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‘Homeworks typically due Thuxsdays.
~—7homework aissigned eNery Week
> Must do exery homework (N exams!)

- —0pen-o delaying an assignment i material
ot sutficiently covered

*\eep Arockof how much ¥irve each hormework Aokes

_ Tnfvoduction ~The plosma store—loasic parameters
- A& plasma is a collection of charoed particles that interact
~ dominanty through the Coulomb and magnetic forces

How are p\asmas produced'?

— A plosma is produced when a neutral gos is Veated until infer-
~_oyorie eollisions become sufficiently violent fhat they detach
electrons from collidingatoms
— Plasmas yesulting from the ionizotion of neutral gases consiat
_of yyrinds of positive and negative chovge carriers whose
__Yelarve numbers are in the inverse proportion fo fhe moagnitude.
of their individual charges | —
T tnis case, e 0ppositely-chorged & Jids +end fo neutralize

one onetiner on moeroseepic lengtin scales and are rermed
‘Quasi — neutral”

_ Examples of plasmas:
_ ~>Tn space!
*Tn earlier epochs of e Urinerse, all (loonjonic) maker wos in thie

plasma stute. Tn e present epoch, most (baryonic) motver
Yemains in this stote

* e, Solar System is peryneoted With plasma § in-tine form of e



solar wind
“ the Earth is completely suvyounded by plasma frapped

, Within s magnenc field
—interstelar gos —i0p0sphere
—stellar & solar covonas  — planetary magnetos pheres
. —magnerospheres of compoact dbjects (eq., BH, NS)

-~ 0n Earth! |
~ —Hlames (weakly ionized) = \ight Sources

— fusion experiments — laser-plasma

~ marerials processing veactions (creating chips)

— Chaged particle beams (ccelerators)

Characteristics of plasmas:
 Typically |ess dense than condensed matier
_-fypically hotter than yreom femperature (atoms must
e ionized)
= Typically o gas (althouon roralways); “ops-like
< passes mobile charpe carriers
L Tmplicoion : acks like & conductor; o mesol

In+the plasma formulary = use cas-esu

Density: Viei, om™ 4 0F particles per vubic om/

electrons numbveyr density
Or 10NS

,Dharga stot- Coulombps

1 Coulomb = 3x10? starCoulombs = 3»10” esu
Tc) Tisc)

&=43032+10"°sC
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_Force: F 0\ oS —
7 %lgf‘ " — Expressing the force indynescon

*E=F in Droke Ve aviseful simplification +o
I N 3 AL | Maxwell's eauations
~ Enevoy: exgs

—18:0m* _ gl
terg=133=10"7

~ Maswell's Equations Lih os):

=0 1B, - f
V 6 Cat , i *recon: ¢=2+0" s
= An == V3B negs

V-E=4m0 V*E-%T*f c%-,;

X\/O chavoe/, Jolume,

.—l

|« B maqnehc field [gouss]]
_I4esla [T = 10 gouss (&)
“E= electric field (ST Vos 4 )
| siohvolLev] = 299702463 volts [ND
U just © L&) divided Yoy 10°
| Stohvolt = | E8/esu=18%/5¢

| AH% aite.+iaing 010t Chooelng C%% esu is ot B \:&LBV\ e somevinite
i nto\\ows +ha+

F= %(E* c\“**&)

_ Electricp potentio): Q= Stoivolts |
| StotvolLsv) w4102 Volts (V]

Temperature: energy pex degme,oFFrwdom |
- { Bolzmann constont = 1.3300x10™" “Y/ekelyin
C U=tkeT
erge t"Ke\\nn (nom Dmkadoas not hike \O
ak.a. thermol eouilibrivm
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© eXPYeSs ’ramPemmre, in units of eneny

Kol — T L@roﬁl
=>W=z2T
* e Usually measure femperature in &\
| eN=1\0022*107M T | Lk e, will Use Ygoth
=], \0022.*\0“\2 S ems ™ e\ fov eneray
={10*10” °Kelvin

> N w107 Clelvin

Kinefic Temperatuye
Consider an idenlized plasma consisting of an equol numper
of electrons, With mass 7me find charge -¢, ond ions, With
Moss M. ond charge + &
{kineric Jremperoum\ra (Measure in eneroy UNits)
T5= 'ms<\& > for fne plasma species
| ens@m\o ¢ aNermge Y not necessaril yintherm. eq
—We canestimate Typical parricle speeds in terms of the
g0-called +hermal speed
= oigsuming $hat both 1ons ond eleckrons are charocterized by
+e. Some femperature, 7T, Whicn 1S by o means alwoys
e cose in Y\ozsmas

Vo=

— Tneidentolly, the ion Wermal speed 15 usually for Slower
Hhon the electyon thermal speed

i (—-——)’“\&o

Aand Tare gemmu\\\( functions of positicrt in a plasmo



APPROXIMATE MAGNITUDES
IN SOME TYPICAL PLASMAS

Plasma Type nem™ 3T eV Wpe sec™*| Ap em n/\D3 Ve; sec™ 1
Interstellar gas 1 1 | 6x10% |7x10% |4x10%|7x107°
Gaseous nebula, 167 1 | 2x10° 20 8 x 10%|6 x 1072
Solar Corona 109 102 | 2x 10° [2x107'|8 x 10° 60
Diffuse hot plasma | 10*2 | 10% | 6 x 10'° |7 x 1073 {4 x 10° 40
Solar atmosphere, 104 1 | 6x10" |7x107% 40 |2x10°

gas discharge
Warm plasma 104 10 | 6 x 10* |2 x 1078 x 10? 107
Hot plasma 10 | 10% | 6 x 10" |7 x 107%|4 x 10*| 4 x 10°
Thermonuclear 10%% | 10* | 2x 10%% [2x 1073|8 x 10%|5 x 10*
plasma
Theta pinch 10%% | 10% | 6 x 102 |7 x 107°|4 x 10%| 3 x 108
Dense hot plasma 1018 | 10% | 6 x 10'® |7 x107%|4 x 10%|2 x 10*°
Laser Plasma 1020 | 102 | 6x 10™ |[7x10°7| 40 |2 x 10%2
a o Y

= Tmportort for fype of p lasto <

\Want fo answer : How \mpor+an+ ave individual Coulomip %chs} ,,

_Internctions Vs, Mony- particle, interactions?

Le. (s ¥he particle iM’UOiC’ﬂH% rmore with adjocert m\@f\bors or
~boeyonad with a broad group?

Considero plasma of dene»’r\) 1, femperoture T

i \n’fexpavhc\c spacmg
v { On;aL p;zrhc\e, na &uk/m OF Side. %
. Yg' = | so Ys= '}’L 3 ,
> Coulonb energy associoted wWith adjacent parh Cles — want fo
Compae this With the e)nergq GSSocinted wWith rempexoure
UB.V\ /Ys -~

7
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TIypita) Hermon energy
Up» 3T

From these, we ot the Plasnia Pavomeres

Coulomb
ey —>)p _ ¢

s =

== ¢ plasmn parpmeteyr
Ty -\ wr e plasma parpmete

eif e nearby porticles ave weakly corvelated — corresponds
o thermal Metion (many-vody inferactions dominate)

e’m
XA

Charged particies move ballistically, sutfering only
| slignt deflections due to individual interactions
=i > nearby particles ore styonoly Covrelated —corresponds
Yo motion from Coulomb forces (singje parhele
| INferoehons dominate)
‘[1>2: oos/liguid phase fransition
-1>130: liguid/ crystol phase tansition

| T is often informative o plot ) s, In(ny:
| Ny ~Slope of 3

7 )
o In s closs, We Will MOosHy
n(T) Work \N4Hnis Y@giom
| " =e’2n'lg
for =) =
L s
(T FInin)

Fee Fig, 1.2, ok e end of Hus lecture, For+nis plofin reloion
o different plasmn systems

_ 2qn'/3
o

In(ny
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el — orvesponds to scremmg distonce ina plosma
i Rl S \oe\\ond Hhis \ength, the parficle is shielded R
2
A= 41r,'ne ™ ot Hnat-Hne Deoye mg‘r\fl s independent of
moss, and thevefore Qenernilly comparpile fov
| _different opecies”
~ Wontt fo vewrite the plasma parametey in ferme of Mo

’}f B I - 415%&’)3

" 4unet

Plu %) ng

V‘ = o
\ )

- Peaw e

G e ¥ of pavho\cs N cule 0F Side 7\o
e r\?\g the 4 0f parficles in s\me\dmg
‘FUY Mt MG»1
e for ['>>1: NG <=1

- Maxwell-Bolizmann Distribution (notahon introduction)
~ Tnnermal equitlievium (or in mMany auosi-Stanc processes), e
| pro\oabmﬂ of ﬁndmg a particle With enexgy E is proportional -
_fo wCe BT ,
— - constonk |
> Take Eto e given by kinexic e)nerm ond porentiol ©
| AL EE o
. /E =Yom@+ ey  fora pavho\c oF\Je\octh Fina
_enemy | vegion of potentinl W



Figure 11.2 Different ._.mguo_,o.c.‘_n (in eV)

plasma systems 16° . 10°
indicated on a plot S0 i::w _
of the number gl
density n of charged
particles against the 25
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