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✶✳ ❙❝❤r❡✐❜❡ ❞❛s ▼❛❣♥❡t❢❡❧❞ ✐♥ ❞❡r ❋♦r♠ B = ∇α×∇β ❢ür s❦❛❧❛r❡ ❋✉♥❦t✐♦♥❡♥
α (r, t) ✉♥❞ β (r, t) ✭❈❧❡❜s❝❤ ❑♦♦r❞✐♥❛t❡♥✮✳ ❩❡✐❣❡✱ ❞❛ss ∇ · B = 0 ❣✐❧t ✉♥❞
❞❛ss α ✉♥❞ β ❡♥t❧❛♥❣ ▼❛❣♥❡t❢❡❧❞❧✐♥✐❡♥ ❦♦♥st❛♥t s✐♥❞✳ ❩❡✐❣❡ ✇❡✐t❡r✱ ❞❛ss ❞✐❡
❩❡✐t❡♥t✇✐❝❦❧✉♥❣ ❞❡s ▼❛❣♥❡t❢❡❧❞s ∂B/∂t = ∇× (v ×B) ❞✉r❝❤ ❞✐❡ ❆❞✈❡❦t✐♦♥ ✈♦♥
α ✉♥❞ β ♠✐t ❞❡r ❋❧üss✐❣❦❡✐t ❜❡s❝❤r✐❡❜❡♥ ✇❡r❞❡♥ ❦❛♥♥✿

dα

dt
=

∂α

∂t
+ v·∇α = 0

dβ

dt
=

∂β

∂t
+ v·∇β = 0. ✭✶✮

❱❡r✇❡♥❞❡ ❞✐❡ ❑♦♦r❞✐♥❛t❡♥tr❛♥s❢♦r♠❛t✐♦♥ ✈♦♥ x✱ y ♥❛❝❤ α (x, y, 0)✱ β (x, y, 0)
✉♥❞ ✐❤r❡ ❏❛❝♦❜✐❞❡t❡r♠✐♥❛♥t❡✱ ✉♠ ❞❡♥ ❋❧✉ss Φ ❞✉r❝❤ ❡✐♥❡ ❜❡❧✐❡❜✐❣❡ ❋❧ä❝❤❡ ✐♥
❞❡r ①②✲❊❜❡♥❡ ③✉ ❜❡r❡❝❤♥❡♥✿

Φ =
∫

(∇α×∇β) · ẑdS =
∫

dαdβ. ✭✷✮
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✷✳ ❊✐♥ ❇❡✐s♣✐❡❧ ❢ür ❞✐❡ ●r❡♥③❡♥ ✈♦♥ ❋❧✉① ❋r❡❡③✐♥❣ ✜♥❞❡t s✐❝❤ ✐♠ ❩✉s❛♠♠❡♥s♣✐❡❧
✈♦♥ ❏✉♣✐t❡r ♠✐t s❡✐♥❡♠ ✐♥♥❡r❡♥ ▼♦♥❞ ■♦✳ ■♦ ✐st s❡❤r ❧❡✐t❢ä❤✐❣ ✉♥❞ ✈♦♥ ▼❛❣♥❡t✲
❢❡❧❞❧✐♥✐❡♥ ✈♦♥ ❏✉♣✐t❡r ❞✉r❝❤③♦❣❡♥✳ ❙t✉❞✐❡r❡ ❞❛s ✈❡r❡✐♥❢❛❝❤t❡ ▼♦❞❡❧❧✱ ✇❡❧❝❤❡s
❛✉❢ ❙✳ ✺✾✴✻✵ ✐♥ ❘✳ ▼✳ ❑✉❧sr✉❞✱ ✏P❧❛s♠❛ P❤②s✐❝s ❢♦r ❆str♦♣❤②s✐❝s✑ ❜❡s❝❤r✐❡❜❡♥
✇✐r❞✳ ●✐❜ ❢ür ❛❧❧❡ ❘❡❝❤♥✉♥❣❡♥ ✐♥ ❞❡r ❍❡r❧❡✐t✉♥❣ ✭✇❡❧❝❤❡ ♠❡✐st❡♥s ❡✐♥③❡❧♥❡ ❑♦✲
♦r❞✐♥❛t❡♥ ❞❡r ❱❡❦t♦r❡♥ ✈❡r✇❡♥❞❡t✮ ❞✐❡ ✈♦❧❧stä♥❞✐❣❡ ❱❡❦t♦r❜❡③✐❡❤✉♥❣ ❛♥✱ ✇❡❧❝❤❡
❢ür ❞❡♥ ❍❡r❧❡✐t✉♥❣ss❝❤r✐tt ✈❡r✇❡♥❞❡t ✇✉r❞❡✳ ▲❡✐t❡ ♠✐t ❞❡r ✈♦r❣ä♥❣✐❣ ✐♥ ❞❡r
❱♦r❧❡s✉♥❣ ❞✐s❦✉t✐❡rt❡♥ ❩❡r❢❛❧❧s③❡✐t T = 4πL2/ (ηc) ✉♥❞ L ∼

√
dD′ ❞✐❡ ❡✐♥❢❛❝❤❡

❇❡③✐❡❤✉♥❣ L = VxT ❤❡r✳ ❲❛s ❜❡❞❡✉t❡t ❞✐❡s❡r ❩✉s❛♠♠❡♥❤❛♥❣ ❛♥s❝❤❛✉❧✐❝❤ ✐♥
❆❜❜✐❧❞✉♥❣ ✸✳✼❄ ❙❝❤ät③❡ ❛✉s ❞❡♥ ❛str♦♥♦♠✐s❝❤❡♥ ❉❛t❡♥ Bx/B0 ❛❜✳
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