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(57) ABSTRACT

‘Biringer’ Katsura 1s a newly and distinct variety of Katsura
tree (Cercidiphvlium japonicum) having characteristics that
are of commercial value in the nursery trade. As compared to
Common Katsura, ‘Biringer’ Katsura has darker green sum-
mer foliage; narrower, more upright branch angles; a ten-

dency to hold the leaves later 1in the autumn; and greater
winter hardiness.
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Genus and species: Cercidiphyllium japonicum.
Variety denomination: ‘Biringer’.

BACKGROUND OF THE NEW VARIETY

The mventor discovered a single unusual tree 1n a row of
Katsura trees at his commercial nursery in Mount Vernon,
Wash. 1n July 2003. This unusual tree, believed to be a natu-
rally occurring whole-plant mutation of Common Katsura,
exhibited narrower, more upright branch angles and darker
green foliage than the surrounding Common Katsura trees
(not patented). This single tree was marked and observed
during the remainder of 2003 and through 2004. In August
2004, 200 to 300 trees were propagated by chip budding and
by cuttings (mist propagation). The propagated trees were
planted 1 2005. All trees from this propagation appeared
identical to the original tree. Since 2005, approximately 500
trees have been propagated from the second-generation trees,
and all are 1dentical, confirming the trueness to type of the
new variety. The new Katsura tree has been given the name
‘Biringer’.

BRIEF SUMMARY OF THE INVENTION

The distinguishing characteristics of the ‘Biringer’ Katsura
as compared to Common Katsura are as follows:

1. Narrower, more upright growth habit.
2. Less vigor, by approximately 25-30%.

3. Darker green summer foliage.

4. Delayed senescence of leaves 1n the autumn, retaining,
foliage approximately two weeks longer.

5. Greater winter hardiness.

DESCRIPTION OF THE DRAWINGS

FIG. 1 One-year shoots of Katsura, showing difference in
senescence between ‘Biringer’ Katsura (top) and Common
Katsura (bottom).
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FIG. 2 Two-year old Katsura trees 1n nursery row. ‘Bir-

inger’ Katsura 1s i the foreground on the left; Common
Katsura 1s on the right.

FIG. 3 Three year old ‘Biringer’ Katsura trees in nursery
row.

FIG. 4 Three year old Common Katsura trees 1n nursery
row.

FIG. 5 Four year old ‘Biringer’ Katsura trees in nursery
TOw.

DETAILED BOTANICAL DESCRIPTION

The Common Katsura tree, Cercidiphyllum japonicum,
Siebold and Zucc. ex J.HofIm. and H. Schult., 1s described 1in
Hortus Thivd MacMillan) as follows: Upright-branching tree
to 100 ft., trunk often branched above the base; leaves orbicu-
lar to ovate, to 4 1n. long and cordate, crenate-serrate, gla-
brous, dark green above, glaucescent beneath, becoming yel-
low or scarlet 1n autumn; flowers before leaves: follicles about
%4 1n. long.

The detailed description which follows documents the dif-
ferences between the Common Katsura tree and the claimed
‘Biringer’ Katsura tree. This description was prepared from
observation and sampling of two year old trees at Mount
Vernon, Skagit County, Wash. in October 2008. Certain char-
acteristics of this varniety, such as growth and color, may
change with changing environmental conditions, €.g., photo-
period, temperature, moisture, soil conditions, nutrient avail-
ability, or other factors. Color descriptions and other termi-
nology are used 1n accordance with their ordinary dictionary
descriptions unless the context clearly indicates otherwise.
Color designations (hue/value/chroma) are made with refer-

ence to the Munsell Book of Color, Kollmorgen Instruments
Corp., 405 Little Britain Road, New Windsor, New York

125353.
Tree

Height.—Similar to that of Common Katsura, approxi-
mately 5 feet at end of first season 1n the nursery (FIG.
2).
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Width.—First year 12 to 18 inches at the widest point,
approximately 6 inches narrower than Common Kat-
sura.

Overall shape.—Upright branching tree. ‘Biringer’ has
more upright growth habit and reduced vigor com-
pared to Common Katsura, thus appearing more com-
pact.

Trunk

lexture.—Smooth.

Color—Medium brown, (7.5 YR 5/4). No difference in
trunk bark texture or color from that of Common
Katsura.

Branches

Habit.—Uprnight branching, with side branches averag-
ing 30 degrees from the vertical, compared to 45
degrees from the vertical in Common Katsura.

Size.—About 60 to 90 cm long, and about 8 to 10 mm 1n
diameter at the base; Somewhat more slender and
with about 30% less vigor than Common Katsura.

Color.—Olive brown, (2.5Y 4/4), as compared to light
brown (10 R 4/4) in Common Katsura.

Lenticels.—Round to oblong, inconspicuous, light tan
(7.5YR 6/2), less than 1 mm 1n length and diameter.

Internode length.—5.5 cm, as compared to 6.0 cm 1n
Common Katsura.

Leaves
Based on observation of 10 leaves on Oct. 11, 2008.

Size.—6.5 cm long and 6.5 cm wide, similar to Common
Katsura.

Form.—Orbicular to ovate, apex acuminate, base cor-
date; similar to Common Katsura.

lexture.—Upper surface glabrous; lower surface glauc-
escent.

10

15

20

25

30

4

Color.—Dark green (2.5 G 3/4) above, lighter green (2.5
G 6/8) beneath. Upper surface of leaves on Common
Katsura, when sampled, were more yellowish (2.5
GY 4/4), showing signs of senescence.

Marginal form.—Crenate and glabrous above, glauces-
cent beneath, similar to that of Common Katsura.
Petiole.—2.7 cm 1n length, 2 mm 1n width, color reddish

(2.5 R 3/10), as compared to a more purple color (2.5
R 3/4) in Common Katsura.
Flowers

Blossoms.—No tlowers have been observed. The mven-
tor has not observed flowers on Katsura trees. The
literature suggests that Katsura trees typically pro-
duce separate male and female flowers in spring
betfore foliation.

Seeds.—None observed.

Other Distinguishing Characteristics

Hardiness.—On Nov. 20, 2006, a low temperature of 12
degrees Fahrenheit was reached in an area where
Common and ‘Biringer’ Katsura trees were growing.
By the following spring it was observed that more
than 50% of the Common Katsura trees died, while all
of the sixty plants of ‘Biringer’ cv. of the same age
survived undamaged.

Disease/insect vesistance and susceptibility.—No
observable difference 1n adaptabaility to various soil
conditions, disease and insect infestation, or fall col-
oring have been observed between ‘Biringer’ Katsura
and Common Katsura.

I claim:
1. A new and distinct variety of Katsura tree named ‘Bir-
inger’ as herein described and 1llustrated.
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U.S. Patent Feb. 15, 2011 Sheet 1 of 5 US PP21.711 P3

. -Il'-ll
Lo L

LN

L)

L ] i*-h
L

L]
)

#li-li

1-"--:4- i g
- ’ ]
*

L)
[ ]
L]

e
oy

L
Bk e B
Fog ey

L)
-
)

»
N )
L K L

oy
"Hx'

)
L N
A

i
)

LA

_.
o

R )
KA

L]
L

L | .IEI

L) t‘l‘#‘#‘l‘i‘i L
L ]

i

L
L]
LY
o

ey
.1:-:-;__.;-:' e

o

L)
W i, i
™

s
L)
» ]
2
F
"'ll"l: put
x

3 .1":-

b
Ll

x
i I
e

i PR |

1Y)

&
-

i i
.3
N
Ly

Al

E

Ly
o

F |
i |

4

L

r

o E
|

nE W

-+
A

L)
-
-I*i'h-h#-h'h-\'
! ‘d X
o

-
o
'

P e
R L
e e e e
"

.3
N
iy

H

i,
AW

w X

o
(o

| " o
: :-.:%«:-:f'i oo

e

R M = ]
A, -
C_

Y
T
‘x
&

W W
‘l Y,

i) X
»
.1 :":":":x.i!-:i;: .I- [ ¥ r i i
i L e = . s
' i
F

-

S
b
o
i i
B,

=

L
I

i, W A W N
Y
LN

2 A
L

T
R
. .
o

4 :-:.:::l ]

. .- -. .-. 3 ¥ --. o, - . 3 .. e,
_‘i. . ) ' d W ! ) :l:il:il:i!:i!_ _I;l!""u"':-t ™ A M A L i
- i 1 k | | ¥ ) iy d o 3 . ! ] ] ] i w3 N ] ] By ] e
k r
r
I

Y
, . : ; o, 2, , : o ol . N B, e g Py Al o
; . / . , Tl R A . d , P e R, ; i ; : . : e i P
] 2l | A e A ¥ [N R e \ T N e oo e e f.h{.-‘:%ﬂ

Wy

]
LY

e

M
{i‘fuu_:qn
A
.1!. d
o

¥

L]
]
- |
o oo
L E )
T N

L g

[
o, 4 ko oy
tql*il*-'r-\' r el

. . TR e l__r.:y;?::'a
! A llql:czru___n T

. - -| Fo L A e
o o

)

™
i I
x x ow iy 4 ;
NN NN ot ¥
L) S W o ] B M A ¥
--_.:-:_'-e.H'I_"-!_H'-!lnw-i-:' p e
IR xRk R R F R R EEE R ER B KXk E R bk ok kbbb R
MK b b b b ek kb dr e e b A b g dr ok d dr i L]
PN R R A A W "'

; M MW M A N M

n A s K W N M i "l-.._n:::!_ g ) _ilx:l:ll L
ANY T e N e A A 'n:l"fu_.;xix:__nin__le a0
A T e e

M

A T % &

R N

L) ) ; l;‘"ll. a-#a-‘a- N e N ) q-‘_a- i i
| ] .”: .:__E-" i :HF!!H:..I*H:..H! | =

[
-I* "r"r“'r*'r'i'*t*k*#:#*-l"* 'r'r'r

*e's

odp dr i b e dr

.

D B I B N L O o )
-

IHIHH..
ERCRNE N N
rhkak R
o ard dp A A
P
" b
LN
L N
L] i
LI X
b dr o oy xr ik vy
L]
x

L NN NN RN . -

a

i
i
T
W i
W
ool

LA

N N e g

W
|
X
e dp e dp gy
Y
-

L]
X

-,

Ij"h". k i i N . ] AN = i
o ; I:h'I: i N e ""'l: e a .1:-:-:__;:1 B
S eaE R
"llllhnl e ] o e -:;I'h e P

W O AW -'i':'-;: "
N I o ", o
R S
W W S _-!l'
A o il :F o s
[, 4 - ’q\ | ;

O N L L ]

A
™
A
Y
o
P

dr dr dr dn dr e e e dr dr e e e
n

.

i
wa drodpdpor gy pa i

dp o dp dp dpoar
dod oo b b e o kN
L
LN |
LN ]
L ]
P e

LY

» i

A A .... o
.
X
4 Jr
X
X
)

i -
i i

¥ .

PO NN NN NN NN
D B N N )
P N N BN O A X

P iy i
i

>
* b d oy

.
TN
X
e e

A

N NN )

L)
-

A W A

MoE ¥ NN I:IIlalxl.

-
a A
o
drodp e dr dp b dr dr d dr g b b &y
[
i
.
a»

..-
PN N N M N M N,

L i )
L e

x .
& bk ox oo i W
i i

N N s

Fay

X,
X M N
i
i

LS
Lk
Lk o )

LA
Lok o

..-
.
ror e dr e or e dr e A op e e dr e or e ey

D N e )

A
iy
X a
-

¥
Foa)

n

e

E |
)

a»
¥

3 e dp A
- ™

..-
.
.
v
¥
Foay
™

o a
!
L

P
L
PN )
PN
fofipfiylt
i
v
i

O R AL
X -e:'\ g

o) .. b . | ] J
" .'p‘.:: ;
s
S
H.' : b |
‘H ol E

™
Fo
o

i

] 'x”x

ax
o o x w IENC NN N NN

IR R EREEEREREER *r bbb r bl

AL AL N KA
PN )

N )
W

a
i dn
- . ]
I

Fo)
™
¥

]

)

i W
i

]
- ]

&l
L

S

o
i g
N
A N X X X
e
A I.:I
x l::a:':i L
L
A i dn i dr dp e

™
o
e

X

w
g, 0 A AL o

R W i e i
I o, A Al o WP e A

L

! o
o

X,

A
]

a
lll':g.l':ﬂ:‘i |

e,
L g it

N,
N

:::'u
et
i

X ;:{;.-. :

l’!’lﬂ l

o

-
| A
|-
L X X
[t
b e .
ry :-:I

Hllal

i q |
i N . - A WX ]
s oy o pow e e Mo A A A e
. .
ol R e i e M W, .
Mo o M N
-
Ill’.‘ll

R e
L ]

N
a H:u"u":l:'n"

A N

ooy ™

H
]
L

5%

Jp odr v =

i
L)

. r A :__:. ; -.-: A : 1| 'I‘_.: .. :

e
e
; 'i. |, k| “f‘::r_.:

LA A A :sa__:.u T

s, A ;
o ] - b .’H'."_“:: e
py ., L ., - ! L g
%;1{ . L e e W
L - A : L e e e u] T e
! o (A e Al 1 e e W Y
e

¥ . 4 | . ; . e A | Je v ] e
. e, o -!:H:!:H:H:H;!;H;- ) B i Ly | o a e ) ; Y N - "y e e T Yy F!F'HHH,.: ) '.:1-::;1:1"' x _.:::::-:;-::1-:":;'":-._ AT .-n.q-;.'n.-*;“': :ar: M - 'Il':"|!:‘1::"1;!'.}:;!_.:?!'.'.a_"..
W :I'Hl?d'?l X N A ! I . ] - o ) o, . o g T '\u'.u' i G i A N : A :
P Yl i d ! N ] ; e « ] i R N S 'h:h i A L S A L e ; ;
e n:pnnax::-e;ln i i A Al Wi S e " ) . n e o, 1:I| WA P N i R
oA A A A AL o il i e i p Pl ) . : e . A A N P o v e E e E e o AR
: o, Vo e e e Y X B A d s 2 WK, iy » o W o 2w N e I I L L R I
e M W v e A, O i, i i R Sy e oy " ¥ RN A U A * i B i ;
1:;.-.-...1-:._#:_1“\._ iy iy i, o e I P e L o, ; ! ol A A e et e B MR A AN o oA l-:.:
RN K AL LA ’ O e R iy d R I e e T ol o U N e R e N ol W e e
. ""'-I:n::- :.-:n:::-' :':l-:l'nﬂu:‘- o :::n;lﬂ:r:r: o g e M W/ A ) R e T o e A "4-'4.#:#:#:#:#:k:a-*i-*a-*l-*l-" N Al 1.:’_‘1.."1-:"1" . ‘!'-'!?:_.'.-:":I'I:.F:E:H;i- i " -
-u..:;:u‘;a N 'u;_:'-:'_:n‘:u?;x::-!'"u_ P e u, RV I, I I e e BT I I e T O e e e ) R "}_-: s L A : e i) L I
i i e i e e el 3 o ) o A - L] F o ] : i
. Rl O e T il i i ; e, oy
A AT e ) M LU N L BN e e M L e

L]
L

bdpowoaw
o
[

L

y i*-hi-i'ilt

Ml & v e A WA

et

' i 3 b ¥ W ] M o W 1-.".1'

) B O | | M M, ] | A A e h e M ) : el '3-:'::.1-' A 9 i i o 1 "”':z ; :.:!:Ilflﬂﬂuﬁx..l!-

St ':;._;-::;:5.-:5:::::::::;:;::.;55::_:;:;5;.-:,.5;., e - - - el

H-l' EH-IHH I“:{E:. :‘:!.il"il!:it‘:lli HH’:-!_H. o

’ % .h ’ ] " B :”1"::-:':.!-:

R AR

b | 11- 3 l-H":-HH:Hh::‘!H!H!:EIHI' Mo W
"

E

b ]
X

L N
e A
; ‘:-:" : . o N

=
Ay
!:v.:"'l"
¥
i
i
:"g.' e’ /
i
X

<
o N

‘o X
)

i
X

|

¥
¥ M
Al

B A " _. A 2y o
R N M v

i:ul.l:l h ]
o

; b _I"' ;
e
F

Ly
. %‘
] A
-
ol

o
x

.-H‘H-

N N M

H!HH]IFF.
Al

PR
’IH'FH::;;I"H_ | .H“t 3 ';:n: f:: -lnl- 3

i i
o, o o
x " )

I
-l
x

\Ix:l;ﬂ
-
.HI! 4

I
b i

; r:;' :‘;un'ap
L d
{e e, : 1::_,.-:1::'
e S
o :.-:.I .r;* -']:xlf . » . ; .:. M 0 y " o o) " o ..r
.I!l ; - A 2 H-‘: . . '. ] - . My "..::::‘: ':':'-h:: p .




US PP21,711 P3

Sheet 2 of S

Feb. 15, 2011

U.S. Patent

L]

-

> or

X X N

EE

KREXXTEIREX

HH .HHF!IIIIIIHHIHHHHH

AN A A A ;
= F FFFPFPF B
. s

.ll 'h..__.. )

i
x X nxnx.xunwn“ "
i

LN A M "
]

s
- H..HIHIHI K HHI HEIFI.

4k bk s a hamaa

dr & & & & & & &2 & & b &2 a

a

N

iz
-
NN N

A
H

i

HERHHHH!PHHHHH H”HHH“
N N
~, HIIHH.HHHHHHH”HHHH

>
x

o,

R

iR oau e

i

5 kb bk Kk
LI,

L]

e A RN

Ll & b .

&

C N

.-_..........._.H._.............._..q.__.

)

-

.r.r.r.....r.r.._ .r.r.._..r.....-.
I d b & dr
o e




US PP21,711 P3

Sheet 3 of 5

Feb. 15, 2011

U.S. Patent

. X e UL
S M a  a e a  E a;
8 1. .1 .'“. e e Tl ¥l Tl ¥ -y i

xR
T
] EX A A N 3 y J
Hﬂ.ﬂ!ﬂﬂ?ﬂl Hﬂv.- :

e

i

et
R
Ny

X

*-*a-"l-:lr-i
e
]

»

an
]
1

s
5
.

F

.. n . .

.' . .

1 . . ..r.-..v .. .__.__.4.___ . __. . ...E .. . . .. .

e ; K L e A o e e ; .

B A e I A A p o B ; > ’ n
. » i R A Ay " Y VW o) ; 4

LA D M el Al 0 al X ; A ; ; : r, A ; . .
e ) ; X

u X . ; : / ; ; ; ! . i

; Al o ¥ Ll ’ . oA e .

4 n - Ll e ) X R e Ul nCal et e aa a aa a aa
- R e

W ) "
T EN L h omoam b Nk ¥ A A

W i i el e el A S St i ; .
. e \ ot A T A L, hq.__.#.__..,_..__.u_....#.__..,_..,_.h_%.__.__..,_..._._qn#.__..,_.4..&.,_... N .”._..-_ AL N A R ...ln..n ; i i o . .
. e ) . . i : e - . . ; ey . ; .r.__...,.___.r.___..,.__.t#.__ ol " * ey A e s s M " L .ﬂnnr.__.n e uu. .__.x”v_mq I i ;
- - ) ...nk...“.t e ....._.,_.4#...”._._ . . o ! X - . .

- " “ ol - " : : - .
2 e e ; . x. ) A , )
o L N L L ] ; d ’ J ’ . > ; M
N A ) X L ? X" A ) ’ T ) . , :
] 4;......&...4.....&&*...._._1.........4.....1......... e i :
i b h b b h ks Ak N h oy M X K

4 4 & b b & 2 2 = b a b a b b b ko b A Jobodh b odrdrodrh Jrod brd b3
b b b h oaoa "= a2 & & & b & bk 2 bk b b b’k h b & b &
-

_- n.—-__.. .. . .
.r.a............._......... L___. nr.aar. .
T T e T T T A A K ] ;
... T T e K »
; . - ; ; k . ) 3 . : i e
. T, . . ; ; - . . . | -
. e

. N . 3 N L r 4 ; ’ . d e n-n.__.._..r.._..r.v.r.r.__.._.....v....._....l - ¥ .

¥

g | [ & "

. ) f . F . ’ i _ i ko b oa o a dr kAR &0 i dr iy
3 E L 3 b & A Rk dra da oam Ak N o kok a . n g i i ke

A A 5.__.._..1.._....._1.__.._..__.._.__.-. EEE ) "-__-

g drdp b M de drolr b M e b b oa

b b dp b b ko aoa ¥ l-_
P -
M I .
i de iy dr gy

[

. ; ) ; . R ) ; . N N .
; . ; - = ] - i ] P ) e e e W e W e e e e W e e e
. . AL N N R A S N N M e R AL AL NN
. l..rl..r.....r.....-..._.........r.....r.....r......_..-..- .....r.....r.....r.r.r.r.._.............r.r.._ .r.r.r.r.-..-..-..-......r.r.._ Tt .
W e e e

T L L, e )
- . ) ; M o 4 ‘ ) i ) . = MERE el aE SR SN S L A L e R N A L H.._...t“.kH.rH...Htu........k#...&..#.........#...&k....-k_...q_........- *
. ) ¥, ) : ) y ) IO I : ) v , ) e e e e e W e e e e e e e e e e e e e .uu”u...u.._.tukbntnkn..”..”k”#”...“.qﬂi A
. A L}

L e

m s k& Ak dodp kR

. s s
e e,

: e
PO e e e g oy A S A PR by iy Mg i iy o
F o N e e e Y IR N
L N L T o ey ety Py iy o i

Py e S A W N

A M, [ ] [ N ¥ ¥ | i b ] H....H.rl..-.....r.v.._..._..r.._.__....r.._..__.r.r.._..r.._.n.r.r....r.._..__.r.__tn.nn | i, i, t . N LA

] . , 3 4 3 K - , , 3 d T
- J L q b i 3 * L L 1 q L 3 & 4 dr o dpr g A odr Jr o de B ik dr O 4 N i L q - - - - i i LG LN I
! ; ; ; . ; . . bk d bk aa ; C N it

. / A , ; : X .... / i ) - AR
.- r ik i r ' - ; P L e i u e N RN
¥ ; ) - . d h ' "2l I d d ; ; ; i e e Mo i P i B P . Tty

1 I J & J I F . 1 1 i . L . ! i ! N N R e e X d o kW h

- i . ) ‘A | L ] . , B, i i ) . ) N O At L A X ded A a ks

k 3 d k J k. ....r.....r....r.r.r.....-..l.-..r....t.-..u_ .r.r.r.._.._.._.r
K, ; ! ; . ' F oo W i X 1 y | s i ;! i ~ SRR N W A RN N i de i b e .
E ki / - K ; , : . Y 3 Y F Wk a kA ln......._......-..-......._....rtlt ....E.._............. ......_..__.....-_.....r............._ R
Pl i 4

L §

A .
)
- NN S A e Lt e R ) .
Pl h m om ok kB e 0l o e gl Y

9 A .i..rl.r...}..v....!.-.#}.....r......it..u-.ili.l E N
- ok kom kM B o g m g R L .
B kb om deoa bl gk B i e ]
- ‘ P R A o e
: - - ; : ) . o ‘ ; ; 3 ™, - ; d ; u gk a dr w dek a i A X
a 3 F | d ) - 4 iy ; ) ; P R A R M

ar N o4 ik k omoam bl d kM
- . .. . . . . b Jr dr b dpdp Jp b & O X O dp & ™
- B A e S e .r.._.._...”...
o P& & & b o odr e bk U b o i W
n
l

o .. .. L r
L a E L i E d . d k L J L A
; . , L ] MN R R N N N A ] L (] | | ok & & b b b b ok
“ i F ko r I ., X W Al L i " n KT K i OGN i ¥ E i i ._._luiun R RN T
- ; s I....rllill.w.._.r l-_...._..._..-_ L y | | ok ki oa ok
i o Fo
-
-
- -, i .
& & dr & i A A e L= 1 k i i d J 3 H 2 H H H H ] d L
R N N N N N ', o . x | 1 .-
K T ......................r...t.r.r.r“.-..q e J ; d J 1 oy . J - ; ( . : i . . A
at ol iyl e e ke ey 0 e g de A e
- W ol el e e e b g e dr i B
d dp dp ey e dp o dr e g g e U ae A & 3 " 4
- W o ek ke iy dp iy de dp e b de b b dr ke Ny ' 1 1 ¥ | 1 b W 1 r A W r d r o 1
- L I ey 1 F , r L e L 3 F e r " e e e o , , . T
Ll 3 ) oo dr kb b bk dr Ak kg - e 1 d ! ;! | & F X o dode ik ki ] r ok ko k4R
x .................r.._..r.._..r.r.._.r.._.r....._.._.._.__.r.__.._.._.._n.... o i N - . . : : . 4 4 | L} il r.!l !ln.................r.._nn.._..r.......".l_ll."ll
L » r R CRCE AN NN I W ) .
A T e N e N T M L NN
- e T e e N N P I M3 . Ty
- o 3 T N - .y k .. . . | r i ) i e b e B R e e W e b i e kR
W dr e e dr dp dp de dr b O e b om e om bk b oa b ; . . odroa om kW dp dp o dp o dr B dp A b bk ke
- e R f, J=ry 4 . . . . . ¢ x t 1 ] ok a b ha i b B e A e
- e B dr W e dr b b dr bk e U bk kA ) . " . ‘N ] ] ; 'y ] . ! ,
- .-..-_l .
- L) W dr b d d e e | . f .-

»
»

L O e ot
_._-_...._._-..-__._._-” A
O L e e g
e e,
™

P
o o '-. L]
S _.""“.__.

¥
.
L)

L

»

L
»
»

»
»
¥

»

¥
»
X
»
F
)

»

-
*
*
*

»
x
X
»
JrJrJrJrl':l'#
)

g

X
X

L]
L)
L]

e H_-_H....__f”...”.. I._._. ““"x.
r -.._.._......_._"-_._.r .__ﬂi u
X

-.i..l Fialy __ﬁ-_
L. g
UL H .-.l"-fl-..;.-.l

L ]
s
L

L
NN
o e

[
I

N S NN )
et Ty

L e
E3)

i

wa

X
KX kx

Wy

e )

N CRCNE L oLl o

RN W Al e Ll
LIUIE aC N at T e e E KRR R . LAt el e

P 4 : » K K o s I ] L 3 L ; . k -
. . . . . . . . . . . . . . . . ] i-i-'-



i e
RN M
MM

%

: ..1-:.':3* :

Ny

US PP21,711 P3

: ) P 3 LB, e
W, i ) . AL, M o
A e P ™ » ot Wi A A A e a e e e ek ke
.-_.-..-..-. Y .-.I.-.I.-..r.r”.r‘ . -..-. N .-_1.._.-1h“.__”.._”.._u.._ R .-.”....v..a..r”.r”.r”.r”.._ l..._”.._”.._....._”.rl_.__l.rl.i.tl”#”.r”.rl.rl..rl..__ e -.H.i -h..“}.ll...l..{lll\}.“iill "m
a At . P e L -
W R »] L T R I R eI R PR R o A

Sheet 4 of S

AR e oa Y
B de ok kS j o om b i
o W b o& ]

L i Rh

Y

¥ *
...H...”...”...H...”...”...H...”...“...”.q”...
dp Ty ey i e

G N L AL Sl ) . ol ke e W L)

L)

P
o o o e o o & & & & o B i b b U e o & B
P PN A N i e e e el A A
[ ] L ) [ ] [ N ]
o N L T N ) _._"-__._
et et el S et Sl
T R e e

N
- ar PR > i ar
.i.__.....-......__.._n“ N n-...r.__ -...n”n.._.r.....__.r.....-_.-_.-..-_ 5
" e Y .._.-......._..rl

nk h kN

L
-

)
)
»
5
x
e
)
)
)
)
»

L)
N IR .___”.,_.”.___....4._._.__.._._.4....4._._
X AKX N N a a pdd o a ko
) W PO O N N
» _u-x._.. e T a e T a

LA C aC
AAA 4
L
AE A A RS

)

-

»
L )
»
L ]
L )
L
o

»
L

L
AAA AR R A S
A x

F ] [ ]
S 2 ks .r“..._.H.._.”.-.......“..._..r.._..r.r.r.....r.....................
B Bk i i e b ke &k U ke ek
- h

E )

»

-

5
L)
5
L
5
5
L)
L
‘4 L)
&
L)
5
¥
L)
L

[

e
[
o
»
e

Feb. 15, 2011

+ ¥
5
L)
& &
L )
&
&+
L )
L
f Y
L )
i

P

T T ey e A i T
e e .___....-_....-......_......H...H....H...H...”...H...”...”...
- Ll a ] dp dp
x -l"n
-
P A »
Y N a
Caaw e LN NN naal
. PRl
N ) P o e  a
N AL AL BN I A A A M R L
R e i P I N A A )
W AL A A AN LA I L A Ay
L F ol b bk M
"n..r.v_nnn o L o 4&......4...J44....44...1...4.............1

b X
X

L ]

L L )
- .._.-..-..r
o

L
¥
N L)
r

)
L]
L )
¥

; ; . ¥y o ; o
. i Y ’ ; : ", 'y A e A
e e i ; - ; . ) ’
a ._..._._,.“““.__._L_-i._....a .___u-....”_ o i o il A i ; 1 ; ln_-un....nx_...-_..
D ! . . ; Lk Ll I LR RN )

-

» Al s R h B g 1 ) - Y N L)
.-1......_-_.1. Sy ; ; ; . J . 1 ] -
&

[y

N a ) ol i) . L R A M A T ., ; RO R

»

. ; oy / o . | ' e . : ML, d i i .._.r..l-..r.-..-..-..-..-..-..-..-..-..-..-..-..-_.-..-..-..-..-..-..-..-_l..-.l.-_ -
L L E | L E L - o ¥ ir A o &
E e H.q = .41....— - ._._.4._..”.4 A JH._._”._..”._._H# * .4...._._.-_.-.”.....__.r.._...H....H...H...H...H.qH...”...H b x o ”...H.-_H.._”...HIH.-_“-_....-__-.i.._ *
..TKK-I lvm. i L N L A e N N Ll N - -
g ’ . EC R M AR N M N W O N -
L R M M N e N NN N N N
e M N D N DN D N BN
dr b O de de Jeode X odp i
Pl T e RN N
LI NN R N )
% i

»
[}
*
i

[
L) *
i
i

L)
»

X

o e e
i & X X X aoa
o i
Jr .T.....:.”.T.... i i

)
»
(e
» "lt-_.._:..q_-_....__.q.__..-.qt.-....r.._ “x¥a
e T Ty
o o S o b o b e b s b s s S N
N e, Pl

U.S. Patent



US PP21,711 P3

Sheet 5 of 5

Feb. 15, 2011

U.S. Patent

. x

- ol X ; . W ) “w ! ; . ’ - R R N N A I T T T T e e N T T N N NN NN N I NN

g X i ; ; ; : o e e i Lo . ; o Bl ; i y : - - k i ) T e

T i e U T it e i e e i e e ot i M Pl UL

L] L]

.__..4H._......___ .4H.4”...H... ._..H.... i ...H......................_.H... Eals

e e B AL MM AL AL MM N N AL
4__._...... 44..._..___.
.4.4....4.............4..........4....4.....................
... ...
.._.
.-.

.-l-.-l-l--l-
A de de d e de bk ok ko ke bk
IS ......_......._......__..r i ......_..r.._..r.l.r Pl i
N e e e e
-
.......................................r.....-...r.r.....r.r.r.- o

b dp b Jrode e dr e b b & Jr ok droa
......................................r.r.._..r.r.....r.r.r....-.._.._.__._.n.._nnn

dr Jp b b Jr b b b Jp b b b b b b b bk & &
Jrdp d Jroie Jrodr dr e Jp de de d e br br B b b b a .

dr dp Jp Jp Jr dp b Jp Jr Jp Jr Jr b b b b W & & &
o T e A A A A " noa
dr dp Jrdp e Jr Jr Jp Jr Jr or & br b b b b & b & & b m m a & & a

.

]
H...H.r............_.....r.....r....r.r.t....r.r.r.r.- RN
oS [l S R e S S S i A Y . LLTLT oo s ol g
H...HH...H...H...HH......# P Pl J ¥ P
X h R
w
P s

&

I T
Xy

ir

X =

%
»
Lt
X

o

»

»

FY

&

&

Fy

»

»

FY
EE KLY

¥

X

»

¥

Tty

Jr:#q-a--
AEX
A R

™

¥

¥

)

[

i

)

[

r

)

L

L

r

L

r

r

L

L

l‘l*i
L ]

LG
L]

-
[

LG
Ll

'y
»
R
O RN

»

F3
L

e

A L )

Eal)

)
iy

F
#H#H...H... .__.H....
AE A

-:
o
)

)
»

FY
)
L
L
ol N
X
¥
+F
S
¥
¥
X
F
¥
Fy
x

¥
¥
X K
i

o dr i
Ll i
Ll )

>
a-a-:a-

RN Rt et R NN N e N )
]
EaN )

AFEE KR ERE R F N

E NN N )
M)
¥

i
[

¥
»
X
¥
F
X
X

ir
ir
i Pl

&
»
L)
»
L)
5
i
P
Pl
s
P
™
i
¥
™
¥
¥
¥
¥
r
r
r
r
r
r
[ ]
r
1]

Ll
E s
iy dr
Ly

L
L
F
F
i

A
Ty
l

L)
Ll
L)

[
*
&

» %
L
-

&
)
&

e
L
X K
x
o )
Eal s
X X
Lok

hd b..T.T I I I N R N I ] P - - . . L N I ]
P N N ] ................_..._.......”HH....H.....t...........”...”.rk.r.r.r.t.r....r.._.r.._.r.._.rl.__.__.rl.__n._.n.__.._.__l a2 a2 a LT LT ) ) ; ¢ L .._l..”.I".l” ....-_
' ™ ir ™ dr dr dp dp O U Jp dr Jp o be b e b b B & a N N
[
oy
ir

'Y
Ll

-
»
N
»
L
)
FY
:4- -
ii*iiiiiliii
-
F)
FY
EE)
¥
4:4-4-#4-4-#
EE NN )
i
i
X
i
F)
Fy
o
»
i
i
¥
F)
i
i
¥
¥
L
r
Ly
L
r
L
r
r
r
-
r
r
"
r
r
L |
Ll
L

- i i iy =
Ll o i i N N R i

I I N IR e N RN N A B ] -
N M M A M N A N - -
L) EaE
L

F)
¥

¥
K ak ke

L) ar

)
E )
¥
X X
E )
¥

B
»

:J-aa-
EaE
»

5
o
N M NN N
X
X

¥

XN K N KN
PN
)

#*##ﬁii*ﬁ
X
¥
¥
X
¥
F3
F3
¥
I
X
¥
r
X
u

EE
¥y
™
i
X
™
¥
¥
¥
¥
¥
¥
¥
r
r
r
r
r
r
[ ]
. r
r
r
r
[ ]
1]
1]
[ ]
1]
[ ]

%
¥
»

- ar g ...................................._..r.r.r.r.r.r.r.r.r.r.-.r.-.._.__.ri.__.__ a & a a LT . . "

o e S e N S Ty Sy A Y ’ ! ! ! P o Al Iy e
e Lo e S Sl S Sy Sy e T T T : ) ; ’ i AR AN NN
S S L ol el el i PP . L ol ; i.rinif."l__..ulﬂi-_ S
o S ’ ' M o I e

x . o
A u n ; : . ) PR N
e a a a a Wt ) “'n W ¥ e ] -.l.ﬁ_-.u au-__H l""llﬂ"l"iﬂ""-itllllll_-llﬁ..rtt-r
U A i Ui i e i e T T ey e e e e e au [ o ; x L st p o AR A
o T e e e e e e e . 5 . e e “.__.ttt._.__ s e Ty
w ur i i P PN AN e W A T R, 2 T A
e *.ﬂ...q*...u_.HH&H#Htk...tktktrt.rtru...uuuh_J_J_J_J. . : . e A b e TR
x ar

H”H X ....H H.... b b drode b o A bk b b h m h a hoaaaa t 1 W ; N i a4 bk a
*, L O I L R Y e R T ) . 3 A b
dr dp ey e e drdp dp b b odr g g W "
x, * i x [ R L L U S A | by . A & & b b dr b e dr b R N
i h
ir dr i i b b dpodp b b kb b b b b b b b oa ok ok
i i i
I iy .
ir J dp b dp b b b dr b b b b b b b b a k b oaa
e a, dr Jr dp b b b b b b b kb ok ok Y X

F
»
i

Ll s A
i
AN
L)

L
i

Wi i i e i i

CaC

* &
-
LK
»
¥
Lo M)
X i

X
»
L
X
X
X
¥ty
X X
Fy
L
r
r
L
L
[ ]
b
|
. e

»
L)
L
L
¥

»

L)
L)
Y

i

| ]
x
x
F
L]

L
)

L)

X
™
r

%
L
NN
X &

L
X X
Eal s
¥

Xk kK
Eal s

*-:4-*1-41-;
NN )
M NN

L)

»
NN W)
L)
RN )

E )
X E

N N )

P )

PN
¥

PN ]
Tty
)
L)
E )
Iy
¥

E NN )
o
N

i ar
H.... P

)
»
»

Fy
)
XX
X

F
»
¥
F

»
)
L)
P
L)
K xx

i
r

F3

l.l.l.l.l..a.l.l.l........l.l.....l..;.... dr dr Jp e drodr b b Jr b 4 b & b b & 4 & b & & & &
dr i dp dp dp iy Jr e dp i oA b dr e e b b b b b b oa h oaomoa A
ot * l.h.l.l.l......-..........l......:......r.r.r.r.r.r.r.._.._.._.._.__._..._i.._ii . i . I 4 b & M J N
& & i & & i dp i S b dp b dp ode do bo b b b b b b A b b omoaomoaoaoa 3 h nnn..........r............r........-.."
O LA L NN N N NN LA
o e i Y s s '
............”...........................HHHH............. A A e i r’ - P
L)
& i .-..._..-..._......._......._....................H......_.....r.....r......_......r.....t.r....r.r.r.._.r.._.r.._.r.._.._n.r.._... PRI
a i x
i

}..T.r.r.v.r.r.r.r.._.._.._.l...nn y F 3 i " aoa a a g b k kM i i X kb
[ i
ir % .....-................. .r.r.....r.r.r......_.r.r....._.._.._.._.._...nnnin.__
ir
* dr b b b b b b X X .._.H.r.r.....r.r.r.r.._.__.__.._.__._.nn.__in
P
P
ir

PR N

X
i

E )

)

)

AR R
X

............”.....-.....”.-..H.... Jrdp dr Jr dr Jp b Jr b b & k b 4 & 2 = & & =

dy dp dp e drdp dp dp dp dp dp dp e dp A e de e bk kb kA

aa o o N N NI

dr oy dp e dr oy dp dp e dp gy e dp g A de b bk A A A oa A

i dp up i i S dr d dr dr d A dr b b ok ok A bk kA

i i Jrodrdr b dr Jr b dr b b A & b & X
& i & i S b b b dr de do o e b dr dr b b M 4 b A &
dr dr dr dp B i dr i dr A b de dr b e dr dr b b ok b M A b ko homoaoa
dr dp Jdp i J Jr dp b br ki Jr b Jr b b & b = & kb b = & & a2

dr dp dp dp Jp drodp dr o dp dr dr dp de de de de dr b M A b b b b a bk oaoa . )
A » 3 : 3 . r 3 !
Jrodrdp dr dr dr Jr B Jr br & kb & ko m & k& a y " : i y e » . -
J o dr Jd g dr b Jp e e b M & & Y

i

L
E

x
Iy
P

X XK KX

F3

X

[
ir
"+
i
ir

)
i

i

)

x
X X X KX BN

i

X

X X

¥

™

i

3

™
X X
X XX

L N NN
™
¥

¥
|r

X ¥

L
X X
X
Y

F)
vt
-
L |

i
._,.H...H...”...H... Pl
e i e
o
....._....

F
¥
F3
F3

e

"Jr

¥
F3
X

o d d d de dredr o b e b bk bk b M & & a

J d d dr d Jp drodr oo do b bk b b & &
o e A A s T T T
& i J dp b b dp dr e Jp or b & Jr b 0k b &
¥ Jrdp dp dp b dedr dr dp b bk kA & 4 &
b b b b dr by b b b b e h kb b b

i drdr
L
.._..-. x i o b ....H._..H.... L i R R
i
i i
3

R R

XX
™

F3
[
F3

»

o
X

»

P N M
)
XA
™
P
¥
L)

X
F3
¥
X
X
¥
X
r
r
L
r
[
r
r
[
[
r
[
§
r
[

F3
[
s

o
X

R R R R X KK X XK X KK X
F
™

X K K B X koK
ol
x
Eal s
X

LN
I
o
i
X koK
¥

Pl

*

X ar

)

¥
¥

e N N N o o N e W
PR e N
B N -
D el o kN e

R S U N
P N e N N e ) L
W AR MR e i e e e dr dr e kR ; v
i .._.__.__ & d oa & .._.....r.-......__l.-......-...r.....r.__.r...?....-...r.-.'.....rl......._.r.-..__l..-.l.-_ " .Hq.
ar . o

i d ok kR kk i

.-.
dr g dr de Jp b b de b dr e b U b A b K 2 a P ...-... ata
e T A o A d a b d kb b h N W W

- b J K
L A Y ar ] [ Cl ) k ) ) & & &
F o i i e R e R A R A M.h - " . . . x X i & J oa bk Mk
o,
L)
I

X
Ll
¥
¥

Wy
L

N

¥
L

....”...H...
i A AN N

R e
AT e

2 AL
L aE L 2l
.4”.__.”.4”.4&&.4.4
AER A AR A
Ll N

E)
i

i

¥

)

¥

»
»
»
X
i
)

F

L)
»
»
F)
i
i
i

)
L)
L)
X e X
tx
X
W

)

X
)
i
X

L)

»
X
¥
i
IS

'y
L

¥

L
o

»
&
»
»
»

X
N N
R K K KK

¥

AN
Wi i

¥
LN

e
™

x
X X
¥

-

X
X X E X
)
¥
PN )
i
Xy
PN NN

[
ir

L}

i
s
iy
X &
ES

& o & I T I R R R R I )
.:..r..Tb.b. b.b..T.T.T.r.T.T.T.T.T.r.r.r.r.'.'

.........._..r.r.r.r.r.._.r....._.._.._.._.._.......
............t.....r....r.t.v.r.r....-.r.r.-.t.lln.- PR N M

ar
E
s
b b b b b h s R AL E
.r.....-.....r.....r.....r.__.r.._.r.__.._.__.r.__n.__.r......l HI

)
F

LAl

»

i

)
)

»
»
X
)
L]

] ! ! o
F & &k b g b kb . "y i & ] 3 ] k .J!H!PHHHHH
PO AT N M N e A - ; L
PR W e W . F 1
drol e Uk ek

ety e N, Y

L)
N )
x
Tty
¥
™

a
i

"+
4”4”4”4
A A
A

o iy i iy

A e
F
™

o Sl ol g

)
¥

L3
ir
*
'3
ir
i
L3
ir
ir
ir
ir
i
ir

X

ol el i )
Iy
X

)

Fy
s
l'Jrl'Jr:l':
¥
™
¥
ks

X
XN K X N
X X X X X ¥
Fy
Tx
¥
x>y
X &

5
[

i

»
X
F)
L)
L)

I

X

)

Fy

X

o Ex

r

)

X

I

i

r

r

r

r

r

L

¥
F3

&
X
x
X
X
L
¥
Ll o

¥
¥

.._..._..._..4....4....._.... ir
i
o o odr i o 4 & & o N R R [

Tt AN LN W ey e e e M.r.r. ._.:..r_-_._ , o ; | . i , . . L

dp dp dpodr i i d i i ki il L A N ] ] » 3 3
dr i e ir ....................r...........r.r.r.r..“i!ﬁ...... ay r | A
4....4.........4.........................H...... A e ...._....._-_... ! . . ] k -
& dp o d dp i iy o e i i dr dp dp b b b M A A A -
.._..4............ .._...................._........r....r.r.r.....r...q.....r.. .__.___.__._
....
....

X

Calal;
Fy
I R I I U T TR T TR h & i f o
M LA Eaa ) k X - P ; A Al Ml
Yo e T o
W e P S S R .
Wi i i i i &.q.q....q.r.q.q.q....qt.r.r...-.ntt“.r Y

»

XX X NE N KX
L)

[
s

A kA
™ b b b b b e ke j b ke b ke JpBou
e S g F o a e i i
Ll X K
i
r I h
a T A A e e e X ok kK kX ol
i
ir
L) ¥ Pl )
Ll Ea )

s
g™ .r............r.r.r....r.r.r....r.....r.r....r.r.._.._.r.._.__n.._.._.r....-..._...n.._..... |
o S U A T T "
b dp dp o b dp b b dr Bk b bk kb b M & dr WY
.r.....r.................r.r.r.r.r.r.r.r.r._. L .l.i_
o at, ...........................-.._......r.-.r.r.-.r.t.-.r.-.t.-.- ¥

»
)
Fy

X
¥

e
dr d ip W dp e i

5
I

X
Fy
X
x
PN N

X
X

¥
Fy

Fy
XX KX

L
L
E
u
‘I‘#‘#
FY
x
L
i
i
Ly
)

»

»
)
Tty
L)
»
)
X X
x
x

»
E)
X X XX

A e
o
Wi i i i »

l.l.l.l.l.l....l......-...... .r -.__.r.._....._.._.._.._.__._.
H...f&.q......* oA
P i g T ] " X . k . Ay . , . ’ T "o / o

X i ki 0o dr
E)
o S )
i _dr L ] B A . - L 3 . ! i L k . E | ok ko b u &

»
E )
AEN

& &
-I'-i:i*i*
*
o
L
L
L
)
»
F3

[
L)
L)

4444:4
M)
L)
»
L)

T AL AL MM N A
L .4...._..“.4HL...44...H4H...
s
1q..1_._.-_..._.__,_._. ....q&.q....q_..._..____.q...
L&

)
1)
Ty
X B %
i
L
| e
P

"
RN M)

L
‘-i
)
FY
F
F)
Fy
»
ol

¥
XX

F3

L

)
L iy
L ]

i
MR

»
L4

.._.".-.x.___
e o o )
[ o T i R e R S

P
2 i e
P L wla oy
i T P S N
[ N I I [ [ ] [ N N - o r
._._—_._..1.._._..._”.-. W ._.._..._.r__._.-.._.....v._.....-._.....q.__.q......TH.._.Hl.-_ e
R i i
.w.._..._........._.__._r__..__..._._1.._.._..._..____.tt...__....__.t.......__...t__.........t...__....-_.-.

._.
i

L) )

X i C)
Wl e e i e e
de e A e e e e e
R S A e N )

R S S W L)
A e e e

. . M . . / , - J ; - 5 ! y 3 ) P e e L I e, )

X

LN

r
e iy
P AN
O
EC N N
Jrodrode i Jp i R Jdr B
ir .r.r.r * .-_l .r....r...
¥ ....H.r.......”._....r“.__.“.q....._....r.._
KA NN RN NN
. . . . e T L,
. ., i i ! ) - L ¥ R . . A ; Pl P
; ] ; ] ; - ] . .__.-_ .....r.-...r.....-.......-..-..........

.. P NP

...u. .
H AL AE AN NN R M RN MM RC R A M AL R R AL B R MR L
A b

L)
N
Py .....-......r.__ *s .....-_....

[ R e T
E S e N Jra b B Joir s J kk a m a a m nomom kb h ouoh ok ow hohoddaoaoxddrohoad kb hod d hohddidd Sk

-
]
ir

L

B e
raw i i e e i e et e e e
" » L A R A
" J - l_-_wl_._..____...i_-n.q...lniarn.........,.

&

T

T IH.IUHH ] Il.i

} »
AN LN
&
13

LI I ar L]

L4

& b a1 A
T e ; ; ; Py i
X e e ek ; o Ei N
N NN N :

Eo i :
i, )
EE AN AKX

__.aruxnu gt
K L
h_x .”a”x”n __.Hr.”x":.
IRE P R
e
*te l"u e
" 2
T

-
X K

x_ A
MO N M A

oA

-

]

|

]

p

L L B BE L

F)
LN
LN ]
L]
A |

h*lblbbbl N oap A
e T
L I"_l“_lr*i"ﬁ‘i L
L} 'r*lr L IC g N N A

L]
r

E N
P

N M
= Td L ek Kk

e e
l........r......._.....r....._..__...-..._......_..__.._... LA
O L A A

L ]
L ]

>
P O e e
P A
RO o ar e ek
Bl gl e
T A ar a
A 5
ar P e R Y
) i ' 2 a2 4 4 B M Aoy
; e g T T d
B .__.u.._hr.._.unq . ’ P N ]
ax - 0" o p e T T
YR, L / s .r.__.r....-.}..r.;........l.l.l
: ity y ; bt
* et r ’ e o I
PR A ) ...__..q#ta.q...#*._.”t
.r

i L A . ; ; B




	Front Page
	Specification
	Claims
	Drawings

