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Computation of the ground state
energy of atoms

Student: Ting-Jang Chen Advisor: Dr. Li-Ming Yeh

Department of Applied Mathematics
National Chiao Tung University
Hsinchu, Taiwan, R.O.C.

Abstract

The ground state is the lowest-energy state of the quantum me-
chanical system. We compute the ground state energy by using the
ground state energy functional Fg[p] of electronic density p, which is
deduced from the Kohn-Sham total-energy functional and local den-
sity approximation. To compute the ground state energy of atoms,
we have to compute each electronic density of the ground state of
atoms. The electronic density of atoms is a function about the wave
function of atoms, so the first step is to determine the wave func-
tions of ground state of atoms by solving the Kohn-Sham equation
HY = ¢V¥. The Kohn-Sham equation is a problem of the second or-
der partial differential equation. The wave function of the ground
state of atoms is the function ¥ corresponding to the minimal ¢ of the
Kohn-Sham equation. For the convenience of solving the Kohn-Sham
equation, we discretize the Hamiltonian H of the Kohn-Sham equation
and the problem become an eigenvalue problem. In this computation,
we determine the wave function of the ground state of atoms by self-
consistency. The errors between the computation and the realistic
values are less than 15%.
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1 Introduction

1.1 Density functional theory

1.1.1 Electronic density

The starting point of this computation is the observation of Hohenbergy and
Kohn (1964) [1] that electronic density p contains in principle all the infor-
mation contained in a many-electron wave function. The electronic density
p of a many-electron system at point 7’ is defined to be (In this paper, we use
the atomic unit with A =m, =e =1)

p(r)=" > fil¥]

i€occupied

where f; are the occupation numbers of the orbitals denoted by ¢, and ¥,
is the wave function. It is convenient to employ the spherical coordinates

r, 0, ¢, the wave function can be written as :

Ui = R (1) Yim(a) (0, @). (1.1)

The electronic orbitals are represented by the index i = {n,l,m}. n,l,m
are the main quantum number, the angular momentum quantum number

and the magnetic quantum number respectively.

1.1.2 Density functional theory and the ground state energy func-

tional

Density functional theory is a theory of quantum mechanics. With this the-
ory, the properties of a many-electron system can be determined by using the
functionals which is dependent on the electronic density. Hence the name
density functional theory comes from the use of functionals of the electronic

density. Hohenberg and Kohn observed [1] that the ground-state energy is a



functional of the electronic density p and can written as
Eq = Eglp] = Tolp] + Eeelp] + Eexlp] + Evclp),

where Ty[p] is the kinetic energy functional, E..[p] is the functional the clas-
sical Coulomb repulsion energy, F..[p| is the energy of the electrons in the

external field of the nuclei, and FE,.[p] is the exchange-correlation energy.

1.1.3 Local density approximation

The principle of local density approximation is to compute the exchange-
correlation energies per particle. Hohenberg and Kohn provided some moti-
vation for using approximate methods to describe the exchange-correlation
energies as a function of a electronic density. The simplest method of de-
scribing exchange-correlation energy is local density approximation. In local
density approximation, the exchange-correlation energy of an electronic sys-

tem is written as [7, 10]

withe,. = €, + €.
Notation:

Here we define the integral

/Rs/g(r)drdw

for a function g(r) to be

/R3 [ gtr)draes = /0 i /0 7 /0 " g(r)rtsingdrddde = dn /0 F g(ryrtdr. (1.2)



1.2 The ground state energy functional

We use the ground state energy functional to compute the ground state
energy of atoms. In local density approximation [10] the ground state energy
of a many-electron system are expressed as a functional Eg[p] of the electronic

density p(r). The ground state energy functional can be written as
Eglp] = Flo(r)] + Eea[p]-
And

pl = /R3 /vm - p(r)drdw = /RS / —ép(r)drdw = —4r /OOO z-r-p(r)dr,

(1.3)
where z is the atomic number and v, (r) is the external potential
z
Ver(T) = g
The functional F[p(r)] is given by [10]
Flp(r)] = Eee |+ Tolp ]+Ezc[ ]
== / [ Veel)p(r)drdes + Tolp] + Euclp]

2/1%3//133/p7,_r,|)d7" dwdrdw + Tolp] + Eqelp].

And we obtain that

/ /Vee (r)drdw+Tolp] + Erc[p +/ /Uex p(r)drdw. (1.4)

The first term of the right hand side of (1.4) is the Coulomb energy of the
electron charge densities, with V.. (r) being the electron-electron Coulomb

potential [1]:
2

1 o0 T
— lid/d :4 / / d/
T) /1%3/,0(7")T>r w 7T0 p(r)r>r

(here we define the variable "r >" be max(r,r’)). So the first term of the
right hand side of (1.4) is
2,12

;/1%3/</R3/Wdr/dw> drdw:; 47r) / /OOT d (r")dr'dr.

(1.5)




E.c[p] is the exchange-correlation energy. In the local density approximation,

E.c[p] is written as

/ /&?mc r)drdw = 4w /OO Ezelp(T)] - p(r) - r2dr. (1.6)

Now, we discuss the exchange-correlation energy ¢, in (1.6). The exchange-

correlation energy may be decomposed into a sum of the exchange energy
and the correlation energy [10].

Exe = Ex + Ec.

€z 18 expressed in terms of the radius rs of a unit charge defined by

3).

Amtp
The exchange term can be calculated exactly for a uniform electron gas,

wl—

re = (

and is given by
3

47r,

9 0.458
===

The correlation energy is given by

W=

Ex[p] -

i .

— s for rg > 1, low densit

1 +61\/Ts +ﬂ27ﬂs f Y ,
Alnry+ B+ Crglnrg+ Dry ; for vy < 1, high density

Ee =

where the values of the constants are given by

v =0.1423; B = 1.0529; B, = 0.3334,

and
A =0.0311; B=—0.0480; C'=0.0020; D = —0.0116.

The term Tj[p] is the kinetic energy functional. The kinetic energy func-
(Here

tional is expressed in terms of a system of noninteracting electrons.
the wave function ¥(r,0,¢) = Ru(r) - Yin (0, ¢). )

L= X g [ue

i€occupied

(1.7)




The natation that V? in spherical coordinate can be written as [4]

2_18( (9>+ 1 82+ 1 8(szn9g)
Cr29rt or r2sin?0 0¢?  r2sinf 00 00

And we obtain that

1o 1f{10,,0 1 1 0 o, 1 90,
- = Y, = ——{—— — _ 0

QV ’ 2 | r? 67’(r or ) [SZTLQ 09(8m 00 o)+ sin20 0>
1 f10,,0 1 1 0, OV
= 7512 8r(r aTRnl(z))Ylm(z)—l- T2Rnl(z) [sz’n@ ae(sme 20 )

1 Y
+— .
sin20  0¢?

(1.8)

Because of the identity [4]
1 0 OYim (i) 1 Yime

—sinf

sinf 00 00 +sin29 0¢?

we obtain the equation

—l(l N 1)Ylm(i),

1, 1(10,,0 1 1
VY, = Y2 p Yy o TR 1) -V
2v i 2{T2 87’(r aTRnl(z)) Im(3) TQRnl(z) |:7’2 l(l‘|— ) lm(z):l}
1 d Qanl(i) l(l—{—l)
= JPA\" S Y.
{ )T g it  YimG)
(1.9)
By (1.9) we have
1 d, ,dRug
/R3/ e pa) M0 _l()[ 2r2d7’(r dr H
l(l+1)

Ry ) Y drdw

1 d, ,dRug;
— Y, N I e el 0]
/}23/| tmii _Rnl(z) [ 2r2 dr (r dr )+

I(1+1)
52 an() drdw.

(1.10)
By (1.7), (1.10), and the normalization of Y}, (in section 2.6 we will

discuss the normalization) [7]
/ / Yim(o |2singddde = 1,

3



we get the equation

1 d, ,dRyug, l(1+1)
To = ' / "Ry | ~53 3,7 Roy| d
’ zeoc%;pzed f { g ) [ 2r2 dr (7’ dr ) + o2 iy | ar
- Y {/ —Rnl(l re(2- @ 21())(17”
i€occupied dr r

[(1+1)
+/ Ry + Rnl(i)TQdT} .
(1.11)
By (1.2), (1.4), (1.5), (1.6), (1.11), we get the formula of ground state

energy of atoms.

o0 1212
Bl = o [ [ S plo)elr!) - (am e
_1 anl(z) d? Rnl (%)
+z€o¢§pzedf {/ 2 T ( dr i r? )
7 R G R+ am [alplr)] - 0) - ar

—47r/0 zZ-r- p( )dr.
(1.12)

1.3 Atomic System

In order to calculate the ground state energy functional. we must find
each wave function of the atoms by solving the Kohn-Sham equation. The

Kohn-Sham equation can be written as [1]:

1
(=5 V2 + verslel) Wilr) = eatilr), (113
where ¢; is a Lagrange multiplier and can be interpreted as the orbital energy
of the state represented by W;.
By (1.9) and (1.13), we have the equation
11d, ,dR, I(l+1
<—(7”2 l + ( + )

dr ) 972 Rnl> Yim + UeffRnlem = eannlY}m- (114)

Multiplying both side of (1.14) by %, we obtain the equation

L1d ,dRu,  Ui+1)

BETEr A e v

R, + UeffRnl =eulR.. (1.15)

6



The effective potential can be written as

Vers = Vea|p(r)] + Vee[p(r)] + vaclp(r)]. (1.16)

In section 1.2 we have known that

z 1
ex — T Vvee = / / N—dr'.
! r R3 p(r)r =4

The exchange-correlation potential v, is given by [1]

8 (€aclp(r)] - p(r))
op(r)

where .. = €,4¢, is written in section 1.2. For the convenience of computing

de e

tielp(r)] = = eaclplr)] + plr)

(1.15), we presume a function P, such that
Pu(r) = rRy(r).

Multiplying both sides of (1.15) by r, this equation may also be written

as
1d?Py(r)  I(1+1)
5z g D)t veglpl Pu(r) = ewPu(r). - (L17)
So \
Ld?  1(l+1)
(‘2617«2 Ty Ueff[/)]> Bu(r) = enPulr). (1.18)

The electronic density p(r) is written as

p(r)y = > fil¥(r,0,0)f

i€occupied

l
i€occupied m=—1
l
= > fil 2 [Ru) - Y (0, 0)I*
i€occupied m=—I
l
i€occupied m=—I1

For a closed shell system we have the identity that [2]



we obtain the equation

p(r) =" filRuw(r)*

i€occupied

In section 2, we will describe the discretization of the equation (1.18).

2 Calculate the ground state energy of atoms

2.1 The process of the computation

In the beginning of this computation, we give an initial guess of the elec-
tronic density to determine the correct wave function and electronic density
by self-consistency (In section 2.7 we will introduce self-consistency). After
finding the correct wave function and electronic density, we can calculate the
ground state energy by using the ground state energy functional Es. We
choose the electronic density builded by the wave function of hydrogen [2]
to be the initial guess of the computation of helium. After the computation
of helium being finished, we can use the electronic density of helium to be
the initial guess of the computation of lithium. Such like the process of the
computation of helium, we can compute the ground state energy of the atoms

one by one by using the preceding atom to be the initial guess.

2.2 The integration and the differentiation

By the functional (1.12), we know that if we want to the compute ground
state energy, we must find the wave functions and electronic density. To
find the wave functions, we will solve the equation (1.18). Now, we discuss
the computational method and the discretization of this computation. In

this computation, we try to compute in the numerical method. We take the



computational domain r = [0A4, 104] and divide it into 400 equal parts.

The domain is represented as

1
T2
r= ,where r; = h - 1,
| 7399 |
. 104
d his 10A 400, h = —.
an 18 over , 100

Now, we define the integration and the differentiation in this computa-
tion. First, we use the "trapezoidal rule” to compute the integration in this
computation. The domain has been discretized as the vector 7.

So we defined the integration as

/rk f(r)dr a f(ﬂ) + f(?"z‘—i—l) r + f(’f’z'_H) -+ f(?”i+2) h

> 2
| f(m1)2+ flre)
:h.(f(;"i) +j§1f(rj)+ f(;’“)) for 0<i <k <399
\ (2.19)
[ sy [ pyar = n- (22 +j§82f(rj)—l—f(r;99)). (2.20)

And the differentiation in this computation is defined as

f(ri) = CU;? = f(rjfl) - f(ri_l),for 0<i<k<399. (2.21)
- i+1 — Ti-1

The differentiation of f(rq),f(rse9) is defined as
f(r2) = f(r1) f(rso9) — f(r398)

() = '(ra00) = : 2.29
J'(r1) P I (r399) —— (2.22)
. .. 1d?Py(r
2.3 Discretization of —"2()
dr
i i i 1d2Py(r) - . .
The discretization o —5——g%— IS an approximation.



By the Taylor series
P” P///

P(z + h) = P(z) +P’(w)h+§h2+?h3+...’
and
P// P///
+ 7(_h)2 + ?(—h)?) + -

P(z — h) = P(z) + P(x)(~h) + 7

So that
P(x+h) + P(x — h) = 2P(x) + P"h* + O(h").
We have
—P(e+h)+2P(x) - Ple—h) .,
h2 T )
and we obtain
= —1 7
hZ  2h2 0
1 —1 :
_IpPl M = | 2 R
p : B
©9R2
11
& 0 2r2 B2 399390
] . @ [(l+1
2.4 Discretization of ( 5 )
2Ti
l(;f?l) is discretized as
l(;%l) 0
1(1+1)
M, = 2r3
0 1(14+1)
L 2r390 | 399399

10

(2.23)

(2.24)



2.5 Discretization of effective potential

By (1.16) we have known that effective potential contains Coulomb potential,

exchange-correlation potential and external potential. Now we discuss their

discretization.

2.5.1 Discretization of Coulomb potential

The Coulomb potential

/
Vee :/ / p(r) dr'dw
rJ |r—r| .
:4 /OO 12 / d/
T ; r p(?")—r> r

r 1 00 1
: 47?/ T’Qp(rl)fdr’#—élw/ r?p(r')=dr’
0 r r r
= IntV,.(r).
We obtain the matrix of Coulomb potential
1 ntVee(r1) 0 ]
M. — IntVee(rs)
| 0 IntVee(rso0) | 399399

By (2.19) and (2.20), the integral of IntV,.(r;) can be discretized.

2.5.2 Discretization of exchange-correlation potential

The exchange-correlation potential is written as

~ elp(r)] - p(r)

T )
=euclpr)] 9 = (’j{
—ulplr)] + - PO
= Difeg.(r),

11

(2.25)



where €., = €, + €. is written in section 1.2.

[ Difeye(rr) 0

M,, = Dife(r:) | . (2.26)

L 0 Difere(ram) | 399%399

By (2.21) and (2.22), the differentiation of Dife,.(r;) can be discretized.

2.5.3 Discretization of external potential

The external potential is written as ve, = —= so after the dicretization the

matrix 1s

T1

M, = = , (2.27)

0 &
= 7399 - 399x399

where z is the atomic number.

2.6 Normalization of wave function

The square of a wave function is called the probability density. In quantum
mechanics, the probability density can describe the distribution of the elec-
trons. In this computation, we have to normalize the wave function to find

the wave function that can provide a reasonable probability. The definition

1= [ [ B-drdw,
R3

which the definition of the probability density P, is

of normalization is

Pp = \IJ*\IJ — R;klanl}/i;kn%m
So that we have
oo T 27
1= [ [ Bdrdo = [ RyRudr [ 7Y Yinsingdods.  (2.28)
R 0 o 0

12



The radial probability density P, (r) is defined by
Pyr(r) = 1’ R, Ry
Because of the integral [7]
T 27T
/ Y, Yimsingdfdo = 1
o JO
and (2.28), we have the result
/ P, (r)dr = / P2RY Rydr = 1. (2.29)
0 0

Therefore, we have the conclusion that if we want to normalize a radial

wave function R,;, we just compute the integral
(e.e]
/ r? R, Rydr =k, k is a constant,
0

and divided R,; by vk. Then the new function R/, = % is the radial wave

function which has been normalized.

2.7 Self-consistency
Define M.¢; be the matrix which signifies the effective potential v.ss, and
Mty = Mee + Mye + M, (2.30)

By (2.23), (2.24) and (2.30), the equation (1.18) can be represented as
the form
(M, + M; + Meff)P:Lz = e P,

where the vector P, is

13



It is an eigenvalue problem.

We can determine the correct electronic density and Py, by executing
self-consistency. The table (2.7) can describe the process of self-consistency.

In the beginning, build a vector p;, to be the initial guess, and we will
get a Hamiltonian Hyy, (here Hy, = M, + M; + M.¢s). Then, computing
the minimal eigenvalue e,,;, of Hy,, and find an eigenvector P corresponding
Emin. Normalizing P and we get the eigenvector P;ut. Then we can compute
the electronic density pou:. Now, if pous = pin it means that we get the right
P,;, otherwise, generate a new p;, as this po,; and construct a new Hy,. After
finding the correct electronic density and wave function, we can calculate the
ground state energy by using the formula (1.12).

We compute the ground state energy of He (z = 2) to No (z = 102) in the
order, and use the preceding atom’s p,; to be the initial guess. For example,
if we want to compute the ground state energy of Mg (z = 12), we will use

the pn of Na (z = 11) to be its initial guess.

14



1. Give an initial guess P,

YES

A 4

7. Compute the total energy

Isin n IBOU = Iain
2. Compute B, = fi|—F :
ieocc r
3. Construct the Kohn-Sham Hamiltonian H,,
A
4. Compute H, P, =¢,P, and get I50ut(m)
. — I:A)out(nl) 2
5. Compute Sy, Poy = 2, fil ==
ieocc r
NO
6' Islaout :lain 7
Table (2.7)

15



3 Results

The e

rrors between the computation and the realistic values are less than

15%. The list (3.1) is the comparison of the ideal answer [3] and the answer

of th

is computation with atomic unit, and figure (3.2) is the scale error

between the realistic values (Idea data) and the answer of this computat-

ion .

The formula of the errors is

errors=-— ,

where a; is the data from this computation and b; is the idea data.

100% T T T T

A% - .

80%

0%

60%
eII0IS

50%

40%

30%

20%

10%

5 10 15 20 25 30 35 40 45 A0 A5 BD BA Y0 Y5 B0 @S 90 95 100
atomic number

Figure (3.2)
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Atomic number Idea data —E(a.u.) | Data in this computation | Errors(%)
1 0.500 0.500000 0.0000
2 2.862 2.893138 1.0800
3 7.433 7.388389 0.6000
4 14.57 14.67078 0.6900
5 24.53 25.11337 2.3200
6 37.69 39.11898 3.6500
7 54.40 57.24088 4.9600
8 74.41 79.84583 6.8100
9 99.41 107.2576 7.3200
10 128.5 139.8187 8.1000
11 161.9 173.8986 6.9000
12 199.6 212.1369 5.9100
13 241.9 254.2069 4.8400
14 289 300.3957 3.7900
15 340.7 350.7181 2.8600
16 397.5 410.3264 3.1300
17 459.5 464.3733 1.0500
18 526,8 527.6907 0.1700
19 599.2 592.0264 1.2100
20 676.8 659.9070 2.5600
21 759.7 735.5189 3.2900
22 848.4 815.8062 4.0000
23 942.9 900.7615 4.6800
24 1043 995.9873 4.7200
25 1150 1085.262 5.9700
26 1262 1270.632 0.6800
27 1381 1384.305 0.2400
28 1507 1503.796 0.2100
29 1639 1640.438 0.0900
30 1778 1761.187 0.9500
31 1923 1886.647 1.9300
32 2075 2016.884 2.8800
33 2234 2151.999 3.8100
34 2400 2292.058 4.7100
35 2572 2437.159 5.5300

17




Atomic number Idea data -E(a.u.) | Data in this computation | Errors(%)
36 2752 2657.920 3.5400
37 2938 2809.000 4.5900
38 3132 2964.275 5.6600
39 3332 3134.383 6.3000
40 3539 3310.443 6.9000
41 3754 3504.019 7.1300
42 3975 3692.796 7.6400
43 4205 3887.294 8.1700
44 4441 4087.941 8.6400
45 4686 4294.852 9.1100
46 4938 4523.195 9.1700
47 5198 4728.309 9.9300
48 5465 4937.590 10.6800
49 5740 5155.548 11.3400
50 6023 5379.200 11.9700
51 6314 5713.260 10.5100
52 6612 5953.587 11.0600
53 6918 6200.008 11.5800
54 7232 6452.556 12.0800
55 7554 6697.584 12.7900
56 7884 6947.461 13.4800
57 8221 7215.920 13.9300
58 8567 7535.974 13.6800
59 8921 7844.062 13.7300
60 9284 8159.394 13.7800
61 9655 8482.952 13.8200
62 10035 8814.835 13.8400
63 10423 9155.146 13.8500
64 10820 9476.594 14.1800
65 11226 9860.293 13.8500
66 11641 10227.65 13.8200
67 12065 10602.66 13.7900
68 12498 10986.59 13.7600
69 12940 11379.53 13.7100
70 13391 11781.56 13.6600

18




Atomic number Idea data -E(a.u.) | Data in this computation | Errors(%)
71 13852 12159.12 13.9200
72 14323 12542.46 14.2000
73 14800 12933.05 14.4400
74 15287 13330.92 14.6700
75 15784 13736.11 14.9100
76 16293 15464 .24 5.3600
77 16806 15932.53 5.4800
78 17333 16442.05 5.4200
79 17866 16929.71 5.5300
80 18409 17391.06 5.8500
81 18962 17868.97 6.1200
82 19524 18354.69 6.3700
83 20096 18848.17 6.6200
84 20676 19349.36 6.8600
85 21267 19858.31 7.0900
86 21867 20375.08 7.3200
87 22476 20871.18 7.6900
88 23094 21373.11 8.0500
89 23722 21907.81 8.2800
90 24360 22450.80 8.5000
91 25007 23074.43 8.3800
92 25664 23674.40 8.4000
93 26331 24320.71 8.2700
94 27008 24940.68 8.2900
95 27696 25568.91 8.3200
96 28392 26166.23 8.5100
97 29100 26811.44 8.5400
98 29817 27510.10 8.3900
99 30545 28178.74 8.4000
100 31283 28855.63 8.4100
101 32031 29542.39 8.4200
102 32790 30239.09 8.4400

List (3.1)
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Appendix

The source file of this computation
module global

mmplicit none

integer ,parameter ::d=400

integer ,parameter ::sz=399

integer 1,]j,Bool,k,times

real ,parameter ::pi=3.1416

real ,parameter ::bdd =10.0

real Yini(sz),Nini(sz),Pin(sz),Rin(sz),Yin(sz),ABNd(sz)
real Nin(sz),Pout(sz),Rout(sz),Yout(sz),Nout(sz),R(sz),N(sz),Nd(sz)
real Sch(sz,sz),L1(sz,sz),L2(sz,s2)

real Veff(sz,sz),Exc(sz,sz),Eee(sz,sz),Rv(sz,s2)
real s,Ncin,Ncout

real A_2nd(sz),B_2nd(sz),A_3rd(sz),B_3rd(sz)
real A_4th(sz),B_4th(sz),A_5th(sz),B 5th(sz)
real A_6th(sz),B_6th(sz),A_7th(sz),B_7th(sz)
integer k_2nd,k_3rd,k_4th,k_5th,k_6th,k_7th

real Pin_2s(sz),Pout_2s(sz),H_2s(sz),Rout_2s(sz)
real Pout_3s(sz),Pin_3s(sz),Rout_3s(sz),H_3s(sz)
real Pin_2p(sz),Pout 2p(sz),H 2p(sz),Rout_2p(sz)
real H 3p(sz),Pout_3p(sz),Pin_3p(sz),Rout_3p(sz)
real Pin_4s(sz),Pout_4s(sz),H_4s(sz),Rout_4s(sz)
real Pin_3d(sz),Pout_3d(sz),H_3d(sz),Rout_3d(sz)
real Pin_4p(sz),Pout_4p(sz),H 4p(sz),Rout_4p(sz)
real Pin_5s(sz),Pout_5s(sz),H_5s(sz),Rout_5s(sz)
real Pin_4d(sz),Pout_4d(sz),H_4d(sz),Rout_4d(sz)
real Pin_5Sp(sz),Pout_5p(sz),H Sp(sz),Rout_5Sp(sz)
real Pin_6s(sz),Pout_6s(sz),H_6s(sz),Rout_6s(sz)
real Pin_5d(sz),Pout_5d(sz),H_5d(sz),Rout_5d(sz)
real Pin_4f(sz),Pout_4f(sz),H_4f(sz)

real Rout_4f(sz)

real Pin_6p(sz),Pout_6p(sz),H 6p(sz),Rout_6p(sz)
real Pin_7s(sz),Pout_7s(sz),H_7s(sz),Rout_7s(sz)
real Pin_6d(sz),Pout_6d(sz),H_6d(sz),Rout_6d(sz)
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real Pin_5f(sz),Pout_5f(sz),H_5f(sz),Rout_5f(sz)
real Pin_7p(sz),Pout_7p(sz),H 7p(sz),Rout_7p(sz)
I'sch fgly

real H(sz),ei1genvalue(sz),eigenvector(sz,sz)

IL1 #dgly

real hg

L2 Fedbly

I'Veff g

'Ec "dgly

real Ec(sz,sz)

real ,parameter ::Ge=0.1423

real ,parameter ::Bel=1.0529

real ,parameter ::Be2=0.3334

real Ech(sz,sz)

real ,parameter ::Aec=0.0311

real ,parameter ::Bec=-0.048

real ,parameter ::Cec=0.002

real ,parameter ::Dec=-0.0116

|Ex "gly

real Rs(sz),Ex(sz,sz)

IEdiff &g

real Addxc(sz,sz),Edr(sz,sz),Ndr(sz,sz),Ediff(sz,sz)
IExc fgy

lintgl g

'real ,external ::Intgl

lintgl g

'real ,external ::Intg2

'Eee fdgly

IExc fgy

'Energy fUadgly

real total

real
1Pout_1sl(sz),1Pout_2sl(sz),lPout_3sl(sz),lPout_4sl(sz),lPout_5sl(sz)
,1Pout_6s1(sz),1Pout_7s1(sz)

real
1Pout_2pl(sz),1Pout_3pl(sz),1Pout_4pl(sz),l1Pout _5Spl(sz),lPout_6pl(sz)

real 1Pout_3dl(sz),lPout_4dl(sz),lPout_5dl(sz),lPout_6dl(sz)
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real 1Pout_4fl(sz),lPout_5fl(sz)
real
Hn(sz),Hn_2s(sz),Hn_3s(sz),Hn_4s(sz),Hn_5s(sz),Hn_6s(sz),Hn_7s(sz)
real Hn 2p(sz),Hn_3p(sz),Hn_4p(sz),Hn_5Sp(sz),Hn_6p(sz)
real Hn_3d(sz),Hn_4d(sz),Hn_5d(sz),Hn_6d(sz)
real Hn_4f(sz),Hn_5f(sz)
end module

Program main

use IMSL
use global
mmplicit none

call self _he()

open(unit=11,file='Resletl.txt")
open(unit=12,file="eigenvalueofHe. txt")
call total_energy(2,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"He(2)"

write(*,*)times

write(*,*)total
write(11,*)"He(2)"

write(l1l,*)times

write(ll,*)total

'do 1=1,s2z

'write(12,*)e1genvalue(1)

'end do
call Li3()
call Be4()
call B5()
call Co6()
call N7()
call 08()
call F9()
call NelO()
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call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call

Nall()
Mg12()
Al113()
Si14()
P15()

S16()

Cl17()
Arl8()
K19()

Ca20()
Sc21()
Ti122()
V23()

Cr24()
Mn25()
Fe26()
Co27()
Ni28()
Cu29()
Zn30()
Ga31()
Ge32()
As33()
Se34()
Br35()
Kr36()
Rb37()
Sr38()
Y39()

2140()
Nb41()
Mo42()
Tc43()
Rud4()
Rh45()
Pb46()
Ag47()
Cd48()
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call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call

In49()
Sn50()
Sb51()
Te52()
153()

Xe54()
Cs55()
Ba56()
La57()
Ce58()
Pr59()
Nd60()
Pm61()
Sm62()
Eu63()
Gdo4()
Tb65()
Dy66()
Ho67()
Er68()
Tm69()
Yb70()
Lu71()
HE72()
Ta73()
W74()

Re75()
0s76()
Ir77()
Pt78()
Au79()
Hg80()
T181()
Pb&2()
Bi83()
Po84()
At85()
Rn86()
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call Fr87()
call Ra88()
call Ac89()
call Th90()
call Pa9l()
call U92()

call Np93()
call Pu94()
call Am95()
call Cm96()
call Bk97()
call Cf98()
call Es99()
call Fml100()
call Md101()
call Nol02()
call Lr103()
call Rf104()
call Db105()
call Sgl06()
call Bh107()

end

subroutine subSch_7s() Hiffl
use global
use IMSL
mmplicit none
real ,external :: norl
do 1=1,sz
do j=1,sz
Sch(1,j)=LI1(1,j)+L2(1,])+Veff(i,])
end do
end do
e1genvalue=e1g(Sch,V=ei1genvector)
5T IR B R ]
open(unit=10,file="7s_Ist.txt")
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write(10,*)minloc(eigenvalue)
rewind(10)
read(10,*)k
do 1=1,sz
H(1)=e1genvector(i,k)
end do
do 1=1,sz
Hn(1)=H(1i)/norl1(R,H)
end do
do 1=1,sz
A_2nd(1)=0
end do
A_2nd(k)=100000
do 1=1,sz
B 2nd(1)=A_2nd(1)+e1genvalue(1)
end do
open(unit=10,file="7s_2nd.txt")
write(10,*)minloc(B_2nd)
rewind(10)
read(10,*)k_2nd
do 1=1,sz
H 2s(1)=e1genvector(1i,k_2nd)
end do
do 1=1,sz
Hn_2s(1)=H_2s(i)/norl(R,H_2s)
end do

do 1=1,sz

A_3rd(1)=0

end do

A_3rd(k_2nd)=100000

do 1=1,sz

B_3rd(i)=B_2nd(1)+A_3rd(1)

end do
open(unit=10,file="7s_3rd.txt")
write(10,*)minloc(B_3rd)
rewind(10)



read(10,*)k_3rd

do 1=1,sz

H 3s(1)=ei1genvector(1i,k_3rd)

end do

do 1=1,sz
Hn_3s(1)=H_3s(i)/norl(R,H_3s)

end do

do 1=1,sz

A_4th(1)=0

end do

A_4th(k_3rd)=100000

do 1=1,sz

B_4th(i)=B_3rd(1)+A_4th(1)

end do
open(unit=10,file="7s_4th.txt")
write(10,*)minloc(B_4th)
rewind(10)
read(10,*)k_4th

do 1=1,sz

H 4s(1)=ec1genvector(1i,k_4th)
end do

do 1=1,sz
Hn_4s(1)=H_4s(1)/norl(R,H_4s)
end do

do 1=1,sz

A_5th(1)=0

end do

A_5th(k_4th)=100000

do 1=1,sz

B_5th(i)=B_4th(i)+A_5th(1)

end do
open(unit=10,file="7s_5Sth.txt")
write(10,*)minloc(B_5th)
rewind(10)
read(10,*)k_5th

do 1=1,sz

H 5s(1)=eigenvector(i,k_5th)
end do
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do 1=1,sz
Hn_5s(1)=H_5s(i)/norl(R,H_5s)

end do

do 1=1,sz

A_6th(1)=0

end do

A_6th(k_5th)=100000

do 1=1,sz

B_6th(1)=B_5th(i)+A_6th(1)

end do
open(unit=10,file="7s_6th.txt")
write(10,*)minloc(B_6th)
rewind(10)

read(10,*)k_6th

do 1=1,sz

H 6s(1)=eigenvector(i,k_6th)
end do

do 1=1,sz
Hn_6s(1)=H_6s(1)/norl(R,H_65)
end do

do 1=1,sz

A_T7th(1)=0

end do

A_7th(k_6th)=100000

do 1=1,sz

B_7th(1)=B_6th(i)+A_7th(1)

end do
open(unit=10,file="7s_7th.txt")
write(10,*)minloc(B_7th)
rewind(10)

read(10,*)k_7th

do 1=1,sz

H 7s(1)=e1genvector(1i,k_7th)
end do

do 1=1,sz
Hn_7s(1)=H_7s(i)/norl(R,H_7s)
end do
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end
subroutine subSch_6p() !ﬂiﬁﬁﬁj
use global
use IMSL
mmplicit none
real ,external :: norl
do 1=1,sz
do j=1,sz
Sch(1,j)=L1(1,j)+L2(1,])+Veff(i,])
end do
end do
e1genvalue=e1g(Sch,V=ei1genvector)
5T IR B R ]
open(unit=10,file="6p_lst.txt")
write(10,*)minloc(eigenvalue)
rewind(10)
read(10,*)k

do 1=1,sz

H 2p(1)=eci1genvector(1,k)
end do
do 1=1,sz
Hn_2p(1)=H_2p(1)/norl(R,H 2p)
end do
do 1=1,sz
A_2nd(1)=0
end do
A_2nd(k)=100000
do 1=1,sz
B 2nd(1)=A_2nd(1)+e1genvalue(1)
end do

open(unit=10,file="6P 2nd.txt")
write(10,*)minloc(B_2nd)
rewind(10)

read(10,*)k_2nd
do 1=1,sz
H 3p(1)=ei1genvector(1i,k_2nd)
end do
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do 1=1,sz
Hn_3p(1)=H_3p(1)/norl(R,H 3p)
end do
do 1=1,sz
A_3rd(1)=0
end do
A_3rd(k_2nd)=100000
do 1=1,sz
B_3rd(i)=A_3rd(1)+B_2nd(1)
end do
open(unit=10,file="6P 3rd.txt")
write(10,*)minloc(B_3rd)
rewind(10)
read(10,*)k_3rd
do 1=1,sz
H 4p(1)=eci1genvector(1i,k_3rd)
end do
do 1=1,sz
Hn_4p(1)=H_4p(1)/norl(R,H 4p)
end do

do 1=1,sz
A_4th(1)=0
end do
A_4th(k_3rd)=100000
do 1=1,sz
B_4th(i)=A_4th(1)+B_3rd(1)
end do
open(unit=10,file="6P _4th.txt")
write(10,*)minloc(B_4th)
rewind(10)
read(10,*)k_4th
do 1=1,sz
H S5p(i)=eigenvector(i,k_4th)
end do
do 1=1,sz
Hn_5Sp(1)=H_5p(i)/norl(R,H_5p)
end do

31



do 1=1,sz
A_5th(1)=0
end do
A_5th(k_4th)=100000
do 1=1,sz
B_5th(i)=A_5th(1)+B_4th(1)
end do
open(unit=10,file="6P_5Sth.txt")
write(10,*)minloc(B_5th)
rewind(10)
read(10,*)k_5th
do 1=1,sz
H 6p(i)=eigenvector(i,k_5th)
end do
do 1=1,sz
Hn_6p(1)=H_6p(i)/norl(R,H _6p)
end do
end
subroutine subSch_6d() !ﬂiﬁﬁﬁj
use global
use IMSL
mmplicit none
real ,external ::norl
do 1=1,sz
do j=1,sz
Sch(1,j)=L1(1,j)+L2(1,])+Veff(1,])
end do
end do
e1genvalue=e1g(Sch,V=ei1genvector)
5T IR B R ]
open(unit=10,file="6d_Ist.txt")
write(10,*)minloc(eigenvalue)
rewind(10)
read(10,*)k

do 1=1,sz

H_3d(1)=e1genvector(1,k)
end do
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do 1=1,sz
Hn_3d(1)=H_3d(1)/norl(R,H_3d)
end do
do 1=1,sz
A_2nd(1)=0
end do
A_2nd(k)=100000
do 1=1,sz
B 2nd(1)=A_2nd(1)+e1genvalue(1)
end do
open(unit=10,file="6d_2nd.txt")
write(10,*)minloc(B_2nd)
rewind(10)
read(10,*)k_2nd
do 1=1,sz
H 4d(1)=e1genvector(1i,k_2nd)
end do
do 1=1,sz
Hn_4d(1)=H_4d(1i)/norl(R,H_4d)
end do
do 1=1,sz
A_3rd(1)=0
end do
A_3rd(k_2nd)=100000
do 1=1,sz
B_3rd(i)=A_3rd(1)+B_2nd(1)
end do
open(unit=10,file="6d_3rd.txt")
write(10,*)minloc(B_3rd)
rewind(10)
read(10,*)k_3rd
do 1=1,sz
H 5d(1)=eigenvector(i,k_3rd)
end do
do 1=1,sz
Hn_5d(1)=H_5d(1)/norl(R,H_5d)
end do
do 1=1,sz
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A_4th(1)=0
end do
A_4th(k_3rd)=100000
do 1=1,sz
B_4th(i)=A_4th(1)+B_3rd(1)
end do
open(unit=10,file="6d_4th.txt")
write(10,*)minloc(B_4th)
rewind(10)
read(10,*)k_4th
do 1=1,sz
H 6d(1)=eigenvector(i,k_4th)
end do
do 1=1,sz
Hn_6d(1)=H_6d(1)/norl(R,H_6d)
end do
end

subroutine subSch_5f() !ﬂiﬁﬁﬁj
use global
use IMSL
mmplicit none
real ,external :: norl
do 1=1,sz
do j=1,sz
Sch(1,j)=L1(1,j)+L2(1,])+Veff(1,])
end do
end do
e1genvalue=e1g(Sch,V=ei1genvector)
5T IR B R ]
open(unit=10,file="5f Ist.txt")
write(10,*)minloc(eigenvalue)
rewind(10)
read(10,*)k

do 1=1,sz

H 4f(1)=ei1genvector(i,k)
end do
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do 1=1,sz
Hn_4f(1)=H_4f(i)/norl(R,H_4f)
end do

do 1=1,sz

A_2nd(1)=0

end do

A_2nd(k)=100000

do 1=1,sz

B 2nd(1)=A_2nd(1)+e1genvalue(1)
end do
open(unit=10,file="5f 2nd.txt")
write(10,*)minloc(B_2nd)
rewind(10)
read(10,*)k_2nd

do 1=1,sz

H 5f(1)=eigenvector(i,k 2nd)
end do

do 1=1,sz
Hn_5f(1)=H_5f(1i)/norl(R,H_51)
end do

end

subroutine subL1() !fy-FUBH 5 B[

use IMSL
use global
mmplicit none
Ll=eye(sz)
hg=bdd/d
do 1=1,sz
L1(i,1)=1.0/(hg**2.0)
end do
do 1=2,sz
L1(1,1-1)=-1.0/(2.0%*(hg**2.0))
end do
do 1=1,sz-1
L1(1,141)=-1.0/(2.0%*(hg**2.0))
end do
end
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subroutine subL2(1) !1(1+1)/2r 2 #[Zf
use IMSL
use global
mmplicit none
integer 1
L2=eye(sz)
hg=bdd/d
do 1=1,sz
L2¢1,1)=(1*(1+1))/(2.0*%((hg*1)**2.0))
end do
end
subroutine subVeff(z) !Veff:Vee+ch+N’ﬂﬂﬁi(ﬂﬁﬁﬁ)
use IMSL
use global
mmplicit none
integer z
hg=bdd/d
-z/r(Vr B}
Rv=eye(sz)
do 1=1,sz
Rv(i,1)=-z/(hg*1)
end do
do 1=1,sz
do j=1,sz
Veff(i,j)=Eee(1i,j)+Exc(i,j)+Rv(1,])
end do
end do
end
subroutine subExc() !Vex:Exc+n*dExc/dn(ﬂﬁﬁﬁ)
use global
use IMSL
mmplicit none
do j=1,sz
do 1=1,sz
If (Rs(1)>=1) then
Exc(i,j)=Ex(1,j)+Ec(1,]j)+Ediff(i,])
else
Exc(i,j)=Ex(1,]j)+Ech(i,j)+Ediff(i,])
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end 1f
end do
end do
end
subroutine subEx()
use IMSL
use global
mmplicit none
Ex=eye(sz)
do 1=1,sz
rs(1)=(3.0/(4.0%pi*N(1)))**(1.0/3.0)
end do
do 1=1,sz
Ex(1,1)=(-0.458)/(rs(1))
end do
end
subroutine subEc()
use IMSL
use global
mmplicit none
Ec=eye(sz)
do 1=1,sz
Ec(i,1)=-Ge/(1.04Bel*(Rs(1)**(0.5))+Be2*Rs (1))
end do
end
subroutine subEch()
use IMSL
use global
mmplicit none
Ech=eye(sz)
do 1=1,sz
Ech(1,1)=Aec*LOG(Rs(1))+Bec+Cec*™Rs(1)*LOG(Rs(1))+Dec*Rs(1)
end do

end

subroutine subEdiff() !*|Effif%s5
use global
use IMSL

mmplicit none
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Ediff=eye(sz)
do 1=1,sz
R(1)=(bdd/d)*1
end do
Edr=eye(sz)
Ndr=eye(sz)
do j=1,sz
do 1=1,sz
if (Rs(1)>=1) then
Addxc(i,j)=Ex(i,j)+Ec(i,j) !E 8 HERL Exc
else
Addxc(1,j)=Ex(1,j)+Ech(i,j)
end 1f
end do
end do
Edr(1,1)=(Addxc(1,1)-Addxc(2,2))/(R(1)-R(2))
Edr(sz,sz)=(Addxc(sz-1,sz-1)-Addxc(sz,sz))/(R(sz-1)-R(sz))
do 1=2,sz-1
Edr(i,1)=(Addxc(i41,1+1)-Addxc(i-1,1-1))/(R(i+1)-R(i-1))
end do
Ndr(1,1)=(N(1)-N(2))/(R(1)-R(2))
Ndr(sz,sz)=(N(sz-1)-N(sz))/(R(sz-1)-R(sz))
do 1=2,sz-1
Ndr(i,1)=(N(i+1)-N(i-1))/(R(i+1)-R(i-1))
end do
do 1=1,sz
Ediff(i,1)=Edr(i,1)*(1/Ndr(1,1))*N(1)
end do
end
subroutine subEee()
use Global
use IMSL
mmplicit none
real ,external::Intgl
real ,external::Intg2
Eee=eye(sz)
do 1=1,sz
R(1)=(bdd/d)*1
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end do
do 1=1,sz
Eee(1,1)=Intgl(1,n)+Intg2(1,n)
end do
end
real function Intgl(a,n) !Eee FVBY{fiFdis;
use IMSL
mmplicit none
integer ,parameter: :d=400
integer ,parameter::sz=399
real ,parameter::bdd=10.0
real N(sz)
real hg,Int
real ,parameter ::pi=3.1416
integer 1,a
Int=0.0
hg=bdd/d
do 1=1,a-1
Int=Int+((((hg*1)**2.0)*N(1)/(a*hg))+(((hg*(1+1))**2.0)*N(i+1)/(a*hg)
)) *hg*0.5%4%*pi
end do
Intgl=Int
end function
real function Intg2(b,n)
use IMSL
mmplicit none
integer ,parameter ::d=400
integer ,parameter ::sz=399
real ,parameter::bdd=10.0
real ,parameter ::pi=3.1416
real N(sz)
real hg,Int
integer b,1
Int=0.0
hg=bdd/d
do 1=b,sz-1
Int=Int+((((hg*1)**2.0)*N(1))/(hg*1)+(((hg*(1+1))**2.0)*N(i+1))/(hg*(
141))) *hg*0.5%4*p1

39



end do
Intg2=Int !'4+( (((hg*sz)**2.0)*N(sz))/(hg*sz) )*0.5%hg
end function
subroutine subProcess_6p(1,z)! [y subroutineiﬁﬂﬁfﬂu— s
use IMSL
use global
mmplicit none
integer 1,z
call subLl()
call subL2(1)
call subEee()
call subEx()
call subEc()
call subEdiff()
call subExc()
call subVeff(z)
call subSch_6p()
end
subroutine subProcess_7s(1,z)! e[y subroutineiﬁﬂﬁfﬂu— s
use IMSL
use global
mmplicit none
integer 1,z
call subLl()
call subL2(1)
call subEee()
call subEx()
call subEc()
call subEdiff()
call subExc()
call subVeff(z)
call subSch_7s()
end
subroutine subProcess_6d(1,z)! [y subroutineiﬁﬂﬁfﬂu— s
use IMSL
use global
mmplicit none
integer 1,z
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call subLl()
call subL2(1)
call subEee()
call subEx()
call subEc()
call subEdiff()
call subExc()
call subVeff(z)
call subSch_6d()
end
subroutine subProcess_5f(1,z)! "y subroutineiﬁﬂﬁfﬂu— s
use IMSL
use global
mmplicit none
integer 1,z
call subLl()
call subL2(1)
call subEee()
call subEx()
call subEc()
call subEdiff()
call subExc()
call subVeff(z)
call subSch_5f()
end
!'-Total Energy---
subroutine
Total Energy(z,Nls,N2s,N2p,N3s,N3p,N4s,N3d,N4p,N5s,N4d,N5p,N6s,N5d,N4
f ,N6p,N7s ,N6d ,N5f) 14d [ energy
use IMSL
use global
mmplicit none
integer
z,N1s,N2s,N3s,N4s ,N5s,N6s ,N7s ,N2p,N3p,N4p,N5p,N6p,N3d,N4d ,N5d ,N6d , N4 f
NS

real ,external :: Env
real ,external :: Enee
real ,external :: Enxc
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real ,external :: Intkl

real ,external :: Intk2
real ,external :: norl
real Enkk

do 1=1,sz

Rout(1)=Pout(1)/R(1)

Rout_2s(1)=Pout_2s(1)/R(1)

Rout_3s(1)=Pout_3s(1)/R(1)

Rout_3p(1)=Pout_3p(1)/R(1)

Rout_4s(1)=Pout_4s(1)/R(1)

Rout_3d(i)=Pout_3d(i)/R(1)

Rout_4p(1)=Pout_4p(1)/R(1)

Rout_5s(1i)=Pout_5s(1)/R(1)

Rout_4d(i)=Pout_4d(i)/R(1)

Rout_5Sp(i)=Pout_5p(1)/R(1)

Rout_6s(1)=Pout_6s(1)/R(1)

Rout_4f(i)=Pout_4f(1)/R(1)

Rout_5d(1i)=Pout_5d(i)/R(1)

Rout_6p(1)=Pout_6p(1)/R(1)

Rout_7s(1)=Pout_7s(1)/R(1)

Rout_5f(1i)=Pout_5f(1)/R(1)

Rout_6d(1)=Pout_6d(1i)/R(1)

end do

Enkk =
N1s*( Intkl(Rout,R)+Intk2(Rout,R,0) )+N2s*( Intkl(Rout_2s,R)+Intk2(Ro
ut_2s,R,0) )N2p*( Intkl(Rout_2p,R)+Intk2(Rout_2p,R,1) )+N3s*( Intkl(
Rout_3s,R)+Intk2(Rout_3s,R,0) )+N3p*( Intkl(Rout_3p,R)+Intk2(Rout_3p,
R,1) )+N4s*( Intkl(Rout_4s,R)+Intk2(Rout_4s,R,0) )+N3d*( Intkl(Rout_3
d,R)+Intk2(Rout_3d,R,2) )+N4p*( Intkl(Rout_4p,R)+Intk2(Rout_4p,R,1) )
#N5s*( IntkI(Rout_5s,R)+Intk2(Rout_5s,R,0) )+N4d*( Intkl(Rout_4d,R)+I
ntk2(Rout_4d,R,2) )+N5p*( Intkl(Rout_5p,R)+Intk2(Rout_5p,R,1) )+N6s*(
Intkl(Rout _6s,R)+Intk2(Rout _6s,R,0))+N5d*(Intkl(Rout_5d,R)+Intk2(Rout
_5d,R,2))+N4f*(Intkl(Rout_4f,R)+Intk2(Rout_4f,R,3))+N6p*(Intkl(Rout_6
p,R)+Intk2(Rout_6p,R,1))+N7s*( Intkl(Rout_7s,R)+Intk2(Rout_7s,R,0) )+
N6d*( Intkl(Rout_6d,R)+Intk2(Rout_6d,R,2) )+N5f*( Intkl(Rout_5f,R)+In
tk2(Rout_5f,R,3) )

total = Enkk+Env(Nout,R,z)+Enxc(Nout,R,Addxc)+Enee(Nout,R,z)
end
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real function Env(n,r,z)!(JHfS)
mmplicit none
integer 1,z
real ,parameter ::pi=3.1416
integer ,parameter ::d=400
integer ,parameter ::sz=399
real bdd
real n(sz),r(sz)
Env=0.0
bdd=10.0
do 1=1,sz-1
Env = Env-( z*r(1)*n(1)+z*r(1+1)*n(1+1) )*4*p1*0.5%(bdd/d)
end do
end function

real function Enxc(n,r,x)!Exc
mmplicit none
integer 1
real ,parameter ::pi1=3.1416
integer ,parameter ::d=400
integer ,parameter ::sz=399
real hg,bdd
real n(sz),r(sz),x(sz,sz)
bdd=10.0
hg=bdd/d
Enxc=0.0

do 1=1,sz-1

Enxc=Enxc+4*pi*( x(1,1)*n(1)*(r(1)**2)+x(i+1,1+1)*n(i+1)*(r(i+1)**2)
)*0.5%(bdd/d)

end do

end function

real function Enee(n,r,z)!Eee
mmplicit none
integer 1,j,z
real ,parameter ::pi=3.1416
integer ,parameter ::d=400
integer ,parameter ::sz=399
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real n(sz),r(sz),bdd

bdd=10.0

Enee=0.0

do 1=1,sz

do j=1,sz
Enee=Enee+0.5%( (( r(i)*r(j) )**2)/( max(i,j)*(bdd/d) ) )*n(i)*n(j)*(
bdd/d)*(bdd/d)*4*pi*4*pi

end do

end do

end

real function IntkI(Rc,r)
mmplicit none
integer 1,]
real ,parameter ::pi=3.1416
integer ,parameter ::d=400
integer ,parameter ::sz=399
real hg
real n(sz),r(sz),bdd,Rc(sz),int1l
bdd=10.0
intil1=0.0
hg=bdd/d
do 1=2,s2-2
Intil=Intil+(( -0.5*Rc(1)*r(1)*( (Rc(i+l)-Re(i-1))/(r(i+1)-r(i-1))+(R
c(i+1)-2*Rc(i1)+Rc(1-1))/(hg**2) ) )+( -0.5*Rc(i+1)*r(i+1)*( (Rc(i+2)
-Re(1))/(r(i42)-r(1))+(Rc(142)-2*Rc(i+1)+Rc(1))/(hg**2) ) ))*hg*0.5
' Re(i)*( (-1.0/1(1))*(C (Re(i-1)-Re(i+1))/(R(i-1)-R(i+1)) ) )-0.5
*( (Re(141)-2*Rec(1)4Rc(1-1))/((bdd/d)**2) )*hg*0.5 ) +
( Re(i+1)*( (-1.0/r(1+1))*( (Re(i)-Re(142))/(R(1)-R(i42)) ) )-0.5%(
(Rc(1+42)-2*Re(i+1)+Rc(1))/((bdd/d)**2))*hg*0.5 )
end do
Intkl=int1l
end function
real function Intk2(Rc,r,1)
mmplicit none
integer 1,],1
real ,parameter ::pi=3.1416
integer ,parameter ::d=400
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integer ,parameter ::sz=399
real hg,Intk
real n(sz),r(sz),bdd,Rc(sz)
bdd=10.0
intk=0.0
hg=bdd/d

do 1=1,sz-1

Intk=Intk+( ( (Rc(1)**2)*1*(1+1)*0.5 )+( (Rc(i+1)**2)*1*(1+1)*0.5 )
)*0.5%hg

end do

Intk2=Intk

end function

subroutine self_he()
use IMSL
use global
mmplicit none
real ,external :: norl
! bool=1 !E'?ﬁﬂﬂ%*'“JEfJf@
hg=bdd/d !Z i
do 1=1,sz
R(i)=hg*i IR [p/&l domain [
end do
Y
do 1=1,sz
Yini(1i)=exp(-R(1)/0.53)!%2.0%((2.0/0.53)**(1.5))
end do
do 1=1,sz
Nini(1)=2.0%((Yini(1))**2.0)
end do
|- S AR
do 1=1,sz
N(1)=Nini(1)
end do
call subProcess_7s(0,2)
do 1=1,sz
Pout(1)=Hn(1)
end do
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do 1=1,sz
Nout (1)=2.0%*((Pout(1)/R(1))**2.0)
end do
() )= FIE L -
!-%ﬁs'?ﬁ@--
s=10
t1mes=0
R EW?ﬁ---He
do while (s>=10%%(-3.0)) I3 [ 10%*-6 YN T s=0 2 5
times=times+]
do 1=1,sz
N(1)=Nout(1)
end do
call subProcess_7s(0,2)
do 1=1,sz
Pin(1)=Hn(1)
end do
do 1=1,sz
Nin(1)=2.0*((Pin(1)/R(1))**2.0)
end do
do 1=1,sz
Nd(1)=Nin(1)-Nout(1)
end do
do 1=1,sz
ABNd(1)=ABS(Nd(1))
end do
s=maxval (ABNd)
'write(™,*)times
'write(™,*)s

do 1=1,sz

Nout(1)=Nin(1)
end do

end do

end

subroutine Li3()
use IMSL
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use global

mmplicit none
R EWiﬁ---Li

call sub_self(3,2,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(3,2,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)

write(*,*)"Li(3)"

write(*,*)times

write(*,*)total

write(11,*)"Li(3)"

write(l1,*)times

write(ll,*)total
end

subroutine Be4()
use IMSL

use global
mmplicit none

R Ewiﬁ---Be
call sub_self(4,2,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(4,2,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Be(4)"
write(*,*)times
write(*,*)total
write(11,*)"Be(4)"
write(l1l,*)times
write(ll,*)total
end

subroutine B5()
use IMSL
use global
mmplicit none
!----BEWiﬁ -------
call sub_self(5,2,2,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(5,2,2,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"B(5)"
write(*,*)times
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write(*,*)total
write(11,*)"B(5)"
write(l1,*)times
write(ll,*)total
end

subroutine C6()
use IMSL
use global
mmplicit none
R R C
call sub_self(6,2,2,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(6,2,2,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"C(6)"
write(*,*)times
write(*,*)total
write(11,*)"C(6)"
write(l1l,*)times
write(ll,*)total
end
leeeee-- N----

subroutine N7()
use IMSL
use global
mmplicit none
call sub_self(7,2,2,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(7,2,2,3,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*®,*)"N(7)"
write(*,*)times
write(*,*)total
write(11,*)"N(7)"
write(l1l,*)times
write(ll,*)total
end

subroutine 0O8()
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use IMSL
use global
mmplicit none
leee-- 0----
call sub_self($8,2,2,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(8,2,2,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"0(8)"
write(*,*)times
write(*,*)total
write(11,%*)"0(8)"
write(l1,*)times
write(ll,*)total
end

subroutine F9()
use IMSL
use global
mmplicit none
I e
call sub_self(9,2,2,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(9,2,2,5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"F(9)"
write(*,*)times
write(*,*)total
write(11,*)"F(9)"
write(l1l,*)times
write(ll,*)total
end

subroutine NelO()
use IMSL

use global
mmplicit none

call sub_self(10,2,2,6,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(10,2,2,6,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Ne(10)"
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write(*,*)times
write(*,*)total
write(11,*)"Ne(10)"
write(l1,*)times
write(ll,*)total
end

subroutine Nall()
use IMSL

use global
mmplicit none
l.--Na---

call sub_self(11,2,2,6,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(11,2,2,6,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0)

write(*,*)"Na(11)"
write(*,*)times
write(*,*)total
write(11,*)"Na(11)"
write(l1,*)times
write(ll,*)total
end

subroutine Mgl2()
use IMSL

use global
mmplicit none
l---Mg---

Call SUb_Sle(12,2,2,6,2,0,0,0,O,O,O,O,O’O’O’O’O’O’O)
Call tOtal_energY(12,2,2,6,2,0,O,O,O,O,O,O,O’O’O’O’O’O’O)

write(*,*)"Mg(12)"
write(*,*)times
write(*,*)total
write(11,%)"Mg(12)"
write(l1l,*)times
write(ll,*)total
end

subroutine AL13()
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use IMSL
use global
mmplicit none
l----AL----
call sub_self(13,2,2,6,2,1,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(13,2,2,6,2,1,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"AL(13)"
write(*,*)times
write(*,*)total
write(11,*)"AL(13)"
write(l1,*)times
write(ll,*)total
end

subroutine SI14()
use IMSL
use global
mmplicit none
l----SI----
call sub_self(14,2,2,6,2,2,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(14,2,2,6,2,2,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"SI(14)"
write(*,*)times
write(*,*)total
write(11,*)"SI(14)"
write(l1l,*)times
write(ll,*)total
end

subroutine P15()

use IMSL

use global

mmplicit none

leee-P----
call sub_self(15,2,2,6,2,3,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(15,2,2,6,2,3,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"P(15)"

write(*,*)times
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write(*,*)total
write(11,*)"P(15)"
write(l1,*)times
write(ll,*)total
end

subroutine S16()
use IMSL
use global
mmplicit none
Poee-S----
call sub_self(16,2,2,6,2,4,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(l16,2,6,2,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"S(16)"
write(*,*)times
write(*,*)total
write(11,*)"S(16)"
write(l1l,*)times
write(ll,*)total
end

subroutine CL17()
use IMSL
use global
mmplicit none
l----CL----
call sub_self(17,2,2,6,2,5,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(17,2,2,6,2,5,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"CL(17)"
write(*,*)times
write(*,*)total
write(11,*)"CL(17)"
write(l1l,*)times
write(ll,*)total
end

subroutine Arl8()
use IMSL
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use global
implicit none
P----Ar----
call sub_self(18,2,2,6,2,6,0,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(18,2,2,6,2,6,0,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Ar(18)"
write(*,*)times
write(*,*)total
write(11,*)"Ar(18)"
write(l1,*)times
write(ll,*)total
end

subroutine K19()
use IMSL
use global
mmplicit none
leee-- K----
call sub_self(19,2,2,6,2,6,1,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(19,2,2,6,2,6,1,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"K(19)"
write(*,*)times
write(*,*)total
write(11,*)"K(19)"
write(l1l,*)times
write(ll,*)total
end

subroutine Ca20()

use IMSL

use global

mmplicit none

Peem-- Ca-----
call sub_self(20,2,2,6,2,6,2,0,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(20,2,2,6,2,6,2,0,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Ca(20)"

write(*,*)times

write(*,*)total
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write(11,%*)"Ca(20)"
write(l1,*)times
write(ll,*)total
end

subroutine Sc21()
use IMSL
use global
mmplicit none
Peem-- Sc-----
call sub_self(21,2,2,6,2,6,2,1,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(21,2,2,6,2,6,2,1,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Sc(21)"
write(*,*)times
write(*,*)total
write(11,*)"Sc(21)"
write(l1l,*)times
write(ll,*)total
end

subroutine Ti122()
use IMSL
use global
mmplicit none
leee-- Ti-----
call sub_self(22,2,2,6,2,6,2,2,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(22,2,2,6,2,6,2,2,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Ti1(22)"
write(*,*)times
write(*,*)total
write(11,*)"T1(22)"
write(l1l,*)times
write(ll,*)total
end

subroutine V23()

use IMSL
use global
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mmplicit none
leee-- Vouo--
call sub_self(23,2,2,6,2,6,2,3,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(23,2,2,6,2,6,2,3,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"V(23)"
write(*,*)times
write(*,*)total
write(11,%*)"V(23)"
write(l1,*)times
write(ll,*)total
end

subroutine Cr24()
use IMSL
use global
mmplicit none
beoee-- Cr----
call sub_self(24,2,2,6,2,6,1,5,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(24,2,2,6,2,6,1,5,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Cr(24)"
write(*,*)times
write(*,*)total
write(11,*)"Cr(24)"
write(l1l,*)times
write(ll,*)total
end

subroutine Mn25()

use IMSL

use global

mmplicit none

beoee-- Mn-----
call sub_self(25,2,2,6,2,6,2,5,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(25,2,2,6,2,6,2,5,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Mn(25)"

write(*,*)times

write(*,*)total

write(11,%)"Mn(25)"
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write(11l,*)times
write(1l1l,*)total
end

subroutine Fe26()
use IMSL
use global
mmplicit none
Peem-- Fe-----
call sub_self(26,2,2,6,2,6,2,6,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(26,2,2,6,2,6,2,6,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Fe(26)"
write(*,*)times
write(*,*)total
write(11,*)"Fe(26)"
write(l1,*)times
write(ll,*)total
end

subroutine Co27()
use IMSL
use global
mmplicit none
Peem-- Co-----
call sub_self(27,2,2,6,2,6,2,7,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(27,2,2,6,2,6,2,7,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Co(27)"
write(*,*)times
write(*,*)total
write(11,%*)"Co(27)"
write(l1l,*)times
write(ll,*)total
end

subroutine Ni28()
use IMSL

use global
mmplicit none
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leee-- Ni-----
call sub_self(28,2,2,6,2,6,2,8,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(28,2,2,6,2,6,2,8,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Ni1(28)"
write(*,*)times
write(*,*)total
write(11,%)"Ni(28)"
write(l1,*)times
write(ll,*)total
end

subroutine Cu29()
use IMSL
use global
mmplicit none
beoee-- Cu-----
call sub_self(29,2,2,6,2,6,1,10,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(29,2,2,6,2,6,1,10,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Cu(29)"
write(*,*)times
write(*,*)total
write(11,*)"Cu(29)"
write(l1l,*)times
write(ll,*)total
end

subroutine Zn30()
use IMSL
use global
mmplicit none
beoee-- /n-----
call sub_self(30,2,2,6,2,6,2,10,0,0,0,0,0,0,0,0,0,0,0)
call total_energy(30,2,2,6,2,6,2,10,0,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Zn(30)"
write(*,*)times
write(*,*)total
write(11,*)"Zn(30)"
write(l1l,*)times
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write(1l1l,*)total
end

subroutine Ga31()
use IMSL
use global
mmplicit none
Peem-- Ga-----
call sub_self(31,2,2,6,2,6,2,10,1,0,0,0,0,0,0,0,0,0,0)
call total_energy(31,2,2,6,2,6,2,10,1,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Ga(31)"
write(*,*)times
write(*,*)total
write(11,*)"Ga(31)"
write(l1,*)times
write(ll,*)total
end

subroutine Ge32()
use IMSL
use global
mmplicit none
Peem-- Ge-----
call sub_self(32,2,2,6,2,6,2,10,2,0,0,0,0,0,0,0,0,0,0)
call total_energy(32,2,2,6,2,6,2,10,2,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Ge(32)"
write(*,*)times
write(*,*)total
write(11,%)"Ge(32)"
write(l1l,*)times
write(ll,*)total
end

subroutine As33()
use IMSL

use global
mmplicit none
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call sub_self(33,2,2,6,2,6,2,10,3,0,0,0,0,0,0,0,0,0,0)
call total_energy(33,2,2,6,2,6,2,10,3,0,0,0,0,0,0,0,0,0,0)
write(*,*)"As(33)"
write(*,*)times
write(*,*)total
write(11,*)"As(33)"
write(l1,*)times
write(ll,*)total
end

subroutine Se34()
use IMSL
use global
mmplicit none
Peem-- Se-----
call sub_self(34,2,2,6,2,6,2,10,4,0,0,0,0,0,0,0,0,0,0)
call total_energy(34,2,2,6,2,6,2,10,4,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Se(34)"
write(*,*)times
write(*,*)total
write(11,%)"Se(34)"
write(l1l,*)times
write(ll,*)total
end

subroutine Br35()
use IMSL
use global
mmplicit none
beoee-- Br-----
call sub_self(35,2,2,6,2,6,2,10,5,0,0,0,0,0,0,0,0,0,0)
call total_energy(35,2,2,6,2,6,2,10,5,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Br(35)"
write(*,*)times
write(*,*)total
write(11,*)"Br(35)"
write(l1l,*)times
write(ll,*)total
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end

subroutine Kr36()
use IMSL

use global
mmplicit none

Peem-- Kr-----
call sub_self(36,2,2,6,2,6,2,10,6,0,0,0,0,0,0,0,0,0,0)
call total_energy(36,2,2,6,2,6,2,10,6,0,0,0,0,0,0,0,0,0,0)
write(*,*)"Kr(36)"
write(*,*)times
write(*,*)total
write(11,*)"Kr(36)"
write(l1,*)times
write(ll,*)total
end

subroutine Rb37()
use IMSL
use global
mmplicit none
leee-- Rb-----
call sub_self(37,2,2,6,2,6,2,10,6,1,0,0,0,0,0,0,0,0,0)
call total_energy(37,2,2,6,2,6,2,10,6,1,0,0,0,0,0,0,0,0,0)
write(*,*)"Rb(37)"
write(*,*)times
write(*,*)total
write(11,*)"Rb(37)"
write(l1l,*)times
write(ll,*)total
end

subroutine Sr38()
use IMSL

use global
mmplicit none
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call sub_self(38,2,2,6,2,6,2,10,6,2,0,0,0,0,0,0,0,0,0)
call total_energy(38,2,2,6,2,6,2,10,6,2,0,0,0,0,0,0,0,0,0)
write(*,*)"Sr(38)"
write(*,*)times
write(*,*)total
write(11,*)"Sr(38)"
write(l1,*)times
write(ll,*)total
end

subroutine Y39()
use IMSL

use global
mmplicit none

leee-- Y-----
call sub_self(39,2,2,6,2,6,2,10,6,2,1,0,0,0,0,0,0,0,0)
call total_energy(39,2,2,6,2,6,2,10,6,2,1,0,0,0,0,0,0,0,0)
write(*,*)"Y(39)"
write(*,*)times
write(*,*)total
write(11,*)"Y(39)"
write(l1l,*)times
write(ll,*)total
end

subroutine Zr40()
use IMSL
use global
mmplicit none
beoee-- 2r-----
call sub_self(40,2,2,6,2,6,2,10,6,2,2,0,0,0,0,0,0,0,0)
call total_energy(40,2,2,6,2,6,2,10,6,2,2,0,0,0,0,0,0,0,0)
write(*,*)"Zr(40)"
write(*,*)times
write(*,*)total
write(11,*)"Zr(40)"
write(l1l,*)times
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write(1l1l,*)total
end

subroutine Nb41()
use IMSL
use global
mmplicit none
leee-- Nb-----
call sub_self(41,2,2,6,2,6,2,10,6,1,4,0,0,0,0,0,0,0,0)
call total_energy(41,2,2,6,2,6,2,10,6,1,4,0,0,0,0,0,0,0,0)
write(*,*)"Nb(41)"
write(*,*)times
write(*,*)total
write(11,*)"Nb(41)"
write(l1,*)times
write(ll,*)total
end

subroutine Mo42()
use IMSL
use global
mmplicit none
Peem-- Mo-----
call sub_self(42,2,2,6,2,6,2,10,6,1,5,0,0,0,0,0,0,0,0)
call total_energy(42,2,2,6,2,6,2,10,6,1,5,0,0,0,0,0,0,0,0)
write(*,*)"Mo(42)"
write(*,*)times
write(*,*)total
write(11,%)"Mo(42)"
write(l1l,*)times
write(ll,*)total
end

subroutine Tc43()
use IMSL

use global
mmplicit none
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call sub_self(43,2,2,6,2,6,2,10,6,1,6,0,0,0,0,0,0,0,0)
call total_energy(43,2,2,6,2,6,2,10,6,1,6,0,0,0,0,0,0,0,0)
write(*,*)"Tc(43)"
write(*,*)times
write(*,*)total
write(11,%*)"Tc(43)"
write(l1,*)times
write(ll,*)total
end

subroutine Rud4()
use IMSL
use global
mmplicit none
beoee-- Ru-----
call sub_self(44,2,2,6,2,6,2,10,6,1,7,0,0,0,0,0,0,0,0)
call total_energy(44,2,2,6,2,6,2,10,6,1,7,0,0,0,0,0,0,0,0)
write(*,*)"Ru(44)"
write(*,*)times
write(*,*)total
write(11,*)"Ru(44)"
write(l1l,*)times
write(ll,*)total
end

subroutine Rh45()
use IMSL
use global
mmplicit none
leee-- Rh-----
call sub_self(45,2,2,6,2,6,2,10,6,1,8,0,0,0,0,0,0,0,0)
call total_energy(45,2,2,6,2,6,2,10,6,1,8,0,0,0,0,0,0,0,0)
write(*,*)"Rh(45)"
write(*,*)times
write(*,*)total
write(11,*)"Rh(45)"
write(l1l,*)times
write(ll,*)total
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end

subroutine Pb46()
use IMSL
use global
mmplicit none
leee-- Pb-----
call sub_self(46,2,2,6,2,6,2,10,6,0,10,0,0,0,0,0,0,0,0)
call total_energy(46,2,2,6,2,6,2,10,6,0,10,0,0,0,0,0,0,0,0)
write(*,*)"Pd(46)"
write(*,*)times
write(*,*)total
write(11,*)"Pd(46)"
write(l1,*)times
write(ll,*)total
end

subroutine Ag47()
use IMSL
use global
mmplicit none
beee - Ag-----
call sub_self(47,2,2,6,2,6,2,10,6,1,10,0,0,0,0,0,0,0,0)
call total_energy(47,2,2,6,2,6,2,10,6,1,10,0,0,0,0,0,0,0,0)
write(*,*)"Ag(47)"
write(*,*)times
write(*,*)total
write(11,%*)"Ag(47)"
write(l1l,*)times
write(ll,*)total
end

subroutine Cd48&()

use IMSL

use global

mmplicit none

leee-- Cd-----
call sub_self(48,2,2,6,2,6,2,10,6,2,10,0,0,0,0,0,0,0,0)

64



call total_energy(48,2,2,6,2,6,2,10,6,2,10,0,0,0,0,0,0,0,0)
write(*,*)"Cd(48)"
write(*,*)times
write(*,*)total
write(11,%*)"Cd(48)"
write(l1,*)times
write(ll,*)total
end

subroutine In49()
use IMSL
use global
mmplicit none
l----In---
call sub_self(49,2,2,6,2,6,2,10,6,2,10,1,0,0,0,0,0,0,0)
call total_energy(49,2,2,6,2,6,2,10,6,2,10,1,0,0,0,0,0,0,0)
write(*,*)"In(49)"
write(*,*)times
write(*,*)total
write(11,*)"In(49)"
write(l1l,*)times
write(ll,*)total
end

subroutine Sn50()
use IMSL
use global
mmplicit none
l----Sn---
call sub_self(50,2,2,6,2,6,2,10,6,2,10,2,0,0,0,0,0,0,0)
call total_energy(50,2,2,6,2,6,2,10,6,2,10,2,0,0,0,0,0,0,0)
write(*,*)"Sn(50)"
write(*,*)times
write(*,*)total
write(11,*)"Sn(50)"
write(l1l,*)times
write(ll,*)total
end
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subroutine Sb51()
use IMSL
use global
mmplicit none
l----Sb---
call sub_self(51,2,2,6,2,6,2,10,6,2,10,3,0,0,0,0,0,0,0)
call total_energy(51,2,2,6,2,6,2,10,6,2,10,3,0,0,0,0,0,0,0)
write(*,*)"Sb(51)"
write(*,*)times
write(*,*)total
write(11,*)"Sb(51)"
write(l1,*)times
write(ll,*)total
end

subroutine Te52()
use IMSL
use global
mmplicit none
I----Te---
call sub_self(52,2,2,6,2,6,2,10,6,2,10,4,0,0,0,0,0,0,0)
call total_energy(52,2,2,6,2,6,2,10,6,2,10,4,0,0,0,0,0,0,0)
write(*,*)"Te(52)"
write(*,*)times
write(*,*)total
write(11,*)"Te(52)"
write(l1l,*)times
write(ll,*)total
end

subroutine I53()

use IMSL

use global

mmplicit none

beee-I---
call sub_self(53,2,2,6,2,6,2,10,6,2,10,5,0,0,0,0,0,0,0)
call total_energy(53,2,2,6,2,6,2,10,6,2,10,5,0,0,0,0,0,0,0)
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write(*,*)"I(53)"
write(*,*)times
write(*,*)total
write(11,*)"1(53)"
write(l1,*)times
write(ll,*)total
end

subroutine Xed54()
use IMSL
use global
mmplicit none
I----Xe---
call sub_self(54,2,2,6,2,6,2,10,6,2,10,6,0,0,0,0,0,0,0)
call total_energy(54,2,2,6,2,6,2,10,6,2,10,6,0,0,0,0,0,0,0)
write(*,*)"Xe(54)"
write(*,*)times
write(*,*)total
write(11,%)"Xe(54)"
write(l1l,*)times
write(ll,*)total
end

subroutine Cs55()
use IMSL
use global
mmplicit none
l----Cs---
call sub_self(55,2,2,6,2,6,2,10,6,2,10,6,1,0,0,0,0,0,0)
call total_energy(55,2,2,6,2,6,2,10,6,2,10,6,1,0,0,0,0,0,0)
write(*,*)"Cs(55)"
write(*,*)times
write(*,*)total
write(11,*)"Cs(55)"
write(l1l,*)times
write(ll,*)total
end

67



subroutine Bad6()
use IMSL
use global
mmplicit none
I----Ba---
call sub_self(56,2,2,6,2,6,2,10,6,2,10,6,2,0,0,0,0,0,0)
call total_energy(56,2,2,6,2,6,2,10,6,2,10,6,2,0,0,0,0,0,0)
write(*,*)"Ba(56)"
write(*,*)times
write(*,*)total
write(11,*)"Ba(56)"
write(l1,*)times
write(ll,*)total
end

subroutine La57()

use IMSL

use global

mmplicit none
l----La----
call sub_self(57,2,2,6,2,6,2,10,6,2,10,6,2,1,0,0,0,0,0)
call total_energy(57,2,2,6,2,6,2,10,6,2,10,6,2,1,0,0,0,0,0)
write(*,*)"La(57)"
write(*,*)times
write(*,*)total

write(11,*)"La(57)"

write(l1l,*)times

write(ll,*)total
end

subroutine Ce58()

use IMSL

use global

mmplicit none

l----Ce----

call sub_self(58,2,2,6,2,6,2,10,6,2,10,6,2,0,2,0,0,0,0)
call total_energy(58,2,2,6,2,6,2,10,6,2,10,6,2,0,2,0,0,0,0)
write(*,*)"Ce(58)"
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write(*,*)times
write(*,*)total
write(11,%)"Ce(58)"
write(l1,*)times
write(ll,*)total
end

subroutine Pr59()
use IMSL
use global
mmplicit none
l----Pr----
call sub_self(59,2,2,6,2,6,2,10,6,2,10,6,2,0,3,0,0,0,0)
call total_energy(59,2,2,6,2,6,2,10,6,2,10,6,2,0,3,0,0,0,0)
write(*,*)"Pr(59)"
write(*,*)times
write(*,*)total
write(11,*)"Pr(59)"
write(l1,*)times
write(ll,*)total
end

subroutine Nd60()
use IMSL
use global
mmplicit none
l----Nd----
call sub_self(60,2,2,6,2,6,2,10,6,2,10,6,2,0,4,0,0,0,0)
call total_energy(60,2,2,6,2,6,2,10,6,2,10,6,2,0,4,0,0,0,0)
write(*,*)"Nd(60)"
write(*,*)times
write(*,*)total
write(11,*)"Nd(60)"
write(l1l,*)times
write(ll,*)total
end

subroutine Pm61()
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use IMSL
use global
implicit none
l----Pm----
call sub_self(61,2,2,6,2,6,2,10,6,2,10,6,2,0,5,0,0,0,0)
call total_energy(61,2,2,6,2,6,2,10,6,2,10,6,2,0,5,0,0,0,0)
write(*,*)"Pm(61)"
write(*,*)times
write(*,*)total
write(11,*)"Pm(61)"
write(l1,*)times
write(ll,*)total
end

subroutine Sm62()
use IMSL
use global
mmplicit none
l----Sm----
call sub_self(62,2,2,6,2,6,2,10,6,2,10,6,2,0,6,0,0,0,0)
call total_energy(62,2,2,6,2,6,2,10,6,2,10,6,2,0,6,0,0,0,0)
write(*,*)"Sm(62)"
write(*,*)times
write(*,*)total
write(11,*)"Sm(62)"
write(l1l,*)times
write(ll,*)total
end

subroutine Eu63()

use IMSL

use global

mmplicit none

l----En----
call sub_self(63,2,2,6,2,6,2,10,6,2,10,6,2,0,7,0,0,0,0)
call total_energy(63,2,2,6,2,6,2,10,6,2,10,6,2,0,7,0,0,0,0)
write(*,*)"En(63)"
write(*,*)times
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write(*,*)total
write(11,*)"En(63)"
write(l1,*)times
write(ll,*)total
end

subroutine Gd64()

use IMSL

use global

mmplicit none
l----Gd----
call sub_self(64,2,2,6,2,6,2,10,6,2,10,6,2,1,7,0,0,0,0)
call total_energy(64,2,2,6,2,6,2,10,6,2,10,6,2,1,7,0,0,0,0)
write(*,*)"Gd(64)"
write(*,*)times
write(*,*)total

write(11,%*)"Gd(64)"

write(l1l,*)times

write(ll,*)total
end

subroutine Tbh65()
use IMSL
use global
mmplicit none
l----Tb----
call sub_self(65,2,2,6,2,6,2,10,6,2,10,6,2,0,9,0,0,0,0)
call total_energy(65,2,2,6,2,6,2,10,6,2,10,6,2,0,9,0,0,0,0)
write(*,*)"Tb(65)"
write(*,*)times
write(*,*)total
write(11,*)"Tb(65)"
write(l1l,*)times
write(ll,*)total
end

subroutine Dy66()
use IMSL
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use global

implicit none
'----Dy----
call sub_self(66,2,2,6,2,6,2,10,6,2,10,6,2,0,10,0,0,0,0)
call total_energy(66,2,2,6,2,6,2,10,6,2,10,6,2,0,10,0,0,0,0)
write(*,*)"Dy(66)"
write(*,*)times
write(*,*)total

write(11,*)"Dy(66)"

write(l1,*)times

write(ll,*)total
end

subroutine Ho67()
use IMSL
use global
mmplicit none
I----Ho----
call sub_self(67,2,2,6,2,6,2,10,6,2,10,6,2,0,11,0,0,0,0)
call total_energy(67,2,2,6,2,6,2,10,6,2,10,6,2,0,11,0,0,0,0)
write(*,*)"Ho(67)"
write(*,*)times
write(*,*)total
write(11,*)"Ho(67)"
write(l1l,*)times
write(ll,*)total
end

subroutine Er68()

use IMSL

use global

mmplicit none

l----Er----
call sub_self(68,2,2,6,2,6,2,10,6,2,10,6,2,0,12,0,0,0,0)
call total_energy(68,2,2,6,2,6,2,10,6,2,10,6,2,0,12,0,0,0,0)
write(*,*)"Er(68)"
write(*,*)times
write(*,*)total
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write(11,*)"Er(68)"
write(l1,*)times
write(ll,*)total
end

subroutine Tm69()

use IMSL

use global

mmplicit none
P----Tm----
call sub_self(69,2,2,6,2,6,2,10,6,2,10,6,2,0,13,0,0,0,0)
call total_energy(69,2,2,6,2,6,2,10,6,2,10,6,2,0,13,0,0,0,0)
write(*,*)"Tm(69)"
write(*,*)times
write(*,*)total

write(11,*)"Tm(69)"

write(l1l,*)times

write(ll,*)total
end

subroutine Yb70()

use IMSL

use global

mmplicit none
l----Yb----
call sub_self(70,2,2,6,2,6,2,10,6,2,10,6,2,0,14,0,0,0,0)
call total_energy(70,2,2,6,2,6,2,10,6,2,10,6,2,0,14,0,0,0,0)
write(*,*)"Yb(70)"
write(*,*)times
write(*,*)total

write(11,*)"Yb(70)"

write(l1l,*)times

write(ll,*)total
end

subroutine Lu71()

use IMSL
use global
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implicit none
P----Lu----
call sub_self(71,2,2,6,2,6,2,10,6,2,10,6,2,1,14,0,0,0,0)
call total_energy(71,2,2,6,2,6,2,10,6,2,10,6,2,1,14,0,0,0,0)
write(*®,*)"Lu(71)"
write(*,*)times
write(*,*)total

write(11,*)"Lu(71)"

write(l1,*)times

write(ll,*)total
end

subroutine Hf72()

use IMSL

use global

mmplicit none
l----Hf----
call sub_self(72,2,2,6,2,6,2,10,6,2,10,6,2,2,14,0,0,0,0)
call total_energy(72,2,2,6,2,6,2,10,6,2,10,6,2,2,14,0,0,0,0)
write(*®,*)"Hf(72)"
write(*,*)times
write(*,*)total

write(11,*)"Hf(72)"

write(l1l,*)times

write(ll,*)total
end

subroutine Ta73()

use IMSL

use global

mmplicit none

l----Ta----

call sub_self(73,2,2,6,2,6,2,10,6,2,10,6,2,3,14,0,0,0,0)
call total_energy(73,2,2,6,2,6,2,10,6,2,10,6,2,3,14,0,0,0,0)
write(*,*)"Ta(73)"
write(*,*)times
write(*,*)total

write(11,*)"Ta(73)"
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write(11l,*)times
write(1l1l,*)total
end

subroutine W74()
use IMSL

use global
mmplicit none
b We---

call sub_self(74,2,2,6,2,6,2,10,6,2,10,6,2,4,14,0,0,0,0)
call total_energy(74,2,2,6,2,6,2,10,6,2,10,6,2,4,14,0,0,0,0)

write(*,*)"W(74)"
write(*,*)times
write(*,*)total
write(11,*)"W(74)"
write(l1,*)times
write(ll,*)total
end

subroutine Re75()
use IMSL

use global
mmplicit none
l.---Re----

call sub_self(75,2,2,6,2,6,2,10,6,2,10,6,2,5,14,0,0,0,0)
call total_energy(75,2,2,6,2,6,2,10,6,2,10,6,2,5,14,0,0,0,0)

write(*,*)"Re(75)"
write(*,*)times
write(*,*)total
write(11,*)"Re(75)"
write(l1l,*)times
write(ll,*)total
end

subroutine Os76()
use IMSL

use global
mmplicit none
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l----0s----
call sub_self(76,2,2,6,2,6,2,10,6,2,10,6,2,6,14,0,0,0,0)
call total_energy(76,2,2,6,2,6,2,10,6,2,10,6,2,6,14,0,0,0,0)
write(*,*)"0s(76)"
write(*,*)times
write(*,*)total

write(11,%)"0s(76)"

write(l1,*)times

write(ll,*)total
end

subroutine Ir77()

use IMSL

use global

mmplicit none
bee--Ir----
call sub_self(77,2,2,6,2,6,2,10,6,2,10,6,2,7,14,0,0,0,0)
call total_energy(77,2,2,6,2,6,2,10,6,2,10,6,2,7,14,0,0,0,0)
write(*,*)"Ir(77)"
write(*,*)times
write(*,*)total

write(11,*)"Ir(77)"

write(l1l,*)times

write(ll,*)total
end

subroutine Pt78()

use IMSL

use global

mmplicit none

le---pt----

call sub_self(78,2,2,6,2,6,2,10,6,2,10,6,1,9,14,0,0,0,0)
call total_energy(78,2,2,6,2,6,2,10,6,2,10,6,1,9,14,0,0,0,0)
write(*,*)"Pt(78)"
write(*,*)times
write(*,*)total

write(11,*)"Pt(78)"

write(l1l,*)times
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write(1l1l,*)total
end

subroutine Au79()
use IMSL

use global
mmplicit none
oo AU - - -

call sub_self(79,2,2,6,2,6,2,10,6,2,10,6,1,10,14,0,0,0,0)
call total_energy(79,2,2,6,2,6,2,10,6,2,10,6,1,10,14,0,0,0,0)

write(*,*)"Au(79)"
write(*,*)times
write(*,*)total
write(11,*)"Au(79)"
write(l1,*)times
write(ll,*)total
end

subroutine Hg&80()
use IMSL

use global
mmplicit none
l----Hg----

call sub_self(80,2,2,6,2,6,2,10,6,2,10,6,2,10,14,0,0,0,0)
call total_energy(80,2,2,6,2,6,2,10,6,2,10,6,2,10,14,0,0,0,0)

write(*,*)"Hg(80)"
write(*,*)times
write(*,*)total
write(11,%)"Hg(80)"
write(l1l,*)times
write(ll,*)total
end

subroutine TI81()
use IMSL

use global
mmplicit none
l----TI----
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call sub_self(81,2,2,6,2,6,2,10,6,2,10,6,2,10,14,1,0,0,0)
call total_energy(81,2,2,6,2,6,2,10,6,2,10,6,2,10,14,1,0,0,0)

write(*,*)"T1(81)"
write(*,*)times
write(*,*)total
write(11,*)"TI(81)"
write(l1,*)times
write(ll,*)total
end

subroutine Pb82()
use IMSL

use global
mmplicit none
loe--Pb----

call sub_self(82,2,2,6,2,6,2,10,6,2,10,6,2,10,14,2,0,0,0)
call total_energy(82,2,2,6,2,6,2,10,6,2,10,6,2,10,14,2,0,0,0)

write(*,*)"Pb(82)"
write(*,*)times
write(*,*)total
write(11,%)"Pb(82)"
write(l1l,*)times
write(ll,*)total
end

subroutine Bi83()
use IMSL

use global
mmplicit none
loee-Bj----

call sub_self(83,2,2,6,2,6,2,10,6,2,10,6,2,10,14,3,0,0,0)
call total_energy(83,2,2,6,2,6,2,10,6,2,10,6,2,10,14,3,0,0,0)

write(*,*)"Bi1(83)"
write(*,*)times
write(*,*)total
write(11,*)"Bi(83)"
write(l1l,*)times
write(ll,*)total
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end

subroutine Po84()
use IMSL

use global
mmplicit none
oo -PO----

call sub_self(84,2,2,6,2,6,2,10,6,2,10,6,2,10,14,4,0,0,0)
call total_energy(84,2,2,6,2,6,2,10,6,2,10,6,2,10,14,4,0,0,0)

write(*,*)"Po(84)"
write(*,*)times
write(*,*)total
write(11,%)"Po(84)"
write(l1,*)times
write(ll,*)total
end

subroutine At85()
use IMSL

use global
mmplicit none
oAt ----

call sub_self(85,2,2,6,2,6,2,10,6,2,10,6,2,10,14,5,0,0,0)
call total_energy(85,2,2,6,2,6,2,10,6,2,10,6,2,10,14,5,0,0,0)

write(*,*)"At(85)"
write(*,*)times
write(*,*)total
write(11,*)"At(85)"
write(l1l,*)times
write(ll,*)total
end

subroutine Rn86()
use IMSL

use global
mmplicit none
lo---Rn----

call sub_self(86,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,0,0,0)
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call total_energy(86,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,0,0,0)

write(*,*)"Rn(86)"
write(*,*)times
write(*,*)total
write(11,*)"Rn(86)"
write(l1,*)times
write(ll,*)total
end

subroutine Fr87()
use IMSL

use global
mmplicit none
[ Fr---

call sub_self(87,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,1,0,0)
call total_energy(87,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,1,0,0)

write(*,*)"Fr(87)"
write(*,*)times
write(*,*)total
write(11,*)"Fr(87)"
write(l1l,*)times
write(ll,*)total
end

subroutine Ra88()
use IMSL

use global
mmplicit none
[ Ra---

call sub_self(88,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,0)
call total_energy(88,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,0)

write(*,*)"Ra(88)"
write(*,*)times
write(*,*)total
write(11,*)"Ra(88)"
write(l1l,*)times
write(ll,*)total
end
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subroutine Ac89()
use IMSL
use global
mmplicit none
Peem-- Ac---
call sub_self(8&9,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,0)
call total_energy(89,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,0)
write(*,*)"Ac(89)"
write(*,*)times
write(*,*)total
write(11,%*)"Ac(89)"
write(l1,*)times
write(ll,*)total
end

subroutine Th90()
use IMSL
use global
mmplicit none
leee-- Th---
call sub_self(90,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,2,0)
call total_energy(90,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,2,0)
write(*,*)"Th(90)"
write(*,*)times
write(*,*)total
write(11,*)"Th(90)"
write(l1l,*)times
write(ll,*)total
end

subroutine Pa91()

use IMSL

use global

mmplicit none

Peem-- Pa---
call sub_self(91,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,2)
call total_energy(91,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,2)
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write(*,*)"Pa(91)"
write(*,*)times
write(*,*)total
write(11,*)"Pa(91)"
write(l1,*)times
write(ll,*)total
end

subroutine U92()
use IMSL
use global
mmplicit none
leee-- U---
call sub_self(92,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,3)
call total_energy(92,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,3)
write(*,*)"U(92)"
write(*,*)times
write(*,*)total
write(11,*)"U(92)"
write(l1l,*)times
write(ll,*)total
end

subroutine Np93()
use IMSL
use global
mmplicit none
beee - Np---
call sub_self(93,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,5)
call total_energy(93,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,5)
write(*,*)"Np(93)"
write(*,*)times
write(*,*)total
write(11,*)"Np(93)"
write(l1l,*)times
write(ll,*)total
end
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subroutine Pu94()
use IMSL
use global
mmplicit none
l----Pu----
call sub_self(94,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,6)
call total_energy(94,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,6)
write(*,*)"Pu(94)"
write(*,*)times
write(*,*)total
write(11,%*)"Pu(94)"
write(l1,*)times
write(ll,*)total
end

subroutine Am95()

use IMSL

use global

mmplicit none
l----Am----
call sub_self(95,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,7)
call total_energy(95,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,7)
write(*,*)"Am(95)"
write(*,*)times
write(*,*)total

write(11,%*)"Am(95)"

write(l1l,*)times

write(ll,*)total
end

subroutine Cm96()

use IMSL

use global

mmplicit none

Peem-- Cm- - -

call sub_self(96,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,7)
call total_energy(96,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,7)
write(*,*)"Cm(96)"
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write(*,*)times
write(*,*)total
write(11,*)"Cm(96)"
write(l1,*)times
write(ll,*)total
end

subroutine Bk97()
use IMSL

use global
mmplicit none
[ Bk-- -

call sub_self(97,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,8)
call total_energy(97,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,8)

write(*,*)"Bk(97)"
write(*,*)times
write(*,*)total
write(11,*)"Bk(97)"
write(l1,*)times
write(ll,*)total
end

subroutine Cf98()
use IMSL

use global
mmplicit none
[ o

call sub_self(98,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,10)
call total_energy(98,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,10)

write(*,*)"Cf(98)"
write(*,*)times
write(*,*)total
write(11,*)"Cf(98)"
write(l1l,*)times
write(ll,*)total
end

subroutine Es99()
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use IMSL
use global
implicit none
l----Es----
call sub_self(99,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,11)
call total_energy(99,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,11)
write(*,*)"Es(99)"
write(*,*)times
write(*,*)total
write(11,*)"Es(99)"
write(l1,*)times
write(ll,*)total
end

subroutine Fml100()
use IMSL
use global
mmplicit none
l----Fm----
call sub_self(100,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,12)
call total_energy(100,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,12)
write(*,*)"Fm(100)"
write(*,*)times
write(*,*)total
write(11,*)"Fm(100)"
write(l1l,*)times
write(ll,*)total
end

subroutine Md101()

use IMSL

use global

mmplicit none

l----Md----
call sub_self(101,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,13)
call total_energy(101,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,13)
write(*,*)"Md(101)"
write(*,*)times
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write(*,*)total
write(11,*)"Md(101)"
write(l1,*)times
write(ll,*)total
end

subroutine NolO2()
use IMSL

use global
mmplicit none
oo -NO----

call sub_self(102,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,14)
call total_energy(102,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,0,14)

write(*,*)"No(102)"
write(*,*)times
write(*,*)total
write(11,*)"No(102)"
write(l1l,*)times
write(ll,*)total
end

subroutine Lrl103()
use IMSL

use global
mmplicit none
[,

call sub_self(103,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,14)
call total_energy(103,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,1,14)

write(*,*)"Lr(103)"
write(*,*)times
write(*,*)total
write(11,*)"Lr(103)"
write(l1l,*)times
write(ll,*)total
end

subroutine Rf104()
use IMSL
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use global

mmplicit none
l----Rf----
call sub_self(104,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,2,14)
call total_energy(104,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,2,14)
write(*,*)"Rf(104)"
write(*,*)times
write(*,*)total

write(11,*)"Rf(104)"

write(l1,*)times

write(ll,*)total
end

subroutine Db105()
use IMSL
use global
mmplicit none
l----Db----
call sub_self(105,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,3,14)
call total_energy(105,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,3,14)
write(*,*)"Db(105)"
write(*,*)times
write(*,*)total
write(11,*)"Db(105)"
write(l1l,*)times
write(ll,*)total
end

subroutine Sgl06()

use IMSL

use global

mmplicit none

lo---Sg----
call sub_self(106,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,4,14)
call total_energy(106,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,4,14)
write(*,*)"Sg(106)"
write(*,*)times
write(*,*)total
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write(11,*)"Sg(106)"
write(l1,*)times
write(ll,*)total
end

subroutine Bh107()
use IMSL
use global
mmplicit none
l----Bh----
call sub_self(107,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,5,14)
call total_energy(107,2,2,6,2,6,2,10,6,2,10,6,2,10,14,6,2,5,14)
write(*,*)"Bh(107)"
write(*,*)times
write(*,*)total
write(11,*)"Bh(107)"
write(l1l,*)times
write(ll,*)total
end
subroutine
sub_self(Zn,Nt1s ,Nt2s,Nt2p,Nt3s,Nt3p,Nt4s,Nt3d,Nt4p,Nt5s,Nt4d,Nt5p,Nt
6s,Nt5d,Nt4f ,Nt6p,Nt7s,Nt6d,Nt51)
use IMSL
use global
mmplicit none
real ,external :: norl
integer
Zn,Nt1s,Nt2s,Nt3s ,Nt4s ,Nt5s,Nt6s,Nt7s ,Nt2p,Nt3p,Nt4p,NtSp,Nt6p,Nt3d,N
t4d,Nt5d,Nt6d,Nt4f ,Nt5f

do 1=1,sz
N(1)=Nin(1)
end do

call subprocess_7s(0,Zn)

do 1=1,sz
Pout(1)=Hn(1)!/norl(R,H)
Pout_2s(1)=Hn_2s(1)!/norl(R,H_2s)
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Pout_3s(1)=Hn_3s(1)!/norl(R,H_3s)

Pout_4s(1)=Hn_4s(1)!/norl(R,H_4s)

Pout_5s(1)=Hn_5s(i)!/norl(R,H_55)

Pout_6s(1)=Hn_6s(i)!/norl(R,H_63)

Pout_7s(1)=Hn_7s(1)!/norl(R,H_7s)
end do

call subprocess_6p(1,Zn)
do 1=1,sz
Pout_2p(1)=Hn_2p(1)!/norl(R,H_2p)
Pout_3p(1)=Hn_3p(1)!/norl(R,H _3p)
Pout_4p(1)=Hn_4p(1)!/norl(R,H _4p)
Pout_5Sp(1)=Hn_5p(1)!/norl(R,H_5p)
Pout_6p(1)=Hn_6p(1)!/norl(R,H_6p)
end do
call subprocess_6d(2,Zn)
do 1=1,sz
Pout_3d(1)=Hn_3d(i)!/norl(R,H_3d)
Pout_4d(1i)=Hn_4d(i)!/norl(R,H_4d)
Pout_5d(1)=Hn_5d(1)!/norl(R,H_5d)
Pout_6d(1)=Hn_6d(i)!/norl(R,H_6d)
end do
call subprocess_5f(3,Zn)
do 1=1,sz
Pout_4f(1)=Hn_4f(i)!/norl(R,H_4f)
Pout 5f(1)=Hn 5f(1)!/norl(R,H 5f)
end do

do 1=1,sz

Nout(1)=Ntls*((Pout(1)/R(1))**2.0)+Nt2s*((Pout_2s(1)/R(1))**2.0)4Nt2p
*((Pout_2p(1)/R(1))**2.0)4Nt3s*((Pout_3s(1)/R(1))**2.0)+Nt3p*((Pout_3
p(1)/R(1))**2.0)4Nt4s*((Pout_4s(1)/R(1))**2.0)4Nt3d*((Pout_3d(1)/R(1)
)¥¥2.0)4Nt4p*((Pout_4p(1)/R(1))**2.0)+Nt5s*((Pout_5s(1)/R(1))**2.0)+N
t4d*((Pout_4d(1)/R(1))**2)4Nt5p*((Pout_5p(1)/R(1))**2)+Nt6s*((Pout_6s
(1)/R(1))**2)4Nt5d*((Pout_5d(1)/R(1))**2)+Nt4f*((Pout_4f(1)/R(1))**2)
+Nt6p*((Pout_6p(1)/R(1))**2)4Nt7s*((Pout_7s(1)/R(1))**2)+Nt6d*((Pout_
6d(1)/R(1))**2)4+Nt5f*((Pout_Sf(1)/R(1))**2)
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end do

do 1=1,sz
Nd(1)=Nin(1)-Nout (1)
end do

do 1=1,sz
ABNd(1)=ABS(Nd(1))
end do

s=sum(ABNd)

times=0

do while (s>=10%*%(-2.0))

times=times+]
do 1=1,sz
N(1)=Nout(1)
end do
call subprocess_7s(0,Zn)
do 1=1,sz
Pin(i)=Hn(1)!/norl(R,H)
Pin_2s(1)=Hn_2s(1i)!/norl(R,H_2s)
Pin_3s(i1)=Hn_3s(1i)!/norl(R,H_3s)
Pin_4s(i1)=Hn_4s(i)!/norl(R,H_4s)
Pin_5s(1)=Hn_5s(i)!/norl(R,H_5s)
Pin_6s(1)=Hn_6s(1)!/norl(R,H_6s)
Pin_7s(1)=Hn_7s(1)!/norl(R,H_7s)
end do
call subprocess_6p(1,Zn)
do 1=1,sz
Pin 2p(1)=Hn_2p(1)!/norl(R,H_2p)
Pin 3p(1)=Hn_3p(1)!/norl(R,H _3p)
Pin_4p(1)=Hn_4p(1)!/norl(R,H_4p)
Pin_Sp(1)=Hn_5p(1)!/norl(R,H_5p)
Pin_6p(1)=Hn_6p(1)!/norl(R,H _6p)
end do

call subprocess_6d(2,Zn)
do 1=1,s7
Pin_3d(1)=Hn_3d(1)!/norl(R,H_3d)

90



Pin_4d(i)=Hn_4d(1i)!/norl(R,H_4d)
Pin_5d(1)=Hn_5d(1i)!/norl(R,H_5d)
Pin_6d(1)=Hn_6d(1i)!/norl(R,H_6d)
end do
call subprocess_5f(3,Zn)
do 1=1,sz
Pin_4f(i1)=Hn_4f(i)!/norl(R,H_41)
Pin 5f(1)=Hn_5f(1)!/norl(R,H _5f)
end do
do 1=1,sz

Nin(1)=Ntls*((Pin(1)/R(1))**2.0)4Nt2s*((Pin_2s(1)/R(1))**2.0)+Nt2p*((
Pin_2p(1)/R(1))**2.0)4Nt3s*((Pin_3s(1)/R(1))**2.0)+Nt3p*((Pin_3p(1)/R
(1))**2.0)Nt4s*((Pin_4s(1)/R(1))**2.0)+Nt3d*((Pin_3d(1)/R(1))**2.0)+
Nt4p*((Pin_4p(1)/R(1))**2.0)4NtSs*((Pin_5s(1)/R(1))**2.0)+Nt4d*((Pin_
4d(1)/R(1))**2)4Nt5p*((Pin_Sp(1)/R(1))**2)4+Nt6s*((Pin_6s(1)/R(1))**2.
0)4NtS5d*((Pin_5d(1)/R(1))**2)+Nt4f*((Pin_4f(1)/R(1))**2)+Nt6p*((Pin_6
p(1)/R(1))**2)4Nt7s*((Pin_7s(1)/R(1))**2)4Nt6d*((Pin_6d(1)/R(1))**2)+
NtSE*((Pin_S5f(1)/R(1))**2)

end do

do 1=1,sz
Nd(1)=Nin(1)-Nout(1)
end do

do 1=1,sz
ABNd(1)=ABS(Nd(1))
end do

s=maxval (ABNd)

do 1=1,sz
Nout(1)=Nin(1)
end do

end do

end
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real function norl(R,Pe)

use IMSL

mmplicit none

integer ,parameter ::sz=399

integer ,parameter ::d=400

real ,parameter :: bdd=10.0

real ,parameter :: pi=3.1416

real R(sz),Pe(sz),k

integer ::1

k=0.0

do 1=1,sz-1

k=

k+( (RC(1)**2)*((Pe(1)/R(1))**2)+(R(1+1)**2)*((Pe(1+1)/R(i+1))**2) )*
(bdd/d)*0.5
k=k+(Pe(1)**2+Pe(1+1)**2)*(bdd/d)*0.5
end do

norl=k**(0.5)

end function
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