenuation is monitored as a function of insertion distance to

1. )

detect first and second distance ranges “a” and “b”. An interface between

materials is denoted by a transition from a second distance range “b” to a

[{ e )

first distance “a”.

-11 -
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In order to practice any of the methods of the present invention it is
necessary that an electronics module E (shown in Figures 7, 9A, 9B, 12A
and 12B) be associated with the appropriate sensing apparatus for the
method under discussion. The combination of the sensing apparatus and
the electronics module E defines a useful system for detecting an interface
defined between a first material and a second material disposed in a
stratified manner in a volume of materials.

The electronics module E includes a source F of a radio frequency
signal S and a receiver R. A directional coupler G couples the source F to
the sensing apparatus and the sensing apparatus to the receiver R. A
detection network N is associated with the receiver R for determining the
attenuation of the signal arriving at the receiver R.

One or more optional capacitor(s) C and/or inductor(s) L aid(s) in
increasing the sensitivity of the sensing apparatus by matching the
impedance of the source F to the transmission line of the sensing
apparatus. The transmission line may extend so that it spaces the
electronics module E from any hostile environment in which the sensing
apparatus might be placed, while transmitting the radio frequency signal S
faithfully between the sensing apparatus and the electronics module E.

Those skilled in the art, having the benefit of the teachings
hereinabove set forth, may impart numerous modifications thereto. Such
modifications are to be construed as lying within the scope of the present

invention, as defined by the appended claims.

-12-
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WHAT IS CLAIMED IS:

1. A method of detecting an interface between first and second
materials having different dielectric loss factors disposed in a stratified
manner in a volume of materials using a sensing apparatus having a
length of coaxial transmission line including an inner conductor surrounded
by a dielectric material and a shielding conductor,

a predetermined number of sublengths of the inner conductor being
exposed along the length of the transmission line, adjacent sublengths of
the exposed inner conductor being separated by shielded sublengths,

the method comprising the steps of:

exciting the sensing apparatus by a radio frequency signal at
a predetermined amplitude,

inserting the excited sensing apparatus into the volume of
materials to a predetermined depth through the first layer and into
the second layer such that a predetermined number of exposed
sublengths is disposed within the volume of materials,

detecting the signal transmitted through the sensing
apparatus and measuring the attenuation of the signal,

identifying the interface between strata within the volume

based upon the attenuation of the radio frequency signal.

2. The method of claim 1 wherein the attenuation of the radio
frequency signal is proportional to the total number of sublengths of the

inner conductor exposed to each of the materials.

3. A method of detecting an interface between first and second
materials having different dielectric loss factors disposed in a stratified
manner in a volume of materials using a sensing apparatus having a
length of transmission line including an inner conductor surrounded by a

dielectric material and at least one shielding conductor,

-13-
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a predetermined number of sublengths of the inner conductor being
exposed along the length of the transmission line, adjacent sublengths of
the exposed inner conductor being separated by shielded sublengths,

the method comprising the steps of:

5 exciting the sensing apparatus by a radio frequency signal at

a predetermined amplitude,

inserting the excited sensing apparatus into the volume of
materials,
tracking the insertion distance of the sensing apparatus
10 within the volume,
monitoring the attenuation of the radio frequency signal as a
function of the insertion distance into the volume to detect first
distance ranges having a substantial rate of change of attenuation
and second distance ranges having substantially no change of
15 attenuation; and
comparing the rates of change in adjacent first distance
ranges to identify differences in the rate of change of attenuation in
adjacent the first distance ranges, thereby detecting an interface in
the strata.
20

-14 -



WO 2006/031563 PCT/US2005/031863

1715
20 /10
‘] »
FIG. 1
AN
NIZAN
NN
30
AN
F§\/ s_-_l
N
N 1] -
}36 1
2A 2A
32— NV 38-1
NN
\§ /] }36—2
SN o
N 38-2
2B \2 2B }
§ j -——1 }36-3
I 38-3
2C N N2 }
//§
AN

WA
W




FIG. 2A

O XY 7

(&)

FIG. 2B

FIG. 2C



WO 2006/031563

SNONNNNNNA

AN
AN

3/15

3eL-1

36L-2

PCT/US2005/031863

SO S SN

\\“\\\\‘

N\
\

-

T ZZLIZZIT7>,

/”Il”l '
& }36

SNSRI
SRR

>
25>
o“

2,
> L7777

NN

LTI

I IT XL L2y
ya

‘{/&
TP~ <>
%W} }36

(L2
7 """"’III”II//
9
é
%

ar
Al
9
A
AN
ANz
Oy I"
#I;plh" Q'
2 E
AV
A



WO 2006/031563 PCT/US2005/031863

FIG. 5 ///

134A 1348




WO 2006/031563

FIG. 6A

FIG. 6B

FIG. 6C

PCT/US2005/031863

5/15

N\

\—130

\—130

130

%%——13“ | |

—132

| &\\\\W—1348‘

'\—134R




PCT/US2005/031863

WO 2006/031563

6/15

|
1
|
!
|
|
i
1
l
L

10

;

FI1G.



WO 2006/031563 PCT/US2005/031863

1715

Attenuation

i
|
|
I

REGION | i
:
|
|
|

Depth of Interface
Between Myand M,

FIG. 8



PCT/US2005/031863

WO 2006/031563

8/15

10/110




PCT/US2005/031863

WO 2006/031563

9/15

D14

9B

FIG.



WO 2006/031563 PCT/US2005/031863

10/15

REGION |1

REGION |

Attenuation

i L] | L) L] ‘ L) l L] 1) | L L) ‘ L] L} L] ] L L]
n,n " b non un b no ou unn b n o n nn b o n_ nn b it 0 "

a (4] a a
Insertion Depth

FIG. 10



PCT/US2005/031863

WO 2006/031563

11715

210

) ] =

)

% .,\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\w\\\\\\\\\\\\\\\\\\\\\\\

1
a1 ./

236

11A

FIG.



PCT/US2005/031863

WO 2006/031563

12715

/\V\C

310

C_/'/\

336

11B

FIG.



PCT/US2005/031863

WO 2006/031563

13715

MZ'\/

124

FIG.



PCT/US2005/031863

WO 2006/031563

14/15

S SITLSIL T III IS IS LI IS SIS TSI ST I ST

Mo+
236

128

FIG.



WO 2006/031563 PCT/US2005/031863

15715

4+ REGION REGION ,REGION, REGION
s 1 [ 1 v
5 M :
D -l
C
® //////
r M
<t

”E " v ME " IIE o ”b " ‘

lnserfibn Depth

FIG. 13



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

