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Waves in Unmagnetized Plasma |

To study the wave in unmagnetized plasma, we set B=H=0. As a result, the
Maxwell’s equations for the unmagnetized plasma can be given as: |

E=P
VE=g, (1)
V.-B=0 (2)
VXE:() _______ (3)

oD
J+—at— =0 s (4)

From equation (3), we can write
E=-V¢ = — (5)

The electric field E serves as a perturbation in plasma to induce waves.

Then from equation (1), we get:

Vi=-£ (6)

€

Note that due to the perturbing electric field, there will be a perturbation in the

number density of charges at a given instant of time in the plasma. Lets assume that,
number density of positive ions and electrons are no

in an equilibrium state, the
tion perturbing

because of the quasi-neutrality condition. And after the introduc

electric field in the plasma, the number density of ions (n;) and number density of

electrons (n.) are:

n=nop+ i

Ne = Mo + Nge ———— (8)
brium densities of ions and electrons

Here ny and n,. represent the change in equili
der the perturbation to be small such

(ny) due to the perturbation. Further, we consi
that [ny| <<ng; [ne| << No.

As a result, the charge density
p =D qi + e Qe
:(no+n“)e-(no+nle)e= (ny - Nie) € o



Now equation (6) can be written as:

2 (nlo—n ,.)(.’ """""" (9)

N i all that the
. : ' urbation is SO SM
For a time being, here we make an assumption that pert ons gt affected. As a

L , i electr
heavier ions don’t respond to the perturbation and only oscillation in electron

result, Ny is approximately zero. So, under this assumpUOU:k cund to the wave.
density leads to wave, while ions serve as a constant backgr

Because the assumption, the equation (9) modifies as:

n,,e

qu):_ga— --------- (10)

Now to study such a wave, we only need to consider the equation of motion oi
electron fluid, while ion fluid can be considered in a stationary state. The equation o

motion of electron fluid is then

nfmf(%';:—e".ue'vue):—-vpe_neeE --------- (11)

where the magnetic field B =0 in the Lorentz force term for the unmagnetized
plasma. For simplicity, if we consider the plasma to be in isothermal state then,

pe = ne Te """"" (12)

where we set the Boltzmann constant kg =1. Then equation (11) becomes:

0
neme(——al;e+ue-V u,)=—V(n,T,)—neE
du, 1
me(W+ue-Vue)=—n—V(neTe)—eE --------- (13)

The mass continuity equation for electron fluid is

0
Ze+v.(neu6):0 __________ (14)

0

Note that, due to an introduction of perturbing electric field E, there will be a change
in the electron fluid velocity u. according to equation (13). Then from equation (14)
the changed velocity modifies the number density of electron n.. This change ir;
density modifies the electric field via equation (10) which once again modifies u, and

O
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