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Tight-Binding Method for Hexagonal Close-Packed Structure
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Tables for reduction of the matrix components of energy in the tight-binding approximation have been
prepared for the hexagonal close-packed lattice.

HK tight-binding or LCAO method has been
thoroughly discussed by Slater and Koster' in

application to cubic lattices. They have given detailed
tables of the matrix components of energy in terms of
three- and subsequently two-center integrals. Analogous
tables for a hexagonal lattice are more tedious to
construct in view of the more complicated symmetry of
this lattice, the directions along the axes of a rectangular
coordinate system being nonequivalent. Moreover, only
the close-packed hexagonal lattice exists in nature and
this is the lattice with basis.

The element to which the tight-binding method could
be applied is the hexagonal cobalt, n-Co. Cobalt belongs
to the group of transition elements, the d states of
which can be treated with the tight-binding approxi-
mation.

There are in the literature a few papers on energy
bands in hexagonal structures, '' and in particular
SchiG has given the symmetry properties needed for
the cellular method.

The hexagonal close-packed lattice can be regarded
as the simple hexagonal lattice with two atoms in the
unit cell. The primitive translation vectors in a rec-
tangular coordinate system are: A&——(-', a, —2V3a, 0),
A2= (2a, 2%3'a, 0), As ——(0,0,c).Basis vectors are given by
tr = (0,0,0) and t2——(22a, reV3a, 22C). The Simple hezagOnal
lattice which has an atom in position (0,0,0) is denoted
by 1, and the simple lattice with the atom in position
(-', a, e'j3a, —',c) is denoted by 2. It is convenient to use
diferent length units along the different axes of the
rectangular coordinate system. So we take n=-2a,
p= av3a, p= arc in the a, y, s directions, respectively. In
the calculations we used the model of a hexagonal ideal
close-packed lattice, i.e., we assumed

~
ts~ =a.

Here m and e distinguish the electronic states, the
q„denote atomic functions, the r; are translation
vectors, and the t„are basis vectors.

The energy integrals (E integrals) have the form

E, (t„, rj+t )= io *(r—t„)Pio„(r—r,—t„)dr.

First of all, by virtue of the symmetry and Hermitian
properties of the Hamiltonian and of the symmetries of
the atomic functions, we notice that only 90 of the
total of 324 matrix components must be considered.
We calculate 45 components of the type

(jrt/js)lr Pjexp(ik r;) p *(r)Hio„(r r,)dr—

and 45 components of type

(jrt/js)22 ——p; exp$ik (r,+t2)j

= (js/jrt) 22*

X io (r)H io„(r—r;—t2) dr = (rt/222)»*.

The matrix components of energy have been calcu-
lated for states of the following symmetries: s, p
[3 functions of type x, y, s times f&(r) denoted by p,]
and jf [5 functions of type xy, ys, xs, x2—y', 3s' —r'
times f2(r) denoted by jfqj. There are nine such states,
and a unit cell contains two nonequivalent atoms, so
we construct 18 Bloch sums.

'The general formula for the matrix component is

(jjs/js)„. =expLik (t„—t„)]P,exp(ik r;)

&&)"ip *(r—t„)Hijq„(r—r;—t )dr.

(s s)11= (s/s}22

(t/p j)22 = —(s/p j)22

(s/dq) 22 = (sldq) 22*

(pj/pj) 11 (p j/p j)22

(P7/P')» = (P2./P')»
(Pi/~q)11= (Pi/&q) 22*

(dq/dq) 11 (dq/dq) 22

(dqld )»= (dqld )»*

(s/s) 22 ——(s/s) 22

(s/p j)22= —(s/p j)»*
(/d,')-=(/d, ).'.*

(Pj/P j)»= (P j/P j)»'
(Pj/P;)22= (P;/P;)»*, jan
(Pjldq)12 = (p jldq) 21

(dqldq) 12= (dq/~q) 2&

(dqld. )22 = (dqld. )22*, g«

' J. C. Slater and G. F. Koster, Phys. Rev. 94, 1498 (1954).'

' C. Herring and A. G. Hill, Phys. Rev. 58, 132 (1940).' B. Schiff, Proc. Roy. Soc. (London) A68, 686 (1955).

TAaz, z I. Relations among the matrix components of energy for
states of various symmetries.
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Further relations are given in Table I.
We now make the nearest-neighbors approximation.

In the hexagonal ideal close-packed lattice every atom
has 12 nearest neighbors. So we have in (rw/I) rr seven
E integrals for lattice sites: (0,0,0), (1, —1, 0), (1,1,0),
(—1, 1, 0), (—2, 0, 0), (—1, —1, 0), (2,0,0) in terms of
n, p, y; and in (jl/st)22 we have six E integrals for
lattiCe SiteS r;+t2. (1,22, 1), (—1, 22, 1), (0, —22, 1),
(1, —',, —1), (—1, -'„—1), (0, —-'„—1). So 585 E in-
tegrals remain to be calculated. Not all of them are
independent. Taking into account further particular
symmetries, we see that nonvanishing E integrals in
(jjs/js)22 can be expressed in terms of E integrals in-
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TABLE II. Matrix components of energy expressed in terms of E integrals.

($/z)11 —($/yz)ll= ($/gz)11= (x/z)11= (x/yz) u= (x/xs) u= (y/s)ii= (y/ys)u= (y/xz)»= (s/xy)ii= (s/x' —y')u= (z/3z' —r')u= (xy/ys)u

($/$)11

($/$)»
($/*)»
($/x) ii
($/y)»
($/y)»
($/s)»
($/xy) 11

($/xr)»
($/ys)»
($/xz)»
($/g r )11
($/x' —y') ii
($/3z' —r') 11

($/3s' —r')»
(x/x) 11

(x/x) ii

(g/y) ii
(*/r)IS
(x/s)ii
(x/xy) u
(x/xy)»

(*/yz)»= (y/») 12

(x/xs) Iz

(x/gz —rz) u
(x/+ —9)1$= (r/gr)»
(x/3s' —rz) Ii
(x/3Z' —r') Is

(y/y)11
(r/y)»

(y/z)»
(r/gr)11
(r/rz)»

(rig' r')»—
(r/g' —r')»

(y/3z' —r')»
(y/3s'-r')»
(z/z) ii
(s/z) ii
(z/*r)»
(z/yz) 11

(z/ys)»
(s/xs) u
(s/xz)1$
(z/x' —y')»
(z/3z' —r')»
(xy/xy) u
(xy/xy)»

(gr/rz)» = (gz/+ —r')»
(*r/xz) „

= (xy/xz) 1 ——(yz/x' —y') 11
——(ys/3Z' —r') 11——(gz/g —rz) 11——(gz/3Z —r )„=0

E...(0)+2E, ,(R) (2 cosg cosg+cos2))
2E...(T) cos{'f(2 cosg cos++cos-,'g)+i(2 cosg sin-', g —sin-,'g))
—2vSE,,„(R) sing sing+2iE. ..(R) (sins cosg+sin2()
2vSE, ,„(T)sing cos{'(sin-', g —i cos-', g)
E,, „(0)—2E,,„(R)(cos( cosg —cos2&)+2v3'iE, , (R) cosg sing
—2E,, „(T)cos{f(cos) cos-', g —cos-,'g)+i(cosg sin-,'g+sin-', g)j

2E...(T)—sin{ f(2 cosg sin-,'g —sin-,'g) —i(2 cosg coszg+cosi~~) j—2vSE„,i~i(R) sing sing+2iE. ..„(R)(sing cosg+sin2$)
2VSE...i „i(T) sing cos{ (sin~zi —z cos-', g)
2E,, „,(T) sin{ f(cosp sin —',g+sins'g) i(co—sp cos-,'g —cos-,'g))
2&E,,„,(T) sing sin{ (cos-,'g+i sinsg)
E...i~i(0) —2E, ,i „i(R)(cosp cosg —cos2))+2vSiE...„(R)cosg sing
—2E...i „~(T) cos{'f(cosg cos+ cos~—g)+i(cosg sin~i+sin~i))
E~, »& pi(0)+2E~ ili pm(R) (2 cos) cosg+cos2$)
2EI, 3zi—Pi(T) cos{'f(2 cosp cos$g+cos~g) +1(2 cos) sin~i —sin~i))
E...(0)+fE...(R)+3E„,„(R))cos( cosg+2E...(R) cos2&

co{'s{f E,,(T)+3E„,„(T)jcosgcos~z+2E, (T) cos-', g}+icos{'{fE,(T)+3E„,„(T))cosgsin-,'g
—2E,, (T) sin-,'g}

v3'fE„,„(R)—E...(R)j sing sing —2iE,, „(R)(2 sing cosg —sin2&)

vSfE...(T}—E„,„(T))sing cos{'(sinizg —i coss'g)

2vSE„,.(T) sing sin{'(cos~g+$ sin-', g)
E...„(0)+fE,',,„(R)+3E„,,i „i(R))cosg cosg+2E, ,„(R) cos2$ +vSi fE...i„i(R)+E„,„(R))cosg sing

cos{'{fE...„(T)+3E„,,&~&(T)) cosg cos-,'g+2E...„(T)costi}+icos{'{fE,„„(T)+3E„,,i~i(T)) cosp sin+
—2E, „(T)sin-,'g}

vSfE, ,„(T)—E„,„,(T)) sing sin{'(cos-,'g+1 sin~g)
sin{'{ fE,.„(T)+3—E„,„,(T)j cosg sin-,'g+2E, „(T)sins'g}+1 sin{'{fE,,„(T)+3E„,„,(T)) cosp cos-', g

+2E,,„(T)cos-',g}
vSfE„, i „i(R)—E,, „(R))sin&sing —i{fE~ i „'(R)—3E„,»(R)) sing cosg —2E~, i „i(R) sin2&}

VSf~, ,„(T)—E„. i „i(T)j sing cos{(sin-', g —i cosizg)
—2vSE„,q,i,&(R) sinz sing+2$E, , i,i,i(R) (sing cosg+sin2()
2vSE„,I,~,&(T) sing cos{'(sin-', g —1 cos~g)

E„,„(0)+fE„,„(R)+3E...(R)) cosg cosg+2E„,„(R)cos2)
cos{{fE„,„(T)+3E, (T)) cosg cos~iz +2E„,„(T)cos~zg}+i cos{'{fE„,„(T)+3E...(T)) cosg sinzzg

—2Ez „(T) sins'g}

2E„,,(T) sin{'f (cosz sin~iz+sinsg) j(cosg C—OSI$g —cos-', g))
VSfE„,,' „i(R)—E, „(R))sing sing —i{fE„,,$(R)—3E, i „i(R))sing cosg —2E„, „(R)sin2$}
sin{'{—fE„,„,(T)+3E,,„(T))cosg sinIzg+2E„, „,(T) sinzg}+i sin{'{fE„„,(T)+3E,,„(T)j cosp cosiiiI

+2E„,„,(T) cos-,'g}
E„, i „'(0)+fEri ' „i(R)+3E,„(R))cosp cosg+2E„, &~'(R) cos2&—vSifE, ,i „i(R)+E„,,„(R))cosp sing

cos{'{fE„,,i~i(T)+3E,, „(T))cosg cos-',g+2E„,,i „i(T) cos-', g}+icos{'{fE„,,& „i(T)+3E...„(T))cosg sins'g
—2E„, &~&(T) sinsg}

E„,i.i,*(0) 2E„,i.i,i(R) (cosg cosg——cos2$)+2vSiE~, i.~,i(R) cosg sing

-2E„,i.i,i(T) cos{'f(cosp cosizg cos-,'g)+i(co—sp sins'g+sin~z z))
E...(0)+2E„,(R) (2 cosg cosg+cos2&)
2E...(T) cos{'f(2 cosf cos-', g+cos-*,g)+i(2 cosp sin-', g —sln~g) j
2vSE, ,,& „i(T) sing sin{'(cos-,'g+i sin~ii )
E,,„,(0) —2E,,„,(R) (cosf cosg cos2))+2vSi—E~„(R)cosp sing
—2E.,„.(T) cos{f (cosg cos-,'g cosfg)+i(cos—f sin zg+sin-,'g) j
—2vSE,,„,(R) sin( sing+2iE. . .(R) (sin( cosg+sin2$)
2vSE.,„,(T) sing cos{'(sin-', g —i cosw)
2E...i „*(T)sin{ f (cosg sinsg +sin-,'g) —i(cosp cossg —cos~i))
—2E„i,i „~(T) sin{ f(2 cosp sin ig —sin-', g) —i(2 cosp cos~g+cos-,*g))
E,„,,„(0}+fE,„,,„(R)+3E,. i~i, i~i(R)j cos( cosg+2E~, ,„(R)cos2$
cosi {fE,„,,„(T)+3E,~~i,i „i(T))cosp cos{g+2E „,,„(T)cos~g}+icos{'{fE,„,~(T)+3E,i~&,,&~i(T)) cosg

Xsin~3 —2E~,,„(T)sin~3)
vSfE,„,„(T)—E„...i „~(T)) sing sin{'(cossig+i sins'g)

sing( —fE,„,„(T)+3E„„,i „i(T))cosg sins'g+2E, „,»(T) sin-,'g}+isin{'{fE»,„(T)+3E„i,,&~&(T)jcosg cos,g
+2E~r,zs(T) CoSzg}
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TABLE XX.—Continued.

(*r/*' —ys)»
(xy/x' —y')»
(xy/32' —r')»
(xy/3z' —r') 12

(yz/ yz)»
(Xz/Xz)»

(yz/xz)»
(yz/xz)12
(rz/x2 r2) 12

(yz/3z' —r') „
(xz/xz) 11

(xz/xz)»

(xz/3z' —r2)12

(x' —y'/x' —y2)»
(x' —y2/x2 —y2) 12

(x2 y2/322 r2) 11

(x' y/S—2z zr') 12

(322 r2/322 r2) 11

(322—rz/3z —rz) 12

VSLE33~3,,3 „3(R) E,„,—„(R)j Sin( Sing —22E», 33 „3(R)(2 Sing COSg —Sin2])
VS)E,»„(T) E,z „—3 z~z3(T)j sing cos{ (sins'g —2 cos-,'g)
—2VSE 3 „3,3,',3(R) Sing Sing+23E „,3.3 „2(R) (Sing COSg+Sin2&)
2v3Ezz „1,3,3,1(T) sinS cos{ (sin~3 —2 cos-', g)
E„.,„,(0)+LE„.,„,(R)+3E„„,(R)g cosp cosg+2E„,„,(R) cos2&
cos{{tE„,, „,(T)+3E„,„(T)gcosg coszg+2E„,, 3,(T) cos-,'g}+2 cos{{CE3,,3,(T)+3E,„„(T)gcosp sin-', g

—2E„,,„.(T) sin-,'g}
v3LE„,,„z(R)—E„,„(R)g sing sing —22E„„„(R)(2 sing cosg —sin2$)
vSLE .. .(T) —E„,,„,(T)g sing cos{'(sinzg —3 coss'g)
sing( —PE3„3 „3(T)+3E„, ,(T)g cosg sin23g+2E„...3 „3(T) sinzg}+2 sin{'{PE„...z „3(T)

+3Eza, zz(T)g COS) COS~3+2Eaz, zz—33(T) CoS3g}
2E„,, 3,3,3(T) sin{ L(cosp sin-', g+sin-,'g) 3(c—os& coslg —cos—',g)j
E„,„(0)+(E„,„(R}+3E„,,„,(R)g cosg cosg+2E„, ,(R) cos2&
cos{'{CE, ,(T)+3E3,, 3,(T)j cosp cos-', g+2E„,„(T)cos-', g}+2cos{'{(E„,,(T)+3E3,, „,(T)g cosp sin-', g

2Ezz, zz(—T) sin~3

2vSE„,, 3,2,3(T) sing sin{ (coszg+i sins'g)
Ezz „2,3 „3(0)+pEzz „233 32(R)+3E»,»(R)7 cosp cosg+2E, 2 „3,1 „3(R) cos2&

COS{{IE,2~2,3~3(T)+3E,3,,3(T)jCOSSCOS-,'g+2E, 3 3,3 3(T) COS-,'g}+2COS{{p&zz „1,,3 „3(T)+3E,„,,„(T)g
xcosp sin-', g —2E 2 „3„2„3(T)sin-,'g}

E 3 „2,3,3 „3(0)—2E,2 „3,3,3 „1(R)(cosp cosg —cos2&)+2v33E „,3,3,3(R) cosp sing
—2E32~2, 3z —r (T) cos{'L(cosg cos~f cosz—g)+2(cos) sinzg+sin~3)g
Ezzz rz, zzz rz(0)+2E333 rz, zzz „1(R) (2 COSf COSg+COS2$)
2E333,2, 331,3(T) cos{'L(2 cosp cos-,'g+cos-,'g}+3(2 cosp sin-,'g —sinz'g))

TABLE IIX. Matrix components of energy expressed in terms of two-center integrals.

(3/S)11
(S/S) 12

(3/x) 11

(s/x) 12

(S/y)11

(3/y)»
(s/z)13
(s/xy)11
(2/xy)»
(3/rz)»
(s/xz} 12

(s/xz —y')»
(3/x' y')»—
(3/322 r2) 11

(2/322 r2) 12

(x/x) 11

(x/x) 12

(x/r) 11

(*/r)»
(x/z) 12

(x/xy)»
(x/xy)12

12 (r/xz) 12(*/rz)
(x/xz) 12

(x/x' —y')»
(*/*'—9)»= (y/xy)»
(x/3z' —r') ll
(x/322 —r2) 12

(x/x)»
(r/r) 12

sa+2(ssa)I(2 cosp cosg+cos2$)
2 (sszr) I cos{'L(2 cosp cosz'g+coszg) +2 (2 cosf sin-', g —sinz'g) g
23 (sPa)1(sing cosg+sin2$)
—2 (spzr)1 sing cos{ (sin-,'g —i coszg)
2vS2(spzr)1 cosp sing
—343 (sPa)1 cos{'L(cosf coss'g coszg)—+2(cosg sin-', g+sin-,'g) g—2(z1/3) (sPzr)1 sing((2 cosg sin~ —sin~3) 2(2 COS—Z coszg+coszg) j—3(Sda)1 Sing Sing
—(sda)1 sing cos{'(sin-', g —3 cos-,'g)
—2 (+3) (sda)1 sin{'L (cosp sin~3+ sinzg) 2(cosp co—s-,'g —cos~g) j—2V2 (Sda) I Sing Sin{'(COS3'g+3 Sin-,'g)
—VS(Sda)1(COS$ COSg —COS2$)
—3'vS(sda)I cos{L(cos( cos-', g cos3'g)+2(—COSS sin~3+sinz'g) j—(Sda)1(2 COSp COSg+COS2$)

(Sdzr)1 COS{L(2 COS& COS-,'g+COSzzg)+2(2 COS& Sin-,'g —Sin~3))
pp+((ppo') 1+3(ppzr) I) cosp cosg+2 (ppa) I cos2&
cos{{L(ppa)1+3(ppzr) lj cosp coszg+2 (pplr)1 coszg}+2 cos{'{p(ppa)1+3(ppzr) lj cosp sin~3 —2(ppz)1 sinzg}—vZL(ppa)1 —(pplr) 1$ sing sing
—3vSL(ppzr) I —(ppa. ) Ig sing cos{'(sin3'g 2coslg)—
—2 (+3)L (PPa)1—(PPIr)1$ sing sing(coszg+2 sinlg)
(Pd) 3+3$3 (Pda)1+V3 (Pdzr) 1j COSP Sing

cos{{(2(pda)1+zvS(pdzr)1 j cosp cos-,'g —-,'vS(pdzr)1 cos ',g}+icos{'{L——,'(pda)1+-,'vS(pdzr)lj cosp sin~3

+z3VS(pdzr)1 sin-', g}
(2/xy)» —L(g-,') (Pda) I—-,'V2(Pdzr) Ij sing sin{ (cos ',g+i sin-,'g)-

sin{'{—(v2 (pdo)I+2(+3) (pdzr)lj cosp sining+2(vr —;)(pdzr)I in s}+~gi sin{'{Lv2 (pda)1+2(+3) (pdzr}17 cosg
Xcos~g+2 (vr'-'3) (Pdzr) I cos-', g }

3{—L-'vS(pda)1 —3(pdzr)I) sing cosg+vS(pda)1 sin2&}——',L—,'VS(pda)1+5 (pdzr) I) Sing COS{'(Sinzg —2 COS~32)
3(Pda)1 (si—ng cosg+sin2$)

—p(pda)1--', vS(pdlr) Ij sing cos{'(sin-,'g —2 cos~3)
Pa+{3(PPa)1+(PPIr)Ig cosg cosg+2(PPzr)1 cos2$
-', cos{{L(ppa)1+11(pplr)I) coze coszg+2$(ppa)1+2(ppzr)lj cos-',g}+-, cos{'3{3/(ppa)1+11(ppzr)1j cosp sin —,'g

—2((PPa)1+2 (PPIr) Ij sin-,'g }
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TABLE III.—Con/ivied.

(y/z)»
(y/xy)»
(y/yz)»

(y/*' —y')»
(Xl~'—y') 12

(y/3z' —r') ll
(y/3s' —r')»
(z/z)»
(z/s) lz

(z/yz) ll
(z/yz)»
(z/xz)11
(z/xz)lz
(z/x' —yz) 1z

(z/3z' —r')»
(xy/xy) 11

(xy/xy)»

(xy/yz)» ——(xz/x' —y')1&

(xy/xz) lz

(xy/x' —y')»
(xy/x' —y') ll
(xy/3z' —r') ll
(xy/3z' —r') ll
(yz/yz)»
(yz/yz)»

(yz/xz)11
(yz/xz)»
(yz/*' —y')»

(yz/3z' —r') la

(xz/xz) 11

(xz/xz)»

(xz/3z' —r') ll
(*'—y'/*' —y')»
(xz—y'/x' —y')»

(x' —y'/3z' —r') ll
(x' —y'/3z' —r')»
(3z'—r'/3zz —r') „
(3zz —rs/3zz —rz) la

zVT[(ppa) 1—(ppx) 1]sin{ [(cos] sin-', g+sin-', g) —z(cosp cos~g —cos~&) 7
Z{[-,'VS(pda)1 (pdx)1]zing COSg+2(pdvr)1Sin2$}
—', sing( —[V2(pda)1+10(v/-', ) (pdx) 1]cosp sin-', g+2[v2 (pda}1+ (v/-', ) (pdx)1] sin —',g }+-',i sin{'{[V2(pdo)1

+10(v/-', ) (pdx)1) cost' cos-',g+2[VZ(pda)1+ (v/z) (pdx) 1] cos-,'g}
(pd) a z[—', (pd-a) 1+&3(pdx) 1]cost sing

z cos{'{[a(pda)1 —(7/3)VS(pdvr)lj cosg cosag+2[z (pda}1+3VS(pdx)1) cos3g}+31cosf{[&(pda)1'
—(7/3) V3 (pdx) 1]COS) Sin-', g —2[-,' (pda) 1+-',V3 (pdx) 1]Sin-', g }
VSa—(pda)1 cosp sing

-', [VS(Pda) 1
—4(Pdx)1] cos{[(cosp cos—',g —cos—',g)+i(cosp sinag+sinlg}]

Pa+2(PPx)1(2 cosp cosg+cos2$)
—',[2(ppa)1+ (ppx)1) cos{'[(2cosp cos-', g+cos-,'g)+i(2 cost' sin-', g —sin-,'g) 7
2VSz(pdx) 1 cosg sing
—',[2(pda)1 —avS(pdx)1] cos{'[(cost' cos-', g —cos—',g)+i(cost sin-,'g+sin-', g) 7
2a(Pdx)1(Sing COSg+Sin2$)

3 [24S (pda ) 1—(pdx) 17 sint cos{ (sin ag $ cos 3g)
—&[VS(pda)1—2(v/, ) (pdx)lj sin{ [(cosp sinig+sin-, 'g) j(co—st' cos ', g cos—lg—)7
—[(V/-', ) (Pda)1+Z3V2'(Pdx) 1]Sing((2 COSP Sins'g —Sin-,'g) —Z(2 COSt COSZ'g+COS-,'g) 7
da+[(9/4) (dda)1+ (ddrr) 1+,'(ddb) 17 co-sg cosg+2 (ddx) 1 cos2$
cos{'{—,

' [(dda)1+4(ddx) 1+11(ddb)1]cosp cos-', g+-',[(ddx) 1+2 (ddb) 1) cos-,'g }+icos{{-', [(dda)1+4(ddx) 1

+11(ddb)1] cos) sin~a ——',[(ddx) 1+2(ddb) 17 sin-,*g}
—(g-', )[-,'(dda)1+z(ddx) 1

—(11/6) (ddb)lj sing sing(cos-,'g+i sin-,'g)
—V2 sing{-', [(dda) 1

—(ddb) 1]cosp sin~a+-,'[(ddx) 1—(ddb) 17 sin-,'g}+V21', sin{'{-',[(dda) 1
—(ddb) 17 cosg cos-,'g

——',[(ddx) 1—(ddb) 17 cos-,'g }
qvS[3 (dda)1 —4(ddx)1+ (ddb) 17 sint' sing
—&VS[4 (dda) 1

—-', (ddx)1+ (1/12) (ddb) 17 sint cos{ (sin-', g —1 cos-', g)
zz [(dda )1 (ddb) 1—]sing sing
—[—,

' (dda)1 —q(ddx)1+ a (ddb)lj sint' cos{'(sin-', g leos~3—)
dl+ [3(ddt)l+ (ddb) 17 cost cosg+2(ddb)1 cos2)
1 cos{{[2 (dda) 1+ (19/3) (ddt) 1+ (11/3) (ddb) 17 cosZ cos~+2[2 (dda)1+ ~~(ddrr) 1+8 (ddb) 17 cos,g }

+ ', 1' cos{'{[—2(dda)1+(19/3) (ddx) 1+(11/3) (ddb) 17 cost sin~ —2[2 (dda)1+-', (ddt) 1+-', (ddb) 1) sin-', g}
—VS[(dd7r)1 —(ddb) 17 sing sing
—-,'VS [2 (dda) 1—(5/3) (ddt) 1 &(ddb) 1—7 sing cos{ (sin~a —a cos-,'g)
—-,'v2 sing{[-', (dda)l —(8/3) (ddt)1+(13/6) (ddb)lj cosz sin —',g

—[(dda)1+-*, (ddt)1 —(5/3) (ddb)lj sin&g}
+-',V21' sing{ [—', (dda)1 —(8/3) (ddx)1+ (13/6) (ddb)1] cosp cos-',g+[(dda) 1+-', (ddt) 1—(5/3) (ddb) 1] cos-*,g}
2 (V/f) [z (ddo')1 1 (ddrr) I a (ddb) lj sin{ [(cosg sill ag+slnag) $(cos) cos}g cosfg) 7

dl+[(ddx)1+3 (ddb)1] cosp cosg+2(ddt) 1 cos2$
cos{{[2(dda)1+ (ddx), + (ddb) 17 cosp cos—',g+-', [2(ddx)1+ (ddb) 17 cos-', g}+1cos{'{[2 (dda) 1+ (der) 1+(ddb) 17

Xcosf sin~a ——',[2(ddx)l+ (ddb) 1]sin-,'g}
—2V2 [-', (dda) 1

—-,'(ddx) 1
——,

' (ddb) 1] sing sing (cos-',g+z sin-,'g)
da+[-,' (dda)1+3 (ddt) 1+-', (ddb) 1]cosg cosg+-,' [3(dda)1+ (ddb)17 cos2$

q cos{'{[-,' (dda) 1+(11/3) (ddx)1+ (97/12) (ddb) 17 cost cos-',g+2[-', (dda)1+z'(ddx)1+ (25/12) (ddb)1] cos-', g}
+-',1 cosf {[a(dda) 1+(11/3) (ddx)1+ (97/12) (ddb)1] cost' sin-,'g —2[z'(dda) 1+-,' (ddx)l+ (25/12) (ddb) 17
&& sin-', g }

,'vS[(dda)1 -(ddb) 1](co—sg cosg —cos2$)
a&[4 (dda)1 , (ddlr)1+ (5/1—2)—(ddb)1) cos{'[(cosp cos~ cos ,*g)+—j(cos—t'sin~+sinlg) 7
dz+a[(dda)1+3(ddb)1)(2 cosg cosg+cos2$)
[z (dda }1+,(ddx)1+ a (ddb) 17 cos{[(2 cosp coslg+ cos-', g)+r'(2 cosZ sin-', g —sin-,'g) 7

volving r;= R= (2,0,0) and nonvanishing E integrals in
(lgs/e)ls Can be ezpreSSed in termS Of E integralS
involving r;+tz= T= (0, —ss, 1).We have, for instance

E„,~(1, —1, 0)=-,'E...~ (R) ——,'V3E,,~(R)

+-,'v3E„,, (R)—-',E,, ~(R).

After all these reductions, it turns out that only 71
independent E integrals remain. The matrix com-
ponents of energy expressed in terms of E integrals are

given in Table II. In this table we have used the abbre-
viations $=-,'ak„g=-,'V3ak„, f=-',c}},= (gs)ak, .

We make 6nally the two-center approximation. Here
Table I of reference 1 has been used. Upon making this
approximation, we have only 16 independent integrals.
The nonvanishing matrix components expressed in
terms of them are given in Table III.

The author wishes to thank Dr. M. SuGczynski for
suggesting the present work and for his continued
interest in it.


