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Plasma basics

Everyone knows about
matter: solids, |IC|UIdS , know abolt the plasma.

actual fact, there a e a POSSIDIY the most |mportant parameter Is
Plasmas are the! Sii =i the: Debye éht ThIS IS the length

_',e a few parameters that are
Of[;lm considering plasmas.
rnme defm ,aflmost everything we need to
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extra states, andialie ouem rmonuh POIRES QVEMWRICH gJeg £0); D,.; een out the electric
fourth state GIENMEWHERNVIIEINCENSEIIENS S ENTOMINE ] plasmal.

heated, bo OISR ENTIEEY IR ERSOREN IERTIEXTS ].* ifle deg n‘"e‘ acy parameter,
and it turnSHHORCRIGHTERHEIE) VIS il S a measure of how

liquid I1s HESIEE U EINIEIESEEENNOKEN] JENES L 'IELS'FJJ 1S, Every object has

and it e io. & et 1501ing)) ngJchrJ/, i associated de Broglie wavelength which
WL =l czis |5 rleziied, ire garics roleine) S| 2 measure: of the “fuzziness” of that BB ¢ioss-sections for different
NS < cirons arolrc ine nuclel are “oroiker)” DJECt. NA.° IS sImply fﬂ* number  of e ]

4 . - 4 ey oy . S o e atomic species.
clef if)e cjzis iLrns Into 2 glasnz (Jonisatiorn). AGIS the  thermal de Broglie
"EISir)21s cife (2ally Usit deisas consisilric) of /eVeEIengun: ol the eLgr ONS In a given
CHENUECRNIEIIIE EST g NI CERS OIS0} PIASINE e St orlrrlrrwc Wwe need to :

fie coupling' parameter, I', the SEYE! equation

Iriieresiigle) orogeries. Wesi i ine visigle (Ofbm“f 15 e
210

o ,HI" .
URIVETSESHINECT MIEC EXOINOI SIS [eio; o1 he JJNl lalenergy. due to the

comlomi intere m 1 to the kineticgnergy of One of the _mo_s.t Important equqtlons n
the olrume | » - plasma physics is the Saha equation. This

- . g equation tells us about the degree of
lonisation in a plasma under equilibrium
conditions. It was first derived in 1920 by
Indian astrophysicist Meghnad Sahal?]
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For hydrogen the Saha equation can be
reduced to

npne_ 2 e—)(i/kT
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It IS useful to rearrange this equation so
S0 20 DENsItyStemperature plane. The lines that the left hand side is a function of the

show! regimes, where the degeneracy lonisation degree which is defined as
pElEMELEINS Unity/ for plasmas consisting of n,

=g, L. A srlelgsnol gf  orgign-2leciro] X=

SIQBE S SRapshet  off prelon-election SIECHONS rlnrl gfejielg respectively. Also N+,

olelsrna e rwm[ed Lging serrl=cormirercil shownt ,)‘ nes  ofi constant coupling
fed or.

Sajiwelre, CPMD, aridirencdgie ciisige) VIVIE. O,.r,.” So the Saha equation becomes
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GRISELIGNAICIOS D—R“c jon R A
SElel/ 212 iwo cifferent views of il game e, orapn O*JOW“? ig. 3) shows ionisation Th:js equattlgn Car:no; vE Izlanal%/;l_cal!y
JERIgt. On ihe |eft, ihe waveiunciions of SRS fo'Qr Erial atomic Species 3” TUS o er . numerlcs y.d I'St'
the eleCliENEREIERSHOIIINNNIENENIERINE G apeniof energy. _'_I'hese - CC P 1= SV TAmMBEt GEnsities
JENEraed by a C++ program ofi the of nuclei (see fig. 4).

contours OINEIESSHERCIINENVECIEIRNIIE0)
and showsSUSRaIEESAVIIREENEI NG
of finding elECHGNSINIIENIIECENCRRIIEN Tl
depicts the pPESIHEHSNGINUIENIGRSNIINUIE
plasma.

Empincal ormulfﬁ or;‘!n electron-impact
BRiSation cross-sectiont; !
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o‘], Sma IS kept In a state of ionisation
on:',s nt collision| of high-energy free
W |th the atoms and ions In the
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| ‘q" - 2 Fig. 4. The degree of ionisation plotted
- ‘,‘ . References against the total number density of nuclel
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. lonisation Cross-Section, Zeitscrift Fur Physik, 206, 205-
. 211, 1967

[2] Saha, M. N., On a Physical Theory of Stellar Spectra,
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