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Abstract: Sets of 1lower order and higher order Lkinetic and
macroscopic equations are developed for a plasma where collisions
are 1lmportant but electrons and lons are allowed to have different
temperatures when transports, due to gradlients and filelds, set in.
Solving the 1lower order kinetic equations and taking appropriate
velocity moments we show that usual classical transports emerge.
Hrom The hlgher order kinetic equations specilal notice is taken
of some new correction terms to the classical transports. These
corrections are linear in gradients and flelds, some of which are

Teund - dn a two-temperature state only.






Ly LacRecu@t Lo

In kinetie and tramnsport theories of collision—dominated,
fully-ionized plasmas expressions for electron- and ion transports
and transport coefficients have been derived using various methods
by Braginskii [1], for instance, for a two-temperature plasma and
by Robinson and Bernstein [2] for a one-temperature plasma. The
so-called classical transports of mass, momentum and energy which
dre linear in gradients and fields, and corresponding derived tran-
sport coefficients, -emerge from kinetic equatlions on a level of
approximation corresponding to that of Chapman and Anglkcog 2]
These theories may be extended to include corrections from the
next higher level of approximation COFESLDoMClNe we st @i
Burnett [4]. The effects on the transports due to derivatives
and products of gradients would then be taken into account.

However, especlally for a two-temperature plasma proper correc-
tions may be more subtle and revealed only after applying a refined
perturbation procedure on kinetic and macroscopic equations. In
this paper we apply the multiple time scale method to obtain such
corrections for a two-component plasma model where g , which mea-
sures the weakness of the gradients and fields as compared to a mean
free path, and a , the square root electron-to-ion mass ratio, are
treated as of the same order of magnitude. In a previous paper by
Naze Tjgtta and @ien [5],a study of the evolution from the "kinetic"
to the "hydrodynamic" regimes, Bogoliubov [6], of such a model was
made. The equations of that study were all within the frame of the
Chapman-Enskog approximation. Looking at the transport aspect of

the model in the present paper, and particularly at how corrections

to the classical transports may be done, we have to go to higher order
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In kinetic and transport theories of collision-dominated,
fully-ionized plasmas expressions for electron- and ion transports
and transport coefficients have been derived using various methods
by Braginskii [1], for instance, for a two-temperature plasma and
by Robinson and Bernstein [2] for a one-temperature plasma. The
so-called classical transports of mass, momentum and energy which
are linear in gradients and fields, and corresponding derived tran-
sport coefficients, emerge from kinetic equatlions on a level of

approximation corresponding to that of Chapman and Enskog [3].

=

hese theories may be extended to include corrections from the

next higher level of approximation COIFHSROOIAGILNE WO ey (@b

Burnett [4]. The effects on the transports due to derivatives

and products of gradients would then be taken into account.

However, especially for a two-temperature plasma proper correc-
tions may be more subtle and revealed only after applying a refined
perturbation procedure on kinetic and macroscopic equations. In
this paper we apply the multiple time scale method to obtain such
corrections for a two-component plasma model where g , which mea-
sures the weakness of the gradients and fields as compared to a mean
free path, and a , the square root electron-to-ion mass ravie, e
treated as of the same order of magnitude. In a previous paper by
Naze Tjgtta and @ien [5],a study of the evolution from the "kinetic"
to the "hydrodynamic" regimes, Bogoliubov [6], of such a model was
mede . s The esguations, of, that., study were all within the frame of Ehe
Chapman-Enskog approximation. Looking at the transport aspect of
the model in the present paper, and particularly at how corrections

to the classical transports may be done, we have to go to higher order
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kKinetic and macroscopic equations than dealt with in o 1. 8y Surns
out that of special interest in these equations and the derived
transports are not terms on the typical Burnett level of approxi-
mation, but new terms, some of which are found in the two-tempe-
Habwee etebe only, that formally belong to the Chapman-Enskog level
of approximation, since they ave linear in gradients and fields.
They represent new mechanisms in transport processes not found in
garlies cheories.

Because of the different burpose of the present work as com-
pared to [5] it is most convenient to make the presentation self-

consistent and therefore we briefly outline in section IT the under-

oy
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lying assumptions of the model and deal with the kinetic and
scoplc equations used in the study. Seelion B talcs up what we
shall call the lower order equations, i.e. we state QEECIOEIFEILES @il
the zeroth, first and second order equations that will put our re-
sults into a right perspective. These lower order equations comprise
the frame of equations used in classical transport theories and ex-
tend also into the Burnett approximation. The properties of these -
equations are also essential for setting up the 'bulk of higher (third)
order equations in section IV. The higher order kinetic equations
contaln parts that extend from the Chapman~Enskog tc beyond the
Burnett level of approximation. We extract terms that give rise

to new transports linear in gradients snd fields 18 cecticn V.

Il. Assumptions and Basic Eguations.

To begin with we briefly sketch the plasma model presented in
[ 5] and make some further notes relevant for the study we are taking

Up. in this paper,
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Particles have masses m, and My and charges el and €y
where subscript 1 refers to electrons and 2 to tenc. " Denebln: Gl
effective mean free path and collision frequency for electrons by
Aq- and 1/t and the scale for (all) lnhomogedities by L', the
plasma has a certain weakness of inhomogenities and fields charac-
terized=by
S

—E—z‘—K—T—r—z8<<1

where | B and P IeTIB/m1 denote the macroscopic electric field
digl e leetron cyclotron frequency due to the magnetic field B

k 1is Boltzmann's constant and T1 the electron temperature. These
assumptions may characterize a state not too far from equilibrium.

In accordance with this we also assume

L A TR
5 mcl = ¥ mye,

1:B. the electron and ion temperatures are of the same order of mag-

nitude. Then for the electron and ion mean speeds we have

55 (:—) = o << 1

Using the parameters & and ¢ introduced above we are able to

parametrize the kinetic equations for the plasma: Let
P 1= i

denote the peculiar velocities of electrons and iens, 1.e., the

velocities as seen from points moving with the mass velocity </

(see Eq. (5) below). We order velocities in the following manner:
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|94I = E1
IQQ| = QE1
lgol = ag1

o

The kinetic equations for distribution functions £, = fi(Ci,r,t) ’
(3], 1 = 1,2, assuming weak (two particle) collisions,then may

be parametrized as -fellows:

e af e e of ac ge. s df
1 : [t fetd.an lnatert it SO e
= eC, ST F ERe ST e i, E 3C, a\ T ey 3T ) 3¢,
e, af1 € of of, oc,
+QEEOXEE*EQ1XE'S—Q—1'-6QEQ1 T = (1)

v BN - n el (C .’_I_._)t)
it S i
é—:—-+ ealC -Ofg " EOLE ifg T B i I 512 o 590 N EeEE éggx.?fg it
ot = T ! or 1, = oG, ot BY Owelt Ll
S T il
N o N

m, =0~ = 9C, m, —2 oL, ) égg el e
2 e [ S AR d SRaeTG g
PSR T e 19 (Cp-Cy) g *C‘>f2(32’i’“)l2 €Lz,t) -

Mo =0 v —2 =2

i, f e s s il ;
iR (C,~aC ) (=% - 2 L r (¢.,r,t )0, (Cayr,t)

My 5_~L/ =1 = 1 2 &m1 5Q1 IR AT o s ) a<—¢ s
flere © 1= 2 Time variable on time scale - = ; Woe  eol il sl on

tensors g(lj)(gi - QJ) Tl IR S are given by






N - 0. dw.
(13) z L] i
P (Ql“QJ) ¥ e ox ([_}S' )JdT oOx' (I*’{' St sie (c ‘CJ)TI) =
glgl—gjl "(Qi—gj)<c 9_) N
= K, s 1, = 1’2 (3)
b lc,-¢.|°
A
: I 4 2 2 D
Kij = 2p@ eiej 1n KL
where @ij are Coulomb interaction potentials with suitable cut-

offs, Landau [7], giving the last equality in Eq.(3). Ap =

= kT1/4nc2n1e? and A = e?cg/k‘l‘1 are the Debye and Landau lengths.

Thi arametrization of Egs. (1) and (2) permits the evolution of

0
3

various plasma models to be discussed, depending on how & and

(o

o are related to one another when one solves Egqs. (1) an (2)
successlively. Treating e 23 g small expansion parameter while
a 1s taken as of order one we are close to models in [3], where
electrons and ions have equal temperatures. However, treating o
also as an expansion parameter will make a split wup of collisian
terms in a successive approximation procedure Ghat will allew for

a description of a two-temperature plasma. In fact, we shall treat

e and o as small and of the same order of meagnitude . L e,

=
=5
}J

1s colncides with the ordering of & and a wused in {5].- How-
ever, there the motivation for this was guite different than the
present one: In [5] 1t primarily had to do with the different orde-

ring of magnetic force terms in the kinetic e

(0je]
3 o)
Q2 o
L
S

study in [5] and this one are possible usin

Pelevanee ' of the corresponding model.
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As in [5] we need various macroscople or moment equations
too: Taking appropriate velocity moments of Egs. (1) and (2) we
get vequatilong fep theobobalydensibtyy . ne and Eorithe slectrenand

ion densities n, and N, (or corresponding mass densities p,

T eleptron- snd ion diffusiensy €, and. ©
P2 Pols — e

l..A

and for the electron and ion temperatures . T, and T,
i
= [ 1 2 \
= — = (e L . =
o KB, ~\/d§i 2m1uili(gi,;)b, PR -

The moment equations are parametrized according to the parametri-

Xl

9l

zabieon of

I
C

gs. (1) and (2). We also need the equation for the mass
o ) \ a

veloeilttvh @
o B ’““O

2
1 / 7 \
>y = — LR @ Ik IR G
S+ Jaeymies £y (eg,x,t) (5)
1=
iiote that T, here 18 a funetion of 'e."." A econseqgucrice of definin
T = =

Bz asEn Eq. (5) 1s the following condition

o i i =T (6)
anm,C, + nmC, = 0 (0]
which we have parametized too, [5].
In the veloclty moment eoguations the heat flux vectors o
1 = ;1
and d, and kinetic pressure tensors Pj and Pg show up
— An m "20 R ST e
ay _kjuzi ollbi_ili\il,*jb' pidg—=

-
il

I o :
Bipg paSmy Gl Ealls b s Gilys 42
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Together with §i stk =052 eChellevalugt lenlaf The guantities

q and 21 s BL V= §200 88 00he pringligal alntwiknisiie present ‘study.
This involves the kinetic and macroscopic equations mentioned above.
To ‘prepare “these Turther we 'shall use the mulbiplestime tdvale nas

thod. This method was also applied in [5]. In accordance with

Eqg. {3) we make expansions such as

at

.
I
}.-b
e
+
m
}—b
e
_+_
™
)
+
i._l
i
no

where the superscripts on the functions denote the order of approxi-
mation. The macroscopic quantities are expanded Aeeomdlineily..  Mlge

the time derivative is expanded

—a—"“‘a‘“—‘{‘E“é"“‘l"EE“’é—"f 5 G
o7 C ot v
3be (O 3t 3t
where to’ ti’ 32 ete. are time variables on longer and longer time
/ 2 / ;2
e el SR e SN el To/u ; Tp = TO/E =lm el i e re
Besides these expansions, which are directly connected to the mul-

tiple-time-scale method, we also expand the collision tensor

_(12)( pER e 7l SR o : o
o \Q_,i - alsy) of Egs. (1) and (2) in a Taylor series around Cq s
aepumine the series e distoibutional Ly conversent. Thais wiil con-

tribute in the splitting up of the collision terms of Bgs. (1) and

(2) necessary for a two-temperature description. All these expansions

are substituted into the kinetic- and moment equations which then split
i
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iens te zeroth- and first orders in the limits T = 3 and

o) . p it : ; .
.. = o (To i e = D and P and the second order ion kine-
,i 3 L) Y )

L

i
tic equation in the same time limits (for f2 )} as well as moment

equations to zeroth-, first- and second orders were obtained. Solving
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the equations for f: and f; and then taking appropriate velo-

city moments give (classical) transports corresponding to what one

D

equations fon f: and f; s sand cor-

responding equations in other theories (or expressions for the tran-

ghtains 1@ [ 11 and 2L 4 Thes

sports), can be solved only approximatively by expansions in cer-
tain polynomials. Reflnements in this respect have been steadlily
iniereasing. For our medel with & ~ & (1l.e. fairly stroug inho-

mogenities and electric fields) one soon reaches the point where

; ; ; i 1 - ;
refinements in the solutions of f and f1

1 o are smaller than the

by < . . (b 2 2 Hs
gorrecblons, due to hlgher'order @lsbributions f1 . f2 5 1? ete.
Thus to obtaln a better description we ought to obtain the equations

of tlhiese higher order distribution functiocns and subsequently derive
thic” breiisport deorrectilons. That new mechanisms in the transport
L

theory for a two-temperature plasma thereby are revealed too, make

the efforts even more worthwhile.

ITI. Eguations to Zeroth- Filrst- and Second Orders.

Consider first the relaxations of f

1

From the zercth order electron kinetic equation

@
oE" s o -
E v e i e {f‘?(cg}f?(cz}% + Diffo(cﬂ]
O(/O m,,' —'1 S _,,l 11’L (s e __! ‘L 1 R i
where FP11 and D, are collision operators given from
P \ =\ =
19 / i ! /3 o i :
FP.. = —5 T B i A i e s e
13 > 30 . M >4 S Ch % %
S J TiA \9C; ~ 5T,

115 Tolllews ©Thai
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0 © m1 /2 m1C$

BRas fo,is n,(i—-—~ EXp (— > agiilis_li—ie (7}
1 i '\ 2k 2K °

ihe. f? tends towards a local, isotropic Maxwellian on the T_

time seale. ' (The subscript "M" for guentities weans these guen-

cabie s unitine Sl iimit to = o , and later on in the limit t1 = &5
also). The ion kinetic eguation to zeroth order reduces to
arg
2L
== =
o]

(2 R ; ; L
so that f5 1s stationary on the «t_  time scale. However, the

o

diPet opder lon kineGie egquatieon in bthe limig to = & ERCeEs Te

O/
=5
(o1 (@)

e e - n.C2
0 o o 2
Lop™ Eoyis ng(\ &5 Y exp <- ~—~5‘> as t, - (8)
% orkT / 2k,
y : o} ; 0 A
We note that the relaxation of f; and f, towards the (local)

eguilibra takes place on different time scales as well as in gif-

ferent ways: While the electrong tend to an isofropic Maxwellian

(through D1) the*ions' go"toVal eorrespending ' eguiiibrivmicoliiding

only among themselves given that they have a zero mean drift rela-
A o & & o : " :

tiye ve e, el Thasigditicvenece/ i eolligionieperaborel inCeleatbrbn

and ion kinetlic equations will be observed over and over again in
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what follows. Thussthe Wirsgh ‘order electron kinetic equation can
be shown (cf. Appendix B of [5]) to have the property that f} on

the =t wiltE gealle Tehels toweies 2 Sellupion on

e ci
e JO8 o Wt @ 1 Yoo G o 1 Indspaedend . el
**11[i1z«1(—"—1'1ﬂ4<91) g *11\*1(9—1-”11«1(91’J‘ 2 D?[fﬂf;! m, L S
Q\
2 (0] (0] (-/}
gt oafid@ifinnasia) B tn Vi smmon, e 1 ie miahe i
~ T AM\ 5yp© ) O oL 1O =gl e p1) ~1
& 1 i i
while £he second order ion kilnetic equation in the limits to = @
Bad L =TS pedlices 00 the followlng sguation for f;M 5
I ©
2 ¢}
m,C L o
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Turning now to the third order ion kinetic equation in the limits
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qualitative contribution to f2
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Taking appropriate veloclty moments of these terms no contribu-
tions to ng 5 EEM ce P?M are obsepved. © Bhi S relphasl ca bl
easonable since the terms of Eq.(38) contain ne gradispts or
forces that we condider necessary for transports to be set up. An
exact treatment of Eq.(zj) would net ehange Lthis: The concerned
terms would still be of zeroth order of anisotropy and obvlously

ontribute nothing to Cim » 9qm angd Lhe ol fi-d asonal bevime pof
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e
the parameters a, and vy, s© that n% =0 and T? = 0 .

Thilssithe kineticlequations up Taland including the ‘second oPder

2
1M
T

o

in our perturbation procedure only give rise to classical tran-
sperts . 1Y we “meglect .the ‘Burnett corrections introduced by
Eq. (23). 1In particular the electron-ion temperature difference
has no effect on the transports to this order of approximation.

In the third order kinetiec equations, however, hecessary dri-

ving mechanisms for transports are present in connection wlth the
K ¢

factar T1 = ’I‘,2 PuAn Anteresting "thing sbout jthese trancports is
that they are linear 1n gradients and fields. We shall limit tThe
further discussion mainly to Eq. (2 tractiall source.terms

20 N b e st
givine weise Bo linear transports ywhi are neot found dn
earlier theories. Using f;M from Eq. {(35) in the source terms

of #g. (59) weiget anexact evaluabtlon .eof yall these ibo first order
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(choosing b22(1) and bgp(2) as above). OFf these terms we
1
2M

difference terms show up, and the two last terms on the right hand

single out the part of 9df

OV L
i 3f,,/dr where temperature

. : ; . . ; A2
side.  We gualitatively evaluate thelr coatribuficon ©o oy and
add to this the solution of the associated homogeneous equation

to Eq. (29). Thus we obtain
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Wasls esgoressilen feme fg“ conedsts of B main parts.  The source
terms from which the last seven terms stem are simply these seven
c e n 2, g 2 an I g

terms with the factors 1/v2(a) and 1/v2(2) replaced by

= 1/v2(1) and - 1/v2(2). In spite of HiEs clmplifieation the
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expression Eq. (39) contains the essential information concerning
the transports which we are golng to evaluate by taking appropri-
ate moments. This 1s so because the above mentioned source terms
can be shown to be orthogonal to 92 and Cg and then, comparing
with the method of [3]in connection with the "third" approximation
to derive transports directly from the kinetic equation, we find

we will end up with the same results to first order using either

method. Choosing the parameters as and W both equal to zero

in Eq. (39) give n5 = T2 = 0 . To fulfil the condition Eq. (30
e o g .
we must choose
Blusis i c/
=2 m2p2 =S|l

where E}M is obtained from f}M by taking the appropriate velo-

. A :
city moment. Thus Coy from Bg. (390 ie miven by
=2 i

m

C = - n
2

Al (G
2—2M

in accordance with Eq. (30).
With Qs s Vo and B, evaluated as above we turn to the

ion heat transports and pressure tensors that may be derived from

2 . . : . .
Eq.(39). To 9oy the first, second, third and sevent

o
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splbute, Wirile The “i¥fLh, thouzh of flrs: evicr of anisobropy, does

not.  An this order we get
4
2 S; 2
a 3
T
1=1
where
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where
BB B OB Blehslallal: Yipmmen T2
b il € <) g et o L<1\__u\§.~rf 2
NI L TR e e 2 BELG T e e
; 2 p
b22(1)<22 2\EED 3b22(1)<2 ) b b
(42)
4 o :
2 : Kk 4 ;s
Q2 b 5 51&)31{_ ?—2« 3 BTE J i -5— 8 (3 ) k s m1\% T2 aﬁ_{n T1 T?_
2 2 LT e 3 e
225 ngg(,])Kgg 1’12 a___ 5 @ 2 )b22<1) gd 2 \271"1{// 1’12 o T?,c
(43)
and
oT
B e 2 \
94 = Bo4 37 L
where
. o i
ot 4(12()K) e e __.(_3 3/2 T 5/2
24 2 b2 (,, )KQ mo\\Qﬂk e \I‘
cohide - -iEe i
incEgse(42)vand (43) (o¢2/8t2)c denotes the change of T, per
phiktt pdmecduel fodon=glestronscollisiens, Lied
\ 8« g L e 2 e
28 i i e ,
atg)c 3mk \ 2rk 1875572 (45)
&
a5, 1is the fon heat flux corresponding to the diffusion oby
above. ggQ and qgﬁ may be of more interest: Origlnating from
the same group of source terms they can be added and written more
compactly:
moL2 : g
et i1 i il oW 1 AR
,\ (SN === = e B ) =
=22 =00 2 b§2(1)i<g.2 n, i, 2 5'62 c |
e B S e (45)
s B k) K & L e Y
= = SR Sk, Sl B )
T oo T, i
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Thus & heat/transpert 1z set up in the directicn of thelpradicn:

of the product of Tg/g

and (aTg/at?N . Depetniding on Bhe ai-
tuation this temperature-difference-driven heat transport may
elther act to weaken or Strengthen the eldt8ical trPansport Eg. (36)
by a certain amount. We may express this mechanism as follows: "A
temperature-difference-driven heat transport is set up opposing
changes in the classical transport {Eq.(36)})." Thus, for instance
when (3T2/at2)c fs wnlformiand poslitivey "say, E;M from Eq. (36)
mal L e to.increase after a short time since the factor

TB/Q elsebrpon.bo jler energy” transfer.  The
. (46) is "induced" to oppose this change. Unlike

z 2 den L- 2 4
=2 & q23 , the heat transport Ay .LS non-vanishing also for a

heat transport E

,.Q

shows

: 2
one temperature plasma. For a one temperature plasma Aoy

‘the classical temperature dependency. However, s always O~
) 1 b : : b
rected opposite to Gopy giogl s £ conreeceilon we whis beezise o

the electrons. We note that comes from a part of the ion-

2
9og

leetron collision term on the right hand side of Eg Si2g) Ve
one-temperature plasma theory where the full ion-ion and lon-elec-
tron colllision terms appear on the 1eft hand side of eguatlons like
Eq. (29), the guantity corresponding to g,

il 1 o . e y
corresponds Lo g,y , the classlcal iSO RIS g

may be inherent in what

may be

xU no

looked upon as an extension of a classieal, one-temperature plasma-
effect Into the Uwo-Lernperature regime

ing to the kinetic pressure tensor we get contributions
from the fourth and eipgth terms of Eq.{39), while the contribution

£ ¥ W - et 1 " 7 | =] T R P ] 3 v
from the sixth term vanishes. g @hls @eeer wWe Jaslye
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Ve 5 O v ) M ‘_—...... nir\ T
21 2 Bbgg(g)’cgg \W2rkhe s Mebepds T?/
and
O (©)
AR S R B e (48)
~22 ol el e 3\3r =0 /) ~ /
where

s

we mete that whem T. = T, i.e. (aTg/atg)C<<O f
rce" the elassiegl pressupel’ORLLE ol oild by Eq.(B?);
hawever, when 7. <'7, we have'She'opposieBifeet i Wetmayien-
fam'also asVan" incuetion” bpposihgt chgnpest in

the corvesponding classical expression given by nq,(37) because

of electron-ion energy transfer. The pressure component P

Il
Y

the ofther hand, corresj

YO (O
O

L4

"o

: ; 2 4
lag o o4 above . cemes frow @ part of tie

ion-electron collision term on the right side of Eg. (29); it always

.

o 1~
raduces the classica

=

result given by Eqg. (37) and shows the classi-

2) ()
cal temperature dependency when T,l = T2 o Lilke A5y 3?2 may

be looked upon as an extension into the two-temperature regime oi

n effect that may be inherent in a one-temperature classlcal tran-

Concerning the solution of the third order electron kinetic

T TR W e Gy N o 0 S e 0 S

Lerms Olﬂ‘i/avﬁ 1 = 3*”{,/&2 s YqM dl‘lf‘-i/oi— 3 V1,xﬂ1<g+ _C_O>\.L,)
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shown that all source terms where the temperature difference

appears are of odd order of anistropy, and therefore, they may

g P 3
contribute to Q? and g , ot Lo

1 ety The temperature-

ey

c¢ifierenge driven healb trancports which ap

D
o
&

GO e Thlds o

i

part cerresponding to the temperature difference driven ion heat
transport studied in the foregoilng section. A closer examination
shows this to be true giving an electron heat transport of the same
Corm as Bey. (46). However, for the electrons various new tempera-
ture difference driven terms show up to thls order of approxima-

tion, both for diffusion and heat transport.

strengths of influence the temperature dif

where @Q shall represent electron and ion shbtituglons y Joeeim 2l
: ! ! o) :
veckors and kinetic pressure tensors, and 6 the classical ex-

Pression 1n each case. For elechron @lffusion the temperature

3
e, : ! . 2 ) "

difference appears for the flrst time in @ , and Prom the condi-
tion Eq.(6) to fourth order it follows that the conmsEseieiaciiiar=y Lo

I

gifrusion shows Wp in & for the first Lime.  Wote that 'a difn =

oy
o ~ > & . s S e Sl N = hi oy 1 As po
Sien Q) for lons is two orders of magnitude smaller than a diffu-
(59)
slon @  for electrons in this theory.  Turning to the eieotion
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appesar in Q . Here the electron g 2nd the len ”Q1”
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ez EnesameNeordemNo e ol C pressure
tengores temperature difrference terms for the clechrons ciarie

from the fourth order kinetic equation and therefore appear for

(B
the Tirst time in Q@ , while for Lthe ions they show up already
: 1 2 ) 2 !
in @ . Here the electron "Q“" is one order of magnitude
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