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Plasma Parameter Space
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Super quick math review: fields

e Scalar fields: Every pointin spaceis *Vector fields: Every pointin space is
associated with a given value. associated with a given vector.

For example: Temperature For example: Wind velocity

Current Temperature (F)  Asof 11:00 PM Eastern Time 15-Jun-2020
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Super quick math review: Vector calculus

ATt
l \ i ! ‘/
ey VH
Divergence
& = 0 g Gradient o SIS
— SRS raaien 5 (AL S

’ R \“’ 77

. ST ) S LTI
> AN 54 N5

B — K ,!"f

@ L Vv et f Laplacian

R V- (VH)=V?*H >0



Gospel according to Maxwell
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Electric potential and Poisson’s equation
E=-Vd
V-E=2.

Potential energy of a charge in an
electric potential = q®



How much plasma is there?

* Thermal plasma — Saha Equation
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How much plasma is there?

* Thermal plasma — Saha Equation

lonization energy of the it" state
3/2
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How much plasma is there?

* Thermal plasma — Saha Equation
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Partition functions — representing degeneracy of the electron states
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How much plasma is there?

* Thermal plasma — Saha Equation
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How much plasma is there?

* Thermal plasma — Saha Equation

lonization Fraction for the Sun
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How much plasma is there?

* Plasma makes up what percent of the matter in the universe?
A) 99.99%

B) 75%

C) 13.6%

D) <0.01%



ng Cs T ADs
Plasma Basics

* Plasma is characterized by
* ns — Plasma density of species s
* ¢, — Thermal speed
* Ts — Temperature
* Aps — Debye length
* w,s — Plasma frequency

* w,s — Cyclotron frequency
* v;; — Collision frequency between species



ng Cs T ADs
Plasma Basics

* Thermalized plasma

* Maxwellian velocity distribution

— _S 2KkTg
fs(w) =ns (2nkTS ©

N(v_)/N, ,

c V2 =i + v + V7
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TLS CS TS ADS a)pS
Plasma Basics

* Number density

n, = f_o:ofs(v)d%

d*v = v%sin6 dvdfde
or
d’v = dv,dv,dv,

This is the normalization condition for the velocity distribution



ng Cs T ADs Wys
Plasma Basics

* Equilibrium: charge neutrality




Ng Cs T
Plasma Basics

Average speed?

C, = Thermal speed

T,

ms

Cs =

N



Ng Cs T Vij
Plasma Basics

—T=200K

—400K
600 K

—800 K

* Thermalized plasma ——1000 K

* Maxwell-Boltzmann probability distribution
of speeds
(integrate over all directions for a fixed speed)

Area under the curve =1
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Ng Cs
Non-thermal plasma
Lorentzian (Kappa) distribution
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2K—23
K

x =100
For the same plasma temperature:
* Distribution peaks at lower energy than

z | Maxwellian distribution
* High energy tail

N. Rubab and G. Murtaza, “Dust-charge fluctuations with non-Maxwellian
distribution functions”, Phys. Scr. 73(2) 178-183, 2006.
20




N Cs I Aps Wps
Plasma Basics

Average kinetic energy

1 2
<—2msv > = kT,

Ts = Temperature of the plasma



An aside on temperatures

lev = 10,000K (11,600, but whatever)

22



Aps

Plasma Basics

Debye Length - ’+ .
* Poisson’s Equation L oee 7
V2 = L o
€o
V2 = —ZeS5(x) —— (1) — 1)
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Aps
Plasma Basics

Use e¢p K kT to linearize equation

* Debye length
V2D ~ —Zeb(x)
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ng Cs T Aps Wy
Plasma Basics

* Plasma frequency




Ng Cs T Wy
Plasma Basics

* Plasma frequency

e Use Gauss’ Law to find E

* Apply Newton’s 2"¢ Law to
find equation of motion




ng Cs T Aps Wy
Plasma Basics

* Plasma frequency fE) CdA = Qune/€q ma = F
Elz =en,(Ax 1 2) /e, d*Ax .
me 12 = —€
E=en,Ax/¢,
3 nee?
X = — X
Me€o
Compare with Hooke’s Law x = —w?x
2
5 nee
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Ng Cs
Plasma Basics

* Plasma frequency

If both the electrons and the ions move in the slab model, then

_ |2 2
Wp —\/a)pe T Wy = Wpe



Ng Cs T Wcs
Plasma Basics

F =ma
* Cyclotron frequency > D) — 2
q(VXB) = —mv?/r
) o ) 5B quB = mv? /r
1% (,()CS — —
X X X tq mg v =qBr/m
X XB X B v B qB
X X X W=7 =7



Ng Cs
Plasma Basics

e Collision frequency




Ng Cs
Plasma Basics

e Collision frequency




Other considerations

Number of electrons in a Debye cube

_ 3
ND - neADe

Macroscopic averages are meaningful:

* if Np > 1 - treat plasma as a fluid

Debye shielding: assume:—f K1
e

Assumption only valid if Ny > 1
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Figure 2.5. The temperature and density of various plasmas
(Gurnett and Bhattacharjee, Introduction to Plasma Physics).



One cool application:

* Bouncing radio waves from the ionosphere
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10 kHz bandwidth from 200 kHz bandwidth from
540-1600 kHz for 88.1-108.1 MHz for
106 possible bands 100 possible bands

One cool application: - I N

* Bouncing radio waves from the ionosphere ONAM \ \FM
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