
in which g is the spectroscopic splitting factor, equal
to 2.20 for iron. The qunatity f . is the form factor^ J spin
for the unpaired, (mainly d) electrons, and is normalized
so that f . (0 ) = 1 , spin 5

f . (k) = (Nv)_ 1 /e1 K -r (p.(r)-p.(r)) d 3 r. (51)spin 1

in which v is the magneton number. Although the core has
a net spin of zero, exchange effects procedure a slight
difference in the radial distributions of t and 1 spin
electrons, and so lead to a small contribution, f’ core
Finally, there is a contribution f ^ from the possible 
unquenched orbital angular momentum of the d electron.

The magnetic form factor for iron has been computed
5 8 2 9theoretically by De Cicco and Kitz, and by Duff and Das.

We have calculated the spin and core contribution to f(K).
The orbital contribution, f ^ , is zero under the present
approximations in which spin orbit coupling is neglected.
The results are tabulated in Table X, and are shown graphically

6 5in Figure 11. The comparison with experiment is quite satis
factory. It should be noticed that the spin density is not 
spherically symmetric (compare f(K) for k = 411 and 330;
510 and 431, 433 and 530). The deviation from spherical 
symmetry is also consistent with experiment.



To examine the position dependence of the spin density 

we computed the magnetic moment density along the three crystal- 
lographic directions, the (1 0 0 ), (1 1 0 ) and (1 1 1 ) directions.
This is shown in Figure 12. Of particular interest is the 
negative value in the (1 1 0 ) and (1 1 1 ) directions obtained 
well away from the nucleus. This implies that for these 
directions in the interstetial region the magnetization is 
pointing in the opposite direction to the bulk magnetization.

The discussion presented in this chapter on the magnetic 
electron configuration in iron is by no means complete. One 
needs to compute the isomer shift, the hyperfine field and the 
anisotropy energy among other physical properties before one 
attempts a model of the electronic configuration in the iron 
crystal. However, a more pressing problem would be to test 
whether the present formalism would yield the ferromagnetic 
state with relative magnetization ££n^-n^/n^+n^) as the ground 
state configuration. The required £ for such a calculation is
0.27 8 . The method of doing this would be to determine the ab
solute minimum of the total energy as a function of £. In the 
absence of such an elaborate computation, one could be content 
with demonstrating that for a = 0.64, £ = 0.27 8 will be a 
relative minimum of the total energy. This is done by computing 
the total energy for the paramagnetic state, for the same



exchange parameter of 0.64 and for C = 0.27 8 ± e.
This will provide another justification for the value 
of 0.64 for the exchange parameter.
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TABLE I

K v c <K > AV (K) V 1(10 c ex

/—\'—'■<-XQ)
><1 V +(K)ex AV +(K) ex

(0 0 0 ) -1.6160 0.2042 -1.6842 -0.0438 -1.5223 -0.0745
(1 1 0 ) -0.8220 -0.0775 -0.2907 0 . 0 1 0 1 -0.2722 0.0155
(2 0 0 ) -0.6155 -0.0289 -0.0227 0.0075 -0.0296 0 . 0 1 2 2

(2 1 1 ) -0.5000 -0.0099 -0.0325 - 0 . 0 0 1 0 -0.0356 -0.0016
(2 2 0 ) -0.4221 -0.0041 -0.0555 -0.0040 -0.0539 -0.0065
(310) -0.3651 -0.0026 -0.0467 -0.0026 -0.0444 -0.0043
(2 2 2 ) -0.3213 -0.0007 -0.0224 0 . 0 0 0 0 -0.0219 - 0 . 0 0 0 2

(321) -0.2866 -0.0002 -0.0023 0.0016 -0.0037 0.0027
(400) -0.2584 -0.0004 0.0054 0.0019 0.0031 0.0032
(411) -0.2351 0 . 0 0 0 0  0 . 0 0 2 0 0 . 0 0 1 0 - 0 . 0 0 0 1 -0.0019
( 330) -0.2351 0 . 0 0 0 2  0 . 0 0 2 0 0 . 0 0 1 0 - 0 . 0 0 0 1 -0 . 0 0 1 0

(420) -0.2156 0.0002 -0.0069 - 0 . 0 0 0 2 -0.0082 0 . 0 0 0 1

( 332) -0.1990 0.0004 -0.0157 - 0 . 0 0 1 2 -0.0162 -0.0015
(422) -0.1847 0.0003 -0.0209 -0.0017 -0.0207 -0.0024
(510) -0.1724 0.0001 -0.0213 -0.0016 - 0 . 0 2 1 0 -0 . 0023
(431) -0.1724 0.0003 -0.0213 -0.0016 - 0 . 0 2 1 0 -0.0023
(521) -0.1520 0.0002 -0.0125 -0.0005 -0.0127 -0.0007
(440) -0.1436 0 . 0 0 0 2  -0.0068 0 . 0 0 0 2 -0.0075 0.0003
(433) -0.1360 0.0002 -0.0025 0.0007 -0.0035 0 . 0 0 1 0

( 530 ) -0.1360 0.0001 -0.0025 0.0007 -0.0035 0 . 0 0 1 0



TABLE II

(H12"H25)/!'
<H 12-H 25)+

This
Calculation

0. 33 
0.37

Wakoh
and

Yamashita
0. 35 
0. 39

Duff 
and * 
Das

0.74
Wood 

0. 44

(ri - r25)+ 

( F 1 - r25H

0.35
0.44

0.40 
0 . 49

0.58
0.33

(ri2-r25H
(ri2-r25H

0.13
0.14

0.11 
0.11

0.23
0 .12

(P4 - P 3 )+ 

(P4 -P 3 > +

0.21
0.25

0.18
0.22

0.45
0.25

No values for spin 4 have been supplied
+ De Cicco and Kitz values are essentially equal to Wakoh 

and Yamashita1s



a c

TABLE III

Point + Spin 4 Spin Splitting

L -0.730 -0 .659 0.071
r 2 5 -0.385 - 0 . 2 2 1 0.164

ri 2 -0.251 -0.080 0.171

H 1 2 -0.49 0 -0.035 0. 455

H 25 -0.160 +0.0019 0.179
-0.446 -0.307 0.139

P 3 -0.234 -0.059 0.175

N 1
-0.528 -0.400 0.128

n 2 -0.46,0 -0.305 0. .155

N 1 -0.253 -0.081 0.172

H„ -0.234 -0.062 0.172

N 3 -0.140 +0.0040 0.180

Ni -0 .070 - 0  . 0 0 2 0 . 068



TABLE IV 

Wood
This and aCalculation Yamashita

Splitting between doublet and triplet states

At 1 majority spin 0.133 0 . 1 0

minority spin 0.141 0 . 1 1

At H majority spin 0.330 0.35

minority spin 0.367 0.39

At P majority spin 0 . 2 1 2 0.18

minority spin 0.284 0 . 2 2

Difference in 
minority-spin

energy between center 
d states

of gra'

At r 0.167 0.13

At H 0.164 0 . 1 2

At P 0.154 o.ii
Spin Splitting at state

0 .071 0.034-

Duff Abate
and and
Das Wood Asdeute .Stern Callaway

0.23 0.12 0.60 0.26 0.002
0.18

0.75 0.44 0.76 0.59 0.07
0.64
0.45 0.25 0.20 0.25
0.45

of majority-spin d states and center of

0.29
0.26
0.26

o.io

C<



TABLE IV continued

Over-all width of lowest six states at N
Five
states

majority spin 0.458 0.44 0.66 0.48 0.47 0.68 0.11
minority spin 0.440 0.4 3

Over-all width of the s-p band 

majority spin 0 . 6 6  0
minority spin 0.699

*The results of De Cicco and Kitz are essentially identical to those of Wakoh and Yamashit



TABLE V

Surface
Identi
fication

Dimension
this

Calculation

Dimension
by

Gold et al.
I T-N 0. 571 0.47

r-p 0.419 0.42
r-H 0. 504 0.51

II r-N 0.576 missing
r-H 0.856 0 . 81
H-P 0.115 0 . 2 2

N-P 0.096 missing
III H-r 0.088 0 .1 1 +

H-N 0.075

+ CO i—I •o

H-P 0 . 1 0 1 0 . 2 2

IV H-r 0.088 0 .1 1 +
H-N 0.061 0.0 89
H-P 0.057 0 . 1 0

VI (a) r-H 0.321 *
r-p 0 . 2 0 2 *
r-N 0.245 *

VII(a) (r-H) singlet 0. 394 *
(r-H) doublet 0.562 *

V (H-r) doublet 0.438 0.50
H-N 0. 330 0. 34
N-P 0.278 0. 29
N-P 0. 413 not reported
N-H 0.19 4 not reported

VIII N-r 0.242 not reported
A
Surfaces VI(a), and VII(a) were not considered in model
Experimental information lacking intended as a rough guide.

+Experimental information available but interpretation is not 
settled.



TABLE VI

Surface
Identi
fication

Dimension
this

Calculation

Dimension
by

Gold et al.

I T-c 0.571 O • -P

T-h 0.501 0.45

II T-d 0.576 missing

N-e 0.106 missing

III H-r 0.075 0.153

H-m 0.075 0.128

IV H-9 0.060 0 .080

H-I 0.061 0.089

V H-n 0 . 330 CO•o

H-s 0.320 0.31

VI(a) T-a 0.245 A

r-g 0 . 2 1 2 Ar*

VIII N-b 0.242 not reported

N-f 0.176 not reported

N-0 0.194 not reported

N-P 0.176 not reported



TABLE VII

Maj ority
Large Electron Surface about T 

Major hole surface about H

Intermediate hole pocket about

Minor Hole pocket about H

Approximately spherical with distortions 

along 1 2 bulges along the (1 1 0 ).
12 long arms extending along H to N 

directions.

8 deep funnel-like indentations along (1 1 1 ) 

and intersects III along (111).

6 indentations along (1 0 0 ).
24 bulges in the kx=k̂ _ planes centered 

about the directions (8,3,3). Does not 

intersect I.

H Fits inside II and has 8 sharp points 

of contact with II along (111).

Touches tangentially IV at 6 points along 
(100).
Fits inside III, with which it has 6 tan

gential points of contact along (1 0 0 ).



TABLE VII 
(continued)

Minority (40

V Large hole surface about H Approximately octahedral. Contacts VII(a)

at 6 points along (1 0 0 ).

VI(a) Large electron surface about T Approximately octahedral. No intersections

with V or VII(a).
VII(a) Electron ball along A Ball has 6 tangential points of contact with

with V along (100).
VIII Hole pocket at N Approximately elliposidal and does not

intersect V, VI(a), or VII(a).



Plane

(100)

(110)

This Wakoh
Calcu
lation

and
Yamashita

I 421 398

III 5.5 5.3
IV 4.6 4.3

V 219 225 .7

VI (a) 119.2 absent

VII(a) 1 1 . 0 1 absent
VIII 71.9 32.8

I 347 345
II
(around

8.4
N)

9.1

II
(around

20.3
H)

24.3

III 8.17

IV 3.72 3.8

TABLE VIII

Model
A Experiment

Wood (Gold 1971) (Gold 1971)

404 436 not reported

1 0 . 8 17.6 5.05 ± 0.03
9.7 15.4 3.88 ± 0.02

204 219 unobserved

89 63 unobserved

13 6.5 2 1 . 0  ± 0 . 1

19 absent unobserved

346 358 347 ± 5

absent absent unobserved

31 absent unobserved

2 1 absent unobserved

9 15 3.9 ± 0 . 0 3



(Ill)

V 171.8 169.3 158

VI(a) 91.8 absent 74

VII(a) •CMi—1 absent 15

VIII 70.1 49.4 30

I 370 380

II 27.8 425

III 9.9 13.

IV 4.4 8.1
V 162 133

VI(a) 69.4 61
v i i i  r CO•CD 27

VIII H 60.2 27

168
54
6.5

absent

372
434

21.9

12.4
145

49
absent
absent

unobserved 
unobserved 
12.0 ± 0.2 

unobserved

369 ± 4

28.0 ± 0 . 2  

11.3 ± 0.2 

4.13 ± 0.03 

154 ± 1
unobserved 
unobserved 
51.8 ± 0.6



TABLE IX

Duff Wakoh De Cicco
Scat. and and and A
Vect. Das Yamashita Kitz Experiment

1 1 0 17.59 18.55 18.38 17.63 ± .20

2 0 0 14.28 14.89 15.12 14.70 ± .23

2 1 1 12.55 13.01 13.03 12.62 ± . 2 1

2 2 0 11.25 11.65 11.54 11.13 ± .20

310 10.35 10.53 10.42 10.10 ± .19

2 2 2 9.57 9.65 9.62 9.13 ± .25

321 8.84 8.94 8.98 8.75 ± .19

400 8.29 8.40 8.45

330 8 . 0 0 8.03 8.08 7 . 6 8  ± . 2 1

411 7.94 8 . 0 2 8.06 7 . 6 8  ± . 2 1

A
Experiment by Batterman, Chipman and De Marco (1961).



TABLE X

Scat. 
Vect.

Core
Contribution

Spin
Contribution

Total This 
Calculation

De Cicco 
Kitz

(0 0 0 ) 0 . 0 0 0 0 2.2613 1 1

(1 1 0 ) 0.0056 1.3641 0.599 0.616

(2 0 0 ) 0.0060 0.8918 0.383 0.389

(2 1 1 ) 0.0050 0.5392 0.234 0.235

(2 2 0 ) 0.0038 0.3574 0.158 0.154

(310) 0.0024 0.3036 0.134 0.123

(2 2 2 ) 0.0018 0.1219 0.053 0. 053

(321) 0 . 0 0 1 1 0.1007 0.045 0.041

(400) 0.0006 0.1684 0.075 0.060

(411) 0 . 0 0 0 2 0.0947 0.042 0.033

(330) 0 . 0 0 0 2 0.0312 0.013 0 . 0 1 1

(420) -0 . 0 0 0 0 0.0478 0 . 0 2 0 0.015

(332) - 0 . 0 0 0 2 -0.0334 -0.016 -0.014

Experiment

1

0.629 
0.404 

0.250 

0.164 
0 .137 
0.061 

0.046 
0.070 
0.037 

0.013 

0.020 

-0.016



Table X (continued)

(422) -0.0003 -0.0179 -0.008 -0.009 - 0 . 0 1 0

(510) -0.0004 0.0574 0.025 0.016 0 . 028

(431) -0.0004 -0.0268 - 0 . 0 1 2 - 0 . 0 1 2 -0.013

(521) -0.0004 0.0017 0 . 0 0 1 -0.003 0 . 0 0 1

(440) -0.0004 -0.0417 -0.019 -0.018 -0.015

(433) -0.0004 -0.0684 -0.030 -0.027 -0.027

(530) -0.0004 -0.0244 - 0 . 0 1 1 - 0 . 0 1 2 - 0 1 0 1 1

AC. G. Shull, as reported by De Cicco and Kitz (1967).
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APPENDIX

Below are the integral expressions used in the 
computation of the expectation value of 1 for the overlap, 

-1/2V2 for the kinetic energy, and cos (Kv ’£ C D ^ ’ where 
the wavefunctions are linear combinations of Gaussian-

expressions are given. The others can be obtained by 
cyclic permutations of x, y, and z. We make use of the 
notation

<s|s> = <GS C a-̂  ,r-A) | GS (a 2 ,r-B) > , 
and using the definitions

2type orbitals, that is, exp(-a^r ). Only the independent

-V* sln(£v -EcD)

d cos(K ,r„n ) = -K (1-u) sin(K . r „ )  — v — CD x — v — CDdBx

— - exp(-LR2 ) = 2LX
x

— -  exp(-LR2) = -2LR
x

we can derive the expressions. The symbols used are 
defined as



The constants below are the numerical factors involved 
in the spherical harmonics associated with the electron 
state wavefunctions.

C1 = 0. 07957747 C2 = 0.13783228

C3 = 0. 23873262 C6 = 0.08897035

C5 = 0.15410117 C4 = 0.30820235

C 9 = 0.15410111 C 8 = 0. 26691118

C7 = 0. 53382235 C15 = 0.09947184

cm = 0.17229028 C13 = 0.34458056

C12 = 0 . 29841552 Cll = 0.59683104



/ w

We can derive all subsequent integrals from <s|0 |s> , 
where 0 is one of the operators, -1/2V2 or cos K ^ . r ^ .

Some are shown as follows:

<px l°ls> = 2§7 s r  < s l0 1s> 1 x

<pxl°lv = 237 §B- <pxl°ls> = 737 ax- 737 §17 <sl°ls>
X  x X  ^ X

<d |o|s> = 1 <Px |o|s> = 2 ^ 7  3A~ 2 i7  HA“  <s I 0 I s>
J 1 y 1 y 2 x

< d (x2 2 'Ols. - j i -  “ j- <P |0|8» - 7^7 <Py 1° I S >
y 1 x 1 y J

<d (3z2-r2)|0|s> = <d(2z2_x2 2) |0|s>

—  TT/T" <P I 0 I s> -  T ” — T T a -  < P  I 0 I s> a, dA z 1 1 2 a, dA x 1 11 z 1 x

1 d <P I 0 Is>2a, dA y 1 y J



KINETIC ENERGY INTEGRALS 

<s | -V 2 |s> = 2C1DTL(3-2LR2)

<Px |-V2 |s> = 2C2DTLWa2X(5-2LR2 )

<P |- V 2 |P > = 2C,DTLW(2.5-7LX2-LR2+2L2X2R2)X  X  O

<P I-V2 Ip > = 2C„DTL2WXY(2LR2-7) x 1 1 y 3

<dx y |-V2 |s> = 2C4DTLW2a2(X2-Y2)(7-2LR2)

<d(x2_y 2} |-V2 |s> = 2CgDTLW2a 2(2Z2-X2-Y2 )(7-2LR2)

<d(32-r2)|-V2 |s> = 2CyDTLW2a1Y ( 3.5-9LX2-LR2+2L2X2R 2 )

<d | -V2 |P > = 2C7DTW2anY ( 3.5-9LX2-LR2 + 2L2X2R2 ) xy x / Jl

<dx y |-V2 |Pz> = 2C7DTLW3La1a2XYZ(2 R2-9)

<d(x2_y 2} |-V2 |Px> = 2C8DTLW2a2X(7-2LR2

+(Y2-X2)(9L-2L2R2 ))



o u

<d(x2-y2)l“V2 lpy> = 2CgDTLW2a 2Y(-7+2LR2

+(Y2-X2)(9L-2L2R2)

< d (x2_y 2 } |-V2 |Pz> = 2CgDTLW2a2Z(Y2-X2)(9L-2L2R2)

<d(3 2_r 2)|-V2 |Px> = 2CgDTLW2a2X(2LR2-7

+(X2+Y2-2Z2)(9L-2L2R2 ))

<d(3 2_r 2) |-V2 |Pz> = 2CgDTLW2a2Z(2(7-2LR2 ) 
z

9 9 9 9 9+(XZ+Y -2Zz)(9L-2L R Z)

|d |-V2 |d > = 2C,nDTLW2((3.5-9LY2)(l-2LX2) xy xy _l u

9 9 9 9 9 9+ ( 2 L Y - L ) ( 2 X  +R -2LX R ))

<dy Z |-V2 |dxy = 2C1QDTL2W 2XZ(-4.5+llLY2+LR2-2L2Y 2R2)

<d | -V2 |d > = 2C,nDTLW2((3.5-9LY2 )(1-2LZ2)y  z  y z  l u

9 9 9 9 9 9+(2L Y -L)(2 Z + R - 2 L Z R ) )



U  _L

<d |-V2 Id > = 2C,nDTL2W 2YZ(llLX2-H.5+LR2-2L2X2R2 )zx' 1 xy 10

<d | -V2 Id > = 2C-. nDTL2W 2XY(llLX2-4. 5 + LR2-2L2Z 2R2)z x 1 1 yz 10

<d |-V2 Id > = 2C,nDTLW2(3.5-9LZ2)(1-2LX2)z x 1 1 zx 10

+(2L2Z 2-L)(2X2+R2-2LX2R2 ))

<d(x2_y 2 } |-V2 |dxy> = 2Ci ;lDTL3W 2XY(X2-Y2 ) (11-2LR2)

<d, 2 2>I-V2 Id > = 2C, ,DTL2W 2YZ(9-2LR2)(.x -y ; 1 1 yz 11

9 9 9 9+ ( X - Y ) ( l l L r - 2 L R )

<d(x2_y 2j |-V2 |dzx> = 2Ci ;lDTL2W 2XZ(-9 + 2LR2

+(X2-Y2 )(11L-2L2R 2 ))

= 2C12DTLW2(7

+(X4+Y4)(11L2-2L3R)-2LR 

+(X2+Y2)(4L2R-18L) 

+X2Y 2(UL3R-22L2))



<d(3 2_r 2) |-V2 |dxy> = 2Ci3DTL2W 2XY(18-4LR2

+(X2+Y2-2Z2)(2L2R 2-11L))

<d(3 2_r 2)|-V2 |dyz> = 2C13DTL2W 2YZ(-9+2LR2

+CX2+Y2)(2L2R 2-1XL))

<d(3 2_r 2) |-V2 |dx 2_y 2)> = 2Cll+DTL2W 2 (X2-Y2)
Z

9 9 9 9 9((Xz+Y -2ZZ)(2L/R -11)

- 2(9-2LR2 ))

<d(3 2_r 2 )|-V2 |d(3 2_r 2)> = 2C15DTLW2 (21-6LR2 
z z

-2(9L-2L2R 2)(X2+Y2+4Z2)

9 9 9 9 9 9+ C X + Y - 2 Z ) ( 1 1 L - 2 L R ) )



o o

COS(Kv .rCD ) INTEGRALS 

<s|cos|s> = C^DTE cos 

<P |cos|s> = C9DTEW(a9Xcos-l/2K sin)X  Z Z X

<P |cos|Pv> = C qDTEW((1/2-LX2-l/4WK 2)cos+1/2XK (2u-l)sin)X  X  o X  X

<P |cos|P > = C QDTEW2 (l/2(a,K Y-a0K X)sin-(a,a9XY+l/4K K )cos) x 1 1 y 3 l x 2 y  1 2  x y

<d |cos|s> = CuDTEW2 ((a2XY-l/4K K )cos-1/2a0 (YK +XK )sin) xy h z x y z x y

<d, 2 2 . | cos | s> = C,-DTEW2 ( (a2 (X2-Y2)-l/4(K 2-K 2 ))cos(x -y ) 1 1 5 2 x y

-a9 (XK -YK )sin 2 x y

<d(3 2_r 2) |cos|s> = CgDTEW2(cos(a2 (2Z2-X2-Y2) 
z

-1/4C2K 2-K 2-K 2 ))-a„(2ZK -XK -YK )sin) z x y 2 z x y

<dx y |cos|Px> = C7DTEW2(cos(l/4XKxKy (2u-l)+l/2a2Y

-l/4a2Kx 2WY-a2LX2Y)-sin(l/2a2KxXY(l-2u)

+1/4K -1/2LX2K K 2W/8)) y y x



<d |cos|P > = C7DTEW3(cos(-l/4a9K (XK -YK )+anZ(l/4K K -a9XY)) xy z / z. z y x x x y z

-l/2sin(K (a9XY-l/4K K )-ana 0Z(XK +YK ))) z 2  x y 1 2 y x

<d (x2_y 2) |cos|Px> = C8DTEW3(cos(a1X(l/U(Kx2-Ky 2-a 2 (X2-Y2))

-l/2a9K (XK -YK )+a9X/W) z x x y z

-sin(-a1a9Y(XK -YK )+l/2K (a2 (X2-Y2) j_ l. x y y z

-1/U(K 2-K 2 )-l/W)))x y

<d(x2_y 2 } |cos|Py > = C8DTEW3(cos(a1Y(l/H(Kx 2-Ky 2)-a2(X2-Y2 )

-1/2a9K (XK -YK )-a9Y/W) z y x y z

-l/4-(K 2-K 2 )-l/W)))x y

<d, 2 2*|cos|P > = C 0DTEW3 (cos (a-, Z(1/4(K 2-K 2 )(. x -y ; 1 1 z 8 1 x y

-a9(X2-Y2))-l/2a9K (XK -YK ))2 2 z x y

-sin(l/2K (a9 (X2-Y2)-l/4(K 2-K 2 )) z z x y

-aia 2Z(XKx-YKy )))



<d,9 2 2v |cos|P > = CQDTEW3(cos(l/4a,X(2K 2-K 2-K 2)x y _l z x y

-a2a,X(2Z2-X2-Y2)-l/2a0K (2ZK -XK -YK ) 2 1 2 x z x y

-a0X/W)-sin(-l/2K /W-K (2K 2-K 2-K 2)/8 2 x x z x y

2 2 2 2+1/2K a«(2Z -X -Y )X z

-an a 0X(2ZK -XK -YK )))1 2  z x y

<d(3 2_r 2} |cos|Pz> = CgDTEW3(l/4a1Z(2Kz2-Kx2-Ky 2 )

-a.a2Z(2Z2-X2-Y2)-l/2a„K (2ZK -XK -YK ) 1 2  2 z z x y

+2a0Z/W)-sin(K /W+l/2a2K (2Z2-X2-Y2 )2 z 2 z

-a-, a0Z ( 2ZK -XK -YK )))1 2  z x y

<dx y |cos|dxy> = C10DTEW3(cos(a1a2LX2Y 2+l/4L(Y2Kx2+X2Ky 2 )

-l/4W(an-a0 )2XYK K -(K 2+K 2)/8 1 2  x y x y

-l/2a-,a9(X2+Y2 )+K 2K 2W/16+1/4W)J.  ̂ x y



8b

+l/2(a9-a,)sin((YK +XK )(LXY+1/4WK K ) ̂ x x y x y

-1/2(XK +YK ))) x y

<d |cos|d > = C,nDTEW3(cos(a,a0LX2YZ+l/4L(K 2YZ+X2K K ) z x 1 ' xy 10 1 2  x y z

+l/4(l-2u)XK (a„ZK -a,YK )-K K /8 x 2 y 1 z y z

-l/2a,a0YZ+K 2K K W/16)1 2  x y z

+sin(l/2L((a2-a1 )XKxYZ+a2Ky X2Z

-a-, X2 YK ) + l/2(a-, YK -a0ZK ) ( l/2-l/WK 2 )1 z 1 z 2 y x

+W(a0-a,)XK K K /8))2 1 x y z

<dx y |cos|d(x2_y 2 )> = C11DTEW3(cos(a1 (X2-Y2)(a2LXY

+l/2W(a9-l/2an)K K )+W(K 2-K 2 )(K K /16 z x x y  x y  x y

+ l/2a2 (a1-l/2a2 )XY)) + sin( (a2LXY

-1/4-a, WK K ) (XK -YK ) + (a0W(K 2-K 2 )/8 l x y  x y  2 x y



a /

-l/2a,L(X2-Y2 ))(XK -YK )1 y x

+ l/2(a-, +a9 ) (XK -YK )))•L y

<d Icosld, 2 2.> = C-. ,DTEW3(cos(a,a0XZ(L(X2-Y2)-l)zx' 1 (.c -y ) 11 1 2

-l/4a 2WXZ(K 2-K 2)-l/4a 2WK K (X2-Y2 )2 x y 1 x z

+1/2LCXK -YK )(XK +ZK ) x y z x

+1/4K K (1/4WCK 2-K 2 )-l)) x z x y

+sin((XK +ZK )(a0W(K 2-K 2)/8 z x 2 x y

-l/2a,L(X2-Y2)+XK -YK )(a9LXZ-1/HanWK K ) j. x y z. j. x z

+l/2(anXK -a0ZK )))1 z 2 x

<dz x |cos|d(3z2_r 2 )> = C13DTEW3(cos(-a1a2XZ-l/4KxK z

+(2Z2-X2-Y2)(ana0XZL-l/4a?WK K )1 2  1 x z

+1/HW(2K 2-K 2-K 2 )(1/4K K -a2XZ) z x y x z 2

+1/2LCXK +ZK )(2ZK -XK -YK )) z x z x y



+sin(1/2Wa0(XK +ZK )(1/4(2K 2-K 2-K 2 ) 2 z x z x y

-a2 (2Z2-X2-Y2))-(a0+l/2a,)XK1 2 1 z

+(an+l/2a0)ZK +(2ZK -XK -YK )1 2 x z x y

(a0LXZ-l/4Wa,K K )))2 1 x z

<d(x2_y 2 } |cos|d(x2_y 2)> = C12DTEW4 (cos(a2a2 (X2-Y2)2

-l/4(a2+a2)(X2-Y2)(Kx 2-Ky 2 )

+axa 2 (XKx-YKy )2-2axa2 (X2+Y 2)/W

+(K 2-K 2 )2/16-l/2(K 2+K 2 )/W x y x y

-l/W2 )+sin((a9-a,)(XK -YK ) ̂ j. x y

(a-.a9 (X2- Y 2)+l/4(K 2-K 2)) x  ̂ x y

-(a2-a1 )(XKx+YK )))



«y

<d(x2_y 2} |cos|d(3 2_r 2}> = C14DTEW3(cos(l/4W(l/4(Kx 2-Ky 2 )
z

-a2 (X2-Y2 )(2K 2-K 2-K 2)2 z x y

+W(2Z2-X2-Y2 )(a2a 2(X2-Y2

-1/4-a2 (K 2-K 2))1 x y

+2ana (X2-Y2 )+1/2(K 2-K 2 ) j. z. x y

+LC2ZK -XK -YK )(XK -YK )) z x y x y

+sin(a9W(XK -YK )(1/4(2K 2-K 2 x y z x

-Ky 2)a2 (2Z2-X2-Y2 ))

+(a9L(X2-Y 2)-l/4anW(K 2-K 2)) z x y

(2ZK -XK -YK )+(a9-a,)(XK -YK ))) z x y 2 1 x y

<d(3 2_^2} |cos|d(3 2_r 2> = C-^DTEW3Ccos(a1a2L(2Z2-X2-Y2)2 
z z

-2a1a 2(4Z2+X2+Y2 )+3/W

-l/4W(a2+a2)(2Z2-X2-Y2)(2K 2-K 2 1 2  z x



-K ?)+L(2ZK -XK -YK )2+W(2K y z x y z

-K 2-K 2 )2 /16-1/2(4K 2+K 2+K y y z x

+(a0a 1)sin((2ZK -XK -YK )2 1 z x y

(L(2Z2-X2-Y2)+1/4W(2K 2-K 2-Z X

-(4ZK +XK +YK ))) z x y
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