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The scattering properties of spherically symmetric potentials are usually described · 
by phase shifts 11 f . To describe also the scattering properties of non-spherically 
symmetric potentials (molecules) Demkov and Rudakov I 1 I recently introduced genera
lized phase shifts 11,\ and corresponding partial wave amplitudes 
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entering into the asymptotic behaviour of the scattering states as follows 
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This concept is useful also in electron theory of solids for both ordered and disordered 

systems. 
By means of such phase shifts 11 ,\ and amplitudes AL,\ the Korringa-Kohn-Rostoker-

scheme 12 I for band structure calculations can easily be generalized to non-spherically 
symmetric potentials within the (non-overlapping) muffin-tin spheres 131 : 

0 • (3) 
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The lattice structure is cont-ained only in the usual KKR-Structure matrices B LL ' ( k ) , 
while the MT -potential enters only via 11,\ and ALA , determined by a coupled set 
of differential equations for the radial parts RL)..(r) of the scattering wave functions 
¢,\ (r) . This generalization (3) allows to overcome both restrictions of the usual KKR-

method: 
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l.The assumption of constant potential between the MT-spheres is of course reason
able only for close-packed structures. But in the case of the more open structure of 
diamond type non- constant interstitial potential must be taken into account, for example 
by installation of additional MT-potentials at interstitial sites between the atoms. This 
has been done first by Keller I 4 /using spherically symmetric potentials within the in
terstitial spheres. But these interstitial potentials are generally non-spherically sym
metric. Such interstitial potentials increase of course the number of scatterers in the 
unit cell. Although the method for lattices with several atoms per unit cell already exists, 
it is useful to consider all scatterers in the unit cell as a whole and to describe the scat
tering properties of such clusters as in (3) by means of generalized phase shifts Tf A 
and amplitudes A L A . 

2. The assumption of spherically symmetric MT-potentials at the atomic sites 
must be corrected, if for instance transition metals with partially filled d-bands /5/ or 
semiconductors with covalent bonds /6/ are considered. In this case (3) can also be 
applied. 

In the case of a lattice with several atoms per unit eel l (with phase shifts Tf ~ 

at positions a->n ), the corresponding cluster phase shifts 1f A are as recently shown 
by John and Ziesche /7/ determined by an algebraic eigenvalue equation 

n ', L' 

.N nn, - ctP. Tf Inn, + ctP. Tf n o , o ,] An,'\= 0 • 
LL ' A . LL ' L nn LL L 1\ 

N nn ' and f nn 'are certain matrices depending only on the cluster structure within 
LL' . LL' 
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The amplitudes A L'A follow via. the solution of ( 4) from 

l l on A n 
. LL' L 'A n ",L' 

(5) 
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This approach is of interest for band calculations of lattices having complex unit cells 
with many atoms. The following advantages exist: 
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1. The eigenvalue problem ( 4) is independent of the Bloch vector. 
2. The number of essentially non-zero cluster phase shifts increases only with the 

linear dimension of the unit cell. This means, that some of the cluster phase shifts are 
very small for a given energy. This was shown by Demkov and Rudakov I 1 /tor the case 
of s-scatterers. The decrease of the number of phase shifts of course reduces also the 
dimension of the KKR matrices (3). 

3. Variations of the atomic sites or potentials within the unit cell can easily be 
handled. 

Besides this, by eliminating of 111. and A LA' the ·KKR-equations for a lattice 
with base immediately follow in a form recently derived by Lehmann Is/ in a different 
manner: 

Here the structure matrices for the corresponding Bravais lattice and for the cluster 
forming the base appear in a factorized manner. From (3) now follows the physical back
ground of this factorisation, because into (3) there enter only the structure of the Bravais 
lattice and the asymptotic scattering properties of the cluster, assumed the sites an 
of its atoms are inside the incribed sphere of the unit cell. 

Another possible application of generalized scattering states could be the follow
ing I 9 I : Introducing thin skins of zero potential along the unit cell surfaces, the whole 
crystal potential is split into a sum of non-overlapping, but generalized muffin-tin poten
tials, each non-zero within the whole unit cell. Assuming the scattering states of a single 
unit cell are known, again modified, but rather complicated KKR-equations can be derived 
containing unfortunately not only the asymptotic scattering properties, but also certain 
near field properties along the unit cell surfaces. The loss of the rigorous separation 
of the crystal structure and potential properties is connected with this fact. 

Disordered systems are another field of application. For example the Lloyd - for
mula I 1 O I for the density of states can be very easily obtained from ( 4) via a generalized 
Friedel sum rule I 11 I . Using general properties of the generalized phase shifts new 
gap criteria for binary alloys can be derived I 12 I . 

There are further possibilities for the application of generalized phase shifts. For 
example, the scattering properties of point defects, which are important in the theory 
of residual resistance, can be described by such phase shifts. 

Finally, it can be concluded, that generalized scattering states are useful not only 
in the theory of molecules but also in the theory of solids. 

5 



References 

1. Yu.N.Demkov and V.S.Rudakov. Zh.exp.teor.Ffz.59,2035 (19'70). 
2. J.Korrfnga.Physfca, 13,392 (194'7), W.Kohn and N.Rostoker. Phys.Rev., 94,1111 (1954). 
3. W.John, G.Lehmann and P.Zfesche. phys.stat.sol.(b), to be published. 
4. J.Ke11er. J.Phys., C4, L85 (19'71). 
5. R.L.Jacobs. Phys.Letters, 33A, 414 (19'70). 
6. E.O.Kane. Phys.Rev., 84, 191'7 (19'71) and others. 
'7. W.John and P.Zfescbe. phys.stat. sol.(b),, 4'7,555 (19'71). 
8. G.Lehmann. phys.stat.sol., 38, 151 (19'70). 
9. P.Zfesche•, 1to be published. 
10. P.Loyd. Proc.Phys.Soc., 90, 20'7 (196'7). 
11. W.John and P.Zfesche. pbys.stat.sol. (b), 4'7, K 83 (19'71). 
12. W.John.phys.stat.so1. {b), 49, K5'7 (19'72). 

Received by Publishing Department 
on August 18, 19'72 

6 

jl 

History of Physics 
IS REFUCno IN THE PROCEEDINGS ·or THE INTEl 
CONFERENCES, SYMPOSIA AND SQIOOLS. 

Y oa eaa neeiYe by poet the boob llated below If tl 
a.allable Ia your library 

13-1700 ~· of 1M ., • ..,. .... 

D-3893 

P1-397I 

10-4220 

10-4226 

10-4229 

10-4231 

·10-424.4. 

P10-U4r5 

10-4.319 

IIIIOHeclad lluclnr El1Cti'OIIfc1. 726 p .. el · 10 roa 
Dabaa,lN'I. 

Coatrlbutlou. lllteraatloul S,mpo
llum oe .Nuclear Structure. Dubaa, 
1111. 

llucl ... Ud Piau. ~· 
of tile Fll'lt lateJ'IIatJ0811 Colloqui
um oa llucl--llucl- aad Ploa
.Nucl- llltenctlou. Dubaa, IHI. 

Computer. Ill EJperlmeatsl PIIJIICI. 
Lectures. AIUibta, 1111. 

192 PI 

294 PI 

J.Zwolaty, Yu.Ostaaericll, V. Prl
tllodto. Computers Applied to Spect
rometric EJperlmtDtl oe .Nuclnr 
Pbyslcs. S 1 PI 
1Actant1 Of 1M -e Scbool. 
A.A.KarloY. CDC-1604A l.lld lllput 

l.lld Output Oraaalaatloe. 22 PI 

Lectures of tile same Sebool. 
I.A.GoiutYIII, Yu.V.Zaaeysty. Metllo
dlcs for FilmleSI Spart Cllsmllers 
In Higb Euei'JJ' Pbyslcs. 27 PI 

Lectures of . tile same Scllool. 
G.I.Zablyakln. Computers and tile 
Problems of EJperlmeatal Pbyslcs. 35 PI 

Lectures of tile same Sebool 
(Ill E .. lllll). W.G.Moorlleld. Meuu-
remeat of Bubble Cllsmller Film 

UI-HPD 23 PI 

L1Cture1 of tile lime Scliool 
(Ill E .. lilb). P.Zaaella. Dsta Pro-
cesa- tor Film aad Filmles• Span 
Cllsmller EJperimiDII 4o 7 PI 

Lectures of tile Ame Scllool. 
J.C.Gouaclle, J.Trembley, A.Len-
que, H.Lippls, D.Lord, J .Zoll. Tile 
UH of Computers In E:rperimestal 
Physics. 91 PI 

3 roall 

3 roab. 


