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1 em waves in magnetized plasmas

1.1 Ordinary waves: k⊥B0 and δE‖δB0

The geometry of an ordinary wave is such that

δB = [0,0,Bz]

δE = [0,0,Ez]

k = [kx,0,0].

Using Maxwell’s equations similarly as in the unmagnetized case we get(
ω2− k2c2

)
Ez =−

iω
ε0
δ jz =+

iωn0

ε0
eδvz.

The fluid’s momentum equation gives us

vz =−
ie
ωme

Ez,

which results in the same dispersion relation as for the unmagnetized case

ω2 = ω2
p + k2c2.

This finding explains why such waves are called ordinary.
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1.2 Extraordinary waves: k⊥B0 and δE⊥δB0

Extraordinary waves turn out to be polarized. Therefore we must include

δB = [0,0,Bz]

δE = [Ex,Ey,0]

δv = [vx,vy,0]

k = [kx,0,0].

We start with the momentum equation

−iωmeδv =−e [δE+ δv×B0]

The x and y components are

δvx =−
ie

meω
(Ex + δvyB0) (1)

δvy =−
ie

meω
(Ey− δvxB0) (2)

We insert Eq.(2) into (1)

δvx =−
ie

meω

(
Ex−

ie
meω

(Ey− δvxB0)B0

)
and eventually find that

δvx

(
1− Ω

2
e

ω2

)
=− ie

meω
δEx−

eΩe

meω2 δEy,

where Ωe = ωce = eB0/me is the cyclotron frequency of the electrons. By the same
method we also obtain the corresponding expression for δvy:

δvx

(
1− Ω

2
e

ω2

)
=

e
meω

(
−iδEx−

Ωe

ω
δEy

)
(3)

δvy

(
1− Ω

2
e

ω2

)
=

e
meω

(
−iδEy +

Ωe

ω
δEx

)
(4)
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