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𝐴: (𝜖0, 𝜖𝑢 ) 𝐵: (𝜖𝑙 , 𝜖𝑙) 𝐶: (𝜖𝑢, 𝜖0 )

𝐿

𝑅

𝐸

Δ𝐸𝑅 = (𝜖0 − 𝜇𝑅)
Δ𝐸𝐿 = (𝜇𝐿 − 𝜖0)

𝜖𝑢

𝜖0

𝜖𝑙
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• 𝜏
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𝑋 → 𝑌

0 → 1

𝑑

𝑑𝑡
𝒑𝒇 𝑡 = 𝑹 𝒑𝒇(𝑡)

𝒑𝐷 𝜏 = 𝑷𝐷𝑒
𝑹𝜏𝑴 𝒑𝐷(0)

𝑴 =
𝑝0𝑰

𝑝1𝑰

𝑷𝐷 = 𝑰 𝑰

𝑰

𝑹

(𝑝0, 𝑝1)

𝑻(𝜏)𝒒𝒑𝒔𝒔(𝜏) = 𝒒𝒑𝒔𝒔(𝜏)

𝑻(𝜏) = (𝑷𝐷𝑒
𝑹𝜏𝑴)lim

𝑛→∞
𝑻 𝜏 𝑛 𝒑𝐷 0 = 𝒒𝒑𝒔𝒔(𝜏)

𝑅𝑖𝑗

𝑅𝑗𝑖
= 𝑒−𝛽(𝐸𝑖−𝐸𝑗)

𝜏 → ∞

•

𝑊 = 𝜇𝑅 − 𝜇𝐿 𝜙v

𝜙∞ = 𝑁 [𝑝0𝑒
−𝛽𝜇𝑅 − 𝑝1𝑒

−𝛽𝜇𝐿] v

𝑁 =
𝑟 𝑒2𝛽𝜖0

𝑟 3𝑒2𝛽𝜖0 𝑒−𝛽𝜇𝐿 + 𝑒−𝛽𝜇𝑅 + 4 + 4𝑟2 + 4

𝑟 = 𝑒− 𝛽𝜖

𝜖 = (𝜖𝑢 − 𝜖0) = (𝜖0 − 𝜖𝑙)

•

(𝑝0
′ , 𝑝1

′ )

𝑆′ = − 

𝑖=0,1

𝑝𝑖′ ln 𝑝𝑖′ 𝑆 = − 

𝑖=0,1

𝑝𝑖 ln 𝑝𝑖

Δ𝑆 = 𝑆′ − 𝑆

Phase Diagram 

𝑊 > 0, Δ𝑆 > 0)

𝑊 < 0, Δ𝑆 < 0
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𝛿 = 𝑝0 − 𝑝1 𝛥𝜇 = (𝜇𝑅 − 𝜇𝐿)

𝜏 = 10.0

‘

𝑊 > 0, Δ𝑆 > 0
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𝜏 → ∞

𝑊 > 0, Δ𝑆 > 0

𝑊 < 0, Δ𝑆 < 0

𝛽 = 1 𝜇𝐿 = 0.0 𝜖0 = 0.0 𝑟 = 𝑒−1

• 𝛿
• Δ𝜇

•

•

•

•

•

•

•

•

•

•

•

•


