
Problem set 7, Due Mar 24

March 24, 2011

• Find relation between helicity and magnetic energy in a constant-α force-
free fields. Hint: derive an expression similar to curlB = αB for the vector
potential A.

For constant-α force-free fields

curlB = curlcurlA = αB = αcurlA

curlA = αA

A ·B =
1

α
curlA ·B =

1

α
B2 (1)

• Estimate magnetic Reynolds (Lundquist) number for the Sun. Solar mass
is M� = 2 × 1033 g, Solar radius is R� = 7 × 1010 cm, magnetic field
B = 1 G.

Magnetic diffusivity κ

∂tB = ∇× v ×B + κ∆B (2)

Resistivity η
E = ηj (3)

Conductivity σ

σ =
1

η
(4)

Magnetic diffusivity κ

κ =
c2

4πσ
=
cη

4π
(5)

Magnetic Reynolds = Lundquist number

Lu =
VAL

κ
(6)

η =
meνcoll
e2n

=
e2
√
me ln Λ

T 3/2

1



T =
GMmp

R

VA =
B√
4πρ

ρ = M/((4π/3)R3) (7)

Lu ≈ (Gmp)
3/2M�R�

e2c2
√
me

≈ 1010 (8)

• A plasma with the conductivity η is embedded in the magnetic field of
the kind B = B0 tanh(x/L)ŷ at t = 0. Find the magnetic field evolution
if there is no plasma flows, v ≡ 0.

∂tB = κ∂2xB

B(x, t) =

∫
dx0G(x− x0, t)B(x0)

G(x− x0, t) =
1√

4πκt
e−(x−x0)

2/(4κt) (9)
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Figure 1: Evolution of the magnetic field .
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