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1. INTRODUCТION 

Plasmas, liquid and solid simple metals are examples for 
systems of charged particles which in general can Ье considered 
as consisting of а "lattice" of heavy ions and nearly free 
electrons (electron gas). The interaction between these elemen
tary particles is given Ьу Coulomb's law and will determine 
the kicroscopic (scattering and transport processe s) as well 
as the macroscopic properties as, e.g., electrical and thermal 
conductivity, thermopower or the specific heat capacity of the 
system. 

However, it is well known that in such dense systems as 
mentioned above the interaction between the charged particles 
deviates from the pure Coulomb potential (По: system volume, 
ec , e d : charge of species с ,d) 

V cd (q ) = ~~~-~-
1loq 2 

( 1 • 1 ) 

due to two reasons: 
i) The long-range character of the Coulomb ~otential leads 

to many-particle e f f ec ts as, e.g., dynamical screening of the 
charge carriers or to the formation of bound states (see for 
а review, e .g _'1. 2 ' f or plasmas and 13 1 for solids). 

ii) The scattering centres (ions) can no longer Ье consi
dered to Ье point charges, because the core electrons modify 
the pot ential in the vicinity of the ion. 

Dynami ca l screening is usuall y treated in Random Phase Ap
prox ima tion (RPA), which leads to а dynamically s creened poten
ti a l of the form 

V 5 v c d (q ' w ) = __ c q_ (q ) 
( (q , :) ' 

( 1 • 2) 

whe r e ' (q , w ) is the dielectric function. In solids, the RPA-
d . 1 . f . . . Ь h L . dh d · 14 1 
1 е ectr1 c unct1on 1s g1ven у t е 1n ar express1on . 

Appl y iпg the concept of RPA to plasmas too and considering the 
case о [ s tatical screening (rи = О) as well as the limit q .... О 

(weak scatt e ring), the well-known Debye potential (see, 
e. g . '1,2 ' ) is obtained: 

.. VJii~liiiWI ВНcmytt 
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V ~d (q)= V cd (q) . 
1+к2fq2 ' 

2 2 
к = 411{3 ~ nьеь , 

ь 

( 1 • 3) 

where к=rо 1 is the inverse screening length (rD: Debye radius, 
f3 ~ 1/ (k 8Т ): inverse temperature, Ь =е , i species, е ь : charge, 
nь : density of species Ь ). 

On the other hand, the deviations from the Coulomb potential 
Vcd (q) ( 1 • 1) due to the ion s truc ture can Ье cons idered us ing 
the pseudo-potential method (РРМ), see, e.g.~· 5 ~ which has 
been successfully applied to calculate structure, transport or 
thermodynamic properties of solid and liquid simple metals. 

The first simple pseudo-potentials (РР) of Hellmann 16 1 of 
Ashcroft 171 were further improved Ьу а more complicated РР -
ansatz (Abarenkov-Heine 181 , Shaw 19 1 ) or numerically self-consis
tent calculations (Zunger and Cohen1101 ) which lead to а para
meter-free РР. 

These deviations from the pure Coulomb potential are known 
in plasma physics as nonideality effects and are important in 
that range of the phase diagram, where the nonideality parame
ter Г = Р / r D ( f =е 2/ (k 8T) : Landau length) is greater than 
unity. Measurements have, e.g., shown ' that in this region cal
culations within the Born approximation using the Debye poten
tial (1.3) yield а lower bound for the electrical conductivi
ty 111 ~ An increase of the conductivity and а better agreement 
with the experimental data is expected if, e.g., i) higher order 
scattering effects (higher than Ist Born approximations, t -mat
rix calculations) and ii) additional short range forces due to 
the ion structure are taken into account within the theoretic 
approach 111 ~ 

Especially, the last proЫem will Ье investigated in this 
paper considering the transport properties of nonideal alkali 
plasmas. The transport properties are mainly determined Ьу the 
microscopic scattering processes between the plasma constitu
ents. А characteristic quantity for the description of these 
processes is the transport cross section Qт~) which is defined 
in the next section. Furthermore, the РРМ is applied for the 
calculation of the transport cross sections and the influence 
of the ionic structure effects on the transport properties is 
discussed. Cne expects, that in dilute plasmas these effects 
are vanishing because the mean distances between the particles 
are large. The microscopic scattering process is in this case 
nearly independent from the choice of the short-range part of 
the РР and only described Ьу it' s long-range behaviour which 
is given Ьу the Debye-potential (1.3). However, this indepen
dence from the choice of the short-range interaction will Ье 
lost in the region of higher densities. Then, the mean gistances 
between the particles are smaller and one has to account for 
the special form of the inter.action potential in the vicinity 
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of the ions. The PPs are introduced in section 3. The results 
for the transport cross sections using these PPs are shown in 
section 4. 

2. TRANSPORT CROSS SECTIONS 

The transport cross section for electron-ion scattering 
QT(E) is related to the differential cross section dQ / dП in 
the following way /121: 

Q ~) = 211 I _QQ_ ·(l-cosO)sinOdO. 
т о dП (2. 1) 

The information on the scattering process is contained in 
dQ / dП , which can Ье expressed in terms of the scattering ampli
tude f(O) Ьу the equation 

dQ = 1 f(O)( 
dП (2.2) 

Applying the relation between the scattering phase shifts 
8е and the scattering amplitude f(O) 112.13 / 

00 2 . 8 
f(O) = - 1- ~ (2Р +l)(e 

1 р -l)Pp (cos 0), . 
2 ik f= о 

(2.3) 

where Py~osO) are the Legendre polynomials, one obtains for 
the transport cross section Qт~) (2.1) the following expres
sion ~ = k2) : 

Qт~)= .i!L l (У + 1)sin~8p -еу 1 ). 
Е f =O + 

(2.4) 

The calculation of the scattering phase shifts 8р can Ье 
performed numerically for the electron-ion-potentials under 
consideration. However, due to the long-range character of the 
interaction potentials which is treated in the Debye ~odel, the 
convergency of the scattering phase shifts 8е is poor so that 
а large number (Р:;; 80 /14,281) of the phase shifts is necessary 
for the determination of the transport cross sections. 

For elastic electron-ion scattering processes, equation 
(2.1) can Ье written as а function of the transfer-momentum q: 
which is defined Ьу sin(0 / 2) =' q/(2k) (ii = k-k ', lk l=l k' l,k,k ': 
momentum of the scattered electron in the initial/final state), 
Then, the scattering amplitude f (q) can Ье expressed in terms 
of the t -matrix Ьу the following equation1121: 

f(q) = - ~ 11 ;t(k , k-q .), t =V + VG0 t . (2.5) 
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In the weak scattering limit which is considered in this 
paper а perturbation expansion can Ье applied to the determi
nation of the scattering amplitude t'(q) . Solving the Lippmann
Schwinger-equation (2.5) ( G0 : Green function of free particles) 
in lowest order with respect to the electron-ion potential V 
(Ist Born approximation), the scattering amplitude is given 
Ьу the Fourier ·transform of this interaction potential, so that 
for the transport cross section Q,fE) the following result is 
obtained: 

2 2k 
Q (E)Born = ~ f l V . (q)l2q3dq . 
т Е 2 

0 
е1 (2.6) 

The Fourier transform V .(q) is defined via 
е\ 

3 -+ . -+-+ v . (q) = -L. r Ji..L..elq· r v й. (2. 7) 
el 4ne2 По el 

Equation (2.6) was applied to calculate transport cross sec
tions for elastic electron-ion-scattering in the Born approxi
mation using different PPs Vei(r) which are introduced in the 
next section. The calculations were performed for the alkali 
metals in the energy range 0.01 ~ Е ~ 4 (in ryd) and for diffe
rent plasma densities 0.001 ~ к а 0 ~ О. 1 ( 1 О 16 .S n е $. 10 20 ). Since 
the results, for the transport cross sections Q т(Е) depend weak
ly only on the species, explicit results are shown only for 
the case of Na . 

3. PSEUDO-POTENTIALS (РР) 

The special form of the short-range interaction between 
the electron and the ion can Ье chosen in different ways whi ch 
gives rise to the existence of а great number of more or less 
complicated PPs /5 /. Another problem is the determination of the 
fr ee pa ramete rs which are contained in tt1e PP-ansatz. They are 
of t e n fitted to reproduce macroscopic properties as, e. g ., the 
el ec trical conductivity. Another more general approach is to 
solve the Scl1rodinger cquation for the isolated two-parti c le 
s ys t eш and to f it the fr ee pa rame t e rs of tt1e е lectron- i on-PP 
so, that the energy spectruш of the r e lated two-pa rti c l e bound 
itat~ (аtош) i s reproduced. Thi s procedure wa s Sppli ed in this 
paper. 

The De bye potential (1.3) whi ch is а standard шod e l for 
the de scription of the interaction between charged parti c l e s 
in plasmas is considered at first. It takes into ac count only 
statical screening effects and no short-range modifications of 
the pure Coulomb potential. However, it is used to describe 
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the long-range behaviour of the following PPs and therefore 
necessary for comparison. 

1) Debye Potential 
2 

V D (r) = - ~ е -к r 
r 

VD(q}= - 477е 2 

--2-2. 
q . + к 

(3. 1) 

The Hellmann potential Л3 / was frequently used for the deter
mination of thermodynamical, optical and transport properties 
of alkali plasmas / 1, 15,16/ . This РР de scribes а hard-core beha
viour of the ion at small distances r ~ О and therefore cannot 
allow for penetration effects of t he electron into the ion. For 
large distances r the model of Debye screening was applied 
Ьу mtй tiplying· the unscreened РР Ьу the factor е хр( - к r ). 

2) Hellmann Potential 

Н е 2 -кr -Br V (r ) ~ - - е (1-А е ), 
r 

н 2 1 А ) V (q )=-417e (--- ----- · (3.2) 
q 2 + к 2 q 2 + (В+к ) 2 

The PPs of Ashcroft n ; and Heine-Abarenkov Л3 / replace the 
original l ; r - behaviour of the interaction potential at small 
distances r ~ О Ьу а constant value Vo for r less than а model 
radius Rм (notice, that VaA) = O and VbHA} ~ О). This reflects 
th e electronic properties of simple metals where the ions, be
sides the valence electron, consist of energetically deep lieing 
and filled electron shells. Furthermore, the screening of the 
PPs was treated Ьу replacing the Coulomb Ьу the Debye poten
tial for distances r greater than R м · 

3,4) Ashcroft, Heine-Abarenkov Potential 

r V (A ,HA) 
о А . НА. r) __ ~ 

V ( - 1 _~ е- к r 
l r 

r S. Rм 

r > Rм 

А , НА 4 (А , НА ) 
V (q) = - ~ v 0 [sin (q 'R. J lq - Rмcos (q R м)] 

q2 

2 - к Rм к ] - ..!E.L е 1 cos (q R м) + - sin (q R J . 
q2 + к 2 q 

(3.3) 

(3. 4) 
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0.5 Fi g . 1 . The elec t ron-
V 1,1 

1 

i 
1 

ion pseudo-potentia1s 
_е1_ 2 Vei (r) (in ryd ) as 
ryd а f unction of the dis-
Q1. ~ · ~ · 7· 5. Б. tance r (in units of 

1 Rlao the Bohr r adius ао ) 
7 f or Na at а densi ty 

-05 

1. 

- 1 

of к а о= О . 05 ( n е = 
= 2 · 10 19cm~3 ) : (1 ) De
bye · potential (3 . 1) , 
(2 ) He llmann potential 
(3 . 2) , (3) As1:cr oft 
potential (3 . 3) , (4) 
Heine -Abar enkov pot en
tia l (3. 5) . The Thomas 
Fermi potential (3 . 6) 

of Мауеv 120 1 i s identi cal wi th the Debye potential (1) and only 
f or r < а0 s t r onger attrac tive . The broken Zine denotes the 
Coulomb potentia l . 

The treatment of screening effects is also possiЬle in the 
q.-space. Then , one has to divide the Fourier transform of the 
unscreened PPs (3 . 2-4) Ьу the dielectric function f(q .,w). In 
the case of Debye screening f (q :)= 1 + к 2; q .2, only small devia
tions between these two different methods are expected 114 ' 

The PPs (1 - 4) are shown in fig . 1 as а f unction of the dis
tance r (in unit s of the Bohr radius а 0 ) for Na at а density 
of ка0 = 0.05 (ne = 2·1o 19cm- 3 ) , The behaviour a t 1arge dis
tances r > 5а0 is gi ven Ьу the Debye po tent ial (broken l ine: 
Coulomb ·potential) whereas for lower distances different mo
dels for the short-range interaction are significant. The·curve 
(5) indicates the Glauberman-Yuchnowski potential117 1 which is 
also often used to describe the interaction between charged 
pa r.ticles in plasmas 1181. This РР is of the Hellmann-type with 
А= 1. The parameter В is determined Ьу the condition 1191 

f3V 0
Y (r=0)=-2B =o -6 , (3. 5) 

where а temperature of Т = 5000 К was chosen which is typical 
of numerous experiments of alkali-plasmas 118 1. 

Ano t her possible treatment of the ion structure is given 
Ьу the Thomas-Fermi model which allows for penetration effects 
of the scattered electron into the ion. At small distances 
r ... О , the full charge Z of the ion core gives rise for а stron
ger attractive potential compared with that of the singly char
ged ion . А possible РР for this model wa s given Ьу Мауеv ~0 1 

who proposed also а РР of the Hellmann-type (3.2) with the fol-
6 

j , 

', 

lowing parameters: 

A = Zi-Z ' в = 1.8Z, 4/ 3 

z -zi (3. 6) 

( Zi= 1: charge of the ion, Z : charge of the ion core, ZNa = 1 1). 
Another, more complicated РР within the Tliomas-Fermi model was 
introduced Ьу Green, Sellin and Zachor 12 1( Chin 114 / has performed 
calculations of the transport cross section for Cs with this 
potential. 

The Table shows different parameter sets for the PPs (2-Ь) 
of Na. As discussed above, the choice of parameters for (2.4) 
reproduced the spectroscopic properties of the Na -atom (ground 
state energy Е 36 transition energy Е 3 6 - Зр). 

Tab le 

Parameters f or the PPs (2-6) of Na (in atomi c units) 

РР Parameter Reference 

(2) Hellmann А = 10.9 /22/ 
в = 2.4 

(3) Asl1croft у ( А, = О /7 1 о 
Rм = 1. 8147 

(4) Heint.!- v6нль о. ы 
/8а/ Abarenkov Rм = 3 . 403 

(5) Glauberman- А 
/19/ Yuchnowski В = 3k 8T , т= 5ОООК 

(6) T1юmas-Fermi А = -10 
/20/ 

в= 4.4035 

Tl1 e electron- i on transport cross sec tion (2.6) was calcu
lat ed for different PPs ( 1-6) . The f ollowing analytical re
sult s (in ryd 2 2п ~~) are obtained for the Debye-(3 . 1) and 
He llmann potential (3.2): 

E 2 QV(E) ~ lп(l - z) - -L_, Z = 4Е ! к 2 , 
т z .. 1 

2 н z 2· у ] Е Q (F, ) ~ ln (1 • z ) - ---- r А \ ln ( 1 + у ) - --
т Z r 1 У + 1 (3. 7) 

- _gb·-----1 (В н fiп (1 + у)- к 2 In (1 +Z )] , у = _J~- . 
(В · ~)2_к 2 (В + к)2 
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Notice, that the results for the Hellrnann-like PPs (5,6) 
are identical with equation (3.8), if the relevant pararneters 
are applied (see the taЬle). 

The transport cross sections for the Ashcroft and Heine
Abarenkov РР (3.3,4) were calculated nurnerically. 

4. RESULTS FOR ТНЕ TRANSPORT CROSS SECTIONS 

Figs.2 (А-С) show the electron-ion transport cross section 
Е 2Qт(Е) in 1st Born approxirnation as а function of the energy Е 
for different densities· ка 0 = lo-3, 10-2, I0 - 1. The qualita
tive behaviour of the curves doesn't vary with increasing den
sity. Due to the stronger screening of the electron-ion inter
action, the transport cross sections are lowered Ьу ~ f ac tor 
of 2 (for high energies Е > 1 ryd) to 10 (for lower energi e s 
Е "' 0.01 ryd) in the density range frorn ка 0 = 10-3 to к а 0 = 
= IQ-1 ( ne = lo16crn- 3 to ne = IQ20crn-3). 

For low energies Е < 0.1 ryd, the results of the Hellrnann 
potential (2) and of Mayev' s I20/ Thornas-Ferrni potential (ь) con
verge against the Debye-transport cross section (1). In this 
energy region the influence of the long-range interaction do
rninates \,rhich is given Ьу the Debye potential for all PPs 
(2-6). Short-range interactions becorne irnportant with increa
sing energies at а fixed density. Though the Hellrnann potential 
(2) has а strong repulsive character and the Thornas-Ferrni po
tential (б) an opposite attractive one for srnall distances 
(see fig.l), their transport cross sections show in the re
gion Е > 1 r~·d nearly the sarne behaviour and reach values 
which are rnuch greater than those of the Debye-transport cross 
section. Thus, the rnodel of hard-core repulsion (2) at srnall 
distances and the opposite Thorna s-Ferrni rnodel which allows for 
penetration effects into the ion yield the s arne results corn
pared with the Debye-rnodel in the hi gh-energy region. Characte
ristic deviations between these two rnodels are obtained in the 
interrnediate energy range О. 1 ryd < Е < 1 ryd where the Hell
rnann-transport cross sections are nearly constant whereas the 
Thornas-Ferrni-transport cross sections increase rnonotonously. 

The results for the Ashcroft (3) a nd Heine-Abarenkov-(4) 
transport cross sections Е 2 Qт(Е ) show а constant behaviour over 
the whole energy range. Furtherrnore, they are 2 .•. 4 times srnal
ler than the Debye-transport cross sections (dependent on ener
gy). These PPs are due to their special forrn of the short
range interaction weaker than the Debye potential (see fig. 1) 
and therefore, yield lower transport cross sections. It is 
interesting that the Ashcroft- (3) and Heine-Abarenkov-(4) 
transport cross sections differ only slightly in the region 
of higher energies Е > 1 ryd whereas for energies Е < 1 ryd 
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i n 1s t Bor>n appr>oximation (2 . 6) as а f unc tion of the 
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В - к а0 = О . О 1 ~ С - к а о = О . 1 . The notation is the 
same as in f ig . l . 
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10г---------------------~~-----, J'-z:a •. :; • TJzc е lectron
ion transport cross 
section Е 2-Qт(Е) in 
1st Bor n appr oxima
tion (2 . 6) as а func 
tion of the energy Е 
compared with the 
other approaches at 

NO 
а 

L= 
N 

N 5 
"О 
>-._ 

....... 
!:Ц ... 
а 

N 
w 

ХО 0 =0 .05 

а density of као = 
= 0. 05; (1 }- (6) see 
fig . l J (? } plasma 
model (4 . 1) 1181 

J 

(1 ~ ) phase shift 
-----------т.------l calculation for the ----------7--- -r-- Debye potential 123 ·28 1 

1 

• 

1 1 1 5 
' (6 ~ ) phase shift 

T=SOOOK 

OJ 0.2 0.5 1.0 2.О Z. .O calculation for 
E/ryd Mayevs Thomaf-Feгmi 

potentiaz ·-2° . 

identical results a r e obtained. Tha t means that the choice of 
v0 (V~A > ~ o. vdHA ) f. О) is of minor importance fo r the resulting 
transport c r oss sections. 

Figure 3 shows the transpor~ cr oss sections r esu lting f r om 
the PPs ( 1-6 ) compared with other app r oaches for а density of 
ка 0 = 0.05 ( п е = 2·\0 19 cm-3 ) as а function of the energy. 

The two broke n l ines (5) and (7) indicate r esults which a r e 
obtained Ьу suiting the PPs to the actual pl asma conditi ons. 
The Glauberman-Yuchnowsky po t ential (5) contains а parame t er В , 
which was f i tted wit\1 the l1 e lp of cquat ion (3 . 5) to th e mean 
kinetic energy of the part icles a t а g iven t emperature ( Т = 
= 50ООК was chosen througlюut the paper ) . 

The other curve ( 7) is ob tained, if the int eg ration in th e 
formula for the transport c ros s sec t ioп (2 .6) is limited t o 
the inve rse Landau-l e ng tl1 1 1' which is conside r ed to charac t e 
rize the maximum trans fe r momentum for а given tempe r ature . 
Then, using the Dcbye potentia l (3. 1) , one ob tains the fol
lowing result for the transport c r oss section 1 8 ~ s ee also 28 -29 

E
2

QT(E) = ln (1 + 18 . 1"2 ), . !' 
1 ~ -- "' 1. 

rD 
( 4 . 1) 

This expression is valid fo r strong nonideal plasmas J' -.. 1 and 
is often regarded to r eflect the exper i men t al data we ll ·'18 · 

The conditions used in this pape r (~а 0 = 0 .05, Т = 5ОООК) 
yield а nonideality parame t er of 1' ~ 3. 

10 

Both curves (5) and (7) show the same qualitative behaviour 
as the Ashcroft (3) and Heine-Abarenkov- (4) potential and 
lie а little bit below them . 

The other two curves in fig.3 (1~, б~) demonstrate the in
fluence of higher scattering effects. These transport cross 
sections were obtained Ьу performing а phase shift calculation 
for the Debye potential 123, 28 / ( 1 ~) and the Thomas-Fermi potential 
of Mayev i20 / (б~) and applying equation (2.4). Hahn et al. 12 4 / 

have an approxima te formula which reproduces the phase shift 
results of 1231 in the low-energy region Е < 1 ryd. For higher 
energies Е > 1 ryd, the phase shift calculations converge 
against the corresponding Born approximation results (1) and 
(б). However, in the low-energy region Е < 1 ryd is obtained 
а great discrepancy between these two approaches. The Born 
approximation yields results which are 2 ••. 3 times larger than 
those of the phase shi f t calculations. This overestimation will 
lead to transport properties which are too small compared with 
experiments / 11, 25 /_ The consideration of the 2nd Born approxima
tion 126

•27 1 Ьу solving the Lippmann-Schwinger equation (2.5) 
will alternatively extend the validity of the Born series into 
the region of lower energies. 

Notice that for the temperature Т = 5ОООК which was used 
in this paper the phase shift calculations (\~, б~) and the 
Born approximation with the PPs (5-5) as well as the plasma 
model (4.1) (curve (7)) lead to nearly identical results. 

5. CONCLUSIONS 

The transport cross sections for elastic electron-ion-scat
tering in alkali-plasmas were calculated in Ist Born ·approxi
mation for different pseudo-potentials and were compared with 
other approaches. 

In the low-energy region Е < О. 1 ryd which is characteristic 
of non-ideal alkali-plasmas 118,30 1, the use of the Ashcroft 
(3.3) and the Heine-Abarenkov potential (3.4) leads to а strong 
decrease of the transport cross sections compared with the re
sults of the Debye (3.1) and Hellmann potential (3.2) (see 
figs.2 (А-С)). Furthermore, these results are in relative-good 
agreement with phase shift calculations for the Debye and 
Thomas-Fermi potential (curves (\~), (б~) in figs.2(A-C) and 
the simple plasma model (4.1) (curve (7)) in this energy re
gion. It is expected that the corresponding phase shift calcu
lations for the Ashcroft and Heine-Abarenkov potential will 
lead to а further decrease of the transport cross sections. 
Therefore, both methods (РРМ, phase shift calculation) which 
represent the influence of the ion structure and of higher scat
tering effects on the transport cross sections, will lead to 
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an increase of the related transport properties compared with 
the Ist Born approximation result fo r the Debye ~otential in 
this energy-range (Т < 15ОООК) . Thus, а better agreement with 
experimental dataf11 ,30 / can Ье achieved Ьу applying the concept 
of weak PPs (Ashcroft-Heine-Abarenkov and Glauberman-Yuchnow
ski potential) in the low-energy region. 

For high energies Е > 1 ryd, where the Born ·results are in 
good agreement with the phase shift calculations, the transport 
cross sections are strong-dependent on the choice of the РР. 
The model of weak short-range interaction (Ashcroft, Heine
Abarenkov , Glauberman-Yuchnowski) leads to results which are 
much smaller than those of the Thomas-Fermi model of strong 
attraction (curve (б)) or the Hellmann model of hard-core re
pulsion (curve (2)) for short distances. In this energy-region 
which characterizes high-temperature plasmas (Т > JобК) is ob
tained а relative decrease of the electrical conductivity com
pared with plasmas of l ower temperatures l l1 ) and *. Therefore, 
the model of weak PPs will fail to describe the effects of 
strong Coulomb nonideality in this energy-range. It is expected, 
fo r those high-temp.erature plasmas , that the Thomas-Fermi mo
del, which allows for penetration effects of the scattered 
electrons into the ions and thus leads to а stronger attraction 
compared with the potential of а singly charged ion, can desc
ribe this relative decrease of the electrical conductivity ~ 1 .20 ~ 

Notice, that the influence of neutral bound states on the 
transpor t properties is important for dense, low-temperature 
plasmas and has to Ье included in the theoretical approach in 
order to obtain а satisfactory agreeme nt with experimental da
ta. The effect s connected with the occurrence of neutral bound 
states (reduction of the number of charge carriers , additional 
scattering processes with these neutral bound states ) are ex
tensively discussed, e.g., in refs. '1•2· 11 •25- 30 ' and were not 
con~idered in this paper. Here, only th e influence ' of different 
models for the electron-ion interaction on the transport pro
perties was investigated which corre sponds to the model of 
а fully ionized plasma. 
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Редмер Р. El7-85-93b 
Вычисление транспортных сече ний 
в плазме щелочных металлов методом псевдопотенциалов 

Транспортные сечения упругого рассеяния электронов на 

ионах в плазме щелочных металлов бьmи вычислены в бориовеком 
приближении. Влияние короткодействующих сил бьmо исследовано 
методом псевдопотенциалов. Явные результаты приводятся для 

транспортных сечений упругого ра ссеяния электронов на ионах 

для натрия с применением потенциалов Геллманна, Ашкрофта, 
Хейне - Абаренкова и Глауберман - Юхновского. Результаты 

сравниваются с моделями Дебая и Томаса - Ферми для взаимодей
ствия заряженных частиц и с результатами вычисления сдвигов 

фа з рассеяния. С учетом этих эффектов можно оценить величину 

электрической проводимости и дос тичь лучшего согласия с экс

периментальными данными в областях низких Е < О, 1 ryd и вы
соких Е > 1,0 ryd энергий по сравнению с результатами модели 

Дебая. 
Работа выполнена в Лаборатории теоретической физики ОИЯИ. 
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Redmer R. 
Transport Cross Sections for Alkali Plasmas 
Using the Pseudo-Potential Method 

Е\7-85-936 

The elec t ron-ion transport cross sections for alkali 
plasmas were calculated within the Ist Born approximation.The 
in f luence of short-range forces which are due to the ion 
structure was invest igated with the he lp of the pseudopoten
tial method. Explici t results are shown f or the e - Na+ -scat
tering Ьу app l ying the Hellmann , Ashc roft , Heine - Abaren
kov and Glaube rman - Yuchnowski potentials. These results 
are compared with t he standard Debye апd the Thomas -Fe rmi то-' 
del. Furthe rmore , t he iпfluence of higher s catter ing e ffects 
( ca l culatioп of scatte ring phase shifts) i s discussed. The 
coпsid e ra ti oп of these e ffec ts wi ll l ead bo th i n t he low-eпerl 
gy reg i oп Е < О. 1 r yd апd iп the h i gh-eпe rgy r e gion Е · .. 1 r yd 
t o а be tte r ag reemeп t with expe rimeпt al data for tl1e c l ectri 
ca l coпductivity compared wi t h t he I s t Gurn appr ox imation 
wi th i п t h~ Debve modv L. 

The i nve sti ga ti o н ha s been performed at the Labo
rato r y of Theorc t i cal Phys i cs , J[NR . 
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