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Magnetised plasmas

Waves in plasmas: general categorisation Relations between different wave categories exist

-Key directions: K and B

* Recall Faraday’s law
-Key wave quantities: E; and B

kX E, =wB,
*0 types of waves:
Parallel k - B, = 1 » Longitudinal waves are electrostatic and vice
.Perpendicular k - By = 0 vera kxE, =0

.Longitudinal k - El =1

«Transverse k - K, = 0 |
« Transverse waves are electromagnetic

-Electrostatic B, = 0 kxE;#0

«Electromagnetic B; # 0
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Upper hybrid waves

Geometry and strategy to solve equations

Relevant equations

o E|lectrostatic electron plasma waves propagating
across external B

Ok‘B():O

0k‘E1=1

*Relevant equations

on,
+ V- (neve) =0
ot
ov,
m,n, = +rmn,v, - Vv, =—en K, —en,v,X B,
e(ny—n
v.g= 0"
€0

*Geometry
‘K, =FEe,
k = ke,
By = Be,

e Strategy:

«Combine Poisson+Continuity to get v (E;)

*Use force equation along y combined with
v(Ep) to get v(E))

.Substitute v (E;) and vy(El) in force equation

along y
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Upper hybrid waves - dispersion relation and properties

Dispersion relation Key properties

2 _ 2 2
W= w; + L,

Q2 = . Pure oscillations - v, = 0 just as in the cold,

unmagnetised plasma scenario

1.4 « When n, — 0 recover cyclotron motion
1.2 : : :
| Upper-hybrid | « When By — 0 recover longitudinal cold plasma

< 1.0 | oscillation
G 0.8 |
R |  Elliptical electron trajectories (major axis along x
3 [ : | 1
=09 Cold, unmagnetised plasma | NIPHE J = .é/ J

04 minor axis along y) where v, = 182, /wv,

0.2 |

00 2 s
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Electrostatic ion waves In magnetised plasmas

Geometry and assumptions Relevant equations

- Electrons
. Longitudinal waves (K||E;)
ov
e Low frequency waves me”oa—; = = YekpI, V1, — engkly — engv, X B,
» Use plasma approximation (quasi-neutrality) and on,
discard Poisson’s equation Py noV - v, =0
lons
R ml-nog = —y.k,1:;Vn, — engE; — enyv; X B,
on,
ot
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General dispersion relation

After a few algebraic calculations...

2.2
k-c;

w2

£

+ —
w

),

kr Q.

Q).

l

2
kz: w

- -1

] — —
Q7

—1

Dawson, pp. 146-150

Jorge Vieira | IST 2019



Limiting cases: propagation along B

After a few algebraic calculations...

lon acoustic waves

Assume K|le,, o # £, and w # £ L,

) = kZCS

Dawson, pp. 146-150

lon cyclotron wave

Assume Klle,, @ # £ Q,and @ = £,

| kzc? o kQ
w2 Q kX w

<1

Equation admits solution @ = €2, by letting

0)2

_Q_iz

k.= 0Oand w — Q.

)
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Limiting cases: propagation perpendicular to B

Lower hybrid waves Physical picture

Assume Kk|le,, k, — 0 and ; < 2,

- Massive ions move along E

2 _ 1,2.2
w” = kicg + [QL, | . Light electrons perform E X B along y and
polarisation drift along K

When k, — 0 - Lower hybrid frequency is when electrons
02 = Q0 | = o polarisation drift is equal to ion velocity along E
=%el — “"LH to ensure quasi-neutrality.
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Limiting cases: propagation nearly perpendicular to B

After a few algebraic calculations...

Simplified dispersion relation Electrostatic ion cyclotron waves

~ 1/2
Assume k, > k,, w ~ €;and ; < £, When k,/k, < (m;/m,)
- 14 -1
k2 Q. k2 |w? K w>
ot e e "a)| 77 w” = keg +Q;
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