
HAL Id: tel-00671172
https://theses.hal.science/tel-00671172

Submitted on 16 Feb 2012

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Propagation des solitons spatio-temporels dans les
milieux dissipatifs

Aladji Kamagaté Kamagate

To cite this version:
Aladji Kamagaté Kamagate. Propagation des solitons spatio-temporels dans les milieux dissipatifs.
Autre [cond-mat.other]. Université de Bourgogne, 2010. Français. �NNT : 2010DIJOS068�. �tel-
00671172�

https://theses.hal.science/tel-00671172
https://hal.archives-ouvertes.fr


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

✢ ✣ ✥ ✧ ✩ ✫ ✥ ✣ ✯ ✥ ✲ ✳ ✧ ✩✒✶ ✷ ✸ ✺ ✼ ✾
✿ ❀ ❁ ❃ ❅

❇ ✲ ❈ ❉ ✩ ❊ ✯ ❈ ✩ ❇ ✳ ✲
❋ ● ■ ✏ ❏ ✄ ▲ ◆ W ◆ ❙✑◆ ❚ ❱

❇ ✥ ❲ ✲ ✥ ❳ ✯ ✩ ❊ ❨ ✲ ✧ ✩✟✯ ❨ ✯ ✲ ✩ ❭ ✩
❪ ❫ ❴ ❛ ❝ ❡ ❣ ✞ ✁ ❥ ❦ ♠ ♥ ♦ k ❡ ❝

l m ✈ ✇ ② ③ ② ④ ⑥ ✈ ⑧ ⑨ ⑩ ❶ ❶ ✈ ❸ ⑥ ④ ✈ ⑧ ❶ ❶ ✇ ② ④ ⑥ ✈ ❽ ④ ⑩ ➀ ✇ ✈ m✖⑩ ❸ ❶

⑨ ② ⑧ ❶ ⑨ ⑩ ❶ ➀ ⑥ ❸ ⑥ ⑩ ➈ ➉ ⑨✖⑥ ❶ ❶ ⑥ ✇ ② ④ ⑥ ➋ ❶

✧ ✩ ➌ ➍ ➎ ✳ ❨ ➐ ➑ ➍ ➑☎➔ ➍ ➣ ↔ ➌ ➑

❭ ✩ ↕ ✳ ❊ ✯ ✧ ✳✒✣ ✥ ➎✒➎✒❨ ❉ ❉ ❨ ✥ ❊ ❭ ➜ ✩ ➞ ✳ ➎☎✩ ❊ ✣ ✥ ➎ ❇ ✥ ❉ ❈ ✩ ❭ ✩✒➠

➡ ➢ ➤☞➥ ➦ ➨ ➩ ➫ ➭ ➤ ➯ ➩ ➲ ➳ ➵ ✳ ➸ ✯ ✲ ✩✟❭ ✩ ✣ ✥ ❊ ➻ ❈ ✲ ✩ ❊☞✣ ✩ ❉ ➽ ➚ ➶ ➘ ➴ ❭ ✩✟➬ ✥ ❲☞✩ ❊ ➮ ➬ ✳ ❇ ❇ ✥ ✲ ✯ ✩ ❲ ✲
➱ ➢ ✃ ❐ ❮ ¤ ➢ ¥ ¦ ➳ ➥ § ¨ ✲ ✥ ➻ ✩ ❉ ❉ ✩ ❲ ✲ ➽ © ❊ ❨ ↕ ✩ ✲ ❉ ❨ ✯ ❈ ❭ ✩ ➴ ❊ ª ✩ ✲ ❉ ➮ ➬ ✳ ❇ ❇ ✥ ✲ ✯ ✩ ❲ ✲
« ➲ ❮ ➯ ¬ ➤☞➥ ➢  ➤ ✃ ¦ ➤☞➥ § ® ↔ ✳ ✲ ª ❈ ❭ ✩✟➬ ✩ ✣ ↔☞✩ ✲ ✣ ↔☞✩ ➽ ➚ ❊☞❉ ✯ ❨ ✯ ❲ ✯ ➶ ✥ ❊ ¯ ❨ ❊☞❈ ✳ ❨ ✲ ✩ ❭ ✩✟➶ ❨ ✣ ✩ ➮ ° ➞☞✳ ➎✒❨ ❊ ✳ ✯ ✩ ❲ ✲
± ¬ ² ¥ ➤☞➩ ➲ « ➫ ¦ ❐ ➢ ³ ➲ ✃ ➢ ® ↔ ✳ ✲ ª ❈ ❭ ✩✟➬ ✩ ✣ ↔☞✩ ✲ ✣ ↔☞✩ ➽ © ❊ ❨ ↕ ✩ ✲ ❉ ❨ ✯ ❈ ❭ ✩ ´ ✲ ✳ ❊☞✣ ↔☞✩ µ ® ✥ ➎ ✯ ❈ ➮ ° ➞☞✳ ➎✒❨ ❊ ✳ ✯ ✩ ❲ ✲
¶ ¬ ² ¦ ² ➯ ➯ ➢ ➨ ✃ ➢ ¦ ➩ ¨ ✲ ✥ ➻ ✩ ❉ ❉ ✩ ❲ ✲ ➽ © ❊ ❨ ↕ ✩ ✲ ❉ ❨ ✯ ❈ ❭ ✩ · ✥ ❲ ✲ ª ✥ ª ❊☞✩ ➮ ✫ ❨ ✲ ✩ ✣ ✯ ✩ ❲ ✲ ❭ ✩ ✯ ↔☞¸ ❉ ✩
¶ ¹ ± º ¬ ➳ » ➳ ¼ ² ➥ § ➤ ¨ ✲ ✥ ➻ ✩ ❉ ❉ ✩ ❲ ✲ ➽ © ❊ ❨ ↕ ✩ ✲ ❉ ❨ ✯ ❈ ❭ ✩ · ✥ ❲ ✲ ª ✥ ª ❊☞✩ ➮ ✫ ❨ ✲ ✩ ✣ ✯ ✩ ❲ ✲ ❭ ✩ ✯ ↔☞¸ ❉ ✩
½ ¹ ½ ¹✡¾ ¿ ¬ À ➢ § ² ➢ ❐ ¨ ✲ ✥ ➻ ✩ ❉ ❉ ✩ ❲ ✲ ➽ Á ↔☞✩ ➴ ❲☞❉ ✯ ✲ ✳ ✧ ❨ ✳ ❊ ➶ ✳ ✯ ❨ ✥ ❊ ✳ ✧ © ❊ ❨ ↕ ✩ ✲ ❉ ❨ ✯ Â☞➮ ➚ ❊ ↕ ❨ ✯ ❈

Ã Ä Å Æ Ç È✁!✄✂✆☎ Æ ✝✞✂✆✟✡✠☞☛✍✌✏✎✑✠ È✓✒✞✠ È✓✝✕✔✖✂✆✗ ✗ Å✡✟ Æ ✙ ✎ ✝ Æ ✂✆✟✡✠ ✢ Ç ✝ Æ Ä Å È✓✠✁✥ !✄✌ ✔ ✢ ✩
✌ ✎✑✬ ✂✆✒✞✎ ✝ ✂ Æ ✒ È ✯ ✟ ✝ È☞✒ ✲ Æ ✠ ✙ Æ Ç✡☎ Æ ✟✡✎✝Æ ✒ È ✔ ✎✑✒✞✟✡✂✑✝ ✲ È ✶✖✂ Å✡✒ ✸✆✂✆✸✆✟ È ☛ ✺ ✼ ✽ ✿✆❁✆❂✆❃ ✔ ❅ ✽✕!

❆ ✎✑✙ Å✡☎ ✝✞❇ ✲ È✓✠✕!✄✙ Æ È✓✟✡✙ È☞✠☞☛ ❃✡☛✍✎✓❈ È✓✟ Å È ❉✕☎ ✎✝Æ ✟ ! ✎☞❈✑✎✑✒ ● ☛ ✶ ❍ ■ ❑✆▲ ❑✑❂ ☛ ❁ ▼☞❂ ❑✑▲ ◆ Æ ❖ ✂✆✟ ☛ ❆✍✒✞✎✑✟✡✙ È



◗

❘ ❙ ❯ ❲ ❨ ❬ ❨✕❪ ❙ ❫ ❙ ❵ ❵ ❙ ❛ ❝ ❞ ❙ ❡ ❫✏❝ ❢ ❣✄❙ ❤ ✐ ❝ ❪ ❛ ❝ ♠ ❨✕❙ ♥ ♦ ❵ ♠ ❛✁♦✖: ❢ ❵ ❙ ❢ ❙ ♥ ❙ ❢ ❫ ❪✞❙ ❢
. . .



 

! ❅ ✉ ❅ ✈ ✇ ② ❅ ✉ ❅ ④ ⑤ ❃

⑦ ❙ ❵✡❢✡❝✏⑨ ❝ ❪✞⑩ ❨ ❙ ❵✡❷ ❸ ♠ ❙ ❙ ♠ ❵ ⑩✞❙ ❻✓❢ 9 ❪ ❵ ❨✕❙ ❵ ❢ ♦✖❪✞♠ ❝ ❤✕❤ ❬ ❙ ♠ ❨✕❙ ❵ ❢✡❝✏⑨ ❝ ❪ ⑩ ❙ ❾ ❙ ❫ ❵✡9✕❬ ❝ 9 ♠ ❙ ❪ ❤ ❨ ❙
⑩ ✐ ❬ ➃ 9 ❪✞❛✁❙ ➄ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❡ ➅ ❝ ♠ ❙ ❢ ♠ ❙ ❵ ⑦ ♦✖♥ ♥ 9✕❤ ❪ ❫ ❝ ❵✡❪✞♦ ❤ ➇ ❛✕❵✡❪✞➃ 9 ❙ ➊ ➄ ➅ ⑦ ➇ ➌ ❝ 9 ➅ ❝ ➎✁♦✖❢✡❝ ❵✡♦✖❪✞❢ ❙ ➐✆❤ ❵✡❙ ❢ ➑
❨ ❪ ♠✄❫ ❪✞❛ ⑩ ❪✞❤ ❝ ❪✞❢✄❙ ⑦ ❝ ❢✄❤ ♦ ❵ ❨ ❙ ➓ ♦✖9 ❢✄❞✖♦✖❞ ❤ ❙ ➊✓➐ ⑦ ➓ ➌ → ➣ ♦✖9 ❢ ❫ ❙ ❻☞❝ ❪✞❵✏❡ ❣✄❙ ❵ ❪ ❙ ❤✕♠ ➙ ❢ ❙ ♥ ❙ ❢ ❫ ❪✞❙ ❢ ➜ 9✕➝ ➞ ❪✞⑩ ⑩✞♦ ❵
❢ ❙ ♠ ❛✁♦✖❤ ♠ ❝ ➎ ⑩✞❙ ❨ ❙ ⑩ ✐ ❬ ➃ 9 ❪ ❛✁❙ ➄✕➅ ⑦ ➇ ❡ ❝ ❪✞❤ ♠ ❪ ➃ 9 ❙ ⑩ ✐ ❙ ❤ ♠✄❙ ♥ ➎ ⑩✞❙ ❨ ❙ ♠ ❛✁❙ ❢✄♠ ♦✖❤ ❤✕❙ ⑩ ♠ ❨ ❙ ♥ ✐ ❝✏⑨✖♦✖❪ ❢ ❝ ❫ 9✕❙ ❪ ⑩✞⑩ ❪
❝ ➢ ❤ ❨ ❙ ♥ ❙ ❤ ❙ ❢ ➙ ➎ ❪ ❙ ❤ ♥ ♦✖❤ ❵✡❢ ❝ ⑨ ❝ ❪ ⑩ →

❘ ❙ ♠ ♦✖9 ❷ ❝ ❪✞❵ ❙ ❵ ♦✖9✕❵ ❛ ❝ ❢✄❵✡❪✞❫ 9 ⑩✞❪✞❸ ❢✄❙ ♥ ❙ ❤ ❵ ❙ ➥ ❛ ❢✄❪ ♥ ❙ ❢ ♥ ❝ ❢✄❙ ❫ ♦✖❤ ❤ ❝ ❪✞♠ ♠ ❝ ❤ ❫ ❙ ❙ ❵ 9✕❤ ❙ ❛✕❢ ♦ ❻✓♦✖❤✕❨ ❙
❞✖❢✡❝ ❵✡❪✞❵ 9 ❨ ❙ ➙ ♥ ❙ ♠ ❨ ❪✞❢ ❙ ❫ ❵✡❙ 9 ❢ ♠ ❨✕❙ ❵ ❷ ❸ ♠✄❙ ❡ ➣ ❷ ❪ ⑩✞❪ ❛✕❛ ❙ ➜ ❢ ❙ ⑩ 9 ❙ ❵ ➣ ❝ ❵✡❢ ❪✞❫ ❙ ❯ ❫ ❷✕♦ ❻✓♦ ➑ ➯ ❪ ❤ ❨ ❝ ❡ ➃ 9 ❪
♥ ✐ ♦✖❤ ❵ ❙ ❤ ❫✏❝ ❨✕❢ ❬ ❨ 9✕❢✡❝ ❤ ❵ ❵ ♦✖9✕❵✡❙ ⑩ ❝ ❨ 9 ❢✄❬ ❙ ❨ ❙ ♥ ❝ ❵✡❷✕❸ ♠ ❙ → ➐✆⑩ ♠ ♦ ❤ ❵ ♠ 9 ♠ ❙ ❢ ❙ ❤ ❨ ❢ ❙ ❨ ❪✞♠ ❛✁♦✖❤ ❪✞➎ ⑩ ❙ ❙ ❵
❝ ♥ ❪ ❫✏❝ ⑩✞❙ ❛✁♦✖9✕❢ ❢ ❬ ❛✁♦✖❤ ❨ ❢✄❙ ➙ ♥ ❙ ♠ ❪ ❤ ❵✡❙ ❢✄❢ ♦✖❞✖❝ ❵✡❪✞♦ ❤ ♠ ❡ ♥ ✐ ♦ ❤ ❵ ❻✓♦ 9 ❢ ❤ ❪ ❨ ❙ ⑩ ✐ ❝ ❪✞❨ ❙ ❛✁❙ ❢✄♥ ❝ ❤ ❙ ❤ ❵✡❙ ❙ ❵ ❨ ❙ ♠
❫ ♦✖❤✕♠ ❙ ❪✞⑩ ♠ ♠ 9 ❢ ⑩ ❙ ♠ 9 ❣✄❙ ❵ ❵ ❢✡❝ ❪ ❵✡❬ → ➯ ✐ 9 ❤ ❙ ❞✖❢ ❝ ❤ ❨ ❙ ♠✄❪ ♥ ❛ ⑩ ❪ ❫ ❪ ❵ ❬ ❡ ♥ ❝ ⑩✞❞✖❢ ❬ 9✕❤ ❙ ♥ ❛✕⑩ ♦✖❪ ❨ 9 ❵✡❙ ♥ ❛ ♠ ❨✕❬ ❣ ➙
♠ 9 ❢✄❫ ❷ ❝ ❢ ❞✖❬ ❡ ❪✞⑩ ♠ ♦✖❤ ❵ ❵✡♦ 9 ❣✄♦✖9 ❢✄♠ ❢ ❬ 9 ♠ ♠✄❪ ➙ ❵✡❢✄♦✖9✕⑨✖❙ ❢ 9✕❤ ♥ ♦✖♥ ❙ ❤ ❵ ➃ 9 ❙ ❫ ❙ ♠ ♦✖❪ ❵ ❛✁♦✖9 ❢ ❨✕❪ ♠ ❫ 9✕❵✡❙ ❢ ❨ ✐ 9✕❤ ❙
❤ ♦✖9✕⑨✖❙ ⑩ ⑩✞❙ ❪ ❨✕❬ ❙ ❡ ❢✄❬ ♠✄♦✖9 ❨ ❢✄❙ ❨ ❙ ♠ ❛✕❢ ♦✖➎ ⑩✞❸ ♥ ❙ ♠ ♦✖9 ➎✕❪ ❙ ❤ ❙ ❤ ❫ ♦ ❢ ❙ ❛✁♦✖9 ❢ ❬ ⑨✖♦ ➃ 9 ❙ ❢ ❨ ❙ ♠ ♠ 9 ❣✄❙ ❵✡♠ ❨ ❙ ⑩ ❝
⑨ ❪ ❙ ❨✕❙ ❵ ♦✖9 ♠ ⑩✞❙ ♠ ❣✄♦ 9 ❢ ♠ →

⑦ ❙ ❵ ❢✡❝ ⑨ ❝ ❪ ⑩ ♠✄9 ❢ ⑩ ❙ ♠ ➺ ➻ ➼ ➼ ➽✍➾ ➚ ➽ ➼ ➶ ➹ ➘ ➴ ➷✡➽ ♥ ✐ ❝ ❨✕♦✖❤ ❤ ❬ ⑩ ✐ ♦ ❫ ❫ ❝ ♠ ❪✞♦✖❤ ❨ ❙ ❵✡❢ ❝ ⑨ ❝ ❪ ⑩ ⑩ ❙ ❢ ❝ ⑨✖❙ ❫
❨ ✐ ❝ 9✕❵✡❢✄❙ ♠ ❛ ❷ ➝ ♠✄❪ ❫ ❪✞❙ ❤ ♠ ❡ ❤✕♦ ❵✍❝ ♥ ♥ ❙ ❤ ❵ ❘ ♦✖♠ ❬ ➄ ♦ ❵✡♦ ➑ ⑦ ❢ ❙ ♠ ❛✁♦ ❨ ❙ ⑩ ✐ ➐✆❤ ♠ ❵✡❪ ❵✡9✕❵ ❨ ✐ ➇ ❛ ❵✡❪ ➃ 9 ❙ ❡ ➞ ❝ ❨ ❢ ❪✞❨ ❡✖❙ ❤
❲ ♠ ❛ ❝ ❞ ❤ ❙ ➃ 9 ❪ ❝ ❛ 9 ♥ ❙ ❻☞❝ ❪ ❢ ❙ ❛ ❢ ♦ ➢✕❵✡❙ ❢ ❨ ❙ ♠ ♦✖❤ ❝ ❪ ❨ ❙ ❨ ❝ ❤ ♠ ⑩ ❝ ❛ ❷ ❝ ♠✄❙ ❤ 9 ♥ ❬ ❢ ❪✞➃ 9 ❙ ❨ ❙ ❫ ❙ ❛ ❢ ♦ ❣✄❙ ❵
❙ ❵ ❨ ❙ ♠✄❙ ♠ ❢ ❙ ♥ ❝ ❢ ➃ 9 ❙ ♠ ❛✁❙ ❢ ❵✡❪ ❤✕❙ ❤ ❵ ❙ ♠ → ➯ ❙ ♥ ➮ ♥ ❙ ❡ ❣ ✐ ❝ ❪ ❬ ❞ ❝ ⑩ ❙ ♥ ❙ ❤ ❵ ❛ 9 ❝ ❛✕❛ ❢ ❬ ❫ ❪✞❙ ❢ ⑩✞❙ ♠ ❫ ♦✖♥ ❛✁❬ ➑
❵✡❙ ❤ ❫ ❙ ♠ ❙ ❵ ⑩ ✐ ❙ ➥ ❛✁❬ ❢ ❪✞❙ ❤✕❫ ❙ ❪✞❤ ❫ ♦ ♥ ❛ ❝ ❢✡❝ ➎ ⑩✞❙ ❨ ❙ ➱ ❝ ❪✞⑩ ✃ ❐ ❷✕♥ ❙ ❨ ❪ ❙ ⑨ ❨ ❙ ⑩ ✐ ❒ ❤ ❪ ⑨✖❙ ❢✄♠ ❪ ❵✡❬ ❨✕❙ ⑦ ❝ ❤ ➎✁❙ ❢✄❢✡❝✕❡
❙ ❤ ✃ 9 ♠✄❵ ❢✡❝ ⑩✞❪ ❙ ❡ ♠ 9 ❢ ⑩✞❙ ♠✄9 ❣✄❙ ❵ ❮ ❣✄❙ ⑩✞❙ ❢ ❙ ♥ ❙ ❢ ❫ ❪ ❙ ❛✁♦ 9 ❢ ♠ ♦✖❤ ❻✓❢ ❝ ❤ ❫ ♠ ♦ 9✕❵✡❪✞❙ ❤ ❡✁♠ ❝ ♠✄➝ ♥ ❛ ❝ ❵ ❷ ❪ ❙ ❙ ❵ ♠✄❙ ♠
❫ ♦✖❤✕♠ ❙ ❪✞⑩ ♠ →

❘ ❙ ♠ ♦ 9 ❷ ❝ ❪ ❵✡❙ ❙ ❤ ♠✄9 ❪✞❵ ❙ ❙ ➥ ❛ ❢ ❪✞♥ ❙ ❢ ❵ ♦✖9✕❵ ❙ ♥ ❝ ❞✖❢✡❝ ❵✡❪✞❵ 9 ❨ ❙ ➙ ❰ ❙ ❢✄⑨✖❬ ➅ ❙ ➎ ⑩ ♦✖❤✕❨ ❙ ❵ ❘ ❙ ❝ ❤ ➑ ➜ 9✕➝
⑦ ❝ ❛ 9✕❵ ♦ ❨ ✐ ❝ ⑨✖♦ ❪ ❢ ❝ ❫ ❫ ❙ ❛✕❵ ❬ ❨ ✐ ➮ ❵ ❢ ❙ ⑩ ❙ ♠ ❢✡❝ ❛ ❛✁♦ ❢✄❵✡❙ 9 ❢ ♠ ❨✕❙ ❫ ❙ ❵ ❵ ❙ ❵ ❷ ❸ ♠✄❙ ❡ ❝ ❪ ❤ ♠✄❪ ➃ 9 ✐ ➙ ❵✡♦ 9 ♠ ⑩✞❙ ♠ ❨ ❪ ❾ ❬ ➑
❢ ❙ ❤ ❵✡♠ ♥ ❙ ♥ ➎ ❢ ❙ ♠ ❨ 9 ❣✄9 ❢ ➝✖→

❘✕✐ ❝ ❪ ❙ 9 ⑩ ❝ ❫✍❷ ❝ ❤ ❫ ❙ ❨ 9✕❢✡❝ ❤ ❵ ♥ ❝ ❛ ❢✄❙ ♥ ❪ ❸ ❢✄❙ ❝ ❤ ❤ ❬ ❙ ❨ ❙ ❵✡❷✕❸ ♠ ❙ ❨ ❙ ❵ ❢✡❝✏⑨ ❝ ❪✞⑩ ⑩ ❙ ❢ ❝ ⑨✖❙ ❫ ✃ ⑩✞❙ ➥ ❪ ♠
➅ ❝ ➎ ❢ 9 ➝✖❸ ❢ ❙ ❡ ❪✞⑩ ❝ ♠ 9 ♠✄❙ ❢ ❙ ❤ ❨ ❢ ❙ ❨ ❪✞♠ ❛✁♦✖❤✕❪ ➎ ⑩✞❙ ❛✁♦✖9✕❢ ♥ ❙ ❨✕♦✖❤ ❤ ❙ ❢ ⑩ ❙ ♠ ➎ ❝ ♠✄❙ ♠ ❨✕❙ t ➻ u✁➼ ➽ ❙ ❵ t ➻ v☞➼ ➻ w ❡
❙ ❵ ❢ ❬ ❛✁♦✖❤ ❨ ❢✄❙ ➙ ♥ ❙ ♠ ❤ ♦✖♥ ➎ ❢ ❙ 9 ♠ ❙ ♠ ❪✞❤ ❵ ❙ ❢✄❢ ♦✖❞ ❝ ❵✡❪✞♦✖❤ ♠ ❮ ➙ ❫ ❙ ❵✡❪✞❵ ❢ ❙ ❣✄❙ ⑩ 9✕❪ ❨ ❪ ♠ 9 ❤ ❞✖❢ ❝ ❤ ❨ ♥ ❙ ❢✄❫ ❪ →
❘✕✐ ❙ ❤ ❛ ❢ ♦ ➢✕❵✡❙ ❨ ♦✖❤ ❫ ❛✁♦ 9 ❢ ❢ ❙ ♥ ❙ ❢ ❫ ❪✞❙ ❢ ❵✡♦✖9 ♠ ⑩ ❙ ♠ ❨ ♦ ❫ ❵ ♦✖❢✡❝ ❤ ❵✡♠ ❛ ⑩✞9 ♠ ❛ ❝ ❢ ❵✡❪ ❫ 9 ⑩✞❪ ❸ ❢ ❙ ♥ ❙ ❤ ❵ ➄ ♦✖9 ❝ ❨ ❛✁♦ 9 ❢



 

❫ ❙ ♠ ❞ % ❵ ❙✏❝ ) ➥ ❙ ❵ ♠ ❝ ♠✄➝ ♥ ❛ ❝ ❵✡❷✕❪ ❙ ❡✁5 ♦ ❤ ❝ ⑩ ❨ ❛✁♦ ) ❢ ❤✕♦✖♠ ❛ ❝ ❢ ❵✡❪✞❙ ♠ ❨ ❙ ❵✡❙ ❤✕❤ ❪ ♠ ❙ ❵ ♠ ) ❢ ❵✡♦✖)✕❵ ❛✁♦✖) ❢ ❤ ♦✖♠
❛ ❢ ❙ ♥ ❪✞❸ ❢✄❙ ♠ ❝ ❤ ❤ ❬ ❙ ♠ ❨ ❙ ♠ ♦✖⑩✞❪✞❵✡)✕❨ ❙ ➙ ➯ ❪ ❣✄♦ ❤ ❡ B ❪ ❝ ) ⑩ ❙ ❵ ❵ ♦✖) ♠ ⑩✞❙ ♠ ❝ )✕❵✡❢✄❙ ♠ →

❘ ❙ ❢ ❙ ♥ ❙ ❢✄❫ ❪✞❙ ❬ ❞ ❝ ⑩ ❙ ♥ ❙ ❤ ❵ ❵✡❢ ❸ ♠ ♠ ❪✞❤ ❫ ❸ ❢ ❙ ♥ ❙ ❤ ❵ ❲ ➎ ➎ ➝ ➱ ✐ ❨✕❬ ❨ ❬ ➣ ❢ ♦ ❻✓❙ ♠ ♠ ❙ ) ❢ ➙ ⑩ ✐ ❒ ❤ ❪ ⑨✖❙ ❢ ♠✄❪✞❵ ❬
❨ ❙ ⑦ ♦ ❫ ♦ ❨ ➝ ➙ ✃ ➎✕❪ ❨ ❣ ❝ ❤ ❛✁♦✖) ❢ ♠ ❙ ♠ ❫ ♦✖❤ ♠✄❙ ❪✞⑩ ♠ ❡ ♠✄♦✖❤ ❙ ❤ ❫ ♦✖) ❢ ❝ ❞✖❙ ♥ ❙ ❤ ❵ ❙ ❵ ♠ ♦✖❤ ♠✄♦✖)✕❵ ❪ ❙ ❤ ❵✡♦✖) ❵ ❝ )
⑩ ♦✖❤✕❞ ❨ ❙ ♥ ♦✖❤ ❛ ❝ ❢ ❫ ♦✖) ❢ ♠ ) ❤✕❪✞⑨✖❙ ❢ ♠ ❪ ❵✍❝ ❪✞❢ ❙ ❙ ❤ ⑦ Q ❵✡❙ ❨ ✐ ➐✑⑨✖♦✖❪ ❢✄❙ ❡ ♠✡❝ ❤ ♠ ♦✖) ➎ ⑩✞❪ ❙ ❢ ➣ ❢ → ❘ )✕⑩ ❙ ♠ ❯ ❙ ❤ ♦✖❤ ❙ ❵
⑩ ❙ ♠ ❝ )✕❵ ❢ ❙ ♠ ♥ ❙ ❤ ➎ ❢ ❙ ♠ ❨ ) ⑩ ❝ ➎✁♦✖❢✡❝ ❵✡♦✖❪✞❢✄❙ ➣ ❷ ➝ ♠✄❪ ➃ ) ❙ ✃ ❵ ♦✖♥ ❪✞➃ ) ❙ ❙ ❵ ➄ ❛✁❙ ❫ ❵✡❢ ♦ ♠ ❫ ♦ ❛ ❪ ❙ ➞ ♦✖⑩ ❬ ❫ ) ⑩ ❝ ❪✞❢ ❙ →

❘ ❙ ❵✡❪✞❙ ❤ ♠ ❬ ❞ ❝ ⑩ ❙ ♥ ❙ ❤ ❵ ➙ ♠ ♦✖)✕⑩ ❪ ❞ ❤ ❙ ❢ ♥ ❝ ❞✖❢ ❝ ❤ ❨ ❙ ❢✄❙ ❫ ♦✖❤ ❤ ❝ ❪✞♠ ♠ ❝ ❤ ❫ ❙ ❙ ❤ ⑨✖❙ ❢ ♠ ♥ ❙ ♠ ❛ ❝ ❢ ❙ ❤ ❵ ♠ ❡✕➙
➃ )✕❪ ❣✄❙ ❨ ♦✖❪✞♠ ❫ ❙ ♠ )✕❫ ❫ ❸ ♠ → ➐✆⑩ ♠ ♦✖❤ ❵ ♠ ) ❢ ❙ ♠✄❵ ❙ ❢ ➙ ♥ ♦✖❤ ❬ ❫ ♦✖)✕❵✡❙ ❡ ♥ ❙ ♠ ♦ )✕❵✡❙ ❤ ❪ ❢ ❨✕) ❢✡❝ ❤ ❵ ♥ ❙ ♠ ⑩ ♦✖❤✕❞✖) ❙ ♠
❝ ❤ ❤ ❬ ❙ ♠ ❨ ✐ ❬ ❵✡) ❨✕❙ ❙ ❵ ♥ ✐ ♦ ❾ ❢✄❪ ❢ ❵ ♦✖)✕❵ ❫ ❙ ➃ ) ❪ ❬ ❵✍❝ ❪ ❵ ➎✁♦✖❤ ❛✁♦✖) ❢ ♥ ♦✖❤ ❬ ❛ ❝ ❤✕♦✖) ❪ ♠✄♠ ❙ ♥ ❙ ❤ ❵✏→ ➜ ❢ % ❫ ❙ ➙
⑩ ❙ ) ❢ ♠ ❙ ❤✕❫ ♦✖)✕❢✡❝ ❞✖❙ ♥ ❙ ❤ ❵ ♠ ❙ ❵ ❫ ♦✖❤ ♠✄❙ ❪✞⑩ ♠ ❛✕❢ ❬ ❫ ❪ ❙ ) ➥ ❣ ✐ ❝ ❪ ❛✕) ⑨ ❪✞⑨ ❢ ❙ ♥ ❙ ♠ ❝ ❤ ❤✕❬ ❙ ♠ ❨ ❙ ♠✄❫ ♦✖⑩ ❝ ❢ ❪ ❵✡❬ ❨ ❝ ❤ ♠
⑩ ❝ ❢ ❙ ♠✄❛✁♦✖❤ ♠ ❝ ➎ ❪ ⑩✞❪✞❵ ❬ ❡✕⑩ ❝ ♠ ❬ ❢ ❬ ❤✕❪✞❵✡❬ ❙ ❵ ❬ [ ❫✏❝ ❫ ❪✞❵ ❬ →



 ! " # $ % $ & ' ! ( ) * + $ &

, -✁/ 0 1 2 3 4 / 5✓1 - 7

8 9 : ; 5✓/✏0 = > ? 1✁@☞5✓/ 1✁- B / = C ; 1 0 = @☞B D B 1✁@☞5✓/ 1✁- B B ; : / 5✓1 E✄/ = C ; 1 0 = @☞B D = / B 1✁@ 5 / 1✁- B
2 5 B✏B 5 ; : / 5✓G✆B >✁!
✂ → ✂ ➐✆❤ ❵ ❢ ♦ ❨ P✕❫ ❵✡❪✞♦✖❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✂☎✄
✂ → ◗ ❰ ❪✞♠✄❵ ♦✖❢ ❪✞➃ P✕❙ ❨ ❙ ♠ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ → → → → → → → → → → → → → → → → → → → → → → → → → → ✂✝✆
✂ → ] ➅ ❙ ♠ ❛ ❢ ❙ ♥ ❪✞❙ ❢✄♠ ♠✄♦✖⑩ ❪ ❵✡♦ ❤ ♠ ♦ ❛✕❵✡❪✞➃ P✕❙ ♠ → → → → → → → → → → → → → → → → → → → → → → ◗✖◗

✂ → ] → ✂ ✞ P✕❙ ⑩ ➃ P ❙ ♠ ❛ ❷ ❬ ❤✕♦✖♥ ❸ ❤ ❙ ♠ ❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢ ❙ ♠ ❙ ❵ ❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪✞❻✓♠ ♠✄P ❢ ⑩✞❙ ♠ ❪✞♥ ❛ P✕⑩ ➑
♠✄❪ ♦ ❤ ♠ ♦✖❛ ❵✡❪ ➃ P ❙ ♠ → → → → → → → → → → → → → → → → → → → → → → → → → → → ◗ ]
✂ → ] → ✂ → ✂ ❲ ❾ ❙ ❵✠✟ ❙ ❢✄❢ ♦✖❛ ❵✡❪ ➃ P ❙ → → → → → → → → → → → → → → → → → → → ◗ ]
✂ → ] → ✂ → ◗ ❲ ➃ P ❝ ❵✡❪✞♦✖❤ ❨ ❙ ➄ ❫✍❷ ❢☛✡ ❨ ❪ ❤ ❞ ❙ ❢ ❤✕♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢ ❙ → → → → → → → → → ◗✌☞
✂ → ] → ✂ → ] ➯ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ ❨ ❙ ⑩ ❝ ⑨ ❪ ❵✡❙ ♠ ♠ ❙ ❨✕❙ ❞ ❢ ♦✖P ❛✁❙ → → → → → → → → → → → ◗✌✍
✂ → ] → ✂ → n ✃ P✕❵ ♦ ➑✆♥ ♦ ❨ P ⑩ ❝ ❵ ❪✞♦ ❤ ❨ ❙ ⑩ ❝ ❛ ❷ ❝ ♠✄❙ → → → → → → → → → → → → → ]✎✂

✂ → ] → ◗ ➅ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ♠ → → → → → → → → → → → → → → → → → → → → → → ]✖]
✂ → ] → ] ➅ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ♠✄❛ ❝ ❵✡❪ ❝ P ➥ → → → → → → → → → → → → → → → → → → → → → → → ] n
✂ → ] → n ➅ ✐ ❙ ❾ ❙ ❵ ❨ ✐ ❙ ❾ ♦✖❤ ❨✕❢ ❙ ♥ ❙ ❤ ❵ ♦ P✑✏ ❫ ♦ ⑩ ⑩ ❝ ❛ ♠ ❙✒✏ → → → → → → → → → → → → → → → ]✓✄
✂ → ] →✕✔ ➅ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ♠✄❛ ❝ ❵✡❪✞♦ ➑✑❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩✞♠ → → → → → → → → → → → → → → → → → → → ]✒✍

✂ → n ➅ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❨ ❪ ♠✄♠ ❪✞❛ ❝ ❵✡❪ ❻✓♠ → → → → → → → → → → → → → → → → → → → → → → → → → → n ◗
✂ →✕✔ ⑦ ♦✖❤ ❫ ⑩ P✕♠ ❪ ♦ ❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → n ✔

8 9 : ; 5✓/✏0 =✗✖ ✘ ✙ / 9 1 2 = 2 = B 4✖1 1✁0 2 1✁- - ✙ = B 4✖1✁@ @✓= 4 / 5 ✜✁= B ✣ !
◗ → ✂ ➐✆❤ ❵ ❢ ♦ ❨ P✕❫ ❵✡❪✞♦✖❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → n ✄

✔



☞ ✥✁✦✠✧ ★ ✪ ✫✠✪ ✭ ✯ ✦✠✥ ✲ ✴ ✶ ✪ ✭
◗ → ◗ ⑦ ♦✖♥ ❛ ❝ ❢ ❝ ❪ ♠✄♦✖❤ ❙ ❤ ❵✡❢ ❙ ⑩ ❝ ♥ ❬ ❵✡❷✕♦ ❨ ❙ ❨ ❙ ♠ ♦✖❛✁❬ ❢✡❝ ❵ ❙ 6 ❢✄♠ ❨ ❙ ❛ ❢✄♦ ❣✄❙ ❫ ❵ ❪ ♦✖❤ ❙ ❵ ⑩ ✐ ❝ ❛ ➑

❛ ❢✄♦ ❫ ❷ ❙ ❨ 6 ➅ ❝ ❞✖❢✡❝ ❤ ❞✖❪ ❙ ❤ → → → → → → → → → → → → → → → → → → → → → → → → → → = ✍
◗ → > ⑦ ♦✖♥ ❛ ❝ ❢ ❝ ❪ ♠✄♦✖❤ ❙ ❤ ❵✡❢✄❙ ⑩ ❝ ♥ ❬ ❵ ❷ ♦ ❨ ❙ ❨ ❙ ♠ ♥ ♦✖♥ ❙ ❤ ❵✡♠ ❙ ❵ ❨ ❙ ⑩ ✐ ❝ ❛ ❛ ❢✄♦ ❫ ❷✕❙ ❨ 6 ➅ ❝ ➑

❞✖❢ ❝ ❤ ❞✖❪✞❙ ❤ ♥ ♦ ➝✖❙ ❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✔✌✹
◗ → = ✺ ♦✖❤ ❨✕❙ ♥ ❙ ❤ ❵ ♠ ❨ ❙ ⑩ ❝ ♥ ❬ ❵✡❷ ♦ ❨ ❙ ❨ ❙ ♠ ♦✖❛✁❬ ❢ ❝ ❵✡❙ 6 ❢ ♠ ❨ ❙ ❛✕❢ ♦ ❣✄❙ ❫ ❵✡❪ ♦ ❤ → → → → → → → → ✔ ◗

◗ → = → ✂ ➣ ❢✄❬ ♠ ❙ ❤ ❵✡❝ ❵✡❪✞♦✖❤ ❨ ❙ ♠ ❫ ♦✖❤ ❵✡❢✡❝ ❪ ❤ ❵ ❙ ♠ → → → → → → → → → → → → → → → → → → → ✔ =
◗ → = → ◗ ❲ ➃ 6 ❝ ❵ ❪ ♦ ❤ ❨ 6 ♥ ♦✖6✕⑨✖❙ ♥ ❙ ❤ ❵ ❨✕❙ ♠ ❫ ♦ ♦✖❢ ❨✕♦✖❤ ❤ ❬ ❙ ♠ ❫ ♦✖⑩✞⑩ ❙ ❫ ❵✡❪ ⑨✖❙ ♠ → → → → → → ✔✒✔
◗ → = → > ❲ ➃ 6 ❝ ❵ ❪ ♦ ❤ ❨ ❙ ♥ ♦✖6✕⑨✖❙ ♥ ❙ ❤ ❵ ❨✕❙ ♠ ❫ ♦ ♦✖❢ ❨ ♦ ❤ ❤ ❬ ❙ ♠ ❫ ♦✖⑩✞⑩ ❙ ❫ ❵✡❪ ⑨✖❙ ♠ ❨ ❝ ❤ ♠ ⑩ ✐ ➻ F F✁➷ ✻ ✽✖➘ ➹ ➻ J ➘ ✻ ❀

❂ K✍➻ ➷✡➽ ❂ ➊✓♠✡❝ ❤ ♠ ❫ ❷ ❝ ♥ ❛ ❢ ❬ ♠ ❪✞❨ 6 ❙ ⑩ ➌ → → → → → → → → → → → → → → → → → → → ✔ ✍
◗ → = → = ➞ ❪ ❤ ❪✞♥ ❪ ♠✡❝ ❵ ❪✞♦ ❤ ❨ ❪ ❢✄❙ ❫ ❵✡❙ ❨ 6 ❫✍❷ ❝ ♥ ❛ ❢✄❬ ♠✄❪ ❨ 6 ❙ ⑩ → → → → → → → → → → → → → ✔ ✆

◗ →✕✔ ⑦ ❝ ❢ ❝ ❫ ❵ ❬ ❢ ❪✞♠✡❝ ❵ ❪ ♦✖❤ ❨ ✐ 6 ❤ ❙ ❪✞♥ ❛ 6 ⑩✞♠ ❪✞♦✖❤ ♦✖❛✕❵✡❪✞➃ 6 ❙ ❨ ❪✞♠✄❵ ♦✖❢ ❨ 6✕❙ ❝ ♠ ➝ ♥ ❬ ❵ ❢ ❪✞➃ 6✕❙ ♥ ❙ ❤ ❵ → ☞ ✹
◗ →✕✔ → ✂ ✺ ♦ ❤ ❫ ❵ ❪ ♦✖❤ ❨ ✐ ❙ ♠ ♠ ❝ ❪ ♠✄➝ ♥ ❬ ❵✡❢✄❪ ➃ 6 ❙ ➊ ❃ ✻ ❀ ❄ ➽ ❀ J☞➘ ✻ ❀ ❀ ➽ ➼ ➌ → → → → → → → → → → ☞✎✂
◗ →✕✔ → ◗ ✺ ♦ ❤ ❫ ❵ ❪ ♦✖❤ ❨ ✐ ❙ ♠ ♠ ❝ ❪ ❝ ♠✄➝ ♥ ❬ ❵ ❢ ❪ ➃ 6 ❙ ➊✄➻ ➹ ❇ ➼ ➘ ✻ ➷ ❇ ➌ → → → → → → → → → → → → → ☞✖>

◗ → ☞ ⑦ ♦✖♥ ❛ ❝ ❢ ❝ ❪ ♠✄♦✖❤ ❨ ❙ ⑩ ❝ ♥ ❬ ❵✡❷ ♦ ❨ ❙ ❨ ❙ ♠ ♦✖❛✁❬ ❢✡❝ ❵ ❙ 6 ❢✄♠ ❨✕❙ ❛ ❢ ♦ ❣✄❙ ❫ ❵✡❪✞♦✖❤ ❙ ❵ ⑩ ❝ ♥ ❬ ❵ ❷ ♦ ❨ ❙
❨ ❙ ♠ ♥ ♦ ♥ ❙ ❤ ❵✡♠ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ☞✓✄

◗ → ✄ ⑦ ♦✖❤ ❫ ⑩ 6 ♠✄❪ ♦ ❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ☞✒✍
T U V W X✓Y✏[ \ ❉ ] ^✁_ ` Y X☞^✁a b c \ _ ❋ ✙ ❍ ` V Y X✓^✁a c \ ❏ X☞a ▲✓▼ ` [ ◆ d ❖ V a c V ` T ^✁e W _☞\✓◗ \ ❘

❚ f✎❯ f✁❱ ❲ P f
> → ✂ ➐✆❤ ❵ ❢ ♦ ❨ 6 ❫ ❵✡❪✞♦✖❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✄ ✂
> → ◗ i ❙ ❫✍❷ ❙ ❢✄❫ ❷✕❙ ❨ ❙ ♠ ♠ ♦✖⑩✞6✕❵✡❪✞♦✖❤ ♠ ❨ ❙ ⑩ ✐ ❬ ➃ 6 ❝ ❵ ❪ ♦✖❤ ➜ ➅ ➙ ➊ ✂✝❩ ✂ ➌✄➯ → → → → → → → → → → ✄✖◗

> → ◗ → ✂ ❲ ➃ 6 ❝ ❵ ❪ ♦ ❤ ♠ ⑨ ❝ ❢✄❪ ❝ ❵ ❪ ♦ ❤ ❤ ❙ ⑩✞⑩✞❙ ♠ → → → → → → → → → → → → → → → → → → → → → ✄ >
> → ◗ → ◗ ❲ ❵ 6 ❨ ❙ ❨ ❙ ⑩ ❝ ♠✄❵✡❝ ➎ ❪✞⑩ ❪ ❵ ❬ → → → → → → → → → → → → → → → → → → → → → → → ✄✌☞

> → ◗ → ◗ → ✂ ➄ ♦✖⑩ ❪ ❵✡♦ ❤ ♠ ❨ ❪✞♠ ♠ ❪✞❛ ❝ ❵ ❪✞❻✓♠ ♠✄❵✡❝ ❵✡❪✞♦✖❤ ❤ ❝ ❪ ❢✄❙ ♠ ❨ ❙ ⑩ ✐ ❬ ➃ 6 ❝ ❵ ❪ ♦✖❤ ➜ ➅ ➙
➊ ✂☎❩ ✂ ➌ ➯ → → → → → → → → → → → → → → → → → → → → → → → → → ✄✒✄

> → ◗ → ◗ → ◗ ➄ ♦✖⑩ ❪ ❵✡♦ ❤ ♠ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻✓♠ ❤✕♦✖❤ ♠✄❵✍❝ ❵✡❪ ♦ ❤ ❤ ❝ ❪✞❢ ❙ ♠ ❨ ❙ ⑩ ✐ ❬ ➃ 6 ❝ ❵ ❪ ♦✖❤ ➜ ➅
➙ ➊ ✂✝❩ ✂ ➌✄➯ → → → → → → → → → → → → → → → → → → → → → → → → ✍✎✂

> → > ⑦ ♦✖♥ ❛ ❝ ❢ ❝ ❪ ♠✄♦✖❤ ❙ ❤ ❵✡❢✄❙ ⑩ ❙ ❨ ♦✖♥ ❝ ❪✞❤ ❙ ❤ 6 ♥ ❬ ❢✄❪ ➃ 6 ❙ ❙ ❵ ⑩ ❙ ❨ ♦✖♥ ❝ ❪✞❤ ❙ ❨ ❙ ⑩ ✐ ❝ ❛✕❛ ❢ ♦ ❫✍❷ ❙
⑨ ❝ ❢✄❪ ❝ ❵ ❪ ♦ ❤ ❤ ❙ ⑩ ⑩ ❙ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✍✓✄

> → = ❲ ❤ ❙ ❢✄❞✖❪ ❙ ❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦ ❤ ♠ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻✓♠ ❨ ❙ ⑩ ✐ ❬ ➃ 6 ❝ ❵ ❪ ♦✖❤ ➜ ➅ ➙ ➊ ✂☎❩ ✂ ➌✄➯ → → → → → → ✍✒✆
> →✕✔ ⑦ ♦✖❤ ❫ ⑩ 6 ♠✄❪ ♦ ❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✆ ◗



✄
 ! " # $✓&✏( ) ✣ * +✁- . & $✓+ / 0 ▼ " -☞-✓) 0 2 ) -☞. 3 $ ❪ ( ) ❘ 0 ❵ 3✑✙ & ( $☞) 4✌❵ -☞$ / 2 ( $ ❍ . ) 2 )

- ❋ ✙ ❍ . " & $✓+✁/ ❏ ❖ ❘ ❚ ❉ ❯ 5✎❱ ❲ 6 ❣
7 → ✂ ➐✆❤ ❵ ❢ ♦ ❨ @✕❫ ❵✡❪✞♦✖❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✆ ✔

7 → ✂ → ✂ ➅ ✐ ❬ ➃ @ ❝ ❵✡❪ ♦ ❤ ❨ ❙ ➜ ❪ ❤✁✐ ➎ @ ❢ ❞ ➑ ➅ ❝ ❤ ❨ ❝ @ ❫ ♦✖♥ ❛ ⑩ ❙ ➥✕❙ ➙ ➊ W✓❩ ✂ ➌✄➯ → → → → → → ✆✓✄
7 → ✂ → ◗ ⑦ ❷ ♦✖❪ ➥ ❨ ❙ ⑩ ❝ ❻✓♦✖❤✕❫ ❵✡❪✞♦✖❤ ❨ ✐ ❙ ♠✄♠✡❝ ❪ → → → → → → → → → → → → → → → → → → → ✆✒✆
7 → ✂ → W ❲ ➃ @ ❝ ❵✡❪ ♦ ❤ ♠ ⑨ ❝ ❢✄❪ ❝ ❵ ❪ ♦ ❤ ❤ ❙ ⑩✞⑩ ❙ ♠ → → → → → → → → → → → → → → → → → → → → → ✂ ✹ ✂

7 → ◗ ⑦ ❝ ❢ ❵✡♦✖❞✖❢ ❝ ❛ ❷ ❪✞❙ ❨ ❙ ♠ ➎ ❝ ⑩ ⑩✞❙ ♠ ❨✕❙ ⑩✞@ ♥ ❪✞❸ ❢ ❙ ❨ ❝ ❤ ♠ ⑩ ✐ ❙ ♠✄❛ ❝ ❫ ❙ ❨ ❙ ♠ ❛ ❝ ❢✡❝ ♥ ❸ ❵ ❢ ❙ ♠ ❨ ❙
➜ ➅ W ➯ ⑦ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✂ ✹✓✔
7 → ◗ → ✂ ➓ ❝ ⑩ ⑩✞❙ ♠ ❨ ❙ ⑩ @✕♥ ❪✞❸ ❢✄❙ ♠✄❵✍❝ ❵✡❪✞♦✖❤ ❤ ❝ ❪✞❢ ❙ ♠ → → → → → → → → → → → → → → → → → → ✂ ✹ ☞
7 → ◗ → ◗ ➓ ❝ ⑩ ⑩✞❙ ♠ ❨ ❙ ⑩ @✕♥ ❪✞❸ ❢✄❙ ♦✖♠ ❫ ❪ ⑩✞⑩ ❝ ❤ ❵✡❙ ♠ → → → → → → → → → → → → → → → → → → → ✂✒✂✝✍
7 → ◗ → W ➯ ❪ ❝ ❞ ❢✡❝ ♥ ♥ ❙ ❨✕❙ ➎✕❪✞❻✓@ ❢✄❫✏❝ ❵ ❪ ♦✖❤ → → → → → → → → → → → → → → → → → → → → ✂ ◗✌✍

7 → W ⑦ ♦✖❤ ❫ ⑩ @✕♠ ❪ ♦ ❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✂ W ✹
 ! " # $✓&✏( ) ❣ ❦ ( $☞0✏. ( ) 2 ) 0 ❵ 3✑✙ & ( $☞) ) & 3 $ 0 ) ) / " . & + e ( + & " & $☞+✁/ 2 ) 0 ▼ " -☞-☞) 0 2 )

-☞. 3 $ ❪ ( ) 0 5 ❉ 5
✔ → ✂ ➐✆❤ ❵ ❢ ♦ ❨ @✕❫ ❵✡❪✞♦✖❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✂ W✎✂
✔ → ◗ ➣ ❢ ❪✞❤ ❫ ❪✞❛✁❙ ❨ ❙ ⑩ ✐ ❬ ❵✡@ ❨✕❙ → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✂ W ◗
✔ → W ❲ ❵✍❝ ❵ ♠ ❨✕➝ ❤ ❝ ♥ ❪ ➃ @ ❙ ♠ ❨✕❙ ⑩ ❝ ➎ ❝ ⑩ ⑩✞❙ ❨ ❙ ⑩ @ ♥ ❪✞❸ ❢✄❙ → → → → → → → → → → → → → → → → ✂ W 7
✔ → 7 ➓ ❝ ⑩✞⑩ ❙ ♠ ❨✕❙ ⑩✞@ ♥ ❪ ❸ ❢ ❙ ♦✖♠✄❫ ❪✞⑩ ⑩ ❝ ❤ ❵✡❙ ♠ → → → → → → → → → → → → → → → → → → → → → → → ✂ W ✔

✔ → 7 → ✂ ➯ ❪✞❾ ❬ ❢ ❙ ❤ ❵ ❙ ♠ ❨ ➝ ❤ ❝ ♥ ❪✞➃ @ ❙ ♠ ❨ ✐ ♦✖♠ ❫ ❪ ⑩✞⑩ ❝ ❵ ❪✞♦ ❤ ♠ → → → → → → → → → → → → → → ✂ W ✔
✔ → 7 → ◗ i j ⑩✞❙ ❨ @ ➎ ❢✄@ ❪✞❵ ♠ @ ❢ ⑩ ❙ ♠ ♦ ♠ ❫ ❪✞⑩ ⑩ ❝ ❵ ❪✞♦ ❤ ♠ → → → → → → → → → → → → → → → → → ✂ W✓✄
✔ → 7 → W ➯ ❪ ❝ ❞ ❢✡❝ ♥ ♥ ❙ ❨✕❙ ➎✕❪✞❻✓@ ❢✄❫✏❝ ❵ ❪ ♦✖❤ → → → → → → → → → → → → → → → → → → → → ✂ 7 W

✔ →✕✔ ➓ ❝ ⑩✞⑩ ❙ ♠ ❨✕❙ ⑩✞@ ♥ ❪ ❸ ❢ ❙ ❙ ❤ ❝ @ ❵✡♦✖❢✄♦ ❵✍❝ ❵ ❪ ♦ ❤ ❙ ❵ ❙ ❤ ❙ ➥ ❛ ❝ ❤ ♠✄❪ ♦✖❤ → → → → → → → → → → → ✂ 7✖7
✔ → ☞ ❲ ❾ ❙ ❵ ❨ ❙ ♠ ❵ ❙ ❢✄♥ ❙ ♠ ➃ @✕❪ ❤ ❵ ❪ ➃ @ ❙ ♠ ♠ @ ❢ ⑩ ❙ ♠ ♦✖♠✄❫ ❪✞⑩ ⑩ ❝ ❵ ❪✞♦ ❤ ♠ → → → → → → → → → → → → → ✂ 7 ✆
✔ → ✄ ⑦ ♦✖❤ ❫ ⑩ @✕♠ ❪ ♦ ❤ → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → → ✂ ✔ W

 + / 4 - . 0✏$✓+✁/ ) & # ) ( 0 # ) 4 & $ ✜✁) 0 5 ❣ ❣
♠ / / )✓◗ ) ♠ ❖ " ( ✙ 0 +✁/ " / 4✖) 2 ) 0 0 + -☞$ & +✁/ 0 2 $ 0 0✏$ # " & $✓k✆0 5 ❣ ♥
♠ / / )✓◗ ) ❦ ❖ $☞0 & ) 2 ) 0 ♣ . ▼ - $☞4 " & $ +✁/ 0 5 G ✖
❦ $ ▼ - $ + ◆ ( " # ! $✓) 5 G ❣





 ✉  ! ✇ " ② ③  # ✇ ✉

➅ ❝ ❛ ⑩ ( ❛ ❝ ❢✄❵ ❨ ❙ ♠ ❛ ❷ ❬ ❤✕♦✖♥ ❸ ❤ ❙ ♠ ❨ ❝ ❤ ♠ ⑩ ❝ ❤ ❝ ❵ ( ❢ ❙ ♠✄♦✖❤ ❵ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ♠ → ✃ ( ❫ ♦✖( ❢ ♠ ❨ ❙ ❫ ❙ ♠
❨ ❙ ❢✄❤ ❪ ❸ ❢ ❙ ♠ ❝ ❤✕❤ ❬ ❙ ♠ ❡ ⑩ ❝ ❫ ♦✖♥ ❛ ❢ ❬ ❷ ❙ ❤ ♠✄❪ ♦✖❤ ❨ ❙ ❫ ❙ ♠ ❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤ ❙ ♠ ♠ ✐ ❙ ♠ ❵ ❝ ♥ ❬ ⑩ ❪✞♦ ❢ ❬ ❙ ♠ ( ➎✕♠✄❵✍❝ ❤ ❵✡❪✞❙ ⑩ ➑
⑩ ❙ ♥ ❙ ❤ ❵ ❞✖❢ C ❫ ❙ ❝ ( ➥ ♠✄❪ ♥ ( ⑩ ❝ ❵✡❪ ♦✖❤ ♠ ❤ (✕♥ ❬ ❢ ❪✞➃ (✕❙ ♠ ❙ ❵ ❝ ( ❨ ❬ ⑨✖❙ ⑩✞♦✖❛ ❛✁❙ ♥ ❙ ❤ ❵ ❨ ❙ ♠ ♦✖(✕❵✡❪✞⑩ ♠ ❙ ❵ ❬ ❵ ( ❨ ❙ ♠
♥ ❝ ❵✡❷ ❬ ♥ ❝ ❵ ❪✞➃ ( ❙ ♠ ➃ ( ❪ ♦✖❤ ❵ ❣✄♦✖( ❬ (✕❤ ❢ I ⑩ ❙ ❛ ❢✄❬ ❛✁♦✖❤✕❨ ❬ ❢ ❝ ❤ ❵ ❨ ❝ ❤ ♠ ❫ ❙ ❵ ❵ ❙ ❬ ⑨✖♦✖⑩✞(✕❵✡❪✞♦✖❤ → ➅ ❙ ❫ ♦✖( ❛ ⑩ ❝ ❞✖❙
❙ ❵ ⑩✞❙ ♠ ❪ ❤ ❵✡❙ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ♠ ❛✁❙ ❢ ♥ ❝ ❤ ❙ ❤ ❵ ♠ ❙ ❤ ❵ ❢ ❙ ❙ ➥ ❛✁❬ ❢ ❪ ❙ ❤ ❫ ❙ ❡ ❝ ❤ ❝ ⑩ ➝ ♠✄❙ ❵ ❷ ❬ ♦✖❢✄❪ ➃ ( ❙ ❙ ❵ ❫ ❝ ❫ (✕⑩ ♦ ( ♠ ❪✞♥ ( ➑
⑩ ❝ ❵ ❪ ♦ ❤ ❡ ❙ ♠✄❵ ♥ ❝ ❪ ❤ ❵✡❙ ❤ ❝ ❤ ❵ ❫ ❝ ❢✡❝ ❫ ❵✡❬ ❢ ❪ ♠ ❵✡❪✞➃ (✕❙ ❨ ❙ ♠ ❢✄❬ ❫ ❙ ❤ ❵ ♠ ❨ ❬ ⑨✖❙ ⑩ ♦✖❛✕❛✁❙ ♥ ❙ ❤ ❵✡♠ ❨✕❙ ⑩ ❝ ❛ ❷ ➝ ♠ ❪✞➃ ( ❙ ❨ ❙ ♠
❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤ ❙ ♠ ❤✕♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙ ♠ →
➐✆⑩ ❻☞❝ ( ❵ ❛✕❢ ❬ ❫ ❪ ♠✄❙ ❢ ➃ ( ✐ ❪✞⑩ ❙ ➥ ❪ ♠ ❵✡❙ ❨ ❙ ( ➥ ♥ ❝ ❤ ❪ ❻✓❙ ♠✄❵✡❝ ❵✡❪✞♦ ❤ ♠ ❻☞❝ ♠✄❫ ❪✞❤ ❝ ❤ ❵ ❙ ♠ ❙ ❵ ❪ ♥ ❛✁♦✖❢✄❵✡❝ ❤ ❵✡❙ ♠ ❨ ❙ ♠ ❛ ❷✕❬ ➑
❤ ♦✖♥ ❸ ❤ ❙ ♠ ❤ ♦✖❤ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ♠ ❡✖➃ (✕❪✁♠ ♦✖❤ ❵✠⑤ ⑩ ❙ ♠ ♠✄❵✡❢✄( ❫ ❵ ( ❢ ❙ ♠ ❤✕♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ♠ ❫ ♦ ❷ ❬ ❢✄❙ ❤ ❵ ❙ ♠ ❡✕❙ ❵ ⑩ ❙ ♠ ❛ ❷ ❬ ❤ ♦ ➑
♥ ❸ ❤ ❙ ♠ ❫ ❷ ❝ ♦ ❵✡❪✞➃ ( ❙ ♠ ⑥ ✂ ⑦ → ⑦ ❙ ❛✁❙ ❤ ❨ ❝ ❤ ❵ ⑩ ❙ ♥ ➮ ♥ ❙ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ❛✁❙ ( ❵ ❛ ❢ ❬ ♠ ❙ ❤ ❵✡❙ ❢ ❫ ❙ ♠ ❨✕❙ ( ➥ ❝ ♠✄❛✁❙ ❫ ❵✡♠ ❡
❫ ✐ ❙ ♠ ❵✄➑ ➙ ➑✆❨ ❪✞❢ ❙ ❛ ❝ ♠✄♠ ❙ ❢ ❨ ✐ (✕❤ ❬ ❵✡❝ ❵ ♠ ❵✡❢✄( ❫ ❵ ( ❢ ❬ ❝ ( ❫ ❷ ❝ ♦✖♠ ♦✖( ❪ ❤ ⑨✖❙ ❢✄♠ ❙ ♥ ❙ ❤ ❵✏→
➅ ❙ ♠ ♠✄❵ ❢ ( ❫ ❵✡( ❢✄❙ ♠ ❤✕♦✖❤ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ♠ ❫ ♦✖❷ ❬ ❢ ❙ ❤ ❵✡❙ ♠ ❛✁❙ (✕⑨✖❙ ❤ ❵ ➮ ❵✡❢ ❙ ❝ ❢ ➎✕❪✞❵✡❢ ❝ ❪✞❢ ❙ ♥ ❙ ❤ ❵ ❫ ⑩ ❝ ♠ ♠ ❬ ❙ ♠ ❙ ❤ ❫ ❪ ❤ ➃
❞✖❢✡❝ ❤ ❨ ♠ ⑥ ✂ ⑦ ❵ ➝ ❛✁❙ ♠ ❛ ❝ ❢ ♥ ❪ ⑩✞❙ ♠ ➃ ( ❙ ⑩ ♠ ➢ ❞ ( ❢ ❙ ❤ ❵ ⑩ ❙ ♠ ♠ ❵✡❢ (✕❫ ❵✡(✕❢ ❙ ♠ ❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩✞⑩ ❙ ♠ ❡ ♠ ❛✁❙ ❫ ❵✡❢ ❝ ⑩✞❙ ♠ ❡ ⑩ ❙ ♠
♠✄❵ ❢ ( ❫ ❵✡( ❢ ❙ ♠ ❨ ( ❵✆➝ ❛✁❙ ❪✞♥ ❛ (✕⑩ ♠✄❪✞♦✖❤ ❡ ⑩✞❙ ♠ ♠✄❵ ❢ ( ❫ ❵✡( ❢✄❙ ♠ ❙ ❵ ♦✖❤ ❨✕❙ ♠ ❵✡♦✖( ❢✄❤ ❝ ❤ ❵✡❙ ♠ ❡ ❙ ❤ ➢ ❤ ⑩✞❙ ♠ ♦✖❤ ❨✕❙ ♠ ♠ ♦ ➑
⑩ ❪ ❵✍❝ ❪ ❢ ❙ ♠ ❙ ❵ ⑩ ❙ ♠ ♠ ♦ ⑩ ❪ ❵✡♦✖❤ ♠ ❡ ➃ (✕❪ ❫ ♦✖❤ ♠✄❵ ❪✞❵ ( ❙ ❤ ❵ ❤ ♦ ❵✡❢✄❙ ❬ ❵ ( ❨ ❙ → ⑦ ♦✖❤ ❵ ❢✡❝ ❪✞❢ ❙ ♥ ❙ ❤ ❵ ❝ ( ➥ ❝ ( ❵✡❢ ❙ ♠ ♦ ❤ ❨ ❙ ♠ ❡
⑩ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❫ ♦✖❢ ❢✄❙ ♠✄❛✁♦✖❤ ❨ ❙ ❤ ❵ ❝ ( ➥ ♠ ➝ ♠✄❵✡❸ ♥ ❙ ♠ (✕❤ ❪ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ❤✕❙ ⑩✞♠ ❨ ♦✖❤ ❵ ⑩ ❝ ❛ ❝ ❢✄❵✡❪✞❫ (✕⑩ ❝ ❢✄❪ ❵✡❬ ❙ ♠ ❵
❨ ❙ ❛✁♦✖(✕⑨✖♦✖❪✞❢ ❞ ❝ ❢ ❨ ❙ ❢ ⑩ ❙ ( ❢ ❻✓♦✖❢✄♥ ❙ ❙ ❤ ♠ ❙ ❛ ❢ ♦ ❛ ❝ ❞✖❙ ❝ ❤ ❵ → ⑦ ❙ ♠ ❨ ❙ ❢✄❤ ❪ ❸ ❢ ❙ ♠ ❝ ❤✕❤ ❬ ❙ ♠ ⑩ ❙ ❫ ♦✖❤ ❫ ❙ ❛✕❵ ❨ ❙
♠ ♦✖⑩✞❪✞❵ ♦✖❤ ➊☞❨ ❝ ❤ ♠ ⑩ ❙ ❨ ♦✖♥ ❝ ❪✞❤ ❙ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ♦✖( ♠✄❛ ❝ ❵✡❪ ❝ ⑩ ➌ ♠ ✐ ❙ ♠ ❵ ❫ ♦✖❤ ♠✄❪ ❨ ❬ ❢✡❝ ➎✕⑩ ❙ ♥ ❙ ❤ ❵ ❨ ❬ ⑨✖❙ ⑩ ♦ ❛ ❛✁❬ ❝ ⑨✖❙ ❫
❨ ❙ ♠ ❫ ♦✖❤ ♠✄❬ ➃ ( ❙ ❤ ❫ ❙ ♠ ❪ ♥ ❛✁♦✖❢✄❵✡❝ ❤ ❵✡❙ ♠ ❨ ❝ ❤✕♠ ❨ ❙ ❤ ♦ ♥ ➎ ❢ ❙ ( ➥ ❨ ♦✖♥ ❝ ❪✞❤ ❙ ♠ ♠ ❫ ❪ ❙ ❤ ❵✡❪ ➢ ➃ ( ❙ ♠ →
➅ ❝ ❢ ❙ ❫✍❷ ❙ ❢✄❫ ❷ ❙ ❨ ❙ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ♠ ❛ ❝ ❵ ❪ ♦ ➑ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠ ❝ (✕❵✡♦ ❫ ♦✖❤✕➢ ❤ ❬ ♠ ❨ ❝ ❤ ♠ ⑩✞❙ ♠ ❵ ❢ ♦✖❪✞♠ ❨ ❪✞♥ ❙ ❤ ♠✄❪ ♦✖❤ ♠ ♠ ❛ ❝ ➑
❵✡❪ ❝ ⑩ ❙ ♠ ❙ ❵ ❨ ❝ ❤ ♠ ⑩✞❙ ❨ ♦✖♥ ❝ ❪✞❤ ❙ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ❡ ❙ ♠✄❵ ( ❤ ❛ ❢ ♦ ➎ ⑩ ❸ ♥ ❙ ♥ ➝ ❵ ❷ ❪ ➃ ( ❙ ❨ ❙ ⑩ ✐ ♦✖❛✕❵ ❪ ➃ ( ❙ ❤ ♦✖❤ ⑩✞❪ ➑
❤ ❬✏❝ ❪ ❢ ❙ ⑥ ◗ ⑦ → ✃ ( ❫ ♦✖(✕❢ ♠ ❨ ❙ ♠ ❨ ❙ ❢✄❤ ❪ ❸ ❢ ❙ ♠ ❝ ❤ ❤✕❬ ❙ ♠ ❡ ( ❤ ❤ ♦ (✕⑨✖❙✏❝ ( ❤ ❪✞⑨✖❙ ❝ ( ❨ ❙ ❫ ♦✖♥ ❛ ❢ ❬ ❷ ❙ ❤ ♠✄❪ ♦✖❤ ❝

✆



✂ ✹ ✲ ❶ ❸ ❹ ❻ ❼ ❽ ❾☎❸ ❿ ❻☎❶
❬ ❵✡❬ ❝ ❵ ❵✡❙ ❪ ❤ ❵ ♠✄) ❢ ⑩ ❙ ♠ ❫ ♦✖❤ ❨ ❪ ❵✡❪✞♦✖❤ ♠ ❨ ✐ ❙ ➥ ❪ ♠✄❵ ❙ ❤ ❫ ❙ ❡ ❨ ❙ ♠✄❵✡❝ ➎ ❪✞⑩ ❪ ❵✡❬ ❙ ❵ ❨ ❙ ❞✖❬ ❤✕❬ ❢✡❝ ❵✡❪ ♦ ❤ ❨ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠
♦✖❛✕❵✡❪✞➃ ) ❙ ♠ ♠ ❛ ❝ ❵✡❪✞♦ ➑✑❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ♠ ❡ ➃ ) ❪ ♠✄♦✖❤ ❵ ❨ ❙ ♠ ❛ ❝ ➃ ) ❙ ❵✡♠ ❨ ✐ ♦ ❤ ❨ ❙ ♠ ❫ ❝ ❛ ❝ ➎ ⑩✞❙ ♠ ❨ ❙ ♠ ❙ ❛ ❢ ♦✖❛ ❝ ❞✖❙ ❢ ❨ ❝ ❤ ♠
⑩ ❙ ♠ ♥ ❪ ⑩ ❪✞❙ ) ➥ ♦✖❛✕❵ ❪ ➃ ) ❙ ♠ ❤ ♦✖❤ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ♠ ♠ ❝ ❤ ♠ ♠ ❙ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❙ ❢ ❤ ❪ ♠ ❙ ❨ ❪ ❾ ❢✡❝ ❫ ❵✡❙ ❢ → ❒ ❤ ❙ ❨ ❙ ♠ ❛ ❢✄♦✖❛ ❢ ❪✞❬ ➑
❵✡❬ ♠ ❞✖❬ ❤ ❬ ❢ ❝ ⑩ ❙ ♠ ❨ ❙ ♠ ♦✖❤ ❨ ❙ ♠ ❨ ❝ ❤✕♠ ) ❤ ♥ ❪ ⑩✞❪ ❙ ) ❷ ♦ ♥ ♦ ❞✖❸ ❤ ❙ ❙ ♠✄❵ ➃ ) ✐ ❙ ⑩ ⑩ ❙ ♠ ♦✖❤ ❵ ❵ ❙ ❤ ❨ ❝ ❤ ❫ ❙ ➙ ♠ ✐ ❬ ❵✡❝ ⑩ ❙ ❢
❨ ) ❢✡❝ ❤ ❵ ⑩✞❙ ) ❢ ❛ ❢✄♦✖❛ ❝ ❞✖❝ ❵✡❪✞♦✖❤ → ⑦ ❙ ❫ ♦ ♥ ❛✁♦✖❢ ❵✡❙ ♥ ❙ ❤ ❵ ❢✄❬ ♠ )✕⑩✞❵✡❙ ❨ ) ❻☞❝ ❪✞❵ ➃ ) ❙ ⑩ ❙ ♠ ❨ ❪✞❾ ❬ ❢✄❙ ❤ ❵✡❙ ♠ ❫ ♦ ♥ ➑
❛✁♦✖♠✡❝ ❤ ❵✡❙ ♠ ♠ ❛✁❙ ❫ ❵✡❢ ❝ ⑩ ❙ ♠ ❨ ❙ ⑩ ✐ ♦✖❤ ❨ ❙ ♠ ❙ ❛ ❢ ♦✖❛ ❝ ❞✖❙ ❤ ❵ ➙ ❨✕❙ ♠ ⑨ ❪✞❵ ❙ ♠✄♠ ❙ ♠ ❙ ❵ ➀ ♦✖) ❨ ❝ ❤✕♠ ❨ ❙ ♠ ❨ ❪ ❢✄❙ ❫ ❵✡❪ ♦ ❤ ♠
❨ ❪✞❾ ❬ ❢✄❙ ❤ ❵✡❙ ♠ → ➣ ❝ ❢ ❙ ➥ ❙ ♥ ❛✕⑩ ❙ ❡ ⑩ ♦✖❢✄♠ ❨ ❙ ⑩ ❝ ❛ ❢✄♦✖❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ ❮✁♦✖❤ ❝ ♠ ♠ ❪✞♠✄❵ ❙ ➙ ⑩ ❝ ❨ ❪ ❾ ) ♠✄❪ ♦✖❤ ❵✡❢ ❝ ❤ ♠ ⑨✖❙ ❢ ♠✄❙
❨ ✐ )✕❤ ❢ ❝ ➝✖♦✖❤ ⑩ ❝ ♠ ❙ ❢ ❡ ❙ ❤ ❢ ❝ ❪ ♠✄♦✖❤ ❨ ❙ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ❡ ❨ ❙ ♥ ➮ ♥ ❙ ➃ ) ❙ ⑩ ✐ ❬ ⑩ ❝ ❢ ❞✖❪ ♠ ♠ ❙ ♥ ❙ ❤ ❵ ❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩
❨ ❙ ♠ ❪ ♥ ❛ ) ⑩✞♠ ❪✞♦ ❤ ♠ ❨ ❝ ❤ ♠ ) ❤ ♥ ❪ ⑩✞❪ ❙ ) ❡ ❙ ❤ ❢ ❝ ❪ ♠✄♦✖❤ ❨✕❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪ ♦ ❤ ❨ ❙ ⑨ ❪✞❵ ❙ ♠ ♠✄❙ ❨ ❙ ❞ ❢ ♦✖) ❛✁❙ → ➓ ❪ ❙ ❤
♠ ♦✖)✕⑨✖❙ ❤ ❵ ❡ ⑩ ❙ ♠ ❙ ❾ ❙ ❵ ♠ ❤ ♦✖❤ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ♠ ❝ ❫ ❫ ❬ ⑩✞❸ ❢✄❙ ❤ ❵ ⑩ ❝ ❨ ❬ ♠ ❪ ❤ ❵✡❬ ❞✖❢✡❝ ❵ ❪ ♦ ❤ ❨ ✐ ) ❤ ❛ ❝ ➃ ) ❙ ❵ ❨ ✐ ♦ ❤ ❨ ❙ → ➞ ❝ ❪✞♠ ❡
⑩ ♦✖❢✄♠ ➃ ) ❙ ❫ ❙ ❢✄❵✡❝ ❪ ❤✕❙ ♠ ❫ ♦ ❤ ❨ ❪✞❵ ❪ ♦✖❤✕♠ ♠ ❛✁❬ ❫ ❪ ❝ ⑩ ❙ ♠ ♠ ♦ ❤ ❵ ❢ ❬ ) ❤ ❪✞❙ ♠ ❡ ⑩ ❝ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❢ ❪ ❵✡❬ ❛ ❙ )✕❵ ❫ ♦✖♥ ❛✁❙ ❤✕♠ ❙ ❢ ⑩ ❙ ♠
❙ ❾ ❙ ❵✡♠ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ♠ ❨ ❙ ❨✕❪✞❾ ) ♠ ❪✞♦✖❤ →✕➯ ❝ ❤ ♠ ❫ ❙ ♠ ❫ ♦✖❤ ❨ ❪ ❵✡❪ ♦ ❤ ♠ ❡ ⑩ ✐ ❪ ♥ ❛ )✕⑩✞♠ ❪✞♦✖❤ ❢ ❙ ♠ ❵✡❙ ⑩✞♦ ❫✏❝ ⑩✞❪✞♠ ❬ ❙ ❙ ❵ ♠✄❙ ❛ ❢✄♦ ➑
❛ ❝ ❞✖❙ ♠✡❝ ❤ ♠ ❨ ❬ ❻✓♦ ❢ ♥ ❝ ❵✡❪✞♦✖❤ → ⑦ ❙ ❫ ♦✖♥ ❛✁♦ ❢✄❵✡❙ ♥ ❙ ❤ ❵ ❙ ♠✄❵ ❫ ♦✖❤✕❤ ) ♠✄♦✖) ♠ ⑩✞❙ ❤ ♦✖♥ ❨ ❙ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ → ✃ ❪ ❤✕♠ ❪ ❡
⑩ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ♦✖❛✕❵ ❪ ➃ ) ❙ ♠ ♠ ♦✖❤ ❵ ❨ ❙ ♠ ♦✖❤✕❨ ❙ ♠ ❬ ⑩✞❙ ❫ ❵✡❢ ♦ ♥ ❝ ❞ ❤ ❬ ❵ ❪ ➃ ) ❙ ♠ ⑩ ♦ ❫✏❝ ⑩ ❪✞♠✄❬ ❙ ♠ ➃ ) ❪✁♠ ❙ ❛ ❢✄♦✖❛ ❝ ❞✖❙ ❤ ❵ ❨ ❙
♥ ❝ ❤ ❪ ❸ ❢ ❙ ♠✄❵✡❝ ➎ ⑩ ❙ ❨ ❝ ❤ ♠ ❨ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ ) ➥ ❤✕♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢ ❙ ♠ ❙ ❤ ❛ ❢ ❬ ♠ ❙ ❤✕❫ ❙ ❨ ❙ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ ❡ ⑩ ❝ ❨ ❪✞❾ ❢✡❝ ❫ ➑
❵✡❪ ♦ ❤ ♦✖) ❨ ❙ ♠ ❨✕❙ ) ➥ →
➅ ❙ ♠ ♠✄♦✖⑩✞❵ ❪ ♦✖❤✕♠ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ♠ ❛ ❢ ♦ ⑨✖❙ ❤ ❝ ❤ ❵ ❨ ✐ ) ❤ ❬ ➃ ) ❪✞⑩ ❪✞➎ ❢ ❙ ❙ ❤ ❵✡❢✄❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ ❙ ❵ ⑩ ❝ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❢ ❪ ❵✡❬ ❡
♦✖❤ ❵ ❬ ❵ ❬ ❛ ❢✄❬ ❨ ❪ ❵✡♠ ❙ ❤

1973
❛ ❝ ❢ ❰ ❝ ♠✄❙ ❞ ❝ ➁ ❝ ❙ ❵ ❯ ❝ ❛ ❛✁❙ ❢ ❵ ⑥ T ⑦ ❡ ❙ ❵ ♦✖➎ ♠✄❙ ❢ ⑨✖❬ ♠ ❙ ➥ ❛✁❬ ❢ ❪ ♥ ❙ ❤ ❵✍❝ ⑩✞❙ ♥ ❙ ❤ ❵

❛✁♦✖) ❢ ⑩ ❝ ❛ ❢✄❙ ♥ ❪ ❸ ❢ ❙ ❻✓♦✖❪✞♠ ❙ ❤
1980

❛ ❝ ❢ ➞ ♦ ⑩ ⑩ ❙ ❤ ❝ ) ❙ ❢ ❙ ❵ ❝ ⑩ → ⑥ V ⑦ →
➅ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ♠✄❛ ❝ ❵ ❪ ❝ ) ➥ ❢ ❬ ♠ ) ⑩ ❵✡❙ ❤ ❵ ❨✕❙ ⑩ ✐ ❬ ➃ ) ❪✞⑩ ❪✞➎ ❢✄❙ ❙ ❤ ❵ ❢ ❙ ⑩ ❝ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ❙ ❵ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ →
➅ ♦ ❢ ♠ ➃ ) ✐ ❙ ⑩✞⑩ ❙ ❝ ❞ ❪✞❵ ❨ ❝ ❤ ♠ ) ❤ ❙ ♠ ❙ ) ⑩ ❙ ❨✕❪ ♥ ❙ ❤ ♠✄❪ ♦✖❤ ❵ ❢✡❝ ❤ ♠ ⑨✖❙ ❢✄♠✡❝ ⑩✞❙ ❡ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ❛ ❢ ♦ ❨✕) ❪✞❵ ) ❤ ❙ ❻ ➑
❻✓❙ ❵ ❝ ❤ ❝ ⑩ ♦ ❞✖) ❙ ➙ ❫ ❙ ⑩ ⑩✞❙ ❨ ❙ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ ❝ ❤ ♦ ❢ ♥ ❝ ⑩ ❙ ❨ ❝ ❤ ♠ ⑩ ❙ ❨ ♦ ♥ ❝ ❪ ❤ ❙ ❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩ → ➅ ✐ ❙ ❾ ❙ ❵ ❨ ❙
⑩ ✐ ❝ )✕❵✡♦ ➑✆♥ ♦ ❨✕) ⑩ ❝ ❵ ❪✞♦ ❤ ❨ ❙ ❛ ❷ ❝ ♠ ❙ ➃ ) ❪ ❨ ❬ ❛✁❙ ❤ ❨ ❨ ❙ ⑩ ✐ ❪ ❤ ❵✡❙ ❤ ♠ ❪ ❵✡❬ ❛✁❙ )✕❵ ❝ ⑩✞♦✖❢ ♠ ❫ ♦ ♥ ❛✁❙ ❤ ♠ ❙ ❢ ❙ ➥✕❝ ❫ ❵✡❙ ➑
♥ ❙ ❤ ❵ ⑩ ❝ ❨ ❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ❡ ❙ ❵ ❫ ♦ ❤ ❨ ) ❪✞❢ ❙ ➙ )✕❤ ❙ ❪✞♥ ❛ )✕⑩ ♠✄❪✞♦✖❤ ❝ ❛✕❵✡❙ ➙ ♠✄❙ ❛ ❢✄♦✖❛ ❝ ❞ ❙ ❢ ♠ ❝ ❤ ♠ ♠ ✐ ❬ ❵✍❝ ⑩✞❙ ❢ ❤ ❪
♠ ✐ ❝ )✕❵✡♦ ➑✆❫ ♦ ❤✕➢ ❤ ❙ ❢ → ❒ ❤ ❙ ❵✡❙ ⑩✞⑩ ❙ ♦✖❤ ❨ ❙ ❨ ❙ ⑩ ❝ ❻✓♦ ❢ ♥ ❙ ❨ ✐ )✕❤ ❙ ❢✡❝ ❪✞❙ ❨ ❝ ❤✕♠ ) ❤ ❞✖) ❪✞❨ ❙ ❨ ✐ ♦✖❤✕❨ ❙ ❛ ⑩ ❝ ❤ ❝ ❪✞❢ ❙ ❡
➃ )✕❪ ❫ ♦✖❤✕➢ ❤ ❙ ⑩ ✐ ♦✖❤✕❨ ❙ ❨ ❝ ❤ ♠ ) ❤ ❙ ❨ ❪✞❢ ❙ ❫ ❵✡❪✞♦✖❤ ❵✡❢✡❝ ❤ ♠✄⑨✖❙ ❢ ♠ ❙ ❡✁❝ ❬ ❵ ❬ ♦✖➎ ♠ ❙ ❢✄⑨✖❬ ❙ ❛✁♦✖) ❢ ⑩ ❝ ❛ ❢✄❙ ♥ ❪ ❸ ❢✄❙ ❻✓♦✖❪✞♠
❛ ❝ ❢ ✃ → ➓ ❝ ❢✄❵ ❷ ❬ ⑩✞❬ ♥ ➝ ❙ ❵ ❝ ⑩ → ⑥ ✔ ⑦ ❙ ❤ ♠✄) ❪✞❵ ❙ ❛ ❝ ❢ ✃ ❪✞❵ ❫ ❷ ❪✞♠ ♦ ❤ ❙ ❵ ❝ ⑩ → ⑥ ☞ ⑦ →
✃ ❪✞❤ ♠ ❪ ❡ ⑩ ❙ ❨ ♦ ) ➎ ⑩ ❙ ❬ ➃ ) ❪✞⑩ ❪ ➎✕❢ ❙ ❡ ❙ ❤ ❵✡❢✄❙ ⑩ ❝ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ❙ ❵ ⑩ ❝ ❨ ❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ) ❤ ❪✞❨ ❪ ♥ ❙ ❤✕♠ ❪ ♦ ❤ ❤ ❙ ⑩ ⑩ ❙
❨ ✐ )✕❤ ❙ ❛ ❝ ❢✄❵ ❡ ❙ ❵ ❙ ❤ ❵✡❢ ❙ ⑩ ❝ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ❙ ❵ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ ❫✍❷ ❢ ♦ ♥ ❝ ❵✡❪ ➃ ) ❙ ❝ ❤ ♦ ♥ ❝ ⑩ ❙ ❨ ✐ ❝ )✕❵✡❢✄❙ ❛ ❝ ❢ ❵✏❡
❨ ♦✖❤ ❤ ❙ ❤ ❝ ❪ ♠✄♠✡❝ ❤ ❫ ❙ ➙ ❨ ❙ ♠ ♠ ♦✖⑩✞)✕❵✡❪✞♦✖❤ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❡ ❝ ) ➥ ➃ ) ❙ ⑩ ♠ ♦✖❤ ❻☞❝ ❪ ❵ ❢ ❬ ❻✓❬ ❢✄❙ ❤ ❫ ❙ ❫ ♦✖♥ ♥ ❙ ❬ ❵✍❝ ❤ ❵ ❨ ❙ ♠
♦✖➎ ❣✄❙ ❵✡♠ ➙ ➆ ➈✎➉ ➈ ➊ ➋ ➚ ➘ ➹ ➽ ❀✕➾ ➘ ✻ ❀ ♦✖) ➎✕❢ ❪ ❸ ⑨✖❙ ♥ ❙ ❤ ❵ ➊ ➈✎➉ ➈ ➊✝➍ → ➅ ❙ ❛ ❢ ❙ ♥ ❪✞❙ ❢ ❂ ➈ ❂ ❫ ♦✖❢✄❢ ❙ ♠ ❛✁♦✖❤ ❨ ➙ ⑩ ❝



✲ ❶ ❸ ❹ ❻ ❼ ❽ ❾✝❸ ❿ ❻✝❶ ✂✒✂
❫ ♦ ♦✖❢✄❨ ♦✖❤ ❤✕❬ ❙ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ⑩✞❙

t
❨ ❝ ❤ ♠ ⑩ ❙ ❫✏❝ ♠ ❨✕❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠ ❡✁♦ 6 ➙ ⑩ ❝ ❫ ♦ ♦ ❢ ❨ ♦ ❤ ❤ ❬ ❙ ♠ ❛ ❝ ➑

❵✡❪ ❝ ⑩ ❙ ❵ ❢✡❝ ❤✕♠✄⑨✖❙ ❢✄♠✡❝ ⑩✞❙
x

❨ ❝ ❤ ♠ ⑩✞❙ ❫✏❝ ♠ ❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ♠ ❛ ❝ ❵✡❪ ❝ 6 ➥ ❙ ❵ ⑩ ❙ ♠✄❙ ❫ ♦ ❤ ❨ ❂ ➈ ❂ ❻☞❝ ❪✞❵ ❢ ❬ ❻✓❬ ❢✄❙ ❤ ❫ ❙
➙ ⑩ ❝ ❫ ♦ ♦ ❢ ❨ ♦✖❤✕❤ ❬ ❙ ❨ ❙ ❛ ❢✄♦✖❛ ❝ ❞✖❝ ❵✡❪✞♦✖❤

z
→ ⑦ ❙ ❛✁❙ ❤✕❨ ❝ ❤ ❵ ❡ ⑩ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ♠ ❛ ❝ ❵✡❪ ❝ 6 ➥ ➙ ➊ ◗✌❩ ✂ ➌✄➯ ❨ ❝ ❤✕♠

⑩ ❙ ♠ ♥ ❪✞⑩✞❪✞❙ 6 ➥ ➙ ❤ ♦✖❤✕⑩ ❪ ❤✕❬✏❝ ❢✄❪✞❵ ❬ ❛ 6 ❢ ❙ ♥ ❙ ❤ ❵ ❫ 6 ➎ ❪✞➃ 6 ❙ ♠ ♦✖❤ ❵ ❪✞❤ ♠✄❵✡❝ ➎ ⑩ ❙ ♠ ❡ ➙ ⑩ ❝ ❨ ❪ ❾ ❬ ❢ ❙ ❤✕❫ ❙ ❨ ❙ ⑩✞❙ 6 ❢✄♠
❷ ♦✖♥ ♦✖⑩ ♦ ❞✖6✕❙ ♠ ➙ ➊ ✂☎❩ ✂ ➌ ➯ ❮✁❫✏❝ ❢ ❨ ❝ ❤ ♠ ❫ ❙ ❫ ❝ ♠ ❡ ❨✕❙ ♠✠➎ 6 ❫ ❵ 6 ❝ ❵ ❪ ♦✖❤ ♠ ➎ ❪✞❨ ❪ ♥ ❙ ❤ ♠ ❪✞♦✖❤ ❤ ❙ ⑩✞⑩✞❙ ♠ ➊☞❨ ❝ ❤✕♠ ⑩ ❙ ♠
❨ ❪ ❢✄❙ ❫ ❵✡❪ ♦ ❤ ♠ ❵✡❢✡❝ ❤ ♠✄⑨✖❙ ❢ ♠ ❙ ♠

x
❙ ❵

y
➌ ❨✕❬ ❵✡❢✄6 ❪ ♠✄❙ ❤ ❵ ⑩ ✐ ❬ ➃ 6 ❪✞⑩ ❪✞➎✕❢ ❙ ❡ ➃ 6 ❪✕❙ ♠✄❵ 6 ❤ ❬ ➃ 6 ❪ ⑩✞❪ ➎ ❢✄❙ ❪✞❤ ♠✄❵✍❝ ➎ ⑩ ❙ ❡ ❙ ❤ ❵✡❢✄❙

⑩ ❝ ❤✕♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❢ ❪ ❵✡❬ ❙ ❵ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ → ⑦ ❙ ❛ ❢ ♦ ❫ ❙ ♠✄♠ 6 ♠ ❨ ✐ ❝ 6✕❵✡♦ ➑✆❝ ❫ ❫ ❬ ⑩✞❬ ❢ ❝ ❵✡❪✞♦✖❤ ❨✕❙ ⑩ ✐ ❝ 6✕❵ ♦ ➑✑❻✓♦ ❫✏❝ ⑩ ❪✞♠✡❝ ❵✡❪✞♦ ❤
❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ❙ ♠✄❵ ❫ ♦✖❤ ❤ 6 ♠ ♦✖6 ♠ ⑩✞❙ ❤✕♦✖❤ ❨✕❙ ❃ ✻ ➼ ➼ ➻ P ➾ ➽ ♦✖6 ❙ ❾ ♦✖❤ ❨✕❢ ❙ ♥ ❙ ❤ ❵ ❨✕❙ ♠ ❪ ♥ ❛ 6 ⑩✞♠ ❪✞♦✖❤✕♠ ❡ ❫ ♦✖♥ ♥ ❙
♦✖❤ ❛✁❙ 6 ❵ ⑩✞❙ ⑨✖♦ ❪ ❢ ❨ ❝ ❤ ♠ ⑩ ✐ ❝ ❢✄❵✡❪✞❫ ⑩✞❙ ⑥ ✄☎⑦ ❨ ❙ ➓ ❙ ❢✄❞✖❬ → ➅ ✐ 6✕❤ ❨ ❙ ♠ ♥ ♦ ➝✖❙ ❤✕♠ ❛✁♦✖6✕❢ ❬ ⑨ ❪✞❵ ❙ ❢ ⑩ ✐ ❙ ❾ ♦ ❤ ❨ ❢ ❙ ♥ ❙ ❤ ❵
❙ ❵ ❨ ✐ ♦✖➎✕❵✡❙ ❤ ❪✞❢ ❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ➊ ◗✌❩ ✂ ➌✄➯ ♠ ❵✍❝ ➎ ⑩✞❙ ♠ ❢ ❬ ♠ ❪✞❨ ❙ ❨ ❝ ❤ ♠ ⑩ ✐ ❙ ♥ ❛✕⑩ ♦✖❪ ❨ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ 6 ➥ ➙ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ➑
❢ ❪ ❵✡❬ ♠ ❝ ❵✡6 ❢ ❝ ➎ ⑩✞❙ ⑥ ✍ ⑦ →
⑦ ❙ ♥ ❬ ♥ ♦✖❪✞❢ ❙ ❨ ❙ ❵✡❷✕❸ ♠ ❙ ❝ ❛✁♦ 6 ❢ ♦✖➎ ❣✄❙ ❫ ❵✡❪ ❻ ❨ ✐ ❝ ❛ ❛✁♦ ❢✄❵✡❙ ❢ 6 ❤ ❙ ❫ ♦✖❤ ❵ ❢ ❪✞➎ 6✕❵✡❪✞♦✖❤ ❝ 6 ➥ ❙ ❾ ♦ ❢✄❵✡♠ ❙ ❤ ❵✡❢✄❙ ❛ ❢✄❪ ♠
❝ 6 ❫ ♦✖6 ❢ ♠ ❨ ❙ ⑩ ❝ ❨ ❬ ❫ ❙ ❤✕❪ ❙ ❬ ❫ ♦✖6✕⑩ ❬ ❙ ❛ ❝ ❢ ⑩✞❙ ♠ ❛✕❷ ➝ ♠ ❪✞❫ ❪✞❙ ❤ ♠ ♠ ❛✁❬ ❫ ❪ ❝ ⑩✞❪ ♠ ❵✡❙ ♠ ❨ ❙ ⑩ ✐ ♦✖❛ ❵✡❪ ➃ 6 ❙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❡
❛✁♦✖6 ❢ ❪ ❨✕❙ ❤ ❵ ❪✞➢ ❙ ❢ ❡ ❫ ⑩ ❝ ❢✄❪✞➢ ❙ ❢ ❙ ❵ ❫ ⑩ ❝ ♠✄♠ ❪ ➢ ❙ ❢ ⑩ ❙ ♠ ❫ ♦✖❤ ❨✕❪✞❵✡❪✞♦✖❤ ♠ ❨✕❙ ❞✖❬ ❤ ❬ ❢ ❝ ❵✡❪✞♦✖❤ ❨ ❙ ♠ ❪ ♥ ❛ 6 ⑩✞♠ ❪✞♦ ❤ ♠ ➃ 6 ❪
♠ ♦✖❤ ❵ ⑩✞♦ ❫✏❝ ⑩✞❪✞♠ ❬ ❙ ♠ ❨ ❝ ❤ ♠ ❵ ♦✖6✕❵ ❙ ♠ ⑩✞❙ ♠ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ♠ ❵✡❢ ❝ ❤ ♠✄⑨ ❙ ❢ ♠✄❙ ♠ ❨✕❙ ⑩ ✐ ❙ ♠✄❛ ❝ ❫ ❙ ❡ ❝ 6 ♠✄♠ ❪✁➎ ❪✞❙ ❤ ➃ 6 ❙ ❨ ❝ ❤ ♠
⑩ ❙ ❨ ♦✖♥ ❝ ❪ ❤✕❙ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ → ⑦ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦ ❤ ♠ ♠ ❛ ❝ ❵✡❪ ♦ ➑✑❵✡❙ ♥ ❛ ♦ ❢ ❙ ⑩ ♠ ♠ ♦ ❤ ❵ ❨✕❙ ♠ ♦✖➎ ❣✄❙ ❵✡♠ ➙✑➆ ➒ ➉ ➈✎➉ ➈ ➊✝➍ ⑥ ♦✖6
➆ →✁➉ ➈ ➊✝➍ ⑦ ♦✌➣ ⑩ ❙ ❂ ➒ ❂ ❪✞❤ ❨ ❪✞➃ 6✕❙ ⑩✞❙ ♠ ❨ ❙ 6 ➥ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ♠ ❵✡❢ ❝ ❤ ♠✄⑨✖❙ ❢ ♠✄❙ ♠ ❡ ⑩✞❙ ❛ ❢ ❙ ♥ ❪✞❙ ❢ ❂ ➈ ❂ ❫ ♦✖❢✄❢ ❙ ♠ ❛✁♦✖❤ ❨
➙ ⑩ ❝ ❨ ❪ ♥ ❙ ❤✕♠ ❪ ♦ ❤ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ⑩✞❙ ❙ ❵ ⑩✞❙ ❨ ❙ ❢✄❤ ❪ ❙ ❢ ❂ ➈ ❂ ❝ ❛ ❛ ❝ ❢ ❵✡❪ ❙ ❤ ❵ ➙ ⑩ ❝ ❫ ♦ ♦✖❢✄❨ ♦✖❤ ❤✕❬ ❙ ❨ ❙ ❛ ❢ ♦✖❛ ❝ ❞ ❝ ➑
❵✡❪✞♦✖❤ → ⑦ ♦✖♥ ♥ ❙ ❨ ❝ ❤ ♠ ⑩ ❙ ❫✏❝ ♠ ❨ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ♠ ♦✖6 ♠ ❛ ❝ ❵ ❪ ❝ 6 ➥ ❡ ⑩ ❝ ❻✓♦✖❢ ♥ ❝ ❵ ❪✞♦✖❤ ❨ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠
♠ ❛ ❝ ❵✡❪ ♦ ➑✑❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩✞♠ ❛✁❙ 6✕❵ ➮ ❵✡❢✄❙ ❪✞❤ ❵✡❙ ❢ ❛ ❢✄❬ ❵ ❬ ❙ ❝ ⑨✖❙ ❫ 6 ❤ ♥ ❪✞⑩✞❪✞❙ 6 ❨ ❙ ❵✆➝ ❛ ❙ ✟ ❙ ❢ ❢ ➊✓❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢✄❪✞❵ ❬ ❨ 6
❵✡❢✄♦✖❪ ♠✄❪ ❸ ♥ ❙ ♦ ❢ ❨ ❢ ❙✏➌ ❫ ♦ ♥ ♥ ❙ ⑩✞❙ ❢ ❬ ♠✄6 ⑩✞❵✡❝ ❵ ❨ ✐ 6✕❤ ❨ ♦✖6✕➎ ⑩ ❙ ❬ ➃ 6 ❪ ⑩✞❪ ➎✕❢ ❙ ❨ ✐ 6✕❤ ❙ ❛ ❝ ❢ ❵ ❙ ❤ ❵✡❢✄❙ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ➑
❵✡❪✞♦✖❤ ❙ ❵ ⑩ ❝ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ❡ ❙ ❵ ❨ ✐ ❝ 6 ❵✡❢ ❙ ❛ ❝ ❢✄❵ ❙ ❤ ❵ ❢ ❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪✞♦✖❤ ❙ ❵ ⑩ ❝ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢✄❪✞❵ ❬ → ⑦ ❙ ♠
♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❫ ♦✖♥ ❛ ⑩✞❙ ❵✡♠ ➊✓♠ ❛ ❝ ❵✡❪ ♦ ➑✑❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩✞♠✡➌ ❡ ➃ 6✕❪ ♠ ♦ ❤ ❵ ❫ ♦✖❤✕➢ ❤ ❬ ♠ ❨ ❝ ❤ ♠ ⑩ ✐ ❙ ♠ ❛ ❝ ❫ ❙ ❙ ❵ ⑩ ♦ ❫ ❝ ⑩✞❪✞♠ ❬ ♠ ❨ ❝ ❤ ♠
⑩ ❙ ❵✡❙ ♥ ❛✕♠ ♠✄♦✖❤ ❵ ❫ ♦✖❤ ❤ 6 ♠ ♠✄♦✖6 ♠ ⑩✞❙ ❤ ♦✖♥ ❨ ❙ Z✍➻ ➼ ➼ ➽✍➾ ➚ ➽ ➼ ➶ ➹ ➘ ➴ ➷✡➽ ⑥ ◗ ⑦ → ➇ ❤ ❛✁♦ 6 ❢ ❢ ❝ ❪✞❵ ❪ ❤ ❵✡6 ❪ ❵✡❪ ⑨✖❙ ♥ ❙ ❤ ❵
❛✁❙ ❤ ♠✄❙ ❢ ➃ 6 ❙ ⑩✞❙ ♠ ❪ ❤ ❞ ❢ ❬ ❨✕❪ ❙ ❤ ❵✡♠ ❢✄❙ ➃ 6 ❪✞♠ ❛ ♦ 6 ❢ ⑩ ❝ ❻✓♦ ❢ ♥ ❝ ❵✡❪✞♦ ❤ ❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ♠ ♦✖6 ♠ ❛ ❝ ❵✡❪ ❝ 6 ➥
➊ ➊ ✂☎❩ ✂ ➌ ❨ ❪ ♥ ❙ ❤ ♠ ❪✞♦✖❤ ♠✍➌ ♠✄❵✍❝ ➎ ⑩ ❙ ♠ ❡ ♠ ❙ ❢✡❝ ❪✞❙ ❤ ❵ ❙ ➥✕❝ ❫ ❵ ❙ ♥ ❙ ❤ ❵ ❝ ❨ ❬ ➃ 6 ❝ ❵✡♠ ❛✁♦✖6 ❢ ⑩ ❝ ❻✓♦✖❢ ♥ ❝ ❵ ❪✞♦✖❤ ❨ ❙ ♠ ♦✖⑩✞❪ ➑
❵✡♦✖❤✕♠ ❨ ❝ ❤ ♠ ❵✡♦ 6✕❵✡❙ ♠ ⑩✞❙ ♠ ❨ ❪ ♥ ❙ ❤ ♠✄❪ ♦✖❤✕♠ ➊☞➎ ❝ ⑩ ⑩✞❙ ♠ ❨ ❙ ⑩ 6✕♥ ❪✞❸ ❢✄❙ ➌ → ➞ ❝ ❪✞♠ ❫ ❙ ❤ ✐ ❙ ♠✄❵ ♥ ❝ ⑩✞❷ ❙ 6 ❢✄❙ 6 ♠✄❙ ♥ ❙ ❤ ❵
❛ ❝ ♠ ⑩✞❙ ❫ ❝ ♠ →✁❲ ❤ ❙ ❾ ❙ ❵✏❡ ❨ ❝ ❤ ♠ 6 ❤ ❙ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ❵ ❢✡❝ ❤ ♠ ⑨✖❙ ❢✄♠ ❙ 6 ❤ ♥ ❪ ⑩✞❪ ❙ 6 ✟ ❙ ❢ ❢ ❛✁❙ 6✕❵ ❛ ❢✄♦ ❨ 6 ❪✞❢ ❙ 6 ❤
❫ ♦✖❤ ➢ ❤ ❙ ♥ ❙ ❤ ❵ ♠✄❵✍❝ ➎ ⑩ ❙ ❡ ❝ ⑩✞♦✖❢ ♠ ➃ 6 ❙ ❫ ❙ ❤ ✐ ❙ ♠ ❵ ❛ ⑩✞6 ♠ ⑩ ❙ ❫✏❝ ♠ ❛✁♦ 6 ❢ ❨ ❙ ♠ ❨ ❪ ♥ ❙ ❤✕♠ ❪ ♦ ❤ ♠ ❨ ✐ ♦ ❢ ❨ ❢✄❙ ♠ ❬ ⑩✞❙ ⑨✖❬ ♠ →
⑦ ♦✖♥ ♥ ❙ ♥ ❙ ❤ ❵ ❪ ♦✖❤✕❤ ❬ ❛ ❢✄❬ ❫ ❬ ❨ ❙ ♥ ♥ ❙ ❤ ❵✏❡ ➙ ❛ ❝ ❢✄❵✡❪✞❢ ❨ ❙ ❨ ❙ 6 ➥ ❨✕❪ ♥ ❙ ❤ ♠✄❪ ♦✖❤ ♠ ❵✡❢ ❝ ❤ ♠ ⑨✖❙ ❢ ♠✄❙ ♠ ❡ ⑩ ❝ ❤ ♦✖❤ ⑩✞❪ ➑
❤ ❬✏❝ ❢ ❪✞❵ ❬ ✟ ❙ ❢ ❢ ♠ ❙ 6 ⑩ ❙ ❫ ♦ ❤ ❨ 6 ❪ ❵ ➙ ❨ ❙ ♠ ♠ ♦✖⑩✞6✕❵✡❪✞♦✖❤ ♠ ⑩ ♦ ❫✏❝ ⑩ ❪✞♠✄❬ ❙ ♠ ❪ ❤✕♠✄❵✍❝ ➎ ⑩ ❙ ♠ ➃ 6 ❪ ♠ ✐ ❝ 6✕❵✡♦ ❻✓♦ ❫✏❝ ⑩✞❪ ♠✄❙ ❤ ❵ ♦✖6



✂ ◗ ✲ ❶ ❸ ❹ ❻ ❼ ❽ ❾☎❸ ❿ ❻☎❶
♠ ❙ ❨✕❪ ♠ ❛✁❙ ❢ ♠✄❙ ❤ ❵ ❢ ❝ ❛ ❪✞❨ ❙ ♥ ❙ ❤ ❵ ❙ ❤ ❛ ❢ ❬ ♠ ❙ ❤ ❫ ❙ ❨ ❙ ➎ 1 ❫ ❵✡1 ❝ ❵✡❪ ♦ ❤ ♠ → ➯ ❙ ♠ ❤ ♦✖❤✕⑩ ❪✞❤ ❬✏❝ ❢✄❪ ❵✡❬ ♠ 1 ❤ ❛✁❙ 1 ❛ ⑩ 1✕♠
❬ ⑩ ❝ ➎✁♦✖❢ ❬ ❙ ♠ ♦ ❤ ❵ ❬ ❵ ❬ ❛ ❢ ♦✖❛✁♦ ♠ ❬ ❙ ♠ ❨ ❝ ❤ ♠ ⑩✞❙ ➎ 1 ❵ ❨ ❙ ❛✁❙ ❢ ♥ ❙ ❵ ❵ ❢ ❙ ⑩ ❝ ❻✓♦✖❢ ♥ ❝ ❵ ❪✞♦✖❤ ❨ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ♠✄❛ ❝ ❵✡❪✞♦ ➑
❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ♠ ♠ ❵✍❝ ➎✕⑩ ❙ ♠ → ➇ ❤ ❛✁❙ 1✕❵ ❫ ❪✞❵ ❙ ❢ ❫ ♦✖♥ ♥ ❙ ❙ ➥ ❙ ♥ ❛ ⑩✞❙ ❨ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ 1 ➥ ➙ ❤✕♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❢ ❪ ❵✡❬ ❫ 1 ➎ ❪✞➃ 1✕❙
♠✡❝ ❵ 1 ❢✡❝ ➎✕⑩ ❙ ❮ ❫ ❙ ♥ ♦ ❨ ❸ ⑩ ❙ ❝ ❛✁❙ ❢ ♥ ❪✞❵ ❨ ❙ ❨ ❬ ♥ ♦✖❤ ❵ ❢ ❙ ❢ ❵✡❷ ❬ ♦✖❢ ❪✞➃ 1✕❙ ♥ ❙ ❤ ❵ ⑩ ✐ ❙ ➥ ❪ ♠✄❵ ❙ ❤ ❫ ❙ ❨ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠
♠ ❛ ❝ ❵ ❪ ♦ ➑ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠ ➊ ➄ ➄ ❯ ➌ ➙ ➊ ✂✝❩ ✂✝❩ ✂ ➌✄➯ ⑥ ✆ ⑦ ♦✖1 ➎ ❪ ❙ ❤ ❨✕❙ ♠ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ♠ ❨ ✐ ♦✖❢ ❨✕❢ ❙ ◗ ❫ ♦✖1✕❛ ⑩ ❝ ❤ ❵
❨ ❙ 1 ➥ ⑩ ♦ ❤ ❞✖1 ❙ 1 ❢ ♠ ❨ ✐ ♦ ❤ ❨ ❙ ♠ ❨✕❪ ♠✄❵ ❪ ❤ ❫ ❵✡❙ ♠ ❡✕⑩ ❙ ❻✓♦✖❤✕❨ ❝ ♥ ❙ ❤ ❵✍❝ ⑩ ❙ ❵ ⑩ ❝ ♠ ❙ ❫ ♦ ❤ ❨ ❙ ❷ ❝ ❢ ♥ ♦✖❤ ❪✞➃ 1✕❙ ⑥ ✂ ✹ ❡ ✂✒✂ ⑦ →
➯ ❙ ♥ ➮ ♥ ❙ ❨ ❝ ❤✕♠ ⑩ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ 1 ➥ ➙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ➃ 1 ❝ ❨ ❢ ❝ ❵✡❪✞➃ 1✕❙ ➞ ❝ ⑩ ♦ ♥ ❙ ❨ ❙ ❵ ❝ ⑩ ⑥ ✂ ◗☎⑦ ♦✖❤ ❵ ♥ ♦✖❤ ➑
❵✡❢ ❬ ❛ ❝ ❢ 1 ❤ ❙ ❝ ❛✕❛ ❢ ♦ ❫✍❷ ❙ ⑨ ❝ ❢ ❪ ❝ ❵✡❪✞♦✖❤ ❤ ❙ ⑩ ⑩ ❙ ❡ ⑩✞❙ ♠ ❫ ♦✖❤ ❨ ❪ ❵✡❪ ♦ ❤ ♠ ❨ ❙ ♠✄❵✍❝ ➎ ❪ ⑩✞❪✞❵ ❬ ❨ ❙ ♠ ➄✕➄ ❯ → ➅ ✐ ❬ ❵✡1 ❨ ❙ ❨ ❙ ♠
♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ♠✄❛ ❝ ❵✡❪✞♦ ➑✑❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩✞♠ ❨ ❝ ❤ ♠ ⑩✞❙ ♠ ♠ ➝ ♠ ❵✡❸ ♥ ❙ ♠ ❫ ♦✖❤ ♠✄❙ ❢✄⑨ ❝ ❵✡❪ ❻✓♠ ♦✖1 ❰ ❝ ♥ ❪✞⑩ ❵✡♦ ❤ ❪✞❙ ❤ ♠ ❡✖❫ ♦✖❤ ♠ ❵✡❪ ❵✡1 ❙ ❤ ❵
❨ ❙ ♠ ♥ ♦ ❨✕❸ ⑩ ❙ ♠ ❫ ♦ ♥ ♥ ♦ ❨ ❙ ♠ ❛✁♦✖1 ❢ ⑩ ✐ ❝ ❤ ❝ ⑩ ➝ ♠ ❙ ♥ ❝ ❵ ❷ ❬ ♥ ❝ ❵ ❪ ➃ 1 ❙ ❨✕❙ ➎ ❝ ♠ ❙ ❨ ❙ ❫ ♦✖♥ ❛✁♦✖❢✄❵ ❙ ♥ ❙ ❤ ❵✡♠ ❨✕➝ ➑
❤ ❝ ♥ ❪ ➃ 1 ❙ ♠ ♠ ❪ ♥ ❛ ⑩✞❙ ♠ → ✃ ❫ ♦ ❵✡❬ ❨✕❙ ❫ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ 1 ➥ ❡ 1 ❤ ❙ ❝ 1✕❵✡❢✄❙ ❝ ⑩ ❵✡❙ ❢ ❤ ❝ ❵ ❪✞⑨✖❙ ❙ ♠✄❵ ❨ ❙ ❢ ❙ ❫ ♦✖1 ❢✄❪ ❢ ❝ 1 ➥
♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❨ ❪✞♠ ♠ ❪✞❛ ❝ ❵ ❪✞❻✓♠ ❮ ❫ ✐ ❙ ♠ ❵ ⑩✞❙ ❫ ❝ ♠ ❨✕❙ ❤ ♦ ❵ ❢ ❙ ❬ ❵ 1 ❨ ❙ ❨ ❝ ❤ ♠ ❫ ❙ ♥ ❬ ♥ ♦ ❪ ❢✄❙ ❨ ❙ ❵ ❷ ❸ ♠✄❙ →✖➅ ❝ ❛ ❢ ❬ ♠ ❙ ❤ ❫ ❙
❨ ❙ ♠ ➄ ➄ ❯ ❨ ❝ ❤ ♠ ❫ ❙ ♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❢ ❙ ➃ 1✕❪ ❙ ❢✄❵ 1✕❤ ❝ ❛ ❛✁♦✖❢ ❵ ❨ ✐ ❬ ❤ ❙ ❢ ❞✖❪✞❙ ❫ ♦✖❤ ❵ ❪ ❤ 1 ➙ ⑩ ✐ ❪ ❤ ❵ ❬ ❢✄❪ ❙ 1 ❢ ❨ ❙ ⑩ ❝
♠✄❵✡❢✄1 ❫ ❵ 1 ❢ ❙ ⑩ ♦ ❫ ❝ ⑩ ❪ ♠ ❬ ❙ ❛✁♦✖1✕❢ ⑩ ❝ ♥ ❝ ❪ ❤ ❵ ❙ ❤ ❪✞❢ ❙ ❤ ⑨ ❪✞❙ → ❲ ❤ ❛ ⑩✞1 ♠ ❨ ❙ ⑩ ✐ ❬ ➃ 1✕❪ ⑩ ❪✞➎✕❢ ❙ ❙ ❤ ❵✡❢ ❙ ⑩ ❝ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬
❙ ❵ ⑩ ❝ ❨ ❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ➊✓❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪ ♦ ❤ ➌ ❡✁⑩ ✐ ❬ ➃ 1 ❪ ⑩✞❪✞➎ ❢ ❙ ❙ ❤ ❵✡❢ ❙ ⑩ ✐ ❙ ❤ ❵ ❢ ❬ ❙ ❨ ❙ ⑩ ✐ ❬ ❤✕❙ ❢ ❞ ❪ ❙ ➊☞❞ ❝ ❪✞❤ ➌ ❙ ❵ ⑩ ❝ ♠✄♦✖❢✄❵ ❪ ❙
❨ ✐ ❬ ❤ ❙ ❢ ❞✖❪✞❙ ➊☞❛✁❙ ❢ ❵✡❙ ♠✡➌ ❙ ♠ ❵ ❛ ❢✄❪ ♥ ♦✖❢✄❨ ❪ ❝ ⑩ ❙ ❛✁♦✖1✕❢ ⑩ ❝ ❻✓♦✖❢ ♥ ❝ ❵ ❪✞♦✖❤ ❨✕❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❨ ❪✞♠ ♠✄❪ ❛ ❝ ❵ ❪✞❻✓♠ →
⑦ ♦✖❤ ❵ ❢✡❝ ❪✞❢ ❙ ♥ ❙ ❤ ❵ ❝ 1 ➥ ❬ ❵✡1✕❨ ❙ ♠ ❪✞❤ ❵ ❙ ❤ ♠✄❪✞⑨✖❙ ♠ ❫ ♦ ❤ ❨ 1 ❪ ❵✡❙ ♠ ♠ 1✕❢ ❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ♠ ♦✖1 ♠ ❛ ❝ ❵✡❪ ❝ 1 ➥
➙ 1 ❤ ❙ ♦ 1 ❨ ❙ 1 ➥ ❨✕❪ ♥ ❙ ❤ ♠✄❪ ♦✖❤✕♠ ❡ ⑩✞❙ ❛ ❢✄♦✖❞✖❢✄❸ ♠ ⑨✖❙ ❢✄♠ ⑩ ❝ ❨ ❬ ♥ ♦✖❤✕♠✄❵✡❢ ❝ ❵✡❪✞♦✖❤ ❙ ➥✕❛✁❬ ❢ ❪✞♥ ❙ ❤ ❵✍❝ ⑩ ❙ ❨ ❙ ➄ ➄ ❯
❨ ❝ ❤ ♠ ⑩ ❙ ❫✏❝ ♠ ❵✡❢✄❪ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ❤ ❙ ⑩ ❙ ♠ ❵ ❵ ❢ ❸ ♠ ⑩✞❙ ❤ ❵ →✖❘ 1 ♠ ➃ 1 ✐ ➙ ❛ ❢✄❬ ♠ ❙ ❤ ❵ ❡✖⑩ ❙ ♠ ♠ ♦ ⑩ ❪ ❵✡♦✖❤ ♠ ♠✄❛ ❝ ❵✡❪✞♦ ➑ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠
➙ ➊ ◗✒❩ ✂☎❩ ✂ ➌ ➯ ♦✖1 ➊ Y✓❩ ✂ ➌✄➯ ❤ ✐ ♦✖❤ ❵ ❛ ❝ ♠ ❙ ❤ ❫ ♦✖❢ ❙ ❬ ❵ ❬ ♦✖➎ ♠✄❙ ❢✄⑨✖❬ ♠ ❙ ➥ ❛✁❬ ❢ ❪✞♥ ❙ ❤ ❵✡❝ ⑩ ❙ ♥ ❙ ❤ ❵ ❨ ❝ ❤✕♠ ⑩ ❙ ♠
♥ ❪✞⑩✞❪✞❙ 1 ➥ ➙ ❞ ❝ ❪ ❤ ❡ ♥ ❝ ❪ ♠ ❨ ❝ ❤✕♠ ⑩ ✐ ❝ ❪✞❢ → ❲ ❤ ❙ ❾ ❙ ❵✏❡ ❪ ⑩ ❻☞❝ 1✕❵ ❵ ❢ ♦✖1✕⑨✖❙ ❢ 1 ❤ ♥ ❪✞⑩✞❪✞❙ 1 ❨ ♦ ❵✡❬ ❨ ❙ ❛ ❙ ❢✄❵ ❙ ♠
❙ ❵ ❨ ✐ 1 ❤ ❞ ❝ ❪✞❤ ❡ ❷ ♦ ♥ ♦ ❞✖❸ ❤ ❙ ❡ ❪✞♠ ♦ ❵ ❢ ♦✖❛✁❙ ❙ ❵ ❤ ♦✖❤ ⑩ ❪✞❤ ❬ ❝ ❪✞❢ ❙ ❮ ♥ ❝ ❪ ♠ 1 ❤ ❵✡❙ ⑩ ♥ ❪ ⑩✞❪ ❙ 1 ❢ ❙ ♠ ❵✡❙ ❙ ❤✕❫ ♦✖❢✄❙ ➙
⑩ ✐ ❷ ❙ 1✕❢ ❙ ❝ ❫ ❵✡1 ❙ ⑩ ⑩✞❙ ❨ ❪ Z ❫ ❪ ⑩✞❙ ➙ ♠ ➝ ❤ ❵✡❷ ❬ ❵✡❪✞♠ ❙ ❢ → ➅ ❙ ❫ ❷✕♦✖❪ ➥ ❨ ❙ ⑩ ❝ ❤ ♦✖❤✕⑩ ❪ ❤✕❬✏❝ ❢✄❪✞❵ ❬ ❛✁❙ ❢ ♥ ❙ ❵ ❵✡❝ ❤ ❵ 1 ❤ ❵✡❙ ⑩
❝ 1✕❵✡♦ ❫ ♦✖❤✕➢ ❤✕❙ ♥ ❙ ❤ ❵ ❙ ❵ ❞ ❝ ❢✡❝ ❤ ❵✡❪ ♠✄♠✡❝ ❤ ❵ 1 ❤✕❙ ♠ ♦ ⑩ 1✕❵ ❪ ♦✖❤ ♠ ❵✍❝ ➎✕⑩ ❙ ❙ ♠ ❵ ❨ ❬ ⑩ ❪✞❫✏❝ ❵ ❡ ❙ ❵ ⑩✞❙ ⑩ ❪✞❙ ❤ ❙ ❤ ❵✡❢ ❙ ⑩ ❝
❨ ❪ ♥ ❙ ❤✕♠ ❪ ♦ ❤ ❤ ❝ ⑩✞❪ ❵ ❬ ❙ ❵ ⑩ ✐ ❙ ❾ ❙ ❵ ❤ ♦✖❤✕⑩ ❪ ❤✕❬✏❝ ❪✞❢ ❙ 1 ❵✡❪ ⑩✞❪✞♠ ❬ ❙ ♠ ❵ ❛ ❝ ❢ ❵✡❪ ❫ 1 ⑩ ❪✞❸ ❢ ❙ ♥ ❙ ❤ ❵ ❪ ♥ ❛✁♦✖❢ ❵✍❝ ❤ ❵✏→ ➯ ❙ ❤ ♦✖♠
❣✄♦✖1 ❢ ♠ ⑩ ❝ ❢✄❙ ❫✍❷ ❙ ❢✄❫ ❷✕❙ ❨ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ 1 ➥ ❤ ♦✖❤ ⑩✞❪ ❤✕❬✏❝ ❪✞❢✄❙ ♠ ❤ ❙ ❫ ♦✖❤ ❫ ❙ ❢ ❤✕❙ ❛ ⑩ 1 ♠ ❙ ➥✕❫ ⑩ 1 ♠✄❪✞⑨✖❙ ♥ ❙ ❤ ❵ ⑩✞❙ ♠ ♥ ❪✞⑩✞❪✞❙ 1 ➥
➙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ♠ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪ ⑨✖❙ ♠ ❡✕❫ ♦✖♥ ♥ ❙ ❫ ❙ ❻✓1 ❵ ⑩✞❙ ❫ ❝ ♠ ❨ ❝ ❤ ♠ ⑩ ❙ ♠ ❝ ❤ ❤ ❬ ❙ ♠ ✆ ✹ →✕❒ ❤ ❤ ♦✖♥ ➎ ❢✄❙ ❫ ❢ ♦ ❪ ♠ ➑
♠✡❝ ❤ ❵ ❨ ❙ ❵ ❢✡❝ ⑨ ❝ 1 ➥ ❡ ♠ 1✕❢ ⑩ ❙ ❛✕⑩ ❝ ❤ ❵ ❷ ❬ ♦ ❢ ❪ ➃ 1 ❙ ❫ ♦ ♥ ♥ ❙ ❝ 1 ❤ ❪ ⑨✖❙✏❝ 1 ❙ ➥ ❛✁❬ ❢✄❪ ♥ ❙ ❤ ❵✍❝ ⑩ ❡ ❻✓♦✖❤ ❵ ❬ ❵✍❝ ❵ ❨ ❙
♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ❨ ❝ ❤✕♠ ⑩✞❙ ♠ ❫✏❝✏⑨ ❪✞❵✡❬ ♠ ❝ ❫ ❵✡❪✞⑨✖❙ ♠ → ⑦ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❨ ❙ ❫ ❝ ⑨ ❪✞❵ ❬ ❫ ♦✖❢ ❢✄❙ ♠✄❛✁♦✖❤ ❨ ❙ ❤ ❵ ➙ ❨✕❙ ♠ ♠ ❵✡❢✄1 ❫ ❵ 1 ❢ ❙ ♠
❵✡❢✡❝ ❤ ♠✄⑨✖❙ ❢ ♠ ❙ ♠ ♠ ❵✍❝ ➎ ⑩✞❙ ♠ ❙ ❵ ⑩✞♦ ❫✏❝ ⑩ ❪✞♠✄❬ ❙ ♠ ➃ 1 ❪ ❛✁❙ 1✕⑨✖❙ ❤ ❵ ♠✄❙ ❻✓♦✖❢ ♥ ❙ ❢ ❨ ❝ ❤ ♠ ⑩ ✐ ❙ ❤ ⑨ ❪ ❢ ♦ ❤ ❤ ❙ ♥ ❙ ❤ ❵ ❨ ❪ ♠✄♠ ❪✞❛ ❝ ❵✡❪ ❻
❨ ❙ ♠ ❫ ❝ ⑨ ❪✞❵ ❬ ♠ ⑩ ❝ ♠✄❙ ❢ ❨ ❙ ❞ ❢✡❝ ❤ ❨✕❙ ♦✖1✕⑨✖❙ ❢ ❵✡1 ❢✄❙ ❡ ❫ ✐ ❙ ♠✄❵✄➑✆➙ ➑✆❨✕❪ ❢ ❙ ❻✓♦✖❢ ❵✡❙ ♥ ❙ ❤ ❵ ♥ 1✕⑩✞❵✡❪✞♥ ♦ ❨ ❙ ♠ ⑥ ✂ Y ❡ ✂ _ ⑦ → ➯ ❙



✲ ❶ ❸ ❹ ❻ ❼ ❽ ❾✝❸ ❿ ❻✝❶ ✂  
❻☞❝✌➛ ♦ ❤ ❛ ❢✄❬ ❫ ❪ ♠ ❙ ❡ ⑩ ✐ ❙ ♥ ❛ ⑩ ♦ ❪ ❨ ❙ ⑩ ❝ ♠ ❙ ❢ ♠ ➙ ♠✄❙ ♥ ❪ ➑✑❫ ♦✖❤ ❨✕8 ❫ ❵ ❙ 8 ❢✄♠ ❝ ❛✁❙ ❢ ♥ ❪ ♠ ❨ ❙ ♥ ❙ ❵ ❵ ❢ ❙ ❙ ❤ ⑩✞8 ♥ ❪✞❸ ❢ ❙
❨ ❙ ♠ ❛✁♦ ♠ ♠ ❪✞➎ ❪ ⑩✞❪ ❵✡❬ ♠ ❨✕❙ ❫ ♦✖❤ ❵ ❢ ? ⑩✞❙ ❪ ❤ ❨✕❬ ❛✁❙ ❤✕❨ ❝ ❤ ❵ ❨ ❙ ❛ ⑩ 8✕♠ ❪ ❙ 8 ❢ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❡ ❫ ❙ ➃ 8 ❪ ❛✕❢ ❬ ♠✄❙ ❤ ❵✡❙ 8✕❤ ⑨ ❪✞❻
❪ ❤ ❵✡❬ ❢✄➮ ❵ ❛✁♦✖8 ❢ ⑩ ❙ ❨ ❬ ⑨✖❙ ⑩✞♦✖❛ ❛✁❙ ♥ ❙ ❤ ❵ ❨ ❙ ❻✓♦✖❤ ❫ ❵ ❪ ♦ ❤ ♠ ❨✕❙ ❵✡❢ ❝ ❪✞❵ ❙ ♥ ❙ ❤ ❵ ❵ ♦✖8✕❵✄➑✑♦✖❛✕❵ ❪ ➃ 8 ❙ ♠ ❨ ❙ ⑩ ✐ ❪✞❤✕❻✓♦✖❢ ➑
♥ ❝ ❵✡❪ ♦ ❤ ⑥ ✂ ✔ ❡ ✂✝☞ ⑦ → ➐✆⑩ ♠ ✐ ❝ ❞ ❪✞❵ ❣✄8 ♠✄➃ 8 ✐ ➙ ❛ ❢ ❬ ♠ ❙ ❤ ❵ ❨ ❙ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ♠✄❛ ❝ ❵✡❪ ❝ 8 ➥ ⑩ ♦ ❫ ❝ ⑩ ❪ ♠ ❬ ♠ ❵✡❢ ❝ ❤ ♠ ⑨✖❙ ❢ ♠ ❝ ⑩ ❙ ➑
♥ ❙ ❤ ❵ ❡ ♥ ❝ ❪ ♠ ❤ ♦ ❤ ⑩ ♦ ❫ ❝ ⑩ ❪ ♠ ❬ ♠ ❨ ❝ ❤✕♠ ⑩✞❙ ❨ ♦ ♥ ❝ ❪✞❤ ❙ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ❡ ❛ 8 ❪✞♠ ➃ 8 ❙ ⑩ ❙ ♠ ❫ ❝ ⑨ ❪✞❵ ❬ ♠ ❻✓♦✖❤✕❫ ❵✡❪✞♦✖❤ ❤✕❙ ❤ ❵
❙ ❤ ❢ ❬ ❞✖❪✞♥ ❙ ➃ 8 ❝ ♠ ❪ ➑✑❫ ♦✖❤ ❵✡❪✞❤ 8 → ❲ ❤ ❫ ❙ ➃ 8 ❪ ❫ ♦✖❤ ❫ ❙ ❢ ❤✕❙ ⑩ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ❨ ❪ ♠✄♠ ❪✞❛ ❝ ❵✡❪ ❻✓♠ ♠✄❛ ❝ ❵ ❪ ♦ ➑ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠
❫ ♦✖♥ ❛ ⑩✞❙ ❵✡♠ ⑩ ❝ ➃ 8✕❙ ♠✄❵ ❪ ♦✖❤ ❝ ❨ ❬ ❣ ➙ ❬ ❵ ❬ ❝ ➎✁♦✖❢✄❨ ❬ ❙ ➙ ⑩ ❝ ❻✓♦✖❪✞♠ ❵✡❷ ❬ ♦✖❢ ❪✞➃ 8✕❙ ♥ ❙ ❤ ❵ ❙ ❵ ❤ 8 ♥ ❬ ❢✄❪ ➃ 8 ❙ ♥ ❙ ❤ ❵✏❡
❨ ❝ ❤ ♠ ⑩ ❙ ❫✏❝ ♠ ❨ ❙ ♠ ♦✖⑩✞8✕❵✡❪✞♦✖❤ ♠ ➙ ♠ ➝ ♥ ❬ ❵ ❢ ❪✞❙ ♠✄❛ ❷ ❬ ❢✄❪ ➃ 8 ❙ ⑥ ✂☎✄ ❡ ✂✝✍ ⑦ →
➅ ❙ ❛✕❢ ♦✖❞ ❢ ❸ ♠ ⑨✖❙ ❢ ♠ ⑩ ❝ ❢ ❙ ❫ ❷ ❙ ❢ ❫✍❷ ❙ ❨ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ♠ ❛ ❝ ❵✡❪ ♦ ➑✑❵✡❙ ♥ ❛ ♦ ❢ ❙ ⑩ ♠ ❡ ♦✖8 ❨✕❙ ♠ ➎ ❝ ⑩ ⑩ ❙ ♠ ❨ ❙ ⑩✞8 ♥ ❪✞❸ ❢ ❙
❙ ➥ ❪ ❞ ❙ ❨✕❙ ♠ ❝ ⑨ ❝ ❤✕❫ ❬ ❙ ♠ ❫ ♦✖❤✕❫ ❙ ❛ ❵✡8 ❙ ⑩ ⑩ ❙ ♠ ❡ ❝ ❤ ❝ ⑩✞➝ ❵✡❪✞➃ 8 ❙ ♠ ❡ ❤ 8 ♥ ❬ ❢✄❪ ➃ 8 ❙ ♠ ❙ ❵ ❙ ➥ ❛✁❬ ❢✄❪ ♥ ❙ ❤ ❵✍❝ ⑩✞❙ ♠ ♠ ❛✁❬ ❫ ❪ ➑
➢ ➃ 8 ❙ ♠ ❮ ➃ 8 ❪ ❛ ❝ ♠ ♠✄❙ ❤ ❵ ❛ ❝ ❢ ❨ ❙ 8 ➥ ❞ ❢✡❝ ❤ ❨✕♠ ❨ ❬ ➢ ♠ ➙ ❢ ❙ ⑩ ❙ ⑨✖❙ ❢ ⑤
➊☞❪ ➌ ➑ ⑩ ❝ ♥ ❪ ♠✄❙ ❝ 8 ❛✁♦✖❪ ❤ ❵ ❨ ✐ 8 ❤ ♥ ♦ ❨ ❸ ⑩✞❙ ❛ ❷ ➝ ♠✄❪ ➃ 8 ❙ ❝ ❛ ❛ ❢✄♦✖❛ ❢ ❪✞❬ ❨ ❙ ♠ ➝ ♠ ❵✡❸ ♥ ❙ ♦✖❛✕❵ ❪ ➃ 8 ❙ ❤ ♦ ❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❡
➎ ❝ ♠✄❬ ♠ 8 ❢ ❨ ❙ ♠ ❬ ➃ 8 ❝ ❵✡❪ ♦ ❤ ♠ ❨ ✐ ❬ ⑨✖♦✖⑩✞8✕❵✡❪✞♦✖❤ ➃ 8✕❪ ❛✁❙ ❢✄♥ ❙ ❵ ❵✡❙ ❤ ❵ ⑩ ❝ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ❵✡❢✄❪ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ❤ ❙ ⑩ ⑩ ❙
♠✄❵✡❝ ➎ ⑩ ❙ ❡
➊☞❪✞❪ ➌ ➑ ⑩ ❝ ♠✄➝ ❤ ❵✡❷ ❸ ♠ ❙ ❨ ✐ 8 ❤ ♥ ❝ ❵✡❬ ❢✄❪ ❝ 8 ❝ ❨ ❬ ➃ 8 ❝ ❵ ❢ ❬ 8 ❤ ❪✞♠ ♠✡❝ ❤ ❵ ❵✡♦✖8 ♠ ⑩✞❙ ♠ ❪✞❤ ❞✖❢ ❬ ❨ ❪✞❙ ❤ ❵ ♠ ❛✕❷ ➝ ♠ ❪✞➃ 8 ❙ ♠ ❤ ❬ ➑
❫ ❙ ♠ ♠✡❝ ❪ ❢ ❙ ♠ ❛✁♦✖8 ❢ ⑩ ❝ ❞ ❬ ❤ ❬ ❢✡❝ ❵ ❪ ♦✖❤ ❙ ❵ ❛ ❢ ♦✖❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ❨✕❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ♠✄❛ ❝ ❵✡❪✞♦ ➑ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠ →
✃ ❪✞❤ ♠ ❪ ❡✕⑩✞❙ ♠ ❝✏⑨ ❝ ❤ ❫ ❬ ❙ ♠ ❨ ❝ ❤ ♠ ❨ ❙ ♠ ❨ ❪ ❢✄❙ ❫ ❵ ❪ ♦ ❤ ♠ ❵✍❝ ❤ ❵ ❵ ❷ ❬ ♦✖❢✄❪ ➃ 8 ❙ ♠ ➃ 8 ✐ ❙ ➥ ❛✁❬ ❢ ❪✞♥ ❙ ❤ ❵✡❝ ⑩ ❙ ♠ ♠✄♦✖❤ ❵ ❤ ❬ ❫ ❙ ♠ ➑
♠✡❝ ❪✞❢ ❙ ♠ ❮ ♥ ❝ ❪✞♠ ❡ ❨ ❝ ❤ ♠ ❫ ❙ ❵✡❢✡❝✏⑨ ❝ ❪✞⑩✁❨ ❙ ❵ ❷ ❸ ♠✄❙ ❡✕❤ ♦✖8 ♠ ❤✕♦✖8 ♠ ❝ ❵✄❵✍❝ ➃ 8 ♦ ❤ ♠ ❝ 8 ❛ ❢✄❙ ♥ ❪ ❙ ❢ ❨✕❙ ♠ ❨ ❙ 8 ➥ ❨ ❬ ➢ ♠
♠ 8 ♠✄❫ ❪ ❵✡❬ ♠ →✖➄ 8 ❢ ⑩ ❝ ➎ ❝ ♠ ❙ ❨ ✐ 8 ❤ ♥ ♦ ❨ ❸ ⑩✞❙ ❨ ❙ ➜ ❪ ❤✁✐ ➎ 8 ❢ ❞ ➑ ➅ ❝ ❤ ❨ ❝ 8 ❫ 8 ➎✕❪ ➃ 8 ❙ ➃ 8 ❪ ❤ ❵✡❪✞➃ 8✕❙ ➙ ❫ ♦ ❙ W ❫ ❪ ❙ ❤ ❵✡♠
❫ ♦✖♥ ❛ ⑩✞❙ ➥ ❙ ♠ ❡ ❨ ❝ ❤ ♠ ⑩✞❙ ➃ 8 ❙ ⑩ ⑩✞❙ ♠ ❙ ❾ ❙ ❵✡♠ ❨ ❙ ❨ ❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ♠ ♦ ❤ ❵ ❪ ❤ ❫ ♦✖❢ ❛✁♦ ❢ ❬ ♠ ❝✏⑨✖❙ ❫ ⑩ ✐ ❝ ❛ ❛ ❢ ♦✏➥ ❪ ♥ ❝ ❵ ❪✞♦ ❤
❛ ❝ ❢ ❝ ➥ ❪ ❝ ⑩✞❙ ⑥ ✂ ✆ ⑦ ❡✖❤ ♦✖8✕♠ ♥ ❙ ❵✄❵✡♦✖❤ ♠ ❙ ❤ ❬ ⑨ ❪ ❨ ❙ ❤ ❫ ❙ ⑩ ✐ ❙ ➥ ❪✞♠✄❵✡❙ ❤ ❫ ❙ ❨ ❙ ♠ ➎ ❝ ⑩ ⑩✞❙ ♠ ❨ ❙ ⑩✞8 ♥ ❪✞❸ ❢ ❙ ❨ ❪✞♠ ♠✄❪ ❛ ❝ ❵ ❪✞⑨✖❙ ♠ →
➱ ♦✖8✕♠ ❨ ❢ ❙ ♠ ♠ ♦ ❤ ♠ 8✕❤ ❙ ❫✏❝ ❢ ❵✡♦✖❞ ❢✡❝ ❛ ❷✕❪ ❙ ❨ ❙ ♠ ❨ ❪ ❾ ❬ ❢ ❙ ❤ ❵✡♠ ❵ ➝ ❛✁❙ ♠ ❨ ❙ ❫ ♦ ♥ ❛✁♦✖❢ ❵✡❙ ♥ ❙ ❤ ❵✡♠ ❨ ➝ ❤ ❝ ♥ ❪ ➃ 8 ❙ ♠
➃ 8 ✐ ❙ ⑩ ⑩✞❙ ❛ ❢ ❙ ♠ ❙ ❤ ❵ ❙ ❡✁❝ ❪✞❤ ♠ ❪ ➃ 8✕❙ ⑩✞❙ ♠ ❫ ♦✖❤ ❨ ❪ ❵✡❪ ♦ ❤ ♠ ❨ ❙ ❛ ❢✄♦✖❛ ❝ ❞✖❝ ❵✡❪✞♦✖❤ ❫ ♦✖❢✄❢ ❙ ♠✄❛✁♦✖❤ ❨ ❝ ❤ ❵✡❙ ♠ →✁➅ ❝ ❢ ❬ ❝ ⑩ ❪✞♠✡❝ ➑
❵✡❪✞♦✖❤ ❨ ❙ ❫ ❙ ❛✕❢ ♦ ❣✄❙ ❵ ❫ ♦✖♥ ❛✁♦✖❢✄❵ ❙ ❛✕⑩ 8 ♠✄❪ ❙ 8✕❢ ♠ ❬ ❵✍❝ ❛✁❙ ♠ ❡ ❨ ❬ ❫ ❢ ❪ ❵✡❙ ❨ ❝ ❤ ♠ ❫ ❙ ♥ ❝ ❤ 8 ♠✄❫ ❢✄❪✞❵ ➃ 8 ❪ ❫ ♦✖♥ ❛ ❢✄❙ ❤ ❨
❫ ❪✞❤ ➃ ❫✍❷ ❝ ❛✕❪✞❵✡❢✄❙ ♠ ♦ ❢ ❞ ❝ ❤✕❪ ♠ ❬ ♠ ❨✕❙ ⑩ ❝ ♥ ❝ ❤ ❪✞❸ ❢✄❙ ♠✄8 ❪✞⑨ ❝ ❤ ❵ ❙ ⑤

➅ ❙ ❛ ❢ ❙ ♥ ❪✞❙ ❢ ❫✍❷ ❝ ❛ ❪ ❵✡❢ ❙ ❝ ❛✁♦✖8 ❢ ❝ ♥ ➎ ❪ ❵✡❪✞♦ ❤ ❨ ❙ ❛ ❢✄❬ ♠✄❙ ❤ ❵ ❙ ❢ ➃ 8 ❙ ⑩ ➃ 8 ❙ ♠ ❞✖❬ ❤ ❬ ❢✡❝ ⑩ ❪✞❵ ❬ ♠ ❙ ❵ ❨ ❪ ❾ ❬ ➑
❢ ❙ ❤ ❵✡♠ ❵✆➝ ❛✁❙ ♠ ❨ ❙ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ♦ ❛✕❵✡❪✞➃ 8✕❙ ♠ → ✃ ❛ ❢✄❸ ♠ 8 ❤ ➎✕❢ ❙ ❻ ❢ ❝ ❛ ❛✁❙ ⑩ ❷ ❪✞♠✄❵ ♦✖❢ ❪✞➃ 8✕❙ ♠✄8 ❢ ⑩ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❡ ❤ ♦✖8 ♠
❪ ❤ ❵✡❢ ♦ ❨✕8 ❪ ♠✄♦✖❤ ♠ ❝ 8 ⑩ ❙ ❫ ❵✡❙ 8 ❢ ⑩ ❙ ♠ ❛ ❢ ❪✞❤ ❫ ❪✞❛ ❝ 8 ➥ ❛ ❷✕❬ ❤ ♦✖♥ ❸ ❤✕❙ ♠ ❨ ❪✞♠ ❛✁❙ ❢ ♠ ❪ ❻✓♠ ❙ ❵ ❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ♠ ❙ ❵ ❢ ❝ ❛ ❛✁❙ ➑
⑩ ❙ ❢ ♦✖❤ ♠ ⑩ ✐ ❬ ➃ 8 ❝ ❵ ❪ ♦✖❤ ❨ ❙ ➄ ❫✍❷ ❢☛✡ ❨ ❪ ❤✕❞✖❙ ❢ ❤ ♦ ❤ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ➃ 8✕❪✁❞✖♦✖8 ⑨✖❙ ❢✄❤ ❙ ⑩ ✐ ❬ ⑨✖♦✖⑩✞8✕❵✡❪✞♦✖❤ ❨ 8 ❫✍❷ ❝ ♥ ❛ ❨ ❝ ❤ ♠
⑩ ❙ ❫ ❝ ♠ ❛ ❝ ❢✄❵ ❪ ❫ 8 ⑩ ❪✞❙ ❢ ❨ ✐ 8 ❤ ♥ ❪✞⑩✞❪✞❙ 8 ❫ ♦✖❤✕♠ ❙ ❢ ⑨ ❝ ❵ ❪✞❻ ➙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬✠✟ ❙ ❢✄❢ →✕❲ ❤✕♠ 8 ❪ ❵✡❙ ❡✕❤ ♦ 8 ♠ ❝ ➎✁♦✖❢ ❨✕♦✖❤ ♠



✂  ✲ ❶ ❸ ❹ ❻ ❼ ❽ ❾☎❸ ❿ ❻☎❶
❬ ❞ ❝ ⑩ ❙ ♥ ❙ ❤ ❵ ⑩ ❙ ❫ ♦✖❤✕❫ ❙ ❛✕❵ ❨✕/ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻ ❡ ❫✏❝ ❢ ❫ ✐ ❙ ♠✄❵ ❤ ♦ ❵ ❢ ❙ ❛ ❢ ❪✞❤ ❫ ❪✞❛ ❝ ⑩ ❫ ❙ ❤ ❵✡❢✄❙ ❨ ✐ ❪✞❤ ❵✡❬ ❢ ➮ ❵
❨ ❝ ❤ ♠ ❫ ❙ ❵✄❵✡❙ ❬ ❵✡/ ❨ ❙ ❡ ❙ ❵ ♠✡❝ ♥ ♦ ❨ ❬ ⑩ ❪✞♠✡❝ ❵✡❪✞♦ ❤ ❛ ❝ ❢ ⑩ ✐ ❬ ➃ / ❝ ❵✡❪✞♦✖❤ ❨ ❙ ➜ ❪ ❤✎✐ ➎ / ❢✄❞ ➑ ➅ ❝ ❤ ❨ ❝ / ❫ ♦✖♥ ❛ ⑩ ❙ ➥ ❙
❫ / ➎ ❪✞➃ / ❙ ➃ / ❪✞❤ ❵ ❪ ➃ / ❙ →

➅ ❙ ❨ ❙ / ➥ ❪✞❸ ♥ ❙ ❫✍❷ ❝ ❛✕❪✞❵✡❢✄❙ ❙ ♠✄❵ ❙ ❤ ❵✡❪✞❸ ❢✄❙ ♥ ❙ ❤ ❵ ❫ ♦✖❤ ♠ ❝ ❫ ❢✄❬ ➙ ⑩ ❝ ❛ ❢✄❬ ♠ ❙ ❤ ❵✡❝ ❵✡❪✞♦✖❤ ❨ ❙ ⑩ ❝ ♥ ❬ ❵✡❷ ♦ ❨✕❙
⑨ ❝ ❢✄❪ ❝ ❵ ❪ ♦✖❤✕❤ ❙ ⑩✞⑩✞❙ ❨ ❙ ♠ ❫ ♦ ♦✖❢✄❨ ♦✖❤ ❤✕❬ ❙ ♠ ❫ ♦✖⑩✞⑩ ❙ ❫ ❵✡❪ ⑨✖❙ ♠ ❙ ❵ ➙ ♠ ♦ ❤ ❝ ❛ ❛ ⑩✞❪ ❫ ❝ ❵✡❪✞♦ ❤ ➙ ⑩ ❝ ❫ ❝ ❢✡❝ ❫ ❵✡❬ ❢ ❪✞♠✡❝ ❵ ❪ ♦✖❤
❨ ✐ /✕❤ ❙ ❪ ♥ ❛ / ⑩✞♠ ❪✞♦✖❤ ♦✖❛ ❵✡❪ ➃ / ❙ ❝ ♠ ➝ ♥ ❬ ❵✡❢ ❪✞➃ / ❙ ❨ ❝ ❤ ♠ / ❤ ♠✄➝ ♠✄❵✡❸ ♥ ❙ ❫ ♦✖❤✕♠ ❙ ❢ ⑨ ❝ ❵ ❪✞❻ ➙ /✕❤ ❙ ❨ ❪ ♥ ❙ ❤ ♠ ❪✞♦✖❤ →
❲ ❤ ❛ ❝ ❢✄❵✡❪✞❫ / ⑩✞❪✞❙ ❢ ❡ ❤ ♦ / ♠ ♥ ♦ ❤ ❵✡❢✄♦✖❤ ♠ ➃ / ❙ ⑩ ❝ ❫✏❝ ❢ ❝ ❫ ❵ ❬ ❢✄❪ ♠✡❝ ❵✡❪ ♦ ❤ ❨ ✐ /✕❤ ❙ ❪✞♥ ❛ /✕⑩ ♠✄❪✞♦✖❤ ❨ ❪ ♠ ❵✡♦✖❢✄❨ / ❙ ❝ ♠✄➝ ➑
♥ ❬ ❵✡❢ ❪✞➃ / ❙ ♥ ❙ ❤ ❵ ❤ ❬ ❫ ❙ ♠ ♠ ❪ ❵✡❙ / ❤ ❙ ❬ ❵✡❝ ❛✁❙ ♥ ❝ ❵✡❷ ❬ ♥ ❝ ❵✡❪✞➃ / ❙ ♠ / ❛✕❛ ⑩ ❬ ♥ ❙ ❤ ❵✍❝ ❪ ❢ ❙ ❡ ♦✌➣ ♦✖❤ ❢ ❙ ❻✓♦ ❢ ♥ / ⑩✞❙ ⑩ ❙ ♠
❫ ♦ ♦✖❢✄❨ ♦✖❤ ❤ ❬ ❙ ♠ ❫ ♦✖⑩✞⑩ ❙ ❫ ❵✡❪ ⑨✖❙ ♠ ❝ ➢ ❤ ➃ / ✐ ❪✞⑩ ♠ ♠ ✐ ❪ ❨✕❙ ❤ ❵ ❪✞➢ ❙ ❤ ❵ ❝ / ➥ ❛ ❝ ❢✡❝ ♥ ❸ ❵✡❢ ❙ ♠ ❛ ❷ ➝ ♠✄❪ ➃ / ❙ ♠ ❨ ❙ ⑩ ✐ ❪ ♥ ❛ /✕⑩ ➑
♠ ❪ ♦ ❤ →

➯ ❝ ❤✕♠ ⑩ ❙ ❵✡❢ ♦ ❪ ♠ ❪✞❸ ♥ ❙ ❫✍❷ ❝ ❛ ❪ ❵✡❢ ❙ ❡ ❤ ♦✖/✕♠ ❤ ♦✖/✕♠ ➎ ❝ ♠✄♦✖❤ ♠ ♠ /✕❢ ⑩ ❙ ♠ ❵✡❢✡❝✏⑨ ❝ / ➥ ❝ ❤ ❵ ❬ ❢ ❪✞❙ / ➥ ❨✕❙ ❯ ♠ ♦ ➝
❙ ❵ ❝ ⑩ → ⑥ ◗ ✹ ⑦ ❛✁♦✖/ ❢ ❢ ❙ ❵✡❢✄♦✖/✕⑨✖❙ ❢ ⑩✞❙ ♠ ♠✄♦✖⑩✞/✕❵✡❪✞♦✖❤ ♠ ❨ ❙ ⑩ ✐ ❬ ➃ / ❝ ❵✡❪ ♦ ❤ ❫ / ➎ ❪✞➃ / ❙ ➃ / ❪ ❤ ❵✡❪✞➃ / ❙ ❨ ❙ ➜ ❪ ❤✎✐ ➎ / ❢✄❞ ➑
➅ ❝ ❤ ❨ ❝ / ❫ ♦✖♥ ❛ ⑩✞❙ ➥ ❙ ➙ ➊ ✂☎❩ ✂ ➌✄➯ ➊ ➜ ➅ ✂ ➯ ➌ →✁❯ ♦✖/✕❵ ❨ ✐ ❝ ➎✁♦ ❢ ❨ ⑩ ❝ ❨ ➝ ❤ ❝ ♥ ❪✞➃ / ❙ ❨✕❙ ⑩ ✐ ❬ ⑨✖♦ ⑩ /✕❵ ❪ ♦✖❤ ❨ /
❫ ❷ ❝ ♥ ❛ ❞✖♦ /✕⑨✖❙ ❢✄❤ ❬ ❙ ❛ ❝ ❢ ⑩ ✐ ❬ ➃ / ❝ ❵ ❪ ♦✖❤ ➜ ➅ ✂ ➯ ♦ ❢ ❪ ❞ ❪ ❤ ❝ ⑩✞❙ ❡ ❙ ♠✄❵ ❢✡❝ ♥ ❙ ❤ ❬ ❙ ❛ ❝ ❢ ❛ ❢ ♦ ❣✄❙ ❫ ❵✡❪✞♦✖❤ ❡ ❙ ❤ / ❤
♠✄➝ ♠✄❵ ❸ ♥ ❙ ❨ ✐ ❬ ➃ / ❝ ❵ ❪ ♦✖❤✕♠ ❨ ❪✞❾ ❬ ❢✄❙ ❤ ❵✡❪ ❙ ⑩ ⑩✞❙ ♠ ♦✖❢✄❨ ❪ ❤ ❝ ❪ ❢ ❙ ♠ ❨ ❬ ❫ ❢✄❪✞⑨ ❝ ❤ ❵ ⑩ ✐ ❬ ⑨✖♦✖⑩✞/✕❵✡❪✞♦✖❤ ❨ ❙ ♠ ❛ ❝ ❢ ❝ ♥ ❸ ❵✡❢✄❙ ♠ ❨ /
♠ ♦✖⑩✞❪✞❵✡♦ ❤ → ✃ ❛ ❝ ❢ ❵✡❪✞❢ ❨ ❙ ❫ ❙ ♠ ❬ ➃ / ❝ ❵✡❪✞♦✖❤ ♠ ❨ ❪✞❾ ❬ ❢✄❙ ❤ ❵✡❪ ❙ ⑩ ⑩✞❙ ♠ ❡✕❤✕♦✖/ ♠ ❨✕❢ ❙ ♠✄♠ ♦✖❤✕♠ /✕❤ ❙ ❫✏❝ ❢✄❵✡♦ ❞✖❢✡❝ ❛ ❷ ❪ ❙ ❛ ❢ ❬ ➑
❫ ❪✞♠ ❙ ❨✕❙ ♠ ❛✁♦ ❪ ❤ ❵✡♠ ➢✕➥ ❙ ♠ ❙ ❵ ⑩✞❙ ♠ ❨ ❪ ❾ ❬ ❢ ❙ ❤ ❵✡♠ ❵✆➝ ❛✁❙ ♠ ❨✕❙ ♠ ♦✖⑩✞/✕❵✡❪✞♦✖❤ ♠ ♠ ♦ ⑩ ❪ ❵✡♦✖❤ ♠ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻✓♠ ❨ ❙ ⑩ ✐ ❬ ➃ / ❝ ❵✡❪✞♦✖❤ →

➅ ❙ ➃ / ❝ ❵✡❢✄❪ ❸ ♥ ❙ ❫✍❷ ❝ ❛ ❪ ❵✡❢ ❙ ❙ ➥ ❛ ⑩✞♦✖❪✞❵ ❙ ⑩ ❝ ♥ ❬ ❵ ❷ ♦ ❨ ♦✖⑩✞♦✖❞✖❪ ❙ ❨ / ❵ ❢ ♦✖❪✞♠ ❪✞❸ ♥ ❙ ❫ ❷ ❝ ❛ ❪ ❵✡❢ ❙ ❛✁♦✖/ ❢ ❫ ❪✞❢ ➑
❫ ♦✖❤✕♠ ❫ ❢✄❪ ❢ ❙ ⑩ ❙ ❨ ♦ ♥ ❝ ❪✞❤ ❙ ❨ ✐ ❙ ➥ ❪✞♠✄❵✡❙ ❤ ❫ ❙ ❨ ❙ ♠ ♠ ♦✖⑩✞/✕❵✡❪✞♦✖❤ ♠ ♠ ♦ ⑩ ❪ ❵✡♦✖❤ ♠ ❨✕❪ ♠ ♠✄❪ ❛ ❝ ❵✡❪✞❻✓♠ ❨ ❙ ⑩ ✐ ❬ ➃ / ❝ ❵ ❪ ♦✖❤ ❫ / ➑
➎ ❪ ➃ / ❙ ➃ / ❪ ❤ ❵✡❪✞➃ /✕❙ ❨ ❙ ➜ ❪ ❤✎✐ ➎ / ❢✄❞ ➑ ➅ ❝ ❤ ❨ ❝ / ❫ ♦✖♥ ❛ ⑩ ❙ ➥ ❙ ➙ ➊ U✒❩ ✂ ➌✄➯ → ➄ / ❢ ⑩ ❝ ➎ ❝ ♠ ❙ ❨✕❙ ❛ ⑩✞/ ♠ ❪✞❙ / ❢✄♠
❻✓♦✖❤ ❫ ❵✡❪ ♦ ❤ ♠ ❨ ✐ ❙ ♠✄♠✡❝ ❪✞♠ ❡ ❤ ♦✖/✕♠ ❪ ❤ ❨ ❪✞➃ / ♦✖❤ ♠ ❡ ➙ ⑩ ✐ ❝ ❪✞❨ ❙ ❨✕❙ ⑩ ❝ ♥ ❬ ❵ ❷ ♦ ❨ ❙ ❨ ❙ ♠ ❫ ♦ ♦ ❢ ❨ ♦✖❤✕❤ ❬ ❙ ♠ ❫ ♦✖⑩✞⑩ ❙ ❫ ❵ ❪✞⑨✖❙ ♠ ❡
/ ❤ ❙ ❛✕❪ ♠✄❵ ❙ ♠ ❬ ❢ ❪ ❙ / ♠ ❙ ❛✁♦✖/✕❢ ⑩ ✐ ❙ ➥ ❪ ♠ ❵✡❙ ❤✕❫ ❙ ❨✕❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ♠ ❛ ❝ ❵✡❪ ♦ ➑✑❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩✞♠ ❨ ❝ ❤ ♠ ⑩ ✐ ❙ ♠ ❛ ❝ ❫ ❙ ❨ ❙ ♠
❛ ❝ ❢✡❝ ♥ ❸ ❵✡❢ ❙ ♠ ❨ ❙ ❫ ❙ ❵✄❵✡❙ ❬ ➃ / ❝ ❵ ❪ ♦✖❤ → ❲ ❵ ➃ / ❙ ❫ ❙ ♠ ➎ ❝ ⑩ ⑩✞❙ ♠ ❨ ❙ ⑩ / ♥ ❪✞❸ ❢✄❙ ❛✁❙ / ⑨✖❙ ❤ ❵ ➮ ❵✡❢✄❙ ♠ ♦ ❪✞❵ ♠✄❵✡❝ ❵✡❪✞♦✖❤ ➑
❤ ❝ ❪✞❢ ❙ ♠ ♦✖/ ❝✏⑨✖♦✖❪ ❢ ❨ ❙ ♠ ♥ ♦ /✕⑨✖❙ ♥ ❙ ❤ ❵✡♠ ❨ ✐ ♦✖♠ ❫ ❪ ⑩✞⑩ ❝ ❵ ❪✞♦ ❤ ♠ ♠✄❵✡❝ ➎ ⑩✞❙ ♠ →✕➱ ♦✖/ ♠ ❛ ❢✄❬ ♠ ❙ ❤ ❵ ♦✖❤ ♠ ❨ ❙ ♥ ➮ ♥ ❙ / ❤ ❙
❫ ♦✖♥ ❛ ❝ ❢ ❝ ❪ ♠✄♦✖❤ ❨ ❙ ❤✕♦✖♠ ❢ ❬ ♠ / ⑩ ❵✍❝ ❵✡♠ ♠✄❙ ♥ ❪ ➑✆❝ ❤ ❝ ⑩ ➝ ❵ ❪✞➃ /✕❙ ♠ ❝✏⑨✖❙ ❫ ❫ ❙ / ➥ ♦ ➎✕❵✡❙ ❤ / ♠ ❛ ❝ ❢ ⑩ ❝ ❢✄❬ ♠ ♦ ⑩ /✕❵ ❪ ♦✖❤
❙ ➥✕❝ ❫ ❵✡❙ ❨✕❙ ⑩ ✐ ❬ ➃ / ❝ ❵✡❪ ♦ ❤ ❨ ❙ ➜ ❪ ❤✁✐ ➎ / ❢ ❞ ➑ ➅ ❝ ❤ ❨ ❝ / ❫ ♦ ♥ ❛ ⑩✞❙ ➥ ❙ ➙ ➊ U✒❩ ✂ ➌✄➯ ❡✕➃ /✕❪ ❛✁❙ ❢✄♥ ❙ ❵ ❨ ❙ ♥ ❙ ❵✄❵✡❢ ❙
❙ ❤ ⑩ / ♥ ❪✞❸ ❢✄❙ ⑩ ❝ ❛✁❙ ❢✄❵ ❪ ❤ ❙ ❤ ❫ ❙ ❛ ❢ ❬ ❨ ❪ ❫ ❵✡❪✞⑨✖❙ ❨ ❙ ⑩ ✐ ❝ ❛ ❛✕❢ ♦ ❫✍❷ ❙ ❨ ❙ ♠ ❫ ♦ ♦ ❢ ❨ ♦✖❤✕❤ ❬ ❙ ♠ ❫ ♦✖⑩ ⑩✞❙ ❫ ❵✡❪ ⑨✖❙ ♠ →



✲ ❶ ❸ ❹ ❻ ❼ ❽ ❾✝❸ ❿ ❻✝❶ ✂ ✔
➅ ❙ ❫ ❪ ❤ ➃ & ❪✞❸ ♥ ❙ ❙ ❵ ❨ ❙ ❢ ❤ ❪✞❙ ❢ ❫✍❷ ❝ ❛ ❪ ❵✡❢ ❙ ❨ ❙ ❫ ❙ ♥ ❬ ♥ ♦✖❪✞❢ ❙ ❫ ♦ ❤ ♠ ❪✞♠✄❵✡❙ ❡ ➙ ❛ ❝ ❢ ❵✡❪ ❢ ❨ ✐ &✕❤ ❫✍❷ ♦✖❪ ➥ ❛ ❝ ❢✄❵✡❪ ➑

❫ & ⑩✞❪ ❙ ❢ ❨✕❙ ⑩ ❝ ❻✓♦✖❤ ❫ ❵✡❪✞♦✖❤ ❨ ✐ ❙ ♠ ♠✡❝ ❪ ❡ ➙ ♥ ♦✖❤ ❵ ❢ ❙ ❢ ⑩ ❙ ♠ ❨✕❪✞❾ ❬ ❢✄❙ ❤ ❵ ♠ ❵✆➝ ❛✁❙ ♠ ❨ ❙ ❨✕➝ ❤ ❝ ♥ ❪✞➃ &✕❙ ♠ ♦✖♠✄❫ ❪ ⑩✞⑩ ❝ ❵✡♦ ❪✞❢✄❙ ♠
➃ & ❙ ❛✁❙ &✕❵ ❝✏⑨✖♦✖❪ ❢ & ❤✕❙ ➎ ❝ ⑩✞⑩ ❙ ❨ ❙ ⑩✞& ♥ ❪✞❸ ❢ ❙ → ➅ ✐ ❪✞❤✎➎ & ❙ ❤ ❫ ❙ ❨ ❙ ♠ ❵ ❙ ❢✄♥ ❙ ♠ ❫ & ➎ ❪ ➃ & ❙ ♠ ❙ ❵ ➃ & ❪✞❤ ❵✡❪✞➃ & ❙ ♠
♠ & ❢ ⑩ ❙ ♠ ♦✖♠✄❫ ❪✞⑩ ⑩ ❝ ❵ ❪✞♦ ❤ ♠ ♠✄❵✍❝ ➎ ⑩ ❙ ♠ ❙ ♠✄❵ ❙ ➥✕❝ ♥ ❪ ❤✕❬ ❙ ❡ ❝ ❪ ❤✕♠ ❪ ➃ & ❙ ⑩ ✐ ❙ ❾ ❙ ❵ ❨ & ➎ ❢✄& ❪✞❵ → ❒ ❤ ❙ ❝ ❤ ❝ ⑩✞➝ ♠ ❙ ♠✄❙ ♥ ❪ ➑
❝ ❤ ❝ ⑩ ➝ ❵✡❪ ➃ & ❙ ❛✁❙ ❢✄♥ ❙ ❵ ❨ ✐ ❬ ❵✡& ❨ ❪✞❙ ❢ ⑩ ✐ ❙ ❾ ❙ ❵ ❨ ❙ ⑩ ❝ ❛✁❙ ❢✄❵ & ❢ ➎ ❝ ❵✡❪✞♦✖❤ ❨ ❙ ⑩ ✐ &✕❤ ❨ ❙ ♠ ❛ ❝ ❢ ❝ ♥ ❸ ❵✡❢✄❙ ♠ ❨ ❙ ⑩ ❝
➎ ❝ ⑩✞⑩ ❙ ❨ ❙ ⑩✞& ♥ ❪✞❸ ❢ ❙ ♠ &✕❢ ♠ ❝ ❨✕➝ ❤ ❝ ♥ ❪ ➃ & ❙ ❞ ❬ ❤ ❬ ❢✡❝ ⑩✞❙ →
❲ ❤✕➢ ❤ ❡ ❤ ♦ & ♠ ❛ ❢✄❬ ♠ ❙ ❤ ❵ ♦✖❤ ♠ ❤ ♦✖♠ ❫ ♦✖❤✕❫ ⑩ &✕♠ ❪ ♦ ❤ ♠ ❙ ❵ ⑩ ❙ ♠ ❛✁❙ ❢✄♠ ❛✁❙ ❫ ❵✡❪ ⑨✖❙ ♠ ➃ & ❙ ❫ ❙ ❵✡❢✡❝✏⑨ ❝ ❪✞⑩ ❨ ❙ ❵✡❷ ❸ ♠ ❙
❛✁❙ ❢✄♥ ❙ ❵ ❨ ✐ ❙ ❤ ⑨ ❪✞♠✡❝ ❞ ❙ ❢ →







✂✝✍ ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ < ➱
➎ ⑩ ❸ ♥ ❙ ♠ ♦✒➣ ⑩ ❙ ♠ ❛✁❙ ❢ ❵✡, ➎ ❝ ❵✡❪ ♦ ❤ ♠ ➊☞❨ ❬ ❻☞❝ ,✕❵ ♠ ❡ ❪✞♥ ❛✕, ❢ ❙ ❵✡❬ ♠ ❡

. . .
➌ ♥ ♦ ❨ ❪✞➢ ❙ ❤ ❵ ⑩✞❬ ❞✖❸ ❢ ❙ ♥ ❙ ❤ ❵ ⑩ ❙ ♠ ❛✕❢ ♦✖❛ ❢✄❪ ❬ ➑

❵✡❬ ♠ ❪ ❨✕❬✏❝ ⑩✞❙ ♠ ❨ , ♠ ♦✖⑩✞❪✞❵ ♦✖❤ → ➯ ❝ ❤ ♠ ❫ ❙ ❫ ❝ ♠ ⑩✞❙ ♠ ❛ ❷ ➝ ♠✄❪ ❫ ❪✞❙ ❤ ♠ ,✕❵✡❪✞⑩ ❪✞♠✄❙ ❤ ❵ ❛ ⑩✞,✕❵ D ❵ ⑩ ❙ ❵ ❙ ❢ ♥ ❙ ❨ ❙ ✏ ➃ , ❝ ♠ ❪
♠ ♦✖⑩✞❪✞❵✡♦ ❤ ✏ ➃ , ❪ ❨ ❬ ♠ ❪✞❞✖❤ ❙ , ❤ ❙ ♦✖❤✕❨ ❙ ♠ ♦ ⑩ ❪ ❵✍❝ ❪✞❢✄❙ ♦✖, ❛ ❝ ➃ , ❙ ❵ ❨ ✐ ❬ ❤ ❙ ❢✄❞✖❪ ❙ ♠ ❙ ❛ ❢ ♦✖❛ ❝ ❞✖❙✏❝ ❤ ❵ ♠✡❝ ❤ ♠ ❨ ❬ ❻✓♦ ❢ ➑
♥ ❝ ❵✡❪ ♦ ❤ ❤ ❪ ♥ ♦ ❨ ❪ ➢ ❫✏❝ ❵✡❪✞♦✖❤ ❨ ❙ ⑨ ❪ ❵✡❙ ♠ ♠ ❙ ❵ ❢ ♦✖❛ ❪ ♥ ❛✁♦✖❢✄❵✡❝ ❤ ❵✡❙ ♠ →
❲ ❤ ❞ ❝ ❢✄❨ ❝ ❤ ❵ ➙ ⑩ ✐ ❙ ♠✄❛ ❢ ❪ ❵ ❫ ❙ ❵✄❵✡❙ ❨ ❬ ➢ ❤ ❪ ❵✡❪ ♦ ❤ ❡✕➎✕❪ ❙ ❤ ➃ , ❙ ❫ ❙ ⑩ ❝ ❛ , ❪✞♠ ♠✄❙ ❝ ❛ ❛ ❝ ❢✡❝ @ ❵✡❢✄❙ ❝ ➎ , ♠ ❪ ❻ ❝ , ➥ ♥ ❝ ➑
❵✡❷ ❬ ♥ ❝ ❵✡❪ ❫ ❪ ❙ ❤ ♠ ❡ ➙ ⑩ ✐ ❷ ❙ , ❢✄❙ ❝ ❫ ❵✡, ❙ ⑩ ⑩✞❙ ❡ ⑩ ❙ ❛ ❷ ➝ ♠ ❪ ❫ ❪ ❙ ❤ ❝ ⑩ ✐ ❷ ❝ ➎ ❪✞❵ , ❨ ❙ ❨ ✐ ,✕❵✡❪✞⑩ ❪✞♠ ❙ ❢ ⑩ ❙ ❵ ❙ ❢ ♥ ❙ ♠ ♦✖⑩✞❪✞❵ ♦✖❤
❛ ⑩ ,✕❵ D ❵ ➃ ,✕❙ ➃ , ❝ ♠ ❪ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♦✖, ♦ ❤ ❨ ❙ ♠ ♦ ⑩ ❪✞❵✡❝ ❪✞❢✄❙ →
➅ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❢✄❬ ♠ ,✕⑩✞❵✡❙ ❤ ❵ ❨ ✐ ,✕❤ ❬ ➃ , ❪ ⑩✞❪ ➎ ❢✄❙ ❛ ❝ ❢ ❻☞❝ ❪✞❵ ❙ ❤ ❵✡❢✄❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪ ♦ ❤ ➊☞❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ➌ ➃ ,✕❪✕❵✡❙ ❤✕❨ ➙
❬ ❵✍❝ ⑩ ❙ ❢ ⑩ ✐ ♦ ❤ ❨ ❙ ⑩ ♦ ❫ ❝ ⑩ ❪ ♠ ❬ ❙ ❙ ❵ ⑩ ❝ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ➃ , ❪ ❫ ♦✖❤ ❵✡❢ ❙ ➎ ❝ ⑩ ❝ ❤ ❫ ❙ ⑩ ✐ ❙ ❾ ❙ ❵ ❨ ❪ ♠✄❛ ❙ ❢ ♠✄❪✞❻ ➊✓❨ ❪✞❾ ❢✡❝ ❫ ❵✡❪ ❻✡➌ →
⑦ ❙ ⑩ ❝ ❪✞♥ ❛ ⑩✞❪ ➃ , ❙ ➃ , ✐ ➙ ❵ ❢✡❝✏⑨✖❙ ❢✄♠ ⑩ ✐ ❙ ❾ ❙ ❵ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ❡ ⑩ ✐ ♦✖❤ ❨ ❙ ❪ ❤✕❨ , ❪✞❵ ⑩ ✐ ❬ ➃ , ❪✞⑨ ❝ ⑩ ❙ ❤ ❵ ❨ ✐ ,✕❤ ❛ , ❪ ❵ ❨ ❙
❛✁♦ ❵✡❙ ❤ ❵✡❪✞❙ ⑩ ❙ ❵ ♠ ❙ ❫ ❝ ❛✕❵ , ❢ ❙ ❙ ⑩ ⑩✞❙ ➑✑♥ ➮ ♥ ❙ ❨ ❝ ❤ ♠ ♠✄♦✖❤ ❛ ❢✄♦✖❛ ❢✄❙ ❛✁♦ ❵ ❙ ❤ ❵✡❪✞❙ ⑩ ❪✞❤ ❨ , ❪ ❵✏→ ⑦ ❙ ❛ ❷✕❬ ❤ ♦✖♥ ❸ ❤✕❙
❨ ✐ ♦ ❤ ❨ ❙ ♠✄♦✖⑩ ❪ ❵✍❝ ❪ ❢ ❙ ♠✄❙ ♥ ❝ ❤ ❪ ❻✓❙ ♠✄❵ ❙ ❨ ❝ ❤ ♠ ❤ ♦✖♥ ➎ ❢✄❙ ❨ ❙ ❨ ♦✖♥ ❝ ❪✞❤ ❙ ♠ ❨ ❙ ⑩ ❝ ❛ ❷ ➝ ♠ ❪ ➃ , ❙ → ➐✆⑩ ♠✄❙ ♥ ❝ ❤ ❪✞❻✓❙ ♠✄❵ ❙
❨ ♦✖❤ ❫ ❤ ❝ ❵ , ❢ ❙ ⑩ ⑩ ❙ ♥ ❙ ❤ ❵ ❨ ❝ ❤✕♠ , ❤ ❙ ❞✖❢✡❝ ❤✕❨ ❙ ❨ ❪✞⑨✖❙ ❢ ♠ ❪ ❵✡❬ ❨✕❙ ♠✄➝ ♠ ❵✡❸ ♥ ❙ ♠ ❤✕♦✖❤ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ♠ ❡ ❙ ❵ ♥ ❝ ⑩ ❞ ❢ ❬ ⑩ ❝
❨ ❪✞⑨✖❙ ❢ ♠ ❪ ❵✡❬ ❨ ❙ ♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❨ ❝ ❤ ♠ ⑩ ❙ ♠ ➃ , ❙ ⑩ ♠ ⑩ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ♠✄❙ ❢✄❬ ⑨✖❸ ⑩✞❙ ❤ ❵✏❡ ❪ ⑩✞♠ ♦✖❤ ❵ , ❤✕❙ ❫ ❝ ❢✡❝ ❫ ❵✡❬ ❢ ❪ ♠ ❵✡❪✞➃ ,✕❙
❛ ❝ ❢✄❵ ❪ ❫ , ⑩ ❝ ❪✞❢ ❙ ❫ ♦✖♥ ♥ , ❤ ❙ → ➇ ❤ ❛ ❙ ,✕❵ ❫ ❪ ❵✡❙ ❢ ❙ ❤ ❵✡❢✄❙ ❝ ,✕❵✡❢ ❙ ♠ ⑩ ❙ ♠ ❙ ➥ ❙ ♥ ❛ ⑩✞❙ ♠ ♠ , ❪ ⑨ ❝ ❤ ❵✡♠ ⑤
• ➇ ❤ ❨ ❙ ♠ ❷ ➝ ❨✕❢ ♦ ❨✕➝ ❤ ❝ ♥ ❪ ➃ , ❙ ♠ ⑥ ◗ ✂ ⑦ ⑤ ♦ ❤ ❛✁❙ , ❵ ❫ ❪✞❵ ❙ ❢ ⑩✞❙ ♠ ❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤ ❙ ♠ ❨ ❙ ➞ ❝ ♠ ❫✏❝ ❢ ❙ ❵ ♦✖➎ ♠✄❙ ❢✄⑨ ❬ ♠
➙ ❫ ❙ ❢✄❵✍❝ ❪ ❤ ♠ ♥ ♦✖♥ ❙ ❤ ❵ ♠ ♠ , ❢ ⑩ ❝ ♠ ❙ ❪ ❤ ❙ ❣✄, ♠✄➃ , ✐ ➙ X ♦ , ❙ ❤ ❡✁♦✖, ♠✄, ❢ ⑩ ❝ ❯ ❝ ♥ ❪✞♠ ❙ ❡ ⑩✞❙ ♠ ❢ ❝✌✐ ❨ ❙ ♥ ❝ ❢✄❬ ❙ ♠ ❡
⑩ ❙ ♠ ❵✡♠✄, ❤ ❝ ♥ ❪ ♠ ❡

. . .

• ➇ ❤ ❨ ❙ ♠ ❨ ❙ ❨ ❙ ❤ ♠✄❪✞❵ ❬ ❨ ❙ ❫✍❷ ❝ ❢✄❞✖❙ ❨ ❝ ❤✕♠ ⑩✞❙ ♠ ❛ ⑩ ❝ ♠✄♥ ❝ ♠ ⑥ ◗✖◗☎⑦ →
• ➇ ❤ ❨ ❙ ♠ ❨ ❙ ♥ ❝ ❵ ❪ ❸ ❢ ❙ ❨ ❝ ❤✕♠ ⑩✞❙ ♠ ❫ ♦✖❤ ❨✕❙ ❤ ♠ ❝ ❵✡♠ ❨ ❙ ➓ ♦✖♠ ❙ ➑ ❲ ❪ ❤✕♠✄❵✡❙ ❪ ❤ ⑥ ◗ [ ⑦ →
• ❲ ➥✕❫ ❪✞❵✡❝ ❵✡❪✞♦✖❤ ♠ ♠ ,✕❢ ⑩✞❙ ♠ ❫ ❷ ❝ ❪ ❤ ❙ ♠ ❨ ✐ ✃ ➯ ➱ ⑥ ◗ ^ ⑦ →
✃ , ⑨ , ❨✕❙ ⑩ ✐ ❙ ❤ ♠✄❙ ♥ ➎ ⑩ ❙ ❨ ❙ ♠ ⑨ ❝ ❢ ❪✞❬ ❵ ❬ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❙ ❵ ❨ ❙ ⑩ ❝ ❢ ❝ ❛ ❪✞❨ ❙ ❬ ⑨✖♦ ⑩ ,✕❵ ❪ ♦✖❤ ❨ , ❨ ♦✖♥ ❝ ❪✞❤ ❙ ❙ ❤
♦✖❛✕❵✡❪✞➃ , ❙ ❡ ❤ ♦ , ♠ ❵✡❙ ❤ ❵✡❙ ❢ ♦✖❤✕♠ ❨ ❙ ❢✄❙ ❤ ❨✕❢ ❙ ❫ ♦✖♥ ❛✕❵ ❙ ❨ ❙ ♠ ⑨ ❝ ❢✄❪ ❝ ❤ ❵✡❙ ♠ ⑩✞❪ ❬ ❙ ♠ ❝ , ➥ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ♦✖❛✕❵ ❪ ➃ , ❙ ♠ →
➯ ❝ ❤ ♠ ❤ ♦ ❵✡❢✄❙ ❬ ❵ , ❨ ❙ ❡ ❤ ♦✖,✕♠ ♥ ❙ ❵✄❵✡❢ ♦ ❤ ♠ ❵✡♦✖,✕❵ ❨ ✐ ❝ ➎✁♦✖❢✄❨ , ❤ ❝ ❫ ❫ ❙ ❤ ❵ ❛ ❝ ❢ ❵✡❪ ❫ , ⑩ ❪✞❙ ❢ ♠✄, ❢ ⑩ ❝ ❻☞❝ ♥ ❪✞⑩✞⑩ ❙ ❨ ❙ ♠
♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ♠ ❨ , ❵ ➝ ❛✁❙ ❙ ❤ ⑨✖❙ ⑩✞♦✖❛ ❛✁❙ ➃ , ❪ ➙ ❫ ❙ ❣✄♦✖,✕❢ ❵✡❢✄♦✖,✕⑨✖❙ ❤ ❵ ,✕❤ ❻✓♦✖❢✄♥ ❪✞❨ ❝ ➎✕⑩✞❙ ❫✍❷ ❝ ♥ ❛
❨ ✐ ❝ ❛ ❛ ⑩✞❪ ❫✏❝ ❵✡❪✞♦✖❤ ❨ ❝ ❤ ♠ ⑩ ❙ ❨✕♦✖♥ ♥ ❝ ❪ ❤ ❙ ❨ ❙ ♠ ❵ ❬ ⑩✞❬ ❫ ♦✖♥ ♥ , ❤✕❪ ❫ ❝ ❵✡❪ ♦✖❤ ♠ → ❲ ❤ ♠ ,✕❪✞❵✡❙ ❡ ❤ ♦ , ♠ ❛ ❝ ❢✄⑩ ❙ ❢✄♦✖❤ ♠
➎ ❢ ❪✞❸ ⑨✖❙ ♥ ❙ ❤ ❵ ❨✕❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦ ❤ ♠ ♠ ❛ ❝ ❵✡❪ ❝ , ➥ ➃ , ❪ ❛✁♦✖♠ ♠✄❸ ❨ ❙ ❤ ❵ ❨ ❙ ♠ ❛ ❢ ♦ ❛ ❢ ❪✞❬ ❵✡❬ ♠ ❨✕➝ ❤ ❝ ♥ ❪✞➃ , ❙ ♠ ➃ , ❪ ❙ ❤
❻✓♦✖❤ ❵ ❨ ❙ ❛✁♦ ❵ ❙ ❤ ❵ ❪ ❙ ⑩ ♠ ❫ ❝ ❤ ❨ ❪✞❨ ❝ ❵✡♠ ❛✁♦✖, ❢ ⑩ ❙ ❵✡❢ ❝ ❪✞❵ ❙ ♥ ❙ ❤ ❵ ❵✡♦✖,✕❵ ➑✆♦✖❛ ❵✡❪ ➃ , ❙ ❨ ❙ ⑩ ✐ ❪ ❤✕❻✓♦✖❢✄♥ ❝ ❵✡❪ ♦✖❤ ❙ ❵ ❙ ❤ ➑
➢ ❤ ❤ ♦✖, ♠ ❝ ➎✁♦✖❢✄❨ ❙ ❢✄♦✖❤ ♠ ⑩ ❝ ❻☞❝ ♥ ❪ ⑩ ⑩✞❙ ❫ ♦✖❤ ♠ ❵✡❪✞❵ , ❬ ❙ ❨ ❙ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠ ♠ ❛ ❝ ❵✡❪✞♦ ➑✑❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩✞♠ ➃ , ❪ ❫ ♦✖❤ ♠ ❵✡❪ ❵✡, ❙ ❤ ❵
⑩ ✐ ❙ ♠ ♠✄❙ ❤ ❵✡❪✞❙ ⑩ ❨ ❙ ♥ ♦✖❤ ❵✡❢ ❝ ⑨ ❝ ❪ ⑩ ❨ ❙ ❵ ❷ ❸ ♠✄❙ → ➐✆⑩ ♠ ✐ ❝ ❞✖❪ ❵ ❨ ❙ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ➃ , ❪ ♠ ♦✖❤ ❵ ❝ , ❫✏❝ ❢✄❢ ❙ ❻✓♦✖, ❢ ❨ ❙ ♠ ♠ ♦✖⑩✞❪ ➑
❵✡♦✖❤ ♠ ♠ ❛ ❝ ❵✡❪ ❝ , ➥ ❙ ❵ ❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩✞♠ ❮✕❙ ❤ ❙ ❾ ❙ ❵ ⑩✞❙ ♠ ❙ ❾ ❙ ❵✡♠ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ♠ ❡ ♠ ♦✖, ♠ ❫ ❙ ❢ ❵✍❝ ❪✞❤ ❙ ♠ ❫ ♦✖❤✕❨ ❪✞❵ ❪ ♦✖❤✕♠



➘✒➴ #✎➴ % ❿ ➱ ❸ ❻✝❹ ❿ ,✎❽ ➹ ❼✎➹ ➱ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ✂✝✆
❛✁❙ #✕⑨✖❙ ❤ ❵ ❫ ♦✖♥ ❛✁❙ ❤ ♠✄❙ ❢ ➙ ⑩ ❝ ❻✓♦✖❪✞♠ ⑩ ❝ ❨✕❪✞❾ ❢✡❝ ❫ ❵✡❪ ♦ ❤ ❙ ❵ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪ ♦ ❤ ❨ ❙ ⑩ ❝ ⑨ ❪✞❵ ❙ ♠✄♠ ❙ ❨ ❙ ❞ ❢ ♦✖# ❛✁❙ ❡
❙ ❵ ♦ ❫ ❫✏❝ ♠ ❪ ♦ ❤ ❤ ❙ ❢ ♠ ❪✞♥ #✕⑩✞❵✍❝ ❤ ❬ ♥ ❙ ❤ ❵ # ❤ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ❨ ❝ ❤ ♠ ⑩ ✐ ❙ ♠ ❛ ❝ ❫ ❙ ❙ ❵ ❨ ❝ ❤ ♠ ⑩ ❙ ❵✡❙ ♥ ❛ ♠ ⑥ ◗ ✔ ⑦ → ➣ ♦✖# ❢
❫ ⑩✞♦✖❢ ❙ ❫ ❙ ❫ ❷ ❝ ❛ ❪ ❵✡❢ ❙ ❤ ♦ # ♠ ❪ ❤ ❵✡❢ ♦ ❨✕# ❪ ❢✄♦✖❤ ♠ ⑩✞❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❨ ❪✞♠ ♠✄❪ ❛ ❝ ❵✡❪✞❻✓♠ ➃ # ❪ ❡ ❫ ♦✖❤ ❵ ❢✡❝ ❪✞❢ ❙ ♥ ❙ ❤ ❵ ➙ ❫ ❙ ➃ # ❙
⑩ ✐ ♦✖❤ ❫ ❢ ♦ ❪✞❵ ❞✖❬ ❤ ❬ ❢ ❝ ⑩ ❙ ♥ ❙ ❤ ❵ ❡ ❛✁♦✖♠ ♠✄❸ ❨ ❙ ❤ ❵ ❨ ❙ ❢ ❙ ♥ ❝ ❢ ➃ # ❝ ➎✕⑩ ❙ ♠ ❛✕❢ ♦✖❛ ❢✄❪ ❬ ❵✡❬ ♠ ❨ ❙ ❢✄♦✖➎ # ♠ ❵✡❙ ♠ ♠ ❙ ⑩ ♦✖❢✄♠ ➃ # ✐ ♦✖❤
❝ ❢ ❢✄❪✞⑨✖❙ ➙ ♦ ➎✕❵✡❙ ❤ ❪ ❢ #✕❤ ❛ ❝ ❢✄❻☞❝ ❪ ❵ ❬ ➃ # ❪✞⑩ ❪✞➎ ❢ ❙ ❙ ❤ ❵✡❢ ❙ ⑩ ❙ ♠ ❛✁❙ ❢✄❵✡❙ ♠ ❙ ❵ ❞ ❝ ❪✞❤ ♠ → ➯ ❝ ❤ ♠ ⑩ ❙ ♠ ♥ ❪✞⑩✞❪✞❙ # ➥ ➙ ❞ ❝ ❪ ❤ ❡
⑩ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ♠✄❛ ❝ ❵ ❪ ♦ ➑ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠ ❤ ❙ ♠✄♦✖❤ ❵ ♠ ❵✍❝ ➎✕⑩ ❙ ♠ ❙ ❤ ♠ ❪✞❵ # ❝ ❵ ❪ ♦✖❤ ❙ ➥ ❛✁❬ ❢✄❪ ♥ ❙ ❤ ❵✡❝ ⑩ ❙ ➃ #✕❙ ❛✁♦✖# ❢ ⑩ ❙ ♠
♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❨ ❪✞♠ ♠ ❪✞❛ ❝ ❵ ❪✞❻✓♠ ♦✒➣ # ❤ ❙ ♠✄♦✖# ❢✄❫ ❙ ❨ ✐ ❬ ❤ ❙ ❢ ❞✖❪✞❙ ❛✁❙ ❢ ♥ ❙ ❵ ➙ ⑩ ❝ ♠✄❵✡❢✄# ❫ ❵ # ❢ ❙ ❨ ❙ ♠✄❙ ♥ ❝ ❪ ❤ ❵✡❙ ❤✕❪ ❢ ❙ ❵
❨ ❙ ♠ ❙ ♠✄❵✍❝ ➎ ❪ ⑩✞❪ ♠✄❙ ❢ ❡✕❫✏❝ ❢ ❵ ♦✖#✕❵ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ❢ ❬ ❙ ⑩ ❛✁♦✖♠ ♠✄❸ ❨ ❙ ❨ ❙ ⑩ ❝ ❨✕❪ ♠ ♠✄❪ ❛ ❝ ❵✡❪✞♦✖❤ ➙ ⑩✞♦✖❤ ❞ ❵✡❙ ❢ ♥ ❙ →
➞ ❝ ❪✞♠ ❝ # ❛ ❝ ❢ ❝ ⑨ ❝ ❤ ❵✏❡ ❪ ⑩ ❤ ✐ ❙ ♠ ❵ ❛ ❝ ♠ ❪ ❤ #✕❵ ❪ ⑩✞❙ ❨ ❙ ❢ ❝ ❛ ❛✁❙ ⑩✞❙ ❢ ➃ # ❙ ⑩✞➃ #✕❙ ♠ ❻☞❝ ❪✞❵ ♠ ❷ ❪✞♠✄❵✡♦ ❢ ❪✞➃ #✕❙ ♠ ♠✄# ❢ ⑩ ❙ ♠
♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ →

➧ ➨ < = ➻ ? ➭ ➲ ➯ ➻ C ➸ E ➵ E ? ? ➲ G ➻ ➭ ➲ ➫ ?

➯ ❙ ❻☞❝✌➛ ♦✖❤ ❫ ♦✖❤ ⑨✖❙ ❤ ❝ ➎ ⑩ ❙ ❡ ❛✁❙ #✕❵ ➮ ❵✡❢✄❙ ⑩ ❝ ♥ ❙ ❪✞⑩ ⑩ ❙ # ❢✄❙ ❪ ❤ ❵✡❢✄♦ ❨ # ❫ ❵ ❪ ♦ ❤ ❨ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠ ❙ ♠✄❵ ❫ ❙ ⑩✞⑩ ❙ ❢ ❙ ➑
⑩ ❝ ❵ ❬ ❙ ❛ ❝ ❢ ❘✕→ ➄ ❫ ♦ ❵ ❵ O #✕♠ ♠ ❙ ⑩ ⑩ ❡✕❤ ❬ ⑩✞❙ ✆ ♥ ❝ ❪ ✂✝✍ ✹ ✍ ➙ ➣ ❝ ❢✄❐ ❷ ❙✏❝ ❨ ➊ ➼ ❫ ♦✖♠✄♠ ❙✏➌ ❡ ♥ ♦ ❢✄❵ ⑩ ❙ ✍ ❣✄# ❪✞❤ ✂✝✍✌✍ ◗
➙ N ❙ ❤ ❵✡❤ ♦ ❢ ❡ O✆⑩✞❙ ❨ ❙ P ❪✞❞✖❷ ❵ ➊✓✃ ❤ ❞✖⑩✞❙ ❵ ❙ ❢ ❢✄❙ ➌ → ➅ ♦✖❢ ♠ ❨ ❙ ♠✄♦✖❤ ♠ ❬ ♥ ❪✞❤ ❝ ❪✞❢ ❙ ❙ ❤

1844
⑥ ◗✌☞ ⑦ ➙ ⑩ ❝ O ♦ ➝ ❝ ⑩

➄ ♦ ❫ ❪✞❙ ❵✆➝ ❮ ❪✞⑩ ❨✕❪ ♠✡❝ ❪✞❵ ⑤
S T U ✻ X ➾ ➽ ➷ ❄ ➻ ➘ ➾ ➼ ➽ ➹ ✻ ➶ ❄ ➽ ➹ ➽ ❀ a ➚ U ➶ ❀ X✍➻✖a✆➽ ➻ ➶ Y ➶ ➽ ➚ ➽ ➶✌✽ ❃ \ ➽ ❄ ➻ ➶ ✽ a☞➘ ➷✄➻✖➘ ➽ ❀ a ➷✄➻ c ➘☞➚ ➽ ➹ ➽ ❀ a ➚ ➻✌❀✕➾
➶ ❀ ❃ ➻✌❀✁➻ ➼ ❇ a☞➷ ✻ ➘ a ^ ➼ ✻ ➷✡➾ Y ➶ ➽ ❃✍➽ X✍➻ a ➽ ➻ ➶ ❄ ➘ ➽ ❀ a _ ➾ U ➻ ➷ ➷ ` a ➽ ➷ a ✻ ➶ a _ ❃ ✻ ➶ c a ➹ ➻ ➘ ➾ ➘ ➼ ❀ U ➽ ❀ b ➶ a c✕➻ ➾
➚ ➽ ➹ ` ➹ ➽ c ✻ ➶ ➷ ➼ ➻ ➹ ➻ ➾✍➾ ➽ ➚ U ➽ ➻ ➶ Y ➶ U ➘ ➼ ➻✌❄ ➻ ➘ a ➹ ➘ ➾ ➽ ➽ ❀ ➹ ✻ ➶ ❄ ➽ ➹ ➽ ❀ a ➚ ➻✌❀✕➾ ➼ ➽ ❃ ➻✌❀✁➻ ➼ a ➽ ➼ ➼ ➽ ➾ U ➻ ❃ ➋
❃ ➶ ➹ ➶ ➼ ➻ ➻ ➶ a ✻ ➶ ➷ ➚ ➽ ➼ ➻ c✁➷ ✻ ➶ ➽ ➚ ➻✌❀✕➾ ➶ ❀ ❇ a ➻ a ➚ ➽ ❄ ➘ ✻ ➼ ➽ ❀ a ➽ ➻✝d ➘ a ➻ a ➘ ✻ ❀✎^ c✁➶ ➘ ➾ ^ ➼ ➻ ➘ ➾✍➾ ➻✌❀ a a ✻ ➶ a _
❃ ✻ ➶ c ➼ ➽ X✍➻ a ➽ ➻ ➶ ➽ ❀ ➻ ➷ ➷ ➘ ➴ ➷✡➽ ^ ➾ ➽ ➹ ➘ a _ ❃ \ ➽ ➹ ➘ ❀ ➽ ➷ ➽ ❀ ➻✌❄ ➻✌❀ a ➻✌❄ ➽ ❃ ➶ ❀ ➽ d ➷ ➻✌❀✁➚ ➽ ❄ ➘ a ➽✍➾✍➾ ➽ ➾✝✻ ➶ ➾ ➼ ➻
b ✻ ➷ ➹ ➽ ➚ U ➶ ❀ ➽ ➾ ➽ ➶ ➼ ➽ d ➷✄➻✌❀✁➚ ➽ ✻ ❀✁➚ ➶ ➼ ➻ a ➘ ✻ ❀✎^ ➚ ✻ ❀ a ➼ ➻ ➾ ➶ ➷ b ➻ ❃✍➽ ❇ a ➻ ➘ a ➻ ➷ ➷ ✻ ❀✁➚ ➘ ➽ ^ ➼ ➘ ➾✍➾ ➽ ➽ a c✕➻ ➷ b ➻✖➘ a✆➽ ➋
➹ ➽ ❀ a ➚ ❇ a✆➽ ➷ ➹ ➘ ❀ ❇✍➽ e f ➽ a a✆➽ ✻ ❀✁➚ ➽ ❃ ✻ ❀ a ➘ ❀ ➶✕➻ ➾ ➻ ➹ ➻ ➷ ❃ \ ➽ ➚ ➻✌❀✕➾ ➼ ➽ ❃ ➻✌❀✁➻ ➼✁➾ ➻✌❀✕➾ Y ➶ ➽ ➾ ➻ b ✻ ➷ ➹ ➽ ➽ a
➾ ➻ ❄ ➘ a✆➽✍➾✍➾ ➽ c ➻ ➷ ➶ ➾✍➾ ➽ ❀ a ➾ U ➻ ➼ a ❇ ➷✍➽ ➷ ➽ ❀ ➷ ➘ ➽ ❀ e T ➽ ➼ ➻ ➾ ➶ ➘ ❄ ➘ _ ❃ \ ➽ ❄ ➻ ➼ ➽ a ➼ ➻ ➷✡➽ a ➷ ✻ ➶ ❄ ➻ ➘ ❃ \ ➽ ➹ ➘ ❀✁➻✌❀ a
➽ ❀ ❃ ✻ ➷✍➽ ➻✌❄ ➽ ❃ ➶ ❀ ➽ ❄ ➘ a ➽✍➾✍➾✏➽ ➚ ➽

8
_

9
➹ ➘ ➼ ➼ ➽✍➾ ➊

1
♥ ❪ ⑩✞⑩ ❙✝g

1.609
❐ ♥ ♠ # ❢ ❵✡❙ ❢✄❢ ❙ ♦✖#

1.852
❐ ♥

♠ # ❢ ♥ ❙ ❢ ❙ ❵ ❨ ❝ ❤✕♠ ⑩✞❙ ♠ ❝ ❪ ❢✄♠✍➌ _ ➼ U \ ➽ ➶ ➷✡➽ ➽ a ❃ ✻ ❀✕➾ ➽ ➷ ❄ ➻✌❀ a ➾ ➻✠i d ➶ ➷✡➽ ➘ ❀ ➘ a ➘☞➻ ➼ ➽ ➆✄➽ ❀ ❄ ➘ ➷ ✻ ❀
300

c✁➘ ➽ ➚ ➾
➾ ➶ ➷

1
_

1
➽ a 1

2

c✁➘ ➽ ➚ ➚ ➽ \✕➻ ➶ a ➽ ➶ ➷ ➊ ➊
1

❛✕❪ ❙ ❨ ≈ 30
❫ ♥ ➌ → l ➻ \✕➻ ➶ a✆➽ ➶ ➷ ➚ ➽ ➼ U ✻ ❀✁➚ ➽ ➚ ➘ ➹ ➘ ❀ ➶✕➻ ➘ a

d ➷ ➻ ➚ ➶ ➽ ➼ ➼ ➽ ➹ ➽ ❀ a ^ ➽ a ➻ c✁➷✡➴✍➾ ➼ U ➻✌❄✌✻ ➘ ➷ ➾ ➶ ➘ ❄ ➘ ➽ c ➽ ❀✁➚ ➻✌❀ a ➶ ❀ ➹ ➘ ➼ ➼ ➽ ✻ ➶ ➚ ➽ ➶ ✽ ^ m✏➽ ➼ ➻ c ➽ ➷✄➚ ➘ ➾ ➚ ➻✌❀✕➾ ➼ ➽✍➾
➾ ➘ ❀ ➶ ✻ ➾ ➘ a ❇✍➾ ➚ ➶ ❃ ➻✌❀✁➻ ➼ e n ➘ ❀✕➾ ➘ ➼ ➽ ➹ ✻ ➘ ➾ ➚ U n✠✻ ➶ a 1834

➻ ➘ ➋ m✏➽ ➽ ➶ ➼ ➻ ❃ \✕➻✌❀ ❃✍➽ ➚ ➽ ➹ ➻ c✁➷✡➽ ➹ ➘ ➴ ➷✡➽
➷✍➽ ❀ ❃ ✻ ❀ a☞➷✡➽ ➻✌❄ ➽ ❃ ❃✍➽ c \ ❇ ❀ ✻ ➹ ➴ ❀ ➽ ❇ a☞➷ ➻✌❀ d ➽ ➽ a X ➽ ➻ ➶✓^ Y ➶ ➽ m✏➽ ❀ ✻ ➹ ➹ ➻ ➘ p ✻ ❀✁➚ ➽ ➚ ➽ a ➷✄➻✌❀✕➾ ➼ ➻ a☞➘ ✻ ❀ q →



◗ ✹ ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ ; ➱
✃ ⑩ ❝ ♠ % ❪ ❵✡❙ ❨ ❙ ❫ ❙ ❵ ❵ ❙ ♦ ➎ ♠ ❙ ❢✄⑨ ❝ ❵ ❪ ♦✖❤ ❡✕❘ ♦✖❷ ❤ ➄ ❫ ♦ ❵ ❵ 8 % ♠ ♠ ❙ ⑩ ⑩✁➃ % ❪ ❬ ❵✡❝ ❪✞❵ ❛ ❢✄❪ ❤ ❫ ❪ ❛ ❝ ⑩ ❙ ♥ ❙ ❤ ❵ % ❤ ❝ ❢ ❫✍❷ ❪ ➑
❵✡❙ ❫ ❵✡❙ ❤ ❝✏⑨ ❝ ⑩ ❡ ❢ ❬✏❝ ⑩ ❪✞♠✡❝ ❛ ⑩ % ♠✄❪ ❙ % ❢ ♠ ❙ ➥✕❛✁❬ ❢ ❪✞❙ ❤ ❫ ❙ ♠ ➙ ⑩ ✐ ❝ ❪ ❨ ❙ ❨ ✐ % ❤ ❫✏❝ ❤ ❝ ⑩ ❝ ❢ ❵✡❪✞➢ ❫ ❪✞❙ ⑩ ❫✏❝ ❢ ⑩ ❙ ❛ ❷✕❬ ❤ ♦✖♥ ❸ ❤✕❙
➃ % ✐ ❪✞⑩ ⑨✖❙ ❤ ❝ ❪✞❵ ❨ ❙ ⑨✖♦✖❪ ❢ ⑩ %✕❪ ❬ ❵✍❝ ❪ ❵ ❵✡♦ ❵✡❝ ⑩ ❙ ♥ ❙ ❤ ❵ ❪ ❤ ❫ ♦✖❤ ❤ % → ➐✆⑩ ❝ ❛✕% ❨ ❬ ❵ ❙ ❢✄♥ ❪✞❤ ❙ ❢ ❝ ⑨✖❙ ❫ ❛ ❢✄❬ ❫ ❪ ♠✄❪ ♦✖❤
⑩ ❝ ❻✓♦✖❢✄♥ ❙ ❵✆➝ ❛ ❪ ➃ % ❙ ❙ ❤ ♠ ❬ ❫✏❝ ❤ ❵✡❙ ❷ ➝ ❛✁❙ ❢ ➎✁♦ ⑩ ❪ ➃ % ❙ ❨ ❙ ⑩ ✐ ♦ ❤ ❨ ❙ ♠✄♦✖⑩ ❪ ❵✍❝ ❪ ❢ ❙ ❨ ❙ ♥ ➮ ♥ ❙ ➃ % ❙ ⑩ ❝ ❢✄❙ ⑩ ❝ ❵✡❪ ♦ ❤
➃ %✕❪ ⑩ ❪✞❙ ♠ ❝ ⑨ ❪ ❵✡❙ ♠✄♠ ❙ ❙ ❵ ♠ ♦✖❤ ❝ ♥ ❛ ⑩ ❪ ❵ % ❨ ❙ → ➯ ❙ ♠ ❵✡❢ ❝ ⑨ ❝ % ➥ ❫ ♦✖♥ ❛ ⑩✞❬ ♥ ❙ ❤ ❵✍❝ ❪✞❢ ❙ ♠ ♦✖❤ ❵ ❬ ❵ ❬ ❢ ❬ ❝ ⑩ ❪✞♠ ❬ ♠ ❡
❨ ❝ ❤ ♠ ⑩ ❝ ♠ ❙ ❫ ♦✖❤✕❨ ❙ ♥ ♦✖❪ ❵✡❪✞❬ ❨ % ❨ ❪ ➥ ➑✑❤ ❙ %✕⑨ ❪✞❸ ♥ ❙ ♠✄❪ ❸ ❫ ⑩✞❙ ❡ ❛ ❝ ❢ ⑩ ❙ ♠ ❪✞❤ ❞✖❬ ❤✕❪ ❙ %✕❢ ♠ ❷ ➝ ❨ ❢✄♦ ❨✕➝ ❤ ❝ ♥ ❪ ❫ ❪ ❙ ❤ ♠
❨ ♦✖❤ ❵ ❰ ❙ ❤ ❢ ❪ ➓ ❝ ✐ ❪ ❤ ❙ ❵ ❰ ❙ ❤ ❢ ❪ ➯ ❝ ❢ ❫ ➝ ❡ ♠✄% ❢ ⑩ ❙ ❫ ❝ ❤ ❝ ⑩ ❨ ❙ ➓ ♦✖% ❢✄❞✖♦✖❞✖❤ ❙ ❡ ➙ ❛ ❢✄♦ ➥ ❪ ♥ ❪ ❵✡❬ ❨ ❙ ➯ ❪ ❣✄♦ ❤ →
➅ ❙ ❵ ❢✡❝ ⑨ ❝ ❪ ⑩ ❙ ➥ ❛✁❬ ❢ ❪ ♥ ❙ ❤ ❵✍❝ ⑩ ❨ ❙ 8 % ♠✄♠ ❙ ⑩ ❝ ❙ ❤ ❞✖❙ ❤ ❨ ❢✄❬ % ❤ ❙ ❤✕❞✖♦✖% ❙ ♥ ❙ ❤ ❵ ❬ ❤ ♦ ❢ ♥ ❙ ❙ ❤ ❷ ➝ ❨ ❢ ♦ ❨ ➝ ➑
❤ ❝ ♥ ❪ ➃ % ❙ ❵ ❷ ❬ ♦✖❢✄❪ ➃ % ❙ ❡ ❛ ❢ ❪✞❤ ❫ ❪✞❛ ❝ ⑩✞❙ ♥ ❙ ❤ ❵ ❙ ❤ ➜ ❢✡❝ ❤ ❨✕❙ ➑ ➓ ❢ ❙ ❵✡❝ ❞✖❤ ❙ → ➯ ❙ ❤ ♦✖♥ ➎ ❢✄❙ % ➥ ❫ ❷✕❙ ❢ ❫✍❷ ❙ % ❢ ♠
❫ ♦✖♥ ♥ ❙ ➜ ❙ ♦ ❢ ❞✖❙ ✃ ❪ ❢ ➝ ❙ ❵ ➄✕❝ ♥ %✕❙ ⑩ ❲ ❝ ❢✄❤ ♠ ❷ ❝ ➁ ❛ ❝ ❢ ❙ ➥✕❙ ♥ ❛✕⑩ ❙ ❡ ♠✄❙ ♠✄♦✖❤ ❵ ❪ ❤ ❵✡❬ ❢✄❙ ♠✄♠ ❬ ♠ ➙ ❫ ❙ ❤ ♦✖% ➑
⑨✖❙✏❝ % ❛✕❷ ❬ ❤ ♦ ♥ ❸ ❤ ❙ ❙ ❵ ♦✖❤ ❙ ♠ ♠ ❝ ➝✖❬ ❨ ❙ ❨ ❬ ❫ ❢ ❪✞❢ ❙ ❵✡❷✕❬ ♦✖❢✄❪ ➃ % ❙ ♥ ❙ ❤ ❵ ⑩ ❝ ⑨ ❝ ❞ % ❙ ♠✄♦✖⑩ ❪ ❵✍❝ ❪ ❢ ❙ → ➞ ❝ ⑩✞❞✖❢ ❬ ⑩✞❙ % ❢✄♠
❙ ❾ ♦✖❢✄❵ ♠ ❡✕❪ ⑩✞♠ ❤ ❙ ❛ ❝ ❢✄⑨✖❙ ❤ ❝ ❪✞❙ ❤ ❵ ❛ ❝ ♠ ➙ ❨ ❬ ❫ ❢✄❪ ❢ ❙ ❫ ❙ ❵ ❵ ❙ ⑨ ❝ ❞✖%✕❙ ❮✕❫ ❙ ➃ % ❪ ❣✄❙ ❵✍❝ ⑩✞❙ ❵ ❢ ♦✖%✕➎ ⑩ ❙ ❛ ❝ ❢✄♥ ❪ ❙ % ➥ →
✃ ❪✞❤ ♠ ❪ ✃ ❪ ❢✄➝ ♠ ✐ ♦✖❛✕❛✁♦✖♠✡❝ ❪ ❵ ➙ ⑩ ✐ ❪ ❨✕❬ ❙ ❨ ❙ > ➷✄➻✌❀✁➚ ➽ ❄ ➻✝> ➶ ➽ _✁➷ ➘ ➹ ➻ ➘ ➷✍➽ ❡ ❪ ⑩ ❙ ♠✄❵✡❪✞♥ ❝ ❪✞❵ ➃ % ✐ ❙ ⑩ ⑩ ❙ ❤ ✐ ❬ ❵✍❝ ❪ ❵ ❤ ❪
❞✖❢✡❝ ❤✕❨ ❙ ❤ ❪ ❛ ❢ ❪✞♥ ❝ ❪✞❢ ❙ ❡ ♥ ❝ ❪✞♠ ❢✄❬ ♠✄% ⑩✞❵✡❝ ❪✞❵ ❨ ❙ ⑩ ❝ ❻☞❝ ❪ ➎✕⑩ ❙ ❛ ❢ ♦ ❻✓♦✖❤ ❨ ❙ % ❢ ❨ ❙ ⑩ ✐ ❙ ❝ % → ✞ % ❝ ❤ ❵ ➙ ➄ ❵ ♦✖❐ ❙ ♠ ❡
❪ ⑩ ❨ ♦ %✕❵✍❝ ❪✞❵ ➃ % ✐ % ❤ ❙ ⑨ ❝ ❞✖% ❙ ♠ ♦✖⑩✞❪✞❵✡❝ ❪✞❢✄❙ ❛ % ❪✞♠ ♠ ❙ ♠✄❙ ❛ ❢ ♦ ❛ ❝ ❞✖❙ ❢ ♠✡❝ ❤✕♠ ❫ ❷ ❝ ❤ ❞✖❙ ❢ ❨ ❙ ❻✓♦ ❢ ♥ ❙ → ➅ ❙ ♠ ❛ ❢ ❙ ➑
♥ ❪✞❙ ❢✄♠ ❢ ❬ ♠✄% ⑩✞❵✡❝ ❵✡♠ ❵ ❷ ❬ ♦✖❢✄❪ ➃ % ❙ ♠ ❝ ❛ ❛ ❢✄♦ ➥ ❪ ♥ ❝ ❵ ❪ ❻✓♠ ❡✖♥ ❝ ❪✞♠ ❫ ♦✖❢ ❢✄❙ ❫ ❵ ♠ ⑨ ❪✞♠✡❝ ❤ ❵ ➙ ❨ ❬ ❫ ❢ ❪✞❢ ❙ ⑩✞❙ ❛ ❷✕❬ ❤ ♦✖♥ ❸ ❤✕❙
❝ ❤ ❝ ⑩ ➝ ❵✡❪ ➃ % ❙ ♥ ❙ ❤ ❵ ♠ ♦ ❤ ❵ ❨✁! ♠ ❨ ✐ ❝ ➎✁♦✖❢ ❨ ➙ ➓ ♦✖% ♠✄♠ ❪ ❤✕❙ ♠ ➃ ❙ ❤

1871
❙ ❵ ➃ % ❙ ⑩ ➃ % ❙ ♠ ❝ ❤ ❤ ❬ ❙ ♠ ❛ ⑩✞% ♠ ❵✍❝ ❢✄❨

➙ 8 ❝✏➝ ⑩✞❙ ❪✞❞✖❷ ❙ ❤
1876

→ ➯ ❪ ➥ ❤✕❙ %✕❻ ❝ ❤ ♠ ❝ ❛ ❢✄❸ ♠ ❡ ♠✄♦✖❪✞❵ ❙ ❤
1895

❡ ❨✕❙ % ➥ ❷ ♦✖⑩✞⑩ ❝ ❤ ❨ ❝ ❪ ♠ ❤ ♦ ♥ ♥ ❬ ♠ ➯ → ❘✕→
✟ ♦✖❢✄❵ ❙ ➁ ❙ ❞ ❙ ❵ ➜ → ❨ ❙ C ❢ ❪✞❙ ♠ ⑥ ◗✒✄☎⑦ ❨ ❬ ⑨✖❙ ⑩✞♦✖❛ ❛ ❝ ❪ ❙ ❤ ❵ % ❤✕❙ ❬ ➃ % ❝ ❵✡❪ ♦ ❤ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❨✕❬ ❫ ❢✄❪✞⑨ ❝ ❤ ❵ ⑩ ❝
❛ ❢ ♦✖❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ❨ ✐ ♦✖❤ ❨ ❙ ♠ ❨✕❙ ❞✖❢ ❝ ❤ ❨ ❙ ♠ ⑩ ♦✖❤✕❞✖% ❙ %✕❢ ♠ ❨ ✐ ♦✖❤ ❨ ❙ ♠ ➙ ⑩ ❝ ♠ % ❢ ❻☞❝ ❫ ❙ ❨ ✐ %✕❤ ❫✏❝ ❤ ❝ ⑩ ❬ ❵✡❢✄♦✖❪✞❵ ❙ ❵
❛✁❙ % ❛✕❢ ♦ ❻✓♦✖❤✕❨ → ⑦ ❙ ♠ ❢ ❬ ♠ % ⑩ ❵✍❝ ❵ ♠ ❛✁❙ ❢ ♥ ❪ ❢ ❙ ❤ ❵ % ❤ ❵✍❝ ❤ ❵ ♠✄♦✖❪✞❵ ❛✁❙ % ❨✕❙ ❵✡❝ ❪✞❢ ❙ ❫ ❙ ❵✄❵✡❙ ❫ ♦✖❤ ❵✡❢ ♦ ⑨✖❙ ❢✄♠ ❙ →✁➅ ❙ ♠
❛ ❢ ❙ ♥ ❪✞❸ ❢✄❙ ♠ ❙ ➥ ❛✁❬ ❢ ❪✞♥ ❙ ❤ ❵✡❝ ❵✡❪✞♦✖❤ ♠ ♠✄% ❢ ❫ ❙ ♠ % ❣✄❙ ❵ ❻✓%✕❢ ❙ ❤ ❵ ❢ ❬ ❝ ⑩ ❪✞♠ ❬ ❙ ♠ ❛ ❝ ❢ ❲ → ✺ ❙ ❢ ♥ ❪ ❡ ❘✕→ 8 → ➣ ❝ ♠✄❵✡❝ ❙ ❵
➄ → ➞ → ❒ ⑩ ❝ ♥ ❡ ❫✏❝ ❢ ❣✄%✕♠ ➃ % ❙ ⑩ ➙ ❪ ⑩ ➝ ❝✏⑨ ❝ ❪ ❵ ❙ % ❝ ♠ ♠✄❙ ✐ ❛✁❙ % ❨ ❙ ❛✕❢ ♦✖❞✖❢✄❸ ♠ ⑥ ◗✌✍ ⑦ → ⑦ ❙ ♠ ❙ ➥ ❛✁❬ ❢✄❪ ❙ ❤✕❫ ❙ ♠ ♠ ♦ ❤ ❵
❤ % ♥ ❬ ❢✄❪ ➃ % ❙ ♠ ❙ ❵ ❛✁♦✖❢ ❵✡❙ ❤ ❵ ♠✄% ❢ ⑩ ❝ ❨✕➝ ❤ ❝ ♥ ❪ ➃ % ❙ ❨ ❙ ❫✍❷ ❝ J ❤ ❙ ♠ ❨ ❙ ❛ ❝ ❢✄❵✡❪✞❫ %✕⑩ ❙ ♠ ❪ ❤ ❵✡❙ ❢ ❝ ❞✖❪✞♠ ♠✡❝ ❤ ❵ ❨ ❙ ♥ ❝ ➑
❤ ❪ ❸ ❢ ❙ ❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙ →✖➅ ❝ ❛ ❢ ❪✞❤ ❫ ❪✞❛ ❝ ⑩✞❙ ❪✞❨ ❬ ❙ ❨✕❙ ❫ ❙ ❵ ❵✡❙ ❢ ❬ ❝ ⑩ ❪✞♠✡❝ ❵ ❪✞♦✖❤ ❬ ❵✡❝ ❪✞❵ ➃ % ❙ ⑩ ✐ ❝ ❨ ❨✕❪✞❵✡❪✞♦ ❤ ❨ ❙ ❛✁❙ ❵ ❪✞❵ ♠
❫ ♦✖%✕❛ ⑩ ❝ ❞ ❙ ♠ ❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ♠ ❨ ❝ ❤ ♠ % ❤ ❙ ♥ ♦ ❨ ❬ ⑩ ❪✞♠✡❝ ❵ ❪✞♦ ❤ ❨ ✐ % ❤ ♠✄♦✖⑩ ❪✞❨ ❙ ❛ ❝ ❢ ❨✕❙ ♠ ❛ ❝ ❢✄❵ ❪ ❫ % ⑩ ❙ ♠ ♠✄% ❢ % ❤
❢ ❬ ♠✄❙✏❝ % % ❤ ❪✞❨ ❪ ♥ ❙ ❤✕♠ ❪ ♦ ❤ ❤ ❙ ⑩ ❛✁❙ ❢✄♥ ❙ ❵ ❵✡❢ ❝ ❪✞❵ ❨ ❙ ❫ ♦ ♥ ❛✕❢ ❙ ❤✕❨ ❢ ❙ ⑩ ❝ ❵✡❷ ❙ ❢ ♥ ❝ ⑩ ❪✞♠ ❝ ❵✡❪✞♦ ❤ ❙ ❵ ⑩ ✐ ❬ ➃ % ❪ ❛ ❝ ❢✄❵✡❪ ➑
❵✡❪ ♦ ❤ ❨ ❙ ⑩ ✐ ❬ ❤ ❙ ❢ ❞✖❪✞❙ ♠✄% ❢ ⑩✞❙ ♠ ❨✕❪✞❾ ❬ ❢ ❙ ❤ ❵ ♠ ♥ ♦ ❨ ❙ ♠ ❝ % ➎✁♦✖%✕❵ ❨ ✐ % ❤ ❵✡❙ ♥ ❛✕♠ ❝ ♠ ♠ ❙ ✐ ⑩✞♦✖❤ ❞ → ⑦ ❙ ♠ ❵✡❢ ❝ ⑨ ❝ % ➥
♦✖❤ ❵ ♥ ❪ ♠ ❙ ❤ ❬ ⑨ ❪✞❨ ❙ ❤✕❫ ❙ % ❤ ❫ ♦✖♥ ❛✁♦✖❢ ❵✡❙ ♥ ❙ ❤ ❵ ❙ ❤ ❫ ♦ ❤ ❵✡❢ ❝ ❨ ❪✞❫ ❵✡❪✞♦✖❤ ❝ ⑨✖❙ ❫ ⑩ ✐ ❷ ➝ ❛ ♦ ❵✡❷ ❸ ♠ ❙ ♠✄❵✍❝ ❵✡❪ ♠ ❵✡❪✞➃ %✕❙ →
➅ ✐ ❬ ❤ ❙ ❢✄❞✖❪ ❙ ❢ ❙ ♠✄❵✡❙ ⑩ ♦ ❫ ❝ ⑩ ❪ ♠ ❬ ❙ ❨ ❝ ❤ ♠ ⑩ ❙ ♠ ♥ ♦ ❨✕❙ ♠ ❨ ♦✖♥ ❪ ❤ ❝ ❤ ❵✡♠ ❛ ❙ ❤ ❨ ❝ ❤ ❵ % ❤ ❵ ❙ ♥ ❛ ♠ ❛✕⑩ % ♠ ⑩ ♦ ❤ ❞ ➃ % ❙
❛ ❢ ❬ ⑨ % → ➞ ❝ ❪✞♠ ⑩ ❝ ❞✖❬ ❤ ❬ ❢ ❝ ⑩✞❪ ♠✡❝ ❵✡❪✞♦✖❤ ❙ ❵ ⑩ ❝ ♠ ❪✞❞✖❤ ❪✞➢ ❫✏❝ ❵ ❪ ♦ ❤ ❨ ❙ ⑩ ✐ ♦✖❤ ❨ ❙ ♠✄♦✖⑩ ❪ ❵✍❝ ❪ ❢ ❙ ♠✄♦✖❤ ❵ ⑩ ✐✄✂ % ⑨ ❢✄❙ ❨ ❙



➘✒➴ #✎➴ % ❿ ➱ ❸ ❻✝❹ ❿ ,✎❽ ➹ ❼✎➹ ➱ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ◗ ✂
➞ ❝ ❢ ❵✡❪ ❤ ✟ ❢✄) ♠ ❐ ❝ ⑩ ❙ ❵ ➱ ♦ ❢ ♥ ❝ ❤ 1 ❝ ➎✕) ♠ ❐ ➝ ⑥ ◗✌✆ ⑦ ❡ ❙ ❵ ❫ ❙ ♠ ❙ )✕⑩ ❙ ♥ ❙ ❤ ❵ ❙ ❤ ✂✝✆✒☞ ✔ ❡ ❨ ❝ ❵✡❙ ➙ ⑩ ❝ ➃ )✕❙ ⑩ ⑩✞❙
❪ ⑩✞♠ ❛ ❢✄♦✖❛✁♦✖♠✡❝ ❪ ❙ ❤ ❵ ⑩✞❙ ❵ ❙ ❢ ♥ ❙ ➾✝✻ ➼ ➘ A ✻ ❀ ➙ ❫ ❙ ❵ ❵ ❙ ⑨ ❝ ❞✖) ❙ ♠ ♦✖⑩✞❪✞❵✍❝ ❪✞❢✄❙ ❙ ❵ ❛ ❝ ❢✄⑨ ❪ ❤✕❢ ❙ ❤ ❵ ➙ ♥ ♦ ❤ ❵✡❢✄❙ ❢ ➃ ) ❙
⑩ ✐ ❬ ➃ ) ❝ ❵ ❪ ♦✖❤ ❨ ❪ ❵✡❙ ❨ ❙ ✟ ♦✖❢ ❵✡❙ ➁ ❙ ❞ ➑✆❨ ❙ ? ❢✄❪ ❙ ♠ ➊ ✟ ❨ ? ➌ ❝ ❨ ♥ ❙ ❵ ❫ ♦ ♥ ♥ ❙ ♠ ♦✖⑩✞)✕❵✡❪✞♦✖❤ ♠ ❨ ❙ ♠ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ❨ ♦✖❤ ❵
❫ ❙ ⑩ ) ❪ ❨✕❙ K ) ♠ ♠✄❙ ⑩ ⑩ ⑥ L ✹ ❡ L✎✂ ⑦ → ➐✆⑩ ❙ ♠✄❵ ➙ ❤ ♦ ❵✡❙ ❢ ➃ )✕❙ ⑩ ✐ ❬ ➃ ) ❝ ❵✡❪✞♦✖❤ ♠✄❵✡❝ ❤ ❨ ❝ ❢ ❨ ❨✕❙ ✟ ❨✎? ❤ ❙ ❛ ❢ ❙ ❤ ❨ ❛ ❝ ♠
❙ ❤ ❫ ♦✖♥ ❛✕❵✡❙ ⑩ ❝ ❨ ❪✞♥ ❪✞❤ )✕❵✡❪✞♦ ❤ ❵✡❢✄❸ ♠ ⑩✞❙ ❤ ❵✡❙ ❨ ❙ ⑩ ❝ ❷ ❝ )✕❵✡❙ ) ❢ ❨✕❙ ⑩ ❝ ⑨ ❝ ❞✖)✕❙ ❨ ✐ ❙✏❝ ) ➃ )✕❙ ➄ ❫ ♦ ❵✄❵ K ) ♠✄♠ ❙ ⑩ ⑩
❝ ♦✖➎ ♠✄❙ ❢✄⑨✖❬ ❙ → ⑦ ❙ ❵ ❵✡❙ ❨ ❪✞♥ ❪✞❤ )✕❵✡❪✞♦ ❤ ❙ ♠✄❵ ❨✁! ❙ ❝ ) ➥ ❛✁❙ ❢✄❵✡❙ ♠ ❛ ❝ ❢✆☎ ❻✓❢✄♦ ❵ ❵ ❙ ♥ ❙ ❤ ❵✞✝ ❙ ❵ ❫ ♦✖❢✄❢ ❙ ♠✄❛✁♦✖❤ ❨ ➙
⑩ ✐ ❪ ❤ ❬ ⑨ ❪✞❵✍❝ ➎ ⑩✞❙ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪✞♦✖❤ ➃ ) ❪ ❪✞❤ ❵✡❙ ❢✄⑨ ❪✞❙ ❤ ❵ ❨ ❝ ❤ ♠ ⑩ ❝ ❨ ➝ ❤ ❝ ♥ ❪✞➃ ) ❙ ❝ ) ❵ ❙ ♥ ❛ ♠ ⑩✞♦✖❤ ❞✖♠ → ➅ ❝ ❫✏❝ ❢ ❝ ❫ ➑
❵✡❬ ❢ ❪ ♠ ❵✡❪✞➃ )✕❙ ❛ ❢ ❪✞❤ ❫ ❪✞❛ ❝ ⑩✞❙ ❨ ❙ ⑩ ✐ ❬ ➃ ) ❝ ❵ ❪ ♦✖❤ ❨ ❙ ✟ ❨✎? ❙ ♠ ❵ ➃ )✕❙ ⑩ ❝ ⑨ ❪ ❵✡❙ ♠✄♠ ❙ ❨ ❙ ♠ ♦✖❤ ❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✍❝ ❪ ❢ ❙ ♠ ❙ ♠ ❵
❛ ❢ ♦ ❛✁♦✖❢✄❵✡❪✞♦✖❤ ❤✕❙ ⑩ ⑩✞❙ ➙ ⑩✞❙ ) ❢ ❷ ❝ )✕❵✡❙ ) ❢ → ➅ ❝ ➃ ) ❙ ♠✄❵ ❪ ♦✖❤ ❬ ⑨ ❪ ❨✕❙ ❤ ❵✡❙ ➃ ) ❪✁❨ ❬ ❫ ♦✖) ⑩ ❝ ❪✞❵ ❨ ❙ ❫ ❙ ♠ ❬ ❵ ) ❨ ❙ ♠ ❬ ❵✍❝ ❪ ❵
❨ ❙ ♠✡❝✏⑨✖♦✖❪ ❢ ❫ ♦✖♥ ♥ ❙ ❤ ❵ ♠ ❙ ❫ ♦✖♥ ❛✁♦✖❢✄❵✡❝ ❪✞❵ ❨✕❙ ) ➥ ♦✖❤ ❨ ❙ ♠ ❨ ✐ ❝ ♥ ❛ ⑩ ❪ ❵ ) ❨ ❙ ♠ ❨ ❪✞❾ ❬ ❢✄❙ ❤ ❵✡❙ ♠ ⑩✞♦✖❢ ♠ ❨ ✐ )✕❤ ❙ ❫ ♦✖⑩ ➑
⑩ ❪✞♠ ❪✞♦✖❤ → ✃ ) ❨ ❬ ➎ )✕❵ ❡ ❨ ❙ ♠ ❫✍❷ ❙ ❢✄❫ ❷✕❙ ) ❢✄♠ ❙ ♠ ❵✡❪ ♥ ❝ ❪✞❙ ❤ ❵ ➃ ) ✐ ➙ ⑩ ✐ ❪ ♠✄♠ ) ❙ ❨ ✐ )✕❤ ❙ ❫ ♦✖⑩✞⑩ ❪✞♠✄❪ ♦ ❤ ❡ ⑩✞❙ ♠ ❨ ❙ ) ➥ ♦✖❤ ❨ ❙ ♠
♠ ❙ ❨ ❬ ❵✡❢ )✕❪ ❢✡❝ ❪ ❙ ❤ ❵ ➙ ❫✏❝ ) ♠ ❙ ❨ ❙ ⑩ ❝ ❤ ❝ ❵✡) ❢✄❙ ❤✕♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❨ ❙ ⑩ ✐ ❪ ❤ ❵ ❙ ❢ ❝ ❫ ❵ ❪ ♦ ❤ → ➐✆⑩ ❝ ❻☞❝ ⑩ ⑩✞)✕❵ ❝ ❵✄❵✡❙ ❤ ❨ ❢ ❙
⑩ ❙ ♠ ❵✡❢✡❝✏⑨ ❝ ) ➥ ❨ ❙ ➞ → ✟ ❢ )✕♠ ❐ ❝ ⑩ ❙ ❵ ➱ → 1 ❝ ➎ ) ♠✄❐ ➝ ❛✁♦ ) ❢ ❨ ❬ ♥ ❙ ❤ ❵✡❪ ❢ ❫ ❙ ❵ ❵ ❙ ❝ ♠ ♠✄❙ ❢✄❵ ❪ ♦✖❤ → ➐✆⑩✞♠ ♦✖❤ ❵ ❨ ❬ ❫ ♦✖) ➑
⑨✖❙ ❢ ❵ ❞✖❢ [ ❫ ❙ ➙ ⑩✞❙ ) ❢✄♠ ❵✡❢ ❝ ⑨ ❝ ) ➥ ❤ ) ♥ ❬ ❢ ❪✞➃ )✕❙ ♠ ➃ ) ❙ ❫✍❷ ❝ ➃ ) ❙ ♦✖❤ ❨✕❙ ♠✄♦✖⑩ ❪ ❵✍❝ ❪ ❢ ❙ ❞ ❝ ❢✄❨ ❝ ❪✞❵ ♠ ♦✖❤ ❪ ❨✕❙ ❤ ❵ ❪✞❵ ❬
❝ ❛ ❢✄❸ ♠ ⑩ ❝ ❫ ♦✖⑩✞⑩ ❪✞♠✄❪ ♦ ❤ ❮ ❫ ❙ ♠ ❨ ❙ ) ➥ ❫ ❷✕❙ ❢ ❫✍❷ ❙ ) ❢ ♠ ➃ )✕❪ ❨ ♦✖)✕❵✡❝ ❪ ❙ ❤ ❵ ❨ ❙ ❵ ♦✖)✕❵ ❢ ❝ ❛ ❛✁♦✖❢ ❵✍❝ ❪✞❙ ❤ ❵ ❫ ❙ ❫ ❪ ⑤ B ➘ ❃ ➘ D
❀ ✻ ➶ ➾ ➻✌❄✌✻ ❀✕➾ ➶ ❀ _✁➷ ✻✝❃✍➽✍➾✍➾ ➶ ➾ _ F✠✟ ➾ ➘ G ➶ ➽ ❀ ✻ ❀ ➼ ➘ ❀ ❇✡➻ ➘ ➷✡➽ I A ➷✄➻✌❄ ➽ ➷✡➾ ➼ ➽✍➾ G ➶ ➽ ➼ ➾ ➼ ➽✍➾ ➘ ❀ A✆➽ ➷ ➻ ❃ A☞➘ ✻ ❀✕➾ ➚ ➽✍➾
➘ ➹ _✁➶ ➼ ➾ ➘ ✻ ❀✕➾ ➼ ✻✝❃ ➻ ➼ ➘ ➾✝❇✍➽✍➾ ❀ ➽ ➾ ➽ ➚ ➘ ➾✆_ ➽ ➷✡➾ ➽ ❀ A _✕➻ ➾ ➚ ➽ J ➻☛✡ ✻ ❀ ➘ ➷ ➷ ❇ ❄ ➽ ➷✡➾ ➘☞d ➼ ➽ K → ✃ ) ➑✆❨ ❙ ⑩ ➙ ❨ ❙ ❫ ❙ ❵ ❵ ❙ ❛ ❢ ❙ ➑
♥ ❪✞❸ ❢✄❙ ❙ ❵ ❻✓♦✖❢ ♥ ❪✞❨ ❝ ➎ ⑩ ❙ ♦ ➎ ♠ ❙ ❢✄⑨ ❝ ❵✡❪ ♦ ❤ ❨✕) ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ❷ ➝ ❨ ❢✄♦ ❨✕➝ ❤ ❝ ♥ ❪ ➃ ) ❙ ❡ ❨ ❙ ❤✕♦✖♥ ➎ ❢ ❙ ) ➥ ❫✍❷ ❙ ❢✄❫ ❷ ❙ ) ❢ ♠
♠ ❙ ♠ ♦✖❤ ❵ ❵ ♦✖) ❢ ❤✕❬ ♠ ⑨✖❙ ❢✄♠ ❫ ❙ ❤ ♦ )✕⑨✖❙✏❝ ) ❨ ♦✖♥ ❝ ❪ ❤✕❙ ❨ ❙ ❢✄❙ ❫✍❷ ❙ ❢✄❫ ❷✕❙ → ✃ ❪ ❤ ♠✄❪ ❡ ❙ ❤

1967
♦✖❤ ❝ ♠ ♠ ❪✞♠✄❵ ❙ ➙

) ❤ ❙ ❫ ♦✖❤ ❵✡❢ ❪✞➎ )✕❵ ❪ ♦✖❤ ❻✓♦✖❤✕❨ ❝ ♥ ❙ ❤ ❵✡❝ ⑩ ❙ ❨ ❝ ❤ ♠ ❫ ❙ ❨ ♦✖♥ ❝ ❪ ❤ ❙ ❞ ❢✡[ ❫ ❙ ➙ ⑦ → ➄ → ➜ ❝ ❢✄❨ ❤ ❙ ❢ ❡✁❘✕→ ➞ →✁➜ ❢ ❙ ❙ ❤ ❙ ❡
➞ → ➯ → ✟ ❢✄) ♠ ❐ ❝ ⑩ ❡ ❙ ❵ K → ➞ → ➞ ❪ )✕❢✡❝ ⑥ L ◗☎⑦ → ➐✆⑩ ♠ ♦✖❤ ❵ ♥ ❪ ♠ ➙ ❣✄♦✖) ❢ )✕❤ ❙ ❢ ❙ ⑩ ❝ ❵✡❪✞♦✖❤ ❪ ❤ ❝ ❵ ❵✡❙ ❤ ❨ ) ❙ ❙ ❤ ❵✡❢ ❙
⑩ ✐ ❬ ➃ ) ❝ ❵ ❪ ♦✖❤ ❨ ❙ ✟ ♦✖❢ ❵✡❙ ➁ ❙ ❞ ❨ ❙ ? ❢✄❪ ❙ ♠ ❙ ❵ ⑩ ✐ ❬ ➃ ) ❝ ❵ ❪ ♦✖❤ ❨ ❙ ➄ ❫✍❷ ❢ ✡ ❨✕❪ ❤ ❞ ❙ ❢ ❨ ❙ ⑩ ❝ ♥ ❬ ❫✏❝ ❤✕❪ ➃ ) ❙ ➃ ) ❝ ❤ ➑
❵✡❪✞➃ )✕❙ → ⑦ ❙ ❵ ❵ ❙ ♥ ❬ ❵✡❷ ♦ ❨✕❙ ❝ ❛✁❙ ❢ ♥ ❪ ♠ ❨✕❙ ❵ ❢ ♦✖) ⑨✖❙ ❢ ⑩ ❝ ♠ ♦✖⑩✞)✕❵✡❪✞♦✖❤ ❞✖❬ ❤ ❬ ❢ ❝ ⑩ ❙ ➙ ❛✕⑩ ) ♠✄❪ ❙ )✕❢ ♠ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ →
❲ ❤ ➃ ) ❙ ⑩✞➃ ) ❙ ♠ ❝ ❤ ❤ ❬ ❙ ♠ ⑩ ❙ ♠✄) ❣✄❙ ❵ ❝ ❛ ❢✄♦✖❞✖❢ ❙ ♠ ♠✄❬ ❫ ♦✖❤ ♠✄❪ ❨ ❬ ❢✡❝ ➎✕⑩ ❙ ♥ ❙ ❤ ❵ ❙ ❵ ❙ ♠ ❵ ❨ ❙ ⑨✖❙ ❤ ) ⑩ ❙ ❨ ♦ ♥ ❝ ❪ ❤ ❙
❨ ❙ ❛ ❢✄❬ ❨ ❪✞⑩ ❙ ❫ ❵ ❪ ♦✖❤ ❨ ✐ ) ❤ ❫ ❙ ❢✄❵✍❝ ❪ ❤ ❤✕♦✖♥ ➎ ❢ ❙ ❨ ❙ ❫✍❷ ❙ ❢✄❫ ❷✕❙ ) ❢✄♠ → ❲ ❤

1971
⑦ → ➄ → ➜ ❝ ❢ ❨ ❤✕❙ ❢ ❝ ❪✞❤ ♠ ❪ ➃ ) ❙

? → 1 ❝ ❐ ❷ ❝ ❢ ♦ ⑨ ❙ ❵ ➅ → ➯ → ✺ ❝ ❨✕❨ ❙ ❙ ⑨ ♦✖❤ ❵ ❨ ❬ ❫ ♦ )✕⑨✖❙ ❢ ❵ ⑩ ❝ ❻✓♦✖❢✄♥ )✕⑩ ❝ ❵✡❪✞♦ ❤ ❷ ❝ ♥ ❪✞⑩ ❵✡♦ ❤ ❪✞❙ ❤ ❤ ❙ ❨✕❙ ✟ ❨✎? ❡
❻☞❝ ❪ ♠ ❝ ❤ ❵ ⑩✞❙ ⑩ ❪✞❙ ❤ ❝ ⑨✖❙ ❫ ⑩ ❝ ❵ ❷ ❬ ♦ ❢ ❪✞❙ ❫ ⑩ ❝ ♠ ♠ ❪✞➃ ) ❙ ❨ ❙ ⑩ ✐ ❪✞❤ ❵✡❬ ❞✖❢✡❝ ➎ ❪✞⑩✞❪ ❵✡❬ ❝ ) ♠ ❙ ❤✕♠ ❨✕❙ ❘✕→ ➅ ❪ ♦ )✕⑨ ❪ ⑩✞⑩✞❙

(1855)
❡

❙ ❵ ⑩ ❙ ❤✕♦✖♥ ➎ ❢ ❙ ❨✕❙ ♠ ❙ ➥ ❙ ♥ ❛ ⑩ ❙ ♠ ❨ ✐ ❬ ➃ ) ❝ ❵ ❪ ♦✖❤ ♠ ❪ ❤ ❵ ❬ ❞✖❢ ❝ ➎ ⑩✞❙ ♠ ❝ ➝ ❝ ❤ ❵ ❨ ❙ ♠ ♠ ♦✖⑩✞)✕❵✡❪✞♦✖❤ ♠ ♠ ♦ ⑩ ❪ ❵✡♦✖❤ ♠ ♠ ✐ ❙ ♠✄❵
❝ ❫ ❫ ❢ ) → ➇ ❤ ❛✁❙ )✕❵ ❫ ❪ ❵✡❙ ❢ ⑩✞❙ ♠ ❬ ➃ ) ❝ ❵ ❪ ♦ ❤ ♠ ❨ ❙ ✟ ❝ ❨ ♦ ♥ ❵ ♠ ❙ ⑨ ➑✆➣ ❙ ❵✄⑨ ❪ ❝ ♠✄❷ ⑨ ❪ ⑩✞❪ ❡ ➄ ❪✞❤ ❙ ➑ ➜ ♦✖❢✄❨ ♦✖❤ ❡ ➄ ❫✍❷ ❢ ✡ ❨ ❪✞❤ ➑
❞✖❙ ❢ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢ ❙

. . .
→ ✃ ❛ ❢✄❸ ♠ ❵ ♦✖)✕❵ ❙ ♠ ❫ ❙ ♠ ❬ ❵✡) ❨✕❙ ♠ ❻✓❢ )✕❫ ❵✡)✕❙ ) ♠✄❙ ♠ ❡ ⑩ ✐ ❙ ➥ ❪ ♠ ❵✡❙ ❤ ❫ ❙ ❨ ❙ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ❝ ❬ ❵ ❬

❪ ❤ ⑨✖♦ ➃ )✕❬ ❙ ❛✁♦✖) ❢ ❙ ➥ ❛ ⑩ ❪✞➃ )✕❙ ❢ ❨ ❙ ❤✕♦✖♥ ➎ ❢ ❙ ) ➥ ❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤ ❙ ♠ ❡ ❝ ⑩ ⑩ ❝ ❤ ❵ ❝ ) ➑✑❨ ❙ ⑩ ➙ ❨ ❙ ⑩ ❝ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤



◗✖◗ ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ : ➱
❨ ✐ ♦ ❤ ❨ ❙ ♠ ❨✕❙ ♠ )✕❢✄❻☞❝ ❫ ❙ →✕➇ ❤ ❛✁❙ )✕❵ ❫ ❪✞❵ ❙ ❢ ❙ ❤ ❛ ❝ ❢✄❵ ❪ ❫ ) ⑩ ❪✞❙ ❢ ⑩ ❙ ♠ ♦✖❤✕❨ ❙ ♠ ❨ ❝ ❤ ♠ ⑩✞❙ ♠ ❛ ⑩ ❝ ♠ ♥ ❝ ♠ ❙ ❵ ❨ ❝ ❤ ♠ ⑩ ❙ ♠
➢ ➎ ❢ ❙ ♠ ♦✖❛✕❵✡❪✞➃ ) ❙ ♠ ❡ ❝ ❪ ❤ ♠✄❪ ➃ ) ❙ ⑩✞❙ ♠ ❙ ➥ ❫ ❪ ❵✍❝ ❵ ❪ ♦✖❤ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕❪✞➃ )✕❙ ♠ ❨ ❝ ❤ ♠ ❨ ❙ ♠ ❫ ♦✖♥ ❛✁♦✖♠ ❬ ♠ ♦✖❢✄❞ ❝ ❤ ❪✞➃ ) ❙ ♠ →
➅ ❙ ♠✄) ❣✄❙ ❵ ❝ ❫ ♦✖❤ ❤ ) ❨ ❙ ❤ ♦✖♥ ➎ ❢✄❙ ) ➥ ❨✕❬ ⑨✖❙ ⑩✞♦✖❛ ❛✁❙ ♥ ❙ ❤ ❵ ♠ ❝ ⑩ ⑩ ❝ ❤ ❵ ⑨✖❙ ❢✄♠ ⑩ ❙ ♠ ♥ ❝ ❵✡❷ ❬ ♥ ❝ ❵✡❪✞➃ ) ❙ ♠ ❛ )✕❢ ❙ ♠ ❡
❫ ♦✖♥ ♥ ❙ ⑩ ❝ ❵✡❷✕❬ ♦✖❢✄❪ ❙ ❨ ❙ ⑩ ❝ ❞✖❢✡❝ ♠ ♠ ♥ ❝ ❤ ❤✕❪ ❙ ❤✕❤ ❙ ❪✞❤✕➢ ❤ ❪✞❙ ❛ ❝ ❢ ➄✕❝ ❵✡♦ ❙ ❤

1982
⑥ G✖G ⑦ →

✃ ⑨✖❙ ❫ ⑩ ❙ ♠ ♦ )✕❵✡❪✞⑩ ♠ ♥ ❝ ❵ ❷ ❬ ♥ ❝ ❵✡❪✞➃ ) ❙ ♠ ❝ ➎✁♦✖) ❵✡❪ ♠ ❙ ❵ ⑩ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❨ ❙ ⑨✖❙ ❤ ) ♠ ❪✞❤ ❫ ♦ ❤ ❵ ♦✖) ❢ ❤ ❝ ➎ ⑩ ❙ ♠ ❡ ❛ ⑩ ) ➑
♠ ❪ ❙ ) ❢ ♠ ❫✍❷ ❙ ❢✄❫ ❷✕❙ ) ❢✄♠ ❫ ♦ ♥ ♥ ❙ ❤✕❫ ❸ ❢✄❙ ❤ ❵ ❝ ⑩ ♦✖❢✄♠ ➙ ♠ ✐ ❪ ❤ ⑨✖❙ ♠ ❵✡❪ ❢ ❨ ❝ ❤ ♠ ❫ ❙ ❤✕♦✖)✕⑨✖❙ ⑩✁❝ ➥ ❙ ❨ ❙ ❢ ❙ ❫ ❷ ❙ ❢ ❫✍❷ ❙ ⑤ ⑩ ❝
❛ ❷ ➝ ♠ ❪✞➃ ) ❙ ❤ ♦✖❤ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ❮ ❪✞⑩ ♠ ❙ ➥ ❛ ⑩ ♦✖❢✄❸ ❢✄❙ ❤ ❵ ❫ ❙ ❨ ♦✖♥ ❝ ❪ ❤ ❙ ❨ ❝ ❤ ♠ ❵ ♦✖) ♠ ⑩✞❙ ♠ ❫✍❷ ❝ ♥ ❛ ♠ ❨ ❙ ⑩ ❝ ❛ ❷ ➝ ♠ ❪✞➃ ) ❙ →
➯ ❝ ❤ ♠ ⑩ ❙ ❫✏❝ ❨ ❢ ❙ ❨ ❙ ❤ ♦ ❵ ❢ ❙ ❬ ❵✡) ❨✕❙ ❡ ❤ ♦ ) ♠ ❤✕♦✖) ♠ ⑩ ❪✞♥ ❪ ❵ ❙ ❢✄♦✖❤ ♠ ❝ ) ➥ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ♦✖❛✕❵ ❪ ➃ ) ❙ ♠ →

➧ ➨✌☞ ✍ @ A✏✎ ➯ @✒✑ ➻ @ ➯ A A ➲ E ➻ ➭ ➲ ➫ A ➲✓✎ ➭ ➻ H ➸ @ A

➯ ❙ ❛ ) ❪ ♠ ⑩ ✐ ❝ ⑨✖❸ ❤ ❙ ♥ ❙ ❤ ❵ ❨ ) ⑩ ❝ ♠ ❙ ❢ ❙ ❤
1960

❫ ♦✖♥ ♥ ❙ ) ❤ ❙ ♠ ♦✖)✕❢ ❫ ❙ ❨ ❙ ❢ ❝ ❨ ❪ ❝ ❵✡❪✞♦✖❤ ❫ ♦✖❷ ❬ ❢ ❙ ❤ ❵✡❙
❙ ➥ ❵✡❢✄➮ ♥ ❙ ♥ ❙ ❤ ❵ ❪✞❤ ❵ ❙ ❤ ♠✄❙ ❡✕❫✏❝ ❢ ❝ ❫ ❵ ❬ ❢✄❪ ♠ ❬ ❛ ❝ ❢ ) ❤ ❵✡❢ ❸ ♠ ❷ ❝ )✕❵ ❨ ❙ ❞✖❢ ❬ ❨ ❙ ♥ ♦ ❤ ♦ ❫ ❷✕❢ ♦✖♥ ❝ ❵✡❪ ❫ ❪ ❵ ❬ ❙ ❵ ) ❤ ❙
❞✖❢✡❝ ❤✕❨ ❙ ❨ ❪✞❢ ❙ ❫ ❵✡❪✞♦✖❤ ❤ ❝ ⑩ ❪ ❵✡❬ ❡ ❨ ❙ ❤ ♦✖♥ ➎ ❢✄❙ ) ➥ ❙ ❾ ❙ ❵ ♠ ❛ ❷ ➝ ♠✄❪ ➃ ) ❙ ♠ ❤ ♦✖) ⑨✖❙✏❝ ) ➥ ❡ ❨ ❬ ❛✁❙ ❤ ❨ ❝ ❤ ❵ ♠ ❨ ❙ ⑩ ✐ ❪ ❤ ❵✡❙ ❤ ➑
♠ ❪✞❵ ❬ ❨ ❙ ⑩ ❝ ⑩✞) ♥ ❪ ❸ ❢ ❙ ❡ ♦✖❤ ❵ ❬ ❵✡❬ ♥ ❪ ♠ ❙ ❤ ❬ ⑨ ❪ ❨ ❙ ❤ ❫ ❙ ❡ ❻☞❝ ❪✞♠✡❝ ❤ ❵ ❝ ❛ ❛ ❝ ❢ ❝ J ❵ ❢ ❙ ⑩✞❙ ❨ ♦✖♥ ❝ ❪✞❤ ❙ ❨ ❙ ⑩ ✐ ♦ ❛✕❵✡❪✞➃ )✕❙
❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ → ⑦ ❙ ♠ ❙ ❾ ❙ ❵✡♠ ❝ )✕❵✡♦ ❢ ❪ ♠✄❙ ❤ ❵ ⑩ ✐ ❪✞❤ ❵ ❙ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ❙ ❤ ❵ ❢ ❙ ❻☞❝ ❪✞♠ ❫ ❙✏❝ ) ➥ ⑩ ) ♥ ❪✞❤ ❙ ) ➥ ❛ ❝ ❢ ⑩ ✐ ❪✞❤ ❵ ❙ ❢ ➑
♥ ❬ ❨ ❪ ❝ ❪ ❢✄❙ ❨ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ ) ➥ ➃ ) ✐ ❪✞⑩ ♠ ❵✡❢✡❝✏⑨✖❙ ❢✄♠ ❙ ❤ ❵✏→ ➐✆⑩ ♠ ❛✁❙ ❢✄♥ ❙ ❵ ❵✡❙ ❤ ❵ ❨ ❙ ❢ ❬ ❝ ⑩ ❪✞♠ ❙ ❢ ❨ ❙ ♠ ❨✕❪ ♠ ❛✁♦ ♠ ❪✞❵ ❪✞❻✓♠ ❵✡♦✖)✕❵
♦✖❛✕❵✡❪✞➃ ) ❙ ❨ ❝ ❤ ♠ ⑩ ❙ ❨ ♦✖♥ ❝ ❪✞❤ ❙ ❨ ❙ ♠ ❵✡❬ ⑩✞❬ ❫ ♦✖♥ ♥ )✕❤ ❪ ❫ ❝ ❵✡❪ ♦✖❤✕♠ ❙ ❵ ❨ ) ❵✡❢ ❝ ❪✞❵ ❙ ♥ ❙ ❤ ❵ ❨✕) ♠✄❪ ❞✖❤ ❝ ⑩ →
❲ ❤ ❢✄❬ ❞✖❪✞♥ ❙ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ❡ ) ❤ ❙ ❪✞♥ ❛✕) ⑩ ♠✄❪✞♦✖❤ ♦✖) ❛ ❝ ➃ ) ❙ ❵ ❨ ✐ ♦✖❤ ❨✕❙ ♠ ❙ ❤ ♦✖❛✕❵✡❪✞➃ ) ❙ ❡ ❝ ) ❤ ❙ ❵ ❙ ❤ ❨ ❝ ❤ ❫ ❙ ❤ ❝ ➑
❵✡) ❢✄❙ ⑩ ⑩✞❙ ➙ ♠ ✐ ❬ ❵✡❝ ⑩ ❙ ❢ ❨ ) ❢ ❝ ❤ ❵ ♠✡❝ ❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ❨ ❝ ❤ ♠ ) ❤ ♥ ❪✞⑩✞❪✞❙ ) ❷✕♦✖♥ ♦ ❞✖❸ ❤✕❙ → ❒ ❤ ❙ ♦✖❤ ❨ ❙ ⑩ ♦ ❫ ❝ ⑩✞❪✞♠ ❬ ❙
❨ ❝ ❤ ♠ ⑩ ✐ ❙ ♠ ❛ ❝ ❫ ❙ ♦✖) ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ⑩✞❙ ♥ ❙ ❤ ❵ ❛✁❙ )✕❵ ♠ ) ➎✕❪ ❢ ) ❤ ❬ ❵✡❝ ⑩ ❙ ♥ ❙ ❤ ❵ ❡ ♠✄♦✖❪✞❵ ❨ ❙ ♠ ♦ ❤ ❙ ❤ ⑨✖❙ ⑩ ♦✖❛✕❛✁❙ ❵✡❙ ♥ ➑
❛✁♦✖❢ ❙ ⑩ ⑩ ❙ ♠✄♦✖❪✞❵ ❨ ❙ ♠ ❙ ♠ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ♠ ♠ ❛ ❝ ❵✡❪ ❝ ⑩ ❙ ♠ ♦✖) ♥ ➮ ♥ ❙ ❨ ❙ ♠ ❨ ❙ ) ➥ ♠✄❪ ♥ ) ⑩✞❵✡❝ ❤ ❬ ♥ ❙ ❤ ❵✏→
➅ ✐ ❬ ❵✍❝ ⑩✞❙ ♥ ❙ ❤ ❵ ❙ ♠✄❵ ❨✔) ➙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ ❫✍❷ ❢✄♦✖♥ ❝ ❵✡❪✞➃ )✕❙ ❛✁♦✖) ❢ ⑩✞❙ ♠ ❪ ♥ ❛ ) ⑩✞♠ ❪✞♦ ❤ ♠ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞⑩ ❙ ♠ ❙ ❵ ➙
⑩ ❝ ❨✕❪✞❾ ❢✡❝ ❫ ❵✡❪ ♦ ❤ ❛✁♦✖) ❢ ⑩✞❙ ♠ ❪✞♥ ❛✕) ⑩ ♠✄❪✞♦✖❤ ♠ ♠ ❛ ❝ ❵✡❪ ❝ ⑩ ❙ ♠ →✕➇ ❤ ❛✁❙ ) ❵ ❢ ❙ ♥ ❬ ❨ ❪✞❙ ❢ ➙ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ ♠ ❛ ❝ ❵✡❪ ❝ ⑩ ❙
♦✖) ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ⑩✞❙ ❨ ❝ ❤ ♠ )✕❤ ♥ ❪✞⑩✞❪✞❙ ) ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❛ ❝ ❢ ❨✕❪✞❾ ❬ ❢ ❙ ❤ ❵ ♠ ❛ ❢✄♦ ❫ ❬ ❨ ❬ ♠ ❵✡❙ ❫ ❷✕❤ ♦✖⑩✞♦✖❞✖❪ ➃ ) ❙ ♠ → ➄ ❛ ❝ ❵✡❪ ❝ ➑
⑩ ❙ ♥ ❙ ❤ ❵✏❡ ⑩ ❝ ♥ ❬ ❵✡❷ ♦ ❨✕❙ ⑩ ❝ ❛ ⑩ )✕♠ ❫ ♦✖♥ ♥ ) ❤ ❬ ♥ ❙ ❤ ❵ )✕❵✡❪✞⑩ ❪ ♠ ❬ ❙ ❙ ♠✄❵ ❫ ❙ ⑩ ⑩✞❙ ❨✕❙ ❞✖) ❪✞❨ ❙ ♠ ❨ ✐ ♦✖❤ ❨✕❙ ♠ ♦✌➣ ❡ ♠ ♦✖)✕♠
❫ ❙ ❢✄❵✍❝ ❪✞❤ ❙ ♠ ❫ ♦✖❤ ❨ ❪ ❵✡❪✞♦✖❤ ♠ ⑩✞❪ ❬ ❙ ♠ ➙ ⑩ ✐ ❪✞❤ ❵✡❙ ❢✄❻✓❬ ❢ ❙ ❤✕❫ ❙ ❫ ♦✖❤ ♠ ❵✡❢ ) ❫ ❵✡❪ ⑨✖❙ ❙ ❤ ❵✡❢ ❙ ⑩ ❙ ♠ ❨ ❪ ❾ ❬ ❢ ❙ ❤ ❵✡❙ ♠ ❢ ❬ ➎ ❙ ➥ ❪✞♦✖❤ ♠ ❡
⑩ ❙ ❻☞❝ ❪✞♠ ❫ ❙ ❝ ) ❛ ❪✞❬ ❞✖❬ ❻✓♦✖❢ ♥ ❙ ) ❤ ♥ ♦ ❨✕❙ ❞✖)✕❪ ❨ ❬ → ➣ ❝ ❢ ❙ ➥ ❙ ♥ ❛ ⑩✞❙ ♦ ❤ ❛✁❙ )✕❵ ❫ ❪✞❵ ❙ ❢ ⑩ ❙ ❞✖) ❪✞❨ ❙ ❛ ⑩ ❝ ❤ ❝ ❪ ❢✄❙
❨ ❪ ❬ ⑩ ❙ ❫ ❵✡❢✄❪ ➃ ) ❙ ❡ ➃ ) ❙ ⑩ ✐ ♦ ❤ ❝ ❛ ❛✁❙ ⑩✞⑩ ❙ ❫ ♦✖♥ ♥ )✕❤ ❬ ♥ ❙ ❤ ❵ ❞✖) ❪✞❨ ❙ ➊ ✂☎❩ ✂ ➌✄➯ ♦ ) ✂ ➯ ❫ ❝ ❢ ⑩ ✐ ♦✖❤ ❫ ♦✖❤✕♠ ❪ ❨✕❸ ❢ ❙
❨ ❝ ❤ ♠ ❫ ❙ ❫✏❝ ♠ ) ❤ ❝ ➥ ❙ ❨ ❙ ❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵ ❪ ♦ ❤ ❙ ❵ ) ❤ ♠ ❙ ) ⑩ ❝ ➥✕❙ ❵✡❢ ❝ ❤ ♠✄⑨ ❙ ❢ ♠✄❙ ❞✖) ❪✞❨ ❝ ❤ ❵✏→
➣ ♦✖) ❢ ❫ ❙ ❢ ❵✍❝ ❪✞❤ ♠ ♥ ❝ ❵✡❬ ❢✄❪ ❝ ) ➥ ❨ ✐ ♦✖❛✕❵ ❪ ➃ ) ❙ ♠ ❤ ♦✖❤ ⑩✞❪ ❤✕❬✏❝ ❪✞❢✄❙ ♠ ❡ ❫ ✐ ❙ ♠✄❵ ➑ ➙ ➑✑❨ ❪ ❢✄❙ ❨ ♦ ❤ ❵ ⑩ ❙ ♠ ❛✕❢ ♦✖❛ ❢✄❪ ❬ ❵✡❬ ♠ ➊☞❪✞❤ ➑



➘✒➴✖✕ ➴ ★ ➹ ➱ ➶ ❹ ➹ ✃ ❿ ➹ ❹ ➱ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ❻ ➶ ❸ ❿ 1✎❽ ➹ ➱ ◗ !

❨ ❪ ❫ ❙ ❨✕❙ ❢ ❬ ❻✓❢✡❝ ❫ ❵✡❪ ♦ ❤ ♦✖1 ❝ ➎ ♠✄♦✖❢ ❛ ❵✡❪ ♦ ❤ ➌ ❛✁❙ 1✕⑨✖❙ ❤ ❵ ➮ ❵✡❢✄❙ ♥ ♦ ❨✕❪✞➢ ❬ ❙ ♠ ❛ ❝ ❢ ⑩ ❝ ❛ ❢ ❬ ♠ ❙ ❤✕❫ ❙ ❨ ❙ ⑩ ❝ ⑩ 1 ♥ ❪✞❸ ❢✄❙ ❡
⑩ ❝ ❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ ❨ ✐ ❪ ♥ ❛ 1 ⑩ ♠✄❪✞♦✖❤ ♠ ♦ ❛✕❵✡❪✞➃ 1✕❙ ♠ ❨ ❝ ❤✕♠ ⑩✞❙ ❵✡❙ ♥ ❛ ♠ ♦✖1 ❨ ❝ ❤ ♠ ⑩ ✐ ❙ ♠✄❛ ❝ ❫ ❙ ❛✁❙ 1✕❵ ➮ ❵✡❢✄❙ ❝ ⑩✞❵ ❬ ❢✄❬ ❙ →
➄ ❪✁⑩ ✐ ❪ ❤✕❨ ❪✞❫ ❙ ❨ ❙ ❢✄❬ ❻✓❢ ❝ ❫ ❵ ❪ ♦✖❤ ❨ 1 ♥ ❪ ⑩✞❪ ❙ 1 ❙ ♠ ❵ ♥ ♦ ❨✕❪✞➢ ❬ ❛ ❝ ❢ ⑩✞❙ ➎ ❪ ❝ ❪ ♠ ❨ ❙ ⑩ ❝ ⑩✞1 ♥ ❪ ❸ ❢ ❙ ❡ ❪✞⑩ ❙ ♠✄❵ ❛✁♦✖♠✄♠ ❪✞➎ ⑩ ❙
♠ ♦✖1✕♠ ❫ ❙ ❢✄❵✍❝ ❪ ❤ ❙ ♠ ❫ ♦✖❤ ❨ ❪ ❵✡❪✞♦✖❤ ♠ ❨ ✐ ❬ ⑩ ❪✞♥ ❪ ❤ ❙ ❢ ⑩ ✐ ❬ ⑩ ❝ ❢✄❞✖❪✞♠✄♠ ❙ ♥ ❙ ❤ ❵ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ♦ 1 ♠ ❛ ❝ ❵ ❪ ❝ ⑩ ❨ ❙ ⑩ ✐ ❪ ♥ ❛ 1✕⑩ ➑
♠ ❪✞♦✖❤ → ❒ ❤ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♦✖❛✕❵ ❪ ➃ 1 ❙ ⑥ ! H ⑦ ❙ ♠✄❵ ❨ ♦ ❤ ❫ ❵✡♦ 1✕❵ ♠ ❪✞♥ ❛✕⑩ ❙ ♥ ❙ ❤ ❵ ⑩ ❝ ❫ ♦✖♥ ❛✁❙ ❤ ♠ ❝ ❵✡❪✞♦✖❤ ❝ 1 ❵✡♦ ➑✑❪ ❤ ❨✕1 ❪✞❵ ❙
❨ ❙ ❫ ❙ ♠ ❬ ❵✡❝ ⑩ ❙ ♥ ❙ ❤ ❵ ♠ ❡ ⑩ ♦✖❢✄♠ ➃ 1 ❙ ⑩ ✐ ❙ ❾ ❙ ❵ ❨ ❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪ ♦ ❤ ❫✍❷ ❢ ♦✖♥ ❝ ❵ ❪ ➃ 1 ❙ ♦✖1 ❨ ❙ ⑩ ❝ ❨✕❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ❙ ♠ ❵
❫ ♦✖♥ ❛✁❙ ❤✕♠ ❬ ❙ ❛ ❝ ❢ ⑩ ✐ ❙ ❾ ❙ ❵ ❨ ❙ ⑩ ❝ ♥ ♦ ❨ ❪✞➢ ❫✏❝ ❵ ❪ ♦ ❤ ❝ 1 ❵✡♦ ➑✑❪ ❤ ❨ 1✕❪✞❵ ❙ ❨ ❙ ⑩ ✐ ❪✞❤ ❨ ❪✞❫ ❙ ❨ ❙ ❢ ❬ ❻✓❢✡❝ ❫ ❵✡❪✞♦✖❤ →
➐✆⑩ ❙ ♠✄❵ ❪ ♥ ❛✁♦✖❢ ❵✍❝ ❤ ❵ ➙ ❫ ❙ ❤ ❪✞⑨ ❙✏❝ 1 ❨ ❙ ❤ ♦ ❵ ❙ ❢ ➃ 1✕❙ ⑩ ✐ ❪✞❤ ❵ ❙ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ❙ ❤ ❵✡❢✄❙ ❨ ❙ 1 ➥ ❪✞♥ ❛ 1✕⑩ ♠✄❪✞♦✖❤ ♠ ♦✖❛✕❵✡❪✞➃ 1 ❙ ♠
❨ ❪✞❾ ❸ ❢✄❙ ❨ ✐ 1✕❤ ❢✄❬ ❞✖❪✞♥ ❙ ➙ ⑩ ✐ ❝ 1✕❵ ❢ ❙ ⑤ ❨ ❙ 1 ➥ ❻☞❝ ❪ ♠ ❫ ❙✏❝ 1 ➥ ♦✖1 ❪ ♥ ❛ 1 ⑩✞♠ ❪✞♦ ❤ ♠ ♦✖❛✕❵ ❪ ➃ 1 ❙ ♠ ❛✁❙ 1✕⑨✖❙ ❤ ❵ ♠ ❙ ❫ ❢ ♦ ❪ ➑
♠ ❙ ❢ ♠✡❝ ❤ ♠ ❪ ❤ ❵✡❙ ❢✡❝ ❞ ❪ ❢ ❙ ❤ ♦✖❛✕❵✡❪✞➃ 1 ❙ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ → ➐✆⑩ ❙ ❤ ⑨ ❝ ❵✡♦✖1✕❵ ❝ 1✕❵✡❢✄❙ ♥ ❙ ❤ ❵ ❙ ❤ ❢ ❬ ❞✖❪ ♥ ❙ ❤✕♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❡
❛ 1 ❪✞♠ ➃ 1 ❙ ⑩✞❙ ♥ ❪✞⑩✞❪✞❙ 1 ❙ ♠✄❵ ❻✓♦✖❢✄❵ ❙ ♥ ❙ ❤ ❵ ♠✄❙ ❤ ♠✄❪ ➎ ⑩✞❙ ➙ ⑩ ✐ ❪✞❤ ❵✡❙ ❤ ♠ ❪ ❵✡❬ ❵✡♦ ❵✍❝ ⑩✞❙ ❨✕1 ❫✍❷ ❝ ♥ ❛ ❫ ♦✖1 ❛ ⑩✞❬ ❙ ❵ ❨✕❬ ❛✁❙ ❤✕❨
❨ ♦✖❤ ❫ ❨ ❙ ♠ ❝ ♥ ❛ ⑩✞❪ ❵✡1 ❨ ❙ ♠ ❨ ❙ ♠ ❨ ❪ ❾ ❬ ❢ ❙ ❤ ❵✡❙ ♠ ❫ ♦✖♥ ❛✁♦✖♠✡❝ ❤ ❵✡❙ ♠ ❙ ❤ ❛✕❢ ❬ ♠✄❙ ❤ ❫ ❙ → ❒ ❤ ❙ ❨✕❙ ♠ ❛ ❢✄♦✖❛ ❢✄❪ ❬ ❵ ❬ ♠ ❻✓♦ ❤ ➑
❨ ❝ ♥ ❙ ❤ ❵✍❝ ⑩✞❙ ♠ ❨ ❙ ♠ ♠ ♦ ⑩ ❪ ❵✡♦✖❤ ♠ ❙ ♠✄❵ ➃ 1✕❙ ❡ ➎✕❪ ❙ ❤ ➃ 1 ✐ ❙ ➥ ❪ ♠✄❵✡❝ ❤ ❵ ♠ ❙ ❤ ❢ ❬ ❞ ❪ ♥ ❙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❡ ❪ ⑩✞♠ ♦✖❤ ❵ ⑩ ❝
❛ ❢ ♦ ❛ ❢ ❪✞❬ ❵✡❬ ❙ ➥ ❵✡❢✡❝ ♦✖❢ ❨ ❪✞❤ ❝ ❪✞❢ ❙ ❨ ❙ ❛✁♦✖1 ⑨✖♦✖❪ ❢ ♠ 1 ❢ ⑨ ❪ ⑨ ❢ ❙ ➙ 1 ❤✕❙ ❫ ♦✖⑩✞⑩ ❪✞♠ ❪✞♦ ❤ ❙ ❤ ❛ ❢ ❬ ♠ ❙ ❢ ⑨ ❝ ❤ ❵ ⑩ ❙ 1✕❢ ❬ ❤ ❙ ❢ ➑
❞✖❪ ❙ ❡ ⑩ ❙ 1✕❢ ➃ 1 ❝ ❤ ❵ ❪✞❵ ❬ ❨ ❙ ♥ ♦ 1✕⑨✖❙ ♥ ❙ ❤ ❵ ❙ ❵ ⑩ ❙ 1✕❢ ❻✓♦✖❢ ♥ ❙ → ⑦ ❙ ❵ ❝ ❵ ❵ ❢ ❪ ➎✕1✕❵ ❢ ❙ ❛✁♦✖♠ ❙ ♠ 1 ❢ ⑩✞❙ ❻☞❝ ❪ ❵ ➃ 1 ❙ ⑩ ❙ ♠
❬ ➃ 1 ❝ ❵ ❪ ♦✖❤✕♠ ❨ ❪ ❾ ❬ ❢ ❙ ❤ ❵✡❪✞❙ ⑩✞⑩✞❙ ♠ ➃ 1 ❪ ❢ ❬ ❞✖❪ ♠✄♠ ❙ ❤ ❵ ⑩ ❝ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ ❨ ❙ ♠ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ♠ ♦ ❤ ❵ ❪✞❤ ❵ ❬ ❞✖❢ ❝ ➎ ⑩✞❙ ♠ ⑥ ! ✔ ⑦ →
➅ ✐ ❪✞❤ ❵✡❬ ❞✖❢✡❝ ➎ ❪ ⑩✞❪ ❵✡❬ ❨ ❝ ❤✕♠ ❫ ❙ ♠ ❙ ❤ ♠ ❡✖♠✄❪ ❞✖❤ ❪ ➢ ❙ ➃ 1 ✐ ♦ ❤ ❛✁❙ 1✕❵ ♦✖➎✕❵ ❙ ❤ ❪✞❢ 1 ❤ ❙ ♠✄♦✖⑩ 1✕❵ ❪ ♦✖❤ ❝ ❤ ❝ ⑩ ➝ ❵✡❪ ➃ 1 ❙ ❙ ➥✕❝ ❫ ❵✡❙
❨ 1 ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ❮ ➃ 1✕❙ ⑩✞❙ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ❰ ❝ ♥ ❪✞⑩ ❵✡♦ ❤ ❪✞❙ ❤ ♠ ♦ 1 ♠ ➑ ❣ ❝ ❫ ❙ ❤ ❵ ❝ 1 ❤ ❙ ❪ ❤ ➢ ❤ ❪✞❵ ❬ ❨ ❙ ❫ ♦ ❤ ♠✄❵✡❝ ❤ ❵ ❙ ♠ ❨ ❙
♥ ♦ 1✕⑨✖❙ ♥ ❙ ❤ ❵✏→ ➇ ❤ ❛✁❙ 1✕❵ ♦✖➎ ❵✡❙ ❤✕❪ ❢ ❨✕❙ ♠ ♠ ♦✖⑩✞1✕❵✡❪✞♦✖❤ ♠ ❝ ❤ ❝ ⑩✞➝ ❵ ❪ ➃ 1 ❙ ♠ ❛ ❝ ❢ ➃ 1 ❝ ❨ ❢✡❝ ❵✡1 ❢✄❙ ❙ ❤ 1✕❵ ❪ ⑩✞❪✞♠✡❝ ❤ ❵
⑩ ❝ ❵✡❷ ❬ ♦✖❢ ❪✞❙ ♠✄❛✁❙ ❫ ❵✡❢✡❝ ⑩ ❙ ❪ ❤ ⑨✖❙ ❢✄♠ ❙ ❨ ❬ ⑨✖❙ ⑩✞♦✖❛ ❛✁❬ ❙ ❛ ❝ ❢ Y ❝ ❐ ❷ ❝ ❢ ♦ ⑨ ❙ ❵ ➄ ❷ ❝ ➎ ❝ ❵ ❙ ❤

1972
⑥ !✌☞ ⑦ ❛✁♦✖1 ❢

⑩ ✐ ❬ ➃ 1 ❝ ❵ ❪ ♦✖❤ ❨ ❙ ➄ ❫✍❷ ❢ ✡ ❨ ❪✞❤ ❞✖❙ ❢ ➱ ♦✖❤ ➅ ❪ ❤ ❬ ❝ ❪ ❢✄❙ ➊ ➱ ➅ ➄ ➌ 1 ❤ ❪✞❨ ❪ ♥ ❙ ❤ ♠✄❪ ♦ ❤ ❤ ❙ ⑩✞⑩ ❙ →

✗ ✘ ✚✒✘✌✗ ✜ ✢✥✤ ✦ ★ ✢ ✤ ✬ ✭✥✯✥✰ ✱ ✲ ✳ ✵ ✱ ✤ ✬ ✱✥✲ ✱ ✦ ✸ ✱✥✰ ✹ ✸ ✺✔✤ ✬ ✤ ✽ ✿ ✸ ✬✠✭✓✤ ✺✁✬ ✸ ❃ ✬ ✬ ✢ ✺ ✦ ✤ ✬
✸ ✳ ✭✥✢✥✦ ✬✠✸✌✲ ✱ ✬ ✲ ✭ ✽ ✸ ★ ✢✥✤ ✬

] ❊ ❉ ❊☞] ❊☞] ● ❍ ^ _ ■ ^ ` ` a b _ c ❍ d ^

➅ ✐ ❙ ❾ ❙ ❵ ✟ ❙ ❢ ❢ ♦ ❛✕❵✡❪✞➃ 1✕❙ ❙ ♠ ❵ ⑨ ❢✡❝ ❪✞♠ ♠✄❙ ♥ ➎ ⑩ ❝ ➎ ⑩ ❙ ♥ ❙ ❤ ❵ ⑩✞❙ ❛ ❢ ♦ ❫ ❙ ♠ ♠✄1 ♠ ❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢ ❙ ➼ ➽ g✁➼ ➶ ➾ ❪✞♥ ➑
❛✁♦✖❢✄❵✡❝ ❤ ❵ ❨✕❙ ❵✡♦✖1 ❵✡❙ ⑩ ✐ ♦ ❛✕❵✡❪✞➃ 1 ❙ ❤✕♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ⑥ !✒✄ ❡ !✒✍ ⑦ ❛✁♦✖1 ❢ ♠ ❙ ♠ ❝ ❛ ❛✕⑩ ❪ ❫ ❝ ❵✡❪✞♦ ❤ ♠ ❡ ❙ ❵ ❢ ❙ ♠✄❵✡❙ ⑩ ❝ ❫ ⑩✞❙ ❻ ❨ ❙
⑨✖♦☛D✕❵ ❙ ❨ 1 ❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤ ❙ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♦✖❛✕❵ ❪ ➃ 1 ❙ → ⑦ ❙ ❵ ❙ ❾ ❙ ❵ ❫ ♦✖❢✄❢ ❙ ♠ ❛✁♦✖❤ ❨ ➙ ⑩ ❝ ❛ ❢✄♦✖❛ ❢✄❪ ❬ ❵ ❬ ❨ ❙ ❫ ❙ ❢ ❵✍❝ ❪✞❤ ♠
♥ ❝ ❵✡❬ ❢✄❪ ❝ 1 ➥ ❨ ✐ ❝ ❫ ➃ 1 ❬ ❢ ❪✞❢ 1 ❤ ❪ ❤ ❨✕❪ ❫ ❙ ❨ ❙ ❢ ❬ ❻✓❢✡❝ ❫ ❵✡❪✞♦✖❤ ❨ ❬ ❛✁❙ ❤ ❨ ❝ ❤ ❵ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ♥ ❙ ❤ ❵ ❨ ❙ ⑩ ✐ ❪✞❤ ❵✡❙ ❤ ♠ ❪ ❵✡❬ ❨ 1
❫ ❷ ❝ ♥ ❛ ❬ ⑩✞❙ ❫ ❵✡❢ ♦✖♥ ❝ ❞ ❤ ❬ ❵ ❪ ➃ 1 ❙ ➃ 1 ❪ ⑩ ❙ ♠ ❵✡❢ ❝ ⑨✖❙ ❢ ♠ ❙ → ➐✆⑩ ❙ ♠ ❵ ➙ ⑩ ✐ ♦✖❢✄❪ ❞ ❪✞❤✕❙ ❨ ✐ 1 ❤✕❙ ❵✡❢ ❸ ♠ ❞ ❢✡❝ ❤ ❨✕❙ ⑨ ❝ ❢✄❪ ❬ ❵ ❬ ❨ ❙



◗ ! ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ : ➱
❛ ❷ ❬ ❤✕♦✖♥ ❸ ❤ ❙ ♠ ❵✡❙ ⑩ ♠ ➃ 1 ❙ ⑩ ✐ ❝ 1✕❵ ♦ ➑✑❻✓♦ ❫ ❝ ⑩✞❪ ♠✡❝ ❵ ❪✞♦ ❤ ❡ ⑩ ✐ ❝ 1✕❵ ♦ ➑✆♥ ♦ ❨ 1 ⑩ ❝ ❵✡❪ ♦✖❤ ❨ ❙ ❛✕❷ ❝ ♠ ❙ ❙ ❵ ❨ ❙ ❻✓❢ ❬ ➃ 1 ❙ ❤ ❫ ❙ ❡
⑩ ❝ ❞ ❬ ❤ ❬ ❢✡❝ ❵ ❪ ♦✖❤ ❨ ❙ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠ ❡ ⑩✞❙ ♠ ❫ ♦✖♥ ♥ 1✕❵✍❝ ❵ ❙ 1 ❢✄♠ ♦✖❛✕❵ ❪ ➃ 1 ❙ ♠ ❡ ⑩ ❝ ♥ ♦ ❨ 1 ⑩ ❝ ❵✡❪ ♦✖❤ ❨✕❙ ❛ ❷ ❝ ♠ ❙ ❫ ❢ ♦✖❪✞♠ ❬ ❙ ❡
⑩ ❙ ♥ ❬ ⑩ ❝ ❤ ❞✖❙ ➙ ➃ 1 ❝ ❵✡❢ ❙ ♦✖❤✕❨ ❙ ♠ ❙ ❵✡❫

. . .
→

➅ ♦ ❢ ♠ ➃ 1 ✐ 1 ❤ ❙ ♦✖❤ ❨✕❙ ⑩ 1 ♥ ❪✞❤ ❙ 1 ♠✄❙ ♠ ❙ ❛ ❢ ♦✖❛ ❝ ❞✖❙ ❨ ❝ ❤ ♠ 1 ❤ ♥ ❪✞⑩✞❪✞❙ 1 ❨ ❪ ❬ ⑩ ❙ ❫ ❵✡❢✄❪ ➃ 1 ❙ ❡ ⑩ ❙ ❫✍❷ ❝ ♥ ❛ ❬ ⑩ ❙ ❫ ➑
❵✡❢ ❪✞➃ 1 ❙ ❪✞❤ ❫ ❪✞❨ ❙ ❤ ❵ ❪✞❤ ❨ 1 ❪ ❵ 1 ❤ ❨ ❬ ❛✕⑩ ❝ ❫ ❙ ♥ ❙ ❤ ❵ ❨ ❙ ♠ ❫ ❷ ❝ ❢ ❞✖❙ ♠ ❙ ❵ 1 ❤ ❙ ❛✁♦✖⑩ ❝ ❢ ❪✞♠✡❝ ❵ ❪✞♦ ❤ ❝ 1 ♠ ❙ ❪✞❤ ❨ ❙ ❫ ❙
♥ ❝ ❵✡❬ ❢✄❪ ❝ 1 ⑥ F✒✄ ❡ F✒✍ ⑦ → ➣ ♦ 1 ❢ 1 ❤✕❙ ❪ ❤ ❵ ❙ ❤ ♠✄❪✞❵ ❬ ❨ ❙ ❫ ❙ ❫✍❷ ❝ ♥ ❛ ❻☞❝ ❪ ➎✕⑩ ❙ ❨ ❙ ⑨ ❝ ❤ ❵ ⑩✞❙ ❫✍❷ ❝ ♥ ❛ ❝ ❵✡♦✖♥ ❪ ➃ 1 ❙
❨ 1 ♥ ❝ ❵ ❬ ❢✄❪ ❝ 1 ❙ ❵ ♠ 1✕K ♠✡❝ ♥ ❙ ❤ ❵ ❬ ⑩ ♦ ❪ ❞✖❤ ❬ ❙ ❨ ❙ ♠✄❙ ♠ ❻✓❢ ❬ ➃ 1✕❙ ❤ ❫ ❙ ♠ ❨✕❙ ❢✄❬ ♠ ♦ ❤ ❝ ❤ ❫ ❙ ♠ ❡ ⑩ ❝ ❢ ❬ ❛✁♦ ❤ ♠ ❙ ❨ 1
♥ ❪✞⑩✞❪✞❙ 1 ♠ ❙ ❵✡❢ ❝ ❨ 1 ❪ ❵ ❨ ♦✖❤ ❫ ❛ ❝ ❢ 1 ❤ ❙ ❢ ❬ ❛✁♦✖❤ ♠✄❙ ❛ ❢ ♦ ❛✁♦✖❢✄❵✡❪✞♦✖❤ ❤✕❙ ⑩ ⑩✞❙ ❝ 1 ❫✍❷ ❝ ♥ ❛ ❪✞❤ ❫ ❪✞❨ ❙ ❤ ❵✏→ ➯ ❝ ❤ ♠ ❫ ❙
❫✏❝ ♠ ❡ ❤ ♦✖1 ♠ ❝✏⑨✖♦✖❤ ♠ 1 ❤ ❙ ❢ ❬ ❛✁♦✖❤ ♠✄❙ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ❡ ❫ ✐ ❙ ♠✄❵ ➑ ➙ ➑✑❨ ❪✞❢ ❙ ➃ 1 ❙ ⑩ ❝ ❛✁♦✖⑩ ❝ ❢✄❪ ♠ ❝ ❵✡❪ ♦✖❤ ❪ ❤ ❨✕1 ❪✞❵ ❙ ❛ ❝ ❢ ⑩ ❙
❫ ❷ ❝ ♥ ❛ ❙ ➥ ❵✡❬ ❢ ❪ ❙ 1 ❢ ❛✁♦✖♠ ♠✄❸ ❨ ❙ ⑩ ❝ ♥ ➮ ♥ ❙ ❻✓❢ ❬ ➃ 1✕❙ ❤ ❫ ❙ ➃ 1✕❙ ⑩ ❙ ❫✍❷ ❝ ♥ ❛ ➃ 1 ❪ ⑩✞1 ❪ ❝ ❨ ♦✖❤ ❤✕❬ ❤ ❝ ❪✞♠ ♠ ❝ ❤ ❫ ❙
❝ ⑨✖❙ ❫ 1 ❤ ❙ ❝ ♥ ❛ ⑩ ❪ ❵ 1 ❨ ❙ ➃ 1 ❪ ⑩ 1 ❪ ❙ ♠ ❵ ❛ ❢✄♦✖❛✁♦✖❢✄❵ ❪ ♦✖❤✕❤ ❙ ⑩✞⑩✞❙ →
➣ ❝ ❢ ❫ ♦✖❤ ❵ ❢ ❙ ❛✁♦✖1 ❢ ❨ ❙ ♠ ❪✞❤ ❵ ❙ ❤ ♠✄❪✞❵✡❬ ♠ ⑩ ❝ ♠ ❙ ❢ ♠ ♠✄1✕K ♠✡❝ ♥ ♥ ❙ ❤ ❵ ❪ ♥ ❛✁♦✖❢✄❵✡❝ ❤ ❵ ❙ ♠ ❡ ⑩✞♦✖❢ ♠✄➃ 1✕❙ ⑩ ✐ ❝ ♥ ❛ ⑩✞❪ ❵ 1 ❨ ❙ ❨ 1
❫ ❷ ❝ ♥ ❛ ❪ ❤ ❫ ❪ ❨ ❙ ❤ ❵ ❨ ❙ ⑨ ❪✞❙ ❤ ❵ ❪ ♥ ❛✁♦✖❢ ❵✍❝ ❤ ❵✡❙ ❡ ⑩ ❝ ❢✄❬ ❛✁♦✖❤ ♠✄❙ ❨ 1 ♥ ❝ ❵✡❬ ❢ ❪ ❝ 1 ❻☞❝ ❪✞❵ ❪ ❤ ❵✡❙ ❢✄⑨✖❙ ❤✕❪ ❢ ❨ ❪✞❾ ❬ ❢✄❙ ❤ ❵✡♠
❷ ❝ ❢ ♥ ♦✖❤✕❪ ➃ 1 ❙ ♠ ❙ ❵ 1 ❤✕❙ ❤ ♦✖❤ ⑩✞❪ ❤✕❬✏❝ ❢✄❪✞❵ ❬ ❨ ❝ ❤✕♠ ⑩ ❝ ❢ ❙ ⑩ ❝ ❵ ❪ ♦✖❤ ❫ ♦✖❤ ♠ ❵✡❪✞❵ 1✕❵✡❪ ⑨✖❙ ❙ ❤ ❵ ❢ ❙ ⑩ ❝ ❛✁♦✖⑩ ❝ ❢ ❪✞♠✡❝ ❵✡❪✞♦ ❤
❨ 1 ♥ ❪✞⑩✞❪✞❙ 1 ❙ ❵ ⑩ ❙ ❫✍❷ ❝ ♥ ❛ ❬ ⑩ ❙ ❫ ❵✡❢✄❪ ➃ 1 ❙ ⑩✞1 ♥ ❪ ❤✕❙ 1 ➥ ❝ ❛ ❛✕⑩ ❪ ➃ 1 ❬ → ➣ ♦✖1 ❢ ❨✕❙ ♠ ❪✞❤ ❵✡❙ ❤ ♠ ❪ ❵✡❬ ♠ ❤ ❙ ❵✄❵✡❙ ♥ ❙ ❤ ❵
❪ ❤✕❻✓❬ ❢ ❪✞❙ 1 ❢✄❙ ♠ ❝ 1 ➥ ❪ ❤ ❵✡❙ ❤✕♠ ❪✞❵ ❬ ♠ ❨ 1 ❫✍❷ ❝ ♥ ❛ ❪ ❤ ❵✡❢ ❝ ➑ ❝ ❵ ♦✖♥ ❪✞➃ 1 ❙ ❡ ⑩ ❝ ❢ ❙ ⑩ ❝ ❵✡❪✞♦✖❤ ❫ ♦✖❤ ♠✄❵ ❪✞❵ 1✕❵✡❪ ⑨✖❙ ❛✁❙ 1✕❵ ➮ ❵ ❢ ❙
❨ ❙ ⑨✖❬ ⑩ ♦✖❛✕❛✁❬ ❙ ❙ ❤ ❛ 1✕❪ ♠ ♠ ❝ ❤ ❫ ❙ ♠ ❨ ❙ ♠ ❫ ♦✖♥ ❛✁♦✖♠✡❝ ❤ ❵✡❙ ♠ ❨ ❙ ❛✁♦✖⑩ ❝ ❢ ❪✞♠✡❝ ❵ ❪✞♦ ❤ ❨ 1 ❫✍❷ ❝ ♥ ❛ ❬ ⑩ ❙ ❫ ❵ ❢ ❪✞➃ 1✕❙ ❨ ❙ ⑩ ❝
❻✓♦✖❢ ♥ ❙ ⑤

Pi = ǫ0

(

χ
(1)
ij Ej + χ

(2)
ijkEjEk + χ

(3)
ijklEjEkEl + ...

)

,
➊ ✂ → ✂ ➌

♦✒➣
ǫ0

❙ ♠✄❵ ⑩ ❝ ❛✁❙ ❢✄♥ ❪ ❵ ❵✡❪ ⑨ ❪ ❵✡❬ ❨ 1 ⑨ ❪✞❨ ❙ ❡
❙ ❵

χ(n) ❙ ♠✄❵ ⑩ ❙ ❵ ❙ ❤ ♠✄❙ 1 ❢ ❨ ❙ ♠ 1✕♠ ❫ ❙ ❛✕❵✡❪✞➎ ❪ ⑩✞❪✞❵ ❬ ❨ ✐ ♦ ❢ ❨ ❢ ❙
n
→

➣ ♦✖1 ❢ ⑩ ❙ ♠ ♥ ❝ ❵✡❬ ❢ ❪ ❝ 1 ➥ ❫ ♦ ♥ ❛✁♦ ♠ ❬ ♠ ❨ ❙ ♠✄❪ ⑩✞❪ ❫ ❙ ❻✓♦ ❤ ❨ 1 ❙ ➊☞❙ ➥ ❙ ♥ ❛ ⑩ ❙ ⑩ ❝ ➢ ➎✕❢ ❙ ♦ ❛✕❵✡❪✞➃ 1✕❙ ➌ ❡ ❪ ⑩ ❤ ✐ ❙ ➥ ❪ ♠✄❵ ❙
❛ ❝ ♠ ❨ ❙ ❨ ❪✞❢ ❙ ❫ ❵ ❪ ♦✖❤ ❛✕❢ ❪✞⑨ ❪✞⑩ ❬ ❞✖❪✞❬ ❙ ❨ ✐ ♦✖❢✄❪ ❙ ❤ ❵✍❝ ❵✡❪ ♦ ❤ ❨ ❙ ♠ ♥ ♦✖⑩ ❬ ❫ 1 ⑩✞❙ ♠ → ➯ ❙ ❫ ❙ ❻☞❝ ❪ ❵✏❡ ⑩ ❙ ♠ ❵✡❙ ❤ ♠ ❙ 1 ❢ ♠ ❨ ❙
♠ 1 ♠✄❫ ❙ ❛ ❵✡❪ ➎✕❪ ⑩ ❪ ❵✡❬ ❨ ✐ ♦ ❢ ❨ ❢✄❙

2
♠ ♦✖❤ ❵ ❨ ❪✞❢ ❪ ❞ ❬ ♠ ❝ ⑩✞❬✏❝ ❵ ♦✖❪✞❢ ❙ ♥ ❙ ❤ ❵ ❙ ❵ ♠ ❙ ❫ ♦✖♥ ❛✁❙ ❤ ♠ ❙ ❤ ❵ ❙ ❤ ♥ ♦ ➝✖❙ ❤ ❤✕❙ ❡ ❫ ❙

➃ 1✕❪ ❝ ❤✕❤ 1 ⑩✞❙ ⑩✞❙ ❵✡❙ ❤✕♠ ❙ 1✕❢ ❨ ❙ ♠ 1✕♠ ❫ ❙ ❛✕❵✡❪✞➎ ❪ ⑩✞❪✞❵ ❬ ♥ ❝ ❫ ❢ ♦✖♠✄❫ ♦✖❛ ❪✞➃ 1 ❙
χ(2) → ❲ ❤✕➢ ❤ ❨ ❝ ❤ ♠ 1 ❤✕❙ ➢ ➎ ❢✄❙ ♦ ❛✕❵✡❪✞➃ 1✕❙

❷ ♦✖♥ ♦✖❞✖❸ ❤ ❙ ❡✁⑩ ❙ ❵✡❙ ❤✕♠ ❙ 1✕❢ ❨✕❙ ♠✄1 ♠ ❫ ❙ ❛✕❵ ❪ ➎ ❪✞⑩ ❪ ❵✡❬ ❨ ✐ ♦✖❢ ❨ ❢✄❙
3

➊
χ(3) ➌ ♠ ❙ ❢✡❝ ➙ ⑩ ✐ ♦✖❢✄❪ ❞ ❪✞❤ ❙ ❨ ❙ ♠ ❙ ❾ ❙ ❵✡♠ ❤ ♦✖❤

⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ♠ ❨ ❙ ❛ ⑩ 1✕♠ ❛✁❙ ❵✡❪✞❵ ♦ ❢ ❨ ❢ ❙ →
➅ ✐ ❙ ❾ ❙ ❵ ✟ ❙ ❢ ❢ ♦✖❛✕❵✡❪✞➃ 1 ❙ ❫ ♦✖❢✄❢ ❙ ♠✄❛✁♦✖❤ ❨ ➙ ⑩ ✐ ❙ ➥ ❪✞♠✄❵✡❙ ❤ ❫ ❙ ❨ ❝ ❤✕♠ 1 ❤ ♥ ❝ ❵✡❬ ❢✄❪ ❝ 1 ❨ ✐ 1 ❤ ❙ ♠✄1 ♠ ❫ ❙ ❛✕❵ ❪ ➎ ❪✞⑩ ❪ ❵✡❬
❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❨ 1 ❵✡❢✄♦✖❪ ♠✄❪ ❸ ♥ ❙ ♦✖❢ ❨✕❢ ❙ ❛ 1✕❢ ❙ ♥ ❙ ❤ ❵ ❢ ❬ ❙ ⑩✞⑩ ❙ ❨ ❙ ⑩ ❝ ❻✓♦✖❢✄♥ ❙

χ
(3)
xxxx(ω; ω,−ω, ω) =

χ(3)(ω; ω,−ω, ω)
→

➇ ❢ ❛ 1 ❪ ♠✄➃ 1 ❙
E(−ω) = E∗(ω)

❡ ⑩ ❙ ♥ ❝ ❵✡❬ ❢ ❪ ❝ 1 ❝ ❫ ➃ 1 ❪ ❙ ❢✄❵ 1 ❤ ❙ ❛✁♦✖⑩ ❝ ❢ ❪✞♠✡❝ ❵✡❪✞♦ ❤ ❤ ♦✖❤ ⑩✞❪ ❤✕❬✏❝ ❪✞❢✄❙ ❨✕1



➘✒➴✖✕ ➴ ★ ➹ ➱ ➶ ❹ ➹ ✃ ❿ ➹ ❹ ➱ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ❻ ➶ ❸ ❿ 1✎❽ ➹ ➱ ◗ ✔
❵ ➝ ❛✁❙

PNL(ω) =
3

4
ǫ0χ

(3)(ω; ω,−ω, ω)
∣

∣

∣

→

A
∣

∣

∣

2

Aei
→

k
→

r ,
➊ ✂ → ◗ ➌

⑩ ♦✖❢✄♠ ➃ 0 ✐ ❪ ⑩ ❙ ♠✄❵ ♠ ♦✖0 ♠ ⑩ ✐ ❪ ❤✎➎ 0✕❙ ❤ ❫ ❙ ❨ ✐ 0✕❤ ❙ ♦✖❤ ❨ ❙ ❨ ✐ ❝ ♥ ❛ ⑩ ❪ ❵ 0 ❨ ❙
A

❨ ❙ ❻✓❢ ❬ ➃ 0 ❙ ❤ ❫ ❙
ω

❙ ❵ ❨ ❙ ⑨✖❙ ❫ ❵✡❙ 0 ❢
❨ ✐ ♦✖❤ ❨ ❙ →

k
→

➇ ❤ ❝ →

E (ω) = A(ω)ei
→

k
→

r →
ex

❙ ❵ ∣

∣

∣

→

A
∣

∣

∣

2

=
∣

∣

∣

→

E
∣

∣

∣

2 →
➅ ❙ ❻☞❝ ❫ ❵ ❙ 0 ❢ 3

4

❛ ❢✄♦ ⑨ ❪ ❙ ❤ ❵ ❨ ❙ ♠ ❛✕❢ ♦✖❛ ❢✄❪ ❬ ❵✡❬ ♠ ❨ ❙ ♠✄➝ ♥ ❬ ❵✡❢ ❪✞❙ ❨ 0 ❵ ❙ ❤ ♠✄❙ 0 ❢
χ(3) →

❲ ❤ ❛✁♦✖♠ ❝ ❤ ❵
ǫNL = 3

4
χ

(3)
xxxx

∣

∣

∣

→

E
∣

∣

∣

2 ❡
PNL ❛✁❙ 0 ❵ ♠ ✐ ❬ ❫ ❢ ❪✞❢ ❙ ♠ ♦✖0✕♠ ⑩ ❝ ❻✓♦✖❢✄♥ ❙

PNL(ω) = ǫ0ǫ
NLE(ω),

➊ ✂ → D ➌
♦✒➣

ǫNL ❙ ♠ ❵ ⑩ ❝ ❫ ♦ ❤ ❵✡❢✄❪ ➎ 0 ❵✡❪ ♦ ❤ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❨ ❙ ⑩ ❝ ❫ ♦✖❤ ♠ ❵✍❝ ❤ ❵✡❙ ❨ ❪ ❬ ⑩ ❙ ❫ ❵✡❢✄❪ ➃ 0 ❙ ❮ ⑩ ❝ ❛✁♦✖⑩ ❝ ❢ ❪✞♠✡❝ ❵✡❪✞♦ ❤
❵✡♦ ❵✡❝ ⑩ ❙ ❛ ❢✄❙ ❤ ❨ ❝ ⑩ ♦✖❢✄♠ ⑩ ❝ ❻✓♦ ❢ ♥ ❙ ♠ 0 ❪ ⑨ ❝ ❤ ❵✡❙ →

P (ω) = P L + PNL = ǫ0

[

χ(1)
xx + ǫNL

]

E(ω).
➊ ✂ → H ➌

⑦ ♦✖♥ ♥ ❙ ⑩ ❙ ♥ ♦✖❤ ❵✡❢✄❙ ⑩ ✐ ❬ ➃ 0 ❝ ❵✡❪ ♦ ❤ ➊ ✂ → H ➌ ❙ ❵ ❙ ❤ ♠ ✐ ❪ ❤✕♠ ❛ ❪✞❢✡❝ ❤ ❵ ❨ 0 ❻☞❝ ❪ ❵ ➃ 0 ❙ ⑩ ✐ ❪ ❤ ❨✕❪ ❫ ❙ ❨ ❙ ❢ ❬ ❻✓❢✡❝ ❫ ❵✡❪✞♦✖❤
❙ ❵ ⑩ ❝ ❛✁♦✖⑩ ❝ ❢ ❪✞♠✡❝ ❵✡❪✞♦ ❤ ♠ ♦ ❤ ❵ ❬ ❵✡❢ ♦ ❪✞❵✡❙ ♥ ❙ ❤ ❵ ⑩ ❪✞❬ ♠ ❛ ❝ ❢ ⑩ ❝ ❢✄❙ ⑩ ❝ ❵✡❪✞♦✖❤ ❨✕❙ ➞ ❝ ➥ ➁ ❙ ⑩✞⑩ ♠✄0 ❪✞⑨ ❝ ❤ ❵ ❙

D = n2E = ǫ0E + P,
➊ ✂ → ✔ ➌

⑩ ✐ ❪ ❤ ❨✕❪ ❫ ❙ ❨ ❙ ❢ ❬ ❻✓❢ ❝ ❫ ❵ ❪ ♦✖❤
n

➙ ⑩ ❝ ❻✓❢✄❬ ➃ 0 ❙ ❤ ❫ ❙
ω

❙ ♠ ❵ ❨ ♦ ❤ ❤ ❬ ❛ ❝ ❢ ⑤
n2 = 1 + χ(1) + ǫNL =

(

n0 + ∆nNL
)2

.
➊ ✂ → ☞ ➌

n0

❙ ♠✄❵ ⑩ ✐ ❪ ❤ ❨✕❪ ❫ ❙ ❨ ❙ ❢ ❬ ❻✓❢ ❝ ❫ ❵ ❪ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙ ➙ ⑩ ❝ ❻✓❢ ❬ ➃ 0 ❙ ❤ ❫ ❙
ω
→

∆nNL ❙ ♠ ❵ ⑩ ✐ ❪✞❤ ❨ ❪✞❫ ❙ ❨ ❙ ❢✄❬ ❻✓❢✡❝ ❫ ❵✡❪✞♦✖❤ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ →
❲ ❤ ❛ ❢ ❝ ❵✡❪✞➃ 0 ❙ ❡ ♦✖❤ ❝

n0 >> ∆nNL ❡ ❨ ✐ ♦✌➣ ⑩ ✐ ❝ ❛ ❛ ❢✄♦ ➥ ❪ ♥ ❝ ❵✡❪ ♦✖❤ (

n0 + ∆nNL
)2 ≈ n2

0+2 n0 ∆nNL →
➄✕❝ ❫✍❷ ❝ ❤ ❵ ➃ 0✕❙

n2
0 = 1 + χ(1) ❡ ♦ ❤ ❝ ❝ ⑩ ♦✖❢✄♠

ǫNL = 2 n0 ∆nNL ❡
♠ ♦✖❪ ❵

∆nNL = ǫNL

2n0

= 3
8n0

χ(3)
∣

∣

∣

→

E
∣

∣

∣

2

= n2

∣

∣

∣

→

E
∣

∣

∣

2 ❡
♦✒➣

n2

❙ ♠ ❵ ⑩ ✐ ❪✞❤ ❨ ❪✞❫ ❙ ❨ ❙ ❢ ❬ ❻✓❢✡❝ ❫ ❵✡❪✞♦✖❤ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ❨ ❬ ➢ ❤ ❪ ❛ ❝ ❢
n2 = 3

8n0

χ(3) →
➅ ✐ ❪✞❤ ❨ ❪ ❫ ❙ ❨ ❙ ❢ ❬ ❻✓❢✡❝ ❫ ❵✡❪✞♦✖❤

n
➙ ⑩ ❝ ❻✓❢ ❬ ➃ 0 ❙ ❤ ❫ ❙

ω
❙ ♠✄❵ ❨ ♦✖❤ ❤✕❬ ❙ ❛ ❝ ❢

n(ω) = n0(ω) + n2

∣

∣

∣

∣

→

E(ω)

∣

∣

∣

∣

2

.
➊ ✂ → ✄ ➌

➅ ❝ ❛✁♦ ⑩ ❝ ❢✄❪ ♠ ❝ ❵✡❪✞♦ ❤ ⑩✞❪ ❤✕❬✏❝ ❪✞❢✄❙
PL ❙ ♠✄❵ ➙ ⑩ ✐ ♦ ❢ ❪ ❞ ❪✞❤✕❙ ❨ ❙ ⑩ ❝ ❨✕❬ ❛✁❙ ❤✕❨ ❝ ❤ ❫ ❙ ❙ ❤ ❻✓❢ ❬ ➃ 0✕❙ ❤ ❫ ❙ ❨ ❙ ⑩ ✐ ❪✞❤ ❨ ❪✞❫ ❙

❨ ❙ ❢ ❬ ❻✓❢✡❝ ❫ ❵✡❪ ♦ ❤ ❡ ❵✍❝ ❤ ❨✕❪ ♠ ➃ 0 ❙ ⑩ ❝ ❛✁♦ ⑩ ❝ ❢✄❪ ♠ ❝ ❵✡❪✞♦ ❤ ❤✕♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢ ❙
PNL ❙ ❤ ❵✡❢✡❝ = ❤ ❙ 0 ❤ ❙ ❨ ❬ ❛✁❙ ❤ ❨ ❝ ❤ ❫ ❙



◗✌☞ ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ ; ➱
❙ ❤ ❪ ❤ ❵ ❙ ❤ ♠✄❪✞❵ ❬ ❨ ❙ ⑩ ✐ ❪ ❤ ❨ ❪✞❫ ❙ ❨✕❙ ❢✄❬ ❻✓❢ ❝ ❫ ❵ ❪ ♦✖❤ ➃ 5 ❙ ⑩ ✐ ♦✖❤ ❝ ❛ ❛✁❙ ⑩ ⑩✞❙ ❙ ❾ ❙ ❵✠✟ ❙ ❢ ❢ ♦ ❛✕❵✡❪✞➃ 5✕❙ →
➄ ❫✍❷ ❝ ❤ ❵ ➃ 5 ❙ ⑩ ✐ ❪ ❤ ❵ ❙ ❤ ♠✄❪✞❵ ❬ ❨ ❙ ⑩ ✐ ♦✖❤ ❨ ❙

I
❙ ♠✄❵ ❨✕♦✖❤ ❤ ❤ ❬ ❙ ❛ ❝ ❢

I = α |E|2 ❝ ⑨✖❙ ❫
α = 1

2
n0 ǫ0 c

⑩ ✐ ❪✞❤ ❨ ❪✞❫ ❙
❨ ❙ ❢ ❬ ❻✓❢ ❝ ❫ ❵ ❪ ♦✖❤ ❨ ❬ ❛✁❙ ❤ ❨ ❨✕♦✖❤ ❫ ❨ ❙ ⑩ ✐ ❪ ❤ ❵✡❙ ❤✕♠ ❪✞❵ ❬ ❨ ❙ ⑩ ✐ ♦✖❤ ❨ ❙ ❪ ❤✕❫ ❪✞❨ ❙ ❤ ❵✡❙ ❙ ❵ ❙ ♠✄❵ ❨✕♦✖❤ ❤ ❬ ❛ ❝ ❢

n(ω, I) = n0(ω) +
n2

α
I.

➊ ✂ → ✍ ➌
➣ ♦✖5 ❢ ⑩ ❝ ♠ ❪ ⑩✞❪✞❫ ❙ ❻✓♦✖❤✕❨ 5 ❙ ❡ ♦ ❤ ❝ ❵ ➝ ❛ ❪✞➃ 5 ❙ ♥ ❙ ❤ ❵ n2

α
= 2.710−20m2/W

❝ 5 ⑨✖♦✖❪✞♠ ❪ ❤ ❝ ❞✖❙ ❨ ❙ ⑩ ❝ ⑩✞♦✖❤ ➑
❞✖5 ❙ 5 ❢ ❨ ✐ ♦ ❤ ❨ ❙ ❨ ❙

1.55µm
→ ➣ ❝ ❢ ❙ ➥✕❙ ♥ ❛✕⑩ ❙ ❛✁♦ 5 ❢

I = 1013W/m2 ❡✁♦ ❤ ❝ n2

α
I = 2.710−7 ♠ ♦✖❪ ❵

∆nNL << n0 (n0 ≈ 1.45)
→

➣ ❷ ➝ ♠ ❪ ➃ 5 ❙ ♥ ❙ ❤ ❵ ❡ ⑩ ✐ ❙ ❾ ❙ ❵ ✟ ❙ ❢ ❢ ❢✄❬ ♠✄5 ⑩✞❵ ❙ ❨ ❙ ⑩ ✐ ❪ ❤ ❵ ❙ ❢ ❝ ❫ ❵ ❪ ♦ ❤ ❨ 5 ❫✍❷ ❝ ♥ ❛ ❬ ⑩✞❙ ❫ ❵✡❢ ❪✞➃ 5 ❙ ❝ ⑨✖❙ ❫ ⑩ ❙ ♠ ❝ ❵✡♦✖♥ ❙ ♠
❨ ❙ ♠ ❪✞⑩ ❪✞❫ ❙ → ➐✆⑩✁♠ ✐ ❝ ❞ ❪✞❵ ❨ ✐ 5 ❤ ❛ ❢ ♦ ❫ ❙ ♠✄♠ 5 ♠ ❤✕♦✖❤ ➑✑❢ ❬ ♠✄♦✖❤ ❝ ❤ ❵✏❡ ❨ ❝ ❤✕♠ ⑩ ❙ ♠ ❙ ❤✕♠ ♦✒➣ ⑩ ❙ ♠ ❵✡❢✡❝ ❤ ♠ ❪ ❵✡❪ ♦ ❤ ♠ ❬ ⑩ ❙ ❫ ❵✡❢✄♦ ➑
❤ ❪ ➃ 5 ❙ ♠ ❪ ♥ ❛ ⑩✞❪ ➃ 5✕❙ ❤ ❵ ❨ ❙ ♠ ❬ ❵✍❝ ❵ ♠ ⑨ ❪ ❢ ❵✡5 ❙ ⑩ ♠ →✖➅ ❝ ❢ ❬ ❛✁♦ ❤ ♠ ❙ ✟ ❙ ❢✄❢ ❨ 5 ♥ ❝ ❵ ❬ ❢✄❪ ❝ 5 ❝ 5 ❫✍❷ ❝ ♥ ❛ ❝ ❛ ❛ ⑩ ❪✞➃ 5 ❬
❙ ♠✄❵ ➃ 5 ❝ ♠✄❪ ➑✆❪✞❤ ♠✄❵✡❝ ❤ ❵✡❝ ❤ ❬ ❙ ➊ ❵✡❙ ♥ ❛ ♠ ❨ ❙ ❢ ❙ ⑩ ❝ ➥✕❝ ❵✡❪✞♦✖❤ ≈ 3fs

➌ →✁➅ ❝ ⑨ ❝ ⑩ ❙ 5✕❢ ❨ ❙ ⑩ ✐ ❪✞❤ ❨ ❪✞❫ ❙ ❨ ❙ ✟ ❙ ❢✄❢ ❙ ♠ ❵
❢ ❙ ⑩ ❝ ❵✡❪ ⑨✖❙ ♥ ❙ ❤ ❵ ❻☞❝ ❪✞➎ ⑩ ❙ ❨ ❝ ❤ ♠ ⑩ ❝ ♠✄❪ ⑩✞❪✞❫ ❙ ❡ ❫ ❙ ❛✁❙ ❤ ❨ ❝ ❤ ❵✏❡ ⑩ ❝ ➢ ➎ ❢✄❙ ♦✖❛✕❵ ❪ ➃ 5 ❙ ❫ ♦ ❤ ♠✄❵ ❪✞❵✡5✕❙ 5 ❤ ♥ ❪✞⑩✞❪✞❙ 5 ✟ ❙ ❢✄❢
❛ ❢ ❪ ⑨ ❪✞⑩ ❬ ❞✖❪✞❬ ❛ 5✕❪ ♠ ➃ 5 ❙ ❨ ❙ ♠ ❛ 5✕❪ ♠ ♠ ❝ ❤ ❫ ❙ ♠ ❨ ❙ ❛✕⑩ 5 ♠✄❪ ❙ 5✕❢ ♠ ❨ ❪ ✐ ❝ ❪✞❤ ❙ ♠ ❨✕❙ ♥ ❪✞⑩✞⑩✞❪ ➁ ❝ ❵✄❵✡♠ ♠ ♦✖❤ ❵ ❫ ♦✖❤✕➢ ❤ ❬ ❙ ♠ ♠ 5 ❢
❨ ❙ ♠ ❨ ❪ ♠ ❵✍❝ ❤✕❫ ❙ ♠ ❛✁♦✖5✕⑨ ❝ ❤ ❵ ❝ ❵ ❵✡❙ ❪ ❤ ❨✕❢ ❙ ❛ ⑩✞5 ♠ ❪✞❙ 5 ❢✄♠ ♥ ❪ ⑩✞⑩ ❪✞❙ ❢ ♠ ❨✕❙ ❐ ❪✞⑩ ♦✖♥ ❸ ❵✡❢✄❙ ♠ ➊ ❝✏⑨✖❙ ❫ ❢ ❬✏❝ ♥ ❛✕⑩ ❪ ➢ ❫✏❝ ❵✡❪✞♦ ❤
♦✖❛✕❵✡❪✞➃ 5 ❙ ❪✞❤ ❵ ❙ ❢ ♥ ❬ ❨✕❪ ❝ ❪ ❢ ❙✏➌ ❝ 5 ♠✄❙ ❪✞❤ ❨ ✐ 5 ❤ ❫ ✂ 5 ❢ ❨ ♦✖❤ ❵ ⑩ ❝ ♠ 5✕❢✄❻☞❝ ❫ ❙ ❙ ❾ ❙ ❫ ❵✡❪ ⑨✖❙ ❙ ♠✄❵ ❨ ❙ ⑩ ✐ ♦✖❢ ❨ ❢✄❙ ❨ ❙
25 − 80µm2 →

R ❊ ❉ ❊☞R ❊ ✖ ● ❍ S T U V✓W✁X Y Z [ \ ] ^ ▼ Y V☞X ◆ Z ^ X W✁X _ V☞X ✙ T V✓^ Z
➅ ❝ ❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ ❨ ✐ 5 ❤ ❙ ❪✞♥ ❛ 5✕⑩ ♠✄❪✞♦✖❤ ♦✖❛✕❵ ❪ ➃ 5 ❙ ❨ ❝ ❤✕♠ 5 ❤ ♥ ❪ ⑩✞❪ ❙ 5 ❨ ❪ ❬ ⑩ ❙ ❫ ❵✡❢✄❪ ➃ 5 ❙ ❛ ❢ ❬ ♠ ❙ ❤ ❵✍❝ ❤ ❵

5 ❤ ❙ ❤✕♦✖❤ ⑩ ❪✞❤ ❬ ❝ ❢ ❪ ❵✡❬ ✟ ❙ ❢ ❢ ♠ ✐ ❝ ❫ ❫ ♦ ♥ ❛ ❝ ❞✖❤ ❙ ❤ ❵ ❨ ❙ ❤✕♦✖♥ ➎ ❢ ❙ 5 ➥ ❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤✕❙ ♠ ➃ 5✕❪ ♠ ♦ ❤ ❵ ❨ ❪ ` ❫ ❪ ⑩✞❙ ♠ ➙
❝ ❛ ❛ ❢✄❬ ❷ ❙ ❤ ❨ ❙ ❢ ❨ ❪ ❢✄❙ ❫ ❵✡❙ ♥ ❙ ❤ ❵ ❛ ❝ ❢ ⑩ ✐ ❝ ❤ ❝ ⑩✞➝ ♠ ❙ ❨ ❙ ⑩ ❝ ❛✁♦✖⑩ ❝ ❢ ❪✞♠✡❝ ❵✡❪✞♦ ❤ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ➊☞❛ ❝ ❢ ❙ ➥ ❙ ♥ ❛ ⑩✞❙
⑩ ✐ ❙ ❾ ❙ ❵ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ➌ ❡ ♥ ❝ ❪ ♠ ➃ 5 ❪ ❛✁❙ 5✕⑨✖❙ ❤ ❵ ➮ ❵✡❢✄❙ ❫ ♦✖♥ ❛ ❢ ❪✞♠ ♠ ❪ ⑩ ✐ ♦ ❤ ❫ ♦✖❤✕♠ ❪ ❨✕❸ ❢ ❙ ⑩ ✐ ❬ ➃ 5 ❝ ❵✡❪ ♦ ❤ ❨ ❙ ➄ ❫✍❷ ❢ ✡ ➑
❨ ❪ ❤ ❞ ❙ ❢ ❤ ♦ ❤ ⑩✞❪ ❤✕❬✏❝ ❪✞❢✄❙ ⑥ c✒✄ ❡ c✒✍ ⑦ →
⑦ ❙ ❵ ❵ ❙ ❬ ➃ 5 ❝ ❵ ❪ ♦✖❤ ❛✁❙ 5✕❵ ❨✕❬ ❫ ❢✄❪ ❢✄❙ ❝ ❤ ❝ ⑩ ➝ ❵ ❪ ➃ 5 ❙ ♥ ❙ ❤ ❵ ⑩ ❝ ❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ❨ ❙ ⑩ ❝ ⑩ 5 ♥ ❪✞❸ ❢ ❙ ❨ ❝ ❤ ♠ 5 ❤ ❙
➢ ➎ ❢ ❙ ♦ ❛✕❵✡❪✞➃ 5✕❙ ⑥ c✓✄☎⑦ ❙ ❵ ♠✄♦✖5 ♠ ❫ ❙ ❢✄❵✡❝ ❪ ❤ ❙ ♠ ❫ ♦ ❤ ❨ ❪✞❵ ❪ ♦ ❤ ♠ ❡ ❝ ❨ ❙ ♠ ♠ ♦ ⑩ 5✕❵ ❪ ♦✖❤ ♠ ❝ ❤ ❝ ⑩ ➝ ❵ ❪ ➃ 5 ❙ ♠ ♥ ❝ ❪✞♠ ❙ ⑩✞⑩ ❙
❛✁❙ ❢ ♥ ❙ ❵ ❝ 5 ♠ ♠✄❪ 5 ❤ ❙ ❢✄❬ ♠✄♦✖⑩ 5 ❵✡❪ ♦ ❤ ❤ 5✕♥ ❬ ❢ ❪ ➃ 5 ❙ ❨✕❙ ♠ ❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤✕❙ ♠ ❨✕❙ ❛ ❢✄♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ → ➅ ✐ ❝✏⑨ ❝ ❤ ❵✍❝ ❞ ❙
❨ ❙ ❫ ❙ ❵ ❵✡❙ ❢ ❬ ♠ ♦✖⑩✞5✕❵✡❪✞♦✖❤ ❤ 5 ♥ ❬ ❢✄❪ ➃ 5 ❙ ❙ ♠ ❵ ➃ 5 ✐ ❙ ⑩✞⑩ ❙ ❛✁❙ ❢ ♥ ❙ ❵ ❝ ⑩ ♦✖❢✄♠ 5✕❤ ❙ ➎ ♦ ❤ ❤ ❙ ❫ ♦ ♥ ❛ ❢✄❬ ❷ ❙ ❤ ♠ ❪✞♦✖❤ ❨ ❙ ♠
❨ ❪✞❾ ❬ ❢✄❙ ❤ ❵✡♠ ❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤ ❙ ♠ ❢ ❬ ♠✄5 ⑩✞❵✡❝ ❤ ❵ ♠ ❨ ❙ ⑩ ❝ ❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ →
⑦ ♦✖❤ ♠ ❪✞❨ ❬ ❢ ♦✖❤ ♠ 5 ❤✕❙ ❪ ♥ ❛ 5 ⑩✞♠ ❪✞♦ ❤ ⑩✞5 ♥ ❪✞❤ ❙ 5 ♠✄❙ ➃ 5 ❪ ♠✄❙ ❛ ❢ ♦ ❛ ❝ ❞✖❙ ♠✄❙ ⑩ ♦ ❤ 5 ❤ ❝ ➥ ❙

z
❝✏⑨✖❙ ❫ 5 ❤ ❙ ❻✓❢✄❬ ➑

➃ 5✕❙ ❤ ❫ ❙
ω0

❡ ❨ ❙ ❤ ♦✖♥ ➎ ❢✄❙ ❨ ✐ ♦ ❤ ❨ ❙
k0

❙ ❵ 5 ❤ ❙ ❙ ❤ ⑨✖❙ ⑩✞♦✖❛ ❛✁❙
A

→ ➄ ♦✖❪ ❵
E

❫ ❙ ❫ ❷ ❝ ♥ ❛ ❨ ♦✖❤✕❤ ❬ ❛ ❝ ❢

E = A exp [i (k0z − ω0t)] .
➊ ✂ → ✆ ➌



➘✒➴✖✕ ➴ ★ ➹ ➱ ➶ ❹ ➹ ✃ ❿ ➹ ❹ ➱ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ❻ ➶ ❸ ❿ 1✎❽ ➹ ➱ ◗✒✄
➄ " ❛ ❛✁♦ ♠ ♦✖❤ ♠ ➃ " ❙ ⑩ ✐ ❙ ❤ ⑨✖❙ ⑩✞♦✖❛ ❛✁❙

A
❨ ❙ ⑩ ✐ ❪ ♥ ❛ "✕⑩✞♠ ❪✞♦✖❤ ⑨ ❝ ❢ ❪ ❙ ⑩ ❙ ❤ ❵✡❙ ♥ ❙ ❤ ❵ ❛ ❝ ❢ ❢ ❝ ❛ ❛✁♦✖❢ ❵ ❝ " ➥ ⑨ ❝ ➑

❢ ❪ ❝ ❵✡❪✞♦✖❤✕♠ ❢✡❝ ❛✕❪ ❨ ❙ ♠ ♠✄❛ ❝ ❵✡❪✞♦ ➑ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞⑩✞❙ ♠ ❨ ❙ ⑩ ✐ ♦✖❤ ❨✕❙ ❛✁♦✖❢✄❵ ❙ " ♠✄❙
ω0

→ ➣ ❝ ❢ ❫ ♦✖❤ ♠✄❬ ➃ " ❙ ❤ ❵ ⑩ ❙ ♠ ❛✁❙ ❫ ❵✡❢ ❙
♠ ❛ ❝ ❵✡❪ ❝ ⑩ ❙ ♠✄❵ ❫ ♦✖❤ ❫ ❙ ❤ ❵✡❢✄❬ ❝ "✕❵✡♦✖"✕❢ ❨ " ❤ ♦✖♥ ➎ ❢✄❙ ❨ ✐ ♦✖❤✕❨ ❙ ❨ ❙ ⑩ ✐ ❙ ❤ ⑨✖❙ ⑩ ♦ ❛ ❛✁❙ ❛✁♦✖❢ ❵✡❙ " ♠ ❙

k0

❙ ❵ ⑩ ❙ ♠ ❛✁❙ ❫ ❵✡❢ ❙
❙ ❤ ❻✓❢ ❬ ➃ "✕❙ ❤ ❫ ❙ ❙ ♠ ❵ ❫ ♦✖❤ ❫ ❙ ❤ ❵✡❢ ❬ ❝ "✕❵✡♦✖"✕❢ ❨✕❙ ⑩ ❝ ❻✓❢ ❬ ➃ " ❙ ❤ ❫ ❙ ❛✁♦✖❢✄❵ ❙ " ♠✄❙

ω0

→ ✃ ❪ ❤ ♠✄❪ ❪ ⑩ ❙ ♠ ❵ ❛✁♦✖♠✄♠ ❪✞➎ ⑩ ❙
❨ ❙ ❨✕❬ ⑨✖❙ ⑩ ♦✖❛ ❛✁❙ ❢ ⑩ ❙ ❤ ♦✖♥ ➎ ❢✄❙ ❨ ✐ ♦✖❤✕❨ ❙

k
❙ ❤ ❻✓♦✖❤ ❫ ❵ ❪ ♦✖❤ ❨✕❙

ω0

♠✄❙ ⑩✞♦✖❤ " ❤ ❙ ♠ ❬ ❢✄❪ ❙ ❨ ❙ ❯ ❝ ➝ ⑩ ♦✖❢ ❝ " ❵✡♦✖" ❢
❨ " ❤ ♦✖♥ ➎ ❢✄❙ ❨ ✐ ♦✖❤✕❨ ❙

k0
⑤

k(ω) = k0 +

(

∂k

∂ω

)

ω0

(ω − ω0) +
1

2

(

∂2k

∂2ω

)

ω0

(ω − ω0)
2 +

(

∂k

∂ |A|2
)

A0=0

|A|2 ...

➊ ✂ → ✂ ✹ ➌
➅ ❙ ❵✡❙ ❢ ♥ ❙ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙

Q =
(

∂k/∂ |A|2
)

A0=0

❛ ❢ ♦ ⑨ ❪ ❙ ❤ ❵ ❨ ❙ ⑩ ✐ ❙ ❾ ❙ ❵ ✟ ❙ ❢✄❢ ♦✖❛ ❵✡❪ ➃ " ❙
n =

n(ω, |A|2) → ❲ ❤ ❙ ❾ ❙ ❵✏❡
k = nω

c
= k(ω, |A|2) →

❲ ❤ ❛✁♦✖♠✡❝ ❤ ❵
K = k − k0

❡
Ω = ω − ω0

❡
β1 = (∂k/∂ω)ω0

❙ ❵
β2 = (∂2k/∂2ω)ω0

❡ ♦✖❤ ❛✁❙ "✕❵
❢ ❬ ❬ ❫ ❢✄❪ ❢✄❙ ⑩ ✐ ❬ ➃ " ❝ ❵ ❪ ♦✖❤ ➊ ✂ → ✂ ✹ ➌ ♠ ♦✖" ♠ ⑩ ❝ ❻✓♦✖❢ ♥ ❙ ♠✄" ❪✞⑨ ❝ ❤ ❵ ❙ ⑤

K = β1Ω +
1

2
β2Ω

2 + Q |A|2 ,
➊ ✂ → ✂✌✂ ➌

♦✒➣
β1

❢ ❙ ❛✕❢ ❬ ♠✄❙ ❤ ❵✡❙ ⑩ ✐ ❪ ❤ ⑨✖❙ ❢✄♠ ❙ ❨✕❙ ⑩ ❝ ⑨ ❪✞❵ ❙ ♠ ♠✄❙ ❨ ❙ ❞✖❢ ♦ " ❛✁❙ ❙ ❵
β2

❙ ♠✄❵ ⑩ ❙ ❫ ♦ ❙ L ❫ ❪✞❙ ❤ ❵ ❨ ❙ ❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪ ♦ ❤
❨ ❙ ⑩ ❝ ⑨ ❪ ❵✡❙ ♠ ♠ ❙ ❨ ❙ ❞ ❢ ♦✖"✕❛ ❙ ➊ ➜ ; ➯ ⑤ ➜ ❢✄♦✖" ❛ ; ❙ ⑩✞♦ ❫ ❪ ❵ ➝ ➯ ❪✞♠ ❛✁❙ ❢✄♠ ❪ ♦ ❤ ➌ →
➯ ❝ ❤ ♠ ⑩ ❝ ⑩ ❪✞❵✄❵✡❬ ❢✡❝ ❵ " ❢ ❙ ❡ ♦✖❤ ❢✄❙ ♥ ❛ ⑩ ❝ ❫ ❙ ❵ ❢ ❸ ♠ ♠ ♦ "✕⑨✖❙ ❤ ❵

β2
➃ " ❪ ❙ ♠ ❵ ⑩ ❝ ⑨ ❝ ❢ ❪ ❝ ❵✡❪✞♦✖❤ ❨✕❙ ⑩ ❝ ⑨ ❪ ❵✡❙ ♠✄♠ ❙ ❨ ❙

❞✖❢ ♦ " ❛✁❙ ⑨ ❪ ♠ ➑✆➙ ➑✑⑨ ❪✞♠ ❨ ❙ ⑩ ❝ ❻✓❢ ❬ ➃ " ❙ ❤ ❫ ❙ ❛ ❝ ❢ ⑩✞❙ ❛ ❝ ❢✡❝ ♥ ❸ ❵✡❢ ❙
D

➃ " ❪ ♠ ✐ ❙ ➥ ❛ ❢✄❪ ♥ ❙ ❙ ❤
ps/km.nm

→✕➅ ❙ ♠
❨ ❙ " ➥ ❛ ❝ ❢ ❝ ♥ ❸ ❵✡❢✄❙ ♠ ♠ ♦✖❤ ❵ ⑩ ❪ ❬ ♠ ❛ ❝ ❢ ⑩ ❝ ❢✄❙ ⑩ ❝ ❵✡❪✞♦✖❤ ♠✄" ❪✞⑨ ❝ ❤ ❵ ❙ ⑤

D = −2πc

λ2
β2.

➊ ✂ → ✂ ◗ ➌
D

❙ ♠✄❵ ❨ ✐ " ❤ ❙ ♥ ❝ ❤ ❪✞❸ ❢✄❙ ❞ ❬ ❤ ❬ ❢✡❝ ⑩✞❙ ⑩ ❝ ♠✄♦✖♥ ♥ ❙ ❨ ❙ ❨ ❙ " ➥ ❫ ♦✖❤ ❵ ❢ ❪✞➎ "✕❵✡❪✞♦✖❤ ♠ ⑤ ⑩ ❝ ❨ ❪ ♠✄❛ ❙ ❢ ♠✄❪ ♦✖❤ ❫✍❷ ❢ ♦ ➑
♥ ❝ ❵✡❪ ➃ " ❙ ❨✕" ♥ ❝ ❵ ❬ ❢✄❪ ❝ "

Dm

❙ ❵ ⑩ ❝ ❨✕❪ ♠ ❛✁❙ ❢ ♠✄❪ ♦✖❤ ❨ " ❞✖" ❪ ❨✕❙
Dg

→ ➇ ❤ ❛✁❙ "✕❵ ❨✕❬ ➢ ❤ ❪✞❢ ❨ ❙ " ➥ ❢✄❬ ❞✖❪✞♥ ❙ ♠
❨ ❙ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ ♠ ❬ ❛ ❝ ❢✄❬ ♠ ❛ ❝ ❢ ⑩ ❝ ⑩ ♦✖❤ ❞ " ❙ "✕❢ ❨ ✐ ♦✖❤ ❨✕❙ ❨ ❙ ❨✕❪ ♠ ❛✁❙ ❢ ♠✄❪ ♦✖❤ ❤ " ⑩✞⑩ ❙

λ0
→✕➅ ♦✖❢ ♠✄➃ " ❙

D > 0

(β2 < 0)
❡ ⑩ ❙ ❢ ❬ ❞✖❪ ♥ ❙ ❨ ❙ ❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪ ♦ ❤ ❙ ♠✄❵ ➃ " ❝ ⑩ ❪ ➢ ❬ ❨ ✐ ❝ ❤ ♦✖❢✄♥ ❝ ⑩ ❡ ❙ ❵ ❪ ❤ ⑨✖❙ ❢✄♠ ❙ ♥ ❙ ❤ ❵ ❛✁♦ " ❢

D < 0

(β2 > 0)
⑩ ❙ ❢ ❬ ❞✖❪ ♥ ❙ ❨ ❙ ❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪ ♦ ❤ ❙ ♠✄❵ ❨✕❪✞❵ ❤✕♦✖❢ ♥ ❝ ⑩ →

➅ ✐ ❬ ➃ " ❝ ❵✡❪✞♦✖❤ ➊ ✂ → ✂✒✂ ➌ ❢ ❙ ❛✕❢ ❬ ♠✄❙ ❤ ❵✡❙ ⑩ ❝ ❢✄❙ ⑩ ❝ ❵✡❪✞♦✖❤ ❨ ❙ ❨✕❪ ♠ ❛✁❙ ❢ ♠✄❪ ♦✖❤ ❤✕♦✖❤ ⑩✞❪ ❤✕❬✏❝ ❪✞❢✄❙ ❨ ❙ ⑩ ✐ ♦✖❤✕❨ ❙ ❙ ❤ ⑨✖❙ ⑩ ♦✖❛ ❛✁❙ →
❲ ❤ "✕❵ ❪ ⑩ ❪ ♠✡❝ ❤ ❵ " ❤✕❙ ♥ ❬ ❵ ❷ ♦ ❨ ❙ ➎ ❝ ♠ ❬ ❙ ♠ " ❢ ⑩ ❝ ❵✡❢ ❝ ❤ ♠✄❻✓♦ ❢ ♥ ❬ ❙ ❨ ❙ ✺ ♦✖" ❢ ❪✞❙ ❢ ❡ ❨ ❝ ❤ ♠ ⑩ ❝ ➃ " ❙ ⑩ ⑩✞❙

K
❙ ♠ ❵

❢ ❙ ♥ ❛ ⑩ ❝ ❫ ❬ ❛ ❝ ❢ ⑩ ✐ ♦✖❛✁❬ ❢✡❝ ❵✡❙ " ❢ ♠ ❛ ❝ ❵✡❪ ❝ ⑩ −i∂/∂z
❙ ❵

Ω
❛ ❝ ❢ ⑩ ✐ ♦✖❛✁❬ ❢ ❝ ❵✡❙ " ❢ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩

i∂/∂T
❡ ♦✖❤

❛✁❙ "✕❵ ❝ ❛ ❛✕⑩ ❪ ➃ " ❙ ❢ ⑩ ✐ ❬ ➃ " ❝ ❵✡❪ ♦ ❤ ➊ ✂ → ✂✌✂ ➌ ➙ ⑩ ✐ ❙ ❤ ⑨✖❙ ⑩ ♦ ❛ ❛✁❙
A
❡ ❙ ❵ ♦✖❤ ♦✖➎✕❵✡❪✞❙ ❤ ❵ ⑩ ✐ ❬ ➃ " ❝ ❵ ❪ ♦✖❤ ♠ " ❪ ⑨ ❝ ❤ ❵✡❙ ⑤

i
∂A

∂z
+ iβ1

∂A

∂T
− 1

2
β2

∂2A

∂2T
+ Q |A|2 A = 0.

➊ ✂ → ✂ W ➌



◗✌✍ ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ ; ➱
➣ ♦✖$ ❢ ❢✄❙ ❤ ❨ ❢✄❙ ⑩✞❙ ♠ ❫✍❷ ♦ ♠ ❙ ♠ ❛ ⑩✞$ ♠ ♠✄❪ ♥ ❛ ⑩ ❙ ♠ ❮ ❪✞⑩ ❙ ♠✄❵ ❛ ❢✡❝ ❵ ❪ ➃ $ ❙ ❨ ✐ $✕❵✡❪✞⑩ ❪✞♠ ❙ ❢ $ ❤ ♠✄➝ ♠✄❵✡❸ ♥ ❙ ❨✕❙ ❫ ♦ ♦✖❢ ❨✕♦✖❤ ➑
❤ ❬ ❙ ♠ ➃ $✕❪ ♠✄❙ ❨ ❬ ❛ ⑩ ❝ ❫ ❙ ➙ ⑩ ❝ ⑨ ❪✞❵ ❙ ♠ ♠✄❙ ❨ ❙ ❞✖❢✄♦✖$ ❛✁❙

vg = 1/β1

❡ ❫ ✐ ❙ ♠ ❵✄➑ ➙ ➑✆❨ ❪✞❢ ❙ ❡ ❙ ❤ ❢ ❙ ♥ ❛ ⑩ ❝✌➛✏❝ ❤ ❵
T

❛ ❝ ❢
t = T − z/vg

❙ ❵ ❨ ✐ $ ❵✡❪ ⑩✞❪✞♠ ❙ ❢ ⑩ ❝ ➃ $ ❝ ❤ ❵✡❪ ❵✡❬
A = (αAeff )

1/2 A
❛✁♦✖$ ❢ ⑩ ❝ ➃ $ ❙ ⑩✞⑩ ❙ |A|2 ❢ ❙ ➑

❛ ❢ ❬ ♠ ❙ ❤ ❵✡❙ ⑩ ❝ ❛ $✕❪ ♠ ♠ ❝ ❤ ❫ ❙ ❨ ❙ ⑩ ✐ ♦✖❤✕❨ ❙ → ➣ ♦✖$ ❢ $ ❤ ❻☞❝ ❪✞♠ ❫ ❙ ❝ $ ⑩ ❝ ♠ ❙ ❢ ❞✖❝ $ ♠ ♠✄❪ ❙ ❤ ❡ ⑩ ❙ ❫✍❷ ❝ ♥ ❛ ❬ ⑩✞❙ ❫ ❵✡❢ ❪✞➃ $ ❙
♠ ✐ ❬ ❫ ❢✄❪✞❵

E = A(z)ψ(x, y)ei(k0z−ω0t) ❡ ♦✒➣ ψ(x, y)
❙ ♠✄❵ ⑩ ❝ ❨ ❪✞♠✄❵✡❢✄❪ ➎ $ ❵✡❪ ♦ ❤ ❵✡❢ ❝ ❤ ♠✄⑨✖❙ ❢ ♠✄❙ ❨ $ ❫✍❷ ❝ ♥ ❛

❬ ⑩✞❙ ❫ ❵ ❢ ❪✞➃ $✕❙ → ➅ ✐ ❪✞❤ ❵✡❙ ❤ ♠ ❪ ❵✡❬ ❨ ❙ ⑩ ✐ ♦✖❤ ❨✕❙ ❬ ❵✡❝ ❤ ❵
I = 1

2
n0 ǫ0 c |E|2 ❡ ⑩ ❝ ❛ $ ❪ ♠✄♠✡❝ ❤✕❫ ❙

P = αAeff |A|2
❨ ❙ ⑩ ✐ ♦✖❤ ❨✕❙ ❙ ♠ ❵ ♦ ➎✕❵✡❙ ❤ $ ❙ ❛ ❝ ❢ ⑩ ✐ ❪✞❤ ❵ ❬ ❞✖❢ ❝ ❵✡❪ ♦✖❤ ♠ $ ❢ ⑩ ❝ ♠ ❙ ❫ ❵✡❪✞♦✖❤ ❵ ❢✡❝ ❤✕♠✄⑨✖❙ ❢✄♠ ❙ ❨ $ ❻☞❝ ❪✞♠ ❫ ❙✏❝ $ ⑩ ❝ ♠ ❙ ❢ → ➅ ❙
❛ ❝ ❢✡❝ ♥ ❸ ❵✡❢ ❙

Aeff =
∫ +∞

−∞

∫ +∞

−∞
|ψ(x, y)|2 dx dy

❙ ♠ ❵ ⑩ ✐ ❝ ❪✞❢ ❙ ❙ ❾ ❙ ❫ ❵✡❪ ⑨✖❙ ❨ $ ❫ ✂ $ ❢ ❨ ❙ ⑩ ❝ ➢ ➎ ❢ ❙ ❡
➃ $✕❪ ❛ ❢ ❙ ❤ ❨ ❙ ❤ ❫ ♦✖♥ ❛ ❵✡❙ ⑩ ❝ ⑨ ❝ ❢✄❪ ❝ ❵ ❪ ♦ ❤ ❨ ❙ ⑩ ✐ ❪✞❤ ❵✡❙ ❤ ♠ ❪ ❵✡❬ ❨ ❙ ⑩ ✐ ♦ ❤ ❨ ❙ ♠ $✕❢ ⑩ ❝ ♠ ❙ ❫ ❵✡❪✞♦✖❤ ❵✡❢ ❝ ❤ ♠ ⑨✖❙ ❢ ♠✄❙
❨ ❙ ⑩ ❝ ➢ ➎ ❢ ❙ → ➅ ❝ ⑨ ❝ ⑩ ❙ $ ❢ ❨ ❙

Aeff

❙ ♠ ❵ ❻✓♦✖❢✄❵ ❙ ♥ ❙ ❤ ❵ ⑩ ❪✞❬ ❙ ➙ ⑩ ❝ ❨ ❪ ♠ ❵✡❢ ❪✞➎ $✕❵✡❪✞♦✖❤ ❨ ❙ ♠ ♥ ♦ ❨ ❙ ♠ → ❲ ❤ ❵✡❙ ➑
❤ ❝ ❤ ❵ ❫ ♦ ♥ ❛✕❵ ❙ ❨✕❙ ❫ ❙ ♠ ❨✕❪✞❾ ❬ ❢ ❙ ❤ ❵ ❙ ♠ ♠ $ ➎✕❵ ❪✞❵ $✕❵✡❪✞♦✖❤ ♠ ❡ ⑩ ✐ ❬ ➃ $ ❝ ❵ ❪ ♦✖❤ ➊ ✂ → ✂ O ➌ ♠ ❙ ❢ ❬ ❨ $ ❪✞❵ ➙ ⑩ ✐ ❬ ➃ $ ❝ ❵✡❪ ♦ ❤
❨ ❙ ➄ ❫ ❷✕❢ ✡ ❨ ❪✞❤ ❞✖❙ ❢ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ➊ ➱ ➅ ➄✕➌ ❨ ❙ ⑩ ✐ ♦✖❤ ❨ ❙ ❙ ❤ ⑨✖❙ ⑩ ♦✖❛ ❛✁❙ ⑥ O✓✄ ❡ O✌✍ ⑦ →

i
∂A

∂z
− 1

2
β2

∂2A

∂2t
+ γ |A|2 A = 0,

➊ ✂ → ✂ " ➌
♦✒➣

γ
❙ ♠ ❵ ⑩✞❙ ❫ ♦ ❙ + ❫ ❪ ❙ ❤ ❵ ❤ ♦✖❤ ⑩ ❪✞❤ ❬ ❝ ❪✞❢ ❙ ❨✕❬ ➢ ❤ ❪ ❛ ❝ ❢

γ = ω n2

c α Aeff

❙ ❵ ♠ ✐ ❙ ➥✕❛✕❢ ❪ ♥ ❙ ❙ ❤
W−1m−1 →

⑦ ❙ ❵ ❵ ❙ ❬ ➃ ; ❝ ❵✡❪✞♦✖❤ ➊ ✂ → ✂ " ➌ ❙ ♠✄❵ ❝ ❤ ❝ ⑩✞♦✖❞✖;✕❙ ➙ ⑩ ✐ ❬ ➃ ; ❝ ❵✡❪ ♦ ❤ ❨ ❙ ➄ ❫✍❷ ❢☛✡ ❨ ❪ ❤ ❞ ❙ ❢ ❙ ❤ ♥ ❬ ❫✏❝ ❤✕❪ ➃ ; ❙ ➃ ; ❝ ❤ ➑
❵✡❪ ➃ ; ❙ ♥ ❝ ❪✞♠ ❝✏⑨✖❙ ❫ ;✕❤ ❛✁♦ ❵ ❙ ❤ ❵✡❪ ❙ ⑩ ❤ ♦ ❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ → ❲ ⑩ ⑩✞❙ ❙ ♠ ❵ ➙ ⑩ ❝ ➎ ❝ ♠✄❙ ❨ ❙ ❤ ♦✖♥ ➎ ❢ ❙ ; ➥ ❵ ❢✡❝ ⑨ ❝ ; ➥ ❨ ❙
❢ ❙ ❫✍❷ ❙ ❢ ❫✍❷ ❙ ❨ ❝ ❤✕♠ ⑩✞❙ ❨ ♦✖♥ ❝ ❪ ❤✕❙ ❨ ❙ ♠ ❯ ❬ ⑩ ❬ ❫ ♦✖♥ ♠ ❙ ❵ ❝ ❬ ❵ ❬ ❨ ❙ ♥ ♦✖❤ ❵ ❢ ❬ ❙ ❨ ❝ ❤ ♠ ⑩ ❙ ♠ ➢ ➎✕❢ ❙ ♠ ♦✖❛✕❵✡❪✞➃ ; ❙ ♠
❙ ❤

1973
❛ ❝ ❢ ❰ ❝ ♠✄❙ ❞✖❝✝➁ ❝ ❙ ❵ ❯ ❝ ❛ ❛✁❙ ❢ ❵ ⑥ K ⑦ → ➯ ❝ ❤ ♠ ❫ ❙ ❵ ❵ ❙ ❬ ➃ ; ❝ ❵✡❪ ♦ ❤ ➱ ➅ ➄ ⑩ ❝ ❛✕⑩ ; ♠ ♠✄❪ ♥ ❛ ⑩ ❙ ❡ ❤ ♦✖; ♠

❝ ⑨✖♦✖❤✕♠ ❤ ❬ ❞ ⑩ ❪✞❞✖❬ ⑩✞❙ ♠ ❛✁❙ ❢✄❵✡❙ ♠ ❨ ❙ ⑩ ❝ ➢ ➎ ❢✄❙ ❝ ❪✞❤ ♠ ❪ ➃ ; ❙ ❵✡♦✖;✕♠ ⑩✞❙ ♠ ❵ ❙ ❢ ♥ ❙ ♠ ❨ ✐ ♦✖❢✄❨ ❢ ❙ ♠ ; ❛✁❬ ❢ ❪ ❙ ; ❢ ➃ ; ❪
❨ ❬ ❫ ❢ ❪ ⑨✖❙ ❤ ❵ ❨ ❙ ♠ ❙ ❾ ❙ ❵✡♠ ❵ ❙ ⑩ ♠ ➃ ; ❙ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪ ♦ ❤ ❨ ✐ ♦✖❢ ❨✕❢ ❙ ❵✡❢ ♦ ❪ ♠ ❡ ♦✖; ⑩ ❝ ❨ ❪ ❾ ; ♠✄❪ ♦✖❤ ❨ ❙ Q ❝ ♥ ❝ ❤
♠✄❵✡❪✞♥ ; ⑩ ❬ ❙ ❡✕♥ ❝ ❪ ♠ ❫ ❙ ❵✄❵✡❙ ❬ ➃ ; ❝ ❵✡❪✞♦✖❤ ❛✁❙ ;✕❵ ➮ ❵✡❢✄❙ ❞✖❬ ❤ ❬ ❢✡❝ ⑩✞❪ ♠✄❬ ❙ ❛✁♦✖; ❢ ❪✞❤ ❫ ⑩✞; ❢✄❙ ❨ ✐ ❝ ;✕❵✡❢✄❙ ♠ ❙ ❾ ❙ ❵✡♠ →

S ❊ ❉ ❊☞S ❊ ❉ ❲ U☞V W X Y V✏U✓[✁\ ] X ^ _ ✜ U✓` X V✏V X ] X ◆ Y [✁a W X

➯ ❝ ❤✕♠ ⑩ ✐ ❬ ➃ ; ❝ ❵✡❪ ♦ ❤ ➊ ✂ → ✂ " ➌ ❡ ❤ ♦ ; ♠ ❝ ⑨✖♦✖❤ ♠ ⑩ ❝ ❫ ♦ ❙ ➥✕❪✞♠✄❵ ❙ ❤ ❫ ❙ ❨ ❙ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦ ❤ ❨ ✐ ♦✖❢ ❨✕❢ ❙ ❨ ❙ ; ➥
➊
β2

➌ ❙ ❵ ❨ ❙ ⑩ ❝ ❤✕♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵✡❬ ➊
γ
➌ ⑩ ♦✖❢✄♠ ❨✕❙ ⑩ ❝ ❛ ❢✄♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ ❨ ❝ ❤ ♠ ;✕❤ ♥ ❪✞⑩✞❪✞❙ ; ❨ ❪✞❬ ⑩✞❙ ❫ ❵ ❢ ❪✞➃ ;✕❙ ❨ ❙

⑩ ♦✖❤✕❞✖; ❙ ;✕❢
L
→ ❲ ❤ ♥ ❙ ❵✄❵✍❝ ❤ ❵ ⑩ ❙ ❫ ♦ ❙ + ❫ ❪ ❙ ❤ ❵ ❨ ❙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ➙ ✐ ❬ ❢ ♦ ➊

γ = 0
➌ ❡ ♠✄❙ ; ⑩ ⑩ ✐ ❙ ❾ ❙ ❵ ❨ ❙ ⑩ ❝

❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ ❨✕❙ ⑨ ❪ ❵✡❙ ♠ ♠ ❙ ❨ ❙ ❞✖❢✄♦✖; ❛✁❙ ❛✁❙ ;✕❵ ➮ ❵✡❢✄❙ ♦✖➎✕❵ ❙ ❤ ; ♠✄; ❢ ⑩ ❝ ❛ ❢✄♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ ❨ ✐ ; ❤✕❙ ❪✞♥ ❛✕; ⑩ ♠✄❪✞♦✖❤ →
➯ ❝ ❤ ♠ ❫ ❙ ❫✏❝ ♠ ⑩ ✐ ❬ ➃ ; ❝ ❵ ❪ ♦ ❤ ➊ ✂ → ✂ " ➌ ♠ ❙ ❢ ❬ ❨✕; ❪✞❵ ➙ ⑥ K✓✄☎⑦ ⑤

i
∂A

∂z
− β2

2

∂2A

∂2t
= 0,

➊ ✂ → ✂ ✔✖➌



➘✒➴✖✕ ➴ ★ ➹ ➱ ➶ ❹ ➹ ✃ ❿ ➹ ❹ ➱ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ❻ ➶ ❸ ❿ 1✎❽ ➹ ➱ ◗✌✆
❨ ❝ ❤ ♠ ⑩ ❙ ❨ ♦✖♥ ❝ ❪ ❤ ❙ ❻✓❢✄❬ ➃ 1 ❙ ❤ ❵✡❪✞❙ ⑩ ⑩ ✐ ❬ ➃ 1 ❝ ❵✡❪ ♦ ❤ ➊ ✂ → ✂ ✔✖➌ ❨ ❙ ⑨ ❪✞❙ ❤ ❵

∂Ã

∂z
− i

2
β2ω

2Ã = 0,
➊ ✂ → ✂✝☞ ➌

♦✒➣
Ã(z, ω)

❢ ❙ ❛✕❢ ❬ ♠✄❙ ❤ ❵✡❙ ⑩ ❝ ❵✡❢ ❝ ❤ ♠ ❻✓♦✖❢ ♥ ❬ ❙ ❨ ❙ ✺ ♦✖1 ❢✄❪ ❙ ❢ ➊✓❯ ✺ ➌ ❨✕❙
A(z, t)

❨ ♦✖❤ ❤ ❬ ❙ ❛ ❝ ❢

Ã(z, ω) =

∫ +∞

−∞

A(z, t) exp (iω t) dt.
➊ ✂ → ✂☎✄ ➌

➅ ❝ ♠ ♦ ⑩ 1✕❵ ❪ ♦✖❤ ❨✕❙ ⑩ ✐ ❬ ➃ 1 ❝ ❵✡❪✞♦✖❤ ➊ ✂ → ✂✝☞ ➌ ❙ ♠✄❵ ❨ ♦✖❤ ❤ ❬ ❙ ❛ ❝ ❢

Ã(z, ω) = Ã(0, ω) exp

(

i

2
β2 ω2 z

)

,
➊ ✂ → ✂ ✍ ➌

♦✒➣
Ã(0, ω)

❨ ❬ ♠✄❪ ❞✖❤✕❙ ⑩ ❝ ❵✡❢✡❝ ❤✕♠✄❻✓♦✖❢✄♥ ❬ ❙ ❨✕❙ ✺ ♦ 1 ❢ ❪✞❙ ❢ ❨ 1 ❫ ❷ ❝ ♥ ❛ ❪ ❤ ❪ ❵✡❪ ❝ ⑩
A(z, t)

→
❲ ❤ ❢ ❙ ❞ ❝ ❢ ❨ ❝ ❤ ❵ ❝ ❵ ❵ ❙ ❤ ❵ ❪✞⑨✖❙ ♥ ❙ ❤ ❵ ⑩ ✐ ❬ ➃ 1 ❝ ❵ ❪ ♦✖❤ ➊ ✂ → ✂✝✍ ➌ ❡ ❪ ⑩ ❢ ❙ ♠ ♠✄♦✖❢✄❵ ❫ ⑩ ❝ ❪ ❢ ❙ ♥ ❙ ❤ ❵ ➃ 1 ❙ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪ ♦ ❤
♥ ♦ ❨✕❪✞➢ ❙ ⑩ ❝ ❛ ❷ ❝ ♠ ❙ ❨ ❙ ❫ ❷ ❝ ➃ 1✕❙ ❫ ♦✖♥ ❛✁♦ ♠✡❝ ❤ ❵✡❙ ♠ ❛✁❙ ❫ ❵✡❢ ❝ ⑩ ❙ ❨ ❙ ⑩ ✐ ❪ ♥ ❛ 1✕⑩✞♠ ❪✞♦✖❤ ❨ ✐ 1 ❤✕❙ ➃ 1 ❝ ❤ ❵✡❪ ❵✡❬ ➃ 1 ❪
❨ ❬ ❛✁❙ ❤ ❨ ❨ ❙ ⑩ ❝ ❨ ❪✞♠✄❵✍❝ ❤ ❫ ❙ ❛ ❝ ❢✄❫ ♦✖1✕❢ 1 ❙ ❨ ❝ ❤ ♠ ⑩ ❝ ➢ ➎ ❢✄❙ ❙ ❵ ❨ ❙ ⑩ ❝ ❻✓❢ ❬ ➃ 1✕❙ ❤ ❫ ❙ ❨✕❙ ❫✍❷ ❝ ➃ 1 ❙ ❫ ♦✖♥ ❛✁♦✖♠✡❝ ❤ ❵✡❙ →
➅ ❙ ♠✄❛✁❙ ❫ ❵✡❢ ❙ ❨ ❙ ❛✕1 ❪ ♠✄♠✡❝ ❤ ❫ ❙ ❨ ♦✖❤ ❤✕❬ ❙ ❛ ❝ ❢ ∣

∣

∣
Ã(z, ω)

∣

∣

∣

2

=
∣

∣

∣
Ã(0, ω)

∣

∣

∣

2 ❤ ✐ ❙ ♠✄❵ ❛ ❝ ♠ ♥ ♦ ❨ ❪ ➢ ❬ ❛ ❝ ❢ ⑩ ❝
❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪ ♦ ❤ ❡ ❪ ⑩ ❢✄❙ ♠ ❵✡❙ ❫ ♦✖❤✕♠✄❵✍❝ ❤ ❵ ❝ 1 ❫ ♦✖1 ❢ ♠ ❨✕❙ ⑩ ❝ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ → ❲ ❤ ❢ ❙ ⑨ ❝ ❤ ❫✍❷ ❙ ❡✁⑩ ❙ ❫ ❷ ❝ ❤ ❞✖❙ ♥ ❙ ❤ ❵
❨ ❙ ❛ ❷ ❝ ♠✄❙ ♠ ❛✁❙ ❫ ❵ ❢✡❝ ⑩✞❙ ❛✁❙ 1✕❵ ♥ ♦ ❨ ❪ ➢ ❙ ❢ ⑩ ❝ ❻✓♦✖❢✄♥ ❙ ❨ ❙ ⑩ ✐ ❙ ❤ ⑨✖❙ ⑩✞♦✖❛ ❛✁❙ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ⑩ ❙ →
➣ ❝ ❢ ❙ ➥ ❙ ♥ ❛ ⑩✞❙ ❡ ♠ ♦ ❪✞❵ 1 ❤ ❙ ❪✞♥ ❛✕1 ⑩ ♠✄❪✞♦✖❤ ❨ ❙ ❻✓♦✖❢ ♥ ❙ ❞ ❝ 1✕♠ ♠ ❪✞❙ ❤ ❤✕❙ ❛✁♦ 1 ❢ ⑩ ❝ ➃ 1 ❙ ⑩ ⑩✞❙ ⑩✞❙ ❫✍❷ ❝ ♥ ❛ ❪✞❤ ❪✞❵ ❪ ❝ ⑩
❙ ♠ ❵ ⑩ ❙ ♠✄1 ❪✞⑨ ❝ ❤ ❵ ⑤

A(0, t) = exp

(−t2

2δ2
0

)

,
➊ ✂ → ✂ ✆ ➌

❝ ⑨✖❙ ❫
δ0

⑩ ❝ ❨ ❙ ♥ ❪ ➑✑⑩ ❝ ❢✄❞✖❙ 1 ❢ ➙
1/e

❨✕❙ ⑩ ✐ ❪✞❤ ❵ ❙ ❤ ♠✄❪✞❵✡❬ ❢✄❙ ⑩✞❪ ❬ ❙ ➙ ♠ ❝ ⑩ ❝ ❢✄❞✖❙ 1✕❢ ➙ ♥ ❪ ➑✆❷ ❝ 1✕❵✡❙ 1 ❢ ➊ ✺ > ❰ ➞ ➌
⑥ O✒✄ ⑦ ❛ ❝ ❢

FWHM = 2
√

ln2 δ0 ≈ 1.665 δ0

→
❲ ❤ ❵✡❙ ❤ ❝ ❤ ❵ ❫ ♦✖♥ ❛✕❵ ❙ ❨ 1 ❻☞❝ ❪ ❵ ➃ 1 ❙ ⑩ ❝ ❵ ❢✡❝ ❤✕♠✄❻✓♦✖❢✄♥ ❬ ❙ ❨ ❙ ✺ ♦✖1✕❢ ❪ ❙ ❢ ❪✞❤ ⑨✖❙ ❢✄♠ ❙ ❨ ❙ ⑩ ✐ ❬ ➃ 1 ❝ ❵ ❪ ♦✖❤ ➊ ✂ → ✂ ✍ ➌
❨ ♦✖❤ ❤✕❙ ⑩✞❙ ❫ ❷ ❝ ♥ ❛ ❬ ⑩✞❙ ❫ ❵ ❢ ❪✞➃ 1✕❙ ♠ 1 ❪ ⑨ ❝ ❤ ❵

A(z, t) =

∫ +∞

−∞

Ã(0, ω) exp

(

i

2
β2 ω2 z − iω t

)

dω,
➊ ✂ → ◗ ✹ ➌

❨ ❙ ⑩ ✐ ❪ ♥ ❛ 1 ⑩✞♠ ❪✞♦ ❤ ❙ ❤ ❻✓♦✖❤ ❫ ❵✡❪ ♦ ❤ ❨ ❙ ⑩ ❝ ❨✕❪ ♠✄❵✡❝ ❤ ❫ ❙ ❨ ❙ ❛ ❢✄♦✖❛ ❝ ❞✖❝ ❵✡❪✞♦✖❤ ❡✁❪ ⑩ ⑨ ❪ ❙ ❤ ❵ ➃ 1 ✐ ➙ ⑩ ❝ ❨✕❪ ♠✄❵✡❝ ❤ ❫ ❙
z

⑩ ❙ ❫✍❷ ❝ ♥ ❛ ❬ ⑩ ❙ ❫ ❵✡❢✄❪ ➃ 1 ❙ ♠ ✐ ❬ ❫ ❢✄❪✞❵ ⑥ O✓✄ ❡ O✒✍ ⑦ ⑤
A(z, t) =

δ0
√

δ2
0 − iβ2z

exp

(

− t2

2(δ2
0 − iβ2z)

)

.
➊ ✂ → ◗ ✂ ➌

➇ ❤ ❢ ❙ ♥ ❝ ❢ ➃ 1 ❙ ➙ ❵ ❢✡❝✏⑨✖❙ ❢ ♠ ❫ ❙ ❵✄❵✡❙ ❬ ➃ 1 ❝ ❵ ❪ ♦✖❤ ➊ ✂ → ◗ ✂ ➌ ➃ 1 ❙ ⑩ ✐ ❪✞♥ ❛ 1 ⑩✞♠ ❪✞♦ ❤ ♠ ✐ ❬ ⑩ ❝ ❢ ❞✖❪ ❵ ❵ ♦✖1✕❵ ❙ ❤ ❞✖❝ ❢ ❨ ❝ ❤ ❵
♠✡❝ ❻✓♦ ❢ ♥ ❙ ❞✖❝ 1 ♠ ♠✄❪ ❙ ❤ ❤ ❙ ❝ 1 ❫ ♦✖1 ❢✄♠ ❨ ❙ ⑩ ❝ ❛ ❢✄♦✖❛ ❝ ❞✖❝ ❵✡❪✞♦✖❤ → ➣ ❝ ❢ ❫ ♦✖❤✕♠ ❬ ➃ 1 ❙ ❤ ❵✏❡ ♠✡❝ ❛✕1 ❪ ♠✄♠✡❝ ❤ ❫ ❙ ❫ ❢ ➮ ❵ ❙



 ✹ ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ ; ➱
❨ ❪ ♥ ❪✞❤ & ❙ ❛ ❢✄♦✖❞✖❢ ❙ ♠ ♠✄❪✞⑨✖❙ ♥ ❙ ❤ ❵ ❝ ➢ ❤ ❨✕❙ ♠ ❝ ❵✡❪✞♠✄❻☞❝ ❪✞❢ ❙ ⑩ ❝ ⑩✞♦✖❪ ❨ ❙ ❫ ♦✖❤ ♠ ❙ ❢✄⑨ ❝ ❵✡❪✞♦✖❤ ❨ ❙ ⑩ ✐ ❬ ❤✕❙ ❢ ❞ ❪ ❙ → ➣ ♦ & ❢
♥ ❪✞❙ & ➥ ♥ ❙ ❵ ❵✡❢✄❙ ❙ ❤ ❬ ⑨ ❪✞❨ ❙ ❤ ❫ ❙ ⑩✞❙ ❛✕❷ ❬ ❤✕♦✖♥ ❬ ❤ ❙ ❨ ✐ ❬ ⑩ ❝ ❢ ❞ ❪ ♠ ❙ ♥ ❙ ❤ ❵ ❨ ❙ ♠ ❪✞♥ ❛✕& ⑩ ♠✄❪✞♦✖❤ ♠ ❡✖❤ ♦✖& ♠ ❢ ❬✏❝ ❢ ❢✡❝ ❤ ➑
❞✖❙ ♦ ❤ ♠ ⑩ ✐ ❙ ➥ ❛ ❢ ❙ ♠ ♠ ❪✞♦✖❤ ❛ ❢ ❬ ❫ ❬ ❨ ❙ ❤ ❵✡❙ ➊ ✂ → ◗ ✂ ➌ ♠ ♦✖& ♠ ⑩ ❝ ❻✓♦✖❢ ♥ ❙ ♠✄& ❪✞⑨ ❝ ❤ ❵ ❙ ⑤

A(z, t) =
1

(

1 + (δ−2
0 β2z)2

)1/4

exp

[

− t2

δ2
0

(

1 + (δ−2
0 β2z)2

) +
i2β2zt

2

δ4
0

(

1 + (δ−2
0 β2z)2

) − i

2
arctan(δ−2

0 β2z)

]

.
➊ ✂ → ◗ ◗ ➌

✃ ❛ ❝ ❢✄❵ ❪ ❢ ❨ ❙ ❫ ❙ ❵✄❵✡❙ ❙ ➥ ❛ ❢✄❙ ♠ ♠ ❪✞♦✖❤ ➊ ✂ → ◗✖◗ ➌ ❡ ❤ ♦ & ♠ ❛✁♦✖&✕⑨✖♦ ❤ ♠ ❨✕❬ ❨ & ❪✞❢ ❙ ➃ &✕❙ ⑩ ❝ ⑩ ❝ ❢✄❞✖❙ & ❢ ❨✕❙ ⑩ ✐ ❪ ♥ ❛✕& ⑩✞♠ ❪✞♦ ❤
❞ ❝ & ♠✄♠ ❪ ❙ ❤ ❤ ❙ ♠ ✐ ❙ ➥ ❛ ❢✄❪ ♥ ❙ ❙ ❤ ❻✓♦✖❤ ❫ ❵✡❪ ♦ ❤ ❨ ❙ ⑩ ❝ ❨ ❪ ♠ ❵✍❝ ❤✕❫ ❙ ❨✕❙ ❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ➊☞❪✞❤ ❨ ❬ ❛✁❙ ❤ ❨ ❝ ♥ ♥ ❙ ❤ ❵ ❨ &
♠ ❪ ❞ ❤ ❙ ❨✕❙ ⑩ ❝ ❨✕❪ ♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ ➌ ❛ ❝ ❢ ⑤

δz(z) = δ0

√

1 +

(

z

Ld

)2

.
➊ ✂ → ◗  ➌

✃ ❪✞❤ ♠ ❪ ❡ ♦ ❤ ⑨✖♦✖❪ ❵ ➎ ❪✞❙ ❤ ➃ & ❙ ⑩ ❝ ⑩ ❝ ❢ ❞ ❙ & ❢ ❨ ❙ ⑩ ✐ ❪✞♥ ❛ & ⑩✞♠✄❪✞♦✖❤ ❝ & ❞✖♥ ❙ ❤ ❵✡❙ ❨ ❙
δ0

➙
δ0

√

1 +
(

z
Ld

)2 →✕➅ ❙
❛ ❝ ❢✡❝ ♥ ❸ ❵✡❢ ❙

Ld

❨ ❬ ♠✄❪ ❞✖❤✕❙ ⑩ ❝ ⑩ ♦✖❤✕❞✖& ❙ & ❢ ❫✏❝ ❢✡❝ ❫ ❵✡❬ ❢✄❪ ♠ ❵✡❪ ➃ & ❙ ❨ ❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ → ✃ ⑩ ❝ ❨ ❪✞♠✄❵✍❝ ❤✕❫ ❙
z =

Ld

❡ & ❤ ❙ ❪ ♥ ❛ & ⑩✞♠ ❪✞♦ ❤ ❞ ❝ & ♠ ♠ ❪✞❙ ❤✕❤ ❙ ♠ ✐ ❬ ⑩ ❝ ❢ ❞ ❪✞❵ ❨ ✐ & ❤ ❻☞❝ ❫ ❵ ❙ & ❢ √
2
→ ➅ ✐ ❙ ➥✕❛✕❢ ❙ ♠✄♠ ❪ ♦✖❤ ❨ ❙ ⑩ ❝ ⑩✞♦✖❤ ❞✖&✕❙ & ❢

❨ ❙ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ ❙ ♠ ❵ ❨ ♦ ❤ ❤ ❬ ❙ ❛ ❝ ❢ ⑤
Ld =

δ2
0

|β2|
.

➊ ✂ → ◗ N ➌
❒ ❤ ❙ ❝ &✕❵✡❢✄❙ ❢✄❙ ♥ ❝ ❢ ➃ & ❙ ❪ ♥ ❛✁♦✖❢✄❵✡❝ ❤ ❵ ❙ ❨ ❙ ⑩ ✐ ❬ ➃ & ❝ ❵✡❪ ♦ ❤ ➊ ✂ → ◗✖◗ ➌ ♥ ♦ ❤ ❵✡❢✄❙ ➃ & ✐ ❝ & ❫ ♦ & ❢ ♠ ❨ ❙ ⑩ ❝ ❛ ❢✄♦ ➑
❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ ❡✁⑩ ✐ ❪✞♥ ❛ & ⑩✞♠ ❪✞♦ ❤ ❝ ❫ ➃ & ❪ ❙ ❢✄❵ &✕❤ ❙ ❛✕❷ ❝ ♠ ❙ ➃ & ❝ ❨ ❢✡❝ ❵✡❪ ➃ & ❙ ❨ & ❵ ➝ ❛✁❙

Φd(z, t) = (at2 + b)z
→

➅ ❝ ❻✓❢ ❬ ➃ & ❙ ❤ ❫ ❙ ❪ ❤✕♠✄❵✍❝ ❤ ❵✍❝ ❤ ❬ ❙ ♠✄♦✖& ♠ ⑩ ✐ ❙ ❤ ⑨✖❙ ⑩ ♦✖❛✕❛✁❙ ❨ ❙ ⑩ ✐ ❪ ♥ ❛✕& ⑩✞♠ ❪✞♦ ❤ ❡ ❫ ✐ ❙ ♠✄❵ ➑ ➙ ➑✑❨ ❪ ❢✄❙ ⑩ ❝ ❨ ❬ ❢✄❪✞⑨✖❬ ❙ ❵✡❙ ♥ ➑
❛✁♦✖❢ ❙ ⑩ ⑩ ❙ ❨ ❙ ⑩ ❝ ❛ ❷ ❝ ♠ ❙ ❡ ♠ ✐ ❬ ❫✏❝ ❢ ❵✡❙ ❨ ♦ ❤ ❫ ❨ ❙ ⑩ ❝ ❻✓❢✄❬ ➃ & ❙ ❤ ❫ ❙ ❨ ❙ ⑩ ❝ ❛✁♦✖❢ ❵✡❙ &✕♠ ❙ ♠✄❙ ⑩✞♦✖❤ &✕❤ ❙ ➃ & ❝ ❤ ❵ ❪✞❵✡❬
➃ &✕❪ ⑨ ❝ ❢ ❪✞❙ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ♥ ❙ ❤ ❵ ⑩✞❙ ⑩ ♦✖❤ ❞ ❨ ❙ ⑩ ✐ ❪✞♥ ❛ & ⑩✞♠✄❪✞♦✖❤ ❙ ❵ ➃ & ❪ ❝ & ❞✖♥ ❙ ❤ ❵✡❙ ❝ ⑨✖❙ ❫ ⑩ ❝ ❨ ❪ ♠ ❵✍❝ ❤✕❫ ❙ ❨ ❙ ❛ ❢✄♦ ➑
❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ → ⑦ ❙ ❵ ❵✡❙ ➃ & ❝ ❤ ❵ ❪✞❵ ❬ ❙ ♠✄❵

δω = −∂Φd

∂t

❝ ❛ ❛✁❙ ⑩ ❬ ❙ ❃ ? ➘ ➷✑U ♦ & ❞✖⑩✞❪ ♠✄♠ ❙ ♥ ❙ ❤ ❵ ❨✕❙ ❻✓❢ ❬ ➃ & ❙ ❤ ❫ ❙ →
➅ ❙ ❛✕❷ ❬ ❤ ♦ ♥ ❸ ❤ ❙ ❨ ✐ ❬ ❵✡❝ ⑩ ❙ ♥ ❙ ❤ ❵ ❨ ❙ ⑩ ✐ ♦✖❤ ❨✕❙ ♠ ✐ ❙ ➥✕❛✕⑩ ❪✞➃ &✕❙ ❛ ❝ ❢ ⑩ ❙ ❻☞❝ ❪ ❵ ➃ & ❙ ⑩ ❙ ♠ ❨ ❪ ❾ ❬ ❢ ❙ ❤ ❵✡❙ ♠ ❫ ♦ ♥ ➑
❛✁♦✖♠✡❝ ❤ ❵✡❙ ♠ ♠ ❛✁❙ ❫ ❵ ❢✡❝ ⑩✞❙ ♠ ❨ ❙ ⑩ ✐ ❪ ♥ ❛✕& ⑩✞♠ ❪✞♦ ❤ ♠✄❙ ❨✕❬ ❛ ⑩ ❝ ❫ ❙ ❤ ❵ ➙ ❨ ❙ ♠ ⑨ ❪✞❵ ❙ ♠✄♠ ❙ ♠ ❨ ❪ ❾ ❬ ❢ ❙ ❤ ❵✡❙ ♠ ❛ ❝ ❢ ⑩ ❙ ➎ ❪ ❝ ❪ ♠
❨ ❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪✞♦✖❤ ❫ ❷✕❢ ♦✖♥ ❝ ❵✡❢✄❪ ➃ & ❙ ⑥  ✒✄ ❡  ✒✍ ⑦ → ➣ ♦✖&✕❢ & ❤ ❙ ❪✞♥ ❛ &✕⑩ ♠✄❪✞♦✖❤ ❞ ❝ & ♠✄♠ ❪ ❙ ❤ ❤ ❙ ❪ ❤✕❪✞❵✡❪✞❝ ⑩ ❙ ♥ ❙ ❤ ❵
❤ ♦✖❤ ➑✑❫ ❷✕❪ ❢ ❛✁❬ ❙ ❡ ⑩ ❝ ❨✕❪ ♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ ❪ ❤ ❨ &✕❪✞❵ ➙ ⑩ ❝ ❨✕❪ ♠✄❵✡❝ ❤ ❫ ❙

z
⑩ ❝ ❨ ❬ ❢✄❪✞⑨✖❙ ❙ ❤ ❻✓❢ ❬ ➃ & ❙ ❤✕❫ ❙

δω = −∂Φd

∂t

→
⑦ ❙ ❵ ❵ ❙ ❙ ➥ ❛ ❢ ❙ ♠ ♠ ❪✞♦✖❤ ♥ ♦✖❤ ❵✡❢✄❙ ➃ & ❙ ⑩ ❝ ❨✕❬ ❢ ❪ ⑨✖❙ ❙ ❤ ❻✓❢ ❬ ➃ & ❙ ❤ ❫ ❙ ❪✞❤ ❨ & ❪ ❵✡❙ ❛ ❝ ❢ ⑩ ❝ ❨✕❪ ♠ ❛✁❙ ❢ ♠✄❪ ♦✖❤ ❨✕❬ ❛✁❙ ❤✕❨
❨ & ♠ ❪ ❞ ❤ ❙ ❨✕❙

β2
❙ ❵ ⑨ ❝ ❢ ❪✞❙ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ♥ ❙ ❤ ❵ ❝ & ❫ ♦✖& ❢✄♠ ❨✕& ❵ ❙ ♥ ❛ ♠ →



➘✒➴✖✕ ➴ ★ ➹ ➱ ➶ ❹ ➹ ✃ ❿ ➹ ❹ ➱ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ❻ ➶ ❸ ❿ 1✎❽ ➹ ➱  ✎✂
❲ ❤ ❢ ❬ ❞✖❪ ♥ ❙ ❨ ❙ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ ❝ ❤ ♦✖❢✄♥ ❝ ⑩ ❙ ❡ ⑩✞❙ ♠ ❫ ♦✖♥ ❛✁♦✖♠✡❝ ❤ ❵✡❙ ♠ ❨ ❙ ❛ ⑩✞7 ♠ ❷ ❝ 7✕❵✡❙ ♠ ❻✓❢ ❬ ➃ 7✕❙ ❤ ❫ ❙ ♠ ♠✄❙ ❨ ❬ ➑
❛ ⑩ ❝ ❫ ❙ ❤ ❵ ❛ ⑩✞7 ♠ ⑨ ❪✞❵✡❙ ➃ 7✕❙ ⑩✞❙ ♠ ❫ ♦✖♥ ❛✁♦✖♠✡❝ ❤ ❵✡❙ ♠ ❨ ❙ ❛✕⑩ 7 ♠ ➎ ❝ ♠ ♠ ❙ ♠ ❻✓❢ ❬ ➃ 7✕❙ ❤ ❫ ❙ ♠ → ✃ ❪ ❤✕♠ ❪ ❝ 7 ❫ ♦✖7 ❢ ♠ ❨ ❙ ⑩ ❝
❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ❡ ⑩ ❙ ♠ ❫ ♦✖♥ ❛✁♦✖♠✡❝ ❤ ❵✡❙ ♠ ❨✕❙ ➎ ❝ ♠ ♠✄❙ ♠ ❻✓❢✄❬ ➃ 7 ❙ ❤ ❫ ❙ ♠ ♠ ✐ ❝ ❫ ❫ 7 ♥ 7 ⑩✞❙ ❢✄♦✖❤ ❵ ♠ 7 ❢ ⑩ ❙ ❻✓❢✄♦✖❤ ❵ ❨✕❙ ♠ ❫ ❙ ❤ ➑
❨ ❝ ❤ ❵ ❨ ❙ ⑩ ✐ ❪✞♥ ❛ 7 ⑩ ♠ ❪✞♦✖❤ ❵✍❝ ❤ ❨ ❪ ♠ ➃ 7✕❙ ⑩ ❙ ♠ ❷ ❝ 7✕❵ ❙ ♠ ❻✓❢ ❬ ➃ 7✕❙ ❤ ❫ ❙ ♠ ♠ ✐ ❝ ♥ ❝ ♠ ♠ ❙ ❢ ♦ ❤ ❵ ♠✄7 ❢ ⑩ ❙ ❻✓❢ ♦✖❤ ❵ ♥ ♦ ❤ ❵✍❝ ❤ ❵✏→
➅ ❙ ❻✓❢✄♦✖❤ ❵ ♥ ♦✖❤ ❵✡❝ ❤ ❵ ❨ ❙ ⑩ ✐ ❪✞♥ ❛ 7 ⑩✞♠✄❪✞♦✖❤ ❬ ❵✍❝ ❤ ❵ ❝ ⑩ ♦✖❢✄♠ ❛ ⑩✞7 ♠ ❢✡❝ ❛ ❪ ❨✕❙ ➃ 7 ❙ ⑩✞❙ ❻✓❢✄♦✖❤ ❵ ❨ ❙ ♠ ❫ ❙ ❤ ❨ ❝ ❤ ❵✏❡ ❪✞⑩
♠ ✐ ❙ ❤ ♠✄7 ❪✞❵ 7 ❤ ❬ ⑩ ❝ ❢ ❞✖❪✞♠ ♠✄❙ ♥ ❙ ❤ ❵ ❨ ❙ ⑩ ✐ ❪ ♥ ❛ 7 ⑩✞♠ ❪✞♦ ❤ →

F ❊ ❉ ❊☞F ❊ ✣ ♠ H I J K✡L J M H N O I P✓J Q M R N O S T O U R
❒ ❤ ❙ ❨ ❙ ♠ ♥ ❝ ❤ ❪ ❻✓❙ ♠ ❵✍❝ ❵ ❪ ♦ ❤ ♠ ❵✡❢ ❸ ♠ ❪✞❤ ❵✡❬ ❢ ❙ ♠ ♠✡❝ ❤ ❵✡❙ ❨ ❙ ⑩ ✐ ❙ ❾ ❙ ❵ ✟ ❙ ❢ ❢ ♦✖❛✕❵ ❪ ➃ 7 ❙ ❙ ♠✄❵ ⑩✞❙ ❛ ❷✕❬ ❤ ♦ ♥ ❸ ❤ ❙

❨ ✐ ❝ 7✕❵✡♦ ➑✆♥ ♦ ❨ 7 ⑩ ❝ ❵✡❪ ♦✖❤ ❨ ❙ ❛ ❷ ❝ ♠ ❙ ➊ ➄✕➣ ➞ ⑤ ♠ ❙ ⑩✞❻ ➑✑❛ ❷ ❝ ♠✄❙ ♥ ♦ ❨ 7 ⑩ ❝ ❵✡❪✞♦ ❤ ➌ ➃ 7 ❪ ♠ ❙ ❵✡❢ ❝ ❨ 7 ❪ ❵ ❛ ❝ ❢ ⑩ ✐ ❝ ❫ ❫ 7 ➑
♥ 7 ⑩ ❝ ❵ ❪✞♦ ❤ ❨ ✐ 7 ❤ ❙ ❛ ❷ ❝ ♠✄❙ ❤✕♦✖❤ ⑩ ❪✞❤ ❬ ❝ ❪✞❢ ❙ ❞✖❬ ❤ ❬ ❢ ❬ ❙ ❝ 7 ❫ ♦✖7 ❢✄♠ ❨✕❙ ⑩ ❝ ❛ ❢✄♦✖❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ ❙ ❵ ➃ 7 ❪✕❙ ❤ ❞ ❙ ❤ ❨ ❢✄❙ ❡
❫ ♦✖❤ ❵✡❢ ❝ ❪ ❢✄❙ ♥ ❙ ❤ ❵ ➙ ⑩ ❝ ❨✕❪ ♠ ❛✁❙ ❢ ♠✄❪ ♦✖❤ ❡ 7 ❤ ❬ ⑩ ❝ ❢✄❞✖❪ ♠✄♠ ❙ ♥ ❙ ❤ ❵ ♠✄❛✁❙ ❫ ❵ ❢✡❝ ⑩ ❨ ❙ ♠ ❪ ♥ ❛ 7 ⑩✞♠ ❪✞♦✖❤✕♠ ♦✖❛✕❵✡❪✞➃ 7 ❙ ♠ → ➯ ❙
♥ ➮ ♥ ❙ ➃ 7 ❙ ❛✁♦✖7 ❢ ⑩ ❙ ♠ ❙ ❾ ❙ ❵✡♠ ⑩ ❪✞❬ ♠ ➙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ ❡ ⑩ ❙ ♠ ❙ ❾ ❙ ❵✡♠ ❤ ♦✖❤ ⑩✞❪ ❤✕❬✏❝ ❪✞❢✄❙ ♠ ❤ ❙ ♠✄❙ ♥ ❝ ❤ ❪ ➑
❻✓❙ ♠ ❵✡❙ ❤ ❵ ➃ 7 ✐ ❝ 7 ➑✑❨ ❙ ⑩ ➙ ❨ ✐ 7 ❤✕❙ ❫ ❙ ❢✄❵✡❝ ❪ ❤ ❙ ❨ ❪✞♠✄❵✍❝ ❤ ❫ ❙ ❨ ❙ ❛ ❢ ♦✖❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ♥ ❪✞❤ ❪✞♥ 7✕♥ → ⑦ ♦✖❤ ♠✄❪ ❨ ❬ ❢ ♦✖❤✕♠ ⑩ ❝
❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ❨ ✐ 7✕❤ ❙ ♦✖❤✕❨ ❙ ⑩ 7 ♥ ❪✞❤ ❙ 7✕♠ ❙ ❨ ❙ ❫✍❷ ❝ ♥ ❛

A(z, t)
❨ ❝ ❤ ♠ 7 ❤ ♥ ❪ ⑩✞❪ ❙ 7 ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ❙ ❵

❤ ♦✖❤ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪ ❻ ❡ ❨ ❝ ❤ ♠ ❫ ❙ ❫ ❝ ♠ ⑩ ❙ ♠ ❙ ❾ ❙ ❵ ♠ ❨ ❙ ❨✕❪ ♠ ❛✁❙ ❢ ♠✄❪ ♦✖❤ ❛✁❙ 7✕⑨✖❙ ❤ ❵ ➮ ❵✡❢ ❙ ❤ ❬ ❞✖⑩ ❪✞❞✖❬ ♠ ❙ ❵ ⑩ ✐ ❬ ➃ 7 ❝ ❵✡❪✞♦✖❤
❨ ❪✞❾ ❬ ❢✄❙ ❤ ❵✡❪ ❙ ⑩ ⑩✞❙ ❨ ❙ ➄ ❫ ❷✕❢ ✡ ❨ ❪✞❤ ❞✖❙ ❢ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❨ ❝ ❤ ♠ ⑩ ❝ ➃ 7✕❙ ⑩ ⑩✞❙

β2
❙ ♠✄❵ ❤ 7✕⑩ ❨ ❙ ⑨ ❪ ❙ ❤ ❵

i
∂A

∂z
+ γ |A|2 A = 0.

➊ ✂ → ◗ ✔✖➌
➅ ❝ ♠ ♦ ⑩ 7✕❵ ❪ ♦✖❤ ❨✕❙ ❫ ❙ ❵ ❵ ❙ ❬ ➃ 7 ❝ ❵✡❪✞♦✖❤ ❙ ♠✄❵ ❵✡♦✖7✕❵ ♠ ❪✞♥ ❛✕⑩ ❙ ♥ ❙ ❤ ❵

A(z, t) = A(0, t) exp
(

i γ |A(0, t)|2 z
)

.
➊ ✂ → ◗ ☞ ➌

➅ ✐ ❬ ➃ 7 ❝ ❵✡❪✞♦✖❤ ➊ ✂ → ◗✌☞ ➌ ❪✞❤ ❨ ❪✞➃ 7✕❙ ➃ 7 ❙ |A(z, t)|2 = |A(0, t)|2 ❡ ❫ ❙ ➃ 7 ❪ ♠✄❪ ❞✖❤✕❪✞➢ ❙ ➃ 7 ❙ ⑩ ❙ ❛ ❢ ♦ ➢ ⑩ ❵✡❙ ♥ ❛✁♦ ➑
❢ ❙ ⑩ ❨ ❙ ⑩ ✐ ❪ ♥ ❛ 7 ⑩✞♠✄❪✞♦✖❤ ❙ ♠✄❵ ❛ ❢ ❬ ♠ ❙ ❢✄⑨✖❬ ❡ ❙ ❵ ❢ ❙ ♠✄❵✡❙ ❪ ❤✕❫ ❷ ❝ ❤ ❞✖❬ ❨ 7 ❢ ❝ ❤ ❵ ⑩ ❝ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ ❙ ❵ ❛ ❝ ❢ ❫ ♦ ❤ ♠ ❬ ➑
➃ 7 ❙ ❤ ❵ ⑩ ✐ ❝ 7✕❵✡♦ ➑✑♥ ♦ ❨ 7 ⑩ ❝ ❵✡❪ ♦✖❤ ❨✕❙ ❛ ❷ ❝ ♠ ❙ ❤ ❙ ♥ ♦ ❨ ❪ ➢ ❙ ❛ ❝ ♠ ⑩ ❙ ❛ ❢✄♦ ➢ ⑩ ❨ ✐ ❪ ❤ ❵✡❙ ❤ ♠ ❪ ❵✡❬ ❝ 7 ❫ ♦✖7 ❢ ♠ ❨ ❙ ⑩ ❝
❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ → ➯ ❝ ❤ ♠ ⑩ ✐ ❙ ➥ ❛ ❢ ❙ ♠ ♠ ❪✞♦✖❤ ➊ ✂ → ◗ ☞ ➌ ❡ ⑩✞❙ ❨✕❬ ❛ ❷ ❝ ♠✡❝ ❞ ❙ ❤ ♦ ❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙

ΦNL = γ |A(0, t)|2 z
❨ ❬ ❛✁❙ ❤ ❨ ❨ ❙ ⑩ ❝ ❛ 7 ❪ ♠✄♠✡❝ ❤✕❫ ❙ |A(0, t)|2 ❪✞❤ ❪✞❵ ❪ ❝ ⑩ ❙ ❙ ❵ ❝ 7 ❞✖♥ ❙ ❤ ❵ ❙ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙ ♥ ❙ ❤ ❵ ❝ ⑨✖❙ ❫ ⑩ ❝ ❨ ❪ ♠ ❵✍❝ ❤✕❫ ❙
❨ ❙ ❛ ❢✄♦✖❛ ❝ ❞✖❝ ❵✡❪✞♦✖❤

z
→ ➅ ♦✖❢ ♠✄➃ 7✕❙ ❤ ♦ 7 ♠ ♠ ♦✖♥ ♥ ❙ ♠ ❙ ❤ ❛ ❢ ❬ ♠ ❙ ❤ ❫ ❙ ❨ ✐ 7✕❤ ❙ ❪ ♥ ❛ 7 ⑩✞♠ ❪✞♦✖❤ ❞ ❝ 7 ♠ ♠✄❪ ❙ ❤✕❤ ❙ ♦✖7

♠ ❬ ❫✏❝ ❤ ❵✡❙ ❷ ➝ ❛✁❙ ❢✄➎ ♦ ⑩ ❪✞➃ 7✕❙ ❡ ⑩ ❙ ❨ ❬ ❛ ❷ ❝ ♠ ❝ ❞✖❙ ❙ ♠✄❵ ♥ ❝ ➥ ❪ ♥ ❝ ⑩ ❝ 7 ❫ ❙ ❤ ❵✡❢ ❙ ❨✕❙ ⑩ ✐ ❪✞♥ ❛ 7 ⑩✞♠✄❪✞♦✖❤ ❙ ❵ ⑨ ❝ 7✕❵
Φmax

NL = γzPc

❡ ❝ ⑨✖❙ ❫
Pc = |A(0, 0)|2 ⑩ ❝ ❛ 7 ❪✞♠ ♠ ❝ ❤ ❫ ❙ ❫ ❢✄➮ ❵ ❙ ❨ ❙ ⑩ ✐ ❪ ♥ ❛ 7✕⑩✞♠ ❪✞♦✖❤ → ➅ ❙ ❨ ❬ ❛✕❷ ❝ ♠✡❝ ❞✖❙

❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❨ ❬ ❛✁❙ ❤ ❨ ❨ ❙ ⑩ ❝ ❻✓♦✖❢✄♥ ❙ ❨ ❙ ⑩ ✐ ❪✞♥ ❛ 7 ⑩✞♠✄❪✞♦✖❤
(|A(0, t)|2) ❙ ❵ ⑨ ❝ ❢✄❪ ❙ ❤ ♦✖❤ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ♥ ❙ ❤ ❵



 ◗ ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ : ➱
⑨ ❪✞♠ ➑✆➙ ➑✑⑨ ❪✞♠ ❨ + ❵✡❙ ♥ ❛✕♠ → ➅ ✐ ❪ ♥ ❛ + ⑩✞♠ ❪✞♦ ❤ ♠✄❙ ❢ ❝ ❨ ♦✖❤ ❫ ❫✍❷ ❪✞❢ ❛✁❬ ❙ ❫ ✐ ❙ ♠✄❵ ➑ ➙ ❨ ❪✞❢ ❙ ➃ +✕❙ ⑩ ❝ ❻✓❢ ❬ ➃ + ❙ ❤ ❫ ❙ ❪ ❤ ♠ ❵✍❝ ❤ ➑
❵✍❝ ❤ ❬ ❙ ⑨ ❝ ❢ ❪✞❙ ❙ ❵ ❨✕❪✞❾ ❸ ❢ ❙ ❨ ❙ ⑩ ❝ ❻✓❢✄❬ ➃ + ❙ ❤✕❫ ❙ ❫ ❙ ❤ ❵✡❢ ❝ ⑩ ❙

ω0

❨ ❙ ⑩ ✐ ♦✖❤ ❨ ❙ ❛✁♦✖❢ ❵✡❙ +✕♠ ❙ → ➅ ✐ ❝ +✕❵✡♦ ➑✆♥ ♦ ❨ + ⑩ ❝ ❵ ❪✞♦ ❤
❨ ❙ ❛ ❷ ❝ ♠ ❙ ♥ ♦ ❨ ❪✞➢ ❙ ❨ ♦✖❤ ❫ ⑩ ❙ ❛ ❢ ♦ ➢ ⑩ ♠ ❛✁❙ ❫ ❵✡❢ ❝ ⑩ ❨ ❙ ⑩ ✐ ❪✞♥ ❛ + ⑩✞♠✄❪✞♦✖❤ ❙ ❤ ❞✖❬ ❤✕❬ ❢✡❝ ❤ ❵ ❙ ❤ ❛✁❙ ❢✄♥ ❝ ❤ ❙ ❤ ❫ ❙
❝ + ❫ ♦✖+✕❢ ♠ ❨ ❙ ⑩ ❝ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ ❨ ❙ ♠ ❛ ❷✕♦ ❵✡♦ ❤ ♠ ❨ ❙ ❻✓❢ ❬ ➃ +✕❙ ❤ ❫ ❙ ♠ ❪✞❤✕❻✓❬ ❢✄❪ ❙ +✕❢ ❙ ♠ ➙ ⑩ ❝ ❻✓❢ ❬ ➃ + ❙ ❤ ❫ ❙ ❨ ❙
⑩ ❝ ❛✁♦✖❢ ❵✡❙ +✕♠ ❙

ω0

♠ + ❢ ⑩ ❙ ❻✓❢✄♦✖❤ ❵ ♥ ♦ ❤ ❵✡❝ ❤ ❵ ❨ ❙ ⑩ ✐ ❪ ♥ ❛ +✕⑩✞♠ ❪✞♦✖❤ ❙ ❵ ❢✄❙ ♠ ❛✁❙ ❫ ❵ ❪✞⑨✖❙ ♥ ❙ ❤ ❵ ♠✄+ ❛✁❬ ❢✄❪ ❙ +✕❢ ❙ ♠ ➙
ω0

♠✄+ ❢ ⑩✞❙ ❻✓❢✄♦✖❤ ❵ ❨ ❙ ♠ ❫ ❙ ❤ ❨ ❝ ❤ ❵✏→ ➯ ❙ ♥ ➮ ♥ ❙ ➃ + ❙ ❛✁♦ + ❢ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ ❡ ⑩ ✐ ❪✞♥ ❛ + ⑩✞♠✄❪✞♦✖❤ ❝ ❫ ➃ + ❪ ❙ ❢✄❵ + ❤
❫ ❷✕❪ ❢ ❛ ♦✖+ ❞ ⑩ ❪ ♠✄♠ ❙ ♥ ❙ ❤ ❵ ❨ ❙ ❻✓❢ ❬ ➃ + ❙ ❤ ❫ ❙ ❨✕❬ ➢ ❤ ❪ ❛ ❝ ❢ ⑥  ✒✄ ❡  ✒✍ ⑦

δω(t) = ω(t) − ω0 = −∂ΦNL

∂t
= −∂ |A(0, t)|2

∂t
γz.

➊ ✂ → ◗✒✄ ➌
➅ ❝ ❨ ❪✞♠✄❵✍❝ ❤ ❫ ❙ ❫✏❝ ❢✡❝ ❫ ❵✡❬ ❢ ❪ ♠ ❵✡❪✞➃ +✕❙ ❝ + ➑✑❨ ❙ ⑩ ➙ ❨ ❙ ⑩ ❝ ➃ +✕❙ ⑩✞⑩ ❙ ⑩✞❙ ♠ ❙ ❾ ❙ ❵✡♠ ❤ ♦ ❤ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙ ♠ ❨ ❙ ⑨ ❪✞❙ ❤ ❤ ❙ ❤ ❵ ❪ ♥ ➑
❛✁♦✖❢✄❵✡❝ ❤ ❵ ♠ ❙ ♠✄❵ ❝ ❛ ❛✁❙ ⑩✞❬ ❙ ⑩ ❝ ⑩✞♦✖❤ ❞✖+ ❙ + ❢ ❨ ❙ ❤ ♦✖❤✕⑩ ❪✞❤ ❬✏❝ ❢✄❪ ❵✡❬ ❡ ❙ ⑩ ⑩✞❙ ❢ ❙ ❛ ❢ ❬ ♠ ❙ ❤ ❵✡❙ ⑩ ❝ ⑩ ♦✖❤ ❞ + ❙ + ❢ ❤ ❬ ❫ ❙ ♠✄♠✡❝ ❪✞❢ ❙
➙ + ❤ ❙ ❝ ❫ ❫ + ♥ + ⑩ ❝ ❵✡❪ ♦ ❤ ❨ ❙ ❛✕❷ ❝ ♠ ❙ ❤✕♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ❝ + ❫ ❙ ❤ ❵ ❢ ❙ ❨ ❙ ⑩ ✐ ❪ ♥ ❛ +✕⑩✞♠ ❪✞♦✖❤ ❬ ❞ ❝ ⑩✞❙ ➙

1
➊
Φmax

NL = 1
➌

❙ ❵ ♠ ✐ ❙ ➥✕❛✕❢ ❪ ♥ ❙ ❛ ❝ ❢ ⑤

Lnl =
1

γ Pc

.
➊ ✂ → ◗ ✍ ➌

❯ ♦ +✕❵✡❙ ♠ ❫ ❙ ♠ ⑩ ♦✖❤ ❞ + ❙ +✕❢ ♠ ➊
Lnl

❙ ❵
Ld

➌ ❫✏❝ ❢ ❝ ❫ ❵ ❬ ❢✄❪ ♠✡❝ ❤ ❵ ⑩ ❙ ♠ ❨ ❪ ❾ ❬ ❢ ❙ ❤ ❵✡♠ ❙ ❾ ❙ ❵✡♠ ❢ ❙ ❤✕❫ ♦✖❤ ❵✡❢ ❬ ♠ ❨ ❝ ❤ ♠ + ❤
♥ ❪✞⑩✞❪✞❙ + ❨ ❪✞❬ ⑩✞❙ ❫ ❵ ❢ ❪✞➃ +✕❙ ♠✄♦✖❤ ❵ ❵✡❢✄❸ ♠ +✕❵ ❪ ⑩✞❙ ♠ ❛✁♦✖+ ❢ ❨ ❬ ➢ ❤ ❪✞❢ ⑩✞❙ ❢ ❬ ❞ ❪ ♥ ❙ ❨ ❙ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ ❡✕♥ ♦ ❨ ❬ ⑩ ❪✞♠✡❝ ❤ ❵
❝ + ♥ ❪✞❙ + ➥ ⑩ ❙ ♠✄➝ ♠✄❵ ❸ ♥ ❙ →✁❲ ❤ ❙ ❾ ❙ ❵ ❡ ♠✄❪

Lnl >> Ld

❤ ♦✖+✕♠ ❛✁♦✖+✕⑨✖♦ ❤ ♠ ❫ ♦✖❤✕♠ ❪ ❨✕❬ ❢ ❙ ❢ ➃ + ❙ ⑩ ❙ ♠✄➝ ♠ ❵✡❸ ♥ ❙
❙ ♠✄❵ ❛ + ❢✄❙ ♥ ❙ ❤ ❵ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪ ❻ ❙ ❵ ❨ ♦ ❤ ❫ ❛✁❙ +✕❵ ➮ ❵✡❢ ❙ ♥ ♦ ❨✕❬ ⑩✞❪ ♠ ❬ ❛ ❝ ❢ ⑩ ✐ ❬ ➃ + ❝ ❵ ❪ ♦✖❤ ➊ ✂ → ✂ ✔✖➌ ❙ ❵ ❨ ❝ ❤ ♠ ⑩✞❙ ❫✏❝ ♠
❫ ♦✖❤ ❵✡❢✡❝ ❪ ❢✄❙ ❡ ♠✄❪

Lnl << Ld

⑩ ❙ ♠✄➝ ♠✄❵✡❸ ♥ ❙ ♠ ❙ ❢ ❝ ❛✕+ ❢ ❙ ♥ ❙ ❤ ❵ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ❙ ❵ ❛✁♦✖+ ❢ ❢ ❝ ➮ ❵✡❢✄❙ ♥ ♦ ❨ ❬ ⑩ ❪✞♠ ❬
❛ ❝ ❢ ⑩ ✐ ❬ ➃ + ❝ ❵ ❪ ♦✖❤ ➊ ✂ → ◗ ✔✖➌ →
➅ ❝ ❨ ❬ ❢✄❪✞⑨✖❙ ❙ ❤ ❻✓❢ ❬ ➃ + ❙ ❤ ❫ ❙ ❪ ❤ ❨ +✕❪✞❵✡❙ ❛ ❝ ❢ ⑩ ✐ ❝ +✕❵ ♦ ➑✆♥ ♦ ❨✕+ ⑩ ❝ ❵ ❪✞♦ ❤ ❨ ❙ ❛ ❷ ❝ ♠✄❙ ❛✁♦✖♠ ♠✄❸ ❨ ❙ ❛ ⑩ + ♠✄❪ ❙ + ❢ ♠ ❫✏❝ ➑
❢✡❝ ❫ ❵✡❬ ❢✄❪ ♠ ❵✡❪ ➃ + ❙ ♠ ❪ ❤ ❵✡❬ ❢ ❙ ♠✄♠✡❝ ❤ ❵✡❙ ♠ →

δω
❙ ♠✄❵ ❤ ❬ ❞✖❝ ❵✡❪ ⑨✖❙ ❨ + ❫ ♦ ❵✡❬ ❨ + ❻✓❢ ♦ ❤ ❵ ♥ ♦✖❤ ❵✡❝ ❤ ❵ ❨ ❙ ⑩ ✐ ❪ ♥ ❛ + ⑩✞♠ ❪✞♦ ❤

➊☞❨ ❬ ❫✏❝ ⑩ ❝ ❞✖❙ ⑨✖❙ ❢✄♠ ⑩✞❙ ❢ ♦✖+✕❞✖❙ ➌ ❙ ❵ ❛✁♦✖♠ ❪ ❵✡❪ ⑨✖❙ ❨ + ❫ ♦ ❵ ❬ ❨ + ❻✓❢✄♦✖❤ ❵ ❨ ❙ ♠ ❫ ❙ ❤ ❨ ❝ ❤ ❵ ➊☞❨ ❬ ❫✏❝ ⑩ ❝ ❞✖❙ ⑨✖❙ ❢✄♠ ⑩ ❙
➎ ⑩ ❙ + ➌ →✕➅ ❝ ❨ ❬ ❢✄❪✞⑨✖❙ ❙ ❤ ❻✓❢ ❬ ➃ + ❙ ❤ ❫ ❙ ❙ ♠ ❵ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❙ ❤

z
❙ ❵ ❫ ❢ ♦✖❪✞♠ ♠ ❝ ❤ ❵ ❙ ❨ ❝ ❤✕♠ ⑩ ❝ ❛ ❝ ❢✄❵ ❪ ❙ ❫ ❙ ❤ ❵✡❢ ❝ ⑩ ❙ ❨ ❙

⑩ ✐ ❪ ♥ ❛ +✕⑩✞♠ ❪✞♦✖❤ →✕➅ ✐ ❝ +✕❵✡♦ ➑✆♥ ♦ ❨ + ⑩ ❝ ❵ ❪✞♦ ❤ ❨ ❙ ❛✕❷ ❝ ♠ ❙ ❝ ❨ ❙ ❤✕♦✖♥ ➎ ❢ ❙ + ♠ ❙ ♠ ❝ ❛ ❛ ⑩ ❪✞❫✏❝ ❵✡❪✞♦✖❤✕♠ ⑤✕❙ ❤ ❫ ♦✖❤ ♠ ❵✡❢ + ❪ ➑
♠✡❝ ❤ ❵ + ❤ ❪✞❤ ❵✡❙ ❢✄❻✓❬ ❢ ♦✖♥ ❸ ❵ ❢ ❙ ➙ ⑩ ✐ ❝ ❪ ❨ ❙ ❨✕+ ♥ ❪✞⑩✞❪✞❙ + ❨ ❪✞❬ ⑩ ❙ ❫ ❵ ❢ ❪ ➃ + ❙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ➊✓➢ ➎ ❢ ❙ ♦✖❛ ❵✡❪ ➃ + ❙ ❛ ❝ ❢
❙ ➥ ❙ ♥ ❛ ⑩✞❙ ➌ ♦✖❤ ❛ ❙ +✕❵ ❢✄❬✏❝ ⑩✞❪ ♠ ❙ ❢ + ❤ ❫ ♦✖♥ ♥ + ❵✍❝ ❵ ❙ + ❢ ❵ ♦✖+✕❵ ♦✖❛✕❵ ❪ ➃ + ❙ → ❲ ⑩✞⑩ ❙ ❛✁❙ +✕❵ ❝ + ♠✄♠ ❪ ➮ ❵ ❢ ❙ ➎✁❬ ❤ ❬ ➑
➢ ➃ + ❙ ❛✁♦✖+ ❢ ❫ ♦✖♥ ❛ ❢ ❪✞♥ ❙ ❢ ⑩ ❙ ♠ ❪✞♥ ❛ +✕⑩ ♠✄❪✞♦✖❤ ♠ ❙ ❵ ♦ ➎✕❵✡❙ ❤ ❪ ❢ ❨ ❙ ♠ ❪ ♥ ❛ + ⑩✞♠ ❪✞♦ ❤ ♠ + ⑩✞❵ ❢✡❝ ➑✑❫ ♦✖+ ❵✡❢ ❙ ♠ ➊☞➃ + ❙ ⑩ ➃ + ❙ ♠
❻✓❙ ♥ ❵✡♦ ♠ ❙ ❫ ♦✖❤ ❨ ❙ ♠✍➌ ♦✖+ ➎✕❪ ❙ ❤ ❤ ❬ ❻☞❝ ♠✄❵✡❙ ❛ ❝ ❢ ❙ ➥ ❙ ♥ ❛ ⑩✞❙ ⑩ ✐ ❬ ⑩ ❝ ❢ ❞✖❪ ♠ ♠ ❙ ♥ ❙ ❤ ❵ ♠ ❛✁❙ ❫ ❵✡❢ ❝ ⑩ ❨ ❙ ♠ ❪ ♥ ❛ + ⑩✞♠ ❪✞♦ ❤ ♠
❨ ❝ ❤ ♠ ⑩ ❙ ❫ ❝ ♠ ❨ ❙ ♠ ♠ ➝ ♠✄❵✡❸ ♥ ❙ ♠ ❨ ❙ ❵✡❬ ⑩ ❬ ❫ ♦✖♥ ♥ + ❤ ❪✞❫✏❝ ❵ ❪✞♦ ❤ →



➘✒➴✖✕ ➴ ★ ➹ ➱ ➶ ❹ ➹ ✃ ❿ ➹ ❹ ➱ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ❻ ➶ ❸ ❿ 1✎❽ ➹ ➱  ✖ 

✗ ✘ ✚✒✘ & ❘✆✤ ✬ ✬✠✲ ✦ ✸ ✽ ✲ ✱✥✬ ✽ ✤ ✳ ✭✓✲ ✺✁✤ ✦ ✬
➅ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠ ❢✄❬ ♠ 3✕⑩✞❵✡❙ ❤ ❵ ❻✓♦ ❤ ❨ ❝ ♥ ❙ ❤ ❵✍❝ ⑩✞❙ ♥ ❙ ❤ ❵ ❨ ✐ 3 ❤ ❬ ➃ 3 ❪ ⑩✞❪ ➎ ❢✄❙ ❛ ❝ ❢ ❻☞❝ ❪✞❵ ❙ ❤ ❵✡❢ ❙

❨ ❙ 3 ➥ ❛✕❷ ❬ ❤ ♦ ♥ ❸ ❤ ❙ ♠ ➃ 3 ❙ ❤ ♦ 3 ♠ ⑨✖❙ ❤ ♦ ❤ ♠ ❨ ❙ ⑨✖♦ ❪ ❢ ❮ ➙ ♠✡❝ ⑨✖♦ ❪ ❢ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪✞♦✖❤ ❙ ❵ ⑩ ✐ ❝ 3✕❵✡♦ ➑✆♥ ♦ ❨✕3 ⑩ ❝ ❵ ❪✞♦ ❤
❨ ❙ ❛✕❷ ❝ ♠ ❙ → ➅ ❙ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ✏ ➎✕❢ ❪ ⑩✞⑩ ❝ ❤ ❵☎✏ ❡ ❫ ✐ ❙ ♠✄❵ ➑ ➙ ➑✑❨ ❪ ❢✄❙ 3 ❤✕❙ ❪ ♥ ❛ 3 ⑩✞♠ ❪✞♦ ❤ ❛✁♦✖♠ ❪ ❵✡❪ ⑨✖❙ ♠✄3 ❢ ❻✓♦ ❤ ❨
❤ ♦✖❪✞❢ ❡ ❙ ♠✄❵ ♦✖➎ ♠✄❙ ❢ ⑨ ❝ ➎ ⑩✞❙ ❙ ❤ ❢✄❬ ❞✖❪✞♥ ❙ ❨ ❙ ❨✕❪ ♠ ❛✁❙ ❢ ♠✄❪ ♦✖❤ ❝ ❤✕♦✖❢ ♥ ❝ ⑩✞❙ ➊

D > 0
➌ ♦✒➣ ⑩ ❝ ♥ ♦ ❨ ❪ ➢ ❫ ❝ ❵✡❪✞♦✖❤ ❨ ❙

⑩ ❝ ❛ ❷ ❝ ♠ ❙ ❪ ❤✕❨ 3 ❪✞❵ ❙ ❛ ❝ ❢ ⑩ ✐ ❝ 3✕❵✡♦ ➑✆♥ ♦ ❨✕3 ⑩ ❝ ❵ ❪✞♦ ❤ ❨ ❙ ❛ ❷ ❝ ♠ ❙ ❙ ♠ ❵ ❫ ♦✖❤ ❵✡❢✄❙ ➎ ❝ ⑩ ❝ ❤ ❫ ❬ ❙ ❙ ➥✕❝ ❫ ❵ ❙ ♥ ❙ ❤ ❵ ❛ ❝ ❢
❫ ❙ ⑩ ⑩ ❙ ❪✞❤ ❨ 3 ❪ ❵✡❙ ❛ ❝ ❢ ⑩ ❝ ❨✕❪ ♠ ❛✁❙ ❢ ♠✄❪ ♦✖❤ ➊✓❙ ❵ ⑩ ❙ ♠ ❨ ❬ ❢✄❪✞⑨✖❙ ♠ ❙ ❤ ❻✓❢✄❬ ➃ 3 ❙ ❤✕❫ ❙ ❫ ♦✖❢✄❢ ❙ ♠✄❛✁♦✖❤ ❨ ❝ ❤ ❵✡❙ ♠ ♠ ❙ ❫ ♦✖♥ ➑
❛✁❙ ❤ ♠✄❙ ❤ ❵ ❙ ⑩ ⑩✞❙ ♠ ❝ 3 ♠✄♠ ❪ ➌ ❨✕❙ ♠ ♦ ❢✄❵✡❙ ➃ 3 ❙

Lnl = Ld

→ ❲ ❤ ❝ ➎ ♠ ❙ ❤ ❫ ❙ ❨✕❙ ❛✁❙ ❢ ❵✡❙ ♠ ❙ ❵ ❨ ✐ ❙ ❾ ❙ ❵ ❨ ✐ ♦✖❢✄❨ ❢ ❙
♠ 3 ❛✁❬ ❢ ❪✞❙ 3 ❢ ❡ ⑩ ❙ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩ ❙ ♠✄❵ ❝ ⑩✞♦✖❢ ♠ ❫ ❝ ❛ ❝ ➎✕⑩ ❙ ❨ ❙ ⑨✖♦ ➝ ❝ ❞✖❙ ❢ ♠✡❝ ❤✕♠ ❝ 3 ❫ 3 ❤✕❙ ❨ ❬ ❻✓♦✖❢ ♥ ❝ ❵✡❪✞♦✖❤ →
⑦ ❙ ❵ ❬ ➃ 3 ❪✞⑩ ❪✞➎ ❢ ❙ ❙ ♠✄❵ ♦✖➎✕❵ ❙ ❤ 3 ❛✁♦ 3 ❢ 3✕❤ ❙ ❻✓♦✖❢ ♥ ❙ ♠✄❬ ❫ ❝ ❤ ❵ ❙ ❷ ➝ ❛✁❙ ❢✄➎✁♦✖⑩ ❪✞➃ 3 ❙ ❨ ✐ ❪ ♥ ❛ 3 ⑩✞♠ ❪✞♦✖❤ → ➞ ❝ ❵✡❷ ❬ ➑
♥ ❝ ❵✡❪ ➃ 3 ❙ ♥ ❙ ❤ ❵ ❡ ⑩ ✐ ❬ ➃ 3 ❝ ❵✡❪✞♦✖❤ ➊ ✂ → ✂ R ➌ ❡ ❝ ❛ ❛ ❝ ❢✄❵ ❪ ❙ ❤ ❵ ➙ ⑩ ❝ ❫ ⑩ ❝ ♠ ♠ ❙ ❢ ❙ ♥ ❝ ❢✄➃ 3 ❝ ➎ ⑩✞❙ ❨ ✐ ❬ ➃ 3 ❝ ❵✡❪✞♦✖❤ ♠ ❤ ♦✖❤
⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ♠ ❪ ❤ ❵ ❬ ❞✖❢ ❝ ➎ ⑩✞❙ ♠ ❡✁➃ 3✕❪ ❛✁❙ 3✕⑨✖❙ ❤ ❵ ➮ ❵✡❢ ❙ ❢ ❬ ♠ ♦✖⑩✞3 ❙ ♠ ❙ ➥✕❝ ❫ ❵ ❙ ♥ ❙ ❤ ❵ ❛✁♦ 3 ❢ 3 ❤ ❬ ❵✍❝ ❵ ❪✞❤ ❪✞❵ ❪ ❝ ⑩ ❝ ❢ ➎ ❪ ➑
❵✡❢ ❝ ❪ ❢✄❙ ❝ 3 ♥ ♦ ➝✖❙ ❤ ❨ ❙ ⑩ ❝ ♥ ❬ ❵✡❷ ♦ ❨ ❙ ❨ ❙ ❨ ❪✞❾ 3 ♠✄❪ ♦✖❤ ❪ ❤ ⑨✖❙ ❢✄♠ ❙ →✕➅ ❙ ♠ ♠ ♦✖⑩✞3✕❵✡❪✞♦✖❤ ♠ ❨ ❬ ❛✁❙ ❤ ❨ ❙ ❤ ❵ ❨ 3 ♠✄❪ ❞✖❤✕❙
❨ ❙ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ → ❒ ❤ ❙ ♠ ♦✖⑩✞3✕❵✡❪✞♦✖❤ ❨ ❙ ⑩ ✐ ❬ ➃ 3 ❝ ❵ ❪ ♦ ❤ ➊ ✂ → ✂ R ➌ ❛✁❙ 3✕❵ ➮ ❵ ❢ ❙ ♥ ❪ ♠ ❙ ➊☞❛✁♦✖3 ❢

N = 1
➌ ♠ ♦ 3 ♠

⑩ ❝ ❻✓♦✖❢ ♥ ❙ ♠✄3 ❪✞⑨ ❝ ❤ ❵ ❙ ⑤

A(z, t) = N
√

P0 sech

(

t

δ0

)

exp

(

iP0z

2γ

)

,
➊ ✂ → ◗ ✆ ➌

♦✒➣
N

❙ ♠✄❵ ⑩ ✐ ♦✖❢ ❨ ❢✄❙ ❨ 3 ♠✄♦✖⑩✞❪✞❵✡♦ ❤ ❨ ♦✖❤ ❤ ❬ ❛ ❝ ❢
N2 = Ld

Lnl
=

γP0δ2

0

|β2|

❡ ❫ ❙ ❛ ❝ ❢ ❝ ♥ ❸ ❵✡❢✄❙ ♠ ❝ ❤ ♠ ❨✕❪ ♥ ❙ ❤ ♠✄❪ ♦✖❤
♥ ❙ ♠ 3 ❢✄❙ ⑩ ✐ ❪ ♥ ❛✁♦✖❢ ❵✍❝ ❤ ❫ ❙ ❢✄❙ ⑩ ❝ ❵✡❪ ⑨✖❙ ❨✕❙ ♠ ❙ ❾ ❙ ❵✡♠ ❨✕❪ ♠ ❛✁❙ ❢ ♠✄❪✞❻✓♠ ❙ ❵ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙ ♠ ❡ ❙ ❵ ⑩ ❝ ❛✕3 ❪ ♠✄♠✡❝ ❤ ❫ ❙ ❫ ❢ ➮ ❵ ❙
❛✁♦✖3 ❢ ❞✖❬ ❤✕❬ ❢ ❙ ❢ ⑩✞❙ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ❻✓♦✖❤ ❨ ❝ ♥ ❙ ❤ ❵✡❝ ⑩ ➊

N = 1
➌ ❙ ♠✄❵ ❨ ❬ ❵ ❙ ❢✄♥ ❪✞❤ ❬ ❙ ❛ ❝ ❢

Lnl = Ld

❙ ❵ ❨ ♦✖❤ ❤✕❬ ❙
❛ ❝ ❢

P0 =
|β2|
γ δ2

0

.
➊ ✂ →  ✹ ➌

➄ ❙ 3✕⑩ ⑩ ❙ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ❻✓♦✖❤ ❨ ❝ ♥ ❙ ❤ ❵✡❝ ⑩ ➊
N = 1

➌ ♠ ❙ ❛ ❢✄♦✖❛ ❝ ❞ ❙ ♠ ❝ ❤ ♠ ❨ ❬ ❻✓♦✖❢ ♥ ❝ ❵ ❪ ♦✖❤ ❡ ❵✡♦✖3 ♠ ⑩ ❙ ♠
❝ 3✕❵ ❢ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠ ❨ ✐ ♦✖❢ ❨✕❢ ❙ ♠ 3 ❛✁❬ ❢ ❪ ❙ 3 ❢ ➊

N > 1
➌ ♠ 3 ➎✕❪ ♠ ♠✄❙ ❤ ❵ 3 ❤ ♥ ♦✖3✕⑨✖❙ ♥ ❙ ❤ ❵ ❨ ❙ ❨ ❬ ❻✓♦ ❢ ♥ ❝ ❵✡❪✞♦✖❤

❢ ❬ ❫ 3 ❢✄❢ ❙ ❤ ❵ ❨ 3 ❢✡❝ ❤ ❵ ⑩✞❙ 3 ❢ ❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ → ➯ ❙ ❫ ❙ ❻☞❝ ❪ ❵✏❡ ⑩ ❙ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ❻✓♦✖❤✕❨ ❝ ♥ ❙ ❤ ❵✡❝ ⑩ ❙ ♠✄❵ ❵ ❢ ❸ ♠
❝ ❵ ❵ ❢✡❝ ❫ ❵✡❪ ❻ ❛ ♦ 3 ❢ ⑩ ❝ ❵✡❢✡❝ ❤ ♠ ♥ ❪ ♠✄♠ ❪ ♦ ❤ ❨ ❙ ⑩ ✐ ❪ ❤✕❻✓♦ ❢ ♥ ❝ ❵ ❪✞♦ ❤ ❨ ❝ ❤ ♠ ⑩ ❙ ♠ ♠✄➝ ♠ ❵✡❸ ♥ ❙ ♠ ❨ ❙ ❫ ♦✖♥ ♥ 3 ❤✕❪ ❫ ❝ ❵✡❪✞♦ ❤
♦✖❛✕❵ ❪ ➃ 3 ❙ → ➐✆⑩✁❛✁❙ 3✕❵ ➮ ❵ ❢ ❙ ❙ ➥ ❫ ❪ ❵✡❬ ❨ ❝ ❤ ♠ 3 ❤ ❙ ➢ ➎ ❢ ❙ ♦✖❛✕❵ ❪ ➃ 3 ❙ ❛✁♦ 3 ❢ ❨ ❙ ♠ ❤ ❪✞⑨✖❙ ❝ 3 ➥ ❨ ❙ ❛ 3 ❪✞♠ ♠✡❝ ❤ ❫ ❙ ❵ ❢ ❸ ♠
❻☞❝ ❪ ➎✕⑩ ❙ ♠ ❨✕❪ ♠ ❛✁♦ ❤ ❪ ➎ ⑩✞❙ ♠ ❝ ⑨✖❙ ❫ ❨ ❙ ♠ ❨ ❪✞♦ ❨ ❙ ♠ ⑩ ❝ ♠✄❙ ❢ ♠ → ➣ ❝ ❢ ❙ ➥ ❙ ♥ ❛✕⑩ ❙ ❡ ❛✁♦✖3 ❢ 3 ❤ ❙ ➢ ➎ ❢ ❙ ➙ ❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪ ♦ ❤
❨ ❬ ❫ ❝ ⑩ ❬ ❙

(|β2| ≈ 1ps2/km)
❡ ➙ ⑩ ❝ ⑩ ♦ ❤ ❞✖3 ❙ 3 ❢ ❨ ✐ ♦✖❤ ❨ ❙

λ0 = 1.55 µm
❡ ❝✏⑨✖❙ ❫

γ = 3W−1km−1 ❙ ❵
❛✁♦✖3 ❢

δ0 = 10 ps
❤ ♦✖3 ♠ ♦✖➎ ❵✡❙ ❤✕♦✖❤ ♠ ⑩ ❝ ❛ 3 ❪✞♠ ♠✡❝ ❤ ❫ ❙ ❫ ❢✄➮ ❵✡❙ ♠ 3 ❪ ⑨ ❝ ❤ ❵✡❙

P0 = 3.3 mW
→✖➐✆⑩✕❙ ♠ ❵ ➙ ❤ ♦ ❵✡❙ ❢





➘✒➴✖✕ ➴ ★ ➹ ➱ ➶ ❹ ➹ ✃ ❿ ➹ ❹ ➱ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ❻ ➶ ❸ ❿ 1✎❽ ➹ ➱  ✔
⑩ ❪✞♥ ❪ ❵ ❬ ❙ ♦✖➎✁❬ ❪✞❵ ❝ - ➥ ⑩ ♦ ❪ ♠ ❨ ❙ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ❫✏❝ ❢✡❝ ❫ ❵✡❬ ❢✄❪ ♠✄❬ ❙ ❛ ❝ ❢ ⑩ ❝ ⑩✞♦✖❤ ❞✖-✕❙ - ❢ ❨ ❙ ; ❝ ➝ ⑩ ❙ ❪ ❞ ❷ ⑤

LD =
r

θD

=
πnor

2

λ
,

➊ ✂ →  ✂ ➌
♦✒➣

r
❙ ♠ ❵ ⑩✞❙ ❢✡❝✏➝✖♦✖❤ ❨ ❙ ♥ ♦ ❨ ❙ ➊☛✏ ➁ ❝ ❪✞♠✄❵☎✏ ➌ ❡

n0

⑩ ✐ ❪✞❤ ❨ ❪✞❫ ❙ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❨✕❙ ❢✄❬ ❻✓❢✡❝ ❫ ❵ ❪ ♦✖❤ ❙ ❵
λ

⑩ ❝ ⑩✞♦✖❤ ❞✖-✕❙ - ❢
❨ ✐ ♦✖❤ ❨ ❙ ♦ ❛✕❵✡❪✞➃ -✕❙ → ➅ ❝ ⑩✞♦✖❤ ❞✖-✕❙ - ❢ ❨ ❙ ; ❝✏➝ ⑩ ❙ ❪ ❞✖❷

LD

❙ ♠✄❵ ⑩ ❝ ❨ ❪✞♠✄❵✍❝ ❤ ❫ ❙ ❨ ❙ ❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ❝ - ➎✁♦✖-✕❵ ❨ ❙
⑩ ❝ ➃ - ❙ ⑩ ⑩✞❙ ⑩ ❝ ❵✍❝ ❪ ⑩✞⑩✞❙ ❨ - ❻☞❝ ❪ ♠✄❫ ❙ ❝ - ❝ ❝ - ❞✖♥ ❙ ❤ ❵✡❬ ❨ ✐ - ❤ ❻☞❝ ❫ ❵ ❙ - ❢ √

2
➊✓♠✡❝ ♠✄- ❢✄❻☞❝ ❫ ❙ ❝ ❨ ♦✖-✕➎ ⑩ ❬✏➌ → ⑦ ✐ ❙ ♠✄❵

- ❤ ❛ ❝ ❢✡❝ ♥ ❸ ❵ ❢ ❙ ❪✞♥ ❛✁♦ ❢✄❵✍❝ ❤ ❵ ❫ ❝ ❢ ❪ ⑩ ❨ ❬ ➢ ❤ ❪✞❵ ➊✓- ❤ ❛✁❙ - ❝ ❢✄➎ ❪✞❵ ❢✡❝ ❪✞❢✄❙ ♥ ❙ ❤ ❵✍➌ ⑩ ❝ ❨ ❪ ♠ ❵✍❝ ❤ ❫ ❙ ♠✄- ❢ ⑩ ❝ ➃ -✕❙ ⑩ ⑩✞❙
⑩ ❙ ❻☞❝ ❪✞♠ ❫ ❙ ❝ - ⑩ ❝ ♠ ❙ ❢ ❞ ❝ ❢ ❨ ❙ - ❤✕❙ ❵✍❝ ❪ ⑩✞⑩✞❙ ❢✄❙ ⑩ ❝ ❵✡❪✞⑨✖❙ ♥ ❙ ❤ ❵ ❫ ♦ ❤ ♠✄❵✡❝ ❤ ❵ ❙ → ❲ ❤ ❛ ❢✄❬ ♠ ❙ ❤ ❫ ❙ ❨ ✐ - ❤ ♥ ❪ ⑩✞❪ ❙ -
❨ ❙ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❢ ❪ ❵✡❬ ❛✁♦✖♠✄❪✞❵✡❪ ⑨✖❙

(γ > 0)
❡ ⑩ ❙ ❻☞❝ ❪✞♠ ❫ ❙ ❝ - ❪ ❤✕❨ - ❪✞❵ - ❤ ❙ ❝ -✕❞✖♥ ❙ ❤ ❵✡❝ ❵✡❪✞♦✖❤ ❨ ✐ ❪✞❤ ❨ ❪✞❫ ❙

∆n
❡

❛ ❢ ♦ ❛✁♦✖❢✄❵✡❪✞♦✖❤ ❤✕❙ ⑩ ⑩✞❙ ➙ ⑩ ✐ ❪ ❤ ❵✡❙ ❤ ♠ ❪ ❵✡❬ → ➅ ✐ ❝ ❤✕❞✖⑩ ❙ ❫ ❢✄❪✞❵ ❪ ➃ - ❙ ❨✕❙ ❢ ❬ ➎ ❙ ➥ ❪ ♦ ❤ ❵✡♦ ❵✡❝ ⑩ ❙ ❙ ❤ ❵ ❢ ❙ ⑩✞❙ ♠ ❨ ❙ - ➥ ♥ ❪✞⑩✞❪✞❙ - ➥ ❡
❨ ❬ ➢ ❤ ❪ ❛ ❝ ❢

θc =
√

2∆n/no

❛✁❙ ❢✄♥ ❙ ❵ ❝ ⑩ ♦✖❢✄♠ ❨✕❙ ❨✕❬ ❵✡❙ ❢ ♥ ❪ ❤✕❙ ❢ - ❤ ❙ ⑩ ♦ ❤ ❞✖- ❙ - ❢ ❫✏❝ ❢✡❝ ❫ ❵✡❬ ❢ ❪ ♠ ❵✡❪✞➃ -✕❙ ❨ ❙
❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ➊ ❝ -✕❵ ♦ ❻✓♦ ❫✏❝ ⑩ ❪✞♠✡❝ ❵✡❪✞♦ ❤ ➌ ❨ ❝ ❤✕♠ ⑩ ✐ ❝ ❛ ❛ ❢✄♦ ➥ ❪ ♥ ❝ ❵✡❪ ♦✖❤ ❨ ❙ ♠ ❛✁❙ ❵✡❪✞❵ ♠ ❝ ❤ ❞✖⑩✞❙ ♠ ➊✓❨ ❬ ⑨✖❙ ⑩ ♦✖❛✕❛✁❙ ♥ ❙ ❤ ❵
⑩ ❪✞♥ ❪ ❵ ❬ ➌ ❡

LNL =
r

θc

=
r

√

2∆n/no

.
➊ ✂ →  ✖◗ ➌

➅ ❙ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠✄❛ ❝ ❵✡❪ ❝ ⑩ ❫ ♦✖❢✄❢ ❙ ♠✄❛✁♦✖❤ ❨ ➙ - ❤ ❬ ➃ -✕❪ ⑩ ❪✞➎ ❢ ❙ ❙ ❤ ❵ ❢ ❙ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ❙ ❵ ⑩ ✐ ❝ -✕❵✡♦ ❻✓♦ ❫✏❝ ⑩✞❪ ♠✡❝ ❵ ❪✞♦✖❤ ❡
❨ ❝ ❤ ♠ ❫ ❙ ❫✏❝ ♠ ⑩✞❙ ♠ ❨ ❙ - ➥ ⑩ ♦✖❤✕❞✖- ❙ -✕❢ ♠ ♠ ✐ ❬ ❞ ❝ ⑩ ❪✞♠ ❙ ❤ ❵✏❡✕❨ ❙ ♠ ♦✖❢ ❵✡❙ ➃ - ❙

LNL = LD ⇐⇒ θc = θD

➊ ✂ →   ➌
❒ ❤ ❙ ❝ -✕❵ ❢ ❙ ❨ ❙ ♠ ❫ ❢✄❪ ❛✕❵ ❪ ♦✖❤ ➃ - ❝ ⑩✞❪✞❵✍❝ ❵✡❪ ⑨✖❙ ❨ - ♥ ♦ ❨ ❸ ⑩ ❙ ❙ ♠✄❵ ➎ ❝ ♠ ❬ ❙ ♠ - ❢ ⑩ ❝ ❨✕❪ ♠✄❵ ♦✖❢ ♠✄❪ ♦✖❤ ❨ ❙ ♠ ❻✓❢✄♦✖❤ ❵ ♠
❨ ✐ ♦✖❤ ❨ ❙ ⑥  ✌✆ ⑦ ❙ ❵ ⑩✞❙ ❨ ❬ ❛✕❷ ❝ ♠✡❝ ❞✖❙ ❛ ❷ ♦ ❵✡♦ ➑✑❪ ❤ ❨✕- ❪✞❵ → ➅ ❝ ❛ ❢ ♦ ❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ ❨ ✐ - ❤ ❻☞❝ ❪✞♠ ❫ ❙✏❝ - ♥ ♦ ❤ ♦ ❫✍❷ ❢ ♦✖♥ ❝ ➑
❵✡❪✞➃ -✕❙ ❡ ❛✁❙ -✕❵ ➮ ❵✡❢ ❙ ❢✄❙ ❛ ❢✄❬ ♠ ❙ ❤ ❵ ❬ ❙ ❛ ❝ ❢ - ❤ ❙ ♠✄- ❛✁❙ ❢✄❛ ♦ ♠ ❪ ❵✡❪ ♦ ❤ ❨ ✐ ♦✖❤✕❨ ❙ ♠ ❛✕⑩ ❝ ❤ ❙ ♠ ➊✓❢ ❙ ❛ ❢ ❬ ♠ ❙ ❤ ❵✍❝ ❤ ❵ ⑩ ❙ ♠
❻✓❢ ❬ ➃ -✕❙ ❤ ❫ ❙ ♠ ♠✄❛ ❝ ❵✡❪ ❝ ⑩ ❙ ♠✍➌ ❡ ❨ ❙ ⑨✖❙ ❫ ❵✡❙ -✕❢ ❨ ✐ ♦ ❤ ❨ ❙

k = nω/c
→ ⑦ ❷ ❝ ➃ - ❙ ♦ ❤ ❨ ❙ ❛✕⑩ ❝ ❤✕❙ ♠ ❙ ❛ ❢ ♦✖❛ ❝ ❞✖❙

♠ - ❪ ⑨ ❝ ❤ ❵ - ❤ ❙ ❨ ❪✞❢ ❙ ❫ ❵✡❪✞♦✖❤ ❡✕❨ ✐ -✕❤ ❝ ❤ ❞✖⑩✞❙
α

❛ ❝ ❢ ❢ ❝ ❛ ❛✁♦✖❢ ❵ ➙ ⑩ ✐ ❝ ➥ ❙ ❨✕❙ ❛ ❢✄♦✖❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ ❡✕❙ ❵ ❙ ♠ ❵ ❫✏❝ ❢ ❝ ❫ ➑
❵✡❬ ❢ ❪ ♠✄❬ ❙ ❛ ❝ ❢ ⑩ ❝ ❛ ❢ ♦ ❣✄❙ ❫ ❵✡❪✞♦✖❤ ❨✕❙ ♠ ♦ ❤ ⑨✖❙ ❫ ❵✡❙ - ❢ ❨ ✐ ♦✖❤ ❨ ❙ ♠✄- ❢ ⑩ ✐ ❝ ➥✕❙ ❨ ❙ ❛ ❢✄♦✖❛ ❝ ❞✖❝ ❵✡❪✞♦✖❤ ❡ ❵✍❝ ❤ ❨ ❪✞♠ ➃ - ❙
⑩ ❙ ♠ ⑨ ❪✞❵ ❙ ♠✄♠ ❙ ♠ ❨ ❙ ❫ ❷ ❝ ❫ -✕❤ ❙ ❨✕❙ ❫ ❙ ♠ ♦ ❤ ❨ ❙ ♠ ❢ ❙ ⑩ ❝ ❵✡❪ ⑨✖❙ ♥ ❙ ❤ ❵ ➙ ❫ ❙ ❵ ❝ ➥ ❙ ♠✄♦✖❤ ❵ ❨ ❪✞❾ ❬ ❢✄❙ ❤ ❵ ❙ ♠ → ➅ ❙ ❨ ❬ ➑
❛ ❷ ❝ ♠ ❝ ❞✖❙ ❝ ❪ ❤ ♠✄❪✁❫ ❢ ❬ ❙ ❙ ❤ ❵ ❢ ❙ ⑩✞❙ ♠ ❨ ❪ ❾ ❬ ❢ ❙ ❤ ❵✡❙ ♠ ❫ ♦ ♥ ❛✁♦✖♠ ❝ ❤ ❵ ❙ ♠ ⑩✞♦✖❢ ♠ ❨ ❙ ⑩ ❝ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ ❡ ♠✄❙ ❵✡❢✡❝ ❨ - ❪✞❵
❛ ❝ ❢ - ❤ ❬ ⑩ ❝ ❢ ❞✖❪✞♠ ♠✄❙ ♥ ❙ ❤ ❵ ❨ ❙ ⑩ ❝ ❵✍❝ ❪✞⑩ ⑩ ❙ ❨ - ❻☞❝ ❪✞♠ ❫ ❙✏❝ - ♦ ❛✕❵✡❪✞➃ -✕❙ ➊☞❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ➌ → ➄ ❪✁- ❤✕❙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬
❪ ❤ ❵✡❢ ♦ ❨✕- ❪✞❵ - ❤ ❨ ❬ ❛ ❷ ❝ ♠ ❝ ❞✖❙ ❨ ❬ ❛✁❙ ❤ ❨ ❝ ❤ ❵ ❨ - ❛ ❢✄♦ ➢ ⑩ ❨ ✐ ❪✞❤ ❵ ❙ ❤ ♠✄❪✞❵✡❬ ➊☞❝ -✕❵✡♦ ➑✆♥ ♦ ❨ - ⑩ ❝ ❵✡❪ ♦✖❤ ❨ ❙ ❛ ❷ ❝ ♠ ❙ ➌ ❡
❝ ⑩ ♦ ❢ ♠ ❫ ❙ ❨ ❬ ❛✕❷ ❝ ♠✡❝ ❞✖❙ ❛✁❙ - ❵ ♥ ♦ ❨ ❪✞➢ ❙ ❢ ⑩ ❙ ❻✓❢ ♦✖❤ ❵ ♦✖❛✕❵✡❪✞➃ - ❙ ❙ ❵ ❪ ❤✕❨ - ❪ ❢✄❙ -✕❤ ❙ ❝ -✕❵✡♦ ❻✓♦ ❫ ❝ ⑩✞❪✞♠✡❝ ❵ ❪✞♦✖❤ →
➄ ♦✖- ♠ ❫ ❙ ❢✄❵✡❝ ❪ ❤ ❙ ♠ ❫ ♦✖❤ ❨✕❪✞❵✡❪✞♦✖❤ ♠ ➊☞♠ ❪✞❞✖❤ ❙ ❨ ❙

γ
❡ ❛ ❢ ♦ ➢ ⑩ ❨ ❙ ⑩ ✐ ❪ ♥ ❛✕- ⑩✞♠ ❪✞♦ ❤ ➌ ❡✕⑩ ✐ ❝ -✕❵ ♦ ❻✓♦ ❫✏❝ ⑩ ❪ ♠✡❝ ❵ ❪✞♦ ❤ ❝ ❢ ❢✄❪✞⑨✖❙

➙ ❫ ♦✖♥ ❛✁❙ ❤✕♠ ❙ ❢ ❙ ➥✕❝ ❫ ❵ ❙ ♥ ❙ ❤ ❵ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ❡ ❙ ❵ ❝ ❪ ❤ ♠✄❪ ❝ ➎✁♦✖-✕❵ ❪ ❢ ➙ ⑩ ✐ ❙ ❾ ❙ ❵ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❛ ❝ ❵✡❪ ❝ ⑩✁❨ ❬ ♠✄❪ ❢✄❬ →





➘✒➴✖✕ ➴ ★ ➹ ➱ ➶ ❹ ➹ ✃ ❿ ➹ ❹ ➱ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ❻ ➶ ❸ ❿ /✎❽ ➹ ➱  ✓✄
✗ ✘ ✚✒✘ ➹ ❘ ➘ ✤ ➴✓✤ ✽ ✿✆➘ ✤ ➴ ✲ ✱ ✿ ✺✔✤ ✳ ✤ ✱ ✽ ✲ ✢ ➷ ➬ ✲ ✦ ✦ ✹ ✭✥✬ ✤ ➷

⑦ ♦✖♥ ♥ ❙ ❪✞❤ ❨ ❪ ➃ + ❬ ❛ ❝ ❢ 0 ❝ ❐ ❷ ❝ ❢ ♦ ⑨ ❙ ❵ ➄ ❷ ❝ ➎ ❝ ❵✏❡ ⑥  ✒☞ ⑦ + ❤ ❙ ♦✖❤ ❨ ❙ ❫ ♦ ❤ ❵✡❪✞❤ + ❙ ➙ ➊ ✂☎❩ ✂ ➌ ❨ ❪✞♥ ❙ ❤ ➑
♠ ❪✞♦✖❤ ♠ ➊✓+ ❤ ❙ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ⑩ ♦ ❤ ❞✖❪✞❵ + ❨ ❪✞❤ ❝ ⑩✞❙ ❙ ❵ +✕❤ ❙ ❝ +✕❵✡❢✄❙ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ❵✡❢✡❝ ❤ ♠✄⑨✖❙ ❢ ♠✡❝ ⑩ ❙✏➌ ❝✏⑨✖❙ ❫ + ❤ ❛ ❢ ♦ ➢ ⑩
♠ ❙ ❫ ❷ ❙ ❵ + ❤ ❙ ❢✄❙ ⑩ ❝ ❵✡❪✞♦✖❤ ❛ ❢✄❙ ♠ ❫ ❢ ❪ ❵✡❙ ❙ ❤ ❵ ❢ ❙ ♠ ❝ ⑩ ❝ ❢ ❞ ❙ + ❢ ❙ ❵ ♠✡❝ ❛ + ❪✞♠ ♠✡❝ ❤ ❫ ❙ ❛✁❙ +✕❵ ♠ ❙ ❛ ❢ ♦✖❛ ❝ ❞✖❙ ❢ ❫ ♦✖♥ ♥ ❙
♠ ♦✖⑩✞❪✞❵ ♦✖❤ ❻✓♦✖❤ ❨ ❝ ♥ ❙ ❤ ❵✍❝ ⑩ ♠ ❛ ❝ ❵ ❪ ❝ ⑩ ❨ ❝ ❤ ♠ +✕❤ ♥ ❪ ⑩✞❪ ❙ + ✟ ❙ ❢ ❢ ❷ ♦ ♥ ♦✖❞ ❸ ❤ ❙ ⑤ ⑩ ❙ ❵✡❙ ❢ ♥ ❙ ❨ ❙ ❨✕❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤
❙ ♠ ❵ ❙ ➥✕❝ ❫ ❵ ❙ ♥ ❙ ❤ ❵ ❬ ➃ +✕❪ ⑩ ❪✞➎ ❢ ❬ ❛ ❝ ❢ ⑩ ❙ ❵✡❙ ❢ ♥ ❙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ → ⑦ ❙ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❛ ❝ ❵✡❪ ❝ ⑩ ❝ ❬ ❵✡❬ ♦✖➎✕♠ ❙ ❢ ⑨✖❬ ❙ ➥ ➑
❛✁❬ ❢✄❪ ♥ ❙ ❤ ❵✡❝ ⑩ ❙ ♥ ❙ ❤ ❵ ❛ ❝ ❢ ✃ → ➓ ❝ ❢✄❵ ❷ ❙ ⑩✞❙ ♥ ➝ ⑥ ✔ ❡ P ✔ ❡ P ☞ ⑦ ❙ ❤ ♠✄+ ❪✞❵ ❙ ❛ ❝ ❢ ❘✕→ ➄ → ✃ ❪ ❵✡❫✍❷ ❪ ❤ ♠✄♦✖❤ ❙ ❵ ❝ ⑩ ⑥ P ✄ ⑦ →
➯ ❝ ❤ ♠ ⑩ ❙ ♠ ♥ ❪✞⑩✞❪✞❙ + ➥ ✟ ❙ ❢ ❢ ❨ ❙ ❨ ❪✞♥ ❙ ❤ ♠✄❪ ♦✖❤ ❵ ❢✡❝ ❤ ♠ ⑨✖❙ ❢✄♠✡❝ ⑩✞❙ ➊ ✂☎❩ ✂ ➌ ➯ ❡ ⑩ ❙ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ❛ ❝ ❵✡❪ ❝ ⑩ ❝ + ❤✕❙ ❻✓♦ ❢ ♥ ❙
♠ ❬ ❫✏❝ ❤ ❵✡❙ ❷ ➝ ❛✁❙ ❢ ➎✁♦ ⑩ ❪ ➃ + ❙ → ➯ ❝ ❤ ♠ ❫ ❙ ♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❨ ♦ ❵✡❬ ♠ ❨ ✐ +✕❤ ❙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ❫ + ➎✕❪ ➃ + ❙ ❡ ❪ ⑩ ❤ ✐ ➝ ❝
❝ + ❫ + ❤ ❙ ❾ ♦ ❤ ❨ ❢ ❙ ♥ ❙ ❤ ❵ ❨ ❙ ♠ ♦✖❤ ❨ ❙ ♠ ❡ ❫✏❝ ❢ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ❨ ♦✖♥ ❪✞❤ ❙ ❢ ❝ ❵✡♦✖+ ❣✄♦✖+ ❢ ♠ ➃ + ❝ ❤ ❨ ⑩ ✐ ❬ ❫✍❷ ❙ ⑩ ⑩✞❙
♠ ❛ ❝ ❵✡❪ ❝ ⑩ ❙ ❨✕❙ ⑨ ❪ ❙ ❤ ❵ ❝ ♠ ♠ ❙ ✐ ❛✁❙ ❵ ❪✞❵✡❙ ➊☞⑩ ❙ ❞✖❢ ❝ ❨ ❪ ❙ ❤ ❵ ❨ ❙ ⑨ ❪ ❙ ❤ ❵ ❝ ♠✄♠ ❙ ✐ ❞✖❢✡❝ ❤✕❨ ➌ → ➣ ❝ ❢ ❫ ♦✖❤ ❵✡❢ ❙ ❡ ❛✁♦✖+✕❢ ❨ ❙ ♠
❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ♠ ❨ ✐ ♦✖❢✄❨ ❢ ❙ ♠✄+ ❛✁❬ ❢✄❪ ❙ +✕❢ ❡✖❫ ♦ ♥ ♥ ❙ ❛ ❝ ❢ ❙ ➥ ❙ ♥ ❛ ⑩✞❙ + ❤ ❙ ❢✄❬ ❛✁♦✖❤ ♠✄❙ ➃ + ❪ ❤ ❵✡❪✞➃ +✕❙ ❡ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ➑
❵✡❪✞♦✖❤ ❤ ✐ ❙ ♠ ❵ ❛ ⑩ + ♠ ❻✓♦✖❢ ❫ ❬ ♥ ❙ ❤ ❵ ♠ + W ♠ ❝ ❤ ❵ ❙ ❛✁♦✖+ ❢ ❫ ♦✖❤ ❵✡❢ ❙ ➎ ❝ ⑩ ❝ ❤ ❫ ❙ ❢ ⑩ ✐ ❝ +✕❵ ♦ ➑✆♥ ♦ ❨ + ⑩ ❝ ❵✡❪ ♦✖❤ ⑥ P ✍ ❡ P ✆ ⑦ →
➇ ❢ ❨ ❝ ❤ ♠ ⑩✞❙ ❫✏❝ ♠ ➙ ❨✕❙ + ➥ ❨ ❪ ♥ ❙ ❤ ♠✄❪ ♦✖❤✕♠ ❵✡❢ ❝ ❤ ♠ ⑨✖❙ ❢ ♠ ❝ ⑩ ❙ ♠ ➊ ◗✒❩ ✂ ➌ ➯ ❡ ⑩ ❝ ♠ ❪ ❵✡+ ❝ ❵ ❪ ♦✖❤ ❙ ♠✄❵ ❵✡♦✖+✕❵ ➙ ❻☞❝ ❪✞❵
❨ ❪✞❾ ❬ ❢✄❙ ❤ ❵✡❙ ❡✁⑩ ✐ ♦✖❤✕❨ ❙ ♠✄❛ ❝ ❵✡❪ ❝ ⑩✞❙ ❝ + ❤✕❙ ❵✡♦✖+ ❵✡❙ ❝ +✕❵ ❢ ❙ ❻✓♦✖❢ ♥ ❙ ❨ ❙ ❛ ❢ ♦ ➢ ⑩ ⑥✕✔ ✹ ⑦ → ❲ ❤ ❛ ❝ ❢ ❵✡❪ ❫ + ⑩ ❪✞❙ ❢ ❨ ❝ ❤ ♠
⑩ ❙ ♠ ♥ ❪✞⑩✞❪✞❙ + ➥ ➙ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❢ ❪ ❵✡❬ ❫ + ➎ ❪ ➃ + ❙ ❡✁+ ❤ ❙ ❝ +✕❞✖♥ ❙ ❤ ❵✡❝ ❵✡❪✞♦✖❤ ❨ ❙ ⑩ ✐ ❪✞❤ ❵ ❙ ❤ ♠✄❪✞❵✡❬ ❫ ♦✖❤✕❨ + ❪✞❵ ➙ ⑩ ✐ ❝ +✕❵ ♦ ➑
❻✓♦ ❫✏❝ ⑩✞❪ ♠ ❝ ❵✡❪ ♦✖❤ ❨ ❙ ⑩ ✐ ♦✖❤ ❨✕❙ ❡ ❙ ❵ ❪ ⑩ ♠ ✐ ❙ ❤ ♠ +✕❪✞❵ ♠✄♦✖❤ ❙ ❾ ♦ ❤ ❨ ❢ ❙ ♥ ❙ ❤ ❵ ❮ ❪ ⑩ ❤ ✐ ❙ ➥ ❪ ♠✄❵ ❙ ❨ ♦✖❤✕❫ ❛ ❝ ♠ ❨ ❙ ♠ ♦✖⑩✞❪✞❵ ♦✖❤
✟ ❙ ❢ ❢ ♠ ❛ ❝ ❵✡❪ ❝ + ➥ ➙ ➊ ◗✒❩ ✂ ➌✄➯ →
➅ ✐ ❬ ➃ + ❝ ❵✡❪✞♦✖❤ ❨ ❙ ➄ ❫✍❷ ❢☛✡ ❨ ❪ ❤ ❞ ❙ ❢ ❤✕♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢ ❙ ➊☞➱ ➅ ➄ ➌ ❛✁❙ +✕❵ ♠ ❙ ❢✄❬ ❬ ❫ ❢ ❪✞❢ ❙

i∂zu + η∆u + κ |u|2 u = 0,
➊ ✂ →  P ➌

❝ ⑨✖❙ ❫
η

⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪✞♦✖❤ ❡
κ

⑩✞❙ ❫ ♦ ❙ W ❫ ❪✞❙ ❤ ❵ ❤✕♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ❡
u(z,X)

⑩ ✐ ❙ ❤ ⑨✖❙ ⑩✞♦✖❛ ❛✁❙ ❨ + ❫✍❷ ❝ ♥ ❛ ❡
X = x1, . . . , xd

❡
∆ =

∑d
i=1 ∂2

xi

❙ ❵
d = 1

♦✖+
2

➅ ♦✖❢ ♠✄➃ +✕❙
κ > 0

♦✖❤ ❝ ♠✄♠ ❪✞♠✄❵✡❙ ➙ ⑩ ✐ ❝ +✕❵ ♦ ➑✆❫ ♦✖❤✕➢ ❤✕❙ ♥ ❙ ❤ ❵ ❨ ❙ ♠ ❪ ♥ ❛ + ⑩✞♠✄❪ ♦ ❤ ♠ ❙ ❵ ⑩ ❙ ❛✕❷ ❬ ❤✕♦✖♥ ❸ ❤ ❙
❫ ♦✖❤ ❵✡❢ ❝ ❪ ❢✄❙ ⑩ ♦✖❢✄♠ ➃ + ❙

κ < 0
→ ➅ ✐ ❬ ➃ + ❝ ❵ ❪ ♦✖❤ ➊ ✂ →  P ➌ ❨ ❝ ❤ ♠ ⑩✞❙ ❫ ❝ ♠ ❨✕❙

κ > 0
❝ ❨✕♥ ❙ ❵ ❨ ❙ ♠ ♠ ♦✖⑩✞+ ➑

❵✡❪✞♦✖❤ ♠ ➃ + ❪ ❨ ❙ ⑨ ❪✞❙ ❤ ❤ ❙ ❤ ❵ ♠ ❪ ❤✕❞✖+ ⑩ ❪✞❸ ❢✄❙ ♠ ❝ + ➎✁♦✖+ ❵ ❨ ✐ + ❤ ❵ ❙ ♥ ❛ ♠ ➢ ❤ ❪ ⑩ ♦✖❢✄♠ ➃ + ❙
d = 2

➊✓❫✏❝ ♠ ❫ ❢✄❪✞❵✡❪✞➃ + ❙ ➌
♦✖+

d > 2
➊✓❫✏❝ ♠ ♠ + ❛✁❙ ❢ ❫ ❢✄❪✞❵ ❪ ➃ + ❙ ➌ → ➣ ♦ + ❢

d = 1
❡ ⑩ ✐ ❬ ➃ + ❝ ❵ ❪ ♦✖❤ ➊ ✂ →  P ➌ ❙ ♠✄❵ ❪ ❤ ❵✡❬ ❞✖❢✡❝ ➎✕⑩ ❙ ❙ ❵ ❨ ♦ ❤ ❤ ❙

❨ ❙ ♠ ♠✄♦✖⑩ + ❵✡❪ ♦ ❤ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ➃ +✕❪ ❢✄❙ ♠ +✕⑩✞❵✡❙ ❤ ❵ ❨ ❙ ⑩ ✐ ❬ ➃ + ❪✞⑩ ❪✞➎ ❢✄❙ ❙ ➥✕❝ ❫ ❵ ❙ ❤ ❵✡❢✄❙ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ❙ ❵ ⑩ ❝ ❤ ♦✖❤ ➑
⑩ ❪✞❤ ❬✏❝ ❢✄❪ ❵✡❬ → ➣ ♦✖+✕❢

d = 2
❡✁➃ + ❪ ❤ ♦ + ♠ ❪✞❤ ❵ ❬ ❢ ❙ ♠ ♠✄❙ ❡ ⑩ ❝ ♠✄❵ ❢ + ❫ ❵✡+ ❢✄❙ ❨ ❙ ⑩ ❝ ♠✄♦✖⑩✞+✕❵✡❪✞♦✖❤ ❨ ❝ ❤ ♠ ⑩ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ + ➥

❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ♠ ⑥✕✔ ✂ ⑦ ❙ ♠✄❵ ❛ ⑩✞+ ♠ ❫ ♦✖♥ ❛ ⑩ ❪✞➃ + ❬ ❙ → ➅ ❙ ♠ ❬ ❵ + ❨ ❙ ♠ ❤ +✕♥ ❬ ❢ ❪✞➃ +✕❙ ♠ ⑥ P ✍ ❡ ✔ ◗ ❡ ✔  ⑦ ♦✖❤ ❵ ♥ ♦✖❤ ➑
❵✡❢✄❬ ➃ + ❙ ❛✁♦✖+ ❢ ❫ ❙ ❢ ❵✍❝ ❪✞❤ ❙ ♠ ❫ ♦✖❤ ❨✕❪✞❵✡❪✞♦✖❤ ♠ ❪✞❤ ❪✞❵ ❪ ❝ ⑩ ❙ ♠ ❪ ⑩ ❙ ➥✕❪✞♠✄❵ ❙ ❨ ❙ ♠ ♠ ♦ ⑩ +✕❵ ❪ ♦✖❤✕♠ ♠ ❪ ❤✕❞✖+ ⑩✞❪ ❸ ❢ ❙ ♠ ❨ ❝ ❤ ♠ + ❤
❵✡❙ ♥ ❛ ♠ ➢ ❤ ❪ ❫ ✐ ❙ ♠ ❵✄➑✆➙ ➑✆❨ ❪✞❢ ❙ ➃ + ❙ ⑩ ✐ ❝ ♥ ❛ ⑩ ❪ ❵ + ❨ ❙ ❨✕❙ ⑩ ❝ ♠✄♦✖⑩ + ❵✡❪ ♦ ❤ ❨ ❙ ⑨ ❪✞❙ ❤ ❵ ❪ ❤ ➢ ❤ ❪ ❙ → ➯ ❝ ❤ ♠ ❫ ❙ ❫✏❝ ♠ ❡ ⑩ ❝



 ✒✍ ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ < ➱
❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ❨ ♦ ♥ ❪✞❤ ❙ ⑩ ❙ ♠ ❵ ❙ ❢ ♥ ❙ ♠ ❨ ❙ ❨ ❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ❙ ❵ ❪✞⑩ ❙ ❤ ❢ ❬ ♠✄3 ⑩✞❵ ❙ ⑩ ✐ ❙ ❾ ♦✖❤ ❨✕❢ ❙ ♥ ❙ ❤ ❵ ❨ ❙ ⑩ ✐ ❪✞♥ ➑
❛ 3 ⑩ ♠✄❪ ♦ ❤ → ⑦ ❙ ❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤ ❙ ❨ ✐ ❝ ❛ ❛ ❝ ❢ ❪ ❵✡❪ ♦ ❤ ❨ ✐ 3✕❤ ❙ ♠ ❪ ❤✕❞✖3 ⑩ ❝ ❢ ❪ ❵✡❬ ❨ ❝ ❤ ♠ ⑩ ❝ ❻✓♦✖❤ ❫ ❵ ❪ ♦✖❤ ❨ ✐ ♦✖❤ ❨✕❙ ❙ ♠ ❵
❫ ♦✖❤✕❤ 3 ♠ ♦ 3 ♠ ⑩ ❙ ❤ ♦ ❤ ❨✕❙ ✏ ❫ ♦✖⑩✞⑩ ❝ ❛ ♠✄❙✓✏ → ❲ ❤ ♦ ❛✕❵✡❪✞➃ 3✕❙ ❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢ ❙ ❡ ⑩ ❝ ♠✄❪ ❤ ❞ 3 ⑩ ❝ ❢✄❪ ❵✡❬ ❫ ♦✖❢ ❢✄❙ ♠✄❛ ♦ ❤ ❨ ➙
3 ❤ ❙ ❝ 3 ❞✖♥ ❙ ❤ ❵✍❝ ❵ ❪ ♦✖❤ ❙ ➥ ❵ ❢ ➮ ♥ ❙ ❨ ❙ ⑩ ✐ ❝ ♥ ❛✕⑩✞❪ ❵ 3 ❨ ❙ ❨ 3 ❫✍❷ ❝ ♥ ❛ ❙ ❤ ❢ ❝ ❪ ♠✄♦✖❤ ❨ ❙ ⑩ ✐ ❝ 3✕❵✡♦ ➑✆❫ ♦ ❤✕➢ ❤ ❙ ♥ ❙ ❤ ❵ →
➞ ❝ ❵✡❷✕❬ ♥ ❝ ❵✡❪✞➃ 3 ❙ ♥ ❙ ❤ ❵✏❡ ⑩ ✐ ❬ ❾ ♦ ❤ ❨ ❢ ❙ ♥ ❙ ❤ ❵ ❨ ❙ ❫ ❙ ♠ ♠ ♦ ⑩ ❪ ❵✡♦✖❤ ♠ ❫ ♦✖❢ ❢✄❙ ♠ ❛✁♦ ❤ ❨ ➙ 3✕❤ ❙ ♠✄❪ ❤ ❞ 3 ⑩ ❝ ❢✄❪ ❵✡❬ ❨ ❝ ❤ ♠
⑩ ❝ ❻✓♦✖❤ ❫ ❵✡❪ ♦ ❤ ❨ ✐ ♦✖❤ ❨ ❙ ❡ ⑩ ♦✖❢✄♠ ➃ 3 ✐ ♦✖❤ ❙ ♠✄❵ ❙ ❤ ❛ ❢ ❬ ♠ ❙ ❤✕❫ ❙ ❨ ✐ 3 ❤ ❙ ❨ ❪ ♠ ❵✍❝ ❤ ❫ ❙ ❨ ❙ ❛ ❢✄♦✖❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ ♦✖3 ❨ ✐ 3✕❤
❵✡❙ ♥ ❛ ♠ ➢ ❤ ❪ → ⑦ ❙ ❫ ♦ ♥ ❛✁♦✖❢ ❵✡❙ ♥ ❙ ❤ ❵ ❙ ♠ ❵ ❻✓♦✖❤ ❨ ❝ ♥ ❙ ❤ ❵✡❝ ⑩ ❛✁♦✖3 ❢ ➎✁❙ ❝ 3 ❫ ♦ 3 ❛ ❨ ✐ ❬ ➃ 3 ❝ ❵✡❪✞♦✖❤ ♠ ❨ ✐ ♦ ❤ ❨ ❙ ♠ ❙ ❵ ❡
♠ ❙ ❛ ❢ ♦ ❨✕3 ❪✞❵ ❨ ❝ ❤ ♠ 3 ❤✕❙ ⑨ ❝ ❢ ❪✞❬ ❵ ❬ ❨✕❙ ❨ ♦✖♥ ❝ ❪ ❤✕❙ ♠ ❨ ❙ ⑩ ❝ ❛ ❷ ➝ ♠ ❪ ➃ 3 ❙ ❡ ❵✡❙ ⑩ ⑩✞❙ ♠ ➃ 3 ✐ ❙ ❤ ❷ ➝ ❨ ❢ ♦ ❨✕➝ ❤ ❝ ♥ ❪✞➃ 3 ❙ ❡
❙ ❤ ❛ ⑩ ❝ ♠✄♥ ❝ ❡✕♦✖3 ❙ ❤ ⑩ ✐ ♦✖❛ ❵✡❪ ➃ 3 ❙ ⑥ ✄☎⑦ →
➯ ❝ ❤ ♠ ❫ ❙ ♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❛ ❷ ➝ ♠ ❪✞➃ 3 ❙ ♠ ❡ ⑩ ✐ ❝ ❛ ❛ ❝ ❢ ❪ ❵✡❪ ♦✖❤ ❨ ✐ ❝ 3✕❵✡❢ ❙ ♠ ❙ ❾ ❙ ❵✡♠ ❛ ❷ ➝ ♠ ❪✞➃ 3 ❙ ♠ ❛ ❙ ❢ ♥ ❙ ❵ ❨ ✐ ❬ ⑨ ❪✞❵ ❙ ❢
⑩ ❝ ♠ ❪ ❤✕❞✖3 ⑩ ❝ ❢ ❪ ❵✡❬ ❨ ❝ ❤ ♠ ⑩ ❝ ❻✓♦✖❤ ❫ ❵✡❪ ♦ ❤ ❨ ✐ ♦✖❤ ❨ ❙ ❙ ❵ ❝ ❪✞❤ ♠ ❪ ⑩ ❪✞♥ ❪ ❵✡❙ ❢ ⑩ ❙ ❢✄❪ ♠ ➃ 3 ❙ ❨ ✐ ❙ ❾ ♦✖❤ ❨✕❢ ❙ ♥ ❙ ❤ ❵ ❨✕❙ ♠ ❪ ♥ ➑
❛ 3 ⑩ ♠✄❪ ♦ ❤ ♠ → ❲ ❤ ❙ ❾ ❙ ❵✏❡ ❨ ❙ ❤ ♦✖♥ ➎ ❢✄❙ 3 ➥ ❵ ❢✡❝ ⑨ ❝ 3 ➥ ♦✖❤ ❵ ♥ ♦✖❤ ❵✡❢ ❬ ➃ 3 ❙ ⑩ ✐ ❙ ❾ ❙ ❵ ❨ ✐ ❙ ❾ ♦✖❤ ❨✕❢ ❙ ♥ ❙ ❤ ❵ ❛✁❙ 3✕❵
➮ ❵✡❢✄❙ ❫ ♦ ❤ ❵✡❢ ❝ ❢ ❪✞❬ ♠✄♦✖❪✞❵ ❡✁❛ ❝ ❢ ⑩ ❝ ❛ ❢ ❬ ♠ ❙ ❤ ❫ ❙ ❨ ✐ 3 ❤ ❝ ♥ ♦✖❢✄❵ ❪✞♠ ♠ ❙ ♥ ❙ ❤ ❵ ❨✔! ❝ 3 ➥ ❪✞❤ ❷ ♦✖♥ ♦✖❞✖❬ ❤ ❬ ❪✞❵✡❬ ♠ ❨ ❝ ❤ ♠
⑩ ❝ ♠✄❵✡❢✄3 ❫ ❵ 3 ❢ ❙ ❨ ❙ ♠ ❫✍❷ ❝ ♥ ❛ ♠ ❙ ❵ ❨ ❝ ❤ ♠ ⑩ ❝ ❻✓♦ ❤ ❫ ❵ ❪ ♦✖❤ ❨ ❙ ❨✕❪ ♠✄❵ ❢ ❪✞➎ 3✕❵✡❪✞♦✖❤ ❨ ❙ ♠ ❛ ❝ ❢✄❵✡❪✞❫ 3 ⑩✞❙ ♠ ⑥ ✔ O ⑦ ❡ ♠ ♦✖❪ ❵ ❛ ❝ ❢
⑩ ❝ ♠✡❝ ❵ 3 ❢✡❝ ❵ ❪ ♦✖❤ ❨ ❙ ⑩ ❝ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ⑥✕✔  ⑦ ❡ ⑩ ❝ ❫ ♦✖❷ ❬ ❢✄❙ ❤ ❫ ❙ ❛ ❝ ❢ ❵✡❪✞❙ ⑩ ⑩ ❙ ⑥✕✔✌✔ ⑦ ❡ ♦✖3 ⑩ ❝ ❤✕♦✖❤ ❛ ❝ ❢ ❝ ➥ ❪ ❝ ⑩✞❪ ❵ ❬
❨ ❙ ♠ ❛✁❙ ❵✡❪ ❵✡♠ ❻☞❝ ❪ ♠ ❫ ❙✏❝ 3 ➥ ⑥ ✔  ⑦ →
➯ ❝ ❤ ♠ ⑩ ❙ ♠ ♠ ➝ ♠ ❵✡❸ ♥ ❙ ♠ ➙ ➊ ◗✒❩ ✂ ➌ ➯ ❡ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ❤ ✐ ❙ ♠✄❵ ❛ ❝ ♠ ❝ ♠✄♠ ❙ ✐ ❻✓♦ ❢✄❵✡❙ ❛✁♦✖3✕❢ ♠ 3✕❢ ♥ ♦✖❤ ❵ ❙ ❢ ⑩ ✐ ❝ 3✕❵✡♦ ➑
♥ ♦ ❨ 3✕⑩ ❝ ❵ ❪✞♦✖❤ ❨✕❙ ❛ ❷ ❝ ♠ ❙ → ➯ ❝ ❤ ♠ ❫ ❙ ❫ ❝ ♠ ❡✖❝ ⑨✖❙ ❫ 3 ❤ ❙ ❛✕3 ❪ ♠✄♠✡❝ ❤ ❫ ❙ ❫ ❢✄❪✞❵✡❪✞➃ 3 ❙ ❡ ⑩ ✐ ❪✞♥ ❛ 3 ⑩✞♠✄❪✞♦✖❤ ❫ ♦✖❤ ❵ ❪ ❤ 3✕❙ ❢✡❝
➙ ♠ ✐ ❙ ❾ ♦✖❤✕❨ ❢ ❙ ❢ ❨ ✐ 3 ❤ ❙ ❻☞❝ ➛ ♦✖❤ ❢ ❝ ❨ ❪ ❝ ⑩✞❙ ♥ ❙ ❤ ❵ ♠ ➝ ♥ ❬ ❵ ❢ ❪✞➃ 3✕❙ ❡ ♥ ❝ ❪ ❤ ❵✡❙ ❤ ❝ ❤ ❵ 3✕❤ ❛✕❢ ♦ ➢ ⑩ ❪ ❤✕❨ ❬ ❛✁❙ ❤ ❨ ❝ ♥ ➑
♥ ❙ ❤ ❵ ❨ ❙ ♠ ❝ ❻✓♦✖❢ ♥ ❙ ❪ ❤ ❪ ❵✡❪ ❝ ⑩✞❙ ⑥✕✔ ☞ ⑦ → ➐✆⑩ ❙ ♠✄❵ ❨ ♦ ❤ ❫ ❨ ❪✞U ❫ ❪ ⑩✞❙ ❨ ❙ ❵✡❢✄♦✖3✕⑨✖❙ ❢ ❨ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ♠ ❛ ❝ ❵✡❪ ❝ 3 ➥
➙ ➊ ◗✒❩ ✂ ➌✄➯ ♠ ❵✍❝ ➎ ⑩✞❙ ♠ ♠ 3 ❢ ❨✕❙ ♠ ⑩ ♦✖❤ ❞ 3 ❙ ♠ ❨ ❪✞♠✄❵✡❝ ❤ ❫ ❙ ♠ ⑥✕✔ ✄ ❡ ✔ ✍ ⑦ → ➅ ❙ ♠ ❙ ❾ ❙ ❵✡♠ ❨ ❙ ❛✁❙ ❢ ❵✡3 ❢✄➎ ❝ ❵✡❪✞♦✖❤ ➃ 3 ❪
❛✁❙ 3✕⑨✖❙ ❤ ❵ ♥ ♦ ❨ ❪✞➢ ❙ ❢ ♦✖3 ❝ ❢ ❢✄➮ ❵ ❙ ❢ ⑩ ❙ ✏ ❫ ♦✖⑩✞⑩ ❝ ❛✕♠ ❙✓✏ ♠✄♦✖❤ ❵ ⑩ ❝ ❨ ❪✞♠ ♠✄❪ ❛ ❝ ❵ ❪ ♦✖❤ ❡ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪ ♦ ❤ ❤ ♦✖❢ ♥ ❝ ⑩✞❙
❙ ❵ ⑩ ❝ ♠ ❝ ❵✡3✕❢✡❝ ❵ ❪ ♦✖❤ ❨ ❙ ⑩ ❝ ❤✕♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ⑥ O ✍ ⑦ → ➅ ❝ ♠ ❙ 3✕⑩ ❙ ❝ ⑩✞❵ ❙ ❢ ❤ ❝ ❵✡❪ ⑨✖❙ ❢ ❬ ❝ ⑩ ❪✞♠✄❵ ❙ ➙ ❤ ♦✖♠ ➝✖❙ 3 ➥ ❛✁♦ 3 ❢
♦✖➎✕❵✡❙ ❤ ❪✞❢ ⑩ ❝ ❻✓♦ ❢ ♥ ❝ ❵✡❪✞♦ ❤ ❨ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠ ♠ ❛ ❝ ❵ ❪ ❝ 3 ➥ ➙ ❛ ⑩✞3 ♠ ❨ ✐ 3 ❤ ❙ ❨ ❪ ♥ ❙ ❤✕♠ ❪ ♦ ❤ ❡ ❙ ♠✄❵ ❨ ❙ ❢ ❙ ❫ ♦✖3 ❢✄❪ ❢ ➙
❨ ❙ ♠ ♥ ❪✞⑩✞❪✞❙ 3 ➥ ❨ ❪✞♠ ♠✄❪ ❛ ❝ ❵ ❪✞❻✓♠ ♦✒➣ ⑩ ❝ ❛ ❢ ❬ ♠ ❙ ❤ ❫ ❙ ❨ ❙ ♠ ❞ ❝ ❪✞❤ ♠ ❙ ❵ ❛✁❙ ❢ ❵✡❙ ♠ ❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙ ♠ ❛✁❙ ❢ ♥ ❙ ❵ ❨ ✐ ❝ ⑨✖♦✖❪✞❢
❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ❛ ⑩ 3 ♠ ♠✄❵✡❝ ➎ ⑩ ❙ ♠ ❙ ❵ ❬ ⑨ ❪✞❵✡❙ ❢ ❝ ❪✞❤ ♠ ❪ ⑩ ✐ ❙ ❾ ♦ ❤ ❨ ❢ ❙ ♥ ❙ ❤ ❵ ❨ ❙ ♠ ❪ ♥ ❛ 3 ⑩✞♠ ❪✞♦ ❤ ♠ →

✗ ✘ ✚✒✘ ➮ ❘✆✤ ✬ ✬✠✲ ✦✌✸ ✽ ✲ ✱✥✬ ✬✠✭✥✹ ✽✁✸ ✲ ➱ ✽ ✤ ✳ ✭✓✲ ✺✔✤ ✦ ✬
➱ ♦ 3 ♠ ⑨✖❙ ❤ ♦✖❤ ♠ ❨ ❙ ⑨✖♦✖❪ ❢ 3 ❤ ❙ ❞✖❝ ♥ ♥ ❙ ❨ ❙ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❨ ❬ ❣ ➙ ❢ ❪✞❫ ❷ ❙ ♠ ❙ ❤ ❨ ❪✞⑨✖❙ ❢ ♠✄❪✞❵✡❬ ➃ 3 ❪ ❡✕♠ ♦ 3 ♠ ❫ ❙ ❢ ➑

❵✍❝ ❪✞❤ ❙ ♠ ❫ ♦✖❤ ❨ ❪ ❵✡❪✞♦✖❤ ♠ ❛✁♦✖3✕⑨ ❝ ❪ ❙ ❤ ❵ ➮ ❵ ❢ ❙ ♠ ♦ ❪✞❵ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠ ❡ ♠✄♦✖❪ ❵ ♠✄❛ ❝ ❵✡❪ ❝ 3 ➥ → ✃ ⑩ ✐ ❪ ❤ ❵✡❙ ❢✄♠ ❙ ❫ ❵✡❪✞♦✖❤ ❨ ❙ ❫ ❙ ♠
♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ♠ ❙ ❵ ♠ ❛ ❝ ❵ ❪ ❝ 3 ➥ ❡ ❪ ⑩ ❙ ➥ ❪ ♠ ❵✡❙ ⑩ ❙ ♠ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ♠ ❛ ❝ ❵ ❪ ♦ ➑ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠ → ❲ ❤ ❙ ❾ ❙ ❵ ❡ ⑩ ❝ ❛ ❢✄♦ ➑



➘✒➴✖✕ ➴ ★ ➹ ➱ ➶ ❹ ➹ ✃ ❿ ➹ ❹ ➱ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ❻ ➶ ❸ ❿ 1✎❽ ➹ ➱  ✒✆
❛ ❝ ❞ ❝ ❵✡❪ ♦ ❤ ❨ ✐ + ❤ ❙ ❪ ♥ ❛ + ⑩✞♠ ❪✞♦✖❤ ⑩ +✕♥ ❪✞❤ ❙ + ♠ ❙ ❪ ❤ ❵ ❙ ❤ ♠✄❙ ❙ ❵ ⑩ ♦ ❫✏❝ ⑩ ❪✞♠✄❬ ❙ ❙ ♠ ❵ ❞ ♦✖+✕⑨✖❙ ❢ ❤ ❬ ❙ ❛ ❝ ❢ ⑩ ✐ ❙ ❤ ❵✡❢ ❙✆❣✄❙ +
❙ ❤ ❵✡❢ ❙ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ❡ ⑩ ❝ ❨✕❪ ♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ ❨ ❙ ⑩ ❝ ⑨ ❪ ❵✡❙ ♠✄♠ ❙ ❨ ❙ ❞ ❢ ♦✖+ ❛✁❙ ❙ ❵ ⑩✞❙ ♠ ❨ ❪ ❾ ❬ ❢ ❙ ❤ ❵✡♠ ❛ ❢ ♦ ❫ ❙ ♠✄♠ + ♠
❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙ ♠ ❛ ❢✄❬ ♠ ❙ ❤ ❵ ♠ → ➄ ♦✖+✕♠ ❫ ❙ ❢✄❵✡❝ ❪ ❤ ❙ ♠ ❫ ♦✖❤ ❨✕❪✞❵✡❪✞♦✖❤ ♠ ❡ ⑩ ❙ ♠ ❤ ♦✖❤✕⑩ ❪ ❤✕❬✏❝ ❢✄❪ ❵✡❬ ♠ ❛✁❙ +✕⑨ ❙ ❤ ❵ ➮ ❵✡❢✄❙ +✕❵ ❪ ⑩✞❪ ➑
♠ ❬ ❙ ♠ ❛✁♦✖+ ❢ ❫ ♦✖♥ ❛✁❙ ❤✕♠ ❙ ❢ ➙ ⑩ ❝ ❻✓♦✖❪✞♠ ⑩ ❝ ❨ ❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ❙ ❵ ⑩ ❝ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦ ❤ ❨✕❙ ⑨ ❪ ❵✡❙ ♠ ♠ ❙ ❨ ❙ ❞✖❢✄♦✖+ ❛✁❙ ❙ ❵
❝ ❪ ❤✕♠ ❪ ❛ ❢✄♦ ❨ + ❪ ❢✄❙ ♠ ❪✞♥ +✕⑩✞❵✍❝ ❤ ❬ ♥ ❙ ❤ ❵ +✕❤ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ❨ ❝ ❤ ♠ ⑩ ✐ ❙ ♠✄❛ ❝ ❫ ❙ ❙ ❵ ❨ ❝ ❤ ♠ ⑩ ❙ ❵ ❙ ♥ ❛ ♠ ⑥ ◗ ✔ ⑦ ❡✁❫ ♦✖♥ ♥ ❙
⑩ ❙ ♥ ♦✖❤ ❵ ❢ ❙ ⑩ ❝ ➢ ❞✖+ ❢✄❙ ➊ ✂ →  ➌ ❫ ❪ ❝ ❛ ❢ ❸ ♠ → ➅ ♦ ❢ ♠ ➃ + ❙ ❤ ♦ + ♠ ♠✄♦✖♥ ♥ ❙ ♠ ❙ ❤ ❢ ❬ ❞✖❪ ♥ ❙ ⑩✞❪ ❤✕❬✏❝ ❪✞❢✄❙ ❡ ❪✞⑩ ❙ ♠ ❵
❪ ♥ ❛✁♦✖♠ ♠✄❪ ➎ ⑩✞❙ ❨ ✐ ♦✖➎✕❵✡❙ ❤ ❪✞❢ ❨ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ♠ ❛ ❝ ❵✡❪✞♦ ➑✑❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩✞♠ ❙ ❵ ❫ ❙ ❙ ❤ ❢✡❝ ❪✞♠ ♦✖❤ ❨ ❙ ⑩ ✐ ❬ ⑩ ❝ ❢ ❞ ❪✞♠ ♠✄❙ ♥ ❙ ❤ ❵
❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ❙ ❵ ♠ ❛ ❝ ❵✡❪ ❝ ⑩ ❨ ❙ ♠ ❪ ♥ ❛ + ⑩✞♠ ❪✞♦ ❤ ♠ → ➅ ✐ ❙ ♥ ❛ ⑩ ♦✖❪ ❨ ❙ ♠ ♥ ❪✞⑩✞❪✞❙ + ➥ ❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢ ❙ ♠ ❝ ❨✕❬ ➃ + ❝ ❵ ♠ ❛✁❙ ➑
♥ ❙ ❢✄❵ ❨ ❙ ❫ ♦✖❤ ❵ ❢ ❙ ❢ ⑩✞❙ ♠ ❬ ⑩ ❝ ❢✄❞✖❪ ♠✄♠ ❙ ♥ ❙ ❤ ❵✡♠ ❙ ❵ ❝ ❪✞❤ ♠ ❪ ❝ ➎✁♦✖+ ❵✡❪ ❢ ➙ + ❤ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠✄❛ ❝ ❵✡❪✞♦ ➑ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ → ➅ ❙
❵✡❙ ❢ ♥ ❙ ❨ ❙ P✍➻ ➼ ➼ ➽ ➚ ➽ ➼ ➶ ➹ ➘ ➴ ➷✍➽ ❝ ❬ ❵✡❬ ❛✕❢ ♦✖❛✁♦✖♠✄❬ ❛ ❝ ❢ ➄ ❪✞⑩ ➎✁❙ ❢✄➎✁❙ ❢ ❞ ⑥ ◗☎⑦ ❛✁♦✖+ ❢ ❨ ❬ ❫ ❢✄❪ ❢ ❙ ❫ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠
♠ ❛ ❝ ❵✡❪ ♦ ➑✑❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩✞♠ ❫ ♦✖♥ ❛ ⑩ ❙ ❵✡♠ → ⑦ ♦✖♥ ♥ ❙ ❤ ♦✖+ ♠ ⑩ ✐ ❝ ⑨✖♦ ❤ ♠ ❨ ❪✞♠ ❫ + ❵✡❬ ❛✕❢ ❬ ❫ ❬ ❨✕❙ ♥ ♥ ❙ ❤ ❵✏❡ ❛✁♦✖+ ❢ ⑩ ❙ ♠ ♥ ❪ ➑
⑩ ❪✞❙ + ➥ ✟ ❙ ❢ ❢ ❫ ♦✖❤✕♠ ❙ ❢ ⑨ ❝ ❵ ❪✞❻✓♠ ❡ ♦✖❤ ❝ ♠ ♠ ❪✞♠✄❵ ❙ ➙ ⑩ ✐ ❙ ❾ ♦✖❤ ❨ ❢✄❙ ♥ ❙ ❤ ❵ ❨ ❙ ♠ ❪✞♥ ❛ +✕⑩ ♠✄❪✞♦✖❤ ♠ → ➅ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ + ➥ ❫✏❝ ❢ ❝ ❫ ➑
❵✡❬ ❢ ❪ ♠✄❬ ♠ ❛ ❝ ❢ + ❤ ❙ ❻✓♦✖❢✄❵ ❙ ♠✡❝ ❵ + ❢✡❝ ❵✡❪ ♦ ❤ ❨ ✐ ❙ ❾ ❙ ❵ ✟ ❙ ❢ ❢ ❡ ❫ ♦✖♥ ♥ ❙ ⑩ ❙ ♠ ♥ ❪✞⑩✞❪✞❙ + ➥ ❫ +✕➎ ❪ ➃ + ❙ ➑✆➃ + ❪✞❤ ❵✡❪✞➃ + ❙ ♠ ❡
❛✁❙ +✕⑨✖❙ ❤ ❵ ❬ ⑨ ❪ ❵✡❙ ❢ ⑩ ✐ ❙ ❾ ♦✖❤ ❨ ❢✄❙ ♥ ❙ ❤ ❵ ❨ ❙ ♠ ❪✞♥ ❛✕+ ⑩ ♠✄❪✞♦✖❤ ♠ ❙ ❵ ❝ ❪✞❤ ♠ ❪ ❛✁❙ ❢✄♥ ❙ ❵ ❵✡❢✄❙ ⑩ ❙ ❫ ♦✖❤ ➢ ❤ ❙ ♥ ❙ ❤ ❵ ❨ ❝ ❤ ♠
❛ ⑩ +✕♠ ❪ ❙ + ❢ ♠ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ♠ ⑥ ✔ ✆ ❡ ☞ ✹ ⑦ ❡ ♥ ❝ ❪✞♠ ❙ ❤ ❛ ❢ ❝ ❵✡❪✞➃ + ❙ ❨ ❙ ❵✡❙ ⑩ ♠ ♥ ❪ ⑩✞❪ ❙ + ➥ ♠✄♦✖❤ ❵ ❨ ❪✞[ ❫ ❪ ⑩✞❙ ♠ ➙ ❵✡❢ ♦ + ➑
⑨✖❙ ❢ → ➅ ❙ ♠ ♥ ❝ ❵✡❬ ❢ ❪ ❝ + ➥ ❛ ❷ ♦ ❵✡♦ ➑✑❢ ❬ ❻✓❢ ❝ ❫ ❵ ❪✞❻✓♠ ❛✁♦✖♠✄♠ ❬ ❨ ❝ ❤ ❵ ♠ + ❤ ❙ ❻✓♦✖❢ ❵✡❙ ♠✡❝ ❵ + ❢✡❝ ❵ ❪ ♦✖❤ ❨ ❙ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬
♠ ♦✖❤ ❵ ❨ ❙ ♠ ❝ ⑩ ❵✡❙ ❢✄❤ ❝ ❵ ❪✞❻✓♠ ❡ ♥ ❝ ❪✞♠ ⑩ ❙ + ❢ ♠ ❢ ❬ ❛✁♦✖❤ ♠ ❙ ♠ ❵ ❢ ❸ ♠ ⑩✞❙ ❤ ❵✡❙ ♠ ❤ ❙ ❛✁❙ ❢✄♥ ❙ ❵ ❵✡❙ ❤ ❵ ❛ ❝ ♠ ❨ ❙ ⑩✞❙ ♠ +✕❵✡❪✞⑩ ❪✞♠✄❙ ❢
❨ ❝ ❤ ♠ ⑩ ❝ ❻✓♦✖❢ ♥ ❝ ❵ ❪✞♦✖❤ ❨ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠ ❵✡❙ ♥ ❛✁♦✖❢ ❙ ⑩ ♠ ⑥ ☞ ✂ ⑦ → ➣ ❝ ❢ ❫ ♦✖❤ ❵✡❢✄❙ ❡ ⑩✞❙ ♠ ♥ ❝ ❵✡❬ ❢ ❪ ❝ + ➥ ➃ + ❝ ❨ ❢✡❝ ❵ ❪ ➃ + ❙ ♠
❛✁❙ ❢✄♥ ❙ ❵ ❵✡❙ ❤ ❵ ❨✕❙ ❢ ❙ ♥ ❬ ❨ ❪ ❙ ❢ ➙ ❫ ❙ ❵ ❵✡❙ ♠ ❪ ❵✡+ ❝ ❵✡❪ ♦ ❤ ❡✁❫✏❝ ❢ ❪ ⑩✞♠ ❛✁♦✖♠✄♠ ❬ ❨✕❙ ❤ ❵ + ❤ ❙ ❢✄❬ ❛✁♦✖❤ ♠✄❙ ❵✡❢✄❸ ♠ ❢ ❝ ❛ ❪ ❨✕❙ ❡
➃ + ❪ ❝ ❛✁❙ ❢✄♥ ❪✞♠ ❨ ✐ ♦ ➎ ♠ ❙ ❢✄⑨✖❙ ❢ ❙ ➥✕❛✁❬ ❢ ❪✞♥ ❙ ❤ ❵✡❝ ⑩ ❙ ♥ ❙ ❤ ❵ ❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ➙

(2 + 1)D
⑥ ✂ ✹ ❡ ☞ ◗ ❡ ☞✖ ⑦ → ➅ ❝

❛ ❢ ❪✞❤ ❫ ❪✞❛ ❝ ⑩✞❙ ❨✕❪✞[ ❫ + ⑩ ❵✡❬ ⑩ ❪ ❬ ❙ ➙ ❫ ❙ ♠ ♥ ❝ ❵ ❬ ❢ ❪ ❝ + ➥ ❙ ♠ ❵ ❨✕❙ ❵✡❢ ♦ +✕⑨✖❙ ❢ ⑩✞❙ ♠ ❫ ♦✖❤✕❨ ❪✞❵ ❪ ♦✖❤ ♠ ❤ ❬ ❫ ❙ ♠ ♠✡❝ ❪✞❢ ❙ ♠ ➙ ⑩ ❝
❞✖❬ ❤✕❬ ❢✡❝ ❵✡❪ ♦ ❤ ❨ ❙ ♠ ♦✖❤ ❨ ❙ ♠ ❨ ❙ ♠✄❙ ❫ ♦✖❤ ❨ ❙ ❷ ❝ ❢ ♥ ♦✖❤ ❪✞➃ +✕❙ ❙ ❵ ❨ ❙ ♠ ♥ ♦ ❨ ❙ ♠ ❻✓♦ ❤ ❨ ❝ ♥ ❙ ❤ ❵✍❝ + ➥ → ✃ ⑩ ✐ ❷ ❙ +✕❢ ❙
❝ ❫ ❵ + ❙ ⑩✞⑩ ❙ ❡ ⑩✞❙ ♠ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ♠ ❛ ❝ ❵✡❪✞♦ ➑✑❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩ ♠ ➙

(3+1)D
♦✖+ ➎ ❝ ⑩✞⑩ ❙ ♠ ❨ ❙ ⑩✞+ ♥ ❪ ❸ ❢ ❙ ❤ ✐ ♦✖❤ ❵ ❛ ❝ ♠ ❙ ❤ ❫ ♦✖❢ ❙

❬ ❵ ❬ ♦ ➎ ♠ ❙ ❢✄⑨✖❬ ♠ ❙ ➥ ❛✁❬ ❢✄❪ ♥ ❙ ❤ ❵✡❝ ⑩✞❙ ♥ ❙ ❤ ❵ ❨ ❝ ❤✕♠ ⑩✞❙ ♠ ♥ ❪✞⑩✞❪✞❙ + ➥ ➙ ❞ ❝ ❪ ❤ → ➅ ❙ ❫ ♦✖❤ ♠ ❵✍❝ ❵ ❞ ❬ ❤ ❬ ❢✡❝ ⑩ ❙ ♠✄❵ ➃ + ❙
⑩ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ + ➥ ✟ ❙ ❢✄❢ ❬ ❫✍❷ ♦ + ❙ ❤ ❵ ❙ ➥ ❛✁❬ ❢ ❪✞♥ ❙ ❤ ❵✡❝ ⑩ ❙ ♥ ❙ ❤ ❵ ➙ ❛ ❢ ♦ ❨✕+ ❪ ❢✄❙ ❫ ♦✖❤ ⑨✖❙ ❤ ❝ ➎✕⑩ ❙ ♥ ❙ ❤ ❵ ⑩ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠
♠ ❛ ❝ ❵✡❪ ♦ ➑✑❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩✞♠ ♦ + ➎ ❝ ⑩ ⑩✞❙ ♠ ❨ ❙ ⑩✞+ ♥ ❪✞❸ ❢ ❙ → ➅ ❙ ♠ ♥ ❪ ⑩✞❪ ❙ + ➥ ❨ ❪✞♠ ♠ ❪✞❛ ❝ ❵ ❪✞❻✓♠ ❤ ♦ ❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ♠ ♠✄♦✖❤ ❵ ❨ ❙ ♠
❝ ⑩✞❵ ❙ ❢✄❤ ❝ ❵✡❪ ❻✓♠ ❵ ❢ ❸ ♠ ❪ ❤ ❵✡❬ ❢ ❙ ♠ ♠✡❝ ❤ ❵✡♠ ❮ ❙ ❤ ❙ ❾ ❙ ❵ ⑩ ✐ ❬ ➃ + ❪✞⑩ ❪✞➎ ❢✄❙ ❝ ❨ ❨✕❪✞❵✡❪✞♦✖❤ ❤ ❙ ⑩ ❙ ❤ ❵✡❢ ❙ ⑩ ❙ ♠ ❛✁❙ ❢✄❵ ❙ ♠ ❙ ❵ ⑩✞❙ ♠ ❞ ❝ ❪✞❤ ♠
❨ ♦✖❤ ❤✕❙ + ❤ ❙ ❢ ♦✖➎ +✕♠✄❵✡❙ ♠ ♠ ❙ ➙ ⑩ ❝ ❻✓♦✖❢✄♥ ❙ ❨✕❙ ⑩ ✐ ❪ ♥ ❛ + ⑩✞♠ ❪✞♦ ❤ ❙ ❵ ❝ ❪✞❤ ♠ ❪ ❨ ♦✖❪ ❵ ❛✁❙ ❢ ♥ ❙ ❵ ❵ ❢ ❙ ❨ ✐ ❬ ⑨ ❪✞❵ ❙ ❢ ♠ ♦✖❤
❙ ❾ ♦✖❤ ❨ ❢✄❙ ♥ ❙ ❤ ❵✏→ ➯ ❝ ❤ ♠ ⑩✞❙ ❫ ❝ ♠ ❨✕❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠ ♠ ❛ ❝ ❵✡❪ ♦ ➑✑❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩✞♠ ➙

(3+1)D
❡ ❪✞⑩ ♠ ♦✖❤ ❵ ❬ ❵ ❬ ❝ ❛ ❛✁❙ ⑩ ❬ ♠

❢ ❬ ❫ ❙ ♥ ♥ ❙ ❤ ❵ P✍➻ ➼ ➼ ➽✍➾ ➚ ➽ ➼ ➶ ➹ ➘ ➴ ➷✍➽ ➚ ➘ ➾✍➾ ➘ b✕➻ c☞➘ ❄ ➽✍➾ → ➅ ❙ + ❢ ❬ ❵✡+ ❨✕❙ ❙ ❵ ❨ ❬ ♥ ♦✖❤ ♠ ❵✡❢✡❝ ❵✡❪ ♦ ❤ ❤ + ♥ ❬ ❢ ❪✞➃ + ❙
❻☞❝ ❪✞❵ ♠ + ❪ ❵✡❙ ❝ + ➥ ❵ ❢✡❝✏⑨ ❝ + ➥ ❛ ❢✄❬ ❫ +✕❢ ♠ ❙ + ❢ ♠ ❨✕❙ e ♦ ♠✡❝ ❤ ♦ ⑨ ➃ + ❪ ❝✏⑨ ❝ ❪ ❵ ♥ ♦✖❤ ❵✡❢✄❬ ➃ + ❙ ⑩ ❙ ♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❨ ❪ ♠ ➑









➘✒➴✖! ➴ ★ ➹ ➱ ➱ ❻☎➬ ❿ ❸ ❻☎❶✎➱✠❼✓❿ ➱ ➱☛❿ ➶ ➪ ❸ ❿ 3 ➱  !

➅ ❙ ♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❨ ❪ ♠✄♠ ❪✞❛ ❝ ❵✡❪ ❻✓♠ ♠✄♦✖❤ ❵ ⑩ ❝ ❢✄❞✖❙ ♥ ❙ ❤ ❵ ❢✄❬ ❛ ❝ ❤ ❨ 9 ♠ ❨ ❝ ❤ ♠ ⑩ ❝ ❤ ❝ ❵✡9 ❢✄❙ → ➅ ❙ ♠ ♠✄❵✡❢✄9 ❫ ❵ 9 ❢ ❙ ♠
❨ ❪✞❵ ❙ ♠ ❫ ♦ ❤ ♠ ❙ ❢✄⑨ ❝ ❵ ❪✞⑨✖❙ ♠ ♦✖9 ❰ ❝ ♥ ❪ ⑩ ❵ ♦✖❤✕❪✞❙ ❤ ❤✕❙ ♠ ♠✄♦✖❤ ❵ ❨ ❙ ♠ ♥ ♦ ❨ ❸ ⑩✞❙ ♠ ❫ ♦✖♥ ♥ ♦ ❨ ❙ ♠ ❛✁♦✖9✕❢ ⑩ ✐ ❝ ❤ ❝ ⑩✞➝ ♠✄❙ ❨ 9
❫ ♦✖♥ ❛✁♦✖❢ ❵✡❙ ♥ ❙ ❤ ❵ ❨✕➝ ❤ ❝ ♥ ❪ ➃ 9 ❙ ❨✕❙ ❫ ❙ ❢✄❵✡❝ ❪ ❤✕♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ♥ ♦✖❪ ❤✕♠ ❫ ♦✖♥ ❛✕⑩ ❙ ➥ ❙ ♠ ❡✁♥ ❝ ❪ ♠ ❫ ❙ ♠ ♠ ➝ ♠✄❵✡❸ ♥ ❙ ♠
❫ ♦✖❤✕♠ ❙ ❢ ⑨ ❝ ❵ ❪✞❻✓♠ ♠ ♦✖❤ ❵ ❪ ❤ ❝ ❨ ❝ ❛✕❵ ❬ ♠ ➙ ❨ ❬ ❫ ❢✄❪ ❢ ❙ ⑩ ❝ ❛ ⑩ 9 ❛ ❝ ❢✄❵ ❨ ❙ ♠ ❫ ♦✖♥ ❛✁♦✖❢✄❵ ❙ ♥ ❙ ❤ ❵✡♠ ❨✕➝ ❤ ❝ ♥ ❪ ➃ 9 ❙ ♠ ❝ 9 ➥
❵✡❙ ♥ ❛ ♠ ⑩ ♦ ❤ ❞✖♠ →✕❲ ❤ ❪ ❤✕♠ ❛✁❙ ❫ ❵✍❝ ❤ ❵ ❨ ❝ ❤ ♠ ⑩ ❝ ❤ ❝ ❵✡9 ❢✄❙ ❡✕❤ ♦✖9 ♠ ❤ ♦✖9 ♠ ❢✄❙ ❤ ❨ ♦ ❤ ♠ ❫ ♦✖♥ ❛✕❵✡❙ ➃ 9 ❙ ❵✡♦ 9✕❵✡❙ ♠ ⑩ ❙ ♠
❛ ❝ ❢ ❵✡❪ ❫ 9 ⑩ ❙ ♠ ♠ ♦ ❤ ❵ ❛ ⑩✞♦✖❤ ❞✖❬ ❙ ♠ ❨ ❝ ❤ ♠ ❨ ❙ ♠ ♥ ❪ ⑩ ❪✞❙ 9 ➥ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻✓♠ ➃ 9 ❪ ❝ ⑩ ❪✞♥ ❙ ❤ ❵✡❙ ❤ ❵ ⑩ ❙ 9 ❢ ♠ ♥ ♦ 9✕⑨✖❙ ♥ ❙ ❤ ❵✡♠
❙ ❤ ❛✁❙ ❢ ♥ ❝ ❤✕❙ ❤ ❫ ❙ →✖➅ ❙ ❵✡❙ ❢ ♥ ❙ ➾ ✟ ➾ H✆➴ ➹ ➽ ➚ ➘ ➾✍➾ ➘ O ➻ H☞➘ 4 ❝ ❬ ❵ ❬ ❙ ♥ ❛✕⑩ ♦ ➝✖❬ ❛ ❝ ❢ ➱ ❪ ❫ ♦✖⑩ ❪✞♠ ❙ ❵ ➣ ❢ ❪✞❞✖♦✖❞✖❪✞❤ ❙ ⑥ ☞✒☞ ⑦
❛✁♦✖9 ❢ ❨ ❬ ❫ ❢ ❪✞❢ ❙ ⑩✞❙ ♠ ♠ ➝ ♠ ❵✡❸ ♥ ❙ ♠ ❵ ❷ ❙ ❢✄♥ ♦ ❨✕➝ ❤ ❝ ♥ ❪✞➃ 9✕❙ ♠ ❷ ♦✖❢✄♠ ❨ ✐ ❬ ➃ 9 ❪✞⑩ ❪✞➎ ❢ ❙ → ➯ ❙ ❛ 9 ❪✞♠ ❙ ❤ ⑨ ❪✞❢ ♦✖❤ 9 ❤ ❙ ❨ ❬ ➑
❫ ❙ ❤ ❪ ❙ ❡ ❨✕❙ ❤ ♦✖♥ ➎ ❢✄❙ 9 ➥ ♠ ➝ ♠✄❵✡❸ ♥ ❙ ♠ ♦✖9✕⑨✖❙ ❢✄❵✡♠ ❤ ♦ ❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ♠ ♦✖❤ ❵ ❬ ❵ ❬ ❪✞❤ ❵✡❙ ❤ ♠ ❬ ♥ ❙ ❤ ❵ ❬ ❵ 9 ❨ ❪✞❬ ♠ ❡ ❨ ❝ ❤ ♠
⑩ ❙ ❫✏❝ ❨ ❢ ❙ ❨ ❙ ⑩ ✐ ❬ ❵✡9 ❨✕❙ ❵✡❷ ❬ ♦✖❢ ❪✞➃ 9✕❙ ❨✕❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❨ ❪ ♠✄♠ ❪✞❛ ❝ ❵✡❪ ❻✓♠ ⑥ ☞  ❡ ☞ ✔ ⑦ → ➅ ❝ ❛✁❙ ❢ ❫ ❙ ❛✕❵✡❪✞♦✖❤ ❫ ♦✖♥ ♥ 9 ➑
❤ ❬ ♥ ❙ ❤ ❵ ❢ ❬ ❛ ❝ ❤ ❨ 9 ❙ ❝ 9 ♠✄9 ❣✄❙ ❵ ❨✕❙ ♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❨ ❪✞♠ ♠ ❪✞❛ ❝ ❵ ❪✞❻✓♠ ❡ ❙ ♠✄❵ ➃ 9 ✐ ❪ ⑩✞♠ ❤✕❙ ❛✁❙ 9 ⑨✖❙ ❤ ❵ ➃ 9✕❙ ❛✁❙ ❢ ❨ ❢✄❙
❨ ❙ ⑩ ✐ ❬ ❤ ❙ ❢✄❞✖❪ ❙ → ❲ ❤ ❢ ❬ ❝ ⑩ ❪ ❵✡❬ ❫ ❙ ♠ ♠✄➝ ♠✄❵✡❸ ♥ ❙ ♠ ♠ ♦✖❤ ❵ ❤ ♦✖❤ ❪ ♠ ♦ ⑩ ❬ ♠ ❡ ❫✏❝ ❢ ❪ ⑩ ♠ ♠ ♦ ❤ ❵ ❙ ❤ ❫ ♦✖❤ ❵✍❝ ❫ ❵ ❝✏⑨✖❙ ❫ 9 ❤✕❙
♠ ♦✖9✕❢ ❫ ❙ ❙ ➥ ❵✡❙ ❢ ❤ ❙ ➃ 9 ❪ ❛✁❙ 9 ❵ ⑩✞❙ 9 ❢ ❻✓♦ 9 ❢ ❤ ❪✞❢ ❨ ❙ ⑩ ✐ ❬ ❤ ❙ ❢ ❞✖❪✞❙ ❤✕❬ ❫ ❙ ♠ ♠✡❝ ❪ ❢ ❙ ❛✁♦✖9 ❢ ❫ ♦✖♥ ❛✁❙ ❤ ♠✄❙ ❢ ⑩ ❙ ♠ ❛✁❙ ❢✄❵✡❙ ♠ →
⑦ ❙ ❵ ❢✡❝ ❤ ♠ ❻✓❙ ❢ ❵ ❨ ✐ ❬ ❤ ❙ ❢ ❞✖❪✞❙ ❙ ♠✄❵ ❤ ❬ ❫ ❙ ♠✄♠✡❝ ❪✞❢ ❙ ❛✁♦✖9 ❢ ♥ ❝ ❪ ❤ ❵✡❙ ❤✕❪ ❢ ⑩ ❝ ♠✄❵ ❢ 9 ❫ ❵✡9 ❢✄❙ ➽ ❀ ❄ ➘ ➽ → ➅ ❙ ♠ ♠✄❵✡❢✄9 ❫ ❵ 9 ❢ ❙ ♠
⑩ ♦ ❫ ❝ ⑩ ❪ ♠ ❬ ❙ ♠ ❨ ❝ ❤ ♠ ❫ ❙ ♠ ♠✄➝ ♠✄❵✡❸ ♥ ❙ ♠ ❫ ✐ ❙ ♠ ❵✄➑ ➙ ➑✆❨ ❪✞❢ ❙ ⑩ ❙ ♠ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ❨✕❪ ♠ ♠✄❪ ❛ ❝ ❵✡❪✞❻✓♠ ❫ ♦✖❤ ❤ ❝ ❪✞♠ ♠✄❙ ❤ ❵ 9 ❤ ❢✄❙ ❞ ❝ ❪✞❤
❨ ✐ ❪ ❤ ❵ ❬ ❢✄➮ ❵ ❨ ❝ ❤ ♠ ⑩✞❙ ♥ ❪✞⑩✞❪✞❙ 9 ♠ ❫ ❪ ❙ ❤ ❵ ❪✞➢ ➃ 9 ❙ ⑥ ☞  ⑦ → ⑦ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻✓♠ ❛✁❙ 9 ⑨✖❙ ❤ ❵ ➮ ❵✡❢ ❙ ❫ ♦✖❤ ♠✄❪ ❨ ❬ ➑
❢ ❬ ♠ ❫ ♦✖♥ ♥ ❙ ❨ ❙ ♠ ❫ ♦✖♥ ❛✁♦✖♠✡❝ ❤ ❵✡❙ ♠ ❬ ⑩ ❬ ♥ ❙ ❤ ❵✍❝ ❪ ❢ ❙ ♠ ❨ ❙ ♠ ♠ ❵✡❢✄9 ❫ ❵ 9 ❢ ❙ ♠ ❛ ⑩ 9✕♠ ❫ ♦✖♥ ❛ ⑩✞❪ ➃ 9 ❬ ❙ ♠ →✁➯ ❙ ♥ ➮ ♥ ❙
⑩ ♦✖❢✄♠ ➃ 9 ✐ ❪ ⑩✞♠ ❙ ➥ ❪✞♠✄❵✡❙ ❤ ❵ ⑥ ☞✓✄☎⑦ ❡ ⑩✞❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻✓♠ ❛✁❙ 9✕⑨✖❙ ❤ ❵ ❻✓♦ ❢ ♥ ❙ ❢ ➚ ➽✍➾ ➹ ✻ ➼ ❇ ❃ ➶ ➼ ➽✍➾ ⑥ ☞✒✍ ❡ ☞✌✆ ⑦ → ➅ ❝
❻✓♦✖❢ ♥ ❝ ❵ ❪✞♦✖❤ ❨✕❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻✓♠ ❙ ♠ ❵ ➎✁❙ ❝ 9 ❫ ♦✖9 ❛ ❛ ⑩✞9 ♠ ❫ ♦✖♥ ❛ ⑩ ❙ ➥ ❙ ➃ 9 ❙ ❫ ❙ ⑩✞⑩ ❙ ❨ ❙ ♠ ♠ ➝ ♠✄❵✡❸ ♥ ❙ ♠
❫ ♦✖❤✕♠ ❙ ❢ ⑨ ❝ ❵ ❪✞❻✓♠ ❡ ❫ ❝ ❢ ❙ ❤ ❛ ⑩ 9 ♠ ❨ ❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ ❙ ❵ ⑩ ❝ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❢ ❪ ❵✡❬ ❡ ⑩✞❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❨ ❪✞♠ ♠ ❪✞❛ ❝ ❵ ❪✞❻✓♠
❬ ❫✍❷ ❝ ❤ ❞ ❙ ❤ ❵ ❨ ❙ ⑩ ✐ ❬ ❤ ❙ ❢ ❞✖❪✞❙ ❙ ❵ ➀ ♦✖9 ❨ ❙ ⑩ ❝ ♥ ❝ ❵ ❪ ❸ ❢ ❙ ❝✏⑨✖❙ ❫ 9 ❤✕❙ ♠ ♦✖9✕❢ ❫ ❙ ❙ ➥ ❵ ❙ ❢ ❤✕❙ ❵✡❢ ❸ ♠ ❛ ❢✄♦ ❫ ❷✕❙ → ➐✆⑩ ♠
❙ ➥ ❪ ♠ ❵✡❙ ❤ ❵ ❨ ❝ ❤ ♠ ❨ ❙ ♠ ♠✄➝ ♠ ❵✡❸ ♥ ❙ ♠ ♦✖9✕⑨✖❙ ❢✄❵✡♠ ❷ ♦✖❢ ♠ ❨ ✐ ❬ ➃ 9 ❪ ⑩✞❪ ➎ ❢✄❙ ❡ ♠ ♦✖❤ ❵ ❨ ❬ ❫ ❢ ❪ ❵✡♠ ❛ ❝ ❢ 9✕❤ ❫✍❷ ❝ ♥ ❛ ❪ ♥ ❛ 9 ⑩ ➑
♠ ❪✞♦✖❤ ❤ ❙ ⑩ ❙ ❵ ❛✁❙ 9✕⑨ ❙ ❤ ❵ ⑨ ❪ ⑨ ❢✄❙ ❪ ❤ ❨ ❬ ➢ ❤ ❪✞♥ ❙ ❤ ❵ ❨ ❝ ❤ ♠ ⑩✞❙ ❵ ❙ ♥ ❛ ♠ ❡ ♠✄❪ ⑩ ❙ ♠ ❛ ❝ ❢✡❝ ♥ ❸ ❵✡❢ ❙ ♠ ➃ 9 ❪ ⑩✞❙ 9 ❢ ❨ ♦✖❤✕❤ ❙ ❤ ❵
❤ ❝ ❪✞♠ ♠✡❝ ❤ ❫ ❙ ❢ ❙ ♠✄❵✡❙ ❤ ❵ ❫ ♦✖❤✕♠✄❵✍❝ ❤ ❵✡♠ ❝ 9 ❫ ♦✖9 ❢ ♠ ❨ ❙ ⑩ ❝ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ → ➐✆⑩ ♠ ❛✁❙ 9✕⑨✖❙ ❤ ❵ ❬ ⑨✖♦✖⑩ 9✕❙ ❢ ❡ ♦✖9 ❫✍❷ ❝ ❤ ➑
❞✖❙ ❢ ❨ ❙ ❻✓♦✖❢ ♥ ❙ ❛✁❬ ❢ ❪ ♦ ❨✕❪ ➃ 9 ❙ ♥ ❙ ❤ ❵✏❡ ♥ ❝ ❪✞♠ ❨ ❪ ♠✄❛ ❝ ❢✡❝ ❪ ♠ ♠✄❙ ❤ ❵ ⑩✞♦✖❢ ♠✄➃ 9✕❙ ⑩ ❙ ♠ ❬ ❫✍❷ ❝ ❤✕❞✖❙ ♠ ❨ ✐ ❬ ❤ ❙ ❢ ❞✖❪✞❙ ♦✖9 ❨ ❙
♥ ❝ ❵✡❪ ❸ ❢ ❙ ❝ ⑨✖❙ ❫ ⑩ ✐ ❙ ➥ ❵ ❬ ❢✄❪ ❙ 9✕❢ ❫ ❙ ♠ ♠ ❙ ❤ ❵✏❡ ♦✖9 ♠ ❪ ⑩ ❙ ♠ ❛ ❝ ❢✡❝ ♥ ❸ ❵✡❢ ❙ ♠ ❨ 9 ♠✄➝ ♠ ❵✡❸ ♥ ❙ ❤ ❙ ❫ ♦ # ❤ ❫ ❪✞❨ ❙ ❤ ❵ ❛ ⑩ 9✕♠
❝ ⑨✖❙ ❫ ❫ ❙ 9 ➥ ➃ 9 ❪ ♦✖❤ ❵ ❛✁❙ ❢ ♥ ❪ ♠ ⑩ ❝ ❻✓♦✖❢ ♥ ❝ ❵ ❪✞♦✖❤ ❨ 9 ♠ ♦✖⑩✞❪✞❵ ♦✖❤ → ⑦ ❙ ♠ ♠✄❵ ❢ 9 ❫ ❵✡9 ❢✄❙ ♠ ➊☞♠ ♦ ⑩ ❪ ❵✡♦✖❤ ♠ ❨✕❪ ♠ ♠✄❪ ❛ ❝ ❵✡❪✞❻✓♠✡➌
❝ ❛ ❛ ❝ ❢✡❝ ❪✞♠ ♠ ❙ ❤ ❵ ❵✆➝ ❛ ❪✞➃ 9✕❙ ♥ ❙ ❤ ❵ ❙ ❤ ➎ ❪✞♦ ❫✍❷ ❪ ♥ ❪✞❙ ❡✕❙ ❤ ♦✖❛ ❵✡❪ ➃ 9 ❙ ❡ ❨ ❝ ❤ ♠ ⑩✞❙ ♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❵ ❷ ❙ ❢✄♥ ❪✞➃ 9 ❙ ♠ →
➯ ❙ ❻☞❝✌➛ ♦✖❤ ❛✁❬ ❨ ❝ ❞✖♦✖❞✖❪✞➃ 9 ❙ ❡ ❤ ♦ 9 ♠ ❛✁♦✖9 ⑨✖♦✖❤ ♠ ❬ ❵ ❙ ❤ ❨ ❢✄❙ ⑩✞❙ ♠ ❝ ❤ ❝ ⑩ ♦ ❞✖❪✞❙ ♠ ❝ 9 ➥ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❛ ⑩✞9 ♠ ❫ ♦✖♥ ➑
❛ ⑩ ❪✞➃ 9 ❬ ♠ ❵✡❙ ⑩ ♠ ➃ 9 ❙ ⑩ ✐ ❙ ♠ ❛✁❸ ❫ ❙ ❝ ❤ ❪✞♥ ❝ ⑩✞❙ ❨ ❝ ❤ ♠ ⑩ ❝ ❤ ❝ ❵✡9 ❢✄❙ ➃ 9 ❪ ❛✁❙ 9✕❵ ➮ ❵✡❢ ❙ ❫ ♦✖❤ ♠✄❪ ❨ ❬ ❢ ❬ ❙ ❫ ♦✖♥ ♥ ❙
♠✄❵ ❢ 9 ❫ ❵✡9 ❢ ❙ ⑩✞♦ ❫✏❝ ⑩✞❪✞♠✄❬ ❙ ❡ ❨ ♦✖❤ ❵ ⑩ ❙ ♠ ❛ ❢✄♦ ❫ ❙ ♠✄♠ 9 ♠ ❪✞❤ ❵✡❙ ❢ ❤ ❙ ♠ ❨ ♦✖❪✞⑨ ❙ ❤ ❵ ➮ ❵✡❢✄❙ ❬ ➃ 9 ❪ ⑩✞❪ ➎ ❢✄❬ ♠ →✕➅ ❙ 9 ❢ ❙ ➥✕❪✞♠✄❵ ❙ ❤ ❫ ❙



 ✖ ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ : ➱
❢ ❬ ♠✄& ⑩✞❵ ❙ ❨ ✐ & ❤ ❝ ❣✄& ♠✄❵ ❙ ♥ ❙ ❤ ❵ ❨ ✐ & ❤ ❙ ♠ ❬ ❢ ❪ ❙ ❨ ❙ ❛ ❝ ❢✡❝ ♥ ❸ ❵ ❢ ❙ ♠ ➊ ❵✡❙ ♥ ❛✁❬ ❢ ❝ ❵✡& ❢✄❙ ❡ ❛ ❢✄❙ ♠ ♠✄❪ ♦✖❤ ❷ & ♥ ❪ ❨ ❪ ❵✡❬ ❡
❙ ❵✡❫

. . .
➌ ❨✕❙ ❻☞❝ ➛ ♦✖❤ ❝ ❛ ❛ ❢ ❬ ❫ ❪ ❝ ➎ ⑩✞❙ ❡ ❙ ❵ ❪✞⑩ ♠ ❫ ❙ ♠ ♠✄❙ ❤ ❵ ❨ ❙ ⑨ ❪ ⑨ ❢✄❙ ♠ ❪ ⑩ ✐ ❝ ❛ ❛✁♦ ❢✄❵ ❨ ✐ ❬ ❤ ❙ ❢✄❞✖❪ ❙ ❨✕❙ ⑩ ✐ ❙ ➥ ❵ ❬ ❢✄❪ ❙ &✕❢

♠ ✐ ❝ ❢ ❢✄➮ ❵✡❙ →
➅ ✐ & ❤ ❙ ❨✕❙ ♠ ❬ ➃ & ❝ ❵ ❪ ♦✖❤ ♠ ❞✖❬ ❤ ❬ ❢✄❪ ➃ & ❙ ♠ ➃ & ❪ ❛✁❙ ❢✄♥ ❙ ❵ ❵ ❙ ❤ ❵ ❨ ❙ ❨ ❬ ❫ ❢✄❪ ❢ ❙ ⑩ ❝ ❨ ➝ ❤ ❝ ♥ ❪✞➃ & ❙ ❨ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠
❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻✓♠ ❙ ❵ ➃ & ❙ ❤ ♦✖& ♠ & ❵✡❪ ⑩✞❪✞♠ ❙ ❢ ♦✖❤✕♠ ❨ ❝ ❤ ♠ ❤ ♦ ❵ ❢ ❙ ❬ ❵ & ❨ ❙ ❡ ❙ ♠✄❵ ⑩ ✐ ❬ ➃ & ❝ ❵✡❪ ♦ ❤ ❨ ❙ ➜ ❪✞❤✁✐ ➎ &✕❢ ❞ ➑✆➅ ❝ ❤ ❨ ❝ &
❫ ♦✖♥ ❛ ⑩✞❙ ➥ ❙ ❫ & ➎✕❪ ➃ & ❙ ➃ & ❪✞❤ ❵✡❪✞➃ & ❙ ➊ ➜ ➅ ➌ ⑥ ✄ ✹ ❡ ✄ ✂ ⑦ → ⑦ ❙ ❵ ❵ ❙ ❬ ➃ & ❝ ❵✡❪✞♦✖❤ ❨ ❬ ❫ ❢✄❪✞❵ ❝ &✕♠ ♠ ❪ ➎✕❪ ❙ ❤ ➃ & ❝ ⑩ ❪ ❵✍❝ ❵✡❪ ➑
⑨✖❙ ♥ ❙ ❤ ❵ ➃ & ❙ ➃ & ❝ ❤ ❵✡❪ ❵✍❝ ❵ ❪✞⑨✖❙ ♥ ❙ ❤ ❵ ❛ ⑩ &✕♠ ❪ ❙ & ❢ ♠ ❙ ❾ ❙ ❵ ♠ ❨ ❙ ❛ ❢ ♦✖❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ❨✕❙ ♠ ♦✖❤✕❨ ❙ ♠ ❤✕♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙ ♠
❙ ❵ ❛✁❙ &✕❵ ♠✄❙ ♥ ❙ ❵✄❵✡❢ ❙ ♠ ♦ & ♠ ⑩ ❝ ❻✓♦✖❢✄♥ ❙ ❤ ♦✖❢✄♥ ❝ ⑩✞❪✞♠✄❬ ❙ ♠✄& ❪✞⑨ ❝ ❤ ❵ ❙ ⑥ ☞  ❡ ✄✖◗☎⑦ ⑤

ψz − i
D

2
ψtt − i |ψ|2 ψ − iν |ψ|4 ψ = δψ + βψtt + ǫ |ψ|2 ψ + µ |ψ|4 ψ

➊ ✂ → Q ✔✖➌
♦✒➣

µ
❡
δ
❡
β
❡
D

❡
ν

❙ ❵
ǫ

♠ ♦✖❤ ❵ ❨ ❙ ♠ ❫ ♦✖❤ ♠ ❵✍❝ ❤ ❵✡❙ ♠ ❢✄❬ ❙ ⑩ ⑩✞❙ ♠ ❡ ❙ ❵
ψ

❙ ♠✄❵ ⑩ ❙ ❫✍❷ ❝ ♥ ❛ ❫ ♦✖♥ ❛ ⑩✞❙ ➥ ❙ ❝✏⑨✖❙ ❫
❨ ❙ & ➥ ⑨ ❝ ❢✄❪ ❝ ➎✕⑩ ❙ ♠ ❫ ✐ ❙ ♠ ❵✄➑ ➙ ➑✆❨ ❪✞❢ ❙

ψ = ψ(t, z)
→ ➅ ❝ ♠✄❪ ❞✖❤✕❪✞➢ ❫ ❝ ❵✡❪✞♦✖❤ ❛ ❷ ➝ ♠ ❪✞➃ & ❙ ❨ ❙ ❫✍❷ ❝ ➃ &✕❙ ❵ ❙ ❢✄♥ ❙

❨ ❬ ❛✁❙ ❤ ❨ ❨ & ❛ ❢✄♦✖➎ ⑩✞❸ ♥ ❙ ❛ ❝ ❢✄❵ ❪ ❫ & ⑩ ❪✞❙ ❢ ❬ ❵✡&✕❨ ❪ ❬ →✕❲ ❤ ♦✖❛ ❵✡❪ ➃ & ❙ ❫ ❙ ❵✄❵✡❙ ❬ ➃ & ❝ ❵✡❪ ♦ ❤ ❨ ❬ ❫ ❢ ❪✞❵ ⑩ ❙ ♠ ♠ ➝ ♠ ❵✡❸ ♥ ❙ ♠
⑩ ❝ ♠✄❙ ❢ ♠ ⑥ ✄ Q ❡ ✄  ⑦ ❡ ⑩ ❙ ♠ ⑩ ❪✞❞✖❤ ❙ ♠ ❨✕❙ ❵✡❢ ❝ ❤ ♠ ♥ ❪✞♠ ♠ ❪✞♦✖❤ ❨ ❙ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ❝✏⑨✖❙ ❫ ❢ ❬ ❞✖❬ ❤ ❬ ❢✡❝ ❵ ❪ ♦ ❤ ⑥ ✄ ✔ ⑦ ❡ ⑩✞❙ ♠ ❫ ❝ ⑨ ❪✞❵ ❬ ♠
❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ♠ ❝✏⑨✖❙ ❫ & ❤ ❙ ❛✁♦ ♥ ❛✁❙ ❙ ➥ ❵✡❙ ❢ ❤ ❙ ⑥ ✄✌☞ ⑦ ❙ ❵ ⑩✞❙ ♠ ♦✖♠ ❫ ❪ ⑩✞⑩ ❝ ❵✡❙ & ❢ ♠ ❛ ❝ ❢✡❝ ♥ ❬ ❵✡❢✄❪ ➃ & ❙ ♠ ⑥ ✄✒✄☎⑦ →
➅ ❙ ♥ ❙ ♥ ➎ ❢✄❙ ❨✕❙ ❞ ❝ &✕❫ ❷ ❙ ❨ ❙ ⑩ ✐ ❬ ➃ & ❝ ❵✡❪✞♦✖❤ ➊ Q → ✂ ➌ ❢ ❙ ❛ ❢ ❬ ♠ ❙ ❤ ❵✡❙ ⑩ ❙ ♠ ❵✡❙ ❢ ♥ ❙ ♠ ❫ ♦✖❤✕♠ ❙ ❢ ⑨ ❝ ❵ ❪✞❻✓♠ ❙ ❵ ⑩ ❙
♥ ❙ ♥ ➎ ❢ ❙ ❨ ❙ ❨ ❢✄♦✖❪✞❵ ❙ ❪✞❤ ❫ ⑩✞&✕❵ ❵✡♦✖& ♠ ⑩✞❙ ♠ ❵✡❙ ❢✄♥ ❙ ♠ ❨ ❪ ♠✄♠ ❪✞❛ ❝ ❵✡❪ ❻✓♠ →
➅ ♦ ❢ ♠ ➃ & ❙ ❫ ❙ ❵ ❵ ❙ ❬ ➃ & ❝ ❵ ❪ ♦✖❤ ❙ ♠✄❵ ❝ ❛ ❛ ⑩✞❪ ➃ & ❬ ❙ ❝ & ❫✏❝ ♠ ❨ ❙ ♠ ⑩ ❝ ♠ ❙ ❢ ♠ ➙ ♥ ♦ ❨ ❙ ♠ ➎✕⑩ ♦ ➃ & ❬ ♠ ❛ ❝ ♠✄♠ ❪✞❻✓♠ ❡

z
❢ ❙ ❛✕❢ ❬ ♠✄❙ ❤ ❵✡❙ ⑩ ❝ ❨ ❪✞♠✄❵✡❝ ❤ ❫ ❙ ❨✕❙ ❛✕❢ ♦✖❛ ❝ ❞ ❝ ❵✡❪✞♦✖❤ ❝ ❫ ❫ &✕♥ &✕⑩ ❬ ❙ ❵✡♦✖&✕❢ ❝ ❛ ❢ ❸ ♠ ❵✡♦ & ❢ ❨ ❝ ❤ ♠ ⑩ ❝ ❫✏❝✏⑨ ❪✞❵✡❬ ❡

t
⑩ ❝ ❫ ♦ ♦✖❢✄❨ ♦✖❤ ❤ ❬ ❙ ❨ & ❵✡❙ ♥ ❛✕♠ ➊☞♦✖& ❵ ❢✡❝ ❤✕♠✄⑨✖❙ ❢ ♠ ❙ ♠ ❛ ❝ ❵ ❪ ❝ ⑩✞❙ ➌ ❢✄❙ ❵✍❝ ❢ ❨ ❬ ❨ ❝ ❤✕♠ ⑩✞❙ ❢ ❬ ❻✓❬ ❢ ❙ ❤ ❵✡❪✞❙ ⑩ ⑩✞♦ ❫✏❝ ⑩ ❨ ❙
⑩ ✐ ❪ ♥ ❛ &✕⑩✞♠ ❪✞♦✖❤ ❡

ψ
❢ ❙ ❛ ❢ ❬ ♠ ❙ ❤ ❵✡❙ ⑩ ✐ ❙ ❤ ⑨✖❙ ⑩ ♦ ❛ ❛✁❙ ❤✕♦✖❢ ♥ ❝ ⑩✞❪✞♠ ❬ ❙ ❨ & ❫✍❷ ❝ ♥ ❛ ❬ ⑩ ❙ ❫ ❵ ❢ ❪ ➃ & ❙ ❡

D = +1(−1)
❡

⑩ ❙ ❫ ♦ ❙ U ❫ ❪ ❙ ❤ ❵ ❨ ❙ ❨ ❪ ♠✄❛ ❙ ❢ ♠✄❪ ♦✖❤ ❡ ➃ & ❪ ❙ ♠ ❵ ❛✁♦✖♠ ❪ ❵✡❪ ❻ ❨ ❝ ❤ ♠ ⑩ ❙ ❫✏❝ ♠ ❨ ✐ & ❤ ❢ ❬ ❞✖❪ ♥ ❙ ❨ ❙ ❨ ❪ ♠✄❛✁❙ ❢✄♠ ❪ ♦ ❤ ❝ ❤ ♦✖❢ ➑
♥ ❝ ⑩ ❙ ❙ ❵ ❤ ❬ ❞ ❝ ❵✡❪ ❻ ❨ ❝ ❤ ♠ ⑩ ❙ ❫✏❝ ♠ ❤ ♦ ❢ ♥ ❝ ⑩ → ➅ ❙ ❫ ♦ ❙ U ❫ ❪✞❙ ❤ ❵

δ
❢✄❙ ❛ ❢✄❬ ♠✄❙ ❤ ❵ ❙ ⑩ ❙ ♠ ❛✁❙ ❢✄❵ ❙ ♠ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ♠ ❨ ❝ ❤ ♠

⑩ ❝ ❫✏❝✏⑨ ❪ ❵✡❬ ➊☞⑩✞♦✖❢ ♠✄➃ & ✐ ❪✞⑩ ❙ ♠✄❵ ❤ ❬ ❞✖❝ ❵✡❪ ❻✍➌ ❡
ǫ

➊✓♠ ❪ ❛✁♦ ♠ ❪✞❵ ❪✞❻✡➌ ❙ ♠✄❵ ⑩ ❙ ❵ ❙ ❢ ♥ ❙ ❨ ❙ ❞ ❝ ❪✞❤ ❤✕♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙ →
β

➊✓♠ ❪
❛✁♦✖♠ ❪ ❵✡❪✞❻✡➌ ❙ ❵

µ
➊☞♠✄❪ ❤ ❬ ❞ ❝ ❵ ❪✞❻✡➌ ♠ ♦ ❤ ❵ ⑩✞❙ ♠ ❫ ♦ ❙ U ❫ ❪✞❙ ❤ ❵✡♠ ❨✕❙ ➢ ⑩✞❵ ❢✡❝ ❞ ❙ ♠ ❛✁❙ ❫ ❵✡❢ ❝ ⑩ ➊☞♦✖& ⑩ ❝ ❨✕❪ ♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ ❨ ❙

❞ ❝ ❪✞❤ ➌ ❙ ❵ ❨ ❙ ♠ ❝ ❵✡&✕❢✡❝ ❵ ❪ ♦✖❤ ❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪ ❢✄❙ ❨ & ❞ ❝ ❪ ❤ ❡ ❢ ❙ ♠✄❛✁❙ ❫ ❵✡❪✞⑨✖❙ ♥ ❙ ❤ ❵ → ➅ ❙ ❫ ♦ ❙ U ❫ ❪ ❙ ❤ ❵
ν

➊☞♠✄❪ ❤ ❬ ❞ ❝ ➑
❵✡❪✞❻✡➌ ❢✄❙ ❛ ❢✄❬ ♠✄❙ ❤ ❵ ❙ ⑩✞❙ ❵✡❙ ❢ ♥ ❙ ❨ ❙ ♠✡❝ ❵✡& ❢ ❝ ❵✡❪✞♦✖❤ ❨ ❙ ⑩ ✐ ❙ ❾ ❙ ❵ ✟ ❙ ❢ ❢ ❨ ❝ ❤ ♠ ⑩ ❝ ❫✏❝ ⑨ ❪ ❵✡❬ ➊☞❙ ❾ ❙ ❵ ❤ ♦✖❤ ⑩ ❪ ❤✕❬✏❝ ❪✞❢✄❙
❨ ✐ ♦ ❢ ❨ ❢✄❙ ♠ & ❛✁❬ ❢✄❪ ❙ & ❢✍➌ →
⑦ ❙ ❵ ❵ ❙ ❬ ➃ & ❝ ❵ ❪ ♦✖❤ ❨✕❪ ♠✄❵ ❢ ❪✞➎ & ❬ ❙ ❛✁❙ &✕❵ ❝ & ♠ ♠✄❪ ➮ ❵ ❢ ❙ ❝ ❛✕❛ ⑩ ❪✞➃ &✕❬ ❙ ➙ ⑩ ❝ ♥ ♦ ❨ ❬ ⑩✞❪ ♠ ❝ ❵✡❪ ♦✖❤ ❨ ✐ & ❤ ❙ ❫✏❝✏⑨ ❪✞❵ ❬
⑩ ❝ ♠✄❙ ❢ ❨ ❙ ⑩ ❝ ❢ ❞✖❙ ♦✖&✕⑨✖❙ ❢✄❵✡& ❢✄❙ ♦✖❛✁❬ ❢ ❝ ❤ ❵ ❙ ❤ ❢ ❬ ❞ ❪ ♥ ❙ ❨ ❙ ♠ ❪✞♥ ❛ & ⑩✞♠ ❪✞♦✖❤✕♠ ❫ ♦✖& ❢✄❵ ❙ ♠ → ➅ ❙ ♥ ♦ ❨✕❸ ⑩ ❙ ❪ ❤ ➑
❫ ⑩✞&✕❵ ⑩ ✐ ❙ ❾ ❙ ❵ ❨✕❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪✞♦✖❤ ⑩ ♦✖❤✕❞✖❪✞❵ & ❨ ❪✞❤ ❝ ⑩✞❙ ❨ ❙ ⑩ ✐ ❪✞♥ ❛ & ⑩✞♠✄❪✞♦✖❤ ❙ ❵ ♠ ♦✖❤ ❬ ⑨✖♦✖⑩ & ❵✡❪ ♦ ❤ ⑩✞❙ ⑩✞♦✖❤ ❞ ❨ ❙
⑩ ❝ ❫✏❝✏⑨ ❪ ❵✡❬ → ➅ ❙ ♠ ❵✡❙ ❢✄♥ ❙ ♠ ❨ ❪ ♠✄♠ ❪✞❛ ❝ ❵✡❪ ❻✓♠ ❨ ❬ ❫ ❢ ❪ ⑨✖❙ ❤ ❵ ⑩ ❙ ♠ ❞✖❝ ❪ ❤ ❙ ❵ ❛✁❙ ❢✄❵✡❙ ♠ ❨ ❙ ⑩ ✐ ❪ ♥ ❛ &✕⑩✞♠ ❪✞♦ ❤ ❨ ❝ ❤ ♠ ⑩ ❝



➘✒➴  ➴ ➽ ❻☎❶ ❾ ➬ ❽✌➱☛❿ ❻☎❶  ✔
❫✏❝✏⑨ ❪ ❵✡❬ →✕➅ ❙ ♠ ❵✡❙ ❢ ♥ ❙ ♠ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻✓♠ ❨ ✐ ♦✖❢ ❨ ❢✄❙ ♠ 8 ❛✁❬ ❢ ❪✞❙ 8 ❢ ♠ ♦ ❤ ❵ ❢✄❙ ♠ ❛✁♦✖❤✕♠✡❝ ➎ ⑩✞❙ ♠ ❨✕❙ ♠ ❫ ❝ ❢✡❝ ❫ ❵✡❬ ❢ ❪✞♠✄❵✡❪✞➃ 8 ❙ ♠
❨ ❙ ❵✡❢ ❝ ❤ ♠ ♥ ❪ ♠✄♠ ❪✞♦✖❤ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❪✞❢ ❙ ♠ ❨ ❝ ❤ ♠ ⑩ ❝ ❫✏❝✏⑨ ❪ ❵✡❬ ❡✕➃ 8 ❪ ♠ 8✕❢✄⑨ ❪ ❙ ❤ ❤ ❙ ❤ ❵ ❛ ❝ ❢ ❙ ➥ ❙ ♥ ❛ ⑩✞❙ ❨ ❝ ❤✕♠ ⑩✞❙ ❫✏❝ ♠
❨ ❙ ♠ ⑩ ❝ ♠✄❙ ❢ ♠ ➙ ♥ ♦ ❨ ❙ ♠ ➎ ⑩ ♦ ➃ 8 ❬ ♠ ❛ ❝ ♠ ♠ ❪ ❻✓♠ ⑥ ☞✒✍ ⑦ →
➐✆⑩ ❙ ➥ ❪ ♠ ❵✡❙ 8 ❤✕❙ ❨ ❪✞❾ ❬ ❢✄❙ ❤ ❫ ❙ ♠ ❪✞❞✖❤ ❪✞➢ ❫✏❝ ❵ ❪✞⑨✖❙ ❙ ❤ ❵ ❢ ❙ ⑩✞❙ ♠ ♠ ♦ ⑩ ❪ ❵✡♦✖❤ ♠ ❨ ❪ ♠✄♠ ❪ ❛ ❝ ❵✡❪ ❻✓♠ ❙ ❵ ❫ ❙ 8 ➥ ❨ ❙ ♠ ♠ ➝ ♠✄❵✡❸ ♥ ❙ ♠
❫ ♦✖❤✕♠ ❙ ❢ ⑨ ❝ ❵ ❪✞❻✓♠ →✕➣ ♦✖8✕❢ ⑩✞❙ ♠ ♠✄➝ ♠✄❵✡❸ ♥ ❙ ♠ ❫ ♦ ❤ ♠ ❙ ❢✄⑨ ❝ ❵✡❪✞❻✓♠ ❡✕❤✕♦✖8 ♠ ❝✏⑨✖♦✖❤ ♠ ⑨ 8 ❛ ❢ ❬ ❫ ❬ ❨ ❙ ♥ ♥ ❙ ❤ ❵ ➃ 8✕❙ ⑩ ❙ ♠ ♠ ♦ ➑
⑩ ❪ ❵✡♦✖❤✕♠ ❤ ❙ ❢✄❬ ♠✄8 ⑩✞❵ ❙ ❤ ❵ ➃ 8 ❙ ❨ ❙ ⑩ ✐ ❬ ➃ 8✕❪ ⑩ ❪✞➎✕❢ ❙ ❙ ❤ ❵✡❢ ❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪ ♦ ❤ ➊☞❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ➌ ❙ ❵ ⑩ ❝ ❤ ♦ ❤ ⑩ ❪✞❤ ❬✏❝ ❢ ❪ ❵✡❬ →
➅ ✐ 8 ❤✕❪ ➃ 8 ❙ ❬ ➃ 8 ❪✞⑩ ❪✞➎ ❢ ❙ ❙ ❤ ❵✡❢✄❙ ⑩✞❙ ♠ ❨ ❙ 8 ➥ ❛✁❙ ❢ ♥ ❙ ❵ ⑩ ❝ ❻✓♦✖❢ ♥ ❝ ❵✡❪✞♦ ❤ ❨ ✐ 8 ❤ ❙ ♠ ♦✖⑩✞8✕❵✡❪✞♦✖❤ ♠✄❵✡❝ ❵✡❪✞♦✖❤ ❤ ❝ ❪ ❢✄❙ ❡ ➃ 8 ❪
❙ ♠ ❵ ❨ ✐ ❷ ❝ ➎✕❪✞❵✡8✕❨ ❙ 8✕❤ ❙ ❻☞❝ ♥ ❪✞⑩✞⑩ ❙ ❨✕❙ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ → ❲ ❤ ❫ ❙ ➃ 8 ❪ ❫ ♦✖❤ ❫ ❙ ❢ ❤ ❙ ⑩✞❙ ♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❝ ⑨✖❙ ❫ ❞ ❝ ❪ ❤ ♠ ❙ ❵
❛✁❙ ❢ ❵✡❙ ♠ ➊✓♠✄➝ ♠✄❵ ❸ ♥ ❙ ❨ ❪✞♠ ♠ ❪✞❛ ❝ ❵ ❪✞❻✡➌ ❡ ❛✁♦✖8 ❢ ❝ ⑨✖♦ ❪ ❢ ❨ ❙ ♠ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❨ ❪✞♠ ♠ ❪✞❛ ❝ ❵ ❪✞❻✓♠ ♠ ❵✍❝ ❵ ❪ ♦✖❤✕❤ ❝ ❪ ❢✄❙ ♠ ❪ ⑩ ❻☞❝ 8 ❵✏❡ ❙ ❤
❛ ⑩ 8✕♠ ❨ 8 ❛ ❢ ❙ ♥ ❪ ❙ ❢ ❬ ➃ 8 ❪ ⑩✞❪ ➎ ❢✄❙ 8 ❤ ♠✄❙ ❫ ♦✖❤ ❨ ❬ ➃ 8 ❪✞⑩ ❪✞➎ ❢ ❙ ❙ ❤ ❵ ❢ ❙ ⑩✞❙ ♠ ❛✁❙ ❢ ❵✡❙ ♠ ❙ ❵ ⑩ ❙ ♠ ❞ ❝ ❪✞❤ ♠ → ⑦ ❙ ♠ ❙ ❫ ♦✖❤✕❨
❬ ➃ 8 ❪✞⑩ ❪ ➎✕❢ ❙ ❪ ♥ ❛✁♦✖♠ ❙ ➃ 8✕❙ ⑩ ❙ ♠ ❛ ❝ ❢ ❝ ♥ ❸ ❵✡❢✄❙ ♠ ♠✄♦✖❤ ❵ ➢ ➥✕❬ ♠ ❡ ❝ 8 ❫ ♦✖❤ ❵ ❢✡❝ ❪✞❢ ❙ ❨ ❙ ♠ ❻☞❝ ♥ ❪ ⑩ ⑩✞❙ ♠ ❨ ❙ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠
❷ ❝ ♥ ❪ ⑩ ❵ ♦✖❤ ❪ ❙ ❤ ♠ → ➯ ♦✖❤ ❫ ❡ ❙ ❤ ❫ ❙ ➃ 8 ❪ ❫ ♦ ❤ ❫ ❙ ❢ ❤ ❙ ⑩ ✐ ❬ ❵✡8 ❨✕❙ ❨ ❙ ♠ ➎ ❝ ⑩ ⑩✞❙ ♠ ❨✕❙ ⑩ 8✕♥ ❪✞❸ ❢✄❙ ❡ ❤ ♦✖8 ♠ ❝ ⑨✖♦✖❤✕♠
❛ ⑩ 8✕♠ ❪ ❙ 8 ❢ ♠ ❛ ❝ ❢✡❝ ♥ ❸ ❵✡❢ ❙ ♠ ➊☞❞ ❝ ❪ ❤ ❡ ❛✁❙ ❢ ❵✡❙ ❡ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ❡

. . .
➌ ❨✕♦✖❤ ❵ ⑩ ✐ ❪✞❤ ❵✡❙ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ❛✁❙ ❢ ♥ ❙ ❵ ❨ ❙ ❨ ♦✖❤ ➑

❤ ❙ ❢ 8 ❤ ❙ ❫ ❙ ❢✄❵✡❝ ❪ ❤✕❙ ❨✕➝ ❤ ❝ ♥ ❪ ➃ 8 ❙ ❝ 8 ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠ ❛ ❝ ❵✡❪ ♦ ➑✑❵✡❙ ♥ ❛✁♦ ❢ ❙ ⑩ → ➅ ❝ ❻✓♦✖❢ ♥ ❙ ❡ ⑩ ✐ ❝ ♥ ❛ ⑩✞❪ ❵✡8✕❨ ❙ ❙ ❵ ⑩ ❝
⑩ ❝ ❢✄❞✖❙ 8✕❢ ❨ ❙ ❫ ❙ ♠ ❪ ♥ ❛ 8 ⑩✞♠ ❪✞♦ ❤ ♠ ♠ ♦ ❤ ❵ ❵✡♦ 8 ♠ ➢✕➥ ❬ ♠ ❙ ❵ ❨ ❬ ❛✁❙ ❤ ❨✕❙ ❤ ❵ ❨ ❙ ♠ ❛ ❝ ❢✡❝ ♥ ❸ ❵ ❢ ❙ ♠ ❨ ❙ ⑩ ✐ ❬ ➃ 8 ❝ ❵✡❪✞♦✖❤
➃ 8 ❪ ⑩ ❙ ♠ ❞✖♦✖8✕⑨✖❙ ❢ ❤ ❙ ⑥ ✄ ✍ ⑦ → ➞ ❝ ❪ ♠ ❪✞⑩ ❙ ➥ ❪ ♠ ❵✡❙ ➃ 8 ❙ ⑩ ➃ 8 ❙ ♠ ❢ ❝ ❢ ❙ ♠ ❙ ➥ ❫ ❙ ❛✕❵ ❪ ♦✖❤✕♠ ➙ ❫ ❙ ❵ ❵✡❙ ❢ ❸ ❞✖⑩ ❙ ⑥ ✄ ✆ ❡ ✍ ✹ ⑦ ❡
❨ ❝ ❤ ♠ ❨ ❙ ♠ ❫✏❝ ♠ ❵✡❢ ❸ ♠ ♠✄❛✁❬ ❫ ❪✞➢ ➃ 8 ❙ ♠ → ⑦ ❙ ♠ ❨ ❙ 8 ➥ ❬ ➃ 8 ❪✞⑩ ❪✞➎ ❢ ❙ ♠ ❤ ♦✖❤ ⑩ ❪✞❤ ❬✏❝ ❪✞❢ ❙ ♠ ♠ ♦ ❤ ❵ ❻✓♦✖❢ ❵✡❙ ♥ ❙ ❤ ❵ ❫ ♦✖8 ➑
❛ ⑩ ❬ ♠ ❡ ❻✓♦ 8 ❢ ❤ ❪✞♠ ♠ ❝ ❤ ❵ ❨ ❙ ♠ ❛ ❢✄♦✖❛ ❢✄❪ ❬ ❵ ❬ ♠ 8 ❤✕❪ ➃ 8 ❙ ♠ ➙ ❫ ❙ ♠ ❻✓♦ ❢ ♥ ❝ ❵✡❪✞♦ ❤ ♠ ⑩✞♦ ❫✏❝ ⑩ ❪✞♠✄❬ ❙ ♠ → ✃ ❪ ❤✕♠ ❪ ❡ ⑩ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠
❨ ❪ ♠✄♠ ❪✞❛ ❝ ❵✡❪ ❻✓♠ ❤ ❙ ♠ ♦ ❤ ❵ ❛ ❝ ♠ ♠ ❪ ♥ ❛ ⑩✞❙ ♥ ❙ ❤ ❵ ⑩ ❙ ♠ ❙ ➥ ❵✡❙ ❤ ♠ ❪✞♦✖❤ ♠ ❨ ❙ ♠ ♠ ♦ ⑩ ❪✞❵ ♦✖❤ ♠ ➃ 8✕❪ ♦✖❤ ❵ ❬ ❵ ❬ ❬ ❵ 8 ❨ ❪✞❬ ♠ ❡
❨ ❙ ❛✕8 ❪ ♠ ❻✓♦✖❢✄❵ ⑩ ♦ ❤ ❞ ❵✡❙ ♥ ❛ ♠ ❡ ❨ ❝ ❤ ♠ ❨✕❙ ♠ ♠✄➝ ♠✄❵ ❸ ♥ ❙ ♠ ❷ ❝ ♥ ❪✞⑩ ❵✡♦ ❤ ❪✞❙ ❤ ♠ → ➐✆⑩✞♠ ❢✄❙ ❛ ❢✄❬ ♠ ❙ ❤ ❵ ❙ ❤ ❵ ❵ ❢ ❸ ♠ ♠ ♦✖8✕⑨✖❙ ❤ ❵
❨ ❙ ♠ ❝ ❵ ❵✡❢ ❝ ❫ ❵ ❙ 8 ❢✄♠ ❨ ❝ ❤ ♠ ⑩✞❙ ♠ ♠ ➝ ♠✄❵✡❸ ♥ ❙ ♠ ❨✕➝ ❤ ❝ ♥ ❪ ➃ 8 ❙ ♠ ❨ ❙ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ❪✞❤✕➢ ❤ ❪✞❙ → ❲ ❤ ❞✖❬ ❤✕❬ ❢✡❝ ⑩ ❡ ⑩ ❙ ♠
♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❨ ❪ ♠✄♠ ❪✞❛ ❝ ❵✡❪ ❻✓♠ ♠ ♦✖❤ ❵ ❢ ❙ ⑩ ❝ ❵ ❪✞⑨✖❙ ♥ ❙ ❤ ❵ ♠✄❵✡❝ ➎ ⑩ ❙ ♠ ⑨ ❪ ♠ ➑✆➙ ⑨ ❪✞♠ ❨ ❙ ♠ ➎ 8 ❫ ❵ 8 ❝ ❵✡❪✞♦✖❤ ♠ ❨✕❙ ❛ ❝ ❢✡❝ ♥ ❸ ❵ ❢ ❙ ♠
❙ ❵ ❨✕8 ➎ ❢ 8 ❪ ❵✏→ ➐✆⑩ ♠ ♠✄♦✖❤ ❵ ❝ 8 ♠ ♠✄❪ ❛✁♦ ❵✡❙ ❤ ❵✡❪✞❙ ⑩ ⑩✞❙ ♥ ❙ ❤ ❵ ❵✡♦✖⑩✞❬ ❢✡❝ ❤ ❵✡♠ ➙ ⑩ ✐ ❪ ❤ ❫ ⑩ 8 ♠✄❪ ♦ ❤ ❨✕❙ ❵✡❙ ❢ ♥ ❙ ♠ ❨ ✐ ♦✖❢✄❨ ❢ ❙
♠ 8 ❛✁❬ ❢ ❪✞❙ 8 ❢ ❨ ❝ ❤ ♠ ⑩ ✐ ❬ ➃ 8 ❝ ❵✡❪✞♦✖❤ ❨ ❙ ❛ ❢ ♦✖❛ ❝ ❞ ❝ ❵ ❪ ♦✖❤ ♦✖8 ➙ ⑩ ✐ ❝ 8✕❞✖♥ ❙ ❤ ❵✡❝ ❵✡❪✞♦ ❤ ❨ ❙ ⑩ ❝ ❨ ❪✞♥ ❙ ❤ ♠ ❪✞♦✖❤ ♠✄❛ ❝ ❵ ❪ ♦ ➑
❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞⑩ ❙ ❨✕8 ❛ ❢✄♦✖➎ ⑩✞❸ ♥ ❙ ❡✕❫ ♦✖❤ ❵✡❢✡❝ ❪ ❢✄❙ ♥ ❙ ❤ ❵ ❝ 8 ➥ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ❰ ❝ ♥ ❪ ⑩ ❵✡♦ ❤ ❪✞❙ ❤✕♠ →

➧ ➨ ! " ➲ ➫ ➺ < ➸ > ➻ ➲ ➫

➅ ❝ ❨✕❬ ❫ ♦ 8✕⑨✖❙ ❢ ❵✡❙ ❨ 8 ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ❝ ❬ ❵ ❬ ❨ ✐ 8 ❤ ❝ ❛ ❛✁♦✖❢ ❵ ❫ ♦✖❤ ♠ ❪✞❨ ❬ ❢✡❝ ➎ ⑩✞❙ ❨ ❝ ❤ ♠ ⑩ ❝ ❫ ♦✖♥ ♥ 8 ❤ ❝ 8 ❵✡❬
♠ ❫ ❪ ❙ ❤ ❵✡❪ ➢ ➃ 8 ❙ ❡ ❙ ❤ ❫ ❙ ♠ ❙ ❤ ♠ ➃ 8 ✐ ❪✞⑩ ❝ ❛✁❙ ❢ ♥ ❪ ♠ ❨ ✐ ❙ ➥ ❛ ⑩✞❪ ➃ 8 ❙ ❢ ❛ ⑩ 8 ♠✄❪ ❙ 8 ❢ ♠ ❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤ ❙ ♠ ➃ 8 ❪ ❬ ❵✡❝ ❪ ❙ ❤ ❵



 ☞ ➽ ➚ ➪ ➶ ❿ ❸ ❹ ➹ ➘✌➴ ✭ ❻☎➬ ❿ ❸ ❻☎❶✎➱ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➱ ❻✝➬ ❿ ❸ ❻☎❶✁➱ ➱ ➶ ➪✎❸ ❿ ❻ ❮ ❸ ➹ ✃ ➶ ❻☎❹ ➹ ➬ ➱ ❒ ➹✝❸ ➱ ❻☎➬ ❿ ❸ ❻☎❶✁➱ ❼ ❿ ➱☛➱ ❿✕➶ ➪✎❸ ❿ ; ➱
❣✄# ♠ ➃ # ❙ ⑩ ➙ ♥ ❝ ⑩ ❫ ♦✖♥ ❛ ❢✄❪ ♠ → ✃ ❪✞❤ ♠ ❪ ❡ ❝ ❛ ❢ ❸ ♠ ❛✕⑩ # ♠✄❪ ❙ # ❢ ♠ ❵✡❙ ❤ ❵✍❝ ❵ ❪✞⑨✖❙ ♠ ❛✁♦✖# ❢ ❙ ➥ ❛ ⑩ ❪✞➃ # ❙ ❢ ➼ < ✻ ❀✁➚ ➽ ➚ ➽
A ➷✄➻✌❀✕➾ ➼ ➻ A☞➘ ✻ ❀ ➃ # ❙ ❘✕→✁➄ ❫ ♦ ❵ ❵ → I # ♠ ♠✄❙ ⑩ ⑩ ❝✏⑨ ❝ ❪ ❵ ♦✖➎ ♠✄❙ ❢ ⑨✖❬ ❙ ❡✁⑩ ❙ ♠ ❫ ❷✕❙ ❢ ❫✍❷ ❙ # ❢ ♠ ♦✖❤ ❵ ➢ ❤ ❝ ⑩✞❙ ♥ ❙ ❤ ❵ ❨ ❙ ❫ ♦✖# ➑
⑨✖❙ ❢✄❵ ➃ # ❙ ⑩✞❙ ❛ ❷ ❬ ❤ ♦✖♥ ❸ ❤ ❙ ♠ ♦✖⑩✞❪✞❵✡♦ ❤ ❤ ❝ ?✞❵ ❨ ✐ # ❤ ❬ ➃ # ❪✞⑩ ❪✞➎ ❢ ❙ ❨ ❬ ⑩ ❪ ❫ ❝ ❵ ❙ ❤ ❵✡❢✄❙ ❨ ❙ # ➥ ❙ ❾ ❙ ❵✡♠ ➊✓❪ ❤ ❫ ⑩ # ❝ ❤ ❵
⑩ ❝ ❤ ♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ➌ ➃ # ❪ ♠ ❙ ❫ ♦✖♥ ❛✁❙ ❤✕♠ ❙ ❤ ❵✏→ ➯ ❝ ❤ ♠ ⑩ ❙ ❫ ❝ ♠ ❨ # ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♦✖❛ ❵✡❪ ➃ # ❙ ➊☞♠✄♦✖⑩ ❪ ❵✡♦✖❤ ✏ ➎ ❢✄❪ ⑩✞⑩ ❝ ❤ ❵☎✏
♠ # ❢ ❻✓♦ ❤ ❨ ❤ ♦✖❪ ❢✡➌ ❡ ❷ ❝ ♥ ❪✞⑩ ❵ ♦✖❤ ❪✞❙ ❤ ❡ ❫ ❙ ♠ ❙ ❾ ❙ ❵ ♠ ♠✄♦✖❤ ❵ ❙ ♠✄♠ ❙ ❤ ❵✡❪✞❙ ⑩✞⑩ ❙ ♥ ❙ ❤ ❵ ⑩ ✐ ❝ #✕❵✡♦ ➑✑♥ ♦ ❨ #✕⑩ ❝ ❵ ❪✞♦ ❤ ❨✕❙ ❛ ❷ ❝ ♠✄❙
❙ ❵ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪✞♦✖❤ ❝ ❤ ♦✖❢✄♥ ❝ ⑩ ❙ → ➱ ♦✖# ♠ ❝✏⑨✖♦✖❤ ♠ ⑨ # ➃ # ❙ ⑩ ❙ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ❛✁♦ #✕⑨ ❝ ❪ ❵ ➮ ❵✡❢ ❙ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ❡✁♠ ❛ ❝ ➑
❵✡❪ ❝ ⑩ ♦✖# ⑩✞❙ ♠ ❨ ❙ # ➥ ➙ ⑩ ❝ ❻✓♦✖❪✞♠ → ❲ ❤ ❙ ❾ ❙ ❵ ♠ ❪ ⑩ ✐ ❪✞❤ ❨ ❪✞❫ ❙ ❨✕❙ ❢ ❬ ❻✓❢ ❝ ❫ ❵ ❪ ♦✖❤ ❨ # ♥ ❪ ⑩✞❪ ❙ # ❙ ♠✄❵ ♥ ♦ ❨✕❪✞➢ ❬ ❛ ❝ ❢
⑩ ✐ ❪ ❤ ❵✡❙ ❢✄♥ ❬ ❨ ❪ ❝ ❪ ❢ ❙ ❨ ❙ ⑩ ❝ ⑩ #✕♥ ❪✞❸ ❢✄❙ ❡✖❪ ⑩ ❙ ♠✄❵ ❝ ⑩✞♦✖❢ ♠ ❛✁♦✖♠✄♠ ❪✞➎ ⑩ ❙ ❨ ❝ ❤ ♠ ❫ ❙ ❢✄❵✡❝ ❪ ❤✕❙ ♠ ❫ ❪ ❢✄❫ ♦✖❤ ♠ ❵✍❝ ❤✕❫ ❙ ♠ ❨ ❙ ♠✄# ❛ ➑
❛ ❢ ❪✞♥ ❙ ❢ ⑩ ✐ ❬ ⑩ ❝ ❢ ❞✖❪ ♠ ♠ ❙ ♥ ❙ ❤ ❵ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ♦✖# ♠✄❛ ❝ ❵ ❪ ❝ ⑩ ❨ ❙ ⑩ ✐ ❪ ♥ ❛✕# ⑩✞♠ ❪✞♦ ❤ → ➇ ❤ ❛ ❝ ❢ ⑩✞❙ ❝ ⑩✞♦✖❢ ♠ ❨ ❙ ♠ ♦✖⑩✞❪✞❵ ♦✖❤
❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩ ♦✖❛ ❵✡❪ ➃ # ❙ ❨ ❝ ❤ ♠ ⑩ ❙ ❫✏❝ ♠ ❨ ❙ ⑩ ❝ ❫ ♦✖♥ ❛✁❙ ❤ ♠ ❝ ❵✡❪✞♦✖❤ ❨✕❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ ❫✍❷ ❢ ♦✖♥ ❝ ❵ ❪ ➃ # ❙ ❙ ❵ ♠ ♦ ➑
⑩ ❪ ❵✡♦✖❤ ♠ ❛ ❝ ❵✡❪ ❝ ⑩ ⑩✞♦✖❢ ♠ ❨ ❙ ⑩ ❝ ❤✕❙ #✕❵ ❢✡❝ ⑩✞❪ ♠✡❝ ❵✡❪✞♦✖❤ ❨ ❙ ⑩ ❝ ❨ ❪ ❾ ❢ ❝ ❫ ❵ ❪ ♦✖❤ ❨ # ❻☞❝ ❪✞♠ ❫ ❙✏❝ # → ➅ ♦ ❢ ♠ ➃ # ✐ ♦✖❤ ❝ ❢ ❢✄❪✞⑨✖❙
➙ ❬ ❢✡❝ ❨✕❪ ➃ # ❙ ❢ ➙ ⑩ ❝ ❻✓♦ ❪ ♠ ⑩ ✐ ❪ ♥ ❛ ❝ ❫ ❵ ❨ ❙ ⑩ ❝ ❨ ❪✞♠ ❛✁❙ ❢✄♠ ❪✞♦✖❤ ❙ ❵ ❨ ❙ ⑩ ❝ ❨✕❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ❡ ♦✖❤ ❛ ❝ ❢ ⑩✞❙ ❝ ⑩✞♦✖❢ ♠ ❨ ❙
♠ ♦✖⑩✞❪✞❵✡♦ ❤ ♠ ♠✄❛ ❝ ❵ ❪ ♦ ➑ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠ → ✃ ❫ ♦ ❵✡❬ ❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤ ♠ ❫ ♦✖❤✕♠ ❙ ❢ ⑨ ❝ ❵ ❪✞❻✓♠ ❡ ❪ ⑩ ❙ ➥ ❪ ♠ ❵✡❙ ❨✕❙ ♠ ♦✖❤ ❨ ❙ ♠ ♠ ♦✖⑩✞❪ ➑
❵✍❝ ❪✞❢ ❙ ♠ ❨ ❝ ❤ ♠ ⑩ ❙ ♠ ♠ ➝ ♠✄❵✡❸ ♥ ❙ ♠ ❨ ❪✞♠ ♠✄❪ ❛ ❝ ❵ ❪✞❻✓♠ ❡ ➃ # ❙ ❤✕♦✖# ♠ ❝ ❛ ❛✁❙ ⑩ ⑩ ❙ ❢ ♦✖❤✕♠ ❡ ➙ ⑩ ✐ ❪ ❤✕♠✄❵✍❝ ❢ ❨ ✐ # ❤ ❙ ♥ ❝ ❣✄♦✖❢ ❪ ❵ ❬
❫ ❢ ♦ ❪ ♠ ♠ ❝ ❤ ❵✡❙ ❨ ❙ ❛ ❷ ➝ ♠ ❪ ❫ ❪ ❙ ❤ ♠ ❡ ♠ ♦✖⑩✞❪✞❵ ♦✖❤ ♠ ❨ ❪✞♠ ♠ ❪✞❛ ❝ ❵ ❪✞❻✓♠ → ➯ ❝ ❤ ♠ ❫ ❙ ❫✏❝ ♠ ❡ ❙ ❤ ❛ ⑩✞# ♠ ❨ ❙ ⑩ ✐ ❬ ➃ # ❪ ⑩✞❪✞➎ ❢✄❙ ❙ ❤ ❵✡❢ ❙
⑩ ❝ ❨✕❪ ♠ ❛✁❙ ❢ ♠ ❪✞♦✖❤ ➊✓❨ ❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ➌ ❙ ❵ ⑩ ❝ ❤✕♦✖❤ ⑩✞❪ ❤ ❬ ❝ ❢ ❪ ❵ ❬ ❪ ⑩ ❻☞❝ #✕❵ ➃ # ❙ ⑩ ❙ ♠ ❛✁❙ ❢ ❵✡❙ ♠ ❙ ❵ ⑩ ❙ ♠ ❞ ❝ ❪ ❤✕♠ ❤ ♦✖❤
⑩ ❪✞❤ ❬✏❝ ❪✞❢✄❙ ♠ ♠ ❙ ❫ ♦ ♥ ❛✁❙ ❤ ♠ ❙ ❤ ❵ → ➅ ✐ ❬ ❵ # ❨ ❙ ❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ❨ ❪✞♠ ♠ ❪✞❛ ❝ ❵ ❪✞❻✓♠ ❵✡❙ ♥ ❛✁♦✖❢✄❙ ⑩✞♠ ❝ ❬ ❵✡❬ ❨ ✐ # ❤ ❪ ❤ ❵✡❬ ❢ ➮ ❵
❵✡❢ ❸ ♠ ❛ ❢ ❬ ❫ ❪✞❙ # ➥ ❵✡❝ ❤ ❵ ❛✁♦✖# ❢ ⑩ ❙ ♠ ♠✄❫ ❪✞❙ ❤ ❫ ❙ ♠ ❻✓♦✖❤ ❨ ❝ ♥ ❙ ❤ ❵✡❝ ⑩ ❙ ♠ ➃ #✕❙ ❛✁♦✖#✕❢ ⑩✞❙ ♠ ❵ ❬ ⑩ ❬ ❫ ♦ ♥ ♥ # ❤ ❪✞❫✏❝ ❵✡❪✞♦ ❤ ♠
♦✖❛✕❵✡❪✞➃ # ❙ ♠ ➙ ❷ ❝ #✕❵ ❨ ❬ ➎ ❪✞❵ → ➯ ❝ ❤ ♠ ❫ ❙ ❵✡❢✡❝✏⑨ ❝ ❪✞⑩ ❨ ❙ ❵ ❷ ❸ ♠✄❙ ❡ ❤ ♦✖# ♠ ❤ ♦ # ♠ ❻✓♦ ❫ ❝ ⑩ ❪✞♠ ❙ ❢✄♦✖❤ ♠ ♠ #✕❢ ⑩ ❝ ❨ ❙ ♠ ❫ ❢ ❪ ❛ ➑
❵✡❪ ♦ ❤ ❨ ❙ ♠ ♠✄♦✖⑩ ❪ ❵✡♦✖❤✕♠ ❨ ❪✞♠ ♠✄❪ ❛ ❝ ❵ ❪✞❻✓♠ ♠ ❛ ❝ ❵✡❪✞♦ ➑✑❵ ❙ ♥ ❛✁♦✖❢ ❙ ⑩✞♠ ♦✖➎✕❵✡❙ ❤ # ♠ ➙ ❛ ❝ ❢✄❵ ❪ ❢ ❨ ❙ ⑩ ✐ ❬ ➃ # ❝ ❵✡❪✞♦✖❤ ♥ ♦ ❨ ❸ ⑩✞❙ ❨ ❙
➜ ❪✞❤✁✐ ➎ #✕❢ ❞ ➑✆➅ ❝ ❤ ❨ ❝ # ❫ # ➎ ❪✞➃ #✕❙ ➑✆➃ # ❪✞❤ ❵ ❪ ➃ # ❙ ❫ ♦✖❢✄❢ ❙ ♠✄❛✁♦✖❤ ❨ ❝ ❤ ❵ ➙ ❨✕❙ ♠ ♠✄➝ ♠✄❵✡❸ ♥ ❙ ♠ ❝ ⑨✖❙ ❫ ❞ ❝ ❪ ❤ ❡ ❛ ❙ ❢✄❵ ❙ ♠
♠✡❝ ❵ # ❢✡❝ ➎✕⑩ ❙ ♠ ❡ ➢ ⑩✞❵✡❢ ❝ ❞✖❙ ♠✄❛✁❙ ❫ ❵ ❢✡❝ ⑩ ❡ ❨ ❪ ♠✄❛✁❙ ❢ ♠✄❪ ♦✖❤ ❡ ❨ ❪✞❾ ❢✡❝ ❫ ❵✡❪✞♦✖❤ ❙ ❵ ❤✕♦✖❤ ⑩ ❪✞❤ ❬ ❝ ❢ ❪ ❵✡❬ → ➱ ♦✖# ♠ # ❵✡❪ ⑩✞❪✞♠ ❙ ❢ ♦✖❤✕♠
# ❤ ❙ ♥ ❬ ❵✡❷ ♦ ❨✕❙ ♠✄❙ ♥ ❪ ➑✆❝ ❤ ❝ ⑩ ➝ ❵✡❪✞➃ # ❙ ➊✓⑩ ❝ ♥ ❬ ❵✡❷✕♦ ❨ ❙ ❨✕❙ ♠ ❫ ♦ ♦✖❢✄❨ ♦✖❤ ❤ ❬ ❙ ♠ ❫ ♦✖⑩ ⑩✞❙ ❫ ❵✡❪✞⑨✖❙ ♠✍➌ ❛✁♦✖# ❢ ❫ ❪✞❢ ❫ ♦ ❤ ♠ ➑
❫ ❢ ❪✞❢ ❙ ⑩ ❙ ❨ ♦ ♥ ❝ ❪✞❤ ❙ ❨ ✐ ❙ ➥ ❪ ♠ ❵✡❙ ❤✕❫ ❙ ❨ ❙ ♠ ❫ ❙ ♠ ➎ ❝ ⑩ ⑩✞❙ ♠ ❨✕❙ ⑩✞# ♥ ❪✞❸ ❢ ❙ ❨ ❝ ❤ ♠ ⑩ ✐ ❙ ♠✄❛ ❝ ❫ ❙ ❨ ❙ ♠ ❛ ❝ ❢✡❝ ♥ ❸ ❵✡❢ ❙ ♠ ❨ ❙
⑩ ✐ ❬ ➃ # ❝ ❵ ❪ ♦✖❤ ♥ ♦ ❨✕❸ ⑩ ❙ →
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#✓☎ ( ✤✍❷✔!✗☎✥% ✂ ✑✖✠ ! ✂ ● ⑩ ! #✆☎ ( ❡ ⑩ ☛✁! ⑩ % " (✖⑩✕✂✆✟✡✠ (☛& ☎✥✣ ! ⑩ ⑩ ! ☛✁! ⑩ ✌ ✣ F✄✂ % ✟✡✠ (☛& ☛✍✌ ✣ ⑨☛(✖⑩✕✂✆✟✡✠ (☛& ☛✆❋✠& % ✑ ✠✒F✄✂✔! ❁
❂ % ❙ ( &✓✤✗✟✔✠ (☛& ☛✍✌ ! " " % ✠ # ! ✂✆✟ ➊ ✟✡☎ !✁✂✔&✔! ➋ % ✂✔" "✔✠ ! &✔&✔!✞✩✄✂✔&✁! "✔✣ ✤ % &✄✟ ! ❷ ❋ # !✗☎✔❄ (✖⑩✕✠✒F✄✂✔!✞✩ ( ✂ ✂✔&✁! % ✂✆✟✡☎ !
❙ ( ☎✔✑ ! ✩ ☛✁( ✟✡✣ !✁☛✍✌ ✂✔& &✔( ✑ ❄✆☎ ! ❡✔&✓✠ ☛✔! # %✞☎ % ✑ ❸✗✟✔☎ ! " ✤ ( ☎✥☎ ! " # (☛&✓☛ % &✄✟ % ✂ ● ✤ % ☎ % ✤ ✟✡✣✗☎✔✠ " ✟✡✠✕F ✂✁! " # ❷✄❋ ✫
"✔✠✒F✄✂✔! " ☛✁! ⑩ ✌ ✠✒✑ #✓✂✕⑩ "✔✠ (☛& ❁ ❭ ! " # % ☎ % ✑ ❸✗✟✡☎ ! " ✤ ( ☎✔☎ ! " # (☛&✆☛✔! & ✟ #✆☎✔✣ ✤✗✠ "✥✣ ✑ ! & ✟ % ✂ ● ✤ (✠( ☎✥☛✔(☛&✔&✓✣ ! "
✤ (✖⑩✞⑩ !✗✤✗✟✡✠ ⑨☛! " ❁ ◗ ⑩✒✂✔"✥✠ !✗✂✓☎ " ✟ ! ✤✍❷✔&✓✠✕F ✂✁! " ✑ %✞✟ ❷✓✣ ✑ %✞✟✔✠✕F ✂✁! " # ! ☎✥✑ ! ✟✔✟ ! &✄✟ ☛✍✌ ( ❄ ✟ ! &✆✠✒☎ ⑩ ! " ✣ F✄✂ % ✟✡✠ ( &✔"
☛✍✌✎✣ ⑨☛(✖⑩✕✂✆✟✡✠ (☛& ☛✔! " ✤ (✠( ☎✔☛✔( &✔&✓✣ ! " ✤ (✖⑩✞⑩ !✗✤✗✟✔✠✞⑨☛! " ❁ ❂ % # ⑩✒✂✁"✏✤ (☛&✔& ✂✁! ! " ✟ ⑩ %☞✑✖✣ ✟✡❷✔( ☛✁!✖☛✓✂ ❂ % ✝ ☎ % & ✫✝ ✠ ! & ✑ ( ❋☛! & ❁ ➍ ⑩ ⑩ ! % ✣✗✟✔✣ ✂✆✟✡✠✞⑩✒✠ "✥✣ ! ☛ % &✁" ⑩ % ✟ ❷✓✣ ( ☎✔✠ ! ☛✔! " " (✖⑩✒✠ ✟ (☛&✔" # % ☎ ❨ &✓☛✔!✗☎ " ( & ✻✎✼ ➎✞✿ ❁ ➈ &✔! % ✂✆✟✡☎ !✑✖✣ ✟✡❷✔( ☛✔! ! " ✟✏✤ ! ⑩✞⑩ ! ☛✁! " ✑ ( ✑ ! & ✟ "✗✩✍F✄✂✓✠ %☞✣ ✟✡✣ ☛✓✣ ⑨☛! ⑩ (☛#✔# ✣ ! #✕⑩✒✂✔" ✟ % ☎✥☛ #✔% ☎✏➐ % ✠✒✑ ✠ "✥✟ ( ⑨ ✻✎✼ ⑥ ✿ ❁
❂ % ✟✡☎ ( ✠ "✥✠ ❸✗✑ ! ✑✖✣ ✟✡❷✔( ☛✁! ⑩ %✆# ⑩✒✂✁" ✂✆✟✔✠ ⑩✕✠ "✔✣ !✞! " ✟ ✤ ! ⑩ ⑩ ! ☛✔! " (☛# ✣ ☎ %✞✟ !✗✂✓☎ " ☛✔! #✓☎ ( ➑ ! ✤ ✟✡✠ (☛& ✻✎✼ ➒ ✩ ✼ ➓ ✿ ❁
❭ ❷ % F✄✂✔! ❙ (☛&✆✤✗✟✡✠ (☛& ☛✍✌ ! " " % ✠ ✤ (☛&✓☛✓✂✆✠✕✟ ✭ ✂✔& " ❋ " ✟✡❸✗✑ ! ☛✍✌✎✣✗F✄✂ %✞✟✡✠ (☛&✔" ☛ ✌✎✣ ⑨☛(✖⑩✒✂ ✟✡✠ ( & ☛✔! " ✤ (✠( ☎✔☛✁(☛& ✫
&✓✣ ! " ✤ (✖⑩✞⑩ ! ✤ ✟✡✠ ⑨☛! " F✄✂✓✠ ⑩✒✂✓✠ ! " ✟ #✓☎ (☛#✓☎ ! ❁✍❭ ! # ! &✓☛ % & ✟ ( & # ! ✂✆✟✞" ! ☛✔! ✑ % &✆☛✔! ☎✥"✥✠ ⑩ ! " ☛✓✠✕✴ ✣ ☎ ! & ✟ ! "
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✟✡❷✔( ☛✔! " ☛✔! " ✤ (✠( ☎✥☛✔(☛&✔&✆✣ ! " ✤ (✖⑩ ⑩ ! ✤ ✟✡✠✞⑨☛! " "✔✂✔"✥✤ ✠ ✟✡✣ ! " ❁ ➍ &✁"✔✂✓✠ ✟ ! &✔( ✂✔" ! ● # (☛" ! ☎ (☛&✔" ☛✔! ✑ % &✓✠ ❸✗☎ ! # ⑩✒✂✁"
☛✓✣✗✟ % ✠ ⑩✞⑩✕✣ ! ⑩ % ✑ ✣ ✟✡❷✔( ☛✔! ☛✁! " (☛# ✣✗☎ %✞✟ ! ✂✓☎ " ☛✔! #✆☎ ( ➑ ! ✤ ✟✡✠ ( &✍✩ F✄✂✓✠✠! "✥✟ ✤ ! ⑩✞⑩ ! ☛✔(☛& ✟ &✔( ✂✔" &✔( ✂✔" " ( ✑ ✑ ! "
⑩ ! # ⑩✕✂✔"✒" ! ☎ ⑨ ✠ ✟ ( ✂✆✟ % ✂ ⑩ (☛&✓✝ ☛✔! ⑩ % ✟✡❷ ❸ " ! ❁
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, ➩ ✾ ❁ ✾ ➫

☎ ! #✆☎✔✣ " ! & ✟ !✏✂✔&☞✟ !✗☎✔✑ ! ☛✁! # !✗☎✥✟✔✂✓❄ %✞✟✔✠ (☛& ❁
❂ ! " ✣ ✟ % # ! " ! " " ! &✄✟✡✠ ! ⑩✞⑩ ! " # ( ✂✓☎ ( ❄✆✟ ! &✓✠✒☎ ⑩ ! " ✣ F✄✂ %✞✟✔✠ (☛&✔" ☛✓✠✕✴ ✣ ☎ ! &✄✟✔✠ ! ⑩ ⑩ ! " ( ☎✔☛✓✠ & % ✠✒☎ ! " ✭ # % ☎✥✟✔✠✒☎ ☛✔!
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⑩ ✌ ✣ D✄✂  ✞✟✔✠ !☛# ➩ ✾ ❁ ✽ ➫ ✩ ✭ ⑩ ✌✄ ✠✒☛✁& ☛✁& ⑩  ✑ ✣✗✟✡❷✁! ☛✔& ☛✓✂ ❂  ✝ ☎  #✓✝ ✠ & # ( !☛#✄✟ ⑩ & ( (✥✂✓✠✞⑨  #✄✟ & ( ❁ ➧✁ #✔( ⑩ & (
✟ &✗☎✔✑ & ( ☛✔& ) & ☎ ✟✡✂✓❄✔ ✞✟✡✠ !☛# ⑩ & ❂  ✝ ☎  #✓✝ ✠ & # ✑ ! ❋☛& # ☛✁& ⑩ ✌✎✣✗D✄✂  ✞✟✡✠ !☛# ➩ ✾ ❁ ✽ ➫ & ( ✟ ☛✔! #✔#✓✣ )  ☎

L =

∫ ∞

−∞

[

β2(z)

2
|ψt|2 +

γ(z)

2
|ψ|4 +

i

2
(ψ∗ψz − ψψ∗

z)

]

dt. ➩ ✾ ❁ ➎ ➫
➍ # ✤✍❷✔! ✠ (✔✠ ( (  # ✟ ⑩  ❙ ! #✓✤✗✟✔✠ !☛# ☛✍✌✄& ( (  ✠ ➩ ) ! ✂✓☎✒ )✔)✓☎ ! ✤ ❷✁& ☎ ⑩  ✆( !✖⑩✕✂✆✟✡✠ !☛# ➫ ( ! ✂✔( ⑩  ❙ ! ☎✔✑ &

f = Aexp

[

−(t − p)2

w2
+ i

c

2
(t − p)2 − id(t − p) + if

]

, ➩ ✾ ❁ ⑥ ➫
&✗✟ & # (✔✂✆❄✆✟✡✠ ✟✡✂  # ✟ ⑩  ❙ !☛#✆✤✗✟✡✠ !☛#

f
☛  #✔( ⑩ ✌ ✣ D✄✂  ✟✡✠ ! # ➩ ✾ ❁✎➎ ➫ ✩ #✔! ✂✔( ! ❄✆✟ & #✔!☛#✁( ⑩  ❙ !☛#✓✤ ✟✡✠ ! #

L(✔✂✓✠ ⑨  # ✟ & ➽

L =

√
π

2
√

2
β2(z)A2

(

1

w
+

w3c2

4
+ wd2

)

+

√
π

4
γ(z)wA4 −

√
π

8
√

2
A2w3ċ

−
√

πA2w√
2

(ḟ + dṗ) − A2w2
(

β2(z)cd − cṗ − ḋ
)

, ➩ ✾ ❁ ➒ ➫
! ➭ ⑩ & ( ✟ & ☎✥✑ & (✒) ! ✠ # ✟✡✣ (✒( ! #✄✟ ⑩ & ( ☛✆✣ ☎✔✠ ⑨ ✣ & ( )  ☎ ☎  )✔) ! ☎ ✟✁✭

z ❁
❂ & (✁✣✗D✄✂  ✞✟✡✠ !☛#✔( ⑨  ☎✔✠  ✞✟✡✠ !☛#✔#✁& ⑩✞⑩ & ( ( !☛#✄✟ & #✔(✔✂✆✠✕✟ & ☛✔!☛#✁#✓✣ & ( ✻ ✼ ⑦ ✩ ✼ ✼ ✿ )  ☎ ⑩  ☎ & ⑩  ✞✟✡✠ !☛#

∂L

∂X
− d

dz

(

∂L

∂Ẋ

)

=

∫ ∞

−∞

ΞR
∂f ∗

∂X
+ cc, ➩ ✾ ❁ ➓ ➫

 ⑨☛&✗✤
X = A,w, p, c, d, f ❁ ➍ # ☎ & ✑ ) ⑩  ✞➉  # ✟

ψ
)  ☎ ⑩  ❙ !☛#✓✤ ✟✡✠ ! # ☛✍✌ & ( (  ✠ ☛  #✁( ⑩ ✌✎✣✗D ✂✔ ✞✟✡✠ !☛#

➩ ✾ ❁ ✾ ➫ ➩ ψ = f ➫ & ✟  )✆☎ ❸ ( ✠ #✄✟✔✣ ✝ ☎  ✞✟✡✠ !☛# ☛✔& ⑩ ✌ ✣ D✄✂  ✞✟✔✠ !☛# ➩ ✾ ❁ ➓ ➫ #✔! ✂✔( ! ❄✆✟ & #✔! #✔( ⑩ & ( ✣✗D✄✂  ✞✟✡✠ !☛#✔(
⑨  ☎✥✠  ✞✟✔✠ ! #✔#✔& ⑩✞⑩ & ( (✔✂✓✠ ⑨  # ✟ & ( ❁

Ȧ =
β2

2
Ac − β3

2
Acd − α

2
A,

ṗ = −β2d +
β3

8

(

4

w2
+ w2c2 + 4d2

)

,

ẇ = −β2wc + β3wcd,

ċ = β2

(

c2 − 4

w4

)

+ β3d

(

4

w4
− c2

)

− γA2

√
2

w2
,

ḋ = 0,

ḟ = β2

(

1

w2
− d2

2

)

+ β3

(

w2c2d

8
− d

2w2
+

d3

3

)

− γ
5
√

2

8
A2.
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ψ
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Q =

∫ ∞

−∞

|ψ|2 dx, ➩ ✾ ❁✎✼ ➫
P =

1

2

∫ ∞

−∞

(ψψ∗
x − ψ∗ψx) dx,

I1 =

∫ ∞

−∞

x |ψ|2 dx,

I2 =

∫ ∞

−∞

(x − x0)
2 |ψ|2 dx,

I3 =

∫ ∞

−∞

(x − x0) (ψ∗ψx − ψψ∗
x) dx, ➩ ✾ ❁ ➼ ➫
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⑨ & " ✟ ! ➽

iψt +
D

2
ψxx + |ψ|2 ψ = −ν |ψ|4 ψ + iδψ + iβψxx + iǫ |ψ|2 ψ + iµ |ψ|4 ψ ≡ R[ψ],➩ ✾ ❁ ✽ ➪ ➫
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dQ

dt
= i

∫ ∞

−∞

(ψR∗ − ψ∗R)dx,

dP

dt
= −i

∫ ∞

−∞

(ψxR
∗ − ψ∗

xR)dx,

dI1

dt
= iDP + i

∫ ∞

−∞

x(ψR∗ − ψ∗R)dx,
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dI2

dt
= −iDI3 + i

∫ ∞

−∞

(x − x0)
2(ψR∗ − ψ∗R)dx,

dI3

dt
= 2P

dx0

dt
+ i

∫ ∞

−∞

(2D |ψ|2 − |ψ|4)dx

+2i

∫ ∞

−∞

(x − x0)(ψxR
∗ − ψ∗

xR)dx + i

∫ ∞

−∞

(ψR∗ − ψ∗R)dx. ➩ ✾ ❁ ✽ ✽ ➫
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ψ
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Λ ≡
∫ +∞

−∞

|q|2 dt =

∫ +∞

−∞

|ψ − f(X1, X2, X3, ..., XN , t)|2 dt. ➩ ✾ ❁ ✽ ⑥ ➫
❂ # !✓✠✞⑨☛#  ✂ ☛✔# ✤ #✗✟✔✟ # ✣ !✔# ☎✥✝ ✠ # ( # ☎ ✟  ✂✔( (✥✠✓✤ % ✑✖✑ # ✑ # (✔✂✓☎ # ☛✁# ⑩  '✓☎✔✣✗✤ ✠ (✥✠ %☛! ☛✁# ⑩  ✁❙ %☛!✓✤✗✟✔✠ %☛! ☛✍✌ # ( ✫
(  ✠

f
✤✍❷✔% ✠ (✔✠ # ❁ ❂ ✌ ✣ !✁# ☎✔✝ ✠ # ☛✓✂ ✤ ❷✔ ✑ ' ☎✔✣ (✔✠✕☛✓✂✔# ⑩ ✩

Λ
✩ ☛✁% ✠✕✟ ☛✔% !✓✤ ➊✗✟✔☎ #✥(✔✂ ❏ (  ✑ ✑ # !✄✟ ' # ✟✡✠ ✟ # ✩✠'  ✞☎

☎  '✔' % ☎✥✟ ✭ ⑩ ✌ ✣ !✁# ☎✔✝ ✠ #✁✟ % ✟  ⑩ # ☛✁# ⑩ ✌✎✠✕✑ '✓✂ ⑩ (✥✠ %☛!✍✩ ' % ✂✓☎ ☛✔% !✔!✔# ☎ ✂✔! ( # !✁( ' ❷ ❋ (✥✠✒G✄✂✔#  ✂ ● ✤ %✠% ☎✔☛✁%☛! ✫
!✓✣ # ( ✤ %✖⑩✞⑩ #✗✤✗✟✡✠ ⑨☛# ( ❁ ❂ # ( ✤ % !✄✟✡☎  ✠ ! ✟ # ( ☛✁% ✠✞⑨☛# !✄✟ % ❄ ⑩✕✠✒✝☛#✗☎ ⑩ # (✁✤ %✠% ☎✥☛✔%☛!✔!✆✣ # ( ✤ %✖⑩✞⑩ # ✤ ✟✡✠ ⑨☛# ( ✭ ✣ ⑨☛%✖⑩✒✂✔#✗☎
(✔✂✓✠ ⑨  ! ✟ ☛✁# ( ☛✓✠✒☎ # ✤✗✟✔✠ % !✔( '✆☎✔✣ ✤✗✠ ( # ( G✄✂✓✠ ✑✖✠ !✓✠✕✑ ✠ ( # ! ✟ ⑩ ✌ ✣ !✁# ☎✔✝ ✠ # ☛✓✂ ✤✍❷  ✑ ' ☎✔✣ (✔✠✒☛✆✂✔# ⑩ ✟ % ✂✆✟  ✂
⑩ %☛!✆✝ ☛✁# ⑩  ☛✆❋✠!  ✑ ✠✒G✄✂✔# ❁ ➐  ✞✟✡❷✓✣✗✑  ✟✡✠✕G ✂✁# ✑ # !✄✟ ✩ ' % ✂✆☎ ✂✔!✁# ❙ % !✓✤✗✟✔✠ %☛! ✭ ' ⑩✒✂✔(✥✠ #✗✂✓☎ ( ⑨  ✞☎✔✠  ✞❄ ⑩ # (
Λ
✩ ⑩  ✑ ✠ !✓✠✕✑ ✠ (  ✟✡✠ % ! ( # ✟✡☎  ☛✓✂✓✠ ✟✒'  ✞☎

dΛ =
∂Λ

∂X1

dX1 +
∂Λ

∂X2

dX2 +
∂Λ

∂X3

dX3 + ... +
∂Λ

∂XN

dXN ≈ 0, ➩ ✾ ❁✕✽ ➒ ➫
✑  ✞✠ ( ' % ✂✓☎ ☛✔# ( ⑨  ☎✔✠  ❄ ⑩ # (

Xj

✠ !✓☛✓✣ ' # !✓☛  !✄✟ # ( ✩ !✔% ✂✁(  ✏⑨☛%☛!✔(

C1j =
dΛ

dXj

≈ 0. ➩ ✾ ❁✕✽ ➓ ➫
❂ # ( ✣✗G✄✂  ✞✟✡✠ %☛!✔( ➩ ✾ ❁✕✽ ➎ ➫ ✩ ➩ ✾ ❁✕✽ ⑥ ➫ # ✟ ➩ ✾ ❁ ✽ ➓ ➫ ✤ %☛!✓☛✓✂✓✠ ( # !✄✟  ⑩ % ☎ (  ✂ '✓☎ #✗✑✖✠ # ☎ ✝ ☎ % ✂✔' # ☛✔#

✤ %☛! ✟✡☎  ✞✠ ! ✟ # ( ' % ✂✓☎ ⑩ # ( ⑨  ☎✥✠  ❄✕⑩ # (
Xj

✩

C1j =

∫ +∞

−∞

ℜ[q f ∗
Xj

] dt ≈ 0, j = 1, N. ➩ ✾ ❁✕✽ ⑦ ➫
❂ # (✥❋ ✑ ❄ %✖⑩ # ℜ ✠ !✆☛✓✠✒G✄✂✔# G✄✂✍✌ ✠ ⑩ (✗✌  ✞✝ ✠✕✟✖☛✔# ⑩  '  ☎ ✟✡✠ # ☎✔✣ # ⑩✞⑩ # ❁ fXj

☎ # '✓☎✔✣ ( # !✄✟ # ⑩  ☛✓✣✗☎✔✠ ⑨ ✣ # ☛✔#
⑩  ❙ % !✓✤✗✟✔✠ %☛!

f
'  ☎ ☎  '✔' % ☎ ✟ ✭ ⑩  ❭ ❭ Xj

#✗✟
f ∗

Xj

# (✥✟ ⑩ # ✤ %☛! ➑✥✂✆✝ ✂✓✣ ☛✁#
fXj
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% ☎✔☛✔% !✔!✓✣ # ( ✤ % ⑩ ⑩ #✗✤✗✟✔✠✞⑨☛# ( # (✥✟ ❄  (✥✣ # (✥✂✓☎ ⑩  ✟✡❷✓✣ % ☎✔✠ # ☛✁# ② ✠✒☎  ✞✤ ☛✔# ( ( ❋✠(✥✟✡❸✗✑ # ( ☛✆❋✠!  ✞✑✖✠✕G ✂✁# ( ( % ✂✁(
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'  ( ➊ ✟✡☎ # ✑✖✠ ( # ✭ ➷ ✣ ☎ %  ⑨  !✄✟ ☛✍✌✄ ⑨☛% ✠✒☎ #✗✴ # ✤✗✟✔✂✓✣ ✟ % ✂✆✟ # ( ⑩ # ( ⑨  ☎✔✠  ✞✟✡✠ %☛!✔( ☛✔# ✤ # ✟✔✟ # G✄✂  ! ✟✡✠ ✟✡✣ '  ☎
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Xj(z = 0)
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! '
z = 0 ❁ ➍ ' "✔✂✔(✁( #☛" ) ' ✟ ⑩ !☞✤ ❷✔) ✑ (

ψ(z = 0, t)
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[X(0), q(0, t)]
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C1j (X1, X2, X3, ..., XN , z 6= 0) ≈ 0
✩ "✥✠
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C2j =
dC1j

dz
≈ 0. ➩ ✾ ❁ ✽ ✼ ➫
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C2j = −
∫ +∞

−∞

ℜ[f ∗
Xj

qz] dt −
N

∑

k=1

Ẋk

∫ +∞

−∞

ℜ[f ∗
XjXk

q] dt. ➩ ✾ ❁ ✽ ➼ ➫
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ψ
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f + q
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qz + i
β2(z)

2
qtt −

β3(z)

6
qttt − iγ(z) |f + q|2 q +

α(z)

2
q =

−
N

∑

j=1

ẊjfXj
− i

β2(z)

2
ftt +

β3(z)

6
fttt + iγ(z) |f + q|2 f − α(z)

2
f, ➩ ✾ ❁ ✾ ➪ ➫

❭ ! ✟✔✟ ! ✣ P✄✂ )✞✟✔✠ #☛' '✍✌ ! " ✟ ( ) " " #✖⑩✕✂✓❄ ⑩ ! ) ' ) ⑩✕❋✄✟✡✠✕P ✂✁! ✑ ! ' ✟ ✩✁! ' ☎ ) ✠ " #☛' ☛✔! " ) ✤ # ✑ ( ⑩ ! ●✆✠ ✟✡✣ ❁ ❭ ! ✫( ! '✓☛✔) '✄✟ ✩ ⑩ # ☎ "✔P✄✂✔! ⑩ ! ✤✍❷ )✞✑ (
q
! " ✟ ❙ ) ✠✕❄ ⑩ !✗✑ ! ' ✟ ✤ # ✂✁( ⑩✒✣ )✞✂ ● ✤ #✠# ☎✔☛✔#☛'✁'✓✣ ! "✁✤ #✖⑩ ⑩ ! ✤✗✟✔✠✞⑨☛! " ✩✆✠ ⑩ ! " ✟

( #☛" "✥✠✒❄ ⑩ ! ☛✁! ⑩✒✠ '✓✣ )✞☎✔✠ " !✗☎✏✤ !✗✟✥✟ ! ✣✗P ✂✔)✞✟✡✠ #☛' ➩ ✾ ❁ ✾ ➪ ➫ !✗✟✆# ❄✆✟ ! '✓✠✕☎ ✂✁'✔! ! ● (✓☎ ! " "✔✠ #☛' ) (✔(✆☎ # ✤✍❷✓✣ ! ☛✓✂
✤ ❷✔) ✑ (☞☎✔✣ "✔✠✕☛✓✂✔! ⑩ ✻ ➼ ➪ ✿ ❁
i j k✁j i l m n o p q r s t n u r n v w u w s p t w x y r r z✆t r s s { w x y r | | w y p q v w x

❂ ! " ✤ #☛'✄✟✔☎ ) ✠ '✄✟ ! " ✣✗✟ ) '✄✟ ✣✗✟ ) ❄ ⑩✕✠ ! " ☛ ) '✁" ⑩ ! " ✣✗P✄✂ )✞✟✔✠ #☛'✔" ➩ ✾ ❁ ✽ ➓ ➫ ! ✟ ➩ ✾ ❁✕✽ ✼ ➫ ✩ '✔# ✂✔" ) ⑩ ⑩ #☛'✔" ✑ )✞✠ ' ✫
✟ ! ' ) '✄✟ ☛✓✣ ✟ ! ☎✥✑✖✠ '✔! ☎ ⑩ ! " ✣ P✄✂ )✞✟✔✠ #☛'✁" ☛✆✂ ✑ # ✂✕⑨☛! ✑ ! ' ✟ ☛✔! " ✤ #✠# ☎✔☛✁#☛'✔'✓✣ ! " ✤ #✖⑩✞⑩ ! ✤ ✟✡✠ ⑨☛! " ❁ ❂ ! " ✣✗P✄✂ ) ✫



➒ ➓ ⑧ ⑨ ⑩ ❶ ❷ ❸ ❹ ❻ ❼✆❽ ✯ ❾ ❸ ⑨ ❿ ➀✓❻ ➀✓❻✡➁ ➂ ❿ ❿ ❹ ➀✓❿ ➄✓➄ ❾ ❻✡➁ ➂✗❿ ➅✒➅ ❻ ➂ ❸ ❷ ➆ ❻✡➁
✟✡✠  !✔# ☛✓✂☞✑  ✂✕⑨☛%✗✑ % !✄✟ ☛✔% # ✤  ✠ ☎✔☛✁ ☛!✔!✓✣ % # ✤  ✖⑩✞⑩ % ✤ ✟✡✠ ⑨☛% # ( % ✂✕⑨☛% !✄✟ #✗✌✄ ❄ ✟ % !✆✠✒☎ % ! ✂✆✟✡✠✞⑩✒✠ # * !✄✟ ☛✓✠✕☎ %✗✤ ✫
✟ % ✑ % !✄✟ ⑩ * ☛✔% ✂ ● ✠✞❸ ✑ % ✤  !✄✟✡☎ * ✠ ! ✟ % ➩ ✣ J✄✂ *✞✟✔✠  ☛! ➩ ✾ ❁✕✽ ➼ ➫✔➫ * ✠ !✁#✔✠ % ! ❋ ☎ %✗✑ ( ⑩ * ➉ * !✄✟

qz

( * ☎ #  ☛!
% ● (✓☎ % # #✔✠  ☛! ➩ ✾ ❁ ✾ ➪ ➫ ✩✔ !  ❄✆✟✔✠ % ! ✟ * ⑩  ☎ #

C2j = 2
N

∑

k=1

[
∫ +∞

−∞

ℜ[fXk
f ∗

Xj
]dt −

∫ +∞

−∞

ℜ[q f ∗
XjXk

]dt

]

Ẋk

+β2

∫ +∞

−∞

ℜ[i f ∗
Xk

ftt]dt − β3

∫ +∞

−∞

ℜ[f ∗
Xk

fttt]dt

−2γ

∫ +∞

−∞

ℜ[i f ∗
Xk

|f + q|2 f ]dt + α

∫ +∞

−∞

ℜ[f ∗
Xk

f ]dt

+β2

∫ +∞

−∞

ℜ[i f ∗
Xk

qtt]dt − β3

∫ +∞

−∞

ℜ[f ∗
Xk

qttt]dt

−2γ

∫ +∞

−∞

ℜ[i f ∗
Xk

|f + q|2 q]dt + α

∫ +∞

−∞

ℜ[f ∗
Xk

q]dt. ➩ ✾ ❁ ✾ ✽ ➫
②✥% ✑ ➊ ✑ % ✩ % ! %✗✴ % ✤ ✟✡✂ * !✄✟ ⑩ * ✑ ➊ ✑ %  ☛( ✣✗☎ *✞✟✔✠  ☛! (  ✂✓☎

j = 1, 2, ..., N
✩  ☛!  ❄✆✟✡✠ % ! ✟ ⑩ ✌✎✣✗J ✂✔* ✫

✟✡✠  !☞✑ *✞✟✡☎✥✠✒✤✗✠ % ⑩✞⑩ %✞#✔✂✆✠✞⑨ * ! ✟ % J✄✂✓✠ # ✌ ✣ ✤✗☎✔✠✕✟ ❙  ☎✔✑ % ⑩✞⑩ % ✑ % !✄✟

[C2] =

[

∂C1

∂X

]

[

Ẋ
]

+ [Γ] , ➩ ✾ ❁ ✾ ✾ ➫
 ➭ ⑩ % # ☛✓✠✕✴ ✣ ☎ % ! ✟ % # ✑ *✞✟✡☎✥✠✒✤ % # ✤  ✖⑩  !✔!✔% #✒# % (✓☎✥✣ # % ! ✟ % ! ✟ ☛✔% ⑩ * ✑ * !✓✠ ❸✗☎ %✞#✔✂✓✠ ⑨ * ! ✟ %

[

C2

]

≡

















C21

C22❁❁❁
C2N

















,
[

Ẋ
]

≡

















Ẋ1

Ẋ2❁❁❁
ẊN

















,
[

Γ
]

≡

















Γ1

Γ2❁❁❁
ΓN

















. ➩ ✾ ❁ ✾✞➎ ➫

❂ % # ✣ ⑩✕✣ ✑ % ! ✟ # ☛✔% ✑ *✞✟✡☎✥✠✒✤ %
Γk

#  ☛!✄✟✁☛✔ !✔!✓✣ # (✔* ☎ ➽

Γk = β2

∫ +∞

−∞

ℜ[i f ∗
Xk

ftt]dt − β3

∫ +∞

−∞

ℜ[f ∗
Xk

fttt]dt − 2γ

∫ +∞

−∞

ℜ[i f ∗
Xk

|f + q|2 f ]dt

+α

∫ +∞

−∞

ℜ[f ∗
Xk

f ]dt + β2

∫ +∞

−∞

ℜ[i f ∗
Xk

qtt]dt − β3

∫ +∞

−∞

ℜ[f ∗
Xk

qttt]dt
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−2γ

∫ +∞

−∞

ℜ[i f ∗
Xk

|f + q|2 q]dt + α

∫ +∞

−∞

ℜ[f ∗
Xk

q]dt. ➩ ✾ ❁ ✾ ⑥ ➫
❂  ✑  ✞✟✔☎✔✠✕✤ ! [

∂C1

∂X

] ! "✥✟✁☎ ! #✆☎✔✣ " ! $ ✟✡✣ !✓#  ☎ ➽

[

∂C1

∂X

]

≡

















∂C11

∂X1

∂C11

∂X2

· · · ∂C11

∂XN

∂C12

∂X1

∂C12

∂X2

· · · ∂C12

∂XN❁❁❁ ❁❁❁ ❁ ❁ ❁ ❁❁❁
∂C1N

∂X1

∂C1N

∂X2

· · · ∂C1N

∂XN

















, ➩ ✾ ❁ ✾ ➒ ➫

!✗✟✁✤ ! "✁✣ ⑩✕✣ ✑ ! $ ✟ " ✑  ✞✟✔☎✔✠✕✤ ✠ ! ⑩ " " &☛$ ✟✁☛✔&☛$✔$✆✣ " #  ☎
∂C1j

∂Xk

= 2

∫ +∞

−∞

ℜ[fXk
f ∗

Xj
]dt − 2

∫ +∞

−∞

ℜ[q f ∗
XjXk

]dt. ➩ ✾ ❁ ✾ ➓ ➫
❂ & ☎ "✔P✄✂✔! j = k

☛  $✁" ✤ !✗✟✥✟ ! ✣✗P✄✂  ✞✟✔✠ &☛$ ➩ ✾ ❁ ✾ ➓ ➫ ✩ ⑩ ! ✟ !✗☎✔✑ !
2
∫ +∞

−∞
|fXk

|2 dt
# ! ✂ ✟ ➊ ✟✡☎ !

 " "✥✠✒✑ ✠ ⑩✕✣ ✭ ⑩  ✑  " " ! ☛✓✂ " &✖⑩✒✠ ✟ &☛$ "✥✂✓✠✞⑨  $✄✟ ⑩  ☛✓✠✒☎ ! ✤ ✟✡✠ & $
Xk ❁ W ✂✔ $✄✟☞✭

Γk

✩ ✠✞⑩ ☛✓✣✗✤ ☎✔✠ ✟ ✂✔$✁!
❙ & ☎✔✤ ! P✄✂✓✠ ✠ $✓☛✓✠✕P✄✂✔! ⑩ ✌✄ ✤ ✟✡✠ & $☞☛✔! ⑩  ☛✓✠ " # ! ☎ "✔✠ & $✍✩ ⑩  $✔&☛$ ⑩✒✠ $✓✣  ☎✔✠ ✟✔✣ ✩ ⑩ ! "✒# ! ☎ ✟ ! " ! ✟✥ ✂✆✟✔☎ ! " ! ✴ ! ✟ "
☛  $✔" ⑩  ✑✖➊✗✑ ! ☛✓✠✕☎ !✗✤✗✟✡✠ &☛$

Xk ❁ ❂ ! ✑ & ✂✕⑨☛! ✑ ! $ ✟ ☛✔! " ✤ &✠& ☎✥☛✔&☛$✔$✓✣ ! " ✤ &✖⑩✞⑩ !✗✤✗✟✡✠ ⑨☛! "✒! "✥✟✥! $✓✝☛! $✓☛✓☎✔✣#  ☎ ⑩ ✌ ! $✁" ! ✑ ❄✕⑩ ! ☛✁! " ✤ ! " ❙ & ☎✔✤ ! "
Γk (k = 1, 2, ..., N) ❁ ➍ $✆❡ $ ✩ # & ✂✓☎✓& ❄✆✟ ! $✓✠✒☎ ⑩ ! " ✣✗P ✂✔ ✞✟✡✠ &☛$✔"

☛✓✂ ✑ & ✂✕⑨☛!✗✑ ! $✄✟ ☛✔! " ✤ &✠& ☎✥☛✔&☛$✔$✓✣ ! "✁✤ &✖⑩✞⑩ ! ✤ ✟✡✠ ⑨☛! "
X1, X2, ..., Xk

&☛$☞✂✆✟✡✠✞⑩✒✠ " ! ⑩ ✌ ✣✗P ✂✔ ✞✟✡✠ &☛$ ✑  ✟✡☎✔✠ ✫
✤ ✠ ! ⑩ ⑩ ! ➩ ✾ ❁ ✾ ✾ ➫ ✩ ☛  $✔" ⑩  P✄✂✔! ⑩✞⑩ !  #✔#  ☎  ✠ " " ! $✄✟ ! ● # ⑩✒✠✕✤ ✠ ✟ ! ✑ ! $ ✟ ⑩ ! "✓" ! ✤ &☛$✓☛✔! " ✤ &☛$ ✟✡☎  ✞✠ $✄✟ ! " ☛  $✔"
⑩ ! ✑ !✗✑ ❄✓☎ ! ☛✔! ✝  ✞✂✓✤✍❷✔! ✩✔! ✟✒& $  ☛✁&☛#✆✟ ! ⑩  #✓☎ & ✤✗✣ ☛✓✂✓☎ ! ☛✔! ② ✠✒☎  ✤ ✻ ➼ ➓ ✿ ✩✁! $ # &☛"  $ ✟ ⑩ ! ✟ ! ☎✔✑ ! ☛✔!
✤ &☛$ ✟✡☎  ✠ $ ✟ !

C2

✭ ➷✗✣ ☎ & ☛  $✁" ✤ !✗✟✔✟ !✁✣ P✄✂  ✟✡✠ & $ ➩ ✾ ❁ ✾ ✾ ➫ ✩ ✤ !✁P✄✂✓✠ ☛✔&☛$✔$✔! ❡ $  ⑩ ! ✑ ! $✄✟ ⑩ ! " ✣✗P ✂✔ ✞✟✡✠ &☛$✔"
☛✓✂ ✑ & ✂✕⑨☛! ✑ ! $ ✟✁☛✔! "✁✤ &✠& ☎✔☛✔&☛$✁$✓✣ ! "✁✤ &✖⑩✞⑩ ! ✤ ✟✡✠ ⑨☛! " ✤✗✠ ✫  #✓☎ ❸ " ➽

[

Ẋ
]

= −
[

∂C

∂X

]−1

[Γ] . ➩ ✾ ❁ ✾ ⑦ ➫
h &✠! "✥✤ ❷ ! ✟✁✤ &✖⑩✞⑩  ✞❄ & ☎  ✟ ! ✂✆☎ " ✻ ➼ ➪✞✿ &☛$✄✟ ✑ &☛$✄✟✔☎✔✣ "✥✂✓☎ ✂✔$ ✑ & ☛✕❸ ⑩ ! ☛✔! ✤✍❷  ✠ $✔! " ☛✍✌✄ ✞✟ & ✑ ! " ✤ & ✂✔# ⑩✕✣ "
❷  ☎✥✑ &☛$✆✠✒P✄✂✔! ✑ ! $✄✟ ✩✆P✄✂✔! ⑩ ! " ✣✗P ✂✔ ✞✟✡✠ &☛$✔" ☛✍✌ ✣ ⑨☛& ⑩✒✂✆✟✔✠ &☛$☞☛✁! "✁✤ &✠& ☎✔☛✔& $✔$✓✣ ! " ✤ &✖⑩✞⑩ ! ✤ ✟✡✠ ⑨☛! " & ❄ ✟ ! $✄✂✔! "
#  ☎ ⑩ ✌  #✔# ⑩✕✠✒✤  ✞✟✔✠ &☛$ ☛✁! " ✤ & $✄✟✡☎  ✠ $ ✟ ! "✆# ! ✂ ⑨☛! $✄✟ ➊✗✟✡☎ ! & ❄ ✟ ! $✄✂✔! " ☛✔! ✑  $✆✠ ❸✗☎ ! # ⑩✕✂✔"✆! ●✁# ✣✗☛✓✠✕✟✔✠✞⑨☛!
! $ ✂ ✟✡✠ ⑩✕✠ "  $✄✟ ✂✔$ &☛# ✣✗☎  ✞✟ ! ✂✓☎ ☛✔! #✓☎ & ➑ ! ✤ ✟✡✠ &☛$ ❁ ❭ !✗✟✥✟ ! ✑ ✣✗✟✡❷✁& ☛✔! ☛✔! " &☛# ✣ ☎  ✞✟ !✗✂✓☎ "✁☛✔! #✓☎ &✞➑ !✗✤✗✟✔✠ &☛$
 ✣✗✟✡✣ ! $✔"✥✂✓✠✕✟ ! ✣✗✟ ! $✓☛✆✂✔!  ✂ #✓☎ & ❄ ⑩ ❸✗✑ ! ☛✔! ⑩  ☛✆❋✠$  ✑ ✠✕P ✂✁! ☛✁! " ✠✒✑ #✓✂ ⑩ "✔✠ & $✔" ☛  $✔" ⑩ ! " ❡ ❄✓☎ ! "
&☛#✆✟✔✠✒P✄✂✔! " ✻ ✼ ➒ ✿ ❁ ❂  #✓☎ & ✤✗✣ ☛✓✂✓☎ ! ✤ &☛$✁"✔✠ " ✟ ! ✭ #✓☎ & ➑ ! ✟ ! ☎ ⑩ ✌ ✣ P✄✂  ✞✟✔✠ &☛$ ➩ ✾ ❁ ✾ ➪ ➫ ☛  $✁" ⑩  ☛✓✠✒☎ ! ✤ ✟✡✠ & $
"✔✂✓✠ ⑨  $ ✟ ! ☛✔! ⑩ ✌ &☛# ✣✗☎  ✞✟ ! ✂✓☎ ☛✔! #✓☎ &✞➑ !✗✤✗✟✔✠ &☛$☞✤ & ✑ #✕⑩ ! ● !

Pk

☛✔&☛$✁$✓✣ #✔ ☎ ➽

Pk = ℜ
∫

∂f ∗

∂Xk

dt, ➩ ✾ ❁ ✾ ✼ ➫
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✤ ✌  !✥✟ ✫ ✭ ✫ ☛✓✠✕☎  ✩ ✭ ✑ ✂ ⑩ ✟✡✠ " ⑩ ✠  ☎ ✤  ✗✟✥✟  ✣✗G ✂✔$✞✟✡✠ %☛' " $ ☎ ⑩  "✓☎ % ➑  ✤ ✟  ✗✂✓☎
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∂C0
1
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[Γo] , ➩ ✾ ❁ ✾ ➼ ➫
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Γo
k = β2

∫ +∞

−∞

ℜ[i f ∗
Xk

ftt]dt − β3

∫ +∞

−∞

ℜ[f ∗
Xk

fttt]dt

−2γ

∫ +∞

−∞

ℜ[i f ∗
Xk

|f |2 f ]dt + α

∫ +∞

−∞

ℜ[f ∗
Xk

f ]dt, ➩ ✾ ❁✎➎ ➪ ➫
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 ✗✟

∂Co
1j

∂Xk

= 2

∫ +∞

−∞

ℜ[fXk
f ∗

Xj
]dt. ➩ ✾ ❁✎➎✆✽ ➫
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②✥, -✔/☛1 ➑ / ✂✆☎ 1 ⑩ 2 ✑ ✠ 1 , , - 3✕⑩ 2 ✤ , ☛✁, 1 1 ❋✠1✥✟✡❸✗✑ , 1✏☛✔, ✤ / ✑ ✑ ✂✁-✓✠✒✤ 2✞✟✡✠ /☛- ✭ ✟✡☎✄❸ 1 ❷ 2 ✂ ✟ ☛✓✣✗❄✓✠✕✟
☎ , V✄✂✓✠ , ☎ ✟ , - 2 ✑ /☛- ✟ ☛✔, 1 3✓☎ / ✤✗✣ ☛✓✂✆☎ , 1 ☎ , ⑩ 2✞✟✔✠✞⑨☛,✗✑ , -✄✟ ✤ / ✑ 3 ⑩ , ●✁, 1 ,✗✟ ✤ / ✂✆✟ , ✂✁1 , 1 ✻ ➼ ➼ ✿ ✩ V✄✂✓✠ ✤ / ✑ ✫
3✓☎ , -✔-✔, - ✟ 3 ⑩✕✂✔1✔✠ , ✂✓☎ 1 ✣ ✟ 2 3 , 1 ✠ -✄✟ , ☎✔✑ ✣ ☛✆✠ 2 ✠ ☎ , 1 ✠ -✓✤ ⑩✒✂ 2 - ✟ ☛✔, 1 ✣ ✟✡✂✓☛✔, 1 2 - 2 ⑩ ❋✄✟✡✠✒V✄✂✔, 1 ✻ ➼ ✽ ✩ ✼ ➓ ✿ ✩ ☛✔, 11✔✠✒✑ ✂✕⑩ 2✞✟✔✠ / -✔1 - ✂✓✑ ✣ ☎✥✠✒V✄✂✔, 1 ✑ 2 1 1✥✠✞⑨☛, 1 ✻ ✽ ➪ ➪ ✩ ✽ ➪✆✽✗✿ ✩ ☛✔, 1 , ● 3 ✣ ☎✔✠✕✑ , -✓✤ , 1 ☛✔, ⑩ 2✞❄ / ☎ 2✞✟ / ✠✕☎ , ✻ ✽ ➪ ✾ ✩ ✽ ➪ ➎✞✿,✗✟✡✤

. . . ❁✓❭ , ✟✔☎ 2 ⑨ 2 ✠ ⑩ 3✓☎✔✣ ⑩✒✠✕✑✖✠ - 2 ✠ ☎ , , 1✥✟ ✤ 2 3✓✠ ✟ 2 ⑩ 3 / ✂✓☎ ☛✔, 1 ✠✒✑ 3✓✂ ⑩ 1✔✠ / -✔1 ✂ ⑩✕✟✔☎ 2✏✤ / ✂✓☎✥✟ , 1✗✩✆✤ 2 ☎ , ⑩ ⑩ , 1
-✓✣ ✤ , 1 1✔✠✕✟ , -✄✟ ⑩ ✌ , ✑ 3 ⑩ / ✠✆☛✍✌ ✂✔- -✔/ ✑ ❄✓☎ ,✒3 ⑩✕✂✔1 ✣ ⑩ , ⑨ ✣✁☛✔,✁✤ / ✑ 3 /☛1 2 -✄✟ 1 /☛3✆✟✔✠✒V✄✂✔, 1 ✻ ✽ ➪ ⑥ ✿ ❁ ❭ , 1 ✣✗✟✔✂✓☛✔, 13✓☎✔✣ 2 ⑩ 2✞❄ ⑩ , 1 3 ,✗☎✔✑ ,✗✟✥✟ , -✄✟ , - , ✴ , ✟ ☛✍✌✄2 ☛ 2 3✆✟ ,✗☎ ⑩ , 1✓3 2✞☎ 2 ✑ ❸✗✟✔☎ , 1✏☛✁, ⑩ ✌✎✠✕✑ 3✓✂ ⑩ 1✥✠ / - /☛3✆✟✔✠✒V✄✂✔, 2✞✂ ●
☛✓✠✕✴ ✣ ☎ , - ✟ 1 ✤ / ✑ 3 /☛1 2 -✄✟ 1 ☛✓✂ 1✥❋✠1✥✟ ❸ ✑ , ☛✔, ✤ / ✑ ✑ ✂✔-✓✠✕✤ 2✞✟✔✠ /☛- ☛✓✣ 1✥✠✒☎✔✣ ❁ ◗ 2 ☎ , ● , ✑ 3 ⑩ ,✞✩ ⑩ 2 ☛✓✣ ✟ , ☎ ✫
✑✖✠ - 2✞✟✔✠ /☛- ☛✔, ⑩ 2 ⑩ 2 ☎✔✝☛,✗✂✓☎ 1 3 ,✗✤✗✟✔☎ 2 ⑩ , ☛✔, 1 ❡ ⑩✕✟✔☎ , 1 / 3✆✟✡✠✕V ✂✁, 1 ➩ V✄✂✓✠ 3 ,✗☎✔✑ ,✗✟✔✟ , - ✟ ☛✔, ☎✔✣ ☛✆✂✓✠✒☎ , ⑩ ,
❄✓☎✔✂✓✠ ✟ ☛✍✌✄2 ✑ 3 ⑩✒✠ ❡ ✤ 2✞✟✡✠ /☛- ➫ ✩ -✓✣✗✤ , 1 1✔✠ ✟ , ✩ 3✔2 ☎ 2✏⑨ 2 -✆✤ , ✩ ⑩ 2 ✤ /☛-✁- 2 ✠ 1 1 2 -✆✤ , ☛✔, ⑩ 2 ⑩ 2 ☎✔✝☛,✗✂✓☎✥1 3 , ✤ ✟✡☎ 2 ⑩ ,
☛✔, ⑩ ✌ ✠✒✑ 3✓✂✕⑩ 1✔✠ / - ➩ V✄✂✓✠ , 1 ✟ ☛✆✣✗✟ ,✗☎✔✑ ✠ -✓✣ , 3 2✞☎✒1 2 ⑩ 2 ☎✔✝ , ✂✓☎ ✟ ,✗✑ 3 / ☎ , ⑩✞⑩ ,✞, ✟ 1 /☛- ✤✍❷✓✠✒☎ 3 ➫ ✻ ✽ ➪ ➒ ✿ ❁②✞2 -✔1 ✂✔- ✟ , ⑩ ✤ /☛-✄✟ , ● ✟ ,✞✩ ⑩ 2 ❡ 2 ❄✓✠✞⑩✒✠ ✟✔✣ ☛✔, 1 ☎✔✣ 1✔✂ ⑩ ✟ 2✞✟ 1✁V ✂✆✠ 3 , ✂ ⑨☛, -✄✟ ➊ ✟✡☎ ,✓/ ❄✆✟ , -✄✂✔1 ☛✔2 -✔1 ⑩ ✌✎✣ ✟ 2 3 ,
☛✔,✏✤ /☛-✓✤ , 3✆✟✔✠ /☛- ☛✔, 1✥1 ❋✠1✥✟✡❸✗✑ , 1 ☛✔, ✟✡☎ 2 -✔1✔✑ ✠ 1 1✔✠ / - / 3✆✟✡✠✕V ✂✁, 1 ✭ ❷ 2 ✂✆✟ ☛✆✣ ❄✓✠ ✟ ☛✔, ⑨ ✠ , - ✟ ✂✔-✁,✏V✄✂✔, 1 ✫
✟✡✠ / - 3 ⑩✒✂ ✟ ✯ ✟ ✤✗☎✔✂✓✤✗✠ 2 ⑩ , ✩✆V✄✂✓✠✍☛✓✣✗✟ , ☎✥✑✖✠ -✔, ☎ 2 ⑩ , ✤ / ✰✆✟ ❡ - 2 ⑩✍☛✓✂ 1 ❋ 1 ✟✡✣✗✑ , ❁ ◗ / ✂✓☎ ✤ /☛-✓✤ , ⑨☛/ ✠✒☎ ☛✔, ✟ , ⑩ 11✥❋✠1✥✟ ❸ ✑ , 1✒2✏⑨☛, ✤✞1✔✂✆✤ ✤ ❸ 1 ✩✓✠ ⑩ , 1✥✟ ☛✔/☛-✓✤✥-✓✣ ✤ , 1 1 2 ✠✒☎ , ☛✔, ☛✆✠ 1 3 / 1 , ☎ ☛✍✌ / ✂✆✟✔✠ ⑩ 1 ✟✡❷✆✣ / ☎✥✠✒V✄✂✔, 1 ❡ 2 ❄ ⑩ , 1 V✄✂✓✠
3 , ☎✔✑ ,✗✟✥✟ , -✄✟ ☛✔, ✤ 2 ☎ 2✞✤✗✟✡✣✗☎✔✠ 1 , ☎ ⑩ , 1 ✠✕✑ 3✆✂ ⑩ 1✥✠ /☛-✔1 ☛✍✌ ✂✔-✔, ❙ 2 ➉ /☛- ☎ , ⑩ 2✞✟✔✠✞⑨☛,✗✑ , -✄✟ 3✓☎✔✣✗✤ ✠ 1 , ❁ ❨ -✔/ ✟✡☎ ,
✤ /☛-✁- 2 ✠ 1 1 2 -✆✤ , ✩ ⑩ 2✞3✕⑩✒✂✔3 2✞☎✥✟ ☛✔, 1 / ✂✆✟✔✠ ⑩ 1 ✟✡❷✓✣ / ☎✔✠✕V✄✂✔, 1 V✄✂✓✠ /☛- ✟ ✣✗✟✡✣ ✂ ✟✡✠ ⑩✕✠ 1✔✣ 1 ➑✥✂✁1✔V✄✂✍✌✎✭ 3✓☎✥✣ 1 , -✄✟ 3 / ✂✓☎
✣ ⑨ 2 ⑩✒✂✔,✗☎ ⑩ , 1 3 2 ☎ 2 ✑ ❸✗✟✡☎ , 1 ⑩ , 1 ✑✖✠ , ✂ ● 2✞☛ 2 3✆✟✔✣ 1✏☛✔, ⑩ ✌✎✠✕✑ 3✓✂ ⑩ 1✥✠ /☛- /☛3✆✟✔✠✒V✄✂✔, 3 / ✂✓☎ ☛✔, 1 ⑩✕✠✒✝☛-✁, 1 ☛✔,
✤ / ✑ ✑ ✂✔-✓✠✕✤ 2✞✟✔✠ /☛-✁1 /☛3 ✟✡✠✒V✄✂✔, 1 3✓☎✔✣ 1✔✂✔3✔3 /☛1 , -✄✟ ❙ / -✓☛ 2 ✑ , - ✟ 2 ⑩ , ✑ , - ✟ V ✂✁, ⑩ , 3✓☎ /✞❡ ⑩ ☛✔, ⑩ ✌ ✠✒✑ 3✆✂ ⑩ 1✔✠ / -
, 1✥✟✥1✥❋ ✑✖✣ ✟✡☎✥✠✒V✄✂✔, ➩ ☛ 2 -✁1 ⑩ ,✏☛✔/ ✑ 2✞✠ -✔, ✟ ,✗✑ 3 / ☎ , ⑩ ,✗✟✥1 3 ,✗✤✗✟✔☎ 2 ⑩ ➫ ❁ ❭ , 3 , -✓☛ 2 -✄✟ ✩ 2 ✂ ✤ / ✂✓☎ 1 ☛✁, ⑩ ,✗✂✓☎
3✓☎ /☛3✔2 ✝ 2✞✟✔✠ /☛- ☛ 2 -✁1 ⑩ , 1 1✥❋✠1✥✟✡❸✗✑ , 1✁☛✔, ✟✔☎ 2 -✔1✥✑✖✠ 1 1✥✠ /☛-✔1 / 3✆✟✡✠✕V ✂✁, 1 ✩ ⑩ , 1 ✠✒✑ 3✓✂ ⑩ 1✔✠ / -✔1 ✂✕⑩✕✟✡☎ 2 ✫ ❄✆☎ ❸ ⑨☛, 1
1 /☛- ✟✆1 / ✂✓✑ ✠ 1 , 1 ✭ ☛✔, ❙ / ☎✥✟ , 1✓3 , ☎ ✟✡✂✓☎✥❄ 2✞✟✡✠ /☛-✔1 V ✂✆✠ 3 , ✂✕⑨☛, -✄✟ ✠ -✓☛✓✂✓✠✕☎ , ☛✁, 1 ☛✓✠ 1✥✟ / ☎ 1✔✠ /☛-✔1✓2 1 ❋ ✑ ✣ ✫
✟✡☎✔✠✕V✄✂✔, 1 ☛ 2 -✁1 ⑩ ,✗✂✓☎ 3✓☎ /✞❡ ⑩ ✟ ,✗✑ 3 / ☎ , ⑩ / ✂ 1 3 ,✗✤✗✟✔☎ 2 ⑩ ❁ ②✥, ✟ , ⑩ ⑩ , 1 3 ,✗☎✥✟✡✂✆❄ 2✞✟✡✠ /☛-✔1 3 ,✗✂✕⑨☛, - ✟ ➊✗✟✔☎ ,
✤ ☎✔✣ , , 1 3 2 ☎ ✤ , ☎ ✟ 2 ✠ -✔1 , ✴ , ✟ 1 ⑩✒✠ -✓✣ 2 ✠✕☎ , 1 ,✗✟ -✁/☛- ⑩✒✠ -✓✣ 2 ✠✕☎ , 1 ✠✒✑ 3 / ☎✥✟ 2 - ✟ 1 V✄✂✓✠ 1 /☛-✄✟ ✤ /☛-✔-✄✂✔1 ✤ / ✑ ✑ ,
☛✔, ✝ ✣ -✆✣ ☎ 2 ✟ , ✂✆☎ 1 3 / ✟ , - ✟✡✠ , ⑩ 1 ☛✔, ☛✓✠ 1 ✟ / ☎ 1✔✠ /☛-✔1 2 1✥❋ ✑✖✣ ✟✡☎✥✠✒V✄✂✔, 1 ☛ 2 -✔1 ⑩ , 3✓☎ / ❡ ⑩ ☛✔, 1 ✠✒✑ 3✓✂ ⑩ 1✔✠ / -✔1
☛ 2 -✔1 ☛✔, 1 1✥❋✠1✥✟ ❸ ✑ , 1 ☛✔,✁❡ ❄✓☎ , 1 /☛3✆✟✔✠✒V✄✂✔, 1 ❁ ②✥,✗✂ ● , ● ,✗✑ 3 ⑩ , 1 ❄✓✠ , - ✤ /☛-✔-✄✂✔1 ☛✔, ✤ , 1 ,✗✴ ,✗✟ 1 1 / -✄✟ ⑩ 2
☛✓✠ 1 3 , ☎ 1✥✠ /☛- ☛✍✌ / ☎✔☛✆☎ , ➎ ✻ ✽ ➪ ➓ ✿ , ✟ ⑩ ✌ ,✗✴ ,✗✟ ☛✍✌✄2 ✂✆✟ /✞✫ ☎ 2 ✠✒☛✆✠ 1 1 ,✗✑ , -✄✟ ✻✎➎ ⑦ ✿ ❁ ②✥2 -✔1 ✤ , ✤ /☛- ✟ , ● ✟ , ✠ ⑩ , 1 ✟
✠✒✑ 3 / ☎✥✟ 2 -✄✟ ☛✁, ☛✓✠ 1 3 /☛1 ,✗☎ ☛✍✌ / ✂✆✟✔✠ ⑩ 1 3 , ☎✥✑ , ✟✔✟ 2 -✄✟ ☛✔, ✤ 2 ☎ 2 ✤✗✟✔✣ ☎✔✠ 1 ,✗☎ ⑩ , 1 ✠✒✑ 3✓✂ ⑩ 1✔✠ / -✔1 2 1✥❋ ✑✖✣ ✟✡☎✥✠✒V✄✂✔, 1
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c
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√
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fA = exp

[

−(t − p)2

w2
+ i

c

2
(t − p)2 − id(t − p) + if

]

,

fp =

[

2
(t − p)

w2
− ic(t − p) + id

]

fs,

fw = −2
(t − p)

w3
fs,

fc =
i

2
(t − p)2fs,

fd = −i(t − p)fs,

ff = ifs. ➩ ✾ ❁ ➎ ⑥ ➫
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f ∗
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X22 = 2
w

+ 1
2
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Γ0

1 = −αAw,

Γ0
2 = −β2A

2

(

3d

w
+

3

4
w3c2d + wd3

)

−
√

2γA4wd

+β3A
2

(

1

w3
+

1

2
wc2 +

1

2
w3c2d2 +

1

16
w5c4 +

2d2

w

1

3
d4w

)

,

Γ0
3 = −αA2 − β2A

2c − β3A
2cd,

Γ0
4 = −β2

(

1

8
A2w − 3

32
A2w5c2 − 1

8
A2w3d2

)

+
γ

8
√

2
A4w3

+β3

(

3

32
A2w5c2 − 3

32
A2w5c2d − 1

24
A2w3d3

)

,

Γ0
5 =

β2

2
A2w3cd − β3

(

1

4
A2wc +

1

4
A2w3cd2 +

1

16
A2w5c3

)

,

Γ0
6 = β2

(

A2

w
+

1

4
A2w3c2 + A2wd2

)

+
√

2γA4w

−β3

(

A2d

w
+ A2

wd3 +
1

4
A2w3c2d

)

.
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3 ❁

Ȧ = ∆A =
β2

2
Ac − β3

2
Acd − α

2
A,

ṗ = ∆p = −β2d +
β3

8

(

4

w2
+ w2c2 + 4d2

)

,

ẇ = ∆w = −β2wc + β3wcd,

ċ = ∆c = β2

(

c2 − 4

w4

)

+ β3d

(

4

w4
− c2

)

− γA2

√
2

w2
,

ḋ = ∆d = 0,

ḟ = ∆f = β2

(

1

w2
− d2

2

)

+ β3

(

w2c2d

8
− d

2w2
+

d3

3

)

− γ
5
√

2

8
A2.
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fa = A

(

1 +
l(t − p)

w

)

exp

[

−(t − p)2

w2
+ i

c

2
(t − p)2 − id(t − p) + if

]

,

➩ ✾ ❁ ➎ ⑦ ➫
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Ȧ = ∆A + β3
A [3w4c2(l2 − 8) + 12l2 + 32]

48lw3
,

ṗ = ∆p + β3
3w4l2c2 + 12l2 − 12w4c2 + 16

24w2l2
,

ẇ = ∆w + β3
3w4c2 − 4

6lw2
, ➩ ✾ ❁ ➎ ✼ ➫

ċ = ∆c +
l2

16Mw4

[

1024β2

(

3l2 − 4
)]

− l2

16Mw4

[

γ
√

2A2w2
(

9l6 + 144l4 − 528l2 + 1024
)

]

+β3
2l

Mw4

[

−w5c3(3l4 − 8l2 + 16) + 4wc(3l4 + 8l2 + 16)
]

−β3
2l

Mw4

[

32dl(3l2 − 4)
]

, ➩ ✾ ❁ ➎ ➼ ➫
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ḋ = ∆d +
8β2l(16 − 3l4)

Mw3
+

γ
√

2A2l(9l6 + 18l4 + 128)

4wM

+
β3

24Mw3l2
[

3c3w5(3l8 − 48l6 − 96l4 + 256l2 − 256)
] ➩ ✾ ❁ ⑥ ➪ ➫

+
β3

24Mw3l2
[

4wc(9l8 − 480l4 + 256) + 192dl(3l4 − 16)
]

,

ḟ = ∆f +
6β2 l4(3l2 − 4)

Mw2
+

3
√

2γ A2l2(45l6 + 408l4 − 624l2 + 512)

128M

+
β3

24Mw2l2
[

6c3w5l3(15l4 − 24l2 + 16) − 4d(81l8 − 288l6 − 256)
]

+
β3

24Mw2l2
[

3dc2w4(9l8 − 192l4 + 256l2 − 256)
]

+
β3

24Mw2l2
[

−24wcl3(3l4 − 24l2 + 16)
]

, ➩ ✾ ❁ ⑥ ✽ ➫

l̇ = − β3

48w3l2
[

3c2w4(l4 − 16) − 4l4 + 16l2 + 16
]

, ➩ ✾ ❁ ⑥ ✾ ➫
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∆A
✩

∆p
✩

∆w
✩

∆c
✩

∆d
"✗✟

∆f
✩ ✤ ' ☎ ✫
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✤ ❉✆✠✒☎ %✏☛✔( ❃ ✌ ✠✒✑ %✓✂ ❃ $✔✠ ! " ❁ ❂ ( $ ✟ (✗☎✔✑ ( $ ☛✆✂ ✝ & ✠ " "✔!☛" ❃✕✠ "✓✣ & ✠✕☎ (

(ǫ)
(✗✟ ☛✁(✂❃ &✒$ & ✟✡✂✓☎ &✞✟✡✠ !☛" ☛✓✂ ✝ & ✠ "

(µ)"✍✌ ✠ "✄✟ ( ☎ ❄ ✠ ( "✔"✁( " ✟ Q✄✂✔( $✥✂✓☎✟❃ ✌ & ✑ % ❃✕✠ ✟✡✂✓☛✁( (✗✟✟❃ & ❃ & ☎✔✝ ( ✂✓☎ ☛✓✂✆$ ! ❃✕✠✕✟ ! " ❁ ❐ ❃ $ "✍✌ !☛" ✟ &✞✂✓✤ ✂✔" ( ✴ ( ✟ $✔✂✓☎✡❃ (
✤ ❉✆✠✒☎ % ❁ ◗ & ☎ ✤ !☛"✄✟✔☎ (✞✩✝❃ & ☛✓✠ $ % ( ☎ $✔✠ ! " ☛✓✂ ✝☛& ✠ " ➩ β ➫ ✠ "✄✟ ( ☎ ❄ ✠ ( " ✟ ☛ & "✔$ ✟ ! ✂✆✟ ( $✂❃ ( $ ✣✗Q ✂✔&✞✟✡✠ !☛"✔$ ➩ ➎✆❁ ⑦ ➫ ❁
❭ ( % & ☎ & ✑ ❆ ✟✡☎ ( ☛✔! ✑ ✠ "✁( ☛✔!☛"✓✤ ✟ ! ✂ ✟ ( $ ❃ ( $ % &✞☎✥✟✡✠ ( $ ☛✆✂ $ ! ❃✕✠✕✟ !☛" ✤ ! ✑ ✑ (☎❃ ( ✑ !☛" ✟✡☎ ( ✤✎❃ & ✠✒☎ ( ✑ ( "✄✟
❃ ✌ ✣ Q✄✂ &✞✟✔✠ !☛" ➩ ➎ ❁ ⑦ ➫ ❁ ❐ ❃ ( $✥✟ ✭ "✔! ✟ ( ☎ ✣✗✝ & ❃ ( ✑ ( " ✟ Q✄✂✔( ❃ ( $ % ( ☎✥✟ ( $ ❃✕✠ "✓✣ & ✠✕☎ ( $ ➩ ☎ ( %✆☎✔✣ $ ( " ✟✡✣ ( $ % &✞☎
❃ (☞✟ ( ☎✔✑ (

δ ➫ "✍✌ ✠ " ❬ ✂✁( "✓✤ ( " ✟ "✆✠ ❃ & ❃ &✞☎✔✝☛(✗✂✓☎ "✓✠ ❃ ( ✤☞❉✓✠✕☎ % ☛✔& "✔$ "✔! ✟✡☎ ( ✣ ✟✡✂✓☛✔(✞✩ ✑ & ✠ $ &✞✝ ✠ $ $ ( " ✟
$ (✗✂ ❃ (✗✑ ( "✄✟✞$✥✂✓☎ ❃ ✌ ✣ "✔(✗☎✔✝ ✠ ( ❁ ❐ ❃ ( " ( $ ✟ ☛✁( ✑ ➊ ✑ (✓% ! ✂✓☎ ❃ & $ & ✟✡✂✓☎ &✞✟✡✠ !☛" ☛✁( ❃ & "✁!☛" ❃✕✠ "✓✣ & ☎✔✠ ✟✔✣ ✩ Q✄✂✓✠
"✍✌✄& ✝ ✠✕✟ Q✄✂✔( $✔✂✆☎ ❃ ( ✤☞❉✓✠✕☎ % ❁ ❂ ( $ ☎✥✣ $✥✂ ❃✕✟ &✞✟ $ & " & ❃ ❋✄✟✡✠✒Q✄✂✔( $ ✻ ✣✗Q✄✂ &✞✟✡✠ !☛" ➩ ➎✆❁ ⑦ ➫ ✿ ✑ !☛"✄✟✔☎ ( " ✟ %✓☎✥✣ ✤✗✠ $✔✣✗✑ ( "✄✟
❃ ( ✑ ! ☛✔( ☛✍✌✄& ✤✗✟✔✠ !☛" ☛✔( $ ☛✓✠ ✴ ✣✗☎ ( " ✟ $ % & ☎ &✞✑ ❆ ✟✡☎ ( $ ☛✔( ❃ ✌✎✣✗Q ✂✔&✞✟✡✠ !☛" ➋ ❂ ✭ ➩ ✽ j ✽ ➫ ② $✥✂✓☎✟❃ & $ ✟✡☎✔✂✆✤✗✟✡✂✆☎ (
✠ " ✟ ( ☎ "✔(✏☛✓✂ $ ! ❃✒✠ ✟ !☛" ❁ ❂ & ✤ !☛"✔"✔& ✠ $ $ & "✓✤ ( ☛✔( ✤ (✏✑ ! ☛✔( ☛✍✌ &✞✤✗✟✔✠ !☛" ( $✥✟ ✟✔☎ ❆ $ ✠✒✑ % ! ☎✥✟ & " ✟ ( ✤ & ☎ (✏❃ ❃ (
% ( ☎✥✑ ( ✟✁☛✔( ✤ !☛" ✟✡☎ ✯ ❃ (✗☎ ❃ ( ✤ ! ✑ % ! ☎✥✟ ( ✑ ( " ✟ ☛✆❋✠" & ✑ ✠✒Q✄✂✔( ☛✔( ❃ ✌ ✠✒✑ %✓✂ ❃ $✔✠ !☛" ❁
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❒  ✞✟✡☎ !✏✑  ✟✔✠ ❄ " ✟✡✠  # $✓☎ !✗✑ ✠ ❆ ☎ ! ! %✥✟ ☛✔!✏✟✔☎  ✂✖❄☛! ☎ ❃ ! % %  ❃✕✂✆✟✡✠  ☛#✔% $ ❉✄❋✠%✔✠✕X ✂✁! ✑ ! # ✟ $ !✗☎✥✟✡✠ #✔! # ✟ ! %
☛✔! ❃ ✌ ✣ X✄✂ " ✟✡✠  # ➋ ❂ ✤  ✑ $ ❃ ! ● ! ✤✗✂✓❄✓✠✕X ✂✁! X✄✂✓✠ #✄✟✔✠✒X✄✂✔! ✭ ➩ ✽ d ✽ ➫ ② ❁✆❨ ✠ #✔%✔✠ ✩✓✭✆$ "✞☎✥✟✡✠✕☎ ☛✔! % ☎✔✣ %✔✂ ❃ ✟ "✞✟ %" # " ❃ ❋✄✟✡✠✒X✄✂✔! % ☛✔! ❃ ✌ ✣ X✄✂ "✞✟✔✠  ☛# ➩ ➎✆❁ ⑦ ➫ ✩ #✔ ✂✔% " # " ❃✕❋✠% ! ☎  #✔% " ✟✔✟ ! #✄✟✔✠ ❄☛! ✑ ! # ✟✟❃ ! % ✣ ✟ "✞✟ % %✥✟ "✞✟✔✠  #✔# " ✠✕☎ ! %!✗✟ ❃ !✗✂✓☎ % ☎✔✣✗✝ ✠  ☛#✔% ☛✁! %✥✟ " ❄✓✠ ❃✒✠ ✟✡✣✞✩ ✭ $ " ☎ ✟✡✠✒☎ ☛✔! % $  ✠ #✄✟ % ❡✆● ! % ☛✔! ❃ ✌✎✣✗X✄✂ "✞✟✡✠  ☛# ➩ ➎ ❁ ⑦ ➫ ❁ ❂ ! % $  ✠ # ✟ %❡✆● ! % ➩ ✦ ◗ % ➫ ☛✁! ✤ !✞% ❋ % ✟ ❆ ✑ ! ☛ ✌✎✣✗X ✂✔"✞✟✡✠  ☛#✔% ➩ ➎✆❁ ⑦ ➫ %  ☛#✄✟ ❃ ! % %  ❃✒✂ ✟✡✠  #✔% ☛✓✂ % ❋ % ✟ ❆✗✑ ! ☛✍✌✎✣✗X✄✂ "✞✟✡✠  ☛#✔%
Q̇ = ẇ = ċ = 0 ❁
❂ ! p % ! ✂✆✠ ❃ ☛✍✌✄! ● ✠ %✥✟ ! #✓✤ ! p ☛✁! %✗✦ ◗ % $ ! ✂✆✟ ➊✗✟✔☎ ! ! % ✟✡✠✒✑ ✣ $ " ☎ ❃ " ☎ !✎❃ "✞✟✡✠  ☛# %✥✂✓✠ ❄ " #✄✟ !

ǫs ≈ 2
√

δµ

✻ ✽ ➎ ➪ ✿ ❁➧ ✠
ǫ > ǫs

 ☛# " ☛✁! ✂ ●☞✟ ❋ $ ! % ☛✔! $  ✠ #✄✟ ❡✆● !✟★ ❃ ! % ✦ ◗ % % ✟ " ❄ ❃ ! %✒!✗✟ ❃ ! % ✦ ◗ %✁✠ #✔% ✟ " ❄ ❃ ! % ❁ ②✞" #✔% ❃ !✤ " % ✤  #✄✟✡☎ " ✠✒☎ ! ✠ ❃ #✍✌ ! ● ✠ % ✟ ! $ " % ☛✔! %  ❃✒✂ ✟✡✠  #✔%✥% ✟ " ❄ ❃ ! % ❁ ❭ ✌ ! %✥✟ ❃ " X✄✂ " # ✟✡✠ ✟✡✣
ǫ
X✄✂✓✠ ✤  ☛#✆☛✓✠✕✟✔✠  ☛#✔#✁!

❃ ✌ ! ● ✠ % ✟ ! #✓✤ ! ☛✁! % %  ❃✒✂✆✟✔✠  ☛#✁% ❃  ✤ " ❃✒✠ %✔✣ ! % X ✂✆✠ %  ☛#✄✟ ❃✒✠✕✣ ! % ✭ ❃ "✆%✔✂✓❄✁%✔✠ % ✟ " #✆✤ !✏☛✁! %  ☛#✆☛✔! %✁✤  ☛#✄✟✔✠ #✄✂✔! %
✻ ✽ ➎ ✽✗✿ ❁
❨ $ " ☎ ✟✡✠✒☎ ☛✔! % ✣ X✄✂ "✞✟✔✠  ☛#✁% ➩ ➎✆❁ ⑦ ➫ ✩  ☛# ☛✆✣✗✟ !✗☎✔✑ ✠ #✁! ☛✍✌✄" ❄  ☎✥☛ ❃ ! % $  ✠ # ✟ % ❡✆● ! % ☛✓✂ %✥❋✠%✥✟ ❆✗✑ ! ! ✟  ☛#
✣✗✟✡✂✆☛✔! ! #✔%✔✂✓✠ ✟ ! ❃ !✗✂✓☎ %✥✟ " ❄✓✠ ❃✒✠ ✟✡✣ ❁ ❂ " %✥✟ "✞❄✓✠ ❃✕✠ ✟✡✣ ☛✓✂ $  ✠ # ✟ ❡✆● ! ! %✥✟ ☛✓✣✗✟ ! ☎✔✑ ✠ #✓✣ !✒$ " ☎ ❃ ✌✄" # " ❃ ❋✠% ! ☛✔! %
❄ " ❃ ! ✂✓☎ %✆$✓☎  ☛$✆☎ ! %

λj

✩
j = 1, 2, 3

☛✔! ❃ " ✑ "✞✟✡☎✥✠✒✤ ! ➑ " ✤  ❄✆✠ ! #✁#✔! ☛✔! ❡ #✓✠ ! $ "✞☎
Mij = ∂ẋi/∂xj

➩ ẋ = Q̇ = ẇ = ċ ➫ ★ ✤ ! X✄✂✓✠ ☛✔ ☛#✁#✔! ✩ " $✓☎ ❆ % ✟  ✂✔% ❃ ! % ✤ " ❃✕✤ ✂ ❃ % ✩✁❃ "✖✑ "✞✟✡☎✥✠✒✤ ! ☛✔ ☛#✄✟ ❃ ! % ✣✎❃✕✣ ✑ ! # ✟ %
%  ☛# ✟✁☛✔ ☛#✔#✆✣ %✁✤ ✠ ✫ " $✆☎ ❆ % ➽

M11 = 2δ +
8

3
ǫA2 +

16

5
µA4 − 2β

3w2
− 2

3
π2βc2w2,

M12 = −8

3
ǫA4 − 48

15
µA6 +

8

3w2
A2β − 8

3
π2βc2w2A2,

M13 = −8

3
π2βw3cA2,

M21 = − 2

π2
ǫ − 4µπ2A2,

M22 = − 8

πw2
β +

4

π2
µA4 + 2Dc − 16

5
π2βc2w2,

M23 = 2Dw − 32

15
π2βcw3,

M31 = − 1

π2w3
− 32

15π2w3
νA2,

M32 =
8

3w3
βc +

8

π2w3
βc +

6

π2w3
A2 +

128

15π2w3
νA4 − 8

π2w5
D,

M33 = −4Dc − 4

3w2
β − 4

π2
w2β. ➩ ➎✆❁✎✼ ➫
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➧ ✠✍❃  !✔ ☎✥✟✔✠ # ☎✔✣ #✎❃ ❃ # ☛✍✌✄ ✂ ✑ % ✠ &✔' ✂✁&✔# ☛✔# ' ❄  ❃ #✗✂✓☎ ' !✓☎ % !✓☎ # '
λj

# '✥✟✓! %☛'✥✠✕✟✔✠ ❄☛# ✩  ❃ % ☎ '☎❃ # ! % ✠ & ✟
❡✆● # ✤ % ☎✔☎ # ' ! %☛&✆☛  & ✟ # ' ✟ ✠ &✔'✥✟  ❄ ❃ # ❁ ❭ %☛&✔'✥✣ N✄✂✔# ✑ # & ✟ ✩ ! % ✂✓☎✞ ❄☛% ✠✕☎ ☛✔# '✞! % ✠ &✄✟ '✁❡✆● # '✞'✥✟  ❄ ❃ # ' ✠ ❃❙  ✂✆✟ N✄✂✔# ❃ # '✒!✔ ☎✥✟✔✠ # ' ☎✥✣ #✎❃ ❃ # ' ☛✁# ' ❄  ❃ #✗✂✓☎ '✒!✓☎ %☛!✓☎ # ' ' % ✠ # &✄✟ ✟ % ✂✆✟ # ' &✓✣✗✝  ✞✟✔✠ ❄☛# ' ❁❒ % ✟✔☎ # % ❄ ➑ #✗✤✗✟✔✠✕❙ ✤ % &✔'✔✠ '✥✟ # ✭ ✑ # ✟✔✟✡☎ #  ✂ ! % ✠ &✄✟✏✂✔&✔# ✤  ☎ ✟ % ✝ ☎  ! ❉✓✠ #✖☛✁# '✆' % ❃✒✂ ✟✡✠ % &✔'✓' ✟  ❄ ❃ # '✓#✗✟
✠ &✔' ✟  ❄ ❃ # '✍☛  &✔' ❃ ✌✄# ' !  ✤ # ☛✔# ' !  ☎  ✑ ❆✗✟✡☎ # ' ☛✁# ❃ ✌✎✣✗N ✂✔ ✞✟✡✠ %☛& ➩ ➎ ❁✕✽ ➫ ❁ ➐  ✠ ' ✩ ✤ % ✑ ✑ # %☛& &✔# ! # ✂✆✟ !  '
% ❄✆✟ # &✓✠✕☎ ✤ #✗✟✔✟ # ✤  ☎ ✟ % ✝ ☎  ! ❉✆✠ # # & ❙  ✠ '  & ✟ ❄  ☎✥✠ #✗☎ ✭✗❃  ❙ % ✠ ' ✟ % ✂✔'✂❃ # ' !  ☎  ✑ ❆✗✟✔☎ # ' ☛✁# ❃ ✌ ✣ N✄✂  ✟✡✠ %☛&
➋ ❂ ✭ ➩ ✽ ` ✽ ➫ ② ➩ ➎✆❁ ✽ ➫ ✩ &✔%✞✟✡☎ # ✠✕☛✓✣ # ✤ %☛&✁'✔✠ ' ✟ #☞✭ ❡✆● # ☎ ✟ % ✂✔' ❃ # ' !✔ ☎  ✑ ❆✗✟✔☎ # ' ✩ '  ✂✆❙ ☛✔#✗✂ ● N✄✂✔#
&✔% ✂✔' ❙  ✠ ' %☛&✔' ❄  ☎✥✠ # ☎ ❁✓◗ % ✂✓☎ ✤ ❉✔ N✄✂✔# ➑ #✗✂ ☛✔# !  ☎  ✑ ❆✗✟✡☎ # '✗✩✔&✔% ✂✔' # ●✁ ✑ ✠ &✔% &✔' ❃ ✌✄# ● ✠ '✥✟ # &✓✤ # #✗✟ ❃  
'✥✟  ❄✓✠ ❃✕✠ ✟✡✣ ☛✆✂ ! % ✠ & ✟ ❡✆● # ❁
➍ & # ● ! ❃ % ☎  & ✟✂❃ # ' ☎✥✣ ✝ ✠ %☛&✔' ☛✔# !✔ ☎  ✑ ❆✗✟✔☎ # '  ✂ ❄☛% ✠ '✔✠ &✔ ✝☛# ☛✔# µ = −0.1

✩
δ = −0.1

✩
β = 0.08#✗✟ ☛✔#

D = 1
✩ N✄✂✓✠ ' %☛& ✟ ❃ # ' ✑ ➊ ✑ # '✗❄  ❃ #✗✂✓☎ ' N ✂✁# ✤ #✎❃ ❃ # ' ☛✔# ❃  ☎✔✣✗❙ ✣✗☎ # &✓✤ # ✻✎✾ ➪ ✩ ✽ ➎ ➪ ✿ ★ &✔% ✂✁' ❄☛% &✔' ✑✖✠ ' # & ✣✏❄ ✠✒☛✁# &✓✤ #✁☛  &✁' ❃ # ! ❃  & ➩ ν, ǫ ➫ ✂✔&✔# ✝ ☎  &✓☛✔# ❄  ☎✔✠✕✣✗✟✡✣ ☛✁#✒' % ❃✒✂✆✟✔✠ %☛&✔' ☛✔# ❃ ✌✎✣✗N✄✂  ✞✟✡✠ %☛&
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➍ & ❡✆●✁ &✄✟ ❃ # ' ❄  ❃ #✗✂✓☎ ' ☛✔#
µ
✩
β
✩
δ
# ✟

D
✩ ☎ # ' ! #✗✤✗✟✡✠ ❄☛# ✑ # & ✟ ✭ −0.1

✩
0.08

✩ −0.1
#✗✟ ✭

1
✩

#✗✟ # & ✤ %☛&✔'✔✠✕☛✓✣ ☎  & ✟ ❃ # ✤☞❉  ✑ ! ✠ &✓✠✕✟✔✠  ❃ '✔✂✆✠ ❄  &✄✟
ψ(z, t) = 3.23 sech

(

t

0.45

)

; ➩ ➎✆❁ ➼ ➫
&✔% ✂✔'  ❄☛%☛&✁' ❙  ✠✕✟ ❄  ☎✥✠ #✗☎

ν
☛✔# −0.11

✭ −0.054
!  ✞☎✞!  ' ☛✔#

0.005
✩ #✗✟

ǫ
☛✔#

0.6
✭

0.85
!  ☎

!  ' ☛✔#
0.001 ❁ ◗ % ✂✓☎ ✤ ❉✔ N✄✂✔# ✤ % ✂✔! ❃ #☞☛✔# ❄  ❃ # ✂✓☎ ➩ ν ✩ ǫ ➫ ✩ &✔% ✂✔'  ❄☛% &✔' ☎ # ✤☞❉✔# ☎✥✤ ❉✓✣ ✂✁& ! % ✠ &✄✟
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❡ ✝ ✂✓☎ # ➩ ➎✆❁✕✽ ➫ ❁ ❭ #✗✟✥✟ # ❡ ✝ ✂✓☎ # ✑ %☛& ✟✡☎ # ❃ # ' ☎✔✣✗✝ ✠ % &✔' ☛✔# ' ! % ✠ & ✟ ' ❡ ●✁# ' ' ✟  ❄ ❃ # ' ➩ ➷ %☛&✔# ✝ ☎✔✠ ' # ➫#✗✟ ✠ &✁'✥✟  ✞❄ ❃ # ' ➩ ➷ %☛&✔# ' ❉  ✤☞❉ ✂✆☎✔✣ # '✞#✗✟ ✤✎❃  ✠✒☎ # ' ➫ ❁ ❂ # '✥! % ✠ &✄✟ ' ❡✆● # ' ✠ &✔' ✟  ❄ ❃ # ' ' #✏☎✔✣ !✔ ☎✥✟✔✠ ' ' # & ✟✞# &
☛✔# ✂ ● ✤  ✟✡✣ ✝ % ☎✔✠ # ' ✤ % ☎✥☎ # ' ! %☛&✓☛  &✄✟ ☎ # ' ! # ✤✗✟✔✠ ❄☛#✗✑ # &✄✟ ✭ ☛✔# ' ✤✗❋ ✤✎❃ # ' ❃✒✠✕✑ ✠ ✟ # ' ' ✟  ❄ ❃ # ' #✗✟ ' % ❃✒✂✆✟✔✠ %☛&✔'
✠ &✔' ✟  ❄ ❃ # ' ❁ ➈ & ! % ✠ & ✟ ❡✆● # '✥✟  ❄ ❃ # # ' ✟ ✂✔&  ✞✟✔✟✔☎  ✤ ✟ #✗✂✓☎  ✂ ❄☛% ✠ '✔✠ &  ✝☛#✏☛✓✂✓N✄✂✔#✏❃ ✟ % ✂✔'☎❃ # '  ✂✆✟✔☎ # '
! % ✠ & ✟ ' ✤ % & ❄☛#✗☎✔✝☛# &✄✟ ❁ ❂  ❡ ✝ ✂✓☎ # ➩ ➎✆❁ ✾ ➫ N✄✂✔# &✔% ✂✁'  ❄☛%☛&✔' % ❄✆✟ # & ✂✁# ✩ ! % ✂✆☎ µ = −0.1

✩
β = 0.08

✩
D = 1

✩
δ = −0.1

✩
ǫ = 0.625

✩ # ✟
ν = −0.07

✩ ✠ ❃ ❃ ✂✔'✥✟✔☎ # ❃ ✌ ✣✏❄☛% ❃✒✂✆✟✔✠ %☛& ☛✔# '✞!✔ ☎  ✑ ❆ ✟✡☎ # ' ☛✍✌ ✂✔&✔#
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✠✒✑ !✓✂ ❃ '✔✠ % &  ❋  & ✟ ! % ✂✓☎  ✑ ! ❃✕✠ ✟✡✂✆☛✔#

3.1941
✩✍❃  ☎✥✝☛# ✂✆☎

0.4775
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✩
D = 1

✩
β = 0.08

✩
µ = −0.1

✩
ν = −0.089✗✟

ǫ = 0.725
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ψz − i

D

2
ψtt −

i

2
ψrr −

i

2r
ψr − i |ψ|2 ψ − iν |ψ|4 ψ = δψ + βψtt + ǫ |ψ|2 ψ + µ |ψ|4 ψ
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➼ ✼❢⑧④⑨➬⑩✗❶✶❷✱❸❺❹❍❻❞3✲❽▲➔➬❿➃➅◆➳✓❸✰❷❦❿➃➄✓➁✍↕★⑩✞➅✕➅❺❻✡➁③➀✆❻③➅◆➳✸➲✜❷❏■✡❹❍❻✮➜❆➁➤✃✆➲ ❾ ❸✰❹✥❷❺❻❞➂✥✃✆➅✒❷✕➄❝➀✄❹✥❷✵✳✆➳✲❻❞➀✓❻❫➅❍➸ ❾ ✳✆➳✙⑩✦❸✰❷❺❿❱➄❴➣❳➺✧➜➓➝❺➮✝➟◗➞1➠☞➡
❭  ✗✟✔✟❧ ❅✣✗`✲✂✔#✞✟✡✠❴%☛'❊☎❧ ❖'✆☛❛✤❑%★✑❢+✆✟, ❩☛✔ ❣❃❤#✮☛✦❋❂'✔#✸✑✖✠✕`✄✂✔ ✆0❇+❋#✞✟✔✠❤%✞✫◆✟, ✢✑❢+②%★☎❇ ✎❃❋❃❴ ❬☛✔ ❑0➅0✥✟✔☎✔✂✓✤❍✟✡✂✓☎❇ ❖0✿❃❤%✲✤❖#❀✫
❃✒✠❴0✔✣❖ ❑0✹☛✁ ➤+✛❃✒✂✔0✥✠❤ ✗✂✓☎❧0❶+✛❉✔ ❑'✔%★✑❴❆❖'✔ ❑0➙+✛❉✄❋✠0✔✠✕`✄✂✔ ❖0❅☛✔ ❖0➙0■❋✠0✥✟✤❆✗✑❏ ❑0❉☛✆✠❤0❧0✥✠❤+❋#❀✟✡✠✕❙➩0 ❁ ψ = ψ(x, y, t, z)☎❧ ❖+✆☎✔✣❖0❇ ❖'✙✟, ❵❃◆✌✇ ❖'✔❄☛ ✎❃❴%☛+✔+② ❶'✔%✸☎✔✑❏#❊❃✒✠❾0✔✣❖ ❬☛✓✂❵✤☞❉❋#✸✑❢+❊✣✏❃❤ ✗✤✗✟✡☎✥✠✒`✄✂✔ ❶ ❍✟✞ ❖0✥✟❴✂✔'✔ ❩❙➩%❫'✓✤✗✟✔✠❤%☛'✛✤❑%★✑❢+✛❃❤ ✬●❂ 
☛✔ ❖0✚`✲✂✔#✞✟✡☎❇ ✗❄◆#✸☎✔✠❤#✸❄✛❃❴ ❖0❅0❇+❋#✞✟✔✠❤%✞✫◆✟, ✢✑❢+②%★☎❇ ✎❃❋❃❴ ❑0

x, y, z
 ✗✟

t
✩▲%★➭

t
 ❑0✥✟❩❃❤ ✘✟❧ ✢✑❢+✔0✚☛✔#❫'✔0❨❃❤ ❬☎✥✣✗❙❦✣✗☎❧ ❖'✲✫

✟✡✠❤ ✏❃❜+✆☎❧%☛+✓☎❇ ➙ ❖'❛✑❢%★✂✽❄☛ ✗✑❏ ❑'✄✟➝#❅❄☛ ✗✤❭❃✰✌✎✠✕✑❢+✓✂✛❃❴0✥✠❴%☛'❻%☛+✆✟✔✠✒`✄✂✔ ✸✩
z
❃❹#✮☛✓✠❴0✥✟❄#♦'✓✤❖ ❅☛✁ ➙+✓☎❧%☛+✔#✸✝♣#✞✟✔✠❤%☛'❻ ✗✟

 ❖'✆❡❋'
x
 ❍✟

y
0❇%☛'✄✟◗❃❴ ❖0❴☛✔ ✢✂✲●❛✤❖%✠%✸☎✔☛✔%☛'✁'✓✣❖ ❑0✘✟✔☎,#❫'✁0❥❄☛ ✢☎❇0❧ ❑0✓+✆☎❧ ❖'✔#❫'✄✟➝ ❖'❛✤❖%✸✑❏+✦✟, ❵❃❤#✮☛✓✠✕✴❝☎,#✸✤❍✟✡✠❴%☛'

0❧+❋#✞✟✔✠❹#❊❃❴ ❴☛❋#♦'✔0❪❃◆✌✄#❫+✔+✓☎❇%❱●✦✠✒✑❏#❀✟✡✠❾%☛'❈☛✔ ❖0✒%☛'✓☛✔ ❑0❅+❋#✸☎❧#❀●✦✠❹#❊❃❴ ❖0 ❁ ②✞#❫'✔0❳✤❖ ✘`✄✂✓✠✧0✔✂✓✠✵✟✺✩ D  ❑0✥✟❅+✓☎✔✠❴0➌✣✢✝♣#❊❃
✭

1 ❁ ②✞#❫'✔0❱❃◆✌❖✣✢`✄✂❋#✞✟✔✠❤%☛' ➩ ⑥ ❁✕✽➃➫ ❃❤ ✚✤❑%✠ ✗❏✜✤✢✠❴ ❖'✙✟➌☛✁ ❩❃◆✌✇ ✗✴➠ ✗✟✕✿➅ ✢☎✥☎❲ ❑0✥✟✪'✔%★☎✥✑➁#❊❃✕✠❴0✥✣✸✩❸+②%★✂✆☎❆☎❧ ❑+✓☎✔✣❑0❧ ❑'✄✟, ✗☎
✂✔'✔ ➁+✓☎❧%☛+✔#✸✝♣#✞✟✔✠❤%☛'➳ ❑'❇☎✥✣✢✝★✠✕✑❏ ✜☛✔ ✮☛✓✠❴0❧+② ✗☎❧0✔✠❴%☛'➽#♦'✔%★☎✔✑❏#❊❃❴ ❁❫❭  ✗✟✔✟❧ ❈✣✢`✄✂❋#❀✟✡✠❤%❫'❪☛✓✠❴0✥✟✡☎✥✠✒❄✓✂✆✣❖ ❏+② ✢✂✆✟
➊✗✟✡☎❇ ❿#❫+✔+✛❃✕✠✒`✄✂✓✣❖ ❅✭♣❃❤#❈✑❢%✲☛✓✣✏❃✒✠❴0,#✞✟✔✠❴%☛'✛☛✍✌✎✂✁'✔ ❉✤➫#❇❄✲✠✕✟✡✣❣❃❹#❫0❇ ✢☎❴☛✍✌✇%★✂✽❄☛ ✗☎✥✟✡✂✆☎❧ ❭❃❹#✸☎✥✝☛ ❩☛❋#❫'✔0✿❃❤ ✹☎✔✣✗✝★✠✕✑❏ 
☛✍✌✎✠✕✑❢+✓✂✛❃❤0✥✠❤%❫'✔0❉✤❖%★✂✆☎✥✟, ❑0 ❁❆❂  ✯✑❏%✲☛✛❆✏❃❤ ✧✠❴'✓✤✎❃✕✂✆✟✖☛✁%☛'✓✤→❃❤#❯☛✓✠✵✴✶☎❧#✸✤✗✟✔✠❤%☛'▼✟✔☎,#❫'✔0④❄☛ ✢☎❇0❧ ✸✩✪#✞✠❤'✔0✥✠✁`✄✂✔ →❃❹#
☛✓✠❤0❇+② ✢☎❧0✥✠❤%☛'☞✤☞❉✓☎❧%✸✑➁#❀✟✡✠✒`✄✂✔ ❁❢❂  ❖0➌✟❧ ✢☎✔✑❢ ❖0➌☛✓✠❤0❇0✔✠❤+✔#✞✟✡✠✵❙➩0❃☛✓✣✗✤✢☎✥✠❋❄☛ ❖'✙✟❨❃❴ ❑✝♣#✞✠❤'➲ ✗✟❪❃❤ ❖0❬+② ✢☎■✟, ❑0✁☛✔ ◗❃✰✌✎✠✕✑❅✫+✓✂✛❃❤0✥✠❤%❫'❚☛❋#❫'✁0❪❃❴ ❴✑✜✠❈❃✕✠❾ ✢✂ ❁✆❂  ❑0➌✟❧ ✢☎✔✑❢ ❖0❃☛✓✠❤0❇0✔✠❤+✔#✞✟✡✠✵❙➩0❆☛✍✌✇%★☎✔☛✓☎❇ ➅0✔✂✔+➏✣✗☎✔✠❴ ✢✂✓☎❬0❧%☛'✙✟❳☎❧ ❑0❧+②%☛'✁0,#✸❄✛❃❴ ❖0❳☛✔ ❑0✤➫#✸☎❧#✸✤✗✟✔✣✢☎✥✠❤0✥✟✔✠✒`✄✂✔ ❑0❴☛✔ ✏✟✡☎❧#❫'✔0✔✑✜✠❤0❇0✔✠❴%☛'❻'✁%☛'⑨❃✒✠❴'✓✣➫#✸✠✕☎❇ ❖0✗✩➏`✄✂✓✠⑧+② ✢☎✔✑❢ ✗✟✥✟✡☎❧#✸✠❤ ❑'✄✟✺✩▲+❋#✸☎✥ ✬●❂ ✢✑❢+✛❃❤ ✞✩❝☛❋#❫'✔0
✂✔'✔ ✘✤➫#❇❄✦✠✵✟✡✣✞✩❚❃❤ ☎❄☛ ✗☎✔☎❇%★✂✓✠❈❃❋❃❤#✸✝☛ ⑤☛✔ ✘✑❏%✲☛✁ ❖0✒+❋#♦0❧0✔✠✵❙➩0❅#✸✂✧✑❢%➃❋❫ ❖'✧☛✍✌❖✂✔'❻#✞❄✔0❧%★☎✥❄❋#❫'✙✟❅0,#❀✟✡✂✓☎,#✞❄✛❃❤ ❁[✫#❫+✁+② ✎❃❤%❫'✔0❞✤❑ ❖+② ❖'✆☛❋#❫'✄✟❜`✄✂✔ ➌☛✔ ❖0❉0❧%❊❃✒✂✆✟✔✠❤%☛'✁0➂#❫'❋#❫❃✕❋✄✟✡✠✕`✲✂✁ ❖0❞☛✔ ❑❃◆✌❖✣✢`✄✂❋#❀✟✡✠❤%❫'❉➋ ❂ ✭⑤✂✔'✔ ➌☛✓✠✕✑❢ ❖'✔0✥✠❤%☛' ❍●✦✠❤0■✟, ❖'✙✟✺✩➂ ❍✟➙'✔ ➲+② ✢✂✖❄☛ ❖'✙✟✜➊✗✟✡☎❇ ➲ ✬●✁+✽❃✒✠✒✤✗✠✕✟❧ ✢✑❢ ❖'✙✟❩❙➩%★☎✥✑❅✂✽❃✒✣❑ ❖0❩`✄✂✔ ❚☛❋#❫'✔0✹✤❖ ✢☎■✟❄#✸✠❴'✔ ❖0✹✤➫#♦0❅✤❖%★☎✥☎❧ ❑0■✫
+②%☛'✓☛❋#❫'✙✟✏✭❚☛✁ ❖0✘☎❧ ✎❃❤#✞✟✡✠❴%☛'✔0✥+✓☎✔✣✗✤✢✠❤0❇ ❖0➝ ❖'✄✟✔☎❧ ❭❃❴ ❖0➅+❋#✸☎❧#✸✑❴❆✗✟✡☎❇ ❖0❑☛✓✂➯0■❋✠0✥✟✤❆✗✑❏ ✞✩❚ ❍✟❬`✄✂✔ ❅✟,%★✂✆✟❧ ❖0✘✤❑ ❖0
0❧%✩❃✕✂✆✟✡✠❴%☛'✔0✥#❫'❋#❊❃✵❋✲✟✔✠✒`✄✂✔ ❑0✞0❧%❫'✄✟❑✠❤'✔0■✟❄#✸❄✽❃❤ ❑0 ✻➇✽❱➎✙➒➃✿✰❁✍❂  ❖0➅0❇ ✢✂✛❃❴ ❖0➅0❇%✩❃✒✂✦✟✡✠❤%❫'✔0✥0■✟❄#✸❄✛❃❴ ❖0✞0❇%☛'✄✟➅%★❄✆✟❧ ❖'✄✂✔ ❖0'✲✂✓✑✜✣✢☎✥✠✒`✄✂✔ ✗✑❏ ❑'✄✟✺✩❸+✔#✸☎▲✤❖%☛'✁0✔✣✢`✄✂✔ ❑'✄✟✺✩✦☛❋#❫'✔0✂❃❴ ✁✤❖#❫0❆✭✏☛✁ ✢✂✦●❏%★✂✜✟✡☎❧%✸✠❤0❜☛✓✠✒✑❢ ❖'✁0✔✠❤%❫'✔0✢✩✔❃❤#➃0❇ ✢✂✛❃❴ ✫+②%☛0➤✫
0✔✠✒❄✆✠❈❃✕✠✵✟✔✣✏☛✁ ❩✟✡☎❇%★✂✽❄☛ ✗☎❴☛✔ ❑0✞0❧%✩❃✕✂✆✟✡✠❴%☛'✔0✫0■✟❄#✸❄✛❃❴ ❖0✥ ❖0■✟❑☛✔ ❶+✓☎❧%✲✤✗✣✢☛✔ ✗☎➅+✔#✸☎✥0✔✠✕✑✹✂✛❃❹#❀✟✡✠❾%☛'✔0❅'✲✂✓✑✜✣✗☎✔✠✒`✄✂✔ ❑0 ❁
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✤❖#✩✰✦✟=!✢✂✁)❧!✆!❖'✛✟=!✢✑❢1✔)⑤☛✁!✹✤❖,❊❃✒✤✗✂✛❃ ❁➏❂ ,✖☛✔!✢✂✲●✆✠❋❆✢✑❢!✆,❫1✔1✓☎❇#✲✤☞❉✔!✹☛✔!❩✤❖,✸☎=,✞✤✗✟✡✣✗☎✔✠❴)=,✞✟✔✠❤#☛'✯☛✔!❑)❴❄❋,❊❃❋❃❤!❑)✚☛✔!
❃✒✂✓✑✜✠❋❆✢☎❇!✹✣✢J✄✂✓✠❯❄♦,✸✂✆✟✏✭➲!✗✴➠!✢✤❍✟✡✂✔!✗☎✏✂✁'✔!❏,♦'❋,❊❃✵❋❂)❇!❵❄♦,✞☎✔✠❹,❀✟✡✠❤#❫'✔'✔!✏❃❈❃❾!✆!❑'➳'✓✣✗✝✩❃✕✠✒✝☛!❖,❫'✄✟☎❃❤!❅✤☞❉❋,✸✑❢1❯☎✥✣❖)✔✠➇✫
☛✓✂✔!✏❃ ✻❖✼✙➒➃✿ ✩✓✤❑#★✑✜✑❏!✥'✔#★✂✁)●❃◆✌✄,❅❄☛#☛'✔)❆❙➊,✞✠✕✟❃☛✔,❫'✔)●❃❤!⑤✤➫,❫)❳✭ ➩➤✽➃§✹✽➃➫ ② ❁ ❐$✤✢✠✧,✸✂✁)❧)✔✠✰✩✽❃❤!⑤✟❧!✢✑❢1✔)➌☛✁!❑✤➫,❊❃✕✤✢✂✛❃
'✓✣✢✤❑!❖)❇)=,✸✠✒☎❇!✓1②#★✂✓☎❘❃✰✌➨,❫'✔,❊❃✕❋✠)❧!☎❄♦,✸☎✔✠❤,✞✟✡✠❴#☛'✔'✁!✎❃❋❃❴!❑☎❇!❖1✓☎✥✣❖)❇!❖'✄✟❧!❶)❧!✢✂✽❃❤!✗✑❏!❑'✄✟✚✂✔'✔!✘✟✡☎❥❆❖)✫1②!❍✟✡✠✵✟=!✘❙❦☎❧,✸✤✗✟✔✠❤#☛'
☛✓✂❊✟=!✗✑❏1✔)⑤☛✔!✹✤➫,❊❃✕✤✢✂✛❃⑧!❍●✦✠✕✝★✣✆1❋,✞☎❴✤❑#★✑❢1❋,✸☎=,✞✠❤)❧#❫'❵✭➁'✍✌❖✠✒✑❢1②#★☎✥✟❧!✏J✲✂✁!✎❃❋❃❤!❩✑✜✣✗✟✤❉✁#✲☛✔!✹J✄✂✓✠④✂✆✟✡✠❋❃✒✠❴)❇!✗❃❤!
✤❢❉✔,✸✑❏1✏☛✍✌❖✠✒✑❢1✓✂✛❃❴)✔✠❴#☛'➝!❍●✁,✸✤❍✟❉,✸✂❩✤❑#★✂✓☎❇)④☛✔!✂❃❤,❅1✓☎❇#☛1❋,✸✝☛,✞✟✡✠❴#☛'❬☛✍✌❖✠✒✑❢1✓✂✛❃❴)✔✠❴#☛' ❁➃❂ !✴)❧!✗✂✛❃✦✠❴'✓✤❖#❫'✼❄★✣❖'✆✠❤!❖'✙✟
☛✔!❪❃❹,❴✑✜✣✗✟✫❉✔#✲☛✔!❑❄♦,✸☎✥✠❹,✞✟✔✠❤#❫'✔'✔!✎❃❋❃❾!❃☎✥✣❖)✔✠✕☛✔!❳☛❋,♦'✔)✙)❧#❫'❢'✓✠❋❄☛!❖,✸✂✜☛✶✌✄!✬●✔,✞✤✗✟✡✠✵✟✡✂✓☛✁!✸✩✙J✄✂✓✠❢☛✓✣❖1②!❑'✓☛✜✟✡☎❥❆❖)✪❙➩#★☎■✫
✟=!✗✑❏!❑'✄✟❩☛✓✂✷✤❢❉✁#★✠✵●❯☛✔!❏❃❹,☞❙➩#❫'✓✤✗✟✔✠❤#☛'✳☛✶✌✄!❑)❧)=,✞✠ ❁ ②✞,❫'✔)❩☛✔!❑)❩✤➫,❫)✓1✓☎✔✣✗✤✢✠❴)✢✩❫✣✏❄☛!❑'✄✟✔✂✔!✎❃❋❃❤!✢✑❢!❖'✙✟➓❃✒✠✕✑✜✠✵✟✔✣❖)
!❖'✮'✔#★✑✹❄✓☎❇!✸✩✟❃❤!❑)❿1✆☎✔✣✢☛✆✠✒✤✗✟✔✠❤#❫'✔)➙#★❄✆✟=!❑'✲✂✁!❖)❢1❋,✸☎❅✤❖!❍✟✔✟=!☞✑✖✣❍✟✤❉✔#✲☛✁!✸✩✪☛✔,❫'✔)❭❃◆✌✄,❫1✔1✆☎❧#❱●✦✠✕✑➁,❀✟✡✠❾#☛'❮±♣²✸³♣♥
☛✔#★✠❯❄☛!❖'✙✟➌➊❍✟✡☎❧!❩❄◆,❊❃✒✠✕☛✓✣❖!❑)✪1✔,✸☎❱❃❹,✏☎✔✣❑)❧#✩❃✕✂✆✟✡✠❴#☛'➁!❍●✁,✸✤✗✟❧!❑☛✔!☎❃✰✌✎✣✗J✲✂✔,✞✟✡✠❴#☛'☞➋ ❂❘➎ ② ❭⑤❁ ➧✁,❫'✔)❃✤❑#★✑✜✑❏!❑'✓✤❖!✗☎
1❋,✸☎✹☎✔✣❖)❇#★✂✓☛✓☎❇!➵'✲✂✓✑✜✣✢☎✥✠✒J✄✂✔!✢✑❢!❑'✄✟❭❃✰✌❖✣✢J✄✂❋,✞✟✔✠❤#☛'|➋ ❂❘➎ ② ❭ ✩❞✠❋❃❲!❑)✥✟✜☛✆✠✕❏✜✤✢✠❋❃❤!✮☛✍✌✄,❅❄☛#✸✠✒☎✹✂✔'✔!❚✠✒☛✓✣❑!❚☛✓✂
1✓☎❧#✞❡❚❃❜☛✓✂✷✤❢❉✔,✸✑❢1

ψ(r, t, z) ❁ ②✫!✮✤❑!✜❙➊,✸✠✕✟✢✩❙❃❴!✜✤☞❉✔#★✠➇●❯☛✍✌❖✂✔'✔!✜❙➩#☛'✓✤✗✟✔✠❤#❫'✳☛✍✌✇!❖)❇)=,✸✠➈1❋,✸☎✥✟✔✠✒✤✗✂✛❃✒✠❋❆✗☎❧!❢,
✂✔'▼✤❖!✗☎✥✟❄,✞✠❤'❇✤➫,✸☎❧,✸✤❍✟✤❆✢☎❇!☞☛✶✌➨,✸☎✥❄✓✠✕✟✔☎=,✸✠✕☎❧!✞✩③J✄✂✓✠✪!❖)■✟✖✭⑨❃◆✌✇#★☎✥✠✒✝✸✠❴'✔!✖☛✔!♣❃❹,❻'❋,✞✟✡✂✆☎❧!➵,❫1✁1✓☎❧#✺●✦✠✒✑❏,✞✟✡✠❯❄☛!✮☛✔!
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❃◆✌✄!❫#✔#✓☎❇&✲✤❢❉✁(⑤☛✔(❑*❃✤❖&✠&★☎✥☛✔&☛.✔.✓✣❑(❖*❃✤❖&✩❃❋❃❤(✗✤✗✟✔✠❋❄☛(❖* ❁✲❨ ✠❴.✔*✔✠✰✩✠#②&★✂✆☎❆☛✔(❖*✪*■❋✠*✥✟✤❆✗✑❏(❑*✒!✸✂✔*❇*✔✠❝✤❖&★✑❢#✛❃❤(✬●❂(❖*❆n✄✂✔(
✤❖(✗✂✦●☞☛✔(➅.✔&✸✟✡☎❇(❑✣✗✟✔✂✓☛✔(✸✩✓☎✔✣✢✝✸✠❤*✪#❋!✸☎❑❃◆✌❖✣✢n✄✂❋!✞✟✔✠❤&☛.☞➋ ❂❘➎ ② ❭ ✩✆✠❈❃✾(❑*✥✟✒#✓☎✔✣❍❙❦✣✢☎:!✞❄✛❃❤(❴☛✍✌✄(❍✴✾(✗✤✗✟✔✂✔(✢☎❪❃◆✌❖✣✗✟✡✂✆☛✔(
!❅❄☛(✗✤➙!✸✂✛✑❢&★✠❤.✁*✁☛✔(✢✂✲●✛❙➩&❫.✓✤✗✟✔✠❤&☛.✔*✁☛✍✌✄(❑*❧*❧!✸✠④n✄✂✓✠⑧&❫.✄✟⑤☛✔(❑*✞#✓☎❇&✸❡❚❃❴*✫*❧#❋!❀✟✡✠❤&❀✫✱✟:(✗✑❏#②&✸☎❧(✎❃❴*❳✤✎❃❤!✸✠✒☎❇(✢✑❢(❖.✙✟
☛✓✠✕✴❝✣✢☎❇(❖.✙✟:* ❁④❂ !✛✤❑&★✑❢#❋!✸☎:!✞✠❤*❧&❫.✷☛✔(❑*✹☛✔&★✑❏!✸✠❴.✔(❖*✏☛✁(➤*✥✟:!✸❄✓✠❋❃✒✠✵✟✔✣✜✤❖&★☎✥☎❧(❖*❇#②&☛.✓☛❋!♦.✄✟❉✭✛✤❑(❖*❩❙➩&☛.✓✤❍✟✡✠❴&☛.✔*
☛✍✌✄(❑*❧*❧!✸✠❤*❑☛✔(B❄✲☎:!✸✠✵✟✺✩✾(❑. #✓☎✔✠❴.✓✤✢✠❴#②(✸✩❝☛✔&☛.✔.✁(✢☎❑✂✔.✁(❅✑❏(✗✠❈❃❋❃❴(✗✂✓☎❧(✏✠✒☛✓✣❑(❅☛✁(❵❃❹!✮✤❖!✸☎✥✟❧&★✝★☎❧!❫#✛❉✓✠❴(❩☛✔(❖*❑✤❖&✸✑❉✫
#②&★☎✥✟❧(✢✑❢(❖.✙✟:* ❁✄➍ .✔*✔✂✆✠✕✟:(✞✩✙✂✔.✔(✁☎✥✣❖*❇&✩❃✒✂✆✟✔✠❤&☛.➙.✲✂✆✑✖✣✗☎✔✠✒n✄✂✔(❬(❍●✁!✸✤✗✟❧(✁☛✔(❘❃✰✌✎✣✗n✄✂❋!✞✟✡✠❴&☛.✖➋ ❂❘➎ ② ❭ ☛✔&★✠✵✟❜➊✗✟✔☎❧(
❙➊!✸✠✕✟❧(✒#②&★✂✓☎▲✤❑&☛.✆❡❢☎✥✑❏(✗☎➈(✗✟❲!✞❏❢.✔(✗☎✂❃❤(❑*▲☛✓✠✕✴❝✣✗☎❧(❖.✙✟:*❜✟➤❋✠#②(❖*❲☛✔(✚✤❑&★✑❢#②&★☎✥✟❧(✢✑❢(❖.✙✟:* ❁✄❂ !➃*✔✠✕✑❏#✛❃✕✠✕✤✗✠✵✟✡✣➌☛✔(
❃◆✌✄!❫#✔#✓☎❇&✲✤❢❉✁(✏☛✔(❑* ❭➌❭ *⑤☎❧(❑.✓☛ *❇&☛.❻(❍●✦✣✢✤✗✂✆✟✡✠❴&☛.❊☎❧!❫#✓✠✒☛✁(➃(✗✟✥.✔&✸✂✔*✫#➠(✗☎✔✑❢(✗✟✚☛✍✌✇(✗✴➠(✢✤✗✟✔✂✔(✢☎⑤☛✔(❑*⑤✣✗✟✔✂✓☛✔(❖*
#❋!✸☎:!❫❃❈❃❋❆✎❃❴(❑*⑧!❅❄☛(✗✤✪#✛❃✕✂✔*✔✠❴(✢✂✆☎❧*❫❙➩&☛.✓✤❍✟✡✠❤&❫.✔*③☛✍✌✇(❖*❇*:!✸✠✦☛✔(❲#✓☎❧&✞❡❚❃❤*③☛✆✠✕✴❝✣✢☎❧(❑.✄✟❧*④☛❋!❫.✁*④☛✓✠✕✴❝✣✢☎❇(❖.✙✟:*④☛✔&✸✑➁!✞✠❤.✔(❑*
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☛✔!❖#➌✤❖'✠!❍❏✜✤✢✠❴!❖)✄✟❧#❳☛✆✠✕✴❝✣✢☎❧!❑)✄✟❧# ❁✆❨ ✠❤)✁#✔✠➒❃❴!❖#✪7❋%✞☎6%✸✑❴❆✗✟✔☎❧!❑#❃☛✔!✿❃✰✌✎✣✗d✲✂✔%✞✟✡✠❴'☛)☞➋ ❂❘➎ ② ❭ ❄☛'☛)✙✟❅%✞✝★✠✒☎✴#❧!❑)✔#✔✠➇✫
❄✛❃❤!✗✑❏!❑)✄✟❴☛✓✠✵✴✶✣✗☎❧!❑)✄✟➅#❇!✎❃❴'☛)⑦❃❹%✜❙➩'☛)✓✤❍✟✡✠❴'☛)❊☛✍✌✇!❖#❧#❧%✸✠ ❁✍➈ )✔!❿%♦)❋%❊❃✕❋✠#❇!✹✑✖✠❴)✲✂✆✟✔✠❴!✢✂✔#❇!❩☛✔!❅✤❑!❖#❑✣✢d✄✂❋%❀✟✡✠❤'❫)✔#
❄♦%✸☎✥✠❹%✞✟✔✠❤'☛)✁)✔!✎❃❋❃❴!❑#❜✑❢'☛)✄✟✔☎❧!✁d✄✂✔!❨❃✰✌➨%✸✑❢7✛❃✕✠➇✟✡✂✓☛✁!

(A)
☛✔!❨❃❤%✘❄❋%❊❃❈❃❴!❳☛✁!❨❃✒✂✓✑✜✠❋❆✢☎❇!✒!❖#■✟❆☎✔✣✗✝★✠❤!✒7❋%✸☎ ❃❤!❳✝♣%✸✠❴)

)✔'☛)♣❃✕✠❤)✓✣❖%✸✠✕☎❧!❅!✗✟❬#❧%✆#6%✞✟✔✂✓☎6%✞✟✔✠❤'☛)✶✩✖❃❴!❖#❲7②!✢☎■✟6!❖#✗✩✛❃❹%✏☛✓✠❴#❧7②!✢☎❇#✔✠❴'☛)➲!❍✟●❃❤!✚✟❧!✢☎✥✑❏!⑤☛✔!⑤❡❚❃✵✟✡☎6%✞✝☛!✫#❧7②!✢✤❍✟✡☎6%❫❃✩★
)✔'★✂✔#❃✤❑'☛)✆❡✓☎✔✑❢'☛)✔#❆d✲✂✁!✿❃✰✌✎✣✗d✄✂✓✠❈❃✕✠✕❄✓☎❧!❅!❖)✙✟✡☎❧!❩❃❤!❖#❲7②!✗☎✥✟❧!❖#❬!❍✟●❃❴!⑤✝☛%✸✠❤)➁!❑#✥✟❬)✓✣✗✤❖!❑#❧#6%✸✠✕☎❧!✞7②'★✂✓☎❆✑➁%✞✠❤)✙✟6!❍✫
)✓✠✒☎ ❃❤%❬❙➩'✸☎✔✑❢!✁☛✔!❩❃◆✌❖✠✒✑❿7✓✂✛❃❴#✔✠❴'❫) ❁✄❂ !❖#❱❃❤%✸☎✔✝❫!✢✂✓☎❇#▲✟6!✗✑❏7②'✸☎❧!✎❃❋❃❤!❑#

(wt)
!❍✟✪#❧7✔%✞✟✡✠❤%❊❃❤!❑#

(wr)
☛✓✣❖7②!❑)✓☛✔!❑)✄✟



 ✲❽❯➞★❽▼▲$➄❝❸✰❹✬❿✲➀➏➳✲➂❱❸✰❷❺❿❱➄ ✽❱➪★➎
✣✢✝♣!❫❃❤#✗✑❏#❑&✄✟➌☛✓✂✧✝♣!✸✠❴&➲&✔*☛&♥❃✒✠❤&✆✣➫!✸✠✕☎❇#✞#❍✟✁☛✔#➝0❧!❿03!❀✟✡✂✓☎❧!✞✟✡✠❴*☛& ❁❢❭ *★✑✜✑❢#➝!❀✟✔✟3#❑&✓☛✓✂✍✩✛❃❹!✹☛✓✠❴0❧6②#✢☎❇0✔✠❤*❫&➵#✗✟
❃❤#❅✟3#✗☎✔✑❢#✜☛✔#❉❡❚❃✕✟✔☎3!✸✝☛#➙0❧6②#✢✤❍✟✡☎❧!❊❃➈&✍✌❖✠❤&✽❬✓✂✔#❖&✓✤❑#❖&✙✟✹\✄✂✔#❏❃❹!♣❃❹!✸☎✥✝☛#✢✂✆☎❑✟3#✗✑❏6②*★☎❇#✎❃❋❃❤#

(wt) ❁ ②✥#✖✑✜➊✢✑❢#
❃❤#❑0❉✝✸☎3!❫&✓☛✁#✢✂✓☎❇0❢6✽❉✄❋✠0✔✠✕\✲✂✁#❖0❏0❇6❋!✞✟✔✠❹!❊❃❴#❖0

(cr)
#❍✟❉✟3#✗✑❏6②*✸☎❧#✎❃❋❃❤#❑0

(ct)
0❧*❫&✄✟✜✠❴&✽❬❢✂✔#❑&✓✤✢✣❑#❖0✜☛✔#❚❙➊!✸➉❑*☛&

✠✒☛✔#❑&✄✟✔✠✒\✄✂✔#✞6❋!✞☎❑❃◆✌✇#✗✴➠#✗✟✻✿➝#✗☎✔☎✪#❍✟✒0❧!➙0❧!✞✟✡✂✆☎3!✞✟✔✠❤*☛&❈✑❏!✸✠❤0✂❃❴#⑤✟❧#✢✑❢6②*★☎❧#✏❃✾#❖0■✟❳☛✔*★✑✜✠❤&✆✣⑤☛✔#✞6✛❃✒✂✔0❲6❋!✸☎❑❃❤!
☛✓✠❤0❇6②#✢☎❇0✔✠❤*❫&❏#❍✟✂❃❴#➌❡❚❃✵✟✡☎❧!✸✝☛#❬0❧6②#✗✤✗✟✡☎❧!❊❃ ❁✲➍ &✆❡❋&❏❃❹!❑✤❑*☛&✔0■✟❄!❫&✙✟3#✁☛✔#❅6✛❉❋!♦0❧#

(f)
❃❤*★☎❇0❜☛✁#❅0❧*☛&✖✣2❄☛*✩❃✕✂✆✟✡✠❴*☛&

&✍✌❖✠❤&✽❬❢✂✁#❖&✓✤❑#➃6❋!❫0❪❃❤#❑0❳✤✗✠❤&✓\➁6✓☎❧#✗✑✖✠❋❆✢☎❇#❖0➌✣✢\✄✂❋!✞✟✔✠❤*☛&✔0 ❁
◗ *★✂✓☎❴✑❏#❍✟✔✟✔☎❧#✆#❑&♦❃✒✂✓✑✜✠❋❆✢☎❇#➓❃◆✌❖✠❤&✖❬❢✂✔#❖&✆✤❖#✹☛✓✠✕✴❝✣✗☎❧#❖&✆✤✢✠✒✣❑#❅☛✁#❖0➅6❋!✸☎3!✞✑❏❆❍✟✡☎❇#❖0✞0✔✂✓☎☎❃◆✌❖✠✒✑❢6✓✂✽❃❴0✔✠❴*❫&✍✩②&✔*★✂✔0
!❅❄☛*❫&✔0❑✟✡☎3!✞✤✢✣❭❃❴#➙6✓☎❇*✸❡❚❃④✟3#✗✑❏6②*✸☎❧#✎❃➂#❍✟❬☎❧!✸☛✓✠❹!❫❃④☛✔#❭❃✰✌✎✠✕✑❢6✓✂✛❃❴0✥✠❴*☛& 6②*★✂✓☎❑☛✓✠✵✴✶✣✗☎❧#❖&✙✟3#❑0◗❄◆!❊❃❤#✗✂✓☎❧0❑☛✔#❭❃❤!
☛✓✠❤0❇6②#✢☎❇0✔✠❤*❫& ➩ D = 1

#❍✟
D = 2 ➫ ✩◆#❑&✹✝☛!✸☎✔☛✔!❫&✄✟❦❃❴#❖0❜!✞✂✆✟✡☎❇#❖0⑧6❋!✸☎❧!✸✑❏❆❍✟✡☎❇#❖0③✠✕☛✔#❑&✄✟✡✠✕\✄✂✔#❖0 ❁✞◗ *★✂✓☎❫❋✓!✞☎✔☎✔✠➇✫

❄☛#✢☎✗✩☛&✔*✸✂✔0❞☎✔✣❖0❇*✩❃❋❄☛*❫&✔0❞☛✍✌✄!✸❄②*★☎✔☛❵❃❴#❖0④✣✢\✄✂❋!✞✟✔✠❤*☛&✁0❞☛✓✠✕✴❝✣✢☎❇#❖&✙✟✡✠❤#✏❃❈❃❴#❑0③☛✔#❑❃◆✌❖✣✢\✄✂❋!✞✟✔✠❤*☛& ➩ ⑥ ❁➯➒★➫ &✄✂✓✑✜✣✢☎✔✠✕\✄✂✔#❍✫✑❏#❑&✄✟❬!❇❄☛#✢✤❴✤❑*★✑✖✑❢#✚✤❖*❫&✓☛✓✠✕✟✔✠❤*❫&✮✠❤&✆✠✕✟✡✠❤!❫❃❴#✞✩✄✂✔&➲6②*★✠❴&✄✟❲❡✆●❂#✞0✥✟3!✸❄✛❃❤#✚☛✔#❴✤❑*✠*★☎✔☛✔*❫&✔&✓✣❖#❑0
A = 2.5623

✩
wt = 1.2467

✩
wr = 1.3263

✩
ct = −0.0956

✩
cr = −0.0058

#❍✟
f = 0 ❁ ❒❅*✸✟3*❫&✔0✹\✲✂✶✌➯✭❊✤❖#

0✥✟3!✸☛✔#✸✩✧&✁*★✂✔0➝&✔#❉✤❑*☛&✔&❋!✞✠❤0❇0❧*☛&✔0➃!✸❄✁0❧*✩❃✕✂✓✑❢#❖&✄✟➅6❋!❫0✿❃❤#❑0➝6✆☎❧*☛6✓☎✥✠✒✣❍✟✡✣❖0❑☛✔#❿0■✟❄!✸❄✆✠❈❃✒✠✵✟✔✣❩☛✔#❭❃❹!❈❄✔!❊❃❈❃❴#✹☛✔#
❃✒✂✓✑✜✠❋❆✢☎❇# ❁✆❨ 6❋!✸☎✥✟✔✠✒☎❃☛✔#❖0❅0❧*❊❃✒✂✆✟✔✠❤*☛&✔0

X ➩ X = A,wt, wr, ct, cr, f ➫ ✟✔☎❧*★✂✽❄✸✣❖#❖0✗✩②&✔*✸✂✔0✁☎❧#✗✤❖*☛&✁0✥✟✡☎✥✂✓✠✵✫
0❧*☛&✁0❪❃❤#✞6✓☎❇*✸❡❚❃✶☛✓✂✧✤☞❉❋!✞✑❏6➵6②*✸✂✓☎●❃❴#❖0❑❄◆!❊❃❤#✗✂✓☎❧0➌☛✔#

D = 1
#✗✟

2
✩✔#✗✟❅!✞✠❤&✔0✥✠◆✩❂&✔*✸✂✔0✒6②*✸✂✽❄☛*☛&✔0✒0✥✂✓✠❋❄✲☎❧#

0❧*☛&✮✣✏❄☛*✩❃✕✂✆✟✡✠❴*☛&❏0✔✂✆✠❋❄♦!♦&✄✟❱❃❹!❬☛✓✠❴0✥✟3!❫&✓✤❖#✚☛✔#✫6✓☎❧*☛6✔!✸✝♣!✞✟✔✠❤*☛&
z ❁✦❂ !❬❡❢✝✸✂✓☎❧# ➩ ⑥ ❁✵✽➃➫ ✑❏*☛&✙✟✡☎❇#❨❃✰✌✎✣2❄☛*✩❃✕✂✆✟✡✠❴*☛&

☛✓✂➯6✓☎❇*✸❡❚❃④✟❧#✢✑❢6②*★☎❧#✏❃◆✩✾#✏❃❈❃❴#✹☎✔✣2❄✩❆✎❃❴#❉\✄✂✔#❴❃✰✌✎✠✕✑❢6✓✂✛❃❾0✔✠❴*☛&➭!✸✂✆✝★✑❏#❑&✄✟❧#➙#❖&➳!✞✑❏6✛❃✕✠✵✟✡✂✆☛✔#✆#❍✟➃#❑&▼❃❹!✸☎✥✝☛#✢✂✆☎
❃❤*★☎❇0✔\✄✂✍✌✇*☛&❈☛✔*★✂✓❄✽❃❤#❩❃❤!❀❄♦!❫❃❤#✢✂✆☎❆☛✔#☎❃❤!✏☛✓✠❴0❧6②#✢☎❇0✔✠❴*☛& ❁❈❭ #❴\✄✂✓✠➠#❖0✥✟❬#❑&➵!✸✤✗✤❖*★☎✥☛➵!❇❄☛#✢✤☎❃❤#❑0❲#❍●❂6✓☎❇#❖0❇0✔✠❤*☛&✔0
Ȧ

#✗✟
ẇt

☛✔#❖0✁✣✢\✄✂❋!❀✟✡✠❤*❫&✔0 ➩ ⑥ ❁ ⑥ ➫ #❍✟ ➩ ⑥ ❁➯➒★➫ \✄✂✓✠➺!❀❏✖✤☞❉✔#❑&✄✟❨❃❹!❅☛✆✣❖6②#❖&✆☛❋!❫&✓✤❑#❩☛✔#❀❃✰✌➨!✞✑❏6✛❃✕✠➇✟✡✂✆☛✔#➅#❍✟✚☛✔#
❃❹!✗❃❤!✸☎✔✝❫#✢✂✓☎❜✟3#✢✑❢6②*★☎❇#✎❃❈❃❴#❪❄✲✠❤0➤✫➤✭❀✫❡❄✦✠❴0❲☛✔#❩❃❹!❬☛✓✠❤0❇6②#✢☎❧0✥✠❤*☛& ❁✆❂ !✏❡❢✝✸✂✓☎❧# ➩ ⑥ ❁➯✾★➫ ☎❧#❑6✓☎✔✣❑0❧#❑&✄✟3#✿❃❤!❀❄♦!✞☎✔✠❹!❀✟✡✠❤*❫&
☛✓✂ 6✓☎❧*✞❡❚❃✙0❧6❋!✞✟✔✠❹!❊❃❉6②*★✂✓☎❬✤❖#❑0❩☛✓✠✕✴❝✣✢☎❇#❖&✙✟3#❑0✗❄◆!❊❃❤#✗✂✓☎❧0✏☛✁#❏❃❹!☞☛✓✠❤0❇6②#✢☎❇0✔✠❤*❫& ➩ D = 1

#❍✟
D = 2 ➫❍❁ ❐◆❃☎❧#❑0❧0❧*✸☎✥✟✚☛✁#✘✤❖#✗✟✥✟3#❑❡❢✝★✂✓☎❇#✘\✄✂✔#❀❃❤!❵❃❤!✸☎✔✝❫#✢✂✓☎✪0❧6❋!❀✟✡✠❹!❫❃❤#❴☛✔#◗❃✰✌✎✠✕✑❢6✓✂✛❃❴0✥✠❴*☛&❈☎❧#❑0✥✟3#✘✠❤&✓✤☞❉❋!❫&✆✝★✣❖#◗❃❴*★☎✔\✄✂✍✌✇*☛&

☛✔*★✂✓❄✽❃❤#☎❃❤!✗❄♦!❫❃❤#✗✂✓☎❃☛✔#☎❃❹!✏☛✓✠❤0❇6②#✢☎❇0✔✠❤*❫&✍✩✆✤❑#❑\✄✂✓✠✾#❖0✥✟➌✤❖*☛&✦❙➩*★☎✔✑❢#❴✭❣❃◆✌✇#❍●❂6✓☎❇#❖0❇0✔✠❤*❫&
ẇr

☛✔#❖0➌✣✗\✲✂✔!✞✟✡✠❴*☛&✔0
➩ ⑥ ❁ ⑥ ➫ #✗✟ ➩ ⑥ ❁➯➒★➫ \✲✂✆✠❁#❖0■✟❳✠❤&✓☛✓✣❑6②#❖&✆☛❋!❫&✄✟❧#❑☛✔#✿❃❹!✏☛✓✠❤0❇6➠#✗☎❧0✥✠❤*☛& ❁✓◗ !✸☎❃✤❖*❫&✄✟✡☎❇#➅&✔*✸✂✔0➌☎❧#✗✑➁!✞☎✔\✄✂✔*☛&✔0❃\✄✂✔#
❃◆✌✄!✸✑❢6✛❃✕✠✵✟✔✂✓☛✔#❲☛❋!❫&✔0❞✤❖#❃✤➫!❫0❞✤✢☎❧*❫❧✒✟✟❃✕✣✢✝✩❆✗☎❧#✗✑❏#❑&✄✟ ❁✙❭ #❑0✪❡❢✝✸✂✓☎❧#❑0✪✠❈❃❋❃✕✂✔0✥✟✔☎❧#❑&✄✟✟❃❴#❲❙➊!✸✠✕✟④\✄✂✔#●❃❤!⑤☛✓✠❤0❇6②#✢☎❇0✔✠❤*❫&
&✍✌✄!✸✝★✠✕✟➂6❋!❫0❉0✔✂✆☎▲❃❴#✪6✓☎❧*✸❡✛❃✓☎3!✸☛✆✠❹!❊❃✦✑❏!✸✠❤0④✂✔&✆✠✒\✄✂✔#✢✑❢#❖&✙✟✙0✔✂✓☎✍❃❤#✪6✓☎❇*✸❡❚❃✆✟❧#✢✑❢6②*★☎❧#✏❃✓✤❑*★✑✜✑❏#❱❃❤#❃✑❢*☛&✄✟✔☎❧#
#❍●❂6✛❃✕✠✒✤✢✠✵✟3#✗✑❏#❑&✄✟●❃❤#❑0✒#✬●❂6✓☎❧#❑0❧0✔✠❤*❫&✔0

Ȧ
#✗✟

ẇt

☛✔#❑0✁✣✢\✄✂❋!✞✟✔✠❤*☛&✁0 ➩ ⑥ ❁ ⑥ ➫ #❍✟ ➩ ⑥ ❁➯➒★➫❍❁
❨ ✠❴&✔0✔✠✰✩❢✝★☎✤✇✸✤❑#❶!✞✂✦●➧#✬●❂6✓☎❧#❑0❧0✔✠❤*❫&✔0✞!❫&❋!❊❃✵❋✄✟✡✠✒\✄✂✔#❑0❅*★❄✆✟3#❑&✲✂✁#❖0✥6❋!✸☎❘❃❤!✜✑✜✣✗✟✫❉✔*✲☛✔#❬☛✔#❖0✫*☛6➏✣✗☎3!✞✟❧#✢✂✓☎❇0⑤☛✔#
6✓☎❧*❀➑❇#✗✤✗✟✡✠❴*☛&✔0✗✩✁*☛&➲*★❄✆✟✔✠❤#❖&✙✟➌✂✁&✔#❑✤❖*✸✑❏6✓☎✥✣✎❉✔#❑&✔0✔✠❴*☛&❚✤✎❃❤!✸✠✒☎❇#⑤☛✔#❑0➌✤❖*☛&✔0✥✣✢\✄✂✔#❖&✓✤❖#❖0✁☛✁#✿❃◆✌❖✣✏❄☛*❊❃✒✂✆✟✔✠❤*☛&✮☛✔#❑0
☛✓✠✕✴❝✣✢☎❇#❖&✙✟30⑧6❋!✞☎3!✸✑❴❆✗✟✔☎❧#❑0⑧0✥✂✓☎❦❃❹!❳❄❋!❊❃❋❃❤#✪☛✔#✂❃✒✂✆✑✖✠❋❆✢☎❇# ❁❱❂ ✌❖✠❤&✙✟✡✣✗☎✔➊✗✟③☛✁#❲✤❖#✗✟✥✟3#❲!❫6✔6✓☎❇*✲✤❢❉✁# ➩ ✑✖✣❍✟✤❉✔*✲☛✁#❲☛✔#❑0✤❖*✠*★☎✥☛✔*☛&✔&✆✣❖#❖0❜✤❖*✩❃❋❃❤#✗✤✗✟✡✠❯❄☛#❖0 ➫ ☎✥✣❖0✥✠✒☛✔#✒!✸✂✔0❧0✥✠❢☛❋!❫&✔0✍❃◆✌✄!✸✠❤0❧!❫&✓✤❖#❬!❇❄☛#✢✤❪❃❹!✞\✲✂✁#✎❃❈❃❴#❲#✎❃❈❃❴#✪6②#✗☎✔✑❢#✗✟❜☛✍✌✇*★❄✆✟3#❑&✓✠✒☎





 ✲❽✎❼✆❽✯⑧✪⑩✞❹✺❸.❿❱➻✙❹✡⑩✢❶✶⑨✓❷❦❻✚➀✓❻✡➁◗↕★⑩✞➅✕➅❺❻✡➁❳➀✓❻➌➅◆➳✸➲✖❷❛■✡❹❍❻✁➀✦⑩✞➄✆➁❃➅✬➸ ❻✡➁✱❶➔⑩✙➂✢❻❴➀✆❻♣➁✪❶✍⑩✞❹♣⑩✞➲✄■➃❸❺❹❍❻✡➁✁➀✓❻❀➣❳➺❞➮➳➡❅⑧❆✽❱➪✙➒
❃❤!❑#➂%❋'✞☎('✸✑❴❆✗✟✔☎❧!❖#③❙➩,☛.✆☛❋'✸✑❢!❖.✙✟❄'✸✂✦●❩☛✁!❖#❉%②,✸✠❤.✄✟❧#③❡✆●❂!❖#✗✩❸'✞✠❤.✔#✥✠✦p✄✂✍✌❖✂✔.✔!➌✤➫'✞☎✥✟(,★✝✸☎('❫%✽❉✓✠❤!❲☛✔!❑#✪☛✓✠✕✴❝✣✢☎❇!❖.✙✟(#
✟➤❋✠%②!❑#❲☛✔!❅#❇,✩❃✒✂✦✟✡✠❤,❫.✔#✢✩✸✤❖!✁p✄✂✓✠❢☎✔✣✢☛✆✂✓✠✕✟❜☛✔!❅%✛❃✕✂✔#✔✠❴!✢✂✓☎❇#✙,★☎✔☛✆☎❧!❖#❜☛✔!✁✝✸☎('❫.✓☛✁!✢✂✓☎▲❃❤!❑❄☛,✩❃✕✂✓✑❏!➌☛✁!❖#▲✤➫'❫❃✒✤✢✂✽❃❤#
❉❋'✸❄✓✠✵✟✡✂✔!✏❃❈❃❴!✢✑❢!❑.✄✟➌☎❇!✢p✄✂✓✠❤#✒%❋'✞☎❪❃❤'➙#✥✠✒✑✹✂✛❃❤'✞✟✡✠❾,☛.➤.✲✂✓✑✜✣✢☎✥✠✒p✄✂✔!✘✤❑,★✑❢%✛❃❈❆❍✟(!❑☛✔!◗❃✰✌✎✣✗p✄✂❋'✞✟✡✠❴,☛.✯➋ ❂❘➎ ② ❭⑤❁
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O☞➛❳➙ ↔✧↕➝G④↕❬➣ ❞✪I✧G④➛❳➙ O☞➛ ➥ ➥❇➶✿➭ →

❂ ✌✇,★❄✲➑❇!✢✤✗✟✔✠✕❙✾%✓☎✔✠❴.✓✤✢✠❴%❋'❊❃✓☛✔!✫.✔,✞✟✡☎❧!✁✣❍✟✡✂✓☛✔!✫!❑#✥✟❆☛✁!✁❙➩,★✂✓☎❇.✓✠✒☎✪✂✔.✔!✚✤❖'✸☎✥✟❧,★✝★☎❧'❫%✛❉✓✠❴!❅'❫%✔%✓☎❇,❱●✦✠✒✑❏'✞✟✔✠❯❄☛!✸✩
☛❋'❫.✔#❞✂✔.❵❃❤'❫%✔#④☛✔!❆✟(!✗✑❏%✁#❞☎✔✣✗☛✓✂✓✠✕✟✢✩✞☛✔!❖#❞☎✔✣✢✝✸✠❤,☛.✔#④☛✶✌✄!✬●✆✠❴#✥✟❧!❖.✓✤❑!❳☛✔!❑#❉#❧,✩❃✕✂✆✟✡✠❴,☛.✔#⑧#✥✟('✸❄✛❃❤!❑#➂!✗✟❞✠❤.✔#■✟❄'✸❄✛❃❴!❖#
☛❋'❫.✔#❀❃◆✌✇!❖#❇%❋'✸✤❑!✖☛✔!❑#✓%❋'✸☎❧'✸✑❴❆✗✟✡☎❇!❖#❬☛✁!❏❃✰✌✎✣✗p✄✂❋'✞✟✡✠❴,☛. ➩ ⑥ ❁✵✽➃➫ ✭ ➩❺➎✙ª✹✽➃➫ ② ❁ ➐❻'✞✠❤#✘✤❖,★✑✜✑❢!❭❃◆✌❖✣✢p✄✂❋'❀✟✡✠❴,☛.
➩ ⑥ ❁✵✽➃➫ '❬✤✗✠❤.✆p➙%❋'✸☎❧'✸✑❴❆✗✟✔☎❧!❖#❜✠❤.✓☛✓✣❑%②!❖.✆☛❋'❫.✄✟❧# ➩ D/β
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✩
ν
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µ
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☎✔✣❖'❊❃✒✠❴#❧!✢☎✙!❍✟❆☎❇!❖%✓☎✥✣❖#❧!❑.✄✟❧!✢☎❑❃❤'✘✤➫'✸☎■✟(,★✝✸☎('❫%✛❉✆✠❤!❳☛✔!✚✤❑!❖#❆☎✥✣✢✝★✠❴,☛.✔#➈!❑.✖❙➊'✸✠❤#❧'❫.✄✟▲❄◆'✸☎✔✠❴!✢☎❲✭❀❃❹'❑❙➩,✸✠❤#▲❃❤!❑#❲✤✗✠❤.✓p
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#❧,✩❃✕✂✆✟✡✠❴,☛.✔#✪#❧,✩❃✕✠✕✟❧,☛.✔#✪#✥✟('✸❄✛❃❤!❑# ❁
❂ '❚☛✆✣✢✑❏'✸☎✔✤☞❉✔!❅✤❑,☛.✔#✔✠❴#✥✟❧!❉✭❚☛✓✣❍✟(!✗☎✔✑✜✠❤.✔!✗☎☎❃❤!❑#✞%➠,✸✠❤.✙✟(#⑤❡✆●❂!❖#❬✭➤%❋'✸☎■✟✡✠✕☎⑤☛✔!❖#❑✣✢p✄✂❋'✞✟✔✠❤,☛.✁#☎❄♦'✸☎✥✠❹'❀✟✡✠❤,❫.✦✫
.✔!✎❃❋❃❤!❑#➑★➑❃❴!❖#✞%②,★✠❤.✙✟(#⑤❡✆●❂!❖# ➩ ✦ ◗ # ➫ ☛✓✂ #✥❋✠#✥✟✫❆✢✑❢!❢#❇,☛.✙✟❀❃❴!❖#✞#❧,✩❃✕✂✆✟✡✠❴,☛.✔#⑤☛✔!❖#❑✣✢p✄✂❋'✞✟✔✠❤,☛.✔#

Ȧ = ẇt =

ẇr = ċt = ċr = 0 ❁✁➍ .✔#✔✂✆✠✕✟(!➯.✔,★✂✔#❻'♦.❋'❊❃✵❋❂#❇,☛.✔#❜❃❹'✣#■✟❄'✸❄✓✠❋❃✒✠✵✟✔✣❵☛✔!❖#➧%②,★✠❤.✙✟(#❚❡✆●❂!❖#✢✩✁p✲✂✆✠➃!❖#■✟
☛✓✣✗✟❧!✢☎✥✑✖✠❴.✓✣❖!➵%❋'✸☎❭❃❹'❵☎❇!✢✤☞❉✔!✢☎✥✤❢❉✔!✯☛✔!❖#❭❄♦'❊❃❴!✢✂✓☎❇#❢%✓☎❧,❫%✓☎❧!❑#

λj

'❇❄☛!✢✤
j = 1, ..., 6

☛✔!❜❃❤'❛✑❏'✞✟✔☎✔✠✒✤❑!
Mij = ∂ẋi/∂xj ➩ x = A,wr, wt, cr, ct ➫❍❁ ❒✫,✸✟✔☎❧!☞✤✗☎✔✠✵✟✤❆✢☎❇!☞☛✁!➵#✥✟❄'✸❄✆✠❈❃✕✠✕✟✔✣❈☎❇!❖#■✟(!❜❃❴!❚✑✖➊✗✑❢!❚p✄✂✔!
%②,★✂✓☎❩❃❴!❖#✚✤➫'❫#❴✭ ➩■✽➃ª✹✽➃➫ ②➈★➠'✸✂✦✟✡☎❧!✗✑❏!❑.✄✟⑤☛✓✠✕✟✢✩②#✥✠❦❃❹'❢%❋'✸☎✥✟✔✠❤!❬☎✔✣❖!✏❃❈❃❴!✏☛✍✌✄'✸✂❊✑❢,★✠❤.✁#✚✂✔.✁!✹☛✔!❑#❩❄♦'❫❃❤!✢✂✆☎❧#
%✓☎❧,❫%✓☎❧!❑#❉!❑#✥✟❉%②,☛#✔✠✵✟✡✠❋❄☛!✞✩❫'❊❃❴,★☎❧#❦❃❴!❑✦ ◗ ✤❖,✸☎✔☎❧!❑#❧%②,☛.✓☛✔'❫.✄✟❉!❖#✥✟✪✠❴.✔#✥✟('✸❄✛❃❤!✟★❀☛❋'❫.✁#✍❃❴!❆✤➫'♦#❞✤❖,☛.✙✟✡☎('✞✠✒☎❧!✴.✔,★✂✔#
'❅❄☛,❫.✔#❲☛✔!❑#❑✦ ◗ #➈#✥✟('✸❄✛❃❤!❑# ❁✲❂ !❖#✴%②,✸✠❤.✄✟❧#❜❡✆●❂!❑#❲#✥✟('✸❄✛❃❤!❑#▲✤❖,★☎✥☎❧!❖#❇%②,☛.✓☛✔!❑.✄✟❬'✞✂✦●❢#❧,✩❃✕✂✆✟✡✠❴,☛.✔#✙#■✟❄'✸❄✽❃❤!❖#▲☛✔!
❃◆✌❖✣✢p✄✂❋'✞✟✔✠❤,☛.✧➋ ❂❘➎ ② ❭ ➩ ⑥ ❁✵✽➃➫❑➩ ❄❋'❫❃❈❃❴!❖#❃☛✔!◗❃✒✂✓✑✜✠❋❆✢☎❧!✞#■✟❄'✸❄✽❃❤!❖# ➫❍❁⑤ .➚☎('❫%✁%②!✎❃❈❃❴!❚p✄✂✔!✸✩❜✤❖,★✑✜✑❢!☞☛❋'♦.✔#❴❃❤!☞✤❖'❫#✖✭❛✂✔.✔!✧☛✓✠✒✑❢!❖.✁#✔✠❤,❫.✍✩✟❃❹'❵☎✥✣❖#❧,❊❃✒✂✆✟✔✠❤,☛.▼☛✔!❑#✖✣✗p✲✂✔'✞✟✡✠❴,☛.✔#
Ȧ = ẇt = ẇr = ċt = ċr = 0

#❧!❑❙➊'✸✠✕✟❬%✔'✸☎❪❃❤'❅✑✜✣✗✟✫❉✔,✲☛✔!✘☛✁!✏❒❅!✗¾➌✟❧,☛.✦✫✻k✫'❫%✽❉✔#❧,☛. ❁
➈ .✔! '❫.✔'❊❃✕❋✠#❧!❜❄♦'✸☎✥✠❹'✞✟✔✠❤,❫.✔.✔!✏❃❈❃❾!✸✩✪✤❖,★✑✜✑❢!✯✑❢!❖.✙✟✡✠❴,☛.✔.✓✣➧'✸✂➾☛✓✣❑%❋'✸☎■✟✺✩✴!❑#✥✟❈✂✔.✔!✛✑✜✣✗✟✫❉✔,✲☛✔!✛☛✁!❻.❋'❀✫
✟✡✂✓☎❇!➅'❫%✔%✆☎❧,❱●✦✠✕✑➁'✞✟✔✠❯❄☛!✚☛✔,☛.✙✟●❃❴!✥.✓✠❋❄☛!❖'✸✂❚☛✁!✞%✓☎✔✣✗✤✢✠❤#✥✠❤,☛.❈☛✆✣❖%②!❖.✆☛☞❙➩,★☎■✟(!✗✑❏!❑.✄✟❃☛✔!☎❃❤'✏❙➩,❫.✓✤✗✟✔✠❤,☛.✮☛✍✌✇!❖#■✫
#('✸✠❉%❋'✸☎■✟✡✠✒✤✗✂✛❃✒✠❋❆✗☎❧!❅✤☞❉✔,★✠❴#✔✠❤! ❁❘◗ '✸☎✘✤❖,❫.✔#✔✣✗p✲✂✁!❖.✄✟✺✩❫✣✗✟❄'♦.✄✟❬☛✔,☛.✔.✓✣❴❃❹'❚✤❑,★✑❏%✽❃❤!❍●✦✠✵✟✡✣❅☛✔!❴❃◆✌❖✣✢p✄✂❋'❀✟✡✠❤,❫.❯☛✔!
➋✘✠❴.✓➷✢❄✆✂✓☎✔✝✞✫ ❂ '❫.✓☛❋'✸✂✘✤❖,★✑❢%✛❃❤!✬●❂!✸✩ .✔,★✂✁#③☛✔!✏❄☛,❫.✔#❜%✓☎❧!❑.✓☛✓☎❇!❱❃❤!✙%✛❃✕✂✔#❫✝★☎('❫.✆☛❩☛✁!✴#❧,★✠❴.✓%②,★✂✓☎⑧'❫%✔%✽❃✒✠✕p✲✂✁!✢☎
❃❹'❉✑✜✣✗✟✫❉✔,✲☛✔!❬☛✔!❑#✥,❫%➏✣✢☎('❀✟(!✢✂✆☎❧#✚☛✔!➃%✓☎❧,❀➑❇!✢✤❍✟✡✠❤,❫.✔#✚✭✜✤❑!✗✟✔✟❧!✏✣✢p✄✂❋'✞✟✔✠❤,☛. ❁ ❐◆❃❚!❖#■✟⑤✂✆✟✡✠❋❃❤!✸✩❋'✸✂➧%✓☎✥✣➫'❊❃❤'✸❄✛❃❴!✸✩



✽❱➪★➓❢⑧④⑨❢⑩✢❶✶❷✱❸❺❹❍❻❞5✄❽ ➔❢❿➃➅✱➳✓❸❺❷❺❿➃➄✆➁✍↕★⑩✞➅✒➅❦❻♣➁❫➀✓❻❫➅✱➳✸➲✜❷❛■♣❹✬❻✮➜❃➁K✃✓➲ ❾ ❸❺❹✔❷❦❻✪➂■✃✓➅✕❷✒➄❝➀✙❹✔❷✵✳✆➳✲❻❞➀✆❻③➅✬➸ ❾ ✳✆➳✙⑩✆❸✰❷❦❿➃➄❭➣✁➺❏➜❣➝❺➮✼➟❀➞❢➠❢➡
☛✍✌➨!❇❄☛#★✠✕☎❆✂✔%➵!❫(②*✗☎✔➉✢✂❚☛✓✂➲%✓✠❯❄☛*➫!✸✂❚☛✁*✞(✓☎✔✣✗✤✢✠❤0✥✠❤#☛%❈☛✁*✿❃❤!✏✑✖✣❍✟✤❉✔#✲☛✔*⑤☛❋!❫%✔0❃✂✁%✔*➅(②#✸☎✥✟✡✠❴#☛%✮☛✔*☎❃◆✌✇*❖0❇(❋!✸✤❖*
☛✔*❖0✙(✔!✸☎8!✸✑❴❆❍✟✡☎❧*❑0✪✣❍✟✡✂✓☛✓✠✕✣❖0 ❁✄◗ #✸✂✓☎❞❋➙!✸☎✥☎✔✠❯❄☛*✢☎✢✩♦#☛%❿(②*✗✂✆✟➈(✆☎❧#✲✤✢✣✗☛✔*✢☎✙(✔!✸☎✪✂✁%✔*❳✤❑#★✑❢(❋!✸☎8!✞✠❤0❇#☛%✹☛✓✠✒☎❇*✢✤✗✟❧*
*❖%✙✟✡☎❧*❨❃❤*❑0❲☎✔✣❑0✔✂✛❃✵✟❄!✞✟❧0❲☛✔#☛%✁%✓✣❖0❲(❋!✸☎ ❃❹!✘✑✖✣❍✟✤❉✔#✲☛✁*✥!❫(✔(✓☎❇#✲✤❢❉✆✣❖*✥*✗✟❆✤❑*✢✂✦●✜✟✡☎❧#✸✂✽❄★✣❖0❲(❋!✞☎✂❃❹!➝(✓☎❧#✲✤✗✣✢☛✆✂✓☎❧*
*❖%✙✟✡✠❈❆✗☎❧*✗✑❏*❑%✄✟➃%✲✂✓✑✜✣✢☎✥✠✒}✄✂✔* ❁ ②✥*✜✤❖*❉❙➊!✸✠✵✟➝%✔#★✂✁0❶!❇❄☛#☛%✔0❬✤❑#★✑✜✑❏*❑%✓✤✢✣❭❃❹!❚☎❧*✗✤❢❉✁*✢☎✔✤☞❉✔*✖☛✔*❖0❬❄❋!❊❃❈❃❴*❖0❑☛✔*
❃✒✂✓✑✜✠❋❆✢☎❇*❢*❖%❪✂✆✟✔✠❈❃✒✠❾08!❫%✙✟✗❃❤!✧✑✖✣❍✟✤❉✔#✲☛✔*✖☛✔*❑0✆#☛(➏✣✗☎8!✞✟❧*✢✂✓☎❇0✹☛✔*❏(✓☎❧#❀➑❇*✢✤❍✟✡✠❴#☛%✔0✏☛❋!❫%✔0➓❃❴*✖☛✔#✸✑➁!✸✠❴%✔*✜☛✔*❑0
(❋!✸☎8!✞✑❏❆❍✟✡☎❧*❑0✙#★➭❏❃❴*❖0❜❄❋!❊❃❈❃❴*❖0✪☛✔*❘❃✕✂✓✑✖✠❋❆✗☎❧*❬#☛%✙✟▲☛✓✣➤➑✔✭❬✣❍✟✡✣❳✟✡☎❇#★✂✽❄★✣❑*❖0❲☎✔✣✗✤❖*✗✑✖✑❢*❖%✙✟✴(❋!✞☎ ❃❤!✘☎✥✣❖0❧#❊❃✒✂✆✟✔✠❤#☛%
*❍●✁!✸✤❍✟8*➌☛✔*❱❃◆✌❖✣✢}✄✂❋!✞✟✔✠❤#☛%❅➋ ❂❫➎ ② ✻✵✽ ⑥ ➎ ✩ ✽ ⑥★⑥ ✿◆❁✸➍ %➙*❍●❂(✛❃❴#★☎8!♦%✄✟✟❃✰✌✄*❑0❧(❋!✸✤❑*❃☛✔*❖0➂(❋!✸☎❧!✸✑❴❆✗✟✡☎❇*❖0④☛✔*❑❃✰✌✎✣✗}✄✂❋!❀✫
✟✡✠❤#❫%✯➋ ❂❫➎ ② ❭ ✩❋%✔#★✂✁0✫!❇❄☛#☛%✔0❅(✆✂✯✑❢*✗✟✥✟✡☎❧*➅*❖%✧✣✏❄✲✠✕☛✔*❖%✓✤❑*✏☛✔!❫%✔0❘❃❴*❖0❬(✛❃❹!❫%✁0 ➩ ν, ǫ ➫ ✩ ➩ µ ✩ ν ➫ *✗✟ ➩ β ✩ ǫ ➫✂✔%✔*❴☎✔✠✕✤❢❉✔*❨❄♦!✞☎✔✠✒✣❍✟✡✣⑤☛✔*✞0❧#❊❃✒✂✆✟✔✠❤#☛%✁0❆☛✁*✿❃✰✌✎✣✗}✄✂❋!✞✟✔✠❤#☛%❚➋ ❂❘➎ ② ❭ ➩ ⑥ ❁✵✽➃➫ ✠❴%✓✤✎❃✕✂❋!❫%✙✟❑❃❴*❖0❲0❧#❊❃✒✠✕✟❧#☛%✔0✴0❇(❋!✞✟✡✠❴#✞✫
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*✗✟
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ψ(r, t, 0) = 3.54 exp

(

− t2

0.33
− r2

0.31
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✟✡☎❇!★✂✽❄★✣➅*❋,✞☎❑❃❹,❶*✓☎❇!✲✤✢✣✗☛✓✂✓☎❧(➅(❖#✙✟✡✠❋❆✢☎❧(✗✑❏(❑#✄✟❬#✄✂✓✑✜✣✢☎✔✠✕m✄✂✔( ❁ ⑤ #➲*②(✢✂✆✟❳✤✏❃❹,✞✠✒☎❧(✗✑❏(❑#✄✟❲!★❄✁%❧(✢☎④❄☛(✢☎❳m✄✂✍✌❖✂✔#✔(
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,❇❄☛(✢✤❛✤❖!✸✑✖✑❢(❊✤❢❉✔,✸✑❏*❮✠❴#✓✠✕✟✔✠❤,❊❃
,✸☎✔❄✆✠✕✟✡☎❧,✸✠✕☎❧(

ψ(r, t, 0) = 3.54 exp

(

− t2

0.33
− t4

0.10
− r2

0.31
− r4

0.10

)

, ➩ ⑥ ❁ ⑦ ➫
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✽★✽❱➪❢⑧④⑨❢⑩✢❶✶❷✱❸❺❹❍❻❞4✄❽ ➔❢❿➃➅✱➳✓❸❺❷❺❿➃➄✆➁✍↕★⑩✞➅✒➅❦❻♣➁❫➀✓❻❫➅✱➳✸➲✜❷❛■♣❹✬❻✮➜❃➁J✃✓➲ ❾ ❸❺❹✔❷❦❻✪➂■✃✓➅✕❷✒➄❝➀✙❹✔❷✵✳✆➳✲❻❞➀✆❻③➅✬➸ ❾ ✳✆➳✙⑩✆❸✰❷❦❿➃➄❭➣✁➺❏➜❣➝❺➮✼➟❀➞❢➠❢➡
 ✓✂✓☎❧"✗✑❏"❑%✄✟④✟&"✗✑❏ ②(★☎❇"✎❃❋❃❤"❑+⑧(☛%✄✟④✣✗✟✡✣❲✟✡☎❧(✸✂✽❄★✣❖"❑+❉%✲✂✆✑✖✣✗☎✔✠✒e✄✂✔"✗✑❏"❑%✄✟❞☛✔1❫%✔+✟❃❴"❆✤❖1✸☛✓☎❇"❃☛✔"❑❃✰✌✎✣✗e✄✂❋1✞✟✡✠❴(☛%❅➋ ❂✭ ➩■✽➃p✹✽➃➫ ② ✻✵✽❱➎★➒➃✿◆❁ {❆✠❴"❖%✜e✄✂✔"❘❃❤"❬ ✓☎❧(✸❄✛❃❈❆✗✑❏"➌☛✍✌❖✣✏❄☛(❊❃✒✂✆✟✔✠❤(☛%❉☛✔"❑+❲✠✕✑❏ ✆✂✛❃❤+✥✠❴(☛%✔+➂+❧ ❋1❀✟✡✠❤(❀✫✱✟&"✗✑❏ ②(✸☎❧"✎❃❋❃❾"❖+❜✭
➩✰➎✙p✹✽➃➫ ②�✤❑(☛%✔+✔✠✕☛✓✣✢☎✥✣⑤☛✔1❫%✔+❲✤❖"✁✟✡☎&1❇❄♦1✸✠❋❃❋ ✓☎✔✣❑+❧"❖%✙✟❬+❇(★✠✵✟❲❄②"➫1✸✂✆✤❖(★✂✔ ➤ ✽❃✒✂✔+▲✤❖(★✑❢ ✛❃❴"❍●❂"✸✩❸%✔(★✂✔+✴ ②(★✂✽❄☛(❫%✔+
☎❧"✢✑❏1✸☎✥e✲✂✁"✢☎❩e✲✂✁"♣❃❤1✯✟❧"❖%✓☛✔1❫%✓✤❑"❚e✲✂✆✠❆☎❧"✏❃✒✠❤"❴❃❤"❖+❶ ❋1✞☎&1✸✑❴❆✗✟✔☎❧"❑+✹☛✔"✧❃◆✌❖✣✢e✄✂❋1✞✟✔✠❤(☛% "❍✟❵❃◆✌✇"❍●✦✠❴+✥✟&"❑%✓✤❖"❈☛✔"❑+
+❧(✩❃✕✠✕✟&(❫%✔+❬☛✆✠❤+❧+✥✠❤ ❋1❀✟✡✠✕❙➩+➝"❑+✥✟✆+❇"✢✑✹❄✛❃❤1✸❄✛❃❴" ❁❫❭ "✎❃❤1➧+❧"✗✑❅❄✽❃❤"✜➊✗✟✡☎❇"✮✂✔%✁"✮✤➫1✞☎&1✸✤❍✟✡✣✢☎✥✠❤+■✟✡✠✒e✄✂✔"✜✝★✣❖%✓✣✗☎&1❊❃❴"✖☛✔"❑++❧(✩❃✕✠✕✟&(❫%✔+❞☛✆✠❤+❧+✥✠❤ ❋1❀✟✡✠✕❙➩+✗✩✞e✲✂✆✠❋ ②"✢✂✖❄☛"❖%✙✟✴+✢✌➨1✞✤✢✤❑(★✑✖✑❢(✲☛✔"✗☎❉ ✛❃✕✂✔+❞❙➊1✸✤✗✠❈❃❴"✢✑❢"❖%✙✟✪☛✆✂❢ ❋1❫+❇+&1✸✝❫"❅1✸✂✦●❅☛✓✠✕✑❏"❑%✦✫
+✔✠❤(❫%✔+❳✣✏❃❤"H❄★✣❖"❖+✁e✄✂✔"❀❃❴"❖+❬+❧(✩❃✕✠✕✟&(❫%✔+➌�✥1✸✑✜✠❈❃✵✟❧(☛%✆✠❴"❖%✁+ ❁
❂ ✌❖✠✕✑❏ ②(★☎■✟❄1❫%✓✤❑"✁☛✓✂✮✟&"✗☎✔✑❢"✚☛✓✠❤+❇+✔✠❤ ✔1✞✟✡✠✵❙✍e✄✂✓✠❴%✄✟✡✠✕e✄✂✔"✚☛✔"❩❃◆✌❖✣✢e✄✂❋1✞✟✔✠❤(❫%❚➋ ❂❫➎ ② ❭ "❖+■✟❃✤❖(☛%✙✟✡☎✫✯❊❃✒✣❖"✫ ✔1✸☎✂❃❤"
✟&"✢☎✥✑❏"❅☛✔"❿+&1✞✟✔✂✓☎&1✞✟✔✠❤(☛%❵☛✓✂❯✝♣1✸✠❤%➭%✔(☛%▼❃✕✠❤%✓✣❖1✸✠✕☎❧" ➩ µ ➫ ✩➔✤❑"❉✟&"✗☎✔✑❢"❿"❑+✥✟✓"❑+❧+❇"❖%✙✟✡✠❤"✏❃✙ ②(★✂✓☎➃1❫+❇+✔✂✓☎❇"✢☎❀❃❹1+✥✟❄1✞❄✓✠❈❃✕✠❴+&1✞✟✔✠❴(☛%✯☛✔"❑+➅+❇(✩❃✒✂✦✟✡✠❤(❫%✔+✫+✥✟&1✞✟✡✠❴(☛%✔%❋1✞✠✒☎❧"❑+✢✩②"❍✟❑☛✁(★✠✕✟⑤➊❍✟✡☎❧"❶%✓✣✢✝☛1✞✟✡✠✵❙❜✤❑(★✑✜✑❏"✏✠❋❃✮❃◆✌✄1✖✣✗✟✡✣❶ ✓☎❧(★✂✖❄★✣
☛❋1❫%✔+❀❃❹1❚☎✔✣✗❙❦✣✗☎❧"❑%✓✤❖" ✻✵✽❱➎★➒❀✿✰❁ ②✞1♦%✔+✗❃❤"❉✤❖1✸☛✓☎❧"✜☛✔"❢%✔(✸✟✔☎❧"✜✣✗✟✔✂✓☛✔"✖☛✔"❑+✓+❧(✩❃✕✠✕✟❧(☛%✔+➅+❧ ❋1❀✟✡✠❤(❀✫✱✟&"✗✑❏ ②(✸☎❧"✎❃❴+✗✩✂✔%✔"❨❄◆1❊❃❤"✗✂✓☎❲✑✜✠❤%✆✠✒✑❢1❊❃❾"❳☛✔" −µ

✩✄e✄✂✓✠➠"❑+✥✟✪ ✆☎❧(✲✤☞❉✔"⑤☛✔"
0.025

☛❋1♦%✔+❱❃❤1✘❡❢✝★✂✆☎❧" ➩ ⑥ ❁ ⑥ ➫ ✩❸"❖+✥✟✪1✸✠❤%✔+✥✠▲"❍●✦✠✵✫✝★✣❖"✫ ②(★✂✓☎✴(✸❄✆✟&"❑%✓✠✒☎▲☛✔"❑+❆❄❋1❊❃❋❃❤"❖+❜☛✔"❩❃✕✂✓✑✜✠❋❆✢☎❧"✒+■✟❄1✸❄✛❃❴"❖+✴"✗✟❆☛✆✣❖ ②"❖%✆☛❚☛✔"❖+✪1✞✂✆✟✡☎❇"❖+❲ ✔1✸☎&1✸✑❴❆❍✟✡☎❧"❑+ ❁ ❒❅(★✂✔+☎❧"✢✑❏1✸☎✥e✲✂✁(☛%✔+❜e✄✂✔"❘❃❤(✸☎❧+✔e✄✂✔"❪❃❤1☎❄♦1❫❃❤"✢✂✆☎➈1✸❄✁+❧(✩❃✕✂✔"❳☛✓✂❉✟&"✗☎✔✑❢"❳☛✁"❅+❧1✞✟✡✂✓☎❧1✞✟✡✠❴(☛%❉☛✓✂✜✝♣1✞✠❤%❿%✔(❫%❴❃✒✠❤%✆✣➫1✸✠✕☎❇"
➩ µ ➫ ☛✔"H❄✲✠❤"❖%✙✟✓ ✽❃✒✂✔+❑✝★☎&1❫%✆☛✔"✸✩❙❃❤1➲+✥✟&1✸❄✓✠❋❃✒✠❴+&1❀✟✡✠❴(❫%❵☛✔"❑+❬❄❋1❊❃❋❃❤"❖+❴☛✔"❭❃✒✂✓✑✜✠❋❆✢☎❧"✆"❑+✥✟✓1✸✑✖✣✏❃✒✠❴(✸☎✔✣❑"✸✩✾"✗✟❀❃❴"✢✂✓☎
☛✔(★✑❏1✸✠❤%✁"❃☛✍✌✄"✬●✦✠❤+✥✟❧"❖%✓✤❑"✥1✸✂✆✝★✑❏"❑%✄✟❧" ❁ ❐◆❃❋"❖%❢"❖+■✟❲☛✔"❳✑✜➊✢✑❢"❬"❑%✖✤❑"✁e✄✂✓✠❢✤❖(❫%✓✤❖"✗☎❧%✔"✁✂✔%✔"●❄♦1✸☎✥✠❹1✞✟✔✠❤(❫%❅☛✓✂✟&"✢☎✥✑❏"❩☛✔"✹✝♣1✸✠❴% %✔(☛%⑦❃✕✠❤%✓✣❖1✸✠✕☎❧" ➩ ǫ ➫❍❁✶❂ 1✖❡❢✝★✂✓☎❇" ➩ ⑥ ❁ ⑥ ➫ ☎✔✣✏❄✩❆✏❃❤"✆"❖%✆❡✔%❛e✄✂✔"❵❃❤(★☎❇+✔e✄✂✔"❣❃❹1❏+&1✞✟✔✂✓☎&1❀✟✡✠❤(❫%
☛✓✂✧✝♣1✸✠❴%➵%✁(☛%❜❃✒✠❴%✓✣❖1✸✠✕☎❧" ➩ −µ ➫ 1✸✂✓✝★✑❢"❖%✙✟&"➅"✗✟✁e✄✂✔"➝+❧(☛%✧✝☛1✸✠❤%➲%✔(☛%♥❃✒✠❤%✆✣➫1✸✠✕☎❇" ➩ ǫ ➫ 1✸✂✆✝★✑❏"❑%✄✟❧"✸✩✔%✔(★✂✁+(★❄✆✟&"❑%✔(☛%✁+▲✂✔%✔"❳➷❖(❫%✔"✁☛✁"❅+■✟❄1✸❄✆✠❈❃✒✠✵✟✔✣❃☛✔"❑+▲❄❋1❊❃❋❃❤"❑+✪☛✔"❪❃✕✂✓✑✜✠❈❆✗☎❧"❃e✄✂✓✠▲1✸✂✓✝✸✑❏"❑%✄✟&"➌☛❋1♦%✔+ ❃❴"➌✑✜➊✢✑❢"❬+❧"❑%✔+ ❁
❨ ✂✆✟✔☎❧"✢✑❢"❑%✄✟✏☛✓✠✵✟✺✩✧ ②(✸✂✓☎✓1❅❄☛(✸✠✒☎❑☛✔"❖+✏❄✔1❊❃❈❃❴"❖+❑☛✔"❏❃✕✂✓✑✜✠❋❆✢☎❧"➙+■✟❄1✸❄✛❃❴"❖+✗✩❘✠❈❃④❙➊1✸✂✓☛✓☎❧1✸✠✕✟✘e✄✂✔"❴❃❤"❖+✘✝★☎&1♦%✓☛✔"❖+ ②"✢☎✥✟❧"❖+✫1❫+❧+❇(✲✤✢✠✒✣❑"❖+✚✭❉✂✔%✔"❬✠✕✑❏ ②(★☎■✟❄1❫%✙✟&"✞+&1❀✟✡✂✓☎❧1✞✟✡✠❴(☛%☞☛✓✂✯✝♣1✞✠❤%➵%✔(☛%❜❃✒✠❴%✓✣➫1✞✠✒☎❇"✞+❧(★✠❴"❖%✙✟✁✤❖(★✑❢ ②"❖%✁+✔✣❖"❑+
 ❋1✸☎➌✂✔%✔"➃1✸✂✓✝★✑❢"❖%✙✟❄1✞✟✔✠❤(☛%❈☛✓✂✧✝♣1✸✠❤%➲%✔(☛%❜❃✕✠❤%✓✣❖1✸✠✕☎❧" ❁
➍ %✆❡✔%✍✩❤❃❹1❅✤❖1✸☎✥✟❧(★✝★☎❧1❫ ✛❉✓✠❴"❑☛✔"◗❃❹1✹❡❢✝✸✂✓☎❧" ➩ ⑥ ❁➯➒★➫ ✤❖(✸✑❏ ✛❃❋❆✗✟❧"➝%✁(✸✟✡☎❇"✘✣✗✟✡✂✆☛✔" ❁➏➍ %➧"❍✴✾"❍✟❨❃❤"❑✤❑(✠"✗❏✜✤✢✠❴"❖%✙✟☛✔"☞☛✓✠❤+❇ ②"✢☎❧+✥✠❤(☛% ➩ D ➫ "❍✟✜✤❖"✏❃✒✂✓✠❃☛✓✂¯✝♣1✸✠❴%✣%✔(❫% ❃✒✠❴%✓✣➫1✸✠✕☎❇" ➩ ǫ ➫ +❧(❫%✄✟❴❃❤"❑+❿ ✓☎✥✠❤%✓✤✗✠❤ ❋1✞✂✦●➽ ✔1✸☎&1✸✑❴❆✗✟✔☎❧"❑+
1✸✤✢✤❑"❖+❇+✔✠✒❄✽❃❤"❖+✒"✬●✁ ➏✣✗☎✔✠✕✑❏"❑%✄✟&1❊❃❤"✗✑❏"❑%✄✟✢✩✆☛❋1❫%✔+➌✂✔%❜❃❤1❫+❧"✗☎❬ ❋1✞☎❬"❍●❂"✢✑❢ ✛❃❴" ❁ ②✥"✘✤❑"❑❙➊1✸✠✵✟❬%✁(★✂✔+❅1❇❄☛(☛%✔+❬(★❄✦✫✟&"❖%✄✂_❃❤1❯☎✔✣✗✝★✠❤(❫%➚☛✍✌✇"❍●✦✠❤+■✟&"❖%✆✤❖"❊☛✔"❑+✮❄❋1❊❃❋❃❤"❖+❉☛✔"❛❃✒✂✓✑✜✠❋❆✢☎❧"➵"❑%❆+✥✂✓✠❋❄♦1♦%✄✟✧❃❤1❯✑✜➊✢✑❢"✧✑✖✣❍✟✤❉✔(✲☛✁"✯e✄✂✔"
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β
 ②"✢✂✽❄☛"❑%✄✟➌➊❍✟✡☎❧"

☎❧"✢☛✆✠✒✑❢"❖%✔+✥✠❤(☛%✁%✓✣❖"❿1❅❄☛"✗✤
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δ = −0.4
✩

ν = −0.08
✩
µ = −0.1

✩➠"✗✟
D = 1

✩✾1✸✠❴%✔+✔✠✮❃❴(★☎❧+✥e✲✂✁"
ǫ
❄♦1✸☎✥✠❤"❩☛✁" ➪✆❁ ⑥ ✭ ✽  ✔1✸☎✥ ❋1❫+⑤☛✔" 0.009

"✗✟
e✲✂✁"

β
❄♦1✞☎✔✠❤"✏☛✔" ➪ ✭ ✽★❁➱➒  ❋1✸☎✫ ❋1❫+⑤☛✔" 0.02

✩➠(❫% (★❄✆✟✡✠❴"❖%✙✟❩❃❤"✏☛✔(✸✑➁1✸✠❴%✔"❬☛✔"❶+✥✟❄1✞❄✓✠❈❃✕✠✵✟✡✣❬☛✔"❑+❴❄❋1❊❃❋❃❤"❑+
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 ✲❽✎❼✆❽✯⑧✪⑩✞❹✺❸.❿❱➻✙❹✡⑩✢❶✶⑨✓❷❦❻✚➀✓❻✡➁◗↕★⑩✞➅✕➅❺❻✡➁❳➀✓❻➌➅◆➳✸➲✖❷❛■✡❹❍❻✁➀✦⑩✞➄✆➁❃➅✬➸ ❻✡➁✱❶➔⑩✙➂✢❻❴➀✆❻♣➁✪❶✍⑩✞❹♣⑩✞➲✄■➃❸❺❹❍❻✡➁✁➀✓❻❀➣❳➺❞➮➳➡❅⑧❆✽★✽❱➎
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❃❹ ✙❃❤ ✸☎✔✝❫"✢✂✓☎➤4❇-❋ ✞✟✡✠❤ ❊❃❴"❊☛✍✌❖✂✔)✔"❛❄❋ ❫❃❈❃❤"✛☛✔"⑦❃✒✂✓✑✜✠❋❆✢☎❇" 4✥✟$ ✞✟✡✠❴'☛)✔)✔ ✸✠✒☎❇"❊✤❑'★☎✔☎❇"❖4❇-②'☛)✓☛❋ ❫)✙✟✯✭
ǫ = 0.78

✩
ν = −0.06

✩
µ = −0.1

✩
δ = −0.4

✩
β = 0.1

"❍✟
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z ≈ 25
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Q =

∫ +∞

−∞

∫ +∞

0

2πr |ψ(r, t, z)|2 drdt ➩ ⑥ ❁➯✼✙➫
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QGO =
π

4

√
2πA2w2

rwt, ➩ ⑥ ❁ ➼ ➫
QSG = 1.0823A2w2

rwt. ➩ ⑥ ❁✕✽✺➪✙➫
◗ '★✂✓☎✗❃❤"❑4❩☛✁"✢✂✦●✳❙➩'☛)✓✤❍✟✡✠❴'☛)✔4✏☛✶✌✄"❑4❧4$ ✞✠◆✩❦❃❤ ✷«✗�✄✂❋ ❫)✙✟✡✠✕✟✔✣✖☛✔"✮✑❢'★✂✽❄☛"✗✑❢"❖)✄✟❱«✜☛✓✣✗❡✔)✓✠❤"❏-❋ ✸☎✗❃◆✌❖✣✢�✄✂❋ ❀✟✡✠❴'☛)
➩✰➎✆❁ ⑥ ➫ "❑4✥✟❬)✲✂✛❃❋❃❤" ❁ ②✥"❑✑✜➊✢✑❢"❩❃✰✌✎✣✗�✄✂❋ ✞✟✡✠❴'☛) ➩✰➎✆❁➯➒★➫ -②"✗✂✆✟✒4✗✌✄"✬●❂-✓☎✔✠✕✑❏"✗☎✪"❑)❚❙➩'☛)✆✤✗✟✡✠❴'☛)❈☛✁"❖4❬-✔ ✸☎$ ✸✑❴❆✗✟✔☎❧"❑4☛✔"❖4✖❙➩'❫)✓✤✗✟✔✠❤'☛)✔4✜☛✍✌✇"❖4❇4$ ✸✠ ❁▲❨ ✠❤)✁4✔✠❅ ❅❄☛"✢✤❛❃❤"❖4❉❙➩'☛)✓✤❍✟✡✠❤'❫)✔4✮➋➃ ✸✂✁4❧4✔✠❴"❖)✔)✁"❻"❍✟➁4✔✂✔-②"✗☎■✫■➋➝ ✸✂✔4❇4✔✠❤"❑)✔)✔"✞✩✴'☛)'★❄✆✟✔✠❤"❖)✙✟❳☎❧"❑4❧-②"✢✤❍✟✡✠❯❄☛"✢✑❢"❖)✙✟❨❃❤"❖4❬"❍●❂-✓☎❇"❖4❧4✔✠❴'☛)✔4❅4✔✂✆✠❋❄♦ ❫)✙✟$"❑4

HGO =
π
√

πA2

16wt

(

4
√

2 − A2w2
t w

2
r + 4

√
2w4

rc
2
r + 4

√
2w4

t c
2
t + 4

√
2w4

t c
2
t w

4
rc

2
r

)

, ➩ ⑥ ❁✕✽✸✽➃➫

HSG =
πA2

2wt

1.128 10−8
(

1.858 107c2
t w

4
t c

2
rw

4
r + 2.339 108 + 5.991 107c2

rw
4
r

)

+
πA2

2wt

1.128 10−8
(

−1.329 107A2w2
rw

2
t + 7.252 107c2

t w
4
t

)

. ➩ ⑥ ❁✕✽❱✾★➫







✽★✽❱➓❢⑧④⑨❢⑩✢❶✶❷✱❸❺❹❍❻❞4✄❽ ➔❢❿➃➅✱➳✓❸❺❷❺❿➃➄✆➁✍↕★⑩✞➅✒➅❦❻♣➁❫➀✓❻❫➅✱➳✸➲✜❷❛■♣❹✬❻✮➜❃➁J✃✓➲ ❾ ❸❺❹✔❷❦❻✪➂■✃✓➅✕❷✒➄❝➀✙❹✔❷✵✳✆➳✲❻❞➀✆❻③➅✬➸ ❾ ✳✆➳✙⑩✆❸✰❷❦❿➃➄❭➣✁➺❏➜❣➝❺➮✼➟❀➞❢➠❢➡
 ❖"✯✟✡☎#$✞✠✕✟✁☛✓✠❴&✔✤❑(☛"✄✟✔✠❤"✄✂✯☛✓✣✢✤✗☎✔✠✕✟❨❃✰✌✎✣❑"✔ ✢☎✥✝★✠❤ ➝(★❄✆✟# ❑"✲✂✔ ✓.❋$✸☎❘❃❹$✖➋➝$✸✂✔&❧&✥✠❤ ❑"✔"✔ ✸✩② ❑"✛✟✔☎#$✸✠✵✟❅.✛❃❴ ✢✠❤"✧✤❖ ✏❃❈❃❴ ❬☛✔ 
❃❹$➤&✔✂✁.② ✢☎■✫➤➋➃$✞✂✔&❧&✥✠❤ ❖"✁"✔ ❢ ❍✟➃ ❑"✆❡❋"▼❃❹$❈✤❑(★✂✓☎✔❄② ❿ ❑"❯✤❖ ✗☎✔✤✎❃❴ ❿"✔(✸✠✒☎✞.✓☎✥✣❖&❧ ❑"✄✟❧ ❴❃◆✌❖✣❖"✔ ✗☎✔✝★✠❴ ➙(✸❄✆✟# ❑"✲✂✔ ❿.❋$✸☎
❃❤ ❑&✁✤➫$❫❃✒✤✢✂✽❃❤&✒ ❍●✁$✸✤❍✟#& ❁✶❂ ✌✄$❊❃❋❃✒✂✓☎❇ ❑✝★✣❖"✆✣✢☎#$❫❃❤ ❬☛✁ ❖&✚✤❑ ❖&✚✤❖(✸✂✓☎✔❄② ❑&⑤☎✥✣✏❄✩❆✏❃❤ ❬~✲✂✁ ✗❃◆✌❖✣❖"✔ ✗☎✔✝★✠❴ ✘☛✔ ❑&✚❄❋$❊❃❋❃❤ ❑&❳☛✔ ❃✒✂✓✑✜✠❋❆✢☎❇ ✖☛✓✠✒✑✜✠❴"✲✂✔ ❏❃❴(★☎❧&✥~✄✂✔ ♠❃❹$➧&#$❀✟✡✂✓☎❧$✞✟✡✠❴(☛"❪☛✁ ♣❃✰✌✄ ❍✴➠ ✗✟✑✿➅ ✢☎✔☎ ➩ ν ➫ $✸✂✓✝★✑❢ ❖"✙✟# ❁④❨ ✠❤"✔&✥✠✴.➠(✸✂✓☎✹✤❑ ❖&.❋$✸☎#$✞✑❏❆❍✟✡☎❧ ❑&⑤☛✁ ❣❃✰✌✎✣✗~✄✂❋$✞✟✡✠❴(☛"❊➋ ❂❘➎ ② ❭ ➩ ǫ = 0.6

✩
µ = −0.1

✩
δ = −0.4

✩
β = 0.1

 ✗✟
D = 1 ➫ ✩.②(★✂✓☎❬$❇❄☛(★✠✒☎❆☛✁ ❖&➌❄❋$❊❃❋❃❤ ❑&❆☛✔ ☎❃✒✂✓✑✜✠❋❆✢☎❧ ✚✣❑"✔ ✢☎✥✝★✣✗✟✔✠✒~✄✂✔ ❑&✢✩❢✠❋❃➏❙➊$✸✂✆✟❃~✄✂✔ ✿❃❹$✓&#$✞✟✔✂✓☎#$✞✟✔✠❤(☛"❈☛✁ ✿❃✰✌✄ ❍✴✾ ❍✟✼✿➅ ✢☎✥☎

➩ ν ➫ &❧(✸✠✕✟✪.✛❃✒✂✁&❆❙➊$✸✠✒❄✽❃❤ ❁✲❨ ✟✔☎#$❇❄☛ ✢☎❧&➌✤❑ ✗✟✥✟# ❴❡❢✝★✂✆☎❧ ✸✩✁(☛"➲.② ✢✂✦✟●❄☛(★✠✒☎❆✤✏❃❹$✸✠✕☎❧ ✢✑❢ ❑"✄✟❆~✄✂✔ ✿❃◆✌❖✣❖"✔ ✗☎✔✝★✠❴ ⑤☛✔ ✿❃❤$
❙➩(☛"✓✤❍✟✡✠❤(❫"❿&✥✂✔.② ✢☎■✫➤➋➃$✞✂✔&❧&✥✠❤ ❖"✁"✔ ✁✤❑(✵❣➒"✆✤✢✠✒☛✁ ❬.✛❃✒✂✆✟✫✯✸✟✪❄✓✠❴ ❖"❢$❅❄☛ ✗✤❘❃✰✌✎✣❑"✔ ✢☎✥✝★✠❤ ❃☛✔ ❪❃❤$✞&❧(✩❃✕✂✆✟✡✠❴(☛"➙ ✬●✁$✸✤✗✟❧ ✁☛✓✂
&❧(✩❃✕✠✕✟#(❫" ❁➔❭  ✏❃❹$➲&❧ ✢✑✹❄✽❃❤ ❅✠❤"✓☛✓✠✕~✄✂✔ ✢☎❑~✄✂✔ ❴❃❤$➲&❇(✩❃✒✂✆✟✔✠❤(☛"➭&❇(✩❃✒✠✵✟#(☛"  ❍●✁$✸✤✗✟❧ ❢ ❖&✥✟➃.✛❃✕✂✆✟✤✯✸✟➅.✓☎❧(✲✤☞❉✔ ❉☛✍✌✎✂✁"✔ &✔✂✔.② ✗☎■✫■➋➝$✸✂✔&❇&✔✠❴ ❖"✔"✔ ❵☛❋$❫"✔&♣❃❹$✷☎✔✣✗✝★✠❴(☛"�☛✔ ➭.❋$✞☎#$✸✑❴❆✗✟✔☎❧ ❖&❈✤❖(❫"✔&✔✠✕☛✓✣✢☎✥✣❖& ❁❳❭  ❖.② ❖"✆☛❋$❫"✄✟✢✩❪❃❤$✷✤❖(★✑❢.❋$❀✫
☎#$✸✠❴&❧(☛"➚☛✔ ❖&➁.✓☎❧(✞❡❚❃❤&✖☛✔ ❑&➤&❇(✩❃✒✠✵✟#(☛"✁&❢&❧.❋$✞✟✔✠❤(✞✫◆✟# ✗✑❏.②(★☎❇ ✎❃❴&✜✭ ➩❺➎✙�✹✽➃➫ ②✷"✍✌✇ ❖&■✟➲.❋$♦&✮✂✔"✔ ❻.✓☎❧(✲✤✗✣✢☛✆✂✓☎❧ 
&✔✠✒✑❢.✛❃❴ ❁⑤ "✮"✁(✸✟# ☞~✄✂✔ ❜❃✰✌➨$✸✂✦✟#(✞✫◆❙➩(✲✤➫$❊❃✵✠❴&❧$✞✟✡✠❾(☛"❇☛✍✌❖✂✔"✔ ✧❄✔$❊❃❈❃❴ ❈☛✔ ❜❃✕✂✓✑✜✠❈❆✗☎❧ ➤ ✬●✆✠✕✝☛ ☞✂✔"✁ ✧✤❖ ✗☎✥✟❄$✞✠❤"✔ ❚~✲✂✔$❫"✄✟✔✠✕✟✡✣
☛✍✌✎✣❑"✔ ✗☎✔✝★✠❴ ❯✑✖✠❴"✓✠✕✑❏$❫❃❴ ❊~✄✂❋$❫"✓☛ ❃❤ ❛✝☛$✸✠❤"  ✗✟❜❃❤ ❑&❼.❋$✞☎#$✸✑❴❆✗✟✔☎❧ ❖&☞☛✔ ➯.② ✗☎✥✟# ➯&❧(❫"✄✟✧❡✦●✆✣❑& ❁✁❨ ✠❴"✔&✔✠✰✩✪&✔✠❃◆✌❖✣❖"✔ ✗☎✔✝★✠❴ ✮☛✔ ♣❃❤$❻&❧(❊❃✒✂✆✟✔✠❤(☛"✷❄❋$✸✠❴&❧&❇ ➵$❇❄☛ ✢✤♣❃◆✌✄$✸✂✆✝★✑❏ ❑"✄✟#$✞✟✡✠❴(❫"✷☛✔ 

ν
✩④~✄✂✓✠❲ ❖&✥✟❅✂✔"✣.✔$✸☎#$✸✑❴❆✗✟✔☎❧ ✮☛✓✠❤&➤✫

.② ✢☎❧&✥✠✕❙➤✩✶✠❈❃❫❋➭$✞✂✓☎#$❈✂✔"✔ ❣❄♦$❊❃❴ ✢✂✆☎❑☛✔ 
ν
✩✾.②(★✂✓☎

ǫ
☛✔(❫"✔"✓✣✞✩✧(★➭⑦❃❹$➁&❧(✩❃✕✂✆✟✡✠❴(☛"❊☛✔ V❄✲✠❤ ❖"✆☛✓☎#$❚✠❤"✁&✥✟❄$✸❄✽❃❤ ❶ ✗✟

❃❤ ✹✤☞❉❋$✸✑❢.❵☛✓✠❤&❇.❋$✸☎#$➯❧✒✟✔☎#$ ❁ ②❩✌✄$✸✂✆✟✔☎❧ ❖&➅&❧(✩❃✕✂✆✟✡✠❴(☛"✔&✥&✥✟#$✸❄✛❃❤ ❑&➅.② ✢✂✖❄☛ ❖"✙✟❶$❊❃❴(★☎❧&⑤➊❍✟✡☎❧ ✹✟✔☎❧(★✂✽❄★✣❑ ❖&➃$✸✂➭.✓☎✔✠➇●☛✍✌✎✂✁"✔ ❿$✸✂✆✝★✑❏ ❑"✄✟#$✞✟✡✠❴(☛"✛☛✓✂➭.❋$✸☎❧$✸✑❴❆✗✟✔☎❧ ❩☛✔ ✹✝♣$✸✠❴" "✁(☛"⑦❃✒✠❴"✓✣➫$✸✠✕☎❇ ✸✩▲ ✗✟❑☛✔ ❣❃❤$✖✟❄$✞✠❈❃❋❃❴ ✏☛✁ ❖&❑☛✔(✸✑➁$✞✠❤"✔ ❑&
☛✔ ➝&✥✟❄$✞❄✓✠❈❃✕✠✕✟✔✣ ❁✦④✠❤"✔$❊❃❤ ✗✑❢ ❖"✙✟✺✩✁.②(✸✂✓☎❳✤❖ ❑&❅&❧(✩❃✕✠✕✟❧(☛"✔&✪&✥✟#$✞✟✡✠❴(☛"✔"❋$✸✠✕☎❧ ❑&✢✩✁"✔(★✂✔&❳✤❖(✸✑❏.✔$✸☎❧(☛"✁&✒.②(★✂✆☎❳☛✓✠✕✴❝✣✗☎❧ ❖"✙✟# ❑&❪❄♦$❊❃❴ ✢✂✆☎❧&
☛✓✂✜✝♣$✸✠❴"❿"✔(❫"❴❃✒✠❤"✆✣➫$✸✠✕☎❇ ➩ ǫ ➫ ✩✔❃❴ ❬.✓☎❧(✞❡❚❃✓✟❧ ✢✑❢.②(★☎❧ ✏❃❋ ❍✟▲☎#$✞☛✓✠❹$❊❃✆☛✁ ❖&▲❄❋$❫❃❈❃❴ ❖&❞☛✔ ❪❃✒✂✓✑✜✠❋❆✢☎❧ ❲.➠(✸✂✓☎▲❃❤$➅&❇(✩❃✒✂✦✫✟✡✠❤(❫"✮➋➃$✸✂✁&❧&✔✠❴ ❖"✔"✁ ✸✩✠&✥✂✔.② ✢☎➤✫■➋➝$✸✂✔&❧&✥✠❤ ❑"✔"✔ ✥ ❍✟❱❃❤$➝&❧(✩❃✕✂✆✟✡✠❴(☛"❢ ✬●✁$✸✤✗✟❧ ✸✩✝❃❤ ❖&➈.✔$✸☎#$✸✑❴❆✗✟✔☎❧ ❑&❲☛✁ ❨❃◆✌❖✣✢~✄✂❋$❀✟✡✠❤(❫"
➋ ❂❘➎ ② ❭ ✣✗✟❄$♦"✄✟✚✠✒☛✔ ❑"✄✟✔✠✒~✄✂✔ ❖& ❁❝❂  ✏☎✥✣❖&✥✂✛❃✕✟#$✞✟✚☛✔ ✏✤❑ ✗✟✥✟# ❶$❫"❋$❊❃✵❋❂&❇ ✓ ❑&✥✟⑤☎❧ ❑.✓☎✔✣❑&❧ ❑"✄✟✔✣✹☛❋$❫"✁&❨❃❤ ❖&❳❡❢✝✸✂✓☎❧ ❑&
➩ ⑥ ❁✵✽❱➪✙➫  ✗✟ ➩ ⑥ ❁✕✽★✽❱➫❍❁
◗ (✸✂✓☎ ǫ = 0.6

✩➠&✔✂✓☎❩❃❹$❉❡❢✝★✂✓☎❇ ➩ ⑥ ❁✕✽✺➪✙➫ ✩②"✁(★✂✔&❴☎❇ ✢✑❏$✸☎✔~✄✂✔(❫"✔&⑤~✲✂✁ ❵❃❴ ✓.✓☎❧(✸❡✛❃⑧&✔✂✔.② ✗☎■✫➤➋➃$✸✂✁&❧&✔✠❴ ❖"➭ ❑".②(★✠❤"✙✟✡✠❋❃❋❃✕✣❱❄☛ ✢☎■✟✴ ❖&■✟✴.✓☎❧(✲✤☞❉✔ ✁☛✔ ❪❃❹$➅&❇(✩❃✒✂✆✟✔✠❤(☛"➙ ❍●✁$✸✤❍✟# ✁☎❧ ❖.✆☎✔✣❖&❇ ❖"✙✟✡✣❖ ✥ ❑"❏❃✒✠✕✝☛"✔ ❃☎❧(✸✂✓✝☛ ❁✄❂  ❳✤❖(★✂✁.✛❃❤ ❳☛✔ .②(★✠❤"✙✟ ➩ ν = −0.08, ǫ = 0.6 ➫ &❧ ✓&✔✠✵✟✡✂✔ ✓$✸✂➧&❧ ✗✠❤"✯☛✔ ❬✟✡☎❇(★✠❤&❳☛✔(★✑❏$✸✠❴"✔ ❖&✗✩❢✑➁$✸✠❴&❪❃❴ ➃.✓☎❇(✸❡❚❃❘✝♣$✸✂✔&❇&✔✠❴ ❖"☎❧ ❖.✆☎✔✣❖&❇ ❖"✙✟✡✣❶ ❖"→❃✕✠✒✝❫"✔ ✘❄✽❃❤ ✢✂✁ ❬❄✓☎✔✠❴&✔✣❖ ➃"✔ ❬☛✓✣✢✤✗☎✔✠✕✟❅.❋$❫&✁✤❖(☛"✔❄☛ ❖"❋$✞❄✛❃❤ ✗✑❏ ❑"✄✟❨❃❤ ➝.✓☎❧(✸❡✛❃❘☛✔ ✗❃❤$❉❄❋$❊❃❋❃❤ ❑☛✔ 
❃✒✂✓✑✜✠❋❆✢☎❇ ✥&✔✂✓☎■✟#(★✂✦✟❅$✸✂➲"✓✠❋❄☛ ❖$✸✂❚☛✔ ❖&❬.✓✠✒✣✗☛✔ ❖&■✟❄$✸✂✲●✶✩✓✤❖(✸✑✖✑❢ ❩❃❤ ⑤✑❏(☛"✙✟✡☎❇ ☎❃❤$❩❡✓✝★✂✓☎❧ ➩ ⑥ ❁✵✽❱➪✙➫✬❁❢❭  ✗✤✢✠❁ ❖&■✟✤❖(☛"✦❡❢☎✔✑✜✣✆.❋$✞☎☎❃❤$✜❡❢✝★✂✓☎❇ ➩ ⑥ ❁ ➼ ➫ .✆☎✔✣✢✤✗✣✢☛✔ ❑"✄✟❧ ❉~✄✂✓✠④☎❧ ❖.✆☎✔✣❖&❇ ❖"✙✟# ❖"✙✟❀❃◆✌❖✣✏❄❫(✩❃✒✂✆✟✔✠❤(❫"✛☛✔ ❑&❑✣❑"✔ ✢☎✥✝★✠❤ ❑&✢✩✶✤➫$✞☎.②(★✂✓☎

ν = −0.08
✩➠ ❍✟

ǫ = 0.6
✩②(☛"❛❄☛(★✠✕✟✚✤✎❃❤$✸✠✒☎❇ ✢✑❢ ❖"✙✟✚~✄✂✔ ➓❃❤ ❖&✚✣❖"✁ ✢☎✔✝✸✠❤ ❖&⑤☛✁ ❖&❴☛✁ ✢✂✦●✛✠✒✑❢.✓✂✛❃❴&✔✠❴(❫"✔&





✽★✽❱✼❢⑧④⑨❢⑩✢❶✶❷✱❸❺❹❍❻❞4✄❽ ➔❢❿➃➅✱➳✓❸❺❷❺❿➃➄✆➁✍↕★⑩✞➅✒➅❦❻♣➁❫➀✓❻❫➅✱➳✸➲✜❷❛■♣❹✬❻✮➜❃➁J✃✓➲ ❾ ❸❺❹✔❷❦❻✪➂■✃✓➅✕❷✒➄❝➀✙❹✔❷✵✳✆➳✲❻❞➀✆❻③➅✬➸ ❾ ✳✆➳✙⑩✆❸✰❷❦❿➃➄❭➣✁➺❏➜❣➝❺➮✼➟❀➞❢➠❢➡
➩  ❍●✁"✸✤❍✟# ✫ ✗✟✴&✔✂✔(② ✗☎■✫■➋➝"✸✂✔&❇&✔✠❴ ❖.✔.✔ ➫ &❇/☛.✄✟❲☎❧ ✏❃❹"✞✟✔✠❋❄☛ ✗✑❏ ❑.✄✟➈(✆☎❧/✲✤☞❉✔ ❖&✗✩✦✤❖/✸✑❏(❋"✞☎✔✣❑ ❖&❆✭❬✤❑ ✎❃❈❃❴ ✁☛✁ ❨❃❹"❑❙➩/❫.✓✤❍✫✟✡✠❤/❫.❛➋➝"✸✂✔&❇&✔✠❤ ❑.✔.✔ ❁ ⑤ . .✔/✸✟❧ ➙"✸✂✔&❇&✔✠④t✲✂✁ ✸✩✍☛✔"❫.✔&❴✤❖ ✹✤➫"♦&✢✩✾(②/★✂✓☎ ǫ = 0.6

✩➒❃❴ ❖&✥(✓☎❇/✸❡❚❃❤&✚✟❧ ✢✑❢(②/★☎❧ ✏❃❤&
 ✗✟❅&❧(✔"✞✟✡✠❤"✸✂✦●➲&❧/❫.✄✟❳✟✔☎✫❆❖&✒&❧ ✗✑✹❄✛❃❹"✸❄✽❃❤ ❖& ❁
❂ "➝&✔✠✕✟✔✂❋"✞✟✔✠❤/☛.❉✤☞❉❋"❫.✓✝❫ ✚✤❖/✸✑❏(✛❃❋❆✗✟❧ ✢✑❢ ❖.✙✟▲t✲✂✔"❫.✓☛✧❃❤ ❳✝♣"✞✠❤.❢.✁/☛.❏❃✒✠❤.✆✣➫"✸✠✕☎❇ ✸✩ ǫ (❋"❫&❧&❇ ⑤☛✁ ❨❃❹"☎❄♦"❊❃❴ ✢✂✓☎ 0.6✭

0.74 ❁✓➍ .➲ ✗✴➠ ✗✟❬&✔✂✓☎❑❃❹"❬❡❢✝★✂✓☎❇ ➩ ⑥ ❁✕✽✺➪✙➫ ✩✠.✔/★✂✔&❃☎❧ ✢✑❏"✸☎✥t✲✂✁/☛.✔&❃✂✔.✔ ❴☛✓✠✕✴❝✣✢☎❇ ❖.✓✤❑ ➅.✔/✞✟❄"✸❄✛❃❴ ✥ ❖.✙✟✡☎❇ ✿❃❤ ❑&(✓☎❧/✸❡✛❃❤&❳✟# ✢✑❢(②/★☎❇ ✎❃❴&✫ ❍✟✥&❧(❋"✞✟✔✠❹"✸✂✲●✯☛✁ ➓❃❤"✜❄❋"❊❃❋❃❤ ✘☛✔ ✗❃✒✂✓✑✜✠❋❆✢☎❇ ❁➬➍ ✟✥/☛.❻.✔/✸✟❧ ❩t✄✂✍✌✎✭✮✤❑ ✗✟✥✟# ✗❄♦"❫❃❤ ✗✂✓☎✚☛✓✂✝♣"✸✠❴.➭.✔/☛.♦❃✕✠❤.✓✣❖"✸✠✕☎❧ ✞✩
ǫ
✩➑❃❤"➤&❧/❊❃✒✂✆✟✔✠❤/☛.❊☛✔ ❵❃❹"✖❙➩/☛.✓✤❍✟✡✠❴/☛.❯➋➃"✞✂✔&❧&✥✠❤ ❑.✔.✔ ➙.✍✌✄ ❑&✥✟➃(❋"♦&➝&■✟❄"✸❄✽❃❤ ✹✑➁"✸✠❴&✥&❧/☛.

(✓☎❧/✸❡✛❃❞✟❧ ✢✑❢(②/★☎❧ ✏❃➂ ❖.➯(②/★✠❴.✄✟✔✠❈❃❋❃✵✣➓❄☛ ✗☎✥✟➃ ❖&■✟❬☎❧ ✎❃❤"✞✟✡✠❯❄☛ ✢✑❢ ❖.✙✟➅(✓☎❇/✲✤❢❉✔ ❉☛✔ ❵❃❹"➤&❧/✩❃✕✂✆✟✡✠❴/☛.➭ ✬●✁"✸✤✗✟❧ ❁ ➢⑧"❫.✲✫☛✓✠❤&❜t✄✂✔ ✚☛❋"❫.✔&▲✤❖ ❍✟✔✟❧ ✫&✔✠✵✟✡✂❋"✞✟✔✠❤/☛.✶✩★✤✸✌✇ ❖&■✟❱❃❤ ✒(✓☎❧/✞❡❚❃▲&❇(❋"✞✟✡✠❤"❊❃❢☛✔ ❘❃❤"❑❙➩/☛.✓✤❍✟✡✠❴/☛.❢&✔✂✁(➠ ✗☎■✫➤➋➃"✸✂✁&❧&✔✠❴ ❖.✔.✁ ✸✩✠ ❖.
❃✒✠✕✝☛.✔ ❆❄✓☎✥✠❤&✔✣❑ ➌❄✛❃❴ ✢✂✔ ➌t✄✂✓✠✓☛✔ T❄✲✠❤ ❖.✙✟▲❃❤ ✪(✛❃✕✂✔&❉(✆☎❧/✲✤☞❉✔ ❳☛✆✂❢(✆☎❧/✸❡❚❃✆☛✔ ●❃❹"✥&❧/❊❃✒✂✆✟✔✠❤/☛.✆ ✬●✁"✸✤✗✟❧ ❳☎❧ ❖(✆☎✔✣❖&❇ ❖.✙✟✡✣❖ 
 ❖.♠❃✕✠✒✝☛.✁ ✁☎❇/★✂✓✝☛ ❁ ②✞"❫.✁&❆✤❖ ⑤☛✔ ✗☎❧.✓✠❴ ✢☎❲✤❖"❫&✢✩✝❃❹"➃&■❋✲✑✖✣❍✟✡☎✔✠❴ ✫&❧(✽❉✓✣✢☎✥✠✒t✄✂✔ ⑤☛✔ ❖&❲&❇/✩❃✒✂✆✟✔✠❤/☛.✁&➈ ❖&■✟❑❃❹"✞☎✔✝☛ ✗✑❏ ❑.✄✟❄✓☎✔✠❴&✔✣❖ ✘✤❖"✸☎❪❃❴ ❖&❬(✓☎❧/✸❡✛❃❤&❃✟# ✗✑❏(②/★☎❇ ✎❃❴&❬ ✗✟❳✟✔☎#"❫.✔&④❄☛ ✢☎❇&#"✸✂✦●✧☛✓✠✵✴➒❆✗☎❧ ❑.✄✟❅.✁/✸✟❄"✸❄✽❃❤ ✗✑❏ ❑.✄✟ ❁❒✫/★✂✁&➙"❊❃❈❃❴/☛.✁&✓.✔/★✂✁&✹✠❤.✙✟✡✣✢☎❇ ❖&❇&❧ ✢☎✹✑❏"✸✠❤.✙✟# ❑.❋"❫.✄✟❩✭✛☛✍✌✄"✸✂✆✟✡☎❇ ❖&❩✟J❋❂(② ❑&❅☛✔ ➤&❇/✩❃✒✂✦✟✡✠❤/❫.✔&✗❃❤/✲✤❖"❊❃✕✠❴&✔✣❑ ❖&❩t✄✂✓✠
&❧/☛.✙✟❳✟✡☎✫❆❑&❅(✆☎❧/✲✤☞❉✔ ❖&✁☛✔ ❑&❳❙❦☎❧/❫.✄✟✡✠❋❆✢☎❇ ❖&❬/★➭❜❃❴ ❖&✒&❇/✩❃✒✂✦✟✡✠❤/❫.✔&✪&✥✟❄"✞❄✛❃❤ ❑&✒/☛.✄✟❳✣✗✟✔✣✘✟✔☎❧/★✂✽❄★✣❑ ❖& ❁
�✚�◆�❃�◆� ❡✳¡❜¢➤¢■£➔¥¦§✚£ ¢➤¨⑤©ª«✷❢✍¬✆£ ❜¥✲®✶«➤¢➤¢➤¡❜¯❆°✦£➔¥

❭ /★✑✜✑❢ ✜✑❢ ❖.✄✟✔✠❤/☛.✁.✓✣✜☛❋"❫.✁&➓❃❴ ✜✤❢❉✔"❫(✓✠✕✟✔☎❧ ❢&✔✂✓☎✗❃❤ ❑&✓&❇/✩❃✒✠✵✟#/☛.✁&✘✟❧ ✢✑❢(②/★☎❧ ✏❃❤&✗✩✐❃❤ ❑&✓&✥❋✠&■✟✤❆✢✑❢ ❖&❩☛✓✠❤&➤✫&✔✠❤(✔"✞✟✡✠✵❙➩&✚✭ ➩➤✽➃²✹✽➃➫ ② (② ✢✂✖❄☛ ❖.✄✟➝"❇❄☛/★✠✒☎✁☛✔ ❖&✥&❧/✩❃✕✂✆✟✡✠❴/☛.✔&❅/☛&✥✤✢✠❈❃❋❃❹"♦.✄✟❧ ❖&❅&✥✟#"✸❄✛❃❴ ❖&✥ ❍✟✞ ✎❃❋❃❤ ❑&✫ ❍●✦✠❤&■✟# ❑.✄✟✞&✔✂✓☎
❃❹"✧✑✜➊✢✑❢ ✖❄✔"❫&❧ ✮t✄✂✔ ✧❃❤ ❑&✓&❧/✩❃✕✠✕✟#/❫.✔&➃&✥✟#"✞✟✡✠❴/☛.✔.❋"✞✠✒☎❇ ❖& ❁ ❒❅/★✂✔&✆"❫❃❈❃❴/☛.✔&✘✤❖/☛.✔&✥✠✒☛✓✣✗☎❧ ✗☎➓❃❹"✧☎❇ ✢✤☞❉✔ ✢☎✥✤❢❉✁ ❚☛✔ ✤❖ ❑&✆&❧/❊❃✒✂✆✟✔✠❤/☛.✔&➝/☛&✔✤✗✠❈❃❈❃❤"❫.✙✟# ❑&❬☛❋"❫.✔&✗❃❤ ✜✤➫"✸☛✆☎❧ ✮☛✔ ❑&✆&❇/✩❃✒✠✵✟#/☛.✁&➃&❧(✔"✞✟✡✠❴/✞✫✱✟❧ ✢✑❢(②/★☎❧ ✏❃❴&✏✭ ➩❺➎✙²✹✽➃➫ ② ❁❫➈ .✔ ❄❋"❊❃❋❃❤ ✚☛✔ ☎❃✕✂✓✑✖✠❋❆✗☎❧ ✫/☛&✥✤✢✠❋❃❈❃❤"❫.✄✟❧ ✫(② ✗✂✆✟❳➊❍✟✡☎❧ ❴☛✓✣✗✤✢☎✥✠✕✟❧ ❴✤❖/★✑✜✑❢ ⑤✂✔.❚✤❍❋✦✤✏❃❤ ☎❃✒✠✕✑✜✠➇✟# ✚☛✆✂➵&■❋✠&✥✟✤❆✗✑❏ ❑☛✦❋❂.✔"❀✫
✑✖✠✕t✄✂✔ ❆☛✓✠❴&❧&✔✠❴(❋"✞✟✔✠✕❙❋ ❍✟✺✩✞✤❖/★✑✜✑❢ ❱❃❴ ❖&❜(②/★✠❤.✙✟#&③❡✆●❂ ❑&❜☛✁ ❖&❉&■❋❂&■✟✤❆✗✑❏ ❑&❜☛✆❋✠.❋"✞✑✖✠✕t✄✂✔ ❖&✗✩❊❃❤ ❖&④✤❍❋✦✤✏❃❤ ❑&✍❃✒✠✕✑✜✠✵✟❧ ❖&
(② ✢✂✽❄☛ ❑.✄✟✚➊❍✟✡☎❇ ➝&✥✟#"✸❄✛❃❴ ❖&❬/★✂☞✠❴.✔&✥✟#"✸❄✛❃❴ ❖& ❁✓❂ "➙&❇/✩❃✒✂✦✟✡✠❤/❫.❚✤❑/☛.✔❄☛ ✢☎✔✝❫ ➃ ❑.✧✂✔.✁ ✘❄❋"❊❃❋❃❤ ⑤☛✔ ✿❃✒✂✆✑✖✠❋❆✗☎❧ ✥/☛&✔✤✗✠❈❃➇✫❃❹"❫.✙✟# ❿&✔✠ ❃❴ ✜✤✗❋✲✤✏❃❤ ❏❃✒✠✕✑✜✠✵✟❧ ❿ ❑&✥✟❩✂✔.❙"✞✟✥✟✡☎❧"✸✤✗✟❧ ✢✂✓☎➃&✥✟#"✸❄✛❃❤ ➩ t✄✂✔ ✧❃❴ ❢&✥❋✠&■✟✤❆✢✑❢ ✮☛✆❋✠.❋"✸✑✜✠✕t✲✂✁ ❏(②/☛&❇&✫❆✗☛✔ (②/★✂✓☎❞✂✔.⑤➑❇ ✗✂❉☛✔/☛.✔.✆✣➌☛✔ ❬(❋"✸☎❧"✸✑❴❆✗✟✡☎❇ ❖& ➫❍❁★❂  ❖&✪❄❋"❫❃❈❃❤ ❑&④☛✔ ●❃✕✂✓✑✜✠❈❆✗☎❧ ❑&➂/❫&✔✤✢✠❋❃❈❃❤"❫.✙✟# ❑&④☛✓✠✕✴❂❆✢☎❇ ❖.✙✟❜☛✁ ❖&❉&❧/✩❃✕✠✵✫✟#/☛.✔&❲☛✍✌✇/★☎✔☛✆☎❧ ✫&✔✂✔(➏✣✗☎✔✠❤ ✗✂✓☎❆t✄✂✓✠②&❧/☛.✙✟❃☛✶✌c❉❋"✞❄✓✠✕✟✔✂✓☛✔ ❨❃✒✠✕✣❖&✴"✞✂✮✑❏/✲☛✛❆✏❃❤ ✁✠❴.✄✟✔✣✢✝★☎❧"✸❄✛❃❴ ✻➇✽❱➎✙✾➃✿✰❁✦➈ .➁&❧/✩❃✕✠✕✟❧/☛./☛&✔✤✗✠❈❃❋❃❹"♦.✄✟✆(② ✗✂✆✟✜➊❍✟✡☎❧ ➲/★❄✦✟# ❖.✄✂❀"❅❄☛ ✗✤☞✂✔.✔ ❚☎❧ ✎❃❤"✞✟✡✠❯❄☛ ✮❙➊"✞✤✢✠❈❃✕✠✵✟✔✣✸✩⑧&✔✠✪ ❍✟❢&❇ ✢✂✛❃❴ ✢✑❢ ❖.✙✟❿&✔✠❃✤✸✌✇ ❖&■✟✖✂✔.✮"✞✟■✫
✟✡☎#"✞✤✗✟# ✗✂✓☎❲☛❋"❫.✔&❱❃✰✌✄ ❑&❧(❋"✞✤❖ ⑤☛✔ ✫(✛❉❋"❫&❇ ❁✆❂ "✏☛✓✠✕❏✜✤✗✂✛❃✕✟✔✣✫&✔✂✆☎✔✝★✠✵✟❆t✄✂❋"♦.✓☛❈☛✔ ❖&❲&❧/✩❃✕✂✆✟✡✠❴/☛.✔&✙&✥✟❄"✞✟✔✠❤/❫.✔.❋"✸✠✕☎❧ ❖& ✗✟✓/❫&✔✤✢✠❋❃❈❃❤"❫.✙✟# ❑&❑✤❖/✠ ❍●✦✠❴&✥✟# ❑.✄✟ ❁❫❨ ❃❤/★☎❇&✘☛❋"♦.✔&❬✤❖ ✜✤❖"❫&✢✩✐❃❴ ❉✤☞❉✔/★✠➇●❛☛✔ ❖&❬✤❖/❫.✓☛✓✠✕✟✔✠❤/☛.✁&❑✠❤.✓✠✵✟✡✠❤"❫❃❴ ❑&❑☛✔ ✏❄✲✠❤ ❑.✄✟
✤✢☎✔✂✆✤✢✠❤"❊❃ ❁✍❭  ❑(② ❖.✓☛❋"♦.✄✟❬☛❋"❫.✔&✿❃❤"➤(✛❃✕✂✔(❋"✸☎■✟❑☛✔ ❑&✘✤❖"❫&✢✩➑❃❴ ❖&✞&❧/✩❃✕✂✆✟✡✠❴/☛.✔&✥&✥✟#"✞✟✡✠❴/☛.✔.❋"✸✠✕☎❧ ❑&✥ ✗✟➝/☛&✥✤✢✠❋❃❈❃❤"❫.✙✟# ❖& ❍●✦✠❤&■✟# ❖.✙✟❳☛❋"❫.✔&❃☛✔ ❖&➌☛✔/★✑❏"✸✠❴.✔ ❖&❆☛✓✠❴&✥✟✔✠❤.✓✤❍✟#&➑★✆☛❋"♦.✔&➌✤❑ ❑✤➫"❫&●❃❤"❩☎❧ ✗✤❢❉✁ ✢☎✔✤☞❉✔ ➝ ❖&✥✟❬(✛❃✒✂✔&❬"✞✠❤&✔✣❑ ❁ ②✞"❫.✁&●❃❤ 



 ✲❽✎❼✆❽✯⑧✪⑩✞❹✺❸.❿❱➻✙❹✡⑩✢❶✶⑨✓❷❦❻✚➀✓❻✡➁◗↕★⑩✞➅✕➅❺❻✡➁❳➀✓❻➌➅◆➳✸➲✖❷❛■✡❹❍❻✁➀✦⑩✞➄✆➁❃➅✬➸ ❻✡➁✱❶➔⑩✙➂✢❻❴➀✆❻♣➁✪❶✍⑩✞❹♣⑩✞➲✄■➃❸❺❹❍❻✡➁✁➀✓❻❀➣❳➺❞➮➳➡❅⑧❆✽★✽ ➼
✤➫!❫#➌✭✹✂✔%✔&❴☛✓✠✒✑❢&❖%✔#✥✠❤*☛%✶✩✖❃✰✌✄&✬●✦✠❤#✥✟❧&❖%✓✤❑&❑☛✔&❑#❬#❧*✩❃✕✠✕✟0*❫%✔#❲*☛#✥✤✢✠❋❃❈❃❤!❫%✙✟0#✴&✗✟●❃❤&❑#❃❄✓✠✵❙❦✂✓☎✔✤❖!✞✟✡✠❴*☛%✔#❆☛✁&❖#❬#❧*❊❃✒✠✕✟❧*☛%✔#
#✥✟0!✞✟✡✠❴*☛%✔%❋!✸✠✕☎❧&❑#✢✩❚*☛%✄✟❩☛✓✣➤➑✔✭✛✣❍✟✡✣❈☛✆✣✢✑❢*☛%✄✟✔☎✔✣❖&❑#✆8❋!✞☎❶#✔✠✕✑✹✂✛❃❹!❀✟✡✠❾*☛%➳%✄✂✓✑✜✣✢☎✔✠✕}✄✂✔&✟★③✑❏!✸✠❤#❃➑✥✂✔#✥}✲✂✶✌✎✠✕✤✢✠✰✩③✠❋❃
%✍✌✇&❍●✦✠❤#■✟0&➤8❋!❫#❶&❖%✓✤❑*★☎❧&❈☛✍✌✇&❍●❂8✓☎❇&❖#❧#✔✠❴*☛%✔#❿!♦%❋!❊❃✕❋✄✟✔✠✒}✄✂✔&❑#❶8②*★✂✓☎❩✤❖&❑#➙#❇*✩❃✒✂✆✟✔✠❤*❫%✔#✓*☛#✥✤✢✠❈❃❋❃❹!♦%✄✟❧&❖#✓&❍✟❵❃❴&✢✂✓☎❇#
❙❦☎❧*☛%✙✟✡✠❋❆✢☎❧&❑#❃☛✁&❑❄✓✠✵❙❦✂✓☎✔✤❖!✞✟✡✠❴*☛% ✻✎✾✸➪❀✿◆❁✓❂ !❩☛✓✠✕❏✜✤✗✂✛❃✕✟✔✣❴☛✆✂➵8✓☎❇*★❄✛❃❋❆✢✑❢&✥&❖#■✟❪❃✕✠✒✣❖&✥!✸✂❈❙➊!✞✠✕✟❆}✄✂✔&✿❃◆✌❖✣✢}✄✂❋!❀✟✡✠❴*☛%
➋ ❂❘➎ ② ❭ !➃8✛❃✕✂✔#✔✠❴&✢✂✓☎❇#✴8❋!✞☎0!✸✑❴❆✗✟✔☎❧&❖#▲}✄✂✓✠➏☛✓✣✗❡✔%✓✠❤#❇#❧&❖%✙✟❑❃❹!✘☎✔✣✗✝★✠❤*☛%✜☛✍✌✄&✬●✦✠❤#■✟0&❖%✆✤❖&❴☛✔&❑#❲#❧*❊❃✒✂✆✟✔✠❤*☛%✁#➈#■✟❄!❀✫
✟✡✠❴*☛%✔%❋!✸✠✕☎❧&❑#➂&✗✟➈*❫#✔✤✢✠❋❃❈❃❤!❫%✙✟0&❖#✗✩❊❃❤&❑#✪❙❦☎❇*☛%✄✟✔✠❈❆✢☎❇&❖#✪☛✔&❳❄✓✠✵❙❦✂✓☎✔✤❖!✞✟✡✠❴*☛%✆#❧*☛%✙✟▲☛✔&❖#✙#✔✂✓☎■❙➊!✸✤❖&❑#▲☛❋!❫%✔#❜✤❑&✗✟➈&❖#❇8❋!✸✤❖&
☛✔&➝8❋!✸☎❧!✸✑❏❆❍✟✡☎❇&❖#❳✑✹✂✛❃✵✟✡✠➇✫✱☛✓✠✵✑❢&❑%✔#✔✠❴*☛%✔%✔&✏❃ ❁
◗ !✸☎✪&✬●✦✟✔☎0!❫8②*❊❃❹!✞✟✔✠❤*☛%➤!✞✂❚✤➫!❫#➌✭✹✂✔%✔&❴☛✓✠✒✑❢&❑%✔#✔✠❴*☛%✍✩✠*☛%➲8②&✢✂✦✟✒#✢✌✄!✞✟✥✟0&❖%✆☛✓☎❧&✘✭❣❃✰✌✄&✬●✦✠❤#✥✟❧&❖%✓✤❑&❑☛✔&❑#➌❄❋!❊❃❋❃❤&❑#
☛✔&⑨❃✕✂✓✑✜✠❈❆✗☎❧&❑#❏*☛#✔✤✗✠❈❃❋❃❹!♦%✄✟0&❑#➑★▲✤❑&❖#❚✠✕✑❏8✆✂✛❃❴#✔✠❴*☛%✁#❏&✬●✆✣✗✤✢✂✆✟❧&❖%✄✟☞☛✔&❑#❈☛✓✣✗❙➩*★☎✥✑➁!❀✟✡✠❤*❫%✔#❢8➏✣✢☎✔✠❴*✲☛✓✠✒}✄✂✔&❑#➁*★✂
}✄✂❋!❫#✔✠➇✫✻8➏✣✗☎✔✠❤*✲☛✆✠✒}✄✂✔&❖#✚☛✍✌➨!✞✑❏8✽❃✒✠✵✟✡✂✓☛✁&✸✩➬☛✔&❣❃❹!✞☎✔✝☛&✗✂✓☎✢✩➏☛✁&✹✤☞❉✓✠✒☎❇8 &✗✟❑☛✁&✆8✓☎❧*✞❡❚❃❫✟0*★✂✦✟➅!✸✂⑨❃❤*☛%✆✝✮☛✔&❣❃❴&✢✂✓☎
8✓☎❧*❫8❋!✸✝♣!✞✟✔✠❤*☛% ❁ ②✞!♦%✔#✚✤❑&❬✟✔☎0!❇❄♦!✸✠❈❃✰✩✁%✔*★✂✔#✫!❊❃❋❃❤*❫%✔#❬&❑#❧#0!✺❋☛&✢☎✚☛✔&❀❃❤&❑#✁✑❢&✗✟✥✟✡☎❧&➝&❑%✛✣A❄✦✠✕☛✔&❖%✆✤❖&✏☛❋!❫%✁#✚☛✆✠✕❙✉✫
❙❦✣✢☎❇&❖%✄✟❧#❅8✛❃❤!❫%✔# ❁
❂ &❃✤➫!❫❃✒✤✢✂✽❃❂%✲✂✓✑✜✣✢☎✥✠✒}✄✂✔&❆☛✔&❖#➂#❧*✩❃✕✂✆✟✡✠❴*☛%✔#③☛✔&➌➋ ❂❘➎ ②❆!⑤✑❏*❫%✄✟✡☎✥✣❆}✄✂✔&✞✩★☛✔&❆✟❧*★✂✆✟❧&❖#✟❃❤&❑#③❙➩*☛%✓✤✗✟✔✠❤*☛%✁#④☛✍✌✇&❖#■✫
#0!✸✠✪✟❧&❖#✥✟✔✣❖&❑#✢✩❦❃❹!❈❙➩*☛%✓✤❍✟✡✠❤*❫%❯☛✍✌✄&❑#❧#0!✞✠✴#✥✂✔8②&✢☎➤✫■➋➝!✸✂✔#❧#✥✠❤&❑%✔%✔&❏#✢✌✇&❖#■✟✹☎✥✣✏❄★✣✎❃✕✣❖&✖➊❍✟✡☎❧&❴❃❹!➲8✛❃✒✂✔#➝8✓☎❧*✲✤☞❉✔&✖☛✔&
#❧*✩❃✕✂✆✟✡✠❴*☛%✔#✪☛✔&❘❃✰✌✎✣✗}✄✂❋!✞✟✡✠❴*☛% ➩ ⑥ ❁✵✽➃➫❍❁ ❒✫*★✂✁#✴!❊❃❈❃❴*☛%✔#❞☎❧&✢✤☞❉✔&✗☎✔✤☞❉✔&✢☎❲✑➁!✞✠❤%✙✟0&❖%✔!❫%✄✟❜☛✁&❖#❲❄✔!❊❃❈❃❴&❖#✪☛✔&❘❃✕✂✓✑✖✠❋❆✗☎❧&
*☛#✔✤✗✠❈❃❋❃❹!♦%✄✟0&❑#✚✭✧❃✰✌➨!✸✠✕☛✔&❬☛✔&❩✤❖&❍✟✔✟❧&❩❙➩*☛%✓✤❍✟✡✠❴*☛%✛☛✍✌✇&❖#❇#0!✸✠ ❁❝❨ ✤❖&❍✟✔✟❧&❩❡❋% %✔*★✂✁#➅!❊❃❋❃❤*❫%✔#❅%✔*★✂✁#❴✠❴%✔#❧8✆✠✒☎❧&✗☎✚☛✔&
❃❹!☞✤➫!✸☎■✟0*★✝✸☎0!❫8✛❉✆✠❤&❉☛✔&❏❃❹!❚❡❢✝★✂✓☎❇& ➩ ⑥ ❁✎➎✙➫ ✩❚&❖%✷✤❖*❫%✔#❧&✗☎❥❄♦!❫%✙✟❣❃❤&❑#✏✑✜➊✢✑❢&❖#◗❄♦!❊❃❴&✢✂✓☎❇#✏☛✔&❑#❶8❋!✸☎❧!✸✑❴❆✗✟✡☎❇&❖#✗✩
&✗✟➙&❑%✣&❍●❂8✛❃❴*★☎0!♦%✄✟❣❃❤&❏❄☛*★✠❴#✔✠❴%❋!✸✝☛&✖☛✓✂❇☛✔*★✑❏!✸✠❤%✁&✮☛✁&❖#❅❄❋!❊❃❋❃❤&❑#❩☛✔&♠❃✕✂✓✑✖✠❋❆✗☎❧&❏#✥✟0!✞✟✡✠❴*☛%✔%❋!✞✠✒☎❧&❑#➑★③✤❖!✸☎✹✠❋❃
&❖#■✟❚❄✓✠❤&❑%➾✤❖*❫%✔%✲✂¯}✄✂✔&⑨❃❤&❑#✮☛✔*★✑❏!✸✠❴%✔&❖#✖☛✁&❖#❈❄❋!❊❃❋❃❤&❑#✖☛✔&⑨❃✕✂✓✑✜✠❋❆✢☎❧&❼#✥✟0!✞✟✡✠❴*☛%✔%❋!✞✠✒☎❧&❑#❏&❍✟➲*☛#✥✤✢✠❋❃❈❃❤!❫%✙✟0&❖#
#❧*☛%✙✟✹✝★✣❑%✓✣✢☎❧!❊❃❤&✗✑❏&❑%✄✟✏❙❦☎❧*❫%✄✟0!❊❃✒✠❴&✗☎❧# ❁❫❂ &✮☎✥✣❖#✥✂✛❃✕✟0!✞✟❩☛✔&✮✤❖&❍✟✔✟0&➤!❫%❋!❫❃✕❋✠#❧&✖☛✓✣✗✟0!✸✠❈❃❋❃✕✣❖&❢#❇&✮✟0*✸✂✽❄☛&➁#✔✂✓☎➓❃❤!
✤➫!✸☎■✟0*★✝✸☎0!❫8✛❉✆✠❤&❿#✥✂✓✠❋❄◆!❫%✄✟❧&✖☛✔&❴❃❹!❈❡❢✝★✂✓☎❇& ➩ ⑥ ❁✕✽❱✾★➫❍❁ ②✥!❫%✔#✗❃❤&❿8✛❃❤!❫%❯☛✓✣✗❡✔%✓✠➈8❋!✸☎◗❃❤&❑#➃8❋!✸☎❧!✸✑❏❆❍✟✡☎❇&❖#❬☛✔&
#0!✞✟✔✂✓☎0!❀✟✡✠❤*❫%❈☛✔&☎❃◆✌✇&✗✴➠&✗✟✼✿➅&✗☎✔☎✢✩

ν
✩❂&✗✟➌☛✓✂❚✝♣!✸✠❴%➤%✔*☛%♣❃✕✠❤%✓✣❖!✸✠✕☎❧&✞✩

ǫ
✩✆☛✔&☎❃❹!❬❡❢✝★✂✓☎❇& ➩ ⑥ ❁✕✽❱✾★➫ ✩✖❃❴&❖#❃☎✥✣✢✝★✠❴*☛%✔#☛✍✌✇&❍●✦✠❤#■✟0&❖%✆✤❖&❴☛✔&❖#❆❄❋!❊❃❋❃❤&❑#▲☛✔&❩❃✕✂✓✑✖✠❋❆✗☎❧&✒#✥✟❄!❀✟✡✠❤*❫%✔%❋!✸✠✕☎❧&❖#✙#✥✟❄!✞❄✛❃❤&❑#❲8✓☎✥✣❖#❇&❖%✄✟✔✣❖&❖#❬#✥✂✓☎❆✤❑&✗✟✔✟❧&✚❡❢✝★✂✓☎❇&✥#❧*❫%✄✟

✤❖*☛%✙✟0&❑%✲✂✔&❑#✞&❖%✙✟✡☎❧&✏☛✔&✗✂✦●✛❄②*★☎❧%✁&❖#❩❃✕✠✒✑✜✠➇✟0&❑# ➩ #✔✂✔8➏✣✗☎✔✠❴&✢✂✓☎❇&❖#✥&✗✟⑤✠❤%✦❙❦✣✢☎✔✠❴&✢✂✓☎❇&❖# ➫ ☛✓✂✛✝♣!✞✠❤%➧%✁*☛%→❃✒✠❴%✓✣➫!✸✠✕☎❇&
ǫ ❁★➍ %❅☛✔&❖#❇#❧*★✂✔#❜☛✔&❑❃❹!❩❃✕✠✒✑❉✠✵✟❧&❲✠❤%✆❙❦✣✗☎✔✠❤&✗✂✓☎❧& ➩ ǫ ≈ 0.53 ➫ ✩❊❃◆✌❖✣❖%✁&✢☎✔✝✸✠❤&❲8②*★✑❢8➏✣❖&❃☛❋!❫%✁#✍❃❤&❲#■❋❂#■✟✤❆✗✑❏&❬%✍✌✄&❑#✥✟
8❋!❫#❅#✔✂✆❏❢#0!❫%✙✟0&❶8②*✸✂✓☎❅#✔✂✔8✔8②*✸☎✥✟0&✗☎❨❃❤&❖#✁❄✔!❊❃❈❃❴&❖#❳☛✔&❀❃✒✂✓✑✜✠❋❆✢☎❇& ❁ ②✞!❫%✔#✚✤❑&✏✤➫!❫#✗✩✁❃❹!❿#❇*✩❃✒✂✦✟✡✠❤*❫%❜❃❴*✲✤➫!❊❃✕✠❴#✔✣❑&
#❧&✮☛✓✠❴#❧#✥✠❤8②&❏&❍✟✹☛✆✠❤#❧8✔!✸☎0!❫❧✕✟✘❡❋%❋!❊❃❴&✢✑❢&❖%✙✟ ❁❘❨ ✂❪✤❖*❫%✄✟✡☎❧!✸✠✕☎❧&✸✩❘}✄✂❋!♦%✓☛

ǫ
&❖#■✟➙!✸✂✦✫✱☛✔&❑#❧#✔✂✔#❩☛✔&✧❃❤!♥❄♦!❊❃❴&✢✂✓☎

#✔✂✔8➏✣✗☎✔✠❴&✢✂✓☎❇& ➩ ǫ ≈ 0.62 ➫ ✩➑❃✰✌➨!♦8✔8✓☎❧*❅❄✲✠❤#✔✠❴*☛%✔%✁&✢✑❢&❖%✙✟➅&❑%❯✣❖%✔&✗☎✔✝★✠❴&❅✝☛*☛%✽❬✔&❭❃❤!❈❄❋!❊❃❋❃❤&❩☛✔&❭❃✕✂✓✑✜✠❈❆✗☎❧&❩}✄✂✓✠
8②*★✂✓☎❇#✔✂✓✠✵✟③✂✔%✔&✴&❍●❂8❋!❫%✁#✔✠❤*❫%✏✟❄!❫%✙✟④}✄✂✔&✂❃◆✌✄!❫8✔8②*✸☎✥✟❫☛✍✌❖✣❖%✔&✗☎✔✝★✠❴&✴#❧&❲✑❏!✸✠❤%✙✟✡✠❴&❑%✄✟ ❁ ❒❅*★✂✔#③☎❧&✗✑➁!✞☎✔}✄✂✔*☛%✁#⑧#✔✂✓☎
❃❹!✏❡❢✝✸✂✓☎❧& ➩ ⑥ ❁✵✽➃✾★➫ ✩✖❃✰✌✄&✬●✦✠❤#✥✟❧&❖%✓✤❑&❑☛✍✌✎✂✁%➵8➠&❍✟✡✠✵✟➌☛✔*✸✑➁!✸✠❴%✔&⑤✠❴%✄✟❧&✢☎✔✑✜✣✢☛✆✠❹!✸✠✵☎❧&✚☛✔&❖#❑❄♦!❫❃❤&✢✂✆☎❧#➌☛✆✂☞✝♣!✸✠❴%➤%✔*☛%
❃✒✠❴%✓✣➫!✸✠✕☎❇&✸✩

ǫ
*★➭✜☛✁&❖#✙#❧*✩❃✕✂✆✟✡✠❴*☛%✔#➂#✥✟0!✞✟✡✠❴*☛%✔%❋!✸✠✕☎❧&❑#➂#❧*☛%✙✟❜✟✡☎❧!❫%✔#✥❙➩*✸☎✔✑✜✣❖&❖#❉&❖%❢#❧*❊❃✒✂✆✟✔✠❤*☛%✔#➂*❫#✔✤✢✠❋❃❈❃❤!❫%✙✟0&❖# ❁★❂ !













 ✲❽✎❼✆❽✯⑧✪⑩✞❹✺❸.❿❱➻✙❹✡⑩✢❶✶⑨✓❷❦❻✚➀✓❻✡➁◗↕★⑩✞➅✕➅❺❻✡➁❳➀✓❻➌➅◆➳✸➲✖❷❛■✡❹❍❻✁➀✦⑩✞➄✆➁❃➅✬➸ ❻✡➁✱❶➔⑩✙➂✢❻❴➀✆❻♣➁✪❶✍⑩✞❹♣⑩✞➲✄■➃❸❺❹❍❻✡➁✁➀✓❻❀➣❳➺❞➮➳➡❅⑧❆✽➃✾★➒
☎ !✸☛✆✠❹!❊❃❋$✗✟❲✟ $✢✑❢&②(★☎❇$✎❃➏☛✔$❨❃❹!❬❄❋!❊❃❋❃❤$❳☛✔$❩❃✕✂✓✑✜✠❈❆✗☎❧$ ❁ ②❩✌✄!❫&✓☎❥❆❖0❑❃❴$❖0▲❡❢✝✸✂✓☎❧$❑0 ➩ ⑥ ❁✵✽ ⑦ ➫ ❃❤$✁☛✔(★✑❏!✸✠❤4✁$✁☛✍✌✇$❍●✦✠❴0■✫
✟ $❑4✓✤❖$✏☛✔$✘✟ $✏❃❈❃❴$❖0❳✠✕✑❏&✓✂✽❃❤0✥✠❴(☛4✔0❬$❑0✥✟⑤☎❇$✎❃❤!✞✟✡✠❯❄☛$✢✑❢$❖4✙✟❘❃❤!✸☎✔✝❫$✸✩✓✤❖$❬�✲✂✆✠➺$❑0✥✟✥0■❋✠4✔(☛4✄❋✲✑❢$✏☛✍✌✇$❍●✦✠❤0■✟ $❖4✆✤❖$❩☛✔$
❙➩(★☎✥✟❧0❶!✞✟✔✟✔☎ !✸✤❍✟ $✗✂✓☎❧0❩☛✁$✖✟.❋❂&②$✮✤❍❋✦✤✏❃❤$✧❃✕✠✒✑✜✠➇✟ $ ❁❫❭ $✗✟✔✟❧$✮✤➫!✸☎❧!✸✤✗✟✔✣✢☎✔✠❴0✥✟✔✠✒�✄✂✔$✖☎❧$✗✑➁!✞☎✔�✄✂❋!✸❄✛❃❴$➁!✯☛✆✣➤➑✔✭✯✣✗✟✡✣
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✩❅❃❹!❳☛✦❋❂4✔!✸✑✖✠✕�✄✂✔$▲❄❋!❫0✥✤✢✂✛❃❴$

❄☛$✢☎❇0●❃❤!❬❙➩(★☎✔✑❏!✞✟✔✠❴(☛4✖☛✔$⑤☛✔(★✂✓❄✽❃❤$✗✟❧0❆☛✔$❴❄❋!❫❃❈❃❴$❖0❲✤❑(★✑❏&✽❃❤$✬●✁$❑0❃☎❇(✸✟❄!❀✟✡✠✕❙➩0 ✻➇✽ ⑥★⑥ ✿✰❁✆❂ $❑0❆❡❢✝★✂✆☎❧$❖0 ➩ ❄ ➫ $✗✟ ➩ ✤ ➫✑❏(❫4✄✟✡☎❇$❖4✙✟❪❃◆✌❖✣✏❄☛(✩❃✕✂✆✟✡✠❴(☛4❚☛✆✂➧&✆☎❧(✸❡❚❃✍☎ !✸☛✆✠❹!❊❃✾$❍✟❳✟ $✢✑❢&②(★☎❇$✎❃❁&②(★✂✓☎❳☛✁$✢✂✦●➵&➏✣✢☎✔✠❴(✲☛✔$❖0❳☛✶✌✄(☛0✥✤✢✠❋❃❈❃❤!✞✟✡✠❾(☛4✔0 ❁











✽❱➎★➪❢⑧④⑨❢⑩✢❶✶❷✱❸❺❹❍❻❞5✄❽ ➔❢❿➃➅✱➳✓❸❺❷❺❿➃➄✆➁✍↕★⑩✞➅✒➅❦❻♣➁❫➀✓❻❫➅✱➳✸➲✜❷❛■♣❹✬❻✮➜❃➁K✃✓➲ ❾ ❸❺❹✔❷❦❻✪➂■✃✓➅✕❷✒➄❝➀✙❹✔❷✵✳✆➳✲❻❞➀✆❻③➅✬➸ ❾ ✳✆➳✙⑩✆❸✰❷❦❿➃➄❭➣✁➺❏➜❣➝❺➮✼➟❀➞❢➠❢➡
\➵!■➶ → "✓$➵%❆➜❖'☞➙✧)➡"❶$

②✞-❫/✁1❚✤❖2❊✟✡☎❧-❅❄♦-✞✠❈❃✰✩➈/✔7★✂✔1✧❄☛2❖/✔7☛/✁1☞☛✔2❵☛✆✣✢✑❢7☛/✄✟✔☎❧2✢☎❈r✄✂✔2⑦❃❤-✷✑✖✣❍✟✤❉✔7✲☛✔2❊☛✔2❑1➲7☛=➏✣✢☎❧-✞✟>2✗✂✓☎❧1❚☛✔2
=✓☎❧7❀➑❇2✢✤❍✟✡✠❴7☛/✔1❲2❑1✥✟➌✂✔/✁2➅-❫=✔=✓☎❇7✲✤❢❉✁2⑤✟✡☎❥❆❖1✪=✆☎>-✞✟✡✠✕r✄✂✔2⑤r✄✂✓✠✾=②2✗☎✔✑❢2✗✟❃☛✁2✞=✓☎✥✣✢☛✓✠✕☎❧2✞-❫=✔=✆☎❧7✺●✆✠✕✑➁-❀✟✡✠❯❄☛2✗✑❏2❑/✄✟
❃❤2✯☛✔7✸✑➁-✸✠❴/✔2✧☛✍✌✇2❍●✦✠❴1✥✟>2❑/✓✤❖2❊☛✔2❖1❈❄✔-❊❃❈❃❴2❖1✜☛✔2→❃✒✂✓✑✜✠❋❆✢☎❇2❼1✥✟❄-✞❄✛❃❤2❑1✮☛❋-❫/✔1✧❃✰✌✄2❑1❧=❋-✸✤❑2❊☛✁2❖1➤=❋-✞☎>-✸✑❴❆✗✟✔☎❧2❑1
☛✔2➓❃✰✌✎✣✗r✄✂❋-✞✟✡✠❴7☛/✯✤✢✂✆❄✓✠✒r✄✂✔2❩r✄✂✓✠❴/✄✟✔✠✒r✄✂✔2✏☛✔2✹➋✘✠❴/✓➷✢❄✆✂✓☎✔✝✞✫ ❂ -❫/✓☛❋-✞✂✯✤❖7✸✑❏=✛❃❴2❍●❂2 ✻➇✽ ⑥✄⑦ ✿✰❁❝◗ 7★✂✓☎✚✂✔/✛✤❢❉✔7✸✠✵●-❫=✔=✓☎❇7☛=✓☎✔✠✕✣✹☛✔2❭❃❤-✮❙➩7☛/✆✤✗✟✡✠❴7☛/❵☛✍✌✇2❖1❇1>-✸✠❉2✗✟✘☛✔2❑1➝=❋-✸☎>-✞✑❏❆❍✟✡☎❇2❖1❑☛✔2❵❃◆✌❖✣✢r✄✂❋-❀✟✡✠❤7❫/✍✩✾/✔7✸✂✔1➃-❇❄☛7☛/✔1✘✑✜✠❴1✞2❖/
✣✏❄✲✠✒☛✁2❖/✓✤❑2❩❃❴2❖1✙1❧7❊❃✒✂✆✟✔✠❤7☛/✔1❉1❇7✩❃✒✠✵✟>7☛/✁1❉1❧=❋-✞✟✔✠❤7✞✫◆✟>2✗✑❏=②7★☎❇2✎❃❴1❉1■✟❄-✞✟✔✠❤7☛/✁/❋-✸✠✕☎❧2❖1 ❁★❨ ✤❑7✸✟✡✣✁☛✔2✁✤❑2❖1✴1❇7✩❃✒✂✦✟✡✠❤7❫/✔1✢✩
/✔7★✂✔1❿-❇❄☛7☛/✔1➙=✓☎✥✣✢☛✓✠✵✟❿-✸✂✔1❧1✥✠❑❃❤2❈☛✔7✸✑➁-✞✠❤/✔2✮☛✶✌✄2✬●✦✠❤1✥✟❧2❖/✓✤❑2✧☛✔2❑1❉❄✔-❊❃❈❃❴2❖1❩☛✔2♣❃✒✂✆✑✖✠❋❆✗☎❧2➁7☛1✥✤✢✠❋❃❈❃❤-❫/✙✟>2❖1 ❁ ❐◆❃☎❧2❖1❇1❧7★☎■✟❩☛✁2❢/✔7✸✟✡☎❇2✜✣❍✟✡✂✓☛✁2✸✩❫✂✁/✳❄②7☛/ -✸✤✗✤❖7★☎✥☛✳r✲✂✔-❊❃✒✠✵✟❄-✞✟✔✠✵❙➈2✗✟✏r✄✂❋-♦/✄✟✔✠✕✟❄-❀✟✡✠✕❙➈2❖/✙✟✡☎❧2❢/✔7✞✟✡☎❧2❉✑✖✣❍✟✤❉✔7✲☛✁2
1❧2✢✑✜✠➇✫✩-❫/❋-❫❃✵❋✲✟✔✠✕r✄✂✔2➃2✗✟❩❃❹-❿=✓☎❧7✲✤✗✣✢☛✓✂✓☎❇2✆=✓✂✆☎❧2✢✑❢2❖/✙✟✞/✄✂✓✑✜✣✢☎✥✠✒r✄✂✔2✏r✄✂✓✠③✤❑7☛/✔1✔✠❴1✥✟❧2❩☛❋-❫/✔1❨❃❹-✜☎✥✣❖1❧7❊❃✒✂✆✟✔✠❤7☛/
2❍●✁-✸✤❍✟>2✧☛✔2♥❃◆✌❖✣✢r✄✂❋-❀✟✡✠❤7❫/➚➋ ❂❫➎ ② ❭⑤❁❜❂ ✌✄-❅❄♦-♦/✄✟❄-✞✝☛2☞☛✔2➵/✁7✸✟✡☎❇2☞✑✖✣❍✟✤❉✔7✲☛✁2➵2❖1■✟❏1❇7☛/¥✝♣-✸✠❴/▼☛✔2❚✟❧2✢✑❢=✔1
=❋-✸☎✹☎❧-❫=✔=②7★☎■✟❿-✞✂✦●➽-✸✂✆✟✔☎❧2❑1➙=✓☎❇7✲✤✢✣✗☛✓✂✓☎❧2❑1❵❄♦-✸☎✥✠❹-✞✟✔✠❤7❫/✔/✔2✏❃❈❃❾2❏2✗✟➙1>-✛❙➊-✸✤✗✠❈❃✕✠✵✟✔✣✖☛✔2❈✑✖✠❴1❧2❈✭ 2❑/▼¨✘✂✽❄✲☎❇2
2✗✟➃2❑/➳=✛❃✕✂✔1❑✤❖7★✑✜✑❢2➙/✔7✸✂✔1◗❃❤2❣❄☛2✗☎✔☎❧7❫/✔1❬☛❋-❫/✁1❀❃❴2➙=✓☎❧7✲✤☞❉❋-✞✠❤/❛✤☞❉❋-❫=✓✠✵✟✡☎❧2✞✩✍✤❖2✗✟✥✟>2❉✑✖✣❍✟✤❉✔7✲☛✔2➙=②2✢☎✥✑❏2❍✟
☛✔2❬☎✔✣T❄★✣✎❃❴2✢☎✁☛✔2❑1✚☛✆❋✠/❋-✸✑✜✠✒r✄✂✔2❑1❅1✔✣✗r✄✂✔2❖/✙✟✡✠❤2✏❃❈❃❴2❖1✁r✄✂✓✠❚1❇7☛/✄✟✚☛✆✠✕❏✜✤✢✠❋❃❤2❑1✁✭❉☛✓✣✗✤❖2✏❃❤2✢☎❅=❋-✞☎❘❃❴2❖1❳✑✜✣✗✟✤❉✁7✲☛✔2❖1
/✲✂✓✑✜✣✢☎✥✠✒r✄✂✔2❑1 ❁ ➐❻-✞✠❤1✐❃❤-❑❄♦-❊❃✕✠✒☛✆✠✕✟✔✣❞☛✔2▲✤❑2❖1❫✣✗✟✡✂✆☛✔2❖1③☎❇2❖=②7☛1❇2✴1✥✂✓☎❫✂✁/✏✤☞❉✔7★✠✵●❑✑✜✠❤/✲✂✦✟✡✠❴2✢✂✦●❴☛✔2 ❃❤-❃❙➩7☛/✓✤❍✟✡✠❤7❫/☛✍✌✄2❑1❧1❧-✸✠❢✤➫-✸☎✗✩★✤❑7★✑✖✑❢2❲7☛/❭❃◆✌✄-✥1✔✠✓❄✓✠❴2❖/❵❄✲✂✍✩☛1❧7❫/✜✤☞❉✔7★✠➇●✹☛✓✣✗✟❧2✢☎✥✑✖✠❴/✔2❃☛✓✠✕✴❝✣✢☎❇2❖/✙✟>1❞✟K❋❂=②2❑1▲☛✁2✒1❇7✩❃✒✂✦✟✡✠❤7❫/✔1 ❁





✽❱➎✙✾❃⑧④⑨➬⑩✢❶❝❷✱❸✰❹✬❻◗✱✄❽❃②❆❹✔❷✕➁✺➳✸❹✬❻✘➀✆❻⑤➁B✃✓➲ ❾ ❸❺❹✔❷❦❻✘❻❱❸✪➲✖❷✕➁❍❻❑❻✡➄❊⑩✦➳✓❸➤❿➳➙✰❹❍❿✄❸✱⑩✆❸✰❷❦❿❱➄✛➀✓❻✡➁➓↕★⑩✞➅✕➅❺❻✡➁⑤➀✆❻⑤➅◆➳✸➲✜❷❏■✡❹❍❻✡➁
✭❿!❧#❫%➧'✬●❂)❋+❫%✔!✥✠❤#☛% ❁

✪❢0❧1 ③23⑧5❑7❼9✴5✗↔❵➛ ;❚➛➟➜✙➢B➝✪=➺?➵;❚➛

②✞+❫%✁!➝%✔#✸✟✡☎❇'❅✣✗✟✡✂✆☛✔'❿)✓☎✔✣✗✤✢✣✢☛✁'❖%✄✟❧' ✻➇✽ ⑥✄⑦ ✿ ✩➑❃◆✌❖✂✆✟✡✠❋❃✕✠❴!❧+✞✟✡✠❾#☛%❊☛✔'❅☛✓✠✕✴❝✣✢☎❇'❖%✄✟❧'❖!❑❙➩#❫%✓✤✗✟✔✠❤#☛%✔!❴☛✍✌✇'❖!❧!❧+✸✠➈+
)②'✢☎✔✑✜✠❤!❃☛✁'✘☛✓✣✗✤✢☎✥✠✒☎❧'❑✂✔%✁'➝)✛❃✕✂✔!➌☎✔✠✕✤❢❉✁'☎❄♦+✸☎✥✠✒✣❍✟✡✣❑☛✁'✘✤❑#★✑❏)②#✸☎✥✟N'✗✑❏'❑%✄✟❧!➌☛✆❋✠%❋+✸✑✜✠✒�✄✂✔'❑!❳☛✁'❖!❳❄❋+❊❃❋❃❤'❑!❃☛✔'
❃✒✂✓✑✜✠❋❆✢☎❇' ❁④❭ '❑!✹❙➩#☛%✓✤❍✟✡✠❴#☛%✔!❩☛✍✌✇'❑!❧!N+✸✠➌➋➃+✸✂✁!❧!✔✠❴'❖%✔%✁'❖!➙+✸☛✓✑❢'✗✟✔✟❧'❖%✙✟✹☛✔'❖!❩❙➩#★☎✔✑❢'❖!✏☛✍✌✎✠✕✑❏)✆✂✛❃❤!✥✠❤#❫%✔!❶+♦!✥❋✙✫✑✖✣❍✟✡☎✔✠✕�✄✂✔'❖!❃☛❋+❫%✁!●❃❤'✞)✽❃❹+❫%✮✟✡☎N+♦%✔!❥❄☛'✗☎❧!N+❫❃

x, y ❁✓➍  ❼ ✁#★✂✔%➌✠❴ ✔%❧(✓✠✕☎)*❫ ✙✟❃☛✔,❑%❳☎✔✣❑%✔✂✛❃✵✟❄*✞✟❧%✪(✓☎✔✣✏❃✒✠✒✑✜✠❾ ❋*✸✠✵☎❧,❖%☛✔, ✻✵✽ ⑥✙⑦ ✿ ✩▲,✗✟⑤☛❋*❫ ✁%❩❃❴,❬❄✓✂✆✟⑤☛✔,✏☛✓✣✗✤✢☎✥✠✒☎❧,❬☛✔,❖%⑤☛✆✣✗❙➩#★☎✥✑➁*✞✟✔✠❤#❫ ✔%❅*❫%✥❋✲✑✜✣✗✟✔☎✔✠✒H✄✂✔,❑%✥(✛❃✕✂✔%✁✤❖#★✑❢(✛❃❤,✬●❂,❖%✚☛✔,❃◆✌❖✠✒✑❢(✓✂✽❃❴%✔✠❴#☛ ☞☛❋*❫ ✁%❩❃❴,➃(✛❃❹*♦ ➩ x, y ➫ ✩▲ ✔#✸✂✔%⑤✤☞❉✔#✸✠❤%✔✠❴%❧%❇#☛ ✔%✫(②#★✂✓☎✁✤❖,❍✟✔✟),✏✣✗✟✔✂✓☛✔,✸✩✁❃❹*❅❙➩#☛ ✓✤❍✟✡✠❴#☛ ✯☛✍✌✇,❖%❇%)*✸✠➋➃*✸✂✁%❧%✔✠❴,❖ ✔ ✁,➃%✥✂✓✠❋❄◆*❫ ✄✟❧,❉➽
f = A exp

(

− t2

w2
t

− x2

w2
x

− y2

w2
y

− s1xy +
i

2
ctt

2 +
i

2
cxx

2 +
i

2
cyy

2 +
i

2
s2xy + if

)

.

➩◆➒✦❁✵✽➃➫
❨ ❄☛,✗✤ t

✩
x
✩
y
❃❤,❑%✧❄♦*✞☎✔✠❹*✞❄✛❃❤,❑%✖✟),✗✑❏(②#✸☎❧,✎❃❋❃❤,❑%➁,❍✟➲%❧(❋*❀✟✡✠❹*❫❃❤,❖%❏%✔✂✓✠❯❄♦*❫ ✙✟♣❃◆✌✄*❀●❂,

x
,✗✟

y
☎❧,❑%❧(②,✢✤❍✟✡✠❯❄☛,❍✫

✑❏,❑ ✄✟✢✩
A,wt, wx, wy, s1, ct, cx, cy, s2

,❍✟
f
☎❇,❖(✓☎✥✣❖%❧,❑ ✄✟❧,❖ ✄✟✗❃❴,❖%❴✤❖#✠#★☎✥☛✔#☛ ✔ ✆✣❖,❖%✘✤❑#✩❃❈❃❴,✢✤❍✟✡✠❋❄☛,❑%➅*❅❄☛,✗✤

A
✩✝❃◆✌✄*✸✑❏(✽❃✕✠✵✟✔✂✓☛✔,✁☛✔,❩❃◆✌❖✠✒✑❢(✆✂✛❃❴%✔✠❴#❫ ✍✩

wt

✩
wx

,❍✟
wy

%❧#☛ ✙✟❃☎❧,❖%❇(②,✢✤❍✟✡✠❋❄☛,✗✑❢,❖ ✄✟●❃✕✠✒✣❑%❆✭✗❃❹*❀❃❹*✸☎✥✝☛,✢✂✆☎▲✟),✗✑❅✫
(②#★☎❧,✏❃❈❃❤,✞✩❘✭❛❃❹*❜❃❤*✸☎✔✝❫,✢✂✓☎➃%❇(❋*✞✟✔✠❹*❊❃❴,❢%✥✂✓✠❋❄◆*❫ ✄✟➓❃✰✌➨*➃●✁,

x
,✗✟✹✭❛❃❤*❜❃❹*✞☎✔✝☛,✗✂✓☎➃%❧(✔*✞✟✡✠❤*❊❃❤,❿%✔✂✆✠❋❄♦*♦ ✄✟➓❃◆✌✄*❀●❂,

y☛✔,❭❃◆✌❖✠✒✑❢(✓✂✽❃❴%✔✠❴#☛ ❁✍❂ ,❑%➃(❋*✸☎❧*✸✑❴❆✗✟✡☎❇,❖%❑☛✔,❉✤❢❉✓✠✕☎❧(❵✟),✢✑❢(②#★☎❇,✎❃➂,✗✟✘✟✔☎)*❫ ✔%④❄☛,✢☎❇%❧,❏%❇#☛ ✄✟❬☎❇,❖%❇(②,✢✤✗✟✔✠❋❄☛,✗✑❏,❑ ✄✟
ct

✩
cx

,❍✟
cy

,✗✟✒,❑ ✆❡❋ 
f
,❑%✥✟❪❃❹*❩✤❖#☛ ✔%■✟❄*❫ ✙✟),❑☛✔,➅(✛❉❋*❫%❇,✘✝✩❃❴#★❄❋*❊❃❴, ❁✆◗ #★✂✆☎➌☛✔#☛ ✔ ✔,✗☎●❃❹*❶(②#☛%❧%✥✠✒❄✓✠❋❃✒✠✵✟✔✣⑤☛✔,☎❧#✸✟)*✞✟✡✠❴#☛ ✜☛✔*❫ ✔%✂❃❴,❅(✛❃❤*❫ ❏%❇(❋*✞✟✔✠❹*❊❃✓✟✡☎❧*❫ ✔%④❄☛,✢☎❧%❇,❴✭✗❃❤*✘❄❋*❊❃❋❃❤,➌☛✔,❨❃✒✂✆✑✖✠❋❆✗☎❧,✸✩☛ ✔#★✂✔%✴*❅❄☛#☛ ✔%❲✠❴ ✄✟✔☎❧#✲☛✓✂✓✠✵✟▲❃❤,❑%

(❋*✸☎)*✞✑❏❆❍✟✡☎❧,❑%
s1

,✗✟
s2 ❁

❂ ✌✄*➃➑❇#★✂✆✟✜☛✔,❑%✖✤❖,❑%❏❄◆*✸☎✔✠❤*✸❄✛❃❤,❑%❉✤❑#✩❃❈❃❴,✢✤❍✟✡✠❋❄☛,❑%❿%✔✂✔(✔(✽❃✒✣✢✑❢,❑ ✄✟❄*✞✠✒☎❧,❑%❴❃✕✠✒❄✁❆✢☎❇,☞☛✔,❼ ✔#★✂✖❄☛,➫*✸✂✲●u☛✁,✢✝★☎✥✣❖%✖☛✔,
❃✒✠✕❄➠,✗☎✥✟✔✣✸✩❲,❍✟❼(②,✗☎✔✑❢,✗✟☞☛✔,❛☛✆✣✏❄☛#★✠❋❃❤,✗☎❚☛✁,❖%☞☛✆❋✠ ❋*✸✑✜✠✒H✄✂✔,❑%➵(✛❃✒✂✁%❚✤❖#★✑❢(✛❃❤,✬●❂,❖%✢✩❃✤❖#✸✑✖✑❢,❊☛✔,❑%❼(✓✂✽❃❤%)*➃✫
✟✡✠❤#❫ ✔%✆*❫%■❋✦✑✜✣❍✟✡☎✔✠✕H✄✂✔,❖% ❁❜❭ ,❑(②,❖ ✓☛❋*♦ ✄✟✺✩❞✠❋❃✴,❑%✥✟❅❄✓✠❤,❑ ❇✣E❄✦✠✕☛✔,❑ ✄✟❅H✄✂✍✌✎✠❋❃▲❋❙*✛✂✔ ✔,♠❃✒✠✕✑✜✠✵✟❧,✖☎❧*✸✠❤%❇#☛ ✔ ❋*✞❄✛❃❤,
*✸✂➯ ✔#★✑✹❄✓☎❧,❉☛✁,❭❄♦*✸☎✥✠❹*✸❄✽❃❤,❖%❑✤❑#✩❃❈❃❴,✢✤❍✟✡✠❋❄☛,❑%✘H✄✂✍✌✇#☛ ➳(②,✢✂✆✟❶*➃➑❇#★✂✦✟),✢☎➝%❧*❫ ✔%❬✤❖#✸✑❏(✓☎❇#★✑❴❆✗✟✡☎❇,❵❃❹*❈❙➊*✸✠❴%)*✸❄✓✠➇✫
❃✒✠✵✟✡✣✁✑➁*❀✟✤❉✓✣✗✑➁*✞✟✔✠✕H✄✂✔,✚☛✔,❖%❃✣✗H✲✂✔*✞✟✡✠❴#☛ ✔%✂❄♦*✸☎✥✠❹*✞✟✔✠❤#❫ ✔ ✔,✎❃❋❃❾,❖% ❁✄❨ (✓☎❥❆❖%❑❃❤,✚✤☞❉✔#★✠➇●✮☛✔,❩❃❹*❬❙➩#☛ ✆✤✗✟✡✠❴#☛ ✮☛✍✌✇,❖%❇%)*✸✠(②#★✂✓☎▲❃❤*❑☛✆❋✠ ❋*✞✑✖✠✕H✄✂✔,❳☛✓✣❑%✔✠✒☎✥✣❖,✞✩❸,❍✟➈,❖ ❏*❫(✔(✛❃✕✠✒H✄✂❋*❫ ✙✟❳�✠❜ �❍�✙�➏�✡❧✗�★✈①❣✜�✸✐❺✈◆❧❀�u�■�♣�✸�♣♥➏��✩❫%)*♦ ✔%▲✤☞❉❋*✸✑❢(✜☎✥✣❖%✔✠➇✫
☛✓✂✔,✎❃❝☛✔*❫ ✔%❱❃❹*❬✑✜✣✗✟✫❉✔#✲☛✔,✚☛✔,❖%❲#☛(➏✣✢☎❧*✞✟),✗✂✓☎❧%❆☛✔,✥(✆☎❧#❀➑❇,✢✤✗✟✔✠❤#❫ ✔% ✻✎✼✙➒➃✿ ✩❂ ✔#✸✂✔%❲#★❄✆✟❧,❖ ✔#❫ ✔%❑❃❴,❖%❲✣✢H✄✂❋*❀✟✡✠❤#❫ ✔%❄♦*✸☎✥✠❹*✞✟✔✠❤#☛ ✁ ✔,✎❃❋❃❴,❑%❬H✄✂✓✠❲☎✔✣✗✝★✠❤%❇%❧,❖ ✙✟✹✂✔ ✔,✖✟),✏❃❈❃❴,✜☛✆❋✠ ❋*✸✑✜✠✒H✄✂✔, ❁❞❭ ,❑%✹✣✢H✄✂❋*❀✟✡✠❤#❫ ✔%✗❄♦*✞☎✔✠❹*❀✟✡✠❤#❫ ✔ ✔,✏❃❈❃❾,❖%❬H✄✂✓✠%✔✂✓✠❯❄☛,❖ ✙✟✺✩➏❙➩#☛ ✄✟✞*❫(✔(❋*✞☎)*❫❧✕✟✡☎❧,❬☛✍✌❖✂✔ ✔,✆(✔*✸☎✥✟✺✩✁❃✰✌➨*✸✤❍✟✡✠❴#☛ ➧,❍●❂,✗☎✔✤✢✣❑,❿(✔*✸☎❩❃❴,❖%⑤☛✆✠✕✴❝✣✢☎❧,❑ ✄✟❧%✞(✔*✸☎)*✞✑❏❆❍✟✡☎❧,❑%⑤☛✔,
❃◆✌❖✣✢H✄✂❋*✞✟✔✠❤#☛ ❿%✔✂✆☎N❃❤,❖%❜☛✓✠❯❄☛,✢☎❇%❧,❖%✴(✔*✸☎✥✟✔✠❤,❑%▲☛✆✂❏%❧#✩❃✕✠✕✟❧#☛ ❿,❍✟❲☛✍✌✄*✸✂✆✟✡☎❇,❅(❋*✸☎■✟▲✑❏#❫ ✄✟✡☎❇,❖ ✙✟➈,❖ ✖✑✜➊✢✑❢,➌✟❧,✢✑❢(✔%



✱✄❽✎❼✆❽❃④❜❹✥❷✒➄❝➂✡❷➱❶❞❻❑➀✓❻✚➅✬➸ ❾ ❸✔➳✲➀✓❻ ✽❱➎★➎
 ✸✂✔"❇"✔✠❫☛✔$❬H✄✂✔$✎❃❋❃❤$✘✑❏ ❫(✓✠❋❆✢☎❧$✿❃❤$❑"❅,❋ ✸☎❧ ✸✑❴❆✗✟✡☎❇$❖"✁☛✆✂❻"❇0✩❃✒✠✵✟10☛( ➩  ✸✑❏,✽❃✒✠✵✟✔✂✓☛✔$✞✩❚❃❤ ✸☎✔✝❫$✢✂✓☎❇"✢✩ . . . ➫ ✣*❄☛0✩❃✒✂✁$❖(✄✟ ✸✂✧✤❖0✸✂✓☎❧"✁☛✆✂✧✟1$✗✑❢,✔" ❁ ❒❅0★✂✔"✫ ❫❃❈❃❤0❫(✔"✪(✔0★✂✔"❳✠❤(✙✟✡✣✗☎❧$❖"❇"❧$✗☎✚✠✕✤✢✠❁,❋ ✸☎■✟✡✠✕✤✢✂✛❃✕✠❋❆✢☎❧$✗✑❢$❖(✄✟❳✭❵❃❹ ➙,✆☎❧0☛,❋ ✞✝♣ ✞✟✡✠❴0☛(☛✔$❖"❩❃❤ ✸☎✔✝☛$✗✂✓☎❧" ➩ ẇt

✩
ẇx

$❍✟
ẇy ➫ $❍✟➅ ✞✂✦●❻,✔ ✸☎1 ✞✑❏❆❍✟✡☎❧$❑" ➩ s1

$❍✟
s2 ➫  ✸✂✆✟❧0★☎✔✠❴"1 ❫(✙✟❨❃❹ ❉☎❧0✸✟1 ✞✟✡✠❴0☛(✧☛✔$➓❃❤ 

❄❋ ❊❃❋❃❤$❬☛✁$➓❃✒✂✓✑✜✠❋❆✢☎❇$ ❁ ❒❅0★✂✔"⑤☎❇$✢✑❏ ✸☎✔H✄✂✔0❫(✔"⑤H✄✂✔$❣❃❤ ❢(✔0☛(✛❃✕✠❤(✓✣❖ ✸☎✔✠✵✟✔✣❬✤✗✂✓❄✓✠✕H✲✂✁$✆$❍✟❴H✄✂✓✠❤(✙✟✡✠✕H✲✂✁$❩☛✆✂❊✝♣ ✸✠❴(
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☛✆❋✠!❋"✸✑✜✠✒�✄✂✔$✚☛✔$❨❃◆✌❖✠✒✑❢&✆✂✛❃❴,✔✠❴(❫!❢(☛,✔✤✗✠❈❃❋❃❹"♦!✄✟3$❳✤❑(★✑✜✑❏$❑!✓✤❖$✁✟❧(★✂❀➑❇(★✂✆☎❧,✴&❋"✞☎❲✂✔!✔$✥&✆☎❧$✢✑✜✠❋❆✢☎❧$❅&✛❉❋"♦,❧$✞"❫!❋"➃✫
❃❤(★✝✸✂✔$❬✭❉✂✔!✔$➃&✛❉❋"♦,❧$✓,■✟❄"✞✟✔✠❤(☛!✁!❋"✸✠✒☎❇$ ❁✓➍ !✁,✔✂✓✠✵✟3$❀❃◆✌❖✠✒✑❿&✓✂✛❃❴,✔✠❴(❫!➵$❑!✄✟✔☎❧$❬☛❋"❫!✔,❘❃❤$❑☎✔✣✢✝✸✠✒✑❢$➅&②$✢☎✔✑❏"❫!✁$❖!✄✟✢✩
"✸✂✜✤❖(★✂✆☎❧,▲☛✓✂✆�✲✂✁$✎❃▲,❧(☛!✜✣❖!✔$✗☎✔✝★✠❴$✒$❍●✦✣✢✤✗✂✆✟3$✚✂✔!✜✑❏(★✂✖❄☛$✢✑❢$❖!✙✟➈(☛,✔✤✗✠❈❃❋❃❹"❀✟3(✸✠✕☎❇$✪&➏✣✢☎✔✠❴(✲☛✓✠✒�✄✂✔$❬$❖!✙✟✡☎❇$✁☛✔$✢✂✲●
❄♦"❊❃❴$✢✂✓☎❇,✂❃✒✠✕✑✜✠➇✟3$❖, ❁ ⑤ !➁(★❄✁,❧$✢☎④❄☛$⑤�✄✂✔$❩❃❴$❅&❋"❫,❇,3"✸✝❫$⑤☛✁$❨❃◆✌❖✠✒✑❢&✓✂✽❃❴,✔✠❴(❫!❏"✸✂✖☎✔✣✗✝★✠✒✑❢$✒(☛,✥✤✢✠❋❃❈❃❤"❫!✙✟➈,❇$✚✑➁"❫!✆✠✵✫
❙➩$❖,✥✟❧$❬&❋"✸☎④✂✔!✔$➌✑❢(☛!✙✟✡✣❖$✪"✸❄✓☎✥✂✔&✆✟3$❃☛✔$✪,❧(☛!❅✣❖!✔$✗☎✔✝★✠❴$ ❁✙❭ $❬&✔"❫,❧,❧"✸✝☛$❬,❇$❬&✓☎❧(✲☛✆✂✓✠✕✟✪✭⑤✂✔!✔$➌☛✆✠❤,✥✟3"❫!✓✤❑$➌�✄✂✓✠
☛✓✣❖&②$❑!✓☛➤,❇$❖!✔,✥✠✒❄✛❃❴$✢✑❢$❖!✙✟❲☛✓✂❏!✓✠❯❄☛$➫"✸✂✖☛✁$✚❄✓☎✥✂✓✠✕✟❜✠❤!✓✠✵✟✡✠❤"❫❃❴$✗✑❢$❖!✙✟✙&✓☎✔✣❑,❧$❖!✙✟❆☛❋"❫!✔,E❃❤$✒,■❋❂,■✟✤❆✗✑❏$✞✩✲✤❖(★✑✜✑❏$
❃❤$❑☎✔✣F❄✩❆✎❃❴$◗❃❹"✹❡✓✝★✂✓☎❧$❀✦③❐■➋ ➩◆➒✲❁➯➎✙➫✬❁
❂ $❑,❬❡❢✝★✂✓☎❇$❖,➓✦④❐■➋ ➩◆➒✲❁➯➎✷➩ " ✽➃➫ ✫ ➩ ❄ ✽➃➫✔➫ ✠❈❃❋❃✕✂✔,✥✟✔☎❧$❑!✄✟❀❃❴$✜✤❖"❫,✏✠✒☛✆✣➫"❊❃✰✩✧(★➭ "✸✂✆✤✢✂✔!✷❄✓☎✥✂✓✠✕✟➃!✍✌✇$❖,✥✟❩✠❴!✓✠✕✟✔✠❤"❊❃❾$❍✫
✑❏$❑!✄✟❶&✓☎✥✣❖,❇$❖!✙✟❅☛❋"❫!✔,➓❃❴$❏,■❋✠,✥✟✤❆✗✑❏$ ➩ emax = 0 ➫✬❁③❂ ✌✎✠✕✑❏&✆✂✛❃❤,✥✠❴(☛!➯!✍✌✇$❖,✥✟➙"❊❃❴(★☎❧,➃,❇(★✂✓✑✜✠❤,❇$✮✭❻"✸✂✓✤✗✂✔!
❄✓☎✔✂✓✠✵✟➈"✸☛✓☛✓✠✵✟✡✠❴(☛!✔!✔$✏❃◆✩✞�✲✂✆✠▲$❖,■✟❲✠❤!✆✣✏❄✲✠✕✟3"✸❄✛❃❤$✗✑❢$❖!✙✟✙&✆☎✔✣❖,❇$❖!✙✟❆☛❋"❫!✁,E❃❤$❬,✥❋✠,■✟✤❆✢✑❢$✚✤❑(★✑✜✑❏$❑❃◆✌✇$❖,✥✟E❃❴$➌❄✓☎✔✂✓✠✵✟
☛✔$❢&✛❉✁(✸✟3(❫!✔,➃&✓☎✥✣❖,❇$❖!✙✟❩☛❋"❫!✁,❬✂✔!➯,✥❋✠,✥✟✫❆✢✑❢$❏(☛&✦✟✡✠✒�✄✂✔$❉☎✥✣❖$✏❃ ❁ ②✞"❫!✔,❬✤❑$✜✤➫"♦,✢✩✐❃❤"❈✟✡☎❧"❫!✔,✥✠✕✟✡✠❴(☛!⑨❄☛$✢☎❇,❀❃❤$
☎✔✣✢✝✸✠✒✑❢$❿(❫,✔✤✢✠❋❃❈❃❤"✞✟❧(★✠✵☎❧$➙,❇$❏&✓☎❇(✲☛✓✂✓✠✕✟➃"✸✂▼❄☛(★✠❴,✔✠❤!✔"✸✝☛$❉☛✁$

z = 2000
✩❘✤❑(★✑✖✑❢$❭❃❴$❉✑❏(❫!✄✟✡☎❇$❭❃❹"❚❡✓✝★✂✓☎❧$

✦④❐■➋ ➩✰➒✦❁✎➎✧➩ " ✽➃➫✥➫❍❁ ❐L❃✾$❖,■✟❅&✆☎❧(★❄❋"✞❄✛❃❤$❴�✄✂✔$❑✤❖$❍✟✔✟3$❴✟✡☎3"♦!✔,✔✠✵✟✡✠❴(☛!➤,❇(★✠✕✟❃✠❤!✽❬❢✂✁$❖!✓✤✗✣❖$➝&❋"✞☎●❃❴$❴❄✓☎✔✂✆✠✕✟❬!✄✂✓✑✜✣❍✫
☎✔✠✒�✄✂✔$ ❁ ②✞"❫!✔,E❃❹"➅,✔✂✓✠✵✟3$❳☛✔$❘❃❹"➅&✓☎❇(☛&❋"✸✝☛"✞✟✡✠❴(☛!❭❃✰✌✎✣❑!✔$✢☎✥✝★✠❤$➌☛✔$❘❃✰✌✎✠✕✑❢&✓✂✛❃❴,✥✠❤(❫!➙$❍●✦✣✢✤✗✂✆✟3$⑤☛✁$❖,✴(❫,✔✤✢✠❋❃❈❃❤"✞✟✔✠❴(❫!✔,
☛✔$✮✟➤❋✠&②$♠❉❋"✸☎✔✑❢(☛!✓✠✕�✄✂✔$➁$❑!✄✟✡☎❇$❚☛✁$✢✂✦●❙!✓✠❋❄☛$❖"✸✂✦●✷✠❤!✔,■✟❄"✸❄✛❃❴$❖,❶,✥✠✕✟✡✂✆✣❖,❅✭

63.45
$❍✟

64.8
✩④✤❑(★✑✜✑❏$❏❃❤$

✑❏(❫!✄✟✡☎❇$❨❃❹"❬❡✓✝★✂✓☎❧$☎✦④❐■➋ ➩◆➒✦❁✎➎❚➩ ❄ ✽➃➫✥➫❍❁✦❂ (★☎❧,✥�✲✂✁$✿❃❴$✫!✓✠❋❄☛$❖"✸✂❈☛✔$⑤❄✓☎✔✂✆✠✕✟❲$❑,✥✟❬&②(★☎■✟✡✣❴✭
emax = 5.10−5❃❹"✖✟✔☎3"❫!✁,✔✠✕✟✔✠❤(☛!❻,❇$➙&✓☎❇(✲☛✓✂✓✠✕✟❑✭

z = 700 ✻ ❄☛(★✠✕☎☎✦④❐■➋ ➩✰➒✦❁➯➎❵➩ " ✾★➫ ✫ ➩ ❄ ✾★➫✥➫➤✿ ✩➠$❍✟➅&②(★✂✓☎
emax = 5.10−2❃❹"✖✟✔☎3"❫!✁,✔✠✕✟✔✠❤(☛!❻,❇$➙&✓☎❧(✲☛✆✂✓✠✕✟❑✭

z = 100 ✻ ❄☛(★✠✒☎☎✦④❐■➋ ➩◆➒✦❁✎➎❛➩ " ➎✙➫ ✫ ➩ ❄ ➎★➫✔➫➤✿✰❁➏❨ ✠❴!✔,✔✠③☛✔(☛!✓✤✞✩➑❃✰✌✎✣✏❃✒✣✏❄◆"✞✟✡✠❴(☛!
☛✓✂❼!✓✠❯❄☛$➫"✸✂☞☛✔$❑❄✓☎✔✂✓✠✵✟➌☛❋"❫!✔,●❃❤$✞,✥❋✠,✥✟✫❆✢✑❢$➃&✓☎✥✣✢✤✢✠❴&✓✠✕✟❧$✿❃❴$➅&✔"❫,❧,❧"✸✝☛$✘☛✔$✿❃❹"✹❄❋"❫❃❈❃❴$❴☛✔$✿❃✒✂✓✑✜✠❋❆✢☎❇$❩❄☛$✗☎❧,❪❃❤$
☎✔✣✢✝✸✠✒✑❢$❿(☛,✥✤✢✠❋❃❈❃❤"✞✟❧(★✠✵☎❧$ ❁❘❭ $❑&②$❖!✓☛✔"❫!✄✟✢✩❦❃❤$❿!✓✠❯❄☛$➫"✸✂✳☛✔$✜❄✓☎✔✂✓✠✵✟➃!✍✌➨"➧"✸✂✆✤✢✂✔!✔$✖✠❴!✽❬❢✂✔$❑!✓✤❖$❏,✥✂✓☎✗❃✰✌➨"✸✑❢&✛❃✕✠ ✫
✟✡✂✓☛✔$❉☛✁$❖,➃(☛,✥✤✢✠❋❃❈❃❤"✞✟✔✠❴(❫!✔,❴☛❋"❫!✁,❀❃❴$❅☎✔✣✗✝★✠✕✑❏$✆&②$✗☎✔✑❏"❫!✔$❖!✙✟✺✩✍✤❖(★✑✜✑❢$❵❃❴$❅✑❢(☛!✄✟✔☎❧$❖!✙✟◗❃❤$❑,❴❡❢✝★✂✓☎❇$❖,✗✦③❐■➋
➩◆➒✦❁✎➎✧➩ ❄ ✽➃➫ ✫ ➩ ❄ ✾★➫ ✫ ➩ ❄ ➎✙➫✥➫❍❁②❩✌➨"✞✂✆✟✡☎❇$➃&❋"✸☎■✟✺✩❋&②(✸✂✓☎❅"❅❄☛(★✠✕☎➌✂✔!❻"♦&②$✢☎✔➉✗✂✯☛✓✂✯✤❑(★✑❢&②(★☎✥✟❧$✢✑❢$❖!✄✟❳☛✔$◗❃◆✌❖✠✒✑❢&✆✂✛❃❴,✔✠❴(❫!➲(☛,✔✤✗✠❈❃❋❃❹"♦!✄✟3$✞✩✁!✔(★✂✔,
"❅❄☛(☛!✁, $❍●✁"✸✑✜✠❤!✓✣➳&✛❃✒✂✔, "❀✟✔✟3$❑!✄✟✔✠❋❄☛$✢✑❢$❖!✙✟⑨❃◆✌❖✣✏❄❫(✩❃✒✂✆✟✔✠❤(❫!¨☛✔$ ,❧$❑,➭&❋"✸☎❧"✸✑❏❆❍✟✡☎❇$❖,❻&✛❉✄❋✠,✥✠✒�✄✂✔$❑, ❁ ❒❅(★✂✔,
"❅❄☛(☛!✁,❑✤☞❉✔(★✠❴,✔✠❦❃❤$❩✤❖"❫,➅(✸➭⑦❃❤$❶&✓☎❇(✸❡❚❃③✠❤!✓✠✵✟✡✠❤"❫❃➺$❑,✥✟➝"✞✴✾$✗✤✗✟✔✣❅☛✍✌❖✂✔!➭!✓✠❋❄☛$❖"✸✂❵☛✔$✹❄✓☎✥✂✓✠✕✟❴✤❑(★☎✔☎❇$❖,❇&➠(❫!✓☛❋"❫!✙✟
✭

emax = 0.05 ✻ ✤❖(☛!✁,✔✠✒☛✆✣✢☎✔✣✹☛❋"♦!✔,☎❃❤"✜❡❢✝★✂✓☎❇$❵✦④❐■➋ ➩◆➒✲❁➯➎❵➩ " ➎✙➫ ✫ ➩ ❄ ➎✙➫✔➫➤✿✰❁ ❒✫(★✂✔,✞"❅❄☛(❫!✔,⑤✟✡☎❧(✸✂✽❄★✣✹�✄✂✔$
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z = 0
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z ≈ 200

➑✥✂✔#✥l✄✂✍✌➯✭
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☛✔!◗❃❹#✹❄❋#❊❃❈❃❴!❴☛✔!◗❃✒✂✆✑✖✠❋❆✗☎❧!✞(☛*✔✤✗✠❈❃❋❃❹#♦,✄✟❧! ❁
✪❢.✫✪ ⑥ ↕❬➜❍➜✗➛❳➙ /❚➛ ➜❑1☞➣ 2❇❞✪4③➛ ➛✒6 ↕✓1➤9❚;➝4❜;➝9❫↕➝9❚2❖;❶6 ➛✪9 ➛✒6 ➛❬➁✮↔✧↕✓6✧✭

➙❚2➡;✓6

②✞#❫,✁*❱❃❤!✁☛✔(★✑❏#✸✠❴,✔!✒!❖,➤E②(✸✠❤,✄✟✔✠❈❃❋❃✵✣✸✩☛E➠(✸✂✓☎▲✟H(✸✂✆✟H!❑*✂❄♦#❊❃❴!✢✂✆☎❧*❲☛✓✂✮✝♣#✸✠❤,❢,✔(☛,✧❃✒✠❴,✓✣➫#✞✠✕☎❧!✸✩
ǫ
✩✼❃❹#❬☛✦❋❂,✔#❀✫

✑✖✠✕|✄✂✔!❬✝❊❃❤(★❄❋#❫❃❤!❑☛✔!❑*✚❄❋#❊❃❈❃❴!❖*❳☛✔!❀❃✒✂✓✑✜✠❋❆✢☎❇!➝!❑*✥✟✥(☛*✥✤✢✠❈❃❋❃❹#❀✟H(✸✠✕☎❇! ❁ ②✞#♦,✔*✚✤❖!✏☛✔(★✑❏#✸✠❴,✔!◗❃❴!❖*❅E❋#✞☎H#✸✑❴❆✗✟✔☎❧!❑*
☛✔!❴❃◆✌❖✠✒✑❢E✆✂✛❃❴*✔✠❴(❫, !✬●✆✣✗✤✢✂✆✟❧!❖,✄✟❩☛✔!❖*❬☛✓✣✗❙➩(★☎✥✑➁#❀✟✡✠❤(❫,✔*❑☛✍✌✄#✸✑❢E✛❃✒✠✵✟✔✂✓☛✔!➙*❧#✸✂✆❙❑❃❤!❑*➃E❋#✞☎H#✸✑❴❆✗✟✔☎❧!❑*

s1

!✗✟
s2|✲✂✆✠❙❄◆#❊❃❤!❑,✄✟❳➷✢✣✢☎❇(✜✟❧(★✂✆✟❅#✸✂❜❃❴(☛,✓✝❅☛✔!◗❃❹#➙E✆☎❧(☛E❋#✞✝♣#✞✟✡✠❴(☛, ❁✆❂ (✸☎❧*❳☛✔!➝*❇(☛,✯✣:❄☛(✩❃✒✂✦✟✡✠❤(❫,✍✩✆✂✔,✔!➃#❫*✥❋✲✑✜✣✗✟✡☎✥✠❤!*❧!❴✤✢☎✥✣❖!✞!❖,✙✟✡☎❧!☎❃❴!❖*❱❃❹#✞☎✔✝☛!✗✂✓☎❧*✴*❧E❋#✞✟✔✠❹#❊❃❴!❖*✴*✔✂✆✠❋❄♦#❫,✙✟❑❃◆✌✄#❀●❂!

x
!❍✟

y
✩✁#✸✠❤,✁*✔✠➠,✁(★✂✔*✪(★❄✁*❧!✢☎④❄☛(☛,✔*➌✂✔,❚✑❢(✲☛✔!

☛✍✌✎✣✏❃❤(❫,✓✝♣#✞✟✔✠❤(☛, ➩ ✠❤,✽❬❋#✞✟✡✠❴(☛,✮✫▲☛✓✣:❬▲#✞✟✔✠❤(☛, ➫ #♦*✥❋✲✑✖✣❍✟✡☎✥✠✒|✄✂✔!✘☛✔!❑*❘❃❹#✸☎✥✝☛!✢✂✆☎❧*❬*❧E❋#❀✟✡✠❤#❊❃❤!❑*❬*✔✂✓✠❯❄♦#❫,✙✟✁✤☞❉❋#✸|✄✂✔!#❀●❂! ➩ x !❍✟
y ➫ ✩➺!❍✟➓❃❹#☞❄❋#❊❃❋❃❤!❉☛✔!❏❃✕✂✓✑✜✠❈❆✗☎❧!❉✝♣#✞☎✔☛✔!❢*❧(☛,✷✑❢(★✂✽❄☛!✢✑❢!❖,✙✟❶(❫*✔✤✗✠❈❃❈❃❤#❫,✙✟✺✩❁*✔✂✓✠❯❄♦#❫,✙✟❩✤☞❉❋#✸|✄✂✔!

#❀●❂!✚✤❑(★✑✖✑❢!❪❃❴!❳✑❏(❫,✄✟✡☎❇!❪❃❹#❴❡❢✝★✂✓☎❇!❩✦③❐✥➋ ➩◆➒✦❁➯➒★➫ E✓☎✥✣✢✤✢✣✗☛✔!❖,✙✟H! ❁ ②✞#♦,✔*❲✤❑!✚✤➫#♦*✢✩✝❃❴!❖*▲❃❹#✸☎✥✝☛!✢✂✆☎❧*✙*✔✂✓✠❯❄♦#❫,✙✟❃◆✌✄#❀●❂!
x
!❍✟❱❃❤#✘☛✓✠✕☎❧!✗✤✗✟✡✠❴(☛,

y
(☛,✄✟✂❃❤#✘✑✜➊✢✑❢!●❄♦#❊❃❴!✢✂✓☎ ❁ ➧❂!✗✂✛❃❤*▲☛✓✠✵✴➒❆✗☎❧!❑,✄✟✂❃❴!✢✂✓☎❇*➈*❧!❑,✔*❆☛✔!❅E✓☎❧(❫E❋#✸✝♣#✞✟✔✠❤(☛, ❁

➍ ❃❋❃❤!❑*➌✝♣#✸☎✥☛✔!❖,✙✟✁✂✔,✧✑❏(✸✂✽❄☛!✢✑❢!❖,✙✟✫#♦*✥❋✲✑✜✣✗✟✡☎✥✠✒|✄✂✔!✘☛✓✂✆☎H#❫,✙✟❘❃❤!✗✂✓☎➌✣✏❄☛(✩❃✕✂✆✟✡✠❴(☛, ❁
➍ ,☞✤❑(☛,✔*✥✠✒☛✓✣✗☎H#❫,✙✟✁✭✆E✓☎✥✣❖*❧!❑,✄✟✁✤❑!✗✟✥✟H!➅*✔✠✕✟✔✂❋#✞✟✔✠❤(☛,➁(★➭♣❃❤!✥E✓☎❧(✸❡✛❃✍✠❴,✓✠✕✟✔✠❤#❊❃➬☛✔!✿❃◆✌❖✠✒✑❿E✓✂✛❃❴*✔✠❴(❫,✮✤❖(★☎✥☎❧!❖*❇E②(☛,✓☛
!❍●✁#✸✤❍✟H!✢✑❢!❖,✙✟➙#✸✂✦●❯✑✖➊✗✑❏!❑*◗❄♦#❊❃❤!✗✂✓☎❧*❬☛✔!❏E❋#✸☎H#✞✑❏❆❍✟✡☎❧!❑*✏|✄✂✔!✮☛✔#❫,✔*✗❃❹#❚❡❢✝★✂✓☎❇!✧✦④❐■➋ ➩✰➒✦❁✎➎✙➫ ✩❫✭❜❃◆✌✇!❍●✄✫✤❖!❑E✆✟✡✠❴(☛,❇☛✁!❖*✆E❋#✸☎H#✞✑❏❆❍✟✡☎❧!❑*

s1

!✗✟
s2

|✄✂✓✠✴*❧(☛,✙✟❅✠✒✤✗✠❲#❀✴✾!✗✤✗✟✡✣❑*❅☛✶✌✎✂✔,✁!❈✟✡☎❥❆❖*✆E②!❍✟✡✠✵✟H!➁E②!✢☎■✟✡✂✓☎✥❄❋#✞✟✡✠❴(☛,
✠❤,✓✠✵✟✡✠❤#❫❃❴!✧➽

s1 = 3.10−7 ✩ s2 = 3.10−7 ❁ ❒❅(★✂✔*✹☎❇!✢✑❏#✸☎✔|✄✂✔(❫,✔*✆#❊❃❤(★☎❇*❩✭✯✟✔☎H#❅❄❫!✢☎❧*❣❃✰✌❖✣✏❄☛(✩❃✕✂✆✟✡✠❴(☛,✳☛✔!
❃◆✌❖✣❖,✔!✗☎✔✝★✠❴!✸✩❫|✄✂✔!♠❃❤#➧E✓☎❇(☛E❋#✸✝♣#❀✟✡✠❤(❫,✳☛✔!♠❃✰✌✎✠✕✑❢E✓✂✛❃❴*✥✠❴(☛,✳☎✥✣✏❄✩❆✎❃❴!❈☛✁!✢✂✦●❙E✛❉✆✣❖,✔(✸✑❏❆❑,✔!❖*✆*❧E②!✗✤✗✟❄#✞✤✢✂✛❃❤#✸✠✒☎❇!❖*
✤✎❃❤#✸✠✒☎❇!✢✑❢!❖,✙✟☎❄✲✠❴*✔✠✒❄✽❃❤!❑*➅*✥✂✓☎◗❃❤#✮❡❢✝★✂✆☎❧!❭✦④❐■➋ ➩◆➒✦❁ ⑦ ➫ ➽✍☛✍✌❖✂✔,✔!❿E❋#✸☎■✟✘✠❋❃④☎❧!❑*❧*❧(✸☎✥✟❬☛✔!❅✤❖!✗✟✥✟H!❅❡❢✝✸✂✓☎❧!❅|✄✂✔!E②(★✂✓☎❴✂✔,❛✑✜➊✢✑❢!✆,✆✠❋❄☛!➫#✞✂❛☛✔!❅❄✆☎✔✂✓✠✵✟✺✩❂❃❹#➁E②!✢☎■✟✡✂✓☎✥❄❋#✞✟✡✠❴(☛,❵☛✁!❖*➅E❋#✸☎H#✞✑❏❆❍✟✡☎❧!❑*

s1

!✗✟
s2

E✆☎✔✣✢✤✗✠❤E✓✠✵✟H!❣❃❴!
E❋#❫*❧*❧#✸✝☛!✮☛✔!✧❃◆✌❖✠✒✑❢E✆✂✛❃❴*✔✠❴(❫,▼❄☛!✢☎❇*❣❃❤!✖☎✥✣✢✝★✠✕✑❏!✖✭➧E✓✂✛❃❤*❧#✞✟✡✠❴(☛,✔* ➩ ❄☛(★✠✕☎✗❃❹#☞❡❢✝★✂✆☎❧!♠✦④❐■➋ ➩✰➒✦❁✎➎✙➫ !✗✟❵✦③❐■➋
➩◆➒✦❁ ⑦ ➫✔➫ !❍✟✘☛✶✌➨#✸✂✦✟✡☎❧!✆E❋#✸☎■✟➅(☛,❵✤❑(☛,✔*✥✟H#✞✟H!✹|✲✂✁!❭❃✰✌❖✠✒✑❢E✓✂✽❃❴*✔✠❴(☛,❻,✁!➙*✔✣?➑❇(★✂✓☎❇,✔!❅☛❋#❫,✔*☎❃❤!❩☎✔✣✗✝★✠✒✑❢!✹✭➁E✓✂✛❃✵✫
*H#✞✟✔✠❤(☛,✔*❅|✄✂✔!❼E②!❑,✓☛❋#❫,✙✟✖✂✔,▼✟H!✢✑❢E✔*❉☎❇!✎❃❹#❀✟✡✠❋❄❫!✢✑❢!❖,✄✟❵❃✒✠✕✑✜✠➇✟✡✣✞✩➂#❅❄◆#❫,✄✟✜☛✁!❼*✔✂✆✠❋❄✲☎❧!➵*❧(☛,✮!❍●❂E❋#♦,✔*✔✠❴(☛, ❁
❂ !❶E✛❉✓✣❑,✔(★✑❴❆❖,✔!✹☛✍✌✇!❍●❂E❋#❫,✔*✥✠❤(☛,❵☛✔!❣❃◆✌❖✣❖,✁!✢☎✔✝✸✠❤!✓*❧!✹✑➁#❫,✆✠✕❙➩!❖*■✟H!✓E❋#✸☎⑤✂✔, #✸✤✗✤✢☎❧(✸✠❤*❇*❧!✢✑❢!❖,✙✟❑☎H#♦E✓✠✒☛✔!✓!✗✟
*H#❫,✔*❨❃✒✠✕✑✜✠➇✟H!❑☛✔!✗❃◆✌❖✣❖,✔!✗☎✔✝★✠❴!❬☛✁!✗❃◆✌❖✠✒✑❢E✓✂✽❃❴*✔✠❴(☛, ❁❢❨ ✠❤,✔*✥✠◆✩❚❃❤#❢E②!✗☎✥✟✡✂✆❄❋#✞✟✡✠❴(☛,✯☛✔!❑*✥E❋#✞☎H#✸✑❴❆✗✟✔☎❧!❖*

s1

!✗✟
s2✤❢❉✔#❫,✓✝☛!✗❃❹#❉☛✆❋✠,❋#✸✑✜✠✒|✄✂✔!❬☛✔!✗❃❹#❉❄❋#❊❃❈❃❴!✘☛✔!✗❃✒✂✆✑✖✠❋❆✗☎❧!➝(☛*✔✤✗✠❈❃❋❃❹#♦,✄✟❧! ❁ ⑤ , #❫*❇*✔✠❴*✥✟H!❩✭❴❃❹#❉❄✓☎✔✠❴*✔✂✓☎❇!✏☛✔!✓*✥❋✙✫

✑✖✣❍✟✡☎✔✠❴!✒!❍✟✂❃◆✌❖✠✒✑❢E✆✂✛❃❴*✔✠❴(❫,❿*❧!✚✑❢!✗✟▲☛❋#♦,✔*❲✂✁,✮✑❢(★✂✽❄☛!✗✑❏!❑,✄✟▲☛✔!✚☎❇(✸✟❄#❀✟✡✠❤(❫,❅✟H(★✂✆✟➈!❖,❏(☛*✔✤✗✠❈❃❋❃❹#♦,✄✟✪✤❖(★✑✜✑❏!
❃◆✌❖✠❈❃❋❃✵✂✔*✥✟✔☎❧!➓❃❤#✖❡❢✝★✂✓☎❇!❭✦④❐■➋ ➩✰➒✦❁➯✼★➫❍❁ ➐❻#✸✠❤*✥,✔(★✂✔*❑✤❑(☛,✔*■✟❄#✞✟❧(☛,✔*❑✤❖!❑E②!❖,✓☛✔#❫,✄✟✢✩➔|✄✂✔!❵❃◆✌❖✠✒✑❢E✓✂✽❃❴*✔✠❴(☛,✛☎❇!❖*✥✟❧!
*✥✟❄#✞❄✛❃❤!✴E②!❖,✓☛✔#❫,✄✟✪✂✁,✹✟❧!✢✑❢E✔*④☎❧!✏❃❹#✞✟✔✠❋❄☛!✗✑❏!❑,✄✟③✤❖(★✂✆☎✥✟❉#❅❄◆#❫,✄✟✡❃❹#✫E✽❉❋#❫*❧!❃☛✶✌✄!✬●✁E✔#❫,✔*✔✠❴(☛, ❁ ②❩✌➨#✞✂✆✟✡☎❇!✪E❋#✸☎■✟✺✩







✱✄❽✲✱✄❽❃②➌⑩✞➅✕➅❺❻♣➁✚➀✓❻✚➅✱➳✞➲✖❷❛■✡❹❍❻❴❻♣➄✛⑩✆➳✓❸;❿➃❹❍❿✄❸✱⑩✆❸✰❷❦❿➃➄✯❻➃❸❆❻✡➄❛❻❥➛★❶✍⑩✞➄✓➁✔❷❦❿➃➄ ✽ ⑥✄⑦

 ❖"➳ ❍●✁%✸✑✜✠❤"✔%❫"✄✟➝*✛❃✕✂✔+➃%✞✟✔✟❧ ❖"✄✟✔✠❋❄☛ ✗✑❏ ❑"✄✟❀❃❴ ❉✤❖2✸✑❏*②2★☎■✟4 ✗✑❏ ❑"✄✟❬☛✁ ❴❃◆✌❖✠✒✑❢*✓✂✽❃❴+✔✠❴2❫"✍✩✶☛❋%❫"✔+❀❃❴ ❉✤➫%✞☛✓☎❧ ✜☛✔ 
❃❹%❅☛✆❋✠"❋%✸✑✜✠✒`✄✂✔ ✘☛✔ ❀❃❤%❅❄❋%❊❃❋❃❤ ❑☛✁ ❀❃✒✂✓✑✜✠❋❆✢☎❇ ➅2☛+✔✤✗✠❈❃❋❃❹%♦"✄✟❧ ➅ ❑"✛☎❇2✸✟❄%❀✟✡✠❤2❫"✍✩✁"✔2★✂✔+✫%❇❄☛2☛"✔+✁✠✒☛✁ ❖"✄✟✔✠✕❡❢✣❑☛✔ ✗✂✦●
✝★☎4%♦"✓☛✔ ❖+✆*✔%✸☎✥✟✔✠❤ ❖+✏☛❋%❫"✔+✆+❧%❊☛✆❋✠"❋%✞✑✖✠✕`✲✂✁ ❈✠❴"✄✟❧ ✢☎❧"✁ ✸✩③✠❈❃❋❃✕✂✔+■✟✡☎✔✣❑ ❖+✏☛❋%❫"✔+❣❃❤%✧❡❢✝★✂✓☎❇ ♣✦④❐■➋ ➩◆➒✲❁ ➼ ➫ ✩③`✄✂✓✠✑❏2❫"✄✟✡☎❇ ❵❃✰✌✎✣3❄☛2✩❃✒✂✆✟✔✠❤2❫"❵☛✔ ❑+➃*✔%✸☎4%✸✑❴❆✗✟✔☎❧ ❑+➝*✽❉✄❋✠+✔✠✕`✲✂✁ ❖+✏☛✁ ❭❃◆✌❖✠✒✑❢*✓✂✽❃❴+✔✠❴2❫"➭*②2★✂✓☎✿❃❤ ✆"✓✠❋❄☛ ❖%✸✂❯☛✁ ❉❄✓☎✔✂✓✠✵✟
emax = 0.05 ❁
❂ %❏*✓☎❧ ✗✑✜✠❈❆✢☎❇ ✓*✔%✸☎✥✟✔✠❤ ✞✩➬`✲✂✆✠⑧+✢✌❖✣✗✟❧ ❖"✓☛❊☛✔ 

z ≈ 200
➑✥✂✔+✥`✲✂✶✌➯✭

z ≈ 750
✩② ❑+✥✟❴`✄✂❋%♦+✔✠✒✑❢ ❖"✙✟✞%❫"✔%❊❃❤2✸✝★✂✔ 

%✸✂❅✤❑2★✑❢*②2★☎✥✟❧ ✢✑❢ ❖"✙✟❞☛✍✌❖✂✔"✔ ❃✠✒✑❢*✓✂✛❃❴+✔✠❴2❫"✆%❇❄☛ ✢✤❑❃❤ ❖+❜*❋%✞☎4%✸✑❴❆✗✟✔☎❧ ❖+
s1

 ✗✟
s2

"✔2❫"➙*② ✢☎■✟✡✂✓☎✥❄➏✣❖+✢✩☛ ✬●✦✤❖ ❑*✆✟✡✣
❃❤ ❿*❋%❫+❇+4%✸✝❫ ❏*✓☎✔✣✗✤✢✠❴*✓✠✕✟✔✣❵❄☛ ✢☎❧+✗❃❤ ❉☎✥✣✢✝★✠✕✑❏ ❉✭❼*✓✂✽❃❤+4%❀✟✡✠❤2❫"✔+ ❁➔➍ ❃❋❃❤ ➙+❧ ✖☛✓✣✗☎❧2★✂✽❃❤ ✜☛✁2☛"✓✤❢+❧ ✎❃❴2☛"❳❃❴ ❖+✘✟✔☎❧2★✠❴+
*✛❉❋%❫+❇ ❖+❃☛✓✣✗✤✢☎✔✠✵✟4 ❑+✪*✆☎✔✣✢✤✗✣✢☛✔ ✗✑✖✑❢ ❑"✄✟✺✩✆✭✓+4%❅❄❫2★✠✒☎✚➽✲✂✔"✔ ⑤☛✆❋✠"❋%✸✑✜✠✒`✄✂✔ ✫2☛+✥✤✢✠❈❃❋❃❹%❀✟42✸✠✕☎❇ ✁✠❴"✓✠✕✟✔✠❤%❊❃❾ ✁☛✁ ⑤❙➊%✞✠✒❄✛❃❴ 
%✸✑❢*✛❃✒✠✵✟✔✂✓☛✔ ✞✩✧+✔✂✓✠❯❄✲✠❤ ✜☛✍✌❖✂✔"✷☎✔✣✢✝✸✠✒✑❢ ❅✟✡☎4%♦"✔+✔✠✵✟42★✠✕☎❧ ❿%❅❄☛ ✗✤➤%✸✤✗✤✢☎❧2✸✠❤+❇+❧ ✢✑❢ ❖"✙✟✆%✸❄✓☎✥✂✔*✆✟✏☛✔ ❏❃◆✌✄%✸✑❢*✛❃✕✠✵✟✔✂✓☛✔ 
☛✔ ❖+✙2☛+✥✤✢✠❋❃❈❃❤%✞✟✔✠❴2❫"✔+✢✩✞`✄✂✓✠❢☛✆✣✢❄②2★✂✓✤☞❉✔ ❅+✥✂✓☎❜✂✁"✜☎✔✣✗✝★✠✒✑❢ ❃✭➅*✓✂✛❃❴+4%✞✟✔✠❤2☛"✔+ ❁ ➐❻%✸✠❴+✢✩★✭➅*❋%✸☎■✟✡✠✕☎❞☛✔ z = 750

 ✗✟
%✸✂✦✫✱☛✔ ✎❃✒✭✆✩★✤❖2✸✑✖✑❢ ❖"✓✤❑ ❪❃❹%❑☛✔ ✗✂✦●✦✠❈❆✢✑❢ ❅*✔%✸☎✥✟✔✠❤ ➌☛✔ ❘❃❹%❑☛✆❋✠"❋%✞✑✖✠✕`✲✂✁ ✫%❇❄☛ ✢✤✁☛✔ ❖+▲✤☞❉❋%❫"✓✝☛ ✗✑❢ ❖"✄✟❧+❲✠✕✑❏*②2✸☎■✫
✟❄%❫"✙✟4+✘✠❤"✆☛✓✂✓✠✕✟❧+➅*❋%✸☎✿❃❹%➲*② ✗☎✥✟✔✂✓☎✔❄❋%❀✟✡✠❤2❫"❯✠❴"✓✠✕✟✔✠❤%❊❃❾ ✹☛✔ ❖+➃*❋%✞☎4%✸✑❴❆✗✟✔☎❧ ❑+

s1

 ✗✟
s2 ❁❫❭  ❖+❬✤☞❉❋%❫"✓✝☛ ✗✑❏ ❑"✄✟❧+

✤❖2★✑✜✑❢ ❖"✓✤❑ ❖"✙✟✘✭➁+❧ ✹✑❏%❫"✓✠✵❙➩ ❖+■✟4 ✢☎✚☛✔ ❩✑➁%❫"✆✠❈❆✢☎❇ ✓+❧*② ✗✤✗✟❄%✞✤✢✂✛❃❤%✸✠✒☎❇ ❶*❋%✸☎⑤☛✔ ❑+➅2☛+✥✤✢✠❋❃❈❃❤%✞✟✔✠❴2❫"✔+✚`✄✂✓✠➂%❫*✁*❋%❀✫
☎4%✸✠❴+❧+❇ ❖"✄✟✒*✓☎❇2★✝★☎❧ ❑+❧+✥✠❋❄☛ ✢✑❢ ❑"✄✟✁☛❋%♦"✔+❪❃❤ ❑+✒*✔%✸☎4%✸✑❴❆❍✟✡☎❧ ❑+

s1

 ❍✟
s2

✩✓✤❖2★✑✜✑❢ ✿❃❴ ❑✑❢2☛"✙✟✡☎❧ ❑"✄✟●❃❤ ❖+❃❡❢✝✸✂✓☎❧ ❑+
✦④❐■➋ ➩✰➒✦❁ ➼ ➩ % ✽➃➫ ✫ ➩ % ✾✸➫✔➫❍❁
➍ "✔+✔✂✓✠✵✟4 ✚✤❑ ❖+✴2☛+✔✤✗✠❈❃❋❃❹%❀✟✡✠❾2☛"✔+✙%✸✂✓✝✸✑❏ ❑"✄✟❧ ❖"✄✟C❄✲✠❴2✩❃❤ ✗✑✖✑❿ ❖"✙✟✴%✸✂✖☛✓✣✗❄✓✂✆✟❆☛✁ ❨❃❹%✘☛✁ ✢✂✦●✦✠❈❆✗✑❢ ✫*❋%✞☎✥✟✡✠❴ ❳☛✔ ❨❃❤%
☛✆❋✠"❋%✸✑✜✠✒`✄✂✔ ✞✩❸ ❍✟❲%✞✟✥✟4 ✢✠✕✝☛"✔ ❑"✄✟C❃❴ ✢✂✓☎❇+▲❄◆%❊❃❤ ✗✂✓☎❧+❜✑➁%➃●✆✠✕✑➁%✞%✸✂✖❄②2✸✂✆✟❲☛✍✌❖✂✔"✔ ✁☛✓✠❴+✥✟❄%❫"✆✤❖ ✁`✄✂✔ ❅"✔2★✂✔+▲`✄✂❋%➃✫
❃✒✠✵❡❋ ✢☎❇2☛"✔+❳☛✔ ❬☛✓✠❴+✥✟❄%♦"✓✤❖ ❬✤✢☎✥✠✕✟✔✠✒`✄✂✔ 

Zc

✩➬`✄✂✓✠❚+❧ ➃+✔✠✕✟✔✂✔ ✓%✸✂❜❄❫2★✠❤+✥✠❤"❋%✸✝❫ ✘☛✔ 
z = 845 ❁ ②✥%❫"✔+❨❃❴ ❬✑✜➊✗✑❏ 

✟4 ✗✑❏*✔+✗✩❂❃✰✌➨%✞✑❏*✽❃✒✠➇✟✔✂✓☛✔ ❬☛✍✌✇2☛+✥✤✢✠❈❃❋❃❹%❀✟✡✠❾2☛"✧☛✔ ❑+☎❃❤%✸☎✔✝☛ ✗✂✓☎❧+❅+❧*❋%❀✟✡✠❹%❫❃❤ ❑+✫+✥✂✓❄✓✠✵✟⑤✂✔"✔ ❩❄❋%✸✠❴+❧+❇ ❩`✄✂✓✠⑧*✓☎❇ ❖"✓☛✛❡❋"
 ❍●✁%✸✤❍✟4 ✢✑❢ ❑"✄✟➲%✸✂�✑❢2★✑❢ ❖"✙✟❏2✸➭J❃❤ ❖+❢2☛+✔✤✗✠❈❃❋❃❹%❀✟✡✠❾2☛"✔+❉☛✔ 

s1

 ❍✟
s2

%✞✟✥✟4 ✢✠✕✝☛"✔ ❑"✄✟❏❃❤ ✗✂✓☎❧+✜✑➁%❀●✦✠✕✑➁% ➩ ✭
z = Zc ➫❍❁ ⑤ " ☎❧ ✢✑❏%✸☎✥`✲✂✁ ❵`✄✂✍✌✄%✸✂✦✫;☛✁ ✎❃✉✭❪☛✁ ⑦❃❹%✷☛✓✠❴+✥✟❄%♦"✓✤❖ ❊✤✢☎✔✠✵✟✡✠✕`✲✂✁ ✸✩✂❃◆✌❖✠✒✑❢*✓✂✽❃❴+✔✠❴2☛"✼ ✬●✆✣✗✤✢✂✆✟❧ ❯✂✔"
✑❏2✸✂✽❄☛ ✢✑❢ ❖"✙✟➌☛✔ ❴❄❋%❊❃❹%♦"✓✤✢✠❴ ✢☎ ➩ +❧ ✢✑✜✠✵✫✱☎❧2✸✟4%✞✟✔✠❴2☛" ➫ ☛✔2☛"✙✟●❃◆✌✄%✸✑❢*✛❃✕✠✵✟✔✂✓☛✔ ✚✤✢☎❧2❫❧✒✟❫➑✥✂✔+✥`✄✂✍✌➯✭❿%✞✟✥✟4 ✗✠❤"✓☛✓☎❇ ❴✂✔""✓✠❋❄☛ ❖%✸✂✙❃✒✂✓✠➈*② ✢☎✥✑❏ ❍✟✔✟4%❫"✄✟✹☛✍✌✇ ✗✴➠ ✢✤❍✟✡✂✔ ✗☎❅✂✔"✔ ❈☎❧2✞✟❄%✞✟✔✠❤2☛"✳✤❖2✸✑❏*✛❃❋❆✗✟❧ ❁③❂ ✌✎✠✕✑❏*✓✂✽❃❤+✔✠❴2❫"➳ ✗✴➠ ✢✤❍✟✡✂✔ ➵%❫❃❤2★☎❇+
☛✔ ❖+❳☎❇2✸✟❄%✞✟✔✠❤2☛"✁+❃✤❖2✸✑❏*✽❃❈❆✗✟❧ ❖+✒%✞✂✆✟42★✂✆☎➌☛✔ ➅+❧2☛"☞✤❖ ❖"✙✟✡☎❇ ❬☛✁ ✘✑❏%❫+❧+❇ ❁ ➐❻%✸✠❤+❑❃❹%❩☛✓✂✓☎✔✣❑ ✘☛✔ ✿❄✲✠❤ ❴☛✔ ◗❃✰✌✎✠✕✑❅✫
*✓✂✛❃❴+✔✠❤2❫"➧ ❖"❊☎❧2✞✟❄%✞✟✡✠❴2☛"❼+✢✌✄%❅❄✩❆✗☎❧ ✹➊❍✟✡☎❧ ✏☎❧ ✏❃❹%✞✟✔✠❋❄☛ ✢✑❢ ❑"✄✟✚✤❑2★✂✓☎■✟4 ❁❝➍ "❻ ✗✴➠ ✗✟❴✤❑ ✗✟✔✟❧ ❶*✓☎❧2☛*✔%✸✝♣%✞✟✔✠❤2☛"➧%❅❄☛ ✗✤☎❧2✸✟4%✞✟✡✠❴2☛"❪✤❖2★✑❢*✛❃❈❆❍✟4 ➤+✢✌✇ ✗✴➠ ✢✤❍✟✡✂✔ ➧%❅❄☛ ✢✤☞✂✔"✔ ➵ ✬●❂*❋%❫"✔+✥✠❤2☛"§☎❧%❫*✓✠✒☛✁ ❚☛✔ ♥❃✰✌✎✣❑"✔ ✢☎✥✝★✠❤ ❈☛✔ ♥❃✰✌✎✠✕✑❢*✓✂✛❃❴+✥✠❴2☛"✍✩
✤❖2★✑✜✑❢ ✿❃❴ ❑✑❏2☛"✙✟✡☎❇ ❖"✄✟❪❃❴ ❖+❃❡❢✝★✂✓☎❇ ❖+❘✦④❐■➋ ➩◆➒✲❁ ⑦ ➫✬❁





✱✄❽②①✙❽❃❂✈➂➔❻❱❸❃➀✓❻✡➁✏❸➤❻✡❹✔➲❚❻♣➁☎✳✆➳✸❷✕➄❝❸✰❷✴✳✆➳✲❻♣➁❳➁✢➳✸❹❳➅❺❻♣➁⑤❿➃➁❍➂✡❷✒➅✕➅①⑩✦❸✰❷①❿➃➄✓➁ ✽ ⑥✙➼

✪❢!④③ ❅➄➃❛➛✪# $❚➛❳➙ #❘➛✪%❞➣ ➛❳➙✺✬❢&➵(❑*➙#❚(✏✬❏&❚➛❳➙ ➙❚&➲% ➜❍➛❳➙ /❩➙❚0❲(❍➜✗➜✺↕➅#➺(❑/❶*☞➙

❨ ✤❑5❏6■✟❄8✸☛✔5✜☛✔5❢:✔;✸✟✔☎❧5✜✣✗✟✔✂✓☛✔5✞✩➺:✔;★✂✁6❶8❊❃❋❃❤;❫:✔6❑✣✗✟✔✂✓☛✓✠❤5✗☎❀❃◆✌❖✠❤:✖❬❢✂✔5❖:✆✤❖5✜☛✔5❑6❬✟A5✗☎✔✑❢5❖6❬l✄✂✓✠❴:✄✟✡✠✕l✄✂✔5❖6
6✔✂✓☎✟❃❤5❖6❞❄✔8❊❃❈❃❴5❖6④☛✁5●❃✒✂✓✑✜✠❋❆✢☎❇5❲;❫6✔✤✢✠❋❃❈❃❤8❫:✙✟A5❖6 ❁ ❒❅;★✂✔6✙8❫❃❈❃❤;❫:✔6③☛✍✌➨8✞❄②;★☎✔☛➙:✔;★✂✔6❞✠❤:✙✟✡✣✢☎❇6❧6❧5✗☎❜✭☎❃✰✌➨8✸✤❍✟✡✠❴;☛:❩☛✔5●❃❤8
6A8✞✟✔✂✓☎A8❀✟✡✠❤;❫:✯☛✁5✗❃❹8❿:✔;❫:✛❃✒✠❴:✓✣➫8✞☎✔✠✵✟✡✣➅6✔✂✓☎❘❃◆✌✇;☛6✔✤✗✠❈❃❋❃❤8❀✟✡✠❴;❫:☞☛✔5❖6✚✠✒✑❢M✓✂✛❃❴6✔✠❴;❫:✔6 ❁✓❨ ✤❖5✗✟✥✟A5❬❡❋:✍✩▲:✔;★✂✔6✫8❅❄☛;☛:✁6
❡✆●✦✣

ǫ = 0.6
✩
D = 6

✩
µ = −0.1, β = 0.1

✩
δ = −0.4

5✗✟✓M②;★✂✓☎❬☛✆✠✕✴❝✣✢☎❧5❑:✄✟❧5❖6◗❄♦8❊❃❤5✗✂✓☎❧6❬☛✁5
ν

(−0.07,−0.08,−0.09)
✩✧:✁;★✂✔6➃8❅❄☛;❫:✔6➝6✔✂✓✠❯❄✦✠✟❃❹8❈☛✆❋✠:❋8✸✑✜✠✕l✲✂✁5❉☛✔5❭❃✰✌✎✣❑:✔5✢☎✥✝★✠❤5✆5❖:❛❙➩;☛:✓✤❍✟✡✠❴;☛:❛☛✔5❭❃❤8

☛✓✠❤6■✟❄8❫:✆✤❖5❴☛✔5➅M✓☎❇;☛M❋8✞✝♣8✞✟✡✠❴;☛:
z ❁✓❂ 5❴☎✔✣❑6✔✂✛❃✵✟❄8✞✟❃☛✔5❑✤❑5✗✟✥✟A5➝8❫:❋8❫❃✕❋✠6❧5❴☛✓✣❍✟❄8✸✠❋❃❈❃✕✣❑5✥5❑6✥✟❳☎❧5❑M✓☎✔✣❑6❧5❑:✄✟✡✣➝6✥✂✓☎●❃❤8❡❢✝★✂✓☎❇5❨✦④❐■➋ ➩✰➒✦❁✵✽❱➪✙➫ ★✩❃❤5❖6✪❡❢✝★✂✆☎❧5❖6▲❄ ➩ ✠ ➫ ✩ i = 1, 2, 3

★✙☎❧5❖M✆☎✔✣❖6❇5❖:✙✟A5❖:✙✟❃✂✔:✔5❪❄✲✂✔5✚☛✁5✫M✆☎✫❆❖6▲☛✔5❖6❜❡❢✝★✂✓☎❇5❖6
8 ➩ ✠ ➫❍❁✶➍ ❄✲✠✒☛✔5✗✑✖✑❢5❖:✙✟✺✩✾:✔;★✂✔6➝8❅❄☛;❫:✔6✘✤☞❉✔;★✠❴6✔✠✟❃❴5❖6☎❄◆8❊❃❤5✗✂✓☎❧6❑☛✔5

ν
M②;✸✂✓☎✿❃❤5❑6✔l✄✂✔5✏❃❈❃❤5❑6✢✩➑❃❴5✹✑❏;✸✂✽❄☛5✢✑❢5❖:✙✟

☛✔5❭❃❹8❚❄✔8❊❃❈❃❴5✹☛✔5❭❃✒✂✓✑✜✠❋❆✢☎❇5➙5❑6✥✟➃;☛6✔✤✗✠❈❃❈❃❤8❫:✙✟✺✩❝✑➁8✞✠❤6❴✤❖5❍✟✔✟❧5✜☛✆❋✠:❋8✸✑✜✠✒l✄✂✔5❅✤❢❉❋8♦:✓✝☛5❭❃❤;★☎❇6✔l✄✂✍✌✇;☛:❯✑❢;✲☛✓✠✕❡❋5
❃❹8❵❄♦8❊❃❴5✢✂✓☎✁☛✁5

ν ❁ ➧✦✂✓☎❘❃❤5❑6✁❡✓✝★✂✓☎❧5❑6☎✦④❐■➋ ➩◆➒✲❁✕✽❱➪ ❄ ➩■✽❱➫ ✫�❄ ➩◆✾★➫✥➫ ✩❋:✔;★✂✁6⑤☎❇5✢✑❏8✸☎✔l✄✂✔;❫:✔6✚l✄✂✔5➓❃❴;★☎❇6✔l✄✂✍✌▲;☛:☛✓✠✒✑✜✠❴:✲✂✔5✗❃❤8❏❄◆8❊❃❤5✗✂✓☎⑤☛✔5
ν
☛✁5 −0.07

✭ −0.08
✩❂❃◆✌✄8✸✑❢M✛❃✕✠✵✟✔✂✓☛✔5✏☛✍✌✇;☛6✥✤✢✠❈❃❋❃❹8❀✟✡✠❾;☛:✛☛✁5❵❃✰✌✎✣❑:✔5✗☎✔✝★✠❴5✆8✸✂✓✝❀✫

✑❏5❑:✄✟❧5 ❁ ②✞8♦:✔6▲❃❤5❃✤❖8❫6❜☛✔5❑6✪❡❢✝★✂✆☎❧5❖6 ➩ ❄ ➩■✽❱➫ 5❍✟▲❄ ➩◆✾★➫✥➫ ✩❊❃❤5❃✑❢;★✂✽❄☛5✢✑❢5❑:✄✟✙5❑6✥✟❜✟❧;★✂❀➑❇;★✂✆☎❧6❉M➏✣✗☎✔✠❤;✲☛✆✠✒l✄✂✔5✪5✗✟6✥✟A8✸❄✛❃❤5✞✩✙✑❏8✸✠❤6✟❃❤8➅6✔✠✵✟✡✂❋8✞✟✔✠❤;❫:❿5❑6✥✟▲✟❧;★✂✆✟❲✭❴❙➊8✸✠✕✟✪☛✓✠✵✴✶✣✗☎❧5❑:✄✟A5✒M②;★✂✆☎▲❃❹8❴❡✓✝★✂✓☎❧5❳❄ ➩❺➎✙➫❍❁ ❐�✤✢✠❚❃❹8❑☛✆❋✠:❋8✞✑✖✠✕l✄✂✔5
✝★✣❖:✆✣✢☎A8❫❃❤5❴☎❧5❑6✥✟A5✞✩❢✤✞✌✄5❑6✥✟■✫➤✭❀✫✱☛✓✠✒☎❇5☎❃◆✌❖✣❖:✔5✗☎✔✝★✠❴5➅8✞✂✓✝★✑❢5❖:✙✟A5✞M②;★✂✓☎❃☛✔5❖6❑❄♦8❊❃❴5✢✂✓☎❇6➌☛✔5✿❃❤8✆6❧8✞✟✡✂✆☎A8✞✟✔✠❤;☛:❈☛✔5✿❃❤8
:✔;☛:✛❃✕✠❤:✓✣❖8✸☎✔✠✵✟✔✣✫M✛❃✕✂✔6✪M②5✗✟✔✠✕✟A5❑6✢✩✁M❋8✞☎❃✤❖;❫:✄✟✡☎❇5✿❃❤8✗❄♦8✞☎✔✠❤8✞✟✡✠❴;☛:✮☛✔5☎❃◆✌❖✣❖:✔5✗☎✔✝★✠❴5✥:✍✌✇5❖6■✟✒M❋8❫6❃✤❖;☛:✔6❇5✢☎④❄★✣❖5❑✟A;★✂✆✟
8✸✂✙❃❤;❫:✓✝✛☛✔5✧❃❹8➧M✆☎❧;☛M❋8✞✝♣8✞✟✡✠❴;☛: ❁❫❂ 8✯❡✓✝★✂✓☎❧5➤8 ➩❺➎✙➫ ☎❧5T❬❚❆✗✟❧5❈✟✔☎❧;★✠❴6✏☛✆❋✠:❋8✸✑✜✠✒l✄✂✔5❑6✹❄✓✠❴5❖:❪☛✆✠✕✴❝✣✢☎❧5❑:✄✟❧5❖6✗✩
☛✔5

z = 400
✭

z = 1400
✩➺:✔;✸✂✔6✆8❅❄☛;❫:✔6❩✂✔:❪✑❢;★✂✽❄☛5✗✑❏5❑:✄✟❶;☛6✥✤✢✠❋❃❈❃❤8✞✟❧;★✠✵☎❧5❿M➏✣✢☎✔✠❴;✲☛✓✠✕l✲✂✁5✖☛✔5✖❙➩;★☎■✟A5

✣❖:✔5✗☎✔✝★✠❴5✸✩➔l✲✂✆✠➈5❑6✥✟✓6❧5✢✑✜✠✵✫➒6✥✟A8✸❄✛❃❤5 ❁➔➍ :✔6✥✂✓✠✕✟❧5✖☛✁5
z = 1400

✭
z = 2000

✩✧:✔;★✂✔6✓8❫6❇6✔✠❤6■✟A;☛:✁6❩✭☞✂✔:✔5
☎A8❫M✆✠✒☛✔5✜☛✓✣✗✤✢☎❇;★✠❤6❇6A8❫:✆✤❖5✮☛✔5❏❃◆✌❖✣❖:✁5✢☎✔✝✸✠❤5✸✩➔l✄✂✓✠▲✤❖;★☎✥☎❧5❖6❇M②;☛:✓☛❇✭✧✂✔:✷✤❢❉✔8❫:✓✝☛5✗✑❏5❑:✄✟❩☛✔5❏❃❤8✧☛✆❋✠:❋8✞✑✖✠✕l✄✂✔5
✠❤:✙✟A5✢☎❇:✔5✘☛✁5❀❃❤8❅❄✔8❊❃❈❃❴5❴☛✔5◗❃✒✂✓✑✜✠❋❆✢☎❇5 ❁✓➍ ✟❅5❑:✆❡❋:✯☛✔5

z = 2000
✭

z = 4000
✩❚❃✰✌✎✣❑:✔5✢☎✥✝★✠❤5✞6❧5✘✤❖;☛:✔6❇5✢☎④❄☛5

✭➁:✔;★✂✽❄☛5❖8✸✂ 5❑:✄✟✡☎❇5✹✂✔:❵✑✖✠❴:✓✠✕✑❩✂✓✑ 5✗✟❑✂✔:❵✑❏8❀●✦✠✕✑✹✂✓✑ 5✗✟✿❃✰✌✎✠✕✑❢M✓✂✛❃❴6✥✠❴;☛:✯☎❧5❑:✄✟✡☎❇5✹☛❋8❫:✔6❴✂✔:✁5❅☛✦❋❂:✔8❀✫
✑✖✠✕l✄✂✔5➅;☛6✥✤✢✠❈❃❋❃❹8❀✟A;✸✠✕☎❇5❴l✄✂❋8❫6✥✠✵✫➒M❝✣✗☎✔✠❴;✲☛✓✠✒l✄✂✔5✞6✥✟❄8✞❄✛❃❤5➅6✔✂✆☎✁☛✔5◗❃❴;☛:✓✝★✂✁5❑☛✓✠❤6■✟❄8❫:✓✤❑5 ❁
¨ ✂❋8❫:✄✟✖✭♦❃◆✌✇5✗✴➠5✗✟✜☛✔5❜❃❤8➭6A8✞✟✔✂✓☎A8✞✟✔✠❤;☛:▼☛✓✂➚✝♣8✞✠❤:✣:✔;☛: ❃✕✠❤:✆✣➫8✸✠✕☎❇5✸✩❜5✎❃❈❃❴5➲5❖6✥✟✖☛✓✣✗✤✢☎✥✠✕✟A5➵M❋8✸☎❭❃❹8❊❡❢✝✸✂✓☎❧5
✦④❐■➋ ➩◆➒✦❁✵✽★✽➃➫ ;★➭⑦❃❤5❑6☎❄◆8❊❃❤5✗✂✓☎❧6❴☛✔5❖6➅M❋8✸☎❧8✸✑❏❆❍✟✡☎❇5❖6✞6❧;☛:✙✟ ǫ = 0.6

✩
D = 6

✩
ν = −0.08

✩
β = 0.1

✩
δ = −0.4

5❍✟✆M②;✸✂✓☎✏☛✓✠✵✴✶✣✗☎❧5❑:✄✟A5❑6✗❄♦8❫❃❤5✗✂✓☎❧6✏☛✔5
µ ➩ −0.1,−0.09,−0.085 ➫ ✩➺:✔;★✂✔6❶8❅❄☛;☛:✁6❩☎❇5❖M✓☎❇;✞✫

☛✓✂✓✠✵✟◗❃✰✌✎✣T❄☛;✩❃✒✂✦✟✡✠❤;❫:❊☛✔5❵❃◆✌❖✣❖:✔5✗☎✔✝★✠❴5➙5❑:❛❙➩;☛:✆✤✗✟✡✠❴;☛:❵☛✔5❵❃❹8❈☛✓✠❴6✥✟A8❫:✓✤❖5❅☛✔5➙M✓☎❧;❫M❋8✸✝♣8✞✟✔✠❤;☛: ❁✶❂ ✌✎✣❑:✔5✢☎✥✝★✠❤5❅☛✔5
❃❹8✛❄❋8❫❃❈❃❴5✮☛✔5♠❃✒✂✓✑✜✠❋❆✢☎❇5➤8✸✂✆✝★✑❏5❑:✄✟❧5❈☛✍✌❖✂✔:❇❙➊8✸✤✗✟❧5✢✂✓☎❩✟✡☎❥❆❖6❅✠✕✑❏M✆☎❧5❖6❇6✔✠❴;☛:✔:❋8❫:✙✟❣❃❴;★☎❧6✥l✲✂✁5♣❃❴5✮✟❧5✢☎✔✑❢5❈☛✔5
6A8✞✟✔✂✓☎A8❀✟✡✠❤;❫:☞☛✓✂✧✝♣8✸✠❴:☞✤✢☎❇;❊❧✕✟✺✩✓✤❑5✢✤✗✠❚5❖6■✟❘❄✲✠❤6✥✠✒❄✛❃❴5➅6✥✂✓☎❘❃❴5❖6❃❡❢✝★✂✓☎❇5❖6❨✦③❐■➋ ➩◆➒✦❁✵✽★✽➃➫ ❄ ➩■✽➃➫ ✩❢❄ ➩◆✾★➫ 5✗✟✁❄ ➩❺➎✙➫❍❁
❂ 8❉☛✆❋✠:❋8✞✑✖✠✕l✄✂✔5✘✠❴:✄✟A5✗☎❧:✔5❑☛✔5◗❃✰✌✎✠✕✑❢M✓✂✛❃❴6✥✠❴;☛:➲5❑6✥✟✁✤❖;❫:✔6❧5✗☎❥❄★✣❖5✓M②;★✂✆☎❳✤☞❉❋8✸l✄✂✔5◗❄♦8❫❃❤5✗✂✓☎❳☛✁5

µ
✩✓✑➁8✞✠❤6❃✤❑5

✤❖;★✑❢M②;★☎■✟A5✢✑❢5❖:✙✟❴✤☞❉❋8❫:✓✝☛5✹☛✍✌❖✂✔:✔5❣❄♦8❫❃❤5✗✂✓☎❴☛✔5
µ
✭❈✂✔:✔5➙8✸✂✆✟✔☎❧5 ❁❝❨ ✠❤:✁6✔✠❜M②;✸✂✓☎ µ = −0.1

✩➒❃❤8✮❄❋8❫❃❈❃❤5



✽➃➒✸➪➌⑧④⑨➬⑩✢❶❝❷✱❸✰❹✬❻◗✱✄❽❃②❆❹✔❷✕➁✺➳✸❹✬❻✘➀✆❻⑤➁A✃✓➲ ❾ ❸❺❹✔❷❦❻✘❻❱❸✪➲✖❷✕➁❍❻❑❻✡➄❊⑩✦➳✓❸➤❿➳➙✰❹❍❿✄❸✱⑩✆❸✰❷❦❿❱➄✛➀✓❻✡➁➓↕★⑩✞➅✕➅❺❻✡➁⑤➀✆❻⑤➅◆➳✸➲✜❷❏■✡❹❍❻✡➁
☛✔!❜❃✕✂✓✑✜✠❋❆✢☎❧!❈✣*❄☛$✩❃✒✂✁!❼!❑(❀$❫+✔✤✢✠❋❃❈❃❤-❫(✙✟➙!❑(✄✟✡☎❇!✧☛✔!✗✂✦● ❄◆-❊❃❤!✗✂✓☎❧+❅❡✆●❂!❑+✖☛✔!♥❃◆✌❖✣❖(✔!✗☎✔✝✸✠❤!✸✩④✤❖!✧✑❢$★✂✽❄❫!✢✑❢!❖(✄✟
☎❧!❖+■✟4!❶+■✟❄-✸❄✽❃❤!➃!✗✟✥!❖+■✟✞:➏✣✗☎✔✠❤$✲☛✆✠✒q✄✂✔!✞✩②:✔-✸☎✚✤❑$☛(✄✟✔☎❧!✞✩➠+✥✂✓☎❨❃❹-❅❡❢✝★✂✓☎❇!✏❄ ➩◆✾★➫ !✗✟⑤❄ ➩✰➎✙➫ ✩▲:②$★✂✆☎ µ = −0.09!✗✟ −0.085

☎❇!❖+❧:②!✗✤✗✟✔✠❋❄☛!✗✑❏!❑(✄✟✺✩➑❃❹-✮❄❋-❊❃❋❃❤!✏☛✔!❵❃✒✂✓✑✜✠❋❆✢☎❇!❶$☛+✔✤✗✠❈❃❋❃❤!✓!❖(✙✟✡☎❧!➙+✥✠✵●→❄♦-❫❃❤!✢✂✆☎❧+❑✤❑$☛(✔+■✟❄-❫(✙✟4!❖+✘☛✁!
❃◆✌❖✣❖(✔!✗☎✔✝★✠❴! ❁ ②✞-❫(✔+❬✤❖!❍✟✔✟4!❢+✔✠✵✟✡✂❋-❀✟✡✠❤$❫(✍✩➑❃❴!❉✑❢$★✂✽❄☛!✗✑❏!❑(✄✟❬✠❤(✙✟4!✗☎❧(✔!❿!❖+■✟❩q✄✂❋-❫+✥✠✵✫➒:➏✣✢☎✔✠❴$✲☛✓✠✒q✄✂✔!➙!✗✟➃+✥✟❄-✞❄✛❃❤!
q✲✂✁!✎❃❋❃❤!❑q✄✂✔!➃+❧$✸✠✕✟❪❃❤-❅☛✓✠❴+✥✟4-❫(✓✤❖!✘☛✁!➃:✆☎❧$☛:❋-✞✝♣-✞✟✡✠❴$☛( ❁
❂ ✌✄-❫(✔-❊❃✕❋✠+❧!❃☛✔!●❃❤-✚❡❢✝★✂✓☎❇!❪✦④❐■➋ ➩✰➒✦❁✕✽✺➪✙➫ !✗✟▲✦④❐■➋ ➩◆➒✦❁✵✽★✽➃➫ :②!✢☎✥✑❏!❍✟✪☛✔!➌✤❖$❫(✓✤✎❃✕✂✓☎❧!❃q✄✂✔!●❃❤!❖+➂:❋-✞☎4-✸✑❴❆✗✟✔☎❧!❑+
q✲✂✆✠❤(✙✟✡✠✒q✄✂✔!❑+❘✠❤(✽❬❢✂✁!❖(✙✟❘✟✡☎❥❆❖+➔❙➩$★☎✥✟❧!✢✑❢!❖(✙✟❚+✔✂✓☎✐❃❤-➌☛✆❋✠(❋-✞✑✖✠✕q✄✂✔!❜✠❴(✄✟4!✗☎❧(✔!✪☛✔!▲❃❹-❃❄❋-❫❃❈❃❤!④☛✔!▲❃✒✂✓✑✜✠❋❆✢☎❇!➂$☛+✔✤✗✠❈❃➇✫
❃❹-❫(✙✟4!✞✩✲✑➁-✞✠❤+▲☛✔!✚❙➊-✸➉❑$☛(❈☛✓✠✵✴✶✣✗☎❧!❖(✙✟4! ❁✓❭ !❴q✄✂✓✠❝✠✒✑❢:✛❃✕✠✕q✄✂✔!✗☎4-✆✩❸!❑(➲:✓☎❧-✞✟✡✠✕q✄✂✔!⑤✂✔(❈✤❖$❫(✄✟✔☎✫✯✩❃❴!✚✑✖✠❴(✲✂✆✟✔✠❤!✗✂✦●
☛✔!✘✤❖!❖+❳✟❧!✢☎✥✑❏!❑+❳☛❋-❫(✔+❪❃❹-✹☛✆❋✠(❋-✸✑✜✠✒q✄✂✔!❑☛✔!❖+✁❄✔-❊❃❈❃❴!❖+❃☛✔!◗❃✒✂✓✑✜✠❋❆✢☎❇!❖+❬$❫+✔✤✢✠❋❃❈❃❤-❫(✙✟4!❑+ ❁







✱✄❽✴⑩❱❽✳⑧▲❿➃➄❝➂✡➅✱➳✸➁✥❷❺❿➃➄ ✽➃➒✸➎
✪❢!✫⑧ → "✓$➵&❆➜❖(☞➙✧*➡"❶$

❒❅.★✂✔0✞2✔.✸✂✔0✞0❧.✸✑✖✑❢4❖0✚✠❤2✄✟✔✣✢☎❇4❖0❧0✥✣❖0❑☛❋8♦2✔0❴✤❖4❍✟✔✟:4✆<✔8✸☎✥✟✔✠❤4✸✩❝✭✧❃❤8✖☛✆❋✠2❋8✸✑✜✠✒S✄✂✔4❩☛✔4❑0➅0❇.✩❃✒✠✵✟:.☛2✔0✁☛✓✠❤0➤✫
0✔✠❴<❋8✞✟✡✠✵❙➩0➃0❧<❋8❀✟✡✠❴.✞✫✱✟❧4✢✑❢<②.★☎❧4✏❃❴0❙★➔✤❖4❍✟✔✟❧4❈✣❍✟✡✂✓☛✔4✮☎✔✣,❄✩❆✎❃❴4✧❃❹8✧☎✔✠✕✤☞❉✔4❖0❇0❧4❈☛✁4❖0✹✤❑.★✑❢<②.★☎✥✟❧4✢✑❢4❖2✙✟:0✏☛✔4❑0✹✠✕✑❉✫
<✓✂✛❃❴0✔✠❤.❫2✔0✥.❫0✔✤✢✠❋❃❈❃❤8❫2✙✟:4❖0❅4✗✟☎❃◆✌❖✠❤2✽❬❢✂✁4❖2✓✤❑4✹☛✁4❖0⑤✟:4✗☎✔✑❢4❖0⑤✤✢✂✓❄✓✠✕S✄✂✔4❖0✞4✗✟❴S✲✂✆✠❤2✄✟✔✠✒S✄✂✔4❑0❴☛✔4➓❃◆✌❖✣✢S✄✂❋8✞✟✔✠❤.☛2✛☛✔4
➋✘✠❴2✓➷✢❄✆✂✓☎✔✝✞✫ ❂ 8❫2✓☛❋8✸✂ ❭ .★✑❏<✽❃❤4✬●✁4 ❁✲◗ 8✸☎9❃❹8✘✑✜✣✗✟✫❉✔.✲☛✔4✁☛✔4❖0✴.☛<➏✣✗☎:8✞✟❧4✢✂✓☎❇0❲☛✔4✫<✓☎❇.✞➑❇4✗✤✗✟✔✠❤.☛2❢4✗✟✂❃❤4❳✤❢❉✁.★✠✵●
☛✍✌❖✂✔2✔4❩❙➩.☛2✓✤❍✟✡✠❴.☛2✛☛✍✌✇4❖0❧0❧8✸✠❜0❧<➏✣✢✤✗✠✕❡❢S✄✂✔4✞✩❁2✔.★✂✁0➅8❇❄☛.☛2✔0✞<✆✂❵✑❢4✗✟✥✟✡☎❧4✓4❖2❵✣,❄✲✠✒☛✔4❑2✓✤❖4❣❃❤4❑0⑤❄❋8❊❃❋❃❤4❑0✚☛✔4➓❃✒✂✦✫
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✭ ➩✰✾★t✹✽➃t✹✽➃➫ ②C!★✂ ➩✰➎✙t✹✽➃➫ ② ➩ ❄❋(❊❃❈❃❴%❖#❃☛✔%◗❃✒✂✓✑✜✠❋❆✢☎❇% ➫ ✩✆☎❧%❑#✥✟$%✘✂✔2✯✝✸☎$(❫2✆☛✧☛✓✣❍❡ ❁D✁✣✗✤❖%✗✑✖✑❢%❖2✙✟④❄②%➫(✸✂✆✤❖!★✂✔,✹☛✍✌✄(✞✟✔✟❧%❖2✙✟✡✠❤!❫2✆(✚✣❍✟✡✣❲,②!✸☎✥✟✡✣❑%❃✭❨❃❤(✁☛✆❋✠2❋(✸✑✜✠✒N✄✂✔%▲✟✔☎$(❫2✔#④❄☛%✢☎❇#$(❊❃❴%❲%❖2✆!❫,✆✟✡✠✕N✲✂✁%
2✔!☛2→❃✕✠❤2✆✣➫(✸✠✕☎❇%✘☛❋(♦2✔#✚☛✔%❖#✚✤➫(❇❄✦✠✵✟✡✣❑#✢✩❝✭❢#$(❇❄☛!★✠✒☎✗✩❤❃✰✌✎✣❍✟✡✂✓☛✔%❬☛✍✌✇%✗✴➠%✗✟❧#✚✟✡☎$(♦2✔#❥❄☛%✗☎❧#$(✞✂✦●✛☛❋(❫2✔#✚☛✔%❑#⑤✤❖(❅❄✲✠✕✟✔✣❖#
!☛,✆✟✔✠✒N✄✂✔%❖#✫,❋(❫#❧#✥✠❋❄☛%❑#✞%✗✟✞(✸✤✗✟✔✠❋❄☛%❑#✢✩❝✤❑!★✑✜✑❏%❀❃❹(❉❙➩!✸☎✔✑❏(✞✟✡✠❴!❫2✯☛✔%✏✑❏!✲☛✛❆✏❃❤%❑#✫%✗✟⑤☛✔%❶#✥✟✔☎✔✂✓✤❍✟✡✂✓☎❇%❖#☎❃❤!✲✤❖(❊❃✒✠ ✫
#✔✣❑%❖#❩☛❋(❫2✔#✏☛✔%❑#❶#■❋❂#■✟✤❆✗✑❏%❑#✹☛✓✠❴#❧#✥✠❤,❋(✞✟✔✠✕❙➩# ✻✵✽➃✾✸✾➃✿◆❁ ②✞(❫2✔#✏☛✔%✜✟❧%✎❃❴#✓#■❋✠#✥✟✤❆✗✑❏%❑#✢✩❦❃◆✌❖✂✔2✔%✜☛✔%❑#❩✣✗N✲✂✔(✞✟✡✠❴!☛2✔#
,✓☎❧!✞✟$!✸✟�❋✠,②%❖#✁☛✔%❀❃❤(❅☛✆❋✠2❋(✸✑✜✠✒N✄✂✔%➅%❖#✥✟❨❃✰✌✎✣✗N✄✂❋(✞✟✡✠❴!☛2☞☛✔%✏➋✘✠❴2✓➷✢❄✆✂✓☎✔✝✞✫ ❂ (❫2✓☛❋(✸✂❚✤❖!★✑❢,✛❃❴%❍●❂% ❁❢❨ ✂❜❄✲✂✯☛✔%
2✔!☛#✪☎✥✣❖#✥✂✛❃✕✟$(✞✟$#➂%✗✟✙(❅❄☛%✗✤❪❃❴%❖#➂,✓☎❇!★✝★☎❥❆❖#❞✟❧%✢✤☞❉✔2✔!✩❃❴!★✝★✠✕N✄✂✔%❖#✗✩☛2✁!★✂✔#❉,②%❖2✁#❧!☛2✔#❜N✄✂✍✌✎✭❴✟$%✗☎✔✑❢%❑❃❹(⑤✑❏(✞✟✡✣✗☎✔✠❤(❊❃✕✠ ✫
#$(✞✟✔✠❤!☛2❏%❍●❂,➏✣✢☎✥✠✒✑❢%❖2✙✟❄(❊❃❴%✚☛✔%⑤✤❑%❖#✪#❧!❊❃✒✠✵✟$!☛2✔#➈#❇,❋(✞✟✔✠❤!✞✫◆✟$%✢✑❢,②!★☎❇%✎❃❴#➈#❇%⑤❙➩%✗☎$(✆✩✠%❍✟✪2✔!★✂✔#❲,②%❑2✔#❧!❫2✔#➌N✄✂✔%❩❃❤%❑#
✑➁(❀✟✡✣✢☎✥✠❹(✸✂✲●➲#❇%✢✑✜✠✵✫✱✤❖!☛2✆☛✓✂✓✤✗✟❧%✢✂✓☎❇#✫(❅❄❫%✢✤❬☛✍✌❖✣❖2✔!★☎✥✑❏%❑#✁N✄✂❋(❊❃✕✠✕✟✡✣❑# ➩ ❙➩!★☎■✟$%❖#✒2✔!❫2✛❃✒✠❴2✓✣➫(✞☎✔✠✵✟✡✣❑#✢✩✦❙➊(✸✠✒❄✛❃❴%❖#❃☛✓✠✵✫
✑❏%❑2✔#✔✠❴!☛2✔#✗✩

. . . ➫ #❧!☛2✙✟❆☛✔%❖#❲✑✖✠❋❃✕✠❴%✗✂✦●❉✤➫(♦2✓☛✓✠✒☛✔(✞✟$#❜✟✡☎✫❆❑#❲,✆☎❧!☛,✓✠✕✤❖%❑#❆✭✗❃✰✌✄%✬●✁,➏✣✗☎✔✠✕✑❏%❑2✄✟$(✞✟✡✠❴!☛2✜☛✔%❑#❆❄❋(❫❃❈❃❤%❑#
☛✔%♠❃✕✂✓✑✜✠❈❆✗☎❧% ❁③❂ (✛☎✥✣➫(❊❃✕✠❤#$(❀✟✡✠❴!❫2➳%❍●❂,➏✣✢☎✥✠✒✑❢%❖2✄✟$(❊❃❤%✖☛✔%❑#✹❄❋(❊❃❈❃❴%❖#✏☛✁%♠❃✒✂✆✑✖✠❋❆✗☎❧%❢#❧%✢☎❧( #$(❫2✁#✹☛✔!★✂✆✟❧%❈✂✔2✁%
✣❖2✔!✸☎✔✑❢%❶(❅❄◆(❫2✓✤✗✣❖%✏✟$%✗✤❢❉✔2✁!✩❃❤!★✝✸✠✒N✄✂✔%❬☛❋(❫2✁#❩❃❤(✜✤❖!✸✑✖✑✹✂✔2❋(✞✂✆✟✡✣❬☛✁%➓❃✰✌✄!☛,✦✟✡✠✒N✄✂✔%➝%❖2❻,❋(✸☎✥✟✔✠✒✤✗✂✛❃✒✠❴%✢☎❬%✗✟⑤☛✔%
❃❹(✫,✛❉✄❋✠#✥✠✒N✄✂✔%❬%❖2❅✝★✣❑2✓✣✢☎❧(❊❃ ❁✞❂ %❑#✪☎✥✣❖#✔✂✽❃✕✟❄(❀✟$#❜!★❄✆✟$%❑2✲✂✔#➂%❖2➙!☛,✆✟✔✠✒N✄✂✔%❲,➠!✸✂✓☎✔☎❇!☛2✄✟➂#❧%✗☎❥❄✲✠✒☎④☛✔%❃✝★✂✓✠✕☛✔%❆☛❋(❫2✔#
❃❹(✏☎❇%✢✤☞❉✔%✢☎✥✤❢❉✁%✘☛✁%✞#❧!❊❃✒✠✕✟❧!☛2✔#▲✑✹✂✛❃✕✟✔✠✒☛✆✠✕✑❢%❑2✔#✔✠❴!☛2✔2✁%✎❃❴#❲☛✔(❫2✔#❃☛✶✌➨(✸✂✦✟✡☎❧%❑#✪#❧%✗✤✗✟$%✗✂✓☎❧#➌☛✔%❩❃❹(✓,✛❉✙❋✠#✔✠✒N✄✂✔% ❁❢❂ %
☛✔!★✑❏(✸✠❤2✁%❉N✄✂✓✠✙%❖#■✟➓❃❴%❿,✛❃✒✂✔#➝,✓☎❧!✲✤☞❉✔%✖☛✁%❏❃✰✌✄!☛,✦✟✡✠✒N✄✂✔%➙2✔!☛2❳❃✒✠❴2✓✣➫(✞✠✕☎❧%➙%❑2✳✟$%✗☎✔✑❢%✜☛✔%❴❃❤(☞☛✔%❑#✔✤✢☎✥✠❤,✆✟✔✠❤!☛2
✟✤❉✓✣❑!★☎✔✠✕N✄✂✔%➙%✗✟✘N✄✂✓✠❉(➵(✞✟✥✟✡✠✕☎✔✣✹❄②%❖(✸✂✓✤❑!★✂✔,❯☛✍✌✄(✞✟✔✟❧%❖2✙✟✡✠❤!❫2➯(✞✂❛✤❖!★✂✆☎❧#✘☛✁%❖#✘☛✔%✗☎❧2✓✠❋❆✢☎❇%❖#➃(♦2✔2✓✣❖%❑#✢✩✧%❖#■✟❀❃❤(
✤❖!☛2✆☛✔%❖2✔#❧(✞✟✡✠❴!☛2✛☛✔%❩�❲!☛#❇%❍✫ ➍ ✠❴2✔#✥✟❧%✢✠❴2 ➩◆❭ � ➍❲➫ ✩➏☛❋(❫2✔#❨❃❤%✗N✄✂✔%✎❃❫☛✔%❑#✥#❧!✩❃✕✠✕✟❧!☛2✔#❳❄✓☎✥✠❈❃❈❃❴(❫2✙✟$#✒%✗✟✫2✔!★✠✒☎❇#❅!☛2✙✟
✣✗✟✔✣➃!★❄✁#❧%✢☎④❄★✣❖# ❁
❭ %❳✟✔☎$(❇❄♦(✸✠❋❃✁,②%✢✂✆✟▲➊❍✟✡☎❧%❅(♦,✔,✓☎❧!✞❙➩!☛2✓☛✓✠✔%❍✟➈2✔!★✂✁#✙#❧!★✑✜✑❏%❑#❉,②%✢☎❇#✔✂❋(✸☛✆✣❖#▲N✲✂✁%✁✤❖%❑#✴(❫,✁,✛❃✒✠✕✤➫(✞✟✔✠❴!☛2✔#❜#❧%✢☎❇!☛2✄✟
✟✡☎❥❆❖#❴☎✔✠✒✤☞❉✔%❑#❴☛❋(❫2✔#☎❃❤%❑#❴☛✁!★✑➁(✞✠❤2✔%❑#⑤☛✔%❣❃❤(➁,✛❉✙❋✠#✔✠✒N✄✂✔%✞✩➑❃❹(✖✤❢❉✆✠✒✑✜✠❤%✓%❍✟✿❃❹(✖❄✓✠❴!✩❃❤!✸✝★✠❾%✸✩②!✸➭⑦❃❤%❩✤❑!★✑❢,②!★☎■✫
✟$%✗✑❏%❑2✄✟✁☛✆❋✠2❋(✞✑✖✠✕N✲✂✁%➝%❖#■✟✚☛✍✌❖✣✢✤✗☎✔✠✵✟❅,❋(✸☎●❃◆✌❖✣✢N✄✂❋(✞✟✔✠❤!☛2❚☛✔%❩➋❑✠❤2✆➷✢❄✓✂✓☎✥✝✞✫ ❂ (❫2✆☛❋(✸✂ ❭ !★✑❏,✽❃❤%✬●✁% ❁❢❨ ✟✔✠✕✟✡☎❇%
☛✍✌✇%❍●❂%✢✑❢,✛❃❤%❢2✔!★✂✁#✓,②!★✂✽❄☛!❫2✔#✏✑❏%❑2✄✟✔✠❤!☛2✔2✁%✢☎◗❃❤%❑#✘❙➩!☛2✙✟✡✠❴!☛2✔#✘☛✔%❉✟✡☎$(✞✠✕✟❧%✢✑❢%❖2✄✟➝,❋(✞☎$(❊❃❋❃❈❆✏❃❴%✸✩➑❃❤(☞☎✔✣❖(❊❃✒✠❴#$(❀✫
✟✡✠❴!☛2✮☛✁%❖#❆✑✖✣✗✑❏!★✠✕☎❇%❖#❜✟❄(✞✑❏,②!☛2✁#✴!☛,✆✟✡✠✕N✄✂✔%❖#✗✩✦☛✔%❑#✪!☛,➏✣✗☎$(✞✟✔✠❤!☛2✔#N❃❤!★✝✸✠✒N✄✂✔%❑#✢✩✲☛✆✂❈☎❧!★✂✆✟$(✸✝☛%✚☛✆❋✠2❋(✞✑✖✠✕N✄✂✔%
☛✔%❣❃✰✌✎✠❴2✆❙➩!★☎✥✑❏(❀✟✡✠❾!☛2✍✩❋%✗✟✞%❖2✦❡❋2❵☛✓✂❵✤✗☎✥❋✠,✆✟❄(✞✝☛%✆%❍✟❑☛✆✂❵☛✓✣✗✤✢☎■❋❂,✦✟❄(✸✝☛%❅✭✧❉❋(✞✂✆✟❴☛✓✣✗❄✓✠✕✟✥#$(❫2✔#✞!✸✂✓❄✛❃✕✠❤%✢☎❘❃❤(
☎✔✣✗✝★✣❖2✓✣✗☎$(✞✟✔✠❤!☛2☞☛✔%❑#✁❄✓✠✕✟❧#❬!☛,✆✟✡✠✕N✄✂✔%❖# ❁





✽➃➒ ➼

❂ ✌✎✣❑!✔#✢☎✥✝★✠❤#✘☛✆✂➧&❇(✩❃✒✠✵✟)(❫!➲#❖&■✟✚☛✔(☛!✁!✓✣➃0✔1✸☎❪❃✰✌✄#✬●❂0✓☎❧#❑&❧&✔✠❴(☛!❼&✔✂✓✠❯❄♦1❫!✙✟)#
Q =

∫ ∞

−∞

|ψ|2 dt. ➩❺❨✏❁✎➎✙➫
Q = 1.0508256A2w. ➩❺❨✏❁ ⑥ ➫

❂ 1❉☛✔#❑!✔&✔✠✵✟✡✣✘☛✓✣❖!✁#✢☎✔✝✸✠❤#✞✩
ρ

#❑&✥✟
ρ = |ψ|2 ➩❺❨✏❁➱➒★➫
ρ = A2 exp

(

−2t2(w2 + t2)

w4

)

➩❺❨✏❁➯➓✙➫
❂ #✿❬❢✂✦●☞✤❖(★☎✥☎❧#❑&❧0②(☛!✓☛✔1❫!✄✟✢✩

j
#❖&■✟

j =
i

2
(ψψ∗

t − ψtψ
∗) D ➩❺❨✏❁ ⑦ ➫

j = 2 A2c t exp

(

−2t2(w2 + t2)

w4

)

D ➩❺❨✏❁➯✼✙➫
➍ !➳1❫0✁0✛❃✒✠✕V✲✂✔1❫!✄✟☎❃❹1✮✑✜✣✗✟✤❉✁(✲☛✔#❅☛✔#❑&➝(☛0➏✣✢☎❧1✞✟)#✗✂✓☎❧&❑☛✔#➙0✓☎❧(❀➑❇#✗✤✗✟✡✠❴(☛!✔&❴☛❋1❫!✔&❅b✠❜ c❍e✙e➏f✡❧✗h★✈①❣✜c✸✐✰✈◆❧❀n✷p♣c✸f✡♥❍✩
1❫0✔0✛❃✕✠✒V✄✂✓✣❑#❑✭➓❃❤1✏❙➩(☛!✆✤✗✟✡✠❴(☛!❈☛✶✌✄#❑&❧&)1✞✠ ➩❺❨❩❁➯✾★➫ ✩❂!✔(★✂✔&✪(★❄✆✟❧#❖!✔(❫!✔&●❃❴#❖&❆✣✢V✄✂❋1✞✟✔✠❤(☛!✁&❱❄♦1✸☎✥✠❹1✞✟✔✠❤(❫!✔!✔#✎❃❋❃❴#❑&✴&✔✂✓✠➇✫
❄♦1❫!✙✟)#❑&✏➽
Az = Aδ + 0.8857602A3ǫ − 3.184220

Aβ

w2
− 0.171542Aw2βc2 + 0.7811281A5µ − ADc

wz = −0.2650755wA2ǫ + 2.630750
β

w
− 0.815375w3βc2 − 0.2968765wA4µ + 2wDc

cz = −1.393998
γA2

w2
+ 4.904643

D

w4
− 2Dc2 − 1.646144

A4ν

w2
− 18.31443

βc

w2
➩❺❨✏❁ ➼ ➫

➍ &❧&)1✺❋☛(☛!✔&✚☛✶✌✄#✬●✁0✆☎✔✠✒✑❢#✢☎➌✤❖#❑&✁✣✢V✄✂❋1✞✟✔✠❤(☛!✁&●❄♦1✸☎✥✠❹1✞✟✔✠❤(☛!✁!✔#✎❃❋❃❴#❑&✪#❖!✧❙➩(❫!✓✤✗✟✔✠❤(☛!❚☛✔#◗❃✒✣❖!✁#✢☎✔✝✸✠❤#
Q

Q = 1.0508256A2w

Qz = 2 ∗ 1.0508256AwAz + 1.0508256A2wz

Qz = 2.1017AwAz + 1.0508256A2wz ➩❦❨❩❁✵✽❱➪✙➫
❒❅(★✂✔&❅1❅❄☛(☛!✁&✫1❊❃❴(★☎❇&

Qz = Q

(

2δ − 3.737
β

w2
− 1.158βw2c2 + 1.433

Qǫ

w
+ 1.145

Q2

w2
µ

)

wz = w

(

2Dc + 2.630
β

w2
− 0.815βw2c2 − 0.252

Qǫ

w
− 0.268

Q2µ

w2

)

cz =
1

w2

(

−2Dc2w2 + 4.904
D

w2
− 1.326

γQ

w
− 1.490

Q2ν

w2
− 18.314βc

)

➩❦❨❩❁✵✽★✽➃➫



✽❱➓★➪ ➈✚➄✓➄❝❻❥➛➏❻✍➈✹❽✯➺❫⑩✹❹ ❾ ➁❍❿➃➄➬⑩❀➄❝➂✢❻❬➀✓❻✡➁✁➁❍❿➃➅✕❷✱❸D❿➃➄✓➁✚➀✄❷✒➁✥➁✔❷➯❶➔⑩✆❸✰❷✯❄①➁

➉ ❐❉➊★➋✮❐✼✃★➊★➋✮❐⑨➷✐❐⑨➚✵➮➌➊✩➾✁/✮✃❯➍✍❐⑨➷✮❐→✃➳❮✝➴✎➾✁➘✮➮❚➘➎➊✩❐⑨➮❚➘✐➮❚➚❛➏➑➹❅➪➶❰➑/✐❐❉➐⑥❐✝➘❂➹
◗ ☎❇!✲✤❢❉✁#❬☛✔#◗❃❹&✹✤❖!✸✂✓☎✔❄②#✘☛✔#❬☎✥✣❖)❇!☛+✔+❋&✸✤❑#➃+✔!★✂✔)❅&❅❄☛!❫+✔)➑★
Q → ∞ ✩

w → ∞ #✗✟
c → 0

❂ ✌❖✣✗_✲✂✔&✞✟✡✠❴!☛+ ➩❦❨❩❁✵✽★✽➃➫ ☛✔#✏❄✲✠❴#❖+✙✟✥&❊❃❴!★☎❧)

Qz = Q

(

2δ − 1.158βw2c2 + 1.433
Qǫ

w
+ 1.145

Q2

w2
µ

)

wz = w

(

−0.815βw2c2 − 0.252
Qǫ

w
− 0.268

Q2µ

w2

)

cz =
1

w2

(

−2Dc2w2 − 1.326
γQ

w
− 1.490

Q2ν

w2

)

➩❦❨❩❁✵✽➃✾★➫

❂  ❑"❅$②&✸✠❤(✄✟❧"❃❡✆●❂ ❖"❅$✓☎❧&✲✤☞❉✔ ✘☛✔ ❀❃❤-❅✤❑&★✂✓☎✥❄② ❬☛✔ ✘☎✔✣❑"❧&☛(✔-❫(✓✤❖ ➃"❇&☛(✄✟✁☛✆✣✗❡❋(✓✠❴"✒$❋-✸☎✘➽
(

2δ − 1.1585βw2c2 + 1.4336
Qǫ

w
+ 1.1459

Q2

w2
µ

)

= 0

(

−0.8153βw2c2 − 0.2523
Qǫ

w
− 0.2689

Q2µ

w2

)

= 0

(

−2Dc2w2 − 1.3266
γQ

w
− 1.4908

Q2ν

w2

)

= 0 ➩❦❨❩❁✵✽❱➎✙➫
➧✁-✸✤☞❉❋-♦(✄✟❘F✄✂✔ ✸✩➫$✓☎❧&✲✤☞❉✔ ✪☛✔ ▲❃❤-❃✤❑&★✂✓☎✥❄② ❜☛✔ ✪☎✔✣❑"❧&☛(✔-❫(✓✤❑ ✸✩ Q

w

 ❍✟
c w

✟❧ ❖(✓☛✁ ❖(✙✟✐❄☛ ✢☎❧"❘☛✁ ❖"❘✤❑&☛(✔"✥✟8-❫(✄✟❧ ❖"✗✩
 ✗✟✪ ❖(❈☎❧ ❖"❇&✩❃❋❄◆-❫(✄✟❱❃❤ ❖"❲☛✔ ✢✂✦●➁$✓☎❧ ✗✑✖✠❋❆✢☎❇ ❖"❆✣❑ ✢F✄✂❋-✞✟✔✠❤&☛(✔"❆☛✔ ➩❺❨❩❁✵✽❱➎✙➫ ☎❧ ✏❃❹-❀✟✡✠❋❄☛ ✚✭ Q

w

 ❍✟
c w

✩✆❒❅&★✂✔"❲&★❄✦✫
✟8 ❖(✁&☛(✔"❬➽

Q

w
=

−0.4014k

µ

c w = −
√

0.4317δµ − 0.0311kǫ

βµ
, ➩❦❨❩❁✵✽ ⑥ ➫

&★➭

k = 1.4611ǫ +
√

2.1348ǫ2 − 8.1254δµ. ➩❺❨✏❁✕✽❱➒★➫
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❭ ➋ ❂❘➍➌❁

D =
kβ(0.2402kν − 0.5325γµ)

µ(0.0622kǫ − 0.8634δµ)
. ➩❺❨❩❁✵✽❱➓✙➫
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✽❱➓★➎
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→✆➔✆➣✎➢✞✧❬➚✻➫③②♥➝✉➞✉➔✒➒✐④❯✧♥➚⑤④♠➞✉➝✉➢➤➔✆➥✾➢7➫➌➢✼➩✍➢✞✧✖② ➝✆➯❼➔✆➫➲➢✍➞✗➞✗➚⑤⑥✍➯*⑦*② ➝✉➩❼➔✞➫③④✦➾ ➾❲➚⑤✧ ➢✚❧✾➯ →✎➽❒➾➆➔
➚♥⑥❘➯✼➢✚⑦➤➝⑨⑧❛➙✳➸❧↔★➭❶⑩
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➢❘➥➃❾✾➫③②❍➯❿④❥②❘➄❸➝■⑧❖❦✺➙✳➡♠↕♠➜✚➸✢⑩
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�✩❞✞❋✟✑✒✜✢✜☞❚✆☎✫❡✭✠✒❡✵�✷�◗❽➅❞✏➆①▲✞❚☞◆✒✝✟☎✒j➆�★�✚�✟✠✏�✭❼✦�❇�❯�✭�❒�♠�❒�✗�✒➇✵�c�❯�➆�✉�❯�❒�✢❡✵�▼✠✭�♥❞❘❡✁�c�➈❼❯✠✭�✟❋❥�✆❼✦�✞�✦�❛�✢☎☞✑✒✂✐❋❥�▼❡✁�✯✕❖✑✐❞✏❼✦�▼☎✏ ❱✠✏�❒�✞�
☛❶✑✒✜✢✜☞❚☞✌❥✣

➢❸➔❯➥✾➢7➫➌➢✼➩✍➢✞✧✖② ➝★➒✐❾❋➔✳➩❿⑦✚②❾➾◗⑥❼➝❯➒➎➔✆✧❜❭✦❾❸➚✼➣ ➚❬➽❫➯*④❥❧✾➯✼➢➤➝❥→✆➔❶➫ ➔✳➞✗➚⑤✧♥➚✕➽✤❭➁⑦✚②➠➞❉➒ ➚⑤➝❍❧❋➔❯➢7➥➃❾✍➽
➫③②❾➯❿④❥②➅➄❼➝■⑧❖❦✉➙✵➡♠↕♠➜✚➸✢⑩
❷ �✳➮�❐☛➮✛➱✔W☛i✵❐✏b♣�❘❐☛i✵~✬➬✵u✁➶➴e✦❐✏➮✯➱✲i❥k✍W❒➬✵➮✛➱✔✃❒❐✏➶①➶➴➱ k❧f❥➮�q✷u✁➶✲➶❶❰✷➮✯e✬➱✲i✩~☛➱�e❫e♣➱ ➬❯❐✏➮✯➱✲y☛❰❬i✵W✏i★➶➴➱✲i✎❰❒❐✏b✬e♣�❧e♣➮ ❰❯✷ e ❷ �
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➮➹f❯W♠~☛e ❷ �
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➸ �❇�✍✠✭�✟✠❜❻❯�❇�❯�✟➊✆✠✏�c�✞�✭�❲✠✏�✟➊➃❸ �♠�❇�❒�c�✏➇➹�❇�➅❋❍❼✦�✞�✷�✚�c�❵➺✭❼✦❸ �❯�❶�c�★�c�✢☎❯�✉�❒�➈❼✦�⑤☛❶❋❥�➈❼✦�✞�❶�☞☎ ¦❖❽⑨✌✤☎✟◆✒✕❖✘❜❞✏❼✦�c�☞❉✳�♠�⑨✑✢✜✢✜✢✂✟✣



➻❍➼❬➽ ➈%➾✡➾✗➚❥➛◗➚⑤②❲➪➛➶❹➹✛➘✙➴❥➚➃➷✡➚✫➘❘④♥➬❚↕✭➮✛➹✯➱✢✃✾➴➉➹✯❐❍➾✡➘
❒ ➒➃➣⑨↔✢➜✈➝➡➒➤➢➓❮❰➜✺➝▼❆✟➠✁➔❘➠♥➝X↕➁➠♥➨

➢➤➔✒➥✾➢❘➫➲➢✼➩✍➢✞✧✖②♥➝✒➢➤➔✒➾ ➢✚a❜⑦✁⑥%e%②✏⑦✚②♥➝✗➒✐❾❋➔✲➩❿⑦✚②❾➾◗⑥❼➝✗➒➎➔✡✧➁❭➁❾❸➚✻➣ ➚✕➽❒➯❿④❥❧✾➯✻➢❸➝■⑧❾➒❍➙✵➡✷↕✠➜✚➸✒⑩
✴①❰♣Q✬S✎U✏➶➴➱✲➮ U✏[❯Q ]✏➱^Q❒Q♣➱ ➬❯❐✏➮✛➱ b❒Q❬]✭❰ ➶✯✮ ✰✲✱✷e★❐☛➮✛➱✔U☛[ i ➱✲[✙✳✠j✷e✁l✯n✏➘✛✴①❐☛[✵]❇❐☛e➟✵✉U✒✷➆➬✎➶❶❰✍✸✚❰✦u
❝❇v◗➏~✑✒✜✢✜✙✘♥☛❇➏❍w ➸ x✭y➃✂❬z✷{✐�✄✜♥|⑤✠✏w✾✑✒✜☞✜✔✘✒✌❥✣

➢➤➔✒➥✾➢❘➫➲➢✼➩✍➢✞✧✖②♥➝①→✆➔❶➢✞✧❲➢✚❧❸➩✍➢✚❧✾➢❸➝✒➒➎➔✡✧➁❭➁❾❸➚✻➣ ➚✕➽❒➯❿④❥❧✾➯✻➢❸➝■⑧❏➒❍➙✳➡♠↕♠➜✚➸✢⑩
✵✉❐✏l❏❐☞�✷➮❂✰✷l♣➱^Q✦❐✏➮✯➱✯U☛[✄❰➉✸❥❐☞�✦➮�❰❘]✭❰✼➶✞❐❬➬❯�❯❐☛Q✷❰✍❰✷➮❾]☛e❘➬✎l�U❖❛✉➶❲]❊✮ ➱✲[★➮�❰✦[★Q♣➱✲➮❂✰✍]✭❰✦Q✕➱❪✷➎➬✵e✁➶ Q♣➱✔U☛[★Q✻➶➴e❍✷❬➱✲[✵❰✷e❥Q✦❰✦Q b✦U✏l♣➮ ❰❯✷✻❰✦[✳➮❾❰✷➮
❐☛Q♣�✫✷⑤✰✷➮✯l♣➱❇✱✷e★❰❯✷✕❰✷[★➮ ]☞✰✔b✦U✏l✤✷✁✰❫❰♣Q❫u
❝❇v◗➏~✑✒✜✢✜✙✘♥☛❇➏❍w ➸ x✭y➃✂❬z✷{✐�✄✜♥|⑤✠✏w✾✑✒✜☞✜✔✘✒✌❥✣

➢➤➔✒➥✾➢❘➫➲➢✼➩✍➢✞✧✖②♥➝✒➒✐❾❋➔^➩❿⑦%②❍➾✗⑥❸➝✒➒➆➔❱✧➁❭➁❾❸➚✻➣ ➚❬➽❫➯%④❥❧✾➯✼➢➤➝❹⑧�➚✻➸☛↔❯➭❹� ➒❍➙✳➡♠↕♠➜✚➸✢⑩
S✟U☛➶➴➱✲➮�U☛[★Q�]✏➱^Q❒Q♣➱ ➬❯❐✏➮✛➱ b❒Q✍]❇❰�➶✯✮ ✰✲✱✷e★❐☛➮✛➱➹U✏[✄]✭❰ i ➱✲[✙✳✠j✦e✁l✯n✭➘✛✴❉❐✏[✵]✭❐✏e✶✵✉U✒✷➆➬✎➶❶❰✍✸✚❰✺✹✲✵ i ✴✼✻✾✽✺✿❀✹❂❁✆❃➆�✤✽✷�❅❄�j❫❐☛➶✲➶✞❰♣Q✍]✭❰�➶ e✁➘
✷❬➱❇❆✷l❏❰✕❰✦➮�➬✵e✁➶➴Q✦❐✏➮✯➱✔U✏[❯Q❫u
❈❍�✍�✉�✆❉✼✣✏�✯❋❍●■❈©✎☞✑✫✕❂✂✔✓❍�▼▲✔✘✢✘❑◆✫✕✯✘▼✕❖✓�v◗±➅❈³✎✒✂✙✘❑❚☞✑✢✂✢✓❍�▼▲✔✘✢✘✫◆✔✘✙�✺�❱✠✏�❇z☞☛✔�✲✌✗✎ ❚✔✓✫✕✇❚✢✂✆☎✫♣⑨❈❍�➃✑✒✜☞✜✢❚➁☛➹�❱✠✏�❒w^�❱✑✢▲❍z✦{◗✑✔✘➅➆→✠✏�❫�
✑✢✜✢✜☞❚☞✌✤✣

➢➤➔✒➥✾➢❘➫➲➢✼➩✍➢✞✧✖②♥➝✒➒✐❾❋➔^➩❿⑦%②❍➾✗⑥❸➝✒➒➆➔❱✧➁❭➁❾❸➚✻➣ ➚❬➽❫➯%④❥❧✾➯✼➢➤➝❹⑧�➚✻➸☛↔❯➭❶⑩
�❍❐☛➶➹➶❶❰♣Q✻]✭❰✕➶➴e❍✷❬➱»❆✷l�❰♥S✵➮ ❐✏➮✯➱✔U☛[✳[✵❐✏➱✲l�❰♣Q✕❰✦➮➠➷ Q❯�✷➱✲➶✲➶❶❐✏[★➮�❰♣Q✕]✭❰❬➶➉✮ ✰✍✱✷e★❐☛➮✛➱✔U☛[ i ➱✲[✙✳✠j✦e✁l✯n✭➘✛✴❉❐✏[✵]✭❐✏e❀✵✉U✒✷➆➬✎➶❶❰✍✸✚❰❲✹✲✵ i ✴✼✻✾✽❲✿
✹✇❁✆❃➆�✤✽ �➠u
❝❇v◗➏~✑✒✜✢✜☞❚%☛❇●❲z✠�➉✠✭y✟¼✦x❇y✺�✄✓ z✷{✖�▼▲❜➆➤✠✏w✼✑✢✜✢✜☞❚☞✌✤✣

➢➤➔✒➥✾➢❘➫➲➢✼➩✍➢✞✧✖②♥➝✒➒✐❾❋➔^➩❿⑦%②❍➾✗⑥❸➝✒➒➆➔❱✧➁❭➁❾❸➚✻➣ ➚❬➽❫➯%④❥❧✾➯✼➢➤➝❹⑧❛➒❍➙✵➡✷↕✠➜✚➸✒⑩
�❍❐☛➶➹➶❶❰♣Q❬]✭❰ ➶➴e❍✷❬➱❇❆✦l�❰✈S✳➮�❐☛➮✛➱✔U☛[✳[✵❐✏➱✲l❏❰✦Q ❰✷➮✆¢❲e✁➶ Q✷❐☛➮✛➱✔U☛[★Q❲➬❯❐☛l✈e✁[✵❰♥❐❒➬❇➬✵l�U▼�❫�★❰❬£❧❐✏l♣➱✔❐☛➮✛➱✔U☛[★[✎❰✦➶➹➶❶❰✦u
❝✔➏✞❋❿✑✢✜✢✜✢❚❿☛❇➏❍w ➸ x❇y½�✄✓ ➸ �❯w❶y➤✑✒✜✢✜☞❚☞✌❥✣

➢➤➔✒➥✾➢❘➫➲➢✼➩✍➢✞✧✖②♥➝✒➒✐❾❋➔^➩❿⑦%②❍➾✗⑥❸➝✒➒➆➔❱✧➁❭➁❾❸➚✻➣ ➚❬➽❫➯%④❥❧✾➯✼➢➤➝❹⑧�➚✻➸☛↔❯➭❶⑩
� �☛[✵❐✒✷♥➱❇✱✷e★❰❬]✭❰✦Q j❒❐☛➶➹➶❶❰✦Q ]❇❰ ➶➴e❍✷❬➱❇❆✦l�❰❬U❧Q❯�✷➱✲➶✲➶❶❐✏[★➮�❰♣Q❫u
❝❇v◗➏~✑✒✜✢✜☞✂%☛❇➏❍w ➸ x✭y½�▼✝❬z✦{✖�✫✓➁➆→✠✭w✼✑✒✜☞✜✢✂✔✌✤✣

➢➤➔✒➥✾➢❘➫➲➢✼➩✍➢✞✧✖②♥➝✒➒✐❾❋➔^➩❿⑦%②❍➾✗⑥❸➝✒➒➆➔❱✧➁❭➁❾❸➚✻➣ ➚❬➽❫➯%④❥❧✾➯✼➢➤➝❹⑧❛➒❍➙✵➡✷↕✠➜✚➸✒⑩
S✟U☛➶➴➱✲➮�U☛[★Q✻➷❉➬✎➮✯➱❇✱✷e★❰✦Q❒u
❝✔➏✞❋❿✑✢✜✢✜✢✂❿☛❇➏❍w ➸ x❇y➤✘ ➸ �❯w✞y→✑✒✜☞✜✢✂☞✌❥✣

























✬

✫

✩

✪

 !"↕$❛&➠(❴*❴(❙,✾.❡$❴012●4③6➼6❃$❫:❡.✆,❅$❴0➁6➼6❃&➁(❛,❅.❡$❾?❢,❅4❨BC&❝$❛"↕4③:❡6➼2●(❫0●6➼:❡4③6

B➮.❡:❡.✌4③G❜IJ2➁.❡6❃6❅.➓&➁(❛,❅.❡L✹6
N❛O✜Q❡R✙T●O①V❀X✾Y❾Z❛[✍Z❛]✵_❞a➛Y✯d✺Y❨f➛g✟i✆j❷Y✯l✜a➛[✆j❷Y✁!✹f➛Y✄✂☎!✺Y✝✆✌l✟l✜a➛]✟✞❆g✺Y❾j❷Y✍Z❛_✡✠☛✆☞!✌✆✎✍✑✏✭f➛_✓✒✟✂✺Y✯d✺Y✍j③d✜_✡✔✂[✏a➛Y✁!✹f➛Y✆j✐j❷]✕✍✡✂✺f➛_➳]✕!✺j
j❷]✎✍➳_➳f➛]✎!✟j❅j❷l☎✆✌f➛_➳]✎✠⑦f➛Y✆Z❛l❢]☛a➛Y✖✍✓✍➳Y✆j❅d✺Y✗✍✙✘ [✚✒✛✂✌✆❡f➛_➳]✕!✜✞✖✂☎✢✟_✓✒✛✂✟Y✗✒✛✂✟_✡!✹f➛_✓✒✛✂✟Y↕d✺Y✤✣✐_✡!☎✥✖✢☎✂✺a✧✦☞✠☛★✩✆✎!✟d☎✆☞✂✪✞✍]✵Z❛l☎✍➳Y✖✫✜Y↕[✍f➛Y✁!✟d✬✂✺Y
✭✯✮✱✰✳✲✄✴✶✵✸✷✹✮ ✣✺★ ✰✎✷✻✵✽✼
★✾✆❫Z❛[✍f➛g✺]✭d✺Y❉j❷Y✆Z❛_✑✠☛✆✎!✌✆☞✍✑✏✜f➛_✓✒✛✂✟Y✿✞❆g✟]☛_➳j❷_➝Y❙Y✍j❻f❀✞✆Y✁✍✡✍➳Y❛d✺Y✍j✺✞✆]✹]☛a❆d✜]✕!☎!✺[✆Y✆j✺✞✆]✕✍✡✍➳Y✁✞✍f➛_✡❁✲Y✍j✿✒✛✂✟_✙l❢Y✍a➛Z❛Y✍f❪d❂✘ ✆✌l✟l✺a➛]✛✞❆g✺Y✍a
✍➳Y❀✞❆g✌✆✌Z❛l♥Y✖✫✬✆✎✞✍f✚❃✟d✺]✕!✹f❄✍✙✘ Y✖✫✜l✺a➛Y✆j❷j❷_➳]✎!❅✆✎!☎✆✎✍✑✏✭f➛_❆✒✛✂✺Y③Y✆j❻f✬_✡!☎✞✍]✕!☎!✟✂✺Y✕❃✺l✌✆❡a✤✂☎!✺Y❈❇✓]✕!✬✞✍f➛_➳]✕!❈d❂✘ Y✆j❷j✧✆✌_✱❃❉✒✛✂✟_❊✞✆]☛Z❛l✂]✌a❷f➛Y
✂✬!❋!✺]✵Z✄✢✺a➛Y❈✍➳_➳Z❛_➳f➛[③d✺Y❪l✌✆❡a●✆☛Z❛i✍f❷a➛Y✍j❋l✟g✛✏✜j❷_✓✒✛✂✟Y✆j ✼
❍■!❏✆✌l✟l✬✍➝_✓✒✛✂✌✆☞!✹f❀✞✆Y✏f❷f➛Y❙l✜a➛]✛✞✆[➓d❑✂✺a➛Y ✭ ✍✙✘ [✁✒✟✂☎✆✌f➛_➳]✕!▲✣✺★ ✰☞✷ ❃❂!✟]✎✂✟j❪]✕✢✜f➛Y✁!✟]✎!✟j✺✂☎!✴j▼✏✜j❻f➛i✆Z❛Y❾d❊✘ [✚✒✛✂✌✆✌f➛_➳]✎!✟j✺❁✕✆❡a➛_✓✆☞✠
f➛_➳]✎!☎!✟Y✖✍✓✍➳Y✆j◆✒✛✂✟_☎✦☛]✕✂✬❁✲Y✍a✧!✺Y✤✍✱✘ [✖❁✲]✕✍✡✂✺f➛_➳]✎!♥d✺Y✆j❅l☎✆✌a●✆☛Z❛i✍f❷a➛Y✍j✾d✺Y✤✍✓✆❀✢✌✆✎✍✡✍➳Y✐d✜Y✤✍✡✂✟Z❛_➳i✍a➛Y ✼✳❖ ]✎✂✟j❅Z❛]✕!✹f❷a➛]✎!✟jp✒✛✂✟Y❄✞✆Y✏f❷f➛Y
✆✌l✟l✜a➛]✟✞❆g✺Y❫d✺Y✆j✿✞✆]✹]✌a❆d✺]✕!✬!✟[✍Y✆j✄✞✆]✕✍✡✍➳Y✁✞✍f➛_✡❁✲Y✍j❾Y✆j❻f❾_✡!✬✞✆]✵Z❛l☎✆✌a●✆✎✢✬✍➳Y✆Z❛Y✁!✹f❨l☎✍✡✂✟j❨a●✆✌l✟_➝d✺Y◗✒✛✂✟Y✜✍✓✆✇l✺a➛]✛✞✆[➓d❑✂✺a➛Y❫d✜Y❛a➛[✽✠
j❷]✎✍✡✂✺f➛_➳]✕!❝d✜_❞a➛Y✁✞✍f➛Y♥d✺Y◗✍✙✘ [✚✒✛✂☎✆✌f➛_➳]✕!❘✣✺★ ✰✎✷✄✼ X✾Y✍f❷f➛Y❫a●✆✌l✟_➝d✺_❞f➛[❫l❢Y✍a➛Z❛Y✍f❾d❊✘ ]✕✢✺f➛Y✖!✟_❞a✚❃✤Y✁!❙✂☎!➠f➛Y✆Z❛l✺j❨a➛Y✁✞✆]✌a❆d❂❃❚✂☎!✺Y
✞✁✆✌a❷f➛]✕✦✌a●✆☛l✺g✟_➳Y✯✦☛[✁!✟[✏a●✆✎✍➳Y♥d✺Y✆j✿✞✆]☛Z❛l❢]☛a❷f➛Y✆Z❛Y✁!✹f➛j❨d✟✏✬!☎✆☛Z❛_✓✒✛✂✺Y✆j❨d✺Y✆j✿✢☎✆✎✍✡✍➳Y✆j❾d✺Y❯✍✡✂✺Z❛_➝i✏a➛Y ✼ X✾Y✍f❷f➛Y❯✞✚✆✌a❷f➛]✎✦☛a●✆☛l✺g✟_➳Y
a➛[✖❁✲i✁✍➳Y✿✂☎!✺Y❨a➛_✡✞❆g✟Y✿❁✎✆✌a➛_➳[✍f➛[✯d❂✘ [✍f●✆❡f➛j❪d✟✏✬!☎✆☛Z❛_✓✒✛✂✟Y✍j❄❇❱✆☛_❞f➛Y❾d✺Y✿✢☎✆✎✍✡✍➳Y✆j❪d✺Y✿✍✡✂✺Z❛_➝i✏a➛Y❉j❻f●✆❡f➛_➝]✎!☎!☎✆☛_❞a➛Y✆j✁❃✔]☛j❲✞✆_✡✍✡✍❆✆☞!✭f➛Y✍j③Y✏f
a➛]✌f●✆✌f➛_✡❁✲Y✆j ✼
❳✙_✡!☎✆✎✍➳Y✆Z❛Y✁!✹f✚❃✌✍➳Y✆j✬a➛[✆j❲✂✬✍➳f●✆❡f➛j❪d✜Y✻✞✆Y✍f❷f➛Y❨f➛g✺i✆j❷Y❨l✺a➛[➓d✜_➝j❷Y✖!✹f❈✍✙✘ Y✖✫✜_➳j❻f➛Y✁!☎✞✍Y❾d✜Y❉l✬✍✡✂✟j❷_➳Y✁✂✜a➛j❨❇❱✆☛Z❛_✡✍✡✍➳Y✆j❪d✺Y✻✢✌✆☞✍✡✍➝Y✍j❪d✺Y✻✍✡✂✬✠
Z❛_➳i✍a➛Y✎❃✜Y✍f❋l✜a➛[✁✞✆_➳j❷Y✁!✹f❄✍➳Y✆j✬d✜]✵Z❯✆✌_✓!✺Y✆j↕a➛Y✍j❷l❢Y✁✞✍f➛_✑❇✓j✬d✺Y❈✍➳Y✁✂✺a➛j▲l☎✆✌a●✆☛Z❛i✏f❷a➛Y✆j▲l✺g✛✏✺j❷_✓✒✛✂✟Y✍j ✼ X✾Y✏f❷f➛Y③l✜a➛[➓d✜_✓✞✏f➛_➝]✎!❋✞✆]✎!✟j❻f➛_✑✠
f✧✂✺Y❯✂☎!�l☎✆☛j✯Y✁!❩✆✚❁✎✆✎!✹f❾d☎✆✎!✺j✄✍➳Y✆j❾Y✽✔✂]☛a❷f➛j❾Y✖!✹f❷a➛Y✆l✺a➛_➳j✄✞✆Y✆j❾d✺Y✏a✧!✟_➳i✍a➛Y✆j✝✆✎!✬!✟[✆Y✆j✯Y✁!❙❁✟✂✟Y❴d❂✘ ✂☎!✺Y❫d✺[✆Z❛]✎!✟j❻f❷a●✆✌f➛_➳]✎!
Y✽✫✺l❢[✏a➛_➝Z❛Y✖!✭f●✆☞✍➳Y③d✺Y✺✞✆Y❪f☛✏✜l❢Y③d❂✘ _➳Z❛l☎✂✬✍➳j❷_➝]✎!✟j ✼
❬❪❭✌❫➓Q✖❴✧❵✳❛❆❜❑❝➯Q❚V❂❞✭]✕✍➳_❞f➛]✕!✇d✺_➳j❷j❷_➳l✌✆❡f➛_✡❇☛❃❉❡❢✆✎✍✡✍➳Y❉d✜Y✺✍✡✂✟Z❛_➳i✍a➛Y✎❃✌❞✭]✕✍➳_❞f➛]✕!❚j❷l☎✆✌f➛_➳]✎✠⑦f➛Y✆Z❛l❢]☛a➛Y✖✍✱❃✬❍p✒✛✂☎✆✌f➛_➳]✕!❚d✺Y❀✣✐_✡!☎✥✁✢✬✂✺a✧✦✎✠
★✾✆✎!✟d☎✆✎✂

 !"↕$❛&➁(❫*❴(❙,❅.❡$❫0J$❴L➩6❀&➠(❙,❅.❡$❛,❅4❨BC&❝$❛"↕(❴:✉6❅$❴:❡.✆,✾$❴0●6➵.❡0 2➁.❡6❃6❅.➓&➁(❛,❅.✚❣❴4

B➮4③2➁.❡(
❤◗✐ Q✁❫✁❥✶❦☎❵✕❫➟V✺❧↕g✟_➳j♥f➛g✟Y✆j❷_➳j❚l✺a➛Y✆j❷Y✖!✹f➛j♠✆❿j❷Y✆Z❛_✑✠☛✆✎!☎✆✎✍✑✏✭f➛_✓✞✁✆✎✍✻✆✌l✟l✜a➛]✳✆✎✞❆g♥❇✓]☛a❚f➛g✟Y✴j❷Y✚✆❡a✧✞❆g❏]✎❇ ✮✱✰✳✲✄✴✶✵✸✷ j❷l☎✆✌f➛_➳]✎✠
f➛Y✍Z❛l❢]☛a●✆✎✍✂j❷]✕✍➳_❞f➛]✕!❈j❷]✎✍✓✂✜f➛_➳]✕!✟j✬]☞❇✤f➛g✺Y✺✞✆]✵Z❛l✬✍➳Y✖✫◗✞✁✂☎✢✺_✡✞✖✠☛✒✟✂✺_✡!✹f➛_✓✞❀✣✐_✡!☎✥✖✢☎✂✺a✧✦☞✠☛★✩✆✎!✟d☎✆☞✂❚Y✚✒✛✂✌✆❡f➛_➳]✕! ✮ ✣✺★ ✰☞✷✻✵✽✼
♦➁Y✺✂✺j❷Y❀✆❾j❷Y✍Z❛_✡✠☛✆☞!✌✆✎✍✑✏✭f➛_✡✞✚✆✎✍✔Z❛Y✏f➛g✟]✭d❯✞✚✆✎✍✡✍➳Y➓d❋✞✆]✎✍✡✍➝Y✖✞✍f➛_✡❁✲Y✻✞✍]✹]☛a❆d✺_✡!☎✆✌f➛Y✻✆☛l✺l✺a➛]✳✆☞✞✏g❂❃✜f➛]❾]✕✢✜f●✆☛_✡!♠✆✎!♠✆✌l✟l✜a➛]✚✫✺_➳Z❯✆✌f➛Y
l✜a➛]✎♣☎✍➝Y✾]✎❇✎f➛g✺Y❢✂☎!☎�✟!✺]✚�❄!✯l✬✂☎✍➳j❷Y❢♣✟Y✁✍➝d ✼ ❧↕g✟_➳j�✆☞!✟j✧✆✌f✧✥❢❇❱✂✬!☎✞✍f➛_➳]✎!❾_➳j■✞❆g✟]☛j❷Y✁!✯f➛]❈✢❢Y◆✆✤❇❱✂✬!☎✞✍f➛_➳]✎!❾]✎❇❉✆✤♣✌!✺_❞f➛Y◆!✟✂✺Z✝✢❢Y✍a
]☞❇❀l☎✆✌a●✆✌Z❛Y✍f➛Y✍a➛j✬d✜Y✆j❲✞✍a➛_✡✢✺_✓!✬✦❾f➛g✟Y✺✍➳_✡✦✵g✹f✬l☎✂☎✍➳j❷Y ✼
❡�✏❙✆☛l✺l☎✍✑✏✜_✡!☎✦✇f➛g✟_➳j✄✞✆]✎✍✡✍➝Y✖✞✍f➛_✡❁✲Y✯✞✆]✹]☛a❆d✜_✡!✌✆✌f➛Y❫l✺a➛]✛✞✆Y✆d✬✂✺a➛Y❛f➛]❈f➛g✺Y✯✣✺★ ✰☞✷ Y✚✒✛✂✌✆❡f➛_➝]✎!✾❃✩�✾Y❫]✕✢✺f●✆✌_✡!�✆❈j▼✏✜j❻f➛Y✆Z➼]✎❇
❁✎✆❡a➛_❆✆❡f➛_➳]✕!✌✆☞✍❀Y✁✒✟✂☎✆✌f➛_➳]✕!✺j❨�❋g✺_✓✞❆g❅✦✵_✡❁✲Y❨f➛g✟Y❉Y✁❁✵]✕✍✡✂✺f➛_➳]✕!❜]✎❇❃f➛g✺Y✿✍➳_✡✦✵g✹f✺✢☎✂✬✍✓✍➳Y✍f✐l✌✆❡a●✆☛Z❛Y✍f➛Y✏a➛j✺✆✌j❀✆✪❇❱✂✬!☎✞✍f➛_➳]✕!❜]☞❇❃f➛g✟Y
l✜a➛]✵l☎✆✎✦✳✆❡f➛_➳]✕!❛d✺_➳j❻f●✆✎!✬✞✆Y ✼ ♦➁Y↕j❷g✟]✚�❿f➛g✌✆❡f✤f➛g✟Y◆✞✍]✕✍✡✍➳Y✁✞✍f➛_✡❁✲Y❄✞✍]✹]☛a❆d✺_✡!☎✆✌f➛Y❄✆☛l✟l✜a➛]✳✆☞✞✏g❾_➳j❀_✡!☎✞✍]✵Z❛l✌✆❡a●✆✎✢☎✍✑✏✻❇❱✆☛j❻f➛Y✍a❀f➛g✌✆☞!
f➛g✺Y✾d✺_❞a➛Y✁✞✏f❚!✟✂✟Z❛Y✏a➛_✓✞✁✆✎✍✲j❷_➝Z✄✂☎✍✓✆❡f➛_➝]✎!❉]✎❇✺f➛g✟Y❃l✺a➛]✵l☎✆✎✦✳✆❡f➛_➳]✕!✯Y✚✒✛✂✌✆✌f➛_➳]✎! ✼ ❧↕g✟_➳j✙l❢Y✍a➛Z❛_❞f➛j✩✂✺j✦f➛]✬]✕✢✜f●✆☛_✡!✾❃❡Y✖✉✜✞✍_➝Y✖!✹f✧✍✡✏✳❃☞✆
✦✎✍➳]✕✢✌✆☞✍✺Z❯✆☛l✺l✟_✡!☎✦✬]✎❇✟f➛g✟Y↕d❑✏❑!✌✆✌Z❛_✡✞✚✆✎✍✛✢❢Y✆g✌✆✚❁✭_➳]☛a❀]☞❇❉✍➳_✡✦✵g✹f�✢✬✂☎✍✡✍➳Y✍f➛j✁❃☞�❋g✟_✡✞❆g✝✂✬!✟❁✲Y✆_✡✍➳j■✆✬a➛_✡✞✏g✄❁✎✆✌a➛_➳Y✍f☛✏❉]✎❇❢d❑✏❑!✌✆✌Z❛_✓✞✁✆✎✍
j❻f●✆❡f➛Y✆j✤✞✍]✵Z❛l✺a➛_➳j❷_✡!☎✦❾j❻f●✆✌f➛_➳]✕!☎✆✌a❲✏✳❃✟l☎✂☎✍➳j✧✆❡f➛_✓!✬✦✜✆✎!✟d❫a➛]☛f●✆✌f➛_✡!✬✦✜✍➳_✡✦✵g✹f✤✢☎✂✬✍✡✍➝Y✏f➛j ✼
❳✙_✡!☎✆✎✍✡✍✑✏❉f➛g✟Y✾Y✖✫✜_➝j❻f➛Y✖!☎✞✆Y↕]☞❇❢j❷Y✁❁✵Y✍a●✆✎✍✭f☛✏✺l❢Y✍j✤]✎❇✌✍➳_✡✦✵g✹f�✢✬✂☎✍✡✍➳Y✍f➛j✤_➝j✤l✺a➛Y➓d✜_✡✞✍f➛Y➓d❉_✡!❾j❷l❢Y✁✞✆_✑♣☎✞❋d✜]✵Z❯✆✌_✓!✺j✤]☞❇✎f➛g✟Y✾Y✚✒✛✂☎✆✌f➛_➳]✕!
l☎✆✌a●✆✌Z❛Y✍f➛Y✍a➛j ✼✌✈ ✍❞f➛]✕✦☛Y✍f➛g✟Y✍a✚❃✟f➛g✺_➳j❋f➛g✟Y✆]✌a➛Y✍f➛_✡✞✚✆✎✍✇✆✎!✎d❋!✟✂✺Z❛Y✍a➛_✡✞✚✆✎✍❂�✾]☛a✧�♥Z❯✆✁✏❋✆✪✂✺j❷Y✖❇❱✂✬✍☎f➛]✹]✕✍✩!✟Y✖✫✭f❋f➛]❙f➛g✺Y③Y✖✔✂]☛a❷f➛j
✂✬!✎d✜Y✍a❷f●✆✎�✵Y✁!❫f➛g✟Y✍j❷Y❀✍✓✆☛j❻f✤✏✲Y✚✆✌a➛j❋]✎✢✟j❷Y✍a✧❁✭_✡!☎✦✪✍➳_✡✦✵g✹f✤✢☎✂✬✍✡✍➝Y✏f➛j❋Y✖✫✜l✂Y✏a➛_➳Z❴Y✖!✹f●✆✎✍✡✍✑✏ ✼

①✯❜❑②❊❴❲③✿❭✌❥☞④✦Q♥V❚⑤ ✷ _➳j❷j❷_➳l✌✆✌f➛_✡❁✲Y❪j❷]✕✍➳_❞f➛]✕!❂❃✌★☎_✡✦✵g✹f❄✢✬✂☎✍✡✍➳Y✍f✚❃✌❞✭l✌✆✌f➛_➳]☞✠❵f➛Y✍Z❛l❢]☛a●✆✎✍❢j❷]✕✍➳_❞f➛]✕!✾❃❉✣✐_✡!✬✥✁✢☎✂✜a✧✦✎✠☛★✩✆☞!✎d✬✆✎✂♥Y✚✒✛✂☎✆☞✠
f➛_➳]✎!


