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Latin name: Acer freemaniixrubrum.
Varietal denomination: ‘SHELINA’s BEAUTY".

FIELD OF THE INVENTION

The present invention comprises a new and distinct cultivar
of Acer freemaniixrubrum and 1s referred to by the cultivar
name ‘Shelina’s Beauty.”

BACKGROUND OF THE INVENTION

This new cultivar of Acer freemaniixrubrum, the Sheli-
na’s Beauty’ maple, was originally discovered by James
David Cavett on one specific tree limb of an Acer freemaniix
rubrum tree planted in the vard of James Cavettat 74 S & W
Lane, Estill Springs, Tenn. 37330, in 2004. James D. Cavett
took a single cutting of the branch from the tree and rooted in
sand using Hormondin #3 (active ingredient 1s indole-3-bu-
tyric acid) at 74 S&W Lane, Estill Springs, Tenn. 37330 in
July 2004. In July 2003, 5 rooted cuttings were taken and
rooted 1n sand at S&W Lane. Three of the 5 rooted cuttings
survived. Sixty-seven rooted cuttings were started from the 3
surviving rooted cuttings 1n July 2006; these rooted cuttings
were grown at 74 S&W Lane, Estill Springs, Tenn. 37330.
Approximately 50 of the rooted cuttings begun in July 2006
survived and were used to begin 300 new rooted cuttings 1n
the July 2007. In July 2008, approximately 1300 rooted cut-
tings were taken and rooted in sand; approximately 1000
rooted and survived. Over the last four years all the rooted
cuttings of ‘Shelina’s Beauty’ have exhibited the same grow-
ing characteristics and patterns as the parent plant Acer free-
maniixrubrum except for the pigmentation of the leaves. The
leaves of the rooted seedlings’ pigmentation are red when the
leat breaks out of the bud. Withuin 3 weeks of budding, the
leaves quickly turn a red-orange or crimson color. As the leaf
enlarges, portions of 1t become yellow until the entire leaf
becomes predominately cream 1n color. Older growth leaves
have speckles of cream on a green background. James D.
Cavett has been evaluating these propagated seedlings for 4
years.
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James D. Cavett 1s solely responsible for finding this new
cultivar on his property, located at 74 S&W Lane, Estill
Springs, Tenn. 37330. All propagation of this cultivar has
been done by James D. Cavett at his nursery located at 74
S&W Lane, Estill Springs, Tenn. 37330.

James D. Cavett immediately recogmized that the new cul-
tivar, ‘Shelina’s Beauty” exhibited new and distinctive leaf
pigmentation. The leaves are red when they first erupt from
the bud; however, within 3 weeks the leat exhibits red-orange
pigmentation. As the leaf enlarges and matures, the leaf pig-
mentation becomes yellow and the mature leaf 1s cream 1n
color. All other growth characteristics of the cultivar are simi-
lar to the parent plant, Acer freemaniixrubrum. Only the
seedlings that have originated from rooted cuttings of the
original rooted stem that James D. Cavett rooted exhibit the
leat pigmentation that 1s attributed to the new cultivar, ‘She-
lina’s Beauty.” Over the last 4 years, only the rooted cuttings
have exhibited this pigmentation as compared to other Acer
freemaniixrubrum trees.

FIG. 1 1s a photograph of a year old ‘Shelina’s Beauty’
seedling taken 1n July of 2007, which shows the distinctive
and unique pigmentation of the leaves. The leaves that are
coming out of the apical bud are red 1n color. The young
leaves immediately below the apical leaves display a red-
orange color. Leaves further down the stem, have a variegated
yellow-green to green-yellow color. More mature leaves are
also variegated and exhibit green and cream colors. Because
the cultivar and the parent plant that 1t came from 1s decidu-

ous, the leaves turn color ({from rust-orange to a variegated
burgundy mixture consisting of reds and pinks and light yel-
low) and drop off each fall in Zone 6b, which includes Middle
Tennessee. As seen 1n more detail in FIGS. 2 and 3, the
seedling has an alternate arrangement. The leaves are 8 cm to
15 cm 1n length and 5 cm to 18 cm 1n length. Thus, they are
generally slightly wider than they are long. The leaves consist
of 3 to 5 shallow lobes with shallow tooth margins. The
petioles are red when the leaf first opens but turns green
within several weeks. The diameter of petioles are ~0.3 10 0.4
cm and vary 1n length from 2 cm to 3.5 cm.
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FI1G. 2 1s a photograph of a four year old *Shelina’s Beauty’
tree taken 1n June of 2008 which also shows the distinctive
and unique pigmentation of the leaves. As the tree matures,
not all leaves will exhibit the same degree of variegation.
Some leaves have more variegation than others. For example
some will have more yellow than others. As also seen 1n FIG.
2, the “‘Shelina’s Beauty’ cultivar 1s dense and tull of foliage.

The ‘Shelina’s Beauty’ cultivar has proven to be both

drought resistant and very winter hardy. In April 2007,
Middle Tennessee (climate Zone 6b, USDA Plant Hardiness
Zone Map) experienced an unusually late freeze during
which the overnight temperatures dropped into the low 20° F.
This was a particularly dangerous and damaging ireeze
because most of the trees had already budded. The ‘Shelina’s
Beauty’ cultivar survived this freeze and continued to produce
toliage throughout the spring and summer months. All rooted
cuttings taken from the plants exhibit the same rapid growth
that has been observed for the last 4 growing seasons that the
‘Shelina’s Beauty’ cultivar has been cultivated.

The ‘Shelina’s Beauty’ cultivar can also endure drastic
changes 1n moisture. ‘Shelina’s Beauty’ cultivar has been
successtully grown without irrigation after it 1s moved 1nto
the fields during 1ts second season. Each summer since 1t was
rooted 1n 2004, 1t has endured the drought that Middle Ten-
nessee has experienced during the months of July and August.
Middle Tennessee usually experiences heavy rainfalls during
the spring; however, immediately after the late spring 2007
freeze another unusual meteorological event occurred;
Middle Tennessee experienced a 2 month drought. While
many annuals, perennials, shrubs, and trees were severely
damaged or killed by the late spring freeze that was followed
by a 2-month drought, the ‘Shelina’s Beauty’ cultivar sur-
vived and demonstrated itself to be cold and drought tolerant.

The ‘Shelina’s Beauty” cultivar has been successtully
propagated asexually. The proven means of asexual propaga-
tion has been rooted softwood cuttings. During the first year
the stem that was discovered by James D. Cavett was rooted
in sand at his nursery located at 74 S&W Lane, Estill Springs,
Tenn. 37330. Because only one stem on the parent plant
exhibited the identiiying pigmented foliage, only one cutting
was stuck 1n 2004. In July 2005, 5 rooted cuttings were taken
from the one year old original stem and stuck in sand by
James D. Cavett at his nursery and 3 survived. In July 2006,
67 rooted cuttings were started from the other ‘Shelina’s
Beauty’ trees that had been rooted 1n 2004 and 2005, and 50
survived. In July 2007, 300 out of 400 cuttings taken from the
other ‘Shelina’s Beauty’ trees were rooted and survived. In
July 2008, 1300 rooted cuttings were taken from the other
‘Shelina’s Beauty’ trees and stuck 1n sand, and approximately
1000 survived. The cultivars have retained all the character-
istics of the original selected seedling. It has been success-
tully propagated through 5 generations of asexual reproduc-
tion with a survival rate between 60% the second year (2005),
5% the third year (2006), 75% the fourth year (2007), and a
7'7% survival rate 1n 2008. Each generation has been stable
and produced true-to-type plants each and every time the
plant has been propagated.

The unique color of the leaves and rapid growth (3 to 5 feet
per year) ‘Shelina’s Beauty’ cultivar make i1t well suited for a
variety of landscaping uses. Furthermore, the ‘Shelina’s
Beauty’ cultivar 1s cold and drought tolerant. The cultivar 1s a
moderate size tree whose leal pigmentation transitions from
red when the bud opens to orange-red 1n approximately 3
weeks, followed by a variegated yellow-green and final a
variegated cream and green color in the mature leatf. In the fall
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the leaves turn from a variegated cream on a green back-
ground to a burgundy mixture consisting of reds and pinks
with a light yellow 1n the creamy variegated portion of the
leat. The unique color of the leaves of the ‘Shelina’s Beauty’
cultivar will make 1t a popular maple tree for those who desire
attractive coloration from early spring through the fall.

SUMMARY OF THE INVENTION

The following characteristics 1n combination distinguish
the new tree named ‘Shelina’s Beauty’ cultivar from other
cultivars of Acer freemaniixrubrum.

1. The ‘Shelina’s Beauty’ cultivar has as a distinctive and
unique variegated leaf that the parent plant, Acer free-
maniixrubrum, and other cultivars of Acer freemaniix
rubrum known to the iventors do not have. The colors
of the leaves change throughout the growing season,
culminating with a variegated cream-green pattern in the
mature leaf 1n late summer/early fall.

2. With the distinctive, variegated foliage color that
changes throughout the growing season, the ‘Shelina’s
Beauty’ cultivar will be a popular tree for landscaping
applications.

3. The ‘Shelina’s Beauty’ cultivar 1s cold tolerant. It has
withstood very low 20 degree F. temperatures 1n late
Apnl, long after the leal buds opened. Most trees 1n
Middle Tennessee were severely damaged during this
cold spell that occurred so late in the spring (2007).

4. The ‘Shelina’s Beauty’ cultivar 1s able to endure drastic
changes 1n moisture levels. There 1s usually heavy rain-
fall 1n the spring and very little rain in July and August 1n
Middle Tennessee (climate Zone 6b, USDA Plant Har-
diness Zone Map). However, 1n 2007/ there was little rain
in the spring and late summer, and the cultivar thrived.
Furthermore, throughout the summer 2007 many days
broke the record high temperature for the day.

5. The ‘Shelina’s Beauty’ cultivar grows rapidly. The seed-
lings grew 3 to 5 feet during their first year and 8 to 9 feet
during their second year. During their third year, their
average truck size measured 4.38 cm.

6. Alter 4 years of growth, the ‘Shelina’s Beauty’ cultivar
has remained 1nsect and pathogen resistant growing in
the fields of Middle Tennessee.

7. The ‘Shelina’s Beauty’ cultivar has not been observed
under all conditions, and it 1s not known how the cultivar
might respond to various conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the red leaves as they emerge from the apical
leat bud and the yellow-green and cream-green variegated
leaves as one move from the top of the seedling to the base of
the tree. This seedling 1s one of fifty that James D. Cavett
rooted 1n July 2006 at 74 S&W Lane, Estill Springs, Tenn.
37330.

FIG. 2 shows the originally discovered ‘Shelina’s Beauty’
as 1t looks 1n 2008, four years aiter its discovery at 74 S&W
Lane, Estill Springs, Tenn. 37330.

FIG. 3 1s a closer view of the leaf color a couple of weeks
alter the leal emerges from 1ts bud. Several of the younger
leaves exhibit the characteristic orange-red and green colors.

DETAILED BOTANICAL DESCRIPTION

The following observations, measurements, and values
describe plants grown at 74 S&W Lane, Estill Springs, Tenn.
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3°7330. The actual appearance and characteristics of any indi-
vidual plant will vary due to horticultural practices and local
conditions. The tree used to description 1s four years old.
Color references are made to The Royal Horticultural Society
Colour Chart except where terms of ordinary significance are
used.
Botanical classification: Acer freemaniixrubrum.
Commercial classification: ‘Shelina’s Beauty” maple.
Origin: One specific branch that had variegated leaf colors
was cut from the parental plant, an Acer freemaniixru-
brum. ('This specific branch was the sole branch on the tree
that exhibited variegation.
Parentage: Cutting of a stem from Acer freemaniixrubrum.
Propagation: Asexual by softwood cuttings.
Plant:
Growth rate.—Fast; an average of 3 to 5 feet per year or
100 to 160 cm.
Form.—Oval.
Shape.—Oval to round.
Height.—Average size of the Acer freemaniixrubrum 1s
1200 to 1800 cm.
Spread.—Average size of the Acer freemaniixrubrum 1s
900 to 1200 cm.
Density.—Thick with foliage.
Trunk size—4.4 cm diameter at the base of the trunk at
ground level after 4 years. The color of the bark on the

truck of a four-year old tree varies from N200C —
RHS to N202C — RHS.

Bark.—(Trunk): smooth, color 1s IN199C — RHS) tex-
tured with tiny raised lenticels.

Branching arrangement.—QOpposite. Angel of attach-
ment: Ranges from 45 to 60 degrees with 45 degrees
being most prevalent. Internodal length: Mature
branches range from 3.5 to 5.0 inches or 8.5 t0 9.0 cm
on a year-old seedling. The average length of a typical
branch 1s 44 inches or 110 ¢cm on a S-year old tree.

Stem.—On the mature stems, the coloris (171 A —RHS)
on the 1-year old seedling. Typical observed length 1s
up to 9.0 cm, diameter 1s from 0.4 to 0.5 cm. On the
new growth, the stem color 1s a mixture of two colors

(the youngest portion of the stem 1s 44A — RHS) and
(the older portion of the stem 1s 171A — RHS). The
arrangement of leaves 1s opposite. The length of new
growth stem on a five-year old seeding 1s averages 37
cm with a diameter of 0.4 to 0.5 cm. The 1nternodal
length on the 5-year old plant varies from 8.0 cm to
11.3 cm. and average 9.5 cm.
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Lenticels.—Small, but conspicuous, light brown to sil-
verincolor. They are 1 to 2 mm in length and 0.5t0 1.0

in width. The color of the lenticels 1s 202C — RHS.
Leaves.—Deciduous.

Leaf length.—Petioles vary from 5 ¢cm to 6.0 cm on
young leaves, but average 5.5 cm; Leaf length varies
from 7.6 cm to 17.8 cm 1n length and 7.6 cm to 16.5
cm 1n width. The color of the petiole 1s (45A — RHS)

when the leaf first opens but the mature petiole 1s
(47A — RHS) 1n color and has an average diameter of
0.3 cm.

Average leaf width.—9 c¢cm on growing branch tips (near
the aprical meristem) and 17 c¢cm at the base of the
branch.

Leaf shape.—Lobed with 3 or 5 shallow lobes.

Leaf margin.—Tooth.

Leaf texture.—Smooth on the upper and lower surfaces
of the leaf, the lower surface has some hairs.

Leaf quantity.—Abundant.

Leaf color—The most apical, leaves that have emerged

from the apical meristem 1s red (41 A — RHS) that 1s
muted by the chlorophyll that 1s forming. Upper side
of new growth (3-week old leaves): the 3-week old
leaves 1t 1s a mixture ol (179A — RHS) and (163A —

RHS); the upper side of the most mature leaves have
a mixture of (137A — RHS) and (157A — RHS) or

(145A — RHS). Lower side of the leaf: the color
mixture 1s similar to the upper side at early leaf ages
but changes 1n the most mature leaves to a mixture of
(194A — RHS) and (4D — RHS) or (8C — RHS).

Leafvibs and veins.—Upper rnb surface at the petiole end
of the leaf 1s red (53C — RHS) to greenish-white
(146C — RHS) at the tip of the leaf. The lower rib
surtace (leal underside) color 1s (53C — RHS) at the
petiole end of leaf and (145B — RHS) at the tip of the
leaf. Venation 1s netted.

Vegetative buds.—Terminal bud or apical bud 1s 145B —
RHS. Lateral buds are conical and 3 to 4 mm 1n length
and brown to greenish brown in color (15B — RHS).

Leaf apex.—The leaf apex 1s acute, and the apical bud 1s
145B — RHS.

Base descriptor.—Rounded.

Flowers: Seedless.
Disease and pest resistance: No known susceptibility to dis-
cases or pests common 1o Acer freemaniixrubrum.
I claim:
1. A new and distinct cultivar of Acer freemaniixrubrum
tree named ‘Shelina’s Beauty’ as 1llustrated and described
herein.




B i P l.l.
Y YN Y ke,
- -
oy N T

- w
S B WAL =
1.._.1......_.._.____.1._____.__.-
B R i, ™ ' ", Ty ] 4

R o O A N ; ) o i Pl )
L e , . x LI y " o . atetetety
PR d i oA . ! . ; 1 >
T e T )
R O iy Pl

n o .__.___-ﬂq.iri. *
-
\_._ et e, _n._tt.-_ e
e I R R e -
o LTt S W ] b ou L)
D A SRR b R
Mo el N e R R L e sl nl ol aE A )
Ca el ) W W i kW

UM A MM
e ' » .4....“.._”.......
.-_.4...“
L ] -_.1

Tty
ot
A
L
'Y

q
CER AN

X x x x x m A

i s )

- L o Y o
A o T M

W

-

kata

...L r*

S
.

:i'-i'l
#’I.‘ r
L
»

o ek A
l” L] l..l ”.T”.T”.Tl..'l..l.b..r

..t.rn..........nkk”..r“.ru Eal
1.r.r........-.._.....l.t.-.r.r.t.r.t.-..1.-..-..-..-..-. T i.-..r.-.lJ-.

w i i dr & kb M b o Jp oo ok B

e N W RN W -
Ea e R N S Nl e N oy
e NN R Al e
A e e i e e b e e B b Bl v e iy
S N N N N T A B S R
L N

" h_ Pl
. Ca N o

ﬁt&k& r -.qllat

P |

US PP21,935 P3

" WOR X .

B e
& A
IO NN

L ] L |

"

a e T
-
e e T
x e N ) W

¥

M
)
5
»
]
5
X
X
L4

] L
*ll-ll#

Sheet 1 of 3

EE )
oy
L

L]

Wy
i 3
L

o R R e %

N
Pl
NNl N ™ l-_nln.._“

3 u W PN M .
* noa i dr oW ll
a ..n...ﬂ..#.ﬁ.u o _.m..

May 31, 2011

CEE ) X W
. |.-_-_-_ o a

L p B [ " ¥ N L . h . ... .. bl [ T = b ] L x Ly ; . [ ] ) . "y d N F L b A ] . L ..H

o o e I W i, : . i W i > g ! . ; ; e l” oA

_r .. " A " oo o, b ¥ ) “-.-__-__-.-”..._._....__..-__—_-..._4.___.__....4.

S

: B W % i b i

" ERC ol e A OO R S,

b L] & b B i i iy -

N R
ii.j..;.'.l‘"l‘. .ll‘l.}.-.

- .‘_"-Ibl‘ »

Rt e et M )
| )

)

N

'
a
e

Nt N )

Tx
L

PR
P N M N
._..._..-th Aty s
L] I N )

.IT.V.”._I..-..__ i [ .-_.-. l......-.t.-.lt.-..-. -
. . . . .

U.S. Patent



US PP21,935 P3

Sheet 2 of 3

May 31, 2011

U.S. Patent

A -
; X ; X
o i
o o o e o o
o ol
L r.Hr.”x”v.Hr.”xHnnxxxnxun”nnxﬂnxn”xwrﬂﬂw
.v_u_u.nr.r.x.r.r.v...r.xr.xxxxv. ;
i i
P A A A i A !

A i i
.xnnrrnHxnrr.nxxnnxnxnxxnrnx
L A A A A A A
E A A A A A A A A i A
i i i
L A A A A A

o o e e  a a  a
A o O A i 0 A O A i
C A A A A A A

X rrx o o o o e e e A e A e R A

N )
A A A A e ;
.xxxr”x“x”x”xHnwn”v_”xuxwx“n“xma“x”xv
A
N
e i
A A A AR M K A AN KA MK A A
) .xxxxr.xx.xxnv”_.“n PN M R

H
;il
FY
¢
i
'
.

-
]

~,
H
?!'
A

FY
]
Y
W
?I!

p-
x
E |
EY
;nl
?ﬂ
EY
EY
F

vrx.r..r.rx.rxnxrnnnnrnnxxrxnxr.r.n.r..rnarrr..rrr..r.. Yy oA ; A
AL, xxHv.nrHaxxnv.xu__xxnxHxxHnxHxnxnHaxxxnnnxxxnxxaﬂxnxaxnr.r Ao _u__rx:.x.rrrv.ﬂx.njxjnxr e A A xxxxxxavnxxxrxxxnxxxrrr o A A rxrtruru.rr!v.nxxxxnﬂ
rxrxHxv.xHxr.xHnr.xxxxnxxxxxar.xr.nuxanxnHnaxHxnxnanxnxaxnxnu.rrv.v.rv I I I I I I I I I I I xrnarrrrru.axx o xxnxnxnxxxxxxxrrr.nn ’
g A e A A
A I I I A A A A A I I I A I O I I X
I A e el L R I I T e E
A o A A A N N A e i e
A i A T T i i ol ;
I I I I T I T T T NI T I
S i i T i A A i .
] ] ki ; oo o s L
L I AT T i N I A I I I i a0

A AN XXX AR XL MXNENE XN NN NN T NXN NN NN NNEN NN g g

o o e oo e e e e e M IE XX NN XN o A R M N M N M AN M A MW M A M M M N N MM N NN NN NN

AL A M N MR XN RR XN N X

A nxu_.._”r.wv.”___”v_Hx”on“aHxﬂnﬂon”x”u.”vrx” ”vﬂr” .Hvﬂv_” _nxwv”v.”#Hx”..._wxHxHx”r.”..”x”x”r.”x”u.”n”n“n”r.”xHx”x”a”x”v_wu.”r.”v_”n“:"n”x”xnxnrnxxnnxx A
i I i A rv.xx.xxxr.xr.x:rx.rxur.x....xaxxv_.xxxxxxxx:nxxur.xr.rxux
xr....rr A A A A A i A A i
A i -
: L I I I T T I T i I I N R I I
A i X x_ A
o A A B A A A A i A A A .
i T I I I R I I I I I T e T T I I I R -
e A A A A i
i -
A i i i
A i i R -
A A A A -
i
T e o g e e e P e T P e T g T
o A i i
A A e A A A A A S A A A A I .
A A A A A A A
A i C A A A A .
o i i i i )
X P TE A A A A A A A
X I A A A A A A P A i A
XXX nnr..r..xnrruaxunnununxnaxnr.p.xrr.rr.r.r.xrxr.r.nxxxr.nnnnnnuuuaxnxaarunuuunrrxn
A A i
A A A S A A A A A A A A A A A A A A
I R I R R I T I i i I I T
i A A A A U O U A A A i A
e o e o e e e o e e e e e e e e PP T TR e e o e o o e e Cae e AL cae e ae AR AR AR e cae e e o e e e ot e e e o
A S A U A U A A A A U A A A A A A A A A A i
xu.xxarxnxrxxxx.xnrnarnur.vx.r.xrxxnx......x.r.v.x.r..x.xx.r.xn.x.x.x.xxxxx.xxxn.n.xn.nxnn.xxvx.xx.x.xr.rvrv.
x”x”xn o w u.axxnvnxlrnnaanrnnnnanxnx”xxunnnn nrxwxnxxnnxr.xfrxrxrxnxr rx”xrxx.xmr.xrjvr odaCu, nnxxnxr.xnnx.nuxrxfn.xm e a oM o o x“xrr”u.rxxv.”x
i . - o Y ; ; ; e P o e R

N F [
L C e N N ” W A ki W e ki e iy de i e .4._1.4._.. .rrHr”...H.rHer.__k.rr”....rrnrnr.__.rHr.rr....a.r ¥ t.-.r.q..,.q....a....fr.r.a...r....qh__.rh_.rk.__r.__h_nh_.run.._It >3
A e e e e e A e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e B
R L N At NN N M A A A N R N N T A e AL N R i P P e AL ;
L R & ._.r...._._.___.._....___..q..q._,..q........_...-_.-_.__.....q....___.q.___.-.....-......___.__._-u_-_.-_.q_-_-_ ! P u
__. nl l:. .... a . n.-..u.uu_._n nrunx

.IHHH.KI

"
. .-_.-_.___._"t_.___-__.. o A e *x
i

o

r

-
-
L]
&
-
E
&
-
L]
&

i
x
i
......_
I
i
......_
......_
I

L4
r

rF ¥ F
i

*

L4

L ]

&
[

. .
L

£

i
S A
HIIHHHHP?HHH?H

®
R o i ol
o ™ N T
C T T e e %nnnx.
"

IIIIIIII.I.__.I.H.HH.HIH
FHHHHHHH.IHFIHIHHH A

- L. A i
e s T T e e -

T = w

i - ¥
a o |
S

A
.-. .... Mo .__.__.__i.__ ...-............H.l”.f“i“.r.._i.;.-..1.__..__.....__.....__.-1 et ah
.4..........................__.




.
R,
=
N
>y
X
ol
LA

A

A

l'l'ﬂ:
-.-"-IIII
A A A AA
L4
r

L)
®E XX REX Pl )
R e e e

iy
s

» .....r.-..r?.r.....-...........-...r.r.__.._ A M oaoam

P

N a
L) .-_lI-_l.r.t.r.._ ..........t.-.-.r.r.r.__.rn IR lu__u..

US PP21,935 P3

HHHHHH”HHH”H“H”HHH”HHH X, HHHHHHIHH
L
R E NN NN KN N

R MMM N M NN KN E N
R
L
EE N N E NN KN KN K
L
llﬂ!ﬂﬂﬂﬂﬂ!ﬂﬂ!ﬂﬂ!ﬂﬂﬂﬂﬂ!

ENERERR lt.-.-.-.r.r........r.._..r.r.-\.__.._..__.r.__.-n.r. IIH!H

I I I U R U oy
o b d ok ik b R -
LA e e

N X R RERE & b i

N
R:?l Al
|
M J
E N
A
E
o
E |
o
?l:l:?l
III-H
HHI-I
IIH-I
H'I'l
AN

POt e et e e tes
A A RERXE XN ENEERE XN y F
.__.H.u_.HIﬂﬂﬂﬂﬂﬂﬂﬂﬂxﬂﬂﬂﬂﬂﬂﬂxﬂﬂﬂﬂx -

e
A
A
M
A
|

Hﬂlﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬂﬂlﬂﬂlﬂ“.. “ .
e
XA EXEXEXERREDHRRN

Al
]
.
-
]
|
Al
>
o,
Al
Al
Al
Al
Al
Al
Al

N kN
A EEERXERREF -Hb.”l.”l.”b..—...?#b.rb
.
Hﬂlllllllﬂllllllll . I.-......._......-..-.....-..._..r.__ i . & ¥
R RERRERERSENR &l U dr i h
REREXREEREFERS .__.................__..._..rn.__

FY
Al
Al

]

o
~

A
Y
Al

F |
E
Ml
o,
P,
‘2
F
2
M
A
A
|
|

?lx?d
]

F N
Al
H
E
M
Ml
|

A KK N KN AKX
AKX MR XX XXX
oM N NN KN X
HEXEXENKEEENEELXN

E ]
KK EXEEEXERREEMNE X

HIHHHHHHHHH H H

H

e T "X
oy e e e
-_n.._.....q....r..._“.__“.__..r.q.r.......___.-_... . e NN N
Ll A T A N I I
= . P

A A NN
A
M
M
A
L ]

A A i e

" N NN

K
x
x,
.
X & b & b & b oa i | W& i b b i &
x

|

A
A
Al
A
Al
A
A
[

HIIHIHIII
Al
Al
Al
Al
Al
A
Al
|
|
|
Al
Al
Al
&
|

|
F
]
A
A
M
|
M
A
A
|
»

T
I KX K N E I ]
L MR R R
REX X XEXNKERERRIESDSDJEMNZENXEX X ]
E

] .
- HH“HHH“H”IHH”H“H”I“I“H"H"HII
XA XXX X XEXEXNERXREDXX
XXX KX XK X KK
AAAEAXLEREELERESLXELER
XXX RN
= AEXEXEXEERELEEREREXRER
. HH“H“H“H“H”ﬂ“ﬂ”ﬂ“ﬂ“ﬂ”ﬂ“l”ﬂ” “ “ " “ﬂ“ﬂ”ﬂ " IIH“H“HHH“H“H T
lHHHHHHlﬂﬂﬂlﬂlﬂﬂlﬂﬂﬂﬂﬂﬂﬂﬂlﬂlﬂx e nii Hﬂlﬂlﬂ " x IHHIIIHHHHH x XX

IIIHHI
L L
K. L4

|
L

|

|

|

|
A
A
A AN
A
|

|

|

FY
X &
)

n

T F U
N
e

N

i
Wy T

Fl

LA .___._.......4....4I"I_-_"

)
)
|
A A A A
AN
i i i |
L)
Ca )
¥
|
X ¥

Al
|
x
X
Al
|
A
A
Al
L]
i'#'ri'i

Al
A
Al
Al
A
|
Al
HH
M A NN
*
r
»

F3

i

¥
X

A
|
x
]
'
]
A
|
»
X
¥
PN

Al
A_N
A
L}
L
X

Al
Al
A
X

o
A
L)

)
E)

v
v
oy

|
|
r
I

"ﬂ
Al
o,
'HII:H:::-:H
i

Joodp b dp b bk b & &
E e X K e b e

S

ERERERERR |
AN EXENXTERT |

HIIIIHHHHI! o o I S e e A A A o o T e S Sl ™
x Hlllﬂllﬂﬂllﬂﬂlﬂlﬂlﬂl n_u || ll i.'ll.}..lil.}.b.bb..-.}.}.}..._....._ ..1.._..1..1._1.._ .t.-..l.....l..._ .tb.T........-.l..-...._i
| IIH Hlllllﬂlﬂlﬂﬂﬂlﬂlﬂlﬂllﬂ"l"ll . [ ) .-..-..-. j..-..-..._..r.t.....-..-_ [ 3 .r.._ .r.r........r........._......._..-..__ .r.._.._..._..-..-..-..r.__.._i
EXREETRREERETEREER W | LN ) P S e
] EERERENENENENYRENESXES [ III i iy b R a bk kX a i oip i a

T L

HIHHHﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬂﬂ ] " K III KR K K K “
HHHlHxﬂﬂﬂlﬂﬂﬂlﬂlﬂﬂﬂﬂﬂﬂﬂxﬂﬂﬂl w_r e ]
P
HHHHH HHH Hﬂlﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ xR . " " " " " " “
HIHHHIHIIIIIII .
kXX K - ERER
"

o

AXREXRESZXEXEREEXLXELXIESXNR xR ERXREREERERZXERERHE]TNR
(R K XX REXENERESXNERDZEDZESXE E_R_K
HIHHHHHHHHHHHHI o
x EXREEXTEERREERRNETRE
. . T HHHIIHHIII
K XK K dr dr Jr Jr A 0

g e
[

I-IHIHH
AA A A A A AN
Al_A_A

gt

.T .T .r .T*
e e R e
. ERXEXXERZIRERKERENRRRERHEZX?

EREE R XX R XX XXM XE XN E M N K

| ] REXXXREXERELNZSERINEHR L

HI Ill IlHlﬂlﬂiﬂlﬂlﬂlﬂlﬂﬂﬂlﬂllﬂﬂi

K
]
]
|
|
]
] I“H Hl
. . xxRKEE III IIH XK HHHHHHHIIHII
ERETREEEXESEFEAEEERNELENRSERXEREEXEESRRN
l"ﬂ"ﬂ"ﬂ“l"l"l“ﬂ"l“ﬂ x X K K l“ﬂ H"H KX I “ w
Hlﬂl!ﬂﬂllﬂﬂlllﬂlﬂ ERERTRK HIH Hll XXX HIHIH E X
ERETREREREEEXEEREEERSEYEESEERRES
"l“l"l"l"l"l"llﬂ " E K H"l I"I X H"I"H l"
Illlllllﬂlﬂlﬂlﬂ KR X III Iﬂl KX X KX ,
IIIHHHHHIIIIHIIHIHHHHII b R A . e
lﬂﬂﬂlﬂlﬂlﬂlﬂlﬂlﬂ e K llllllﬂ Hlllllll HHu..lllHlllﬂ!ﬂ!llﬂlﬂlllﬂllllﬂlﬂ
] ]

o
M_A
|
M
A
M

[
L
P B NN
Eal b A
L
s -
L N
T
) i e e
.‘ i Jr l-.T.T i A .T.T.T .r.T.T.T
A e ey e e BB
e N N
o e s R
OO e
N N ol
b

X
|
)
o
)
|
L)

A A
A
A
A A
A A A A
|
»

x
X
R

|

|

|

)

M

!
R
L)

am
i |
i i |
i, |
i i
i
i, i i
i
XA A AL
¥ty

)

AAREIXTEIERSIERRERESERERETR EREAREXLEXRELRESX
e S e
R RERERTIRETSR A X XN NXXNKEN xR R

Hﬂllﬂﬂlﬁlﬂﬂﬂunﬂﬂﬂﬂllﬂl .HHHHHII

E XXX REXENNXX x_E_ X X E
lﬂlllﬂlﬂﬂlﬂ#ﬂﬂﬂ#ﬂ#ﬂﬂﬂ! HHHHHIHH |
."“““““H””“"“"H“H“““Hmw. .

L

Sheet 3 of 3

K
J L
lﬂﬂ"l"ﬂ“ﬂ"ﬂ“ﬂ"ﬂ”ﬂ"!! i
EEEXRELX "
mxE X R KX
A XXX E
R x XM KEE
xR E X X N
N N X
ER X X X
L
E X

"

-
?

I.

R K M HHle"r.Hanlul"x“H”Han .
A A A wE R xR
A,

AR ; x u ]
Setatanty e
g I i

W
‘e
H
-
Al
Al
E |
E |
Al

7L G e N A oo I ERREERFERRER
“H”!”H“!”l”ﬂ k. !ﬂﬂ"ﬂ"ﬂ"ﬁ“”“l“. Iﬂ“ﬂ IR K I"l X
I e g . n“aannannaaaaaaaanna

£
M
|
A
M
M
M
|
A
M
|
A
M
|
A
|
|

]
|
|
|

ot

. o EEERR kR E ] AR XX E XN NN N .
KX X X X EREXF X i
x
.
ERE XX XXREXKERERHNKTRN
KX XX . - x n
X RERERKLTRKERNRX KX KKK X

XA XEREX XX s y s L s i KEXIRKEE IIHIIIH n A XXX X
X E
HIHHHHHIHHHHI .
H E x_x ]
.
M MR L
x x
X X I E n_r
] ]
|

|
o

e

ae e e A ; A o N R L ) o
L
x L
L
o a H x
] i

S .

~ IHIIIHHI[II Hun.ﬂlﬂﬂﬂﬂﬂlﬂ!ﬂﬂﬂlﬂ“ﬂlﬂﬂ s s

) n
?Hlllﬂﬁﬂ HHFHHHHHIHIHIIIHII x_x Il xR E Illlllllllﬂ EXER
7, e

Al
Al
Al
A
Al
A
Al
Al
|
Al
A
|
)
A
A
IHI'I

i
o
o
P T N A
N
) .xax”xxxx s
L

I x
~ x.r.uxﬂnnxxnn
A L A A A
nuuuuxnnxr.r.”r.x u
2
x
x
-
X

"

: . ; . = ” Hn" “a“ann"a“x”n“ Ty e __.“n"l"l"n l"la e

A AR XN L, oy L, i " x X XX XX A A

r.xxaﬂ A, ; ; : xllnnnlnxnan

i i i i ]
L ol

o o B oo e e A

I-

F A
Y

)
i)
M
)
M
)
|
M
-]
)
)
M
)
X
M
I, |
M

' I.HHHHH A H“H”HHH”H”H”!” " k | r y E, (A e ] 5 Mol

y HHHHH M HHHHH!H!HHH!H R ki i l.-_i.-_.._..-..._.............r o ki .-.t.-..r.-......-..-..-.....n...........l.-.t.r.r
HHHH Y .:..r.:.ll.il.ll.l..r.r.-.__.r.il' | d A i l.ii'l.‘.r
i i N NN

X, i i P I
xxunxnn%-
X ““ﬁl
) n IL“

x
S

A Ottt ; L . -

T ’

e N ; ; . R L I-_l"

X 3 y i a ko e dp i o b a2 omoa SR

j e S
, Bk om b geom &k S

ek b oa dodpoa bk Joip
o A X

x
M
]
k.

A
.HHHHHEH

L
-.I.

|
.
o
x
.
x
A
T
-]
X

M
"

ax
= |
= |
Al
E |
-
-]
=
HJ
Y
= |
Al
-
E |

]
o)
)
)
X
o
)
)
nn
|
M A
]
r
¥
r

E 4
-
-]
-]
-
-
ax
E
-
E

]
ot
Mo M A
]
o
Al
o

e

ll?:l

Al
A
a2

P,
)
F
|
F
e

XX A XXX WA

A N A A N e WX

A xaxﬂx”anxmx”x”nx o ” Hﬂﬂ. x.xnxﬂxnxnxna”n“a“ln

R NN XN NN N K . e

AL A A N
*

]
H
i
]
-
H
Al
Al
H
]
]
H
Al
F
H
]
-
H
£
i
H
M
E |

]
F
.
E |
o
]
£
]
F

A A oM N A

A KN
XX

-
x
x
,
.
A
HHHHHHHHH
K

S
o)
A

i
i
i
XA
XX
i
)

-

x
a
|

H
.
?ﬂxF"
]
£
.
F
A

H
F
]
2
o
‘2
F
x?l!
F
‘2
A

FE |
Al
AN
E I |

ol )

]
) "
E I )
)
)

I TR
i H.H AN MM HHHHHHI’.HHE?H?H’.HH . HH
o,

H
Al
Y
FY
Y
H

o,

F

oA oA

H

A
|
Ml

A M

A K KN

A XX
N

o
ax
o
Y
Al
E |

l“l

May 31, 2011

o
-
M_A
H oA A AN A XXX B

X,
E NN N B
-
x
.
X,
-
.

x
]
-
]

o

o

.

X,

neey
x

R
E

NIy
ol a“n”nr”v_Lﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂ!ﬂﬂﬂﬁﬂﬂ :_Hx
I A A R
AN A R
T T P T T TR T R P P P
KA H N KN NN NN NN
A A N
o PR R R A M N K
X X
A A A A A A e a a a a aa a a a
A r.xn“an”xnnwnnn”vﬂn”anx AN xnr.wxxx iy AN AN
o o o e Mo T o o oo e
PN RN A A N N N N N -
A A A A AN A A A ; i A A AL A
xun.x”x”x”x”x”n”x X o o .H?.H:H:H:Hx”x” Hr.”x.
ol N N A
oA R A A A A A KA
A R R e e oA A A

.ﬂ.IHHHHﬂ.ﬂ#.ﬂﬂ.ﬂﬂ.ﬂﬂ.ﬂﬁﬂﬂﬂﬂﬂﬁ.ﬂ?ﬂﬂnxﬂ o

A
)
|
o
]
-
o
]
]
]
o
]
M|l|'.
-
|
o
]

Al
¢ M
e
o
EY
Ml
|
Al
Al
FY
Y
Y
FY
|
F
|
i!"
Al
H
H
F
i!"
]
|
A A

N X NN H”HHHHHHHHHHHH >
.
x
HHHHHHHH
HH.HHHHHHH
HHHE E
HEX XX
A KEXXE X

i
q F ]
o

WM X R K

Al
x
H
x
H
M A
A
A
A_A
M
H

e
F
EY)
Y
F
F
A NN A

A

Y
E |
-I"lal A I,.I

E
Y

N
EY

H
H
F
H
]
E)
M
H
]
i
]
E |
F
Al
Al Hx?l
M
A
AN
A
H

-

.

HJ

X

HHH-I-HHE A H

Y
AA AN NAXAAAAAAANAMNA

-]
Y
-

F
X
k.
F
»
k)
-
-
2
]
Ml
|
F
o
Ml
.
|
Ml
ooa NN AN A
A
|

T

"
]
F
M
H
]
F
H
Ml
Al
A

P,
Y
A
Y
Mo A A A

-

-l
- i,
2
xl‘
-
k'
:H
M N
o

HH"H"

e

M
"Fl'
L,

2

o,
xﬁ
M

P,

H

o,
HH

2

o,

F

|
H
-

M

H

Al

Ml
H-lllaﬂ A A
I:I:l:l.
A A A

-]
Y
-]
W
A
-
-]
o,
E
- |
-]
Al
A
M_A_A_A
A
E |

xnx
oS o

Y
FY
H"H
||
H
FY
M
FY
]
Y
H
]
Y

!
p_J
!
N
|
X
!
!
X
)
!
2
)
X
e
X
!
x
ot
|
|
|

.

H

x

£
.

]
Y
]

]

Hx?"

o
Ko K XN K

-

A
A
L
X

L

i Y
.nJﬂﬂﬂﬁﬂﬁﬂﬂﬂﬁﬂﬁﬂﬂﬂﬁﬂ:ﬂﬂﬂgﬂH it
A Y
g g o e o e
T e e e e e
RPN e
’ W
e o e
- Y Y Y

A EX X XX X X
X .
H

-
i
o)
)
x
EY)
EY)
5
X
Ml
)
o)
5
o)
)
]
o
i)
)
|
|
)
)
|
|
x
|
|
A
|
A A

-
-]
o,
o
]
-
ax
o,
E |
X
.
Y
)
Al
-
-]
A
- |
E |

F
.
~
E
rﬂ
X
£
F
{_ M
L,
-]
o,
Al
Al
1.
E
IH:I
AN
A A A A A A AN A AN
Al

£
e
)
F
»
)
£
Fd
M
|
A
|
A
A

2
|
]

x
Al
.
Al
JF
o,
Al
H
.
A
|
A

X
)
a

»

g
)
]

X
ol

.
o™

X
y)
A
X
)
X

F
H
E
-]
F

F

x?l!
E
ax
Y
-
-]

)
Al
a
F
‘2

AN
A A A A N A AN
xHr.”r.”r.quxﬂanxﬂx“xwvﬂx”x”xj . .HHHRHHHHHHHHHI
~ Hx”xu”ny”xunﬂjxnaxxnn_.”xu”nu”!# g xxumxuxnxnxn

F ]

o

)

F ]

A

AE

i

. -H
k|

X
X

X

X

X

X

X

"

A

'-

A A A A A
2N

M

F
Al
-
Al
»
Al
|
A AN A A AN AN AN N AMNA A NN N A
Al
|
A
i

|
o,
:
o,
:
M
:
o,
P,
|
hvied
IIHIIHIIH:-.H
:l

.

LN
|
A
|
A

H-H

A
n
H-l-ill:ll.

HHHHHHHHHHH
HHHHHHHHHHH
HHHHHHHHHHHH
HHHHHHHHHHH
HHHIIHHHHHH o
HHHHHHHHHHH H
HHHHHHHHHHHHH.
HHIHHHIHHHHII
.HIHHIIIIIIHHHH
R R W
“HHHHHHHH”H”H?H.FH.
HHHIHHHHHH s
HHH

A
. Hxﬂ .

|

Al

Al

x

Al
A
A AN M MK
A A A AN E N
A M AN A A
Hx?t!ﬂ"ﬂnﬂ"ﬂ"ﬂ"ﬂ"
H:H:H:H:H:H:H:H:H
Iﬂlaﬂﬂlnl'lﬂﬂﬂl
Wty e

A M M AN MM

A N AAKEF
H:IHI"IHIHI"' A

A A A A A N N N A A A A A M N N N
x
.
-
Al_A

Al

Al

-

Al

Al

Al

Al

Al

Al

Al

Al

|

Al

Al

Al

Al
AN A
E N N R

A A AN N N
Mo A AN N
A A A A N N M

v
X,
K
X
I

H‘HHHHHHHF

A A A A AN N A
A M M A NN
A A A AN NN A
A A A AN N AN
Al

Al

A

Al

Al

Al

Al

"Halﬂﬂllnl
I"H!I"ilﬂl"l-l-l" .

A A N NN NN .

A A A A AN A N N
H"H“I"H-l?‘ﬂ"ﬂ"!"ﬂﬂﬂ
"H;‘IIH'HHIHH"HHH"H!
"laﬂﬂil-l"ﬂ-l"l"l-ﬂ-l
Al o o A N M N N M
o A A M NN A
I-lalail-l“!-l"l"l"ﬂ"ﬂx'

AA A A AN A AN
A M M A A

A AW A A N N M

A M A X AN N K

A AN N A N N A A
Mo A A A A KA NN

A A oA M A M NN

A
A
Al
|
|
A
|
A
A
A
|
b |
M

]

N KRN FERR
X X xR F F ] F
HIHHHHHIHH HIIHI e IHI HH
F HIIIIHI lﬂl ] llﬂ III
ERXRELTREREENN

X X E R X FE
Al R RERXE |
i .ﬂ lﬂﬂlﬂﬂlﬂl‘.‘"‘. | |
II!HRIIHI L L L L ] L L]
I Bl i i b o & i o dr b g A A & &
'II L B | N ]
.-.........._.....r.._t.._.._

)

o
X,
Al
o
-
M
N
|
|
x
Al
|
Al
A
A
|
A
Hl
Al
AN N AN A NN AN
Al
Al
H-
A
Al
A
|
|
|
ll
A
|
A
Al
Al
HH
A ALK
A_A_N
Al_A
A
A
A
A
A_M
A
A
A
oA
|
|
||
|
A
A
|
A
A
|
A
A
A
A
A

- |
-H.-:I"I"l
.
M
.
A
A
.

A
A

2
]
]

A
Al
A
-
x
o
|
|
L ]

Y
o
o

: A
-?l
A

A
|

A
A

A
A

Al
E |

A
H-H
A

||

A
H-?l
I-I
M

A

- ]
M A
k]
-
-
"
o
F
AN A
A
A
|
A
A
A
A
A
A
|
E
L
l-l
I'
e

Ml
Al
M A
A
A
]
FY
]
Y
A
M
||
A
A
||
||
||
I-H
[ ]

-
o
]
o
o
]
|
.
A
|
A
Al
|r
r
L ]

Al
-
x
F
-
'H-
A
A
A
]
A
|
lI
A
A
A
|
A
L]
r
&

|

A

;

o

;

o

;
H:.-H

A Ilﬂ

:

E |

-

Al

.

-

A

|
o

Al

A M
A A
A

Ml
Al

Al
M
E
FY
|
|
Ml
|
Al
A
|
|
A
Al
-l
Ml

. x
. I I R ) & I ) F N B R R ] F
u...n-l“al o aaa LR N N

b kb h bk M odr kB F & s
.-_.._......r RN ! et .-..-__-..-_.._.....t.-.....-..._......r P
b & b b b b b N & oa " dr dp b O b b O dr g

N NN A

o
:n
i'd"

A

et
s

Mo o A A M N N M M A A A A N KN N N
A
I-il
A

.
Al
.h

A A A A AN N M N X A A A NN M N M A
|
M
|
A

A A M N A RN A NN K M AN NN NN M
|
|
|

A_A
UM A ol A A A A A M A A M A A M MM

LI EEEREELEEREEELEELESEELERELEEELELERRERELR.]
A A ol A A A A A A A A A N A AN A A A
A A M M A A A N N N N N K KN NN NN
A A AN AN AN NN AN NN M XN NN N

oA A A A A ANMNENX XN AN MM NN MY

lﬂ?l?lIHHIHHHHHHHHHHHHHHHHHE
"I-lHH"IHlHI"IHHHIlH"HHH"HHHHH"HHHHHHH"HHI"HHHHHE
IHIHHHHHIIHHHHHHHHHHHHHHHE
A A A AN AN AN AKX N MK MK KKK KN KN
IHIHHHHHHHHHHHHHHHHHHHHHEH
-H-lHI"I-lHI"?lH?lHIH?dHlHHHRxﬂnﬂxﬂnﬂnﬂnlxﬁnﬂxxxﬁxﬂn

U.S. Patent



	Front Page
	Specification
	Claims
	Drawings

