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electrical glow curves reported by Van Heyningen and 
Brown.36 These workers observed a number of current 
peaks during the warming of nominally pure AgCl 
samples which had been illuminated at liquid helium 
temperature. They attributed these current peaks to 
the thermal release of electrons from traps. Although 
some of the electron traps appeared to be caused by 
strains, the exact nature of the traps was not deter­
mined. Presumably some of the traps could be instrinsic 
and others could be caused by impurities. In our experi­
ments, nominally pure AgCl samples were continuously 
illuminated with blue light from a Hg lamp as the 

36 R. S. Van Heyningen and F. C. Brown, Phys. Rev. I l l , 462 
(1958). 

I. INTRODUCTION 

MANY experiments1-3 have been performed to 
study the effects of point defects in crystals. To 

be able to check theoretically the interpretation of these 
experiments it is necessary to determine the lattice dis­
tortion and changes in the distribution of the electrons 
associated with the various point defects and complexes 
thereof. In particular, it is of interest to determine the 
equilibrium configurations and formation energies of an 
interstitial, a vacancy, a close Frenkel pair (vacancy 
plus interstitial), a divacancy, and a di-interstitial. In 
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1 A. Seeger, in Handbuch der Physik, edited by S. Fliigge 

(Springer-Verlag, Berlin, 1955), Vol. 7, Part I, p. 383. 
2 H. G. van Bueren, Imperfections in Crystals (North-Holland 

Publishing Company, Amsterdam, 1960). 
3 F. Seitz and J. S. Koehler, in Advances in Solid-State Physics, 

edited by F. Seitz and D. Turnbull (Academic Press Inc., New 
York, 1956), Vol. 2, p. 305. 

samples were cooled from room to liquid nitrogen tem­
perature in about 2 h and then quenched to helium 
temperature in less than 2 min. In other experiments, 
samples were continuously illuminated at liquid helium 
or nitrogen temperature for 10 to 30 min with either 
blue light from a Hg lamp or with white light from a 
tungsten filament lamp. No EPR signals were seen which 
could be attributed to the illumination. Also, there was 
no apparent coloration of the samples after these ex­
periments. There exist at least two possible explana­
tions for these failures. First, the electrical glow curve 
technique is several orders of magnitude more sensitive 
than EPR in the detection of electron traps. Second, 
there was no dc electric field applied during the illumi­
nation to help prevent electron-hole recombination. 

all previous calculations1-9 of point defect configurations 
the effect on the lattice distortion arising from the re­
distribution of the electrons has been neglected. The 
principal purpose of this paper is, therefore, to deter­
mine the lattice distortion by taking into account the 
coupling between the lattice and the electrons. 

The crystal is represented by a system of ions (each 
ion consists of nucleus plus tighly bound electrons) 
arranged in a static lattice and valence or conduction 
electrons moving in a potential field produced by the 
electrons themselves and the ions. The lattice distortion 

4 R. A. Johnson, G. H. Goedecke, E. Brown, and H. B. Hunt­
ington, Bull. Am. Phys. Soc. 5, 181 (1960). 

6 J. B. Gibson, A. N. Goland, M. Milgram, and G. H. Vineyard, 
Phys. Rev. 120, 1229 (1960). 

6 K. H. Bennemann, Phys. Rev. 124, 669 (1961). 
7 K. H. Bennemann and L. Tewordt, Z. Naturforsch. 15a, 772 

(1960). 
8 A. Seeger and E. Mann, J. Phys. Chem. Solids 12, 326 (1960). 
9 L. Tewordt, Phys. Rev. 109, 61 (1958). 
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A general method is proposed for determining the equilibrium configurations of single lattice point defects 
and complexes thereof. The equilibrium configuration of the lattice containing impurities, interstitials, and 
vacancies is determined by using a variational approach minimizing the energy of the crystal. The energy 
of the crystal is explicitly expressed in terms of the displacements of the ions. It is assumed that the energy 
of the system of ions, including the point defects, arises from two-body interactions. The energy of the 
system of valence or conduction electrons is derived in the general form from a Hamiltonian including the 
coupling between the distorted lattice and the electrons. The wave functions of the valence or conduction 
electrons are given by an integral equation derived from the Hartree-Fock equation. The explicit dependence 
of the wave functions on the displacements of the ions is obtained from the integral equation by using the 
Born approximation. Using these wave functions the energy of the considered system of electrons is ex­
plicitly expressed in terms of the displacements. To apply the method in practice the wave functions and the 
crystal energy need to be evaluated explicitly. 
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produced by the introduction of point defects into the 
crystal is determined by using a variational approach in 
which the energy of the system of ions, point defects, 
and electrons is minimized with respect to the positions 
of the ions, impurities, and interstitials. The resulting 
system of equations can be solved by iteration in a 
manner proposed by Tewordt.9 The wave functions of 
the outer electrons in the imperfect crystal are given by 
an integral equation derived from the Hartree-Fock 
equation. An approximation scheme which gives the 
dependence of the wave functions on the displacements 
of the ions is presented. 

II. GENERAL METHOD 

The energy of the disturbed crystal containing M 
point defects is given by EM(vi,v2,- • •), where the v* 
are the displacements of the ions, impurities, and inter­
stitials from suitably chosen starting positions. The dis­
placements vt are determined by a variational approach 
whereby the energy EM is minimized. The displacements 
of the ions which lie sufficiently far from the point 
defects are small and vary slowly from ion to ion and 
correspond, therefore, to an elastic displacement field.10 

The elastic displacement field at r arising from M point 
defects at ri} • • •, XM is given by 

M 

v ( r ) = - E v < * ) ( r - r . ) , (1) 

where v ( s )(r—r s) is the elastic displacement field due to 
the point defect s. \(s) is expanded in terms of the 
elastic solutions Ui(s)(r— rs)y • • •, un

( s )(r—r s) as 

v ^ ( r - - r . ) = j8i<*>u1w(r--r .)+---+/3» ( a )n» ( ' )(r-r .) , 

(^=1,--- ,A0, (2) 

where the constants /?i(s), • • •, f3n
(s) are representing the 

field strengths of the corresponding elastic solutions. 
The elastic displacement fields Ui(s), • • •, un

(s) are ob­
tained from the derivatives of the fundamental integral 
of the differential equations for the anisotropic elastic 
continuum.11 The Ui(s), •••, un

(s) are elastic dis­
placement fields due to dipole, quadrupole, etc., forces 
centered on the point defect s. The number n of these 
elastic solutions increases with the size of the discretely 
treated lattice regions Vh • • •, VM around the point 
defects 1,- • • and M, respectively. 

By means of relations (1) and (2), the energy EM 

becomes a function of the displacements Vi, • • •, Vy of 
the ions, impurities, and interstitials inside the regions 
Vh--,VM and of the coefficients /3i(1\ • • •, f3n

(M) of the 
elastic solutions. The minimization of EM with respect 
to these arguments yields the following system of 

10 J. D. Eshelby, in Solid-State Physics, edited by F. Seitz and 
D. Turnbull (Academic Press Inc., New York, 1956), Vol. 3, 
p. 79. 

11 E. Kroner, Z. Physik 136, 402 (1953); and Kontinuumstheorie 
der Versetzungen und Eigenspannungen (Springer-Verlag, Berlin, 

equations: 

dE^/dv^O, ( i = l , • - . , (3a) 

dEM dEM 

= u ^ s ) ( r J + i - r s ) 
dph™ dvj+1 

dEM 

+ u^)(ri+2-r5)+.-.=0 
dv i + 2 

[ A = l , • • • ,» (*) ; J = 1 , " ^ M ] , (3b) 

where i + 1 , i + 2 , ••• denotes the ions outside the 
regions Vh • • •, VM- Equation (3b) can be simplified by 
assuming that the distortion of the lattice is negligible 
at large distances from the point defects. This means the 
force {—dEM/d\v) acting on ion v vanishes for nearly 
all ions v which lie in the lattice region whose distortion 
is described by the elastic displacement field. The as­
sumption (dEM/d\v=0) for certain ions v corresponds 
to a boundary condition guaranteeing the stability of 
the disturbed lattice. 

Equations (3a) and (3b) for the unknowns Vi, • • •, Vy, 
0i(1)> •*', Pn(M) are solved, in a manner as originally 
proposed by Tewordt,9 by iteration performed on the 
system of linear algebraic equations derived from 
Eqs. (3a) and (3b) by approximating all forces 
(—dEM/dvv) by expressions which are linear in the 
displacements. At each step in the iteration process, 
the coefficients of the linear algebraic equations are 
calculated from the linear expansions of the forces 
(~dEM/d\p) in the displacements of the ions, inter­
stitials, and impurities from their positions obtained in 
the previous step. Thus, the equilibrium state of the 
disturbed lattice is successively approached. To obtain 
a rapid convergence of the iteration process, starting 
positions approximating the equilibrium positions in the 
disturbed lattice are chosen from which the displace­
ments are calculated. The accuracy of this method of 
determining lattice distortion is improved as the size 
of the discretely treated lattice regions Fi, • • •, VM 
increases. 

I t should be pointed out that the equilibrium state of 
the disturbed lattice determined as proposed in this 
paper corresponds, in general, to a relative minimum of 
energy of the imperfect crystal. Therefore, various equi­
librium states of the disturbed lattice can be obtained 
by choosing different starting positions. In this way it 
is possible to investigate the migration of the point 
defects in the lattice. 

III. EXPANSION OF dEM/dvv IN TERMS OF 
THE DISPLACEMENTS 

The forces {-6EM/d\v) in Eqs. (3a) and (3b) need 
be expressed as functions of the displacements Vi, 
This is done as follows: First, the energy of the imperfect 
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crystal is written as the sum of three terms: between the lib. and tth electron. Then Ee\
M is given by 

EM(\h' • -) = EiM(yh' - •) . Ee\
M=%i+%2+%3, (11) 

with 
+E2M(vh---)+E3

M(vh---). (4) W U n
 ¥ 

„ „ . , , . . . J r , „ Si = Z ( w M ( r ) ! V H - W ( r ) | w * ( r ) > , (12) 
EiM is the nonelectrostatic interaction energy and E2 * 2w 
is the electrostatic interaction energy of the system of 
ions, impurities, and interstitials. E%M is the energy of ^ e xr / M/ \ Mt \i i ut \ Mt \\ /< ?\ 
the system of Valence or conduction electrons includ- ^ g > " ( r i ) W " ( r , ) | - | ^ ( r 2 ) ^ ( r i ) > , (13) 
ing the energy resulting from the interaction between 
these electrons and the imperfect lattice. Corresponding a n d 

to Eq. (4), the force {-dEM/d\v) is split into three _ e2 1 
terms which are explicitly expressed as functions of the 2 3 = ~ ' ~ L / < ^ M ( r i ) w M ( r 2 ) | —| <?* (r 2M'M(r i )>. (14) 
displacements. ' 12 

The nonelectrostatic interaction between the two ions ^he correlation energy is given by 
v and fx, separated by a distance rVfi' in the disturbed 
lattice, is given by the scalar potential Z7„M(r„/). The C 
distance of the ions v and /z, both lying in their starting E<*>™ ~ M V F K v v ) , (15) 
positions, is denoted by rPfi. The displacements of these 
ioiK are designated by v, and vM, respectively. Then w h e r e p i s a s s u m e d t o b e a k n o w n f u n c t ion of <pk

M. 
rVfi is equal to ^ ^ e ^ ^/ s u m m a t i o n s are over all valence or conduc-

Xv{x ~~ r"M~rv"M> w/ tion electrons. The one-electron wave functions <pk
M are 

w determined by the Hartree-Fock equation 
v^=vF—vM. (6) 

(Hk
My<pk

M=ek<pk
M, (16) 

The force (—dUVp/dv,) acting on ion v due to ion /z is with 
expanded in a Taylor series in v„„. Summation over ^ , ^2 , , wN 

yields (#* M ) F = V 2 + P F M + C ^ + ^ . M . (17) 
J 2ra 

! ! , . . . ! ™ C^(r1) = e 2 E ( ^ M ( r 2 ) ! - k &
M ( r 2 ) ) (18) d £ i M rd£7„ 3 dUy, 

dv„ * I dr, 
= E + v„ +••• . (7) * ^12 

T ,, / < 4 r w / , v . i • , - is the Coulomb potential of the electrons. The exchange 
In the same way, (d£ 2

M /dvJ is expressed m terms of , i u • i £ i i 
4.1, A- i ; Tf 4.1 I ,. i j . .v. i x . operator Ak

M is defined by 
the displacements. If the potential due to the electro- r 

static interaction between the ions v and /x is given by AkM<PkM(ti) 
4>vit(ippf)i one obtains 

dEJ< id^, d dfa 1 = - ~ E < w M ( r 2 ) | — I ^ W ) ^ ^ ! ) . (19) 
=E +v„ V " . (8) 2*' 

M M M (# f c
M)F is split into 

(dEzM/d\p) is expressed in terms of the displacements m M^F—TJ 04. A 77 M (9(Y) 
using the following procedure: The energy £ 3 ^ is 
split into where Hk° is the Hartree-Fock operator for the perfect 

Ez
M=Eel

M+ECOTr
M, (9) crystal and 

where E*" is obtained by using the Hartree-Fock ap- AE^iW--W^+{C^C^)+{Ak-~Ak^ (21) 

proximation and Ecorr
M is the correlation energy. The represents the perturbing potential arising from the M 

considered system of electrons is characterized by the point defects. Then Eq. (17) can be rewritten as 
Hamiltonian „ , , N 

{Hk°- ek) <pk
M= - AHk

M<pk
M. (22) 

HM= YI V 2-\-WM(r ) 1 + 1 Y ~ CIO) ^ e s o^ u t^ o n *s g i y e n by the integral equation12 

z=H 2m J i,ta^t)ru 

, . f l l 1 f ^ A T - ̂  u f **"(*)= **°t t + U ' G ( r / , k ) ^ ( r ' ) ^ ( r ' ) , (23) 
where w is the electron mass and N is the number of J 
electrons. The potential WM represents the interaction ~~ZZT7T7, , TT „ , u , , , t1 , , ™ 7 . 7 m . 
v , , , . j . J , JjL. j , , 7^, , ^ , 1 2P. M. Morse and H. Fesnbacn, Methods of I heoretical Physics 
between the imperfect lattice and the fth electron at (McGraw-Hill Book Company, Inc., New York, 1953), Parts I 
r*. The last term describes the Coulomb interaction and II. 
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where the Green's function is determined by 

{fffc°-e*}G(r,r',k) = - 5 ( r - r ' ) . (24) 

<Pk° is the eigenfunction of Hk°. 
The explicit dependence of the wave functions <pk

M 

upon the displacements Vi, • • • is obtained as follows: 
The potential WM is given by 

X — ^ ( r ' - i v ) ^ ( r ' ) - -

-Ij{v8.^VG(r,r'5k) 

M 
^ = I , ^ ( r - r / ) + E * / ( r - r / ) . (25) 

X — ^ ( r ' - r . ^ C r O - . . . . (27) 
drs J 

rM° denotes the position of the ion /* in the regular lattice. 
Equation (27) can be solved by iteration. Denoting the 

0 M ( * - O is the potential due to the ion \x located at solution of Eq. (27) for v M = v s = 0 by Xk
M and treating 

r / and 0 s ' ( r - r s ' ) is the potential due to the sth point i n Eq. (27) the terms arising from the displacements by 
defect located at r, ' in the disturbed lattice. A Taylor u s i n g t h e Born approximation, <pk

M is given in first 
expansion of <£M and <j>s' in terms of the displacements order by 
v„ and vs ; respectively, yields <pk

M=Xk
M+AXk

M
t (28) 

with 

I d 

~ E v„ < £ „ ( r - r „ ) - - ' 
* t dr„ 

M i d 
— E | v s — - ^ , ' ( r — r , ) -

»-i I dr, 

Then Eq (23) can be rewritten as 

^ « = ft°«+|^'G(r,r',k) 

(26) 

AX»*= - E j v„- jdV G(t,r',k) 

d 
X — t f > „ ( r ' - r „ ) X ^ ( r ' ) - -

- E ( V , - fdVG(r,r',k) 

X — 0 / ( r ' - r s ) X ^ ( r ' ) - (29) 

If necessary, this first-order Born approximation can be 
improved by performing on Eq. (27) the iteration 

M process started with <pk
M as given in Eq. (28). 

X{S[0/i(r,~~rM)~"^M(r/"~rM°)]+Z) 0/(r '—r,) EeiM is in first-order approximation expressed as a 
" s==1 function of the displacements by substituting <pk

M, 

+ tCM(r')-C%r')l+tAk
M(r')-Ak«(tf)l} Eq'(28)' i n t ° E q S * ( 1 2 ) ' ( 1 3 ) ' a n d ( 1 4 )* ° n 6 ° b t a i n S t h e n 

dEei
M asi as 2 ds3 

f r = 1 1 , (30) 
X ^ M ( 0 - E vM- dVGWM) dvv dvv dvv dvv with 

dv„ 

)l ^\f/ \ h* \ d \ \ (J I W I d \ \ 
- = E < X ^ ( r ) V2+PFM AX^(r ) >+c.c . ) + ( < AX^(r) V2+WM\ AX**(r) >+c.c . ) 
', * l \ \ I 2m lav , / / \ \ I 2 « lav, / / 

• < 

+<X* M ( r ) 
dW™ 

d\v 
**"«)+(( X4^(r) 

dv, 
AX^(r ) \+c.c.W AX^(r ) 

a i ^ i 

dv,, 
AX»J f (r))l' (31) 

d2: 

av, 

1 I d 
- = c 2 E < x ^ ( r i ) X ^ ( r 2 ) — — A X ^ ( r 2 ) X ^ ( n ) > + c . c . ) 

+ f / A X ^ ( r 1 ) X 4 ^ ( r 2 ) | — | x A ^ ( r 2 ) A X ^ n A + c - c ) 

+ ((xkM(ri)\(xk.
M(t2. A X ^ ( r 2 A + c . c . | A X ^ r ^ + c . c . \+ •••}, (32) 
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and 

as 

3v, 

:3 e2 i (/ i l l d \ \ 
- = E ( < X ^ ( r , ) X ^ ( r , ) — X^(r2) AX*^(r,) >+c.c.) 
> 2 * , * ' l \ \ ln2l dv, / / 

• « • 

+ (<X*»(r1)AX*^(r,) 

+ ((xk"(Tj AX t^(r2) 
W dv„ 

1 I 3 \ \ 
-\x.kM{n)—AX**(ri) >+c.c.) 
'121 dv? / / 

AX»*(r,)X».*(ri)\+c.c.) 

« 
+ (<X^(r1)Xfc^(r2) 

dv, f I + • (33) 

In Eqs. (32) and (33) only the terms up to the first order in the displacements have been written down explicitly. 
One obtains from Eq. (29) 

dv, 
„/rfVG(r,r' ; k ) ~ ^ ( r ' - r j x ^ r ' ) - • 

M 

Z 
and from Eq. (26) 

; J 8VS fd¥ G(ry7k)~<l>s(r
f-rs)Xk

M(rf) J, (34) 

8WM 

TL\K—0„(r-rM)-
M ( d 

-EU,—*/(r-r.)--
•-i I dt8 

(35) 

Finally, (dECorrM/dvv) will be expressed as a function of the displacements. The expansion of F, Eq. (15), in a 
Taylor series in terms of the displacements yields 

i)F M 

»"M f ( /dF\ } / d F \ 
• ) • (36) 

All forces contributing to (—dEM/d\v) are now ex- A I ^ is the change of the wave function Yk
M due to the 

plicitly expressed in terms of the displacements. The lattice distortion associated with the starting positions 
wave functions Xk

M are determined as follows. The wave of the ions. Equation (39) can be solved by iteration 
functions obtained as solutions of Eq. (27) by neglecting starting with 
all lattice distortion, i.e., rM=rM°, vM=vs=0, are de- •_ o _i_ v A * fArt 
noted by Tk

M. By making then the same approximation l k ~ *k "^ £j a(f>k > ^V) 

which leads to Eq. (28), one gets from Eq. (27) 
where the A<pk* are the scattered waves due to the single 

w') point defects acting independently. The effect of the 
iteration process is to include multiple scattering in the 
wave functions. A<pk

s is denned as 

XkM=Tk
M+ATk*t, 

where 

A I V = - z { (r-r„°) fdV G(r,r',k) 

X <Kr'-~r/)r^(r ')-

and 

Tk
M=<pk°+ [dVG(r,xf, k) 

X { E 0/( r ' - r s )+[C M ( r ' )~C°(r ' ) ] 

A<Pk8=<Pk'-~<Pk\ (41) 

(3g) where cpk
s is determined from 

*>*-(r) = <pk°(r)+ fd¥ G(r,r',k) 

X { * / ( r ' - r 0 + [ C ' ( O - C ° ( r ' ) ] 

+ [^ fc*(r /)-^*0(r ,)]>^'(rO. (42) 

+ lAk
M(x')-Ak

0(t')^}Tk
M(v'), (39) (cs-c°) and (Ak

s~Ak°) are the perturbations in the 
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Coulomb and exchange potentials due to the point 
defect s. 

The eigenfunctions <pk° of Hk° are the Bloch waves 

cPnk
0(r) = Un(r,k)eik"J (43) 

which form a complete orthonormal set of eigenfunc­
tions with eigenvalues ew°(k). n denotes the energy 
bands. The Green's function £(r ,r ' ,k) , defined in Eq. 
(24), is then given by12 

1 r ^ ° * ( r ' W ° ( r ) 
G(r,r',k) = E \&V , (44) 

(2TT)3 i J € no(k)-€ lo(fc/)+ f l ? 

where rj is a positive infinitesimal parameter ensuring 
that only an outgoing scattered wave is obtained. Sub­
stituting this Green's function and the Bloch wave <pnk°, 
Eq. (43), into Eq. (39), the wave function Tk

M is in 
principle determined. However, in order to carry out an 
explicit analytical determination of Tk

M a suitable ap­
proximation procedure, corresponding to the considered 
type of crystal, has to be developed. 

IV. CONCLUDING REMARKS 

After replacing the forces (-dEiM/dvr), (~dE2
Af/ 

dv„), (-dEel
M/d\v), and (-dEcorr

M/d\v) by their 
linearized expansions, the system of Eqs. (3a), (3b) is 
explicitly expressed in the unknowns. By taking into 
account the coupling between the electrons and the 
lattice, the determination of the lattice distortion be­
comes very complicated. However, some simplifications 
can be introduced in performing the calculation. First, 
the lattice distortion is determined by using as starting 
positions the positions of the ions, impurities, and inter-
stitials which result from Eqs. (3a) and (3b) by neglect­
ing the forces (-dEel

M/dY„) and (-dEcorr
M/dyv). 

Further, the determination of AXk
M, Eq. (29), is greatly 

simplified by approximating Xk
M by Tk

M at each step in 
the iteration process performed on Eqs. (3a) and (3b). 
As can be seen from Eqs. (28) and (29), this approxi­
mation is good if the displacements are small. If the 
point defects lie sufficiently far apart from each other 
or if the Bloch wave r ^ is well localized, as in ionic and 
valence crystals, then those terms in ATk

M which arise 
from multiple scattering can be neglected. Assuming 
that the potentials </>v(t— tv) and 0/(r— rs) vary rapidly 
only within a small region around tv and rs, respectively, 

the derivatives of these potentials resemble the Dirac 
function and as such allow immediate solution of most 
of the multiple center integrals occurring in the 
calculations. 

I t becomes obvious from Eqs. (27), (28), and (29) 
that for small displacements the corrections to cpk

M 

arising from the iteration process are negligible. The 
Born approximation leading to Eq. (28) is valid if mul­
tiple electron scattering due to the displacements is 
negligible. 

So far, the outlined method for determining lattice 
distortion is applicable to an arbitrary type of crystal. 
However, to solve the linear system of equations for a 
special crystal in practice, its coefficients need be deter­
mined numerically. This can be done by using explicit 
expressions for the two-body forces describing the inter­
actions among the ions, impurities, and interstitials and, 
further, by computing the energy of the system of 
valence and conduction electrons, including its inter­
action with the imperfect lattice, by using suitable 
approximations depending on the considered type of 
crystal and, therefore, developed in detail from case to 
case. In particular, to obtain from Eq. (44) an explicit 
expression for the Green's function G(r,r',k), a suitable 
approximation of the Bloch waves has to be chosen. 

The formation energy of M point defects is given by 

EF
M=EM-E°, (45) 

where E° is the energy of the perfect crystal. The inter­
action energy of M point defects is given by 

M 

Eillt
M=EF

M-ZEFs, (46) 
*=i 

where EFS is the formation energy of the point defect s. 
The volume change of the crystal due to the M point 
defects can be calculated from the elastic displacement 
field v(r), Eq. (1). 

ACKNOWLEDGMENTS 

I t is a pleasure to acknowledge the support of Pro­
fessor J. S. Koehler, who drew the authors' attention to 
this problem, and Professor A. Kratzer and Professor 
L. Tewordt. The author is very much indebted to 
K. Kliewer for numerous enlightening discussions and 
for his critical reading of the manuscript. 


