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LATIN NAME OF THE GENUS AND SPECIES
OF THE PLANT CLAIMED

Quercus nuttallii.

VARIETY DENOMINAITON
‘QNFTA'.

BACKGROUND OF THE INVENTION

The present invention relates to a new and distinct variety
of oak tree which 1s believed to be a variety of Quercus

nuitalli. My new variety has been given the varietal name
‘ONFTA”

I discovered my new tree 1n 1995 as a chance seedling
growing 1n a cultivated area of a nursery 1n Statesboro, Ga.

The parentage of this tree i1s unclear. It 1s definitely a red
oak type tree. Representative species include Pmn Oak
(Quercus palustris) or Red Oak (Quercus rubra). There are
also several related species, including Nutall Oak (Quercus
nuttalli), Shumard Oak (Quercus shumardii), and Scarlet
Oak (Quercus coccinea). My new tree has characteristics
and a history that have prevented making an exact 1dentifi-
cation of its species, but Nutall Oak appears to be the closest.

Nutall Oak, as well as most other red oak types, readily
hybridizes with one another, and there 1s a high probability
that this tree 1s a result of a cross between a Nutall Oak and
Shumard Oak or some other species of red oak, since Nutall
Oaks and Shumard Oaks overlap one another across much of
their range. For example, 1n Texas, Nutall Oak 1s found 1n
the lower Southeast corner of Texas, Shumard 1s located 1n
a wide band covering most of the eastern part of the state,
and Texas Red Oak (Quercus texana) is the primary tree in
the central part of the state east of Dallas. There 1s also a
large swath of habitat between the primary Shumard Oak
and Texas Red Oak regions where the predominate tree 1s a
hybrid between Shumard Oak and Texas Red Oak. Hybrids
are common and can easily make up a large population of the
frees 1n any given area.
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Origin of Tree

Seceds were collected from a group of three trees 1n
Birmingham, Ala. The seeds were collected 1n fall of 1991
and planted 1nto seedbeds in late winter of 1992. In spring,
of 1993, 1200 bare-root liners from these planted seeds were
transplanted to a nursery field. In January of 1998, the
original tree of my new variety was moved to an observation
site 1n Oconee County, Ga. where 1t has remained since that
time.

The original tree has displayed characteristics resembling
Nutall Oak as well as Shumard Oak. There 1s much confu-
sion over the exact idenfification of this tree and several
experienced individuals have expressed differing opinions.
The only consistency has been the opinion that the acorn 1s
ogenerally the most distinguishing characteristic determining
the species difference between Nutall Oak and Shumard
Oak. When compared to the above oaks, the acorns on my
new tree most resemble Nutall Oak, which indicates that the
tree 1s most likely a Nutall Oak or at least has Nutall Oak as
one of 1ts parents. Other physical characteristics of the tree,
such as leaf size, sinus depth or bud features, do not provide
definitive answers as to the true parentage of the tree.

BRIEF SUMMARY OF THE INVENTION

As I observed the original tree of my new variety, the
uniqueness of this tree became apparent because of a dense
branching pattern and consistent red-orange-yellow fall
color. These characteristics distinguish my new tree from
other Nutall Oaks of which I am aware.

Propagation

In 1995, this original tree of my variety was successfully
propagated by vegetative cuttings at my direction, and the
progeny have thus far proven to retain the dense branching
pattern and consistent red-orange yellow fall color of the
parent tree, even as smaller plants.
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Use

I observed this tree of my new variety for a period of time
and believe 1t 1s particularly useful as a specimen or for
grouping 1n lawns, parks, golf courses, commercial
landscapes, and as a street tree. It provides good shade, 1s a
relatively fast grower, adapts well to various planting
conditions, and has good structural integrity. It also provides
interest with 1ts red-orange-yellow fall color.

Industry Representation

Cultivated Nutall Oak, as far as I am aware, 1s represented
in the industry solely by seedling material. Seedling material
has a wide range of variability. My new tree has dense
branching pattern and consistent red-orange-yellow fall
color not represented by any other Nutall Oak tree cultivar
known to me.

Background

Typical Shumard Oak and Nutall Oak trees are pyramidal
trees that become more spreading with age. Nutall Oak trees
typically develop a fuller head at a younger age and can
maintain a central leader as compared to typical Shumard
Oak trees. My new tree has an upright pyramidal shape, but
I expect 1t to become more spreading with age as 1s typical
of the species. My new tree has a full head and central leader
that 1s more typical of a Nutall Oak tree. Both Shumard Oak
and Nutall Oak typically reach 40 to 60 feet high and wide
in the landscape, but can reach 100 feet or more 1n nature.
The ultimate height and width of new variety 1s not known.

Fixed Traits

My new variety has been asexually propagated by veg-
etative cuttings at my direction. Asexual reproduction was
accomplished 1n Bulloch County, Ga. This propagation and
observation of the resulting progeny have proven the char-
acteristics of my new variety to be firmly fixed and repro-
duce true to type. Furthermore, these observations have
confirmed that my new wvariety represents a new and
improved variety of oak tree which appears to be a variation
of Nutall Oak trees based upon observations of acorns in the
parent tree and as particularly evidenced by the dense
branching pattern and consistent red-orange-yellow {fall
color and which can reliably be asexually propagated using
vegetative propagation.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying photographs depict the color of the
tree and foliage of my new variety as nearly as 1s reasonably
possible to make the same 1n a color illustration of this
character. In FIGS. 3-§ and 8, the term “QS 105” relates to
an carlier, alternative identifier of the ‘QNFTA’ variety, but
1s not intended to be the varietal name. As stated above, the
denomination for this variety 1s ‘QNFTA’.

FIG. 1 1s a photograph of the original tree of my new
variety in summer leaf.

FIG. 2 1s a photograph of the original tree of my new
variety during winter.

FIG. 3 1s a close up of two single leaves depicting the
upper side of leaves from a tree of my new variety.

FIG. 4 1s a close up of two single leaves depicting the
under side of leaves from a tree of my new variety.

FIG. 5 1s a close up of typical fall leaf color of my new
variety.
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FIG. 6 1s a close up of the trunk of the original tree.

FIG. 7 1s a close up of the branching habit of my new
variety.

FIG. 8 1s a close up of two acorns of my new variety.

DETAILED BOTANICAL DESCRIPTION

My ‘QNFTA’ variety of oak tree 1s currently growing at an
observation site 1n Oconee County, Ga. It 1s located 1n an
arca of Oconee County that has a clay loam soil type and
receives an average of 50 inches of rainfall per year. Oconee

County 1s in USDA Hardiness Zone 7. Both Shumard Oak
and Nutall Oak are hardy in USDA Zones 5 through 9.

The observed tree was approximately nine years old. The
time of root 1nitiation was about four to eight weeks from
time of sticking.

My new tree has not been observed under all growing
conditions, and thus, variations may occur as a result of
different growing conditions. The following 1s a detailed
description of my new variety of oak tree with color termi-
nology 1n accordance with The Royal Horticultural Society
(R.H.S.) color chart published by The Royal Horticultural
Society 1n London. The observations are of the original tree
growling at the observation site 1n Oconee County, Ga.

Taxonomy

My new tree has an upright-pyramidal shape (FIG. 2), but
I expect 1t to become more spreading with age as 1s typical
of the species. My new tree has a full head (FIG. 1) and a
central leader that 1s more typical of a Nutall Oak. The
original tree 1s currently 10 inches in caliper at 12 inches
above the ground after about nine years. The original tree 1s
currently about 27 feet high and 18 feet wide with a height
to width ratio of 1.44. Prior to transplanting to the obser-
vation site, the original tree had an average growth 1n caliper
of about 0.9 inches to about 1.1 inches per year. The progeny
also have displayed a similar growth rate.

The bark of my new tree is typical of the species (FIG. 6).
In youth, the bark 1s smooth and with age develops shallow
ridges and furrows. The color of the bark 1s typical of the
species, exhibiting light gray (RHS 156D) and grayed-green
(RHS 195A) patches and striations.

The branching 1s somewhat upright compared to most
other seedlings (FIG. 2 and FIG. 7). Branches emerge from
the trunk at about a 45-degree angle.

The leaves of Nutall Oak, Shumard Oak, and Pin Oak all
resemble one another, and my tree has leaves typical of the
species (). nuttalli 1n size and shape: Alternate, simple,
obovate to elliptic, 4 to 9" long, 2 to 5" wide, with 5 to 9
lobes (FIG. 3). Sinuses are rounded with narrow lobes.
Leaves maintain a dark green color 1n the summer. The
upper leaf surface (FIG. 3) is a dark green in the summer
(RHS 139A), and the lower leaf surface at this time (FIG. 4)
is a lighter green (RHS 141B). The veins are a green-yellow
(RHS 145A). My new tree has consistent fall color which
ranges from red (RHS 42C) to orange (RHS 25B) to yellow
(RHS 7A) (FIG. 5).

Buds are typical of the species, being imbricate, /s to ¥4"
long, ash gray to brown-gray, pubescent with ciliate scale
margins.

Most oaks have flowers so similar that 1t 1s difficult to
distinguish between species based on flower type. The
flowers of my new tree are typical of most oaks. The trees
arc monoecious. The staminate catkins are pendent and
clustered. The individual tlowers comprise a 4- to 7-lobed
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calyx that encloses 6 to 12 stamens. Pistillate flowers are
solitary or 1n few to many-flowered spikes from the axils of
the new leaves. Individual distillate flowers consist of a
6-lobed calyx surrounding the ovary, with the whole partly
enclosed 1n an 1nvolucre.

The acorns for my new tree most closely resembles that
of Nutall Oak. In this case, they are typical of the species.
Acorns are ovate, % to 1%" long, short-stalked, oblong-
ovoid and covered V5 to Y2 by the cap (FIG. 8). The acorn is
grayed-orange in color (RHS 177A) with dark brown (RHS
200B) striations. The cap i1s light brown (RHS 199B). The
acorn 1s the best identifying feature to discriminate Nutall
Oak from Shumard Oak. Shumard Oak has an acorn of
approximately the same size and shape, though sometimes
Shumard acorns are more ovate, as compared to Nutall Oak.
However, in Shumard Oak, the cap covers only the top part
of the acorn, and the striations are more pronounced. The
root system 1s typical of the species, fibrous and somewhat
shallow.

Origination: Selected as a chance seedling 1in a field at a
nursery 1n Statesboro, Ga. The parentage of this tree 1s
believed to include Nutall Oak, but 1s not entirely clear for
reasons explained above.

Tree shape: Upright-pyramidal with a full head and central
leader.

Trunk: Central leader.

Bark: Typical of the species. Smooth 1n youth. Mature Bark:
Develops shallow ridges and furrows. Color light gray
(RHS 156D) and grayed-green (RHS 195A) patches and
striations.

Branches: The branching 1s somewhat upright compared to
most other seedlings (FIG. 2 and FIG. 7). Branches
emerge from the trunk at about a 45-degree angle.
Branches are about %" 1n diameter, with a smooth texture,
and gray-green (RHS 194A) in color. Internode length
ranges from about 34" to about 173",

Leaves: Typical of the species (). nutialli 1n size, texture and
shape. Alternate, simple, obovate to elliptic, 4 to 9" long,
2 to 5" wide, with 5 to 9 lobes. Glabrous. Sinuses are
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rounded with narrow lobes. Summer leaf upper surface
color 1s dark green (RHS 139A), summer leaf lower
surface color is lighter green (RHS 141B) and fall color
is red-orange-yellow (RHS 42C, 25B, 7A). Apex shape is
acuminate and base shape 1s cuneate. Venation pattern 1s
pinnate. Petiole is dull green (RHS 152B) in color,
approximately 716 inches to %16 inches long and about Y6
inch 1n diameter.

Buds and flowers: Typical of the species, being imbricate, V4
to ¥4" long, ash gray to brown-gray, pubescent with ciliate
scale margins. For the observed trees growing 1n Oconee
County, Ga., flowering begins about April 5 to April 10
and extends for about 10 to 14 days.

Flowers: Typical of the species. Staminate catkins are pen-
dent and clustered. The mdividual flowers comprise a 4-

to 7-lobed calyx that encloses 6 to 12 stamens. Pistillate

flowers are solitary or in few to many-flowered spikes

from the axils of the new leaves. Individual distillate

flowers consist of a 6-lobed calyx surrounding the ovary,
with the whole partly enclosed 1n an involucre.

Fruit: Typical of Q. nuttalli. Acorns are ovate, ¥4" to 1"
long, about " to 38" wide, smooth 1 texture, short-
stalked, oblong-ovoid and covered one-third to one-half

by the cap. The acorn i1s grayed-orange in color (RHS
177A) with dark brown to black striations (RHS 200B).
The cap is light brown (RHS 199B).

Root system: The root system 1s typical of the species,
fibrous and somewhat shallow.

Winter hardiness: Observed to be hardy 1n at least USDA
Zone 7.

Drough/heat tolerance: Observed to be tolerant to drought
and heat conditions of a region from north Georgia to
central Flonda.

I claim:

1. A new and distinct variety of Oak tree substantially as
herein shown and described, characterized particularly as to
novelty by its unique dense branching pattern and consistent
red-orange-yellow fall color.

e ¥ o e ¥



r..u__.lr.u.ru » ..._r.,h_.....r:.p.,h_...r.._.q...h.h. e
xR Hxxih iy i R T o el

. C e PP r o r m R r P ' r .r 11 r o omror
I N N N N L L N N N N N A N

a4 Ay m m aw aw m o ar a o wm s m s omor aaowomomeoaaar

A e R W e A A A A
TR Pl TR
nul-“ R R B

US PP13,524 P3

. % A T I e . .
i e i i T e e e e T T e T T e T T e i A XA A N L R L
L o I I i R Y Tt oo a A A L NN N R A T
B A A N A A N A T P W NN e K e Tl
A iy e e i Ui i e e e e e e e e e e b e e e e kb h_ x Pl .
. .___.___4._._._...4.4.___.___.4.._.....___.44.44.4.4.__.4.4....4.___.r4.4..__.4........4.....__..._..._........4.._..4.4........................................&............&.r.........r.........r..,._....._..._..r..,....r.._.r.....r...._._.....n..ﬁ.“.._.._.._.._ - "
o & I T R I R T R A
AR e e e e e a a e e e a T LA
T AT i i i Ty A i i ey e e e e ek ey e a e e e e T Ty
L T o el e e e Sl Sl S S e R S AT h_ 2 e e e
N N M N N N N NN NN a’a PN ol
L T R R a0 T AT S Sl Sy S A R i atat N e
B I N N A o a o e e e o S S S R R S St ST Sl S A S Y R e e R s
A e N A N NN
L N I i I oy S T S N T T
L T I O O o al el e e e R R R e Rt S S A
[} WU T e It T T Ty i i Ty e e kT e e e
A i i O i U Ty e i i i e e e e e e T e et
I T  al al a  a a a a S  E t A AY
W iy o i W i dF M i r s iy dp e dp dr dp e de dr dr dr dp dr drdr ko dr dr ok k k m drom o a b om e s s e
T T e i i i iy Ay e R e e A e e e e e ke
L I B R R e e e e e e e e e e e e R T e e S e e R M e e N Sl A T
R A A A NN
L I el e I U o R e e i Y
L o R I a oa ol l al a al eal aal aa ap RE  Sal Ea R R R Al
WUy e e T Ty ey e e e e e T T e e e e e e e o
T el al a a a a e e L e e b R Y P N
& O I I R I e e e e e e e e e T e e e S o Sl N S T et T S ah P A T i S
[} I N N e aay - aTa e
ur " L I I I e e e e R e g PRy
Ry I N I o N I A N N R ety
FON N ) L o i i T e o e i e T S S St S S P S Sl A o 1 o Sl S e e el S Tl T S
L T I I iy P T N ol Sl
T e e o i e e e e e e o T T e e R T T e T e e e e o e
T e I I T i T iy i i e e T e e e e e e e ke a e a e LA L N L N L
L I N I Sl et Ry e i R R Sy P I I I e
L T o o o el ol e e o e g e S S A i A P A T
L N N NN N N e T T e e e e et
A T A R U U T Ty e iy ar ararar de rr Tie d ddededyde dede haaawea R I MR e
L T T I o e e e e e g e ey A A e v s T T e e e e a E a aT
L R M R N I B N N N N A AN AN R L A N A
L T R I i I e e e e R e Sl R POl e A
N N I N A o ol o el el ol e o o P S T L NN NN s
WA Ui i I i i i i e e T Ty e e e e T e T e e,
L T I e e S L R
L T e o i o g S gl S A e i e e S e e S A S e Y
N N N N A N N e R NN
L T R e e R R S Y
L T N o e g g g e e Sl Sl Sl g Sy e R e A St S S g S S S
R L i N NN NN
L T al e e  a  R FCFR Y
Ao e e W e e e e e e e e e
L R o gyl e uy e
P I N A N e el el e iyt e
o &
T ._._4._._.4._._4.-_.q._._.__..___.4._..4._._“._._H._._”.4H.4H.__.”.._.H.qH.4H._,.”&Hkn.q”&k#”&”&“&n&”.q“ﬁ&
R A A AL e
MK .___.4H.q“.4“.___“.___H.4“.4”.q“._..H.4”.qH4”&...“&”...”...”4”#”...”...”&”&”*” P A e
L T T R e e e g e b el Sy ey S Sy Sy R R e N AT O )
N A I a  a N N a a aara LA N N N ol
L T R e e R PR I M
B e i e e e e e e e e e a e a e
ww i  a aaea a a ae a e  e  a waTa e a e P N oo .
L ol el N A s r
ar A O i iy e e iy e e e e e e e e e e T -
L I It e g Sl e S e Sy Sy g e gy S,
L R ol o e e N s s I A ol ..
T T T Y e Ui i T e iy e i e i e e e e e e e e i i R e T e i .o
L T T o T e e g e e g e o Sl Sl Sl Sy gl S S R R R o AT ST
R A N A N A B A N R A A N A .-“ A AR A aC Al A NN AL e
L T I I T e e e e g e o S gy S L by g S PR o N A .
L I N e o N a alal aa a) A e T e T T e
AT i T i e e e Ui T e i e e e e e e e e e e e e g e e e e Sy ey .
e e et Lo
AR i i i i e e B i i iy e e e i ey e e i e e e e ey e TR o
L e o Sy g i iy P ity A T N e L P A . )
L N Nl A N A A N T N e S
.__...q.4..q.___.4.4..q._,..r.q..q...k.q.._..q..q.q.4.4..q.q._,..q#._,..__..q..q...k..qk.q..q..qk._,.kk.r...k._,.k._,.ktk._,.#k._..Jq...kkr...rk...f&&.qrfthrtﬂ...kkaa.r.rh__rtrm-.&rn - S e e . .
. N N N L M R LT A A ’ ] x ; ) : ) o ’ LN e o .
ur A i i i A A i e iy ey e e e e e ey u Pl x x . . d p : . / - ’ ’ 5 ’ d : : : / T i e e i r r
" L a3 A ; . d X ] : A e .
) P e el s g e a el el e : ol 2l ’ : X " ¢ o ’ R N N N N L X
s A U U i i e Ui i i iy e i i e e i e i i ; , L N N
Cal L e I e S e WAL L N A At .
WO L I I N X dr
wa " L T i ey it Pl .
ol .___.4.___.___.__..___.-_.4.___..q.___.4.___.__.._,..4.4....___.._...q&.4.4.4&&&*&#&&&#&krkhr&k...-"-"n.- o N Iy
L I I L e e aal atar a al al s e a 'y - Pt ] .
Ny L Tl al aa I I I T v gl gyt ur P
AR e e e W e e e e e e e e e e Bk h_ .
E AU U T A i A OO T T iU U T Ty et i i T ey ﬁ-ﬁul"._.l-_ .
L I e e U
B A T iy i i i e e i ey e i .
L e N A A A et sl sl el ol » r
B I N gy I Il P .
L I T I I o o o vy S e g » .
P W L o x
L Ly Ll el g N R : .
FR A L el - .
CRC AR DRI Mt A L N Al A
B 4#4&444&1*.«%-#& h_ .
LAy X i i e e e o
.TH...H.;H;HJ___ “.4“ L e e e iy o g ......_" .
..H.-H._._.q._._u.q.q o T, ...H.q .
s . .
DAL A .
ALl i o
ey Wt e R T L .
LY, [ e L R
r L L N e A e Pl O N .
- e e e & 3 e e e PR I O N Al L .

L ]

.._..-_l.l a .._.._..._ i ....._1 . .r.rl.-_i......-..._ T b h o=

A i &

LR S S W
.4._...4.___.-__-1.__ x

X .r.._..r.._.__._......r......_..__ -.__.-1.-..._..-..-..__..._..._..._..-.h R Pels
r g b i drm om Jdr dp i dp Mk om k o R

o L N L P e i P Pty o

» ATt ap T T e T s r

LI |

-

[ x ; ; ; ; : ; L X ; ; ; X m 3 3 ;
" A ’ s K ; ; ; ; ; » ; ; S ;
nr.xrnrxn - J ! . :

LT ] ol . . ' 1 b ] ; L .. k i . .
e P o ; : ) ) e . ; ; e, . ; : ; ; e : . . D

- =

L . ' . 1
an_._. e M oAt
U e LA R e M R I N AE e T
" X !.-_ll.l_........t.-..i.-..__.tl- L -.T.l”.tll.”.-.}..fl}.! i L .....iH.q. P
' e a e .....-..-.._...-_‘.11 i R
r Py a kb g ' -

roax b i d b o
'

& &

= = m
i & &
r

Ll
L]
Ll

Sheet 1 of 8

Jan. 28, 2003

R N e N N N N I ]
&+ 4 i b A i iy o dp dp dp dp Jp Jr dr Jp dp Je e Jp e e odp b b e b b dr b e b b m b b b b b b e b h ma xraaah a a

.4.._..4......_..4.4.._..._..._..._......._..._..............._..._..._..._.......t....._.....r.._..._..._..r.r....r.r.............q.__.__._..r.r.._.r.r....._.._..q.__
.__..r.......... ......_.._.
.-.

X K
¥

X
-

- -
X .
i K N .
R l“.____- o :
HHJH ”.-_.4...“...& o :_H rnxnv.x”x“n”xv.xﬂ N . .
r o ¥ e Y T e W K e e . r '
o o X N x R A A e e
Lt N el Y Bk i kT e .
ety AW TR T '
e At ML AL Al Wl aE N
T T e e
P A et et A ks
T T e e
e e '
o U T i i Ty T e L s
e N e x a T T aha Ey
R Mt e A e M AL M M O o L ;
e e Wk ke
g e e e e e e e
P e aaaa a a aa e T T T e
i T T A e T i T i e I
B o o L gty gy gy ¥ .__._..._..r.__.........__.r.r.__.__.._.._,..qm_u
T T T T iy i T T T T T e e e ey
B e o o R e e g Ry R N
U e AU i i i i T e iy [ - T
[ ] ok b Mo b M o o N L[] -
N il e A T Pl
e AL M M L LA ALl At N N L a2 PO
I e P " e e e T a ur Ayt
L N o ...._-ui.._ X e e e . i 'a
D et s e el o T Ty e a  w Y ' Nataa
e D e e e e o e e e e e e T T T ) w )
e e o e e e e e e e e e e _.hu s LT e
L I o I T I ol g g g g e S e e S A s " W % W Mo Pl
B I o e e e Pl iyl lnr..__ ...%11 Fa¥at R
L I o i N N ..._xﬂitu_ ™ i) Vet ) Pl
N I I R O L A T L O iy ey Rt gty gy A o S ) ox & R i e e
T e e i iy e i e i i ey e e e i T e i e e e e e e i i e e e e e - ’ x R PRl T T
AT i e e OO i i e ey dp i e i ey i e e ey ey e e e e e i iy gy e P i X oalk aa
o e T e e o o e e e Y, T R " st et
B R o e e g e e e Sl S g Ry R R S
N I e N N  aaal ar a a aal a
P T i T i i e e i i e e e e e e g e e e eV a ae e i
A e W e e e e e e e e e e e e e e e e e v e e,
D e a a a a  a a a a a a a a a  aalat a a a a a a a )
i O e i i i O i Ty i e i i i i ey e e e e
B I o o e S Sy ey ey R R R g Sy
L N N A o et
F e A i U i i e e i i e T e i e e e iy e e e e e e e e
N N a  a  a  a  aaa aa a a
D e P e N 7
i T T T AU U U i i e e i i T T Ty Ay e e e e i i e i e i e
N e W
B RO N M A e M N M I M A N T A B B NN e N P "
I I i o e e iy ey iy e .
D I T I It I I Ry e el e
N e ol s _-_"E-_....._. » '
B I I g e s -
B e e g Sy g ey x .
B N N e o a a a a  aC m alox r
Ve e i i i i i iy T i i i e i ey e e e e e T e s e B .
B S e P e i e o .-nu .
T e U i T Ty e i T Ty e e T T T o g ooy T T T T T T * r
B g g e S a a a  ar » -
A e e e e e e e e e e e " . '
N N N M e s st e e
C T e i i i i T T i i e ar e e i i ey e e e e e e . "
N N N e
......._..4.._..._..4.4.._..._..._..._..._.....q........................................q.r...t.r......t.r......tu"ﬁ-_ Pl P .
I I e e a a .
e T a o e e e e o R e N N - - .
B I B I a a a al  a aaaaa as i el . ra r
L T N N N N ey ey v .._
O o e N A el N .......—........r.........lﬂn - % R R e a'
e a0 O it - )
L e e o e o S o O O A Sl Jat o O e A S e v .
I - .
ar i i i i T e T iy e e i e i e e g e Ve e e e e u e i x .
A T e e e e e e e o e T e e e x .
WA Ui O Ty iy A e i e i i Ty A e Ty e g e e e o T e e e e T T e T T AL .
B e e el T g pjrigf ey S NN x .
N e e e S N e N S
e N e s e e s . e ATy .
O N A N o i iy R RN .
WU i T T e i i e e e e i ey X .
L N A AL e st al el el ol ol al ol ol als .._ .
B I I Ny iy gty i o .
W A i T i iy e e e i e iy A e e i ey e - .
ar F & b W o0 o0 ar & r & o F ] &
N A N A A AN 0, Mot M X R A A L A A ra
B I o o el S o L N » PR N A N I N N N r
W ir iy dy i dF dp i OF F p i dr tr ey i dp dr dr e dr dr dp e dr dr dr oy dp dp e dp o dr dp e dp e dr de e e g de e e e B Mk ar b b Jdr dr b oa ok oam k h ' - L T S A Sy Tl e [l
B T g ey e R R P X'y A . -l
A e e g e e e e R e P P Yo ety 2
WU U U T AT i A i Ty e e T T e o T o e T o o e e e e T e e e Ty e e T ] e a
L g e g e e s .._ v
.__....___......._..................._........._..__..............._............_......_........._...................._.....r.......r._.....r...._........_..r._.....r...._..__.._u._........__.._...-_.__.__.—r_-_ e e
W dp dp iy dp oy oy e Wy ey dp e dpdp dp dp dp dp dp dp dp ey e de de e e dp de de e Jpode dedeh dr drd Jpok drdedp b dr drdr b b B b b ok om b b omoam oarhomod - i i ]
B I e S N - Rl <
L A I  a  a a  a a a a N  N  N N N  a a a W Nal PRI Lt o -y v
N N e A e N N N AN SITCIL AR ¥ T -l
[l R o I e e T e e e e R e e e e e e e e e e e R A e e e B e A A i S R A A T i.._i.ll_._ P il gl i R i1
Rt e e e e O e e e e e e e e e e e e e at e e T e e e ol -k
O I i i T S A S A e S e N NN N NN aa aa o g A o ra
B I I T Sl el oy R S R R Y e S -
I e e e e T T e e e e e e e e e R e R e e e A e Al e e R e e T e A T T T e Y . '
O I N RN N AR e A >
Or g gy ke b e dp ol dp sy oy oy e e e BF dF de dp e e e dr dp dp de dp dp de de Jrode Jp dedeh deh drdr b o b drd B dedr Jpo0b b b b mom b droa hom kb homoaoamowm * 3N ']
B el el e e T i A * o
Or dp iy dp g dp iy iy dp O dE dp oy dp oy dp de iy p dp dp dp dp de dp p ek dr ey de drdp ded dr drow dr b b de b b b b koo dr kb wom b om kb b omoaow kowor o » P Sty 1
F el ey by b e e ey sy b i dr dr o gy sy oy e e dr Jp o dedp dp Jdede Jrodp Jp Jpodp Jpode de dedr e b b de de o de B Je dr Jr O e Jr b M b b b J & b b b oa & & i Xk Ak ke h o
L e T e e S S S e e T S A e A A S e I N I R .-.-..._.._...1 . d
P U U O O VT Ty iy iy i i Ty o i iy T T T ey ap e e  a aa a aaa  e a  a a aa a ae  a xlw i
L I e i e e . .l
D N I I I e e Sl e g e i i, a'u X
N N N N N R AN NN N N T
T AU i i T Ty e i i i T A A e i e ey iy e e e e e e ek e e e e s o N e
I e e e e e e e e e e e e e S N e e R R e T T e ey A Figi, -k . 1
D N I N N N NN AN AR RN i wa "
[ R Tl e e el e e e e R R e e e R R e R e e S R S S S R e R " T 2 2 a > r - a0 . .
B I I R el e e e e R S A e R A A » W W x
e i T e g S e o S S A e A S | a s A a . o xaw . 1
B P gy i I 0 o il R e x 2 »
e N e T Il e S e e e e S e e e S S S O T o S B Tt SRt T Sl Y ' a - & d 1
P Ty ap e U i i T i Yy A i i i T T oo e o o e T T e o e e e e T e e e e e e e x *a .__
B dp g lF by iy e ey sy oy e dp e B dp oy sy i dr dp dp dede dr de g de de dr o de dp droded dp Jrodr Jpoar be b Jr b om Jr brom a b ko m b om bk om ok owoamh - ] 1
N e NN N R R R R, x 3w x
dr dp iy iy g dp iy dp Ay vy e dpdp e dp e dp dp e dp dp e e dr dr e e dr o drdede drodr dr bk b om b om b b b b d b b maoa ko a ko mokoroaoaa X an - & '
B e g e e N N N N NN N > " -
B e o T e T e T e A S e S S S e e e e I I B N N » - a ra
iy oy oy eyl dp iy sy i e ey dp oy dp o dpde dp g Jp o dr Jr Jp o dp de de dp O dede dr b dr de de b g b de k droa b & dr b b om & B oa & & X & » f
B I e g e . wt. - . a
I o N e N N NN N . X' 2 sy k. N RN NN .
B e T el . T e e T e S e e o S e A T A i Ak aa koa om X o x P a s a a 1
I L I I T I e S e Y x .
F e R e T e e e e e e e e e e e e e e R e R e R e N T T T A Tl Ty A T aa . . )
B I I O o et I T T S S S S S e S e ar ]
2 iy iy oy by iy e ol ey Jdp oy e e e dp dp Jp de dp dr de de dp dede e dede dr B Jp o b droh de b de b 4 m dr de b b om b b m b om h b oam b ok om ok oad » & - .ll...
e i e e e T Tl R e e e e e e T e T T e e T S T S e S Y T S > *
Tl T e T O el ol e T T S S S S e o T Y T iy e » I
F U i T T T T e e i iy dr dr i T e e e e e e e e e e e R ke e kA w
S A e T e e T S e Tl e e e e e 5
Py A e i U i T Y Ty e i i i o T g e T ey e e e e e e e e T e e )
Sl dp iy ey iy iy dp O dp sy oy dp e dr dr de dp e dp oy e dp de de dp o dp dpde Jrdrde de de droh de b b bl b0 bl b m b b b oa b b b b oamoaomoa s omoam ' »
I N I I el L o A
B3 iy iy oy dp iy iy e dp ey dp dp B dp dr ey de dr dr dp g dr & de e b droa e drodrde de ko dr b b om dr oo b Ak b a o m drom b omohoaoamom x
P A e Ui U i T i i iy i i ey e Ay i e e e iy e b e e e e e e iy A e ek ke Ak e i
B i e S e S S Tl S e e A o e S b oaaaa N ‘2 B
O I a N N NN NN ) R
X dp ol iy vy oy iy dp dp ol sy oy e e e dp dp dp de dp iy e de dr e dp de de de de B g b Jp drdp b de b dr b ek b b o mom M & ko o BT I R S R
T I I o ol R o e Tl S g Ry B R S e S S S A N
e T A o I i ol e T e e e S T e i Y ol dr dr A W A a I
I T o I T e g R i e N
P e e R e e o e R e e R e S O R S e N R R R el e S T T A A T T A o T A i R A
B N N i R i N T L e P Y. A N o
X dp dp g b dr i el dp sy oy oy e e e dp dp dp ey e dr e dpde e de dede B b Qe de deom o de de dr & b b droar Jedr b & b b b oa b b oam ok oam k & x'h & ko h 2
N I N AR NN AT e
B p iy JF o dp iy dp oy Ay iy oy oy ey de dp e ey dp dp dp dp dr dp b dpdp dr dedr bk ded Jdr g b de b b b bk droa b b g m b 2 omomoaoaoa . et & kN a o e de x
L T I I I o g R I I A o T, o
i i e i i i p e e e ey e ar e e ek e e e e Uy ek k m ke a kA e e A L AN N M
T e i Ui i T YT iy i T Ty e i e i v oy o e e e e e e ey e e R I L Al
B I O i A T o A
N a NN . . LT . . . . . ’ ! N ] e e R
B p iy iy oy dp oy Ay iy e dp ey e ey iy dp dr e de dp e e de dr de dp e drodp de b dr kb b dr b b M oar & Jr b b & dr & & & K . . . . . . . - Folp a o i i e
e g ey bl iy e e gl b sy b e JF dr e g e i dy e e dr dp de dp Jdp Jr dr Jrode Jp Jp g Jp de & dr Je b Jr 4 b A & b Jr & Jr d b b b om o om & . . . . . . .. .. . . . . . . L. ! ! : ! . , PN ) '
B e R e e e e e e e e e S S e T e T T T A . . . . . . . . . . . » . P S e i i o
o  a N A NN " ) ! | ’ e "
, .........-...............4.....-..-......-......-..-...-......-.......-......................................-...........-..................t}.}.tk.#b.#b.#.r##.rb.t#b.##.r#kb .r.l.....r.-...r.....r.r.._ NN .....-...r.r.._ A R A . . . . . . . . . . . : : . r = -
B dp dp dp oy o dp dp dp dp by oy Jr dp dp dp o dp Jp dp dp g de de de e dp b de de Bk Qe dr om b A Jrom dr b b Je Je b M b 2 m b b omom s M om om & .. LT T T e T ) ) T ) ; / 3 3 P
s
Pl

»
F)
¥
F

ir Tk ke iy e e de e b e e e b e e W e B e w a k e bl bk e b ke ke
....1.....1.....1..-.1.....}..44 *ex l..._.n.....l. l..._.}.....l. .._..... J.}.....l..._.}..... .r.._..._..._..r > 4 ......_..r.._..r.._..r.....r .r”...”.._.r.._.”.r.r.r LA .._....r.r....r.........”.r.r.._.r.r.._n.r.._.r.r”.._n....”.._ﬂn X
R I N R R et T I
....

XX
ol
E

L]
-

i
e e e e e e e e R R e T T e e R S e Y A i 'Y '
T e = -
.r.-...r....................t.r.r........-...r.r.._.r.._.r........__.__.r.._.r.._.r.._....__.__r.._i.._i.._....__ii
l.....__..;..r.rl..._........}.....b.....;..._.r......_.l.r.._.._.._.._.__._.i.._ii-.._i.__i._i-
.T.'_.T-.r.l-f.'-'.r_-r.r.r.'..'-.r-r " & & F &k F I &1 & F un s F r s -

-
. .....H...H...H...H...H...H...H... X ......H...H...t...
J-. .r..T .:._.I.T.T—..T—_.Tr.l._.r L] .:._.T
Ml i

F)

-k
=y

5
s
ol
o
Ll
L
Ll
L
L
L)
¥t
ol
X %
X
A
4-:*:#
¥ 4-*:*#
¥ a-:lr:
Jr:q-"
A
X
o
X
.
a
F
¥
o
o
x Kk
*I
i
¥
™
)
i
)
¥
¥
:..
o
*b
o
r
*b
r
‘-b
o
o
*b
-
"
F
r
r
‘.b
o
| ]
r
r
*b
r
r
r
L[]
r
¥
r
[ ]
r
[ ]
1]



US PP13,524 P3

Sheet 2 of 8

Jan. 28, 2003

U.S. Patent

(AR AL LN

T M AT T T T T T T T T T T T T T W_w w o w w

L]

. rron
w om o a w i i

..q... ...
wow T oww - LA N )
L g e L L I B
- K ks

i‘

. - 1 . E 1 . & 1 _E & & E O A Jq O W o W W W N W W R Ry - ) ) “w

-...1..&-“."
lHIIIIIHIIIIIIIIlHIIIHII"I"I“I"H"I"I"I"I"I"I"I"I"I"I"I" "I"I"I"I"I"II E K "I" " .-.._..... +"antn ir
EETXXTREEEEXEXEEEE X XTEREREEFESATERERENEECEEEENREEEREFEREEEERFNERR
EXRENEXNKEEXTREERERENEXT TRERETrRERENERERENEREREREEREREENEREREREERRENEREREREERR N
A X XA XRESEXEXTEEXEALEXESE XTI EX R EENEEREST FEENREEEREEE AR
X N X XNEXEERELXRELNYERESXLTRERESYEREREL-NENERERENERERETEREREERERERERERER
LR EEEEEEEEEELEEEFIEEEEELEEEEENLEEEEEELE NN NN NN
NN X NXRENERERENX TN ELTRERERELTREELYT NIRRT LIRS NEERENEER
XXX XEEXEAEEXEEITEE RIS AR T AR TS AR E SRS E RSN ENRRE
IIIIH!HHHHI!H!Hl!IIllllIHIIIIIIIIIIIIIIIIIII
LR EEEEEEEESEEEEEENEESEENENEN SN ERKERR
AR R XN XN XREENNERENSEERESNERESTRERERERERERERESNENLRERENEREN N
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHIHIIHHHI!IHJIIHI
K KX KX X XEREXNNXELNXLTREXLTRENENLTNERERENERERENERERENENEINECERERENEREREEENR N
XXX ETXEXEAEREEEEE TR XL ESEENRELRE X | ] r F K
M N RN E K ERERERENMRENENKRERRERRERYTNRERERRERRRNR EREREREN EE R
A XX A XXEAEXEXESEXEXAELEEELETX LIRS TS TANRELTNE XN K XRER A FFRKER
P M & XN NREEXERXEREXRESXRENSENNKSRENYNKELERERERERESTN R ER ]
LR E SR EEEEE R EE L EEEEEEEEEEE SN N NN EEENEN N x -]
R X XX XN NENNTERELENERELXRELTXXRENERERENERELTNEXXTRENERERENERERENEREREN
XXX XTEXEAEEEEEEEXEELLEE XN ETRES A EEESSTREENENRR
MM MK N RN KX EXEXENNKEEEENKEREYEYTNEETERERESTNERERENEERNEEREEREY
LS E S AR EEESEEEEEEEEEEEEEENENEEEEENEEEE NN
Mo NN NN ENERENXEENRERENEREREREEENELTERENEREREERERERERERN T
AXEXEXENEEEREEEXESEETEEESEREY FRESAEFTREERT AT S EREREERER
KA K KEXNXNKRERSELXENELEIAXERERENYXNELXTRELTITRENEITRENEERENEERENEESTNEEREARER
X ETXXEXEXAEREEEXEEEET IR TSR AT R T ERERE T TREESERERENEESN
R XXX REXE N ENKENERENXERESETERENEETRENEERENEERNNEERENEERNEERERERER
LR EE S EEEEEEEE L EENENEEEEEEESEEN NN
B & X XN KEXRERENALSRERSERESTRENRERERERESENRERERERENRERERERERERERERERN T
LR EEEEEEEEEEEEEEEE R EEEEEEEEEEEEENESNNENNEN]
L
A XX XEXAEREEXELEEEEELEEEELSAEARESES SRR ENRSENRSENNE
EREREXNKXTREX N EXEXTREXEXTREETERENETRERERETEERENEERENETREFEERNESTRENERER -
AL R XL XXNRELITET LIRS XA LIRS ES RS T REFEEEEREREEA ST ENERER L E
A AE XN X XENFEXRENNESETRERESYERERERENERERESSENENETERENEEREREENRE RN T L] & & & & &
LR EEEEEEEEEEEEEEEEA EEEEN LN NN L "l‘l I.-...-..-..-_.-_.....-_II
K AKX RKEXAINKERERENLELTITRELITRELITERERELTRE S ET X T RENEERENEERENEEENERERER ] ir ir dr o B B & g dr & i R
XA TR ETEXEXREEIEEELIREETESES TR AEESAEESSARE TR EFENEERERE N L ] o & @ & i & & e & &k R R dr & i i
AR REREX X NERERERESXNENEREREETERENERENY KT NERETREERENETENEERNERER e .-.Il.l..-.}.}..-..;.l..r.-. i g L i e & i o &
LR EEESEEEEELEEEESEEEEEEEEENES NN NN L ol A o i o o i L] W dr e
FEXNERSXNERELNYXENKERELTRERENELYrRERERELSTRETRELSEREEITRE T ESTERENERER ] o i o & & & e o dr dr & i & & & i b b & &+ & K
LR EEEST A EEEEEEENELEEEEENLENEEEE NN NN NE] e o i o & e o W& e o b i i e i & & S
EREXXXNEZXLRELTRELXTXI X LITRERERERERERENRERELTERENAEENERERELSTEENEERENER l.ll.l.l.l.l.ii.;.il.}.h.ll.lb..-....l.#‘l.b.}.
AEEXETEXAEEEEXELIREETRERETTESESA S A AR EFREEEREFEREEEENEN e o o o dr i o ok & & & & & & & 4 i dr o U i &
KA REXREXRERREXERENERESEXTFERERERERENFERETTERENFEEETTEEREEREEREFEREEERER e o o e e o e e & o dr b o b odr K A b R b o B b i b i &
A XX A NEXAEXELTAEXEE XA TR TS TN T EEFEENFEEEFEREEEEEER o o b o o Bk o & o i o X dr o o dp o & dr dr i o o i
K ERESXXXERERESYFESLETETRENXEREREENERERESSEFEFNERERESTNEEREENENEERERNE o o & & & dr & & i o o dr & b dr dr o o S o b odp o i K i & S dr
A XXX XEEEEREEEXEEERESEESTEREEES AN EE R FETEFEERREREER e o b o o o e o e o o o & b o b e & A B b
KX RELIRERERKEREREXLRELTNELITRELITERENEERN NN TR I EANEEENERNERNERER ot o b o & o o dr o dr o dr b o & Jr o o b Jr o A % b O i
XXX XTREREIEIEXE AT E AR ERE AR TEEEE T FEEREEFEEERER o & & o o e S o o & odr o o dr o F i o o & g o o & b o dr
AR N XENKNRERTYRERENENKRETYERENERERENFERENERERE T TEENFEEREEREEEREREERR o & o & dr o & & & & & & dr e & dr dr dr b Jr o dr & Jp e 4 0 b b K N
LR EEEEEEEEEEEEEEEESEEEEEEEEEEEE NN oo o o o o o o o o o o o o o o o dr b i & B i i i o & i o
B XNEXREXXRESYTERESXSLTRERENEREREREREETTREENENEERERENEEERN | ] o & dr & & & dr & dr dp dr dr dr dr dr dr b o Jrodr dp o dp o dr & Jr 4 4 dr dp i
AXXT I XEETREEEETEEEEE IR TREEREREA S ESTEERSERER . L o b e o dr o & o dr o o e b o b dr dr e & e o i K b o e i R
KX X KEREREXELTRERERERERELTNEERENEERENEERENEERNEERNRNEERENERER ERXEER L dr dp dp o & dr dr & dr dr & g dr dr dr Jr dp dr dr b e b b b b b A b b o
A XX XXX EXRELETRELTETERENELIRE T EEEEREEFENTESANEERER E N FEE EEE e o & & b o K o i F o K b F S o b & Jodr o dr 4 A b dr b & S
KERERXTIREIRETITEREREYTERERNEERYXESSTEOENREEEEREREEEREEEFEAREDEN m dn g dr o & b dr o dr o & G dr dr O & Jr dr dr & Jodr dr O dp odp b & O O b dr b o
XXX TR ITEXTRITFITEREYr I E T EFFTRENEEFEFFFREERFFERNR e drodr i O dF dr B o dr F OF & oF dp oF Jr op Jr - Jr dp dp ir i i O Jr Jr dp o ir B
R XK X ERERERERERERENERESYTENEERENERERERENERERENEREREERERERENRERNRN | oA o iy i dr dp dp of o dr dp o fF Jr dp O Or Jr Jr dr o dp e B dp dp o Or e Jpodp Jr o
X e R EEETEE AR XA ETEERRTIRXEXRETEERRETE X R PRI LA N R AN N A NN S S NN I N N A
N e N R O O L o e e W E a aEa a
R MCU a dp dr b de i d d dr g de dp ke b d d dr de b d ke d bk kA&
m a de el i e i i okl e dr dr i b 0 dp ke By i ke kb bk R
- = L N N N e e N
r b BB Rl dr &k dr e d & dr dp ke ke kb dr ke O ko ke N & Aok &k
B om m W B dp el i e @ X e dr dode dr e i b de ek Bl d dr Ak ik
N o e o N A
W B dr de b dr de d d dr g odr de bk dde d Aok bk ko & & kN ko
"aTaTy R L AL AL N L A L LN AL N N N -""............Jr.r.r....r....r....q_-_
1.__1._..h.-..___w.a.q.r...............................q.............._.-......t A& Ak kR
LI A M M A M D A N S D N I ol N E R A
P ko dr e g Rl e dr g e b ok dr g b ok g A dp iy e R N
L] L dr o dp dr dr dr & B b b b b b b b i N .r.-........l.‘ g by i F i
Br o o dp i dr dr i @ e e dr dp dp by i e @ 0 b B b ke W i & X X
S oa o e e e N el U
W & dr & Akt ke d & Jodr dr ke dod b b de b dr & B B R k& & kX
¥ i dadr i kM
H“I“I"l"l"H"H“H"I"H“H"I"H"l"I“H“I"H"l"ﬂ"l"l"l"l"l“ﬂ"l"l"lﬂlﬂ - “'Mil.I”}.Hl.Hl.”}.”l.Hl.”i“l.H}.H#H#H#H##}.Ht”?”#”#”&.”#”#‘ ' & .rl.....r .r.....-..........-..”
T REEXTREITERERRErTEREREENRRNRFFERES FERRENEEFEETRNR . o 4 4 dp dr Jr i ok b o o b b X X & b o i w.-.l..t.........
K REREREREREREREREREREENERETITENEERENEERRERERERER - dp Jr dr & i drodp Ur O e dr & 0 o Ur B i [ L
T XEREXTETXEFTRNEEREEEERNREFEREERSTRNEEEREERER & & & ok dr b b U b b B dr 4 lll.-. dr de dp de ddl
I s i A i
KEXTREXITRERERERERERERENERERENRERENCEREREREEFERERENECENEENERER .........-.}.}.l.}.}.}#}.l.l}.#b.b.#####l##}.# l_lll"..;..l.........-.. IIII.

& o o aror
) _-_.qH...”....H#H.__.“.qH...H...Hkn.._”:.kkﬂ.._.r...”tn#ut&b...tr#“
N N e N AN NN
P I A S S i tal i Pty P
' e ip i ey ..........r%tt......__.r.q....qt
ar

Cal s
e T oy
L e N N N W ke Y
A e R e e e e L e e e W e el

dp i i e ...k..q...rk...r.q.....-..._.___r
i
*

Rl e o e i e

N W Nl W
o

LA 4.-...&....___....”..1.-. N M N RN et R

REREITRERERELTERERERENERERHN
TERTEERETRENEERESTREEFEEENRERE ¥ i & & L ] I dr & dr dp dr o 0 dc F & b & N i
T e e e A BN s At g
EREREXITRERERREREEREEFRETREEBENEEREEENER g . Jr dr dr i iy R N ) &+ F ik b H N
I ERERENRENEEEFENRERNEER L L L . ¥ o i o LA AL N AL L Pr o & g dr ok
ik R R R R EE R ER KRR . . dr i e dp e Brodr de dr o dr dr gk g b P O N
FEERERAREREREEREEERER L e L3 ;t&;#;tMI o o
i R F FEEERFEEEEERNRNERERN F Y 1 . drodr a i iy ir &oir Jrodr B o Pl
L . A . L L] A~
e e e R . AR P o i N i e e
i . L LN LALLM AL .r.__....._..l._.,._..._ &
r I
- A i i e e B W e 4R

B e

F ||
e R

et
e e e

Nr

ll
e e

._.-..-.._1
-fll.}..fi'.ﬂ.'.fl..
LIESCO U )

.4.-”iﬂiﬂ._n.._.___14 L)

| I_i L, ] i"i"'“" i..-_

¢ W W
M

] x
o ity ........._..n T .........__ .-.I.._..__ e

e Ay
LRI N )
e
el et W
B A M
MR N N
Lk at e )

E N W N ™

»
¥
»

&
"
i
»
Fy
»
E L)
X
i

':
+

4
¥
L )
X
X
¥
F
X
¥
X
L
*
a»
L}
L ]
L}
rJ
+*
¥

x
.H.rH... e H-- H&H...“-_”.._“..q
e e
e
e
e e
i i e e
T

dr i i e e

»
>
xLx
.
*
xx
o
™

i

™
o
)
o
¥

¥
o
u

| ]
»
»
¥
»

F3
X
B
F3

&
i
Fy
»
»

|
¥
»
F
[
»
r

oy - []
ST & & ...l.-_

R R NN |

E
)
ENE N
X X X
EE
ol
L
X X

F3
»
F3
»
*
»

#\'

Tuly
e
I‘
. L
l-*l'

e,
)
Iy
F
L}
»

L]
&

o

s
& B

Pl
i i i i e
U e e e el ey X 4 Ak
T ...n.__.rh.....&l.........qn. “.._..1.5,._1.._.._“-..__~
e
e ettt
Pl N et
ERaC "t -
ur i
s

]
&
]
X
X
F
L ]
L}
%
.
x
L J
L]
]
"
L4
"
"
]

"
.

i
i

L4

[ ]
¥
X
i
X &
L)
E
¥
>
S L N
NN
L
! ¥

L g

I
e
X
»
X
™
L ]

L
L
i

ok ko kg

E ) i ol sl T
- ey dr R L

.........._.”...”._.t...._._....q....._....#..r L N e

R RO

& 4#..”&”-”...”...”.4...

b R e

)
Wi i W W e e W iR i
.-._-._....”...Hku.r”...uk#&.q# N N )
by e U R e e
WLE A e A A
W e Wi W e Wi e e e W e W e Bk %l ey

*

F

J,
W
¥
Ll
F o E
»

X X
Tty

X R
i
L)
»
A
[
"

X
X &
X X
Fy

x

e
e
Ty
¥

L N )
-

)
:Ir:l-:fdr
L
X
¥
X
»
i
e
LA A
¥

& i ek g & dr bk ow

S i F b aor
........I_.-..l.....-_.._t.....r.r.r.._n..
I

™
Eal
L
L
Ll
EL
E
¥
¥ XK

Jr
X
L
E

Sl
& & dr ko,

i
»

Eo Y
X X
EE
ol

¥

a_k k¥
¥

KR EET N

X
)
F)
F
¥
*

ax

LI ]

L]
LI ]

»
[ L
”.-_ ._,.H.qH...H.-H.qH...H.4H.4H...H.4H&H...”&H&H...r.ﬁ&“...”&”..r...ﬂn .-
) P o L o o e an
& a & .
¥ T e  am T T T o T
» S u N N L . *
t " e . “._._-.“4111.11.111..
w L F d omor omotoor o omoor o ororor ko w drod
» -“.'...h1.-.111n1.11.n.1k = F
L] - " rF 1 F 1 1 ®m o1 F @ 1 =
i - - P o omoa
. a g Fr o m
» x g oa rromoroma
¥ 3 A A A Y S R R Tt T
e S i iy MF dr B m g g e i dr O dp i dr de e dp dedr I.._.-_..-.t __...-11..1.11
Fy b e e e e e e o e e e a et T
. I T T e e T e e e e e e e i R i P i e e e e
" P T T e a aa a a ala al al t Aa e
..r..._..r....r....__.__.__h_.__...k.r.r..q.r..t.4._,..4....4.4.r.rr.r.rk....qk&.._.......r..__-_...t.-"_._iﬂ...r P NN
r I B At AL e M Al e AN N R
a e e e  a e D i w e w
[ R I T S e e e el O I R S R B T N W
B T N A T R T e e  a a a a a a
e T T T e  a a Ta e  rr de Ta  a  da e aeTa ny] .
NN A N N R e e e N L N N N T Py
I o om de dr b om de & deom deam o dpdp gy e e e B B e dp e O oy e M dp e de B peodp dp b b om oap . e o oa o
. P N T T T I T T N e o L
R N R T P R N e
e AT e e e e e e e e T
i - o Ll
Al M Je N Mt N a e

T e a e aar dp de e iy u R b W ey e ey e dr e iy e dp W de b v
R e ey e e ey e dp de A dr ey .
.”.”.u.._....._._1._......_.._.._..._........._.....4._......4.......4..........4..........4...&....................&....4.4.....1................._1._1._...1.....1“.”..1
P o N N e el ey g
mom F M bl & g de iy il dp ey ey dp dp dp e dp o dp de dp dp de de dr dr b B 1w
I R R i i e
P e o N N N N A A ]
. R e e e
. . b dedp drom 1 om o m oam &k A m oarde dr dp dp de o de dpodp dp de dp dp dp dp dp B dedp Jpode dp h dr ko Jr B a1
e L b i Ry row b kM ko dr dr Jp e de &y dp i dr o dpdp ip o e dp Jp i dp b b deoa a1
oo E A AL E aC A MR .__.._.r.r.._.r.._bbb.....}b.....;....bb.r....b.....r.r.._..................-.. ####}.}.}.#}.}.}.##.;##}.#}.#}..t}.b......_.r.r.r.._-111.
e L ...1-.................-..4....-..-..-..-......_.n..__.........r.__.r.l.............r.r.r.__............ Jrdp g e de e B dp de de de de h deom o= L
.-..

L g

iy
Jodoie b M odoao o1
L

¥
X X
E
L
Eas
™

L}

LT T T N N N N e N T g

. . i
L B L L NN L P dp e e dr dp dp g 4 e dr o A e dp dp de ) e de h dp dedp dp dp e dp e e dp dedp dede Je o Je ok r
aTa

m s s moa om o dp i g i dp
. T
N L N A NN M )
e N e
g e iy M a ot Mt P

T hooor . 1 e i P r F & & o Y
A ) N N R R R N K N N R R N
D e R T B e e A
b2 kowmor . . . .. m M Jp i dp g dr b b & Jr Joodpdp dp dr b b b & Jr Jp o dpodp Jpodp i dr Jp dr bp Jpodp dp e e b B or
B N R Al
e e e R i
ST el e o i e e e de b ow e S i e dp o e dp e e Al i d b N M kM m
T
n o dr ey el i dp e J e b w b e i e N b ki e ke g ke dp e M b ko
A Tar o e el e kR I i e e e e i e i e ke e a e

N N N R R A ) -
i

E)

X

Xy
X Xy

.
L}
¥
»
]
»
F)
»
]
)
»
¥
a»
F
»
)
X
|r
"
"
]
"
r
i
)
X
X
)
L}
X
X
L}
L}
L
L}
L}
X
X
r
"
"
]

X

- Nl N P e e H.........................rk.....r.r.r.r.._.r..

e sy -
. e R N N N T N
o A N A N A N R R A e a

e o b de o b kb o
N M e e

X

F3

s
i
¥
i

o
™

Ty
¥
r
¥
¥
¥
r
r

.
¥
»
»
B
»
¥
B
¥
&
B
»
»
¥
»
¥
Y
¥
X
¥

L
L}
]
L
r
L]
¥
X
¥
¥
X
¥

Y
X
¥

L
L}
b*
¥
X
L]
L
X
L}
L
.
]

¥
)
Xy

¥
[ Y

K
N N e

EX)

P
X
E)

F

F3

¥
ol
r

r
™
Xk

F
F
X
X
)
F
i
F
X
X
L
¥
|r
L
X
L}
X
"
]
L
.
]
L
"
L]
"
L4
]
L
"
]
.
.
]
.
.

i
I3

OEEEE X

ok R RN
»
K
)
X
X
¥
i
K
)
L
L}
L}
i
)
)
i
L4
L}
L]
r
r
L
r
L]
r
L]
.
r
r
L}
r
[ ]
.
[ ]
r

EE
Xk kX

E N
X ¥

a3

XX

r
e
™
'l‘

L )

L ]

[y

L ]

L )

L

L ]

L )

E

&

L )

X

*

»

L

F

&
4-:#
ot

»

X XX

¥
L}
¥
¥
X
¥
¥
X
¥
¥
L4
L}
L
X
L]
L
"
¥
L
L4
¥
"
r
]
"
"
]
"
"
]
"
.
]

F

* L}
R N
xx
™
r
i
™
i
¥
¥
r
¥
™
r
L4
L}
r
L}
r
r
[ ]
[ ]
r
r
r
r
r
L}
1]
1]
[ ]

X X
X &
»
X

3
L
X

»
X
¥

¥
i
x
F

X ¥ :

RN NN N N

X
)

[
I

B T i I S i u s
B L o N e e e e e R g g g X i ke AN
A T U U T Ty e e e e e T e i ey e e ek ke N
R R R N N N NN RN RN
N e M e N A T N s s s N N
Fa e e e e e
B A e a A s W P RN I
e T Ty L I Tl el el e S iy
....“..r.._..q.__.._._.__..q.__._-__-..__. ML A Ml M e N C N A M NN LN AL N ....r...................rt.r.r..............r._..r.r..........._...1...._1.__“-..1.._.._.._“J.
T o e T e
R B N A A SN
. B I o it
T e T T T L
N M A A e e e U e e e e e e ke b e bk ke kA
Pt om oar dp dp g b e e e el by M B M dp gty dp e dp A e dp dp dp dp dp e e dp dp dp de dp de de de Br dr dr bk 0k Jr o dr om M b b b o b M J b Joom b om o m o a m
e e T T T T T araE P
L e e e e e e e e e e e e e e e e e e e e
. i T T T A T i T
P e e e A N sl s el
L N N o S
N L L e e N T T e e e e e w a a a
L T R e T T el i e e R P
N M e e e e L I I T o L I T o i St A
T T A i AW i i i e A e e T T e e e e e e T e e e e e e
Ay e i T T T e P N NN A R N N
T T e
B e g e S T e e e

i
St 11.._.l.._......-..._.l....l.....l.-.l..-.i.-.l.....l.....l.....l..._.l..-.}.....l.-.l..-.}.....l..-.l.....l.....l.....l.J.#J.l.}.l.!}.}....#}.#l.}.l.#}.#l..r.r.r.r._.r.._.__.ni.._.r.....r}..r.._..r.r.r.r.r......_.r.r.r.r.r.._.r.r.r.r.rn.r... S L L -h.r......_..._......_..a.h.-.__ 1I_r}..r.._... i ll."kl.-.
Vo P r woar dp @ O B ok M dp @ i o ok & ot & i & dp dp dp & dp dp dp Jr de dr Jp O Jr Jr e a o a v oup Jro dr Jr o O Jp b Jp O Jr O b - b b b & b b b a & mw o am b b & b h b b oa boa khoaoomowr

a ar rom Jr dr e oF 0 dp dr o B F OF o & dp o e dr Jr dr dp dp dp dr de dr Je dp b 0 b U o a ra h Jd i h bbdh h il i NN
oo rodrdp Jp N W i & B o B i i o dp dr Jp o dr de kb de b deode de b M b Je b o P I A A T e rrraakraasnrrroarr

et . e e D P PR T BN T el B M T LI Vo .....__.r###}.b.#}.l.##?#}.#}.#}.#}..r}.#}.b.........__.r.r.r.r.r.r.r.r.._.............r.__.r.r.r.....__.r.r.r.r.r.._.__.._.r.r.r.._ R N R T N T I r 1 = ar mom o= mrFrLrorE
a & r 1 or o . a - r - ror Voo . P

i »* - PR & L b &k oromo roa PR B I I B S A e A A A R R R
Ml i i'l'il.ri...i...i.-_i....l.... i}..-l....ll.l.._l.-lll.... B i . A Ay

e A m
.””...""".."""""m. - ...".".._._.
e e =

S

"

Ilﬂll.!

Sty

" IIIII III" I"I"H”v.
X N

pema et
e m e

e Lttt

e s
; IlI-.II "lll"ﬂ"ﬂ“
o e
. . R
e At

|

L k
S

bt
; l.arnx u.fxaa“x”f.:aﬂxr? . .x“l
. ) A L
| .I _HI
i
Syt
iy |
R“HHI
L Mg A A

i iy
Mr.u.r. x“u_. k ”x” |
HHHH Hﬂv .!RH!HH
M N M )
A u_.v HHI X

by x

»

M

i

i
ol ?l'"'?l;ii"i!"ﬂ i i

1l |

A

Ll
A
Hﬂﬂﬂ*ﬂ ﬂ
““ﬂ”x”ﬂ H“ﬂ
RN R
E i i
Iﬂﬂﬂ"ﬂ L Hl

|

i .
xnun”x“nﬂu )
a .r.r.nMxHv_Hv_“xwi“..”a“a“x”xrxrv !
LA A T A
e ]
I
L \
A A AR A
A I \
A N
o A e ]
e e
o, ]
o e e e e K
NN I \
A 0
A A A A ]
A K
ol 0 i \
R
M N \

i
P
X
i)
i
i
AN
i
XX
M
x

x i L L] ] . LA
..-”"._._._._._...-_.-_ - R - . o
t.-..___. L0 N ) a i ki N N -
..._.'.l.l._ ..-1..-.-..—..-..._..-_._.-_-.-._.4__.-.._.-.—_.-...._.-.._....—.l._..-_.._.-.-.-._..-_-.-.hl_.l HFHH?HH.HH?H?.. e




U.S. Patent

Jan. 28, 2003 Sheet 3 of 8

T T r r r - - L SR | aq = o m oap o o oo T _— N - A o .dl;#-r""' -
I L L R N BN N ; L WA L ) ) W ; ) |
R R i ) WA ;
L 2ol N

e N N e N e
) b ]
] i R A ‘F
: i g e i
e o e S ; i
i X LA Mo
R TR AT, o

¥ A W3
i
"xxa:":"'x”x”x:!" il':i':-:'

2

SR

r, l.

A
AN
E i i i
A I"IHI'HHIEHKHHHHHHIH

AN A X X 3 k L e A '
M e e ; 1 1 d . d i
I ] h + ) M : el

M 'Iﬂ.:- nﬂxﬂ;nﬂ'x;x"xxx’.

] :x:x:n:n:x:x:xxnxnr s

I i i
B o Al e e e e e
T N

e e i

e

H
-
k]

LN B E R R E SRR EEESEEEFEEEEENE R

u

I-l.I
N N .lx.lil:l ]

IR R EEREE SRS ERE NN NN
L)

A
-
- -_._-r.p_-l-_l!_-l'_‘l'

Vgt

F ]
G
- !H!Hx?!-ﬂ'
-
N
ir i
L | _"_!_l_i'
IR

IEIIIII

x i i
' F;.
etetatetatbete ettty
H"H"""‘,;”,;"E F Hxll' F.l"' r _

e e o,
M e o A |
A
A A A M A MW W
a"xxnxxxxxr"r*:k:i;x E

o
.l

r
LR X

:ﬂ:l:ﬂ:!:ﬂ:ﬂ:ﬂ:ﬂx "H: ]
Hxlxﬁnﬂiﬂxlalxﬂxﬂxﬂxxa

IHHW!

L3 "ﬂ*n:a!:lh - :l:!xﬂ;l!" HH "
| lﬁ.ﬂx!'x'a:r:xan:c:q
e e e a o
-] i i
i i I
i i i ey i,
T
M P L
A 2 b W
L i i !HHHHHHIHH!H:H!

Hil' I

BN N N N N N XN NN
L B

i i

=

xh!-?! E
b
HEHHH’H

£

o A
H
|
H
F
F
IHHRJ

R
'H;?d' .
i

a
LA A
o

x
g
S el M 3 T N ! L]
g e d 3 W ] 1 ¢ ] s .
i i i ik i A L R e e e . : il A
i) ¢ . 1 ] M '
|
oA AN
i i
Mk AN AN i
A A A
e e e T
A A A X nnaﬂnﬂﬂ

A
]
e

B
:l'xn
LI
N A A
B
b

-
; A
F I L RN
-
ol ok A
I
F
F

LC B
e

SR

|
'{.x i
o e
..- .'b_qn.'_

. |

¥

XE
.5-:-"'2:1"-" -m

N L
KW
K K :'ll;i:
T A

3 X

) .ﬁl. 7

N xxxx' X,
X,

E = .
a x“.:
X,

!.
.
M
A A

[}
>

L L
W = A
i I
o,

T

e A

ol R
M A i
e e (gt

LT
iy

&+ 4

Yoo,

MM A A A AN AN N
"I"H!Hxﬂxﬂxﬂnﬂhﬂnl |

LN
AN NN NN

e i ]

L A i
l::ix"x‘xxux_x 1

i A A
T

x ?dx?di?d x
] H.I
-
a

i

xl
IIIHI‘HH‘HHH‘II!HII

-]

L
X,
X N
)
b |
A
MoE N NN

xﬂi‘?ﬂ:ﬁ'ﬂdﬂl o N M M
L 2

X
X
-

-
M N A N

o W

i

i A WA A A
iy

-
-
X
M
IIHIIHI.IIH

o
N A A A
2 ™
e
e i,
W NN
o
o

|

2

|

M
I,

k|

b

]

-
IIHHIIHH.IHHHH

H

]

H
-
M
Al
AN
Al
l_A

Ml
FY

e Y ]
k|

N N N N M M M KN W
L » .
.IKIHIEI-H

Wt

L ]
*%en
o a.‘.

US PP13,524 P3

o OO S L
e iy i i
M
i H’H’IHI!:H A
e

2 2w, %)
lxl:l-:x::‘l!lix e

Wi

x

el

R,
X
o
K
x
u
)

o ]

R A

X L,
ty
T

o ,
1 lx::'l
.i‘!

el

) .-e_.?x .

k| H“l -

N K ¥ N KK KA

.

)
o
X

| x.p'
L

-
e g ]

R

Hxlxil

xx:::all XA E X ¥ N
o
-

F
k]
]

X R
h.i!_:!ﬁ.
xx'u' xh
L

N

"
A

Tt
KA il

X
o

o N H!i!

oo N
ety
F

_‘-

N A i

xxx_ix!uxa":xut.t" :
%
L, |

l:l:.l- :x::?‘:xl a

W
oA K K
oy

s

&l
k]

I |
A
oA
XXX
N

X,
3l
‘111:1#:1:#:1:11
NN N WK
] ‘rf‘xfl*:e‘:"i'-:x. H », 1 o 4
Wf} L i

g

o g
:.-5,1-.1::!.1
)
P i i iy
X !fxxnxxxxx' F

H
k]

"
X "'Ix?!

o NN
L |
'
':1::1'1r:¢
B,



US PP13,524 P3

Sheet 4 of 8

Jan. 28, 2003

U.S. Patent

.u..u..u..u.. Ko N N & NN N

Mmoo A A T o e

R
T o o r.r.wv L

IIII HF”H”F”F”HHHH “HH
N A

L i
.HHF?FIIHHHF
HHFHFHH FHH

W N
AN ]
T T X W,

o oy

L
RN x‘_#"' ]

]

EH"H’H

X F!Hl“il:l:.-

]
A

N I N |

-
Hx?d?d?dh

N
S

HPFF.’.HHH.’HHI 3 E N

Hu_.u..u_.!xv.

X XL N E
E K T X X

.. "x“anxax”a“x”xaxa ax“xnn“xxa“xa __.x
R o Mo MK B B Koo Ko o o o o
N _r Poy ﬂu.x vgﬂ rvrv.rxrv.rv.”xwur

x

]

x
PHP

b

. iy o

.xrrxxu_nrn .xr.”v_. . Lo R R ; N xrxrxrxrxrxnu.ru
- ey : EE

Hﬂ"ﬂ!ﬂ.ﬂ.’.ﬂ”ﬂﬂ.ﬂ“ﬂ b . . .l 1. . '

™
Al
E Y

Hl!
b

b
i

F

F

A L
M N B

a
xl

£,
o

A

XA
! L

-i"‘gh’" ;

oA A
A

[

-

i

?ﬂ?ﬂ
H”i!x
AN
B
[l il ey e g

FY
i
k]
IH"HHFH'

>
]
-

Ix?'! Al

)
e
.

EY)

2ol
Al
HE:I!

e g

e, ’ . ; )
ll e o ’ : X
A i
xnxnxaxnnrxrxxa“uxu“rg N o .. H )

E IHHIIHII

FFPF#H.HFHHHHI X

H.H_H.

KR KX XA H I
FHH?IHHHHIHHHH |

|

Al_Al
HE X A A

M W NN
II"I-IIHF'

ll"l

a

A w
rHv.”rHv
e
oy
R
"

A K NN
MR N NN N ]
H.HHHH.?H.IH.PUFU.HHPU.HHHHHHH Y H - ! KERK MK lﬂlllllﬂ

.r...__r.v____.v_.l.u_Pu_.___.r.l.u_.l“v___.v.l.r.l.v___.v“l.u_v_u. l.l. i .H.FHU.HHHFHPHHHUHHHUPUFU.FUPF.—.U._

4+ g r kAR 'y - = - =

LN L o .._.J.-_.J.....ll.lw..li.'.l..l..l.

“,,",”.",_".“., o

¥

Fl!-if.}

>
X

- [ .
- - T o = = = = = = = s -

o

A, ol ; : : : : : r....v u.rrvrrv.rrrrrrrrurxrrrrtrr”rrrr
, , i A,

M
XN AN NN A

EY

k]
>
MR
x

b |
.x!?‘?d RM .-:":1”

]

F
"
”,F,H,

- Pyl P P ! A oo
e

F
u...
Ll HHFFFF! PIHPF

X
]

. Ll . . ol ; ] ;
.u_.r.uxxxx R “xrrrrrxxulxrrrx:rr u.r PR AN RN N N RN, axru.rx. xxu “”ln xaxuin:.xrxrx ) A n
HHHH A B A X X xR X R X T A ol

HHHHHHHH” ] N E XN A RN A M HHIHHHHH ] C |
a ar kol .rb.r.r.r.rb.*f.rb.b.b.b.l..-.?.r*.rt.r.r..'.b.b.?.t?b.b.b..r.r?P?rkhkkrfkkikrrrb_* e oE ok e




o
e e -
-
o
...14._...___._._._..._._4...._._4.__.
”.4”&“...“.-_ .4”.__. - .4”.__. ol .__.H
N A WA A At
AL AC Mt Al M
AL MLt MLl
AL AC I
s

"

F']

.-._._._..H.___.___H.___
Ll )

"+
a0

i
NN
i

F3
L ]
L

N N Taty
._,. ..q i *4*4...4.4....44...4...... -y
R
Ll o W
E o
Ea s )
H ”...HJH&H...H...H.q”... e AL
o T R e &k
¥ A dr e iy iy eyl R
Jodd k kA kN ok kg k ok kg )
o N
ATy ey iy e e iy ¥
Eas I d ok a d el e ke b
dr dr dr Rl R e a e e e i e i
Eal B
Iy e ey dp ey e b d ke de e dpdr ke
i o N e
ATy iy e i ap ey Ly e iy
A e e e e e e e e e K e
e e e e e e e e e
N kSl Wl
iy ey e i e eyl e ke
Jro bl e el ke o dp AR A A k&
O N Nl N )
¥ N

F O o o T AL i
i L)
ir

)

x'x
it
L
L
L)
Lt )
Eal )
L
»
»
»

LR C L 2
AAE A A

ar
o
o
o
L

.._.
K e .....4.._.*....
iy
K
i
™
ol

»

Ll
PSS
X X B .
a-"a-"a-q-
a3
Fy
X X
Ut )
»
X X
FY
¥
FY
)

T

[
*
ar
ir

o T
i
P
¥
i
¥
L)
o

F3
X

R K

F3
5
¥

&

LR MR
»
»

NN )

Iy
X
L
X kK
e
L
oy
»
5
»
X

i
KA AAX NN
............t....r.q...&....q.........&........n

[
I

I
»
X
X
X
an

L )
L)

O N )

[}
[
*
i

F3
X
»
X
X
F3
[

N
ey

Jr*i'*l'lrlrlrl'lr
LR L NN
L o )
X

¥ W

X K

EaE )
44:4-;
Pt M

2

-

»

o

»

»

¥

*x

O N

»
¥

)
o a
[

Tty
¥

EEN
F)
»
»
»

N I N
A ke dp ey e e e ol Pl
] o o

X A e e R U e e e e e W e e e .__........
.T .T

L
»
L
»
»
»

»
e
NN

XX
x
R

ir
ir

X
X
¥
L
X
¥

XX

i
X
a
F
L
o
i
X
F)
F
x
F
»
FY
X
L
X
¥
R N e W)

e
[
-
L e NN N R N )
»
»
x
X
X
q-
»
5
»
X

L]

F
iy e e e el e i e i e eyl O ey dp e iy iy e e

N N RN g Pl )
0 D N N A R AT NN N DL T N e D LM NN L
._1..1 .r .._.
.-.

»
¥
F
»
»
F)

¥
[}
i
ar
i
¥
ar
i
¥
*
L3
i

R R e i

i
K ixx'y

»
i

i
*
»
ir
*
[}
k3
*
ir

L
F
E )
™

¥
»
P
»

X
»
x
P
»
KB F R KK

EE R KR N X N N

EN)

o
T RN M D R M N

Pl
»
o
»

'y

i

ar

X &
e ae e aa a a
...r.q&......r._,......._,.r.r.......r.............* .q .q......
.r k.,_.
.q...
.-.

»
-

)

x
»

o
At
*iaTx
S
-
oy
-
¥
5

L]

....
....
.._.
....
....
.._.
R AR N R N R N R R N NN R NN
LA NN R 0 O R N NN N A M D S LM

ir &

Y

T

"

E

|

x

»
»

i .4”.4“...”.4”&“...“.4”.4“...“& ML _-_.__.
L N ey
L)

L)
»

[

X X
X NN
)
L

L ]
L
L ]
| ]

i
X ¥
i X
L)

i
Fd kN ok ke bk ke ke b kN Nk A AR .._..._..__..._..._.._..._._.4.__..4.4
Wl e e e e e de e e U U e dr i el ki g LA )
N o ay S W
e N W N N e alaE wEa a &
R e N -
Sk Jr drdp dr O b Jr & & Jr & O dp & X i oW
e N N W
dr A e A .t.r.r.r.._..r.t.r........._......._ .
N .................r.._n.....r .__............__....__ o Ol Sl Sy
dr o Jrodr dp O e O dr dp o J0r o & Jp A Jr
N e g
R e
e
L T N N
..........r.r...t.r....r.r....r.._....r._._n
S dr d de de dp Jr de & Jp Jr A & O 4 Jp JB 4
[ ol e T T S S S S S o e
S
N N N N
w e e aa a a a ae  a T
& m e Jpok Jr o dp dr S dr Jp Jp Jp Jr dp b o R
PR N N
a h droa drodr dr b drodrodr drode h dr de dr dp o 4
P
P T S e e T T e S S Sl S o
Jrodr dr dr dp ooy Jr Jdr e Jr o dp Jr dr e Jr dp o dp
&k Jr Jdr dr k& Jr Jr O Jr Jr e Jr Jr Jp Jp Jp Jp e
N e )
T I T O et i el A gy
.........__....._......__....__.__.r.!.....r.._.._.?.r.r....r....._...r.-.

R T NN M

NN N, o =
el t..._................._...a...._._...

x m e x r il

x x 2w w A RN e e a a a a
PLPCION AR v x e i LML O X o
T LN I R R, xrrxanxxnrunrxnnﬂxnuﬂv.ﬂr
DRI R K b R R R KRR N RN
...”.r._...,... FERREEXREXREZER XXX XN XX XM

F3
*
L ]

H “...HJH...H...HJH.._H...”JH;”...”&H;” ” *

L R R R N
O 3 R N N
.4_—4“...”&...4.4....-4...4.4....4.4...4.......44...* i oi &

»
P
F)
F

X
»

F3
&
.-.

-
»

E)

oy

X X
N N )
»

X

US PP13,524 P3

»

A A
X
5

E
L

-
.-.

|
F3

2
L sl ol
i

»
e N )

|
ENM)

L)

i |
M N R N )

A e

E R e N )

g AE X A N
F)

I"HHI | HHE o ?l |
il'ﬂ l!

e e

HRCR R R R X R R R R R R K R K K

R N N RN N N NN NN )
L)

A
R N N N R e

Eat
e e

i »
e e e e i

o N )
X
i
i
X
x
a
X
»

kl‘kl‘kl’l‘#kl‘l‘l‘l‘l‘l‘###l‘#

F3

)

s
s

U SR k0 Nt e o N R )
e

F

¥

¥

¥

¥

Fy

»

¥

n

&+
»
»

Y
A i e e iy e e
A R A
-
'Y

L N S N N
»

¥R K E K B NE X EE N NNk
L

....
*
L3
[3
*
ir
ir
ir
'3
ir
ir
'3
I
ir
L3
ir

X %
i X

)

Ca)
e e e e e e e e
i

&
I

*
ir

X
L
Eal s
F

Y
dd b Rk kA Ak k
i Eal
iy iy e e
.4H*&...*&...*&...*&..r&...f#.qﬁ....-.-
....

oy
I _dr de i
A ko
e

i

¥
-

»

5

LI
™

P )
i

XX

i

Ty

&
[
ir
X
ir
*
X
&
ir
ir
i
X
X
ir
)
X
ir
X
¥
)

o
x
Pl

r
LA NN

i x
o
I

ki

e
s HIlIHI..ﬂllIlIlIlu..HHlIl!ﬂ!ﬂﬂﬂﬂﬂl?ﬂ!ﬂl?ﬂ?ﬂ?ﬂ.ﬂv H
F

F
F3
Fy
IS
'

»

LN

PN )

)

[

X

x

R N R N
¥

L
I

»
NN N )

U >
¥

o
r.rtH**._,...q#..qa..naH__."n”x“x”a“annux”anxnxnauxwx”uﬂvHxn .
i I

i A xuanxxx:nananaxannxnnrrv.x o

ir
ir
ir

»

i
”...H...”...”... ....4”.__..4.__.._...___.4
A e i
ok d &k &
L el )
Ea
Ll
&...H...H.._H._..._._
.......4.__..4

Eal )
ety
CaE )
B

»
Fy
wxt

U

A-Jrl-a-

P

q-q-ar

X
)

ety

Pl
E

L]
s
L]
[

Lt N )
i

N R N N )

)

1)
I N NN ML NN

LAY

Xy

o
X
[ ]

x
i
I
q-
o
¥

i
ir
I
i

¥ X
)
»
L N N
™
x

.-.
-
.4”.__.“.___
Ll
._._H.__.H._._
)
i
*

*

i
I
r
L

o ...H...HH
R

Ea)
L)
L)
Ea)

™
Tty

¥
r
¥
¥
r
P
L
¥xt
4‘4‘4!44‘4!]‘

o o

o

I
s

o
r

X x
S
»
EE ko f aF al
NN
Fy
»

)
ar

i
Ty

o
P

L]

Ea )
P

E
i

.._.
........
Fy

x
i

»

™
LN )
Pl
¥k X

i
i

™
&
e e

™
e

o
T
ir

)

*
)

N )
»

¥
ol
g
L el )
X X
L

L

ot}

L
»
X
IS
i
X
IS

T

F
PN N

¥
¥
Ry

i
)
ir

e N )
A L
Iri--rqnl-

¥
P

o

.-.4”4”.__.”..”...”._1............ Eaa o 3y
W e d e e ae e ie a kR
P M N RN N R N NN

r &

e e NN P ST N N N T NN ME N
......_..._..._. .._..__.....
| ... .4

Py
PR LA et et ol oy ar T T e T T

e a aa a a ’ B Ay A e e i i e ey i e e x i

e e
L I T vl I e I i i I R o e g e

O A A B N A e e

a»
F
X
X
)
»
Ea)
F3

»
LIC N B K

(S
i
X R kxR
X
i X
)
'rl'*_l"rl'*#
N
¥
X X
»
x
¥
»
F
»
Fy
»
¥
FY
Fr

»
»

L S et o )
»

X
[
¥
i
X
x
i

e e
»

KRR K K N KK
™
Fy
I
x

¥ X

ary

i

»

x

»
X x
¥ K
X X
E)

¥

x
¥y

»

»

»

X
Iy
X &

P
A
EaE N

)
XX

X

i
EaE e )
o
X X

P
Fy

ir

F3

)
ar H...
A

ot o N N N N e o
x

-
&
i
*

i
»
5
i*##‘bt

x
¥
»
F
N

RN NN )

i
i
»
¥
»
L

-

L}
)

Iy
i
x
Ll
F
L
Lo
Ll
S
)
)
)
i

*

)

*
&
[}

¥
F3
¥

0} L)
w

Ll
Fy

xR
Eal )

-

[
a
"+

Ea
X XK
I
)
Pl N
PN
Ll
X
P
'y
Ea
»
e
»

LN NN )
»
L]

)

)
*
i

r
Ea)
Fy
Ea )
Jrl'
F
L)
X X XN
L)
» X

s
P

L
X
* x
L
L}
1
X
L4
X
)
X
X
L
r
]
.
L}
L}
L
"
L}
)
L4
]
3
L4
L}
L
L}
L]
I
L}
X
)
L}
X
L
L}
X
X
X
X
L
X
X
)
X
ey
»
IS
XX
q.
i

L)
'y
L)
E)
L)

' ll
o b kb b h b a s oa ]
Bk h a ks ks d o
n._..._....!.._.r.r.._n.r.-.ﬂﬂ
- & & b b &2 = & & b oa

i'd
o
?lll-i'l?l?"
A
H
)
i'd
- 2,
i
i'd
]

ol
...“...H...“...”.........
AL NN
e e
G e
RN N
B A
A
R e e N N e al x> EE )
dr dr dr dp d ap gy el ey e R e U e O e a0y oy e e dp O i e ey e e i e iy
g o
e N BE A0 NN I A N AL I N N L N M N D NN N Nl NN N SO M N
A e e e e e e e e b e b e e b e e e i e e e e i e e e e e e e A e ¥
W A e R e e e e e el e e R U e ey e e e i e de R dp e e ey 0 e e iy il e e e dp e e i 0 e e
e e e A A e e e e i e i e e e e e e I e e e e e
B d e e de dr Jrode dr bk e de b b b b 0 d Joh b oo deode Jpodp dpoap Jr de dp o Jp dp o de dp e Jp o de de Jp e e Jp dp de dp B Jp F dp Jr de Jp O dp Jp dp Jr
! L N N N N N I o R Tl ol aal EE  al
A e e e e e e e e e e A e iy dp e e iy e ey 0 ey Ry il e e e e
i ) o L o L o b b e h o,
| 'l & dr Jdr dr dr & & Jdr dr b o dr Jr b bk b i a b drodr de de Jo b & Jr dr ip e dr dr dp dp dr & Jp Jp dp dr i dpr dr "
i ) ; A I e S araa a ;
A xu..v 4 o I R T I I T O o O N et o o) ...............................r.................. ok
".’.‘"’.!’.’. dr dr b b g Mk M b b bk h bk b h ok ik b h i iy ko)
nnwratrrrr

ii.r....._i.__i.._.r.._.._.._.._.....
RN AR

F

»
¥ i

¥ :*:;r L)
L)

.
Iy
-
Ea )
Tt ety
.

F
¥
F
»
¥
»

I de U bk d d ek

R .._i.T.l.._.__.._-.T.......T.;i.__.._.._.._l.._.;..__.t.__.t.r.;..r.lt... ._1...l..rl..rl..-_....-.l.ll.!l.?}.l...!l#}.b.}.l}..r##.-.#}.}. I ....” H

WG dra aar ik
! Sl .__.._,...q._....q..........k P

. R e A N N NN
; iy e e i i

o e e
N e e iy i

NN .._..._..._. i .._......._..._...1 ......r...t.._.....r.r....t.._....t............. el

a &k om Sk S bk Jr d Jp Jp dr dp & dp g Jr &y Jpr Jr dr dr Jp ddp dp Jp

BTN MR A a de e dr de de e de Ay

s a .1.._.._.._.__.._.__.._.._.._.._tn.....r.....r......_......r.....r.....__.....r.....-.....r.....r.r....r....r.._..r.r............._. P
P N I T T T I Tl v e i i i i e i

F3
F3
F3
»
¥

F
¥

EN N N )
¥
FY
XKy

»
P )
Fy

P

)
x
»
i

EE L
Pl
Pl

F3
[

Sheet 5 of 8

i
X K
EE

Fy

F

¥y
N N )

¥
¥
r
r
X
™
Iy
r
:4- o
T
A
¥

»

L r
; ; ; ‘ e e
. ol
. . TR .w....r...l.r........r.r....r................... b
; T v a d dr ae pae ar ko ;
OF & b bk ik kh kA
A . g i ik kCd i kX kR
P o .._.__ l.r-.__i.....l.-...r....r....__.-...r.....-...-..r}..r....i.__i.__i.__ih LN b b.rb.-...:..rb.....r.-...........:......r.-...r...........}..-.
..-..-...........-..t.-.......t.....r.r.r.r.r.r.r.... oW d b oa s a hom ok oa ‘- W A 4 A & A dp 0 dp i 0
; TR iy * W e e
’ L e ok

P!b.r-j..rlrl.rlrt.rt._...r
a a2 b b b b &

T e

X

W
el
i b dp b odp e
Lo
o A r
e e e e

I

™
B o e e T T T T
) I e e r

RN M NN .__........

L}
N
X
X
)
X
L}
F

i
iy
¥

ey

L)
"
A
ey

I'
'rJrir
'rJr

5

“uy
bbﬁ-‘.
r
[
™
r

L

L

h
L)

r
»

X X ¥
I

)
X

i
&

i K

)
a s i.._n.._.r.._.._.__.._.l.._.__.r.._n......_.t.-....r....r....r.ri.-.......r.v.r...t...........r P
R T e S S A R B o S iy el

.
r
.l

[ ]

.

r

[ ]

r

r

L4

.

r

[ ]

r

r

r

r

L

a2

)

r

r

[

L

L}

)
:##l‘
e
»

‘I'

EES
[ ]

)

¥

»

)

o

P

Ea

)

¥
P

N
N o
X

F
NN N M

»

.
L
L
]
r
¥
r
P
s
s
L]

X
"ataTaa ni.._.__.._.r.l......_.__.r.r.._.r.__.r.-.r.v....v...........r.....v......................l....... i & i
4 &k bk h kN J o J ko bk oa b M doddp dp dr dr dr dr
B A b b aad h bk da k kb h b b b d bl dd drd i ¥ ko
kb a ks ko ax sk kb dr h § & d d ok i dr dr dr &k i
2 a 2k b bk k ko bk b N dr A dr o de dp odp i dp dr dr dp dp dp Ao
A Mk ek a4 M droa b dr de e b e e e i e
n s kb sk ar hoad bk k4 ko b d S de dpode dp dr dr dr drodp dr dp dp i My
B A b e ke 1.1.._._1.__..1.._.r.._....r.r.__.__.r.r.r.r........r.r.......r.rt...t..................l..-........f......... PN
T S T iy

h.._h.._h.._.r.lhi.._.-.h.._.__.r.r.._.__.rh.._.l.._.r.r.r.....__.t}..r....r....r....._.r.rb..._}.r....r.r.r!.._.r....}.j.}.....l.....}.}.}..-.l..-.l}. & i e
e e w T et A T e A N N AL AL M N L A AN
P R N N N kA ol ok W)

¥
)

»
)

F
+

.
"
5
]
"
.
]
L
.

¥
"
.
]
"
¥
]
"
"
L}
"
L}
L}
L
L}
L}
X
X
X
F
F
¥
F
F)
X
)
X
¥

L
L

Jan. 28, 2003

R N R o N L Ml e el
W T T e .r....r....r....r..........r....._..r........r....r.....................4.........................4.4...4...-.44 .
s e e e e e T T T o i T T T T e
D N R A s S A S
A NN N T N I T T I B O o o e T T ol T o e o A i i e
M aa .._ a2 a xam .._-.r.._.._h.__.._.__.._.._.._.ri.._.__.r.__.r.._.r.._.._.r.r.-...........r.r.r.r.r.r.-.......r.r.r.....r.........-..J.#.#?!}.J.}.}.#j.}.}.l.j.}.#l.j.l.j.}.#l
P I R N N e L o

P e e e a2

- * - b - . - - - * L[] - - - - - L] * - . .T“.r * .T”.T“.T”.r ”.T“ .J.”.T”}-“.T”.T”'“ .T”.J.”.J-”.T“'”l-H}.H}.”l.”‘.”‘.”‘.“‘.”‘”‘“‘”‘“‘.
o ek a

A N W ke M e el e R A e dp dp e i el e

e a T
O I T T I T e o oy g S
R W e T T e e L A A e ]
N e I N A x -
e b b A U e e e e e
P S S S S S S e S S R [ e e i
P T e R e e T A T e B e e e e e S I o T i e
b e dr ke dr kA ke dp e e e dp de e A iy Ay
e R e N I Tl S e e e Tl Sl S Sl S
AR Rk kA Mk de dede bk k& A A by

n 4k a o d b h ok b S bk ko J e b J b M o dp & Jrodr dr ir
Bk b bk bk bk kot b d iy ik ¥
P R A e i Uy

R it .........__ .rn.._.__b....bb...b....r.r.r....r.r........;.................}..-.....

n s a h oa k koo m ks d kd ko dd b & bk Jo ok Jd b d i Jod it droir
2k h ma a w kh ko a bk b oad j b kb Mk S dod i droird it & & & & &

L . .._.._.t.r.._..._.r.r.t.._.._.....r.r.r.r.._.r.r.r.t.r.r.....r.._..1....._..._.r.rt##ikt####k###&.&l.#i&.—.&##
M S N N T R o o o N N T S )

i X
P

waty

& ar L0 M
F

T M M MMM MMM
* L)
N M M N,

Y
L)
L) L)
L)
-

.
r
1]
rl
r
¥
r
]
r
r
]
r
r
\
r
r
]
¥
)
M
i
X
:JrJrJrJrJr
*
X
et
EY
4-:;&
Fx
5
»
*
5
»
L

ar

"
.
]
"
"
]
L
"
]
L
"
]
.
"

¥
"
L}
|r
"
L4
]
)
X
¥
)
»
)
»

LRt g
4-:;
¥
»
»
»
¥

T MM M RN R

L ]
L ]

L

L N

N a =
& & & = & & a2 & &2 2 & & &8 & o a sk =k s &S
-.l.r.r.r

U.S. Patent



US PP13,524 P3

Sheet 6 of 8

nHH”r.Hﬁﬂﬂﬂ:ﬂﬂﬂlﬂlﬂlﬂﬂﬂﬂﬂﬂﬂ?ﬂ ~
T
O )
N
)
N
EL
i

i i
»
+ B

rx

R I R N R

o,
a a

»
»

[
X
o
o

o

)
.ri

ax

ir

-
~n

o

)

)

a a doa ox &

n.__
B Ak Ak

S M A A s

- I.!I.”.._.r . [
. I !

-k ar oa i M r
-

L]
LA
P

Y
LR ...u-
Howox

Il.
&
ir

L) H ks .

PR R Kk

LR Y

RN O I s

a
ax

)

Ll
& &

L

Lol o

-
-
|

ﬁ.-.. F _.-..... -

-.1‘\‘

i
e

.
o o

“H‘IF! o

HHHHH"I"
ol AN

il!ill' M A

b
|

M
i

Y o
.u..ﬂaxur et

oy [}
2 L F ¥ .
i
N .an—.nv._r“......._.q....r.q-

-.ll_ ]H. ._.__.l.-. i

; P L
- L
o .-_l.-. P,

- &
X h..-____,.._-q.ﬂl

>
L ] || &
. b......__ﬂ-_ﬁ r...-.l....l...l.-_
4 4 =2 5 Fk r B &
3 ___..r.r....T.li.._.__....__nl..-.l.ll.."I
- s 4 b q - &
koA F l".

I
L
u*

A . .l.r' B oroa .__
N ln”rﬂ.._”l .I...ill..”l”...”.-..-_.-.....l -y
" N

._._.-.-l.__ .._.”_-_
o
w Mroa e r

F Y

- AT

-

...l-.-.r......!..._-..._......l.l

-

" r .
& i &

[ 3 I_V"...".'l .'.I

E I
Ll

-.
- .
A
oo

I

N

.rl.-' l.+l- -

r
l'.
"

H ot f & 1 o1 n x ks om
LR & & e § & r o2 .
N Il o L .-.l..-.-nl....-
l-.-.......__-.h h._....ih.._.r_. -..__ et
h.I.I#.:.h_-.I.I 4

N . . : e
a dp i W g a & ?ll 2 : . P ¥ =
L L“Ft.-.l.n.l .. .. " A - . K . . ?ﬁ'} .-.r.f..r..r

L
]

EL N,

" Py

P

X

LA

N L N e > . . . . el el -
1] b . . . .
ERLI R ) - ) AR AR R kA

. . [ ...“ ’ . ) -.a..... [
w X - a . . : . * . ul"”.q.._. _-1....1..._._mln_
)
i

Jan. 28, 2003

A

. ._.._-t.“-_ e

LI

L

i
»

i

e

]

Ny a s

5

.“.h.ll_.....r Ok

r i M F

e

T

I

L]
. Y
._.l__ .n.-. l.....l-_..-

-

- h
4 r ]
;aﬁaﬁﬂﬁﬁhéﬁ%ﬁﬁ:..
. e

.I .r . l.r.-..r.r.....__t.-.
.r.r.-_ .-. ....T-__ .
drodp b e ks Mk owr a k Lk om i 1......!.".”.._.11.' - ’ )

> n 2 g bk A & F u u2mpr oy ¥ . .. r oo o nox oy i
ar L o . . E
Lot il .rl....!.nl!lﬂiml .._.w.q .-l-..-....-_ = lH”. 1..._.-.___.-_.._..._.._...___._._-_| i .

¥ -y ! : a oy I
; ¥ 5 . ) 1ﬁr_1§"
| ) . - N . : / TaTE =W

Al
]
)
i
¥,
)
g

A
M
b

A

LA
)
My
AW,

L .._.........r-

- o '
[
ir

MM
AR
]
AN
AN
|
N
M
N_»

Al
M

A
x
||
A
Y
x
A=

M
)
|
X

H

F
|
x:u;u X
J ||
A e

Xk X K X M A

A
H
F
Al
A
E
F
A
|

AL W A M
L iy i
A_A
gy |
H:P’F:HH
|
MW
My arats
.
] : :ﬁ >

|
Al
A
F
Al
EY)
Al
|
b

n
A
x

)
A

¥
2

Y
i
"'

x
i

o
»
u
."'!H

|
Al
A
X
Al

n_A_m
M
oo
L aip g )
&
L
Al X
gty
ox
| A
o

ey
el
m

|
A
A
]
|
Y
b J

A
L/ |

M
-"I.-laﬂ.x;lﬂnl.:.xﬂ.h..hu..l
A

|
|
n |
L
:
s

e
o

E
i

||
|
|
|
=

”i!

|

U.S. Patent



US PP13,524 P3

Sheet 7 of 8

Jan. 28, 2003

U.S. Patent

[}

HHHF llll
IHI
-

E HHHHHHH“““II

x ] x_I
Kx X FEXENKEXE
N . A _H I
X X A IHHHFHHHH

T -.r.__._..r.r.rI.rI.-..-..rII_.-..r

o .
HHHHMH
e

r..
o
A,
a

4 ]

] TH
HHPHIHHIIHHHHHHII

.

MM I N MK

A

»

[

l.._._...r

> ok i A

ir b dror &

A X N ERE RN

»
]
o,

ik,
&

[l ol ey

-




US PP13,524 P3

Sheet 8 of 8

Jan. 28, 2003

U.S. Patent

4 4 & &2 & F 2 b & a & & b & s sk koS
B & & b bk &k b &b b b -k s s sk kL o

O
-
XA a

] N .
-..r-. L J I.‘I. L I..TI.*..T & *.T.T*.T & .T.T.T & I.T.r.rl .r.Tl l.TI .-.rl.Tl..r.r.r.r I.Tl a b r rr

a s xrox ox o a4 & wa a xaa x o ow & & - = oaa

A b o .J..r b b h o s a kh .T....T..-l .Tb..'b-.'l..f e .rl.b-b..' .Tl..Tb..l. E J .Tb..r .r....r .rb-l b = =

b bk oh A .r.T.r a b b b kb b ok oS odhh s hoh oMk d S .T.r.r.T.T a

L] [ x a

o
o b b o= ok

I
m b & & &2 & b & &
E

LR ]
L |
L]

Ll
Fa
-

LN N N N N R A

WOk ey
E e E
._......_. .........._......._. .__....r.r._........_......_ a roa
ke b odp d d b b b b b oa ok oamor

P od b d d Wk h A aa
drode dpode i e e A M A
Bd b i bk e b A b oaw
Jroie Jpdp dr Jp & dr Jr Jr A kW -
B A Ak M e kb d e e e s s
a i n naoa
R R T AN
Srodrode Jpode dp deoar Jr b b § 0
Wi Jp b e e b M h g oa ko

aonoa

X

NN

il ol il

L

L

I I X T N

u i

ke bk o B b e B R B

T B
a a b m ha b b aaoa oma
&+ ERC N




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : PP 13,524 P3 Page 1 of 1
DATED : January 28, 2003
INVENTOR(S) :Thomas Julian Strickland

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

Column 2,
Line 40, change “red-orange yellow.” to -- red-orange-yellow --

Column 6,
Line 30, change “Drough” to -- Drought --

Signed and Sealed this

Sixteenth Day of September, 2003

JAMES E. ROGAN
Direcror of the United States Patent and Trademark Office
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