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ψαj (r)α(s)

ψβj (r)β(s)

£ - Ô76N6�¥

*:D/�J0;N/BLP;G�*:0;@�*,.�4�<;�/@�0%*,.1PO*,<;B�D/4:0Ö<�BAPH0=<;@1+�0;BA�Þ0=4�0=N/BLP=*,IJB�6�4�<;I 6�4�<�0=N/B�03ÍÖ4ËP�G/@CDJ�/@C<�BA+�0=@C4,D/PAÔ
Æ�N�B}P;B�0=P {ψαj } *,D�� {ψβj } @CD��/@1�?@C��-�*,.C.�2�6�4�<�IU4�<�0;N/4�D/4,<;I½*,.OP;B�0;PAÔ¹×L4£Í·B���BA<�ÌOI½B�IÇ��B�<;Pw4,6
{ψαj }

*,<;B�D/4:0ÖD�BA+AB�P;P;*,<;@1.12Þ4�<H0=N/4��,4�D�*,.�0;4ËIJBAI|��B�<;PO4,6 {ψβj } Ô�Æ�N/BLP;B�0·4,6rP;G/@1D½4,<;�/@�0%*,.1P {χi}PH0=@1.C.�6�4,<;IJP�*,D�4�<�0;N/4�D/4�<�I5*:.WP;B�0
Ì�BA@�0=N/B�<�6�<;4�I P;G�*�0=@�*:.W4�<�P;G�@CDg4�<�0;N/4���4�D/*,.C@�032

〈α|β〉 =

∫
ds α∗(s)β(s) = δαβ.
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Fψαj (r)α(s) = εαj ψ
α
j (r)α(s)

Fψβj (r)β(s) = εβjψ
β
j (r)β(s),
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Fα(r)ψαj (r) = εαj ψ
α
j (r)

Fβ(r)ψβj (r) = εβjψ
β
j (r),
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Fα(r) =

∫
ds α∗(s)F(r, s)α(s)

Fβ(r) =

∫
ds β∗(s)F(r, s)β(s).
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F̂α = ĥ+
e2

4πε0εr

Nα
e∑

i

[
Ĵαi − K̂α

i

]
+

e2

4πε0εr

Nβ
e∑

i

Ĵβi ,
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i (r)ψαj (r) =

[∫
dr′ψα∗i (r′) |r− r′|−1

ψαj (r′)

]
ψαi (r).
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cαjm |φm〉
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Fαlm = 〈φl| F̂α |φm〉 =

∫
drφ∗l (r)Fα(r)φm(r).
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Fαlm = hlm +
e2

4πε0εr

Nα
e∑

i

∫
drφ∗l (r) [Jαi (r)−Kα

i (r)]φm(r)

+
e2

4πε0εr

Nβ
e∑
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∫
drφ∗l (r)Jβi (r)φm(r)

= hlm +
e2

4πε0εr
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e∑
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∫
dr dr′

[
φ∗l (r)ψα∗i (r′) |r− r′|−1

ψαi (r′)φm(r)

− φ∗l (r)ψα∗i (r′) |r− r′|−1
φm(r′)ψαi (r)

]

+
e2

4πε0εr
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∫
dr dr′ φ∗l (r)ψβ∗i (r′) |r− r′|−1

ψβi (r′)φm(r)
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cα∗in c
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∫
dr dr′

[
φ∗l (r)φ∗n(r′) |r− r′|−1

φp(r
′)φm(r)− φ∗l (r)φ∗n(r′) |r− r′|−1

φm(r′)φp(r)
]

+

Nβ
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cβ∗in c
β
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∫
dr dr′ φ∗l (r)φ∗n(r′) |r− r′|−1

φp(r
′)φm(r)

]
.
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∫
dr dr′ ψ∗i (r)ψ∗j (r

′) |r− r′|−1
ψk(r)ψl(r
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Fαlm = hlm +
e2

4πε0εr

∑

n,p

[
Nα
e∑

i

fic
α∗
in c

α
ip

[
〈φlφn|φmφp〉 − 〈φlφn|φpφm〉

]
+

Nβ
e∑

i

fic
α∗
in c

α
ip 〈φlφn|φmφp〉

]

= hlm +
e2

4πε0εr

∑

n,p

[
ραpn
[
〈φlφn|φmφp〉 − 〈φlφn|φpφm〉

]
+ ρβpn 〈φlφn|φmφp〉

]

= hlm +
e2

4πε0εr

∑

n,p

[
ρTpn 〈φlφn|φmφp〉 − ραpn 〈φlφn|φpφm〉

]
,
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Ì

|r− r′|−1 →
(
r0

√
sin2 [(θ − θ′)/2] + µ2

s

)−1

.
£ - ÔO:A6�¥

Æ�N�BÚP;+A<�BAB�D/@CD/��G�*:<=*,IJB�0;BA<
µs
B�.C@CIJ@CD/*:0=B�PL0;N/BÇP;@1D/��-/.C*,<;@�032g4,6�0=N/BÚÕ·4�-/.C4,IÇ� @CDK0;BA<=*:+�0=@14�D¹*:0

θ = θ′
Ô87F4�<�I5*,.1.12,Ì¦0;N/B·03ÍÖ4:É3B�.CB�+�0=<�4�DÇ@1D
0;BA��<;*,.CPy*,<�B·+
*:.C+A-�.�*:0;BA�|�K2ËD
-/I½B�<;@1+
*,.?�
-�*,�/<;*:0=-/<�BÖ6�4�<

* Ó Ò�BA�½P;+�<;BAB�D/@CD��Ë+�4�D/P�0=*,DK0
ÔO×L4¦ÍÖB��,BA<�Ì�0=N�BFG/.C*,D/B�ÉÛÍ·*£�,BF�/*,P;@1P]£ - Ô/.;8�¥8G�BA<;IJ@10;PO*,DJ*,D�*,.�2
0=@C+A*,.
+A*,.C+�-/.�*�0=@C4,D»4,6�0;N/B5@1DK0=BA�,<=*,.1PËI½*,Ø
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〈φlφn|φmφp〉 =

2

πr0
Qp−n− 1

2
(2µ2

s + 1) δl−m,p−n, l, m, n, p = 0,±1,±2, . . . ,
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g
Éê6�*,+�0;4�<

g∗ = −0.44
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e N
β
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2
)
]
− ψ(1
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)
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(Nα
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e )2
]

+
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m

ραmm
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n

ραnn ψ(m− n+ 1
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) +

∑
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ρβmm
∑

n

ρβnn ψ(m− n + 1
2
),
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)

− 〈 l | y |n〉
(
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µ+ã/ä6å^æAã4ä�ç4èaé�å/äP£oéyêNä_ë4é�ìAí�ì�î3ï
ĥ0

½»ð ¦�ñyò ¾ í�ìió4ìAä?ô�æ8îVõAä?ç4õAä?ìAä?åIæ1æ8ã4ä�ìAí�å4öNè�ä�·Wä?è�ä?÷?æ8õCîNånìCæ8é3æ8ä?ìî3ïkæ8ã/äOøgè�é3æ8ä?õ-ô4ä?æAä6õAùVí�å4é�åEæy´Jæ8ã4ä�ù�é3æ8õCíj¤eä?è�ä?ù�ä?åIæAì1î3ï�æ8ã4ä`¸oîNó4è�îNù_ëní�åEæAä6õ8é3÷?æ8í�îNånæ8ä6õCù�ì�÷yé3å
ëqäV÷yé�è�÷6ó4è�é3æ8ä?ô�é�å4é�è�úIæ8í�÷yé�è�è�ú�¦�¢-ã4ä�ùfédæ8õAíû¤lä6è�ä6ùVä6åEæ8ì�î�ïHæ8ã4äfüQîU÷]§�îNçqä6õAé3æ8îNõ ½»ð ¦ ¿Ný ¾ í�å4÷?è�ó4ô4äæW£Hî3·sä6è�ä?÷?æAõAîNå*í�åEæ8ä?öNõ8é3è�ì�î�ïræ8ã/äPæWúUçqä

〈φlφn|φmφp〉 =

∫
dr dr′ φ∗l (r)φm(r) |r− r′|−1

φ∗n(r′)φp(r
′)

=

∫
r2

0 dθ dθ
′ e

ilθe−imθ

2πr0

1

r0

√
sin2((θ − θ′)/2) + µ2

s

einθ
′
e−ipθ

′

2πr0

=
1

4π2r0

∫
dθ ei(l−m)θ

∫
dθ′

ei(n−p)θ
′

√
sin2((θ − θ′)/2) + µ2

s

½ Î ¦�ñ ¾

£iã/ä6õAäP£Hä�ã4é¬ê�äbí�å4ìAä?õCæAä6ônæ8ã4äPí�åEæAä6õ8é3÷?æ8í�îNån§�ä?õAå4ä?è

|r− r′|−1 →
(
r0

√
sin2((θ − θ′)/2) + µ2

s

)−1 ½ Î ¦ ð ¾
ô/ä6ìA÷?õAí�ë4í�å4öbé�åVí�åEæ8ä?õ8é�÷�æ8í�îNåVé�è�îNå/öbéPìCæAõ8é�í�öNãEæ
è�í�å/ä-÷6îNå4å/ä6÷?æAí�å4öPæW£Hî`ä6è�ä6÷�æ8õAî�å4ìoédæ

θ
é�å/ô

θ′
¦�¢rî

ä?è�í�ù�í�åJé3æ8ä-æAã4ä>ìAí�å4öNó4è�é�õAíjæWú�î3ï�æ8ã4ä�¸oîNó/è�îNù_ëfí�åEæ8ä?õ8é�÷�æ8í�î�åeé3æ
θ = θ′

é_ìA÷?õAä6ä?å4í�å/öV÷?îNå4ì\æ]é�åEæ
µsí�ì-í�å4ìCä6õ\æ8ä6ô=¦Fµ+íjæ8ã*éO÷]ãJé�å4ö�äbî�ï
í�åEæAä6öNõAé3æ8í�îNåfê3é�õAí�é�ë4è�ä6ì

x = (θ − θ′)/2 ½ Î ¦jñ ¾ ëqä6÷6î�ù�ä?ì

〈φlφm|φnφp〉 =
1

2π2r0

∫
dθ ei(l−m)θ ei(n−p)θ

∫ θ/2

θ/2−π
dx

e−i2(n−p)x
√

sin2 x+ µ2
s

.
½ Î ¦�þ ¾

¢rî>÷yé3è�÷6ó/èaé3æAäHæ8ã/ä-í�å4å4ä?õkí�åIæAä6öNõAé�èÿ´d£iã4í�÷]ãO£Hä�£ií�è�ègô4ä?å4î�æAä
Kpn(θ)

´�£HäiõAä?£iõCí�æAäoæ8ã4äoí�åEæ8ä?õ8é�÷�æ8í�î�å
§3ä6õCå4ä6è}ó4ìCí�å4öOæ8ã/ä�õCä6è�é3æ8í�îNå

1√
ρ2 + z2

=

∫ ∞

0

dk e−|z|kJ0(kρ),
½ Î ¦ ¿ ¾

¿Ný
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£iã4ä?õAä
J0(x)

í�ì�æ8ã4ä��oä6ìCìAä?èQïzó/å4÷?æAí�îNåVî�ïqæ8ã4äi¥JõAì\æ
§Uí�å4ôVî�ï=î�õAô4ä?õH®?ä6õAî/¦F°�å�í�å4ìAä?õCæ8í�å4ö>æ8ã4í�ì
Kpnëqä6÷6î�ù�ä?ì ½

µs > 0 ¾
Kpn(θ) =

∫ θ/2

θ/2−π
dx ei2(p−n)x

∫ ∞

0

dk e−µskJ0(k sin x)

=

∫ ∞

0

dk e−µsk
∫ θ/2

θ/2−π
dx ei2(p−n)xJ0(k sin x)

=

∫ ∞

0

dk e−µsk
∫ θ/2

θ/2−π
dx
[
cos(2[p− n]x) + i sin(2[p− n]x)

]
J0(k sin x).

½ Î ¦�� ¾

¢rîV¥Jå/ô*æAã4äPí�å4å4ä?õ-í�åEæ8ä?öNõ8é3è=£oäPó4ìCäbõCä6ìCó4è�æAìiïzõCîNù��>õ8é3ô4ìAãEæ8ä�úUåhé�å4ô��-úU®6ã4í�§�� ý ð��
���! "�$#!%&�! ('� �)+*$�-,
∫ π

0

dx J0(2z sin x) cos 2nx = πJ2
n(z)

���! "�$#!%&#! ('� �)+*$�-,
∫ π

0

dx sin(2µx)J2ν(2a sin x) = π sin(µπ)Jν−µ(a)Jν+µ(a),

Re ν > −1.

½ Î ¦/. ¾

Î èjæ8ã4î�ó4öNãeæ8ã4äPí�åIæAä6öNõAé3æ8í�îNåeè�í�ù�íjæ8ìHé�õAä>¥/¤gä?ô^æ8î
0
é�å/ô

π
½ Î ¦�. ¾ í�ì-ìCæAí�è�èqê3é�è�í�ôpïzîNõ-÷yé�è�÷6ó4è�é3æ8í�å4öæ8ã/ä>í�å4å4ä?õ-í�åEæ8ä?öNõ8é3è{î�ï ½ Î ¦0� ¾ ìCí�å4÷?ä�æ8ã4äPí�åIæAä6öNõAé�å4ôeãJé3ì1é_çqä6õCí�îUôeî�ï π é3å4ôeæ8ã4ä>è�ä6å4ö�æAãnî�ï}æ8ã4äí�åEæAä6öNõAé3æ8í�îNåeí�åEæ8ä?õCê3é�è{î�å4äPç5ä?õAí�îUô{´Uæ8ã4ä?õAä?ïzî�õAä

∫ θ/2

θ/2−π
dx cos(2[p− n]x)J0(k sin x) = πJ2

p−n(k/2)

∫ θ/2

θ/2−π
dx sin(2[p− n]x)J0(k sin x) = π sin([p− n]π)Jn−p(k/2)Jp−n(k/2) = 0.

½ Î ¦ À ¾

ªWå4ìCä6õCæAí�å4öSæ8ã/í�ì-í�åEæAî ½ Î ¦�� ¾ £Hä�ö�ä?æ

Kpn(θ) = π

∫ ∞

0

dk e−µskJ2
p−n(k/2)

= 2π

∫ ∞

0

dk′ e−2µsk′J2
p−n(k′),

½ Î ¦/1 ¾

£iã4ä?õAäS£oäSãJéyêNäSçqä6õ\ïzîNõAùVä6ô�æ8ã/äSê3é�õCíaé�ë/è�ä`ä©¤g÷]ãJé�å4öNä
k/2 → k′

¦_¢rî^ä�ê�é3è�óJé3æAä`æ8ã/í�ì>í�åEæAä6öNõAé�è
£Hä�æAó4õAåeæ8î2�>õ8é�ô4ìCãEæ8ä?úUå^é�å4ô3�iúU®?ã4í�§

���! "�!%5476! 
'� �)+6$8-,
∫ ∞

0

dx e−αxJν(βx)Jν(γx) =
1

π
√
γβ

Qν− 1
2

(
α2 + β2 + γ2

2βγ

)

Re (α± iβ ± iγ) > 0, γ > 0, Re ν > − 1
2
,

½ Î ¦ ý ¾
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£iã/ä6õAä
Q(z)

í�ì-æ8ã4ä;:}é�öNõAé�å4öNä>ïzó4å4÷�æ8í�îNå^î3ïkæ8ã/ä`ìAä?÷6îNå/ô�§Ií�å4ô<�/1=1 � ¦�¢-ã4ä�èaé�ì\æ1÷?îNå4ô4íjæ8í�îNånîNå4è�ú
é3ç4ç4è�í�ä6ì-ïzîNõ

p− n > 0
´Jã4î¬£Hä?êNä?õ6´qïzõAîNù ½ Î ¦�� ¾ £oä�ìAä?ä�æAãJé3æiæ8ã4ä�í�åEæAä6öNõAé�è Kpn

îNå4è�úfô4ä6çqä6å/ô4ì
î�åpæ8ã4ä�ô/í�¯5ä6õAä?å4÷6ä

p− n é3å4ôpïzó4õCæAã4ä6õCù�î�õAä1æAãJé3æoí�æ�í�ì�¶�ä6õAùVí�æAíaé�å K∗pn = Knp

¦�¢-ã4ä?õAä�ïzîNõAä3´4í�æ
í�ìoìCó?>V÷6í�ä?åEæ-æ8îO÷yé3è�÷6ó/èaé3æAä1æ8ã/ä�í�åEæ8ä?öNõ8é3èqïzîNõ

p− n > 0
é�å4ôeó4ìCí�å4ö_æAã4ä>¶1ä?õAùVí�æAí�÷6íjæWú_æ8îOî�ë/æ]é�í�å

æAã4äeõAä?ìAó4èjæ8ì`ïzî�õ`æ8ã4äfõAä6ù�é�í�å4í�å4ö^÷6îNù`ë4í�åJédæ8í�î�å4ìbî3ï
p
é�å4ô

n
½ ïzî�õb£iã4í�÷]ã

p − n < 0 ¾ ¦l¢-ã4äí�åEæ8ä6ö�õ8é�è{ëqä6÷?îNùVä6ì

Kpn(θ) = 2π

∫ ∞

0

dk′ e−2µsk′J2
p−n(k′) = 2Qp−n− 1

2
(2µ2

s + 1) (p− n > 0).
½ Î ¦jñ¬ò ¾

¢-ã/ä_é�õCöNó4ùVä6åEæiïzîNõ-æ8ã4ä;:}é�öNõ8é3å4öNä>ïzó4å4÷�æ8í�î�å^í�ìiê�ä6õ\ú^÷?è�îNìCä>æ8îVó4å4í�æWúe£iã/ä6å
µs
í�ìiìAù�é�è�è»¦
¢-ã/ä

é3ìCúUù�çgæ8î�æAí�÷�ïzîNõCù�î�ï
Q(x)

í�åeæ8ã/äPêUí�÷6í�å/í�æWú�î�ï
x = 1+ í�ì-öNíjêNä6ånëEú@�A1!1 �

Qν(x) = −γ − ψ(ν + 1)− 1
2

ln
(
x
2
− 1

2

)
,

½ Î ¦jñNñ ¾
£iã/ä6õAä

γ
í�ì�æ8ã/ä;B�ó4è�ä6õi÷6î�å4ìCæ8é�åEæmé3å4ô

ψ(x)
í�ì�æ8ã4äCB�ó4è�ä?õ-ç4ìAí{ïzó/å4÷?æAí�îNåe£iã4í�÷]ã^îNëqä?úUì

ψ(x+ 1) = ψ(x) +
1

x

ψ
(

1
2

)
= −γ − 2 ln 2 + 2

½ Î ¦jñ ð ¾
é3å4ô�÷6é�åSæ8ã4ä?õAä?ïzî�õAäië5äi÷6é�è�÷?ó4èaé3æAä6ôSõAä?÷6ó4õCìAíjêNä6èjúN¦ED�ìAí�å4ö ½ Î ¦jñ¬ò ¾ æAã4ä-æW£oî3·sä6è�ä6÷?æAõAîNåVí�åEæAä6öNõAé�è4÷yé3åëqä>£iõAíjæAæ8ä?å

〈φlφn|φmφp〉 =
1

π2r0

∫
dθ ei(l−m+n−p)θ Qp−n− 1

2
(2µ2

s + 1)

=
2

πr0
Qp−n− 1

2
(2µ2

s + 1) δl−m+n−p,0

½ Î ¦jñ¬þ ¾
è�äyé�ô/í�å4ö_æAî�é3å�é�å4é�è�úIæ8í�÷�ä�¤gç4õCä6ìCìAí�î�å^ïzîNõ�æAã4äPùfé3æAõAíû¤pä?è�ä6ùVä6åEæAì-î�ï
æAã4ä�üJîg÷]§pî�ç5ä?õ8é3æAîNõ

F α
lm = hlm +

e2

4πε0εr

∑

n,p

ρTpn 〈φlφn|φmφp〉 − ραpn 〈φlφn|φpφm〉

= hlm +
4E0

π

r0

a∗0

∑

n,p

δl−m,p−n
[
ρTpnQp−n− 1

2
(2µ2

s + 1)− ραpnQm−n− 1
2
(2µ2

s + 1)
]

½ Î ¦jñ ¿ ¾
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¢-ã/ä^ä©¤/ç/õAä6ìCìAí�îNåYïzîNõOæAã4ä^í�åEæ8ä6õAé�÷?æAí�îNåZçJé3õCæSî�ï1æ8ã4ä^üJîg÷]§�ù�é3æAõAíj¤�ä6è�ä6ùVä6åEæ8ì ½ Î ¦�ñ ¿ ¾ ÷yé�åYë5ä£HîNõC§�ä6ô�ïzó4õCæAã4ä6õ�æ8î>úUí�ä?è�ôVé>ìAí�ù�ç4è�ä-ä�¤gç4õCä6ìAìCí�îNåVæ8ãJédæF÷yé�ì\æ8ì
è�í�ö�ãIæ�îNåVæAã4äiõAîNè�ä-î�ïqæ8ã4äiìA÷?õAä?ä6å4í�å4ö
÷?îNå4ì\æ]é�åEæ

µs
¦rªWå4ìAä?õCæAí�å4ömïzî�õ}æAã4äL:}é�ö�õ8é�å4ö�ä
ïzó4å/÷?æ8í�îNå_é3å4ô`ìCí�ùVç4è�íjïRúgí�å4ö�æ8ã/äHí�åIæAä6õAé�÷?æAí�îNå�ùfédæ8õAíû¤

ä?è�ä?ù�ä?åIæAì-ïzîNõ-ìAç4í�å
α
ëqä6÷?îNùVä ½ å4ä?öNè�ä?÷?æ8í�å4öO÷6î�å4ìCæ8é�åEæ8ì ¾

〈 l | V̂ α
int |m〉 =

∑

n,p

δl−m,p−n
[
−ρβpn(γ+lnµs)−ρTpnψ(p−n+ 1

2
)+ραpnψ(m−n+ 1

2
)
] ½ �1¦�ñ ¾

½ í�åEæ8ä?õA÷]ãJé3å4öNä
α
é�å4ô

β
ïzîNõ-ìCç4í�å

β ¾ ¦�¢-ã/ä_¸oîNó/è�îNù_ëeí�åEæ8ä6õAé�÷?æAí�îNå
1

2

∑

i6=j

1

r0

√
sin2([θi − θj]/2) + µ2

s

½ �1¦ ð ¾
í�ì-õAî�æ8é3æ8í�îNåJé�è�è�úSí�åIê3é�õCíaé�åEæ

sin2

(
θi − θj

2

)
= sin2

(
(θi + θ0)− (θj + θ0)

2

) ½ �1¦�þ ¾
é3å4ôZ÷yé�åZæ8ã4ä?õAä�ïzîNõAänå4î�æS÷?îNó4ç4è�äeìCæ8é3æ8ä?ìVî3ïmô4íj¯=ä?õAä?åIæVé3å4öNó4è�é�õ_ùVîNù�ä?åEæ8ó4ù*¦�¢-ã4ä^¸oîNó/è�îNù_ë
ù�é3æAõAíj¤fí�ì�æAãIó4ì1ô/íaé�öNî�åJé�è5£iíjæ8ãnä6è�ä6ùVä6åEæ8ì

〈m| V̂ α
int |m〉 =

∑

n,p

δ0,p−n
[
−ρβpn(γ + lnµs)− ρTpnψ(p− n+ 1

2
) + ραpnψ(m− n + 1

2
)
]

=
∑

n

[
−ρβnn(γ + lnµs)− ρTnnψ(1

2
) + ραnnψ(m− n + 1

2
)
]

= −Nβ
e (γ + lnµs)−Neψ(1

2
) +

∑

n

ραnnψ(m− n+ 1
2
)

= −Nβ
e (γ + lnµs + ψ(1

2
))−Nα

e ψ(1
2
) +

∑

n

ραnnψ(m− n + 1
2
)

½ �1¦ ¿ ¾
�3þ
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¢-ã4ä>æ8î3æ]é�è{í�åEæ8ä6õAé�÷?æAí�îNånä?å4ä6õCö�úeëqä6÷6î�ù�ä?ì

Eint = Eα
int + Eβ

int =
∑

m

ραmm 〈m| V̂ α
int |m〉 +

∑

m

ρβmm 〈m| V̂ β
int |m〉

= −2Nα
e N

β
e (γ + lnµs + ψ(1

2
))− ψ(1

2
)
[
(Nα

e )2 + (Nβ
e )2
]

+
∑

m

ραmm
∑

n

ραnnψ(m− n+ 1
2
) +

∑

m

ρβmm
∑

n

ρβnnψ(m− n+ 1
2
)

½ �m¦�� ¾
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¢-ã/ä*î�õAë4íjæ]é�è�ù�é�öNå/ä?æ8í�÷pùVîNù�ä?åEæOî�ïmélì\úUìCæ8ä?ù î�ïmä?è�ä?÷?æ8õCîNå4ìSîNå�é�õAí�å4öl÷yé�åZëqä*÷6é�è�÷?ó4èaédæ8ä6ô
ä©¤/é�÷?æAè�ún£iã4ä6å^æ8ã4ä_¸oîNó4è�î�ù_ë^í�åEæ8ä6õAé�÷?æAí�îNå*í�ì�å4ä?öNè�ä?÷?æ8ä?ô{¦�¢-ã4ä`îNõCë4í�æ8é�è�ù�é�öNå4ä�æ8í�÷PùVîNùVä6åEæ�î�ï
éOì\úgì\æ8ä?ù­í�ì-ô4ä?¥4å4ä6ô�é�ì

Mo =
1

2

∫
dr
[
r×

〈
J(r)

〉]
· n̂ ½ ¸m¦�ñ ¾

£iã/ä6õAä
n̂
í�ì�énó4å4íjæ>êNä6÷�æ8îNõ�çqä6õAçqä6å/ô4í�÷?ó4èaé�õ�æAî*æAã4äSç4èaé3å4äSî�ïHæAã4äSìCúUìCæAä6ù�é�å4ô 〈

J(r)
〉 í�ì�æ8ã/ä

÷?ó4õAõCä6åEæ*ô4ä6å/ìAí�æWúXéyêNä6õAé�öNä?ô�î¬êNä?õpæ8ã4älüJä?õAùVímô4í�ìCæ8õCí�ë4ógæ8í�î�å{¦%¢-ã4ä�÷6ó/õAõAä?åEæ^ô/ä6å4ìCí�æWúX÷6é�å+ë5ä
ô/ä6õAíjêNä?ô*ïzõCîNù�æ8ã/ä�÷?îNåEæ8í�åUó/í�æWúpõCä6è�é3æ8í�îNåeëEúné�ìAìCó4ùVí�å4öVéS¶mé�ùVí�èjæ8îNå/íaé�å�î�ï
æAã4ä>ïzîNõAù

H =
p2

2m
+ V (r)

½ ¸m¦ ð ¾
é3å4ô^í�ì-öNí�ê�ä6ånëEú

J(r) = −e
2

[
v |r〉 〈r|+ |r〉 〈r|v

]
,

½ ¸m¦�þ ¾£iã/ä6õAä
v
í�ì�æ8ã4äPä�¯=ä?÷?æ8íjêNäPêNä?è�îU÷6í�æWú

v =
1

m∗
(p + eA) =

~
m∗

(
−i∇ +

e

~
A
)
.

½ ¸m¦ ¿ ¾
D�ìAí�å4öOæ8ã4í�ì-ô4ä?¥Jå/í�æ8í�îNåeæ8ã4äP÷?ó4õAõCä6åEæ�î�ï�éOìCæ8é3æ8ä |ψi〉 í�ì-öNí�ê�ä6å*ëIú

ji(r) = 〈ψi|J(r) |ψi〉 = −e
2

[
〈ψi|v |r〉 〈r|ψi〉+ 〈ψi|r〉 〈r|v |ψi〉

]

= −e
2

[
v(r)ψ∗i (r)ψi(r) + ψ∗i (r)v(r)ψi(r)

]

= −eRe {ψ∗i (r)v(r)ψi(r)}

= − e~
m∗

Re
{
ψ∗i (r)

(
−i∇+

e

~
A
)
ψi(r)

}
.

½ ¸m¦0� ¾

¢-ã/ä*æAî�æ]é�èo÷6ó4õCõAä6åEæ�ô4ä6å/ìAí�æWúZí�ì_æ8ã4änìCó4ù±î�ï�æ8ã4ä*÷6ó4õCõAä?åIæAì�î3ïmä6é�÷]ã[ì\æ]é3æAän£Hä6í�öNãEæ8ä?ô[ëEú�æ8ã/ä
îU÷6÷?ó4çJé3æAí�îNånåIó4ù_ëqä6õ

〈
J(r)

〉
=
∑

i

f(εi − µ) ji(r).
½ ¸m¦�. ¾

�=�
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¢-ã4äPù�é�öNå4ä�æ8í�÷>ùVîNùVä6åEæ-í�ì�æ8ã4ä?õAä?ïzî�õAä

Mo =
1

2

∫
dr
[
r×

〈
J(r)

〉]
· n̂

= − e~
2m∗

∑

i

f(εi − µ)

∫ 2π

0

r0 dθ êz ·
[
r× Re

{
ψ∗i (r)

(
−i∇ +

e

~
A
)
ψi(r)

}]

= −e~r0

2m∗

∑

i

f(εi − µ)

∫ 2π

0

dθ êz ·
[
r× Re

{
−iψ∗i (r)∇ψi(r) +

e

~
Aψ∗i (r)ψi(r)

}]
.

½ ¸m¦ À ¾¢-ã4äP÷6õCîNìAì�ç4õCîgô4ó/÷?æ�÷yé�ånëqäPô4îNå4äPëqä?ïzîNõCäPæ8é�§Ií�å4ö_æAã4äPõAä6é�è�çJé�õ\æy´Jé�å/ô^ìCí�å4÷?ä

r×∇ = r0êr ×
1

r0

∂

∂θ
êθ =

∂

∂θ
êz

r×A = r×
(
−1

2
r×B

)
= r×

(
r0B

2
êθ

)
=
r2

0B

2
êz

½ ¸m¦/1 ¾

£Hä�æAã4ä6õCä?ïzîNõCä�ö�ä?æ ½ £iíjæ8ã
êz · êz = 1 ¾

Mo = −e~r0

2m∗

∑

i

f(εi − µ)

∫ 2π

0

dθRe

{
−iψ∗i (θ)

∂ψi
∂θ

+
er2

0B

2~
ψ∗i (θ)ψi(θ)

}
.

½ ¸m¦ ý ¾

Bk¤gçJé�å4ô4í�å4ö |ψi〉 í�åeæ8ã4äPëJé3ìAí�ì-î3ï ĥ0

½»ð ¦jñ¬ò ¾ é�ì-£Hä6è�è}é�ìió4ìAí�å4ö

µ∗B =
e~

2m∗
, mΦ =

Φ

Φ0
=
er2

0B

2~
½ ¸m¦jñ¬ò ¾

æ8ã/ä�ù�é�öNå/ä?æ8í�÷�ùVîNù�ä?åEæië5ä?÷6îNùVä6ì

Mo = −µ
∗
B

2π

∑

i

f(εi − µ)

∫ 2π

0

dθ

Re

{
−i
∑

l,m

c∗ile
ilθcim

∂e−imθ

∂θ
+mΦ

∑

l,m

c∗ilcime
i(l−m)θ

}

=
µ∗B
2π

∑

i

f(εi − µ)

∫ 2π

0

dθRe

{∑

l,m

(m−mΦ) c∗ilcime
i(l−m)θ

}
.

½ ¸m¦jñNñ ¾

�Húeí�åEæ8ä6õC÷]ãJé�å4ö�í�å4öOæ8ã/ä�í�åEæ8ä6ö�õ8é3æAí�îNåné�å/ô*ìCó4ùVùfé3æAí�îNåné3å4ônó4ìAí�å4ö
∫ 2π

0

dθ ei(l−m)θ = 2πδlm
½ ¸m¦jñ ð ¾
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£Hä�öNä?æ
Mo = µ∗B

∑

i

f(εi − µ)Re

{∑

l,m

(m−mΦ) c∗ilcim δlm

}

= µ∗B
∑

i

f(εi − µ)Re

{∑

m

(m−mΦ) c∗imcim

}

= µ∗B
∑

m

∑

i

f(εi − µ)c∗imcim (m−mΦ)

= µ∗B
∑

m

ρmm (m−mΦ) .

½ ¸m¦jñ¬þ ¾
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�ûñ À �7Ý�f ÂmÃrÄ ÈO�
Æ Ä a¹`�	 Ã}Ä Æ�½(� f|dUf ¾ \�\^	�a´½ ¥�f
Þ ÌRÈ��®½ Ä ÈO� j2f 
 f × ÆG\^\
`QÆ�´��7Á~s�o��+Ã��=�
�©t�yow�y-z Ò n��~��yowhy!Ã-�©Ó&y-nN�çÔE�woÊv-�w��yow3è6wU��ox�uz�ox��oVwUv�o7Ô��
o�v$�©s¡}Et��©n3p�o���twy��´s&n¤âNo7��wU��n�â¤é´o
t)weè6wh�´t·Ã$tw���l�~�?­3twv���yow����¤t�ª-o�êlã7y-�u�Å�~���·­Ëo$�·�~���Èt)w?�!s6´l��ãEúUì6¦´�iä?êq¦!:�ä?æCæy¦ �h� ´Jñ$.gñ¬ò ½ ñ ý 1l� ¾ ¦

�ûñ$1 � Â f × f�ß �¢\ Ä É Ã ½ Â f?Ý�fhg Ä `*a¹`qÈ���\kÈ
É
	L½U¾ f P fh± Ä Ì�\G\ÌánÌñ_ Ð ½ ¥�f�Þ Ä a Ã \5Ë
Æ}È¯½ Ä È��
¾ f � fÌÞ `�\�\}´���t»��o�v$�¹�7Á~s�o��+Ã��?�wtwyow�y-z�Ô«wNs5ox��Á~��o Ò Ã-ox�����lt w?�Åy-z¯�©nUo Ò n��~�5yowUy=Ã-��Ó&y-n?�
ÔE�(oÊv-��t)w�ã7y$���2�~�
­Ëo$�·�~�({|y�y�À�s?´���ãIúUì?¦��iä?êq¦�:�ä?æCæy¦ ��Z ´Jþ!1!. ½ ñ ý 1!. ¾ ¦

�ûñ ý �¡dUf × f Â1Ä ÆrÌRÈrÌ�½�ë f � f ��Ë�_é_ Ä ÊgÌ�\O½ Ä È�� ¥�f ¾ fiì Ä T(`QÊJ´Í�L��t»�!t)wíy-z��wnUo]Ó&y-nN���
Ò n��~��yowhy!ÃîÔ��
o�v$�&}Et��©n� É����z�¦|�·�-§@¨¢�l��wh�·�U´��FãEúUì6¦h�iä?êq¦�:�ä?æCæy¦ ��£ ´�ñ¬ò ðe½ ñ ý 1 ¿ ¾ ¦

� ð ò �¡j2f � f P�Æ
\ÌánÈ)`�½ dhf × f Â1Ä Æ}ÌRÈ
Ì�½�ë f � f ��Ë)_é_ Ä ÊUÌ�\|½ Ä È�� ¥�f ¾ fNì Ä T(`QÊQ´~p�o���twy��´t�vxt·�°r
y-zO�©����wNs·À^y-����v�y�oxïÅvxt�o�wh�©sÈ}Et��©nen��~�»z�ð
��§Åµ?�l�©wU���Ét)w��wnUo Ò n�����yowUy=Ã-��ÓÈy-nN�ño��(oÊv-�\´¤��ãEúUì6¦
�iä?êq¦h� £�� ´�. À�ý 1 ½ ñ ý 1 ¿ ¾ ¦

� ð ñ � � f(² Ì�ò¢a´½ Â f kUÄ È g Ä `*a¨`QÈ���\�ÈrÉ
	L½ Ä È��@³ f P1Æ=ËÌV�È�aÍÆ Ä `���`�´´��ãEúUì6¦¤��ä�êq¦¤:�ä�æAæy¦ ��Î ´
ð ò!. ý ½ ñ ý 1 ¿ ¾ ¦

� ðNð�� � fÈ² Ì�ò¢a´½ Â f kUÄ È g Ä `Ua¹`QÈ���\�ÈrÉ
	L½ Ä ÈO�à³ f P�Æ=ËÌV�È)aÍÆ Ä `���`{´(��ãEúgì?¦|�iä?êq¦��m¦ £�� ´
ð ý . ¿ ½ ñ ý 1 ¿ ¾ ¦



Z
9

� ð þ � P f ×}Ä È
È)`V_}Ì¶`QÆ¯½ dUf ÂmÃ}Ä Ë�a¹a�VL½E¾ f ¾ Ä �¢� Ä ÊU½ Ä È�� × f�² Ä ÈO�
Ì�	H´U�FãEúUì6¦���ä�êq¦�:�ä?æCæy¦
��£ ´ À ñ$1 ½ ñ ý 1 ¿ ¾ ¦

� ð ¿ � P f ×�Ä ÈrÈ)`*_}Ì¶`QÆ�½ dUf ÂmÃrÄ Ë�a¹a�V¹½�¾ f ¾ Ä �¢� Ä ÊU½ Ä ÈO� × f^² Ä ÈO�
Ì�	H´���ãEúgì?¦���ä�êq¦�� £(9 ´
þ ð ò ý ½ ñ ý 1l� ¾ ¦

� ð � � � f�j2f�¥ _�\kÈ�` Ä ÈO��³ f R��>Æ´VH´lp�o���t�y¤�´t�vxt��°rÅy-z��©nho Ò n��~�5yowUy=Ã-��Ó&y-n?�óÔE�(oÊv-�(t)wiã¢y-���2�~�
­Ëo$�·�~�(�Èt)w¤�ls6´?�FãEúUì6¦U�iä?êq¦�:�ä?æAæ6¦ ��Z ´=ñ$1 ý ½ ñ ý 1!. ¾ ¦

� ð . �egif0ô � f ÂmÃ `QË
È�T¹½l³ f?² `�ÏZ`QÈ¯½�
 f ë f ¾>Ì¶`���`QÊU½ Ä È�� ÞÑf�ôxgÍf?¥ Ã Ì Ã ´�p�o���sut�s+��o�wh��v-�=�u��oVwU�ws
t w�s��2�~���Oy!wUo5���´t���o�wNsutwyow��~�U��o-���~�Ì�ut)w?�ls?´���ãEúgì?¦��iä?êq¦�� £U_ ´�.Nòl��ò ½ ñ ý 1!1 ¾ ¦

� ð À �i²Åf ��\�È)_ Ä �¢\ Ä Ë
�L½ gÍf P \�ËrÉ Ã Ì Ä _�½ j2f�¥ Ì�T(`V_}Ì�½ Ä ÈO�ó¾ f � Æ}Ì¶`*aÍÈ�`QÆ�´�p�o���s�t»s+��o�wh�
v$�=���5o�wh�©sÉt w3��oxs5y-s�vÊy�À�t�v¢��o-�·������t�v&��t w?�ls+õqÔ«wNs�o���Á~�wo7�lÃ-ox�����?oy´
��ãIúUì?¦Ì�iä?êq¦�� M�Î ´ À . ¿IÀ
½ ñ ýNý ò ¾ ¦

� ð 1 �e±Lf × f¯±^ö k VL½ ²Åf¯j \�Ê Ä È¯½ dUfqj ËrÈ�a-�>ËrÌRÆ¯½ Ä ÈO� gÍf P \kË
É Ã Ì Ä _�´�­]���iwUo$�©t»ª$�?�wtwyowËy-z
­Ëo�s�y-s5v�y�ÀUtwvÉ�¯y�ÀNÀ^ox�¯�Èt)w?�ls�õ|ÔÈÃ$tw�NoVwUv�o®z�y-��pEox��sut�s���o�wh�q�L�=���5o�wh�©s?´?��ãEúUì6¦¤��ä�êq¦´:}ä�æAæ6¦ Z�M ´
ð ò À3¿ ½ ñ ý�ý ò ¾ ¦

� ð ý �CÝÅf ÂmÃ}Ä È��kÆ Ä a¹`h	 ÃrÄ Æ�½®¾ f � fEÞ `�\U\|½¹� f®dUf P1Æ Ä �UVL½®� f P f ël`V_}É Ã `QÈ¯½ ÞÑfqdUf
² Ä ÊUÊ Ä T Ã `QÆ�½ Ä È�� � f ë_Ê#`QÌRÈ�a Ä a¨a¹`QÆ�´L­����iwUo$�©twv2�Éoxs�ÀEyow?s�o�y-zÉ�@�¤t w?�l�woÊêqè�s�y-���?��oÊ�
÷ y-�w��{|y�y�Àk´���ãEúUì6¦h�iä?êq¦�:�ä?æAæ6¦ ZU_ ´Qþ!� À 1 ½ ñ ýNý ñ ¾ ¦

��þNò �ej2fO± \�a¹a Ä È�� × f|² \�Ê��|\ Ä Æ#_�´NpEox��t�y¤�Å��wh�����îÀ��»t·�u���No¹n��~�·Ã$t)w¤�it)w���oxs�y$s�v�y5À�twv&�ut)w?�ls
}Et��©n�s·À�t w{´���ãEúUì6¦U��ä�ê5¦�� MU£ ´�ñ¬þ À . ðe½ ñ ýNý ñ ¾ ¦

��þ/ñ �i²Åf´ø Ì�� Å ½ � f � f ÂmÃrÄ ÈOT¹½ dUf 
 f Â Ë
ÈrÈrÌRÈOT Ã}Ä �e½ øif ³ f ÂmÃ}Ä È�T¹½ × f � Ä ÈO	�Ì¶`NánÌRÉ Ã ½
¾ f P ` Ã ÆrÌRÈ�T(`QÆ�½ Ä È��<¾ f 
 fhg \Ìá Ä Æ(�
´��7Á~s5ox��ÃÊ�¤�©twy!w2y-z(�©nUo Ò n��~�5yowUy=Ã-��Ó&y$nN�ùÔE�
o�v$�
z�y-�

ωcτ > 1
´���ãEúgì?¦��iä?êq¦�:�ä?æCæy¦ �QÁ ´ ð 1/ñ ¿ ½ ñ ý 1 À ¾ ¦

��þ ð��ej2f � Ä ÌRÊUÊ�VL½ Â f Â�Ã}Ä
Å `QÊUÌ¶`QÆ¯½ Ä ÈO� � f P `QÈ)\�Ìñ_�´¢Ô|§=ÀEo���t���o�wh���~���CÁ�s�ox��Ã��?�©t�yowúy-z
pEox��sut�s���o�wh�e�L�~����oVwh�©set)w«� ÷ � Ò s�� Ò � ÷ � Ò sî�¤t)w¤�l�woî{|y¤y5Àk´E��ãEúgì?¦^�iä?êq¦^:�ä�æAæy¦ _?� ´ ð ò ð ò
½ ñ ýNý þ ¾ ¦

��þNþ � Â f&dUf P f � \�Æ(�®½ øif�dUfÈø Ã \�Æ}È�_�\�Èq½�¾ f&ì `Ná�\5Ë
ÆlV¹½É� f × ` ÅQÅ `qÆ�½ gÍf �_Ã �À`��®½
Â f|øif � \Ì��\kÈq½ dUf�dUf�g Ä Æ}Æ}Ì¶a´½ Ä ÈO� Â f ¾ \^\
`QÆ#_�aE´Em�nUo Ò n��~�5yowUy=Ã-��Ó&y$nN�ûox�
o�v$�qt)w
o��wo�v$�©�5y-s+���?�©t�v��~�»�ür��NoxÕ�wUo��ÅnUo-��ox��yxý-��wUv-�wtwyow���t w?�ls?´�Ü/¦���ãEúgì?¦{¸ Î
9 ´N:rþ ð � ½ ñ ý 1=1 ¾ ¦



Z�Î �_ÅQÅ `qÈ��kÌ�� Â P�RxP ± R [ ² ¾ �i× g ³

��þ ¿ � Â f�dUf P f � \�Æ(�®½ øÍf�dUfÈø Ã \�Æ}È)_�\�È¯½�¾ f&ì `Ná�\=ËrÆ´VL½¢� f × ` ÅQÅ `QÆ�½ gif �`Ã �À`��q½
j2f Â f × ` Ä Éé\kÉ
	L½ j2f � f ¾>Ìñ_}É Ã Ì¶`�½ dUf 
 f � f � Æ
\�a;_�½ Ä È�� ²�f � f Â f�d \�È)`*aE´¤ÔE�woÊv5�
�©�5y-s+���?�©t�v��~�»�ür<�NoxÕ�who��@nUo$��ox�5y5ý-��wUv$�©t�yow<�ut)w?�lsî��wU�¶�©nUo Ò n��~��yowhy!Ã-�©Ó&y-nN�æo��(oÊv-�C´ Î ç4ç4è»¦
��ãEúgì?¦�:�ä�æAæy¦ �NM ´ ð ñ ½ ñ ý 1 ý ¾ ¦

��þl� �e²ÅfLø Ì�� Å ½ × f � f � Ä ÈO	kÌ¶`�áeÌRÉ Ã ½ × f ��` Ý `hT kUÄ Æ�½È¾ f P ` Ã Æ}ÌRÈ�T(`qÆ�½ dUf 
 f Â ËrÈ ô
ÈrÌRÈOT Ã}Ä �e½
¾ f 
 f(g \
á Ä Æ(�q½ gÍf�ßÍf P Ä Æ Ä ÈOT(`QÆ�½ Ä ÈO� dUf ë f(d Ä ÌRÈ�´�����ÀNÀ���o�s�sutwyow�y-z
�©nho Ò n��~�5yowUy=Ã-��Ó&y$nN�Io��(oÊv-�Lt w¶�©nUoîµN�!��wh�©t�ª-o��3 ��~������o��lt���o¬´��FãEúUì6¦(�iä?êq¦�� £ Æ ´
. ðNð À
½ ñ ý 1 ý ¾ ¦

��þ!. � ë f R«a-� Ä ÌRÊh½ ¥�f?Þ Ä a Ã \=ËrÆrÈ¯½ Ä ÈO�þë f ³ fh± `*`�´��¯yowU�h��v$�·��whv�oqt)w�Ã$ox��r�vx��o���w2µ?�l��wh�u�=�
}Et��5oxs���wU�2��t w?�ls?´ Î ç4ç/èÿ¦���ãEúUì6¦h:�ä?æAæ6¦ � Æ ´�ñ ýNý 1 ½ ñ ýNý ñ ¾ ¦

��þ À �¡dUfL± ÌRË¯½Èë f R a�� Ä ÌRÊh½Èë f ³ f¹± `*`�½ dUf � fLg \�È�T¹½ Ä ÈO� ¥(f�Þ Ä a Ã \=ËrÆ}ÈF´¯�(rhv��wy��w��yow
�©����ÀNÀ�t w?�?ê¤��y¤�No®s·À^o�v$�©�5y-s�vÊy�À¤r!êU��wh�e�2�~s�s¹o�wNn���wUv�o���oVwh�Ot)wÍs��2�~�»� ÷ � Ò s¸â Ò �

x

÷ �
1−x
Ò s

��t w?�ls?´��FãEúUì6¦h�iä?êq¦�� M
_ ´{ñyþNòNþ ý ½ ñ ýNý þ ¾ ¦
��þ!1 �¡dUf7± ÌRË¯½Cë f R«a-� Ä ÌRÊU½;ë f ³ f¢± `*`(½ dUf � fÉg \�È�T¹½ Ä È�� ¥�f¹Þ Ä a Ã \=ËrÆrÈ�´��¯y-���5ox���=�

�©t�yowNs;Á?o-�·}Eo�o�w Ò n�����yowUy=Ã-��ÓÈy-nN�ÿo��(oÊv-�©s���wU��yowUox���´t»��oVwNs�t�yow��~�Us+��Á?Á!��wU�¡ÀEy5À^�=���¤�©twy!wNs
t)w ÷ � Ò s�â Ò �

x

÷ �
1−x
Ò sÈ��t)w¤�ls6´���ãEúUì6¦U��ä�êq¦�� MÌ_ ´{ñ¬þNò�þ ý ½ ñ ýNý þ ¾ ¦

��þ ý � Â fÈj ÄkÃ ÊU½ dhf × f ë�\�_é_ Ã}Ä Ë)a´½ gÍfÈì ÌRÉ
	�`QÊU½ Ä ÈO� ÞÑfÈ¥ É Ã Ê ÄkÅQÅ ´^­����iwUo$��y�À����~s��2�
��o�s�yow���wUv�o�s�t w@�·}�y����´t���o�w?s�twy!w��~�
ox�woÊv-�w��yow���t w?�ls?´���ãIúUì?¦U�iä?êq¦�� M5Á ´{ñ-� ¿ 1�ò ½ � ¾ ½ ñ ýNý þ ¾ ¦

� ¿ ò �¡dUf(± ÌRË¯½ ÞÑf��Åf(² Ä \L½(ë f R«a-� Ä ÌRÊh½
ë f ³ f
± `*`(½ dUf � fÌg \�È�T¹½ Ä È�� ¥�f�Þ Ä a Ã \5Ë
Æ}È�´
mÌ��w�wUo���t)w¤�úÁ?o-�·}Eo�oVwÂoÊ�l�?o�s+���?��o�s�t)wívx��o���wà���~�·�©t�À��wo ÷ � Ò s�â Ò �

x

÷ �
1−x
Ò s���t)w¤�ls���wU�

t)whvx��o5�~s�o�y$zi�©nUo�À�n��~s�o]vÊy-nUo���o�whv�o3�woVw?���©ní}Et·�©n��2���iwho-�©t�vÅÕhox�w�J´���ãEúUì6¦È�iä?êq¦¹� ��� ´
ñ À þ=1Nþ ½ ñ ýNý3¿ ¾ ¦

� ¿ ñ �e¥�f × `���`QÆ�a¨`QÈ¯½ � f 
 fOg Ä È)a¹`qÈ¯½ � f ë_Æ}Ì¶a¹_�`QÈ)a¹`qÈ¯½ Â f P f^¥�� Æ�`QÈ)a¨`QÈ¯½ Ä È�� × f 
 f
± ÌRÈO��`QÊM\^Ïq´N�7Á~s5ox�+Ã��?�wtwyow¡y-z�µ?�l��wh���~�Â�~s�r?�Í��o$�©��r¢t)w;��w Ò n�����yowUy=Ã-��ÓÈy-nN�í�ut)w?�4´~��ãEúUì6¦
�iä?êq¦h� Z
9 ´h� ¿ � À ½ÿð òNò�ò ¾ ¦

� ¿ ð�� ¾ f�dUf¤Þ Ä Æ�\5Ë
Æ#_�\�È¯½ Â f�¥ É Ã�� Ï4ÊM`QÌRÈ¯½ j2f�g Ä ÏM_�½ � f P1ÌRÉ
	�`qÊh½ � f�± \kÆ�	�`�½hë f ë Ä Æ ô
Æ Ä Êh½ dhf � f(² Ä Æ5É�Ì Ä ½ Þcf
¥ É Ã \�`QÈOÏZ`QÊ��®½ Ä È�� × f � f × `V_}ÆG\^ÏNÏ5´��EÀ^�©t�v��~��o���t»s�s�t�yow
z���y$�ç��v¸n��~�u�¤o5���u��w��NÁ��wo¢µ?�l��wh���~����t)w¤�J´��médæ8ó4õCä MU�h� ´ ý ð . ½»ð òNòNò ¾ ¦

� ¿ þ � � f Â1Ä a¹a ö ½ Ù¯f^j2f ë k \�È¯½ ²Åf � fE² Ë)a¹` k ½|
 f P f [ Ê#a ÃrÄ È�`V_�a-	�Ì»Ì�½ ±Lf
Ý�fE± Ìñ_ k ÌRÈq½
� flÝ�f × ÊM\�_}È
Ì�	�\ k ½ j2f ë f � Ä Ë���`(½ Ä ÈO� dUf Â f × \�Æ#_ Ä ÊQ´?mhox�;À^ox�x�¤���=�5oE�No�À^o�wU�?o�wUvÊo



Z�£

y-zi�wnUo Ò n��~��y!wUy=Ã��©Ó&y-nN� y-s�v�t��»���?�wtwyowNs���wh�Q�©nUo]oVwUox�¸�~ràs�ÀEoÊv-�w�+�=� t)wà�<sut)w?�l��o5�w��y��No
Á!������t»s+�wtwv®��t)w¤�J´���ãEúgì?¦h��ä�ê5¦�� Z�Î ´ ð . ð ¿ ½»ð òNòNò ¾ ¦

� ¿N¿ � � f � Ë Ã Æ�`QÆ�½ ¥�fE± ¼)adÉ Ã `QÆ�½ øif R Ã È¯½ øÍf|g `QÌRÈ Ð `qÊh½Eë f 
-È)a¹aÍÊgÌRÈ¯½ ÞÑf(Þ `�T(aÍÉ Ã `QÌ ô
��`qÆ�½ Ä ÈO� � f P1ÌRÉ Ã Ê#`QÆ�´¢Ô«wUox�¸�~rQs·À^o�v$�©�x�Äy-ziµN�!��wh���=� �ut)w?�ls?´��1é3æ8ó4õCä M�9�£ ´¢1 ðNð
½»ð òNò/ñ ¾ ¦

� ¿ � � � fh± \kÆ�	�`�½�¾ fhdUfU± ËÌV^	�`QÈq½ � f [ f�² \ k \�Æ
\ k ½ dUf × f ë�\�_é_ ÃrÄ Ë)a´½ dUf � f�² Ä Æ=É�Ì Ä ½
Ä ÈO� × f � f × `*_}ÆG\^ÏNÏ5´
�=ÀEoÊv-�w��y-s5v�y�À¤r«y$z�ãÉ��wUy$s�v�y5À�twv;��ox�Ítwv�y!wU�h��v$��y-���&t w?�ls6´���ãIúUì?¦
�iä?êq¦�:�ä?æCæy¦ ÁNM ´ ðNðNð þ ½»ð òNòNò ¾ ¦

� ¿ . �e±Lf
Þ `QÈ��kÊ#`qÆ�½ Ý�f � f � \^�>ÌRÈq½ � f�ÝÅf ÂmÃ}ÄkÅ ÊUÌ�	L½ Ä ÈO� � f [ f¯² \ k \�Æ
\ k ´O��À|�©twv5�~�
�NÁ�s�y-��À^�©t�yow���wU�2t)wUo����~s��©t�vÈ��t°�lnh�|s�v5�?����ox��t w?�J´���ãEúUì6¦h�iä?êq¦h� �NM ´ ¿IÀ�ý3¿ ½ ñ ýNý . ¾ ¦

� ¿IÀ �CÝÅfîg Ä Ê#\�È)`QÈq½ × f × Ì¶`*_}ÌRÊ � ÌRÈ�`QÈ¯½ Ä È�� øif ÂmÃrÄ 	�Æ Ä \
\�Æ#_�Vo´C�EÀ^�wtwv������·�?Á~s�y-��À^�©t�yow
s�ÀEoÊv-�©����y-z®µ?�l��wh�u�=�I�?y��©sÉ��wU���ut)w?�ls;}Et·�wn����5o�À^�=�»s�t�Ã-o¢s5v��?�u��o���t)w¤��v�oVwU�w��oy´
B�ó4õAîNç/ãIúUì?¦
:�ä?æCæy¦ £�£ ´Qþ ÀNÀ ½ ñ ýNý . ¾ ¦

� ¿ 1 �edUf � Ì ÐIÅ Ë
Æ5Ë Ä ½ × fÈg Ä È Ä Æ Å ½ j2fÈ¥(fÈ¥ Ë�_ Ã `QÆ}Ê Ä È��®½L� f ë � ÊUÊU½ ²�fqÞÑf P�Æ´V Ä È)_�½
Ä ÈO� � fhdUfÌ²�f ��` � \ Ä ò¢\H´U�EÀ^�wtwv����NpE��y�À^ox���©t�oxs®y-z ÷ y$�w�;ãÉ�©wUy-��t w?�ls?´l��ãIúUì?¦¤�iä?êq¦´:�ä?æCæy¦
Æ � ´Jòl� Àd¿ ò/ñ ½ÿð òNòNþ ¾ ¦

� ¿Eý �i¥�f�Ý Ì¶`�ÏZ`QÆ�a´½ × f�¥�f
j `*\L½ ¥�f � f ¾º`QÌ�� Ä È
È¯½(� f � Ä È
ÈrÌRÈ)`qÈ¯½ Ä ÈO�ä� f ë�\�a-	�ÌRÈ)`QÈF´
�L�=�u��oVwU�©�©s�À�t)w����No�w?s�t·�°rN�wz���wUv-�wtwyow��~�¢s+�u���=r y-z�ÀEo���s�t»s+��o�wh��v$�=���5o�wh�©s3t)wúµ?�l��wh���~� ��t)w¤�ls6´
÷?îNå4ôg·sùfé3æ]¨�òNòNò!��ò À 1 ½ÿð òNò�ò ¾ ¦

�/��ò � × f ë�\�a-	�ÌRÈ)`QÈ Ä È��¶� f � Ä È
ÈrÌRÈ�`QÈ�´´p�o���s�t»s+��o�wh�¯�L�=���5o�wh�©s�t)wÍ���Å�~�»�wê=è��îÀ^ox�uz�o�v$�
 î��Á=�
Á!�����2�&t w?�ls?´4÷6îNå/ôg·Wù�é3æ©¨3òNþ/ñ¬òNò!�!� ½ÿð òNòNþ ¾ ¦

�/�gñ � � f �<¼
ÊUÊM`QÆ ô5² ÆG\�`QÊgÌRÈ�T Ä È�� gif � f�Þ `QÌ���`QÈO�¢¼rÊUÊM`QÆ�´?pEox�us�t�s���oVwU�qv$�=���5o�wh�©s¹t w3yowUo
��wh���·}�y-���´t»��oVwNs�t�yow��~����oxs�y$s�v�y5À�twvÈ�ut)w?�!s+õ|è6wNðÌ��o�wUvÊo¢y-z¯�©nUoC�¯y��=�wy$��ÁCt wU��ox���´v-�wtwyowUê?t����
À^�~��t·�°r�s�v5�?����ox��t w?�?ê���wh�¡À^ox�utwy��´twv�ÀEy���o�wh�©t��~�ÿ´?��ãIúUì?¦U�iä?êq¦�� M Æ ´ ¿EÀ � ðe½ ñ ýNý�¿ ¾ ¦

�/� ð��îøif ÂmÃrÄ 	�Æ Ä \G\�ÆM_�V Ä ÈO� × f × Ì¶`*_}ÌRÊ � ÌRÈ�`QÈ�´¤pEox�us�t�s���oVwU�^v-�~����oVwh�©s®t w��¡µ?�l��wh�u�=� ��t w?��õ
ÔE�
o�v-�wsÉy-z|t»�îÀ^�~��t·�wtwo�s¹��wU��t wU��ox���´v-�wtwyowNs?´���ãEúgì?¦��iä?êq¦�� ��Î ´�ñ ý þ ðe½ ñ ýNý � ¾ ¦

�/��þ � × f × Ì¶`V_}ÌRÊ � ÌRÈ)`qÈ¯½ Ý�f¯g Ä Ê#\�È)`QÈq½ Ä ÈO� øif ÂmÃ}Ä 	�Æ Ä \
\�Æ#_�Vo´�ÔE��o�v-�w��yow@v�y-�u��ox���?�©t�yowNs
t w�µN�!��wh���=���ut)w?�2��wU���Ny´��s�r?s+��o���s?´h�FãEúUìAí�÷yéÍ� Î
9�Î ´ ð �=. ½ ñ ýNý � ¾ ¦

�/� ¿ � � f � f�d Ä V Ä È
È ÄlkgÄ Æ�½ × f�¥�f&j `*\L½ Ä È�� øif × f ×}Ä Æ�`U`�	H´&�L�~����oVwh�É�Å����wNt�ÕUv5�?�©t�yow
��wh��v�t��5v-�=���?�©t w?�2v-�~����oVwh�©s�t w���o�s�y-s5v�y�ÀUtwv���t w?�ls6´N�FãEúUìAí�÷yéÍ� Î
9�Î ´ ð ./ñ ½ ñ ýNý � ¾ ¦



ZNM �_ÅQÅ `qÈ��kÌ�� Â P�RxP ± R [ ² ¾ �i× g ³

�/�!� �e¥�f P Ä È���\ ÅdÄ � Ã V Ä V¹½ × f�¥�f&j `*\L½ Ä ÈO� � f � f&d Ä V Ä ÈrÈ Ä´kUÄ Æ�´®¨¢�l�©wU�u�=�Kv-�=�u��o�wh�
�2���iwNt»ÕUv��?�wtwyow2t)w3�¡���=�·�wt���v¸n���w�wUo��Ì��oxs�y$s�v�y5À�twv&�ut)w?�J´/÷6îNå4ôU·Wù�é3æ©¨�ò�þ/ñ ð þ ð ¿ ½ÿð òNòNþ ¾ ¦

�/�=. �¡dUf�j `*a-\
\�Ì¶a´½ ¥�f [ Ë k Æ´VL½ Ä ÈO� Â f�ø `N�kÌ¶`qÆ�´¤p�o���s�t»s+��o�wh�qv-�=�u��oVwU�wsÈ��wU�¡�Å�-�iwUo-�wt�ª+�?�©t�yow
t)w@�·}Ey����lt���o�wNsutwyow������2���iwUo$�©twv¢µ?�l�©wU�u�=�cs�rNs���o���s?´	��ó4÷6è»¦���ãIúUì?¦U� ��ÎQÁ ´ À ð À ½ ñ ý�ý 1 ¾ ¦

�/� À �7ÞÑf0ô Â fÈø Ä È Ä È�� dUf Â f R8È�	�a¹\�È�´q­]���iwUo$�©t»ª$�?�wtwyowUêOÀ^ox�us�t»s+��oVwh�;v-�=�u��o�wh�ws�ê&�©wU�Ä�©nUo�t��
��o����?�wtwyow�t w]µN�!��wh���=���ut)w?�ls&�©wU���Ny��©s?´���ãIúUì?¦��iä?êq¦�� Z�� ´h�~. ð . ½ ñ ý�ýNý ¾ ¦

�/�=1 �;øif ÂmÃ}Ä 	�Æ Ä \
\�Æ#_�V Ä È�� × f × Ì¶`V_}ÌRÊ � ÌRÈ)`QÈF´hÔE�woÊv-�w��yow���ox��o�v-�w��yow�t)wh��ox�x�lv-�©t�yow���wU�]�©nUo
À^ox��sut�s���o�wh�Lv-�=�u��oVwU�Et w��2µ?�l��wh���~�c��t w?�J´���ãEúUì6¦h��ä�êq¦�� ��� ´�1 ¿ .Nò ½ ñ ýNý�¿ ¾ ¦

�/� ý �¡gÍf ë Ä _�\ Ä È�� j2f ³Ê\�a Ã Ì¶\|	 Ä ´ä�U�+ÀNÀ��5oxs�sutwyowæy$z�ÀEo���sut�s+��o�wh��v$�=���5o�wh�©sút w yowho5�
�´t»��oVwNs�t�yow��~�(�´t�s5y-���No���oÊ�2�ut)w?�!s7Á�rþ�©nUoî�¯y´�=�wy-��Áît)wh��o��x�´v$�©twy!w{´N��ãEúUì6¦��iä?êq¦�� ��� ´ ¿Ný�¿ þ
½ ñ ýNý�¿ ¾ ¦

�A.Nò �¡j2f ³Ê\�a Ã Ì¶\|	 Ä Ä ÈO� gif ë Ä _�\H´em�nUo@ox�
o�v$�Åy$z2�wnUo«�¯y��=�wy$��Á«t)wh��o��x�´v$�©twy!wíyowÂ�©nUo
��oxs�y$s�v�y5À�twv®À^ox��sut�s���o�wh�®v-�~����oVwh�C´h��ãIúUìCí�÷yé�� Î(9�Î ´ ð �gñ ½ ñ ýNý � ¾ ¦

�A./ñ � ¾ f P `QÆ(	)\ k Ìñ_�a Ä È��þ³ f �¯k Ì¶a ÃrÄ Ìÿ´?è6wh��o��x�´v$�©t w?�eÔE�woÊv-�w��yowNsqt)w2��t�s5y-���No���oÊ�Íp�y���o�wh�©t��~��s�õ
�¯yowU����v-����wUv�oeÃ-o���s+�~s�pEox��sut�s���o�wh���L�=���5o�wh�©s?´���ãEúUì6¦h�iä?êq¦�:�ä?æAæ6¦ _NZ ´ ð ý ñ ½ ñ ý�ý . ¾ ¦

�A. ð�� � f Â \ Ã `qÈ¯½që f ¾>ÌRÉ Ã _�`qÆ�½ Ä ÈO�ú¾ f P `QÆ(	�\ k Ìñ_�aN´��=À�t w@��wU�3t)wh��o��x�´v$�©t�yowþox�
o�v$�©s¡yow
v¸n��~�¸�?oî�lt�s+�w��t·Á?�N�©t�yow���wU�3v-�=�u��oVwU�ws�t wËyowho5���lt���o�wNsutwyow����Ov�yowh�h��v-��y-��sÉ��wU�Å��t)w¤�ls7}Et·�©n?t)w
�©nhoÉ ��~�+�w��oÊo5��¦�y�v�
���ÀNÀU��y5§¤t��2�?�©t�yow{´¤�FãEúUì6¦U�iä?êq¦�� ��_ ´�. ð�ð þ ½ ñ ýNý 1 ¾ ¦

�A.Nþ � ë fÈì Ì¶`��À`QÊ � ½ × f × Ì¶`V_}ÌRÊ � ÌRÈ)`qÈ¯½ × fÈg V k�� È)`QÈq½ Ä È�� øÍf ÂmÃrÄ 	�Æ Ä \G\�ÆM_�VH´(¦��x�´vx�
�©t�yow��~���Ls5vxt��»���?�wtwyow?s¯y-z(ox�woÊv-�w��yowNt�vqs+�·�¤��oxs¯t)w2�îµN�!��wh���=� ��t w?�J´´B�ó4õCîNç4ãEúUì6¦¤:}ä�æAæ6¦ £�Z ´?��þNþ
½ ñ ýNý . ¾ ¦

�A. ¿ � � fOÝÅf ë_Ë�a-� Ä ÆM_�a¹` k ½ dUf � f(Þ `QÌ¶a Ð ½E¾ f ë_Ì¶a Ã \�Æ�`(½ Ä ÈO�Q� f^ø Ä 	 ÄkÃ}Ä a Ã Ìÿ´h���©�5yow?�
v�y$����o����?�wtwyow?s;Ã$ox�us+�=s�
���v�oVwh��ox�®À
�~t»��t)w¤�Å�©wU��z����´v-�wtwyow���� Ò n��~�5yowUy=Ã-��Ó&y$nN�ûox�
o�v$�C´Ì��ãEúUì6¦
�iä?êq¦h� M Æ ´�ñ$. ð þ ¿ ½ ñ ý�ý�¿ ¾ ¦

�A.l� � � f � Ä È
ÈrÌRÈ�`QÈ¯½ × f ë�\�a-	�ÌRÈ)`QÈq½�� f ëº\�a-	�ÌRÈ�`QÈ¯½ × f�¥(f¹j `*\L½ ¥�f � f ¾À`QÌ�� Ä ÈrÈ¯½
Ä ÈO� ¥�f|Ý Ì¶`�ÏZ`QÆ�aN´(ÔHwhox�u��rËs·À^o�v$�©���=��ê�ÀEo���s�t»s+��o�wh��v-�=�u��oVwU�È�©wU��ox��o�v-�w��yow���y¤v5�~��t»ª$�?�wtwyow
t)w]µ?�l��wh�u�=����t w?�ls6´/÷6îNå4ôU·Wù�é3æ©¨�ò�þ/ñNñ¬ò ý � ½ÿð ò�òNþ ¾ ¦

�A.!. � 
 f � f¡d Ä T�Ê Ä Ä È�� Â f � f P Ä Ê#a¹`qÌRÆG\H´ÉÔE��o�v-�w��yowN��ÔE�woÊv-�©�5yowÂ�¯y-�u��ox���?�©t�yowNs��©wU�í�©nUo
Ò n��~��yowhy!Ã-�©Ó&y-nN��ÔE�
o�v$�¯t w�­Ëoxs5y-s�vÊy�À�twvÉ�Èt)w?�ls?´���ãEúgì?¦h��ä�ê5¦�:�ä�æAæy¦ _?� ´�.Nþ ý ½ ñ ýNý þ ¾ ¦



Z��

�A. À �CÝÅf¯² Ë��|�>ËrÈ���a¹a¹\�Èq½ Â f¯¥(f^ø Ä ÈOT¹½ Ä È�� � f � Ä È�\�Ê#`*aÍÉ�ËF´Uã7yowN�·�´�´t��NÁ!�?�wtwv7v-�~����oVwh�
�?oVwUox���?�©t�yowàt)wQ�«Õ�wNt���o5�¸}Etw�h�wnàs�ox�ÍtwvÊyowU�h�´v-��y$���ut)w?�4´���ãEúUì6¦���ä�ê5¦È� ZU_ ´_ñ$./ñ¬þ�ò/ñ ½ � ¾½»ð òNòNþ ¾ ¦

�A.!1 � Â fU¥�f�ø Ä È�T Ä ÈO� Â fU¥�f ÂmÃ Ë�´�¨¢�l��wh�u�=�c�w�x��wNs�ÀEy$�+�Ìt)wÅ�©nUoOÀ��5oxs5o�wUvÊo�y-zU��Õ�w?t·��ox�©����w?�?o
�wt���o5�©��y��h�=���¤��o��¢ÀEy´��o�wh�wt��~�»´N��ãEúgì?¦h��ä�ê5¦�� ��£ ´ ¿ 1Nþ!1 ½ ñ ýNý . ¾ ¦

�A. ý � Â f?¥�f�ø Ä ÈOT Ä ÈO� Â f�¥�f ÂmÃ Ë�´¤�¯y-nUo���o�wh�
µN�!��wh���=� �w�x��wNs�ÀEy$�+��t)wáw��~�u��y~}@vÊyowNs��©��t�v-�wtwyowNs
t wå�©nUoiÀ���o�s�o�whv�o�y-z;�þÕ�w?t·��ox�©����w?�?oÅ�wyow?�!t·���´�´t)w������ür�À^y-���~�ut�ª-o��à�wt���o5���No�À^o�wU�?o�wh�îÕUo��w�Q´
��ãEúUì6¦h��ä�êq¦�� Z�� ´{ñ$1Nþ�ò ½ ñ ýNýNý ¾ ¦

� À ò �i¥�f ë�\^�>Ê�V Ä � Ä ½ [ f � a;_ Ä Ï4Ì¶` k ½ Ý�f � È)_�\�È)\ k ½ øif ë_Ë�_�aÍË(á Ä ½ Ä È�� gif�g ÌRÆ Ä ÊJ´ Ò
sut)w?�l��o5�»À�nUy���yow��No-��o�v$��y-�Èt)w@�wnUo�zw�~���wt)wNz����~��oÊ�i�x��w¤�?o¬´��1é3æ8ó4õCä MU�h£ ´ ¿ ò!� ½»ð òNòNò ¾ ¦

� À ñ � � f
Ý�f ��\�a-	 Ä Ê#`V_�aN´�
_wNt�Ã-ox�usx�~� Ò �S�5oxs�ÀEyow?s�oîy$zE���+�Ç{��N�u�©t w?�?ox�¹�»twµ?�=t��2�ut)w?�4´���ãIúUì?¦
B Á ´Qþ ¿Eý ½ÿð òNò�ò ¾ ¦

� À ð�� � f ��\�a-	 Ä Ê#`V_�a Ä ÈO�þ� f P&¼)_é_}Ì�	�`QÆ�´!¦O�wy�µN�´o-��s+�·�¤��oxs^��wU�&À^ox�us�t»s+��oVwh�(v-�~����oVwh�©sÈ�©����w��
sut·�©t�yowNsLt w3�e��oxs5y-s�vÊy�À�t�v��ut)w?�4´N��ãEúgì?¦��iä?êq¦�� Z�Z ´ ð ¿ ��þ ð ñ ½ÿð òNò ð ¾ ¦

� À þ � ¾ f�²�f � Ä È
Ì�½ dUf�gÍf�¥ �À`V_�½¢ë f k \�Èùë_ÊgÌñ_ Ð ÌRÈ�T¹½ ÝÅfÉì Ä Æ Ä V Ä È Ä �>ËrÆM_}Ì�½ ÞÑf P f
d \ Ã È)a¹\�Èq½ Ä È�� Ý�f�ß � Ä È)a-	�Vo´���ox�5y��©�5oxs�t»s+����wUv�o|s+���?��o�s^t)wh�h��v�oÊ��Á�rÍox�woÊv-�w��y-�2���iwUo$�©t�v5�
}|�lÃ-oCo�§�vxt��·�?�wtwyow�t w ÷ � Ò s¸â Ò � ÷ � Ò sLnho-��o���y-s��©����v-�u�=��o�s6´	�mé3æAó4õAä MUÎ�� ´�. ¿ . ½ÿð ò�ò ð ¾ ¦

� À3¿ �CÝÅfN² Ë��|�>ËrÈO��a¨a¹\�È¯½ Â fN¥�f´ø Ä ÈOT¹½ Ä ÈO� � f � Ä È)\�Ê#`UaÍÉ�Ë�´-è��îÀ^�~��t·�°rC��wU��s·À�t wio��(oÊv-�ws
yowS�©nho¡�2���iwUo$��y��ws·À^o�v$�©��y$s�v�y5À?r¬y$z¹�¶mO &ª+�w��y��h�=���?��oÊ��w���wUy-s��©�+�´v-���~��o¬´|��ãIúUì?¦^�iä?êq¦��
ZQÁ ´{ñ$.l�3þ ¿ þ ½ÿð òNòNþ ¾ ¦

� À � � × f�gif ¾PÌ k `QÆ Ä+Ä ÈO� × f � f�¥ É Ã ËrÊ Ð ´h���´�´t��?�©t�yow3t wU�h��vÊo���ª-ox�5y��©�5oxs�t»s+����wUv�o¢s+�·�¤��oxs�õ&�
�´�5oxsus�o��3ox��o�v-�w��yow?twv&s+�w�+��v$���=�5o;o��(oÊv-�\´J÷6îNå4ôU·Wù�é3æ©¨�ò�þNòl��ò/ñ ý ½ÿð ò�òNþ ¾ ¦

� À . � � f ��\�a-	 Ä Ê#`*_�a Ä ÈO�«� f P�¼�_é_}Ì�	�`QÆ�´h¨¢�l�©wU�u�=�úÀ|�=�îÀUt)w?��õ¯�¯y-nhox��oVwh���Èt)w¤�ls¹Ã-o���s��=s
�EÀ^o�wþ�¯yowU�h�´v-��y$��s6´h��ãEúUì6¦U��ä�ê5¦�� ZQÁ ´�ñ$./ñ¬þgñNñ ½ÿð ò�òNþ ¾ ¦

� ÀNÀ �i¥�f�ìÍf7¥ Ã ` k É Ã `QÈO	�\L½È³ f�ÝÅf × `QÆ)a Ã ÌRÈq½ Ä ÈO� R f¢j2f¹Ý Ä T�È)`QÆ�´¹­]����wUo-�wt�ª$�¤�©twy!wÄy-z
ã;��vx��o��~���·�=À�t w���pEy-������t�ª+�?�©t�yow��wè6wU�h��vÊo���¨¢�l�©wU�u�=���Èt)w?�4´4÷6îNå/ôg·Wù�é3æ©¨3òNþNò ý þ ý ò ½»ð òNòNþ ¾ ¦

� À 1 �i¥�fq¥(fq² V�Ê¤Ï Ä ��\�_é_}ÌRÆ�½ Ý�f®² ËO�O�>Ë
È���a¹a¹\�È¯½ Â fq¥�fEø Ä È�T¹½ Ä ÈO� � f � Ä È)\�Ê#`*adÉ�Ë�´
ã¢yow��·�l�´t��NÁ=�?�©t�vC�L�=�u��o�wh�¯Ô|§hv�t·���?�©t�yow@¨¢�l��wh���=�c�&t w?�ls6´/÷6îNå4ôU·Wù�é3æ©¨�ò�þNò ý .!.gñ ½ÿð ò�òNþ ¾ ¦



Z�Z �_ÅQÅ `qÈ��kÌ�� Â P�RxP ± R [ ² ¾ �i× g ³

� À�ý �e²Åf × fOÙ Ã}Ä ÈOTo´? É�~���©��oÊo5�©¦Ìy�v�
��Èr�w��~�Ítwv����ÌÔE�woÊv-�©�5yow����¯y-���5ox���¤�©twy!w2ÔE�
o�v-�wsÈt)wË�
60

�~z���ox�
{��~s�o��&Ô^§�v�t·�·�¤�©twy!w{´���ãEúgì?¦h��ä�ê5¦h:�ä?æCæy¦ Æ 9 ´�ñ À .=1Nò/ñ ½ÿð òNòNþ ¾ ¦

�A1Nò � Â fÌ± Ë)\L½�ë f ¾À`qÌ�� Ä ÈrÈq½Ì� f�Þ \�`qÆ}È)`QÆ¯½ Ä ÈO� øÍf 
�Ê#a Ä `*a¹a¨`QÆ�´�ã7yow?��t)who��~�¹��ox���~nUox���©ª
s·À^o�v$�©�5y-s�vÊy�À¤rþy$zOs5ox�Ítwv�y!wU�h��v$��y-�Qw���why-s+�w�+��v$���=�5oxs6´ Î ç4ç4èÿ¦N�FãEúUì6¦ Î _4Á ´ ¿ þl� ½ÿð òNò ¿ ¾ ¦

�A1/ñ �e¥�f|¥�f|² V�Ê�Ï Ä ��\�_é_}ÌRÆ�½(� f|ì Ìñ_ Ä ½ ÝÅf|² Ë��|�>ËrÈO��a¹a¨\kÈq½ Ä ÈO� � f � Ä È)\�Ê#`*adÉ�Ë�´Nã¢o-�
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