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Tables for reduction of the matrix components of energy in the tight binding method
have been prepared for hexagonal close-packed lattices.

The tight binding or LCAO method originally proposed by Bloch (1928) can
be applied satisfactorily to the investigation of the symmetry properties of energy
bands in crystals. Slater and Koster (1954) worked out this method in detail, discussed
the possible approximations and the validity of the application of this method to real
cases.

A rigorous application of this method is hardly possible on account of the
enormous amount of numerical work. Taking into account the approximations
discussed by Slater and Koster, this method can be applied to crystals, in which the
electrons are tightly bound. The LCAO method can be applied also in the case, when
the electrons are not tightly bound, but then only as an interpolation method. The
energy integrals are then not computed analytically but they are used as disposable
constants which can be found using the energy values calculated by other methods
at restricted symmetry points in the Brillouin zone.

The calculations of Slater and Koster have been performed for simple cubic
structures, namely for a simple cubic lattice; for face- and body-centered cubic lattices
and for a cubic structure with basis, in particular for the diamond lattice.

In the present work the LCAO method is used to investigate the properties of
energy bands in hexagonal close-packed structure. The calculations for hexagonal
close-packed structure are more laborious bacause the unit cell has two non-equi-
valent atoms and the geometry of this lattice is more complicated, the directions
along the axes of rectangular co-ordinate system being non-equivalent.

There are in literature a few papers on energy bands in hexagonal structure.
Herring and Hill (1940) have applied to beryllium the method of orthogonalized
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plane waves, Schiff (1955) investigated the symmetry properties of energy bands in
titanium by the cellular method.

The metal to which the LCAO method could be applied is the hexagonal form
of cobalt; @ — Co. Cobalt belongs to the group of transition elements, as Ni and Fe,
the d states of which can be treated with the tight binding approximation. For in-
stance Fletcher and Wohlfarth (1951) and Fletcher (1952) investigated with the help
of this method the energy bands in face-centered Ni. Suffczynski (1956) calculated
two-center integrals for body-centered Fe.

The hexagonal close-packed lattice can be described as a simple hexagonal
lattice with two non-equivalent atoms in the unit cell. The primitive translation
vectors in rectangular co-ordinate system are: A4; = (¢/2, — \/_3_ aj2,0), A, =
= (a/2, \/3_ a/2,0), 43 = (0, 0, ¢), where a is lattice constant in the horizontal plane.
The basis vectors.are: & = (0,0, 0), & = (a/2, V3 a[6, ¢/2), when the origin of the
<o-ordinate sysfem coincide with the position of an atom of the lattice: The simple
lattice with an atom at (0, 0, 0) is denoted by the index 1, and the lattice with an atom
at (a/2, \/3_(1/6, ¢/2) by the index 2.

For convenience we use different length units along different axes of the
rectangular co-ordinate system. namely ¢ = @/2, f == \/é—a/l y =¢/2 in the x, y, &
directions respectively.

In our caleulations we use the model of the hexagonal ideal close-packed lattice,
i. e., we put the distance between two nearest non-equivalent atoms equal to «;
8

t,| = a. Then cfa = = 1.63. This is approximately fulfilled ~for many

crystals with hexagonal structure, for instance for @ -— Co we have c/a == 1.62.
The energy dependence on the wave vector & will be obtained by solving the

zecular equation

det] (m/n) pr — Opm O E1 =0,

mn we

where (m/n),,. are the matrix components of the Hamiltonian (energy) between cor-

responding Bloch sums. In the present work these components are computed uzing

firstly the general three-center integrals and subsequently the two-center integrals.
The general formula for the matrix components of energy is given by

. . *
(min),, = exp [ik(t, — )] Z exp (ikr) f @, r—t,)He, (r—r—t)dr
m, n denote here atomic states, @, are the atomic functions, r, = [, 4; 4+ 1, 4, + I3 45
— translation vectors (l, l, I; are integers), ¢, — basis vectors. The Hamiltonian

H = — A 4 F(r) is an Herniitian operator. V(r) = Z [Ulr—r) + U(r—r— )]

is the periodic potential of the whole crystal, thus Vi (r +r) = V(r). U(r—r)is the
potential of an isolated ion located at the point r,, The energy integrals (E-integrals)
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have the form
Em,n (tw‘v I.l + tw) = f (T:n (l‘— tw‘) H (pn (I‘—'-— rl - tw) dl‘.

The matrix components are calculated for the following states: s, p (3 functions

of the type &, ¥, z times f,(r), denoted by p;), d (5 functions of the type xy, yz, xz,

x%—y2, 3z2—r? times fo(r), dénoted by dq-).’ Since we have nine such states and
a unit cell contains two non-equivalent atoms, we construct 18 Bloch sums. The
general matrix of energy has 18 X 18 = 324 components,

Using symmetry properties of the Hamiltonian and of atomic functions we can
perform the reduction of these matrix components. It is convenient at this moment
to put the origin of the co-ordinate system in the middle point of the line joining two
non-equivalent atoms in the unit cell. In such a system the basis vectors are t, and
1
2
The periodic potential takes the form

I(,.) = Z [ U (r— r— —;— & ) 4 U (r— r+ —; t, )] and  therefore

1
Pir) =V (—r). We also use the fact, that to every vector r; corresponds the

ty = — ) = =t

vector r} = —ry.
We notice the following general relation

(m/n)w’w = [(n/nL)ww']*

Further 1elations are given in Table 1.

TABLE 1

(s/)y = (5/5)e2 (s/s)12 = (5/5)m*

(S/Pj)n = -‘(5/!),‘)22* (S/Pj)m = — (s/pg)ar*

(-‘/dq)n = (S/dq)zz* (S/dq)12 = (S/dq)21*

(pjlpphn = (PjIpj)en (pjlpihz = (Bilpja®

(Pj/Pi)u = (Pj/Pi)zz (P_,‘/Pi)lz = (Pj/Pi)m* e’
' (Pj/dq)u = —(.Pj/dq)zz* (Pj/dq)xz = (Pj/dq)zl*

(dg/ Ay = (dyfdy)es (dgldhs = (dq/dq)‘ll*

(dq/ d)y = (dq/ dy)an” (dqldr)lz = (dq/dr)Zl* g+

I'rom the total of 324 components only 90 components must now be considered: 45

components of the type
(nfrh = 3 exp (itr) [ 41, () H g, (e —r) dr

and 45 components of the type

(min)y = 5 exp [ik (7 + &)] [ 93 )0) Ho, (r—r,— ) dr.
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In the above integrals the origin of the co-ordinate system is again located at
the position of an atom. This system will be used exclusively in the following.

We make now the nearest-neighbours approximation. Every atom in a hexagonal
ideal close-packed lattice has 12 nearest neighbours: six neighbours in lattice 1 and
six in lattice 2. Therefore, in the matrix components (m/ny;) there remain only seven
E-integrals corresponding to the lattice sites r, (0, 0, 0); (1, — 1,0), (2,0, 0), (1, 1, 0),
(—1,—1,0), (—2,0,0), (—1,1,0) in terms of &, f, 7 and in (m/n),, six E-integrals
corresponding to r +t: (1,1/3,1), (—1,1/3,1), (0,—2/3, 1) 1,13, —1),
(0,—2/3, —1). So 7 X 45 46 < 45 = 585 E-integrals remain to be calculated.
Not all of them are independent. The reduction of these integrals must be performed.
Here we use more particular symmetries of the Hamiltonian and atomic functions.
We perform the orthogonal transformations which carry the hexagonal close-packed
lattice into itself. Under these symmetry transformations the Hamiltonian is invariant.

We take into account the following transformations: 1) reflections in three
. . 2
vertical planes, the normals to which make the angles T 7 among themselves;

one of these planes is the plane x = 0, 2) reflection in the horizontal plane z = 0
From these transformations we can obtain all other necessary transformations.

Under these transformations the atomic functions transform in some definite
way. If we take for instance one of the d functions located on the atom r), then after
any one of the above transformations we obtain a linear combination of the d functions
all located on some other atom, say rp.

In the first step of the reduction of F-integrals we use only these symmetry trans-
formations after which in a given matrix component, say (mgy/ng), only E-integrals
remain with the same index my and ny By this treatment the non-vanishing matrix
components can be divided into ten sets. Every set has different relations between
the FE-integrals. Therefore the k dependence of all components in one set is the same.

First we write down all the copmonents which belong to every set, secondly the
relations between E-integrals in this set and lastly the k dependence. We use here

the following abbreviations: & = a k, = ak,/2, n =k, = \/ga kyj2, € = yk, =
= c k2 = ak, V (2/3).

L (sfs)ns {5132 — Py, (Ff2)ps (B2 — 12322 — %)y
E,,.(0,0,000 '
E, . (r;) —identical for six vectors r, corresponding to nearest neighbours in lattice 1.
(mjnyy = E,, (0,0,0) 4-2F,, (2,0, 0) (2 cos £ cos i + cos 2 &)
2. (sfs)as (5/32% — 1¥)p, (32)1p, (322 — 17322 —r¥)ye
E,, ,(r -+ ) —identical for six vectors (r, - ¢,) corresponding to nearest neigh-

bours in lattice 2.
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(m/n}e = 2E,, (0,— E, 1> cos { [(2 cos & cos L 7 ~— sin 2 17) 4+
i 3 3 3
+1i (2cos Esin%-n — sin% 17)]

(/20115 (5/x9)11> /)11 (%% — 51 (3/32% — %)y

(y/xy)ll’ (z/xz)lh (‘x.')”/x2 - y2)11’ (‘x}/z2 - ’2)11’ (}'.\'/-"’.TZ)H
E,,(0,0,0) =0

E, .(1—10=— Em,n (-1, —1,0)
Em,n (1’ ]" 0) - - Em,n (_1’ ]-= O)
Em,n (2’ 0 0) = 7 Loyn (_2’ 0 ,0)

(mjn)yy = 2[E,,, (1, —1,0) — E,, (1,1, 0)] sin & sin g + 2i {[E,,, (1, —1,0) +
+E, ,(1,1,0)] sin & cos  + E,, , (2,0, 0) sin 28}

4. (8/%) 195 {8/2) )12 (/3125 (K/2% — 310, (x 322 — r?)1a (7% )12s (2/%2)125 (xdv/x2 — ¥)125

&

(/352 — )1z, (¥3/x2)1

B i) =, (1L, —1) =
~\"3 3

(mn)yy = —4E, . (1‘, -;_ , 1) gin & cos (sin % 7 — 1 oS %. 17)

o (811> (/2% — Y1 (/2115 O/ —yH (7/32> — 1)1y, (2ly2)1y (02 —5%[32% —r¥)yy,

E, ,0,0,00F0
En.t,n (1’ —1, 0) = Em,n (_1’ -1, O)

E,,(1,1,0)= E,_, (~1,1,0)

Epn 2,0,0) = E,,,(~2,0,0)

(m/n)1y = Epn (0,0,0) + 2 [Eppn (1, — 1,0) + E,p (1,1, 0)] cos & cos 57 +
+ 2E (2,0, 0) cos 26 + 2i [Epy (L, 1, 0) — By (1, — 1, 0)] cos & sin

- (5/Yas (s/x% — ¥ o5 (/212 (/¥ ]hes (xf2)e (/%% — ¥ 1es (¥/32% — 110,

(2/y2)105 (x¥/%¥ )12, (xz/x2)12, (¥ 2[¥2)10s (22 — yHx — ¥, (6% — 53322 — 1Y),
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1 1 1 1
Em,n (]—7 _3—5 ]-) = Em,n ( 15 '?;‘a““]-) = Em,n (*19‘3"7 1) = Em,n (__1’§7 '1)
2 2
Em»'l (0’ - 73_’1) = Lmn (0’ - g‘,b— 1)
1

(m/n)5 = 2 cos ¢ [ZE,,,,,, ( 3 ) cos & cos%n + E,,,),,(O, —%, 1 )cos%n]+

. 1 1 ( 2 2 )
4 2i cos & [2Em,ﬂ<1,§,l) coa{-‘smé—n——Em,n ‘O, —-?-’-,1) sm-g— n:l

7. (8/2)1as (2/32% — 1%)ps

1 1 , 2
Em,n<17§»1>:Em,n<—1e_§sl>:Em,n(o __'> )
1 . 2
:-—Em’n (1,'3'—,’— 1) :_Em,n< 1) Em’n (O,—g,—l)

(m/n)yy = — 2E,, ( 1,%, l) sin [(2 cos & sin ;) n— sin% 77) —_

— (2 cos & cos ln + cos — 2 1,)]

- (8/%2)19s (5/2)1> (¥/XZ)19s (/YD1 (a/xv)e (x¥/32)10s (“‘z/)‘z — ¥Pp (%3322 — 1%y,

1 1 1
Em,n(lygvl):"_Em,n( 7’3_7‘1):‘ Em,n (— 1: _3_9])

:Em,n<_1’§",_—'l)

2 2 )
Em,n(oy—g',l)‘— Em,n (Oa_gs—ll ‘—0

—

1 1
(m/n)yy = — 4E,,, ( 1,%, 1) sin & sin § <cos 5 1y + isin 5 17)

- (8/y2hes (4] 2)1as (3/22)19s (¥/Y 2105 (2/3% — ¥P) 105 (2Y/%2)100 (¥3/3%— ¥ )10, (¥2/32%—17)10

1 1 1
E’"’”(]"_?’—’]') - - Em,n (15—3“7*‘ J) ES Em,n (_' 1-/ _3—7 1)

1
:_.—Em’n(—‘l,_g,—l)
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(m[n);, = 2 sin { [—2 E,. . ( 1, —;, 1) cos & sin % N+

2 .2 - 1 ) 1
+ Epn (O, -3 l)sm—?—)—n] —i— 2 isin ¢ [2Em,n < 1,3—, 1] cos & cos i

2 2
+ E,n (0, — 3 1) cos 3 17]

10. (x/2)11, (V9115 (y/xy)11s (22[22) 010 (¥2/¥2)10 (2% — y¥22 — )y
E..Q1,—-10)=FE,.(-1,-1L,0=E,.—1L1,0=F,.(11,0)
Epn(2,0,0) = E,, ., (—2,0,0)

(m/n)yy = Epn (0,0,0) 4 4E, , (1, —1,0) cos & cos 4 2E,,, (2,0, 0) cos 2 &

E-integrals for remaining matrix components vanish for all r, therefore these
matrix components disappear:

(8/2)1y = (s/x2)yy = (8/y3)y = (/o) = (WD) = (¥/xz2)14
= (xlyz)n = (y/x2)1 = V[y2)hn = (&/x))n == afa? —y¥)yy = (3/32% — 1)y
= (0/xz)yy = (Wyz)y = (2/e® — ¥y = (/352 —r Ju

= (yz/x% — 3%y = (y3/32% — %)y, = 0.

Now among all the non-vanishing FE-integrals only E-integrals for r, = R = (2, 0, 0)
and r, -+ ¢, = T = (0, — 2/3, 1) are independent. Therefore, in the second step
of the reduction, we express all integrals £, , (1, —1,0) and £ . (1,1,0) in terms
of E,, (R) and the integrals E,  (1,1/3,1) in terms of £ __ (7). Here we use the
symmetry transformatidns, which were not taken into account previously. The
component (my/ng) will now contain the integrals with m and n not necessarily
equal 1o m, and ny. We have only 71 independent E-integrals. The expressions for
the remaining integrals are given in Table II.

TABLE IT

1 L
E . (1, + 1,0) = 5 [Eox (B) £ V3 E, (R)]
1 _ 1 1 —
/ /
E,, <1,?1) =V3 E, (1,.3_,1> =1 3 E (T
1 —
E,, (1,4 10) = 5 [V3 E,, (R —E,, (R)]

. - _
Egpy (1, £+ 1,0) = - [£V3 E oy (R) + E,,, (R)]
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1 — 1 1 —

E s (1, ?1) =V3 E (1,? 1) = ?1/3 Epxs_y (T)
1 _ 1 1 ,—

E, (1,?1) =V3 E,,, (1, ?1) - _71/3 By (T)

1 —
Eywroyr (O £ 10) = — [ = By (B) £ V3 By (R)]

1
Eyn (1, —10) = = [Exx (B) 3 E,,,, (R)]

1 1
s (1’ EX 1) = (e (D) + 3 By (7))

E,, (1, — 1,0 = il [3 Exx (R) -+ E, , (R)]
4

1 1 .
Ey,y (l’?’ 1) = ‘4T [3 Ex,x (T) + Ey,y (T)}

1 1
Ery (1, £10) = & — V3 E,,(R) — E, ,.(R) F T V3 E, , (R)

1 1 -
Fo (1’ 3 1) = VB [~ Ea (1) + By, (7))

1 - 1 1 —
E,. (1, 5 1) =V3 E,, (1, »3_,1) -—5 V3 E, (T)

1 — — _
Epry (O, + 1,0) = — [£V3 Eypo_yo (R) + Eypy (R) + 3E, 0_,2"(R) £ V3E,,, (R)]

1 1
Eyyxy (1’ 3’ 1) = o By (T) + 3Ey oy (T}

1 1
Ex,xy 1, 1) = [Ex,xz (T) + 3E, 4, (T)]

1 1 1
Eyye (1, .3_,1) =E, . (1, ?,1) - V3[—E, . (T) + E, . (T)]

1 L —
Eypryp (1, £ 10) = [—Eypey: (R) £V3E, ., (R) £ V3E, 2, (R) + 3E, ,, (R)]
1 1 1 —

A (1’ EX 1) = By (1"3" 1) — V[ Eay (1) + Eyrye (T)]

1 —
E, 3 (1, £ 1,0) = 3 [Ey 3202 (B) £ V3 E 3zt (R)]
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1 — 1 1 -
Eygpe_p (1, - 1) =V3E, 3. _, (1, - 1) = — ..2_1/3 Ey 300y (T)
1 — —
Ey v (1, £ 1,0) = T [BEyye_yr (R) £ VB E, ., (R) T3 Eyxr_y (R) — E, . (R)]

-1 1
Ey,yz <1’-§" 1) = —4'_ [3 Ex,xg (T) + E. 52 (7)]

1 - _
Eyroyr (1 10) = — [FV3 By (R) + 3 By (R) + Eyo o () F VB By, (R)]

1 1
Ey,x’—l’2 (1’ -é" 1) - 4 [3 Ex,xy 1) + Ey,x2 -y* (T)]

1 —_
Ey e 2 (1, 1,0) = 5 [£VB Ey g0y (R) — E, 3,00 (R)]
1 — 1 1 —
Es sy (1,?1> =|/3> Eypo_ye (1,.3_, 1) = - ~22-1/3 Eppr_yniT)

1 —
Ez,xz (1, & 1,0) = ? [Ez,xz (R) + V3 Ez,yz (R)]
1 — 1 1 -
Eye (1, 5 1) =V3E,,, (1, 5 1) = — ?1/3 E, . (T)
1 '/—
Ez,yz L+ 1,0 = ?[i 3 Ez,xz (R) — Ez,yz (R)]
.. 1
Exy,xy 1, - 10 = Z [Exy,xy (R) + 3_ Ex”—y’,x’—y“ (R)]
1 1 -
Exy,xy i, —3_ 1) = _Z [Exy,xy (7) + 3Ex’—y’,x’—y’ (T)]
1
Exz,xz (1, — L0y = '1— [Exz,xz (R) + 3Eyz,yz (R)]
1 1
Exz,xz 1, _3" 1) = Z [Exz,xz (])'*‘ 3Eyz,yz 7 )]
1
Eyz, vz 1, — 1,0) = —4‘- [Eyz,yz (R) + 3Exz,xz (R)]

1 1
Yz, ¥z (1’ ? 1 ’) = 'Z [Eyz,yz (1) + 3Exz,xz (7 )]
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<

1
Ep gy (b = L0 = — [Eu_yraeys (B) + 3B ()]

1 1
Ege_yrxtoyn (l, 3 1) T 1Exayepryr (T) + 3Eyy 4 (T)]

1 1
By (1, ?,1) - [Espuz (T) + 3Eyp_ys (1]

1 1 T -
Eyy,yz (1’ 3 1) = By (1’ 5 1) = Z V3 [Eyz,x'—.v2 (T) — Exy,xz (7 )]

1 - 1 = .
Exy,xz~yz (1, 4+ 1,0) = —4— l,/3 Ex2~y’,x’—y' (R) — Exy,x’—y’ (R) -+ Zl/3 Exy’xy (R),

1 1 =
Exy,x’—y’ (1, ? > 1) = Z 1/3 [Exz_yz’xz__yz (T) -— Exy'xy (T)]

. 1 _
Exy,Sz’—r’ (1, £ L0 = ? [E.xy,.?z’—r2 (R) =+ ‘/3 E::’—_'yz,3z‘—rz (R)]

1 — 1 1 -
Eggo—r (L5 1) =V 8Epyrarop \L gl = = V3 Ep_yrapr_p (T)
1 re 1 V3
Eyz,xz L+ 10 =+ —4T v3 Exz,xz (R) — Eyz,xz (R) ¥ 2 3 Eyz,yz (04

17 1 —
Eyzx (1,_3_,1) = Z1/3 [Eye.ys (T) = Eypnz (T)]

1 1 ’

Bz —yt (1’ 3’ 1) = vy [Eyz,x’—y’ (T) + 3Eyy xz (T)]
1 Vi 1 1 =

Exz’az!_rz 1, —3—, ]. == 5 Eyz,Szz—rz 1, ~—§- ,1 = - —2—— v 3 Eyz’:;zz__rn (T}

1 —
Exn_yz,azz,_‘rz (1, ﬂ: 1,0) == ? [_Exﬁ—ygﬁz“—rz (R) j: I/3 Exy’sz‘z_rz (R)]

We could use for R and 7 instead of (2,0, 0) and (0, — 2/3, 1) some other r; and
r, - , given above. We choose these particular R and 7 because the direction cosines
(I, m, n) of these vectors are given by the most simple numbers possible. The matrix
“components expressed in terms of the three-center E-integrals in the nearest-neigh-
bours approximation are summarized in Table III
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TABLE III
{s/s) E  (0) 4+ 2E, (R) (2 cosé cosyy + cos 2£)
) 1 2 , 1
(s/s)12 2E, (T) cos{ 2 cos & cos 5 1 + cos ?17 + i | 2cos &sin 3 7 — sin
¥y —2V3E, (R)sin&siny + 2i E,, (R) (sin & cos 7 + sin 2 &)

— 1 1
(s/x)12 2V3 E; ,(T)sin&cos{ (sin 5 1 — icos 3—1;)

G Eyy(0) — 2E, , (R) (cos Ecosy — cos2§) + 23 i E, , (R) cos & sin 7

)]

' 1 2 1 2
/)12 —_ 2Es,y(T) cos { [(cos & cos 5 n — cos —3-1]) + i (cos & sin — 7 + sin ?):I

3

) 1 2 1
(s/2)12 —2E, ,(T)sin 2 cos Esin—3-77—sin—3—~n — i 2cos§cos—3—n—§—cos
Iy —2V3 E e o (R)sinésing + 2i E,,(R) (sin & cos ) + sin 2 &)

— . 1 1

(s/%5)1g 2V3 E oy (T)sin&cos (sin T n — i cos T 17)
) 1 2 1 2
(slyzhe  2E;yz (T)sin [(cos £sin 5 7 -+ sin Y 77) —1i (cos & cos 5 1 cos 3 n

— 1 1
(s/xz)y 2 V3 E; ,(T)sin & sin ¢ (cos 5 n + isin = 7])

)

)

(s/2% — y?), Eiyr 1 (0) —2E ;o _ o (R) (cosEcosn — cos2 &) + 23 & E, 4y (R) cos & sin 4

1 2
(s/x2 — ¥¥), —~2E s _yT)cos L [(cos & cos T n — cos 5 17) +

. ¢ s 1 L2
+ 1 { cos sm-3—77+sm-§-7]

/322 — ¥y, Ei3z2—p2 (0) + 2E 3,2 ,»(R) (2 cos & cos 1) + cos 2 &)

1 2
(s/322 — r?),, 2FE 352y (T)cosl [(2 cos & cos 5 7 + cos 3 7]) +

{9 cos £ sin .2
-+ —- 1 — sIn —
1 €os & sin 3 ] 1 3 n

(/2)1y Ees(0) + [Ego(B) +3E, , (R)] cos&cosny + 2 Ey (R)cos2 &

1 2
([} cos { {[Ex;t(T) +3E,, (T)] cos § cos 5 n+2 Ex,x(T) cos 3 ")} +

; 1 2
+ icos {[Ex,x(T) + 3 E, ,(T)] cosfsin—?)— 7 — 2 E, . (T) sin 3 17}
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(ily)y V3 |Eyy(R) — Egy (R)]sinEsing —2i Ey,  (R) (2sincosn —sin28)

— 1 1
(x/¥)12 V3 [Exx (T) — E, ,(T)]sin&cosl (sin 5 7 — icos 5 17)
i

— 1 1
(%/2)12 213 E, ,(T)sin&sinl (cos—g— 7 -+ isin Y n)

(x{%y)11 Ey3y(0) + [Eyay() -+ B Ey ya_ye (R)] cos&cosn -2 E, ., (R)cos2 &+
V3 i [Exxr—y> (B) + Ey 4y (R)] cos Esiny '

1 2
(x/xy);,  cosl {[Ex,xy (T) + 3 E, 42y (T)] cos & cos 5 N+ 2 E, 4y (T) cos 5 17} -+
1 2
+icos § {[Ex’xy (T) + 3 E, 42y (T)] cos &sin 5 7 — 2 By o (T) sin Y 77}

— 1 o1

(Wlyhs = Olhs V3 [Egus (1) = By (7)) sin Esin (cos—g— 7 isin g n)
1 2

(x/xz)9 sin ¢ { — [Ex,xz (T) +3 Ey,yz(T)] cos & sin Y 7+ 2 Ey s (T) si_n—3—} n +

. 1 2
+ tsin C{[Ex)xz (T) + 3 E, . (T)] cos & cos 57 +2E, ., (T)cos 5 77}

(/22 —yDn V3 [Eyyr—yr (R) — Ey oy (R)] sin & sin g — i {[Egya_ye (R) —
— 3Ey,, (R)]sinfcosn—2E, 2 (R) sin 2 5}
— 53, 1
Z{S(V;/x;’:jsz V3 [Exxy (T) — Ey 42 (T')] sin & cos Z,'»X (sin ) 7 — icos —;—- r]')

@[3z2—r%) _oV3 By e (R)sin€sinng + 28 Ey 3,02 (R) (sin £ cos ) + sin2 £)

— : 1 1
(/322 — ¥y 2V3 Ey 320 _p2 (T)sin & cos C(sin T 7 — i cos Y 1])
o E, ,(0) + [Ey , (BR) 4 3E, ,(R)coscosn +2E,, (R)cos2 &
1 2
O cos £\ [E,, o (T) + 3E, . (T)] cos & cos 5 7 + 2E, , (T)cos 51 +

1 2
+icos{ {[Ey’y (T) +3E,, (T)] cos & sin T n—2E,, (T) sin 3 r]}

12
1) 2 B, (T) sin{ [(cosésmgwsm—s- n) -

1 2
— i | cos&cos —3—1]——cos? 7
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(¥1*)u V3 [Ey oy (R)— E, . (R)] sin & sinp —
— i {[Ey gy (B) —3 Egye_ye (R)] sin & cos n — 2 E,, ., (R) sin 2 E}

. 1 2
(ylyzhs sin{ {-— [Ey,yz (T) + 3E, o, (T)] cos & sin 5 1N+ 2E, s (T') sin ry 1’]]‘ +

1 2
+isin§l[E 2 AT) + 3E 4, (T)] cos Ecos — 1 + 2E,, ,, (1) cos — 7
l 752 > 3 VY 3

(/2 — ¥ Eyyi_ye (0) + [£y 4y (R) + 3E, ,,, (R)] cos § cos np + 2Ey 52y (R) cos 2§ —
—V3 i [Ex.zt—yr () + E, o (B)] cos Esiny

) 1 2
y/#* — ¥®)5e cos & { [Eyroy (T) + 3Ey 4y (T)] cos & cos 5 7 - 2, 42y (T)cos 7 1’/} +
; 1 .2
+icosl {[Eyyo_y (T) 4 3E, 4 (T)] cos & sin 5 7 —2Fy y1_5:(T) sin 5 7
(/32 — 1)y, Eygae_y2(0) — 2By 3501 (R) (cos & cos 1) — cos 26) + N3 By gyr_ s (R) cos Esing

1 2 1 2
(/322 — %) — 2E, 350 p2 (T ) cos§ [(cos & cos—g-')] — cos?n) + i(cos 3 Sing’l +sin—n )]
B v

(2/2)11 E,.(0) +2E,, (R) (2 cos & cos ) + cos 28)

' 1 2 1 2
(2/2)12 2E, , (T cos ¢ [(2 cos & cos Y 1} - cos 5 1)) 4 (2 cos £ sin ¥ n — sin 5 7/>:|
- . Lol
(2/xy)10 2V3 E, 1y (T)sin&sin & (cos 0 7 + isin T 17)

(zly2)y Ey 2 0) —2E, (R) (cos Ecozn — cos 28) 4 2 V3 E, vz (R) cos Esiny

1 2 1 2
(2/y2)e —2E, 4z (T)cos{ l:(cos & cos -5—17 — cos 5 'r])' + i (cos & sin? 7 + sin —3—77)]
(z/x2)y, -2 l/g—Ez,yz (R)sin Esiny + 21 E, ., (R) X (sin § cos 1) + sin 2§)

—_ 1 -1
(z/x2) 5 2V3 E, ;(T)sin§ cos { (sin T 1 — icos Y 1])
s g T) ein £ fein Ly an? { os & cos . 2
xs —y p 2 z — s1n — - - —
(z/x ¥¥)s 2%ty (T') sin cos & sin 3 7 -+ sin 3 7 i| cos&cos 3 7} — ¢0s 3 n

1 2
(2/32% — r¥),, —2E, 3,22 (T)sind |: (2 cos & sin 5 7 — sin 3 7]) -

s £ 1 2
— 1 cos § cos 5 7 -+ .cos —3—)7
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(xy/xy)1 Eryony 0) 4 [Ey iy (B) 4 3E sy 2 yn (R)] X cos & cos 1) + 2, ., (R) cos 2§

(xv/xy)e

(2y/y2)12
= (az/x* — y%),

(xy/xz)yy

(xy/2® — ¥*)u

(xy/x® — y®)a

(xy/32% — r¥)y,

(xy[32% — %)

(yzlyz),

(rzly2e

1
cos { {[Exy’xy (T) + 3 Epa_yo oy (T)] cos & cos = +

2
+ 2 E,, vy (T) cos 5 7]} +
. o1
+ i¢08 & \[Epyxy (T) + 3 Epe_yaya_yn (T)] cos &sin 5 ) —
.2
—2E,, .y (T)sin 5 7
= . . 1 L1
V3 [Exy,xz (T) — Epp yoyz (T)] sin & sin £ | cos £y 7 -+ isin ey 7
, 1
sin § { ~ [Bxyz (T} + 3 Ey, o ys (T)] cos & sin 3 5+
2F T) si 2 +
-+ vz )sm—g— N¢ -
1
+ isin & {[Exy,xz (T) + 3 Eyypeye (T)] cos & cos 5 n +

2
4 2E,, . (T) cos 3 }

V3 [Ep_ysyr_ys(R) — E, o, (R)] sin £ sin  —

=20 Eyyy y1_y2 (R) (2 sin & cosy — sin 2 §)

V3 [Eyy,y (T) — E, + (T)] sin & cos £ x

1_y2’x2_y
.1 , 1 .

—_— —_ CcO8 — 1}

X | sin 3 n 12 3 n

2V 3E.

t—yt 3z2—pr (R) sin sing + 27 B,y 520_4s (R) (sin § cos # + sin 28)

XYy

_ ' 1 1
2v3 Eyr_yo 300y (T) sin & cos ¢ (sin ) n — i cos ) 7})
Ejrpz ©) + [Eyy yy (R) +3E,, . (R)] cos§cosn + 2E,, . (R)cos2§

1
cos Z"{[Eyz,yz (T) + 3Eyp 4z (T)] cos & cos 5 n +

2
+ 2F 4, pz (T) cos 57 } +
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1
+ i cos C{[Ej,z’.‘,z (T) -+ 3E 43 5z (T)]cos & sin T n—

2
- 2Eyz,yz (7) sin 5 7 }

yzl2z)y V3 [Eysys (B) — Eyyyp ()] sin&sing —
— 2iEy, ., (R)(2sinfcosn —sin2 &)
. i . 1 . 1
(yz|xz)yy V3 [Exzpnz {T) — Eyy, yy (T)] sin Ecos ( sin —- 7 — i cos 5 1])
) 1
(y2/22 — ¥y, sin § { — [Byz, xr—y2 (T) + 3E 4y 0 (T)] cos & sin 3 7+

2
+ 2Eyz’x:_y2 (T) sin -—3— } +
. 1
isin{ ‘[Eyz:xa_yz (T) + 3E, 5 42( T)]cos & cos 57 +

2
+ 2B, i yn (T) cos 57 }

1 2
(yz/32% — 12y, 2E,; 350 (T)sin ¢ [(cos & sin Y 7 + sin 5 7 ) _
X £ 1 2
— i | cos cos?n—uos?n
xz/xz)ll Exz,xz (O) + [Exz,xz (R) + 3Eyz,_yz (R)] cos & cos n+ 2Exz,xz (R) cos 2 &
. 1
(xz/x2)y cos § '[Exz,xz Ty + 3Eyz,yz (T)] cos & cos 5 n -+

2
+ 2E, ;. vz (T) cos Y n } +
. 1
+ 1 cos & {[Exz’xz (T) + 3E,;, y, (T)] cos & sin 30"
w2
_2Exz,xz(7)sm? Ui l

— 1 1
xz[32% — r¥);, 2V3 Ey s 3202 (T)sin &sin g (cos 51 4+ isin 5 17)

@ =y = By (0 + [Eaa_yrayr (B) + 3 By, (R)] X

X cosécosn + 2 E,s 2 (R) cos 2 &

__yl’xl —y
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1
(#% — ¥*a® — ¥%)p  cos{ {[Exﬂ_yi,x=~y= (T) + 3 Eyy, 4y (T)] cos & cos 5 n+
2
+ 2 Ex‘—y‘,x’—y’ (T) cOs —-—3— n +
. 1
+ i cos & \[Eyryrpeye (T) + 3 By 1y (T)] cos & sin-- 1) —

2
—2Es_yo,eye (Tysin 5 1]}
(22 — 32322 — ¥y, Epe yuger 0 (0) —2E yegp o (R) (cos Ecos g — cos 2 &) +

+ 2 V3i E,y 322y (R) cos Esiny

’ 1 2
(0 — v¥322 — 1By, —2E,._ys3.a pa(T)cos C[ (cos & cos 5 n'— cos — 17) +

3
. 6'1 +.2
2 o in — —_
+ cssn37] 51n37)

(32‘2 b r2/3z2 — 72)11 E3zz_r|’3z:_r¢ (0) + 2 E3z’—-—r‘,3z’-—r’ (R) (2 COos8 C cos + cos 3 5)

) 1 2
(322 — rf3z% — r¥)p 2 Egpe ya3,0 p2 (T)cos l (2 cos & €08 — 7 -+ cos ?17) 4

(2008 £5in Ly — sin
+ 2 cos sm—?;-n—sm?n

The E-integrals for r, %0 can be written in the following form:
Bpu(e) = [ ¢ (D He, (e — 1) dr
= [ D=4+ UV@ +UVr—n)lg,@-r)drt
+ 3 [ Ue—r5)p,r—r)dr+

iF1,0

+3 [ @ U—r—t) g, (r—r) dr,

in which the second and third term contain only three-center integrals. We now make
the approximation of neglecting ull three-center integrals. The E-integrals for r =0
in the two-center approximation can be written

Ep@ = [ =A4+ U@ +TUGE—-5) + X UG—r— 1), (0 dn,

where r; and r; | £, are here the position vectors of the 12 nearest neighbours.
Slater and Koster have given a table for the reduction of E-integrals to two-center
integrals calculated for functions with ¢-, z-, d-symmetry. In the two-center
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approximation only 16 independent integrals remain: sy, pp, dg, dy, dp, (pd)y, (550)1,
(spo)y> (sdo)y, (ppo)y, (pp)ys (pdo)y, (pda)s, (ddo)y, (ddz)y, (ddd)y. Using Table 1

of Slater and Koster we must know only the directions cosines of the vectors R and T.

We have for R: 1 =1, m=0, n =0 and for 7: Il =0, m:—~\/?7/3, n:\/%
The E-integrals in terms of the two-center integrals are given in Table IV.

TABLE IV

Eyy (0) = Eyyo_ys 0 = Eygar 2 0) = By (0) = By oo (0) = Fyr_ys gz ya (0) = 0

E,y (R) = Es,xy'(R) =E,, (R) = XXy (R) = Ey,ngyz (R) = Ey 32—y (R) = E; vz (R)
= Eyyar—yt (B) = Eyy 31 o (B) = E,, ., (R) =0

E  (R)=s

Eex 0) = Ey,, (0) = E, ; (0) = p,

Eryuy 0) = Epe_yayn_y2 (0) = dy

By xz (0) = Eyzyp (0) = dy

Eg,_y2 3502 (0) = dy

Eyay 0) = Eypa_52 (0) = (pd)o

E,s (R) = E,, (T) = (ss0),

— 3
E,.(R)y= —V3E,,(T) = 1/ ~ E,e (T) = (spo);

E

S,

v _ 1
3ornt (T) = — Eygor_p(BR) = —V3E e (T) = V3 E s_jn (R) =
3

1 3 ,
iy 5 E . (1) = 5 (sdo),

Ex'x (R) = (PP O.)1
Ex,x (T) = Ey,y (R) = Ez,z (R) = (ppn)l

o

1 2
Ey,y (1) = ? (ppo), + ‘g (pp7), )
2 1
E,.(T)= 5 (ppo), + —- (pp7);
; 3
1 — 1
E,,(T)=— —3—1/2 {ppo), + 3 V2 (ppm),

— 3
Ez>xz (R) = — V3 Ex,xy = l/;— Ex,xz (T) = Ey,xy (R) = (pdn),
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1 - 1
Ex,3z’—r’ (R) = - —é_ 1/3 Ex,x:_y: (R) = — -2—- (pda)l
y,yz (1) = — l/— 2 (pdo), + l/_ (pdrm),
’Ey X2y (7') = _(Pda)l T ”’9“ V 3 (pdn)l
By g pn (T) = ——1/3 (pdo)y + — (pdnn
. 2 1 —
Ez,yz (1) =— 3 (pdo), + ?V 3 (pdm),

. 1= 1 /2
Ez,x'—y‘ (Ty=— zl’ 2 (pdo); + ’3_ 3 (pdn),

i 1 2 1 -
sz,-'iz'—rz (T) = 5 l/? (pdo), + 3 V2 (pd 7),

Ey; 5z (R) = (ddd),

1 2
Exy,xy (T) = "3‘ (ddn), + 3— (ddd),
2 1
Exz,xz (T) = “?’—(ddﬂ)l + 3 (ddd),
2 N
yz,y-' Ty = — (dd(’)l — (ddn)l + ‘9—‘ (ddd),
3 1
Exx_y.)xa_y, (R) = vy (ddo); + T (ddd),
1 2 25
Ex:_yx’xz_ya( T)= 3 (ddo), + —9— (ddn), + 6 (ddd),
1 3
E32’—r’, 327 2 (R) = —4— (ddg)l + "Z (dd(s)l
1 2 1
Egpt g3, a0 _p (T) = vy (dde), + r (ddn)y; + E(ddﬁ)x
. 1 - 1 —
Bz (T) = — 5 V2 ) + V2 (ddd),

1 1 5
Eyepryp () = — V2 (ddo), + 5 V2 (ddn), — 5 V2 (ddd),
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1 2 1 2 1 2
Eyz,az’—r*(T) = - 5 3 (ddo), + 3 / 3 (ddm), + © 3 (ddd),

1 1~
Ex_yorp (B) = — — V3 (ddo), = T V3 (ddd),

E

X

1 — 2 5 —
s gr gz (T) = — 3 V3 (ddo), + 5 V3 (ddn), — = V3 (ddd),

The table given by Slater and Koster simplifies also considerably the calculations
of the overlap integrals:

f @ (r—r) @ (r—r)dr.

We summarize finally in Tably V the matrix components of energy in the two-center

approximation.
TABLE V
{s/s)y o 2(ss0), (2 cos & cos 7 + cos 2 &)
1 2
{5/5)1s 2(ss 0), cos C[ (2 cos £ cos T n + cos 3 17) +
1. . 2 : . 1 . 2
g cos,sm?n—-hm—é—n
{s/%)1 2 i (spo), (sin & cos 1 + sin 2 §)
1 1
(s/%)12 — 2 (spa), sin & cos § (sin -—3—77 — i cos T r])
(/%) 2V3 i (spo), cos Esiny
2 — 1 2
(s/¥)2 31/3 (spo), cos & [(cos & cos 5 1 cos Y 17) +

. . .2
+i cosEsm—B—nﬁ—sm?n

2 1 2
(s/2)52 -2 V—g- (spo), sin [(2 cos & sin 3 7 —sin 3 17) -

; (2 cos & cos — 1 + cos —
—1 cOos COS?’V] Ccos —g-’l?

(s/xy )y — 3 (sdo)ysinésiny

1 1
(s/2);0 — (sdo), sin E cos & (sin Y n — i cos 5 ‘r])
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(slyzhe

(5/x2);2
(s/2%* — ¥H)y

(52 — ¥)e

(s/32% — r?)yy

(s/322 — r%),,

(xj2)n

I(K/x)lz

(/)

(x/Yhs
(%/2)14
(x/xy )

(%/xy)12

2
~2V— (sdo), smC [(cos&sm — % -+ sin ?'r/)
— 1 <cos§cos 3 n— cos—3—7/>:]

[ 1 i
—2V2 (sdo), sin &sin § (cos—g-— 7N + i sin 3 r/)

—V3 (sdo)y (cos & cos p — cos 2 &)
I - 1 2
ry V3 (sdo), cos & cos & cos s +

1 2 \7T
i { co in — n -+ sin —
+ (c sEsmSn sngn)]i

— (sdo), (2 cos Ecosnp + cos 2 &)

: 1 2
(sdo), cos{ [(2 cos & cos 5 N + cos Y n) +

. 2 E. 1 - 2 :
+i§ Qcos sm?n~sm—3—1/

+ [(ppo)s -+ 3 (2p)y) cos & cos 7 + 2 (pp ), cos 2 &
. 1 2
cos{ [(ppo), + 3 (pp)y] cos & cos T n + 2 (pp 1), cos T 7]} +
: .1 .2
+ icos{ { [(ppo)y + 3 (pp7)] cos & sin 5 1 2(pp 7y sin 3 17}
— V5 [(ppo)y ~ (ppm)-] sin & sin 7

| - 1 1
-y V3 [(ppo), — (pp7),] sin & cos (sin 3 1 — i cos —3—7])

r) 1 1
—2 l/—?; [(ppo), — (ppm),} sin € sin (cos 5 7t isin 317)

2
(pd)p + i [? (pdo)y +1/3 (Pdn)l] cos & sin 7

1 1 e 1
cos { \ | — (pdo)y + — V3 (pdm), | cos & cos —n —
2 3 3
2 V3 (pdx 2
3 (pdmn), cos ry 7

1 1 - 1
+ icos {[-2— (pdo), + 3 V3 (pdn)l] cos & sin T n -+

2 VE (pdm), sin—
+§ pn,sm?);
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(xlyzhs = (y/xzhe

= (z/xy)12

{x]x2);5

{55 — ¥

(/2% — ¥9)e

= (y/2¥)12

x[32% — r®)yy

(#/32% — r¥)yy

Lyl

{rIrhe

(lzhe

(¥la)n

Aylyzhs

2 — 1 1
_ [1/% (pdo), - —2—1/2 (pdm), ] sin & sin & (COS 3 N+ isin_—?)—n)
_ T -
sin { — [1/2 (pdo), + 2 ‘l/—g—(pdnh]cos&sin 5 n+
' 2 dhe s 2
+ 2 —g'(P )y sin —3777 +
— 2 1
+ising {[l/Z (pdo), + 2 ‘|/§- (pdn)l] cos £ cos 5 n+
2 5
+ 2] 5 (pdn); cos 3

i { - [_%_ V3 (pdo), — 3 (pdn)l:l sin & cos 7 + V3 (pdo), sin 2 E}

1 — 1 1
— %— [-2—1/3 (pdo), + 5(pdﬂ)lj| sin £ cos § (sin 3 n— icos? 77)

— i(pdo), (sin & cos 1 + sin 2 &)

4 — ' 1 1

— |:(pdrf)1 ——E (pdn)l] sin & cos { (sin -— 1 — icos — n)
3 3 3

Po + [3 (ppo); + (pp)] cos & cos g + 2 (pp)y cos 2 &

1
—;— cos § { [(ppo), + 11 (pp7),] cos & cos 5 7+
2
+ 2 [(ppo)y + 2(pp7);] cos 5 ,7} +
L] o
+ T icos{ l [(PPU)1 -+ 11 (ppm),] cos & sin T n—
o2
— 2 [(ppo)y + 2 (pp7)y] sin — ,7}
2 /S int . 1 + s 2 _
Y V2 [(ppo) — {pp);] sin cos & sm.é_ n + sin = 7

. £ 1 1
— — 7 — €05 — 7]
i { cos & cos 3 7] — cos 5 7

i {l:-z—- I/E’T(pd(r)1 — (pd?r)l ]sin Ecosnp + 2 (pd 7}, sin 2 E}

1 — 2 o1 '
T sinC{— [I/Z (pdo), + 10 l/:;-(pdn)l] cos&sm?r]-{—
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(r/x® — ¥

(y/2® — ¥¥ys

(y/32% — r¥)yy

(y/32* — r*)p

(z/2)n

(a2)1s

(zly2)n

(2/yz)a

(z)x2)1

(z/x2)q

p 2 o2
2| V2 (pdo), + T (pdm); | sin —5-17 +
1. — 2 1
4 ?1, sin {[1/2 (pdo), + 10‘[/—3— (pdn)l] cos & cos —é—n +

/= 2 2
+ 21 V2 (pdo), + Y (pdn), cos—g—n
(pd)o — i [ (pdo), + V3 pdn), ] cos &siny
1
{[ (pdo); — — 1/3 (pd?t)l] cos & cos T 7+
2 - 2
+ 2 [ (pdo')l—l-?l/S (pdn)l]cos—g—n}-{—
L (pd T V3 (pd in
+ —3—1. cos & -E(p 7), — 3 (pdn), cos&'sm-g—n-;

L C 2z eogm | sin 2
- 2 —2-‘ (de')l + ? V3 (pdﬂ)l sin -3—- n
—V3i (pdo)y cos Esiny
1 2
5 [1/3 (pd o)y — 4 (pd ”)1] cos £ [(cos§ cos — 7 — cos — ,]) 4+
. £ 1 4 2
+ i | cos sm?n sin — 7

Po + 2 (pp ), (2 cos & cos 0 + cos 2 &)

2 1 2
3 [2 (pp 0); + (pprz)l] cos § [(2 cos & cos Y 7 + cos 5 7;) -+

i [ 2 cos £ sin — .2
+ i cos 31n—3—17—sm—3-7] .

2V3 (pdm), cos & sin i

—_ 2 di 1 —_ /3 d; )] C S S
—_— Vv Cc0S ~— — COS ~— +
(p O') (p 7T cos cos s} n v n

1 2
+ i (cosEsin 3 7 + sin —3—7})]

2 i(pdn), (sin & cos 17 + sin 2 §)

2 — R o1 . 1
-3 (2 V3 (pdo), — (pdm),] sin & cos { | sin 5 7 = §cos = 1
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2y L | VE(pda), —2 2 dz), | si & sin in—
(z/22 — ¥%)yg iy (pdo), — -é—(p ), {sin cos £ sin —3—77+sm-§77 —
_ 1 2
—1 (cosfcos—3—-17—cos—3—17
2 2 - . 1 . 2
(z)32% — %)y — 5 (pdo), + Y V2 (pdn), | sinZ | | 2 cos &sin 5 n -+ s’m—3— n| —

i (2 cos £ cos — 2
—1 cos cos? 7]+cos—§-17

9 3
(xv/%)h dy + [—4‘— (ddo), + (ddn), + T (ddd), :| cos & cos 17 + 2 (ddm); cos 2§

1 1
(xy/2¥)12 cos {—4— [(ddo), -+ 4 (ddn), + 11 (ddd)y] cos & cos 5 7+

+ % [(ddm), + 2 (ddd),] cos ;— n} +
1 o1
+ icos { {—4— [(ddo), + 4 (ddm); + 11 (ddd),] cos & sin Y n—
2 2
iy [(ddm), 4+ 2 (ddd),] sin 5 r]}
211 4 11
D e Y5 i |t
1 !
X { cos —3—77 + zsm—g-r/
— 1 1
(xy/x2)32 —V2sinl {——2— [(ddo), — (ddd),] cos & sin Y n+
2 - .2
+ —3— [(ddﬂ)l - (dd‘sh] sm ‘3— "7} -+
— 1 1
+V2 isint l 5 [(ddo), — (dd),] cos & cos 37
2 dd: ddé 2
iy [(ddm); — (ddd),] cos e

(wyla® — y3)5 -i_ V3 [3 (ddo), — 4 (ddm), + (ddd),] sin & sin 7

1 —11 1 1
(my/a® — ¥ s V3 [—4— (ddo), — 5 (ddm), + = (ddd){l sin£cos § >

o1 . 1
— 7] — 1 €08 — 1
Xsmgn LCSg/
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(xy/32% — %)y,

(xy[32% — r¥),,

(rzlyz)n

(vzlyzh,

( y2]22),

{(yz|az);,

(rz/x* — ¥

(y2/3z — r?),,

{xzfxz)y;

% [(dda), — (ddd),] sin & sin 7

. - _
_ [% (ddo)y —  (ddm), + % (ddd)l] sin&cosl X

1 . 1
X Sl“"g"/ Lcos?n
dy + [3 (ddn), + (dd),] cos & cos 1 + 2 (ddd), cos 2 &

! ¢ 2 (dd. 1 (ddm), ———H (ddd & —-1
—— COS ¢ gy — — e -+ C 7+
3 cos § ) : LF g )y | cos & cos 3 7

1 2 2
42 [2 (ddo)y + o (dd), + ?(ddé)l] cos — n} 1

1 19 11 1
+ Y icos § {[2 (ddo); +- 5 (dd), + 5 (ddU)l] X cos & sin-? 7 —

2 | 2(dd ' s 2 (dds in 2 l
_ ( 6)1+-3—( *T)l+€( Y 51n——3—7)l
—~ V3 [(ddn), — (ddd),] sin & sin 7
_rvilowa S(dd) 1(dd<5)-"§ ¢
ry ] (ddo), — ry ) — ry 1 | sinfecos £ X

o1 , 1
X in — 77 — —
sin -7 — icos n

|
[

[ | B 8 13 !
ey V2 sin —2— (dda); — T (dd~); + < (ddd), | cos & sin 5 n—

2 5 1. 2
- [ (ddo)y + - (ddm); — E—(ddd)lJ sin = n] +

1 - | 8 13 1
+ ?‘ 2isin 5 (dda), ~ 5 (dd2), + s (ddd); | cos & cos -3—r, 4+

dd 2 d 5 ddé “ 2
+ 4( ")1+§‘(d7‘)1—“§( h cos'g’?

2 211 dd ! dd ! ddd inl
- 3‘—?( U)l—-s—( 7!)1“?( h | sing X

1 o2 iy : 1 2
X & sin — — -_—n— —
cos & s1n 3 1 -+ sin 3 n 1 | cos § cos 3 7 — cos 3 n

d, + [(ddn), + 3 (ddd),] cos & cosn + 2 (dd 7), cos 2 §

)
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1
{xz]72)}5 cos ¢ { [2 (ddo), + (dd7), + (ddd);] cos & cos 3 N+
2 ' 2
+ 5 [2 (ddm), + (ddd),] cos 3 1)} +
1
+icos{ { [2 (ddo), + (dd=), + (ddd),] cos & sin Y n—
2 2
~ 5 [2@dn), + (@9)] sin = n}
~[1 1 1 o
(xz/32% — r¥)y, —2V2 5 (ddo), — 5 (ddn); — 3 (ddé), | sinésin{ x
1 o
X cos-é—n+;sm—é—17
3 1
(2 — y¥x2 ~ ¥¥),, dy+ [-4— (ddo), -+ 3 (ddn); + T (ddd), ] cos & cosn +
1
4 > [3 (ddo), + (ddd)] cos2§
{22 — y¥x? — ¥%) —1- cos i (ddé), + E (ddz), + gz (ddd), | cos & cos —1- n -+
TR | 1 ST ' 3
12 dd 2 dd. 25 ddé 2
+2 7 (ddo), + 3 (ddn), + 13 (ddd), cos =1 +
L ¢ ! dd)v+ll(dd)+97dd6 X 5'1
+—3—- i cos 71:( ), R ) E( )L cos 311:1—3—17
1 2 25 2
-2 T (ddo), + 5 (ddn), + T (ddd), | sin 3
1
{2 — ¥23z — r¥)y, 5 V3 J(ddo), — (ddd),]} (cos E cosp — cos 2 5)
(x2 — y2/322 — r?) 2y |2 (ddo), — 2 (dd=), + 5 (dds), | cost x
ix yoloz e 3 vy 1 3 Th 12 1
1 2 Moo gsin Lo 4 sin 2
X cos&cos-g—r]——cos—‘g—n + i | cos sin — 7 + sin =7
1
(322 — r?[322 — ¥, dy + 5 [(ddo); + 3 (ddd),] (2 cos & cos 1y + cos 2 &)

1 4 1
(322 — 322 — 1), [_2~ (ddo)y + < (ddm)y + — (dd 6)1] cos £ X

1 2 1 2
X [<2cos§cos—3—-n+cos§ 17) +i (2cos§'sin—§—77—sin?77)]
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It should hardly be emphasized that all the above tables can be also used for the
reduction of general overlap integrals of Bloch sums.

The author wish to thank Di. M. Suffczynski for suggesting the theme of the
present work and for valuable discussions.

KPATKOE COJAEPXKAHUE

M. MbpoHceK, TIpumencrue uemoda mecrHoii C6A3U OAA UCCACOOBANUR CBOUCHB CUMMEMDPUL
IHEPIEMUUECKUX NONOC 8 KOMRAKMHOU 2eKCALOHAAbROU cmpyKkmype.

B pa6oTe BBICUMTAHO 3JIEMEHTHI MaTDHMII SHEPTMM CIIEPBA NPM HPUMEHEHMHK
MHTETPAJIOB TPMLIEHTPOBBIX a IIOCJE IIPM NPMOIMIRKeHMM IBYLIEHTPOBOM. B Dpacuerax
6L1I0 NMPUHATO BO BHMMaHMeE TOJNBLKO NEPBBIX COCEHE) CETKM.
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