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2. Input-data Format 

The format for the input data of these programs 
is listed in Appendix A. 

Inversion Programs Jlll-JlHO and J121-J1210 

1. Purpose 

These programs accomplish inversions of de_Haas-_ 
van Alphen data for closed Fermi surfaces with inversion 
symmetry and with a single-valued radius vector measured 
from the inversion center. The Jllx series invert ex
tremal cross-sectional areas to give the square of the 
Fermi radius; the J12x series invert cyclotron effective 
masses, (1/TT) (SA/SE) , to give (2/TT) k(ak/aE) . 

For the representation of the surface, we use 
symmetry-adapted spherical harmonics. Since the radius 
vector is a real quantity, we deal with the real spheri
cal harmonics: 

C l m = 7 r f^.,m(^'^) +Y.,-m(S'^)]; 

cIm=L7l[^.,m(«^^) - Y.,-m(«'^)]; 

S,o=Vo(«'^)-

We expand the area A(e,cp) and the square of the radius 
vector k2(e,cp) as follows: 

^'(^'^) = .?m [y\,A,u.^''^^ + ^lmCx,m(S'^) 

^(^'^) = .^m K,mC!,m(«^^) ^ ^""z ,^^'', ,r.^''^)] ' 

The inversion theorem states that 

where P«(0) is the Legendre function of order i. A 
unique connection between radii and areas requires 
even values of i , since P.(0) = 0 for odd i . The 
requirement even i is equivalent to requiring inver
sion symmetry, since the parity of spherical harmonics 
is (-1)-̂ . Similarly, 



2.5k _ ak (e,cp) _ V r ig ^g ce „-> + ̂ '̂  c" (e,m)l , 

where 3;^^="P^(0),;^^. 

Often one encounters surfaces that are nearly ellipsodial 
in shape. This is particularly true in semimetals. The ex
pansions above, however, do not terminate for ellipsoids and 
converge slowly if the ellipsoid is quite elongated. For such 
surfaces, it is convenient to perform a "spherical mapping" 
(ellipsoidal transformation) on the coordinates in order to 
map the "ellipsoid" into a "sphere." We do this by the follow
ing transformation: 

k' 
X 

ak k' = k ; 
y y 

k' = y\^-. z ' z 

Let T represent this transformation, i.e., T(kjj, ky, ^ 2 ^ " 
(kĵ , k' k^), or, in polar coordinates, T(k,e,cp) = (k^,e ,cp )• 
We will also need the inverse transformation 1-^Q.^-^,\s.y,^f~ ) -
(kx,k ,k2) or equivalently, T-l(k',e ' ,cp') = (k,e,cp). "'It is 
easy to show the following: 

k'^(Te,Tcp) = k^(e,(p)[sin 9(sin cp + a cos cp) + 7 cos e]; 

cos cp' 
a cos cp 

T~T—~Z 2 ,1/2 
(sin cp + a cos cp) 

cos 9 
cos 6 

1 1 2 2 ^ 2 2 1/2 
[sin 9 (sin cp + a cos cp) + r cos 9] 

The question arises as to the relation between the area 
in the transformed system and the untransformed system. It 
can be shown that 

1 1 ? 2 - 2 2 - 2 2 1 /2 
A ' (T~ e , T " cp) = a y [ s i n e ( s i n cp + a " c o s cp) + 7 c o s 9] A(9,cp) . 

2. Subroutines Required 

XXPOLY 
BLKDAT 
COMSET 
lYLM 
YLM 
SPHERE 
LTOM 
KLSQ 
LAB 
MATINV 

DCRISS 
DGOTTA 
DWOW 
TRANS 
ELLIPS 
COET 
MTOL 
EULER 
DFLOP 

All except Jill and J121 



ABSTRACT 

In this report we have collected a series of mathe
matical techniques and detailed computer programs which 
allow the inversion of de Haas-van Alphen data on closed 
Fermi surfaces that possess inversion symmetry and have 
a single-valued radius vector measured from that center. 
De Haas-van Alphen data include extremal cross-sectional 
areas and cyclotron effective masses, whereas the tech
niques discussed here allow the determination from such 
data of the Fermi radius and Fermi velocity. The pro
grams have been applied to the platinum group near-noble 
metals and the arsenic group semimetals. Programs are 
presented, however, which are applicable to all ten of 
the point groups containing the inversion element. Also 
included are programs for the generation of Kubic har
monics as linear combinations of spherical harmonics. 
The coefficients for this expansion are tabulated to 
order j8 = 60. 

The programs employing Kubic harmonics have been 
used extensively and are therefore reasonably well 
"debugged." The programs built around the C2h r̂î  D4ĵ  
point groups have been employed somewhat less, while 
the remaining point groups have not been tested at all. 

VI 



I. MAIN PROGRAMS 

Notes on the Program Conventions 

1. Naming System for Programs 

The inversion-scheme programs are named by a convention 
of the form JlYX, where 

a. The Jl is arbitrary. 
b. The number Y indicates the purpose of the program, 

using the following code: 
2 

(1) Inversion of A(9,cp) to give k. C6»<eA(» 
(2) Inversion of m*(9,cp) to give ;i-̂ k -^ (9,cp); 
(3) Fermi velocities; 
(4) Density of states; 
(5) Number of carriers (volume). 

c. The number x indicates the crystal point group for 
which the program is written using the following code: 

X Group Mnemonic 

1 Ojj KU 

2 Dgh HX 

3 Cgh C6 

4 D3ci D3 

5 Sg (C^^) S6 

6 D^j^ ' SQ 

7 C4h C4 

8 Vj^ (D2h) VH 

9 C2h C2 

10 S2 (Ci) 82 

The mnenomic is the first two letters of the name used 
for the harmonic function and harmonic derivative programs 
associated with that point group. The numbers X are also 
the numbers that index the proper groups in subroutines 
LTOM and MTOL. 



3. Output 

The output of this routine consists of a listing of the 
input data, the expansion coefficients obtained, the root-
mean- square error, and the values of the areas (or masses) 
and radii (k Sk/aE) in the selected planes of the crystal. 

4. Algorithm 

We distinguish between two cases: 

a. Cubic Symmetry. The oriented input data are read and the 
angular variables of each point determined in the crystal 
coordinate system. A standard least-mean-squares routine 
is used to determine the expansion coefficients for the 
input data (areas or masses). Provision is made forvary-
ing selected groups of the expansion coefficients while 
maintaining the rest constant in order to achieve an 
iterative fitting technique. 

The inversion theorem is applied to determine the 
expansion coefficients of the radii, or 2k (ak/aE), as 
the case may be. These coefficients are then used to 
calculate the areas (masses) and radii (k ak/aE) in the 
selected planes. 

b. Other Symmetries. The same procedure as that for cubic 
symmetry is followed, except that a spherical mapping 
procedure may be used throughout the calculations. 

References: I. M. Lifshitz and A. V. Pogorelov, Dokl. 
Akad. Nauk. SSR 96̂ , 1143 (1954). 

F. M. Mueller, Phys. Rev. 148̂ , 636 (1966). 

F. M. Mueller and M. G. Priestley, Phys. 
Rev. 148̂ , 638 (1966) . 

L. L. Foldy, Phys. Rev. IJ^, 670 (1968). 

J. B. Ketterson, L. R. Windmiller, S. 
Hornfeldt, and F. M. Mueller, Solid State 
Commun. 6_, 851 (1968) . 

J. B. Ketterson and L. R. Windmiller, 
Phys. Rev. 1., 463 (1970). 

R. Aurbach, J. B. Ketterson, and L. R. 
Windmiller, Proc. of the Conf. on Physics 
of Semimetals and Narrow Gap Semiconductors, 
Dallas, Texas, 1970 (to be published). 



5. Restrictions 

The program is limited through dimension statements 
to 10 planes of data with 600 points per plane and fits 
involving no more than 91 expansion coefficients. 

6. Remarks 

It might seem that a 91-term fit is far more detailed 
than is actually necessary. However, Figs . 1 and 2 Illustrate 
a case in which such a high-order fit is required. The data 
points are values of k(ak/aE) for the r-centered electron 
surface in palladium in the (100) and (110) planes as deter
mined from a band-structure calculation using the interpola
tion scheme. Shown also are fits for i = 36 (37 terms), and 
X = 60 (91 terms). The improvement of the fit with increas
ing I demonstrates the necessity of using a high-order expan
sion in this particular case. 

Reference: F. M. Mueller, A. J. Freeman, J. 0. Dimmock, 
and A. M. Furdyna, Phys. Rev. Bl, 4617-4635 
(15 June 1970). 
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C. Fermi-Velocity Programs J131-J1310 

1. Purpose 

These programs calculate the Fermi velocity in the 
selected planes of the crystal. Consider a crystal with 
S5mimetry represented by the appropriate harmonic function. 
Expanding k2(9,cp) and 2k °^ (9,cp) in terms of these 
functions, we write 

^'(^'^) = .!mM,mi,m(«'^) + ^^m^^m^^'^)]' 

^ % ^ = . ? m k ? m i , m ( ^ ' ^ ) - ^ ; > l m ( e . . ) ] -

The ve loc i ty i s given by (fi = 1) 

v(9,cp) = (|C)e,^^ + K|Dk,cp'^ +k?TH9"(af)k,e^ 

We have v. = l/(jk/aE) immediately: 

^k 
2{.e^m[^!.mS^,m(Q'^) + ^" .mS^m^^-'P) ]}' 

2 r^l^ cf (9,cp) + 7' c^ (e,cp)1 

The other two components may easily be calculated using the 
laws for the differentiation of implicit functions, i.e., 

vifAjcp" " valyE,cp/ viE/cp, 9 ^" v.alpA,9 ^ ' va^E,9/^3^9,6 

Thus we find 



2. Subroutines Required 

xxPOLY 
xxPOLT 
xxPOLP 
COMSET 
BLKDAT 
YLM 
lYLM 
GRAD 
SPHERE 
MTOL 
DCRISS 
DGOTTA 

3. Output 

OILER 
EULER 
DGETTA 
DFLOP 
DWOW 

all except J131 

The output consists of the k, 9, and cp components, and 
the absolute value of the Fermi velocity in the selected 
planes of the crystal. The cross-sectional area and effective 
mass of the selected orbits are also calculated as a check of 
the program. 

4. Algorithm 

a In the cubic case, the formulas given in Sect. 1 are used 
directly for the computations. 

When an ellipsoidal transformation is used, the situation 
is more complicated. First, separate transformations must 
be made for the k^ and k dk/dE components since the same 
ellipsoid may not be ideal for l)oth. Then we must consider 
the calculation of (a/S6)k2 (9 ,cp) and (a/acp)k2 (9 ,cp) for 
the case of an ellipsoidal transformation. 

We begin by writing 

k'^(T9, Tcp) = ?(9,cp) k̂ (e,cp) , 

where 
?(e,cp) 

2 2 2 2 2 2 
sin 9 (sin cp + a cos cp) + 7 cos 9 

2 2 2 
For simplicity we write e(cp) = sin cp + a cos cp and let 1(1 stand 
for either 9 or 9. Then 

^k2(9,cp) 
g(e,cp)^ k'^(T9,Tcp) - k'^(T9,Tcp)-^ g(e,cp) 

?̂ (9,cp) 
and 

^k'2(T9,Tcp) r»(Te) a ̂  + a (Tcp) » ̂  
L hii a(T9) ̂  a* a (Tcp) k'^(T9,Tcp) 



10 

Direct computation leads to the following values of the 
derivatives: 

2 
-^ ?(e,cp) = 2 sin 9 cos 9 [e(cp) " 7 ] ; 
So 

? 2 
-^ 5(e,cp) = 2(1 - a ) sin 9 sin cp cos cp; 
Bcp 

S(Tcp) ̂  0-

ae 

a (Tcp) ̂  g . 
acp e(cp) ' 
a(T9) ^ 7e^^^(y) . 
59 ?(e,cp) ' 

2 
a(T9) ^ 7(1 - a ) sin 6 cos 9 sin cp cos cp 

These formulas enable one to apply correctly the ellipsoidal 
mapping to the computation of Fermi velocities. The area 
and effective mass in the selected planes are calculated by 
Simpson's rule integrations as an overall check on program 
consistency. 

References: J. B. Ketterson, L. R. Windmiller, S. 
HBrnfeldt, and F. M. Mueller, Solid State 
Commun. 6_, 851 (1966) 

J. B. Ketterson and L. R. Windmiller 
Phys. Rev. 1, 463 (1970) 

R. Aurbach, J. B. Ketterson, and L. R. 
Windmiller, Proc. of the Conf. on Semi
metals and Narrow Gap Semiconductors, 
Dallas, Texas (1970), to be published. 

D. Density-of-States Programs J141-J1410 

1. Purpose 

These programs calculate the density of states N(E) 
at E = E^. We use 

2 P dS 

( 2 ^ i=E, •"''' = -t? l^ '-
2 f. k'̂ (Ef,9,cp)sin9 d9 

(217)-̂  v^(Ef,9,cp) 



11 

2• Subroutines Required 

xxPOLY 
COMSET 
BLKDAT 
lYLM 
YLM 
SPHERE 
MTOL 

3. Output 

OILER 
EULER 
DGOTTA 
DGETTA 
DFLOP 
DWOW 

all except J141 

The output consists of the values of v, and k at each 
mesh point of the integration, followed by lEhe value of the 
density of states in several different units. 

4. Algorithm 

Integration was by two-dimensional Simpson's Rule and 
proceeded over the smallest unique section of the Fermi 
surface. The ellipsoidal mapping was used where appropriate. 
Separate mappings were used for the k2 expansion and the 
^K (dk/dE) expansion. 

References: J_._ B. Ketterson, L. R. Windmiller, S. 
Hornfeldt, and F. M. Mueller, Solid 
State Commun. 6̂, 851 (1968) 

E. Fermi-Volume Programs J151-J1510 

1. Purpose 

These programs calculate the volume n of the Fermi surface 
and tne total number of states N. 

Subroutines 

xxPOLY 
BLKDAT 
COMSET 
lYLM 
YLM 
SPHERE 
MTOL 

n = 

N = 

Jd-k 

2 

(2TT) 

Required 

= 1 JK-̂  

-^ n • 

OILER 
EULER 
DGOTTA 
DGETTA 
DFLOP 
DWOW 

all except J151 



3. Output 

The output consists of a listing of the value of k at 
each mesh point of the integration.- The values of Q and N 
are printed in a variety of units. 

4. Algorithm 

Integration was by two-dimensional Simpson's Rule. The 
integration is extended only over the smallest unique sections 
of the surface. Where appropriate, the ellipsoidal mapping was 
used, in which case the integrations are performed in the un
transformed system. An alternative method of performing the 
volume integrations is to work in the transformed system and 
make use of the relation Jd r = l/aP fd-̂ r'. 

F. Kubic Harmonic Generator--Hagen 

1. Purpose 

The Kubic harmonics .K (e,cp), which have the transforma
tion properties of the full cubic group, can be written as a 
linear combination of the real even spherical harmonics C^^, 
where C_fni= (Y^ ̂ i + Y^ _^y/7. This program computes the ' 
expansion coefficients' .a, 

^ 1 Xm 

lK^(e,cp) =^ia^,C^^^(6,cp). 

2. Subroutines required 

WIG 
EIGEN 

3. Output 

Printed Output: For every (even) order of ;! s LMAX, the 
matrix D (see below), the residual vectors R =*D*a - a, the 
root-mean-square deviation 

m=l 

and the v a l u e s of t h e c o e f f i c i e n t s . a . a r e p r i n t e d . 
^ Jim ^ 
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Punched Output: The number of the coefficient vector 
i^H> Its X and i parameters, and its values are punched. 
In other programs using these coefficients, this information 
IS stored as the arrays NAM and SYM. 

4. Algorithm 

The restrictions imposed by cubic symmetry on the linear 
combination of the C° are: 

'im 

a. Inversion. This implies that a is even. 
b. A fourfold rotation about the z axis. This implies 

that m = 0 mod (4). 
c. Invariance under a rotation by TT/2 about the y axis. 

This implies that the .a satisfy 
1 ^m •' 

I i^md^n,(-/2) = ^a^^, 

where 

d^i (0) 
m m 

is the Wigner matrix element for a rotation by H about the y 
axis. Contracting the above sum to nonnegative orders of m 
we compute the matrix D. j = 1/4 m' + 1, k = 1/2 m + 1, ' 
defined by J"-

1̂ 11 = do'o("/2) 

°lk = l/̂ /̂  (d^m ("/2) +d^_^ (n/2)) 

°jl = 1/-^ (̂ m̂'o ("/2) +df^.^ („/2)) 

'jk = 1/2 (d^, (n/2) +df^.JV2) +d^,.J./2) +df^..J„/2)) D. 

The m a t r i x e q u a t i o n i s nc 

S D., . a , , = . a . , 
j^ j k 1 ;ek 1 xj 

HAGEN calculates the D matrix and solves for the orthonomal 
eigenvectors ^a^, including the proper degeneracy. The 
coefficients ^ajj^ are collected in Appendix B to order ^ = 60. 

References: F. M. Mueller and M. G. Preistley Phvs 
Rev. l ^ , 638 (1966). 
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5. Program Restrictions 

The program is restricted to values of X not greater 
than 60. In practice, due to the propagation of rounding 
errors in subroutine WIG, use of this routine for values 
of i greater than 40 should not be attempted except on 
machines having wide double-precision arithmetic (as CDC 3600). 

6. Acknowledgment 

We are grateful for valuable discussions with Professor 
M. G. Priestley. 

II. SPHERICAL HARMONIC GENERATOR 

A. Notes on the Spherical Harmonic Generator Package 

1. Purpose 

This package of six subroutines is used in the calculation 
of the spherical harmonics and their derivatives. The members 
of the package are lYLM, YLM, SPHERE, GRAD, COMSET, and BLKDAT 
subroutines. The subroutines SPHERE and GRAD calculate the 
spherical harmonics and their theta derivatives respectively 
for all even orders of. I, in the range Q <. i <. 60, and non 
negative indices m, in the range 0 ^ m s i. These values are 
stored in two one-dimensional arrays XPLM and DYLM, respectively, 
which are contained in common block *YMATRX''-. The function 
lYLM computes the location of a particular value with order i 
and index m. YLM returns the value with order H and index 
m for either the spherical harmonics or their derivatives, 
depending on the value of an additional input parameter. 
COMSET, which is called only once in the execution of any given 
procedure, and the BLKDAT program called by COMSET provide 
necessary initialization for the proper working of subroutines 
SPHERE and GRAD. 

2. Restrictions 

A. Other subroutines required: the package requires no 
additional subroutines. 

B. Common storage: *YMATRX* 

*FACTOR* 

B. lYLM--Usage 

1. Entry point: lYLM 
2. Calling sequence: I = lYLM. (L, M), where L and M are 

the indices of the harmonic or harmonic derivative and 
I is the index of XPLM or DYLM that references that value. 

3. Common block necessary: None 



C. YLM--Usage 

1. Entry point: YLM 

2. Calling sequence: X = YLM (L, M, I) where 

a. L and M are the indices of the harmonic or harmonic 
derivative desired. 

b. I: if I = +1, a spherical harmonic is referenced; 

if I = -1, a theta derivative is referenced. 

c. X is the value of the harmonic or harmonic derivative desire 

3. Common Block necessary: COMMON/YMATRIX/XPLM (961), DYLM (961) 

D. BLKDAT 

1. Usage 

a. Entry point: BLKDAT 

b. Calling sequence: Call BLKDAT 

c. Common block necessary: C0MM0N/FACT0R/FL(121), OMEGA (961), 
T(961), COEF (61) 

2. Algorithm 
This routine initializes the array FL of common block 

FACTOR. FL contains the natural logarithm of nl in element 
n + 1, for all values of n, 0 s n s 120. These numbers were 
computed on a CDC 3600 in double precision as an accumulated 
sum and are believed accurate to 15 significant figures. 

E. COMSET 

1. Usage 

a. Entry point: COMSET 

b. Calling sequence: CALL COMSET 

c. Common blocks necessary: *FACTOR* 

2. Algorithm 

This subroutine, which should be only called once per job, 
initializes the OMEGA and T arrays of common block FACTOR. 

F. SPHERE 

1. Usage 

a. Entry point: SPHERE 

b. Calling sequence: CALL SPHERE (T, P, LMAX) where 
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(1) T and P are the theta and phi values for the point of 
interest, 

(2) LMAX is the largest SL value for which harmonics are to 
be calculated. 

c. Common blocks necessary: YMATRX, which contains the output 
of the routine. 
FACTOR, which contains storage tor 
coefficients used by the routine. 

2. Algorithm 

a. Method. Each harmonic i s expanded in a c o s i n e s e r i e s and 
e v a l u a t e d d i r e c t l y . Four cases can be d i s t i n g u i s h e d : 

(1) I X I = |cos 9 I s 0 . 7 7 ; [ (JJ " ni) /2] 

Y ^ p i + ,1 q - m ) ! f / 2 _ 2 m/2 \ J^^^'^'^^: 
"im L ^ U + m) : J ^ ^ ^=0 ^ v = 

where 
im im ( i - m - 2v + 2) ( i - m - 2v + 1) 

(J) = - 0) •• f<—ŷ 'T-. "-o :—r-^ 

V v 
-1 2 v ( 2 i - 2v + 1) 

and 
^im ^ ( 2 i ! ) 

"° i U i - m)!2-^ 

and [ ( i - m)/2 ] i s t h e l a r g e s t i n t e g e r c o n t a i n e d in ( i - m)/2 . 

(2) I X I = | cos 9 I > 0 . 7 7 ; i-m 

V 

where 

T 
V 

im ^ _^im ( i - m - y - t - l ) ( i + m + v ) 
v - 1 2v(m + v) 

and 
rpim _ ( i + m) '. 

o / . \ I Iom 
( i - m) :m'.2 

(3) X = cos 0 = 0 ; 

Y = 0 , i f i - m = 0 mod ( 2 ) , o t h e r w i s e 

. 1 / 2 

' f ( i - m ) / 2 ] • 
Y = r 2 i + 1 ( i - m ^ i f / 2 2 ^ / 2 ^^ 
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(4) X = cos 9 = 1 ; 

^im = 0 , m ^ 0; 
Y - r 2 i + 1-11/2 
^ i o - L 4TT J 

To prevent problems of overflow and underflow, the 
normalization factor 

N = r2i + 1 (i - m^!ni/2 
im L ?TT (i + m) 1J 

was included in the ix>„ and Tn coefficients. These im , _im 
o and To 

coefficients are computed in COMSET. The factorials enter 
as logarithms to prevent overflow. The sums were evaluated 
using nested multiplication to increase stability. 
b. Acknowledgments. We wish to thank Dr. Arnold C. Wahl 
who provided the algorithm and Dr. William Cody for valuable 
programming suggestions. 

3. Remarks 

Figure 3 shows the total time and the time per harmonic 
to compute SPHERE. 

G. GRAD 

1. Usage 

a. Entering point: GRAD 

b. Calling sequence: CALL GRAD (T, P, LMAX), where 

(1) T and P are the theta and phi values of the point of 
interest; 

(2) LMAX is the largest i-value for which harmonic derivatives 
are to be calculated. 

c. Common blocks necessary: YMATRX 
FACTOR 

2. Algorithm 

This rout ine uses a d i r e c t term-by-term d i f f e r e n t i a t i o n 
of the expansion used in SPHERE. Again we consider four 
cases : 
a. | x | = Icos 9 I s 0.77; 

[ ( i - m ) / 2 ] 

! ^ = N^ (1 - x 2 ) ( - l ) / 2 r . L ^ I , n , . . - 2 . ) x ^ — 2 v 
39 im ^ L x ri V 

[ ( i - m ) / 2 ] 

+ mx I / ' " x ^ - ' " - 2 v l 
. ._n V J v=0 



Fig. 3. The Total Time and the Time per Harmonic to Compute SPHERE 
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b. |x| = |cos 9 I > 0.77; 

i-m 

+ mx l^ T^l - x)v] . 

v=0 

c. X = COS 9 = 0 ; 

= 0 , i - m = 0 mod (2); S^im 
ae 

aY im 
39 

XT / T 2. (m-1) / 2 im 
- N^(l - X )^ n(i-m)/2] • 

d. X = cos 9 = 1 , 

0, m ,̂  1; V̂ 36 

aY 
im _ _j, „im 

39 im o • 

3. Remarks 

Figure 4 shows the total time and time per harmonic to 
compute GRAD. 

H. Limitations of the Spherical Harmonic Generator Package 

Due to rounding error, the Spherical Harmonic Generator 
Package produces accurate results at all angles only for 
i s 50. The package works to i = 60 only for 0 s 9 s 30° 
and 55° s 9 s 90°. In the range 30° < 9 < 55° the precision 
available using the IBM System 360 computer is not great 
enough to calculate the terms for i > 50 with m s 20. This 
is not a serious limitation for the cubic system where the 
symmetry operation can be used (through the subroutine DORD) 
to keep the unit vector in the basic 48th of the unit sphere 
in which 54.7° < 9 < 90°. 
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Fig. 4. The Total Time and the Time per Harmonic to Compute GRAD 
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III. POLYNOMIAL GENERATOR PACKAGE 

A. Harmonic-function Generators, xxPOLY 

1. Purpose 

The 10 harmonic-function generator routines produce poly
nomials that are invariant under the group operations of the 
ten crystal groups that have full inversion symmetry. These 
subroutines are: 

2. Restrictions 

a. Other subroutines required: 

Subroutine name 

KUPOLY 

HXPOLY 

C6P0LY 

D3P0LY 

S6POLY 

SQPOLY 

C4P0LY 

VHPOLY 

C2POLY 

S2P0LY 

Crystal group 

Oh 
•̂ 6h 
C6h 

°3d 
h 
Î 4h 

4̂h 

\ 
2̂h 
S2 

SPHERE 
YLM 
lYLM 
BLKilAT 
COMSET 

b. Common blocks necessary: --KUBE* 

*CARRY* 

3. Usage 

a. Entry point: xxPOLY 
b. Calling sequence: CALL xxPOLY (THETA, PHI, B) where 

(1) THETA and PHI are the spherical polar coordinates of 
the point at which the harmonics are to be evaluated; 

(2) B is a vector containing the values of the harmonics 
evaluated at that point. B is 91 elements long. Only 
the first KE elements are evaluated (see below). The 
elements of B have their i value specified by the 
corresponding element of NAM (in common block KUBE). 

c. Common blocks necessary: 



(1) KUBE contains: NAM (91), SYM (91, 1^), KE, KLN. In 
subroutine KUPOLY, NAM and SYM are specified as input 
data. For the other subroutines, NAM is evaluated m 
the subroutine and SYM is unused (but dimensioned) . 
NAM contains the i numbers of the elements ot B. Kt 
and KLN are parameters giving information on how many 
harmonics are to be calculated. KLN is the maximum 
i number, and KE gives the total number of harmonics 
up to and including the harmonics of order i. 

(2) CARRY contains a group of parameters including the 
variable NUT. NUT = 69 if the current values of the 
element of NAM are the correct i values. Otherwise, 
these values are computed in the subroutine. (Note: 
In subroutine KUPOLY, NUT is not specified.) 

4. Algorithm 

The method used is to utilize proper linear combinations 
of the spherical harmonics which have the required symmetry. 
Inversion S3mimetry requires that i be even. For all sub
routines except KUPOLY, the rotational symmetry (about the 
axis of highest S5nmnetry) determines the allowed m values. 
The existence of an additional mirror S5rmmetry element 
determines if only sjnmnetric (C|ĵ ) or if both symmetric 
and antisymmetric (C^ ) harmonics are to be allowed: 

•̂  im 

^!,m= (2)-^/' [ V m + ^ i , - m ] ' 

^i,m=-(2)-^/2jY^^^- Y^^.J. 

For the 0, group (subroutine KUPOLY), additional symmetry 
considerations lead to the use of linear combinations of the 
CS : 

iK^(e,cp) = ^ ia.^cg (9,cp) 
m 

im i,m 

î im ^^^ computed in the program HAGEN and are listed 
in Appendix B up to order i = 60. 

5 . Remarks 

If we write the spherical harmonic Y as Y„ = Y«„ e^™^, 
where Ŷ ^̂  is the quantity computed in subfoutine^'^SPHERE, then 

"̂̂ .m = '^ ^.n, siti mcp 
and 

Ci,m = ̂  Y^^ cos mcp 

•'i,m " ^ '^^m 

pS _ V 
i,0 - ^i,0 

m ^ 0 
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This accounts for the factors of J^ in the harmonic function 
generator subroutines. 

B. Harmonic-function Theta-derivative Generators, xxPOLT 

1. Purpose 

These 10 subroutines compute the partial derivatives of 
the functions calculated in xxPOLY with respect to theta. The 
naming convention is the same as for the harmonic function 
generator. 

2. Restrictions 

a. Other subroutine required: GRAD 
YLM 
lYLM 
BLKDAT 
COMSET 

b. Common blocks necessary: *KUBE* 
*CARRY* 

3. Usage 

a. Entry point: xxPOLT 

b. Calling sequence: CALL xxPOLT (THETA, PHI, B) where 

(1) THETA and PHI are the spherical polar coordinates of 
the point at which the harmonics are to be generated; 

(2) B is the vector containing the harmonic derivatives. 
(See Sect. A.3.b, of the polynomial generatx)r 
package write-up.), 

c. Common blocks necessary: KUBE, CARRY (See Sect. A.3.C 
above). 

4. Algorithm 

The method is the same as for the xxPOLY routines. 

C. Harmonic-function Phi-derivative Generators, xxPOLP 

1. Purpose 

These 10 subroutines compute the partial derivatives of 
the functions calculated in xxPOLY with respect to phi. The 
naming convention Is the same as for the xxPOLY routines. 
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2. Restrictions 

a. Other subroutines required: SPHERE 
YLM 
lYLM 
BLKDAT 
COMSET 

b. Common blocks necessary: *KUBE* 
*CARRY* 

3. Usage 

a. Entry point: xxPOLP 

b. Calling sequence: CALL xxPOLP (THETA, PHI, B) where 

(1) THETA and PHI are the spherical polar coordinates of 
the point at which the harmonic derivatives are to be 
calculated; 

(2) B is the vector containing the harmonic derivative. 
(See Sect. A.3.b above.) 

c. Common blocks necessary: KUBE, CARRY (See Sect. A.3.C 
above.) 

4. Algorithm 

The method is the same as for the xxPOLY routines. 

Legendre Polynomial Generator COET 

1. Purpose 

at the'poinfx°='o':" ^""^""^^« ^^e Legendre polynomial P,(x) 

2. Restrictions 

a. Other subroutines required: None 

b. Common storage: *KUBE* 

3. Usage 

a. Entry point: COET 

b. Calling sequence: CALL COET (B) „herp 
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c. Common blocks required: KUBE containing NAM (91), SYM 
(91, 16), KE, KLN. This block is described in Section 
A above on polynomial generator package routines. 

4. Algorithm 

The function is calculated directly as an accumulated 
product. 

IV. MULTIPURPOSE SUBROUTINES 

KLSQ 

1. Purpose 

This routine is a least-squares-fitting routine. 

2. Restrictions 

a. Other subroutines required: xxPOLY 
LAB 
TRANS 
DGOTTA 
DCRISS 
DWOW 

ELLIPS 
MATINV 
EULER 
DFLOP 
OILER 
DGETTA 

b. Common storage: *WORK* 
*OVER* 
*INTO* 
*TEEPEE* 
•ORIENT* 
*LIMIT* 

3. Usage 

a. Entry point: KLSQ 

b. Calling sequence: CALL KLSQ (NUM, KE, CAL, DELTA, FUNG, 
IDELTA), where 

(1) NUM is the number of data planes; 

(2) KE is the'number of harmonics included in the fit; 

(3) CAL is the calibration parameter; 

(4) DELTA is the standard deviation; 

(5) FUNC is the name of the particular harmonic generator 
xxPOLY to be used; 

(6) IDELTA is set to zero if standard deviations are not 
required. 
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c. Common blocks necessary: 

WORK contains working arrays to be shared by several sources; 
OVER is the necessary common block for MATINV; 
INTO contains the input data IN(J,I), R(J,I); 
TEEPEE contains the matrices of (e,cp) values for the points 

of each data plane; 
ORIENT contains parameters necessary for the orientation 

of the data planes; 
LIMIT contains information concerning the blocks of 

parameters to be varied and the order these blocks 
will be varied . 

4. Algorithm 

The lab angles are converted into (e,cp) values (crystal 
angles) by subroutine LAB (with auxiliary routine TRANS). 
When surfaces having several symmetry-equivalent pockets are 
being fit, TRANS rotates the data points so that all the data 
refer to a single pocket. Otherwise, TRANS is a dummy subrou
tine. If an ellipsoidal transformation is required, ELLIPS 
is used to perform it on the input data. Otherwise, it too 
is a dummy routine. Then a standard least-squares procedure 
is performed that determines the best set of coefficients to 
fit the data to a set of orthogonal polynomials (the appropriate 
harmonics). Finally if IDELTA + 0, the standard deviation is 
calculated. 

B. LAB 

1. Purpose 

This subroutine transforms the input angular data to 
spherical polar angles relative to some crystal axes. 

2. Restrictions 

a. Other subroutines required; DGOTTA 
DCRISS 
DWOW 
TRANS 

b. Common storage; *INTO* 
*TEEPEE^ 
*ANGLE* 
*ORIENT* 

Usage 

a. Entry point: LAB 

b. Calling sequence: CALL LAB (I, CAL), where 
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(1) I is the number of the plane being considered; 

(2) CAL is the calibration parameter; 

(3) TEEPEE contains the (e,cp) values of the NT(I) 
points in plane I; 

Common blocks necessary: INTO contains input data, 
TEEPEE contains output angles, ANGLE and ORIENT contain 
information necessary for data plane orientation. 

4. Algorithm 

Method. The input angular data are in the form of integers 
which may be read directly from the sample rotator. Such 
a number is converted into degrees by multiplying by 
O.l/CAL, where CAL = 0.9b5 for the current sample rotator. 
The angle is, of course, corrected to a real zero (param
eter NZ). The directions (TI, PI) and (T2, P2) specify 
two unit vectors X and Y, which define the data plane in 
question. Since, in general, these are not perpendicular, 

1 = -^-^-^ and Y' = 4-' ̂  
\1 X t| |Z X 1\ 

are formed. Under this construction, X • Y' = 0. The 
data-point direction is therefor^ expressed in component 
form in the directions of It and Y'. Then the effect of 
a cone angle is included. Inaccuracies in the sample-
mounting procedure result in the magnetic field rotating 
on a cone relative to the sample axis for which the apex 
angle differs from 90° by a small quantity (usually of 
the order of tenths of a degree). This rotation must be 
taken into account for accurate determination of crystal 
directions. Next TRANS is called. TRANS is used for 
symmetry-equivalent Fermi-surface sheets consisting of 
pockets centered at points of the Fermi surface other 
than r. TRANS is used to perform coordinate rotations 
which superimpose the various pockets so that areas or 
radii can be calculated for them individually. When there 
is only one surface, TRANS is a dummy subroutine. Finally, 
the unit vector used throughout the calculations described 
above is converted to the polar coordinates $ and cp and is 
stored in common block TEEPEE. This routine calculates 
e and cp values for all NT(I) points of plane I. 

References: L. R. Windmiller and J. B. Ketterson, 
Rev. Sci. Inst. 39_, 1672 (19b8) 

F. M. Mueller, L. R. Windmiller, and 
J. B. Ketterson, J. Appl. Phys. 41^,2312 
(1970). 
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C. MATINV 

1. Purpose 

This subroutine calculates the inverse A of a square 
matrix A. 

2. Restrictions 

a. Other subroutines required: None 

b. Common storage: *OV£R* 

3. Usage 

a. Entry point: MATINV 

b. Calling sequence: CALL MATINV 

c. Common block necessary: The common block OVER must be 
supplied in the calling program 

COMMON/OVER/A,N 
where 

(1) A is the matrix to be inverted; 

(2) N is the order of A; N > 1. 

4. Algorithm 

a. Method. Gauss-Jordon elimination with full pivoting. 

b. References: This routine is a version of the subroutine 
ANL F402S of the ANL subroutine library. The write up 
of this routine should be consulted for additional infor
mation. 

5. Remarks. The A matrix is arbitrarily given the dimensions 
yi X yi, so that any nonsingular matrix of order < 91 may 
be inverted. The revision of this routine to other maximum 
dimensions is straightforward. 

D. LTOM AND MTOL 

1• Purpose 

In working with the linear combinations of the spherical 
narmonics that are summed to form the representation of the 
aata, we desire to label a given series in either of two ways: 

a. By the total number of terms (the parameter KE) , or 

b. By the largest i value to appear in a series (the 
parameter KLN). 
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These routines transfer between these representations. 

2. Restrictions 

a. Other subroutines required: None. 

b. Common storage: None. 

3. Usage: LTOM 

a. Entry point: LTOM 

b. Calling sequence: KE = LTOM (KLN, I), where I indicates 
the crystal group. 

4. Usage: MTOL 

a. Entry point: MTOL 

b. Calling sequence: KLN = MTOL (KE, I) 

5. Algorithm 

The number of terms for a given i value is determined 
by the properties of the group being considered. 

Group 

°h 
Hh 
C6h 
D3d 
S6(C3.) 

D4h 

C4h 

^h(D2h) 
2̂h 
S2 

I 

1 

• 2 

3 
4 

5 

6 
7 

8 
9 
10 

E. TRANS 

1. Purpose 

This subroutine is used when the Fermi surface consists 
of several symmetry-equivalent pockets. TRANS performs the 
necessary rotations on the data that map the pockets into a 
single pocket. 
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2. Restrictions 

a. Other subroutines required: In general, EULER 

b. Common storage: In general, block ^ROTATE* 

3. Usage 

a. Entry point: TRANS 

b. Calling sequence: CALL TRANS (W, I, J) where W is 
the unit position vector of the Jth point of the Ith 
plane of data. 

c. Common blocks necessary: ROTATE--contains an_integer 
array which tells which pocket a given point is from. 

4. Algorithm 

Th 
Three s 
routine 
to reso 
symmetr 
routine 
the d-1 
third i 
(as in 

e method is a straightforward procedure of rotation, 
ubroutines are illustrated. The first is a dummy 
performing no rotations, which is provided merely 
Ive the external reference in subroutine LAB when 
y-equivalent pockets do not exist. The second is 
for handling D^^i pockets in a cubic crystal (as in 
ike pockets of the Fermi surface of platinum). The 
s a routine for handling C2h pockets in a D^d crystal 
the electron surface in antimony or arsenic). 

ELLIPS 

1. Purpose 

This subroutine performs the ellipsoid transformation. 
Both the regular and a dummy version (for use with Ou groups) 
are provided. 

2. Restrictions 

a. Other subroutines required: 

b. Common storage: *TEEPEE--
*INTO* 
*CARRY* 

OILER 
EULER 
DFLOP 
DGOTTA 
DGETTA 
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3. Usage 

a. Entry point: ELLIPS 

b. Calling sequence: CALL ELLIPS (I, J, T, P, RS) where 

(1) the Jth point of the Ith plane is considered; 

(2) the (transformed) angular coordinates are (T, P); 

(3) the value of the quantity to be fit (transformed) is 
RS. 

c. Common blocks necessary 

(1) TEEPEE contains the angular coordinates of the points 
in the Ith plane. It is used to determine (T,P). 

(2) INTO contains the input data. It is used to obtain 
RS. 

(3) CARRY contains information on the transformation to be 
performed. 

4. Algorithm 

a. Method: The version of ELLIPS for the 0^ group is essentially 
a dummy subroutine. The general version of ELLIPS, however, 
is designed to allow three options: (1) If 7 = 1, no 
transformation is performed; (2) if LUMP = 0, the parameter 
to be fit is taken to be 1/(AREA)2 rather than AREA; (3) if 
7 ^ 1 , the ellipsoidal transformation is performed. 

References: J. B. Ketterson and L. R. Windmiller, 
Phys. Rev. 1,, 463 (1970) 

V- VECTOR SUBROUTINES 

A. GOTTA and DGOTTA 

1. Purpose 

GOTTA produces a unit vector in the direction (9, 9), 
where 9 and 9 are spherical polar coordinates. DGOTTA is 
the double-precision version of GOTTA. 

2. Restrictions 

a. Other subroutines required: None 

b. Common storage: None 
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3. Usage 

a. Entry point: GOTTA (DGOTTA) 

b. Calling sequence: CALL GOTTA (X, T, P) 
CALL DGOTTA (X, T, P), 

where 
(1) X is the three-component cartesian resultant vector; 

(2) T and P are the angles 9 and 9, respectively. 

4. Algorithm 

Method: x, = cos 9 sin 9; 

Xp = sin 9 sin 9; 

Xn = cos 9. 

B. CRISS and DCRISS 

1. Purpose 

CRISS computes the components of a uni t vector in the d i r ec t i on 
of the cross product of two vec tors . DCRISS i s the double-
precision version of CRISS. 

2. Restrictions 

a. Other subroutines required: WOW (DWOW) 

b. Common storage: None 

3. Usage 

a. Entry point: CRISS (DCRISS) 

b. Calling sequence: CALL CRISS (X, Y, Z) 
CALL DCRISS (X, Y, Z), 

where 

(1) X and Y are three-component Cartesian vectors; 

(2) Z is a unit Cartesian vector in the direction X x ?. 

4. Algorithm 

Method: Zj = (X X Y)j/ 3 2 
1/2 
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C. WOW a n d DWOW 

1. Purpose 

WOW t a k e s a vjector X and computes a u n i t v e c t o r i n t h e 
same d i r e c t i o n a s X. DWOW i s t h e d o u b l e - p r e c i s i o n v e r s i o n of 
WOW. 

2. Restrictions 

a. Other subroutines required: None. 

b. Common storage: None. 

3. Usage 

a. Entry point: WOW (DWOW) 

b. Calling sequence: CALL WOW (X), CALL DWOW (X), where X 
j,s a three (Cartesian) component vector. WOW replaces 
X with the unit vector t / \ t \ . 

4. Algorithm -./j 

Method: X. = X./( S X?\ 
J J ^^i=l - I 

D. ORD and DORD 

1. Purpose 

These subroutines order the components of a vector X in 
decreasing order of magnitude: 

|x| ^ ly| ̂  |z| , 

DORD is the double-precision version of ORD. 

2. Restrictions 

a. Other subroutines required: None. 

b. Common storage: None. 

3. Usage 

a. Entry point: ORD, DORD 

b. Calling sequence: CALL ORD (X) 
CALL DORD (X), 

where X is the vector whose components are to be ordered. 
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E. FLOP and DFLOP 

1. Purpose 

These subroutines calculate an angle 9 in the range 0 ^ 9 ^ 2n 
given sin 9 and cos 6. DFLOP is the double-precision version of 
FLOP. Some machines include the subroutines ATAN2(Y, X) and 
DATAN2 (Y, X), which perform the same functions as FLOP and DFLOP, 
in which case this subroutine is not required. 

2. Restrictions 

a. Other subroutines needed: None. 

b. Common storage: None. 

3. Usage 

a. Entry point: FLOP, DFLOP 

b. Calling sequence 

where 

(1) S = sin 9; 

(2) C = cos 9; 

(3) T = 9. 

4. Algorithm 

9 = arctan (sin 9/cos 9), where the special case of cos 9 = 0 
is handled explicitly to prevent a divide check exception. 

F. GETTA and DGETTA 

1. Purpose 

These s u b r o u t i n e s _ d e t e r m i n e t h e s p h e r i c a l p o l a r c o o r d i n a t e s 
(9 and 9) of a v e c t o r W. DGETTA i s a d o u b l e - p r e c i s i o n v e r s i o n of 
GETTA. 

2. Restrictions 

CALL FLOP (S, C, T) 
CALL DFLOP (S, C, T), 

a. Other subroutines needed: FLOP 

WOW 

DFLOP 

b. Common storage: None. 

(in GETTA) 

DWOW 
{(in DGETTA) 
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3. Usage 

a. Entry point: GETTA, DGETTA 

b. Calling sequence: CALL GETTA (W, THETA, PHI) 

^ ^ CALL DGETTA (W, THETA, PHI), 
where 
(1) W is the input vector; 

(2) THETA and PHI are the output spherical polar coordinates. 

4. Algorithm 

W = (X, Y, Z); 

W - w 
(x2 + Y 2 + Z 2 ) ^ / 2 

cos (Z) ; 

tan'-'-(Y/X) 

OILER 

1. Purpose 

This subroutine rotates a vector represented by the spheri
cal polar coordinates 9 and 9 by the rotation operator specified 
by the Euler angles a, P and 7. 

2. Restrictions 

a Other subroutines required: DGOTTA 
DGETTA 
DFLOP 
EULER 

b. Common storage: None. 

3. Usage 

a. Entry point: OILER 

b. Calling sequence: CALL OILER (ALPHA, BETA, GAMMA, THETA, 
PHI, I), where 

(1) ALPHA, BETA, and GAMMA are the three Euler angles; 

(2) (THETA, PHI) are the spherical polar coordinates of the 
vector to be rotated; 

(3) If I > 0, the Euler angle rotation R is performed; 
if I < 0, the Euler angle rotation R"-"- is performed. 



4. Method 

The angles 9 and 9 are converted to a unit vector in the 
same direction. This vector is rotated by R or R-1 in sub
routine EULER. The resultant vector is converted back to 
spherical polar coordinates. 

H. EULER 

1. Purpose 

This subroutine rotates a vector X by the Euler angle-
rotation operator R. 

2. Restrictions 

a. Other subroutines required: None. 

b. Common storage: None 

3. Usage 

a. Entry point: EULER 

b. Calling sequence: Call EULER (ALPHA, BETA, GAMMA, X, I), 
where 

(1) ALPHA, BETA and GAMMA are the three Euler Angles; 

(2) X is the vector to be rotated; 

(3) If I > 0, the Euler angle rotation R is performed; 
if I < 0, the Euler angle rotation R"l is performed. 

4. Algorithm 

Method. The transformation matrix R of the operator R 
is computed directly. If R-1 is to be used, RT (R transpose) 
= R-1 is used. 

Reference: H. Goldstein; Classical Mechanics, Addison-
Wesley Pub lishIng~CoT7^eaHIng7~Mas s . (1950), 
pp. 107-109. 

VI. SPECIAL-PURPOSE SUBROUTINES 

A. WIG 

1. Purpose 

HJ ,V^H s"l'̂ °utine calculates the Wigner matrix elements 
rn'm^^-* ^°^ a rotation through the Euler angle 3 = TT/2. if 
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R is a rotation operator and we consider the Euler angles 
a, 0, and 7, then 

-im a ji /„s -im7, 

2. Restrictions 

Mm I m m^ ' '̂ jm 
-̂  m 

a. Other subroutines required: None. 

b. Common storage: None. 

3. Usage 

a. Entry point: WIG 

b. Calling sequence: CALL WIG (J, Ml, M, AN), where 

(1) J, Ml, and M are the obvious quantum numbers; 

(2) AN is the value of d̂ .̂ ^ (TT/2); 

c. Common blocks necessary: None. 

4. Algorithm 

a. Method. The value of d^,^(TT/2) is calculated from the 
equations 

^j .o^ r(i - m)'.(i +m')'.1^/2 (cos p/2)2J ̂^-'"'(-sin 3/2)"''-
%'m(^) = L(j +mV:(j - m'V.J (m' - m) ! 

X 2^]^ (m'-j ,-m-j ;m'-m+l; - tan j) ; m' ^ m; 

d^'m(^) = (-1)"'""^L'(^); ''i'm(^) = (-^)"''" d'-m'-m(^) 
2 3 

where ^F, (m'-j, -m-j; m'-m+l; -tan -j-) ̂ ^ ^"^^ confluent 
hypergeoinetric function. 

Reference: M. E. Rose, Elementary Theory of Angular 
Momentum, John Wiley and Sons, Inc., New 
York (1963), p. 53. 

5. Remarks 

This subroutine is designed for even values of m and m', 
and for 3 = TT/2. The modification to greater generality should 
be straightforward. 



The algorithm used is subject to rounding error at 
high orders of j. For j > 40, use of a machine with very 
wide double-precision arithmetic (such as the CDC 3600) is 
recommended. Use of a nesting algorithm in the calculation 
of the hypergeometric function would probably also increase 
stability in the calculation, although it was not attempted 
in this program. 

EIGEN 

1. Purpose 

This subroutine finds all eigenvalues \^ (including proper 
multiplicity) and all eigenvectors 5?̂  of the real symmetric 
matrix A, satisfying Ax = Xx. Options include limitation of 
the computation to the n largest eigenvalues and avoidance of 
the calculation of eigenvectors. 

2. Restrictions 

a. Other subroutines required: None. 

b. Common storage: One block of labeled common, called F202. 

3. Usage 

a. Entry point: EIGEN 

b. Calling sequence: CALL EIGEN (A, B, N, VALU, M, ANORM, NMAX) 
where 

(1) A is the input matrix of order N, which is destroyed 
in the calculation. If eigenvectors are calculated, 
they are stored columnwise at A. 

(2) B is an N X N array used as work space if eigenvectors 
are desired. If eigenvectors are not desired, B will 
not be used, but it still must be included in the calling 
sequence. 

(3) VALU is an array for the storage of eigenvalues in 
descending order by magnitude. 

(4) M is the number of eigenvalues to be found. If M is 
negative, eigenvectors are not calculated. 

(5) ANORM returns the matrix norm, defined as / r r a?. 

(6) NMAX is the row DIMENSION of A and B. 

c. Common blocks necessary: None 

i=l j=l T-3 
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4. Algorithm 

a. Method. The matrix A is reduced to tridiagonal form 
by the Householder reduction. The eigenvalues of the 
tridiagonal matrix are found by Given s method, after 
which the eigenvectors are computed by the Wilkinson 
inverse iteration. Gram-Schmidt orthonormalization 
ensures that eigenvectors of multiple roots are ortho
gonal. Finally, the eigenvectors are transformed back 
to the eigenvectors of A. 

b. Reference: Subroutine EIGEN is subroutine ANL F202S of 
the ANL subroutine library. The write up of this routine 
in the Applied Mathematics Division of Argonne National 
Laboratory should be consulted for additional information 
and references. 

5 . Remarks 

The eigenvalues are accurate to 2 x ANORM. The 
eigenvectors should be accurate to 11 or 12 decimal places. 



APPENDIX A 

Inversion Programs--Input-data Format 

For programs Jlll-JlllO and J121-J1210, Data Block will refer 
to the following: 

Name 

ZZ 

TI 

PI 

T2 

P2 

TL 

NT 

NL 

NZ 

No. of 
Cards 

1 

1 

1 

1 

1 

1 

1 

1 

1 

IN,R NT 

Format 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

15 

15 

15 

15X, 15, 
F10.6 

Remarks 

Correction parameter 

The spherical polar unit 
vectors (1,T1,P1) and 
(1,T2,P2) define the data 
plane. 

Cone apex angle 

Number of points in plane 

Lowest value of angle variable 

Value of angle variable 
corresponding to the field 
parallel to the magnet axis 

IN is the angle variable, R 
the experimental value at 
that angle. 

Alternative form of data cards: 

IN,R,NC0DE NT 15X,I5,F10.6,14X,II NCODE is used to specify 
which pocket of the Fermi 
surface (for a surface 
composed of a set of pockets) 
is being considered. 

rpL^^^''f^' ^̂ Î'-̂ lllO a"d J121-J1210, Traceback Block will 
rerer to the following: 
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No. of 
Name 

Til 

Pll 

T21 

P21 

TL2 

NTOT 

NSPACE 

NSTART 

NAXIS 

Name 

TITLE 

LMID 

LNIT 

NIT 

NINIT 

Cards 

1 

1 

1 

1 

1 

Format 

F10.4 • 

F10.4 

F10.4 

F10.4 

F10.4 

No. of 
Cards 

LMIN 

LMAX 

NAM, SYM 

1 

1-1
 

455 

15 

15 

15 

15 

Remarks 

Polar coordinates defining 
the traceback plane. 

Cone apex angle of traceback 
plane. 

Number of angular steps to be 
made in traceback plane. 

Size of angular step. 

Start position of angular 
coordinate (not used in J13x 
programs) 

Value of angular coordinate at 
(Til, Pll) (not used in Jl3x 
programs). 

1. INPUT DATA: Jill, J121 

Format 

20A4 

Remarks 

Label for the data being 
considered. 

15 Starting i value. 

15 Ending i value. 

15X,I5/4F20.15/4F20.15/4F20.15/4F20.15 

Coefficients for the Kubic 
harmonics. 

15 

15 

15 

15 

Separating point between i 
values to be held constant 
and i values to be varied. 

Starting iteration number to 
determine if lower or upper 
upper set of i values is to 
be varied first. 

Number of iterations. 

Number of expansion coefficient 
to be read. 
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II,B NINIT 

CAL 1 

NUM 1 

Data blocks 

NUMB 1 

Traceback blocks 

10X,I4,E17.6 Coefficient number and initial 
values of expansion coefficients. 

F10.4 Calibration parameter for 
angle variable. 

15 Number of data planes. 

Data 

15 Ntomber of traceback planes 

Data 

In the f o l l o w i n g , only t hose pa r ame te r s no t p r e v i o u s l y used 

w i l l be d e f i n e d . 

2. 

Name 

TITLE 

LMIN 

LMAX 

LUMP 

GAMMA 

ALPHA 

E l 

E2 

E3 

:NPUI ' DATA: 

No. of 
Cards 

r-l 

1 

1 

1 

1 

1 

1 

1 

r-l 

J112-J: 

Format 

20A4 

15 

15 

15 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

J112-J1110 and J122-J1210 

Remarks 

Lump = 0 implies the fit is 
to 1/(AREA)2 (or to l/(m*)2). 

Spherical mapping parameter. 

(J118, J119, JlllO, J128, 
J129, J1210 only). 
Spherical mapping parameter. 

(JlllO, J1210 only) 
Ellipsoidal mapping parameter. 

(J119, JlllO, J129, J1210 only) 
Ellipsoidal mapping parameter. 

(JlllO,_J1210 only) 
Ellipsoidal mapping parameter. 
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LMID 

LNIT 

NIT 

NINIT 

II,B 

CAL 

NUM 

DATA 

NUMB 

BLOCKS 

1 

r-l 
r-l 

r-l 

NINIT 

r-l 

1 

1 

15 

15 

15 

15 

10X,I4,E17.6 

F10.4 

15 

15 

TRACEBACK BLOCKS 

3. 

No. of 
Name Cards 

NAM,SYM 455 

LC 1 

IN,C 

LD 1 

IN,D LD 

NUMB 1 

TRACEBACK BLOCKS 

INPUT DATA: J131 

Format Remarks 

15X,I5/4F20.15/4F20.15/4F20.15/4F20.15 

14 Number of expansion coefficients 
for k2. 

LC 10X,I4,E17.6 k2 expansion coefficients, 

1 14 Number of expansion coeffi
cients for (l/TT)2k dk/dE. 

10X,I4,E17.6 (l/TT)2kdk/dE expansion 
coefficients. 

15 Number of traceback planes. 

INPUT DATA: J132-J1310 

GAMMA 1 

ALPHA 1 

EAl 1 

EA2 1 

EA3 1 

F10.4 

F10.4 (J138, J139, J1310 only) 

F10.4 (J1310 only) 

F10.4 (J139, J1310 only) 

F10.4 (J1310 only) 

> k" 
parameters 



44 

LC 

IN,C 

GAMMB 

ALPHB 

EBl 

EB2 

EB3 

LD 

IN,D 

NUMB 

TRACEBACK 

r-l 

LC 

r-l 
r-l 

r-l 

1 

rH
 

r-l 

LD 

iH
 

BLOCKS 

14 

10X,I4,E17.6 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

14 

10X,I4,E17.6 

15 

(J138,J139,J1310 only) 

(J1310 only) 

(J139,J1310 only) 

(J1310 only) 

i2k dk/dE 
TT 

parameters 

Name 

4. INPUT DATA: J141 

Format 
No. of 
Cards Remarks 

NAM,SYM 

LC 

IN,C 

LD 

IN,D 

N 

M 

A 

NCELL 

455 

1 

LC 

r-l 

LD 

1 

1 

1 

r-l 

15X,I5/4F20.15/4F20.15/4F20.15/4F20. 15 

14 

10X,I4,E17.6 

14 

10X,I4,E17.6 

14 Numbers of integration steps 
+1 for 9integration 

14 Numbers of integration steps 
+lfor 9 

Mus 
•be 
odd 
no. 

F10.6 Lattice constant in A. 
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GAMMA 

ALPHA 

EAl 

EA2 

EA3 

LC 

IN, C 

GAMMB 

ALPHB 

EBl 

EB2 

EB3 

LD 

IN,D 

N 

M 

VOL 

INPUT 

1 

I 

1 

r-l 
r-l 

1 

LC 

r-l 
r-l 

r-l 
r-l 

1 

r-l 

LD 

r-1 
r-l 

r-l 

DATA: J142-J1410 

F10.4 

F10.4 (J148,J149,J1410 only) 

F10.4 (J1410 only) 

F10.4 (J149, J1410 only) 

F10.4 (J1410 only) 

14 

10X,I4,E17.6 

F10.4 

F10.4 (J148,J149,J1410 only) 

F10.4 (J1410 only) 

F10.4 (J149,J1410 only) 

F10.4 (J1410 only) 

14 

10X,I4,E17.6 

14 

14 

F10.4 Volume of unit cell in (*) 

Name 

NAM,SYM 

L 

IN,C 

N 

5. INPUT DATA: J151 

No. of 
Cards 

455 

1 

L 

1 

Format Remarks 

15X,I5/4F20.15/4F20.15/4F20.15/4F20.15 

I4 Number of expansion 
coefficients for k2. 

10X,I4,E17.6 k2 expansion coefficients. 

14 
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M 

A 

NCELL 

1 

1 

1 

14 

F10.6 

14 

INPUT DATA: J152-J1510 

GAMMA 

ALPHA 

El 

E2 

E3 

L 

IN, C 

N 

M 

VOL 

1 

1 

1 

1 

M
 

1 

L 

1 

1 

1 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

14 

10X,I4, 

14 

14 

F10.4 

,E17 

(J158,J159,J1510 only) 

(J1510 only) 

(J159, J1510 only) 

(J1510 only) 

.6 
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APPENDIX B 

Kubic Harmonic Expansion Coefficients 

These coefficients are presented here in the same format 
as read by the main calling programs. The first line of each 
group gives the number of the kubic harmonic, followed by the 
values of i and i for that harmonic (as defined in the Hagen 
program). This is then followed by the values of â̂ ^̂ ^ as de
fined in the Hagen program. 
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KUEIC HARMOMIC EXPANSION COEFFICIENTS 

1 0 
.000000000000000 
.000000000000000 
.000000000000000 
.000000000000000 

2 4 
.7637o2615824bl7 
•OOOOOOOOOOOOCOO 
.000000000000000 
.000000000000000 

3 6 
•353553390588786 
.000000000000000 

.cooocoooooooooo 

.000000000000000 
't 8 

.718070330811315 

.000000000000000 
•OCOOOOOOOCOOODO 
.OOOOOOCOOOOOOOO 

5 10 
.411425367870834 
.000000000000000 
•OOOOOOOOOOOOOuO 
.OOOOOOOOOOOOCOO 

6 12 
.6955026659416C3 
.000000000000000 
.000000000000000 

•ocooooooooooooo 
7 12 

.000000000000000 

.000300000000000 

.000000000000000 

.000000000000000 
8 14 

.440096461963549 

.000000000000000 

.oooocoooooooooo 

.ooocooooooooooo 
9 16 

. 5 8 1 3 6 1 6 8 3 3 0 9 6 6 0 

. 5 1 7 6 4 5 4 2 5 8 4 7 1 4 9 

. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.ocooooooooooooo 
10 16 

.ocooooooooooooo 

.255728159332648 

.ocooooooooooooo 

.ocooooooooooooo 
11 18 

.457915144208528 

.536571491727955 

.oooocooocoooooc 

.ocooooooooooooo 

1 
0.000000000000000 
0.OOOOOOOOOOOOCOO 
O.OOOOOOOOOOODOOO 
O.OOJOOOOOOCOOOOO 
1 

0 . O 4 5 4 9 7 2 2 4 3 6 6 4 C 3 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 . 0 O 0 0 0 0 0 0 0 C 3 0 0 O 0 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 

-0.935414346691687 
0.000000000000000 
o.ooooooooooooeoo 
0.000000000000000 
1 

0 . 3 8 1 8 8 1 3 0 7 9 1 2 4 0 8 
0.OOOCOOOOOOOOOOO 
o.ooooooo3coooooo 
0.000000000000000 
1 

-0.586301969975466 
0.OOOOOOCOOOOOOOO 
0.000000000000000 
0.OOOOOOOOOOOOCOO 
1 

0 . 3 1 4 1 2 5 5 6 6 8 0 1 5 2 2 
0.OCOOOOOOOOOOOOO 
0.COOOOOOOCOOOOOO 
0.000000OOUOOOOOO 

2 
0 . 5 5 8 9 7 9 3 7 4 1 9 6 4 9 7 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0.oocoooooooooooc 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 

-0.457681828615023 
0.000000000000000 
o.oooooooocoooooo 
0.OOOOOOCOOOOOOOO 
1 

0 . 2 7 5 8 6 8 0 2 2 7 5 6 1 8 5 
O.OOOOOOOOCOOOOOO 
O.COOOOODOCOOOOOO 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 
U . 6 3 7 0 4 8 2 1 4 6 3 0 3 4 C 
0.OOOOOOCOOOOOOOO 
0.OOOCOOOOOOOOOOO 
O.COOOOOOOOCOCOOO 

1 
- 0 . 3 8 6 4 5 5 9 7 6 3 1 6 9 3 8 

0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
O.COOOoOOOOOOOOOO 

0.oocoooooooooooc 
0.000000000000000 
o.ooooocoooooococ 
0.ocooooooooooooo 
0.oocoooooooooooc 
O.OCODOOOOOOCCOCC 
o.ooooooooooooeoo 
o.ooooooouooooooc 

0.000000000000000 
0.oocoooooooooooc 
o.ocooccooooooooc 
o.ococcococoooooo 

0.581843335152371 
0.oocoooooooooooc 
o.ocoooooooooocco 

0.OOOOOOOOOOOOCOO 

- 0 . 6 9 7 8 3 8 9 2 6 0 1 8 4 4 9 

o.ocoooooooooocoo 
o.ocoooooooooccoo 
0.oooocoooooooooo 
0.348449537588749 
0.300OO00CCO00CO0 
0.COOOOOOOOOOOOCO 
3. OCOOOOOOOOOOOOO 

-0.8062675C8174642 

a.ocoooooocooccoc 
0.000000000000000 
0.OOOOOOCOOOOOOOO 

-0.491132301416656 
0.OOOOCOOOOOOOOOO 
0.000000000000000 

0.oooocoooooooooo 

0 . 2 9 0 4 8 9 8 6 9 8 3 9 8 0 3 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.ooooococoooooco 
0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

- 0 . 3 2 9 9 9 0 3 4 8 8 0 7 7 6 9 
0 .OCOOOOOOOOOOOOO 
0.OCOOOOOOOOOOOOO 

o.ooooooooooooeoo 
-0.402094634002424 
0,000000000000000 
3.000000COCOOOOOO 
0.OCOOOOOOOOOOOOO 

0.000000000000000 
0.000000000000000 
0.000000000000000 
0.000000000000000 

0.000000000000000 
coooooonoooonooo 
o.ooooooooooocooo 
0.000000000000000 

0.OOOOOOCOOOOOOOO 
O.OOOOOOOPOOOOOOO 
0.000000000300000 
0.OOOOCOOOOOOOOOO 

0.oooocoooooooooo 
0.000000000000000 
o.ooooooooooooeoo 
0.000000000000000 

0.000000000000000 
O.COOOOOOOOOOOOOO 
0.000000000000000 
0 .000000000000000 

0.544227975842659 

0 .oooocoooooooooo 
0.OOOOOOCOOOOOOOO 
0.000000000000000 

0.193583998479880 
0.000000000000000 
0.000000000000000 

0.oooocoooooooooo 

-0 .596348480o85265 

0.oooocoooooooooo 
0.000000000000000 
O.OOODCOCOOOOOCOO 

C.327569740979862 
0.000000000000000 
0.OOOOOOOOOOOOCOO 
0.OOOOCOOOOOOOOOO 

-0.647980 74 8 501141 
0.000000000000000 

0.oooocoooooooooo 
O.OOOOOOOOCOOOOOO 

-0.437465928524034 
0.000000000000000 
0.000000000000000 
0.000300000300000 
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12 18 
.000000000000000 
.218945156411792 
.OOOOOOOOOOOOCOO 
.000000000000000 

13 20 
.671414949683822 
.312489189767803 
,000000000000000 
.000000000000000 

14 20 
.OOCQOOCOOCCOOOO 
.528104333527153 
.OCOOOOOOOOOOOOO 
.OOOCOOCOOCOOOOO 

15 22 
.470327478040417 
.401831606184714 
.000000300000000 
.OOOOCOOOOOOOOOO 

lb 22 
.OOOOCOOOOOOOOOO 
.627459855240886 
.OOOOCOOOOOOOOOO 
.OOOOCOOOOOOOOOO 

17 24 
.663917794998270 
.26292/777766890 
.OOOOCOCOCOOOOOO 
.OOOOOOOOOOOOCOO 

18 24 
.000000000000000 
.446693402598612 
.OCOCOOOOOOOOOOO 
.OCOOOOOOOOOOOOO 

19 24 
.OCCOOCOOCOOOOOO 
.634242147571058 
.OOOOOOOOOOOOCOO 
.OCCOOOOOOOOOCOO 

20 26 
,479596346165636 
,341164199926425 
.OOOOOOCOOOOOOOO 
.OOOOOOOOOOOOCOO 

21 26 
.COOOOOOOOOOOOCO 
.367984850876383 
.CCOOCOCOOOOOOCO 
.OOOOOOCOOOOOOOO 

22 28 
.65/999990260578 
.235356956749456 
.OCOOOOOOOOOOOOO 
.OCOCOOCOOOOOOOO 

23 28 
.COOOOOOOCOOOOOO 
.313765075195983 
.OCOOOOOOOOOOOOO 
.COCOOCOOOOOOOOO 

0.148727527117444 • 
0.000000000000000 
O.OOOOOOOOCOOOOOO 
0.OOOCOOOOOOOOOOO 

1 
0.249826188952234 
0.497199560064473 
0.000000000000000 
O.uOOOOO000000000 
2 

0.662995391001459 
0 . 2 9 3 4 7 4 3 6 4 0 6 5 3 3 2 
0.000000000000000 
0.OOOCOOOOOOOOOOO 
1 

- 0 . 3 3 9 8 6 0 0 3 0 5 9 5 8 2 7 
- 0 . ' • 9 5 3 7 6 6 6 9 4 9 8 1 0 2 

0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0.OOOOCOOOOOOOOOO 

2 
0 . 2 1 4 9 7 4 7 1 9 2 7 7 9 6 1 

- 0 . 2 9 6 1 1 9 8 7 6 9 2 6 2 4 1 

O.ooooooooooooeoo 
0.000000000000000 
1 

0.230436286688928 
0.300744878324622 
0,000000000000000 
O.OUOOOOOOOOOOOOO 
2 
0.672701793955639 

-0.431713399975875 
0.000300000000000 
O.OOOOOOOOCOOOOOO 
3 

0.000000000000000 
-0.252040683662926 
0.000000000000000 
0.ocooooooooooooo 
1 

- 0 . 3 0 6 4 2 6 2 6 6 3 6 3 1 2 7 
- 0 . 3 7 5 9 0 0 9 3 1 1 7 6 1 4 7 
0.OUOCOOOOCOOOOCO 
0.000000000000000 
2 

0 . 2 6 0 4 9 9 C 9 0 9 C 9 4 3 4 
0 . 5 0 7 5 7 3 7 4 4 2 3 3 4 7 1 
0.OOOCOOOOOOOOOOO 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 
0 . 2 1 5 1 9 8 9 3 7 9 3 9 0 4 4 
0 . 2 5 3 6 0 3 7 7 6 7 3 4 9 6 3 
O . O O U 0 0 0 0 0 0 0 0 0 0 0 0 
0 . 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 

2 
0 . 6 7 6 0 3 4 1 4 5 6 5 3 8 3 0 

- 0 . 4 3 3 1 3 6 0 2 9 5 8 6 7 4 5 
O.OOOOOOOOCOOOOOO 

0. ooooooeoooooooi) 

0.637746007749229 
o.oocoooooooooooo 
0.000000000000000 
0.ocooooooooooooo 

0 . 2 5 7 3 2 8 4 6 5 1 0 2 6 4 8 

0.oooocoooooooooo 
0.OCCOOOOOOOOOCOO 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

- 0 . 1 1 2 9 5 2 5 9 1 4 7 1 1 3 5 

o.oocoeoooooooooo 
0.000000000000000 
0.000000000000000 

-0.348712525919836 
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0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

- 0 . 4 5 5 5 9 6 0 8 5 1 0 6 6 6 3 
0 . 1 1 8 3 2 0 3 0 9 7 6 2 5 6 6 
0 . 1 3 6 6 9 5 0 8 3 4 6 3 5 6 5 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 2 2 1 1 4 2 7 3 1 1 1 9 4 7 1 
0 . 2 7 3 6 0 9 1 4 9 8 3 0 0 0 8 
0 . 4 5 8 8 4 4 7 1 0 0 1 7 7 2 9 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-0.345272770078736 
0 . 103848263346663 
0.OOOCOOOOOOOOOOO 

0. 169916908496816 
0.181018847768428 
0.224308867924265 
0.000000000000000 

0.138184581253881 
-0.163478269641928 
-0.280922823156288 

O.OOOOOOOOOOOOOOC 

0 . 5 6 7 5 0 8 0 4 6 5 8 8 0 4 6 
- 0 . 1 6 6 9 3 7 8 8 5 0 8 2 0 0 7 

0 . 0 1 8 2 4 5 0 3 0 4 7 3 2 8 1 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 0 3 1 7 7 9 0 6 0 5 8 9 5 4 2 
0 . 5 0 5 3 2 8 9 1 1 7 3 4 9 7 8 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 1 7 8 7 9 3 7 0 1 9 3 6 2 2 9 
0 . 1 9 8 9 9 6 0 4 9 4 9 7 5 0 9 
0 . 4 2 7 2 1 3 2 1 6 3 8 2 3 7 0 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 0 6 4 5 0 9 1 0 5 3 0 4 7 5 1 
- 0 . 2 9 3 8 8 7 5 8 9 1 7 5 1 3 8 

0 . 3 7 0 5 9 8 0 1 6 3 0 6 7 5 8 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

- 0 . 2 4 7 3 7 0 2 7 0 5 4 2 8 8 8 
0 . 2 3 9 2 3 3 9 1 1 4 7 4 0 0 3 
0 . 1 1 5 2 8 9 1 6 9 2 2 3 6 1 5 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 2 6 9 6 8 4 2 8 9 9 5 3 1 4 8 
- 0 . 1 3 1 2 9 1 7 9 3 5 9 7 4 8 4 

0 . 0 1 3 7 0 1 0 5 2 5 4 6 5 9 4 
0.000000000000000 

-0 .222102403731697 
- 0 . 2 4 4 3 0 8 3 6 2 5 3 3 0 4 7 
-0.382088116042723 
0.000000000000000 

-0.345376933946682 
0.256950323535420 

-0.413065737127909 
0.000000000000000 

-0.568118707029498 
-0.086861525278437 
-0.128821849863016 
0.000000000000000 

0 . 0 5 9 8 3 4 4 2 4 1 2 0 7 0 9 
- 0 . 2 4 1 0 8 2 8 3 4 4 9 0 9 5 3 
- 0 . 0 1 1 1 1 9 0 2 8 0 1 6 9 9 2 
0.003000000000000 

0.171434820855211 
0.186739674649289 
0.259796664613532 
0 .OCOOOOOOOOOOOOO 

0.081828902390043 
-0.244027959193772 
-0.122413766306858 
0.000000000000000 

-0.188203528847225 
0.073914950704420 
-0.464541567031119 
0.000000000000000 
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60 48 
.OOOOOOOOOOOOCOO 
.565138651116285 
.294701769904350 
.019455767310774 

61 48 
.OOCOOOOOOOOOOOC 
.054986221069157 
.467839603385073 
.000597151559987 

62 50 
.508412448922172 
.213782904957043 
.2367C0747122086 
.371793796570273 

63 50 
.OOOCCCCOCOOOOOO 
•227131336803723 
•282107413077028 
.416159691834764 

64 50 
•OOOOCOOOOOOOOOO 
.043182450647691 
•211867417518C79 
.146932800096693 

65 50 
•OCOOOOOOOOOOOOO 
.391057023633039 
.085623416968196 
.018015807313077 

66 52 
.637764855081408 
.166799320471910 
.182816933782306 
.255391215061536 

67 52 
.OOOCOOOOCOOOOOO 
.032556480912717 
.259377626956843 
.09482C20C662070 

68 52 
.OOOOCOOOOOOOOOO 
.262111705538700 
.162513253614528 
.457330618402921 

69 52 
.000000000000000 
•523391125416856 
.004433562753325 
•222203930359683 

70 52 
•OCOCCCOOCOOOCOO 
•103026306929578 
.286093019655492 
.024329199C53227 

71 54 
.511157608489157 
.203684695307352 
.221554576426570 
•289455424441257 

0 .OOCOOOOOOOOOOOC 
-0.03687484 7232866 
-0.278997995999816 
O.OOCOOOOOOOOOOOO 
5 

0.OCOCOOCOOOOOOOO 
-0.254197639420454 
-0.227226905277348 
0.OOOOCOOOCOOOOOC 

1 
- 0 . 2 0 8 5 3 2 8 2 0 4 34334 
- 0 . 2 1 7 2 7 4 1 5 7 8 6 1 5 3 9 
-0 .248591012259567 

0.OCOOOOOOOOOOOOO 
2 

0 .383637307171908 
-0.093810063797719 
0.331965994584607 
0.OCCOOOOOCCOOOOO 
3 

O.OOOOOOCOCOOOOOO 
0.285006686281122 

-0.363460556945938 
0.000000000000000 
4 
O.OOOOCCCOOCOOCOC 
0.528806160669774 
0.425682476151455 
O.OOOOOOOOOOOOOOC 

1 
0.163021785298042 
0. 169290444508079 
0.190785312322987 
0.413002674635209 

2 
0.668728259275657 

- 0 . 0 3 9 8 7 5 5 5 0 7 7 6 6 3 6 
- 0 . 3 0 2 7 9 2 9 7 0 0 2 5 5 2 1 
0.377550444907683 
3 

0.000000000000000 
-0.303127364677493 
0.313136963755824 
0.139867527432216 

4 
o.ooocoocoooooooo 

- 0 . 1 7 3 0 0 1 7 8 2 0 1 9 1 2 8 
-0.351719525395310 
0.025550322637628 
5 

0.000000000000000 
- 0 . 3 9 1 5 3 9 5 9 5 9 1 2 0 3 6 

0.499.806837346114 
0 .001428778088462 

1 
-0.199612564465497 
-0.206631348921848 
-0.230044923777314 
- 0 . 362648047536845 

0.000000000000000 
0.365119847891037 
0.446314337954391 
0.000000000000000 

0.000000000000000 
0.521361014645663 
0.068541935950634 
0.000000000000000 

-0.209531802473065 
-0.221960315593606 
- 0 .266418319013610 

0.OOOOOOOOOOOOCOO 

- 0 . 4 3 0 1 0 2 3 0 9 3 0 1 4 4 1 
0 . 0 4 6 3 2 2 9 5 4 9 3 7 7 5 0 
0 . 2 9 0 5 2 8 1 1 5 0 4 5 1 6 3 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 2 4 6 3 1 0 2 1 0 2 2 6 5 1 1 
0.329069748186157 

- 0 . 098188198455318 
0 .000000000000000 

0.OOOOOOOOOOOOCOO 
- 0 . 0 3 4 4 0 4 2 0 1 1 8 7 4 9 9 
- 0 . 4 1 2 2 2 5 0 0 1 0 8 4 1 5 3 

0.COOOOOOOOOOOOOO 

0.163743400506064 
0 .172606688949600 
0 .20223306 8695932 
0.000000000000000 

0.141059206995124 
-0 .117665063309687 
-0 .308514980526525 

3.000000000000000 

0.58C0804752C7069 
-0 .231673074289574 

0.265637064352632 
0 .000000000000000 

0.COOOOOOOOOOOOOO 
0.234767943038605 

-0 .145032220825669 
0 .000000000000000 

0 .00 0000000000000 
0 .556937014349387 

- 0 . 3 4 3 7 8 8 2 7 5 2 9 8 7 2 1 
0.300000000000000 

- 0 . 2 0 0 4 3 1 5 0 1 3 1 4 5 9 7 
- 0 . 2 1 0 3 7 7 7 5 4 3 4 1 6 0 7 
-0.241848355188267 
0.000000000000000 

0.323961269168649 
0 .204460862398264 

-0.186887316383945 
0.OOOCOOOOOOOOOOO 

0.000000000000000 
-0.620653109974228 
-0.011321242151553 
0.000000000000000 

-0.211251504861139 
-0.22822 0999444602 
-0.296990893191833 
0 .OOOOOOCOOOOOOOO 

-0.342088024946861 
0.178174775250227 
0.095641473444630 
0.000000000000000 

-0.560334169698763 
0.109596877213335 
0.462323955180X82 
0.OOOOCOOOOOOOOOO 

0.087942891232160 
-0.421255219873274 
0.149129597957653 
0.000000000000000 

0.164982542857615 
0.176985643141961 
0.220307321953442 
0.OCOOOOOOOOOOOOO 

0.094217111431135 
-0.193814616148302 
-0.253558190044714 
0 .OCOOOOOOOOOOOOO 

-0.141115597078169 
- 0 .055071903276461 
-0.049449214374363 
0.000000000000000 

0.368129362432228 
0.329233561162255 
0.449210960 396158 
0.000000000000000 

0 .OOOOCOOOOOOOOOO 
- 0 . 2 4 3 2 5 2 7 2 9 9 2 0 6 4 1 

0 .127625684108352 
0 .OOOOOOCOOOOOOOO 

- 0 .201834659877932 
- 0 . 2 1 5 2 1 0 1 3 1 2 4 9 4 7 8 
- 0 .259435125386517 
0.000000000000000 
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72 54 
.OOCOCOCCCCOCOOO 
.241567880264483 
.2171CC14C831462 
.060914211152522 

73 54 
.CCOCOOOOOCCOCOO 
.114764521387264 
.029694962039230 
.457647347546299 

74 54 
.OOOOOOCOOOOOOOO 
.448037127171119 
.250578778883209 
.190434961128631 

75 54 
.000000000000000 
.0141926056940C6 
.600011327944230 
.011482485559100 

76 56 
.635666980240280 
.16075334b503212 
.173407878748549 
.216670195390179 

77 56 
.OCOCCOOOOCOOOOO 
.050780323618710 
.215315273817396 
.228394248 730183 

73 56 
.OOOOOOOOOOOOCOO 
.220460068674078 
.038001094935580 
.104574665458575 

79 56 
.000000000000000 
.475200920416682 
.206523919573455 
.435151173842314 

30 56 
.OOCCOCCOOOCOCOO 
.15027754oC75813 
.4C426C664021422 
.18421C043222265 

31 58 
.513603748258902 
.195249243221042 
.209286414235976 
.253207915182873 

82 58 
.000000000000000 
.249940425630484 
.156926260591717 
.22668 7463210002 

83 58 
.OOOCOOCOOOOOCOC 
.166994631854323 
.107001956661406 
.057282278990897 

0.393951963902509 
-0.129981489542843 
0.293125411655637 

-0.417815534454205 
3 

0.000000000000000 
0.204334551192005 

- 0 . 2 8 0 0 2 1 7 9 9 3 7 1 7 5 2 
-0.163070961087215 

4 
O.OOOOCOCOCCOOOOC 
0 . 4 4 5 5 6 6 3 3 3 4 9 4 2 4 5 
0.270660439186C31 

- 0 . 0 2 5 6 3 3 0 9 1 8 2 0 0 5 5 
5 

O.OOOOCOCOCCCOCOO 
- 0 . 1 0 0 2 7 4 2 9 7 0 5 3 4 1 9 
-0.44220314442645 8 
-0,000792939553116 

1 
0 . 1 5 7 6 2 7 9 3 4 1 3 8 8 7 3 
0 . 1 6 2 7 8 6 8 3 3 0 6 5 5 6 4 
0.179313403001238 
0 . 2 5 1 3 6 5 5 5 8 6 5 2 C 8 0 

2 
0 . 6 6 6 8 6 1 0 8 8 4 5 1 6 9 7 

- 0 . 0 1 1 6 4 9 6 9 5 9 8 7 8 9 9 
- C . 2 6 7 7 0 3 7 7 2 7 5 5 3 4 C 
- 0 . 0 7 0 8 7 4 5 0 3 7 3 2 7 5 1 

3 
O.OOOOOOOOOOOCCOO 

- 0 . 2 8 3 5 3 3 1 9 3 2 4 3 7 8 4 
0 . 2 2 1 1 1 9 6 7 C 3 C 2 8 6 9 

- 0 . 4 4 6 7 3 1 2 5 1 4 2 5 7 2 8 
4 

c.ooococcocoococo 
-0.254740500720300 
-0.144590113010054 
-0.2528138515C4470 

5 
0.OCOOOOOOOOOOOOO 

- 0 . 4 7 7 C 7 7 7 6 3 5 4 2 1 8 4 
0 . 0 3 0 5 9 5 8 2 9 1 5 1 9 3 5 

- 0 . 0 3 9 9 5 8 2 4 3 1 3 9 1 7 6 
1 

- 0 . 1 9 1 7 1 6 0 3 8 1 6 7 2 1 5 
- 0 . 1 9 7 5 3 3 9 1 2 1 6 3 6 3 5 
- 0 . 2 1 5 6 7 5 9 5 3 1 5 3 8 8 8 
- 0 . 2 8 2 7 1 5 0 4 1 5 7 6 0 1 2 

2 
0 . 4 0 2 9 3 8 6 3 7 0 6 0 2 8 8 

- 0 . 1 5 5 7 5 8 7 8 1 7 4 0 5 3 7 
0 . 2 4 1 4 2 0 2 0 5 8 4 9 8 5 3 
0 . 0 3 1 3 0 2 5 7 8 4 5 9 8 7 2 

3 
0.COCOOOCCCOOOOOO 
0 . 1 3 0 7 3 3 1 9 C 8 6 4 7 0 3 

- 0 . 1332442 785 71510 
0 . 4 4 7 5 7 7 3 1 0 3 0 4 C 4 1 

- 0 . 4 0 7 6 3 4 8 3 9 6 1 2 0 0 1 
- 0 . 3 0 9 1 4 6 0 5 9 7 5 6 8 5 8 

0 . 3 1 7 0 0 4 7 4 5 7 5 3 3 6 5 
O.OCOOOOOOOOOCCOO 

0 . 2 6 8 0 7 7 7 2 2 8 5 9 7 4 4 
0 . 3 2 4 3 9 0 6 3 0 6 7 4 6 9 6 

- 0 . 3 2 1 1 2 5 5 0 7 1 9 4 6 6 5 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

O.OCOCCOOOOOOOCOC 
0 . 1 7 6 3 7 5 6 9 3 9 8 3 5 7 3 
0 . 2 9 0 6 7 2 5 2 0 2 5 5 5 1 2 
3 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

O.OOOCOOCOOOOOOOO 
0 . 3 0 6 6 3 0 9 9 1 0 0 6 3 8 6 
0 . 2 1 5 0 9 7 6 2 5 4 0 8 8 1 6 
3 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 1 5 3 2 2 9 0 0 2 7 3 6 3 3 4 
3 . 1 6 5 4 5 7 2 2 5 6 3 7 5 1 0 
0 . 1 8 7 3 1 2 3 7 7 1 5 8 3 7 8 
0 . 4 0 6 7 8 1 5 5 3 0 5 0 6 7 3 

0 , 1 4 2 5 5 3 1 2 3 8 5 6 2 3 5 
- 0 , 0 3 0 2 9 9 0 3 4 8 2 2 0 1 9 
- 0 , 2 9 7 4 2 1 8 6 3 9 0 5 0 7 6 

0 . 3 7 9 7 7 5 8 9 0 6 5 8 4 9 3 

0 . 5 8 9 6 1 1 3 4 2 3 2 2 3 1 4 
- 0 . 2 6 0 5 8 5 1 8 9 9 9 0 9 0 9 

0 . 3 1 0 0 0 4 7 2 6 0 9 5 9 4 0 
0 . 1 5 0 3 7 4 7 4 0 2 0 2 0 9 6 

0.OOOOOOOOOOOOCOO 
0.097745662587840 

-0.342797549077659 
0.031829878782446 

0.000000000000000 
0.454791934826062 
0.407632895058203 
0.002582757224332 

-0.192397299088043 
-0.200518277368246 
-0.224152014081483 
-0.3 5444445016037 2 

-0.387727907342196 
-0.051581761345005 

0 . 2 9 5 0 0 8 2 7 4 3 1 9 1 1 6 
-0 .418425371230114 

0 . 2 8 7 0 4 2 3 1 4 8 9 9 7 3 6 
0 . 2 9 0 1 9 4 9 0 9 5 7 5 8 0 3 

- 0 . 3 0 7 9 7 9 8 6 1 3 0 5 5 0 7 
- 3 . 1 7 7 4 3 6 6 3 7 3 2 1 0 8 0 

- 0 . 3 3 6 0 7 3 1 3 3 0 1 0 3 5 9 
0 . 1 1 0 8 3 7 1 6 0 6 8 4 2 4 1 
0 . 2 5 7 3 7 9 7 7 6 7 0 3 6 0 1 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

- 0 . 5 4 6 9 7 6 9 8 7 0 9 7 8 7 8 
0 . 2 2 4 0 1 7 1 3 1 7 9 7 1 5 4 

- 0 . 0 1 2 6 7 2 9 0 4 9 9 4 8 1 5 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 1 1 4 9 7 7 8 1 9 9 3 2 3 9 2 
- 0 . 3 2 1 5 8 4 0 4 0 9 7 5 7 2 2 
- 0 . 4 4 2 1 8 6 5 5 4 6 6 1 0 2 1 

0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C.OOODCOOCOOOOOCC 
- 0 . 5 3 7 9 4 3 5 4 2 5 7 1 1 5 6 
- 0 . 0 6 6 1 9 0 1 5 2 9 3 4 7 2 3 

0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 1 5 9 2 5 6 8 4 0 2 7 0 2 4 5 
0 . 1 6 8 9 1 3 2 1 9 4 5 6 8 2 8 
0 . 1 9 8 7 3 0 0 7 9 1 6 6 1 2 6 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 1 0 3 1 4 8 3 1 3 1 7 7 3 7 1 
- 0 . 1 5 0 2 5 0 3 9 4 4 3 5 7 1 6 
- 0 . 2 9 1 0 1 9 5 8 1 3 6 7 4 3 6 

0.OOOOOOCOOOOOOOO 

- 0 . 1 0 3 4 4 7 4 5 8 6 3 7 6 7 5 
- 0 . 1 4 4 4 3 3 6 8 2 4 6 4 2 9 5 

0 . 2 1 0 3 1 8 4 8 9 5 0 2 2 4 2 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 . 4 0 4 1 7 9 0 3 0 6 3 6 4 4 2 
0,316351979795309 

-0,027917491016069 
0.000000000000000 

0.000000000000000 
0.099526197482191 

- 0 . 4 0 8 6 6 6 4 4 0 5 6 9 5 0 5 
0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

- 0 . 1 9 3 5 6 0 2 1 4 0 3 6 5 5 2 
-0 .204357337730471 
- 0 . 2 3 5 8 5 6 0 3 7 2 6 3 1 4 7 

0 .COOOOOOOOOOOOOO 

- 0 . 3 2 8 6 4 0 5 9 2 2 3 3 5 6 9 
0 . 0 5 5 5 8 0 5 0 7 8 5 2 0 2 8 
0 . 2 9 9 0 5 8 0 2 1 8 1 7 4 7 3 
0.OOOOCOOOOOOOOOO 

- 0 . 5 3 0 3 4 8 2 9 9 8 5 1 6 4 1 
0 . 2 7 5 8 1 7 4 0 0 3 4 6 5 6 8 

- 0 . 2 6 7 1 9 , 7 6 3 0 2 5 9 0 34 
o.oooobopoooocooo 
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84 58 

•oooocoooooooooo 
•485606984331975 
.345222130061302 
.446C59920934204 

85 58 
.OOOCOOOOCOOOOOO 
.029382619735316 
.155981686284795 
•125009602870705 

86 60 
•633612692C32438 
.155377525676158 
.165629541832459 
.195537529685680 

87 60 
.CCOCCCOOGCOCCCO 
.064737540007627 
.175136185811425 
.273424799670465 

88 6C 
.OOOOOOOOOOOOCOO 
•183222296996973 
•059915486162936 
.156402474443894 

69 60 
.000000000000000 
.425645239978621 
.287243529505668 
.068564540903026 

90 . 60 
.CCCCCCCOOOCOOOO 
.194670738143031 
.226463096754742 
.431799985424732 

91 60 
.CCCCCOCOOOOOOOO 
.OCCCCCCCOOOOOuO 
.552463418556727 
.07279tl9134851o 

O.OOOOOOOOCOOOOOO 
0.343487346993352 

-0.047942447595233 
0 . 2 2 6 8 9 4 3 8 9 5 9 7 8 7 4 

5 
O.OOOOOOCOOOOOCOC 

- 0 . 1 8 1 0 7 6 4 5 1 7 5 4 0 5 2 
0 . 3 2 0 9 9 5 2 9 6 4 1 7 0 9 5 
0 . 0 2 4 8 8 3 3 5 2 9 0 7 6 3 6 

1 
0 . 1 5 2 7 5 4 2 0 9 0 1 5 2 5 6 
0 . 1 5 7 0 6 5 0 8 C 0 6 4 C 5 B 
0 . 1 7 0 1 9 8 3 4 6 8 1 9 2 3 4 
0 . 2 1 3 3 4 0 1 1 9 7 0 6 1 1 8 

2 
0 . 6 6 5 0 5 0 5 6 0 0 3 4 6 37 
0.010539446267937 

- 0 . 2 2 9 9 6 1 2 0 1 3 0 1 1 9 4 
-0.205335575748904 

3 

o.ooooooooccoocoo 
- 0 . 2 5 7 4 9 1 1 0 3 0 2 4 2 2 2 

0 . 1 1 2 3 2 4 8 4 6 4 4 8 2 4 6 
- 0 . 1 4 9 1 2 2 5 1 6 2 1 7 1 7 6 

4 

o.ncooooooooooooo 
- 0 . 2 9 8 3 7 1 8 3 9 2 2 0 6 3 6 

0 . 0 6 9 1 7 5 1 6 1 8 6 1 4 9 4 
0 . 4 0 9 8 4 9 6 3 C 9 3 7 9 7 0 

5 
O.OOOOOOOOCOOOOOO 

- 0 . 5 2 3 0 4 8 8 0 2 3 5 1 6 9 5 
- 0 . 2 9 4 6 6 9 4 9 7 3 6 5 2 4 8 

0 . 2 3 4 8 8 6 8 3 6 9 2 3 0 5 0 
6 

0.OOOCOOOOCOOOOOO 
0 . 3 2 4 4 2 6 2 2 4 2 C 1 3 C 6 
0 . 5 7 3 3 3 5 2 8 6 0 2 6 1 2 2 
0 . 0 1 o 4 5 b 5 4 2 0 1 1 3 b 3 

0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 . 2 9 2 3 1 3 1 6 6 5 0 8 3 9 3 
0 . 3 4 4 0 6 4 9 8 6 3 1 8 6 9 9 

-0.033694011705848 

0.000000000000000 
0.444430842180736 

-0.493444455089048 
-0.001904464682366 

0.153261279785511 
0.159258732466697 
0.176152641455701 
0.247665693790623 

0.143134658192139 
-0.049887268035513 
-0.270941065842635 
-0.049946891324907 

0.596938136746758 
-0.267245352537429 
0.255651865591062 

-0.434066635076306 

0.OOOCOOOOOOOOOOO 
-0.017408555254406 
-0.237597224822821 
-0.278908890984894 

0.000000000000000 
0.309733873538789 
0.230473603136488 

-0.057375C68217880 

0.000000000000000 
-0.137655850940064 
-0.413620C78274107 
-3.002105677907298 

0.140368614U27510 
-0.148180943768239 
0.155535148125637 
0^000000000000000 

0^000000000000000 
-C^517273781631957 

0 ^ 3 3 3 0 6 3 8 1 0 4 0 1 5 5 4 
0 ^ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 ^ 1 5 4 1 2 5 4 8 0 7 7 8 0 2 1 
0 . 1 6 2 0 6 2 1 1 3 6 9 7 1 7 5 
0 . 1 8 4 1 6 2 7 0 8 2 1 0 3 5 1 
0 . 4 0 1 0 3 7 5 1 9 0 9 1 9 1 5 

0 . 1 0 9 6 0 8 0 4 0 4 7 6 8 1 4 
- 0 . 1 1 3 2 8 7 3 1 8 1 2 6 8 2 2 
- 0 . 2 8 9 3 5 4 4 7 8 0 8 1 8 0 5 

0 . 3 8 1 4 0 6 5 7 0 7 3 3 8 1 6 

- 0 . 0 7 3 1 0 4 0 0 1 9 6 1 8 3 8 
- 0 . 1 9 8 4 9 7 5 4 0 9 0 6 8 2 8 

0 . 2 9 2 2 1 9 3 6 0 3 0 0 8 0 5 
0 . 1 5 9 8 6 6 7 1 0 8 9 5 5 8 5 

0.433762486187334 
0 . 2 4 0 3 3 1 4 7 1 9 7 7 6 9 7 

-0.296506656253769 
0.038177665627700 

0 .OCOOOOOOOOOOOOO 
0.289298537252762 
0.269684022212459 
0 .004044998677955 

0.000000000000000 
0 .355095966246154 
0.209227338080382 
0.000088240581408 
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APPENDIX C 

Programs 

The programs in this appendix are listed in the same 
order in which they appear in the body of this report. 
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ARFA INVERSION PROGRAMS 

c * * 
C * Jill * 

^ * I 
c * ! 
C * NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION • 

'^ * I 
C * INVERSION OF AREA DATA TO GIVE RA0IUS**2 * 

« 
* 

C 
C * SYMMETRY GROUP: OH. 
C * * 
C ********************************************************************** 

c 
C INITIALIZATION 
C 

IMPLICIT REAL*8 (A-E) 
REAL*8 PI 
DIMENSION NAM(91),SYM(91,16) 
DIMENSION A(91,91),B(91),BE(91).C(91),0(91» 
DIMENSION Tl(10),T2(10I.Pl(10),P2(10t 
DIMENSION NL(10),NT(10),NZ(10),ZZ(1C),TL(10I 
DIMENSION INI600,10),P(500f10) 
DIMENSION TITLE(2P) 
DIMENSION EC(91) 
DIMENSION Til(10),T21(1C),P 11(10),P21(10),TL2(10) 
DIMENSION NTOT(IO) .NSPACFdO) 
DIMENSION NSTART(10),NAX1S(10) 
DIMENSION AX(3), AY(3), AZ(3), AS(3),AW(3) 
C 0 M M O N / L I M I T / M I 0 , N I T , B C , L N I T 
COMMON/ANGLE/T1,T2,PI,P2 
COMMON/ORIENT/NT,NL,NZ,TL 
COMMON/INTO/IN,R ^ 
COMMnN/V I0RK/BE ,B ,C 
COMMON/OVER/A,N 
COMMON/KUBE/NAM,SYM,KE,KLN 
EXTERNAL KUPOLY 

1 FORMAT (15X,I5/4F20.15/4F2C.15/4F20.15/4F2C.15) 
2 FORMAT (F10.4) 
3 FORMAT (15) 
4 FORMAT (15X,I5,F10.6) 
5 FORMAT (IHl,-PLANE',7X,«ZZ',10X,>THETA(1)',7X,>PHI(1)', 

t 7X,«THETA(2)',7X,'PHI(2)',6X,'C0NE ANGLE',6X,'# POINTS', 
$ 4X,'NL0W',5X,'NZER0') 

6 FORMAT (/2X,I2,2X,6(4X,F1C.6),7X,I5,6X,I5,5X,I5) 
7 FORMAT (1H1,5X,'THE FIT INCLUDES TERMS TO ORDFR L =', 

$ 13//' THE TOTAL NUMBFP OF HARMONICS IS',13////) 
8 FORMAT (1H1,9X,'*',5X,<J',8X,'AREA>,9X,'RA0IUS**2'/21X, 

$ ' COEFFICIENTS',5X,'COEFFICIENTS'/) 
9 FORMAT (5X,2I6,2F17,6) 
10 FORMAT (lOX,I4,E17.6) 
11 FORMAT (///lOX,' RaDIUS**2 IS NEGATIVE.'/) 
13 FORMAT (IHl) 

14 FORMAT (1X,I4,7X,F1C.5,4X,F10.5,4X,2D17.8) 
19 FORMAT(/IX.'ANGLE'.ax,'THETA',10X,'PHI'.ISX,'AREA',10X,'RADIUS') 
2 2 FORMAT(///4X,'PLANE',7X,'THFTA(1)',5X,'PHI(1)',7X,•THETA(2)' ,7X, 



£ •PHI(2)',6X,'CONE ANGLE',5X,'# POINTS',5X, ' SPACING',5X,•START' 

£,6X,'AXIS') 
24 FORMAT (/5X,I3,3X,5(4X,F10.6),5X,I5,7X,I5,6X,I5,5X,15» 

30 FORMAT (20A4) 
31 FORMAT (1H1,////40X,' SYMMETRY GROUP OH'// 

$ • •,1CX,20A4) 
42 FORMAT(I5,2F10.5,2017.8,21X) 
43 F0RMAT(//5X,'THE FIT INVOLVES TERMS DIVIDED AT L=',I3, 

£' CORRESPONDING TO',14,' HARMONICS') 
44 FDRMAT(//5X,'THE NUMBER OF ITERATIONS IS',12, 

£• STARTING FROM THE ITERATION NUMBER',12) 
PI = 3.141592653589793 

C 
C READ DATA 
C 

CALL CCMSET 
READ (5,30) (TITLEd ),I=1,20) 
WRITE (6,31) (TITLEd ) ,1 = 1,20) 
READ (5,31 LMIN,LMAX 
REAC (5,1) (NAMd ), (SYMd,J),J=l,16),I = l,91) 
READ (5,3) LMin,LNIT,NIT 
MID=LT0M(LMID,1) 
WRITE (6,43) LMID,MID 
WRITE(6,44) NIT,LNIT 
REAC(5,3) NINIT 
KLN=MT0L(NINIT,1) 
KE^NINIT 
CALL COET(BE) 
DO 25 I = 1,NINIT 
READ (5,10) It, BCd ) 
B C d ) = BCd )*BEd )*PI 
WRITE (6,1C) I,BCd) 

25 CONTINUE 
READ (5,2) CAL 
CAL = 1.0/CAL 
READ (5,3) NUM 
WRITE (6,5) 
DO 1-6 I = 1,NUM 
READ (5,2) Z Z d ) 
READ (5,2) T1(I),P1(I ) 
READ (5,2) T2(I),P2(I),TL(I) 
READ (5,3) NT(I),NL(I),NZ(I) 
WRITE (6,6) I,ZZ(I),Tl(I),Pl(I),T2(I),P2(n,TL(I), 
$ NTd),NL(I) ,NZ(1) 
NTI = NTd ) 
READ (5,4) dN( J, I),R(J,n,J=l,NTI) 
T l d ) = T l d ) * PI/iaO.CDC 
T2(I) = T2(I) * PI/180.ODO 
P K I ) = P l d ) * PI/18C.0D0 
P 2 d ) = P2d ) * PI/180.ODO 
00 16 J = 1,NTI 

16 R(J,I) = R(J,II - ZZ( I) 
READ (5,3) NUMB 
IF (NUMB.EQ.O)' GO TO 2P9 
WRITE(6,22) 
00 290 1=1,NUMB 
READ (5,2) TIK 1), PIK I) 
READ (5,2) T21( I), P2 1 ( I) , TL2d) 
RFAD (5,31 NTOT(I),N'SPACFd),NSTARTd),NAXIS(I) 
WRITE (5,24) I,TIKI), P U d ) , T21 ( I) ,P2 1 ( I) , TL21 I) , NTOT (I) 
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C , N S P A C E ( I ) , N S T A R T ( I ) , N A X I S d ) 
T l l d ) = T l l d ) *P I /18C.0DC 
T 2 1 d )=T21( I ) *P I /18C.0DC 
P l l d ) = P11 ( I ) * P I / 1 8 r . 0 D C 
P 2 1 ( I ) = P 2 1 ( I ) * P I / 1 8 C . 0 D C 

290 T L ? d ) = T L 2 d ) * P I / 1 8 C . 0 D C 
289 CONTINUE 
C 
C HARMONIC DO LOOP 
C 

IF (LMIN .LT. 4) LMIN = 4 
IF (LMIN .GT. 60) LMIN = 6C 
IF (LMAX .LT. LMIN) LMAX = LMIN 
IF (LMAX .GT. 60) LMAX = 60 
DO 500 LNC = LMIN,LMAX,2 
DELTA=LNC-LMIN 
KLN = LNC 
NC = L T O M I L N C D 
KE = NC 
N = KE 
MI0=LTOM(LMID,l) 
IF (MIO.GE.KE) MID=KE 
WRITE (5,7) KLN,KE 
DO 17 I = 1,91 
B( I) = 0. 
C( I) = C. 
D(I) = 0. 
00 17 J = 1,91 

17 A(I,J) = 0. 

C 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLSQ(NUM,KF,CAL,DELTA,KUPOLY,1 ) 

C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COET(PE) 
WRITE (5,8) 
DO 18 I = 1,KE 
D d ) = Cd)/(PI * BE( I)) 
WPITE(6,9) I,NAM(I),Cd),D(I) 

18 WRITE (7,ID I,P( I) 

C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 

C 
WRITE (6,13) 
IF (NUMB.EO.C) GO TO 139 
00 291 1=1,NUMB 
A T n = Tll( I ) 
AP11=P11(I) 
AT21=T21d ) 
AP21=P21(I) 
ATL=TL2(I) 
CALL DG0TTA(AX,AT11,AP11) 
CALL D G O T T A ! A Y , A T 2 1 , A P 2 1 ) 
CALL D C R I S S I A X , A Y , A Z ) 
CALL D C R I S S ( A 7 , A X , A Y ) 
AYC=DCCS(ATL) 
A Y S = D S I N ( A T L ) 
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NTTT=NTOT(I) +1 
WRITE (6,19) 
DO 200 J=1,NTTT 
J11=(J-1)*NSPACE(I) 
J11=J11+NSTART(I)-NAXIS(I) 
APR=J11*0.1/CAL 
APR=APR*PI/lfiC.000 
AZC=DCOS(APR) 
AZS=0SIN(APR) 
DO 2C1 K=l,3 
AS(K)=AX(K)*AZC+AY(K)*AZS 

201 AW(K)=AS(K)*AYS*AZ(K)*AYC 
AXT=DARC0S(AW(3)) 
AXP=DATAN2(AW(2),AW(1)) 
T=AXT 
P = AXP 
AXT=AXT*180.0D0/PI 
AXP=AXP*180.0nO/PI 
CALL KUPOLY(T,P,BE) 
AREA = 0. 
ARAD2 = 0. 
DO 20 K = 1,KF 
AREA = AREA + BE(K)*C(K) 

2C ARAD2 = ARA02 + BE(K)*0(K) 
IF (ARAn2 .GE. 0.) GO TO 21 
WRITE (6,11) 
APAD2 = DABS(ARAD2) 

21 ARAD = DS0PT(ARA02) 
J0=(J-1)*NSPACF(I)+NSTART(I) 
WRITE(6,14) JO,AXT.AXP,AREA,ARAD 
WR1TE(10,4?) JO,AXT,AXP,AREA,ARAD 

200 CONTINUE 
291 CONTINUE 
139 CONTINUE 
500 CONTINUE 

STOP 
END 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * » * * * * * » « * * « « * « * * * » * • « * * * « * « » * * * « « » » » ^ * t ^ , 
C * » 
C * J112 * 
C * » 
C • * 
C * NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION * 

* 
_ * 

C * * 

c * 
C * INVERSION OF AREA DATA TO GIVE RA0IUS**2 

C * SYMMETRY GROUP: D6H 
C * * 
C ************************»**»**»*«*««»•««*^,*«»^,t^,»»»„^,>,,,,»»»^,,^j^ 

C INITIALIZATION 
C 

IMPLICIT REAL*8 (A-E) 
REAL*8 P I 

REAL*8 S P , C P , S T , C T , S P 2 , C P 2 , S T 2 , C T 2 
PEAL*8 X T , X P , X T T , X P P , X T T T , X P P P , T E M P 
PEAL*4 A L P H A , A L P H A 2 , G A M M A , G 2 , E 1 , E 2 , E 3 
DIMENSION N A M ( 9 1 ) , S Y M ( 9 1 , 1 6 ) 
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DIMENSION A(91,Ql),f>(91),BE(91),r(91),D(91) 
DIMENSION T1(10),T2(1C),P1(10),P2(10) 
DIMENSION NLdO),NT(in),N7(10),ZZ(10),TL(10) 
DIMENSION !N(600,10),R(600,10) 
DIMENSION NCOOF(6C0,10) 
DIMENSION TITLE(2C) 
DIMENSION BC(91) 
DIMENSION T11(1C),T21( 10),Pll(10),P21dO),TL2( 10) 
DIMENSION NTOTdO) ,NSPACE(10) 
DIMENSION NSTARTdO),NAXIS(10) 
DIMENSION AX(3), AY(3), AZ(3), AS(3),AW(3) 
COMMON/LIMIT/MID,NIT,BC ,LNIT 
COMMON/ANGLE/Tl,T2,P1,P2 
COMM0N/ORIENT/NT,NL,N7,TL 
COMMON/INTO/IN,R 
COMMON/WORK/BE,B,C 
COMMON/OVER/A,N 
C0'1M0N/KUBE/NAM,SYM,KE,KLN 
CC^MON/CARRY/NUT,LUMP,ALP HA,ALPHA2,GAMMA,G2,E1,E2,E3,JJJ J 
COMMON/ROTATE/NCODE 
EXTERNAL HXPOLY 

1 F0RMAT(1X,14,7X,F10.5,4X,F10.5,38X,2017.8) 
2 FORMAT (F10.4) 
3 FORMAT (15) 
4 F0RMAT(15X,I5,F1C.6,14X,I1) 
5 FORMAT (IHl,'PLANE',7X,'ZZ' ,10X,'THETA(1)',7X,'PHI(1)', 

$ 7X,'THETA(2)',7X,'PHI(2)',6X,'C0NE ANGLE',6X,'# POINTS', 
$ 4X,'NL0W',5X,'NZER0' ) 

6 FORMAT (/2X,I2,2X,6(4X,F1C.6),7X,I5,6X,I5,5X,I5) 
7 FORMAT (IHl,5X,'THE FIT INCLUDES TERMS TO ORDER L =', 

$ 13//' THE TOTAL NUMBER OF HARMONICS IS',13////) 
8 FORMAT (///9X,' #•,5X,'J',8X,'ARE A',11X,'RAOIUS**2'/21X, 

$ ' COEFFICIENTS',5X,'COEFFICIENTS'/) 
9 FORMAT (5X,2I6,2E17.6) 
10 FORMAT dOX, I4,E17.6) 
11 FORMAT (///lOX,' RADIUS**2 IS NEGATIVE.'/) 

12 F0RMAT(///4X,'PLANE',7X,'THETA(1)',5X,'PHI(1)',7X,'THETA(2)',7X, 
E 'PHI('2)',6X,'C0NE ANGLE',5X,'# POINTS', 5X ,'SPACING', 5X, ' START' 
C,6X, 'AXI S' ) 

13 FORMAT (IHl) 
1̂ , FORMAT (1X,I4,7X,F10.5,4X,F10.5,4X,4017.8) 
16 FORMAT (///15X,' ELLIPSOIDAL TRANSFORMATION USED.'/) 
17 FORMAT (1H1,////4CX,' SYMMETRY GROUP 06H'// 

$ ' •,1CX,20A4) 
18 F0RMAT(///15X,' 1/APEA**2 FIT.'/) .„.„,,,c. 

19 FORMATI/IX,'ANGLE•,BX,'THETA•,10X,'PHI',15X,'AREA',12X,'RA0IUS', 
tl2X,'AREA',12X,'PAniUS') 

23 FORMAT (20A4I 
24 FORMAT (/5X,I3,3X,5(4X,F1C.6),5X,I5,7X,I5,6X,I5,5X,I5) 
27 F0RMAT(//1X,'ROTOR',13X,'LAB SYSTEM',19X,'TRANSFORMED SYSTEM',20X, 

C 'LAP SYSTEM') 
41 FrRMAT(I5,2FlC.5,2D17.e,21X) 
L,Z FrRMAT(2FlC.5,D17'. 8,ZF1C.5,D17.8,6X) 
43 F0RMAT(//5X,'THE FIT INVOLVES TERMS DIVIDED AT L=',I3, 

C CORRESPONDING TO',14,' HARMONICS') 
i,U F0RMAT(//5X,'THE NUMBER OF ITERATIONS IS',12, 

S' STARTING FROM THE ITERATION NUMBER',12) 
PI = 3.141592653589793 
NUT = C 
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C READ DATA 
C 

CALL COMSET 
READ (5,23) (TITLEII),1=1,20) 
WRITE (6,17) (TITLEd),1 = 1,20) 
READ (5,3) LMIN,LMAX 
READ (5,3) LUMP 
REAC (5,2) GAMMA 
ALPHA=1.000 
READ (5,3) LMID,LNIT,NIT 
MID=LT0M(LMID,2) 
WRITE ( 6 , 4 3 ) LMID,MID 
W R I T E ( 6 , 4 4 ) NIT,LNIT 
READ(5,3) NINIT 
KLN=MT0L(NINIT,2) 
KE=NINIT 
T = 0 . 0 
P = 0 . 0 
CALL H X P O L Y ( T , P , B ) 
CALL COET(BE) 
DO 25 I = 1,NINIT 
READ ( 5 , 1 0 ) I I , B C d ) 
B C d ) = B C d )*BE( I ) * P I 
WRITE ( 6 , 1 0 ) I , B C d ) 

25 CONTINUE 
NUT=0 
El = 0 . 0 
E 2 = C . 0 D 0 
E3 = 0 . 0 
READ ( 5 , 2 ) CAL 
CAL = 1 . 0 / C A L 
READ ( 9 , 3 ) NUM 
WRITF ( 6 , 5 ) 
00 2C I = l.NUM 
READ ( 9 , 2 ) Z Z ( I ) 
RFAD ( 9 , 2 ) T l d ) , P K I ) 
READ ( 9 , 2 ) T 2 d ) , P 2 ( I ) , T L ( I ) 
READ ( 9 , 3 ) N T d ) , N L ( I ) , N Z ( I ) 
WRITE ( 6 , 5 ) I , Z Z ( I ) , T 1 ( I ) , P l d ) , T 2 ( I ) , P 2 ( I ) , T L ( I ) , 

i N T d ) , N L ( I ) , N Z d ) 
NTI = N T d ) 
READ ( 5 , 4 ) d N ( J , I ) , R ( J , I ) ,NCODE( J , I ) , J = 1 , N T H 
T l d ) = T l d ) * P I / 1 8 0 . C D O 
T 2 ( I ) = T2( I ) * P I / 1 8 C . 0 D 0 
P l d ) = P l d ) * P I / 1 8 0 . O D O 
P 2 ( I ) = P 2 ( I ) * PI / l f iC.CDO 
DO 20 J = 1,NTI 

20 R ( J , I ) = R ( J , I ) - Z Z ( I ) 
READ ( 5 , 3 ) NUMB 
I F (NUMB.EQ.O) GO TO 2 8 9 
WRITE ( 6 , 1 2 ) 
DO 290 1=1,NUMB 
READ ( 5 , 2 ) T I K I ) , PI 1 d ) 
READ ( 5 , 2 ) T 2 1 d ) , P2 K I ) , T L 7 ( I ) 
READ ( 5 , 3 ) N T O T ( I ) , N S P A C E d ) , N S T A R T ( I ) , N A X I S ( I ) 
WRITF ( 6 , 2 4 ) I , T I K I ) , P I K I ) , T21 ( I ) , P 2 1 ( I ) , TL2 ( I ) , NTOTI I ) 

£ , NSPACEd ) ,NSTART( D . N A X l S d ) 
T l l ( n = T l K I ) * P I / 1 8 C . 0 D 0 
T 2 1 d ) = T 2 1 ( I ) * P I / 1 8 0 . 0 D C 
P l l d ) = P 1 K I ) * P I / 1 8 C . 0 D O 
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P21d)=P21(I)*PI/180.0D0 

290 
289 

TL2(I)=TL2(I)*PI/180.0Df 
CONTINUE 
G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA * ALPHA 
JJJJ = 0 
IF (El .NE. 0.0) JJJJ = 
IF (E2 .NE. 0.0) JJJJ = 
IF (E3 .NE. 0.0) JJJJ = 

1 

1 
1 
1 

C 
C HARMONIC DO LOOP 
C 

IF (LMAX .LT. LMIN) LMAX = LMIN 
DO 500 LNC = LMIN,LMAX,2 
DELTA=LNC-LMIN 
KLN = LNC 
NC = LT0M(LNC,2) 
KE = NC 
N = KE 
MID=LT0MtLMID,2) 
IF (MID.GE.KF) MID=KE 
WRITE (6,7) KLN,KE 
DO 21 I = 1,91 
Bl I) = 0. 
CI I) = 0. 
D( I) = 0. 
DO 21 J = 1,91 

21 A(I ,J) = 0.0 
C 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLS0(NUM,KE,CAL,DELTA,HXP0LY,1) 

C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COET(BE) 
WRITE (6,13) 
IF (LUMP .EQ. 0) WRITE (6,18) 
IF (GAMMA .NE. 1.0) WRITF (6,16) 
WRITE (6,8) 
DO 22 I = l.KE 
D I D = C(I)/(PI * B E I d ) 
WRITE(6,9) I ,NAMd ),C(I) ,D( I ) 

22 WRITE (7,1C) I,D(I) 

C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 

C 
IF (LUMP .EQ. 0) WRITE (6,18) 
WRITE (6,13) 
IF (NUMB.EQ.O) GO TO 139 
00 291 1=1,NUMB 
AT11=T11(I) 
AP11=P11(I) 
AT21=T21(I) 
AP21=P21(I) 
ATL = TL2d) 
CALL DG0TTA(AX,ATI1,AP11) 
CALL DGOTTA!AY,AT21,AP21) 
CALL DCRISS(AX,AY,AZ) 



CALL DCRISS(AZ,AX,AY) 
AYC=DCOS(ATL) 
AYS=DSIN(ATL) 
NTTT=NTOT(I) +1 
WRITE ( 6,27) 
WRITE (6,19) 
DO 205 J=1,NTTT 
J11=(J-1)*NSPACE(I) 
J11=J11+NSTART(I)-NAXIS( I) 
APR=J11*0.1/CAL 
APR=APR*PI/180.000 
AZC=DCOS(APR) 
AZS=DSIN(APR) 
DO 201 K=l,3 
AS(K)=AX(K)*AZC+AY(K)*AZS 

201 AW(K)=AS(K)*AYS+AZ(K)*AYC 
AXT=DARC0S(AW(3)) 
AXP=DATAN2(AW(2),AW(1)) 
XT=AXT 
XP=AXP 
IF (JJJJ.NE.O) CALL 01LERIEl,E2,E3,XT,XP,1) 
T=XT 
P=XP 
IF (LUMP .EQ. 0) GO TO 91 
IF (GAMMA .EO. 1.0) GO TO 91 
ST = DSIN(XT) 
CT = OCOS(XT) 
SP = OSIN(XP) 
CP = DCOS(XP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
AA = GAMMA*ST*DSQRT(ALPHA2»SP2+CP2) 
AB = ALPHA*CT 
CALL DFLOP(AA,AB,XTT) 
AA = ALPHA*SP 
CALL DFLOP(AA,CP,XPP) 
TT = XTT 
PR = XPP 
AA = ST*DS0RT(SP2 <• CP2*ALPHA2)/GAMMA 
CALL DFLOP(AA,CT,XTTT) 
AA=SP/ALPHA 
CALL DFLOP(AA,CP,XPPP) 
TTT = XTTT 
PPP = XPPP 
CALL HXPOLY(TT,PP,BE) 
CALL HXPOLY(TTT,PPP,B) 
Al = 0.0 
A2 = 0.0 
API = 0.0 
AR2 = O.C 
DO 93 K = l.KE 
Al = Al + C(K)*BE(K) 

93 ARl = ARl + 0(K)*B(K) 
TEMP = G2*ST2*(ALPHA2*SP2+CP2) + ALPHA2*CT2 
A2 = A1/DS0RT(TFMP) 
TEMP = ST2*(ALPHA2*CP2+SP2) * G2*CT2 
AR2 = ARl/TEMP 
IF (ARl .LT. 0) GO TO 94 
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TF (AR2 .LT. 0) GO TO 94 
GO TO 95 

94 API = DABS(ARl) 
AP2 = DABS(AR2) 
WRITE (6,11) 

95 CONTINUE 
AXT=AXT*18C.000/PI 
AXP=AXP*18r.0D0/PI 
J 0 = ( J - l ) * N S P A C E d ) » N S T A R T ( I ) 
A P I = D S O R T I A P I ) 
AP2 = DSQRT(AR2) 
WRITE ( 6 , 1 4 ) j n , A X T , A X P , A l , A R l , A 2 , A R 2 
W R I T E ( 1 0 , 4 1 ) J 0 , A X T , A X P , A 2 , A R 2 
TT=TT*180.0DO/PI 
p p = p p * 1 8 C . 0 O 0 / P I 
TTT=TTT*ieO.ODO/PI 
p p p = p p p « 1 8 0 . 0 0 0 / P I 

20C W R I T E I 1 C , 4 2 ) T T , P P , A 1 , T T T , P P P , A R 1 
2 0 5 CONTINUE 

GO TO 2 9 1 
9 1 CALL H X P O L Y ( T , P , B ) 

AREA = C O 
ARAD = 0 . 0 
0 0 ICC K = 1,KE 
AREA = AREA + C ( K ) * B ( K ) 

100 ARAD = ARAD + D ( K ) * B ( K ) 
A X T = A X T * 1 8 C . 0 0 0 / P I 
A X P = A X P * 1 8 0 . C D 0 / P I 
J 0 = ( J - 1 ) * N S P A C E ( I ) + N S T A R T ( I ) 
I F (LUMP . G T . 0 ) GO TO I C l 
AREA = 1.0/AREA 
IF (AREA .LT. O.C) AREA = C O 
AREA = DSQRT(ARFA) 
ARAD = O.C 
GO TO 102 

101 IF (ARAD .GE. O.C) GO TO 1C3 
WRITE (6,11) 
ARAC = OABS( ARAD) 

103 CONTINUE 
ARAD = OSQPT(ARAO) 

102 WRITF(6,1) JO,AXT.AXP,AREA,ARAD 
WRITE(1C,41) JO,AXT,AXP,AREA,ARAD 
GO TO 20 5 

291 CONTINUE 
139 NUT = C 
500 CONTINUE 

STOP 
END 

c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C * » 

C * 
C * 
C * NOM-SYMMFTPY PLANE ELECTRON SURFACE INVERSION * 

C • 
C * INVERSION OF ARFA DATA TO GIVE RA0IUS**2 

C * 
C * SYMMETRY GROUP: C6H * 



c * * 
c * * * * * * * * * < . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
c 
C INITIALIZATION 
C 

IMPLICIT REAL*S (A-E) 
RE»L*8 PI 
REAL*8 SP,CP,ST,CT,SP2,CP2,ST2,CT2 
REAL*8 XT.XP,XTT,XPP,XTTT,XPPP,TEMP 
REAL*4 ALPHA,ALPHA2,GAMMA,G2,El,F2,E3 
DIMENSION NAM(91),SYM(91,16) 
DIMENSION A(91,91),B(91),BE(91),C(91),D(91) 
DIMENSION Tl(10),T2(10),Pl(!0),P2d0) 
DIMENSION NLd0),NTd0),NZ(10),ZZ(10),TL(10) 
DIMENSION IN(6C0,10),R(600,10) 
DIMENSION NCODE(600,10) 
DIMENSION TltLE(20) 
DIMENSION BC(91) 
DIMENSI0NTll(10),T21(10),Plld0),P21(10),TL2(10) 
DIMENSION NTOTdO) ,NSPACF( 10) 
DIMENSION NSTART(10),NAXIS(10) 
DIMENSION AX(3), AY(3), AZ(3), AS(3),AW(3) 
C O M M O N / L I M I T / M I C N I T . B C , L N I T 
COMMON/ANGLE/T1,T2,P1,P2 
COMMCN/0RIFNT/NT,NL,NZ,TL 
COMMON/INTO/IN,R 
CO<«MnN/WORK/BE,B,C 
COMMON/OVER/A,N 
C0«1M0N/KUBE/NAM,SYM,KE,KLN 
C0MM0N/CAPRY/NUT,LUMP,ALPHA,ALPHA2, GAMMA,G2,E1,E2,E3,JJJJ 
COMMON/ROTATE/NCODE 
EXTERNAL C6P0LY 

1 FORMAT!lX,I4,7X,F10.5,4X,FlC.5,3eX,2D17.8) 
2 FORMAT (F1C.4) 
3 FORMAT (15) 
4 F0RMAT(15X,I5,F1C.6,I4X,I1) 
5 FORMAT (IHl, 'PLANE',7X,'ZZ',1CX,'THETAd)',7X,'PHI(1)', 

$ 7X,•THETA(2)•,7X,•PHI(2)',6X,'C0NE ANGLE',6X,'# POINTS', 
S 4X,'NLOW',5X,'NZER0') 

6 FORMAT (/2X,I2,2X,6(4X,F10.6),7X,I5,6X,I5,5X,I5) 
7 FORMAT (IHl,5X,-THE FIT INCLUDES TERMS TO ORDER L =', 

$ 13//' THE TOTAL NUMBER OF HARMONICS IS',13////) 
8 FORMAT (///9X,' # ' ,5X , 'J• , 8X,'AREA' ,11X,'RADIUS**2'/21X, 

$ ' COEFFICIENTS',5X,'COEFFICIENTS'/) 
9 FORMAT (5X,2I6,2E17.6) 
10 FORMAT dCX, I4,F17.6) 
11 FORMAT (///lOX,' RADIUS**2 IS NEGATIVE.'/) 

12 FORMAT(///4X,'PL ANE',7X,'THETA(1)',5X,'PHI (1)',7X,'THETAl2 ) ' ,7X, 
£ •PHI(2)',6X,'C0NE ANGLE',5X,'« POI NTS',5X,'SPACING',5X,'START' 
£,6X,'AXIS') 

13 FORMAT (IHl) 
14 FORMAT (1X,I4,7X,F1C.5,4X,F10.5,4X,4D17.R) 
16 FORMAT (///15X,' ELLIPSOIDAL TRANSFORMATION USED.'/) 
17 FORMAT (1H1,////4CX,' SYMMETRY GROUP C6H'// 

* • ',KX,20A4) 
18 FCRMAT(///15X,' 1/APEA**2 FIT.'/) 

19 FORMAT(/IX,' ANGLE',PX, •THFTA ' , 1 OX , ' PHI',15X,'ARFA',12X,'RAOI U S', 
£12X,'AREA',12X,'RADIUS') 

23 FOBMAT (20A4) 
24 FORMAT (/5X,I3,3X,5(4X,F1C.6),5X,I5,7X,I5,6X,I5,5X,I5) 
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27 F0RMAT(//1X,'ROTOR',13X,'LAB SYSTEM',19X,'TRANSFORMED SYSTEM',20X, 

£ 'LAP SYSTEM') 
41 F0RMAT(I5,2F10.5,2D17.B,21X) 
42 FORMAT(2F10.5,D17.8,2F10.5,017.8,6X1 
43 F0RMAT(//5X,'THE FIT INVOLVES TFPMS DIVIDED AT L=',I3, 

E' CORRESPONDING TO',14,' HARMONICS') 
44 F0RMAT(//5X,'THE NUMBER OF ITERATIONS IS',12, 

£• STARTING FROM THE ITERATION NUMBER',12) 
PI = 3.141592653589703 
NUT = 0 

C 
C READ DATA 
C 

CALL COMSET 
READ (5,23) (TITLE!I),1=1,20) 
WRITF (6,17) (TITLEd ),1 = 1,20) 
READ (5,3) LMIN,LMAX 
READ (5,3) LUMP 
REAC (5,2) GAMMA 
ALPHA=1.0D0 
READ (5,3) LMID,LNIT,NIT 
MID=LT0M(LMI0,3) 
WRITE (6,43) LMID,MID 
WPITE(6,44) NIT,LNIT 
REA0I5,3) NINIT 
KLN=MT0L(NINIT,3) 
KF=NINIT 
T=C.C 
P=O.C 

CALL C6P0LY(T,P,B) 
CALL COET(BE) 
DO 25 I = 1,NINIT 
READ (5,10) II,BCd) 
B C d ) = BC(I)*BE( I)*PI 
WRITE (6,10) I,BCd) • 

25 CONTINUE 
NUT = C 
El = C O 
F2 = C.'0DC 
E3 = 0.0 
READ (5,2) CAL 
CAL = 1.0/CAL 
READ (9,3) NUM 
WRITE (^,5) 
DO 20 I = 1,NUM 
REAC (9,2) Z Z d ) 
READ (9,2) Tl( I) ,Pld ) 
READ (9,2) T2(I),P2(I)»TL(I) 
READ (9,3) NT(I),NL(I),NZ(I) 
WRITE (6,6) I,ZZ(I),T1(I),P1(I),T2II),P2(I).TL(1), 
$ N T d ),NLd ),NZd ) 

RE AD" (5,4) I INI J,d,P(J,l ),NC0DE(J,1 ),J=1,NTI) 
T l d ) = Tl( I ) * PI/18C.0D0 
T2( I ) = T2(I) * PI/IPO.CDO 
P l d ) = Pld ) * PI/IRO.CDO 
P 2 d ) = P2d ) * PI/IRO.OOO 
DO 20 J = 1,NTI 

20 R(J,I) = R(J,II - ? Z < " 
REAC (5,3) NUMB 



IF (NUMB.EQ.O) GO TO 2B9 
WRITE (6,12) 
DO 290 1=1,NUMB 
REAC (5,2) Till I), Plld) 
RFAD (5,2) T21(I), P21(I), TL2II) 
READ !5,3) NTOT!I),NSPACE(I),NSTART(I),NAXIS(I) 
WRITE (6,24) I,TIKI), Plld), T21(I),P21(I),TL2d),NTOT(I) 
£ , NSPACEd ),NSTARTd),NAXIS(I) 
TIK n = Tll(I )*PI/18C.000 
T21d )=T21( I)*PI/18C.0DC 
PIK I) = Pll(l)*PI/iaO.ODC 
P2K I) = P21(I )*RI/18C.0DC 

290 TL2d )=TL2( I )*PI/18C.0DC 
289 CONTINUE 

G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA * ALPHA 
JJJJ = 0 
IF (El .NE. 0.0) JJJJ = 1 
IF (E2 .NE. 0.3) JJJJ = 1 
IF (E3 .NE. 0.0) JJJJ = 1 

C 
C HARMONIC DP LOOP 
C 

IF (LMAX .LT. LMIN) LMAX = LMIN 
DO 500 LNC = LMIN,LMAX,2 
nELTA=LNC-LMIN 
KIN = LNC 
NC = LT0M(LNC,3) 
KE = NC 
N = KE 
MID=LT0M(LMID,3) 
IF (MID.GE.KF) MIO=KE 
WRITE (6,7) KLN,KE 
DO 21 I = 1,91 
Bd) = 0. 
C d ) = C. 
Dd) = 0. 
DO 21 J = 1,91 

21 A( I,J) = 0.0 
C 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLSO(NUM,KE,CAL,DELTA,C6P0LY,1) 
C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COET(BE) 
WRITE (6,13) 
IF (LUMP .EQ. 0) WRITE (6,18) 
IF (GAMMA .NE. 1.0) WRITE (6,16) 
WRITF (6,8) 
DO 22 I = 1,KE 
Dd) = Cd )/!PI * BFI I) ) 
WRITE!6,9) I.NAMd ),Cd) ,D( I) 

22 WRITE (7,1C) I,D(I) 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANCLES. 
C 

IF (LUMP .EQ. 0) WRITE (6,18) 
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WRITE ( 6 , 1 ? ) 
I F ( N U M B . E Q . O ) GO TO 1 3 9 
DO 2 9 1 1=1 ,NUMB 
A T 1 1 = T 1 1 ( I ) 
AP11 = P 1 1 ( I ) 
A T 2 I = T 2 K I ) 
A P 2 I = P 2 K I ) 
A T L = T L 2 ( I ) 
CALL D G O T T A I A X , A T 1 1 , A P 1 1 ) 
CALL 0 G O T T A ( A Y , A T 2 1 , A P 2 1 ) 
CALL D C R I S S ( A X , A Y , A Z ) 
CALL D C R I S S ( A Z , A X , A Y ) 
AYC=DCOS(ATL) 
A Y S = D S I N ( A T L ) 
N T T T = N T O T ( I ) + 1 
WRITE ( 6 , 2 7 ) 

WRITF ( 6 , 1 9 ) 
DO 2 0 5 J = 1 , N T T T 
J 1 1 = ( J - 1 ) * N S P A C E ( I ) 
J 1 1 = J 1 1 + N S T A R T ( I ) - N A X I S ( I ) 
A P R = J 1 1 * 0 . 1 / C A L 
A P R = A P R » P I / 1 8 0 . 0 D 0 
AZC = OCOS(APR) 
A Z S = D S I N ( A P R ) 
DO 2 0 1 K = l , 3 
A S ( K ) = A X ( K ) * A Z C t A Y ( K ) * A Z S 

2 0 1 A W ( K ) = A S ( K ) * A Y S + A Z ( K ) * A Y C 

A X T = D A R C 0 S ( A W ( 3 ) ) 
A X P = O A T A N 2 ( A W ( 2 ) , A W ( 1 ) ) 
XT=AXT 
XP=AXP 
I F ( J J J J . N E . O ) CALL 0 I L E R ( E 1 , E 2 , E 3 , X T , X P , 1 ) 

T=XT 
P=XP 
I F (LUMP . E O . 0 ) GO TO 9 1 
I F (GAMMA . E O . 1 . 0 ) GO TO 9 1 
ST = D S I N ( X T ) 
CT = O C O S I X T ) 
SP = D S I N ! X P ) 
CP = DCOS(XP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
AA = G A M M A * S T * D S Q R T ( A L P H A 2 * S P 2 + C P 2 ) 
AB = ALPHA*CT 
CALL D F L O P ( A A , A B , X T T ) 
AA = ALPHA*SP 
CALL D F L O P ( A A , C P , X P P ) 

TT = XTT 
PP = XPP 
AA = S T * 0 S 0 R T ( S P 2 + CP2»ALPHA2) /GAMMA 
CALL D F L O P ( A A , C T , X T T T ) 
AA=SP/ALPHA 
CALL D F L O P ( A ' A , C P , X P P P ) 

TTT = XTTT 
PPP = XPPP 
CALL C6P0LY(TT,PP,BE) 
CALL C6P0LY(TTT,PPP,B» 
Al = 0.0 



A2 = 0.0 
ARl = 0.0 
AR2 = 0.0 
DO 93 K = 1,KE 
Al = Al + C(K)*BE(K) 

93 ARl = ARl + D(K)*B(K) 
TEMP = G2*ST2*(ALPHA2*SP2*CP2) • ALPHA2*CT2 
A2 = A1/DSQRT(TEMP) 
TEMP = ST2*!ALPHA2*CP2+SP2) • G2*CT2 
AR2 = ARl/TEMP 
IF (ARl .LT. 0) GO TO 94 
IF (AR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = DABS(ARl) 
AR2 = DABS(AR2) 
WRITE (6,11) 

95 CONTINUE 
AXT=AXT*18C.0D0/PI 
AXP=AXP*18i^.0D0/PI 
J 0 = ( J - 1 ) * N S P A C E ( D t N S T A R T d ) 
A R l = D S O R T ( A R l ) 
AR2 = DSQRT(AR2) 
WRITE ( 6 , 1 4 ) J 0 , A X T , A X P , A 1 , A R 1 , A 2 , A R 2 
W R I T E ( 1 0 , 4 1 ) J 0 , A X T , A X P , A 2 , A R 2 
T T = T T * 1 8 0 . C D 0 / P I 
p p = p p « 1 8 0 . 0 0 C / P I 
T T T = T T T * 1 8 0 . 0 D O / P I 
P P P = P P P * 1 8 C . 0 D 0 / P I 

2 0 0 W R I T E I 1 0 , 4 2 ) T T , P P , A 1 , T T T , P P P , A R 1 
205 CONTINUE 

GO TO 2 9 1 
91 CALL C 6 P 0 L Y ( T , P , B ) 

AREA = 0 . 0 
ARAD = C O 
DO 100 K = 1 ,KE 
AREA = AREA • C ( K ) * B ( K ) 

100 ARAD = ARAD <• D ( K ) * P ( K ) 
AXT=AXT«18C.0D0/PI 
AXP=AXP*18C.000/PI 
J0=( J-l)*NSPACEd)+NSTART(I ) 
IF (LUMP .GT. 0) GO TO 101 
AREA = 1 . 0 / A R E A 
I F (AREA . L T . 0 . 0 ) AREA = C O 
AREA = DSQPT(AREA) 
ARAC = C O 
GO TO 1C2 

ICl IF (ARAD .GE. O.C) GO TO 103 
WRITE (6,11) 
ARAD = DABS(APAD) 

103 CONTINUE 
ARAC = DSQRTIARAD) 

102 WRITE(6,1) JO,AXT,AXP,AREA,ARAC 
WRITEI10,41) JO,A XT,AXP,ARE A,ARAD 
GO TO 205 

291 CONTINUE 
139 NUT = C 
500 CONTINUE 

STOP 
END 
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C «<,»»»«<,»»»••#•*««*•**»***»****•*«******•**•**»**»********************* 
C * * 
C * J l l ' ' * 

* 

c * 
C * SYMMETRY GROUP: P3D 

C * 

<^ * 
C * NON-SYMMFTPY PLANE ELECTRON SURFACE INVERSION * 
C * 
C * I N V E R S I O N OF ARFA DATA TO GIVE R A D I U S * * 2 * 

* 
C • * 
C tift^tt If tt* ************************************************ ************ 

C 
C INITIALIZATION 
C 

IMPLICIT REAL*8 (A-E) 
RE»L»8 PI 
REAL*8 SP,rP,ST,CT,SP2,CP2,ST2,CT2 
REAL*8 XT,XP,XTT,XPP,XTTT,XPPP,TEMP 
REAL*4 ALPHA,ALPHA2,GAMMA,G2,E1,E2,E3 
DIMENSION NAM(91),SYM(01,16) 
DIMENSION A(91,91),P(91),PE(91),C(91),D(91) 
DIMENSION T l d O ) ,T2d0),Pl( 10) ,P2(10) 
DIMENSION NL(10),NT(10),NZ(10),ZZ(10),TLdO) 
DIMENSION IN(600,10),R(600,10) 
DIMENSION NCODE(600,1C) 
DIMENSION TITLE(20) 
DIMENSION BC(91) 
DIMENSION Til(10),T21(10),P11(10),P21(10),TL2( 10) 
DIMENSION NTOTdO) ,NSPACFdO) 
DIMENSION NSTART!10),NAXISI10) 
DIMENSION AXI3), AYI3), AZ(3), AS(3),AW(3) 
C 0 M M 0 N / L 1 M I T / M I D , N I T , B C , L N I T 
COMMON/ANGLE/T1,T2,P1,P2 
COMMON/OPIENT/NT,NL,NZ,TL 
COMMON/INTO/IN,P 
coMMrN/woRK/eF,6,c 
COMMON/OVEP/A.N 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,ALPHA2,GAMMA,G2,E1,E2,E3, JJJJ 
COMMON/ROTATF/NCODE 
EXTERNAL D3P0LY 

1 FORMATI IX, I4,7X,F10.5,4X,FlC5,3flX,2D17.8) 
2 FORMAT (F1C4) 
3 FORMAT (15) 
4 F0P"AT(15X,I5,F1C.6,14X,I1) 
5 FORMAT (IHl,'PLANE',7X,'ZZ',lCX,'THETA(l)',7X,'PHId)', 

t 7X,'THETA(2)',7X,'PHI(2)',6X,'C0NE ANGLE',5X,'# POINTS', 
t 4X,'NL0W',5X,'r7EP0') 

6 FORMAT (/2X,I2,2X,6(4X,F1C.6),7X,I5,6X,I5,5X,I5) 
7 FORMAT (IHl,5X,'THE FIT INCLUDES TERMS TO ORDER L =', 

$ 13//' THE TOTAl NUMBER OF HARMONICS IS',13////) 
8 FORMAT (///9X,'. #',5X,'J',PX,'AREA',11X,'PADIUS**?'/21X, 

$ • COEFFICIENTS',5X,'COEFFICIENTS'/) 
9 FORMAT (5X,2If,?F17.() 
10 FORMAT d O X , I4,E17.6) 
11 FORMAT (///KX,' PADIUS**2 IS NEGATIVE.'/) 

12 FORMAT(///4X,'"LANF',7X,'THETA(1)',5X,'PHI(1)',7X,'THETA! 2 ) ' , 7X, 
£ •PHI(2)',6X,'C0NF ANGLE',5X,'# POINTS',5X,'SPACING',5X,'START' 



£,6X, 'AXIS' ) 
13 FORMAT (IHl) 
14 FORMAT ( 1X,I4,7X,F1C5,4X,F10.5,4X,4D17.8) 
16 FORMAT Uf/l'iy^,' ELLIPSOIDAL TRANSFORMATION USED.'/) 
17 FORMAT (1H1,////40X,' SYMMETRY GROUP D3D'// 

$ ' •,1CX,20A4) 
18 F0RMAT(///15X,' 1/AREA**2 FIT.'/) 
19 FORMAT(/I X,'ANGLE',ex,'THETA', lOX,'PHI',15X,'AREA',12X,'RADIUS', 

£12X,'AREA',12X,-RADIUS') 
23 FORMAT (20A4) 
24 FORMAT (/5X,I3,3X,5(4X,F10.6),5X,I5,7X,I5,6X,I5,5X,15) 
27 F0RMAT(//1X,'ROTOR',13X,'LAB SYSTEM',19X,'TRANSFORMED SYSTEM' ,20X, 

£ -LAB SYSTEM-) 
41 FORMATd5 ,2F lC .5 ,2017 .8 ,21X ) 
42 FORMAT(2F1C.5,017.8,2F1C5,017.8,6X) 
43 F0RMAT(//5X,-THE FIT INVOLVES TERMS DIVIDED AT L='.I3, 

£• CORRESPONDING TO',14,• HARMONICS') 
44 F0RMAT(//5X, 'THE NUMBER OF ITERATIONS IS',12, 

£' STARTING FROM THE ITERATION NUMBER',12) 
PI = 3.141592653589793 
NUT = C 

C 
C READ DATA 
C 

CALL COMSET 
READ (5,23) (TITLE(I),1=1,20) 
WRITE (6,17) (TITLEd ) ,1 = 1,201 
READ (5,3) LMIN,LMAX 
READ (5,3) LUMP 
READ (5,2) GAMMA 
ALPHA=1.0D0 
READ (5,3) LMIO,LNIT,NIT 
MID=LT0M(LMID,4) 
WRITE (6,43) LMID,MID 
WRITE(6,44) NIT,LNIT 
READ(5,3) NINIT 
KLN=MT0L(NINIT,4) 
KE=NINIT 
T = 0.C 
P = 0.0 
CALL 03P0LY(T,P,fl) 
CALL COET(PE) 
DO 25 I = 1,NINIT 
READ (5,10) II,BC( I ) 
BCd) = BCd )*BE( I)*PI 
WRITE (5,1C) I,BCd) 

25 CONTINUE 
NUT=0 
El = 0.0 
F2=0.ODO 
E3 = C O 
READ (5,2) CAL 
CAL = 1.0/CAL 
READ (9,3) NUM 
WRITE (6,5) 
DO 20 I = l.NUM 
READ (9,2) ZZd) 
READ 19,2) Tl( I),Pld ) 
READ (9,2) T2(I),P2(I),TL(I) 
READ (9,3) NT(I),NL(I),NZd) 
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WRITE ( 5 , 5 ) l , 7 Z ! I ) , T l ( I ) , P l d ) . T 2 ( I ) , P 2 ( n , T L d ) , 
$ N T d ) , N L ( I ) , N Z d ) 

NTI = N T d ) . , . , 
READ ( 5 , 4 ) ( I N ( J , I ) , R ( J , n , N C O D E ( J , I ) , J = 1 , N T I ) 
T K I ) = T l d ) * P I / 1 8 0 . 0 D 0 
T 2 ( I ) = T 2 ( I ) * P I /180 .CDO 
P K I ) = P l d ) * P I / l f l C C D O 
P 2 ( I ) = P 2 ( I ) * P I / 1 8 C 0 D 0 
DO 20 J = 1,NTI 

2C R ( J , I ) = R ( J , I ) - ZZ( I ) 
READ ( 5 , 3 ) NUMB 
IF (NUMB.EQ.O) GO TO 289 
WRITE ( 6 , 1 2 ) 
DO 290 1 = 1,NUMB 
READ ( 5 , 2 ) T I K I ) , P l l d ) 
READ ( 5 , 2 ) T 2 K I ) , P2 1 d ) , T L 2 ( I ) 
READ ( 5 , 3 ) N T O T d ) , N S P A C E d ) , N S T A R T d ) , N A X I S n „ T _ - , , , 
WRITF ( 6 , 2 4 ) I , T l l d ) , P l l d ) , T 2 1 ( I ) , P 2 1 d ) , T L 2 d ) , N T O T d ) 

£ , N S P A C E d ) , N S T A R T d ) , N A X I S d ) 
T l K I ) = T l l d ) * P I / 1 8 C . 0 0 0 
T21( I ) = T 2 1 d ) * P I / 1 8 C . C D C 
P l l d ) = P l l d ) * P I / 1 8 0 . C D 0 
P21(I)=P21(I)*PI/18C.0DC 

290 TL2(I)=TL2(I)*PI/18C.0Dr 
289 CONTINUE 

G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA * ALPHA 
JJJJ = 0 
IF (El .NE. C O ) JJJJ = 1 
IF (E2 .NE. 0.0) JJJJ = 1 
IF (F3 .NE. 0.0) JJJJ = 1 

C 
C HARMONIC DO LOOP 

IF (LMAX .LT. LMIN) LMAX = LMIN 
DO 5C0 LNC = LMIN,LMAX,2 
DELTA=LNC-LMIN 
KLN = LNC 
NC = LT0M!LNC,4) 
KE = NC 
N = KE 
MID=LT0M(LMID,4) 
IF (MID.GE.KF) MID=KE 
WRITE (6,7) KLN,KE 
DO 21 I = 1,°1 
B I D = 0. 
C d ) = C 
D( I) = 0. 
DO 21 J = 1,91 

21 A! I ,J) = C O 
C 
C LEAST SQUARE FIT OF DATA. 

C 

c 

CALL KLS0(NUM,KE,CAL,DELTA,D3P0LY,1) 

C INVERSION OF FITTING COEFFICIENTS. 

CALL COET(BE) 
WRITE (6,13) 
IF (LUMP .EC 0) WRITE (6,IB) 



IF (GAMMA .NF. 1.0) WRITE (6,16) 
WRITE (6,3) 
DO 2? I = 1,KE 
D( I) = Cd)/(PI * BE( I)) 
WRITE(6,9) I,NAM!I),C!I),D( I) 

22 WRITE (7,10) I,D(I) 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

IF (LUMP .EO. 0) WRITE (6,18) 
WRITE (6,13) 
IF (NUMB.EQ.O) GO TO 139 
DO 291 1=1,NUMB 
AT11=T11(I) 
AP11=P11(I) 
AT21 = T21( I) 
AP21=P21(I) 
ATL=TL2(I) 
CALL DGOTTA(AX,Aiii,APll) 
CALL DGOTTA(AY,AT21,AP21) 
CALL DCRISS(AX,AY,AZ) 
CALL DCRISS(AZ,AX,AY) 
AYC=DCOS(ATL) 
AYS=0SIN(ATL) 
NTTT=NTOTd) +1 
WRITE ( 6,27) 
WRITF (6,1°) 
DO 205 J=1,NTTT 
J11=(J-1)*NSPACE( I) 
Jll=JlH-NSTARTd)-NAXIS( I ) 
APR=J11*0.1/CAL 
APR=APR*PI/18O.0D0 
AZC=DCOS(APR) 
AZS=DSIN(APR) 
DO 201 K=l,3 
AS(K)=AX(K)*AZC+AY(K)*AZS 

201 AW(K)=AS(K)*AYS*AZ(K)*AYC 
AXT=DARC0S(AW(3)) 
AXP=DATAN2(AW(2),AW(1)) 
XT=AXT 
XP=AXP 
IF (JJJJ.NE.O) CALL OILER(El,E2,E3,XT,XP,1) 
T=XT 
P=XP 
IF (LUMP .EQ. 0) GO TO 91 
IF (GAMMA .EO. 1.0) GO TO 91 
ST = DSIN(XT) 
CT = DCOS(XT) 
SP = DSIN(XP) 
CP = DCOS(XP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
AA = GAMMA*ST*DSQRT!ALPHA2*SP2*CP2) 
AB = ALPHA*CT 
CALL DFLOP(AA,AB,XTT) 
AA = ALPHA*SP 
CALL DFLOP(AA,CP,XPP) 
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TT = XTT 
PP = XPP 
AA = ST*0S0RT(SP2 • CP2*ALPHA2)/GAMMA 
CALL DFLOP(AA,CT,XTTT) 
AA=SP/ALPHA 
CALL O F L O P ( A A , C P , X P P P ) 
TTT = XTTT 
PPP = XPPP 
CALL 0 3 P 0 L Y ( T T , P P , B F ) 
CALL D 3 P 0 L Y ( T T T , P P P , B ) 
A l = 0 . 0 
A2 = C O 
A R l = C O 
AR2 = C O 
DO 9 3 K = 1 ,KE 
A l = A l + C ( K ) * B E ( K ) 

9 3 ARl = ARl • D ( K ) * B ( K ) 
TEMP = G 2 * S T 2 * ( A L P H A 2 * S P 2 * C P 2 ) + ALPHA2*CT2 
A2 = A 1 / D S 0 R T ( T E M P ) 
TEMP = S T 2 * ( A L P H A 2 * C P 2 + S P 2 ) + G 2 * C T 2 
AR2 = A R l / T E M P 
I F ( A R l . L T . 0 ) GO TO 94 
I F (AR2 . L T . 0 ) GO TO 9 4 
GO TO 95 

94 A P I = D A B S ( A R l ) 
AR2 = D A B S ( A R 2 ) 
WRITE ( 6 , 1 1 ) 

95 CONTINUE 
A X T = A X T * 1 8 0 . 0 D 0 / P I 
A X P = A X P * 1 8 0 . 0 D O / P I 
J 0 = ( J - 1 ) * N S P A C E ( I ) + N S T A R T d ) 
A R l = D S Q R T I A R l ) 
AR2 = DSQRT(AR2) 
WRITE 1 6 , 1 4 ) J 0 , A X T , A X P , A 1 , A R 1 , A 2 , A R 2 
W R I T E ( 1 0 , 4 1 ) J O , A X T , A X P , A 2 , A R 2 
T T = T T * 1 8 0 . 0 D 0 / P I 
p p = p p » 1 8 0 . 0 D 0 / P I 
T T T = T T T * 1 8 C 0 D 0 / P I 
p p p = p p p * 1 8 C . 0 D 0 / P I 

2 0 0 W R I T E ( 1 0 , 4 2 ) T T , P P , A 1 , T T T , P P P , A R 1 

2 0 5 CONTINUE 
GO TO 2 9 1 

9 1 CALL D 3 P 0 L Y ( T , P , B ) 
AREA = C O 
ARAD = 0 . 0 
DO 100 K = 1 ,KE 
AREA = AREA * C ( K ) * e ( K ) 

100 ARAD = ARAD •• D ( K ) « B ( K ) 
AXT = A X T * 1 8 C O D 0 / P I 
A X P = A X P * 1 8 0 . 0 D 0 / P I 
J 0 = ( J - 1 ) * N 5 P A C E ( I ) + N S T A R T ! I ) 
I F (LUMP . G T . 0 ) GO TO I d 
AREA = 1 . 0 / A R F A 
I F (AREA . L T , C O ) AREA = C O 
AREA = DSQPT(AREA) 
ARAD = C O 
GO TO l 0 2 

j O i I F (ARAO . G E . O . C ) CO TO 1C3 
WRITE ( 6 , 1 1 ) 
ARAD = OARS(ARAD) 



103 CONTINUE 
ARAD = DSQPTIARAD) 

102 WPITE(6,1) JO,AXT,AXP,AREA,ARAC 
WRITEI 10,41) JO,A XT,AXP,AREA,ARAO 
GO TO 205 

291 CONTINUE 
139 NUT = C 
500 CONTINUE 

STOP 
END 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C • * 
C * J 1 1 5 • 
C * * 
C * * 
C * NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION * 
C * * 
C * INVERSION OF AREA DATA TO GIVE R A 0 I U S * * 2 * 
C * * 
C * SYMMETRY GROUP: S6 * 
C * * 
C ********************************************************************** 
c 
C INITIALIZATION 
C 

IMPLICIT REAL*8 (A-E) 
REAL*8 PI 
PEAL*a SP,rP,ST,CT,SP2,CP2,ST2,CT2 
REAL*8 XT,XP,XTT,XPP,XTTT,XPPP,TEMP 
R E A L * 4 A L P H A , A L P H A 2 , G A M M A , G 2 , E 1 , E 2 , E 3 
DIMENSION NAM(91),SYM(91,16) 
DIMENSION A{91,91),B(91),BF(91),C(91),D(91) 
DIMENSION TldO) ,T2(10) ,P1( 10),P2(10) 
DIMENSION NL(10),NT(10),NZ(10),ZZdO),TLdO) 
DIMENSION IN(600,1C),R(600,10) 
DIMENSION NCOnE(6C0,10) 
DIMENSION TITLE(20) 
DIMENSION B C ( 9 1 ) 
DIMENSION T I K I O ) , T 2 1 ! 1 0 ) , P U ( 1 0 ) , P 2 1 ( 1 0 ) , T L 2 ( 1 0 ) 
DIMENSION N T O T d O ) , N S P A C F ( 1 0 ) 
DIMENSION N S T A R T ( I O ) , N A X I S I 1 0 ) 
DIMENSION A X I 3 ) , A Y ! 3 ) , A Z ( 3 ) , A S ( 3 ) , A W « 3 ) 
COMMON/LIMIT/MID,NIT,BC ,LNIT 
C0MM0N/ANGLE/T1,T2,P1,P2 
COMMON/OR I ENT/NT,NL,NZ,TL 
COMMCN/INTO/IN,R 
COMMON/WQRK/BE,B,C 
COMMON/OVER/A,N 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,ALPHA2,GAMMA,G2,El,E2,E3,JJJJ 
CO«MON/ROTATE/NCODF 
EXTERNAL S5P0LY 

1 F0RMAT(1X,I4,7X,F10.5,4X,F1C5,3 8X,2D17.8) 
2 FORMAT (F10.4) 
3 FORMAT (15) 
4 F0RMAT(15X,I5,F10.6,14X,II) 
5 FORMAT (IHl,'PLANE',7X,<ZZ',1CX,'THETAd)',7X,'PHId)', 

i 7'<,*THETA(2)',7X,'PHI(2)',6X,'C0NE ANGLE',6X,'# POINTS', 
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$ 4X,'NL0W',5X,'NZER0' ) 
6 FORMAT !/2X, I2,2X,6(4X,F10.6),7X,I5,6X,I5,5X,I5) 
7 FORMAT (IHl,5X,'THE FIT INCLUDES TERMS TO ORDER L =', 

» 13//' THE TOTAL NUMBER OF HARMONICS IS',13////) 
8 FORMAT (///9X,' W•,5X , 'J' , 8X,'AREA',11X,'RADIUS**2'/21X, 

t ' COEFFICIENTS',5X,'COEFFICIENTS'/) 
9 FORMAT (5X,2I6,2E17.6) 
10 FORMAT d O X , I4,F17.6) 
11 FORMAT !///10X,' RADIUS**2 IS NEGATIVE.•/) 

12 FORMAT(///4X,'PLANE',7X,'THETA(1)',5X,'PHI(1)',7X,'THETA(2)',7X, 
C 'PHI(2)',6X,'C0NE ANGLE',5X,'# POINTS',5X,'SPACING',5X,'START' 
£,6X, 'AXI S' ) 

13 FORMAT (IHl) 
14 FORMAT dX,I4,7X,FlC5,4X,F10.5,4X,4D17.8) 
16 FORMAT (///15X,' ELLIPSOIDAL TRANSFORMATION USED.'/) 
17 FORMAT I1H1,////4CX,' SYMMETRY GROUP S6(C3I)'// 

$ ' ',10X,20A4) 
18 F0RMAT!///15X,- 1/AREA»*2 FIT.-/) 

19 FORMAT(/IX,'ANGLE',8X,'THETA',lOX,'PHI',15X,'AREA',12X,'RADIUS', 
£12X,'ARFA',12X,'RADIUS') 

23 FORMAT (20A4) 
24 FORMAT !/5X, I3,3X,5!4X,F1C6),5X,I5,7X,I5,6X,I5,5X,I5) 
27 F0RMATI//1X,'ROTOR',13X,'LAB SYSTEM',19X,'TRANSFORMED SYSTEM',20X, 

£ 'LAB SYSTEM' ) 
41 FORMAT(I5,2F10.5,2D17.8,21X) 
42 FORMAT(2F10.5,D17.8,2F10.5,D17.S,6X) 
43 F0RMAT(//5X,'THE FIT INVOLVES TERMS DIVIDED AT L=',I3, 

£' CORRESPONDING TO',14,' HARMONICS') 
44 F0RMAT(//5X,'THE NUMBER OF ITERATIONS IS',12, 

£• STARTING FROM THE ITERATION NUMBER',12) 
PI = 3.141592653589793 
NUT = 0 

C 
C RFAD DATA 
C 

CALL COMSET 
READ (5,23) (TITLE!I),1=1,20) 
WRITE (6,17) (TIJLEd ),1 = 1,20) 
READ 15,3) LMIN,LMAX 
READ 15,3) LUMP 
READ 15,2) GAMMA 
ALPHA=1.0DC 
READ (5,3) LMID,LNIT,NIT 
MID=LT0M!LMID,5) 
WRITE !6,43) LMID,MID 
WRITE(6,44) NIT,LNIT 
RE AD(5,3) NINIT 
KLN=MT0L(N1NIT,5) 
KE=NINIT 
T = C O 
P = C.C 
CALL S6P0LY|T,P,B) 
CALL COETIBE) 
DO 25 I = 1,NINIT 
READ 15,10) I I,BCd ) 
BC! I ) = B C d )*BF! I )*PI 
WRITE 16,IC) I,PCI I) 

25 CONTINUE 
NUT = 0 
El = 0.0 



E2 = C0D0 
E3 = C O 
REAC (5,2) CAL 
CAL = 1.0/CAL 
READ (9,3) NUM 
WRITE (6,5) 
DO 20 I = 1,NUM 
RFAD (9,2) ZZd) 
READ (9,2) Tld),Pld ) 
READ (9,2) T2(I),P2(I ),TLd) 
READ (9,3) NT(I),NL(I),NZ(I) 
WRITE (6,6) I,ZZ(I),Tld),Pld).T2(I),P2(ntTL(II. 

t NTII),NL(I),NZ(I ) 
NT! = NTd ) 
READ (5,4) (INIJ,I),R!J,I),NCOOE(J,I).J=1,NTI) 

T l d ) = 
T 2 ( I ) = 
P l d ) = 
P 2 ( I ) = 
DO 20 J 
R ( J , I ) = 

T l d ) * 
T 2 ( I ) * 
P l d ) * 
P 2 ( I ) * 
= 1,NTI 

= R I J , I ) 

P I / 1 8 C . 0 0 0 
PI/ISO.ODO 
PI/lf lO.CDO 
PI/180 .ODO 

- Z Z d ) 20 
READ (5,3) NUMB 
IF (NUMB.EQ.O) GO TO 289 
WRITF (6,12) 
DO 290 1=1,NUMB 
RFAD (5,2) Tlld), Plld) 
READ (5,2) T21(I), P21( I ) < TL2(I) 
READ (5,3) NTOTd ),NSPACEd),NSTARTd),NAXISd ) 
WRITF (6,24) I,Tlld), Plld), T21(I),P2l(I),TL2d),NTOTd) 
£ , NSPACEd),NSTARTd ),NAXISd) 
Til! I)=T1K I )*PI/18C.0DC 
T21d )=T21!I )*PI/18C.0DO 
P11!I)=P11(I)*PI/18C.0DC 
P21(I )=P21d )*PI/18C.0D0 

290 TL2(I)=TL2(I)*PI/18C.0DC 
289 CONTINUE 

G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA * ALPHA 
JJJJ = 0 
IF (El .NE. C O ) JJJJ = 1 
IF (E2 .NE. C O ) JJJJ = 1 
IF (F3 .NE. 0.0) JJJJ = 1 

C 
C HARMONIC DO LOOP 
C 

IF (LMAX .LT. LMIN) LMAX = LMIN 
00 500 LNC = LMIN,LMAX,2 
DELTA=LNC-LMIN 
KLN = LNC 
NC = LT0M(LNC,5) 
KE = NC 
N = KE 
MID=LT0M(LMID,5) 
IF (MIO.GE.KE) MID=KE 
WRITF (6,7) KLN,KE 
DO 21 I = 1,91 
Bd) = 0. 
CI I) = C 
Dd) = C 
DO 21 J = 1,9] 
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21 A( I,J) = 0.0 
C 
C LEAST SQUARE FIT OF DATA. 

C 
CALL KLSQ(NUM,KE,CAL,DELTA,S5P0LY,1) 

C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COETIBE) 
WRITE (6,13) 
IF (LUMP .EO. 0) WRITE (6,18) 
IF (GAMMA .NE. 1.0) WRITE (6,16) 
WRITE 16,8) 
DO 22 I = 1,KE 
D d ) = C( I )/(PI * BEI I)) 
WRITE(6,9) I,NAM(I),C(I),D(I) 

22 WRITE (7,1C) I,DID 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

IF (LUMP .EQ. 0) WRITE (6,18) 
WRITE (6,13) 
IF (NUMB.EQ.O) GO TO 139 
00 291 1=1,NUMB 
AT11=T1K I ) 
APll=Plld ) 
AT21=T21(I) 
AP21 = P 2 1 d ) 
ATL=TL2(I) 
CALL 0G0TTA(AX,AT11,AP1D 
CALL DGOTTA(AY,AT21,AP21) 
CALL OCRISSIAX,AY,AZ) 
CALL DCRISS(AZ,AX,AY) 
AYC=DCOS(ATL) 
AYS=DSINIATL) 
NTTT=NTOTII) •l 
WRITE ( 6,27) 
WPITE (6,19) 
DO 2C5 J=1,NTTT 
Jll=(J-1)*NSPACE!I) 
Jll=Jll + NSTARTd )-NAXIS( I) 
APR=J11*0.1/CAL 
APR=APR*PI/18C.0D0 
AZC=DCOSIAPR) 
AZS=OSINIAPR) 
DO 201 K=l,3 
ASIK)=AXIK)*AZCtAY(K)*AZS 

201 AW!K)=ASIK)*AYStAZ(K)*AYC 
AXT=DARC0S(AW(3)) 
AXP=DATAN2(AW(2),AW(1 )) 
XT^AXT 
XP=AXP 
IF (JJJJ.NE.O) CALL 0ILFR!E1,E2,E3,XT,XP,1) 

T = XT 
P=XP 
IF (LUMP . E C 0) GO TO 91 
IF (GAMMA .EO. 1.0) GO TO 91 
ST = DSINIXT) 
CT = OCOSIXT) 



SP = D S I N I X P ) 
CP = DCOSIXP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
AA = G A M M A * S T * D S Q P T ! A L P H A 2 * S P 2 * C P 2 ) 
AB = ALPHA*CT 
CALL D F L O P ( A A , A B , X T T ) 
AA = ALPHA*SP 
CALL D F L O P ! A A , C P , X P P ) 
TT = XTT 
PP = XPP 
AA = S T * D S 0 R T ( S P 2 + CP2*ALPHA2) /GAMMA 
CALL D F L O P ! A A , C T , X T T T ) 
AA=SP/ALPHA 
CALL 0 F L 0 P ( A A , C P , X P P P ) 
TTT = XTTT 
PPP = XPPP 
CALL S 6 P 0 L Y ( T T , P P , B E ) 
CALL S 6 P 0 L Y ( T T T , P P P , B ) 
A l = C O 
A2 = C O 
A P I = C O 
AR2 = 0 . 0 
DO 93 K = 1 ,KF 
A l = A l + C ( K ) * B E ( K ) 

93 A P I = A R l + 0 ( K ) * B ( K ) 
TEMP = G 2 * S T 2 * ( A L P H A 2 * S P 2 + C P 2 ) • &LPHA2*CT2 
A2 = A1/DS0RT(TEMP) 
TEMP = ST2*(ALPHA2*CP2tSP2) • G2*CT2 
AR2 = ARl/TEMP 
IF (ARl .LT. 0) GO TO 94 
IF (AR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = DABS(APD 
AR2 = nABS(AR2. 
WPITE (6,11) 

95 CONTINUE 
AXT=AXT*180.0D0/PI 
AXP=AXP*180.0D0/PI 
J0=(J-1)*NSPACE( I) •NSTARTd) 
ARl = DSQRTIARl) 
AR2 = DSQRT(AR2) 
WRITE (6,14) J0,AXT,AXP,A1,AR1,A2,AR2 

WRITEI10,41) J0,AXT,AXP,A2,AR2 
TT=TT*18O.0D0/PI 
PP=PP*180.0DC/DI 
TTT=TTT*180.'1D0/PI 
p p p = p p p * 1 8 0 . 0 D 0 / P I 

200 W P I T E ( 1 0 , 4 2 ) T T , P P , A 1 , T T T , P P P , A R 1 
205 CONTINUE 

GO TO 2 9 1 
91 CALL S 6 P 0 L Y ( T , P , B ) 

AREA = C O 
ARAD = C O 
DO 100 K = 1 ,KE 
AREA = AREA <• C ( K ) * B ( K ) 

100 ARAD = ARAD + D ( K ) * B ( K ) 
A X T = A X T * 1 8 C . 0 D 0 / P I 
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A X P = A X P * 1 8 C . 0 D 0 / P I 
J 0 = ( J - 1 ) * N 5 P A C E ( D + N S T A R T I I ) 
I F (LUMP . G T . " ) GO TO 1 0 1 
ARFA = 1 . 0 / A R E A 
I F (AREA . L T . 0 . 0 ) AREA = C O 
AREA = OSQRT(AREA) 

ARAC = 0 . 0 
GO TO 102 

101 IF lARAO .GE. 0.0) GO TO 1C3 
WPITE 16,11) 
ARAD = DABS(ARAD) 

103 CONTINUE 
ARAD = DSQRT!ARAD) 

102 WRITEI6,D JO,AXT,AXP,AREA,ARAC 
WPITEdO,41) JO,AXT,AXP, AREA, ARAO 
GO TO 205 

291 CONTINUE 
139 NUT = 0 
500 CONTINI"" 

STOP 
END 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C * * 
C * Jiif- I 

* 
c * 
c * 
C * NON-SYMMETPY PLANE ELECTRON SURFACE INVERSION ^ C * _ 
C * INVERSION OF AREA DATA Tp GIVE RADIUS**2 • 
C * * 
C * SYMMETRY G R O U P : D4H 

C t«**************#***************************************************** 
C 
C INITIALIZATION 
C 

IMPLICIT REAL*8 lA-E) 
R E A L * 8 P I 
R E A L * f l S P , C P , S T , C T , S P 2 , C P 2 , S T 2 , C T 2 
REAL*a XT,XP,XTT,XPP,XTTT,XPPP,TEMP 
RFAL*4 ALPHA,ALPHA2,CAMMA,G2,El,E2,E3 
DIMENSION NAM(91),SYM!91,16) 
DIMENSION A!91,°1),B(91),DE191),CI«1),DI91) 
DIMENSION TIIIO),T2!10),P1(10),P2!10) 
DIMENSION NL(10),NT(10),NZ(10),7Z(10),TL(10) 
DIMENSION IN(600,10),P(600,13) 
DIMENSION NCnDE(600,10) 
DIMENSION TITLEI20) 
DIMENSION BC(OI) _, ^. ,,.,, 
DIMENSION T11(10),T21(1C),P11(10),P21(10),TL2(10) 
D I M E N S I O N N T O T d O , N S P A C F d O ) 
D IMENSION N S T A R T d O ) , N A X I S ( 1 0 ) 
DIMENSION AX(3), AY(3), AZ(3), AS(3),AW(3) 
COMMON/LIMIT/MID,NIT,BC ,LNIT 
CO-'IMON/ANGLE/TI ,T2,P1 ,P2 
C O M M O N / O R I F N T / N T , N L , N Z , T L 
C O M M O N / I N T O / I N , R 
C O ^ M O N / W 0 R K / P E , B , C 



COMMON/OVER/A,N 
rOMM0N/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,ALPHA2, GAMMA,G2,E1,E2,E3,JJJJ 
COMMON/ROTATE/NCODE 
EXTERNAL SOPOLY 

1 FORMAT(1X,I4,7X,F10.5,4X,F10.5,38X,2D17.8) 
2 FORMAT (F10.4) 
3 FORMAT (15) 
4 F0RMATd5X,I5,F10.6,14X, ID 
5 FORMAT (IHl,'PLANE',7X,'ZZ',10X,'THFTAd)',7X,'PHHl)', 

$ 7X,'THETA(2)',7X,'PHI(2)',6X,'C0NE ANGLE',5X,'« POINTS', 
$ 4X,'NLOW-,5X,'NZER0-) 

6 FORMAT (/2X, I2,2X,6I4X,F10.6),7X,I5,6X,I5,5X,I5) 
7 FORMAT !1H1,5X,'THE FIT INCLUDES TERMS TO ORDER L =', 

t 13//' THE TOTAL NUMBER OF HARMONICS IS',13////) 
8 FORMAT I///9X,' /(' , 5X , • J ' , 8X,' AREA' , 11 X, ' RADI US**2'/21 X, 

$ ' COEFFICIENTS',5X,'COEFFICIENTS'/) 
9 FORMAT !5X,2I6,2E17.6) 
10 FORMAT dOX, I4,E17.6) 
11 FORMAT I///10X,- RADIUS**2 IS NEGATIVE.-/) 
12 F0RMAT(///4X, 'PLANE',7X,'THETAd )',5X,'PHI (1) ' ,7X,'THETA(2)' ,7X, 

£ 'PHI(2)•,6X,'C0NE ANGLE',5X,'» POINTS',5X,'SPACING',5X,'START" 
£,6X, 'AXIS' ) 

13 FORMAT (IHl) 
14 FORMAT dX,I4,7X,F10.5,4X,F10.5,4X,4017.8) 
16 FORMAT (///15X,- ELLIPSOIDAL TRANSFORMATION USED.'/) 
17 FORMAT (1H1,////40X,- SYMMETRY GROUP D4H'// 

i ' ',10X,20A4) 
18 F0RMAT(///15X,• 1/AREA**2 FIT.'/) 

19 FORMAT(/IX,'ANGLE',8X,'THETA-,10X,-PHI-,15X,-AREA',12X,'RADIUS', 
£12X, 'AREA-,12X,-RADIUS') 

23 FORMAT (20A4) 
24 FORMAT (/5X,I3,3X,5(4X,F1C.6),5X,I5,7X,I5,6X,I5,5X,I5) 
27 F0RMAT(//1X,'ROTOR',13X,'LAB SYSTEM',19X,'TRANSFORMED SYSTEM',20X, 

£ 'LAB SYSTEM') 
41 F0RMAT(I5,2F10.5,2D17.8,21X) 
42 FORMAT(2F10,5,D17,8,2F10.5,D17.8,6X) 
43 F0RMAT(//5X,'THE FIT INVOLVES TERMS DIVIDED AT L = ',I3, 

£' CORRESPONDING TO',14,' HARMONICS') 
44 F0RMAT(//5X,'THE NUMBER OF ITERATIONS IS',12, 

£' STARTING FROM THE ITERATION NUMBER',12) 
PI = 3.141592653589793 
NUT = 0 

C 
C READ DATA 
C 

CALL COMSET 
READ (5,23) (T I TLE(I),1 = 1,20) 
WRITE (6,17) (TITLEd ),1 = 1,20) 
READ (5,3) LMIN,LMAX 
READ (5,3) LUMP 
READ (5,2) GAMMA 
ALPHA=1.00C 
READ (5,3) LMIO,LNIT,NIT 
MID=LT0M(LMI0,6) 
WRITE (6,43) LMID,MID 
W R I T F ( 5 , 4 4 ) N I T , L N I T 
R F A D ( 5 , 3 ) N I N I T 
K L N = M T 0 L ( N I N 1 T , 6 ) 
K E = N I N I T 



83 

T = O . C 
P = 0 . o 
CALL S O P O L Y ( T , P , B ) 
CALL C O F T ( P E ) 
0 0 25 I = 1 , N I N I T 
READ ( 5 , 1 0 ) I I , B C ( I ) 
B C d ) = B C d ) * B F ( D * P I 
WRITE 1 6 , I D I , B C d ) 

25 CONTINUE 
NUT=0 
E l = C O 
E2 = C.0Dr< 
E3 = C C 
READ ( 5 , 2 ) C A l 
CAL = 1 . 0 / C A L 
REAC ( 9 , 3 ) NUM 
WPITE ( 6 , 5 ) 
DO 2C I = 1,NUM 
RFAD ( 9 , 2 ) T i l l ) 
READ ( 9 , 2 ) T I ( I ) , P 1 ( I ) 
RFAD ( 9 , 2 ) T 2 ( I ) , P 2 ( I ) , T L ( I ) 
READ ( 9 , 3 ) N T d ) , N L d ) , N 7 d ) 

WPITE ( 6 , 6 ) I , Z 7 ( I ) , T 1 ( I ) , P 1 ( I ) , T 2 ( I ) , P 2 d ) , T L ( H , 
$ N T d ) ,NL( I ) , N Z ( I ) 

NTI = N T d ) 
READ ( 9 , 4 ) ( I N ( J , I ) , P ( J , I ) , N C O D E ( J , I ) , J = 1 , N T I ) 
T l d ) = T l d ) * P I / I P C O D O 
T 2 ( I ) = T 2 I I ) * P I / 1 8 0 . C D 0 
P l l I ) = P l d ) * P I / 1 8 C 0 D O 
P 2 ( I ) = P 2 ( I ) * P I / I P C C D C 
DO 2C J = 1 , N T I 

2C R ( J , I ) = R I J . D - Z Z d ) 
READ 1 5 , 3 ) N U " ' * 
I F ( N U M B . E O . C ) GO TO 2B9 
WPITP ( 6 , 1 2 ) 
0 0 20C 1=1 ,NUMB ^ 
READ 1 5 , 2 ) T I K I ) , P l l d ) 
REAC ( 5 , 2 ) T 2 1 ( I ) , P 2 1 ( D , T L 2 I I ) 
REAC ( 5 , 3 ) N T O T d ) , N S P A C E d ) , N S T A R T d ) , N A X I S d ) 
WRITE ( 6 , 2 4 ) I , T l l d ) , P l l d ) , T 2 1 ( I ) . P 2 1 d ) , T L 2 ( D , N T O T d ) 

£ , N S P A C E d ) , N S T A R T ! D . N A X l S d ) 

290 

2B9 

C 
C 
C 

Til! D=T1K I )*^I/18C.0DC 

T21(I)=T21(I)*°I/180.CDC 

PIK I) = P11 (I )*PI/18'".0DO 
P21(I )=P21d )*RI/1«C0DC 

TL2( D = TL2(I )*ni/iar.0DC 

CONTINUE 

G2 = GAMMA * GAMMA 
ALRHA2 = ALPHA * ALPHA 

JJJJ = 0 
IF (Fl .NE. C O ) JJJJ = 1 
IF (F2 .NE. C O ) JJJJ = 1 
IF (E3 .NE. 0.0) JJJJ = 1 

HARMONIC DO LOOP 

I F U M A X . L T . L M I N ) LMAX = L M I N 
DO 5 0 0 LNC = L M I N , L M A X , 2 
D E L T A = L N C - L M I N 
KLN = LNC 



NC = LT0MILNC,6) 
KE = NC 
N = KE 
MID=IT0M!LMID,6) 
IF IMI0,GE,KE) MID=KE 
WRITE !6,7) KLN,KE 
DO 21 I = 1,91 
B! I) = 0, 
C d ) = C 
0( I) = C 
DO 21 J = 1,91 

21 Ad,J) = 0.0 
C 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLSQ!NUM,KE,CAL,DELTA,SOPOLY,!J 
C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COETIBE) 
WRITE (6,13) 
IF (LUMP .EQ. 0) WRITE (6,18) 
IF (GAMMA .NE. 1.0) WRITE 16,16) 
WRITE (6,8) 
DO 22 I = 1,KE 
D( I) = C(I)/(PI * BEII)) 
WRITE(6,9) I,NAM( I),C(D,Dd) 

22 WRITE (7,10) 1,01 I) 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

IF (LUMP .EQ. 0) WRITF (6,18) 
WRITE (6,13) 
IF (NUMB.EQ.O) GO TO 139 
DO 291 1=1,NUMB 
AT11=T11(I) 
AP11=P11(I) 
AT21 = T21d) 
AP21=P21d ) 
ATL = TL2( I) 
CALL DGOTTAIAX,AT11,AP11) 
CALL DGOTTA(AY,AT21,AP21) 
CALL DCRISS(AX,AY,AZ) 
CALL DCRISS(AZ,AX,AY) 
AYC=DCOS(ATL) 
AYS=DSIN(ATL) 
NTTT = NTOTd) •! 
WRITE ( 6,27) 
WRITE (6,19) 
DO 205 J=1,NTTT 
J11=(J-1)*NSPACE( I) 
J11 = J11+NSTART(I)-NAXISII ) 
APR = J11*C1/CAL 
APR=APR*PI/18C.0D0 
AZC = DCOSIAPR) 
AZS=DSIN!APR) 
DO 201 K=l,3 
AS(K)=AX(K)*AZC+AY!K)*AZS 

201 AW!K)=ASIK)*AYStAZ(K)*AYC 
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AXT=0ARCOS(AW(3)) 
AXP=DATAN2(AW(2) ,AW(1 I ) 
XT=AXT 
XP=AXP 
IF (JJJJ.NE.O) CALL 0 ILERIE1, E2,E3,XT,XP,1) 
T = XT 
P=XP 
IF ILUMP .FQ. 0) GO TO 91 
IF (GAMMA . E C I.C) GO TO 91 
ST = DSINIXT) 
CT = OCOSIXT) 
SP = DSINIXP) 
CP = DCOS(Xt>) 
ST2 = ST • ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP « CP 
AA = GAMMA*ST*nSORT(ALPHA2*SP2+CP2) 
AB = ALPHA*CT 
CALL DFLOP(AA,AB,XTT) 
AA = ALPHA*SP 
CALL OFLOP(AA,CP,XPP) 
TT = XTT 
PP = XPP 
AA = ST*DS0RT(SP2 + CP2*ALPHA2)/GAMMA 
CALL DFLOP(AA,CT,XTTT) 
AA=SP/ALPHA 
CALL OFLOP(AA,CP,XPPP) 
TTT = XTTT 
PPP = XPPP 
CALL SQPOLY(TT,PP,BE) 
CALL SOPOLY(TTT,PPP,fi) 
Al = C O 
A2 = 0.0 
ARl = C O 
AR2 = C O • 
DO 93 K = 1,KE 
Al = Al + C(K)*BE(K) 

93 ARl = ARl + D(K)*B(K) 
TEMP = G2*ST2*(ALPHA2*SP2+CP2) • ALPHA2*CT2 
A2 = A1/DSQRT(TFMP) 
TEMP = ST2*(ALPHA2*CP2+SP2) • G2*CT2 
AR2 = ARl/TEMP 
IF (ARl .LT. C) GC TO 94 
IF (AR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = 0ABS(AR1) 
AR2 = 0ABS(AR2) 
WRITE (6,11) 

95 CONTINUE 
AXT=AXT*18C.0PO/PI 
AXP=AXP*1RO.OOO/PI 
J 0 = ( J - 1 ) * N S P A C E D I + N S T A R T d ) 
A P I = D S Q R T ( A P l ) 
AR2 = O S 0 R T ( A R ? ) 
WRITE ( 6 , 1 4 ) J 0 , A X T , A X P , A 1 , A R 1 , A 2 , A R 2 
W P I T F d C , 4 1 ) J O , A X T , A X P , A 2 , A R 2 
TT=TT*18C.0D0/PI 
pp=pp«18O.0D0/PI 
TTT=TTT*18i^.0D3/PI 



p p p = p p p * 1 8 O . 0 D 0 / P I 
2 0 0 W R I T F ( 1 C , 4 2 ) T T , P P , A 1 , T T T , P P P , A R 1 

205 CONTINUE 
GO TO 2 9 1 

91 CALL S Q P O L Y ( T , P , B ) 
AREA = C O 
ARAD = C O 
00 100 K = 1 ,KE 
AREA = AREA *• C ( K ) * B ( K ) 

lOf^ ARAD = ARAD + 0 ( K ) * B ( K ) 
A X T = A X T * 1 8 0 . 0 D 0 / P I 
A X P = A X P * 1 8 0 . 0 D O / P I 
JO = I J - 1 ) *NSP ACE ( I ) • N S T A R T d ) 
I F (LUMP . G T . 0 ) GO TO 1 0 1 
AREA = 1 . 0 / A R E A 
I F (AREA . L T . C O ) AREA = C O 
AREA = DSQRT(AREA) 
ARAD = C O 
GO TO 102 

101 IF (ARAD . G E . 0 . 0 ) GO TO 103 
WRITF ( 6 , 1 1 ) 
ARAD = DABS(APAD) 

103 CONTINUE 

ARAD = DSQPT(ARAO) 

102 WRITE(6,1) JO,AXT,AXP,AREA,ARAD 

WRITE(10,41) JO,AXT,AXP,AREA,ARAD 

GO TO 205 

291 CONTINUE 

139 NUT = 0 

500 CONTINUE 

STOP 

END 

Q t f *********************** *****.*************************'*************** 

C * « 

C * J117 * 

C * * 

c * * 
C * NON-SYMMETPY PLANE ELECTRON SURFACE INVERSION * 

C * . * 

C * INVERSION OF AREA DATA TO GIVE RAD1US**2 * 

C * * 

C * SYMMETRY G R O U P : C4H * 

C * * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

c 
C INITIALIZATION 

C 

IMPLICIT REAL*8 (A-F) 

REAL*8 P I 
REAL*R S P , C P , S T , C T , S P 2 , C P 2 , S T 2 , C T 2 
REAL*8 X T , X P , X T T , X P P , X T T T , X P P P , T E M P 
RFAL*4 A L P H A , A L P H A 2 , G A M M A , G 2 , E 1 , F 2 , F 3 
DIMENSION NAM(91) , S Y M ( 9 1 , 16) 
DIMENSION A ( 9 1 , 9 1 | , B ( 9 1 ) , B E ! 9 1 ) , C ( 9 1 ) , 0 ( 9 D 
DIMENSION T 1 ( 1 0 ) , T 2 ( 1 0 ) , P 1 ! 1 0 ) , P 2 I 1 0 ) 
DIMENSION N L D O ) , N T I 1 0 ) , N Z I n ) , Z Z ! 1 0 ) , T L d O ) 
DIMEh'SION I N ( 6 0 0 , 1 0 ) , R I 6 0 0 , 1 0 ) 
DIMENSION N C 0 D E I 6 C 0 , 1 C ) 
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DIMENSION T I T I E I 2 0 ) 
DIMENSION B C l ° l ) 
DIMENSION T i l 1 1 0 ) , T 2 1 ( 1 0 ) , P 1 1 ( 1 0 ) , P 2 1 ( 1 0 ) , T L 2 ( 1 0 ) 
DIMENSION NTOTdO) ,NSPACE( 10) 
DIMENSION NSTARTdO) ,NAXIS I10 ) 
DIMENSION A X ( 3 ) , A Y ( 3 ) , A Z ( 3 ) , AS(3) ,AW(3) 
COMMON/LIMIT/MID,NIT,BC ,LNIT 
COMMON/ANGLE/T1,T2,P1,P2 
COMMON/ORIENT/NT,NL,NZ,TL 
COMMON/INTO/IN,R 
COMMON/WORK/RF,B,C 
COMMON/OVEP/A,N 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,ALPHA2,GAMMA,G2,El,E2,E3,JJJJ 
COMMON/ROTATE/NCODE 
EXTERNAL C4P0LY 

1 F0RMAT(1X,I4,7X,F13.5,4X,F1C.5,38X,2D17.8) 
2 FORMAT (F10.4) 
3 FORMAT (15) 
4 FOPMAT(15X,I5,F10.6,14X,11) 
5 FORMAT (IHl,'PLANE',7X,'ZZ-,10X,-THETAd)',7X,'PHId)', 

i 7X,'THETA(2)',7X,'PHI!2)',6X,'C0NE ANGLE',6X,'# POINTS', 
$ 4X,•NL0W',5X,'NZER0') 

6 FORMAT t/2X,I2,2X,6(4X,F10.6),7X,I5,6X,I5,5X,I5) 
7 FORMAT dHl,5X,'THE FIT INCLUDES TERMS TO ORDER L =', 

$ 13//' THE TOTAL NUMBER OF HARMONICS IS'fI3////) 
8 FORMAT I///9X,' #',5X,'J',8X,'AREA',11X,'RADIUS»*2'/21X, 

$ ' COEFFICIENTS',5X,'COEFFICIENTS'/) 
9 FOOMAT !5X,2I6,2E17.6) 
IC FORMAT IlOX, I4,E17.6) 
11 FORMAT I///10X,' RADIUS**2 IS NEGATIVE.'/) 

12 FORMAT!///4X, ' PL ANE',7X,'THETAl l)',5X,'PHld)',7X,'THETAl 2 )',7X, 
£ 'PHI(2)',6X,'C0NE ANGLE',5X,'« POINTS',5X.'SPACING',5X,'START' 
£,6X,'AXIS') 

13 FORMAT IIHD 
14 FORMAT I IX, I4,7X,F10.5,4X,F10.5,4X,'»D17.8) 
16 FORMAT (///15X,' ELLIPSOIDAL TRANSFORMATION USED.'/) 
17 FORMAT (1H1,////40X,' SYMMETRY GROUP C4H'// 

$ ' '•,10X,20A4) 
18 F0RMAT(///15X,- 1/APEA**2 FIT.'/) 

19 FORMAT(/IX,•ANGLE',BX,'THFTA',10X,'PHI',15X,'AREA',12X,'RADIUS', 
£12X,'AREA',12X,'RADIUS') 

23 FORMAT I20A4) 
74 FORMAT (/5X,I3,3X,5(4X,F10.6),5X,I5,7X,I5,6X,I5,5X,I5) 
27 FORMAT(//1X;'ROTOR',13X,'LAB SYSTEM',19X,'TRANSFORMED SYSTEM',20X, 

£ 'LAB SYSTEM') 
41 FORMAT(I5,2F10.5,2D17.8,21X) 
42 F0RMAT(2F10.5,D17.R,2F1C5,D17.8,6X) , . . ,, 
43 F0RMAT(//5X,'THE FIT INVOLVES TERMS DIVIDED AT L = ' , n , 

£' CORRESPONDING TO',14,' HARMONICS') 
44 F0BMATI//5X,'THE NUMBER OF ITERATIONS IS',12, 

£- STARTING FROM THE ITERATION NUMBER',12) 
PI = 3.141592653580793 
NUT = 0 

C 
C READ DATA 
C 

CALL COMSET 
READ (5,23) (TITLFII),1=1,20) 
WPITF (6,17) (TITLEd ) ,1 = 1,20) 



READ (5,3) LMIN,LMAX 
READ (5,3) LUMP 
READ (5,2) GAMMA 
ALPHA=1.0DC 
READ (5,3) LMID,LNIT,NIT 
MID=LT0M(LMID,7) 
WRITE (6,43) LMID,MID 
WRITE(6,44) NIT,LNIT 
READI5,3) NINIT 
KLN=MT0LININIT,7) 
KE=NINIT 
T=0.0 
P=0.0 
CALL C4P0LYIT,P,B) 
CALL COETIBE) 
DO 25 I = 1,NINIT 
REAC 15,10) 11,8011) 
BCd) = BC! D*BE( I)*PI 
WPITE (6,1C) I,BCd) 

25 CONTINUE 
NUT=0 
Fl = C O 
E2=0.CD0 
E3 = C O 
READ (5,2) CAL 
CAL = 1.0/CAL 
READ (9,3) NUM 
WRITE (6,5) 
DO 20 I = 1,NUM 
READ (9,2) ZZd) 
READ (9,2) TK I),P1II ) 
READ 19,2) T2! D,P2!I ),TLII) 
READ 19,3) NTID,NL!I ) ,NZd) 
WRITE (6,6) I,ZZ( I),T1(I),P1|I ),T2I D,P2(I),TLd), 

t NTI I),NLd),NZ(I ) 
NTI = NTd) 
READ 15,4) IINIJ,I),R(J,I),NCODEIJ,I ),J=1,NTI) 
Tld) = Tld) * PI/180.0D0 
T2d ) = T2(I) * PI/180.ODO 
Pld) = Pld) * PI/180.ODO 
P2(I) = P2(I) * PI/180.ODO 
DO 20 J = 1, NTI 

20 R(J,I) = R(J,I) - ZZII) 
READ 15,3) NUMB 
IF (NUMB.EQ.O) GO TO 289 
WPITE (5,12) 
DO 290 1=1,NUMB 
READ (5,2) Tlld), P U D ) 
READ 15,2) T21(I), P2 K I ) , TL2d) 
READ 15,3) NTOTd),NSPACEd),NSTARTd),NAXISd) 
WRITE 16,24) I,TIKI), Plld), T211 I) ,P2 11 I) , TL2I I) , NTOTI 1) 
£ , NSPACEd),NSTART! I) ,NAXIS! I) 
T11ID=T11(I )*PI/180.0D0 
T21( I ) = T 2 1 ( D * P I / 1 8 C . 0 D 0 
P l l d )=P11I I ) * P I / 1 8 0 . 0 D C 
P21d)=P21!I)*PI/180.0D0 

290 TL2(I) = TL2(D*PI/18C.0D0 
289 CONTINUE 

G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA * ALPHA 
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21 

22 

JJJJ = 0 
IF (El .NE. C O ) JJJJ = 1 
IF IE2 .NE. C O ) JJJJ = 1 
IF IE3 .NE. C O ) JJJJ = 1 

HARMONIC 00 LOOP 

IF ILMAX .LT. LMIN) LMAX = LMIN 
DO 5C0 LNC = LMIN,LMAX,2 
OFLTA=LNC-LMIN 
KLN = LNC 
NC = LT0MILNC,7) 
KE = NC 
N = KE 
MI0=LT0MILMI0 ,7 ) 
IF IMIO.GE.KE) MID=KE 
WRITE 1 6 , 7 ) KLN,KE 
00 21 I = 1 , 9 1 
B I D = 0 . 
Cl I ) = C 
D d ) = C 
00 21 J = 1,91 
A l I ,J) = 0.0 

LEAST SQUARE FIT OF DATA. 

CALL KLSQ(NUM,KE,CAL,DELTA,C4P0LY,1) 

INVERSION OF FITTING COEFFICIENTS. 

WRITE (6,18) 
C) WPITF (6,16) 

CALL COETIBE) 
WRITF 16,1?) 
IF ILUMP .FQ. •'') 
IF IGAMMA .NE. 1 
WRITE 16,8) 
DO 22 I = 1,KE 
D I D = CII)/(PI * BFI I) ) 
WRITE(6,9) I,NAM(I),C(I),0(I) 
WRITF (7,ID I,D(I) 

EVALUATION OF FITTING RESULTS FOR 
PRESELECTED ANGLES. 

IF (LUMP .EC 0) WRITE 16,18) 
WPITF 16,13) 
IF INUMB.ECO) GO TO 139 
DO 29 1 I=1,NUMR 
AT11=T11!I) 
AP11 = P11II ) 
AT21=T21(I) 
AP21=P21(I) 
ATL=TL?( D 
CALL DGOTTA(AX,AT11,AP11) 
CALL DG0TTA'( AV,AT21,AP21) 
CALL D C P I S S ( A X , A Y , A 7 ) 
CALL 0 C R I S S ( A Z , A X , A Y ) 
AYC=DCOS(ATL) 
AYS=nSIN(ATL) 
NTTT = NTOTd) +1 
WPITF ( 6,27) 



WRITE ( 6 , 1 9 ) 
DO 2C5 J = 1 , N T T T 
J l l = ( J - D * N S P A C E ( I ) 
J 1 1 = J11+NSTART ( I ) - N A X I S d ) 
A P R = J 1 1 * 0 . 1 / C A L 
A P R = A P R « P I / 1 8 C . C D 0 
AZC = DCOS(APR) 
AZS=DSIN(APP ) 
DO 2 0 1 K = l , 3 
A S ( K ) = A X ( K ) * A Z C + A Y ( K ) * A Z S 

2 0 1 A W ( K ) = A S ( K ) * A Y S ' - A Z ( K ) * A Y C 

A X T = D A R C 0 S ( A W ( 3 ) ) 
A X P = D A T A N 2 ( A W ( 2 ) , A W ( 1 ) ) 
XT=AXT 
XP=AXP 
I F ( J J J J . N E . O ) CALL O I L E R ! E l , E 2 , E 3 , X T , X P , 1 ) 

T=XT 
P=XP 

IF 
IF 
ST 
CT 
SP 
CP 

ILUMP .EQ. 
IGAMMA .EO. 
= DSINIXT) 

= OCOSIXT) 
= DSINIXP) 

= DCOSIXP) 
ST2 = ST * ST 

0) 
, 1. 

GO 
.0) 

TO 
GO 

91 
TO 91 

CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
AA = GAMMA«ST*DSQRTIALPHA2*SP2+CP2) 
AB = ALPHA*CT 
CALL D F L O P ( A A , A B , X T T ) 
AA = ALPHA*SP 
CALL D F L O P ( A A , C P , X P P ) 
TT = XTT 
PP = XPP 
AA = ST*DSQRT(SP2 + CP2*ALPHA2 ) /GAMMA 
CALL D F L O P ( A A , C T , X T T T ) 
AA=5P/ALPHA 
CALL D F L O P ( A A , C P , X P P P ) 
TTT = XTTT 
PPP = XPPP 
CALL C 4 P 0 L Y ( T T , P P , B E ) 
CALL C 4 P 0 L Y ( T T T , P P P , B ) 
A l = C O 
A2 = C O 
A R l = C O 
AR2 = C O 
DO 93 K = 1 ,KE 
A l = A l • C ( K ) * B E ( K ) 

93 A R l = A R l + D ( K ) * B ( K ) 
TEMP = G 2 * S T 2 » ( A L P H A 2 * S P 2 + C P 2 ) + ALPHA2*CT2 
A2 = A1/DS0RT(TEMP) 

TEMP = ST2*(ALPHA2*CP2+SP2) • G2*CT2 
AR2 = ARl/TEMP 
IF (ARl .LT. C) GO TO 94 
IF (AR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = OABS(ARl) 
AR2 = DA6S(AP2) 
WRITE (6,11) 
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95 CONTINUE 
AXT=AXT*18C.0DO/PI 
AXP=AXP»1BO.CDO/PI 
J 0 = ( J - 1 ) » N S P A C E I D + N S T A R T ( I ) 
A P I = D S O R T ( A R l ) 
AR2 = D S Q R T ( A R 2 ) 
WRITE ( 6 , 1 4 ) J 0 , A X T , A X P , A 1 , A R 1 , A 2 , A R 2 
W R I T F I 1 0 , 4 1 ) J O , A X T , A X P , A 2 , A R 2 
TT = T T * 1 P C 0 D 0 / P I 
PP=PP*180.000/PI 

T T T = T T T * 1 8 C 0 D 0 / P I 
p p p = p p p « 1 8 C C D 3 / P I 

2 0 0 W R I T E I 1 0 , 4 ? ) T T , P P , A 1 , T T T , P P P , A R l 
2 0 5 CONTINUE 

GO TO 2 9 1 
9 1 CALL C 4 P 0 L Y ! T , P , B ) 

AREA = C O 
ARAD = C O 
DO ICC K = l . K E 
ARFA = AREA + C I K ) * B I K ) 

100 ARAD = ARAD + D I K ) * B I K ) 
A X T = A X T * 1 8 0 . 0 D 0 / P I 
A X P = A X P * 1 8 C . i O O / P I 
J 0 = I J - 1 ) * N S P A C F I I ) + N S T A R T d ) 
I F ILUMP . G T . 0 ) GO TO 1 0 1 
AREA = 1 . 0 / A R F A 
I F lAREA . L T . C C ) AREA = C O 
AREA = DSQRT(AREA) 
ARAD = C O 
GO TO 102 

1 0 1 I F (ARAD . G E . O . C ) GO TO 103 
WRITE ( 6 , 1 1 ) 
ARAD = DABS(ARAD) 

103 CONTINUE 
ARAD = DSQPT(ABAD) 

1 0 2 W R I T E ( 6 , 1 ) J O , A X T , A X P , A R E A , A R A D 
W R I T E d 0 , 4 1 ) J O , A X T , A X P , A R E A , ARAD 
GO TO 2C5 

2 9 1 CONTINUE 
1 3 9 NUT = 0 
5 0 0 CONTINUE 

STOP 

END 

C t********************************************************************* 

C * * 

c * Jiie * 
^ * I c * I 
C * NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION * 

c * ! 
C * I N V E R S I O N OF AREA DATA TO GIVE R A D I U S * * 2 • 
<^ • !!! 
C * SYMMFTRY GROUP: VH * 
C * * 
r t********************************************* ********************** 

C 
C I N I T I A L I Z A T I O N 

C 



IMPLICIT REAL*8 (A-E) 
REAL*8 PI 
RFAL*8 SP,CP,ST,CT,SP2,CP2,ST2,CT2 
REAL*8 XT.XP,XTT,XPP,XTTT,XPPP,TEMP 
RFAL*4 ALPHA,ALPHA2,GAMMA,G2,El,E2,E3 
DIMENSION NAM(91),SYM!91,16) 
DIMENSION A(91,91),P(91),BF(91),C(9D,0I91) 
DIMENSION TI(10),T2(10),P1(10),P2(10) 
DIMENSION NLdO) ,NT(1D ,NZ! 10),ZZ(10) ,TL(10) 
DIMENSION IN(600,10),P(600,10) 
DIMENSION NCODE!6CO,10) 
DIMENSION TITLEI20) 
DIMENSION BCI91I 
DIMENSION TU 110) ,T2K ID ,P 11! 10 ) ,P21110) ,TL2I 10) 
DIMENSION NTOTdO) ,NSPACFdO) 
DIMENSION NSTARTdO),NAXISdO) 
DIMENSION AX(3), AY(3), AZ(3), AS(3),AW(3) 
COMMON/LIMIT/MID,NIT,BC ,LNIT 
COMMON/ANGLE/T1,T2,PI,P2 
COMMON/ORIENT/NT,NL,NZ,TL 
COMMON/INTO/IN,R 
COMMON/WORK/BE,B,C 
COMMON/OVER/A,N 
COMMON/KUBE/NAM,SYM,KE,KLN 
CO*IMON/CARRY/NUT,LOMP,ALPHA, ALPHA2,GAMMA,G2,ei,E2,E3, JJJJ 
COMMON/ROT ATE/NCODE 
EXTERNAL VHPOLY 

1 FORMAT ( 1X,I4,7X,F1C5,4X,F1C5,38X,2017.8) 
2 FORMAT (F10.4) 
3 FORMAT (15) 
4 F0RMAT(15X,I5,F10.6,14X,I1) 
5 FORMAT (IHl,'PLANE',7X,'ZZ',10X,'THETAd)',7X,'PHIID', 

$ 7X,-THETAI2)-,7X,-PHII2)-,6X,-C0NE ANGLE',6X,'# POINTS', 
$ 4X,'NLOW',5X,'NZER0') 

6 FORMAT (/2X,!2,2X,6I4X,F10.61,7X,I5,5X,I5,5X,I5) 
7 FORMAT (IHl,5X,'THE FIT INCLUDES TERMS TO ORDER L =', 

$ 13//' THE TOTAL NUMBER OF HARMONICS IS',13////) 
8 FORMAT I///9X,' »•,5X,•J',8X,'AREA',11X,'RADIUS«*2'/21X , 

$ • COEFFICIENTS',5X,'COEFFICIENTS'/) 
9 FORMAT (5X,2I6,2E17.6) 
10 FORMAT dOX, I4,E17.6) 
11 FORMAT (///IPX,- RAniUS**2 IS NEGATIVE.'/) 
12 FORMAT(///4X,'PLANE',7X,'THETA ( 1) ' , 5X , ' PH11 1)',7X,'THETAl2)•, 7X, 

£ 'PHI(2)',6X,'CONE ANGLE',5X,'# POINTS',5X,'SPACING',5X,'START' 
£,6X,-AXIS-) 

13 FORMAT (IHl) 
14 FORMAT (1X,I4,7X,F10.5,4X,F10.5,4X,4017.8) 
16 FORMAT (///15X,- ELLIPSOIDAL TRANSFORMATI ON USED.-/) 
17 FORMAT (1H1,////40X,' SYMMFTRY GROUP VH'// 

* • ',1CX,20A4) 
18 FCRMAT(///15X,' 1/APEA**2 FIT.'/) 

19 F O R M A T ( / I X , • A N G L E ' , 8 X , ' T H E T A ' , 1 0 X , ' P H I ' , 1 5 X , ' A R E A ' , 12 X , ' R A D I U S ' , 
£ 1 2 X , ' A P e A ' , 1 2 X , - R A D I U S ' ) 

23 FORMAT ( 2 0 A 4 ) 
24 FORMAT ( / 5 X , I 3 , 3 X , 5 ( 4 X , F 1 C 6 ) , 5 X , I 5 , 7 X , I 5 , 6 X , I 5 , 5 X , I 5 ) 
27 F 0 R M A T ( / / 1 X , ' R O T O R - , 1 3 X , - L A B S Y S T E M - , 1 9 X , ' T R A N S F O R M E D S Y S T E M ' , 2 0 X , 

£ ' L A B SYSTEM- ) 
41 FORMAT(I5,2F1C5,2017.8,21X) 
42 FORMAT(2F10.5,D17.8,2F10.5,D17.B,6X) 
43 F0RMAT(//5X,-THE FIT INVOLVES TERMS DIVIDED AT L = ',I3, 



93 

R E A D 

R E A P 

R F A D 

R E A D 

( 5 , 
( 5 , 
( 5 , 
1 5 , 

, 3 ) 
, 2 ) 
r 2 ) 
, 3 ) 

£' CORRESPONDING TO',14,' HARMONICS') 
44 F0RMATI//5X,'THE NUMBER OF ITERATIONS IS',12, 

£' STARTING FROM THE ITERATION NUMBER',12) 
PI = 3.141592653589793 
NUT = 0 

C 
C READ DATA 
C 

CALL COMSET 
RFAD 15,23) ITITLFI I),1=1,20) 
WRITF 16,17) ITITLEII) ,1 = 1,20) 
RFAD (5,3) LMIN,LMAX 

LUMP 
GAMMA 
ALPHA 
LMID,LNIT,NIT 

MI0=LT0M(LMID,8) 
WRITE (6,43) LMID,MID 
WRITEI6,44) NIT,LNIT 
READI5,3) NINIT 
KLN=MTOL (NINIT, 8) 
KE=NINIT 
T = C C 
P=0.0 

CALL VHPOLY(T,P,B) 
CALL COET(BE) 
DO 25 I = 1,NINIT 
READ (5,10) II,BC(I) 
B C D ) = B C d )*BF( I)*PI 
WRITF 16,IC) I,BCD) 

25 CONTINUE 
NUT=0 
El = C O 
E2=C.0D0 
E3 = C O 

READ 15,2) CAL • 
CAL = 1.0/CAL 
RFAD 19,3) NUM 
WRITE 16,5) 
DO 20 I = 1,NUM 
READ 19,2) Z Z d ) 
REAC 19,2) Till),PHI) 
READ 19,2) T?(I) ,P2(I ),TLII) 
READ 19,3) NT!I),NLd ) ,NZII) 
WRITE 16,6) I,ZZ! I),T1!D,PKI ),T2II),P2d),TLd), 

$ NTI I) ,NLd ) ,NZ(I ) 
NTI = N T d ) 
PFAD 15,4) I INI J, I) ,P I J,D,NCODEIJ, I ),J=1,NTD 
Till) = Till) « PI/180.CDO 
T2! I) = T2(I ) * PI/IRCODO 
P l d ) = Pl( D * PI/18C0O0 
P2II) = P2II) * PI/18C.0D0 
DO ?C J = 1,NTI 

20 PIJ,I) = RIJ,D - ZZ( D 
READ 15,3) NUMB 
IF INUMB.EQ.O) GO TO 289 
WRITE 16,12) 
00 2O0 1=1,NUMB 
RFAD (5,2) T I K I ) , Pll ( I) 
REAC (5,2) T2K I), P2 K I) , TL2I I) 



RFAD 1 5 . 3 ) NTOTd ) ,NSPACEd) ,NSTARTI I ) , N A X I S d ) 
II in d, 2',) I . T u l l ) , P I K D . T 2 1 I I ) . P 2 1 ( D , T L 2 I I ) , N T O T d ) 

£ , NSPACE! I ) ,NSTARTII ) ,NAXISI I ) 
T i l l I ) = T l l d ) * P I / 1 8 0 . 0 D C 
T 2 1 I D = T21( I ) * P I / 1 8 0 . C D C 
P l l ( I ) = P l l d ) * P I / 1 8 C . 0 D C 
P 2 1 ( I ) = P 2 1 ( I ) * P I / 1 8 0 . 0 D C 

290 
289 

C 
C 
c 

21 

TL2(I)=TL?(I)*PI/180.0U0 
CONTINUE 
G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA * ALPHA 
JJJJ = 0 
IF lEl .NE. O.C) JJJJ = 1 
IF (E2 .NE. C O ) JJJJ = 1 
IF (E? .NE. C O ) JJJJ = 1 

HARMONIC DO LOOP 

IF (LMAX .LT. LMIN) LMAX = LMIN 
DO 500 LNC = LMIN,LMAX,2 
DELTA=LNC-LMIN 
KLN = LNC 
NC = LTOMILNCS) 
KE = NC 
N = KF 
MID=LTOM(LMID,B) 
IF (MID.GE.KF) MID=KE 
WRITF (6,71 KLN,KE 
DO 21 I = 1,91 
BID = 0 . 
CI I) = C 
DID = C 
DO 21 J = 1,91 
A( I,J) = 0.0 

c 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLSQINUM,KE,CAL,DELTA,VHPOLY,!) 
C 
C INVERSION OF FITTING CCEFFICTENTS. 
C 

CALL COETIBE) 
WRITE 16,13) 
IF ILUMP .EQ. 0) WRITE 16,18) 
IF IGAMMA .NE. 1.0) WRITE 16,15) 
WRITF (6,8) 
DO 22 I = 1,KE 
Dd) = C(I)/(PI * BFI I) ) 
WRITF(6,9) I ,NAM(I),CII),D(I) 

22 WRITE (7,10) I,DID 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

IF (LUMP .FQ. 0) WRITF 16,IB) 
WRITE 16,13) 
IF INUMB.EQ.O) GO TO 139 
DO 2°1 1=1,NUMB 
ATU = T11| I) 
APll = Plld ) 
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A T 2 1 = T 2 1 ( I ) 
A P 2 1 = P 2 K I ) 
ATL = T L 2 I I ) 
CALL O G O T T A I A X , A T 1 1 , A P 1 D 
CALL D G O T T A I A Y , A T 2 1 , A P 2 1 ) 
CALL O C R I S S I A X , A Y , A Z ) 
CALL D C R I S S I A Z , A X , A Y ) 
AYC = D C O S I A T L ) 
A Y S = D S I N I A T L ) 
N T T T = N T O T ! I ) +1 
WRITE I 6 , 2 7 ) 
WRITE 1 6 , 1 9 ) 
DO 2C5 J = 1 , N T T T 
J 1 1 = I J - 1 ) * N S P A C E ! I ) 
J 1 1 = J 1 1 + N S T A R T I I ) - N A X I S d ) 
APR = J 1 1 * C 1/CAL 
A P R = A P R * P I / 1 8 0 . 0 D 0 
AZC=DCOSIAPR) 
A Z S = D S I N I A P R ) 
0 0 2 0 1 K = l , 3 
A S I K ) = A X ! K ) * A Z C + A Y ( K ) * A Z S 

201 AW(K) = A S ( K ) * A Y S < - A Z ( K ) * A Y C 

AXT = D A R C 0 S ( A W ( 3 ) ) 
AXP=DATAN2(AW(2 ) ,A,W(1 ) ) 
XT=AXT 
XP=AXP 
IF (JJJJ.NE.O) CALL OILER(E!,E2,E3,XT,XP,1) 
T=XT 
P = XP 
IF ILUMP .EC 0) GO TO 91 
IF (GAMMA .EO. 1.0) GO TO 91 
ST = DSINIXT) 
CT = DCOS(XT) 
SP = DSINIXP) 
CP = DCOS(XP) 
ST2 = ST * ST « 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
AA = GAMMA*ST*DSQRT(ALPHA2*SP2*CP2) 
AB = ALPHA*CT 
CALL OFLOP(AA,AB,XTT) 
AA = ALPHA*SP 
CALL DFLOP(AA,CP,XPP) 
TT = XTT 
PP = XPP 
AA = ST*DS0RT(SP2 • CP2*ALPHA2)/GAMMA 
CALL DFLOP(AA,CT,XTTT) 
AA=SP/ALPHA 
CALL DFLOP(AA,CP,XPPP) 
TTT = XTTT 
PPP = xppp 
CALL VHP0LY(TT,PP,8F) 
CALL VHPOLY(TTT,PPP,B) 
Al = C O 
A2 = C O 
API = O.C 
AR2 = C O 
DO 93 K = 1,KF 
Al = Al • C!K)*BFIK) 
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93 API = ARl + D !K) *B !K) 
TEMP = G2*ST2»IALPHA2*SP2+CP2) + ALPHA2*CT2 
A2 = A1/DS0RT(TEMP) 
TEMP = ST2*(ALPHA?*CP2+SP2) + G2*CT2 
AR2 = ARl/TEMP 
IF (ARl .LT. C) GO TO 94 
IF (AR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = DABS(AR1) 
AR2 = 0ABS(AR2) 
WRITE (6,11) 

95 CONTINUE 
AXT=AXT*1RO.ODO/PI 
AXP=AXP*lRr.ODO/PI 
J0=(J-1I*NSPACE(I)+NSTAPTII) 
ARl = DSQRTIARl) 
AR2 = DSQRTIAP2) 
WPITE (6,14) J0,AXT,AXP,A1,AR1,A2,AR2 
WRITE(1C,41) J0,AXT,AXP,A2,AR2 
TT=TT*180.rD0/PI 
PP=PP«lfiO.CDO/PI 
TTT=TTT*180.0DQ/PI 
PPP=PPP*1SC.0D0/PI 

2 0 0 
205 

91 

100 

101 

103 

1C2 

2 9 1 
139 
500 

W R I T E ( 1 G , 4 2 ) T T , P P , A 1 , T T T , P P P , A R ! 
CONTINUE 
GO TO 2 9 1 
CALL V H P O L Y ( T , P , B ) 
AREA = C O 
ARAD = C O 
DO 100 K = 1,KE 
AREA = AREA + C ( K ) * B ( K ) 
ARAO = ARAD + D ( K ) * B ( K ) 
A X T = A X T * 1 8 0 . C D 0 / P I 
A X P = A X P * 1 8 C . 0 D 0 / P I 
J 0 = ( J - 1 ) * N S P A C E ( I ) + N S T A R T ( I ) 
I F (LUMP . G T . 0 ) GO TO 10 1 
AREA = 1 . 0 / A P F A 
I F lAREA . L T . 0 . 0 ) AREA = C O 
ARFA = DSQPT(AREA) 
ARAD = C O 
GO TO 102 
I F (ARAD . G E . O .C) GO TO 10 3 
WRITE ( 5 , 1 1 ) 
ARAD = DABS(APAD) 
CONTINUE 
ARAD = DSOPT(ARAD) 
W P I T E ( 6 , D J O , A X T , A X P , AREA,ARAC 
W R I T F ( 1 C , 4 1 ) J O , A X T , A X P , A R E A , A R A O 
GO TO 205 
CONTINUE 
NUT = C 
CONTINUE 
STOP 
END 

C *****************************t*******************************t******** 
c * * 
^ • J119 * 

c * * 
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4> 
* 
* 

* 
* 

*********************************************************** 

NON-SYMMFTPY PLANF ELECTRON SURFACE INVERSION 

INVERSION CF AREA DATA TO GIVE RA0IUS**2 

SYMMETRY GROUP: C2H 

9 
10 
11 

12 

13 
14 
16 
17 

DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 

ASI3),AWI3) 

*********** 
INITIALIZATION 

IMPLICIT REAL*B lA-E) 
R E A L * 8 P I 
P F A L * P S P , r P , S T - C T , S P 2 , r P 2 , S T 2 , C T 2 
R E A L * 8 X T , X P , X T T , X P P , X T T T , X P P P , T E M P 
R E A L * 4 A L P H A , A L P H A ? , G A M M A , G 2 , E l , E 2 , E 3 
D IMENSION N A M ( 9 1 ) , S Y M . ( 9 1 , 16 ) 

A ( 9 1 , 9 D , B ( 9 1 ) , B E ( 9 1 ) , C ( 9 1 ) , D ( 9 1 ) 
T l d O ) , T 2 ( 1 0 ) , P 1 ( 13) , P 2 ( 1 0 ) 
N L ( 1 " ) , N T ( 1 0 ) , N Z ( 1 3 ) , Z Z ( 1 0 ) , T L ( 1 0 ) 
I N ( 6 0 0 , 1 D , R ( 6 0 0 , 1 0 ) 
N C O D F ( 5 0 0 , 1 0 ) 
T I T L F ( 2 D 
B C d l ) 
T I K I D . T 2 1 ( 1 C ) , P l l d O ) , P 2 1 ( 1 0 ) , T L 2 ( 1 0 ) 

N T O T d O ) . N S P A C E ! 10 ) 
D IMENSION N S T A R T d O ) , N A X I S I 1 3 ) 
D IMENSION A X I 3 ) , A Y I 3 ) , A Z I 3 ) 
C r M M O N / L I M I T / M I D , N I T , B C , L N I T 
C O M M O N / A N G L E / T l , T 2 , P 1 , P 2 
CO' IMON/ORI E N T / N T , N L , N Z , T L 
C O M M O N / I N T O / I N , P 
C O M M O N / W O R K / f E , B , C 
COMMON/OVER/A ,N 
C O M M O N / K U B E / N A M . S Y M , K E , K L N 
COMMON/CARRY/NUT,LUMP,ALP HA,ALPHA 2 , G A M M A , G 2 , E 1 , E 2 , E 3 , J J J J 

COMMON/ROTATE/NCODF 
EXTERNAL C2P0LY 
FORMATI 1 X , I 4 , 7 X , F 1 C 5 , 4 X , F 1 0 . 5 , 3 8 X , 2 D 1 7 . 8 ) 

FORMAT IF10.4) 
FORMAT (15) 
FORMAT (15X, I5,F10.6,14X, ID 
FORMAT (IHl, 'PLANE',7X,'7Z',10X,'THETAd )',7X,'PHI I D ' , 

$ 7X,'THETA!2)',7X,-PHI!2)',6X,'CONE ANGLE',5X,'# POINTS', 
$ 4X,'NLOW',5X,'NZERO') 
FORMAT I/2X,I2,2X,6I4X,F1C.6),7X,I5,6X,I5,5X,I5) 
FORMAT (IHl,5X,'THE FIT INCLUDES TERMS TO ORDER L =', 
t I?//' THE TOTAL NUMBER OF HARMONICS IS',13////) 
FORMAT I///9X,' #',5X,'J',8X,'AREA',11X,'RADIUS**2'/21X, 

$ • COEFFICIENTS',5X,'COEFFICIENTS'/) 
I5X,2I6,2E17.6) 
IlOX,I4,F17.6) 
I///1CX,' RAriUS**2 IS NEGATIVE.'/) 

FORMAT 
FORMAT 
FORMAT . 
F0RMAT(///4X,'PLANE',7X,-THETAl 1) ',5X , 'PHId) •,7X,'THETA(2)' ,7X , 

£ .PHI(2)-,6X,'CONE ANGLE-,5X,'# POINTS',5X,'SPACING',5X,'START' 
£,6X, -AXIS' ) 
FORMAT IIHD 
FORMAT llX,I4,7X,FlC.5,4X,Fn.5,4X,4D17.B) 
FORMAT I///15X,' ELLIPSOIDAL TRANSFORMATION USED.'/) 
FORMAT I1H1,////40X,' SYMMFTRY GROUP C7H'// 



$ ' ',1CX,20A4) 
IR F0RMATI///15X,' 1/ARFA**2 FIT.'/) 

19 FORMAT(/IX,-ANGLE',8X,'THETA',lOX,'PHI',!5X,«AREA',12X,'RADIUS', 

£12X,-APEA-,12X,-RADIUS-) 
23 FORMAT (20A4) 

74 FORMAT I/5X,I 3,?X,51 4X,FIC.6),5X,I 5,7X,I 5,6X,I 5,5X , I 5) 
27 F0RMAT(//1X,'ROTOR-,13X,-LAP SYSTEM-,19X,•TRANSFORMED SYSTEM',20X, 

£ -LAB SYSTEM') 
41 F0RMAT(I5,2F1C.5,2017.8,21X1 
42 F0RMAT(2Fin.5,D17.8,2FlC.5,D17.8,6X) 
43 F0RMAT(//5X,-THE FIT INVOLVES TERMS DIVIDED AT L=',13, 

£• CORRESPONDING TO',14,- HARMONICS') 
^i, F0RMAT(//5X,'THE NUMBER OF ITERATIONS IS',12, 

£' STARTING FROM THE ITERATION NUMBER',12) 
PI = 3.141592653589793 
NUT = 0 

C 
C READ DATA 
C 

CALL COMSET 
READ (5,23) (TITLFII),1=1,20) 
WRITF (6,17) (TITLE!I),1=1,20) 
READ 15,3) LMIN,LMAX 
READ 15,3) LUMP 
READ 15,2) GAMMA 
RFAD (5,2) ALPHA,E? 
READ (5,3) LMID,LNIT,NIT 
MID=LT0M(LMID,9) 
WPITE (6,43) LMID,MID 
WRITE(6,44) NIT,LNIT 
READ(5,3I NINIT 
K L N = M T 0 L I N I N I T , 9 ) 
K F = N I N I T 
T=o.r 
P = 0 .C 
CALL C 2 P 0 L Y ( T , P , e ) 
CALL CCET(BE) 
0 0 25 I = 1 , N I N I T 
READ ( 5 , 1 0 ) d , B C d ) 
B C d ) - B C d ) * B E ( I ) * P I 
WPITF 1 6 , I C ) I , B C d ) 

25 CONTINUE 
NUT=0 
E l = 0 . 0 
E3 = C O 
E 2 = F 2 * P I / 1 P 0 . C D 0 
READ 1 5 , 2 ) CAL 
CAL = 1 . 0 / C A L 
READ 1 9 , 3 ) NUM 
WPITF ( 5 , 5 ) 
DO 20 I = l . N U M 
READ ( 9 , 2 ) Z Z d ) 
READ ( 9 , 2 ) T l d ) , P l d ) 
RFAD 1 9 , 2 ) T 2 ( I ) , P ? ( I ) , T L ( I ) 
READ ( 9 , 3 ) N T ( I ) , N L ( I ) , N Z d ) 
WRITE ( 6 , 6 ) I , Z Z ( I ) , T 1 ( D , P 1 I I ) , T 2 d ) , P 2 d ) , T L I I ) , 

i N T d ) , N L ( I ) , N Z d ) 
NTI = N T d ) 

READ ( 5 , 4 ) ( I N I J , I ) , R ( J , D , N C O D E ( J , I ) , J = ! , N T I ) 
T K I ) = T l d ) * P I / 1 8 0 . C D C 
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20 

290 
289 

21 

T 2 d ) = T 2 d ) * PI/18CCD0 
Pll I) = Pld ) * PI/180.CDC 
P2(I) = P2II) * PI/IPO.ODC 
DO 20 J = 1,NTI 
RIJ,I) = RIJ,I) - ZZII ) 
READ (5,3) NUMB 
IF INUMB.EQ.O) GO TO 2B9 
WRITF 16,12) 
00 290 1=1, NUMB 
READ 15,2) T I K I ) , PI 11 I ) 
READ 15,2) T 2 K D , P2 K I ) , TL21 I ) 
READ |5,3) NTOTd ),NSPACEd ),NSTARTd),NAXISd) 
WRITF 16,24) I,TIKI), P l l d ) , T21I I),P21d),TL2II),NTOT! I) 

£ , NSPACE! I ),NSTARTI I ),NAXISd) 
Tlld )=Tlld )*PI/1RO.ODO 
T21I I)=T21d )*PI/1S0.0D0 

.CDO 

.000 

.ODO 

piiii)=piiIi)*pi/i8r. 
P21II)=P21II)*PI/18r. 
TL2II)=TL2II)*PI/18C. 
CONTINUE 
G2 = GAMMA * GAMMA 
ALPHA2 
JJJJ = 
IF lEl 
IF IF2 
IF IE3 

= ALPHA * 
C 
.NF. C O ) 
.NE. C O ) 
.NE. C O ) 

ALPHA 

JJJJ = 
JJJJ ,= 
JJJJ = 

HARMONIC DO LOOP 

IF UMAX .LT. LMIN) LMAX = LMIN 
DO 500 LNC = LMIN,LMAX,2 
DELTA=LNC-LMIN 
KLN = LNC 
NC = LT0M!LNC,9) 
KE = NC 
N = KE « 
MID=LT0M!LMID,9) 
IF IMIO.GE.KE) MID=KE 
WRITE 16,7) KLN,KE 
DO 21 I = 1,91 
B I D = 0. 
ClI) = C 
DII) = 0. 
DO 21 J = 1.91 
Al I ,J) = C O 

LEAST SQUARE FIT OF DATA. 

CALL KLSO(NUM,KE,CAl,DELTA,C2PCLY, 1 ) 

INVERSION OF FITTING COEFFICIENTS. 

CALL COET(PE) 
WRITE (6,13) 
IF (LUMP .EO. 0) WRITE 16,18) 
IF (GAMMA .NE. 1.0) WRITE (6,16) 
WRITE 16,R) 
DO 22 I = 1,KE 
D I D = C I I)/I PI * BEI I) ) 
WPITF(6,9) I.NAMd ) ,C(I) ,D(I ) 



22 WPITE ( 7 , I D 1 , 0 1 I ) 

C EVALUATION OF F I T T I N G RESULTS FOR 
C PRESELECTED ANGLES. 

C 
I F (LUMP . F Q . ' ' l WRITE 1 6 , 1 8 ) 
WPITF ( 6 , 1 ? ) 
I F I N U M B . E Q . O ) GO TO 139 
DO 2 9 1 1=1,NUMB 
A T 1 1 = T 1 1 ( I ) 
A P l l = P l l d ) 
A T ? 1 = T 2 1 ( I ) 
A P 2 1 = P 2 1 ( I ) 
A T L = T L 2 ( I ) 
CALL D G 0 T T A ( A X , A T 1 1 , A P 1 1 ) 
CALL D G 0 T T A ( A Y , A T 2 1 , A P 2 1 ) 
CALL D C R I S S I A X , A Y , A Z ) 
CALL D C R I S S I A 7 , A X , A Y ) 
AYC=DCOS(ATL) 
A Y S = D S I N ( A T L ) 
NTTT=NTOT(I ) +1 
WRITF I 6 , 2 7 ) 
WPITF 1 6 , 1 9 ) 
DO 205 J = 1 , N T T T 
J 1 1 = ( J - 1 ) * N S P A C E ( I ) 
J 1 1 = J 1 U N S T A R T I I ) - N A X I S I I ) 
A P R = J 1 1 * 0 . 1 / C A L 
A P R = A P R * P I / 1 8 C . O O O 
AZC=DCOSI APR ) 
AZS=DSINIAPR) 
DO 201 K=l,3 
ASIK)=AX(K)*AZCtAY(K)*AZS 

201 AW(K)=AS(K)*AYS+AZ(K)*AYC 
AXT=DARC0S(AW(3)) 
AXP=DATAN2(AW(2),AW(1 )) 
XT=AXT 
XP=AXP 
IF (JJJJ.NF.O) CALL OILER(Fl,E2,E3,XT,XP,1) 
T=XT 
P=XP 
IF (LUMP .EO. 0) GO TO 91 
IF (GAMMA .EO. 1.0) GO TO 91 
ST = DSINIXT) 
CT = DCOSIXT) 
SP = DSINIXP) 
CP = DCOS(XP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
AA = GAMMA*ST*DS0PT(ALPHA2*SP2tCP2) 
AB = ALPHA*CT 
CALL 0FL0P(AA,AB,XTT) 
AA = ALPHA*SP . 
CALL DFLOP(AA,rP,XPP) 
TT = XTT 
PP = XPP 
AA = ST*0SQRT(SP2 + CP2*ALPHA2)/GAMMA 
CALL DFLOP(AA,CT,XTTT) 
AA=SP/ALPHA 



101 

9 3 

9 4 

95 

2 0 0 
205 

9 1 

CALL D F L O P ( A A , C P , X P P P ) 
TTT = XTTT 
PPP = XPPP 
CALL C 2 P 0 L Y ( T T , P P , B E ) 
CALL C 2 P 0 L Y | T T T , P P P , f l ) 
A l = C O 
A2 = C O 
API = C O 
AR2 = C O 
DO 9 3 K = 1 , K F 
A l = A l • C ! K ) * B E ( K ) 
A R l = A R l + D ( K ) * B ( K ) 
TEMP = G 2 * S T ? * ( A L P H A 2 * S P 2 + C P 2 ) • A L P H A 2 * C T 2 
A2 = A1/DS0RT(TEMP) 
TEMP = ST2*( ALPHA2*CP2 + SP2) *• G2*CT2 
AR2 = ARl/TEMP 

GO 
GO 

ICO 

101 

103 

102 

.LT. 

.LT. 
0) 
0) 

TO 
TO 

94 
94 

IF (ARl 
IF !AR2 
GO TO 95 
API = OABSIARl) 
AR? = DABSIAR2) 
WRITE 16,11) 
CONTINUE 
AXT=AXT*18C.3DO/PI 
AXP=AXP*180.0D0/PI 
JO=IJ-1)*NSPACEI I)+NSTARTII) 
ARl = DSQRTIARl) 
AR2 = DSQRTIAP2) 
WRITE 16,14) J0,AXT,AXP,A1,AR1,A2,AR2 
WRITFI10,41) JO,AXT,AXP,A2,AR2 
TT=TT*180.CDC/PI 
pp = p p * 1 8 C 0 D 0 / P I 
TTT=TTT*18C.OD0/PI 
ppp^ppptiaC.OOO/PI 
WPITE!10,42)TT,PP,A1,TTT,PPP,AR1 
CONTINUE 
GO TO 291 
CALL C2P0LY(T,P,B) 
AREA = 0.0 

0.0 
K = 1,KE 
AREA + C(K)*B(K) 
ARAO + n(K)*B(K) 

ODO/PI 
ODO/PI 

ARAD = 
DO 100 
AREA = 
ARAD = 
AXT=AXT*18C. 
AXP=AXP*ian. 
J0=( J-1) *N SPACED )»NSTART(D 
IF (LUMP .GT. .->) GO TO 10 1 
AREA = 1.0/AREA 
IF (AREA .IT. 0.0) AREA = C O 
AREA = DSQRT(APEA) 
ARAO = 0 . 0 
GO TO 10 2 
I F (ARAD . G E . 0 . 0 ) GO TO 103 
WRITF 1 6 , 1 1 ) 
APAO = DABSIARAD) 
CONTINUE 
ARAC = OSQPTIARAD) 
WRITF!5,1) JO,AXT,AXP,AREA,ARAC 
WPITF!10,41) JO,AXT,AXP,ARFA,ARAD 
GO TO 205 
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291 CONTINUE 
139 NUT = C 
500 CONTINUE 

STOP 
END 

r **<,*^********«.**********+********»************************************ *- * 
C * 

JlllO * 
* 

C 

c 
C * NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION • 

C * 1 
C * INVERSION OF AREA DATA TO GIVE RA0IUS**2 * 
C * * 
C * SYMMETRY GROUP: S2 * 
C * * 
J. ii^iftt***************************************************************** 
C 
C INITIALIZATION 
C 

IMPLICIT REAL»R lA-E) 
PEAL*8 PI 
RFAL*8 SP,CP,ST,CT,SP2,CP2,ST2,CT2 
RFAL*8 XT,XP,XTT,XPP,XTTT,XPPP,TEMP 
PEAL*4 ALPHA,ALPHA?,nAMMA,G2,El,E2,E3 
DIMENSION NAMIQl),SYM!91, 16) 
DIMENSION A(91,91),P(91),8E!91),CI91),DI91) 
DIMENSION T1!10),T2(10),P1(10),P2(10) 
DIMENSION NL(1':>) ,NT(1D ,NZ( 10),ZZdO) ,TLI10) 
DIMENSION IN!600,10),RI60C,10) 
DIMENSION NCOOF(600,10 ) 
DIMENSION TITLE(20) 
DIMENSION BC(9D 
DIMENSION T11(10),T?1(1C),P11(10),P21I10),TL2I10) 
DIMENSION NTOTdO),NSPACFdO) 
DIMENSION NSTARTI10),NAXISI10) 
DIMENSION AX(3I, AY(3), AZ(3), AS(3),AW(3) 
COMMON/LIMlT/MID,NIT,BC ,LNIT 
COMMON/ANGLE/Tl,T2,P1 ,P2 
COMMON/OR IENT/NT,NL,NZ,TL 
COMMON/INTO/IN,P 
COMMON/WORK/BE,B,C 
COMMON/OVEP/A,N 
COMMON/KUBF/NAM,SYM,KF,KLN 
COMMON/CAPRY/NUT.LUMP, ALPHA, ALPHA?, GAMMA,G2,El,E2,E3,JJJJ 
COMMON/ROTATE/NCODE 
EXTERNAL S2P0LY 

1 FOPMAT(1X,I4,7X,F10.5,4X,F1C5,38X,2D17.8) 
2 FORMAT (F1C.4) 
3 FORMAT (IS) 
4 F0PMAT(15X,I5,Fia.6,14X,ll) 
5 FORMAT IlHl,'PLANE-,7X,-ZZ-,10X,-THETAd)',7X,'PHId)', 

i 7X,-THETA(2)-,7X.,-PHI!2)-,6X,'C0NF ANGLE',6X,'# POINTS', 
i 4X,-NLOW-,5X,-N7EP0-) 

6 FORMAT (/2X,I2,2X,6(4X,F1C.6),7X,I5,6X,I5,5X,I5) 
7 FORMAT (IHl,5X,-THE FIT INCLUDES TERMS TO ORDER L =-, 

t 13//' THF TOTAL NUMBER OF HARMONICS IS',13////) 
R FORMAT (///9X,' #',5X,'J-,8X,-AREA',11X,'RA0IUS**2'/21X, 
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$ ' COEFFICIENTS ' ,5X , 'COEFFICIENTS ' / ) 
9 FORMAT (5X,216,?E)7.6) 
10 FORMAT dOX, I4,F17.6) 
11 FORMAT I///10X,' RADIUS**2 IS NEGATIVE.'/) 

12 FORMAT I///4X,'PLANE',7X,'THETAl1)',5X,'PHI I1)',7X,'THETAI2)',7X, 
£ 'PHI 12)',6X,'CONF ANGLE',5X,'# POINTS',5X,'SPACING',5X,'START* 
£,6X,'AXIS') 

13 FORMAT IIHI) 
14 FORMAT I1X,I4,7X,F10.5,4X,F10.5,4X,4D17.8) 
16 FORMAT I///15X,' ELLIPSOIDAL TRANSFORMATION USED.'/) 
17 FORMAT I1H1,////40X,' SYMMETRY GROUP S2'// 

S ' ',10X,20A4) 
18 F0RMATI///15X,' 1/AREA**2 FIT.'/) 

19 FORMAT I/I X,'ANGLE',RX,'THETA',lOX,'PHI',15X,'AREA',12X,'RADIUS', 
£12X,'AREA',12X,'RADIUS') 

23 FORMAT I20A4) 
24 FORMAT I/5X,I3,3X,5I4X,F10.6),5X,I5,7X,15,6X,I5,5X,I5) 
27 F0RMATI//1X,'ROTOR',13X,-LAB SYSTEM',19X,'TRANSFORMED SYSTEM',20X, 

£ 'LAB SYSTEM' ) 
41 F0RMAT!I5,2F1C.5,2D17.8,21X) 
42 F0RMAT!2FlC.5,017.a,2F10.5,D17.8,6X) 
43 F0RMATI//5X,'THE FIT INVOLVES TERMS DIVIDED AT L=',I3, 

£' CORRESPONDING TO', I 4,'• HARMONICS') 
44 F0RMAT(//5X,'THE NUMBER OF ITERATIONS IS',12, 

£' STARTING FROM THE ITERATION NUMBER',12) 
PI = 3.141592653589793 
NUT = 0 

C 
C RFAD DATA 
C 

CALL COMSET 
READ (5,23) (TITLE(1),1=1,20) 
WRITE 16,17) ITITLEII),1=1,20) 
READ 15,3) LMIN,LMAX 
READ 15,3) LUMP 
REAC 15,2) GAMMA,ALPHA,El,E2,E3 
READ 15,3) LMID,LNIT,NIT 
MID=LT0M!LMID,10) 
WRITE 16,43) LMID,MID 
WRITE!6,44) NIT,LNIT 
READI5,3) NINIT 
KLN=MTOLININIT,10) 
KE=NINIT 
T=O.C 
P=CO 
CALL S2P0LY!T ,P,B) 
CALL COETIBE) 
DO 25 I = 1 ,NINIT 
READ 1 5 , 1 0 ) I I , B C I I ) 
B C d ) = B C d )*BE( I ) * P I 
WRITE 1 6 , 1 0 ) I , B C I I ) 

25 CONTINUE 
NUT=0 
F1=E1*PI/180.COO 
E2=E2*PI/1R0.0D0 
F3=F?*PI/180.0D0 
READ 15,2) CAL 
CAL = 1.0/CAL 
READ (9,3) NUM 
WPITE 16,5) 
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DO 2C I = 1,NUM 
READ 19,2) ZZd) 
READ 19,2) Till) ,Pld) 
READ 19,2) T2II),P2II),TLID 
READ 19,3) NTII),NL11),NZ 11 ) 
WRITF 16,6) I,ZZID,TllI),Pld),T2ID,P2(n,TLm, 
$ NTII),NLII),NZ!I) 

READ!5,4) I INI J,I),RI J,I),NCODEIJ,I ),J=1,NTI) 
Till) = Till) * PI/18CCD0 
T2II) = T2II) * PI/180.ODO 
Pld) = Pld ) * PI/180.ODO 
P2II ) = P2d ) * PI/180.CD0 
00 20 J = 1,NTI 

20 R!J,1) = PIJ,D - ZZd) 
READ 15,3) NUMB 
IF INUMB.ECO) GO TO 289 
WRITE 16,12) 
00 290 1=1,NUMB 
READ 15,2) Tlld), Plld) 
READ 15,2) T21(I), P21(I), TL2(I) 
READ (5,3) NTOTd),NSPACEd),NSTARTd),NAXISd) 
WRITE (6,24) I,Tlld), Plld), T21(I),P21d),TL2(n,NTOT(I) 
£ , NSPACEd),NSTARTI I ),NAXISd) 
TillII=T11!I)*PI/18C,CDC 
T?ld ) = T21(I)*PI/18C,CDC 
Plld )=Plld)*PI/18C,0DC 
P21!D=P21II)*PI/18C,0DC 

290 TL2I D = TL2II )*PI/18C,0D0 
289 CONTINUE 

G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA * ALPHA 
JJJJ = 0 
IF lEl ,NE, CO) JJJJ = 1 
IF IE2 ,NE, CO) JJJJ = 1 
IF IE3 .NE, CO) JJJJ = 1 

C 
C HARMONIC DO LOOP 
C 

IF ILMAX .LT, LMIN) LMAX = LMIN 
DO 500 LNC = LMIN,LMAX,2 
DFLTA=LNC-LM1N 
KLN = LNC 
NC = LTOMILNCIC) 
KE = NC 
N = KE 
MID=LT0M(LMID,10) 
IF (MID.GE.KF) MID=KE 
WRITE (6,7) KLN,KE 
DO 21 I = 1,91 
Bd) = 0. 
C( I) = 0. 
Dd) = 0. 
DO 21 J = 1,91 

21 Ad,J) =0.0 
C 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLSO(^'UM,KE,CAL,DELTA,S2P0LY,1 ) 
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C INVERSION OF F I T T I N G C O E F F I C I F N T S . 

C 
CALL C O E T I B E ) 
WPITE 1 6 , 1 ? ) 
IF ILUMP . F Q . n ) WRITE 1 6 , 1 8 ) 
IF IGAMMA . N E , 1 , 0 ) WRITE 1 6 , 1 6 ) 
WPITF ( 6 , 8 ) 
DO 2 2 I = 1 , K F 
D d ) = C I D / I P I * BE! I D 
W R I T E ( 6 , 9 ) I . N A M I I ) , C ( I ) , D ( I ) 

2 2 WPITF ( 7 , 1 0 ) I , D ( I ) 
C 
C EVALUATION OF F I T T I N G RESULTS FOR 
C .PRESELECTED ANGLES, 
C 

IF ILUMP . E G . 0 ) WRITE 1 6 , 1 8 ) 
WPITF 1 6 , 1 3 ) 
IF I N U M B . E C O ) GO TO 1 3 9 
DO 2 0 1 1 = 1 , N U M B 
AT11 = T 1 K I ) 
A P d = P l l l I ) 
A T 2 1 = T 2 K I ) 
A P 2 1 = P 2 1 I I ) 
A T L = T L 2 I I ) 
CALL DGOTTAI AX, A T U . A P l l ) 
CALL D G O T T A I A Y , A T 2 1 , A P 2 1 ) 
CALL O C R I S S I A X , A Y , A Z ) 
CALL D C R I S S I A Z , A X , A Y ) 
AYC=DCOSIATL) 
A Y S = O S I N I A T L ) 
N T T T = N T O T I I ) +1 
WRITE I 6 , 2 7 ) 

WRITF 1 6 , 1 9 ) 
DO 2C5 J = 1 , N T T T 
J 1 1 = I J - 1 ) * N S P A C E I I ) 
J 1 1 = J 1 1 + NSTARTI D - N A X I S d ) , 
A P R = J 1 1 « 0 . 1 / C A L 
A P R = A P R * P I / 1 8 0 . 0 D 0 
AZC = DCOSIAPR ) 
A Z S = D S I N I A P R ) 
DO 2C1 K = l , 3 
A S I K ) = A X I K ) * A Z C + A Y I K ) * A Z S 

2 0 1 A W I K ) = A S ( K ) * A Y S + A Z ( K ) * A Y C 
A X T = 0 A R C 0 S ( A W ( 3 ) ) 
A X P = D A T A N 2 ( A W ( 2 ) , A W d ) ) 
XT=AXT 
XP=AXP 
I F ( J J J J . N E . O CALL 0 IL EP ( E l , E2 , E 3 , XT , X P , I I 

T=XT 

91 

P=XP 
IF ILUMP .EC C) 
IF IGAMMA .EQ. 1 
ST = DSINIXT) 
CT = DCOSIXT) 
SP = DSINIXP) 
CP = DCOSIXP) 
ST2 = ST * ST 
rT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 

GO TO 91 
.0) GO TO 
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AA = GAMMA*ST*DS0RTIALPHA2*SP2*CP2) 
AB = ALPHA*CT 
CALL DFLOPIAA,AB,XTT) 
AA = ALPHA*SP 
CALL DFLOP!AA,CP,XPP) 
TT = XTT 
PP = XPP 
AA = ST*DSCRT!SP2 + CP2*ALPHA2)/GAMMA 
CALL DFLOP|AA,CT,XTTT) 
AA=SP/ALPHA 
CALL DFLOPIAA,rP,XPPF) 
TTT = XTTT 
PPP = XPPP 
CALL S2P0LY!TT,PP,BF) 
CALL S2P0LYITTT,PPP,R) 
Al = C O 
A2 = O.C 
ARl = C O 
AR2 = C O 
DO 93 K = l.KE 
Al = Al + CIK)»BEIK) 

93 API = ARl + D!K)*B!K) 
TEMP = G2*ST2*(ALPHA2*SP2+CP2) • ALPHA2*CT2 
A2 = A1/DS0RT(TFMP) 
TEMP = ST2*(ALPHA2*CP2+SP2) + G2*CT2 
AR2 = ARl/TEMP 
IF (API .LT. 0) GO TO 94 
IF (AR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = DAB5(APD 
AR2 = DABS(AR2) 
WPITE (6,11) 

95 CONTINUE 
AXT=AXT*18C.0D':'/P I 
AXP=AXP*18C. ."DC/PI 
JO=(J-l)*NSPACFd )+NSTAPT(D 
API = DSORTIARD 
AR2 = DSQRTIAR2) 
WRITE (6,14) jn,AXT,AXP,Al,ARl,A2,AR2 
WRITF(1G,41) JC,AXT,AXP,A2,AR2 
TT=TT*180.ODO/PI 
PP=PP*180.CDC/PI 
TTT=TTT*lflC.ODO/P! 
ppp=ppp»iac.CDO/PI 

2C0 WPITFI10,4?)TT,PP,A1,TTT,PPP,AR1 
?05 CCNTINUF 

GO TO 291 
91 CALL S2P0LY(T,P,B) 

APFA = 0 . 0 
ARAD = C C 
DC 100 K = 1,KE 
AREA = AREA + C I K ) * P I K ) 

IOC APAP = APAD + n ( K ) * B ( K ) 
AXT = A X T * 1 8 i ^ , G D 0 / P I 
A X P = A X P * 1 R C . 0 D 0 / P I 
J0= ( J - 1 ) * N S P A C F ( D + N S T A P T ( I ) 
IF (LUMP . G T . ^ ) GO TO I C 1 
AREA = 1 . 0 / A P E A 
I F (AREA . I T . 0 . ^ 1 AREA = C O 
AREA = DSQPT(ARFA) 
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101 

103 

102 

291 
139 
5C0 

APAD = C O 
CO TO 102 
IF IARAD .GE. O.C) GO TO 1C3 
WRITE 16,11) 
ARAD = DABSIARAD) 
CONTINUE 
APAD = DSQRTIARAD) 
WRITFI6,1) JO,AXT,AXP,AREA,ARAD 
WRITE!IC,41) JO,A XT,AXP,AREA,ARAD 
GO TO 205 
CONTINUE 
NUT = C 
CONTINUE 
STOP 
END 
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C 
c 
c 
c 
c * 

MASS INVERSION PROGRAMS 

»»»»•«•**»***•••••**•*»******•*********•*****»*******•***•***•******** 

J121 * 

* 
* C * NON-SYHWETRY PLANE ELECTRON SURFACE INVERSION 

C * INVERSION OF MASS DATA TO GIVE ( 1 / P I ) 2 K I 0 K / D E I . * 

'^ * t 
C * SYMMETRY GROUP: OH. ' 
C * * 
C t********************************************************************* 
c 
C I N I T I A L I Z A T I O N 
C 

IMPLICIT REAL*8 lA-E) 
REAL*8 PI 
DIMENSION NAM(91) ,SYMI91,16) 
DIMENSION A < 9 1 , 9 1 ) , B ( 9 1 ) , B E ( 9 l ) , C ( 9 1 ) , 0 1 9 1 1 
DIMENSICN T1110 ) ,T2 I10 ) ,P1C 1 0 I , P 2 I 101 
DII"ENSICN NLdO) , N T ( 1 0 ) , N 2 I 1 0 I , Z Z ( 1 0 ) , T L d 0 » 
DIMENSION I N ( 6 0 0 f 1 0 ) , R I 6 0 0 , 1 0 t 
DIMENSICN T ITLEI20 ) 
DIMENSION BC(9D 
DIMENSION T 1 1 I 1 0 ) , T 2 1 ( 10) , P 1 1 I 10) , P 2 1 ( 1 0 » , T L 2 d O I 
DIMENSION NTaTllO),NSPACE(10l 
DIMENSION NSTARTI 10) .NAXISI 10) 
DIMENSION A X I 3 ) , A Y I 3 I , A Z ( 3 ) , AS(3 I ,AW(3 I 
COiMQN/LIMIT/MID.NIT.BC .LNIT 
COMMON/ANGLE/T1,T2,P1,P2 
CCMMON/CRIENT/NT,NL,NZfTL 
CQMfON/INTO/IN.R 
COMMON/WORK/BE,B,C 
CCMMON/CVER/A,N 
COMMON/KUBE/NAM,SYM.KE,KLN 
EXTERNAL KUPOLY 

1 FORt>AT I 1 5 X , I 5 / 4 F 2 0 ^ 1 5 / 4 F 2 0 ^ 1 5 / 4 F 2 0 ^ 1 5 / 4 F 2 0 . 1 5 ) 
2 FORMAT (F10^4) 
3 FORMAT (15) 
4 FORMAT ( 1 5 X , I 5 , F 1 0 . 6 ) 
5 FORMAT ( I H l , ' P L A N E ' , 7 X , " Z Z " , 1 0 X , ' T H E T A d ) ' , 7 X , ' P H d l l « , 

$ 7 X , ' T H E T A I 2 ) ' , 7 X . ' P H H 2 I ' , 6 X , ' C O N E ANGLE' ,6X , ' # POINTS' , 
» 4X, 'NLOW',5X, 'NZERO') 

6 FORMAT l / 2 X , I 2 , 2 X , 6 ( 4 X , F 1 0 . 6 » , 7 X , I 5 , 6 X , I 5 , 5 X , I 5 ) 
7 FORMAT ( I H l , 5 X , ' T H E FIT INCLUDES TERMS TO ORDER L = • , 

i 1 3 / / ' THE TOTAL NUMBER OF HARMONICS I S ' , I 3 / / / / J 
8 FORMAT I I H 1 , 9 X , ' # ' , 5 X , ' J ' , 8 X , ' M A S S ' , 9 X , ' I l / P n 2 K « 0 K / D E I " / 2 1 X , 

» ' COEFFICIENTS' ,5X, 'COEFFICIENTS' / ) 
9 FORMAT I 5 X , 2 I 5 , 2 E 1 7 . 6 I 
10 FORMAT d O X , I 4 , E 1 7 . 6 ) 
11 FORMAT ( / / / l O X , ' K(DK/DE) IS NEGATIVE. ' / ) 
13 FORMAT ( I H l ) 
14 FORMAT (1X,I4,7X,F10.5,4X,F10.5,4X,2D17.8I 
19 FORMATI/IX,'ANGLE' ,8X,'THETA' ,10X, • PHI ' ,15X ,'MASS* , lOX , •2K (OK/DEI • 

£1 
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22 FORMAT ( / / / 4 X , ' P L A N E • t 7 X , ' T H E T A d ) " ,5X , ' P H I I U • ,7X, 'THET A(2 ) • , 7 X , 
£ • P H H 2 ) ' , 6 X , ' C O N E ANGLE', SXt •# POINTS' , 5X, • SPACI NGS 5X, ' START" 
£ , 6 X , ' A X I S ' ) 

24 FORMAT ( / 5 X , I 3 , 3 X , 5 ( 4 X , F 1 0 . 6 l . 5 X , I 5 , 7 X . I 5 , 6 X , I 5 . 5 X , I S t 
30 FORMAT I20A4) 
31 FORMAT I I H I , / / / / 4 0 X , ' SYMMETRY GROUP O H ' / / 

S " ' , 1 0 X , 2 0 A 4 I 
42 FORMATI15 ,2F10 .5 ,2017 .8 ,21X1 
43 FORMATI/ /5X, 'THE F I T INVOLVES TERMS DIVIDED AT L = ' , I 3 , 

6" CORRESPONDING T O " , 1 4 , ' HARMONICS") 
44 F0RMAT( / /5X, 'THE NUMBER OF ITERATIONS I S ' f I 2 , 

£ ' STARTING FROM THE ITERATION NUMBER",121 
PI = 3.141592653589793 

C 
C READ DATA 
C 

CALL CCMSET 
READ (5,30) ITITLEII) ,1=1,20) 
WRITE 16,31) ITITLE«I1.1=1,20) 
READ 1 5 , 3 ) LMIN.LMAX 
READ ( 5 . 1 ) (NAMID . ( S Y M d , J I , J = l , 1 6 ) ,1 = 1.911 
READ 15 ,3 ) LMID ,LN IT ,N IT 
MI0=LTQHILMID,1) 
t^RITE 1 6 , 4 3 ) LMID,MID 
WRITEI6,44> NIT,LNIT 
READ15,3) NINIT 
KLN=MTOL(NINIT, 1) 
K E = M M T 
CALL COETIBE) 
00 25 I = 1,NINIT 
READ ( 5 . 1 0 ) I I , B C d ) 
BC« I ) = BCd )*BEI l)*?X 
WRITE 1 6 . 1 0 ) I . B C d ) 

25 CONTINUE 
REAC ( 5 . 2 ) CAL 
CAL = 1.0/CAL , 
READ 1 5 , 3 ) NUM 
WRITE 1 6 , 5 ) 
DO 16 I = l.NUM 
READ 1 5 , 2 ) Z Z d ) 
REAC ( 5 . 2 1 T l d ) , P l ( I l 
READ ( 5 , 2 ) T 2 I I ) , P 2 ( I ) , T L I H 
READ ( 5 , 3 ) N T d ) , N L ( l ) . N Z d l 
WRITE ( 6 , 6 ) I . Z Z I D . T K I ) , P 1 ( l l , T 2 ( I ) , P 2 ( D . T U n , 

S N T d ) , N L ( I ) , N Z ( I ) 
NTI = N T d ) 
READ 15,41 ( I N I J , I ) . R ( J , I ) > J = l > N T I i 

16 

T i l l ) = T l d ) * 
T 2 ( I ) = T 2 I I ) * 
P i l l ) = P l d ) * 
P2( n = P 2 ( I ) * 
DO 15 J = l . N T I 
R ( J , I ) = R I J . D 

P I / 1 8 0 . O D O 
P I / 1 8 0 . 0 D O 
P I / 1 8 0 . O D O 
P I / 1 8 0 . 0 D 0 

- Z Z ( I ) 
READ ( 5 . 3 1 NUMB 
IF (NUMB.EQ.O) GO TO 289 
MRITE(6 .22 I 
00 290 1=1.NUMB 
REAC ( 5 , 2 ) T I K I ) , P l l d ) 
READ ( 5 , 2 ) T 2 1 ( I ) , P21 d ) , T L 2 d ) 
READ ( 5 , 3 ) NTOTd) .NSPACEd) .NSTARTd ) , N A X I S d ) 
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WRITE ( 6 . 2 4 ) I , T l l d ) , P I K I I . T21 d ) ,P21( H ,TL2 I I I ,NTOT d t 
£ , NSPACEd) ,NSTARTd) ,NAXISd) 

T l l ( I ) = T l l ( n * P I / 1 8 0 . 0 D 0 
T 2 1 d ) = T 2 1 I I I * P I / l B 0 . 0 D 0 
P l l d ) = P l l d l * P l / l 8 0 ^ 0 D 0 
P 2 1 ( I ) = P 2 1 ( I ) * P I / 1 8 0 . 0 0 0 

290 T L 2 ( D = T L 2 d ) * P I / l 8 0 . 0 D 0 
289 CONTINUE 
C 
C HARMONIC 00 LOOP 
C 

IF (LMIN . L T . 4) LMIN = 4 
IF ILMIN .GT. 60) LMIN = 60 
IF (LMAX .LT. LMIN) LMAX = LMIN 
IF (LMAX .GT. 60) LMAX = 60 
DO 500 LNC = LMIN.LMAX,2 
0ELTA=LNC-LMIN 
KLN = LNC 
NC = LTOMILNCD 
KE = NC 
N = KE 
MI0=LTOM(LMID,ll 
IF (MIO^GE.KE) MID=KE 
WRITE ( 6 , 7 ) KLN.KE 
00 17 I = 1 . 9 1 
B I U = 0 . 
C( I ) = 0 . 
C d ) = 0 . 
DO 17 J = 1.91 

17 A d . J ) = 0 . 
C 
C LEAST SCUARE FIT OF DATA. 
C 

CALL KLSQINUM.KE.CAL.DELTA.KUPOLY.l) 
C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COETIBE) 
)«RITE ( 6 . 8 ) 
DO 18 I = l.KE 
O i l ) = C I D / I P I * BEI I I I 
WRITEI6,9) I .NAMd ) t C ( I ) , 0 ( 1 ) 

18 WRITE ( 7 , 1 0 ) I .D I I ) 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

WRITE (6 .131 
IF INUMB.EQ.O) GO TO 139 
00 291 1=1.NUMB 
A T l l = T l l d ) 
A P l l = P l l d ) 
AT21 = T 2 1 d ) 
AP21=P21d) 
ATL=TL2II) 
CALL DGOTTAIAX.ATll .APll I 
CALL DG0TTAIAY.AT21,AP21» 
CALL DCRISSIAX.AY.AZI 
CALL DCRISSIAZ.AX.AY) 
AYC=DC0S(ATL) 
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AYS=DS1NIATL) 
NTTT=NTOT(l) • ! 
WRITE ( 6 . 1 9 1 
DO 200 J=1.NTTT 
J l l = l J - l ) * N S P A C E d ) 
J11 = J11+NSTART(H-NAX1SI I I 
APR=J11*0.1/CAL 
APR=APR*PI/180.000 
AZC=DCOSIAPRI 
AZS=OSIN<APR) 
00 201 K = l , 3 
AS(K)=AXIKi*AZC«^AY(KI*AZS 

201 AW(K) = AS(K)*AYS*AZ(K)*AYC 
AXT=GARC0SIAW(3)) 
AXP=DATAN2IANI2i .AW(l)) 
T=AXT 
P=AXP 
AXT=AXT*180.ODO/PI 
AXP=AXP*180.ODO/PI 
CALL KUPOLYIT.P.BE) 
AREA = 0. 
ARAD2 = 0. 
DO 20 K = l.KE 
AREA = AREA • BE(K)*CIK) 

20 ARAC2 = ARA02 • BEIK)*DCK» 
IF (ARAD2 .GE. 0.) GO TO 21 
WR ITE (6.11) 
ARAC2 = DABSIARAD2) 

21 ARAD = 0SQRTIARAD2) 
J0=(J-1)*NSPACE(I)tNSTARTI 11 
WRITE(6,14) JO. AXT, AXP. AREA,ARAO 

JO.AXT.AXP,AREA. ARAD 
200 
291 
139 
500 

WRITE(10«42) 
CONTINUE 
CCNTINUE 
CONTINUE 
CONTINUE 
STCP 
END 

c » » * » • • « * « * • • * • • » • • • • • • * * • • • • • • • » * * • * * * * • * • * * • * * * • * * * * * * * * • * * * * * * * * * * * * 

C * J122 * 

<= • I C * Z 
C * NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION * 
C * 
C * INVERSION OF MASS CATA TO GIVE d / P n 2 K « DK/DE I • 

^ * I 
C * SYMMETRY GROUP: 06H • 
C » * 
c • • » « • • » • * * • • • » • • * • * » » * * * * » • * • * * * * * * * * • • * * * * * * * • * * • * • * * • * * • • • • * * * * * * • * * 
c 
C INIT IALIZATION 
C 

IMPLICIT REAL*8 (A -E ) 
REAL*8 PI 
REAL*8 SP.CP.ST,CT.SP2,CP2,ST2,CT2 
REAL»8 XT.XP,XTT.XPP.XTTT.XPPP.TEMP 
REAL*4 ALPHA,ALPHA2,GAMMA.G2,El,E2,E3 
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DIMENSION NAM(9l),SYM(91,16l 
DIMENSION A(91,91),B( 91),BE(91),0(91),0(911 
DIMENSION T1I10),T2I10),P1(10I.P2(10) 
DIXENSICN NL( 10),NT (10),NZ( 10 I, ZZ( 10 ),TLd0) 
DIMENSION IN(600,10),R(600,10» 
DIMENSICN NC0DE(600,10) 
DIMENSION TITLEI20) 
DIMENSION BC(91) 
DIMENSICN Tll(10),T2l(10),PHdO),P21llO),TL2(10l 
DIMENSION NTOTdO) ,NSPACEI 10) 
DIMENSION NSTARTdO),NAXISI 10) 
DIMENSICN A X ( 3 ) , A Y ( 3 ) , AZC3), AS(3) .AW(3 I 
COMMON/LIMIT/MID.NIT.BC .LNIT 
COMMON/ANGLE/T1.T2.PI,P2 
COMMCN/CRIENT/NT,NL,NZ,TL 
COMMON/INTO/IN.R 
COMMON/WORK/BE.B.C 
COMMON/OVER/A,N 
COMMON/KUBE/NAM.SYM.KE.KLN 
COMMON/CARRY/NUT.LUMP. ALPHA. ALPHA2f GAMMA, G2, E l , E2 ,E3, JJJJ 
COMMON/ROTATE/NCODE 
EXTERNAL HXPOLY 

1 F 0 R M A T ( 1 X , I 4 , 7 X , F 1 0 . 5 , 4 X , F 1 C 5 , 3 8 X , 2 D 1 7 . 8 ) 
2 FORMAT (F10.4) 
3 FORMAT (15) 
4 FORMAT (15X,I5.F10,6.14X.I1) 
5 FORMAT (IHl,"PLANE'.7X.'ZZ',10X,'THETA(l)".7X."PHId)" , 

$ 7 X . ' T H E T A I 2 ) ' . 7 X . ' P H I I 2 I ' , 6 X . ' C 0 N E ANGLE",6X, •# POINTS" , 
$ 4X, 'NLOW',5X, 'NZERO'I 

6 FORMAT ( / 2 X , I 2 , 2 X , 6 I 4 X , F 1 0 . 6 I , 7 X , I 5 , 6 X , l 5 t 5 X , l 5 ) 
7 FORMAT d H 1 . 5 X . ' T H E FIT INCLUDES TERMS TO ORDER L = " , 

S 1 3 / / ' THE TOTAL NUMBER OF HARMONICS I S " , 1 3 / / / / ) 
8 FORMAT I / / / 9 X . ' * ' . 5 X . ' J ' . 8 X . ' M A S S ' . I I X , " K l O K / D E ) • / 2 1 X , 

S ' COEFFICIENTS",5X, 'COEFFICIENTS'/ I 
9 FORMAT I 5 X , 2 I 6 , 2 E 1 7 . 6 ) 
10 FORMAT I 1 0 X , I 4 , E 1 7 , 6 ) 
11 FORMAT I I O X , ' KIDK/DE) IS NEGATIVE.') 

12 F0RMATI / / /4X, 'PLANE' ,7X, 'THETAI 1) ' , 5 X , ' P H I ( 1) • ,7X , 'THETAl 2) • , 7 X , 
£ ' P H I I 2 ) ' . 6 X . ' C 0 N E ANGLE",5X. ' * POINTS' ,5X, 'SPACING' ,5X,"START" 
E ,6X , 'AX IS ' ) 

13 FORMAT I I H I ) 
14 FORMAT I 1 X , I 4 , 7 X , F 1 0 . 5 , 4 X , F 1 0 . 5 , 4 X , 4 D 1 7 . 8 » 

16 FORMAT I / / / 1 5 X , ' ELLIPSOIDAL TRANSFORMATION U S E D . ' / ) 
17 FORMAT I 1 H 1 , / / / / 4 0 X , ' SYMMETRY GROUP 0 6 H ' / / 

1 ' ' ,10X,20A4) 
18 F0RMATI/ / /15X," 1/AREA**2 F I T . " / ) 

19 FORMAT!/IX,"ANGLE' ,8X, 'THETA' , 1 0 X , " P H I " , 1 5 X , ' M A S S " , l O X , • 2 K I D K / D E ) " 
E ,11X,"MASS' ,10X . '2K IDK/0E) ' ) 

23 FORMAT I20A4) 
24 FORMAT I / 5 X . I 3 . 3 X . 5 I 4 X , F 1 0 . 6 ) . 5 X . I 5 , 7 X , 1 5 , 6 X , I 5 , 5 X , 151 
27 F0RMATI//1X.'ROTOR'. 13X,'LAB SYSTEM'. 19X, • TRANSFORMED SYSTEM" , 2 0 X , 

E "LAB SYSTEM') 
41 FORMATII5,2F10,5,2017,8,21X» 
42 FQRMATI2F1C5,D17 .8 ,2F10 .5 .D17 .8 ,6X) 
43 F0RMATI//5X.'THE FIT INVOLVES TERMS DIVIDED AT L = " , I 3 , 

£ ' CORRESPONDING T O ' , 1 4 , ' HARMONICS') 
44 F0BMATI//5X,'THE NUMBER OF ITERATIONS I S " , 1 2 . 

E' STARTING FROM THE ITERATION NUMBER",121 
PI = 3.141592653589793 
NUT = 0 
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C 
C READ DATA 
C 

CALL COMSET 
READ (5,23) ITITLE(I),1=1.20) 
WRITE (6,17) ITITLEII),1=1.201 
READ (5.3) LMIN.LMAX 
READ (5.3) LUMP 
REAC (5.2) GAMMA 
ALPHA = 1.0 
READ (5,3) LMID,LNIT,NIT 
MID=LT0M(LMID,2) 
)«RITE (6,43) LMID,MID 
WRITE(6,44) NIT.LNIT 
READ(5,3) NINIT 
KLN=MT0L(NINIT.2) 
KE=NINIT 
T=0^0 
P=0^0 
CALL HXPOLYIT.P.B) 
CALL COETIBE) 
DO 25 I = 1,NINIT 
READ (5.10) II . BCd) 
BCd) = BC(I)*BE(n»PI 
hRITE (6,10) I.BCd) 

25 CONTINUE 
NUT=0 
El = 0^0 
E2=0^0D0 
E3 = 0^0 
READ (5.2) CAL 
CAL = 1.0/CAL 
REAC <9.3) NUM 
WRITE (6.5) 
DO 20 I = l.NUM 

REAC (9.2) ZZd) « 
READ (9,2) Tld),PKI) 
REAC (9,2) T2(l),P2ID,TLd) 
READ (9,3) NT(D,NL(I),NZd» 
WRITE (6,6) I,ZZ( I ),Tld) ,Pldl,T2(I),P2IH,TLm, 
$ NTII).NL(I),NZd) 
NTI = NTIII 
READ 15,4) dN( J.I ),R(J,I ) ,NCODE( J,I),J=1,NTI ) 
Till) = Tld) * PI/18COD0 
T2d) = T2(I) * PI/180^0D0 
Pld) = Pll I) * PI/ieO^ODO 
P2d) = P2d) • PI/180.000 
00 20 J = 1,NTI 

20 R(J,D = R(J,I) - ZZd) 
READ (5,3) NUMB 
IF (NUMB.EQ.O) GO TO 289 
WRITE (6,12) 
DO 290 1=1,NUMB 
READ (5,2) Tlld), Plld) 
REAC (5,2) T21(I), P21(I), TL2(II 
READ (5,3) NTOTID ,NSPACEd),NSTARTd),NAXISd) 
WRITE (6,24) I,Tlld), Plllll, T21d ) ,P2 1 d ) ,TL2 d ) .NTOT d ) 
£ , NSPACEd),NSTARTd),NAXISd) 
T111I)=T11II)*PI/180.000 
T21d ) = T21( 11 *PI/180.000 
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P H I I ) = P l l d ) * P l / 1 8 0 . 0 D O 
P21 d ) = P21 ( I ) * P I / 1 80 .000 

290 T L 2 d ) = T L 2 l l l * P I / 1 8 0 . 0 D 0 
289 CONTINUE 

G2 = GAMMA • GAMMA 
ALPHA2 = ALPHA • ALPHA 
JJJJ = 0 
IF <E1 .NE. 0 . 0 ) JJJJ = 1 
IF IE2 .NE. 0 .0 ) JJJJ = 1 
IF (E3 .NE^ 0^0) JJJJ = 1 

C 
C HARMONIC 00 LOOP 
C 

IF ILMAX . L T . LMIN) LMAX = LMIN 
DO 500 LNC = LMIN,LMAX,2 
DELTA=LNC-LMIN 
KLN = LNC 
NC = LTCM(LNC,2) 
KE = NC 
N = KE 
M10=LT0M(LMID,2) 
IF (MIO.GE.KE) MID=KE 
WRITE ( 6 , 7 ) KLN,KE 
DO 21 I = 1 ,91 
B i l l = 0 . 
C d ) = 0 . 
D( I ) = 0 . 
DO 21 J = 1,91 

21 A d , J ) = 0 .0 
C 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLSQINUM,KE,CAL.DELTA,HXPOLY,I I 
C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COETIBE) 
WRITE ( 6 , 1 3 ) 
IF ILUMP .EQ^ 0) WRITE ( 6 . 1 8 1 
IF (GAMMA •NE. 1.0) WRITE ( 6 . 1 6 ) 
WRITE ( 6 , 8 ) 
DO 22 I = 1,KE 
0( I ) = C ( I ) / ( P I * BEI I ) ) 
WRITE(6,9) I . N A M d ) , C d ) , 0 1 I ) 

22 WRITE ( 7 , 1 0 ) 1 , 0 ( 1 1 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

IF (LUMP .EQ. 0 ) WRITE ( 6 . 1 8 ) 
WRITE ( 5 , 1 3 ) 
IF (NUMB.EQ.O) GO TO 139 
DO 291 1=1,NUMB 
AT1I=T11(I) 
AP11=P11 | I ) 
AT21=T21(I) 
AP21=P21d) 
ATL=TL2(I) 
CALL DG0TTA(AX,AT11,AP11) 
CALL DGCTTA(AY,AT21,AP21) 



115 

CALL DCRISS(AX,AY,AZ) 
CALL DCRISS(AZ,AX,AY) 
AYC=OCOS(ATL) 
AYS=DSINIATL) 
NTTT=NTCT(I) *l 
WRITE ( 6 ,271 
WRITE ( 6 , 1 9 ) 
00 205 J=1,NTTT 
J l l = ( J - l ) * N S P A C E d I 
J l l = J l l + N S T A R T ( I ) - N A X I S d ) 
APR=J11*0.1/CAL 
APR=APR»PI/180.0DO 
AZC=OC0S(APR) 
AZS=DSIN(APR) 
00 201 K = l , 3 
ASCK)=AX(K)*AZC*AY(K)*AZS 

201 AW(K)=AS(K)*AYS+AZ(K)*AYC 
AXT=DARC0S(AW(3)) 
AXP=0ATAN2(AW(2),AW(1)) 
XT=AXT 
XP=AXP 
IF (JJJJ.NE^O) CALL OILER!El,E2,E3.XT.XP,1) 
T=XT 
P=XP 
IF (LUMP .EQ. 0) GO TO 91 
IF (GAMMA .EQ^ 1^0) GO TO 91 
ST = DSINIXT) 
CT = DCOSIXT) 
SP = DSINIXP) 
CP = DCOSIXP) 
ST2 = ST * ST 
CT2 = CT » CT 
SP2 = SP » SP 
CP2 = CP * CP 
AA = GAMMA»ST»DS0RTISP2 • CP2/ALPHA2) 
CALL DFLOP(AA,CT,XTT) 
AA = ALPHA*SP 
CALL 0FLOP(AA,CP,XPPI 
TT = XTT 
PP = XPP 
AA = ST*DSQRT(SP2 • CP2»ALPHA2)/CAMMA 
CALL OFLOP(AA,CT,XTTT) 
AA=SP/ALPHA 
CALL DFLOPIAA.CP.XPPP) 
TTT = XTTT 
PPP = XPPP 
CALL HXPOLY(TT,PP,BE) 
CALL HXPCLYITTT.PPP.B) 
Al = 0 . 0 
A2 = 0 . 0 
ARl = 0 . 0 
AR2 = C O 
DO 93 K = l .KE 
A l = Al • CIK)»BE(K) 

93 ARl = ARl • D (K) *B(K) 
TEMP = G2*ST2*(ALPHA2*SP2»CP2) • ALPHA2»CT2 
A2 = Al/DSORT(TEMP) 
TEMP = ST2*(ALPHA2*CP2+SP2) • G2*CT2 
AR2 = ARl/TEMP 
IF (ARl .LT. 0) GO TO 94 
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IF (AR2 .LT^ 0) GO TO 94 
GO TO 95 

94 ARl = DABSIARl) 
AR2 = DABS(AR2) 
WRITE ( 6 . 1 1 ) 

95 CONTINUE 
AXT=AXT*180.000/PI 
AXP=AXP*180^0DO/PI 
J0=(J-1)*NSPACE(1)+NSTARTI I ) 
WRITE ( 6 . 1 4 ) J0.AXT.AXP.AI.AR1,A2.AR2 
WR1TE(10.41) JO.AXT.AXP,A2.AR2 
TT=TT*180^0DO/PI 
PP=PP*180.000/P I 
TTT=TTT*180^0D0/PI 
PPP=PPP*180.000/PI 

200 WRITE(10.42)TT,PP,A1,TTT,PPP,AR1 
205 CONTINUE 

GO TO 291 
91 CALL HXP0LY(T,P,B) 

AREA = C O 
ARAD = C O 
DC 100 K = l,KE 
AREA = AREA • C(K)*B(K) 

100 ARAD = ARAD + D(K)*B(K) 
AXT=AXT»180.ODO/PI 
AXP=AXP*18C0D0/PI 
J0=(J-1)*NSPACE(ID-NSTART( I I 
IF ILUMP .GT. 0» GO TO 101 
AREA = 1.0/AREA 
IF lAREA . L T . 0 . 0 ) AREA = 0 . 0 
AREA = OSQRTIAREA) 
ARAD = 0.0 
GO TO 102 

101 IF (ARAO .GE. 0 . 0 ) GO TO 103 
WRITE ( 6 , 1 1 ) 
ARAC = CABS(ARAO) 

103 CONTINUE 
ARAO = DSQRT(ARAO) 

102 WR1TE(6,1) JO,AXT,AXP.AREA.ARAO 
WRITE(10,41) JO,AXT,AXP,AREA.ARAO 
GO TO 205 

291 CONTINUE 
139 NUT = 0 
500 CONTINUE 

STOP 
END 

C ******************************^t^***^iftif^^i,tm*****************i********* 
C * * 
C * J123 * 
C * * 
C * « 
C * NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION • 
C * 
C • INVERSICN OF MASS DATA TO GIVE ( l / P I )2K(0K/0E I * 
C » • 
C * SYMMETRY GROUP: C6H * 
C * * 
C * * • « • » * • * * * • • • • • • • • • • •»»»*^*»^^»»^^^, ,»^^^^»»;»»**»««»«*»#»»»«: ( l * : ( .»«»»»*^ 
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C 
C INIT IALIZATION 
C 

IMPLICIT REAL*8 (A-E) 
REAL*8 PI 
REAL*8 SP,CP,ST,CT,SP2,CP2,ST2,CT2 
REAL*8 XT,XP,XTT,XPP,XTTT,XPPP,TEMP 
REAL*4 ALPHA,ALPHA2,GAMMA,G2.E1.E2,E3 
DIMENSION NAM(91),SYM(91.16) 
DIMENSION A(91.9l).B(91).8E(91).C(91).0|91) 
DIMENSION Tl(10),T2(10),Pl(10).P2(10) 
DIMENSION NL( lO).NT(lO) ,NZ( 10) .ZZdO) .TL(IO) 
DIMENSION IN(600.10).R(600,10) 
DIMENSICN NCCOE(600,10) 
DIMENSION TITLEI20) 
DIMENSION BCI91) 
DIMENSION T U d O ) , T 2 1 I 10) , P l l d O ) , P 2 1 I 1 0 ) , T L 2 I 1 0 ) 
DIMENSION NTOTdO),NSPACE! 10) 
DIMENSION NSTARTdO) ,NAXISdO) 
DIMENSION A X ( 3 ) , A Y ( 3 ) , A Z ( 3 ) , AS(3) ,AW(3) 
COMMON/LIMIT/MID,NIT,BO ,LNIT 
COMMON/ANGLE/Tl,T2,PI ,P2 
COMMON/ORIENT/NT,NL.NZ,TL 
COMMON/INTO/IN,R 
COMMCN/WORK/BE,B,0 
CQMMON/OVER/A,N 
CCMMON/KUBE/NAM,SYM.KE.KLN 
C0MM0N/CARRY/NUT,LUMP,ALPHA,ALPHA2.GAMMA.G2.E1.E2.E3.JJJJ 
COMMON/ROTATE/NCODE 
EXTERNAL C6P0LY 

1 FORMATI 1X,I4,7X,F10.5,4X,F1C5,38X,2D17.8) 
2 FORMAT (F10^4) 
3 FORMAT (15) 
4 FORMAT {15X,I5,F10^6.14X.I1) 
5 FORMAT (IHl,"PLANE",7X,'ZZ',10X,'THETA(1)",7X,"PHI(1)". 

$ 7X,'THETA(2)',7X,'PHI(2)',6X,'0pNE ANGLE',6X.•i POINTS', 
$ 4X, "NLOW,5X,'NZERO') 

6 FORMAT |/2X,I2,2X,6I4X,F10^6),7X,I5,6X,I5,5X,15) 
7 FORMAT IIHl,5X,'THE FIT INCLUDES TERMS TO ORDER L =', 

$ 13//' THE TOTAL NUMBER OF HARMONICS IS',13////) 
a FORMAT I///9X,' #' ,5X ,'J" ,8X,"MASS",1IX,'KlDK/DE)'/21X, 

5 • COEFFICIENTS",5X,'COEFFICIENTS'/) 
9 FORMAT I5X,2I6,2E17,5) 
10 FORMAT I10X,I4,E17.5) 
11 FORMAT IIOX,' KIDK/DE) IS NEGATIVE.') 
12 FORMATI///4X,'PLANE',7X,'THETA(l)',5X,'PHI(l)',7X,'THETA(2)",7X, 

£ "PHII2)'.6X,"C0NE ANGLE',5X,"# POINTS",5X,'SPACING',5X,'START" 
C,6X.'AXIS' ) 

13 FORMAT (IHl) 
14 FORMAT ( 1 X . I 4 , 7 X , F 1 0 . 5 . 4 X . F 1 0 . 5 . 4 X . 4 D 1 7 . 8 I 

16 FORMAT ( / / / 1 5 X . ' ELLIPSOIDAL TRANSFORMATION USED."/ ) 
17 FORMAT ( 1 H I . / / / / 4 0 X . " SYMMETRY GROUP C 6 H " / / 

$ • ' . 1 0 X . 2 0 A 4 ) 
18 F 0 R M A T ( / / / 1 5 X . ' l /AREA**2 F I T . ' / I 

19 FORMATI/IX.'ANGLE" .8X."THETA" . l O X , " P H I ' . 1 5 X . ' M A S S " , l O X , " 2 K I D K / D E ) " 
E,11X,"MASS", l O X , ' 2 K I D K / D E ) ' ) 

23 FORMAT I20A4) 
24 FORMAT 1 / 5 X , I 3 , 3 X , 5 1 4 X , F 1 0 ^ 6 ) , 5 X , I 5 , 7 X , 1 5 . 6 X . 1 5 . 5 X . 1 5 ) 
27 F0RMAT(/ /1X,"ROTOR".13X. 'LAB SYSTEM'.19X,"TRANSFORMED SYSTEM',20X, 

6 'LAB SYSTEM') 
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41 F0RMAT( I5 ,2F10 .5 ,2D17 .8 .21X) 
42 FORMATI 2F 10. 5 ,017 , 8 . 2F 10. 5 . 0 1 7 . 8 , 6 X ) 
43 F0RMAT(//5X,"THE FIT INVOLVES TERMS DIVIDED AT L = " . I 3 . 

E' CORRESPONDING T O ' . 1 4 , ' HARMONICS") 
44 F0RMAT(//5X, 'THE NUMBER OF ITERATIONS I S " . 1 2 . 

£' STARTING FROM THE ITERATION NUMBER".121 
PI = 3.141592653589793 
NUI = 0 

C 
C READ DATA 
C 

CALL COMSET 
READ (5,23) (TI TLE(I).1 = 1.20) 
WRITE (6,17) (TITLEd),1=1,20) 
READ (5,3) LMIN,LMAX 
READ (5,3) LUMP 
REAC (5,2) GAMMA 
ALPHA =1.0 
READ (5,3) LMIO,LNIT,NIT 
MID=LTOM(LMI0,3) 
liRITE (6,43) LMIO,MID 
WRITE(6,44) NIT,LNIT 
READI5,3) NINIT 
KLK=MT0LININIT,3) 
KE=NINIT 
T=0.0 
P=0.0 
CALL C6P0LYIT,P,B) 
CALL COETIBE) 
DO 25 I = 1,NINIT 
READ (5,10) II , BCd) 
BCd) = BCII)*BE( I)*PI 
WRITE (6,10) 1,80(1) 

25 CONTINUE 
NUT=0 
El = C O 
E2=C.0D0 
E3 = 0̂ 0 
READ (5,2) CAL 
CAL = 1^0/CAL 
READ (9,3) NUM 
WRITE (6,5) 
00 20 I = 1,NUM 
READ 19,2) ZZd) 
READ (9,2) Tld),Pld) 
REAC (9,2) T2d),P2{I),TLd) 
REAC (9,3) NT(I),NLd),NZd) 
WRITE (6,6) I,ZZ(I),Tl(I) .Pl(I),T2d),P2d).TLd), 

i NTd),NL(l),NZd) 
NTI = NTd) 
READ (5,4) dN(J,I),R(J,I),NOOD£IJ,l),J=l,NTll 

20 

T l d ) = T l d ) » 
T 2 ( I ) = T 2 ( I ) * 
P l d ) = P l d ) • 
P 2 d ) = P 2 d ) * 
00 20 J = l .NTI 
R I J . D = R I J , D 

P I / 1 8 0 ^ 0 D 0 
P I / 1 8 0 ^ 0 D 0 
PI /180 .ODO 
PI/ISO.ODO 

- Z Z d ) 
READ (5,3) NUMB 
IF (NUMB.EQ.O) GO TO 289 
WRITE (5,12) 



119 

00 290 1=1,NUMB 
READ ( 5 , 2 ) T l l d ) , P l l d ) 
READ ( 5 , 2 ) T 2 l ( I ) . P 2 l ( I ) , T L 2 ( I ) 
READ ( 5 . 3 ) NTOTd) .NSPACEd) .NSTARTd ) ,NAXISI I ) 
WRITE 1 6 . 2 4 ) I . T l l d ) , P l l d ) . T2 11 H .P21 ( I ) .TL2 d ) .NTOT d ) 

6 . N S P A C E d ) , N S T A R T d ) , N A X I S d ) 
T l l d ) = T l l d ) * P I / I 80 .000 
T2 111 ) = T 2 H I )»P 1 /180 .000 
P I l ( I ) = P l l ( I ) * P 1 / 1 8 0 . O D O 
P 2 1 d ) = P21( I ) * P 1 / 1 8 0 . 0 D 0 

290 T L 2 d ) = T L 2 d ) * P I / 1 8 0 . 0 D 0 
289 CONTINUE 

G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA » ALPHA 
JJJJ = 0 
IF ( E l .NE^ 0 . 0 ) JJJJ = 1 
IF IE2 .NE . 0 . 0 1 JJJJ = I 
IF (E3 . N E . 0 . 01 JJJJ = I 

0 
C HARMONIC DO LOOP 
C 

IF (LMAX . L T . LMIN) LMAX = LMIN 
00 500 LNC = LMIN.LMAX.2 
0ELTA=LNC-LMIN 
KLN = LNC 
NC = LT0M(LNC,3) 
KE = NO 
N = KE 
MID=LT0M(LMID,3) 
IF (MIO.GE.KE) MID=KE 
WRITE ( 6 , 7 ) KLN.KE 
DO 21 I = 1 ,91 
B d ) = 0 . 
O i l ) = 0 . 
01 I) = 0 . 
CC 21 J = 1 ,91 

21 A d . J ) = 0.0 
C 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLSQ(NUM,KE,CAL,0ELTA,06P0LY,l) 
C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COETIBE) 
WRITE (6.13) 
IF (LUMP .EO. 01 WRITE 16,18) 
IF (GAMMA .NE. 1.0) WRITE (6,16) 
WRITE 16,8) 
DO 22 I = l,KE 
O i l ) = C I D / I P I * B E I D ) 
WRITEI6 ,9) I ,NAMd ) , C I I ) , O d ) 

22 WRITE 17,10) 1,011) 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

IF ILUMP .EQ. 0) WRITE (6,18) 
WRITE (6,131 
IF (NUMB.EQ.O) GO TO 139 
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DC 291 1=1,NUMB 
A T l l = T l l ( D 
AP11=P11(D 
AT21=T21(D 
AP21=P21d) 
ATL=TL2( I ) 
CALL DGOTTA(AX,AT l l ,AP l l ) 
CALL DGCTTA(AY,AT21,AP2ll 
CALL DCRISS(AX,AY,AZ) 
CALL DORISSIAZ,AX,AY) 
AYO=DCOSIATL) 
AYS=OSINIATL) 
NTTT=NTOTID +1 
WRITE I 6 ,27 ) 
WRITE 16 ,19) 
00 205 J=1,NTTT 
J l l = l J-1)*NSPACE(I ) 
J l 1 = J l 1 • N S T A R T I I ) - N A X I S ( I ) 
A P R = J l l * 0 . l / O A L 
APR=APR*PI/180.0D0 
AZO=DCOS(APR) 
AZS=DSIN(APR) 
DO 201 K = l , 3 
AS(K)=AX(K)*AZC+AY(K)*AZS 

201 AW(K)=AS(K)*AYS*AZ(K)»AYC 
AXT=DARC0S(AW(3)) 
AXP=0ATAN2(AW(2),AW( D ) 
XT=AXT 
XP=AXP 
IF (JJJJ .NE.O) CALL 0 I L E R ( E 1 . E 2 . E 3 , X T . X P . I I 
T=XT 
P=XP 
IF (LUMP .EQ. 0) GO TO 91 
IF (GAMMA .EQ. 1.0) GO TO 91 
ST = DSINIXT) 
OT = DCOSIXT) 
SP = DSINIXP) 
CP = DCOSIXP) 
ST2 = ST * ST 
CT2 = CT » CT 
SP2 = SP * SP 
CP2 = CP * CP 
AA = GAMMA*ST*DSQRTISP2 • 0P2/ALPHA2I 
CALL OFLOP(AA,CT,XTT) 
AA = ALPHA*SP 
CALL DFLOP(AA,CP,XPP) 
TT = XTT 
PP = XPP 
AA = ST*DSQRT(SP2 • CP2*ALPHA2)/GAMMA 
CALL DFLOP(AA,CT,XTTT) 
AA=SP/ALPHA 
CALL DFLOP(AA,OP,XPPP» 
TTT = XTTT 
PPP = XPPP 
CALL C6P0LY(TT,PP,BE) 
CALL CSPOLY(TTT,PPP,B) 
Al = 0.0 
A2 = 0.0 
ARl = 0.0 
AR2 = C O 
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00 93 K = 1,KE 
Al = Al • C(KI*BE«K) 

93 ARl = ARl • D (K ) *B (K I 
TEMP = G2*ST2*(ALPHA2*SP2*0P2) • ALPHA2*CT2 
A2 = A1/DSQRT(TEMP) 
TEMP = ST2*(ALPHA2*CP2*SP2) • G2*CT2 
AR2 = ARl/TEMP 
IF lARl .LT. 0) GO TO 94 
IF IAR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = DABSIARl) 
AR2 = 0ABS(AR2) 
WRITE 16,11) 

95 CONTINUE 
AXT=AXT*180.000/PI 
AXP=AXP*180.ODO/PI 
J0=I J-1)•NSPACE11)•NSTARTI 11 
WRITE 16,14) J0,AXT,AXP.A1,AR1.A2.AR2 
WRITE(10.41) J0,AXT,AXP,A2.AR2 
TT=TT*180.ODO/PI 
PP=PP*180.000/PI 
TTT=TTT*180^0D0/PI 
PPP=PPP*180^0D0/PI 

200 WRITE(10.42)TT.PP.Al.TTT.PPP.ARl 
205 CONTINUE 

GO TO 291 
91 CALL 06P0LYIT,P.B) 

AREA = C O 
ARAC = 0^0 
DO 100 K = l.KE 
AREA = AREA • C(K)*B(K) 

100 ARAO = ARAD * 0(K)*B(KI 
AXT=AXT»180.ODO/PI 
AXP=AXP*180.ODO/PI 
JO=(J-l)*NSPACE(I)+NSTART(l) 
IF (LUMP .GT^ 0) GO TO 101 
AREA = 1.0/AREA 
IF lAREA .LT^ 0.01 AREA = 0.0 
AREA = OSQRTIAREA) 
ARAC = C O 
GO TO 102 

101 IF lARAO .GE^ 0.0) 60 TO 103 
WRITE (6.11) 
ARAC = DABSIARAD) 

103 CONTINUE 
ARAO = DSQRTIARAO) 

102 WRITEI6.1) JO.AXT.AXP.AREA.ARAC 
WRITEI10.41) JO,AXT,AXP.AREA,ARAO 
GO TO 205 

291 CONTINUE 
139 NUT = 0 
500 CONTINUE 

STOP 
END 

r •»»••»«»*••**•••****»•••*»**••***•**•**•»»••******•*•******•********** 

C * J124 * 
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C * NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION • 

C ** INVERSION OF MASS DATA TO GIVE d / P I ) 2K(0K/0E I * 

0 * * 
C * SYMMETRY GROUP: D30 ^ 

C *********************************************************************** 
C 
C INITIALIZATION 
C 

IMPLICIT REAL*8 lA-E) 
REAL*8 PI 
REAL*8 SP.CP.ST,CT,SP2,CP2,ST2,0T2 
REAL*8 XT,XP,XTT,XPP,XTTT,XPPP,TEMP 
REAL»4 ALPHA,ALPHA2,GAMMA,G2,El.E2,E3 
DIMENSION NAMI91) ,SYMI91,16) 
DIMENSION A I 9 1 , 9 l ) , B I 9 1 ) , B E ( 9 1 ) . 0 ( 9 l ) . 0 ( 9 l ) 
DIMENSION T l ( 1 0 ) , T 2 ( l 0 ) i , P l d 0 ) . P 2 ( 1 0 ) 
DIMENSION N L d O ) , N T ( l O ) , N Z ( 1 0 ) , Z Z ( l O ) . T L I I O ) 
DIMENSION I N ( 6 0 0 , 1 0 ) . R ( 6 0 0 . 1 0 ) 
DIMENSION NOODE(600,10) 
DIMENSION TITLE(20) 
DIMENSION BC(91) 
DIMENSION T l l ( 1 0 ) , T 2 l ( 1 0 ) ,P11 (10 ) , P 2 H 10) ,T L2 (10) 
DIMENSION NTOTI 10).NSPACE! 10) 
DIMENSION NSTARTIIO) ,NAXISdO) 
DIMENSION A X I 3 ) , A Y I 3 ) , A Z I 3 ) , AS(3) ,AW(3I 
OOMMON/LIMIT/MIO,NIT,BO ,LNIT 
COMMON/ANGLE/T1,T2.PI,P2 
COMMON/ORIENT/NT,NL,NZ,TL 
COMMON/INTO/IN,R 
COMMON/WORK/BE,8,0 
COMMON/CVER/A,N 
COMMON/KUBE/NAM,SYM,KE,KLN 
OOMMON/C ARRY/NUT, LUMP, ALPHA, ALPHA 2 . GAMMA. G2,E I .E 2 . E 3 . JJJJ 
COMMON/ROTATE/NCODE 
EXTERNAL D3P0LY 

1 F 0 R M A T ( 1 X . I 4 . 7 X . F 1 0 . 5 . 4 X . F 1 0 . 5 , 3 8 X . 2 0 1 7 . 8 I 
2 FORMAT ( F 1 0 . 4 I 
3 FORMAT (15) 
4 FORMAT d 5 X . I 5 , F 1 0 . 6 . 1 4 X . I I ) 
5 FORMAT ( I H l . " P L A N E " . 7 X , ' Z Z ' , 1 0 X , ' T H E T A ( l ) " , 7 X . ' P H I ! 1 ) " , 

i 7 X . " T H E T A ( 2 ) ' . 7 X . " P H I ( 2 ) " . 6 X . " C 0 N E ANGLE".6X."f POINTS", 
t 4X, 'NLOW',5X, 'NZERO' I 

6 FORMAT ( / 2 X , I 2 , 2 X , 6 ( 4 X , F 1 0 . 6 ) , 7 X , I 5 , 6 X , I 5 . 5 X , I 5 ) 
7 FORMAT ( I H l , 5 X , ' T H E FIT INCLUDES TERMS TO ORDER L = • . 

$ 1 3 / / ' THE TOTAL NUMBER OF HARMONICS I S " . 1 3 / / / / ) 
8 FORMAT ( / / / 9 X , ' # ' , 5 X , ' J ' , 8 X , ' M A S S ' , 1 1 X , • K l O K / O E ) • / 2 1 X , 

t ' COEFFICIENTS",5X,'COEFFICIENTS"/) 
9 FORMAT ( 5 X , 2 I 6 , 2 E 1 7 . 6 ) 
10 FORMAT ( 1 0 X , I 4 , E 1 7 . 6 ) 
11 FORMAT I I O X , ' K(DK/DE) IS NEGATIVE. ' ) 

12 F0RMAT(/ / /4X, 'PLANE' ,7X , ' T H E T A d )" , 5 X , "PHI I11 " .7X , "THETAl 2 ) " . 7X. 
£ 'PHI(2)" ,6X,"CONE ANGLE".5X,"« POINTS',5X. 'SPACING" .5X,"START" 
E.5X, 'AXIS ' ) 

13 FORMAT ( I H l ) 
14 FORMAT ( I X . 1 4 , 7 X , F 1 0 . 5 , 4 X , F 1 0 ^ 5 , 4 X , 4 0 1 7 , 8 ) 

16 FORMAT ( / / / 1 5 X , ' ELLIPSOIDAL TRANSFORMATION USED,"/ ) 
17 FORMAT ( 1 H I , / / / / 4 0 X , " SYMMETRY GROUP 0 3 0 " / / 
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% " ",10X,20A4I 
18 F0RMAT(///15X,' 1/AREA**2 FIT,"/) 

19 F0RMAT(/1X,'ANGLE',8X,"THETA",10X,"PHI".15X."MASS".lOX."2KIDK/DE)• 
E.llX.'MASS' .10X,"2K( OK/OE)" ) 

23 FORMAT (20A4) 
24 FORMAT (/5X.13.3X.514X,FIO.5),5X.I 5,7X.I5,6X.I5.5X.I5) 
27 FORMATI//IX."ROTOR" ,13X,'LAB SYSTEM" . 19X. "TRANSFORMED SYSTEM".20X, 

£ "LAB SYSTEM') 
41 FCRMAT(I5.2F10.5.2C17.8.21X) 
42 FORMATI2F10.5.017.8.2F10.5.017.8.6X1 
43 F0RMATI//5X.'THE FIT INVOLVES TERMS DIVIDED AT L=".I3. 

E' CORRESPONDING TO",14." HARMONICS") 
44 FORMATI//5X.'THE NUMBER OF ITERATIONS IS".12, 

£" STARTING FROM THE ITERATION NUMBER".121 
PI = 3.141592653589793 
NOT = 0 

C 
C READ DATA 
C 

CALL COMSET 
READ 15.231 (TITLEd).1=1.20) 
WRITE (6,17) ITITLEI11.1=1.201 
READ (5.3) LMIN.LMAX 
READ (5.3) LUMP 
READ (5.2) GAMMA 
ALPHA=1.0D0 
READ (5.3) LMID.LNIT,NIT 
MIO=LTOM(LMI0.4) 
WRITE (6,43) LMIO.MID 
WRITE(6.44) NIT,LNIT 
REAC(5,3) NINIT 
K L M M T 0 L ( N I N I T , 4 ) 
KE=NINIT 
T=0 .0 
P=0.0 
CALL 03POLY(T.P,B) , 
CALL CCET(BE) 
DO 2 5 I = 1 , N I N I T 
READ ( 5 . 1 0 ) I I , B O d ) 
B O d ) = B C I I ) * B E I I l * P I 
WRITE ( 6 , 1 0 ) 1 , 8 0 ( 1 ) 

25 CONTINUE 
NUT=0 
E l = 0 . 0 
E2=0.0D0 
E3 = 0 . 0 
READ ( 5 , 2 ) CAL 
OAL = 1.0/CAL 
READ ( 9 , 3 ) NUM 
WRITE ( 6 , 5 ) 
DO 20 I = 1,NUM 
READ ( 9 , 2 ) Z Z d ) 
READ ( 9 , 2 ) T l d ) , P l d ) 
READ 1 9 , 2 ) T 2 ( I I , P 2 ( I ) , T L ( n 
READ ( 9 , 3 ) N T ( I ) , N L d l . N Z I I I 
WRITE ( 6 , 6 1 I , Z Z ( I ) , T 1 ( D . P l d ) . T 2 ( I ) . P 2 ( I I . T L ( I I . 

t N T I D . N L d ) , N Z d ) 
N T I = N T d ) 
READ ( 5 , 4 1 ( I N I J , I ) , R ( J , I ) , N C O O E I J , I ) . J ° 1 . N T I ) 
T l d ) = T l d ) * P1 /180 .0D0 
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T 2 ( I ) = T 2 ( I ) * P I / 1 8 0 . 0 D 0 
P l d ) = P H I ) * P I / 1 8 0 . O D O 
P 2 d ) = P 2 ( I ) * P I / 1 8 0 . 0 0 0 
DO 20 J = l . N T I 

20 R I J , I ) = R I J . D - Z Z d ) 
READ 15 ,3 ) NUMB 
IF (NUMB.EQ^O) GO TO 289 
WRITE 16,12) 
DO 290 1=1,NUMB 
READ ( 5 , 2 ) T l l d ) , P l l d ) 
READ ( 5 , 2 ) T 2 1 ( I ) , P 2 1 d ) , T L 2 d ) 
REAC ( 5 , 3 ) N T O T d ) , N S P A C E d ) . N S T A R T d ) . N A X I S I ! ) 
WRITE ( 6 , 2 4 ) I , T l l d ) , P l l d ) . T 2 U I ) , P 2 1 d ) .TL2 (11 .NTOTI I ) 

E , N S P A C E d ) , N S T A R T d ) , N A X I S d ) 
T l l ( I ) = T l l ( D * P I / l 8 0 ^ 0 D 0 
T 2 l ( I ) = T 2 l ( I ) * P I / 1 8 0 ^ 0 0 0 
P l l d ) = P l l ( I ) * P I / 1 8 0 . 0 D 0 
P21d) = P2l(I)*PI/180.0D0 

290 TL2d)=TL2d)*Pl/l80^0DO 
289 CONTINUE 

G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA * ALPHA 
JJJJ = 0 
IF lEl •NE. 0.0) JJJJ = 1 
IF (E2 .NE. C O ) JJJJ = I 
IF IE3 .NE^ 0^0) JJJJ = I 

0 
C HARMONIC 00 LOOP 
0 

IF (LMAX .LT. LMIN) LMAX = LMIN 
DO 500 LNC = LMIN,LMAX,2 
DELTA=LNC-LMIN 
KLN = LNC 
NC = LT0M(LNC,4) 
KE = NO 
N = KE 
MID=LT0M(LMI0,4) 
IF (MID.GE^KE) MID=KE 
WRITE (6,7) KLN,KE 
DO 21 I = 1,91 
Bd) = 0^ 
C( I) = 0. 
D(I) = 0^ 
DO 21 J = 1,91 

21 Ad.J) = 0,0 
C 
C LEAST SQUARE FIT OF DATA. 
0 

CALL KLSQ(NUM,KE,CAL,DELTA,D3P0LY,l) 
C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COETIBE) 
WRITE (5,13) 
IF (LUMP .EQ^ 0) WRITE (6,18) 
IF (GAMMA •NE. 1.01 WRITE (6,16) 
WRITE (6,8) 
DO 22 I = 1,KE 
Dd) = C(I)/{PI * BEdll 
WRITE(6,9) I,NAM(I).OII),Dd) 
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22 WRITE 1 7 , 1 0 ) 1 , 0 ( 1 ) 
0 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

IF (LUMP .EQ. 0 ) WRITE ( 6 , 1 8 1 
WRITE ( 6 , 1 3 1 
IF (NUMB.EQ.O) GO TO 139 
DO 291 1=1,NUMB 
A T l l = T l l d ) 
AP11=P11 I I ) 
A T 2 l = T 2 l ( I ) 
AP21 = P 2 1 d ) 
ATL=TL2( I ) 
CALL DGCTTA(AX,AT11,AP11) 
CALL 0G0TTA(AY,AT2l,AP21) 
CALL DORISS(AX,AY,AZ) 
CALL OOBISSIAZ,AX,AY) 
AYC=DOOS(ATL) 
AYS=OSINIATL) 
NTTT=NTOTd) +1 
WRITE ( 6 , 2 7 ) 
WRITE ( 6 , 1 9 ) 
00 205 J=l ,NTTT 
J l l = ( J-1)*NSPACE(I ) 
J l l = J l l * N S T A R T d ) - N A X I S d ) 
APR=J11*0.1/CAL 
APR=APR*PI/180.0D0 
AZ0=0C0S(APR) 
AZS=DSIN(APR) 
00 201 K=l,3 
AS(K)=AX«K)*AZC»AY(K)*AZS 

201 AW(K)=AS(K)*AYS+AZ(K)*AYO 
AXT=DAR0OS(AW(3)) 
AXP=0ATAN2(AW(2).AW(1)) 
XT=AXT 
XP=AXP * 
IF (JJJJ.NE.O) CALL OILERIEl,E2.E3.XT.XP.11 
T=XT 
P=XP 
IF (LUMP .EQ. 0) GO TO 91 
IF IGAMMA .EQ. 1 .0 ) GO TO 91 
ST = DSINIXT) 
OT = DOOS(XT) 
SP = OSINIXP) 
CP = DCOSIXP) 
ST2 = ST • ST 
CT2 = OT » CT 
SP2 = SP » SP 
CP2 = OP * CP 
AA = GAMMA*ST*DSQRT(SP2 • CP2/ALPHA2) 
CALL 0FLOP(AA,CT,XTT) 
AA = ALPFA*SP 
CALL DFLOP(AA,CP,XPP) 
TT = XTT 
PP = XPP 
AA = ST*DSQRT(SP2 • 0P2*ALPHA2)/GAMMA 
CALL DFLOP(AA,0T,XTTT) 
AA=SP/ALPHA 
CALL OFLOP(AA,0P,XPPP) 
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TTT = XTTT 
PPP = XPPP 
CALL D3PDLY(TT,PP,BE) 
CALL 03POLY(TTT,PPP.B) 
Al = C O 
A2 = C O 
ARl = C O 
AR2 = 0 . 0 
DO 93 K = l,KE 
Al = Al • C(K)*8E(K) 

93 ARl = ARl • D(K)*B(K) 
TEMP = G2*ST2*(ALPHA2*SP2*0P2) • ALPHA2*CT2 
A2 = A1/DSQRT(TEMP) 
TEMP = ST2*(ALPHA2*CP2+SP2I • G2*CT2 
AR2 = ARl/TEMP 
IF (ARl . L T . 0) GO TO 94 
IF (AR2 . L T . 0 ) GO TO 94 
GO TO 95 

94 ARl = DABS(ARl) 
AR2 = DABS(AR2) 
WRITE ( 6 , 1 1 ) 

95 CONTINUE 
AXT=AXT* 180.ODO/PI 
AXP=AXP*180.ODO/PI 
J0=(J-1)*NSPACE(I)•NSTARTI I» 
WRITE ( 6 , 1 4 ) JO,AXT,AXP,Al,ARl,A2,AR2 
WRITEdO,41) JQ.AXT.AXP.A2.AR2 
TT=TT*180.ODO/PI 
PP=PP*180.0OO/PI 
TTT=TTT*180.ODO/PI 
PPP=PPP*180.ODO/PI 

200 WRITEI10,42)TT,PP,A1,TTT,PPP.AR1 
205 CONTINUE 

GO IC 291 
91 CALL D3P0LYIT.P,B) 

AREA = 0 . 0 
ARAD = 0.0 
DO 100 K = l.KE 
AREA = AREA + C I K ) * 8 ( K ) 

100 ARAD = ARAD • DIK)*B(K) 
AXT=AXT*180.ODO/PI 
AXP=AXP*180.000/PI 
JO=(J- l ) *NSPACE(D+NSTARTd) 
IF (LUMP .GT. 0 ) GO TO 101 
AREA = 1.0/AREA 
IF (AREA . L T . 0 .0 ) AREA = 0 .0 
AREA = DSQRT(AREA) 
ARAD = C O 
GO TO 102 

101 IF (ARAD .GE. 0 . 0 ) GO TO 103 
WRITE ( 6 . 1 1 ) 
ARAO = OABS(ARAO) 

103 COInTINUE 
ARAD = DSCRT(ARAD) 

102 WRITE(6,1) JO,AXT,AXP,AREA,ARAO 
WRITE(10,41) JO,AXT,AXP,AREA,ARAO 
GO TO 205 

291 CONTINUE 
139 NUT = 0 
500 CONTINUE 
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C * 
0 * 

STOP 
END 

C ********************************************************************** 
C * * 
C » J U S • 

• 
• 

0 • NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION * 
C * 
0 * INVERSION OF MASS DATA TO GIVE (1 /P I ) 2K (DK/DE) * 
0 • * 
C * SYMMETRY GROUP: S6 • 
C * * 
C « » » • » « • • * » » » « » » • • * * * * » * * • * • * * • * • * • • * * * * « * * * * * • * * » • • • * * • • • • * * * * * * * * * * * * 
0 
0 IN IT IALIZATION 
C 

IMPLICIT REAL*8 l A - E ) 
REAL*8 PI 
REAL*8 SP,OP,ST,CT.SP2.CP2.ST2.0T2 
REAL*8 XT.XP.XTT,XPP,XTTT,XPPP,TEMP 
REAL*4 ALPHA, ALPHA 2 , GAMMA, G2.E I .E 2 , E3 
DIMENSION NAMI91) ,SYMI91 , 16) 
DIMENSION A I 9 1 , 9 l ) , B I 9 1 ) , 8 E I 9 1 ) , 0 1 9 1 ) , 0 1 9 1 1 
DIMENSION T l d O ) ,T 21 10 ) ,P I I 1 0 ) , P21 10) 
DIMENSION NLI10),NT(10),NZ(10).ZZ(10),TL(10) 
DIMENSION IN(600,10),R(600,10) 
DIMENSION NCODE(600,10) 
DIMENSION TITLEI20) 
DIMENSION B0(91) 
DIMENSION Tll(l0),T21d0) ,Plld0),P2ldO),TL2d0» 
DIMENSION NTOTI l O . N S P A O E d O ) 
DIMENSION NSTARTdO),NAXISI 10) 
DIMENSION A X I 3 ) , A Y I 3 ) , A Z ( 3 ) , AS(3 ) ,AW(3 I 
0OMMON/LIMIT/MI0,NIT.8C .LNIT 
COMMON/ANGLE/Tl,T2,PI,P2 
COMMON/ORIENT/NT,NL,NZ,TL 
COMMON/INTO/IN,R 
COMMON/WORK/BE,B,0 
OOMMON/OVER/A,N 
OOMMCN/KUBE/NAM,SYM,KE,KLN 
OOMMON/CARBY/NUT,LUMP,ALPHA,ALPHA2,GAMMA.G2,El,E2,E3, JJJJ 
COMMON/ROTATE/NOOOE 
EXTERNAL S6P0LY 

1 FORMATI1X,I4,7X,F10.5,4X,F10.5,38X,2D17.8) 
2 FORMAT (FIO.4) 
3 FORMAT (15) 
4 FORMAT ( 15X,I5,F10.6,14X,I1) 
5 FORMAT (IHl,"PLANE",7X,"ZZ",10X,'THETA(1)',7X,"PHI(1)". 

$ 7X,'THETA(2)",7X,"PHl(2)",6X,"C0NE ANGLE",6X,"« POINTS", 
$ 4X,"NLOW".5X,"NZERO"I 

6 FORMAT (/2X,I2,2X,6(4X,F10.6),7X,I5,6X,I5,5X,I5l 
7 FORMAT I IHl,5X,"THE FIT. INCLUDES TERMS TO ORDER L =" , 

t 13//' THE TOTAL NUMBER OF HARMONICS IS',13////) 
8 FORMAT (///9X,' #',5X,•J'.8X,'MASS",1IX,'K(DK/DE)'/21X, 

$ ' COEFFICIENTS",5X,'COEFFICIENTS'/) 
9 FORMAT I5X,2I6,2E17.6) 
10 FORMAT I10X,I4.E17.6I 
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i " ST^;)r4J:.p^TE?!;x:^H1?A*dM:;i.•PHI.n..7x..THETAl2...7x. 
"̂̂  £ " P H 1 | 2 ) ' ' 6 J , ' C 0 N E i N G L E ' , 5 X , . * POINTS' . 5X. " SPACING" . 5X, • START" 

E .6X,"AXIS ' ) 
13 FORMAT I I H D „ , , „ . 

14 FORMAT I 1 X , I 4 , 7 X , F 1 0 . 5 , 4 X , F 1 0 . 5 , 4 X , 4 D 1 7 . 8 I , ^ „ . , , 
16 FORMAT I / / / 1 5 X , ' ELLIPSOIDAL TRANSFORMATION USED." / ) 
17 FORMAT I I H 1 . / / / / 4 0 X , " SYMMETRY GROUP S 6 " / / 

$ " ' , 10X ,20A4) 
ST;;u^^^'N;LEsfx:rTHETi^••l0i,"PHI",15X,"MASS..lOX."2K,OK/OE." 

£.11X,'MASS',10X,'2KIDK/DE)' ) 

74 FORMAT (/5X, I3,3X,5(4X,F10.6),5X,I5,7X,15,6X,I5,5X,I5) 
27 F0RMAT(//1X,'R0T0R",13X,"LAB SYSTEM" , 19X,'TRANSFORMED SYSTEM',20X, 

£ "LAB SYSTEM' ) 
41 FCRMAT(I5 ,2F10.5 ,2D17.8 ,21X) 
42 FORMAT(2F10.5,D17. 8 , 2 F 1 0 . 5 , 0 1 7 . 8,6X) 
43 F 0 R M A T ( / / 5 X , ' T H E FIT INVOLVES TERMS DIVIDED AT L = " , I 3 , 

£' CORRESPONDING T O ' , 1 4 , " HARMONICS") 
44 F0RMAT(//5X,'THE NUMBER OF ITERATIONS I S " , 1 2 , 

£ ' STARTING FROM THE ITERATION NUMBER",12) 
PI ^ 3.141592653589793 
NUT = 0 

C 
C READ DATA 
0 

CALL CCMSET 
READ ( 5 , 2 3 ) ( T I T L E ( I ) , 1 = 1 , 2 0 ) 
WRITE ( 5 , 1 7 ) ( T I T L E d ) . 1 = 1 , 2 0 ) 
REAC ( 5 , 3 ) LMIN,LMAX 
READ ( 5 , 3 ) LUMP 
REAC ( 5 , 2 ) GAMMA 
ALPFA=1.0DO 
READ ( 5 , 3 ) LMID,LNIT,NIT 
MID=LT0M(LMID,5) 
WRITE (6,43) LMID,MID 
WRITE(6,44) NIT,LNIT 
REAC(5,3) NINIT 
KLN=MTCL(NINIT,5) 
KE=NINIT 
T=0.0 
P=0.0 
CALL S6P0LYIT,P,B) 
CALL COETIBE) 
DO 25 I = 1,NINIT 
READ 15,101 II , B C d ) 
eOd) = B0( I)*BEI I )*PI 
WRITE (6,10) I,BOd) 

25 CONTINUE 
NUT=0 
El = C O 
E2=0.0D0 
E3 = C O 
READ 15,2) CAL 
CAL = 1.0/CAL 
READ (9,3) NUM 
WRITE (6,5) 
DO 20 I = 1,NUM 
READ (9,2) Z Z d ) 
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REAC (9,2) TK I),Pit I) 
READ 19,2) T2(I),P2d),TL(I) 
READ (9,3) NTd ),NL(I) ,NZ( I) 
WRITE (6,6) I,ZZd),Tl(I),PKI),T2( I),P2(I).TL(I), 
S NTd) ,NL(I) .NZd) 
NTI = NTd) 
REAC 15,4) (IN(J,l>.R(J.II,NCODE(J,l),J=l.NTI) 

0 

T i l l ) 
T 2 I I ) 
P l d ) 
P2I II 
CC 20 

= 
= 
= 
= 
J 

T l d ) * 
T 2 { I ) * 
P l d ) * 
P 2 d ) * 
= l . N T I 

P I / 1 8 0 . 0 0 0 
P I / 1 8 0 . 0 0 0 
PI /180 .ODO 
P I / 1 8 0 . 0 D 0 

20 RIJ.D = R(J.I) - ZZd) 
READ (5,3) NUMB 
IF (NUMB.EQ.O) GO TO 289 
WRITE (6,12) 
DO 290 1=1,NUMB 
REAC (5,2) Tlllll, Plld) 
READ (5,21 T2l(il, P21dl. TL2II> 
READ (5,3) NTOTd),NSPACEd),NSTARTd),NAXISd) 
WRITE ( 6 , 2 4 ) I , T l l d ) , P l l d ) , T 2 l d ) . P 2 l l I l ,TL2( I I.NTOTI I ) 

E , NSPAOEI I ) , N S T A R T d ) , N A X I S d ) 
T l l d ) = T l l ( I ) * P I / 1 8 0 . 0 0 0 
T 2 l ( I ) = T 2 l d ) * P I / l 8 0 . 0 0 0 
P I K I ) = P l l d ) * P I / l 8 0 . 0 D 0 
P 2 l d ) = P 2 1 ( I ) * P I / 1 8 0 . 0 D 0 

290 T L 2 I I ) = T L 2 d ) * P l / 1 8 0 . 0 0 0 
289 CONTINUE 

G2 = GAMMA » GAMMA 
ALPHA2 = ALPHA • ALPHA 
JJJJ = 0 
IF ( E l .NE^ 0^0) JJJJ = 1 
IF (E2 •NE. 0 . 0 ) JJJJ = 1 
IF (E3 .NE^ 0^0) JJJJ = I 

C 
C HARMONIC DO LOOP , 
0 

IF (LMAX •LT^ LMIN) LMAX = LMIN 
00 500 LNO = LMIN,LMAX,2 
0ELTA=LNC-LM1N 
KLN = LNO 
NO = LT0M(LN0,5) 
KE = NC 
N = KE 
MID=LT0MILMI0,5) 
IF (MID,GE.KE) MlD=KE 
WRITE (6,7) KLN,KE 
DO 21 I = 1,91 
B d ) = C 
01 I) = 0. 
Dd) = 0. 
DO 21 J = 1,91 

21 A(I,J) = 0^0 
C 
C LEAST SCUARE FIT OF OATA^ 

CALL KLSQ(NUM,KE,0AL,0ELTA,S6POLY,1) 

0 
C INVERSION OF FITTING COEFFICIENTS, 
C 
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CALL COETIBE) 
WRITE (5,13) 
IF (LUMP •EQ. 0) WRITE (6,18) 
IF (GAMMA .NE. 1.0) WRITE (6,16) 
WRITE (5,8) 
DO 22 I = 1,KE 
O d ) = Cd)/(PI * BEdl) 
WRITE(6,9) I,NAMd).Oil).Oil) 

22 WRITE 17,10) I ,011) 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

IF ILUMP .EO. 0 ) WRITE 1 6 , 1 8 ) 
WRITE ( 6 , 1 3 ) 
IF (NUMB.EQ.O) GO TO 139 
DO 291 1=1,NUMB 
A T I l = T l l d ) 
AP11=P11(I) 
A T 2 l = T 2 1 d ) 
AP2 l=P21( I ) 
ATL=TL2d) 
CALL DGOTTAIAX,ATU.APl l ) 
CALL DG0TTA(AY,AT2l ,AP2l l 
CALL DCRISS(AX,AY,AZI 
CALL DCRISS(AZ,AX,AY) 
AYC=DCOS(ATL) 
AYS=DSIN(ATL) 
NTTT=NTCTd) • I 
WRITE I 6 ,27) 
WRITE ( 6 , 1 9 ) 
DO 205 J=l ,NTTT 
J l l = ( J - l ) * N S P A C E ( I ) 
J11=J11+NSTART(I ) -NAXIS( I ) 
APR=J11*0.1/0AL 
APR=APR*PI/180.0D0 
AZC=DCOS(APR) 
AZS=0SINIAPR) 
DO 201 K = l , 3 
AS(K)=AX(K)*AZC^AY(K»*AZS 

201 AW(K)=AS(K)*AYS^AZ(K)*AYC 
AXT=DARC0S(AW(3)) 
AXP=DATAN2IAWI2),AWI D ) 
XT=AXT 
XP=AXP 
IF IJJJJ .NE.O) CALL 0 1 L E R I E l , E 2 , E 3 , X T . X P . 1 ) 
T=XT 
P=XP 
IF ILUMP .EQ. 0) GO TO 91 
IF (GAMMA .EQ. 1.0) GO TO 91 
ST = DSINIXT) 
OT = DCOSIXT) 
SP = DSINIXP) 
CP = DCOSIXP) 
ST2 = ST » ST 
CT2 = CT * CT 
SP2 = SP • SP 
CP2 = CP * OP 
AA = GAMMA*ST*DSQRT(SP2 + CP2/ALPHA2) 
CALL DFLOP(AA,CT,XTT) 
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AA = ALPHA*SP 
CALL DFLOP(AA,0P,XPP) 
TT = XTT 
PP = XPP 
AA = ST*0SQRT(SP2 • CP2»ALPHA2I/GAMMA 
CALL DFLOP<AA,CT,XTTT) 
AA=SP/ALPHA 
CALL DFLOP(AA,0P,XPPP) 
TTT = XTTT 
PPP = XPPP 
CALL S6P0LY(TT,PP,BE) 
CALL S6P0LY(TTT,PPP.BI 
Al = 0.0 
A2 = 0.0 
ARl = 0.0 
*R2 = 0.0 
00 93 K = l.KE 
Al = Al • C(K)*BE(K) 

93 ARl = ARl • D(K)*B(K) 
TEMP = G2*ST2*( ALPHA2*SP2*CP2) • ALPHA2*CT2 
A2 = Al/DSCRT(TEMP) 
TEMP = SI2*(ALPHA2*CP2*SP2) • G2*0T2 
AR2 = ARl/TEMP 
IF (ARl .LT. 0) GO TO 94 
IF (AR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = OABS(ARl) 
AR2 = DABS(AR2) 
WRITE (6.11) 

95 CONTINUE 
*XT=AXT*180 .ODO/PI 
AXP=AXP*180.000/PI 
J0=I J-D *NSPAOE11)•NSTART11) 
WRITE (6.14) J0.AXT,AXP.A1,AR1,A2.AR2 
WRITEd0.41) J0.AXT,AXP,A2,AR2 
TT=TT*180.ODO/PI 
PP=PP*180.ODO/PI 
TTT=TTT*180.ODO/PI 
ppp.=ppp* 180.ODO/P I 

200 WRITEI10.42)TT,PP,Al.TTT.PPP.ARl 
205 CONTINUE 

GO TO 291 
91 CALL S6P0LYd.P.B) 

AREA = 0.0 
ARAD = 0.0 
DO 100 K = l.KE 
AREA = AREA • OlK)*B(K) 

100 ARAD = ARAO • 0(K)*B(K) 
AXT=AXT*180.ODO/PI 
AXP=AXP*180.OD0/PI 
JO=(J-l ) •NSPACEd) •NSTART I II 
IF (LUMP .GT. 0) GO TO 101 
AREA = 1.0/AREA 
IF (AREA .LT, 0.0) AREA = 0.0 
AREA = OSQRT(AREA) 
ARAC = 0 . 0 
GO TO 102 

101 IF (ARAD .GE. 0.0) GO TO 103 
WRITE (6.11) 
ARAO = DABSIARAD) 
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C • 
C • SYMMETRY GROUP: D4H 
C • 
C •• 

103 CONTINUE 
ARAC = DSQRTIARAO) 

102 WRITEI6.1) JO.AXT,AXP.AREA.ARAD 
WRITEI10,41) JO.AXT.AXP.ARE A,ARAO 

GO TO 205 
291 CONTINUE 
139 NUT = 0 
500 CONTINUE 

STOP 
END 

c »»»»•»*»***••••••••••••••••••••»••••»•*•*•**•••****•*••***•***•******• 

C • J126 * 

0 • * 
C • NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION * 
0 • 
0 • INVERSICN OF MASS DATA TO GIVE I l/PI )2KI OK/DE) * 

**************************************************************** 
C 
C INITIALIZATION 
C 

IMPLICIT REALMS lA -E ) 
REAL*8 PI 
REAL^B SP.CP.ST.CT.SP2.CP2,ST2,CT2 
REALMS XT.XP.XTT,XPP,XTTT,XPPP,TEMP 
REAL^4 ALPHA,ALPHA2,GAMMA,G2,El,E2,E3 
DIMENSION N A M I 9 l ) , S V M ( 9 l , 1 6 ) 
DIMENSION A ( 9 1 , 9 1 1 , 8 ( 9 1 ) , B E ( 9 1 ) . 0 ( 9 1 ) . 0 ( 9 1 ) 
DIMENSION T l ( l O ) , T 2 d O ) . P l d 0 ) . P 2 ( 1 0 ) 
DIMENSION NL(10) .NT( 10) .NZ( 10) ,ZZ( 10) , T L d O ) 
DIMENSION I N ( 6 0 0 , 1 0 ) , R ( 6 0 0 . 1 0 I 
DIMENSION NCODE(600.10) 
DIMENSION T ITLE(20) 
DIMENSION 80(91) 
DIMENSION T l l ( l 0 ) , T 2 l ( l 0 ) .P I K 10) ,P21110) ,TL2 110) 
DIMENSION NTOTdO),NSPACEdO) 
DIMENSION NSTARTIIO) ,NAXISdO) 
DIMENSION AX(3 ) , A Y ( 3 ) . A Z ( 3 ) , AS(3) ,AW(3) 
COMMON/LIMIT/MIO,NIT,BO ,LNIT 
COMMON/ANGLE/Tl,T2,P1,P2 
COMMON/OR IENT/NT,NL,NZ,TL 
COMMON/INTC/IN,R 
COMMON/WORK/BE,8,0 
COMMON/OVER/A,N 
COMMCN/KUBE/NAM,SYM,KE,KLN 
C0MM0N/CARRY/NUT,LUMP,ALPHA,ALPHA2,GAMMA.G2,E1.E2.E3.JJJJ 
COMMCN/ROTATE/NCODE 
EXTERNAL SQPOLY 

1 FORMAT(1X.I4.7X.FIC5.4X.F10.5,38X.2D17.8I 
2 FORMAT IF10.4) 
3 FORMAT 115) 
4 FORMATI15X,I5,F10^6,14X.II) 
5 FORMAT IIHI,'PLANE',7X,'ZZ',10X,"THETA(1)",7X,"PHI(1)", 

» TX.'THETAI2)',7X,'PHH2|'.6X."C0NE ANGLE" .6X."# POINTS". 



133 

$ 4X,"NLOW ,5X,"NZERO" ) 
6 FORMAT I/2X,I2,2X,6I4X,F10.6I.7X,I5.6X,I5,5X,I5) 
7 FORMAT IIHI,5X,"THE FIT INCLUDES TERMS TO ORDER L =", 

S 13//' THE TOTAL NUMBER OF HARMONICS IS",13////) 
8 FORMAT (///9X,' #",5X."J".8X,"MASS",1IX,"KlDK/OE)'/21X, 

t ' COEFFICIENTS",5X,"COEFFICIENTS"/) 
9 FORMAT (5X,2I6,2E17.6) 
10 FORMAT (lOX.I4.E1T.6I 
11 FORMAT dOX." K(DK/DE) IS NEGATIVE.") 
12 FORMAT 1///4X,"PLANE",7X."THETAlI)".5X,"PHIIII",7X."THETAI2)".7X, 

£ •PHI(2)",6X,'C0NE ANGLE'.5X,'« POINTS".5X."SPACING".5X,•START" 
E,6X."AXIS'! 

13 FORMAT (IHl) 
14 FORMAT (IX.I4,7X,F10.5,4X,F10.5,4X,4017.8) 
16 FORMAT (///15X," ELLIPSOIDAL TRANSFORMATION USED."/) 
17 FORMAT dHl,////40X," SYMMETRY GROUP D4H'// 

$ " •.10X,20A4) 
18 F0RMAT(///15X,' 1/AREA^^2 FIT."/) 

19 FORMAT(/I X,•ANGLE",8X,"THETA",lOX,"PHI".15X."MASS",10X."2K( DK/OE)" 
E,11X,"MASS",10X,"2K(DK/DE)" ) 

23 FORMAT (20A4I 
24 FORMAT (/5X,13,3X,5(4X,FIO.6),5X,I5,7X,15,6X,15.5X,I 51 
27 FORMATI//IX,"ROTOR",13X,'LAB SYSTEM".19X."TRANSFORMED SYSTEM".20X. 

E "LAB SYSTEM") 
41 F0RMAT(I5.2F10.5,2017.8,21X1 
42 FORMAT(2F10.5,017.8,2F10.5,017.8,6X1 
43 F0RMAT{//5X,'THE FIT INVOLVES TERMS DIVIDED AT L=",I3, 

£' CORRESPONDING TO" ,14,' HARMONICS') 
44 F0RMAT(//5X,'THE NUMBER OF ITERATIONS IS",12, 

£" STARTING FROM THE ITERATION NUMBER",12) 
PI = 3.141592653589793 
NUT = 0 

0 
C READ DATA 
C 

CALL COMSET 
READ (5,23) (TITLEII).1=1.20) 
WRITE (6,17) (TITLEd),1=1,201 
READ (5,3) LMIN,LMAX 
REAC (5,3) LUMP 
REAC (5,2) GAMMA 
ALPHA=l.0D0 
READ (5,3) LMID,LNIT,NIT 
MID=LTCM(LMID,5) 
WRITE (5,43) LMIO,MID 
WRITEI6,44) NIT,LNIT 
READI5,3) NINIT 
KLN=MT0L(NINIT,6) 
KE=MNIT 
T=0.0 
P=0^0 
CALL SQPOLYIT,P,B) 
CALL COETIBE) 
00 25 I = I,NINIT 
READ 15,10) II, BCd) 
BCIi:) = BCd)*BE(I)*PI 
WRITE (5,10) I,BCd) 

25 CONTINUE 
NUT=0 
El = 0.0 
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E2=C.0D0 
E3 = 0 .0 
READ ( 5 , 2 ) CAL 
OAL = 1.0/OAL 
READ ( 9 , 3 ) NUM 
WRITE ( 6 , 5 ) 
DO 20 I = I , NUM 
READ . 9 , 2 ) Z Z d ) 
READ 19,2) T i l l ) , P l d ) 
READ 19 ,2 ) T 2 I I ) , P 2 d ) . T L I I I 
READ 19 ,3 ) N T I I ) , N L I D , N Z d ) 
WRITE 16,6) I , Z Z I I ) , T l d ) , P l l I ) , T 2 d ) , P 2 ( I ) . T L ( I I . 

$ N T I D . N L d ) , N Z d ) 
NTI = N T d ) 
READ ( 5 , 4 ) I I N I J , I ) , R ( J , I ) , N C 0 D E I J , I ) . J = 1 . N T I I 
T l d ) = T l d ) * 
T 2 ( I ) = T 2 ( I ) • 
P l d ) = P l d ) * 
P2( I ) = P 2 d ) • 
DO 20 J = l . N T I 
R I J . D = R ( J . I ) 

PI /180.ODO 
PI/180.ODO 
P I / 1 8 0 . 0 D 0 
PI /180.ODO 

- mi) 20 
REAC ( 5 . 3 ) NUMB 
IF (NUMB.EQ.O) GO TO 289 
WRITE ( 6 . 1 2 ) 
DO 290 1=1.NUMB 
READ 15,2) T l l d ) , P l l d ) 
REAC 15 ,2 ) T 2 1 I D , P 2 1 I I ) , TL2( I ) 
READ ( 5 , 3 ) N T O T d ) , N S P A C E d ) , N S T A R T d ) , N A X I S I I I 
WRITE 16,24) I , T l l d ) , P l l d ) . T21 d ) , P 2 l I I ) .TL2 I I ) , NTOTI I ) 

E , N S P A C E d ) , N S T A R T d ) , N A X I S I I I 
T l l d ) = T l l l I ) * P I / 1 8 0 . 0 D 0 
T 2 U D = T 2 l d ) * P l / 1 8 0 . 0 D 0 
P 1 1 I I ) = P 1 1 I I ) ^ P I / 1 8 0 ^ 0 D 0 
P21( I ) = P 2 K I ) * P 1 / 1 8 0 ^ 0 D 0 

290 T L 2 ( I ) = T L 2 d ) * P l / 1 8 0 ^ 0 D 0 
289 CONTINUE 

G2 = GAMMA • GAMMA 
ALPHA2 = ALPHA • ALPHA 
JJJJ = 0 
IF ( E l .NE^ O^O) JJJJ = 1 
IF (E2 .NE. 0 . 0 ) JJJJ = 1 
IF (E3 .NE. 0 .0 ) JJJJ = 1 

0 
C HARMONIC 00 LOOP 
C 

IF (LMAX . L T . LMIN) LMAX = LMIN 
DO 500 LNC = LMIN,LMAX,2 
DELTA=LNC-LMIN 
KLN = LNC 
NC = LTCMILNC,5) 
KE = NC 
N = KE 
MI0=LT0M(LMID,6) 
IF (MIO.GE.KE) MID=KE 
WRITE ( 6 , 7 ) KLN,KE 
DD 21 I = 1,91 
B d ) = 0 . 
C d ) = 0 . 
Od) = 0 . 
00 21 J = 1.91 
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21 A d . J I = 0 . 0 
C 
C LEAST SQUARE FIT OF DATA. 

c 
CALL KLSQINUM.KE.OAL.OELTA.SgPOLV.il 

C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COETIBE) 
WRITE 1 6 , 1 3 ) 
IF (LUMP .EQ. 0) WRITE 1 6 , 1 8 ) 
IF (GAMMA . N E . 1.01 WRITE ( 6 . 1 6 ) 
WRITE ( 6 . 8 ) 
DO 22 I = l .KE 
D I D = 0 ( I ) / ( P I • BEI I I I 
WRITE(6,9) I .NAMd ) , C d ) , D I D 

22 WRITE ( 7 , 1 0 ) I , 0 1 1 ) 
0 
0 EVALUATION OF FITTING RESULTS FOR 
0 PRESELECTED ANGLES. 
C 

IF (LUMP .EQ. 0 ) WRITE ( 6 , 1 8 1 
WRITE ( 6 , 1 3 ) 
IF (NUMB.EQ.O) GO TO 139 
0 0 291 1=1,NUMB 
A T l l = T l l d ) 
A P 1 1 = P 1 1 ( I I 
A T 2 1 = T 2 1 d ) 
A P 2 1 = P 2 1 d ) 
A T L = T L 2 d l 
CALL DGOTTAIAX,ATU.APl l ) 
CALL DGOTTA(AY.AT21,AP21) 
CALL OORISSIAX,AY,AZ) 
CALL O0RISSIAZ,AX,AY) 
AYC=DCOS(ATL) 
AYS=DSIMATL) -
N T T T = N T O T ( I ) • ! 
WRITE ( 6 , 2 7 ) 
WRITE ( 6 , 1 9 1 
00 205 J=1,NTTT 
J U = I J - 1 ) * N S P A 0 E ( I ) 
J l l = J l l + NSTART ( I ) - N A X I S d ) 
APR=J l l^0 . l /CAL 
APR=APR^P1/180.000 
AZC=DCOS(APR) 
AZS=DSINIAPR) 
00 201 K=l,3 
ASIK)=AXIK)^AZO^A¥(K)^AZS 

201 AW(K)=AS(K)^AYS+AZ(K)*AYO 
AXT=0AR0CS(AW(3)) 
AXP=DATAN2(AW(2),AW( D ) 
XT=AXT 
XP=A XP 
IF IJJJJ.NE.O) CALL OILER! E I. E2, E3, XT. XP, I) 
T=XT 
P=XP 
IF (LUMP .EQ. 0) GO TO 91 
IF IGAMMA .EQ. 1.0) GO TO 91 
ST = DSINIXT) 
CT = DCOSIXT) 

http://KLSQINUM.KE.OAL.OELTA.SgPOLV.il
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SP = DSINIXP) 
OP = DCOSIXP) 
ST2 = ST • ST 
CT2 = CT • CT 
SP2 = SP • SP 
CP2 = CP * CP 
AA = GAMMA^ST*DSQRT(SP2 • CP2/ALPHA2) 
CALL DFLCP(AA,CT,XTT) 
AA = ALPHA^SP 
CALL DFLOPIAA,CP,XPP) 
TT = XTT 
PP = XPP 
AA = ST^DSQRT(SP2 • 0P2+ALPHA2)/GAMMA 
CALL 0FLOP(AA,CT,XTTT) 
AA=SP/ALPHA 
CALL DFLOP(AA,CP,XPPP) 
TTT = XTTT 
PPP = XPPP 
CALL SQP0LY(TT,PP,BE) 
CALL SQPOLY(TTT,PPP,B) 
Al = CO 
A2 = C O 
ARl = 0 .0 
AR2 = 0 .0 
DO 93 K = l .KE 
A l = A l • C(K)^BE(K) 

93 ARl = ARl • D!K)^B(K) 
TEMP = G2*ST2+(ALPHA2^SP2+CP2) • ALPHA2*CT2 
A2 = A1/DSQRT(TEMP) 
TEMP = ST2*(ALPHA2^CP2^SP2) • G2*CT2 
AR2 = ARl/TEMP 
IF (ARl . L T . 0) GO TO 94 
IF (AR2 . L T . 0) GO TO 94 
GO TO 95 

94 ARl = DABS(ARl) 
AR2 = DABS(AR2) 
WRITE ( 6 . 1 1 ) 

95 CONTINUE 
AXT=AXT*180.ODO/PI 
AXP=AXP*180.0D0/PI 
J0=!J -1)^NSPACE( I )^NSTARTI I ) 
WRITE ( 6 . 1 4 ) J0.AXT,AXP,A1,AR1,A2.AR2 
WRITE(10.4D JO,AXT,AXP,A2,AR2 
TT=TT*180.ODO/PI 
pp=pp*180.ODO/PI 
TTT=TTT^180.ODO/PI 
PPP=PPP*180.ODO/PI 

200 WR ITE110,42 ITT,PP,A 1,TTT,PPP,ARl 
205 CONTINUE 

GO TO 291 
91 CALL SQPOLY(T,P,B) 

AREA = C O 
ARAD = 0.0 
OO 100 K = l ,KE 
AREA = AREA • C(K)+B(K) 

100 ARAD = ARAD • D(K)^B(K) 
AXT=AXT*180.0D0/PI 
AXP=AXP^180.000/PI 
J0=(J-1)*NSPACE(D^NSTART! I ) 
IF (LUMP .GT. 0 ) GO TO l O l 
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AREA = 1.0/AREA 
IF (AREA .LT. 0.0) AREA = 0.0 
AREA = DSQRT(AREA) 
ARAO = 0.0 
GO TO 102 

101 IF (ARAD .GE. 0.0) GO TO 103 
WRITE (6,11) 
ARAC = CABS(ARAD) 

103 CONTINUE 
ARAD = DSQRTIARAO) 

102 WRITEI6,1) JO,AXT,AXP,AREA,ARAD 
WRITEI10,41) JO, A XT,AXP,AREA,ARAD 
GO TO 205 

291 CONTINUE 
139 NUT = 0 
500 CONTINUE 

STOP 
END 

Q ********************************************************************** 

0 • * 
0 • J127 * 
0 * * 
C • * 
0 • NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION * 

0 • 
C • INVERSION OF MASS DATA TO GIVE I1/PI)2KIDK/DE) • 
C • * 
0 • SYMMETRY GROUP: C4H • 
C * * 
C »**«•»••••••*••••••••••••**••••*•••••••*•••*•**••••**•*•••*•***•****** 
C 

0 INITIALIZATION 
C 

IMPLICIT REAL*8 (A-E) 
REALMS PI 
REAL^B SP.CP,ST,0T,SP2,0P2,ST2,0T2 
REAL^B XT,XP,XTT,XPP,XTTT,XPPP,TEMP 
REAL^4 ALPHA,ALPHA2,GAMMA,G2,El,E2, E3 
DIMENSION NAH(91),SYM(9l,16) 
DIMENSION A(91,91),B(91),BE!91),C19l),0(91) 
DIMENSION T1I10),T2I10),PI(10).P2!10) 
DIMENSION NL(10).NT(10),NZ( 10).ZZ(10).TL(101 
DIMENSICN IN(600,10),R(600,10) 
DIMENSION NCODE(600,10) 
DIMENSION TITLE(20I 
DIMENSION 80191) 
DIMENSION Till 10), T211 10) ,P Ul 10) ,P2l 110) ,TL2 ! 10) 
DIMENSICN NTOTdO),NSPACE! 10) 
DIMENSION NSTARTIIO) .NAXISdO) 
DIMENSION AX(3), AY(3), AZ(3), AS(3),AW!3) 
COMMGN/LIMIT/MID,NIT,BO' ,LNIT 
COMMON/ANGLE/Tl,T2,PI,P2 
COMMON/OR IENT/NT.NL.NZ.TL 
OOMMON/INTO/IN,R 
COMMON/WORK/BE,B,C 
COMMON/OVER/A,N 
OOMMCN/KUBE/NAM,SYM,KE,KLN 
0OMMON/0ARRY/NUT,LUMP,ALPHA,ALPHA2,GAMMA.G2.E1,E2,E3.JJJJ 
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COMMON/ROTATE/NCODE 
EXTERNAL C4P0LY 

1 FORMATIIX,14,7X,FIO.5,4X,FIO.5,38X,2017.81 

2 FORMAT IFIO.4) 
3 FORMAT 115) 
4 F0RMATI15X,I5,F10.6,14X,I1) .„^,,,,. 
5 FORMAT IIHI,'PLANE',7X,'ZZ",10X,"THETAIl)",7X,"PHId)". 

t 7X,'THETAI2)',7X,'PHII2)",6X,'C0NE ANGLE',6X,"# POINTS", 
$ 4X,'NLOW',5X,'NZERO') 

6 FORMAT I/2X,I2,2X,6I4X,F10.6),7X,I5,6X,I5,5X,I5) 
7 FORMAT IIHI,5X,'THE FIT INCLUDES TERMS TO ORDER L =', 

$ 13//" THE TOTAL NUMBER OF HARMONICS IS',13////) 
8 FORMAT I///9X,' #", 5X,'J',8X,'MASS',UX,"KlOK/DE)'/2lX, 

$ ' COEFFICIENTS',5X,'COEFFICIENTS'/) 
9 FORMAT I5X,2I6,2E17.6) 
10 FORMAT IIOX,I4,E17.6) 
U FORMAT IIOX,' KIDK/DE) IS NEGATIVE.') 

12 FORMAT I///4X, ' PLANE',7X.'THETA! I )',5X," PHI !U",7X,'THET A!2)",7X, 
£ 'PHII2)',6X,'C0NE ANGLE',5X,"# POINTS'.5X,•SPACING',5X,"START" 
£,6X.'AXIS') 

13 FORMAT IIHI) 
14 FORMAT I1X.I4,7X.F10.5,4X,F10.5,4X,4D17.8) 
16 FORMAT I///15X,' ELLIPSOIDAL TRANSFORMATION USED."/) 
17 FORMAT I1H1,////40X," SYMMETRY GROUP C4H"// 

S ' ',IOX,20A4) 
18 F0RMATI///15X,' 1/AREA^^2 FIT."/) 

19 FORMAT I / IX, 'ANGLE',8X, 'THETA" ,10X, " PHI ' .15X .'MASS' ,10X . ' 2 K I D K / D E ) ' 
£ . 11X . 'MASS ' . 10X . ' 2K IDK/DE I ' ) 

23 FORMAT I20A4) 
24 FORMAT | / 5 X , I 3 , 3 X . 5 I 4 X . F 1 0 . 6 I . 5 X . I 5 . 7 X . I 5 . 6 X . I 5 . 5 X . I 5 ) 
27 F0RMATI/ /1X. 'ROTOR',13X. 'LAB SYSTEM', 19X,"TRANSFORMED SYSTEM",20X, 

£ 'LAB SYSTEM') 
41 FORMATd5,2F10.5 ,2017.8 ,21X1 
42 F0RMATI2F10 .5 ,D17 .8 .2F10 .5 .D17 .8 .6X) 
43 FORMATI//5X.'THE F IT INVOLVES TERMS DIVIDED AT L = ' , I 3 , 

E' CORRESPONDING T O ' . 14." HARMQNICS") 
44 F0RMATI//5X.'THE NUMBER OF ITERATIONS I S ' . 1 2 . 

E' STARTING FROM THE ITERATION NUMBER',12) 
PI = 3^141592653589793 
NUT = 0 

C 
C READ DATA 
C 

CALL COMSET 
REAC (5 ,23 ) I T I T L E I I ) , 1 = 1 , 2 0 ) 
WRITE 16,17) I T I T L E I I ) , 1 = 1 , 2 0 ) 
READ 15 ,3 ) LMIN,LMAX 
REAC 15,3) LUMP 
READ 15 ,2 ) GAMMA 
ALPhA=1.0D0 
REAC 15 ,3 ) LMID,LNIT,NIT 
MID=LT0M!LMID,7) 
WRITE 16,43) LMID,MID 
1«RITEI6,44) NIT,LNIT 
READI5,3) NINIT 
KLK=MTCLININIT,7) 
KE=MNIT 
T=CO 
P=0^0 
CALL 04PCLYIT,P,B) 
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CALL COETIBE) 
DO 25 I = 1 ,NINIT 
REAC 1 5 , 1 0 ) I I , B O d ) 
B C I I ) = B C I D + B E I D + PI 
WRITE 1 6 , 1 0 ) I , B C d ) 

25 CONTINUE 
NUT=C 
E l = 0^0 
E2=0^0D0 
E3 = 0^0 
READ 1 5 , 2 ) CAL 
CAL = 1^0/OAL 
READ 1 9 , 3 ) NUM 
WRITE 1 6 , 5 ) 
DO 20 I = 1,NUM 
READ 1 9 , 2 ) Z Z I I ) 
REAC 1 9 , 2 ) T i l l ) , P l d ) 
READ 1 9 , 2 ) T 2 I I ) , P 2 d ) , T L I I ) 
READ 1 9 , 3 ) N T d ) , N L I I ) , N Z ! I ) 
WRITE 1 6 , 6 ) I , Z Z I I I , T 1 1 I ) , P 1 I I ) , T 2 I I I , P 2 ! I ) , T L d ) , 

S N T d ) , N L ( I ) . N Z d ) 
NTI = N T d ) 
READ 1 5 , 4 ) ! I N ! J , I ) , R ( J , I ) , N O O O E I J , I ) . J = 1 , N T I ) 
T i l l ) = T i l l ) • PI/ISO^ODO 
T 2 I I ) = T 2 I I ) • P I / 1 8 0 . O D O 
P l d ) = P l d ) • PI /180 .ODO 
P 2 ( I ) = P 2 d ) • P I / 1 8 0 . 0 D 0 
DC 20 J = I , NT I 

20 R( J , I ) = R ( J , D - Z Z d ) 
READ 1 5 , 3 ) NUMB 
IF (NUMB,EQ.O) GO TO 289 
WRITE 16 ,12 ) 
00 290 1=1,NUMB 
REAC ( 5 , 2 ) T l l d ) , P l l d ) 
READ ( 5 , 2 ) T 2 1 ( l ) , P 2 l d ) , T L 2 d ) 
REAC ( 5 , 3 ) N T O T d ) , N S P A C E d ) , N S T A R T d ) , N A X I S d ) 
WRITE 1 6 , 2 4 ) I , T l l d ) , P l l d ) , T21 ( Y ) ,P21( I ) ,TL2( I ),NTOT( I ) 

£ , NSPACEd) ,NSTARTd) , N A X I S d ) 
T I K I ) = T 1 1 ( D ^ P I / 1 8 C 0 D 0 
T 2 1 d ) = T 2 1 d ) ^ P I / 1 8 0 ^ 0 D 0 
P l l ! I ) = P 1 1 I I ) ^ P I / 1 8 C ^ 0 D 0 
P 2 1 I I ) = P 2 1 I I ) * P I / 1 8 0 ^ 0 D 0 

290 T L 2 I I ) = T L 2 d ) ^ P I / 1 8 0 ^ 0 D 0 
289 CONTINUE 

G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA • ALPHA 
JJJJ = 0 

LMIN 

C 
0 
C 

IF lEl •NE. C O ) JJJJ = 1 
IF IE2 .NE^ 0.0) JJJJ = 1 
IF 1E3 .NE. C O ) JJJJ = 1 

HARMONIC DC LOOP 

IF (LMAX .LT. LMIH)) LMAX = 
DO 500 LNC = LMIN,LMAX,2 
OELTA=LNC-LMIN 
KLN = LNC 
NO = LTOMILNCT) 
KE = NO 
N = KE 
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MID=LT0M(LMID,7) 
IF IMID.GE^KE) MIO=KE 
WRITE (5,7) KLN,KE 
DO 21 I = 1,91 
BID = C 
Cd) = 0. 
DII) = 0. 
00 21 J = 1,91 

21 Ad ,J) = C O 
0 
C LEAST SQUARE FIT OF DATA^ 
0 

CALL KLSQINUM,KE.CAL.OELTA,04POLV.l) 

C 
C INVERSION OF FITTING COEFFICIENTS. 
0 

CALL COETIBE) 
WRITE 16 ,13) 
IF ILUMP .EQ. 0) WRITE 1 6 , 1 8 ) 
IF IGAMMA .NE. 1 .0) WRITE 16.161 
WRITE 16,8) 
DO 22 I = 1,KE 
D d ) = C I D / I P I * B E I D ) 
WRITEI5,9) I , N A M d ) , O i l ) , D d ) 

22 WRITE 1 7 . 1 0 ) I . D d ) 
C 
C EVALUATION OF FITTING RESULTS FOR 
0 PRESELECTED ANGLES. 
0 

IF ILUMP .EQ. 0) WRITE 16 .18 ) 
WRITE 16.13) 
IF INUMB.EQ.O) GO TO 139 
DO 291 1=1,NUMB 
A T U = T 1 1 I I I 
AP11 = P 1 1 I D 
AT21=T21ID 
AP21=P21ID 
ATL=TL2IU 
CALL DGOTTAIAX,AT11,AP11) 
CALL 0G0TTA!AY,AT21,AP21) 
CALL 0CR1SS(AX,AY,AZ) 
CALL DCRISS(AZ,AX,AY) 
AYC = DC0S(ATL) 
AYS=DSIN(ATL) 
NTTT=NTCT(I) +1 
WRITE ( 6,27) 
WRITE (6,19) 
DO 205 J=1,NTTT 
Jll = (J-l)*NSPACE(I ) 
Jll=Jll + NSTARTII)-NAXIS!l) 
APR=J11*0.1/CAL 
APR=APR*PI/180.0D0 
AZO=DCOSIAPR) 
AZS=CSINIAPR) 
00 201 K=l,3 
ASIK)=AXIK)*AZ0+AY1K)*AZS 

201 AWIK)=ASIK)^AYS^AZ(K)^AYC 
AXT=DARCCS(AW(3)) 
AXP=0ATAN2(AV,(2),AW( D ) 
XT=AXT 
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XP=AXP 
IF I J J J J . N E . O ) CALL 0 ILER I E l . E2, E3, XT, XP. I I 
T=XT 
P=XP 
IF (LUMP .EQ. 0 ) GO TO 91 
IF (GAMMA .EQ. 1 .0 ) GO TO 91 
ST = DSINIXT) 
CT = DCOSIXT) 
SP = DSINIXP) 
CP = DCOSIXP) 
ST2 = ST • ST 
CT2 = OT • CT 
SP2 = SP • SP 
CP2 = OP • OP 
AA = GAMMA*ST^DSQRT!SP2 • 0P2/ALPHA2) 
CALL OFLOP!AA,OT,XTT) 
AA = ALPHA^SP 
CALL DFLQP!AA,OP,XPP) 
TT = XTT 
PP = XPP 
AA = ST^OS0RT(SP2 • 0P2^ALPHA2I/GAMMA 
CALL DFLOP(AA,0T,XTTT) 
AA=SP/ALPHA 
CALL OFLOP(AA,OP,XPPP) 
TTT = XTTT 
PPP = XPPP 
CALL C4PCLY(TT.PP,BE) 
CALL 04POLYITTT,PPP,B) 
Al = 0.0 
A2 = 0.0 
ARl = C O 
AR2 = 0^0 
DO 93 K = 1,KE 
Al = Al • 0!K)+BEIK) 

93 ARl = ARl • DIKI^BIKI 
TEMP = G2+ST2^IALPHA2^SP2^0P2) • ALPHA2^CT2 
A2 = Al/DSQRTITEMP) 
TEMP = ST2^IALPHA2^0P2+SP2I • G2*0T2 
AR2 = ARl/TEMP 
IF (ARl .LT. 0) GO TO 94 
IF IAR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = DABSIARl) 
AR2 = DABS(AR2) 
WRITE (6,11) 

95 CONTINUE 
AXT=AXT^180.ODO/PI 
AXP=AXP*180.ODO/PI 
JO=(J-l) •NSPACEd) •NSTART I I) 
WRITE (6,14) J0,AXT,AXP,A1,ARI.A2.AR2 
WRITEI IO.41) J0,AXT,AXP,A2,AR2 
TT=TT^180.ODO/PI 
pp=pp^l8C.ODO/PI 
TTT = TTT^180.000/PI 
ppp=ppp^l80.ODO/PI 

200 WRITEI10,42)TT,PP,A1,TTT,PPP,ARI 
205 CONTINUE 

GO TO 291 
91 CALL C4P0LY!T,P,B) 

AREA = 0.0 
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ARAC = 0 . 0 
DO 100 K = l,KE 
AREA = AREA • 0(K)^B(K) 

100 ARAO = ARAD • D(K)*B(K) 
AXT=AXT^180.ODO/PI 
AXP=AXP*180.ODO/PI 
J0=(J-1)*NSPACE(I)+NSTART(I) 
IF (LUMP .GT. 0) GO TO 101 
AREA = 1.0/AREA 
IF (AREA .LT. 0.0) AREA = 0.0 
AREA = OSQRTIAREA) 
ARAC = C O 
GC TC 102 

101 IF (ARAO .GE. 0.0) GO TO 103 
WRITE 16,11) 
ARAD = DABSIARAD) 

103 CONTINUE 
ARAC = DSOBT(ARAD) 

102 WRITE(5,1) JO,AXT,AXP,AREA,ARAO 
WRITEI10,41) JO,AXT,AXP,ARE A,ARAO 
GO TC 205 

291 CONTINUE 
139 NUT = 0 
500 CONTINUE 

STOP 
END 

C ********************************************************************** 
C • * 
0 • J128 • 
0 • * 
C » * 
0 • NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION * 
C • 
0 • INVERSION OF MASS DATA TO GIVE ( l / P I ) 2 K ( 0 K / D E ) * 
C * • 
0 • SYMMETRY GROUP: VH • 
0 • • 
0 ********************************************************************** 
0 
0 INITIALIZATION 
C 

IMPLICIT REAL*8 (A-E) 
REAL*8 PI 
REAL*8 SP,CP,ST,0T,SP2,0P2,ST2,0T2 
REAL*8 XT,XP,XTT,XPP,XTTT,XPPP,TEMP 
REAL*4 ALPHA,ALPHA2,GAMMA,G2,El,E2,E3 
DIMENSION NAM(91),SYM(91,16) 
DIMENSION A (91,91),B( 91), BE! 9II,0(91),0(91) 
DIMENSION Til10),T2110),P1110 I,P2110) 
DIMENSION NLdO),NTI 10),NZ I 10), ZZI 10) .TLIIO) 
DIMENSION INI600,10),RI600,10) 
DIMENSION NCCDE!600,10) 
DIMENSION TITLEI20) 
DIMENSICN BCI91) 
DIMENSION T l l | 1 0 ) , T 2 l ! l 0 ) , P 1 1 ! 10) , P 2 U 1 0 ) .TL2 110) 
DIMENSION NTOTdO),NSPACE! 10) 
DIMENSION NSTARTIIO),NAXISdO) 
DIMENSION A X I 3 ) , A Y I 3 ) , A Z I 3 ) , AS(3) ,AW!3) 
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COMMON/LIMIT/MI0,NIT,BC ,LNIT 
00MM0N/ANGLE/TI,T2,P1,P2 
OOMMCN/ORIENT/NT,NL,NZ,TL 
COMMON/INTO/IN,R 
COMMON/WORK/BE,B.C 
COMMON/OVER/A,N 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALP HA,ALPHA2,GAMMA.G2,EI.E2,E3,JJJJ 
COMMON/ROTATE/NCODE 
EXTERNAL VHPOLY 

1 FORMATI1X,14,7X,F10.5,4X,F10.5,38X,2D17.8) 
2 FORMAT IFIO.4) 
3 FORMAT 115) 
4 FORMAT I15X,I5,F10.6,14X, ID 
5 FORMAT IlHl,'PLANE",7X,"ZZ',10X,'THETA!l)",7X,"PHI!l)", 

$ 7X,'THETA(2)",7X,'PHI!2)",6X,'CONE ANGLE',6X,'# POINTS', 
$ 4X,'NL0W',5X,'NZERC' ) 

6 FORMAT (/2X,I2,2X,6I4X,F10.6),7X,I5,6X,I5.5X.I5) 
7 FORMAT 11HI,5X.'THE FIT INCLUDES TERMS TO ORDER L =". 

$ 13//" THE TOTAL NUMBER OF HARMONICS IS".13////) 
8 FORMAT I///9X.' #'.5X.'J'.BX,'MASS',1IX."K!DK/DE) •/21X. 

$ ' COEFFICIENTS'.5X,'COEFFICIENTS'/) 
9 FORMAT I5X.2I6,2E17.6) 
10 FORMAT IIOX,I4,E17.6) 
11 FORMAT dOX,' K(DK/DE) IS NEGATIVE.') 

12 F O R M A T I / / / 4 X , ' P L A N E " , 7 X , " T H E T A ( I ) • , 5 X , " P H I d ) " , 7 X , " T H E T A I 2 ) " , 7 X , 
E ' P H I ( 2 ) ' , 6 X , ' C 0 N E ANGLE', 5X, "# POINTS ", 5X, ' SPACING', 5X, " START" 
E ,6X , "AX IS ' ) 

13 FORMAT ( I H l ) 
14 FORMAT ( I X , 1 4 , 7 X , F I O . 5 , 4 X , F I O . 5 , 4 X , 4 0 1 7 . 8 ) 
16 FORMAT I///15X," ELLIPSOIDAL TRANSFORMATION USED."/) 
17 FORMAT IIH1,////40X," SYMMETRY GROUP VH IC3I)'// 

$ ' ',10X,20A4) 
18 F0RMATI///15X," 1/AREA*^2 FIT."/) 

19 FORMAT(/IX,"ANGLE",8X,'THETA',lOX,'PHI",15X,'MASS',lOX, " 2K(DK/0E) " 
£,11X,'MASS',10X,'2K(DK/DE)') 

23 FORMAT (20A4) 
24 FORMAT (/5X,13,3X,5I4X,FIO.6 1,5X,I5,7X,I5,6X,I 5,5X,I 5) 
27 F0RMATI//1X,"ROTOR" ,13X,'LAB SYSTEM', 19X," TRANSFORMED SYSTEM",20X, 

E "LAB SYSTEM') 
41 F0RMATII5,2F10.5,2D17.8,21X) 
42 FORMATI2F10^5,D17. 8,2F10^5,017^8,6X) 
43 F0RMATI//5X,'THE FIT INVOLVES TERMS DIVIDED AT L=",I3, 

£" CORRESPONDING TO" ,14," HARMONICS") 
44 F0RMATI//5X,'THE NUMBER OF ITERATIONS IS',12, 

E' STARTING FROM THE ITERATION NUMBER",12) 
PI = 3.141592653589793 
NUT = 0 

C 
C READ DATA 
C 

CALL CCMSET 
READ 15,23) ITITLE(I),1=1,20) 
WRITE (6,17) (TITLEI 11,1=1,20) 
REAC (5,3) LMIN,LMAX 
READ (5,3) LUMP 
REAC ( 5 , 2 ) GAMMA,ALPHA 
READ 1 5 , 3 ) LMID,LNIT ,N IT 
MI0=LT0MILMID,8) 
WRITE 1 6 , 4 3 ) LMID,MID 
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WRITE!6,44) N IT ,LNIT 
BEACI5,3) NINIT 
KLMMT0LININIT ,8 ) 
KE=NINIT 
T=CO 
P=0^0 
CALL VHPOLYIT,P,B) 
CALL COETIBE) 
DO 25 I = 1,NINIT 
READ ( 5 , 1 0 ) I I , B C d ) 
B C d ) = B C I I ) ^ B E ( I ) * P I 
WRITE 16,10) I , B C I I ) 

25 CONTINUE 
NUT=0 
E l = 0^0 
E2=0^0D0 
E3 = C O 
READ 15 ,2 ) CAL 
OAL = UO/CAL 
READ 19 ,3 ) NUM 
WRITE 16,5) 
DO 20 I = 1,NUM 
READ 19,2) Z Z d ) 
READ 19 ,2 ) T i l l ) , P l d ) 
REAC 19,2) T 2 d ) , P 2 d ) , T L I I ) 
READ 19,3) N T I D , N L ! I ) . N Z I D 
WRITE 16,6) I , ZZ I I ) , T 1 ! I ) , P l l I ) , T 2 d ) , P 2 d ) , T L ( I ) . 

t N T ( I ) , N L ( I ) , N Z d ) 
NTI = N T d ) 
READ ( 5 , 4 ) d N ( J , I ) , R ( J , I I . N C 0 D E I J . I ) . J = 1 . N T I I 
T l d ) = T l d ) • 
T 2 d ) = T 2 d ) • 
P l d ) = P l d ) • 
P 2 ( I ) = P 2 d ) • 
DO 20 J = l .NT I 
R I J . D = R ( J , I ) 

P I / 180 ,0D0 
P I /180^0D0 
PI/180.ODO 
PI /180.OD0 

- Z Z d ) 20 
READ ( 5 , 3 ) NUMB 
IF INUMB.EQ.O) GO TO 289 
WRITE 16,12) 
DO 290 1=1,NUMB 
REAC 15,2) T i l l I ) , P l l d ) 
READ ( 5 , 2 ) T 2 l d ) , P 2 1 d ) , T L 2 ! I ) 
READ 15,3) NTOTID , N S P A C E d ) . N S T A R T d ) . N A X I S d ) 
WRITE 16,24) I , T l l d ) , P U I I ) , T21I 11 .P21I I ) , TL2! I ) .NTOTd ) 

£ , N S P A C E d ) , N S T A R T d ) , N A X I S d ) 
T l l d ) = T l l ( D * P I / 1 8 0 . 0 D 0 
T 2 1 ( D = T 2 l ( I ) ^ P I / 1 8 0 . 0 D 0 
P l l d ) = P l l ( I ) ^ P I / 1 8 0 . 0 0 0 
P21( D = P 2 l d ) * P I / 1 8 0 . 0 0 0 

290 T L 2 ( I ) = T L 2 ( I ) ^ P I / 1 8 0 . 0 D 0 
289 CONTINUE 

G2 = GAMMA • GAMMA 
ALPHA2 = ALPHA • ALPHA 
JJJJ = 0 
IF (El .NE. CO) JJJJ = 1 
IF (E2 .NE. CO) JJJJ = 1 
IF !E3 .NE. 0.0) JJJJ = 1 

C HARMONIC DO LOOP 
C 
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IF ILMAX .LT. LMIN) LMAX = LMIN 
DO 500 LNC = LMIN,LMAX,2 
D£LTA=LNC-LMIN 
KLN = LNO 
NO = LTCM(LNC,8) 
KE = NC 
N = KE 
MID=LT0M(LM1D,8) 
IF (MIO.GE.KE) MIO=KE 
WRITE (6,7) KLN,KE 
DO 21 I = 1,91 
8(1) = 0. 
C(ll = 0. 
0(1) = 0. 
DO 21 J = 1,91 

21 Ad,J) = 0.0 
C 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLSQ(NUM.KE,OAL,OELTA.VHPOLY.l I 
C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COETIBE) 
WRITE 16.13) 
IF (LUMP .EQ. 0) WRITE (6,181 
IF IGAMMA .NE. 1.0) WRITE 16,16) 
WRITE !6,8) 
DO 22 I = 1,KE 
0! II = 01 D/IPI • BEI II) 
WRITEI6,9) I,NAMd ),C!I),DI I) 

22 WRITE 17,10) I ,011 ) 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

I F ILUMP .EQ. 0 ) WRITE 16 ,181 
WRITE 16 ,13 ) 
IF INUMB.EQ.O) GO TO 139 
DO 291 1=1,NUMB 
A T 1 1 = T 1 1 I I ) 
A P 1 1 = P 1 1 ( I ) 
AT2 l = T 2 l d ) 
AP21=P21 ! I ) 
A T L = T L 2 d ) 
CALL DGOTTAIAX,ATll,APll) 
CALL DGOTTAIAY,AT2l,AP21) 
CALL DCRISS(AX,AY,AZ) 
CALL DORISS(AZ,AX,AYI 
AYC=CCOS(ATL) 
AYS = D S I M A T L ) 
NTTT=NTOT(l) • I 
WRITE I 6 , 2 7 ) 
WRITE ( 6 , 1 9 ) 
DO 205 J=r ,NTTT 
J l l = ( J - l ) ^ N S P A C E ( l ) 
J l l = J l K N S T A R T I I ) - N A X I S d ) 
APR=J11*0.1/OAL 
APR=APR^PI/180.0DO 
A20=DC0S(APR) 
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AZS=0SIN(APR) 
DO 201 K = l , 3 
AS(K)=AX!K)*AZC^AY!K)*AZS 

201 AW!K)=AS(K)^AYS^AZ(K)*AVC 
AXT=DAR00S(AW(3)) 
AXP=DATAN2(AW(2),AW(1)) 
XT=AXT 
XP=AXP 
IF (JJJJ .NE.O) CALL O I L E R ! E l . E 2 . E 3 . X T . X P , I I 
T=XT 
P=XP 
IF ILUMP .EQ. 0 ) GO TO 91 
IF (GAMMA .EQ. 1.0) GO TO 91 
ST = DSINIXT) 
CT = DCOSIXT) 
SP = DSINIXP) 
CP = DCOSIXP) 
ST2 = ST • ST 
CT2 = CT • CT 
SP2 = SP » SP 
0P2 = CP • CP 
AA = GAHMA*ST*0SQRTISP2 • CP2/ALPHA2) 
CALL DFLOPIAA.CT.XTT) 
AA = ALPHA*SP 
CALL DFLOP!AA,CP,XPP) 
TT = XTT 
PP = XPP 
AA = ST^DSQRT(SP2 • CP2^ALPHA2)/GAMMA 
CALL DFLOP!AA,CT,XTTT) 
AA=SP/ALPHA 
CALL OFLOP!AA,CP,XPPP) 
TTT = XTTT 
PPP = XPPP 
CALL VHPOLY(TT,PP.BE) 
CALL VHPOLY(TTT,PPP,BI 
A l = 0 .0 
A2 = 0 .0 
ARl = 0 . 0 
AR2 = 0.0 
DO 93 K = 1,KE 
Al = Al • C(K)^BE(K) 

93 ARl = ARl + D(K)*B(K) 
TEMP = G2 + ST2 + IALPHA2*SP2^0P2) • ALPHA2*CT2 
A2 = A1/DSQRT(TEMP) 
TEMP = ST2*(ALPHA2+CP2*SP2) • G2^CT2 
AR2 = ARl/TEMP 
IF lARl .LT. 0) GO TO 94 
IF IAR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = OABSIARl) 
AR2 = DABSIAR2) 
WRITE (6,11) 

95 CONTINUE 
AXT=AXT*180.000/PI 
AXP=AXP^180.000/PI 
JO=(J-1)^NSPAOE(I)^NSTART(I) 
WRITE (6,14) J0,AXT,AXP,AI,AR1,A2,AR2 
WRITE(10,41) J0,AXT,AXP.A2.AR2 
TT=TT*180.ODO/PI 
PP=PP*180.ODO/PI 
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TTT=TTT*180.ODO/PI 
PPP=PPP^180.ODO/PI 

200 W R I T E I 1 0 , 4 2 ) T T , P P , A l . T T T . P P P . A R l 
205 CONTINUE 

GO TO 291 
91 CALL VHPOLYIT.P.B) 

AREA = 0 . 0 
ARAO = 0 . 0 
DO 100 K = l .KE 
AREA = AREA • 0 !K)^B!K) 

100 ARAD = ARAO • D!K)*B(K) 
AXT=AXT^180.ODO/PI 
AXP=AXP^IBO.ODO/PI 
JO=(J - l )^NSPACEI I )^NSTARTd) 
IF (LUMP .GT. 0 ) GO TO 101 
AREA = 1.0/AREA 
IF (AREA . L T . 0 . 0 ) AREA = 0 . 0 
AREA = DSQRT(AREA) 
ARAD = C O 
GO TO 102 

101 IF (ARAD .GE. 0 . 0 ) GO TO 103 
WRITE 16 .11 ) 
ARAO = DABSIARAD) 

103 CONTINUE 
ARAD = DSQRTIARAO) 

102 WRITEI6 .1 ) JO,AXT,AXP,AREA,ARAD 
WRITE(10 ,41) JO,AXT,AXP,AREA,ARAO 
GO TO 205 

291 CONTINUE 
139 NUT = 0 
500 CONTINUE 

STOP 
END 

C **************************************,******************************** 

^ * I 
C • J129 * 

: 
C • 
0 • NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION * 
0 • 
C • INVERSION OF MASS CATA TO GIVE I1/PI)2KIDK/OE) • 
^ * • 
0 • SYMMETRY GROUP: 02H * 

0 * 
c » » • • » » • » « » * • • • • * * • • • • * • • • • • * » • • * * • * • * * • * * * * • * * • * * * * * * * * • * * • • * * * * * • * • * * 
c 
C IN IT IALIZATION 
C 

IMPLICIT REAL^B lA-EI 
REALMS PI 
REAL^B SP,CP,ST,CT,SP2,CP2,ST2,CT2 
REAL^B XT,XP,XTT,XPP.XTTT.XPPP.TEMP 
REAL^4 ALPHA.ALPHA2.GAMMA.G2,EI.E2,E3 
DIMENSION NAMI91),SYMI91,16) 
DIMENSION AI9l,9l),BI91),BEI9l),CI91),0(91) 
DIMENSION T l d O ) ,T2 I 10) , P l l 10) , P 2 d O ) 
DIMENSION N L I 1 0 ) , N T ! 1 0 ) , N Z I 1 0 ) , Z Z I 1 0 ) , T H 10) 
DIMENSION I N I 6 0 0 , 1 0 ) , R ( 6 0 0 , 1 0 ) 
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DIMENSION NCODEI600,10) 
DIMENSION TITLEI20 ) 
DIMENSION BCI91) , , . , , , „ , 
DIMENSION T l l d O ) , T 2 1 l l O ) , P l l l l O ) , P 2 U l O ) , T L 2 l l O ) 
DIMENSICN NTOTdO),NSPACEdO) 
DIMENSION NSTARTIIO),NAXISI 10) 
DIMENSION A X I 3 ) , A Y I 3 ) , A Z I 3 ) , AS!3) ,AW!3) 
COMMON/LIMIT/MID,NIT,BC ,LNIT 
COMMON/ANGLE/Tl,T2,P1,P2 
COMMON/OB IENT/NT,NL,NZ,TL 
00MMON/INTO/IN,R 
COMMON/WORK/BE.B.C 
COMMCN/CVER/A,N 
COMMON/KUBE/NAM.SYM.KE.KLN 
COMMON/C ARRY/NUT, LUMP. ALPHA. ALP HA2,GAHMA,G2,E1,E2,E 3 , JJJJ 
COMMON/ROTATE/NCODE 
EXTERNAL C2P0LY 

I FORM AT I I X . 1 4 , 7 X , F I O . 5 , 4X, F I O . 5 , 3 8 X , 2 0 1 7 . 8 ) 
2 FORMAT I F I O . 4 ) 
3 FORMAT 115) 
4 FORMAT I 1 5 X , I 5 , F 1 0 . 6 , 1 4 X , I D 
5 FORMAT I 1 H 1 , ' P L A N E ' , 7 X , ' Z Z ' , l O X , ' T H E T A I l ) ' . 7 X , " P H T d ) " , 

i 7 X , ' T H E T A I 2 ) ' , 7 X , ' P H I I 2 ) ' , 6 X , ' C 0 N E ANGLE' ,6X , '# POINTS ' , 
$ 4X, 'NL0W' ,5X, 'NZERO') 

6 FORMAT ! / 2 X , I 2 , 2 X , 5 l 4 X , F 1 0 . 6 ) , 7 X , I 5 , 6 X . I 5 , 5 X , I 5 ) 
7 FORMAT I I H I , 5 X , ' T H E FIT INCLUDES TERMS TO ORDER L = " , 

$ 1 3 / / " THE TOTAL NUMBER OF HARMQNICS I S " , 1 3 / / / / ) 
8 FORMAT I / / / 9 X , ' # ' , 5 X , ' J ' , 8 X , ' M A S S ' , I I X , ' K l O K / D E ) ' / 2 1 X , 

$ ' COEFFICIENTS' .5X, 'COEFFICIENTS' / ) 
9 FORMAT I 5 X , 2 I 6 , 2 E 1 7 . 6 ) 
10 FORMAT IIOX,I4.E17.6) 
11 FORMAT IIOX,' KIDK/DE) IS NEGATIVE.') 

12 F0RMATI///4X,'PLANE •,7X,'THETAd)' ,5X,"PHl(l)' ,7X , "THETA(2 ) " ,7X, 
£ "PHII2)',6X,"CQNE ANGLE',5X,"# POINTS".5X,'SPACING".5X,•START" 
E,5X,"AXIS') 

13 FORMAT IIHI) 
14 FORMAT I1X,I4.7X,F10.5,4X,F1C5,4X,4D17.8) 

16 FORMAT I / / / 1 5 X , ' ELLIPSOIDAL TRANSFORMATION USED." / ) 
17 FORMAT I I H 1 , / / / / 4 0 X . ' SYMMETRY GROUP C 2 H ' / / 

i ' - ,10X,20A4) 
18 F0RMATI / / /15X. ' 1/AREA**2 F I T . ' / ) 

19 FORMAT I / IX.'ANGLE',8X, "THETA", lOX, 'PHI ",15X,"MASS",lOX,"2KIOK/0E)" 
£, IIX,'MASS'.lOX,'2KIDK/DE)') 

23 FORMAT I20A4) 
24 FORMAT I/5X , 13, 3X, 5 I4X , FIO .6 1, 5X, 15, 7X, 15, 6X, I 5, 5X, I 5) 
27 FORMATI//IX,'ROTOR' ,13X,'LAB SYSTEM', 19X , "TRANSFORMED SYSTEM",20X, 

£ 'LAB SYSTEM' ) 
41 FCRMATI I5 ,2F10.5 ,2017.8 ,21X1 
42 FORMATI2F10.5,017. 8 ,2F10 . 5 ,D17 .8 ,6X ) 
43 F0RMATI//5X,'THE FIT INVOLVES TERMS DIVIDED AT L = " , I 3 , 

E' CORRESPONDING T O ' , 1 4 , ' HARMONICS') 
44 FORMATI//5X,'THE NUMBER OF ITERATIONS I S ' , 1 2 , 

£' STARTING FROM THE ITERATION NUMBER', 12) 
PI = 3.141592653589793 
NUT = 0 

C 
C READ DATA 
0 

CALL CCMSET 
READ 15,23) d l TLE ( I ) , 1 = 1 , 2 0 ) 
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WRITE 16,17) ITITLEd).I=l.20) 
READ 15.3) LMIN,LMAX 
READ 15,3) LUMP 
READ (5,2) GAMMA,ALPHA,E2 
READ (5,3) LMID,LNIT,NIT 
MID=LT0M(LMID,9) 
WRITE (6,43) LMID,MID 
WRITE(6,44) NIT,LNIT 
REACI5,3) NINIT 
KLN=MT0LININIT,9) 
KE=NINIT 
T = 0 .0 
P=0 .0 
CALL 02POLYIT,P,B) 
CALL COETIBE) 
00 25 I = I , N I N I T 
READ 1 5 . 1 0 ) I I . B C d ) 
B C d ) = BCd ) * B E ( I ) * P I 
WRITE 1 6 , 1 0 ) I . B C d ) 

25 CONTINUE 
NUT = 0 
E l = 0 . 0 
E3 = 0 . 0 
E2 = E2*P I / 180 .0DO 
READ ( 5 . 2 ) OAL 
CAL = l.O/OAL 
READ ( 9 . 3 ) NUM 
WRITE ( 6 . 5 ) 
DO 20 I = l.NUM 
READ ( 9 , 2 ) Z Z d ) 
REAC 1 9 , 2 ) T l d ) , P l d ) 
READ 1 9 , 2 ) T 2 I I ) , P 2 d ) , T L ! I ) 
READ ( 9 , 3 ) N T ( I ) , N L d ) , N Z d l 
WRITE 1 6 , 6 ) I , Z Z d ) , T l l I ) , P I I I I . T 2 I D . P 2 I I ) , T L ! I ) . 

$ N T d ) , N L d ) , N Z I I > 
NTI = N T d ) 
REAC 1 5 , 4 ) I I N I J , I ) , R I J , I ) , N C O D E ! J , I I , J = 1 . N T I ) 
T l d ) = T i l l ) * 
T 2 d ) = T 2 I I ) * 
P U D = P l d ) * 
P 2 I D = P 2 ! I ) * 
CC 20 J = l . N T I 
R I J , 1 ) = R I J , I I 

PI /180 .ODO 
P I / 1 8 C 0 D 0 
PI /180^0DO 
P I / 1 8 0 ^ 0 D 0 

- Z Z d ) 20 
READ 1 5 , 3 ) NUMB 
IF INUMB^EQ.O) GO TO 289 
WRITE 16 ,12 ) 
00 290 1 = 1 , NUMB 
REAC 15 ,2 ) T l l d ) , P i l l I ) 
REAC 1 5 , 2 ) T 2 U I ) , P 2 1 ( I ) , T L 2 ( I ) 
READ ( 5 , 3 ) NTOTd) , N S P A C E d ) , N S T A R T d ) , N A X I S d ) 
WRITE ( 6 , 2 4 ) I , T I K I ) , P I K I I . T 2 1 d ) .P21I I ) , T L 2 d ) ,NTOT! 11 

£ , N S P A C E d ) , N S T A R T d ) , N A X I S d ) 
T I I I D = T 1 1 I I ) ^ P I / 1 8 0 . 0 D 0 
T 2 1 I D = T 2 1 I I ) ^ P I / 1 8 0 . 0 0 0 
P l l d ) = P l l l l ) * P I / 1 8 0 . 0 D 0 
P 2 1 ( D = P 2 l ( D * P I / l 8 0 . 0 D 0 

290 T L 2 I I ) = T L 2 I I ) ^ P I / 1 3 0 . 0 D 0 
289 CONTINUE 

G2 = GAMMA * GAMMA 
ALPHA2 = ALPHA • ALPHA 
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JJJJ = 0 
IF (El .NE. 0.01 JJJJ = 1 
IF (E2 .NE. 0.0) JJJJ = 1 
IF (E3 .NE. C O ) JJJJ = I 

C 
C HARMONIC DO LOOP 
C 

IF (LMAX . L T . LMIN) LMAX = LMIN 
DO 500 LNC = LMIN,LMAX,2 
DELTA=LNC-LMIN 
KLN = LNC 
NC = LT0M(LNC,9) 
KE = NO 
N = KE 
MID=LTCM(LMID,9) 
IF (MIO.GE.KE) MID=KE 
WRITE ( 6 , 7 ) KLN,KE 
DO 2 1 I = 1 , 9 1 
B d ) = 0 . 
C d ) = 0 . 
D d ) = 0 . 
DO 21 J = 1,91 

21 A d , J ) = 0 .0 
C 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLSQ (NUH,KE,0AL,OELTA,O2POLY,l) 
C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COETIBE) 
WRITE 16,13) 
IF ILUMP .EQ. 0) WRITE (6,18) 
IF IGAMMA .NE. 1.0) WRITE 16,16) 
WRITE 15,8) 
DO 22 I = l,KE 
D I D = O d ) / I P I * B E I D ) 
WRITEI6,9) I , N A M d ) , O i l ) , D d ) 

2 2 WRITE 1 7 , 1 0 ) 1 , 0 1 1 ) 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

IF ILUMP .EQ. 0 ) WRITE 1 6 , 1 8 ) 
WRITE 16,13) 
IF (NUMB.EQ.O) GO TO 139 
DO 291 1=1,NUMB 
A T l l = T l l d ) 
A P l l = P l l ( D 
AT2 l=T21(D 
AP21=P2l ( I ) 
ATL=TL2(I) 
CALL DGOTTAIAX,ATll ,APll ) 
CALL DGOTTA(AY,AT2l,AP2l) 
CALL DCRISS(AX,AY,AZ) 
CALL DCRISS(AZ.AX,AY) 
AYC=DCOS(ATL) 
AYS=OSIN(ATL) 
NTTT=NTOT(D +1 
WRITE I -6 ,27 ) 
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WRITE ( 6 , 1 9 ) 
DO 205 J=l ,NTTT 
J l l = ( J - D * N S P A O E d ) 
J l l = J l U N S T A R T d ) - N A X I S ! l I 
APR=J11^0.1/CAL 
APR=APR*PI/180^0D0 
AZC=DCCSIAPR) 
AZS=DSIMAPR) 
DO 201 K = l , 3 
AS(K) = AX(K)*AZO^AY(K)^AZS 

201 AW(K)=AS(K)*AYS+AZ(K)^AYO 
AXT=DAR00S(AW(3)) 
AXP=DATAN2(AW(2),AWd)) 
XT=AXT 
XP=AXP 
IF (JJJJ^NE^O) CALL 0 IL ER! E l . E2. E3. XT. XP. I ) 
T=XT 
P=XP 
IF ILUMP •EQ^ 0 ) GO TO 91 
IF IGAMMA •EQ^ l^O) GO TO 91 
ST = DSINIXT) 
CT = DCCS(XT) 
SP = DSINIXP) 
CP = DCOSIXP) 
ST2 = ST * ST 
CT2 = CT • CT 
SP2 = SP • SP 
CP2 = OP * CP 
AA = GAMMA^ST*OSQRTISP2 • CP2/ALPHA2) 
CALL DFLOP(AA,CT,XTT) 
AA = ALPHA*SP 
CALL DFLOP(AA,0P,XPP) 
TT = XTT 
PP = XPP 
AA = ST*DSQRT(SP2 • OP2*ALPHA2)/GAMMA 
CALL DFLOP(AA,OT,XTTT) 
AA=SP/ALPHA 
CALL OFLOP(AA,0P,XPPP) 
TTT = XTTT 
PPP = XPPP 
CALL C2P0LY(TT,PP,BE) 
CALL 02P0LY(TTT,PPP,B) 
Al = 0^0 
A2 = 0^0 
ARl = 0.0 
AR2 = 0.0 
00 93 K = 1,KE 
Al = Al • C(K)^BE(K) 

93 ARl = ARl + D(K)^B(K) 
TEMP = G2*ST2^(ALPHA2^SP2^CP2) • ALPHA2^0T2 
A2 = Al/DSQRTITEMP) 
TEMP = ST2^IALPHA2*CP2^SP2) • G2*CT2 
AR2 = ARl/TEMP 
IF (ARl .LT. 0) GO TO 94 
IF IAR2 .LT. 0) GO TO 94 
GO TO 95 

94 ARl = DABSIARl) 
AR2 = DABS(AR2) 
WRITE 16,11) 

95 CONTINUE 
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AXT=AXT*180.ODO/PI 
AXP=AXP*180.ODO/PI 
JO=(J-l)*NSPACE ( I ) •NSTARTd) 
WRITE ( 5 , 1 4 ) J0.AXT,AXP,A1.AR1,A2.AR2 
WRITE(10.41) J0,AXT,AXP,A2.AR2 
TT=TT^180.ODO/PI 
PP=PP^180.ODO/PI 
TTT=TTT^180.ODO/PI 
PPP=PPP^180.ODO/PI 

200 WRITE110.42ITT,PP,A I ,TTT,PPP.ARl 
205 CONTINUE 

GO TO 291 
91 CALL C2P0LY(T,P,B) 

AREA = 0 .0 
ARAD = 0 .0 
DO 100 K = l.KE 
AREA = AREA • C(K)^B(K) 

100 ARAD = ARAO • D(K)^B(K) 
AXT=AXT*180.0D0/PI 
AXP=AXP*180^0D0/PI 
JO=(J- l ) •NSPACEI I ) •NSTARTI I ) 
IF (LUMP •GT. 0 ) GO TO 101 
AREA = 1.0/AREA 
IF (AREA . L T . 0 . 0 ) AREA = C O 
AREA = DSQRT(AREA) 
ARAD = C O 
GO TO 102 

101 IF (ARAD .GE. 0 . 0 ) GO TG 103 
WRITE ( 6 . 1 1 ) 
ARAC = DA8S(ARAD) 

103 CONTINUE 
ARAO = DSQRTIARAO) 

102 WRITE(6 . l ) JO. AXT,AXP,AREA,ARAD 
WRITEI10,41) JO.AXT,AXP.ARE A,ARAO 
GO TO 205 

291 CCNTINUE 
139 NUT = 0 
500 CONTINUE 

STOP 
END 

C **************************************************************^^^it^,^f^ 
C • * C * J 1 2 1 0 « 

• 
* 

0 • 
0 • 
0 • NON-SYMMETRY PLANE ELECTRON SURFACE INVERSION • 
C • 
0 * INVERSICN OF MASS CATA TO GIVE l l / P I ) 2 K ! 0 K / D E I • 

C • SYMMETRY GROUP: S2 * 
0 • , 
C ******************************************^,^^,,^^^^^^,,^^^^^^,^^^^^^^^^^^^,^, 

0 I N I T I A L I Z A T I O N 
C 

IMPLICIT REAL^B (A-E) 
REAL*8 PI 
REALMS SP,CP,ST,0T,SP2,CP2.ST2,CT2 
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REAL^B XT.XP,XTT,XPP,XTTT,XPPP,TEMP 
REAL^4 ALPHA, ALPHA2,GAMMA,G2,El,E2,E3 
DIMENSION NAM(91).SYM(9l,16) 
DIMENSION A(91,91),B(91),BE(91),0(91),0191) 
DIMENSION TldO ),T 2110).Pl( 10). P2( 10) 
DIMENSION NL 110), NT 110),NZ 110 I, ZZ! 10 ),TLd0) 
DIMENSION IN!600,10),RI600.10) 
DIMENSION N00DEI600,10) 
DIMENSION TITLEI20) 
DIMENSICN B0I91) 
DIMENSION TlldO) ,T2l(10) ,Pll!10) ,P21(10I.TL2(10I 
DIMENSION NTOTIIO),NSPACE! 10) 
DIMENSICN NSTARTIIO),NAXISdO) 
DIMENSION AX(3), AY!3), AZ!3), AS(3I.AW!3) 
OOMMON/LIMIT/MI0,NIT,BC .LNIT 
COMMON/ANGLE/TI.T2,P1,P2 
COMMON/OR IENT/NT.NL.NZ.TL 
COMMON/INTO/IN,R 
00MMON/WORK/BE,B,0 
OOMM0N/CVER/A,N 
OOMM0N/KUBE/NAM,SYM,KE,KLN 
0OMMON/CARRY/NUT,LUMP,ALPHA,ALPHA2,GAMMA,G2,El,E2.E3.JJJJ 
COMMON/ROTATE/NCODE 
EXTERNAL S2P0LY 

1 FORMAT(1X,I4,7X,F10.5,4X,F10.5,38X.201T.8I 
2 FORMAT (FIO.4) 
3 FORMAT (15) 
4 FORMAT !15X,I5,F10.6,14X,II) 
5 FORMAT llHl,'PLANE',7X,"ZZ",10X,"THETAI1)".7X,"PHI!1)". 

$ 7X,"THETAI2)",7X,"PHI!2)",6X,"C0NE ANGLE",6X,"# POINTS", 
t 4X,"NLOW",5X,"NZERO"I 

6 FORMAT (/2X,I2,2X,6I4X,FIC6) ,7X.I5.6X,I5,5X,I5) 
7 FORMAT IIHI,5X,'THE FIT INCLUDES TERMS TO ORDER L =". 

$ 13//" THE TOTAL NUMBER OF HARMONICS IS",13////) 
8 FORMAT I///9X.' #•.5X.'J',8X,"MASS'.11X.'K!DK/DE)"/21X, 

$ " COEFFICIENTS",5X,'COEFFICIENTS'/) 
9 FORMAT I5X,2I6,2E17^6) 
10 FORMAT I lOX,I4,E17.6) 
U FORMAT IIOX,' KIDK/DE) IS NEGATIVE^") 
12 FORMATI///4X," PLANE",7X.'THETAd) ",5X," PHI !1)",7X, "THETA! 2)", 7X. 

£ "PHII2)",6X,'C0NE ANGLE',5X,"# POINTS',5X,'SPACING',5X,"START" 
£,6X,'AXIS' ) 

13 FORMAT (IHl) 
14 FORMAT (1X,I4,7X,F10.5,4X,F10^5,4X,4017^8I 
16 FORMAT (///15X,' ELLIPSOIDAL TRANSFORMATION USED.'/I 
17 FORMAT IIHI,////40X,' SYMMETRY GROUP S2'// 

$ ' ',10X,20A4) 
18 F0RMAT(///15X,' 1/AREA^^2 FIT."/) 

19 FORMAT(/IX,"ANGLE",8X,"THETA",lOX,"PHI",15X,'MASS',10X,"2K!0K/0E) • 
E,11X,"MASS".10X,"2K(DK/DE)"I 

23 FORMAT (20A4) 
24 FORMAT (/5X.13,3X,5!4X,F10.6),5X,I 5,7X,I5,6X,I 5,5X,I 5) 
27 FORMATI//IX,"ROTOR",13X,"LAB SYSTEM",19X,"TRANSFORMED SYSTEM".20X, 

£ "LAB SYSTEM") . 
41 FORMAT(I5,2F10^5,2017,8,21X) 
42 F0RMAT(2F10.5,D17^8,2F10.5,D17,8,5X) 
43 F0RMAT(//5X,'THE FIT INVOLVES TERMS DIVIDED AT L=",I3, 

£" CORRESPONDING TO",14," HARMONICS") 
44 F0RMAT(//5X."THE NUMBER OF ITERATIONS IS".12, 

£" STARTING FROM THE ITERATION NUMBER".12) 
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c 
c 
c 

PI = 3,141592653589793 
NUT = 0 

READ DATA 

CALL CCMSET 
READ 15,23) ITITLEII),1=1.20) 
WRITE 16,17) ITITLEII),1=1.20) 
READ 15,3) LMIN,LMAX 
READ 15,3) LUMP 
READ 15,2) GAMMA,ALPHA,El,E2,E3 
READ 15,3) LMID,LNIT,NIT 
MID=LTOMILMID, 10) 
WRITE 16,43) LMID,MID 
WRITEI6,44) NIT,LNIT 
REA0!5,3) NINIT 
KLN=MTOLININ1T,10) 
KE=NINIT 
T=0,0 
P=0,0 
CALL S2P0LYIT,P,B) 
CALL COETIBE) 
DO 25 I = 1,NINIT 
READ 15.10) II, B C d ) 
BCII) = BCd )^BEd )•?! 
WRITE 15,10) I,BOd) 

25 CONTINUE 
NUT=0 
E1=E1*PI/180.0DO 
E2=E2^PI/180.000 
E3 = E3^PI/180,0D0 
READ 15 ,2 ) CAL 
CAL = 1.0/CAL 
READ 19 ,3 ) NUM 
WRITE 16 ,5 ) 
DO 20 I = 1,NUM 
READ 19,2) Z Z d ) 
READ 19 ,2 ) T i l l ) , P H I ) 
REAC 19 ,2 ) T 2 I I ) , P 2 I I ) , T L I I ) 
READ 19 ,3 ) N T I I ) , N L d ) , N Z ! I I 
WRITE 15 ,6 ) I , Z Z ! I ) , T l ! I ) , P l d ) , T 2 I I ) , P 2 I I ) , T L i n , 

% N T I D . N L d ) , N Z d ) 
NTI = N T d ) 
READ 15 ,4 ) d N I J , I ) , R ! J , I I , N C O O E ( J , I ) . J = I . N T I ) 
T i l l ) = T i l l ) • P I /180.0DO 
T 2 ( I ) = T 2 ( l ) • P I / 1 8 0 . 0 D 0 
P l d ) = P l d ) • P I / 1 8 0 . 0 0 0 
P 2 ( D = P 2 ( D * P I /180.0DO 
DO 20 J = l .NTI 

20 R ( J . I ) = R I J . D - Z Z d ) 
READ ( 5 , 3 ) NUMB 
IF (NUMB.EQ.O) GO TO 289 
WRITE ( 6 , 1 2 ) 
DO 290 1=1,NUMB 
REAC ( 5 , 2 ) T I K I ) , P U d ) 
READ 15,2) T 2 1 I I ) , P 2 1 d ) , T L 2 d ) 
READ 15 ,3 ) N T O T I D . N S P A C E d ) . N S T A R T d ) , N A X I S d ) 
WRITE 16,24) I , T l l d ) . P U I I ) , T 2 1 ! I ) ,P21( I ) , T L 2 I I ) .NTOTI I ) 

£ , NSPACEd) ,NSTARTd) ,NAXISd) 
T l l d ) = T l l l D ^ P I / 1 8 0 . 0 D O 
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T 2 1 I I ) = T 2 1 I I ) * P I / 1 8 0 . 0 0 0 
P 1 1 I D = P11I I ) • P I / 1 8 0 . 0 0 0 
P 2 1 I I ) = P 2 1 I I ) ^ P I / 1 8 0 . 0 0 0 

290 TL2I D = T L 2 d ) ^ P I / 1 8 0 . 0 D 0 
289 CONTINUE 

G2 = GAMMA • GAMMA 
ALPHA2 = ALPHA • ALPHA 
JJJJ = 0 

c 
c 
c 

IF !E1 .NE. C O ) 
IF (E2 .NE. 0.0) 
IF (E3 .NE. 0.01 

HARMONIC 00 LOOP 

JJJJ = 1 
JJJJ = I 
JJJJ = 1 

IF (LMAX . L T . LMIN) LMAX = LMIN 
DO 500 LNO = LMIN,LMAX,2 
CELTA=LNC-LMIN 
KLN = LNC 
NO = LTCMILNCIO) 
KE = NC 
N = KE 
MID=LT0MILMID,10) 
IF IMIO.GE.KE) MIO=KE 
WRITE ( 6 , 7 ) KLN,KE 
DO 21 I = 1 , 9 1 
B( II = 0 . 
C d ) = 0 . 
D ( I ) = 0 . 
DO 21 J = 1 ,91 

21 A d , J ) = 0 . 0 
C 
C LEAST SQUARE FIT OF DATA. 
C 

CALL KLSQ!NUM,KE,OAL,OELTA,S2P0LY,ll 
C 
C INVERSION OF FITTING COEFFICIENTS. 
C 

CALL COETIBE) 
WRITE 16,13) 
IF ILUMP .EQ. 0) WRITE 16.18) 
IF IGAMMA .NE. 1.0) WRITE 16,16) 
WRITE 16,8) 
DO 22 I = 1,KE 
DI I ) = C I D / I P I • B E I D ) 
WRITEI6 ,9) I , N A M d ) , 0 1 1 ) , O i l ) 

22 WRITE 1 7 , 1 0 ) I , D I D 
C 
C EVALUATION OF FITTING RESULTS FOR 
C PRESELECTED ANGLES. 
C 

IF ILUMP .EQ. 0) WRITE 16 ,181 
WRITE 1 6 , 1 3 ) 
IF INUMB.EQ.O) GO TO 139 
00 291 1=1,NUMB 
A T 1 1 = T 1 1 I I ) 
A P U = P 1 1 ! I I 
A T 2 1 = T 2 1 ! I ) 
A P 2 l = P 2 l l I ) 
ATL=TL2 I I ) 
CALL DGOTTAIAX,ATU.APll) 
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CALL D G O T T A I A Y , A T 2 1 , A P 2 l ) 
CALL O O R I S S I A X , A Y , A Z ) 
CALL DCRISSIAZ,AX,AY) 
AYC=DCOS(ATL) 
AYS=DSIN!ATL) 
NTTT=NTOTd) • I 
WRITE I 6 , 2 7 ) 
WRITE ( 6 , 1 9 ) 
DO 205 J = 1 , N T T T 
J l l = ( J - l ) ^ N S P A O E ( I I 
J l l = J l l ^ N S T A R T ( l ) - N A X I S ! I ) 
A P R = J l l * 0 . l / C A L 
A P R = A P R * P I / 1 8 0 . O D 0 
AZO=DCOS(APR) 
A Z S = D S I N ( A P R ) 
DO 201 K = l , 3 
A S ( K ) = A X ( K ) * A Z O ^ A Y ( K ) * A Z S 

201 A W ( K ) = A S ( K ) ^ A Y S + A Z ( K ) ^ A Y O 
AXT=DARC0S(AW(3) ) 
AXP=0ATAN2(AW(2 ) ,AW( D ) 
XT=AXT 
XP=AXP 
I F ( J J J J . N E . O ) CALL 0 1 L E R I E 1 . E 2 . E 3 . X T . X P . l I 
T=XT 
P=XP 
I F ILUMP . E Q . 0 ) GO TO 9 1 
I F IGAMMA . E Q . 1 . 0 ) GO TO 9 1 
ST = D S I N I X T ) 
CT = DCOSIXT) 
SP = O S I N I X P ) 
OP = DCOSIXP) 
ST2 = ST • ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP • CP 
AA = GAMMA+ST^DSQRT(SP2 • 0 P 2 / A L P H A 2 ) 
CALL D F L O P ( A A , 0 T , X T T ) 
AA = ALPHA^SP 
CALL D F L O P ( A A , C P , X P P ) 
TT = XTT 
PP = XPP 

AA = ST*0SQRT(SP2 • 0P2*ALPHA2) /GAMMA 
CALL D F L O P ( A A , C T , X T T T ) 
AA=SP/ALPHA 
CALL D F L O P I A A , C P , X P P P ) 
TTT = XTTT 
PPP = XPPP 
CALL S 2 P 0 L Y d T , P P , B E ) 
CALL S 2 P C L Y ! T T T , P P P , B ) 
A l = O.C 
A2 = 0 . 0 
ARl = 0 . 0 
AR2 = 0 . 0 
DO 93 K = l . K E 
Al = A l • C I K I ^ B E I K ) 

93 ARl = ARl • D I K l ^ B I K ) 

TEMP = G 2 ^ S T 2 ^ I A L P H A 2 * S P 2 * C P 2 ) • ALPHA2»CT2 
A2 = A l / D S Q R T I T E M P ) 
TEMP = S T 2 * I A L P H A 2 ^ C P 2 ^ S P 2 ) • G2*CT2 
AR2 = ARl/TEMP 
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IF lARl . L T . 0) GO TO 94 
IF IAR2 . L T . 0 ) GO TO 94 
GO TO 95 

94 ARl = OABSIARl) 
AR2 = 0ABSIAR2) 
WRITE 1 6 . 1 1 ) 

95 CONTINUE 
AXT=AXT^180.ODO/PI 
AXP=AXP^180 .ODO/PI 
J0= IJ -1 )^NSPACE( I ) •NSTART! I ) 
WRITE 1 6 . 1 4 ) J0.AXT,AXP,A1,AR1,A2.AR2 
WRITEI IO.41) J0,AXT.AXP.A2.AR2 
T T = T T ^ 1 8 C 0 D 0 / P I 
PP=PP^180.ODO/PI 
TTT=TTT^180.ODO/PI 
PPP=PPP^180.ODO/PI 

200 WRITE110 .42 ITT .PP ,A l .TTT .PPP.ARl 
205 CONTINUE 

GO TO 291 
91 CALL S2P0LYIT,P.B) 

AREA = C O 
ARAD = C O 
00 100 K = l .KE 
AREA = AREA • C IKl^BIK) 

100 ARAO = ARAD • OIKI^BIK) 
AXT=AXT+180.ODO/PI 
AXP=AXP^180.ODO/PI 
J O = l J - I ) • N S P A C E ( I ) • N S T A R T I I ) 
IF ILUMP .GT. 0) GO TO 101 
AREA = 1.0/AREA 
IF (AREA . L T . 0 . 0 ) AREA = 0 . 0 
AREA = OSQRTIAREA) 
ARAC = 0.0 
GO TO 102 

101 IF lARAD .GE. CO) GO TO 103 
WRITE !6.11> 
ARAD = DABSIARAD) 

103 CONTINUE 
ARAO = CSQRTIARADI 

102 WRITEI6,l) JO.AXT.AXP.AREA.ARAC 
WRITEI 10,41) JO.AXT.AXP.AREA.ARAD 
GO TO 205 

291 CONTINUE 
139 NUT = 0 
500 CONTINUE 

STOP 
END 
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J 1 3 1 * 
• 
* 
* 
* 

FERMI VELOCITY PROGRAMS 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C * 
C * 
C * 
C * FERMI VELOCITY PROGRAM 
C * 
C * INPUT DATA: 
Q t I) THE C d ) APE PAD1US**2 COEFFICIENTS. * 
C # 2) THE D I D ARE I 1/PI) 2KI DK/OF) COEFFICIENTS. * 
C * * 
Q # * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * • * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

IMPLICIT PEAL*R ! A - H , 0 - Z ) 
REAL*4 T.P.SYM 
REAL*4 T11,T21,PU,P21,TL2 
DIMENSION NAMI91) ,SYM|gi,16),CI9D,DI91) ,BI91),IN|9l) 
DIMENSION TllllO) ,T21d0) ,Plld0),P21!10),TL2ll0) 
DIMENSION NTOT! 10) .NSPACEdO) 
DIMENSION AXI3), AY(3), AZI?), ASI3),AWI3) 
COMMON/KUBE/NAM.SYM.KE.KLN 

1 F O P M A T ! 1 5 X , I 5 / 4 F 2 C 1 5 / 4 F 2 0 . 1 5 / 4 F 2 0 . 1 5 / 4 F 2 0 . 1 5 ) 
2 FORMAT 114 ) 
3 FORMAT I I O X , I 4 , E 1 7 . 6 ) 
4 FORMAT I I H I , 4 X , ' # ' , 7 X , ' P A D ! U S * * 2 C O E F F I C I E N T S - / ) 
5 FORMAT ! l H l , 4 X , - # - , 7 X , - d / P D 2 K I D K / D E ) C O E F F I C I E N T S ' / ) 
6 FORMAT I I 5 , 1 2 X , E 1 ? . 6 ) 
7 FORMAT ! I 5 , 1 5 X , E 1 ? . 6 ) 

8 FOR MAT IIHl,2X,'ROTOR- ,3X,-THETA-,5X,'PHI',4X,'FERMI VELOCITY', 
$5X,'FERMI VELOCITY',5X,'FERMI VELOCITY'.5X.'PERM I VELOCITY'./27X. 
$'!K COMPONENT)',4X,'ITHETA COMPONENT)'.3X,'IPH I COMPONENT)'. 5X. 
S'lABS. VALUE)'/) 

9 FORMAT I3X,I3,?X,F6.2,3X,F6.2,4E19.6) 
10 FORMAT I//10X,- AREA = ',Fl0.6//IOX,' EFFECTIVE MASS = '.FIO.6) 

12 F0RMATd3,2F6.2,4E16.6,lX) 
14 F0RMAT!///4X,'PLANF',7X,'THETAI 1)',5X. 'PHIID ' , 7X,'THETA I 2 ) ' , 7X , 

£ 'PHU2)',6X,-C0NE ANGLE-,5X,'# POINTS'. 5X .'SPAC ING') 
15 F 0 R M A T I I 5 ) 
24 FORMAT I / 5 X , I 3 , 3 X , 5 ! 4 X , F 1 C . 6 ) , 5 X , I 5 , 7 X . I 5 ) 

READ 1 5 . 1 ) I N A M I D , I S Y M I I , J ) , J = 1 , 1 5 ) , I = 1 , 9 1 ) 
DO U I = 1 , 9 1 
C d ) = C O 

11 D I D = C O 
READ ( 5 , 2 1 LC 
READ ( 5 , 3 ) I I N ! D . C d ) , I = 1 , L D 
WRITF 1 6 , 4 ) 
WRITE 1 6 , 6 ) I I N ! D , C I I ) , I = 1 , L C ) 
READ 1 5 , 2 ) LD 
RFAD 1 5 , 3 1 ( I N I I ) , 0 1 1 ) , 1 = 1 , 1 0 ) 
WPITE 1 6 , 5 ) 
WRITE 1 6 , 7 ) ( I N I D . O d ) , 1 = 1 , L D ) 
CALL COMSET 
KE = M A X O I L C L D ) 
KLN = M T O L I K E . l ) 
P I = 3 . 1 4 1 5 9 2 5 5 3 5 8 9 7 9 ? 
R E A D ! 5 , 1 5 ) NUMB 
I F INUMB.EQ.O) GO TO 2 8 9 
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WPITEI6,14) 
00 290 1=1,NUMB 

READ 15,2) Till D , PI II I) 
RFAD 15,2) T 2 1 I D , P2 11 D , TL2II) 
READ 15,3) NTOTd),NSPACE!I) 

WRITE 16,24) I,Tlld), P U I I ) , T211 I) ,P21 II) , TL2d ), NTOTd » 

£ , NSPACEd) 

Till D = T 1 K I )*PI/180.CD0 
T 2 1 I I ) = T ? 1 ! I ) * P 1 / 1 R C 0 D 0 
P l l d ) = P U I I ) * P I / 1 8 0 . 0 D 0 
P 2 1 I D = P 2 K I ) * P I / 1 8 C . 0 D O 

29C T L 2 I D = T L 2 d ) * P I / 1 8 C 0 D C 
2 8 9 CONTINUE 
0 
C CALCULATION OF FERMI VELOCITY 
0 

WRITE 1 6 , f l ) 
IF INUMB.EQ.O) GO TO 139 
DO 291 I 1=1,NUMB 
AT11 = T 1 1 I I D 
A P U = P U I I I ) 
AT21=T21! I D 
A P 2 1 = P 2 1 I D ) 
ATL=TL2III) 
CALL D G O T T A I A X , A T 1 1 , A P 1 1 ) 
CALL D G O T T A ! A Y , A T 2 1 , A P 2 1 ) 
CALL O C R I S S I A X , A Y , A Z ) 
CALL O C R I S S I & Z , A X , A Y ) 
AYC = D C O S I A T L ) 
A Y S = D S I N I A T L ) 
N T T T = N T D T I I I ) + 1 
AREA = 0 . 0 
DADE = C O 
DD 2 0 0 J = 1 , N T T T 
A P R = J - I 

APP = APR*NSPACEI I I ) ^ 
A P R = A P R * P I / 1 8 C . 0 D 0 
AZC=OCOSIAPR) 
A Z S = D S I N ( A P R ) 
0 0 2 0 1 K = l , 3 
A S ! K ) = A X I K ) * A Z C ^ A Y ! K ) * A Z S 

2 0 1 A W I K ) = A S I K ) * A Y S ^ A Z ! K ) * A Y C 
A X T = D A R C O S ! A W I 3 ) ) 
A X P = D A T A N 2 I A W I 2 ) , A W ! 1 ) ) 
T=AXT 
P=AXP 
TT=AXT 
A X T = A X T * 1 8 0 . 0 0 0 / P I 
A X P = A X P * 1 8 0 . O D O / P I 
VK = O.C 
VT = C O 
VP = C O 
VD = 0 . 0 
VO = O.C 

CALL K U P O L Y | T , P , B ) 
DO 20 I = 1 ,KE 
VC = VC • Cl I ) * B I I ) 

2 0 VD = VD • D D ) * B I I ) 
VC = DSORTIVC) 
VD = P I * VD 
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CALL KUPOLTIT.P.B) 
DO 21 I = 1,KE 

21 VT = VT + C d )*BI I) 
CALL KUPOLPIT,P,B) 
00 22 I = 1,KE 

22 VP = VP • Cl D*BI D 
VK = IVC • VC)/VO 
VT = -VT/IVD*VC) 

IF (DABSITT) .GT. 1.00-06) GP = 1.000/(DSIN(TT)*VD*VCI 
VP - -vP * GP 
VABS = VK*VK + VT*VT • VP*VP 
VABS = DSQRTIVABS) 
JJ=(J-D*NSPACE! D ) 
WRITEI6,9) JJ,AXT,AXP.VK,VT,VP,VABS 
W R I T E d O , 1 2 ) J J , AXT, A X P , V K , V T , V P , VABS 

C 
C SIMPSON'S RULE INTEGRATION FOR THE FERMI AREA AND E F F E C T I V E MASS 
C 

RSO = VC * VC 
V = VC/VK 
K = J - 1 
I F I M 0 D ( K , 2 ) . E O . 0 ) GO TO 30 
AV=V+V+V+V 
AD = RSO • RSQ + RSO • RSQ 
GO TO 33 

30 AV=VtV 
AD = RSO + RSO 
I F I J . E O . D GO TO 32 
I F I J . E Q . N T T T ) GO TO 3 2 
GO TO 33 

32 AV = V 
AD = RSO 

33 AREA = AREA • AO 
DADE = OADE • AV 

200 CONTINUE 
DT=NSPACEI I D * P I / 1 8 r . 0 D 0 
AMULT = NSPACE! I I ) * N T O T ! I D 
AMULT=36C.0DC/AMULT 
A P E A = A R E A * A M U L T * D T / 6 . 0 D 0 
D A D E = 2 . 0 D 0 * 0 A D F * A M U L T * D T / 6 . 0 D 0 
EM = D A D E / P I 
WRITE 1 6 , 1 0 ) AREA.FM 

2 9 1 CONTINUE 
139 CONTINUE 

STOP 
END 

C ***************************t***********************t****************** 
C * * 
C * J132 • 
C * » 
C * FERMI VELOCITY PROGRAM • 

* 
• 

C * D COEFFICIENTS C d ) FOP K**2 * 
^ ! ^' COEFFICIENTS D d ) FOR 11/P I) 2KI DK/OE) * 

• 
• 

C * 
C * INPUT DATA: 

C * 

C * SYMMETRY GROUP: D6H 
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0 • * 
0 ********************************************************************** 

IMPLICIT REAL*8 IA-H,0-Z) 
REAL*4 T.P.SYM 
REAL*4 ALPHA.AA2,GAMMA,GA2.EA1.EA2, EA3 
REAL*4 ALPHB,A82,GAMMB.GB2.EB1,FB2,EB3 
PEAL*4 T11,T?1,P11,P21,TL2 
DIMENSION NAMIOI) ,SYMI 91,16),CI 91),D(91),B(91),IN(91) 
DIMENSION A ( 9 D , F ( 9 D ,VVI?) 
DIMENSION Til (10),T?1 d C ) ,Pllll0).P21d0),TL2l 10) 
DIMENSION NTOTI 10) .NSPACEdO) 
DIMENSION AXI3). AYI3), AZI3), ASI?),AWI3) 
COMMON/KUBF/NAM,SYM.KE,KLN 
COMMON/CARPY/NUT,LUMP,ALPHA,AA2,GAMMA,GA2,EAl,EA2,EA3,JJJJ 

1 FORMAT IF1C4) 
2 FORMAT 114) 
3 FORMAT dOX, I4,E17.6) 
4 FORMAT I1H1,4X,'#'.7X.'RA0IUS**2 COEFFICIENTS'/) 
5 FORMAT dHl,4X,'«-.7X,-! l/PI)2K!nK/0E) COEFFICIENTS'/) 
6 FORMAT II5,12X,F1?.6) 
7 FORMAT II5,15X,E1?.6) 

8 FORMATI1H1.2X,'ROTOP',?X,'THETA',5X,'PHI',4X,'FERMI VELOCITY', 
$5X,'FERMI VELOCITY',5X,'FERMI VELOCITY',5X,'FERMI VELOCITY',/27X, 
$'IK COMPONENT)',4X,'ITHETA COMPONENT)',3X,'IPHI COMPONENT)',5X, 
S'lABS. VALUE)'/) 

9 FORMAT I3X,I3,3X.F6.2,3X,F6.2.4E19.6) 
10 FORMAT I / / 1 0 X , - AREA = - , F 1 0 . 6 / / I OX, ' EFFECTIVE MASS = ' . F 1 C 6 ) 

12 F 0 R M A T d 3 , 2 F 6 . 2 , 4 E 1 6 . 6 . 1 X ) 
14 F O R M A T ! / / / 4 X , ' P L ANE' .7X. 'THETA I 1 ) ' . 5 X . ' P H I I D ' , 7 X . ' T H E T A I 2 ) ' . 7 X , 

£ 'PHI 1 2 ) ' , 6 X , ' C O N E A N G L E ' , 5 X , ' # PO INTS' ,5X, 'SPACING' ) 
15 FCRMATII5) 
24 FORMAT I/5X,I?,3X,5I4X,F10.5),5X,I5,7X,I5) 

LUMP = 1 
NUT = 0 
CALL COMSET 
DO 11 I = 1,91 
Cl D = C O 

11 DI D = C O 
REAC 15,1) GAMMA 
ALPHA = I.C 
EAl = C O 
EA2 = C O 
FA3 = C O 
REAC I 5,2) LC 
READ 15,3) I INI I) ,Cd ) ,I=1,LC) 
WRITE 16,4) 
WPITF 16,6) I INd ) ,Cd),1=1,LC) 
REAC 15,1) GAMMB 
ALPHB = 1.0 
EBl = C O 
EP?=0.0 
FB3 = C O 
READ 15,2) LO 
READ 15,3) I INI D . D I ! ) ,I = 1,LD) 
WPITF (6,5) 
WPITF 16.7) I INI D.OI D ,I = 1,LD) 
KF = MAXOILCLD) 
KLN = MT0LIKE,2) 
PI = 3.1415926535R0793 
JJJJ = 0 
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290 
289 
C 
C 
C 

201 

d d = 0 
IF lEAl .NE. 
IF IFA2 .NE. 
IF IFA? .NF. 
IF lEBl .NE. 
IF IEB2 .NE. 
IF IEB3 .NE. 
AA2 = ALPHA 
AB2 = ALPHB 
GA2 = GAMMA 
GB? = GAMMB 

0.0) JJJJ = 1 
C.!^) JJJJ = 1 
C D JJJJ = 1 
0.0) 1111= I 
CO) D d = 1 
CO) d d = 1 
* ALPHA 
* ALPHB 
« GAMMA 
* GAMMB 

READ!5,15) NUMB 
IF INUMB.EQ.O) GO TO 289 
WRITE!6 ,14) 
DO 290 1=1,NUMB 
READ 1 5 , 1 ) T I K I ) , P U I I ) 
REAC 1 5 , 1 ) T 2 1 I D , P 2 1 ! I ) , T L 2 I I ) 
READ l 5 , 1 5 ) N T O T I I ) , N S P A r F I D 
WPITF 1 6 , 2 4 ) I , T l l d ) , P l l d ) , T 2 1 d ) , P 2 l l D , T L 2 d ) , N T 0 T I I) 

£ , NSPACEd) 
T i l l I ) = T 1 K I ) * P I / 1 R 0 . 0 0 0 
T 2 K D = T 2 1 ! D * P I / 1 8 0 . 0 D 0 
P l K D = P l l d ) » P I / 1 8 C 0 D 0 
P 2 1 ! D = P 2 K D * P I / 1 8 0 . 0 D 0 
T L ? I I ) = T L 2 ! I ) * P I / 1 8 0 . 0 D 0 
CONTINUE 

CALCULATION OF FERMI VELOCITY 

WPITE 1 6 , 8 ) 
I F I N U M B . E C O ) GO TO 139 
DO 291 11=1,NUMB 
A T 1 1 = T 1 K D ) 
A P 1 1 = P 1 1 I I I ) 
AT?1 = T21I I D 
AP21 = P 2 1 d D 
ATL = T L 2 d D 
CALL D G O T T A I A X , A T I 1 , A P 1 1 ) 
CALL D G O T T A I A Y , 6 T 7 1 , A P ? D 
CALL D C R I S S I A X . A Y . A Z ) 
CALL D C R I S S I A Z . A X . A Y ) 
AYC=DCOSIATL) 
A Y S = D S I N I A T L ) 
NTTT=NTDT!II) + 1 
AREA = C O 
DADE = C C 
DO 200 J = 1 , N T T T 
A P R = J - 1 
APR = A P R * N S P A C E d I ) 
APR=APR*PI/19C.noo 
AZC=DCOS(APR( 
AZS=DSIN(APR) 
no ?01 K = l , 3 
A S I K ) = A X I K ) * A Z C + A V | K ) * A Z S 
A W ( K ) = A S I K ) * A Y S ^ A Z ! K ) * A Y C 
AXT=DARC0SIAWI3)) 
AXP=DATAN?!AW(?),AW!D ) 
TA=AXT 
TB=4XT 
PA=AXP 
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PB=AXP 
TT=AXT 
PP=AXP 
AXT=AXT«180.ODO/PI 
AXP=AXP*180.ODO/PI 
VK = <^.0 
VT = O.C 
VP = C O 
VO = C O 
VC = 0.0 

C 
C DO THE ELLIPSOIDAL TRANSFORMATION FOR THE KIDK/DE) COEFFICIENTS 
C 

IF IGAMMB .EC 1.0) GO TO 40 
IF d i d .NE. 0) CALL OILER! EBl .EB2 .EB3.TB, PB, 1) 
ST = DSINITB) 
OT = DCOSITB) 
SP = OSINIPB) 
OP = DCOSIPB) 
ST2 = ST * ST 
CT2 = CT • CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = GAMMB*CT/OSQRTIST2*ISP2+AB2*CP2)+GB2*CT2) 
IF ITEMP .GT. 1.000) TEMP = l.ODO 
TB = DARCOSITEMP) 
SPP = SP/ALPHB 
CALL DFLOPISPP,CP,PB) 
T = TB 
P = PB 
COEFB = ST2*ISP2^AB2*CP2)+GB2*CT2 
GO TO 41 

40 COEFB = l.ODO 
T = TT 
P = PP 

41 CALL HXPOLYIT.P.B) 
DO 42 I = l.KE 

42 VD = VD • D d )*BI I ) 
VD = VD * PI/COEFB 

C 
0 ELLIPSOIDAL TRANSFORMATION FOR THE K**2 COEFFICIENTS 
C 

IF IGAMMA .EO. 1.0) GO TO 45 
IF IJJJJ .NE. 0) CALL OILERIEAl,EA2,EA3,TA,PA,U 

ST = OSINITA) 
CT = DCOSITA) 
SP = DSINIPA) 
CP = nCOSlPA) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = GAMMA*CT/DSQRTIST2*ISP2+AA2*CP2)+GA2*CT2) 
IF ITEMP .GT. 1.000) TEMP = l.ODO 
TA = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOPISPP,CP,PA) 
T = TA 
P = PA 
EPSILN = SP2 • AA2*CP2 
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XI = ST2 * EPSILN + GA2 * CT2 
DXIDT = ?.0D0*ST*CT*IEPSILN-GA2) 
DXICP = 2.CD0*!1.0-AA2)*ST2*SP*CP 
DPDP = ALPHA/EPSILN 
OTDP = GAMMA*!).0-AA2)*ST*CT*SP*0P 
OTOP = OTOP/IDSORTIEPSILN) * XI) 
DTDT = GAMMA*DSQRTIEPSILN)/XI 
COEFA = XI 
GO TO 46 

45 COEFA = l.ODO 
EPSILN = l.ODO 
XI = l.ODO 
DXIDT = 0.0 
DXIDP = 0.0 
DROP = 1 .000 
OTDP = C O 
DTDT = 1.ODO 
T = TT 
P = PP 

46 CALL HXPDLYIT.P.A) 
CALL HXPOLTIT.P.B) 
CALL HXPOLPIT.P.F) 
00 52 I = 1,KE 
VC = VC • Cl D*AI D 
VT = VT + CII)*BID 

52 VP = VP + Cl D*FI D 
VC = VC/COEFA 
RSQ = VC 
VC = DSORTIVC) 
VK = IVC+VC)/VO 
VTTEMP = !DTOT*VT - RSO*DXIOT)/XI 
VPTEMP = |OTOP*VT + DPDP*VP - RSO*DXIDP)/XI 
VT = VTTEMP 
VP = VPTEMP 
VT = -VT/IVO*VC) 
GP = 0.0 
IF (DABSITT) .GT. 1.00-06) GP = 1.000/IDSINITT)*VD*VC) 
VP = -VP * GP 
VABS = VK*VK • VT*VT • VP*VP 
VABS = DSQRTIVABS) 
JJ=(J-D*NSPACEdD 
WRITFI 6,9) JJ,AXT,AXP,VK,VT,VP,VABS 
WRITE!10,12) JJ,AXT.AXP.VK.VT.VP.VABS 

C 
C SIMPSON'S RULE INTEGRATION FOR THE FERMI AREA AND EFFECTIVE MASS. 
C 

V = VC/VK 
K=J-1 
IF I M00!K,2) .EC 0) GO TO 30 
AV=V+V+V+V 
AD = RSC + RSQ • RSO • RSC 
GO TO 33 

30 AV=V+V 
AD = RSO + RSO 
IFIJ.EO.D GO TO 32 
IFIJ.EQ.NTTT) GO TO 32 
GO TO 33 

32 AV = V 
AD = RSO 

33 AREA = AREA • AD 



165 

C 

DADF = DAOE • AV 
2CC CONTINUE 

DT = NSPACE! I D * P I / l f l C . 0 D C 
AMULT = NSPArE I I D * N T O T d I ) 
A M U L T = 3 6 0 . 0 D C / A M U L T 
A R E A = A R E A * A M U L T * D T / 6 . O D O 
D A D E = ? . C D 0 * D A 0 E * A M U L T * D T / 6 . 0 D 0 

182 EM = D A D E / P I 
WRITE 1 6 . 1 0 ) AREA.FM 

2 9 1 CONTINUE 
139 STOP 

END 

0 •«»»*»***«**««********«******************•*•**•••********•**•*•******• 

C * * 
C * J133 * 
C • * 
C * FERMI VELOCITY PROGRAM * 
C * • 
C * INPUT DATA: * 
C * D COEFFICIENTS C d ) FOR K**2 * 
C * 2) COEFFICIENTS D d ) FOR 11/P I) 2K( OK/DE) * 

• 
C * SYMMETRY GROUP: C6H * 
C • * 
0 **»****»•****«*******•**«****•«****•*****»***•******•*********•*••**** 

I M P L I C I T R E A L * 8 ( A - H , 0 - Z ) 
R E A L * 4 T . P . S Y M 
REAL*4 ALPHA.AA2.GAMMA.GA2.EA1.EA2,EA3 
R F A L * 4 A L P H B , A B 2 . G A M M B , G P 2 , E B l , E B 2 , E B 3 
PEAL*4 T11,T21,P11,P21,TL2 
DIMENSION NAM!9D.SYMI91.16).CI9D,0I91).B(91).IN(91) 
DIMENSION AI9D ,FI91) .VVI3) 
DIMENSION TUI10).T?ld0),Plld0).P21d0).TL2(10) 
DIMENSION NTOTI10).NSPACE!10) 
DIMENSION AXI3), AYI3). AZI3), ASI3).AWI3) 
COMMON/KUBF/NAM.SYM.KE.KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,AA2,GAMMA,GA2,EA1,EA2,EA3,JJJJ 

1 FORMAT IFIO.4) 
2 FORMAT 114) 
3 FORMAT IIOX,I4,E17.6) 
4 FORMAT IIHI,4X.•#',7X.'RADIUS**2 COEFFICIENTS'/) 
5 FORMAT I 1 H 1 , 4 X , ' # ' , 7 X . ' d / P I ) 2 K ! 0 K / D E ) C O E F F I C I E N T S ' / ) 
6 FORMAT I I 5 . 1 2 X , F 1 3 . 6 ) 
7 FORMAT I I 5 , 1 5 X , E 1 3 . 6 ) 

8 FORMAT IIHl,2X,- ROTOR-,3X.•THETA'.5X,'PHI',4X.'FERMI VELOCITY'. 
$5X.'FERMI VELOCITY',5X,-FERMI VELOCITY',5X,'FERMI VELOClTY',/27X, 
$'!K COMPONENT)•,4X,'ITHETA COMPONENT)',3X,'IPHI COMPONENT)',5X, 
t'lARS. VALUE)'/) 

9 F0RM*TI3X,I3.?X.F6.2,3X.F6.2,4E19.6) 
10 FORMAT I//10X,- AREA = •,FIO.6//lOX,- EFFECTIVE MASS = -,F10.5) 

12 FORMATII?,2F6.2,4F16.6,1X) 
14 FCRMAT!///4X.-PLANE-,7X.-THETA!1)-,5X.-PHII1)-.7X,-THETAI 2)'.7X. 

£ 'PHI 12)',6X.-CONE ANGLE-.5X,'# POI NTS'.5X.'SPACING') 
15 F0RMATd5) 
24 FORMAT I/5X. 13,3X.5I4X.F10.6).5X.15,7X.15) 

LUMP = 1 
NUT = 0 
CALL COMSET 
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11 

290 
289 
C 
C 
C 

DO 11 I = l»''l 
Cl I) = C O 
DI I) = C O 
REAC 15,1) GAMMA 
ALPHA = 1.0 
EAl = 0.0 
EA? = 0.0 
EA? = C O 
REAC (5,2) LC 
RFAD 15,3) lINID.Cd ),I = l.LC) 
WRITE 16,4) 
WRITF 16.6) U N ! D.CI I).I = 1,LC) 
READ (5.1) GAMMB 
ALPHB = I.C 
FBI = C O 
EB2 = C O 
EB3 = 0.0 
READ 15,2) LD 
READ 15,3) I INI D .DID ,I=l,Ln) 
WRITE 16,5) 
WRITE 16,7) I INI I),DID,1=1,LD) 
KE = MAXOILCLD) 
KLN = MT0LIKE,3) 
PI = 3.141592653589793 
JJJJ = 0 
Idl = C 
IF lEAl 

IEA2 
IEA3 
lERl 
lEB? 
IFB3 

IF 
IF 
IF 
IF 
IF 
AA? 
AB? 

.NE 

.NE 

.NE 

.NE 

.NE 
• NE 

ALPHA 
ALPHB 

0) 
0) 
0) 
0) 
0) 

CO) 
ALPHA 
ALPHB 
GAMMA 
GAMMB 

NUMB 
.0) GO TO 

JJJJ 
JJJJ 
JJJJ 
III I 
D d 
IIII 

2 8 9 

GA2 = GAMMA 
GB2 = GAMMB 
READI5,15) 
IF INUMB.EC 
WPITEI6 ,14) 
DO 290 1=1,NUMB 
READ ( 5 , 1 ) T U ! I ) , PI 11 I ) 
READ 1 5 , 1 ) T 2 1 I D , P 2 I I D , T L 2 ( I ) 
READ ( 5 , 1 5 ) N T 0 T ! I ) , N S P A C E d ) 
WRITF 1 5 , 2 4 ) I , T I K I ) . P U I I ) . T21 I I) .P211 I) . T L 2 I I ) , NTOT I D 

£ , NSPACEd) 
T i l l I ) = T U I D * P I / 1 8 C . 0 D 0 
T 2 1 ! D = T ? 1 ! D * P I / 1 8 C . 0 D 0 
PI K D = P111 D » P I / 1 8 0 . 0 0 0 
P21 ! D = P21I D * P I / 1 R C . 0 D 0 
T L 2 I D = T L 2 I I ) * P I / I R C . 0 D C 
CONTINUE 

CALCULATION OF FERMI VELOCITY 

WPITF ( 6 , R ) 
IF INUMB.EQ.O) GO TO 13° 
DO 291 11=1,NUMB 
ATll = T l l d D 
A P l l = P l K d ) 
A T 2 1 = T 2 1 d D 
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A P 2 1 = P 2 1 I I I ) 
A T L = T L ? I I I ) 
CALL D G O T T A I A X , A T U . A P l l ) 
CALL D G O T T A I A Y . A T 2 1 . A P 2 l ) 
CALL D C R I S S I A X . A Y . A Z ) 
CALL D C R I S S I A Z . A X . A Y ) 
A Y C = n C O S I A T L ) 
A Y S = D S I N I A T L ) 
N T T T = N T O T I I I ) • 1 
AREA = 0 . 0 
DADF = C O 
0 0 2 0 0 J = 1 . N T T T 
A P R = J - 1 

APR = APR*NSPACEI I I ) 
A P R = A P R * P I / 1 8 C 0 D 0 
AZC=DCOSIAPR) 
A Z S = D S I N I A P R ) 
DO 2C1 K = 1 . 3 
A S I K ) = A X I K ) * A Z C + A Y I K ) * A Z S 

2 0 1 A W I K ) = A S I K ) * A Y S ^ A Z I K ) * A Y C 
A X T = D A R C 0 S I A W I 3 ) ) 
AXP = D A T A N 2 I A W I ? ) . A W I I D 
TA=AXT 
TB=AXT 
PA=AXP 
PB=AXP 
TT=AXT 
PP=AXP 

A X T = A X T * 1 8 C 0 O O / P I 
A X P = A X P * 1 8 0 . O D O / P I 
VK 
VT 
VP 
VD 
VO 

= 
= 
= 
= 
= 

0, 
0, 
0, 
0 
0. 

.0 

.0 

.0 

.0 

.0 
c 
0 DO THE ELLIPSOIDAL TRANSFORMATION FOR THE KIOK/OE) COEFFICIENTS 
C 

IF IGAMMB .EC 1.0) GO TO 40 
IF d i d .NE. 0) CALL OILER I EBl , E82 ,EB3.TB.PB . 1) 
ST = DSINITB) 
CT = DCOSITB) 
SP = DSINIPB) 
CP = DCOSIPB) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = GAMMB*CT/DS0RTIST2*ISP2^AB2*CP2)^GB2*CT2) 
IF ITEMP .GT. l.ODO) TEMP = l.ODO 
TB = DARCOSITEMP) 
SPP = SP/ALPHB 
CALL DFLOPISPP.CP.PB) 
T = TB 
P = PB 
COEFB = ST2*ISP2+AB2*CP2)^GB2*CT2 
GO TO 41 

40 OOFFB = l.ODO 
T = TT 
P = PP 

http://DGOTTAIAY.AT21.AP2l
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41 CALL C6P0LYIT,P,B) 
DO 42 I = l.KE 

42 VD = VD • Dd )*BI I ) 
VD = VD * PI/COEFB 

0 
0 E L L I P S O I D A L TRANSFORMATION FOR THE K*^2 C O E F F I C I E N T S 

0 

45 

IF IGAMMA .EC 1.0) GO TO 45 
IF IJJJJ .NE. 0) CALL OILERIEAl.EA2.EA3.TA,PA.11 
ST = OSINITA) 
CT = DCOSITA) 
SP = DSINIPA) 
CP = DCOSIPA) 
ST? = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = GAMMA*CT/DSQRTIST2*(SP2^AA2*0P2)+GA2*CT2I 
IF (TEMP .GT. l.ODO) TEMP = l.ODO 
TA = DARCOS(TEMP) 
SPP = SP/ALPHA 
CALL DFLOP(SPP,CP.PA) 
T = TA 
P = PA 
EPSILN = SP2 • AA2*CP2 
X I = ST2 * E P S I L N • GA2 * CT2 
DXIDT = 2 . 0 D 0 * S T * C T * I E P S I L N - G A 2 ) 
DXICP = 2 . C D 3 * I 1 . 0 - A A 2 ) * S T 2 * S P * C P 
DPDP = A L P H A / E P S I L N 
DTDP = G A M M A * I 1 . 0 - A A 2 ) * S T * C T * S P * C P 
DTDP = O T D P / I D S O R T I E P S I L N ) * X I ) 
DTDT = G A M M A * D S O R T ! E P S I L N ) / X I 
COEFA = X I 
GO TO 
COEFA 
EPSILN 
XI = 1 
DXIDT 
DXIDP 
DPDP = 
DTDP = 
DTDT = 

46 
= l.ODO 
= l.ODC 
.ODO 
= C C 
= C C 
l.ODO 
3.0 
l.ODO 

T = TT 
P = PP 

46 CALL C 6 P 0 L Y I T , P , A ) 
CALL C 5 P 0 L T I T , P , B ) 
CALL C 5 P 0 L P I T , P , F ) 
no 52 I = l . K F 
VC = VC + C ( I ) * A I D 
VT = VT + C I D * B d ) 

52 VP = VP + C l I ) * F I I ) 
VC = VC/COEFA 
RSO = VC 
VC = DSORTIVC) 
VK = I V C + V C I / V D 
VTTEMP = i n T D T * V T - P S Q * D X I D T ) / X I 
VPTEMP = |OTDP*VT • DPDP*VP - R S O * D X I D P ) / x 
VT = VTTEMP 
VP = VPTEMP 
VT = -VT/IVO*VC) 
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GP = C O 
IF IDABSITT) .GT. 1.CD-C6) GP = 1.000/IDSINITT)•VD^VC) 
VP = -VP * GP 
VABS = VK*VK • VT*VT + VP*VP 
VARS = DSQRTIVABS) 
JJ = I J-D*NSPACE! I I) 
WRITF16.9) JJ.AXT,AXP.VK.VT.VP,VABS 
WRITFdC12) JJ,AXT.AXP. VK.VT.VP,VABS 

C 
C SIMPSON'S RULE INTEGRATION FOR THE FERMI AREA AND EFFECTIVE MASS. 
0 

V = VC/VK 
K=J-1 
IF I M00IK,2) .EO. 0) GO TO 30 
AV=V+V+V+V 
AD = RSO + RSQ + RSO • RSO 
GO TO 33 

30 AV=V^V 
AD = RSQ + RSO 
IFIJ.EO.1) GO TO 32 
IF!J.EQ.NTTT) GO TO 32 
GO TO 33 

32 AV = V 
AD = RSQ 

33 ARFA = AREA • AO 
DADE = DADE + AV 

200 CONTINUE 
OT=NSPACEdI )*PI/180.000 
AMULT = NSPACEII I)*NTOTI II) 
AMULT=360.CD0/AMULT 
APEA=APEA*AMULT*DT/5.000 
DAOE=2.0DO*DADE*AMULT*OT/6.000 

182 EM = DADE/PI 
WRITE (6,10) AREA.EM 

291 CONTINUE 
139 STOP 

END 

0 «*•«**»*******************•***•*•****«****••*•*****••••**•**••*••••••• 

C * * 
0 * J134 * 
C * • 
0 * FERMI VELOCITY PROGRAM • 
C * * 
C * INPUT DATA: * 
C * 1) COEFFICIENTS C d ) FOR K**2 • 
C * 2) COEFFICIENTS D d ) FOR d/P I) 2KI DK/DE) • 

« 
C * SYMMETRY GROUP: D3D * 
C * * 
0 ********************************************************************** 

IMPLICIT REAL*8 I A - H , 0 - Z ) 
PEAL*4 T.P.SYM 
REAL*4 ALPHA,AA2,GAMMA,GA2,EA1,EA2,EA3 
PEAL*4 ALPHB,AS2,GAMMB,GB2,EB1,EB2,FB3 
RFAL*4 T11,T21,P11,P21,TL2 
DIMENSION NAMI9D,SYMI91.16),CI91),D!91),BI91),INI91I 
DIMENSION Alql),FI91),VVI3) 
DIMENSION T U I I O ) , T 2 l l l D , P l l ! 1 0 ) , P 2 l d O ) , T L 2 l l O ) 

C 
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1 
? 
3 
4 
5 
6 
7 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

FORMAT 
FORMAT 

DIMENSION N T O T I I D . N S 
DIMENSION A X I 3 ) , AYI 3 
COMMON/KUBE/NAM.SYM.KE 
COMMON/CARRY/NUT,LUMP, 

I F I O . 4 ) 
114 ) 
! 1 0 X , I 4 , E 1 7 . 6 ) 
I 1 H 1 , 4 X , ' # ' , 7 X , 
I 1 H 1 . 4 X , ' # ' . 7 X . 
I I 5 , 1 2 X , E 1 3 . f ) 
d 5 . 1 5 X , E l ? . 6 ) 

8 FORMATIIHI,2X,'ROTOR'. 
$5X,-FERMI VELOCITY'.5X 
$'IK COMPONENT)-,4X.-IT 
t-(ABS. VALUE)-/) 

9 F0RMAT!?X,I3.3X,F6.2,3 
IC FORMAT (//lOX,- AREA = 

12 FORMAT!I3,2F6.2,4E16.6 
14 F0RMATI///4X,'PLANE-.7 

£ •PHK2)- .5X,-CCNE AN 

15 F0RMATII5) 
24 FORMAT I / 5 X . I 3 , ? X . 5 ! 4 X 

LUMP = 1 
NUT = 0 
CALL COMSET 
DO 11 I = 1 . 9 1 
C D ) = C O 

11 DI D = C O 
READ 1 5 , 1 ) GAMMA 
ALPHA = I . C 
E A l = C O 
EA2 = 0 . 0 
EA3 = 0 . 0 
READ 1 5 , 2 ) LC 
READ 1 5 , 3 ) I INI I ) , C d ) 
WPITE ( 6 , 4 ) 
WRITE 1 5 , 6 ) ! I N d ) , C I I 
READ 1 5 , 1 ) GAMMB 
ALPHP = 1 .0 
EB l = C O 

P A C E I I O ) 
) , A Z I 3 ) , A S I 3 ) , A W I 3 ) 
, K L N 
A L P H A . A A 2 . G A M M A . G A 2 . E A 1 . E A 2 . E A 3 . J J J J 

' R A D I U S * * 2 C O E F F I C I E N T S ' / ) 
' I 1 / P D 2 K I D K / 0 E ) C O E F F I C I E N T S ' / ) 

3 X . • T H F T A ' , 5 X . ' P H I ' . 4 X , ' F E R M I V E L O C I T Y " . 
. ' F E R M I V E L O C I T Y ' . 5 X . ' F E R M I V E L O C I T Y ' . / 2 7 X , 
HFTA C O M P O N E N T ) ' , 3 X , ' I P H I C O M P O N E N T ) ' , 5 X , 

X , F 6 . 2 , 4 E 1 9 . 6 ) 
' , F 1 0 . 6 / / 1 0 X , ' E F F E C T I V E MASS = ' , F 1 C 6 ) 

, 1 X ) 
X , ' T H E T A d ) ' , 5 X , ' P H I I 1 ) ' , 7 X , ' T H E T A ! 2 ) ' , 7 X , 
G L E ' , 5 X , ' # P O I N T S ' , 5 X , ' S P A C I N G ' ) 

, F 1 C . 6 ) , 5 X . I 5 . 7 X . I 5 ) 

. I = 1 , L C ) 

) , I = 1 , L D 

EB2 = 0.0 
FR? = C C 

READ 15,2) LD 
READ 15,3) 1 INd) ,D(I), 
WRITE (5,5) 

WRITE 16,7) (INd ),DI I 
KE = MAXOILCLD) 

KLN = MT0L!KE,4) 

PI = 3.141592653589793 
JJJJ = 0 
IIII = 0 

IF IFAl .NE. 0.0) JJJJ 

IF IEA2 .NE. n.O) JJJJ 
IF (EA? .NE. C O ) JJJJ 

IF lEBl .NE. C O ) IIII 
IF IEB2 .NE. 0.0) u u 

IF lEB? .NE. C O ) IIII 
AA? = ALPHA * ALPHA 

AB2 = ALPHP « ALPHB 
GA2 = GAMMA * GAMMA 

1 = 

,1 = 

^ 
= 
= 
= 
= 
= 

1,LD) 

=1,LD) 
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GB? = GAMMB * GAMMB 
PFA0 I5 ,15 ) NUMB 
IF INUMB.EQ.O) GO TO 289 
WRITE I 6 . 1 4 ) 
DO 290 1=1.NUMB 
READ 15. 1) T l l d ) . P i l l I ) 
READ 1 5 . 1 ) T 2 1 I D , P 2 1 I I ) , T L 2 I D 
READ 1 5 , 1 5 ) N T 0 T I I ) .NSPACEd) 
WRITE 1 6 . 2 4 ) I . T I K I ) , P U I I ) , T21 I I ) , P 2 1 ( 1) , T L 2 d ) ,NTOT( 11 

£ , N S P A C E d ) 
T I K I )=T11I I ) * P I / 1 8 C . 0 D 0 
T 2 1 d ) = T 2 1 d ) * P I / 1 8 0 . 0 D O 
P I K D = P 1 1 I I ) * P I / 1 8 C . 0 D 0 
P 2 1 I D = P 2 1 I D * P I / i a C . O D 0 

29C T L 2 d ) = T L 2 I I ) * P I / 1 8 0 . 0 D 0 
289 CONTINUE 
C 
C CALCULATION OF FERMI VELOCITY 
0 

WRITE 16 .8 ) 
IF INUMB.ECO) GO TO 139 
DO 29 1 11 = 1.NUMB 
A T 1 1 = T 1 1 I I I ) 
A P 1 1 = P 1 1 I I I ) 
AT21 = T21I I I ) 
AP21 = P 2 1 I I I ) 
A T L = T L 2 I I I ) 
CALL DGOTTAIAX,ATU.APll) 
CALL DGOTTAIAY.AT21.AP21) 
CALL DCRISSIAX.AY.AZ) 
CALL DCRISSIAZ.AX.AY) 
AYC=OCOSIATL) 
AYS=DSINIATL) 
NTTT=NTOTIII) • 1 
AREA = C O 
DADE = C O « 
00 200 J=l .NTTT 
APR=J-1 
APR=APR*NSPACEIII) 
APR=APR*PI/iaO.ODO 
AZC=DCOSIAPR) 
AZS=0SINIAPR) 
00 2C1 K = l , 3 
ASIK)=AX!K)*AZC+AYIK)*AZS 

201 AWIK)=ASIK)*AYS+AZIK)*AYC 
AXT=DARC0SIAWI3)) 
AXP=DATAN2IAWI2),AWI1)) 
TA=AXT 
TB=AXT 
PA=AXP 
PB=AXP 
TT=AXT 
PP=AXP 
AXT=AXT*18C.ODO/PI 
A x p = A X P * i a c o o o / P i 
VK = C O 
VT = C O 
VP = 0 . 0 
VD = C O 
VC = 0 .0 
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C 
C DO 
0 

THE ELLIPSOIDAL TRANSFORMATION FOR THE KIDK/DE) COEFFICIENTS 

IF IGAMMB .EC 1.0) GO TO 40 
IF d i d .NE. 0) CALL OIL ERI EBl, EB2 ,EB3,TB, PB, I) 
ST = DSINITB) 
CT = DCOSITB) 
SP = DSINIPB) 
CP = DCOSIPB) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = GAMMB*CT/DS0RTIST2*ISP2^AB2*CP2)^GB2*CT2) 
IF ITEMP .GT. l.ODO) TEMP = l.ODO 
TB = DARCOSITEMP) 
SPP = SP/ALPHB 
CALL DFLOPISPP,CP,PB) 
T = TB 
P = PB 
COEFB = ST2*ISP2+AB2*CP2)+GB2*CT2 
GO TO 41 

40 COEFB = l.ODO 
T = TT 
R = PP 

41 CALL D?POLY!T,P,B) 
DO 42 I = l.KE 

42 VD = VD + DII)*BII) 
VD = VD * PI/COEFB 

C 
C ELLIPSOIDAL TRANSFORMATION FOR THE K**2 COEFFICIENTS 
C 

IF IGAMMA .EC 1.0) GO TO 45 
IF IJJJJ .NE. 0) CALL GILERIEAl,EA2,EA3,TA,PA,1) 
ST = OSINITA) 
CT = DCOSITA) 
SP = DSINIPA) 
CP = DCOSIPA) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = GAMMA*CT/DSQRTIST2*ISP2+AA2*CP2)^GA2*CT2) 
IF ITEMP .GT. l.ODO) TEMP = l.ODO 
TA = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL OFLOP!SPP,CP,PA) 
T = TA 
P = PA 
EPSILN = SP2 + AA2*CP2 
XI = ST2 * EPSILN • GA2 * CT2 
DXIDT = 2.CD0*ST*CT*IFPSILN-GA2) 
DXIDP = 2.0DO*I1.0-AA2)*ST2*SP*CP 
DPDP = ALPHA/EPSILN 
DTDP = GAMMA*U.C-AA2)*ST*CT*SP*CP 
OTOP = DTDP/(DSQRTIEPSILN) * XI) 
DTDT = GAMMA*DSQRT!EPSILN)/X1 
COEFA = XI 
GO TO 45 

45 COEFA = l.ODO 
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EPSILN = l.ODO 
XI = 1.000 
DXIDT = C O 
DXIDP = C O 
DPDP = l.ODO 
DTDP = C O 
DTDT = l.ODO 
T = TT 
P = PP 

46 CALL D3P0LYIT,P,A) 
CALL D3P0LTIT,P,B) 
CALL 03P0LPIT,P,F) 
DO 52 1 = l.KE 
VC = VC + Cl I )*AI I) 
VT = VT • ClI)*BII) 

52 VP = VP + ClI)*FI I) 
VC = VC/COFFA 
RSO = VC 
VC = DSORTIVC) 
VK = IVC + VD/VO 
VTTEMP = !DTDT*VT - RSQ*OXIDT)/XI 
VPTEMP = !DTOP*VT • DPDP*VP - RS0*DX10P)/XI 
VT = VTTEMP 
VP = VPTEMP 
VT = -VT/IVD*VC) 
GP = C O 
IF IDABSITT) .GT. l.CO-06) GP = I.000/IDSINITT)*VD*VC) 
VP = -VP * GP 
VABS = VK*VK • VT*VT • VP*VP 
VABS = DSQRTIVABS) 
JJ = IJ-l)*NSPACEd I) 
WRITE I 6,9) JJ,AXT.AXP,VK,VT,VP,VABS 
W P I T E I 1 0 , 1 2 ) J J . A X T . A X P . V K . V T . V P . V A R S 

C S I M P S O N ' S RULE I N T E G R A T I O N FOR THE FERMI AREA AND E F F E C T I V E MASS. 

C 
V = VC/VK 
K = J - 1 
I F I M 0 D I K . 2 ) . E C C) GO TO 30 
AV=V^V+V^V 
AD = RSQ + RSO + RSQ • RSO 
GO TO 33 

30 AV=V^V 
AD = RSQ + RSO 
IFIJ.EO.)) GO TO 32 
IFIJ.EQ.NTTT) GO TO 32 
GO TO 33 

32 AV = V 
AO = RSQ 

33 AREA = AREA • AO 
DADF = DAOE + AV 

200 CONTINUE 
DT = N S P A C E d I ) * P I / 1 8 C 0 D C 
AMULT=NSPACEI I D * N T O T I D ) 
A M U L T = 3 6 0 . 0 D O / A M U L T 
A P E A = A R E A * A M U L T * D T / 6 . 0 D C 
O A D F = 7 . 0 D O * D A n E * A M U L T * D T / 6 . O D 0 

182 EM = D A D E / P I 
WRITF 1 6 . 1 0 ) AREA.FM 

2 9 1 CONTINUE 
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139 STOP 
END 

********************************************************************** 

J135 * 
* 
* 
* 
* 

C 
C 

c 
c * 
C * FERMI VELOCITY PROGRAM 
C * 
C * INPUT DATA: 
C * D COEFFICIENTS C d ) FOR K**2 * 
C * 2) COEFFICIENTS D I D FOR d / P D 2 K I DK/DE) * 
C * ! 
C * SYMMETRY G R O U P : S6 IC3D * 
C * * 
0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

I M P L I C I T REAL*8 I A - H , 0 - Z ) 
REAL*4 T . P . S Y M 
REAL*4 ALPHA,AA?,GAMMA,GA2.EA1,EA2,EA3 
REAL*4 ALPHB,AB2, GAMMB,GB2,EB1,EB2,EB3 
REAL*4 T11,T?1,P11,P21,TL2 
DIMENSION NAM 191) ,SYMI91,15),C(91),DI9D,BI91),INI91) 
DIMENSION AI9D ,F!91) ,VV!3) 
DIMENSION TUIIO) ,T21I10) ,P11I10),P21IIO),TL2I 10) 
DIMENSION NTOTI10),NSPACE!10) 
DIMENSION AXI3), AYI?), AZI3), ASI3),AWI3) 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALP HA,AA2 ,GAM M A , G A 2 , E A 1 , E A 2 , E A 3 , J J J J 

1 FORMAT I F 1 0 . 4 ) 
2 FORMAT 114) 
3 FORMAT I l O X , I 4 , E 1 7 . 6 ) 
4 FORMAT I 1 H 1 , 4 X , ' « ' , 7 X . ' R A D I U S * * 2 C O E F F I C I E N T S ' / ) 
5 FORMAT d H 1 . 4 X , ' ) ! ( ' , 7 X . ' l 1 / P 1 ) 2 K I D K / D E ) C O E F F I C I E N T S ' / ) 
6 FORMAT II5,12X,E13.6) 
7 FORMAT d5,15X,El?.6) 

8 FOR MAT I I H l , 2 X , - R O T O R - , 3 X , ' T H E T A ' , 5 X , ' P H I ' , 4 X , ' F E R M I V E L O C I T Y ' , 
$ 5 X , - F E R M I V E L O C I T Y - , 5 X , - F E R M I V E L O C I T Y ' . 5 X . ' F E R M I V E L O C I T Y ' , / 2 7 X , 
$ ' ! K C O M P O N E N T ) ' , 4 X . ' I T H E T A C O M P O N E N T ) ' , 3 X . ' I P H I C O M P O N E N T ) ' . 5 X . 
S ' l A B S . V A L U E ) - / ) 

9 F0RMAT(?X,I3,?X,F6.2,3X.F6.2.4E19.6) 
10 FORMAT I//10X,- AREA = • , FIO. 6//lOX .' EFFECTIVE MASS = '.F1C6) 

12 F0RMAT(I3,2F6.2,4E16.6,1X) 
14 FORMAT I///4X,'PLANF', 7 X,'THETA ( 1) ' , 5X, ' PH I (1) ' , 7X ,' THETA( 2 )' , 7X, 

£ 'PHI!?)',6X,'CONE ANGLE',5X,'* POINTS',5X,'SPACING') 
15 F0PMATII5) 
24 FORMAT I / 5 X , I 3 , 3 X , 5 1 4 X , F 1 0 . 6 ) , 5 X . 1 5 . 7 X . 15 ) 

LUMP = 1 
NUT = 0 
CALL COMSET 
DO 11 I = 1 , 9 1 
C d ) = C O 

11 D I D = C O 
REAC 1 5 , 1 ) GAMMA 
ALPHA = 1 . 0 
F A l = C O 
EA? = 0 . 0 
EA3 = C O 
READ 1 5 , 2 ) LC 
READ 1 5 , 3 ) I I N d ) , C I I ) , I = 1 , L C ) 
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290 
289 
0 
0 
0 

WRITE 16,4) 
WRITE 16,6) (INII),C(I) 
READ (5,1) GAMMB 
ALPHP = 1.0 
EBl = C O 
EP2 = 0.0 
FP3 = O.C 
READ (5,2) LD 
RFAD (5,?) ( INd ) ,011 ) , 
WPITE 16,5) 
WRITE 16,7) I I N I D . D I D 
KE = MAXOILCLD) 
KLN = MT0LIKE,5) 
PI = 3.141592653589793 
JJJJ = C 

im = 0 
IF lEAl .NF. C O ) JJJJ 
IF IEA2 .NE. O.C) JJJJ 
IF IEA3 .NE. O.C) JJJJ 
IF lEBl .NE. C O ) I d l 
IF IEB2 .NE. C D IIII 
IF IEB3 .NF. C O ) d d 
AA2 = ALPHA * ALPHA 
AP2 = ALPHB * ALPHB 
GA2 = GAMMA * GAMMA 

,1 = 

1=1 

,1 = 

= 
= 
= 
= 
= 
= 

1,LC) 

,10) 

1,LD) 

GB2 = GAMMB * GAMMB 
R E A C I 5 , 1 5 ) NUMB 
I F I N U M B . E C O ) GO TO 2 8 9 
W R I T E I 6 , 1 4 ) 
DO 2 9 0 1=1 ,NUMB 
READ 1 5 , 1 ) T i l l I ) , P i l l I ) 
READ 1 5 , 1 ) T 2 1 I I ) , P 2 1 I I ) , T L 2 I I ) 
READ 1 5 , 1 5 ) N T 0 T d ) , N S P A C E d ) 
WPITE 1 6 . 2 4 ) I . T l l d ) , P U I I ) , T 2 1 d ) , P 2 1 I I ) . T L 2 l I ) . N T O T I D 

£ . N S P A C E d ) 
T 1 1 I D = T 1 1 I I ) * P I / 1 8 C . 0 D 0 , 
T 2 1 I D = T 2 1 I I ) * P I / 1 8 C C D 0 
P l l ! I ) = P U I I )*PI /1RO.ODC 
P 2 K D = P 2 1 I D * P I / i a C . 0 0 0 
T L 2 d ) = T L 2 I D * P I / l R C . 0 D O 
CONTINUE 

CALCULATION OF FERMI VELOCITY 

W R I T F 1 6 , 8 ) 
I F I N U M B . E P . O ) GO TO 1 3 9 
DO 2 9 1 d = l ,NUMR 

A T 1 1 = T 1 1 I I D 
A P U = P 1 K I D 
AT21=T2K I D 
AP21 = P 2 1 I I I ) 
A T L = T L 2 I D ) 
CALL D G O T T A I A X , A T I D A P D ) 
CALL DGOTTAIAY,AT21,AP21) 
CALL OCRISSIAX,AY,AZ) 
CALL OCRISSIAZ,AX,AY) 
AYC=DCOSIATL) 
A Y S = D S I N I A T L ) 
NTTT=NTOT!II) • 1 
APEA = C O 
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DADE = C O 
DO 200 J = 1 , N T T T 
A P R = J - 1 
APR=APR*NSPACF! I I ) 
A P R = A P R * P I / i a C O D O 
AZC=DCOS!APR) 
A Z S = D S I N ! A P R ) 
DO 2 C l K = l . ? 
A S I K ) = A X I K ) * A Z C + A Y I K ) * A Z S 

2 0 1 A W ! K ) = A S ( K ) * A Y S + A Z I K ) * A Y C 
AXT=DARC0S!AWI3)) 
AXP=nATAN2IAWI2).AWIl)) 
TA=AXT 
TB=AXT 
PA=AXP 
PB=AXP 
TT=AXT 
PP=AXP 
A X T = A X T * 1 8 C 0 D 0 / P I 
A X P = A X P * 1 8 0 . O D O / P I 
VK = C C 
VT = 0 . 0 
VP = C O 
VD = 0 . 0 
VC = C O 

C 
C DO THE E L L I P S O I D A L TRANSFORMATION FOR THE K I D K / D E ) C O E F F I C I E N T S 
C 

IF (GAMMB . E C 1 . 0 ) GO TO 4 0 
IF d i d . N E . 0 ) CALL C I L E R I E B l . E B 2 , E B 3 . T B , P B . l ) 
ST = D S I N I T B ) 
CT = DCOSITB) 
SP = D S I N I P B ) 
CP = DCOSIPB) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP? = CP * CP 
TEMP = G A M M B * C T / D S Q R T I S T 2 * I S P 2 ^ A B 2 * C P 2 ) ^ G B 2 * C T 2 ) 
IF ITFMP . G T . l . O D O ) TEMP = l .ODO 
TB = DARCOSITEMP) 
SPP = SP/ALPHB 
CALL D F L O P I S P P . C P . P B ) 
T = TB 
P = PB 

COEFB = S T ? * ( S P ? ^ A B 2 * C P 2 ) ^ G B 2 * C T 2 
GO TO 4 1 

40 COEFB = l .ODO 
T = TT 
P = PP 

41 CALL S 6 P 0 L Y ( T . P . B ) 
DO 42 I = 1,KE 

42 VO = VD + D I D * B I D 
VD = VO * P I / C O E F B 

C 

C ELLIPSOIDAL TRANSFORMATION FOR THE K**2 COEFFICIENTS 

IF (GAMMA .EC 1.0) GO TO 45 

!F IJJJJ .NE. 0) CALL CILEPIEA1,EA2,EA3,TA,PA,1) 

ST = OSINITA) 
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CT = OCOSITA) 
SP = D S I N I P A ) 
CP = D C O S I P A ) 
ST2 = ST * ST 
CT2 = CT • CT 
SP2 = SP * SP 
CP2 = CP » CP 
TEMP = G A M M A * C T / 0 S 0 R T I S T 2 * I S P 2 + A A 2 * C P 2 ) ^ G A 2 * C T 2 ) 
I F ITEMP . G T . l . n O O ) TEMP = l .ODO 
TA = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL D F L O P I S P P . C P , P A ) 
T = TA 
P = PA 
EPSILN = SP2 • AA2*CP2 
XI = ST2 * EPSILN • GA2 * CT2 
DXIDT = 2.CD0*ST*CT*IEPSILN-GA2) 
DXIDP = 2.000*11.C-AA2)*ST2*SP*CP 
DPDP = ALPHA/EPSILN 
DTDP = GAMMA*d.O-AA?)*ST*CT*SP*CP 
OTDP = DTDP/IDSORTIFPSILN) * XD 
DTDT = GAMMA*DSQRTIEPSILN)/XI 
COEFA = XI 
GO TO 46 

45 COEFA = l.ODO 
EPSILN = 1.000 
XI = l.CDO 
DXIDT = 0.0 
DXIDP = C O 
DROP = l.ODO 
DTDP = 0.0 
DTDT = 1.000 
T = TT 
P = PP 

46 CALL S6P0LYIT,P,A) 
CALL S6P0LT!T,P,B) 
CALL S6P0LPIT,P,F) 
00 52 I = 1,KF 
VC = VC • ClI)*AII) 
VT = VT + Cl D*BI I) 

52 VP = VP • ClI)*EII) 
VC = VC/COEFA 
RSO = VC 
VC = DSORTIVC) 
VK = IVC+VC)/VD 
VTTFMP = IDTDT*VT - RSO*OXIDT)/XI 
VPTEMP = IDTOP*VT • DPDP*VP - RSO*DXIDP)/XI 
VT = VTTEMP 
VP = VPTEMP 
VT = -VT/IVD*VC) 
GP = C . '̂  
IF IDABSITT) .GT. 1.C0-06 ) GP = 1.000/IDSINITT)•VD^VC) 
VP = -VP * GP 
VABS = VK*VK + VT*VT • VP*VP 
VABS = DSQRTIVABS) 
JJ=IJ-1)*NSPACEIID 
WRITFI 6,9) JJ,AXT,AXP,VK,VT.VP,VA3S 
WPITEdO,12) JJ,AXT,AXP, VK,VT,VP,VABS 

C SIMPSON'S RULE INTEGRATION FOR THE FERMI ARFA AND FFFECTIVE MASS. 
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V = VC/VK 
K=J-1 
IF I M0D!K,2) .EC C) GO TO 30 
AV=V+V+V+V 
AD = RSQ + RSC + RSO • RSQ 
GO TO 33 

30 AV=V+V 
AD = RSO + RSQ 
IFIJ.EO.1) GO TO 32 
IFIJ.EQ.NTTT) GO TO 32 
GO TO 33 

32 AV = V 
AD = RSO 

33 AREA = AREA • AD 
DADE = DADF + AV 

200 CONTINUE 
OT=NSPACE!II)*PI/18C.OD0 
AMULT=NSPACEIII)*NTOTI II) 
AMULT=360.0D0/AMULT 
AREA=AREA*AMULT*DT/6.0DC 
0ADE=2.0D0*DA0E*AMULT*DT/6.0D0 

182 EM = DADE/PI 
WRITE (6,10) AREA,EM 

291 CONTINUE 
139 STOP 

END 

C ******************************************************^t************** 
C * * 
0 * J136 
C * * 
C * FERMI VELOCITY PROGRAM * 

•̂  * • 
C * INPUT DATA: ^ 

C * 1) COEFFICIENTS C d ) FOR K * * 2 * 

f̂  * 21 COEi^FICIENTS D d ) FOR d / P I ) 2 K I D K / O E ) • 

*- * * 
C » SYMMETRY GROUP: 04H . 
C * 
C ********************************************t*******t*t**************l 

I M P L I C I T REAL*8 ! A - H , 0 - Z ) 
REAL*4 T . P . S Y M 

PEAL*4 A L P H A , A A ? , G A M M A , G A 2 , F A l , E A 2 , E A 3 
PFAL*4 A L P H B , A B 2 , G A M M B , G R 2 , F B I , E B 2 , E B 3 
REAL*4 T 1 1 , T 2 1 , P 1 1 , P ? 1 , T L 2 

DIMENSION N A M | 9 1 ) , S Y M I 9 1 , 1 6 ) , C I 9 1 ) , D I 9 1 ) , B I 9 1 ) , I N I 9 1 ) 
DIMENSION A ( 9 D . F ! 9 D , V V I 3 ) ' L ^ " ' ' i > . B( v i i , i N( 9 D 

DIMENSION T l K 1 0 ) , T 2 1 d C ) . P l l ( 1 0 ) . P 2 l ( 1 0 ) . T L 2 ( 1 0 ) 
DIMENSION N T O T 1 1 0 ) . N S P A C E ! 1 0 ) 
DIMENSION A X I 3 ) , A Y I 3 ) , A Z I 3 ) . A S I 3 ) . A W I 3 ) 
COMMON/KUBE/NAM,SVM,KE,KLN « ^ ' ^ ' ' * W ( 3 ) 

1 F 0 R M A T ' " l C 4 r ' ' ' ' ' ' ' ' * ' ' ' " * ' * " ' " ' " * ' ° * ^ ' " l ' " 2 ' " 3 . J J J J 
2 FORMAT ( 1 4 ) 

3 FORMAT ( l O X , I 4 , E 1 7 . 5 ) 

5 FORMAT I } : ^ } ' ^ J ' : * ' ' ^ ' ' . ' ' ' »D IUS* *2 COEFFICIENTS'/) 
I 'ORZ] d ' l j z x . ' E l c I ' ' " " " ' " ' " " ' ' ' ' ' ' COEFFICIENTS'/) 
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10 
12 
14 

15 
24 

U 

FORMAT 115 ,15X,E1?.6) 
FORMATI 1 HI,2X,'ROTOR' ,?X,'THETA'.5X.'PHI'.4X.•FERMI VELOCITY' . 
*5X.-FERMI VELOCITY-.5X,'FERMI VELOC1TY'.5X.'FERMI VELOCITY'./27X. 
t'lK COMPONENT)',4X.'ITHETA COMPONENT)'.3X,'IPHI COMPONENT)'.5X. 
t'lABS. VALUE)'/) 
F0P"AT!3X,I3,?X,F6.2,3X,F6.2,4E19.6) 
FORMAT I//10X,' AREA = ',F10.6//lOX,' EFFECTIVE MASS = ',F10.6) 
F0RMAT!I3,2F6.2,4E16.6,1X) 
FORMAT I///4X, ' PLANE',7X,'THETAd )',5X,'PHI I 1) ' , 7X, ' THET Al 2 ) ' , 7X, 

£ 'PHII2)',6X,'C0NE ANGLE',5X,'# POINTS',5X,'SPACING') 
FORMATI15) 
FORMAT I/5X,I?,?X,5I4X,F10.6),5X,I5,7X,I5) 
LUMP = I 
NUT = 0 
CALL COMSET 
00 U I = 1,91 
Cl I) = 0.0 
D I D = C O 
READ 15,1) GAMMA 
ALPHA = 1.0 
FAl = C C 
EA2 = O.C 
EA3 = C O 
READ I 5,2) 
READ 15,3) 
WRITF 15,4) 
WPITE 16,6) I INd ) ,CI I) ,I = 1,LC) 
PEAC 15,1) GAMMB 
ALPHB = I.C 
EBl = C O 
EB2 = C O 
EP3 = C O 
REAC I 5,2) 
READ 15,3) 
WRITF 16,5) 
WRITE (6,7) I INd ),rl I ),I = 
KE = MAXOILCLD) 
KLN = MT0LIKF,6) 
PI = 3.141592653589793 
JJJJ = 0 

LC 
( IN! D , C d ) ,I = 1,LC) 

LD 
( INd ) ,011 ) . 1 = l.LO) 

1,LD) 

IIII = 0 
IF (EAl 

IEA2 
lEA? 
lEBl 
IER2 
lEB? 

.NF. 

.NF. 

.NE. 

.NE. 

.NE. 

.NF. 

IF 
IF 
IF 
IF 
IF 
AA2 = ALPHA 
AB? = ALPHB 
GA2 = GAMMA 
GP? = GAMMB 
PEAD!5,15) 

0) 
0) 
0) 
0) 
0) 
0) 

ALPHA 
ALPHB 
GAMMA 
GAMMB 

NUMB 
0) GO TO 

JJJJ 
JJJJ 
JJJJ 
IIII 
IIII 
Mil 

2 8 9 I F I N U M B . E C 
W R I T E I 6 , 1 4 ) 
no 2 9 0 1=1 .NUMB 
READ ( 5 , 1 ) T i l l D , P U I I ) 
RFAD 1 5 , 1 ) T 2 1 I I ) , P 2 1 I I ) , T L ? I D 
READ | 5 , 1 5 ) N T 0 T ! 1 ) , N S P A C E d ) 
WRITF 1 6 , ? 4 ) I , T l l d ) , P U I I ) , T 2 1 I I ) , P 2 1 I I ) , T L 2 I D , N T O T I D 

£ . N S P A C E d ) 
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?9C 
289 
C 
C 
C 

201 

T U ! D = T U I D * P I / 1 8 0 . 0 D C 
T 2 1 d ) = T 2 1 d ) * P ! / 1 8 0 . C 0 C 
P I K I I = P 1 K I ) * P I / 1 8 C C D 0 
P 2 K D = P 2 K I ) * P I / 1 8 C . 0 D 0 
T L 2 I D = T L 2 I I ) * P I / 1 8 C . 0 D C 
CONTINUE 

CALCULATION OF FERMI VELOCITY 

WRITF 1 6 , R ) 
IF (NUMB.EO.C) GO TO 139 
DO 2 9 1 11=1,NUMB 
A T U = T l l d D 
A P 1 1 = P 1 1 I I I ) 
AT21 = T 2 K m 
A P 2 1 = P 2 1 I D ) 
A T L = T L 2 ! I I ) 
CALL DGOTTAI AX. A T U . A P l l ) 
CALL D G O T T A ! A Y , A T 2 1 , A P 2 l ) 
CALL O C R I S S ! A X , A Y , A Z ) 
CALL DCRISSIAZ,AX,AY) 
AYC=DCOS(ATL) 
AYS=DSINIATL) 
N T T T = N T O T d I ) + 1 
AREA = C O 
DAOE = C O 
DO 200 J = 1 , N T T T 
A P R = J - 1 
A P R = A P R * N S P A C F I I I ) 
A P R = A P R * P I / 1 8 C 0 D 0 
AZC=DCOSIAPR ) 
AZS=DSIN IAPR) 
DO 201 K = l , 3 
A S ! K ) = A X I K ) * A Z C ^ A Y ( K ) * A Z S 
A W ( K ) = A S ! K ) * A Y S + A Z ! K ) * A Y C 
AXT=DARCOS!AWI?)) 
AXP=DATAN2(AWI?),AWI1)) 
TA=AXT 
TB=AXT 
PA=AXP 
PB=AXP 
TT=AXT 
PP=AXP 

AXT=AXT*180.ODO/PI 

AXP=AXP*iaO.ODO/PI 
VK 
VT 
VP 
VD 
VC 

O.C 

C O 

DO THE ELLIPSOIDAL TRANSFORMATION FOR THE KIDK/DE) COEFFICIENTS 

IF (GAMMB .EO. 1.0) GO TO 40 

IF Dili .NE. 0) CALL OILER I EBl , EB2 , EB3,TB, PB , 1) 

ST = DSINITB) 
CT = DCOSITB) 
SP = DSINIPB) 
CP = DCOSIPB) 
ST? = ST * ST 
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4 0 

41 

42 

CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = G A M M B « r T / 0 S 0 P T I S T 2 * I S P 2 + A B 2 * C P 2 ) + G B 2 * C T 2 ) 

I F ITEMP . G T . l . C O O ) TEMP = 1 . 0 0 0 
TB = OARCOSITEMP) 
SPP = S P / A L P H B 
CALL D F L O P I S P P , C P , P B ) 

T = TB 
P = PB 
COEFB = ST2*ISP2+AB2*CP2)^GB2*CT2 
GO TO 41 
COEFB = l.COO 
T = TT 
P = PP 
»CALL SQPOLYIT,P,B) 
DO 42 I = l.KE 
VD = VO • DI I )»Bd ) 
VP = VD * PI/COEFB 

ELLIPSOIDAL TRANSFORMATION FOP THE K**2 COFFFICIENTS 

I.C) GO TO 45 
0) CALL 0ILERIEA1.EA2.EA3.TA.PA.1) 

IF IGAMMA . E C 
IF IJJJJ .NE. 
ST = OSINITA) 
CT = OCOSITA) 
SP = DSINIPA) 
CP = DCOSIPA) 
ST2 = ST » ST 
CT? = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = GAMMA*CT/OSORTIST2*ISP2^AA2*CP2)+GA2*CT2) 
IF ITEMP .GT. 1.000) TEMP = l.ODC 
TA = DARCOSITEMP) 
SPP = SP/ALPHA , 
CALL DFLOPISPP.CP.PA) 
T = TA 
P = PA 
EPSILN = SP2 + AA2*CP? 
XI = ST2 * EPSILN • GA? * CT? 
DXIOT = 2.C0''*ST*rT*! EPSILr'-GA2) 
DXICP = 2.0DC*ll.O-AA2)*ST2*SP*CP 
DROP = ALPHA/FPSILN 
OTOP = GAMMA«ll.O-AA?)*ST*rT*SP*CP 
DTDP = DTOP/inSQPTIEPSILN) * X D 
DTDT = GAMMA*DSORT!FPSILN)/XI 
COEFA = XI 
GO TO 46 

4 5 COEFA = l . O D O 
E P S I L N = l . O D O 
X I = l . O D O 
D X I O T = O.C 
DXIDP = C O 
DPDP = l . O D O 
DTDP = 0 . 0 
DTDT = l . O D O 
T = TT 
P = PP 

4 6 CALL S C P O L Y I T , P , A ) 
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CALL S O P O L T I T . P . B ) 
CALL S Q P O L P I T , P , F ) 
DO 52 I = 1 ,KE 
VC = VC • Cl D * A ! D 
VT = VT + C d ) * B d ) 

52 VP = VP + C l I ) * F ! I) 
VC = VC/COEFA 
RSO = VC 
VC = DSORTIVC) 
VK = I V C ^ V D / V n 
VTTEMP = ( n T D T * V T - R S O * D X I D T ) / X I 
VPTEMP = !DTOP*VT • DPDP*VP - RSQ*OXI D P ) / X T 
VT = VTTEMP 
VP = VPTEMP 
VT = - V T / I V D * V C ) 
GP = C O 
IF ( D A B S I T T ) . G T . 1 . C D - 0 6 ) GP = 1 . 0 0 0 / I D S I N I T T ) * V D * V C ) 
VP = - V P * GP 
VABS = VK*VK • VT»VT • VP*VP 
VABS = DSQRTIVABS) 
JJ=(J-1)*NSPACEIII) 
WRITE I 6 , 9 ) J J , A X T , A X P , V K , V T , V P , V A B S 
W R I T E I 1 0 , 1 2 ) J J , A X T , A X P , V K , V T , V P , V A B S 

C 
C SIMPSON'S PULE INTEGRATION FOR THE FERMI AREA AND E F F E C T I V E MASS. 
C 

V = VC/VK 
K = J - 1 
I F I M 0 D I K , 2 ) . E C 0 ) GO TO 30 
AV=V+V+V^V 
AD = RSQ + RSQ • RSQ + RSO 
GO TO 33 

30 AV=VtV 
AD = RSQ • RSQ 
I F I J . E O . D GO TO 32 
I F I J . E Q . N T T T ) GO TO 3 2 
GO TO 33 

32 AV = V 
AD = RSQ 

33 AREA = AREA + AD 
DADE = DADE + AV 

200 CONTINUE 
0T=NSPACEI I D * P I / 1 8 C . 0 D C 
A M U L T = N S P A C E d I ) * N T O T I I I ) 
A M U L T = ? 5 0 . 0 0 0 / A M U L T 
AREA=AREA*AMULT*DT/6 .0DC 
D A D E = 2 . 0 D 0 * 0 A D E * A M U L T * 0 T / 6 . O 0 0 

182 EM = DADE/P I 
WRITE ( 5 , 1 0 ) AREA,EM 

291 CONTINUE 
139 STOP 

END 

c 1**********************************^*******************************^** 
c * 

• 
J137 * 

C * FERMI VELOCITY PROGRAM ! 

C * 
C * 

C * 
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* 
C • INPUT DATA: * 
C * 1) COEFFICIENTS C d ) FOP K**2 
C * 2) COEFFICIFNTS D d ) FOR 11/P D 2K! OK/DE ) * 

0 * * 
0. * SYMMFTRY GROUP: C4H ^ 

C t****************************»**************************************** 
I M P L I C I T R E A L * 8 I A - H , 0 - Z ) 
R F A L * 4 T , P , S Y M 
F E A L * 4 A L P H A , A A 2 , G A M M A , G A 2 , E A l , E A ? , F A 3 
P E A L * 4 A L P H R , A f l 2 , G A M M B , G B ? , E B l , E B 2 , EB3 

R E A t * 4 T U , T 2 1 , P 1 1 , P ? 1 , T 1 2 . . , „ , . 
D I M E N S I O N N A M ( 9 1 ) , S Y M 1 9 1 , 1 6 ) , C I 9 1 ) , 0 1 9 1 ) , B l 9 1 ) , I N I 9 1 ) 

DIMENSION A|91),F!91),VVI?) 
DIMENSION TUIIO) ,T211 10), Pll 110), P21 110), TL2 I 10) 
DIMENSION NTOTdO) ,NSPACEdO) 
DIMENSION AXI3), AYI3), AZI3), ASI3),AWI3) 
COMMON/KUBE/NAM.SYM.KE.KLN 
COMMON/CARPY/NUT,LUMP.ALPHA,AA2,GAMMA,GA2,EA1,EA2,EA3, JJJJ 

1 FORMAT IFIO.4) 
2 FORMAT 114) 
3 FORMAT (10X,14,E17.6) 
4 FORMAT dHl,4X,'#',7X,'RADIUS**2 COEFFICIENTS'/) 
5 FORMAT (1H1,4X,'#',7X,'!1/PI)2K!DK/DE) COEFFICIENTS'/) 

6 FORMAT II5,12X,F13.6) 

8 ^ F r M r T , 1 H ? : 2 X ! : R 0 ? 0 R \ 3 X . ' T H E T A ' , 5 X . ' P H I ' , 4 X ' F E R M I ^ ^ ^ ^ ^ ^ ^ 

t t i x -FFRMT V E L O C I T Y ' , 5 X , ' F E R M I VELOC I T Y ' , 5X , ' F ERM I VELOC I T Y ' , / 2 7 X , 

S M ; C 0 M P 0 N F N T ) . , 4 X , M T H F T A C O M P O N E N T ) . . 3 X . ' I P H I C O M P O N E N T ) ' . 5 X . 

t ' l A B S . V A L U E ) ' / ) 

\o ^?^ ; : ; ' ^ ; ; i oJ ! ^A^E^ r : : ^ ; ^ : : ^ ) i ; 5 : ' EFFECTIVE MASS = ' , F I O . 6 , 

1 ^ F ^ ' R : : ; d / ; : : ^ • p u N ^ • : - : • T H F T A l D ' , 5 x , ' P H K l . • . 7 x ^ ^ ^ ^ ^ ^ ^ ^ 
£ .PHI!2)',6X,-CONE ANGLE-,5X,-# POINTS-,5X,'SPACING') 

15 F0RMATd5) . 
24 FORMAT I/5X,I3,3X,5I4X,F1C.6),5X,I5,7X,I5) 

LUMP = 1 
NUT = C 
CALL COMSET 
00 U I = l.^l 
C I D = C O 

11 D d ) = C O 
READ 15,1) GAMMA 

. ALPHA = 1.0 
EAl = C O 
EA2 = C O 
EA3 = O.C 
PEAO 15,2) LC 
READ 15,3) I INII),CII ) ,I = 1,LC) 
WRITF 16,4) 
WRITE 16,6) IINII ).CI D,I = 1.LC) 
READ 15,1) GAMMB 
ALPHB = 1.0 
EBl = 0.0 
FB2 = C O 
EB3 = 0.0 
READ 15,2) LO 
READ I 5,3) I INd ) ,011 ) ,I=1,LD) 
WPITE 16,5) 
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290 
289 
C 
C 

c 

WRITE (6,7) I INd ),Dd ),I = 1,LD) 
KF = MAXOILCLD) 
KLN = MTOLIKE.T) 
PI = 3.14159265?5R979? 
JJJJ = 0 
IIII = c 
IF IFAl 
IF IEA2 
IE lEA? 
IF (EBl 
IF (EB? 
IF (FB3 

.NF. 

.NE. 

.NE. 

.NE. 

.NE. 

.NF, 

c 
0 
0 
0 
0 
0 

0) 
0) 
0) 
0) 
0) 
0) 

JJJJ 
JJJJ 
JJJJ 
IIII 
IIII 
IIII 

= 1 
= 1 
= 1 
= 1 
= 1 
= 1 

AA? = ALPHA * ALPHA 
AB? = ALPHB * ALPHB 
GA? = GAMMA * GAMMA 
GB? = GAMMB * GAMMB 
REA0(5,15) NUMB 
IF (NUMR.EO.O) GO TO ?89 
WPITE(6,14) 
DO ?90 1=1,NUMB 
READ 15,1) T l l d ) , Plld) 
READ (5,1) T21(D, P2 1 d ) , TL2ID 
READ 15,ISINTOTID,NSPACEd) 
WPITE (6,24) I,Tlld), P U d ) , T21I I) ,P21I I),TL2I I),NTOTID 
£ , NSPACEd) 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

.ODO 

T U ( D = T U ( D * P I / i a C 
T 2 1 d ) = T ? K I ) * P I / i a C . 
P 1 1 ( I ) = P 1 1 I D * P I / 1 8 0 . 
P ? K I ) = P?1 ( I ) * P I / 1 8 C . 
T L 2 ( I ) = TL2!I ) * P I / 1 8 0 . 
CONTINUE 

201 

CALCULATION OF FERMI VELOCITY 

WPITE ( 5 , 8 ) 
IF INUMB.ECO) GO TO 139 
no 291 I 1=1,NUMB 
AT11 = T 1 1 ! I D 
APU = P 1 1 ( ! I ) 
AT?1=T2K I D 
AP21 = P 2 1 d D 
ATL = T L 2 d I ) 
CALL D G O T T A I A X , A T U , A P I ! ) 
CALL DGOTTA! AY, A T 2 1 , A P 2 D 
CALL D C R I S S I A X . A Y . A Z ) 
CALL D C R I S S I A Z . A X . A Y ) 
AYC=nCOS!ATL) 
A Y S = D S I N ! A T L ) 
NTTT=NTOT(II) + 1 
AREA = C O 
DADE = 0 . 1 
DO 200 J = 1 , N T T T 
APR=J -1 
APR=APR*NSPACE( I I ) 
A P R = A P R * P I / 1 8 0 . 0 0 0 
AZC=DCCS(APR) 
AZS=OSIN(APR) 
DO 201 K = l , ? 
A S ( K ) = A X ( K ) * A Z C + A Y ( K ) * A Z S 
AW(K) = A S ( K ) * A Y S < - A Z ( K ) * A Y C 
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AXT=DARCOSIAWI?)) 
AXP = DATAN2IAWI2),AWI1 ) ) 
TA=AXT 
TB=AXT 
PA=AXP 
PB=AXP 
TT=AXT 
PP=AXP 
AXT=AXT*18C0D0/PI 
AXP=AXP*180.ODO/PI 
VK = C O 
VT = 0 . 0 
VP = C O 
VD = C O 
VC = C O 

C DO THE ELLIPSOIDAL TRANSFORMATION FOR THE KIDK/DE) COEFFICIENTS 

0 
IF IGAMMB .EQ. l.D GO TO 40 
IF IIIII .NE. 0) CALL OILER!EBl,EB2,EB3,TB,PB , 1) 

ST = DSINITB) 
CT = DCOSITB) 
SP = DSINIPB) 
CP = DCOSIPB) 
ST2 = ST * ST 
CT2 = CT • CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = GAMMB*CT/DS0BTIST2*ISP2+AB2^CP2)+GB2*CT2) 
IF ITEMP .GT. l.ODO) TEMP = l.ODC 
TB = DARCOSITEMP) 
SPP = SP/ALPHB 
CALL 0FLOPISPP,CP,PB) 
T = TB 
P = PB 
COEFB = ST2*ISP2+AB2*CP2)^GB2*CT2 
GO TO 41 

40 COEFB = l.ODO 
T = TT 
P = PP 

41 CALL C4P0LY!T,P,B) 
DO 42 I = 1,KE 

42 VD = VO • 01 I )*BI I ) 
VO = VD * PI/COEFB 

C ELLIPSOIDAL TRANSFORMATION FOR THE K**2 COFFFICIENTS 

0 
, 1.0) GO TO 45 
0) CALL 0ILERIEA1,EA2,EA3,TA,PA,1) 

CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TFMP = GAMMA*CT/0SQPTIST2*ISP2^AA2*CP2)^GA2*CT2) 

IF ITEMP .GT. l.COO) TEMP = 1.000 
TA = DARCOSITEMP) 

IF 
IF 
ST 
CT 
SP 
CP 

(GAMMA .EQ 
(JJJJ .NE. 
= OSINITA) 
= DCOSITA) 
= DSINIPA) 
= DCOSIPA) 

ST2 = ST * ST 
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SPP = SP/ALPHA 
CALL DFLOPISPP.CP.PA) 
T = TA 
P = PA 
EPSILN = SP2 + AA2*CP2 
XI = ST2 * EPSILN • GA2 * CT2 
DXIDT = 2.rD0*ST*CT*(EPSILN-GA2) 
OXIOP = 2.0D0*I1.0-AA2)*ST2*SP*CP 
DPDP = ALPHA/EPSILN 
OTDP = GAMMA*d.O-AA?)*ST*CT*SP*CP 
OTDP = D T D P / I D S O R T I F P S I L N ) * X D 
DTDT = G A M M A * D S O R T ! E P S I L N ) / X I 
COEFA = X I 
GO TO 46 

45 COEFA = l .ODO 
EPSILN = l .ODO 
X I = 1 . 0 0 0 
DXIDT = O.C 
DXIDP = C O 
DPDP = l .ODO 
OTOP = C O 
DTDT = l .ODO 
T = TT 
P = PP 

46 CALL C4P0LYIT,P,A) 
CALL C4P0LTIT,P,B) 
CALL C4P0LPIT,P,F) 
DO 52 I = 1,KE 
VC = VC + Cd)*AII) 
VT = VT + CII)*Bd) 

52 VP = VP • Cd)*FI I) 
VC = VC/COEFA 
RSO = VC 
VC = DSORTIVC) 
VK = (VC+VC)/VO 
VTTEMP = (DTDT*VT - RSQ*OXIDT)/XI 
VPTEMP = (DTDP*VT + DPDP*VP - RSO*DXIDP)/XI 
VT = VTTEMP 
VP = VPTEMP 
VT = -VT/(VD*VC) 
GP = 0.0 
IF (DABS(TT) .GT. l.OD-06) GP = 1.0 DO/(OS IN (TT ) * VD*VC ) 
VP = -VP * GP 
VABS = VK*VK + VT*VT + VP*VP 
VABS = DSQRTIVABS) 
JJ=(J-1)*NSPACE(I I) 
WRITE(6,9) JJ,AXT,AXP,VK,VT,VP,VABS 
WRITEdCl?) JJ,AXT,AXP,VK,VT,VP,VABS 

C SIMPSON'S PULE INTEGRATION FOR THE FERMI AREA AND EFFECTIVE MASS. 

V = VC/VK 
K=J-1 
IF I M0DIK,2) .FQ. 0) GO TO 30 
AV=V+V+V+V 
AD = RSO + RSQ • RSQ • RSQ 
GO TO ?3 

30 AV=V+V 
AD = RSO + RSO 
IFIJ.EO.1 I GO TO 32 
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32 

33 

200 

182 

291 
139 

IFIJ.EQ.NTTT) GO TO 32 
GO TO 33 
AV = V 

AD = RSO 
AREA = AREA • AD 
DAOE = DAOE • AV 
CONTINUE 
OT=NSPACEdI )*PI/18C.OOO 
AMULT=NSPACEIII)*NTOTIII) 
AMULT=360.CDO/AMULT 
AREA=APEA*AMULT*DT/6.0D0 
DAOE = 2.0 00*DADE*AMUIT*DT/6.0DO 
EM = DADE/PI 
WRITF 16,IC) AREA,EM 
CONTINUE 
STOP 
END 

*************************************** 

J138 

FERMI VELOCITY PROGRAM 

INPUT DATA: 

1) COEFFICIENTS ClI ) 
2) COEFFICIENTS DII ) 

SYMMETRY GROUP: VH 

FOR 
FOR 

K**2 
ll/PI 

******************************* 

* 
* 
* 
• 
• 
* 

• 
* 

2KIDK/DE) 

********************************************************************** 
IMPLICIT REAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM 

REAL*4 ALPHA.AA2.GAMMA.GA2.EAl.EA2.EA3 
REAL*4 ALPHB,AB2,GAMMB,GB2,EB1,EB2,EB3 

RFAL*4 T11,T21,P11,P?1,TL2 .K,,n,. 
DIMENSION NAMI91),SYM!91,16).CI91).DI9D.BI91).INI9l) 
DIMENSION AI91) .FI9D .VVI3) 
DIMENSION T 1 1 I 1 0 ) . T 2 1 I 1 0 ) . P I K 1 0 ) . P 2 1 I I O ) , T L 2 I 1 0 ) 
DIMENSION NTOTI IO) ,NSPACEdO) 
DIMENSION AXI3), AYI?), AZ(?), AS(3),AW(3) 
COMMON/KUBE/NAM.SYM.KE.KLN 
COMMON/CARRY/NUT,LUMP.ALPHA.AA2.GAMMA,GA2.EAl,FA2.FA 3.JJJJ 

FORMAT !F1".4) 
FORMAT 114) 
FORMAT IlOX,I4,E17.6) ,,.,, 
FORMAT !lHl,4X,-#-,7X,-RADIUS**2 COEFFICIENTS'/) 
FORMAT (lHl,4X,'#',7X,'d/PD?K(0K/DE) COEFFICIENTS'/) 
FORMAT d5,12X,El?.6) 
FORMAT (I5,15X,F1?.6) 

10 
12 
14 

FORMA (H1:2X,:ROTOP',?X,'THETA',5X,'PH,',4X..FFRMI VELOCITY', 
t5X.'FERMI VELOCITY',5X,'FERMI VELOCITY',5X,'FERMI VELOCITY',/27X, 
$ M K COMPONENT)'.4X,'(THETA COMPONENT ) ' , 3X,' I PH I COMPONENT )' , 5X, 

EFFECTIVE MASS = ',F1C6) 

t'lABS. VALUE)'/) 
F0RMATI3X,I3,?X,F6.2,3X,F6.2.4E19.6) 
FORMAT I//10X.' ARFA = '.F10.6//lOX.' 
FORMATII3.2F6.2.4Flfr.6,lX) ^^^.,,.. ,„ 
FORMAT I ///4X, - PLANE-,7X.-THETAd )',5X.'PHI! 1)',7X.'THETAl 2 )',7X. 

£ 'PHII2)',6X,'C0NE ANGLE',5X,'# POINTS',5X,'SPACING') 
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15 
24 

11 

290 
289 
C 
C 
C 

FORMAT 115) 
FORMAT !/5X,I3,?X,5|4X,F10.6),5X,I5 

LUMP = 1 
NUT = 0 
CALL COMSET 
00 11 I = 1,91 
Cl I) = C O 
D I D = 0.0 
READ 15,1) GAMMA,ALPHA 
EAl = C O 
EA2 = C O 
iA? = C O 
READ 15,2) LC 
READ 15,?) 1 INID.CII ),I=1,LC) 
WRITE 15,4) 
WRITE 16,6) dNID,CI D,I = 1,LC) 
READ 15,1) GAMMB.ALPHB 
EBl = C O 
FB2 = C O 
EB? = 0.0 
READ (5,2) LD 
READ 15,?) 1 INd) ,011) ,1=1,LD) 
WRITF 15,5) 
WRITE 16,7) 1 INI D,DII),I = 1,LD) 
KE = MAXOILCLD) 
KLN = MT0LIKE,8) 
PI = ?.14159265?589793 
JJJJ = 0 
IIII = 0 
IF lEAl .NF. 0.0) JJJJ = 1 
IF IEA2 .NE. C O ) JJJJ = 1 
IF IEA3 .NE. C O ) JJJJ = 1 
IF lEBl .NE. 0.0) IIII = 1 
IF IEB2 .NE. C O ) U d = 1 
IF (EB3 .NE. C O ) d d = 1 
AA2 = ALPHA * ALPHA 
AB2 = ALPHB * ALPHB 
GA2 = GAMMA * GAMMA 
GB2 = GAMMB * GAMMB 

7X,I5) 

R E A D ! 5 , 1 5 ) NUMB 
IF INUMB.EQ.O) GO TO 2 8 9 
W R I T E ! 6 , 1 4 ) 
DO 2 9 0 1=1,NUMB 
READ 1 5 , 1 ) T U ! I ) , P l l 1 1 ) 
READ 1 5 , 1 ) T 2 1 I D , P2 11 D , T L 2 I D 
PEAO 1 5 , 1 5 ) N T 0 T ( I ) , N S P A C E d ) 

WRITE 1 6 , 2 4 ) I , T l l d ) , P U I I ) , T 2 1 I I ) , P 2 1 ! D , T L 2 I I ) , N T O T I D 
£ , N S P A C E d ) 

. 0 0 0 

.ODO 

. 0 0 0 

. 0 0 0 

. 0 00 

T 1 1 ! D = T 1 1 I I ) * P I / i a O . 
T 2 1 ! D = T 2 1 ! I ) * P I / 1 8 C . 
P 1 1 I D = P 1 1 ( D * P I / 1 R C . 
P 2 1 I I ) = P 2 1 I I ) * P I / 1 8 C . 
TL2I D = T L 2 l t ) * P I / 1 R C . 
CONTINUE 

CALCULATION OF FERMI VELOCITY 

WRITE ( 6 , 8 ) 
I F (NUMR.EO.O) GO TO 139 
DO 2 9 1 11=1,NUMB 
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201 

AT11 = TU( I D 
API 1 = P11 I d ) 
A T 2 I = T 2 K I D 
A P ? 1 = P 2 1 ! I I ) 
A T L = T L ? I I I ) 
CALL D G O T T A I A X , A T U , A P U ) 
CALL DGOTTAI AY , A T ? 1 , A P 7 D 
CALL D C R I S S I A X . A Y . A Z I 
CALL D C R I S S I A Z . A X . A Y ) 
A Y C = n r O S ! A T L ) 
AYS=DSINIATL) 
NTTT=NTOT(II) • 1 
ARFA = C .0 
DAOE = C.n 
DO 200 J=1,NTTT 
APR=J-1 
APR = A P R * N S P A C F ( I I ) 

APR=APR*PI/IRO.ODO 
A z c = o c o s ( A r p ) 
A Z S = 0 S I N ( APR ) 

00 2'̂ ! K=1.3 
ASIK) = AX(K)*A7'-tAY(K)*AZS 
AW(K)=ASIK)*AYS+AZ!K)*6YC 
AXT=OAPCOS(AWI3)) 
AXP=OATAN2IAWI2),AWI1)) 
TA=AXT 
TB=AXT 
PA=AXP 
PP=AXP 
TT=AXT 
PP=AXP 
AXT=AXT*18r.0D'"/PI 
AXP=AXP*13r.ODO/PI 

c 
c 
c 

VK 
VT 
VP 
VD 
VC 

no 
IF 
IF 
ST 
CT 
SP 
CP 

= C O 
= Q.O 
= r,n 
= 0,0 
= r.O 

THE ELLIPS! 

(GAMM" .FO 
IIIII .NE. 
= DSINITB) 
= DCOSITB) 
= OSINIPB) 
= DCOSIPB) 

ST2 = ST * ST 

TPANSFORMATICN FOR THE KIOK/DE) COEFFICIENTS 

.r) CO TO 41 
CALL CILFPIFBl,En2,EB3,TB,PR,l) 

CT2 = CT * CT 
SP2 = SP * SP 
CP? = CP * CP 
TFMP = GAMMB*CT/PS0PTIST?*ISP?+AB?*CP?)+GB?*CT2) 

IF ITEMP .GT. 1.000) TFMP = l.Onf 
TB = DARCOSITEMP) 
SPP = SP/ALPHO 
CALL DFLOPISPP.CP.PB) 
T = TB 
p = PB 
COEFB = ST?*ISP?+AB?*CP2)+GB2*CT? 
GO TO 41 
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40 

41 

42 

5? 

COEFP = l.ODO 
T = TT 
P = PP 
CALL VHPOLYIT.P.B) 
on 4? I = l.KE 
VD = VD • nl D*BI I) 
Vn = VO * PI/COEFB 

FLLIPSOIDAL TRANSFORMATION FOR THE K**? COEFFICIENTS 

,1) GO TO 45 
CALL CILFRIEAl.FA2.E4?.TA,PA.l) 

IF (GAMMA .EO. 1 
IF (JJJJ .'••-£. 0) 
ST = DSIN! TA) 
CT = DCOSITA) 
SP = DSIN(PA) 
CP = DCnS(PA) 
ST2 = ST * ST 
CT2 = CT * CT 
SP? = SP * SP 
CP? = CP * CP 
TEMP = GAMMA*CT/0S0PT(ST2*(SP?+AA2*CP2)+GA2*CT2) 
IF (TEMP .GT. l.CDO) TEMP = l.COO 
TA = OARCOSITEMP) 
SPP = SP/ALPHA 
CALL D F L O P I S P P . C P . P A ) 
T = TA 
P = PA 
EPSIl N = SP2 + AA?*rP2 
XI = ST? * EPSILN + GA2 * CT? 
DXIDT = ?.CDC*ST*rT*(EPSILN-GA?) 
DXICP = 2.r0T*(1.0-AA?)*ST2*SP*CP 
DPDP = A L P H A / E P S I L N 
DTDP = G A M M A * ( 1 . 0 - A A ? ) * S T * C T * S P * C P 
DTDP = D T D P / ( D S O R T I E P S I L N ) * X I ) 
DTDT = G A M M A * D S O P T ( F P S I L N ) / X I 
COEFA = XI 
GO TO 46 
CPEFA = l .ODO 
EPSILN = 1 . 0 0 0 
XI = l . O D O 
DXIOT = 0 . 0 
DXIDP = 0 . 0 
DPDP = 1 . 0 0 0 
DTDP = C O 
OTDT = l .ODC 
T = TT 
P = PP 
CALL V H P O L Y ( T . O , A ) 
CALL V H P O L T ( T , P , B ) 
CALL V H P O L P ! T , D , F ) 
DO 5? I = l . K E 
VC = VC + C ( I ) * A ! I ) 
VT = VT + r ( I ) * B ( D 
VP = VP + C( I ) » F ( I ) 
VC = VC/COFFA 
P50 = VC 
VC = DSORT(VC) 
VK = (VC + V D /VD 
VTTEMP = ( D T n T * V T - P S Q * O X I D T ) / X I 
VPTEMP = (PT0P4VT + DPDP*VP - R S O * n x I D P ) / X I 
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30 

32 

33 

200 

VT = VTTEMP 
VP = VPTEMP 
VT = -VT/(VD*VC) 
GP = C O 
IF (PARSITTI .GT. 1.00-06) GP = I.000/I OS INITT)*VD*VC) 
VP = -VP * GP 
VABS = VK*VK + VT*VT + VP*VP 
VABS = DSOPTIVABS) 
JJ=!J-1)*NSPACF!II) 
WRITEI6.9) JJ.A XT,AXP.VK.VT.VP,VABS 
WP I T E D 0,1?) J J, AXT, AXP. VK.VT.VP. VABS 

SIMPSON'S RULE INTEGRATION FOR THE FERMI ARFA AND EFFECTIVE MASS. 

V = vr/vK 
K=J-1 
IF I MODIK,?) 
AV=V+V^V+V 
AT = RSQ + 
GO TC ?? 
AV=V+V 
AO = RSQ • 
IFIJ.EO.D 

182 

291 
1?9 

.EO. C) GO TO 3r 

RSO + RSO • RSC 

RSO 
GO TO ?7 

IFIJ.EQ.NTTT) GO TO ?2 
GO TO ?3 
AV = V 
AO = RSC 
ARFA = AREA + AO 
DAOE = DADE • 4V 
CONTINUE 
DT=NSPACE! I I ) *PI /1RC.0DC 
AMULT=NSPACEI I I ) *NTPTI I I ) 
AMULT = 36CrDD/AMULT 
AREA=APEA*AMULT*0T/6.CD0 
DA0E=2.C0'i*DAnE*AMULT»DT/6.0DC 
EM = OAPF/PI 
WRITE 16 . IC ) AREA.FM 
CONTINUE 
STOP 
END 

C » < , * * * * * * * * * * * « * * * « * * * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
c • 
C * J l ? 9 
c * 
c * 
c * 
c * 
c * 
c * 
c * 
c * 
c * 

* 
* 
* 
* 
* 
* 
* 
• 
* 
* 

r it ,******************************************************************* 
I M P L I C I T RFAL*R I A - H , 0 - Z ) 
R E A L * 4 T . P . S Y M 
PFAL*4 ALPHA,AA?,GAMMA.GA?,EA1.EA2,EA? 
P F A L * 4 A L P H B . A B ? . G A M M B , G B ? , E B 1 . E B 2 . EB3 
R E A L * 4 T 1 1 , T 2 1 , P U , P 2 1 . T L 2 

FERMI VELOCITY P P C G P A M 

INPUT DATA: 
1) COEFFICIENTS C d ) FOR K**? 
2) COEFFICIENTS D I D FOR 11/P I) ?K! DK/DF ) 

SYMMFTRY GROUP: C2H 



192 

10 
12 
14 

15 
24 

11 

DIMENSION NAMI9D ,SYM!91, 
DIMENSION AI91).F(91).VVI 
DIMENSION TUIIO) ,T21( ID 
DIMENSION NTOTI101.NSPAC 
DIMENSION AX(?). AY(3), 
COMMPN/KUBF/NAM,SYM,KE.KL 
COMMON/CARRY/NUT,LUMP,ALP 
FORMAT ( Elf".4) 
FORMAT 114) 
FORMAT DOX. I4,E17.6) 
FORMAT (1H1.4X.-/''.7X,-RA 
FORMAT (lHl,4X,'*-,7X,-d 
FORMAT (I5,1?X.E1?.5) 
FORMAT (I5,15X,E1?.6) 
FORMATIIHI,2X.-ROTOR-,3X, 
$5X,-FERMI VELOCITY-,5X,-F 
$-IK COMPONENT)•,4X,•(THET 
$-!ABS. VALUE)-/) 
FORMAT I3X,I3,3X,F5.2,?X,F 
FORMAT I//10X.- ARFA = -, 
F0RMAT(I?.?Ffi.2,4E16.6.1X 
FPPMAT(///4X,-PLANE-,7X,-
K -PHI(2)'.6X,'CONE ANGLE 
F0BMAT(15) 
FORMAT (/5X,I3.3X,5('.X,F1 
LUMP = 1 
NUT = 0 
CALL COMSET 
00 U I = 1,91 
C ( I ) = CO 
n i l ) = ^.0 
PFAD ( 5 , 1 ) GAMMA,ALPHA,EA2 
EAl = 0 . 1 
EA? = 0 . 0 
READ ( 5 , ? ) 
READ ( 5 , 3 ) 
W P D E ( 5 , 4 ) 
WPITE 1 6 , 5 ) ( I N I D . r i D . I 
READ ( 5 , 1 ) GAMMB,ALPHB,EB 
ERI = 0 . 0 
EB? = C O 
REAP ( 5 , ? ) 
REAn I 5 . ? ) 
WRITE ( 6 , 5 ) 
WRITF ( 6 , 7 ) ( I N d ) , n ( I ) , I 
KE = M A X P ( L C . L D ) 
KLN = M T 0 L I K F . 0 9 ) 
PI = ? . 1 4 1 5 9 ? 6 5 ? 5 8 9 7 i ? 
JJ.IJ = n 

16).CI91),DI91),B|91),IN|9D 
?) 
,PUI 10).P?K10),TL2I 10) 
EdO) 
AZI3), ASI?),AWI?) 
N 
HA,AA2,GAMMA,GA2,EAl, EA?,EA3, JJJJ 

0II)S**2 COEFFICIENTS'/) 
/PI)2KI0K/DE) COEFFICIENTS'/) 

-THETA-,5X,-PHI-,4X,-FERMI VELOCITY', 
EPMI VELOCITY',5X,'FERMI VFLOCITY',/27X, 
A COMPONENT)',?X,'IPHI COMPONENT)',5X, 

6 . 2 . 4 E 1 9 . 5 ) 
F l C 6 / / n x , ' E F F E C T I V E MASS = - . F 1 0 . 6 ) 

) 
T H E T A ! D - . 5 X , ' P H I ! 1) ' , 7 X , ' T H F T A I 2 ) - , 7 X , 

- . 5 X , ' # P O I N T S ' , 5 X , ' S P A C I N G ' ) 

0 . 6 ) , 5 X . I 5 . 7 X , I 5 ) 

LC 
I I M I D . C I I ) , I = 1 , L C ) 

= 1 , L C ) 
2 

LD 
( I N I D . 0 ( 1 ) . 1 = l . L O ) 

= 1 , L D ) 

IIII = 0 
IF 
IF 
IF 
IF 
IF 
IF 
EA2 
ER? 
AA2 
AB? 

lEAl 
(FA? 
(FA? 
(FBI 
(EB2 
(ER? 
= EA2* 

.NE. 

.NE. 

.NF. 

.NE. 

.NF. 

.NF. 

n 
C 
0 
0 

c 
0 

PI/18C 
=FB?*PI/180 
= ALPHA 
= ALPHP 

i-

* 

.0) 

.0) 

.") 

.0) 

.0) 

.0) 

JJJJ = 1 
JJJJ = 1 
JJJJ = 1 
IID = 1 
U U = 1 
ITU = 1 

.OD" 

.ODO 
ALPHA 
ALPHB 
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GA2 = GAMMA * GAMMA 
GP2 = GAMMP * GA"MB 
RFAn|5,15) NUMB 
I F I N U M B . E C D GO TO 2 f l9 
W R I T F I 6 . 1 4 ) 
DO 7 9 1 1=1 ,NUMB 
READ I 5 , 1 ) T l l d ) , P U d ) 
READ 1 5 , 1 ) T 2 K D , P? 11 D , T L ? d ) 
READ l 5 , 1 5 ) N T O T d ) , N S P A C F I I ) ^ „ ^ , , , 

WRITF 1 6 , ? 4 ) l . T U I D , P l l d ) , T 2 1 I I ) , P 2 1 I I ) , T L 2 I D , N T O T I D 

£ , NSPACE I I ) 
T 1 K D = T 1 1 ! I ) * P ! / 1 8 C . 0 0 C 
T 2 U I )=T?1 I I ) * P I / 1 P C . O D O 
P i l l D = P U d ) * P I / 1 « C 0 0 C 
P 2 1 d ) = P 2 1 I I ) * P I / 1 P 0 . 0 0 0 

2 9 0 T L 2 ( I ) = T L ? d ) * P I / l B C O n O 
2 8 9 CONTINUE 
C 
C CALCULATION OF FERMI VELOCITY 
C 

WPITE 16,8) 
IF INUMB.EC") GO TP 1?9 
DO 291 11=1,NUMB 
ATll = Tllld) 
A P U = P11IU ) 
AT71 = T21I I D 
AP?1 = P?1I I D 
ATL=TL?!II) 
CALL DGOTTAI AX, A T U , A P U ) 
CALL DGOTTAIAY,AT?1,AP21) 
CALL DCRISSIAX.AY.AZ) 
CALL OCRISSIAZ,AX,AY) 
A Y C = n C P S I A T L ) 
A Y S = D S I N ( ATL ) 
NTTT=NTOTIII) • 1 
APEA = C O ^ 
DADE = C O 
DO 200 J=l,NTTT 
APP=J-1 
APR=APP*NSPACFIII) 
APR=APR*PI/IRC.CDO 
AZC=OCOS(APR) 
A Z S = n S I N ! APR ) 
0 0 ? r i K = i , ? 
A S I K I = A X I K ) * A Z C + A Y ! K ) * A Z S 

2 0 1 A W I K ) = A S I K ) * A Y S * A Z I K ) * A Y C 
A X T = D A R C O S I A W I ? ) ) 
A X P = n A T A N 2 l A W I 2 ) , A W I 1 ) ) 
TA=AXT 
TB=AXT 
PA=AXP 
PE=AXP 
TT=AXT 
PP=AXP 
A X T = A X T * 1 8 ' ^ . 0 D " / P r 
A X P = A X P * 1 8 C O O 0 / P I 
VK = C O 
VT = C O 
VP = 0 . 0 
VD = O.C 
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VC 1 . 0 

41 

42 

THE F L L I P S O I D A L TRANSFORMATION FOR THE K I O K / O F ) C O E F F I C I E N T S c 
c 
c 

no 
IF 
IF 
ST 
CT 
SP 
CP 
STJ 

THE FLLIPS 

(GAMMB .EQ 
d i d .NE. 
= DSINITB) 
= DCOSITB) 
= DSINIPB) 
= DCOSIPB) 
> = ST * ST 

, 1 . 0 ) 0 0 TO 40 
0 ) CALL 0 I L E P I E B 1 , E B 2 , E B ? , T B , P B , D 

CT? = CT * CT 
SP? = SP * SP 
CP2 = CP * CP 
TEMP = GAMMB*CT/DS0RTIST2*ISP2+AB2*CP?)^GB2*CT2) 

IF ITEMP .GT. l.ODO) TFMP = l.ODO 
TP = OARCOSITEMP) 
SPP = SP/ALPHB 
CALL DFLOPISPP,CP,PB) 
T = TB 
P = PB 
COEFB = ST?*(SP2+AR2*CP?)*GB?*CT2 
GO TO 41 
COFFR = l.COO 
T = TT 
P = PP 
CALL C2P0LY(T,P,B) 
no 42 I = 1,KE 
VD = VD + D d )*BI D 
VD = VD « PI/COFFB 

ELLIPSOIDAL TRANSFORMATION FOR THE K**2 COEFFICIENTS 

IF 
IF 
ST 
CT 
SP 
CP 
ST? 

(GAMMA .EO, 
(JJJJ .NE. 
= DSIN(TA) 
= DCOS(TA) 
= DSINIPA) 
= DCOSIPA) 
= ST * ST 

,0) GO TO 45 
CALL •0ILERIEA1,EA2,EA3,TA,PA,1) 

CT? = CT * CT 
SP? = SP * SP 
CP? = CP * CP 
TEMP = GAMMA*CT/nsqPTIST?«ISP?+AA2*CP?)+GA2*CT2) 
IF (TEMP .GT. 1.000) TEMP = l.ODO 
TA = DARCOS(TEMP) 
SPP = SP/ALPHA 
CALL nFLOP(SPP,CP,PA) 
T = TA 
P = PA 
EPSILN = 5P2 + AA2*CP? 
XI = ST2 * EPSILN + GA? * CT2 
D X i n T = 2 . 0 D O * S T * C T * I E P S I L N - G A 2 ) 
DXICP = ? . " 0 i * ( 1 . 0 - A A 2 ) * S T 2 * S P * C P 
DPDP = ALPHA/EPSILN 
DTDP = GAMMA«(I.O-AA?)*ST*CT*SP*CP 
DTDP = OTnP/(DSOPTIEPSILN) * XI) 
OTDT = GAMMA*DSOPT!EPSILN)/X! 
rOFFA = XI 
GO TO 46 
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45 COEFA = l.CDO 
EPSILN = l.ODO 
XI = 1.000 
OXIOT = 0.0 
DXIDP = 0.1 
PROP = l.OPO 
OTDP = C O 
DTDT = l.OnC 
T = TT 
P = PP 

46 CALL C?POLYIT,P,A) 
CALL C2P0LTIT,P,P) 
CALL C2P0LPIT,P,F) 
DO 5? 1 = 1,KE 
VC = VC • Cd )*AI D 
VT = VT • Cl D*BI I) 

52 VP = VP • Cd )*FI I) 
VC = VC/COEFA 
RSO = VC 
VC = DSORTIVC) 
VK = ivc+vc)/vn 
VTTEMP = IDTDT*VT - PSO*OXIOT)/XI 
VPTEMP = IOTDP*VT + nPDP*VP - RSO*DXI DP)/XI 
VT = VTTEMP 
VP = VPTEMP 
VT = -VT/IVO*VC) 

IF ^OABSITT) .GT. 1.00-06) GP = 1.0DO/IDSINITT)*VD*VC) 
VP = -VP * GP 
VABS = VK*VK + VT*VT + VP*VP 
VARS = DSQRTIVABS) 
J J = I J - 1 ) * N S P A C E n I ) 
WPITF I 6 , 9 ) J J , A X T , A X P . V I < , V T , V P , V A B S 
W R I T F I 1 C 1 2 ) J J , A X T , A X P . V K . V T . V P , V A B S 

S I M P S O N ' S RULE I N T E G R A T I O N FOR THF FERMI AREA AND E F F E C T I V E MASS. 

V = VC /VK 
K = J - 1 
I F I M O D I K , 2 ) . E C 0 ) GO TO 30 
A V = V + V + V ^ V 
AO = RSO • RSQ + RSO + RSC 
GO TP 3? 

3 0 AV=V*V 
AD = RSQ • RSO 
I F I J . E O . D GO TP ?? 
I F I J . E Q . N T T T ) GO TO ? ? 

GO TO 3 3 
32 AV = V 

AO = RSO 
33 AREA = AREA + AO 

DADE = DAOE • AV 
2 0 0 CONTINUE 

0 T = N S P A C E l I I ) * P I / 1 8 C . 0 D 0 
AMULT = NSPACEI I D * N T O T | I I ) 
AMULT=36i.C01/AMULT 
A P E A = A P E A * A M U l T * D T / 6 . i n C 

OAnF = 2 . O m * D A n E * A M U L T * n T / 6 . C D 0 

1B2 FM = D A D E / P I 
WRITE 1 6 , I D AREA,EM 
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2 9 1 
1?9 

CONTINUE 
STOP 
END 

, * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

J l ? 1 1 

FEPMI VELOCITY PROGRAM 

INPUT DATA: 

1) COEFFICIENTS CII) FOR K**2 
2) COEFFICIENTS C d ) FOR d/P 

SYMMETRY GROUP: S2 

9 
IC 

12 
14 

15 
24 

t * * * * * * * * * * * * * * * * * * * * * * * 

I M P L I C I T REAL*8 ( A - H , 
PEAL*4 T 1 1 , T ? 1 , P 1 1 , P 2 
PEAL*4 T . P . S Y M 
REAL*4 ALPHA.AA2.GAMM 
PEAL*4 ALPHB,AB?,GAMM 
DIMEh'SION NAM(91) ,SYM 
DIMENSION A ( 9 D . F ( 9 1 ) 
r i M E N S I O N T U I I O ) , T ? 1 
DIMENSION N T O T I I O ) , N 
DIMENSION A X ! ? ) , AYI 
CO IMQN/KUBF/NAM,SYM.K 
COMMON/CARRY/NUT,LUMP 

( F I O . 4 ) 
( 14) 

( l O X , I 4 , E 1 7 . 6 ) 
I 1 H 1 , 4 X , ' 1 » ' , 7 X 
( 1 H 1 , 4 X , ' # - , 7 X 
d 5 , l ? X , E l ? . 6 ) 
I I 5 , 1 5 X , E 1 ? . 6 ) 

F O R M A T ! I H 1 , 2 X , ' R 0 T 0 R -
$5X,-FERMI VELOCITY- ,5 
$-(K COMPONENT)'.4X,-( 
$-IAPS. VALUE)-/) 
F0RMiT(3X,I?,?X,F5.2, 
FORMAT (//lOX,- AREA 
FORMATII?,?F6.?,4E16. 
FPPMAT(///4X,-PLANE-. 

£ 'PHI(2)•,6X,-CONF A 
FORMAT(15) 
FORMAT ( / 5 X , I 3 , 3 X , 5 ( 4 
LUMP = 1 
NUT = 0 
CALL COMSET 
DO 11 I = 1 , 9 1 

11 

************** 
0 - Z ) 
l , T l ? 

A , G A ? , E A 1 , E A ? . 
B , G B ? , E B 1 , E B 2 . 
( 9 1 , 1 6 ) . C I 9 1 ) . 
, V V I ? ) 
1 1 0 ) . P U d O . P 
S P A C E I I O ) 
3 ) . A Z I ? ) , A S ! 
E . K L N 
, A L P H A , A A ? . G A M 

******************************* 
* 
* 
* 
* 
* 
• 
• 

I ) ? K I D K / O E ) • 
• 
• 
* 

******************************* 

EA? 
EB? 
0 I 9 D . B I 9 1 ) . 1 N I 9 1 ) 

?1 1 1 0 ) , T L 2 I 1 0 ) 

? ) . AW I ? ) 

M A . G A 2 , E A 1 , F A 2 , E A ? , J J J J 
1 
2 
? 
4 
5 
6 
7 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

, - P A D I U S * * 2 CO 
, - l l / P I ) 2 K I D K / 

EFFICIENTS'/) 
OF) COEFFICIENTS'/) 

,?X,'THETA',5X,'PHI',4X,'FERMI VELOCITY', 
X.'FFRMI VELOCITY',5X,'FERMI VELOC I T Y ' , / 27X , 
THFTA COMPONENT)',?X,'IPHI COMPONENT)',5X, 

?X,F6.2,4E19.6 
= ',F10.6//10X,' EFFECTIVE MASS = ',F1C6) 
6,IX) 
7X,'THETAd)', 
NGLE',5X,'# PO 

>) 

5X,'PHII1)-,7X,-THETAI2)-,7X, 
INTS-,5X,-SPACING-) 

X,F10.6),5X,I5,7X,I5) 

DI I ) 
REAC 
READ 
READ 

= C.I 
= CO 
15,1) 
15,2) 
(5.?) 

GAMMA,ALPH 
LC 
I INI I I,Cd 

WPITE (6,4) 
WRITE (6,5) ( INd),01 
READ (5,1) GAMMB,ALPH 

A,FA1,EA?,EA? 

).I=1,LC) 

I),I=1,LC) 
B,EB1,EB?,EB3 
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2 9 0 
2 8 9 
C 
0 
0 

REAP ( 5 , 2 ) LD 
READ 1 5 , 3 ) ( INI I ) , D d ) , 1 = 1 , L P ) 
WRITF 1 6 , 5 ) 
WRITF 1 6 , 7 ) I INI I ) , n i l ) , 1 = 1 , L 0 ) 
KE = M A X O I L C L O ) 
KLN = M T O L ( K F . 1 0 ) 
P I = ? . 1 4 l 5 9 2 6 5 ? 5 a 9 7 9 3 
J J J J = 0 
IIII = 1 
IF IFAl 
IF IEA2 
IF IFA? 
IF lEBl 
IF IEB2 
IF lEB? 

.NF. C O ) JJJJ = 1 

.NF. O.C) JJJJ = 1 

.NF. C O ) JJJJ = 1 

.NE. C O ) IIII = 1 

.NE. C O ) IIII = 1 

.NE. C O ) IIII = 1 
FA1 = EA1*PI/1RC0D0 
EA2=EA?*PI/1PC0D0 
E A ? = E A ? * P I / 1 8 C 0 D P 
EB1 = E B 1 » P I / 1 B C 0 D 0 
F B 2 = F B 2 * P I / 1 8 0 . 0 D 0 
E B ? = E B ? * P I / i a C O O O 
AA? = ALPHA * ALPHA 
AB2 = ALPHB * ALPHB 
GA? = GAMMA * GAMMA 
GB2 = GAMMB * GAMMB 
R E A 0 I 5 , 1 5 ) NUMB 
I F I N U M B . E C O ) GO TO 2 8 9 
W R I T E I 6 , 1 4 ) 
DO ? ° 1 I = ) , N U M B 
READ 1 5 , 1 ) T i l l I ) , P l l I I ) 
RFAD 1 5 , 1 ) T ? K D , P? 11 D , T L ? I I ) 

READ 1 5 , 1 5 ) N T 0 T I I ) , N S P A C E d ) . ^ „ . , , . . 
WRITE 1 6 . 2 4 1 I , T l l d ) , P U d ) , T ? 1 I D , P 2 1 I D , T L ? I I ) , N T O T I D 

£ , NSPACEd) 
T U ! I) = T11! I ) * P I / 1 B C 0 D C 
T21I D = T 2 1 d ) * P I / 1 R C P O O ^ 
P U I I ) = P l l d ) * P I / 1 8 C . 0 D 0 
P21I I ) = P21I I ) * P I / 1 8 C C D 0 
T L ? d ) = TL2II ) * P I / i a 0 . C D C 
CONTINUE 

CALCULATION OF FEPMI VELOCITY 

WRITF 1 6 , 8 ) 
IF INUMB.EC.0) GO TO 139 
DO 291 d = l,NUMB 
ATl l = T l l d D 
AP11 = P11I I D 
AT?1=T?1I I D 
AP?l = P ? l d I ) 
A T L = T L ? I I I ) 
CALL DGOTTAI A X , A T U , A P U ) 
CALL 0 G 0 T T A I A Y , A T ? 1 , A P ? 1 ) 
CALL O C R I S S I A X , A Y , A Z ) 
CALL D C R I S S I A Z . A X . A Y ) 
AYC=DCOSI ATL ) 
AYS=DSIN(ATL) 
NTTT = N T O T d I ) • 1 
APEA = C O 
DADE = C O 
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201 

40 

DO ?01 J=1,NTTT 
APR=J-1 
APP=APR*NSPACEII I) 
APR=APP*PI/180.000 
AZC=nCOS(APR) 
AZS=OSIN(APP) 
00 201 K=l,3 
AS(K)=AX(K)*AZC+AY(K)*AZS 
AW1K)=ASIK)*AYS*AZ!K)*AYC 
AXT=0ARCOS(AWI3) ) 
A X P = n A T A N 2 I A W ! ? ) , A W I l ) ) 
TA=AXT 
TB=AXT 
PA=AXP 
PB=AXP 
TT=AXT 
PP=AXP 
A X T = A X T * 1 8 0 . O D O / P I 
A X P = A X P * 1 8 C . O D O / P I 

THE ELLIPSOIDAL TRANSFORMATION FOR THE K I D K / D E ) C O E F F I C I E N T S 

, 0 ) GO TO 4 0 
CALL 0 I L E R I E B 1 , E B 2 , E B 3 , T B , P B , 1 ) 

CP = DCOSIPB) 
ST2 = ST * ST 
CT? = CT « CT 
SP? = SP * SP 
CP2 = CP * CP 
TEMP = G A M M B * C T / n S Q R T I S T 2 * I S P 2 + A B 2 * C P 2 ) + G B 2 * C T 2 ) 
IF ITEMP . G T . l . O D O ) TEMP = 1 . 0 0 0 
TB = DARCOSITEMP) 
SPP = SP/ALPHP 
CALL D F L O P I S P P . C P . P B ) 
T = TB 
P = PR 
COEFP = ST2*ISP2+AB?*CP?)+GB2*CT2 
GO TO 41 
COEFB = l.ODC 
T = TT 
P = PP 
CALL S?POLY!T.P,B) 
OP 4? I = 1,KE 
VD = VO + D d )*BI I) 
VD = VD * PI/COEFB 

ELLIPSOIDAL TRANSFORMATION FOR THE K**? COEFFICIENTS 

c 
c 
c 

VK 
VT 
VP 
VD 
VC 

DO 

IF 
IF 
ST 
CT 
SP 

= C O 
= 0.0 
= C O 
= C O 
= O.C 

THE ELLIPSOID 

IGAMMB .EO. 1 
IIIII .NE. 0) 
= DSINITB) 
= DCOSITB) 
= DSINIPB) 

IF (GAMMA .EO. 
IF (JJJJ .NE. 
ST = DSINITA) 
CT = DCOSITA) 

1.0) GO TO 45 
') CALL OILEPIEAl ,EA?,EA3,TA,PA,1) 
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45 

46 

5? 

SP = OSIN(PA) 
OP = ncos(PA) 
ST2 = ST * ST 
CT? = CT * CT 
SP2 = SP * SP 
CP? = CP * CP 
TFMP = GAMMA*CT/OSQRT(ST?*(SP2+AA2*CP2)+GA2*CT2) 
IF ITEMP .GT. 1.000) TEMP = 1.000 
TA = OARCOSITEMP) 
SPP = SP/ALPHA 
CALL 0FLOP(SPP.CP,PA) 
T = TA 
P = PA 
EPSILN = SP2 + AA2*CP2 
XI = ST? * FPSILN • GA? * CT? 
DXIOT = ?.iai*ST*CT*lFPSILN-GA2) 
rxiDP = 2.0D1*(l.P-AA?)*ST2*SP*CP 
OPOP = ALPHA/EPSILN 
DTOP = GAMMA*(1.0-AA?)«ST*CT*SP*CP 
DTDP = DTOP/inSORTIEPSILN) * XI) 
DTOT = GAMMA«DSOPTIEPSILN)/XI 
COEFA = XI 
GO TO 46 
COFFA = 1.000 
EPSILN = l.OPi 
XI = 1.000 
DXIDT = O.C 
DXIRP = O.C 
DPDP = i.ono 
OTDP = C O 
OTOT = 1.000 
T = TT 
P = PP 
CALL S2P0LY|T,P,A) 
CALL S2P0LT!T,P,B) 
CALL S2P0LP|T.P,F) ^ 
DO 5? I = l.KE 
VC = VC • Cl D*AI I) 
VT = VT + CII)*RID 
VP = VP • ClI)*FI I) 
VC = VC/COFFA 
RSO = VC 
VC = DSORTIVC) 
VK = IVC+VC)/vn 
VTTFMP = IOTDT*VT 
VPTFMP = IDTnP*VT 
VT 
VP 
VT 
GP 
IF 
VP 

RSO*nxiDT)/xi 
[)POP*vP - RSO*Dxinp)/xi 

l.Cn-06) GP = 1.0D3/inSIN(TT)*VD*VD 

= VTTFMP 
= VPTEMP 
= -VT/IVO*VC) 
= C O 
IDABSITT) .GT. 
= -VP * GP 

VABS = VK*VK + VT*VT + VP*VP 
VABS = DSOPTIVABS) 
JJ=IJ-1)*NSPACEIII) 
WRITE I 6,9) JJ,AXT,AXP,VK,VT,VP,VABS 
WRITEdCl?) JJ,AXT,AXP,VK,VT,VP,VAnS 

SIMPSON-S RULE INTFGPATION FOP THE FERMI AREA AND EFFECTIVE MASS. 
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30 

32 

33 

200 

V = VC/VK 

K = J-1 
IF ( MOniK.?) . E C 01 GO TP 30 

AV = V + V + V'-V 
AD = RSQ • RSQ t PSe + RSO 

GO TO 3? 

AV=V*V 
AD = RSO • RSO 
IFIJ.EO.1) GO TO ?2 
IF(J.FQ.NTTT) GO TO ?2 

GO TO ?3 
AV = V 

AD = RSO 
AREA = AREA • AD 
OADE = OADE + AV 
CCNTINUF 

la? 

?91 
139 

DT=NSPACE( ! D * P I / l R C . O D r 
AMULT = N S P A C E d n * N T P T | I I ) 
AMULT=?60 .0D0 /AMULT 
A P E A = A R F A * A M U L T * D T / 6 . 0 D 0 
D A n E = ? . 0 D 0 * D A n E * A M U L T * D T / 6 . 0 D 0 
FM = D A D E / P I 
WPITF ( 5 , 1 C ) AREA,EM 
CONTINUE 
STOP 
END 
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DENSITY PF STATES PROGRAMS 

r **»»*»*****»**»»«*«***»*******»*««***«****•*•************************* 

c * * 
C * J141 * 

: 
C * COMPUTATION OF THE DENSITY OF STATES * 

^ • • 
C * INPUT DATA: ' 
C * 1) COEFFICIENTS CII) FOR K««2 * 
C * ?) COEFFICIENTS O d ) FOR I 1/P D 2KI DK/DE) * 
C * 
c ********************************************************************** 

I M P L I C I T REAL*R I A - H , 0 - Z ) 
R E A L * 8 KDKDE 
R E A L * 4 T , P . S Y M 
D IMENSION N A M I 9 D . S Y M I 9 1 , 1 6 ) , C | 9 1 ) , D | o i ) , I N ! 9 1 ) , B I 9 1 ) 
C P M M O N / K U B F / N A M , S Y M , K E , K L N 

1 FORMATIIOX,!4,E17.6) 
2 F 0 R M A T I I 4 ) 
3 F n R M A T I 1 5 X , I 5 / 4 F ? C . 1 5 / 4 F 2 C . 1 5 / 4 F 2 0 . 1 5 / 4 F ? C 1 5 ) 
4 FORMATIIHI,HX,-DENSTIY OF STATES C ALCULATI ON-//5X , 

t 1 K**7 FIT WITH -,I?,- HARMONICS.'/5X, 
$ ' Il/PI)2KI0K/0E) FIT WITH ',12,' HARMONICS.'///) 

5 FOPMATI- INTEGRATION STEPS'//) 
6 FORMAT I/- •,4X,-STEP-,7X,'STEP-,6X.-THETA',8X,'PHI',6X, 

J -FERMI VELOCITY',ax,'FERMI RADIUS'/' ',2X,'IN THETA',4X, 
$ 'IN PHI',?aX,'IK COMPONENT)'/) 

7 FORMAT!//' THFTA INTEGRATION —',14,' STEPS. PHI INTEGRATION —', 
t 14,' STEPS'//) 

8 FORMAT d7,4X,I7,F15.6.Fl?.6,F15.8,5X,F15.S) 
9 FORMAT I///15X,' DENSITY PF STATES U N 1/IBOHR RADID**?-RY) IS ', 

* 1P015.8,'.') 
11 FORMAT I F I O . 6 ) 
12 FORMAT I / / / 1 5 X , ' DENSITY OF STATES U N 1 / A T O M - R Y ) I S ' , 1 P 0 1 5 . 8 , 

$ ' . ' ) 
13 FORMAT I///15X,- DENSITY OF STATES UN 1/CC-EV) IS -, 

$ 1PD15.8,'.') ,̂  , 
14 FCPMAT I///15X,' DENSITY OF STATES UN 1/CC-ERG) IS ', 

$ 1PD15.8,'.') 
READ 15,3) INAMII),ISYMII,J),J=1,16),1=1,91) 
DO 10 I = 1,9) 
CII) = 0.0 

10 0! D = 0.0 
READ 15,2) LC 
READ 15,1) I INI D.Cd ) ,1=1,LC) 
READ 15,2) LD 
READ 15,1) I INID,011 ) ,! = 1,L0) 
CALL COMSET 
KE = MAXOILCLO) 
KLN = MTOLIKE,1) 
PI = ?.14159?65?589793 
READ 15,2) N,M 

(- pfAO IN LATTICE CONSTANT AND NUMBER OF ATOMS/UNIT CELL. 

0 
READ 15,11) A 
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21 

READ I 5,2) NCELL 
DEN = C O 
WRITF (6,4) L C L D 
WPITF(6.7) N.M 
WR1TEI6,5) 
WPITEI6,6) 
DP = PI/14.ODO * IM-1)) 
DT = PI/I?.000 * IN-1)) 
DO 2C J = 1 .M 
BE = 0.1 
PP = ij-D * np 
p = PP 
PHI = PP * l a c o D o / P i 
DO ? 1 K = l . N 
TT = I K - 1 ) * DT 
THETA = TT * 1 8 0 . 0 n O / P I 
T = TT 
R? = 0 . 0 
KDKDE = C O 
CALL K U P O L Y I T , P , P ) 
DO ?0 I = 1 ,KE 
R2 = R2 • C ( I ) * R I I I 
KOKOF = KDKDE + D I D * B I D 
KDKOF = P I * KDKDE 
R = n S 0 R T | i ' 2 ) 
VK = R/KDKDE 
VK = VK + VK 
DS = R2 * D S I N ( T T ) / V K 
WPITF ( 6 , 8 ) K , J , T H E T A , P H I , V K , R 
IF (MOn(K,?) .EC 1) BDS = 
IF (MODIK,?) .FO. 0) RDS = 
IF IK .EO. 11 RDS = ns 
IF IK .EC N) RDS = DS 
BE = BE • PDS 
CONTINUE 
IF IMODIJ,?) .EO. D BCEN = 
IF (M0D(J,2) .EO. 0) BDEN = 
IF (J .EQ. 1) BDEN = BE 
IF (J .EO. N) BDEN = BE 
OEM = DEN + BDEN 
CONTINUE 
DEN = DEN * 16.CCD0 * DT * 
PI? = PI + PI 
PI? = PI? * PI? * PI? 

OS • OS 
DS • OS 

= BE + BE 
= BE + BE 

DP/9.00D 

+ DS + DS 

BE • BE 

DEN = D E N / P I ? 
DEN = DFN • DEN 
WRITF ( 6 , 9 ) DEN 
AO = 5 . ? 9 1 7 2 D - 0 ° 
DEN = D E N / ( A O * A O * A O ) 
ADEN = DEN 
A = A * 1 . C 0 0 0 0 0 1 C D - C 8 
ANCELL = NCELL 
ADEN = ADEN » A * A * A /ANCELL 

1 6 , 1 ? ) AOEN 
PEN/1?.60486 
16,1') DEN 
DEN * 1 . 6 C 2 C 6 D - 1 2 
1 6 , 1 4 ) DEN 

W R I T E 
OEN 
W P I T E 
DEN = 
W P I T F 
STOP 
END 
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******************** ************************************************ 

COMPUTATION OF 

J 14? 

THF DENSITY OF STATES 

INPUT DATA: 
D COEFFICIENTS 
2) COEFFICIENTS 

CII ) 
Od ) 

FOP 
FOR 

K**2 
ll/PI)2KIDK/DE) 

** 
* 
« 
* 
* 
• 
* 
* 
* 

SYMMETRY GROUP: D6H 

******************************************************************** 
IMPLICIT REAL*8 IA-H,0-Z) 
REAL*4 A?,G2,E1,E?.E? 
REAL*4 T,P,SVM 

REAL*4 ALPHA,AA?,GAMMA,CA?,EA1,EA?. EA3 
RFAL*4 ALPHP,AB?,GAMMB,GB?.EB1.EP2, EB? 
DIMENSION NAMI91),SYM91,16).C(91).D(91).IN(91),BI91) 
CrMMON/KUBE/NAM,SVM,KF,KLN 
COMMON/CARPY/NUT,LUMP,ALPHA,A2,GAMMA,G2,E1,E2,F3,JJJJ 

I13X,I4,F17.6) 
114) 
IFIO.4) 
IIHI.IIX,' DENSITY PF STATES CALCULATI ON'//5X, 
K,»*2 FIT WITH ',12,' HARMONICS.'//5X, 
Il/PI)?K1DK/PF) FIT WITH '.I?,' HARMONICS.'///) 
!• INTEGRATION STEPS'//) 
I/- -,4X,-STFP-,7X,-STFP-,6X,-THETA-,8X,-PHI-,6X, 

J -FERMI VELOCITY- ,ax, -FERMI RAOIUS-/' ',?X,'IN THETA',4X, 
$ -IN PHI-,?8X,-IK COMPONENT)'/) 
FORMAT (//• THETA INTEGRATION—',14,- STEPS-, 

i < PHI INTEGRATION — - , I 4 , - STFPS.-//) 
FORMAT (I7,4X,I7,F15.6,F12.6,F15.R,5X,F15.a) 
FORMAT (///15X,' DENSITY OF STATES (IN 1/(B0HR 

* 
** 

1 
2 
3 
4 

5 
6 

FORMAT 
FORMAT 
FORMAT 
FORMAT 

i -
$ • 

FORMAT 
FORMAT 

u 
1? 

13 

14 

10 

RADU)*«3-RY) IS 

' ) $ 1PD15.8,-
FOPMAT (F1C.6) 
FORMAT (///15X 

t lPnl5.8,-
FORMAT (///15X 

i 1PD15.8,-.•) 
FORMAT I///15X,- PENSITY 
$ 1P015.8,-.-) 
DC 11 I = 1,91 
C D ) = 0.1 

OFMSITY OF STATES UN 1/ATOM-RY) IS 

OFMSITY OF STATES UN 1/CC-EV) IS ', 

STATES UN l/CC-ERG) IS • 

DI D = 0.0 
NUT = •.' 
LUMP = 1 
READ 15,3) GAMMA 
ALPHA = 1.0 
EAl = C O 
EA? = 0.0 
FA? = 0 . 0 
PFAO 15,?) LC 
READ 15,1) 1 INI D ,C(I ) ,1' 
WPITF!6,D 1 INI I ),r(I ) ,r 
WPITEI6,?) GAMMA 
READ (5,?) GAMMB 

= 1,LD 
= 1.1 C ) 
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Al PHP = 1 . 1 
ERI = C O 
EB2 = 1 . 0 
EP? = C O 
RFAO 1 5 , 2 ) i n 
REAP ( 5 , 1 ) I INI I ) , 0 1 1 ) , 1 = 1 , 1 0 ) 
W R I T E I t . l ) I I N I I ) , O I I ) , I = 1 , L 0 ) 
W R I T E I 5 , ? ) GAMMB 
KE = M A X O I L C L O ) 
KLN = M T O L I K E , 2 ) 
PI = ?.14159265?5897i3 
READ (5,2) N,M 
PEAC (5,3) VOL 
JJJJ = 0 
nil = 0 
IF (FAl .NF. D JJJJ • 
IF IFA? .NE. D JJJJ = 
IF lEA? .NE. C) JJJJ • 
IE IFBl .NF. D II I I •• 
IF IFB2 .NE. 0) IIII = 
IF IFB3 .NF. D IIII ̂  
AA2 = ALPHA * ALPHA 
AP? = ALPHB * ALPHB 
GA2 = GAMMA * GAMMA 
GP2 = GAMMP * GAMMB 
CALL CPMSFT 
DEN = C O 
WPITE (6.4) LCLD 
WPITF lfc,7) N,M 
WPITE (5,5) 
WRITE (5,5) 
DT = PI/17.000-0 * IN-D ) 
DP = PI/(6.00010 * (M-D ) 
DO ?0 J = 1,M 
BE = O.C 
PP = (J-1I * OP 
PHI = PP * IBC.OODOr/PT 
PO 21 K = 1,N 
TT = (K-1) * OT 

* 1 RO.ODDiC/PI TT THETA = 
TA = TT 
TP = TT 
PA = PP 
pp = PP 
IF IGAMMA .EO. l.D 00 TO 40 
IF IJJJJ .ME. -) CAIL 0ILFR|E«1,F»2,CA?,TA,PA,1) 
ST = nSINITA) 
CT = DCnS(TA) 
SP = DSIN(PA) 
CP = DCOS(PA) 
ST? = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/DS0PT(ST2*ISP?*AA2*CP2)/GA2+CT2) 
IF ITEMP .OT. l.ODO) TEMP = l.OOi 
TA = OARCOSITEMP) 
SPP = SP/ALPHA 
CALL OFLCPISPP.iP,PA) 
T = TA 
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40 

41 

?C 

50 

51 

52 

P = PA 
COEFA = ST2*ISP2+AA2*CP2) 
GO TO 41 
COEFA = l.ODO 
T = TT 
P = PP 
R2 = 0.0 
CALL HXPOLYIT,P,B) 
00 3C I = 1,KE 
R2 = R2 • CII)»BII) 
R2 = R2/C0FFA 

IGAMMB .EQ 
IIIII .NE. 
= DSINITB) 
= DCOSITB) 
=CSINIPB) 

DCOSIPB) 

• GA2*CT2 

21 

20 

1.0) GO TO 5P 
0) CALL 01LERIEB1,EB2,EB3,TB,PB,1) 

IF 
IF 
ST 
CT 
SP= 
OP 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/DSQRTIST2*ISP2+AB2*CP2)/GB2+CT2) 
IF ITEMP .GT. 1.000) TFMP = 1.000 
TP = DARCOSITEMP) 
SPP=SP/ALPHB 
CALL DFLOPISPP,CP,PB) 
T = TB 
P = PB 
COEFB = ST2*ISP2*AB2*CP2) • GB2*CT2 
GO TO 51 
COEFP = l.CDC 
T = TT 
P = PP 
ADKCE=0.0 
CALL HXPOLYIT,P,B) 
DO 52 I = 1,KE 
ADKOE=AOKOE+OII)*BII) 
A0KCE=ADKDE*PI/COEFB 
P = 0SQRTIR2) 
VK=R/A0K0E 
VK = VK • VK 
ns = R2 * OSINITT)/VK 
WPITE 16,8) K,J,THETA,PHI,VK,R 
IF IMODIK,?) .FQ. 1) BOS = OS • DS 

0) BOS = OS • DS • DS • 
= OS 

DS 

.EQ. 
BDS 
BOS 

IF IMODIK,?) 
IF IK .EQ. 1) 
IF IK .EQ. N) 
BE = BE • BDS 
CONTINUE 
IF IMODIJ,2) .EO. 1) 
IF IMODIJ,2) .FO. 0) 
IF IJ .EC 1 ) BDEN = 
IF IJ.EO.M) BDEN=BE 
OEN=DEN+BDEN 
CONTINUE 
DEN = OEN * 24.00D0C 
PI2 = PI • PI 
PI? = PI2 * PI2 * PI2 
DEN = OEN • OEN 
OEN = DEN/PI2 

DS 

BDEN 
BDEN 
BE 

= BE 
= BE 

• B E 
BE BE • BE 

* DT » DP/9.00O00 
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WRITE (6.9) DEN 
AO = 5.29172D-09 
DEN = DEN/(AO*S0*AD 
AOFN = OEN 
VOL = VOL * l.'^"D-?4 
ADEN = ADEN * VOL 
WPITF (6,1?) AOFN 
DEN = DEN/13.61486 
WPITF (6,1?) DFN 
OEM = PEN * 1.61?060-1? 
WRITE (^.14) nEN 
STOP 
END 

****** ***** 
* 
* 
* 

!,*******«********«*********************************** 

J14? 

COMPUTATION OF THE DENSITY OF STATES 

1? 

14 

» INPUT DATA: 
* II COEFFICIENTS C( I 
* 2) COEFFICIFNTS 0(1 
* 
* 5YM^FTRY GROUP: C5H 
* 
***************************** 

IMPLICIT REAL*R lA-H.O-Z) 
PFAL*4 A2,0?,E1,E2.E3 
REAL*4 T.P.SYM 
RFAL*4 ALPHA,4A2,GAMMA,GA 
PEAL*4 ALPHB,AP2.GAMMB,OR 
DIMENSION NAM(91),SYM(01, 
CPMMON/KUBE/NAM,SYM.KF.KL 
CCMMON/CARPY/NUT,LUMP,ALP 

(10X,I4,F17.f) 
( 14) 
(FIO.4) 
(IHl.irX,- DEMSKY 
K**? FIT WITH •,I? 
(l/PI )?K(nK/nr) EI 
(' INTEGPATIPN STP 
(/' • ,4X,' STEP',7X 

t "FERMI VELOCITY',BX, 
S ' IN PHI• .2RX, '(K COM 

FORMAT ( / / • THETA INTEGRA 
S ' PH! IMTEGRATK'N 

FCSMAT ( I 7 , 4 X , 1 7 , F 1 ' ^ . 6 , F 1 
FORMAT (///15X.' DENSITY 

• IPDIS.R,•.-) 
FORMAT (FIO.6) 
FORMAT (///15X,' DENSITY 

i ipni5.8,-.•) 
FORMAT ( / / / I S X , - DENSITY 

t l P n i 5 . n , > . I ) 
FORMAT ( / / / 1 5 X , ' O E f ' S U Y 

t I P P l S . e , - . • ) 
no 10 I = i,Di 
c (I) = 0.0 

) FOP K**2 
) FOR ( l/PI )?KIOK/DE) 

1 
? 
3 
4 

5 
5 

FPRMAT 
FORMAT 
FORMAT 
FORMAT 

t -
$ • 
FORMAT 
FOPMAT 

***************************************** 

?,EA1,EA?, FA3 
?,FR1,EB2,E83 
16),C|ai),n!91),IN|ai),BI91) 
N 
HA,A?,GAMMA.G?,E1,E2,E?, JJJJ 

OF STATES CALCULATI0N-//5X, 
,- HARMONICS.'//5X, 
T WITH -,!?,- HARMONICS.-///) 
PS'//) 
,-STFP-,6X,-THETA',8X,-PHI-,6X, 
-FEPMI RADIUS-/' ',2X,'IN THETA',4X, 
PON ENT I '/) 
TION --',14,• STEPS' , 
— ',14,' STEPS.'//) 
2.5,P15.a,5X,F15.R) 
OF STATES (IN 1/(R0HR RA0D)**3-RY) IS ', 

cr STATES (IN 1/ATOM-RY) IS ', 

OF STATPS (IN l/CC-FV) IS -, 

OF STATES (IN 1/CC-FRD IS -, 
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10 011) = 0.0 
NUT = 0 
LUMP = 1 
READ (5,3) GAMMA 
ALPHA = 1.1 
EAl = C O 
EA2 = O.C 
EA? = C C 
READ (5,2) 
READ (5,1) 
WPITF(6,1) 
WPITE(6,3) 
RFAC (5,3) 
ALPHB = 1. 
EBl = C O 
EB2 = C O 
FR3 = 0.0 
RFAO (5,2) 
READ (5,1) 
WR1TE(6,1) 
WRITE(6,?) 
KE = MAXOILCLO) 
KLN = MTCLIKE,?) 

LC 
I INI I ) , C I I ) , I = 1 , L C ) 
I INI I ) , C d ) , I = 1 , L C ) 
GAMMA 
GAMMB 

LO 
I I N I I ) , 0 1 1 ) , I = 1 , L D ) 
I INI D , D I I ) , I = 1 , L D ) 
GAMMB 

PI = 
READ 
READ 
JJJJ 
n i l 
IF 
IF 
IF 
IF 
IF 
IF 

?.14159265?5B9793 
15.2) N,M 
15.3) VOL 
= C 

NF. 
NE. 
NF. 
NE. 
NE. 
NE. 

IFAl 
IFA2 
lEA? 
IFBl 
IFB2 
IFB? 

AA? = ALPHA 
AP? = ALPHP 
GA2 = GAMMA 
GB2 = GAMMB 
CALL COMSET 
DEN = C O 
WPITE 16,4) 

JJJJ 
JJJJ 
JJJJ 
IIII 
D d 
IIII 

ALPHA 
ALPHB 
GAMMA 
GAMMB 

Lccn 
N,M WP ITE 16,7) 

WPITE 16,5) 
WRITE 16,5) 
OP = PI/l?.CODiO * IM-1) ) 
OT = 01/12.OinOO*IN-l)) 
DP 21 J = l.M 
BE = O.G 
PP = IJ-D * DP 
PHI = PP « 1 8 C O 0 O 0 C / P I 

0 0 ?1 K 
TT = I K -
THFTA = 

1,N 
1 ) 
TT 

OT 
1 8 0 . 0 i o n i / P I 

TA 
TR 
PA 
PB 
IF 
IF 
ST 

= TT 
= TT 
= PP 
= PP 
IGAMMA 
(JJJJ . 

.EO 
NE. 

.C ) GO TO 40 
CALL OILEPIEAl,EA2,EA?,TA,PA,11 

OSINITA) 
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0) GO TO 50 
CALl CILEP!EB1,EB2,EB?,TB,PB,1 ) 

CT = OCOSITA) 
SP = DSINIPA) 
CP = DCOSIPA) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/DSQRTIST?*ISP2+AA2*CP2)/GA2+CT2) 

IF ITEMP .GT. l.ODO) TEMP = l.COO 
TA = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOPISPP,CP,PA) 
T = TA 
P = PA 
COEFA = ST2*ISP2+AA2*CP2) + GA2*CT2 
GO TO 41 

40 COEFA = l .ODO 
T = TT 
P = PP 

41 P2 = 0 . 0 
CALL C 6 P 0 L Y ! T , P , B ) 
DO 30 I = l . K E 

30 R? = R? • C I I ) * B ! I ) 
R2 = R2 /C0EFA 
I F IGAMMB . E O . 1 
IE I I I I I . N E . 3 ) 
ST = D S I N I T B ) 
CT = DCOSITB) 
S P = D S I N ! P 8 ) 
CP = DCOSIPR) 
ST? = ST * ST 
CT? = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = C T / D S 0 R T I S T 2 * ! SP? + A P ? * C P 2 ) / G B 2 + C T 2 ) 
IF ITEMP . G T . l . C D O ) TEMP = 1 . 0 0 0 
TR = DARCOSITEMP) 
SPP=SP/ALPHB 
CALL D F L O P I S P P , C P , P P ) 
T = TB 
P = PB 
COEFB = ST2*ISP2+AB?*CP2) • GB2*CT2 
GO TO 51 

50 COEFB = l.CDO 
T = TT 
P = PP 

51 ADKDE=0.0 
CALL C5P0LYIT,P,B) 
DO 52 1 = 1,KF 

52 ADKDE=ADKOEtDII)*B!I) 
ADKCE=ADKDE*PI/CO FEB 
R = 0S0RTIR2) 
VK=P/ADKOE 
VK = VK + VK 
ns = R2 * nSINITT)/VK 
WRITE 16,8) K,J,THETA,PHI ,VK,R 
IF IMODIK,2) .EQ. 1) BDS = DS •'oS 
IF IMODIK,2) .EO. 0) BDS = DS • DS • DS • DS 
IF IK .EQ. 1) BDS = DS 
IF IK .EO. N) BDS = DS 
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BOEN 
BDEN 
BE 

= 
= 

RE 
BE 

+ 
• 

BE 
HE 

PF = BE + BDS 
21 CONTINUE 

IF IMODIJ,2) .FO. 1) 
IF IMODIJ,2) .EO. 0) 
IF IJ .FQ. 1) BDEN = 
IF IJ.ECM) BOEN=BE 
DEN=PEN+BDEN 

20 CONTINUE 
DEN = DEN * 12.00D0C * DT * OP/9.00DOO 
PI2 = PI + PI 
PI2 = PI2 * PI2 * PI2 
DEN = DEN + DEN 
DFN = DEN/PI2 
WPITF 16,9) DEN 
AC = 5.291720-09 
DEN = DEN/!A0*AO«A0) 
AOEN = DEN 
VOL = VOL * 1.000-24 
AOEN = ADEN * VOL 
WPITE 16,12) ADEN 
DEN = DFN/1?.60486 
WRITE 16,13) DEN 
DEN = OEN * 1.602060-12 
WPITE 16,14) OEN 
STOP 
END 

• BE • BE 

********************************************************************* 
* 
* J144 
* 
* COMPUTATION OF THF DENSITY OF STATES 

INPUT DATA: 
1) COEFFICIENTS CII) 
2) COEFFICIENTS O d ) 

SYMMETRY GROUP: 030 

FOR 
FOP 

K**2 
I l/PI)?KI0K/DF) 

********************************************************************* 
IMPLICIT REAL*R !A-H,0-Z) 
REAL*4 A2,G2,E1,E2,F? 
REAL*4 T,P,SYM 
REAL*4 ALPHA,AA2,GAMMA,GA2,EA1,FA7,EA3 
REAL*4 ALPHB,AB7.GAMMB,GR2,EB1,EB2,EB3 
DIMENSION NAMI91) ,SYM191,It),C191),DI91),INI 91),BI91) 
COMMON/KUBE/NAM,SYM.KE,KLN 
COMMON/CARPY/NUT,LUMP,ALPHA,A2,GAMMA,G?,F1,F2,E3,JJ JJ 
FORMAT IlOX,I4,E17.6) 
FORMAT 114) 
FORMAT IFIO.4) 
FPRMAT IIHI.ICX,- DENSITY OF STATES CALCULAT I ON-//5X, 
, . K**2 FIT WITH ',12,' HARMONICS.'//5X, 
t ' Il/PI)2KI0K/DE) FIT WITH ',1?,' HARMONICS.'///) 
FORMAT I' INTEGRATION STEPS'//) 
FORMAT I/' -,4X,-STEP-,7X,-STEP-,6X,-THETA',8X,'PHI',6X, 

$ 'FERMI VELOCITY',8X,-FERMI RADIUS-/' •,2X,'IN THETA',4X, 
$ 'IN PHI',7aX,'IK COMPONENT)'/) 
FORMAT I//' THETA INTEGRATION —',14,' STEPS', 
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11 
1? 

13 

14 

10 

i < PH! INTEGRATION — ' , 1 4 , ' STFPS 

FORMAT (17. 4X, 17,F15.6,F12.6,Fl5.3,5X,F15 

FORMAT (///15X,' DENSITY OF STATES (IN 

«, 1PD15.8,-.-) 
FORMAT (FIO.61 
FORMAT I///15X,- DENSITY 

$ IPD15.8,-.-) 
FORMAT I///15X,- DENSITY OF STATES 

t 1PD15.R,-.-) 
FORMAT I///15X,- DENSITY OF STATES 

t 1PD15.R,'.') 
DO 10 I = 1,91 
ClD = 1.0 

//) 
R) 

1/IBOHR RADII)*«3-RY) IS ', 

PF STATES U N 1/ATOM-RY) IS ', 

(IN 1/CC-EV) IS ', 

(IN 1/CC-ERG) IS ', 

D ( I ) = C.I 
NUT = 0 
LUMP = 1 
REAC (5,3) GAMMA 
ALPHA = I.C 
EAl = 0.1 
FA2 = C C 
FA? = C O 
READ 15,2) LC 
REAC 15,1) I INI D . C d ) ,1 = 1 
WP!TF(6.1» ( INd) .C(n ,1 = 1 
WPITF(6,?) GAMMA 
READ (5,?) GAMMB 
ALPHB = 1.0 
EBl = C O 
EB? = C O 
EP? = 0,0 
RFAD (5,2) LD 
READ (5.1) ( INI I ) ,Din . 1=1 
WPITF(6.D ( INI I ) ,D(D .1=1 
WRITE(6,3) GAMMP 
KE = MAXOILCLD) 
KLN = MT0LIKE,4) 
PI = 3.14159?65?53Q79? 
REAC I 5,2) N,M 
RFAD (5,?l VOL 
JJJJ = 0 
IIII = 0 
IF (FAl .NF. 1) JJJJ = 1 
IF (EA? .NF. C) JJJJ = 1 
IE (EA? .NF. C) JJJJ = 1 
IF (FBI .NE. 0) IIII = 1 
IF (FB? .NE. D nil = 1 
IF (PR? .NE. 0) IIII = 1 
AA2 = ALPHA •:= Al PHA 
AR? = ALPHP * ALPHR 
GA? = GAMMA * GAMMA 
GP? = GAMMP * GAMMB 
CALL COMSET 
DEN = C O 
WPITE (6,4) L C L D 
WPITF 16,71 N.M 
WPITF (6,51 
WRITE 16,6) 
DP = Pl/n.OOn^O * (M-1 ) ) 
FT = PI/(2.LCD"" * IN-1) ) 
no ?c J = i,M 

LC) 
ICl 

LD) 
LOl 
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40 

41 

30 

50 

51 

BE = 0.0 
PP = lJ-1) * PP 
PHI = pp * IRO.OOCOC/PI 
OP 21 K = l.N 
TT = IK-
THFTA = 

1) 
TT 

OT 
130.C30"0/PI 

TA 
TP 
PA 
PP 
IF 
IF 
ST 
CT 
SP 
CP 
ST2 

= TT 
= TT 
= PP 
= PP 
(GAMMA . E C 1. 
(JJJJ .NE. 3) 
= DSINITA) 
= OCOSITA) 
= DSINIPA) 
= DCOSIPA) 

ST * ST 

1) GO TO 40 
CALL OILERIEAl,EA7,EA3.TA,PA.l) 

CT2 = CT * CT 
SP? = SP * SP 
CP2 = CP * CP 
TEMP = CT/nSQPTI ST2*I SP?'-AA?*CP?)/GA? + CT2) 
IF ITEMP .GT. l.COO) TEMP = 1.001 
TA = OARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOPISPP.CP.PA) 
T = TA 
P = PA 
COEFA = ST2*ISP7+AA?*CP?I + GA?*CT2 
GO TO 41 
COFFA = l.CDO 
T = TT 
P = pp 
R? = cr 
CALL D3P0LYIT,P.R) 
00 ?1 I = l.KE 
P2 = R? + 0! I )*BI D ^ 
R2 = R2/C0EFA 
IF IGAMMB .EO 
IF IIIII .NE. 
ST = DSINITB) 
CT = nrosiTB) 
SP=DSIN1PR) 
CP = DCOSIPB) 
ST2 = ST * ST 
CT2 = CT * CT 
SP? = SP * SP 
CP2 = CP * CP 
TEMP = CT/nSQPTIST?*ISP?+AB2*CP2)/GB2+CT2) 
IF ITFMP .GT. l.rnO) TEMP = 1.000 
TB = DARCOSITEMP) 
Spo=SP/ALPHB 
CALL DFLOPISPP.CP.PB) 
T = TB 
P = PB 
COEFB = ST2»ISP?+AB?*CP?) • GB?*CT? 
GO TO 51 
COFFR = 1.100 
T = TT 
p = PP 
AOKnE=0.0 

1.0) GO TO 5C 
0) CAll CILEPIEai.FB?.EB3.TB.PB.l) 
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52 

21 

20 

CALL 03POLY(T,P.P) 
DO 52 I = l.KE 
AOKDE=ADKDF*DII )*BI 1) 
ADKCE=ADKDE*PI/COEFP 
R = 0SQRTIP2) 
VK=R/AOKnE 
VK = VK + VK 
DS = R2 * OSIN!TT)/VK 
WRITE 16,8) K,J,THETA.PHI,VK,R 
IF (M0D(K,2) .EQ. 1) BDS = DS ^ 

(MO0(K,2) .FO. 0) BOS = DS < 
BDS = ns 
Bns = ns 

IF 
IF 
IF 
BE 

ns 
DS 

• DS • DS 

IK .EQ. 1) 
IK .EC N) 
= BE + BDS 

CONTINUE 
IF IMODIJ,2) .EO. 1) 
IF I MOD I J,2) .EQ. 0) 
IF IJ .EO. 1) BDEN = 
IF IJ.EO.M) RDEN=BE 
DEN=DEN+BOEN 
CONTINUE 

BDEN 
BDEN 
BE 

= BE 
= BE 

BE 
3E BE BE 

DEN = 
PI? = 
PI? = 
DEN = 
OEN = 
WRITE 
AO = • 
DEN = 
ADEN •-
VOL = 
A D E N •• 
WRITE 
DEN = 
WRITE 
DEN = 
WRITE 
STOP 
END 

DEN * 12.O0D00 
PI • PI 
PI? * PI2 * PT2 
DEN • DEN 
DEN/PI2 
(6,9) DEN 
;.29172D-C9 
PEN/(A0*A0*A0) 
= DEN 
VOL * 1.300-24 
= ADEN * VOL 
(6,12) AOEN 
DEN/13.60486 
16,13) OEN 
DEN * 1.60206D-
16,14) DEN 

* OT * DP/9.30000 

12 

C ********************************************************************** 
0 * * 
C * J145 * 
C * * 
C * COMPUTATION OF THF DENSITY OF STATES * 
C * * 
C * INPUT DATA: * 
C * 1) COEFFICIENTS CII) FOR K**2 * 
C * 2) COEFFICIENTS D I D FOR I l/PI) 2KI OK/DE) * 
C * * 
C * SYMMETRY GROUP: S5 IC?I) * 
C * * 
C ************************* ************************************* ******** 

IMPLICIT REAL*R IA-H,0-Z) 
REAL*4 A2,G2,E1,E2,E? 
REAL*4 T.P.SYM 
REAL*4 ALPHA,AA?, GAMMA,GA2,EA1,EA2,EA? 
PEAL*4 ALPHB.AB2,GAMMB,GB?,FB1,EB2,EB3 
DIMENSION NAMIQl),SYM191,16),CI91),0191),INI91),BI91) 
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1 
2 
? 
4 

5 
6 

FORMAT 
FORMAT 
FORMAT 
FORMAT 

t ' 
i -
FORMAT 
FORMAT 

u 
12 

1? 

14 

10 

COMMPN/KUBF/NAM,SYM.KE,KLN 
COMMON/CAREY/NUT,LUMP,ALP HA,A2,GAMMA,G2,E1,E2,F3,JJJJ 

I IPX, 14,E17.6) 
I 14) 
IF11.4) 
I1H1,10X,- DEMSITY OF STATES CALCULAT I ON -//5X, 
K*»2 FIT WITH -,17,- HARMONICS.•//5X, 
Il/PI)?KinK/PF) FIT WITH ',!?,' HARMONICS.'///) 
I' INTEGRATIPN STEPS'//) 
I/' •,4X,'STFP',7X,'STFP',6X,'THETA',aX,'PHI',5X, 

J, 'FERMI VELOCITY" ,RX, -FERMI RADIUS-/- ',?X,-1N THETA-,4X, 
f 'IN PHI',?RX,'IK COMPONENT)'/) 
FORMAT I//- THETA INTEGRATION — - , I 4 , - STEPS', 

t ' PHI INTEGRATION — ' , 1 4 , ' STEPS.'//) 
FORMAT II7,4X,I7,F15.6,F12.6,F15.a,5X,F15.B) 
FORMAT I///15X,' OEVSITY OF STATES U N 1/IBOHR RADII)**3-RY) IS 
$ lP015.a,'.-) 
FORMAT IF1C6) 
FORMAT I///15X," 

i iP0i5.a,'.') 

FOPMAT I///15X," DENSITY OF STATES (IN 1/CC-EV) IS 
$ 1PD15.8,'.') 
FORMAT (///15X.' DENSITY OF STATES (IN 1/CC-ERG) 

t 1PD15.8,'.') 
DO IC I = l.°l 
C ( I ) = C O 

DENSITY CE STATES (IN 1/ATOM-PY) IS ', 

IS 

ni I) = 1.1 
NUT = 1 
LUMP = 1 
REAC 15,31 GAMMA 
ALPHA = 1.0 
FAl = 0.1 
EA2 = C O 
EA3 = 1.0 
RFAD 15,2) LC 
READ 15,1) 1 INI I).CII).1 
WRITEI6,1) 1 INI I) ,C( I),1 
WRITFI6,?) GAMMA 
REAC 15,?) GAMMB 
ALPHP = l.( 
EBl = C O 
ER2 = 1.1 
EB? = 0.1 
RFAO 15,2) LD 
PEAO 15,1) 1 INI I) , D d ) ,1 
WRITE 16,1) 1 INI I) ,niT ) ,1 
WRITFI6,3) GAMMB 
KE = M A X O I L C L D ) 
KLN = MTOLIKE,5) 
PI = 3.14159265358979? 
READ 15,2) N,M 
READ 15,?) VOL 
JJJJ = c 
l \ \ \ = 0 
IF lEAl .NF. D J.UJ = 
IF IFA? .NF. ') JJJJ = 
IF lEA? .NF. 1) JJJJ = 
IF (FBI .N F. 0) IIII = 
IF IFR? .NT. C) IIII = 
IF IFR? .NF. D I II I = 

=1,LC) 
=1,LC) 

= 1,L0) 
= 1,LD) 
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40 

?0 

AA2 = 
AB? = 
GA2 = 
GP? = 
CALL 
OEN = 
WRITE 
WPITE 
WPITE 
WP ITE 
DP = 
DT = 
DO 2C 
PF = 
PP = 
PHI = 
00 ?1 
TT = 
THETA 
TA = 
TP = 
PA = 
PE = 

ALPHA * 
ALPHP * 
GAMMA * 
GAMMB * 

COMSET 
C O 

ALPHA 
ALPHB 
GAMMA 
GAMMB 

(6,4) L C L D 
(6,7) N 
(6,5) 
(6,5) 

2.CCDrO ' 
PI/(2.0i' 
J = l.M 

1 .0 
(J-1) * 1 

," 

* pi/(?.concc 
-1"" * (N-D) 

DP 

PP « iBcoomr/pi 
K = l.N 
(K-l) * 
= TT * 

TT 
TT 
pp 

pp 
IF (GAMMA .EO 
IE (JJJJ .NE. 
ST = 
CT = 

DSIM(TA) 
DCOS(TAI 

DT 
IRC 11C0 0/PI 

. 1.1) GO TO 
0) CALL OILE 

* IM-1)) 

SP = DSINIPA) 
CP = nCOS(PA) 
ST? = ST * ST 
CT? = CT * CT 
SP? = SP * SP 
CP? = CP * CP 
TEMP = CT/DSORT(ST?*l SP2 + AA2*CP2)/GA2 + CT2) 
IF ITEMP .GT. l.ODO) TFMP = l.ODO 
TA = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL nFLOPISPP.CP.PA) 
T = TA 
P = PA 
COEFA = ST?*(SP2+AA?*CP2) • GA2*CT2 
GO TO 41 
COEFA = l.CDO 
T = TT 
P = PP 
R2 = C O 
CALL SfrPOLYIT.P.R) 

?C I = 1,KE 
= R2 + C(I)*R(I) 
= R7/C0EFA 

1.01 CO TO 50 
1) CALl CILEP(EB1,EB2,EB?,TB,PB,1) 

00 
R2 
R2 
IF 
IF 
ST 
CT 

(GAMMB .EO, 
IIIII .NE. 
= DSINITB) 
= OCOS(TB) 

SP=CSIN(PB) 
CP = DCOS(PB) 
ST? = ST * ST 
CT? = CT * CT 
SP? = SP « SP 
CP? = CP * CP 
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TEMP = CT/0S0RTIST2*ISP2^AB2*CP2)/GB2^CT2) 
IF ITEMP .GT. l.COO) TEMP = 1.000 
TB = DARCOSITEMP) 
SPP=SP/ALPHB 
CALL OFLOPISPP,CP,PB) 
T = TR 
P = PB 
CCFFP = ST2*ISP2+AB2*CP2) • GR2*CT2 
GO TO 51 

50 COFFB = 1.000 
T = TT 
p = pp 

51 ADKDE = C C 
CALL S6P0LYIT,P,B) 
DO 52 I = 1,KE 

52 ADKDF=ADKOE+DII)*BII) 
AOKDE=ADKOE*PI/COEFB 
R = DSQRTIR2) 
VK=R/ADKOE 
VK = VK + VK 
DS = R2 * D S 1 N I T T ) / V K 
WRITE 1 6 , 8 ) K , J , T H E T A , P H I , V K , R 
IF IMODIK,2) .EC 1) BOS = DS + DS 
IF IMODIK,2) ,E0, 0) BDS = DS • OS • DS + DS 
IF IK ,EQ, 1) BDS = DS 
IF IK ,EQ, N) BOS = OS 
BE = BE • BOS 

21 CONTINUE 
TF IMODIJ,2) .EQ. 1) BDEN = BE • BE 
IF IMODIJ,2) .EO. 0) BDEN = BE • BE • BE • BE 
IE IJ .EQ. 1) BDEN = BE 
IF IJ.EO.M) BOEN=BE 
nEN=nEN+BDEN 

20 CONTINUE 
DEN = DEN * 6.00000 * OT * 0P/9.00D00 
PI2 = PI + PI 
PI2 = PI2 * PI? * PI2 
DEN = DEN + DEN 
DEN = 0EN/PI2 
WRITE 16,9) DEN 
AC = 5.291720-09 
DFN = DEN/IA0*A0*AO) 
ADEN = DEN 
VOL = VOL * 1.000-24 
ADEN = ADEN * VOL 
WPITF 16,12) ADEN 
DFN = DEN/13.604R6 
WPITE 16,13) OEN 
OEN = DEN * 1.602050-12 
WPITE 16,14) DEN 
STOP 
END 

c ,**»*•*•*»*«**•********************************•********************** 

c * * 

C * COMPUTATION OF THE DENSITY OF STATES * 

0 * 



216 

INPUT DATA: 

1) COFFFICIENTS 
7) COEFFICIENTS 

CII) 
DI I ) 

FOR 
FOR 

K*«2 
ll/PI)?KIDK/OE) 

SY'^MFTPY GROUP : 04 H 

! , ********«******************************** **************************** 
I M P L I C I T REAL*S l A - H , G - Z ) 
REAL*4 A 2 , G 2 , F 1 , F 2 , E ? 
P F A L * 4 T . P . S Y M 
REAL*4 A L P H A , A A ? , G A M M A , G A ? , F A 1 , E A ? , E A ? 
REAL*4 A L P H R , A 9 ? . n A M M D . G R 2 , E ? l , E B 2 . E B ? 

DIMENSION N A M ( O D , S Y M ( 9 1 . 1 6 ) , C ( 9 1 ) , n l 9 1 ) , I N I 9 1 ) , B | 9 1 ) 

COMMDN/K I I?F /NCM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A2 , G A M M A , G ? , E 1 , E 2 , F 3 , J J J J 
FORMAT ( 1 0 X , I 4 , E 1 7 . 6 ) 

( 14) 
( F I O . 4 ) 
( I H l . l O X , " DENSITY OF STATES CALCULAT I O N ' / / 5 X , 
K * * ? F I T WITH ' , 1 2 , ' H A R M O N I C S . ' / / 5 X , 
( l / P I ) ? K ( D K / D E ) F I T WITH ' , ! ? , ' H A R M O N I C S . ' / / / ) 
(• INTEGRATION STEPS'//) 
(/" ",4X,-STEP-,7X,-STFP',6X,-THETA',8X,'PHI-,6X, 

iFEPMI VELOCITY".BX,-FERMI RADIUS-/- ',2X,'IN THETA-,4X, 
-IN PHI-.2RX.'(K COMPONENT)-/) 

FORMAT (//" THETA INTEGRATION — - , 1 4 . - STEPS', 
• PHI INTEGPATION — ' , 1 4 , ' STEPS.'//) 

(I7.4X,I7,E15.6,F12.6.F15.8,5X,F15.8) 

11 
1? 

13 

14 

K 

FORMAT 
FORMAT 
FORMAT 

FORMAT 
FPRMAT 

FPRMAT 
FPRMAT (///15X," DENSITY 

) 

DENSITY 

$ 1PD15.B,-. 
FORMAT (FIO.6) 
FORMAT (///15X, 
$ lPni5.8,-.') 
FCMAT (///15X," DENSITY 

i 1PD15.B, " . • ) 
FORMAT (///15X,- DENSITY 

$ 1P n 15 .8 , " ." ) 
DO 11 I = 1,91 
0(1) = (•.? 
DID = 0.0 
NUT = 0 
LUMP = 1 
READ (5,31 GAMMA 
ALPHA = 1.0 
FAl = 0.1 
EA? = O.C 
EA? = C C 
READ (5,2) 
PEAO (5,1) 
WRITE(5,1) 
WRITF(6,?) 
RFAD (5,?) 
ALPHB = 1.0 
EBl = C O 
EB2 = 0.1 
EB? = 1.0 
READ (5.2) 
RFAD (5.1) 
WRITE(6,D 
WRITE(6,?) 

OF STATES (IN 1/IBOHR RADd)**?-RY) IS -, 

OF STATES IIN 1/ATOM-RY) IS '. 

OF STATES IIN 1/CC-EV) IS ', 

OF STATES IIN 1/CC-ERG) IS ', 

LC 
I INI I) ,C(I ) .I = 1,LC) 
I INd ) ,C(I ) ,I = I,LD 
GAMMA 
GAMMP 

LD 
(tN(D,D(I),1=1,LO) 
I INd ),D(I ), 1=1,LD) 
GAMMB 
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40 

41 

MAXOILCLD) 
MT0LIKE,6) 

3.1415026535B979? 
15,2) N,M 
15,?) vol 
= C 

KE = 
KLN • 
PI = 
PEAO 
REAC 
JJ )J 
I I D 
IF 
IF 
IF 
IF 
IF 
IF 
AA? = ALPHA 
AB2 = ALPHB 
GA2 = GAMMA 
GB? = GAMMP 
CALL CCMSET 
DEN = 0.1 

= C 
lEAl 
IEA7 
If A? 
lEBl 
lEB? 
IFB? 

.NF. 

.NE. 

.NE. 

.NF. 

.NF. 

.NE. 

0) 
D 
1) 
C ) 
C) 
D 

JJJJ 
JJJJ 
JJJJ 
D I I 
IIII 
IIII 

ALPHA 
ALPHB 
GAMMA 
GAMMR 

16,4) L c m 
16,7) N,M 
16,5) 
16,6) 

= PI/14.COOCi i 
- PI/I 2.00DOC s 
70 J = 1,M 
= 1.0 
= IJ-D * DP 

pp « i R O . o r m r / P i 
K = 1 , N 

WRITE 
WRITE 
WPITF 
WP ITE 
OP = 
DT 
OP 
BE = 
PP = 
PHI = 
PO 71 
TT = IK 
THETA = 
TA 
TB 
PA 
PB 
IF 
IF 
ST 

|M-1)) 
IN-1)) 

• 1 ) 

TT 
DT 
IPi 

CT 
SP 
CP 
ST2 

= TT 
= TT 
= PP 
= pp 
IGAMMA 
IJJJJ 
= OSINITA) 
= OCOSITA) 
= DSINIPA) 
= OrOS(PA) 
= ST * ST 

.EC 
.KF. 

.orr:i/pi 

, 0) GO TC 4C 
CALL o n EPI FAl ,EA2,FA?,TA,PA, I ) 

CT7 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/nS0PT|ST2* lSP2+AA2*CP?)/GA2^CT2) 
IF ITEMP .GT. 1.CD1) TEMP = l.COO 
TA = OARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLnPISPP,CP,PA) 
T = TA 
P = PA 
CPEFA = ST7*ISP?+AA?*CP?) + GA?*CT2 
GO TP 41 
COEFA = i.rno 
T = TT 
P = pp 

P7 = C.(. 
CALL S0POLY|T,P,e) 
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DO ?0 I = 1,KE 
30 R2 = R? • Cl I)*BI I) 

R2 = R2/C0EFA 
TF IGAMMB .EQ. 1.0) GO TO 50 
IE d i d .NE. 0) CALL 01 LEP I EBl , EB2 , EB3,TB, PB , I) 
ST = DSINITB) 
CT = DCOSITB) 
SP=nSINIPB) 
CP = DCOSIPB) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/DSQRTIST2*ISP2+AB2*CP2)/GB2+CT2) 
IF ITEMP .GT. l.ODO) TEMP = 1.000 
TB = DARCOSITEMP) 
SPP=SP/ALPHB 
CALL DFLOPISPP,CP,PP) 
T = TB 
P = PB 
COFFB = ST2*ISP?+AB2*CP2) • GB2*CT2 
GO TO 51 

50 COEFB = l.COO 
T = TT 
P = PP 

51 ADKOE=0.0 
CALL SQPOLYIT,P,B) 
DO 52 I = 1,KE 

52 AOKDE=ADK0E+OII)*BII) 
ADKDE=ADKDE*PI/COEFB 
R = DSQRTIR?) 
VK=R/ADKDE 
VK = VK + VK 

OS 

21 

20 

DS = R2 * DSIN1TT)/VK 
WPITE 16,8) K,J,THETA,PHI, 
IF IMODIK,?) .EC 1) BOS = 
IF IMODIK,2) .EQ. 0) BDS = 
IF IK .EQ. 1) BOS = DS 
IF IK .EC N) BDS = DS 
BE = BE + BDS 
CONTINUE 
IF IMODIJ,2) .EO. 1) BDEN 
IF IMODIJ,2) .EO. 0) BDEN 
IE IJ .EC 1) BDEN = BE 
IF IJ.EO.M) BDEN=BE 
DEN=OEN+BDEN 
CONTINUE 
DEN = DEN * 15.00000 * DT 
PI2 = PI + PI 
PI2 = PI? * PI2 * PI2 
DEN = DEN • DEN 
DEN = DEN/PI2 
WRITE 15,9) DEN 
AO = 5.291720-09 
DEN = DEN/IA0*AO*AO) 
ADEN = OEN 
VOL = VOL * 1.000-24 
ADEN = ADEN * VOL 
WRITE 15,12) ADEN 
DEN = OEN/13.60485 

,VK,R 
= DS + OS 
= DS • DS + D 

= BE • BE 
= BE • BE • 

* OP/9.00DOO 

BE • BE 



219 

WRITE 
DEN = 
WRITE 
STOP 
END 

16,1?) OEN 
DFN * 1.612060-
16,14) OFN 

17 

;***»****«************ *'•.********************«************************ 
* 

J 1 4 7 * 

* 
COMPUTATION PF TWE DFNS'TY OF STATES * 

INPUT D A T A : 

n C C F F F I D E N T S 
2 ) C O E F F I C I E N T S 

r IT ) 
D( I ) 

FOP 
FOR I 1/PD2KI DK/OE) 

SYMMETRY G P O U P : C4H 

t************ *************************************'*****''•* ************ 
I M P L I C I T R E A L * f l | A - H , 0 - Z ) 
R E A L * 4 A ? , G 2 , E 1 , E 2 . E ? 
R E A L * 4 T , P , S Y M 
R E A L * 4 A L P H A , A A ? , G A M M A , G A ? , E A 1 , E A 2 , F A ? 
R E A L * 4 A L P H B , A B 2 . G A M M R , G P 2 , F B l , E B ? . r R 3 
OIMFN'SION N A M I Q l ) , S Y M ( n l , l ( ) . C 1 9 1 ) . 0 1 9 1 ) , I N I 9 I ) , B I 9 D 
C O M M O N / K U B E / N A M , S Y M , K F , KLN 
C O M M P M / C A R P Y / M U T , L U M P , A L P H A , A 2 , G A M M A , G 7 , E l , E 2 , E 3 , J J J J 

I l ' - X , ! 4 , F 1 7 . f ) 
114) 
I F 1 1 . 4 ) 
IIHI.IIX,- DENSITY cr STATES CALCULATI ON'//5X, 
K**2 FIT WITH '.12," HARMONICS.'//5X, 
( l/PD2K(PK/rF) FIT WITH ',12,' HARMONICS.'///) 
(" INTEGRATIPN STEPS'//) 
I/' ",4X,'STEP",7X,-STEP',6X,-THETA' ,RX , ' PHI ' , 6X , 

% .FEPMI VELOCITY-,RX,-FERMI RADIUS-/- -,2X,-IN THETA',4X, 
$ 'IN PHI',28X,'IK COMPONENT)'/) 
FORMAT I//" THFTA INTEGPAT I ON — ' . 1 4 , ' STEPS', 

% • PHI INTEGRATION — - , 1 4 , - STFPS.'//) 
FORMAT !I7,4X,I7,F15.6,F12.6,F15.3,5X,F15.a) 
FORMAT I///15X.' DENSITY CF STATES IIN 1/IBOHR RAOI I)**3-RY) IS ', 

1 
2 
3 
4 

5 
6 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
$ -
i -
FORMAT 
FORMAT 

u 
1? 

13 

14 

IC 

t 1 P D 1 5 . R , - . - ) 
FORMAT I F 1 C 6 ) 
FORMAT I///15X," OFMSITY OF 

$ 1 P 0 1 5 . P , - . • I 
FOPMAT I / / / 1 5 X , ' OENiSITY OF 

$ 1 P D 1 5 . R , - . - I 
FORMAT I / / / 1 5 X , " i F N i S I T Y OF 

i 1 P D 1 5 . B , - . • ) 

00 11 I = 1,°1 
Cl I) = C ? 
D I D = C . i 
NUT = 1 
LUMP = 1 
RFAO | 5 , ? ) GAMMA 
ALPHA = 1 .0 
E A l = 0 . 0 
EA? = O . n 
FA3 = C O 

STATES 

STATES 

STATES 

1 IN 

IIN 

IIN 

1 / A T O M - R Y ) IS 

l / C C - F V ) IS - , 

1 / C C - E P G ) IS " 
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REAP 
READ 
WRITE 
WPITE 
RFAC 
ALPHR 
EBl = 
EB? = 
EB? = 
RFAC 
READ 
WRITE 
WRITE 
KE = 
KLN 
PI = 
READ 
READ 
JJJJ 
d d 
IF IE 

LC 
( IN( D ,CII ) , 1=1,LC) 
I INI D ,CII ) ,I=1,LC) 
GAMMA 
GAMMB 

1,L0) 
1,LD) 

(5.?) 
15,1) 
16,1) 
16,?) 
15,3) 
= 1.0 
C O 
C C 
C O 
15,?) LD 
15,1) I INI I),DI1 ), 1 = 
16,1) (IN(I),0(1),1= 
(5,?) GAMMR 
M A X O U C L D ) 
MTOL(KE,7) 

?.14159?65?5897°? 
(5,2) N.M 
(5.?) VOL 
= 1 

20 

IF 
IF 
IF 
IF 
IF 
AA2 = 
AB? = 
GA? = 
GB? = 
CALL 
DEN = 
WRITE 
WRITE 
WRITE 
WRITE 
DP 
DT 
00 
BE 
PP = 
PH! = 
DO ?1 
TT = 
THETA 
TA 
TP 
PA 
PB 
IF 
IF 
ST 
CT 
SP 
CP 
ST? = 
CT? = 
SP2 = 
CP2 = 
TEMP 

AI 
A? 
A^ 
Bl 
B2 
B? 

JJJJ 
JJJJ 
JJJJ 
IIII 
IIII 
IIII 

ALPHA 
ALPHB 
GAMMA 
GAMMB 

L C L D 
N.M 

|M-1)) 
(N-l) ) 

.NF 

.NE 

.NF 

.NE 

.NE 

.NF 
ALPHA 
ALPHR 
GAMMA 
GAMMR 

COMSET 
0.0 
16.4) 
16,7) 
16,5) 
16,6) 

PI/(2.00Pii 
PI/I?.00011 
J = l.M 

C O 
IJ-1) * DP 

PP * lao.ooooo/Pi 
K = 1, N 
IK-1) * DT 
= TT * 1R0.3DD10/PI 

TT 
TT 
PP 
PP 
AMMA 
JJJ 
DSINITA) 
OCOSITA) 
OSINIPA) 
DCOSIPA) 
ST « ST 
CT * CT 
SP * SP 
CP * CP 

CT/DS1RT(ST2*( 5P?+AA?*CP2)/GA2+CT2) 

EQ. 1.1) GO TO 40 
NE. 0) CALL OILEPIEAl,EA2.EA3.TA,PA.1) 
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IF ITEMP .GT. l.CDO) TEMP = l.ODO 
TA = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOPISPP.CP.PA) 
T = TA 
P = PA 
COEFA = ST2*ISP2^AA2*CP2) + GA2*CT2 
GO TO 41 

40 COEFA = l.ODO 
T = TT 
P = PP 

41 R2 = O.C 
CALL C4P0LYIT .P .B) 
DO 3C I = l .KE 

30 R2 = R2 + C l I ) * B I I ) 
R2 = R2/C0EFA 
IF" IGAMMB . E C 1.0) GO TO 5C 
IF IIIII .NE. 0) CALL 0ILERIEB1.EB2.EB3.TB.PB.1) 
ST = DSINITB) 
CT = DCOSITB) 
SP=DSINIPB) 
OP = DCOSIPB) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP? = CP * CP 
TEMP = CT/DSQRTIST2*!SP2^AB2*CP?)/GB?^CT2) 
IF (TEMP .GT. 1.001) TEMP = l.ODO 
TB = OARCOSITEMP) 
SPD=SP/ALPHB 
CALL OFLOPISPP.CP.PP) 
T = TB 
P = PB 
COEFB = ST?*ISP2+AB2*CP2) • GB2*CT2 
GO TO 51 

50 COEFP = 1.1D0 
T = TT 
P = PP 

51 A0KOE=0.0 
CALL C4P0LYIT.P.B) 
00 52 I = l.KE 

52 ADK0E=ADKDE+0I1)*BII) 
ADKCE=AOKDE*PI/COEFP 
R = DSQRTIP2) 
VK=P/AOKOE 
VK = VK • VK 
OS = R2 * D S I N I T T ) / V K 
WRITE 16 .8 ) K .J .THETA.PHI .VK.R 
IF IMODIK.2) .EQ. 1) BOS = OS • OS 
IF IMODIK.2) .FO. 0) BOS = DS • DS • OS • DS 
IF IK .FQ. 1) BDS = OS 
IE IK .EO. N) BOS = DS 
BE = BE • BOS 

21 CONTINUE 
IF IMODIJ.?) .EO. 1) BDEN = BE + BE 
IF IMODIJ.?) .EO. 0) BDEN = BE + BE + BE + BE 
IF IJ .EQ. 1) BDEN = BE 
IF IJ.EO.M) BOEN=BE 
DEN=OEN+BDEN 

20 CONTINUE 
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DFN = OEN * a. ^pi") DT * DP/9.00000 

PI? = PI + PI 
PI? = PI? * PI2 * PI? 
DEN = OFN + PEN 
DFN = DEN/PI2 
WPITE (6,9) PEN 
AO = 5.291720-19 
DEN = DEN/(A0*A0*A1) 
ADEN = DEN 
VOL = VOL * I.^iD-24 
AOEN = ADEN * VOL 
WRITE 16,12) ADEN 
DEN = DEN/l?.50486 
WRITE 16.1?) PEN 
DEN = DEN * 1.502160-1? 
WPITF 16,14) PEN 
STOP 
END 

*** 
* 
* 
* 

************************************ 

JI4B 

COMPUTATION OF THE DENSITY pP STATE 

INPUT DATA: 
1) COEFFICIFNTS 
?) COEFFICIFNTS 

SYMMETRY GROUP: VH 

Oil) 
DI 1 ) 

FOR 
FOR 

K**? 

(1/P 

11 
12 

1? 

******** 
IMPLIC 
REAL*4 
REAL*4 
PEAL*4 
PFAL*4 
OIMENS 
COMMON 
COMMON 
FORMAT 
EPPMAT 
FORMAT 
EPPMAT 

i • 
i " 

FORMAT 

FORMAT 

$ • 
FORMAT 

t " 
FOPMAT 
FPRMAT 

$ 1 
FOPMAT 
FPRMAT 

t 1 
FORMAT 

****** 
IT RFA 
A2.G? 
T.P.S 
ALPHA 
ALPHP 
ION NA 
/KIJRE/ 
/CARRY 
(lOX, 
( 14) 
IFll. 
IIHI, 
K**? 
Il/P! 
I • IN 
I/" ' 

FERMI 
IN PHI 
(//-
PHI 

( 17,4 
(///I 

PD15.B 
(PK. 
I///1 

PD15.8 
I///1 

*********************** 
L*8 IA-H.0-7) 
.F1.E7.F? 
YM 
.AA2,GAMMA,GA2,EA1,EA2, 
,AB7,GAMMR,GR?,EB1,EB?, 
M|Q1) ,SYM|91, 16) ,0191), 
NAM,SYM,KE,KLN 
/NUT,LUMP,ALPHA,A?,GAMM 
! 4 , E 1 7 . 6 ) 

******************************* 
* 
* 
* 

S * 

* 
* 
* 

I ) 2 K T 0 K / D E ) * 

* 
* 
* 

******************************* 

EA? 
EB? 
0 1 9 1 ) , I N I 9 1 I , B | 9 D 

A , G 2 , E 1 , E 2 , E ? , J J J J 

4 ) 
ICX," 0 
FIT WIT 
)2KIDK/ 
TEGRAT 
,4X,"ST 
VFLOCIT 
- .?RX, • 
THETA I 
INTFGR 

X,I7,F1 
5X,- DE 
, -. - ) 
6) 
5X," DE 
.- ." ) 
5X," OF 

FNSITY OF STATES 
H - .1?,- HARMpNiI 
DF) FIT WITH -.1 
ON STEPS-//) 
EP-,7X,-STEP-,5X 
Y",RX,-FERMI RAD 
IK COMPONENT)-/) 
NTEGRATION — - , 1 
ATICN — ' , 1 4 , - S 
5.6,El?.6,Fl5.a, 
NSITY OF STATES 

CALCULATION"//5X, 
CS.-//5X, 
?,- HARMONICS.-///! 

N S I T Y PF S T A T E S 

N S I T Y OF S T A T E S 

,"THETA-,8X,'PHI',6X, 
lUS'/' ',?X,'IN THFTA-,4X, 

4,- STEPS-, 
TFPS.'//) 
5X,F15.R) 
IIN 1/IBOHP RAniI)**?-RY) IS ', 

(IN 1/ATOM-RY) IS ', 

IIN 1/CC-EV) IS ', 
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% iP0i5.a,-.-) 
14 FORMAT I///15X,' DENSITY OF 

t 1PD15.8,'.') 
00 10 I = 1,91 
CII) = C O 

10 01 D = C O 
NUT = 0 
LUMP = 1 
RFAC 15,?) 
EAl = C.I 
EA2 = C O 
EA? = C O 
RFAD 15,?) 
READ 15,1) 
WR1TEI6,1) 
WPITEI6,?) 
RFAC 15,?) 
EBl = C O 
EB2 = 0 . 0 
EB? = 0.0 
READ I 5,2) 
READ 15,1) 
WRITE I 6,1) 
WRITEI6,?) 
KE 
KLN 

STATES IIN 1/CC-ERG) IS 

GAMMA,ALPHA 

LC 
IINII),CII).I=1,LC) 
I INI I ) ,CII ) ,I = 1,LC) 
GAMMA,ALPHA 
GAMMB,ALPHR 

LD 
I INI D,nil ) ,I = 1,LD) 
I INI I),011),I = 1,LD) 
GAMMB, ALPHB 

MAXOILC,LD) 
= MT0LIKE,8) 
3.1415926535P9793 
15.2) N,M 
15.3) VOL 
= 0 
= o 

lEAl 
IFA? 
IEA3 
IFBl 
lEB? 
IEB3 

.NE. 

.NE. 

.NE. 

.NE. 

.NF. 

.NE. 

PI = 
READ 
READ 
JJJJ 
IIII 
IF 
IF 
IF 
IF 
IF 
IF 
AA? = ALPHA 
AR2 = ALPHP 
GA2 = GAMMA 
GB2 = GAMMB 
CALL CCMSET 
DFN = C O 
WRITE 16,4) LO.LO 
WPITE 16,7) N,M 
WRITF 16,5) 
WRITE 16,6) 
DP = Pi/i?.oinoo * 
DT = PI/12.000-1 * 
00 20 J = 1,M 
RE = 0.1 
PP = I J - D * OP 
PHI = PP * IRO. 
00 21 K = 1,N 
TT = IK-1) * DT 

JJJJ 
JJJJ 
JJJJ 
IIII 
IIII 
IIII 

ALPHA 
ALPHB 
GAMMA 
GAMMB 

|M-1)) 
IN-1)) 

0D01/PI 

THETA = 
TA = TT 
TB = TT 
PA = PP 
PR = PP 

TT « I R O . O O D O O / P I 
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IF IGAMMA .EQ. 1.0) GO TO 40 
IE IJJJJ .NE. 0) CALL OILERIEAl,EA2,EA3,TA,PA , 1 ) 
ST = DSINITA) 
CT = DCOSITA) 
SP = DSINIPA) 
CP = DCOSIPA) 
ST2 = ST * ST 
CT? = CT • CT 
SP? = SP * SP 
CP? = CP * CP 
TEMP = CT/nS0RTIST2*ISP2+AA2*CP2)/GA2^CT2) 
IF ITEMP .GT. l.ODO) TFMP = l.CDO 
TA = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL DELOPISPP,CP,PA) 
T = TA 
P = PA 
COEFA = ST2*ISP?+AA?*CP2) + GA2*CT2 
GO TO 41 

40 COEFA = l.CDO 
T = TT 
P = PP 

41 R2 = 0.0 
CALL VHPOLY!T,P,B) 
DO 30 I = 1,KF 

?0 R2 = R2 + Cd )*BI I) 
R2 = R2/C0EFA 
IF IGAMMB .EO. 1.0) GO TO 50 
IF IIIII .NE. 0) CALL CILERIEB1,EB2,EB3,TB,PB,1 ) 
ST = DSINITB) 
CT = DCOSITB) 
SP=OSINIPB) 
CP = DCOSIPB) 
ST2 = ST * ST 
CT? = CT * CT 
SP? = SP * SP 
CP? = CP * CP 
TEMP = CT/DS0RTIST2*ISP2+AB2*CP2)/GB2+CT2) 
IE ITEMP .GT. l.ODO) TEMP = l.CDO 
TB = DARCOSITEMP) 
SPP=SP/ALPHB 
CALL 0FLOPISPP,CP,PB) 
T = TB 
P = PB 
COFFB = ST2*ISP2+AB2*CP2) • GB2*CT2 
GO TO 51 

50 COFFB = l.ODO 
T = TT 
P = PP 

51 ADKOE=0.0 
CALL VHPOLYIT,P,B) 
DO 5? I = 1,KE 

52 ADKDE = ADKDE + DI I ) * B d ) 
AOKCE=ADKDE*PI /COEFB 
P = DSQRTIR?) 
VK=R/ADKDE 
VK = VK + VK 
OS = R2 * D S I N I T T ) / V K 
WRITF 1 6 , 8 ) K , J , T H E T A , P H I , V K , R 
IF I M O D I K , 2 ) . E C 1) BDS = DS • DS 
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IF (MOD(K,?) .EC 0) BOS = DS + OS • DS • DS 
IF (K .EQ. 1) BOS = OS 
IF (K .EO. N) Bns = OS 
PE = BE • BOS 

21 CONTINUE 
IF (M00(J,2) .EQ. 1) BOEN = BE • 3E 
IF IMODIJ,2) .EQ. 0) BDEN = BE + BE • BE • BE 
IF IJ .EQ. 1) BDEN = BE 
IF IJ.EQ.M) BDFN=BE 
DEN=OEN+BDEN 

20 CONTINUE 
DEN = DEN * 3.00000 * DT » DP/9.P0DO0 
PI2 = PI • PI 
PI2 = PI2 * P12 * PI2 
DEN = DEN + DEN 
DEN = 0EN/PI2 
WRITE 15,9) DEN 
AC = 5.291720-09 
DEN = DEN/IAO*AO*AO) 
ADEN = DEN 
VOL = VOL * l.OOD-24 
ADEN = AOEN « VOL 
WRITE 16,12) ADEN 
DEN = DEN/13.61486 
WRITF 16,1?) DEN 
DEN = DEN * 1.602060-12 
WRITE 16,14) OEN 
STOP 
END 

C ********************************************************************** 

J149 * 
• 

COMPUTATION OF THE DENSITY OF STATES * 

0 * INPUT D A T A : * 
C * 1) COEFFICIENTS CII) FOR K**2 * 
C * 2) COEFFICIENTS D I D FOR I 1/P I) 2KI DK/OE) * 

'^ * I 
C * SYMMETRY GROUP: C2H 
0 * * 
C ********************************************************************** 

IMPLICIT REAL»8 IA-H,0-Z) 
REAL*4 A2,G2,E1,E2,E3 
PEAL*4 T,P,SYM 
REAL*4 ALPHA,AA2,GAMMA,GA2,EA1,FA2,EA3 
REAL*4 ALPHB,AB2,GAMMB,GB2,EB1,EB2,EB3 
DIMENSION NAM I 91) , S Y M I 9 1 , 1 6 ) , C I 9 1 ) , D I 9 D , 1 N I 9 1 ) , B ! 9 1 ) 
COMHON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A2,GAMMA,G2,El,E2,E3,JJJJ 

1 FORMAT I 1 0 X , I 4 , E 1 7 . 6 ) 
2 FORMAT 114) 
3 FORMAT I F 1 C 4 ) 
4 FOPMAT ( I H l , I C X , ' DENSITY OF STATES CALCULATION'//5X, 

, ' K**2 FIT WITH ' , 1 ? , ' HARMONICS. ' / /5X, 
$ ' d / P I ) ? K I D K / D E ) F IT WITH ' , 1 2 , ' HARMONICS. ' / / / ) 

5 FORMAT I' INTEGPATION STEPS'//) 
6 FORMAT !/' ',4X,'STEP',7X,'STEP',6X,'THETA',8X,'PHI',6X, 
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U 
12 

13 

14 

10 

t "FERMI VFLCCITY',ax,'FERMI RADIUS'/' ',2X,'IN THETA',4X, 
i "IN PHI",2RX,"IK COMPONENT)'/) 
FORMAT I//' THETA INTEGRATION—',14,' STEPS', 

$ • PHI INTEGRATICN — ' , 1 4 , ' STEPS.'//) 
FORMAT II7,4X,I7 
FOPMAT I///15X,' 
$ 1PD15.8,'." 
FORMAT IF1C6) 
FORMAT I///15X," 
$ 1PD15.R,'.' 
FORMAT I///15X,' 

$ 1PD15.8.'." 
FORMAT I///15X.' 
$ 1PD15.8.'.-
DO 11 I = 1.91 
Cl 1 ) = 1.0 
01 I) = 0.0 
NUT = C 
LUMP = 1 
READ 15.3) GAMMA,ALPHA.EA2 
EAl = C O 
EA3 = C O 
READ 15,2) LC 
READ 15,1) I INI I),CII),I=1,LC) 
WP!TEI6,D I INI D,C(I ) ,I = 1,LC) 
WRITFI6.?) GAMMA,ALPHA,EA? 
REAC 15.?) GAMMB,ALPHB,ER? 
ERI = O.C 
EB' = C O 
READ 15,2) 
READ 15,1) 
WPITEI5,1) 
WRITFI6,?) 
KE = MAXOILCLO) 
KLN = MT0LIKE,9) 
PI = ?.14159265?5R979? 
EA1=EA1*PI/18C0DC 
EA2=EA2*PI/18C.ODO 
EA? = EA?*PI/19C0D0 
EB1=FB1*PI/1R0.00C 
EE2 = EB?*PI/iaC0DO 
FB?=FB?*PI/1R0.0DC 
PEAC (5,2) N,M 
READ 15,3) VOL 
JJJJ = 0 

F15.5,F12.6.F15.a,5X,F15.8) 
DENSITY CF STATES IIN 1/IBOHR RA0II)**3-RY) IS 

DENSITY OF STATES IIN 1/ATOM-RY) IS 

DENSITY OF STATES IIN 1/CC-EV) IS ', 

DENSITY OF STATES IIN 1/CC-ERG) IS ' 

LO 
I INID ,DII 1,1 = 1,10) 
IINII) ,Dd ) ,I=1,LD) 
GAMMB,ALPHB,EB2 

.NE, 

.NE. 

.NE. 

.NE. 

.NE. 

IIII = C 
IF IFAl .NE, 
IF IEA2 
IF IFA? 
IF lEBl 
IF IFB2 
IF IEB3 
AA2 = ALPHA 
AB2 = ALPHB 
GA? = GAMMA 
GB? = GAMMR 
CALL CCMSET 
DEN = C O 
WRITE 16,4) 
WRITE 16,7) 

JJJJ 
JJJJ 
JJJJ 
IIII 
IIII 
IIII 

ALPHA 
ALPHB 
GAMMA 
GAMMB 

L C L D 
N,M 
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WRITE 16,5) 
WRITE 16,6) 
OP = PI/IM-1) 
OT = PI/12.10030 « IN-1)) 
00 20 J = 1,M 
BE = 0.0 
PP = IJ-D * DP 
PHI = PP * 18C000C0/PI 
DO 21 K = 1,N 
TT = IK-1) * OT 
THETA = TT * 18CC00CC/PI 
TA = TT 
TP = TT 
PA = PP 
PP = PP 
IF IGAMMA .EC l.D GO TO 40 
IF IJJJJ .NE. 0) CALL 01LEPIEAl,EA2,EA3,TA,PA, 1) 
ST = OSINITA) 
CT = OCOSITA) 
SP = DSINIPA) 
CP = DCOSIPA) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/DS0RTIST2*ISP2+AA2*CP2)/GA2+CT2) 
IF ITEMP .GT. l.ODO) TEMP = l.ODO 
TA = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOP!SPP,CP,PA) 
T = TA 
P = PA 
COEFA = ST2*ISP2+AA2*CP2) • GA2*CT2 
GO TO 41 

40 COEFA = l.CDO 
T = TT , 
P = pp 

41 R2 = C O 
CALL C2P0LYIT,P,B) 
DO 30 I = 1,KF 

3C P2 = R2 + ClI)*BII) 
P2 = R2/C0FFA 
IF IGAMMB .EO. 1.0) CO TO 5C 
IF IIIII .NE. 0) CALL 0ILERIEB1,E92,EB3,TB,PB,1) 
ST = DSINITB) 
CT = DCOSITB) 
SP=DSINIPB) 
CP = DCOSIPB) 
ST? = ST * ST 
CT7 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/0S0PTIST?*ISP2+AB2*CP2)/GB2^CT2) 
IF ITEMP .GT. l.ODO) TEMP = l.CDO 
TB = OARCOSITEMP) 
SPP=SP/ALPHB 
CALL OFLOPISPP,CP,PB) 
T = TB 
P = PB 
OOEFB = ST2*ISP2+AB?»CP2) • GB2*CT2 
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GO TO 51 
50 COEFB = l.COO 

T = TT 
P = PP 

51 ADKDE=CO 
CALL C2P0LYIT,P,B) 
DO 52 I = l.KE 

52 ADKCE=ADKDE+DII)*BII) 
ADKDE=ADKDE*PI/COEFP 
R = DSQRTIR2) 
VK=R/AOKDE 
VK = VK • VK 
DS = R2 * DSINITT)/VK 
WRITE 16,8) K,J,THETA,PHI,VK,R 

21 

IF IMODIK,?) .EC 1) BDS = 
IF IMODIK,?) .EC 0) BDS = 
IF IK .EQ. 1) BDS = OS 
IF IK .EC N) BOS = DS 
BE = BE + BDS 
CONTINUE 
IF IMODIJ,2) .EQ. 1 ) BDEN = 
IF IMODIJ,2) .EQ. 0) BDEN = 
IF IJ .EQ. 1) BOEN = BE 
IF IJ.EQ.M) BOEN=BE 
OEN=DEN*BOEN 
CONTINUE 
DEN = DEN * 4.00000 * DT * 
PI2 = PI • PI 
PI? = PI? * PI? * PI2 
DEN = OEN • PEN 

OS • DS 
DS + DS + 

= BE • BE 
= BE + BE • 

DP/9.00DOO 

DS • DS 

• BE • BE 

20 

DEN = DEN/PI2 
WRITE 15,9) OEN 
AO = 5.291720-09 
OEN = DEN/IAn*AO*AO) 
ADEN = DEN 
VOL = VOL * l.OOD-24 
ADEN = ADEN * VOL 
WRITE 16,12) AOEN 
DEN = DFN/13.60486 
WRITE 16,13) OEN 
DEN = DEN * 1.502060-12 
WRITE 15,14) DEN 
STOP 
END 

C ********************************************************************** 
0 * • 
0 * J1410 • 
c * • 
C « COMPUTATION OF THE DENSITY OF STATES * 
C * * 
C * INPUT DATA: * 
C * 1) COEFFICIENTS CII) FOR K**2 * 
C * 2) COEFFICIENTS D ID FOR 11/P I) 2KI OK/DE) * 
C * • 
0 * SYMMETRY GROUP: S2 * 
C * ^ 
C ***************************-***^.t************************************** 

IMPLICIT REAL*8 IA-H,0-Z) 
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u 
12 

13 

14 

10 

REAL*4 A2,G2,E1,E?,E3 
PEAL*4 T,P,SYM 
REAL*4 ALPHA, AA2,GAMMA,GA2,EA1,EA2,FA3 
REAL*4 ALPHR,AB?,GAMMB,GB2,EB1,EB2, ER3 
DIMENSION NAMI91),SYMI91,lt),CI9D,0|91),INI91),fl!91) 
C O M M O N / K U B E / N A M , S Y M , K F , K L N 
C O M M O N / C A R P Y / N U T , L U M P , A L P H A , A ? , G A M M A , G 2 , E 1 , E 2 , F 3 , J J J J 

I I O X , I 4 , E 1 7 . 6 ) 
114) 
I F I O . 4 ) 
IIHI,ICX,' DENSITY OF STATES CALCULAT I ON'//5X, 
K**2 FIT WITH ',!?,' HARMONICS.'//5X, 
I I/PD7KIPK/PE ) FIT WITH ',1?,' HARMONICS.'///) 
I' INTEGPATICM STEPS'//) 
I/' ',4X,'STEP',7X,'STEP',6X,'THETA',BX,'PHI',6X, 

t 'FERMI VELOCITY',8X,'FERMI RADIUS'/' ',2X,'IN THETA',4X, 
$ 'IN PHI',?8X,'IK COMPONENT)'/) 
FORMAT I//' THETA INTEGPATION --',14,' STEPS'. 

$ - PHI INTEGPATION —-.14,- STEPS.-//) 
FORMAT II7,4X,I7,F15.6,Fl?.6,F15.a,5X,F15.a) 

1 
2 
3 
4 

•; 
6 

FORMAT 
FORMAT 
FORMAT 
FORMAT 

$ • 
$ -
FOPMAT 
FORMAT 

FORMAT I///15X,- DENSITY 
$ 1P015.8,-.-) 
FORMAT IF1C6) 
FORMAT I///15X,- DENSITY 

$ 1PD15.8,-.-) 
FOPMAT I///15X,- DENSITY 

t lPD15.e,-.-) 
FORMAT I///15X,- DENSITY 

$ 1P015.8,'.') 
DO 11 I = 1,91 
CII ) = C.I 
D I D = C O 
NUT = 0 
LUMP = 1 
READ 15,3) 
READ 15,2) 
REAP 15,1) 
WPITEI6,1) 
WRITEI6,?) 
READ 15,3) 
REAP 15,2) 
READ 15,1) 
WPITEI6,1) 
WPITFI6,?) 
KE = MAXIILCLO) 
KLN = M T 0 L I K P , 1 1 ) 
P I = ? . 1 4 1 5 9 2 6 5 3 5 8 9 7 9 3 
E A l = E A l * P I / i a C . 0 0 0 
FA2 = F A 2 * P l / 1 8 C u D i 
FA?=FA?*PI/1RC.0D0 
EP1 = ER1*PI/1 aO.COl 

OF STATES IIN 1/IBOHP RAniI)**?-RY) IS ', 

OF STATES 

OF STATES 

CF STATES 

IIN 1/ATOM-RY) IS 

IIN 1/CC-EV) IS ', 

IIN 1/CC-ERG) IS ' 

GAMMA,ALPF'A,EA1,EA2,FA3 
LC 
I INID,CII ),I = 1,LC) 
I INI I ) ,Cd ) ,I = 1,LC) 
GAMMA,ALPHA,FA1,EA2,EA? 
GAMMB,ALPHB,FBI,EB?, EP? 

LP 
I INI I ) , n i n . I = 1 , L D ) 
( IM I ) . n i l ) ,1 = 1 . 1 0 ) 
G A M k i P . A L P H R . E P l , E B 2 , E P ? 

EP2=EP2*PI/lRi.Cni 
FB?=EB3*PI/180.001 
READ (5,2) N,M 
READ (5,3) VOL 
JJJJ = c 
I d l = 1 
IF IFAl .NE. 0) JJJJ = 
IF 1 PA2 .NF. C) JJJJ = 
IF IFA? .NF. D JJJJ = 

1 
1 
1 
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IF lERl .NF. C) lUl = 1 
IF IFR2 .NF. 0) IIII = 1 
IF IFB? .NE. 1) IIII = 1 
AA? = ALPHA * ALPHA 
AB2 = ALPHB * ALPHB 
GA2 = GAMMA * GAMMA 
GB? = GAMMP * GAMMB 
CALL COMSET 
DEN = 0.1 
WPITE 16,4) L C L D 
WRITE 16,7) N,M 
WPITF 16,5) 
WRITE 16,6) 
DP = ?.r0001 * PI/IM-1) 
DT = PI/17.00010 * IN-1)) 
DO ?0 J = 1,M 
RE = C O 
PP = IJ-1) » pp 
PHI = PP * 180.00C00/PI 
DO ?1 K = 1,N 
TT = IK 
THETA = 
TA 
TP 
PA 
PB 
IF 
IF 
ST 
CT 

-1) 
TT 

* DT 
* IRCCODOO/PI 

= TT 
= TT 
= pp 
= PP 
IGAMMA 
IJJJJ 
= OSINITA) 
= OCOSITA) 

.EO. 
NE. 

1) GC TO 40 
CALL OILEPIEAl,FA?,EA3,TA,PA,1) 

SP = OSINIPA) 
CP = DCOSIPA) 
ST? = ST * ST 
CT? = CT * CT 
SP? = SP * SP 
CP2 = CP * CP 
TEMP = CT/DSQRTIST2*! SP2 + AA?*CP2)/GA2 + CT2) 
IE ITEMP .GT. 1.100) TEMP = l.ODC 
TA = OARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOPISPP.CP.PA) 
T = TA 
P = PA 
COFFA = ST?*ISP2*AA?*CP?) + GA?*CT2 
GO TO 41 

40 COEFA = l.CDC 
T = TT 
P = PP 

41 R2 = 1.0 
CALL S2P0LV!T,P,B) 
OP 30 I = 1,KF 

30 R? = R2 + ClI )*RI I) 
P? = R7/CPFFA 
IF lOAMMR .EC 1, 
IF IIIII .NE. 1) 
ST = DSINITB) 
CT = DCOSITB) 
SP=OSIN!PR) 
CP = OCOSIPR) 
ST? = ST * ST 

1) GO TO 5C 
CALL 0ILERIER1,FR2,EB3,TB,PB,1) 
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0T2 = CT • CT 
SP2 = SP • SP 
OP? = CP • CP 
TEMP = CT/0S0RTIST2*ISP2^A62*CP2)/GB2^CT2) 
IF ITEMP .GT. l.COO) TEMP = 1.000 
TB = OARCOSITEMP) 
SPP=SP/ALPHB 
CALL DFLOPISPP,CP,PB) 
T = TB 
P = PB 
COEFB = ST2«ISP2^AB2*CP2) • GB2*0T2 
GO TO 51 

50 COEFP = l.ODO 
T = TT 
P = PP 

51 ADKDE=0.0 
CALL S2P0LY(T,P,B) 
00 52 I = 1,KE 

52 AOKDE=ADKDE+D(I)*8(I) 
AOKCE=ADKDE*PI/COEFP 
R = 0SQRTIR2) 
VK=R/AOKDE 
VK = VK + VK 
DS = R2 * DSINITT)/VK 
WRITE 16,8) K,J,THETA,PHI,VK,R 
IF IMODIK,2) .EC 1) BDS = DS • DS 
IF IMODIK,2) .EO, 0) BDS = DS + OS • DS • DS 
IF IK ,EQ. 1) BDS = DS 
IF IK .FO. N) BDS = DS 
BE = BE • BDS 

21 CONTINUE 
IF IMODIJ,2) . E C 1) BOFN = BE • 8E 
IF IMODIJ,?) .FQ. 0) BDEN = BE • BE • 9E • BE 
IF IJ .EO. 1) BDEN = BE 
IF IJ.EO.M) BOEN=BE 
DEN=OEN^RDEN , 

20 CONTINUE 
OEN = DEN*2.0D0*0T*0P/9.0000 
PI2 = PI • PI 
PI2 = PI2 * PI2 * PI2 
DEN = DEN • OEN 
OEN = 0EN/PI2 
WRITE 16,9) OEN 
AO = 5.291720-09 
DEN = DEN/IAO*AC*Ai| 
ADEN = DEN 
VOL = VOL * 1.000-24 
ADEN = ADEN * VOL 
WRITE 16,12) ADEN 
DEN = DEN/13.61486 
WRITE 16,13) DEN 
DFN = DEN * 1 . 6 0 2 0 5 0 - 1 2 
WRITE 1 6 , 1 4 ) DEN 
STOP 
END 

FERMI VOLUME PROGRAMS 
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*** 
* 

C 
C 
c * 
c * 
c * 
c * 
c * 
c * 
c *** 

********************** : * * * * * * * * * * • * * * * * * * * * * * * * * • * * * * * * * * * * * * * * * * * * * 

* 
J 1 5 1 * 

* 
COMPUTATION OF THE VOLUME OF THE PERMI SURFACE. * 

* 
INPUT DATA: THE f l D ARE THE R A 0 I U S * * 2 C O E F F I C I E N T S . * 

9 
10 

******* 
IMPLIC 
REAL*4 
DIMENS 
COMMON 
FORMAT 
FOPMAT 
FORMAT 
FORMAT 

i 1 
t ' 
* I 
t -
$ -

FORMAT 
FORMAT 

$ -
FORMAT 
FORMAT 

i 1 
FORMAT 
FORMAT 
READ I 
READ I 
REAC I 
READ I 

**** 
IT R 

T , P 
ION 
/ K U 8 

( 1 1 
114 
115 
I I H 

I X , ' 
INT 

4 , • 
STEP 

' , 2 
I 17 
I / / 
I IN 
I F l 
I / / 

PD15 
I / / 
( / / 

5 , ? ) 
5 , 2 ) 
5 , 1 ) 
5 , 2 ) 

******* 
E A L * 8 I 
,SYM 
N A M I 1 1 ) 
E /NAM,S 
X, 1 4 , E l 
) 
X , I 5 / 4 F 
1 , ? 1 X , " 

K * * ? F 
EGRATIO 
S T E P S . " 
' , 7 X , " S 
X , ' I N T 

4 X , ! 7 , 
/ 1 5 X , • 

BOHR P 
0 . 6 ) 
/ 1 5 X , -
. 8 , - . - ) 
/ 1 5 X , -
/ 1 5 X , -

( N A M d 
L 
( I N I I ) 
N,M 

************************************************* 
A - H , 0 - Z ) 

, S Y M ! Q 1 , 1 6 ) , C I 9 D , I N I 9 1 ) , B I 9 1 ) 
Y M, K E , K L N 
7 . 6 ) 

2 1 . 1 5 / 4 F 2 C 1 5 / 4 F 2 C . 1 5 / 4 F 2 0 . 1 5 ) 
VOLUME OF THE FEPMI S U R F A C E ' / / 

I T WITH ' , 1 2 , ' H A R M O N I C S . ' / / / ' T H E T A ' , 
N — ' , 1 4 , ' STEPS. PHI INTEGRATION — ' , 
/ / / ? 0 X , - INTEGRATION S T E P S - / / ' - , 4 X , 
T F P " , 6 X , " T H E T A - , 8 X , - P H I ' , 6 X , ' F E R M I R A D I U S ' / 
H F T A ' , 4 X , ' I N P H I ' / ) 
F 1 5 . 6 , F 1 2 . 6 , F 1 4 . 8 ) 
VOLUME OF THE FERMI SURFACE I S ' , l P n i 5 . 8 , 
A D I I * * ? ) . ' ) 

NUMBER OF STATES/BOHR R A D I U S * * ? IS 

NUMBER OF STATES/CC I S ' , 1 P D 1 5 
NUMB 

). IS 
ER OF STATES/ATOM IS '.1POI5.8,'.') 
YMI I ,J) ,J = 1,16),I = 1,91) 

,01 I), 1=1,L) 

31 

READ LATTICE CONSTANT AND NUMBER OF ATOMS/UNIT CELL 

READ 15,7) A 
READ 15,2) NCELL 
CALL COMSET 
KE = L 
KLN = MTOLIKE.l) 
WPITE 16,4) L,N,M 
DEN = C O 

PI = ? . 1 4 1 5 9 2 6 5 ? 5 P 9 7 9 3 
DP = P I / 1 4 . C n o * ! M - 1 ) ) 
nT = P I / 1 2 . 1 i D ? * I N - l ) ) 
no RO J = 1,M 
BF = C O 
PP = I J - 1 ) * DP 
PHI = PP * 1 8 C 0 0 C / P I 
P = PP 
00 51 K = l . N 
TT = I K - D * OT 
THETA = TT * 13^.ODO/PI 

T = TT 
R2 = C C 
CALL KUPOLVIT.P.B) 
00 '0 I = I,KE 
R? = P? + C! D*P( I ) 
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R = 0SQRTIP2) 
p p = R * R * p * DSINITT) 
WRITE 16,5) K,J,THETA,PHI,R 
IF 
IF 
IF 
IF 
BE 

IMODIK, 
IMODIK, 
IK .EQ. 
IK .EC 
= BE • 

CONTINUE 
IF 
IF 
IF 
IF 

IMODIJ, 
IMODIJ, 
IJ .EO. 
IJ .EQ, 

DEN = DEN 
CONTINUE 
DEN = DEN 

2) , 
2) , 
1 ) 
N) 
BDR 

,?) 
,?) 
, 1 ) 
, M) 

,E0. 
.EC 
BOP 
BDR 

.EQ. 

.EC 

1) 
0) 
= 1 
= 1 

1) 
0) 

BDEN = 
BOEN = 

• BDEN 

* 16.0000 
WRITE 16,6) OEN 
PI2 = PI • 
PI2 = PI2 

^ PI 
* PI2 * 

ROR = 
POP = 
DP 
OR 

BOEN •• 
BDEN • 
PE 
BE 

* DT * 

PI2 

OR + 
OR • 

= BE 
= BE 

OR 
OR • ( 

• BE 
• BE • 

DP/27.00DO 

OR • OR 

BE • BE 

51 

80 

DEN = DEN/PI2 
DEN = DEN • DEN 
WRITE 16,R) DEN 
AO = 5.291720-09 
DEN = DEN/IA0*A0*A0) 
WRITE 16,9) DEN 
A = A * l.COOOOOOCD-0 8 
ANCELL = NCELL 
DEN = DEN * A * A * A/ANCELL 
WRITE 16,10) DEN 
STOP 
END 

r * « * « * * * * * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * • ' • * * * * * * * * * * * * * * * * * * * * * * * * 
^ * 
C * * 
C * J152 , * 

C « COMPUTATION OF THE VOLUME OF THE FERMI SURFACE. * 
C * 
C * INPUT DATA: THE CII) ARE THE K**2 COEFFICIENTS. * 
C * 
C * SYMMETRY GROUP: 06H * 
C t****************»**************************************************** 

IMPLICIT RFAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM,ALPHA,A2,GAMMA,G2,E1,E2,E3 
DIMENSION NAMI91),SYM|91,16),CI91),BI91),INI91) 
COMMON/KUBE/NAM,SYM,KF,KLN 
COMMON/CARRY/NUT,LUMP,ALP HA,A2,GAMMA,G2,E1,E2,E?,JJ JJ 

1 FORMAT DOX, I4,E17,6) 
2 FORMAT 114) 
3 FORMAT IF1C4) 
4 FORMAT IIHl,20X,'VOLUME OF THE FERMI SURFACE'// 

$ ICX,' K**2 IS FIT WITH ',12,' HARMONICS,'///' THETA', 
t - INTEGRATION —',14,' STEPS,', 
$ . PHI INTEGPATION —',14,' STEPS,'///30X, ' INTEGRATION', 
t ' STEPS'//' ',4X,'STEP',7X,'STEP',6X,'THFTA',RX,'PHI', 
$ 6X,'FERMI RADIUS'/' ',2X,'IN THETA',4X,'IN PHI'/) 

5 FORMAT II7,4X,I7,F15.6,F12,6,F14,8) 
6 FORMAT I///15X,' VOLUME OF THE FERMI SURFACE ', 



2 3 4 

9 
10 

$ " I I N BOHR R A 0 I I * * 3 ) IS ' , 1 P D 1 5 , 8 , ' , ' ) 

FORMAT I F 1 C 6 ) 
FOPMAT I / / / 1 5 X , " NUMBER OF STATES/BOHR R A D I U S * * ? IS ' , 

t i P P i 5 . a , ' . " ) 
FPRMAT I / / / 1 5 X , ' NUMBER OF STATES/CC I S ' , 1 P 0 1 5 . 8 , ' . ' ) 
FORMAT I / / / 1 5 X , ' NUMBER OF STATES/ATOM I S ' , I P O l 5 . f l , ' . ' ) 

READ INPUT DATA 

NUT = 0 
LUMP = 1 
READ 1 5 , ? ) GAMMA 
ALPHA = 1 . 0 
E l = C C 
E2 = C O 
E3 = CC 
PFAD 1 5 , 2 ) 
PEAO I 5 , 1 ) 
W P I T E I 6 , 1 ) 
W R I T F I 6 , 3 ) 
READ 1 5 , 2 ) 
REAC 1 5 , 3 ) VOL 
CALL COMSET 
KE = L 
KLN = MTOLIKE,?) 
A? = ALPHA * ALPHA 
G2 = GAMMA 
JJJJ = 0 
IF lEl .NE 
IF IE2 .NE 
IF IE3 .NE 
WRITE 16,4) L,N,M 
OFN = 0.1 

I INI I),CII),I=1,L) 
I INID ,CII),1 = 1,L) 
GAMMA 

N,M 

GAMMA 

0) JJJJ 
0) JJJJ 
0) JJJJ 

3) CALL OILERIEl,F?,E3,TT,PP,1) 
1.0) GO TO 4C 

PI = ?.14159765358979? 
DP = PI/16.OODOO * IM-D) 
DT = PI/12.OODOO * IN-1) ) 
no 8C J = !,M 
PF = C O 
00 51 K = 1,N 
PP = IJ-D * OP 
PHI = PP * 180.ODO/PI 
TT = IK-1) * DT 
THETA = TT * IflO.HOOO/PI 
TSAVE = TT 
IE IJJJJ .NE. 
IE IGAMMA .EO 
ST = DSINITT) 
CT = DCOSITT) 
SP = DSINIPP) 
CP = OCOSIPP) 
ST? = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/DSQRTIST?*!SP?+A2*CP2)/G2+CT2) 
IF (TEMP .GT. l.ODO) TEMP = l.ODO 
TT = OARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOPISPP.CP.PP) 
T = TT 
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p = pp 
COEF = ST2 * ISP2 • A2*CP2) + 0 2 * CT2 
GO TO 41 

40 COEF = 1 .ocooooonoooioocnco 
T = TT 
p = pp 

41 R2 = C O 
CALL HXPOLYIT,P,P) 
00 ?0 I = 1,KE 

30 R2 = R2 • ClI)*PII) 
R2 = R2/C0EE 
R = DSQRTIR2) 
O P = R » R * R * DSINITSAVE) 
WRITE 16,5) K,J,THETA,PHI,R 
IF IMODIK,2) .EC 1) BOR = OR • OR 
IF IMODIK,2) .EC 0) BOP = OR + OR • DR • OR 
IF IK .EC 1 ) BOP = OR 
IF IK .EQ. N) BDR = OR 
BE = BF • BDR 

51 CONTINUE 
IF IMODIJ,2) .EQ. 1) BDEN = BE • BE 
IF IMODIJ,2) .EQ. 0) BDEN = BE + BE • BE • BE 
IF IJ .EC 1) BDEN = BE 
IF IJ .EQ. M) BOEN = BE 
DEN = DEN • BDEN 

80 CONTINUE 
OEN = DEN * 24.00D0C * OT * OP/27.00000 
WPITE 16,6) OEN 
PI2 = PI • PI 
PI2 = PI2 * PI2 * PI2 
DEN = OEN + DEN 
DEN = DEN/PI2 
WRITE 16,3) OEN 
AO = 5.291720-09 
DEN = DEN/IA0*A0*AO) 
WPITF 16,9) OEN , 
VOL = VOL * 1.000-24 
DEN = OEN * VOL 
WPITE 16,ID OEN 
STOP 
END 

C ********************************************************************** 
c * * 
C * J153 * 
c * 
C * COMPUTATION OF THE VPLUMF OF THF FFRMI SURFACE. * 
C * 
C * INPUT DATA: THE CII) ARE THE K**7 COEFFICIENTS. * 
C * * 
C * SYMMETRY GROUP: C6H ^ 
c ********************************************************************** 

IMPLICIT REAL*B IA-H,0-Z) 
PEAL*4 T,P,SYM,ALPHA,A2,GAMMA,G2,E1,E2,E3 
DIMENSION NAM I 91),SYMI91,16),C!9I),BI91),INI91) 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A2,GAMMA,G2,E1,E2,E3,JJJJ 

1 FORMAT IIOX, I4,E17.6) 
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2 FORMAT 114) 
3 FORMAT IFIO.4) 
4 FORMAT IIHI,2CX,'VOLUME OF THF FERMI SURFACE'// 

$ lOX,' K**2 IS FIT WITH ',12,' HARMONICS.'///' THETA', 
$ ' INTEGRATION —', 14,' STEPS.', 
$ ' PHI INTEGRATION —',14,' STEPS.'///30X, ' INTEGRATION', 
t ' STEPS'//' ',4X,'STEP',7X,'STEP',6X,'THETA',8X,'PHI', 
$ 6X,'FERMI RADIUS'/- ',2X,'IN THETA',4X,'IN PHI'/) 

5 FORMAT II7,4X,I7,F15.6,F12.6,F14.8) 
6 FORMAT I///15X,' VOLUME OF THE FERMI SURFACE ', 

$ -(IN BOHR RA0II»*3) IS ',1PD15.8,'.') 
7 FORMAT IF10.6) 
8 FORMAT I///15X,- NUMBER OF STATES/BOHR RADIUS**3 IS ', 

$ 1PD15.8,'.') 
9 FORMAT I///15X,' NUMBER OF STATES/CC IS ',IPOl5.8,'.') 
10 FORMAT I///15X,' NUMBER OF STATES/ATOM IS ',IPDl5.8,'.') 

C 
C READ INPUT DATA 
C 

NUT = 0 
LUMP = 1 
REAC 15,3) GAMMA 
ALPHA = 1.0 
El = C O 
E2 = 0.00 
F3 = C O 
READ (5,2) L 
READ 15,1) I INI I),CII),I=1,L) 
WRITEI6,1) I INI I),CII),1 = 1,L) 
WRITEI5,3) GAMMA 
READ 15,2) N,M 
READ 15,3) VOL 
CALL COMSET 
KE = L 
KLN = MTOLIKE,10) 
A2 = ALPHA * ALPHA 
G2 = GAMMA * GAMMA 
JJJJ = 0 
IF IFl .NE. 0) JJJJ = 1 
IE IE2 .NE. 0) JJJJ = 1 
IF IE3 .NE. 0) JJJJ = 1 
WRITE 16,4) L,N,M 
DEN = C O 
PI = 3.14159265358979? 
DP = PI/I?.OODOO * IM-1) ) 
DT = PI/I?.OODOO * IN-1 ) ) 
DO 80 J = 1,M 
BE = C O 
DO 51 K = 1,N 
PP = IJ-1) * DP 
PHI = PP * 130.ODO/PI 
TT = IK-D * DT 
THETA = TT * 180.00000/PI 
IF IGAMMA .EO. 1.0) GO TO 40 
TSAVE = TT 
IE IJJJJ .NE. 0) CALL CILERI El,E2,E?,TT,PP,1) 
ST = DSINITT) 
CT = DCOSITT) 
SP = DSINIPP) 
CP = OCOSIPP) 
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ST2 = ST 
CT2 = CT 
SP2 = SP 
CP2 = CP 

* 
* 
* 
« 

ST 
CT 
SP 
CP 

TEMP = CT/DS0RTIST2*ISP2+A2*CP2)/G2^CT2) 
IF ITEMP .GT. l.ODO) TEMP = 1.000 
TT = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL OFLOPISPP,CP,PP) 
T = TT 
P = PP 
COEF = ST? * ISP2 • A2*CP2) + G2 * CT2 
GO TO 41 

40 COEF = 1.000000000000000000 
T = TT 
P = PP 

41 R2 = C O 
CALL C6P0LYIT,P,B) 
DO 31 I = 1,KE 

30 R2 = R2 + ClI)*BII) 
R2 = R2/C0EF 
R = DSQRTIR2) 
D R = R * R * R * DSINITSAVE) 
WRITF 16,5) K,J,THFTA,PHI,R 
IF IMODIK,2) .EO. 1) BOP = DR + OR 
IF IMODIK,2) .EQ. 0) BOR = DR + OR • DR • DR 
IF IK .EQ. 1) BDR = DP 
IF IK .EQ. N) BDR = DR 
BE = BF • FOR 

51 CONTINUE 
IF IMODIJ,?) .EC 1) BOEN = BE • BE 
IF IMODIJ,?) .EC 0) BDEN = BE • BE • BE • BE 
IF IJ .EC 1) BDEN = RE 
IF IJ .EC M) BDEN = BE 
DEN = DEN + BDEN 

80 CONTINUE 
DEN = DEN * 12.0000C * DT * OP/27.000(50 
WRITE 16,6) DEN 
PI2 = PI • PI 
PI2 = PI2 * PI 2 * PI2 
DEN = OEN • DEN 
DEN = 0EN/PI2 
WPITF 16,fl) DEN 
AO = 5.291720-09 
DEN = DEN/IAO*An*AO) 
WRITE 16,9) DEN 
VOL = VOL * 1.1CD-24 
DEN = DEN * VOL 
WPITE 16,ID OFN 
STOP 
END 

r ********************************************************************** ^ * 
C * J154 * 
C * 
C * COMPUTATION OF THF VOLUME OF THF FERMI SURFACE. * 
C * 
C • INPUT DATA: THE CII) ARE THE K**? COEFFICIENTS. * 
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C * 
C * SYMMETRY GROUP: 0 3 0 

* 
* 

C * c * *# * * * *« *« * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
I M P L I C I T R E A L * 8 I A - H , 0 - Z ) 
P E A L * 4 T , P , S Y M , A L P H A , A ? , G A M M A , G ? , E 1 , E 2 , E 3 
DIMENSION N A M ( 9 1 ) ,SYMI 9 1 , 1 6 ) , C I 9 1 ) , 8 1 9 1 ) , I N I 9 1 ) 
CCMMON/KUBE/NAM,SYM.KE ,KLN 
COMMON/CAP F Y / N U T , L U M P , A L P H A , A 2 , G A M M A , G 2 , E 1 , E 2 , E 3 , J J J J 

1 FORMAT (lOX,I4,E17.6) 
2 FORMAT 114) 
3 FOPMAT IFIO.4) 
4 FOPMAT I1H1,?OX,'V01UME OF THE FERMI SURFACE'// 

$ ICX,' K**? IS FIT WITH ',!?,' HARMONICS.'///' THETA', 
i < INTEGPATION — • ,14,' STEPS.', 
$ - PHI INTEGRATION — - , 1 4 , - STE PS. - / //30X , - INTEGRATION-, 
J - STEPS-//- ',4X,'STEP',7X,'STEP',6X,'THFTA',BX,'PHI', 
S 6X,'FERMI RADIUS-/- -,7X,-IN THETA -,4X,- IN PHI'/) 

R FORMAT II7,4X,I7,F15.6,Fl?.6,F14.a) 
6 FORMAT I///15X,- VOLUME OF THE FERMI SURFACE -, 

$ -IIN BOHR RADII**?) IS ',1P015.8,'.') 
7 FORMAT IF10.6) 
8 FORMAT I///15X,' NUMBER OF STATES/ROHR RA0IUS**3 IS ', 

t 1PP15.8,'.') 
q FORMAT I///15X,' NUMBER OF STATES/CC IS ',1POI5.3,'.') 
10 FORMAT I///15X,' NUMBER OF STATES/ATOM IS ',IPOl5.8,'.') 

C 
C REAP INPUT DATA 
C 

NUT = 0 
LUMP = 1 
RFAO (5,3) GAMMA 
ALPHA = 1.0 
El = C O 
E? = C O 
E? = C O 
READ 15,7) L 
READ 15,1) I INI D,CI D,I=1,L) 
WPITFI5,1) I INI 1),CII),I = 1,L) 
WRITEI6,3) GAMMA 
READ 15,?) N,M 
READ 15,?) VOL 
CALL COMSET 
KF = L 
KLN = MTOLIKE,4) 
A2 = ALPHA * ALPHA 
G? = GAMMA * GAMMA 
JJJJ = 0 
IF lEl .NE. 3) JJJJ = 1 
IF IE? .NE. 1) JJJJ = 1 
IF IE? .NE. 0) JJJJ = 1 
WRITE 16,4) L,N,M 
OEN = C O 
PI = ?.14159?65?5R9793 
DP = PI/I ?.00ni3 * IM-D ) 
DT = PI/I?.00D:'0 * IN-D) 
DO ac J = l.M 
BE = 0.0 
DO 51 K = 1,N 
PP = IJ-1) * OP 
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PHI = PP * 1R1.ODO/PI 
TT = IK-D * OT 
THETA = TT * 180.00DCC/PI 
IF IGAMMA .EO. 1.0) GO TO 40 
TSAVE = TT 
IF IJJJJ .NE. 0) CALL OILERIEl,E?,E?,TT,PP,I) 
ST = DSINITT) 
CT = DCOSITT) 
SP = DSINIPP) 
CP = OCOSIPP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/DSQRTIST2*!SP2^A2*CP2)/G2+CT2) 
IF ITEMP .GT. l.ODO) TEMP = l.ODO 
TT = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOPISPP,CP,PP) 
T = TT 
P = PP 
COEF = ST2 * ISP2 + A2*CP2) • G2 * CT2 
GO TO 41 

40 COEF = i .oooioooooonooooco 
T = TT 
p = pp 

41 R2 = 0 . 0 
CALL 0?POLYIT,P,B) 
00 30 I = 1,KE 

30 R2 = R2 • ClI)*BII) 
R2 = R2/C0EF 
R = DSQRTIR2) 
D P = R * R * R * DSINITSAVE) 
WPITE 16,5) K,J,THETA,PHI,P 
IF IMODIK,2) .EQ. 1) BDR = OR + OR 
IF IMODIK,?) .EO. 0) BDR = DR • DR + OR • OR 
IF IK .EQ. 1) BOP = DR 
IF IK .EO, N) BOR = PR 
BE = BF • BOR 

51 CONTINUE 
IF IMOOIJ,?) ,EC. 1) POEN = BE + BF 
IF IMOOIJ,?) .EQ. 0) BOEN = BE + BE + BE • Bl 
IF IJ .EC 1) BDEN = BF 
IE IJ .EC M) BDEN = BE 
DEN = OEN • BDEN 

80 CONTINUE „„„„„ 
DEN = OEN * 12.00D0C * DT * OP/27.OODOO 
WRITF 16,6) OEN 
PI? = PI + PI 
PI2 = PI2 * PI2 * PI2 
DEN = OEN + DEN 
DFN = DEN/PI2 
WPITE 15,B) OEN 
AO = 5.29172D-39 
OEN = DEN/IAO*AO*AO) 
WPITE 16,9) PEN 
VOL = VOL * l.OOD-24 
DEN = DEN * VOL 
WPITE 16,ID DEN 
STOP 
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END 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

: 
C * J 1 5 5 * 
0 * * 
C * COMPUTATION OF THE VOLUME OF THE FFRMI SURFACE. * 
C * * 
C * INPUT DATA: THE C I I ) ARE THE K * * 2 C O E F F I C I E N T S ; * 
C * * 
C * SYMMETRY G R O U P : S 6 I C 3 I ) * 

C * * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

IMPLICIT RFAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM,ALPHA,A2,GAMMA,G2,E1,E2,F3 
DIMENSION NAMI91),SYMI91,16),CI91),BI91),INI91) 
COMMON/KUBE/NAM,SYM,KE,KLN 
C0MM0N/CARPY/NUT,LUMP,ALPHA,A2,GAMMA,G2,E1,E2,E3,JJJJ 

1 FORMAT IIOX,I4,E17.6) 
2 FORMAT 114) 
? FORMAT IE1C4) 
4 FORMAT I IHl,?CX,-VOLUME OF THE FERMI SURFACE-// 

$ lOX,- K**? IS FIT WITH ',1?,' HARMONICS.'///' THETA', 
$ ' INTEGRATION — ' , 1 4 , ' STEPS.', 
$ ' PHI INTEGRATION — ' , 1 4 , ' STEPS.'///30X, ' INTEGRATION', 
i ' STEPS'//' ',4X,'STEP',7X,'STEP',6X,'THETA',8X,'PHI', 
$ 6X,'FERMI RADIUS'/' ',?X,'IN THETA',4X,'IN PHI'/) 

5 FORMAT II7,4X,I7,F15.6,F1?.6,F14.8) 
6 FORMAT I///15X,' VOLUME OF THE FERMI SURFACE ', 

$ ' U N BOHR RADII**?) IS ',1PD15.8,'.') 
7 FORMAT IF10.6) 
8 FORMAT I///15X,' NUMBER OF STATES/BOHR RADIUS**3 IS ', 

$ 1PD15.3,'.') 
9 FORMAT I///15X,' NUMBER OF STATES/CC IS ',1PD15.8,'.') 
10 FORMAT I///15X,' NUMBER OF STATES/ATOM IS ',IPDl5.8,•.') 

C 
C READ INPUT DATA 
C 

NUT = 0 
LUMP = 1 
READ 15,?) GAMMA 
ALPHA = I.C 
Fl = C O 
E2 = C O 
E3 = O.G 
READ 15,2) L 
READ 15,1) U N ! I) ,CID,I=1,L) 
WRITEI6,1) I INID,CII),1 = 1,L) 
WPITEI6,3) GAMMA 
REAC 15,2) N,M 
READ 15,3) VOL 
CALL COMSET 
KE = L 
KLN = MTOLIKE,5) 
A2 = ALPHA * ALPHA 
G2 = GAMMA * GAMMA 
JJJJ = 0 
IF IFl .NE. 0) JJJJ = 1 
IF IE? .NE, 0) JJJJ = 1 
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40 

41 

30 

51 

80 

* OP 
18C0OO/PI 
* DT 

1BCC001C/PI 
,E0, 1,0) GO TO 4C 

0) CALL CILERIE1,E2,F3,TT,PP,D 

IF IE3 .NE. C) JJJJ = 1 
WRITE 16,4) L,N,M 
OEN = C C 
PI = 3.141592653589793 
DP = 2.0ODC0 • PI/13.COOOC * IM-D) 
DT = PI/12.0O0"O * IN-1)) 
DO 80 J = 1,M 
PE = 0.1 
DO 51 K = 1, N 
PP = IJ-D 
PHI = PP * 
TT = IK-1) 
THETA = TT 
IE IGAMMA 
TSAVE = TT 
IF IJJJJ .NE. 
ST = OSINITT) 
CT = DCOSITT) 
SP = DSINIPP) 
CP = OCOSIPP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/DSQRTIST2*ISP2^A2*CP2)/G2^CT2) 
IF ITEMP .GT . l.ODO) TEMP = l.ODC 
TT = OARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOPISPP,CP,PP) 
T = TT 
P = PP 
COEF = ST? * ISP? • A?*CP2) ' 
GO TO 41 
COEF = 1 .OOOOOIOOOOOOOOCDCO 
T = TT 
P = pp 
P2 = C O 
CALL S6P0LYIT,P,B) 
00 3C I = 1,KE 
R2 = R2 • Cl I )*BII) 
R2 = R2/C0FF 
R = 0S0RTIR2) 
D P = R * R * P * DSINITSAVE) 
WRITE 16,5) K,J,THETA,PHI ,R 

G2 CT2 

IF IMODIK,?) 
IF IMODIK,?) 
IF IK .EO. 1) 
IF IK .EC N) 
BE = BE • BOP 
CONTINUE 
IF IMOOIJ,?) 
IF IMODIJ,?) 
IF (J .EC 1) 
IF IJ .EQ. M) 

.EQ. 1) BOR = DR • PR 

.EC 0) BOP = DR • OR 
BOP = DR 
BOP = DR 

.EC 1) BDEN = BE + BE 

.EQ. 0) BOEN = BE + BE 
BDEN = BE 
BDEN = BE 

+ OR + OR 

• BE + BE 

DEN = DEN • BOEN 
0ONTINI>F 
OEN = DEN * 6.10000 * 
WPITE 16,6) OEN 
PI2 = PI • PI 
PI2 = PI2 * PI2 * PI2 

DT * OP/27.00000 



242 

DEN = DEN + DEN 
DEN = 0 F N / P I 2 
WRITE 1 6 , 8 ) OEN 
AP = 5 . 2 9 1 7 2 0 - 0 9 
OEN = D E N / I A 0 * A 0 * A 1 ) 
WRITE 1 6 , 9 ) OEN 
VOL = VOL * 1 . 0 0 0 - 2 4 
DEN = DEN * VOL 
WPITF 1 6 , I C ) OEN 
STOP 
END 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C * 

J 1 5 6 

** 
* 
* 

* COMPUTATION OF THE VOLUME OF THE FERMI SURFACE. 
* 
* INPUT DATA: THE C d ) ARE THE K * * ? C O E F F I C I E N T S . 
* 
* SYMMETRY GROUP: C4H 
* 
********************************************************************* 

I M P L I C I T REAL*3 I A - H , 0 - Z ) 
REAL*4 T , P , S Y M , A L P H A , A 2 , G A M M A , G ? , E 1 , E ? , F 3 
DIMENSION N A M | 9 1 ) , S Y M | o i , 1 6 ) , C I 9 D , B I 9 1 ) , I N ! 9 1 ) 
COMMON/KUBE/NAM,SYM.KE.KLN 
C O M M O N / C A R R Y / N U T . L U M P . A L P H A . A 7 . G A M M A . G 2 . E 1 . E 2 . E ? . J J J J 

1 FORMAT IlOX,I4,E17.6) 
2 FORMAT 114) 
? FORMAT IF10.4) 
4 FOPMAT I IHl,2CX,-VOLUME OF THE FERMI SURFACE-// 

i lOX,- K**2 IS FIT WITH -,I2,' HARMONICS.'///' THETA', 
i < INTEGRATION — ' , 1 4 , ' STEPS.', 
t ' PHI INTEGRATION — ' , 1 4 , ' STEPS.'///30 X, ' INTEGRATION', 
$ " STEPS'//" -,4X,- STEP-,7X,-STEP- ,6X,-THETA-,ax,-PHI-, 
$ 6X,-FERMI RADIUS-/- •,2X,-IN THETA-,4X,•IN PHI'/) 

9 
10 

FORMAT II7,4X,IT,F15.6,F12.6,F14.R) 
FOPMAT I///15X,- VOLUME OF THE FERMI SURFACE ', 

$ 'IIN POHR RADII**?) IS ',1PD15.8,'.') 
FORMAT IF1C6) 
FORMAT I///15X,' NUMBER OF STATES/BOHR RADIUS**? IS 
$ IPPlS.a,'."I 
FOPMAT I///15X," 
FORMAT I///15X,' 

READ INPUT DATA 

NUMBER OF STATES/CC IS ',1PD15.R,' .') 
NUMBER OF STATES/ATOM IS ',1PDl5.8,'.' 

NUT = 0 
LUMP = 1 
REAC 15,3) GAMMA 
ALPHA = 1.0 
El = C O 
E2 = C O 
E? = O.C 
READ 15.2) L 
READ 15.11 I INI D.CI I ),1=1,L) 
WRITEI6,1) I INI I).CII),1 = 1,L) 
WRITEI6,3) GAMMA 
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RFAO 15,7) N,M 
REAC (5,3) VOL 
CALL COMSET 
KE = L 
KLN = MTOLIKE,6) 
A? = ALPHA * ALPHA 
G2 = GAMMA * GAMMA 
JJJJ = 0 
IF IFl .NE. C) JJJJ = 1 
IF IE2 .NE. 0) JJJJ = 1 
IF IF3 .NE. 0) JJJJ = 1 
WPITE 16,4) L,N,M 
PEN = C O 
PI = 3.141592653589793 
DP = PI/14.OODOO * IM-1) ) 
DT = PI/12.OODOO * IN-1)) 
DO ac J = 1,M 
BE = C C 
DO 51 K = 1,N 
PP = IJ-D * DP 
PHI = PP * 18C0D0/PI 
TT = IK-D * DT 
THETA = TT * I R O . O C P O O / P I 
IF IGAMMA .EO. 1.0) GO TO 4P 
TSAVE = TT 
IF IJJJJ .NE. C) CALL CILERIE1,E2,E3,TT,PP,1) 
ST = OSINITT) 
CT = DCOSITT) 
SP = DSINIPP) 
CP = OCOSIPP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/DS0RTIST2*ISP2+A2*CP2)/G2+CT2) 
IF ITEMP .GT. l.ODO) TFMP = 1.000 
TT = OARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOPISPP,CP,PP) 
T = TT 
P = PP 
COEF = ST2 * ISP2 • A2*CP2) + G2 * CT? 
GO TO 41 

4 0 COEF = 1 .0COOOOC1C30C0C0O00 
T = TT 
P = PP 

41 P? = 0 . 0 
CALL S0POLYIT,P,B) 
00 30 I = I,KE 

30 P2 = R? + ClI)*BII) 
P2 = R2/C0EF 
P = PSCRTIR2) 
O R = R * R * P * PSINITSAVE) 
WRITE 16,5) K,J,THETA,PHI ,R 

IR • DR 
OR • DR 

51 

IF IMODIK,?) .pp. 
IF IMODIK,?) .EQ. 
IF IK .EO. 11 BDR 
IF IK .FO. N) BDR 
BE = BE + POP 
CONTINUE 

1) POP ^ 
0) BOP ; 
= OR 
= OR 

= PR • DR 
= PR • OR 
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IF IMODIJ,?) .EQ. 1) BDEN = BE • BE 
IF IMODIJ,?) .EC 0) BOEN = BE • BF • BF + BE 
IF IJ .EQ. 1) POEN = BE 
IF IJ .EQ. M) BDEN = BE 
OEN = DEN • BDEN 

80 CONTINUE 
DEN = DEN « 16.00000 * OT * DP/27.OODOO 
WRITE 16,5) DEN 
PI2 = PI • PT 
PI? = PI2 * PI2 * PI2 
DEN = DEN + DEN 
DEN = 0EN/PI2 
WPITE 16.8) DEN 
AO = 5.291720-19 
DEN = DEN/IAO*AO*AD) 
WRITE (5,9) PEN 
VOL = VOL * 1.110-24 
DFN = DEN * VOL 
WRITE 16.11) DEN 
STOP 
ENn 

c ********************************************************************** 
c * * 
C * J15T * 
C * * 
C * COMPUTATION OF THE VOLUME OF THE FEPMI SURFACE. * 
C * * 
C * INPUT OATA: THE CII) ARE THE K**? COEFFICIENTS. * 
C * * 
C * SYMMETRY GROUP: C4H * 
C • * 
C ********************************************************************** 

IMPLICIT RFAL*R IA-H,0-Z) 
PEAL*4 T,P,SYM,ALPHA,A?,GAMMA,G?,F1,E2,E3 
DIMENSION NAMI91),SYMI91,16),CI9D,RI91),INI91) 
COM^ON/KURF/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A?,GAMMA,G2,E1,E2,E?,JJJJ 

1 FORMAT I lOX, 14,E17.t) 
2 FOPMAT 114) 
? FORMAT IFll.4) 
4 FORMAT IIHl,20X,'VOLUME OF THF FERMI SURFACE'// 

$ lOX,' K**2 IS FIT WITH ',12,' HARMONICS.'///' THETA', 
S ' INTEGRATION — ' , 1 4 , " STEPS.', 
$ • PHI INTEGRATION — ' , 1 4 , ' STEPS.'///?0X, ' INTEGRATION', 
i ' STEPS'//' ',4X,"STEP",7X,'STEP',6X,'THETA',ax,'PHI', 
$ 6X,'FERMI RADIUS'/' ',2X,'1N THETA',4X,'IN PHI'/) 

5 FORMAT II7,4X,I7,F15.5,F12.6,F14.3) 
6 FORMAT I///15X,' VOLUME OF THE FERMI SURFACE ', 

i "IIN POHR RADII**?) IS •,1PD15.8,'.') 
7 FORMAT IF10.6) 
8 FORMAT I///15X,' NUMBER OF STATES/BOHR RADIUS**? IS ', 

t lPni5.3,'.") 
9 FORMAT I///15X," NUMBER OF STATES/CC IS ',IPDl5.8, ' . ' ) 
10 FORMAT I///15X," NUMBER OF STATES/ATOM IS •.IPO 15.fl.'.') 

C READ INPUT DATA 
C 

NUT = 0 
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40 

41 

30 

I INI I) .Cd ),I = 1.L) 
I INI I).CII).1=1,L) 
GAMMA 

N.M 
VOL 

1) JJJJ 
0) JJJJ 
0) JJJJ 
L,N,M 

LUMP = 1 
READ 15,3) GAMMA 
ALPHA = 1.0 
El = 0.0 
E2 = C O 
E3 = C C 
REAC 15,2) 
READ 15,1) 
WRITEI6,1) 
WRITEI6,3) 
RFAD 15,2) 
READ 15,3) 
CALL COMSET 
KE = L 
KLN = MTOLIKE,7) 
A2 = ALPHA * ALPHA 
G2 = GAMMA * GAMMA 
JJJJ = 0 
IF IFl .NE. 
IE IE2 .NE. 
IF IE3 .NE. 
WPITE 16,4) 
DEN = C C 
PI = 3.14159265358979? 
DP = PI/12.OODOO * IM-1)) 
DT = PI/12.COOCO * IN-D) 
DO PC J = l,M 
BE = 0.0 
DO 51 K = 1,N 
PP = IJ-1) * OP 
PHI = PP * laCODO/PI 
TT = IK-D * DT 
THETA = TT * 18C100CC/PI 
IF IGAMMA . E C 1.0) GO TO 40 
TSAVF = TT 
IF IJJJJ ,ME, 0) CALL CILEPIE1,E2,E?,TT,PP,1) 
ST = DSINITT) 
CT = DCOSITT) 
SP = DSINIPP) 
CP = OCOSIPP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/PS0RTIST2*ISP2+A2*CP2)/G2^CT2) 
IF ITEMP ,GT, l,CDi) TEMP = 1,000 
TT = DARCOSITEMP) 
SPP = SP/ALPHA 
CALL DFLOP|SPP,CP,PP) 
T = TT 
P = PP 
COEF = ST? * ISP2 • A2*CP2) • G? * CT? 
GO TO 41 
COEF = 1 , o i o o o n o c i i C r occnoo 
T = TT 
p = pp 
R2 = C O 
CALL C4P0LYIT ,P ,B) 
00 ?0 I = l . K F 
P2 = P2 + C l I ) * B I I ) 
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R2 = R2/G0EF 
R = DSQRTIR?) 
DR = R * R » R * DSINITSAVE) 
WPITF 16,5) K,J.THFTA,PHI,R 
IF IMODIK,2) ,EC 1) BOR = DR + OR 
IF IMODIK,?) .EQ, 0.) BOR = DR • DR • DR • DR 
IF IK .EQ. 1) BDR = DR 
IE IK .EQ. N) BOR = DR 
BE = RE + BDR 

51 CONTINUE 
IF IMODIJ,?) .EC 1) BDEN = BE + BE 
IF IMOOIJ,?) .EQ. 0) BDEN = BE • BE + BE • BE 
IF IJ .EC 1) BDEN = BE 
IF IJ .EC M) BDEN = BE 
OEN = DEN + BOEN 

80 CONTINUE 
DEN = OFN * a.OOOOO * DT * DP/77.CODOO 
WPITE 16,5) DEN 
PI? = PI • PI 
PI? = PI? * PI? * PI? 
DEN = DEN • DEN 
DEN = DEN/PI2 
WRITE 16,8) PEN 
AO = 5.291720-09 
DEN = DEN/IA0*A0*A0) 
WRITE 16,9) OEN 
VOL = VOL * 1.100-24 
DEN = DEN * VOL 
WPITE 16,10) DEN 
STOP 
END 

C ********************************************************************** 
C * * 
C * J15S * 
C * * 
C * COMPUTATION OF THE VOLUME OF THE FERMI SURFACE. * 
C * * 
C * INPUT DATA: THE CII) ARE THF K**2 COEFFICIENTS. * 
C * • 
C * SYMMETRY GROUP: VH * 
C * * 
C ********************************************************************** 

IMPLIC" REAL*R IA-H,0-Z) 
REAL*4 T,P,SYM,ALPHA,A2,GAMMA,G?,E1,E2,F? 
DIMENSION NAM 191) ,SYM(91,16),C(9D,BI91),1NI91) 
COMMON/KUBE/NAM.SYM.KE.KLN 
COMMON/CARRY/NUT.LUMP.ALPHA.A2. GAMMA.G2.F1.E2.E3.JJJJ 

1 FORMAT I10X,I4,E17.5) 
2 FORMAT (14) 
3 FORMAT (FIO.4) 
4 FORMAT ( IHl,2CX,'VOLUME OF THE FERMI SURFACE'// 

$ lOX," K**2 IS FIT WITH ",I2,' HARMONICS.'///' THETA', 
* • INTEGRATION — ' , 1 4 , ' STEPS.', 
i ' PHI INTEGRATION — ' , 1 4 , ' STEPS.'///30X, ' INTEGRATION', 
t - STEPS-//- -,4X,-STEP',7X,'STEP',6X,'THETA',8X,'PHI', 
i 6X,'FERMI RADIUS-/- ',2X,'IN THETA',4X,'IN PHI'/) 

5 FORMAT II7,4X,I7,F15.6,F12.5,F14.B) 
6 FORMAT I///15X,' VOLUME OF THE FERMI SURFACE ', 
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$ ' I I N BOHR R A 0 I I * * 3 ) IS ' ,1PD15 . 8 , ' . ' ) 
7 FORMAT I F 1 C 6 ) 
8 FORMAT I///15X,' NUMBER OF STATES/BOHR RADIUS**? IS ', 

$ 1PD15.8,'.') 
9 FORMAT I///15X,' NUMPER OF STATES/CC IS ',1PD15.8,'.') 
10 FORMAT I///15X,' NUMBER OF STATES/ATOM IS ',IPDl5.8,'.') 

C 
C READ INPUT DATA 
0 

NUT = 0 
LUMP = 1 
PEAC (5,3) GAMMA,ALPHA 
El = C O 
E? = C O 
E? = C O 
READ 15,2) L 
READ 15,1) I INI I),CII),1 = 1,L) 
WRITEI6,1) I INI I ),CII),I = 1,L) 
WPITEI6,?) GAMMA,ALPHA 
READ 15,7) N,M 
READ 15,?) VOL 
CALL COMSET 
KE = L 
KLN = MTOLIKF,R) 
A2 = ALPHA * ALPHA 
G2 = GAMMA * GAMMA 
JJJJ = C 
IF IFl .NE. 
IF IE2 .NF. 
IF IE? .NE. 
WRITE 16,4) 
DEN = cr 
PI = 3.14159265358979? 
OP = PI/12.00030 * IM-DI 
DT = PI/12.00031 * IN-D) 
DO 80 J = 1,M ^ 
RE = C O 
on 51 K = 1,N 
PP = IJ-1) * DP 
PHI = pp * 18C.0O0/PI 
TT = IK-D * DT 
THETA = TT * 180.000CO/PI 
IF IGAMMA . E C 1.0) GO TO 40 
TSAVE = TT 
IF IJJJJ .NE. 0) CALL OILERIEl,E?,E3,TT,PP,1) 
ST = DSINITT) 
CT = DCOSITT) 
SP = DSINIPP) 
CP = OCOSIPP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/OSQRTIST2*!SP?^A2*CP?)/G?+CT?) 
IF ITEMP .GT. l.onO) TEMP = 1.000 
TT = DARCOSITEMP) 
SPP = SP/AIPHA 
CALL DFLOPISPP,CP,PPI 
T = TT 
P = PP 

0) JJJJ = 
0) JJJJ = 
0) JJJJ = 
L ,N,M 

1 
1 
1 
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COEF = ST? * ISP? • A?*CP2) + G? * CT2 
GO TO 41 

40 COEF = 1.3OC0O0CO0OC3C0OD0O 
T = TT 
P = PP 

41 R2 = O.C 
CALL VHPOLYIT.P.B) 
DO 30 I = l.KE 

30 p? = R? + 01 I)*BID 
P? = R2/C0EE 
R = DSORTIR?) 
D P = R « 5 * R * DSINITSAVE) 
WPITE (6.5) K.J,THETA,PHI,R 
IF (MODIK,?) .FQ. 1) BOP = DR + OR 
IF IMOniK,?) .FO. 0) BOR = OR + PR • OR + OR 
IF (K .EC II BPP = pp 
IF (K .EQ. N) BPR = PR 
PE = BE • PPP 

51 CONTINUE 
IF (MOD(J,?) .EC 1) BOEN = BE + BE 
IF (MODIJ,?) .EC 0) BDEN = BE • BE • BE • BE 
IF IJ .EO. 1) BDEN = RE 
IF IJ .EO. M) BDEN = BF 
DEN = DEN + BDEN 

80 CONTINUE 
DEN = PEN * a.OODOO * OT * DP/27.00000 
WRITE !5,5) PEN 
PI? = PI • PI 
PI? = PI? * PI2 * PI2 
DFN = DEN + DEN 
DEN = DEN/PI2 
WRITE 16,a) DEN 
AO = 5.291720-09 
DEN = DEN/IAO*AO*AO) 
WRITE 15,9) PEN 
VOL = VOL * l.OOD-24 
DEN = DEN * VOL 
WRITE 16,10) DEN 
STOP 
END 

C ********************************************************************** 
C * * 
C * J159 * 
C * * 
C * COMPUTATION OF THE VOLUME OF THE FERMI SURFACE. * 
C * * 
C * INPUT DATA: THE C d ) APE THE K**2 COEFFICIENTS. * 
C * * 
C * SYMMETRY GROUP: C2H • 
C * * 
C ********************************************************************** 

IMPLICIT REAL*8 |A-H,Q-Z) 
REAL*4 T,P,SYM, ALPHA, A2,GAMMA,G2,E1,E?,E3 
DIMENSION NAM|9D,SYM!91,16),C!91),BI91),INI91) 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A2,GAMMA,G2,E1,E2,E3, JJJJ 

1 FORMAT I 1 0 X , I 4 , E 1 7 . 6 ) 
2 FORMAT 1 1 4 ) 
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STATES/CC IS ',1PD15.8,'.') 
STATES/ATOM IS ',1P015.R,'.') 

3 FORMAT IFll.4) 
4 FPRMAT IIHl,7CX,'VOLUME OF THE FFRMI SURFACE'// 

lOX,' K**7 IS FIT WITH ',1?,' HARMONICS.'///' THFTA', 
' INTEGRATION — ' , 1 4 , ' STEPS.', 
' PHI INTEGRATION — ' , 1 4 , ' STEP S. '/// 3C X, ' INTEGRATION', 
' STEPS'//' ' ,4X,'STEP',7X,'STEP',6X,'THETA',ax,'PHI', 
6X,'FFRMI RADIUS'/' ',?X,'IN THETA',4X,'IN PHI'/) 

5 FORMAT I I 7 , 4 X , I 7 , F 1 5 . 6 , F 1 ? . 6 , F 1 4 . 3 ) 
6 FORMAT I / / / 1 5 X , ' VOLUME OF THE FERMI SURFACE ' , 

$ ' I I N POHR R A D I I * * ? ) IS ' , 1 P 0 1 5 . 8 , ' . ' ) 
7 FORMAT I F 1 C 6 ) 
8 FORMAT I / / / 1 5 X , ' NUMPER OF STATES/BOHR R A 0 I U S * * 3 IS ' , 

$ 1 P 0 1 5 . 8 , ' . ' ) 
9 FORMAT I///15X,' NUMBER OF 
10 FORMAT I///15X,' NUMPER OF 

C 

C PEAC INPUT DATA 
0 

NUT = 0 
LUMP = 1 
REAC 15,3) GAMMA,ALPHA,E? 
El = C O 
E? = C C 
PEAC 15,2) 
READ 15,1) 
WPITEI6,1) 
WRITEI6,3) 
READ 15,7) 
REAC 15,3) 
CALL CCMSET 
KE = L 
KLN = MTOLIKE,09) 
A2 = ALPHA * ALPHA 
G2 = GAMMA * GAMMA 
JJJJ = C 
IF lEl .NE. 0) JJJJ = 1 
IF IE2 .NE. 0) JJJJ = 1 
IF IF? .NE. C) JJJJ = 1 
WPITE 15,4) L,N,M 
DEN = C O 
PI = ?.141592653589703 
Fl = El * Pl/iac 
F? = E? * PI/180. 
E3 = E3 * PI/130. 
OP = PI/IM-1) 
DT = PI/12.30011 * !M-1)) 
DO ac J = 1,M 
PF = 0.0 
DO 51 K = l.N 
pp = IJ-1 ) 

I INI I ) ,CII ),I = 1,L) 
I INd ),Cd ),I = 1,L) 
GAMMA, ALPHA, E? 
N,M 
VOL 

PHI = PP * 
TT = IK-1 ) 
THETA = TT 
IF IGAMMA 
TSAVE = TT 
IF IJJJJ .NE. 
ST = OSINITT) 
CT = OCOSdT) 
SP = DSINIPP) 
CP = OCOSIPP) 

* DP 
lacooc/Pi 
* OT 
* i ao .o ipno /P I 
E O . 1 . 1 ) GO TO 4C 

1 ) CAL l 0 I L E P I E 1 , E ? , E 3 , T T , P P , 1) 
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ST? = ST * 
CT? = CT * 
SP? = SP * 
CP? = CP * 

ST 
CT 
SP 
CP 

TEMP = CT/DS0RTIST2*ISP2+A2*CP2)/G2+CT2) 
IF ITEMP .GT. l.GOO) TEMP = l.ODO 
TT = DARCOSITEMP) 
CALL 0FL0PISPP,CP,PP) 
T = TT 
P = PP 
COEF = ST2 * ISP2 + A2*CP2) • G2 * CT2 
GO TO 41 

40 COEF = l.OOOOOOOCOOOOCCCDOO 
T = TT 
P = PP 

41 P2 = C O 
CALL C2P0LYIT,P,B) 
no 30 I = 1,KE 

30 R2 = R2 + ClI)*BII) 
R2 = R2/C0EF 
P = DS0RTIR2) 
DR = R * R * P * DSINITSAVE) 
WPITE 16,5) K,J,THETA,PHI ,P 
IF IMODIK,?) .EO. 1) BDR = DR • DR 
IF IMODIK,?) .FO. 0) BDR = DR • DR + DR • DR 
IF IK .EQ. 1) BDR = DR 
IF IK .EQ. N) BDR = PR 
BE = BE • BDR 

51 CONTINUE 
IF IMODIJ,?) .EQ. 1) POEN = BE + BE 
IF (M0n(J,7) .EQ. 0) BOEN = BE + BE • BE • BE 
IF (J .EC 1) BOEN = BE 
IF IJ .EQ. M) BDEN = BE 
OFN = DEN + BDEN 

80 CONTINUE 
DEN = DEN * 4.OODOO * DT * OP/77.00000 
WPITF 16,6) OEN 
PI? = PI + PI 
PI? = PI? * PI? * PI? 
OEN = OEN + DEN 
OEN = DEN/PI? 
WRITE 16,8) DEN 
AO = 5.791770-09 
OEN = DEN/IA0*A0*AO) 
WRITE 16,9) DEN 
VOL = VOL * l.OOD-24 
PEN = DEN * VOL 
WPITE 16,10) OEN 
STOP 
END 

C ********************************************************************** 
C * * 
C * J1510 • 
0 * • 
C * COMPUTATION OF THF VOLUME CF THE FEPMI SURFACE. * 
C * • 
C * INPUT PATA: THE CII) ARE THE K**2 COEFFICIENTS. • 
C * * 
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C * SYMMETRY GPOUP: S2 * 
C * 
C ********************************************************************** 

IMPLICIT REAL*a IA-H,0-Z) 
REAL*4 T,P,SYM,ALPHA,A2,GAMMA,G2,E1,E2,E3 
DIMENSION NAMI9D,SYMI91,16),CI91),BI91),INI91) 
COMMON/KUBF/NAM,SYM,KE,KLN 
COMMON/CARPY/NUT,LUMP,ALPHA,A2,GAMMA,G2,El,E2,E3,JJJJ 

1 FORMAT IlOX,I4,E17.6) 
2 FORMAT 114) 
3 FORMAT IFIO.4) 
4 FORMAT I 1H1,2CX,'V01IIME OF THE FERMI SURFACE'// 

* lOX,' K**2 IS FIT WITH ',12,' HARMONICS.'///' THETA', 
$ ' INTEGRATION — ' , 1 4 , - STEPS.', 
$ - PHI INTEGRATION — ' , 1 4 , ' STEPS.'///30X, ' INTEGRATION', 
$ ' STEPS'//' ' ,4X,'STEP',7X,'STEP' ,6X,'THETA',8X,'PHI', 
$ 6X,'FEPMI RADIUS'/' ',2X,'IN THETA',4X,'IN PHI'/) 

5 FORMAT II7,4X,I7,F15.6,F1?.6,F14.3) 
6 FORMAT I///15X,' VOLUME OF THF FERMI SURFACE ', 

$ 'IIN BOHR RA0II**3) IS ',1PD15.8,'.') 
7 FORMAT IF10.6) 
8 FORMAT I///15X,' NUMPER OF STATES/BOHR RADIUS**? IS ', 

$ 1P015.8,'.') 
9 FORMAT I///15X,' NUMBER OF STATES/CC IS ',IPDl5.R,'.') 
10 FORMAT I///15X,' NUMBER OF STATES/ATOM IS ',IPDl5.8,'.') 

0 
0 REAC INPUT DATA 
0 

NUT = 0 
LUMP = 1 
READ 15,?) GAMMA,ALPHA,F1,E2,E3 
READ 15,2) L 
RFAO 15,1) I INI I) ,CII) ,I = 1,L) 
WPITEI6,1) I INI I),CII),I=1,L) 
WRITEI6,3) GAMMA, ALPHA,El,E2,E3 
PEAO 15,2) N,M 
PEAO 15,3) VOL 
CALL COMSET 
KF = L 
KLN = MTOLIKE,10) 
A2 = ALPHA * ALPHA 
G2 = GAMMA * GAMMA 
JJJJ = 0 
IF IFl ,NE. 0) JJJJ = 1 
IF IE2 .NE. 0) JJJJ = 1 
IF (E3 .NE. 0) JJJJ = 1 
WRITE (6,4) L,N,M 
DEN = C O 
PI = 3.14159265358979? 
El = El * PI/iaCODC 
E2 = E2 * PI/laO.lDO 
E3 = E3 * PI/130.ODC 
DP = 2.000 * PI/IM-1) 
DT = PI/12.OOD0*IN-l)) 
DO 80 J = 1,M 
BE = 0.0 
00 51 K = l.N 
PP = IJ-D * OP 
PHI = PP * lacoDO/Pi 
TT = IK-D * DT 
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THETA = TT * 180.00nCC/PI 
IF IGAMMA .EQ. l . D GO TO 40 
TSAVE = TT 
IF IJJJJ .NE. 0) CALL OILERIEl,F2,E3,TT,PP,1) 
ST = DSINITT) 
CT = DCOSITT) 
SP = DSINIPP) 
CP = OCOSIPP) 
ST2 = ST * ST 
CT? = CT * CT 
SP2 = SP * SP 
CP2 = CP * CP 
TEMP = CT/DSQRTIST7*ISP7+A?*CP?)/G2+CT2) 
IF ITEMP .GT. l.ODO) TEMP = 1.000 
TT = OARCOSITEMP) 
SPP = SP/ALPHA 
CALL 0FL0PISPP,CP,PP) 
T = TT 
P = PP 
COEF = ST? * ISP? + A2*CP2) + G2 * CT2 
GO TO 41 

40 COEF = 1 .0100C0001CC300CDOO 
T = TT 
P = PP 

41 R? = 0.0 
CALL S7P0LYIT,P,B) 
DO 30 I = 1,KF 

30 R7 = R7 + C d )*BI I) 
R? = R7/C0EF 
R = DSQRTIR?) 
DP = R * R * R * DSINITSAVE) 
WRITE 16,5) K,J,THETA,PHI,R 
IF IMODIK,?) .EQ. I) BPP = OR • DR 
IF IMODIK,?) .EQ. 0) BDR = DR • PR • OR + OR 
IF IK .EQ. 1) BDR = DR 
IF IK .EQ. N) BDR = OR 
BE = BF • BDR 

51 CONTINUE 
IF IMODIJ,?) .EQ. 1) BDEN = BE • BF 
IF IMODIJ,?) .EQ. 0) BOEN = BE + BE • BE • BE 
IE IJ .EC 1 ) BOEN = BE. 
IF IJ .EQ. M) BDEN = BE 
nEN = DEN + BDEN 

80 CONTINUE 
OEN = DEN*?.00n00*PT*DP/?7.0300 
WRITE 16,6) DFN 
PI2 = 
PI2 = 
DEN = 
DEN = 
WRITF 
AO = 1 
DEN = 
WPITE 
VOL = 
DEN = 
WRITE 
STOP 
END 

PI + PI 
PI? * PI? * PI 
DEN + DEN 
OEN/PI? 
15,8) OEN 
5.29172D-C9 
DEN/!A1*A0*A0) 
16,9) DEN 
VOL * l.OOD-24 
DFN * VOL 
15,10) DEN 
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K U B I C H A R M O N I C G E N E R A T O R 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C * * 
C * H A G E N * 

<̂  * ! 
C * THF KUniC HARMONIC COEFFICIENT GENERATOR. • 

c * ! 
C * THIS PROGRAM GENERATES THE COEFFICIFNTS FOR THE * 
C * SPHERICAL HARMONIC EXPANSION OF THE KUBIC HARMONICS. * 
C * MAXIMUM ORDER OF THIS EXPANSION IS L = 60 * 
C * ACTUAL ORDER DESIRED IS REAP INTO THF PROGRAM IN 13 FORMAT. * 
C • * 
C ********************************************************************** 
c 

IMPLICIT REAL*? IA-H,0-Z) 
DIMENSION P(35,?5), C(?5), 0I?5,35) 
DIMENSION ERRVECI35), VECTOR I 35,35) 
DIMENSION DIAG(100),SUPFRnil30),WVECI130),PVECI10i),TllOO,3) 
COMMON/F?0?/OIAG,SUPERD,WVEC,PVEC,T 

1 FORMAT I///11X,' * =',I3,5X,'J =',I3,5X,'I =',13) 
2 FORMAT IIOX,315) 
3 FORMAT I4F70.15) 
4 FORMAT I/5F76.14) 
5 FORMAT IIHI,-THE 0 MATRIX FOR L =-,!?///) 
6 FORMAT l/aF15.R) 
7 FORMAT I////) 
8 FORMAT I//- THE ERROR VECTOR — IDA-IA) — FOR VECTOR-,I?//) 
9 FORMAT I//- THE DEVIATION PER COMPONENT IS',lPD15.a) 
10 FORMAT II?) 
18 FORMAT I/1P6073.4) 
19 F0RMATI/10X,RF15.R) 

READ 15,10) LNUM 
IF ILNUM .GT. 60) LNUM = 60 
INUM = LNUM<-1 
J? = 1 
00 100 Jl = 1,LNUM,2 
DO 11 J2 = 1,?5 
00 U I? = 1,?5 
0117,J?) = O.C 

U CONTINUE 
J = Jl - 1 
MO = J/4 + 1 
IF IJ .NE. 0) GO TO 1? 
JEN = 1 
VECTOR!1,1) = l.n00030iiOCC 
DO 17 K = 7,35 

17 VECTOR 11,K) = 1.0 
GO TO 90 

1? IF IJ .EO. 2) GO TO 101 
C 
0 CALCULATION OF THE 0 MATRIX 

0 
SO? = 0S0RTI2.11100130010) 
00 14 I = 7,MO 
Ml = 4 * I I - l ) 
CALL WIG! J , M l , 1 , A N D 
P I 1 , D = SO? * ANl 
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011,1) = DI1,I) 
DO 14 K = 1,M0 
M = 4 * IK - 1) 
CALL WIGIJ,M1,M,AN1) 
CALL WIG!J,Ml,-M,AN?) 
DIK,D = ANl + AN? 

14 PII,K) = PIK,I) 
CALL WIG! J,3,0,AND 
011,1) = ANl 
WRITE 16,5) J 
IE IMC .GT. 8) GO TO 7C 
DO 15 I = 1,M0 

15 WRITE 15,6) IOd,K) ,K = 1,M0) 
WRITE 16,7) 
GO TO 71 

70 DO 16 I = 1,MO 
WRITE 16,6) IDI I,K),K=1,8) 

16 WRITE 16,19) IDd,K),K=9,MD 
WRITE 16,7) 

C CALCULATION OF THE PFGENERACY PARAMETER FOR THE EIGENVALUE 1. 

C 
71 I? = 0 

IZZ = J - 2 
II = MODIIZZ,12) 
IF I II .EO. 0) 12 = -1 
JEN = J/12 • 12 + 1 

C 
C CLEAR MATRICES 
C 

DO 22 K = 1,?5 
CIK) = 0.1 
00 22 L = 1,?5 
B I K , L ) = O.C 

22 V E C T O R I K . L ) = C C 
C 
c 
C COMPUTE EIGENVECTORS. 
C METHOD USED: 
C HOUSEHOLDER REDUCTION TO TRIDIAGONAL FORM, 
0 FOLLOWED BY GIVEN"S METHOD FOR DETERMINING 
C THE EIGENVALUES OF A TRIDIAGONAL MATRIX. 
0 THE EIGENVECTORS APE COMPUTED BY INVERSE ITERATION. 
C FOR MULTIPLE ROOTS, ORTHOGCNALITY IS ESTABLISHED BY THE 
C GRAM-SCHMIDT PROCESS. 
C ONLY THE EIGENVALUES AND EIGENVECTORS OF INTEREST ARE COMPUTED. 
C 
C THIS IS AMDLIB SUBROUTINE F702S. 
C 

DO 2? K = 1,M0 
DO 2? L = 1,MC 

2? B!K,L) = DIK,L) 
CALL E I G E N I B , V E C T 0 R , M C C J F N , A N O R M , ? 5 ) 
00 25 K = 1 ,JEN 
DO 25 L = l.MP 

25 VECTOR|K,L) = BIL,K) 
C 
C PROCUCTION OF THE PROPER LINEAR COMBINATIONS OF 
C THE EIGENVECTORS TC CORRESPOND WITH THE VECTORS 
C PRODUCED BY MUELLER AND PRIESTLEY. 
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DO 60 I = 1 , J F N 
TEMP = V E C T O R ! 1 , 1 ) 
DO 6C K = 1 ,M0 

V F C T 0 R I 1 , K ) = V E C T O R ! I , K ) / T E M P 

6C CONTINUE 
IF I J E M . E C 1 ) GO TO 6 5 
1 = ? 

66 II = 1 
KK = 2 

62 DO 6 ? K = 1 ,M0 

V F C T O R d , K ) = V E C T O P I D K ) - V E C T O R I I I , K ) 

6 ? CONTINUE 
TEMP = V E C T O R I I , K K ) 
0 0 64 K = 1,MP 
VECTOR!I,K) = VECTOR!I,K)/TEMP 

64 CONTINUE 
d = II • 1 
KK = KK • 1 
IF III .EO. I) GC TO 61 
GO TO 62 

61 CONTINUE 
IF II .EC JEN) GO TO 65 
1 = 1 ^ 1 
GO TO 66 

65 CONTINUE 
C 
0 GRAM/SCHMIDT ORTHONORMALIZATION PROCESS 
C 

00 30 12 = 1,JEN 
13 = JEN - 1 2 + 1 
14 = 13 - 1 
SUM = O.C 
DO 31 K = l.MO 

31 SUM = SUM + VECTOR!13,K)*VECT0RII3,K) 
SUM = DSQRTISUM) ^ 
DC 32 K = 1,MC 

32 VECT0RII3,K) = VECTOR!13,K)/SUM 
IF I 13 .LE. 1) GO TO 3" 
no 3? L = 1,14 
SUM = C O 
DO 34 K = 1,MC 

34 SUM = SUM • VECTORII?,K)*VECTOR|L,K) 
DO ?5 K = 1,MP 

35 VECTORICK) = VECTOPII,K) - SUM*VFCTOR 113, K) 
33 CONTINUE 
30 CONTINUE 

C COMPUTE RESIDUAL VECTOR 0*A - I*A 
C 

DO 40 I = 1,JEN 
DO 41 K = 1,35 

41 ERRVECIK) = 3.0 
00 42 K = 1,MC 
DO 4? L = l.MO 

4? ERRVECIK) = ERRVECIK) • 01K,L)*VECTOPII,L) 
42 ERRVECIK) = ERRVECIK) - VFCTr)Pd,K) 

OEV = C O 
DO 44 K = 1,M0 

44 DEV = DEV + EPRVECIK)*EPRVECIK) 
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40 

c 
c 
c 
90 

XM1 = MO 
DEV = DEV/XMO 
DEV = OSQRTIOFV) 
WPITE 16,8) I 
WRITE 15,18) IERRVECIK),K=1 
WPITF 16,9) OEV 
CONTINUE 

OUTPUT OF COEFFICIENTS 

OO 95 I = 1,JFN 
WRITF 16,1) J?,J,I 

,M0) 

WPITE 16,4) IVECTORII,K),K=1,M0) 
WRITE 17,2) J3,J,1 
WRITE 17,3) IVECTORII,K),K=1,16) 

1 95 
100 

J? = J3 
CONTINUE 
STOP 
END 
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SPHERICAL HARMONIC GENERATOR PACKAGE 

INTEGER FUNCTION I Y L M * 4 I L L , M M ) . . . . . . . . * 4 * * » * * * * 
r *,*******«•*********************************************************** 

r * THIS FUNCTION SUBROUTINE RETURNS THE INDEX OF THE * 
C * XPLM OR DYLM MATRIX THAT CORRESPONDS TO L = LL AND M = MM * 

r ************************************************** 
L = LL 
M = MM 
IF IM .LT. 0) M = -M 
IF IL .LT. 0) GO TO 1 
IF IL .GT. 50) GO TO 1 
IF IM .GT. L) GO TO 1 
L = L/2 
I = L * L 
1 = 1 + 1 
N = I • M 
IF IN .GT. 961) GO TO 1 
lYLM = N 
RETURN 

1 lYLM = 0 
RETURN 
END 

******************** 

REAL FUNCTION YLM*a^<LL,MM.J.^^^^^^^^^^^^^^^^^^^^^^^^^^.,^,„^„„ 
C ******************** 

c * 
c * 
0 * 

IF J = 1, THE CURRENT VALUE OF THE SPHERICAL HARMONIC 
OF ORDER LL ANO INDEX MM IS RETURNED. 

C * 
C * 
C * 
C « 
C * 

IF J = -1. THE CURRENT VALUE CF THE THETA DERIVATIVE 
OF THE SPHERICAL HARMONIC OF ORDER LL ANO INDEX MM ^ 
IS RETURNED. ^ 

c : * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
IMPLICIT REAL*? lA-H.O-Z) 
DIMENSICN XPLMI961),0YLM|961) 
COMMON/YMATRX/XPLM,DYLM 
L = LL 
M = MM 
IF IM .LT. 0) M = -M 
IF IL .LT. 0) GO TO 10 
IF IL .GT. 60) GO TO 10 
IF IM .GT. L) GO TO 10 
L = L/2 
I = L * L 
1 = 1 + 1 
N = I • M 
IF IN .GT. 961) GO TO 10 
IF (J .GT. 0) YLM = XPLM(N) 
IF (J .LT. 0) YLM = OYLM(N) 
RETURN 

10 YLM = C O 
RETURN 
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END 

SUBROUTINE BLKDAT 
C ********************************************************************** 

C * * 
C * BLOCK DATA SUPPROGRAM USED FOR INITIALIZATION OF AN ARRAY USED * 
C * BY SUBROUTINES SPHERE ANO GRAD. * 
C * * 
C ********************************************************************** 

I M P L I C I T REAL*R I A - H , 0 - Z ) 
C 0 M M 0 N / F A C T 0 R / F L I 1 7 1 ) , O M E G A C I 9 6 1 ) , T O ! 9 6 1 ) , C O Q F I 6 1 ) 

FL! 
FL! 
FL! 
FL! 
ELI 
FLI 
FL! 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FL! 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FL( 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 

1 ) = 
2) = 
?) = 
4) = 
5) = 
6) = 
7) = 
8) = 
9) = 
10) = 
11 ) = 
12) = 
13) = 
14) = 
15) = 
15) = 
17) = 
18) = 
19) = 
20) = 
21) = 
22) = 
73) = 
74) = 
75) = 
76) = 
77) = 
78 ) = 
79) = 
3C ) = 
31) = 
32) = 
??) = 
34) = 
35) = 
36) = 
37) = 
?8) = 
39) = 
40) = 
41) = 
42) = 
4?) = 
44) = 
45) = 
i6) = 

47) = 
48) = 

C, 
0. 
0. 
1. 
?. 
4. 
6, 

a. 
ic 
12. 
15. 
17. 
19. 
22. 
25, 
27. 
?0. 
33. 
?6. 
39. 
42. 
45. 
48. 
51. 
54. 
5P. 
61. 
64. 
67. 
71. 
74. 
78. 
81. 
85. 
88. 
9?. 
95. 
99. 
107 
106 
110 
W, 
117 
171 
175 
1?9 
13? 
1?6 

.cooooicoooooono 

.COOOOOOOCOOOOOO 
,6Q3147180558799 
,79 1759469726236 
,178053830342833 
,787401747754355 
,579751711951487 
,575161360856146 
,6046C29C2662309 
,801827479852353 
,104412577974048 
,507307845745736 
987714495477907 
,557163852344387 
,191??U8?700747 
,P99?7L38?415908 
67186C105a??725 
,50517?449574411 
,305445207133889 
??9884187094867 
??5615460070014 
3aoi?8898268?42 
'71181351591484 
606675557105412 
784729397855699 
0i36O5222?29497 
?61701760ai?594 
557538576715541 
889743136242032 
757338965871766 
658?36?471?8887 
i<;'72??5529a5979 
557959455996757 
0'^4467C168?1040 
5P0827541649?4? 
1?61756C?674484 
7196a4541757?40 
?30617454563?79 
.95819861419499 
i.6?1760?6T09073 
.37063971459866 
.C3471178087597 
.771Fai?9'967620 
.5??iPl';i4760R5 
.?177711487a59S 
.1??°?36?555?07 
.<=5?575C?5?9?74 
.80777?6?661077 
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FLI 
FL( 
FL( 
FL( 
F K 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FL( 
FLI 
FLI 
FLI 
FLI 
FLI 
FLI 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 
FL( 

49) = 
50) = 
51 ) = 
52) = 
53) = 
54) = 
55) = 
56) = 
57) = 
58) = 
59) = 
60) = 
61 ) = 
62) = 
63) = 
64) = 
65) = 
66 ) = 
67) = 
68) = 
59) = 
70) = 
71) = 
72) = 
73) = 
74) = 
75) = 
76) = 
77) = 
78) = 
79) = 
80) = 
81 ) = 
B2) = 
83) = 
84) = 
85) = 
86) = 
87) = 
88) = 
89) = 
90) = 
91) = 
92) = 
93) = 
94) = 
95) = 
95) = 
97) = 
98) = 
99) = 

FL(li0)= 
FL(101)= 
FL( 112) = 
FL( 113) = 
FL(1C4)= 
FL( 115) = 
FL( 1C5) = 
FLd07) = 
FL( 1C8) = 

140.t7?o2?64516854 
144.56574?9455?900 
148.4 77 7 6694068343 
15?.4095i?5R377557 
156.?60a?6?0099893 
160.33117a?135546? 
164.37011?7619?117 
168.37744544744497 
17?.?577971?571077 
176.?95P4e40461612 
1B0.456291414797?1 
184.5??R2a85828614 
lRa.62817?42216a?6 
19?.7?9047?8516936 
196.86618167161942 
701.CC931639596823 
205.15819947957993 
?09.?4?5a67570?777 
?1?.5??74149?46?5? 
717.73693411057777 
771.95544181594253 
??6.19054832309484 
230.439C4356785930 
734.70177344143159 
7?8.978?89561176?0 
74?.7 6 8849000??474 
747.57?914C937??8? 
751.89C4C7?0901?73 
756.72113554974726 
260.56494096666 5 74 
764.971649791?0030 
?69.79109764844179 
27?.67?12428?55217 
278.06757343550457 
287.47479768067115 
786.8931337931170? 
?91.37395008951475 
295.76660134643316 
300.22094864398241 
304.68685676157475 
309.16419357305444 
313.6528299450874? 
?18.1526?962000608 
?22.66?490124?4816 
?27.18528759910336 
331.71783719296455 
336.26118197292CB9 
340.81505885455311 
345.37943705557593 
349.Q541 180357??70 
?54.5?9C8551484?46 
359.1?4?O5?6?69085 
363.73937555407517 
368.35449606925249 
372.97946888208389 

377.6141978725791C 
382.75858876R541R1 
?86.91?54917?167°9 
?91.57598a2137?771 
?96.74881704895688 
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FL(109)= 
FL(110)= 
FLI111)= 
FLI112)= 
F L I U 3 ) = 
F L I U 4 ) = 
FLI115)= 
FLI115)= 
FLI117)= 
FLI 118) = 
FLI119)= 
ELI 170) = 
FL(1?1)= 

RETURN 
ENP 

401.93194877234745 
405.6222°615449905 
41i.?2?''765?671269 
415.C3230672379664 
419.75080559402704 
424.47819341719151 
429.?14?aiR64a?677 
4?3.9593??994815?5 
4?a.71?91418?7?585 
443.4750PP11950684 
448.?4577?7417?493 
45?.C?4806??4773°1 
457.P1738798057C73 

SUBROUTINE COMSET 
C ********************************************************************** 

c * * 
C * SUBROUTINE USEP FO' INITIALIZATION OF TWO ARRAYS USED BY • 
C * SUBROUTINES SPHERE AND GRAD. * 
C * * 
C ********************************************************************** 

IMPLICIT REAL*? IA-H,0-Z) 
COMMON/FACTOR/FLI171) , OMFGAOI 961),TO[961),CO0FI 61) 
CALL BLKDAT 
TWO = DLOG(7.000000C10CD00) 
PI = 3.141597653589793 
EPI = PI + PI + PI + PI 
FPI = 0L0G(FPI) 
00 10 LI = 1,51,? 
L = LI - 1 
XL7P1 = L + L • 1 
XL7P1 = OLOG(XL7P1) 
XTWCL = L * TWO 
DO ?0 Ml = 1,L1 
M = Ml - 1 
1 = IYLM!L,M) 
COEF = XL7P1 + FLIL-M + 1) - FPI - FLIL + M + D 
COEF = COEF/2.C000O0300CD00 
Z = FLIL+L+1) - FLIL+1) - FLIL-M+1) - XTWOL + COEF 
XTWOM = M * TWO 
ZZ = ELIL+M+D - FLIL-M+1) - FL|M*1) - XTWOM • COEF 
OMEGAOII) = DEXPIZ) 

20 TOd) = DEXPIZZ) 
10 CONTINUE 

RETURN 
END 

SUBROUTINE SPHERE ITHETA,PHI,LMAX) 
C *******»**************«*********************,*,*^^^^^^*ft<,^<^;j44,^^t,^j^ 

C * * 
C * THIS SUBROUTINE GENERATES THE SPHERICAL HARMONICS YIL,M) * 
C * FOR ALL EVEN ORDERS OF L, L <= LMAX, ANO ALL NON-NEGATIVE * 
C * INDEXES M. 3 <= M <= L. 
C * • 
C * NOTE: THE PHI DEPENDENCE CF THF YIL.MI'S, EXPII*M*PHI) * 
C * IS NOT CALCULATED. * 
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C * THE HARMONICS CALCULATED BY THIS ROUTINE CAN BEST BE REFERENCED * 
0 * BY LSE OF FUNCTION SUBPROGRAMS YLM ANO lYLM. * 

0 * * 
C • DOUBLE PRECISION ROUTINE. * 

^ ********************************************************************** 
IMPLICIT REAL*8 IA-H,0-Z) 
PEAL*4 THETA,PHI 

COMMON/YMATRX/XPLMI 961),DYLM!961) 
COMMON/FACT0R/FLI121),0MEGAI96D,TI961) ,C0EFI61) 
00 1 I = 1,961 

1 XPLM! I ) = C O 
IF ILMAX .GT. 601 LMAX = 60 
lU = LMAX + 1 
TT = THETA 
X = DCOSITT, 
XX = DABSIX) 
X2 = X • X 
V = DSINITT) 
Z = 1.0 - X 
KYLM = 0 
DO 180 LI = 1,IU,2 
L = LI - 1 
F = 1.0CO0C0O0000O3CC000 
DO 180 Ml = 1,L1 
M = Ml - I 
LMM = L - M 
KYLM = KYLM • 1 

C 
C DIVISION OF PROBLEM INTO FOUR CASES. 
C 

IF IXX .LT. 1.00-06) GO TO D O 
IF lll.O - XX) .LT. 1.00-06) GO TO 150 
IF IXX .GT. 0.77)GO TO 7C 

C 
C CASE WHERE COSITHETA) <= C.77 
C 

COEFIl) = OMEGAIKYLM) 
LIM = LMM/2 
DC 10 NU = 1,LIM 
NU2 = NU • NU 
J = NU + 1 
A = ILMM - NU2 + 7) * ILMM - NU2 + 1) 
B = NU2 * IL + L - Nl)2 • 1) 
A = A/B 

10 COEFIJ) = -COEFIJ-1) • A 
IF ILIM .EC 0) GO TO 30 
SUM = COEFIl) 
DO 20 I = 1,LIM 
J = I • 1 

20 SUM = SUM * X2 • COEFIJ) 
IF |M0niLMM,2) .NF. C) SUM = SUM * X 
GO TO 90 

30 SUM = COEFIl) 
IF ILMM .EC 1 ) SUM = SUM « X 
GO TO 90 

C 
C CASE WHERE COSITHETA) > C 7 7 

c 
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70 COEFIl) = TIKYLM) 
DO 40 NU = 1,LMM 
NU2 = NU + NU 
J = NU + 1 
A = ILMM - NU + 1) * IL + M + NU) 
P = NU2 * IM + NU) 
A = A/B 

40 COEFIJ) = -COEFIJ - 1) * A 
IF ILMM .EC 0) GO TO 60 
SUM = COEFILMM t 1) 
DO 5P I = 1,LMM 
J = LMM + 1 - 1 

50 SUM = SUM * Z + COEFIJ) 
GO TO 90 

60 SUM = COEFIl ) 
90 IF IM .EQ. 0) GO TO IQi 

F = Y * F 
IF IF .LT. l.CD-30) F = C O 

100 XPLMIKYLM) = SUM * F 
180 CONTINUE 

RETURN 
C 
C CASE WHERE COSITHETA) = 0 
C 
110 IF |M0DILMM,2) .NE. 0) GO TO 180 

TSUM = OMEGAIKYLM) 
LIM = LMM/2 
IF ILIM .EQ. 0) GO TO 140 
00 140 NU = 1,LIM 
NU2 = NU + NU 
A = ILMM - NU2 + 7) * ILMM - NU? + 1) 
B = NU? * IL + L + 1 - NU2) 
A = A/B 
TSUM = -TSUM * A 

140 SUM = TSUM 
GO TO 90 

C 
C CASE WHERE COSITHETA) = 1 .P 
C 
150 IF IM .NE. 0) GO TO 180 

XPLMIKYLM) = TIKYLM) 
GO TO 180 
END 

SUBROUTINE GRADITHETA,PHI,LMAX) 
C ********************************************************************** 

c * * 
C * THIS SUBROUTINE GENERATES THE PARTIAL DERIVATIVES OF THE * 
C * SPHEPICAL HARMONICS WITH RESPECT TO THETA FOR ALL EVEN ORDERS OF * 
C * L, L<= LMAX, AND ALL NON-NEGATIVE INDEXES M, 0 <= M <= L. * 
C * « 
C * NOTE: THE PHI DEPENDENCE OF THE HARMONIC DERIVATIVES, * 
C * EXPII*M*PHI) IS NOT CALCULATED. * 
C * * 
C * THE HARMONICS CALCULATED BY THIS ROUTINE CAN BEST BE REFERENCED * 
C * BY USE OF FUNCTION SUBPROGRAMS YLM AND lYLM. • 
C * * 
C * DOUBLE PRECISION ROUTINE. • 
C * • 
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c ********************************************************************** 
IMPLICIT REAL*3 !A-H,0-Z) 
PEAL*4 THETA,PHI 
COMMON/YMATRX/XPLMI 96 1),DYLM! 961) 
CCMMON/FACTOR/FLd?l) ,0MEGAI961),T1961),C0EFI61) 
00 1 I = 1,961 

1 DYLMI I ) = C O 
IF ILMAX .GT. 60) LMAX = 60 
lU = LMAX + 1 
TT = THETA 
X = DCOSITT) 
XX = DABSIX) 
X2 = X * X 
Y = OSINITT) 
Z = 1.0 - X 
KYLM = 0 
PO 180 LI = 1,IU,2 
L = LI - I 
F = LCOOOOCOOOCOOOCODOC 
IF lll.C - XX) .GT. 1.CD-C6) F = F/Y 
DO 180 Ml = 1,L1 
M = Ml - 1 
AM = M 
LMM = L - M 
KYLM = KYLM + 1 

C 
C DIVISION OF PROBLEM INTO FOUR CASES 
C 

IF IXX .LT. 1.00-06) GO TC 110 
IF lll.C - XX) .LT. 1.0D-C6) GO TO 150 
IF IXX .GT. 0.77) GO TO 70 

C 
0 CASE WHERE COSITHETA) <= 0.77 
C 

COEF!I) = OMEGAIKYLM) 
LIM = LMM/2 , 
DO 10 NU = 1,LIM 
NU2 = NU + NU 
J = NU + 1 
A = ILMM - NU2 + 2) * ILMM - NU2 + 1) 
e = NU2 * IL • L - NU2 + 1) 
A = A/B 

10 COEFIJ) = -COEFIJ-1) * A 
IF ILIM .EQ. 0) GO TO 3C 
XK = LMM 
SUMl = COEFIl) * XK 
SUM2 = COEFIl) 
DO 2C I = 1,LIM 
J = I • 1 
XK = LMM - I - I 
SUMI = SUMl * X2 • COFFIJ)*XK 

2C SUM2 = SUM2 • X? + COEFIJ) 
IF IMODILMM,?) .EQ. C) GO TO 40 
SUMl = SUMl * X 
SUM2 = SUM2 * X 
GO TO 4C 

30 XK = LMM 
SUMl = COEFIl) * XK 
SUM2 = OOEF(l) 
IF ILMM .EC C) GO TO 40 
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40 

70 

50 

60 

80 

85 
9C 

100 
leo 

110 

150 

SUMl = SUMl * X 
SUM? = SUM? * X 
sun, = -Y*Y*SUM1/X + AM*X*SUM2 

GO TO 90 

CASE WHERE COSITHETA) > 0.77 

COEFIl) = TIKYLM) 
DO 50 NU = l.LMM 
NU2 = NU + NU 
J = NU + 1 
A = ILMM - NU + 1) * U + M + NU) 
B = NU2 * IM + NU) 
A = A/B 
COEFIJ) = -COEFIJ-D * A 
IF (LMM .EC D GO TO 80 
XK = LMM 
SUMI = COEFUMM+l) * XK 
SUM? = C0EF(LMM + 1 ) 
DO 60 I = l.LMM 
J = LMM + 1 - 1 
XK = LMM - I 
SUMl = SUMl * Z + COEFIJ) * XK 
SUM? = SUM? « Z + COEFIJ) 
GO TO 85 
SUMl = 0.0 
SUM? = COEFIl) 
SUM = I1.0D0+X)*SUM1 + AM*X*SUM? 
IE IM .EC 0) GO TO 100 
F = Y * F 
IF IF .LT. 1.CD-3C) F = C O 
DYLM(KYLM) = SUM * F 
CONTINUE 
RETURN 

CASE WHERE COSITHETA) = 3 

IF (MOOUMM,?) .EC 0) GO TO 180 
TSUM = OMEGAIKYLM) 
LIM = LMM/7 
IF ILIM .EC 0) GO TO 140 
PP 140 NU = 1,LIM 
NU? = NU • NU 
A = ILMM - NU? + 7) * ILMM - NU? + 1) 
B = NU? * IL + L - NU? + 1) 
A = A/B 
TSUM = -TSUM * A 
SUM = -TSUM 
GO TO 90 

CASE WHERE COSITHETA) = 1.0 

IF IM .NE. 1) GO TO IRO 
OYLMIKYLM) = -T(KYLM) 
GO TO 180 
ENP 

POLYNOMIAL GENERATOR PACKAGE 
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HARMONIC FUNCTION GENERATORS 

SUBROUTINE KUPOLYIT,P,B) 
Q ********************************************************************** 

0 * * 
0 $ THIS SUBROUTINE USES LINEAR COMBINATIONS OF • 
C • SPHERICAL HARMONICS TO GENERATE KUBIC HARMONICS. * 
C * * 
C * DOUBLE PRECISION * 
C ********************************************************************** 

IMPLICIT REAL*a IA-H,0-Z) 
REAL*4 T,P 
REAL*4 SYM 
DIMENSION BI91) ,NAM|91),SYMI91,16),XPLMI961) ,DYLMI96U 
COMMON/YMATRX/XPLM,DYLM 
OOMMON/KUBE/NAM,SYM,KE.KLN 
SO? = DSQRTI?.OOOCOCCOOCOOOOODOO) 
CALL SPHEREIT,P,KLN) 
PHI = P 
DO 1 J = 1,KE 
AS = C O 
L = NAMIJ) 
ML = L/4 • 1 
00 2 K = 1,ML 
K = 4 * IK - 1) 
AM = H 
CP = DCOSIAM * PHI) 
AN = YLMIL,M,1) 
IF IM .NE. 0) AN = S02 * AN 

2 AS = AS • SYMIJ.K) * CP * AN 
1 BIJ) = AS 

RETURN 
END ^ 

SUBROUTINE HXPOLY(T ,P,B) ^^^^^^^^ 

c • • * « • • * * * * * * * * * * » * * « • * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP D6H. * 

•̂  * * 
C •*,*»«***«**«****•*•************************************************** 

IMPLICIT RFAL*8 I A - H , 0 - Z ) 
REAL*4 T,P,SYM 
PEAL*4 ALPHA,A2,GAMMA,G2,E1,F2,E3 
DIMENSION RI91) ,NAM(9D,SYMI91,16) 
COMMON/KUBE/NAM,SYM,KE, KLN 
COMMON/CARPY/NUT,LUMP,ALPHA,A2.GAMMA.G2.El.E2.E3. JJJJ 
KLNl = KLN + 1 
PP = P 
N = 1 
CALL SPHEREIT.P.KLN) 
SQ2 = DSQRTI2.0000nC300000000000) 
DO ICO LI = 1,KLNl,2 
L = LI - I 
DO 50 Ml = 1 ,L1 ,6 
M = Ml - 1 
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N = N + 1 
I F I N . G T . KE) GO TO 69 
IF INUT . N E . 6 9 ) NAMIN) = L 
AM = M 
CP = DCOSIAM*PP) 
AN = Y L M I L , M , 1 ) 
I F (M . N E . 0 ) AN = SO? * AN 
BIN) = AN * CP 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
ENO 

SUBROUTINE C6P0LYIT,P,B) 
C ********************************************************************** 

0 * * 
C * HARMONIC FUNCTION GENERATOR FCR SYMMETRY GROUP 06H. • 

C * t 
C * DOUBLE PRECISION ROUTINE. * 
C * * 
C ********************************************************************** 

I M P L I C I T REAL*8 I A - H , 0 - Z ) 
REAL*4 T , P , S Y M 
REAL*4 A L P H A , A 2 , G A M M A , G 2 , E 1 , E 2 , E ? 
DIMENSION RI9D ,NAMI91 ),SYMI91,16) 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A2, GAMMA,G2,El,E2,E3,JJJJ 
KLNl = KLN + 1 
PP = P 
N = 0 
CALL SPHEREIT,P,KLN) 
S02 = DSQRTI2.00000C300000000000) 
DO ICO LI = 1,KLNl,2 
L = LI - 1 
DO 5C Ml = 1,L1,6 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NF. 69) NAMIN) = L 
AM = M 
CP = DCOSIAM*PP) 
SP = DSINIAM*PP) 
AN = YLMIL,M,1) 
IF IM .NE. 0) AN = S02 * AN 
BIN) = AN * CP 
IF IM .EC 0) GO TO 5C 
N = N + 1 
BIN) = AN * SP 
IF INUT .NF. 69) NAMIN) = L 

50 CONTINUE 
ICO CONTINUE 
59 NUT = 69 

RETURN 
END 

• 
SUBROUTINE 0?POLYIT,P,B) 

C ************************* t***************t**************************** 
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c * : 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP D?H. • 
C * • 
0 • DOUBLE PRECISION ROUTINE. * 

C ********************************************************************** 
IMPLICIT REAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM 
REAL*4 ALPHA,A2,GAMMA,G2,E1,E2,E3 
DIMENSION BI91),NAMI91),SYMI91,16) 
0OMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A2,GAMMA,G2,El,E2,E3,JJJJ 

KLNl = KLN + 1 
PP = P 
N = 0 
CALL SPHERFIT,P,KLN) 
SQ2 = OSQRTI2.00000C0O0C0CO00OOO) 
DO 100 LI = 1,KLNl,2 
L = LI - I 
DO Ml = 1,L1,3 
H = Ml - 1 
N = N • 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NE. 69) NAMIN) = L 
AM = M 
OP = DCOSIAM*PP) 
AN = YLMIL,M,1) 
IF IM .NE. 0) AN = S02 * AN 
BIN) = AN • CP 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
ENO 

C ****»****»I*»**********i*i******************************************** 
c * 
C * HARMONIC FUNCTION GENERATOR FCR SYMMETRY GROUP S6. * 
C * * 
C * DOUBLE PRECISION ROUTINE. ^ 

C t********************************************************************* 
IMPLICIT REAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM 
REAL*4 ALPHA,A2,GAMMA,G?,E1,E2,E? 
DIMENSION BI9D ,NAM 191) , SYM I 9 1,16) 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARBY/NUT,LUMP,ALPHA,A2,GAMMA,G2,E1,E2, E3,JJJJ 

KLNl = KLN + 1 
PP = P 
N = 0 
CALL SPHERE(T,P,KLN) 

SQ2 = OS0RT(2.00OO000OOC0O0OODO0) 
DO 100 LI = 1,KLNl,2 
L = LI - 1 
DO Ml = 1,L1,3 
M = Ml - 1 
N = N + I 
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IF (N .GT. KE) GO TO 69 
IF INUT .NF. 69) NAMIN) = L 
AM = M 
CP = DCOSIAM*PP) 
SP = DSINIAM*PP) 
AN = YLMIL,M,1) 
IF IM .NE. 0) AN = S02 * AN 
BIN) = AN * CP 
IF IM .EQ. C) GO TO 5 0 
N = N + 1 

5C 
100 
69 

BIN) = AN * SP 
IF INUT .NE. 69) NAMIN) 
CONTINUE 
CONTINUE 
NUT = 69 
RETURN 
END 

SUBROUTINE SOPOLY(T,P,R) 
C ********************************************************************** 

c * * 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP D4H. * 
C * * 
C * DOUBLE PRECISION ROUTINE. * 
0 * * 

c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
I M P L I C I T REAL*a I A - H , 0 - Z ) 
REAL*4 T , P , S Y M 
REAL*4 ALPHA,A7,GAMMA,G?,El,E?,F3 
DIMENSION BI91),NAM!91),SYMI91,16) 
COMMON/KUBE/NAM,SYM,KF,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A7, GAMMA,G2,E1,E2,E3,JJJJ 
KLNl = KLN + 1 
PP = P 
N = 0 
CALL SPHEREIT,P,KLN) 
S02 = OSORTI2.100000300000000000) 
DO 100 LI = 1,KLNl,2 
L = LI - 1 
DO 50 Ml = 1,L1,4 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NE. 69) NAMIN) = L 
AM = M 
CP = OCOSIAM*PP) 
AN = YLMIL,M,1) 
IF IM .NE. 0) AN = S02 * AN 
BIN) = AN * CP 

50 CONTINUE 
100 CONTINUE 
59 NUT = 69 

RETURN 
END 

SUBROUTINE C4P0LY(T,P,B) 
C **************** **********t,t* *********************** ****************** 
C * 
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C • HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP C4H. • 

C * ! 
C * DOUBLE PRECISION ROUTINE. 
C * * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

I M P L I C I T REAL*8 I A - H , 0 - Z ) 
P E A L * 4 T , P , S Y M 
R E A L * 4 A L P H A , A 2 , G A M M A , G 2 , E 1 , E ? , E 3 
DIMENSION BI91),NAM|9 1).SYM|91.16) 
COMMON/KUBF/NAM.SYM.KE.KLN 
COMMON/CARRY/NUT.LUMP.ALP HA.A2.GAMMA.G2.El,E2.E3.JJJJ 
KLNl = KLN + 1 
PP = P 
N = 0 
CALL SPHEREIT,P,KLN) 
SQ2 = DSQRTI2.OOOCOCCOOOOCCOODOO) 
00 100 LI = 1,KLNl,2 
L = LI - 1 
DO 50 Ml = 1,L1,4 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 69 
IF INUT ,NE. 69) NAMIN) = I 
AM = M 
OP = DCOSIAM*PP) 
SP = OSINIAM*PP) 
AN = YLMIL.M,1) 
IF IM ,NE. 0) AN = S02 • AN 
BIN) = AN * CP 
IF IM ,EQ, 0) GO TO 50 
N = N + 1 
BIN) = AN * SP 
IF INUT ,NE. 69) NAMIN) = L 

50 CONTINUE 
100 CONTINUE 
69 NUT = 6 9 « 

RETURN 
END 

c ****̂ r*«ir*:*:::**:u;*;-****************************************** 
c * ..„ „. * 

• 
• 

C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP VH. 

C * 
C * DOUBLE PRECISION ROUTINE. 

C t***^*«****»«********************************************************* 
IMPLICIT RFAL*8 (A-H,0-Z) 
PEAL*4 T,P,SYM 
PEAL*4 ALPHA,A7,GAMMA,G?,E1,E2,E3 
DIMENSION PI 91) , NAM! O D , SYM I 91,16) 
COMMON/KUBE/NAM,SYM,KF,KLN 
COMMON/CARPY/NUT,LUMP,ALPHA,A2,GAMMA,G2,El,E2,E3,JJJJ 

KLNl = KLN • 1 
PP = P 
N = 0 
CALL SPHEREIT,P,KLN) 
SO? = DSQRTI2.100000000000COODOO) 
DO ICO LI = 1,KLNl,2 
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L = L I - 1 
0 0 50 M l = 1 , L 1 , 2 
M = M l - 1 
N = N • 1 
I F I N . G T . KE) GO TO 6 9 
I F INUT . N E . 6 9 ) NAMIN) = L 
AM = M 
OP = 0COSIAM*PP) 
AN = Y L M I L , M , 1 ) 
IF IM . N E . 0 ) AN = SO? * AN 
B I N ) = AN * CP 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
END 

SUBROUTINE C?POLYIT,P,R) 
J. ,j<,t*<,********«******************************************************* 

C * * 

C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP C7H. * 

C * * 

C * DOUBLE PRECISION ROUTINE. * 

C * * 

c ********************************************************************** 
I M P L I C I T R E A L * 8 I A - H , 0 - Z ) 
REAL*4 T , P , S Y M 
REAL*4 A L P H A , A 2 , G A M M A , G 2 , E ) , E 2 , E 3 
DIMENSION B I 9 1 ) , N A M I 9 1 ) , S Y M I 9 1 , 1 6 ) 
COMMON/KUBF/NAM,SYM,KE,KLN 
C O M M O N / C A R R Y / N I U T , L U M P , A L P H A , A 2 , G A M M A , G 2 , E l , E 2 , E 3 , J J J J 
KLN l = KLN + 1 
PP = P 
N = 0 
CALL SPHERFIT,P,KLN) 
S02 = DSOPT(?.OOCOOCC01000CC3DOO) 
DD 100 LI = 1,KLNl,7 
L = LI - 1 
DO 50 Ml = 1,L1.? 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NE. 69) NAMIN) = L 
AM = M 
CP = DCOS(AM*PP) 
SP = DSINIAM*PP) 
AN = YLMIL.M,11 
IF IM .NE. 0) AN = 50? * AN 
BIN) = AN * CP 
IF IM .EQ. 0) GO TO 50 
N = N + 1 
BIN) = AN * SP 
IF INUT .NE. 50) NAM(N) = L 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
END 
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SUBROUTINE S7P0LYIT,P,B) 
C ********************************************************************** 

c * t 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP S2. * 
0 * DOUBIE PRECISION ROUTINE. * 
0 * * 
C * « » « » » * * » • * » * * * • * * * * • * * * * * * * * * * * * * * * * « « * * * * * * * * * • * * * * * » * * * • • * * * * * * * * * * 

IMPLICIT REAL*a IA-H,0-Z) 
REAL*4 T,P,SYM 
REAL*4 ALPHA,A2,GAMMA,G?,E1,E2,E3 
DIMENSION P|91) ,NAMI 91),SYMI 91,16) 
CCMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/OARRY/NUT,LUMP,ALPHA,A2,GAMMA,G2,E1,E7,E3,JJJJ 
KLNl = KLN • 1 
PP = P 
N = C 
CALL SPHERED,P,KLN) 
SO? = DSQRTI?.OOOOOC30000C003000) 
DO 100 LI = 1,KLNl,2 
L = LI - 1 
DO 5C Ml = 1,L1 
M = Ml - 1 
N = N • 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NE. 69) NAM! N) = L 
AM = M 
CP = DCOSIAM*PP) 
SP = nSINIAM*PP) 
AN = YLMIL.M,1) 
IF IM .NF. 0) AN = SO? * AN 
BIN) = AN * CP 
IF IM .EQ. 0) GO TO 50 
N = N • I 
BIN) = AN * SP 
IF INUT .NE. 69) NAMIN) = L • 

50 CONTINUE 
ICC CONTINUE 
69 NUT = 69 

RETURN 
ENO 

HARMONIC FUNCTION THETA-DERIVATIVE GENERATOR 

SUBROUTINE KUPOLTIT,P,B) 
C ********************************************************************** 

C * * 
C * THIS SUBROUTINE USES LINEAR COMBINATIONS OF 
C * SPHERICAL HARMONICS TO GENERATE KUBIC HARMONICS. * 
C * * 
C * THETA DERIVATIVE ^ 

^ * * 
C * DOUBLE PRECISION * 
C *,*«********•********************************************************* 

IMPLICIT REAL*R IA-H,0-Z) 
RFAL*4 T,P 
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REAL*4 SYM 
DIMENSION PI91),NAMI91),SYMI91,16),XPLM|961),DYLMI961) 
COMMON/YMATRX/XPLM,0YLM 
COMMPN/KURF/NAM,SYM,KE,KLN 
SQ2 = OSORTI7.O0OCOCOOCOOCCO3DOO) 
CALL GRADIT,P,KLN) 
PHI = P 
DP 1 J = l.KE 
AS = C O 
L = NAMIJ) 
ML = L/4 • 1 
00 ? K = 1,ML 
M = 4 * (K - 1) 
AM = M 
CP = DCOSIAM * PHI) 
AN = YLMIL.M,-1) 
IF (M .NF. 0) AN = S07 * AN 

? AS = AS + SYMIJ.K) * CP * AN 
1 BIJ) = AS 

RETURN 
END 

SUBROUTINE HXPOLTIT,P,B) 
C ********************************************************************** 

C * * 
C * HARMONIC FUNCTION GENERATOR FCR SYMMETRY GROUP 06H. * 
C * * 
C * THETA DERIVATIVE * 
C * * 
C * * 
C * * * « * * * * * * * * * * # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * « * * * * * * * * » * * 

IMPLICIT REAL*8 I A - H , 0 - Z ) 
REAl*4 T,P,SYM 
REAL*4 ALPHA,A?,GAMMA,G?,E1,E?,E? 
DIMENSION B|91),NAMI91),SYMI9 1,16) 
COMMON/KUBE/NAM,SYM.KE.KLN 
COMMON/CARRY/NUT,LUMP. ALPHA , A? , GAMMA,G?,F1,E7,E?,JJJJ 
KLNl = KLN + 1 
PP = P 
N = 0 
CALL GRAD!T,P,KLN) 
SO? = nSORTI?.000100COOC10CC3POO) 
DO 100 LI = 1,KLNl,7 
L = LI - 1 
DO 50 Ml = 1,L1,5 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 69 
IE INUT .NE. 69) NAMIN) = L 
AM = M 
CP = nCOSIAM*PP) 
AN = YLMIL.M,-1) 
IF IM .NE. 0) AN = SO? * AN 
BIN) = AN * CP 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
END 
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SUBROUTINE C6P0LTIT,P,B) 
C ********************************************************************** 

c * . 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP C6H, * 
C * ** 
C * THETA DERIVATIVE ^ 

^ * * 
C • DOUBLE PRECISION ROUTINE, * 
C «»«*••**••«•*•**•****»************************•*•********************* 

IMPLICIT RFAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM 
REAL*4 ALPHA,A2,GAMMA,G2,E1,E2,E3 
DIMENSION BI91),NAMI91),SYMI91,16) 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A7,GAMMA,G?,E1,E2,E3,JJJJ 
KLNl = KLN • 1 
PP = P 
N = 0 
CALL GRADIT,P,KLN) 
SQ2 = DSQRTI2,000000000000000000) 
00 100 LI = 1,KLNl,2 
L = LI - 1 
DO 50 Ml = l,Ll,6 
M = Ml - I 
N = N + 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NE. 69) NAM!N) = L 
AM = M 
OP = DCOSIAM*PP) 
SP = DSINIAM*PP) 
AN = YLMIL,M,-1) 
IF IM .NE. 0) AN = SQ2 * AN 
BIN) = AN * CP 
IF IM .EQ. 0) GO TO 50 , 
N = N • 1 
BIN) = AN * SP 
IF INUT ,NE, 69) NAMIN) = L 

50 CONTINUE 
ICO CONTINUE 
69 NUT = 69 

RETURN 
ENO 

c ****:r*:**:r*:***:**i::;:;:i*****************************************: 
C ** HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP D3H. * 

C * • 
C * THETA DERIVATIVE ^ 
C * * 
C • DOUBLE PRECISION ROUTINE, ^ 

C t******»**************»*********************************************** 
IMPLICIT REAL*8 | A - H , 0 - Z ) 
PEAL*4 T,P,SYM 
REAL*4 ALPHA,A2,GAMMA,G2,E1,E2,E3 
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DIMENSION B | 9 1 ) . N A M I 9 D , S Y M I 9 1 . 1 6 ) 
COMMON/KUBE/NAM.SYM.KE,KLN 
COMMON/CARRY/NUT.LUMP,ALPHA,A2 , G A M M A , G 2 , E 1 , F 2 , E 3 , J J J J 

K L N l = KLN + 1 
PP = P 
N = C 
CALL G R A O I T , P , K L N ) 
S02 = DSORTI2,OOO0OC0OOCOOOO0DO0) 
PO 100 L I = 1 , K L N l , 2 
L = L I - 1 
DO Ml = l . L l , 3 
M = Ml - 1 
N = N + 1 
IF IN . G T , KE) GO TP 69 
IF INUT , N E , 6 9 ) NAMIN) = L 

= SQ2 * AN 

50 
100 
59 

AM = M 
CP = DCOSIAM*PP) 
AN = YLMIL.M,-1) 

IF IM ,NE, 0) AN 
BIN) = AN * CP 
CONTINUE 

CONTINUE 
NUT = 69 
RETURN 

ENO 

SUBROUTINE S 6 P 0 L T I T , P , B ) 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C * * 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP S 6 , * 
C * « 
C * THETA DERIVAT IVE * 
C * * 
C * DOUBLE PRECISION ROUTINE . * 
C * * 
C * * * » * * * * • * * * * * * * * * * * * * * * * * * • * * » * * * • * * * « * * * * * * * * * * * « * * * * * * # * « * * * * * * * * * * 

I M P L I C I T REAL*8 I A - H , 0 - Z ) 
PEAL*4 T , P , S Y M 
REAL*4 A L P H A , A 2 , G A M M A , G ? , E 1 , E 7 , E 3 
DIMENSION BI91),NAM|91),SYM!91,16) 

COMMON/KUBE/NAM,SYM,KE,KLN 

COMMON/CARRY/NUT,LUMP,ALPHA,A7,GAMMA,G7,E1,E?,E3,JJJJ 
KLNl = KLN + 1 

PP = P 

N = 0 

CALL GRADIT,P,KLN) 

SQ? = DSQRTI 7.3100101000C0O0OD00) 
DO 100 LI = 1,KLNl,7 
L = LI - 1 
00 Ml = 1,L1,? 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 69 

IF INUT .NE. 69) NAMIN) = 1 

AM = M 

CP = DCOSIAM*PP) 

SP = DSINIAM*PP) 

AN = YLMIL.M,-1) 

IF (M .NE. G) AN = SO? * AN 
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BIN) = AN * CP 
IF IM .EO. 0) GO TO 5C 
N = N + 1 
BIN) = AN * SP 
IF INUT .NE. 69) NAMIN) = L 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
END 

SUBROUTINE S0POLTIT,P,R) 
r ********************************************************************** 

C * * 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP 04H. * 
C * * 
C * THETA DERIVATIVE * 

^ * * 
C * DOUBLE PRECISION ROUTINE. * 
C * 
c ********************************************************************** 

IMPLICIT REAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM 
R F A L * 4 A L P H A , A ? , G A M M A , G 7 , E 1 , E ? , E ? 
D I M E N S I O N P I 9 D , N A M ! 9 1 ) , S Y M I 9 1 , 1 6 ) 
C C M M O N / K U B E / N A M , S Y M , K E , K L N 
C O M M O N / C A R P Y / N U T , L U M P , A L P H A , A 7 , G A M M A , G ? , E 1 , E 2 , E ? , J J J J 
K L N l = KLN • 1 
PP = P 
N = 1 
CALL G R A O I T , P , K L N ) 
SQ2 = D S 0 R T I 2 . 0 0 1 C 0 C 1 1 C 0 C C 0 O 0 O 0 O ) 
0 0 100 L I = 1 , K L N l , 2 
L = L I - 1 
DO 5 1 M l = 1 , L 1 , 4 , 
M = M l - 1 
N = N + 1 
I F I N . G T . KE) GO TO 6 1 
I F INUT . N E . 6 9 ) NAMIN) = L 
AM = M 
OP = OCOSIAM*PP) 
AN = Y L M I L , M , - 1 ) 
I F |M . N F . D AN = S02 * AN 
BIN) = AN * CP 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
END 

SUBROUTINE C4PnLTIT,P,P) 
C ***,****«*************•*********************************************** 

C * HARMONIC FUNCTION GENEPATCP FCR SYMMETRY GROUP C4H. * 

C * * 
C * THETA DERIVATIVE ' 

C * DOUBLE PRECISION ROUTINE. * 



276 

* 
^ ^ - . j , * < : * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

I M P L I C I T P E A L * 8 l A - H . O - Z ) 
P F A L * 4 T . P . S Y M 
REAL*4 ALPHA.A?,0AMMA,G7,Fl,E?,E? • 
DIMENSION PI9I),NAM|01),SVMI91,15) 
COMMON/KURE/NAM,SYM.KE.KLN 
COMMON/CARRY/NUT,LUMP, ALP HA,A? , GAMMA,G?,E1,E?,E? , JJJJ 
KLNl = KLN + 1 
PP = P 
N = 0 
CALl GPADIT,P,KLN) 
SO? = PSORTI7.301P3C301100001D01) 
DO 100 LI = 1,KLNl,7 
L = LI - 1 
DO 50 Ml = 1,L1,4 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TP 69 
IF INUT .NE. 60) NAMIN) = L 
AM = M 
CP = DrOSIAM*PP) 
SP = 0SINIAM4PP) 
AN = YIMIL,M,-1) 
IF IM .NE. 0) AN = SQ? * AN 
PIN) = AN * CP 
IF (M .EC 0) GO TO 50 
N = N + 1 
BIN) = AN * SP 
IF INUT .NF. 69) NAMIN) = L 

50 CONTINUE 
IOC CONTINUE 
69 NUT = 59 

RETURN 
END 

SUBROUTINE VHPOLTIT,P,B) 
C ********************************************************************** 
C * * 
C * HARMONIC FUNCTION GFNEPATCR FOR SYMMFTRY GROUP VH. * 
C * * 
C * THETA DERIVATIVE * 
C * * 
C * DOUBLE PRECISION ROUTINE. * 
C * * 
C **'•****#************************************************************** 

IMPLICIT RFAL*a IA-H,0-Z) 
REAL*4 T,P,SYM 
RFAL*4 ALPHA,A?,GAMMA,G?,E1,E7,E3 
PIMENSIPN B|°l),NAM(oi),SYM|9 1,16) 
COMyON/KURE/NAM,SVM.KE.KLN 
0CMMnN/CARRY/NUT,LUMP,ALPHA,A2.GAMMA,G2,El,E2,E?,JJJJ 
KlNl = KLN + 1 
PP = P 
N = 1 
CALL GRADIT.P.KLN) 
502 = USQRT!7.'10000COCOCCOOOOPOO) 
DP 110 LI = 1,KLNl,7 
L = LI - 1 
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0 * 
C * THETA DERIVATIVE 
C * 
0 * DOUBLE PRECISION ROUTINE. 

DO 50 Ml = 1,11,2 
M = Ml - 1 
N = N • 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NE. 69) NAMIN) = L 
AM = M 
CP = DCOSIAM*PP) 
AN = YLMIL.M,-1) 
IF IM .NE. 0) AN = SQ2 * AN 
BIN) = AN * CP 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
END 

SUBROUTINE C2P0LT I T . P , B ) ^^....^ 
C ********************************************************************** 
0 * « 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP C2H. * 

* 
* 
• 
* 

C t********»«*********»************************************************* 
IMPLICIT REAL*8 IA-H,0-Z) 
PEAL*4 T,P,SYM 
REAL*4 ALPHA,A2,GAMMA,G2,E1,E2,E3 
DIMENSION BI91),NAMI91),SYMI91,16) 
COMMON/KUBE/NAM,SYM,KF,KLN 
0OMMON/CARRY/NUT,LUMP,ALPHA,A2,GAMMA,G2,E1,E2,E3,JJJJ 

KLNl = KLN • 1 
PP = P 
N = 0 • 
CALL GRADIT,P,KLN) 

SQ2 = DSQRTI2.00000mOOOOOOOODOO) 
00 100 LI = 1,KLNl,2 
L = LI - 1 
00 50 Ml = 1,L1,2 
M = Ml - 1 
N = N • 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NF. 69) NAMIN) = L 
AM = M 
OP = DC0SIAM*PP) 
SP = OSINIAM*PP) 
AN = YLMIL,M,-1) 
IF IM .NE. 0) AN = S02 * AN 
BIN) = AN * CP 
IF (M .EQ. 0) GO TO 50 
N = N • 1 
B(N) = AN * SP 
IF (NUT .NE. 69) NAM(N) = L 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
ENO 
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*** 
• 
* 

* 
*** 

50 
101 
59 

SUBROUTINE S2P0LTIT,P,B ) 
************************************************************** 

HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP S?. 

THETA DERIVATIVE 

DOUBLE PRECISION ROUTINE. 

****************************************•*********************< 
IMPLICIT RFAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM 

REAL*4 ALPHA,A2,GAMMA,G?,E1,E7,E3 
DIMENSION B191),NAMIQl),SYM191,16) 
COMMPN/KUBE/NAM,SYM.KE,KLN 
COMMON/CARRY/NUT,LUMP,AlPHA,A?, GAMMA,G2,E1,E2,E?,JJJJ 
KLNl = KLN + 1 
PP = P 
N = 0 
CALL GRADIT,P,KLN) 
SQ? = DSQRTI?.ncOOOOOCCCOOOOOOOC) 
DO ICO LI = 1,KLNl,7 
L = LI - 1 
DO 51 Ml = 1,L1 
M = Ml - 1 
N = N + 1 
IE IN .GT. KE) GO TO 69 
IF INUT .NE. 69) NAMIN) = L 
AM = M 
CP = DCOSIAM*PP) 
SP = DSINIAM*PP) 
AN = YLMIL.M,-)) 
IF IM .NE. 0) AN = 5C7 * AN 
BIN) = AN * CP 
IF |M .EC 0) GO TO 50 
N = N + 1 
BIN) = AN * SP 
IF INUT .NE. 69) NAMIN) = L 
CONTINUE 
CONTINUE 
NUT = 59 
RETURN 
END 

***** 
* 
• 
* 
• 
• 
• 

HARMONIC FUNCTION PHI -DEP I V A T I V E GENERATORS 

SUBROUTINE K U P O L P I T , P , R ) 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C * * 
C $ T H I S SUBROUTINE USES LINEAR COMBINATIONS OF * 
C * SPHERICAL HARMONICS TO GENERATE KUBIC HARMONICS. * 
C * * 
C * PHI DERIVAT IVE « 
C * • * 
C * DOUBLE PRECISION * 
C * 
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c **««*»*•»«***«****•*****«**•«•*•*•*•**•***•***•*•****•••••****•******* 
IMPLICIT REAL*3 IA-H,0-Z) 
REAL*4 T,P 
PEAL*4 SYM 
REAL*4 ALPHA,A7,GAMMA,G7,E1,E2,E3 
DIMENSION BI91),NAM!91),SYMI91,16),XPLMI961),0YLM(961) 
COMMON/YMATRX/XPLM,DYLM 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A?,GAMMA,G2.El.E2.E3. JJJJ 
SO? = OSQRT(2.00000C300COCCOOOOO) 
CALL SPHERE(T.P.KLN) 
PHI = P 
00 1 J = l.KE 
AS = 0.0 
L = NAMIJ) 
ML = L/4 • 1 
00 ? K = l.ML 
H = 4 * IK - 1) 
AM = M 
SP = DSINIAM * PHI) 
AN = YLMIL.M,1) 
IF IM .NE. 0) AN = SO? * AN 

2 AS = AS - SYMIJ.K) * SP * AN • M 
1 BIJ) = AS 

RETURN 
ENO 

SUBROUTINE HXPOLPIT,P,B) ^^^^^^^^^ 
C ********************************************************************** 
C * 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP D6H. * 
C * * 
C * PHI DERIVATIVE C * • 

C *************************»*****•**********'*****************•********** 
IMPLICIT REAL*? IA-H,0-Z) 
REAL*4 T,P,SYM 
REAL*4 ALPHA,A?,GAMMA,G7,El,E7,E3 
DIMENSION BI91),NAMI91),SYMI91,16) 
COMMON/KUBE/NAM,SYM,KF,KLN 
COMMON/CARRY/NUT,LUMP,ALPHA,A2,GAMMA,G?,E1,E2,E3,JJJJ 

KLNl = KLN • 1 
PP = P 
N = C 
CALL SPHERED,",KLN) 
SO? = OSORTI?.OOCOCCOOOOOCOOOOOO) 
DO 100 LI = 1,KLNl,2 
L = LI - 1 
DO 50 Ml = l,Ll,6 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NF. 69) NAMIN) = L 
AM = M 
SP = OSINIAM*PP) 
AN = YLMIL.M,1) 
IF IM .NE. 0) AN = SO? * AN 
BIN) = -AN * SP * M 
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50 CONTINUE 
IOC CONTINUE 
69 NUT = 69 

RETURN 
END 

SUBROUTINE C6P0LPIT,P,B) 
r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C * 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP C6H. * 

•̂  * I 
C * PHI DERIVAT IVE * 
C * ! 
C * DOUBLE PRECIS ION R O U T I N E . * 
C * * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

IMPLICIT REAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM 
REAL*4 ALPHA,A7,GAMMA,G?,El,E7,E? 
DIMENSION BI91) ,NAM|9D,SVMI91,16) 
C0MM0N/KUBE/NAM,5YM,KF,KLN 
COMMON/CAPRY/NUT,LUMP,ALP HA,A?,GAMMA,G2,El,E2,E3,JJJJ 
KLNl = KLN + 1 
PP = P 
N = C 
CALL S P H E R F I T , P , K L N ) 
502 = DSQRTI?.OO01OO1O0C0POO0DOO) 
DO 100 L I = l . K L N l , ? 
L = L I - 1 
DO 50 Ml = 1 , L 1 , 6 
M = Ml - 1 
N = N + 1 
I F I N . G T . KE) GO TO 69 
IF INUT . N F . 6 9 ) NAMIN) = L 
AM = M 
CP = DCOSIAM*PP) 
SP = D S I N I A M * P P ) 
AN = Y L M I L . M , 1 ) 
IF IM . N E . 0 ) AN = SC? * AN 
B I N ) = - A N * SP * M 
IF IM . E C 0 ) GO TO 50 
N = N + 1 
B I N ) = AN * CP * M 
I F INUT . N E . 6 9 ) NAMIN) = L 

50 CONTINUE 
IOC CONTINUE 
69 NUT = 69 

RETURN 
END 

SUBROUTINE D 3 P 0 L P | T , p , R ) 
C ***************************** ***tit ****************** ****************** 
C * * 

C * HARMONIC FUNCTION GENERATOR FCR SYMMETRY GROUP D 3 H . * 
C * * 
C * PHI DERIVATIVE 
C » 

C * DOUBLE PRECISION R O U T I N E . 



281 

C * 
Q ********************************************************************** 

I M P L I C I T REAL*8 I A - H , 0 - Z ) 
P E A L * 4 T , P , S Y M 
R E A L * 4 A L P H A , A 7 , G A M M A , G ? , E 1 , E 2 , E 3 
DIMENSION BI91),NAM|Q1),SYM(91,15) 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARPY/NUT,LUMP,ALPHA,A2,GAMMA,G2,El,E2,E3,JJJJ 
KLNl = KLN + 1 
PP = P 
N = 0 
CALL SPHERED,P,KLN) 
502 = OSORTI2.3000000000000000001 
DO 100 LI = 1,KLNl,2 
L = LI - I 
DO Ml = l,Ll,3 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NE. 69) NAMIN) = L 
AM = M 
SP = DSINIAM*PP) 
AN = YLMIL,M,1) 
IF (M .NE. 0) AN = S02 * AN 
BIN) = -AN * SP * M 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
END 

SUBROUTINE S6P0LP IT,P , B ) ^^^^^^^...^ 
C ********************************************************************** 

C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP S6. * 

C * ' « 
C * PHI DERIVATIVE ^ 
C * * 
C * DOUBLE PRECISION ROUTINE. ^ 
C *********************************************************************** 

IMPLICIT REAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM 
REAL*4 ALPHA,A7,GAMMA,G?,E1,E2,E3 
DIMENSION BI9D ,NAMI91) ,SYMI91,16) 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARPY/NUT,LUMP,ALPHA,A2,GAMMA,G2,E1,E2,E?, JJJJ 
KLNl = KLN + 1 
PP = P 
N = C 
CALL SPHERF|T,P,KLN) 
SQ2 = DSQRTI2.000C1000CC00C00D00) 
DO 100 LI = 1,KLNl,2 
L = LI - 1 
00 Ml = 1,11,3 
M = Ml - 1 
N = N • 1 
IF IN .GT. KE) GO TO 69 
IF (NUT .NF. 69) NAM(N) = L 
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AM = M 
CP = OCOSIAM*PP) 
SP = DSINIAM*PP) 
AN = YLM|L,M,1) 
IF IM .NE. 0) AN = SO? * AN 
BIN) = -AN * SP * M 
IF IM .EC 0) GO TO 5C 
N = N + 1 
BlN) = AN * CP * M 
IF INUT .NF. 691 NAMIN) = L 

50 CONTINUE 
101 CONTINUE 
69 NUT = 69 

RETURN 
END 

SUBROUTINE SQPOLPIT,P,R) 
C ********************************************************************** 

C * * 
C * HARMONIC FUNCTION GENERATOR FCR SYMMETRY GROUP D4H. * 
C * * 
C * PHI DERIVATIVE * 
C * * 
C * DOUBLE PRECISION ROUTINE. * 
C • * 
C ********************************************************************** 

IMPLICIT REAL*R IA-H,0-Z) 
REAL*4 T,P,SYM 
REAL*4 ALPHA,A?,GAMMA,G?,E1,E?,E3 
DIMENSION BI9D ,NAM(91) ,SYM|91, 16) 
COMMON/KUBE/NAM,SYM,KE,KLN 
COMMON/CARRY/NUT,LUMP, ALPHA, A?,GAMMA,G2,EI,E2,E3,JJJJ 
KLNl = KLN + 1 
PP = P 
N = 0 
CALL S P H E R E I T , P , K L N ) 
502 = D S Q R T I 2 . 0 0 0 0 1 C O C C C 0 0 C 0 0 D 0 O ) 
DO 100 L I = 1 , K L N l , 2 
L = L I - 1 
0 0 50 M l = l . L l , 4 
M = Ml - 1 
N = N + 1 
IF I N . G T . KE) GO TO 6 9 
IF INUT . N E . 6 9 ) NAM N) = L 
AM = M 
SP = D S I N I A M * P P ) 
AN = Y L M I L . M , 1 ) 
IF IM . N E . 0 ) AN = SC2 * AN 
BIN) = -AN * SP * M 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
END 

SUBROUTINE C4P0LP|T,P.P) 
C ************************* **t* ********** ***!,:*************************** 
c * 
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C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP C4H. • 
* 

C * PHI DERIVATIVE * 
0 
C 
C * 
C * DOUBLE PRECISION ROUTINE. * 

c •*,«**»*••»*»************************************************•******** 
I M P L I C I T R E A L * 8 l A - H . O - Z ) 
R F A L * 4 T . P . S Y M 
R E A L * 4 A L P H A . A ? , G A M M A , G ? . E 1 . E 2 . E 3 
DIMENSION PI91) .NAMI91).SYMI91.16) 
COMMON/KUBE/NAM.SYM.KE.KLN 
COMMON/CARRY/NUT.LUMP.ALPHA.A2.GAMMA.G2.El.E2.E3.JJJJ 
KLNl = KLN + 1 
PP = P 
N = P 
CALL SPHEREIT.P.KLN) 
SQ? = DSQRTI?.OOOOOCOOOCIOOOODOO) 
DO 100 LI = 1,KLNl.2 
L = LI - 1 
DO 5G Ml = l.Ll,4 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NF. 69) NAMIN) = L 
AM = M 
CP = DCOSIAM*PP) 
SP = DSINIAM*PP) 
AN = YLMIL.M,1) 
IF IM .NF. 0) AN = SO? * AN 
BIN) = -AN * SP * M 
IF IM .EO. 0) GO TO 50 
N = N • 1 
BlN) = AN * CP * M 
IF INUT .NE. 59) NAMIN) = L 

50 CONTINUE , 
100 CONTINUE 
69 NUT = 69 

RETURN 
FNO 

c****:̂ ::r*:::*:r*^u^u;:;::*****************************************: 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP VH. * 

C * * 
C * PHI DERIVATIVE ^ 
C * • 
C * DOUBLE PRECISION ROUTINE. ^ 
c : * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

IMPLICIT REAL*R lA-H.O-Z) 
RFAL*4 T.P.SYM 
PFAL*4 ALPHA.A?.GAMMA.G7,E1,E?,E? 
DIMENSION BI91) ,NAM|9D,SYMI91,16) 
COMMPN/KUBE/NAM,SYM,KE,KLN ., ^, ,:, c, ,,., 
COMMON/CARPY/NUT,LUMP,ALPHA,A7,GAMMA,G2,FI,F2,E3,JJJJ 
KLNl = KLN + 1 
PP = P 
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N = 0 
CALL SPHERED,?,KLN) 
SO? = DSQRTI?.0O0O0C100COOCOODO0) 
DO 100 LI = 1.KLNl.7 
L = LI - 1 
DO 50 Ml = l.Ll.? 
M = Ml - 1 
N = N + 1 
IE IN .GT. KE) GO TO 69 
IF INUT .NE. 691 NAMIN) = L 
AM = M 
SP = OSINIAM*PP) 
AN = YLMIL.M.1) 
IF IM .NE. 0) AN = SQ? * AN 
BIN) = -AN * SP * M 

50 CONTINUE 
100 CONTINUE 
59 NUT = 69 

RETURN 
END 

SUBROUTINE C?POLPIT,P,B) 
C ********************************************************************** 
0 * * 
C * HARMONIC FUNCTION GENERATOR FOR SYMMETRY GROUP C2H. * 
C * * 
C * PHI DERIVATIVE * 
C * * 
C * DOURLE PRECISION ROUTINE. * 
C * * 
C ********************************************************************** 

IMPLICIT RFAL*8 IA-H,0-Z) 
REAL*4 T,P,SYM 
REAL*4 ALP HA,A7,GAMMA,G?,F1,E?,E? 
DIMENSION P|91),NAM(91),SYMI91,16) 
COMMON/KUBE/NAM,SYM.KE,KLN 
COMMON/CARPY/NUT,LUMP,ALPHA,A?,GAMMA,G7,El,E2,E3,JJJJ 
KLNl = KLN • 1 
PP = P 
N = 0 
CALL SPHERED,P,KLN) 
SO? = OSQRTI?.100000000100000000) 
00 100 LI = 1,KLNl,7 
L = LI - 1 
no 50 Ml = 1,L1,7 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 69 
IF INUT .NF. 69) NAM(N) = L 
AM = M 
CP = DCOS(AM*PP) 
SP = DSIN(AM*PP) 
AN = YLM(L,M,D 
IF IM .NE. 0) AN = SO? * AN 
BIN) = -AN * SP*M 
IF IM .EO. 01 GO TO 50 * 
N = N t 1 
BIN) = AN * CP*M 
IF INUT .NF. 691 NAMIN) = L 
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5C CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
END 

SUBROUTINE S?POLPIT,P,R) ^^^^^ 
C ********************************************************************** 

C * HARMONIC FUNCTION GENERATPR FOR SYMMETRY GROUP S2. * 

C * • 
C * PHI DERIVATIVE ^ 
C * * 
C 4 DOUBLE PRECISION ROUTINE. ^ 
C ********************************************************************** 

IMPLICIT REAL*? lA-H,0-Z) 
PEAL*4 T,P,SYM 
0EAL*4 ALPHA,A7,GAMMA,G?,E1,E2,E? 
DIMENSION BI91),NAM|C1).SYMI91.16) 
COMMON/KUBE/NAM.SYM.KE.KLN 
COMMON/CARRY/NUT.LUMP.ALPHA.A?,GAMMA,G?,El,E?,E3,JJJJ 
KLNl = KLN + 1 
PP = P 
N = 1 
CALL SPHEREIT.P.KLN) 
SQ? = OSORTI2.OCOPOCOCOOOOCCOnOO) 
DO 100 LI = 1.KLNl.2 
L = LI - 1 
DO 50 Ml = l.Ll 
M = Ml - 1 
N = N + 1 
IF IN .GT. KE) GO TO 59 
IF INUT .NE. 69) NAMIN) = L 
AM = M 
CP = DCOSIAM*PP) • 
SP = OSINIAM*PP) 
AN = YLMIL.M,1) 
IF IM .NE. 0) AN = 502 * AN 
BIN) = -AN * SP * M 
IF IM , E C 0) GO TO 50 
N = N • I 
BIN) = AN * CP * M 
IF INUT ,NE, 69) NAMIN) = L 

50 CONTINUE 
100 CONTINUE 
69 NUT = 69 

RETURN 
END 

LEGENDRE POLYNOMIAL GENERATOR 

c ****^*****ii*******i************''********************************'***: 
C t THIS ROUTINE CALCULATES THE LEGENORE POLYNOMIALS P<L>IX) * 
C • FOR THE VALUE X = 0, 
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• C * P<L>IP) 
C * * 
C * DOUBLE PREOISION ROUTINE. * 
C * * 
J- ^f^jff,***** *********************** ************************************* 

IMPLICIT REAL*? lA-E) 
DIMENSION BI91),NAM|oi),SYMI91,16) 
COMMON/KUBE/NAM.SYM.KE.KLN 
DO 1 J3 = 1.91 
BIJ?) = 
DO 
N = 
JJ 
A = 
C = 
AR 
IF 
AR 
A = 
C = 
JJ 
GO 
I = 
IF 

7 J? 
C O 
= l.KE 

NAMIJ?)/? 
= 7*1 
JJ 

: ?*N 
= 1. 
IJJ . 
= AP 

• A -

•• C -

= JJ 
TO ? 

M - 1 

.LT. 1) 
* A/C 
?. 
2. 
- 7 

: MODIN.?) 
II .GT. 0) 

BIJ?) = 
RETURN 
ENC 1 

AR 

GO TO 4 

AR = -AR 

MULTIPURPOSE SUBROUTINES 

SUBROUTINE KLSQ INUM-KT,CAL.DELTA.FUNC.I DELTA) 
C ********************************************************************** 
c * * 
C * LEAST SQUARES FITTING PROCEDURE. * 
C * * 
C ********************************************************************** 

IMPLICIT REAL*8 lA-F) 
REAL*8 PI.T.P 
DIMENSION TI610),P|6iO) 
DIMENSION 1NI600,10),RI600,10) 
DIMENSION T1I11),T?I10),P1I11),P7I10) 
DIMENSION NTIIC) ,NLI10) ,NZI 10),TLI1D 
DIMENSION AI91,9D,PI9D,C|9U.BEI91) 
DIMENSION BCIOl) 
DIMENSION AAl°l.91).BBIoi) 
COMMPN/LIMIT/MID.NIT.BC ,LNIT 
COMMON/WORK/RE,B,C 
COMMnN/OVEP/A,N 
COMMON/INTO/IN,R 
COMMON/TEEPEE/T,P 
COMMON/ORIENT/NT,NL,NZ,TL 

1 FORMAT I//7X,' LAB ANGLE• ,7X,'THFTA',11X,'PHI', 1 IX , 
* 'EXP""TL VALUE",7X,-TTHETA-,10X,'TPHI',16X,'RS' ) 

? FORMAT I9X,I6,5X,FU.5,4X,F11.6,7X,E13.6,6X,F11.6,4X,F11.6,7X,E13 
, . 6) 

3 FORMAT I/' PLANF # ',1?) 
4 F0RMATII5,?F1C4,F17.6,?F1C.4,E17.6,1X) 
15 FORMAT I//U-.X," STANDARD DEVIATION =',F10.6) 



287 

PI = 3.141597653589793 
DO 10 I = 1,91 
B I D = 0.0 
CII) = 0.0 
BEID = C O 
DO IP J = 1,91 

IC AlI,J) = 0.0 

DO ?C I = l.NUM 
IF IDELTA.NF.CO) GC TO 37 
WRITE 16,3) I 
WRITE 16,1) 

37 CONTINUE 
CALL LABI I,CAL) 
NTI = N T d ) 
00 70 J = 1,NT1 
CALL ELLIPSII ,J,TT,PP,RS) 
CALL FUNCITT,PP,BE) 
TTT=TT*180.C0P/PI 
ppp=pp*180.COO/PI 
TT = T U ) * 180.000/PI 
PP = PIJ) * laCPDO/PI 
IF IDELTA.NE. C O ) GO TO 36 
WRITE 16,2) INIJ,I),TT,PP,RIJ,D,TTT,PPP,RS 
WRITEI 10,4) INI J,D,TT,PP,RIJ,I),TTT,PPP,RS 
CONTINUE 
DO 3C L = 1,KE 
B I D = B I D • RS * PEIL) 
00 3C K = 1,KE 
AIL,K) = AIL,K) + BEIL)*BEIK) 
CONTINUE 
00 31 L=1,KE 
BBIL)=B(L) 
00 31 K=1,KE 
AA(L,K)=A(L,K) 

31 CONTINUE 
00 39 II=LN1T,NIT 
IF IMODI II,2).E0.1) GO TO 32 • 
IF IMOOI II,2).ECO) GO TO 33 

32 CONTINUE 
NLL = 1 
NUL=MID 
GO TO 34 

3? NLL=MI0+1 
NUL=KE 

34 CONTINUE 
L0=NLL-1 
DO 23 L=NLL,NUL 
IF INLL.LE.l) GO TO 74 
00 21 K=1,L0 

21 BIL)=BIL)-BCIK)*AIK,L) 

24 K0=NUL+1 
IF INUL.GE. KE) GO TO 23 
DO 2? K=KO,KF 

22 BIL)=3IL)-PCIK)*AIK,L) 
23 CONTINUE 

DO 25 L = N!LL,NUL 
LL = L - NLL • 1 
DO 25 K = NLL,NUL 
KK = K - NIL • 1 
AILL,KK) = A(L,K) 

36 

3C 
2P 



25 CONTINUE 
M = NUL - NLL + 1 
CALL MATINV 
PC 40 I = NLL,NUL 
IJ = I - NLL + 1 
C(D = 0.0 
DO 41 J = NLL,NUL 
JJ = J - NLL + 1 
ClI) = CII) + AlIJ,JJ)*BIJ) 

40 CONTINUE 
DO 46 1=1,KE 
IF II.GF.NLL) GO TO 4? 
GO TO 42 

43 IFl I.LE.NULI GO TO 45 
42 CII) = BCI I) 

GO TO 46 
45 BCII)=CID 
46 CONTINUE 

DO 38 L=1,KE 
BIL)=BBIL) 
DO 38 K=1,KE 

38 AIL,K)=AAIL,K) 
C 
C CALCULATION OF STANDARD DEVIATION 
C 

DELTA = C O 
IF IIDELTA .EO. 0) RETURN 
0 0 5 0 I = l . N U M 
CALL L A B I I , C A L ) 
NT I = NT I D 
DO 50 J = 1 , N T I 
CALL E L L I P S I I , J , T T , P P , P S ) 
CALL F U N C I T T , P P , B E ) 
AREA = C O 
DO 60 K = l.KE 

6C AREA = AREA + BEIK) * CIK) 
DIFF = RIJ.I)*I1.C00-AREA/RS) 

5C DELTA = DIFF*DIFE + DELTA 
NTI = 0 
PO 70 I = l.NUM 

70 NTI = NTI + NTII) 
DELTA = DELTA/NTI 
nELTA = DSORTIDELTA) 
WRITF 15,15) DELTA 

39 CONTINUE 
RETURN 
ENO 

SUBROUTINE L A B I I , C A L ) 
C ************************* ***************t*********** ************ ****** 
C * 
C * TH IS SUBROUTINE CONVERTS FROM THE LAB TO THE • 
C * OPYSTAL-AXIS D I R E C T I O N S , WHERE WE ALLOW FOR A CONE ANGLE. * 

^ * * 
C * ONLY THE ANGLES FOR THP I-TH PLANE ARF COMPUTFO. * 
C * FUTHER TRANSFORMATION IS ACCOMPLISHED IN SUBROUTINE TRANS. * 
C * IE FURTHER TRANSEORMATICN IS NOT WANTED, • 
C * A DUMMY SUBROUTINE "UST BF PROVIDED. * 
^ * * 
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c ********************************************************************** 
0 

IMPLICIT REAL*8 IA-H,0-Z) 
REAL*4 R 
REAL*4 T1,T2,P1,P2,TL 
DIMENSION THETAI6CO),PHII6C0) 
DIMENSION INI600,10),RI600,10) 
DIMENSION XI?),YI3),ZI3),SI3),WI3) 
DIMENSION T l d O ) ,T2I1C) ,P1I 10),P2I10) 
DIMENSION N L I I D , N T d O ) ,NZI10),TLI1C) 
COMMON/INTO/IN,R 
COMMON/TEEPEE/THETA,PHI 
COMMON/ANGLE/T1,T2,PI ,P2 
COMMON/ORIENT/NT,NL,NZ,TL 
PI = 3.1415926535897°3 
T U = Till) 
T22 = T2II) 
Pll = PllI) 
P22 = P2(I) 
CALL 0G0TTA(X,T11,P11 ) 
CALL DGOTTA(Y,T22,P22) 
CALL 0CRISS(X,Y,Z) 
CALL DCRISS (Z,X,Y) 
TLI = TLII) * PI/18C. 
YC = OCOSITLI) 
YS = OSINITLI) 
NT I = NT 11 ) 
DO 6C J = 1,NTI 
PR = INIJ,I) - N Z D ) 
pp = pp * C l / C A L 
PR = PR * Pl/iao, 
ZC = DCOSIPR) 
ZS = DSINIPR) 
00 61 K = 1,3 
SIK) = XIK)»ZC + YIK)*ZS 

61 WIK) = SIK)*YS + ZIK)*YC 
CALL TRANSIW,),J) • 
THETAlJ) = 0ARC0SIWI3)) 
PHIIJ) = 0ATAN2IWI2) ,WI1) ) 

60 CONTINUE 
RETURN 
END 

c ****iT*:°v*i:i*:*iiT*************************************************: 
c * * 
C * MATRIX INVERSION ROUTINE, ^ 
C * USABLE ON ANY SQUARE M A T P I X . 
C * BASED CN ANL F402S — AN AMDLIB PROGRAM • 
0 * * 
C * DOUBLE PRECISION ROUTINE. ^ 
C t********************************************************************* 

IMPLICIT REAL*8 IA-H,0-Z) 
REAL*4 PIVOT 
DIMENSION AI91,91),PIVOTI1C0),INDEXI110) 
COMMON/OVEP/A,N 

C INITIALIZE DETERMINANT AND PIVOT ELEMENT ARRAY 
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DETERM = 1.0 
DO 20 I = 1,N 
PIVOTII) = 0 . 0 

2C INDEXII) = O.C 
C 
C PERFORM SUCCESSIVE PIVOT OPERATIONS IGRAND LOOP) 
0 

DO 550 I = l.N 
C 
C SEARCH FOR PIVOT ELEMENT AND EXTEND DETERMINANT PARTIAL PORDUCTS 
C 

AMAX = C O 
DO 105 J = 1,N 
IF IPIVOTIJ) .NE. C O ) GO TO 105 
DO 100 K = l.N 
IF IPIVOTIK) .NE. O.C) GO TO 100 
TEMP = DABSIAlJ.K)) 
IF ITEMP .LT. AMAX) GO TO 100 
IROW = J 
ICOLUM = K 
AMAX = TEMP 

100 CONTINUE 

105 CONTINUE 
106 INOEXD) = 4096 * IROW + ICOLUM 
107 J = IROW 
108 AMAX = AIJ,ICOLUM) 

DETERM = AMAX 
0 DETERM = DETERM * AMAX 
C 
C RETURN IF MATPIX IS SINGULAR IZERO PIVOT) AFTER COLUMN INTERCHANGE 
C 

IF IDETERM .EC C O ) GO TO 600 
C 

PIVOTIICOLUM) = AMAX 
C 
C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL 
C 

IF IIROW .EO. ICOLUM) GC TO 260 
DETERM = -DETERM 
00 200 K = 1,N 
SWAP = AlJ,K) 
AIJ,K) = AIICOLUM,K) 
AIICOLUM,K) = SWAP 

200 CONTINUE 
C 
C DIVIDE PIVOT ROW BY PIVOT ELEMENT 
C 
260 K = ICOLUM 

AlICOLUM,K) = 1.0 
DO 350 K = 1,N 
AdCOLUM,K) = AIIC01UM,K)/AMAX 

350 CONTINUE 
C 
C REDUCE NON-PIVOT ROWS 
C 
380 DO 550 J = 1,N 

IF IJ .EC ICOLUM) GO TO 550 
T = AIJ,ICCLUM) 
AIJ,ICOLUM) = O.C 
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DO 450 K = l.N 
A(J.K) = A(J.K) - A d C O L U M . K ) • T 

450 CONTINUE 
55C CONTINUE 

0 
0 INTERCHANGE COLUMNS AFTER ALL PIVOT OPERATIONS HAVE BEEN PERFORMED 

0 
600 DO 710 I = l.N 

II = N • 1 - I 
K = INDEXIII)/4096 
ICOLUM = I N D E X I U ) - 4096 • K 
IF IK . E C ICOLUM) GO TO 710 
DO 705 J = l.N 
SWAP = AIJ,K) 
AIJ,K) = AIJ,ICOLUM) 

= SWAP 

,EQ. C O ) WRITE 16,1) 
MATRIX IS TOO SINGULAR.'//) 

INTEGER FUNCTION LT0M*4 I I J , U I 

705 
710 

1 

AIJ,ICOLUM) 
CONTINUE 
CONTINUE 
IF IDETERM 
FORMAT 1//' 
RETURN 
ENO 

C **••»•*********»**************•***••*•*••••**•»•••"•"""""'" 
0 • 
C • 
C * 
0 * 
C * 
0 * 
0 * 
0 * 
0 * 
c * 
0 * 
0 * 
c * 
0 * 

c * 
c * 
c * 
c ** 

c 
c 
c 

THIS ROUTINE CALCULATES THE NUMBER OF TERMS IN AN EXPANSION 
WHICH INCLUDES TERMS OF ORDERS UP TO L = IJ FOR THE SYMMETRY 

GPOUP II. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

CODE NUMBERS FOR SYMMETRY GROUPS: 
— OH 
— D6H 
— C6H 
— 03H ^ 
— S6 
— D4H 
— C4H 
— VH 
— C2H 
— S2 

• 

• 

• 
• 
• 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 

******************************************************************** 
I = 

SYM 

IJ 

METRY GROUP OH. 

IF III 
IF (I 
J = I 
LTOM = 
IF (I 
00 I K 
L = K 
12 = 0 
IZZ = 

.GT. 1) GO 
.GT. 60) I = 
• 1 
1 

TO 2 
: 60 

.LT. 4) RETURN 
= 5,J,2 
- 1 

L - 2 
U = MODd ZZ,12) 
IF (11 
JEN = 

.EQ. 0) 12 
L/12 • 12 • 

= -1 
1 
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LTOM = LTOM • JEN 
1 CONTINUE 

RETURN 
0 
C SYMMETRY GROUP n5H 
0 
2 IF I II .GT. 2) GO TO 3 

IF II .GT. 40) I = 40 
LTOM = 0 
K = I + 1 
00 19 LI = 1,K,2 
L = LI - 1 
M = L/6 + 1 

19 LTOM = LTOM • M 
RETURN 

C 
0 SYMMETRY GPOUP C6H 
C 
3 IF I II .GT. 3) GO TO 6 

IF II .GT. 30) I = 30 
LTOM = 0 
K = I • 1 
DO 17 LI = 1,K,2 
L = LI - 1 
M = 2 * IL/6) • 1 

17 LTOM = LTOM • M 
RETURN 

0 
C SYMMETRY GROUP 03H 
C 
6 IF III .GT. 4) GO TO 8 

IF II .GT. 30) I = 30 
LTOM = 0 
K = I + 1 
DO 15 LI = 1,K,2 
L = LI - 1 
M = L/3 + 1 

15 LTOM = LTOM + M 
RETURN 

0 
0 SYMMETRY GROUP 56 
0 
8 IF III .GT. 5) GO TO IC 

IF I I .GT. 20) I = 70 
LTOM = 0 
K = I + 1 
DO 13 LI = 1,K,2 
L = LI - 1 
M = 2 * IL/?) • 1 

13 LTOM = LTOM • M 
RETURN 

C 
0 SYMMETRY GROUP D4H 
C 
IP IF III .GT. 6) GO TO 12 

IF I I .GT. 34) I = 34 
LTOM = 0 
K = I + 1 
00 4 LI = 1,K,2 
L = LI - 1 
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M = L/4 + 1 
4 LTOM = LTOM + M 

RETURN 
C 
C SYMMETRY GPOUP C4H 
C 
12 IF I I I .GT. 7) GO TO 14 

IF II .GT. 24) I = 24 
LTOM = 0 
K = I + 1 
00 U LI = 1,K,2 
L = LI - 1 
M = 2 * IL/4) + 1 

U LTOM = LTOM • M 
RETURN 

C 
C SYMMETRY GROUP VH 
C 
14 IF I II .GT. 8) GO TO 16 

IF d .GT. 24) I = 24 
LTOM = P 
K = I • 1 
DO 9 LI = 1,K,2 
L = LI - 1 
M = L/2 • 1 

9 LTOM = LTOM • M 
RETURN 

0 
C SYMMFTRY GROUP C2H 
C 
16 IF III .GT. 9) GO TO 18 

IF II .GT. 16) I = 15 
LTOM = C 
K = I + 1 
DO 5 LI = 1,K,2 
L = LI - 1 , 
M = L + 1 

5 LTOM = LTOM + M 
RETURN 

0 
C SYMMFTRY GROUP S2 
0 
18 IF III .GT. 10) GO TO 70 

IF II .GT. 17) I = 12 
LTOM = 0 
K = I • 1 
DO 7 LI = 1,K,? 
L = LI - 1 
M = L • L + 1 

7 LTOM = LTOM • M 
RETURN 

?0 LTOM = 0 
RETURN 
ENO 

INTEGER FUNCTION MT0L*4 I I J , I I ) ^^^^^.^^^ 

C ,«*•** .* •************************************************************* 

C I THIS ROUTINE CALCULATES THE L VALUE WHICH WOULD PRODUCE A TOTAL * 
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C * OF I J HARMONICS. THE SYMMETRY GROUP I S I I . * 
C * T H I S I S THE INVERSE ROUTINE TO LTOM. * 
C * * 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

I = IJ 
IF I I ,GT, 9 1 ) I = 91 

0 
0 SYMMFTRY GPOUP OH 
C 

IF I d .GT. 1) GO TO 4 
IF II .GT. 1) GO TO 1 
MTOL = 0 
RETURN 

1 1 = 1 - 1 
L = 4 

7 I? = 0 
IZZ = L - 2 
I I = M0DIIZZ,12) 
IF III .EO. 0) I? = -1 
JEN = L/1? + 1 7 + 1 
1 = 1 - JEN 
IF II .LT. 0) GO TO 3 
L = L + ? 
GO TO 7 

3 MTOL = L - ? 
RETURN 

C 
0 SYMMFTRY GROUP 06H 
C 
4 IF III .GT. 7 1 GO TO 7 

L = 0 
79 M = L/6 + 1 

I = I - M 
IF I I .LT. 0) GO TO ?0 
L = L + 7 
GO TO 79 

30 MTOL = L - ? 
IF IMTOL .LT. 0) MTOL = 0 
RETURN 

C 
C SYMMETRY GROUP C6H 
C 
7 IF I II .GT. ?) GO TO 10 

1 = 0 
25 M = ? * IL/5) + 1 

1 = I - M 
IF I I .LT. 0) GO TO 77 
L = 1 + 7 
GO TO 76 

27 MTOL = L - 7 
IF IMTOL .LT. 1) MTPL = 0 
RETURN 

0 
C SYMMETRY GROUP 0?H 
C 
IC IF III .GT. 4) GP TP 13 

L = 0 
2? M = L/3 + 1 

I = I - M 
IF I I .LT. 0) GO TO 24 
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24 

0 
0 
c 
13 

2C 

?1 

c 
0 
0 
16 

L = L • 2 
GO TO 23 
MTOL = L - 2 
IF IMTOL .LT. 0) MTPL = P 
RETURN 

SYMMETRY GPOUP S6 

IF III .GT. 5) GO TO 16 
L = 0 
M = 2 * IL/3) + 1 
I = I - M 
IF 1 I .LT. 0) GO TO 71 
L = L + ? 
GO TO 7C 
MTOL = L - 2 
IF IMTOL .LT. 0) MTOL = 0 
RETURN 

SYMMETRY GROUP D4H 

IF III .GT. 6) GO TO 19 
L = 0 

5 M = L/4 + I 
I = I - M 
IF I I .LT. 0) GO TO 6 
L = L + 2 
GO TO 5 

6 MTOL = L - 2 
IF IMTOL .LT. 0) MTOL = 0 
RETURN 

C 
C SYMMETRY GROUP C4H 
C 
19 IF I d .GT. 7) GO TO 27 

L = 0 
17 M = ? * IL/4) + 1 

I = I - M 
IF I I .LT. 0) GO TO 18 
L = L • 7 
GO TO 17 

18 MTOL = L - 2 
IF IMTOL .LT. 0) MTOL = 0 
RETURN 

C 
C SYMMETRY GROUP VH 
C 
72 IF III .GT. 8) GO TO 25 

L = 0 
14 M = L/2 + 1 

I = I - M 
IF II .LT. 0) GO TO 15 
L = L + 2 
GO TO 14 

15 MTOL = L - ? 
IF IMTOL .LT. 1) MTOL = 0 
RETURN 

0 
(. 5YMMFTRY GROUP C?H 
C 
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75 IF (II .GT. 9) GO TO 7 8 

L = P 
8 M = L + 1 

I = I - M 
IF II .LT. 0) GO TO 9 
L = L + 7 
GO TO 8 

9 MTOL = L - 7 
IF IMTOL .LT. 1) MTOL = 1 
RETURN 

0 
C SYMMFTRY GROUP 5? 
C 
78 IF III .GT. 10) GO TO 31 

L = 0 
11 M = L + L + 1 

I = I - M 
IF d .LT. 0) GO TO 17 
L = L + ? 
GO TO 11 

17 MTOL = L - 7 
IF (MTOL .LT. 0) MTOl = 0 
RETURN 

31 MTOL = 0 
RETURN 
END 

SUBROUTINE TRANSIW,I,J) 
C ********************************************************************** 
c * * 
C * DUMMY PROCEDURE FDR USE WHEN NO ADDITIONAL TRANSFORMATION * 
C * IS NEEDED. * 
C * * 
C ********************************************************************** 

IMPLICIT REAL*8 IA-H,0-Z) 
DIMENSION Wl?) ,NCO0EI6OC 15) 
COMMPN/ROTATE/NCOCE 
RETURN 
END 

SUBROUTINE TRANSIW,I,J) 
0 ********************************************************************** 

C * THIS ROUTINE PROVIDES A SPECIAL TRANSFORMATION TO BF USEO WHEN • 
C * D4H POCKETS OF THE FERMI SURFACE OF A CUBIC MATERIAL ARE TO * 
C * BF ANALYZED. * 
C * * 
C ********************************************************************** 

IMPLICIT REAL*fl IA-H,0-Z) 
niMENSION WI?),NC0DEI5CC,IC) 
COMMPN/ROTATE/NCOCE 

0 
C MAP ALL DATA TO A COMMON COORDINATE SYSTEM 
0 

NCOD = NCODEI J,I) 
IF INCOO .LE. 0) RETURN 

0 
0 ROTATE DATA ABOUT Y AXIS 
0 
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IF INCOD .GT 
SAVE = 
Wl?) = 
W I U = 
RETURN 

WI3) 
Wl 1) 
-SAVE 

1 ) GO TO 64 

C 
0 ROTATE DATA ABOUT X AXIS 
C 
64 SAVE = WI3) 

WI3I = Wl?) 
WI2) = -SAVE 
RETURN 
ENO 

SUBROUTINE TRANSIW,I,J) ^ ^^^^^^^ 
C ********************************************************************** 

C * THIS ROUTINE IS USED FOR C2H POCKETS OF THE FERMI SURFACE OF * 
C • IN THE ARSENIC STRUCTURE ^ 

C ********************************************************************** 
IMPLICIT REAL*R IA-H,0-Z) 
REAL*4 EE1,EE2,EF3 
DIMENSION NCO0EI6iP,10) 
DIMENSION Wl?) 
COMMON/ROTATE/NCODE 
PI = ?.14159265?5897Q3 
EEl=?.0OP*PI/?.C0O 
EE? = C P 
EE3=P.0 

C MAP ALL DATA TO A COMMON COORDINATE SYSTEM. 

0 
NCOO = NCOPEIJ,I ) 
IF INCOO.EO.O) GO TO 4C 
IF INCOD.EC?) EE1=-FE1 
CALL EULERIEE1,EE?,EE3,W,1) 

40 CONTINUE 
RETURN 
ENC 

c ***.r*mr**^**r*^u;i;:;:;:*i*****.******************************; 
C * THIS ROUTINE IS DESIGNED FOR USE WITH THE OH CRYSTAL GROUP. * 

c :***,***************************************************************** 
BEAL*8 THETAI601),PHI 1600) 
DIMENSION INI610,10),PI600,10) 
COMMON/TEE PEE/THETA,PHI 
COMMON/INTO/IN,R 
RS = RIJ,I) 
T = THETAIJ) 
p = PHIIJ) 
RETURN 
ENO 
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SUBROUTINE ELLIPSII,J,T,P,RS) 
C ******#*«*•*******«**•**********************«•****•******************* 

c * * 
C * THIS ROUTINE IS FOR USE WHENEVER AN ELLIPSOIDAL TRANSFORMATION * 
C * IS CONTEMPLATED. * 
C * * 
0 ********************************************************************** 

REAL*8 TT,PP,ST,CT,SP,CP,ST?,CT?,SP?,CP7,THETA,PHI 
DIMENSION THETAI603),PHII600) 
DIMENSION INI60C13) ,R 1600, 10) 
COMMON/TEEPEE/THETA,PHI 
COMMON/INTO/IN,R 
CO'<MON/C ARRY/NUT, LUMP, ALPHA, A?, GAMMA, G2,E1,E2,F3, JJJ J 
TT = THETAIJ) 
PP = PHIIJ) 
IF ILUMP .EC 1) GO TO 9? 
IE IGAMMA .EO. 1.0) GO TO 151 
IF IJJJJ.NE.1) CALL OILERIEl,F2,E?,TT,PP,1) 
ST = DSINITT) 
CT = DCOSITT) 
SP = DSINIPP) 
CP = OCOSIPP) 
ST2 = ST * ST 
CT2 = CT * CT 
SP? = SP * SP 
CP? = CP * CP 
RS = GAMMA * ALPHA * R|J,I) * OSORTIST2*ISP2+CP?/A2)+CT2/G2) 
TT = DARCOSICT/D50RTIST2*G2*ISP?+CP2/A2)+CT2)) 
SP = SP * ALPHA 
CALL DFLOPISP,CP,PP) 
T = TT 
P = PP 
RETURN 

9? RS = 1 . 0 / | R | J , D * P I J , D ) 
T = TT 
P = PP 
RETURN 

151 RS = RIJ,I) 
T = TT 
P = PP 
RETURN 
FND 

VEOTOP SUBROUTINES 

SUBROUTINE GOTTAIX,T,P) 
C *************************************** t*************^**************** 
C * * 
C * THIS ROUTINE PRODUCFS A CARTESIAN UNIT VECTOR X THAT IS * 
C * IN THE DIRECTION |T,P), * 
C * * 
C ********************************************************************** 

DIMENSION X(?) 
ST = SINIT) 
SP = SINIP) 
CT = COSIT) 
CP = COSIP) 
XII) = ST * CP 
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XI2) = ST • SP 
X(3) = CT 
RETURN 
END 

SUBROUTINE OGOTTA I X,T , P ) ^^^^^^^^ 
C ********************************************************************** 
c * 
C * THIS ROUTINE PRODUCES A CARTESIAN UNIT VECTOR THAT IS IN THE * 
C * DIRECTION (T,P) * 
C * * 
C * DOUBLE PRECISION ROUTINE, ^ 
C t**«**»*************************************************************** 

IMPLICIT REAL*8 (A-H,0-Z) 
DIMENSION XI3) 
ST = OSINIT) 
SP = OSINIP) 
CT = OCOSIT) 
CP = OCOSIP) 
XI 1) = ST * CP 
XI2) = ST * SP 
XI?) = CT 
RETURN 
END 

c****:r*:^*u*****-**--********************************************: 
C * THIS ROUTINE PRODUCES A UNIT VECTOR THAT IS IN THE DIRECTION • 
C « OF THE CROSS PRODUCT OF A ANO B, ^ 

C *********************************************************************** 
DIMENSION AI?),BI?),CI?) ^ 
DO 10 L = 1,? 
K = L + 1 
M = MODIL,?) + 1 
N = MODIK,3) + 1 

IC OIL) = AIM) * BIN) - AIN) • BIM) 
CALL WOWIC) 
RETURN 
ENO 

c ****^^::r:::**"*i**:*:*-******************************************: 
C I THIS ROUTINE PRODUCES A UNIT VECTOR IN THE DIRECTION OF THF * 
C « CROSS PRODUCT OF A ANO B, ^ 
C * * 
C * DOUBLE PRECISION ROUTINE. ^ 

c **,»********•**********************•********************************** 
REAL*8 AI3),BI3),CI3) 
DO 10 L = 1,? 
K = L + 1 
M = MODIL,?) + 1 
N = MODIK,3) + 1 
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10 OIL) = A I M ) * BIN) - AIN) • R I M ) 
CALL OWOWIC) 
RETURN 
END 

SUBROUTINE WCW(T) 
C ********************************************************************** 

C * * 
C * THIS ROUTINE CONVERTS THE VECTOR T INTO A UNIT VECTOR TN THE * 
C * SAME DIRECTION. * 
C * * 
C ********************************************************************** 

DIMENSION TI3) 
S = C O 
DO IC I = 1,3 

10 S = TlI)*TII) + S 
5 = SORTIS) 
DO 70 I = 1,? 

?C T d ) = Til )/S 
RETURN 
END 

SUBROUTINE DWOWIT) 
C ********************************************************************** 
C * * 
C * THIS ROUTINE CONVERTS THE VECTOR T INTO A UNIT VECTOR IN THE * 
C * SAME DIRECTION. * 
C * * 
C * DOUBLE PRECISION ROUTINE. * 
C * * 
C ********************************************************************** 

REAL*8 Tl?), S 
S = C O 
DO 10 I = 1,? 

IP S = Tl I) * T d ) + S 
S = DSORTIS) 
DO ?P I = 1,3 

?0 T d ) = TID/S 
RETURN 
END 

SUBROUTINE ORDIX) 
C **************************************************t******************* 
C * , 

C * THIS ROUTINE ORDERS THE THREE COMPONENTS OF X IN DECREASING * 
C * ORDER OF MAGNITUDE. * 
C * * 
C * X > Y > Z 
C * * 
C ***************************t*t***********t**************************** 

DIMENSION XI?) 
no 10 I = 1,? 

10 XII) = ABSIXd) ) 
DO ?P I = 1.2 
U = I + 1 
DO 20 J = 11,3 
OIF = XII) - XIJ) 
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IF lOIF .GT. P.O) GO TO 20 
XS = XII) 
XII) = XIJ) 
XIJ) = XS 

21 CONTINUE 
RETURN 
END 

SUBROUTINE DOROIX) ^^^^** 
C ,«***#*********»****************«************************************* 
C * 
C * T H I S ROUTINE ORDERS THE THREE COMPONENTS OF X I N PFCREASING » 

C * ORDER OF M A G N I T U D E . ^ 

0 * 
C * X > Y > Z ^ 
c * 
C * DOUBLE PRECISION ROUTINE. 

C t*********************************»*********************************** 
IMPLICIT REAL*? lA-H.O-Z) 
DIMENSION XI3) 
00 1 I = 1.3 

1 XI I) = OABSIXII ) ) 
00 2 I = 1.? 
II = I + 1 
DO 2 J = 11,3 
OIF = XII) - XIJ) 
IF iniF .GT. C D GO TO ? 
XS = XII) 
XID = XIJ) 
x(j) = XS 

2 CONTINUE 
RETURN 
END 

% 

c ****^I^::^^:::L:**:I*:**I********************************************: 
r I THIS SUBROUTINE TAKES THE SINE AND COSINE OF AN ANGLE * 
C * T AND PRODUCES THE ANGLE T, WHERE T IS IN THE RANGE * 
C * 0 <= T <= ?*PI. * 

C 1********************************************************************* 
PEAL*8 SS,rC,TT,PI 
PI = 3.141597653589793 
SS = S 
CC = C 
IF ICC .NE. 3.1) GO TO 11 
IF ISS .GF. 1.0) GO TC 7? 
TT = PI * 1.50100COCrDCP 
T = TT 
RETURN 

22 TT = PI * C5000PP0CODCO 
T = TT 
RETURN 

10 IF ICC .LT. 0.1) GO TO ?i 
TT = OATANISS/CD 
IF ISS .GE. 0.3) GO TO 1? 



TT = PI + PI + TT 
1? T = TT 

RETURN 
30 TT = OATANISS/CC) 

TT = TT + PI 
T = TT 
RETURN 
END 

SUBROUTINE OFLOPIS,C,T) 
C *********«***********•«****«*•••••****•*••**•*•••*••••*•*•««***•*•••** 

c * * 
C * THIS SUBROUTINE TAKES THE SINE AND COSINE OF AN ANGLE T • 
C * AND PRODUCES THE ANGLE T, WHERE T IS IN THE RANGE * 
C * 0 <= T <= ?*PI. • 
C * • 
C * DOUBLE PRECISION ROUTINF. * 
C * * 
C *»»*******»*******«***«****«**«*«**«***•***•*•*•*•********«*******«*** 

IMPLICIT REAL*? IA-H,0-Z) 
PI = 3.141597653589703 
IF IC .NE. O.P) GO TO 10 
IF IS .GE. O.P) GO TO 2? 
T = PI * 1.50P00CPrP000P 
RETURN 

2? T = PI * 0.5CPl00C0Cn00 
RETURN 

IC IF IC .LT. O.P) GO TO 30 
T = OATANIS/D 
IF IS .GE. C O ) GO TO 1? 
T = T + PI + PI 

1? RETURN 
30 T = DATANIS/C) 

T = T + PI 
RETURN 
END 

SUBROUTINE GETTAIW,THETA,PHI) 
C ********************************************************************** 
C * * 
C * THIS ROUTINE CALCULATES THE SPHERICAL POLAR DIRECTION • 
C * ITHETA,PHD IN WHICH A VECOTR W LIES. « 
C * * 
C ********************************************************************** 

REAL*8 X,Y,Z,T 
REAL*4 WI?),SI?) 
DO 1 I = 1,3 

1 SID = WI I) 
CALL WOWIS) 
X = SID 
Y = SI?) 
Z = SI?) 
CALL FLCPIY,X,PHD 
T = DAPCOSIZ) 
THETA = T 
RETURN 
END 
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SUBBOUTJNE OGETTA IW,T,P) 
C ***t*********************************** ******************************* 
C * * 
C * THIS ROUTINE CALCULATES THE SPHERICAL POLAR DIRECTION IT,P) * 
C * IN WHICH THE VECTOR W LIES. * 

C * POUBLE PRECISION ROUTINE. * 
C * * 
C ********************************************************************** 

IMPLICIT REAL*a IA-H,0-Z) 
DIMENSION Wl?),SI?) 
PO 1 I = 1,3 

1 SII) = W l D 
CALL DWOWIS) 
X = S I D 
Y = SI?) 
I = SI3) 
CALL DFLOPIY,X,P) 
T = DAPCOSIZ) 
PETURN 
END 

SUBROUTINE OILPRITHETA,PHI,PSI,T,P,I) ^^^,.*.******* 
C ********************************************************************** 

C ** THIS ROUTINE ROTATES A VECTOR IN THE DIRECTION IT,P) BY THE * 
C * EULER ANGLES ITHETA,PHI,PS I ) . ^ 

C ***,*»*•*****»******»************************************************* 
REAL*8 T,P,XI3) 
REAL*4 THETA,PHI,PSI 
CALL DGOTTA|X,T,P) 
CALL EULERITHFTA,PHI,PSI,X,I) 
CALL DGETTAIX,T,P) 
RETURN ^ 
ENO 

c****^^::^i^:::ii^t:::::^:::::u:u;^;ii:*****************************: 
C I THIS SUBROUTINE ROTATES THE CARTESIAN VECTOR X BY THE * 
C * EULER ANGLES ITHETA,PHI,PSI) . ^ 

c :***************.*****'*********************************************** 
IMPLICIT REAL*? IA-H,0-Z) 
REAL*4 THETA,PHI,PSI 
DIMENSION XI3),YI3),AI3,3) 
TT = THETA 
PH = PHI 
PS = PSI 
CTT = DCOSITT) 
CPH = DCOSIPH) 
OPS = OCOSIPS) 
STT = OSINITT) 
SPH = OSINIPH) 
SPS = OSINIPS) 
00 1 I = 1.? 



1 YII) = XI I) 
All,l) = OPS * CPH - CTT * SPH * SPS 
All,?) = -SPS * CPH - CTT * SPH * CPS 
Al 1,3) = STT * SPH 
Al?,l) = CPS * SPH • CTT * CPH * SPS 
Al?,?) = -SPS * SPH • CTT » CPH * C"S 
A( 7,31 = -STT * CPH 
A(?,l) = STT * SPS 
A(?,7) = STT * CPS 
A(?,?) = CTT 
IF IIZ .LT. 0) GO TO ? 

2 DO 11 I = 1,3 
XID = 1 
DO 10 J = 1,3 

IC XID = AI I,J)*YIJ) + XII) 
RETURN 

3 DO 4 I = 1,2 
K = I + 1 
DO 4 J = K,3 
SAVE = Ad,J) 
Al I,J) = AIJ,I) 

4 Al J,D = SAVE 
GO TO 2 
END 

SPECIAL PURPOSE SUBROUTINES 

SUBROUTINE WIGIJ1,N1,N,AN) 
C *»**•**#**********»***«*»»*•*»*****«*«««*••*•*•*•••**************•*•** 

c * • 
C * SUBROUTINE TO CALCULATE THE MATRIX ELFMFNTS FOR A * 
C * ROTATION OF PI/? ABOUT THE Y-AXIS. VERSION II. * 
C * * 
C *******»»*************•****«•****»*«*«»*»•****•««****«**»*•***•*•*•**** 

I M P L I C I T R E A L * ? I A - H , 0 - Z ) 
Ml = N l 
M = N 
J = J l 
IF IMl .GE. M) GO TP ? 
MS = Ml 
Ml = M 
M = MS 

? CONTINUE 

c 
0 
0 

CALCULATION OF THE HYP 

NA = Ml - J - 1 
NR = -M - J - 1 
NC = Ml - M 
ANl = 1. 
R = 1. 
MS = - MAXO(NA,NB) - 1 
NPE = 0 
DO IOC I = 1,MS 
NSE = 0 
NA = NA • 1 
NB = NB + 1 
NC = NC • 1 
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6 0 

80 
90 

U C 
140 

1?1 
150 
170 

150 

170 
180 
100 

0 
0 
0 

A = NA 
B = NB 
C = NC 
R = R * A 
IF |P .LE 
NRE = NRF 
R = P * 1 
S = R 
00 90 K = 
0 = K 
S = S/0 
IF IS .GT 
NSE = NSE 
5 = S • 1 
CONTINUE 
CONTINUE 
NE = NRE + NSE 
NSE = lABSINE) 
IF INE) 110,173,130 
00 140 K = 1,NSE 
S = S * I.ID-71 
GO TO 120 
DO 15C K = 1,NSE 
S = S * 1.CD71 
CONTINUE 
NE = MODI I,?) 
IE |N'F) 161,170,150 

* R/C 
, 1.0D7C) GO TO 60 
+ 1 
.CD-?i 

1,1 

1.00-2D GO TO 80 
- 1 
0D20 

ANl = ANl 
GO TO IPC 
ANl = ANl 
CONTINUE 
CONTINUE 
AN = ANl 

- S 

+ 5 

COMPUTATION OF THE CLEBSCH-GORDON - L I K E FACTOR. 

ANl = 1, 
NA 
NB 
NC 
NO 
NE 
J2 
DO 200 
A = NA 
B = NB 
C = NC 
D = NO 
E = NE 
IF INA 

J -
J + 
J • 
J -
Ml -
2 * 

I 

M 
Ml 
M 
Ml 
- M 
J 

1, J2 

IF 
IF 
IF 
IF 
Z = 

I NIB 
(NC 
(ND 
INE 

A •• 

.LT. 

.LT. 

.LT. 

.LT. 

.LT. 
» B/IC * E * F * 2.3P0030P00OO0O) 

Z = CSORTIZ) 
ANl = ANl * ; 
NA = NA - 1 
NP = NB - 1 
NC = NC - 1 
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ND = ND - 1 
NE = NF - 1 

200 CONTINUE 
AN = AN * A N l 
RETURN 
ENO 

SUBROUTINE EIGEN I A , P , N S U B , V A L U , M S U B , A N O R M . N H A X ) 
C * * * * * * * * * * « * * * * * * * * * * * • » « * * * * * * * • * • * * * * * » • * • « • « • * • * « • * • * • » * « « • *««***»^i 
c * * 
C * EIGENVALUES AND EIGENVECTORS OF A REAL SYMMETRIC MATRIX « 
C * * 
C * « * * * * * * * * * * * * * * * * * * * * * » * * * * * * * * * * * • * * * * * * « * * « * » * * » * * « « * * « « * « • • • * * * * * * 

I M P L I C I T R E A L * 8 | A - H , 0 - Z ) 
INTEGEP*2 INDEX 
DIMENSION A | N M A X , N S U r ) , B IN M A X , N S U B ) , VALUIMSUB) 
DIMENSION O I A G I l P i ) , S U P E R O I I O O ) , W V E O I I O O ) , P V E C d O O ) , 

1 Q V E C d O i ) . V A L L d O O ) . 0 ( 1 0 0 ) . U d O O I . 
2 INDEXdIQ). FACTORdOO). V d O O ) . T(100,3) 
COMMON /F207/ DIAG, SUPERD. WVEC. PVEC. T 
FOUIVALENCE IWVFC11).VALL11).FACTORd).Ul1)) 
EQUIVALENCE IPVECII).OVEC11) .011).VII)) 
DATA El/Z?4?0030000CCOOCi/ 

0 
0 HOUSEHOLDER SIMILARITY TRANSFORMATION TO CO-DIAGONAL FORM 
0 

NI=NSUB 
M=MSUB 
IF IN.LT.O) GO TO 720 
IF IM.LE.O.OR.N.LE.?) GO TO 50 

0 
0 GENERATE IDENTITY MATRIX 
0 

DO 40 1=7,N 
00 40 J=2.N 
BlJ.1)=0.0 
I F l I . E C J ) B I J . I ) = l . i 

40 CONTINUE 
C 

5C DO 7 0 0 1 = 1 . N 
0 
0 REDUCE COLUMN OF MATPIX 
0 

1 1 = 1 + 1 
1 7 = 1 1 + 1 
IF I I 7 . G T . N ) GO TO 1 6 0 
SUM=0.0 
PO 70 J = I ? , N 

70 SUM=SUM+AIJ , I 1 * * 7 
I F I S U M . E C C D GO TP 160 
J = l l 
T E M P = A I J , I ) 
SUM=DSOPTISUM+ TFMP * * ? ) 
A I J , I ) = - D S I G N I S U M , TEMP ) 
WVECIJ )=nS0RTI l.C+DABSI TEMP )/SUM) 
DIV=nSIGNI WVECIJ )«SUM, TFMP ) 
no 85 J=I7,N 

85 WVFCIJ)=AIJ,I)/DIv 
SCALAR=C.O 
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no 95 J=I1,N 
PVECIJ)=O.P 
00 OO K=I1,N 

90 PVECIJ)=PVECIJ) + AIK,J )*WVECIK) 
SCALAR=SCALAR+PVECIJ)«WVFCIJ) 

95 CONTINUE 
SCALAR=SCALAR/?.0 
no 170 J=I1,N 
O V E C I J ) = P V E C I J ) - S C A L A R * W V E C I J ) 
00 1 7 1 K = I 1 , J 
A I K , J ) = A I K , J ) - l W V E C I K ) * C V E C I J ) + W V E C I J ) * Q V E C I K ) ) 
A l J , K ) = A I K , J ) 

1 2 1 CONTINUE 
I F I M . L E . O ) GO TP 160 

C SAVE ROTATION FOR LATER A P P L I C A T I O N TO CO-DIAGONAL VECTORS 

C 
0 0 153 K = 7 , N 
T E M P = 0 . 0 
0 0 1 4 0 J = I 1 , N 

1 4 0 T E M P = T E M P + W V E C I J ) * B I J , K ) 
PO 150 J = I 1 , N 
B l J , K ) = B I J , K ) - W V F C I J ) * T E M P 

15C CONTINUE 

C MOVE CO-D IAGONAL FORM ElEMENTS FOR I T E R A T I V E PROCEDURE 

C 
160 J=I 

DIAGII ) = AIJ, I) 

IF II.NE.N) SUPEROII)=AIJ+1,D 

700 CONTINUE 

C GIVENS EIGENVALUE ITERATION FROM STURM CHAIN OF CO-DIAGONAL MINORS 
C 

??C N=IAPS IN) 
M=IAPS IM) ^ 

C CALCULATE NORM OF MATRIX ANO INITIALIZE EIGENVALUE BOUNDS 

0 
AM0PM7=DIAGI1)**? 
I F I N . E C U GO TD ?35 
DO 7 ? i L = ? , N 
0 I L - l ) = S U P E R n i L - l ) * * 2 
A N 0 R M 2 = D I A G I L ) * * 2 + 0 I L - l ) + C I L - l ) + A N O R M 2 

2?C CONTINUE 
2 3 5 ANOFM=OSQRTIANORM?) 

IF I M . F Q . O ) RETURN 
0 0 ?40 L = 1 , M 
V A L U I L ) = A H O R M 
V A L L I L ) = - A N O R M 

7 4 1 CONTINUE 
F P S 1 = A N 0 R M * E 1 
IF (EPSl.EO.0.0) RETURN 

c 

250 00 570 L=1,M 

C CHOCSE NEW TRIAL VALUE WHILE TESTING BOUNDS FOR CONVERGENCE 
760 TAU=IVALUIL)+VALLIL))/?.C 

IF |2.0*ITAU-VALLIL)).LE.F1*0ARSITAU)) GO TO 570 



0 
C DETERMINE SIGNS OF PRINCIPAL MINORS 
C 

MATCH=0 
T7=0.C 
T 1=1.0 
PO 450 LI=1,N 
P=DIAGIL1)-TAU 
IF IT7.NE.C0) GO TO 33C 

300 T1 = DSIGNI l.OOCTl) 
33C IF ITl.NE.CO) GO TO 400 

TO=-OSIGNI1.0Ci,T?) 
T7 = C 0 
IF lOILl-D.NE.O.D GO TO 413 
GO TO 300 

400 TC=P-0IL1-1)*T?/T1 
T?=1.0 

C 
C COUNT AGREEMENTS IN SIGN (ZERO CONSIDERED POSITIVE) 
C 
41C IF (TO) 44C, 470, 4?0 
4?0 T7=T1 

IF (T7I 440, 430, 430 
430 MATCH=MATCH+1 
440 T1=TC 
450 CONTINUE 

C 
C ESTABLISH TIGHTER ROUNDS ON EIGENVALUES 
C 

DP 530 Ll=l,M 
I F ( L I . L E . M A T C H ) GO TO 5PP 
IE I V A L U I L l ) . L E . T A U ) GO TO 2 5 0 
V A L U I L 1 ) = T A U 
GO To 530 

5C0 V A L L I L D = T A U 
5 3 0 CONTINUE 

GO TO 76C 
C 

570 CONTINUE 
C 
0 EIGENVECTORS OF CO-OIAGONAL SYMMETRIC M A T R I X — I N V E R S E I T E R A T I O N 
0 

M=MSUB 
IF IM.LT.1) RETURN 

C 
00 970 1=1,M 

C 
C CHECK FOR REPEATED VALUE 
0 

IF II .EQ.D GO TO 7?5 
IF IVALUII-l)-VALUII).LT.1.CE+4*FPS1) GO TO 730 

775 Il=-1 
730 11=11+1 

0 
0 TRIANGULARIZE CO-OIAGONAL FORM AFTER EIGENVALUE SUBTRACTION 
0 

no 760 L=1,N 
VIL)=EPS1*II1*L+1) 
TIL,?)=niAGIL)-VAl UU ) 
IF IL.IT.N) GO TO 74C 
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T I L , 3 ) = C 0 
00 TP 760 

74C TlL,?)=SUPERnlL) 
IF ITIL.?).EO.i.D TIL,?)=FPS1 
TIL+1,1)=TIL,3) 

760 CONTINUE 
00 870 J=1,N 
TlJ,1)=TIJ,2) 
TlJ,?)=TIJ,3) 
Tl J,?)=CO 
GO TO 730 

77C TIJ,D = FPS1 
780 VTFMr=OARSIT|J,1)) 

IF IVTEMR.LT .EPSl) GO TO 77C 
IF IJ.EO.N) GO TP 8?C 
INOFXIJ)=0 
IF IPAPSITU+l.D l.LP.VTEMP) GO TO 810 
INDEXIJ)=l 
00 arc K=l,3 
VTFMP=TIJ,K) 
Tl J,K)=TIJ + 1 .K) 
TlJ+1,K)=VTEMP 

SIC CONTINUE 
eiC VTEMP =TIJ+) . 1)/TlJ .1) 

FACTOR|J)=VTEMP 
TlJ+1.?)=TIJ+1.7)- VTEMP *TIJ,7) 
T|J+I,?)=TIJ+1,?)- VTEMP *TIJ,?) 

870 CCNTINUE 
ITER=1 
IF dl.GT.O) GO TO O70 

i BACK SUBSTITUTE TO OBTAIN EIGENVECTOR 

86P 00 870 L1=!,N 

v r L ^ i = lvl L )-TIL,7)*VI L+1 )-TIL,3)*VI L + 2 ))/TIL,l) 

870 CONTINUE 
GO TO 1875,Q?0), ITER 

PERFORM SEfONC ITERATION 

875 ITEP=? 
IF IN.EO.i) GO TO 860 

PPC no 910 L=?,N 
IF ( I N D E X U - D . E C D GO TO 930 
VTEMP=VIL-1) 
VIL)=VTFMP 
VIL-1)=VIL) 

901- VIL)=VIL)-f ACT"R(L-1)<VIL-1 ) 
gl' CONTINUE 

GO TO B61 

ORTHOGONALIZF VECTOR TO OTHERS ASSOCIATED WITH REPEATED VALUE 

C21 IF i n .FO.i) GO TO 945 
DO 940 L 1=1,I 1 
K=I-L1 
VTEMP = C 1 
PO 930 J=1,N 

9^0 VTEMP=VTEMP+A(J,K)*VIJ) 



00 940 J=1,N 
940 VIJ)=VIJ)-AIJ,K)*VTEMP 

GO TO 1880,945), ITFR 
C 
C NORMALIZE VECTOR 

-̂ c 
945 VNORM2 = C 0 

DO 950 L=1,N 
95C VN0RM7=VN0RM? + VI L )*•? •' 

VNOPM=OSQRTIVN0PM2) 
no 96C J=1,N 

960 AIJ,I)=VI J )/VNORM 
C 
97C CONTINUE 

0 
C ROTATION OF CO-DIAGONAL VECTORS INTO MATRIX EIGENVECTORS 
C 

N=NSUB 
IF IN.LE.2) RETURN 
DO 990 1 = 1,M 
DO 980 K=2,N 
UIK)=0.0 
DO 980 J=2,N 

980 UIK) = UIK)+RI J,K)*AI J,D 
DO 990 J=2,N 

99C AlJ,I)=UIJ) 
C 

RETURN 
END 



311 

ACKNOWLEDGMENTS 

We wish to thank Miss Martha Katzln for valuable dis
cussions and programming assistance, and the staff of the 
Applied Mathematics Division at Argonne National Laboratory 
for excellent computational service. 





ARGONNE NATIONAL LAS wrST 


