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Green's functions for a fcc Heisenberg ferromagnet with both first- and second-neighbor inter-

actions are given in terms of accurate but simple polynomial approximants. These polynomial

approximations greatly simplify the application of sophisticated theory to real physical systems of
interest. Our procedure for the calculation of the lattice Green's functions is described. We have

computed 24 Green's functions (corresponding to 24 values of the lattice vector 5), each for a range
of values of the first- and second-neighbor exchange constants (Ji &0, 0 &J2 &- J&), and each as a
function of energy within the spin-wave band. This enormous quantity of data is condensed by fitting

the functions to polynomials in the energy variable, and we tabulate the coefficients of these poly-
nomials. The polynomials not only provide compact representations of the Green's functions (with-

out which Green's-functions thee ries are useless for applications), but they provide representations
which permit Green's-functions theories often to be evaluated analytically. As the polynomials have

been formulated to have the rigorously correct analytic behavior at band edges and at Van Hove

singularities, results obtained by use of our polynomial approximants are similarly rigorous at the

crucial regions of the spectrum, and are highly accurate (-0.2%) everywhere.

I. INTRODUCTION

An extremely useful tool in the study of the
propagation of particles or excitations in crystals
is the lattice Green's function'

=1 ~ fkIR

E -E(r). '~

These functions are also prominent in the theory of
thermodynamic properties and in the theory of
impurities. ' ' Unfortunately, the explicit applica-
tions of all of these theories are severely hampered
because extensive numerical evaluations of the
Green's function have been confined mainly to the
simple cubic lattices and to systems with nearest-
neighbor interactions only. '

In this paper we describe a general procedure for
accurate calculation of the lattice Green's function.
We apply the technique to a fcc lattice with a Hei-
senberg exchange interaction between both first and
second neighbors. We have carried out extensive
numerical calculations of the Green's function for
24 lattice vectors R, over ranges of values of the
exchange constants J& and J2 and as a function of
the energy E inside the spin-wave band. Rather
than tabulate this immense collection of data, we
have fit our calculated results to simple polynomi-
als in the energy and we tabulate the coefficients
of these polynomials. They provide not only a
convenient and compact representation of the nu-
merical data, but we believe that the polynomial
approximations will be very useful in facilitating
explicit theories involving Green's functions.

The polynomial approximations to the Green's
functions introduce an error of not more than 0. 2/c,

whereas the underlying numerical calculations of
the Green's function are accurate to better than
six significant figures.

We also give rather detailed analytic descrip-
tions of the behavior of the Green's functions at
Van Hove singularities and at the band edges.

In our specific calculations we have restricted
our attention to positive values of the nearest-
neighbor exchange constant (J, &0) and to negative
values of the next-nearest-neighbor exchange con-
stant (Jz & 0), such that the ratio J'z/Jt is between 0
and —1:

Zt & 0, —1 & J'z/Jt & 0 . (2)

Through this range of values the system is ferro-
magnetically ordered.

The excitation energy E(k), which appears in
the denominator of the Green's function, is given
by

E(k) = SSJ,[3 —cos(sk,a)cos(-, ksa)

—cos(sksa)cos(2 ksa)- cos(-,' k,a)cos(s kta)]

+4SJs(3 —coskta —cosksa —cosksa) . (3)

The quantities J& and J& are simple constants in
standard spin-wave theory, but in other theo-
ries '"'"J& and J2 are considered as self-consis-
tent functions.

We define dimensionless quantities. The ratio
of the exchange constants will be defined as

r = ~zPt, (4)

which will be limited to the range —l to 0 [Etl. (2)].
Dimensionless vectors in real space are mea-
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Here (P is an element of the point group and the
sum is over the 48 elements of the cubic group.
The integral in Ecl. (12) is over ~ of the Brillouin
zone, or over the alternate volume region sug-
gested by Andersen and shown in Fig. 1. The ad-
vantages of the latter volume region will become
evident subsequently.

II. METHOD OF NUMERICAL CALCULATION OF GREEN S
FUNCTION

~ (0, ,0I7)'
K3

FIG. 1. Volume of integration. This region has the
volume of 48 the Brillouin zone (see Ref. 13).i

We first calculate the imaginary part of the
Green's function, later to calculate the real part
by a dispersion relation.

Taking the imaginary part of Ecl. (12) and letting
0,

g(r, &) ~E G;,g2 (E (u) ~gIc(r &u)+ Igc(» ~) ~

(9)
Finally, the excitation energies of Ecl. (3) become

cd(K) = —,'(1+ y)

(COSKI Cos«g+ COSK3 Cos«g+ Cos«g COSKI)

——,y(cos KI+ cosa«3+ COSIK~) . (1Q)

Since the vectors ~ are quasidense in reciprocal
space, the summation which defines the Green's
function [Ecl. (1)] can be expressed as an integral
over the Brillouin zone:

""d
4go ~ —u(Tc)+ f5

4

The range of integration can be contracted dras-
tically by invoking the point-group symmetry:

where

12
,

'i 3 f( K)r
m „„„(d—h&(K)+ I5

sured in units of half the lattice constant

r=2R/a,

and the corresponding dimensionless vectors in
reciprocal space are

(6)

The natural unit of e'nergy is the maximum ex-
citation energy E which, in the range —1 & y «0,
is given by

E~ = 32SJg .
Then a convenient dimensionless energy variable is

(6)

and the dimensionless Green's function is

gc(r, cd)= (-12/m') ff f d'K f(r, «) 5(&u —u&(K)) .
(14)

The 5 function defines a surface of constant energy
within the volume of integration. Denoting the ele-
ment of area on this surface by dS, the integral
normal to the surface is eliminated by the 6 func-
tion, giving

)ffdS f(r «)I .V~( )K

(16)
It is now advantageous to project the surface of in-
tegration onto some convenient plane. For exam-
ple, if the chosen plane is the ~&- zz plane, the
surface element dS projects onto an element
dagd~p for which

(16)
) V„~(K) I

Then the integral becomes

g, (r, ~)= (-12/KI) f f d«, d«, f(r, Tc) ~«, ~ v„cu(Tc)
~

'.
(1'7)

The area of integration is the projection of the sur-
face of constant energy onto the ~& —~~ plane. For
any integration point («, , «2) the function f(r, Tc) is
to be evaluated on the surface of constant energy
(at that point Tc which projects to the point KI, «2);
similarly with the last factor in Ecl. (1V).

Returning to the area of integration, the shape
of the projected area is considerably simplified by
choosing the alternate Brillouin zone of Fig. 1 in
place of the more familiar one.

The choice of projection planes over which the
integrals are to be performed is subject to one im-
portant restriction. Clearly the factor I K~ V„~(K) l

'
diverges if the constant energy surface is any-
where orthogonal to the ~q —&2 plane; it is there-
fore necessary to choose a projection plane which
is nowhere orthogonal to the energy surface. Fur-
thermore, since the shape of the constant energy
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surface depends upon the energy, it is sometimes
necessary to use different projection planes for
different energy regions. The natural projection
planes are the coordinate planes (such as the Kg —Kg

plane) or the planes bounding the zone of Fig. 1.
Providing the chosen plane satisfies the restriction
that it be nowhere orthogonal to the energy sur-
face, there is little to choose between one plane or
another.

In our calculations we carried out the integrals
by successive one-dimensional Gaussian quadra-
ture. The order of integration is important to en-
sure that the intermediate integrand is smoothly
varying. A net of as few as 16 points (four-point
one-dimensional Gaussian quadrature) is sufficient
to give the Green's function to within 1%. We used
100 points, giving an accuracy which is consider-
ably beyond 1 ppm.

Because the areas of integration and the denom-
inators of the integrands are the same for all r,
many Green's functions can be evaluated simulta. -
neously. We have evaluated the 24 Green's func-
tions which are needed for a solution of the impur-
ity problem in the fcc lattice.

The 24 Green's functions which we have computed
are not all independent. Nevertheless, we chose
to compute each directly, invoking the relations
among them only as a check of the consistency of
the calculations.

The dispersion relation which yields the real
part of the Green's function is

g R(r, v) = (1/m) Jo' gz(r, &u')(v' —u&)
' d v' . (18)

Before performing this integration numerically it
is necessaryto remove the singularity analytically
when ~ is between 0 and 1. Therefore, we used
the formula

1 1g„(r, ~) = —g, (r, &u)ln 1 ——

Green's functions are nonanalytic at a few par-
ticular values of the energy. These singularities
were first investigated by Van Hove'; a clear and
elementary discussion can be found in Weinreich's
text. "

The integrand of Eq. (15) has a singularity when
the gradient of the energy vanishes:

V„&u(~)= 0 . (20)

The solutions of this equation, determining the en-
ergies of the Van Hove singularities for an fcc
lattice with first- and second-neighbor interactions,
are given in the first column of Table I.

Van Hove singularities can be classified in four
"types" ' ' ' according to the functional behavior of
the Green's functions. These four types are listed
in Table II, and the six Van Hove singularities of
(-1/m)g, (0, &) (the density-of-states function) are
classified in Table I. It will be noted from Table
I that a particular singularity may change type as
a function of y.

Classification of the singularities is based on ex-
pansion of the energy & as a function of tc, in the

Zs(r 4' ) R-r(r, ~) d, (19)
7T „i (d —CO

The integration of Eg. (19) was carried out by six-
point Gaussian quadrature, using the polynomial
approximations for the imaginary parts of the
Green's functions. The accuracy of the polynomial
approximations thereby determined the accuracy
of the integration, as the Gaussian quadrature had
a much higher precision,

The integrand in Eq. (19) is strongly peaked
when & is near a Van Hove singularity. The re-
gions of integration therefore must be chosen
carefully, according to considerations which we
now review.

III. VAN HOVE SINGULARITIES

TABLE I. Types of Van Hove singularities for the fcc lattice. The energies ~ =E/32SJ~ are given in column 1 as a
function of y —=J2/J~. The same information is given in column 2 in terms of the alternate variables (d —= ~/(1+y) and
f =—y/(1+y). The type (0, 1, 2, 3) of each singularity is then given in each range of y (or of &) in which the singularity
exists; dots imply that the singularity does not exist in the relevant range of y. The types of singularities are defined
in Table Q. The top of the band is always a type-3 singularity, and in each range of y the top of the band is determined
by that unique Van Hove point which is of type 3.

Q3
{d 1+7

—1&y&0
/&0

0&y&g
0&/&3

y&y &1

y&y &1

0
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TABLE II. Types of Van Hove singularities (Refs. 13
and 14).

Type of Van Hove singularity
t'number of negative coeffi-

cients in Eq. (21)]

Functional form of
density of states

(- 1/7t.)gi(0, (d)

(d ~ (d~

6 (Q) (d)

—(Mc (d)
1/2

+ ((d —(u)

( ) /

((d R )

6 (Cd —('d~)

—((d —(d )
i/2

+ (CO kg)

vicinity of a root of Eq. (20). Choosing local axes
so as to eliminate cross terms, and carrying the
expansion to second order,

ar —~,=A(hz~) +ll(hva) +C(b,a~) (21)

The number of negative coefficients on the right-
hand side of this equation determines the functional
behavior of the density-of-states function near the
critical point. The type of singularity is therefore
designated in Table II by the number of negative co-
efficients in Eq. (21) (from 0 to 3). The functional
behavior of gz(0, ~) just below the singularity
(& & ~,) and just above (&u )&u, ) is given in Table II.

Under very special conditions one or more of the
coefficients in Eq. (21) may vanish. If one coeffi-
cient vanishes the next term in the expansion dom-
inates, and the singularity may be "stronger" than
the simple square-root behavior. If two coefficients
vanish the density of states becomes infinite; such
infinities occur in our model for y= —1, 0, and &.

This effect can be seen in Fig. 2. As y-0 the
spectral weight shifts toward the top of the band

presaging a divergence in the limit y= 0. Similarly,
the spectral weight is seen to shift to the bottom

of the band as y-1, again forecasting a divergence
for y= l.

Another effect requiring special comment is the
"suppression" of the square-root singularity at a
Van Hove point under certain conditions. This sup-
pression of the square-root behavior at ~& occurs
in 13 of the 24 Green's functions which we evaluated.
The effect originates in the numerator of the in-
tegrand in Eq. (19), which may vanish at a Van Hove
point. The Van Hove point at ~& arises from the
point Tc= (~m, —,'v, &m) and we observe that the numer-
ator f(r, z) does vanish at that Tc whenever r has
one or more odd-integral coordinates. Thus the
Green's function g(r, &u) do not have square-root
singularities at ~~ if r has an odd-integral co-
ordinate.

The rules above permit one to form at least a
qualitative picture of the Green's functions based
solely on the location and type of the Van Hove
singularities. In Fig. 3 we give such a schematic
representation of —(I/v)gz(0, &u) for a much wider
range of y. The behavior for large y is interesting,
and it can be understood by considering the limit
y- ~ (or 4,- 0). In that limit the fcc lattice re-
duces to independent interpenetrating simple cubic
lattices with nearest-neighbor inter actions. The
two lowest-energy Van Hove singularities are both
of type 0. In the limit z-0 they coalesce to form
a single Van Hove singularity at the bottom of the
band. This leads to an infinity of the derivative of
the ferromagnetic Curie temperature with respect
to J& at J&=0.

Finally, we consider the appearance of the Van
Hove singularities in the real parts of the Green's
functions. From the dispersion relation tEq. (18)]
we see that the singularity in the real part arises
from the integral over the corresponding singularity
in the imaginary part. The relevant integrals are
of the form (for small w)

2.40

2.00

t. 60

$. 20

l-
g) 0.80
LLI
C)

0.40

FIG. 2. Density of states, (-1/~)
&&gl(0, (d), for the pure fcc ferromagnet
for various values of y= J2/J&.
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0.00 O. IO 0.20 0.50 0.40 0.50 0.60 0.70 0.80 0.90 1.00



H. SWENDSEN AND H. CALLEN

~W

~~
~~
Q 3
Q
Q

0
g M
0 Q

~W
bG ~

cd

@pi
Q

cd

Q 0
Q

m0
Q
Q

0

CO

cd

Q Q
Q

Pl

Q

6
aO

~pE

Q
R

cd
~rE

0 ed-'H M 3
Q bG
g

Q
m~

CQ0
a Q

Q
~ ~ 0

O b!G Q
ill Qo g

II

~ 0'6
Ca

0
cd

cd ~a. Co
cd

Q
A

"g~W
Q

8

~ 0 m
Cd

cd

Q tg

Co

cd
C4

Cd

Q

0
M

Q
~ W
Q

~~
Q0
U

cd

8
~ W

0
g) cu

C)

Q
~H
Q

~ P4

Q0
U

I

0

Ci) ga C)

Q O

4O&C)
1 ~

O O C)
I I

LA
OOO
C) ~ O

1 ~

I I

COLA M
CO IX!
AJ 43
O CC

1
C'

I

&MO

1

I

t CON

~ 1 1
C) + C'

I

c} e) fA
0"

0'
~ ~ ~

g'
I

C)

t
a0
I

C)'

I

W CO ~
!X) N A
ON QOON

~ ~ 1
OO~

I

CO
N W

C) C) Wi
I

NN ~
O'Nt

1 1
OOA

I I

N ~ 0'

O&
~ ~ 1

r I
CC}

LA t LA
O P'} LA

~ ~ t
O
LA

I

OOC)0 4 I

~O0

O O
~ 1

I

O
1

~ CO

C) W

OO
I

N Zl

C N
f ~

C) O
I

t

N
O 4}

~ ~
O O

I

C)'

C)

I

N

1
O

W O

a~
I

N
CO ~

~ ~

C)
I

C'

I

~ 1 ~

OOO

O
t NCO

Cl

~ 1 ~

I

C)
Qx

I

C)."N
~ LAi

~~~~I

CD

I

N N 0'
LA CI"i N
0'i

~ ~

hJ

1neo
I

g'NO
61 C:

1 ~ ~0 ~-.'C'
I

t ~O'g» N

OO~
I

~ 1
OwN

I

Ct'

CO

I

O mQ'

~ 1

I

NC0O
t Q
a) CO

~ ~ ~

O ON
I I

LA CO

WhJW
t 1 ~

O O LA

I I I

IJ, ~
a0 LA
LA &

CO

I

Lf',
Ow

r

I

C

1
Q

I

NP 0'
0'

H N
1 ~4 O N

I

ANLA
LA*%~NO
OOO

~ ~OO
I

Q CQ N
LA W LA

C)~O

Mti
m O

~ ~
OOO

IO%
OWGOO
GOO
I I

O

LP
O
C'

1
O

N&LA

I

CG

4 NO
C)mmOQO

1 ~
OOO
I I

CC
hJ % C'

~ 1 10OO
I

LA O LA
LA

C,'C) ~
~ ~ ~

OOO
t

O CD Ct'

NC, 0'
NOQ

1 1 ~

I

t CD LI

m C)'O'N~
CO

1 1 t
y-4

+ON
LA
mh. ) O

1 1 ~

QO&
I I C)'

C)~~
0' ~

1 ~ ~

O O
I

@ r& 4
N~hJ
OLA Q'

I I

CO M
CI 0'

4
1 ~

I I

LA

I

hJ

O

t4 N+O' C)
W t

1 ~ 1
OON
I

~ CO

1 ~

I

0'

I

OLA~
0' v& O

~ ~ ~
C) O C)

I

0' a0 LA

NOO
~ ~

O O
I

O'O a0
00 ~CO
enNO

~ 1 ~

OON
I

C) NLA
t COO

~ ~ ~

G C
I

N C0
CO ~

1
C) W

44N
LA N W
COND

1

I
X

I

Ci
LC ~ N

~ 1 ~
OOO

I I

CO

C) t

O O

C.'e O
I

CCi

C' hJ O
~ ~

N&
C3 I) O
OMO

~ 1 1
C.' O O

I

~CON
N Ct'O

1 ~

OO
I

O' LA LA

hJ NN
(C
C

1
C.' OO

I

LP.

R go
1OOO

I

CO
N'i

O
I

g 0'
CO

Q' N

I

CC)

1
O

I

g N

I

O

O
I

Co A
CG
O
t ~

I

LA

O

woo
CC} (0 4'
wO&

~ '~

O OO
I

I

Cl

C w~
f ~

OC)O
I

N O
N LA ~
NgLA

~ ~ ~

I I

~ a0 V'~0
1 t

I

~~81

~ ~O~O
I

N

ONO
~ 1 ~

OC, O
I

N LA

{f!

OOO

CO Ct

ONO
C)W~

~ t
OOO

I

m IA IX}
Cog t

~ Lf'. CO
~ ~ ~

O ~I O
I

CO

O &
I

CO

I

N

CO

I

+0
l

1 ~ ~

OON
t

LA ~ l

CO ~
~ 1 ~

I I

1 ~ 1

rI C. 0'
CO O

~ 1 1

LA

I
LAi t Q'
t

N~t
~ 1

LA m O

OOO
~ ~ 1

OO
I

OC) C)
1 1 ~

I

0

O O

O
C'

C)
I

C}0 0
u

1 1 1

I

m CO WC'ml
~ ~ 1

I

C& ~ hJ
1

OOO
I

C)'
N

I

CDWO

NO%
1

I I

LA ~ t

~ ~ ~

C) O +
I I

NF} W0'
N Ol

~ ~OO ai
I

O N
M m C)

t ~ ~

I

LA i~ O'

O C)
~ 1 1

OC)O
I

CO m 0'

C" C) W
1

C) OC)

ao O

O
QOO

I

O aO
LA M

LJ'! I N

1OOO
I

ACC
LA hJ C)
NC O

1 ~ ~

I

LA

C I
~ 1 1OOO

I

N O LAN&4
C' m W

1 ~ 1
O C) N

O LA

1

I

CO

f Nao

O
~ ~

OQO
I

LA

N COO'

% 0 Q"

1 1

I I I

&I + 0'
w+O

OOO
I

N g t

%COD
NNO

~ ~

NwP
I I

O
Q' ix} ~
O O r I0 CO e,

~ 1 ~
hJ O
I

I

~ + IA
~ ~ ~

I l

IZQM
I I

OCO C'
&Ca LA

OOO

Q~O
I

CIAO

OO&
OOO

I I

t
O 4

~ 1
OOC)

I

~LANRON
0 C)IA
O I

1 1 1
C) OC-

I

CO

& M COOOFi
~ ~

GOO
I

N

I

CQ

LA
O N 0'

~ ~ 1
OOO

I

~ CO~ LA
OC)W

1 ~ 1
OC) C)

C) W

CO

~ 1 ~OOO
I

LA

I LA

~ 1CON

~ 1 ~
C. OO'

0'

~ LA

&O&

I

we)o
W I)OOO

1
OOO
I

O+H
NLA0
C) C) C)

I

~~LA
W C)

1 ~ t
I

CO

rnrh N

C) ~ca
O Ci C)

I

LAOS
C) ONC)mO

~ 1
C)om

I

CO

C)~%
~ ~

OOO
I I

1 ~ 1
OOO

~ ~ LA

~mO

I

Om9'

~ Q'
~ 1 1wO0

I

0 COLA

C)OWmC)
mOLA

I
WQ'O

&CO
~ ~ 1

I
I CCI
CO 4'

~ ~ 1

I

I I I

N Ca LA~hlCONOOO0
OQQ

t

0'(0 +~ Q' LA

WNO
~ 1 ~0OO

I

LA

Omo
1 ~ ~en&
I

~N4
CC

1
OOC)

I

C) Cti

OWLAOOt-
~ ~ ~

OOO
I

(Q~OOO4'
1

C)OO
I

CO LA

O O
~ ~ ~

OOO
I I

~ ~ C)

LA CO 4'

OOO
I

C)
0' +LA

~ 1 1
OOG

I

O~m
O' LA I
N

~ IOO~
I I

N
CO

~ ~ '~

M~CO
LA ~I

1 ~ ~0O+
I I



GRE E N' S F UNCT IONS OF FACE —CE NTERED- . . 2865

N

cd
C4

CdS

0
«f!

C!)
~A
Q

~W

C!)0
U

awM~~Al
on&

1 1 ~ano

CO ~ CF'

CO C)
W m C3

f

I

P tU
A.' ~ CU

LA 0
ohio

I

OLA 0'

LA ~ +
MC4t

1
C)QQ

I

O' LA ONNQ
~ ~ ~oom

I

LA ~ M~ LA AJ
~mC&

1

I

o

~ 1 ~
Q o

I I

cc&

ohio

~ ~o Q
I

N t
t ~a~ Lf'. OeCQ

~ 1o+a
I

m CO 4'

tt) tU LAN&Q
~ 1 1C3Q

I

40'O
NKO'
& h4

1 ~ 1&n&
I

+~CO
0 t
&COW

~ ~

I

o~o
~ ~ ~uoQ

~ 1 ~ooo
I

CO LA LA

~ Q hJ
1

I I

CO ~ +

QO~
I I

LA~l
LA

Goo
I I

GO
CO W
QQM
OQO
I

Cl OC)
1 1 1

I

m O Ql
1 1 1

QOG
I I

~«Oo
t 1 f

I I I

CO + ~
c& 0'o

AJ LA

~ 1
Q Co

I I I

+ W c4

&o&
t 1 1

t

o m Ql
1Qoo

I

Q~O+ LA(4
I) Wmo

1 1 ~oaa
Pl LA

+LA tomQ
~ 1vo~

I

Ot Al

WC«) &
1

I I

t LA
1 ~

I I

hJ Q
0'

1 1 ~

O ~
I I

CO ~0' t LA

COW 0'
Oroo
QQCD

I I

LA ~ +NI
LAOcoo

1 ~ooo
I

Ct
LA~oQ

~ 1

I

LA LA LA

&~o
1 1 ~coo

I I

CO

1 1 oao(3
I I I

Q&LAN+ 0QRI
1 1 tno

I I

O' CO~

o ~ 0'
GO

1 ~

ohio

I

LA~+
Ak Q I)
WAJQ
~AJQ

I

g LA
0

Q + CD

QQQ
I

~ 1 1
G Cl O
I

+on
hJ e! 4'
CO + WGA~
I 1 ~

I

C) t COOQ4
Ql ~ t

~ ~ 1
c) os
I

+AAlAh 0'
& O

~ ~

ohio

I

0'- ~ CPcue
I

C! ~CDwoo
~ ~ ~OQ0

I

CO LA ~+ LA LA4 CO 0
~ ~oo&

I I

Noh'
t t

~ 1 ~c no
I

h OLA

1 ~ 1Goo
I

cO CO LA&no
1

ohio

1o wc)
I

Q g. CO

CO W

GC)C
I

CO 4) ~
~ 1o o&

I

C'

0
C)&Q

~ ~QOG
I

Mop
C O' t
cOC
O LA cO

~ ~
OQQ

I

o &
ooc)

I I

Ca ~ LA

1 ~ 1
QOQ

I

CQPN
43&~63

o Q c)
I I

LA CP~C) C"

~ ~oaa
I

CO ~
&~CO

~ ~Qoo
I

Wt
CO~ g.
WCOM

~ 1 1

oculo

I

LAO
COW 0'
LAW C)ohio

~ 1 ~&no
I I

+ CO

Mh4
1 1 1

I

oAJM
WLAOwQC

~ 1 ~&Qo
I

~ C4e!0' pi p4

1 ~O~C
I

cd'o
1 1 ~

CDQO
I I

M of
LA
CO

1 1 ~ooc'
I I

C)~M

1Goo
I

LA ~CO
hl ALA

C) mC)
~ ~Goo

I

LA~Q
m tt) Cl

~ ~ ~oao
CO 0'~

1ooc
I f

COO' W
CV m W

~COQ
~ 1 1Woo

I

0' 0' hJ
ALA&
eq t

~ 1 1
C! C3&

I

0 coo
~ CO ~

o c) o

Cd

bi)

8
cd

~W

0
R

@
~W
V

~W

«D0
U

I

0 pbo
«L)

m"~,H
(!)
(g O

eg

o ~
~ t 1ooQ

I I I

0
0 LAO

e
Woo
I I

O' CO ~
~ f 1

I I

4hlOOcat
1 1 ~woQ

I I

CO I

~~LA

CD

I I

I

&QO'
CO f4 CO

~ 1 1&o&
I

Q g

~ LACOc)ol
f ~ ~ooo

&0 t
LA

W O'C)

1
QQN

I

AJ t Ch

t 1 1

W 0

1
c3QQ

I

«0 % ~
1 ~ 1Qot

COO 0'

~ ~ooo
I

CO

~++I

/loll

I

1
O
I

P4
0oc)w

1 1 1ooo
CO
O' O'W

1
CIOO

I

~ LA C'

W& M 0'
~ 1

I i

o0+
c) m

W CO
~ 1 ~

I

& LAg'

1woto
I

N CO
«X)~ LA

1
Q

I

oo 4
CONyoQow

ohio

I I I

CO~&
0'

~ ~ ~o&o
I

COLA ~
g M 0)

~ 1

I

CO

Q ct'0o
1 1 ~

QQA

CO P4
LA

0 ~O'

oo4
CO

~ O' W
LA ~

o o 0'

I

CO

4'(h O
LA + QNot

~ ~c)oo
I

N «x) &
CO~ C)

O 4
en m I

1 1ooc)
I I I

o 0' I
CO C)

1 ~ 1&o~
I

LA+ LA

COCO %

~ ~

I

I0'& LA

O W LA
1 ~

I

LP.
CO
LA

~ ~ 1
Q
CO

LA
t

I

g 4'
PJ

oo(U
c!o &

I

t C)' rn

+LA CD

~ 1 1
CCO
I I

hl~l O6 CU Q
~ ~ 1co&

I

Po&
LAm C)

f

I

Q' t

1 ~ 1QQ&

o 0o co c)'
CO

~ 1 1oo+
CO

LA

t
C4
I

LA ~
CO

1 ~ ~

I I I

4' o ~
O'LA W

I I

«)' ~ oO C)&~N

I~ g~ LA C'
W Lh ~

~ ~ 1mog
I~ ~ CO

1 1 ~

I I
I

WCO

M Ql LA
1

mow
I I N

N
f

AJ

I

LA LA

~ 1 ~

CO

OLAW

~ 1 1
QQN
I I

LA CO %
LA M ~
~ C3 0

LA

QGA

~ CO

~ 1 ~
C! &0'

I

u, ~ C)'

LA

1 1QQ~
LA

«O LA

Q cOC)

I I

LAO~
C)

WWLA

1
&QN

I

WC)onceWQO'
1

I I

C)- ~ C)'o
LA COO0' m CO

oaLA
ILA~Q

CO LA C)
CO

LA O ~
1

QQQ

W + C)'

Qo
Q 4

I AJ

I

LA ~ Q~oooo
1

CO

AJ

a
1o

I

rn 0

Qoo
t«) COoc) co

t e 1

I I

LA

CO W

1 ~orat
I

I

mof
~ 1 1

aC M W

C)' ~ t

f ~

OON

o
W 0' 0oot

~ ~ ~

GO~
I I

LA
f

I

cO + t-oo+Qt 0'

1 ~ooc)
~ LA

t COG
G

oo~
I

~ ~ 0'
OLA t-

&Q&

CO

CO

LA
~ ~ 1o Q 0'
I

Q V'o~c
~ ~ ~

OOhl

M~CO
0'm+

~ ~ 1

I I I

C4
CO

1

4 OLA
NQC3~m

C) Oco
1 ~ tQQo

LA ~LA
1 1Cow

I I

N ~W
Q' g LA

A I) CO
~ 1 ~

W t

CO LA

OQCO
I I

~ ~

GO&

I a-~
hJ +

1 ~ ~
LA
h4

I



2866 H. SNENDSEN AND H. CALLE N

~A 'C

M t}{l
M

~w 0
M
|})

bo ~~
cd

0

0

0 m

Q
Q}

0
A

P5e
{t)

0Q

a {t)

8

U'
e X

{t)

cd~w
o

bo ~4

CL} b~
m ~

0
M

0

{t)
~ w 0o Q u. III {D

op&~
I {t}

~ ~ 'E'o

Q

0
m

m
cd ~
c4 m

{}}
m A

S

&~5
a {t)

0
Q bg

M

cd
G4

cd
Q

0
M

S
~~
Q

0

M

c{t
C4

ht}
cd

EI
OO

V
0
M

Q
~ W0

{t)0

I

C) g
bt}
{t}

ma C)

{t)

g 8

NLA en
OOO
Owl Cl

e ~ eOOO
I

IOo AOwo
ooa

I I

ON%
~ ~ooa

a+a
~ ~

I

&0'%
COMM

O
~ ~

OWO
I I

~LA LA
CO

~&CO

NO LA

l

C}
LA

C}

I

Co

I

Ch O 0'

NatOON
e f ~aoo

I

e
OOO

I

f ~

I I

NOO
NLA C}
C)LA 0Wm0'

~ f e
OO N

I

+LA C}

LA
LA

e~a%
I I

~0. O
LA ~
LA Q C}~ Co

e f ~

X%K
I I I

Kl

O
O

O LA O
O hl OOO! e f

O

Ch LA

OOO
e eOQO
I I

LA m0'
Om

oa
I

C}QN~ ~N
O NO

~ ~ooo
I

am
LA N
C: t
oa a

t
w N P4
tw+O

~ f ~

Q am
I

CF'

O
I

ON{A

e f ~

OOQ

0
{O N +QQ4
ooa

I

f4 Ca

OOLA
~ ~oaa

~ W C}
0. LA&
OQN

e e ~

I

CG C)
e ~

LA ~ C}
Wt 43

e ~wOR
I

~ CO
+CONO~OOO

~ f ~Ono

a{co! ~ ~
G OQ

I I

~cga
&LAOa 0OOO

~ e e

I

M~LA
%au

O O
~ ~a~a

I I

O' AQ'
C) LAM

fa on
I

a W LA
LA LA O

1 f ~Oom
I

LA iA
OON!oao

I

~ LA
C} C}MNmm

~ eoao
I I

g O 8'
LA ~ W

NON
~ ~

o a
I I I

~ 0' 4
CO PU Cl~ao

Co
f f ~aa N

I

0'+ Co
C 0'0'
Co W 0'
f e ~

O N C.
I

0 LAt
LA ~
C) ~LA

~ ~ ~
t On

I

LALA ~+ANOmo
OOO

fOOO

iAO LA

OOO
f ~ faoo
I I

H~hJ
ao&
f e f

OOO

COO'

~ ~ ~
OOO

I

W O' O
0' N} Cl

~ ~oao
I

NO'4
'4

C} t
Om &

~ ~
OCTO

I

N

N

I

LA

CO C}
Yl hl LAOa~aoo

~ f ~aoo
I

f4 ~
W 0'

OOO
f ~aoo

I

LA C}aoo
~ e e

OOG
I

t w0'
LA O 4

~ ~ ~ooa
I

Mat
G& %
LA

I

+ NN
NNC}

GO~

(h 4) C}
COW LA

OOO
f ~ ~

OOO
I

Q LA w
t O

O tGOO
fQOQ

I

C) LA N

~ f 1
QOO

LA ~
C} t
& 0'

~ 1 ~
GOO

I

0' m
C} 4 N
C) ~CO

~ ~ f

I I

AN%

~ ~ooa
I I I

LAa
I

O~ N
C} W COZOOa a

eoa a
I I

LA~ LAa
~ ~ ~aao

I

~OO&O N

I I

ac}N
~CO CO

~ f eooa
I

~MO
t LA LA

CO LA
~ f e

I

WOO'
~ fBoa

{Yl

a
LA hj

a~w
O~a
C3 O O

f
OOO

I

A~N

aoo
~ f f

O e& O
I I

4'nt
t %0'

OOG
I I

0 NLA

f f

t rO LA
LA O

m O' W

oaa
I

C} NCO

LAP C~OW! f

I

O
f

O

AJ Cog
LA OOOOC;

~ faoo
+ON

~ ~ ~aoa
I I

~NCO
~~LA~at

{}0
~ ~

OOO

CO

f e e

I I

AJ

~ ~ ~

f ~ ~

OOV
I I I

LA a OO'M~
OrnaOm

e f

I

%~LA
Qma
f

I

QOO

O Q
WNN

~ ~ ~Oaa
I

~t
Ot Co
W O' W

GOO
I

Ow+
0'&a4Na~

1
OO O

CO

43

e

I

& CO
OmCO

~ ~

OOO
I I

LA~ LA
O' Co O

~ ~
OOO

I

Co LA
CO

OO~
I I

4 A

~ f

I I

CO N
LA C}

LA
~ f e

I

~t 0'a O'LAW~a
e e

LA O 4

X +
I I I

Ca ~
OHIOOOO

~ f

I

~&4}
&Avg~ LA Oaoo

e ~ ~Qaa
I

0 0'
t C}A
WC}O

O
~ ~ ~a c}0

AlAG&+~0'W
OOO

~ ~ faoo
I I

a w
w g a

f

I

N~~
ChOam

~ f ~
OOO

I

0'

e
O

I

4hJO

Goo
1

OOO
I

C} +a~LA
N O LA

O M
~ ~ ~ooa

BACON

&CON
a

f f ~

I I

0 C}i
g
a Q

I

OG t

O' W t

e f e

I

+ LA LF.
0' & CO~ LA &+ ~ LA

a 0 0'

I I 4

W LA 0

O
~ f f

I

NC)t
C4 LA O

hJCOO
e f

OOO
I

NCO4

~ ~ e

I I

t LA
& (F' O

O LAN
f e

I I

W Ai
Ch LA

ON+
f

c)~a
04~ MOat
f ~ ~

OOO
I

en LA CO

amLAMaw
~ e

GOO

LA m +
LA + Ca

NO~
~ f f

OOO
I I

LA CO
t C) 4'

~ f ~aoo
I I

O C} C}OO
t ae4
f ~

h4 ~ N
I I

LA P4O~LA~0
~ e e

I

MO0'
C ~ 0'
' ~ ~ ~

I
I

O' N
N

O' O' O
N O LAO~OOOO

~ ~ ~
OOO

I I

~ hJ 6
LA m OOOO

~ e ~OO
I

C} A
N g
LA OORAO

~ ~ ~

OOG
I

ONLA
OCO0

~ ~OOO
I

%0'&
q' mC)

f f e
OOO
I

AJLA O
iA + rA
WONOOO
f ~ f

OOO
I

O
I

NW0
OmCO
ooa

1 ~ ~

OOO
I

&NC}
LA + O

C4

'~ f f
OOO
I

LA + Co
~C) CCC} C'

e ~oao
I I

O'LA ~
1 ~ 1OO~
I I

{Xl LA A
4' m t+ eVLA

ooa

~ALA
+OLA

~ f ~

I I I

+ma4'~OOOO
f ~ ~ooo
I

&CC} M
&mCl0'0 O

~ ~

QOO
I I

~ t O
4l

OOO
I

0 ON
LAC) ~
a~LA

~ eOOC

AOO
G a~~CO

'~ f ~aoo
I

t
Ng t
MC} CO

OOO
I I

C' ~ t
Yl LA N
NH 4
A O

f ~ fooo
I

C) ~ CO

t

! f ~
OOO!
C} MO~C}
0 i

I%W0'mW
t

OOLA
I

Q t OROC}OWO
Q O

I

rn m 0
~ ~ ~

P4 O C)W+O~G
OOQ

fOOO

4 C) LA

~ CJ~wo
e ~ fOOQ
I I

N + 0'
M~0'N~a
f f fCoo

t N
& {O'OO~~w

~ ~ fooa
I I

MlA
ON&~N+

~ ~ 1
OOO
I I I

fA
W rn Q'
O Cl ~
OON

I

O
I

~ LA

00CO
NO 0OOO
aoo
I 1

Nt O
0 LAn
& 0' ~BIO c4

~ f ~ooa
I

t~~O
W LA

e ~ ~

GOO
I I

0' 0' 4'
co CC 0'

N
~ f f

& a+
I

O C}C}~ LA

~ e ~oaN
I

Wm0'
CO LA Ca
w ~l
N

f

N



GREEN'S F UNC TIONS OF FACE- CENTERED- . .
LA IA

~ C} OOOOI I tOo
I

Co m
N LA

O
~ ~

I

O Omo
I ~ ~

GOO

N

O

I Q~ LA

O C}

O C}
I

NN CO

0 C}QOOO
I I ~

I

~O
Ono

~ ~ ~
C}OO

I

OgO~~
~ ~ IQO

N
C}

I ~

I

LA O O

~ ~

GOO

+ +N
COW N
OWC}

~ ~
OQO

~Cl&W&
M yw4

I
QOQ

I

NgQOO
~ I ~

I

V

M

cd
C4

cd

8

ca

cu
Q

CL}0
U

GOO
I I

0'- AO0' O' N

~ ~

I

NMW
I I I

OQO
I

LA cO W

0'& co

~ t I
OQO

I

C} N +

Q O
I .I

~ I

I

O' O

O
I

LA co
N +
N ~
C} O

N

Q c)

O
C}

O

Q
ao

I

I

I I CO

A O' C}
co0 Q

~ I IOOO
I I

I ~ ~

I

I I IOO&
I I

tA~t~ ~ CO+ CO N
N

I ~ ~

OQQ
I

Cll& Nw~o
I

QOC}
I

Ch

C}

I ~
Q Q

N O
I

O 0
I

vol N
W O

I
I

t
O C}
I

O H

I
O O

I

~QQ

QOC}
I I

NQQ
0 ~O'

~ I ~
QC) C}

I

O~C}
CO~ LA

I ~OOO
I I

N~0'
WC)~NO0~ON
I I I

OOQ
I I

~ N LA

N N

I ~ I
OC} Q
I I I

nJ O 4
t
WQQ
I I I

GOO
I I

«: OO
~ I

I

N C) N%0'N
NWA

O C? O
I I

I
0 CO0

OOA
I ~ ~

OQO
I

M~CO
MN

W t
CD Q~

~ I I
GOO

I

Ht 4'
O If'

+ pl Q
~ ~

GOO
I

0 NIO'On
C~ O &Qt
I

O
I I

& CO N
UNCO
C) CO CO

Q%O
t

OQC}
I

CO «)
O

~ ~ ~

C} Q CD

NON
Nylon~ en 0I I ~Goo

I

O' O 0'
O O+mo

I ~OOO
I

0' LA
O'W A

mmo
~ t

Q Q C}
I I

le ~
~ I IOOO

I

0' m N
N ~ 0'

~ I ~

I

t ON~N
O O
GOO
I

O~Z~ LA ~
m~N
OOO

I

Q~P
iAQnI I ~

Q O C}
I

O&Q

GOO
I

lA&o
QC}&
~&N
I ~ I

O C} C
I

OOQ

Om~
I I ~

I I

lA N &

I I ~
O O C)

I I

~mN
0 &0
LA ~ W

I
C} O O
I I I

C} C) fO0'+
OWQ
I

C}OO
I I

C} ao mNegO&t
C} m W

I

0' mWN~
Qmm
GOO

I

~ I ~

O C& C}

Cl~~
~ ~QOQ

I I

NN+

wOQ
GOO

I I I

o
O

I I

I ~ f
OOO
I

OO0'

I ~ ~
OOQ

I I

N+C}
co 0
N W O

I

o co Ct'

Ch N
N C} W

~ ~
OC)O

I

+N g
WNNNO+~NO
I ~

C} O Q

Ca

C4

bO

8
~W

N

Q)

Q

0
V

I

C} P,
ba +

Co

I

I

K} ~
&m0'

~ I I
GOO
I I I

N~5.
++N
I ~ I

OOO
I I

QO~O~A
I

I I

LA~0
)AN%

~ I I
NQQ
I I

O& w
OC} aO+ +Oeo~

~ ~ ~
No 0'

N
I

~OLA
N CO

I
WQ0'
I I

X+K
I~N~

(A

I
C}

I

~NLA
Q0 0NO&OON

~ ~ ~

Mco

OO&
~ I ~

OQQ
I I

CO~t
O

+Wo
~ I I

Q Q

Kl

I I

I

LA~&
0 t

W & lA
I ~ ~OQ0'

I

NNN

~ I I
C} o en

I I

0'

C}
I

%~C)
CON

GOO
I

lA ~woao
I ~ t

OOO
I I

O' LPL W

~ IP

I I

G
C} O tA'
0 coQ'

I

I

COO~ M

I ~

I
I

~ 0'
ONE@&~0

I
Not

XAK
I I I

~ (p W
LA

OOQ
~ I I

I I

LA + 0'~HOKl~M
I ~ ~

I I

O&4
~ ~ I

OOC}
I

m0
N0'O
rhN0
I ~ ~

C}ON
I

~COW

~ot
C)ON

+ 0' O
~CO CO

CON 0mmO
I

QOC}
I

N +
&LA%
CON&NQQ

~ ~ I
OQO

I

QO&
CO t LA
MOO

~ ~ I
OOC}
I I

COw4N
I ~ ~

I

+ N
N Q g'

LA

I
OOoo
t u0'

~ ~ ~

I

~ mO
CO NP
C} N «-i
C} Q M

NQ&
I

0'

O
I

C}
CO

N
t

O

Ng en

+ NN
I ~

I I

&@N
ANN'

Q Q
Pl

I IQno
I

0
t

~ I ~
O C} Q

I I

&OCO0'w%
t m tNot

I I

I I

4A

aors

CO CO LA
LA NH

~ I ~

I

ON%

~ ~ ~
O Q CO

e

I

O
N

I

N 4N~Q
Q ~LA

I I
GOO

I I I

lA
0' + ~
I ~ t

O
I I

tNN~
CF' ~%

CO CO

I ~ f
QON

I

CO ~ Lfl
mQN
m ~ ao
Q~N

Iao~w
0'

O' N4.
I ~

I
I

NQN
M Cl

CO C) g'
Owt

~ I
LA O N
I

XHK
I I I~Nfl

LA LA ao

Cl ~ +QON
OC}O

0. &Q
0~M C)

~ ~

GOO
I I

~cO LA

COO~
I

OOQ
I

mg
corn&
NN &

~ I ~

OON

t LA CONg'
«t'

NN +
~LA LA

~ I
CD O O

I I I

W~hC
I I I

N

I
O

I

Q
N

Q

C} ~W
~ ~

I

co
~CO+

I I

~ o CO

I ~ I
OC}+

I

~ LP

~ ~

I

0
Nt CO

I I INO0
I

~ CO A
O' W 4'
&O%

ONI

I

X ~
~NW

&~O&
tx) +
~GO
I I ~

OOM
I

CON COQ~0
f ~

GOO
I I

CO M W~ tA 0'

I ~ ~
OOO

I

Cot t

LA ~ 0'
I

+NNOt Q
4) IAN

I ~OO4
I

N0 4
LA 0 LA~ ~ LA

QON
QOQ

I

N
I

NI

I

co cc} 0'
0 Q&

C'

I I ~

+N00'm&

~ ~

I I

IA OOLA

I ~ I

I

NN aO
LOCO &QN4

~ ~OOA
I

CO

WN0
I

OO m

t

Q
I

GOO
I

'} ) hC

I I IHN%

C}

t
I

O

I
O

W C3 C)

LAOON
I I I

0 coO
~ I ~

C}OO
I I

N C} RONt
CO

I ~

A~O
O lA

4) NO
I I ~

OON
I I

Nih CO

I
O C} 0'

I

~ N
~ ~OO~
I I

]WhC
I I IHN%



2868 R. H. SWE NDSEN CALLEN

.9 ~
~W

V 3Q
Q

M

~
0
bo ~

Cd

Cl

Q 'Q

5
Q 0

~tf
V

»8
M

Q
r0

Q

0
CO

Cd M

83
V
Q
A

0 QC}

V

U'

M
~W Q

M cd
~~

g
V bQ ~4

Q
MA f„

M

Q

a o+

Q0
bc} V
lll Q

Il 0

0M&V
M

cd ~"a. M

Q

M ~ ~Q

0

& ~" F

0
V

M

cd
C4

Cd

Q

0
M

Q
~ W
V

~W

Q0

3
bq

M

gj
C4

8
~W

0
M

Q
~ M
V

~ +el

0

I

0
bO Q

Na C}

Q
Q U

Q

Q

GOO
1 ~ ~

I

% h4 'O

QO Q
~ ~ ~

I

h4~ IA~~lU
Q O' O

1 1 ~

COO

h4 0) CC}

h4
&LA ~O~Q

1 ~ 1
QQ O
I I

WIG CO
~QCO
g)~ LA

Q CO M

Q h4 O
I

+QW

O& w
~ ~

C)
I I

OQ C}:-

A Q h4

QOQ
I

Ogre
CV Q CC}

~ ~ 1
Q

I I

MQ CC
CCt LA Co

~ 1 1

I

+ C}

4Q&
w Q

~ 1 1
h4Q 4'

I

IA

~ h4 C)
Q +

~ 1
m4 h4

m
O

Q

I

C4

Q

0+ Q
m Q

O O
I

4 N

LA C&
O Q
QQ

LA LA
Co

W Q
O O
t

O Q
I

O

OQ
I

gj

I I

Q O IA

~ 1 ~

C)

~0 0
QMLA

~ ~

I I I

& Q
LA 0)
h4~ CG

LA%) g

h4% IA
~ t

I I

O Q h4

1
QQQ

I I

Co m ~
Co ~

Q O CV
1 ~

OO

KLAN

QOO
~ 1

C} O Q
I

(C~W
O~QO~O

1 ~ 1

I I

4 h4 4
QGQ
GOO

Coy 0
CG ~ M

~ 1 ~

I I

h4 e FO~w
O'I I
t 1 1CuO

I

~ cv 44 Q h4

1 1 t

I

CC
WOAI

1 1 ~
QOC}

I

O' A
0 co

QQQ
I I

QLA+
LA ~ h4~Q

1 1 f
&OO

I I I

I LAO

~ ~ ~
Ci

I

W LA 4'
WOO
Q~+

I

LA

ye@

g Oh4
W ~ CC}

1 1 ~

I

tNQA
OQQ

~ tQQQ

CC IA
&mQQQQ

~ 1

I

OQ
1 1 ~

I

LA

O~QOQO
1

QOQ
t

&C)Q
& CG ~

~ ~

OOQ
I

QmA0'& h4
C}

1Qc}Q
I

P4
CO hJ bJ

h4~ W
1 1 ~

QC}Q
I

~ ~
C)QQ
I

0% g
CCI IA W
h4 P') 4'

~ 1 ~

I I

1 1 ~

I

C}' ~ LA
hl ~ Q+aN

1 1 1

I I I

0'
Al
CC}

I

LA

vg C} t0 h4 P
QOQQO

~ ~

I

CO~ f

h4Q h4
Q O

~ 1 ~

QQC}
I

0'
CQ

I

MCC} Q
LA

QOO
OQQ

I

ALA~
Yt ~ M

1
QOQ

I

OOO
'1 ~ ~Goo

I

CLAt
mcaQ
O h4 A

~ 1 1
QQO
I

LA O
f g} LA

~ 1

I

~ 1 1
OOQ

I

C4 LA Co

C) hj

~ 1C}aa
I I

LA I LA
Co

Q
I

+LAM
g) CC ~

~ 1QQ0'
I

lA ~
C}Q

~ ~

I

I I
H h4 Yl + C4 &

Oh4Q
QOQ

~ 1QQQ
I

M~OOQQ
~ ~ 1

QQ&
I I

qe4 h4 Q
~ 1 ~Qc}Q

I I

IA u. l
h4 h4 4}I~Q
4' ~ &

~ ~
OQ

I

m&Q'
h4 + t
M CC} f4

~ ~

I I

Oh4~

QOO!

h4
0'
O

O' Q'
WOW
C} n 0'

e ~

OOQ
I

CO C} CC}

Q h4

Q Q Al
~ 1 ~

OOO
I I

O'LA qOwO
9' 4)

f ~ ~
QQC}

I

OQ+
CI h4 LA
m O' Q

~ 1

LA h4 C}'
W LA K
C}

~ 1

Og I
h4 O 4

'~ ~

I I

Q LA O

QOC}

I 4 W
LA C'~

t 1 f
O C} Q

I I

LA h'
Q LA

~ 64
hi LA Q

~ 1 t
Q C}

C P4
Q' ~h4

1 1 ~
C)QQ
I

O C'LAOQO
IA hl4
&LAW

~ ~ '~

-C) Q C}
I I

«}' oO Q
h4 K C}
LA g P4
&C)O

1 t 1
OQQ

I I

CC}

IA

I

h4&Q
O C)

QQh4
~ 1 ~

QOO
I

1
QOQ

I I

(4
C4

Co + Q'
~ ~

C}no
I I

+C)O

OQQ
h4~ h4
I

LA
1 ~

LAO%
I

h40' &
&NQ

1C}F
I

I
h4 W

~eH~~OM
Oh4Q
OOO

~ ~ ~
QOC}

t
A C0 4
QOO

~ 1
OC}Q
I I

N +

h4~ Q
1

C}C}O

I ~0
CC LA LA

tC}OQ
I I

LAM&
lV

eQoG
I I I

+N&
Q

1 t 1Qn&

Cl'
9'

1

I

C} CCI Ca
h4O&OCQ
QQQ

HC4 LA
N. C}' Q+ O 0'

~ 1
OQC}
I

Q CG CO

M h4~QC}
~ 1 1

QQO
I

CCI h4 {Q

& LA
f ~ ~

O G
I I

IA +
OOK

~ 1 1

I

LA CO

~ 1 ~
OOa
I I

m~OOOO
~ 1 ~

OQO
I

CC} mQ
LA IA

Q A
QOC}

~ 1
e} Q

I I

&co&

hJ
~ ~ ~

I I

CI'. ~

~ 1OQC}
I

&4
QCVQ

~ 1 ~

O LA

OQO
I

ac} LA Q
0 h4e0'
QQQ

~ 1
QQQ
I

OIAO
h4 Q h4

~ ~

QQQ

+~CO
N g'Q'QN4'
(Q CG

1 1 ~Oa~
I

LA ~C'

I Ki
I

h4
Cl' h4

CV

~C}
OOO

~ ~QQQ

% Q. CO+ tO 4}

QQO

I

~~CO
CO~~
@4~ Q

~ 1QOG

&KG+gN
O& 1
Q h4 f4

QQQ
I

C I y
~QLA

QQQ
I

rn W Q

Q
1 ~ ~

QOO
I I I

Q

I

C4 Co +
mQQ

~ ~
QQQ

I

C}' ev &

1 f
QQ
I I

Mhj&+ g
N LA 4
LA +LA

1

I

1 ~
Q O CG

iA CQ LA
LA Q~.
LA ~ W

1
QOh4
I I I

I CC}+C4~
h4 O C}
O C} C}

1 1 1QQO
I

MCVO+O
AIWO

1 ~
C}QQ
I I

0) W
Q LA CV

QOQ
1 1 ~

C OQ
I

MMIA
O LA +

~ 1 ~

I

LA CO

~ 1 ~
QQQ

I

C}

I

00 ~
4 eu~LA

~ 1 1
OOQ

mWCO
g) M. CO
+mIA
mOW

1 1 ~

QOQ
I I

~ LA Co
~4/ h4
CCL f4 C}
i

1 ~
h4OQ

~ C)
Cog CF

O ~
~ ~ 10 O h4

I

O'IA &
C} m coHEI

~ ~

I

CQ

Q CCC}

1 ~ ~~ Q

I

OQC}
~ 1 ~

QQO
I.

LAmO
CO
c}w a~mO

~ ~ ~
QOO

I I

IA 4l
LA C}OwO

~ 1QGO

h4 O 0
IO 0'%w~OOM~
t 1 ~

OOO
I I I

' Q+ COC)

OQ&
~ ~ ~QQO
I I I

~O'
IA Q %

QOH
~ 1 ~

OOQ
I

LA

L4

t
C9
I

h4 @44
O A

QQO
QOO

I

LA~h4+
~ 1

QQQ
I

Co CO

O
~ 1 ~OQO

I

+ h4
co h4F

~ ~
QQQ
I I

4'g 0OmC'
~ 1

I

LA

C OA
1 ~

Q O Q'
I



GREEN'S F UNC T IONS OF FACE-CENTERED- . . 2869

Ca

c5
C4

ce
Q

0
N

C4

Q
~t+I

CL}0
U

O Q
~ 1 0

Q Q
I

IA 4)

Qe" Ow~O
~ 1 ~

Qg Q
I I

t ~
e} Q

Cl ~
IA C)

h4 A
0QQQ

I

AJ +
~ ~ ~

On
I

QM4G O

~ ~ ~
Qo Q

I

AJ

0
Q

C)

O
I

0
O

0'
4)

CD

M O
~ 0

QQ
I

O %4' hl~ Q
M Q

1
Q

I

~ LCl

CD

I

CU 4

0 ~OO
I

O
I I

ca I

OO

EQ

I

O
0'
Q

Q
I

Q
I

O

O
I

+ O
Q

~ ~

O~
m Q

OQ
I

CCl

0
O CD

I

O Cl

O W

Q O
I

Ca N
Om

~ ~
O Q

I

w 0'
Q m

Q Q
~ ~

CD O
I

LAIR W
LIB M OQO

~ 0 0
QQQ

I

CO~~~Ca+
O'OQmo
QOQ
I

h
C hl Q

0 0 ~Qao
I

Ca+~
Ch Co m
O O

1 1 1
CD Q G

I I

~a) Co0' ~ Q

~ ~

I

LA%eh
% ~ 0'aoa

~ 0 1

I

0 r
0 e)w

Q
0 1 ~QQQ

I

O + Cl
gyCC

Q
~ ~ ~

On O
I I

C) M

+M
Af ~CO

~ 0
QOO

I I

C I

~ ~ AJ~QM
1

QOQ
I

OO~
~ ~ ~

QQO
I

Q CP

hJ Q +
QQQ

0 ~OOQ
I I I

& O Cl
Ce Q O

OO
~ 1 ~

I

w
+ LA0'~Q

'~ t t
Q CDO
I I

~ (y lA

C; ~OOQQ
0 ~ ~

CD CDQ
I I

g
C= Q C'

O
~ ~

I I

O' N 0'
~ 1 0

GOQ
I

Co %
& Q

CDOGS

~ 0 ~O
I

WO&
M 4)
P AJ Q
QMO

0
QQO

I

eu+0h
(P O'Q

QQO
I

CO I CO

h
Ot cV

0 ~ ~
Q C}C}

I

Ce m Q'
W COCl
CCl g CC

1 ~

I

& C) LPl

hh
t ~ ~

QOO
I

WCO~
CO ~ h+ 4' 0'

QQO
I I

EF n~
HwO

~ 0 ~

I

~ ~ COHQ4
wmQ

I

Qy &
mg) 0'

~ ~ ~Coo
I I

0 0
QQQ
I I I

QwN
'4 ~ '4
Q ~

I I

4) lA~
Q LA

~ 1 ~

I I

Q Al
+heal
mO

~ ~QQO
I

HC+
0 ~vOm

1 1QQQ
I

Q LflQM
MW

~ ~ 0
OQO

I

HNQ
~ 1 0

I

0+4
M C) C

CO LA CC&QQ
~ ~ 1

QOQ
I

CO+ Q.

0
WQQ

0 0 '~

I

C4IA QWQ
~ 0 1aQQ

h AJ 4

MOO
~ 0 ~

I I

CO 4' 0'
OQQ
m ~ hJ

0 0 0
OOQ
I I I

~t
OC}Q

0 1 1
QQQ

I

4)MQW4'~
tg

1 1 0QnO

g)
&QA
MQ~
QQQ

I

t4y ~
Q'mO~m

0 ~ 0QQO
I

Al
LPI

~O
0QQO

I

+ +N
CC} hJh'~

1 e 0Q
I I

&(A+
Q~Q
tV ~ M

0 1 ~ .

Q CD Q
I I

~~wK
t ~ 0

OOO
i

0)+h
P + 0'
&QCO

~ 0 t
QQO

I I

Q N

Q
0 0 ~

QOO
I

hheal+no
HhJO

0
OQO
I I

+F4+

mQ
~ ~ 0

OOC

%m
CC AJ~

Q
1 0 ~

Q QO
I

W ~i/i+Mt
I +co

~ ~
OOQ

I

+ CF'%
Ce P

IA MCOQ+Q
~ 0 ~

Q OO

3
bg

QO N

QQ
~ 1 ~

QQQ
I I I

Oeu 4'
WO

MOM
~ ~

QOO
I I

O

Q

0'
O
t

C)
I

W C4
Q ~

~ 1
Q O

Q &
O Q
I

LA

O
I

O~Q
Co
I CCL N
CV Q

~ ~
Q QQ

I

h4~W
~ C Q
+CO%

~ 0 ~
QQQ
I I

0'

1

LA

N

QQO
0 t

QOQ
I

+mO
0 ~ ~

QCDQ
I

bJ
Q

0

I

~QQ
AJ W
N&h4+QQ

~ 1 ~

+ Q'
gj CCL

0 0 t
wOQ

I I

LA

I

&LA
a) h

MQ
~ ~ ~

OQQ
I

CO + CC}NQ~
~ 0 1

QOQ
I I

LA
0

I

Af ~ C)
Q ~ LA

I I

c)~O+IA
1 ~

I I

0'

O

euI I

~ ~ ~

QQQ

lA M ~
Q' m CO

W LA &
~ ~ ~

OQQ

C4

O
I'

C) ~ pQ~N
0 0 ~

I I

0'~+

1 0

I I

&~C)
I +CO

~ ~ ~

QQQ
I

LA +Q'

I ~Q
~ 0 0

QOo
I I

WAQ

~ ~ ~

+NO
W 0
C' + CC}

~ 0 ~
QQQ
I I

N ~A/
CG ~CA

QO
I

hJ ~CO
m ~ Cl
CC} Q CC}

~ 0 t
QOQ
I I

.9
bo
ce

8
~W

0
M

~ I+&I

O
4 t+4

Q

Co ~
hJ 4
GO M

Q O
I

cp
&

~ ~4O
I

O' O
p4 Q

I

Q

O
I

0'
.~

I

O

IA
0

gh Q

I

f4 CO

O f

~ ~

O Q

O Q
m f
O

~ 0

I

LA

C4 f

O W
I

Lfl ~
Q (h C
I
CO ~W

~ ~
%QO

I I

C4 ~ m+~&i
a&

~ 0

I

g CV

g QAA
1 ~ 0+OO'

I

a) n&tnt
A MQ

mOQ
I

hJ + 0'
g} 0) Q
g r4 N

~ 0 0
QQW

I

g Q C4

~ ~ 0Oar
I

~ lA

1 0
NQO

I

I OiCOhCO~
O' Q LA

~ ~ ~wQh
I

5) & N

%tAf
'~ t 0

~ ~ ~

I I

t

W I4 OQ
0 ~ ~

Q Q ~
I

I OI
W LA~
I ~Ch

~ ~
QOCD

I

lAO~

~ ~ 0
C4Q~

I I

AJ + W

gQC4
t ~ ~

I I

+ Lfl

~ 0 0
ChQ Cc
I I I

CI
0 gQwt
0

1 0
QOQ

I

QO40'&W
&Q&

0 1
QQQ

I I

hJ +
AlMI
QQN

1 1 ~

CC} LA AQeuo
O m ce

~ ~ ~OQ
I

4N+
f4

O ~ C)
+ W CO

~ ~ 0
QQQ

I

Q~m
EA IA
LAOS

~ ~

I

Af4R
Q g) f4

0 0 ~moo
I

CO Q
6' + Co

I

I a)mCl~~
~ 0 ~

QQPJ
I I

CCL C) ~
LAWFmOLA~~
t 0 0

I

m~g'
~t
NO 4

~ ~ ~

I I

lA LA CO

0' w Q
g' Q 0'

~ t 1

&~0'~ ~ LPI
~ ~ ~

Q

C)

~ Co th

~ ~
Q

I I I

~O'0~Q&
LA ~ CC}

N
~ ~ ~QO+

I

0+
NN '4

0 0 '~

WOW
I I

AJ
O
LA

I

IA

rn
Q m

~ ~

I

+ c}O tC
LCL h gPQH
~ O 0'

I

+CO CO

O' C 4'

OQO
I I

O
CON 0'
4O~

~ ~
hi O&

I

CD hi+
C OQ'

tQO+
I I

+4hQ
&NW

~ ~
I QO
I

O
0 ~ ~

QQQ
I I I

0'&h
~COW0'+Q

1 1 t

I

CC}W W
MOW
& ~ C3

0 1 ~

QQQ
I

~ 0 ~Ogo
I I

mcO
COca 0
I Wt@QO

1 ~ 0
C) CD ~
I I

~
o g
bI} Q

ma 0
Q

Q

Q

XK
I I I

AC@+
) Y

I
X%M

I I
XA~

I
HAJQ

X bC

HNA

Q
Q

hl CO



28VO H. SWENDSE N AND H. CALLEN

~ W

s 3
Q
M

M m0
0 M

bG ~&
ce

0

'8
$E0 M

& A
Q)

0

P5

Q

Cl

0Q

Q

8
0 0O

V'

M
~W

(Q

M
~R

b0 ~4

M

Q) Q Zl

0

8
w 0a

beau

III eo g

0
a
g

0
cd 0

M V

0
~~

M
cd
C4 M

Q
M A (g"g ~ W
S
8

M

cd

04
3

0
u b4

4
M

cf
Q

cd
(g

0
M

Q ga
~ M
Q

00

3
b0

M

cj
C4

b6
g$

El
~~

0
M

S
Q

~ M

S0
V

V

I

0
b0 Q

rn 0
Q O

Q

Ii CF'
O'ON

C}
OOO

~ 1 1OQ
mCO&OOQ
OQQ

1 1 1OO
I I

~LA~
LAO' Q+Q~

1 ~QQO

NO' 4'
W g'

~ 1QOQ
I I I

CO C' N
CV CO

C'NQ
I

ON m
CO 9

LA
~ ~

I

(O

I

c) Q I

OQ4
MO O

~ ~ ~
OOQ

I

ro0 I
~OLA
M O

~ ~an
I

CO m N
LAO&

1 1 ~ooo
I

C}+ CO

1 1 1
OOQ

I

CO+ Q
LA CO Q'00~~

~ ~~ON
I

NLA
g C'&

~ 1 1
CO&&

O00
tWI

Q Q
O O

Q Q
I

LA C)
Q C'

O O
I

LA

C7

CC

o
I

OO
C} O

I I

CO CO

N

I

Nt
LA 00
w 0'

~ 1

I

+ LA W~ LA

~ 1

I I I

QQLA

A LALA

~ 1 ~

CQQ

1 ~OOO
I I I

ONC)
C} NLA
I

1 1 ~N~m

LA CG

~ M CO

I I

N

I

~ CO

QQQ
1 ~ ~

Kl + NQma
OOQ

1 ~ 1
OOO

I

1 ~ ~
QQO

I I

CO ~ LC'

~ 1 ~

I

+ @3'
ACOV

N
cp O

1 ~ ~aO
I I

CO ~0'NO4
CG N

1 ~ 1
ma Q

I

LA CO 0'
Q' Wi

C)QQ
I

g)

N

I

CO LA
0' mC)
GOOQQQ

~ 1 1

I

I N4
QmCO
NOH

~ ~ ~
OOQ

I I

.Q r~ CO

~ ~ 1Qoo
I

+LA~
CO ~ NNN4
I NCO

~ ~

I I

O' LAOj eO
~ 1 ~+~N

I

CO ~ ~
1

COOL
I

OOI
N 'O~~a
OQO

~ ~ ~
OQO

W CO +

1 1 ~

O O
I I

0 LAC}

OQOmOO
1

OG G
I

CO

O
~ 1 1

OQQ
I I

LANN

I

~ ~
OO Q

I

OO Q
LA~ LA
NNF
N O

~ ~ 1
OQQ

I

N
CO
C}

I

GOOOQQ
~ ~QQQ

I

NC)%

~ ~Ooa
I I

LA ~ LA

NOO
1

I

~~LA
CO

~ 1 ~

wOQ
I

CO 00~N+9'
COC} W
O CQ W

~ ~
O'QQ

I

~ CO WCO~
~ ~ 1~ Q IA
I

N I}QNg~&OOOO
1 ~ 1

OQQ
I

CG LA
N0G&

I I

N
Nm CO

vD W O
mmO

1
C) Q

I

CO

%CO+
LA ~

~ ~ ~

I

C} LA LA

Q QLA

~ 1 ~
OQQ

I I

&NLA

~ ~N
1

QOO
I I I

O
1

O

0'
Q
C)

I

0 COLA

No&
MOO

1 1 1
QQO

I

~ 1 1Qoo
I I

LA
~WCO

t t '~

wQO
I

~Q LP
~+4a+N

1

I

I 0
CO ~O~+

~ 1
QQC)

I

O' H ~O~HN~C}
~ ~

O O C}
I

Q+M

~ ~ ~Q~O
I

g' WACO05~+
I COO~NO

~ ~
OQO

I

N CO ~~~a
WOO

1 ~ ~

OOG
I

~Q)W
COWO

~-I ~ N
~ 1 ~

OOC}
I I

A 4'4'
OOQ

1 1 1
QQQ

CO

CO Q CO

4 ~LAQQO
1 1 1

OQO
I

Q A
~ 1 1

OOQ
I I

CON&&~QQ+g'
~ 1 ~

OQQ
I

CO ~LA

~ ~ 1
N wo

I

~NC
~ ~

I

4g)N
CO

LAOQ
~ ~

OON
I

O N LAOeo
OOO

1 1 ~
OQQ

I

0'4CI}
I N 0
QOQ
I I

&OR
QCQM

OQ O

CORO
O'CO %
NO
LACO N

1 1 I

I

% O' 0'
+N&
ON CO
0' m

OOO
I

LA%
N ~+ma

1 f
C&~ y

CO
1

CI
I

%LA+
ON

~ ~ 1
QQ Q

I t

O
0'~g
LAO N

Qoo
I

NQ 0'
LA~0

I I

CN&
N Q' O

1

I

N ~ CO

~ 1 t
NOO

I

N 0' ~
CO LA 004 N CO

CO

I

Q
H O

corn~
P LANwo
OOO
OOO

CO ~
40 W A
CONOQao

1 ~ 1Ono
I I

1OOO

~ 0'O+O
NOO

1 ~

I I

LA~N
O

~ ~
GOO
I I

CCI

O
I

LA
0'
t

I

CO Q NOOQ
1

QOQ
I

CO LA CO

Q & 0'
LA ~LA
NOQ
t 1 1Qoo
I

rhLA

~ONOO~
1 1 1

I I

r COO+OP)ON
LA W

~ 1 ~
NQO

I I

&ON
LA I

~NLA
~ ~ ~

NOQ
I

CO

AlLA N
- ~ ~

M Q LA

I

~~N
NI OOQ

1 1 1

I I

CO+
00 ~ ~

~ 1 1QCQ
I

QM~QO
(O
NLAQ
OOO

NLA 0

Qoo
I

g~ N CO

QQQ

NI Q

1 1 ~

OOO
I

Q~&
OOQ

~ ~

OOO

~NNROC
LA

~ 1 1
QOO

I I

Qy~
pq QLA
4' vQQ

~ t
Q OO

I

LA~&
I COW

1 1 1

I I

LA
LA ~

1 1 1
NQO

I

N + CO

~CO
~ ~ ~

OQ+
I

NP N

Ilk

LA CO Q
+NOOOO

~ ~
OQQ

I

& rO 0

t
OOO
I

O4) Ch

LP. LA M

OQ'O
I

O' I
OWO

1 ~ ~OQO

wLAO
CO LA KO&o+QN

~ ~ 1
OQO
I

K N CO

N+Q
CO CO lA

1 1 1

I I I

O
I

LA

O
I

CON+
~OO

~ ~

OOO
I I

N+Ih
CO&

1 1 ~

I

~ CO F

gn CO I

~ 1 ~

I I

~ ~ ~

NOG
I

NRO
COW LAN+4
O LA Q
NO LA

LA~N
Cc M

~ 1 1OQ+
I I I

I I IANN

~OOO
1 1

QOO

LALA W
Og)m
P'3 m Q

1 1
QOO
I I

Qm~
CO +NNNMOO

~ ~OOO

&C 4'
+ LA CO

Lhte A
C} N R
COO

I

CO~+
C) ~LA

1 ~ ~

OC Q
I

OLA~
vg ~ QO~N

I I

CG

EQ

I

rh m O

+ O
~ f 1

QQO
I

P' +LA

NQYl&ON
~ ~

WOO
I I I

CO QMO
& LA %
O LA

&OQ

MNLACat
~ 1

I

~~CQ

NN4
1

COO LA

I

CO
Ow 4

~ 1 1Col
I

0 NO
I mo
OOQ
OQO

I

Omc}
OCO&

~ ~ ~
C} O

CO + LA

I meQWQ
1 ~

I I I

C}~NQ'~ CO

LA ~ WOow
OOO

I I

~ CO ~
& LA Ca

CO O
OOM

1
OQC}
I I

LA

I

N

Q

4GOPN
1 ~ 1

I

&LA&WO'0
cG (T 0'
1

QOQ
I

LA ~ Q

1 1 ~

I I

O CO

Q' m LA
'~ 1 ~

m OO
I

g' g CO

LA

N OQ
I

N LAO
N CON

ON
1 1 1

I I

N A
Igygf



GREEN'S F UNCT IONS OF THE FACE - CE NTERED-. 2871

c7
M

cd
C4

g v

0
M

0
~A C4

00
U

mO'
t OO+ C4 QOO0

e ~ ~
QQO

LAC) M

we wI Q
~ ~OQQ

I

vb % O
m Q

~ eOCO
I

h4 t

e eQQQ
I

CO

OOA
~ e e

OO Q

& c40' m O
Ag Owl

~ ! eOOO
I

c4

OQQ
~ ~ ~

QQQ

&+4)

g4 Q
~ ~ eOOQ

I I

Ct' ~ IAQ~O
w O&OQ

~ ~ eOOQ

Owl&
wlLA

OOO
I

LA~MWO+
OmM

e
QOO

I I

~4'%
O Q}

~ ~
QQO
I

~t CO

'Q&Q
wow! Q

~ ~ e

gQ LA
~LA
CO~a

~ e e
OOCD
I I

C)at
O WCt'

~ ~ e
OOQ
I

COW+
QcOC:Om

e e ~
QQO

+WC)+ wI

QQA
e

OOQ
I

+COW
CO +

IA mCO
OQQ

~ e
OOQ

t

wOO
e e ~

QOQ
I

OCOA
wI h

Qna
I

0'we m
Ct ~ LA
Nw!R

e ~ ~

OCIO
I I

W~vPN4e
~Owl

e f e
OO

I

COOp
CO

w O
~ e ~ .

OOQ
I

thcO O

O
f ~ ~

I I

0 ~t
~OO

~ e e

I

CO~+
OQ tel

hd ~ Q
e e

I I

we CO IA
g CO EV
Ln ~ Ct'

OOO
I

Coml
wl CO Q

OOO

OOQ
~ e f

OOO
I

pg' tv

OQO
~ ~ ~

I I

LA~a
C4MO
w!OO

~ e ~
OQO

I

. 0' %
LA t

euOQ
e

I I

~ LA CO
LA~&
OhJQmQ

e ~
QQO

I

LA Al Kl+ LAAJ
IA wl 0'

OQO
I

LAWO
&CO%

~ f ~

I

wl wl COOa a
Q OO

I

hJhJ O
wllA O

e e ~

CO~~
IA AJ

AJOQ
e e '~

%~4
mChJ+ wl

~ f e

I

QCO&
egg ce4 wl O

e e ~
QOO

wl CO LA

t

~ e ~

QOQ
I

~NO'hing
IA IAh4~

e e ~O~Q
I

0'& wl
% IA C4%4'Q
wl m Q

~ ~

I

lA ~ COO~+
lU we+

I

w!~O
~ ~ fOO

I I4' CO

~Pi CD

OOQ
I I I

+ LA Ct'
Qma

~ e ~

I

OQ+ %

OOQ
~ e ~

OQQ
I

&t Q

P4 O O
e e e

I

Q~wl
~ e ~

I

O' W 0'
bJ N +

e ~ e

I

CO cO cO464O
e ~

Q CD Q
I

O COO
Af Q ~
lA t wl

fV O
e ~QQO
I

0 mO

~ e e
OnCl

I

tU wl Ct'

t COOmao
~ eOOQ

O en t

NQQ
e ~ ~

I I

NQO
Q ~ OQ&Oe

~ ! ~ooa
I

QC4+
Pl ~a

~ ~QOQ

Ak O
~ ~ ~

OOO
I

t nt

~ ~ eQoa
I

LA CO %
hk wl 4
lAt Q~OO
QOQ

Q
0' m Q~~a

e ~ e

I

A rn %CGA
~ ~

OQO
I

a &
IA ~ (?'
AMOCOu~Q

e e e

I

0) wl
cO re t

e ~ ~

I

CO 4' h
W CO LA

O Q
OOO

I

CG & OOO
~ ~ eOOQ

I

C)~Q
yw4 ~ O

e e ~
OQQ
I I

LAMA

e e e
OOO

I

&Ct Q

C4+Q
~ e ~

OQQ
I

% CO &
WWO
w4& hl

e eOQO
I I I

I ALA

O
e ~ e

OOO
I

M

CII

g ce
~M

0

Q cu
~8+I

Q

00
U

~ CO

M ~ lA
SwINw!QQ

e e e

I I

CO hl +
W ~ 0'
wIO IA
QOO

~ ~

O Q
I I

4 O C'
IA&
O CCl wl

~ ~ f
NOO

I I

LA wI O
~ ~ ~

) O Q
I I

M~CO
LA&&
IAW wleuaa

e e ~
ma CO

I I

LA~
WOf~C) lAh4Q+

~ ~ ~
I O N
I I

~ C4 LA

wIQO
~ e

4&%+ m IA
t t

~ ~
QQO
I I I

Ct' A 0'
t O col

LAce m
~ e

WOO

4 Q h4
% t0' cO LA
LA C4 (Q

~ ~ e

I I

ON~O
~ e

I

LA
M~C)
IA Q IA

~ e ~

I I

e

I

e
O
I

~ CO

e eQa
I

tel tel t4
IAi 0
O CV wl

e ~Ajoa
I I

lA ~ %

~ g~ t

e ~

I I

LAWO
wig) O
& ~ CONag

~ e ~

I I

QOA
IA LA I
& ~tel
t

I

P4 ywI +
Am&
LA ~LA
MOW

~ e e
wl QLA

I

Q

OWLA

cvoa
e ~ eaao

I

O t

O ~O
~ ! e

OQQ
I I

LA
IA

CO ala
Ct' O O

I

t cO cO
@JR LA
t t4@

~ ~ ~

Q Q

4~1
Q N

e e e

I

+ALA
~ ~ I~

QQ&
I I

N

Q

Ono

COO
~ e

~wlo
~ . ~ ~

NQO
I I

IA + &
AJ wIOwQN

e ~ ~

I

c4

CO+
t

~ e ~

I

& t tN+OLA~++ON
~ e ~

HQN
I

rn ~C'
CO Q w!

~ ~ ~NQ+
I

4'

e

I

Ct' ~ LA

ooa
I

~~LA

~ ~
wIQQ
I I

~IA+ ~N
Qw&

~ e
NOO

I I

OwIW
LA
t

~ ~ ~

I I

Lh+&hJ~O

Yi+O
CO C4

CO Q t
~ ~ ~

OOC

C)

O
I

Q

LArq f

QWLA
co O m

~ ~ ~
QQQ

I I

CO ~

e e ~
MOO
I

OOO'
~ e ~

IAOO
I

mg w
CO LA

e ! ~
LA O W
I I

Ct ot-
Ca ~ Q

~ e ~
LA O

%+CO

~ e 1
Q QO
I

a ~t
WQQ

e
OQO

I

%AJ+
t4 cO IA

e ~ e

I

wl CO M
O' CO w!

CO WO'Wm!
I

Ct cV
COW
CO t

~ e ~
wI(5 Q
I I

h4 Q
cO col

MO M
I

N gh LA

g)Ow&
LAQK! ~ eooa
I I

CO

N

I

LA OLA
43 ~LA
O ~ wl

N OO
I I

LA COm
Ct' OA
CO wI LA

~ ~ eOO
I

t 0 OCQ&
wl Ct'

~ ~
RIOR

I

0 LACO+ mg'

~ e ~

I

CO wl&~+0'
mg 0
W wICO

e ~ ~

wl CO~
t nl
C4 +IA
OOLA

e ~ ~+Qw
I

IA

O

Q N wl

QIANA

m O
e

OOQ
I

LAN&
W O

~ ! ~

I I

C4 Q Ct'

+ COLA
eVQO

~ ~ e
ruQQ

IALA Q

c4NO! e ~

I

CO wl wl
QhJ cO

e ~

I

LPL

Ct' g
C) wl wl

e
QOO

I

4)

O

hJ
O' M
M Ccl CO

t rVO
~ ~ eQO

CO ~ C)

~ ~mO
I I

a~LA
fh

e ~ ~

O Q
I

W O C)

~ ~ ~Oat
I I

CO~0
c4+W

I

W CO Ch
A O

fowl W
~ ~ ~

OOQ
I I

C4
t

O

CO

CO

I

CO we%
Ct ma
rate 4)
cE} O O

~ e
OOQ

I

Q~A
cQ ~00&Ow

~ e ~

I

LA CO Q
t +c)
m CO lA

~ ~ '~

NOO

NAO

OQ
I I

4AIQ
e ~ ~Oaa

~LAW
CO

eV w4+
~ e ~

wI Q O
I I I

m g0

g cl
Q

X M~
we pl&

W~hC
Ht4%

W ~ bd
I I I

yeeg
I I+NB



R. SWENDSEN AND CALLE N

~W

'a

~~
Q

Q
Q

bg
~Pl

0 N

Yn "
Q

at

Q

Q

0
~ Q

cg0 m
Q
Q A

m
Q

8 ~
Q

Q0
Q
Q
Ae~

4

0
Q 00

~W

Q
K

co
Q

~W

0
3

g b0~4

~ —0

0 g

Qo ~ 0
Q

III Q

I

~ 0

~8 g0
M

at

0 Q

Q

at
G4 M

Q
QQ~A

Q W o

h0 ~
Q

0

" I"
cd

0
Q

V

at
G4

40

Q
~~
~Q

Q0
U

cd
C4

at

8 P

0
ca

Q
~~
~ pE

Q0
V

I

.8 a.
bD +
Ke 0
Q V

Q

Pal 4'
g

am a
~ t oaaa

CO

& g' COg'wa
~ ~

I

CV Lh

4WO
t

I I I

CO Ci4 ~
CO

~ o t
mMO

I

g at
AC@ Ch

t t
C4

I

g'

I

Oem'
WC@%gaa

o t o

I

CO ~g'
o e

I

W LA W
CO C

W ~ h4
t ~

cOGO
I

C)~+
U:hJ4

~ ~

I

~CO+
&+CO
%Q'A

~ o t

I

~CO
mf 0
cOCO a

e ~ ~
M&g'

I I

co ~ aoao
~ t ~a o

I

mac)
t ~aao

I I

A eh W
I

Moa
aao

I

CO 0' 4'
LA ~ ~
m I%~a

I I

ID~ N

+O
a

I I

M~CO

~ o ~op a
I I

CO

I

hJ 0 4'

+Ha
t o e

OOO

CO

cva p
m+a
t o ~

I I I

e aO R
co M a~ CO

o t eNap

%CO
Cia 4'
H Lfi

o t ~

I

AJ CO W
~ t t

LA th CO

o o4ON
I I

I

IOaa
o e

GOO
I I

O4' co

w~a
~ ~a pa

I

COO&

o e t

I

W CO %

Wg'O
t e

g'&%
CO

M O LA
~ o t

&wO
I

LA W 4'
~mf

o~ C3 O
I

CO ~ LPI
I aa

I

LA ~Pl
CO

e

I I

%why
o ~ ~

0
I

t CO

O hj 4
~ ~ o

OOO

H~g
LA
LA

~ ~

I I

g g tWp~OaO

+a Q
I

wao
o ~ppa

g ae
fA~W
tAboa
OGQ

I I

Koa
t

I

O' N CV

CO O
epao

COg'OO~ CO 0'

~ owaa
I I

co

o t t
MOO

AJ

o

I

Ch ~ C'
Wm~
I
LL. OO

o o e

I

t ~CO
Q' ~

I

LA

mrna

WOO
I

Q
t t t

I O a
I

g'M LA
& f4

aco~
t o 1

I

W hd P'
CO LA

1 e

I

I
CO

o ~ ~pap
I

CO ua
~ ~

I I

NK ~g'~W
O

~ t
OOM

~ co a
g' m O

~ tOOP
I

aOcGWg'~

pap
I

Wag'~ ~ aONQ+
~ topo

I

O
O
O

lA

I

N + f4moa
oboa
I

Rema
0' ~ u

~ ~

LAaa
I I

~ ~&pa
~ en g

COUR
C) +

~ ~Leap
hd

I
g g
O' I
C) ~ CO~+a

o ~ ~
O'Om

I

~CO%
O4egaco

e

ywl

I

CO LA &
W g' O

~ ~QOO
I

A thhl
M 9g'g O

oapa
I

co aOO

WO O
~ e ~

I

lA

OwG
e

I I

LO~O
NO

+Lb~
o ~ ~aao

I

CO

LAOO
~ e e

~ LA

o o eaao
I

CO g en
W ~ CO

aO~O
t ~ ~

I I

4 I N
&COD

t ~a

g CO~
m CO +

~ t eg'wa
I I

a aOWa col
C4 N 6

~ ~

I

AJ LAG
aO

t

I

+CO&Ca
~an

e e ~

I

aco+O4)
u g

o t ~

I

A(h CO

G CO fV
t ~a

I I

~i
t
I g
C' ~ ~

~ o oaao
I

~ co CO

C:I g

o toop
I I

O' O W~ aO

wao
I I

~ ~ tA
0 ~ a
coao

I

I

~ t4GO
a I

~enM
COW g'

~ ~
g a
m

Iag'
COO LA

~ e

I I

+N%N~%
t
COON

~ ~aa&
I

Mme
O

I

o

I

LA &~ O
1 ~ o

I

t
tfE
COm C'

~lA

~ ~

I I

P4
o e ~

I

a w cO

t

I

hJ~H
p'aa

e tOp a
I

COO

CiJ a O
I

fh A Q
CO~ ~ aO~pa
LAOO

I I

a0~+
cO cO fh

A~bJ
o

I
CO CO a
LA
O' CU~

o t ~

WOI
~a~

I I

cocoawa a
I !

g'

~ t oQaa
I

Lh W
~ t ~

c„.. aa

&t C

o

I I

~ I

+ COCOa n I

o t taaa
eh g

lA MLA

t

~ Yl

I Oa
COO

wa+g'ao
~ ~ ~

I

I I I

64~ W

o

Q~4
g~ COLA
t ~ t

WOO
I

CO +
a +

t oa pa
I

m glcO

CO

~ e+a Q
I I

Ct ~N
aO 4 N

N+O
aaa

I I

if( a hJ
I cO&
CO LA a~aa

o ~ tana
I

+NO

a a a
I

Mao'
I M Ail

1 ~One
I I I

4' m CO

0 mt
o ~

GOO

g' w m4N+OI
tan&

I

An
O hJ a

~ t o

I

HC}A

ciao
I

a~co
CI' ~I ~ ~Nap

I I

CO I O

+h4H

MME+wN
CO~~

~ t ~
% ae

O'I) +

&oa
~ ~ ~

g' m ~
O'PN

e taoa

C CO ~
w~a
OOO

I

IPW g'
aO

GOO! I

~ LA ~0'a Q
o t o+pa

I

gNN
LA ~
LAm

~ ~mao
I

04~ O

~ ~ea
~a cOuo O

~ ~ ~

I
I

C4 CO&mag'n g'~%4
~ e ~

a~co
g' W CO

macO
o t ~%ac

I I

I COO

W~
a c a

I I

H h. O
CO rn O

aaa
I I

CO m eh+ a
ao

LA~M
% COCO

t ~ ~

I I I

MCO&
LA + Ma

eaoo
I

LAO~
Ch&m

O CO

MWG
1a pa

I

hJ+4
O

N g

I

~~LA
+~Igyp

~ e ea a
I

t t taa
I I

g'~+
a hl &

~ ~
g oa
I

~ON
I g a~a Al

~ ~ ~

O CO a
Na co cI

e ~ ~

I



GREEN' S FUNCTIONS OF FACE -CENTERED-. 2873

C4

cd

0
N

~~
80
U

QQ&
CO t
cO rn QwOO

~ ~OQO
I

COO ES
h4IA M
IP M Q

~ 1 ~
OQQ

I I

hh ~

~ ~
OOQ

I

NQCQ

NNt4
~ 1 ~

QOO
I I

I
OIAQ
IA~fOw+

1
OQQ
I

4' en i~~PI
& 4' 0'

1 1 ~

OOO
I

M O
N QQ

~ ~
OOO

Cc

m~a
I~ ~

OQO
I

0' vgm
ca O4)OO

QQO
I

IAIDO

LAIC
M+Q

1 1 ~
QOO

I

t +g'
Wma
O' Q 0'Qw~

~ ~
OQO

I I

C' t

Awa
~ 1 ~

I

M~@'
~LAO~~Q

~ 1 1
QOQ

t N
M~Q
LA m

~ 1
OQO
I I

gwaNOR
m CO

MAJQ
~ 1 1

QQO
I

' NC4ON&
~ ~

QCON
LA N Ct'

1 1 ~

OQO
I

AJ fh P4
QWQ

Co
el O

~ 1 1

~CIN
IA h4~PQQ

1QQQ
I

ACt' 4
+HO
4 QQ

~ 1 1

CCLA C
be+ hJ

I I

O' Lh CV

QOm
1OQO

I

ALAt
LAC) Q

~ I ~
OOM

I

~N~
LA LA LA

1 ~
OOQ

I

C)Q
Cl ~C4
@f O&OQ
QQO

I

~ma
IPmO

1

O+N~ct t
& W vQ~Q~

toQQ
I

O ~ ch
IA Cl ~
4' t

Qoa
QN4
IA4) O

~ 1 1
QOO
I I

Q NLA
g CO N+ fh

1 ~ ~
O OO
I I

LA Ca Q

WOQ
~ ~aoa

I

Q~Q
&NO
t ~ ~

I

Nlh+
+QQ

1 1 1
QOO

I

LA IA &
th CNwQua

~ 1 ~

OQO
I

CLAN
NQO

~ ~ ~

QQO
i

6 t N
Rt 0'

QOO
On a
I

t +0'
+ % LA

0 WQ
hJ N O
QOQ

I

Q Ch Q

IAMQ
t 1 ~

OOQ
I I

CC h tOQ'~
1OOO

I

O+I
~ 1 1

CO
&NO'&ma
1 1

I

Qm+
tO +

NOO
~ ~QOQ
I I

Ot
1

OOO

Q CO A

CO t+~Q
~ 1

OOO
I

COg O

m O
1 tone

I

LA ~ CG

&OQ
OQO

I

CG

+ N CO

g} IA

~ ~ ~

QOQ,
I

LA 4'
MOO
O O

I

QNO

IAIDO

1 ~ 1

I

LA +CO
Cot Q
QQAJ
LATM

~ ~OQQ
I

Cc pW+
4) ~LA
f ~4'
LAQQ

~ 1 1
QOO

I

gi ~ ~
MCUQ

NQQ
1 ~ 1

QOO
I

LA g}N
LAOO

~ 1 ~
OOO

I

(0 NCl

hJ Q
NOQ

I

0 O
1

t QO'
CO CO 4'

~ 1 1+QZ
I I I

4rv4LA+

~ 1QOQ
I

+wQ
~ 1 ~OOO

~~LA
WC'%
NOQ

t ~

I I

LAC% 49'&W~Ha
t 1

OQO
I I

LA~M
m+LA~a

~ 1

0'g p NQpaIAO
~ ~

QQO
I

IA ~ N
C g'&
Qma
OOO

I I

&g)O
& CV 0
OQ' Cl

QOO
I

0
4)Wt
C) Kl~ma

1 ~QOO
I I

i Co rn
C)OO

~ 1 ~

OOQ

+4'
IA N

I &ONOQ
~ ~ ~

OQQ
I

LA&4
Q &Q
t O'0
&NO

1

I

N %LA
AJ O

~ ~ ~QQQ
I

mCJ~
NAIAwOO

~ 1 ~
OOO
I I

N C4IA
vQ m4'
C)

1 1 1
Q QO

I I

t cu Ct'

AOIAeQOt
OOO
I

cd

~A
ce

cd

EI
~M

0
M

Q
~~
Q0
U

0 Qa
~ 1

I

+QO
~ 1 1OQ

I
~LA f4

y t+ C4 Q
~ ~ 1

+OQ

Q Q LA
N% 4
O' C) tM~

1 1 ~

I

tg t Cl
hl Q N

~ ~

Q LA

I

O
hJ

N

I

CO ~
CO

~ ~

O

O CO

e e
N Q

I

W CO

CO
1 ~

Q O
I

Lh LA

A co

~ ~

00
O

h4

O

N

IA

I

0'

Q
I

IA ~ LA
CC' ma

~ 1 1
& QO

I

1 ~ ~4OO
I+ ~Oref

Q
~ 1 ~

IA~Q
I

~~C)
C)m%
N O CC

1 ~ ~

OOO
I

I
co Occ
O'Lh +
Ct' O 4'
LA M C

1 ~ ~r-Ot
I

0'

I

WCO LA

QC) N

HQQ
I

IA& IA

+OO
I I

N4OHP44IAQ
1

t O O

Q O'CO

ma&
1 1 ~

O. Q O
I

O' LA 4'
C) W LA
COO~
COON

Co ~ Ng'mo
Cl Q

~ ~ ~

I

Ch &Q'
hJ + NC)+O+~a

1
C)QQ
wl
I

+LAN
COMN

~ ~
OO

Cc

t 0 e
LA O Q

~ ~dna~
I
CO~ CO

C) CO

1

CO

th

O
I

N
O

1

I

IA iA 0'
Oen ph

1 ~

I

+OQ
~ ~ ~+QO

I

Q~O

~ ~

COQG
I

LAC'm+
~ h4LA

O'OO
I I

1 1 ~

%OO

IA

1
O
I

N

I

CO

O'NO
Cl Q ~

1

I I

~ LA
N IA Q
M CO +

e 1 ~

IA O

I
aors rq

ON+
1 ~

WC)O
I

&ma
~ 1 ~

IlQN
I

N~N
WN~

1 ~ I

I I

QO

IA ~ CO

MCOQ

IAQO
i

N r4

+ IA

1 1 ~
CO O O

I

+ ~ C)t Cc

W~N
~ ~ ~

I

t t
CO m t

CO+A
1 ~ ~

COON
I

Co

N
N

O
I

Q Q
ONM

1
NOQ

I I

CO

Ot
1 1 ~QO

N
I

LA ~
MQ

M 'C
1

OON
I I

NQ+
M 0' ~

~ 1 1

0' ~ 0'
OWN
W 0'0'
NAO

~ 1 ~t- OLA
AJ I I

Q+H
C" COO

NOO
I

CF' m

O' N Qm~Q
1 ~ ~

IAQQ
I I

LA CO t

Q PhMcce
1 ~ ~

0 OO

Og O

LA
~ ~ ~

O' Q N
I

o
O'0'
~IA N

~ ~ ~

I

0'
0'

1
Q
I

CNQPAN
C) ~ LA
4) e O

t
NOQ

Q eu 0'

1 1 ~
4)OQ
I I I

0' m IA
OW

LA Q ~&
1 1 ~

O'QO
I

W t

QOQ
1 1 ~

MOO
I

IAN4
1

I

O

Igi

~ LALA+ ~O

I

IA OO'
N LA hl
LA

1 ~ ~

I I

~ ~ ~
t Q Q

W IA ~
4) O'M

~ 1 ~
NQO

I
LA ~ t

C) M
CO % CtQCla

1 1 ~
cO a h4

I

94

me P
Q
gH
Q

0' ~ N

OO'OQ
~ ~

W Q

I

W Ce W

MN~
1 ~

t O Q

& C) W

m LA WNag
1 1 1

I

XK
I I I~NK

& CO N

m Q
~ 1 1

LAO~
I I

g) ~ CO

h4 rh 0'
O' LA t-
O'O LA

~ ~ ~

LAO N
I

X A K
I I I

IA
+ 0O+Q

1 ~ 1

I

W~hC
I I I

O w 0'
N+Q

~ ~ 1
cCOO
I

I I I
R h4 Yl

LA ~
NHLA

~ N
~ ~ 1

I

O ~
N LA

Co M Q~ LA4 Clbl
1 1 ~

I

I

I
w NN

N
0 NN

1 1 ~eOO
I I

LA CO 0'tnt%
LAOt

~ 1 ~

WOO
I I

N
CF' O e

N Co
& LA N

1 1 1eOO
I I I

&WE
I I I

H Al &



2874 H. SNENDSEN AND H. CALLEN
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FIG. 3. Density of states, (-1/7t)
&&gr(0, ~), (schematic) for positive val-
ues of y= J2/J&.
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(22)
2a'~' —(4/a) &u+ ~ ~ ~

Clearly the square-root singularities appear on

opposite sides of the Van Hove point in the real
and imaginary parts, and have opposite signs. The
factor of w cancels with the factor in Eq. (18), so
that the square-root terms have the same coeffi-
cient in both real and imaginary parts of the
Green's function.

IV. APPROXIMATE GREEN S FUNCTIONS

Reference to Table I reveals that for —1&y&0
there are but two Van Hove singularities within
the spin-wave band (in addition to the singularities
at the bottom and top of the band). These singula, ri-
ties therefore divide the spin-wave band into three
energy regions, bounded by singular points. Re-
gion 1 is the range 0 & co & co&, region 2 is +& & ~
&~&,' and region 3 is cu& &co&1.

The square-root singularities of the imaginary
parts of the Green's functions fall on the low-energy
side of &u„and on the high-energy side of ~B (see
Table O. Hence region 1 has square-root singu-
larities of gr(r, &u) at each of its limits, as does
region 3, but region 2 contains no square-root
singularities whatever.

The polynomial approximants for the Green's
functions have been calculated separately for each
of the three energy regions.

The Green's functions with a square-root singu-
larity at co& have been approximated by a some-
what different procedure from those in which the
singularity is suppressed. Consider those with the
square-root singularity at ~„(i.e. , those in which
r contains no odd coordinates). To improve the
accuracy of the polynomial approximation we have

Given H(r, &u) from our tables, then the Green's
function is to be computed from the inverse formula

gz(» ~) =& (~~ gr(r &~)

, +(&u& —&u)' H(r, &o)]. (24)

In region 2 the Green's function has been approxi-
mated directly, and in region 3 the square-root de-
pendence has again been removed analytically, so
that the function which is approximated is

td) (+ +B) I (1 +) gI(r

Inversely,

g, (r, &u) = (1 —&u)' [(1 —&B) gr(r

+ ((u —(uB) ~BR(r, (o)]. (28)

For the 13 Green's functions with an odd coordi-
nate of r there is no square-root behavior at co~,
and in both regions 1 and 2 we have approximated
the function

&(r, ~)=(u '~'g, (r, ~). (27)

In region 3 we have again approximated the func-
tion K(r, &u), defined in Eq. (25).

It was found empirically that sufficient accuracy
could be obtained if we approximated the real parts
of the Green's functions directly in all energy re-

removed the square-root singularities analytically,
and the polynomial fit in region 1 has been made to
the function

H(r, (o)=((o„—~) ' [~ ' 'g, (r, (g)
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g, (r, &u) [or H, J, or K]= Zc„T„(&u),
n=p

where T„(~) is the nth Tchebyshev polynomial:

(28)

gions, which we have done.
The polynomial approximants which we employ

are six-term expansions in a Tchebyshev series:

~m 2coQfft+g +Qm+g = cm ~

with
kg=07= 0.

Then the sum is simply given by
5

Z c„T„((o)=ao-a, (u.
n=p

(30)

(31)

(32)

To((u) = 1, Tq(~) = &u,

T2 (&d) = 2(d —1, T3((d) = 4(d —3(0,

T4((d) = 8(d —8(d + 1,
Ts (&u) = 16&v —20&@ + 5&@ .

(29)

The coefficients c„of Eq. (28) are tabulated in
Tables III-VII. Additional tables, for intermediate
values of 8, /J„can be obtained from Callen.

The various approximation functions can be
evaulated from the tabulated coefficients c„and
the definitions (29) of the Tchebyshev potentials.
However, there is a simpler, and extremely con-
venient, evaluation procedure based on the prop-
erties of Tchebyshev polynomials. Given the six
coefficients c„(n = 0, 1, . . . , 5) we form a sequence
of numbers a (m = 0, 1, . . . , 5) by the rule

with

2&&m+s+&m+2= (m —1)c (33)

bg= b7=0.
Then

d Z c„T„((u)= bi
dc' ~ 0

(34)

Now it will be noted that solution of Eq. (30) is
quite trivial, since for m=5 we have a5=c5, then
a4= 2~c5+c4, etc. Hence the a's can be evaluated
one by one until aq and ap are obtained.

The derivatives of the Green's functions are also
obtainable through a similar algorithm. Again,
given the six coefficients in Eq. (28) we form a
sequence of numbers b„(m = 0, 1, . . . , 5) by the
rule
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