
 

MHD MAGNATO HYDRODYNAMICS

Relatively simple but usefulmodel for thedynamicsof fully
ionized plasmas considering theplasma as a medium which
follows the basics lawsofcontinuum eauofcontinuity momentumequ
in addition to strong electromagneticforce

Example Earth's upperionosphere magnetosphere solarplasma

Assumptions

single fluid description
conducting fluid magnetizedcontinuum Np 1

implies large conductivity 62 Np Wp

valid when plasma is collision dominated

implies distribution functions are locallyMaxwellian
collision dominatedchargedspecies

time scale T large in MHD toallow collision

much larger thanthetime lighttakes to
travel throughthe medium

implies Displacement current in
Maxwell's equs canbe neglected

length scale is much larger than
the mean free path between collisions

L is also larger than Xp
fluid is quasineutral i.e Mi ne n
whichgives singlefluiddescription



lengthscale LD Rollarmorradius
neglect

electron diamagnetism and Halleffects

inthe electronmomentumequi

and electron inertia canbe incorporated in

the ion momentum equ
which allows

single fluid description

charged species have the same temperature

combining with quasineutrality

pressurewill be same

energy equilibrium time is short compared
to characteristic time scale T



IDEAL MHD

High conductivity

1 CONTINUITY EAN NO SOURCE ORSIND
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2 MOMENTUM EON FORCE EGN

IFEIT IT.TT I
IPIFxIIIgII

TATERSTOKES
Piedire Yagnetic

gravitational

force forces
solarplasma

space timevarying
currenfare

important for
the dynamics of theplasma because of veryhigh
conductivity

IMPORTANTTHINGTONOTICE

NO CONTRIBUTION from the electricfield due to charge
separation

É gÉ t TXB singleparticle

forfluid
Forcedensity f ÉÉ FxB 7 quite important

chargedeminh This appearsdueto
charge separation

Dueto highconductivity
and large timescale it becomes
negligible as it becomes quasineutral



Now we need to dose these set ofequations and
find the expression for p J B and their space
time variations

WHY POISSON'S EGN DOESN'THELP MUCH HERE

Assuming quasineutrality Mi ne
poison's equ 179 E ni ne

0
At largescales

3 FARADAY'S LAW

FX É g
Rotationofelectricfield
equals to rateofchange
ofmagneticfield

4 AMPERE'S LAW

BXB NOT IGgÉÉDisplacement current
weneglect it inMHD

BUT HOW

Let's assume

the characteristic lengthscale in MHD f wigletofplane

and a time scale a a T gigot
harmonic

Similarly characteristic amplitude fluctuations inelectricfield É
magneticfield Br



Now using the characteristicquantities back in Ampere's
law weget

É w I
LET'S FIND THEDETAILS
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paratemicula

Assuming the planar wave solution of the form
f Jay éi

we Er
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using Faraday's law

i KEI IWB

7E fE characteristic

velocity J

t T raceIEEE
slowphinomena

negligible zero displacement
current

So the final form

FXÉMoJP

CHALLENGE COMBINE T

J É Billy



5 OHM's LAW
Externalcurrent

Neglecting thecurrent

J 8 É Txt duetomoving
Wconvective current netchargef MOVING FRAMEOF REFERENCE

Only comes from ABSOLUTE FRAMEOFREFERENCE

Due to the assumption of ideal conductor
I s

In ideal MHD as L É Tx mistime

iced bythe plasma
moving across themagnetic

field line
Hence within idealMHD electricfieldscame no particle acceleration

along magnetic field lines

Since all the fluctuations inthe E fields are in 1B direction

thevelocity of a local fluidelement canbe expressed as

A ÉYI É In the rest

frameofplasma



6 EON OF STATE Incompressible F I O

p f ft
RECALLING Momentum Epn

get ii tu It L
OPERATING TT
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H't I.co.ug.ge
For compressible

t.HRTCu.tuDP

jy67p74tnrmT

The equationof States for MHD defines the pressure
independent of the history of the system
for incompressible fluids I

no ft



FOSIDEALMHI FLUIDMECHANICS PREMAXWELL ELECTROMAGNETISM

8113 TIX TXT FARADAY'S LAW
CONSERVATION OF MAGNETICFLUX

CONTINUITYEON incompressible

815 I if O
CONSERVATION OF MASS

F I 0

SIT T.TT Dp f 7 5 5

AMPERE'SLAW
CONSERVATION OFMOMENTUM

For compressible D f f and need to modify
continuity equ

INTERESTING PHENOMENA IN MHD

unstable motions

waves
soundwaves Vibration of thefluids
Alten waves a a a magnetic

field in presenceof
thefluid

magnetosonic waves

coupling between fluidand
the magnetic fields


