


(above) Solar flares
(below) Magnetars

(above) Black hole 
accretion discs
(below) Relativistic 
jets



𝑉𝐴 ∼ 𝑐



log( Τ𝜏cool 𝜏dynamical)

𝜃𝑖 ≡ Τ𝑘𝐵𝑇 𝑚𝑖𝑐
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𝜕𝑡 𝜌𝛾 + 𝛻 ⋅ 𝜌𝛾𝒗 = 0,
𝜕𝑡𝑒 + 𝛻 ⋅ 𝒎 = 𝑞(𝜌, 𝑇, 𝐵),
𝜕𝑡𝑚𝑖 + 𝛻𝑗 ⋅ Π𝑖𝑗 = 0.
𝜕𝑡𝑩 + 𝛻 × 𝑬 = 0,
𝜕𝑡𝑬 − 𝛻 × 𝑩 = 𝒋.

𝑞 =
𝑞(𝜌, 𝑇, 𝐵)

•

•

• 𝑥, 𝑦 = 0: 180, 0: 45 , 3600 ×
900
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𝛽0 = 1

Τ𝜏𝑐𝑜𝑜𝑙 𝜏𝐴 𝛽0 = 1

𝛽0 = 𝛽( Τ𝑡 𝜏𝐴 =
200) < 1

Τ𝑉𝐴 𝑐 ∼ 0.1
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Τ𝑡 𝜏𝐴 ∼
200



•

Τ𝑣𝑖𝑛 𝑣𝑜𝑢𝑡 ∼ Τ𝛿 𝐿 × Τ𝜌𝑜𝑢𝑡 𝜌𝑖𝑛

Τ𝑡 𝜏𝐴
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𝜎 ≡ Τ𝐵2 8𝜋𝑚𝑒𝑐
2 = 3

𝑉𝐴

𝑐
∼ 0.707, 𝛾 = 1.41

Τ𝑡 𝜏𝐴 = 100
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