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✬
G =

✬
G1 +

✬
G2 +

✬
Gs = γ

✬
A+

∑

i

µi
✬
Nis
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(

∂Gs
∂A

)

T,P,Nis
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✆■✛✢✗✫✛✢★✞✹✷✱✲✕✞✑❇❩❯✬✘✪✢★✞✹✷✭✰✑✶✗✡✗✫✑✮✬✘✑✰✹✡✭✶✣✡✦✴✙✘✗✡✦✖✛✢★❯❩❘❂✖✪❄✗✫✑✶★✞✹❁✦✖✛✢★❤✹❁✕✘✙✜✑✶✣✡❵✞✭✶✦✖✑✶❂❏❂✖✑✷✬✜▼◆✕✘★☎❂✴✦✖✱✲✕✘✦✖✬✘✑✚✙✘✕✘✣
✪✢✙✘✙✞✪✢✣✫✪✆☎✖✗❯✭✰✛✢✤✮✤✌✑✽✦✴★✞✬✘✵✶✙✜✑✶★✞✬❀✪✢★✿✗✫✑❯✬✘✑✽❂❖▼P✪✢✦✴✣✫✑✽✬✘✑✽❂❖▼◆✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑❇❩❬✭✰✑✧✱✲✕✘✦✿✬❀✦✔❨❘✵✶✣✫✑✶★✞✭✶✦✖✑❯❂✖✑✰✹❘❂✴✦✖✱✲✕✘✦✖✬✘✑✰✹
✬✘✑✰✹✧✹✡✛✢❂✴✦✖✬✘✑✰✹◗✵✶❂✖✪❇✹❁✗✡✦✖✱✲✕✞✑✰✹✰❉❯❲❳✕✘✗✡✣✫✑✶✤✌✑✶★✿✗✽✬❀✦✴✗❬❩❇❂❖▼◆✦✴✤✌✪❇✩❇✑✎✱✲✕✘✦✘✭✰✛✢★✞✹❁✦✖✹❁✗✫✑❳❱✚✭✰✛✢✤✮✙✞✪✢✣✫✑✶✣✽✕✘★✞✑✎✩❇✛✢✕✘✗✡✗✫✑
✬✘✑❳❂✴✦✖✱✲✕✘✦✖✬✘✑✎❱✷✕✘★❄✻✞✪✢❂✴❂✖✛✢★❄✬✘✑❳✻✞✪✢✕✞✬❀✣✡✕✞✭✡✯✞✑✎★❯▼P✑✰✹❁✗✒✙✞✪❇✹✎✪❇✬✘✵✰✱✲✕✞✪✢✗✫✑❇❉◗❪✽★✠✑✏❨❘✑✶✗❬❩✿✗✫✛✢✕✘✗✎✪❇✭✰✭✶✣✫✛✢✦✖✹✡✹✡✑✶❋
✤✌✑✶★✿✗✥✬✘✑✚❂❖▼P✪✢✦✴✣✫✑✚✬✘✑✚❂❖▼◆✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑■★✞✵✰✭✰✑✰✹✡✹❁✦✴✗✫✑❇❩✘✙✜✛✢✕✘✣❳✕✘★❅❂✴✦✖✱✲✕✘✦✖✬❀✑❇❩❀✱✲✕✞✑✷✬✘✑✰✹❳✤✌✛✢❂✖✵✰✭✶✕✘❂✖✑✰✹❳✹✡✛✢✦✖✑✶★✿✗



�☎✄ � ✁ ✖✧✛✕✘✚✬✚✬✚✭✯✮☎☛✫✞ ✎✡✭✂✎✡✘✚✙✕✛✕☛ �❇�

✪✢✤✌✑✶★✞✵✰✑✰✹✧❱✚❂❖▼◆✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑ ✕◗❂✖✪✚✬❀✦✖✹❁✗✫✪✢★✞✭✰✑✒✤✌✛✰✾✲✑✶★✘★✞✑❳✦✴★✿✗✫✑✶✣✡✤✌✛✢❂✖✵✰✭✶✕✘❂✴✪✢✦✴✣✫✑✽✣✫✑✰✹❁✗✫✑■✭✰✛✢★✞✹❁✗✫✪✢★✿✗✫✑❳✑✶✗✧❂✖✪
✗✫✑✶★✞✹❁✦✖✛✢★❞✹❁✕✘✙✜✑✶✣✡❵✞✭✶✦✖✑✶❂❏❂✖✑✒★✞✑■✳❇✪✢✣✡✦✖✑■✙✞✪❇✹✰❉

✦★✧✩✦★✧✁� ▼◆✪❅✻✡✴✳✰❽▼◆❃ ✫❱✵✽❃✜✬✕✰✄✂✂✵✽✪❅✻✡✴◆✷✆☎☞✪✜✱❱✺✞✝✞✂➑❃✜✺✞✝❅✵✽✰③✴✳✰ ✬✕✪✜✺✜✮✗❃✜✬✯✮✟✂✌✫❱❃❅✲✗❃✡✠
☛✌☞ ✮ ✲✗✰ ✴◆✷★❀✛✮✗❃❅✵✽✰ ☛ ✰✤✺❅✮ ✧

❭✥✪✢★✞✹✷✭✰✑✶✗✡✗✫✑✔✙✞✪✢✣✡✗✡✦✖✑❇❩✜★✞✛✢✕✞✹✚★✞✛✢✕✞✹✥✙✘✣✫✛✢✙✜✛❇✹✡✛✢★✞✹✚✬✜▼P✪✢✙✘✙✘❂✴✦✖✱✲✕✞✑✶✣■❂✖✑✰✹✚❂✖✛✢✦✖✹✥✗✡✯✞✑✶✣✡✤✌✛✿✬❀✾✿★✞✪✢✤✮✦✖✱❇✕✞✑✰✹
✵✶★✞✛✢★✞✭✰✵✰✑✰✹✧✭✶✦✴❋❖✬✘✑✰✹✡✹❁✕✞✹✧❱✷✬✘✑✰✹✒✹❁✾❀✹❁✗✫✸✶✤✌✑✰✹✧✭✰✛✢★✞✹❁✗✡✦✴✗✡✕✞✵✰✹✧✬✘✑❳✬✘✑✶✕❀❚✌✛✢✕❄✙✘❂✴✕✞✹❁✦✖✑✶✕✘✣✫✹❯✙✘✯✞✪❇✹✡✑✰✹✰❩✿✪✢❵✘★❄✬✘✑
✭✰✪✢✣✫✪❇✭✶✗✫✵✶✣✡✦✖✹✡✑✶✣✧❂✖✑✶✕✘✣✫✹✒✵✶✗✫✪✢✗✫✹✒✬✜▼P✵✰✱✲✕✘✦✴❂✴✦✴✻✘✣✡✑❇❉❯✏✒✑✶❂✖✪✷✣✫✑✶✳✿✦✖✑✶★✿✗✒❱✷✤✮✦✴★✘✦✴✤✮✦✴✹✡✑✶✣✽❂✖✑❳✙✜✛✢✗✫✑✶★✿✗✡✦✖✑✶❂❀✗✡✯✞✑✶✣✡✤✌✛✢❋
✬❀✾✿★✞✪✢✤✮✦✖✱✲✕✞✑❳✪❇✬✘✵✰✱✲✕✞✪✢✗❬❉
�✲❉❳❢✿✾❀✹❁✗✫✸✶✤✌✑✥✬❀✦✴✙✘✯✞✪❇✹❁✦✖✱✲✕✞✑ ✕
✏✒✛✢★✞✹❁✦✖✬✘✵✶✣✫✛✢★✞✹✽✕✘★❄✹❁✾❀✹❁✗✫✸✶✤✌✑❳✓●✑✶✣✡✤✌✵■✬❀✦✴✙✘✯✞✪❇✹❁✦✖✱✲✕✞✑✒❱✚❂❖▼P✵✰✱✲✕✘✦✴❂✴✦✴✻❀✣✫✑✚✕◗❂✖✑✰✹✒✬✘✑✶✕❀❚✮✙✘✯✞✪❇✹✡✑✰✹✧✑✶★
✙✘✣✫✵✰✹✡✑✶★✞✭✰✑✚✹✡✛✢★✿✗■✣✫✑✶✙✜✵✶✣✫✵✰✑✰✹✎✙✞✪✢✣■❂✖✑✰✹✎✦✴★✞✬❀✦✖✭✰✑✰✹

α
✑✶✗
β
❉ ✺ ✑✚✹❁✾❀✹❁✗✫✸✶✤✌✑✷✑✰✹❁✗✥✹❁✕✘✙✘✙✜✛❇✹✡✵✂✿✶✗✡✣✫✑

❱❞❂❖▼P✵✰✱✲✕✘✦✴❂✴✦✴✻❀✣✫✑✚✭✡✯✘✦✴✤✮✦✖✱✲✕✞✑❇❩❘✬✘✑✮✹✡✛✢✣✡✗✫✑✌✱✲✕✞✑✷❂✖✪❄✤✌✪❇✹✡✹✡✑✌✬✘✑✮✭✡✯✞✪❇✭✶✕✘★✞✑✔✬✘✑✰✹✚✬✘✑✶✕❀❚☎✙✘✯✞✪❇✹✡✑✰✹
✣✫✑✰✹❁✗✫✑❅✭✰✛✢★✞✹❁✗✫✪✢★✿✗✫✑❇❉ ☛■★▲✹❁✕✘✙✘✙✜✛❇✹✡✑✠✱✲✕✞✑❞❂✖✪☎✗✫✑✶✤✮✙✜✵✶✣✫✪✢✗✡✕✘✣✫✑❄✣✫✑✰✹❁✗✫✑✠✭✰✛✢★✞✹❁✗✫✪✢★✿✗✫✑❇❉❫✼◗✛✢✕✘✣
✕✘★▲✗✫✑✶❂■✹❁✾❀✹❁✗✫✸✶✤✌✑✠✱✲✕✘✦❳✑✰✹❁✗❞✭✰✪✢✣✫✪❇✭✶✗✫✵✶✣✡✦✖✹✡✵❄✙✞✪✢✣❄✹✡✛✢★▲✳✲✛✢❂✴✕✘✤✌✑❞✑✶✗❄✹✡✪❆✗✫✑✶✤✮✙✜✵✶✣✫✪✢✗✡✕✘✣✫✑❇❩✽❂✖✑
✙✜✛✢✗✫✑✶★✿✗✡✦✖✑✶❂❀✗✡✯✞✑✶✣✡✤✌✛✿✬❀✾✿★✞✪✢✤✮✦✖✱✲✕✞✑✧❱✚✤✮✦✴★✘✦✴✤✮✦✖✹✡✑✶✣◗✑✰✹❁✗✒❂❖▼P✵✶★✞✑✶✣✫✩✢✦✖✑✒❂✴✦✴✻✘✣✫✑✒✬✘✑ ✞■✑✶❂✴✤✮✯✞✛✢❂✴✗✫❨

F
❉

✺ ✑■✳✲✛✢❂✴✕✘✤✌✑■✗✫✛✢✗✫✪✢❂❯✬❀✕❞✹❁✾❀✹❁✗✫✸✶✤✌✑■✣✫✑✰✹❁✗✫✪✢★✿✗❳✭✰✛✢★✞✹❁✗✫✪✢★✿✗❬❩✘✛✢★✠✪ ✕

✬
Vα = −

✬
Vβ

❲❳❵✘★ ✬✘✑☎✬❀✦✴✤✮✦✴★✿✕✞✑✶✣✌✹✡✛✢★ ✵✶★✞✑✶✣✫✩✢✦✖✑❇❩❳❂✖✑❅✹❁✾❀✹❁✗✫✸✶✤✌✑☎✪❤✦✴★✿✗✫✵✶✣✗✿✶✗❞❱ ✬❀✦✴✤✮✦✴★✿✕✞✑✶✣✌❂❖▼P✪✢✦✴✣✫✑✠✬✘✑
❂❖▼◆✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑❇❉◗❃❅✪✢✦✖✹✎✭✰✑✰✭✶✦❯✭✰✛✢★✞✬❀✕✘✦✴✗✒❱✔✕✘★✞✑■✣✫✵✰✬❀✕✞✭✶✗✡✦✖✛✢★❄✬❀✕❞✳✲✛✢❂✴✕✘✤✌✑■✬✘✑■❂✖✪✔✙✘✯✞✪❇✹✡✑

1
✙✞✪✢✣

✑✫❚✘✑✶✤✮✙✘❂✖✑❇❩❇✭✰✑❳✱✲✕✘✦❀✗✫✑✶★✞✬✔❱✚✪✢✕✞✩✢✤✌✑✶★✿✗✫✑✶✣✽❂❖▼P✵✶★✞✑✶✣✫✩✢✦✖✑✒✬❀✕✮✹❁✾❀✹❁✗✫✸✶✤✌✑❇❉ ✺ ▼P✪✢✦✴✣✫✑✎✬✘✑✒❂❖▼◆✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑
✣✫✵✰✹❁✕✘❂✴✗✫✑✠✬✜▼◆✕✘★ ✭✰✛✢✤✮✙✘✣✫✛✢✤✮✦✖✹✌✑✶★✿✗✡✣✫✑❅✭✰✑✰✹❞✬✘✑✶✕❀❚ ✗✫✑✶★✞✬✘✪✢★✞✭✰✑✰✹✰❉ ❭✥✪✢★✞✹❄✬✘✑✰✹❞✭✰✛✢★✞✬❀✦✴✗✡✦✖✛✢★✞✹
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✩❇✛✢✕✘✗✡✗✫✑✠✬✘✑✠❂✴✦✖✱✲✕✘✦✖✬❀✑❄✬✘✵✶✙✜✛❇✹✡✵✰✑❞✹❁✕✘✣✌✕✘★ ✹❁✕✘✻✞✹❁✗✡✣✫✪✢✗✌✹✡✛✢❂✴✦✖✬✘✑ ✁ ✭✶✓❁❉ ❈❯✦✖✩✢✕✘✣✫✑ ✁ �✲❉❫❪ ✄ ✄✶❉ ✺ ✪

✄✆☎✞✝✠✟ �✲❉❫❪✔✕✁�❂❅✪❑❇✑✒✑✲✌❲✸★✌❉✩✫✎✲❚✏❑✙✎✲✸★✌☞✸★❈✲●❋❅☎✓☎❈✗✌✣✓✏❑✙✘❉❑✙✷ ✓✏❑✬✵✗✓✻✑✼✘✗✧✝✑❙✓☎❅✪✩✫✎✲✸★✌☎❳
C

✌✗✓✻✑❙✩✔✌☞✕✗✌✏✷❋✑✼✘✗✌☞✸★✌
✕✗❅✪❑✙✘☎✵✏❑✙✘✗✌✱✸★✌✂✩❄❃ ✎✼✷❋✑✲✌✏✘✒✚✻✧★✕✗✌✂✩✫✎✲❚✏❑✙✎✲✸★✌✄✂✲❍✝✧❄●❋✌✏❑✙✘

✳❇✪✢✣✡✦✖✪✢✗✡✦✖✛✢★❄✦✴★✘❵✘★✘✦✴✗✫✵✰✹❁✦❏✤✌✪✢❂✴✑❳✬✘✑■❂❖▼P✵✶★✞✑✶✣✫✩✢✦✖✑❳❂✴✦✴✻✘✣✫✑❳✬❀✕❞✹❁✾❀✹❁✗✫✸✶✤✌✑✥✹✰▼P✵✰✭✶✣✡✦✴✗✡✕

dF = γLV dALV + γLS dALS + γSV dASV
✁ �✲❉❀✄ ✄

✼✽✕✘✦✖✹✡✱✲✕✞✑◗❂❖▼P✪✢✦✴✣✫✑✧✬❀✕✔✹❁✕✘✻✞✹❁✗✡✣✫✪✢✗❯✹✡✛✢❂✴✦✖✬✘✑✽✑✰✹❁✗✽✭✰✛✢★✞✹❁✗✫✪✢★✿✗✫✑❇❩❇✛✢★✔✪
dALS = −dASV

❉◗❲❳❂✖✛✢✣✫✹ ✕

dF = γLV dALV + (γLS − γSV ) dALS
✁ �✲❉❀✠ ✄



� � �☎✄✝✆✟✞✡✠☞☛✍✌✏✎✑✎✓✒✕✔✍✖☎✗✡✘✚✙✕✛✕☛✢✜✣☛✍✞✤✠✝✒✕✔✂✥✕✖✧✦✩★✂✥✕☛✍✞✪✜✣☛✫✦✩✖✧✛✕✘✚✬✚✬✚✭✯✮☎☛

❭✥✪✢★✞✹✧✹✡✛✢★❄✵✶✗✫✪✢✗✒✬✜▼P✵✰✱✲✕✘✦✴❂✴✦✴✻✘✣✫✑❇❩❬❂✖✪✥✩❇✛✢✕✘✗✡✗✫✑❳✪✚❂✖✪■✓●✛✢✣✡✤✌✑❳✬✜▼◆✕✘★✞✑✎✭✰✪✢❂✖✛✢✗✡✗✫✑❳✹❁✙✘✯✞✵✶✣✡✦✖✱✲✕✞✑✁�✰❩✲✬✘✑
✯✞✪✢✕✘✗✫✑✶✕✘✣

H
✑✶✗❳✬✘✛✢★✿✗✎❂✖✪✔✻✞✪❇✹✡✑✥✪✔✕✘★❞✣✫✪✰✾✲✛✢★

r
❉✧✏✒✛✢✤✮✤✌✑✥❂✖✑■✳✲✛✢❂✴✕✘✤✌✑

V
✬✘✑■❂✖✪✔✩❇✛✢✕✘✗✡✗✫✑

✑✰✹❁✗❳❵❀❚✘✵❇❩❀✛✢★✠✪✔❂✖✑✰✹✒✣✫✑✶❂✖✪✢✗✡✦✖✛✢★✞✹✧✹❁✕✘✦✴✳❇✪✢★✿✗✫✑✰✹✚✕

V =
1

6
πH(3r2 +H2),

ALV = π(r2 +H2),

ALS = πr2.

✑✶✗

dV = πHr dr +
π

2
(r2 +H2) dH = 0,

dALV =
r2 −H2
r2 +H2

2πr dr (V
❵❀❚✘✵
),

dALS = 2πr dr (V
❵❀❚✘✵
).

❢✿✦✜❂❖▼P✛✢★❄★✞✛✢✗✫✑
θ
❩❀❂❖▼P✪✢★✞✩✢❂✖✑■✬✘✑✥✭✰✛✢★✿✗✫✪❇✭✶✗■✬✘✑■❂✖✪✔✩❇✛✢✕✘✗✡✗✫✑✥✹❁✕✘✣✎❂✖✑✥✹✡✛✢❂✴✦✖✬✘✑❇❩✿✱✲✕✘✦✜✑✰✹❁✗✎✗✫✑✶❂❯✱✲✕✞✑

cos θ =
r2 −H2
r2 +H2

,
✁ �✲❉ �☎✡ ✄

✛✢★❅✛✢✻✘✗✡✦✖✑✶★✿✗✎✱✲✕✞✑✛✕

dF = (γLV cos θ + γLS − γSV ) 2πr dr = 0
✁ �✲❉ � � ✄

☛■★✠✑✶★✠✬✘✵✰✬❀✕✘✦✴✗✧❂✖✪✔✭✰✛✢★✞✬❀✦✴✗✡✦✖✛✢★❄✬✜▼P✵✰✱✲✕✘✦✴❂✴✦✴✻❀✣✫✑ ✕

cos θ =
γSV − γLS
γLV

✁ �✲❉ �✪❪ ✄

✺ ✪✒✣✫✑✶❂✖✪✢✗✡✦✖✛✢★ ✁ �✲❉ �✪❪ ✄✜✑✰✹❁✗✜✯✞✪✢✻✘✦✴✗✡✕✞✑✶❂✴❂✴✑✶✤✌✑✶★✲✗✞✪✢✙✘✙✜✑✶❂✖✵✰✑❯❂✖✛✢✦❇✬✘✑✄✂✧✛✢✕✘★✞✩✢❋❖❭■✕✘✙✘✣✫✵❯❩ �☎❭ ❉ ✺ ▼P✪✢★✞✩✢❂✖✑
✬✘✑❳✭✰✛✢★✿✗✫✪❇✭✶✗✒✬✘✑✒❂✖✪✚✩❇✛✢✕✘✗✡✗✫✑✎✹❁✕✘✣✧❂✖✪✥✹❁✕✘✣✡✓●✪❇✭✰✑❳✹✡✛✢❂✴✦✖✬✘✑✒✑✰✹❁✗✒✹✡✑✶✕✘❂✖✑✶✤✌✑✶★✿✗✧✬✘✵✶✗✫✑✶✣✡✤✮✦✴★✞✵✽✙✞✪✢✣✧❂✖✑✰✹
✗✫✑✶★✞✹❁✦✖✛✢★✞✹✧✦✴★✿✗✫✑✶✣✡✓●✪❇✭✶✦✖✪✢❂✖✑✰✹✧✬✘✑✰✹✎✗✡✣✫✛✢✦✖✹✧✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑✰✹✰❉

☎✝✆✟✞✠✞☛✡✌☞✎✍✑✏✒☞✔✓✁✕☛✖✎✞✘✗✟✙✚✓✌✛✜✛✜✓✢✡✌✛✜✣✘✕✤✓✥✍✧✦ ✏✒✞✤★✘✣☛✓✌✞✘✙✚✓✢✕✤✓✥✍✩✖✁☞✔✪✚✖✝✫✔✏✒✛✜✡✔✬✮✭✯✓✝✙✰✏✱✓✝✗✜✛✲✍✒✡✌☞✎✏✒✛✳✏✒✴✵✓✁✛✰✖✎✞✤✛✄✶✔✣☛✓
r ≪ κ−1 ✷

✸✔✹ κ−1
✓✝✗✜✛✺✍✩✖✮✍ ✸ ✞☛☞✔✣☛✓✌✣☛✪✟✙✌✖✎✻✤✏✑✍✑✍✩✖✝✏✒✪✰✓ √ γ

ρg

✬
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• ✺ ✛✢✣✫✹✡✱✲✕✞✑
∣

∣

∣

γSV−γLS
γLV

∣

∣

∣ < 1
❩❬❂❖▼P✪✢★✞✩✢❂✖✑❯✬✘✑✽✭✰✛✢★✿✗✫✪❇✭✶✗❯✑✰✹❁✗❯✬✘✵✶❵✘★✘✦✢✙✞✪✢✣❘❂✖✪✒✣✫✑✶❂✖✪✢✗✡✦✖✛✢★ ✁ �✲❉ �✪❪ ✄✶❉

☛■★✠✑✰✹❁✗❳✑✶★✠✹❁✦✴✗✡✕✞✪✢✗✡✦✖✛✢★❄✬✘✑✄✂ ✷✂✹✓✵ ❁❂❁✆☎✞✝✏✱✤✻✟☎✏✽✿✰✶✵✸✱✓❁ ❉

• ✺ ✑❄✭✰✪❇✹✌✛✂✁ γSV−γLS
γLV

≥ 1 ✭✰✛✢✣✡✣✫✑✰✹❁✙✜✛✢★✞✬❤❱❅❂✖✪❅✹❁✦✴✗✡✕✞✪✢✗✡✦✖✛✢★ ✬✘✑✠✂ ✷✂✹✓✵ ❁❂❁✆☎✞✝✏✱ ✰✲✷✓✰✡☎✼❁ ❉
✺ ✑✷✹✡✛✢❂✴✦✖✬✘✑✚✹✡✑✷✭✰✛✢✕✘✳✿✣✫✑✷✬✘✛✢★✞✭✷✬✜▼◆✕✘★✠❵✘❂✴✤ ✬✘✑✚❂✴✦✖✱✲✕✘✦✖✬❀✑✥✱✲✕✘✦◗✹✰▼P✵✶✗✫✑✶★✞✬✠✹❁✕✘✣■✗✫✛✢✕✘✗✫✑✥❂✖✪
✹❁✕✘✣✡✓●✪❇✭✰✑✥✹✡✛✢❂✴✦✖✬✘✑■✬❀✦✖✹❁✙✜✛✢★✘✦✴✻❀❂✖✑❇❉ ✺ ▼◆✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑

S/V
✪✮✪✢❂✖✛✢✣✫✹✎✬❀✦✖✹❁✙✞✪✢✣✡✕❯❉

• ❭✥✪✢★✞✹✥❂✖✑✮✭✰✪❇✹✷✛✂✁ γSV−γLS
γLV

< −1 ❩◗✛✢★ ✑✰✹❁✗✷✬✘✪✢★✞✹✥✕✘★✞✑✮✹❁✦✴✗✡✕✞✪✢✗✡✦✖✛✢★☎✹❁✾✿✤✌✵✶✗✡✣✡✦✖✱✲✕✞✑
✬✘✑❳❂✖✪✥✙✘✣✫✵✰✭✰✵✰✬✘✑✶★✿✗✫✑✡✕❯❂✖✑■✹✡✛✢❂✴✦✖✬✘✑✎✹✡✑■✭✰✛✢✕✘✳✿✣✫✑■✬✜▼◆✕✘★✮❵✘❂✴✤ ✬✘✑❳✳❇✪✢✙✜✑✶✕✘✣✧✑✶✗✒❂❖▼◆✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑
S/L

✬❀✦✖✹❁✙✞✪✢✣✫✪✆☎✖✗❬❉

✁ ✤✌✪❇✩✢✦✴★✞✛✢★✞✹❯✱✲✕❯▼◆✕✘★✔✹❁✕✘✻✞✹❁✗✡✣✫✪✢✗◗✹✡✛✢❂✴✦✖✬✘✑✧✹✡✛✢✦✴✗❯✤✮✦✖✹◗✑✶★✷✙✘✣✫✵✰✹✡✑✶★✞✭✰✑✧✬✘✑✧❂✖✪❳✳❇✪✢✙✜✑✶✕✘✣❯✬❀✕✷❂✴✦✖✱✲✕✘✦✖✬✘✑
✭✰✛✢★✞✹❁✦✖✬✘✵✶✣✫✵❇❉ ✺ ✑❳✙✘✣✫✛✢✻✘❂✖✸✶✤✌✑✎✑✰✹❁✗✎✬✘✑■✹✡✪✰✳✲✛✢✦✴✣✎✹❁✦✞❂✖✑❳✹✡✛✢❂✴✦✖✬✘✑❳✑✰✹❁✗✒✤✌✛✢✕✘✦✴❂✴❂✖✵✧✤✌✪❇✭✶✣✫✛❇✹✡✭✰✛✢✙✘✦✖✱✲✕✞✑✶❋
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❂✴✦✖✱✲✕✘✦✖✬✘✑✎✹✡✛✢✦✴✗✎✹❁✕✘❴✌✹✡✪✢✤✌✑✶★✿✗❳✵✶✙✞✪✢✦✖✹✡✠✰❉ ✺ ✑❳✙✞✪✢✣✫✪✢✤✌✸✶✗✡✣✫✑■✬✜▼P✵✶✗✫✪✢❂✖✑✶✤✌✑✶★✿✗

S
✹✰▼P✵✰✭✶✣✡✦✴✗❳✬✘✛✢★✞✭✛✕

S = γSV − (γSL + γLV )
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cos θ = 1 +
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∂Π
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< 0
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• ✑✰✹❁✗✎✗✫✛✢✕❇❙✡✛✢✕✘✣✫✹✒✪✢✗✡✗✡✣✫✪❇✭✶✗✡✦✴✳✲✑■✱✲✕✞✑✶❂✴❂✖✑❳✱✲✕✞✑■✹✡✛✢✦✴✗✒❂❖▼P✵✶✙✞✪✢✦✖✹✡✹✡✑✶✕✘✣✒✬✘✪✢★✞✹✧❂✖✑■✭✰✪❇✹❳✬✘✑❳❂❖▼◆✦✖✹✡✛✢✗✡✯✞✑✶✣✡✤✌✑
✁✲❬ ✄✶❉

✏✧✯✞✪❇✭✶✕✘★ ✬✘✑✰✹✌✙✜✛✢✦✴★✿✗✫✹✌✬✘✑❅❂✖✪❤✭✰✛✢✕✘✣✡✻✜✑
Π(h)

✑✰✹❁✗❞✕✘★ ✵✶✗✫✪✢✗❞✬✜▼P✵✰✱✲✕✘✦✴❂✴✦✴✻✘✣✫✑❄✬❀✕ ✹❁✾❀✹❁✗✫✸✶✤✌✑❇❉
✆■✛✢✕✞✹✎✪✰✳✲✛✢★✞✹✎✳✿✕✠✬✘✪✢★✞✹✧❂✖✪✷✙✞✪✢✣✡✗✡✦✖✑✡�✲❉ �✲❉✄✂✮✱✲✕✞✑■❂✖✪✔✭✰✛✢★✞✬❀✦✴✗✡✦✖✛✢★✌✬✘✑✥✹❁✗✫✪✢✻✘✦✴❂✴✦✴✗✫✵✎✵✶✗✫✪✢✦✴✗✎✬✘✛✢★✘★✞✵✰✑❳✙✞✪✢✣
❂❖▼P✵✰✱✲✕✞✪✢✗✡✦✖✛✢★ ✁ �✲❉❫❪✪✡ ✄✶❉

✁ ❂❘✑✰✹❁✗✧✙✜✛❇✹✡✹❁✦✴✻✘❂✖✑✎✬✘✑✎✣✫✑✶✗✡✣✫✛✢✕✘✳✲✑✶✣✒✭✰✑✶✗✡✗✫✑❳✭✰✛✢★✞✬❀✦✴✗✡✦✖✛✢★✮❱✚❂❖▼P✪✢✦✖✬✘✑✎✬✜▼◆✕✘★❄✪✢✣✫✩✢✕✘✤✌✑✶★✿✗✧✤✌✵✰✭✰✪✢★✘✦✖✱✲✕✞✑❇❉



� � �☎✄✝✆✟✞✡✠☞☛✍✌✏✎✑✎✓✒✕✔✍✖☎✗✡✘✚✙✕✛✕☛✢✜✣☛✍✞✤✠✝✒✕✔✂✥✕✖✧✦✩★✂✥✕☛✍✞✪✜✣☛✫✦✩✖✧✛✕✘✚✬✚✬✚✭✯✮☎☛

✏✒✛✢★✞✹❁✦✖✬✘✵✶✣✫✛✢★✞✹✎✕✘★❅✵✶✗✫✪✢✗✥✛✂✁❅❂❖▼P✵✶✙✞✪✢✦✖✹✡✹✡✑✶✕✘✣❳❱✌❂❖▼P✵✰✱✲✕✘✦✴❂✴✦❏✻✘✣✡✑✥✬✜▼◆✕✘★✠❵✘❂✴✤ ✑✰✹❁✗
h0
❉■❲■✬❀✤✌✑✶✗✡✗✫✛✢★✞✹

✱✲✕❯▼◆✕✘★✞✑❞✻✘✕✘❂✴❂✖✑❞✩❇✪❇❨✰✑✶✕✞✹✡✑✠✤✌✪✢✦✴★✿✗✡✦✖✑✶★✘★✞✑❄❂❖▼P✵✰✱✲✕✘✦✴❂✴✦❏✻✘✣✫✑✌✤✌✵✰✭✰✪✢★✘✦✖✱✲✕✞✑✠✬❀✕▲❵✘❂✴✤ ✑✶★ ✑✫❚✘✑✶✣ ✘✰✪✢★✿✗✌❂✖✪
✙✘✣✫✑✰✹✡✹❁✦✖✛✢★✠✑✫❚❀✗✫✵✶✣✡✦✖✑✶✕✘✣✫✑■✪❇✬✘✵✰✱✲✕✞✪✢✗✫✑❇❉ ☛■★✠✹❁✕✘✙✘✙✜✛❇✹✡✑✚✱✲✕❯▼◆✕✘★✞✑✚✌✘✕✞✭✶✗✡✕✞✪✢✗✡✦✖✛✢★❄✤✌✛✿✬❀✦✴❵✞✑❳❂❖▼P✵✶✙✞✪✢✦✖✹✡✹✡✑✶✕✘✣
✬❀✕✠❵✘❂✴✤ ✬✘✑✥❂✖✪✮✳❇✪✢❂✖✑✶✕✘✣

h0
❱✌❂✖✪✔✳❇✪✢❂✖✑✶✕✘✣

h0 + δh
❉■❈❯✦❏❚✘✛✢★✞✹

δh > 0
✙✜✛✢✕✘✣❳✹❁✦✴✤✮✙✘❂✴✦✴❵✞✑✶✣✒★✞✛✢✗✡✣✫✑

✣✫✪✢✦✖✹✡✛✢★✘★✞✑✶✤✌✑✶★✿✗ ✁ ✭✰✑✰✭✶✦✘★✞✑❳✣✫✑✰✹❁✗✡✣✫✑✶✦✴★✿✗✧✑✶★✌✣✡✦✖✑✶★✮❂✖✪✚✩❇✵✶★✞✵✶✣✫✪✢❂✴✦✴✗✫✵✎✬❀✕✌✣✫✵✰✹❁✕✘❂✴✗✫✪✢✗✧✬✘✵✶✤✌✛✢★✿✗✡✣✫✵ ✄✶❉❯❭✥✑✶✕❀❚
✭✰✪❇✹❳✹✡✑■✙✘✣✫✵✰✹✡✑✶★✿✗✫✑✶★✿✗❳✪✢❂✖✛✢✣✫✹ ✕

• ❢✿✦ (
✬
Π✬
h

)

h0
> 0

❩✧✪✢❂✖✛✢✣✫✹✚❂❖▼P✪✢✕✞✩✢✤✌✑✶★✿✗✫✪✢✗✡✦✖✛✢★❤✬✘✑
h0
✹✰▼P✪❇✭✰✭✰✛✢✤✮✙✞✪❇✩✢★✞✑❄✬✜▼◆✕✘★✞✑✮✪✢✕✞✩✢✤✌✑✶★✘❋

✗✫✪✢✗✡✦✖✛✢★ ✬✘✑❞❂✖✪☎✙✘✣✫✑✰✹✡✹❁✦✖✛✢★▲✬✘✑✠✬❀✦✖✹✖❙✡✛✢★✞✭✶✗✡✦✖✛✢★❯❉ ✺ ✪☎✻✘✕✘❂✴❂✖✑❄✑✫❚✘✑✶✣✫✭✰✑❅✪✢❂✖✛✢✣✫✹✮✕✘★✞✑❞✙✘✣✫✑✰✹✡✹❁✦✖✛✢★
✑✫❚❀✗✫✵✶✣✡✦✖✑✶✕✘✣✫✑✮✦✴★✘✓●✵✶✣✡✦✖✑✶✕✘✣✫✑✮❱☎✭✰✑✶❂✴❂✖✑✌✱✲✕❯▼◆✦✴❂✒✓●✪✢✕✞✬❀✣✫✪✢✦✴✗✔✑✫❚✘✑✶✣✫✭✰✑✶✣✔✙✜✛✢✕✘✣✔✣✫✪✢✤✌✑✶★✞✑✶✣✷❂✖✑✌❵✘❂✴✤ ❱
❂❖▼P✵✶✙✞✪✢✦✖✹✡✹✡✑✶✕✘✣

h0
✕◗❂✖✪✛✌✘✕✞✭✶✗✡✕✞✪✢✗✡✦✖✛✢★❄✑✰✹❁✗❳✪✢✤✮✙✘❂✴✦✴❵✞✵✰✑❇❉ ✺ ✑■❵✘❂✴✤ ✑✰✹❁✗❳✪✢❂✖✛✢✣✫✹✎✦✴★✞✹❁✗✫✪✢✻✘❂✖✑❇❉

• ❢✿✦ (
✬
Π✬
h

)

h0
< 0

❩✞✪✢❂✖✛✢✣✫✹✒❂❖▼P✪✢✕✞✩✢✤✌✑✶★✿✗✫✪✢✗✡✦✖✛✢★❞✬✘✑
h0
✹✰▼P✪❇✭✰✭✰✛✢✤✮✙✞✪❇✩✢★✞✑✚✬✜▼◆✕✘★✞✑■✬❀✦✴✤✮✦✴★✿✕✘✗✡✦✴✛✢★

✬✘✑✥❂✖✪✷✙✘✣✫✑✰✹✡✹❁✦✖✛✢★❞✬✘✑✥✬❀✦✖✹✖❙✡✛✢★✞✭✶✗✡✦✖✛✢★❯❉✽✏✒✑✰✭✶✦❯✹❁✦✖✩✢★✘✦✴❵✞✑■✱✲✕✞✑■❂✖✪✷✻✘✕✘❂✴❂✖✑❳✑✫❚✘✑✶✣✫✭✰✑✥✕✘★✞✑■✙✘✣✫✑✰✹✡✹❁✦✖✛✢★
✑✫❚❀✗✫✵✶✣✡✦✖✑✶✕✘✣✫✑✔✹❁✕✘✙✜✵✶✣✡✦✖✑✶✕✘✣✫✑✷❱✠✭✰✑✶❂✴❂✖✑✔✱✲✕❯▼◆✦✴❂✽✓●✪✢✕✞✬❀✣✫✪✢✦✴✗✥✑✫❚✘✑✶✣✫✭✰✑✶✣✷✙✜✛✢✕✘✣✥✣✫✪✢✤✌✑✶★✞✑✶✣✚❂✖✑✔❵✘❂✴✤ ❱
❂❖▼P✵✶✙✞✪✢✦✖✹✡✹✡✑✶✕✘✣

h0
✕◗❂✖✪✛✌✘✕✞✭✶✗✡✕✞✪✢✗✡✦✖✛✢★✌✣✫✵✰✩✢✣✫✑✰✹✡✹✡✑❇❩✿✙✘✣✫✑✶✕✘✳✲✑✥✱✲✕✞✑■❂✖✑■❵✘❂✴✤ ✑✰✹❁✗❳✹❁✗✫✪✢✻✘❂✖✑❇❉

❭✥✪✢★✞✹❯❂✖✑✎✭✰✪❇✹✽✛✂✁✮❂✖✪■✙✘✣✫✑✰✹✡✹❁✦✖✛✢★✔✬✘✑✎✬❀✦✖✹✖❙✡✛✢★✞✭✶✗✡✦✖✛✢★✚✙✘✣✫✵✰✹✡✑✶★✿✗✫✑✧✕✘★✞✑✎✛❇✹✡✭✶✦✴❂✴❂✖✪✢✗✡✦✖✛✢★❯❩❬✭✰✛✢✤✮✤✌✑✎✬✘✪✢★✞✹
❂✖✑✰✹✥✭✰✪❇✹ ✁ ❪ ✄✥✑✶✗ ✁ ✂ ✄✶❩✜✦✴❂✽✑✫❚❀✦✖✹❁✗✫✑✮✬✘✛✢★✞✭✷✕✘★✞✑✔✩❇✪✢✤✮✤✌✑✮✬✜▼P✵✶✙✞✪✢✦✖✹✡✹✡✑✶✕✘✣✫✹■✙✜✛✢✕✘✣✥❂✖✑✰✹✡✱✲✕✞✑✶❂✴❂✖✑✰✹✎❂✖✑✷❵✘❂✴✤
✑✰✹❁✗✷✦✴★✞✹❁✗✫✪✢✻✘❂✖✑❇❉ ✺ ▼P✪✢★✞✪✢❂✴✾❀✹✡✑✮✬✘✑✌✭✰✑✌✗❖✾✿✙✜✑✌✬✘✑✌✹❁✦✴✗✡✕✞✪✢✗✡✦✖✛✢★❆✑✰✹❁✗✷✗✫✛✢✕✘✗✔❱✠✓●✪✢✦✴✗✔✪✢★✞✪✢❂✖✛❇✩✢✕✞✑✌❱✠✭✰✑✶❂✴❂✖✑
✱✲✕✞✑■❂❖▼P✛✢★❞✙✜✑✶✕✘✗✒✤✌✑✶★✞✑✶✣✒❂✖✛✢✣✫✹✎✬✘✑■❂❖▼P✵✶✗✡✕✞✬✘✑■✬✘✑✰✹✒✦✖✹✡✛✢✗✡✯✞✑✶✣✡✤✌✑✰✹✧✣✫✑✶❂✖✪✢✗✡✦✴✳✲✑✰✹✒❱✔✕✘★ ✌✘✕✘✦✖✬✘✑■✪❇✹✡✹✡✛✿✭✶✦✖✵✥❱
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S = γSV − (γSL + γLV ) =
∫ hm
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S = −
∫ ∞
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✬
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∫ ∞
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✬
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✺ ✪✠✳❇✪✢❂✖✑✶✕✘✣✔✬❀✕❤✙✞✪✢✣✫✪✢✤✌✸✶✗✡✣✫✑✌✬✜▼P✵✶✗✫✪✢❂✖✑✶✤✌✑✶★✿✗✷✑✰✹❁✗✮✬✘✛✢★✞✭✌✛✢✻✘✗✫✑✶★✿✕✞✑✮✙✞✪✢✣✔✦✴★✿✗✫✵✰✩✢✣✫✪✢✗✡✦✖✛✢★❆✬✘✑
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❉✷❭✥✪✢★✞✹✥✭✰✑

✭✰✪❇✹✰❩
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• ✏✒✪❇✹❳✬❀✕❞✤✌✛✢✕✘✦✴❂✴❂✖✪❇✩❇✑✎✗✫✛✢✗✫✪✢❂
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Fr = F − S0 = γ(1− cos θ)
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cos θ)
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✤✌✸✶✗✡✣✫✑✥✬✜▼P✛✢✣✫✬❀✣✫✑❇❩❏❉✰❉✰❉ ✄✷✑✶✗❳✬✘✑■❂✖✑✶✕✘✣✎✵✶✳✲✛✢❂✴✕✘✗✡✦✖✛✢★❞✑✶★❞✗✫✑✶✤✮✙✜✵✶✣✫✪✢✗✡✕✘✣✫✑❇❉
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✺ ✑✰✹✧✹❁✕✘✻✞✹❁✗✡✣✫✪✢✗✫✹✽✱✲✕✞✑✎★✞✛✢✕✞✹✽✕✘✗✡✦✴❂✴✦✖✹✡✛✢★✞✹✰❩✢✹✡✛✢★✿✗✎✬✘✑✰✹✽✙✘❂✖✪❇✱✲✕✞✑✶✗✡✗✫✑✰✹✽✬✘✑❳✹❁✦✴❂✴✦✖✭✶✦✴✕❀✤✠❩✢✭✰✛✢✤✮✤✌✑✶✣✫✭✶✦✖✪✢❂✴✦✖✹✡✵✰✑✰✹
✙✞✪✢✣✷❢✿✦✴❂✴✗✡✣✫✛✢★✘✦ ❚✜❉ ✆■✛❇✹✥✑✫❚❀✙✜✵✶✣✡✦✖✑✶★✞✭✰✑✰✹✎★✞✑✔✹✡✛✢★✿✗✥✙✞✪❇✹✥✹✡✑✶★✞✹❁✦✴✻✘❂✖✑✰✹❳❱❄✭✰✑✶✣✡✗✫✪✢✦✴★✞✑✰✹❳✙✘✣✫✛✢✙✘✣✡✦✖✵✶✗✫✵✰✹✎✙✘✯✿✾✿❋
✹❁✦✖✱✲✕✞✑✰✹✒✬✘✑✥✭✰✑✰✹❳✹❁✕✘✻✞✹❁✗✡✣✫✪✢✗✫✹✒✭✰✛✢✤✮✤✌✑■❂✖✪✷★✞✪✢✗✡✕✘✣✫✑■✬❀✕❞✬✘✛✢✙✞✪❇✩❇✑✥✛✢✕✠❂✖✑❳✙✘❂✖✪✢★❞✭✶✣✡✦✖✹❁✗✫✪✢❂✴❂✖✛❇✩✢✣✫✪✢✙✘✯✘✦✖✱❇✕✞✑
✬❀✕▲✹❁✦✴❂✴✦✖✭✶✦✴✕✘✤ ✱✲✕✘✦■✭✰✛✢★✞✹❁✗✡✦✴✗✡✕✞✑❄❂✖✪☎✹❁✕✘✣✡✓●✪❇✭✰✑✠✬✘✑❞❂✖✪☎✙✘❂✖✪❇✱✲✕✞✑✶✗✡✗✫✑❇❉ ✏✒✑✶✗✡✗✫✑✠✬✘✑✶✣✡★✘✦✖✸✶✣✫✑✌✙✘✣✫✛✢✙✘✣✡✦✖✵✶✗✫✵
✙✜✛✢✕✘✣✡✣✫✪✢✦✴✗✚✪✰✳✲✛✢✦✴✣✷✕✘★✞✑✔✦✴★✞✭✶✦✖✬✘✑✶★✞✭✰✑✚✦✴✤✮✙✜✛✢✣✡✗✫✪✢★✿✗✫✑✔✹❁✕✘✣✚❂✖✑✰✹✚✭✰✛✢★✞✬❀✦✴✗✡✦✖✛✢★✞✹✥✬✜▼P✪✢★✞✭✶✣✫✪❇✩❇✑✌✬❀✕❤✭✶✣✡✦✖✹❁✗✫✪✢❂
❂✴✦✖✱✲✕✘✦✖✬✘✑✌❱❆❂✖✪☎✹❁✕✘✣✡✓●✪❇✭✰✑✠✹✡✛✢❂✴✦✖✬✘✑❞✹❁✦■❂✖✑✰✹✔✙✞✪❇✹❁✗✡✦✴❂✴❂✖✑✰✹✔✬✘✑✠✹❁✦✴❂✴✦✖✭✶✦✴✕❀✤ ★❯▼P✵✶✗✫✪✢✦✖✑✶★✿✗✮✙✞✪❇✹✌✣✫✑✰✭✰✛✢✕✘✳✲✑✶✣✡✗✫✑✰✹
✬✜▼◆✕✘★✞✑✚✭✰✛✢✕✞✭✡✯✞✑✷✪✢✤✌✛✢✣✡✙✘✯✞✑✷✬✜▼P✛✶❚❀✾❀✬✘✑✚★✞✪✢✗✡✦✴✓✽✬✘✛✢★✿✗■❂❖▼P✵✶✙✞✪✢✦✖✹✡✹✡✑✶✕✘✣❳✑✰✹❁✗■✳✲✛✢✦✖✹❁✦✴★✞✑✚✬✘✑✱❪✮★✘✤✠❉ ✆■✛✢✕✞✹
✙✘✣✫✵✰✭✶✦✖✹✡✛✢★✞✹✽✱✲✕✞✑✎✭✰✑✶✗✡✗✫✑❳✭✰✛✢✕✞✭✡✯✞✑❳✬✜▼P✛✶❚❀✾❀✬✘✑✂✁●★✞✛✢★✮★✞✵✰✭✰✑✰✹✡✹✡✪✢✦✴✣✫✑✶✤✌✑✶★✿✗✽✹❁✗✝✆✚✭✡✯✘✦✖✛✢✤✌✵✶✗✡✣✡✦✖✱✲✕✞✑✝✄

SiOx
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★❯▼P✵✶✳✲✛✢❂✴✕✞✑❄✙✞✪❇✹✮❱☎❂❖▼P✵✰✭✡✯✞✑✶❂✴❂✖✑✌✗✫✑✶✤✮✙✜✛✢✣✫✑✶❂✴❂✖✑✌✭✰✪✢✣✫✪❇✭✶✗✫✵✶✣✡✦✖✹❁✗✡✦✖✱✲✕✞✑✌✬✘✑❄★✞✛❇✹✌✑✫❚❀✙✜✵✶✣✡✦✖✑✶★✞✭✰✑✰✹ ✁ ✪✢✕▲✙✘❂✴✕✞✹
✱✲✕✞✑✶❂✖✱✲✕✞✑✰✹✥✯✞✑✶✕✘✣✫✑✰✹ ✄✶❉☎✏✒✑✰✹✔✹❁✕✘✻✞✹❁✗✡✣✫✪✢✗✫✹✚✙✘✣✫✵✰✹✡✑✶★✿✗✫✑✶★✿✗✔✬✘✑✰✹✷✪✰✳❇✪✢★✿✗✫✪❇✩❇✑✰✹✔✤✌✪✢★✘✦✴✓●✑✰✹❁✗✫✑✰✹ ✕✮✕✘★❤✓●✛✢✣✡✗
✭✰✛✢★✿✗✡✣✫✪❇✹❁✗✫✑✷✛✢✙✘✗✡✦✖✱✲✕✞✑✥✪✰✳✲✑✰✭✚❂❖▼P✪✢✦✴✣■✑✶✗■❂✖✑✰✹✎❵✘❂✴✤✌✹✎✛✢✣✫✩❇✪✢★✘✦✖✱✲✕✞✑✰✹❳✱✲✕✞✑✥★✞✛✢✕✞✹❳✵✶✗✡✕✞✬❀✦✖✛✢★✞✹✰❩❀✕✘★✞✑✥✣✡✕✞✩❇✛✢❋
✹❁✦✴✗✫✵✚✓●✪✢✦✴✻✘❂✖✑ ✁

σRMS = (0.4 ± 0.1) nm
✄✶❩✞✕✘★✞✑✷✻✜✛✢★✘★✞✑✚✙✘❂✖✪✢★✞✵✶✦✴✗✫✵❇❩❀✕✘★✞✑✔✵✶★✞✑✶✣✫✩✢✦✖✑✷✬✘✑✷✹❁✕✘✣✡✓●✪❇✭✰✑

✹❁✕✘❴✌✹✡✪✢✤✮✤✌✑✶★✿✗✎✵✶❂✖✑✶✳✲✵✰✑■✙✜✛✢✕✘✣✎✓●✪✰✳✲✛✢✣✡✦✖✹✡✑✶✣✎❂❖▼P✵✶✗✫✪✢❂✖✑✶✤✌✑✶★✿✗✎✬✘✑✰✹✒❂✴✦✖✱✲✕✘✦✖✬❀✑✰✹✧✱✲✕✞✑■★✞✛✢✕✞✹✎✵✶✗✡✕✞✬❀✦✖✛✢★✞✹✰❉
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✆■✛✢✕✞✹❘★❯▼◆✕✘✗✡✦✴❂✴✦✖✹✡✛✢★✞✹❀✙✞✪❇✹❯✭✰✑✰✹✜✹❁✕✘✻✞✹❁✗✡✣✫✪✢✗✫✹✜✬❀✦✴✣✫✑✰✭✶✗✫✑✶✤✌✑✶★✿✗❬❉❘❪✽★✚✑✏❨❘✑✶✗❬❩✢✑✶★✚✣✫✪✢✦✖✹✡✛✢★✷✬✘✑◗❂✖✑✶✕✘✣✜✵✶★✞✑✶✣✡❋
✩✢✦✖✑✔✬✘✑✔✹❁✕✘✣✡✓●✪❇✭✰✑✷✣✫✑✶❂✖✪✢✗✡✦✴✳✲✑✶✤✌✑✶★✿✗✥✵✶❂✖✑✶✳✲✵✰✑❇❩❘✦✴❂✖✹■✹✡✛✢★✿✗✥✓●✪❇✭✶✦✴❂✖✑✶✤✌✑✶★✿✗■✙✜✛✢❂✴❂✴✕✞✵✰✹✰❉✚❲❳❵✘★☎✬✜▼P✛✢✻✘✗✫✑✶★✘✦✴✣❳❂✖✪
✤✌✑✶✦✴❂✴❂✖✑✶✕✘✣✫✑✜✣✫✑✶✙✘✣✫✛✿✬❀✕✞✭✶✗✡✦✴✻❀✦✴❂❏✦❏✗✫✵❯✬✘✑✰✹❘✤✌✑✰✹❁✕✘✣✫✑✰✹✰❩❬★✞✛✢✕✞✹✜✹✡✛✢✕✘✤✌✑✶✗✡✗✫✛✢★✞✹✰❩✢✪✰✳❇✪✢★✿✗❯✕✘✗✡✦✴❂✴✦✖✹✡✪✢✗✡✦✴✛✢★❯❩✶✭✡✯✞✪❇✱✲✕✞✑
✹❁✕✘✻✞✹❁✗✡✣✫✪✢✗■❱✮✕✘★✠✗✡✣✫✪✢✦✴✗✫✑✶✤✌✑✶★✿✗❳✹❁✾❀✹❁✗✫✵✶✤✌✪✢✗✡✦✖✱✲✕✞✑✥✱✲✕✞✑✥★✞✛✢✕✞✹■✪✢✙✘✙✜✑✶❂✖✛✢★✞✹❱✽✟✞❳❡■❋❖✛❇❨✰✛✢★✞✑✯✾▲❩❀✄✆✂✪❭ ❉ ✺ ✑
✹❁✕✘✻✞✹❁✗✡✣✫✪✢✗✒✑✰✹❁✗❳✬✜▼P✪✢✻✜✛✢✣✫✬✌✹✡✛✢✕✘✤✮✦✖✹✒❱✷✕✘★✌✣✫✪✰✾✲✛✢★✘★✞✑✶✤✌✑✶★✿✗✒✕✘❂✴✗✡✣✫✪✢❋ ✳✿✦✖✛✢❂✖✑✶✗✽✑✶★❞✙✘✣✫✵✰✹✡✑✶★✞✭✰✑❳✬✘✑■✬❀✦✖✛✶❚❀✾✿❋
✩❇✸✶★✞✑■✙✜✑✶★✞✬✘✪✢★✿✗✒✕✘★✞✑■✯✞✑✶✕✘✣✫✑❇❉✽✏✒✑✥✗✡✣✫✪✢✦✴✗✫✑✶✤✌✑✶★✿✗✒✪✔✙✜✛✢✕✘✣✒✻✘✕✘✗❳✬✘✑■✙✘✣✫✛✿✭✰✵✰✬✘✑✶✣✎❱✷✕✘★✞✑✥✛✶❚❀✾❀✬✘✪✢✗✡✦✖✛✢★
✭✰✛✢✤✮✙✘❂✖✸✶✗✫✑✎✬✘✑✎✗✫✛✢✕✘✗✫✑✰✹✧❂✖✑✰✹✽✦✴✤✮✙✘✕✘✣✫✑✶✗✫✵✰✹◗✛✢✣✫✩❇✪✢★✘✦✖✱✲✕✞✑✰✹✽✪❇✬✘✹✡✛✢✣✡✻✜✵✰✑✰✹✧❱✚❂✖✪✚✹❁✕✘✣✡✓●✪❇✭✰✑❇❉ ✺ ✪✥✙✘❂✖✪❇✱✲✕✞✑✶✗✡✗✫✑
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rs =
E(p)r

E(p)i
= −sin(θ1 − θ2)

sin(θ1 + θ2)
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rp =
E(s)r

E(s)i
= −tan(θ1 − θ2)

tan(θ1 + θ2)
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ts =
E(p)t

E(p)i
=
2 cos θ1 sin θ2
sin(θ1 + θ2)
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tp =
E
(s)
t

E(s)i
=

2 cos θ1 sin θ2
sin(θ1 + θ2) cos(θ1 − θ2)
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n1 sin θ1 = n2 sin θ2
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n2 = 3, 88+ j0, 019✙✜✛✢✕✘✣✒❂✖✪✷❂✖✛✢★✞✩✢✕✞✑✶✕✘✣✎✬✜▼P✛✢★✞✬✘✑■✬❀✕❞❂✖✪❇✹✡✑✶✣✂✁
λ = 632, 8 nm
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ρ =
Rp
Rs
= tanΨej∆
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Ψ
✑✶✗
∆
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✑✫❚✘✑✶✤✮✙✘❂✖✑❇❩✘✛✢★✠✙✜✑✶✕✘✗❳✵✶✗✫✪✢✻✘❂✴✦✴✣✎❂✖✪✔✣✫✑✶❂✖✪✢✗✡✦✖✛✢★❞✗✡✯✞✵✰✛✢✣✡✦✖✱✲✕✞✑❳❂✴✦✖✪✢★✿✗

ρ
❩
Ψ
✑✶✗
∆
❉ ✺ ✪✌✭✰✛✢★✘✓✖✣✫✛✢★✿✗✫✪✢✗✡✦✖✛✢★
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X = e−2jφ
❩❀❂❖▼P✑✶❂✴❂✴✦✴✙❀✗✡✦✴✭✶✦✴✗✡✵✎✑✰✹❁✗

✕✘★✞✑■✓●✛✢★✞✭✶✗✡✦✖✛✢★❄✬✘✑
X
✕

ρ = f(X) =
A+BX + CX2

D +EX + FX2
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ρ
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X
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e
✁ ❱✠✕✘★✞✑✮✙✜✵✶✣✡✦✖✛✿✬✘✑ λ

2n
cos θ

✙✘✣✫✸✰✹ ✄✶❩✽✹❁✦
❂❖▼◆✦✴★✞✬❀✦✖✭✰✑❳✑✰✹❁✗❳✹❁✕✘✙✘✙✜✛❇✹✡✵■✭✰✛✢★✘★✿✕❯❉
✺ ✪❄❵✞✩✢✕✘✣✫✑ ✁ ❪✿❉ ✂ ✄■✣✫✑✶✙✘✣✫✵✰✹✡✑✶★✿✗✫✑✷❂✖✑✰✹✥✳❇✪✢✣✡✦✖✪✢✗✡✦✖✛✢★✞✹■✬✘✑✰✹✚✪✢★✞✩✢❂✖✑✰✹✥✑✶❂✴❂✴✦✴✙✞✹✡✛✢✤✌✵✶✗✡✣✡✦✖✱❇✕✞✑✰✹❳✑✶★❆✓●✛✢★✞✭✶❋
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e
❩

✬✜▼◆✦✴★✞✬❀✦✖✭✰✑✚✛✢✙✘✗✡✦✖✱✲✕✞✑
n = 1.4
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θ1 = 75.54 �
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❂✖✑✶★✞✭✰✑ � ✂
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❵✞✩✢✕✘✣✫✑ ✁ ✂❀❉ � ✄✶❉
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✱✲✕✘✦✎✭✰✛✢★✿✗✡✣✫✪✢✦✖✩✢★✞✑✶★✿✗✔❂✖✑✰✹✷✤✌✛✢❂✖✵✰✭✶✕✘❂✖✑✰✹✷❱☎✹✰▼P✪✢❂✴✦✖✩✢★✞✑✶✣❬❉ ✺ ▼P✛✢✣✫✬❀✣✫✑✌✣✫✵✰✹❁✕✘❂✴✗✫✪✢★✿✗✔✭✰✛✢✣✡✣✫✑✰✹❁✙✜✛✢★✞✬❤❱❅✕✘★✞✑
✬❀✦✴✤✮✦✴★✿✕✘✗✡✦✴✛✢★❅✬✘✑✔❂❖▼P✑✶★✿✗✡✣✫✛✢✙✘✦✖✑❇❉✌✏■▼P✑✰✹❁✗✔✭✰✑✮✩❇✪✢✦✴★❆✑✶★✿✗✡✣✫✛✢✙✘✦✖✱✲✕✞✑✔✱✲✕✘✦✧✹❁✗✫✪✢✻✘✦✴❂✴✦✖✹✡✑✥❂✖✪❄✙✘✯✞✪❇✹✡✑✔★✞✵✶✤✌✪✢❋
✗✡✦✖✱✲✕✞✑▼❩❀✆★❪❀❩ ✂ ✂✪❭ ❉✧❃❅✪✢❂✖✩✢✣✫✵■✗✫✛✢✕✘✗❬❩❀✭✰✑✶✗✡✗✫✑✥✬✘✑✰✹✡✭✶✣✡✦✴✙✘✗✡✦✖✛✢★✌✣✫✑✰✹❁✗✫✑■✗✡✣✫✸✰✹✎✹❁✦✴✤✮✙✘❂✴✦✴❵✞✵✰✑❳✬✘✪✢★✞✹✒❂✖✪✷✤✌✑✰✹❁✕✘✣✫✑
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sin θ cosϕ

sin θ sinϕ

cos θ
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f(θ, ϕ)
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✺ ✪✚✱✲✕✞✪✢★✿✗✡✦✴✗✫✵

f(θ, ϕ) dΩ
✣✫✑✶✙✘✣✫✵✰✹✡✑✶★✿✗✫✑✧❂✖✪■✙✘✣✫✛✢✻✞✪✢✻✘✦✴❂✴✦✴✗✡✵✧✱✲✕✞✑✒❂✖✑✒✬❀✦✴✣✫✑✰✭✶✗✫✑✶✕✘✣◗✹✡✛✢✦✴✗✧✛✢✣✡✦✖✑✶★✿✗✫✵

✬✘✪✢★✞✹✥❂❖▼P✪✢★✞✩✢❂✖✑✔✹✡✛✢❂✴✦✖✬✘✑
dΩ
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(Oz)
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(Oz)
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f(θ, ϕ)
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ϕ
❉✚☛■★✠✪

f(θ, ϕ) = f(θ)
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n ⇔ − � ✂n
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f(π − θ) = f(θ) ❉❳✏✒✑✶❂✖✪✮✣✫✑✶✳✿✦✖✑✶★✿✗❳❱✌✬❀✦✴✣✫✑✥✱✲✕✞✑✚❂✖✪✮✬❀✦✖✹❁✗✡✣✡✦✴✻✘✕❀✗✡✦✴✛✢★❞✪✢★✞✩✢✕✘❋
❂✖✪✢✦✴✣✫✑✎✬✘✑✰✹✧✬❀✦✴✣✫✑✰✭✶✗✫✑✶✕✘✣✫✹◗✪✥✕✘★✌✤✌✛✢✤✌✑✶★✿✗✧✬❀✦✴✙✜✛✢❂✖✪✢✦✴✣✫✑✽✤✌✛✰✾✲✑✶★❄★✿✕✘❂❖❉❯❪✽★✘❵✘★❯❩✢❂✖✪✥✓●✛✢★✞✭✶✗✡✦✖✛✢★✮✬✘✑
✬❀✦✖✹❁✗✡✣✡✦✴✻✘✕✘✗✡✦✴✛✢★

f(θ)
✬✘✛✢✦✴✗▼✿✶✗✡✣✫✑✌✭✰✛✢✣✡✣✫✑✰✭✶✗✫✑✶✤✌✑✶★✿✗✚★✞✛✢✣✡✤✌✵✰✑ ✕ ∫ π

0 f(θ)2π sin θ
✬
θ = 1

❉
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f(θ)
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TNI −T ∗ = 4.25 K

❉ ✺ ▼P✪❇✭✰✭✰✛✢✣✫✬✌✑✶★✿✗✡✣✫✑✎✗✡✯✞✵✰✛✢✣✡✦✖✑✒✑✶✗✒✑✫❚❀✙✜✵✶✣✡✦✖✑✶★✞✭✰✑✒✑✰✹❁✗
✗✡✣✫✸✰✹■✻✜✛✢★☎✪✢✕☎✳✲✛✢✦✖✹❁✦✴★✞✪❇✩❇✑✷✬✘✑✷❂✖✪✌✗✡✣✫✪✢★✞✹❁✦✴✗✡✦✖✛✢★ ✁

TNI − T < 10 K
✄✶❉✚❲❳✕✘❋❖✬✘✑✶❂✖❱✮✹✡✑✷✤✌✪✢❋

★✘✦✴✓●✑✰✹❁✗✫✑✶★✿✗■✬✘✑✰✹✥✵✰✭✰✪✢✣✡✗✫✹✥✹✡✑✶★✞✹❁✦✴✻✘❂✖✑✰✹✰❉✥❃❅✪✢✦✖✹❳❂✖✪✌✭✰✛✢✕✘✣✡✻✜✑✚✗✡✯✞✵✰✛✢✣✡✦✖✱✲✕✞✑✥✓●✛✢✕✘✣✡★✘✦✴✗■✭✰✑✶✙✜✑✶★✞✬✘✪✢★✿✗
✬✘✑✰✹✚✛✢✣✫✬❀✣✫✑✰✹✥✬✘✑✮✩✢✣✫✪✢★✞✬✘✑✶✕✘✣✥✹✡✪✢✗✡✦✖✹❁✓●✪✢✦✖✹✡✪✢★✿✗✫✹✰❉✔❭✥✪✢★✞✹✥❂✖✪❄✹❁✕✘✦✴✗✫✑✔✬✘✑✔✭✰✑✔✤✌✪✢★✿✕✞✹✡✭✶✣✡✦✴✗❬❩❘★✞✛✢✕✞✹
✣✫✑✶✗✡✦✖✑✶★✞✬❀✣✫✛✢★✞✹✧❂✖✪✔✤✣✿✶✤✌✑✚✑✫❚❀✙✘✣✫✑✰✹✡✹❁✦✖✛✢★✠✬✘✑✥❂✖✪✮✭✰✛✢★✞✹❁✗✫✪✢★✿✗✫✑✚✵✶❂✖✪❇✹❁✗✡✦✖✱✲✕✞✑✥✱✲✕✞✑✚✭✰✑✶❂✴❂✖✑■✣✫✑✶✗✫✑✶★✿✕✞✑
✙✞✪✢✣❳❈✘✛✢✕✘✣✡★✘✦✖✑✶✣✎✑✶✗❳✪✢❂❖❉✟❩❀❬★❪✪❭ ✁✗✕✒✚✻❳✧❈❯✦✖✩✢✕✘✣✫✑ ✁ ✂❀❉❀✆ ✄ ✄✶❉



�✕✄ �✁�✤✛✕☛✍✬✚✙✕✛✕☛✍✞✟✠✣✗✡✖☎✠✣✗✡✘✚✔✼✎✡✔✍✞ ✜✣☛✍✞✤✌✼✗✡✘✚✞ ✎✡✭☎✛ ✄ ✬✚✘✚✙✕✛✕✘✚✜✣☛✍✞ ✥✕✔✂✦✩✭✂✎✡✘✚✙✕✛✕☛✍✞ � �

20 22 24 26 28 30 32 34 36
0

2

4

6

8

10

12

14

20 22 24 26 28 30 32 34 36
0

2

4

6

8

10

12

14

20 22 24 26 28 30 32 34 36
0

2

4

6

8

10

12

14

Temperature (°C)

10
12

 K
 (

N
)

20 22 24 26 28 30 32 34 36
0

2

4

6

8

10

12

14

Temperature (°C)

10
12

 K
 (

N
)

✄✆☎✞✝✠✟ ✂❀❉ ✂✔✕ ✂✮✌✗✓✏❑✙✘✗✌✗✓☞✸★✌✣✩✔✧❖✕✗❅✪✷❇✓✻✑✲✧✪✷❋✑✲✌☞✸★✌❊✓✲●✹✩✔✧✪✥
K1

✸✪❑ ☎❇✭✁✝ ●❋✧✪✘ ✝ ❑✙✷✬✷✬✎✼✷✙❘✴✌✻✑❱✧✪✩✔❳ ✌✻✑
✕✗❅✪❑✙✘☎✵✗✌▼✑✔✖✬❈✗❅✪✘✏✎✲❚✏❑✬✌✂✘✗❈✗✓✏❑✙✩ ✑✲✧✪✷❋✑ ✸✪❑▲✰✣❅☎✸★◗✏✩✔✌ �✯✧✪✷✹✸★✧✪❑ ✂ ✸★✌ �❂✌✏✷✬✷✹✌✗✓☎❳

22 24 26 28 30 32 34 36
0

0.5

1

1.5

2

2.5

3

3.5

4
x 10

−12

Temperature (°C)

E
la

st
ic

 c
on

st
an

t (
N

)

✄✆☎✞✝✠✟ ✂❀❉❀✆✓✕ ✂✮❅☎✸★❈✏✩✫✎✔✓☎✧✝✑✼✎✲❅✪✷❖✸★✌✗✓❱❍✝✧✪✘✏✎✲✧✝✑✼✎✲❅✪✷❇✓✱✸★✌❱✩✔✧❉✕✗❅✪✷❇✓✻✑✲✧✪✷❋✑✲✌❊❈✏✩✔✧☎✓✻✑✼✎✲❚✏❑✬✌✱✌✏✷✱✚✻❅✪✷✹✕✻✑✼✎✲❅✪✷❖✸★✌❱✩✔✧
✑✲✌✏✰❂●❋❈✏✘✗✧✝✑✼❑✙✘✗✌✁�✄✂✆☎✞✝✻❳



� � �✕✄ ✞ ☛✍✞✑✌✼✗✡✘✚✞ ✎✡✭☎✛ ✄ ✬✚✘✚✙✕✛✕✘✚✜✣☛✍✞

✂ ✧✁� ✧✁� ✪ ✪☎✮✗✻✽✪✜✺t✴◆✷★❃✜✺❱✬✕✲✗❃ ✝❅✰

☛■★▲✬✘✵✰✹❁✦✖✩✢★✞✑❄✙✞✪✢✣✌✪✢★✞✭✶✣✫✪❇✩❇✑✠❂✖✑❄✙✘✣✫✛✿✭✰✑✰✹✡✹❁✕✞✹✮✱✲✕✘✦■✭✰✛✢★✞✬❀✕✘✦✴✗✮❱☎❂✖✪❆✭✰✛✢★✘❵✞✩✢✕✘✣✫✪✢✗✡✦✖✛✢★ ✹❁✙✜✵✰✭✶✦✴❵✞✱✲✕✞✑
✱✲✕❯▼P✪❇✬✘✛✢✙✘✗✫✑❳❂✖✑■✬❀✦✴✣✫✑✰✭✶✗✫✑✶✕✘✣✧✪✢✕❞✳✲✛✢✦✖✹❁✦✴★✞✪❇✩❇✑■✬✜▼◆✕✘★✞✑❳✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑■✱✲✕✘✦✞❂✴✦✴✤✮✦✴✗✫✑✒❂❖▼P✵✰✭✡✯✞✪✢★✿✗✡✦✴❂✴❂✖✛✢★✮★✞✵✶✤✌✪✢❋
✗✡✦✖✱✲✕✞✑❇❉✒✏✒✑✚✹❁✕❇❙✡✑✶✗■✪✮✵✶✗✫✵✥❂❖▼P✛✢✻❀❙✡✑✶✗■✬✜▼◆✕✘★✞✑✥✱✲✕✞✪✢★✿✗✡✦✴✗✫✵■✹❁✦❯✦✴✤✮✙✜✛✢✣✡✗✫✪✢★✿✗✫✑■✬✘✑✥✗✡✣✫✪✰✳❇✪✢✕❀❚❞✱✲✕❯▼◆✦✴❂❯✹✡✑✶✣✫✪✢✦✴✗
✬❀✦✴❴✌✭✶✦✴❂✖✑✎✬✘✑■✙✘✣✫✛✢✙✜✛❇✹✡✑✶✣✎✬✘✪✢★✞✹✎✭✰✑■✙✞✪✢✣✫✪❇✩✢✣✫✪✢✙✘✯✞✑❳✕✘★✞✑■✻✘✦✴✻✘❂✴✦✴✛❇✩✢✣✫✪✢✙✘✯✘✦✴✑❳✑✫❚❀✯✞✪✢✕✞✹❁✗✡✦✴✳✲✑❇❉✟✆■✛✢✕✞✹✒✣✫✑✶★✘❋
✳✲✛✰✾✲✛✢★✞✹✮✬✘✛✢★✞✭✮❂✖✑✔❂✖✑✰✭✶✗✫✑✶✕✘✣✷✪✢✕❀❚ ✪✢✣✡✗✡✦✖✭✶❂✖✑✰✹✚✬✘✑☞☎■❉◗❊✲✵✶✣✫❝✢✤✌✑❲❩ ✂✪✆✪❭✎✑✶✗✮✬✘✑☞✞✷❉✲✂✧✛ �✲✛✰✾✲✪✢✤✌✪❆❩❀✠✝❬✪❭ ❉
✆■✛✢✗✡✣✫✑✷✛✢✻❀❙✡✑✰✭✶✗✡✦✴✓✽✬✘✪✢★✞✹■✭✰✑✚✙✞✪✢✣✫✪❇✩✢✣✫✪✢✙✘✯✞✑✷✑✰✹❁✗✥✬✘✑✚✣✫✪✢✙✘✙✜✑✶❂✖✑✶✣❳✭✰✛✢✤✮✤✌✑✶★✿✗✥✛✢★❅✙✜✑✶✕✘✗■✬✘✵✶❵✘★✘✦✴✣✎✕✘★✞✑
✛✢✣✡✦✖✑✶★✿✗✫✪✢✗✡✦✖✛✢★☎✬❀✕❤✬❀✦✴✣✫✑✰✭✶✗✫✑✶✕✘✣■✪✢✕❆✳✲✛✢✦✖✹❁✦✴★✞✪❇✩❇✑✮✬✘✑✔❂✖✪❄✹❁✕✘✣✡✓●✪❇✭✰✑✮✹✡✛✢❂✴✦✖✬✘✑❇❉ ✆■✛✢✕✞✹✥★✞✑✮✹✡✛✢✕✘❂✖✸✶✳✲✑✶✣✫✛✢★✞✹
✙✞✪❇✹❳❂✖✑■✙✘✣✫✛✢✻✘❂✖✸✶✤✌✑✥✬✘✑✰✹❳✬❀✦✔❨❘✵✶✣✫✑✶★✿✗✫✹✎✤✌✵✰✭✰✪✢★✘✦✖✹❁✤✌✑✰✹✒✣✫✑✰✹❁✙✜✛✢★✞✹✡✪✢✻✘❂✖✑✰✹✎✬✘✑✚✭✰✑✥✙✘✯✞✵✶★✞✛✢✤✌✸✶★✞✑❇❉✝✆■✛✢✕✞✹
✵✶✳✲✛✿✱✲✕✞✑✶✣✫✛✢★✞✹✒❂❖▼P✪❇✹❁✙✜✑✰✭✶✗✒✤✌✵✰✭✰✪✢★✘✦✖✱✲✕✞✑■✬❀✕❄✙✘✯✞✵✶★✞✛✢✤✌✸✶★✞✑■✬✜▼P✪✢★✞✭✶✣✫✪❇✩❇✑❇❉

� ✗✡✘✚☛✂✥✯✎✡✭✂✎✡✘✚✖✧✥ ✜✣☛✍✞✤✦✩✖☎✬✚✔✍✌✍✛✕✬✚☛✍✞ ✭☎✛ ✁☎✖☎✘✚✞✡✘ ✥✕✭✯✮☎☛ ✜✝✆ ✛✣✥✕☛ ✞✓✛✕✗✂✁ ✭✯✌✼☛✟✞✡✖☎✬✚✘✚✜✣☛ ☛✼✎✑✭☎✥✕✌✼✗✡✭✯✮☎☛

✺ ▼P✵✶✗✡✕✞✬✘✑✧✬❀✕✔✙✘✯✞✵✶★✞✛✢✤✌✸✶★✞✑✧✬✜▼P✪✢★✞✭✶✣✫✪❇✩❇✑✧★✞✵✰✭✰✑✰✹✡✹❁✦✴✗✫✑✧✬✘✑✒✙✘✣✫✵✰✭✶✦✖✹✡✑✶✣❯❂✖✑✰✹◗✵✰✭✡✯✞✑✶❂✴❂✖✑✰✹❯✬✘✑✒✩✢✣✫✪✢★✞✬✘✑✶✕✘✣◗✭✰✪✢❋
✣✫✪❇✭✶✗✫✵✶✣✡✦✖✹❁✗✡✦✖✱✲✕✞✑✰✹❘✬✘✑✰✹❯✬❀✦✔❨❘✵✶✣✫✑✶★✿✗✫✹❘✙✘✯✞✵✶★✞✛✢✤✌✸✶★✞✑✰✹✜✱✲✕✘✦✿✭✰✪✢✣✫✪❇✭✶✗✫✵✶✣✡✦✖✹✡✑✶★✿✗❯❂❖▼P✛✢✣✫✩❇✪✢★✘✦✖✹✡✪✢✗✡✦✖✛✢★✚✬❀✕✔✭✶✣✡✦✖✹❁✗✫✪✢❂
❂✴✦✖✱✲✕✘✦✖✬✘✑✎✪✢✕❞✳✲✛✢✦✖✹❁✦✴★✞✪❇✩❇✑✥✬✜▼◆✕✘★✞✑❳✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑❇❉
✺ ✪■✹❁✕✘✣✡✓●✪❇✭✰✑✎✹✡✛✢❂✴✦✖✬✘✑✽✦✴★✞✬❀✕✘✦✴✗❯✑✶★✮✹✡✛✢★✮✳✲✛✢✦✖✹❁✦✴★✞✪❇✩❇✑✧✦✴✤✮✤✌✵✰✬❀✦✖✪✢✗✜✕✘★✞✑✒✛✢✣✫✩❇✪✢★✘✦✖✹✡✪✢✗✡✦✖✛✢★✮✹❁✙✜✵✰✭✶✦✴❵✞✱✲✕✞✑

✬✘✑✰✹✽✙✘✣✫✑✶✤✮✦✖✸✶✣✫✑✰✹✽✭✰✛✢✕✞✭✡✯✞✑✰✹✧✤✌✛✢❂✖✵✰✭✶✕✘❂✖✪✢✦✴✣✫✑✰✹✰❉❯✏✒✑✰✭✶✦✜✭✰✛✢★✞✹❁✗✡✦✴✗✡✕✞✑✒✭✰✑■✱✲✕✞✑✚☎■❉✿❊✲✵✶✣✫❝✢✤✌✑❳★✞✛✢✤✮✤✌✑✎✕✘★✞✑
✭✰✛✢✕✞✭✡✯✞✑✚✦✴★✿✗✫✑✶✣✡✓●✪❇✭✶✦✖✪✢❂✖✑✥✬✜▼P✵✶✙✞✪✢✦✖✹✡✹✡✑✶✕✘✣❳✭✰✪✢✣✫✪❇✭✶✗✫✵✶✣✡✦✖✹❁✗✡✦✖✱✲✕✞✑

ξ
❩❘✱✲✕✘✦◗✑✰✹❁✗✥✭✰✛✢✤✮✙✞✪✢✣✫✪✢✻✘❂✖✑✚✪✢✕❀❚✠✬❀✦✴✤✌✑✶★✘❋

✹❁✦✖✛✢★✞✹✎✤✌✛✢❂✖✵✰✭✶✕✘❂✖✪✢✦✴✣✫✑✰✹✰❩✲❂✖✛✢✦✴★✠✬✜▼◆✕✘★✞✑✥✗✡✣✫✪✢★✞✹❁✦✴✗✡✦✖✛✢★❞✬✘✑✥✙✘✯✞✪❇✹✡✑✚✬❀✕✠✤✌✪✢✗✫✵✶✣✡✦✖✪✢✕✠✑✶★✠✳✲✛✢❂✴✕✘✤✌✑❇❉ ✁ ❂◗✑✰✹❁✗
✬✜▼P✪✢✦✴❂✴❂✖✑✶✕✘✣✫✹❳✙✞✪✢✣✡✓●✛✢✦✖✹✚✬❀✦✴❴✌✭✶✦✴❂✖✑✚✬✘✑✮✓●✪✢✦✴✣✫✑✮✭✰✛✢✣✡✣✫✑✰✹❁✙✜✛✢★✞✬❀✣✫✑✚❂❖▼P✛✢✣✫✩❇✪✢★✘✦✖✹✡✪✢✗✡✦✖✛✢★❆✬✘✪✢★✞✹✚✭✰✑✶✗✡✗✫✑✮✭✰✛✢✕✞✭✡✯✞✑
✦✴★✿✗✫✑✶✣✡✓●✪❇✭✶✦✖✪✢❂✖✑❳❱✮✭✰✑✶❂✴❂✖✑■✬✜▼◆✕✘★✞✑❳✤✌✵✰✹✡✛✢✙✘✯✞✪❇✹✡✑❇❉
✏✒✛✢✤✮✤✌✑❞✭✰✑✶❂✖✪❅✑✰✹❁✗✮✦✴❂✴❂✴✕✞✹❁✗✡✣✫✵✮✹❁✕✘✣✔❂✖✪❅❵✞✩✢✕✘✣✫✑ ✁ ✂❀❉❫❴ ✄✶❩✒✪✢✕✘❋❖✬✘✑✶❂✖❱✠✬✘✑❄❂❖▼P✵✶✙✞✪✢✦✖✹✡✹✡✑✶✕✘✣

ξ
❩✧✹✡✑❞✬✘✵✶❋

✳✲✑✶❂✖✛✢✙✘✙✜✑❄✕✘★✞✑✠✛✢✣✡✦✖✑✶★✿✗✫✪✢✗✡✦✖✛✢★ ✗❖✾✿✙✘✦✖✱✲✕✞✑❞✬❀✕ ✭✶✣✡✦✖✹❁✗✫✪✢❂❳❂✴✦✖✱✲✕✘✦✖✬❀✑❄✑✶★▲✳✲✛✢❂✴✕✘✤✌✑❇❩✎❱❤✭✰✑✰✭✶✦■✙✘✣✫✸✰✹✌✱✲✕✞✑
❂❖▼P✛✢✣✡✦✖✑✶★✿✗✫✪✢✗✡✦✖✛✢★✮✤✌✛✰✾✲✑✶★✘★✞✑✥✬✘✑✰✹✒✤✌✛✢❂✖✵✰✭✶✕✘❂✖✑✰✹✧✑✰✹❁✗✎✦✴✤✮✙✜✛❇✹✡✵✰✑✎✙✞✪✢✣✎❂✖✪✷✹❁✕✘✣✡✓●✪❇✭✰✑❇❉ ☛■★❞✬❀✦✴✗✒✪✢❂✖✛✢✣✫✹✎✱✲✕✞✑
❂❖▼P✛✢✣✡✦✖✑✶★✿✗✫✪✢✗✡✦✖✛✢★❞✬❀✕✠✬❀✦✴✣✫✑✰✭✶✗✫✑✶✕✘✣❱✽✜❱✔❂✖✪✮✹❁✕✘✣✡✓●✪❇✭✰✑✚✹✡✛✢❂✴✦✖✬✘✑✯✾✷✑✰✹❁✗❳✦✴✤✮✙✜✛❇✹✡✵✰✑■✙✞✪✢✣■✭✰✑✶✗✡✗✫✑■✤✣✿✶✤✌✑✚✹❁✕✘✣✡❋
✓●✪❇✭✰✑❇❉ ✏✒✑✶✗✡✗✫✑❄✬❀✦✴✣✫✑✰✭✶✗✡✦✖✛✢★❆✙✘✣✡✦✴✳✿✦✴❂✖✵✰✩✢✦✖✵✰✑✔✑✰✹❁✗✮✪✢✙✘✙✜✑✶❂✖✵✰✑ ☎ ✵✿✽ ✱ ❀✺✰✶✵✸✷✂✳☎✄ ☎✓❀✡✵ ❁❃✱ ❉❤❭✥✪✢★✞✹✷❂✖✑✌✭✰✪❇✹✮✬✜▼◆✕✘★✞✑
✹❁✕✘✣✡✓●✪❇✭✰✑✔✦✖✹✡✛✢✗✡✣✫✛✢✙✜✑❇❩❘✙✜✛✢✕✘✣✚✬✘✑✰✹✥✣✫✪✢✦✖✹✡✛✢★✞✹✥✬✘✑✮✹❁✾✿✤✌✵✶✗✡✣✡✦✖✑✰✹✰❩❘❂✖✪❞✬❀✦✴✣✫✑✰✭✶✗✡✦✖✛✢★✠✓●✪❇✭✶✦✴❂✖✑✷✙✜✑✶✕✘✗❱✿✶✗✡✣✫✑✔✣✫✑✶❋



�✕✄ �✁�✤✛✕☛✍✬✚✙✕✛✕☛✍✞✟✠✣✗✡✖☎✠✣✗✡✘✚✔✼✎✡✔✍✞ ✜✣☛✍✞✤✌✼✗✡✘✚✞ ✎✡✭☎✛ ✄ ✬✚✘✚✙✕✛✕✘✚✜✣☛✍✞ ✥✕✔✂✦✩✭✂✎✡✘✚✙✕✛✕☛✍✞ � �

✄✆☎✞✝✠✟ ✂❀❉❫❴✔✕ �❂❑ ✂ ✸★✌✏✩✔❏ ✸✟❃ ❑✙✷✹✌✮✕✗❅✪❑✬✕✗✖✬✌❲✎✼✷❋✑✲✌✏✘✒✚✻✧★✕✏✎✲✧✪✩✔✌❲✸✟❃✛❈✲●❋✧✪✎✔✓✗✓☎✌✏❑✙✘❲✕✗✧✪✘✗✧★✕✻✑✲❈✏✘✏✎✔✓✻✑✼✎✲❚✏❑✬✌
ξ
■❊❑✙✷✹✌

❅✪✘✏✎✲✌✏✷❋✑✲✧✝✑✼✎✲❅✪✷▲●❋✧✪✘✻✑✼✎✲✕✏❑✙✩✫✎✲◗✏✘✗✌▲✸✪❑ ✸✪✎✼✘✗✌✗✕✻✑✲✌✏❑✙✘✱✓☎✌✣✰✣✧✪✷✬✎✛✚✻✌✗✓✻✑✲✌ ✂☞✌✏✩✼✩✔✌❉✕✗❅✪✘✏✘✗✌✗✓✲●❋❅✪✷✹✸❲❏▲✩❄❃✛✧✪✷✙❘✝✩✔✌
θf

✸✟❃✛✧✪✷✹✕✏✘✗✧✻❘✙✌❱✸✪❑▲✷✹❈✏✰✣✧✝✑✼✎✲❚✏❑✬✌✂✓✏❑✙✘❱✩✔✧▼✓✏❑✙✘✒✚✻✧★✕✗✌✂✓☎❅✪✩✫✎✲✸★✌▼✕✗❅✪✷❇✓✏✎✲✸★❈✏✘✗❈✗✌☎❳✂✭✤✌✻✑✒✑✲✌☎✂✯❘✝❑✙✘✗✌✱✌✗✓✻✑✤✑✼✎✼✘✗❈✗✌▼✸★✌
✩❄❃✛✧✪✘✻✑✼✎✲✕✏✩✔✌▼✸★✌ ✝❙❳✁�❇❈✏✘ �✪✰✣✌ � ☎✄✂ ✝✻❳

✙✜✵✶✣✫✵✰✑■✙✞✪✢✣✎❂✖✑✥✹✡✑✶✕✘❂✜✪✢★✞✩✢❂✖✑✥❨✰✵✶★✘✦✴✗✡✯✞✪✢❂
θf
❩✘✪✢✙✘✙✜✑✶❂✖✵ ☎✍✳✟✝✍❁❃✱ ✄ ☎✓❀✡✵ ❁❃✱ ❩✘✭✰✪✢✣✎❂❖▼P✪✢★✞✭✶✣✫✪❇✩❇✑✥✑✰✹❁✗■✬✘✵✰✩❇✵✶★✞✵✶✣✫✵

✬✘✪✢★✞✹✷❂✖✑❄✙✘❂✖✪✢★ ✬✘✑❄❂✖✪❅✹❁✕✘✣✡✓●✪❇✭✰✑❇❉ ✺ ▼P✪✢★✞✩✢❂✖✑❄✑✶★✿✗✡✣✫✑✌❂✖✑❄✬❀✦✴✣✫✑✰✭✶✗✫✑✶✕✘✣✔❱❅❂✖✪☎✹❁✕✘✣✡✓●✪❇✭✰✑❄✹✡✛✢❂✴✦✖✬✘✑❄✑✶✗✔❂✖✪
★✞✛✢✣✡✤✌✪✢❂✖✑✥❱✮✭✰✑✶✗✡✗✫✑■✤✣✿✶✤✌✑✚✹❁✕✘✣✡✓●✪❇✭✰✑✥✑✰✹❁✗■✪✢✙✘✙✜✑✶❂✖✵■✪✢★✞✩✢❂✖✑✥✬✜▼P✪✢★✞✭✶✣✫✪❇✩❇✑❇❉✧❪✽★✠❂❖▼P✪✢✻✞✹✡✑✶★✞✭✰✑■✬✘✑✥✗✫✛✢✕✘✗✫✑
✭✰✛✢★✿✗✡✣✫✪✢✦✴★✿✗✫✑ ✁ ✭✰✑✥✱✲✕✘✦✜✹❁✕✘✙✘✙✜✛❇✹✡✑■✱✲✕✞✑■❂❖▼P✪✢✕✘✗✡✣✫✑❳✦✴★✿✗✫✑✶✣✡✓●✪❇✭✰✑✥✬✘✑■❂❖▼P✵✰✭✡✯✞✪✢★✿✗✡✦✴❂✴❂✖✛✢★✌✑✰✹❁✗❳✹❁✕✘❴✌✹✡✪✢✤✮✤✌✑✶★✿✗
✵✶❂✖✛✢✦✖✩✢★✞✵✰✑❳✑✶✗✒✱✲✕❯▼◆✦✴❂✞★❯▼P✑✫❚❀✦✖✹❁✗✫✑❳✪✢✕✞✭✶✕✘★✌✭✡✯✞✪✢✤✮✙❞✬✘✑❳✓●✛✢✣✫✭✰✑■✹✰▼P✑✫❚✘✑✶✣ ✘✰✪✢★✿✗✎✹❁✕✘✣✧❂✖✑❳✭✶✣✡✦✖✹❁✗✫✪✢❂✞❂✴✦✖✱✲✕✘✦✖✬❀✑✒✑✶★
✳✲✛✢❂✴✕✘✤✌✑ ✄✶❩✿❂❖▼P✪✢★✞✩✢❂✖✑■✬✜▼P✪✢★✞✭✶✣✫✪❇✩❇✑✥✹✰▼◆✦✖✬✘✑✶★✿✗✡✦✴❵✞✑❳❱✔❂❖▼P✪✢★✞✩✢❂✖✑❳✓●✪❇✭✶✦✴❂✖✑
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✺ ✪✚★✞✛✢✗✡✦✖✛✢★❄✬✜▼P✪✢★✞✭✶✣✫✪❇✩❇✑✥✑✰✹❁✗✎✬✘✵✶❵✘★✘✦✖✑❳✬✘✪✢★✞✹✧❂✖✑■✭✰✪❇✬❀✣✫✑■✬✜▼◆✕✘★✞✑✎✗✡✯✞✵✰✛✢✣✡✦✖✑❳✬✘✑■✤✮✦✴❂✴✦✖✑✶✕✮✭✰✛✢★✿✗✡✦✴★✿✕❯❉
✠❳✵✰✭✰✑✶✤✮✤✌✑✶★✿✗❬❩✘❊✘❉ ☎■❉❘❈✘✛✢✕✘✣✡★✘✦✖✑✶✣✎✑✶✗✥✼◗❉✞❍✥✪✢❂✖✪✢✗✫✛✢❂✖✪✮✛✢★✿✗■✪✢❴✮★✞✵✚✭✰✑✶✗✡✗✫✑✚✬✘✑✰✹✡✭✶✣✡✦✴✙✘✗✡✦✖✛✢★❲❩❀❬★❪✪❭ ❉❳❢❀✑✶❂✖✛✢★
✭✰✑✰✹❳✪✢✕✘✗✫✑✶✕✘✣✫✹✰❩❀✦✴❂✜✑✫❚❀✦✖✹❁✗✫✑■✕✘★✞✑✚✵✰✭✡✯✞✑✶❂✴❂✖✑■✭✰✪✢✣✫✪❇✭✶✗✫✵✶✣✡✦✖✹❁✗✡✦✖✱✲✕✞✑

Λ−1
❩✞✹❁✕✘✙✜✵✶✣✡✦✖✑✶✕✘✣✫✑❳❱

ξ
❩✘✹❁✕✘✣❳❂✖✪❇✱✲✕✞✑✶❂✴❂✖✑

❂✖✑❄✙✜✛✢✗✫✑✶★✿✗✡✦✖✑✶❂❳✬✜▼◆✦✴★✿✗✫✑✶✣✫✪❇✭✶✗✡✦✖✛✢★❤✤✮✦✖✭✶✣✫✛❇✹✡✭✰✛✢✙✘✦✖✱✲✕✞✑❄✑✶★✿✗✡✣✫✑❞❂✖✑❞✭✶✣✡✦✖✹❁✗✫✪✢❂❳❂✴✦✖✱✲✕✘✦✖✬❀✑✌✑✶✗✌❂✖✑✠✹✡✛✢❂✴✦✖✬✘✑❄✑✰✹❁✗
✤✌✛✰✾✲✑✶★✘★✞✵❇❉✽✏✒✑✰✭✶✦✘✭✰✛✢★✞✬❀✕✘✦✴✗◗❱✥✕✘★✞✑✧✣✫✑✶★✞✛✢✣✡✤✌✪✢❂✴✦✖✹✡✪✢✗✡✦✖✛✢★✷✬✘✑✧❂❖▼P✵✶★✞✑✶✣✫✩✢✦✖✑✒✬✜▼P✪✢★✞✭✶✣✫✪❇✩❇✑ ✕❯✭✰✑✶❂✴❂✖✑✶❋❖✭✶✦✿✭✰✛✢✣✡❋
✣✫✑✰✹❁✙✜✛✢★✞✬❅❱❄✕✘★ ✽❘❂✴✦✖✹✡✹✡✪❇✩❇✑✯✾❄✬❀✕❅✙✜✛✢✗✫✑✶★✿✗✡✦✖✑✶❂◗✬✜▼◆✦✴★✿✗✫✑✶✣✫✪❇✭✶✗✡✦✖✛✢★✠✤✮✦✖✭✶✣✫✛❇✹✡✭✰✛✢✙✘✦✖✱✲✕✞✑❇❩❘✬✜▼P✪✢✕✘✗✫✪✢★✿✗✥✙✘❂✴✕✞✹
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✑✶❴✌✭✰✪❇✭✰✑❞✱✲✕✞✑❄❂✖✪✠✗✫✑✶✤✮✙✜✵✶✣✫✪✢✗✡✕✘✣✫✑✌✑✰✹❁✗✌✵✶❂✖✑✶✳✲✵✰✑❇❉ ✺ ▼P✵✰✭✡✯✞✑✶❂✴❂✖✑✌✭✰✪✢✣✫✪❇✭✶✗✫✵✶✣✡✦✖✹❁✗✡✦✖✱✲✕✞✑
Λ−1

✙✜✑✶✕✘✗✱✿✶✗✡✣✫✑
✦✴★✿✗✫✑✶✣✡✙✘✣✫✵✶✗✫✵✰✑✧✭✰✛✢✤✮✤✌✑✎✵✶✗✫✪✢★✿✗✽❂✖✪■✗✫✪✢✦✴❂✴❂✖✑✧✭✰✪✢✣✫✪❇✭✶✗✫✵✶✣✡✦✖✹❁✗✡✦✖✱✲✕✞✑✧✬❀✕✮✳✲✛✢❂✴✕✘✤✌✑✒✹❁✕✘✣✽❂✖✑✰✱✲✕✞✑✶❂✿❂✖✪■✤✌✛✰✾✲✑✶★✘★✞✑
✬✘✑✒❂❖▼P✛✢✣✡✦✖✑✶★✿✗✫✪✢✗✡✦✖✛✢★✔✦✴★✞✬❀✦✴✳✿✦✴✬❀✕✘✑✶❂✴❂✴✑✧✬✘✑✰✹◗✤✌✛✢❂✖✵✰✭✶✕✘❂✖✑✰✹❯✙✜✑✶✣✡✤✌✑✶✗✧✬✘✑✎✬✘✵✶❵✘★✘✦✴✣◗✕✘★✞✑✎✛✢✣✡✦✖✑✶★✿✗✫✪✢✗✡✦✖✛✢★✔✭✰✛✢✤✮❋
✤✷✕✘★✞✑❇❩❀✭❇▼P✑✰✹❁✗✡❋❖❱✢❋❖✬❀✦✴✣✫✑✎❂✖✑■✳✲✑✰✭✶✗✫✑✶✕✘✣ � ✂

n
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❪✽★✌✭✰✛✢★✞✭✶❂✴✕✞✹❁✦✖✛✢★❯❩❬✦✴❂✞✑✰✹❁✗✧✙✜✛❇✹✡✹❁✦✴✻✘❂✖✑✧✬✘✑❳✬✘✵✶❵✘★✘✦✴✣❯❂❖▼P✪✢★✞✭✶✣✫✪❇✩❇✑❳✬✜▼◆✕✘★✔★✞✵✶✤✌✪✢✗✡✦✖✱✲✕✞✑✒✪✢✕✌✳✲✛✢✦✖✹❁✦✴★✞✪❇✩❇✑
✬✜▼◆✕✘★▲✹✡✛✢❂✴✦✖✬✘✑❞✭✰✛✢✤✮✤✌✑❅✵✶✗✫✪✢★✿✗✌❂❖▼P✛✢✣✡✦✖✑✶★✿✗✫✪✢✗✡✦✖✛✢★ ✬❀✕ ✬❀✦✴✣✫✑✰✭✶✗✫✑✶✕✘✣✔✦✴✤✮✙✜✛❇✹✡✵✰✑❄✙✞✪✢✣❄✭✰✑✶✗✡✗✫✑✠✹❁✕✘✣✡✓●✪❇✭✰✑❇❉
❃❅✪✢✦✖✹✮✭✰✑✶✗✡✗✫✑✠✬✘✵✶❵✘★✘✦✴✗✡✦✴✛✢★❯❩✽✱✲✕✘✦❳✓●✪✢✦✴✗✮✦✴★✿✗✫✑✶✣✡✳✲✑✶★✘✦✴✣✷❂✖✪❅★✞✛✢✗✡✦✖✛✢★▲✬✘✑❞✬❀✦✴✣✫✑✰✭✶✗✫✑✶✕✘✣❬❩✧✬✘✵✰✭✰✛✢✕✘❂✖✑❄✬✜▼◆✕✘★✞✑
✗✡✯✞✵✰✛✢✣✡✦✖✑❳✬✘✑✎✤✮✦✴❂✴✦✖✑✶✕✮✭✰✛✢★✿✗✡✦✴★✿✕❄✛✂✁❄❂✖✑✰✹✧✩✢✣✫✪✢★✞✬✘✑✶✕✘✣✫✹✽✤✌✪❇✭✶✣✫✛❇✹✡✭✰✛✢✙✘✦✖✱✲✕✞✑✰✹✽✭✰✛✢★✞✹❁✦✖✬✘✵✶✣✫✵✰✑✰✹✧✹✡✛✢★✿✗✎✛✢✻✘✗✫✑✶❋
★✿✕✞✑✰✹✒✪✢✙✘✣✫✸✰✹✧✕✘★❄❂✴✦✖✹✡✹✡✪❇✩❇✑■✬✘✑✰✹✒✩✢✣✫✪✢★✞✬✘✑✶✕✘✣✫✹✽✤✮✦✖✭✶✣✫✛❇✹✡✭✰✛✢✙✘✦✖✱✲✕✞✑✰✹✰❉ ✺ ✑✰✹✒✵✰✭✡✯✞✑✶❂✴❂✖✑✰✹✧✭✰✪✢✣✫✪❇✭✶✗✫✵✶✣✡✦✖✹❁✗✡✦✖✱✲✕✞✑✰✹
✹✡✛✢✕✞✹❁❋❏❙✡✪❇✭✰✑✶★✿✗✫✑✰✹✥✹✡✛✢★✿✗✚❂✖✑✰✹✥✹❁✕✘✦✴✳❇✪✢★✿✗✫✑✰✹✛✕✥❱❄❂❖▼P✵✰✭✡✯✞✑✶❂✴❂✖✑✚✤✌✛✢❂✖✵✰✭✶✕✘❂✖✪✢✦✴✣✫✑❇❩✘❂❖▼P✛✢✣✡✦✖✑✶★✿✗✫✪✢✗✡✦✖✛✢★❅✬✘✑✰✹■✤✌✛✢❂✖✵✶❋
✭✶✕✘❂✖✑✰✹❳✪✢✕❆✭✰✛✢★✿✗✫✪❇✭✶✗✥✬✘✑✚❂✖✪✌✹❁✕✘✣✡✓●✪❇✭✰✑✷✹✡✛✢❂✴✦✖✬✘✑✚✑✰✹❁✗✥❂✖✪✢✣✫✩❇✑✶✤✌✑✶★✿✗❳✙✜✑✶✣✡✗✡✕✘✣✡✻✜✵✰✑■✙✞✪✢✣■❂✖✪✮✙✘✣✫✵✰✹✡✑✶★✞✭✰✑✚✬✘✑
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n s ·
� ✂
n f✛✂✁ � ✂

n s
✑✰✹❁✗✮❂✖✑❄✬❀✦✴✣✫✑✰✭✶✗✫✑✶✕✘✣✷❱❅❂✖✪☎✹❁✕✘✣✡✓●✪❇✭✰✑❄✭✰✛✢★✞✹❁✦✖✬✘✵✶✣✫✵✰✑✌✑✶✗ � ✂

n f
✭✰✛✢✣✡✣✫✑✰✹❁✙✜✛✢★✞✬❤❱❅❂✖✪☎✬❀✦✴✣✫✑✰✭✶✗✡✦✖✛✢★

✓●✪❇✭✶✦✴❂✖✑▼❩❫❴✪✡✝❭ ✕

W (θ) =W0
[

1− ( � ✂
n s ·

� ✂
n f )

2
]

=W0 sin
2(θ − θf )
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C = −
✬
W✬
θ
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θ = 0
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γ‖ − γ⊥ = 5 · 10−6 J ·m−2
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W5CB/air = (1± 0.5) · 10−5 J ·m−2
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✵✶✳❇✪✢✙✜✛✢✣✫✪✢✗✡✦✖✛✢★✚✛✢✻✘❂✴✦✖✱✲✕✞✑✌✟✘✑✧❢✿✦ ☛❤✑✰✹❁✗✌✟✘✵✍✟❀✕✘✦✴✗✫✑✎✟✘✑✽❂✖✪✒✤✌✑✰✹❁✕✘✣✫✑✏✟❀✕✑✡✰✛✢✕✘✙✘❂✖✑◗✑✫❚✘✑✶✣✒✡✰✵✰✑✽✙✞✪✢✣✜❂❖▼P✵✍✡✡✯✞✪✢★✘❋
✗✡✦✴❂✴❂✖✛✢★✚★✞✵✶✤✌✪✢✗✡✦✖✱✲✕✞✑✽✛✢✣✡✦✖✑✶★✿✗✫✵✧✙✞✪✢✣◗✕✘★☎✡✡✯✞✪✢✤✮✙✔✤✌✪❇✩✢★✞✵✶✗✡✦✖✱✲✕✞✑❇❉ ✺ ▼P✵✶✙✞✪✢✦✖✹✡✹✡✑✶✕✘✣✎✟✘✑✎✹❁✦✴❂✴✦✓✡✰✑✽✵✶✳❇✪✢✙✜✛✢✣✫✵✰✑
✑✰✹❁✗✂✟✘✑

20 nm
❉ ✺ ✑✰✹✎✪✢✕✘✗✫✑✶✕✘✣✫✹✒✣✫✪✢✙✘✙✜✑✶❂✴❂✖✑✶★✿✗✒✱✲✕✞✑✔✡✰✑✥✗✡✣✫✪✢✦✴✗✫✑✶✤✌✑✶★✿✗✕✟✘✑✚✹❁✕✘✣✡✓●✪☞✡✰✑✥✦✴★☛✟❀✕✘✦✴✗✧✕✘★✠✪✢❂✴✦✴❋

✩✢★✞✑✶✤✌✑✶★✿✗❳✯✞✛✢✤✌✛❇✩❇✸✶★✞✑✚✑✶✗■✙✞✪✢✣✫✪✢❂✴❂✖✸✶❂✖✑ ✁●✙✘❂✖✪✢★✞✪✢✦✴✣✫✑ ✄✖✟❀✕✗✟❀✦✴✣✫✑✍✡✶✗✫✑✶✕✘✣❱❩ ✂ ✂✪❭ ❉ ✺ ✪✮❵✞✩✢✕✘✣✫✑ ✁ ✂❀❉ � � ✄❳✑✰✹❁✗
✑✫❚❀✗✡✣✫✪✢✦✴✗✫✑✂✟✘✑■❂❖▼P✪✢✣✡✗✡✦✓✡✶❂✖✑▼❩✄✂✝✠✪❭ ❉
☛■★☎✙✜✑✶✕✘✗✠✡✰✛✢★✞✹❁✗✫✪✢✗✫✑✶✣✷✱✲✕✞✑✷❂✖✑✰✹■✤✌✑✰✹❁✕✘✣✫✑✰✹✠✟✘✑✔❂❖▼P✵✶★✞✑✶✣✫✩✢✦✖✑✑✟✜▼P✪✢★☛✡✶✣✫✪❇✩❇✑✮✹✡✛✢★✿✗✑✡✰✛✢✣✡✣✫✑✍✡✶✗✫✑✶✤✌✑✶★✿✗



�✕✄✔� ✁ ✖✧✛✕✘✚✬✚✬✚✭✯✮☎☛✫✠✣✭✯✗ ✜✝✛ � �✁�✄✂✝✖ ✁✣✞✡☛✍✗ ✁✂✭✂✎✡✘✚✖✧✥✕✞✟✦✩✭✯✌✼✗✡✖☎✞✡✌✼✖✯✠✣✘✚✙✕✛✕☛✍✞ � �

✄✆☎✞✝✠✟ ✂❀❉ � �✆✕ ✭✤❅☎✌✁� ✕✏✎✲✌✏✷❋✑✱✸✟❃✛✧✪✷✹✕✏✘✗✧✻❘✙✌
W0

✌✏✷❖✚✻❅✪✷✹✕✻✑✼✎✲❅✪✷ ✸★✌
TNI − T

☛❄✕✗✌✏✘✗✕✏✩✔✌✗✓✱●✹✩✔✌✏✎✼✷❇✓✎✌★❳
�✯✌✗✓❱●❋❅✪✎✼✷❋✑✔✓☞✌ ☞❄●❋❈✏✘✏✎✼✰✣✌✏✷❋✑✲✧✪❑✌☞▲✓☎❅✪✷❋✑▼✧ ✂✗❑★✓✻✑✲❈✗✌✗✓❱●❋✧✪✘❉✩❄❃✛❈✗❚✏❑✬✧✝✑✼✎✲❅✪✷ ☛ ✟✙❳ ✡✄✂✡✌★❳ ✭✤✌✻✑✒✑✲✌ ✂✯❘✝❑✙✘✗✌✗■✱❚✏❑✙✎
✘✗✌✲●✹✘✗❈✗✓☎✌✏✷❋✑✲✌▼✧✪❑★✓✗✓✏✎

K22χα
✌✏✷▼✚✻❅✪✷✹✕✻✑✼✎✲❅✪✷❖✸★✌

TNI − T
✌✗✓✻✑P✌ ☞✝✑✼✘✗✧✪✎✒✑✲✌✱✸★✌❱✩✔✧❊✘✗❈✒✚✻❈✏✘✗✌✏✷✹✕✗✌ � ✟✆☎ ✝✻❳

✪❬❙❁✕✞✹❁✗✫✵✰✑✰✹✒✙✞✪✢✣✎✕✘★✞✑■❂✖✛✢✦ ✟❀✕❞✗❖✾✿✙✜✑✛✕

W0 =
[

a+ b
√

TNI − T
]2 ✁ ✂❀❉ �✪❴ ✄

✺ ✑✰✹✔✪✢✕✘✗✫✑✶✕✘✣✫✹✷✣✫✵✰✪✢❂✴✦✖✹✡✑✶★✿✗✷❂✖✑❄✤✌✑✶✦✴❂✴❂✖✑✶✕✘✣✚✪❬❙❁✕✞✹❁✗✫✑✶✤✌✑✶★✿✗ ✟✘✑✌❂✖✑✶✕✘✣✫✹✷✙✜✛✢✦✴★✿✗✫✹✷✑✫❚❀✙✜✵✶✣✡✦✴✤✌✑✶★✿✗✫✪✢✕❀❚
✙✜✛✢✕✘✣✒❂✖✑✰✹✒✳❇✪✢❂✖✑✶✕✘✣✫✹✒✹❁✕✘✦✴✳❇✪✢★✿✗✫✑✰✹✚✕

a = 4.74 · 10−4 J 12 ·m−1 b = 1.17 · 10−3 J 12 ·K 12 ·m−1

☛■★ ✡✰✛✢★✞✹❁✗✫✪✢✗✫✑■✱✲✕✞✑❳❂❖▼P✛✢✣✒✟❀✣✫✑✂✟✘✑■✩✢✣✫✪✢★☛✟✘✑✶✕✘✣✖✟✘✑
W0
❩❀✤✌✑✰✹❁✕✘✣✫✵✎✙✞✪✢✣❳❈✘✪❇✑✶✗✡✗✡✦✜✑✶✗✎✪✢❂❖❉❏❩❀✑✰✹❁✗

10−5 J ·
m−2

❉✚✏✒✑✶✗✡✗✫✑✥✳❇✪✢❂✖✑✶✕✘✣■✑✰✹❁✗■✗✫✛✢✕✘✗■❱✌✓●✪✢✦✴✗✂✡✰✛✢✤✮✙✞✪✢✣✫✪✢✻✘❂✖✑✚✪✢✕❀❚✠✤✌✑✰✹❁✕✘✣✫✑✰✹ ✟✘✑✚❡✧✪✢★☎❢✿✙✘✣✫✪✢★✞✩✮✑✶✗✥✪✢❂❖❉



� � �✕✄ ✞ ☛✍✞✑✌✼✗✡✘✚✞ ✎✡✭☎✛ ✄ ✬✚✘✚✙✕✛✕✘✚✜✣☛✍✞

✹❁✕✘✣❳✹❁✦✴❂✴✦✓✡✰✑❳✵✶✳❇✪✢✙✜✛✢✣✫✵✰✑❇❉

� � ✱ ✴✺✹✼✽ ✱ ✴ ☎ ✱✁�✕✷✄✂✶✷✆☎ ☎ ✂ ☎ ✱✺✰ ☎✼❁✝✆ ❩❀✠✆✂✪❭
✺ ✑✰✹✌✪✢✕✘✗✫✑✶✕✘✣✫✹✮✤✌✑✰✹❁✕✘✣✫✑✶★✿✗✮❂❖▼P✵✶★✞✑✶✣✫✩✢✦✖✑ ✟✜▼P✪✢★☛✡✶✣✫✪❇✩❇✑❞✙✜✛✢❂✖✪✢✦✴✣✫✑❞❱❆❂❖▼◆✦✴★✿✗✫✑✶✣✡✓●✪☞✡✰✑❞✑✶★✿✗✡✣✫✑❞❂✖✑✗✂✞✝✠✟☛✡✌☞
✍✏✎ ✡ ✡✆✑ ✍ ✡✓✒✔✡ ✟✏✡✖✕✘✗✚✙✜✛✌✢✞✣✥✤✦✑✥✧★✛✆✡✪✩❖✆✝✡

�✌✫ ✍ ✧ ✟✏✡ ✫ ✤✏✬✭✣✞✮ ✍ ✡ ✫ ✟✏✡✪✢✯✡✌✧✓✧★✡✞✰✠✡ ✎✲✱ ✑ ✎ ✡✌☞✓✗✭✑ ✎ ✟✏✡✳✬✭✣
☞★✡✌✴✵✤✦✛✌✧★✣✥☞ ✍ ✧★✡✞✶✦✷✹✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧✎✟✏✡✹✬✭✣ ✡✆✑ ✍ ✡✓✒✔✡✖✟✏✡✻✕✘✗✚✙✼✡ ✫ ☞✏✟✏✡ 60 nm ✶✽✷✾✡ ✫ ✣ ✍ ☞★✡ ✍ ✧ ✫ ✴✿✡ ✫ ✍ ✧★✡ ✎ ☞
✩✵✬✭✣ ✱ ✑✥✗ ✫ ✬✭✣❁❀✏✗❂✧★✛ ✱ ✧✓✗ ✎✔❃ ✡ ✎ ✡✆✡✁✡✌☞✁✬✭✣ ✡✆✣✥✤✔✣☞✡✌✗❂☞★✛❄✛✌✬✭✡✍✡✌☞✓✧✓✗✭✮ ✍ ✡✂✟✏✡❅✬✭✣ ✡✆✡✌✬❂✬ ✍ ✬✭✡✂✟✏✡❇❆✞✝✠✟ ✫ ✑ ✍ ✴✵✗ ✫ ✡❄✩
✍✏✎ ✡☎✟✄✗✔❨❈✛✌✧★✡ ✎ ✡✆✡✑✟✏✡❁✤✦✑✥☞★✡ ✎ ☞✓✗✭✡✌✬❉✶❇✷✾✡❁☞★✣✥❀✏✬✭✡✆✣ ✍ ✡✌✗❂❊ ✟✏✡ ✫✓✫ ✑ ✍ ✫ ✧★✡✌✤✏✧★✑ ✟ ✍ ✗❂☞✁✤✔✣✥✧✓☞✓✗✭✡✌✬❂✬✭✡✌✴✿✡ ✎ ☞✁✬✭✡ ✍ ✧ ✫
✧★✛ ✫ ✍ ✬❂☞★✣✥☞ ✫ ✶

TNI − T
✁●❋❄❍ ■ ✎ ✡✌✧ ❃ ✗✭✡✂✟✦✸✺✣ ✎ ✡✌✧★✣ ❃ ✡❁❏

10−5 J ·m−2 ❍
❆✘✶▲❑✥❆ ❑✆✂✄✶◆▼ ± ❖ ✶✺P
✂✄✶✺◗ ❖ ❑❙❘✄✶✺❚ ± ✂✄✶✺❯
✂✄✶✺P✞P ❑✥❆✘✶ ❖ ± ✂✄✶◆▼

❖ ✶✺❘✘❑ ❑❙❘✄✶◆▼ ± ❘✄✶▲❑
❑✯✶◆▼✞▼ ◗✄✶ ❖ ± P✄✶✺❚
❑✯✶✺❘ ❖ ▼✘✶✺❯ ± P✄✶◆▼
❑✯✶▲❑✥▼ ❯✄✶✺❚ ± P✄✶◆❆

TNI − T
❏●❋❄❍ ■ ✎ ✡✌✧ ❃ ✗✭✡✂✟✦✸✺✣ ✎ ✡✌✧★✣ ❃ ✡❁❏

10−5 J ·m−2 ❍
P✄✶✺❚✞❯✞❘ ❆✘✶✺❚ ± P✄✶✺❘
P✄✶✺❯✞❘✯❆ ❆✘✶✺P ± P✄✶ ❖
P✄✶✺❘ ✂✘❑ ❘✄✶✺P ± P✄✶ ❖
P✄✶ ❖ ❘✯❆ ❖ ✶✺◗ ± P✄✶▲❑
P✄✶▲❑✞❑❙❘ ❑✯✶✺❚✯❆ ± P✄✶✺P✯❆
P✄✶✺P✞❘ ✂ ❑✯✶▲❑✆✂ ± P✄✶✺P ✂
P ✶✆✶✆✶

✝✠✡ ✫ ✢✞✣✥✬✭✡ ✍ ✧ ✫✽✫ ✑ ✎ ☞❱✬✭✛ ❃✞❲ ✧★✡✌✴✿✡ ✎ ☞ ✫ ✍ ✤✦✛✌✧✓✗✭✡ ✍ ✧★✡ ✫ ✩✠✡✆✡✌✬❂✬✭✡ ✫ ✤✏✧★✛✍✡✆✛✍✟✏✡✌✴✵✴✿✡ ✎ ☞✏✡✌✗❂☞★✛✆✡ ✫ ✶✾✷✹✸✺✑✥✧✒✟✄✧★✡
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λ = 546 nm ✻ δλ = 5 nm✼ ✢✾✽☛✑✓☎✝✌✛✡☞✚✄✟✮✼✥✑✜✔✗✑✴✏✜✩✍✚✴✟✮✼✒✢✗✂✠✟☛✩✆✢☞✌✰✂

✚✓✹✜✂✎✚✳✡☞✂✿✷✁✡ ✔✣✩✍✂✳✢✣✘✮✔✗✂✆✩✜✛✭✙✆✩✍✂✆✘✮✔✣✢✗✂✆✡✸✂✍✌✭✔✮✟☛✩✍✙✍✌✰✂✆✘✮✔✗✙✦✡☞✂ ✟☛✩✍✑❀✷✁✡✫✎✫✪✬✙✗✟✮✚✓✢☞✌✍✌✰✂✆☎✒✩❁✹ ✟✮✑✓✢✣✘✮✔☞✌ ✼✙✻ ✙✭✔✗✚✝✽✆✡✱✢✯✺✦✟✮✚✓✩✜❂
✔✣✢✣✩✷✎✓☎✻✩✍✂✆✡☞✂✆✹✜✙✄✎✝✂✍✌✞✛✍✩✍✚✓✘✒✏✒✂✍✌✄✎✫✪✬✙✗✏✒✚✓✡☞✂✄✙✗✟✮✚✓✢☞✌✍✌✰✂✆☎✒✩ ✻ ✚✓✢✣✘✕✌✆✢ ✤✆☎✥✂✳✡✴✪✬✚❀❃✍☎✝✌✭✔✗✂✆✞✛✂✆✘✮✔☛✟✮✚✓✩✳☎✒✘☛✂ ✚✍✚✓✡☞✑✜✔✖✔✗✂
✌✗✟✮✼✥✙✆✩✆✢✗✤✆☎✥✂❁✹ ✡✱✢ ✏✜✘☛✂ ✚✍✑✓✘✮✔✣✢✣✘✥☎✥✂ ✼ ✢✱❄✸✂✳✩✍✚❆❅✝✑✓✘✵✎✝✂✲✡☞✚✲✏✒✑✓☎✕✔✖✔✗✂✷✂✍✌✭✔ ✙✆✹✜✚✓✡✱☎✥✙✷✺✕❇✖✢❉❈✎❊✷✞✷✞ ✢✱❄✸✚✄✼✥✚✓☎✢❂
✔✗✂✆☎✒✩ ✞✛✚✙❋✓✢✣✞✛✚✓✡☞✂✠✎✝✂ ✡☞✚✠✏✒✑✓☎✕✔✖✔✗✂✦✂✍✌✭✔✸✎✝✂

17 µm
✢✴● ✘✻✂✆✘✻✎✝✙✍✎✓☎✒✢✖✔ ✻ ✎✫✪✬✚✴✟☛✩■❍✍✌ ✡☞✚ ✛✭✑✓✩✆✞✷☎✒✡☞✂✴✹ ✡✖✢ ✡✩❇ ✼✙✻

✡✴✪✬✚✓✘✒✏✜✡☞✂✄✎✝✂ ✚✍✑✓✘✮✔✗✚✖✚✭✔✺❏
θ = 4.2

☞ ✢
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✷✾✡ ✫ ✡✌✧✓✗ ✫ ☞★✣ ✍ ✍❅✬❂✗✭✮ ✍ ✗✓✟✏✡ ✫ ✧★✛✌✤✦✑ ✎ ✟✏✡ ✎ ☞✦✣✆✢✯✡✍✡ ✍✏✎ ✡❱✡✎✍✄☞✓✧✝✆✌✴✿✡ ✫ ✡ ✎ ✫ ✗❂❀✏✗❂✬❂✗ ☞★✛✽✣ ✍ ✍✑✡✆✑ ✎ ✟✄✗❂☞✓✗✭✑ ✎ ✫ ✣ ✍ ✍❄✬❂✗❂❊
✴✵✗❂☞★✡ ✫ ❏ ✡✆✑ ✎ ✟✄✗❂☞✓✗✭✑ ✎ ✫ ✟✦✸✺✣ ✎ ✡✌✧★✣ ❃ ✡❙❍✌✶ ✪●✬✄✡ ✎ ✧★✛ ✫ ✍ ✬❂☞★✡ ✍✏✎ ✡ ✫ ☞✓✧ ✍ ✡✌☞ ✍ ✧★✣✥☞✓✗✭✑ ✎ ✫ ✤✦✛✍✡✌✗✁✤✔✮ ✍ ✡✌✟✏✡❱✬❉✸✺✛✍✡✓✒✔✣ ✎ ❊
☞✓✗❂✬❂✬✭✑ ✎ ✰ ✤✏✬❂✴ ✛✌☞★✡ ✎ ✟ ✍ ✑ ✍ ❃ ✑ ✍ ☞✓☞★✡✞✰✏✮ ✍ ✗✦✣✟✞❈✡✍✡✌☞★✡ ✫ ✡ ✫ ✤✏✧★✑✥✤✏✧✓✗✭✛✌☞★✛ ✫ ✟✏✡❳✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡✞✰✘✑✥❀ ✫ ✡✌✧✓✢✞✣✥❀✏✬✭✡ ✫
✣ ✍ ✍✖✛✍✡✓✒✔✡✌✬❂✬✭✡ ✫ ✴✿✣☞✡✌✧★✑✥❊✻✑ ✍ ✴✿✛ ✫ ✑ ✫ ✡✆✑✥✤✏✗✭✮ ✍ ✡ ✫ ✶❅✝❳✸✺✡ ✫ ☞❅✤✦✑ ✍ ✧★✮ ✍ ✑✥✗❈✬❉✸✺✛✌☞ ✍ ✟✏✡✔✟✏✡ ✫ ✤✏✧★✑✥✤✏✧✓✗✭✛✌☞★✛ ✫ ✟✏✡
✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡✔✟✦✸ ✍✏✎ ✡✌✧✓✗ ✫ ☞★✣✥✬✾✬❂✗✭✮ ✍ ✗✓✟✏✡ ✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡❄✡ ✫ ☞ ✍✏✎ ✛✌✬✭✛ ❃ ✣ ✎ ☞❅✴✿✑✡✠✯✡ ✎ ✟✦✸✺✑✥❀✏☞★✡ ✎ ✗❂✧ ✟✏✡ ✫ ✗ ✎ ❊
✱ ✑✥✧✓✴✿✣✥☞✓✗✭✑ ✎ ✫❅✫ ✍ ✧❄✬✭✡ ✫ ✗ ✎ ☞★✡✌✧★✣☞✡✌☞✓✗✭✑ ✎ ✫ ✴✵✗✓✡✌✧★✑ ✫ ✡✆✑✥✤✏✗✭✮ ✍ ✡ ✫ ✮ ✍ ✗ ✫ ✸✺✡✎✍✏✡✌✧✒✡✆✡ ✎ ☞❇✡ ✎ ☞✓✧★✡❁✬❉✸✺✛✍✡✓✒✔✣ ✎ ☞✓✗❂✬❂✬✭✑ ✎
✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡❄✡✌☞❳✬✭✡ ✫ ✍ ❀ ✫ ☞✓✧★✣✥☞ ✫ ✑✥✬❂✗✓✟✏✡✞✶✓★❳✑ ✍ ✫ ✢✯✡✌✧✓✧★✑ ✎ ✫ ✴☛✆✌✴✿✡❇✮ ✍ ✡✑✟✏✡ ✫ ✡☞✞❈✡✌☞ ✫ ✴✿✑✥✬✭✛✍✡ ✍ ✬✭✣✥✗❂✧★✡ ✫
✫ ✤✦✛✍✡✌✗✁✤✔✮ ✍ ✡ ✫ ✤✦✡ ✍ ✢✯✡ ✎ ☞❅✗ ✎✍✌✏✍ ✡ ✎ ✡✆✡✌✧✁✬✭✡ ✫ ✤✏✧★✑✥✤✏✧✓✗✭✛✌☞★✛ ✫ ✟✏✡❁✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡❇✩ ✟✏✡ ✫ ✛✍✡✓✒✔✡✌✬❂✬✭✡ ✫ ✴✿✣☞✡✌✧★✑✥❊
✫ ✡✆✑✥✤✏✗✭✮ ✍ ✡ ✫ ✶

★❳✑ ✍ ✫ ✤✏✧★✑✥✤✦✑ ✫ ✑ ✎ ✫ ✟✏✣ ✎ ✫ ✡✆✡✌☞✓☞★✡✳✤✔✣✥✧✓☞✓✗✭✡ ✍✏✎ ✡✵✴✿✑ ✟✏✛✌✬❂✗ ✫ ✣✥☞✓✗✭✑ ✎ ☞✓✒✔✛✆✑✥✧✓✗✭✮ ✍ ✡✵✡✌☞ ✍✏✎ ✡✿✛✌☞ ✍ ✟✏✡
✡✎✍✄✤✦✛✌✧✓✗❂✴✿✡ ✎ ☞★✣✥✬✭✡✖✟ ✍ ✡✆✑✥✴✵✤✦✑✥✧✓☞★✡✌✴✿✡ ✎ ☞ ✟✏✡☛✤✏✬❂✴ ✫ ✑ ✍ ✟✏✡ ❃ ✑ ✍ ☞✓☞★✡ ✫ ✟✏✡✏✎✞✝✠✟ ✫ ✍ ✧✕✟✏✡ ✫✹✫ ✍ ❀ ✫ ☞✓✧★✣✥☞ ✫
✟✏✡ ✫ ✗❂✬❂✗✓✡✌✗ ✍ ✴✜✧★✡✍✡✆✑ ✍ ✢✯✡✌✧✓☞ ✫ ✟✦✸ ✍✏✎ ✡ ✡✆✑ ✍ ✡✓✒✔✡ ✟✦✸✺✑ ✍✑✠ ✟✏✡ ✎ ✣✥☞✓✗ ✱ ✰✽✮ ✍ ✡ ✎ ✑ ✍ ✫ ✣✥✤✏✤✦✡✌✬✭✑ ✎ ✫ ✟✏✡ ✱ ✣✓✒✆✑ ✎
✤✏✧★✑✥❀✔✣✥❀✏✬✭✡✌✴✿✡ ✎ ☞✹✗❂✴✵✤✏✧★✑✥✤✏✧★✡✕✔ ✫ ✗❂✬❂✗✓✡✆✡✗✖✯✶

✷✾✡ ✫ ❀✔✣ ✫ ✡ ✫ ✟✏✡❳✬❉✸✺✛✌☞ ✍ ✟✏✡✠✤✏✧★✛ ✫ ✡ ✎ ☞★✛✆✡✂✟✏✣ ✎ ✫ ✡✆✡✌☞✓☞★✡✁☞✓✒ ❲ ✫ ✡✂✡✆✑✥✧✓✧★✡ ✫ ✤✦✑ ✎ ✟✏✡ ✎ ☞✹✣ ✍ ✍✳☞✓✧★✣✆✢✞✣ ✍ ✍ ✟✏✡
✘ ✶ ✭ ✶✓✙✹✣✥✬❂✗ ❃✥✎ ✣✥☞❱✡✌☞✹✣✥✬❉✶✑✚✺❚✘❑✜✛●✶ ✌✁✤✏✧ ❲ ✫ ✍✏✎ ✡✹❀✏✧ ❲ ✢✯✡✠✧★✡✌✢ ✍ ✡✕✟✏✡ ✫ ✛✌☞ ✍ ✟✏✡ ✫ ✮ ✍ ✗✏✑ ✎ ☞✠✛✌☞★✛✕✡✆✑ ✎ ✫ ✣☞✡✌✧★✛✆✡ ✫
✣ ✍ ✍❁✤✏✧★✑✥✤✏✧✓✗✭✛✌☞★✛ ✫ ✟✏✡✠✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡✖✟✦✸ ✍✏✎ ✡ ✫ ✍ ✧ ✱ ✣☞✡✆✡ ✫ ✑✥✬❂✗✓✟✏✡✹✤✔✣✥✧ ✍✏✎ ✡✌✧✓✗ ✫ ☞★✣✥✬✄✬❂✗✭✮ ✍ ✗✓✟✏✡ ✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡✞✰
✎ ✑ ✍ ✫ ✤✏✧★✛ ✫ ✡ ✎ ☞★✡✌✧★✑ ✎ ✫ ✬✭✡ ✫ ✧★✛ ✫ ✍ ✬❂☞★✣✥☞ ✫ ✟✏✡ ✘ ✶ ✭ ✶✓✙✹✣✥✬❂✗ ❃✥✎ ✣✥☞✹✡✌☞✠✣✥✬❉✶✽✷✾✡✠✴✿✑ ✟ ❲ ✬✭✡✻✮ ✍ ✡ ✡✆✡ ✫ ✣ ✍ ☞★✡ ✍ ✧ ✫
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✢✘✗✭✡ ✎ ☞✁✣ ✍ ✢✯✑✥✗ ✫ ✗ ✎ ✣ ❃ ✡✠✟✏✡❳✬✭✣❇☞✓✧★✣ ✎ ✫ ✗❂☞✓✗✭✑ ✎✿✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡✜✢❙✗ ✫ ✑✥☞✓✧★✑✥✤✦✡✞✶✗✣ ✎ ✫ ✍ ✗❂☞★✡✞✰ ✎ ✑ ✍ ✫ ✤✏✧★✑✥✤✦✑ ✫ ✑ ✎ ✫
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✂✆✓✔☎✞✕✞✕✞✍✆✖✆☞ ✌✎✍✏✁ ✓✔✘ ✘✔✙☛✡ ✍✚✑✒☎ ✛✜✓✔☞ ✂ ✁✄☞☎✄ ✓✔☞

✝✟✂✆✡ ✡ ✍✆☎ ✁✄☞

✭ ✡ ✍ ✟✦✸✺✛✌☞ ✍ ✟✏✡ ✫ ✡✎✍✄✤✦✛✌✧✓✗❂✴✿✡ ✎ ☞★✣✥✬✭✡ ✫ ✑ ✎ ☞✠✛✌☞★✛✝✆✆✑ ✎ ✫ ✣✞✆✌✧★✛✆✡ ✫ ✩❄✬❉✸✺✛✌☞★✣✥✬✭✡✌✴✿✡ ✎ ☞ ✟✦✸ ✍✏✎✵✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡ ✫ ✍ ✧
✍✏✎ ✫ ✍ ❀ ✫ ☞✓✧★✣✥☞ ✫ ✑✥✬❂✗✓✟✏✡✞✶✽✝✹✗❂☞★✑ ✎ ✫ ✬✭✡ ✫ ☞✓✧★✣✆✢✞✣ ✍ ✍ ✟✏✡✁✟✠✑✥✧✓☞✟✆✓✒✔✣ ❃ ✑✆✢ ✫✡✠ ✠✿✡✌☞☞☛✾✣✥✧★✣ ✠ ✒✔✣ ✎ ✚▲❑ ✲ ✛✔✮ ✍ ✗✔✑ ✎ ☞
✛✌☞ ✍ ✟✄✗✭✛❅✬❉✸✺✛✌☞★✣✥✬✭✡✌✴✿✡ ✎ ☞✠✟ ✍ ✎✞✝✠✟ ✩✿☞★✡✌✴✵✤✦✛✌✧★✣✥☞ ✍ ✧★✡❇✣✥✴❇❀✏✗✭✣ ✎ ☞★✡ ✫ ✍ ✧✔✟✏✡ ✫❅✫ ✍ ❀ ✫ ☞✓✧★✣✥☞ ✫ ✣✥✴✿✑✥✧✓✤✏✒✔✡ ✫
✟✦✸✺✑ ✍✑✠ ✟✏✡ ✟✏✡ ✫ ✗❂✬❂✗✌✆✌✗ ✍ ✴ ✒❱✫ ✗❂✬❂✗✌✆✆✡ ✱ ✑ ✎ ✟ ✍ ✡✻✑ ✍ ✤✔✣ ✫ ☞✓✗❂✬❂✬✭✡✖✟✏✡ ✫ ✗❂✬❂✗✌✆✌✗ ✍ ✴ ✧★✡✍✆✆✑ ✍ ✢✯✡✌✧✓☞★✡ ✟✦✸ ✍✏✎ ✡✎✆✆✑ ✍ ✆✓✒✔✡
✟✦✸✺✑ ✍✑✠ ✟✏✡☎✟✏✡❁✮ ✍ ✡✌✬✭✮ ✍ ✡ ✫ ✟✄✗✧✦✆✣✥✗ ✎ ✡ ✫ ✟✏✡ ✎ ✣ ✎ ✑✥✴ ❲ ☞✓✧★✡ ✫ ✶✑✏ ✬❉✸✺✛✍✆✓✒✔✡✌✬❂✬✭✡❅✴✿✣✞✆✌✧★✑ ✫ ✆✆✑✥✤✏✗✭✮ ✍ ✡✞✰❈✗❂✬ ✫ ✑✥❀✏❊

✫ ✡✌✧✓✢✯✡ ✎ ☞✻✬✭✣✒✆✌✧★✑✥✗ ✫✓✫ ✣ ✎ ✆✆✡✂✟ ✍ ✧★✣✡✠✯✑ ✎ ✟✏✡❳✬✭✣ ❃ ✑ ✍ ☞✓☞★✡✔✟✏✡ ✎✞✝✠✟✔✓ ✍ ✫ ✮ ✍ ✸✺✩ ✍✏✎ ✡❳✢✞✣✥✬✭✡ ✍ ✧✕✟✏✡❳✬❉✸✺✑✥✧✒✟✄✧★✡
✟ ✍ ✴✵✗❂✬❂✬❂✗❂✴ ❲ ☞✓✧★✡✞✶ ✭ ✣✥✧✠✡✌✬❂✬❂✗❂✤ ✫ ✑✥✴✿✛✌☞✓✧✓✗❂✡✞✰❙✗❂✬ ✫ ✟✏✛✌☞★✡✍✆✌☞★✡ ✎ ☞❱✬✭✣❳✤✏✧★✛ ✫ ✡ ✎ ✆✆✡✕✟✦✸ ✍✏✎✖✕ ✬❂✴ ✤✏✧★✛✍✆ ✍ ✧ ✫ ✡ ✍ ✧✽✡ ✎
✣✆✢✞✣ ✎ ☞✕✟✏✡✁✬✭✣ ❃ ✑ ✍ ☞✓☞★✡✞✰ ✟✏✑ ✎ ☞✹✬✭✣❄✢✘✗❂☞★✡ ✫✓✫ ✡ ✟✏✡✝✆✌✧★✑✥✗ ✫✓✫ ✣ ✎ ✆✆✡ ✫ ✡✌✴❇❀✏✬✭✡ ✟✏✛✍✆✌✧✓✗❂☞★✡✻✤✔✣✥✧ ✍✏✎ ✡✻✬✭✑✥✗❈✡ ✎ t−1
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✡ ✫ ☞✠✬✭✣✔✟ ✍ ✧★✛✆✡✁✛✍✆✆✑ ✍ ✬✭✛✆✡ ✟✏✡✌✤ ✍ ✗ ✫ ✬✭✡ ✟✏✛✌✤✘✗✥☞ ✟✏✡✁✬✭✣ ❃ ✑ ✍ ☞✓☞★✡❙❍✙✓ ✍ ✫ ✮ ✍ ✸✺✩✑✆✆✡✁✮ ✍ ✡✁✬✭✡ ✕ ✬❂✴ ✤✏✧★✛✌❊

✆ ✍ ✧ ✫ ✡ ✍ ✧✚✆✆✡ ✫✓✫ ✡✕✟✏✡✠✤✏✧★✑ ❃ ✧★✡ ✫✓✫ ✡✌✧❙✶✽✷✹✸✺✣ ✎ ✣✥✬ ✠ ✫ ✡✖✟✏✡ ✫ ✣ ✎✔❃ ✬✭✡ ✫ ✡✌✬❂✬❂✗ ✫ ✤✦✑✥✴✿✛✌☞✓✧✓✗❂✮ ✍ ✡ ✫ Ψ ✡✌☞
∆
✆✆✑ ✎ ✟ ✍ ✗❂☞

✬✭✡ ✫ ✣ ✍ ☞★✡ ✍ ✧ ✫ ✩✒✆✆✑ ✎ ✓✓✡✍✆✌☞ ✍ ✧★✡✌✧✻✮ ✍ ✡❳✬✭✡ ✕ ✬❂✴ ✤✏✧★✛✍✆ ✍ ✧ ✫ ✡ ✍ ✧✠✡ ✫ ☞ ✟✦✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧✠✴✿✑✥✬✭✛✍✆ ✍ ✬✭✣✥✗❂✧★✡✞✶

✘ ✶ ✭ ✶ ✙✹✣✥✬❂✗ ❃✥✎ ✣✥☞✠✡✌☞✻✣✥✬❉✶ ✚✺❚✘❑✡✛✦✑ ✎ ☞✻✛✌☞ ✍ ✟✄✗✭✛✻✤✔✣✥✧✻✡✌✬❂✬❂✗❂✤ ✫ ✑✥✴✿✛✌☞✓✧✓✗❂✡✹✬✭✡ ✫ ✤✏✧★✑ ✕ ✬ ✫ ✟✦✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧ ✟✏✡
❃ ✑ ✍ ☞✓☞★✡ ✫ ✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡ ✫❅✫ ✍ ✧✔✟✏✡ ✫✜✛ ✣ ✱ ✡✌✧ ✫ ✟✏✡ ✫ ✗❂✬❂✗✌✆✌✗ ✍ ✴ ✶✵✝✠✡ ✫ ✤✏✧★✑ ✕ ✬ ✫ ✧★✛✌✢ ❲ ✬✭✡ ✎ ☞✔✟✏✡ ✍ ✍ ✛✌✤✔✣✥✗ ✫ ❊

✫ ✡ ✍ ✧ ✫ ✆✆✣✥✧★✣✞✆✌☞★✛✌✧✓✗ ✫ ☞✓✗✭✮ ✍ ✡ ✫ ✰✞✧★✡ ✫ ✤✦✡✍✆✌☞✓✗❂✢✯✡✌✴✿✡ ✎ ☞ ✟✏✡❅✮ ✍ ✡✌✬✭✮ ✍ ✡ ✫ ✎ ✣ ✎ ✑✥✴ ❲ ☞✓✧★✡ ✫ ✡✌☞ ✟✏✡❳✮ ✍ ✡✌✬✭✮ ✍ ✡ ✫ ✟✄✗❂❊
✦✆✣✥✗ ✎ ✡ ✫ ✟✏✡ ✎ ✣ ✎ ✑✥✴ ❲ ☞✓✧★✡ ✫ ✶ ✙ ✎ ✴✿✑ ✟ ❲ ✬✭✡✵✡✎✍✄✤✏✧✓✗❂✴✿✣ ✎ ☞❄✬✭✣✢✆✆✑✥✴✵✤✦✛✌☞✓✗❂☞✓✗✭✑ ✎ ✡ ✎ ☞✓✧★✡✿✬✭✡ ✫ ✛ ✎ ✡✌✧ ❃ ✗✭✡ ✫
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✫ ✡ ✍ ✧✾✗ ✎✏✱ ✛✌✧✓✗✭✡ ✍ ✧★✡ ✆✆✑✥✧✓✧★✡ ✫ ✤✦✑ ✎ ✟❄✩ ✍✏✎ ✕ ✬❂✴ ✤✏✧★✛✍✆ ✍ ✧ ✫ ✡ ✍ ✧❙✰ ✟✏✑ ✎ ☞✦✬❉✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧ ✆✌✧★✑✟✞✭☞✦✬❂✗ ✎ ✛✆✣✥✗❂✧★✡✌✴✿✡ ✎ ☞
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✬✭✣❳☞★✑✥☞★✣✥✬❂✗❂☞★✛✖✟✏✡ ✫ ✤✏✒✔✛ ✎ ✑✥✴ ❲✌✎ ✡ ✫ ✑✥❀ ✫ ✡✌✧✓✢✯✛ ✫☛✒ ✛✌☞★✣✥✬✭✡✌✴✿✡ ✎ ☞✏✟✏✡ ❃ ✑ ✍ ☞✓☞★✡ ✫ ✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡ ✫ ✰✥✡✎✍✄✗ ✫ ☞★✡ ✎ ✆✆✡
✟✦✸ ✍✏✎ ✡❁☞✓✧★✣ ✎ ✫ ✗❂☞✓✗✭✑ ✎ ✟✏✡✵✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡❁✩ ✬✭✣✳☞✓✧★✣ ✎ ✫ ✗❂☞✓✗✭✑ ✎ ✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡✜✢❙✗ ✫ ✑✥☞✓✧★✑✥✤❈✡✞✰❈✴✿✛✌☞★✣ ✫ ☞★✣✥❀✏✗❂✬❂✗❂☞★✛
✟✏✡ ✕ ✬❂✴ ✫ ✴✵✗ ✎ ✆✆✡ ✫ ✟✏✑ ✎ ☞✻✬❉✸✺✛✌☞★✣✥✬✭✡✌✴✿✡ ✎ ☞✻✡ ✫ ☞ ✱ ✑✥✧✟✆✆✛✞✶



�✁� ✂✒�✿✂✆☎✞✝✁✟✡✠✡✠✡☛✌☞✎✍✑✏✒☛✌✓✦✝✒✤ ✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍✝✆✴✓✙✍✩✛✒✝✁✍✑✘✙☎✞✥ ✥✶☛✢✟✡✓✙✍



� ✗✔✍✏✌✎☎ ✑✟✁✄☞ �

✁ ✑✒✍✆✕✞☞☛✡ ☞☛✘ ✑ ✁ ✂ ✓✔✘✔☞ ✖✆✂✆✓ ✑ ✑✒☞ ✘✔✙☛✡ ✍✚✑✒☎✞✛✜✓✔☞

✷✹✸✺✡✌✬❂✬❂✗❂✤ ✫ ✑✥✴✿✛✌☞✓✧✓✗❂✡✖❏✎✚✜✛✣✢ ✤✔✣✥✧✓☞✓✗✭✡ ✪✫✪✜✬☎✄✘✶✆✄✘✶✆✄✞❍✳✡ ✫ ☞✳✤✔✣✥✧✓☞✓✗✌✆ ✍ ✬❂✗ ❲ ✧★✡✌✴✿✡ ✎ ☞✵✣☞✟✏✣✥✤✏☞★✛✆✡✖✣ ✍ ✫ ✍ ✗❂✢✘✗✂✟✏✡ ✫
❃ ✑ ✍ ☞✓☞★✡ ✫ ✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡ ✫ ✰✠✡ ✎ ✫ ✗❂☞ ✍ ✣✥☞✓✗✭✑ ✎ ✟✏✡✳✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡✳☞★✑✥☞★✣✥✬❉✶ ✷✾✣ ✕✔❃✥✍ ✧★✡ ❏ ✎✘✶▲❑✥❍✿✡ ✫ ☞✿☞✓✗❂✧★✛✆✡
✟✏✡❄✬❉✸✺✣✥✧✓☞✓✗✌✆✌✬✭✡ ✚✺❚✘❑✜✛❱✡✌☞❅✴✿✑ ✎ ☞✓✧★✡❄✬❉✸✺✛✌✢✯✑✥✬ ✍ ☞✓✗✭✑ ✎ ✟ ✍ ✤✏✧★✑ ✕ ✬✌✟✦✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧✠✟✦✸ ✍✏✎ ✡ ❃ ✑ ✍ ☞✓☞★✡☎✟✏✡ ✎✞✝✠✟

✫ ✍ ✧ ✟✏✡ ✫ ✤✏✬✭✣✞✮ ✍ ✡✌☞✓☞★✡ ✫ ✟✏✡ ✫ ✗❂✬❂✗✌✆✌✗ ✍ ✴ ☞✓✧★✣✥✗❂☞★✛✆✡ ✫ ✤✔✣✥✧✵✛✌✢✞✣✥✤✦✑✥✧★✣✥☞✓✗✭✑ ✎ ✟✏✡ ✫ ✗❂✬❂✗✌✆✆✡ ✫ ✑ ✍ ✫ ✗ ✎ ✆✌✗✓✟✏✡ ✎ ✆✆✡
✑✥❀✏✬❂✗✭✮ ✍ ✡ ✚✺❯ ✌✓✛●✶

✭✁�✯✮✱✰ ✎✘✶▲❑ ✒✾✳ ✩✍✑❀✷✁✡ ✎✫✪✬✙✗✟✮✚✓✢☞✌✍✌✰✂✆☎✒✩❁✔✡❅✴✟☛✢✗✤✆☎✥✂✾✎✫✪ ☎✒✘☛✂✷✏✒✑✓☎✕✔✖✔✗✂✻✘☛✙✆✞✛✚✜✔✣✢✗✤✆☎✥✂✛✌✆☎✒✩❁☎✒✘ ✌✆☎✥✽✍✌✭✔✣✩✍✚✜✔✲✎✝✂

✌✆✢✣✡✱✢ ✚✍✂✄✙✆✹✜✚✴✟✮✑✓✩✍✙✍✂❁✹✴✚✓✘✒✏✜✡☞✂✷✎✫✪✬✙✆✹✜✚✴✟✮✑✓✩✍✚✜✔✣✢✗✑✓✘✾✎✝✂ ✂✞✝✠✟ ✻ ✂✭✔ ✙✗✟✮✚✓✢☞✌✍✌✰✂✆☎✒✩✄✙✆✹✜✚✴✟✮✑✓✩✍✙✍✂✄✎✝✂✡✝✩❇☞☛ ✼ ✢

✌ ✍ ✆✆✑ ✍ ✧ ✫ ✟✏✡✵✬✭✣ ✤✏✧★✛ ✫ ✡ ✎ ☞★✡❁☞✓✒ ❲ ✫ ✡✞✰ ✎ ✑ ✍ ✫ ✣✆✢✯✑ ✎ ✫ ✍ ☞✓✗❂✬❂✗ ✫ ✛✑✟✏✡ ✫❁✫ ✍ ❀ ✫ ☞✓✧★✣✥☞ ✫ ✟✏✡ ✫ ✗❂✬❂✗✌✆✌✗ ✍ ✴ ✰
✧★✡✍✆✆✑ ✍ ✢✯✡✌✧✓☞ ✫ ✟✦✸ ✍✏✎ ✡✒✆✆✑ ✍ ✆✓✒✔✡ ✟✦✸✺✑ ✍✑✠ ✟✏✡ ✎ ✣✥☞✓✗ ✱ ✶✖✕ ✍ ✧✖✆✆✡ ✫❇✫ ✍ ❀ ✫ ☞✓✧★✣✥☞ ✫ ✰✾✬✭✡ ✆✆✑✥✴✵✤✦✑✥✧✓☞★✡✌✴✿✡ ✎ ☞✑✟ ✍



� � ✂✁�✁�✸✣✙☛✌✠✡✍✢✥✧✍✢✤✌✣❁✔✄✂ ✝✒✤✁✍✑☞✎☎✞✝✞✣✜✣✙✍✑✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍
✎✞✝✠✟ ✡ ✫ ☞❄☞★✑ ✍ ☞❇✩ ✱ ✣✥✗❂☞ ✫ ✗❂✴✵✗❂✬✭✣✥✗❂✧✓✡❇✩ ✆✆✡✌✬ ✍ ✗✹✑✥❀ ✫ ✡✌✧✓✢✯✛ ✫ ✍ ✧✑✟✏✡ ✫❄✫ ✍ ✧ ✱ ✣✞✆✆✡ ✫ ✟✏✡ ✫ ✗❂✬❂✗✌✆✆✡❁✛✌✢✞✣✥✤✦✑✥✧★✛✆✡
✆✆✑✥✴✵✴✿✡❇✡ ✎ ☞★✛✌✴✿✑✥✗ ❃✥✎ ✡ ✎ ☞✻✬✭✡ ✫ ✤✏✧★✑ ✕ ✬ ✫ ✡✌✬❂✬❂✗❂✤ ✫ ✑✥✴✿✛✌☞✓✧✓✗❂✮ ✍ ✡ ✫ ✟✏✡❅✬✭✣ ✕✔❃✥✍ ✧★✡✵❏ ✎✘✶✆✄✞❍✌✶✓✏❅✡❄✤✏✬ ✍ ✫ ✰✏✑ ✎
✢✯✑✥✗❂☞❄✣✥✤✏✤✔✣✥✧★✣✟✞✭☞✓✧★✡ ✫ ✍ ✧❳✬✭✡❇✤✏✧★✑ ✕ ✬✻❏●✣✯❍ ✍✏✎ ✡ ✫ ☞✓✧ ✍ ✆✌☞ ✍ ✧★✡ ✫ ✤✦✛✍✆✌✗ ✕ ✮ ✍ ✡❅✗ ✎ ✟ ✍ ✗❂☞★✡❳✤✔✣✥✧❅✬✭✣✿✤✏✧★✛ ✫ ✡ ✎ ✆✆✡
✟✏✡✿✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡ ✫ ✑✥✬❂✗✓✟✏✡ ✒ ✑ ✎ ✑✥❀ ✫ ✡✌✧✓✢✯✡✳✬✭✣ ✱ ✑✥✧✓✴✿✣✥☞✓✗✭✑ ✎ ✟✏✡✵❀✏✗✌✆✆✑ ✍ ✆✓✒✔✡ ✫ ✟✏✡✿☞ ✠✘✤✦✡ ✫ ✴✿✡✍✆✌☞✓✗✭✮ ✍ ✡
✣ ✍ ✢✯✑✥✗ ✫ ✗ ✎ ✣ ❃ ✡✔✟✏✡❅✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡ ✫ ✑✥✬❂✗✓✟✏✡ ✚✺❚ ✲ ✛●✶❅✝✠✑✥✴✵✴✿✡❇✑ ✎ ✬✭✡❅✢✯✡✌✧✓✧★✣✵✤✔✣✥✧✁✬✭✣ ✫ ✍ ✗❂☞★✡✞✰ ✆✆✡ ✫ ✡☞✞❈✡✌☞ ✫
✴✿✑✥✬✭✛✍✆ ✍ ✬✭✣✥✗❂✧★✡ ✫ ✤✦✡ ✍ ✢✯✡ ✎ ☞❈✣✆✢✯✑✥✗❂✧ ✍✏✎ ✡✾✗❂✴✵✤✦✑✥✧✓☞★✣ ✎ ✆✆✡ ✆✌✧ ✍ ✆✌✗✭✣✥✬✭✡ ✫ ✍ ✧❈✬✭✡ ✫ ✆✆✑ ✎ ✟✄✗❂☞✓✗✭✑ ✎ ✫ ✟✏✡✽✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡
✟✏✡❳✬✭✣ ❃ ✑ ✍ ☞✓☞★✡✞✶

✭✁�✯✮✱✰ ✎✘✶✆✄ ✒✺✳ ✩✍✑❀✷✁✡ ✌✲✎✫✪✬✙✗✟✮✚✓✢☞✌✍✌✰✂✆☎✒✩✲✎✫✪ ☎✒✘☛✂✦✏✒✑✓☎✕✔✖✔✗✂✲✘☛✙✆✞✛✚✜✔✣✢✗✤✆☎✥✂✦✌✆☎✒✩✳☎✒✘☛✂✯✟✮✚✰✌✭✔✣✢✣✡✣✡☞✂✄✎✝✂✦✌✆✢✣✡✱✢ ✚✆✢✣☎✒✞ ✢
❄✸✚✛✡✱✢ ✏✜✘☛✂❂✎✝✂❂✽✍✚✰✌✰✂❂✺

2 nm
✚✍✑✓✩✆✩✍✂✍✌✗✟✮✑✓✘☛✎❁✺✛✡☞✚ ✚✍✑✓☎ ✚✍✼✥✂❂✎✫✪✬✑✙❋❆❅✝✎✝✂✄✘☛✚✜✔✣✢ ✛✣✢ ✽✥☎✒✩✷✡☞✂ ✟☛✩✍✑❀✷✁✡✿✹✴✚ ✼✙✻

✑✓✘✾✘☛✑✜✔✗✂✲✡✴✪✬✚✴✟✝✟✮✚✓✩✆✢✖✔✣✢✗✑✓✘✵✎✫✪ ☎✒✘☛✂✷✽✆✢ ✚✍✑✓☎ ✚✍✼✥✂✿❃✍☎✝✌✭✔✗✂❂✚✓☎✢❂ ✎✝✂✍✌✍✌✆☎✝✌✄✎✝✂✲✡✴✪✬✙✗✟✮✚✓✢☞✌✍✌✰✂✆☎✒✩
L1
✢



✂✁�✯✬✁� ☎✁✟✡✘✜✣✙✍✢✤✁★✩✍✑✔✒✍✑✔✒✍✢✝✆☎ ✄✚✏✒☛✌✟✡✘✙✘✙✍✢✝✁✓✙✘ ★✩☛✌✓✙☛✌★ ✣✟✄✚✓✙✟✡✘✜✣✙✟✡✪✁✝✁✍✚✘ � �

✂☎✄✝✆ ✞✠✟☛✡✌☞✎✍✑✏✓✒✁✔✕✏✗✖✁✏✘✖✁✏✓✙✚✟ ✛✕✜✣✢✤✡✌☞✑☞✑✏✓✙☛✥✦☞✧✔✕✢★✥✦✢✤✔✩✍✑✛✕✥✦✡✌☞✎✍✑✡✌✪✫✙✁✏✓☞

✷✹✸✺✛✌☞★✣✥✬✭✡✌✴✿✡ ✎ ☞ ✟✦✸ ✍✏✎ ✡ ❃ ✑ ✍ ☞✓☞★✡ ✟✏✡ ✎✞✝✠✟ ✫ ✍ ✧ ✟✏✡ ✫ ✤✔✣ ✫ ☞✓✗❂✬❂✬✭✡ ✫ ✟✏✡ ✫ ✗❂✬❂✗✌✆✌✗ ✍ ✴ ✫ ✍ ✗❂☞❁✬✭✡ ✫ ✆✆✛ ✎ ✣✥✧✓✗✭✑

✫ ✍ ✗❂✢✞✣ ✎ ☞❙✶✣✬ ✍ ✡✌✬✭✮ ✍ ✡ ✫ ✒✔✡ ✍ ✧★✡ ✫ ✣✥✤✏✧ ❲ ✫ ✬✭✡ ✟✏✛✌✤✘✗✥☞✑✟✏✡❁✬✭✣ ❃ ✑ ✍ ☞✓☞★✡✣✭✎✚✜✛✣✢✪✤✏✧★✑ ✕ ✬ t = 3 h ✟✏✡❁✬✭✣
✕✔❃✥✍ ✧★✡✤✭ ✎✘✶▲❑✥❍✓❍✌✰✘✬✭✡ ✕ ✬❂✴ ✟✏✡✁✤✏✧★✛✌✴✿✑ ✍ ✗❂✬❂✬❂✣ ❃ ✡✻✮ ✍ ✡ ✎ ✑ ✍ ✫ ✣✥✤✏✤✦✡✌✬❂✬✭✡✌✧★✑ ✎ ✫ ✣ ✍ ✫✓✫ ✗❈✤✏✧★✛✍✆ ✍ ✧ ✫ ✡ ✍ ✧❙✰✞✆✆✑✥✴✵❊
✴✿✡ ✎ ✆✆✡✿✩ ✫ ✡ ✟✏✛✌✢✯✡✌✬✭✑✥✤✏✤✦✡✌✧❙✶✳✷✹✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧✑✟✏✡ ✆✆✡ ✕ ✬❂✴ ✡ ✫ ☞ ✎ ✑✥☞★✛✆✡ L1 ✭✎✚✜✛✣✢✯✮✾✗ ❃✥✍ ✧★✡✣✭ ✎✘✶▲❑✥❍✓❍✌✶✭ ✣✥✧★✣✥✬❂✬ ❲ ✬✭✡✌✴✿✡ ✎ ☞❙✰ ✍✏✎ ✛✌✤✔✣ ✍ ✬✭✡✌✴✿✡ ✎ ☞ ✫ ✡☎✟✏✡ ✫✓✫ ✗ ✎ ✡❇✩ ✍✏✎ ✡❄✒✔✣ ✍ ☞★✡ ✍ ✧✠✟✏✡❁✮ ✍ ✡✌✬✭✮ ✍ ✡ ✫ ✟✄✗✧✦✆✣✥✗ ✎ ✡ ✫ ✟✏✡
✎ ✣ ✎ ✑✥✴ ❲ ☞✓✧★✡ ✫ ✭✚✗✌✆✌✗✽✩✳✤✦✡ ✍ ✤✏✧ ❲ ✫ 30 nm ❍✌✶✵✝✠✡✌☞✓☞★✡ ✫ ✡✍✆✆✑ ✎ ✟✏✡❁✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧✜✆✆✣✥✧★✣✞✆✌☞★✛✌✧✓✗ ✫ ☞✓✗✭✮ ✍ ✡❄✡ ✫ ☞
✎ ✑✥☞★✛✆✡ L2 ✭✎✚✜✛✣✢✰✮✾✗ ❃✥✍ ✧★✡✯✭ ✎✘✶▲❑✥❍✓❍✌✶✼✷✾✣ ❃ ✑ ✍ ☞✓☞★✡ ✫ ✡ ✫ ☞★✣✥❀✏✗❂✬❂✗ ✫ ✡✵✡ ✎ ✫ ✍ ✗❂☞★✡✿✩✖✬❉✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧ L2 ✡✌☞
✤✏✧★✡ ✎ ✟ ✬✭✣ ✱ ✑✥✧✓✴✿✡ ✟✦✸ ✍✏✎ ✡ ✔✘✆✌✧✝✆✌✤✦✡✗✖✘✶ ★❳✑ ✍ ✫ ✍ ☞✓✗❂✬❂✗ ✫ ✑ ✎ ✫ ✆✆✡✌☞✓☞★✡☎✟✏✛ ✎ ✑✥✴✵✗ ✎ ✣✥☞✓✗✭✑ ✎ ✤✔✣✥✧❄✣ ✎ ✣✥✬✭✑ ❃ ✗✭✡
✣✆✢✯✡✍✆✿✬✭✣ ✔✘✆✌✧✝✆✌✤✦✡✗✖✳✴✿✛ ✫ ✑ ✫ ✆✆✑✥✤✏✗✭✮ ✍ ✡✵✛✌☞ ✍ ✟✄✗✭✛✆✡❁✤✔✣✥✧ ✭ ✶✲✱❁✶✌✟✏✡☛✱❅✡ ✎✏✎ ✡ ✫ ✚ ✲ ❑✡✛●✶ ✙ ✎ ✢✯✑✥✗❂☞☎✟✏✑ ✎ ✆
✣✥✤✏✤✔✣✥✧★✣✟✞✭☞✓✧★✡✞✰☛✟✏✡ ✱ ✣✓✒✆✑ ✎ ☞★✑ ✍ ☞❅✩ ✱ ✣✥✗❂☞❳✧★✡✌✤✏✧★✑ ✟ ✍ ✆✌☞✓✗❂❀✄✬✭✡✞✰ ✟✏✡ ✍ ✍ ☞★✡✌✧✓✧★✣ ✫✓✫ ✡ ✫ ✮ ✍ ✗✚✆✆✑✥✧✓✧★✡ ✫ ✤✦✑ ✎ ✟✏✡ ✎ ☞
✩ ✟✏✡ ✫ ✛✌☞★✣✥☞ ✫ ✟✦✸✺✛✆✮ ✍ ✗❂✬❂✗❂❀✏✧✓✡✞✶

✳✚✴✶✵✸✷ ✹✻✺✽✼✿✾ ☞✑✷❁❀✩❂✻✴✶✵✶✵✶❃❅❄❅✺

✷✾✡ ✕ ✬❂✴ ✟✏✡✳✤✏✧★✛✌✴✿✑ ✍ ✗❂✬❂✬❂✣ ❃ ✡✿✣✥✤✏✤✔✣✥✧★✣✟✞✭☞❇✤✦✑ ✍ ✧❁☞★✑ ✍ ✫ ✬✭✡ ✫ ✆✆✑✥✴✵✤✦✑ ✫ ✛ ✫ ✆☞✠✯✣ ✎ ✑✥❀✏✗❂✤✏✒✔✛ ✎ ✠✘✬✭✡ ✫ ✮ ✍ ✡
✎ ✑ ✍ ✫ ✣✆✢✯✑ ✎ ✫ ✤ ✍ ✛✌☞ ✍ ✟✄✗✭✡✌✧ ✒ ✎✞✝✠✟❳✰✽❚✯✝✠✟❳✰✾◗✯✝✠✟❳✰❱❑❙P✯✝✠✟ ✡✌☞❁▼ ✙❄✝✠✟❳✶✦✷✹✸✺✛✌☞ ✍ ✟✏✡❇✤✏✧★✛✍✆✌✗ ✫ ✡✑✟✏✡ ✫
✕ ✬❂✴ ✫ ✟✏✡✁✤✏✧★✛✌✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡✻✣ ✱ ✣✥✗❂☞✠✬❉✸✺✑✥❀ ✓✓✡✌☞✕✟✏✡✁✬✭✣❄☞✓✒ ❲ ✫ ✡✂✟✏✡❅✕❈✶✄✟✠✣✥✧✒✟✏✑ ✎ ✚ ✎✟✛ ✟✏✑ ✎ ☞ ✎ ✑ ✍ ✫ ✧★✣✥✤✏✤✦✡✌❊
✬✭✑ ✎ ✫ ❀✏✧✓✗ ❲ ✢✯✡✌✴✿✡ ✎ ☞✠✮ ✍ ✡✌✬✭✮ ✍ ✡ ✫ ✧★✛ ✫ ✍ ✬❂☞★✣✥☞ ✫ ✶

✪●✬✏✡ ✫ ☞✹❀✏✗✭✡ ✎ ✆✆✑ ✎✏✎✘✍ ✮ ✍ ✡✹✬✭✡ ✫ ✕ ✬❂✴ ✫ ✟✏✡✠✤✏✧★✛✌✴✿✑ ✍ ✗❂✬❂✬❂✣ ❃ ✡❱✤✦✡ ✍ ✢✯✡ ✎ ☞❱✣✆✢✯✑✥✗❂✧ ✟✏✡ ✫ ✆✆✑ ✎ ✫ ✛✆✮ ✍ ✡ ✎ ✆✆✡ ✫
✫ ✍ ✧✻✬✭✡ ✫ ✆✆✑ ✎ ✟✄✗❂☞✓✗✭✑ ✎ ✫ ✟✦✸✺✛✌☞★✣✥✬✭✡✌✴✿✡ ✎ ☞✕✟✦✸ ✍✏✎ ✬❂✗✭✮ ✍ ✗✓✟✏✡✞✶✾✝✹✗❂☞★✑ ✎ ✫ ✰✘✤✔✣✥✧✁✡✎✍✏✡✌✴✵✤✏✬✭✡✞✰✯✬✭✡✜✆✆✣ ✫ ✟✏✡❳✬❉✸✺✡☞✞❈✡✌☞
✣ ✍ ☞★✑✥✤✏✒✔✑✥❀✦✡✞✰✥✑✁� ✍✏✎ ✡ ❃ ✑ ✍ ☞✓☞★✡✠✴✿✣✞✆✌✧★✑ ✫ ✆✆✑✥✤✏✗✭✮ ✍ ✡✖✟✦✸ ✍✏✎ ✬❂✗✭✮ ✍ ✗✓✟✄✡✏✟✏✑ ✎✏✎ ✛✞✰✞✮ ✍ ✗✄✤✏✧★✛ ✫ ✡ ✎ ☞★✡ ✍✏✎ ✡✠✣ ✱ ❊
✕✏✎ ✗❂☞★✛❱✤✏✧★✑ ✎ ✑ ✎ ✆✆✛✆✡✹✤✦✑ ✍ ✧ ✍✏✎ ✡ ✫ ✍ ✧ ✱ ✣✞✆✆✡ ✫ ✑✥✬❂✗✓✟✏✡✿✭ ✢ ✢✣✂ ✢✾✬✭✡✠✤✔✣✥✧★✣✥✴ ❲ ☞✓✧★✡✖✟✦✸✺✛✌☞★✣✥✬✭✡✌✴✿✡ ✎ ☞ S > 0 ❍✌✰ ✎ ✡
✴✿✑ ✍ ✗❂✬❂✬✭✡ ✕✏✎ ✣✥✬✭✡✌✴✿✡ ✎ ☞❈✤✔✣ ✫ ✆✆✡✌☞✓☞★✡ ✫ ✍ ✧ ✱ ✣✞✆✆✡✚✆✆✣✥✧✽✬✭✣✠✤✏✧★✛ ✫ ✡ ✎ ✆✆✡✏✟✦✸ ✍✏✎ ✕ ✬❂✴ ✟✏✡❱✤✏✧★✛✌✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡✦✧★✡ ✎ ✟
✬✭✡ ✫ ✍ ❀ ✫ ☞✓✧★✣✥☞ ✫ ✑✥✬❂✗✓✟✏✡❅✒✔✑ ✫ ☞✓✗❂✬✭✡❄✣ ✍ ✤✦✑✥✗ ✎ ☞❳✮ ✍ ✡✑✆✆✡✑✟✏✡✌✧ ✎ ✗✭✡✌✧ ✎ ✸✺✡ ✫ ☞❳✤✏✬ ✍ ✫ ✴✿✑ ✍ ✗❂✬❂✬✭✣ ✎ ☞✻✩✿✬❉✸✺✛✍✆✓✒✔✡✌✬❂✬✭✡
✴✿✣✞✆✌✧★✑ ✫ ✆✆✑✥✤✏✗✭✮ ✍ ✡✞✶❳✝✠✡✌☞❅✡☞✞❈✡✌☞❅✡ ✫ ☞❅✣ ✍ ✫✓✫ ✗✽✩✿✬❉✸✺✑✥✧✓✗ ❃ ✗ ✎ ✡✠✟✏✡ ✫ ✔ ❃ ✑ ✍ ☞✓☞★✡ ✫ ✕ ✬✭✣ ✎ ☞★✡ ✫ ✖ ✚◆▼ ✌✓✛●✶✏✣ ✎ ✆✆✡
✮ ✍ ✗☞✆✆✑ ✎ ✆✆✡✌✧ ✎ ✡❁✬✭✡ ✫ ✆✌✧✓✗ ✫ ☞★✣ ✍ ✍ ✬❂✗✭✮ ✍ ✗✓✟✄✡ ✫ ✰❈✗❂✬✹✣ ✟✏✛ ✓✓✩✪✛✌☞★✛✿✑✥❀ ✫ ✡✌✧✓✢✯✛✿✮ ✍ ✸ ✍✏✎ ✡ ✫ ✍ ✧ ✱ ✣✞✆✆✡❁✗ ✫ ✑✥☞✓✧★✑✥✤✦✡



�✁✂ ✂✁�✁�✸✣✙☛✌✠✡✍✢✥✧✍✢✤✌✣❁✔✄✂ ✝✒✤✁✍✑☞✎☎✞✝✞✣✜✣✙✍✑✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍
✤✦✡ ✍ ☞❇✣✞✆✆✮ ✍ ✛✌✧✓✗❂✧✔✟✏✡ ✫ ✤✏✧★✑✥✤✏✧✓✗✭✛✌☞★✛ ✫ ✟✦✸✺✣ ✎ ✆✌✧★✣ ❃ ✡✿✣ ✦✌✗❂✴ ✍ ☞★✣✥✬✹✬✭✑✥✧ ✫ ✮ ✍ ✸✺✡✌✬❂✬✭✡❇✡ ✫ ☞❁✴✿✑ ✍ ✗❂✬❂✬✭✛✆✡❄✤✔✣✥✧ ✍✏✎
✆✌✧✓✗ ✫ ☞★✣✥✬❈✬❂✗✭✮ ✍ ✗✓✟✏✡✻✑✥✧✓✗✭✡ ✎ ☞★✛✕✚✆✄✓✎✟✛●✶

✷✾✣ ✫ ☞✓✧ ✍ ✆✌☞ ✍ ✧★✡✔✟ ✍✢✕ ✬❂✴ ✟✏✡❇✤✏✧★✛✌✴✿✑ ✍ ✗❂✬❂✬❂✣ ❃ ✡✞✰ ✟✏✣ ✎ ✫ ✬✭✡✑✆✆✣ ✫ ✟✏✡ ✫ ❃ ✑ ✍ ☞✓☞★✡ ✫ ✟✏✡❁❚✯✝✠✟❳✰✦✣✳✛✌☞★✛
✛✌☞ ✍ ✟✄✗✭✛✆✡❳✤✔✣✥✧✁✧★✛ ✌ ✡✍✆✌☞✓✗❂✢✘✗❂☞★✛✂✟✏✡ ✫ ✧★✣✡✠✯✑ ✎ ✫☛✡ ✚ ✎✜✛❱✡✌☞✁✤✔✣✥✧❅✡✌✬❂✬❂✗❂✤ ✫ ✑✥✴✿✛✌☞✓✧✓✗❂✡✕✚✺❚✘❑✯✰ ✎✜✛●✶❳✝✠✡ ✫ ✑ ✎ ☞✂✟✏✡ ✫
☞★✡✍✆✓✒ ✎ ✗✭✮ ✍ ✡ ✫ ✮ ✍ ✗❱✑ ✎ ☞❅✤✦✡✌✧✓✴✵✗ ✫ ✟✏✡✖✆✆✑ ✎ ✆✌✬ ✍ ✧★✡❄✮ ✍ ✡❇✬✭✡ ✕ ✬❂✴ ✟✏✡❇✤✏✧★✛✌✴✿✑ ✍ ✗❂✬❂✬❂✣ ❃ ✡❄✡ ✫ ☞ ✆✆✑ ✎ ✫ ☞✓✗❂☞ ✍ ✛
✟✦✸ ✍✏✎ ✡❄✴✿✑ ✎ ✑ ✆✆✑ ✍ ✆✓✒✔✡✞✰❈✣☞✟ ✫ ✑✥✧✓❀✦✛✆✡❇✣ ✍ ✫ ✍ ❀ ✫ ☞✓✧★✣✥☞ ✫ ✑✥✬❂✗✓✟✏✡✞✰☛✟✏✡❇☞ ✠✘✤✦✡ ✱ ✡✌✧✓✧★✑✘✛✌✬✭✡✍✆✌☞✓✧✓✗✭✮ ✍ ✡❳✤ ✍ ✗ ✫ ✮ ✍ ✡
✬✭✡✻✴✿✑✥✴✿✡ ✎ ☞✖✟✄✗❂✤✦✑✥✬✭✣✥✗❂✧★✡✹✧★✛ ✫ ✍ ✬❂☞★✣ ✎ ☞ ✟✏✡ ✆✆✡✌☞✓☞★✡✁✑✥✧ ❃ ✣ ✎ ✗ ✫ ✣✥☞✓✗✭✑ ✎ ✡ ✫ ☞ ✎ ✑ ✎✿✎✘✍ ✬❉✰ ✫ ✍ ✧✓✴✿✑ ✎ ☞★✛✆✡ ✟✦✸ ✍✏✎ ✡
❀✏✗✌✆✆✑ ✍ ✆✓✒✔✡ ✟✏✡✳☞ ✠✘✤✦✡ ✫ ✴✿✡✍✆✌☞✓✗✭✮ ✍ ✡✞✶✼✝✠✡✌☞✿✡✎✍✏✡✌✴✵✤✏✬✭✡ ✟✦✸✺✑✥✧ ❃ ✣ ✎ ✗ ✫ ✣✥☞✓✗✭✑ ✎ ✡ ✫ ☞✵✧★✡✌✤✏✧★✛ ✫ ✡ ✎ ☞★✛ ✫ ✍ ✧❁✬✭✣
✕✔❃✥✍ ✧★✡☎✭ ✎✘✶ ✲ ❍✌✶

✭✁�✯✮✱✰ ✎✘✶ ✲ ✒ ✽✮✔✣✩✆☎ ✚✭✔✣☎✒✩✍✂✄✎✓☎✴✷✁✡✱✞ ✎✝✂✁✟☛✩✍✙✆✞✛✑✓☎✒✢✣✡✣✡☞✚✭✏✒✂✲✎✝✂ ✚✍✑✓✞✠✟✮✑✰✌✰✙✍✌ ✚ ❅✝✚✓✘☛✑✝✽✆✢ ✟✮✼✥✙✆✘✌❅✓✡☞✂✍✌✠✌✆☎✒✩✲✎✝✂✍✌
✌✆☎✥✽✍✌✭✔✣✩✍✚✜✔☞✌✷✎✝✂✳✌✆✢✣✡✱✢ ✚✆✢✣☎✒✞ ✻ ✎✫✪✬✚✴✟☛✩■❍✍✌✁� ✝✄✂✣✢

✏❅✣ ✎ ✫ ✬✭✡✝✆✆✣ ✫ ✟ ✍ ❚✯✝✠✟❳✰✔✕❈✶✘✟✠✣✥✧✒✟✏✑ ✎ ✣✖✆✆✑✥✴✵✤✔✣✥✧★✛✁✬❉✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧ Lm ✩❄✬✭✣❇✬✭✑ ✎✔❃✥✍ ✡ ✍ ✧ ✟✦✸ ✍✏✎ ✡
✴✿✑✥✬✭✛✍✆ ✍ ✬✭✡ L8CB ✤✦✑ ✍ ✧✵✛✌✢✞✣✥✬ ✍ ✡✌✧❁✬❉✸✺✣ ✎✔❃ ✬✭✡✿✴✿✑✡✠✯✡ ✎ ✟✦✸ ✗ ✎ ✆✌✬❂✗ ✎ ✣✥✗ ✫ ✑ ✎ ✟✏✡ ✫ ✴✿✑✥✬✭✛✍✆ ✍ ✬✭✡ ✫ ✟✏✣ ✎ ✫ ✬✭✣
✴✿✑ ✎ ✑ ✆✆✑ ✍ ✆✓✒✔✡✻✤✔✣✥✧✹✧★✣✥✤✏✤✦✑✥✧✓☞✹✩❄✬✭✣ ✎ ✑✥✧✓✴✿✣✥✬✭✡✻✩❄✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡ ✫ ✑✥✬❂✗✓✟✏✡✞✰✯✩ (63±6) ☎ ✶❱✷✹✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧
✟✏✡✁✬✭✣❄❀✏✗✌✆✆✑ ✍ ✆✓✒✔✡✁✮ ✍ ✗ ✫ ✍ ✧✓✴✿✑ ✎ ☞★✡✻✬✭✣❄✴✿✑ ✎ ✑ ✆✆✑ ✍ ✆✓✒✔✡✁✣ ✍✏✎ ✡❳✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧❙✰✞☞★✑ ✍ ✓✓✑ ✍ ✧ ✫ ✟✏✣ ✎ ✫ ✬✭✡✝✆✆✣ ✫
✟ ✍ ❚✯✝✠✟❳✰ ✟✏✡

(33± 2)
✠ ✰✘✢✯✑✥✗ ✫ ✗ ✎ ✡✕✟✏✡✁✬✭✣❄✤✦✛✌✧✓✗✭✑ ✟✄✗✌✆✌✗ ☞★✛ ✫ ✴✿✡✍✆✌☞✓✗✭✮ ✍ ✡ ✟ ✍ ❚✯✝✠✟ ✭

31, 4
✠ ❍✌✶✘✷✾✡ ✫

✧★✛ ✫ ✍ ✬❂☞★✣✥☞ ✫ ✟✏✡✿✕❈✶✾✟✠✣✥✧✒✟✏✑ ✎ ✫ ✑ ✎ ☞✖✆✆✑✥✴✵✤✔✣✥☞✓✗❂❀✏✬✭✡ ✫ ✣✆✢✯✡✍✆✿✬✭✡ ✫ ✧★✛ ✫ ✍ ✬❂☞★✣✥☞ ✫ ✟✦✸✺✡✎✍✄✤✦✛✌✧✓✗✭✡ ✎ ✆✆✡ ✫ ✟✏✡ ❃ ✛✌❊
✎ ✛✌✧★✣✥☞✓✗✭✑ ✎ ✟✏✡ ✫ ✡✍✆✆✑ ✎ ✟✏✡❳✒✔✣✥✧✓✴✿✑ ✎ ✗✭✮ ✍ ✡✁✮ ✍ ✗❈✴✿✑ ✎ ☞✓✧★✡ ✎ ☞✁✮ ✍ ✡✁✬✭✡❅❚✯✝✠✟ ✆✆✑✥✴✵✴✿✡ ✎ ✆✆✡❳✤✔✣✥✧ ✱ ✑✥✧✓✴✿✡✌✧



✂✁�✯✬✁� ☎✁✟✡✘✜✣✙✍✢✤✁★✩✍✑✔✒✍✑✔✒✍✢✝✆☎ ✄✚✏✒☛✌✟✡✘✙✘✙✍✢✝✁✓✙✘ ★✩☛✌✓✙☛✌★ ✣✟✄✚✓✙✟✡✘✜✣✙✟✡✪✁✝✁✍✚✘ � ✂

✍✏✎ ✡❄✴✿✑ ✎ ✑ ✆✆✑ ✍ ✆✓✒✔✡❄✤✦✑✥✬✭✣✥✗❂✧★✡❅✬✭✑✥✧ ✫ ✟✏✡ ✫ ✑ ✎ ✛✌✢✞✣✥✤✦✑✥✧★✣✥☞✓✗✭✑ ✎ ✫ ✍ ✧❅✬✭✣ ✫ ✗❂✬❂✗✌✆✆✡ ✚✺❯ ✎✄✰❈❯✟✛●✶ ☞ ✣✥✤✏✤✦✡✌✬✭✑ ✎ ✫
✮ ✍ ✡ ✟✦✸✺✣ ✍ ☞✓✧★✡ ✫ ❃ ✧★✑ ✍ ✤✦✡ ✫ ✡✎✍✄✤✦✛✌✧✓✗❂✴✿✡ ✎ ☞★✣ ✍ ✍✖✑ ✎ ☞❁✣ ✍ ✫✓✫ ✗✹✢ ✍ ✣✥✤✏✤✔✣✥✧★✣✟✞✭☞✓✧★✡✖✆✆✡✌☞✓☞★✡ ✫ ☞✓✧ ✍ ✆✌☞ ✍ ✧★✡✑✟✏✡
☞✓✧✓✗✌✆✆✑ ✍ ✆✓✒✔✡✂✟✏✣ ✎ ✫ ✟✏✡ ✫ ✕ ✬❂✴ ✫ ✟✏✡❅✷✾✣ ✎✔❃ ✴ ✍ ✗❂✧✕✟✏✡❅❚✯✝✠✟ ✡✌☞✂✟✏✡ ✎✩✌❳✟ ✚✺◗ ✄✘✰ ✲ ✌✏✰✍✎ ✄✟✛●✶

✌✚✓✓✑ ✍ ☞★✑ ✎ ✫ ✮ ✍ ✡✽✬✭✡ ✕ ✬❂✴ ✟✏✡✽✤✏✧★✛✌✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡✦✣ ✍✏✎ ✡ ✫ ☞★✣✥❀✏✗❂✬❂✗❂☞★✛❈✧★✡✌✴✿✣✥✧★✮ ✍ ✣✥❀✏✬✭✡✞✰ ✫ ✑ ✎ ✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧
✧★✡ ✫ ☞★✡☞✆✆✑ ✎ ✫ ☞★✣ ✎ ☞★✡❱✬✭✑✥✧ ✫ ✮ ✍ ✡❱✬✭✣✻☞★✡✌✴✵✤✦✛✌✧★✣✥☞ ✍ ✧★✡✽✢✞✣✥✧✓✗✭✡ ✚ ✎✟✛●✶ ✌✁✗ ✎ ✫ ✗❉✰ ✟✏✣ ✎ ✫ ✬✭✡ ✆✆✣ ✫ ✟ ✍ ❚✯✝✠✟❳✰ ✆✆✡ ✕ ✬❂✴
✤✏✧★✛✍✆ ✍ ✧ ✫ ✡ ✍ ✧✠✣❇✛✌☞★✛❅✑✥❀ ✫ ✡✌✧✓✢✯✛✂✟✏✡✌✤ ✍ ✗ ✫ 16 ☎

✡ ✎ ✟✏✡ ✫✓✫ ✑ ✍ ✫ ✟✏✡✁✬✭✣❄☞✓✧★✣ ✎ ✫ ✗❂☞✓✗✭✑ ✎ ✕✄✑✥✬❂✗✓✟✏✡✜✢✞✕✘✴✿✡✍✆✌☞✓✗✭✮ ✍ ✡
✓ ✍ ✫ ✮ ✍ ✸✺✩ 20 ☎

✣ ✍ ❊ ✟✏✡ ✫✓✫ ✍ ✫ ✟✏✡❁✬✭✣✳☞✓✧★✣ ✎ ✫ ✗❂☞✓✗✭✑ ✎ ★❳✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡✜✢✩✪ ✫ ✑✥☞✓✧★✑✥✤✦✡✞✶☛✣ ✎ ✤✏✒✔✣ ✫ ✡❁✗ ✫ ✑✥☞✓✧★✑✥✤✦✡✞✰
✆✆✡✌☞✓☞★✡✠☞✓✧✓✗✌✆✆✑ ✍ ✆✓✒✔✡✕✟✏✛✌✴✿✑ ✍ ✗❂✬❂✬❂✡❱✬✭✡ ✎ ☞★✡✌✴✿✡ ✎ ☞❙✶✾✷✾✡ ✕ ✬❂✴ ✤✏✧★✛✍✆ ✍ ✧ ✫ ✡ ✍ ✧❱✣✔✟✏✑ ✎ ✆ ✍✏✎ ✆✆✑✥✴✵✤✦✑✥✧✓☞★✡✌✴✿✡ ✎ ☞
✮ ✍ ✗ ✫ ✡✌✴❇❀✏✬✭✡✹✗ ✎ ✟✏✛✌✤✦✡ ✎ ✟✄✣ ✎ ☞✎✟✏✡☞✆✆✡✌✬ ✍ ✗ ✟ ✍ ✧★✛ ✫ ✡✌✧✓✢✯✑✥✗❂✧✽✴✿✣✞✆✌✧★✑ ✫ ✆✆✑✥✤✏✗✭✮ ✍ ✡✞✶✑✪●✬✏✣✥✧✓✧✓✗❂✢✯✡✠✣ ✍ ✫✓✫ ✗✏✮ ✍ ✡❱✬✭✣
✴✿✑ ✎ ✑ ✆✆✑ ✍ ✆✓✒✔✡ ✫ ✡✠✴✿✣ ✎ ✗ ✱ ✡ ✫ ☞★✡✖✟✏✡ ✱ ✣✓✒✆✑ ✎ ✗ ✎ ✟✏✛✌✤✦✡ ✎ ✟✄✣ ✎ ☞★✡✏✟✏✡✠✬✭✣✁☞✓✧✓✗✌✆✆✑ ✍ ✆✓✒✔✡☞✆✆✑✥✴✵✴✿✡✹✬✭✡✠✴✿✑ ✎ ☞✓✧★✡
✬✭✣ ✕✔❃✥✍ ✧★✡☎✭ ✎✘✶✍✌✯❍✌✶

★❳✑ ✍ ✫ ✛✌✴✿✡✌☞✓☞★✑ ✎ ✫ ✬❉✸ ✒ ✠✘✤✦✑✥☞✓✒ ❲ ✫ ✡❅✮ ✍ ✡❄✬✭✣❁✴✿✑ ✎ ✑ ✆✆✑ ✍ ✆✓✒✔✡❇✡ ✫ ☞ ✍✏✎ ✡❄✑✥✧ ❃ ✣ ✎ ✗ ✫ ✣✥☞✓✗✭✑ ✎ ✗❂✴✵✤✦✑ ✫ ✛✆✡
✟✄✗❂✧★✡✍✆✌☞★✡✌✴✿✡ ✎ ☞✠✤✔✣✥✧✁✬✭✡ ✫ ✍ ❀ ✫ ☞✓✧★✣✥☞ ✒ ✬✭✡ ✫ ☞✝✆✌☞★✡ ✫ ✤✦✑✥✬✭✣✥✗❂✧★✡ ✫ ✟✏✡ ✫ ✴✿✑✥✬✭✛✍✆ ✍ ✬✭✡ ✫ ✢✘✗✭✡ ✎✏✎ ✡ ✎ ☞ ✫ ✡❄✴✿✡✌☞✓☞✓✧★✡
✡ ✎ ✆✆✑ ✎ ☞★✣✞✆✌☞✠✣✆✢✯✡✍✆✁✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡ ✟✏✡ ✫ ✗❂✬❂✗✌✆✆✡✹✒ ✠ ✟✄✧★✑✥✤✏✒✏✗❂✬✭✡✞✶✾✝❳✸✺✡ ✫ ☞✹✤✦✑ ✍ ✧★✮ ✍ ✑✥✗✄✗❂✬✏✡ ✫ ☞ ✱ ✑✥✧✓☞✹✤✏✧★✑✥❀✔✣✥❀✏✬✭✡
✮ ✍ ✡❅✬✭✣❁✴✿✑ ✎ ✑ ✆✆✑ ✍ ✆✓✒✔✡❄✮ ✍ ✡❅✬❉✸✺✑ ✎ ✗✓✟✏✡ ✎ ☞✓✗ ✕ ✡✂✟✏✣ ✎ ✫ ✬✭✡ ✕ ✬❂✴ ✤✏✧★✛✍✆ ✍ ✧ ✫ ✡ ✍ ✧❙✰ ✫ ✍ ❀ ✫ ✗ ✫ ☞★✡ ✔ ✫ ✑ ✍ ✫ ✖✵✬✭✡
✧★✛ ✫ ✡✌✧✓✢✯✑✥✗❂✧✽✴✿✣✞✆✌✧★✑ ✫ ✆✆✑✥✤✏✗✭✮ ✍ ✡✞✶✑✬ ✍ ✣ ✎ ☞✽✩❳✬✭✣✁❀✏✗✌✆✆✑ ✍ ✆✓✒✔✡✹✮ ✍ ✗ ✫ ✍ ✧✓✴✿✑ ✎ ☞★✡✹✬✭✣✁✴✿✑ ✎ ✑ ✆✆✑ ✍ ✆✓✒✔✡❱✤✏✧★✛✍✆✆✛✌❊
✟✏✡✌✴✵✴✿✡ ✎ ☞✹✛✌✢✯✑✘✮ ✍ ✛✆✡✞✰✞✗❂✬✏✡ ✫ ☞☞✆✌✬✭✣✥✗❂✧❱✮ ✍ ✸✺✡✌✬❂✬✭✡ ✫ ✣✥☞✓✗ ✫ ✱ ✣✥✗❂☞✹✩❅✬✭✣✜✆✆✑ ✎ ✟✄✗❂☞✓✗✭✑ ✎ ✣✥☞✓☞★✡ ✎ ✟ ✍ ✡✻✩❅✬❉✸ ✗ ✎ ☞★✡✌✧ ✱ ✣✞✆✆✡
✣✆✢✯✡✍✆❳✬❉✸✺✣✥✗❂✧ ✒ ✬✭✡ ✫ ✤✔✣✥✧✓☞✓✗✭✡ ✫ ✣✥✬ ✠ ✠✘✬✭✡ ✫ ✟✏✡ ✫ ✴✿✑✥✬✭✛✍✆ ✍ ✬✭✡ ✫❱✫ ✑ ✎ ☞✻✡ ✎ ✆✆✑ ✎ ☞★✣✞✆✌☞✻✣✆✢✯✡✍✆❳✬❉✸✺✣✥✗❂✧❙✶✽✙ ✎✿✎ ✡ ✫ ✣✥✗❂☞
✤✔✣ ✫❱✫ ✗ ✆✆✡✌☞✓☞★✡ ✫ ☞✓✧ ✍ ✆✌☞ ✍ ✧★✡ ✫ ✍ ❀ ✫ ✗ ✫ ☞★✡ ✟✏✣ ✎ ✫ ✬✭✡✹✧★✛ ✫ ✡✌✧✓✢✯✑✥✗❂✧✽✴✿✣✞✆✌✧★✑ ✫ ✆✆✑✥✤✏✗✭✮ ✍ ✡✖✟✏✡✹✬✭✣ ❃ ✑ ✍ ☞✓☞★✡✞✰✞✆✆✡✻✮ ✍ ✗
✴✿✑ ✎ ☞✓✧★✡✌✧★✣✥✗❂☞✻✮ ✍ ✸✺✡✌✬❂✬✭✡✁✡ ✫ ☞✻✗ ✎ ✟ ✍ ✗❂☞★✡✠✤✔✣✥✧✻✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡ ✫ ✑✥✬❂✗✓✟✏✡✞✶ ✪●✬✦✡ ✫ ☞✻❀✏✗✭✡ ✎ ✆✆✑ ✎✏✎✘✍ ✮ ✍ ✡❳✬✭✡ ✫ ✤✏✧★✡✌❊
✴✵✗ ❲ ✧★✡ ✫ ✆✆✑ ✍ ✆✓✒✔✡ ✫ ✴✿✑✥✬✭✛✍✆ ✍ ✬✭✣✥✗❂✧★✡ ✫ ✟✦✸ ✍✏✎ ✆✌✧✓✗ ✫ ☞★✣✥✬ ✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡ ✫ ✑ ✎ ☞❱✤✦✡✌✧✓☞ ✍ ✧✓❀✦✛✆✡ ✫ ✤✔✣✥✧❱✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡

✫ ✑✥✬❂✗✓✟✏✡✹✡✌☞❱✮ ✍ ✡✹✬❉✸✺✑✥✧✓✗✭✡ ✎ ☞★✣✥☞✓✗✭✑ ✎ ✴✿✑✡✠✯✡ ✎✏✎ ✡✹✗❂✴✵✤✦✑ ✫ ✛✆✡❱✤✔✣✥✧✽✬❉✸✺✣ ✎ ✆✌✧★✣ ❃ ✡ ✎ ✡ ✫ ✡✖✟✏✡ ✫✓✫ ✗ ✎ ✡✹✮ ✍ ✸✺✣ ✍ ❊ ✟✏✡✌✬✭✩
✟✏✡✒✆✆✡ ✫ ✤✏✧★✡✌✴✵✗ ❲ ✧★✡ ✫ ✆✆✑ ✍ ✆✓✒✔✡ ✫ ✴✿✑✥✬✭✛✍✆ ✍ ✬✭✣✥✗❂✧★✡ ✫❳✫ ✑ ✍ ✴✵✗ ✫ ✡ ✫ ✩✗✟✏✡ ✫ ✗ ✎ ☞★✡✌✧★✣✞✆✌☞✓✗✭✑ ✎ ✫❳✫ ✤✦✛✍✆✌✗ ✕ ✮ ✍ ✡ ✫ ✩
✆✆✑ ✍ ✧✓☞★✡❅✤✦✑✥✧✓☞★✛✆✡✠✟✏✡❅✬✭✣❁✤✔✣✥✧✓☞✂✟ ✍ ✫ ✍ ❀ ✫ ☞✓✧★✣✥☞ ✫ ✑✥✬❂✗✓✟✏✡ ✚ ✎✥❯✓✛●✶ ✌ ✍ ☞✓✧★✡✌✴✿✡ ✎ ☞ ✟✄✗❂☞❙✰✄✬✭✡❅✤✏✧★✑✥❀✏✬ ❲ ✴✿✡❳✮ ✍ ✗
✆✆✑ ✎ ✫ ✗ ✫ ☞★✡✁✩ ✫ ✣✆✢✯✑✥✗❂✧ ✫ ✗❈✬✭✣ ✫ ☞✓✧ ✍ ✆✌☞ ✍ ✧★✡ ✟ ✍ ✕ ✬❂✴ ✤✏✧★✛✍✆ ✍ ✧ ✫ ✡ ✍ ✧ ✫ ✍ ❀ ✫ ✗ ✫ ☞★✡ ✔✦✩❇✬❉✸ ✗ ✎ ☞★✛✌✧✓✗✭✡ ✍ ✧ ✖✂✟ ✍ ✧★✛✌❊

✫ ✡✌✧✓✢✯✑✥✗❂✧✁✴✿✣✞✆✌✧★✑ ✫ ✆✆✑✥✤✏✗✭✮ ✍ ✡ ✎ ✸✺✡ ✫ ☞✁✤✔✣ ✫ ✡ ✎ ✆✆✑✥✧★✡❅✧★✛ ✫ ✑✥✬ ✍ ✶✟★❳✑ ✍ ✫ ✣✥✤✏✤✦✑✥✧✓☞★✡✌✧★✑ ✎ ✫ ✍ ✬❂☞★✛✌✧✓✗✭✡ ✍ ✧★✡✌✴✵✡ ✎ ☞
✮ ✍ ✡✌✬✭✮ ✍ ✡ ✫ ✛✌✬✭✛✌✴✿✡ ✎ ☞ ✫ ✟✏✡❳✧★✛✌✤✦✑ ✎ ✫ ✡❳✩✒✆✆✡✌☞✓☞★✡❅✮ ✍ ✡ ✫ ☞✓✗✭✑ ✎ ✶



� ☎ ✂✁�✁�✸✣✙☛✌✠✡✍✢✥✧✍✢✤✌✣❁✔✄✂ ✝✒✤✁✍✑☞✎☎✞✝✞✣✜✣✙✍✑✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍

✭✁�✯✮✱✰ ✎✘✶✍✌ ✒ ✳ ✩✍✑❀✷✁✡✁✂✆✡✣✡✱✢ ✟✮✌✰✑✓✞✛✙✭✔✣✩✆✢✗✤✆☎✥✂✷✎✫✪ ☎✒✘☛✂✲✏✒✑✓☎✕✔✖✔✗✂✛✎✝✂✁�✥✧✄✂ ✺❁✔✗✂✆✞✠✟✮✙✆✩✍✚✜✔✣☎✒✩✍✂✛✚✓✞✛✽✆✢✗✚✓✘✮✔✗✂❂✂✭✔

✺✷✼✒☎✒✞✷✢✗✎✓✢✖✔✗✙❂✙✆✡☞✂✆✹✜✙✍✂ ✹
RH = 98 % ✼✙✻ ✎✫✪✬✚✴✟☛✩■❍✍✌ � ✝✄✂✣✢ ● ✘❂✟✮✂✆☎✕✔ ✑✝✽✍✌✰✂✆✩✆✹✜✂✆✩✳✡✴✪✬✙✭✔✗✚✓✡☞✂✆✞✛✂✆✘✮✔ ✎✝✂✲✡☞✚

✞✛✑✓✘☛✑ ✚✍✑✓☎ ✚✍✼✥✂ ✚✍✑✓✞✠✟✮✚✖✚✭✔✗✂ ✢✑● ✘✵✌✰✚✓✢✖✔✦✤✆☎✥✂❂✡☞✚✲✟☛✩✍✙✍✌✰✂✆✘ ✚✍✂❂✎✫✪✬✂✍✚✓☎✾✌✆☎✒✩✷✡☞✂✷✌✆☎✥✽✍✌✭✔✣✩✍✚✜✔✦✚✖✚✎✚✍✙✆✡ ❍✆✩✍✂✄✡☞✚
✚✆✢✣✘☛✙✭✔✣✢✗✤✆☎✥✂✳✎✫✪✬✙✭✔✗✚✓✡☞✂✆✞✛✂✆✘✮✔ ✎✝✂✠✡☞✚✲✞✛✑✓✘☛✑ ✚✍✑✓☎ ✚✍✼✥✂ ✻ ✚✍✑✓✞✷✞✛✂ ✚✍✂✆✡☞✚✷✚✷✙✭✔✗✙✠✞✷✢☞✌✳✂✆✘❀✙✆✹✰✢✗✎✝✂✆✘ ✚✍✂ ✟✮✚✓✩✱✽ ✢
☎ ✢✣✡✣✡☞✂✭✔✖✔✗✂✲✎✝✚✓✘✕✌✠✡☞✂ ✚✍✚✰✌✦✎✝✂✒✷✁✡✱✞✄✌✳✎✝✂ ✟✮✑✓✡ ❅✓✞✕❍✆✩✍✂✍✌ ✌✆☎✒✩✠✡☞✂✍✌✠✞✝✆✆✞✛✂✍✌ ✌✆☎✥✽✍✌✭✔✣✩✍✚✜✔☞✌ �✞�✚❊✄✂✣✢✠✟✮✑✓☎✕✔✗✂✜✛✭✑✓✢☞✌ ✻
✢✣✡✁✂✍✌✭✔✫✟✮✑✰✌✍✌✆✢✗✽✆✡☞✂❂✤✆☎✥✂✄✡☞✚✳✟☛✩✍✙✍✌✰✂✆✘ ✚✍✂❂✎✫✪✬✂✍✚✓☎ ✚✍✑✓✘✮✔✣✩✆✢✗✽✆☎✥✂❂✚✓☎✝✌✍✌✆✢✠✺❂✌✭✔✗✚✝✽✆✢✣✡✱✢✖✔✗✙❂✔☞✼✥✂✆✩✆✞✛✑✰✎❆❅✓✘☛✚✓✞✷✢✗✤✆☎✥✂
✎✝✂✲✡☞✚✷✞✛✑✓✘☛✑ ✚✍✑✓☎ ✚✍✼✥✂ �☛✡✌☞ ✂✣✢

✂☎✄✎✍ ✏ ✥✦✢✤✒✁☞✑✡✝✍✑✡✒✑✤✒✗✖✔✓✸✛✕✜✣✢✤✡✌☞✑☞✑✏✓✙☛✥ ✜✣✢★✥✖✕✌✢✘✗✌✑★✥✚✙ ✢★✍✑✡✒✑✤✒✗✖✁✏ ✍✎✥✚✑✤✙✁☞

✷✾✑✥✧ ✫ ✮ ✍ ✡❱✬✭✣ ❃ ✑ ✍ ☞✓☞★✡✹✣❳✣✥☞✓☞★✡✌✗ ✎ ☞✦✬❉✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧ L2 ✰✥✬❉✸✺✛✌☞★✣✥✬✭✡✌✴✿✡ ✎ ☞ ✫ ✡✹✤✦✑ ✍ ✧ ✫ ✍ ✗❂☞❈✤✔✣✥✧✾✬✭✣ ✱ ✑✥✧✓✴✿✣✥☞✓✗✭✑ ✎
✟✏✡✁☞✓✧★✑ ✍ ✫ ✆✌✗❂✧✟✆ ✍ ✬✭✣✥✗❂✧★✡ ✫ ✭✎✚✜✛✣✢✽✤✏✧★✑ ✕ ✬ t = 47 h ✫ ✍ ✧✠✬✭✣ ✕✔❃✥✍ ✧★✡ ✭ ✎✘✶▲❑✥❍✓❍✠✮ ✍ ✗ ✆✆✑ ✎✏✎ ✡✍✆✌☞★✡ ✎ ☞✠✣✥✬✭✑✥✧ ✫ ✬✭✡
✕ ✬❂✴ ✤✏✧★✛✍✆ ✍ ✧ ✫ ✡ ✍ ✧✻✣ ✍ ✕ ✬❂✴ ✟✏✑ ✎ ☞✁✬❉✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧ L2 ✧★✡ ✫ ☞★✡❅✗ ✎ ✆✓✒✔✣ ✎✔❃ ✛✆✡✞✶✟✏❅✡ ✫ ✑✥❀ ✫ ✡✌✧✓✢✞✣✥☞✓✗✭✑ ✎ ✫ ✣ ✍
✴✵✗✌✆✌✧★✑ ✫ ✆✆✑✥✤✦✡❄✑✥✤✏☞✓✗✭✮ ✍ ✡❅✴✿✑ ✎ ☞✓✧★✡ ✎ ☞❅✮ ✍ ✡❄✬✭✣ ✟✄✗ ✫ ☞✓✧✓✗❂❀ ✍ ☞✓✗❂✑ ✎ ✟✏✡❇☞★✣✥✗❂✬❂✬✭✡✠✟✏✡✑✆✆✡ ✫ ☞✓✧★✑ ✍ ✫ ✡ ✫ ☞❅✤✦✑✥✬ ✠✘❊
✟✄✗ ✫ ✤✦✡✌✧ ✫ ✡✁✡✌☞❳✮ ✍ ✡❳✬✭✡ ✍ ✧✠✧★✣✡✠✯✑ ✎ ✆✌✧★✑✟✞✭☞ ✓ ✍ ✫ ✮ ✍ ✸✺✩✖✆✆✡❅✮ ✍ ✡❳✬✭✣✖✆✌✧✝✆✌✤✦✡✠✟✄✗ ✫ ✤✔✣✥✧★✣✥✗ ✫✓✫ ✡✞✶



✂✁� �✁�✺✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✔✄✂ ✄✚✏✒☛✌✟✡✘✙✘✙✍✢✝✁✓✕✏✒☛✌✓✕✠✡☛✄✂ ☎✎✓❆✥✧☛✢✣✙✟✡☎✞✤✧✔✒✍✾✣✙✓✙☎✞✝✁✘ �✞✫
✷✾✣ ✕✔❃✥✍ ✧★✡☎✭ ✎✘✶ ✎✞❍✁✡ ✫ ☞ ✍✏✎ ✡❳✤✏✒✔✑✥☞★✑ ❃ ✧★✣✥✤✏✒✏✗✭✡❅✣ ✍ ✴✵✗✌✆✌✧★✑ ✫ ✆✆✑✥✤✦✡❅✑✥✤✏☞✓✗✭✮ ✍ ✡✂✟✦✸ ✍✏✎ ✡ ❃ ✑ ✍ ☞✓☞★✡ ✎ ✛✌❊

✴✿✣✥☞✓✗✭✮ ✍ ✡✿✡ ✎ ✆✆✑ ✍ ✧ ✫ ✟✦✸✺✛✌☞★✣✥✬✭✡✌✴✿✡ ✎ ☞❙✶ ✙ ✎ ✟✄✗ ✫ ☞✓✗ ✎✔❃✥✍ ✡ ✎ ✡✌☞✓☞★✡✌✴✿✡ ✎ ☞✵✮ ✍ ✡✌✬✭✮ ✍ ✡ ✫ ☞✓✧★✑ ✍ ✫ ✰✹✮ ✍ ✗ ✫ ✡
✱ ✑✥✧✓✴✿✡ ✎ ☞✵✤✏✧★✛ ✱ ✛✌✧★✡ ✎ ☞✓✗✭✡✌✬❂✬❂✡✌✴✿✡ ✎ ☞❇✩ ✬✭✣✖✤✦✛✌✧✓✗❂✤✏✒✔✛✌✧✓✗✭✡ ✟✏✡✳✬✭✣ ❃ ✑ ✍ ☞✓☞★✡✞✶✲✷✾✣ ✟✄✗ ✫ ☞★✣ ✎ ✆✆✡✿✴✿✑✡✠✯✡ ✎✏✎ ✡
✡ ✎ ☞✓✧★✡✠✟✏✡ ✫ ☞✓✧★✑ ✍ ✫ ✗❂✴✵✴✿✛✍✟✄✗✭✣✥☞★✡✌✴✿✡ ✎ ☞❱✢✯✑✥✗ ✫ ✗ ✎ ✫ ✤✦✡ ✍ ☞ ✆✌☞✓✧★✡❄✛✌✢✞✣✥✬ ✍ ✛✆✡❳✩

130 µm
✶

✭✁�✯✮✱✰ ✎✘✶ ✎ ✒ ✟✕✩✍✑✓☎✝✌✲✂✆✘ ✛✭✑✓✩✆✞✛✚✜✔✣✢✗✑✓✘✾✎✝✚✓✘✕✌✦☎✒✘☛✂ ✏✒✑✓☎✕✔✖✔✗✂✲✘☛✙✆✞✛✚✜✔✣✢✗✤✆☎✥✂✲✎✝✂✡✝✕✧✄✂❄✌✆☎✒✩✳☎✒✘✻✌✆☎✥✽✍✌✭✔✣✩✍✚✜✔

✎✝✂✳✌✆✢✣✡✱✢ ✚✆✢✣☎✒✞ ✻ ✺❂✡☞✚✛✔✗✂✆✞✠✟✮✙✆✩✍✚✜✔✣☎✒✩✍✂✄✎✝✂ ☞✢❊✠✟✣✧✟✢

✕ ✍ ✧✾✬✭✡✹✤✏✧★✑ ✕ ✬ t = 47 h ✰✞✑ ✎ ✤✦✡ ✍ ☞ ✆✆✑ ✎ ✫ ☞★✣✥☞★✡✌✧❙✰✞✮ ✍ ✸✺✩✁✬✭✣✁✧★✛ ✫ ✑✥✬ ✍ ☞✓✗✭✑ ✎ ✬✭✣✥☞★✛✌✧★✣✥✬✭✡ ✟✏✡✹✬❉✸✺✡✌✬❂✬❂✗❂✤ ✫ ✑✥❊
✴ ❲ ☞✓✧★✡✠✤✏✧ ❲ ✫ ✰✞✬✭✡✠❀✦✑✥✧✒✟☎✟✏✡✎✆✆✡ ✫ ☞✓✧★✑ ✍ ✫ ✡ ✫ ☞✹✧★✣✥✗✓✟✏✡✞✶ ★❳✡ ✫ ✍ ❀ ✫ ✗ ✫ ☞★✡✹✣✥✬✭✑✥✧ ✫ ✮ ✍ ✡✠✬✭✡ ✕ ✬❂✴ ✤✏✧★✛✍✆ ✍ ✧ ✫ ✡ ✍ ✧
✮ ✍ ✗ ✕✏✎ ✗❂☞✻✩ ✫ ✑ ✎ ☞★✑ ✍ ✧✻✤✔✣✥✧ ✫ ✡❳✧★✑✥✴✵✤✏✧★✡❅✡✌☞ ✟✄✗ ✫ ✤✔✣✥✧★✣✟✞✭☞✓✧★✡✞✶
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★❳✑ ✍ ✫ ✤✏✧★✛ ✫ ✡ ✎ ☞★✑ ✎ ✫ ✗✌✆✌✗✏✬✭✡✠✴✿✑ ✟ ❲ ✬✭✡✠✡✌☞❱✬✭✡ ✫ ✧★✛ ✫ ✍ ✬❂☞★✣✥☞ ✫ ✟✏✡✠✬❉✸✺✣✥✧✓☞✓✗✌✆✌✬✭✡✏✚✺❚✘❑✜✛●✶✽✷✾✡ ✫ ✆✆✛ ✎ ✣✥✧✓✗✭✑✂✟✦✸✺✛✌☞★✣✥✬✭✡✌❊
✴✿✡ ✎ ☞ ✟✏✡✹✬✭✣ ❃ ✑ ✍ ☞✓☞★✡✠✴✿✑ ✎ ☞✓✧★✡✹✬❉✸✺✡✎✍✄✗ ✫ ☞★✡ ✎ ✆✆✡ ✟✦✸ ✍✏✎ ✡✠✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧✏✟✦✸✺✛✆✮ ✍ ✗❂✬❂✗❂❀✄✧★✡ L2 ✰ ✟✏✑ ✎ ☞❱✬✭✣✂✟ ✍ ✧★✛✆✡✟✏✡❳✢✘✗✭✡❅✡ ✫ ☞✻✬❂✗❂✴✵✗❂☞★✛✆✡ ✒ ✗❂✬ ✫ ✸✺✣ ❃ ✗❂☞ ✟✦✸ ✍✏✎ ✛✌☞★✣✥☞✻✴✿✛✌☞★✣ ✫ ☞★✣✥❀✏✬✭✡✂✟✏✡❳✬✭✣ ❃ ✑ ✍ ☞✓☞★✡✞✶

✝✠✡✌☞✓☞★✡❁✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧✜✆✆✣✥✧★✣✞✆✌☞★✛✌✧✓✗ ✫ ☞✓✗✭✮ ✍ ✡❄✡ ✫ ☞❇✣ ✫✓✫ ✑ ✆✌✗✭✛✆✡❁✩✳✬✭✣✿✬✭✑ ✎✔❃✥✍ ✡ ✍ ✧✠✟✦✸✺✡✎✍✄☞✓✧★✣✥✤✦✑✥✬✭✣✥☞✓✗✭✑ ✎ ✟✏✡
✬❉✸✺✣ ✎ ✆✌✧★✣ ❃ ✡ ✚✍✌✏✰✾◗✞P✓✛●✶ ✣ ✎ ✡☞✞❈✡✌☞❙✰✾✬✭✡ ✫ ✆✆✑ ✎ ✟✄✗❂☞✓✗✭✑ ✎ ✫ ✟✦✸✺✣ ✎ ✆✌✧★✣ ❃ ✡ ✟ ✍ ✎ ✛✌✴✿✣✥☞✓✗✭✮ ✍ ✡ ✫ ✑ ✎ ☞❁✣ ✎ ☞★✣ ❃ ✑✥❊
✎ ✗ ✫ ☞★✡ ✫☛✒ ✬❉✸✺✣ ✎ ✆✌✧★✣ ❃ ✡❳✡ ✫ ☞ ✫ ✍ ✤✏✤✦✑ ✫ ✛✁✒✔✑✥✴✿✛✆✑✥☞✓✧★✑✥✤✦✡✁✩❇✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡✁✬❂✗❂❀✏✧★✡ ✚ ✎✥❯✓✛❈✡✌☞✁✮ ✍ ✣ ✫ ✗❂❊●✤✏✬✭✣ ✎ ✣✥✗ ✧★✡
✩❄✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡ ✫ ✑✥✬❂✗✓✟✏✡ ✚✺❚✘❑✜✛●✶❱✷✹✸✺✛ ✎ ✡✌✧ ❃ ✗✭✡✕✟✦✸✺✣ ✎ ✆✌✧★✣ ❃ ✡ W2 ✩❄✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡✁✬❂✗❂❀✏✧★✡✠✡ ✫ ☞ ✫ ✍ ✤✏✤✦✑ ✫ ✛✆✡ ✫ ✍ ❊
✤✦✛✌✧✓✗✭✡ ✍ ✧★✡✻✩❇✬❉✸✺✛ ✎ ✡✌✧ ❃ ✗✭✡ ✟✦✸✺✣ ✎ ✆✌✧★✣ ❃ ✡ W1 ✩❇✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡ ✫ ✑✥✬❂✗✓✟✏✡✞✶✽✷✹✸✺✑✥✧✓✗✭✡ ✎ ☞★✣✥☞✓✗✭✑ ✎ ✟✏✡ ✫ ✴✿✑✥✬✭✛✍✆ ✍ ✬✭✡ ✫
✢✞✣✥✧✓✗✭✡✜✆✆✑ ✎ ☞✓✗ ✎✟✞ ✴✿✡ ✎ ☞ ✟✦✸ ✍✏✎ ✡❳✗ ✎ ☞★✡✌✧ ✱ ✣✞✆✆✡❅✩✵✬❉✸✺✣ ✍ ☞✓✧★✡❅✡✌☞✁✬✭✣ ❃ ✑ ✍ ☞✓☞★✡❄✡✌✴✵✴✿✣ ❃ ✣ ✫ ✗ ✎ ✡✔✟✏✡❅✬❉✸✺✛ ✎ ✡✌✧ ❃ ✗✭✡
✟✏✡ ✟✏✛ ✱ ✑✥✧✓✴✿✣✥☞✓✗✭✑ ✎ ✛✌✬✭✣ ✫ ☞✓✗✭✮ ✍ ✡✣✭✎✚✜✛✣✢✰✮✾✗ ❃✥✍ ✧★✡✯✭●❯✄✶▲❑✥❍✓❍✌✶ ✙ ✎ ✡✳☞★✡✌✬❂✬✭✡ ❃ ✑ ✍ ☞✓☞★✡✞✰✹✡ ✎ ✫ ✗❂☞ ✍ ✣✥☞✓✗✭✑ ✎ ✟✏✡
✴✿✑ ✍ ✗❂✬❂✬✭✣ ❃ ✡❇☞★✑✥☞★✣✥✬❉✰✾✣✪☞★✡ ✎ ✟✏✣ ✎ ✆✆✡❁✩ ✆✆✑ ✍ ✢✘✧✓✗❂✧❅✬✭✣✳☞★✑✥☞★✣✥✬❂✗❂☞★✛☎✟✏✡✵✬✭✣ ✫ ✍ ✧ ✱ ✣✞✆✆✡ ✫ ✑✥✬❂✗✓✟✏✡❁✮ ✍ ✗❱✬ ✍ ✗✹✡ ✫ ☞
✑✟✞❈✡✌✧✓☞★✡✞✶ ✘ ✣✥✗ ✫ ✡ ✎ ✧★✣✥✗ ✫ ✑ ✎ ✟✏✡ ✫ ✡ ✫ ✤✏✧★✑✥✤✏✧✓✗✭✛✌☞★✛ ✫ ✛✌✬✭✣ ✫ ☞✓✗✭✮ ✍ ✡ ✫ ✰✾✡✌✬❂✬✭✡ ✎ ✡✵✤✦✡ ✍ ☞❇✤✔✣ ✫❁✫ ✸✺✣✥✴✵✗ ✎ ✆✌✗❂✧
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✌✚✓✓✑ ✍ ☞★✑ ✎ ✫ ✮ ✍ ✡✾✬✭✣✠☞✓✧★✣ ✎ ✫ ✗❂☞✓✗✭✑ ✎ ✟✦✸✺✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧❈✡ ✎ ☞✓✧★✡✾✬✭✡ ✫ ✕ ✬❂✴ ✫ L1 ✡✌☞ L2 ✡ ✫ ☞ ✍✏✎ ✡✽☞✓✧★✣ ✎ ✫ ✗❂☞✓✗✭✑ ✎✟✏✡✖✤✏✒✔✣ ✫ ✡ ✟ ✍ ✤✏✧★✡✌✴✵✗✭✡✌✧✳✑✥✧✒✟✄✧★✡✞✶ ✷✾✡ ✫ ✛✌✤✔✣✥✗ ✫✓✫ ✡ ✍ ✧ ✫ ✗ ✎ ☞★✡✌✧✓✴✿✛✍✟✄✗✭✣✥✗ ✧★✡ ✫ ✎ ✸✺✣✥✤✏✤✔✣✥✧★✣✥✗ ✫✓✫ ✡ ✎ ☞✳✤✔✣ ✫
✡✎✍✄✤✦✛✌✧✓✗❂✴✿✡ ✎ ☞★✣✥✬✭✡✌✴✿✡ ✎ ☞✿✭ ✆✆✡✌✧✓☞★✣✥✗ ✎ ✡ ✫ ✤✦✑ ✍ ✧✓✧★✣✥✗✭✡ ✎ ☞ ✆✌☞✓✧★✡❳✴✿✛✌☞★✣ ✫ ☞★✣✥❀✏✬✭✡ ✫ ❍✌✶

✄✫✄✎✍ ✝ ✏✓☞✧✛✓✪✫✙✁✢★✍✑✡✒✑✤✒✁☞❁✖✁✙ ✙ ✑✫✖✝✆ ✕✌✏

☞ ✛ ✫✟✞ ✴✡✠☞☛ ✫ ✬✍✌ ✫✆✎ ✠✑✏✒✠☞✓ ✎ ❲✕✔ ✌ ✔ ✟ ✞✗✖ ✠ ✟ ❲✙✘ ✌✚✏✜✛✢✠☞✏✒✠ ✔✤✣ ✏✦✥☞✛ ✙✧✥ ✘✩★✍✪ ☛✦✥☞✓✫✌✙✓✚✥ ✘✭✬ ✒

• ✌✚☛✙✆✙✛✢✥ ✪ ✌✯✮✰✠☞✛✤✓✯✱ ✘✭✲✳★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌✵✴✆✶ ✢☞✥ ★ ✛ ✬

• ✌✚☛✙✆✙✛✢✥ ✪ ✌✷✮✰✥ ★✩✸✜✘ ✌✹✱ ✘✭✲✳★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌✻✺✼✠ ✘✩★ ✟✜✌✜✢✽✴✆✶ ✬ ✶ ✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✞ ✛✤✮✰✥✞✆ ★✍✿ ✞ ✌✹✥ ✔✤✔ ✠ ✆ ★✍✣ ✌✻✌ ✔ ✓ ✘ ✌
✏✒✠☞✓✢✌✙☛✑✓ ★ ✌ ✘ ✟✜✌ ☞ ✥☞✏ ★ ☛ ★✩❀ ✭ ✥☞✏✒✠ ✞ ✘ ✥☞✛ ✚◆▼✥P✼❁ ✄✥❯✓✛ ✒ Fanc = W1 cos2 θ1 ❁✦✠✁� θ1 ✌ ✔ ✓ ✘✭✲ ✥☞☛ ✪☞✘ ✌✌✙☛✑✓✤✛✢✌ ✘ ✌✑✟ ★ ✛✢✌✍✆✙✓✢✌ ✞ ✛✚✱ ✘✭✲✳★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌✷✺✼✠ ✘✩★ ✟✜✌✜✢✽✴✆✶❂✌✙✓ ✘ ✥❃☛✦✠☞✛ ✖ ✥ ✘ ✌✹✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌ ✬



☎✁� �✁� ✍✚✘ ✄✚✪✁✝✁☛✢✣✙✟✡☎✞✤✁✘✕✔✖✝ ✥✧☎✁✔✁�✚✠✡✍ �✁✬
✶✁✌ ✔✄✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✔ ✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌✔✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌✷✌✙☛ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ z ✟✜✌ ✘✭✲✾✣ ✆ ✎ ✥☞☛ ❀
✓ ★✩✘✩✘ ✠☞☛ ✔ ✠☞☛✑✓✚☛ ✣✕✪☞✘✩★✍✪✽✣ ✌ ✔✕✬

• ✶✁✌ ✔ ✟ ✣ ✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛ ✔✆✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌ ✔ ✟ ✞ ✆✙✛ ★✍✔ ✓✢✥ ✘ ✘✩★✍✿ ✞ ★ ✟✼✌✫☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✠☞☛✑✓✫✓✤✛✢✥ ★ ✓ ✣ ✌ ✔ ✟✜✥☞☛ ✔
✘ ✌✝✆✕✥☞✟✼✛✢✌✂✟✜✌ ✘ ✥✵✓ ✎ ✣ ✠☞✛ ★ ✌ ✆✕✠☞☛✑✓ ★ ☛ ✞ ✌ ✟✜✌ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✕✟✜✌✿✮✼✛✢✥☞☛ ✠ ✚✍✌ ✲ ✛ ❁ ✟✜✥☞☛ ✔
✘✭✲ ✥☞✏✜✏✜✛✢✠ ✍ ★ ✖ ✥☞✓ ★ ✠☞☛ ✱ ✞ ☛✦✌✒✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌✽❁ ☛✦✠☞✓ ✣ ✌ K ✬ ✶ ✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✞ ✛✤✮✰✥✞✆ ★✍✿ ✞ ✌
✥ ✔✤✔ ✠ ✆ ★✍✣ ✌✵✱ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌✠✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ z ✂ ✥ ✞ ✓ ✒ Félas = Kθ2

1

2z
✬

• ✴✆✠☞☛☛✟ ★ ✓ ★ ✠☞☛☎✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✧✓✢✠☞✓✢✥ ✘ ✒ ✘ ✌✆✏✦✥☞✛✢✥ ✖ ❲ ✓✤✛✢✌✖✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓
S = γsa−γsn−γna

✭ ✥ ✂ ✌✍✆ a ✏✒✠ ✞ ✛✫✥ ★ ✛✄❁ s ✏✒✠ ✞ ✛ ✔ ✠ ✘✩★ ✟✜✌✯✌✙✓ n ✏✒✠ ✞ ✛✆☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌❙❍ ✌ ✔ ✓✫✏✒✠ ✔✟★ ✓ ★ ✮ ✬

• ✶✁✌ ✔ ✌☞✞ ✌✙✓ ✔ ✟✜✌ ✸ ✠☞✛✒✟ ✔ ✠☞☛✑✓✹☛ ✣✕✪☞✘✩★✍✪✽✣✕✔✕✬ ✣ ☛ ✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★ ✌✙✛✄❁ ★✩✘ ☛ ✲ ✌ ✔ ✓✷✏✦✥ ✔ ✓✢✌✙☛ ✞ ✆✕✠ ✖ ✏✜✓✢✌
✟ ✲✾✣☎✂ ✌✙☛✑✓ ✞ ✌ ✘✍✔ ✟ ✣ ✮✰✥ ✞ ✓ ✔ ✓✢✠☞✏✒✠ ✘ ✠ ✪☞★✍✿ ✞ ✌ ✔✕✬

• ✪ ✘ ☛ ✲ ✌ ✔ ✓✫✏✦✥ ✔ ✓✢✌✙☛ ✞ ✆✕✠ ✖ ✏✜✓✢✌✵✌✎✍✼✏ ✘✩★ ✆ ★ ✓✢✌ ✖ ✌✙☛ ✓✖✟✜✌ ✔✆★ ☛✑✓✢✌✙✛✢✥✞✆✙✓ ★ ✠☞☛ ✔ ✟✜✌ ✂ ✥☞☛✗✟✜✌✙✛✝✆❂✥✽✥ ✘✍✔✕✬

• ✶✁✌ ✖ ✠ ✟ ❲✙✘ ✌ ☛ ✲ ✌ ✔ ✓ ✂ ✥ ✘ ✥ ✸✜✘ ✌ ✿ ✞ ✌ ✏✒✠ ✞ ✛ ✟✜✌ ✔✗✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✖ ✣✕✔ ✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✔ ❁✫✠✁� ✞ ☛✦✌
✓ ✎ ✣ ✠☞✛ ★ ✌✜✆✕✠☞☛✑✓ ★ ☛ ✞ ✌✵✌ ✔ ✓✯✌✙☛✙✆✕✠☞✛✢✌ ✂ ✥ ✘ ✥ ✸✜✘ ✌ ✬ ✌ ✞ ✓✤✛✢✌ ✖ ✌✙☛✑✓✕✟ ★ ✓✄❁ ✆✕✌ ✖ ✠ ✟ ❲✙✘ ✌✯☛ ✲✳★ ☛✙✆ ✘ ✞ ✓✧✏✦✥ ✔
✟ ✲ ✌☞✞ ✌✙✓ ✔ ✖ ✠ ✘✍✣ ✆ ✞ ✘ ✥ ★ ✛✢✌ ✔✵✔ ✌✙☛ ✔✟★✩✸✜✘ ✌ ✔ ✏✒✠ ✞ ✛✑✟✜✌ ✔✷✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✆✕✠ ✖ ✏✦✥☞✛✢✥ ✸✜✘ ✌ ✔ ✱ ✆✕✌ ✘✩✘ ✌ ✟ ✞
✕✜✘ ✖ ✏✜✛ ✣ ✆ ✞ ✛ ✔ ✌ ✞ ✛★✭✝✔ ✘ ✥✻✓✤✛ ★ ✆✕✠ ✞ ✆ ✎ ✌✗✖✥❍ ✬

✪ ✘ ✆✕✠☞☛ ✂✑★ ✌✙☛✑✓✂✟ ✲✳★ ☛ ✔✟★✍✔ ✓✢✌✙✛ ✔ ✞ ✛ ✘ ✌✹✮✰✥ ★ ✓ ✿ ✞ ✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✷✌ ✔ ✓ ✞ ☛ ✔ ✠ ✔ ✓ ❲ ✖ ✌✑✟✜✠☞☛✑✓ ✘ ✌ ✂ ✠ ✘ ✞✜✖ ✌
✛✢✌ ✔ ✓✢✌✒✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✹✥ ✞ ✆✕✠ ✞ ✛ ✔ ✟✜✌ ✘✭✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✬ ✴✆✌ ✘ ✥ ✆✕✠☞☛☛✟ ✞ ★ ✓✵✱✗✛✢✥ ★✍✔ ✠☞☛✜☛✦✌✙✛ ✔ ✞ ✛ ✘ ✥ ✟✜✌✙☛ ✔✟★ ✓ ✣
✂ ✠ ✘ ✞✜✖ ★✍✿ ✞ ✌ ✟ ✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ ✘✩★✩✸ ✛✢✌✂✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✯✏ ✘ ✞ ✓✟✗☞✓ ✿ ✞ ✌ ✔ ✞ ✛ ✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ ✘✩★✩✸ ✛✢✌✚✌ ✘✩✘ ✌ ❀ ✖ ✆ ✖ ✌ ✬

✌ ✘ ✠☞✛ ✔ ❁ ✘ ✥☎✟✜✌✙☛ ✔✟★ ✓ ✣✝✂ ✠ ✘ ✞✜✖ ★✍✿ ✞ ✌✂✟ ✲✾✣ ☛✦✌✙✛ ✪☞★ ✌✂✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✔✕✲✾✣ ✆✙✛ ★ ✓ ✒

Fv(z, θ1) =
−S +W1 cos2 θ1

z
+
Kθ21
2z2

✭●❯ ✬ ❑✥❍

✙ ✞ ✿ ✞ ✌ ✘ ✌ ✔✞✂ ✥☞✛ ★ ✥ ✸✜✘ ✌ ✔ z ✌✙✓ θ1 ✔ ✠☞☛✑✓✚✆✕✠☞☛ ✔✟★ ✟ ✣ ✛ ✣ ✌ ✔ ✆✕✠ ✖❃✖ ✌ ★ ☛☛✟ ✣ ✏✒✌✙☛☛✟✼✥☞☛✑✓✢✌ ✔ ❁ ✞ ☛✦✌ ✟✜✠ ✞ ✸✜✘ ✌
✖ ★ ☛ ★ ✖ ★✍✔ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ ✘✩★✩✸ ✛✢✌☎✭●❯ ✬ ❑✥❍✯✌ ✔ ✓✵✌☞✞ ✌✍✆✙✓ ✞ ✣ ✌ ✬ ✶✁✥❃✏✜✛✢✌ ✖ ★✭❲ ✛✢✌✵✌ ✔ ✓✹✌☞✞ ✌✍✆✙✓ ✞ ✣ ✌✵✏✦✥☞✛
✛✢✥☞✏✜✏✒✠☞✛✤✓✷✱

z
❁ ✓✢✠ ✞ ✓✻✌✙☛ ✖ ✥ ★ ☛✑✓✢✌✙☛✦✥☞☛✑✓ θ1 ✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓ ✬✠✟ ☛ ✠ ✸ ✓ ★ ✌✙☛✑✓✷✥ ★ ☛ ✔✟★✧✘✭✲ ✌✎✍✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌

✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✖✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌✕✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✽❁ ✿ ✞ ✌ ✘✭✲ ✠☞☛ ★ ✟✜✌✙☛✑✓ ★ ✕ ✌✚✱ L2 ✒

L2 =
K

W1

θ21
S
W1
− cos2 θ1

✭●❯ ✬ ✄✞❍



� � ☎✁�✿✂✆☎✞✝✁✟✡✠✡✠✡☛✌☞✎✍✑✍✩✣ ☛✎✤✁★✩✓✙☛✌☞✎✍✝✆ ✥✧☎✁✔✁�✚✠✡✍✾✔✒✍ ✠✡☛✶★✩✓✄✂✚✏✿✍ ✄✚✠✡☛✌✘✜✣✙✟✡✪✁✝✁✍

✟ ☛ ✛✢✌✍✆✕✠☞☛✜☛✦✥✟✞✍✓✕✟✜✥☞☛ ✔ ✆✕✌✙✓✤✓✢✌✹✌✎✍✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ K
W1

❁ ✿ ✞ ★ ☛ ✲ ✌ ✔ ✓✯✥ ✞ ✓✤✛✢✌ ✿ ✞ ✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✕✟ ✲ ✌✎✍ ❀
✓✤✛✢✥☞✏✒✠ ✘ ✥☞✓ ★ ✠☞☛ Lc ✟✜✌ ✘✭✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ ✬ ✭ ✠ ✞ ✛ ✆✕✥ ✘ ✆ ✞ ✘ ✌✙✛ ✘✭✲ ✥☞☛ ✪☞✘ ✌☎✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ θ1 ✱ ✘✭✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌✽❁✦✠☞☛
★ ☛✞✓✤✌✍✆✙✓✢✌ ✘✭✲ ✌✎✍✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛✯✭●❯ ✬ ✄✞❍✕✟✜✥☞☛ ✔✆✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✯✭●❯ ✬ ❑✥❍ ✬ ✪ ✘✞✂✑★ ✌✙☛✑✓ ✒

Fv(θ1) = −
(−S +W1 cos2 θ1)2

2Kθ21
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✙✚☛✦✌ ✖ ★ ☛ ★ ✖ ★✍✔ ✥☞✓ ★ ✠☞☛✯✏✦✥☞✛✁✛✢✥☞✏✜✏✒✠☞✛✤✓✁✱ θ1 ✟✜✠☞☛✜☛✦✌ ✞ ☛✦✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✿ ✞ ★ ✟ ✣ ✓✢✌✙✛ ✖ ★ ☛✦✌ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛
✟✜✌
θ1

✱ ✘✭✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌ ✒
cos2 θ1 + θ1 sin(2θ1)−

S

W1
= 0

✭●❯ ✬ ✌✯❍

✶ ✲ ✌✎✍✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛✯✭●❯ ✬ ✌✯❍✆✮✰✥ ★ ✓✫✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓✤✛✢✌ ✞ ☛✗✏✦✥☞✛✢✥ ✖ ❲ ✓✤✛✢✌ ✔ ✥☞☛ ✔ ✟ ★ ✖ ✌✙☛ ✔✟★ ✠☞☛✁❁ β = S
W1

❁ ✿ ✞ ★ ❁
✟✜✥☞☛ ✔ ✆✕✌✙✓✤✓✢✌✖✟✜✌ ✔ ✆✙✛ ★ ✏✜✓ ★ ✠☞☛✁❁ ✆✕✠☞☛✑✓✤✛✟✗ ✘ ✌✆✌✙☛❃✮✰✥ ★ ✓ ✘✭✲✾✣ ✓✢✥☞✓ ✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌✏✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✬ ✴✆✌ ✘ ✥✯✛✢✌ ✓✤✠ ★ ☛✑✓
✘ ✥✔✟✜✌ ✔ ✆✙✛ ★ ✏✜✓ ★ ✠☞☛ ✿ ✞ ✌✫☛✦✠ ✞ ✔ ✟✜✠☞☛✜☛ ★ ✠☞☛ ✔ ✏ ✘ ✞ ✔ ✎ ✥ ✞ ✓ ✬ ✶ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ ★ ☛☛✟ ✞ ★ ✓ ✞ ☛✦✌ ✟ ★✍✔ ✓✢✠☞✛✤✓ ★ ✠☞☛ ✣✙✘ ✥ ✔✟❀
✓ ★✍✿ ✞ ✌✠✟✜✥☞☛ ✔✫✘ ✌ ✂ ✠ ✘ ✞✜✖ ✌✔✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✽❁ ✿ ✞ ★✞✂✑★ ✌✙☛✑✓ ✆✕✠☞☛✑✓✤✛✢✥☞✛ ★ ✌✙✛ ✘ ✌✵✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✬
✶✁✥ ✕✦✪ ✞ ✛✢✌✤✭●❯ ✬ ✄✞❍✖✟✜✠☞☛✜☛✦✌ ✞ ☛✦✌✫✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ ✘✩★✩✸ ✛✢✌★✭●❯ ✬ ✲ ❍✆✌✙☛✗✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ θ1
✭ ✆✕✠ ✞ ✛ ✸ ✌ ✔ ✞ ✏ ✣ ✛ ★ ✌ ✞ ✛✢✌❙❍✢❁✕✏✒✠ ✞ ✛ β = 1.1 ✬ ✶✁✥✝✆✕✠ ✞ ✛ ✸ ✌ ★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛✢✌ ★✩✘✩✘ ✞ ✔ ✓✤✛✢✌ ✘ ✥✝✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛✫✭●❯ ✬ ✌✯❍ ✬
✶✁✥ ✟✼✛✢✠ ★ ✓✢✌ ✎ ✠☞✛ ★ ✦✕✠☞☛✑✓✢✥ ✘ ✌✑✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟ ✱

β = 1.1 ✬ ✟ ☛ ✂ ✠ ★ ✓ ✿ ✞ ✲✳★✩✘ ✌✎✍ ★✍✔ ✓✢✌✷✥ ✘ ✠☞✛ ✔ ✟✜✌ ✞ ✍ ✂ ✥ ❀
✘ ✌ ✞ ✛ ✔ ✟✜✌ θ1 ✿ ✞ ★✒✔ ✥☞✓ ★✍✔ ✮✰✠☞☛✑✓✫✱ ✘ ✥✑✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛✣✭●❯ ✬ ✌✯❍ ✒ ✔ ✌ ✞ ✘ ✌ ✆✕✌ ✘✩✘ ✌✝✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✑✓✧✱ ✞ ☛ ✣ ✓✢✥☞✓
✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌ ✔ ✓✢✥ ✸✜✘ ✌ ✭ ✢ ✢✣✂ ✢ ✖ ★ ☛ ★ ✖✷✞✜✖ ✟ ✲✾✣ ☛✦✌✙✛ ✪☞★ ✌❙❍✧✌ ✔ ✓✚✠ ✸✦✔ ✌✙✛ ✂ ✣ ✌✹✌✎✍✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✖ ✌✙☛ ✓ ✬

★✯✠☞✓✢✠☞☛ ✔✷✿ ✞ ✲✳★✩✘ ☛ ✲ ✌✎✍ ★✍✔ ✓✢✌ ✟✜✌ ✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✿ ✞ ✌ ✔✟★ 0 ≤ β ≤ 1
2 +

π
4
✬ ✌ ✞ ✓✤✛✢✌ ✖ ✌✙☛✑✓✔✟ ★ ✓✄❁ ✔✟★

✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌✠✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ W1 ✌ ✔ ✓✚✓✤✛✢✠☞✏ ✮✰✥ ★✩✸✜✘ ✌✽❁ ✆✕✠ ✖ ✏✦✥☞✛ ✣ ✌✹✥ ✞ ✏✦✥☞✛✢✥ ✖ ❲ ✓✤✛✢✌✔✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓
S
❁ ✘ ✥

✟ ★✍✔ ✓✤✛ ★✩✸ ✞ ✓ ★ ✠☞☛✔✟ ✞ ✟ ★ ✛✢✌✍✆✙✓✢✌ ✞ ✛✎✟✜✥☞☛ ✔✁✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✫✌ ✔ ✓ ✥ ✘ ✠☞✛ ✔ ✎ ✠ ✖ ✠ ✪✞❲ ☛✦✌✫✌✙✓ ✞ ☛ ★ ✮✰✠☞✛ ✖ ✌ ✒ ✘ ✌✖✟ ★ ✛✢✌✍✆ ❀
✓✢✌ ✞ ✛ ✥☞✟✜✠☞✏✜✓✢✌ ✞ ☛✦✌☞✆✕✠☞☛ ✕✦✪ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✎ ✠ ✖ ✣ ✠☞✓✤✛✢✠☞✏✒✌ ✟✜✥☞☛ ✔ ✓✢✠ ✞ ✓ ✘✭✲✾✣ ✆ ✎ ✥☞☛✑✓ ★✩✘✩✘ ✠☞☛ ✬ ✪ ✘ ☛ ✲ ✌✎✍ ★✍✔ ✓✢✌✧✏ ✘ ✞ ✔
✟✜✌✕✟ ★✍✔ ✓✢✠☞✛✤✓ ★ ✠☞☛ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌✖✟✜✥☞☛ ✔ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✽❁ ✟✜✠☞☛✙✆✽❁ ★✩✘ ☛ ✲ ✠✻✥✹✏ ✘ ✞ ✔ ❁☞✟✜✥☞☛ ✔ ✆✕✌ ✆✕✥ ✔ ❁ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛
✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✘ ✠☞✛ ✔ ✟✜✌ ✘✭✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✬ ✪ ✘ ✆✕✠☞☛ ✂✑★ ✌✙☛✑✓✖✟ ✲ ✥ ✓✤✠ ✞ ✓✢✌✙✛ ✿ ✞ ✌✚☛✦✠ ✞ ✔ ☛ ✲ ✥ ✂ ✠☞☛ ✔ ✓✤✥ ✖ ✥ ★✍✔
✛✢✌✙☛✙✆✕✠☞☛✑✓✤✛ ✣ ✌✎✍✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✆✕✌✙✓✤✓✢✌ ✔✟★ ✓ ✞ ✥☞✓ ★ ✠☞☛ ✒ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✝✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ L2 ✥☞✏ ❀✏✦✥☞✛✢✥✟✞✍✓✕✟✜✌✯✮✰✥✓✒✕✠☞☛ ✔ ✠ ✔ ✓ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✚✌✙✓✚✛✢✌✙✏✜✛✢✠ ✟ ✞ ✆✙✓ ★✩✸✼✘ ✌ ✬

✪ ✘ ✌ ✔ ✓✷✱ ☛✦✠☞✓✢✌✙✛ ✿ ✞ ✌ ✘ ✌ ✖ ✠ ✟ ❲✙✘ ✌✖✆ ★✩❀ ✟✜✌ ✔✤✔ ✞ ✔ ☛ ✲✳★ ☛✙✆ ✘ ✞ ✓✯✏✦✥ ✔ ✟ ✲ ✌☞✞ ✌✙✓ ✔ ✖ ✠ ✘✍✣ ✆ ✞ ✘ ✥ ★ ✛✢✌ ✔✯✔ ✏ ✣✙❀
✆ ★ ✕✦✿ ✞ ✌ ✔ ✌✙✓✯☛✦✌✹✏✒✌✙✛ ✖ ✌✙✓✂✟ ✲✳★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓✢✌✙✛✕✟✜✌ ✔ ✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓ ✔ ✌✎✍✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✞ ✍ ✿ ✞ ✲ ✱ ✞ ☛✦✌ ✣ ✆ ✎ ✌ ✘✩✘ ✌
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✟✜✌ ✘✭✲ ✌✎✍ ★✍✔ ✓✢✌✙☛✙✆✕✌ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛☞✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✟✜✌ ✔✫✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✌✙☛ ✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓
✔ ✞ ✛✂✟✜✌ ✔ ✏✦✥ ✔ ✓ ★✩✘✩✘ ✌ ✔ ✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ✒ ✌ ✘✩✘ ✌✯✛ ✣✕✔ ✞ ✘ ✓✢✌✠✟ ✲ ✞ ☛✦✌ ✆✕✠ ✖ ✏ ✣ ✓ ★ ✓ ★ ✠☞☛✗✌✙☛✑✓✤✛✢✌ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣ ☛ ✣✙❀
✖ ✥☞✓ ★✍✿ ✞ ✌✻✌✙✓ ✘ ✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✿ ✞ ★ ✮✰✥ ✂ ✠☞✛ ★✍✔ ✌✙☛✑✓ ✘✭✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✆✕✠ ✖ ✏ ✘ ✌✙✓✔✟✜✌ ✘ ✥
✪ ✠ ✞ ✓✤✓✢✌ ✬ ✪ ✘✜✔ ✌ ✖ ✸✜✘ ✌ ✕ ☛✦✥ ✘ ✌ ✖ ✌✙☛✑✓ ✿ ✞ ✌ ✔ ✘ ✥✚✏ ✎ ✠ ✔✟★✍✿ ✞ ✌✗✖✕✟✜✌✧☛✦✠☞✓✤✛✢✌ ✔ ✠ ✔ ✓ ❲ ✖ ✌✧✏ ✞ ★✍✔✤✔ ✌ ✆✙✓✤✛✢✌ ✪ ✛✢✠ ✔✟❀
✔✟★✭❲ ✛✢✌ ✖ ✌✙☛✑✓✧✛ ✣✕✔ ✞✜✖ ✣ ✌✂✟✜✥☞☛ ✔ ✆✕✌✙✓✫✥☞☛✑✓✢✥ ✪ ✠☞☛ ★✍✔ ✖ ✌ ✬ ✴✆✌✙✏✒✌✙☛☛✟✜✥☞☛✑✓✄❁ ✘ ✥✑✟ ✣ ✕ ☛ ★ ✓ ★ ✠☞☛ ✟ ✞ ✏✦✥☞✛✢✥ ✖ ❲ ✓✤✛✢✌
✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✖✟✜✥☞☛ ✔ ✆✕✌ ✖ ✠ ✟ ❲✙✘ ✌ ★ ☛ ★ ✓ ★ ✥ ✘ ✛✢✌ ✔ ✓✢✌ ★ ✖ ✏✜✛ ✣ ✆ ★✍✔ ✌ ✬ ✴✆✌✯✓✢✌✙✛ ✖ ✌✚✏✒✌✙✛ ✖ ✌✙✓ ✔✟★ ✖ ✏ ✘ ✌ ✖ ✌✙☛✑✓
✟✜✌✷✛✢✌✙☛☛✟✼✛✢✌✖✆✕✠ ✖ ✏✜✓✢✌☎✟✜✌ ✘ ✥ ✂ ✠ ✘ ✠☞☛✑✓ ✣ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌☎✟✜✌✒✆✕✠ ✞ ✂ ✛ ★ ✛ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌ ✿ ✞ ★ ✘ ✞ ★
✌ ✔ ✓✹✠✟✞ ✌✙✛✤✓✢✌ ✬ ✭ ✥☞✛✹✥ ★✩✘✩✘ ✌ ✞ ✛ ✔ ❁ ✔✟★ ✆✕✌ ✖ ✠ ✟ ❲✙✘ ✌✵✏✒✌✙✛ ✖ ✌✙✓✂✟✜✌ ✸✜★ ✌✙☛✢✆✕✠ ✖ ✏✜✛✢✌✙☛☛✟✼✛✢✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✌✙☛
✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✔✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✂✟✜✌ ✔✯✪ ✠ ✞ ✓✤✓✢✌ ✔ ✟✜✠☞☛✑✓ ✘ ✌ ✂ ✠ ✘ ✞✜✖ ✌✷✌ ✔ ✓ ✕ ☛ ★ ✚✺❚ ✄✼❁❈❚ ✲ ❁ ✎✜✛ ❁✒☛✦✠ ✞ ✔
✥ ✂ ✠☞☛ ✔ ✟ ✞❂✘✭✲ ✥☞✟✜✥☞✏✜✓✢✌✙✛✹✏✒✠ ✞ ✛ ✣ ✓ ✞ ✟ ★ ✌✙✛ ✘ ✥ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✟✜✌ ✕✜✘ ✖ ✔ ✖ ★ ☛✙✆✕✌ ✔ ❁ ✣ ✓✢✌✙☛☛✟ ✞ ✔ ✟✜✌ ✆✙✛ ★✍✔ ✓✢✥ ✘
✘✩★✍✿ ✞ ★ ✟✜✌✆☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✂✟✜✠☞☛✑✓ ✘✭✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✆✌ ✔ ✓✚✮✰✠☞✛✟✆ ✣ ✏✦✥☞✛✕✔ ✔ ✏ ★ ☛ ❀ ✆✕✠✽✥☞✓ ★ ☛ ✪ ✖ ✬



� ✗✔✍✏✌✎☎ ✑✟✁✄☞ �

� ✁✄✍✆✘✔✝✟☎ ✑✒☎✞✂✆✘ ✁✔☞ ✡ ✂✆✓✔☎ ✕ ✕ ✍✆✖✆☞ ✁ ✕✞✍

✑✟✁✄✍✆✘✔✝✟☎ ✑✒☎✞✂✆✘ ✘✔✙☛✡ ✍✚✑✒☎✞✛✜✓✔☞✄✂ ☎ ✝✟✂✚✑✟✁✄✂✏✌ ☞

☎ ✄✝✆ ✆ ✙ ✔✞✝★✍✑✛ ✖✁✏ ✕✌✢ ✜✠✟✁✢✤☞✑✏✗✒✁✛ ✙ ✢★✍✑✡✌✪✫✙✁✏

★✯✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔✡✔ ✠ ✔ ✓ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✖ ✌✙☛✑✓ ✣ ✓ ✞ ✟ ★✍✣❃✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✌ ✔✻✪ ✠ ✞ ✓✤✓✢✌ ✔ ✟✜✌ ✎✽✴✞✡ ✌✙☛ ✏ ✎ ✥ ✔ ✌
☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✗✌✙☛ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✬ ✶✁✌ ✔✡✪ ✠ ✞ ✓✤✓✢✌ ✔❃✔ ✠☞☛✑✓ ✟ ✣ ✏✒✠ ✔✤✣ ✌ ✔❃✔ ✌ ✘ ✠☞☛ ✘ ✥
✏✜✛✢✠ ✆ ✣ ✟ ✞ ✛✢✌✠✟ ✣ ✆✙✛ ★ ✓✢✌✠✟✜✥☞☛ ✔✚✘ ✥❃✏✦✥☞✛✤✓ ★ ✌☎✭ ✄ ✬ ✄ ✬ ✄✞❍ ✬ ✶ ✲ ✞ ✓ ★✩✘✩★✍✔ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ✛✢✌ ❀
✆✕✠ ✞ ✂ ✌✙✛✤✓✢✌ ✔ ✟ ✲ ✞ ☛✦✌✝✆✕✠ ✞ ✆ ✎ ✌✔✟ ✲ ✠ ✍✑✠ ✟✜✌✵☛✦✥☞✓ ★ ✮✁✠✟✞✦✛✢✌ ✞ ☛✦✌✯✛✢✌✙✏✜✛✢✠ ✟ ✞ ✆✙✓ ★✩✸✜★ ✘ ★ ✓ ✣ ✟✜✌ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ✓✢✠ ✞ ✓
✱❃✮✰✥ ★ ✓✯✛✢✌ ✖ ✥☞✛ ✿ ✞ ✥ ✸✜✘ ✌ ✬ ✴ ✲ ✌ ✔ ✓✵✏✒✠ ✞ ✛ ✿ ✞ ✠ ★ ☛✦✠ ✞ ✔✫✘ ✌ ✔ ✞ ✓ ★✩✘✩★✍✔ ✠☞☛ ✔ ✏ ✘ ✞ ✓✟✗☞✓ ✿ ✞ ✌✑✟✜✌ ✔✯✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✟✜✌
✔✟★✩✘✩★ ✆ ★ ✞✜✖ ✛✢✌✍✆✕✠ ✞ ✂ ✌✙✛✤✓✢✌ ✔ ✟ ✲ ✞ ☛✦✌✖✆✕✠ ✞ ✆ ✎ ✌ ✟✜✌ ✔✟★✩✘✩★ ✆✕✌ ✣☎✂ ✥☞✏✒✠☞✛ ✣ ✌ ✬ ✴✆✠ ✖❃✖ ✌✻☛✦✠ ✞ ✔✵✘✭✲ ✥ ✂ ✠☞☛ ✔✷✔ ✠ ✞ ❀
✘✩★✍✪ ☛ ✣ ✏✜✛ ✣ ✆ ✣ ✟✜✌ ✖❃✖ ✌✙☛✑✓✄❁ ✘ ✥✗✏ ✎ ✥ ✔ ✌✻☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✑✟ ✞ ✎✽✴✞✡ ✌ ✔ ✓✻✌✙☛ ✔✟★ ✓ ✞ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌
✓✢✠☞✓✢✥ ✘✒✔ ✞ ✛✕✟✜✌ ✔ ✏✦✥ ✔ ✓ ★✩✘✩✘ ✌ ✔ ✟✜✌ ✔✟★✩✘✩★✍✔✟★ ✞✜✖ ✬ ✶ ✲ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★ ✌✫✌ ✔ ✓✕✟✜✠☞☛✙✆ ✞ ☛✦✌ ✖ ✣ ✓ ✎ ✠ ✟✜✌ ✟✜✌✝✆ ✎ ✠ ★ ✍
✏✒✠ ✞ ✛ ✔ ✞ ★ ✂ ✛✢✌☎✟✜✌❃✮✰✥✓✒✕✠☞☛ ✔ ✠ ✔ ✓ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✜✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✑✟✜✌ ✔
✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✟✜✌ ✎✽✴✞✡ ✬

✏✵✥☞☛ ✔✒✘ ✌ ✖ ✠ ✟ ❲✙✘ ✌✏✟✜✌ ✘ ✥ ✆✙✛✝✆✙✏✒✌ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌✽❁ ★✩✘ ✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓ ✿ ✞ ✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✘✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌
✟✜✌ ✔ ✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ L2 ✌ ✔ ✓✖✟ ★ ✛✢✌✍✆✙✓✢✌ ✖ ✌✙☛✑✓✁✛✢✌ ✘✩★✍✣ ✌✆✱ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✏✟ ✲ ✌✎✍✼✓✤✛✢✥☞✏✒✠ ✘ ✥☞✓ ★ ✠☞☛✑✟✜✌
✘✭✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ K

W

✠✁�
K

✌ ✔ ✓ ✞ ☛✦✌☞✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌✧✥ ✔✤✔ ✠ ✆ ★✍✣ ✌✫✱ ✘ ✥✂✟ ★✍✔ ✓✢✠☞✛✤✓ ★ ✠☞☛✑✟ ✞ ✟ ★ ✛✢✌✍✆✙✓✢✌ ✞ ✛



� ☎ ✫✞� �✺✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✔✒✍✑✥✧☎✞✝✁✟✡✠✡✠✡☛✌☞✎✍✁�✄✠✡☛✄✣✙✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍✄✂ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍
✟✜✥☞☛ ✔✯✘ ✌ ✂ ✠ ✘ ✞✜✖ ✌✑✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✬ ✶✁✌ ✔ ✟✜✌ ✞ ✍ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛ ✔ K ✌✙✓

W ✔ ✠☞☛✑✓ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✔
✟✜✌ ✘ ✥ ✏ ✎ ✥ ✔ ✌✗☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✬ ✏ ✘✭✲ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌ ✟✜✌ ✘ ✥ ✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✎✬ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✽❁ ✠✁�
✘ ✌✑✆✕✥☞✛✢✥✞✆✙✓ ❲ ✛✢✌✷☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✹✌ ✔ ✓✔✟✜✌ ✖ ✠ ★ ☛ ✔ ✌✙☛ ✖ ✠ ★ ☛ ✔ ✏✜✛✢✠☞☛✦✠☞☛✙✆ ✣ ❁ ✘ ✌ ✔✄✂ ✥ ✘ ✌ ✞ ✛ ✔ ✟✜✌ K ✌✙✓

W
✟ ★ ✖ ★ ☛ ✞ ✌✙☛✑✓ ✆✕✠☞☛ ✔✟★ ✟ ✣ ✛✢✥ ✸✜✘ ✌ ✖ ✌✙☛✑✓ ✬ ✴✆✌✍✆ ★ ✆✕✠☞☛☛✟ ✞ ★ ✓✵✱ ✞ ☛✦✌ ✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✠✟ ✲ ✌✎✍ ❀
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✫✞�✯✬ ✂ ✝ ★✁�✌✣✟✄✾✔✒✍✑✠✡☛✶✏✄✂✁☛✌✘✙✍✑✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍ � �

✟ ☛ ✠ ✸✦✔ ✌✙✛ ✂ ✌ ✞ ☛✦✌ ✥ ✞ ✪ ✖ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛ ✓✤✛ ❲✕✔ ☛✦✌✙✓✤✓✢✌✗✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✟✜✌ ✔
✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✱ ✘✭✲ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌✑✟✜✌ ✘ ✥✗✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✢✠☞✏ ✌ ✬ ✏ ✞ ✏✒✠ ★ ☛✑✓
✟✜✌ ✂ ✞ ✌ ✟✜✌ ✘ ✥✫✏ ✎ ✠ ✔✟★✍✿ ✞ ✌ ✟ ✞✷✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✏✟ ✲ ✞ ☛✦✌ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌ ✏✦✥☞✛ ✞ ☛ ✘✩★✍✿ ✞ ★ ✟✜✌✽❁ ✘✭✲ ✥✞✆✍✆✙✛✢✠ ★✍✔✤✔ ✌ ❀
✖ ✌✙☛✑✓✕✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛☞✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✕✟ ✲ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌✯✌ ✔ ✓ ✘ ✥ ✔✟★✍✪ ☛✦✥☞✓ ✞ ✛✢✌ ✟ ✲ ✞ ☛✦✌✚✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛
✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✒ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌✹✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓✕✟✜✌ ✖ ✠ ★ ☛ ✔ ✌✙☛ ✖ ✠ ★ ☛ ✔ ✮✰✥ ✂ ✠☞✛✢✥ ✸✜✘ ✌✹✱ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌✵☛ ✣✙❀
✖ ✥☞✓ ★✍✿ ✞ ✌ ✿ ✞ ★✒✔ ✌✯✛ ✣ ✓✤✛✢✥✞✆✙✓✢✌ ✬ ✌ ✕ ☛ ✟ ✲ ✠ ✸ ✓✢✌✙☛ ★ ✛ ✞ ☛✦✌ ★ ✟ ✣ ✌✚✏ ✘ ✞ ✔ ✏✜✛ ✣ ✆ ★✍✔ ✌✂✟✜✌ ✘ ✥✷✮✰✥✓✒✕✠☞☛✗✟✜✠☞☛✑✓ L2
✣☎✂ ✠ ✘ ✞ ✌✷✥ ✂ ✌✍✆ ✘ ✥❃✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✽❁✼☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣✵✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ L2 ✌✙☛ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌
1

(T ⋆−T )

✭✎✚✜✛✣✢❅✮ ★✍✪ ✞ ✛✢✌☎✭❉▼ ✬ ✲ ❍✓❍ ✬
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✭✁�✯✮✱✰ ▼ ✬ ✲ ✒ ✂ ✹✜✑✓✡✱☎✕✔✣✢✗✑✓✘✿✎✝✂✷✡✴✪✬✙✗✟✮✚✓✢☞✌✍✌✰✂✆☎✒✩ ✚✍✚✓✩✍✚✖✚✭✔✗✙✆✩✆✢☞✌✭✔✣✢✗✤✆☎✥✂
L2

✂✆✘ ✛✭✑✓✘ ✚✭✔✣✢✗✑✓✘ ✎✝✂ 1
(T ⋆−T )

✢✕❄✸✚
✹✜✚✓✡☞✂✆☎✒✩✄✎✝✂

T ⋆
✂✍✌✭✔ ✚❀❃✍☎✝✌✭✔✗✙✍✂✷✎✝✂✟✛✭✚ ✠✓✑✓✘✵✺✛✑✝✽✭✔✗✂✆✘✥✢✣✩✳☎✒✘☛✂✷✎✓✩✍✑✓✢✖✔✗✂✦✌✥✪✬✚✖✚✎✚✍✑✓✩✍✎✝✚✓✘✮✔✯✚✓☎✻✞✷✢✗✂✆☎✩❋✛✚✓✹✜✂✎✚

✡☞✂✍✌ ✟✮✑✓✢✣✘✮✔☞✌✲✂■❋✴✟✮✙✆✩✆✢✣✞✛✂✆✘✮✔✗✚✓☎✩❋✖✢ ● ✘✻✔✣✩✍✑✓☎✒✹✜✂
T ⋆ = (34.6±0.2) ✟

C
✢✺❄✸✚✷✎✓✩✍✑✓✢✖✔✗✂✲✂✆✘✲✟✮✑✓✢✣✘✮✔✣✢✣✡✣✡☞✙✍✌

✘☛✪✬✂✍✌✭✔ ✤✆☎✁✪ ☎✒✘✻✏✜☎✒✢✗✎✝✂✟✛✭✚✖✚✆✢✣✡✱✢✖✔✗✚✓✘✮✔✁✡☞✚❂✡☞✂✎✚✭✔✣☎✒✩✍✂✷✎✝✂ ✚✍✂✠✏✜✩✍✚✴✟✮✼✥✂ ✢

✺ ✞ ✛ ✘ ✌ ✪ ✛✢✥☞✏ ✎ ✌✻✭❉▼ ✬ ✲ ❍✙❁ ★✩✘ ✌ ✔ ✓ ✏✒✠ ✔✤✔✟★✩✸✜✘ ✌✌✟ ✲ ✠ ✸ ✓✢✌✙☛ ★ ✛ ✞ ☛✦✌✏✟ ✣ ✏✒✌✙☛☛✟✜✥☞☛✙✆✕✌ ✘✩★ ☛ ✣ ✥ ★ ✛✢✌✌✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✟❀
✔ ✌ ✞ ✛ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✟✜✌ ✔✫✪ ✠ ✞ ✓✤✓✢✌ ✔ L2 ✥ ✂ ✌✍✆ 1/(T ⋆ − T ) ✒

L2 ∝
1

(T ⋆ − T )
✭❉▼ ✬ ❑✥❍

✠✁�
T ⋆

✌ ✔ ✓ ✞ ☛ ✏✦✥☞✛✢✥ ✖ ❲ ✓✤✛✢✌✂✟ ✲ ✥ ✓ ✞ ✔ ✓✢✌ ✖ ✌✙☛✑✓ ★ ☛☛✟ ✣ ✏✒✌✙☛☛✟✼✥☞☛✑✓✖✟✜✌ ✘ ✥✷✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ T ✬



✬ �✁� ✫✞� �✺✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✔✒✍✑✥✧☎✞✝✁✟✡✠✡✠✡☛✌☞✎✍✁�✄✠✡☛✄✣✙✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍✄✂ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍
★✯✠ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ✌✎✍✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✔✹✔ ✞ ✪✽✪✞❲ ✛✢✌✙☛✑✓ ✔✟★ ☛✦✠☞☛ ✞ ☛✦✌ ✟ ★ ✂ ✌✙✛ ✪ ✌✙☛✙✆✕✌✽❁✏✟ ✞ ✖ ✠ ★ ☛ ✔ ✞ ☛✦✌

✥ ✞ ✪ ✖ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛✹✓✤✛ ❲✕✔ ☛✦✌✙✓✤✓✢✌ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ L2 ✱ ✘✭✲ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌ ✟✜✌ ✘ ✥✫✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✹☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀
★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✽❁✼✥ ✂ ✌✍✆ ✞ ☛ ✌✎✍✼✏✒✠ ✔ ✥☞☛✑✓ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ −1 ✬ ★✯✠ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ☛✦✠ ✞ ✔ ✏✒✌✙✛ ✖ ✌✙✓✤✓✢✌✙☛✑✓✕✟✜✌
✖ ✌✙✓✤✓✤✛✢✌✚✌✙☛ ✣☎✂✑★ ✟✜✌✙☛✙✆✕✌ ✞ ☛✦✌✫✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌☞✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✒ T ⋆ = (34.6±0.2) ☎ C ✬ ✪ ✘ ✌ ✔ ✓
☛✦✥☞✓ ✞ ✛✢✌ ✘ ✟✜✌☞✆✕✠ ✖ ✏✦✥☞✛✢✌✙✛✚✆✕✌✙✓✤✓✢✌✆✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✱ ✘ ✥✯✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✏✟✜✌✧✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✷☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀
★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✗✟✜✌ ✘✭✲✾✣ ✆ ✎ ✥☞☛✑✓ ★✩✘✩✘ ✠☞☛ ✆✕✠☞☛ ✔✟★ ✟ ✣ ✛ ✣ ❁ ✿ ✞ ✌ ☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏ ✞ ✌ ✔ ✓ ★ ✖ ✌✙✛✗✱ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛ ✟✜✌
(34.8 ± 0.3) ☎ C

❁ ✱ ✏✦✥☞✛✤✓ ★ ✛✔✟ ✲ ✠ ✸✦✔ ✌✙✛ ✂ ✥☞✓ ★ ✠☞☛ ✔ ✟ ✲✾✣ ✆ ✎ ✥☞☛✑✓ ★✩✘✩✘ ✠☞☛ ✔ ✖ ✥✞✆✙✛✢✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✔✹✔ ✠ ✞ ✔ ✖ ★✩❀
✆✙✛✢✠ ✔ ✆✕✠☞✏✒✌✡✠☞✏✜✓ ★✍✿ ✞ ✌✷✏✒✠ ✘ ✥☞✛ ★✍✔ ✥☞☛✑✓ ✬ ✶✁✥ ✏✜✛✢✠ ✍ ★ ✖ ★ ✓ ✣ ✟✜✌ ✆✕✌ ✔ ✟✜✌ ✞ ✍ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✟✜✌❃✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌
✌ ✔ ✓✫✛✢✌ ✖ ✥☞✛ ✿ ✞ ✥ ✸✜✘ ✌ ✒ ✘ ✌ ✔✆✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌✙☛✑✓ ✞ ☛ ✆✕✠ ✖ ✏✒✠☞✛✤✓✢✌ ✖ ✌✙☛✑✓ ✔✟★ ☛ ✪ ✞ ✘✩★ ✌✙✛✄❁
✿ ✞ ✌ ☛✦✠ ✞ ✔❃★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓✢✠☞☛ ✔ ✆✕✠ ✖❃✖ ✌ ✞ ☛✦✌ ✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✽❁✧✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌ ✟✜✌ ✘ ✥
✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✡☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✤✠☞✏✒✌ ✬

✌✚✓✤✠ ✞ ✓✢✠☞☛ ✔✫✿ ✞ ✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ L2 ✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓✕✟✜✠☞☛✙✆ ✆✕✠ ✖❃✖ ✌ ✘ ✥ ✔ ✌ ✞ ✘ ✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✎✆✕✥☞✛✢✥✞✆✙✓ ✣✙❀✛ ★✍✔ ✓ ★✍✿ ✞ ✌✖✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✟ ✣ ✏✒✌✙☛☛✟✜✥☞☛✑✓ ✌☞✞ ✌✍✆✙✓ ★ ✂ ✌ ✖ ✌✙☛✑✓ ✟✜✌ ✘ ✥✵✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✬ ✣ ✘✩✘ ✌✫✌ ✔ ✓ ✘ ✌✫✛✢✌ ✌ ✌✙✓
✟✜✌ ✘ ✥ ✟ ✣ ✏✒✌✙☛☛✟✜✥☞☛✙✆✕✌✻✌✙☛ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛ ✔ ✟✜✌✡✓ ✠✑✏✒✌ ✆ ✎ ✥ ✖ ✏ ✖ ✠✡✠ ✌✙☛ ✏✜✛✢✠☞✏✜✛✢✌ ✔
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✟✜✌ ✸ ✥ ✔ ✌✑✟ ✞ ✖ ✠ ✟ ❲✙✘ ✌✽❁✜✱ ✔ ✥ ✂ ✠ ★ ✛ ✿ ✞ ✌ ✘✭✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌✷✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌✵✌ ✔ ✓✯☛✦✌✙✓✤✓✢✌ ✖ ✌✙☛✑✓✚✏ ✘ ✞ ✔
✮✰✥ ★✩✸✜✘ ✌ ✿ ✞ ✌ ✘✭✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ ✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌ ✬ ✌ ✘ ✠☞✛ ✔ ❁✆✓✢✥☞☛✑✓ ✿ ✞ ✌ L2 ✌✎✍ ★✍✔ ✓✢✌✽❁☞✆ ✲ ✌ ✔ ✓✗✱ ✟ ★ ✛✢✌
✓✢✥☞☛✑✓ ✿ ✞ ✌ 0 ≤ β ≤ 1
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❁✧✠☞☛ ✠ ✸ ✓ ★ ✌✙☛✑✓ ✞ ☛✦✌ ✆✕✠☞☛ ✕✦✪ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✟ ✞ ✟ ★ ✛✢✌✍✆✙✓✢✌ ✞ ✛✔✟ ★✍✔ ✓✢✠☞✛✒✟ ✞ ✌
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W1
− cos2 θ1 = β − cos2 θ1 ✪ ✥☞✛✒✟✜✌ ✞ ☛✦✌ ✂ ✥ ✘ ✌ ✞ ✛ ✕ ☛ ★ ✌ ✬ ✴✆✌ ✿ ✞ ★ ✏✒✌✙✛ ✖ ✌✙✓ ✟✜✌

✆✕✠☞☛✙✆ ✘ ✞ ✛✢✌ ✿ ✞ ✌ ✘✭✲ ✥ ✞ ✪ ✖ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ L2 ✌ ✔ ✓ ✔✟★ ✖ ★✩✘ ✥ ★ ✛✢✌✹✱ ✘✭✲ ✥ ✞ ✪ ✖ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛ ✟✜✌
✘ ✥✔✟ ★ ✂ ✌✙✛ ✪ ✌✙☛✙✆✕✌✕✟✜✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✟ ✲ ✌✎✍✼✓✤✛✢✥☞✏✒✠ ✘ ✥☞✓ ★ ✠☞☛☎✟✜✌ ✘✭✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ K
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✬ ★✯✠☞✓✢✠☞☛ ✔ ✏✦✥☞✛✫✥ ★✩✘✩✘ ✌ ✞ ✛ ✔
✿ ✞ ✌ ✘✭✲ ✥ ✞ ✪ ✖ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✏✟ ✲ ✌✎✍✼✓✤✛✢✥☞✏✒✠ ✘ ✥☞✓ ★ ✠☞☛✑✟✜✌ ✘✭✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌✚✱ ✘✭✲ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌✖✟✜✌ ✘ ✥
✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✯☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✢✠☞✏ ✌✁✌ ✔ ✓ ✞ ☛✵✮✰✥ ★ ✓✁✌✎✍✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✥ ✂ ✣ ✛ ✣ ✒ ✆ ★ ✓✢✠☞☛ ✔ ❁✄✌✙☛✑✓✤✛✢✌ ✥ ✞ ✓✤✛✢✌ ✔ ❁
✘ ✌ ✔ ✓✤✛✢✥ ✂ ✥ ✞ ✍ ✟✜✌ � ✠ ✠ ✠✡✠ ✥ ✖ ✥ ✚✺◗ ✎✟✛ ❁✼✠✁� ✘✭✲ ✠☞☛✗✓✤✛✢✠ ✞ ✂ ✌ ✞ ☛✦✌✚✓ ✞ ✔ ✓ ★ ✕ ✆✕✥☞✓ ★ ✠☞☛❃✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌✕✟✜✌ ✘ ✥☎✟ ★✩❀
✂ ✌✙✛ ✪ ✌✙☛✙✆✕✌ ✟✜✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✠✟ ✲ ✌✎✍✼✓✤✛✢✥☞✏✒✠ ✘ ✥☞✓ ★ ✠☞☛ ✥ ✂ ✌✍✆ ✞ ☛ ✌✎✍✼✏✒✠ ✔ ✥☞☛✑✓ −1 ✬ ✶✁✌ ✪ ✛✢✥☞✏ ✎ ✌✁✭❉▼ ✬ ✌✯❍
✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌✚☛✦✠ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ✌✙✓✄❁✜✱✷✓ ★ ✓✤✛✢✌✂✟✜✌✜✆✕✠ ✖ ✏✦✥☞✛✢✥ ★ ✠☞☛✁❁ ✘ ✌ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ✟✜✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✖✟ ✲ ✌✎✍✼✓✤✛✢✥ ❀
✏✒✠ ✘ ✥☞✓ ★ ✠☞☛ ✌☞✞ ✌✍✆✙✓ ✞ ✣ ✌ ✔ ✏✦✥☞✛ � ✠ ✠ ✠✡✠ ✥ ✖ ✥ ✌✙✓✹✥ ✘✭✬ ✚✺◗ ✎✟✛✓✭✎✚✜✛✣✢✯✛✢✥☞✏✜✏✒✌ ✘ ✔ ✞ ✛✜✆✕✌ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ✟✜✥☞☛ ✔✚✘ ✌
✏✦✥☞✛✢✥ ✪ ✛✢✥☞✏ ✎ ✌ ✲ ✬ ✲ ✬ ✄✞❍✙❁ ✌✙✓✹✏✦✥☞✛✷✴ ✎ ✌✙☛ ✌✙✓✹✥ ✘✭✬ ✚ ✲ ▼✟✛✻✭ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ✟✜✌✷✛✢✌✙✓✢✥☞✛✒✟ ✠☞✏✜✓ ★✍✿ ✞ ✌✹✏✒✠ ✞ ✛ ✞ ☛✦✌
✆✕✌ ✘✩✘ ✞ ✘ ✌ ✣ ✏✦✥ ★✍✔✤✔ ✌✠✟✜✌ ✎✽✴✞✡✻❍ ✬
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✬ � � ✫✞� �✺✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✔✒✍✑✥✧☎✞✝✁✟✡✠✡✠✡☛✌☞✎✍✁�✄✠✡☛✄✣✙✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍✄✂ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍

★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ☛ ✲✳★ ☛✑✓✢✌✙✛ ✂✑★ ✌✙☛✜☛✜✌✒✏✦✥ ✔ ✏✜✛ ✣ ✆ ★✍✔✤✣ ✖ ✌✙☛✑✓✒✱ ✘ ✥ ✖ ✆ ✖ ✌ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✿ ✞ ✌ ✏✒✠ ✞ ✛ ✘ ✌ ✔✁✣ ✆ ✎ ✥☞☛ ❀
✓ ★✩✘✩✘ ✠☞☛ ✔ ✟✜✌ � ✠ ✠ ✠✡✠ ✥ ✖ ✥✻✠ ✞ ✴ ✎ ✌✙☛ ✆✕✥☞✛ ★✩✘ ✌ ✔ ✓ ✸✜★ ✌✙☛ ✆✕✠☞☛✜☛ ✞ ✿ ✞ ✌ ✘ ✥ ✖ ✠ ★ ☛☛✟✼✛✢✌ ★ ✖ ✏ ✞ ✛✢✌✙✓ ✣ ✟✜✥☞☛ ✔
✞ ☛ ✣ ✆ ✎ ✥☞☛✑✓ ★✩✘✩✘ ✠☞☛ ★ ☛☛✟ ✞ ★ ✓ ✞ ☛ ✟ ✣ ✆✕✥ ✘ ✥ ✪ ✌☎✟✜✌ ✘ ✥✗✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✬ ✶✁✌ ✔✹✔✟★ ✖ ★✩✘✩★ ✓ ✞ ✟✜✌ ✔✫★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌ ✔
✌✙☛✑✓✤✛✢✌ ☛✦✠ ✔ ✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓ ✔ ✌✙✓✚✆✕✌ ✞ ✍✑✟✜✌ � ✠ ✠ ✠✡✠ ✥ ✖ ✥✵✠ ✞ ✴ ✎ ✌✙☛✖✆✕✠☞☛✜✮✰✠☞✛✤✓✢✌✙☛✑✓✁☛✦✠☞✓✤✛✢✌ ★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓✢✥☞✓ ★ ✠☞☛ ✒
✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ L2 ✥ ✞ ☛✦✌ ✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛❃✌✙☛✻✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✓✢✠ ✞ ✓✧✱✯✮✰✥ ★ ✓✧✥☞☛✦✥ ✘ ✠ ✪ ✞ ✌✱ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✕✟ ✲ ✌✎✍✼✓✤✛✢✥☞✏✒✠ ✘ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ ✬ ✴✆✠ ✖❃✖ ✌✵☛✦✠ ✞ ✔✆✘✭✲ ✥ ✂ ✠☞☛ ✔ ✖ ✌✙☛✑✓ ★ ✠☞☛✜☛ ✣ ✏ ✘ ✞ ✔
✎ ✥ ✞ ✓✄❁ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ L2 ✌ ✔ ✓ ✟ ✣ ✓✢✌✙✛ ✖ ★ ☛ ✣ ✌✆✏✦✥☞✛✕✟✜✌ ✔ ✏✜✛✢✠☞✏✜✛ ★✍✣ ✓ ✣✕✔ ✖ ✣✕✔ ✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✔ ✭ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✟❀
✓ ★✍✿ ✞ ✌ ✔ ✟✜✌✹✓ ✎ ✣ ✠☞✛ ★ ✌✠✟✜✌ ✆ ✎ ✥ ✖ ✏ ✖ ✠✡✠ ✌✙☛❈❍✕✟ ✞ ✆✙✛ ★✍✔ ✓✢✥ ✘✁✘✩★✍✿ ✞ ★ ✟✼✌ ✬ ✣ ✘✩✘ ✌✹✌ ✔ ✓✂✟✜✠☞☛✙✆ ✘ ✌✹✛✢✌ ✌ ✌✙✓ ✟✜✌ ✔
✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✔ ✌✙☛ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✟ ✞ ✏✦✥☞✛✢✥ ✖ ❲ ✓✤✛✢✌✠✟ ✲ ✠☞✛✒✟✼✛✢✌✚☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✬

☎ ✄✎✍ ✆ ✙ ✔✞✝★✍✑✛ ✖✁✏ ✕✌✢ ✜✠✟✁✢✤☞✑✏✗✡✌☞✄✑★✍✎✥✚✑★✜ ✏

✶ ✲✾✣ ✓ ✞ ✟✜✌ ✔ ✠ ✔ ✓ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✟✜✌ ✔✡✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✌✙☛ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✥
✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✚✥✻✛ ✣☎✂ ✣✙✘✍✣✯✘✭✲ ✌✎✍ ★✍✔ ✓✢✌✙☛✙✆✕✌ ✟ ✲ ✞ ☛✦✌✚✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✯✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✂✟✜✌ ✘ ✥
✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✗☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✢✠☞✏ ✌ ✬ ★✯✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔✯✔ ✠ ✞✜✎ ✥ ★ ✓ ✣ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✌✙✛ ✆✕✌✙✓✤✓✢✌✹✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛
✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✚✌✙☛ ✣ ✓ ✞ ✟ ★ ✥☞☛✑✓ ✘ ✌✝✆✕✠ ✖ ✏✒✠☞✛✤✓✢✌ ✖ ✌✙☛✑✓✕✟✜✌ ✪ ✠ ✞ ✓✤✓✢✌ ✔ ✟✜✌ ✎✽✴✞✡ ✌✙☛ ✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✬
✴✆✠ ✖❃✖ ✌✫☛✦✠ ✞ ✔ ✘✭✲ ✥ ✂ ✠☞☛ ✔ ✛✢✥☞✏✜✏✒✌ ✘✍✣ ✟✜✥☞☛ ✔ ✘ ✌ ✆ ✎ ✥☞✏ ★ ✓✤✛✢✌ ✲ ✬ ✲ ✬ ✲ ❁ ✘ ✥✵✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✕✟ ✞ ✎✽✴✞✡ ✔ ✞ ✛
✟✜✌ ✔ ✏ ✘ ✥ ✿ ✞ ✌✙✓✤✓✢✌ ✔ ✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✼✖ ✌ ✔ ✓✚✌✙☛ ✔✟★ ✓ ✞ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✫✏✦✥☞✛✤✓ ★ ✌ ✘✭✬

�✂✁☎✄✂✁✝✆ ✞ ✺✠✟ ❂✻✾ ✺ ✹✻✺✠✟ ❃☛✡✻❄❅✵✶✺✠✟✠✹✻✺✌☞ ❀☛✡☛✍ ❃☛☞✎✍✠✹✑✏✓✒✠✔✓❂✻✴✶✵✶✴✝✕✿✾ ✺

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✖ ✌ ✔ ✞ ✛ ✣ ✟✜✌✗✮✰✥✓✒✕✠☞☛ ✔ ✠ ✔ ✓ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌ ✟✜✌ ✆✕✠☞☛✑✓✢✥✞✆✙✓ ✟✜✌
✪ ✠ ✞ ✓✢✌ ✘ ✌✙✓✤✓✢✌ ✔ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✔ ✌✙☛✗✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✥✵✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✬ ✴✆✌ ✔ ✥☞☛ ✪☞✘ ✌ ✔✆✔ ✠☞☛✑✓ ✖ ✌ ✔ ✞ ✛ ✣✕✔ ✏✦✥☞✛
★ ☛✑✓✢✌✙✛✤✮ ✣ ✛✢✠ ✖ ✣ ✓✤✛ ★ ✌ ✬ ✶✁✠☞✛ ✔✤✿ ✞ ✲ ✠☞☛ ✣ ✆ ✘ ✥ ★ ✛✢✌ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✹✌✙☛ ✘ ✞✜✖ ★✓✗ ✛✢✌ ✖ ✠☞☛✦✠ ✆ ✎ ✛✢✠ ✖ ✥ ❀
✓ ★✍✿ ✞ ✌✽❁✧✠☞☛ ✂ ✠ ★ ✓✡✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓✤✛✢✌ ✟✜✌ ✔ ✮✍✛✢✥☞☛ ✪ ✌ ✔ ✟ ✲✾✣✕✪ ✥ ✘ ✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✘ ✠ ✆✕✥ ✘✩★✍✔✤✣ ✌ ✔ ✥ ✞ ☛ ★ ✂ ✌✕✥ ✞ ✟✜✌
✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✯✭✙✘✛✚✢✜❂✏✦✥☞✛✤✓ ★ ✌ ✄ ✬ ✄ ✬ ✄✤✣ ✬ ✖ ✠ ✞ ✔ ✠ ✸ ✓✢✌✙☛✦✠☞☛ ✔ ✞ ☛ ✣ ✆ ✘ ✥ ★ ✛✢✥ ✪ ✌ ✖ ✠☞☛✦✠ ✆ ✎ ✛✢✠ ✖ ✥☞✓ ★✍✿ ✞ ✌❃✌✙☛
✞ ✓ ★✩✘✩★✍✔ ✥☞☛✑✓ ✞ ☛ ✕✜✘ ✓✤✛✢✌ ★ ☛✑✓✢✌✙✛✤✮ ✣ ✛✢✌✙☛✑✓ ★ ✌ ✘ ✭ λ = 546 nm ✌✙✓

δλ = 5 nm
✣ ✬

✥ ✥☞☛ ✔✆✘ ✌✝✆✕✥ ✔ ✠✧✦ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✣ ✓ ✞ ✟ ★✍✣ ✌✯✌ ✔ ✓ ✔ ✞ � ✔ ✥ ✖❃✖ ✌✙☛✑✓✫✏✒✌✙✓ ★ ✓✢✌✫✏✒✠ ✞ ✛ ✿ ✞ ✌ ✘✭✲ ✠☞☛ ✏ ✞ ★✍✔✤✔ ✌



✫✞� � ✂ ✝ ★✁�✌✣✟✄✾✔✒✍✑✠✡☛✶✏✄✂✁☛✌✘✙✍ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍ ✬ �✁�

✛✢✌ ✘ ✌ ✂ ✌✙✛ ✔ ✠☞☛❂✏✜✛✢✠ ✕✜✘ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✜✆✕✠ ✖ ✏ ✘✓✗ ✓✢✌ ✖ ✌✙☛✑✓☎✭✙✘✛✚✢✜ ✕✦✪ ✞ ✛✢✌☛✭ ✲ ✬✄✂ ✲ ✣ ✣✙❁ ✠☞☛❂✏✒✌ ✞ ✓✠✟ ✣ ✟ ✞ ★ ✛✢✌
✘✭✲ ✥☞☛ ✪☞✘ ✌✑✟✜✌✖✆✕✠☞☛✑✓✢✥✞✆✙✓✹✌✙☛ ✖ ✌ ✔ ✞ ✛✢✥☞☛✑✓ ✘ ✌✹✛✢✥✡✠ ✠☞☛ ✌✙✓ ✘ ✥ ✎ ✥ ✞ ✓✢✌ ✞ ✛✂✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✆☎✵✱ ✘✭✲ ✥ ★ ✟✜✌✔✟✜✌
✘ ✥✷✮✰✠☞✛ ✖✷✞ ✘ ✌✤✭ ✂ ✬✄✂✞✝ ✣ ✬ ✟ ☛✗✏✒✌ ✞ ✓✫✥ ✞ ✔✤✔✟★ ✖ ✌ ✔ ✞ ✛✢✌✙✛ ✘✭✲ ✥☞☛ ✪☞✘ ✌✂✟✜✌✝✆✕✠☞☛✑✓✢✥✞✆✙✓✚✌✙☛ ✥☞☛✦✥ ✘ ✠ ✔ ✥☞☛✑✓ ✘ ✌ ✸ ✠☞✛✒✟
✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✵✥ ✔✤✔✟★ ✖ ★✩✘✍✣ ✱ ✞ ☛ ✆✕✠ ★ ☛✢✆✕✠ ✖❃✖ ✌ ✘ ✌ ✖ ✠☞☛✑✓✤✛✢✌ ✘ ✥ ✕✦✪ ✞ ✛✢✌☎✭✠✟ ✬ ✎✤✣ ✬ ✶✁✥ ✕✦✪ ✞ ✛✢✌ ✭✠✟ ✬☛✡ ✣
✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌✽❁✜✌ ✘✩✘ ✌✽❁ ✞ ☛ ✆ ✘✩★ ✆ ✎ ✣ ✟ ✞ ✸ ✠☞✛✒✟ ✟ ✲ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✠✟✜✌✕✎✽✴✞✡ ✟ ✣ ✏✒✠ ✔✤✣ ✌ ✔ ✞ ✛ ✞ ☛
✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓✕✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ✬

✭✌☞✯✮✱✰ ✟ ✬ ✎✎✍✺✽ ✘✍✼✑✏✓✒✕✔✗✖✙✘✛✚✞✔✗✖✙✘✢✜✤✣✦✥✫✪ ✧✎✣✩★✫✪✎✜✤✧✬✖✭✖✢★✮✘✛✚✞✜✗✖✣✩✯✜✱✰✁★✲✥✳★ ✝✕✧✄✂✴✥✳✏✢✰✁✜✞✚✞✏✯★✫✚✓✧✒✩✵✧✎✣✩★✌✰✩✶✛✔✳✷✓✧✑★✸✖✭✖✢★
✥✳★✮✚✓✘✙✶✄✘☎✘✓✘✙✧✎✒ ✜

✏ ✘ ✥☎✟ ★✍✔ ✓✢✥☞☛✙✆✕✌ x ✟✜✌ ✘ ✥ ✘✩★✍✪ ☛✦✌ ✟✜✌✝✆✕✠☞☛✑✓✢✥✞✆✙✓✄❁ ✘ ✥☎✟ ★✛✹ ✣ ✛✢✌✙☛✙✆✕✌ ✟✜✌ ✖ ✥☞✛✟✆ ✎ ✌✵✌✙☛✑✓✤✛✢✌ ✞ ☛✗✛✢✥✡✠ ✠☞☛
✛ ✣☞✌✦✣ ✆ ✎ ★ ✏✦✥☞✛ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✯✌✙✓ ✞ ☛✗✛✢✥✡✠ ✠☞☛✗✛ ✣☞✌✦✣ ✆ ✎ ★ ✔ ✞ ✛ ✘ ✌ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✔ ✠ ✘✩★ ✟✜✌
✌ ✔ ✓✲✍

δ = 2nx tan θ
✭✠✟ ✬ ✄✤✣

✠✧✦
n
✌ ✔ ✓ ✘✭✲✳★ ☛☛✟ ★ ✆✕✌✚✠☞✏✜✓ ★✍✿ ✞ ✌ ✟✜✌ ✘ ✥✷✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✂✟ ✞ ✎✽✴✞✡ ✬

✺✼✻✾✽✓✿✗❀✁❁✱❂✓✽✓❃✗❀✑❄✢❅✤✽✯❆✄❀✙❆✳❇✳❈❉❁✓❀✢❀✭✽✞❄✢❆❋❊✼●✑❍✛❈ ■✼❏✗❁✱❆✄❀✢❀✭❊✼✿✤●
0 ❑ ❍✄❁✌❏✤●✢❊✼▲✫❆❋▼✼●✢❊✁◆❖●✠❁✯❃✤P✓❊◗❀✭✽✓▲✫❘✤●✢❊✩❁✯✿✫❘✗✽✓●✠❇❙❇✞❊✾❍✄❁✌P✓✽✓✿✤❚✭❚✭❊✓❯❱ ❊✠❍✄❁✮❀✙❆❋P✓❃✞❆☛❲✗❊❨❳✓✿✤❊❩❍✛❈ ■✼❏✗❁✱❆✄❀✢❀✭❊✼✿✤●

h
❊✱❀✭❚✌▲❨❊✱❀✭✿✤●✢■✼❊✌❁✱❂✓❊✱❄❩✿✤❃✤❊❩❆❋❃✗❄✠❊✼●✢❚✙❆❋❚✭✿✗❇✞❊✵❇✞❊

±
λ
2n
= ±182 nm

✽✓❬
n
❊✱❀✭❚

❍✛❈ ❆❋❃✗❇✸❆✄❄✠❊❙✽✓❏✤❚✙❆✄❳✓✿✤❊❩❇✞✿✮❭ ❱✩❪ ❊✼❃✵❏✤❅✗❁✓❀✭❊◗❆✄❀✭✽✓❚✭●✢✽✓❏✗❊❙❫✛❃✤✽✓✿✗❀✩❁✱❂✓✽✓❃✗❀✩❏✤●✭❆✄❀
n = 1.5 ❴ ❯



✬ �✁✂ ✫✞� �✺✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✔✒✍✑✥✧☎✞✝✁✟✡✠✡✠✡☛✌☞✎✍✁�✄✠✡☛✄✣✙✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍✄✂ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍

✭✌☞✯✮✱✰ ✟ ✬☛✡ ✍✁� ✶✄✘☎✘✄✂✑✏❙✥✤✧✆☎✯✜✞✝✯✥✵✥✠✟ ✧✎✣✩★✌✪✎✜✤✧✬✖✭✖✢★❙✘✛✚✞✜✗✖✡✝✯✜✱✰✁★❙✥✳★ ✝☛�✄✂ ✥✳✏✢✰✁✜✞✚✞✏✯★✌✚✓✧☞✝❩✧✎✣✩★✩✰✩✶✛✔✳✷✓✧✑★✸✖✭✖✢★❨✥✳★
✚✓✘✙✶✄✘☎✘✓✘✙✧✎✒ ★✸✖✫✏✙✘✓✶✛✔✤✘✡✝✯✏✯★ ★✓✣✦✶✄✧✎✒✆✘ ❍✌✝✯★✲✒✕✜✤✣✩✜ ✘✄✂☞✝✯✜✤✒✕✔✗✖✙✘✢✷✓✧✑★ ✜✱❄◗✔✕✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★✆✥✳★ ✘✯★✸✖✭✖✢★✮✪✎✜✤✧✬✖✭✖✢★
★✯✚✸✖
35.9± 0.1 ✟

C
✜✱❄✍✟❉✔✤✣✎✪✗✶✛★ ✥✳★✑✘✯✜✤✣✁✖✢✔ ✘✸✖✫★✯✚✸✖✌✘☎✘✓✘❩✏✌✎✗✔✤✶✄✧✑✏✑✏

5.9
✟ ✜

✶✁✥ ✟ ★✛✹ ✣ ✛✢✌✙☛✙✆✕✌ ✟✜✌ ✖ ✥☞✛✟✆ ✎ ✌ ✌ ✔ ✓ ✖ ✌ ✔ ✞ ✛ ✣ ✌✗✌✙☛ ✆✕✠ ✖ ✏✜✓✢✥☞☛✑✓ ✘ ✌✗☛✦✠ ✖ ✸ ✛✢✌ N ✟✜✌✡✮✍✛✢✥☞☛ ✪ ✌ ✔
✔ ✠ ✖ ✸ ✛✢✌ ✔✯✔ ✞ ✛ ✞ ☛✦✌✔✟ ★✍✔ ✓✢✥☞☛✙✆✕✌ x ✍

δ = Nλ
✠✧✦
λ = 546 nm

✌ ✔ ✓ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✟ ✲ ✠☞☛☛✟✜✌✔✟✜✌
✘ ✥✷✛✢✥☞✟ ★ ✥☞✓ ★ ✠☞☛ ✖ ✠☞☛✦✠ ✆ ✎ ✛✢✠ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✞ ✓ ★✩✘✩★✍✔✤✣ ✌ ✬ ✶✁✥✷✛✢✌ ✘ ✥☞✓ ★ ✠☞☛

tan θ =
Nλ

2nx

✭✠✟ ✬ ✲ ✣
✏✒✌✙✛ ✖ ✌✙✓✫✥ ✘ ✠☞✛ ✔ ✟✜✌ ✖ ✌ ✔ ✞ ✛✢✌✙✛ ✘✭✲ ✥☞☛ ✪☞✘ ✌✠✟✜✌✜✆✕✠☞☛✑✓✢✥✞✆✙✓ ✬

✶✁✠☞✛ ✔✤✿ ✞ ✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✵✌ ✔ ✓ ✟ ✣ ✏✒✠ ✔✤✣ ✌ ✔ ✞ ✛ ✘ ✌ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓✄❁✼✌ ✘✩✘ ✌✯✥☞✓✤✓✢✌ ★ ☛✑✓ ✔ ✠☞☛ ✣ ✓✢✥☞✓ ✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌
✌✙☛ ✔✕✲✾✣ ✓✢✥ ✘ ✥☞☛✑✓ ✬ ✴✆✌ ✘ ✥ ✔✟★✍✪ ☛ ★ ✕ ✌ ✿ ✞ ✌ ✘ ✌ ✔ ✥☞☛ ✪☞✘ ✌ ✔✵✿ ✞ ✌✻☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✖ ✌ ✔ ✞ ✛ ✣✕✔✹✔ ✠☞☛✑✓✹✓✢✠ ✞ ✔ ✟✜✌ ✔
✥☞☛ ✪☞✘ ✌ ✔ ✟ ✲ ✥ ✂ ✥☞☛✙✆ ✣ ✌ ✬ ✶✁✌ ✔✻✘ ✠ ★✍✔ ✟ ✞ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌✽❁✏✟✜✥☞☛ ✔✻✘ ✌ ✆✕✥ ✔ ✟ ✞ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌
✏✦✥☞✛✤✓ ★ ✌ ✘ ❁✽✏✒✌✙✛ ✖ ✌✙✓✤✓✢✌✙☛✑✓✖✟ ✲✾✣☎✂ ✥ ✘ ✞ ✌✙✛ ✘ ✌✚✓✢✌ ✖ ✏ ✔ ✟✜✌✚✛✢✌ ✘ ✥✓✒✜✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌✂✟✜✌✝✆✕✠☞☛✑✓✢✥✞✆✙✓ ✂ ✌✙✛ ✔✫✔ ✥
✂ ✥ ✘ ✌ ✞ ✛ ✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌ ✬✕✔ ✥☞✛ ✔ ✠ ✞ ✆ ★ ✟✜✌ ✔✟★ ✖ ✏ ✘✩★ ✆ ★ ✓ ✣ ❁ ✘✭✲✾✣☎✂ ✥ ✘ ✞ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✆✕✌✚✓✢✌ ✖ ✏ ✔ ✟✜✌✚✛✢✌ ✘ ✥✓✒✜✥☞✓ ★ ✠☞☛
✔ ✌✙✛✢✥❃✮✰✥ ★ ✓✢✌✠✟✜✥☞☛ ✔✫✘ ✌ ✆✕✥ ✔ ✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★ ✌✙✛✆✠✧✦ ✘ ✌ ✔ ✥☞☛ ✪☞✘ ✌ ✔ ✟✜✌ ✆✕✠☞☛✑✓✢✥✞✆✙✓✜✆✕✠☞☛ ✔✟★ ✟ ✣ ✛ ✣✕✔✫✔ ✠☞☛✑✓✚✮✰✥ ★✩✸✜✘ ✌ ✔ ❁
✱ ✘✭✲ ✥ ★ ✟✜✌✂✟✜✌ ✔ ✖ ✆ ✖ ✌ ✔ ✥☞✛ ✪ ✞✜✖ ✌✙☛✑✓ ✔✆✿ ✞ ✌✜✆✕✌ ✞ ✒ ✿ ✞ ★ ✆✕✠☞☛☛✟ ✞ ★✍✔ ✌✙☛✑✓✆✱ ✘ ✥ ✘ ✠ ★ ✟✜✌✜☛✁✥☞☛✜☛✦✌✙✛★✭ ✂ ✬ ✄ ✄✤✣ ✬



✫✞� � ✂ ✝ ★✁�✌✣✟✄✾✔✒✍✑✠✡☛✶✏✄✂✁☛✌✘✙✍ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍ ✬ �✁�

✖ ✠☞✓✢✠☞☛ ✔ θ0 ✘✭✲ ✥☞☛ ✪☞✘ ✌✕✟✜✌ ✆✕✠☞☛✑✓✢✥✞✆✙✓✫✱ ✘✭✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✤✌✆✌✙✓ θ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛ ✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌✕✟✜✌ ✆✕✠☞☛✑✓✢✥✞✆✙✓✫✱
✞ ☛ ★ ☛ ✔ ✓✢✥☞☛✑✓ ✿ ✞ ✌ ✘ ✆✕✠☞☛ ✿ ✞ ✌ ✬ ✟ ☛ ✔ ✞ ✏✜✏✒✠ ✔ ✌ ✿ ✞ ✌ |θ − θ0| ≪ θ0 ✬ ✶✁✥✫✮✰✠☞✛✟✆✕✌ ✖ ✠☞✓✤✛ ★ ✆✕✌ ✛ ✣✕✔ ✞ ✘ ✓✢✥☞☛✑✓✢✌

Fm
✔ ✞ ✛ ✘ ✥ ✘✩★✍✪ ☛✦✌✂✟✜✌✜✆✕✠☞☛✑✓✢✥✞✆✙✓✫✏✦✥☞✛ ✞ ☛ ★ ✓ ✣ ✟✜✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✂ ✣ ✛ ★ ✕ ✌✂✟ ✲ ✥☞✏✜✛ ✗✕✔ ✭ ✂ ✬✄✂ ✄✤✣✮✍

Fm = γSV − γSL − γ cos θ = γ(cos θ0 − cos θ)
✭✠✟ ✬ ✌ ✣

✠✧✦ ✘✭✲ ✠☞☛ ✥ ☛✦✠☞✓ ✣ γ ✘ ✥ ✓✢✌✙☛ ✔✟★ ✠☞☛ ✔ ✞ ✏✒✌✙✛ ✕ ✆ ★ ✌ ✘✩✘ ✌ ✘✩★✍✿ ✞ ★ ✟✼✌ ❀ ✂ ✥☞✏✒✌ ✞ ✛ ✬ ✥ ✥☞☛ ✔❃✘ ✥ ✘✩★ ✖ ★ ✓✢✌✡✠✧✦ ✘ ✌ ✔
✥☞☛ ✪☞✘ ✌ ✔ θ0 ✌✙✓ θ ✔ ✠☞☛✑✓✫✮✰✥ ★✩✸✜✘ ✌ ✔ ❁✑✠☞☛ ✥ ✍

Fm ≈ γθ0(θ − θ0)
✭✠✟ ✬ ✎✤✣

✶✁✥ ✂✑★ ✓✢✌ ✔✤✔ ✌☎✟ ✲ ✥ ✂ ✥☞☛✙✆ ✣ ✌ V =
✟
r✟
t

❁✁✠✧✦
r
✌ ✔ ✓ ✘ ✌✻✛✢✥✡✠ ✠☞☛ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✽❁✎✟✜✌ ✘ ✥ ✘✩★✍✪ ☛✦✌✑✟✜✌

✆✕✠☞☛✑✓✢✥✞✆✙✓✆✌ ✔ ✓✆✠ ✸ ✓✢✌✙☛ ✞ ✌✫✌✙☛ ✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✥☞☛✑✓✄❁☞✌✙☛❃✛ ✣✕✪☞★ ✖ ✌ ✘ ✌✙☛✑✓✢✌ ✖ ✌✙☛✑✓ ✂ ✥☞✛ ★ ✥ ✸✜✘ ✌✽❁ ✘ ✥✯✮✰✠☞✛✟✆✕✌ ✖ ✠☞✓✤✛ ★ ✆✕✌
✆✕✥☞✏ ★✩✘✩✘ ✥ ★ ✛✢✌ Fm ✱ ✘ ✥✵✮✰✠☞✛✟✆✕✌✤✭✰✛ ✣✕✔✟★✍✔ ✓✢✥☞☛✑✓✢✌ ✣ Fr ✟✜✌ ✟ ★✍✔✤✔✟★ ✏✦✥☞✓ ★ ✠☞☛ ✂✑★✍✔✤✿ ✞ ✌ ✞ ✔ ✌✕✟✜✥☞☛ ✔ ✘ ✌ ✌ ✞ ★ ✟✜✌ ✬ ✣ ☛
✖ ✠ ✟ ✣✙✘✩★✍✔ ✥☞☛✑✓ ✘✭✲✾✣ ✆✕✠ ✞ ✘ ✌ ✖ ✌✙☛✑✓ ✟ ✞ ✌ ✞ ★ ✟✜✌✖✟✜✥☞☛ ✔✧✘ ✌ ✆✕✠ ★ ☛ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✫✏✦✥☞✛ ✞ ☛ ✣ ✆✕✠ ✞ ✘ ✌ ✖ ✌✙☛✑✓ ✟✜✌

✔ ✠ ★✍✔ ✌ ✞ ★✩✘✩✘ ✌✽❁ ✠☞☛ ✠ ✸ ✓ ★ ✌✙☛✑✓ ✚ ✲ ✂ ✛❩✍

Fr =
3ηV

θ
ln
(

xM
xm

) ✭✠✟ ✬☛✡ ✣
✠✧✦
η
✌ ✔ ✓ ✘ ✥ ✂✑★✍✔ ✆✕✠ ✔✟★ ✓ ✣ ✟ ✞ ✘✩★✍✿ ✞ ★ ✟✜✌ ✬ ✶✁✌ ✔✵✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✔ ✟✜✌✖✆✕✠ ✞ ✏ ✞ ✛✢✌ xM ✭ ✖ ✥✞✆✙✛✢✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✣

✌✙✓
xm

✭ ✖ ✠ ✘✍✣ ✆ ✞ ✘ ✥ ★ ✛✢✌ ✣ ✔ ✠☞☛✑✓ ★ ☛✑✓✤✛✢✠ ✟ ✞ ★ ✓✤✌ ✔ ✥ ✕ ☛ ✟ ✲✾✣☎✂✑★ ✓✢✌✙✛ ✞ ☛✦✌✕✟ ★ ✂ ✌✙✛ ✪ ✌✙☛✙✆✕✌✕✟✜✌ ✘ ✥✠✟ ★✍✔✤✔✟★ ✏✦✥☞✓ ★ ✠☞☛
✂✑★✍✔✤✿ ✞ ✌ ✞ ✔ ✌✻✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌☎✟✜✌ ✘ ✥ ✘✩★✍✪ ☛✦✌☎✟✜✌✒✆✕✠☞☛✑✓✢✥✞✆✙✓☛✚ ✎ ✝ ❁ ✲ ✡ ✛ ✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟ ★✍✔ ✆ ✞ ✓ ✣✹✘ ✌ ✞ ✛
☛✦✥☞✓ ✞ ✛✢✌✂✟✜✥☞☛ ✔✆✘ ✥✷✏✦✥☞✛✤✓ ★ ✌ ✂ ✬ ✄ ✬

✶✁✌ ✂ ✠ ✘ ✞✜✖ ✌
Ω
✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✽❁ ✟✜✥☞☛ ✔✆✘ ✥ ✘✩★ ✖ ★ ✓✢✌✫✠✧✦ θ≪ 1 ✌ ✔ ✓ ✟✜✠☞☛✜☛ ✣ ✏✦✥☞✛ ✘ ✥✷✛✢✌ ✘ ✥☞✓ ★ ✠☞☛✦✍

Ω =
1

4
πr3θ

✟ ☛ ✌✙☛✗✟ ✣ ✟ ✞ ★ ✓ ✿ ✞ ✌✆✍

V =

✟
r✟
t
= −1

3

(

4Ω

πθ

)1/3

θ−1
✟
θ✟
t

≈ −1
3
rθ−10

✟
θ✟
t✶✁✥✑✆✕✠ ✖ ✏✒✌✙☛ ✔ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥✵✮✰✠☞✛✟✆✕✌ ✖ ✠☞✓✤✛ ★ ✆✕✌ ✆✕✥☞✏ ★✩✘✩✘ ✥ ★ ✛✢✌✧✏✦✥☞✛ ✘ ✥✵✮✰✠☞✛✟✆✕✌✚✛ ✣✕✔✟★✍✔ ✓✢✥☞☛✑✓✢✌ ✟✜✌ ✟ ★✍✔✤✔✟★✩❀

✏✦✥☞✓ ★ ✠☞☛ ✂✑★✍✔✤✿ ✞ ✌ ✞ ✔ ✌✝✆✕✠☞☛☛✟ ✞ ★ ✓✆✱ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✦✍

τ

✟
ε✟
t
+ ε = 0

✭✠✟ ✬ ✟✤✣



✬ �✁� ✫✞� �✺✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✔✒✍✑✥✧☎✞✝✁✟✡✠✡✠✡☛✌☞✎✍✁�✄✠✡☛✄✣✙✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍✄✂ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍
✥ ✂ ✌✍✆ ε = θ−θ0 ✌✙✓ τ = η

γ ln
(

xM
xm

)

rθ−30
✬ ✶ ✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✷✏✜✛ ✣ ✆ ✣ ✟✜✌✙☛✑✓✢✌ ✖ ✌✙✓ ✌✙☛ ✣☎✂✑★ ✟✜✌✙☛✙✆✕✌ ✞ ☛✦✌

✛✢✌ ✘ ✥✓✒✜✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌✕✟✜✌ ✆✕✠☞☛✑✓✢✥✞✆✙✓ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✂ ✌✙✛ ✔✧✔ ✠☞☛✡✥☞☛ ✪☞✘ ✌ ✟ ✲✾✣✕✿ ✞ ★✩✘✩★ ✸ ✛✢✌✽❁ ✟ ✣ ✓✢✌✙✛ ✖ ★ ☛ ✣
✏✦✥☞✛ ✘ ✥ ✘ ✠ ★ ✟ ✲ � ✠ ✞ ☛ ✪ ❁✧✌✙☛ ✞ ☛ ✓✢✌ ✖ ✏ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ τ ✿ ✞ ★ ✟ ✣ ✏✒✌✙☛☛✟✔✆✕✠ ✖❃✖ ✌ ✔ ✞ ★ ✓☎✟✜✌ ✔
✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✔ ✏ ✎ ✠ ✔✟★✍✿ ✞ ✌ ✔ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✆✍

τ ∝ r η
γ
θ−30

✭✠✟ ✬✄✂ ✣

✴✆✌✹✓✢✌ ✖ ✏ ✔ ✟✜✌✹✛✢✌ ✘ ✥✓✒✜✥☞✓ ★ ✠☞☛✗✟ ✣ ✏✒✌✙☛☛✟✡✓✤✛ ✗✕✔ ✮✰✠☞✛✤✓✢✌ ✖ ✌✙☛✑✓✂✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌✠✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌ θ0 ✬✁✔ ✛✢✌ ❀☛✦✠☞☛ ✔✫✘ ✌ ✔ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✓ ✠✑✏ ★✍✿ ✞ ✌ ✔✆✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✔ ✍ η = 0.01 P ❁ γ = 30 mN ·m−1 ❁ r = 0.1 mm ✬
✟ ☛ ✠ ✸ ✓ ★ ✌✙☛✑✓✆✥ ✘ ✠☞✛ ✔✫✘ ✌ ✔ ✌ ✔ ✓ ★ ✖ ✥☞✓ ★ ✠☞☛ ✔✆✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✔ ✍

θ0 = 10 ☎ τ ≈ 200ms

θ0 = 0.5 ☎ τ ∼ 6 h

✔ ✠ ✞ ✛ ✘ ✌ ✔✆✪ ✠ ✞ ✓✤✓✢✌ ✔ ✟✜✌ ✎✽✴✞✡ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✿ ✞ ✌✚☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔✫✣ ✓ ✞ ✟ ★✍✣ ✌ ✔ ❁ ✘ ✌ ✔ ✥☞☛ ✪☞✘ ✌ ✔ ✖ ✌ ✔ ✞ ✛ ✣✕✔
✂ ✥☞✛ ★ ✌✙☛✑✓✯✌✙☛✑✓✤✛✢✌ 5 ✌✙✓ 15 ☎ ✬✍✔ ✥☞✛ ✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✑✓✄❁✙✆✕✠ ✖❃✖ ✌✖✆ ✎ ✥ ✿ ✞ ✌✷✥☞☛ ✪☞✘ ✌✷✥ ✣ ✓ ✣ ✖ ✌ ✔ ✞ ✛ ✣ ✓ ✠✑✏ ★✩❀
✿ ✞ ✌ ✖ ✌✙☛✑✓ ✞ ☛✦✌ ✎ ✌ ✞ ✛✢✌✵✥☞✏✜✛ ✗✕✔✚✘ ✌✔✟ ✣ ✏✘✗☞✓ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✽❁✦✠☞☛ ✏✒✌ ✞ ✓✚✌ ✔ ✓ ★ ✖ ✌✙✛ ✿ ✞ ✌✵☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔
✖ ✌ ✔ ✞ ✛ ✣✻✘ ✌ ✔ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✱ ✘✭✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✤✌ θ0 ✟✜✌✒✆✕✌ ✔ ✥☞☛ ✪☞✘ ✌ ✔✕✬ ✖ ✠ ✞ ✔ ✏✜✛ ✣✕✔ ✌✙☛✑✓✢✠☞☛ ✔ ✆✕✌ ✔ ✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓ ✔
✟✜✥☞☛ ✔✆✘ ✥ ✕✦✪ ✞ ✛✢✌ ✭✠✟ ✬ ✟✤✣ ✬

☎ ✓ ★✩✘✩★✍✔ ✥☞☛✑✓ ✖ ✥ ★ ☛✑✓✢✌✙☛✦✥☞☛✑✓ ✘ ✌ ✔ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✟✜✌ ✘ ✥ ✓✢✌✙☛ ✔✟★ ✠☞☛ ✔ ✞ ✏✒✌✙✛ ✕ ✆ ★ ✌ ✘ ✘ ✌ γ ✖ ✌ ✔ ✞ ✛ ✣ ✌ ✔ ✏✦✥☞✛
✱✵✥☞☛✜☛✦✠☞☛ ✌✙✓✿✮✜✥ ✸ ✌✙✛✕✚✍✌ ✎✜✛✕✭✙✘✛✚✢✜✆✥ ✞ ✔✤✔✟★ ✏✦✥☞✛✤✓ ★ ✌ ✲ ✬ ✄✤✣✙❁✜☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏ ✞ ✆✕✥ ✘ ✆ ✞ ✘ ✌✙✛ ✘ ✌✵✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌
✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✫✌✙☛ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✥✷✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✬ ✖ ✠ ✞ ✔ ✛✢✥☞✏✜✏✒✌ ✘ ✠☞☛ ✔✧✿ ✞ ✌✆✍

S = γ(cos θ0 − 1)

✶✁✌✵✓✤✛✢✥✞✆ ✣ ✭✠✟ ✬✄✂ ✣✙❁ ✿ ✞ ★ ✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌ ✞ ☛ ✓✤✛✢✥✞✆ ✣ ✟✜✌ S2 ✌✙☛ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✥❃✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ T ❁
✔ ✞ ✪✽✪✤✗ ✛✢✌ ✘ ✌✫✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓ ✛✢✌ ✖ ✥☞✛ ✿ ✞ ✥ ✸✜✘ ✌ ✔ ✞ ★ ✂ ✥☞☛✑✓❨✍ ✘ ✌✫✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌ ✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✔✕✲ ✥☞☛✜☛ ✞ ✘ ✌✆✏✒✠ ✞ ✛
✞ ☛✦✌✯✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ T ⋆⋆ = 34.9 ± 0.1 ☎ C ✬ ✖ ✠☞✓✢✠☞☛ ✔✚✿ ✞ ✌✜✆✕✌✙✓✤✓✢✌ ✂ ✥ ✘ ✌ ✞ ✛✕✟✜✌ T ⋆⋆ ✌ ✔ ✓✚✓✢✠ ✞ ✓✚✱
✮✰✥ ★ ✓ ✆✕✠ ✖ ✏✦✥☞✓ ★✩✸✜✘ ✌ ✥ ✂ ✌✍✆ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛✎✟✜✌ ✘ ✥✚✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ T ⋆ ✓✤✛✢✠ ✞ ✂ ✣ ✌✧✏✜✛ ✣ ✆✕✌✍✟✜✌ ✖❃✖ ✌✙☛✑✓✒✌✙✓ ✥ ✂ ✌✍✆
✘ ✥✵✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✖✟✜✌✫✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✻☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✤✠☞✏✒✌ TNI ✬ ✴✆✌✚✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓✄❁✞✆✕✠☞✛✤✛✢✠ ✸ ✠☞✛✢✥☞☛✑✓ ✘ ✌



✫✞� � ✂ ✝ ★✁�✌✣✟✄✾✔✒✍✑✠✡☛✶✏✄✂✁☛✌✘✙✍ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍ ✬ �✞✫

30 40 50 60 70 80
0

5

10

15

Temperature (°C)

C
on

ta
ct

 a
ng

le
 (

°)

✭✌☞✯✮✱✰ ✟ ✬ ✟✎✍ ✂ ✎✗✜✤✶✄✧✬✖✙✘✢✜✤✣ ★✓✣✴✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★ ✥✳★✯✚ ✔✤✣✎✪✗✶✛★✯✚ ✥✳★ ✘✯✜✤✣✁✖✢✔ ✘✸✖ ✥✳★ ✪✎✜✤✧✬✖✭✖✢★✯✚ ✥✳★ ✝☛�✄✂
✘✛✚✞✜✗✖✡✝✯✜✱✰✁★ ✥✳✏✢✰✁✜✞✚✞✏✯★✯✚✵✚✓✧☞✝✆✥✳★✯✚❙✰✩✶✛✔✳✷✓✧✑★✸✖✭✖✢★✯✚✆✥✳★✮✚✓✘✙✶✄✘☎✘✓✘✙✧✎✒ ✜

✏✜✛ ✣ ✆ ✣ ✟✜✌✙☛✑✓✝✆✕✠☞☛✙✆✕✌✙✛✤☛✦✥☞☛✑✓ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛✗✟✜✌ ✔✯✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ❁ ✖ ✠☞☛✑✓✤✛✢✌ ✿ ✞ ✲ ✞ ☛✦✌✵✓✤✛✢✥☞☛ ✔✟★✩❀
✓ ★ ✠☞☛ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✵✏✜✛✢✌✙☛☛✟ ✏ ✘ ✥✞✆✕✌✷✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✑✟✜✌ ✘ ✥✡✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✩✔ ✠☞✓✤✛✢✠☞✏✒✌ ✬
✣ ☛ ✠ ✞ ✓✤✛✢✌✽❁ ☛✦✠ ✞ ✔ ✠ ✸ ✓✢✌✙☛✦✠☞☛ ✔✵✿ ✞ ✌ ✘ ✌ ✔ ✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✔ ✟ ✞ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌☎✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✹✌✙☛❂✏ ✎ ✥ ✔ ✌
★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✽❁✑✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✠✟✜✌ ✘ ✥✷✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✡☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✢✠☞✏ ✌✽❁ ✔ ✠☞☛✑✓ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✤✣ ✌ ✔ ✏✦✥☞✛
✞ ☛✦✌ ✘ ✠ ★ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✲✍

−S ∝ (T − T ⋆⋆)0.5 ✭✠✟ ✬✁� ✣

✣ ☛ ✆✕✠☞☛✜✮✰✠☞☛☛✟✜✥☞☛✑✓
T ⋆⋆

✱ ✘ ✥ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✖✆✙✛ ★ ✓ ★✍✿ ✞ ✌☎✟✜✌ ✘ ✥ ✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✽❁
☛✦✠ ✞ ✔ ✏✒✠ ✞ ✂ ✠☞☛ ✔ ✟✜✠☞☛✜☛✦✌✙✛ ✘ ✌ ✔ ✆ ✎ ✣ ✖ ✥ ✔ ✞ ★ ✂ ✥☞☛✑✓✮✍

T < T ⋆⋆ −S = 0

T > T ⋆⋆ −S ∝ (T − T ⋆⋆)0.5

✶✁✌ ✔ ✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓ ✔✻✿ ✞ ✌✡☛✦✠ ✞ ✔ ✛ ✣✕✔ ✞✜✖ ✠☞☛ ✔✷✸ ✛ ★✓✗☎✂ ✌ ✖ ✌✙☛✑✓☎✟✜✥☞☛ ✔✷✘ ✌✡✓✢✥ ✸✜✘ ✌✕✥ ✞ ✆ ★✩❀ ✟✜✌ ✔✤✔ ✞ ✔ ✛✢✥☞✏ ❀
✏✒✌ ✘✩✘ ✌✙☛✑✓✝✆✕✌ ✞ ✒ ★✍✔✤✔ ✞ ✔ ✟✜✌ ✘ ✥✗✓ ✎ ✣ ✠☞✛ ★ ✌✑✟✜✌❃✶✁✥☞☛☛✟✜✥ ✞ ✟✜✌ ✔ ✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✔ ✟✜✌✻✏ ✎ ✥ ✔ ✌ ✟ ✞ ✏✜✛✢✌ ✖ ★ ✌✙✛
✠☞✛✒✟✼✛✢✌ ✚ ✂ ✛ ✬ ✖ ✠ ✞ ✔ ✏✒✌✙☛ ✔ ✠☞☛ ✔✫✿ ✞ ✌ ✘ ✥✻✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✿ ✞ ✌✵☛✦✠ ✞ ✔ ✠ ✸✦✔ ✌✙✛ ✂ ✠☞☛ ✔ ✏✒✌ ✞ ✓
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T** = 34.9 °C

↓

✭✌☞✯✮✱✰ ✟ ✬✄✂ ✍ ✟☛✝✯✔ ✘✯✏ ✥✤✧✕✰✁✔✞✝✯✔✤✒✕❍✸✖✡✝✯★ ✥✠✟❉✏✸✖✢✔✤✶✛★✓✒✕★✓✣✁✖❨✔✤✧ ✘✯✔✞✝✌✝✯✏
S2

★✓✣ ✚✸✜✤✣ ✘✸✖✙✘✢✜✤✣ ✥✳★✆✶✛✔ ✖✢★✓✒❨✰✁✏✜❂
✝✯✔✗✖✙✧☞✝✯★ ✜✄❄◗★✵✰✁✔✞✝✯✔✤✒✕❍✸✖✡✝✯★ ✥✠✟❉✏✸✖✢✔✤✶✛★✓✒✕★✓✣✁✖✫✚ ✟❉✔✤✣✑✣✑✧✎✶✛★✮✰✁✜✤✧☞✝✕✧✎✣✩★ ✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★

T ⋆⋆ = 34.9 ±
0.1

✟
C
✜✱❄◗✔ ✶✄✘❖✪✗✣✩★ ✥✞✝✯✜✤✘✭✖✢★ ✘✯✜✞✝✌✝✯★✯✚✢✰✁✜✤✣✩✥ ✔✤✧ ✒✕★✓✘✙✶✙✶✛★✓✧☞✝✆✔❀❃✯✧✳✚✸✖✢★✓✒✕★✓✣✁✖❙✥✳★✯✚❙✰✁✜✤✘✙✣✁✖✛✚ ★■❋✱✰✁✏✌✝✓✘✙✒✕★✓✣✎❂

✖✢✔✤✧✩❋ ✜
✟✜✠☞☛✜☛✦✌✙✛ ✘✩★ ✌ ✞ ✱ ✞ ☛✦✌ ✖ ✠ ✟ ✣✙✘✩★✍✔ ✥☞✓ ★ ✠☞☛ ✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌✽❁ ✟✜✥☞☛ ✔✚✘✭✲ ✌ ✔ ✏✜✛ ★ ✓✂✟✜✌ ✘ ✥✡✓ ✎ ✣ ✠☞✛ ★ ✌✔✟✜✌✷✶✁✥☞☛☛✟✜✥ ✞
✟✜✌ ✔ ✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✔ ✟✜✌✯✏ ✎ ✥ ✔ ✌ ✬

�✂✁☎✄✂✁☎✄ �✂✁ ✺ ✍✎✟ ✼✿✾ ✒ ✍ ✾ ❃☛✡ ✟ ✴☎✍ ✴✶❀☛✡ ✡✻✺✎✵ ✟

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✠ ✸✦✔ ✌✙✛ ✂ ✣ ✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✏✟✜✌ ✘ ✥✆✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✯☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✤✠☞✏✒✌ ✟✜✌ ✔ ✌ ✹ ✌✙✓ ✔ ✏✜✛ ✣✙❀
✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✜☛✦✌ ✘✩✔✒✿ ✞ ★✼✔✕✲ ✥✞✆✍✆✕✠ ✖ ✏✦✥ ✪ ☛✦✌✙☛✑✓✏✟ ✲ ✞ ☛✦✌ ✖ ✠ ✟ ★ ✕ ✆✕✥☞✓ ★ ✠☞☛✔✟✜✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌
✟✜✌ ✘ ✥✷✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✬

✔ ✠ ✞ ✛☎✟✜✌ ✔✹✣ ✆✕✥☞✛✤✓ ✔ ✟✜✌❃✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✷✏✦✥☞✛✷✛✢✥☞✏✜✏✒✠☞✛✤✓✹✱ ✘ ✥ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌☎✟✜✌❃✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛
TNI

★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛ ✔ ✱ ✘ ✥ ✟ ★☎✄ ✥ ★ ☛✦✌✔✟✜✌☎✟✜✌ ✪ ✛ ✣✕✔ ✴✆✌ ✘✍✔✟★ ✞ ✔ ❁✦☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✠ ✸✦✔ ✌✙✛ ✂ ✣❃✿ ✞ ✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌✑✟✜✌
✆✕✠☞☛✑✓✢✥✞✆✙✓✄❁✽✏✒✠ ✞ ✛✤✓✢✥☞☛✑✓ ✏✦✥☞✛✤✮✰✥ ★ ✓✢✌ ✖ ✌✙☛✑✓✌✟ ✣ ✕ ☛ ★✼✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✫✌ ✔ ✓ ✏✒✠ ✔✤✣ ✌★✭ ✥☞✏✜✛ ✗✕✔ ✘ ✌✧✏✜✛✢✠ ✆✕✌ ✔✟❀
✔ ✞ ✔ ✟✜✌✫✛✢✌ ✘ ✥✓✒✜✥☞✓ ★ ✠☞☛ ✿ ✞ ✌✫☛✦✠ ✞ ✔✆✣☎✂ ✠ ✿ ✞ ★ ✠☞☛ ✔ ✆ ★✩❀ ✟✜✌ ✔✤✔ ✞ ✔ ✣✙❁✞✆✕✠ ✖❃✖ ✌✙☛✙✆✕✌✚✱☎✟ ✣ ✆✙✛✢✠✟✞✍✓✤✛✢✌✫✥☞✏✜✛ ✗✕✔ ✞ ☛✦✌
✟ ✞ ✛ ✣ ✌✎✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✖✟✜✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌✕✟✜✌✆✏ ✘ ✞ ✔✟★ ✌ ✞ ✛ ✔ ✎ ✌ ✞ ✛✢✌ ✔ ✭ ✡ ✎ ✌ ✞ ✛✢✌ ✔ ✱ ✘ ✥✵✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✟✜✌
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38.7 ☎ C
✏✦✥☞✛✯✌✄✒✜✌ ✖ ✏ ✘ ✌ ✣✫✠ ✞ ✟✜✌ ✘ ✥✝✓✤✠ ✞ ✛✤☛ ✣ ✌✽❁✜✏✒✠ ✞ ✛✚✏✦✥☞✛ ✂ ✌✙☛ ★ ✛✯✱ ✞ ☛✦✌ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✓✢✥☞✓ ★ ✠☞☛✜☛✦✥ ★ ✛✢✌✽❁

✕ ☛ ★ ✌✫✌✙✓ ✂ ✠ ★✍✔✟★ ☛✦✌✕✟✜✌ ✄✕✣ ✛✢✠ ✿ ✞ ✌✫☛✦✠ ✞ ✔ ☛✦✠☞✓✢✠☞☛ ✔ θ∞ ✭
θ∞ = 1.3 ☎

✱
35.9±0.1 ☎ C ✂ θ∞ = 0.3 ☎

✥ ✞ ✏ ✘ ✞ ✔ ✏✜✛ ✗✕✔ ✟✜✌ ✘ ✥✷✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✡✱
35.5± 0.1 ☎ C

✣ ✬ ✟ ☛ ✠ ✸✦✔ ✌✙✛ ✂ ✌✠✟✜✠☞☛✙✆✯✱ ✘✭✲✾✣ ✓✢✥☞✓ ✕ ☛✦✥ ✘ ✞ ☛✦✌
✪ ✠ ✞ ✓✤✓✢✌ ✿ ✞ ★ ✔✕✲ ✌ ✔ ✓ ✆✕✠☞☛ ✔✟★ ✟ ✣ ✛✢✥ ✸✜✘ ✌ ✖ ✌✙☛✑✓ ✣ ✓✢✥ ✘✍✣ ✌ ✬ ✴✆✌ ✔✵✪ ✠ ✞ ✓✤✓✢✌ ✔✵✔ ✠☞☛✑✓✵✌✙☛ ✏ ✎ ✥ ✔ ✌✷✌✙☛ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌
✆✕✥☞✛✫✥ ✞ ✆ ✞ ☛✦✌ ✖ ✥☞☛ ★ ✮✰✌ ✔ ✓✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✸✜★ ✛ ✣ ✮✍✛ ★ ☛ ✪ ✌✙☛✙✆✕✌✧☛ ✲ ✌ ✔ ✓ ✂✑★✍✔✟★✩✸✜✘ ✌✧✏✦✥☞✛✫✠ ✸✦✔ ✌✙✛ ✂ ✥☞✓ ★ ✠☞☛✗✥ ✞✡✖ ★ ✆✙✛✢✠ ❀
✔ ✆✕✠☞✏✒✌✯✏✒✠ ✘ ✥☞✛ ★✍✔ ✥☞☛✑✓ ✂ ✟✜✌✯✏ ✘ ✞ ✔ ❁✑✌ ✘✩✘ ✌ ✔ ✆✕✠☞☛ ✔ ✌✙✛ ✂ ✌✙☛✑✓ ✘✭✲ ✥ ✔ ✏✒✌✍✆✙✓✆✓✤✛✢✥☞☛ ✔✟✘ ✞ ✆ ★ ✟✜✌ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✕✟✜✌
✘ ✥✡✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✽❁ ✆✕✌ ✿ ✞ ★ ✏✒✌✙✛ ✖ ✌✙✓✔✟ ✲ ✥ ★✩✘✩✘ ✌ ✞ ✛ ✔ ✟✜✌✻✛ ✣ ✥ ✘✩★✍✔ ✌✙✛✠✟✜✌ ✔ ✮✍✛✢✥☞☛ ✪ ✌ ✔ ✟ ✲✾✣✕✪ ✥ ✘ ✌ ✣ ✏✦✥ ★✍✔✟❀
✔ ✌ ✞ ✛✷☛✦✌✙✓✤✓✢✌ ✔✕✬ ✣ ☛ ✥ ✂ ✥☞☛✑✓☎✟✜✌ ✆✕✌✙✓✤✓✢✌ ✪ ✠ ✞ ✓✤✓✢✌✡✌ ✔ ✓✷✏✜✛ ✣✕✔ ✌✙☛✑✓ ✞ ☛ ✕✜✘ ✖ ✖ ★ ☛✙✆✕✌ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✬
✶✁✥ ✔✤✣✕✿ ✞ ✌✙☛✙✆✕✌ ✟✜✌✻✏ ✎ ✠☞✓✢✠ ✪ ✛✢✥☞✏ ✎ ★ ✌ ✔ ✭✠✟ ✬✁� ✣✷✱ ✭✠✟ ✬✄✂✗✂ ✣ ✖ ✠☞☛✑✓✤✛✢✌ ✿ ✞ ✲ ✥ ✞ ✆✕✠ ✞ ✛ ✔ ✟✜✌ ✆✕✌✙✓✤✓✢✌ ✘ ✌✙☛✑✓✢✌
✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛✗✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌✠✟✜✌✑✆✕✠☞☛✑✓✢✥✞✆✙✓✄❁ ★✩✘✁✔ ✌✹✮✰✠☞✛ ✖ ✌ ✞ ☛ ✕✜✘ ✖ ✖ ★ ☛✙✆✕✌✔✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✵✌✙☛ ✥ ✂ ✥☞☛✑✓
✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✬

✭✌☞✯✮✱✰ ✟ ✬✁� ✍ ✳ ✝✯★✓✒✆✘✢★✌✝ ✘✓✶✄✘☎✘✄✂✑✏ ✥✳✜✤✣✁✖✵✣✩✜✤✧✳✚ ✔✞✎✗✜✤✣✬✚✕✒✕✜✞✥✤✘ ✷❙✏✕✶✛★ ✘✯✜✤✣✁✖✡✝✯✔✞✚✸✖✢★ ★✸✖✵✶✛✔ ✶✄✧✎✒✆✘✙✣✩✜✞✚✓✘✭✖✢✏
✔❀✷✌✣ ✥✳★✑✎✗✜✤✘✡✝✆✧✎✣✦✷✌✶✄✒ ✒✆✘✙✣ ✘✯★✕✥✳★✆✒✕✜✤✧✎✘✙✶✙✶✛✔✸✪✎★☎✄✬✚ ✟❉✏✙✘✄✂✑✔✱✰✳✰✁★✌✝✝✆ ✥✳★✆✶✛✔ ✪✎✜✤✧✬✖✭✖✢★✕✘✛✚✞✜✗✖✡✝✯✜✱✰✁★ ✜❁❄◗✔
✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★✆✥✠✟❉✏✸✖✙✧✑✥✳★✆★✯✚✸✖

35.9 ± 0.1 ✟
C
✜✑�❩★✑✘✓✶✄✘☎✘✄✂✑✏✆✔ ✏✸✖✢✏❙✰✕✝✓✘✛✚ ☞✢❊✜❈ ✝✆✚✆✔✱✰✕✝■❍✯✚✮✶✛★✆✥✳✏✢✰✝✞✗✖

✥✳★✲✶✛✔✲✪✎✜✤✧✬✖✭✖✢★ ✜✸❄✍✟❉✔✤✣✎✪✗✶✛★ ✥✳★ ✘✯✜✤✣✁✖✢✔ ✘✸✖ ✎✗✔✤✧✬✖
5.9

✟ ✜



✬✎✬ � ✫✁� �✺✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✔✒✍✑✥✧☎✞✝✁✟✡✠✡✠✡☛✌☞✎✍✁�✄✠✡☛✄✣✙✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍✄✂ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍

✭✌☞✯✮✱✰ ✟ ✬✄✂✞✝ ✍✸✽✩★✙✘✯✜✤✣✩✥ ✘✓✶✄✘☎✘✄✂✑✏ ✥✳★✲✶✛✔ ✒✝✆✓✒✕★✵✪✎✜✤✧✬✖✭✖✢★ ✻ ✰✁✜✞✚✸✖✢✏✌✝✓✘✢★✓✧☞✝✆✔✤✧ ✰✕✝✯★✓✒✆✘✢★✌✝ ✜ ✹
t = 3405 s ✻

θ = 5.7
✟ ✼ ✜



✫✁� � ✂ ✝ ★✁�✌✣✟✄✾✔✒✍✑✠✡☛✶✏✄✂✁☛✌✘✙✍ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍ ✬✎✬✎✬

✭✌☞✯✮✱✰ ✟ ✬✄✂✗✂ ✍✠✟☛✝✯✜✤✘✛✚✓✘ ❍✓✒✕★✑✘✓✶✄✘☎✘✄✂✑✏❩✰✕✝✓✘✛✚ ✏ ✶✛✔✸✷✌✣ ✥✳★✲✶ ✟❉✏✌✎✗✜✤✶✄✧✬✖✙✘✢✜✤✣ ✥✳★✮✶ ✟❉✔✤✣✎✪✗✶✛★✆✥✳★✑✘✯✜✤✣✁✖✢✔ ✘✸✖✸✹
t =

5825 s✼ ✜✁�✾✣✱✷✌✶✄✒✴✒✆✘✙✣ ✘✯★❙✥✳★❩✒✕✜✤✧✎✘✙✶✙✶✛✔✸✪✎★ ✂✑✜✤✒✕✜✱✪✚❍✓✣✩★ ✚✞★❙✖✡✝✯✜✤✧☞✎✗★✫★✓✣✕✔✞✎✗✔✤✣✁✖✩✥✳★❩✶✛✔❙✪✎✜✤✧✬✖✭✖✢★✱❏✫✜✤✣
✣✩★❩✰✁★✓✧✬✖✁✰✁✔✞✚✵✒✕★✸✖✭✖✡✝✯★✆★✓✣✦✏✌✎✞✘✢✥✳★✓✣ ✘✯★✑✘✯★✿✷✌✶✄✒ ★✓✣ ❃✸✜✤✧✑✔✤✣✁✖ ✚✓✧☞✝✮✶✛★✑✘✯✜✤✣✁✖✡✝✯✔✞✚✸✖✢★ ★✸✖ ✶✛✔✆✶✄✧✎✒✆✘✙✣✩✜✞✚✓✘✭✖✢✏
✥✳★ ✶ ✟ ✘✙✒✕✔✸✪✎★ ✘✯✔✞✝ ✘✙✶❨★✯✚✸✖ ✥✠✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝ ✂✑✜✤✒✕✜✱✪✚❍✓✣✩★ ✜ ❄◗★✯✚ ✚✄✝✯✔✤✣✎✪✎★✯✚ ✥✠✟❉✏✢✪✎✔✤✶✛★ ✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝✕✚✞✜✤✣✁✖
✣✩★✸✖✭✖✢★✓✒✕★✓✣✁✖❙★✯✚✢✰✁✔ ✘✯✏✯★✯✚ ❏❨✶ ✟❉✔✤✣✎✪✗✶✛★✆✥✳★✑✘✯✜✤✣✁✖✢✔ ✘✸✖❙★✯✚✸✖ ✚✸✔✤✘ ☎✓✶✛★ ✻ ✒✕✔✤✘✛✚✮✣✩✜✤✣✦✣✑✧✎✶✖❏

θ∞ = 1.3
✟ ✜



✬✎✬ � ✫✁� �✺✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✔✒✍✑✥✧☎✞✝✁✟✡✠✡✠✡☛✌☞✎✍✁�✄✠✡☛✄✣✙✓✙☛✎✤✁✘✙✟ ✣✙✟✡☎✞✤ ✤☎✄✢✥✧☛✢✣✙✟✡✪✁✝✁✍✄✂ ✟✡✘✙☎✌✣✙✓✙☎✎✏✿✍

✔ ✠ ✞ ✛ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✕✟✜✠☞☛✑✓ ☛✦✠ ✞ ✔ ✏✜✛ ✣✕✔ ✌✙☛✑✓✢✠☞☛ ✔ ✘ ✌ ✔ ✆ ✘✩★ ✆ ✎ ✣✕✔ ✟✜✥☞☛ ✔ ✘ ✌ ✔ ✕✦✪ ✞ ✛✢✌ ✔ ✭✠✟ ✬✁� ✣✙❁ ✭✠✟ ✬✄✂✞✝ ✣ ✌✙✓
✭✠✟ ✬✄✂✗✂ ✣✙❁✽☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏ ✞ ✔ ✞ ★ ✂ ✛✢✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛✑✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌ ✟✜✌☞✆✕✠☞☛✑✓✢✥✞✆✙✓ ✟✜✥☞☛ ✔✁✘ ✌✧✓✢✌ ✖ ✏ ✔ ✍✁☛✦✠ ✞ ✔
✏✜✛ ✣✕✔ ✌✙☛✑✓✢✠☞☛ ✔ ✆✕✌ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ✟✜✥☞☛ ✔✧✘ ✌ ✪ ✛✢✥☞✏ ✎ ✌✂✟✜✌ ✘ ✥ ✕✦✪ ✞ ✛✢✌✤✭✠✟ ✬✄✂ ✄✤✣ ✬✁� ✕ ☛ ✟✜✌ ✸✜★ ✌✙☛ ✂✑★✍✔ ✞ ✥ ✘✩★✍✔ ✌✙✛
✘ ✥ ✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌ ✟✜✌ ✆✕✠☞☛✑✓✢✥✞✆✙✓✄❁ ✘ ✥ ✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✆✕✌ ✪ ✛✢✥☞✏ ✎ ✌✗✥ ✣ ✓ ✣✡✘✩★ ✖ ★ ✓ ✣ ✌
✟✜✥☞☛ ✔✆✘ ✌✯✓✢✌ ✖ ✏ ✔✕✬✁✂ ✘ ✆✕✠☞☛ ✂✑★ ✌✙☛✑✓✚✥ ✘ ✠☞✛ ✔ ✟✜✌✯✏✜✛ ✣ ✆ ★✍✔ ✌✙✛ ✿ ✞ ✌ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✓✢✥☞✓ ★ ✠☞☛✜☛✦✥ ★ ✛✢✌ θ∞ = 1, 3 ☎
✌ ✔ ✓✚✠ ✸✦✔ ✌✙✛ ✂ ✣ ✌✵✏✒✠ ✞ ✛ t ≥ 9000 s ✭ ✆ ✲ ✌ ✔ ✓ ✟ ✲ ✥ ★✩✘✩✘ ✌ ✞ ✛ ✔ ✥ ★ ☛ ✔✟★✒✿ ✞ ✲ ✌ ✘✩✘ ✌✚✌ ✔ ✓ ✣☎✂ ✥ ✘ ✞ ✣ ✌ ✣ ✬
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✭✌☞✯✮✱✰ ✟ ✬✄✂ ✄✎✍ ✂ ✎✗✜✤✶✄✧✬✖✙✘✢✜✤✣ ✥✳✔✤✣✬✚ ✶✛★ ✖✢★✓✒❨✰✁✚ ✥✳★✲✶ ✟❉✔✤✣✎✪✗✶✛★✆✥✳★ ✘✯✜✤✣✁✖✢✔ ✘✸✖✫✥✠✟ ✧✎✣✩★✵✪✎✜✤✧✬✖✭✖✢★✆✘✛✚✞✜✗✖✡✝✯✜✱✰✁★✑✏
✶✛✔✦✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★ ✥✳★

35.9 ± 0.1 ✟
C

✜ ●❙✣ ✘✯✜✤✣✬✚✸✖✢✔✗✖✢★ ✷✓✧✑★✕✶ ✟❉✔✤✣✎✪✗✶✛★ ✥✳★ ✘✯✜✤✣✁✖✢✔ ✘✸✖❨✘✙✣✑✘✭✖✙✘✢✔✤✶✫★✯✚✸✖
✰✁✔✞✝✛✚✸✔✤✘✭✖✢★✓✒✕★✓✣✁✖✾✥✳✏✸✖✢★✌✝✓✒✆✘✙✣✩✏ ✻ ★✸✖✕✝✯✏✢✰✁✜✤✣✩✥✍✏✮✶✛✔✵✶✛✜✤✘◗✥✠✟ ✁✁✜✤✧✎✣✎✪ ✜✁✄❨✧✢❂✼✥✳★✓✶ ✏✲✥✠✟ ✧✎✣✩★ ✘✯★✌✝✸✖✢✔✤✘✙✣✩★❨✥✤✧☞✝✯✏✯★ ✻
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✥ ★ ☛ ✔✟★✒✣☎✂ ✠ ✘ ✞ ✣✹✔ ✠☞☛✑✓✝✆ ✘ ✥ ★ ✛ ✔ ✍✧✠☞☛ ✂ ✠ ★ ✓✚✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓✤✛✢✌✵✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✠✟✜✌ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌ ✞ ☛✦✌
✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✬ ✟ ☛ ✛✢✌✍✆✕✠☞☛✜☛✦✥✟✞✍✓ ✘ ✌ ✔ ✕✜✘ ✖ ✔ ✖ ✠ ✘✍✣ ✆ ✞ ✘ ✥ ★ ✛✢✌ ✔ ❁☛✟ ✣ ✓✤✱✡✛✢✌✙☛✙✆✕✠☞☛✑✓✤✛ ✣✕✔
✘ ✠☞✛ ✔ ✟✜✌ ✘✭✲✾✣ ✓ ✞ ✟✜✌✕✟✜✌ ✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✍ ✘ ✥☛✔ ✓✤✛ ★ ✆✕✠ ✞ ✆ ✎ ✌✗✖ ✔ ✞ ✛ ✖ ✠☞☛✑✓ ✣ ✌ ✟ ✲ ✞ ☛✦✌ ✸✜★ ✆✕✠ ✞ ✆ ✎ ✌
✟✜✌✗✓ ✠✑✏✒✌ ✔ ✖ ✌✍✆✙✓ ★✍✿ ✞ ✌ ✬ ✶✁✥ ✕✦✪ ✞ ✛✢✌✯✭✠✟ ✬✄✂ ✎✤✣ ✖ ✠☞☛✑✓✤✛✢✌ ✱ ✓ ★ ✓✤✛✢✌ ✟✜✌ ✆✕✠ ✖ ✏✦✥☞✛✢✥ ★✍✔ ✠☞☛ ✘ ✌ ✔ ✏✜✛✢✠ ✕✜✘✍✔
✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★✩✿ ✞ ✌ ✔ ✟ ✲ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✤✭ T = 37.9 ☎ C

✣ ✓✤✛✢✌✙☛✑✓✢✌ ✖ ★ ☛ ✞ ✓✢✌ ✔ ✌✙✓ ✄ ✌ ✎ ✌ ✞ ✛✢✌ ✔
✥☞✏✜✛ ✗✕✔✫✔ ✠☞☛✗✟ ✣ ✏✘✗☞✓ ✬

✭✌☞✯✮✱✰ ✟ ✬✄✂ ✎✎✍ ✳ ✝✯✜❀✷✌✶❋✚ ★✓✶✙✶✄✘☛✰✁✚✞✜✤✒✕✏✸✖✡✝✓✘✢✷✓✧✑★✯✚ ✥✠✟ ✧✎✣✩★ ✪✎✜✤✧✬✖✭✖✢★ ✘✛✚✞✜✗✖✡✝✯✜✱✰✁★✾✹
T = 37.9

✟
C✼ ✆✚❇ ✒✆✘✯❂

✣✑✧✬✖✢★✯✚ ★✸✖ ☞❆❈ ✂✑★✓✧☞✝✯★✯✚ ✔✱✰✕✝■❍✯✚ ✚✞✜✤✣ ✥✳✏✢✰✝✞✗✖☎✜ �✾✣✩★ ✚✸✜✤✘✛✚✦✷✓✧✑★ ✶✛✔ ✪✎✜✤✧✬✖✭✖✢★ ✚ ✟❉★✯✚✸✖✆✏✸✖✢✔✤✶✛✏✯★ ✚✓✧☞✝ ✶✛★
✚✓✧ ☎✯✚✸✖✡✝✯✔✗✖✫✚✞✜✤✶✄✘✢✥✳★ ✻ ✜✤✣ ✎✗✜✤✘✭✖✵✔✱✰✳✰✁✔✞✝✯✔ ✁ ✖✡✝✯★✆✶✛★✯✚✕✒✝✆✓✒✕★✯✚✱✷✌✶✄✒ ✚ ✒✕✜✤✶✛✏✙✘✓✧✎✶✛✔✤✘✡✝✯★✯✚ ✷✓✧✑★ ✘✯★✓✧✩❋ ✷✓✧✎✘❙✚✞★
✥✳✏✌✎✗★✓✶✛✜✱✰✳✰✁★✓✣✁✖❩✔✤✧ ✰✩✘✢★✯✥ ✥✳★✯✚✵✪✎✜✤✧✬✖✭✖✢★✯✚✲✣✩✏✓✒✕✔✗✖✙✘✢✷✓✧✑★✯✚ ✜

✴✆✌ ✔ ✌ ✹ ✌✙✓ ✔✫✔ ✠ ✞ ✘✩★✍✪ ☛✦✌✙☛✑✓✧✏✦✥☞✛✎✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✑✓ ✿ ✞ ✌ ✘ ✥✹✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✽❁✽✓✢✠ ✞ ✓✤✠ ✞ ✛ ✔ ✌✙☛ ✔✟★ ✓ ✞ ✥ ❀
✓ ★ ✠☞☛ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✵✏✦✥☞✛✤✓ ★ ✌ ✘ ❁ ✆ ✲ ✌ ✔ ✓ ❀ ✱ ❀ ✟ ★ ✛✢✌ S < 0 ❁ ✖ ✠ ✞ ★✩✘✩✘ ✌✯✏ ✘ ✞ ✔ ✮✰✥✞✆ ★✩✘ ✌ ✖ ✌✙☛✑✓ ✘ ✌ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓
✔ ✠ ✘✩★ ✟✜✌ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✵✥ ✘ ✥✹✏✒✠ ✔✤✔✟★✩✸✜★✩✘✩★ ✓ ✣ ✟✜✌ ✔ ✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✙✛✆✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✂✟ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✬
✴✆✌✙✓✤✓✢✌✵✠☞✛ ✪ ✥☞☛ ★✍✔ ✥☞✓ ★ ✠☞☛ ✥☎✟✜✠☞☛✙✆✯✏✒✠ ✞ ✛✫✌ ✹ ✌✙✓ ✟✜✌✯✛✢✌✙☛☛✟✼✛✢✌ ✘ ✌✚✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌✂✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✔ ✖ ✠ ★ ☛ ✔
☛ ✣✕✪ ✥☞✓ ★ ✮ ✖ ✥ ✞ ✏✒✠ ★ ☛✑✓ ✿ ✞ ✲✳★✩✘✧✔ ✌❃✛✢✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌ ✟✜✌ 0 ✬ ✶ ✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✭ ✂ ✬✄✂ ✲ ✣ ✔ ✞ ✪✽✪✤✗ ✛✢✌✡✥ ✘ ✠☞✛ ✔✷✿ ✞ ✌
✘ ✥ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✔✕✲ ✥✞✆✍✆✕✠ ✖ ✏✦✥ ✪ ☛✦✌✑✟ ✲ ✞ ☛✦✌✵✛ ✣ ✟ ✞ ✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✥❃✓✢✌✙☛ ✔✟★ ✠☞☛ ✔ ✞ ✏✒✌✙✛ ❀



✬✎✬ � ✫✁� �✺✓✠☎✎✤✁✘✠✞ ✣✠✞✆✟✞✤ ✔✁�✑✥ ✟ �✝✞✆✂✆✂✆☎✄✂☎�✁� ✂✆☎✄✣✙✓✠☎✎✤✁✘✠✞ ✣✠✞✆✟✞✤ ✤☎✄✢✥ ☎✢✣✠✞✡✪✝�✆�✄✂ ✞✡✘✠✟✌✣✙✓✠✟✎✏✝�

✕ ✆ ★ ✌ ✘✩✘ ✌ γSL ✬

✣ ☛ ✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✙✆✕✌✽❁✫☛✦✠ ✞ ✔ ✏✒✠ ✞ ✂ ✠☞☛ ✔ ✏✜✛✢✠☞✏✒✠ ✔ ✌✙✛ ✘ ✌ ✔ ✆ ✎ ✣ ✖ ✥ ✔ ✞ ★ ✂ ✥☞☛✑✓ ✿ ✞ ★ ✏✜✛ ✣ ✆ ★✍✔ ✌ ✘ ✌ ✔
✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✗✟ ✲ ✞ ☛✦✌ ✏ ✘ ✥ ✿ ✞ ✌✙✓✤✓✢✌✗✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ❁✫✛✢✌✍✆✕✠ ✞ ✂ ✌✙✛✤✓✢✌ ✟ ✲ ✞ ☛✦✌✢✆✕✠ ✞ ✆ ✎ ✌
✟ ✲ ✠✌✒✑✠ ✟✜✌✯☛✦✥☞✓ ★ ✮✟❁✑✏✦✥☞✛ ✘ ✥✷✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✂✟ ✞ ✎✽✴✞✡ ✬

• ✶✁✥✆✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✎✟ ✲✾✣ ✓ ✞ ✟✜✌✁✌ ✔ ✓ ✔ ✞ � ✔ ✥ ✖❃✖ ✌✙☛✑✓ ✣✙✘ ✠ ★✍✪ ☛ ✣ ✌✌✟✜✌ ✘ ✥✆✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✚☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀
★✍✔ ✠☞✓✤✛✢✠☞✏✒✌❃✏✒✠ ✞ ✛ ✿ ✞ ✌ ✘ ✌❃✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌ ✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✔ ✠ ★ ✓ ✔ ✓✤✛ ✗✕✔ ✖ ☛ ✣✕✪ ✥☞✓ ★ ✮ ✬ ✂ ✘✫✔✕✲ ✥ ✪☞★ ✓
✥ ✘ ✠☞✛ ✔ ✟ ✲ ✞ ☛✦✌ ✔✟★ ✓ ✞ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✫✏✦✥☞✛✤✓ ★ ✌ ✘✭✬

• ✶✁✥✫✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✌✟ ✲✾✣ ✓ ✞ ✟✜✌ ✌ ✔ ✓ ✔ ✞ � ✔ ✥ ✖❃✖ ✌✙☛✑✓✒✏✜✛✢✠ ✆ ✎ ✌✏✟✜✌ ✘ ✥✫✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✵☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀
★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✹✏✒✠ ✞ ✛ ✿ ✞ ✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✷✏ ✞ ★✍✔✤✔ ✌ ✔ ✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✙✛✵✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌☎✟ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✬
✴✆✌✍✆ ★✚★ ☛☛✟ ✞ ★ ✓ ✞ ☛✦✌✡✛ ✣ ✟ ✞ ✆✙✓ ★ ✠☞☛ ✟ ✞ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌ ✟ ✲ ✠☞✛✒✟✼✛✢✌✽❁ ✿ ✞ ★ ✛✢✌ ✔ ✓✢✌ ✔ ✘✍✣✕✪✤✗ ✛✢✌ ✖ ✌✙☛✑✓ ✖
☛ ✣✕✪ ✥☞✓ ★ ✮✟❁✧✏ ✞ ★✍✔✤✿ ✞ ✌ ✘✭✲ ✠☞☛ ☛ ✲ ✠ ✸✦✔ ✌✙✛ ✂ ✌✗✏✦✥ ✔ ✞ ☛ ✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✒✆✕✠ ✖ ✏ ✘ ✌✙✓ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✱
✘✭✲✳★ ☛ ✔ ✓✢✥☞✛✏✟✜✌✎✆✕✌ ✿ ✞ ★✜✔ ✌✫✏✦✥ ✔✤✔ ✌✚✌✙☛❃✏ ✎ ✥ ✔ ✌✆☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✬ ✥ ✌ ✂ ✥☞☛✑✓ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✔✕✲ ✌ ✔ ✓✧✮✰✠☞✛ ✖ ✣
✞ ☛ ✕✜✘ ✖ ✖ ★ ☛✙✆✕✌✑✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✽❁✙✆✕✌ ✿ ✞ ✌✹✛ ✣☎✂ ✗✙✘ ✌✙☛✑✓ ✘ ✌ ✔ ✏✜✛✢✠ ✕✜✘✍✔ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★✩✿ ✞ ✌ ✔ ✟✜✌
✓✢✌ ✘✩✘ ✌ ✔✚✪ ✠ ✞ ✓✤✓✢✌ ✔✕✬ ✴✆✌✙✓✤✓✢✌ ✔✟★ ✓ ✞ ✥☞✓ ★ ✠☞☛ ✌ ✔ ✓✠✟✜✠☞☛✙✆ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✂✟✜✌✹☛✦✠☞☛ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✵✱
✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌ ✖ ✥✞✆✙✛✢✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌✆✥✞✆✍✆✕✠ ✖ ✏✦✥ ✪ ☛ ✣ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✆✱ ✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌ ✖ ★ ✆✙✛✢✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✬

✶ ✲✾✣ ✓ ✞ ✟✜✌✂✟✜✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✂✟✜✌ ✘ ✥✻✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✚✏✒✌ ✞ ✓ ✆✙✓✤✛✢✌✯✏✜✛✢✠ ✘ ✠☞☛ ✪✽✣ ✌
✏✦✥☞✛ ✞ ☛✦✌ ✣ ✓ ✞ ✟✜✌✫✏ ✘ ✞ ✔ ✿ ✞ ✥☞☛✑✓ ★ ✓✢✥☞✓ ★ ✂ ✌✖✟✜✌ ✘ ✥✵✛✢✌ ✘ ✥✓✒✜✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌ ✟✜✌ ✆✕✠☞☛✑✓✢✥✞✆✙✓ ★ ☛☛✟ ✞ ★ ✓✢✌ ✏✦✥☞✛
✘✭✲ ✠☞✛ ✪ ✥☞☛ ★✍✔ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✗✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌ ✟✜✌ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌ ✬ ✘ ✥ ★✍✔ ☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔
✆✕✠☞☛ ✔ ✓✢✥☞✓ ✣✹✿ ✞ ✌ ✘ ✥☎✟ ✞ ✛ ✣ ✌✠✟✜✌✵✏✒✌✙✛ ✔✟★✍✔ ✓✢✥☞☛✙✆✕✌✂✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌✠✟✜✌ ✆✕✠☞☛✑✓✢✥✞✆✙✓ ★ ☛ ★ ✓ ★ ✥ ✘ ✭ ✥ ✂ ✥☞☛✑✓ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ❀
✛✢✥☞✓ ★ ✠☞☛ ✣✧✌ ✔ ✓ ✘ ✥☞✛ ✪ ✌ ✖ ✌✙☛✑✓✕✟ ✣ ✏✒✌✙☛☛✟✜✥☞☛✑✓✢✌ ✟✜✌ ✘ ✥ ✿ ✞ ✥ ✘✩★ ✓ ✣ ✟ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✔ ✠ ✘✩★ ✟✜✌ ✬ ✘ ✆ ✖ ✌ ✔✟★ ☛✦✠ ✞ ✔
✔ ✥ ✂ ✠☞☛ ✔ ✏✜✛ ✣ ✏✦✥☞✛✢✌✙✛✑✟✜✌ ✔✷✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔✹✿ ✞ ★ ✠ ✹ ✛✢✌✙☛✑✓☎✟✜✌ ✔ ✆✕✠ ✖ ✏✒✠☞✛✤✓✢✌ ✖ ✌✙☛✑✓ ✔ ✛✢✌✙✏✜✛✢✠ ✟ ✞ ✆✙✓ ★✩✸✜✘ ✌ ✔ ❁✘✆✕✌ ✔
✖ ✆ ✖ ✌ ✔ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✔✕✲ ✥ ✂ ✗ ✛✢✌✙☛✑✓ ✏✒✠ ✞ ✛ ✘✭✲✳★ ☛ ✔ ✓✢✥☞☛✑✓✁✓✤✛✢✠☞✏ ✎ ✣ ✓ ✣ ✛✢✠ ✪✤✗ ☛✦✌ ✔ ✏✒✠ ✞ ✛ ✆✕✠☞☛☛✟ ✞ ★ ✛✢✌ ✞ ☛✦✌ ✣ ✓ ✞ ✟✜✌
✏ ✘ ✞ ✔ ✏✜✛ ✣ ✆ ★✍✔ ✌✚✌✙✓ ✿ ✞ ✥☞☛✑✓ ★ ✓✢✥☞✓ ★ ✂ ✌✕✟✜✌ ✘ ✥✑✟ ✞ ✛ ✣ ✌ ✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✔✫✪ ✠ ✞ ✓✤✓✢✌ ✔✧★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✔ ✥ ✞
✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✠✟ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✬



✫✁�✛�✁� ✟✞✤✁★ ✂ �✁✘✠✞✆✟✞✤ ✬✎✬✌✫
☎ ✄✄✂ � ✑✤✒✁✔ ✕✌✙✁☞✑✡✒✑✤✒

✶ ✲✾✣ ✓ ✞ ✟✜✌✖✟✜✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✟✜✌ ✔ ✏ ✎ ✥ ✔ ✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✧✌✙✓ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✟ ✞ ✎✽✴✞✡ ✔ ✞ ✛
✟✜✌ ✔ ✏ ✘ ✥ ✿ ✞ ✌✙✓✤✓✢✌ ✔ ✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ✛✢✌✍✆✕✠ ✞ ✂ ✌✙✛✤✓✢✌ ✔ ✟ ✲ ✞ ☛✦✌ ✆✕✠ ✞ ✆ ✎ ✌✏✟ ✲ ✠✌✒✑✠ ✟✜✌ ☛✦✥☞✓ ★ ✮ ✛ ✣☎✂ ✗✙✘ ✌ ✘✭✲ ✌✄✒ ★✍✔ ✓✢✌✙☛✙✆✕✌
✟ ✲ ✞ ☛✦✌✚✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✯✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✂✟✜✌ ✘ ✥✷✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✡☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✢✠☞✏ ✌ ✬

✣ ☛✻✏ ✎ ✥ ✔ ✌ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✽❁☞✌✙☛ ✔✟★ ✓ ✞ ✥☞✓ ★ ✠☞☛✑✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✓✢✠☞✓✢✥ ✘ ❁ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛✑✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛
✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌ L2 ✟✜✌ ✔✷✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✌✙☛❂✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✑✆✕✠☞☛☛✟ ✞ ★ ✓✹✱
✞ ☛✦✌✆✌ ✔ ✓ ★ ✖ ✥☞✓ ★ ✠☞☛☎✟✜✌ ✘ ✥✯✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✟✜✌✆✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✑✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌❨✍ T ⋆ = 34.6±0.2 ☎ C ✬
✶ ✲✾✣ ✓ ✞ ✟✜✌ ✿ ✞ ✥☞☛✑✓ ★ ✓✢✥☞✓ ★ ✂ ✌✏✟✜✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛✑✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ L2 ✔ ✠ ✞ ✘✩★✍✪ ☛✦✌ ✘ ✌☞✆✕✥☞✛✢✥✞✆✙✓ ✗ ✛✢✌✆✌ ✔✤✔ ✌✙☛✑✓ ★ ✌ ✘
✿ ✞ ✌✝✓✤✠ ✞ ✌ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✽❁ ✖ ✠ ✸✜★✩✘✩★✍✔✤✣ ✌✑✟ ✗✕✔✹✿ ✞ ✌ ✘ ✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ ✔ ✠☞☛✑✓
✟ ★✛✹ ✣ ✛✢✌✙☛✑✓✢✌ ✔ ✥ ✞ ✒ ★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌ ✔ ❁☞✟✜✥☞☛ ✔✒✘ ✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✏✟✜✌ ✘ ✥✫✏ ✎ ✥ ✔ ✌✧☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✬
✶ ✲ ✥☞☛✦✥ ✘ ✠ ✔ ✌✧✏✜✛ ✣ ✆ ★✍✔ ✌ ✟✜✌ ✔ ✏✜✛✢✠ ✕✜✘✍✔ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★✩✿ ✞ ✌ ✔ ✟✜✌ ✔ ✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✛ ✣☎✂ ✗✙✘ ✌ ✘✭✲ ✌✄✒ ★✍✔✟❀
✓✢✌✙☛✙✆✕✌✠✟ ✲ ✞ ☛ ✕✜✘ ✖ ✟✜✌✯✏✜✛ ✣ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✚✌✙☛ ✥ ✂ ✥☞☛✑✓ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✬

✣ ☛ ✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✽❁ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌ ✟✜✌ ✆✕✠☞☛✑✓✢✥✞✆✙✓✗✟ ✲✾✣✕✿ ✞ ★✩✘✩★ ✸ ✛✢✌ ★ ☛ ★ ✓ ★ ✥ ✘ ✟✜✌ ✔
✪ ✠ ✞ ✓✤✓✢✌ ✔✵★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✔ ✌✙☛❂✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✥✗✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✆✕✠☞☛☛✟ ✞ ★ ✓✵✱ ✞ ☛✦✌ ✘ ✠ ★ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✽❁ ✆✕✥ ❀
✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✥☞☛✑✓ ✘ ✥☎✟ ✣ ✏✒✌✙☛☛✟✜✥☞☛✙✆✕✌✚✌✙☛ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✟ ✞ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌✠✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✮✍

−S ∝
√
T − T ⋆⋆,

✠✧✦ ✘ ✥✗✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ T ⋆⋆ ✥ ✣ ✓ ✣❃✣☎✂ ✥ ✘ ✞ ✣ ✌✻✱ 34.9 ± 0.1 ☎ C ✬✆☎ ✞ ✔ ✓✢✌✻✥ ✞ ❀ ✟✜✌ ✘ ✱ ✟✜✌ ✘ ✥✡✓✤✛✢✥☞☛ ❀
✔✟★ ✓ ★ ✠☞☛ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✤✠☞✏✒✌✽❁ ✘ ✌ ✔❃✪ ✠ ✞ ✓✤✓✢✌ ✔✷★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✔ ✏✦✥☞✛ ✂✑★ ✌✙☛✜☛✦✌✙☛✑✓✻✱ ✔ ✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✙✛✷✥ ✞
✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✔✟✜✌ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌✽❁✜✠✧✦ ✟✜✌ ✔ ✏✜✛✢✠ ✕✜✘✍✔ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★✩✿ ✞ ✌ ✔ ✛ ✣☎✂ ✗✙✘ ✌✙☛✑✓ ✘✭✲ ✌✄✒ ★✍✔ ✓✢✌✙☛✙✆✕✌
✟✜✌ ✔ ✖ ✆ ✖ ✌ ✔✜✕✜✘ ✖ ✔✵✿ ✞ ✌✒✆✕✌ ✞ ✒ ✿ ✞ ✌ ✘✭✲ ✠☞☛❂✛✢✌✙☛✙✆✕✠☞☛✑✓✤✛✢✌✻✌✙☛ ✥ ✂ ✥☞☛✑✓☎✟✜✌ ✔✹✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔✕✬
✴✆✌✙✓✤✓✢✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✥☞✓ ★ ✠☞☛ ★ ☛☛✟ ✞ ★ ✓ ✞ ☛✦✌✚✛ ✣ ✟ ✞ ✆✙✓ ★ ✠☞☛ ✔✟★✍✪ ☛ ★ ✕ ✆✕✥☞✓ ★ ✂ ✌ ✟ ✞ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌✂✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✄❁
✓✢✠ ✞ ✓✤✠ ✞ ✛ ✔ ☛ ✣✕✪ ✥☞✓ ★ ✮✟❁ ✿ ✞ ★ ✆✕✠☞☛☛✟ ✞ ★ ✓✧✱ ✞ ☛✦✌ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✓✢✥☞✓ ★ ✠☞☛✜☛✦✥ ★ ✛✢✌✕✟✜✌ ✘✭✲ ✥☞☛ ✪☞✘ ✌✕✟✜✌ ✆✕✠☞☛✑✓✢✥✞✆✙✓✄❁✑✏ ✘ ✞ ✔
✮✰✥ ★✩✸✜✘ ✌ ✿ ✞ ✌ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛ ★ ☛ ★ ✓ ★ ✥ ✘ ✌✽❁✽✌✙✓✧☛✦✠☞☛✗☛ ✞ ✘✩✘ ✌ ✬ ✂ ✘ ✔ ✌ ✖ ✸✜✘ ✌ ✿ ✞ ✌ ✘ ✌✫✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌✚✛✢✌ ✘ ✥✓✒✜✥☞✓ ★ ✠☞☛
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✞ ☛ ✞ ☛ ★✍✿ ✞ ✌✚✓✢✌ ✖ ✏ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✬ ✶✁✥ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✥☞✓ ★ ✠☞☛✁❁✑✱ ✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌ ✖ ✠ ✘✍✣ ✆ ✞ ✘ ✥ ★ ✛✢✌✽❁ ✟✜✌ ✘ ✥
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✴✆✌✙✓✤✓✢✌ ✣ ✓ ✞ ✟✜✌✽❁✯✌✙☛ ✖ ✆ ✖ ✌ ✓✢✌ ✖ ✏ ✔✗✿ ✞ ✲ ✌ ✘✩✘ ✌ ✟✼✛✢✌ ✔✤✔ ✌ ✞ ☛ ✏✒✠☞✛✤✓✤✛✢✥ ★ ✓ ✟✜✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟✜✌
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☛✦✥☞✓ ★ ✮✟❁ ✔ ✠ ✞ ✘✩★✍✪ ☛✦✌ ✱ ✿ ✞ ✌ ✘ ✏✒✠ ★ ☛✑✓ ✟✜✌ ✔ ✌ ✹ ✌✙✓ ✔ ✖ ✠ ✘✍✣ ✆ ✞ ✘ ✥ ★ ✛✢✌ ✔ ✏✒✌ ✞ ✂ ✌✙☛✑✓✗✆✙✓✤✛✢✌ ✔ ✌✙☛ ✔✟★✩✸✜✘ ✌ ✔ ✱ ✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌
✖ ✥✞✆✙✛✢✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✥ ✞ ✏✒✠ ★ ☛✑✓ ✟✜✌ ✖ ✠ ✟ ★ ✕ ✌✙✛ ✘ ✌ ✔ ✏✜✛✢✠☞✏✜✛ ★✍✣ ✓ ✣✕✔ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✌✟ ✞ ✔ ✠ ✔ ✓ ✗ ✖ ✌ ✣ ✓ ✞ ✟ ★✍✣✽✬
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☎ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌ ✟✜✌ ✎✽✴✞✡❂☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✌ ✔ ✓ ✌✙☛ ✔✟★ ✓ ✞ ✥☞✓ ★ ✠☞☛✑✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✓✢✠☞✓✢✥ ✘✼✔ ✞ ✛ ✘ ✌ ✔✁✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✔
✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ❁☞✛✢✌✍✆✕✠ ✞ ✂ ✌✙✛✤✓ ✔ ✟ ✲ ✞ ☛✦✌ ✆✕✠ ✞ ✆ ✎ ✌ ✟ ✲ ✠✌✒✑✠ ✟✜✌✫☛✦✥☞✓ ★ ✮✟❁ ✿ ✞ ✌✫☛✦✠ ✞ ✔ ✞ ✓ ★✩✘✩★✍✔ ✠☞☛ ✔✕✬ ✶✁✌✫✏✜✛✢✠ ✆✕✌ ✔✟❀
✔ ✞ ✔ ✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✿ ✞ ✌✵☛✦✠ ✞ ✔✫✔ ✞ ★ ✂ ✠☞☛ ✔ ✏✦✥☞✛✯✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★ ✌✚✌ ✔ ✓ ✞ ☛ ✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✬
✴✆✌✙✏✒✌✙☛☛✟✜✥☞☛✑✓✄❁ ✘ ✌✚✓✢✌ ✖ ✏ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✕✟ ✲ ✥✞✆ ✿ ✞ ★✍✔✟★ ✓ ★ ✠☞☛ ✟✜✌ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ✭ ★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛✧✱ ✘ ✥ ✖ ★✩❀
☛ ✞ ✓✢✌ ✣✆✌ ✔ ✓ ✔✟★ ✮✰✥ ★✩✸✜✘ ✌✯✌✙☛✢✆✕✠ ✖ ✏✦✥☞✛✢✥ ★✍✔ ✠☞☛✗✟ ✞ ✓✢✌ ✖ ✏ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✂✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✎✆✕✠ ✖ ✏ ✘ ✌✙✓
✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✭ ✟✜✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌ ✟ ✞ ✓✤✠ ✞ ✛ ✣✙❁ ✿ ✞ ✌ ✘ ✌✡✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✻✌ ✔ ✓✄❁✆✱ ✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌
✓✢✌ ✖ ✏✒✠☞✛✢✌ ✘✩✘ ✌✷✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌✽❁ ✞ ☛ ✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔✹✿ ✞ ✥ ✔✟★✍✔ ✓✢✥☞✓ ★✍✿ ✞ ✌ ✬ � ✞ ✆✕✠ ✞ ✛ ✔ ✟✜✌ ✆✕✌ ✘ ✞ ★✩❀ ✆ ★ ❁ ✠☞☛
✏✒✌ ✞ ✓✔✟✜✠☞☛✙✆ ✂ ✠ ★ ✛ ✔ ✌ ✖ ✥☞☛ ★ ✮✰✌ ✔ ✓✢✌✙✛✔✟✜✌ ✔✹✣ ✓✢✥☞✓ ✔ ✟ ✲✾✣✕✿ ✞ ★✩✘✩★ ✸ ✛✢✌ ✖ ✣ ✓✢✥ ✔ ✓✢✥ ✸✜✘ ✌ ✔ ❁✎✟✜✌ ✟ ✞ ✛ ✣ ✌ ✟✜✌ ✂✑★ ✌
✏✦✥☞✛ ✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✑✓ ✘✩★ ✖ ★ ✓ ✣ ✌✽❁ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌★✭ ★✩✘✜✔✕✲ ✥ ✪☞★ ✓ ✏✜✛ ✣ ✆ ★✍✔✤✣ ✖ ✌✙☛✑✓✌✟ ✲ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌✕✟✜✌ ✂ ✠ ✘ ✞✜✖ ✌
✟✜✠☞☛✜☛ ✣✆✔✕✲✾✣ ✓✢✥ ✘ ✥☞☛✑✓ ✔ ✞ ✛ ✞ ☛ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ★ ☛ ✕ ☛ ★ ✣ ✬ ✴✆✌ ✔ ✠☞☛✑✓ ✘ ✌ ✔ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✔✁✿ ✞ ★
✥☞✏✜✏✦✥☞✛✢✥ ★✍✔✤✔ ✌✙☛✑✓✕✟✜✥☞☛ ✔✆✘ ✌ ✔ ✏✜✛✢✠ ✕✜✘✍✔ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★✩✿ ✞ ✌ ✔ ✟✜✌ ✔✫✪ ✠ ✞ ✓✤✓✢✌ ✔✫✣ ✓ ✞ ✟ ★✍✣ ✌ ✔✕✬

✶✁✌ ✔ ✏✜✛✢✠ ✕✜✘✍✔ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★✍✿ ✞ ✌ ✔ ✛✢✌✙☛✜✮✰✌✙✛ ✖ ✌✙☛✑✓✧✥ ✞ ✔✤✔✟★ ✞ ☛✦✌ ★ ☛✜✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛❃✏✜✛ ✣ ✆ ★ ✌ ✞ ✔ ✌ ✿ ✞ ✥☞☛✑✓
✥ ✞ ✒ ✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✔ ✟✜✌ ✘ ✥✹✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌✂✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛❃✥ ✂ ✌✍✆ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✟ ✞ ✕✜✘ ✖ ❁ ✆✕✠ ✖❃✖ ✌✚☛✦✠ ✞ ✔
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✟✜✌ ✔✚✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✖ ✠ ✘✍✣ ✆ ✞ ✘ ✥ ★ ✛✢✌ ✔✕✬ ✶✁✌✵✏✦✥ ✔✤✔ ✥ ✪ ✌✑✟✜✌ ✘ ✥ ✖ ✠☞☛✦✠ ✆✕✠ ✞ ✆ ✎ ✌✵✌✙☛ ✥ ✂ ✥☞☛✑✓✠✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌
✱ ✘ ✥✗✓✤✛ ★ ✆✕✠ ✞ ✆ ✎ ✌✚✭ ✿ ✞ ✌✻☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✥☞✏✜✏✒✌ ✘✍✣ ✌ ✕✜✘ ✖ ✟✜✌✻✏✜✛ ✣ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✣ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟ ✱ ✞ ☛✦✌
✏✜✛✢✌ ✖ ★✓✗ ✛✢✌✗✠ ✔ ✆ ★✩✘✩✘ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌ ✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✬ ✺ ✞ ✛✒✆✕✌✙✛✤✓✢✥ ★ ☛ ✔ ✏✜✛✢✠ ✕✜✘✍✔ ✌ ✘✩✘✩★ ✏ ✔ ✠ ❀
✖ ✣ ✓✤✛ ★✍✿ ✞ ✌ ✔ ❁✒✠☞☛ ✂ ✠ ★ ✓✻✥☞✏✜✏✜✛✢✥✟✞✍✓✤✛✢✌✷✥ ✞ ✖ ✠ ★ ☛ ✔ ✞ ☛✦✌ ✖ ✥☞✛✟✆ ✎ ✌ ✔ ✞ ✛ ✖ ✠☞☛✑✓✢✥☞☛✑✓ ✘ ✥✗✓✤✛ ★ ✆✕✠ ✞ ✆ ✎ ✌ ✬ ✏
✆✕✌✙✓✤✓✢✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✽❁ ✏✦✥ ✔ ✓✢✠ ✞ ✓✤✠ ✞ ✛ ✔ ✛✢✌✙✏✜✛✢✠ ✟ ✞ ✆✙✓ ★✩✸✜✘ ✌✽❁ ✌✙✓✑✟✜✠☞☛✑✓✹☛✦✠ ✞ ✔ ☛✦✌ ✔ ✥ ✂ ✠☞☛ ✔ ✏✦✥ ✔ ✏✜✛ ✣ ✟ ★ ✛✢✌
✘✭✲ ✥☞✏✜✏✦✥☞✛ ★ ✓ ★ ✠☞☛✁❁✼✌ ✔ ✓✹✥ ✔✤✔ ✠ ✆ ★✍✣ ✌ ✞ ☛✦✌✑✟✜✌ ✞ ✒ ★✓✗ ✖ ✌✹✠ ✔ ✆ ★✩✘✩✘ ✥☞✓ ★ ✠☞☛✗✟✜✌ ✘ ✥❃✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌✑✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✬
✴✆✌ ✔ ✠ ✔ ✆ ★✩✘✩✘ ✥☞✓ ★ ✠☞☛ ✔ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✌✙☛✑✓✷✱ ✟✜✌ ✔ ✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✔ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ★ ✖❃✖ ✣ ✟ ★ ✥☞✓✢✌ ✖ ✌✙☛✑✓✹✥ ✞
✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✗✟✜✌ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌ ✌✙✓✗✛ ✣✕✔ ✞ ✘ ✓✢✌✙☛✑✓ ✟✜✠☞☛✙✆✗✟ ✲✳★ ☛✑✓✢✌✙✛✢✥✞✆✙✓ ★ ✠☞☛ ✔ ✱☎✆✕✠ ✞ ✛✤✓✢✌ ✏✒✠☞✛✤✓ ✣ ✌
✔ ✏ ✣ ✆ ★ ✕✦✿ ✞ ✌ ✔ ✟ ✞ ✆✙✛ ★✍✔ ✓✢✥ ✘✧✘✩★✍✿ ✞ ★ ✟✼✌✻✌✙✓☎✟ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✔ ✠ ✘✩★ ✟✜✌ ✿ ✞ ★ ✥☞✏✜✏✒✠☞✛✤✓✢✌✙☛✑✓ ✞ ☛✦✌ ✆✕✠☞☛✑✓✤✛ ★✩✸ ✞ ❀
✓ ★ ✠☞☛ ✛ ✣ ✏ ✞ ✘✍✔✟★ ✂ ✌✹✱ ✘ ✥✡✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌☎✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✏✒✠ ✞ ✛✠✟✜✌ ✔✵✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✖ ✠ ✘✍✣ ✆ ✞ ✘ ✥ ★ ✛✢✌ ✔✕✬ ✶✁✥
✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✂ ✌✙✛ ✔✆✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ L2 ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✡✱ ✞ ☛✦✌✂✟✜✌✙✛✤☛ ★✓✗ ✛✢✌✫✠ ✔ ✆ ★✩✘✩✘ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥✷✏✜✛✢✌ ✔✤✔✟★ ✠☞☛
✟✜✌✑✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛✁❁ ✖ ✥ ★✍✔✯✿ ✞ ★ ✔ ✌✷✏✜✛✢✠ ✟ ✞ ★ ✓ ✔ ✞ ✛ ✞ ☛ ✟✜✠ ✖ ✥ ★ ☛✦✌✔✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✖ ✣✕✔ ✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✔✕✬
✶ ✲✾✣ ✓ ✞ ✟✜✌✑✟✜✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✌✙☛ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✔✟✜✌ L2 ☛✦✠ ✞ ✔ ✥ ✖ ✠☞☛✑✓✤✛ ✣✻✿ ✞ ✌✖✆✕✌✙✓✤✓✢✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛
✣ ✓✢✥ ★ ✓✂✟ ★ ✛✢✌✍✆✙✓✢✌ ✖ ✌✙☛✑✓✆✛✢✌ ✘✩★✍✣ ✌✵✥ ✞ ✒ ✏✜✛✢✠☞✏✜✛ ★✍✣ ✓ ✣✕✔✆✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌ ✔ ✌✙✓✠✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌✔✟ ✞ ✆✙✛ ★✍✔ ✓✢✥ ✘✒✘✩★✍✿ ✞ ★ ✟✜✌ ✬
✟ ☛✷✏✒✌ ✞ ✓✎✟✜✠☞☛✙✆ ✏✜✛✢✠☞✏✒✠ ✔ ✌✙✛ ✘ ✌ ✔ ✆ ✎ ✣ ✖ ✥ ✭✙✘✛✚✢✜ ✕✦✪ ✞ ✛✢✌✻✭ ✂✼✬✄✂ ✣ ✣ ★✩✘✩✘ ✞ ✔ ✓✤✛✢✥☞☛ ✓ ✘✭✲ ✥ ✘✩✘ ✞ ✛✢✌✏✟✜✌ ✘ ✥✚✏✜✛✢✌ ✔✤✔✟★ ✠☞☛
✟✜✌✕✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛✷✌✙☛✻✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✏✟ ✲ ✞ ☛ ✕✜✘ ✖ ✟✜✌ ✎✽✴✞✡ ✟ ✣ ✏✒✠ ✔✤✣✫✔ ✞ ✛✏✟✜✌ ✔ ✏✦✥ ✔ ✓ ★✩✘✩✘ ✌ ✔
✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ❁✽✓✢✌ ✘✩✘ ✌ ✔✆✿ ✞ ✌✯☛✦✠ ✞ ✔✆✘ ✌ ✔✫✣ ✓ ✞ ✟ ★ ✠☞☛ ✔✕✬

✶ ✲ ✥ ✘✩✘ ✞ ✛✢✌✎✟✜✌ ✘ ✥✎✆✕✠ ✞ ✛ ✸ ✌✁✓✤✛✢✥✞✆ ✣ ✌ ✟✜✥☞☛ ✔ ✘ ✥ ✕✦✪ ✞ ✛✢✌✓✭ ✂✼✬✄✂ ✣ ✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌ ✘ ✌ ✔ ✏✜✛ ★ ☛✙✆ ★ ✏✦✥ ✘ ✌ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣✙❀
✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✔✁✿ ✞ ✌✆☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏ ✞ ✛✢✌ ✘ ✌ ✂ ✌✙✛ ✔ ✞ ✛ ✘ ✌ ✔ ✏✜✛✢✠ ✕✜✘✍✔ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★✍✿ ✞ ✌ ✔✕✬ ✶✁✥ ✆✕✠ ✞ ✛ ✸ ✌ ✿ ✞ ✌
☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✓✤✛✢✥✞✆ ✣ ✌✆✏✒✌ ✞ ✓ ✥ ✂ ✠ ★ ✛ ✞ ☛✦✌ ★ ☛✑✓ ✣✕✪ ✛✢✥ ✘ ✌ ✏✒✠ ✔✟★ ✓ ★ ✂ ✌✻✭✰☛✦✠ ✞ ✔ ✛✢✥☞✏✜✏✒✌ ✘ ✠☞☛ ✔✁✿ ✞ ✲✳★✩✘✼✔✕✲ ✥ ✪☞★ ✓ ✟ ✞
✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌ ✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✣✙❁ ✆✕✌ ✿ ✞ ★ ✓✤✛✢✥☞✟ ✞ ★ ✓ ✞ ☛✹✏ ✎ ✣ ☛✦✠ ✖ ✗ ☛✦✌✏✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✓✢✠☞✓✢✥ ✘✭✬ ✂ ✘ ✥☞✏✜✏✦✥ ❀
✛✢✥✟✞✍✓ ✿ ✞ ✌ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✥☞✏✜✏✒✠☞✛✤✓✢✌ ✞ ☛✦✌ ✆✕✠☞☛✑✓✤✛ ★✩✸ ✞ ✓ ★ ✠☞☛✯✏✒✠ ✔✟★ ✓ ★ ✂ ✌ ✱✝✆✕✌✙✓✤✓✢✌ ★ ☛✑✓ ✣✕✪ ✛✢✥ ✘ ✌✫✍
✌✙☛✔✆✕✌ ✔ ✌✙☛ ✔ ❁ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✷✌ ✔ ✓ ✞ ☛ ✮✰✥✞✆✙✓✢✌ ✞ ✛✵✮✰✥ ✂ ✠☞✛✢✥ ✸✜✘ ✌✻✥ ✞ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✽❁ ✆ ✲ ✌ ✔ ✓ ❀ ✱ ❀
✟ ★ ✛✢✌✫✱ ✘ ✥✵✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✕✜✘ ✖ ✔ ✣ ✏✦✥ ★✍✔✕✬ ✶✁✌✫✛✢✥✞✆✍✆✕✠☞✛✒✟✜✌ ✖ ✌✙☛✑✓✧✌✙☛✑✓✤✛✢✌ ✘ ✥✵✏✦✥☞✛✤✓ ★ ✌✆✛ ✣ ✏ ✞ ✘✍✔✟★ ✂ ✌✖✟✜✌ ✘ ✥
✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌ ✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛✻✥ ✞ ✒ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✖ ✠ ✘✍✣ ✆ ✞ ✘ ✥ ★ ✛✢✌ ✔ ✌✙✓ ✘ ✥✵✏✦✥☞✛✤✓ ★ ✌✧✛ ✣ ✏ ✞ ✘✍✔✟★ ✂ ✌✆✱ ✘ ✠☞☛ ✪ ✞ ✌
✏✒✠☞✛✤✓ ✣ ✌ ✘✩★✍✣ ✌✗✱ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✟✜✠ ★ ✓ ✔ ✌✗✮✰✥ ★ ✛✢✌❃✏✦✥☞✛ ✞ ☛ ✓✢✌✙✛ ✖ ✌ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✑✓✻✱
✞ ☛✦✌ ★ ☛✑✓✢✌✙✛✢✥✞✆✙✓ ★ ✠☞☛✡✥☞✓✤✓✤✛✢✥✞✆✙✓ ★ ✂ ✌✚✏✜✛ ✣ ✏✒✠☞☛☛✟ ✣ ✛✢✥☞☛✑✓✢✌✧✏✒✠ ✞ ✛✖✟✜✌ ✔✆✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✖ ✣✕✔ ✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✔ ✏ ✘ ✞ ✔
✮✰✥ ★✩✸✜✘ ✌ ✔ ✿ ✞ ✌ ✆✕✌ ✘✩✘ ✌ ✔✧✿ ✞ ★✦✔ ✠☞☛✑✓✫✥ ✔✤✔ ✠ ✆ ★✍✣ ✌ ✔ ✱ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✬ ✂ ✘ ✌ ✔ ✓✧✏✒✠ ✔✤✔✟★✩✸✜✘ ✌ ✿ ✞ ✌ ✆✕✌
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✔ ✥☞✛✚✥ ★✩✘✩✘ ✌ ✞ ✛ ✔ ❁✽✠☞☛✗✛✢✌ ✖ ✥☞✛ ✿ ✞ ✌ ✿ ✞ ✲✳★✩✘ ✌✄✒ ★✍✔ ✓✢✌ ✞ ☛✦✌ ✪ ✥ ✖❃✖ ✌✠✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✏✒✠ ✞ ✛ ✘ ✌ ✔✤✿ ✞ ✌ ✘✩✘ ✌ ✔
✘ ✥✗✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌ ✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✌ ✔ ✓✑✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✑✓✢✌ ✬ ✟ ☛❂✥ ✂ ✞ ✟✜✥☞☛ ✔✯✘ ✥✗✏✦✥☞✛✤✓ ★ ✌ ✂ ✬✄✂ ✬✍✌ ✿ ✞ ✌✖✆✕✌ ✘ ✥
✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟ ✱ ✟✜✌ ✔✖✕✜✘ ✖ ✔✷★ ☛ ✔ ✓✢✥ ✸✜✘ ✌ ✔ ✍ ✥ ✞ ✓✤✛✢✌ ✖ ✌✙☛✑✓ ✟ ★ ✓✄❁ ✏✒✠ ✞ ✛✒✆✕✌ ✔❃✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ❁ ✠☞☛ ✟✜✠ ★ ✓
✏✒✠ ✞ ✂ ✠ ★ ✛✯✠ ✸✦✔ ✌✙✛ ✂ ✌✙✛ ✞ ☛✦✌ ★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✟✜✌ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌✠✟✜✌ ✔ ✕✜✘ ✖ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔✕✬ ✺ ✞ ✛ ✘ ✥
✆✕✠ ✞ ✛ ✸ ✌✻✭ ✂✼✬✄✂ ✣✙❁✽✠☞☛ ✂ ✠ ★ ✓ ✖ ✆ ✖ ✌ ✿ ✞ ✌ ✘ ✥ ✄ ✠☞☛✦✌✖✟ ✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✌ ✔ ✓✚✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✤✣ ✌ ✏✦✥☞✛ ✞ ☛✦✌ ✣ ✏✦✥ ★✍✔✟❀
✔ ✌ ✞ ✛ ✖ ✥✓✒ ★ ✖ ✥ ✘ ✌✽❁ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✑✓✚✥ ✞ ✖ ✥✓✒ ★ ✖✷✞✜✖ ✛✢✌ ✘ ✥☞✓ ★ ✮✌✟✜✌ ✘ ✥✻✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌✑✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛
✿ ✞ ★✧✔ ✌ ✔✟★ ✓ ✞ ✌✽❁ ✔ ✌ ✘ ✠☞☛ ✘ ✥ ✆✕✠ ✞ ✛ ✸ ✌✷✓✤✛✢✥✞✆ ✣ ✌✽❁✎✟✜✥☞☛ ✔✵✘ ✥ ✖ ✆ ✖ ✌ ✪ ✥ ✖❃✖ ✌ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔✯✿ ✞ ✌ L2 ✬
✟ ☛✢✆✕✠☞☛ ✔ ✓✢✥☞✓✢✌✹✥ ✞ ✔✤✔✟★ ✿ ✞ ✌ ✆✕✌✙✓✤✓✢✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✖ ✥☞✛ ✪☞★ ☛✦✥ ✘ ✌✠✟✜✠ ★ ✓ ✆✙✓✤✛✢✌ ✖ ✥☞☛ ★ ✮✰✌ ✔ ✓✢✌ ✖ ✌✙☛✑✓ ✘✩★✍✣ ✌✵✥ ✞
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✆ ✎ ✠ ★✍✔✟★ ✛✵☛✦✠ ✞ ✔✟❀ ✖ ✆ ✖ ✌ ✔ ❁ ☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✠☞✏✜✓ ✣ ✏✒✠ ✞ ✛ ✘ ✥✗✓✢✌✍✆ ✎ ☛ ★✍✿ ✞ ✌✑✟ ✞ ✔ ✔ ✏ ★ ☛ ❀ ✆✕✠✽✥☞✓ ★ ☛ ✪ ✖✽❁ ✿ ✞ ★
✌ ✔ ✓ ✘ ✥☞✛ ✪ ✌ ✖ ✌✙☛✑✓ ✞ ✓ ★✩✘✩★✍✔✤✣ ✌ ✏✒✠ ✞ ✛ ✠ ✸ ✓✢✌✙☛ ★ ✛ ✟✜✌ ✔ ✕✜✘ ✖ ✔ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✞ � ✔ ✥ ✖❃✖ ✌✙☛✑✓ ✎ ✠ ✖ ✠ ❀
✪✤✗ ☛✦✌✽❁ ✟✜✌ ✘✩★✍✿ ✞ ★ ✟✜✌ ✔ ☛✦✠☞☛ ✂ ✠ ✘ ✥☞✓ ★✩✘✍✔✕✬ ✶✁✌✷✏✜✛ ★ ☛✙✆ ★ ✏ ✌✠✟✜✌✖✆✕✌✙✓✤✓✢✌✷✓✢✌✍✆ ✎ ☛ ★✍✿ ✞ ✌✹✌ ✔ ✓ ✘ ✌ ✔ ✞ ★ ✂ ✥☞☛✑✓ ✭✙✘✛✚✢✜
✔ ✆ ✎ ✣ ✖ ✥☛✭ ✂✼✬ ✄✤✣ ✣✮✍ ✔ ✞ ✛ ✞ ☛ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓✫✌✙☛ ✛✢✠☞✓✢✥☞✓ ★ ✠☞☛ ✛✢✥☞✏ ★ ✟✜✌✽❁✑✠☞☛✗✟ ✣ ✏✒✠ ✔ ✌ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌ ✘ ✌✙✓✤✓✢✌ ✟✜✌
✘✩★✍✿ ✞ ★ ✟✜✌ ✬

☎✌☞✝✆✟✞ ✂✼✬ ✄✎✍✱✽ ✘✄✂✑✏✓✒✕✔✆✘✙✶✙✶✄✧✳✚✸✖✡✝✯✔✤✣✁✖✌✶✛✔✕✖✢★✙✘✄✂✎✣✑✘✢✷✓✧✑★✆✥✤✧ ✚✢✰✩✘✙✣✎❂ ✘✯✜✞✔✗✖✙✘✙✣✎✪ ✜

✟ ☛❂☛✦✌✡✏✒✌ ✞ ✓✹✏✦✥ ✔ ✞ ✓ ★✩✘✩★✍✔ ✌✙✛ ✘ ✌ ✆✙✛ ★✍✔ ✓✢✥ ✘✧✘✩★✍✿ ✞ ★ ✟✜✌✹✏ ✞ ✛✄❁ ✆✕✥☞✛ ★✩✘ ✌ ✔ ✓✻✓✤✛✢✠☞✏ ✂✑★✍✔✤✿ ✞ ✌ ✞ ✒ ✏✒✠ ✞ ✛
✿ ✞ ✌ ✘✭✲ ✠☞☛ ✏ ✞ ★✍✔✤✔ ✌✷✠ ✸ ✓✢✌✙☛ ★ ✛✚✛✢✥☞✏ ★ ✟✜✌ ✖ ✌✙☛✑✓ ✞ ☛ ✕✜✘ ✖ ✣ ✓✢✌✙☛☛✟ ✞ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✎ ✠ ✖ ✠ ✪✤✗ ☛✦✌ ✬ ✴ ✲ ✌ ✔ ✓
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✏✒✠ ✞ ✛ ✿ ✞ ✠ ★ ❁ ✠☞☛ ✞ ✓ ★✩✘✩★✍✔ ✌ ✞ ☛✦✌ ✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟ ✞ ✘✩★✍✿ ✞ ★ ✟✜✌ ✣ ✓ ✞ ✟ ★✍✣ ✟✜✥☞☛ ✔ ✞ ☛ ✔ ✠ ✘ ✂ ✥☞☛✑✓ ✂ ✠ ✘ ✥☞✓ ★✩✘✭✬ �✚★ ☛ ✔✟★
✘ ✥ ✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✿ ✞ ✌ ✘✭✲ ✠☞☛☎✟ ✣ ✏✒✠ ✔ ✌ ✔ ✞ ✛ ✘ ✌ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✌✙☛✷✛✢✠☞✓✢✥☞✓ ★ ✠☞☛✷✛✢✥☞✏ ★ ✟✜✌ ✔✕✲✾✣ ✓✢✥ ✘ ✌ ✔ ✠ ✞ ✔✁✘✭✲ ✌ ✹ ✌✙✓✌✟✜✌ ✔
✮✰✠☞✛✟✆✕✌ ✔ ✟ ✲✳★ ☛✦✌✙✛✤✓ ★ ✌✜✆✕✌✙☛✑✓✤✛ ★ ✮ ✞ ✪ ✌ ✔✕✬ � ✞ ✆✕✠ ✞ ✛ ✔ ✟✜✌ ✘✭✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✄❁ ✘ ✌ ✔ ✠ ✘ ✂ ✥☞☛✑✓ ✂ ✠ ✘ ✥☞✓ ★✩✘ ✔✕✲✾✣☎✂ ✥☞✏✒✠☞✛✢✌
✔✟★ ✸✜★ ✌✙☛ ✿ ✞ ✌ ✘✭✲ ✠☞☛ ✠ ✸ ✓ ★ ✌✙☛✑✓✯✱ ✘ ✥ ✕ ☛ ✟✜✌ ✘✭✲ ✠☞✏ ✣ ✛✢✥☞✓ ★ ✠☞☛✁❁ ✞ ☛ ✕✜✘ ✖ ✣ ✓✢✌✙☛☛✟ ✞ ✟ ✞ ✘✩★✍✿ ✞ ★ ✟✼✌ ✂ ✠ ✞ ✘ ✞ ❁
✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✤✣ ✏✦✥☞✛ ✞ ☛✦✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✸✜★ ✌✙☛ ✎ ✠ ✖ ✠ ✪✤✗ ☛✦✌ ✭ ✆✕✌ ✿ ✞ ✌✗☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏ ✞ ✂ ✣ ✛ ★ ✕ ✌✙✛✡✱
✘✭✲ ✥ ★ ✟✜✌✑✟✜✌ ✘✭✲ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✗ ✓✤✛✤✌ ✍ ✘ ✥ ✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✵✌ ✔ ✓ ✸✜★ ✌✙☛ ★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛✢✌✹✥ ✞ ☛✦✥☞☛✦✠ ❀
✖ ✗ ✓✤✛✢✌ ✔ ✞ ✛ ✞ ☛✦✌✫✌✄✒✼✓✢✌✙☛ ✔✟★ ✠☞☛ ✟ ✞ ✕✜✘ ✖ ✟✜✌✆✏ ✘ ✞ ✔✟★ ✌ ✞ ✛ ✔ ✖ ★✩✘✩✘✩★ ✖ ✗ ✓✟✛✢✌ ✔ ✣✙❁✄✱ ✘✭✲ ✌✄✒ ✆✕✌✙✏✜✓ ★ ✠☞☛ ✟✜✌ ✔ ✸ ✠☞✛✒✟ ✔
✟ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓✁✠✧✦ ✘✭✲ ✠☞☛✹✠ ✸ ✓ ★ ✌✙☛✑✓✒✌✙☛ ✪✽✣ ☛ ✣ ✛✢✥ ✘ ✞ ☛ ✸ ✠ ✞ ✛✤✛✢✌ ✘ ✌✙✓✄❁ ✟ ✞ ✱ ✘✭✲ ✥✞✆✍✆ ✞✜✖✷✞ ✘ ✥☞✓ ★ ✠☞☛✂✟✜✌ ✘✩★✍✿ ✞ ★ ✟✜✌ ✬

✔ ✠ ✞ ✛ ✣ ✓✢✥ ✘ ✌✙✛ ✟✜✌ ✔✚✕✜✘ ✖ ✔ ✣ ✓✢✌✙☛☛✟ ✞ ✔ ✟✜✌✏✎✽✴✞✡✯❁ ☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✞ ✓ ★✩✘✩★✍✔✤✣ ✟✜✌ ✔ ✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✔ ✟✜✌✏✎✽✴✞✡
✟✜✥☞☛ ✔ ✟ ✞ ✓✢✠ ✘ ✞ ✗ ☛✦✌✵✥ ✂ ✌✍✆✑✟✜✌ ✔ ✆✕✠☞☛✙✆✕✌✙☛✑✓✤✛✢✥☞✓ ★ ✠☞☛ ✔ ✟✜✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌✠✟✜✌ ✂✁� ✌✙☛ ✂ ✠ ✘ ✞✜✖ ✌ ✬ ✶✁✥ ✂✑★ ✓✢✌ ✔✤✔ ✌
✟ ✞ ✛✢✠☞✓✢✥☞✓ ★ ✠☞☛✗✟✜✌ ✘✭✲ ✥☞✏✜✏✦✥☞✛✢✌ ★✩✘✒✿ ✞ ✌✵☛✦✠ ✞ ✔ ✞ ✓ ★✩✘✩★✍✔ ✠☞☛ ✔ ✟ ✣ ✏✒✌✙☛☛✟ ✟✜✌ ✘ ✥✻✓✢✌✙☛ ✔✟★ ✠☞☛✗✟ ✲ ✥ ✘✩★ ✖ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛
✟ ✞ ✖ ✠☞✓✢✌ ✞ ✛✮✍
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☎✌☞✝✆✟✞ ✂✼✬✍✌ ✍ ☎ ✘✭✖✢★✯✚✯✚✞★✲✥✳★✁✝✯✜✗✖✢✔✗✖✙✘✢✜✤✣✦✥✤✧✆✚✓✧ ☎✯✚✸✖✡✝✯✔✗✖✌★✓✣ ✚✸✜✤✣ ✘✸✖✙✘✢✜✤✣✦✥✳★❨✶✛✔ ✖✢★✓✣✬✚✓✘✢✜✤✣ ✥✠✟❉✔✤✶✄✘✙✒✕★✓✣✁✖✢✔✗✖✙✘✢✜✤✣
✥✤✧ ✒✕✜✗✖✢★✓✧☞✝ ✜

✶✁✥ ✂✑★ ✓✢✌ ✔✤✔ ✌✔✟✜✌✹✛✢✠☞✓✢✥☞✓ ★ ✠☞☛ ✓ ✠✑✏ ★✍✿ ✞ ✌ ✿ ✞ ✌✹☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✞ ✓ ★✩✘✩★✍✔✤✣ ✌✵✌ ✔ ✓✠✟✜✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌✔✟✜✌☞✄✓✎ ✝✗✝
✓✢✠ ✞ ✛ ✔ ✏✦✥☞✛ ✖ ★ ☛ ✞ ✓✢✌ ✬ � ✕ ☛ ✟ ✲ ✠ ✸ ✓✢✌✙☛ ★ ✛✕✟✜✌ ✔ ✕✜✘ ✖ ✔ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✂ ✥☞✛ ★ ✥ ✸✜✘ ✌ ✔ ❁✑☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✮✰✥ ★ ✓
✂ ✥☞✛ ★ ✌✙✛✄❁✁✌ ✖ ✏ ★ ✛ ★✍✿ ✞ ✌ ✖ ✌✙☛✑✓✄❁ ✘ ✥ ✆✕✠☞☛✙✆✕✌✙☛✑✓✤✛✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✔✹✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✔ ✞ ✓ ★✩✘✩★✍✔✤✣ ✌ ✔ ❁✦✓✢✠ ✞ ✓✷✌✙☛ ✪ ✥☞✛✒✟✜✥☞☛✑✓
✓✢✠ ✞ ✓✤✠ ✞ ✛ ✔ ✞ ☛✦✌ ✂✑★ ✓✢✌ ✔✤✔ ✌✠✟✜✌✯✛✢✠☞✓✢✥☞✓ ★ ✠☞☛ ✖ ✥✓✒ ★ ✖ ✥ ✘ ✌ ✬
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✄ ✁☎✄✂✁☎✄ � ✕ ✟ ✺✎✾✂✁✦❃ ✍ ✴✶❀☛✡ ✟ ✺☎✄✻✼ ✒✎✾ ✴✸✷❁✺✠✡☛✍ ❃❅✵✶✺✠✟

✆ ✑☎✝ �✆�✖✑✓✒ � ✒ ✟ ✑ ✂ ✟ ✞✌✑✝✄ �☛✟✁�✄✂ ✂ ✄ ✄ ☎ ✞✘✍ ✍ � � � ✟✁�✔✍✕✡ ✂✌☞✎✍ � ✄✏✟✁�✁✂✆☎✠✄ �✖☞ ✄ ✄ �✠☎✖✄ � � �

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔✁✣ ✓ ✞ ✟ ★✍✣✁✘ ✥ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✟✜✌ ✕✜✘ ✖ ✔ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✂ ✥☞✛ ★ ✥ ✸✜✘ ✌ ✔ ✭ ✖ ✥ ★✍✔ ✖ ✣✕✔ ✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✔ ✣
✱ ✟ ★✛✹ ✣ ✛✢✌✙☛✑✓✢✌ ✔ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✔✕✬ ✏ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✗✥ ✖ ✸✜★ ✥☞☛✑✓✢✌ T = (20 ± 1) ☎ C

❁✚☛✦✠ ✞ ✔
✠ ✸✦✔ ✌✙✛ ✂ ✠☞☛ ✔✧✿ ✞ ✲ ✞ ☛ ✕✜✘ ✖ ✟✜✌ ✂ ✟✵☛ ✖ ✔ ✌✂✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✩✔ ✌✆✌✙✓✖✟ ✣ ✖ ✠ ✞ ★✩✘✩✘ ✌ ✿ ✞ ✌ ✘✍✿ ✞ ✌ ✔ ✖ ★ ☛ ✞ ✓✢✌ ✔ ✥☞✏✜✛ ✗✕✔
✔ ✠☞☛✗✟ ✣ ✏✘✗☞✓✚✥ ✘ ✠☞✛ ✔✫✿ ✞ ✲ ✞ ☛ ✕✜✘ ✖ ✟✜✌ ✌ ✄ ✬✄✂ ☛ ✖ ✛✢✌ ✔ ✓✢✌ ✔ ✓✢✥ ✸✜✘ ✌✯✏✒✌✙☛☛✟✜✥☞☛✑✓✧✏ ✘ ✞ ✔✟★ ✌ ✞ ✛ ✔ ✓✤✠ ✞ ✛ ✔✕✬

☎✌☞✝✆✟✞ ✂✼✬ ✌✬✍✟✞✌✘✙✶✄✒ ✥✳★✠☞✢❇ ✣✑✒ ✥✠✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝ ✏ ✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★ ✔✤✒ ☎✓✘✢✔✤✣✁✖✢★✕✔✱✰✕✝■❍✯✚ ✥✳✏✯✚✸✖✢✔ ☎✓✘✙✶✄✘✛✚✞✔ ❂
✖✙✘✢✜✤✣✑❏✵✜✤✣✦✜ ☎✯✚✞★✌✝✌✎✗★✵✷✓✧✑★✮✶✛★ ✠✌✶✄✒ ✣✕✟❉★✯✚✸✖✬✰✁✔✞✚ ✘✯✜✤✣✁✖✙✘✙✣✑✧✡✠❙✥✳★✯✚✵✖✡✝✯✜✤✧✳✚✵✚✞★✫✚✞✜✤✣✁✖ ✚✸✜✞✝✓✒✕✏✯✚ ✜✺❄◗✔ ✖✢✔✤✘✙✶✙✶✛★
✥✳★✲✶ ✟ ✘✙✒✕✔✸✪✎★ ★✯✚✸✖❙✥✳★

578 µm× 1017 µm ✜

✟ ☛ ✌✙☛✗✟ ✣ ✟ ✞ ★ ✓ ✘ ✌✯✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓ ★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓ ✔ ✞ ★ ✂ ✥☞☛✑✓✮✍

✏ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✂✟✜✠☞☛✜☛ ✣ ✌✽❁ ✘ ✌ ✔☞✕✜✘ ✖ ✔✧✘ ✌ ✔ ✏ ✘ ✞ ✔ ✖ ★ ☛✙✆✕✌ ✔✆✔ ✠☞☛✑✓ ★ ☛ ✔ ✓✢✥ ✸✜✘ ✌ ✔
✌✙✓✂✟ ✣ ✖ ✠ ✞ ★✩✘✩✘ ✌✙☛✑✓✧✥ ✘ ✠☞✛ ✔✚✿ ✞ ✌ ✘ ✌ ✔ ✕✜✘ ✖ ✔✧✘ ✌ ✔ ✏ ✘ ✞ ✔✆✣ ✏✦✥ ★✍✔ ✛✢✌ ✔ ✓✢✌✙☛✑✓ ✔ ✓✢✥ ✸✜✘ ✌ ✔✕✬

✶ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✟ ✞ ✕✜✘ ✖ ✌✙✓ ✘ ✥✆✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✔ ✠☞☛✑✓✏✟✜✠☞☛✙✆✏✟✜✌ ✞ ✒✵✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌ ✔ ✖ ✥ ✓✤✌ ✞ ✛ ✔ ✟✜✥☞☛ ✔
✘✭✲✾✣ ✓ ✞ ✟✜✌✂✟✜✌ ✘ ✥ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✟✜✌ ✕✜✘ ✖ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔✕✬
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☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✟ ✣ ✖ ✠ ✞ ★✩✘✩✘ ✌✚✌✙✓✚✥ ✞ ❀ ✟✜✌ ✔✤✔ ✞ ✔ ✟✜✌ ✘ ✥ ✿ ✞ ✌ ✘✩✘ ✌ ★✩✘ ✛✢✌ ✔ ✓✢✌ ✔ ✓✢✥ ✸✜✘ ✌ ✬
✖ ✠ ✞ ✔ ☛✦✠ ✖❃✖ ✠☞☛ ✔ h⋆ ✆✕✌✙✓✤✓✢✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✕✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✖ ✥☞✛ ✪☞★ ☛✦✥ ✘ ✌ ✬

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✖ ✌✙☛✑✓ ★ ✠☞☛✜☛ ✣ ✏✜✛ ✣ ✆ ✣ ✟✜✌ ✖❃✖ ✌✙☛✑✓ ✿ ✞ ✌ ✘ ✠☞✛ ✔✤✿ ✞ ✌✻☛✦✠ ✞ ✔✷✣ ✓✢✥ ✘ ✠☞☛ ✔ ✞ ☛ ✕✜✘ ✖ ✏✦✥☞✛
✔ ✏ ★ ☛ ❀ ✆✕✠✽✥☞✓ ★ ☛ ✪ ❁ ★✩✘✆✔ ✌❃✮✰✠☞✛ ✖ ✌ ✞ ☛ ✸ ✠ ✞ ✛✤✛✢✌ ✘ ✌✙✓✹✱ ✘ ✥ ✏ ✣ ✛ ★ ✏ ✎ ✣ ✛ ★ ✌✑✟✜✌ ✘ ✥ ✏✦✥ ✔ ✓ ★✩✘✩✘ ✌☎✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ✬
✴✆✌ ✘ ✥ ✔✟★✍✪ ☛ ★ ✕ ✌ ✿ ✞ ✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✎✟ ✞ ✕✜✘ ✖ ✥ ✞ ✪ ✖ ✌✙☛✑✓✢✌ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✿ ✞ ✌ ✘✭✲ ✠☞☛ ✔✕✲ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌ ✟ ✞ ✸ ✠☞✛✒✟
✟ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏✜✛✢✠ ✕ ✓ ✣ ✟✜✌☞✆✕✌✧✮✰✥ ★ ✓ ✏✒✠ ✞ ✛ ✖ ✠☞☛✑✓✤✛✢✌✙✛ ✿ ✞ ✥ ✘✩★ ✓✢✥☞✓ ★ ✂ ✌ ✖ ✌✙☛✑✓ ✿ ✞ ✌ ✔ ✌ ✞ ✘✍✔
✘ ✌ ✔☞✕✜✘ ✖ ✔✧✘ ✌ ✔ ✏ ✘ ✞ ✔ ✖ ★ ☛✙✆✕✌ ✔✆✔ ✠☞☛✑✓ ★ ☛ ✔ ✓✢✥ ✸✜✘ ✌ ✔✕✬

☎✌☞✝✆✟✞ ✂✼✬ ✎✎✍ � ✶✄✘☎✘✄✂✑✏✲✒✕✜✤✣✁✖✡✝✯✔✤✣✁✖✌✧✎✣ ✠✌✶✄✒ ✒✆✘✙✣ ✘✯★✆✥✳★ ✝☛�✄✂ ✥✳✏✯✚✸✖✢✔ ☎✓✘✙✶✄✘✛✚✞✏✆★✸✖❩✧✎✣ ☎✯✜✤✧☞✝✌✝✯★✓✶✛★✸✖✁✰✩✶✄✧✳✚
✏✢✰✁✔✤✘✛✚ ✠❙✔✤✧ ☎✯✜✞✝✯✥✕✥✳★✮✶✛✔✵✰✁✔✞✚✸✖✙✘✙✶✙✶✛★✆✥✳★✮✚✓✘✙✶✄✘☎✘✓✘✙✧✎✒ ✠ ✝✯★✯✚✸✖✢✏✮✚✸✖✢✔ ☎✓✶✛★ ✜

✶ ✲✳★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✆✕✌ ✿ ✞ ✌ ✘✭✲ ✠☞☛ ✏✒✌ ✞ ✓✚✠ ✸✦✔ ✌✙✛ ✂ ✌✙✛ ✔ ✞ ✛ ✘ ✥ ✕✦✪ ✞ ✛✢✌✫✭ ✂✼✬ ✎✤✣✫✌ ✔ ✓✯✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛ ❀
✓ ✣ ✌ ✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬☛✡ ✣ ✬

✥ ✗✕✔✚✿ ✞ ✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✕✟ ✞ ✕✜✘ ✖ ✌ ✔ ✓ ★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛✢✌✯✱ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ h⋆ ❁ ✠☞☛ ✠ ✸✦✔ ✌✙✛ ✂ ✌ ✞ ☛✦✌ ★ ☛ ❀
✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✥ ✘ ✠☞✛ ✔ ✿ ✞ ✌ ✘ ✌ ✔ ✏✦✥☞✛✤✓ ★ ✌ ✔ ✟ ✞ ✕✜✘ ✖ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✔ ✞ ✏ ✣ ✛ ★ ✌ ✞ ✛✢✌ ✔ ✱ h⋆ ✛✢✌ ✔ ✓✢✌✙☛✑✓ ✔ ✓✢✥ ✸✜✘ ✌ ✔✕✬
✶✁✌✫✏ ✎ ✣ ☛✦✠ ✖ ✗ ☛✦✌ ★✩✘✩✘ ✞ ✔ ✓✤✛ ✣ ✥✷✥ ✞ ✔✤✔✟★✦✣ ✓ ✣ ✠ ✸✦✔ ✌✙✛ ✂ ✣✚✔ ✞ ✛ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌ ✟✜✌✏✎✽✴✞✡ ✿ ✞ ★ ✥✷✥☞✓✤✓✢✌ ★ ☛✑✓ ✞ ☛
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☎✌☞✝✆✟✞ ✂✼✬☛✡ ✍✺✽ ✘✄✂✑✏✓✒✕✔✮✒✕✜✤✣✁✖✡✝✯✔✤✣✁✖◗✷✓✧✑★❨✶✛★✯✚ ✝✯✏✢✪✗✘✢✜✤✣✬✚✫✒✆✘✙✣ ✘✯★✯✚◗✰✁★✓✧☞✎✗★✓✣✁✖✚✆✸✖✡✝✯★✮✥✳✏✯✚✸✖✢✔ ☎✓✘✙✶✄✘✛✚✞✏✯★✯✚✵✔✤✶✛✜✞✝✯✚
✷✓✧✑★✲✶✛★✯✚✍✝✯✏✢✪✗✘✢✜✤✣✬✚❩✰✩✶✄✧✳✚✆✏✢✰✁✔✤✘✛✚✯✚✞★✯✚ ✝✯★✯✚✸✖✢★✓✣✁✖ ✚✸✖✢✔ ☎✓✶✛★✯✚ ✜

✔ ✓✢✥☞✟✜✌✔✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✔ ✞ � ✔ ✥ ✖❃✖ ✌✙☛✑✓✯✥ ✂ ✥☞☛✙✆ ✣ ✏✒✠ ✞ ✛ ✿ ✞ ✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ L2 ✔ ✌ ✖ ✥☞☛ ★ ✮✰✌ ✔ ✓✢✌☎✭✙✘✛✚✢✜
✕✦✪ ✞ ✛✢✌✫✭ ✂✼✬ ✟✤✣ ✣ ✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✥ ✘ ✠☞✛ ✔ ✥ ✞ ✪ ✖ ✌✙☛✑✓ ✣✵✘ ✥❃✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✯✏✒✠ ✞ ✛ ✿ ✞ ✌ ✘ ✌ ✸ ✠☞✛✒✟ ✟✜✌ ✘ ✥
✪ ✠ ✞ ✓✤✓✢✌✽❁ ✖ ✠ ★ ☛ ✔✆✣ ✏✦✥ ★✍✔ ❁ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✌✚✱ ✞ ☛ ✕✜✘ ✖ ★ ☛ ✔ ✓✢✥ ✸✜✘ ✌✚✥ ✘ ✠☞✛ ✔✆✿ ✞ ✌ ✘ ✌✝✆✕✌✙☛✑✓✤✛✢✌✯✏ ✘ ✞ ✔✧✣ ✏✦✥ ★✍✔
✛✢✌ ✔ ✓✢✌ ✔ ✓✢✥ ✸✜✘ ✌ ✬ ✟ ☛✗✠ ✸✦✔ ✌✙✛ ✂ ✌✯✥ ✘ ✠☞✛ ✔✧✘ ✌✂✟ ✣☎✂ ✌ ✘ ✠☞✏✜✏✒✌ ✖ ✌✙☛✑✓ ✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✟✜✌✙✏ ✞ ★✍✔ ✘ ✌ ✸ ✠☞✛✒✟ ✟✜✌
✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✂ ✌✙✛ ✔✫✘ ✌✜✆✕✌✙☛✑✓✤✛✢✌✽❁ ✔ ✥☞☛ ✔✚✿ ✞ ✌ ✓✤✥ ✖ ✥ ★✍✔ ✆✕✌ ✘✩✘ ✌ ❀ ✆ ★ ☛ ✲ ✥☞✓✤✓✢✌ ★✍✪ ☛✦✌ ✘ ✌✜✆✕✌✙☛✑✓✤✛✢✌✔✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌
✏ ✞ ★✍✔✤✿ ✞ ✲✳★✩✘ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✗✱ ✞ ☛✦✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✓✢✥ ✸✜✘ ✌ ✭✙✘✛✚✢✜ ✕✦✪ ✞ ✛✢✌ ✭ ✂✼✬ ✟✤✣ ✣ ✬

� �✆� ✂✘✗✝�✆�✔✍ � ☎✆�✖☞ ✄ ✂ �✔✍ ✟✁�✠☞ ✟✝✄✠✞ ✂ ✍ ✄ �✠✟✓✟ �✝✞✞✄ ✍ ✄ ☎ � ✂ ✂ ✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄

✶ ✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣✹✔✕✲ ✥✞✆✍✆✕✠ ✖ ✏✦✥ ✪ ☛✦✌ ✟✜✌ ✘ ✥ ✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✖ ✠☞✓ ★ ✮ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✔✕✬✆✔ ✠ ✞ ✛ ✘ ✌ ✔
✕✜✘ ✖ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✿ ✞ ✌✚☛✦✠ ✞ ✔✆✣ ✓ ✞ ✟ ★ ✠☞☛ ✔ ❁✽☛✦✠ ✞ ✔ ☛ ✲ ✠ ✸ ✓✢✌✙☛✦✠☞☛ ✔ ✏✦✥ ✔ ✟✜✌✚✛ ✣✕✔ ✌✕✥ ✞ ✏✒✠ ✘ ✠ ✪ ✠☞☛✦✥ ✘ ✟✜✌
✪ ✠ ✞ ✓✤✓✢✌ ✘ ✌✙✓✤✓✢✌ ✔ ❁ ✆✕✠ ✖❃✖ ✌✹✠☞☛ ✘✭✲ ✠ ✸✦✔ ✌✙✛ ✂ ✌✵✏✒✠ ✞ ✛ ✘ ✌✠✟ ✣ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✂✟✜✌ ✘✩★✍✿ ✞ ★ ✟✜✌ ✔ ✞ ✔ ✞ ✌ ✘✍✔ ✚❋✟ ✂ ❁✩✟ ✄✜✛ ✬
✖ ✠ ✞ ✔ ✠ ✸✦✔ ✌✙✛ ✂ ✠☞☛ ✔✯✘ ✥❃✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✔ ❁ ✿ ✞ ✌✹☛✦✠ ✞ ✔ ✥☞✏✜✏✒✌ ✘ ✠☞☛ ✔ ✞ ✘ ✠☞✓ ✔ ❁☛✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛
✏ ✘ ✞ ✔ ★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌✽❁ ✔ ✞ ✛ ✞ ☛ ✕✜✘ ✖ ✏ ✘ ✞ ✔ ✖ ★ ☛✙✆✕✌ ✬ ✶ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✎✟✜✌☞✆✕✌ ✔ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✔ ☛✦✌✧✏✒✌ ✞ ✓✒✏✦✥ ✔
✆✙✓✤✛✢✌ ✖ ✌ ✔ ✞ ✛ ✣ ✌✯✏✜✛ ✣ ✆ ★✍✔✤✣ ✖ ✌✙☛✑✓✆✱ ✘✭✲ ✥ ★ ✟✜✌ ✘✭✲ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✗ ✓✤✛✢✌✎✆✕✥☞✛ ✘ ✌ ✞ ✛✧✓✢✥ ★✩✘✩✘ ✌ ✘ ✥☞✓ ✣ ✛✢✥ ✘ ✌ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✟❀
✓ ★✍✿ ✞ ✌✯✌ ✔ ✓ ★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛✢✌✫✱ ✘ ✥✷✛ ✣✕✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✘ ✥☞✓ ✣ ✛✢✥ ✘ ✌✂✟✜✌✯☛✦✠☞✓✤✛✢✌✯✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✗ ✓✤✛✢✌★✭ 25× 200 µm2 ✣ ✬
✶✁✌ ✔ ✆ ✘✩★ ✆ ✎ ✣✕✔ ✟✜✌ ✘ ✥ ✕✦✪ ✞ ✛✢✌ ✭ ✂✼✬✄✂ ✣ ★✩✘✩✘ ✞ ✔ ✓✤✛✢✌✙☛ ✓ ✘ ✌ ✔ ✟ ★✛✹ ✣ ✛✢✌✙☛✑✓ ✔ ✖ ✠☞✓ ★ ✮ ✔❃✿ ✞ ✌ ☛✦✠ ✞ ✔ ✏✒✠ ✞ ✂ ✠☞☛ ✔
✠ ✸✦✔ ✌✙✛ ✂ ✌✙✛✚✥ ✞ ✆✕✠ ✞ ✛ ✔ ✟✜✌ ✘ ✥☎✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✩✔ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✔☞✕✜✘ ✖ ✔ ✟✜✌ ✎✽✴✞✡ ✬



� � � � ✄ �✓✟✁� � ☎ ✄ ✄ �✠✞✌☞ �✖✑✝✄✠☎ ✂ �☛✟✄✂ � ✑✆�✄✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ ✟✁� ✍ � � ✂ ☎✝✒ � � �✁�

☎✌☞✝✆✟✞ ✂✼✬ ✟✎✍✄✂✯✥ ✞ ✓✆✍✆☎❨✜✤✧✬✖✭✖✢★✕✣✩✏✓✒✕✔✗✖✙✘✢✷✓✧✑★ ✚✸✖✢✔ ☎✓✘✙✶✄✘✢✥✳✏✯★✆✏ ✶ ✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝
L2
✜ ✡✆✥ ✔ ✍ � ✏✯✚✸✖✢✔ ☎✓✘✙✶✄✘✞✝

✚✞✔✗✖✙✘✢✜✤✣ ✥✳★ ✶✛✔✕✒✝✆✓✒✕★✮✪✎✜✤✧✬✖✭✖✢★✆✣✩✏✓✒✕✔✗✖✙✘✢✷✓✧✑★ ✔✱✰✕✝■❍✯✚ ✷✓✧✑★ ✶ ✟❉✜✤✣ ✔✤✘✭✖❨✔✤✧✗✪✗✒✕★✓✣✁✖✢✏ ✶✛✔ ✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★
✰✁✜✤✧☞✝✍✝✯★✓✣✩✥✞✝✯★✵✶✛★✑☎✯✜✞✝✯✥✕✥✳★✲✶✛✔ ✪✎✜✤✧✬✖✭✖✢★ ✘✙✣✬✚✸✖✢✔ ☎✓✶✛★ ★✸✖❩✶✛★✑✘✯★✓✣✁✖✡✝✯★✮✚✸✖✢✔ ☎✓✶✛★ ✜

✶✁✌ ✔ ✖ ✠☞✓ ★ ✮ ✔✡✿ ✞ ✌ ✘✭✲ ✠☞☛ ✏✒✌ ✞ ✓ ✟ ✣ ✆✕✠ ✞ ✂ ✛ ★ ✛ ✔ ✞ ✛ ✘ ✌ ✔ ✕✦✪ ✞ ✛✢✌ ✔ ✭ ✂✼✬✄✂ ✣✡✌✙✓ ✭ ✂✼✬✁� ✣ ✔ ✠☞☛✑✓ ✓✢✠ ✞ ✓
✱ ✮✰✥ ★ ✓❃✛ ✣ ✖ ★ ☛ ★✍✔ ✆✕✌✙☛✑✓ ✔ ✟✜✌ ✔ ✖ ✠☞✓ ★ ✮ ✔ ✠ ✸ ✓✢✌✙☛ ✞ ✔ ✏✦✥☞✛ ✆ ★✩✘✍✔ ✠☞☛ ✘ ✠☞✛ ✔ ✟✜✌ ✔ ✌ ✔❃✣ ✓ ✞ ✟✜✌ ✔ ✟ ✞ ✏✒✠ ★ ☛✑✓
✆✙✛ ★ ✓ ★✍✿ ✞ ✌✠✟✜✌✷✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✔ ✟✜✌✹✏ ✎ ✥ ✔ ✌☎✟ ✞ ✔ ✌✍✆✕✠☞☛☛✟ ✠☞✛✒✟✼✛✢✌☛✚ �✎✂ ✛ ✬ ✂ ✘ ✌ ✔ ✓✵✓✢✠ ✞ ✓✵✱✡✮✰✥ ★ ✓✯✏✒✠ ✔✤✔✟★✩✸✜✘ ✌



� � � � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

☎✌☞✝✆✟✞ ✂✼✬✄✂ ✍ ☎ ✜✗✖✙✘ ✚✕✜ ☎✯✚✞★✌✝✌✎✗✏✮✚✓✧☞✝✆✧✎✣ ✠✌✶✄✒ ✥✳★✴❈ ☞ ✜ � ✣✑✒ ✥✠✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝✆✏ ✶✛✔ ✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★ ✥✳★
(33.5± 0.5) ✟

C
✜✱❄◗✔✕✖✢✔✤✘✙✶✙✶✛★ ✥✳★✲✶ ✟ ✘✙✒✕✔✸✪✎★ ★✯✚✸✖✫✥✳★

460 µm× 460µm ✜

☎✌☞✝✆✟✞ ✂✼✬✁� ✍ ☎ ✜✗✖✙✘ ✚ ✜ ☎✯✚✞★✌✝✌✎✗✏✵✚✓✧☞✝✲✧✎✣ ✠✌✶✄✒ ✥✳★ ☛✩❇✩❊ ✜ ☞ ✣✑✒ ✥✠✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝ ✏ ✶✛✔✕✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★ ✥✳★
(34.7± 0.5) ✟

C
✜✱❄◗✔✕✖✢✔✤✘✙✶✙✶✛★ ✥✳★✲✶ ✟ ✘✙✒✕✔✸✪✎★ ★✯✚✸✖✫✥✳★

1300 µm× 770µm ✜



� � � � ✄ �✓✟✁� � ☎ ✄ ✄ �✠✞✌☞ �✖✑✝✄✠☎ ✂ �☛✟✄✂ � ✑✆�✄✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ ✟✁� ✍ � � ✂ ☎✝✒ � � � �

✿ ✞ ✌ ✆✕✌ ✓ ✠✑✏✒✌ ✟ ✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✏ ✞ ★✍✔✤✔ ✌ ✆✙✓✤✛✢✌ ✟✜✌ ☛✦✥☞✓ ✞ ✛✢✌ ✔ ✏ ★ ☛✦✠ ✟✜✥ ✘ ✌ ✚ ✂ ✂ ❁ ✂ � ❁✵✟ ✌ ❁ ✂ ✟✜✛ ✬ ✏
✓ ★ ✓✤✛✢✌ ✟✜✌✜✆✕✠ ✖ ✏✦✥☞✛✢✥ ★✍✔ ✠☞☛✁❁ ☛✦✠ ✞ ✔ ✏✜✛ ✣✕✔ ✌✙☛✑✓✢✠☞☛ ✔ ✟✜✥☞☛ ✔✧✘ ✥ ✕✦✪ ✞ ✛✢✌ ✭ ✂✼✬✄✂✞✝ ✣✙❁ ✞ ☛ ✆ ✘✩★ ✆ ✎ ✣✫★✍✔✤✔ ✞ ✟✜✌✚☛✦✠ ✔
✠ ✸✦✔ ✌✙✛ ✂ ✥☞✓ ★ ✠☞☛ ✔ ✌✙✓ ✞ ☛✦✌ ★ ✖ ✥ ✪ ✌ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✑✓❃✱ ✘ ✥ ✔✟★ ✖✷✞ ✘ ✥☞✓ ★ ✠☞☛ ✟ ✲ ✞ ☛✦✌ ✟ ✣ ✆✕✠ ✖ ✏✒✠ ✔✟★ ✓ ★ ✠☞☛
✔ ✏ ★ ☛✦✠ ✟✜✥ ✘ ✌ ✟✜✥☞☛ ✔ ✞ ☛✦✌ ✖ ✣✙✘ ✥☞☛ ✪ ✌ ✸✜★ ☛✦✥ ★ ✛✢✌✽❁ ✪ ✛✢✥✞✆ ★ ✌ ✞ ✔ ✌ ✖ ✌✙☛✑✓ ✟✜✠☞☛✜☛ ✣ ✌✡✏✦✥☞✛✡✶ ✬ ✡✆✌✙✛✤✓ ✎ ★ ✌✙✛❃✌✙✓
✥ ✘✭✬ ✚ � ✛ ✬

☎✌☞✝✆✟✞ ✂✼✬✄✂✞✝ ✍ �❩✜✤✒❨✰✁✔✞✝✯✔✤✘✛✚✞✜✤✣ ★✓✣✁✖✡✝✯★ ✶✛★✯✚ ✒✕✜✗✖✙✘ ✚✱✚ ✘✯✜✞✝✌✝✯★✯✚✢✰✁✜✤✣✩✥✳✔✤✣✁✖ ✏✕✶✛✔ ✥✳✏✯✚✸✖✢✔ ☎✓✘✙✶✄✘✛✚✞✔✗✖✙✘✢✜✤✣ ✥✠✟ ✧✎✣
✠✌✶✄✒ ✣✩✏✓✒✕✔✗✖✙✘✢✷✓✧✑★ ★✸✖✮✶✛★✯✚✕✒✕✜✗✖✙✘ ✚✱✚ ✘✛✚✯✚✓✧✳✚ ✥✠✟ ✧✎✣✩★ ✥✳✏✙✘✯✜✤✒❨✰✁✜✞✚✓✘✭✖✙✘✢✜✤✣ ✚✢✰✩✘✙✣✩✜✞✥✳✔✤✶✛★ ✥✠✟ ✧✎✣ ✒✕✏✓✶✛✔✤✣✎✪✎★
☎✓✘✙✣✩✔✤✘✡✝✯★ ✜



�✬�✁� � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

☛✁✠ ✞ ✓✢✌✙✮✰✠ ★✍✔ ❁ ✘ ✌ ✖ ✠☞✓ ★ ✮ ✟✜✌✷✓ ✠✑✏✒✌ ✔ ✏ ★ ☛✦✠ ✟✜✥ ✘ ☛ ✲ ✌ ✔ ✓✵✏✦✥ ✔✯✘ ✌ ✔ ✌ ✞ ✘ ✿ ✞ ✌✷☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏ ✞ ✠ ✸✜❀
✔ ✌✙✛ ✂ ✌✙✛ ✬ ✂ ✘ ✥☞✛✤✛ ★ ✂ ✌ ✿ ✞ ✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣✆✔ ✌ ✖ ✥☞☛ ★ ✮✰✌ ✔ ✓✢✌✫✏✦✥☞✛ ✘ ✥✹☛ ✞ ✆ ✘✍✣ ✥☞✓ ★ ✠☞☛ ✟ ✲ ✞ ✘ ✠☞✓ ✔ ❁ ✆✕✠ ✖❃✖ ✌✯✠☞☛
✏✒✌ ✞ ✓ ✘ ✌ ✂✑★✍✔ ✞ ✥ ✘✩★✍✔ ✌✙✛ ✔ ✞ ✛ ✘ ✥ ✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬✄✂✗✂ ✣ ✬

☎✌☞✝✆✟✞ ✂✼✬✄✂✗✂ ✍✸❄◗✔ ✥✳✏✯✚✸✖✢✔ ☎✓✘✙✶✄✘✛✚✞✔✗✖✙✘✢✜✤✣ ✥✠✟ ✧✎✣ ✠✌✶✄✒ ✣✩✏✓✒✕✔✗✖✙✘✢✷✓✧✑★✫✰✁★✓✧✬✖✌✚✞★✂✚✸✔✤✘✡✝✯★❙✰✁✔✞✝✲✶✛✔✕✣✑✧✎✘✓✶✛✏✯✔✗✖✙✘✢✜✤✣
✥✠✟ ✁ ✶✛✜✗✖✛✚ ✠❙✷✓✧✎✘☛✘✯✜✞✝✌✝✯★✯✚✢✰✁✜✤✣✩✥✳★✓✣✁✖ ✏✕✥✳★✯✚ ✞✞✜✤✣✩★✯✚✌✰✩✶✄✧✳✚ ✏✢✰✁✔✤✘✛✚✯✚✞★✯✚ ✠❩✔✤✧✕✚✞★✓✘✙✣ ✥✠✟ ✧✎✣ ✠✌✶✄✒ ✥✠✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝
✂✑✜✤✒✕✜✱✪✚❍✓✣✩★ ★✸✖✌✘✙✣✬✚✸✖✢✔ ☎✓✶✛★ ✜✱❄◗✔ ✖✢✔✤✘✙✶✙✶✛★✆✥✳★✲✶ ✟ ✘✙✒✕✔✸✪✎★ ★✯✚✸✖

717 µm× 717µm ✜

✶✁✠☞✛ ✔✤✿ ✞ ✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✂✟ ✞ ✕✜✘ ✖ ☛ ✲ ✌ ✔ ✓✯✏✦✥ ✔ ✏✦✥☞✛✤✮✰✥ ★ ✓✢✌ ✖ ✌✙☛✑✓ ✎ ✠ ✖ ✠ ✪✤✗ ☛✦✌✚✭ ✆ ✲ ✌ ✔ ✓✵✌✙☛ ✏✦✥☞✛✤✓ ★✩❀
✆ ✞ ✘✩★ ✌✙✛ ✘ ✌✝✆✕✥ ✔✆✘ ✠☞✛ ✔✤✿ ✞ ✲ ✠☞☛ ✔✕✲ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌✂✟ ✞ ✸ ✠☞✛✒✟ ✟ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✔ ✠ ✘✩★ ✟✜✌ ✣✙❁✑✠☞☛ ✂ ✠ ★ ✓ ✘ ✌✚✮✍✛✢✠☞☛✑✓✕✟✜✌
☛ ✞ ✆ ✘✍✣ ✥☞✓ ★ ✠☞☛✔✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ✏✜✛✢✠ ✪ ✛✢✌ ✔✤✔ ✌✙✛✌✟✜✌ ✔ ✛ ✣✕✪☞★ ✠☞☛ ✔✒✘ ✌ ✔ ✖ ✠ ★ ☛ ✔✒✣ ✏✦✥ ★✍✔✤✔ ✌ ✔ ✌✙✓ ✿ ✞ ★✑✔ ✌ ✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✌✙☛✑✓
✌✙☛✻✏✜✛✢✌ ✖ ★ ✌✙✛✄❁ ✂ ✌✙✛ ✔✁✘ ✌ ✔ ✛ ✣✕✪☞★ ✠☞☛ ✔✒✘ ✌ ✔ ✏ ✘ ✞ ✔✁✣ ✏✦✥ ★✍✔✤✔ ✌ ✔ ✥ ✞ ✸ ✠☞✛✒✟✑✟ ✞ ✕✜✘ ✖ ✬ ✔ ✥☞✛✧✥ ★✩✘✩✘ ✌ ✞ ✛ ✔ ❁✕✠☞☛❃✏✒✌ ✞ ✓
✆✕✠☞☛ ✔ ✓✢✥☞✓✢✌✙✛✄❁ ✔ ✞ ✛ ✘ ✥ ✕✦✪ ✞ ✛✢✌☛✭ ✂✼✬✄✂✗✂ ✣✙❁ ✿ ✞ ✲✳★✩✘ ✌✄✒ ★✍✔ ✓✢✌☎✟✜✌ ✞ ✒ ✓ ✠✑✏✒✌ ✔ ✟ ✲ ✞ ✘ ✠☞✓ ✔✕✬ ☎ ☛✦✌ ✖ ✥ ✓✤✠☞✛ ★ ✓ ✣ ✌ ✔ ✓
✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✤✣ ✌ ✏✦✥☞✛ ✞ ☛✦✌ ✓✢✥ ★✩✘✩✘ ✌✚✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✆✕✠ ✖❃✖✷✞ ☛✦✌ ✬ ✣ ✓ ✘✭✲ ✠☞☛✑✟ ★✍✔ ✓ ★ ☛ ✪ ✞ ✌✌✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ❁ ✟✜✌
✓✢✥ ★✩✘✩✘ ✌✝✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✯✏ ✘ ✞ ✔✆★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌✽❁✼✌✙☛✑✓✢✠ ✞ ✛ ✣✕✔ ✟ ✲ ✞ ☛✦✌ ✄ ✠☞☛✦✌✑✟✜✌✔✟ ✣ ✏ ✘✍✣ ✓ ★ ✠☞☛ ✌✙☛ ✞ ✘ ✠☞✓ ✔✕✬

✟ ☛✗✏✒✌ ✞ ✓✧✏✒✌✙☛ ✔ ✌✙✛ ✿ ✞ ✌✝✆✕✌✯✏ ✎ ✣ ☛✦✠ ✖ ✗ ☛✦✌✚✌ ✔ ✓ ✞ ☛✦✌✝✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✙✆✕✌ ✟✜✌ ✘ ✥✑✆✕✠☞☛ ✔ ✌✙✛ ✂ ✥☞✓ ★ ✠☞☛ ✘ ✠ ✆✕✥ ✘ ✌
✟✜✌ ✘ ✥ ✖ ✥☞✓ ★✓✗ ✛✢✌✲✍ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✟ ✞ ✕✜✘ ✖ ❁ ✖ ✠✡✠ ✌✙☛✜☛ ✣ ✌✯✱ ✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✖✟✜✌ ✿ ✞ ✌ ✘✍✿ ✞ ✌ ✔ ✞ ✘ ✠☞✓ ✔ ❁✽✌ ✔ ✓ ✞ ☛✦✌
✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ ✬



� � � � ✄ �✓✟✁� � ☎ ✄ ✄ �✠✞✌☞ �✖✑✝✄✠☎ ✂ �☛✟✄✂ � ✑✆�✄✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ ✟✁� ✍ � � ✂ ☎✝✒ � �✬�✓�

✂ ✘ ☛ ✲ ✌ ✔ ✓ ✌✙☛ ✛ ✣ ✥ ✘✩★ ✓ ✣ ✏✦✥ ✔ ✔✟★ ✖ ✏ ✘ ✌ ✟✜✌ ✟ ★✍✔ ✓ ★ ☛ ✪ ✞ ✌✙✛ ✘ ✌ ✔ ✖ ✠☞✓ ★ ✮ ✔ ✟✜✌ ✓ ✠✑✏✒✌ ✔ ✏ ★ ☛✦✠ ✟✜✥ ✘ ✌✙✓
☛ ✞ ✆ ✘✍✣ ✥☞✓ ★ ✠☞☛✁❁ ✆✕✥☞✛ ✘ ✌ ✔✫✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✔ ✏✜✛✢✠ ✟ ✞ ★ ✓✢✌ ✔ ✏✦✥☞✛ ✘ ✌✯✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔✫✔ ✏ ★ ☛✦✠ ✟✜✥ ✘ ✠☞☛✑✓✫✓✢✌✙☛☛✟✜✥☞☛✙✆✕✌✵✱
✣☎✂ ✠ ✘ ✞ ✌✙✛✄❁✑✌✙☛ ✛✢✥ ★✍✔ ✠☞☛ ✟✜✌ ✘ ✌ ✞ ✛✆✓✢✌✙☛ ✔✟★ ✠☞☛ ✟✜✌ ✘✩★✍✪ ☛✦✌✽❁ ✆✕✠ ✖❃✖ ✌✵✠☞☛ ✘ ✌ ✂ ✌✙✛✤✛✢✥ ✞ ✘ ✓ ✣ ✛ ★ ✌ ✞ ✛✢✌ ✖ ✌✙☛✑✓✄❁✽✌✙☛
✞ ✘ ✠☞✓ ✔ ✆ ★ ✛✟✆ ✞ ✘ ✥ ★ ✛✢✌ ✔✯✿ ✞ ✲ ✠☞☛ ✥ ✸✜★ ✌✙☛ ✟ ✞ ✖ ✥ ✘ ✱✗✟ ★✍✔ ✓ ★ ☛ ✪ ✞ ✌✙✛✂✟✜✌ ✆✕✌ ✞ ✒ ✆✙✛ ✣✕✣✕✔ ✏✦✥☞✛✹☛ ✞ ✆ ✘✍✣ ✥☞✓ ★ ✠☞☛ ✬

� ✞ ✆✕✠ ✞ ✛ ✔ ✟✜✌ ✆✕✌✫✓✤✛✢✥ ✂ ✥ ★✩✘ ✟✜✌✫✓ ✎ ✗✕✔ ✌✽❁✽☛✦✠ ✞ ✔ ☛✦✠ ✞ ✔ ✔ ✠ ✖❃✖ ✌ ✔ ✥☞✓✤✓✢✥✞✆ ✎ ✣✕✔ ✱ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✌✙✛ ✘ ✌ ✔ ✌ ✞ ★✩✘
✟ ✲ ✥☞✏✜✏✦✥☞✛ ★ ✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣✽✬ ✬ ✞ ✥☞☛✑✓✧✥ ✞✗✖ ✣ ✆✕✥☞☛ ★✍✔ ✖ ✌ ✘ ✞ ★✩❀ ✖ ✆ ✖ ✌✖✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ❁☞☛✦✠ ✞ ✔
✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★ ✟ ✲✾✣ ✓ ✞ ✟ ★ ✌✙✛ ✘ ✌✗✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌✗✓ ✠✑✏✒✌ ✔ ✏ ★ ☛✦✠ ✟✜✥ ✘✭✬ ✣ ☛ ✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✙✆✕✌✽❁ ✘✭✲✾✣ ✓ ✞ ✟✜✌
✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✕ ☛✦✌ ✟✜✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟ ✲ ✥☞✏✜✏✦✥☞✛ ★ ✓ ★ ✠☞☛ ✟ ✲ ✞ ☛✦✌ ★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✟✜✌ ✔ ✞ ✛✤✮✰✥✞✆✕✌✡✏✦✥☞✛
☛ ✞ ✆ ✘✍✣ ✥☞✓ ★ ✠☞☛❃✠ ✞ ✟✜✌✫✮✰✥✓✒✕✠☞☛ ✔ ✏ ★ ☛✦✠ ✟✜✥ ✘ ✌✧☛ ✲ ✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓✤✛✢✥✯✏✦✥ ✔ ✟✜✥☞☛ ✔ ✆✕✌ ✖ ✥☞☛ ✞ ✔ ✆✙✛ ★ ✓ ✌✙✓✎✆✕✠☞☛ ✔ ✓ ★ ✓ ✞ ✌

✞ ☛✦✌ ✣ ✓ ✞ ✟✜✌✎✆✕✠ ✖ ✏ ✘✍✣ ✖ ✌✙☛✑✓✢✥ ★ ✛✢✌✧✥ ✞ ✓✤✛✢✥ ✂ ✥ ★✩✘ ✌ ✹ ✌✍✆✙✓ ✞ ✣ ✥ ✞ ✆✕✠ ✞ ✛ ✔ ✟✜✌✎✆✕✌✙✓✤✓✢✌✫✓ ✎ ✗✕✔ ✌★✭✰✓ ✎ ✗✕✔ ✌✕✟✜✌ ✥ ✬
✙✧✥☞☛ ✣ ✹ ✌✙☛✑✓✢✌✙✛✤✛✢✌✵✌✙☛ ✆✕✠ ✞ ✛ ✔ ✣ ✬

✄ ✁☎✄✂✁✁� ✂ ✁✩❀❅✵✸❂ ✍ ✴✶❀☛✡ ✍ ✺✑✷✧✼✤❀❅✾ ✺✎✵✶✵✶✺✽✹✻✺✽✵ ✏ ✴ ✡ ✟✤✍ ❃ ✕✿✴✶✵✸✴✝✍ ✒

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏✜✛ ✣ ✆ ★✍✔✤✣ ✟✜✥☞☛ ✔❃✘ ✌✗✏✦✥☞✛✢✥ ✪ ✛✢✥☞✏ ✎ ✌ ✏✜✛ ✣ ✆ ✣ ✟✜✌✙☛✑✓ ✿ ✞ ✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✮✰✠☞✛ ✖ ✥ ★ ✓ ✟✜✌ ✔
✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✔ ✌✙☛ ✞ ✘ ✠☞✓ ✔✷✿ ✞ ★✚✣☎✂ ✠ ✘ ✞ ✌✙☛✑✓✻✌✙☛ ✔ ✞ ★ ✓✢✌ ✔ ✌ ✘ ✠☞☛ ✞ ☛ ✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌ ✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌ ✬ ✶✁✥
✕✦✪ ✞ ✛✢✌✫✭ ✂✼✬✄✂ ✄✤✣✫✏✜✛ ✣✕✔ ✌✙☛✙✆✕✌ ✿ ✞ ✥☞✓✤✛✢✌✵✏ ✎ ✠☞✓✢✠ ✪ ✛✢✥☞✏ ✎ ★ ✌ ✔ ✟✜✌ ✆✕✌✹✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌ ✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌✵✏✒✠ ✞ ✛
✞ ☛ ✕✜✘ ✖ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ★ ☛ ★ ✓ ★ ✥ ✘ ✌ ✣✕✪ ✥ ✘ ✌✧✱ ✄✓✎✫☛ ✖ ❁ ✣ ✓ ✞ ✟ ★✍✣ ✱ ✘ ✥✫✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✌✟✜✌ (25±0.5) ☎ C ✬

✶✁✌✵✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌ ✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌✔✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ✆✕✠☞☛☛✟ ✞ ★ ✓✫✱ ✘ ✥✻✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛✗✟ ✲ ✞ ☛ ✕✜✘ ✖ ☛ ✣ ✖ ✥ ❀
✓ ★✍✿ ✞ ✌ ✟✜✌ ✎✽✴✞✡ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✎ ✠ ✖ ✠ ✪✤✗ ☛✦✌ ✌✙✓ ✿ ✞ ★ ✛✢✌ ✔ ✓✢✌ ✔ ✓✢✥ ✸✜✘ ✌ ✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔❃✣ ✓ ✞ ✟ ★✍✣❃✘ ✥
✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✟ ✞ ✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌✜✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌✠✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔✕✬

✄ ✁☎✄✂✁☎✄ ✂ ✍ ❂✿✹✻✺ ✔✓❂✻❃☛✡☛✍ ✴☎✍ ❃ ✍ ✴ ✁✩✺ ✹✿❂ ✼✿✾ ❀ ☞ ✺✠✟ ✟ ❂ ✟ ✹✻✺ ☞ ❀❅❃❅✵✶✺✠✟ ☞ ✺✠✡ ☞ ✺ ✹✻✺✠✟

✆ ✵✶❀ ✍✎✟

�✁�✠☎ ✞✞✄ �✖☞ �✖✑✝✄✏✟✁�✔✍ ✞✌☞ ☎✄✂☎�✔✍

✶✁✌✻✓✤✛✢✥ ★ ✓✢✌ ✖ ✌✙☛✑✓✠✟✜✌ ✔✵★ ✖ ✥ ✪ ✌ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✔ ✟ ✞ ✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌✒✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌ ✿ ✞ ✌✻☛✦✠ ✞ ✔
✠ ✸✦✔ ✌✙✛ ✂ ✠☞☛ ✔ ✥ ✣ ✓ ✣ ✏✒✠ ✔✤✔✟★✩✸✜✘ ✌ ✪ ✛✞✝✞✆✕✌✚✥ ✞ ✒❃✏✜✛ ✣ ✆ ★ ✌ ✞ ✒✖✆✕✠☞☛ ✔ ✌ ★✩✘✍✔ ✿ ✞ ✌ ✔ ✬ ✱ ✞ ✌✙☛✦✠ ✞ ☛❃✥ ✸✜★ ✌✙☛ ✂ ✠ ✞ ✘ ✞



�✬�✁� � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

 (a)  (b)

 (c)  (d)

☎✌☞✝✆✟✞ ✂✼✬✄✂ ✄✎✍✄✂ ✝✯✜ ✘✯★✯✚✯✚✓✧✳✚✵✥✳★ ✘✯✜✞✔✤✶✛★✯✚ ✘✯★✓✣ ✘✯★❨✥✳★✯✚ ✁ ✶✛✜✗✖✛✚ ✜✆☎◗★✯✚ ✘✓✶✄✘☎✘✄✂✑✏✯✚❨✜✤✣✁✖ ✏✸✖✢✏ ✰✕✝✓✘✛✚❨✔✤✧✞✝✲✘✙✣✬✚✸✖✢✔✤✣✁✖✛✚
✚✓✧✎✘✙✘✯★✯✚✯✚✓✘ ✚✱✚✆✚✓✧✎✘✡✎✗✔✤✣✁✖✛✚✠✟☛✡✱✔✌☞

t = 0 s ✝
✡ ☎✍☞
t = 34 s ✝

✡ ✘✍☞
t = 126 s ✝

✡✱✥✌☞
t = 416 s

✜
☎✍✟❉✜✞✝✓✘❖✪✗✘✙✣✩★ ✥✳★✯✚✲✖✢★✓✒❨✰✁✚✆★✯✚✸✖❙✔✞✝✓☎✓✘✭✖✡✝✯✔✤✘✡✝✯★ ✜✆☎◗★✯✚ ✞✞✜✤✣✩★✯✚✮✶✛★✯✚❙✰✩✶✄✧✳✚✮✚✞✜✤✒ ☎✌✝✯★✯✚✵✚✞✜✤✣✁✖❙✔✤✧✳✚✯✚✓✘✌✶✛★✯✚❙✰✩✶✄✧✳✚
✏✢✰✁✔✤✘✛✚✯✚✞★✯✚ ✜✏✎❙✣✕✜ ☎✯✚✞★✌✝✌✎✗★ ✘✓✶✛✔✤✘✡✝✯★✓✒✕★✓✣✁✖✩✥✳✔✤✣✬✚❩✶✛★✯✚ ✘✓✶✄✘☎✘✄✂✑✏✯✚✑✡ ✘✍☞✮★✸✖✒✡✱✥✌☞✮✷✓✧✑★❩✶✛★✯✚ ✁ ✶✛✜✗✖✛✚✫✥✳★ ✘✯✜✤✧☞✝✓☎✓✧☞✝✯★
✡✱✥✳✔✤✣✬✚✲✶✛★❙✰✩✶✛✔✤✣ ✥✤✧ ✠✌✶✄✒✏☞ ✘✙✒❨✰✁✜✞✝✸✖✢✔✤✣✁✖✢★✮✚✞★✍✝✯✏✸✖✡✝✯✔ ✘✸✖✢★✓✣✁✖☎✜✏☎◗✔✕✖✢✔✤✘✙✶✙✶✛★✆✥✳★ ✘✄✂✑✔ ✘✓✧✎✣✩★ ✥✳★✯✚✲✘✙✒✕✔✸✪✎★✯✚
★✯✚✸✖❙✥✳★

230 µm× 230 µm ✜



� � � � ✄ �✓✟✁� � ✁ ✄ ✄ �✠✞✌☞ �✖✑✝✄✠☎ ✂ �☛✟✄✂ � ✑✆�✄✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ ✟✁� ✍ � � ✂ ☎✝✒ � �✬�✁�

✖ ✌✯✏✜✛✢✠ ✟ ★✍✪ ✞ ✌✙✛ ✬ ✬ ✞ ✲✳★✩✘ ✓✤✛✢✠ ✞ ✂ ✌ ★ ✆ ★ ✘✭✲ ✌✄✒✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌ ✖ ✥✷✛✢✌✍✆✕✠☞☛✜☛✦✥ ★✍✔✤✔ ✥☞☛✙✆✕✌ ✬

✶✁✌ ✔ ✞ ★ ✂✑★ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★✍✿ ✞ ✌✖✟✜✌ ✘ ✥✵✓✢✥ ★✩✘✩✘ ✌✎✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✕✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ☛ ✲ ✌ ✔ ✓✆✏✦✥ ✔ ✏✒✠ ✔✤✔✟★✩✸✜✘ ✌
✆✕✥☞✛ ✘ ✥✷✛ ✣✕✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✘ ✥☞✓ ✣ ✛✢✥ ✘ ✌✂✟✜✌✯☛✦✠☞✓✤✛✢✌✯✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✗ ✓✤✛✢✌✆☛✦✌✯☛✦✠ ✞ ✔ ✏✒✌✙✛ ✖ ✌✙✓✆✏✦✥ ✔ ✟✜✌✂✟✼✛✢✌ ✔✤✔ ✌✙✛ ✞ ☛
✏✜✛✢✠ ✕✜✘ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✔✟ ✞ ✕✜✘ ✖ ✿ ✞ ★ ✏✒✌✙✛ ✖ ✌✙✓✤✓✢✌ ✟✜✌ ✟ ★✍✔ ✓ ★ ☛ ✪ ✞ ✌✙✛ ★ ☛☛✟ ★ ✂✑★ ✟ ✞ ✌ ✘✩✘ ✌ ✖ ✌✙☛ ✓ ✘ ✌ ✔ ✞ ✘ ✠☞✓ ✔✕✬
✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟✜✠☞☛✙✆ ✆ ✎ ✠ ★✍✔✟★ ✟✜✌ ✔ ✞ ★ ✂ ✛✢✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛✑✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔✁✔ ✠ ✞ ✔ ✖ ★ ✆✙✛✢✠ ✔ ✆✕✠☞✏✒✌✧✠☞✏✜✓ ★✍✿ ✞ ✌ ✬ ✶✁✥
✓✢✥ ★✩✘✩✘ ✌ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ✏✒✌ ✞ ✓✆✥ ✘ ✠☞✛ ✔ ✆✙✓✤✛✢✌✵✌✄✒✼✓✤✛✢✥ ★ ✓✢✌✚✏✦✥☞✛✆✓✤✛✢✥ ★ ✓✢✌ ✖ ✌✙☛✑✓✖✟✜✌ ✔✆★ ✖ ✥ ✪ ✌ ✔ ❁
✌✙☛ ✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★ ✌✙✛✫✏✦✥☞✛ ✞ ☛✦✌✹✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛ ✟✜✌✖✆✕✌ ✔✯★ ✖ ✥ ✪ ✌ ✔ ✟✜✥☞☛ ✔✚✘✭✲ ✌ ✔ ✏✦✥✞✆✕✌✷✛ ✣ ✆ ★ ✏✜✛✢✠ ✿ ✞ ✌✔✟✜✌
✮✜✠ ✞ ✛ ★ ✌✙✛ ✬

✶✁✌✝✆✕✥ ✘ ✆ ✞ ✘ ✟✜✌ ✘ ✥✹✓✤✛✢✥☞☛ ✔ ✮✰✠☞✛ ✖ ✣ ✌✂✟✜✌✻✮✜✠ ✞ ✛ ★ ✌✙✛ ✄ ✥ ✟ ✲ ✞ ☛✦✌ ★ ✖ ✥ ✪ ✌✚☛ ✲ ✌ ✔ ✓✆✏✦✥ ✔✧★ ✖❃✖ ✣ ✟ ★ ✥☞✓ ✬ ✂ ✘
✮✰✥ ✞ ✓✆✥ ✞ ✏✦✥☞✛✢✥ ✂ ✥☞☛✑✓ ✔ ✠ ✞✜✖ ✌✙✓✤✓✤✛✢✌ ✘✭✲✳★ ✖ ✥ ✪ ✌ ★ ☛ ★ ✓ ★ ✥ ✘ ✌✆✱ ✞ ☛✦✌ ✔✤✣ ✛ ★ ✌✕✟✜✌✫✓✤✛✢✥ ★ ✓✢✌ ✖ ✌✙☛✑✓ ✔ ❁☞✟✜✠☞☛✑✓ ✘ ✌ ✸ ✞ ✓
✌ ✔ ✓✂✟ ✲ ✥ ✞ ✪ ✖ ✌✙☛✑✓✢✌✙✛✚✥ ✞ ✓✢✥☞☛✑✓ ✿ ✞ ✌✵✏✒✠ ✔✤✔✟★✩✸✜✘ ✌ ✘ ✌✵✛✢✥☞✏✜✏✒✠☞✛✤✓ ✔✟★✍✪ ☛✦✥ ✘ ✢ ✸ ✛ ✞ ★ ✓✄❁ ✿ ✞ ✌✯☛✦✠ ✞ ✔ ✟ ✣ ✓✢✥ ★✩✘✩✘ ✠☞☛ ✔
✆ ★✩❀ ✟✜✌ ✔✤✔ ✠ ✞ ✔✕✬

• � ✕ ☛ ✟ ✲ ✥ ✞ ✪ ✖ ✌✙☛✑✓✢✌✙✛ ✘ ✌✎✆✕✠☞☛✑✓✤✛✢✥ ✔ ✓✢✌✽❁ ☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✸✜★ ☛✦✥☞✛ ★✍✔✤✣✧✘ ✌ ✔ ★ ✖ ✥ ✪ ✌ ✔ ❁ ✟✜✌✆✓✢✌ ✘✩✘ ✌ ✔ ✠☞✛✤✓✢✌
✿ ✞ ✌ ✘ ✌ ✔ ✞ ✘ ✠☞✓ ✔ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✌✙☛✑✓✧✱ ✞ ☛ ✔✟★✍✪ ☛✦✥ ✘✒✣✕✪ ✥ ✘ 1 ✌✙✓ ✘ ✌ ✔ ✄ ✠☞☛✦✌ ✔ ✌✙☛✑✓✤✛✢✌ ✞ ✘ ✠☞✓ ✔ ✆✕✠☞✛✤✛✢✌ ✔✟❀
✏✒✠☞☛☛✟✜✌✙☛✑✓✫✥ ✞ ☛ ★ ✂ ✌✕✥ ✞ 0 ✬

• ✶✁✌☞✆✕✥ ✘ ✆ ✞ ✘ ✟ ✲ ✞ ☛✦✌✕✮✦✮ ☛ ✄ ✥ ✏✦✥☞✛ ✘ ✌ ✘ ✠ ✪☞★ ✆ ★ ✌ ✘ ✺ ✆ ★ ✠☞☛ ✔ ✴ ✂ ✖ ✥ ✪ ✌✆☛ ✣ ✆✕✌ ✔✤✔✟★ ✓✢✌ ✟ ✲ ✥ ✂ ✠ ★ ✛ ✞ ☛✦✌
★ ✖ ✥ ✪ ✌ ✟✜✠☞☛✑✓ ✘ ✥✗✓✢✥ ★✩✘✩✘ ✌✻✌✙☛❂✏ ★ ✒✜✌ ✘✍✔✵✔ ✠ ★ ✓ ✞ ☛✦✌✻✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌☎✟✜✌ ✄ ✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★
✟ ✲ ✌✄✒✼✓✤✛✢✥ ★ ✛✢✌✔✟✜✌✹☛✦✠ ✔ ✆ ✘✩★ ✆ ✎ ✣✕✔ ✟✜✌ ✔✚★ ✖ ✥ ✪ ✌ ✔✯✿ ✞ ★ ✆✕✠☞☛✑✓ ★ ✌✙☛✜☛✦✌✙☛✑✓ 256 × 256 ✏ ★ ✒✜✌ ✘✍✔✕✬ ✟ ✛✄❁
✘ ✥✷✓✢✥ ★✩✘✩✘ ✌ ✕ ☛ ★ ✌✂✟ ✲ ✞ ☛✦✌ ★ ✖ ✥ ✪ ✌✵✌ ✔ ✓ ✞ ☛✦✌ ✪ ✆✙☛✦✌✯☛✦✠☞☛ ☛ ✣✕✪☞✘✩★✍✪ ✌✕✥ ✸✜✘ ✌✫✏✒✠ ✞ ✛ ✘ ✌✜✆✕✥ ✘ ✆ ✞ ✘ ✟✜✌ ✘ ✥
✓✤✛✢✥☞☛ ✔ ✮✰✠☞✛ ✖ ✣ ✌✠✟✜✌★✮✜✠ ✞ ✛ ★ ✌✙✛ ✬
✖ ✠☞✓✢✠☞☛ ✔ f(x, y) ✘ ✌ ✔✟★✍✪ ☛✦✥ ✘ ✆✕✠☞☛✑✓✢✌✙☛ ✞ ✟✜✥☞☛ ✔ ✞ ☛✦✌ ★ ✖ ✥ ✪ ✌ ✆✕✥☞✛✤✛ ✣ ✌✔✟✜✌✵✓✢✥ ★✩✘✩✘ ✌ L2 ✏ ★ ✒✜✌ ✘✍✔✕✬
✟ ☛✗✟ ✣✕✔✟★✍✪ ☛✦✌✚✏✦✥☞✛ Π(x, y) ❁ ✘ ✥✷✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✆✙✛ ✣ ☛✦✌✕✥ ✞ ✟ ✣ ✕ ☛ ★ ✌ ✆✕✠ ✖❃✖ ✌ ✔ ✞ ★ ✓✲✍

Π(x, y) =
1

L
pour |x| ≤ L

2
et |y| ≤ L

2

✭ ✂✼✬✄✂ ✣

= 0 sinon
✭ ✂✼✬ ✄✤✣



�✬�✁✂ � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

✶✁✥✻✓✤✛✢✥☞☛ ✔ ✮✰✠☞✛ ✖ ✣ ✌✂✟✜✌★✮✜✠ ✞ ✛ ★ ✌✙✛ ✟✜✌ ✘ ✥✷✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ Π(x, y) ✌ ✔ ✓ ✣✕✪ ✥ ✘ ✌✵✱

Π̃(kx, ky) =
1√
2π
sinc

(

kxL

2

)

sinc

(

kyL

2

)

✠✧✦ ✘ ✥✷✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ sinc x ✌ ✔ ✓ ✘ ✌ ✔✟★ ☛ ✞ ✔ ✆✕✥☞✛✒✟ ★ ☛✦✥ ✘ ✟✜✌ x ❁ ✣✕✪ ✥ ✘ ✱ sinx
x
✬

☎ ☛✦✌ ★ ✖ ✥ ✪ ✌✒✆✕✥☞✛✤✛ ✣ ✌☎✟✜✌✻✓✢✥ ★✩✘✩✘ ✌ ✕ ☛ ★ ✌✑✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟ ✥ ✞ ✔✟★✍✪ ☛✦✥ ✘ f(x, y) · Π(x, y) ✬ ✺✼✥
✓✤✛✢✥☞☛ ✔ ✮✰✠☞✛ ✖ ✣ ✌ ✔ ✌✙✛✢✥ ✘ ✌✯✏✜✛✢✠ ✟ ✞ ★ ✓✖✟✜✌✜✆✕✠☞☛ ✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✔ ✞ ★ ✂ ✥☞☛✑✓✮✍

Π̃ ⋆ f̃

✥ ✥☞☛ ✔✵✘✭✲ ✌ ✔ ✏✦✥✞✆✕✌✷✛ ✣ ✆ ★ ✏✜✛✢✠ ✿ ✞ ✌✽❁ ✘ ✌ ✔ ✠ ✔ ✆ ★✩✘✩✘ ✥☞✓ ★ ✠☞☛ ✔✫★ ☛☛✟ ✞ ★ ✓✤✌ ✔ ✏✦✥☞✛ ✘ ✌ ✔✟★ ☛ ✞ ✔ ✆✕✥☞✛✒✟ ★ ☛✦✥ ✘ ❁✦✌✙✓
✟✜✌✧✮✍✛ ✣✕✿ ✞ ✌✙☛✙✆✕✌ ✔ ✏✦✥☞✓ ★ ✥ ✘ ✌ K ✣✕✪ ✥ ✘ ✌✫✱ 4π

L

❁✽✏✒✌ ✞ ✂ ✌✙☛✑✓ ✖ ✥ ✔✤✿ ✞ ✌✙✛ ✘✭✲✳★ ☛✜✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛✑✆✕✠☞☛✑✓✢✌✙☛ ✞ ✌
✟✜✥☞☛ ✔ f̃ ✬ ✔ ✠ ✞ ✛ ✔✕✲ ✌✙☛ ✥ ✹ ✛✢✥☞☛✙✆ ✎ ★ ✛✄❁ ★✩✘ ✮✰✥ ✞ ✓ ✿ ✞ ✌ ✘ ✥ ✏ ✣ ✛ ★ ✠ ✟✜✌ K ✔ ✠ ★ ✓ ✘ ✥ ✏ ✘ ✞ ✔ ✏✒✌✙✓ ★ ✓✢✌
✏✒✠ ✔✤✔✟★✩✸✜✘ ✌ ✬ � ✞ ✓✤✛✢✌ ✖ ✌✙☛✑✓✠✟ ★ ✓✄❁ ★✩✘ ✮✰✥ ✞ ✓ ✿ ✞ ✌ ✘✭✲✳★ ✖ ✥ ✪ ✌✻✥ ★ ✓ ✞ ☛✦✌✷✓✢✥ ★✩✘✩✘ ✌ ✖ ✥✓✒ ★ ✖ ✥ ✘ ✌ ✬ ☞ ✌ ❀
✖ ✥☞✛ ✿ ✞ ✠☞☛ ✔✧✿ ✞ ✌ ✘ ✠☞✛ ✔✤✿ ✞ ✌ L→∞ ✥ ✘ ✠☞✛ ✔ ✘ ✥✵✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ Π(x, y)→ δ(x, y) ✠✧✦ δ(x, y)
✌ ✔ ✓ ✘ ✥ ✟ ★✍✔ ✓✤✛ ★✩✸ ✞ ✓ ★ ✠☞☛ ✟✜✌ ✥ ★ ✛✢✥✞✆ ✬ ✥ ✥☞☛ ✔ ✆✕✌✙✓✤✓✢✌ ✘✩★ ✖ ★ ✓✢✌✽❁ ✘ ✌✻✏✜✛✢✠ ✟ ✞ ★ ✓✠✟✜✌✒✆✕✠☞☛ ✂ ✠ ✘ ✞ ✓ ★ ✠☞☛
✣ ✆✙✛ ★ ✓✹✏ ✘ ✞ ✔ ✎ ✥ ✞ ✓ ✔ ✌ ✔✟★ ✖ ✏ ✘✩★ ✕ ✌✹✌✙☛ f̃ ✌✙✓✷✠☞☛ ✛✢✌✙✓✤✛✢✠ ✞ ✂ ✌✽❁✎✟✜✥☞☛ ✔✯✘✭✲ ✌ ✔ ✏✦✥✞✆✕✌✻✛ ✣ ✆ ★ ✏✜✛✢✠ ✿ ✞ ✌✽❁
✘✭✲✳★ ☛✑✓ ✣✕✪ ✛✢✥ ✘✩★ ✓ ✣ ✟✜✌ ✘✭✲✳★ ☛✜✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛ ✆✕✠☞☛✑✓✢✌✙☛ ✞ ✌✠✟✜✥☞☛ ✔ f(x, y) ✬
✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟✜✠☞☛✙✆✖✆ ✎ ✠ ★✍✔✟★ ✞ ☛✦✌✷✓✢✥ ★✩✘✩✘ ✌✔✟ ✲✳★ ✖ ✥ ✪ ✌ ✔ ✞ � ✔ ✥ ✖❃✖ ✌✙☛✑✓ ✪ ✛✢✥☞☛☛✟✜✌✷✏✒✠ ✞ ✛ ✔✕✲ ✥☞✮ ❀
✮✍✛✢✥☞☛✙✆ ✎ ★ ✛☎✟✜✌ ✘ ✥ ✘✩★ ✖ ★ ✓✢✥☞✓ ★ ✠☞☛ ✣☎✂ ✠ ✿ ✞ ✣ ✌ ✆ ★✩❀ ✟✜✌ ✔✤✔ ✞ ✔ ❁ ✌✙✓ ✟ ✞ ✌❃✥ ✞ ✆✕✥ ✘ ✆ ✞ ✘ ✟ ✲ ✞ ☛✦✌❃✓✤✛✢✥☞☛ ✔✟❀
✮✰✠☞✛ ✖ ✣ ✌ ✟✜✌✚✮✜✠ ✞ ✛ ★ ✌✙✛✑✟ ✲ ✞ ☛✦✌ ✔✟★✍✪ ☛✦✥ ✘ ✟ ✲ ✌✄✒✼✓✢✌✙☛ ✔✟★ ✠☞☛ ✕ ☛ ★ ✌✽❁ ✖ ✥ ★✍✔ ✥ ✞ ✔✤✔✟★✆✔ ✞ � ✔ ✥ ✖❃✖ ✌✙☛✑✓
✏✒✌✙✓ ★ ✓✢✌✚✏✒✠ ✞ ✛✫☛✦✌✯✏✦✥ ✔ ✥ ✘✩✘ ✠☞☛ ✪ ✌✙✛ ✘ ✥☎✟ ✞ ✛ ✣ ✌✠✟✜✌✜✆✕✥ ✘ ✆ ✞ ✘ ✟✜✌ ✘ ✥✷✓✤✛✢✥☞☛ ✔ ✮✰✠☞✛ ✖ ✣ ✌✠✟✜✌★✮✜✠ ✞ ✛ ★ ✌✙✛
✏✦✥☞✛ ✘✭✲ ✠☞✛✒✟ ★ ☛✦✥☞✓✢✌ ✞ ✛ ✬ ✣ ✖ ✏ ★ ✛ ★✍✿ ✞ ✌ ✖ ✌✙☛✑✓✄❁✽☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✕ ✒ ✣ L = 512 ✏ ★ ✒✜✌ ✘✍✔✕✬

✣ ☛✻✏✜✛✢✥☞✓ ★✍✿ ✞ ✌✽❁✄☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✮✰✠☞✛ ✖ ✣ ✞ ☛✦✌ ★ ✖ ✥ ✪ ✌✖✟✜✌ 512×512 ✏ ★ ✒✜✌ ✘✍✔ ❁☞✌✙☛ ✟ ✞ ✏ ✘✩★✍✿ ✞ ✥☞☛✑✓
✘✭✲✳★ ✖ ✥ ✪ ✌✹✠☞✛ ★✍✪☞★ ☛✦✌ ✘✩✘ ✌ ✟✜✌ 256 × 256 ✏ ★ ✒✜✌ ✘✍✔✕✬ ✴✆✌✹✏✜✛✢✠ ✆ ✣ ✟ ✣ ✆✕✠☞☛ ✔ ✌✙✛ ✂ ✌ ✘✭✲✳★ ☛✑✓ ✣✕✪ ✛✢✥ ✘✩★ ✓ ✣ ✟✜✌
✘✭✲✳★ ☛✜✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛ ✿ ✞ ✌✗☛✦✠ ✞ ✔ ✂ ✠ ✞ ✘ ✠☞☛ ✔ ✠ ✸ ✓✢✌✙☛ ★ ✛ ✬ ☛✁✠ ✞ ✓✡✥ ✞ ✏ ✘ ✞ ✔ ✥☞✏✜✏✦✥☞✛✢✥ ★✍✔✤✔ ✌✙☛✑✓ ✟✜✥☞☛ ✔
✘ ✌ ✔ ✏✒✌✍✆✙✓✤✛✢✌✔✟✜✌✹✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌✫✭ ✖ ✠ ✟ ✞ ✘ ✌✵✥ ✞ ✆✕✥☞✛✤✛ ✣ ✟✜✌ ✘ ✥❃✓✤✛✢✥☞☛✜✮✰✠☞✛ ✖ ✣ ✌✔✟✜✌ ✮✜✠ ✞ ✛ ★ ✌✙✛ ✣✕✟✜✌ ✔
✮✍✛ ✣✕✿ ✞ ✌✙☛✙✆✕✌ ✔ ✔ ✏✦✥☞✓ ★ ✥ ✘ ✌ ✔ ✣✙✘ ✌ ✂ ✣ ✌ ✔ ✟ ✞ ✌ ✔ ✥ ✞ ✒ ✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✔ ✛✢✥☞✏ ★ ✟✜✌ ✔ ✟ ✞ ✔✟★✍✪ ☛✦✥ ✘ ✥ ✞ ☛ ★ ✂ ✌✕✥ ✞
✟ ✞ ✛✢✥✞✆✍✆✕✠☞✛✒✟ ✌✙☛✑✓✤✛✢✌✔✟✜✌ ✞ ✒ ★ ✖ ✥ ✪ ✌ ✔✕✬☛☞ ✌ ✖ ✥☞✛ ✿ ✞ ✠☞☛ ✔ ✌✙☛ ✕ ☛ ✿ ✞ ✌ ✘✭✲ ✠☞✏ ✣ ✛✢✥☞✓ ★ ✠☞☛✗✟✜✌ ✸✜★ ☛✦✥ ❀
✛ ★✍✔ ✥☞✓ ★ ✠☞☛ ★ ☛ ★ ✓ ★ ✥ ✘ ✌✻✥ ✥ ✞ ✔✤✔✟★ ✏✒✠ ✞ ✛✻✌ ✹ ✌✙✓ ✟✜✌❃✮✰✥ ★ ✛✢✌✡✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓✤✛✢✌ ✟✜✥☞☛ ✔✹✘ ✌ ✔ ✏✒✌✍✆✙✓✤✛✢✌ ✟✜✌ ✔
✮✍✛ ✣✕✿ ✞ ✌✙☛✙✆✕✌ ✔✆✔ ✏✦✥☞✓ ★ ✥ ✘ ✌ ✔✆✣✙✘ ✌ ✂ ✣ ✌ ✔✫✿ ✞ ★ ☛✦✌ ✪ ✆✙☛✦✌✙☛✑✓✆✏✦✥ ✔✫✘✭✲✳★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✔✫✔ ✏✒✌✍✆✙✓✤✛✢✌ ✔✕✬



� � � � ✄ �✓✟✁� � ✁ ✄ ✄ �✠✞✌☞ �✖✑✝✄✠☎ ✂ �☛✟✄✂ � ✑✆�✄✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ ✟✁� ✍ � � ✂ ☎✝✒ � �✬�✁�

✶✁✌✯✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓✆✓ ✠✑✏ ★✍✿ ✞ ✌ ✟✜✌✜✆✕✌✵✓✤✛✢✥ ★ ✓✢✌ ✖ ✌✙☛✑✓✫✌ ✔ ✓✫✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣✯✔ ✞ ✛ ✘ ✥ ✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬✄✂ ✌ ✣ ✬

☎✌☞✝✆✟✞ ✂✼✬✄✂ ✌ ✍ � ★✲✶ ✟ ✘✙✒✕✔✸✪✎★ ✜✞✝✓✘❖✪✗✘✙✣✩★✓✶✙✶✛★ ✔✤✧ ✚✢✰✁★✙✘✸✖✡✝✯★✆✥✳★❩✰✩✧✎✘✛✚✯✚✞✔✤✣ ✘✯★ ✜

� ✁ ✞✘✍ ✄ �✖✑✓✒ � ✟✄✂ � ✑✆�✄✂✆✟ ✑✆✂ �✆� � � ✒ ☎ �✠☎✝✒ ✄✟✄ �✠✞✘✍ ✄✠✞✘✗✝�✆�

✟ ☛❃✏✒✌ ✞ ✓ ✟ ★✍✔ ✓ ★ ☛ ✪ ✞ ✌✙✛ ✔ ✞ ✛ ✘ ✌ ✔ ✏✒✌✍✆✙✓✤✛✢✌✕✟✜✌✫✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌✧✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣☞✕✦✪ ✞ ✛✢✌★✭ ✂✼✬✄✂ ✌ ✣ ✞ ☛✡✥☞☛✜☛✦✌✕✥ ✞
✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✑✓✆✱ ✞ ☛✦✌✫✮✍✛ ✣✕✿ ✞ ✌✙☛✙✆✕✌ ✔ ✏✦✥☞✓ ★ ✥ ✘ ✌✫✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★ ✗ ✛✢✌ ✬ ✟ ☛✗☛✦✠☞✓✢✌✙✛✢✥✷✥ ✞ ✔✤✔✟★ ✘✭✲✳★ ☛ ✂ ✥☞✛ ★ ✥☞☛✙✆✕✌
✏✦✥☞✛✷✛✢✠☞✓✢✥☞✓ ★ ✠☞☛ ✔ ✌ ✘ ✠☞☛ ✞ ☛ ✥☞☛ ✪☞✘ ✌❃✏✒✠ ✘ ✥ ★ ✛✢✌☎✟ ✞ ✔ ✏✒✌✍✆✙✓✤✛✢✌ ✟✜✌❃✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌❃✠ ✸ ✓✢✌✙☛ ✞ ✬ ✴✆✌ ✔ ✟✜✌ ✞ ✒
✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✔ ☛✦✠ ✞ ✔ ✥ ✖ ✗ ☛✦✌✙☛✑✓✵✱ ✆✕✠☞☛✙✆ ✘ ✞ ✛✢✌ ✿ ✞ ✌ ✘ ✥ ✟ ★✍✔ ✓✤✛ ★✩✸ ✞ ✓ ★ ✠☞☛✗✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ✏✒✌ ✞ ✓✏✆✙✓✤✛✢✌
✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣ ✌✻✏✦✥☞✛ ✞ ☛✦✌✻✓✢✥ ★✩✘✩✘ ✌✖✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✷✌✙✓ ✿ ✞ ✌ ✆✕✌✙✓✤✓✢✌ ✟ ★✍✔ ✓✤✛ ★✩✸ ✞ ✓ ★ ✠☞☛ ✌ ✔ ✓ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✬
✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟✜✠☞☛✙✆ ✆✕✥ ✘ ✆ ✞ ✘✍✣✆✘ ✥ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣ S(|| � ✁

k ||) ✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✥☞☛✑✓ ✘ ✌ ✔ ✏✒✌✍✆✙✓✤✛✢✌✕✟✜✌✫✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌
★ ☛✑✓ ✣✕✪ ✛ ✣✹✔ ✞ ✛ ✘ ✌ ✔✄✂ ✥☞✛ ★ ✥ ✸✜✘ ✌ ✔ ✥☞☛ ✪ ✞ ✘ ✥ ★ ✛✢✌ ✔✕✬ ✴✆✌✙✓✤✓✢✌ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣ ☛ ✲ ✌ ✔ ✓✵✥ ✞ ✓✤✛✢✌ ✿ ✞ ✌ ✘ ✌ ✚✸✔ ✘✸✖✢★✓✧☞✝ ✥✳★
✚✸✖✡✝✓✧✎✘✸✖✙✧☞✝✯★✂✟ ✞ ✔ ✠ ✔ ✓ ✗ ✖ ✌ ✣ ✓ ✞ ✟ ★✍✣ ✌✙✓ ✿ ✞ ★ ✟✜✠☞☛✜☛✦✌ ✞ ☛✦✌ ★ ✖ ✥ ✪ ✌✑✟✜✌ ✘ ✥ ✟ ★✍✔ ✏✒✌✙✛ ✔✟★ ✠☞☛ ✟✜✌ ✘ ✥✻✓✢✥ ★✩✘✩✘ ✌
✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔✕✬ ✶✁✥ ✕✦✪ ✞ ✛✢✌✤✭ ✂✼✬✄✂ ✌ ✣✆✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌ ✞ ☛✗✮✰✥✞✆✙✓✢✌ ✞ ✛✕✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✫✓ ✠✑✏ ★✍✿ ✞ ✌✽❁✑✠ ✸ ✓✢✌✙☛ ✞ ✥☞✏✜✛ ✗✕✔
★ ☛✑✓ ✣✕✪ ✛✢✥☞✓ ★ ✠☞☛ ✟ ✞ ✔ ✏✒✌✍✆✙✓✤✛✢✌✂✟✜✌✯✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌ ✔ ✞ ✛ ✘ ✌ ✔ ✂ ✥☞✛ ★ ✥ ✸✜✘ ✌ ✔ ✥☞☛ ✪ ✞ ✘ ✥ ★ ✛✢✌ ✔✕✬

✟ ☛✔✆✕✠☞☛ ✔ ✓✢✥☞✓✢✌ ✿ ✞ ✌ ✘ ✌✷✮✰✥✞✆✙✓✢✌ ✞ ✛✑✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✷✠ ✸ ✓✢✌✙☛ ✞ ✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌ ✞ ☛ ✖ ✥✓✒ ★ ✖✷✞✜✖ ✖ ✥ ★✍✔
✛✢✌ ✔ ✓✢✌ ✖ ✥ ✘✍✪ ✛ ✣ ✓✢✠ ✞ ✓✷✥ ✔✤✔ ✌ ✄✡✣ ✓✢✥ ✘✍✣ ❁ ✆✕✌ ✿ ✞ ★ ✛✢✌ ✌ ✗ ✓✢✌ ✞ ☛✦✌ ✟ ★✍✔ ✏✒✌✙✛ ✔✟★ ✠☞☛ ✥ ✔✤✔ ✌ ✄❃★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌✑✟✜✌
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☎✌☞✝✆✟✞ ✂✼✬✄✂ ✌✬✍ ✞◗✔ ✘✸✖✢★✓✧☞✝ ✥✳★✮✚✸✖✡✝✓✧✎✘✸✖✙✧☞✝✯★✆★✸✖✫✔✁�✯✧✳✚✸✖✢★✓✒✕★✓✣✁✖❩✖ ✂✑✏✯✜✞✝✓✘✢✷✓✧✑★ ✜

✘ ✥❃✓✢✥ ★✩✘✩✘ ✌✠✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔✚✣ ✓ ✞ ✟ ★✍✣✕✔ ✭✰✏✒✠ ✘ ✠ ✟ ★✍✔ ✏✒✌✙✛ ✔✟★ ✓ ✣ ✣ ✬ ✶ ✲ ✌✄✒ ★✍✔ ✓✢✌✙☛✙✆✕✌✔✟ ✞ ✖ ✥✓✒ ★ ✖✷✞✜✖ ✌ ✔ ✓ ✘ ✌✹✏✒✠ ★ ☛✑✓
★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✵✍ ✘ ✌ ✔ ✠ ✔ ✓ ✗ ✖ ✌✯✏✒✌ ✞ ✓ ✆✙✓✤✛✢✌✯✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣ ✏✦✥☞✛ ✞ ☛✦✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✎✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✬

✶✁✌✷✏✜✛✢✠ ✆ ✣ ✟ ✣✷✿ ✞ ✌✷☛✦✠ ✞ ✔ ✂ ✌✙☛✦✠☞☛ ✔ ✟✜✌☎✟ ✣ ✆✙✛ ★ ✛✢✌✹✏✒✌✙✛ ✖ ✌✙✓✠✟ ✲ ✠ ✸ ✓✢✌✙☛ ★ ✛ ✘ ✥✡✓✢✥ ★✩✘✩✘ ✌ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✟❀
✓ ★✍✿ ✞ ✌ ✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ❁ ✱ ✞ ☛✦✌ ✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ ✖✷✞ ✘ ✓ ★ ✏ ✘ ★ ✆✕✥☞✓ ★ ✂ ✌✧✏✜✛ ✗✕✔✕✬ ✣ ☛ ✌ ✹ ✌✙✓✄❁✑✱ ✘✭✲✳★✍✔✤✔ ✞ ✌✕✟ ✞ ✏✜✛✢✠ ✆ ✣ ✟ ✣
✟✜✌ ✆✕✥ ✘ ✆ ✞ ✘ ✟✜✌ ✘ ✥✫✓✤✛✢✥☞☛ ✔ ✮✰✠☞✛ ✖ ✣ ✌ ✟✜✌✩✮✜✠ ✞ ✛ ★ ✌✙✛✄❁✄☛✦✠ ✞ ✔ ✠ ✸ ✓✢✌✙☛✦✠☞☛ ✔ ✘ ✌ ✖ ✠ ✟ ✞ ✘ ✌✌✟ ✞ ✂ ✌✍✆✙✓✢✌ ✞ ✛✌✟ ✲ ✠☞☛☛✟✜✌
k
✟✜✥☞☛ ✔ ✞ ☛✦✌ ✞ ☛ ★ ✓ ✣ ✥☞✛ ✸✜★ ✓✤✛✢✥ ★ ✛✢✌ ✬✠✔ ✥☞✛✎✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✑✓✄❁ ✘ ✥✵✓✢✥ ★✩✘✩✘ ✌☞✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✆✌ ✔ ✓✆✥ ✞ ✔✤✔✟★ ✠ ✸✜❀

✓✢✌✙☛ ✞ ✌✗✟✜✥☞☛ ✔ ✞ ☛✦✌ ✞ ☛ ★ ✓ ✣ ✥☞✛ ✸✜★ ✓✤✛✢✥ ★ ✛✢✌ ✬ ✴✆✌ ✘ ✥ ☛ ✲ ✌ ✔ ✓✡✏✦✥ ✔✗✪ ✆✙☛✦✥☞☛✑✓✡✏✦✥☞✛ ✘ ✥ ✔ ✞ ★ ✓✢✌ ✆✕✥☞✛✗☛✦✠ ✞ ✔
✔ ✠ ✞✜✎ ✥ ★ ✓✢✠☞☛ ✔ ✔ ✌ ✞ ✘ ✌ ✖ ✌✙☛✑✓✚✆✕✠☞☛✜☛✦✥✟✞✍✓✤✛✢✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛☎✟✜✌✎✆✕✌✙✓✤✓✢✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✚✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✟✜✥☞☛ ✔
✘ ✌✯✓✢✌ ✖ ✏ ✔ ✌✙✓✚☛✦✠☞☛ ✔ ✥ ✂ ✥ ✘ ✌ ✞ ✛✆☛ ✞✜✖ ✣ ✛ ★✍✿ ✞ ✌✫✏✜✛ ✣ ✆ ★✍✔ ✌ ✬

✟ ☛✗✏✒✌ ✞ ✓✆✓✢✠ ✞ ✓✢✌✙✮✰✠ ★✍✔✆✣ ✓✢✥ ✸✜✘✩★ ✛ ✞ ☛✦✌✜✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✙✆✕✌✚✌✙☛✑✓✤✛✢✌ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛✆✠ ✸ ✓✢✌✙☛ ✞ ✌✯✏✒✠ ✞ ✛ ✘ ✌
✖ ✠ ✟ ✞ ✘ ✌ ✟ ✞ ✂ ✌✍✆✙✓✢✌ ✞ ✛ ✟ ✲ ✠☞☛☛✟✜✌✯✌✙✓ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✛ ✣ ✌ ✘✩✘ ✌✗✖✹✌✙☛ µm ✬

✶✁✌ ✔✆★ ✖ ✥ ✪ ✌ ✔ ✓✤✛✢✥ ★ ✓ ✣ ✌ ✔✫✔ ✠☞☛✑✓ ✟✜✌ ✔✆★ ✖ ✥ ✪ ✌ ✔ ✆✕✥☞✛✤✛ ✣ ✌ ✔ ✟✜✌ N = 512 ✏ ★ ✒✜✌ ✘✍✔✧✔ ✞ ✛✏✎ ✂ ✄✷✏ ★ ✒✜✌ ✘✍✔✕✬



� � � � ✄ �✓✟✁� � ✁ ✄ ✄ �✠✞✌☞ �✖✑✝✄✠☎ ✂ �☛✟✄✂ � ✑✆�✄✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ ✟✁� ✍ � � ✂ ☎✝✒ � �✬�✁�

✶✁✌ ✔✟★✍✪ ☛✦✥ ✘ ✛ ✣ ✌ ✘ ✥ ✔✤✔ ✠ ✆ ★✍✣ ✱ ✆✕✌ ✔✯★ ✖ ✥ ✪ ✌ ✔ ✌ ✔ ✓ ✞ ☛ ✔✟★✍✪ ☛✦✥ ✘ ✟ ★✍✔ ✆✙✛✢✌✙✓✜✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✤✣ ✏✦✥☞✛ ✞ ☛✦✌✷✮✍✛ ✣✙❀
✿ ✞ ✌✙☛✙✆✕✌✖✟ ✲✾✣ ✆ ✎ ✥☞☛✑✓ ★✩✘✩✘ ✠☞☛✜☛✜✥ ✪ ✌ fe = 1 pixel−1 ✬ ✣ ☛ ✂ ✌✙✛✤✓ ✞ ✟ ✞ ✓ ✎ ✣ ✠☞✛ ✗ ✖ ✌✖✟ ✲✾✣ ✆ ✎ ✥☞☛✑✓ ★✩✘✩✘ ✠☞☛✜☛✜✥ ✪ ✌
✟✜✌✚✺ ✎ ✥☞☛✜☛✦✠☞☛✁❁ ✘ ✥✵✓✢✠☞✓✢✥ ✘✩★ ✓ ✣ ✟✜✌ ✘✭✲✳★ ☛✜✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛ ✿ ✞ ✌ ✘✭✲ ✠☞☛❃✏✒✌ ✞ ✓✏✟ ✣ ✟ ✞ ★ ✛✢✌✖✟ ✞ ✔ ✏✒✌✍✆✙✓✤✛✢✌✕✟✜✌✆✏ ✞ ★✍✔✟❀
✔ ✥☞☛✙✆✕✌✵✌ ✔ ✓ ✘✩★ ✖ ★ ✓ ✣ ✌✫✱ ✘ ✥✹✮✍✛ ✣✕✿ ✞ ✌✙☛✙✆✕✌ ✔ ✏✦✥☞✓ ★ ✥ ✘ ✌ ✖ ✥✓✒ ★ ✖ ✥ ✘ ✌ fmax = fe

2

❁ ✔ ✠ ★ ✓ 0.5 pixel−1 ✬ ✶✁✌
✆✕✥ ✘ ✆ ✞ ✘ ✟ ✞ ✔ ✏✒✌✍✆✙✓✤✛✢✌✖✟✜✌✆✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌✧✛✢✥☞✟ ★ ✥ ✘ ✆✕✠☞☛☛✟ ✞ ★ ✓ ✱ ✞ ☛ ✕ ✆ ✎ ★ ✌✙✛✚✆✕✠ ✖ ✏✜✛✢✌✙☛✦✥☞☛✑✓ ✄✓✎ ✡ ✆✕✠ ✞ ✏ ✘ ✌ ✔
✟✜✌ ✂ ✥ ✘ ✌ ✞ ✛ ✔✕✬ ✶ ✲ ✥ ✸✦✔ ✆ ★✍✔✤✔ ✌✑✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✑✓✵✥ ✞ ☛✦✠ ✖ ✸ ✛✢✌✑✟ ✲ ✠☞☛☛✟✜✌ ☎

σ
✌✙☛
pixel−1

✌ ✔ ✓✔✟✜✠☞☛✙✆
✟✜✠☞☛✜☛ ✣ ✌✚✏✦✥☞✛ ✘ ✥✷✛✢✌ ✘ ✥☞✓ ★ ✠☞☛ ✍

σ = fmax
i

256
=
i

512
,

✠✧✦
i
✌ ✔ ✓ ✞ ☛ ✌✙☛✑✓ ★ ✌✙✛✎✆✕✠ ✖ ✏✜✛ ★✍✔ ✌✙☛✑✓✤✛✢✌ ✂ ✌✙✓ ✄✓✎ ✡✼✬

✔ ✥☞✛❃✥ ★✩✘✩✘ ✌ ✞ ✛ ✔ ❁✒☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏✜✛ ★✍✔✷✔ ✠ ★ ☛ ✟✜✌❃✓✢✠ ✞ ✓✤✠ ✞ ✛ ✔ ✞ ✓ ★✩✘✩★✍✔ ✌✙✛ ✘ ✌ ✖ ★ ✆✙✛✢✠ ✔ ✆✕✠☞✏✒✌✡✥ ✂ ✌✍✆ ✘ ✌
✖ ✆ ✖ ✌✚✛ ✣✕✪☞✘ ✥ ✪ ✌✂✟✜✌✫✮✰✥✓✒✕✠☞☛ ✱✷✏✒✠ ✞ ✂ ✠ ★ ✛ ✣ ✓✢✥ ✸✜✘✩★ ✛ ✞ ☛✦✌ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✙✆✕✌✫✌✙☛✑✓✤✛✢✌ ✘ ✥✵✓✢✥ ★✩✘✩✘ ✌✕✟ ✲ ✞ ☛✦✌
★ ✖ ✥ ✪ ✌✵✌✙☛ ✏ ★ ✒✜✌ ✘✍✔ ✌✙✓ ✔ ✥✷✓✢✥ ★✩✘✩✘ ✌✫✛ ✣ ✌ ✘✩✘ ✌ ✬ ✴✆✌✙✓ ✣ ✓✢✥ ✘ ✠☞☛✜☛✦✥ ✪ ✌✯✥✻✏✒✌✙✛ ✖ ★✍✔ ✟ ✲✾✣ ✓✢✥ ✸✜✘✩★ ✛ ✿ ✞ ✌✽❁✑✏✒✠ ✞ ✛ ✘ ✌
✪ ✛✢✠ ✔✤✔✟★✍✔✤✔ ✌ ✖ ✌✙☛✑✓ ✞ ✓ ★✩✘✩★✍✔✤✣ ❁ ✞ ☛ ✏ ★ ✒✜✌ ✘ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✗✱

1.78 µm ✬ ✔ ✥☞✛✝✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✑✓✄❁ ✘ ✌ ✖ ✠ ✟ ✞ ✘ ✌
✟ ✞ ✂ ✌✍✆✙✓✢✌ ✞ ✛✕✟ ✲ ✠☞☛☛✟✜✌ q ❁✜✌✄✒✼✏✜✛ ★ ✖ ✣ ✌✙☛ µm−1 ❁✜✌ ✔ ✓ ✟✜✠☞☛✜☛ ✣ ✏✦✥☞✛ ✘ ✥✷✛✢✌ ✘ ✥☞✓ ★ ✠☞☛ ✍

q = 2π
σ

1.78

✭ ✂✼✬✍✌ ✣

✴✆✌✙✓✤✓✢✌ ✘ ✠ ★ ✟✜✌✒✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✙✆✕✌✷☛ ✲ ✌ ✔ ✓✷✌✙☛❂✮✰✥ ★ ✓✹✏✦✥ ✔ ✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★ ✗ ✛✢✌ ✖ ✌✙☛✑✓ ✞ ✓ ★✩✘ ✌☎✟✜✥☞☛ ✔ ✆✕✌
✿ ✞ ★✧✔ ✞ ★ ✓ ★ ✖❃✖ ✣ ✟ ★ ✥☞✓✢✌ ✖ ✌✙☛✑✓✯✠✧✦❂☛✦✠ ✞ ✔ ☛✦✠ ✞ ✔✵✔ ✠ ✖❃✖ ✌ ✔ ✏ ✘ ✞ ✓✟✗☞✓✵✥☞✓✤✓✢✥✞✆ ✎ ✣✕✔ ✱ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✌✙✛ ✘ ✥
✟ ✣ ✏✒✌✙☛☛✟✜✥☞☛✙✆✕✌✡✓✢✌ ✖ ✏✒✠☞✛✢✌ ✘✩✘ ✌ ✟✜✌ ✘ ✥ ✓✢✥ ★✩✘✩✘ ✌ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔✕✬ ✔ ✥☞✛ ✆✕✠☞☛✑✓✤✛✢✌✽❁✆☛✦✠ ✞ ✔
✘✭✲ ✞ ✓ ★✩✘✩★✍✔ ✌✙✛✤✠☞☛ ✔ ✏ ✘ ✞ ✔ ✓✢✥☞✛✒✟✗✏✒✠ ✞ ✛✎✆✕✠ ✖ ✏✦✥☞✛✢✌✙✛ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛✕✟✜✌ ✘ ✥✷✓✢✥ ★✩✘✩✘ ✌ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ★ ☛ ★ ✓ ★ ✥ ✘ ✌
✱✒✆✕✌ ✘✩✘ ✌ ✿ ✞ ✌✯✮✰✠ ✞ ✛✤☛ ★ ✓ ✞ ☛✦✌ ✖ ✠ ✟ ✣✙✘✩★✍✔ ✥☞✓ ★ ✠☞☛❃✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌ ✟✜✌✜✆✕✌✙✓✤✓✢✌ ★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣✽✬

� ✞✘✍ � �✖✑ ✄✂✁✝✞✘✟✁�✖✑✓✒ �✠✟✄✂ � ✑✆�✁✂✆✟ ✞ ✟✄✂ ✄✔✒ ✂✆� ✂✆✂ �

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆✕✠☞☛ ✔ ✓✢✥☞✓ ✣✹✿ ✞ ✌ ✘ ✥✻✏✒✠ ✔✟★ ✓ ★ ✠☞☛ ✟ ✞ ✏ ★ ✆✠✟ ✞ ✮✰✥✞✆✙✓✢✌ ✞ ✛ ✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✽❁✜✠ ✞ ✟✜✌✵✮✰✥✓✒✕✠☞☛
✣✕✿ ✞ ★ ✂ ✥ ✘ ✌✙☛✑✓✢✌✽❁ ✘✭✲ ✥☞☛✜☛✦✌✕✥ ✞ ✠ ✸ ✓✢✌✙☛ ✞ ✟✜✥☞☛ ✔ ✘ ✌ ✔ ✏✒✌✍✆✙✓✤✛✢✌✕✟✜✌✫✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌ ✣☎✂ ✠ ✘ ✞ ✥ ★ ✓✧✌✙☛✡✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟ ✞
✓✢✌ ✖ ✏ ✔ ❁ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘ ✌ ✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌☞✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌ ✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ✏✜✛✢✠ ✪ ✛✢✌ ✔✤✔ ✌✽❁✞✆✕✠ ✖❃✖ ✌✆✌✙☛✷✓ ✣ ✖ ✠ ★✍✪ ☛✦✌
✘ ✥ ✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬✄✂ ✎✤✣ ✬

✺☎✄ ✿✤❃❨◆✛❁✓❄✠❚✝✆✼✿✤●
2π

❏✤●✢▼✱❀☎✞✓❆☛❍✑❀✼❈❉❁✯P✯❆❋❚◗❇✞✿✵▲❨✽✞❇✞✿✞❍✟✆✌❇✞✿✵❂✠✆✱❄✠❚✝✆✼✿✤●◗❇✳❈ ✽✓❃✗❇✡✆✓❯



�✬� � � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

☎✌☞✝✆✟✞ ✂✼✬✄✂ ✎✎✍ � ★✓✧✞✝ ✘✓✶✄✘☎✘✄✂✑✏✯✚ ✥✳★✯✚ ✁ ✶✛✜✗✖✛✚ ✔✤✧ ✘✯✜✤✧☞✝✯✚ ✥✤✧ ✰✕✝✯✜ ✘✯★✯✚✯✚✓✧✳✚✲✥✳★✑✘✯✜✞✔✤✶✛★✯✚ ✘✯★✓✣ ✘✯★✲★✸✖ ✚✢✰✁★✙✘✸✖✡✝✯★✯✚
✥✳★❙✰✩✧✎✘✛✚✯✚✞✔✤✣ ✘✯★ ✘✯✜✞✝✌✝✯★✯✚✢✰✁✜✤✣✩✥✳✔✤✣✁✖✛✚ ✜✆☎◗★ ✖✢★✓✒❨✰✁✚✮✚ ✟❉✏✙✘✯✜✤✧✎✶✛★✲✶✛✜✞✝✯✚✞✷✓✧ ✟❉✜✤✣✆✰✁✔✞✝✙✘✯✜✤✧☞✝✸✖✌✶✛★✯✚✲✘✙✒✕✔✸✪✎★✯✚✆✥✤✧
✂✑✔✤✧✬✖ ✎✗★✌✝✯✚✫✶✛★ ☎✯✔✞✚ ✜ ✎❙✣ ✘✯✜✤✣✬✚✸✖✢✔✗✖✢★✮✷✓✧✑★❨✶ ✟❉✔✤✣✑✣✩★✯✔✤✧ ✘✯✔✞✝✯✔ ✘✸✖✢✏✌✝✓✘✛✚✸✖✙✘✢✷✓✧✑★✵✥✤✧✆✚✢✰✁★✙✘✸✖✡✝✯★✮✥✳★◗✰✩✧✎✘✛✚✯✚✞✔✤✣ ✘✯★
✚✞★ ✝✯★✯✚✯✚✞★✌✝✌✝✯★ ✟✫✶✛✔✆✶✛✜✤✣✎✪✗✧✑★✓✧☞✝✑✘✯✔✞✝✯✔ ✘✸✖✢✏✌✝✓✘✛✚✸✖✙✘✢✷✓✧✑★✲✥✤✧ ✰✕✝✯✜ ☎✓✶✁�✓✒✕★ ✘✌✝✯✜ ✁ ✖❩✥✳✔✤✣✬✚✵✶✛★✲✖✢★✓✒❨✰✁✚ ✜✄✂✯✶✾★✯✚✸✖ ✏
✣✩✜✗✖✢★✌✝ ✷✓✧✑★ ✶✛✔✵✰✕✝✯✏✯✚✞★✓✣ ✘✯★✆✥✳★ ✷✓✧✑★✓✶✛✷✓✧✑★✯✚ ✄✑✣✩✜✆☎✳✔✤✧✞✝ ✆ ✏ ✶✛✔ ✚✓✧☞✝✛✚✸✔ ✘✯★✆✥✤✧ ✠✌✶✄✒ ✣✕✟❉✔ ☎✵★✙✘✸✖✢★✫✰✁✔✞✚✲✶✛✔
✥✳✏✸✖✢★✌✝✓✒✆✘✙✣✩✔✗✖✙✘✢✜✤✣ ✥✳★✲✶✛✔ ✶✛✜✤✣✎✪✗✧✑★✓✧☞✝✑✘✯✔✞✝✯✔ ✘✸✖✢✏✌✝✓✘✛✚✸✖✙✘✢✷✓✧✑★ ✜

✟ ☛✻✌✙☛✒✆✕✠☞☛✙✆ ✘ ✞ ✓ ✿ ✞ ✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✥☞✓ ★ ✂ ✌ ✟✜✌ ✘ ✥✂✟ ★✍✔ ✓✤✛ ★✩✸ ✞ ✓ ★ ✠☞☛
✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ✂ ✥☞✛ ★ ✌ ✟✜✥☞☛ ✔❃✘ ✌ ✓✢✌ ✖ ✏ ✔ ✍❂✠☞☛ ✘ ✥❂☛✦✠☞✓✢✌

L(t) ✬ � ✕ ☛ ✟✜✌✗✟ ✣ ✓✢✌✙✛ ✖ ★ ☛✦✌✙✛❃✥ ✂ ✌✍✆ ✞ ☛
✖ ✥✓✒ ★ ✖✷✞✜✖ ✟✜✌❃✏✜✛ ✣ ✆ ★✍✔✟★ ✠☞☛✁❁ ✘ ✥ ✏✒✠ ✔✟★ ✓ ★ ✠☞☛ ✟ ✞ ✏ ★ ✆ ✟ ✞ ✮✰✥✞✆✙✓✢✌ ✞ ✛ ✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✽❁✁☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔
✥ ✓ ✞ ✔ ✓ ✣ ✘ ✌ ✔ ✆✕✠ ✞ ✛ ✸ ✌ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✔ ✟ ✞ ✮✰✥✞✆✙✓✢✌ ✞ ✛ ✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✏✦✥☞✛ ✞ ☛✦✌ ✌✄✒✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛
✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌ ✬

✶ ✲ ✥ ✔ ✏✒✌✍✆✙✓✎✆ ★ ☛ ✣ ✓ ★✍✿ ✞ ✌ ✟✜✌ ✔ ✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✔ ✟✜✌✯✏ ✎ ✥ ✔ ✌✠✟ ✞ ✏✜✛✢✌ ✖ ★ ✌✙✛✫✠☞✛✒✟✼✛✢✌✽❁✑✠✧✦ ✘✭✲ ✠☞☛ ✠ ✸✦✔ ✌✙✛ ✂ ✌
✟✜✌ ✔ ✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌ ✟ ✣ ✆✕✠ ✖ ✏✒✠ ✔✟★ ✓ ★ ✠☞☛ ✔ ✏ ★ ☛✦✠ ✟✜✥ ✘ ✌✽❁ ✟✜✌✻☛ ✞ ✆ ✘✍✣ ✥☞✓ ★ ✠☞☛✁❁ ✟✜✌✒✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌ ✔ ✟✜✌ ✟✜✠ ❀
✖ ✥ ★ ☛✦✌ ✔ ❁✦✠☞☛✑✓ ✣ ✓ ✣✹✘ ✥☞✛ ✪ ✌ ✖ ✌✙☛✑✓ ✣ ✓ ✞ ✟ ★✍✣ ✌ ✔✕✬ ✟ ☛ ✌✙☛ ✓✤✛✢✠ ✞ ✂ ✌✙✛✢✥ ✞ ☛ ✛ ✣✕✔ ✞✜✖ ✣ ✆✕✠ ✖ ✏ ✘ ✌✙✓✂✟✜✥☞☛ ✔✫✘ ✥
✛ ✣ ✮ ✣ ✛✢✌✙☛✙✆✕✌ ✚ ✂✞✡ ✛ ✬ ✔ ✠ ✞ ✛✚✥ ✓ ✞ ✔ ✓✢✌✙✛✫☛✦✠ ✔ ✆✕✠ ✞ ✛ ✸ ✌ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✔ ❁✽☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★ ✟ ✲ ✞ ✓ ★✩❀
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✘✩★✍✔ ✌✙✛ ✘ ✌✯✮✰✥✞✆✙✓✢✌ ✞ ✛ ✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✿ ✞ ✌ ✡ ★ ☛☛✟✜✌✙✛✚✌✙✓✯✺✑✓✢✥ ✞ ✹ ✌✙✛✚✠☞☛✑✓✚✏✜✛✢✠☞✏✒✠ ✔✤✣ ✟✜✥☞☛ ✔✆✘ ✌ ✞ ✛✆✓ ✎ ✣ ✠☞✛ ★ ✌
✟✜✌ ✘ ✥☎✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✟✜✌✜✆ ✘ ✞ ✔ ✓✢✌✙✛ ✔ ✚ ✂✗✂ ✛❩✍

S(k, t) =
A1

1
L2(t) + k

2

[

1− exp
(

−A2D(t)k2(t)
)] ✭ ✂✼✬ ✌ ✣

✶✁✌✵✏✜✛✢✌ ✖ ★ ✌✙✛✫✮✰✥✞✆✙✓✢✌ ✞ ✛✄❁ ✘ ✠☞✛✢✌✙☛✑✓ ✄✙★ ✌✙☛✁❁ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟ ✥ ✞ ✮✰✥✞✆✙✓✢✌ ✞ ✛✂✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✯✓ ✠✑✏✒✌ ✟ ✛✤☛ ❀
✔ ✓✢✌ ★ ☛✁� ✌✙✛✤☛ ★ ✠ ✌ ✚ ✂ ❁ ✌ ✂ ✛✧✥ ✘ ✠☞✛ ✔✹✿ ✞ ✌ ✘ ✌ ✟✜✌ ✞ ✒ ★✓✗ ✖ ✌✹✮✰✥✞✆✙✓✢✌ ✞ ✛✹✌ ✔ ✓ ★ ☛✑✓✤✛✢✠ ✟ ✞ ★ ✓✚✥ ✕ ☛ ✟✜✌✷✛✢✌✙☛☛✟✼✛✢✌
✆✕✠ ✖ ✏✜✓✢✌ ✟ ✲ ✞ ☛✦✌✆✛✢✌ ✘ ✥✓✒✜✥☞✓ ★ ✠☞☛ ✟ ★✛✹ ✞ ✔✟★ ✂ ✌ ✂ ✌✙✛ ✔✧✘✭✲✾✣✕✿ ✞ ★✩✘✩★ ✸ ✛✢✌ ✬ ✶✁✌✝✆✕✠✑✌ � ✆ ★ ✌✙☛✑✓ ✟✜✌ ✟ ★✛✹ ✞ ✔✟★ ✠☞☛ D(t)
✟ ✣ ✏✒✌✙☛☛✟❃✥✷✏✜✛ ★ ✠☞✛ ★ ✟ ✞ ✓✢✌ ✖ ✏ ✔ t ✬ ✶✁✥ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣ L(t) ✟ ✣✕✔✟★✍✪ ☛✦✌ ✘ ✥✹✓✢✥ ★✩✘✩✘ ✌✎✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✕✟✜✌ ✔
✞ ✘ ✠☞✓ ✔✕✬ ✟ ☛ ✏✒✌ ✞ ✓ ✆✕✠☞☛ ✔ ✓✢✥☞✓✢✌✙✛ ✔ ✞ ✛ ✘ ✥ ✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬✄✂ ✌ ✣ ✿ ✞ ✌ ✘✭✲ ✥✞✆✍✆✕✠☞✛✒✟ ✌✙☛✑✓✤✛✢✌ ✘ ✌ ✔ ✏✒✠ ★ ☛✑✓ ✔ ✌✄✒✼✏ ✣ ✛ ★✩❀
✖ ✌✙☛✑✓✢✥ ✞ ✒ ✌✙✓ ✘ ✥✖✆✕✠ ✞ ✛ ✸ ✌✯✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✥☞☛✑✓ ✘ ✌✯✮✰✥✞✆✙✓✢✌ ✞ ✛ ✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✂✟✜✌ ✡ ★ ☛☛✟✜✌✙✛ ❀ ✺✑✓✢✥ ✞ ✹ ✌✙✛✆✌ ✔ ✓
✏ ✘ ✞ ✓✟✗☞✓ ✸ ✠☞☛ ✬

✺ ★ ✘✭✲ ✠☞☛ ✂ ✌ ✞ ✓ ✖ ✥ ★ ☛✑✓✢✌✙☛✦✥☞☛✑✓ ✖ ✌✙✓✤✓✤✛✢✌❃✌✙☛ ✣☎✂✑★ ✟✜✌✙☛✙✆✕✌ ✞ ☛✦✌ ✘ ✠ ★ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✑✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌
✟✜✌ ✘ ✥ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌✔✟✜✌✒✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌☎✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ❁ ✠☞☛ ✌ ✔ ✓✹✥ ✖ ✌✙☛ ✣ ✱✗✏✒✠ ✔ ✌✙✛ ✿ ✞ ✌ A2D(t)t =
A3L

2(t)
✠✧✦
A3

✌ ✔ ✓ ✞ ☛✦✌ ✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ ✬ ✴✆✌✙✓✤✓✢✌ ✎ ✠✑✏✒✠☞✓ ✎ ✗✕✔ ✌✡✛✢✌✙✏✒✠ ✔ ✌ ✔ ✞ ✛ ✘✭✲✳★ ✟ ✣ ✌✡☛✦✥☞✓ ✞ ✛✢✌ ✘✩✘ ✌
✿ ✞ ✌ ✘ ✌ ✆✕✠✑✌ � ✆ ★ ✌✙☛✑✓✖✟✜✌ ✟ ★✛✹ ✞ ✔✟★ ✠☞☛ ✿ ✞ ✌ ✘✭✲ ✠☞☛ ★ ☛✑✓✤✛✢✠ ✟ ✞ ★ ✓ ☛✦✌✫✏✒✌ ✞ ✓ ✆✙✓✤✛✢✌ ✆✕✠☞☛ ✔ ✓✤✛ ✞ ★ ✓ ✿ ✞ ✲ ✱ ✘✭✲ ✥ ★ ✟✜✌
✟✜✌ ✘ ✥ ✔ ✌ ✞ ✘ ✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✜✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✹✥☞✏✜✏✦✥☞✛✢✥ ★✍✔✤✔ ✥☞☛✑✓✠✟✜✥☞☛ ✔✯✘ ✌✷✏✜✛✢✠ ✸✜✘✓✗ ✖ ✌✷✌✙✓✔✟ ✞ ✓✢✌ ✖ ✏ ✔
✭✝✔ ✔ ✆✕✥ ✘✩★ ☛ ✪ ✥☞☛ ✔ ✥☞✓ ✄ ✖ ✣ ✬✄✟ ☛ ✏✒✌ ✞ ✓✚✥ ✘ ✠☞✛ ✔ ✆✕✠☞☛ ✔ ✓✤✛ ✞ ★ ✛✢✌ ✞ ☛✦✌✵✮✰✠☞☛✙✆✙✓ ★ ✠☞☛✗✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✵✠✧✦ ✘ ✌✵✓✢✌ ✖ ✏ ✔
☛ ✲✳★ ☛✑✓✢✌✙✛ ✂✑★ ✌✙☛✑✓✧✏ ✘ ✞ ✔ ✌✄✒✼✏ ✘✩★ ✆ ★ ✓✤✌ ✖ ✌✙☛✑✓❨✍

FBS(x) =
A1
1 + x2

[

1− exp
(

−A3x2
)] ✭ ✂✼✬ ✎✤✣

✴✆✌✍✆ ★ ✏✒✌✙✛ ✖ ✌✙✓ ✟ ✲✾✣ ✆✙✛ ★ ✛✢✌ ✘ ✌ ✮✰✥✞✆✙✓✢✌ ✞ ✛ ✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✗✟✜✌ ✡ ★ ☛☛✟✜✌✙✛ ❀ ✺✑✓✢✥ ✞ ✹ ✌✙✛ ✔ ✠ ✞ ✔✗✘ ✥❂✮✰✠☞✛ ✖ ✌
✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✍

S(k, t) = L2(t)FBS(x)
✭ ✂✼✬☛✡ ✣

✂ ✘ ✆✕✠☞☛ ✂✑★ ✌✙☛✑✓ ✖ ✥ ★ ☛✑✓✢✌✙☛✦✥☞☛✑✓ ✟✜✌ ✂ ✣ ✛ ★ ✕ ✌✙✛ ✘✭✲ ✎ ✠✑✏✒✠☞✓ ✎ ✗✕✔ ✌✕✟✜✌ ✔ ✆✕✥ ✘✩★ ☛ ✪✵✿ ✞ ✌✫☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✮✰✥ ★ ✓✢✌ ✬
✟ ☛ ✏✒✌ ✞ ✓ ✟✜✠☞☛✙✆ ✓✤✛✢✥✞✆✕✌✙✛

L−2(t)S(k, t)
✌✙☛ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌

x = kL(t)
✏✒✠ ✞ ✛ ✖ ✌✙✓✤✓✤✛✢✌ ✌✙☛

✣☎✂✑★ ✟✜✌✙☛✙✆✕✌ ✘ ✥✹✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌ ✞ ☛ ★ ✂ ✌✙✛ ✔ ✌ ✘✩✘ ✌ FBS(x) ✬ ✴ ✲ ✌ ✔ ✓ ✆✕✌ ✿ ✞ ✌✚☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✛ ✣ ✥ ✘✩★✍✔✤✣✌✙☛ ✆✕✥ ✘ ✆ ✞ ✘ ✥☞☛✑✓ ✘ ✌ ✔ ✮✰✥✞✆✙✓✢✌ ✞ ✛ ✔ ✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✥ ✔✤✔ ✠ ✆ ★✍✣✕✔ ✥ ✞ ✒ ★ ✖ ✥ ✪ ✌ ✔ ✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣ ✌ ✔✗✔ ✞ ✛ ✘ ✥
✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬✄✂ ✄✤✣ ✬ ✶✁✌✯✓✤✛✢✥✞✆ ✣ ✆✕✠☞✛✤✛✢✌ ✔ ✏✜☛☛✟✜✥☞☛✑✓✫✌ ✔ ✓✫✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣✯✔ ✞ ✛ ✘ ✥ ✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬✄✂✞✡ ✣ ✬
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☎✌☞✝✆✟✞ ✂✼✬✄✂✞✡ ✍ ✡✱✔✌☞ ✞◗✔ ✘✸✖✢★✓✧☞✝✦✥✳★ ✚✸✖✡✝✓✧✎✘✸✖✙✧☞✝✯★ ★✌✝✱✰✁✏✌✝✓✘✙✒✕★✓✣✁✖✢✔✤✶✏✡❖✰✁✜✤✘✙✣✁✖✛✚✍☞ ★✓✣ ✚✸✜✤✣ ✘✸✖✙✘✢✜✤✣ ✥✳★
k

★✸✖
✶ ✟❉✔✁�✯✧✳✚✸✖✢★✓✒✕★✓✣✁✖ ✥✳★✯✚✫✒✕★✯✚✓✧☞✝✯★✯✚✾✰✁✔✞✝✫✶✛★ ✚✸✔ ✘✸✖✢★✓✧☞✝✵✥✳★❙✚✸✖✡✝✓✧✎✘✸✖✙✧☞✝✯★✮✥✳★ ✂✫✘✙✣✩✥✳★✌✝ ✝✁�✁✖✢✔✤✧ ☎✵★✌✝ ✜✏✡ ☎✍☞ ☎ ✏✌✝✓✘✞✝
✠✂✘✯✔✗✖✙✘✢✜✤✣ ✥✳★✵✶ ✟ ✂ ☎✱✰✁✜✗✖ ✂ �✯✚✞★ ✥✳★✵✚ ✘✯✔✤✶✄✘✙✣✎✪ ✟❨✶✛★✯✚ ✘✯✜✤✧☞✝✓☎✯★✯✚ ★✌✝✱✰✁✏✌✝✓✘✙✒✕★✓✣✁✖✢✔✤✶✛★✯✚

L−2(t)S(k, t)
✡✱✔✞✎✗★✙✘

t = 126 s
✠
t = 206 s

✠
t = 266 s

★✸✖
t = 326 s

☞✦✚✞★ ✘✯✜✤✣ ✚✸✜✤✣✩✥✳★✓✣✁✖❨✚✓✧☞✝ ✧✎✣✩★ ✘✯✜✤✧☞✝✓☎✯★
✒✕✔ ✁ ✖✡✝✯★✯✚✯✚✞★ ✝✯★✢✰✕✝✯✏✯✚✞★✓✣✁✖✢✔✤✣✁✖

FBS(kL)
✡✠✶✄✘❖✪✗✣✩★✆★✓✣✆✰✁✜✤✘✙✣✁✖✙✘✙✶✙✶✛✏✯✚✍☞ ✜

✶✁✌ ✸ ✠☞☛ ✥✞✆✍✆✕✠☞✛✒✟ ✌✙☛✑✓✤✛✢✌ ✘ ✌ ✔ ✏✒✠ ★ ☛✑✓ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✞ ✒✡✌✙✓ ✘✭✲ ✥ ✓ ✞ ✔ ✓✢✌ ✖ ✌✙☛✑✓✫✏✦✥☞✛ ✞ ☛ ✮✰✥✞✆✙✓✢✌ ✞ ✛
✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌❃✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌❃☛✦✠ ✞ ✔ ✏✒✌✙✛ ✖ ✌✙✓☎✟✜✌ ✆✕✠☞☛✙✆ ✘ ✞ ✛✢✌ ✿ ✞ ✥☞☛✑✓✡✱ ✘ ✥ ✂ ✥ ✘✩★ ✟ ★ ✓ ✣ ✟✜✌ ✘✭✲ ✎ ✠✑✏✒✠ ❀
✓ ✎ ✗✕✔ ✌ ✟ ✲ ✞ ☛✦✌ ✘ ✠ ★ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌❃✥ ✕ ☛ ✟✜✌ ✟ ✣ ✆✙✛ ★ ✛✢✌ ✘ ✥ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✟✜✌ ✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌ ✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔✕✬
✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟✜✠☞☛✙✆✖✆ ✎ ✌✙✛✟✆ ✎ ✣✹✘ ✥ ✘ ✠ ★ ✟✜✌✷✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌ ✿ ✞ ★ ✛ ✣✕✪☞★ ✓ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✥☞☛ ✔✚✘ ✌✷✓✢✌ ✖ ✏ ✔
✟✜✌ ✘ ✥ ✓✢✥ ★✩✘✩✘ ✌✒✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ L(t) ✬ ✶✁✌ ✪ ✛✢✥☞✏ ✎ ✌ ✟✜✌ ✘ ✥ ✕✦✪ ✞ ✛✢✌✯✭ ✂✼✬✄✂ ✟✤✣✝✭ ✥ ✣✖✆✕✠☞☛✑✓ ★ ✌✙☛✑✓ ✞ ☛✦✌
✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛ ✟✜✌ L(t)3 ✌✙☛ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟ ✞ ✓✢✌ ✖ ✏ ✔ t ✬

✶✁✌ ✸ ✠☞☛ ✥ ✘✩★✍✪ ☛✦✌ ✖ ✌✙☛✑✓✖✟✜✌ ✔ ✏✒✠ ★ ☛✑✓ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✞ ✒ ✟✜✥☞☛ ✔✆✘ ✥ ✕✦✪ ✞ ✛✢✌ ✭ ✂✼✬✄✂ ✟✤✣✝✭ ✥ ✣ ✔ ✞ ✪✽✪✤✗ ✛✢✌
✿ ✞ ✌ ✘ ✥✷✓✢✥ ★✩✘✩✘ ✌ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ❁ L(t) ❁ ✂ ✣ ✛ ★ ✕ ✌ ✘ ✥ ✘ ✠ ★ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✍

L(t) ∝ t 13 ✭ ✂✼✬ ✟✤✣

✶✁✥ ✟ ✣ ✓✢✌✙✛ ✖ ★ ☛✦✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥✡✓✢✥ ★✩✘✩✘ ✌✑✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ L(t) ✏✦✥☞✛✵✓✤✛✢✥☞☛✜✮✰✠☞✛ ✖ ✣ ✌☎✟✜✌☎✮✜✠ ✞ ✛ ★ ✌✙✛
☛ ✲ ✌ ✔ ✓✚✏ ✘ ✞ ✔ ✏✒✠ ✔✤✔✟★✩✸✜✘ ✌ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘ ✌ ✔ ✞ ✘ ✠☞✓ ✔ ✠☞☛✑✓✝✆✕✠ ✖❃✖ ✌✙☛✙✆ ✣ ✱❃✮ ✞ ✔✟★ ✠☞☛✜☛✦✌✙✛ ✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟✜✠☞☛✙✆
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☎✌☞✝✆✟✞ ✂✼✬✄✂ ✟✎✍ ✡✱✔✌☞ � ✧ ☎✯★✦✥✳★✕✶✛✔✦✶✛✜✤✣✎✪✗✧✑★✓✧☞✝ ✘✯✔✞✝✯✔ ✘✸✖✢✏✌✝✓✘✛✚✸✖✙✘✢✷✓✧✑★
L(t)

✡✱★✓✣ ✧✎✣✑✘✭✖✢✏✯✚ ✔✞✝✓☎✓✘✭✖✡✝✯✔✤✘✡✝✯★✯✚✍☞
✝✯★✢✰✕✝✯✏✯✚✞★✓✣✁✖✢✏ ★✓✣ ✚✸✜✤✣ ✘✸✖✙✘✢✜✤✣ ✥✤✧ ✖✢★✓✒❨✰✁✚

t
✜ ☎✍✟❉✜✞✝✓✘❖✪✗✘✙✣✩★ ✥✤✧ ✖✢★✓✒❨✰✁✚ ★✯✚✸✖✲✔✤✧✳✚✯✚✓✘✮✔✞✝✓☎✓✘✭✖✡✝✯✔✤✘✡✝✯★✠✡✠✧✎✣

✖✡✝✯✔ ✘✯✏ ✥✳★
L3

★✓✣ ✚✸✜✤✣ ✘✸✖✙✘✢✜✤✣ ✥✳★
t
✣✕✟❉★✯✚✸✖✌✰✁✔✞✚ ✚✞★✓✣✬✚✓✘ ☎✓✶✛★ ✔✤✧ ✘✄✂✑✜✤✘ ✝ ✥✳★ ✶ ✟❉✜✞✝✓✘❖✪✗✘✙✣✩★ ✥✳★✯✚ ✖✢★✓✒❨✰✁✚

★✸✖✵★✯✚✸✖❨✥✳✜✤✣ ✘✆✘✙✣✩✥✤✘✢✷✓✧✑✏✆✚✓✘❙✶ ✟❉✜✤✣ ✎✗★✓✧✬✖✫✒✕✜✤✣✁✖✡✝✯★✌✝ ✷✓✧✑★
L(t)

★✯✚✸✖◗✰✕✝✯✜✱✰✁✜✞✝✸✖✙✘✢✜✤✣✑✣✩★✓✶✙✶✛★✑✏
t1/3

✜ �❩★
✣✩★ ✚✞★✌✝✯✔✤✘✭✖◗✰✁✔✞✚✕✶✛★ ✘✯✔✞✚ ✥✠✟ ✧✎✣ ✖✡✝✯✔ ✘✯✏ ✥✳★

L(t)
★✓✣ ✚✸✜✤✣ ✘✸✖✙✘✢✜✤✣ ✥✳★

t1/3
☞ ✜ ☎◗✔ ✥✞✝✯✜✤✘✭✖✢★ ✷✓✧✑★✕✶ ✟❉✜✤✣

✜ ☎✸✖✙✘✢★✓✣✁✖✫✚✓✧✗✪✞✪ �✌✝✯★✕✷✓✧✑★
L(t) ∝ t1/3 ✜ ☎◗✔ ✶✄✘❖✪✗✣✩★ ★✓✣ ✰✁✜✤✘✙✣✁✖✙✘✙✶✙✶✛✏✯✚ ★✯✚✸✖✫✧✎✣✩★ ✔✤✘✢✥✳★ ✏ ✶✛✔ ✶✛★✙✘✸✖✙✧☞✝✯★

✥✳★ ✘✯★✲✪ ✝✯✔✱✰ ✂✑★ ✜☛✡ ☎✍☞ �❩★✆✚✞★✙✘✯✜✤✣✩✥ ✪ ✝✯✔✱✰ ✂✑★✑✝✯★✢✰✕✝✯✏✯✚✞★✓✣✁✖✢★✆✶✛★✕✖✢✔✤✧✞✝✦✥✳★ ✘✯✜✤✧☞✎✗★✌✝✸✖✙✧☞✝✯★
ρ
✥✳★✯✚ ✁ ✶✛✜✗✖✛✚

✏ ✶✛✔✕✰✩✧✎✘✛✚✯✚✞✔✤✣ ✘✯★
3/2

★✓✣ ✚✸✜✤✣ ✘✸✖✙✘✢✜✤✣ ✥✤✧ ✖✢★✓✒❨✰✁✚ ✜ ✎❙✣ ✜ ☎✸✖✙✘✢★✓✣✁✖✮✧✎✣✴★✌✝ ✘✯★✓✶✙✶✛★✓✣✁✖ ✔✤✶✄✘❖✪✗✣✩★✓✒✕★✓✣✁✖
✥✳★✯✚✌✰✁✜✤✘✙✣✁✖✛✚ ★✌✝✱✰✁✏✌✝✓✘✙✒✕★✓✣✁✖✢✔✤✧✞✝ ✠ ✒✕✔✗✖✢✏✌✝✓✘✢✔✤✶✄✘✛✚✞✏✌✰✁✔✞✝✵✶✛✔✕✥✞✝✯✜✤✘✭✖✢★✲★✓✣✆✰✁✜✤✘✙✣✁✖✙✘✙✶✙✶✛✏✯✚ ✠❩✷✓✧✎✘ ✣✩★ ✘✯✜✤✣✬✚✸✖✙✘✭✖✙✧✑★
✷✓✧ ✟ ✧✎✣✩★✦✔✤✘✢✥✳★ ✏ ✶✛✔✦✶✛★✙✘✸✖✙✧☞✝✯★✦✥✤✧ ✪ ✝✯✔✱✰ ✂✑★ ✜ ✎❙✣ ★✓✣ ✥✳✏✯✥✤✧✎✘✭✖ ✷✓✧✑★ ✶✛★ ✖✢✔✤✧✞✝ ✥✳★ ✘✯✜✤✧☞✎✗★✌✝✸✖✙✧☞✝✯★

ρ
✎✗✏✌✝✓✘ ✠❙★✮✶✛✔ ✶✛✜✤✘❩✥✠✟❉✏✙✘✄✂✑★✓✶✙✶✛★

ρ ∝ t2/3 ✜ �❩★✸✖✭✖✢★✲✶✛✜✤✘❙✥✠✟❉✏✙✘✄✂✑★✓✶✙✶✛★✵✚✞★✓✒ ☎✓✶✛★ ✝✯★✯✚✸✖✢★✌✝✍✎✗✔✤✶✛✔ ☎✓✶✛★ ✔✤✶✛✜✞✝✯✚ ✷✓✧✑★
✶✛★✯✚ ✁ ✶✛✜✗✖✛✚✆✜✤✣✁✖✂✘✯✜✤✒✆✒✕★✓✣ ✘✯✏ ✏ ✚✯✧✳✚✓✘✢✜✤✣✑✣✩★✌✝ ✡

t ≥ 400 s☞ ✜

✆ ✎ ✌✙✛✟✆ ✎ ✣ ✱ ✔ ✥ ✂ ✠ ★ ✛ ✔✟★ ✘ ✥ ✘ ✠ ★ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌ ✖ ★✍✔ ✌✻✌✙☛ ✣☎✂✑★ ✟✜✌✙☛✙✆✕✌ ✣ ✓✢✥ ★ ✓✹✌✙☛✙✆✕✠☞✛✢✌ ✂ ✥ ✘ ✥ ✸✜✘ ✌ ✘ ✠☞✛ ✔✤✿ ✞ ✌
✘ ✌ ✔ ✞ ✘ ✠☞✓ ✔ ❁✽☛ ✲ ✌✄✒ ★✍✔ ✓✢✥☞☛✑✓✧✏ ✘ ✞ ✔ ✟✜✌✫✮✰✥✓✒✕✠☞☛ ★ ☛☛✟ ★ ✂✑★ ✟ ✞ ✌ ✘✩✘ ✌✽❁☞✮✰✠☞✛ ✖ ✌✙☛✑✓✖✟✜✌ ✔✆✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✔ ✆✕✠☞☛✜☛✦✌✍✆✙✓ ✣ ✌ ✔✕✬

� ✟ ✖ ✌✙✓✤✓✢✠☞☛ ✔ ✿ ✞ ✌ L(t) ✔ ✠ ★ ✓ ✘ ✥✵✓✢✥ ★✩✘✩✘ ✌ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✖✟ ✲ ✞ ☛ ✞ ✘ ✠☞✓ ✬ �✚✘ ✠☞✛ ✔ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌✎✆✕✥☞✛✢✥✞✆ ❀
✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✖✟✜✌✝✆✕✌✙✓ ✞ ✘ ✠☞✓ ✔✕✲✾✣ ✆✙✛ ★ ✓ L2(t) ✬ ✣ ☛ ✆ ✎ ✠ ★✍✔✟★✍✔✤✔ ✥☞☛✑✓ ✞ ☛✦✌ ★ ✖ ✥ ✪ ✌ ✔ ✞ � ✔ ✥ ✖❃✖ ✌✙☛✑✓ ✪ ✛✢✥☞☛☛✟✜✌
✏✒✠ ✞ ✛ ✿ ✞ ✌ ✘ ✌✹☛✦✠ ✖ ✸ ✛✢✌✑✟ ✲ ✞ ✘ ✠☞✓ ✔✚✿ ✞ ✲ ✌ ✘✩✘ ✌ ✆✕✠☞☛✑✓ ★ ✌✙☛✑✓✯✛✢✌ ✔ ✓✢✌ ✔ ✌✙☛ ✔✟★✩✸✜✘ ✌ ✖ ✌✙☛✑✓ ✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✯✏✒✌✙☛☛✟✜✥☞☛✑✓



� ✂ � � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

✘ ✌✷✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌✖✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌✽❁ ✠☞☛ ✏✒✌ ✞ ✓✵✌ ✔ ✓ ★ ✖ ✌✙✛ ✿ ✞ ✌ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌✻✠ ✆✍✆ ✞ ✏ ✣ ✌✵✏✦✥☞✛ ✞ ✘ ✠☞✓✵✌ ✔ ✓
✏✜✛✢✠☞✏✒✠☞✛✤✓ ★ ✠☞☛✜☛✦✌ ✘ ✘ ✌ ✱ L2(t) ✌✙✓ ✂ ✥☞✛ ★ ✌✖✟✜✠☞☛✙✆☞✆✕✠ ✖❃✖ ✌ t2/3 ✔✟★ L(t) ∝ t1/3 ✬ ✟ ☛ ✟ ✣ ✕ ☛ ★ ✓✁✥ ✘ ✠☞✛ ✔ ✘ ✌
✓✢✥ ✞ ✒ ✟✜✌✜✆✕✠ ✞ ✂ ✌✙✛✤✓ ✞ ✛✢✌ ρ ✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ✆✕✠ ✖❃✖ ✌ ✣ ✓✢✥☞☛✑✓ ✘ ✌✯✛✢✥☞✏✜✏✒✠☞✛✤✓✕✟✜✌ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌✵✠ ✆✍✆ ✞ ✏ ✣ ✌✚✏✦✥☞✛
✘ ✌ ✔ ✞ ✘ ✠☞✓ ✔ ✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌✹✓✢✠☞✓✢✥ ✘ ✌✔✟✜✌ ✘✭✲✳★ ✖ ✥ ✪ ✌ ✬ ✴✆✌✙✓✤✓✢✌ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣ ✟✜✠ ★ ✓✂✟✜✠☞☛✙✆ ✔ ✞ ★ ✂ ✛✢✌ ✘ ✥ ✖ ✆ ✖ ✌
✘ ✠ ★ ✟✜✌✚✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌✫✌✙☛ t2/3 ✿ ✞ ✌ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌✫✓✢✠☞✓✢✥ ✘ ✌✯✠ ✆✍✆ ✞ ✏ ✣ ✌✫✏✦✥☞✛ ✘ ✌ ✔ ✞ ✘ ✠☞✓ ✔ ❁ ✟ ✞✗✖ ✠ ★ ☛ ✔ ❁✽✓✢✥☞☛✑✓
✿ ✞ ✌✜✆✕✌ ✞ ✒ ❀ ✆ ★ ✛✢✌ ✔ ✓✢✌✙☛✑✓ ★ ☛☛✟ ★ ✂✑★ ✟ ✞ ✥ ✘✩★✩✔✤✣✕✔✕✬

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔✆✣☎✂ ✥ ✘ ✞ ✣✧✘ ✌✆✓✢✥ ✞ ✒ ✟✜✌✎✆✕✠ ✞ ✂ ✌✙✛✤✓ ✞ ✛✢✌✕✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ✱✵✏✦✥☞✛✤✓ ★ ✛✏✟ ✲✳★ ✖ ✥ ✪ ✌ ✔ ✸✜★ ☛✦✥☞✛ ★✍✔✤✣ ✌ ✔✕✬
✶✁✥ ✕✦✪ ✞ ✛✢✌ ✭ ✂✼✬✄✂ ✟✤✣✝✭ ✸ ✣✷✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌ ✞ ☛ ✓✤✛✢✥✞✆ ✣ ✟✜✌ ρ ✱ ✘ ✥ ✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌ 3/2 ✌✙☛ ✮✰✠☞☛✑✓ ★ ✠☞☛ ✟ ✞
✓✢✌ ✖ ✏ ✔✕✬ ✟ ☛ ✠ ✸ ✓ ★ ✌✙☛✑✓ ✘✭✲ ✥ ✘✩★✍✪ ☛✦✌ ✖ ✌✙☛✑✓ ✟✜✌✯✓✢✠ ✞ ✔✧✘ ✌ ✔ ✏✒✠ ★ ☛✑✓ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✞ ✒ ✔ ✞ ✛ ✞ ☛✦✌✂✟✼✛✢✠ ★ ✓✢✌✽❁
✆✕✌ ✿ ✞ ★✒✔ ✞ ✪✽✪✤✗ ✛✢✌ ✿ ✞ ✌ ρ ✠ ✸✒✣✙★ ✓✕✟✜✠☞☛✙✆✯✱ ✘ ✥ ✘ ✠ ★ ✟✜✌✯✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌✯✥☞✓✤✓✢✌✙☛☛✟ ✞ ✌ ✬

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✥ ✞ ✔✤✔✟★✒✣☎✂ ✥ ✘ ✞ ✣✫✘ ✌✯✓✢✥ ✞ ✒ ✟✜✌✝✆✕✠ ✞ ✂ ✌✙✛✤✓ ✞ ✛✢✌ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘ ✌ ✔ ✞ ✘ ✠☞✓ ✔ ✠☞☛✑✓ ✆✕✠ ✖❃✖ ✌✙☛✙✆ ✣
✱✡✮ ✞ ✔✟★ ✠☞☛✜☛✦✌✙✛✚✏✒✠ ✞ ✛✯✮✰✠☞✛ ✖ ✌✙✛✠✟✜✌ ✔✵✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✔ ✆✕✠☞☛✜☛✦✌✍✆✙✓ ✣ ✌ ✔ ✍ ✔ ✞ ✛ ✘ ✥ ✕✦✪ ✞ ✛✢✌✚✭ ✂✼✬✄✂ ✟✤✣✝✭ ✸ ✣✙❁ ✆✕✌ ✘ ✥
✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟ ✥ ✞ ✒ ★ ☛ ✔ ✓✢✥☞☛✑✓ ✔ t ≥ 400 s ✬ ✟ ☛ ✆✕✠☞☛ ✔ ✓✢✥☞✓✢✌ ✿ ✞ ✌ ✘ ✌✷✓✢✥ ✞ ✒ ✟✜✌✖✆✕✠ ✞ ✂ ✌✙✛✤✓ ✞ ✛✢✌ ✔ ✞ ★ ✓
✓✢✠ ✞ ✓✤✠ ✞ ✛ ✔✹✘ ✥ ✖ ✆ ✖ ✌ ✘ ✠ ★ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌ ✬✠✟ ☛ ✌✙☛ ✆✕✠☞☛✙✆ ✘ ✞ ✓✑✟✜✠☞☛✙✆ ✿ ✞ ✌ ✘ ✥ ✘ ✠ ★ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✿ ✞ ✌
☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✛ ✣☎✂ ✣✙✘✍✣ ✌ ✘ ✠☞✛ ✔ ✟✜✌ ✘✭✲✾✣ ✓ ✞ ✟✜✌ ✟✜✌ ✘ ✥✔✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌ ✟ ✲ ✞ ✘ ✠☞✓ ✔✻★ ☛☛✟ ★ ✂✑★ ✟ ✞ ✥ ✘✩★✩✔✤✣✕✔ ❁✧✏✒✌ ✞ ✓
✥ ✞ ✔✤✔✟★ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✌✙✛ ✘ ✥✠✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✟✜✌ ✔✧✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✔ ✆✕✠☞☛✜☛✦✌✍✆✙✓ ✣ ✌ ✔ ✿ ✞ ✌ ✘ ✌ ✔ ✞ ✘ ✠☞✓ ✔ ✮✰✠☞✛ ✖ ✌✙☛✑✓✧✌✙☛
✮ ✞ ✔✟★ ✠☞☛✜☛✦✥☞☛✑✓ ✬

✴✆✌✙✓✤✓✢✌ ✘ ✠ ★ ✟✜✌ ✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌✽❁ ✟ ✣ ✛ ★ ✂ ✣ ✌ ★✩✘ ✠ ✥ ✏✜✛ ✗✕✔ ✟✜✌ ✿ ✞ ✥☞✛✢✥☞☛✑✓✢✌ ✥☞☛ ✔ ✏✦✥☞✛✡✶ ★ ✮ ✔ ✎ ★ ✓ ✄ ✌✙✓
✺ ✘ ✠ ✠ ✄ ✠ ✂ ✭ ✂ �✗✡✎✂ ✣✚✌✙✓ ★ ☛☛✟ ✣ ✏✒✌✙☛☛✟✜✥ ✖❃✖ ✥☞☛ ✓✆✏✦✥☞✛ ✆❂✥ ✪ ☛✦✌✙✛ ✭ ✂ �✗✡✎✂ ✣✙❁ ✌ ✔ ✓✯✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★✓✗ ✛✤✌ ✖ ✌✙☛✑✓✧✓ ✠ ❀
✏ ★✍✿ ✞ ✌ ✟✜✌ ✔ ✏✜✛✢✠ ✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌ ✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌ ✬ ✣ ✘✩✘ ✌❃✌ ✔ ✓❃✌✙☛ ✪✽✣ ☛ ✣ ✛✢✥ ✘ ✂ ✥ ✘ ✥ ✸✜✘ ✌ ✟✜✥☞☛ ✔✹✘ ✌❃✛ ✣✕✪☞★ ✖ ✌
✥ ✔ ✠ ✖ ✏✜✓✢✠☞✓ ★✍✿ ✞ ✌✂✟✜✌✜✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌✽❁ ✆ ✲ ✌ ✔ ✓ ❀ ✱ ❀ ✟ ★ ✛✢✌✯✥☞✏✜✛ ✗✕✔ ✞ ☛✦✌✯✏ ✎ ✥ ✔ ✌ ★ ☛ ★ ✓ ★ ✥ ✘ ✌✕✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣
✠✧✦ ✞ ☛✦✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✕✟ ✲ ✠☞☛☛✟✜✌✯✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★ ✗ ✛✢✌ ✔ ✌ ✖ ✥☞☛ ★ ✮✰✌ ✔ ✓✢✌✂✟✜✥☞☛ ✔✆✘ ✌ ✔ ✠ ✔ ✓ ✗ ✖ ✌ ✬ ✖ ✠ ✞ ✔ ✟ ★✍✔ ✆ ✞ ✓✢✌ ❀
✛✢✠☞☛ ✔ ✞ ✘ ✓ ✣ ✛ ★ ✌ ✞ ✛✢✌ ✖ ✌✙☛ ✓✝✆✕✌✻✏ ✎ ✣ ☛✦✠ ✖ ✗ ☛✦✌✔✟✜✌ ✔✤✣✙✘ ✌✍✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✠✟ ✲ ✠☞☛☛✟✜✌ ✬ � ✞ ✓✤✛✢✌ ✖ ✌✙☛✑✓
✟ ★ ✓✄❁ ✆✕✌✙✓✤✓✢✌ ✘ ✠ ★ ✌ ✔ ✓ ✂ ✣ ✛ ★ ✕✦✣ ✌ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✌ ✔ ✓✂✟ ✣☎✂ ✌ ✘ ✠☞✏✜✏ ✣ ✌ ✬

✥ ✲ ✥ ✞ ✓✤✛✢✌ ✔ ✥☞✛ ✪ ✞✜✖ ✌✙☛✑✓ ✔ ✏✒✌ ✞ ✂ ✌✙☛✑✓ ✆✙✓✤✛✢✌ ★ ☛ ✂ ✠ ✿ ✞ ✣✕✔ ✥ ✕ ☛✗✟✜✌✯✛✢✌✙☛✜✮✰✠☞✛✟✆✕✌✙✛ ✘ ✥✷✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✥☞✓ ★ ✠☞☛
✟✜✌ ✘ ✥ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌✵✠ ✸✦✔ ✌✙✛ ✂ ✣ ✌✹✏✦✥☞✛ ✞ ☛✦✌ ✘ ✠ ★ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✵✓ ✠✑✏ ★✍✿ ✞ ✌✔✟✜✌ ✔ ✏ ✎ ✣ ☛✦✠ ✖ ✗ ☛✦✌ ✔ ✟✜✌✑✆✕✠✽✥ ❀
✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌✚✏✦✥☞✛✚✥ ★✩✘✩✘ ✌ ✞ ✛ ✔ ✆✕✠☞☛✜☛ ✞ ✔ ✚ ✌ ✂ ❁ ✂ ❁ ✂✞✡ ❁✁✟ ✡ ✛ ✬

✟ ☛✡✏✒✌ ✞ ✓ ✛✢✌ ✖ ✥☞✛ ✿ ✞ ✌✙✛ ✔ ✞ ✛ ✘ ✌ ✔ ✆ ✘✩★ ✆ ✎ ✣✕✔ ✟✜✌ ✘ ✥ ✕✦✪ ✞ ✛✢✌★✭ ✂✼✬✄✂ ✄✤✣ ✿ ✞ ✌ ✆✕✌✙✛✤✓✢✥ ★ ☛ ✔ ✞ ✘ ✠☞✓ ✔ ✟✜✠☞☛✑✓ ✘ ✥



� � � � ✄ �✓✟✁� � ✁ ✄ ✄ �✠✞✌☞ �✖✑✝✄✠☎ ✂ �☛✟✄✂ � ✑✆�✄✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ ✟✁� ✍ � � ✂ ☎✝✒ � � ✂✩�

✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌ ✟✜✥☞☛ ✔✒✘ ✌✧✏ ✘ ✥☞☛☎✟✜✌ ✘✭✲✳★ ✖ ✥ ✪ ✌✆✌ ✔ ✓ ✣✙✘ ✌ ✂ ✣ ✌ ✔ ✌✧✛ ✣ ✓✤✛✢✥✞✆✙✓✢✌✙☛✑✓ ✬ ✂ ✘✍✔ ✟ ★✍✔ ✏✦✥☞✛✢✥ ★✍✔✤✔ ✌✙☛✑✓✎✟✜✠☞☛✙✆✧✥ ✞
✏✜✛✢✠ ✕ ✓✂✟ ✲ ✞ ✘ ✠☞✓ ✔ ✟✜✌ ✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌ ✖ ✠ ★ ☛☛✟✼✛✢✌ ✬ ✴✆✌✷✏ ✎ ✣ ☛✦✠ ✖ ✗ ☛✦✌✵✌ ✔ ✓✠✟✜✠☞☛✙✆✹✓✢✠ ✞ ✓✯✱✡✮✰✥ ★ ✓ ✔✟★ ✖ ★✩✘ ✥ ★ ✛✢✌
✱ ✞ ☛ ✖ ✞ ✛ ★✍✔✤✔ ✌ ✖ ✌✙☛✑✓☎✟ ✲ ✟✵✔ ✓ ✛ ✥ ✘ ✟ ✬ ✟ ☛ ✏✒✌ ✞ ✓✻✏✒✌✙☛ ✔ ✌✙✛ ✿ ✞ ✌ ✘ ✌✡✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌ ✖ ✠☞✓✢✌ ✞ ✛ ✟✜✌ ✘ ✥
✟ ★✍✔ ✏✦✥☞✛ ★ ✓ ★ ✠☞☛ ✟✜✌✜✆✕✌ ✔ ✞ ✘ ✠☞✓ ✔ ✌ ✔ ✓ ✘ ✌ ✞ ✛✆✓✢✌✙☛ ✔✟★ ✠☞☛ ✟✜✌ ✘✩★✍✪ ☛✦✌ σ ✬

� ✟ � � ✗✝�✝✟ ✞ � ✑✆�✄✂✆✟ ✞ ✟✄✂ ✄✔✒ ✂✆� ✂✆✂ �✂✁

✖ ✠ ✞ ✔ ☛✦✠ ✞ ✔ ✏✜✛✢✠☞✏✒✠ ✔ ✠☞☛ ✔ ✏✦✥☞✛☎✟✜✌ ✔ ✥☞✛ ✪ ✞✜✖ ✌✙☛✑✓ ✔✹✿ ✞ ✥ ✘✩★ ✓✢✥☞✓ ★ ✮ ✔✚✸ ✥ ✔✤✣✕✔✷✔ ✞ ✛ ✘ ✌ ✔✹✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔✵✿ ✞ ★
✛ ✣✕✪☞★✍✔✤✔ ✌✙☛✑✓ ✘ ✌ ✖ ✠ ✞ ✂ ✌ ✖ ✌✙☛✑✓ ✟✜✌ ✔ ✏✦✥☞✛✢✠ ★✍✔ ✟✜✌✯✛✢✌✙✓✤✛✢✠ ✞ ✂ ✌✙✛✎✆✕✌✙✓✤✓✢✌ ✘ ✠ ★ ✟✜✌✜✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌ ✬

• ✔ ✥☞✛✢✠ ★✍✔
✶✁✌ ✔ ✘✩★ ✖ ★ ✓✢✌ ✔ ✌✙☛✑✓✤✛✢✌ ✞ ✘ ✠☞✓ ✔ ✠ ✞ ✏ ✎ ✥ ✔ ✌ ✔✧✔ ✠☞☛✑✓✧☛✦✠ ✖❃✖ ✣ ✌ ✔ ✏✦✥☞✛✢✠ ★✍✔✕✬ ✥ ✥☞☛ ✔ ✘ ✌ ✆✕✥ ✔✧✿ ✞ ★ ☛✦✠ ✞ ✔
★ ☛✑✓ ✣ ✛✢✌ ✔✤✔ ✌✽❁ ✘ ✥ ✮✰✠☞✛ ✖ ✌ ✟ ✲ ✞ ☛✦✌✡✏✦✥☞✛✢✠ ★ ✱ ✘✭✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌✻✏✒✌ ✞ ✓ ✆✙✓✤✛✢✌ ✣ ✓✢✥ ✸✜✘✩★ ✌✗✱ ✏✦✥☞✛✤✓ ★ ✛☎✟✜✌
✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✟✜✌✹✴✆✥ ✎ ☛ ❀ ✂ ★✩✘✩✘ ★ ✥☞✛✒✟❃✌✙☛ ✛ ✣✕✪☞★ ✖ ✌ ✔ ✓✢✥☞✓ ★ ✠☞☛✜☛✦✥ ★ ✛✢✌

∇2φ = V ′(φ)
✠✧✦✁❁✚✆✕✠☞☛✜✮✰✠☞✛ ✖ ✣ ✖ ✌✙☛✑✓✷✱ ✘ ✥ ✓ ✎ ✣ ✠☞✛ ★ ✌ ✟✜✌✡✶✁✥☞☛☛✟✜✥ ✞ ❁ φ ✌ ✔ ✓ ✘ ✌✻✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌ ✟ ✲ ✠☞✛✒✟✼✛✢✌ ✟ ✞
✔ ✠ ✔ ✓ ✗ ✖ ✌✚✭ ✟✜✥☞☛ ✔✆✘ ✌ ✆✕✥ ✔ ✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★ ✌✙✛ ✿ ✞ ★ ☛✦✠ ✞ ✔✫★ ☛✑✓ ✣ ✛✢✌ ✔✤✔ ✌✽❁✜✠☞☛ ✏✒✌ ✞ ✓ ✆✕✠☞☛ ✔✟★ ✟ ✣ ✛✢✌✙✛ ✿ ✞ ✌
✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛ ✘ ✠ ✆✕✥ ✘ ✌✔✟ ✞ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌✔✟ ✲ ✠☞✛✒✟✼✛✢✌✹✌ ✔ ✓ ✣✕✪ ✥ ✘ ✌✷✱ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✘ ✠ ✆✕✥ ✘ ✌✔✟ ✞ ✕✜✘ ✖
✟ ★ ✖ ★ ☛ ✞ ✣ ✌✂✟✜✌ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ★ ☛ ★ ✓ ★ ✥ ✘ ✌✂✟ ✞ ✕✜✘ ✖ ✣✆✌✙✓

V
✌ ✔ ✓ ✞ ☛✦✌✵✮✰✠☞☛✙✆✙✓ ★ ✠☞☛

✏✒✠☞✓✢✌✙☛✑✓ ★ ✌ ✘ ✭ ✟✜✠☞☛✑✓ ✘ ✥✫✮✰✠☞✛ ✖ ✌ ✎ ✥ ✸✜★ ✓ ✞ ✌ ✘✩✘ ✌✌✟✜✥☞☛ ✔✒✘ ✥✫✓ ✎ ✣ ✠☞✛ ★ ✌ ✟✜✌✧✶✁✥☞☛☛✟✜✥ ✞ ✌ ✔ ✓ b
4φ
4+ τ2φ

2 ✣ ✬
✣ ☛ ✥☞✏✜✏✒✌ ✘ ✥☞☛✑✓ n ✘ ✥✖✆✕✠✑✠☞✛✒✟✜✠☞☛✜☛ ✣ ✌✚☛✦✠☞✛ ✖ ✥ ✘ ✌✵✱ ✘ ✥✷✏✦✥☞✛✢✠ ★ ❁ ✘ ✌✯✏✜✛✢✠ ✕✜✘ ✌ ✔ ✓ ✟✜✠☞☛✜☛ ✣ ✏✦✥☞✛ ✍

d2φ✟
n2
= V ′(φ)

✥ ✂ ✌✍✆ ✘ ✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✥ ✞ ✒ ✘✩★ ✖ ★ ✓✢✌ ✔ φ(±∞) = ±1 ✬ ✟ ☛✗✏✒✌ ✞ ✓ ★ ☛✑✓ ✣✕✪ ✛✢✌✙✛✎✆✕✌✙✓✤✓✢✌ ✣✕✿ ✞ ✥ ❀
✓ ★ ✠☞☛✑✟ ★✛✹ ✣ ✛✢✌✙☛✑✓ ★ ✌ ✘✩✘ ✌ ✌✙☛ ✖✷✞ ✘ ✓ ★ ✏ ✘ ★ ✥☞☛ ✓ ✘ ✌ ✔ ✟✜✌ ✞ ✒ ✖ ✌ ✖ ✸ ✛✢✌ ✔ ✟✜✌ ✘ ✥✫✏✜✛ ✣ ✆ ✣ ✟✜✌✙☛✑✓✢✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛
✏✦✥☞✛ ✟ φ✟

n

✍
( ✟
φ✟
n

)2

= 2(V (φ)− V∞).

✟ ☛ ✓✤✛✢✠ ✞ ✂ ✌ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥✷✏✦✥☞✛✢✠ ★ ✏✦✥☞✛ ★ ☛✑✓ ✣✕✪ ✛✢✥☞✓ ★ ✠☞☛✡✏✒✠ ✞ ✛✚✥ ✸ ✠ ✞ ✓ ★ ✛✆✥ ✞ ✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓✮✍

φ(n) = tanh−1(n).



� ✂ ✂ � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

✟ ☛ ✏✒✌ ✞ ✓ ✖ ✠☞☛✑✓✤✛✢✌✙✛ ✌✙☛ ✘✩★ ☛ ✣ ✥☞✛ ★✍✔ ✥☞☛✑✓ ✘ ✥ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ φ(n) ✘ ✠☞✛ ✔✤✿ ✞ ✌ n → ±∞ ✿ ✞ ✌

φ ∼ ±
(

1− e−
√
V ′′(±1)|n|

) ✬ ✶✁✌✵✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌✔✟ ✲ ✠☞✛✒✟✼✛✢✌ ✔ ✥☞✓ ✞ ✛✢✌✵✌✄✒✼✏✒✠☞☛✦✌✙☛✑✓ ★ ✌ ✘✩✘ ✌ ✖ ✌✙☛✑✓
✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘✭✲ ✠☞☛ ✔✕✲✾✣✙✘ ✠ ★✍✪ ☛✦✌✠✟✜✌ ✔ ✟✜✠ ✖ ✥ ★ ☛✦✌ ✔✕✬ ✴✆✠ ✖❃✖ ✌ ✘ ✥✷✓✢✌✙☛ ✔✟★ ✠☞☛ ✟✜✌ ✘✩★✍✪ ☛✦✌✯✌ ✔ ✓✂✟✜✠☞☛✜☛ ✣ ✌
✏✦✥☞✛

σ =
∫ ∞

−∞

✟
n

( ✟
φ✟
n

)2

,

✘ ✥✝✆✕✠☞☛✙✆ ✘ ✞ ✔✟★ ✠☞☛✹✌ ✔ ✓✏✟✜✠☞☛✙✆ ✿ ✞ ✌ ✘✭✲ ✌ ✔✤✔ ✌✙☛✑✓ ★ ✌ ✘ ✟✜✌ ✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌✧✌ ✔ ✓✚✆✕✠☞☛✑✓✢✌✙☛ ✞ ✟✜✥☞☛ ✔✒✘ ✌ ✔ ✏✦✥☞✛✢✠ ★✍✔✕✬
✶✁✥✚✮✰✠☞✛✟✆✕✌ ✿ ✞ ★ ✌ ✔ ✓ ✱ ✘✭✲ ✠☞✛ ★✍✪☞★ ☛✦✌✏✟✜✌ ✘ ✥ ✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌✖✟✜✌ ✔ ✟✜✠ ✖ ✥ ★ ☛✦✌ ✔ ✌ ✔ ✓ ✟ ★ ✛✢✌✍✆✙✓✢✌ ✖ ✌✙☛✑✓ ✘✩★✍✣ ✌
✱ ✘ ✥ ✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌✔✟✜✌✑✆✕✌ ✞ ✒ ❀ ✆ ★ ✍ ✘ ✥ ✔ ✌ ✞ ✘ ✌✹✮✰✥✓✒✕✠☞☛ ✟✜✌✑✟ ★ ✖ ★ ☛ ✞ ✌✙✛ ✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌✔✟ ✞ ✔ ✠ ✔ ✓ ✗ ✖ ✌
✌ ✔ ✓✂✟✜✌✯✛ ✣ ✟ ✞ ★ ✛✢✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✆✓✢✠☞✓✢✥ ✘ ✌✂✟✜✌ ✔ ✏✦✥☞✛✢✠ ★✍✔✕✬

• ✘ ✠ ✞ ✂ ✌ ✖ ✌✙☛✑✓ ✟ ★✛✹ ✞ ✔✟★ ✮ ✟✜✌ ✔ ✏✦✥☞✛✢✠ ★✍✔
✶✁✌ ✔ ✠ ✔ ✓ ✗ ✖ ✌ ✿ ✞ ✌✡☛✦✠ ✞ ✔✻✣ ✓ ✞ ✟ ★ ✠☞☛ ✔ ✌ ✔ ✓ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✤✣ ✏✦✥☞✛ ✞ ☛✦✌ ✆✕✠☞☛ ✔ ✌✙✛ ✂ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥
✖ ✥☞✓ ★✓✗ ✛✢✌ ✬ ✶✁✌ ✖ ✣ ✆✕✥☞☛ ★✍✔ ✖ ✌✠✟✜✌✜✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌✠✟✜✠ ★ ✓✫✛ ✣ ✟ ✞ ★ ✛✢✌ ✘ ✥✖✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌ ✬ ✴✆✌✍✆ ★ ✔ ✌✵✮✰✥ ★ ✓
✏✦✥☞✛✲✥✤✘✆☎✫✧✳✚✓✘✢✜✤✣ ✟✜✌ ✖ ✥☞✓ ★✓✗ ✛✢✌ ✟✜✌✙✏ ✞ ★✍✔ ✘ ✌ ✔ ✄ ✠☞☛✦✌ ✔ ✠✧✦ ✘ ✥✑✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌✫✌ ✔ ✓✆✮✰✠☞✛✤✓✢✌✚✓ ✞ ✔✤✿ ✞ ✲ ✥ ✞ ✒

✄ ✠☞☛✦✌ ✔ ✠✧✦ ✆✕✌ ✘✩✘ ✌ ❀ ✆ ★ ✌ ✔ ✓✫✏ ✘ ✞ ✔ ✮✰✥ ★✩✸✜✘ ✌ ✬
✥ ✥☞☛ ✔✚✘ ✌✑✆✕✥☞✟✼✛✢✌✑✟✜✌ ✘ ✥❃✓ ✎ ✣ ✠☞✛ ★ ✌✔✟✜✌ ✘ ✥✡✛ ✣ ✏✒✠☞☛ ✔ ✌ ✘✩★ ☛ ✣ ✥ ★ ✛✢✌✽❁ ✘ ✥ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌✵✏✒✌ ✞ ✓ ✆✙✓✤✛✢✌
✟✜✠☞☛✜☛ ✣ ✌✯✏✦✥☞✛ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✡✏ ✎ ✣ ☛✦✠ ✖ ✣ ☛✦✠ ✘ ✠ ✪☞★✍✿ ✞ ✌✮✍

∂φ

∂t
= −

� ✁

∇ ·
� ✁

j

✥ ✂ ✌✍✆ � ✁

j = −
� ✁

∇µ ✠✧✦
µ = V ′(φ)−

� ✁

∇2φ ✌ ✔ ✓ ✘ ✌✯✏✒✠☞✓✢✌✙☛✑✓ ★ ✌ ✘ ✆ ✎ ★ ✖ ★✍✿ ✞ ✌ ✬ ✖ ✠☞✓✢✠☞☛ ✔ n ✘ ✥
✆✕✠✑✠☞✛✒✟✜✠☞☛✜☛ ✣ ✌✯☛✦✠☞✛ ✖ ✥ ✘ ✌✯✱ ✘ ✥✷✏✦✥☞✛✢✠ ★✭✬ ✟ ☛ ✣ ✆✙✛ ★ ✓✚✥ ✘ ✠☞✛ ✔ ✍

� ✁

∇φ =
(

∂φ

∂n

)

� ✁

n ,
� ✁

∇2φ =
(

∂2φ
∂n2

)

+
(

∂φ
∂n

) � ✁

∇ · � ✁

n

✶✁✥ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣ � ✁

∇ · � ✁

n
✌ ✔ ✓ ✣✕✪ ✥ ✘ ✌✷✱ ✘ ✥ ✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌ K ✟✜✌ ✘✭✲✳★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌ ✬ ✟ ☛ ✏✒✌ ✞ ✓✯✥ ✘ ✠☞✛ ✔

✛ ✣✕✣ ✆✙✛ ★ ✛✢✌ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✟✜✠☞☛✜☛✦✥☞☛✑✓ ✘ ✌✯✏✒✠☞✓✢✌✙☛✑✓ ★ ✌ ✘ ✆ ✎ ★ ✖ ★✍✿ ✞ ✌ µ ✍

µ = V ′(φ)−
(

∂φ

∂n

)

K −
(

∂2φ

∂n2

)

.



� � � � ✄ �✓✟✁� � ✁ ✄ ✄ �✠✞✌☞ �✖✑✝✄✠☎ ✂ �☛✟✄✂ � ✑✆�✄✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ ✟✁� ✍ � � ✂ ☎✝✒ � � ✂ �

✣ ☛ ✖✷✞ ✘ ✓ ★ ✏ ✘✩★ ✥☞☛✑✓ ✕ ☛✦✥ ✘ ✌ ✖ ✌✙☛✑✓✚✆✕✌✙✓✤✓✢✌✂✟✜✌✙✛✤☛ ★✓✗ ✛✢✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛❃✏✦✥☞✛ ∂φ∂n
✌✙✓✫✌✙☛ ★ ☛✑✓ ✣✕✪ ✛✢✥☞☛✑✓ ✟✜✌

−∞ ✱
+∞ ❁✼✠☞☛ ✓✤✛✢✠ ✞ ✂ ✌ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛✕✟ ✞ ✏✒✠☞✓✢✌✙☛✑✓ ★ ✌ ✘ ✆ ✎ ★ ✖ ★✍✿ ✞ ✌✚✱ ✘✭✲✳★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌✕✚ ✂✞✡ ✛❩✍

µ = −σK
2

✭ ✂✼✬✄✂ ✣

✠✧✦
σ
✌ ✔ ✓ ✘ ✥ ✓✢✌✙☛ ✔✟★ ✠☞☛ ✟✜✌ ✘✩★✍✪ ☛✦✌ ✬ ✴✆✌✙✓✤✓✢✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✌ ✔ ✓ ✆✕✠☞☛✜☛ ✞ ✌ ✔ ✠ ✞ ✔✻✘ ✌✗☛✦✠ ✖ ✟✜✌

✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛✗✥ ✞ ✒ ✘✩★ ✖ ★ ✓✢✌ ✔ ✟✜✌✤✱ ★✩✸✜✸✦✔✟❀ ☛ ✎ ✠ ✖ ✔ ✠☞☛ ✬
✴✆✌ ✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓✷✏✒✌✙✛ ✖ ✌✙✓❃✥ ✘ ✠☞✛ ✔ ✟ ✲✾✣☎✂ ✥ ✘ ✞ ✌✙✛ ✪ ✛✢✠ ✔✤✔✟★✓✗ ✛✢✌ ✖ ✌✙☛✑✓ ✘ ✥ ✘ ✠ ★ ✟✜✌ ✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌✡✏✦✥☞✛
✟✜✌ ✔ ✥☞✛ ✪ ✞✜✖ ✌✙☛✑✓ ✔ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✷✌✙☛☎✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✥☞☛✑✓ ✘ ✥ ✂✑★ ✓✢✌ ✔✤✔ ✌ ✟✜✌ ✔✵★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌ ✔✕✬ ✖ ✠☞✓✢✠☞☛ ✔
L ✘ ✥ ✓✢✥ ★✩✘✩✘ ✌ ✓ ✠✑✏ ★✍✿ ✞ ✌ ✟✜✌ ✔ ✟✜✠ ✖ ✥ ★ ☛✦✌ ✔✕✬ ✶ ✲ ✠☞✛✒✟✼✛✢✌✗✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛ ✟✜✌ ✘ ✥ ✂✑★ ✓✢✌ ✔✤✔ ✌✗✟✜✌
✟ ✣ ✏ ✘ ✥✞✆✕✌ ✖ ✌✙☛✑✓✕✟ ✲ ✞ ☛✦✌ ★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌ ✔✕✲✾✣ ✆✙✛ ★ ✓✲✍

v ∼
✟
L✟
t

✶ ✲ ✠☞✛✒✟✼✛✢✌ ✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛✔✟✜✌ ✘ ✥ ✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌ ✔✕✲✾✣ ✆✙✛ ★ ✓ K ∼ 1
L

✏ ✞ ★✍✔✤✿ ✞ ✌ L ✌ ✔ ✓ ✘ ✥ ✔ ✌ ✞ ✘ ✌
✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✟✜✌ ✆✕✌ ✏✜✛✢✠ ✸✜✘✓✗ ✖ ✌ ✬ ✟ ☛ ✌✙☛ ✟ ✣ ✟ ✞ ★ ✓❃✥ ✘ ✠☞✛ ✔✡✘✭✲ ✠☞✛✒✟✼✛✢✌✗✟✜✌
✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛✕✟ ✞ ✏✒✠☞✓✢✌✙☛✑✓ ★ ✌ ✘ ✆ ✎ ★ ✖ ★✍✿ ✞ ✌✚✱ ✘✭✲✳★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌✲✍

µ ∼ σ
L

✶✁✌✎✆✕✠ ✞ ✛✢✥☞☛✑✓ � ✁

j = −
� ✁

∇µ ❁ ✌✙✓ ✟✜✠☞☛✙✆ ✘ ✥ ✂✑★ ✓✢✌ ✔✤✔ ✌ v ✥✵✏✒✠ ✞ ✛ ✠☞✛✒✟✼✛✢✌✖✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛ ∣∣∣ � ✁

∇µ
∣

∣

∣ ∼
σ
L2
✬ ✣ ☛ ✕ ☛ ✟✜✌✜✆✕✠ ✖ ✏✜✓✢✌✽❁ ★✩✘ ✂✑★ ✌✙☛✑✓✮✍

✟
L✟
t
∼ σ
L2

✣ ☛ ★ ☛✑✓ ✣✕✪ ✛✢✥☞☛✑✓✑✆✕✌✙✓✤✓✢✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✟ ★✛✹ ✣ ✛✢✌✙☛✑✓ ★ ✌ ✘✩✘ ✌✽❁✒✠☞☛ ✛✢✌✙✓✤✛✢✠ ✞ ✂ ✌ ✘ ✥ ✘ ✠ ★ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌ ✿ ✞ ✌
☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✖ ★✍✔ ✌✵✌✙☛ ✣☎✂✑★ ✟✜✌✙☛✙✆✕✌✯✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✵✍

L(t) ∝ (σt)1/3 ✭ ✂✼✬✁� ✣

✴✆✌ ✟ ✣☎✂ ✌ ✘ ✠☞✏✜✏✒✌ ✖ ✌✙☛✑✓✷✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌❃✏✒✌✙✛ ✖ ✌✙✓ ✟✜✠☞☛✙✆ ✟ ✲✳★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓✢✌✙✛ ✘ ✥ ✘ ✠ ★ ✟✜✌ ✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌
✓✤✛✢✠ ✞ ✂ ✣ ✌✯✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✬ ✶ ✲ ✌✄✒✼✏✒✠ ✔ ✥☞☛✑✓☞✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ 1/3 ✌ ✔ ✓ ★ ☛✑✓ ★ ✖ ✌ ✖ ✌✙☛✑✓✧✥ ✔✤✔ ✠ ❀
✆ ★✍✣ ✱ ✘ ✥ ✆✕✠☞☛✑✓✤✛✢✥ ★ ☛✑✓✢✌✑✟✜✌✖✆✕✠☞☛ ✔ ✌✙✛ ✂ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✖ ✥☞✓ ★✓✗ ✛✢✌☛✚ ✂✞✡ ✛ ✬ ✣ ☛ ✕ ☛✁❁ ✘ ✌ ✖ ✠ ✞ ✂ ✌ ✖ ✌✙☛✑✓✠✟✜✌ ✔



� ✂ � � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

✏✦✥☞✛✢✠ ★✍✔ ✟✜✌ ✔ ✞ ✘ ✠☞✓ ✔ ✏✒✌ ✞ ✓ ✆✙✓✤✛✢✌✆✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣ ✌✧✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌ ✖ ✌✙☛✑✓✁✏✦✥☞✛ ✞ ☛✦✌✕✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✟ ★✛✹ ✞ ✔✟★ ✂ ✌ ✬
✴✆✌✷☛ ✲ ✌ ✔ ✓✂✟✜✠☞☛✙✆✹✏✦✥ ✔✯✔ ✞ ✛✤✏✜✛✢✌✙☛✦✥☞☛✑✓ ✿ ✞ ✌ ✘ ✌✹✮✰✥✞✆✙✓✢✌ ✞ ✛✂✟✜✌ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌✠✟✜✌ ✡ ★ ☛☛✟✜✌✙✛ ❀ ✺✑✓✢✥ ✞ ✹ ✌✙✛ ✿ ✞ ★
☛✦✠ ✞ ✔ ✥✷✏✒✌✙✛ ✖ ★✍✔ ✟ ✲ ✥ ✓ ✞ ✔ ✓✢✌✙✛ ✘ ✌ ✔ ✆✕✠ ✞ ✛ ✸ ✌ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✔ ✮✰✥ ✔✤✔ ✌ ★ ☛✑✓✢✌✙✛ ✂ ✌✙☛ ★ ✛ ✞ ☛ ✆✕✠✑✌ � ✆ ★ ✌✙☛✑✓
✟✜✌ ✟ ★✛✹ ✞ ✔✟★ ✠☞☛ D(t) ✟ ✣ ✏✒✌✙☛☛✟✜✥☞☛✑✓✔✟ ✞ ✓✢✌ ✖ ✏ ✔✕✬ ✺✼✌ ✘ ✠☞☛ ✘ ✥✗✟ ✣ ✕ ☛ ★ ✓ ★ ✠☞☛ ✟✜✌ ✆✕✌ ✆✕✠✑✌ � ✆ ★ ✌✙☛✑✓✑✟✜✌
✟ ★✛✹ ✞ ✔✟★ ✠☞☛✁❁ ✘ ✥ ✘ ✠ ★ ✟ ✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✯✓✤✛✢✠ ✞ ✂ ✣ ✌✹✏✒✠ ✞ ✛ L(t) ★ ✖ ✏✒✠ ✔ ✌ ✿ ✞ ✌ D(t) ∝ t−1/3 ✬ ✙ ✞ ✿ ✞ ✌✑✆✕✌
✆✕✠✑✌ � ✆ ★ ✌✙☛✑✓✔✟✜✌ ✟ ★✛✹ ✞ ✔✟★ ✠☞☛ ☛ ✲ ✥ ✟ ✲ ✌✄✒ ★✍✔ ✓✢✌✙☛✙✆✕✌ ✿ ✞ ✌✻✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌✽❁✦☛✦✠ ✞ ✔ ☛✦✠ ✞ ✔✵✪ ✥☞✛✒✟✜✌✙✛✢✠☞☛ ✔✵✸✜★ ✌✙☛
✟ ✲ ✌✙☛✗✟✜✠☞☛✜☛✦✌✙✛ ✞ ☛✦✌ ✿ ✞ ✌ ✘ ✆✕✠☞☛ ✿ ✞ ✌ ★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓✢✥☞✓ ★ ✠☞☛✡✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✬

✶✁✥✹✏✦✥☞✛✤✓ ★ ✌✚✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✿ ✞ ✌✚☛✦✠ ✞ ✔ ✂ ✌✙☛✦✠☞☛ ✔ ✟✜✌✚✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌✙✛✄❁✑✥✹✏✒✌✙✛ ✖ ★✍✔ ✟✜✌ ✖ ✌✙✓✤✓✤✛✢✌✚✌✙☛
✣☎✂✑★ ✟✜✌✙☛✙✆✕✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✟ ✲ ✞ ☛ ✕✜✘ ✖ ✣ ✓✢✌✙☛☛✟ ✞ ✟✜✌ ✎✽✴✞✡ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✔ ✠☞☛ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✄❁☞✱ ✞ ☛✦✌ ✓✢✌ ✖ ✏ ✣✙❀
✛✢✥☞✓ ✞ ✛✢✌✂✟✜✠☞☛✜☛ ✣ ✌✽❁✑✌ ✔ ✓✫✓✤✛✢✠☞✏✗✮✰✥ ★✩✸✜✘ ✌ ✬ ✴✆✌✙✓✤✓✢✌ ★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✆✕✠☞☛☛✟ ✞ ★ ✓✄❁ ✆✕✠ ✖❃✖ ✌✯☛✦✠ ✞ ✔✧✘✭✲ ✥ ✂ ✠☞☛ ✔ ✂ ✞ ❁
✱✔✟✜✌ ✔ ✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✔ ✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌✕✟ ✞ ✕✜✘ ✖ ✿ ✞ ✌✆☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✥☞✏✜✏✒✌ ✘✍✣ ✌ ✔ ✞ ✘ ✠☞✓ ✔✕✬ ✶✁✥✠✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌
✟✜✌✑✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌✑✟✜✌✑✆✕✌ ✔ ✞ ✘ ✠☞✓ ✔ ✥ ✆✕✠ ✖ ✏ ✘✓✗ ✓✢✌ ✖ ✌✙☛✑✓ ✣ ✓ ✣ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✤✣ ✌✕✍✚✌ ✘✩✘ ✌✹✏✒✌ ✞ ✓✏✆✙✓✤✛✢✌ ★ ☛✑✓✢✌✙✛ ❀
✏✜✛ ✣ ✓ ✣ ✌✒✆✕✠ ✖❃✖ ✌✻✛ ✣✕✔ ✞ ✘ ✓✢✥☞☛✑✓✔✟✜✌ ✘ ✥ ✟ ★✛✹ ✞ ✔✟★ ✠☞☛ ✟ ✲ ✞ ☛ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌ ✟ ✲ ✠☞✛✒✟✼✛✢✌✒✆✕✠☞☛ ✔ ✌✙✛ ✂ ✣ ✟✜✌✙✏ ✞ ★✍✔
✘ ✌ ✔ ✟✜✠ ✖ ✥ ★ ☛✦✌ ✔ ✟✜✌✑✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌ ★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌ ✂ ✌✙✛ ✔✚✘ ✌ ✔ ✟✜✠ ✖ ✥ ★ ☛✦✌ ✔ ✟✜✌✹✏ ✘ ✞ ✔ ✮✰✥ ★✩✸✜✘ ✌✜✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌ ✬
✶✁✥ ✘ ✠ ★ ✟✜✌ ✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌ ✿ ✞ ★ ✌✙☛ ✛ ✣✕✔ ✞ ✘ ✓✢✌✵✌ ✔ ✓✫✓ ✠✑✏ ★✍✿ ✞ ✌✂✟✜✌ ✔ ✏ ✎ ✣ ☛✦✠ ✖ ✗ ☛✦✌ ✔ ✟✜✌✜✆✕✠✽✥ ✘ ✌ ✔ ✆✕✌✙☛✙✆✕✌✵✌✙✓
✟✜✌✠✟ ✣ ✆✕✠ ✖ ✏✒✠ ✔✟★ ✓ ★ ✠☞☛ ✔ ✏ ★ ☛✦✠ ✟✜✥ ✘ ✌✕✟✜✥☞☛ ✔✆✘ ✌ ✔ ✖ ✣✙✘ ✥☞☛ ✪ ✌ ✔✆✸✜★ ☛✦✥ ★ ✛✢✌ ✔✕✬

✏ ✆✕✌ ✔ ✓✢✥☞✟✜✌✠✟✜✌ ✔ ✠ ✸✦✔ ✌✙✛ ✂ ✥☞✓ ★ ✠☞☛ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✔ ❁ ★✩✘ ☛✦✠ ✞ ✔ ✥✷✏✦✥☞✛ ✞ ☛ ✣ ✆✕✌ ✔✤✔ ✥ ★ ✛✢✌✂✟✜✌✚✮✰✥ ★ ✛✢✌
✞ ☛ ✌ ✹ ✠☞✛✤✓✔✟✜✌ ✖ ✠ ✟ ✣✙✘✩★✍✔ ✥☞✓ ★ ✠☞☛✗✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌✹✥ ✕ ☛ ✟✜✌✑✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✌✙✛ ✘ ✌ ✔ ✏✜✛✢✌ ✖ ★ ✌✙✛ ✔✫★ ☛ ✔ ✓✢✥☞☛✑✓ ✔ ✟✜✌
✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✟✜✌ ✔ ✞ ✛✤✮✰✥✞✆✕✌✽❁ ☛✦✠☞✓✢✥ ✖❃✖ ✌✙☛✑✓ ✘ ✌ ✔ ✌ ✞ ★✩✘ ✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✌✙✓ ✘✭✲✾✣☎✂ ✌✙☛✑✓ ✞ ✌ ✘✩✘ ✌ ✔✤✣✙✘ ✌✍✆ ❀
✓ ★ ✠☞☛ ✟ ✲ ✞ ☛✦✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✟ ✲ ✠☞☛☛✟✜✌ ✬ ✖ ✠ ✞ ✔ ✏✜✛ ✣✕✔ ✌✙☛✑✓✢✠☞☛ ✔ ✌✙✓ ✟ ★✍✔ ✆ ✞ ✓✢✠☞☛ ✔ ☛✦✠☞✓✤✛✢✌ ✖ ✠ ✟ ✣✙✘✩★✍✔ ✥☞✓ ★ ✠☞☛
✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌ ✟✜✥☞☛ ✔✆✘ ✥✷✏✦✥☞✛✤✓ ★ ✌ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✬

✆✫✄✄✂ � ✪✫✙✁✢★✍✑✡✒✑✤✒ ✖✁�✚✒✁✢ ✙ ✡✌✪✫✙✁✏ ✖✁✏ ✕ ✓✸✡✌✒✁☞✎✍✑✢✂✁✣✡✒✕✌✡✝✍✑✛

✖ ✠ ✞ ✔ ✏✜✛✢✠☞✏✒✠ ✔ ✠☞☛ ✔ ✟✜✥☞☛ ✔ ✆✕✌✙✓✤✓✢✌✗✏✦✥☞✛✤✓ ★ ✌ ✞ ☛ ✖ ✠ ✟ ✗✙✘ ✌ ✎ ✠ ✟✼✛✢✠ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣✽✬
✘ ✥ ✘✍✪ ✛ ✣ ✘ ✌ ✔✗✘✩★ ✖ ★ ✓✢✌ ✔ ✟✜✌ ☛✦✠☞✓✤✛✢✌ ✟✜✌ ✔ ✆✙✛ ★ ✏✜✓ ★ ✠☞☛✁❁ ✆✕✌ ✖ ✠ ✟ ✗✙✘ ✌ ☛✦✠ ✞ ✔ ✏✒✌✙✛ ✖ ✌✙✓✗✟ ✲✳★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓✢✌✙✛
✿ ✞ ✥☞☛✑✓ ★ ✓✢✥☞✓ ★ ✂ ✌ ✖ ✌✙☛✑✓✻☛✦✠ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✌✙☛✙✆✕✌ ✔✕✬ ✂ ✘✹✔ ✠ ✞ ✘✩★✍✪ ☛✦✌ ✌✙☛ ✓✢✠ ✞ ✓ ✆✕✥ ✔✗✘ ✌ ✛✟✗ ✘ ✌ ✖ ✥ ✓✤✌ ✞ ✛ ✿ ✞ ✌
✓✤✠ ✞ ✌ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✟✜✥☞☛ ✔✷✘ ✌ ✔ ✏ ✎ ✣ ☛✦✠ ✖ ✗ ☛✦✌ ✔ ✠ ✸✦✔ ✌✙✛ ✂ ✣✕✔✕✬ � ✓✤✠ ✞ ✓✢✠☞☛ ✔✻✿ ✞ ✌✡☛✦✠☞✓✤✛✢✌



� �✛� � ✗✝�✝☎✖✄✠✞✆✟ ✑ ✟✁� ✑✝☎☎☞ ✞✘✗✝�✆� ✟✁�✁✂ ✂ ✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ � ✂ �

✓✤✛✢✥ ✂ ✥ ★✩✘ ❁✑✓✢✥☞☛✑✓✚✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✿ ✞ ✌✯✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌✯✥ ✔ ✞ ✔ ✆ ★ ✓ ✣ ✟ ✲ ✥ ✞ ✓✤✛✢✌ ✔ ✛ ✣☞✌ ✌✄✒ ★ ✠☞☛ ✔✆✔ ✞ ✛ ✘ ✌ ✔ ✏✜✛✢✠ ❀
✆✕✌ ✔✤✔ ✞ ✔ ✟✜✌✠✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✔☞✕✜✘ ✖ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✟✜✠☞☛✑✓✚☛✦✠ ✞ ✔ ☛✦✠ ✞ ✔ ✮✰✌✙✛✢✠☞☛ ✔✆✘✭✲✾✣ ✆ ✎ ✠ ✟✜✥☞☛ ✔
✞ ☛✦✌✵✥ ✞ ✓✤✛✢✌✚✏✦✥☞✛✤✓ ★ ✌✂✟✜✌✜✆✕✌ ✖ ✥☞☛ ✞ ✔ ✆✙✛ ★ ✓ ✬

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★ ❁✜✏✒✠ ✞ ✛✵✠ ✸ ✓✢✌✙☛ ★ ✛ ✞ ☛✦✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌✠✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✠ ✸✜❀
✔ ✌✙✛ ✂ ✣ ✌✽❁ ✟ ✲ ✥☞✟✜✠☞✏✜✓✢✌✙✛ ✞ ☛✦✌✕✟✜✌ ✔ ✆✙✛ ★ ✏✜✓ ★ ✠☞☛ ✎ ✠ ✟✼✛✢✠ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✬ ✶✁✌✎✆✙✛ ★✍✔ ✓✢✥ ✘✜✘✩★✍✿ ✞ ★ ✟✜✌✧✌ ✔ ✓✆✥ ✔✤✔✟★ ✖ ★✩✘✍✣
✱ ✞ ☛ ✘✩★✍✿ ✞ ★ ✟✜✌ ✂✑★✍✔✤✿ ✞ ✌ ✞ ✒ ✬ ✖ ✠ ✞ ✔ ☛✦✠ ✞ ✔✫✘✩★ ✖ ★ ✓✢✠☞☛ ✔ ✥ ✞ ✆✕✥ ✔ ✟ ✲ ✞ ☛ ✓✢✌✙☛ ✔ ✌ ✞ ✛✂✟✜✌ ✂✑★✍✔ ✆✕✠ ✔✟★ ✓ ✣ ✟ ★ ✥ ❀
✪ ✠☞☛✦✥ ✘ ✍ ✆ ✲ ✌ ✔ ✓ ❀ ✱ ❀ ✟ ★ ✛✢✌ ✿ ✞ ✌✗☛✦✠ ✞ ✔ ☛ ✣✕✪☞✘✩★✍✪ ✌✕✠☞☛ ✔✷✘✭✲ ✥☞☛ ★✍✔ ✠☞✓✤✛✢✠☞✏ ★ ✌ ✟✜✌ ✘ ✥ ✂✑★✍✔ ✆✕✠ ✔✟★ ✓ ✣ ✟ ✞ ✆✙✛ ★✍✔ ✓✢✥ ✘
✘✩★✍✿ ✞ ★ ✟✜✌✽❁ ✆✕✥☞✛✆☛✦✠ ✞ ✔ ✏✒✌✙☛ ✔ ✠☞☛ ✔ ✿ ✞ ✲ ✌ ✘✩✘ ✌✆☛✦✌ ✓✤✠ ✞ ✌✚✏✦✥ ✔ ✞ ☛✡✛✟✗ ✘ ✌ ✟ ✣ ✓✢✌✙✛ ✖ ★ ☛✦✥☞☛✑✓✏✟✜✥☞☛ ✔✧✘ ✌ ✔ ✏ ✎ ✣ ☛✦✠ ❀
✖ ✗ ☛✦✌ ✔ ✠ ✸✦✔ ✌✙✛ ✂ ✣✕✔✕✬ ✶ ✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌✚✏✒✌ ✞ ✓ ✆✙✓✤✛✢✌✵✠ ✸ ✓✢✌✙☛ ✞ ✌✯✱✻✏✦✥☞✛✤✓ ★ ✛✕✟✜✌ ✔✫✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔
✟✜✌ ✖ ✥ ✂✑★ ✌✙✛ ❀ ✺✑✓✢✠ ✠ ✌ ✔✕✬

✄ ✁✁� ✁✝✆ ✞ ✴ ✟ ✺ ✺✠✡ ✒✠✔✓❂✻❃ ✍ ✴✶❀☛✡

✖ ✠ ✞ ✔ ✆✕✠☞☛ ✔✟★ ✟ ✣ ✛✢✠☞☛ ✔ ✞ ☛ ✕✜✘ ✖ ✟✜✌ ✆✙✛ ★✍✔ ✓✢✥ ✘✒✘✩★✍✿ ✞ ★ ✟✜✌✂✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ h ✟ ✣ ✏✒✠ ✔✤✣✵✔ ✞ ✛ ✞ ☛✦✌ ✔ ✞ ✛✤✮✰✥✞✆✕✌
✔ ✠ ✘✩★ ✟✜✌ ✞ ☛ ★ ✮✰✠☞✛ ✖ ✣ ✖ ✌✙☛✑✓✫✏ ✘ ✥☞☛✦✌✚✭ ✠☞☛ ☛ ✣✕✪☞✘✩★✍✪ ✌✔✟✜✠☞☛✙✆ ✔ ✥✗✛ ✞ ✪ ✠ ✔✟★ ✓ ✣ ✟✜✥☞☛ ✔ ✆✕✌✙✓✤✓✢✌✹✏✜✛✢✌ ✖ ★✓✗ ✛✢✌✹✥☞✏ ❀
✏✜✛✢✠ ✆ ✎ ✌✕✟✜✥☞☛ ✔ ✘ ✥ ✖ ✌ ✔ ✞ ✛✢✌✆✠✧✦ ✘ ✥✯✛ ✞ ✪ ✠ ✔✟★ ✓ ✣ ✟✜✌ ✔ ✏ ✘ ✥ ✿ ✞ ✌✙✓✤✓✢✌ ✔ ✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ✿ ✞ ✌✆☛✦✠ ✞ ✔ ✞ ✓ ★✩✘✩★✍✔ ✠☞☛ ✔
✌ ✔ ✓ ✘ ✥☞✛ ✪ ✌ ✖ ✌✙☛✑✓ ★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛✢✌✵✥ ✞ ✒ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✔ ✟✜✌ ✔✝✕✜✘ ✖ ✔ ✣ ✬ ✖ ✠ ✞ ✔✯✔ ✞ ✏✜✏✒✠ ❀
✔ ✠☞☛ ✔ ✌✙☛✡✠ ✞ ✓✤✛✢✌ ✿ ✞ ✌ ✘ ✌ ✕✜✘ ✖ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✧✌ ✔ ✓ ✟ ✲ ✌✄✒✼✓✢✌✙☛ ✔✟★ ✠☞☛ ★✩✘✩✘✩★ ✖ ★ ✓ ✣ ✌✏✟✜✥☞☛ ✔ ✘ ✌✧✏ ✘ ✥☞☛✷✏✦✥☞✛✢✥ ✘✩✘✓✗✙✘ ✌
✥ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✬ ✴✆✌ ✔ ✠ ✔ ✓ ✗ ✖ ✌✵✌ ✔ ✓✫✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣✵✔ ✞ ✛ ✘ ✥ ✕✦✪ ✞ ✛✢✌ ✭ ✂✼✬✄✂ ✂ ✣ ✬

✂ ✄ ✄ � � ☞ ✞✌✑✝☎✖✄✠✞✆✟ ✑✎✟ � ✒ ✂✝☎☎☞ ✄✎✟✁�✔✍ ✁✝✞✞✄ �✔✍ ✍ �✔✍

✶✁✌✎✆ ✎ ✠ ★ ✒ ✟✜✌✎✆✕✌✙✓✤✓✢✌ ✪✽✣ ✠ ✖ ✣ ✓✤✛ ★ ✌ ✔✟★ ✖ ✏ ✘✩★ ✕✜✣ ✌ ✆✕✠☞☛☛✟ ✞ ★ ✓ ✱ ✞ ☛ ✆ ✎ ✥ ✖ ✏ ✟✜✌ ✔ ✂✑★ ✓✢✌ ✔✤✔ ✌ ✔☎✄✧✸✜★ ✟ ★ ✖ ✌✙☛ ❀
✔✟★ ✠☞☛✜☛✦✌ ✘ ✍

� ✁

v = u(x, z)
� ✁

ux +w(x, z)
� ✁

uz
✭ ✂✼✬✄✂✞✝ ✣

✟ ☛ ✔ ✞ ✏✜✏✒✠ ✔ ✌ ✿ ✞ ✌ ✘✭✲✾✣ ✆✕✠ ✞ ✘ ✌ ✖ ✌✙☛✑✓✹✌ ✔ ✓ ★ ☛✙✆✕✠ ✖ ✏✜✛✢✌ ✔✤✔✟★✩✸✜✘ ✌ ✍ ✘ ✌✖✆ ✎ ✥ ✖ ✏ ✟✜✌ ✔ ✂✑★ ✓✢✌ ✔✤✔ ✌ ✔ ✌ ✔ ✓
✟✜✌✠✟ ★ ✂ ✌✙✛ ✪ ✌✙☛✙✆✕✌✚☛ ✞ ✘✩✘ ✌ ✬ ✴✆✌✍✆ ★✁✔ ✌✵✓✤✛✢✥☞✟ ✞ ★ ✓✧✏✦✥☞✛ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✍

∂u

∂x
+
∂w

∂z
= 0

✭ ✂✼✬✄✂✗✂ ✣
✆✞✝✂✆✱❀✩❂✓❆❋❚✝✆✱❀✢❀✝✆✱❀◗❀✭✽✓❃✞❚✾❇✞■✠❲✗❃✞❆✟✆✱❀✾❏✗❁✯●✩●✠❁✯❏✤❏✗✽✓●✢❚✾❁✯✿✵●✢■✠◆❖■✼● ✆✼❃✞❚✙❆✟✆✠❍✎❍☛❆❋■❙❁✯✿✮❀✭✿✤❘✗❀✭❚✭●✠❁✯❚✼❯



� ✂ � � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

☎✌☞✝✆✟✞ ✂✼✬✄✂ ✂ ✍ � ✘✄✂✑✏✓✒✕✔✗✖✙✘✛✚✞✔✗✖✙✘✢✜✤✣ ✥✠✟ ✧✎✣ ✠✌✶✄✒ ✣✩✏✓✒✕✔✗✖✙✘✢✷✓✧✑★ ✥✠✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝
h

✎✗✔✞✝✓✘✢✔ ☎✓✶✛★ ✚✓✧☞✝✦✧✎✣
✚✓✧ ☎✯✚✸✖✡✝✯✔✗✖ ✚✞✜✤✶✄✘✢✥✳★ ✜ ☎◗★ ✠✌✶✄✒ ★✯✚✸✖❙✥✠✟❉★✌✝✗✖✢★✓✣✬✚✓✘✢✜✤✣ ✘✙✣ ✠✌✣✑✘✢★ ✥✳✔✤✣✬✚✲✶✛★❙✰✩✶✛✔✤✣✆✰✁✔✞✝✯✔✤✶✙✶✁�✓✶✛★ ✔✤✧ ✚✓✧ ☎✯✚✸✖✡✝✯✔✗✖☎✜

✖ ✠ ✞ ✔ ✆✕✠☞☛ ✔✟★ ✟ ✣ ✛✢✌✙✛✢✠☞☛ ✔❃✿ ✞ ✌ ✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌ ✟✜✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✘ ✠☞☛ ✪☞★ ✓ ✞ ✟ ★ ☛✦✥ ✘ ✌ L ✭✰✏✦✥☞✛✢✥ ✘✩✘✓✗✙✘ ✌✗✥ ✞
✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✣ ✌ ✔ ✓ ✘ ✥☞✛ ✪ ✌ ✖ ✌✙☛✑✓ ✔ ✞ ✏ ✣ ✛ ★ ✌ ✞ ✛✢✌✆✱ ✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✕✟✜✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ H ☛✦✠☞✛ ✖ ✥ ✘ ✌✚✥ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓
✭ ✿ ✞ ★ ✌ ✔ ✓ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✖✟ ✞ ✕✜✘ ✖ ✣ ✬ ✴✆✌✙✓✤✓✢✌✔✟ ★✍✔ ✏✦✥☞✛ ★ ✓ ✣✚✪✽✣ ✠ ✖ ✣ ✓✤✛ ★✍✿ ✞ ✌✚✏✒✌✙✛ ✖ ✌✙✓✕✟ ✲ ✌ ✹ ✌✍✆✙✓ ✞ ✌✙✛ ✞ ☛✦✌
✔✟★ ✖ ✏ ✘✩★ ✕ ✆✕✥☞✓ ★ ✠☞☛✔✟✜✌ ✔ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✟✜✌ ✖ ✥ ✂✑★ ✌✙✛ ❀ ✺✑✓✢✠ ✠ ✌ ✔✕✬ ✖ ✠☞✓✢✠☞☛ ✔ U ✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✏✟✜✌ ✂✑★ ✓✢✌ ✔✤✔ ✌ ✘ ✠☞☛ ✪☞★✩❀
✓ ✞ ✟ ★ ☛✦✥ ✘ ✌✫✌✙✓ W ✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌✕✟✜✌ ✂✑★ ✓✢✌ ✔✤✔ ✌✚✓✤✛✢✥☞☛ ✔ ✂ ✌✙✛ ✔ ✥ ✘ ✌ ✬ ✶ ✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✯✭ ✂✼✬✄✂✗✂ ✣✧✏✒✌✙✛ ✖ ✌✙✓✖✟ ✲✾✣ ✆✙✛ ★ ✛✢✌
✘ ✥✷✛✢✌ ✘ ✥☞✓ ★ ✠☞☛ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌✲✍

U

L
∼ W
H

✴✆✠ ✖❃✖ ✌
H ≪ L ❁✫✠☞☛ ✥ ✿ ✞ ✌ W ≪ U ✍ ✘ ✥ ✂✑★ ✓✢✌ ✔✤✔ ✌✗✓✤✛✢✥☞☛ ✔ ✂ ✌✙✛ ✔ ✥ ✘ ✌✽❁✧☛✦✠☞✛ ✖ ✥ ✘ ✌ ✥ ✞

✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓✄❁✁✏✒✌ ✞ ✓✕✆✙✓✤✛✢✌✡☛ ✣✕✪☞✘✩★✍✪✽✣ ✌❃✥ ✞ ✏✜✛✢✌ ✖ ★ ✌✙✛✷✠☞✛✒✟✼✛✢✌✡✌✙☛
H/L

✏✦✥☞✛✷✛✢✥☞✏✜✏✒✠☞✛✤✓✷✱ ✘ ✥ ✂✑★ ✓✢✌ ✔✤✔ ✌
✘ ✠☞☛ ✪☞★ ✓ ✞ ✟ ★ ☛✜✥ ✘ ✌ ✬

✶✁✌✷✓✢✌✙✛ ✖ ✌✑✟ ✲ ✥☞✟ ✂ ✌✍✆✙✓ ★ ✠☞☛ ( � ✁

v ·
� ✁

∇
)

� ✁

v
✌ ✔ ✓✔✟✜✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌✑✟✜✌ U2

L
✬ ✶✁✌✷✓✢✌✙✛ ✖ ✌☎✟✜✌✑✟ ★✛✹ ✞ ✔✟★ ✠☞☛

ν∆
� ✁

v
✭ ✠✧✦
ν
✌ ✔ ✓ ✘ ✥ ✂✑★✍✔ ✆✕✠ ✔✟★ ✓ ✣ ✆ ★ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✣✧✌ ✔ ✓✠✟✜✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌✔✟✜✌ ν UH2 ✬ ✔ ✥☞✛✜✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✑✓✄❁

✠☞☛ ✏✒✌ ✞ ✓ ✣ ✆✙✛ ★ ✛✢✌ ✍
Advection

Diffusion
∼ H
L
Re



� �✛� � ✗✝�✝☎✖✄✠✞✆✟ ✑ ✟✁� ✑✝☎☎☞ ✞✘✗✝�✆� ✟✁�✁✂ ✂ ✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ � ✂ �

✠✧✦ ✘ ✌❃☛✦✠ ✖ ✸ ✛✢✌ ✟✜✌ ☞ ✌☞✠✑☛✦✠ ✘ ✟ ✔ Re ✔✕✲✾✣ ✆✙✛ ★ ✓ UHν ✬✠✟ ☛ ✏✒✠ ✞ ✛✤✛✢✥ ✟✜✠☞☛✙✆❃☛ ✣✕✪☞✘✩★✍✪ ✌✙✛ ✘ ✌ ✔ ✓✢✌✙✛ ✖ ✌ ✔
✟ ✲ ✥☞✟ ✂ ✌✍✆✙✓ ★ ✠☞☛ ✟✜✌ ✂ ✥☞☛✑✓ ✘ ✌ ✔ ✓✢✌✙✛ ✖ ✌ ✔ ✂✑★✍✔✤✿ ✞ ✌ ✞ ✒ ✔✟★ Re≪ L

H
✬

✴✆✌✍✆ ★ ✆✕✠☞☛ ✔ ✓ ★ ✓ ✞ ✌✝✆✕✌ ✿ ✞ ✌ ✘✭✲ ✠☞☛ ✥☞✏✜✏✒✌ ✘✩✘ ✌ ✘✭✲ ✥☞✏✜✏✜✛✢✠✌✒ ★ ✖ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✞ ✸ ✛ ★ ✕ ✆✕✥☞✓ ★ ✠☞☛✒❁✽✓✤✛✢✥☞✟ ★ ✓ ★ ✠☞☛ ❀
☛✦✌ ✘✩✘ ✌ ✖ ✌✙☛✑✓ ✞ ✓ ★✩✘✩★✍✔✤✣ ✌✷✏✒✠ ✞ ✛☎✟ ✣ ✆✙✛ ★ ✛✢✌ ✘✭✲ ✎ ✠ ✟✼✛✢✠ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌☎✟✜✌ ✕✜✘ ✖ ✔✹✘✩★✍✿ ✞ ★ ✟✼✌ ✔ ✖ ★ ☛✙✆✕✌ ✔ ✚✍✌ ✡ ✛ ✬
✔ ✠ ✞ ✛ ✞ ☛ ✣ ✆✕✠ ✞ ✘ ✌ ✖ ✌✙☛✑✓ ✔ ✞ ✏✜✏✒✠ ✔✤✣✯✔ ✓✢✥☞✓ ★ ✠☞☛✜☛✦✥ ★ ✛✢✌✽❁ ✟✜✥☞☛ ✔✆✘ ✌✜✆✕✥☞✟✼✛✢✌✠✟✜✌✜✆✕✌✙✓✤✓✢✌✵✥☞✏✜✏✜✛✢✠✌✒ ★ ✖ ✥☞✓ ★ ✠☞☛✁❁
✘ ✌ ✔✫✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✟✜✌ ✖ ✥ ✂✑★ ✌✙✛ ❀ ✺✑✓✢✠ ✠ ✌ ✔✆✔✕✲✾✣ ✆✙✛ ★ ✂ ✌✙☛✑✓ ✔ ✠ ✞ ✔✆✘ ✥✷✮✰✠☞✛ ✖ ✌ ✔✟★ ✖ ✏ ✘✩★ ✕✜✣ ✌ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✍

0 = −∂p
∂x
− ∂f
∂x
+ η
∂2u

∂z2
✭ ✂✼✬✄✂ ✄✤✣

0 = −∂p
∂z
− ρg ✭ ✂✼✬✄✂ ✌ ✣

✠✧✦
η
✌ ✔ ✓ ✘ ✥ ✂✑★✍✔ ✆✕✠ ✔✟★ ✓ ✣ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✟ ✞ ✆✙✛ ★✍✔ ✓✢✥ ✘ ✘✩★✍✿ ✞ ★ ✟✼✌ ✣ ✓ ✞ ✟ ★✍✣✽✬

✶✁✌ ✆ ✎ ✥ ✖ ✏ ✟✜✌✚✏✜✛✢✌ ✔✤✔✟★ ✠☞☛✡✌ ✔ ✓✕✟ ✣ ✓✢✌✙✛ ✖ ★ ☛ ✣ ✏✦✥☞✛ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✣✭ ✂✼✬✄✂ ✌ ✣ ✿ ✞ ★ ✟✜✠☞☛✜☛✦✌ ✘ ✥✑✆✕✠☞☛✑✓✤✛ ★✩❀
✸ ✞ ✓ ★ ✠☞☛ ✎ ✠ ✟✼✛✢✠ ✔ ✓✢✥☞✓ ★✍✿ ✞ ✌✯✌✙✓✫✏✦✥☞✛ ✘ ✥ ✘ ✠ ★ ✟✜✌✵✶✁✥☞✏ ✘ ✥✞✆✕✌☎✭ ✂ ✬ ✟✤✣✵✍

p(x, z) = p0 − ρgz − γ
∂2h

∂z2
✭ ✂✼✬✄✂ ✌ ✣

✠✧✦
γ
✟ ✣✕✔✟★✍✪ ☛✦✌ ✘ ✥✡✏✦✥☞✛✤✓ ★ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✑✟✜✌ ✘ ✥✡✓✢✌✙☛ ✔✟★ ✠☞☛ ✔ ✞ ✏✒✌✙✛ ✕ ✆ ★ ✌ ✘✩✘ ✌ ✘✩★✍✿ ✞ ★ ✟✼✌✜✢ ✂ ✥☞✏✒✌ ✞ ✛ ✬ ✴✆✌✙✓✤✓✢✌

✿ ✞ ✥☞☛✑✓ ★ ✓ ✣ ☛✦✌✑✆✕✠☞☛✑✓ ★ ✌✙☛✑✓✂✟✜✠☞☛✙✆✵✏✦✥ ✔✚✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌✵✏✦✥☞✛ ✞ ☛ ★ ✓ ✣ ✟✜✌ ✔ ✞ ✛✤✮✰✥✞✆✕✌✹✥ ✔✤✔ ✠ ✆ ★✍✣ ✌✷✱ ✘✭✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌
✟ ✞ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✚✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌ ✬

✖ ✠☞✓✢✠☞☛ ✔ H ✘✭✲✾✣ ✆ ✎ ✌ ✘✩✘ ✌ ✟✜✌ ✎ ✥ ✞ ✓✢✌ ✞ ✛ ✂ ✌✙✛✤✓ ★ ✆✕✥ ✘ ✌✝✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✬ ✟ ☛ ✥ ✘ ✠☞✛ ✔✫✿ ✞ ✌✆✍

ρgz

γ ∂
2h
∂z2

∼ ρgH
γ 1
H

= κ2H2,

✠✧✦
κ−1 =

√

γ
ρg

✌ ✔ ✓ ✘ ✥✁� ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✆✕✥☞✏ ★✩✘✩✘ ✥ ★ ✛✢✌ ✬✕✔ ✛✢✌✙☛✦✠☞☛ ✔✁✘ ✌ ✔ ✠☞✛✒✟✼✛✢✌ ✔ ✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛ ✔ ✞ ★ ✂ ✥☞☛✑✓ ✔ ✍

☛✁✌✙☛ ✔✟★ ✠☞☛ ✔ ✞ ✏✒✌✙✛ ✕ ✆ ★ ✌ ✘✩✘ ✌ γ ≈ 30 mN ·m−1
� ✆✍✆ ✣✙✘✍✣ ✛✢✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥✷✏✒✌ ✔ ✥☞☛✑✓✢✌ ✞ ✛ g ≈ 10m · s−2
✘ ✥ ✔✤✔ ✌ ✂ ✠ ✘ ✞✜✖ ★✍✿ ✞ ✌ ρ ≈ 103 kg ·m−3
✂ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛☞✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✟✜✌ ✔✎✕✜✘ ✖ ✔ H ≈ 50nm

✟ ☛✗✌✙☛✗✟ ✣ ✟ ✞ ★ ✓ ✿ ✞ ✌ κ−1 ≈ 2 mm ✬ ✥ ✲ ✠✧✦ ✍
κ2H2 ≈ 10−9 ≪ 1 ✬ ✟ ☛✗✌✙☛ ✆✕✠☞☛✙✆ ✘ ✞ ✓ ✿ ✞ ✌

✘ ✥✖✆✕✠☞☛✑✓✤✛ ★✩✸ ✞ ✓ ★ ✠☞☛ ✎ ✠ ✟✼✛✢✠ ✔ ✓✢✥☞✓ ★✍✿ ✞ ✌✂✟ ✞ ✆ ✎ ✥ ✖ ✏✗✟✜✌✯✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ρgz ✏✒✌ ✞ ✓ ✆✙✓✤✛✢✌✯☛ ✣✕✪☞✘✩★✍✪✽✣ ✌ ✬



� �✁� � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

✶ ✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✭ ✂✼✬✄✂ ✄✤✣✫✮✰✥ ★ ✓ ★ ☛✑✓✢✌✙✛ ✂ ✌✙☛ ★ ✛ ✘ ✥ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣ f ✿ ✞ ★ ✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌ ✘ ✥ ✟✜✌✙☛ ✔✟★ ✓ ✣ ✂ ✠ ✘ ✞ ❀
✖ ★✍✿ ✞ ✌ ✟ ✲✾✣ ☛✦✌✙✛ ✪☞★ ✌❃✏✒✠☞✓✢✌✙☛✑✓ ★ ✌ ✘✩✘ ✌☎✟ ✞ ✕✜✘ ✖ ✬ ✴✆✌✙✓✤✓✢✌ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣❃✔✕✲✳★ ✟✜✌✙☛✑✓ ★ ✕ ✌✻✱ ✘✭✲ ✠☞✏✜✏✒✠ ✔✤✣ ✟✜✌ ✘ ✥
✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌ ✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✍

f = −Π(h) ✬ ✖ ✠ ✞ ✔✻★ ☛ ✔✟★✍✔ ✓✢✠☞☛ ✔✷✔ ✞ ✛ ✘ ✌✡✮✰✥ ★ ✓ ✿ ✞ ✌✗☛✦✠ ✞ ✔ ☛✦✌
✏✜✛ ✣ ✆ ★✍✔ ✠☞☛ ✔ ✏✦✥ ✔ ✌✙☛✙✆✕✠☞✛✢✌❃✱ ✆✕✌ ✔ ✓✢✥☞✟✜✌☎✟✜✌ ✔ ✆✕✥ ✘ ✆ ✞ ✘✍✔✚✘ ✌ ✔ ✟ ★✛✹ ✣ ✛✢✌✙☛✑✓ ✔ ✓✢✌✙✛ ✖ ✌ ✔✵✿ ✞ ✌✒✆✕✠☞☛✑✓ ★ ✌✙☛✑✓ ✘ ✥
✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌✂✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛❃✥ ✕ ☛ ✟ ✲ ✥ ✸ ✠ ✞ ✓ ★ ✛✧✱ ✞ ☛✦✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✘ ✥✹✏ ✘ ✞ ✔✧✪✽✣ ☛ ✣ ✛✢✥ ✘ ✌
✏✒✠ ✔✤✔✟★✩✸✜✘ ✌ ✬

� ✞ ✒ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✟✜✌ ✖ ✥ ✂✑★ ✌✙✛ ❀ ✺✑✓✢✠ ✠ ✌ ✔✗✔ ✠☞☛✑✓ ✥ ✔✤✔ ✠ ✆ ★✍✣ ✌ ✔ ✟✜✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✥ ✞ ✒ ✘✩★ ✖ ★ ✓✢✌ ✔✕✬
✶ ✲ ✥ ✸✦✔ ✌✙☛✙✆✕✌ ✟✜✌ ✪☞✘✩★✍✔✤✔ ✌ ✖ ✌✙☛✑✓ ✟ ✞ ✆✙✛ ★✍✔ ✓✢✥ ✘✯✘✩★✍✿ ✞ ★ ✟✜✌ ✔ ✞ ✛ ✘ ✌ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✔ ✠ ✘✩★ ✟✜✌ ★ ✖❃✖ ✠ ✸✜★✩✘ ✌✽❁ ✔ ✌
✓✤✛✢✥☞✟ ✞ ★ ✓✧✏✦✥☞✛ ✘ ✌ ✔✫✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✍

u(x, z = 0) = 0
✭ ✂✼✬✄✂ ✎✤✣

w(x, z = 0) = 0
✭ ✂✼✬✄✂✞✡ ✣

✂ ✥ ✘ ✥ ✸✜✘ ✌ ✔ ✏✒✠ ✞ ✛✆✓✢✠ ✞ ✓✢✌ ✂ ✥ ✘ ✌ ✞ ✛✕✟✜✌ x ✬
✔ ✥☞✛ ✥ ★✩✘✩✘ ✌ ✞ ✛ ✔ ❁✕✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌✽❁✕✏✒✠ ✞ ✛ z = h ❁ ✘ ✥✝✆✕✠☞☛✑✓✤✛✢✥ ★ ☛✑✓✢✌ ✓✢✥☞☛ ✪ ✌✙☛✑✓ ★ ✌ ✘✩✘ ✌ ✔✕✲ ✌✄✒✜✌✙✛✝✒✕✥☞☛✑✓

✔ ✞ ✛ ✘ ✌ ✕✜✘ ✖ ✟✜✌✜✆✙✛ ★✍✔ ✓✢✥ ✘ ✘✩★✍✿ ✞ ★ ✟✼✌ ✟✜✠ ★ ✓ ✆✙✓✤✛✢✌✯☛ ✞ ✘✩✘ ✌ ✬ ✴✆✌✍✆ ★✁✔✕✲✾✣ ✆✙✛ ★ ✓✲✍

η

(

∂u

∂z

)

z=h

= 0
✭ ✂✼✬✄✂ ✟✤✣

✖ ✠ ✞ ✔ ✏✒✠ ✞ ✂ ✠☞☛ ✔ ✖ ✥ ★ ☛✑✓✢✌✙☛✦✥☞☛✑✓☞✆✕✥ ✘ ✆ ✞ ✘ ✌✙✛ ✘ ✌ ✔ ✂✑★ ✓✢✌ ✔✤✔ ✌ ✔ ✎ ✠☞✛ ★☎✄ ✠☞☛✑✓✢✥ ✘ ✌ u(x, z) ✌✙✓ ✂ ✌✙✛✤✓ ★ ✆✕✥ ✘ ✌
w(x, z)

✱✻✏✦✥☞✛✤✓ ★ ✛✖✟✜✌✜✆✕✌ ✔✚✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔✕✬

✶✁✌ ✪ ✛✢✥☞✟ ★ ✌✙☛✑✓ ✎ ✠☞✛ ★☎✄ ✠☞☛✑✓✢✥ ✘ ✟✜✌ ✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✂ ✥ ✞ ✓ ✍ −∂p
∂x
= γ ∂

3h
∂x3

✬ ✶ ✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✽✭ ✂✼✬✄✂ ✄✤✣
✆✕✠☞☛☛✟ ✞ ★ ✓✆✥ ✘ ✠☞✛ ✔ ✱ ✍

η
∂2u

∂z2
= −γ∂

3h

∂x3
− ∂Π
∂x✣ ☛✷✓✢✌✙☛✦✥☞☛✑✓✚✆✕✠ ✖ ✏✜✓✢✌ ✟✜✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✭ ✂✼✬✄✂ ✎✤✣ ✌✙✓✓✭ ✂✼✬✄✂ ✟✤✣✙❁ ✠☞☛✻✓✤✛✢✠ ✞ ✂ ✌✆✥☞✏✜✛ ✗✕✔✁★ ☛✑✓ ✣✕✪ ✛✢✥☞✓ ★ ✠☞☛✕✍

u(x, z) = − 1
2η

[

γ
∂3h

∂x3
+
∂Π

∂x

]

z(z − 2h) ✭ ✂✼✬✄✂ ✂ ✣

✴ ✲ ✌ ✔ ✓ ✘ ✥❃✛✢✌ ✘ ✥☞✓ ★ ✠☞☛ ✭ ✂✼✬✄✂✗✂ ✣ ✿ ✞ ★ ✏✒✌✙✛ ✖ ✌✙✓ ✟✜✌✑✆✕✥ ✘ ✆ ✞ ✘ ✌✙✛ ✘✭✲ ✥ ✞ ✓✤✛✢✌ ✆✕✠ ✖ ✏✒✠ ✔ ✥☞☛✑✓✢✌✔✟ ✞ ✆ ✎ ✥ ✖ ✏
✟✜✌ ✔ ✂✑★ ✓✢✌ ✔✤✔ ✌ ✔✕✬ ✥ ✌ ✘ ✥✷✛✢✌ ✘ ✥☞✓ ★ ✠☞☛✯✭ ✂✼✬✄✂ ✂ ✣✙❁✦✠☞☛✗✟ ✣ ✟ ✞ ★ ✓✵✍

∂u

∂x
= − 1
2η

[

γ
∂4h

∂x4
+
∂2Π

∂x2

]

z(z − 2h)



� �✛� � ✗✝�✝☎✖✄✠✞✆✟ ✑ ✟✁� ✑✝☎☎☞ ✞✘✗✝�✆� ✟✁�✁✂ ✂ ✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ � �✓�

✟ ✛✄❁ ✆✕✌✙✓✤✓✢✌ ✟✜✌✙✛✤☛ ★✓✗ ✛✢✌ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣ ☛ ✲ ✌ ✔ ✓✡✥ ✞ ✓✤✛✢✌ ✿ ✞ ✌ ∂w
∂z
✬ ✔ ✥☞✛ ★ ☛✑✓ ✣✕✪ ✛✢✥☞✓ ★ ✠☞☛✁❁ ✠☞☛ ✌✙☛ ✟ ✣ ✟ ✞ ★ ✓

w(x, z)
❁✼✌✙☛ ✏✜✛✢✌✙☛✦✥☞☛✑✓ ✔ ✠ ★ ☛✗✟✜✌✯✛✢✌ ✔ ✏✒✌✍✆✙✓✢✌✙✛ ✘ ✥✖✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛✯✭ ✂✼✬✄✂✞✡ ✣ ✬ ✟ ☛✗✓✤✛✢✠ ✞ ✂ ✌✆✍

w(x, z) =
1

2η

[

γ
∂4h

∂x4
+
∂2Π

∂x2

]

z2
(

z

3
− h

) ✭ ✂✼✬✄✂ � ✣

� ✗✝�✝☎✖✄✠✞✆✟ ✑ ✟✁� ✑✝☎☎☞ ✞✘✗✝�✆�

✶ ✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✿ ✞ ★ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✌ ✔ ✓✚✠ ✸ ✓✢✌✙☛ ✞ ✌✂✟✜✌ ✘ ✥✷✮✰✥✓✒✕✠☞☛ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✬ ✟ ☛✗☛✦✠☞✓✢✌

F (x, z, t) = h(x, t) − z = 0 ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌ ✬ ✶✁✥ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ F ✥ ★ ☛ ✔✟★
✟ ✣ ✕ ☛ ★ ✌ ✌ ✔ ✓ ★ ✟✜✌✙☛✑✓ ★✍✿ ✞ ✌ ✖ ✌✙☛✑✓❃☛ ✞ ✘✩✘ ✌ ✬ ✟ ☛ ✥ ✟✜✠☞☛✙✆ ✿ ✞ ✌

✟
F✟
t
= 0 ✬ ✟ ✛✄❁ ✟ F✟

t
= ∂F

∂t +
(

� ✁

v ·
� ✁

∇
)

F ✬ ✴✆✠ ✖❃✖ ✌ � ✁

v = u
� ✁

ux + w
� ✁

uz
✌✙✓ � ✁

∇F = ∂h
∂x

� ✁

ux −
� ✁

uz
❁✒✠☞☛❂✠ ✸ ✓ ★ ✌✙☛✑✓ ✕ ☛✦✥ ✘ ✌ ✖ ✌✙☛✑✓

✿ ✞ ✌✆✍
∂h

∂t
+ u(z = h)

∂h

∂x
−w(z = h) = 0 ✭ ✂✼✬ ✄ ✝ ✣

✣ ☛ ✞ ✓ ★✩✘✩★✍✔ ✥☞☛✑✓ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✭ ✂✼✬✄✂✗✂ ✣✙❁ ✠☞☛ ✏✒✌ ✞ ✓ ✣ ✆✙✛ ★ ✛✢✌ ✿ ✞ ✌ −w(z = h) = ∫ h
0
∂u
∂x

✟
z ✬ ✟ ☛

✏✒✌ ✞ ✓✫✥ ✘ ✠☞✛ ✔ ✌ ✹ ✌✍✆✙✓ ✞ ✌✙✛ ✘ ✌✝✆✕✥ ✘ ✆ ✞ ✘✒✔ ✞ ★ ✂ ✥☞☛✑✓✮✍

u(z = h)
∂h

∂x
− w(z = h) =

∫ h

0

∂u

∂x

✟
z + u(z = h)

∂h

∂x
=
∂(hU)

∂x

✠✧✦ ✍
hU =

∫ h

0
u(x, z)

✟
z

✱✯✛✞✝✞✆✕✌✵✱ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✯✭ ✂✼✬✄✂ ✂ ✣✙❁ ★✩✘ ✌ ✔ ✓✫✏✒✠ ✔✤✔✟★✩✸✜✘ ✌ ✟✜✌✜✆✕✥ ✘ ✆ ✞ ✘ ✌✙✛ hU ✍

hU =
h3

3η

[

γ
∂3h

∂x3
+
∂Π

∂x

]

✟ ☛ ✥☞✛✤✛ ★ ✂ ✌✠✟✜✠☞☛✙✆✵✱ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✍

∂h

∂t
+
∂(hU)

∂x
= 0

✿ ✞ ★ ☛ ✲ ✌ ✔ ✓✁✥ ✞ ✓✤✛✢✌ ✿ ✞ ✲ ✞ ☛✦✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✔✟✜✌✚✆✕✠☞☛✑✓ ★ ☛ ✞ ★ ✓ ✣ ✥ ✔✤✔ ✠ ✆ ★✍✣ ✌ ✥ ✞ ✔ ✆✕✥ ✘ ✥ ★ ✛✢✌ h ✬ ✣ ☛✷✌✄✒✼✏ ✘✩★ ✆ ★ ✓✢✥☞☛✑✓
✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛✕✟✜✌ hU ❁✼✠☞☛ ✠ ✸ ✓ ★ ✌✙☛✑✓ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✿ ✞ ★ ✛ ✣✕✪☞★ ✓ ✘ ✥☎✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌ ✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣✽✬

∂h

∂t
+
1

3η

[

γh3
∂3h

∂x3
+ h3

∂Π

∂x

]

= 0
✭ ✂✼✬ ✄ ✂ ✣



� �✁� � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

✴✆✌✙✓✤✓✢✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✖ ✠☞☛✑✓✤✛✢✌ ✿ ✞ ✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✥☞☛ ✔✫✘ ✌✯✓✢✌ ✖ ✏ ✔ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✘ ✠ ✆✕✥ ✘ ✌✠✟ ✞
✕✜✘ ✖ ✌ ✔ ✓ ✆✕✠☞☛✑✓✤✛✟✗ ✘✍✣ ✌✗✏✦✥☞✛ ✟✜✌ ✞ ✒ ✓✢✌✙✛ ✖ ✌ ✔ ✟ ★✛✹ ✣ ✛✢✌✙☛✑✓ ✔✕✬ ✶✁✌✗✏✜✛✢✌ ✖ ★ ✌✙✛ γ

3η
∂
∂x

[

h3 ∂
3h
∂x3

] ✌ ✔ ✓ ✞ ☛
✓✢✌✙✛ ✖ ✌☎✟✜✌ ✌ ✞ ✒ ✿ ✞ ★ ✓✤✛✢✥☞✟ ✞ ★ ✓ ✞ ☛ ✓✤✛✢✥☞☛ ✔ ✮✰✌✙✛✤✓✠✟✜✌ ✖ ✥☞✓ ★✓✗ ✛✢✌☎✟✜✌✙✏ ✞ ★✍✔✫✘ ✌ ✔ ✛ ✣✕✪☞★ ✠☞☛ ✔ ✠✧✦ ✘ ✥ ✆✕✠ ✞ ✛ ❀
✸ ✞ ✛✢✌✠✟✜✌ ✘✭✲✳★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌✵✌ ✔ ✓ ★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌ ✂ ✌✙✛ ✔✚✘ ✌ ✔ ✛ ✣✕✪☞★ ✠☞☛ ✔ ✠✧✦ ✘ ✥✒✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌✵✌ ✔ ✓✯✏ ✘ ✞ ✔ ✮✰✥ ★✩✸✜✘ ✌ ✬
✴✆✌✻✓✢✌✙✛ ✖ ✌✻✌ ✔ ✓✑✟ ★ ✛✢✌✍✆✙✓✢✌ ✖ ✌✙☛✑✓✚✛✢✌ ✘✩★✍✣ ✱ ✘ ✥✡✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌❃✶✁✥☞✏ ✘ ✥✞✆✕✌✽❁ ✿ ✞ ★ ✟✜✥☞☛ ✔ ☛✦✠☞✓✤✛✢✌ ✖ ✠ ✟ ✗✙✘ ✌
✞ ☛ ★ ✟ ★ ✖ ✌✙☛ ✔✟★ ✠☞☛✼☛✦✌ ✘ ✓✤✠ ✞ ✌ ✘ ✌✵✛✟✗ ✘ ✌✔✟ ✲ ✞ ☛✦✌✯✮✰✠☞✛✟✆✕✌✑✟✜✌✵✛✢✥☞✏✜✏✒✌ ✘✁✿ ✞ ★✁✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✌ ✘✭✲✳★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌✯✏ ✘ ✥☞☛✦✌ ✬
✣ ☛ ✪✽✣ ✠ ✖ ✣ ✓✤✛ ★ ✌☞✆☞✠ ✘✩★ ☛☛✟✼✛ ★✩✿ ✞ ✌✽❁ ✘ ✌ ✓✢✌✙✛ ✖ ✌✆✥☞☛✦✥ ✘ ✠ ✪ ✞ ✌✽❁✄✓✤✛✢✥☞✟ ✞ ★✍✔ ✥☞☛✑✓ ✞ ☛ ✌ ✞ ✒☎✟✜✌ ✖ ✥☞✓ ★✓✗ ✛✢✌ ✟✜✌✙✏ ✞ ★✍✔
✘ ✌ ✔ ✛ ✣✕✪☞★ ✠☞☛ ✔ ✟✜✌✻✮✰✥ ★✩✸✜✘ ✌✖✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌ ✂ ✌✙✛ ✔✵✘ ✌ ✔ ✛ ✣✕✪☞★ ✠☞☛ ✔ ✟✜✌✒✆✕✠ ✞ ✛ ✸ ✞ ✛✢✌✷✏ ✘ ✞ ✔✯★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌✽❁ ✌ ✔ ✓
✘ ✌ ✖ ✠☞✓✢✌ ✞ ✛✑✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✟✜✌ ☞ ✥✡✠ ✘ ✌ ★✍✪ ✎ ✬ ✶✁✌ ✔ ✌✍✆✕✠☞☛☛✟❂✓✢✌✙✛ ✖ ✌ γ
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∂x

] ✮✰✥ ★ ✓ ★ ☛✑✓✢✌✙✛ ❀
✂ ✌✙☛ ★ ✛ ✘ ✥✻✏✜✛✢✌ ✔✤✔✟★ ✠☞☛✗✟✜✌✔✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✟ ✞ ✕✜✘ ✖ ✬ ✺ ★ ❁ ✟✜✥☞☛ ✔ ☛✦✠☞✓✤✛✢✌ ✖ ✠ ✟ ✗✙✘ ✌ ✞ ☛ ★ ✟ ★ ✖ ✌✙☛ ✔✟★ ✠☞☛✜☛✜✌ ✘ ❁
✞ ☛✗✓✢✌✙✛ ✖ ✌✯✏✜✛✢✠ ✂ ✠ ✿ ✞ ✌ ✞ ☛✦✌✂✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✳★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌✚✏ ✘ ✥☞☛✦✌✽❁ ★✩✘ ✌ ✔ ✓✚✥ ✘ ✠☞✛ ✔ ✮✰✠☞✛✟✆ ✣ ✖ ✌✙☛✑✓
✛✢✌ ✘✩★✍✣ ✱ ✘ ✥✗✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌ ✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✬ ✖ ✠ ✞ ✔✹✔ ✠ ✞ ✘✩★✍✪ ☛✦✠☞☛ ✔✚✘ ✱ ✘✭✲✳★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✙✆✕✌ ✆✙✛ ✞ ✆ ★ ✥ ✘ ✌ ✿ ✞ ✌
✓✤✠ ✞ ✌ ✘ ✥✷✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌✠✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✥☞☛ ✔ ✆✕✌✙✓✤✓✢✌ ★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣✽✬

✖ ✠☞✓✢✠☞☛ ✔✆✿ ✞ ✌ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌★✭ ✂✼✬ ✄ ✂ ✣✧✏✒✌ ✞ ✓ ✆✙✓✤✛✢✌ ✘ ✌✚✏✒✠ ★ ☛✑✓ ✟✜✌✂✟ ✣ ✏✦✥☞✛✤✓✖✟✜✌✂✟✜✌ ✞ ✒
✓ ✠✑✏✒✌ ✔ ✟ ✲✾✣ ✓ ✞ ✟✜✌ ✔✕✬ ✶✁✌✷✏✜✛✢✌ ✖ ★ ✌✙✛✝✆✕✠☞☛ ✔✟★✍✔ ✓✢✌✷✱ ✌ ✹ ✌✍✆✙✓ ✞ ✌✙✛ ✞ ☛✦✌✷✥☞☛✦✥ ✘ ✠ ✔ ✌☎✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣✵✘✩★ ☛ ✣ ✥ ★ ✛✢✌
✥ ✕ ☛✗✟✜✌ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✌✙✛ ✘ ✌ ✔ ✌ ✞ ★✩✘ ✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣✽✬ ✴ ✲ ✌ ✔ ✓✝✆✕✌ ✿ ✞ ✌✵☛✦✠ ✞ ✔ ✏✜✛ ✣✕✔ ✌✙☛✑✓✢✠☞☛ ✔ ✟✜✥☞☛ ✔✆✘ ✥
✏✦✥☞✛✤✓ ★ ✌ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✬ ✶✁✌✑✟✜✌ ✞ ✒ ★✓✗ ✖ ✌✑✆✕✠☞☛ ✔✟★✍✔ ✓✢✌✷✌✙☛ ✞ ☛✦✌ ✣ ✓ ✞ ✟✜✌✹☛ ✞✜✖ ✣ ✛ ★✍✿ ✞ ✌✠✟✜✌ ✔✵✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✔ ✟✜✌
✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✰✭ ✂✼✬ ✄ ✂ ✣ ✬ ✴✆✠ ✖❃✖ ✌ ✆✕✌✙✓✤✓✢✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛❂✌ ✔ ✓✹☛✦✠☞☛ ✘✩★ ☛ ✣ ✥ ★ ✛✢✌✽❁✦✠☞☛❂✏✒✌ ✞ ✓ ✔✕✲ ✥☞✓✤✓✢✌✙☛☛✟✼✛✢✌✻✱
✂ ✠ ★ ✛✚✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓✤✛✢✌ ✞ ☛✦✌ ✘ ✥☞✛ ✪ ✌ ✂ ✥☞✛ ★✍✣ ✓ ✣ ✟✜✌ ✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✔✕✬ ✴✆✌✵✮ ✞ ✓ ✘ ✌✜✆✕✥ ✔ ✟✜✌ ✡ ✬ ✮✜✥☞☛✑✓✢✠☞☛ ✘ ✠☞✛ ✔ ✟✜✌
✘✭✲✾✣ ✓ ✞ ✟✜✌✖✟✜✌ ✕✜✘ ✖ ✔ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌ ✔ ✠ ✞✜✖ ★✍✔ ✱ ✞ ☛ ✪ ✛✢✥☞✟ ★ ✌✙☛✑✓ ✟✜✌✫✓✢✌✙☛ ✔✟★ ✠☞☛ ✔ ✞ ✏✒✌✙✛ ✕ ✆ ★ ✌ ✘✩✘ ✌ ✟✜✠☞☛✑✓ ✘ ✥
✟✑✠✑☛✦✥ ✖ ★✍✿ ✞ ✌✧✌ ✔ ✓ ✛ ✣✕✪☞★ ✌✆✏✦✥☞✛ ✞ ☛✦✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✻✓✢✠ ✞ ✓ ✱✵✮✰✥ ★ ✓ ✔✟★ ✖ ★✩✘ ✥ ★ ✛✢✌✧✱✜✆✕✌ ✘✩✘ ✌ ✿ ✞ ✌✆☛✦✠ ✞ ✔ ✂ ✌✙☛✦✠☞☛ ✔
✟ ✲✾✣ ✓✢✥ ✸✜✘✩★ ✛ ✚✍✌ ✂ ✛ ✬ ✶ ✲ ✥ ✞ ✓✤✛✢✌❃✥ ✂ ✥☞☛✑✓✢✥ ✪ ✌ ✿ ✞ ✌ ✘✭✲ ✠☞☛ ✏✒✌ ✞ ✓✵✓ ★ ✛✢✌✙✛✑✟ ✲ ✞ ☛✦✌ ✣ ✓ ✞ ✟✜✌✻☛ ✞✜✖ ✣ ✛ ★✍✿ ✞ ✌☎✟✜✌ ✔
✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✔ ✟✜✌✖✆✕✌✙✓✤✓✢✌ ✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✌ ✔ ✓ ✘ ✥❃✏✒✠ ✔✤✔✟★✩✸✜★✩✘✩★ ✓ ✣ ✟✜✌ ✖ ✠ ✟ ✣✙✘✩★✍✔ ✌✙✛✚✥ ✞ ✔✤✔✟★ ✏✜✛ ✣ ✆ ★✍✔✤✣ ✖ ✌✙☛✑✓ ✿ ✞ ✌
✏✒✠ ✔✤✔✟★✩✸✜✘ ✌ ✘ ✥✻✏✜✛✢✌ ✔✤✔✟★ ✠☞☛✗✟✜✌✔✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛✗✌✙✓ ✣☎✂ ✌✙☛✑✓ ✞ ✌ ✘✩✘ ✌ ✖ ✌✙☛✑✓✖✟✜✌✵✓✢✌ ✔ ✓✢✌✙✛✚✏ ✘ ✞ ✔✟★ ✌ ✞ ✛ ✔ ✖ ✠ ✟ ✗✙✘ ✌ ✔
✟✜✌✖✆✕✌✙✓✤✓✢✌✷✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌☎✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✌✙☛ ✏✜✛✢✌✙☛✦✥☞☛✑✓ ✣☎✂ ✌✙☛✑✓ ✞ ✌ ✘✩✘ ✌ ✖ ✌✙☛✑✓✯✌✙☛✔✆✕✠ ✖ ✏✜✓✢✌ ✘ ✌ ✔✯★ ☛✑✓✢✌✙✛ ❀
✥✞✆✙✓ ★ ✠☞☛ ✔ ✱ ✆✕✠ ✞ ✛✤✓✢✌✻✏✒✠☞✛✤✓ ✣ ✌ ✬ ✟ ☛❂✏✒✌ ✞ ✓✵✥ ✞ ✔✤✔✟★✆✣ ✓ ✞ ✟ ★ ✌✙✛✯✏✦✥☞✛ ✂ ✠ ★ ✌❃☛ ✞✜✖ ✣ ✛ ★✍✿ ✞ ✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣
✟ ✣☎✂ ✌ ✘ ✠☞✏✜✏ ✣ ✌❃✌✙✓ ✘ ✌ ✔✷✔ ✓✤✛ ✞ ✆✙✓ ✞ ✛✢✌ ✔✹✔ ✏✦✥☞✓ ★ ✠ ❀ ✓✢✌ ✖ ✏✒✠☞✛✢✌ ✘✩✘ ✌ ✔✵✿ ✞ ✲ ✌ ✘✩✘ ✌✻✏✜✛✢✠ ✟ ✞ ★ ✓✷✌✙☛ ✛✢✌ ✘ ✥☞✓ ★ ✠☞☛ ✥ ✂ ✌✍✆
✘✭✲✾✣ ✓ ✞ ✟✜✌✯✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✿ ✞ ✌✯☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣ ✌✯✏✜✛ ✣ ✆ ✣ ✟✜✌ ✖❃✖ ✌✙☛✑✓ ✬
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✖ ✠ ✞ ✔ ✏✒✌✙☛ ✔ ✠☞☛ ✔ ✟✜✠☞☛✙✆ ✿ ✞ ✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣✻✿ ✞ ✌✡☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✖ ★✍✔ ✌✡✌✙☛ ✣☎✂✑★ ✟✜✌✙☛✙✆✕✌❃✌ ✔ ✓❃✱
✘ ✥ ✸ ✥ ✔ ✌✔✟✜✌ ✆✕✠ ✖ ✏✒✠☞✛✤✓✢✌ ✖ ✌✙☛✑✓ ✔ ✂ ✥☞✛ ★✍✣✕✔ ❁ ✟✜✠☞☛✑✓ ✘✭✲ ✥☞☛✦✥ ✘ ✠ ✔ ✌✯✏✒✌✙✛ ✖ ✌✙✓ ✟ ✲ ✥☞✏✜✏✒✠☞✛✤✓✢✌✙✛ ✟✜✌ ✔✫★ ☛✜✮✰✠☞✛ ✖ ✥ ❀
✓ ★ ✠☞☛ ✔ ✥ ✞ ✔ ✞ ✓✤✌✙✓✑✟✜✌ ✔✹★ ☛✑✓✢✌✙✛✢✥✞✆✙✓ ★ ✠☞☛ ✔✵✔ ✏ ✣ ✆ ★ ✕✦✿ ✞ ✌ ✔✵✿ ✞ ★✆✔✕✲ ✌✄✒✜✌✙✛✟✆✕✌✙☛✑✓✻✌✙☛✑✓✤✛✢✌ ✘ ✌ ✆✙✛ ★✍✔ ✓✢✥ ✘ ✘✩★✍✿ ✞ ★ ✟✜✌
☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✚✌✙✓ ✘ ✌ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✔ ✠ ✘✩★ ✟✜✌ ✬

✄ ✁✁� ✁☎✄ � ✡✻❃❅✵✂✁ ✟ ✺ ✹✻✺✌✟✤✍ ❃ ✕✿✴✶✵✶✴☎✍ ✒ ✵✶✴ ✡ ✒✎❃❅✴✶✾ ✺
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� ✕ ☛ ✟✜✌✷✛ ✣ ✥ ✘✩★✍✔ ✌✙✛ ✘✭✲ ✥☞☛✦✥ ✘✆☎✼✔ ✌✑✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣✵✘✩★ ☛ ✣ ✥ ★ ✛✢✌✠✟✜✌ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✟ ☎ ☛✦✥ ✖ ★✍✿ ✞ ✌✫✭ ✂✼✬ ✄ ✂ ✣✙❁ ★✩✘
✮✰✥ ✞ ✓ ✔ ✌ ✟✜✠☞☛✜☛✦✌✙✛ ✞ ☛ ✖ ✠ ✟ ✗✙✘ ✌☎✟✜✌✻✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌☎✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟ ✣ ✓✤✱ ✟✜✥☞☛ ✔ ✆✕✌
✖ ✥☞☛ ✞ ✔ ✆✙✛ ★ ✓ ✟ ★✍✔ ✆ ✞ ✓ ✣❃✘ ✥ ✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌ ✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✟ ✲ ✞ ☛ ✕✜✘ ✖ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✞ ✛ ✞ ☛✦✌✡✏ ✘ ✥ ❀
✿ ✞ ✌✙✓✤✓✢✌✖✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ✬ ✶✁✌ ✔ ✏✜✛✢✠ ✕✜✘✍✔ ✌ ✘✩✘✩★ ✏ ✔ ✠ ✖ ✣ ✓✤✛ ★✩✿ ✞ ✌ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✞ ✒✹☛✦✠ ✞ ✔ ✠☞☛✑✓☞✆✕✠☞☛☛✟ ✞ ★ ✓ ✱
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☛ ✲ ✌ ✔ ✓✚✏✦✥ ✔ ✥ ★✍✔✤✣ ✌✠✟✜✥☞☛ ✔✫✘ ✥ ✖ ✌ ✔ ✞ ✛✢✌✵✠✧✦ ☛✦✠ ✞ ✔ ☛✦✌✠✟ ★✍✔ ✏✒✠ ✔ ✠☞☛ ✔ ✏✦✥ ✔ ✟ ✲ ✌✄✒✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✥☞☛✦✥ ✘✆☎ ✓ ★✍✿ ✞ ✌
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✶✁✌ ✔✘✕✜✘ ✖ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔✒✿ ✞ ✌ ☛✦✠ ✞ ✔✒✣ ✓ ✞ ✟ ★ ✠☞☛ ✔ ✔ ✠☞☛✑✓✏✟ ★ ✓ ✔ ✎ ☎✑✸ ✛ ★ ✟✜✌ ✔ ✆✕✥☞✛ ★✩✘✍✔✒✔ ✠☞☛✑✓ ✔ ✠ ✞✜✖ ★✍✔ ✱ ✟✜✌ ✔
✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌✵✥☞☛✑✓✢✥ ✪ ✠☞☛ ★✍✔ ✓✢✌ ✔ ✍✧✥☞☛✙✆✙✛✢✥ ✪ ✌ ✎ ✠ ✖ ✣ ✠☞✓✤✛✢✠☞✏✒✌✯✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌✤✭ ✥☞☛ ✪☞✘ ✌
✮✰✥✞✆ ★✩✘ ✌ ✣✕✪ ✥ ✘ ✱ ✝ ✣ ✌✙✓✧✥☞☛✙✆✙✛✢✥ ✪ ✌✫✏ ✘ ✥☞☛✦✥ ★ ✛✢✌✆✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌★✭ ✥☞☛ ✪☞✘ ✌✧✮✰✥✞✆ ★✩✘ ✌ ✣✕✪ ✥ ✘ ✱ π

2

✣ ✬ ✔ ✠ ✞ ✛
✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌✽❁ ☛✦✠ ✞ ✔ ✛✢✌✙✓ ★ ✌✙☛☛✟✼✛✢✠☞☛ ✔✁✘ ✥ ✖ ✠ ✟ ✣✙✘✩★✍✔ ✥☞✓ ★ ✠☞☛ ✟✜✌ ☞ ✥☞✏ ★ ☛ ★✩❀ ✔ ✥☞✏✒✠ ✞ ✘ ✥☞✛✁�❋✟ ✝✄✂ ✬ ✺ ★
✘✭✲ ✠☞☛✡☛✦✠☞✓✢✌ θ ❁ ✘✭✲ ✥☞☛ ✪☞✘ ✌ ✟ ✞ ✟ ★ ✛✢✌✍✆✙✓✢✌ ✞ ✛✧✥ ✞ ☛ ★ ✂ ✌✕✥ ✞ ✟ ✲ ✞ ☛✦✌ ✔ ✞ ✛✤✮✰✥✞✆✕✌✚✏✒✠ ✞ ✛ ✘ ✌ ✿ ✞ ✌ ✘✜✘✭✲ ✥☞☛ ✪☞✘ ✌✆✮✰✥✞✆ ★✩✘ ✌
✌ ✔ ✓ θf ❁ ✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌✚✥ ✔✤✔ ✠ ✆ ★✍✣ ✌✹✱✖✆✕✌✙✓✤✓✢✌✜✆✕✠☞☛ ✕✦✪ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✌ ✔ ✓✲✍

W (θ) =
1

2
W sin2(θ − θf )

✥ ✥☞☛ ✔✆✘ ✌✜✆✕✥ ✔✚✿ ✞ ★ ☛✦✠ ✞ ✔ ✆✕✠☞☛✙✆✕✌✙✛✤☛✦✌✽❁ ✘ ✌ ✔✫✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌✵✱✒✆✕✠☞☛ ✔✟★ ✟ ✣ ✛✢✌✙✛ ✔ ✠☞☛✑✓ ✍

W1(θ1) =
1

2
W1 cos

2(θ1)

W2(θ2) =
1

2
W2 sin

2(θ2)

✶ ✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✞ ✛✤✮✰✥✞✆ ★✍✿ ✞ ✌ ✟ ✲✳★ ☛✑✓✢✌✙✛✢✥✞✆✙✓ ★ ✠☞☛✡✌✙☛✑✓✤✛✢✌ ✘ ✌ ✔ ✟✜✌ ✞ ✒ ★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌ ✔ ✟ ✞ ✕✜✘ ✖ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌
✔✕✲✾✣ ✆✙✛ ★ ✓ ✟✜✠☞☛✙✆ ✍

P (h) = −1
2
sin2(θ1) +

1

2
W2 sin

2(θ2) +
K(θ2 − θ1)2

h
− A

12πh2



� �✛� � ✗✝�✝☎✖✄✠✞✆✟ ✑ ✟✁� ✑✝☎☎☞ ✞✘✗✝�✆� ✟✁�✁✂ ✂ ✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ � �✁�

✠✧✦
K

✌ ✔ ✓ ✞ ☛✦✌✝✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌✤✭ ✥☞✏✜✏✜✛✢✠✌✒ ★ ✖ ✥☞✓ ★ ✠☞☛✗✱ ✞ ☛✦✌✝✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ ✣✙❁ h ✌ ✔ ✓ ✘✭✲✾✣ ✏✦✥ ★✍✔✟❀
✔ ✌ ✞ ✛✕✟ ✞ ✕✜✘ ✖ ✌✙✓ ✘ ✌✂✟✜✌✙✛✤☛ ★ ✌✙✛ ✓✢✌✙✛ ✖ ✌ − A

12πh2

✌ ✔ ✓ ✘ ✌✚✓✢✌✙✛ ✖ ✌✠✟✜✌✚✛✢✥✞✆✍✆✕✠☞✛✒✟✜✌ ✖ ✌✙☛✑✓✄❁✑✥☞☛✦✥ ✘ ✠ ✪ ✞ ✌✵✱
✞ ☛✦✌ ★ ☛✑✓✢✌✙✛✢✥✞✆✙✓ ★ ✠☞☛☎✟✜✌✆✓ ☎ ✏✒✌ ✂ ✥☞☛ ✟✜✌✙✛ ✆❂✥✽✥ ✘✍✔✕✬ ✶ ✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ P (h) ✌ ✔ ✓ ✟ ✣ ✕ ☛ ★ ✌✧✱ ✞ ☛✦✌☞✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌
✏✜✛ ✗✕✔ ✍✆✠☞☛ ✥ ✆ ✎ ✠ ★✍✔✟★ ✆✕✌✙✓✤✓✢✌ ✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌✔✟✜✌✯✓✢✌ ✘✩✘ ✌ ✔ ✠☞✛✤✓✢✌ ✿ ✞ ✌ P (h) ✔ ✌✵✛ ✣ ✟ ✞ ★✍✔ ✌✵✥ ✞ ✓✢✌✙✛ ✖ ✌✠✟✜✌
✓ ☎ ✏✒✌ ✂ ✥☞☛ ✟✜✌✙✛ ✆❂✥✽✥ ✘✍✔ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘ ✥✔✟ ★✍✔ ✓✤✛ ★✩✸ ✞ ✓ ★ ✠☞☛☎✟ ✞ ✟ ★ ✛✢✌✍✆✙✓✢✌ ✞ ✛ ✌ ✔ ✓ ✎ ✠ ✖ ✠ ✪✤✗ ☛✦✌✕✟✜✥☞☛ ✔ ✘ ✌ ✕✜✘ ✖
☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✬

� ✕ ☛ ✟ ✲ ✥☞✟ ★ ✖ ✌✙☛ ✔✟★ ✠☞☛✜☛✜✌✙✛ P (h) ❁☞☛✦✠ ✞ ✔ ✟ ✣ ✕ ☛ ★✍✔✤✔ ✠☞☛ ✔✒✘ ✌ ✔ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣✕✔✁✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✔ ✍
x = W1h

K✌ ✔ ✓ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✫✥☞✟ ★ ✖ ✌✙☛ ✔✟★ ✠☞☛✜☛ ✣ ✌✕✟ ✞ ✕✜✘ ✖ ❁
ω = W2

W1

✌✙✓
Ã = AW1

12πK2
✬ ✟ ☛ ✠ ✸ ✓ ★ ✌✙☛✑✓✆✥ ✘ ✠☞✛ ✔ ✍

P̃ (x) =
P (h)

W1
= −1
2
sin2(θ1) +

ω

2
sin2(θ2) +

(θ2 − θ1)2
x

− Ã
x2

✶✁✌ ✔ ✥☞☛ ✪☞✘ ✌ ✔ θ1 ✌✙✓ θ2 ✔ ✠☞☛✑✓✖✟ ✣ ✓✢✌✙✛ ✖ ★ ☛ ✣✕✔ ✏✦✥☞✛ ✘ ✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✥ ✞ ✒ ✘✩★ ✖ ★ ✓✢✌ ✔ ✍ ✘ ✌ ✔ ✆✕✠ ✞ ✏ ✘ ✌ ✔
✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌✵✌✙✓ ✘ ✌ ✔ ✆✕✠ ✞ ✏ ✘ ✌ ✔✫✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌ ✔✧✔✕✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌✙☛ ✓✆✥ ✞ ☛ ★ ✂ ✌✕✥ ✞ ✟✜✌✜✆ ✎ ✥ ✿ ✞ ✌ ★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌ ✍

z = 0 z = h

✴✆✠ ✞ ✏ ✘ ✌ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌ K(θ2−θ1)
h

−K(θ2−θ1)
h

✴✆✠ ✞ ✏ ✘ ✌✂✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ 1
2
W1 sin(2θ1) −12W2 sin(2θ2)

� ☛ ✞ ✓ ★✩✘✩★✍✔ ✥☞☛ ✓ ✘ ✌ ✔✫✿ ✞ ✥☞☛✑✓ ★ ✓ ✣✕✔✆✔ ✥☞☛ ✔ ✟ ★ ✖ ✌✙☛ ✔✟★ ✠☞☛ ✔ ✆ ★✩❀ ✟✜✌ ✔✤✔ ✞ ✔ ❁✑✠☞☛ ✥ ✍

θ2 − θ1 +
1

2
xω sin(2θ2) = 0

✭ ✂✼✬ ✄ ✄✤✣

θ2 − θ1 +
1

2
x sin(2θ1) = 0

✭ ✂✼✬ ✄ ✌ ✣

✟ ☛ ✥ ✘ ✱ ✓✢✠ ✞ ✓✢✌ ✔✻✘ ✌ ✔ ✟✜✠☞☛✜☛ ✣ ✌ ✔ ☛ ✣ ✆✕✌ ✔✤✔ ✥ ★ ✛✢✌ ✔ ✱ ✞ ☛✦✌ ✣ ✓ ✞ ✟✜✌✗☛ ✞✜✖ ✣ ✛ ★✍✿ ✞ ✌ ✟✜✌ ✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌
✔ ✞ ✛✤✮✰✥✞✆ ★✍✿ ✞ ✌✗✟ ✲✳★ ☛✑✓✢✌✙✛✢✥✞✆✙✓ ★ ✠☞☛ ✌✙☛✑✓✤✛✢✌ ✘ ✌ ✔ ✟✜✌ ✞ ✒ ★ ☛✑✓✢✌✙✛✤✮✰✥✞✆✕✌ ✔ ✟ ✞ ✕✜✘ ✖ ✬ � ☛ ✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★ ✌✙✛✄❁ ✘ ✌ ✔



� �✁� � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✭ ✂✼✬ ✄ ✄✤✣✆✌✙✓★✭ ✂✼✬ ✄ ✌ ✣✧✏✒✌✙✛ ✖ ✌✙✓✤✓✢✌✙☛✑✓✖✟ ✲✾✣ ✓✢✥ ✸✜✘✩★ ✛ ✞ ☛ ✟ ★ ✥ ✪ ✛✢✥ ✖❃✖ ✌ ✟✜✌✚✏ ✎ ✥ ✔ ✌✂✟ ✲ ✞ ☛ ✕✜✘ ✖
☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✎ ☎✑✸ ✛ ★ ✟✜✌✁� ✡ �✄✂ ✬ ✂ ✘ ✌ ✔ ✓✏✟ ✣ ✓✤✱✯✛✢✌ ✖ ✥☞✛ ✿ ✞ ✥ ✸✜✘ ✌ ✿ ✞ ✌ ✘ ✌ ✔ ✆✕✠☞☛ ✕✦✪ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✔ ✎ ✠ ✖ ✠ ✪✤✗ ☛✦✌ ✔
θ1 = θ2 = 0

✠ ✞ π
2
✔ ✠☞☛✑✓✫✓✢✠ ✞ ✓✤✠ ✞ ✛ ✔ ✟✜✌ ✔✫✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✔ ✟✜✌ ✔✆✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✭ ✂✼✬ ✄ ✄✤✣✆✌✙✓★✭ ✂✼✬ ✄ ✌ ✣ ✬✁� ✥ ★✍✔

✆✕✌ ✔ ✆✕✠☞☛ ✕✦✪ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✔ ☛✦✌ ✔ ✠☞☛✑✓✆✏✦✥ ✔ ☛ ✣ ✆✕✌ ✔✤✔ ✥ ★ ✛✢✌ ✖ ✌✙☛✑✓ ✔ ✓✢✥ ✸✜✘ ✌ ✔✕✬ ✴✆✌ ✘ ✥✔✟ ✣ ✏✒✌✙☛☛✟☎✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛
✟ ✞ ✕✜✘ ✖ ✌✙✓✠✟✜✌ ✘✭✲✳★ ☛✑✓✢✌✙☛ ✔✟★ ✓ ✣ ✛✢✌ ✘ ✥☞✓ ★ ✂ ✌✠✟✜✌ ✔ ✟✜✌ ✞ ✒ ✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ ✬ ✏ ✓ ★ ✓✤✛✢✌✠✟ ✲ ✌✄✒✜✌ ✖ ✏ ✘ ✌✽❁
✆✕✠☞☛ ✔✟★ ✟ ✣ ✛✢✠☞☛ ✔✵✘ ✌✒✆✕✥ ✔ ✠✧✦ xω ≫ 1 ✭✼✘☎✜✙★ ✜ h ≫ K

W2

✌✙☛ ✂ ✥☞✛ ★ ✥ ✸✜✘ ✌ ✔ ✟ ★ ✖ ✌✙☛ ✔✟★ ✠☞☛✜☛ ✣ ✌ ✔ ✣ ✬ ✶✁✌ ✔
✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✭ ✂✼✬ ✄ ✄✤✣✫✌✙✓✤✭ ✂✼✬ ✄ ✌ ✣✎✆✕✠☞☛☛✟ ✞ ★✍✔ ✌✙☛✑✓✫✥ ✞ ✒ ✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✔ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✣ ✌ ✔✫✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✔ ✍

θ2 =
1

xω
θ1 ≪ θ1

✭ ✂✼✬ ✄ ✌ ✣

✌✙✓
sin(2θ1)

2θ1
= x

✭ ✂✼✬ ✄✄✂✤✣

✥ ✌ ✞ ✒ ✆✕✥ ✔✚✔ ✠☞☛✑✓✵✱❃✌✙☛ ✂✑★✍✔ ✥ ✪ ✌✙✛ ✬ ✺ ★ x < 1 ❁✦✥ ✘ ✠☞✛ ✔✫✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✭ ✂✼✬ ✄✄✂✤✣✚✥☞✟ ✖ ✌✙✓ ✞ ☛✦✌ ✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✬
✥ ✥☞☛ ✔ ✆✕✌ ✆✕✥ ✔ ❁ ✔ ✥☞☛ ✔ ✓✢✌✙☛ ★ ✛ ✆✕✠ ✖ ✏✜✓✢✌✠✟ ✞ ✓✢✌✙✛ ✖ ✌✠✟✜✌✵✓ ☎ ✏✒✌ ✂ ✥☞☛ ✟✜✌✙✛✄✆❂✥✽✥ ✘✍✔ ❁ ✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✞ ✛✤✮✰✥ ❀
✆ ★✍✿ ✞ ✌ P̃ ✂ ✥ ✞ ✓ −1

2
sin2(θ1)− 2θ2

1

sin(2θ1)
✬ ✟ ☛✡✠ ✸ ✓ ★ ✌✙☛✑✓ ✞ ☛✦✌ ✂ ✥ ✘ ✌ ✞ ✛✁☛ ✣✕✪ ✥☞✓ ★ ✂ ✌✽❁ ✖ ✠☞☛✑✓✤✛✢✥☞☛✑✓ ✿ ✞ ✌✽❁

✟✜✥☞☛ ✔ ✆✕✌✒✆✕✥ ✔ ❁✚✆ ✲ ✌ ✔ ✓ ✘ ✥ ✆✕✠☞☛ ✕✦✪ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✟ ★✍✔ ✓✢✠☞✛✒✟ ✞ ✌ ✿ ✞ ★ ✌ ✔ ✓ ✘ ✥✗✏ ✘ ✞ ✔✵✔ ✓✢✥ ✸✜✘ ✌ ✬ ✏ ✘✭✲ ✠☞✏✜✏✒✠ ✔✤✣ ❁
✔✟★ x > 1 ❁ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✭ ✂✼✬ ✄✄✂✤✣✷☛ ✲ ✥☞✟ ✖ ✌✙✓✷✏✦✥ ✔ ✟✜✌ ✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✬ � ✓✻✏✦✥☞✛✖✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✑✓✄❁ ✔ ✌ ✞ ✘ ✌
✞ ☛✦✌ ✆✕✠☞☛ ✕✦✪ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✎ ✠ ✖ ✠ ✪✤✗ ☛✦✌ ✟ ✞ ✟ ★ ✛✢✌✍✆✙✓✢✌ ✞ ✛ θ1 = θ2 = θ ✌ ✔ ✓❃✏✒✠ ✔✤✔✟★✩✸✜✘ ✌ ✬ ✶ ✲✾✣ ☛✦✌✙✛ ✪☞★ ✌
✔ ✞ ✛✤✮✰✥✞✆ ★✍✿ ✞ ✌ ✂ ✥ ✞ ✓✄❁✧✓✢✠ ✞ ✓✤✠ ✞ ✛ ✔✻✔ ✥☞☛ ✔ ✓✢✌✙☛ ★ ✛✒✆✕✠ ✖ ✏✜✓✢✌ ✟ ✞ ✓✢✌✙✛ ✖ ✌ ✟✜✌✗✓ ☎ ✏✒✌ ✂ ✥☞☛ ✟✜✌✙✛ ✆❂✥✽✥ ✘✍✔ ❁

−12(1−ω) sin2 θ
✬ ☛✁✠ ✞ ✓✕✟ ✣ ✏✒✌✙☛☛✟❃✥ ✘ ✠☞✛ ✔ ✟✜✌ ω ✬ ✺ ★ ω ≫ 1 ❁✼✥ ✘ ✠☞✛ ✔ ✠☞☛ ✠ ✸ ✓ ★ ✌✙☛✑✓ θ = 0 ❁✑✥ ✘ ✠☞✛ ✔

✿ ✞ ✌✠✟✜✥☞☛ ✔✆✘ ✥ ✘✩★ ✖ ★ ✓✢✌ ★ ☛ ✂ ✌✙✛ ✔ ✌✯✠✧✦ ω ≪ 1 ❁✜✠☞☛ ✥
θ = π

2
✬

✟ ☛❂✥✗✟✜✠☞☛✙✆ ✞ ☛✦✌✻✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ✟ ✞ ✟✜✌ ✞ ✒ ★✓✗ ✖ ✌✻✠☞✛✒✟✼✛✢✌✻✏✒✠ ✞ ✛ x = 1 ✬ ✔ ✠ ✞ ✛✷✓✤✛✢✠ ✞ ✂ ✌✙✛ ✘ ✌ ✔
✘✩★✍✪ ☛✦✌ ✔ ✟✜✌✷✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✁❁✜✠☞☛ ✏✒✌ ✞ ✓ ✘✩★ ☛ ✣ ✥☞✛ ★✍✔ ✌✙✛ ✘ ✌ ✔ ☎✼✔ ✓ ✗ ✖ ✌✑✟✜✌ ✔✵✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✭ ✂✼✬ ✄ ✄✤✣✵✌✙✓☎✭ ✂✼✬ ✄ ✌ ✣
✥ ✞ ✓✢✠ ✞ ✛✑✟✜✌ ✘ ✥ ✆✕✠☞☛ ✕✦✪ ✞ ✛✢✥☞✓ ★ ✠☞☛ ✎ ✠ ✖ ✠ ✪✤✗ ☛✦✌✒✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✑✓✹✱ ω ≪ 1 ✌✙✓✷✱ ω ≫ 1 ✬ ✟ ☛
✠ ✸ ✓ ★ ✌✙☛✑✓✮✍

x =
1

ω
− 1 pour ω ≪ 1 et x = 1− 1

ω
pour ω ≫ 1

✶✁✌✠✟ ★ ✥ ✪ ✛✢✥ ✖❃✖ ✌✂✟✜✌✯✏ ✎ ✥ ✔ ✌✯✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣✯✔ ✞ ✛ ✘ ✥ ✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬✄✂ � ✣✆✛ ✣✕✔ ✞✜✖ ✌✝✆✕✌ ✔ ✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓ ✔✕✬
✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✛✢✥☞✏✜✏✒✌ ✘✍✣ ✟✜✥☞☛ ✔✆✘ ✌✝✆ ✎ ✥☞✏ ★ ✓✤✛✢✌ ✌✼✬✍✌✼✬ ✄ ✘ ✌ ✔ ✠☞✛✒✟✼✛✢✌ ✔ ✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛✖✟✜✌ ✔✫✣ ☛✦✌✙✛ ✪☞★ ✌ ✔

✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌☎✂✽✴✞✡☎✆ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✔ ✠ ✘✩★ ✟✜✌ ✿ ✞ ✌ ✘✭✲ ✠☞☛✷✓✤✛✢✠ ✞ ✂ ✌✖✟✜✥☞☛ ✔✁✘ ✥ ✘✩★ ✓✤✓ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✬ ✶✁✌ ✔ ✂ ✥ ✘ ✌ ✞ ✛ ✔✁✿ ✞ ✌
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☎✁�✝✆✟✞ ✂✼✬✄✂ � ✍ � ✘✢✔✸✪ ✝✯✔✤✒✆✒✕★ ✥✳★❙✰ ✂✑✔✞✚✞★ ✥✠✟ ✧✎✣ ✠✌✶✄✒ ✣✩✏✓✒✕✔✗✖✙✘✢✷✓✧✑★ ✂ ☎ ☎✌✝✓✘✢✥✳★ ✜

☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✖ ✌✙☛✑✓ ★ ✠☞☛✜☛ ✣ ✌ ✔ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✌✙☛✑✓✫✱ ✟✜✌ ✔✫✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✔ ✟ ✲ ✌✄✒✼✓✤✛✢✥☞✏✒✠ ✘ ✥☞✓ ★ ✠☞☛ L1 = K
W1✟✜✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌✔✟✜✌ ✿ ✞ ✌ ✘✍✿ ✞ ✌ ✔ ✆✕✌✙☛✑✓✢✥ ★ ☛✦✌ ✔ ✟✜✌✹☛✦✥☞☛✦✠ ✖ ✗ ✓✤✛✢✌ ✔✕✬ ✶✁✌☎✟ ★ ✥ ✪ ✛✢✥ ✖❃✖ ✌✑✟✜✌✹✏ ✎ ✥ ✔ ✌✚✭ ✂✼✬✄✂ � ✣

✖ ✠☞☛✑✓✤✛✢✌ ✿ ✞ ✲ ✞ ☛✦✌ ✟ ★✍✔ ✓✢✠☞✛✤✓ ★ ✠☞☛ ✏✒✌ ✞ ✓✷✌✄✒ ★✍✔ ✓✢✌✙✛☎✟✜✥☞☛ ✔ ✞ ☛ ✕✜✘ ✖ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✘ ✥☞✛ ✪ ✌ ✖ ✌✙☛✑✓ ★ ☛✜✮ ✣✙❀
✛ ★ ✌ ✞ ✛✢✌✵✱ L1 ❁ ✟ ★✍✔ ✠☞☛ ✔ ✟✜✌ ✿ ✞ ✌ ✘✍✿ ✞ ✌ ✔ ✟ ★☎✄ ✥ ★ ☛✦✌ ✔ ✟✜✌✵☛✦✥☞☛✦✠ ✖ ✗ ✓✤✛✢✌ ✔ ❁ ✔✟★✒✘ ✌ ✔✚✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌
✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌✆✌✙✓✧✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌ ✔ ✠☞☛✑✓ ✏✜✛✢✠ ✆ ✎ ✌ ✔ ❁ ✥ ✞ ✓✤✛✢✌ ✖ ✌✙☛✑✓✏✟ ★ ✓ ✔✟★✜✘ ✌✆✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌

ω
✌ ✔ ✓✹✏✜✛✢✠ ✆ ✎ ✌ ✟✜✌ ✂ ✬✁✟ ✛✄❁ ✘ ✌ ✔ ✖ ✡ ✖ ✌ ✔ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ☛ ✞✜✖ ✣ ✛ ★✍✿ ✞ ✌ ✔✵✿ ✞ ✌✻☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟✜✠☞☛✜☛ ✣ ✌ ✔

✟✜✥☞☛ ✔✁✘ ✌☞✆ ✎ ✥☞✏ ★ ✓✤✛✢✌ ✌✼✬✍✌✼✬ ✄ ✖ ✠☞☛✑✓✤✛✢✌✙☛✑✓ ✿ ✞ ✌☞✆✕✌ ✔ ✟✜✌ ✞ ✒ ✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ ✔ ✠☞☛✑✓ ✓✤✛ ✗✕✔ ✏✜✛✢✠ ✆ ✎ ✌ ✔✕✬

✔ ✥☞✛✑✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✑✓✄❁✁✠☞☛❂☛✦✌✻✏✒✌ ✞ ✓✵✏✦✥ ✔ ✌✄✒ ✆ ✘ ✞ ✛✢✌ ✿ ✞ ✲✳★✩✘ ✌✄✒ ★✍✔ ✓✢✌ ✞ ☛✦✌☎✟ ★✍✔ ✓✢✠☞✛✤✓ ★ ✠☞☛ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌
✟✜✥☞☛ ✔✻✘ ✌ ✔✒✕✜✘ ✖ ✔ ✎ ☎✑✸ ✛ ★ ✟✜✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔✻✿ ✞ ✌✗☛✦✠ ✞ ✔✡✣ ✓ ✞ ✟ ★ ✠☞☛ ✔ ❁✏✟✜✠☞☛✑✓ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛❃✌ ✔ ✓ ✟✜✌
✘✭✲ ✠☞✛✒✟✼✛✢✌✂✟✜✌ ✿ ✞ ✌ ✘✍✿ ✞ ✌ ✔ ✟ ★☎✄ ✥ ★ ☛✦✌ ✔ ✟✜✌✯☛✦✥☞☛✦✠ ✖ ✗ ✓✤✛✢✌ ✔✕✬

✮ ★ ✒✜✠☞☛ ✔ ❁ ✱ ✓ ★ ✓✤✛✢✌ ★ ☛☛✟ ★ ✆✕✥☞✓ ★ ✮✟❁ ω ✱ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛ ✂ ✬ ✄ ✬ ✟ ☛ ✔ ✞ ✏✜✏✒✠ ✔ ✌ ✟✜✠☞☛✙✆ ✿ ✞ ✌ ✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌
✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌✗✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌❃✌ ✔ ✓ ✘✍✣✕✪✤✗ ✛✢✌ ✖ ✌✙☛✑✓✷✏ ✘ ✞ ✔✹★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌ ✿ ✞ ✌ ✘✭✲✾✣ ☛✦✌✙✛ ✪☞★ ✌ ✟ ✲ ✥☞☛ ❀
✆✙✛✢✥ ✪ ✌ ✱ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✔ ✠ ✘✩★ ✟✜✌✽❁☞✆✕✠☞☛✜✮✰✠☞✛ ✖ ✣ ✖ ✌✙☛✑✓❃✥ ✞ ✒ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✖ ✌ ✔ ✞ ✛ ✣ ✌ ✔ ✟✜✌ ✆✕✌ ✔✡✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ❁
✿ ✞ ✌✻☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣ ✌ ✔ ✟✜✥☞☛ ✔✵✘ ✌✒✆ ✎ ✥☞✏ ★ ✓✤✛✢✌ ✌✼✬✍✌✼✬ ✄ ✬ ✶✁✥ ✛ ✣✕✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ☛ ✞✜✖ ✣ ✛ ★✍✿ ✞ ✌✑✟✜✌ ✔
✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✭ ✂✼✬ ✄ ✄✤✣✧✌✙✓✻✭ ✂✼✬ ✄ ✌ ✣ ✏✒✌✙✛ ✖ ✌✙✓✏✟✜✌✎✆✕✠☞☛✜☛✦✥✟✞✍✓✤✛✢✌ ✘ ✌ ✔ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✟✜✌ ✔ ✥☞☛ ✪☞✘ ✌ ✔ θ1 ✌✙✓ θ2 ✏✒✠ ✞ ✛✓✢✠ ✞ ✓✢✌ ✂ ✥ ✘ ✌ ✞ ✛✕✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✆✥☞✟ ★ ✖ ✌✙☛ ✔✟★ ✠☞☛✜☛ ✣ ✌ x ✟ ✞ ✕✜✘ ✖ ✬ ✶✁✌ ✔ ✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✔ ✟✜✌✜✆✕✌ ✔ ✥☞☛ ✪☞✘ ✌ ✔
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θ1

★✸✖
θ2

★✓✣ ✚✸✜✤✣ ✘✸✖✙✘✢✜✤✣✴✥✳★✦✶ ✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝
✔✳✥✤✘✙✒✕★✓✣✬✚✓✘✢✜✤✣✑✣✩✏✯★
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✠❙✰✁✜✤✧☞✝ ✥✳★✯✚ ✏✓✣✩★✌✝✢✪✗✘✢★✯✚ ✥✠✟❉✔✤✣ ✘✌✝✯✔✸✪✎★
W1

★✸✖
W2

✎✗✜✤✘✛✚✓✘✙✣✩★✯✚ ✡
ω =

1.2
☞ ✜

✥ ✂ ✌✍✆ x ✔ ✠☞☛✑✓✚✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣ ✌ ✔ ✟✜✥☞☛ ✔✆✘ ✌ ✪ ✛✢✥☞✏ ✎ ✌✂✟✜✌ ✘ ✥ ✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬ ✄ ✝ ✣ ✬

✶✁✌ ✔✖✕✜✘ ✖ ✔❃✿ ✞ ✌✗☛✦✠ ✞ ✔❃✣ ✓ ✞ ✟ ★ ✠☞☛ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✖ ✌✙☛ ✓✻✠☞☛✑✓ ✞ ☛✦✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛❃✥☞✟ ★ ✖ ✌✙☛ ❀
✔✟★ ✠☞☛✜☛ ✣ ✌ ✟✜✌ ✿ ✞ ✌ ✘✍✿ ✞ ✌ ✔ ✟ ★☎✄✙★✓✗ ✖ ✌ ✔✕✬ ✶✁✌ ✪ ✛✢✥☞✏ ✎ ✌ ✭ ✂✼✬ ✄ ✝ ✣ ✖ ✠☞☛✑✓✤✛✢✌ ✿ ✞ ✌✽❁ ✟✜✥☞☛ ✔✻✘✭✲ ✎ ☎ ✏✒✠☞✓ ✎ ✗✕✔ ✌
✠✧✦ ✘ ✌ ✔✆✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ W1 ✌✙✓ W2 ✔ ✠☞☛✑✓ ✂ ✠ ★✍✔✟★ ☛✦✌ ✔ ❁ ✘ ✥☎✟ ★✛✹ ✣ ✛✢✌✙☛✙✆✕✌ |θ2 − θ1| ✂ ✥☞✛ ★ ✌✫✏✒✌ ✞
✌✙✓ ✔ ✠☞☛❃✠☞✛✒✟✼✛✢✌✏✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛✁✌ ✔ ✓✌✟✜✌ ✿ ✞ ✌ ✘✍✿ ✞ ✌ ✔ ✟✜✌ ✪ ✛ ✣✕✔ ❁ ✔ ✠ ★ ✓ ✿ ✞ ✌ ✘✍✿ ✞ ✌ ✔ ✟ ★☎✄✙★✓✗ ✖ ✌ ✔ ✟✜✌ ✛✢✥☞✟ ★ ✥☞☛ ✔✕✬

✂ ✘✹✔ ✌ ✖ ✸✜✘ ✌✗✟✜✠☞☛✙✆ ✛✢✥ ★✍✔ ✠☞☛✜☛✦✥ ✸✜✘ ✌✗✏✒✠ ✞ ✛✗✌ ✹ ✌✍✆✙✓ ✞ ✌✙✛ ✞ ☛✦✌ ✥☞☛✦✥ ✘✆☎✼✔ ✌✗✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣✗✘✩★ ☛ ✣ ✥ ★ ✛✢✌
✔✟★ ✖ ✏ ✘✩★ ✕✦✣ ✌✂✟✜✌ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✭ ✂✼✬ ✄ ✂ ✣✂✟✜✌✹☛✦✌✹✏✦✥ ✔ ✆✕✠☞☛ ✔✟★ ✟ ✣ ✛✢✌✙✛ ✞ ☛ ✆✕✠ ✞ ✏ ✘ ✥ ✪ ✌✷✌✙☛✑✓✤✛✢✌ ✘ ✌ ✔ ✥☞☛ ✪☞✘ ✌ ✔
✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌✷✌✙✓ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✟ ✞ ✕✜✘ ✖ ✬ ✴✆✌✙✓✤✓✢✌ ✎ ☎ ✏✒✠☞✓ ✎ ✗✕✔ ✌✵☛✦✌✵✏✦✥☞✛✢✥✟✞✍✓✚✓ ✞ ✔ ✓ ★ ✕✦✣ ✌ ✿ ✞ ✌✔✟✜✥☞☛ ✔✫✘ ✥
✖ ✌ ✔ ✞ ✛✢✌✯✠✧✦ ✘ ✌ ✔ ✕✜✘ ✖ ✔✧✣ ✓ ✞ ✟ ★✍✣✕✔ ✠☞☛✑✓ ✟✜✌ ✔✆✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔✧★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛✢✌ ✔ ✱ ✿ ✞ ✌ ✘✍✿ ✞ ✌ ✔ ✆✕✌✙☛✑✓✢✥ ★ ☛✦✌ ✔ ✟✜✌
☛✦✥☞☛✦✠ ✖ ✗ ✓✤✛✢✌ ✔ ✌✙✓ ✘ ✌ ✔ ✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ ✔ ✠☞☛✑✓ ✂ ✠ ★✍✔✟★ ☛✦✌ ✔ ✭ ✆✕✌ ✿ ✞ ✌ ✔ ✞ ✪✽✪✤✗ ✛✢✌✙☛✑✓ ✘ ✌ ✔ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✟✜✌
✆✕✌ ✔✆✣ ☛✦✌✙✛ ✪☞★ ✌ ✔ ✓✤✛✢✠ ✞ ✂ ✣ ✌ ✔ ✟✜✥☞☛ ✔ ✘ ✥ ✘✩★ ✓✤✓ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✣ ✬ ☛✁✠ ✞ ✓✢✌✙✮✰✠ ★✍✔ ❁ ✘ ✌✚✮✰✥ ★✩✸✜✘ ✌ ✣ ✆✕✥☞✛✤✓✚✌✙☛✑✓✤✛✢✌ ✘ ✌ ✔ ✟✜✌ ✞ ✒
✥☞☛ ✪☞✘ ✌ ✔ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌❃✏✒✌✙✛ ✖ ✌✙✓✔✟ ✲ ✌✙☛ ✂✑★✍✔ ✥ ✪ ✌✙✛ ✞ ☛ ✔ ✆ ✣ ☛✦✥☞✛ ★ ✠ ✥ ✘ ✓✢✌✙✛✤☛✦✥☞✓ ★ ✮✟❁ ✸ ✥ ✔✤✣❃✔ ✞ ✛ ✘ ✌✻✏ ✔ ✌ ✞ ✟✜✠ ❀
✌ ✹ ✌✙✓✯✴✆✥ ✔✟★ ✖ ★ ✛✆✥☞✏✜✏ ✘✩★✍✿ ✞ ✣ ✥ ✞ ✆✕✥ ✔ ✟✜✌ ✔ ✆✙✛ ★✍✔ ✓✢✥ ✞ ✒ ✘✩★✍✿ ✞ ★ ✟✼✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔✕✬ ✴✆✌✙✓✚✌ ✹ ✌✙✓✄❁✼✥ ✔✤✔ ✠ ✆ ★✍✣
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✥ ✞ ✒✁� ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✟ ✞ ✟ ★ ✛✢✌✍✆✙✓✢✌ ✞ ✛ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✽❁✄✥ ✣ ✓ ✣ ✏✜✛ ★✍✔ ✌✙☛✖✆✕✠ ✖ ✏✜✓✢✌ ✟✜✥☞☛ ✔ ✞ ☛ ✖ ✠ ✟ ✗✙✘ ✌ ✿ ✞ ✌
� ★ ✎ ✌✙✛ ✘ ✌✙✓✻✥ ✘✭✬ ✠☞☛✑✓☎✟ ✣☎✂ ✌ ✘ ✠☞✏✜✏ ✣ ✏✒✠ ✞ ✛ ★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓✢✌✙✛✯☛✦✠ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✌✙☛✙✆✕✌ ✔✕✬ ✖ ✠ ✞ ✔ ✛✢✥☞✏✜✏✒✠☞✛✤✓✢✠☞☛ ✔
✆✕✌ ✔ ✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓ ✔ ✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌ ✔ ✟✜✥☞☛ ✔✚✘ ✥ ✆✕✠☞☛✙✆ ✘ ✞ ✔✟★ ✠☞☛ ✟✜✌✖✆✕✌✖✆ ✎ ✥☞✏ ★ ✓✤✛✢✌✷✌✙✓✵✮✰✥ ★✍✔ ✠☞☛ ✔✯✘ ✌ ✘✩★ ✌✙☛ ✥ ✂ ✌✍✆
☛✦✠☞✓✤✛✢✌ ✖ ✠ ✟ ✗✙✘ ✌ ✬
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✟ ☛ ✥☞✏✜✏✒✌ ✘✩✘ ✌ h0 ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ★ ☛ ★ ✓ ★ ✥ ✘ ✌☎✟ ✲ ✞ ☛ ✕✜✘ ✖ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ★ ☛ ✕ ☛ ★ ✟ ✣ ✏✒✠ ✔✤✣❃✔ ✞ ✛ ✘ ✌ ✔ ✞ ✸✜❀
✔ ✓✤✛✢✥☞✓ ✔ ✠ ✘✩★ ✟✜✌ ✬✠✟ ☛ ✌✙☛ ✂✑★✍✔ ✥ ✪ ✌ ✞ ☛✦✌ ✟ ✣ ✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛ ✔✟★ ☛ ✞ ✔ ✠✄✂ ✟✜✥ ✘ ✌ ✞ ☛ ★ ✟ ★ ✖ ✌✙☛ ✔✟★ ✠☞☛✼☛✦✌ ✘ ✘ ✌ ✟✜✌ ✘ ✥
✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌ ✟ ✞ ✕✜✘ ✖ ✟✜✥☞☛ ✔✷✘ ✥ ✟ ★ ✛✢✌✍✆✙✓ ★ ✠☞☛ ✟✜✌ ✘✭✲ ✥✓✒✜✌ (Ox) ✏✦✥☞✛✢✥ ✘✩✘✓✗✙✘ ✌✡✥ ✞ ✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓☛✭✙✘✛✚✢✜
✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬✄✂ ✂ ✣ ✣ ✬ ✶ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✘ ✠ ✆✕✥ ✘ ✌✂✟ ✞ ✕✜✘ ✖ ✔✕✲✾✣ ✆✙✛ ★ ✓✕✟✜✠☞☛✙✆ ✔ ✠ ✞ ✔✆✘ ✥✷✮✰✠☞✛ ✖ ✌ ✍

h(x, t) = h0 + ξ0(t) sin(qx)

✠✧✦
ξ0(t)

✌✙✓
q
✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌✙☛✑✓✯✛✢✌ ✔ ✏✒✌✍✆✙✓ ★ ✂ ✌ ✖ ✌✙☛✑✓ ✘✭✲ ✥ ✖ ✏ ✘✩★ ✓ ✞ ✟✜✌✵✌✙✓ ✘ ✌ ✂ ✌✍✆✙✓✢✌ ✞ ✛✔✟ ✲ ✠☞☛☛✟✜✌✑✟✜✌ ✘ ✥

� ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛✢✆✕✠☞☛ ✔✟★ ✟ ✣ ✛ ✣ ✌ ✬ � ✕ ☛ ✟✜✌ ✘✩★ ☛ ✣ ✥☞✛ ★✍✔ ✌✙✛ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✰✭ ✂✼✬ ✄ ✂ ✣✙❁✒☛✦✠ ✞ ✔✵✔ ✞ ✏✜✏✒✠ ✔ ✠☞☛ ✔✯✿ ✞ ✌
ξ0 ≪ h0 ✬ ✖ ✠ ✞ ✔ ✮✰✥ ★✍✔ ✠☞☛ ✔ ✛✢✌ ✖ ✥☞✛ ✿ ✞ ✌✙✛ ✿ ✞ ✌ ✘ ✥✗✮✰✠☞✛ ✖ ✌ ✆ ✎ ✠ ★✍✔✟★ ✌✻✏✒✠ ✞ ✛ h(x, t) ✛✢✌ ✔ ✏✒✌✍✆✙✓✢✌ ✘ ✥
✆✕✠☞☛ ✔ ✌✙✛ ✂ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✖ ✥☞✓ ★✓✗ ✛✢✌✚✏ ✞ ★✍✔✤✿ ✞ ✌ 〈h(x, t)〉 = h0 ✬

�✞✂ ✌✍✆ ✘ ✌ ✔ ✎ ☎ ✏✒✠☞✓ ✎ ✗✕✔ ✌ ✔ ✛✢✌✙✓✢✌✙☛ ✞ ✌ ✔ ❁ ✘ ✥❃✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌☎✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✏✒✌ ✞ ✓ ✔ ✌ ✖ ✌✙✓✤✓✤✛✢✌ ✔ ✠ ✞ ✔
✘ ✥✷✮✰✠☞✛ ✖ ✌✆✍

Π(h) =
K∆θ2

2h2
− A

6πh3
✭ ✂✼✬ ✄ ✡ ✣

✶✁✌✹✏✜✛✢✌ ✖ ★ ✌✙✛✫✓✢✌✙✛ ✖ ✌ K∆θ22h2

✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟ ✱ ✘ ✥ ✟ ★✍✔ ✓✢✠☞✛✤✓ ★ ✠☞☛ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌✠✟ ✞ ✕✜✘ ✖ ✬ ✶ ✲ ✥☞☛ ✪☞✘ ✌
∆θ

✌ ✔ ✓ ✣✕✪ ✥ ✘ ❁✦✌✙☛ ✂ ✌✙✛✤✓ ✞ ✟✜✌ ✘ ✥ ✟ ★✍✔ ✆ ✞ ✔✤✔✟★ ✠☞☛✗✏✜✛ ✣ ✆✕✌✍✟✜✌✙☛✑✓✢✌✽❁✜✱ θ2 − θ1 ✬ ✶✁✌✔✟✜✌ ✞ ✒ ★✓✗ ✖ ✌✯✓✢✌✙✛ ✖ ✌
− A
6πh3

✌ ✔ ✓ ✘ ✌✻✓✢✌✙✛ ✖ ✌☎✟✜✌❃✛✢✥✞✆✍✆✕✠☞✛✒✟✜✌ ✖ ✌✙☛✑✓ ✿ ✞ ✌✻☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟ ★✍✔ ✆ ✞ ✓ ✣ ✏✜✛ ✣ ✆ ✣ ✟✜✌ ✖❃✖ ✌✙☛✑✓ ✍ ★✩✘
✓✤✛✢✥☞✟ ✞ ★ ✓ ✘ ✌ ✆✕✥☞✛✢✥✞✆✙✓ ✗ ✛✢✌ ✥☞✓✤✓✤✛✢✥✞✆✙✓ ★ ✮✂✟✜✌ ✘ ✥ ✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌ ✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✏✒✠ ✞ ✛ ✟✜✌ ✔✻✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔
✖ ✣✕✔ ✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✔ ✮✰✥ ★✩✸✜✘ ✌ ✔ ✭✰✛✢✥☞✏✜✏✒✌ ✘ ✠☞☛ ✔✁✿ ✞ ✌✆✏✒✠ ✞ ✛ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✽❁ ✘✭✲ ✥☞☛ ✪☞✘ ✌✖✟✜✌✎✆✕✠☞☛✑✓✢✥✞✆✙✓
✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌ θ∞ ✌ ✔ ✓ ✔ ✓✤✛ ★ ✆✙✓✢✌ ✖ ✌✙☛✑✓ ✏✒✠ ✔✟★ ✓ ★ ✮✟❁✞✆✕✌ ✿ ✞ ★ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✷✮✰✠☞✛✟✆ ✣ ✖ ✌✙☛✑✓✆✱ ✞ ☛✦✌✫✏✜✛✢✌ ✔✤✔✟★ ✠☞☛
✟✜✌ ✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ☛ ✣✕✪ ✥☞✓ ★ ✂ ✌ ✣ ✬ ✖ ✠ ✞ ✔ ✛✢✥☞✏✜✏✒✌ ✘ ✠☞☛ ✔✵✿ ✞ ✌❃☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★ ✟✜✌✻✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌✙✛
✥☞☛✦✥ ✘✆☎ ✓ ★✍✿ ✞ ✌ ✖ ✌✙☛✑✓ ✆✕✌✵✓✢✌✙✛ ✖ ✌✯✏✦✥☞✛ ✞ ☛✦✌✯✌✄✒✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌✯✓ ☎ ✏✒✌ ✂ ✥☞☛✗✟✜✌✙✛✝✆❂✥✽✥ ✘✍✔✕✬



� �✁� � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

✖ ✠ ✞ ✔ ✟ ✣ ✟ ✞ ★✍✔ ✠☞☛ ✔ ✟✜✌✑✆✕✌✙✓✤✓✢✌✻✌✄✒✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌ ✘ ✥✡✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌✑✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✘ ✥ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣
✔ ✞ ★ ✂ ✥☞☛✑✓✢✌✚☛ ✣ ✆✕✌ ✔✤✔ ✥ ★ ✛✢✌✯✱ ✘ ✥✷✏✒✠ ✞ ✛ ✔ ✞ ★ ✓✢✌ ✟✜✌ ✔ ✆✕✥ ✘ ✆ ✞ ✘✍✔ ✍✟

Π✟
x
=

(

−K∆θ
2

h3
+
A

2πh4

)

∂h

∂x

✔ ✠ ✞ ✛ ✘✩★ ☛ ✣ ✥☞✛ ★✍✔ ✌✙✛ ✘ ✌✵✓✢✌✙✛ ✖ ✌ γh3 ∂3h
∂x3

❁ ✠☞☛ ☛✦✌✵✛✢✌✙✓ ★ ✌✙☛✑✓ ✿ ✞ ✌ ✘ ✌✵✓✢✌✙✛ ✖ ✌✑✟ ✞ ✏✜✛✢✌ ✖ ★ ✌✙✛✚✠☞✛✒✟✼✛✢✌
✌✙☛
ξ0/h0

✍
γh3
∂3h

∂x3
= −γξ0h30q3 cos(qx) +O(ξ20)

✥ ✌ ✖ ✡ ✖ ✌✆✍

h3
✟
Π✟
x
= h30ξ0q

(

−K∆θ
2

h30
+
A

2πh40

)

cos(qx) +O(ξ20)

✟ ☛ ✌✙☛✗✟ ✣ ✟ ✞ ★ ✓ ✿ ✞ ✌✆✍
1

3η

∂

∂x

[

γh3
∂3h

∂x3
+ h3

✟
Π✟
x

]

=
h30
3η
q2
[

γq2 +

(

K∆θ2

h30
− A

2πh40

)]

ξ0 sin(qx) +O(ξ
2
0)

✔ ✥☞✛✹✥ ★✩✘✩✘ ✌ ✞ ✛ ✔ ❁✼✠☞☛ ✥✦✍ ∂h
∂t
=
✟
ξ0✟
t
sin(qx) ✬ ✮ ★ ☛✦✥ ✘ ✌ ✖ ✌✙☛✑✓✄❁ ✘ ✥ ✘✩★ ☛ ✣ ✥☞✛ ★✍✔ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✾✣✕✿ ✞ ✥ ❀

✓ ★ ✠☞☛ ✭ ✂✼✬ ✄ ✂ ✣✙❁✙✆✕✠☞☛☛✟ ✞ ★ ✓✆✱ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✯✭ ✂✼✬ ✄✗✟✤✣ ✿ ✞ ★ ✛ ✣✕✪☞★ ✓ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛✡✓✢✌ ✖ ✏✒✠☞✛✢✌ ✘✩✘ ✌ ✟✜✌ ξ0(t) ✬
✟
ξ0✟
t
+
h30
3η
q2
[

γq2 +

(

K∆θ2

h30
− A

2πh40

)]

ξ0 = 0
✭ ✂✼✬ ✄✗✟✤✣

✶ ✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ � ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛ ✟ ✣ ✏✒✌✙☛☛✟ ✟ ✞ ✔✟★✍✪ ☛✦✌✂✟ ✞ ✓✢✌✙✛ ✖ ✌

s(q) =
h30
3η
q2
[

γq2 +

(

K∆θ2

h30
− A

2πh40

)]

,

✎ ✠ ✖ ✠ ✪✤✗ ☛✦✌✫✱ ✘✭✲✳★ ☛ ✂ ✌✙✛ ✔ ✌✖✟ ✲ ✞ ☛✻✓✢✌ ✖ ✏ ✔✕✬ ✺ ★ s(q) < 0 ✘ ✌ ✔ � ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✓ ✎ ✌✙✛ ✖ ★✍✿ ✞ ✌ ✔ ✏✒✌ ✞ ✂ ✌✙☛✑✓
✡✙✓✤✛✢✌✧✥ ✖ ✏ ✘✩★ ✕✦✣ ✌ ✔ ✭ ✔ ✌ ✘ ✠☞☛ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✚✭ ✂✼✬ ✄✗✟✤✣✙❁ ✘ ✥✝✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌✧✌ ✔ ✓ ✥ ✘ ✠☞✛ ✔ ✌✄✒✼✏✒✠☞☛✦✌✙☛✑✓ ★ ✌ ✘✩✘ ✌ ✣✢❁✕✥ ✘ ✠☞✛ ✔
✿ ✞ ✌✖✟✜✥☞☛ ✔✒✘ ✌☞✆✕✥ ✔ ✠✧✦ s(q) > 0 ❁ ✆✕✌ ✔ � ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✛ ✣✕✪ ✛✢✌ ✔✤✔ ✌✙☛✑✓ ✬ ☎ ☛✦✌✆✥☞☛✦✥ ✘✆☎✼✔ ✌ ✸ ✛ ✗☎✂ ✌✖✟✜✌ s(q)
✖ ✠☞☛✑✓✤✛✢✌ ✿ ✞ ✌ ✘ ✌ ✔ ✓✢✌✙✛ ✖ ✌ ✔✚✘✩★✍✣✕✔ ✱ ✘ ✥❃✓✢✌✙☛ ✔✟★ ✠☞☛ ✔ ✞ ✏✒✌✙✛ ✕ ✆ ★ ✌ ✘ ✘ ✌ γ ✌✙✓✵✱ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌
✔ ✠☞☛✑✓✷✏✒✠ ✔✟★ ✓ ★ ✮ ✔ ✍ ★✩✘✍✔ ✓✤✠ ✞ ✌✙☛✑✓ ✘ ✌❃✛✟✗ ✘ ✌ ✟✜✌❃✮✰✠☞✛✟✆✕✌ ✟✜✌❃✛✢✥☞✏✜✏✒✌ ✘ ✌✙✓✖✆✕✠☞☛✑✓✤✛ ★✩✸ ✞ ✌✙☛✑✓✹✱ ✘ ✥ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣
✟ ✞ ✕✜✘ ✖ ✬ ✶✁✌ ✔ ✌ ✞ ✘ ✓✢✌✙✛ ✖ ✌ ✟✜✌ ✔✟★✍✪ ☛✦✌❃☛ ✣✕✪ ✥☞✓ ★ ✮✫✏✒✠ ✞ ✂ ✥☞☛✑✓ ★ ☛☛✟ ✞ ★ ✛✢✌ ✞ ☛✦✌✡✥ ✖ ✏ ✘✩★ ✕ ✆✕✥☞✓ ★ ✠☞☛ ✟✜✌ ✔

� ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✓ ✎ ✌✙✛ ✖ ★✍✿ ✞ ✌ ✔ ✌ ✔ ✓ ✘ ✌✡✓✢✌✙✛ ✖ ✌ ✟✜✌✗✓ ☎ ✏✒✌ ✂ ✥☞☛ ✟✜✌✙✛ ✆❂✥✽✥ ✘✍✔✕✬ � ☛ ✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✙✆✕✌✽❁
✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✟ ✞ ✕✜✘ ✖ ✏✒✌ ✞ ✓ ✡✙✓✤✛✢✌ ★ ☛ ★ ✓ ★✍✣ ✌✁✏✦✥☞✛ ✘✭✲ ✥ ✖ ✏ ✘✩★ ✕ ✆✕✥☞✓ ★ ✠☞☛✠✟✜✌ � ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✓ ✎ ✌✙✛ ✖ ★✍✿ ✞ ✌ ✔
✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✔✟ ✲ ✠☞☛☛✟✜✌✁✭✼✘☎✜✙★ ✜ q → 0 ✣ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘ ✥ ✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ A ✌ ✔ ✓✷✏✒✠ ✔✟★ ✓ ★ ✂ ✌✑✟✜✌
✓✢✌ ✘✩✘ ✌ ✔ ✠☞✛✤✓✢✌ ✿ ✞ ✌ ✘ ✌✯✓✢✌✙✛ ✖ ✌ (K∆θ2

h3
0

− A
2πh4

0

) ✔ ✠ ★ ✓✫☛ ✣✕✪ ✥☞✓ ★ ✮ ✬



� �✛� � ✗✝�✝☎✖✄✠✞✆✟ ✑ ✟✁� ✑✝☎☎☞ ✞✘✗✝�✆� ✟✁�✁✂ ✂ ✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ � �✓�

� ✞ �✖✑ ☎✂✁☎�✔✒ ✂ �✔✍ � ✁ ✄ ✄ �✠✞ �✖✑✓✒ �✔✍

�
�✂✁☎✄✝✆✟✞✠✞✠✡✝☛✌☞✎✍✌✡✏✞✒✑✠✄✔✓✕✆ � ✆✖✑✠✗✙✘✚✄✝☞✜✛✌✆✣✢☎✄ � ✡

✶✁✥ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✟ ✲ ✥ ✖ ✏ ✘✩★ ✕ ✆✕✥☞✓ ★ ✠☞☛✗✟✜✌ ✔ � ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✓ ✎ ✌✙✛ ✖ ★✍✿ ✞ ✌ ✔ ✏✒✌ ✞ ✓ ✔✕✲ ✌✄✒✼✏✜✛ ★ ✖ ✌✙✛✂✟✜✌
✮✰✥✝✤✕✠☞☛✑✟ ★✛✹ ✣ ✛✢✌✙☛✑✓✢✌ ✬ ✶✁✌ ✔✟★✍✪ ☛✦✌✏✟✜✌ s(q) ✟ ✣ ✏✒✌✙☛☛✟ ✭✰✏✒✠ ✞ ✛ ✘ ✌ ✔ � ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛ ✔ ✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛
✟ ✲ ✠☞☛☛✟✜✌ ✣✎✟✜✌ ✘ ✥✯✮✰✥✝✤✕✠☞☛ ✟✜✠☞☛✑✓ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ★ ☛ ★ ✓ ★ ✥ ✘ ✌✏✟ ✞ ✕✜✘ ✖ h0 ✔ ✌✎✆✕✠ ✖ ✏✦✥☞✛✢✌✫✱ ✞ ☛✦✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✖ ✥☞✛ ✪☞★ ☛✦✥ ✘ ✌ h⋆ ✟ ✣ ✕ ☛ ★ ✌✝✆✕✠ ✖❃✖ ✌ ✔ ✞ ★ ✓✮✍

h⋆ =
A

2πK∆θ2
✭ ✂✼✬ ✄ ✂ ✣

✶ ✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✏✜✛✢✌✙☛☛✟✡☛✦✥ ★✍✔✤✔ ✥☞☛✙✆✕✌✂✟ ✗✕✔✫✿ ✞ ✌ h0 < h⋆ ❁✜✥ ✘ ✠☞✛ ✔✫✿ ✞ ✌ ✘ ✌ ✕✜✘ ✖ ✛✢✌ ✔ ✓✢✌ ✔ ✓✢✥ ✸✜✘ ✌ ✔✟★
h0 > h⋆

✬ ✴✆✌✹✛ ✣✕✔ ✞ ✘ ✓✢✥☞✓✚✌ ✔ ✓✂✟✜✠☞☛✙✆✹✓✢✠ ✞ ✓✯✱❃✮✰✥ ★ ✓ ✆✕✠☞☛✜✮✰✠☞✛ ✖ ✌✷✥ ✞ ✒ ✠ ✸✦✔ ✌✙✛ ✂ ✥☞✓ ★ ✠☞☛ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛ ❀
✓✢✥ ✘ ✌ ✔✚✿ ✞ ✌✹☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✛✢✥☞✏✜✏✒✠☞✛✤✓ ✣ ✌ ✔ ✏✜✛ ✣ ✆ ✣ ✟✜✌ ✖❃✖ ✌✙☛✑✓ ✟✜✥☞☛ ✔ ✆✕✌ ✖ ✥☞☛ ✞ ✔ ✆✙✛ ★ ✓ ✍ ✘ ✌ ✔✎✕✜✘ ✖ ✔✫✘ ✌ ✔
✏ ✘ ✞ ✔ ✖ ★ ☛✙✆✕✌ ✔✯✔ ✌ ✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✩✔ ✌✙☛✑✓✯✥ ✘ ✠☞✛ ✔✹✿ ✞ ✌ ✘ ✌ ✔✝✕✜✘ ✖ ✔✯✘ ✌ ✔ ✏ ✘ ✞ ✔✵✣ ✏✦✥ ★✍✔ ✛✢✌ ✔ ✓✢✌✙☛✑✓ ✔ ✓✢✥ ✸✜✘ ✌ ✔✕✬ ✂ ✘
✔ ✌ ✖ ✸✜✘ ✌ ✿ ✞ ✌ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✠ ★ ✓ ✞ ☛✷✮✰✥✞✆✙✓✢✌ ✞ ✛ ✓✢✠ ✞ ✓ ✱✯✮✰✥ ★ ✓ ✮✰✥ ✂ ✠☞✛✢✥ ✸✜✘ ✌✆✱ ✘ ✥ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣
✟✜✌ ✔ ✕✜✘ ✖ ✔ ✍ ✌ ✘✩✘ ✌✚✥ ✪☞★ ✓✎✆✕✠ ✖❃✖ ✌ ✞ ☛✦✌✚✮✰✠☞✛✟✆✕✌✂✟✜✌✚✛✢✥☞✏✜✏✒✌ ✘✦✿ ✞ ★✒✔✕✲ ✠☞✏✜✏✒✠ ✔ ✌✯✥ ✞ ✒ ✟ ✣ ✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛ ✔ ✟✜✌
✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌ ✬ ✶✁✌✷✓✢✌✙✛ ✖ ✌ ✖ ✠☞✓✢✌ ✞ ✛✔✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✌ ✔ ✓ ✘ ✌✷✓✢✌✙✛ ✖ ✌☎✟✜✌✷✛✢✥✞✆✍✆✕✠☞✛✒✟✜✌ ✖ ✌✙☛✑✓✄❁
✿ ✞ ✌✧☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★ ✟ ✲ ✌✄✒✼✏✜✛ ★ ✖ ✌✙✛ ✔ ✠ ✞ ✔✁✘ ✥✚✮✰✠☞✛ ✖ ✌✕✟ ✲ ✞ ☛✷✓✢✌✙✛ ✖ ✌✖✟✜✌✧✓ ☎ ✏✒✌ ✂ ✥☞☛ ✟✜✌✙✛ ✆❂✥✽✥ ✘✍✔ ❁
✿ ✞ ★ ❁✼✛✢✥☞✏✜✏✒✌ ✘ ✠☞☛ ✔✟❀ ✘ ✌✽❁ ✏✒✌✙✛ ✖ ✌✙✓ ✟✜✌✹✛✢✌✙☛☛✟✼✛✢✌✜✆✕✠ ✖ ✏✜✓✢✌✑✟ ✞ ✆✕✥☞✛✢✥✞✆✙✓ ✗ ✛✢✌✷✥☞✓✤✓✤✛✢✥✞✆✙✓ ★ ✮✏✟✜✌ ✘ ✥❃✏✜✛✢✌ ✔✤✔✟★ ✠☞☛
✟✜✌☎✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✏✒✠ ✞ ✛✠✟✜✌ ✔✹✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✖ ✣✕✔ ✠ ✔ ✆✕✠☞✏ ★✍✿ ✞ ✌ ✔ ✮✰✥ ★✩✸✜✘ ✌ ✔✕✬ ✂ ✘ ✌ ✔ ✓✵✏✒✠ ✔✤✔✟★✩✸✜✘ ✌ ✿ ✞ ✌✖✆✕✌
✓✢✌✙✛ ✖ ✌ ✔ ✠ ★ ✓✵✛✢✌ ✘ ✥☞✓ ★ ✮✧✱ ✟✜✌ ✔ ✌ ✹ ✌✙✓ ✔ ✟ ★✍✔ ✏✒✌✙✛ ✔✟★ ✮ ✔ ✭ ★ ☛✑✓✢✌✙✛✢✥✞✆✙✓ ★ ✠☞☛ ✔ ✟✜✌ ✂ ✥☞☛ ✟✜✌✙✛ ✆❂✥✽✥ ✘✍✔ ✣✝✆✕✠ ✞ ✏ ✘✍✣✕✔
✱ ✟✜✌ ✔ ✌ ✹ ✌✙✓ ✔✯✔ ✏ ✣ ✆ ★ ✕✦✿ ✞ ✌ ✔ ✭ ★ ☛✑✓✢✌✙✛✢✥✞✆✙✓ ★ ✠☞☛ ✔ ✱ ✆✕✠ ✞ ✛✤✓✢✌✹✏✒✠☞✛✤✓ ✣ ✌✷✌✙☛✑✓✤✛✢✌ ✘ ✌ ✆✙✛ ★✍✔ ✓✢✥ ✘✁✘✩★✍✿ ✞ ★ ✟✜✌✯✌✙✓ ✘ ✌
✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✔ ✠ ✘✩★ ✟✜✌ ✣ ✬

✶ ✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛✹✌✙☛✻✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✌✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✎✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✖ ✥☞✛ ✪☞★ ☛✦✥ ✘ ✌ h⋆ ✌ ✔ ✓✌✟ ★ ✛✢✌✍✆✙✓✢✌ ❀
✖ ✌✙☛✑✓✁✛✢✌ ✘✩★✍✣ ✌✧✥ ✞ ✒ ✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✔ ✌✙☛✻✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✌✟ ✞ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌✖✟ ✲ ✠☞✛✒✟✼✛✢✌ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✬ ✖ ✠ ✞ ✔
✥ ✂ ✠☞☛ ✔ ✟✜✠☞☛✜☛ ✣ ✟✜✥☞☛ ✔✵✘ ✌✒✆ ✎ ✥☞✏ ★ ✓✤✛✢✌ ✌✼✬ ✄ ✞ ☛❂✛✢✥☞✏ ★ ✟✜✌✻✥☞✏✒✌✙✛✥✤ ✞ ✟✜✌ ✘ ✥✗✓ ✎ ✣ ✠☞✛ ★ ✌ ✟✜✌❃✶✁✥☞☛☛✟✜✥ ✞ ❀ ✟✜✌

✱✵✌✙☛✜☛✦✌ ✔✵✿ ✞ ★ ✏✒✌✙✛ ✖ ✌✙✓✠✟✜✌ ✟ ✣ ✓✢✌✙✛ ✖ ★ ☛✦✌✙✛ ✘ ✥ ✟ ✣ ✏✒✌✙☛☛✟✜✥☞☛✙✆✕✌✹✌✙☛❂✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✑✟ ✞ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌
✟ ✲ ✠☞✛✒✟✼✛✢✌✆☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✧✥ ✞ ✂ ✠ ★✍✔✟★ ☛✦✥ ✪ ✌✖✟✜✌ ✘ ✥✵✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✷☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✩✔ ✠☞✓✤✛✢✠☞✏✒✌ ✬ ✶ ✲ ✌✄✒✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛



� �✁� � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

✿ ✞ ✌✯☛✦✠ ✞ ✔ ✛✢✌✙✓✢✌✙☛✦✠☞☛ ✔ ✏✒✠ ✞ ✛ ✘ ✥✖✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌✯✌ ✔ ✓ ✘ ✥ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✍

K = KNI

(

3 +
√
9− 8τ
4

)2

✠✧✦
KNI = 5 · 10−13 N

❁
τ = T−T ∗

TNI−T ∗

✥ ✂ ✌✍✆ TNI = 308.6 K ✌✙✓
T ∗ = 307 K ✬

✖ ✠ ✞ ✔✹✔ ✞ ✏✜✏✒✠ ✔ ✠☞☛ ✔✯✿ ✞ ✌ ✘ ✥ ✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ A ☛✦✌ ✟ ✣ ✏✒✌✙☛☛✟ ✏✦✥ ✔ ✟✜✌✷✮✰✥✝✤✕✠☞☛ ✔✟★✍✪ ☛ ★ ✕ ✆✕✥☞✓ ★ ✂ ✌✔✟✜✌
✘ ✥✗✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✌✙☛ ✌ ✹ ✌✙✓ ✖ ✌✙☛✑✓ ★ ✠☞☛✜☛ ✣✷✿ ✞ ✌ ✘ ✌ ✔✵★ ☛✑✓✢✌✙✛✢✥✞✆✙✓ ★ ✠☞☛ ✔✵✔ ✏ ✣ ✆ ★ ✕✦✿ ✞ ✌ ✔
✟✜✌✝✆✕✠ ✞ ✛✤✓✢✌✯✏✒✠☞✛✤✓ ✣ ✌✫☛✦✌ ✂ ✥☞✛ ★ ✌✙☛✑✓✧✏✦✥ ✔ ✟✜✌✚✮✰✥✝✤✕✠☞☛ ☛✦✠☞✓✢✥ ✸✜✘ ✌✚✥ ✂ ✌✍✆ ✘ ✥✹✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✫✏ ✞ ★✍✔✤✿ ✞ ✌ ✘ ✌ ✔
✌ ✹ ✌✙✓ ✔✆✿ ✞ ✲ ✌ ✘✩✘ ✌ ✔ ★ ☛☛✟ ✞ ★✍✔ ✌✙☛ ✓ ☛✦✌ ✔ ✌ ✖ ✸✜✘ ✌✙☛✑✓✧✏✦✥ ✔✆✔ ✌✙☛ ✔✟★✩✸✜✘ ✌ ✔ ✥ ✞ ✒ ✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✔ ✟✜✌✚✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✬
✥ ✌✯✏ ✘ ✞ ✔ ❁ ✘✭✲ ✠☞✛✒✟✼✛✢✌✂✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛ ✟✜✌ ✔ ✮✰✠☞✛✟✆✕✌ ✔ ✟ ★✍✔ ✏✒✌✙✛ ✔✟★ ✂ ✌ ✔ ☛✦✌ ✂ ✥☞✛ ★ ✌✯✏✦✥ ✔✫✔✟★✍✪ ☛ ★ ✕ ✆✕✥☞✓ ★ ✂ ✌ ✖ ✌✙☛✑✓
✟✜✥☞☛ ✔✆✘ ✥ ✪ ✥ ✖❃✖ ✌✠✟✜✌✯✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✣ ✓ ✞ ✟ ★✍✣ ✌ ✬

✟ ☛ ✏✒✌ ✞ ✓✻✥ ✘ ✠☞✛ ✔ ✌✄✒✼✏✜✛ ★ ✖ ✌✙✛ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✑✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✖ ✥☞✛ ✪☞★ ☛✦✥ ✘ ✌❃✌✙☛ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✥
✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✫✛ ✣ ✟ ✞ ★ ✓✢✌ τ ✍

h⋆ =
A

2πKNI∆θ2

(

4

3 +
√
9− 8τ

)2

= h⋆NI

(

4

3 +
√
9− 8τ

)2 ✭ ✂✼✬ ✄ � ✣

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔✷✣☎✂ ✥ ✘ ✞ ✣ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓✝✆✕✌✙✓✤✓✢✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✠✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✖ ✥☞✛ ✪☞★ ☛✦✥ ✘ ✌
✌✙☛ ✏✜✛✢✠ ✆ ✣ ✟✜✥☞☛✑✓✕✟✜✌ ✘ ✥✷✮✰✥✝✤✕✠☞☛ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✬

✟ ☛ ✏✜✛ ✣ ✏✦✥☞✛✢✌✹✏✦✥☞✛ ✔ ✏ ★ ☛ ❀ ✆✕✠✽✥☞✓ ★ ☛ ✪ ✞ ☛ ✕✜✘ ✖ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✂✟✜✠☞☛✜☛ ✣ ✌ ✬ ✟ ☛ ✥ ✞ ✪ ✖ ✌✙☛✑✓✢✌✷✏✜✛✢✠ ❀
✪ ✛✢✌ ✔✤✔✟★ ✂ ✌ ✖ ✌✙☛✑✓ ✘ ✥ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌❃✌✙✓ ✘✭✲ ✠☞☛ ✛✢✌✙✏ ✗ ✛✢✌ ✘ ✥ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✻✱ ✘ ✥ ✿ ✞ ✌ ✘✩✘ ✌ ✘ ✌ ✕✜✘ ✖ ✔ ✌
✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✌ ✬ ✴✆✠ ✖❃✖ ✌ ☛✦✠ ✞ ✔❃✘ ✌ ✂ ✌✙✛✤✛✢✠☞☛ ✔ ✆ ★✩❀ ✟✜✌ ✔✤✔ ✞ ✔ ❁ ✘✭✲ ✥☞✏✜✏✦✥☞✛ ★ ✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✌ ✔ ✓
✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔✤✣ ✌✡✏✦✥☞✛ ✞ ☛ ✓✢✌ ✖ ✏ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✿ ✞ ★ ✟ ★ ✂ ✌✙✛ ✪ ✌ ✱ ✘✭✲ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌ ✟ ✞ ✔ ✌ ✞ ★✩✘ ✟✜✌
✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✭✰☛✦✠☞✓✢✠☞☛ ✔❃✿ ✞ ✌ ✆ ✲ ✌ ✔ ✓ ✞ ☛✦✌ ✏✜✛✢✠☞✏✜✛ ★✍✣ ✓ ✣ ✟✜✌ ☛✦✠ ✖ ✸ ✛✢✌ ✞ ✔ ✌ ✔✻★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣✕✔ ✣ ✬ ✴✆✌✍✆ ★
✏✒✠ ✔ ✌ ✸✜★ ✌✙☛ ✔ ✞ ✛ ✞ ☛❂✏✜✛✢✠ ✸✜✘✓✗ ✖ ✌✻✏✜✛✢✥☞✓ ★✍✿ ✞ ✌☎✟✜✥☞☛ ✔✵✘✭✲✾✣☎✂ ✥ ✘ ✞ ✥☞✓ ★ ✠☞☛ ✟✜✌ h⋆ ✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟✜✠☞☛✙✆
✆ ✎ ✠ ★✍✔✟★ ✟✜✌✚✏✦✥☞✓ ★ ✌✙☛✑✓✢✌✙✛ ✔ ☎✼✔ ✓ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✖ ✌✙☛✑✓ ✞ ☛✦✌ ✂✑★ ☛ ✪ ✓✢✥ ★ ☛✦✌ ✟✜✌ ✖ ★ ☛ ✞ ✓✢✌ ✔ ✥ ✂ ✥☞☛✑✓ ✟ ✲ ✥ ✞ ✪ ✖ ✌✙☛ ❀
✓✢✌✙✛ ✘ ✥✷✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✬ ✺ ★ ☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★ ✆✕✌ ✘ ✥☞✏ ✔ ✟✜✌✯✓✢✌ ✖ ✏ ✔ ✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★ ✌✙✛✄❁ ✆ ✲ ✌ ✔ ✓✫✏✦✥☞✛✟✆✕✌
✿ ✞ ✲✳★✩✘ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟ ✱ ✘ ✥ ✟ ✞ ✛ ✣ ✌ ✖ ✥✓✒ ★ ✖ ✥ ✘ ✌✹✏✒✌✙☛☛✟✜✥☞☛✑✓ ✘ ✥ ✿ ✞ ✌ ✘✩✘ ✌✯☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟ ✞ ✏✦✥☞✓ ★ ✌✙☛✑✓✢✌✙✛
✥ ✂ ✥☞☛✑✓✑✟ ✲ ✠ ✸✦✔ ✌✙✛ ✂ ✌✙✛ ✘ ✥ ✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✥☞✓ ★ ✠☞☛ ✟ ✲ ✞ ☛ ✕✜✘ ✖ ✬✑✔ ✠ ✞ ✛ ✞ ☛✦✌✷✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✔✟ ✲✾✣ ✓ ✞ ✟✜✌ Te✟✜✠☞☛✜☛ ✣ ✌✽❁ ✔✟★✧✘ ✌ ✕✜✘ ✖ ☛✦✌ ✔ ✌ ✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✌✹✏✦✥ ✔ ✏✒✌✙☛☛✟✜✥☞☛✑✓✜✆✕✌ ✘ ✥☞✏ ✔ ✟✜✌❃✓✢✌ ✖ ✏ ✔ ❁✁✠☞☛ ✆✕✠☞☛ ✔✟★ ✟ ✗ ✛✢✌
✿ ✞ ✲✳★✩✘ ✌ ✔ ✓ ✔ ✓✢✥ ✸✜✘ ✌ ✬ ✺ ✲✳★✩✘✑✔ ✌✖✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✌✽❁✙☛✦✠ ✞ ✔ ✆✕✠☞☛ ✔✟★ ✟ ✣ ✛✢✠☞☛ ✔✒✿ ✞ ✌ ✘ ✥✫✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✌✟ ✲✾✣ ✓ ✞ ✟✜✌ Te✌ ✔ ✓✚✓✢✌ ✘✩✘ ✌ ✿ ✞ ✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✕✟ ✞ ✕✜✘ ✖ ✣ ✓ ✞ ✟ ★✍✣✯✔ ✠ ★ ✓ ✣✕✪ ✥ ✘ ✌✹✱ h⋆(Te) ✬ ✴✆✌✙✓✤✓✢✌✵✏✜✛✢✠ ✆ ✣ ✟ ✞ ✛✢✌✚☛✦✠ ✞ ✔



� �✛� � ✗✝�✝☎✖✄✠✞✆✟ ✑ ✟✁� ✑✝☎☎☞ ✞✘✗✝�✆� ✟✁�✁✂ ✂ ✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ � �✁�

✟✜✠☞☛✜☛✦✌ ✞ ☛✦✌ ✣☎✂ ✥ ✘ ✞ ✥☞✓ ★ ✠☞☛ ✏✦✥☞✛✷✌✄✒ ✆ ✗✕✔ ✟✜✌ h⋆ ✬ ✶✁✌ ✪ ✛✢✥☞✏ ✎ ✌✁✭ ✂✼✬ ✄ ✂ ✣✵✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌✻☛✦✠ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔✕✬
✶✁✌ ✔✵✸ ✥☞✛✤✛✢✌ ✔ ✟ ✲ ✌✙✛✤✛✢✌ ✞ ✛ ✿ ✞ ★ ☎✢✕✦✪ ✞ ✛✢✌✙☛✑✓ ✔ ✠☞☛✑✓✑✟ ★ ✛✢✌✍✆✙✓✢✌ ✖ ✌✙☛✑✓✯✛✢✌ ✘✩★✍✣ ✌ ✔ ✥ ✞ ✒ ★ ✖ ✏✜✛ ✣ ✆ ★✍✔✟★ ✠☞☛ ✔✚✿ ✞ ★
✟ ✣ ✆✕✠ ✞ ✘ ✌✙☛✑✓✕✟✜✌ ✘ ✥✷✏✜✛✢✠ ✆ ✣ ✟ ✞ ✛✢✌ ✟✜✌ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ✞ ★ ✂✑★ ✌ ✬

☎✁�✝✆✟✞ ✂✼✬ ✄ ✂ ✍ ☎ ✔✤✶✛★✓✧☞✝✯✚✲✥✳★✮✶ ✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝✮✥✳★✵✚✸✖✢✔ ☎✓✘✙✶✄✘✭✖✢✏✵✒✕✔✞✝✢✪✗✘✙✣✩✔✤✶✛★
h⋆

★✓✣ ✚✸✜✤✣ ✘✸✖✙✘✢✜✤✣✦✥✳★✮✶✛✔✆✖✢★✓✒ ✝

✰✁✏✌✝✯✔✗✖✙✧☞✝✯★ ✜✆☎◗★✯✚ ☎✯✔✞✝✌✝✯★✯✚✵✥✠✟❉★✌✝✌✝✯★✓✧☞✝✯✚✵✷✓✧✎✘ ✠◗✪✗✧☞✝✯★✓✣✁✖✩✚✞✜✤✣✁✖ ✥✤✘✡✝✯★✙✘✸✖✢★✓✒✕★✓✣✁✖✩✶✄✘✢✏✯★✯✚ ✏✮✶✛✔❙✰✕✝✯✜ ✘✯✏✯✥✤✧☞✝✯★✵✥✳★
✥✳✏✸✖✢★✌✝✓✒✆✘✙✣✩✔✗✖✙✘✢✜✤✣ ✥✳★

h⋆
✜✆☎◗✔ ✘✯✜✤✧☞✝✓☎✯★✆★✓✣✦✖✡✝✯✔✤✘✭✖✁✰✩✶✛★✓✘✙✣ ✘✯✜✞✝✌✝✯★✯✚✢✰✁✜✤✣✩✥ ✔✤✧ ✒✕★✓✘✙✶✙✶✛★✓✧☞✝ ✔✁�✯✧✳✚✸✖✢★✓✒✕★✓✣✁✖

✝✯✏✯✔✤✶✄✘✛✚✞✏ ✏✵✰✁✔✞✝✸✖✙✘✡✝ ✥✳★✲✶ ✟❉✏✯✷✓✧✑✔✗✖✙✘✢✜✤✣ ✡☛� ✜ ☞ ✡✌☞ ✜

✶✁✥ ✆✕✠ ✞ ✛ ✸ ✌❃✌✙☛❂✓✤✛✢✥ ★ ✓✹✏ ✘ ✌ ★ ☛ ✿ ✞ ★ ✥ ✣ ✓ ✣ ✓✤✛✢✥✞✆ ✣ ✌ ✟✜✥☞☛ ✔✵✘ ✥ ✕✦✪ ✞ ✛✢✌☛✭ ✂✼✬ ✄ ✂ ✣✑✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟ ✱
✞ ☛ ✥ ✓ ✞ ✔ ✓✢✌ ✖ ✌✙☛✑✓✯✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌✯✛ ✣ ✥ ✘✩★✍✔✤✣ ✱✡✏✦✥☞✛✤✓ ★ ✛ ✟✜✌ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛ ✭ ✂✼✬ ✄ � ✣ ✬ ✔ ✠ ✞ ✛ ✘ ✥✒✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌

A
❁✜☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★ ✞ ☛✦✌ ✂ ✥ ✘ ✌ ✞ ✛ ✕ ✒✜✌✔✟✜✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌✔✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛✂✟✜✌ kBT ✭ ✥ ✂ ✌✍✆ T ✞ ☛✦✌

✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✂✟✜✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌✠✟✜✌ 300 K ✣✙❁ ✆✕✌ ✿ ✞ ★ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✗✱ ✘✭✲ ✠☞✛✒✟✼✛✢✌✠✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛ ✞ ✔ ✞ ✌ ✘
✟✜✌ ✔ ✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ ✔ ✟✜✌ ✂✯✥ ✖ ✥ ✠ ✌✙✛ ✬ ✶ ✲ ✥ ✓ ✞ ✔ ✓✢✌ ✖ ✌✙☛✑✓ ✔ ✌✆✮✰✥ ★ ✓✌✟✜✠☞☛✙✆✆✌✙☛✻✛✢✌✍✆ ✎ ✌✙✛✟✆ ✎ ✥☞☛✑✓ ✘ ✥ ✖ ✌ ★✩✘✩✘ ✌ ✞ ✛✢✌
✂ ✥ ✘ ✌ ✞ ✛✕✟✜✌ ∆θ ✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✓✤✛✢✠ ✞ ✂ ✣ ✍

∆θ ∼ 0.15 rad

✔ ✠ ★ ✓✫✏✜✛✢✥☞✓ ★✍✿ ✞ ✌ ✖ ✌✙☛✑✓ ✂✞✝ ✟✜✌ ✪ ✛ ✣✕✔✕✬



� �✁✂ � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

✶ ✲ ✥ ✓ ✞ ✔ ✓✢✌ ✖ ✌✙☛✑✓ ✿ ✞ ✌✡☛✦✠ ✞ ✔ ✠ ✸ ✓✢✌✙☛✦✠☞☛ ✔ ✌ ✔ ✓✻✓✢✠ ✞ ✓❃✱ ✮✰✥ ★ ✓✻✛✢✌ ✖ ✥☞✛ ✿ ✞ ✥ ✸✜✘ ✌✡✌✙✓✻☛✦✠ ✞ ✔✷✘ ✥ ★✍✔✤✔ ✌
✏✒✌✙☛ ✔ ✌✙✛ ✿ ✞ ✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✂✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✖ ✥☞✛ ✪☞★ ☛✦✥ ✘ ✌ h⋆ ✌✙☛ ✮✰✠☞☛✙✆✙✓ ★ ✠☞☛ ✟✜✌ ✘ ✥
✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✫✌ ✔ ✓ ✘ ✌✚✛✢✌ �✦✌✙✓✕✟✜✌ ✔ ✂ ✥☞✛ ★ ✥☞✓ ★ ✠☞☛ ✔ ✌✙☛✗✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✟ ✞ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌✂✟ ✲ ✠☞✛✒✟✼✛✢✌✚☛ ✣✙❀
✖ ✥☞✓ ★✍✿ ✞ ✌ ✬ � ✓✎✆ ✲ ✌ ✔ ✓ ✘ ✌✚✏✒✠ ★ ☛✑✓ ★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓ ✟✜✌ ✘ ✥ ✆✕✠ ✖ ✏✦✥☞✛✢✥ ★✍✔ ✠☞☛✗✌✙☛✑✓✤✛✢✌✚☛✦✠☞✓✤✛✢✌ ✖ ✠ ✟ ✗✙✘ ✌✫✓ ✎ ✣ ✠ ❀
✛ ★✍✿ ✞ ✌✧✌✙✓ ✘ ✌ ✔ ✏✒✠ ★ ☛✑✓ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✞ ✒✆✍✁☛✦✠ ✞ ✔ ✖ ✠☞☛✑✓✤✛✢✠☞☛ ✔✁✘ ✌✧✛✟✗ ✘ ✌ ★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✎✟✜✌ ✘✭✲✾✣✙✘ ✥ ✔ ✓ ★ ✆ ★ ✓ ✣
☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✠✟✜✥☞☛ ✔✚✘ ✥ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✟✜✌ ✕✜✘ ✖ ✔ ✎ ☎✑✸ ✛ ★ ✟✜✌ ✔ ✖ ★ ☛✙✆✕✌ ✔ ✟✜✌ ✂✽✴✞✡ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✞ ✛✂✟✜✌ ✔
✏ ✘ ✥ ✿ ✞ ✌✙✓✤✓✢✌ ✔ ✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✼✖ ✬

✬ ✞ ✥☞☛✑✓✚✱ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛✚✠ ✸ ✓✢✌✙☛ ✞ ✌✚✏✒✠ ✞ ✛ ∆θ ❁✼☛✦✠ ✞ ✔ ✛✢✌ ✖ ✥☞✛ ✿ ✞ ✠☞☛ ✔✫✔✟★ ✖ ✏ ✘ ✌ ✖ ✌✙☛✑✓ ✿ ✞ ✲ ✌ ✘✩✘ ✌✯✌ ✔ ✓
✆✕✠ ✖ ✏✦✥☞✓ ★✩✸✜✘ ✌✹✥ ✂ ✌✍✆ ✘ ✥ ✟ ★✍✔ ✆ ✞ ✔✤✔✟★ ✠☞☛ ✿ ✞ ✌✷☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✖ ✌✙☛ ✣ ✏✜✛ ✣ ✆ ✣ ✟✜✌ ✖❃✖ ✌✙☛✑✓✯✥ ✞ ✔ ✞ ✓✤✌✙✓✠✟✜✌ ✔
✥☞☛ ✪☞✘ ✌ ✔ ✟ ✲ ✥☞☛✙✆✙✛✢✥ ✪ ✌ ✬ ✂ ✘ ☛✦✌✻✮✰✥ ✞ ✓✵✏✦✥ ✔ ✥☞✓✤✓✢✥✞✆ ✎ ✌✙✛✵✏ ✘ ✞ ✔ ✟ ✲✳★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✙✆✕✌✹✱ ✆✕✌✙✓✤✓✢✌❃✌ ✔ ✓ ★ ✖ ✥☞✓ ★ ✠☞☛✁❁
✟✜✥☞☛ ✔✫✘ ✥ ✖ ✌ ✔ ✞ ✛✢✌✹✠✧✦ ✆✕✌✙✓✤✓✢✌ ✂ ✥ ✘ ✌ ✞ ✛ ✟ ✣ ✏✒✌✙☛☛✟ ✟✜✌ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛ ✿ ✞ ✌✹☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★ ✌✯✏✒✠ ✞ ✛
✘ ✥✖✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ A ❁ ✟✜✠☞☛✑✓ ✘ ✥☎✟ ✣ ✕ ☛ ★ ✓ ★ ✠☞☛ ✖ ✡ ✖ ✌✯☛ ✲ ✌ ✔ ✓✚✏✦✥ ✔ ✆✕✠☞☛✜☛ ✞ ✌ ✬ ☞ ✌✙✓✢✌✙☛✦✠☞☛ ✔✫✔✟★ ✖ ✏ ✘ ✌ ✖ ✌✙☛✑✓
✿ ✞ ✌ ✘ ✥ ✆✕✠☞☛✙✆✕✠☞✛✒✟✜✥☞☛✙✆✕✌✑✟✜✌ ✔ ✠☞✛✒✟✼✛✢✌ ✔ ✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛ ✔ ✠ ✞ ✘✩★✍✪ ☛✦✌ ✿ ✞ ✲ ✞ ☛✦✌✔✟ ★✍✔ ✓✢✠☞✛✤✓ ★ ✠☞☛ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌✽❁

✖ ✡ ✖ ✌✧✮✰✥ ★✩✸✜✘ ✌✽❁✄✏✒✌✙✛ ✖ ✌✙✓✎✟✜✠☞☛✙✆✖✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✌✙✛ ✟✜✌ ✔ ✕✜✘ ✖ ✔ ✎ ☎✑✸ ✛ ★ ✟✜✌ ✔ ✖ ★ ☛✙✆✕✌ ✔ ✟✜✌☞✆✙✛ ★✍✔ ✓✢✥ ✘ ✘✩★✍✿ ✞ ★ ✟✜✌
☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✬ � ✞ ❀ ✟✜✌ ✘ ✱ ✟✜✌ ✘ ✥ ✖ ✠ ✟ ✣✙✘✩★✍✔ ✥☞✓ ★ ✠☞☛ ✓ ✎ ✣ ✠☞✛ ★✍✿ ✞ ✌✽❁ ✘ ✌ ✪ ✛✢✥☞✏ ✎ ✌ ✟✜✌ ✘ ✥ ✕✦✪ ✞ ✛✢✌☛✭ ✂✼✬ ✄ ✂ ✣
✏✒✌ ✞ ✓ ✡✙✓✤✛✢✌ ★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓ ✣ ✆✕✠ ✖❃✖ ✌ ✞ ☛ ✟ ★ ✥ ✪ ✛✢✥ ✖❃✖ ✌✗✟✜✌ ✏ ✎ ✥ ✔ ✌✗✟ ✲ ✞ ☛ ✕✜✘ ✖ ✎ ☎✑✸ ✛ ★ ✟✜✌ ✖ ★ ☛✙✆✕✌
☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✠✟ ✣ ✏✒✠ ✔✤✣✵✔ ✞ ✛ ✞ ☛✦✌✯✏ ✘ ✥ ✿ ✞ ✌✙✓✤✓✢✌✠✟✜✌ ✔✟★✩✘✩★ ✆ ★ ✞✜✖ ✬ ✶✁✥✒✆✕✠ ✞ ✛ ✸ ✌ ✿ ✞ ✌✵☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✓✤✛✢✥ ❀
✆ ✣ ✌✖✟ ✣✙✘✩★ ✖ ★ ✓✤✌✌✟✜✌ ✞ ✒ ✄ ✠☞☛✦✌ ✔ ✍ ✆✕✌ ✘✩✘ ✌ ✠✧✦ ✘ ✌ ✔✘✕✜✘ ✖ ✔✒✔ ✠☞☛✑✓ ✔ ✓✢✥ ✸✜✘ ✌ ✔ ✌✙✓ ✆✕✌ ✘✩✘ ✌✧✠✧✦ ★✩✘✍✔ ☛✦✌ ✘ ✌ ✔ ✠☞☛✑✓ ✏✦✥ ✔✕✬

✶✁✥ ✂ ✥ ✘ ✌ ✞ ✛ ✖ ✥✓✒ ★ ✖ ✥ ✘ ✌✂✟✜✌ h⋆ ❁✼☛✦✠☞✓ ✣ ✌ h⋆NI ✬ ✌ ✔ ✓✯✠ ✸ ✓✢✌✙☛ ✞ ✌✯✱ ✘ ✥✷✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✡☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀
★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘ ✥✵✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✛ ✣ ✟ ✞ ★ ✓✢✌ τ ✂ ✥ ✞ ✓ ✂ ✬ ✶ ✲ ✥ ✓ ✞ ✔ ✓✢✌ ✖ ✌✙☛✑✓ ✏✜✛ ✣ ✆ ✣ ✟✜✌✙☛✑✓ ✏✒✌✙✛ ✖ ✌✙✓
✟ ✲✾✣☎✂ ✥ ✘ ✞ ✌✙✛ h⋆NI ✍

h⋆NI = 142 nm

✶✁✌ ✔ ✌✙☛ ✔ ✏ ✎ ☎✼✔✟★✍✿ ✞ ✌ ✟✜✌✝✆✕✌✙✓✤✓✢✌ ✿ ✞ ✥☞☛✑✓ ★ ✓ ✣ ✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓✎✆ ✘ ✥ ★ ✛✢✌ ✖ ✌✙☛✑✓❨✍ ✓✢✠ ✞ ✓ ✕✜✘ ✖ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌
✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✞ ✏ ✣ ✛ ★ ✌ ✞ ✛✢✌✫✱ h⋆NI ☛✦✌✯✏✒✠ ✞ ✛✤✛✢✥✹✏✦✥ ✔ ✡✙✓✤✛✢✌ ✘ ✌ ✔✟★✓✗✕✪ ✌✠✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣✫✣ ✓ ✞ ✟ ★✍✣ ✌ ✬

✏ ✘✭✲ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌☎✟✜✌ ✘ ✥ ✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✢✠☞✏ ✌✽❁ ✘ ✥ ✆✕✠☞☛ ✔ ✓✢✥☞☛✑✓✢✌ ✣✙✘ ✥ ✔ ✓ ★✍✿ ✞ ✌✻✌ ✔ ✓



� �✛� � ✗✝�✝☎✖✄✠✞✆✟ ✑ ✟✁� ✑✝☎☎☞ ✞✘✗✝�✆� ✟✁�✁✂ ✂ ✞✌✑✓✍ ✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄ � �✁�

✛ ✣ ✟ ✞ ★ ✓✢✌ ✬ � ✘✩✘ ✌✆✌ ✔ ✓ ✖ ✡ ✖ ✌✆☛ ✞ ✘✩✘ ✌✧✌✙☛❃✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✽❁✞✆✕✌ ✿ ✞ ★ ✆✕✠☞☛☛✟ ✞ ★ ✓ ✱ ✞ ☛✦✌ ✂ ✥ ✘ ✌ ✞ ✛ ★ ☛ ✕ ☛ ★ ✌
✟✜✌
h⋆ ✬ ✶✁✥ ✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✙✆✕✌❃✌ ✔ ✓ ✿ ✞ ✲ ✞ ☛ ✕✜✘ ✖ ✣ ✓✢✥ ✘✍✣ ✌✙☛❂✏ ✎ ✥ ✔ ✌ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✻☛ ✲ ✌ ✔ ✓✷✏✦✥ ✔✷✔ ✓✢✥ ✸✜✘ ✌ ✬

✴ ✲ ✌ ✔ ✓✎✆✕✌ ✿ ✞ ★ ✥ ✣ ✓ ✣ ✠ ✸✦✔ ✌✙✛ ✂ ✣ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✖ ✌✙☛ ✓✫✍ ✞ ☛ ✕✜✘ ✖ ✟✜✌ ✂✽✴✞✡ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌✽❁☞✟ ✗✕✔✧✿ ✞ ✲✳★✩✘
✌ ✔ ✓ ✣ ✓✢✥ ✘✍✣ ✏✦✥☞✛ ✔ ✏ ★ ☛ ❀ ✆✕✠✽✥☞✓ ★ ☛ ✪ ❁ ✔ ✌ ✖ ✌✙✓❃✱ ✟ ✣ ✖ ✠ ✞ ★✩✘✩✘ ✌✙✛✕✍ ✟✜✌ ✔ ✓✤✛✢✠ ✞ ✔✻✔ ✌✗✮✰✠☞✛ ✖ ✌✙☛✑✓ ✟✜✥☞☛ ✔✷✘ ✌
✕✜✘ ✖ ❁ ✆✙✛✢✠ ★✍✔✤✔ ✌✙☛✑✓✆✌✙✓ ✘✭✲ ✠☞☛ ✠ ✸ ✓ ★ ✌✙☛✑✓ ✕ ☛✦✥ ✘ ✌ ✖ ✌✙☛✑✓ ✞ ☛✡✛ ✣✕✔ ✌✕✥ ✞ ✟✜✌ ✪ ✠ ✞ ✓✢✌ ✘ ✌✙✓✤✓✢✌ ✔ ★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✔✧✔ ✞ ✛ ✘ ✌
✔ ✞ ✸✦✔ ✓✤✛✢✥☞✓ ✔ ✠ ✘✩★ ✟✜✌ ✬ ✴✆✌ ✔ ✆ ✣ ☛✦✥☞✛ ★ ✠❃✌ ✔ ✓✚✓✢✠ ✞ ✓✯✱❃✮✰✥ ★ ✓✝✆✕✠ ✖ ✏✦✥☞✓ ★✩✸✜✘ ✌✵✥ ✂ ✌✍✆ ✘ ✌ ✔ ✠ ✸✦✔ ✌✙✛ ✂ ✥☞✓ ★ ✠☞☛ ✔✚✿ ✞ ✌
☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✛✢✥☞✏✜✏✒✠☞✛✤✓ ✣ ✌ ✔ ✏✜✛ ✣ ✆ ✣ ✟✜✌ ✖❃✖ ✌✙☛✑✓✆✍ ✘ ✌ ✔ ✆✕✠☞☛☛✟ ★ ✓ ★ ✠☞☛ ✔ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✔✟✜✌ ✘ ✥✗✏ ✎ ✥ ✔ ✌
★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✔ ✠☞☛✑✓ ✆✕✌ ✘✩✘ ✌ ✔ ✟ ✲ ✞ ☛ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✫✏✦✥☞✛✤✓ ★ ✌ ✘✭✬

�
�✂✁☎✄✝✆✟✞✠✞✠✡✝☛✌☞✎✍✌✡ ✞✒✑✠✄✔✓✕✆ � ✆✖✑✠✗ ✘✚✄✝☞✜✛✌✆✣✢☎✄ � ✡ ✡ ✑ ✗✝✁☎✄✝✆✟✞✠✞✠✡✝☛✌☞✎✍ ✁ ✗ ✂ ☛✕✆ � ✆✣✓✕☞✜✡✏✍✌✡ ✞ ✛☎✄ ☛ ✑✒✑✠✡ ✞ ✢☎✗✝✘✚✄☎✑ ✆ ✂ ☛☎✡ ✞

✥ ✲ ✥☞✏✜✛ ✗✕✔✹✘ ✥ ✕✦✪ ✞ ✛✢✌✁✭ ✂✼✬✄✂ ✣✙❁ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✔✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✖ ✥☞✛ ✪☞★ ☛✦✥ ✘ ✌ h⋆ ✌ ✔ ✓ ★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛✢✌✻✱
✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✓✢✠☞✓✢✥ ✘ ✌ ✟ ✲ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌ L2+L1 ✬ ✴✆✌✍✆ ★ ✌ ✔ ✓ ✔ ✆ ✎ ✣ ✖ ✥☞✓ ★✍✔✤✣ ✟✜✥☞☛ ✔ ✘ ✥ ✕✦✪ ✞ ✛✢✌✤✭ ✂✼✬ ✄ ✄✤✣ ✬

✂ ✖ ✥ ✪☞★ ☛✦✠☞☛ ✔✯✿ ✞ ✌ ✘✭✲ ✠☞☛ ✔ ✠ ✞✜✖ ✌✙✓✤✓✢✌ ✞ ☛✦✌ ✪ ✠ ✞ ✓✤✓✢✌✷☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌✵✌✙☛ ✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌✵✱ ✘ ✥❃✓✢✌ ✖ ✏ ✣✙❀
✛✢✥☞✓ ✞ ✛✢✌ TA ✭✰✏✒✠ ★ ☛✑✓ A ✔ ✞ ✛ ✘ ✌ ✪ ✛✢✥☞✏ ✎ ✌☎✭ ✂✼✬ ✄ ✄✤✣ ✣✫✱ ✞ ☛ ✣ ✆ ✎ ✌ ✘ ✠☞☛✗✟✜✌✯✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✬ ✥ ✌ ✞ ✒ ✆✕✥ ✔
✏✒✌ ✞ ✂ ✌✙☛✑✓✫✥ ✘ ✠☞✛ ✔✫✔ ✌✵✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌✙✛ ✬

• ✶ ✲✾✣ ✆ ✎ ✌ ✘ ✠☞☛✗✟✜✌✯✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✚✌ ✔ ✓✫☛ ✣✕✪ ✥☞✓ ★ ✮
✶✁✥ ✪ ✠ ✞ ✓✤✓✢✌✯✌ ✔ ✓ ✟✜✠☞☛✙✆✚✛✢✌✙✮✍✛✢✠ ★ ✟ ★ ✌✫✌✙✓✚✥ ✖ ✌✙☛ ✣ ✌✯✱ ✞ ☛✗☛✦✠ ✞ ✂ ✌ ✘ ✣ ✓✢✥☞✓ ✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌ ✔ ☎ ✖ ✸ ✠ ❀
✘✩★✍✔✤✣ ✏✦✥☞✛ ✘ ✌✫✏✒✠ ★ ☛✑✓ B ✔ ✞ ✛ ✘ ✌ ✪ ✛✢✥☞✏ ✎ ✌★✭ ✂✼✬ ✄ ✄✤✣ ✬ ✶✁✥ ✪ ✠ ✞ ✓✤✓✢✌✽❁✽✏✒✠ ✞ ✛ ✥☞✓✤✓✢✌ ★ ☛☛✟✼✛✢✌☞✆✕✌✫☛✦✠ ✞ ✂ ✌ ✘
✣ ✓✢✥☞✓✑✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌✽❁☛✟✜✠ ★ ✓ ✔✕✲✾✣ ✓✢✥ ✘ ✌✙✛ ✬ ✴✆✠ ✖❃✖ ✌ ✘✭✲✾✣ ✆ ✎ ✌ ✘ ✠☞☛ ✟✜✌✻✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✔✕✲ ✌ ✹ ✌✍✆✙✓ ✞ ✌
✌✙☛ ✞ ☛✦✌ ✟ ✞ ✛ ✣ ✌✒✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✖✆✕✠☞☛ ✔✟★ ✟ ✣ ✛✢✥ ✸✜✘ ✌ ✖ ✌✙☛✑✓ ★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛✢✌✷✥ ✞ ✓✢✌ ✖ ✏ ✔ ✆✕✥☞✛✢✥✞✆ ❀
✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✠✟ ✲✾✣ ✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✽❁✦✠☞☛ ✏✒✌ ✞ ✓✯✥☞✟ ✖ ✌✙✓✤✓✤✛✢✌ ✿ ✞ ✲✳★✩✘ ✌ ✔ ✓ ★ ☛ ✔ ✓✢✥☞☛✑✓✢✥☞☛ ✣✽✬
✶✁✥✻✓✤✛✢✥☞☛ ✔ ✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛ ✌✙☛ ✂✑★✍✔ ✥ ✪✽✣ ✌ ✔ ✌✵✮✰✥ ★ ✓✂✟✜✠☞☛✙✆ ✸✜★ ✌✙☛ ✌✙☛ ✔ ✞ ★ ✂ ✥☞☛✑✓ ✘ ✌ ✆ ✎ ✌ ✖ ★ ☛ ✭ ✂ ✣ ✔ ✞ ✛
✘ ✌✑✟ ★ ✥ ✪ ✛✢✥ ✖❃✖ ✌✑✟✜✌✹✏ ✎ ✥ ✔ ✌✚✭ ✂✼✬ ✄ ✄✤✣ ✬ � ✞ ✆✕✠ ✞ ✛ ✔ ✟✜✌✑✆✕✌✙✓✤✓✢✌✹✓✤✛✢✥☞☛ ✔ ✮✰✠☞✛ ✖ ✥☞✓ ★ ✠☞☛✁❁ ✘ ✌✹✏✒✠ ★ ☛✑✓
✿ ✞ ★ ✔ ☎ ✖ ✸ ✠ ✘✩★✍✔ ✌ ✘✭✲✾✣ ✓✢✥☞✓✔✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌☎✟✜✥☞☛ ✔✚✘ ✌☎✟ ★ ✥ ✪ ✛✢✥ ✖❃✖ ✌✑✟✜✌✹✏ ✎ ✥ ✔ ✌☛✭ ✂✼✬ ✄ ✄✤✣✚✛✢✌ ✔ ✓✢✌
✟✜✥☞☛ ✔✚✘ ✥ ✄ ✠☞☛✦✌✑✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣✽✬ ✴✆✌ ✘ ✥ ✔✟★✍✪ ☛ ★ ✕ ✌ ✿ ✞ ✌ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌✠✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✵☛✦✌
✔ ✌✔✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✌✆✏✦✥ ✔✕✬ ✴✆✌✯✮✰✥ ★ ✓✚✌ ✔ ✓✚✠ ✸✦✔ ✌✙✛ ✂ ✣ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓ ✬



� �✁� � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

☎✁�✝✆✟✞ ✂✼✬ ✄ ✄✎✍ ✂ ✎✗✜✤✶✄✧✬✖✙✘✢✜✤✣✴✥✠✟ ✧✎✣✩★✕✪✎✜✤✧✬✖✭✖✢★ ✣✩✏✓✒✕✔✗✖✙✘✢✷✓✧✑★ ✚✞✜✤✧✎✒✆✘✛✚✞★ ✏ ✧✎✣ ✏✙✘✄✂✑★✓✶✛✜✤✣ ✥✳★ ✖✢★✓✒❨✰✁✏ ✝

✝✯✔✗✖✙✧☞✝✯★ ✜☛☎◗✜✞✝✯✚ ✥✳★✕✶✛✔ ✖✡✝✯✔✤✣✬✚✛✚✸✜✞✝✓✒✕✔✗✖✙✘✢✜✤✣ ✡ ☛✌☞ ✠✮✶✛✔ ✪✎✜✤✧✬✖✭✖✢★ ★✯✚✸✖✁✝✯★✛✚✄✝✯✜✤✘✢✥✤✘✢★ ✜✁�❙✶✙✶✛★ ✚ ✟❉✏✸✖✢✔✤✶✛★✆✚✞✔✤✣✬✚
✷✓✧✑★ ✚✞✔✦✚✓✧☞✝✛✚✸✔ ✘✯★ ✶✄✘ ☎✌✝✯★✕✚✞✜✤✘✭✖✆✥✳✏✯✚✸✖✢✔ ☎✓✘✙✶✄✘✛✚✞✏✯★ ✜ ☎◗✜✞✝✯✚✦✥✳★ ✶✛✔ ✖✡✝✯✔✤✣✬✚✛✚✸✜✞✝✓✒✕✔✗✖✙✘✢✜✤✣ ✡✞☞ ☞ ✠✆✶✛✔ ✪✎✜✤✧✬✖✭✖✢★
★✯✚✸✖ ✝✯✏✙✘✄✂✑✔✤✧ ☎✵✏✯★ ✜✆✂❨✜✤✧☞✝✌✎✞✧ ✷✓✧✑★✵✶ ✟❉✏✙✘✄✂✑★✓✶✛✜✤✣ ✥✳★✮✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★❨✚✞✜✤✘✭✖✾✚✓✧✄✂ ✚✞✔✤✒✆✒✕★✓✣✁✖✾✘✙✒❨✰✁✜✞✝✸✖✢✔✤✣✁✖ ✠

✶✛✜✞✝✯✚✞✷✓✧✑★✮✶✛✔ ✪✎✜✤✧✬✖✭✖✢★✲✚✞★✍✝✯✏✸✖✡✝✯✔ ✘✸✖✢★ ✠ ✚✞✔✆✚✓✧☞✝✛✚✸✔ ✘✯★✮✶✄✘ ☎✌✝✯★✮✚✞★ ✥✳✏✯✚✸✖✢✔ ☎✓✘✙✶✄✘✛✚✞★ ✜

• ✶ ✲✾✣ ✆ ✎ ✌ ✘ ✠☞☛✗✟✜✌✯✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✚✌ ✔ ✓✫✏✒✠ ✔✟★ ✓ ★ ✮

✶✁✥ ✪ ✠ ✞ ✓✤✓✢✌✡✌ ✔ ✓☎✟✜✠☞☛✙✆✻✛ ✣ ✆ ✎ ✥ ✞ ✹ ✣ ✌ ✬ � ✘✩✘ ✌ ✟✜✠ ★ ✓✷✥☞✓✤✓✢✌ ★ ☛☛✟✼✛✢✌ ✞ ☛❂☛✦✠ ✞ ✂ ✌ ✘✆✣ ✓✢✥☞✓☎✟ ✲✾✣✕✿ ✞ ★✩❀
✘✩★✩✸ ✛✢✌ ✔ ☎ ✖ ✸ ✠ ✘✩★✍✔✤✣ ✏✦✥☞✛ ✘ ✌❃✏✒✠ ★ ☛✑✓ C ✟✜✥☞☛ ✔✵✘ ✌ ✟ ★ ✥ ✪ ✛✢✥ ✖❃✖ ✌ ✟✜✌❃✏ ✎ ✥ ✔ ✌✁✭ ✂✼✬ ✄ ✄✤✣ ✬ ✔ ✠ ✞ ✛
✥☞✓✤✓✢✌ ★ ☛☛✟✼✛✢✌ ✆✕✌✗☛✦✠ ✞ ✂ ✌ ✘✚✣ ✓✢✥☞✓ ✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌✽❁ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✟✜✠ ★ ✓ ✔ ✌✗✛ ✣ ✓✤✛✢✥✞✆✙✓✢✌✙✛ ✬ ✴✆✠ ✖❃✖ ✌
✘✭✲✾✣ ✆ ✎ ✌ ✘ ✠☞☛☎✟✜✌ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✏✒✌ ✞ ✓ ✡✙✓✤✛✢✌ ✆✕✠☞☛ ✔✟★ ✟ ✣ ✛ ✣ ✆✕✠ ✖❃✖ ✌ ★ ☛ ✔ ✓✢✥☞☛✑✓✢✥☞☛ ✣ ❁ ✘ ✌ ✏✒✠ ★ ☛✑✓ ✿ ✞ ★
✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌ ✘✭✲✾✣ ✓✢✥☞✓✏✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌✕✟✜✥☞☛ ✔ ✘ ✌✕✟ ★ ✥ ✪ ✛✢✥ ✖❃✖ ✌✖✟✜✌✆✏ ✎ ✥ ✔ ✌ ✔ ✞ ★ ✓ ✘ ✥✯✓✤✛✢✥ ✓✤✌✍✆✙✓✢✠ ★ ✛✢✌
✭ ✄✤✣ ✬ � ✓ ✘✭✲ ✠☞☛☎✆✕✠☞☛ ✔ ✓✢✥☞✓✢✌ ✿ ✞ ✌ ✔✟★ ✆✕✌✙✓ ✣ ✆ ✎ ✌ ✘ ✠☞☛ ✟✜✌❃✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✷✌ ✔ ✓ ✔ ✞ � ✔ ✥ ✖❃✖ ✌✙☛✑✓
★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✄❁ ✆✕✌✙✓✤✓✢✌✚✓✤✛✢✥ ✓✤✌✍✆✙✓✢✠ ★ ✛✢✌✚✏✦✥ ✔✤✔ ✌✚✏✦✥☞✛ ✘ ✥ ✄ ✠☞☛✦✌✂✟ ✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✍ ✘ ✥ ✔ ✞ ✛✤✮✰✥✞✆✕✌ ✘✩★✩✸ ✛✢✌
✟✜✌ ✘ ✥ ✪ ✠ ✞ ✓✤✓✢✌ ✔ ✌☎✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✌ ✬ ✴✆✌✻✏ ✎ ✣ ☛✦✠ ✖ ✗ ☛✦✌✹✌ ✔ ✓✹✠ ✸✦✔ ✌✙✛ ✂ ✣ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ✖ ✌✙☛✑✓
✆✕✠ ✖❃✖ ✌✷✌✙☛ ✓ ✣ ✖ ✠ ★✍✪ ☛✦✌✙☛✑✓ ✘ ✌ ✔ ✆ ✘✩★ ✆ ✎ ✣✕✔ ✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣✕✔ ✟✜✥☞☛ ✔✫✘ ✥ ✕✦✪ ✞ ✛✢✌✫✭ ✂✼✬ ✟✤✣ ✬ ✴✆✌✹✏ ✎ ✣ ☛✦✠ ❀
✖ ✗ ☛✦✌✫✌ ✔ ✓✖✟ ✲ ✥ ✞ ✓✢✥☞☛✑✓ ✏ ✘ ✞ ✔ ✮✰✥✞✆ ★✩✘ ✌✫✱✹✠ ✸✦✔ ✌✙✛ ✂ ✌✙✛ ✿ ✞ ✌ ✘✭✲ ✠☞☛ ✔✕✲ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌✕✟✜✌ ✘ ✥✵✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛
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☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✢✠☞✏ ✌ ✬
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✓ ✣ ✌✑✟✜✥☞☛ ✔✯✘ ✥ ✕✦✪ ✞ ✛✢✌✫✭ ✂✼✬✄✂ ✣✙❁ ☛✦✠ ✞ ✔ ✏✒✌✙✛ ✖ ✌✙✓✂✟✜✌✷✛✢✌✙✓✤✛✢✠ ✞ ✂ ✌✙✛ ✘✭✲ ✥✞✆✍✆✙✛✢✠ ★✍✔✤✔ ✌ ✖ ✌✙☛✑✓✠✟✜✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛
✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✢✌ L2 ✟✜✌ ✔✹✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ ✱ ✘✭✲ ✥☞✏✜✏✜✛✢✠ ✆ ✎ ✌☎✟✜✌ ✘ ✥✗✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀
★✍✔ ✠☞✓✤✛✢✠☞✏✒✌ ✬

� ☛ ✌ ✹ ✌✙✓✲✍
Π(h⋆) ∝ K3 → 0 lorsque T → TNI

✟ ☛ ✌✙☛✔✆✕✠☞☛✙✆ ✘ ✞ ✓ ✿ ✞ ✌ ✘ ✌ ✖ ✥✓✒ ★ ✖✷✞✜✖ ✛✢✌ ✘ ✥☞✓ ★ ✮✏✟✜✌ ✘ ✥✡✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌☎✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛✁❁✜✥ ✔✤✔ ✠ ✆ ★✍✣
✱
h⋆
❁ ✂ ✠ ★ ✓ ✔ ✠☞☛ ✥ ✖ ✏ ✘✩★ ✓ ✞ ✟✜✌☎✟ ★ ✖ ★ ☛ ✞ ✌✙✛✹✌✙✓ ✔ ✌ ✟ ✣ ✆✕✥ ✘ ✌ ✂ ✌✙✛ ✔✷✘ ✌ ✔✷✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔✹★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌ ✔

✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘ ✥ ✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌ ✥ ✞ ✪ ✖ ✌✙☛✑✓✢✌ ✬ ✔ ✥☞✛ ✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✑✓✄❁ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✟ ✲✾✣✕✿ ✞ ★✩✘✩★✩✸ ✛✤✌ ✟✜✌ ✔
✪ ✠ ✞ ✓✤✓✢✌ ✔ L2 ✔✕✲ ✥✞✆✍✆✙✛✢✠✟✞✍✓ ✬ ✶✁✌ ✔ ✆ ✎ ✣ ✖ ✥❃✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣ ✟✜✥☞☛ ✔✫✘ ✥ ✕✦✪ ✞ ✛✢✌✫✭ ✂✼✬ ✄ ✌ ✣ ★✩✘✩✘ ✞ ✔ ✓✤✛✤✌✜✆✕✌✹✏ ✎ ✣ ☛✦✠ ❀
✖ ✗ ☛✦✌ ✬

✔ ✥☞✛ ✘✭✲ ✥☞☛✦✥ ✘✆☎✼✔ ✌ ✟✜✌ ✘✭✲✳★✍✔ ✠☞✓ ✎ ✌✙✛ ✖ ✌✕✟✜✌✫✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌ ✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛✁❁☞☛✦✠ ✞ ✔ ✖ ✌✙✓✤✓✢✠☞☛ ✔ ✟✜✠☞☛✙✆✚✌✙☛
✣☎✂✑★ ✟✜✌✙☛✙✆✕✌ ✞ ☛ ✘✩★ ✌✙☛ ✌✙☛✑✓✤✛✢✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✟✜✌ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✖ ✥☞✛ ✪☞★ ☛✦✥ ✘ ✌ h⋆ ✌✙✓ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✟ ✲✾✣✕✿ ✞ ★✩❀
✘✩★✩✸ ✛✢✌☎✟✜✌ ✔✷✪ ✠ ✞ ✓✤✓✢✌ ✔ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✔ L2 ✬ ✖ ✠ ✞ ✔ ✏✒✌✙☛ ✔ ✠☞☛ ✔✵✿ ✞ ✌ ✘✭✲✳★✍✔ ✠☞✓ ✎ ✌✙✛ ✖ ✌☎✟✜✌❃✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✟✜✌
✟ ★✍✔ ✓✤✠☞☛✙✆✙✓ ★ ✠☞☛ ✿ ✞ ✌✚☛✦✠ ✞ ✔ ✞ ✓ ★✩✘✩★✍✔ ✠☞☛ ✔ ✌ ✔ ✓ ✔ ✥☞✓ ★✍✔ ✮✰✥ ★✍✔ ✥☞☛✑✓✢✌✝✆✕✥☞✛✯✌ ✘✩✘ ✌✫☛✦✠ ✞ ✔ ✏✒✌✙✛ ✖ ✌✙✓✕✟ ✲✳★ ☛✑✓✢✌✙✛✤✏✜✛ ✣ ✓✢✌✙✛
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✓ ✣✕✔ ✟✜✌ ✖ ✠ ✞ ★✩✘✩✘ ✥ ✪ ✌✂✟✜✌ ✘ ✥✷✏ ✎ ✥ ✔ ✌✯☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ✬
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h⋆

★✸✖ ✥✠✟❉✏✯✷✓✧✎✘✞✝
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L2
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s(q) =
h30
3η
q2
[

γq2 +

(

K∆θ2

h30
− A

2πh40

)]

,

✿ ✞ ★ ✏✒✌✙✛ ✖ ✌✙✓ ✟ ✲ ✥☞✏✜✏✜✛ ✣ ✆ ★ ✌✙✛ ✘ ✌ ✔ ✌ ✞ ★✩✘ ✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣✽✬ ✶✁✌ ✂ ✌✍✆✙✓✢✌ ✞ ✛✂✟ ✲ ✠☞☛☛✟✜✌✜✆✙✛ ★ ✓ ★✍✿ ✞ ✌ qc ✿ ✞ ★✥☞✏✜✏✦✥☞✛✢✥✟✞✍✓✘✆✕✠ ✖❃✖ ✌ ✘ ✥ ✂ ✥ ✘ ✌ ✞ ✛ ✖ ✥✓✒ ★ ✖ ✥ ✘ ✌✌✟ ✞ ✂ ✌✍✆✙✓✢✌ ✞ ✛✎✟ ✲ ✠☞☛☛✟✜✌✌✟ ✲ ✞ ☛✦✌ � ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛✵✥ ✖ ✏ ✘✩★ ✕✦✣ ✌✽❁
✥ ✘✭✲ ✌✄✒✼✏✜✛✢✌ ✔✤✔✟★ ✠☞☛ ✔ ✞ ★ ✂ ✥☞☛✑✓✢✌ ✍

qc =

√

√

√

√

A

2πγh40

(

1− h0
h⋆

)

✂ ✘ ✌✄✒ ★✍✔ ✓✢✌ ✞ ☛✦✌ ✂ ✥ ✘ ✌ ✞ ✛✆✏✦✥☞✛✤✓ ★ ✆ ✞ ✘✩★✓✗ ✛✢✌ ✟ ✞ ✂ ✌✍✆✙✓✢✌ ✞ ✛ ✟ ✲ ✠☞☛☛✟✜✌ qm ❁✙✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✑✓✫✱ ✞ ☛✦✌ � ✞ ✆ ❀
✓ ✞ ✥☞✓ ★ ✠☞☛ ✥ ✖ ✏ ✘✩★ ✕✦✣ ✌✽❁✑✌✙✓ ✿ ✞ ★ ✆✕✠☞☛☛✟ ✞ ★ ✓✫✱ ✞ ☛✦✌ ✂ ✥ ✘ ✌ ✞ ✛ |s(q)| ✖ ✥✓✒ ★ ✖ ✥ ✘ ✌ ✬ ✔ ✥☞✛ ✖ ★ ✓✢✠ ✞ ✓✢✌ ✔✫✘ ✌ ✔
� ✞ ✆✙✓ ✞ ✥☞✓ ★ ✠☞☛ ✔ ★ ☛ ✔ ✓✢✥ ✸✜✘ ✌ ✔ ❁ ✆✕✌ ✘✩✘ ✌ ❀ ✆ ★ ✆✙✛✢✠✟✞✍✓ ✘ ✌✯✏ ✘ ✞ ✔ ✂✑★ ✓✢✌ ✬ ✶✁✠☞✛ ✔✤✿ ✞ ✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ✟ ✣ ✖ ✥☞✛✤✛✢✌✽❁ ✆✕✌
✖ ✠ ✟✜✌✠✟✜✠ ✖ ★ ☛✦✌✚✌✙✓ ✔ ✌ ✖ ✥☞☛ ★ ✮✰✌ ✔ ✓✢✌✚✏✦✥☞✛ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✕✟ ✲ ✠☞☛☛✟✜✌✆✍

λm =
2π

qm
=

√

√

√

√

16π3γh40

A
(

1− h0
h⋆

)

✭ ✂✼✬✍✌✗✝ ✣

✶✁✌✯✓✢✌ ✖ ✏ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✯✥ ✔✤✔ ✠ ✆ ★✍✣ ✱✖✆✕✌✙✓✤✓✢✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✕✟ ✲ ✠☞☛☛✟✜✌✵✌ ✔ ✓✲✍

τm =
1

s(qm)
=
48π2h50γη

A2
(

1− h0
h⋆

)2

✭ ✂✼✬✍✌✎✂ ✣

� ☛ ✏✜✛✢✌✙☛✦✥☞☛✑✓✂✟✜✌ ✔✄✂ ✥ ✘ ✌ ✞ ✛ ✔ ✓ ☎ ✏ ★✍✿ ✞ ✌ ✔ ✏✒✠ ✞ ✛ ✘ ✌ ✔ ✟ ★✛✹ ✣ ✛✢✌✙☛✑✓ ✔ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌ ✔ ✏ ✎ ☎✼✔✟★✍✿ ✞ ✌ ✔ ✟✜✌
☛✦✠☞✓✤✛✢✌ ✖ ✠ ✟ ✗✙✘ ✌✿✭ h0 ∼ 40 nm ❁ γ = 30 mN ·m−1 ❁ η = 0.01 P ❁ A ∼ 10−20 J ✣✙❁ ✠☞☛❃✓✤✛✢✠ ✞ ✂ ✌

τ = 145 s
✍ ✘✭✲ ✠☞✛✒✟✼✛✢✌☎✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛✑✟✜✌ τ ✌ ✔ ✓☎✟✜✠☞☛✙✆ ✘ ✥ ✖ ★ ☛ ✞ ✓✢✌ ✬ ✟ ☛❂✛✢✌ ✖ ✥☞✛ ✿ ✞ ✌✷✓✢✠ ✞ ✓✢✌ ❀

✮✰✠ ★✍✔✚✿ ✞ ✲ ✥ ✞ ✔ ✌ ✞ ★✩✘ ✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣ ❁ ✘ ✠☞✛ ✔✤✿ ✞ ✌ h0 ✓✢✌✙☛☛✟ ✂ ✌✙✛ ✔ h⋆ ❁✙✆✕✌✵✓✢✌ ✖ ✏ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✟ ★ ✂ ✌✙✛ ✪ ✌ ✬
✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✏✜✛ ✣ ✆ ★✍✔✤✣ ✏✜✛ ✣ ✆ ✣ ✟✜✌ ✖❃✖ ✌✙☛✑✓✄❁ ✿ ✞ ✌✻✏✒✠ ✞ ✛✎✓ ✞ ✪ ✌✙✛✑✟✜✌ ✘ ✥ ✔ ✓✢✥ ✸✜★✩✘✩★ ✓ ✣ ✟ ✲ ✞ ☛ ✕✜✘ ✖ ❁

☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★ ✞ ☛ ✟ ✣✙✘ ✥ ★ ✟✜✌ ✂✑★ ☛ ✪ ✓ ✖ ★ ☛ ✞ ✓✢✌ ✔✕✬✁✔ ✠ ✞ ✛ ✞ ☛✦✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✖ ✠ ☎ ✌✙☛✜☛✦✌ h⋆ =



� � � � �✂✁☎✄✠☎✝✆ ✞✆✂✆✞✞✄✟✄✠✟✁�☛✡ ✂✌☞✎✍✏☞ ✞✌✑✓✒ �✔✍✕✑☎✄✖☞ ☎✖✄✠✞✘✗✝�✆�✔✍

40 nm
✌✙✓ ✞ ☛ ✓✢✌ ✖ ✏ ✔ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌ τm ✟✜✌ ✂✑★ ☛ ✪ ✓ ✖ ★ ☛ ✞ ✓✢✌ ✔ ❁ ✘ ✥✻✮✰✠☞✛ ✖✷✞ ✘ ✌☎✭ ✂✼✬✍✌✎✂ ✣✕✟✜✠☞☛✜☛✦✌

✞ ☛✦✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ h0 = 0.80h⋆ ✬ ✏ ✓ ★ ✓✤✛✢✌ ★ ☛☛✟ ★ ✆✕✥☞✓ ★ ✮✟❁✑✥ ✓✤✠ ✞ ✓✢✠☞☛ ✔✚✿ ✞ ✌✵✏✒✠ ✞ ✛ ✞ ☛ ✓✢✌ ✖ ✏ ✔ ✆✕✥☞✛✢✥✞✆ ❀
✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌☎✟✜✌ ✟✜✌ ✞ ✒ ✎ ✌ ✞ ✛✢✌ ✔ ❁ ✠☞☛ ✠ ✸ ✓ ★ ✌✙☛✑✓ ✞ ☛✦✌ ✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ h0 = 0.89h⋆ ✬ ✴✆✌✍✆ ★ ✖ ✠☞☛✑✓✤✛✢✌
✿ ✞ ✲ ✞ ☛ ✟ ✣✙✘ ✥ ★ ✟ ✲ ✥☞✓✤✓✢✌✙☛✑✓✢✌ ✟✜✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌✕✟✜✌ ✘ ✥ ✂✑★ ☛ ✪ ✓✢✥ ★ ☛✦✌✖✟✜✌ ✖ ★ ☛ ✞ ✓✢✌ ✔ ✠ ✞ ✟✜✌ ✘✭✲ ✎ ✌ ✞ ✛✢✌✽❁ ✆✕✠☞☛☛✟ ✞ ★ ✓
✱ ✟✜✌ ✔✆★ ☛✙✆✕✌✙✛✤✓ ★ ✓ ✞ ✟✼✌ ✔ ✆✕✠ ✖ ✏✦✥☞✛✢✥ ✸✜✘ ✌ ✔✆✿ ✞ ✥☞☛✑✓✚✱ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✖✟ ✲ ✞ ☛ ✕✜✘ ✖ ✬

✶✁✌ ✪ ✛✢✥☞✏ ✎ ✌✵✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣ ✟✜✥☞☛ ✔✫✘ ✥ ✕✦✪ ✞ ✛✢✌☎✭ ✂✼✬ ✄ ✌ ✣ ✖ ✠☞☛✑✓✤✛✢✌ ✘✭✲✾✣☎✂ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✥☞☛ ✔✫✘ ✌✵✓✢✌ ✖ ✏ ✔ ✟✜✌
✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✆✕✥☞✛✢✥✞✆✙✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✧✠ ✸✦✔ ✌✙✛ ✂ ✣ ✌ ✘ ✠☞✛ ✔ ✟✜✌ ✘ ✥✂✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✥☞✓ ★ ✠☞☛✑✟ ✲ ✞ ☛ ✕✜✘ ✖ ☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌
✟✜✌
42, 8 nm

✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✱ ✘ ✥✫✓✢✌ ✖ ✏ ✣ ✛✢✥☞✓ ✞ ✛✢✌✏✟✜✌ 34 ☎ C ✬ ✶✁✥ ✂ ✥ ✘ ✌ ✞ ✛✎✟✜✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✆✕✥☞✛✢✥✞✆ ❀
✓ ✣ ✛ ★✍✔ ✓ ★✍✿ ✞ ✌✯✌ ✔ ✓✵✌✄✒✼✓✤✛✢✥ ★ ✓✢✌✔✟✜✌ ✘✭✲ ✥☞☛✦✥ ✘✆☎✼✔ ✌✔✟ ✞ ✔ ✏✒✌✍✆✙✓✤✛✢✌✔✟✜✌✹✏ ✞ ★✍✔✤✔ ✥☞☛✙✆✕✌✠✟ ✲ ✞ ☛✦✌ ★ ✖ ✥ ✪ ✌✔✟ ✞ ✕✜✘ ✖ ❁
✆✕✠☞☛✜✮✰✠☞✛ ✖ ✣ ✖ ✌✙☛✑✓✷✱ ✘ ✥✗✏✜✛✢✠ ✆ ✣ ✟ ✞ ✛✢✌ ✿ ✞ ✌✻☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✟ ✣ ✆✙✛ ★ ✓✢✌☎✟✜✥☞☛ ✔✹✘ ✌✻✏✦✥☞✛✢✥ ✪ ✛✢✥☞✏ ✎ ✌ ✂✼✬ ✄ ✬ ✌ ✬
✔ ✠ ✞ ✛ ✞ ☛✦✌✔✟ ✣ ✓✢✌✙✛ ✖ ★ ☛✦✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✝ ✂ ✛✢✥ ★ ✌ ✟ ✂ ✥ ✘ ✌ ✞ ✛ ✟✜✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✟ ✲ ✠☞☛☛✟✜✌✽❁✼☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔
✞ ✓ ★✩✘✩★✍✔✤✣✫✘ ✥✷✮✰✠☞✛ ✖✷✞ ✘ ✌✂✟✜✌✜✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✙✆✕✌ ✭ ✂✼✬✍✌ ✣ ✬

✶✁✥ ✕✦✪ ✞ ✛✢✌ ✭ ✂✼✬ ✄ ✌ ✣ ✖ ✠☞☛✑✓✤✛✢✌✝✆ ✘ ✥ ★ ✛✢✌ ✖ ✌✙☛✑✓ ✘✭✲ ✌✄✒ ★✍✔ ✓✢✌✙☛✙✆✕✌ ✟ ✲ ✞ ☛✦✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✖✟ ✲ ✠☞☛☛✟✜✌ ✆✕✥☞✛✢✥✞✆✙✓ ✣✙❀
✛ ★✍✔ ✓ ★✍✿ ✞ ✌ ✏✜✛ ★ ✂✑★✩✘✍✣✕✪☞★✍✣ ✌ ✿ ✞ ★✜✔ ✌ ✖ ✥☞☛ ★ ✮✰✌ ✔ ✓✢✌✫✥ ✞ ✟ ✣✙✸ ✞ ✓ ✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣✽✬ ✟ ☛❃✛✢✌✙✓✤✛✢✠ ✞ ✂ ✌✫✌✙☛ ✔ ✞ ★ ✓✢✌
✘ ✥ ✘ ✠ ★ ✟✜✌✜✆✙✛✢✠ ★✍✔✤✔ ✥☞☛✙✆✕✌✵✌✙☛ t1/3 ✿ ✞ ✌✯☛✦✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔✯✣ ✓ ✞ ✟ ★✍✣ ✏✜✛ ✣ ✆ ✣ ✟✜✌ ✖❃✖ ✌✙☛✑✓ ✬

✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔✯✣☎✂ ✥ ✘ ✞ ✣✯✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✕✟ ✲ ✠☞☛☛✟✜✌ ★ ☛ ★ ✓ ★ ✥ ✘ ✌✚✏✒✠ ✞ ✛ ✟✜✌ ✔✎✕✜✘ ✖ ✔ ✟ ✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ ✔ ✂ ✥ ❀
✛ ★✍✣ ✌ ✔✕✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✆ ✎ ✠ ★✍✔✟★ ✟✜✌ ✟ ✣✕✔ ✓✢✥ ✸✜★✩✘✩★✍✔ ✌✙✛✖✆✕✌ ✔✒✕✜✘ ✖ ✔ ✟✜✌ ✮✰✥✝✤✕✠☞☛ ✂✑★ ✠ ✘ ✌✙☛✑✓✢✌✗✌✙☛ ✘ ✌ ✔ ✥☞✏ ❀
✏✜✛✢✠ ✆ ✎ ✥☞☛✑✓ ✟✜✌ ✘ ✥✻✓✤✛✢✥☞☛ ✔✟★ ✓ ★ ✠☞☛✡☛ ✣ ✖ ✥☞✓ ★✍✿ ✞ ✌ ❀ ★✍✔ ✠☞✓✤✛✢✠☞✏ ✌✚✠✧✦ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛ h⋆ ✌ ✔ ✓ ★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌✯✌✙✓
✘✭✲ ✠☞☛ ✥

λm ∼ h2
0

a

✠✧✦
a
✌ ✔ ✓ ✎ ✠ ✖ ✠ ✪✤✗ ☛✦✌✷✱ ✞ ☛✦✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✂✟ ✲ ✠☞✛✒✟✼✛✢✌✑✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛ ✖ ✠ ✘✍✣ ✆ ✞ ❀

✘ ✥ ★ ✛✢✌ � ✂ ✟ ✂ ✬ ✶ ✲✾✣☎✂ ✥ ✘ ✞ ✥☞✓ ★ ✠☞☛ ✟✜✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✖✟ ✲ ✠☞☛☛✟✜✌ ★ ☛ ★ ✓ ★ ✥ ✘ ✌✫☛ ✲ ✌ ✔ ✓✫✏✦✥ ✔ ✥ ★✍✔✤✣ ✌ ✍✚✆✕✠ ✖❃✖ ✌✵✠☞☛
✘ ✌ ✂ ✠ ★ ✓ ✔ ✞ ✛ ✘ ✥✑✆✕✠ ✞ ✛ ✸ ✌✫✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓ ✣ ✌ ✟✜✥☞☛ ✔✧✘ ✥ ✕✦✪ ✞ ✛✢✌✤✭ ✂✼✬ ✄ ✌ ✣✙❁✜✠☞☛✗☛✦✌✝✆✕✠☞☛✜☛✦✥✟✞✍✓✧✏✦✥ ✔✧✘✭✲✳★ ☛ ✔ ✓✢✥☞☛✑✓
★ ☛ ★ ✓ ★ ✥ ✘ ✌✙✓ ✘✭✲ ✠☞☛❃✌ ✔ ✓ ✟✜✠☞☛✙✆✎✆✕✠☞☛✑✓✤✛✢✥ ★ ☛✑✓✏✟✜✌✆✛ ✣ ✥ ✘✩★✍✔ ✌✙✛ ✞ ☛✦✌✆✌✄✒✼✓✤✛✢✥☞✏✒✠ ✘ ✥☞✓ ★ ✠☞☛ ✬ ☎ ☛❃✥ ✞ ✓✤✛✢✌✆✏✜✛✢✠ ✸✜✘✓✗ ✖ ✌
✔ ✌✻✏✒✠ ✔ ✌✻✏✦✥☞✛✹✥ ★✩✘✩✘ ✌ ✞ ✛ ✔ ✍✹✏✒✠ ✞ ✛ ✘ ✌ ✔✜✕✜✘ ✖ ✔✚✘ ✌ ✔ ✏ ✘ ✞ ✔ ✖ ★ ☛✙✆✕✌ ✔ ❁ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✠✟ ✲ ✠☞☛☛✟✜✌ ★ ☛ ★ ✓ ★ ✥ ✘ ✌
✌ ✔ ✓ ✮✰✥ ★✩✸✜✘ ✌✆✌✙✓ ✘✭✲ ✥☞☛✦✥ ✘✆☎✼✔ ✌✖✟ ✲✳★ ✖ ✥ ✪ ✌ ✔ ☛✦✌✆✏✒✌✙✛ ✖ ✌✙✓ ✏✦✥ ✔ ✟ ✲✾✣☎✂ ✥ ✘ ✞ ✌✙✛ ✥ ✂ ✌✍✆ ✔ ✞ � ✔ ✥ ✖❃✖ ✌✙☛✑✓✏✟✜✌✆✏✜✛ ✣✙❀
✆ ★✍✔✟★ ✠☞☛ ✞ ☛✦✌ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✂✟ ✲ ✠☞☛☛✟✜✌✑✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✥☞☛✑✓✚✱ ✿ ✞ ✌ ✘✍✿ ✞ ✌ ✔ ✏ ★ ✒✜✌ ✘✍✔✕✬ ✏ ✓ ★ ✓✤✛✢✌ ★ ☛☛✟ ★ ✆✕✥☞✓ ★ ✮✭❁ ✂

✏ ★ ✒✜✌ ✘✍✔ ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✜✌✙☛✑✓✆✱ 9 µm ✬ � ☛ ✆✕✠☞☛ ✔✤✣✕✿ ✞ ✌✙☛✙✆✕✌✽❁ ✘ ✥✷✛ ✣✕✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✌ ✔✆★ ✖ ✥ ✪ ✌ ✔✆✿ ✞ ✌✯☛✦✠ ✞ ✔
✓✤✛✢✥ ★ ✓✢✠☞☛ ✔ ❁✽☛✦✌✚✏✒✌✙✛ ✖ ✌✙✓ ✏✦✥ ✔ ✟ ✲✾✣☎✂ ✥ ✘ ✞ ✌✙✛ ✟✜✌ ✔ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✔ ✟ ✲ ✠☞☛☛✟✜✌ ★ ☛✜✮ ✣ ✛ ★ ✌ ✞ ✛✢✌ ✔ ✱ ✘ ✥✑✟ ★☎✄ ✥ ★ ☛✦✌✖✟✜✌
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☎✁�✝✆✟✞ ✂✼✬ ✄ ✌✬✍ ✂ ✎✗✜✤✶✄✧✬✖✙✘✢✜✤✣ ✥✳✔✤✣✬✚✮✶✛★✲✖✢★✓✒❨✰✁✚ ✥✳★✮✶✛✔ ✶✛✜✤✣✎✪✗✧✑★✓✧☞✝✑✘✯✔✞✝✯✔ ✘✸✖✢✏✌✝✓✘✛✚✸✖✙✘✢✷✓✧✑★✵✚✞★✮✒✕✔✤✣✑✘ ✚✸★✯✚✸✖✢✔✤✣✁✖
✶✛✜✞✝✯✚✫✥✳★❙✶✛✔✮✥✳✏✯✚✸✖✢✔ ☎✓✘✙✶✄✘✛✚✞✔✗✖✙✘✢✜✤✣✕✥✠✟ ✧✎✣ ✠✌✶✄✒ ✥✠✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝❩✘✙✣✑✘✭✖✙✘✢✔✤✶✛★❨✥✳★

42, 8 nm
✏✵✶✛✔✵✖✢★✓✒❨✰✁✏✌✝✯✔✗✖✙✧☞✝✯★

✥✳★
34

✟
C
✜ ✎❙✣ ✘✯✜✤✣✬✚✸✖✢✔✗✖✢★✦✷✓✧ ✟ ✘✙✶✮★✌✝✤✘✛✚✸✖✢★ ✔✤✧ ✥✳✏✓✒✕✔✞✝✌✝✯✔✸✪✎★ ✥✳★ ✶ ✟ ✘✙✣✬✚✸✖✢✔ ☎✓✘✙✶✄✘✭✖✢✏ ✧✎✣✩★ ✶✛✜✤✣✎✪✗✧✑★✓✧☞✝

✥✠✟❉✜✤✣✩✥✳★✾✰✁✔✞✝✸✖✙✘☎✘✓✧✎✶✄✘ �✌✝✯★ ✜ ✎❙✣ ✝✯★✸✖✡✝✯✜✤✧☞✎✗★✵★✓✣✬✚✓✧✎✘✭✖✢★✫✶✛✔✮✶✛✜✤✘◗✥✳★ ✘✌✝✯✜✤✘✛✚✯✚✞✔✤✣ ✘✯★❨★✓✣
t1/3

✰✕✝✯✏✙✘✯✏✯✥✳★✓✒✆✒✕★✓✣✁✖
✏✸✖✙✧✑✥✤✘✢✏✯★ ✜

✖ ★ ✆✙✛✢✠ ✖ ✗ ✓✤✛✢✌ ✔✕✬ ✶✁✥✡✛ ✣✕✔ ✠ ✘ ✞ ✓ ★ ✠☞☛ ✟✜✌ ✔✯★ ✖ ✥ ✪ ✌ ✔ ✮✰✥ ★ ✓✵✥ ✞ ✔✤✔✟★✧✿ ✞ ✌ ✘ ✌ ✔✚✸ ✥☞✛✤✛✢✌ ✔ ✟ ✲ ✌✙✛✤✛✢✌ ✞ ✛ ✔ ✞ ✛✜✆✕✌ ✔
✖ ✌ ✔ ✞ ✛✢✌ ✔✆✔ ✠☞☛✑✓✆✛✢✌ ✘ ✥☞✓ ★ ✂ ✌ ✖ ✌✙☛✑✓ ★ ✖ ✏✒✠☞✛✤✓✢✥☞☛✑✓✢✌ ✔ ✍ ✞ ☛✦✌ ★ ☛✙✆✕✌✙✛✤✓ ★ ✓ ✞ ✟✜✌✖✟✜✌ 5 µm ✆✕✠☞✛✤✛✢✌ ✔ ✏✒✠☞☛☛✟✡✱ ✌
✏ ★ ✒✜✌ ✘✍✔✆✔ ✞ ✛ ✘✭✲✳★ ✖ ✥ ✪ ✌ ✬ ✶✁✌ ✪ ✛✢✥☞✏ ✎ ✌✫✭ ✂✼✬ ✄✄✂✤✣✆✛✢✌✙✏✜✛ ✣✕✔ ✌✙☛✑✓✢✌✯☛✦✠ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔✕✬ ✖ ✠ ✞ ✔ ✥ ✂ ✠☞☛ ✔ ✥ ✓✤✠ ✞ ✓ ✣ ❁
✱✵✓ ★ ✓✤✛✢✌ ★ ☛☛✟ ★ ✆✕✥☞✓ ★ ✮✟❁ ✞ ☛✦✌✎✆✕✠ ✞ ✛ ✸ ✌✆✏✦✥☞✛✢✥ ✸ ✠ ✘✩★✍✿ ✞ ✌ ✿ ✞ ★ ✟✜✠ ★ ✓ ✡✙✓✤✛✢✌ ✆✕✠☞☛ ✔✟★ ✟ ✣ ✛ ✣ ✌☞✆✕✠ ✖❃✖ ✌ ✞ ☛ ✪ ✞ ★ ✟✜✌
✟✜✌ ✘ ✌✍✆✙✓ ✞ ✛✢✌☎✟ ✞ ✪ ✛✢✥☞✏ ✎ ✌❃✌✙✓ ✿ ✞ ★✆✔✕✲ ✥ ✓ ✞ ✔ ✓✢✌ ✟✜✌❃✮✰✥✝✤✕✠☞☛ ✆✕✠☞✛✤✛✢✌✍✆✙✓✢✌❃✱ ☛✦✠ ✔ ✏✒✠ ★ ☛✑✓ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛ ❀
✓✢✥ ✞ ✒✒❁ ✆✕✌ ✿ ✞ ★✜✔ ✞ ✪✽✪✤✗ ✛✢✌ ✿ ✞ ✌✆☛✦✠ ✔ ✖ ✌ ✔ ✞ ✛✢✌ ✔ ☛✦✌ ✔ ✌ ✖ ✸✜✘ ✌✙☛✑✓ ✏✦✥ ✔ ✟ ✣ ✛✢✥ ★✍✔ ✠☞☛✜☛✦✥ ✸✜✘ ✌ ✔ ❁ ✖ ✥ ✘✍✪ ✛ ✣✧✘ ✌ ✞ ✛
★ ✖ ✏✜✛ ✣ ✆ ★✍✔✟★ ✠☞☛ ✬

✴✆✠☞☛✜✮✰✠☞✛ ✖ ✣ ✖ ✌✙☛✑✓✫✱✒✆✕✌ ✿ ✞ ✌✯✏✜✛ ✣ ✟ ★ ✓✧☛✦✠☞✓✤✛✢✌ ✖ ✠ ✟ ✗✙✘ ✌✽❁ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✖✟ ✲ ✠☞☛☛✟✜✌ ★ ☛ ★ ✓ ★ ✥ ✘ ✌✫✥ ✞ ✪☞❀
✖ ✌✙☛✑✓✢✌ ✘ ✠☞✛ ✔✤✿ ✞ ✌ ✘✭✲✾✣ ✏✦✥ ★✍✔✤✔ ✌ ✞ ✛✌✟ ✞ ✕✜✘ ✖ ✥ ✞ ✪ ✖ ✌✙☛✑✓✢✌ ✬ � ☛❃✏✜✛✢✌✙☛✦✥☞☛✑✓ ✘ ✌ ✔ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✓ ☎ ✏ ★✍✿ ✞ ✌ ✔ ✏✒✠ ✞ ✛
✘ ✌ ✔ ✟ ★✛✹ ✣ ✛✢✌✙☛✑✓ ✔ ✏✦✥☞✛✢✥ ✖ ✗ ✓✤✛✢✌ ✔ ✏ ✎ ☎✼✔✟★✍✿ ✞ ✌ ✔ ✟✜✌✁☛✦✠☞✓✤✛✢✌ ✖ ✠ ✟ ✗✙✘ ✌✩✭ h0 ∼ 30 nm ❁

γ = 30 mN·m−1 ❁

A ∼ 10−20 J ✣✙❁ ✘✭✲✾✣✕✿ ✞ ✥☞✓ ★ ✠☞☛✯✭ ✂✼✬✍✌✗✝ ✣ ✆✕✠☞☛☛✟ ✞ ★ ✓✧✱ ✘✭✲ ✌ ✔ ✓ ★ ✖ ✥☞✓ ★ ✠☞☛ λm ∼ 30 µm ✬ ✖ ✠ ✞ ✔ ✂ ✠ ☎ ✠☞☛ ✔
✖ ✡ ✖ ✌ ✿ ✞ ✌ ✘✭✲ ✠☞✛✒✟✼✛✢✌ ✟✜✌ ✪ ✛✢✥☞☛☛✟✜✌ ✞ ✛ ✟✜✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛ ✟ ✲ ✠☞☛☛✟✜✌✡✮✰✠ ✞ ✛✤☛ ★ ✏✦✥☞✛❃☛✦✠☞✓✤✛✢✌ ✖ ✠ ✟ ✗✙✘ ✌
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☎✁�✝✆✟✞ ✂✼✬ ✄✄✂✎✍ ✂ ✎✗✜✤✶✄✧✬✖✙✘✢✜✤✣ ✥✳★ ✶✛✔ ✶✛✜✤✣✎✪✗✧✑★✓✧☞✝ ✥✠✟❉✜✤✣✩✥✳★ ✘✙✣✑✘✭✖✙✘✢✔✤✶✛★ ✚✞★✦✒✕✔✤✣✑✘ ✚✸★✯✚✸✖✢✔✤✣✁✖ ✶✛✜✞✝✯✚ ✥✳★✦✶✛✔
✥✳✏✯✚✸✖✢✔ ☎✓✘✙✶✄✘✛✚✞✔✗✖✙✘✢✜✤✣ ✥✳★ ✠✌✶✄✒ ✚✲✣✩✏✓✒✕✔✗✖✙✘✢✷✓✧✑★✯✚✆✥✠✟❉✏✢✰✁✔✤✘✛✚✯✚✞★✓✧☞✝✯✚ ✎✗✔✞✝✓✘✢✏✯★✯✚ ✜ ☎◗✔ ✘✯✜✤✧☞✝✓☎✯★✆★✓✣ ✖✡✝✯✔✤✘✭✖✁✰✩✶✛★✓✘✙✣
✚✸✔✤✘✭✖ ✠◗✪✗✧☞✝✯★✆✥✳★❨✪✗✧✎✘✢✥✳★✆✥✳★✲✶✛★✙✘✸✖✙✧☞✝✯★✆✥✤✧✕✪ ✝✯✔✱✰ ✂✑★ ✜

✌ ✔ ✓✷✓✢✠ ✞ ✓✷✱ ✮✰✥ ★ ✓ ✔ ✥☞✓ ★✍✔ ✮✰✥ ★✍✔ ✥☞☛✑✓✷✌✙☛☎✆✕✠ ✖ ✏✦✥☞✛✢✥ ★✍✔ ✠☞☛ ✟✜✌ ✔ ✂ ✥ ✘ ✌ ✞ ✛ ✔ ✠ ✸ ✓✢✌✙☛ ✞ ✌ ✔ ✌✄✒✼✏ ✣ ✛ ★ ✖ ✌✙☛✑✓✢✥ ✘ ✌ ❀
✖ ✌✙☛✑✓ ✬ ☛✁✠ ✞ ✓✢✌✆✮✰✠ ★✍✔ ❁ ✞ ☛✦✌ ✖ ✌ ★✩✘✩✘ ✌ ✞ ✛✢✌ ✖ ✠ ✟ ✣✙✘✩★✍✔ ✥☞✓ ★ ✠☞☛✔✟✜✌ ✘ ✥ ✔✤✣✙✘ ✌✍✆✙✓ ★ ✠☞☛☎✟✜✌ ✘ ✥ ✘ ✠☞☛ ✪ ✞ ✌ ✞ ✛✌✟ ✲ ✠☞☛☛✟✜✌
★ ☛ ★ ✓ ★ ✥ ✘ ✌✕✟✜✌ ✘✭✲✳★ ☛ ✔ ✓✢✥ ✸✜★✩✘ ★ ✓ ✣✚✔ ✌ ✖ ✸✜✘ ✌✚☛ ✣ ✆✕✌ ✔✤✔ ✥ ★ ✛✢✌ ✬



� �✂✁☎✄✝✆✟✞✡✠☞☛ ✌

✍ ✎✑✏✂✒✔✓✖✕✂✗✡✆✖✎✑✏ ☛✘✞ ✄ ☛✔✠☞✗✙✄ ☛✚✒✛✞✜✆✟✢✣☛✚✗

✤✦✥★✧ ✆✪✩✬✫✖✭✯✮✜✫✖✫✖✩✬✰✲✱ ✳✜✴✝✱✜✰✲✫✣✵✷✶✸✫✖✮✜✹★✺✖✻✼✺✖✫

✽✿✾❁❀★❂❄❃❆❅❈❇❊❉❋❃❆❇❍●❆■❏❃❆❑✼▲✬▼❋■❏●❆❑✼◆✙❇★●❆❀✬❇❍❑❖❃❈P✼◗❘▲✜❑❖❂❙▲❏❚❈❯❱◗❱❯❱❂❙❀✲❅❈❇✬❑❳❲❈◗❱◆✙❑❨●❆❀★◆✙▲❏❂❄❯❘❉❋❃❆❇✬❑❳❑✬✾❁❇✬❑❖❂✲❯❱◆✦❩❬■❏❭
❑❄❀✬❇✼▲❏❩❈P ✗ ❑✯▲✬▼❋■❏❯❱P❨❀★❂❄❃❆❅❪❯❘❀✯◗❘❇✬❑✯❫✬■❏●❈❲❆❴❏❃❈P❙▲❏❂❄❯❘■❏●❆❑✿❅❬✾❁❀✬❉❋❃❈❯❱◗❱❯❱❚❪P❙❇✸❅❈❇❳❴❵■❏❃❈❂❄❂❙❇✬❑✿●❆❀★◆✙▲❏❂❄❯❘❉❋❃❆❇✬❑✬❛✠✖❳■❏❃❆❑
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◗❘❇✬❑ � ❃❆❫★❂❄❃❆▲❏❂❄❯❘■❏●❆❑✯▲❵❑❄❑❄■❜❫★❯❘❀✬❇✬❑❨▲❏❃ ❅❪❯❱P❙❇✬❫★❂❙❇★❃❈P✯●❆❀★◆✙▲❏❂❄❯❘❉❋❃❆❇❳❅❈▲❏●❆❑✸❃❈●❝❀✬❫❄♠❆▲❏●❜❂❄❯❱◗❱◗❘■❏●✡●❆❀★◆✙▲❏❂❄❯❘❉❋❃❆❇
❩❬■❏❃❈▼❵▲❏❯❘❇★●❜❂✼❅❈■❏●❈●❆❇★P✼◗❱❯❘❇★❃✛♥✡❃❈●❆❇❍❣❤■❏P❙❫✬❇✦❅❬✾❥❯❱●❜❂❙❇★P❙▲❵❫★❂❄❯❘■❏● ❇★●❜❂❄P❙❇❍◗❘❇✬❑✲❅❈❇★❃✑✏❝❯❱●❜❂❙❇★P❄❣❤▲❵❫✬❇✬❑✼❅❈❇✦❫✬❇★❂
❀✬❫❄♠❆▲❏●❜❂❄❯❱◗❱◗❘■❏●✖❛



✂✁� �✄✂☛✑✁☎✝✆✌✑✝✄✞☎✠✟✞✡☛✟✁� ✄✞☞✖✄✞✆✍✌ ✑✎☞✑✏✞✄✞☎✠✟ ✑✁☞✖✄✞✆ ✁✒☎✔✓✕✏✍☎✄✡ ✍✞☎✗✖✓✟☛✌✑✘✙☎✛✚✜☎ ✄✣✢✤☞✝✍✞✆✌☞✥✆✍✟ � � ✂

✦❳■❏❃❆❑✦●❆■❏❃❆❑✙❫✬■❏●❜❂❙❇★●❜❂❙■❏●❆❑✦❯❘❫★❯❳❅❈❇✜P❙❇★❩❬■❏P❄❂❙❇★P✦❚❈P❄❯✢✜★▼❋❇★◆✙❇★●❜❂❍◗❘❇✬❑✦P❙❀✬❑❖❃❈◗❱❂❙▲❏❂❙❑✦■❏❚❈❂❙❇★●❜❃❆❑❍❩❆▲❏P
� ❯❱♠❆❇★P❄◗❪❇★❂✿▲❏◗❡❛ � ✘✛✧ ✂ ❛✓✒ ◗❈❫✬■❏●❜▼❜❯❘❇★●❜❂❢❅❈❇✯❩❈P❙❀✬❫★❯❘❑❄❇★P✖❂❙■❏❃❈❂✿❅❬✾❁▲❏❚❬■❏P❙❅❊❉❋❃❆❇✸❫✬❇★❂❄❂❙❇✯❣❤■❏P❙❫✬❇✸❅❬✾❥❯❱●❜❂❙❇★P❙▲❵❫★❂❄❯❘■❏●
❅❈❇ ✆✯▲❵❑❖❯❱◆✦❯❱P❊❇✬❑❖❂❊●❆❀✬❴❏◗❱❯❘❴❵❇✬▲❏❚❈◗❘❇❍❅❈❇★▼❵▲❏●❜❂✲◗❘▲✜❣❤■❏P❙❫✬❇✡❅❬✾❥❯❱●❜❂❙❇★P❙▲❵❫★❂❄❯❘■❏● ❀★◗❘▲❵❑❖❂❄❯❘❉❋❃❆❇❵❛ � ❯❱♠❆❇★P❄◗✿❇★❂❍▲❏◗❡❛
❑❖❃❈❩❈❩❬■❵❑❄❇★●❜❂✡❅❈■❏●❆❫☞❉❋❃❆❇☞❂❙■❏❃❈❂❙❇❝❅❪❯❘❑❖❂❙■❏P❄❂❄❯❘■❏● ❀★◗❘▲❵❑❖❂❄❯❘❉❋❃❆❇✜❇✬❑❖❂☞▲❏❚❆❑❄❇★●❜❂❙❇❝❅❈❇✬❑✙❲❈◗❱◆✙❑✙❉❋❃❆❇☞●❆■❏❃❆❑
❀★❂❄❃❆❅❪❯❘■❏●❆❑✬❛ ✔✷■❏❃❈P❳❀★▼❵▲❏◗❱❃❆❇★P❳❫✬❇★❂❄❂❙❇✼❣❤■❏P❙❫✬❇❊❅❬✾❥❯❱●❜❂❙❇★P❙▲❵❫★❂❄❯❘■❏●☞❇★●❜❂❄P❙❇✼◗❘❇✬❑❳❅❈❇★❃✑✏✜❯❱●❜❂❙❇★P❄❣❤▲❵❫✬❇✬❑✬❞❪❯❱◗✖❣❤▲❏❃❈❂
❫✬■❏◆✦❩❆▲❏P❙❇★P❍◗❡✾❁❀★❩❆▲❏❯❘❑❄❑❄❇★❃❈P❊❅❈❇✙◗❡✾❁❀✬❫❄♠❆▲❏●❜❂❄❯❱◗❱◗❘■❏●✛▲❏❃✑✏✔◗❘■❏●❆❴❏❃❆❇★❃❈P❙❑✲❅❬✾❁❇✄✏❪❂❄P❙▲❏❩❬■❏◗❘▲❏❂❄❯❘■❏●✘▲❵❑❄❑❄■❜❫★❯❘❀✬❇✬❑❍♥
❫❄♠❆▲❵❫★❃❈●✜❅❈❇✬❑✸❅❈❇★❃✑✏✡▲❏●❆❫★P❙▲❵❴❵❇✬❑✬❛❢✽✖❇✬❑✸▲❏❃❈❂❙❇★❃❈P❙❑✿❑❖❃❈❩❈❩❬■❵❑❄❇★●❜❂✸❉❋❃❆❇❨◗❡✾❁▲❏●❆❫★P❙▲❵❴❵❇❳♠❆■❏◆✙❀✬■❏❂❄P❙■❏❩❬❇❨♥❊◗❘▲
❑❖❃❈P❄❣❤▲❵❫✬❇✯◗❱❯❱❚❈P❙❇✯❇✬❑❖❂✿❩❈◗❱❃❆❑✖❣❤■❏P❄❂✯❉❋❃❆❇✯◗❡✾❁▲❏●❆❫★P❙▲❵❴❵❇✸❩❈◗❘▲❏●❆▲❏❯❱P❙❇✿♥✲◗❘▲✼❑❖❃❈P❄❣❤▲❵❫✬❇✸❑❄■❏◗❱❯❘❅❈❇❵❛✖✽✖❇✬❑❢◗❘■❏●❆❴❏❃❆❇★❃❈P❙❑
❅❬✾❁❇✄✏❪❂❄P❙▲❏❩❬■❏◗❘▲❏❂❄❯❘■❏●☞▲❵❑❄❑❄■❜❫★❯❘❀✬❇✬❑❳❑❄■❏●❜❂❳●❆■❏❂❙❀✬❇✬❑

λH
❩❬■❏❃❈P❨◗❡✾❁▲❏●❆❫★P❙▲❵❴❵❇✲♠❆■❏◆✙❀✬■❏❂❄P❙■❏❩❬❇✲❇★❂

λP
❩❬■❏❃❈P

◗❡✾❁▲❏●❆❫★P❙▲❵❴❵❇✷❩❈◗❘▲❏●❆▲❏❯❱P❙❇❵❛❬✽✖▲✯❣❤■❏P❙❫✬❇❢P❙❇★◗❘▲❏❂❄❯❱▼❋❇✷❅❈❇✬❑✖❅❈❇★❃✑✏✲▲❏●❆❫★P❙▲❵❴❵❇✬❑✖❇✬❑❖❂✖❅❈❀★❂❙❇★P❄◆✦❯❱●❆❀✬❇✖❩❆▲❏P
Λ = λH

λP

❛
✽✿✾❥♠ ☎ ❩❬■❏❂❄♠ ✜✬❑❄❇✙❅❬✾❥❃❈●✔▲❏●❆❫★P❙▲❵❴❵❇✡♠❆■❏◆✙❀✬■❏❂❄P❙■❏❩❬❇✙❅❈❇✙❣❤■❏P❙❫✬❇✜❑❖❃❈❩❬❀★P❄❯❘❇★❃❈P❙❇❍♥❝◗❡✾❁▲❏●❆❫★P❙▲❵❴❵❇✙❩❈◗❘▲❏●❆▲❏❯❱P❙❇
❯❱◆✦❩❬■❵❑❄❇

Λ < 1
❛

• ✽✖■❏P❙❑❄❉❋❃❆❇✙◗❡✾❁❀★❩❆▲❏❯❘❑❄❑❄❇★❃❈P❍❅❈❇✙◗❡✾❁❀✬❫❄♠❆▲❏●❜❂❄❯❱◗❱◗❘■❏●✘❇✬❑❖❂✦❂❄P✄✜✬❑❊❣❤▲❏❯❱❚❈◗❘❇❵❞❢❫❵✾❁❇✬❑❖❂✙♥ ❅❪❯❱P❙❇✦◗❘▲❏P❙❴❵❇★◆✙❇★●❜❂
❯❱●❈❣❤❀★P❄❯❘❇★❃❈P❙❇❊♥

λP − λH
❞✖▲❏◗❘■❏P❙❑❊■❏●✛❩❬❇★❃❈❂✼◆✙■❏●❜❂❄P❙❇★P✲❉❋❃❆❇❍◗❘▲✡❣❤■❏P❙❫✬❇✙❅❬✾❥❯❱●❜❂❙❇★P❙▲❵❫★❂❄❯❘■❏●❝❅❈❇

✆✯▲❵❑❖❯❱◆✦❯❱P✸❉❋❃❈❯✖❑✬✾❁❇✄✏❈❇★P❙❫✬❇✼❇★●❜❂❄P❙❇❳◗❘❇✬❑✸❅❈❇★❃✑✏✙❯❱●❜❂❙❇★P❄❣❤▲❵❫✬❇✬❑✸❇✬❑❖❂❨▲❏❂❄❂❄P❙▲❵❫★❂❄❯❱▼❋❇ ✕

Π(h) ∝ −
(

K33
K11
+
K33
K22
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S = γ⋆ − γ0 − γ1
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h(x, t) = h0 + ξ0(t) sin(qx)
�
λ = 2π

q

❇✬❑❖❂✼◗❘▲✦◗❘■❏●❆❴❏❃❆❇★❃❈P❳❅❬✾❁■❏●❆❅❈❇❊❅❈❇✲◗❘▲✙❅❈❀★❣❤■❏P❄❭
◆✙▲❏❂❄❯❘■❏● ✥★❞❜❫✬■❏◆✦◆✙❇✲❫✬❇★◗❘▲❍❇✬❑❖❂✸P❙❇★❩❈P❙❀✬❑❄❇★●❜❂❙❀❳❑❖❃❈P✸◗❘▲❊❲❆❴❏❃❈P❙❇✁� ✗ ✧❪❛ ✧✛✥★❛

�✂✁☎✄✝✆ ✗ ✧❪❛ ✧ ✕✝✆ ★✦✌✩✞✡☎✔✰✘✗✝✒✧✕✩★ ✌✎☛ ☎✔✰ ✓✛✞✡✠✁�✬✰✎✫☞☛✍☎✟✒ �✛✠☞☛ ✌✳✏ ✞✡★☞✟✄☎✟✜ ✓✛✜✢☛☞✫✬✗✝✒✧✮✛✞✚☛

☎❳●✙❩❬❇★❃❈❂✯❫✬▲❏◗❘❫★❃❈◗❘❇★P❢◗❡✾❁❀★●❆❇★P❙❴❏❯❘❇❨❀★◗❘▲❵❑❖❂❄❯❘❉❋❃❆❇✸▲❵❑❄❑❄■❜❫★❯❘❀✬❇❳♥❊❫✬❇★❂❄❂❙❇❳❅❈❀★❣❤■❏P❄◆✙▲❏❂❄❯❘■❏●✡❇★❂✯◗❘▲❊❫✬■❏◆✦❩❆▲❏❭
P❙❇★P✲♥✡❫✬❇★◗❱◗❘❇❊❅❈❇❊◗❡✾❁❀★❂❙▲❏❂✼❅❬✾❁❀✬❉❋❃❈❯❱◗❱❯❱❚❈P❙❇✼■✩★ ❂❙■❏❃❈❂❙❇✬❑❳◗❘❇✬❑❳❫✬■❏❃❆❫❄♠❆❇✬❑✼❑❄■❏●❜❂✼❩❆▲❏P❙▲❏◗❱◗✢✜★◗❘❇✬❑❨▲❏❃✛❑❖❃❈❚❆❑❖❂❄P❙▲❏❂
❑❄■❏◗❱❯❘❅❈❇✸❇★❂✯❅❬✾❁❀★❩❆▲❏❯❘❑❄❑❄❇★❃❈P❢●❆■❏◆✦❯❱●❆▲❏◗❘❇

d
❛❢✽✖▲❊❅❈❀★❣❤■❏P❄◆✙▲❏❂❄❯❘■❏●✦❀★◗❘▲❵❑❖❂❄❯❘❉❋❃❆❇✸❇✬❑❖❂✿●❜❃❈◗❱◗❘❇✯❩❬■❏❃❈P✿❫✬❇★❂✯❀★❂❙▲❏❂

❅❬✾❁❀✬❉❋❃❈❯❱◗❱❯❱❚❪P❙❇ ✕✷◗❡✾❁❀★●❆❇★P❙❴❏❯❘❇❳❀★◗❘▲❵❑❖❂❄❯❘❉❋❃❆❇❨▲❵❑❄❑❄■❜❫★❯❘❀✬❇✼❇✬❑❖❂✸●❜❃❈◗❱◗❘❇❵❛✝✒ ◗✖❇✬❑❖❂❨❫★◗❘▲❏❯❱P✸❉❋❃❆❇❳◗❘▲❍❑❖❯❱❂❄❃❆▲❏❂❄❯❘■❏●✡❅❈❀★❭
❣❤■❏P❄◆✙❀✬❇❳❫✬■ ✂❈❂❙❇❳❅❈❇✸◗❡✾❁❀★●❆❇★P❙❴❏❯❘❇❨❀★◗❘▲❵❑❖❂❄❯❘❉❋❃❆❇❵❛✝✔✷❇★❃❈❂❄❭❡■❏●✙❩❆▲❏P✯❃❈●✙❂❙❇★P❄◆✙❇❳❅❈❇✸❂ ✒❜❩❬❇❨▼❵▲❏●✡❅❈❇★P✌✞✛▲❵▲❏◗❘❑
❩❆▲❏P❄▼❋❇★●❈❯❱P✸♥✦❫✬■❏◆✦❩❬❇★●❆❑❄❇★P✸❫✬❇✼❫✬■ ✂❈❂❨❀★●❆❇★P❙❴❵❀★❂❄❯❘❉❋❃❆❇❳❅❬✾❁■❏P❄❯❘❴❏❯❱●❆❇❨❀★◗❘▲❵❑❖❂❄❯❘❉❋❃❆❇✟✞

✽✿✾❁❀★●❆❇★P❙❴❏❯❘❇❳❅❈❇✼❅❈❀★❣❤■❏P❄◆✙▲❏❂❄❯❘■❏●✜❀★◗❘▲❵❑❖❂❄❯❘❉❋❃❆❇✸❩❬❇★❃❈❂✸❑✬✾❁❀✬❫★P❄❯❱P❙❇ ✕

F =
1

h0λ

∫ h0

0
dz

∫ λ

0
dx





E

2

(

∂u

∂z

)2

+
K

2

(

∂2u

∂x2

)2


 ,

■✩★
u(x, z)

❅❈❀✬❑❖❯❘❴❏●❆❇❳◗❘❇✼❫❄♠❆▲❏◆✦❩❝❅❈❇✼❅❈❀★❩❈◗❘▲❵❫✬❇★◆✙❇★●❜❂✸❅❈❇✬❑❨❫✬■❏❃❆❫❄♠❆❇✬❑✬❛✯✽✖▲❍❫✬■❏●❆❑❖❂❙▲❏●❜❂❙❇✲❀★◗❘▲❵❑❖❂❄❯❘❉❋❃❆❇
K

❇✬❑❖❂✲❃❈●❆❇❍❫✬■❏●❆❑❖❂❙▲❏●❜❂❙❇✦❅❈❇✦❑❖❩❈◗❘▲ ✒ � ❅❈❀★❣❤■❏P❄◆✙▲❏❂❄❯❘■❏●✛❇★●✘❀★▼❋❇★●❜❂❙▲❏❯❱◗❡❞❬❫✬■❏◆✦◆✙❇✙■❏●✛❩❬❇★❃❈❂✼◗❘❇❊▼❋■❏❯❱P



✎ �✁� �✁� ✖✁☎✠✏✞✝✁✖✁☎ ✡✣✟✁�✄✂ ☎✄☎✁✆✍✌✞�✌✡ ✡✩✖✁✟ ✏✍☎ ✡ ✡✒✌ ✖✞✄ ✄✞☎ ✡ ✡✠✍✥☎✂� ✄✞✆✞✝✁✖✁☎ ✡ �✁�✁�

❑❖❃❈P✸◗❘▲❊❲❆❴❏❃❈P❙❇✙✥★❛✷✽✖▲✦❫✬■❏●❆❑❖❂❙▲❏●❜❂❙❇
E
❅❈❀✬❑❖❯❘❴❏●❆❇❳◗❘❇❳◆✙■❜❅❪❃❈◗❘❇❨❅❬✾ ✞✿■❏❃❈●❆❴❍❅❈❇✬❑✸❫✬■❏❃❆❫❄♠❆❇✬❑❨❇★❂✸◆✙❇✬❑❖❃❈P❙❇

❅❈■❏●❆❫❳◗❘❇★❃❈P✸❫✬■❏◆✦❩❈P❙❇✬❑❄❑❖❯❱❚❈❯❱◗❱❯ ❂❙❀❵❛
✣❨●❆▲❏◗ ✒❜❂❄❯❘❉❋❃❆❇★◆✙❇★●❋❂❧❞❵■❏●✜❩❬❇★❃❈❂✯▲❏❩❈❩❈P❙■❜❫❄♠❆❇★P✿◗❘▲❊❅❈❀★❣❤■❏P❄◆✙▲❏❂❄❯❘■❏●✙❅❈❇✬❑✯❫✬■❏❃❆❫❄♠❆❇✬❑✯❩❆▲❏P✯◗❘❇❳❫❄♠❆▲❏◆✦❩

❅❈❇✼❅❈❀★❣❤■❏P❄◆✙▲❏❂❄❯❘■❏●✜❑❖❃❈❯❱▼❵▲❏●❜❂ ✕

u(x, z) = ξ0 sin(qx) sin(kz),

■✩★ ◗❘❇✲▼❋❇✬❫★❂❙❇★❃❈P✼❅❬✾❁■❏●❆❅❈❇
k
❇✬❑❖❂✲❫❄♠❆■❏❯❘❑❖❯✷❅❈❇❊❣❤▲✓✒✬■❏●✛♥✙P❙❇✬❑❖❩❬❇✬❫★❂❙❇★P❨◗❘❇✬❑✼❫✬■❏●❆❅❪❯❱❂❄❯❘■❏●❆❑✸▲❏❃✑✏❝◗❱❯❱◆✦❯❱❂❙❇✬❑

❑❖❃❈❯❱▼❵▲❏●❜❂❙❇✬❑ ✕

• u(x, z = 0) = 0 ❛

• u(x, z = h0) = ξ0 sin(qx)
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A
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✘★✘✛✧ ✜ ✔✓✑✁�✣✙ ✽ ✮✯✪✍✗✹✥❀✧✌✑✁✔✓✫❆✼✟✛❃✫✘✪✍✢✟✙✚❈✻✥❆✮✯✤☛✺✻✑ Ž ◗✟❄❅✮✯✪✦✑✏✆ ✙ ☎✖✓✖✶ �✆☛ ✂✘✶ ✟✴☛✬✗ ✗✧✶✚✥✣■ ✶ ✗ ✏✓✏ ✚ ✥ ✏ ✧★✧★✧✭✑



�✌✎ ■ ☎✁� ☎✄✂☎�✝✆✟✞✡✠✟☛✡☞✁✌✍�✏✎



� ✝●✁ ✑✄✞ ☎✝✞✔✓ ✂ ✝ ☛✌✁✁� ✠ ✞✔✓

✁ ✚✜✛✣✲✓★✯✪✌✞✱✴ ✠✥✴✣✭✙✢ ✞ ✑

✁✂✁ ✄ ✲✌✞✷✲✬✛ ✠ ✦✙✭✗✴✣✲✓★ ☎

✎ ☛ ✡✞✡ ☎✂� ✄ ✄✝✆✟✞✠✌✒✟✞✆✞✝✁✖✁☎ ☞☛☎ ✡ ✡✠✆✟✞✝�✁✌✞✍☛✡✝�✁☎ ✡ ☞☛☎ ✍✥✌ ✖✁✆✍✏✍✏✍☞ ✡✒☎ ❏
✗❀✑ ✗ ✎❘✫✘◗✟✙✚✗✚✗✜✖❃✛❃✮✡✾❁✤✬✖✘✤✍✙☎✄❀◗✣✮ ✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✘

✗❀✑ ✗❀✑ ✗ ✦✡✫✘✤✍✙✜✫✘✢ ✼✟✮✡✤✬✮✯✢✣✾❁✙✜✫✘✢ ✾❁◗✩★✂✮✯✪✌☞❆❫✯✙✜✮✯✗❯✗✜✮❊✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✘

✗❀✑ ✗❀✑ ✏ ❑✕✫✘✙✩✼✟✮▼❑✕✖✝★✟✗✜✖❵❫✳✮❃✥✕✗✜✫✘✙✩✼✟✍ ✑✝✫✘◗✟✢✣✛✭✥✕✖✘✢✣✛✘✗✜✮❅✼✟✮✦❫✳✫✘✢❆✤✬✖❵❫✯✤✦✥ ★✣✖✘✪✬✖✘❄ ✜✯✤✍✪✬✮
✼✟✍✱❂✯✤✬✖✘✗✜✮✯❄❅✮✯✢❆✤✦✑✡✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✥

✗❀✑ ✗❀✑✦✥ ❇✕✙✚✗✚❄❅✾✝❄▼✙✚✢❆❫✳✮✳✾✳✑ ✔✏✪✬✮✳✾✍✾❁✙✜✫✘✢ ✼✟✮☛✼✭✙✜✾ ✆✍✫✘✢❆❫✯✤✍✙✜✫✘✢✕✑ ✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✙✘

✩☛❂✎☞✟✢✟✙✚✤✍✙✜✫✘✢ ✼✟✮✡✗✜✖✄★✟✪✬✮✳✾✍✾❁✙✜✫✘✢ ✼✟✮☛✼✭✙✜✾ ✆✍✫✘✢❆❫✯✤✍✙✜✫✘✢ ✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✙✘

❖ ✄❀◗✟✙✚✗✚✙✚✴✟✪✬✮✩✤ ✽ ✮✯✪✍❄❅✫❆✼✓✒❆✢✣✖✘❄▼✙☎✄❀◗✟✮ ✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✏ ✗

✍ ✏✟✮✯❄ ★✟✗✜✮✳✾✩✼✟✍❋✙✜✾✍✫✘✤ ✽ ✮✯✪✍❄❅✮✳✾✩✼✟✮ ★✟✪✬✮✳✾✍✾❁✙✜✫✘✢ ✼✟✮☛✼✭✙✜✾ ✆✍✫✘✢❆❫✯✤✍✙✜✫✘✢ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✏✓✏

❑✂✙✜✮✯✢ ✖✳✿❀✮✬❫✌✗✜✮ ★✣✖✘✪✬✖✘❄ ✜✯✤✍✪✬✮☛✼✟✍✱❂✯✤✬✖✘✗✜✮✯❄❅✮✯✢❆✤☎✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✏ ✧

✗❀✑ ✏ ✎❘✫✘◗✟✙✚✗✚✗✜✖❃✛❃✮✡✼✓✒❆✢✣✖✘❄▼✙☎✄❀◗✣✮❚✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✏ ✚

� ✏ ☎✂�✑✆☛�✁✆✞✝✁✖✁☎ ✡ ☎✄☎✁✡✒✞✠✟✞✆✂✍✥☎✝�☎✄✞☞✑✏✍☎ ✡ �✁�

✏ ✑ ✗ ✲✝✪✍✙✜✾❁✤✬✖✘◗✑✏ ✗✚✙☎✄❀◗✟✙✜✼✭✮✳✾✝✮✯✤✸✾❁◗✟✴✣✾❁✤✍✪✬✖✘✤✬✾✩✾✍✫✘✗✚✙✜✼✟✮✳✾ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✥★✥
✏ ✑ ✗❀✑ ✗ ✲✝✪✍✙✜✾❁✤✬✖✘◗✑✏❅✗✚✙☎✄❀◗✟✙✜✼✟✮✳✾ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✥★✥
✏ ✑ ✗❀✑ ✏ ✺❆◗✟✴✣✾❁✤✍✪✬✖✘✤✬✾✝✾✍✫✘✗✚✙✜✼✟✮✳✾ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✥✡✚

✏ ✑ ✏ ✎❘❂✯✤ ✽ ✫❆✼✟✮✳✾✩✫✝★✟✤✍✙☎✄❀◗✣✮✳✾ ✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✥✛✧



� �✁� ✏ ☛ ☎✄✂ ✎✁�✍✎✄✂ ✂ ☛ ✏✁�✆☎ ✠✟✎✄✂

✏ ✑ ✏ ✑ ✗ ✧✸❂✖✔✣✮✄✏✭✙✜✫✘✢❅✮✯✤✝✤✍✪✬✖✘✢✣✾❁❄▼✙✜✾✍✾❁✙✜✫✘✢❅✼✟✍❋◗✟✢✣✮❲✫✘✢✣✼✟✮❲✗✚◗✟❄▼✙✚✢✣✮✯◗✣✾✍✮✩✮✯✢❆✤✍✪✬✮✸✼✟✮✯◗✑✏
❄▼✙✚✗✚✙✜✮✯◗✑✏▼✼✭✙✜❂✯✗✜✮✬❫✯✤✍✪✍✙☎✄❀◗✟✮✳✾ ✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✥✛✧

✏ ✑ ✏ ✑ ✏ ✒◆✢❆✤✬✮✯✪ ✪ ❂✯✪✬✮✯✢❆❫✳✮✳✾✝✗✜✫❜❫✳✖✘✗✚✙✜✾✍❂✳✮✳✾ ✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✥✛✘
❇✭✪✬✖✘✢✣✛❃✮✳✾✸✼✟✍✱❂✳✛❃✖✘✗✜✮✡✙✚✢❆❫✯✗✚✙✚✢✣✖✘✙✚✾✍✫✘✢ ✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✥✛✘
❇✭✪✬✖✘✢✣✛❃✮✳✾✸✼✟✍✱❂✳✛❃✖✘✗✜✮☛❂ ★✣✖✘✙✜✾✍✾✍✮✯◗✟✪ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✍★✧
✍✏✗✚✗✚✙ ★✣✾✍✫✘❄❅❂✯✤✍✪✍✙✚✮ ✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✍ ✗

✦✡✫✘✤✍✪✬✮✌✮✯✗✚✗✚✙ ★✣✾✍✫✘❄ ✜✯✤✍✪✍✮ ✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✍ ✍

� � ☎ ✡ �✛✟✞✆ ✡ ✄✞☞✒✖ ☎ ✏✍✆✞✝✁✖✁✆ ☞☛☎ ✡ ✶✬✝
✥✭✑ ✗ ❑✕✮✳✾✤★ ✽ ✖❃✾✍✮✳✾✝❄❅❂✳✾✍✫✘❄❅✫✘✪ ★ ✽ ✮✳✾ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✍✛✧

✥✭✑ ✏ ✓✡◗✣✮✯✗☎✄❀◗✣✮✳✾ ★✟✪✬✫✝★✟✪✍✙✜❂✯✤✬❂✳✾✝✼✟✮✳✾✸❫✯✪✍✙✜✾❁✤✬✖✘◗✑✏❅✗✚✙☎✄❀◗✟✙✜✼✟✮✳✾✓✢✣❂✯❄❅✖✘✤✍✙☎✄❀◗✣✮✳✾ ✑✌✑✌✑✌✑✌✑✰✑✌✑ ✚✢✧
✥✭✑ ✏ ✑ ✗ ❖✏✗✜✖❃✾❁✤✍✙❘❫✯✙✚✤✬❂❲✢✣❂✯❄❅✖✘✤✍✙☎✄❀◗✣✮ ✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✚ ✗
✥✭✑ ✏ ✑ ✏ ✦✡✫✘✤✍✙✜✫✘✢ ✼✟✍✱✖✘✢❆❫✯✪✬✖❃✛❃✮ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✚ ✧

☎ ✪✍✙✜✮✯✢❆✤✬✖✘✤✍✙✜✫✘✢✣✾✝✼✟✮✳✾✩❄❅✫✘✗✜❂✬❫✯◗✟✗✜✮✳✾✩✮✯✤✸✖✘✢❆❫✯✪✬✖❃✛❃✮✒✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✚ ✧
✣✡✾ ★✂✮✬❫✯✤❲❄❅❂✬❫✳✖✘✢✟✙☎✄❀◗✣✮✷✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✚ ✚
✥✭✑ ✏ ✑✦✥ ✲✩✫✘◗✩★✟✗✜✖❃✛❃✮✡✮✯✢❆✤✍✪✬✮☛❂✯✗✜✖❃✾❁✤✍✙❘❫✯✙✚✤✬❂✸✮✯✤✡✖✘✢❆❫✯✪✬✖❃✛❃✮❊✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✧ ✧

✥✭✑✦✥ ✎❘✫✘◗✟✙✚✗✚✗✜✖❃✛❃✮ ★✣✖✘✪✸✼✭◗ ✚❃✲✩★ ✕✭✫✘✴✣✾✍✮✯✪✍✿❃✖✘✤✍✙✜✫✘✢✣✾✝❄❅✖❵❫✯✪✬✫❃✾❄❫✳✫✝★✟✙☎✄❀◗✣✮✳✾ ✑✌✑✌✑✌✑✌✑✰✑✌✑ ✧ ✏

✥✭✑✦✥✭✑ ✗ ❑ ✍❋✙✚✢❆✤✬✮✯✪ ✪ ✖❵❫✳✮ ✚❃✲✩★ ✞✘✖✘✙✚✪❚✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✧ ✏

✑ ✮✯✢✣✾❁✙✜✫✘✢ ✾❁◗✩★✂✮✯✪✌☞❆❫✯✙✜✮✯✗❯✗✜✮❲✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✧ ✏

✲✩✫✘✢✣✼✭✙✚✤✍✙✜✫✘✢✣✾✩✼✟✍✱✖✘✢❆❫✯✪✬✖❃✛❃✮ ✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✧ ✍

✥✭✑✦✥✭✑ ✏ ✣✸✢❆❫✯✪✬✖❃✛❃✮☛✼✭◗ ✚❃✲✩★✞✝✷✗✜✖✷✾❁◗✟✪ ✪ ✖❵❫✳✮☛✾✍✫✘✗✚✙✜✼✟✮ ✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✧ ✚
✥✭✑✦✥✭✑✦✥ ✲✩✫✘❄ ★✂✫✘✪✍✤✬✮✯❄❅✮✯✢❆✤✩❄❅✫✘◗✟✙✚✗✚✗✜✖✘✢❆✤✝✼✭◗ ✚❃✲✩★ ✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✧ ✘

✁✂✁✂✁ ✟ ✢✱✶✷✭✙✦✙✦ ✠✡✠ ✪✏✮ ✠ ✛ ✦ ✠ ✮☞☛✟✠✱★✯✪ ✞✷✲✓✰ ✠✥✴✣✭✩✵✕✶✷✪ ☎✍✌

� �☎✄✞✟✞✌✌☞ ✖✁� ✄✞✆✍✌✞� ✝ �

✶ ✂ ✌ ✖✁✆✍✏✍✏✍☞ ✡✒☎✄✡☛☞✑✟✣✖☛� �✟✞✝✍✥☞✝✄✞✆✞✝✁✖✁☎ ✓ ✟✞☎✏✎☛✖✁☎ ✡✞✌✞✍ ✍ ☞✑✆✍✟✞☎ ✝ ✝



✏ ☛ ☎✄✂ ✎✁�✍✎✄✂✫✂ ☛ ✏✁�✆☎ ✠✟✎✄✂ � �✌✎

� ✂ ✄✞☞✑✏✍☎✝✍✥☎✝�☎✄ ☞✠✟ ✖☛�✁☎☛✡✒✌ ✖✞✄ ✄✞☎ �✟✞✝✍✥☞✝✄✞✆✞✝✁✖✁☎ ■ ✎
✚❆✑ ✗ ✍ ✏✭✙✜✾❁✤✬✮✯✢❆❫✳✮✡✼✟✮☛✼✟✮✯◗✑✏ ❂ ★✣✖✘✙✜✾✍✾✍✮✯◗✟✪✬✾✯❫✳✖✘✪✬✖❵❫✯✤✬❂✯✪✍✙✜✾❁✤✍✙☎✄❀◗✣✮✳✾✷✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✚ ✥

❇✕✙✚✗✚❄ ✼✟✮ ★✟✪✬❂✯❄❅✫✘◗✟✙✚✗✚✗✜✖❃✛❃✮ ✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✚ ✥
✚❆✑ ✏ ✑ ✪✬✖✘✢✣✾❁✙✚✤✍✙✜✫✘✢ ✼✟✍✱❂ ★✣✖✘✙✜✾✍✾✍✮✯◗✟✪ ★✣✖✘✪❲✗✜✖✄✪ ✫✘✪✍❄❅✖✘✤✍✙✜✫✘✢ ✼✟✮✡✤✍✪✬✫✘◗✣✾ ✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✚ ✧

� ✂ ✌ ✖✁✆✍✏✍✏✍☞ ✡✒☎✄☎✆✄ ☞ �✁�✛✟✞☞ ✡✒☎ ✓ ✍✥✌✌☞ ✡✠✏✍☎ ☞☛☎✝✏✍☞ �✛✟✁�✠✡ ☎ ✞✠✏✍☞☎✡ ✄✞✆✞✝✁✖✁☎ ■✣❏
✧ ✑ ✗ ✔✏✪✬❂✳✾✍✮✯✢❆✤✬✖✘✤✍✙✜✫✘✢ ✼✭◗ ❄❅✫❆✼✁✜✯✗✜✮✡✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✚ ✘

✧ ✑ ✏ ❑✕✮✳✾✸❂ ✄❀◗✣✖✘✤✍✙✜✫✘✢✣✾✩✼✭◗ ❄❅✫❆✼✁✜✯✗✜✮ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✘★✧
✲✩✫✘✢❆❫✯✗✚◗✣✾❁✙✜✫✘✢ ✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✘ ✍

✝ ✏ ✟✞☞ �✌✡✞✆✟✄✞✆✍✌✞� ☞☛☎ ✍✥✌ ✖✁✆✍✏✍✏✍☞ ✡✒☎✄✂ ✏✍☞ ✄✞✟✞☞ �✌✡✞✆✟✄✞✆✍✌✞� �✟✞✝✍✥☞✝✄✞✆✞✝✁✖✁☎✛✘✙✆ ✡✞✌☎✄✞✟✞✌✒✡ ☎ ❏ �

✧❆✑ ✗ ✩✡◗☞❫ ✠✘✤✬❂✌✼✟✮✡✗✜✖✄★ ✽ ✖❃✾✍✮✡✢✣❂✯❄❅✖✘✤✍✙☎✄❀◗✣✮✸✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✘✡✚
✧❆✑ ✏ ✩✡◗☞❫ ✠✘✤✬❂✌✼✟✮✡✗✜✖✄★ ✽ ✖❃✾✍✮✡✙✜✾✍✫✘✤✍✪✬✫✝★✂✮ ✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✧ ✏

✧❆✑ ✏ ✑ ✗ ✎❘✮✳✾❁◗✟✪✬✮✡✼✟✮✳✾❲✖✘✢✣✛✘✗✜✮✳✾❲✼✟✮✼❫✳✫✘✢❆✤✬✖❵❫✯✤✡✼✟✍✱❂ ✄❀◗✟✙✚✗✚✙❯✴✟✪✬✮ ✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✧ ✏
✧❆✑ ✏ ✑ ✏ ✍✓✎✻✮✯✤✬✾ ★✟✪✬❂✯✤✍✪✬✖✘✢✣✾❁✙✚✤✍✙✜✫✘✢✟✢✟✮✯✗✚✾ ✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✧ ✚

✧❆✑✦✥ ✲✩✫✘✢❆❫✯✗✚◗✣✾❁✙✜✫✘✢ ✑✌✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✛✗✩✧

■ ✂ ✄✞☞✆☎☛✆✍✏✍✆✟✄ ✞ ☞☛☎✞✝ ✏✂✍ ✡ ✍✥✆✂�✁�✛☎ ✡ �✟✞✝✍✥☞✝✄✞✆✞✝✁✖✁☎ ✡ ✎ ✎ ❏
✚ ✑ ✗ ✣✸✗✚✗✚◗✟✪✬✮✡✼✟✮✡✗✜✖✄★✟✪✬✮✳✾✍✾❁✙✜✫✘✢ ✼✟✮☛✼✭✙✜✾ ✆✍✫✘✢❆❫✯✤✍✙✜✫✘✢ ✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✛✗✙✘

✚ ✑ ✏ ❖✏✤✍◗✣✼✟✮✡✮✄✏ ★✂❂✯✪✍✙✚❄❅✮✯✢❆✤✬✖✘✗✜✮✸✼✟✍❋◗✟✢✣✮✸✙✚✢✣✾❁✤✬✖✘✴✟✙✚✗✚✙❯✤✬❂✸✼✟✮☛✾❁◗✟✪ ✪ ✖❵❫✳✮❊✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✏✓✏

✚ ✑ ✏ ✑ ✗ ❑✕✖✰✤✬✮✬❫ ✽ ✢✟✙☎✄❀◗✣✮✸✼✭◗ ✏ ✾ ★✟✙✚✢✟P❡❫✳✫❃✖✘✤✍✙✚✢✣✛ ✑ ✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✏✓✏

✚ ✑ ✏ ✑ ✏ ☎ ✴✣✾✍✮✯✪✍✿❃✖✘✤✍✙✜✫✘✢✣✾✝✮✄✏ ★✂❂✯✪✍✙✚❄❅✮✯✢❆✤✬✖✘✗✜✮✳✾ ✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✏ ✍

✒◆✢✕✔✟◗✣✮✯✢❆❫✳✮❳❫✳✫✘✢ ✆✍✫✘✙✚✢❆✤✬✮✡✼✟✮✡✗ ✍✱❂ ★✣✖✘✙✜✾✍✾✍✮✯◗✟✪❲✼✟✮✳✾ ☞✟✗✚❄❅✾✩✮✯✤✸✼✟✮✡✗✜✖✰✤✬✮✯❄ ★✂❂✯✪✬✖✘✤✍◗✟✪✬✮ ✑ ✗ ✏ ✍

✓✡◗✣✮✯✗☎✄❀◗✣✮✳✾✩✮✄✏✟✮✯❄ ★✟✗✜✮✳✾✩✼✟✮✡❄❅✫✘✤✍✙ ✪ ✾ ★✟✪✬✫❆✼✭◗✟✙✚✤✬✾☎★✣✖✘✪❲✗ ✍❋✙✚✢✣✾❁✤✬✖✘✴✟✙✚✗❯✙✚✤✍❂❘✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✏ ✧

✚ ✑ ✏ ✑✦✥ ❖✏✿❀✫✘✗✚◗✟✤✍✙✜✫✘✢❅✤✬✮✯❄ ★✂✫✘✪✬✮✯✗✚✗✜✮✸✼✟✮✡✗ ✍❋✙✚✢✣✾❁✤✬✖✘✴✟✙✚✗❯✙❯✤✬❂❅✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✥ ✗
✚ ✑ ✏ ✑✎✍ ❖✏✤✍◗✣✼✟✮ ✄❀◗✣✖✘✢❆✤✍✙✚✤✬✖✘✤✍✙✚✿❀✮✸✼✭◗✍★✟✪✬✫❜❫✳✮✳✾✍✾❁◗✣✾✩✼✟✮✼❫✳✫❃✖✘✗✜✮✳✾❄❫✳✮✯✢❆❫✳✮☛✼✟✮✳✾✠✟✜✗✜✫✘✤✬✾ ✑ ✗ ✥ ✗
✑ ✪✬✖✘✙✚✤✬✮✯❄❅✮✯✢❆✤✸✼✟✮✳✾✩✙✚❄❅✖❃✛❃✮✳✾ ✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✥ ✗
✍ ✏✭✙✜✾❁✤✬✮✯✢❆❫✳✮✡✼✟✍❋◗✟✢✣✮✸✗✜✫✘✢✣✛✘◗✣✮✯◗✟✪✸❫✳✖✘✪✬✖❵❫✯✤✬❂✯✪✍✙✜✾❁✤✍✙☎✄❀◗✣✮ ✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✥✡✚
✎ ✙✜✾✍✮☛✮✯✢ ❂✯✿❆✙✜✼✟✮✯✢❆❫✳✮✡✼✟✍❋◗✟✢✣✮✸✗✜✫✘✙✂✼✟✍✱❂✬❫ ✽ ✮✯✗✚✗✜✮●✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✥✛✧
✔✓✫✘◗✟✪✡✄❀◗✣✫✘✙✻◗✟✢✣✮✡✗✜✫✘✙✂✼✟✍✱❂✬❫ ✽ ✮✯✗✚✗✜✮✟✞✰✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✍★✥



� � � ✏ ☛ ☎✄✂ ✎✁�✍✎✄✂ ✂ ☛ ✏✁�✆☎ ✠✟✎✄✂

✚ ✑✦✥ ❖ ✄❀◗✣✖✘✤✍✙✜✫✘✢ ✼✓✒❆✢✣✖✘❄▼✙☎✄❀◗✣✮✸✼✟✮✡✗ ✍❋✙✚✢✣✾❁✤✬✖✘✴✟✙✚✗✚✙❯✤✬❂❚✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✍ ✧

✚ ✑✦✥✭✑ ✗ ✎ ✙✜✾✍✮✡✮✯✢ ❂ ✄❀◗✣✖✘✤✍✙✜✫✘✢ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✍✛✧

✩☛❂✯✤✬✮✯✪✍❄▼✙✚✢✣✖✘✤✍✙✜✫✘✢ ✼✭◗✜❫ ✽ ✖✘❄ ★ ✼✟✮✳✾✩✿❆✙✚✤✬✮✳✾✍✾✍✮✳✾ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✍✛✧

❖ ✄❀◗✣✖✘✤✍✙✜✫✘✢ ✼✓✒❆✢✣✖✘❄▼✙☎✄❀◗✣✮ ✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✢✚ ✗
✚ ✑✦✥✭✑ ✏ ✣✸✢✣✖✘✗ ✒✭✾✍✮✡✼✟✮☛✾❁✤✬✖✘✴✟✙✚✗✚✙✚✤✬❂❲✗✚✙✚✢✣❂✳✖✘✙✚✪✬✮ ✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✢✚✢✥
✞✗✒✒★✂✫✘✤ ✽ ✜✳✾✍✮✳✾✩✼✟✍✱❂✯✤✍◗✣✼✟✮ ✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✢✚✢✥
✩✡✙✜✾❄❫✯◗✣✾✍✾❁✙✜✫✘✢ ✼✟✮✡✗ ✍ ✽ ✒✒★✂✫✘✤ ✽ ✜✳✾✍✮❨❫✳✫✘✢❆❫✳✮✯✪✍✢✣✖✘✢❆✤✩✗ ✍✱✖✘✢❆❫✯✪✬✖❃✛❃✮☛✼✭◗ ☞✟✗✚❄ ✢✣❂✯❄❅✖✘✤✍✙☎✄❀◗✣✮

✖✘◗✑✏ ✙✚✢❆✤✬✮✯✪ ✪ ✖❵❫✳✮✳✾ ✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✢✚ ✍
❑✂✙✚✢✣❂✳✖✘✪✍✙✜✾✍✖✘✤✍✙✜✫✘✢ ✼✟✮✡✗ ✍✱❂ ✄❀◗✣✖✘✤✍✙✜✫✘✢ ✼✓✒❆✢✣✖✘❄▼✙☎✄❀◗✣✮ ✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✢✚ ✘
❑✂✙✜✮✯✢ ✖✳✿❀✮✬❫✌✗✜✮✳✾✩✮✄✏ ★✂❂✯✪✍✙✜✮✯✢❆❫✳✮✳✾❊✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✧ ✗

❏ ✢✤✌✞�✁�✛✏ ✖✌✡✞✆✍✌✞�✔☎✆✄ ✡ ☎✠✟ ✡✞✡ ☎✂� ✄✞✆ ✎✒☎ ✡ ✎ ✝ �

✘✭✑ ✗ ✩✡✙✜✾❄❫✯◗✣✾✍✾❁✙✜✫✘✢ ✼✟✮✡✢✣✫❃✾✩✪✬❂✳✾❁◗✟✗✚✤✬✖✘✤✬✾ ✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✩✧✢✥
✘✭✑ ✏ �✸✢✣✮✡✙✚✢❆✤✬✮✯✪ ★✟✪✬❂✯✤✬✖✘✤✍✙✜✫✘✢❅✖✘✗✚✤✬✮✯✪✍✢✣✖✘✤✍✙✚✿❀✮ ✕✓✗✜✮ ★✣✾✍✮✯◗✣✼✟✫✘P✹✮✟✎✻✮✯✤✸✲✩✖❃✾❁✙✚❄▼✙✚✪ ✑✌✑✌✑✌✑✰✑✌✑ ✗✩✧ ✚

✁✁� ✂ ✮ ✛✣✢ ✮✡✢✱★ ✡✷✪ ✦ ✠ ✮☞☛✟✠✱★✯✪ ★ ✰✳✪✌☞ ✴✣✭✩✵✕✶✷✪ ✑☎✄ ✌

✎ � ✂ ✄✩✖✌☞☛☎ ☞☛☎✝✏✍☞ ☞✆☎☛�✁☞ ✍✥✆✞✝✁✖✁☎ ☞✠✟ ✞✆✄✞☞✑✏✍☎✝✍✥☎✝�☎✄ ☞✠✟ ✖☛�✁☎☛✡✒✌ ✖✞✄ ✄✞☎✁✡✠✍✥☎✂� ✄✞✆✞✝✁✖✁☎ ✎ ■ �
✗ ✧✭✑ ✗ ✒◆✢❆✤✍✪✬✫❆✼✭◗❆❫✯✤✍✙✜✫✘✢ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✚ ✚
✗ ✧✭✑ ✏ ✎❘✫✘◗✟✙✚✗✚✗✜✖❃✛❃✮✡✼✓✒❆✢✣✖✘❄▼✙☎✄❀◗✣✮✸✼✭◗✖✘❀✲✩★ ✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✚ ✧

✗ ✧✭✑ ✏ ✑ ✗ ✔✏✪✬✫✝☞✟✗✜✾✩✮✯✗✚✗✚✙ ★✣✾✍✫✘❄❅❂✯✤✍✪✍✙ ✄❀◗✟✮✳✾ ✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗ ✚ ✧

✗ ✧✭✑ ✏ ✑ ✏ ✩✍✒❆✢✣✖✘❄▼✙☎✄❀◗✣✮✸✼✭◗ ☞✟✗✚❄ ★✟✪✬❂✬❫✯◗✟✪✬✾✍✮✯◗✟✪ ✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✗✙✘✡✚
✗ ✧✭✑✦✥ ✓✡◗✣✮✯✗☎✄❀◗✣✮✳✾✝✪✬❂✖✔✣✮✄✏✭✙✜✫✘✢✣✾✝✾❁◗✟✪❲✗✜✮✳✾❲✛❃✫✘◗✟✤✍✤✬✮✳✾❲✾❁❄❅✮✬❫✯✤✍✙☎✄❀◗✣✮✳✾☎✑✌✑✰✑✌✑✌✑✌✑✌✑✌✑✌✑✰✑✌✑ ✏ ✧★✧

� ✆ ✢ ✞ ☞ ✦✩✶ ★✯✭✙✢ ✞ ✠ ✲✌✞✷✲✬✛ ✠ ✦✙✪ ✖✥✒✞✝

☎✤✆ ☎☛✏✍✆✍✌✁✡✒✟✞☞✑✡✠✆✁✆✍☎ �✌✎ ✝


