
























The MHD description of plasma considers the motionof
charged particles i e electronsand ions as a single

fluid In this particular lecture we aregoing to
break that assumption and take separate equations

for individual species for describing the dynamics

Assumptions

D Fully ionized plasmas
2 High conductivity electron moves freely

3 Two component plasma i.e electron and ion
NOTE In multicomponent plasmas apartfromelectronthere can

be multiple ion speciesand even ions withdifferent
electriccharges

Now we can write the continuity andmomentum eque

for different species

CONTINUITYEON

81Me F neut 0 Oa difference Here we are
usingnumberdensity
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Multi-component plasmas

Plasma as a mixture of charged gases
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P momentum transfer from electrons to ions

through collisions

We assume that the momentum exchange can be
written as

p Juan lui ie
070 proportionalitycont

ARGUMENT

P should be a vector inthedirectionofthe relative
velocity ai ite and it should vanish if
the velocities are equal

I should also vanish if oneofthe
densitiesbecome

Zero

summary if Ui Ue no collision

if Mie to no collision



From our early lectures we have the expressions
for collision frequencyas

Vei nGu

Now momentum transfer per collision m ut ite
and numberof collision persecondpervolume Vei Ne

So momentum transfer persecondpervolume momentum transfer
rate

P n Ve i ne m ti nil

Using and we can estimate the V as

In Veiny

We alsohave the expression for plasmaconductivity
as

E Ere
which implies
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EQN OF STATE
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Now we will make an attempt to combine this

multicomponent description of plane to getback
our original MHD description using few assumptions

LET'S INTRODUCEFEW KNOWN QUANTITIES

MASSDENSITY BULKMASS

f mene t Mini a mini Mi me

AVERAGE VELOCITY OF BULKMASS

UT Mene mini hemet hiMilli

I Memente t Nimitti
Mene Mini

CHARGE DENSITY CURRENTDENSITY

e ni ne 180 I e mini neut

Now we are going to use thequantities to transform
our two component description



D ADD IA and 113 multiply IAbyMe and IBbyMi
OPERATION LIA X Me IB Mi
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2 SUBSTRACT IA and 1B multiplythemby e

OPERATION CIAXC 1B xe

t TT J 0 CHARGECONTINUITYEON

Now combining momentumequs are a bit difficult becomeof
the non linear term convectiveterm The simplest approach
is to dropthe non linear terms assuming smallperturbation
to the static equilibrium similar todynamic solus
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If we look carefully the previousequi the pressure
is not exactlydifferent from our MHD description In

equ of state pressure is expressed in terms of
temperature and the temperature is in fact a
sum of Ti and Te

Pe t pi KTenet KTini I KCTetti n

4 SUBSTRACT 2A and 213 divingEgybefadbyMe
and

OPERATION IB Mi x e CA Me x e
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FEW ASSUMPTIONS

D pressure due to individual species is approximately similar

Pe ti
2 chargetomass ratio for ions is small

Em small i ni a f
I mene mini

PI Mini mi m

We can also express he I where etui ne



3 Me is small but flux met can be large
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using Ey small approximation
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Using 1310 in
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ignoring O melminie Ee Ie
Similarly using 120 in
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Now we can express My've as
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Yetmit Emet

using in
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Now using quasineutrality we canwrite

É 0 vanishes

Then ne r f hi small

So P at scales Xp Quasineutrality
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Finally we can write our MODIFIED OHM'S LAW

From equ using and rearranging we get

815 fettle them E 5 7 5 Getxo
1 HALLCURRENT
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THIS MODIFIED OHM'SLAW CANBE TURNED BACK INTO
OUR OLD KNOWN FORM IF WE MAKE A TRANSITION

TO SLOW AND LARGE SCALES

15 0 Tpe to

50 FIRST and SECONDTERM becomes Zero But we still
have the 5 15 term In order to understand this
term we need to revisit

E we

where W t characteristic frequency

and L characteristic length scale in
E M fluctuation



In MHD thegeneral consideration is the flowand
electromagnetic field interacts strongly In particular the
flow can be represented as

U n WL where U is characteristic

flowvelocity

Now the basic MHD assumption states that

toMo1851

15 51 EEL E cc

whichgives Txt Mo

Therefore I Mt Txt

Is
For largescale L t L then we can

ignore the Hall term

Finally we can get back

I CE TXT



We can also find the different componentof J w.it
the magnetic field

MegJ e fake t fi E EJ

From thegeneralized Ohm's law we can find the respective
orders of magnitude by dividing each term with

Einem and using In By

ITC D JE 1 E I m

Now each term in eau can analyzed as follows

ft I canbeneglected f cc f i.e lowfrequency
where U WL

HallTERM can beneglected E Ii II tigon

pressure canbeneglected 4 k Tf
IDEAL MHD G Le Eco high conductivity



ALL INEQUALITIES REQUIRE W O Clowfreq
L a largescales

so that
y const


