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1 Definitions

V ′ = ∂V
∂ρ , G1 =

〈
(∇ρ)2

〉
, G2 = V ′

4π2

〈
(∇ρ)2
R2

〉
.

g1 =
〈
(∇V )2

〉
, g2 =

〈
(∇V )2

R2

〉
, g3 =

〈
1
R2

〉
.

ρe =
√

Φb/πB0, F = RBφ

jni = 〈jni ·B〉
B0

2 Flux transport

Flux surface averaged ohm’s law in general form:
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∂Φ
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∣∣∣∣
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=
F 2
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∂
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[
g2

F

∂ψ
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]
− ∂V

∂ψ
〈jni ·B〉 (1)

We can then re-write this with ψ or Φ or ρ as independent variable:

2.1 Φ

Φ̂ = Φ/Φb, always [0,1]
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(
∂ψ
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Which is equal to E. Fable’s notes.

2.2 ρ

ρ =
√

Φ/πB0, dΦ = 2πB0ρdρ, and ρ̂ =
√

Φ̂ =
√

Φ/Φb, dΦ = 2Φbρ̂dρ̂
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∂ψ

∂t
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ρ
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∂ψ
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16π4µ0B2
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g2g3

ρ

∂ψ

∂ρ

]
− 1

2πρ
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∂ρ
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B0

(3)

Which is equal to [1] since G2

J = R0

16π4
g2g3
ρ
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∂ψ
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3 Thermal transport

V ′ ∂

∂t
[neTe] =

πB0

Φb

∂

∂ρ̂

g1ne
V ′ χe

∂Te
∂ρ̂

+ V ′Pe (5)

4 Finite Element forms
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is rewritten as

16π2µ0Φ2
b ρ̂σ‖

F 2

∂ψ

∂t
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=
∂
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[
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∂ψ

∂ρ̂

]
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(7)
or

mψ
∂ψ

∂t
= aψ

∂ψ

∂ρ̂
+

∂

∂ρ̂
dψ
∂ψ

∂ρ̂
+ sψ (8)

with

mψ = 16π2µ0ρ̂
Φ2
bσ‖

F 2
(9)

aψ = 16π2µ0ρ̂
2 Φ̇bΦbσ‖

2F 2
(10)

dψ =
g2g3

ρ̂
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sψ = −8π2µ0
B0Φb
F 2

∂V

∂ρ̂
jni (12)

(13)

Now write ψ as a sum of spatial basis functions

ψ(ρ, t) =

nsp∑
α=1

Λα(ρ̂)ŷα(t) (14)

then the weak form, after projection on Λb and integration by parts is

nsp∑
α=1

dŷα(t)

dt

∫ 1

0

mΛβΛαdρ̂ =
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ŷα

∫ 1

0

aψΛβ
∂Λα
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dρ̂ (15)

−
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ŷα

∫ 1

0

dψ
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∂Λα
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[
dψΛβ

∂ψ
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]1

0

+

∫ 1

0

Λβsψdρ̂ (16)

which gives the matrix form

Mψ
dψ̂

dt
= (−Dψ + Aψ)ψ̂ + l + s (17)

The boundary term l contains only the last element

dψΛβ
∂ψ

∂ρ̂

]
ρ=1

=
g2g3

ρ̂
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∂ρ̂

]
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=
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5 Other quantities

ι =
1

q
=
∂ψ

∂Φ
=
∂ρ
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∂ρ̂
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=

1
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