APPENDIX A. SOLID HARMONICS AND MULTIPOLAR EXPANSION OF COULOMB

INTERACTION
With reference to a given point C = (Cx, Cy, Cz), and for integer 2
and m values (230, |m|<2), unnormalized complex solid harmonics are
defined as:
Y?(C;r) = rg PLm'(cose) exp(imo) A.1

where rg, ¢ and e are the spherical polar coordinates (principal axis
z) of the vector:

r.=r -0C=(x

c c’ Yor Zg) A.2

and Pglm' are the associated Legendre functions.
We also introduce unnormalized real solid harmonics

2" (eir) = Re [y} (c:im]

x;'m'(c;r) = Im EYiml(c;r)]

After introducing, for integer m, the notation E(¢,m) to indicate
cos(|m|o) for m)o0 and sin(|m|j¢) for m<0, equations A.3 can be
reformulated as follows:

9

xf(c;r) = rg sz'(cose) E(o,m) A.4

Real solid harmonics are homogeneous polynomials of degree 2 in x, v,
z:

(t+u+v=2)
Xm(C;r) = Z p™ (t,u,v) xt yu zY A.5
2 tuv 2 C C “C

The D coefficients are easily generated using the recursion relations:

+(Q2+1) _ +92 92
x9+1 = (22+1) [xc XQ F Yo xg ] A.6
m _ m _ 2 -
Ropq = [(22+1) z, X, (2 + |m|) rq x?_i 1/ (2-|m|+1) A.7
These recursion relations are applied starting from X,° = 1 and

formally setting Xg© = 0; in the rhs of the above equation X¢M = 0 if
im|>2. A list of the D coefficients up to 2 = 4 is provided in Table
A.1 below.
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Table A.1l. Non zero Dol ( tuv) coefficients in the polynomial
representation of the real solid harmonics (equation A.5), up to 2=4.
The triplet of integers in brackets after each coefficient specifies
the corresponding exponents t,u,v. For instance:

x,° = 45 x°y - 15 ¢°

(2,m) Non zero D?(t,u,v)

(0,0) 1 (0,0,0)

(1,1) 1(1,0,0)

(1,0) 1 (0,0,1)

(1,-1) 1 (0,1,0)

(2,2) 3 (2,0,0) -3 (0,2,0)

(2,1) 3 (1,0,1)

(2,0) -1/2 (2,0,0) -1/2 (0,2,0) 1 (0,0,2)

(2,-1) 3 (0,1,1)

(21-2) 6 (1,1,0)

(3,3) 15 (3,0,0) -45 (1,2,0)

(3,2) 15 (2,0,1) -15 (0,2,1)

(3,1) -3/2 (8,0,0) -3/2 (1,2,0) 6 (1,0,2)

(3,0) -3/2 (2,0,1) -3/2 (0,2,1) 1 (0,0,3)

(3,-1) -3/2 (2,1,0) -3/2 (0,3,0) 6 (0,1,2)

(3,-2) 30 (1,1,1)

(3,-3) 45 (2,1,0) -15 (0,3,0)

(4.,4) 105 (4,0,0) -630 (2,2,0) 105 (0,4,0)

(4,3) 105 (3,0,1) -315 (1,2,1)

(4,2) ;15/2 (4,0,0) 45 (2,0,2) 15/2 (0,4,0) -45 (0,2,2)

(4,1) -15/2 (3,0,1) -15/2 (1,2,1) 10 (1,0,3)

(4,0) 3/8 (4,0,0) 3/4 (2,2,0) -3 (2,0,2) 3/8 (0,4,0)
-3 (0,2,2) 1 (0,0,4)

(4,-1) -15/2 (2,1,1) -15/2 (0,3,1) 10 (0,1,3)

(4,-2) -15 (3,1,0) -15 (1,3,0) 90 (1,1,2)

(4,-3) 315 (2,1,1) -105 (0,3,1)

(4,-4) 420 (3,1,0) -420 (1,3,0)

The reciprocal of the distance |r;-r| between two points can be
expressed by the well known Neumann-Laplace expansion . Let (r,e,¢)
and (r,,e,,0,) be the spherical coordinates of r and r; with respect
to a common reference system with origin at C and let ry be the
smaller and ry, be the larger between r and r,. Then:

Ir,-r|™" = £ jml

(Ce=im>t / (e+im)t) B (cose ) P}

om (cose) -

exp [im (¢,-0)] ri / r§+1 =
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= m ,im| |m| 2 2+1
= Eﬂm Ag PQ (cosel) P9 (cose) E(@i,m) E(o,m) r< / T, A.8
o 2
where L, means Zg=o Zm=—9 and
m
AQ = (z-smo) (2-Im})! /7 (2+|m})! A.9

Consider now a charge distribution p(r) which is entirely contained in
a sphere of radius R centered at C. The potential created by e(r) at a
point r; external to the sphere can be expressed by using the
expansion A.8 with r¢y = r, and ry, = r,:

vir,) = [ e(ry/ir-r,| ar = £, (1 (A} [ p]™l(cose) E(o.m) rlo(r) ar 1-

-2-1
1

E(A?)” szl (cose ) E(¢ ,m) r 1) =

m . m .
=T 79(0.{9)) ¢,(c,r1) A.10

m

In equation A.10 the symbols y and ¢ for the multipoles of the
distribution ¢ and for the field terms have been introduced:

7? (C:{p}) = (A?)” f Xy (C;r) e(r) dr A.11

m, ¥%

-292-1
9)

x:(c;r) r A.12

m, .. -
¢9(C,r) (A c

(Note that the partition of the A factor between the multipole and the
field term is a matter of convention). Owing to equation A.10, we can
interpret the general field term ®¢®(C;r) as the potential created at
r by a point charge distribution centered at C which has all
multipoles equal to zero except for the one of indices (2,m) which is
unity. A possible definition of such a charge distribution has been
provided in section 1II.2, equation II.2.21, which exploits the
orthogonality properties of the spherical harmonics. The overall field
created by a general point distribution at a point which is external
to the distribution in the sense specified above, can then be seen as
a superposition of the Ogm fields, with weights 79m (C; {e}).

A useful relationship exists between the real solid harmonics and the
spherical gradient operator WoMm. The expression for the latter is
obtained by simply substituting in equation A.5 x¢g by 48/3xc, and
similarly for the other coordinates (Hobson 1931):

(t+u+v=2) m

= t
Wp (©) = Lo Dy (t.u,v) (3/3xy)" (a/3yy)

u (a/azc)v A.13

The following relation can be shown to hold:

-22-1
o]

w? (G) ra‘ = [(29-1)1!] x? (C:;r) r



APPENDIX B. DEFINITION OF BRILLOUIN ZONE AND RELATED QUANTITIES

Consider the abelian group G of the crystal translations, whose
general operator TY9 effects a translation by a direct lattice vector
g. After introducing the periodic Born-von Karman boundary conditions,
G becomes a cyclic group which is the direct product of d groups of
order M, d being the dimensionality of the crystal, and M an
arbitrarily large but fixed integer. The projection operators for the
irreducible one-dimensional representations of the group are of the
form:

1/2

P(k) = N L, exp(i k-g) pY B.1

where N = M2 and the general "reciprocal space vector (or point)" k
belongs to a net of vectors, which reproduces the reciprocal lattice
shrunk by a factor M. That is, if Bj are the fundamental reciprocal
lattice vectors, related to the direct lattice fundamental vectors aj
by the relation:

Bi-a:I =2 n sij [i=1,...,d], B.2

then the k vectors are of the form:

- 1.d
k=5I{_, n; By B.3

with integer nj. It follows from the definition that projection
operators are equivalent if they refer to k vectors that differ by a
reciprocal lattice vector K. One may then consider only the N =
inequivalent k points that belong to the first Brillouin Zone (BZ),
that is to the Wigner-Seitz cell of reciprocal space. The scheme below
illustrates these concepts in the case of graphite, with M = 6. The k
points are indicated with dots.

a4

Direct lattice. Reciprocal lattice.
The hexagon is the first BZ; open
circles represent k points belonging
to IBZ (see below)
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By applying the projection operator P(k) to the w-th AO in the
reference zero cell (w = 1,...,p), a Bloch function (BF) is generated
that belongs to the k-th irreducible representation (IR) of G:

1/2 g

P(k) x: =N~ s

Eg x® exp(i k-g) = ¢w(k) B.4
The general crystalline orbital (CO) belonging to the k-th IR may be
written as (see equation II.3.1):

= P
wylk) = TP ) a5 (k) o (k) B.5

Since the k points are uniformly distributed over the BZ, sums over k
points within a certain portion A of the BZ can be substituted by
integrals over A:

Lecp £(K) = (N/Vy) JA dk £(k) B.6

where Vg is the volume of the BZ. Suppose now that there are N = Ng
electrons in the crystal, that is, g electrons per unit cell. The
Fermi energy e€p that identifies the occupied manifold has to be
determined by imposing that there are N/2 COs whose eigenvalue €5(k)
is less than e€p. Using the Heaviside step function e and equation g.s,
we can write the following equation that defines implicitly e€p:

@ = (2/N) £y I, eleg-e (k)] = (2/Vy) I, fBz dk eleg-ec (k)] B.7

The following equation is easily seen to hold true:

(1/V5) fBz dk exp(i k-g) = S, B.8

which is important in the transformation from direct to reciprocal
space quantities, and viceversa (see section II.2a).

Exploiting point symmetry makes it ©possible to consider only
crystalline orbitals associated with k points that belong to the
"irreducible part of the BZ" (IBZ). The IBZ is defined so that a
general k point in the BZ is carried onto a k point in IBZ by a proper
or improper rotation V of the point group of the crystal: k = V kV ,
while no such relation exists between two different points in IBZ. The
relation between ¢;(k) and wj(kV) , and the corresponding ones for
F(k), s(k), P(k), e%c are given in section II.7c .



APPENDIX C. THE McMURCHIE-DAVIDSON TECHNIQUE FOR THE EVALUATION OF THE
MOLECULAR INTEGRALS

In this appendix we summarize the strategy and the formulae proposed
by McMurchie and Davidson (1978) for the evaluation of the mono- and
bielectronic integrals, except for field and multipole integrals
which are treated in more detail in Section 1II.4c. The integral
package used in CRYSTAL has been derived from the one developed by
Saunders (1983) for molecular calculations; here, we use the notation
and the sequence of arguments as adopted by that author.

Cl.Hermite Gaussian Type Function (HGTF)

Following McMurchie and Davidson (1978) HGTFs are adopted as useful
intermediaries for the evaluation of integrals. The HGTFs can be
defined through

. = (8__yi 8 3 38 |k -
Ala,A;i,j, k] = (aA ) (aA ) (aA exp( arA) ci.1
X b4 z
where
= (xA'YA'ZA) = r-A = (x—Ax,y—Ay,z—Az) ci.2

From equation C1.1 it is obvious that HGTFs are separable in x,y and z
functions

AEarA;i'jrkj = AanIAIi] AYEa'A:jJ AZEa'A'kJ Cc1.3

-

i
)~ exp(-ax
an

A fla,A,1] = ( = 2 [a,A,i] exp(-ax?) c1l.4

2
a) a
and similarly for Ay and Az, In equation C1.4, Xy fa,A,i] 1is a
polynomial of degree 1 in x, related to the Hermite polynomial H; as
follows:

i/2

A ¥%
xx[a,A,lj = a Hi(a xA) Clil.5

A recursion relation for Xy can be obtained from the corresponding
expression for the Hermite polynomials:

X

A kaa,A,i] = )x[a,A.i+1]/(2a) + i Xx[a,A,i—lj Ci.6

The following useful expressions are easily obtained from equation
C1.6 with reference to an origin Ca(Cy,Cy,Cz), so that xXp=xXc—(Ayx—Cx):

xc )x[A,i] = )x[A,i+1]/(2a) + (AX—CX) XX[A,i] + i Xx[A,i—lj Cc1.7

xz 2 [A,i] =xch,i+2]/(2a)2+(Ax—cx)xch,i+1j/a+((21+1)/(2a)+(Ax-cx)2)-

)x[A,i] + 21 (Ax—Cx) )x[A,i—lj + i(i-1) kxEA,i—2] Cci.s8
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We have here indicated Agl[a,A,i] by Xg[A,1].

From the properties of the Hermite polynomials it easily follows that
the polynomials Xy[A,i] are orthogonal for different i's through the
weight function exp(-arp?). In particular, since A[a,A;0,0,0]=
exp(-ara?) we have :

.1 = 3/2
I dar ACa,A:;i,3.k] = 8, 8, 8 (n/a) c1.9

C2.The Gaussian product theorem and the expansion in HGTF

Let us consider the product of two atomic orbitals located at A and B
(see equations II.2.3-4-5):

the tprgr (w) (w')

Xw(rA) xw'(rB) = §=1 £j=1 an,i dn'ﬂ',j N?(ai) N?:(bj)

v X?(A;r) X?:(B;r) exp(-a rA) exp( bjrB) c2.1
Using the Gaussian product theorem (Boys 1950), we can write :
exp(—arg) exp(—br;) = KAB exp(-pr;) c2.2
where:
p = a+tb ; P = (aA+bB)/(a+b) ; K,» = exp[-ab (A-B)?/p] c2.3

AB

Real solid harmonics XgM(A;r) are polynomlals of degree 2 in x,y and z
(see Appendix A). The product xgm(A r) ngm (B;r) can then be written
as a polynomial of degree 2+¢2' in Xxp, yp., Zp or, equivalently, as a
linear combination of Hermite polynomials of degree t, u, v in xp, yp.
Zp, With t+u+v<2+2' :

1]
X?(A;r) X?,(B;r) = T,uy EC2.mi2',m';t,u,v] X[p,P;t,u,v] c2.4

where X = Xy Ay )z (see equation C1.4). Note that, because X,°%=1:
E[0,0;0,0;0,0,0] =1 c2.5

For each couple of primitives one has to generate all the E
coefficients such that t+u+v<2+2'. We will illustrate in the next
section the recursion relations for this purpose. Equation C2.1 then
becomes:

the tnree

X,(Tp) X, (rg) = ;4 Ej=1 L Flw,i;w',j;t,u,v] Alp,P;t,u,v] C2.6

tuv
Flw,i;w',j:;t,u,v] =

(w) (w') '
= dng.1 9nigr,; Np(ag) No.(by) Kyp E[g,m:2'.m' t,u,v] c2.7
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To simplify the notation, here and in the following we will assume
that in equation C2.6 one has tpo=tpt9'=1 (a single gaussian per AO),
so that the double summation over i and j reduces to a single term.

C3. The expansion coefficients E

a) Recursion in ¢

According to eguation C2.4 we have

m

x9+1

(A;r) X3, (Bir) = I, EC2+1:t,u,v] ALP:t,u,v] c3.1

tuv
where, for compactness, the index p has been omitted from X, and

m,2',m' have been omitted from E.
On the other hand, a combination of equations A7 and C2.4 yields:

x2+1

(A:r) XD, (Bir) = £, ( E[2:t,u,v] (22+1) z, A[P:t,u,v] +

tuv
- E[2-1:;t,u,v] (2+|m}) r: ACP;t,u,v] }/(2-im|+1) C3.2

The recursion relations C1.7 and C1.8 can now be used in eg. C3.2
(ra2= xp2 + yp2 + 2zp%); grouping the resulting coefficients of the
general X[t,u,v] term, equating with the corresponding term in
equation C2.4, and defining D = P-A = (Dx,Dy,Dz) gives:

E[fQ+1;t,u,v] =
= (E[2;t,u,v-1]/(2p)+ Dz E(2;t,u,v) + (v+1) E[Q;t,u,v+1]}-
-[(22+1)/(2-Im|+1)] - [(2+|m]|)/(2=|m]+1)]-
-{ (EC2-1;t-2,u,v] + E[2-1;t,u-2,v] + E[2-1;t,u,v-2])/(2p)% +
+ (Dx E[92-1;t-1,u,v] + Dy E[92-1;t,u-1,v] + D, E[L2-1;t,u,v-11)/p +
+ (D2+(2t+2u+2v+3)/(2p)) EL9-1;t,u,v] +2D_(t+1) E[9-1;t+1,u,v] +
+ 2ny(u+1) E[f2-1;t,u+l1,v] + 2Dz(v+1) Ef2-1;t,u,v+1] +
+ (t+2)(t+1) E[2-1;t+2,u,v] + (u+2)(u+l) E[2-1;t,u+2,v] +

+ (v+2)(v+1l) E[2-1;t,u,v+2] ) Cc3.3

b) Recursion in 2 and |m|=¢

Consider first the case m = 2; from equations A.6 and C2.4 we have:
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2+1 m'
X9+1(A,r) xg,(B,r) = (29+1)£tuv( E[2,2;:t,u,v] xA ALt,u,v] +

- E[2,-2;:t,u,v] Ya ALt,u,v] ) C3.4

where the indices ¢',m' have again been omitted from E, and p,P from
A. Using equation C1.7 and comparing the result with equation C2.4,
gives:

E[C2+1,92+1;t,u,v]

(29+1) ( E[2,2;t-1,u,v]1/(2p)-E[2,-92;t,u-1,v]/(2p) +

+ Dx Ef2,92;:;t,u,v] - DY E[2,-2;t,u,v] +

+

(t+1)E[2,2;t+1,u,v] - (u+l)E[2,-2;:;t,u+l,v] ) C3.5

In a similar way we obtain for m=-9:

Ef2+1,-2-1;t,u,v] = (22+1) (E[®2,-2;t-1,u,v]/(2p)+E[%2,2;t,u-1,v]/(2p) +

+ Dx E[2,-2;t,u,v] + DY E[2,2;t,u,v] +

+ (t+1)E[®2,-2;t+1,u,v] + (u+i)E[Q,92;t,u+l,v]) C3.6

The same expressions can be used for the recursion in 2', x92'.

c) Method of generation

In the use of the recursion formulae C3.3, 5, 6, note that all E
coefficients are zero if negative t, u, v arguments are involved, or
if t+u+v > 2+2'. With this proviso, all E coefficients are easily
obtained starting from E[0,0;0,0;0,0,0] =1 .

First, equations C3.5, 6 allow us to obtain all terms with |m|=2
Im'{=2"' :

’

loop over 2 =1 to L
recursion in 2,x2 :
calculate all E[2,%2;0,0;t,u,v] (t+u+vge)

loop over 2' = 1 to L'

loop over 2 = 0 to L
recursion in 2',x2' :

calculate all E[2,%2;2',22';t,u,v] (t+u+vg2+2!')

where L and L' are the angular gquantum numbers of the involved AOs.
Next, use of equation C3.3 gives E[2,m;2',m';t,u,v] for |m|<2 and
Im'}<2', starting from E[|m],m;|m'|,m';t,u,v].
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C4. Overlap and kinetic integrals

The overlap integrals take the form (see equation C2.6):
Sww' = Idr Xy Xt = Etuv FLw;w';t,u,v] fdr ALp,P;t,u,v] c4.1

Equation C1.9 shows that only the t=u=v=0 integrals are different from
zero, so that :

Sww' = Ffw;w';0,0,0] (11/;:.)3/2 c4.2

For the evaluation of the kinetic integrals we use the relation:

1 g2;,m 2 - —0n2..2 m, o —an?

Y v [XQ(A,r) exp(-arA)] = [a(22+3)-2a rA] XQ(A,r) exp( arA) C4.3
Hence:
T =T = j dr x , (- 2v?®) x =¢ Flw;w';t,u,v] -
ww' w'w w' 2 w tuv ’ i

] j ar [a(29+3)-2a% (x3+y3+23)] Alp,P;t,u,v] c4.4

Use of equation C1.8 (with the substitutions C-=A, A-P) for
transforming all terms of the type x32A[P] into a linear combination
of A[P] terms reduces all kinetic integrals to overlap ones.

C5. Nuclear attraction integrals

These integrals are of the form :

-1

c C5.1

- 1. .
tuv Flw;w';t,u,v] Jdr ACp,P;t,u,v] r

The general integral in the right hand side will be expressed through
the symbol:

-1

c C5.2

ROEp,P—C;t,u,v] = ROEt,u,v] = (p/2m) I dr A[p,P;t,u,v] r

To calculate these integrals wuse will be made of the auxiliary
functions

1 a2 .
Fj(w) = j ds e ws s2J y C5.3
o

for which powerful algorithms have been developed (see for instance
Davidson 1977).

In particular it has been shown by Boys (1950) that

R,[p,D;0,0,0] = Fo(pDz) c5.4

By using equations Cl1.1 and C5.2, and after defining D=P-C, we have:
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R,Cp.Dit,u,v] = (35 ° (§p® (§g)V(ps2m [ar ALp.P;0,0,01 gt =
x v z

1 2,2 1
= 0" G G I ds e™PS P - I ds Alps®,D;t,u,vl, c5.5
x v z o o

where A[ ], stands for A[ ] (as defined in C1.1) at r=0.
Following McMurchie and Davidson,it is convenient at this point to
define a more general type of integral:

1

RjEp,D;t,u,v] = I ds (—2psz)j A[ps-’-,D;t,u,v]° C5.6
)

whence:

R,[p,D:0,0,0] = (-2p)7 P, (pD%) c5.17

Using the recursion relation C1.6 and dropping the indices p,D gives:

1
R.[t+1l,u,v] = J ds (-2ps?)It?
[+

5 (-D, ALt,u,v] + t ACt-1,u,v] ) =

= --Dx R +1Ct,u,v] + t Rj+1Et—1,u,V] C5.8

J

The required nuclear attraction integrals It+yy = Ro[Lt,u,v] can then be
calculated recursively using the following procedure:

Compute Rj[0,0,0] for j=0 to J=92+2°'

loop over t = 0 to J

loop over u = 0 to Upax = J-t
loop over v = 0 to vpgyxy = J-t-u

Ituv = Ro[t,u,v]

if v=vpax then
loop over j=0 to wvpgax—-v-1

compute Rj[t,u,v+1] (eg. C5.8)

O ——

if u=upay then
loop over j=0 to upgx-u-1
compute Rj[t,u+1,0]

if t=J then
loop over j=0 to J-t-1
compute Rj[t+1,0,0]

Lo
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C6. Two-electron repulsion integrals

Two-electron repulsion integrals (ERI) involve the Coulomb interaction
between two overlap distributions, Xy Xg and X, Xg, centered in A,B
and C,D, which may be expanded in HGTFs at centers P and Q with
exponents p and q, respectively.

= _ -1
Iopys = j jdr1 ar, X (r,) Xg(r,) Ir -v 171 x (r,) x4(r,)

=T uv FE“:B;t'urvj T FE)"S;tltu'rvl] M

t t'u'v!

[t,u,vlr::It',u',v'] C6.1

where the last guantity is the ERI between A[p,P;t,u,v] and
Alg,Q:t',u',v']. To evaluate these integrals, their translational
invariance can be exploited:

_a__ -1 1 ' ' = - 3_ -1 1 1 1

() [t.wvir  lth,ut,v'] = (- 3g7) [tuvir ojtt,u',v'] c6.2
x 4

or, using equation C1.1:

Ce+l,u,vir lt',u',v'] = - [t,u,v|r |t +1,u',v'] cé.3

Similar results hold true for u and v. By repeated applications of
equation C6.3 we obtain:

-— 1 1 1]
[t,u,vir 21t ,u',v'] = (-1)t'alty

[t+t',u+u',v+v'Ir:;I0,0,0J C6.4
It must be noticed that the number of integrals to be computed for the
calculation of I4gyg may be much lower if use is made of the right
hand side instead of the left hand side of equation C6.4.

The way of proceeding from this point on is very similar to the one
for the nuclear attraction integrals. We start from the relation
existing between the basic integral ¢6.4 and the F, function
introduced in eq. C5.4 (Boys 1950):

£0,0,0(r;;10,0,07 = 2 n5/2 p1 g7t (paq)TH/2 F, (W) C6.5
w=e (P-Q)° C6.6
e = pqg/(p+q) c6.7

From equations Cl1.1, C5.2 and C5.4 we obtain

2n%/2p7 g™t (pra)

1

-1/2 ,3 t ,3 u ,3 v

-1
Ct,u,v|r 210,0,0] G G
X Y

s/2 _ -1 _-1

27 p ! qt (pr@)t/2

ROEO,P-Q:t,u,vj C6.8
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The generation of the Ry[t,u,v] functions can be accomplished exactly
in the same way as explained in section C5. In summary we have :

I =2 7%/ g Y (pr) M £ FLy.8:t',ul,v']

aByS Fl«,B;t,u,v] ¢

tuv ttu'v!

t'+ul+v!

(-1) R [e,P-Q;t+t',utu’,v+v'] Cc6.9



APPENDIX D. SYMBOLS AND NOTATIONS

This appendix is intended to facilitate the interpretation of symbols,
conventions and acronyms occurring in this book.

Note that:

Atomic units (a.u.) are used throughout; for the main qgquantities of
interest the value in SI units is:

Length ag §.2918 x 10”1t m
Mass my 9.1096 x 103! kg
Charge e 1.6022 x 10718 ¢
Angular momentum h 1.0546 x 10734 J s
Energy €0 4.3598 x 10°1¢ g
Time h/eg 2.4189 x 10717 s
Electric potential €g/e 2.7211 x 10% v
Electric dipole moment ea, 8.4784 x 107%° C m
Electric charge density e/a3®, 1.0812 x 10t2 C m~®

Bold characters refer to three-dimensional vectors or matrices; their
components and elements are typed unboldened and with subscript
indices.

For typographical clarity superscript and subscript indices are nearer
to the reference line when they appear in the text; they are therefore
typed on adjoining columns to avoid superposition of the characters.
So, for instance:

P?z appears in the text as P9, ,
+m : +m
X appears in the text as X9

In the following list of acronyms the symbol in parentheses, when
present, refers to the section where the corresponding term is
introduced or explained in detail.

AF Autocorrelation function (III.4a,c)
AO Atomic Orbital (I.1,I.2c,II.2d)
APW Augmented Plane Wave (I.1,I.2c)
BF Bloch Function (I.2.c,II.2a)
BS Basis Set (I.3b)

BZ Brillouin Zone (App. B)

CI Configuration Interaction (I.1)

co Crystalline Orbital (I.2c)

COHSEX Coulomb Hole plus Screened Exchange (I.3f)

CP(F) Compton Profile (function) (III.4a)

CSF Colle & Salvetti Functional (I.3f)

Ccs Configuration Space (I.2d)

DF Density Functional (I.2b)

DOsS Density of States (II.6)

EMD(F) Electron Momentum Distribution (Function) (III.4a)

ERI Electron Repulsion Integral (App. C6)

GF Green Function (I.24)

GTO Gaussian Type Orbital (IT.2a)

HF Hartree-Fock

HGTF Hermite Gaussian Type Functions (App. C1)

IBZ Irreducible part of the Brillouin Zone (App.B)
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Irreducible Representation
Korringa-Kohn-Rostoker

Linearized Augmented Plane Wave
Linear Combination of Atomic Orbitals
Local Density (Functional)

Molecular Orbital

Momentum Space

Muffin Tin

Pseudopotential

Plane Wave

Self Consistent (Field)

Symmetrized Plane Waves

Self Consistent Field

Slater Type Orbitals—- n contracted Gaussians
Tight Binding

(App.B)
(I.2a)
(I.2c)
(I.1)
(I.2b)
(I.1)
(I.24)
(I.2a)
(I.2b,I.3g)
(I.1,I.2c)
(II.3)
(II.6a)
(I.1)
(I.3b)
(I.1)
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