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1'714_:. L &8s anrit I'M')'erclfww\ﬂg of energy Leednaieion Xne

Paw‘-icle_s of @ gal takes place ma(ulJ )"3 CD\\ﬁ.Sibv\S} |
| of Which we may disting uish diffeventypes:® €lasyic |

Lcollision and @ fnleastic colisiow.

C1-3-1 Cross -Seckion,

,:One 6f the best Wey § of desw»’\ainb the pvobalai\\‘lr-a
‘of vavious dypes of coliston 15 to define aw effestive

| cyos$s-Sectin Sor Co\\‘\S\‘oV\,\g’j analogy with ‘7):\4»02.\4:«/(
| pavticles. Tihe probability of a particle walking

L& colision in wink distance of Ws patn is Simply the ||
f YE’C—'\PVocaJ) 6% ts (waSP) A Hence_,wsim"j Yhe approXimate
L eq.4), and Pu‘H/ng q.=7Td %, we have;-

P=ngq C19) |
 Heye ) ois +he effective. CvoSs -Seckion &f a.'aav-l-'dg
| Fov o\igion With another, Since we have Seen(md?)
:+o be the avea ‘Hﬁycﬂgk which the centrve of « c«:lli&;vjj
‘;j)oar}—rc,l& must be peass . Ll
(For colligion by au electron , the cross.Section

,zoF a gas Pav#ale S S eq (#)
| TV EWEL
Pa-ading

Eiz (zo)

DL
wWhen the J"jpe, of <colliston cownsidevd 1% between |

Lunlike particles, the cvoss-section of one Is determined
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bv ‘Hd.e. M\¥AP OF 'Hne. D'“«.e»f-—,/o 4V‘DI'J ﬂmiytﬂ%\*ép we wuuj}i
ol ealWisibond o f 'lr-jpe X be-}u_een Particles 5§ -"y’gesi
cmnd Z P J&‘Fi'nec{ the cyoss-Seckion %ZX a6 o {.7’_,&1

par}»‘clc et
' (z1)

o S

| Whevre (N2) 1§ +lhe conmcendvakion of 'l:ype.l and Ay twe
‘meun free patu sf {:ypc,i betuween collisions XK,

A cvoss -Section (ﬁ'{ol-) for any callvgion ;‘v/éspec4{ve,

of {:ype. Com be defined s move slpecia(fca/{jL‘i,’-) §or ioniZadion
(Gex) For exatation ov(g.,.)) For elastic collistons ave
(wsual . JF necessary excitation , 0r(d.) dain be Subdivided |
linto ﬁ“‘,ieu e Sor difevent levels of excitation,or
Yer Into Cross-sedhisns For particday angles of scalfeving
pParticuday amonnts 65 momentumt bransfer and So om,
r;In any Case y Since EVQVJ collision wmust full juto one

of the Chosen Cw}eao/ies We can write §5, a cevhuin

..-ky)ae. 6f paviicle C,ol\fclfng with anothe, }ypc'.

‘ &I‘Ia}-: %qﬂx e
lov,Sihce N s contfant,

Loz B, (2.2
,iﬁe vatio Px/jzmL av q"x/‘,mbx gives the proporiion s all

!Colh‘Sl‘onS which '4‘..,,& &F -LdeX)-Foy foni2ation ‘Pl/‘i’
L s the I?Ypbab//l?lg of YoniZedion i e collisiomn,

tot

'7fc M}'Wﬂl value of(a.) (s nst o constant Foy o Pa,}'icula;’ [l
,{'ype, collisiony 14 c’ePem’S very much on +he rdﬂvﬁ\/&




o

| Kinetic energy of twe padicles befove H«ej collide.

Y

i’

' The kinetic energy of velative wotion &f tuo pavticle§

& masses W, &LMJ mz , W‘M’ch s Hheiv CDM‘o\'nZ& kinetic |

wwg\j less that CDWes)Dov‘d!‘v\g +o the wmohiow of

cevive 6f wess ,can be Shown +obel |

thelv
, Ev =L _1«."1.1_v, ¢ 24)
My 4ma
" wheve V, I's the V&ld—l’l\lﬁ velocr“d. .1’4-' My ema
Er )—M V‘L " C28B)

.}'Faf n e!echon and a 5:«.‘) Pﬂr-“-\cle. Vy i's aPProXt\qudd

}he velau/; of the election, $tnce $he heavier Pav‘f"{U
L owve much  Slpwer) hcwcg the. [Bine dus eherg y sf yeladive

| mstion s w'r-/'_mﬁjfy thiall abi g 2lostve.y The bty

MMz Jm, 4 m) 1s known  as the yeduced mass of 4he

peiv.

iI‘b I's Possible o culesdade crass Seckions For cevtauin

éjl—l‘y/a es of collision by T o Guantumw machanics
sbut in gas dischavrge wovk experimentad duka ave

w/'a/eéy whey

! 1,229 Bk eColitpion,

IS one fn Which the enevqy é’(Cl\mnﬁeA 's tanslationa |
kinetic energy on\d.In gades und ey norniad |
 condibions and in wman gat dischavge S, the mu_)‘cn'i-ai.
of collistons ave eladric . The fact Fheed anly kinetic

‘,Enerﬁxj s MVolvecl IM)J’:LC Hrw)" the ad-awuc- onolecha.f".
| Shruchuve i mhdvmsed ; e |



‘pr- the SPkef:'cAp( Paw-"icl&g 5§ the kinedic ‘\'\Aebvj)
the vesudts of an elastic collision can be Prec/rcl'ed
From the laws of congevvatisn sf enevqy and wiomeaeatuwm,

Figend shows +he Colliding 5pheres.

X3
sl €58 velocity 6§

Tnvge."’ Far+?clc
*o\vgeﬂl for anyle e
cu‘j(l) Co“fc’in.g spheves.

If a sinJ-'onavJ parhicle of mars(mp) 1's Struck by
a particle of wmags(mp and kinetic enevqy(E) it can be
Shown t+hat the enevgy transferred to the Forvmer 1's
given bj

AE-F,, i Me co520 (25)

) (Mi4ma)?
The manimum fraction sf energy trancferwe d  's thevefoye:

AN B . (26
() £ m)2
‘ for a centrad colisionCo=o).

i AR particle of vadlas(y) #his projecled avea is,
dA=vde.zrvsme.cese
=riSimze de
= Agmiade (272)
Where (N 5 the total projfected avea ov actuall

cvoss -Seetion. The avérey & fraction of energy
transfevred a all collisions s thevefore.



ii
B Y4m ma gc‘og’g.anie do H
CM\+M1)1'
‘ L i e Zmymz Smux C 28>
1 il 2
1 - (”"H’W“O
CIFE M me
- 2m
£ o <l z39)

Hence electrons , Co”id;‘ng wi'th —even thwe lightesd of

| absm s, lose °“lj « very small  part of theiv kinetic ||
&m—&rﬂ:j on @ach colliston.

;Rom enewﬂ‘d +vam§'Fe./ we ave led 4o consider vnawi entawm

| Fransfer. Cons i der a.jm'w the cse  mikgm, b clearly

‘JdSnJ a very Snaall velocr/’g will /ag lMPa/-l'ed to w2, sc

the velakive veloaty will be :szieé»; Sl e

L ane ang le d,Sa;, to its bY‘jhwu\/ divection ; i V¢
+he am.?le, of scatter. For my,then, all values o5 ¢
are equa/fy probdé/&, and we have svmme—‘rm'c&/
ov ISobropic Séa-fféw'mﬂ M o mentum dransfer sz

| electrons int actual elASlec. collistans (5 vatey less
thon ftotal ; Hhad s, theve: is gcnevoa/l; forweavd scalter

as opposed to the Usotvepie scafteding ot bne

| 61“1‘:‘6-SPAEMG '}'h'eor[j_ Then +the ffective cross-Seckiou

| For mementuvn HFranster can be defined ag:

 Im=Te u—cosqb sttt o

' ]-3-3 Ine/‘drhc Collrsions:

1:Aﬂ inelastc. collisfon juvelves I‘he;'ifwl'erc\nauﬁa. of the.-
.;ih-”efna.(. %erﬁg sF exei'tation ov tonizadion Lov'y iin



a. wiole cchar gns, dissociction), and tue kinetc ev\ervaj |
jioF Fransladion . An electvon can €xcite ov joniZe aw
‘i:au"om provided that #e Kinetic ewergy Is suffycreat to ’;
1Pyow'c’& +he necessag enevg y diffevence, between electvon |
élgvgll Excidation and ionizadion can alio be produced la:j
i-}«he impact of pesitive. lons ovr neutval atoms. The cvoss. ||
%Séa‘h‘ﬁns fFor thrs pracess ave much omaller than Loy
electyon Impact except for high evergies jof ovder of sm |
2006V and above, when the velative. ve.locH-J beconre s |
.Cam,-ba\rqblci. with that of {—7,31'54—( electrons.
* IF a gas s Swfﬁicieu‘ﬂj ot s the vamdowm eneryy ef au
atom may oCCASl'omHJ be suffictent 4o fonize ancthey |
‘upen  collision TWis process: i< Ca-//ai Hiermaud, x‘oMi’:a#‘,ow

‘om‘J Is I'MPOV‘faw}' v high pVeSKure. ave: Q“Scka.rﬂe.
g In Chevai_ionizakion, Which occurs in -ﬂames, Hue

enevy y i's provided b; chamical exchange.
¢ For Cumulative fonizakion is possible , wheve seveval

successive collisions give suffrciend euergy , thvowgh
Varvious Stagqes sf exa‘}'a:(-iow)ﬂ'hall(j to joniZe an atowm.
|| Cwmw(éd'f\f& ioniZation can ocur at lu'ﬂh pressure and
| Fempevatuve. |
ab Aw‘m—ionizdiov‘;/'s @ process iv‘Volw‘n.g e a/cubld-exc/kd,,
ahom 5 that is, an atom in Which successive calligions
| have transfFevped Fwos Va,/enc; electrons +o higher.
levels g+ 15 possible For one electron to fall back  aund the |
othey #o be veleased, provided that the dotal exeltadion




‘ é“‘“ﬂl‘j Is ﬂV&_MJ'E( ’Htani-l'rln;ul‘ fov tonizadion,

‘fJfa.ce. ov _contact isniZedion, (s the process by which
.«4, ne udvald Pa/'hcla 1mpm5m9 ont a meldlic suvface.

\may 7;\16 WP aun electyon +o0 the Sw/fcccc.. amd leave ag

L ea PoS:#Ne_ fow,
| Badk Cl‘l“wje’ T;aws¥e/ the l.ev\v\\\ﬂ.l«\ Effec*'
B |\M’oc/1'-aw+ classg o4 ‘melastic collistons oF +he

second kind betlveen atoms$ sy tons is that where

poteatial enery I's transferved $rom one Yodne sther,
LA Hm{h‘ng cafe oF tuis ¢ Ckarge- transfere A ion and H
o newtvil dbsm collide and exchange pesitive chavge, |
| Fhe Ien Feakin «n  electvon from +he odom.

Excitedion Crergy can alse be @x:kanged beltweey
newtral atoms. In pavticidas, an excited cdom con
i/'an i Ze bg Viture of Jts excitadion euavgy,l'-r-}ke. | cckbelr
I's [o.vye/‘ than the reguived FoniZadion energy. Such
a process s made wmsre probuble if 4ne exdted odom |

lis tn & me‘}mﬂub/e.. state and has Paws a\"Onﬂe_V

f};‘fg},‘me, in Which fo quarja a collisions The process }
s thew Kunown as the PCMHM effecl. . bid cou be aut ,
;mpar/—am‘ ;cmzm; ajen.‘/’ For discharges ia waixbar e |

,jAcovs#amm; the vavegus , the atoms of Which wave

| metastable States 2f Wigh euergy.

HiuBeb Attachp ent and Emisston of Radiadion, .

The rocess fa Which an electvon , Coth;mJ with a_newl-m_(.
| pardicle., forms o nega.;hv‘e. fon is cadled aftuchmed . Tue |
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wmost Jamnmiltar example |'s oxygew; the halogen gases
al$o ave S‘}ro»glj eled'vanegcd'ive.

OF o similar natuve 4o attachmient I's yandosm yecsmidtion
somedimes called vecombinakion +o Als-Hw.ﬂ wsith 7k Svom
| s+her neutved izadion p rocess. [{eco mbinakion can sccuy
' when a pos/tive fon Collides with €N an electvon sy
iz ne,ga‘h've s s The. Pro bab.’h’-}g of eacl process is .
fnflunce d by the electrostahic Fovce of aMvaction,
 Electvon_lon Yo il A e g muaﬂ; much legs probable
' than Ton-ren, becanse of the yakd-‘vda Whigh electrow
velseity,
Tae pale of thodunbinddionahs obviowsly d:‘veol-lg_,oyopo&tona.f
Fo the concentrations sf bath positive fows and
vaega)«‘u fans, ov electrons. Wri%'ng these ag My and A-

| gives, _
dns _ %H- —a Ny M- ¢30)
d+ t

Wheve & 3 the vecombination coefficient

J
} For the commeon Case {n wWhich NyazNo=n, we have

) gn__yn* ¢31)
dt

=
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,_’-/- AbSGYp‘)'loﬂ aﬂd ’E’W\l$$»ov\ ag Bd.ia)nb"

‘  AV\ exci-}ed m}am maﬁ Jose /}'s ,-904“654"’1&.1 elﬂerfﬂ.‘] of excitation

Ja a collision of the second kKind with another pariicle, bwf
| theve Is alfo a Fralmbi//‘f‘g that the elechron will fall back ||

!

'.Sloanfnneou-sl mtsalower orbid _not necessar'ly divectly iuts

the lowesd. with the emission of a quantuwm of yagl:‘q.‘l'{ou,z:

\ The average Hime ehpsin; between €xcytation and such

Spontanesns Ewmission i the, cabsence of collisions is +Mc
| libetime T of that pavdicuduy excited State. Fov wrast
| states T is of the orvder of l5gs, bt for metastable

j.}«/w{'bé can be /535 oy mgrée, ;"Lerg I's e [u‘gh P rob«’b“ﬂd |

| l—ka)f o &xt”’EJ aﬁtom wi'll emit Span-}andows‘g \:&-‘Owe,

§ coth'din;. Metastable. atoms ave  much ymove \2\<e.\3 Yo

los & e"e"ﬂj in a collision,

| When the spantaneons frens/bion trom o level wm is

Pretlbmgna,n“; Yo alevel 1, 55 FHhad Fransitions From wa |

I—p ansther lowey level ave vaye, 14 Eus:lg velafed Ao

|| Ha@ Fransidion )’kal’-ab;hj of Hae mn drantition,

| Tnduced or stimudated Emission can also Fake place

ll fth Which the "’IM\ASI‘HOW occwuv S l//l‘H't a Probablllfj

ProPOV-/Iona/ 4o the cle'nS/}j ot ww“w('lou a/reau:(j extsh

iy the Viernity of the adom ok the appropriate 'r"equencd

fa yévers e Fvacess -fa Spon#cxuzows emrission 1'g P‘,‘o+ogxc’+qho)‘

In Which an atom abserbs « photon and 1s yaised +o M\I\\L‘o\nll
&wavan level .

Pho‘)lolomiq,[lon occuvs wWhey an abSovsz photon ag




[Z=1

sw¥ficient ?merﬂ-j Fo fonize an adom 1 the \aiter s |
i;‘n the 6yound¢¢' state and has {onization po*euha,(
iY—' the photen rvequdnctj £ must ve Such thak

| WF eV

The yvevesse process +o phstoisniZakisn s vadiative ve€combinadion

Where Fhe po-/-pn#aj enevgy and velakive kinetic Cnergy
of 4 vecsmbining electron-ion 6v jon_ion Paly arve ypeleaged
a quam‘um 6f vodiadios. Badiative atachment Produces
e Similar effecd. ‘
The Probab.’/:'/’; of gas ,aan‘ic leg ln.n‘m(j excited ov jonized
by the abforplion of vudintion s mast gasily degevibad
lh terms of an-absaplion Coeffrcient s $ov the gas,
defined b; t+he velationi-
| Tl
Radiation Can be emitted b? Free electons ag brebhmsstmhling

' ehc.ou.m'}evs with PoS/-}.\I& fons where +he electvon rémaius

X

free ﬁ'."&s up kinet'c e“"x; (a free-free dransitiond: This |
15 _ciin I'M/?_Or,/zcnf' e,nergy,loss -From ‘4.1"714[(7 )‘onize,,cl. PIa.SM
ﬂ" L\I;h 4‘EmPcvpa“4r¢_ A

; 1.5 Mobility

Rn electron , of charge & and mags M in an elechric
Yieldl E, experieaces e fovce E€ and am acceleradion |
E_C_!'_M, in the ngja,-\-ive. E.- cl.‘we.d‘oon.—rl:_& aveveq e kinetic
éney. is thew Constant ud So also is the average
divected velocﬁ'; s the value of Which (s then known ag



