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for the variational parameters Ank. The double index (N,K) can be re

presented by one single index X, With a minimum effort, the van der 

Waals constant can be obtained through the product of the values of 

Ank and (CPQ) which, can be checked in the formula in p. 14 section 

2-4.

To check on the accuracy of the published values for the van 

der Waals constant, a separate calculation was made using the tradi

tional Hartree-Fock approach following T. P. Das. etal. These values 

were reproduced exactly. As an indication of the relative numerical 

complexities involved, the calculation of the van der Waals constant 

using the traditional H-F approach consumed approximately 10 minutes 

of IBM 360-50 time, for a particular numbers of the variational 

parameters. The similar calculation using the extended H-F approach 

consumed 20 hours for the same number of variational parameters, Ank. 
The difference is largely due to the complexity of subfunction program 

FC and FD. The set of simultaneous equations can rather easily be 

solved by calling any conventional subprogram.

i
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APPENDIX A

A-a Calculation of the second-order perturbed energy . . . .  General 

remark.+

From Sec. 2-2 it was shown that the second-order perturbed energy 
can be formulated as follows:

For the present calculation, which focuses on the dipole-dipole inter

action between H and He atomic systems, the following formulas will be 

substituted into the above formula.

A) Unperturbed wave function f 4
f * r ft* /// (2' i > j

where (ĥ  - X  ^ 4 ~ *'*
J4 t7

»

Putina  = — ^
r H  ■

< L » C  =  £  f +  I < 4 ml t i * 1 J

<  ( (f>a > 9 <” d>h / 4 k 7 * 1
/

<r >

B) First-order perturbed wave function ij>’
r  , / y *"l _ •The steps used in the calculation follow those of

Das etal, Phy. Rev. 174, 104 (1968)
and Davison Proc. Phy. Soc. JI7, 133 (1966)
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where
41

J = £ 2Z. C"(*l r,¥ Yi. m l» [ +
' Al.lt R *  tm*-!

^  Yi.m m  J 

C h («) * (-O *'*'( I + * ^7

C) Unperturbed Hamiltonian H°

h  • -- * (-; <5- i ’i - i ~ i

D) Unperturbed Eigen value E°
—. # — » —  o

E) Perturbation V+

,, = £  CJ ir .'r  Y,t>" [S * r.

Before substituting the formulas from /j) to £ ) into £  ̂ * , 
some frequently used formulas will be introduced.

A-a-1 Frequently used formulas with Hydrogen orbital

A )  *■' <  4>„i y m  i </>» > = J  r ' J r M

_ r  ( t*+i)

2  Nt>

<  y. '> m '

•I*Multipole expansion, see 

R. J. Buehler and J. 0. Hirschfelder, Phy. Rev. 83. 628 (1951)
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r “ / , ' J r

* J Y,1 » . *  cIn . j
<*7/ ' "» (a-/-

C )  < 4>h / v "  7r y ** / 4» > = £7*-*'/-

a T* ( N+^+Q

7,* - £ 1 yk-L

j> ) <  <t>n / Y v JCri C7/ y>iltl r*'/ <*#> = J . f  ( } „ ) > * *
r4r,
(4

-a-2 Frequently used formulas with Helium orbital. 

Let , _ vr-l
0* = ^  C,r €

/ty-/ -oLf r
$ L  - -± 2  ci Y e9 )r7r~ * 'b " f*T f

~ r ' e+ <  =  ^  -? ^^  s

* d *  i= -  2 . c-i y  e
f*i -t

4> <4» I Yt.m Y,.„ r*l

' /  />.! rf*.
t . J ,

-  J -  f 4 C a.  v. a )

*)

•/-J,

-1-4)

dr



where

Note:

B)

where

Note:
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FA will be defined In Appendix B

< <f>ul y" 1 </t> s f* ( b'N‘ b)
i

< " & /  r,J ».« y “ i ? * >  - < t n  >*- >

^ A  / ».* K* / <f>b>

X 2 2 C,Ct fv

* Vy-** Yi'** d'/L*

-L f  £ ra. /<*.

♦

FB will be defined In Appendix B

<<fi*n,.tr*<7;rf. „ r ‘'/fi*> * x  f t  (*■*■*'>•)

f g f ^ K r . ' H  * f  & (a< k'. K.b)

c> < <t>* «/ '»  / -7-  >/•»>» /> .„ r, 1
7*
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' * * *  * 9 . r t  f  *  J  h  *» e  * 7 Jr,

f* j_ . „ - («*+«**** * , /* # s
J  V)z * > (Zk j Y f , m(o (fvi, f  (/ui*.

- j- f  C f <R> S. b , C. </ J ■(#-*-*)

where FC will be defined in Appendix B

Note:
f £  ra. n r 1, i, j:( f it ^ g ^ ,

4cl*> / ~jr f/.~wy,* Ye.~n> f,k I 4t H

I  - M / £ ,  c , e , c , a  / * ' ,

- -£ P { Q i t. ij c, kff d ) \
<•7

i

where £D will be defined in Appendix B ;
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A-b

A-b-

Note: f P  ( K  b > b, ft', 4) c -fP ( b • A. *. *, t)

p P  ? * • * > £ •  b, / r i  4 ) # f P  C g, *rftb , b> a  )

**/«** f t * * '

£**'= 2 *  <l‘ IV f}°? + < t'/ #»-£*/<b'>

(f' = -ft0 * (f>H (1/ c 4&ti> <t>Hi)+ 4 h * )  4a nt)

X J- Z  2. d** C* (»> ** Y,.m 01 [ £  *&»“) -* ri*Yi.~
#•* r*>*~ I

4t

V  - z  Ĉ J  rv, ( %  Yi,-/*><■ y-j y,.»a*)3
*.-/ * 9

2  2  4 ‘I v I 4 0s> 2. Cue** <C&n / YflKm ym ’/4»>
N>< ft I 
/*»

* 4 h *> + 4 h *> 4ai*)l(rtk ?,•»<*)+ r f  y,.»m )
2 CA

x (V^ Yl»(*J * Xt I 4>an) 4 kts> + 4 H*) f a m >

— 2  ^  Cut at) 2 - £  Y **h2 h S f a t * )  4 n *)+ 4 H *s 4 a l* j)
N > *  fti

( vj* Yi.~tij + r/Y"* i*>)(Y, Yh*t*> * YiYi'mit) /
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‘ l  7 ?  C- ‘-  / f e
m

f fA/a. tc+/.«) t ?t«. >* T4 V' **•*)*<P*/

-f j-A(b.ktl>b) -f- all integrals contain Y}*** Y*>* H * Y/.mO) 

are equal to the preceding four terms ^

. * z  4 * *  Co,-, (£,' < r ^  ) *•
/v./t jn vn' C/te
/**

£  PA ( <*,K+!.(*) f  ?A (G>k+t,yj b *  + PA(b'ktl.«)ab i  f A f b . M b j J
J

where (}f 4  Jf = <  I  $ y > b a »

Note: a y  3 y q

A - b-2 £ ‘< t ' l ' t ' >

£ ‘ < P I < t ‘> = E ‘  z  2  Z  A— e t c ,
M<K n '.H' *H A t

<  4>u / KO* <»» K "**'/?# > “ « + <f>yu) fa/ijJ
2 Cm«

(  ^  “ ' y , J  tt> *  r / ' K ~  n>) ( r S  r„m>„ *  % *•% .*,») f fy M h ** )

= r ° Z  2  2  Co,
ts /t.K /*'/<' ft "  * *-'-Nr

< & € & ' « ■ « * * ' • > ■ >  & < * * ' « * » * *  F* (*■***<*>•>**
K*H * w .

+ all the integrals containing ^  Yb>*,i* ' hm * which are equal
to the preceding four termsJ



f  •<*'/*•> • S' 2  2  2. c ™  t & )
M.H /V'A" **> K  •/V»V /V'A" >•*

* (f/l (a, *4*'. a) + ?A (Q, M+ki b) j> A + f-A (b. te+k', A) ob *

F A ( b. k+k'- bJ) j
Where we have used formula (a-1-1). We also note that the cross

terms Y/!mW Yhmli) and / tt*  I}) fi.m t*J vanish.

A-b-3 !HA * H i < i

A)

=  2  Z  Z  d * * 4 « ‘* ' r *
Af.n Af>Ht f ,  Q I

< 4>h 1 ** Yhi to ( f V,*- ̂  Yt>~/ ^
> -— i <  fm f» tbn>4 &**> <t>* "> / ( r, * /*/ * ft kr J  *»)

( K k ' Y „ m ' * ) +  Y * * ' r , . » m )  I 4 > h > +  4 b " t 4 * f » >

* 2 2 2  c . ' -
A / K  * V  Mi ^  I "  *

L -FA (H.K-tle',** + FA t*.k+kib>*** +*(*'***'•*>**

y fA(t>' i<+k'>y> 7 * <ch*i ft* to ( %  "}?')*•* Ytml,»)l4k>



The last term-

( y  <7/ -  /<**;>

-  Z l  (  v J  Y, * *  Yt.rn tb  I  # » >  ■+ j- (  j .  1 * K M* f i .M tt i f  )•» 2 /iJ *

-  y, u Y,.» /  <?#>

( V/* r*' y '<??> + * (f <t+'» ** "L* Yt-m " '  /  <**>5 / / ^2
—  ^ M ~l Yi'** /<P&>

= £  - J  ( v f  y / ' y hm th 1 +  f  K *  3 Y i - * 0* t  &H'> )

A/-J
+  f — Yi Yt>** *0 / <Pn > )

Using (a-1-1) and (a-1-4)

<<!■' / H i  > $*'>

= Z z 2 S>r*Y*' cYem, (-L /  / -*- )/tf* **•'** ^  '

* *>*' a; + 7 A  ( A. K-m'.b) b a * 7 #  (b,KiKf,0)alr+

* £ $ - {  c t m -h Y -  ivtv'i-i I r i « ' » ± > +  <  y „  g ]
* / ->
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' I H  I & ' >

H n e  s hi +
v

where h». - Zl a x £.2 K

h i  =  -J  * / -  J L

<?*> * -jr•»i

a)

*  z  z  c ; , » ,  t * ,  * * * ” '>» )
/J.X #}*" ^  *

+ dir/*) 4>«n)i ( £ i*i + *3 *' Y,'m /iJ) tzf ̂  ^

**(•• + v / Y f * m )  / (?«») 4>k<sj * $k<*> 4>* /j;)>

I. For the last term of / 2 ^ / _  ~  ) , we have£ * £

/  fbdJ t <t>WJ<$a(i)l ( Yhmti*) t y)(£*Yb* /*)•+

K

IS < 4 Al2>foti) + fat3> I  k ***"' Y/.mU)

4 ^  A’-*'*' y.
— - Yt,». m  Yb*"o> / <}>*t3) <f>m)+ (f>bt>) 4>*u)}>
'i



( - * )  < & ) K+k-/,a)4 FA (q , bj b* 4 F A  (4> ***-!,

& b 4 f A  (  b, K +k '- t ,  b) + F A  (  * , - ! , « )  FA f  b. *+*',■ b)  +

F A  (A,  - / .  cu f A f b ,  k4k', $ j  +■ F A ( b ' - t . 4 )  FA f a *k 4 k ' < b )  +

F A  f bt -A b) F A  (b. tffk'. b) j

For the terms with — J X72.i 1
2 t

- i  *(-{>cvrl- {:!
/ jf. k*

II. Angular part s S  $4 />/ fa tij 4 4bt» fa II)/ C >i* Yt.» n) 4 *3 ^

( + 4 )  - 4 i  (  Y i'-n ) *  k j Yi.m ts t) I  4>«<2)4ks') 4 4 > k w 4 *. tS J ^
V ’

~ (*{ ) <^4nnj 4b ts ; 4 4bt>) <f>*(*) /  ( V/.*2'*> + <S “'YuXH>)

( ? )  YZ Y,,», /2) / <{> At* )  4 b ( i ) 4  4>Ul*) f a w >

Note: fa (2) ~ L4" 4bt*-) - $ l~ ̂  Yh"> (JJ a 0

= f  (V 4i> ts) /  4b t»j fa n)/ fk% n Ym tu /<**/>)

Cf>bU) 4 4b (I) Aqd)'}

—  [  F A  (G> 4 F A  ta, f<4ttr-2,b)J?A 4 p A  tb* k+P'-i**)

& b 4 F A  ( b, k+tef-2, bj 7



III. Radial part

= < W  1 ( £ * Yt.txti) + % * Y,.mJ3)) (~£) f P/X)

( £ *  Turn £.«. m ) /

I  2 / * v )  /  f a  f  4 ' j£ r *4 J / 7  & f  a , « ,  k U ) J > a  + F 3  

Ab + FB (&•  * • * '  t )  + f S  {#'» '<>> * i  FA  f  !>• +

F&(a,a>0.is) FA ( it-fs-Kc'. a> + FSft-o-O'aiF/ffa./mitj 

*F& f  M’ o>0> FA f a ,  tC-ne',4J J

<* ) ‘/ kt, I j'> s f x + B + JD J

*  2 2  c . U  ( ^ ) C ^ ) ^ ^ ' >
m *< #>/(• rf* t-ftfc

where 1)

IS) P ^ 7
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Therefore ^  ̂  '/ 4, + 6, / f '> = 2 ^

* 2 2 2 -  *2$ *  fl/« li,; ( A ; <* **-!>
/I/A- /*'*" ** fi ' L i t *

X f l t z t i z j

where I + II + III are shown in <" ^

0> <■ t ' / f,> / r >

_ ^  A » « A » « . < r »t»'>H ( _ ! _  .
/t/# *'*' fit l<*o/ 2 {#4 '

<j>4 n j  4bU)  ■* d * H > l  ( £ *  Y a * ' V  + % * ' & £ * ) )  l-)jri )

( Ya h, (i)-trs * y>.*, /jj) t 4« /i) 4^tjj ■*■ db (3> 4* UJ >

X  -  n t t f i f a i j  +- ( f j , n j  d u m t  £ . * + * '  Y e X t o - j r ^  ¥ * » • ■ * >

+  % Y /<** t u  -jr h < T e .m t i i  -t y ( Y* u )  xf . t m ( $ )  -J -
y%i "»j

■+ Y * Z H )  ) r ,u  Y j . * U )  I  d + n t  4 k U ) +

pUti/ct'COTH p C  4»tJ p & .



44.

T FC c«'*+*.'*. + p c ( 4, Kt*', b, b, c>, 4 )

+ f  C (  b ,  k+K', 4, a, t .  aj > £  c  (  b .  to * ' ,  b, Qt £>. 4 J  

•f f  c C a *  O' Q) b ,  k * k ' ,  b )  + ? c  *■ b. b .  * + * ' ,  4  J 

.y. f  C (  i>. 0. 4  , a . 4 J  + p c  C b. o . b .  4 , k ^ k ' t a )  J

4- ^  [ f P  C a ,  A .  b. k )  b )  +  f j >  (  4,  *'. b . b, k. 4  )

■+ -fp ( b* k(, 4 , 4, k• b) t FD C b* kt b,- 4* k, a )

+  f D  ( 4 ,  k .  4  i  b ,  tr*4 b )  + F &  C a, e, b, b. k', 4 )

+ f p  (  b ,  Jc, 4 / 4 , k' , b j  -t P &  {  b>k> b* 4 ,  k', 4 )  J

J i  2  j k k  (A., r  ~  u +“ '?M
tf.M W'ut ffb *7}' 2 Cut '

X J



Total Formula

2. A  P  i  ! / /  9 t>>  +  <( I f ' !  H * - s *  /  9 ' >

^ Afotd
At,tt i

»

C  f A  { 4 t*+ ! t& )  "t FA (4,t£ti<h) *  f A  t b>K+/-4)4 b + ? 4 {h /trt» i)J

•+ f A  (  4 • “ +!(■'' 6 )  I  4 +  FA  (  i. K-tUl 4 )4  (, 7* p £  Ij,, Jt+J£'j,j J

FA C b>K+«f* 4 )  4b> + F a (  *• K b i  )  + FA (  a t-h 4) F A lJ>M x ih j

-f- 0 f a  ( Q ' t '  *>> FA (b .K t feU)  t  FAC b*~t. A) FA ( * •  K tK 'b )  *  FA ( 

b / -/, i>) F A  ( 4 < # + K  & ) )

-t FA c£>• fc+tt-t, b) )

-F  ( " J  )  C 'FS  Ca , e . K l a j t  f $  ( a . b ) k a  t  F &  CA, * . * ' < * )  4b

■+£# c b . /< .k '> h  + p $  ( a *  0  0 *a t  FA ( k #*#'•&> t  FJSC4>o4.bj 

"PA (>• t f t k 1, a )  A F &  Cb. *•<>. 4 /  F A  (4 'it-tA f b )+  F  & fb '6>o.ij 

P A  ($. KHS,4) )

F M  ^  + £ “(FA (4 >'<+*'•*> + FA bj b*.

+  F  A  tb.x+MC&iab + p A t  b,/e+k!lj)j

^  ~p> £}**. Ato'it*

Ai<tc F  A
G>t»j {£.j ( x j I('{) ((//-* j - / W - o

/■

T7 C /*+*/*+»)

+  <" Ir U t*  >  C  f - * )  C FAC 4 ,K t l£ ‘- / ,  4 )  + F A  C4, A b j b * l  +

•A ( F A  C 4 ,  k + u -?. a )  t  FA  ( 4 *  M+M-i.  b  J b *  ■+ FA C b.  M -iK '-i.a )ab
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A-c Simultaneous Equation

(2)The general form in E will be as follows

p x)z 2  2  A*»u An1*1 -fCMK, * 2  A*** c C/r.k)
At,* Af'*'

I

£  r n* —
. Z  A*'*' f(2.Q. *.'*'* + 2  AAt.k ffk.Kf.4)

OAJ* '

+ C ( J . Q )

~ 2  At** C F(J.Q.Mk) -f ■f (M/t,£,&)3 + C (J,Q)
At.tc ' *

then A m* [ f  (I.4,MkJ + f/£l.X.£4)3 • §
*4M

- - c (£. a>

Using above formula to get • we îave

Z t u A/,K,£,Q) 
N>*

J  ^  y  >  u £  F A  COt, Q  +t, a, ) * - F A  ( 4 ’ Q  It i it Ck t- ..

-* FA (It. a-n. hi j
J

t

u* b**€ . /■ ( M  #.£ #j

—  ) t , r t.. } v i r*(wtp+t) pttt-i .“  j (~! ) C(W'r)-lt/*P>-*] -----  ----- a 2 <r ¥■ >H
t _2 ttfPtt

pttt-l t r
^  >  h  j  > i F A  ( a , &  + £ , & ) +  F A  (o,4tk,

. -t~ * F A  (k,Qtr. htj
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4
•4- £  -f £  (4- o.o. 4 1 f- At b, ttnc'i ki*'" + f  S (b' 0% *'b )

fA  ( a. *+ * \  4i J

+ E  ?& ((H’Q.K. 4 i t f-B t b * *••• + P & ft ’ &M.Aj J

0

i  (*! £  fA (&> K+A.-i. G) * .» f T A (  * 4 4 - 2 ,  4* ,7

• * ( - * )  C  F A  («. k*GH. Gl r -  * fA( b.tc + 4-l.h J

•if A (G.-i.a) fA ( b.k+G.h-*-" * ?A (b.-t.h?A C*. ***''*>J  

■+ h )  [  FC  (G , K + & , Q, b, a, bi  -* —  f f C  (b./ftG.b* <?« 0>t*\ J

C  F  P  f  4 - 4 , ̂ ,  b, (e, f a * .« y- f-t> (  b, G, 4 * ci, ic. £} j *

j.  ?PCG.r.4, b.&,h * ••• * pt>U. k.b'G.Q.ci, J
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C The Formula for the van der Waals interaction constant

.? ^  +  < 9*/ H°- £*/ ?'>

fay "fUii pavticMlsyr + *€ •f<*Ne£c*c™ ° a*d ft *•

a y*444 b S V/' 't/tu t Asfa.%(0<n«a*u4 /)ft>K ih/a  f  *

£ x = € + 'n,/ + °> = 2  /~r* c>l1

< I f  A (4 ,  k+b 4) + FA /Q, K+/,b)b 4  y ... + FA (b> k t b h i ]

-  C cjJ

Therefore C  c/ft = 2  2  /»«?*,»> (&)' ( ft* )
/V.fi **

C fA («t <ev/. aj * fa (4, k+t. bib a •* -FA (b, kt/>4J a b 
f fA a .  ic-tt. Li J

= 2  A "'*/V.*
£  fA C4.k-t/.ai r fA (a.ktb hi b4 t FA f bJe+/.4l 4 b *  

fA i b. k+b bj J

bt*/

bMause C / W  -- (-') *£ (/+

Z  ft-, I f i  ‘ f  bn,"



B-a-1

B—a»«2
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APPENDIX B

Closed Form for the Functions FA, FB, FC, FD.

Function FA

fJto.Mi* , 2  S C, C, f “y" r v,
P 1 St r

—  — . r  (*»+**+*> — tttp+Pf
* 2 2  C.Cf J r ' e 4*

r 1 '•

S  ^  2 .  t y  C f  rA/'  + + » + • )
p  7 / t # + i

Note: f A ( 4 ' A f , f , j  s £ 4  (  k. At, a j

Function FB

fB (a, e, k'. s Z  2 c, if J"y *' V “ (

r*f-> r*'e

where
< 7 / r  J. r r

Jt vxJ- s. $1 t —  —
&  *r **'’ y **

s

fB, f  2  C/Ct f ;  — ,

/ i f  <* **f * t< -/ > ( +  a -*> /  ^  ” *
* ^*4 — MfK

* 2 (Mf+lt'-t) t I
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*  z  £(»,**'-•> y - * * u 4  - (. ^ j ,  M> * % -

X  Y'J*

=  f- f  $ Ct f >

t- , t W +  * ' ~ 3 „ “  * *  *f  (  A/q f  H y K )  Y &

+  j ( — >?) r /*t t r"9**'-* e ' * 1' 

v  (-<f/  >r e -**" j y ‘Jy
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COMPUTER PROGRAM



G LEVEL 19 MAIN DATE = 70324 18/46/54

C PROGRAM TO CALCAULATE INTERACTION BETWEEN H AND HE
C THIS PART IS TO STORE ALL INFORMATION FROM GQDOARD IN ARRAY
C A ( I ) » B ( J ).............. EXPOTENTIAL COEFF. IN SLATER POLY.
C C ( I) * D { J )..............EXPANSION COEFFICIENT
C N(I) i M { J ).............. PRICINCIPAL QUANTUM NO IN (N,L,M)
Q ft ft ft ft ft ft ft ft ft ft ftftft ftftft ft ftftft ft ftftftft ftftftftft ftft ft ftftft ft ftftftftft ftft ft ftftft ftftftftftft ft ftft ft
c 
c

IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION C (10),N(1 0) ,A(10),D{10), M( 10),B(10'),XN(10),XM(10)
DATA NNN/7/
W R I T E (6,46)

46 FORMAT!1H1)
R E AD ( 5 , 5 ) (C(I),A(I),D{I)»B(I),I=1,NNN)

5 FORMAT(4(F10.5»2X))
RE A D (5,10) (N(I),M(I)»I=1» N N N )

10 F OR M A T (2(I 2 , 2 X ))
00 15 1=1,NNN 
AN = N ( I )
B M = M {I )
X N {I )=(DSQ RT ( 2. * A( I ))**(2.#AN+1. ) J/DSQRT(CGAMMAl2 .4AN+1.))

15 X M { I ) = {D S O R T (2.48(1))**(2.* B M + 1.))/D S Q R T (DGAMMA( 2 .*BM + 1.))
C
C N O T E .................. NEW EXPANSION COEFF MUST BE EQUAL TO OLD
C EXPANSION COEFF TIME NORMALIZATION COEFF

DO 25 1=1,NNN 
C (I)=XN(I)*C(I)

25 D(I)=XM(I)*D(I)
WRI T E (6,30) (C(I),NII),A(I),D(I),M(I),B(I),I = l ,N N N )

30 F0RMAT(2(2X»F8.5,3X»I2»3X*F8.5»6X)//}
C
C
C THIS PART IS FROM VAIATION PERTURBATION THEORY SUCH THAT THERE IS
C A SIMULTANEOUS EQUATION
C ft ftft ft ft ftft ft ftftft ft ft ftft* ftftft ftftftft ftft ftftft ft ftftft ftftftftft ftft ft ft ftft ftftftftftft ft

ENERGY=-3.377984 
AB=FA(CtM,A,0,D,M,B)
BA =FA(C,N,A,0,D,M,B)

1 R EAD(5,105) NUMBER 
105 FORMAT!I 5)

IF(NUMBER.EQ.O) GO TO 100 
READ (5,45) IN,IK,IP,IQ 

45 F 0 RM A T (4 (I 2 , 2 X ) )
A I N= I N 
A IK=IK 
A I P= I P 
AI Q= IQ 

C AAAAAAAAAA



o 
o

G LEVEL 19 MAIN DATE = 70324 18/46/54
vniD=o.
ARGU=AIN+AIQ-2.
IF(ARGU) 60,48,49

48 ARGU=ARGU+1.
49 SfeU I  A-IN-i'AI P 2 -rf *0 G A; VIA ( AtF3U'}-/-<-£v-K  V ( AI iN i AIQ i^-l—  x

SAB=QGAMMA(AIN+AIP+1.)/2.**(IN+IP-1) a f f IV-x/>) - (Z*> +//>)-i) *■
SAC=DGAMMA<AIN+AIP+2.)/2.**(IN+IP)
SAD=FA(C*N»A,IK+IQ,C,N,A) ! > * * » » *  f A M  + 0  /  * * ■
S AE= FA ( C , N , A , I K+1Q , D , M, 3 ) ( 4 /At +#//> +  /;
SAF=FA(D,M,B,IK+IQ»D,M,B)

C
ATI XA= ( (-1. )*SAA+2.*SAB+(-2. )*SAC)#( S AD+2 . *S A E# BA+SAF)

C
C BBBBBBBBBB

S=DGAMMA(AIN+AIP+3.)/ 2 .**(I N+IP+1)
S3A=F8(C,N,A,IN,IP,C,N,A)
SBB = F8(C ,N,A»IN»IPtD,iM,B)*BA 
SBC=FB{D , N , A ,IN,IP »C,N,A)*AB 
S BD=FB(D,M,B,IN,IP,D,M,B)
SBE=FB(C,N,A,IP,IN,C,N,A)
SBF=FB(C,N,A,IP,IN,D,M,B)*BA 
SBG=FB(D,M,B,IP,IN,C,N,A)*AB 
SBH=FB(D,M,B,IP,IN,D,M,B)
HHHHHHHHHH
ATIXB = S>:'(-0. 5)*(SBA + SBB+SBC+SBD+SBE+SBF+S8G+S8H) 
SHA=FA(C,N,A,IK+IQ-2 ,C ,N ,A)
SH3 = FA(C,N,A »IK+IQ-2»D,M,B)*BA 
SHC = FA(D,M,3 , I K+IQ-2,D,M,B)

C
ATIXC=S*2.*(SHA+2.*SHB+SHC)

C
C CCCCCCCCCC

SCA=FB(C,N,A,0,0,C,N,A)
SCB=FB{C,N,A,0,0,D,M,3)
SCD=FB(D,M,B,0,0,D,M,B)
SCC=FB(D,M,3,0,0,C,N,A)

C
ATI XD = S* (-1.}*(SCA*SAF+SCB*SAE+SCC*SAE+SCD*SAD>

C
C ODDDDDDODD "

S0C = FA(D»M,8»IK+IQ— 1 ,D,M,B)
SDA=FA<C,N,A,I K + I Q - 1 ,C,N,A)
SDB=FA(C,N,A,IK+IQ-l,D,M,B)

C
ATIXE=S*(-4.>*(SDA+2.*SDB#BA+SDC)

C
C EEEEEEEEEE



o 
o

•LEVEL 19 MAIN DATE = 70324 18/46/54
SE4=FA(C,N,A,-1 ,C,N,A)
SEB=FA(C,N,A ,-l,D,M,B)
SEC=FA(D,M,B,-1,D,M,B)

C 
A T I X F = S * {-4.)*(SEA*SAF+2.*SEB*SAE+SEC*SAD> 

C
C FFFFFFFFFF

SFA=FC!C,N,A,IK+IQ,C,N,A,D,M,B,D,M,B)
SF3 =F C !C , N, A , IK+IQ,D,M,B,D,M,B,C,N,A) 
SFC*FC<D,M,B,IK+IQ,D,M,B,C,N,A,C,N,A) 

C 
A TI XG = S* 2 .*{SFA+2«*SFB+SFC)
GGGGGGGGGG
SGA=FD(C»N,A,IK,C,N,A,D,M,B,IQ,D,M,B)
SGB=FD(C»N,A,IK»D»M»B»D»M»B,IQ,C,N,A)
SGC=FD(D»M,8»IK,D»M*B»C»N»A,IQ,C,N,A)
SGD =F D (C , N, A , IQ,C,N,A,D,M,B,IK,D,M,B) 
SGE=FD(C,N,A,IQ»D,M,B,D,M,B,IK,C,N,A)
SGF=FD (D , M, B ,I Q ,D ,M ,B ,C ,N,A,IK,C,N,A)

C
ATIXH=S*{SGA+2.*SGB+SGC+SGD+2.*SGE+SGF)

C 
ATIXI=S*{-2.)*ENERGY*(SAD+2.#SAE#BA+SAF) 

C 
ATR I X=ATI XA+ATI XB+ATI XC+ATIXD+ATIXE+ATIXF+AT IXG+AT IX.H+ATIXI 

C
W R I T E (6,50) IN,IK,IP,IQ,ATRIX
W R I T E (6,51) A TI X A . A T I X B ,AT I X C ,ATIXD,ATIXE,AT IXF,ATIXG,ATIXH,ATIXI

50 F OR MAT!IX,'MATRIX!'12,12,12,12,* } = *, IX,D12.5)
51 FORMAT!///,9(1X,D12.5///))

GO TO 1
60 W R I T E !5,65) VOID 
65 FORMAT!IX,'WRONG',F8.5)

100 CALL EXIT 
END



•LEVEL 19 FA DATE = 70324 18/46/54
FUNCTION FA(C,N»A,K»D,M,B)
I M P L I C I T  R E A L * 8 ( A - H f 0 - Z )
REAL*8 C,A»D,B,FA
DIMENSION C 110) »N(10 ) ,A(10), D( 1 0 ),M{10), B(IO)
DATA NNN/7/

c
FA = 0.
DO 100 1=1,NNN 
DO 100 J=1,NNN 
AK = K 
P N = N (I )
QM=M( J )

1 0 0  F A = F A + C { I ) * D ( J ) * D G A M M A ( P N +  QM+AK + 1 . ) / ( C A ( I ) + B { J ) ) * * ( N ( I ) + M t  J ) + K + 1 ) )
RETURN
END



G LEVEL 19 FB DATE = 70324 18/46/54
FUNCTION FRIC,N,A,K,KK,D,M,B)
IMPLICIT REAL*8(A-H,0-Z)
REAL*8 C , A , D tB,F3
DIMENSION C <101tN(lO)fA ( 1 0) ,D{1 0 ) ,M(10)f 8(10)
DATA NNN/7/

ifc** # *#*:{<!{< $#>}:){<** * :(<){« A**### A AAA AAAAAAAAAAAAAAAAAAA
c

FB = 0 .
DO 200 I=1,NNN 
DO 200 J=1,NNN
P N = N (I ) "
Q M = M (J )
AK = K 
RK = KK
AG=PN+QM+AK+BK 
A E = A (I)+R(J)
IAG=N(I)+M{Jl+K+KK
GA = ( Q M + B K ) > M Q M + B K- 1 .)A DG AM M A (A G - 1.)/A E* * {I A G - 1 )
G 8 = I 2 . * B {J )) * ( Q M + B K ) * D G A M M A ( A G ) / A E * * ( IA G )
GC=(B(J)*B<J))*DGAMMA(AG+1.)/AE**{ I AG + 1 )

200 FB=FB+C(I)*D{J )a (GA-G8+GC)
RETURN
END



LEVEL 19 FC DATE = 70324 18/46/54
FUNCTION FC(C»N»A»KK,D»M,B,C1,N1»A1»D1»M1»B1)
IMPLICIT REAL*3{A-H,0-Z)
REAL*3 C,A,D,B,C1,A1,D1,B1,FC
DIMENSION C (10),N(1 0 ) ,A(10),D{10 ),M(10),B(10),C1(10),N1( 1 0 ) »A1( 10)

I tD K  10) »M1( 10)
DATA NNN/7/

ft#*#*####### $#>{($ *4 *>!<>!<## # i(s # # # * lie## $$ ###
FC=0.
DO 370 1=1,NNN 
DO 370 J=1,NNN 
DO 370 K = 1,NNN 
DO 370 L = 1,NNN 
AA =A(I)+B(J )
AN=N(I)+M{J)
B B = A 1 (K )+ B 1 (L)
B M = N 1(K )+ M 1 {L )
MM=N1(K)+M1(L)
AK=KK
IAN = N (I )+ M (J ) + K K
X = ( l./AA**I AN-l./IAA+BB)**IAN)*(DGAMMAtBM+1.)* DG AMMA(AN+ A K )/ B B * * ( 

1MM+1))
Y=0.
DO 360 1 1=1,MM 
A M= I I

360 Y = Y + (1./ BB ** I I )#(1-11)*{D G A M M A t 8 M )*DGAMMAI AN+ AK + BM - AM + 1.))/ ( DGAMMA 
It 8M + 2 . - A M ) * { <AA+BB)##{IAN+MM-I1+1)))
CONTINUE *

370 FC=FC+Ct I)*D(J)*C11K)*D1(L)*(X+,Y) f
RETURN
END



V G LEVEL 19 FD DATE = 70324 13/46/54
FUNCTION F DI C,N,A,K1,D , M , B ,Cl , N 1,A 1 ,K2, D1 , M1 ,B 1 )
IMPLICIT REAL*3{A-H,0-Z)
KEAL*8 C,A,D,S,C1,A1,D1,B1,FD
DIMENSION C( 10) , N (10 ) , A 1 10 ) , D 110 ), M H O  ) , BI 10 ), Cl I 10 ), N 11 10), A II 10) 

1 ,0 1( 10), M 11 1 0) ,B1(10)
DATA NNN /7 /
FD=0.
DO 470 1=1,NNN 
DO 470 J = 1 ,NNN 
DO 470 K = 1,NNN 
DO 470 L = 1 ,NNN 
A A = A (I )+B(J )
AN=NI I) +M(J)
B B=A1(K )+ B 1 1 L)
B M = N 1 {K)+M1I L)
MMM =N 1 {K )+ M 1 (L )+ K2-1 

' CC=AA+BB 
AK=K1 
BK=K2 
AMM=MMM 
CN=AN+AK 
DM=BM+8K
IAN=N(I )+ M I J )+K1 
IBM=N1(K)+M1(L)+K2 
ICN=IAN+1BM
U U= DGAMMA( B M+ BK + 2 . ) *DGAMMA( AN + AK-1.) / I BB**( I BM + 2)*AA*’*( IAN-1) ) 
XX=(AA/(AA+BB))**{IAN-1)
Y Y = ( (BB/(AA+BB) )*(A N + AK - 1. ))*{(AA/IAA + B B ) )**(I A N - 1 ))
ZZ=0. 5*'( (BB*B8)/ (CC*CC) )*{A N + AK - 1. )*{ AN+AK)* ( A A / C C )**( IAN-1) 
YYY=UU*( l.-XX-YY-ZZ)
IF(K 2 ) 61,62,61 

61 1 1 1 = 0 .
DO 480 IJ=1,MMM 
E M = I J
SS=DGAMMA(AMM)*DGAMMA!CN+DM-EM+1.)/(DGAMMAtDM-EM)*6B** IJ*CC**{ICN- 

1IJ+1))
TT= ( D iY+1. )*DM#{DM-1) / I I D M- EM + 2 .)*{D K-EM+1.)*(D M - E M ))

480 ZZZ=ZZZ+SS*(l.-TT)
CONTINUE 
GO TO 470 

62 ZZZ=0.
470 FD=FD+CI I > * D (J )* C 1 I K ) * D 1 (L >*IYYY+ZZZ)*0.3333333 

RETURN 
END



o o 
n o

LEVEL 18 MAIN DATE = 70357 03/45/56

THIS PROGRAM IS TO REPRODUCE THE RESULT OF DAS' ARTICLE.
C ( I ) IS EXPANSION COEFF.
NCI) IS S PRINCIPLE QUANTUM NO 
A ( I ) IS EXPONENTIAL COEFF. IN SLATER POLY.
IMPLICIT REAL*8 !A-H,0-Z)
DIMENSION Cl 10),N{1 0) ,A(1 0) ,D!10),MI 10),8110),XN!10)
111 = 5
W R I T E (6,46)

46 FORMAT!1H1)
REA D! 5,5) (C! I )» A ( I),1 = 1*5)

5 FORMAT!2!F 1 0 .5,2X))
READ! 5*10) (N(I),I=1,5)

10 F OR MA T ! 12)
00 15 1=1,5 
AN = N(I )

15 XN( I) = <DSQRT12.*A{I))#*(2.*AN+1.))/DSQRT(DGAMMA<2.*AN+1.))
DO 25 1 = 1,5

25 C!I ) =XN( I )*C ( I )
W R I T E (6,26) !C!I),N ! I ), A l I ),1=1,5)

26 F OR MAT!!2X,F 10.5,3 X , 12,3 X ,F 10.5>//)
TEST=FA(C,N,A,0,C,N,A)
WRITE!6,27) TEST

27 F OR MA T !I X , 'TEST V A L U E * ' »D12•5///)
DO 30 IP = 1,I II
DO 30 IQ = 1,I II •
DO 30 IN = 1,I II 
DO 30 1K = 1,I 11 
8P= IP 
BQ= 10 
B N = IN 
BK= IK
A A A = (-1.)*!IP*!IP+1)+ IN*{IN+1))*(D G A M M A (BN+BP+1.)/2.* * ( IN+IP-I))* 

1 F A (C ,N,A,IK + IQ,C»N,A)
BBB={ - 1 . ) * (  IQ* I I Q + 1 ) + I K * { I K + 1 ) ) * ! DGAMMA{ 6N+BP+3. ) / 2 . * * ! I N+ I  P+1 ) ) *  

1 F A ( C , N , A , I K + I Q —2 »C , N , A )
C C C = ( D G A M M A ! B N + B P + 1 . )/ 2 . * * ( I N + I P - 3 ) )* F A (C , N ,A ,I K + IQ , C,N,A)
DDD=(DGAMMA!BN+BP+3.)/2.**(IN+IP-1))*FA ( C ,N, A, IK+1 Q-2, C, N, A )
EEE=(DGAMMA!BN+BP+1.)/ 2 .**(IN+IP-2))* F A ! C ,N , A , IK+IQ, C , N, A) * I N*I P
FFF=<DGAMMA!BN+BP+3.)/2.*#IIN+IP))*FA!C,N,A,IK+IQ-2,C,N,A)*IK*IQ
GA=AAA + BBB+C CC+DOD
GC= E EE+ FFF+CCC+DDD
V)RITE! 6 , 4 1 )  I P ,  IQ,  I N ,  IK,GC

41 FORMAT!IX,'DAS M A T R I X ! »,I 2,1 2,12,12»•) = ',D 12.5/)
W R I T E (6,42) IP,IQ,IN,IK,GA

42 FORMAT!IX,'REAL M A T R I X ! •,I 2 , I 2,1 2.12,•) = •,D12.5/>
W R I T E (7,39) GC

39 FORMAT!D12.5 )
30 CONTINUE



FORTRAN IV G LEVEL 13 MAIN DATE = 70357
0043 DO 50 IP = 1,1 II
0044 DO 50 IQ= 1,I I I
0045 BP=IP
00 46 G B = (— 4.)*(DGAMMA(BP+ 4.)/2. *# (IP+2))*FA(C»N,A,IQ+1»C,
0047 W R I T E (7» 39) GB
0048 50 WRIT E !6» 60) IP,IQ,GB
0049 60 FORMAT!IX,'MATRIX!',12,12,•)=•,012.5)
0050 W R I T E (7,45) III
0051 45 FORMAT!IX,'MATRIX E LE MENT',12)
0052 CALL EXIT
0053 END



G'LEV EL 19 FA DATE = 70334 20/38/01
FUNCTION F A ( C »N , A , K , D , M , B )
IMPLICIT REAL*8(A-H,U-Z)
REAL*8 C,A,D,B,FA
DIMENSION C { 10),N(10),A(10) ,0(10) ,M{1 0 ) ,8(10) '
DATA NNN/7/

c Jit* ## ##$$#>!< # *#*>>< ft##### # ftft# ft ftft ft ftftftftftft# a,*# ftftftft ft ftftftftftft# j}:##** ftft ftftft ft ftftft ft j
C

FA=0.
DO 100 1=1,NNN 
DO 100 J=1,NNN 
AK=K 
PN = N ( I )
Q M = M (J )

100 FA = FA+C( I)*D( J )*DGAMMA(PN+QM+AK+1.)/{(A {I)+B {J ))**(N ( I)+M( J)+K + l ))
RETURN
END


