
 

 解答例



 
 

ଶݐ݀ݎଶ݀݉  ݉  ݎ  = ݎ݉ܯܩ−  

 
 

1 12  ܥ  ൬݀ݐ݀ݎ൰ଶ − ݎܯܩ =  ܥ

ܥ = −ீெோ  

 
ݎ  = ܴcosଶݐ  ߠ  

ݐ  = න ௧ݐ݀
଴ = −න ܯܩට2ݎ݀ ቀ1ݎ − 1ܴቁ௥

ோ  

                  = ඨ ܴଷ2ܯܩන 2cosଶߠ݀ ߠఏ
଴  

                                           = ට ோయଶீெ  ቀߠ + ଵଶ sin  .ቁߠ2

ݎ = ߠ  0 = గଶ  

2ߨ ඨ ܴଷ2ܯܩ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ୱ୧୬ఏୱ୧୬ఏᇲ  = ௡మ௡భ . 

 
, sinߠ′ sinߠ/݊ଶ ߠᇱ < 0 ݔ = ݔ  0 < 0 

1  
 

 ݀ଷ 1 sinߠ′ sinߠ  ݀ଷ = (݀ଶ tanߠᇱ − ݀ଵ tanߠ) ଵ୲ୟ୬ఏ = ݀ଶ ୲ୟ୬ఏᇲ୲ୟ୬ఏ − ݀ଵ = ݀ଶ−݀ଵ. 

 

 
 
                                                  1 
 
 
 
 
 
 
 
 
 
 



,߶,ߩ)   (࢘)࡮  ߶  (ݖ = μ଴4ܫπ න݀࢒ᇱ × (࢘ − ࢘ᇱ)|࢘ − ࢘ᇱ|ଷ  
ᇱ࢒݀  = ,ොࢠ ᇱݖ݀   ࢘ − ࢘ᇱ = ෝ࣋ ߩ + ݖ) − ොࢠ(ᇱݖ ᇱ࢒݀   × (࢘ − ࢘ᇱ) =  ᇱݖ݀ ߩ ෡ࣘ . 
 

(࢘)࡮ = μ଴4ܫπ ෡ࣘ න ଶߩ)ᇱݖ݀ ߩ + ݖ) − ᇱ)ଶ)ଷ/ଶିݖ . 
ݑ = ݖ − ᇱݖ  

න ଶߩ)ݑ݀ ߩ + ଶ)ଷ/ଶିݑ = ߩ2 . 
(࢘)࡮   =  ߩߨ2ܫ଴ߤ ෡ࣘ . 

ᇱ࢘  ݖ   = (ܽ cosϕᇱ ,ܽ sinϕᇱ , 0), ᇱ࢒݀ = ܽ(− sinϕᇱ , cosϕᇱ , 0)݀ϕᇱ 
 ൫݀࢒ᇱ × (࢘ − ࢘ᇱ)൯௭ = ܽଶ ݀߶ᇱ. 

௭ܤ  = μ଴4ܫπ න ܽଶ ݀ϕᇱ(ܽଶ + ଶ)ଷ/ଶଶ஠ݖ
଴ = μ଴ܽܫଶ2(ܽଶ +  ଶ)ଷ/ଶݖ

,0,0)࡮  (ݖ = μ଴ܽܫଶ2(ܽଶ + ଶ)ଷ/ଶݖ  .ොࢠ
 

(࢘)࡮  = μ଴4ܫπ ර݀࢒ᇱ × (࢘ − ࢘ᇱ)|࢘ − ࢘ᇱ|ଷ . 
ݎ  ≫ ܽ  ࢘ − ࢘ᇱ|࢘ − ࢘ᇱ|ଷ = ଷݎ࢘ + 3(࢘ ⋅ ࢘ᇱ)࢘ − ହݎଶ࢘ᇱݎ ᇱ࢒݀∮ . = 0 (࢘)࡮  = μ଴4ܫπݎହ ൤3ර(࢘ ⋅ ࢘ᇱ) ᇱ࢒݀  × ࢘ − ଶݎ ර݀࢒ᇱ × ࢘ᇱ൨. 

 ࢘ᇱ = (ܽ cos߶ᇱ ,ܽ sin߶ᇱ , 0), ᇱ࢒݀ = ܽ(− sin߶ᇱ , cos߶ᇱ , 0)݀߶ᇱ 
(࢘)࡮  = ହݎଶ4ܽܫ଴ߤ ࢘ݖ3] − [ොࢠଶݎ = μ଴4πݎଷ ቈ3(࢓ ⋅ ଶݎ࢘(࢘ ࢓ ቉࢓− = ොࢠπܽଶܫ  

 



 

 

ܼ = ෍෍⋯෍ exp൭ߝߚ෍ cos߶௜ே
௜ୀଵ ൱థಿథభఏభ = ෍1ఏభ × ෍݁ఉఌ ୡ୭ୱథభథభ × ⋯× ෍݁ఉఌ ୡ୭ୱథಿథಿ  

= 4൫݁ఉఌ + ݁ିఉఌ + 2൯ே 

 
ܨ  = −݇஻ܶ lnܼ = −݇஻ܶൣln 4 + ܰ ln൫݁ఉఌ + ݁ିఉఌ + 2൯ ൧ ≅ −ܰ݇஻ܶ ln൫݁ఉఌ + ݁ିఉఌ + 2൯ 

 ܰ ≫ 1 1 −݇஻ܶ ln 4  
 
 

 ܷ = − ߚ߲߲ lnܼ = ߝܰ− ݁ఉఌ − ݁ିఉఌ ݁ఉఌ + ݁ିఉఌ + 2 

 
 

 

௩ܥ = ߲ܷ߲ܶ = − 1݇஻ܶଶ ߚ߲ܷ߲ = ஻ܶଶ݇ߝܰ ൥ + ൫݁ఉఌߝ ݁ିఉఌ ൯݁ఉఌ + ݁ିఉఌ + 2 − − ൫݁ఉఌߝ ݁ିఉఌ ൯ଶ(݁ఉఌ + ݁ିఉఌ + 2)ଶ൩ = 2ܰ݇஻ ൬ ஻ܶ൰ଶ݇ߝ 1݁ఉఌ + ݁ିఉఌ + 2 

 
 

 
 

 ܨ  
 ௩ܥ  ܷ 
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,ොݔ]  [̂݌ = ݅ℏ  [ ොܽ, ොܽற] = ݉߱2ℏ ൤ݔො + ݅݉߱ ,̂݌ ොݔ − ݅݉߱ ൨̂݌ = ݉߱2ℏ ൬− ݅݉߱ (݅ℏ) + ݅݉߱ (−݅ℏ)൰ = 1. 
 

ොݔ = ඨ ℏ2݉ω ( ොܽ + ොܽற), ̂݌ = −݅ඨℏ݉ω2 ( ොܽ − ොܽற) 

෡ܪ  = ℏω൬ ොܽற ොܽ + 12൰. 
௡ܧ  = ℏω൬݊ + 12൰  (݊ = 0,1,2,⋯ ). 

 ොܽ|0⟩ = 0  ൬ݔ + ℏ݉ω (ݔ)൰ψ଴ݔ݀݀ = 0 

 ψ଴(ݔ) = ܣ exp ቀ−݉ω2ℏ  .ଶቁݔ
 ψ଴(ݔ) = ቀ݉ωπℏ ቁଵ/ସ exp ቀ−݉ω2ℏ ଶቁݔ . 

ܣ = ቀ௠ன஠ℏ ቁଵ/ସ ,   α = ௠னℏ  ψ଴(ݔ)  ⟨ݔො⟩ = ∫ ଶି|(ݔ)଴߰|ݔ ݔ݀ = 0  ܽ  ݀݀ܽ න ݁ି௔௫మ ݔ݀ = න(−ݔଶ)݁ି௔௫మ  ݔ݀ ⇒ න ଶ݁ି௔௫మିݔ ݔ݀ = − ݀݀ܽ ටܽߨ =  ଷ/ଶିܽ ߨ√12

 

⟨ොଶݔ⟩ = න ଶି|(ݔ)ଶ|ψ଴ݔ ݔ݀ = ଶܣ න ଶ݁ି஑௫మିݔ ݔ݀ = ටαπ ⋅ 12√π αିଷ/ଶ = 12αିଵ = ℏ2݉ω. 
ଶ(ݔ߂)   = ⟨ොଶݔ⟩ − ଶ⟨ොݔ⟩ = ℏଶ௠ன. 
̂݌ = −݅ℏ  ௗௗ௫   ⟨̂݌⟩ = ∫ ψ଴∗(−݅ℏ) ௗநబௗ௫ି ݔ݀  = ݅ℏαܣଶ ∫ ିݔ  ݁ି஑௫మ ݀ݔ. 

⟨̂݌⟩  = ⟨ଶ̂݌⟩ .0 = ∫ ߰଴∗(−ℏଶ) ௗమటబௗ௫మି ݔ݀  = −ℏଶܣଶ ∫ (αଶݔଶ − α)݁ି஑௫మି ݔ݀  = −ℏଶට஑஠ ቂଵଶ√παଵ/ଶ − √παଵ/ଶቃ = ℏ௠ఠଶ  

ଶ(݌߂)   = ⟨ଶ̂݌⟩ − ଶ⟨̂݌⟩ = ℏ௠ఠଶ . 
ݔ߂  ∙ ݌߂ = ට ℏଶ௠ఠ ∙ ℏ௠ఠଶ = ℏଶ ≥ ℏଶ  

 
 



 
 

ݔ  → 0 ln ቚଵା௫ଵି௫ቚ = ln(1 + (ݔ − ln(1 − (ݔ = ቆݔ − ௫మଶ + ቇ(ଶݔ)݋ − ቆ−ݔ − ௫మଶ + ቇ(ଶݔ)݋ = ݔ2 + .(ଶݔ)݋
∴ lim௫→଴ (ݔ)݂ = lim௫→଴ ቈ1 + 1 − ݔଶ2ݔ ൫2ݔ + ൯቉(ଶݔ)݋ = lim௫→଴ ቈ1 + 1 − ଶ2ݔ ൫2 + ൯቉(ݔ)݋ = 2 

(b) lim௫→ଵ (ݔ)݂ = lim௫→ଵ ቂ1 + ଵି௫మଶ௫ (ln|1 + |ݔ − ln|1 − ቃ(|ݔ = 1 + ଴ଶ ln 2 − lim௫→ଵ(1 − (ݔ ln|1 −  |ݔ
|1 − |ݔ = ݁ି௧ lim௫→ଵ(1 − (ݔ ln|1 − |ݔ = lim௧→ାஶ ±௧௘೟ = 0        ∴ lim௫→ଵ (ݔ)݂ = 1 

(c)  ݐ = ݔ/1  lim௫→ାஶ݂(ݔ) = lim௧→ା଴ ൤1 + 2ݐ ൬1 − ଶ൰ݐ1 ln ฬ1 + 1ݐ − ฬ൨ݐ = lim௧→ା଴ ቈ1 − 1 − ݐଶ2ݐ ൫2ݐ + ൯቉(ଶݐ)݋ = lim௧→ା଴ ቈ1 − 1 − ଶ2ݐ ൫2 + ൯቉(ݐ)݋ = 0 

 
 
ݔ2)  + ݔ݀(ݕ + ݔ) + ݕ݀(ݕ2 = 0⋯ (i) 

 ߲௬(2ݔ + (ݕ = ߲௫(ݔ + (ݕ2 = 1 
(i)  ߲௫Φ(ݕ,ݔ) = ݔ2) + ⋯(ݕ (ii), ߲௬Φ(ݕ,ݔ) = ݔ) + ⋯(ݕ2 (iii), 

 Φ(ݕ,ݔ) Φ(ݕ,ݔ) = ܥ ܥ (ii)  Φ(ݔ, (ݕ = ଶݔ + ݕݔ +  .(ݕ)݂
(iii) ݔ + ݂ᇱ(ݕ) = ݔ + ݕ2 (ݕ)݂ = ଶݕ + ′ܥ ′ܥ
ଶݔ  + ݕݔ + ଶݕ = ܥ − ᇱܥ = ܦ ܦ  

 

ܣ  λ ܧߣ| − |ܣ = ߣ) − ߣ)(2 − ߣ)(1 + 2) = 0 3 ߣ  = 2, 1,−2 ଵߣ  > ଶߣ > ଷߣ ଵߣ = ଶߣ  ,2 = 1, ଷߣ  = −2 ,ଵߣ ,ଶߣ ଷߣ  

ଵݒ = 1√2൭ 10−1൱ , ଶݒ  = 1√3൭111൱ , ଷݒ  = 1√6൭ 1−21 ൱. 
,ଵݒ ,ଶݒ ଷݒ ܣ 

 

ܸ =
⎝⎜
⎜⎜⎛

1√2 1√3 1√60 1√3 −2√6−1√2 1√3 1√6⎠⎟
⎟⎟⎞ 

ܸ௧ܸܣ = ൭2 0 00 1 00 0 −2൱  
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RNA RNA  
 
 
 
 

 
DNA DNA

 
 
 
 
 
 
 
 
 
 

 
bivalent chromatin bivalent domain  
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　解答例 二



この部分は著作権の都合上，公開できません。




