4.13 Hydromagnetic Waves

4.13.1 Alfvén wave
ASSUMPTIONS

e Homogeneous infinite quasineutral plasma
e External field: Eg =0, By # 0 (By || k)

e Cold Plasma: T; =T, =0

e Moving ions: v;; # 0, n;; # 0
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LINEARIZED EQUATIONS

Let E; = E12 and k = kZ.
The momentum equation for electrons is
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The momentum equation for ions is
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The wave equation is

since
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DISPERSION RELATION
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where p,, is the mass density n,m;. Thus we obtain the dispersion relation
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NOTES

e Physical interpretation:
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1. Electrons and ions are drifting together in the y-direction (E x B drift), with

speed —FE/ By.
Thus both plasma fluids move together in the y-direction.

2. Magnetic field lines are distorted by the addition of B = Byy to the external

magetic field By = By2.
Since ik x E; = +iwBy,
k
By =+—E
w
The By propagates with speed 7 in the z-direction since k = kz.
The velocity of the field line in the y-direction is
Bl w . _El
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which is precisely the y-direction of fluid flow.
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3. The field lines and the particles oscillate together as if they were stuck together.

Figure 4.12: Relation among the oscillating quantities in an Alfvén wave and the (exag-

gerated) distortion of the lines of force.
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e From classical physics

T
o
where v is the velocity of propagation, 7" is the tension of the string, and p; is the

mass per unit length.
For Alfvén waves
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Each particle is constrained to circle a particular B-line. Thus the B-line has a
mass associated with it-the mass of the particle tied to it. Thus p; — p,.
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4.13.2 Magnetosonic Wave
ASSUMPTIONS

e Homogeneous infinite quasineutral plasma
e External field: Eg =0, By # 0 (By L k)

e Hot Plasma: T; #0 T, # 0

e Moving ions: v;; # 0, n; # 0

0w K Wy

FLUID EQUATIONS

5;1" LV (nvi) =0 (4.226)
@Vi
8871 LV (neve) =0 (4.228)
ov,
MeNe [ 5 + (ve - V)ve] = —ne.eE—en.ve x B—~.KT,Vn, (4.229)
J=eng(v, —v.) (4.230)
0B
E = —— 4.231
V x 5 (4.231)

VxB = ,U()J + oo (4232)

ot
83



LINEARIZED EQUATIONS

Let E; = E12 and k = ky.

The wave equation is

Since E; = E\z,

V(V-E)) - V°E; =

— —k(k-E1) + KBy = poenoiw(vis — ver) + C;)72]31

— (W = K*A)E, =

(W — K*A)E, =

0Jy

weng

weng

€0

so that we need only z-components of velocities.
From the ion continuity equation
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The ion momentum equation reads

Thus we obtain
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Finally,
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Taking the limit m, — 0 (k%03 /w? > 1),
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DISPERSION RELATION
The wave equation becomes
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NOTES

e The magnetosonic wave is an acoustic wave in which the compressions and rarefac-
tions are produced by E x B drift.

2 2 2
w2 (”5 i ”A> ~ 02 413 (4.253)
A

The phase velocity of the magnetosonic wave is almost always larger than v,: it is
called the fast hydromagnetic wave.

o . 2 . .
e In the limit By — 0, v4 — 0 so that ¥ — v2: ion acoustic wave.

e In the limit 7 — 0, v, — 0 so that % — v3: Alfvén wave
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Figure 4.13: Magnetic and velocity perturbations for the shear (torsional, incompressible)
Alfvén wave [left (a) and (b)]. Magnetic and velocity perturbations for the compressional
Alfvén wave (or fast magnetosonic wave in the low—/ limit) [middle (a) and (b)]. Velocity
and pressure perturbations for the sound wave (or slow magnetosonic wave in the low— /3
limit) [right (a) and (b)].
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