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ྗֶతܥΛ͑ߟɼܥͷঢ়ଶ͕ ℓͷͱ͖ͷΤωϧΪʔΛEℓɼঢ়ଶ ℓ͕࣮͢ݱΔ֬Λ pℓͱ͢
Δɽ͜ͷͱ͖ɼΪϒεΤϯτϩϐʔࣜ࣍Ͱఆٛ͞ΕΔɽ

S = −kB
∑

ℓ

pℓ logpℓ (i)

ͨͩ͠ɼkB ϘϧπϚϯఆͰ͋ΓɼlogࣗવରΛද͢ɽҎԼͷʹ͑Αɽ

(1) ཋʹͯ͠Թ͕ܥ T ͷฏߧঢ়ଶʹ͋Δͱ͖ɼܥͷؔɼβ = 1
kBT

ͱͯ͠

Ͱ༩͑ΒΕΔɽࣜ࣍
Z =

∑

ℓ

exp(−βEℓ) (ii)

͜ͷͱ͖ɼܥͷΤϯτϩϐʔΛɼkBɼZɼEℓɼβΛ༻͍ͯදͤɽ

(2) લͰಋग़ͨ͠Τϯτϩϐʔ͕ɼࣜ (i)ͱՁͰ͋Δ͜ͱΛઆ໌ͤΑɽ

(3) ͷ߹ɼpℓ͕Ұఆɼ͢ͳΘͪঢ়ଶܥཱݽ͕ܥ ℓʹґଘ͠ͳ͍͜ͱΛࣔͤɽʢϥάϥϯδϡ
ͷະఆ๏Λ༻͍Αɽʣ

(4) ҟͳΔঢ়ଶͷ࣮֬ݱ͕ɼಠཱࣄͰ͋Δ͕͋ܥΔɽ͜ͷܥͷঢ়ଶ ℓ͕࣮͢ݱΔ֬Λ
pℓͱͯ͠ɼܥͷΤϯτϩϐʔ S͕ɼpℓͷؔͱͯ͠

S =
∑

ℓ

pℓf (pℓ) (iii)

ͱॻ͚ΔͱԾఆ͢Δɽ͜͜Ͱ f(x)ະఆͷؔͰ͋ΔɽܥΛྗֶతܥ 1ͱྗֶత
ܥ 2ͷ 2ͭͷ෦ܥʹ͚ɼܥ 1ʹ͓͍ͯঢ়ଶ n͕࣮͢ݱΔ֬Λ p(1)

n ɼܥ 2ʹ͓͍ͯ
ঢ়ଶm͕࣮͢ݱΔ֬Λ p(2)

m ͱ͢Δɽܥ 1ͱܥ 2ͷΤϯτϩϐʔΛͦΕͧΕ S(1)ɼS(2)

ͱ͢ΔͱɼΤϯτϩϐʔͷ૬ՃੑΑΓɼS = S(1) +S(2)Ͱ͋Δɽ·ͨɼS(1)͓Αͼ S(2)

ɼࣜ (iii)ͱಉ༷ͷࣜΛ༻͍ͯॻ͘͜ͱ͕Ͱ͖Δͱ͢Δɽܥ 1͕ঢ়ଶ nɼܥ 2͕ঢ়ଶm

ʹ͋Δ֬ pn,mʹ͍ͭͯ pn,m = p(1)
n p(2)

m ͕Γཱͭͱ͖ɼະఆͷؔ f(x)ΛٻΊɼࣜ
(i)Λಋग़ͤΑɽͨͩ͠ɼf ′ (1) = −kBͱ͢Δɽ
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