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Overarching Question

How to incorporate a tangled magnetic field into
astrophysical gas dynamics?
This impacts the structure & stability of

self gravitating clouds

disks

ICM

shocks

Traditional approaches based on turbulent pressure. I’ll in-

clude dissipation.
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The Plan of This Talk

Turbulence model of Ryutov & Remington

Dynamical equations with this turbulence model
Dissipation leads to an effective viscosity

Examples
Waves
Rayleigh-Taylor instability
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Turbulence Model

Irregular magnetic field B on scale ≤ l.

B relaxes to its minimum energy state (consistent with
constraints such as global helicity) on timescale τ .

Response to a flow δV:

∂δB

∂t
= ∇× (V × B) −

δB

τ
.

We’ll assume δV varies on a scale L ≫ l
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Turbulent Stress

The perturbation δB induces

δF = −∇ · δT

Perturbed stress tensor

4πδTij = δijB · δB − BiδBj − BjδBi

Find turbulent stress on large scale L by averaging over
l.
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Homogeneous, Isotropic Turbulence

〈BiBj〉 =
1

3
〈B2〉δij

(

∂

∂t
+

1

τ

)

〈δTij〉 = −
1

3

〈B2〉

4π

(

∂δVi

∂xj
+

∂δVj

∂xi

)
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Waves with HIT

When τ → ∞, there are 2 wave modes:

Shear waves: ω2 = k2v2
A/3

Compressive waves: ω2 = 2k2v2
A/3

Compare to a uniform field

Shear waves: ω2 = (k · vA)2

Compressive waves: ω2 = k2v2
A
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Viscosity from HIT

When τ → 0,

〈δTij〉 = −
τv2

A

3ρ

(

∂δVi

∂xj
+

∂δVj

∂xi

)

Coefficient of kinematic viscosity νT

νT ≡
1

3
v2
Aτ
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Magnitude of Viscosity

Compare magnetic & plasma viscosities:

νT

νp
∼

v2
Aτ

v2
i τi
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Rayleigh-Taylor Instability

Classic setup: sharp interface separating ρ2 from ρ1 below.
Ripple interface as ent+ikx. With no B or ν,

n2 = γ2
RT ≡ kg

ρ2 − ρ1

ρ2 + ρ1

Laminar magnetic field x̂B stabilizes perturbations with
k > g∆ρ/B2, By has no effect.

With viscosity, fastest growth rate is at k ∼ (g/ν)1/3
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Add Turbulence

Assume 2D turbulence is present, no B threading the
interface. Derive the dispersion relation

n2(nτ + 1) + nτ(γ2
A − γ2

RT ) − γ2
RT = 0

where γ2
A ≡ k2B2/(4π(ρ2 + ρ1)).

Without relaxation, modes with γ2
A − γ2

RT are stable (no
directional effect)

With relaxation, n1n2n3 = γ2
RT /τ : instability for ρ2 > ρ1.
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Summary

The RR model of turbulence invokes scale independent
relaxation on a timescale τ

Included this in a standard derivation of averaged
magnetic stress.

Without relaxation, isotropic turbulence supports shear
& compressive waves; 2D turbulence stabilizes RT
instability at small enough scales.

Relaxation introduces a viscous response with viscosity
νT = v2

Aτ/3 & destabilizes RT modes, similar to classical
viscosity.

If this is sound, there are many other applications.
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