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APPENDIX A

EVALUATION OF INTEGRALS CONTAINING
CONFLUENT HYPERGEOMETRIC FUNCTIONS

The relation

@ -~ 2
¢ 2 . [F(c+1)] “n!
Df z F (-m; n+1 z?,” | (ntc+1) & » (A1)
where m and n are non- ] p.may be any complex number;

can be proven by not ent hypergeometric

\\ eneralized Laguerre .
‘ \. }x \
! R%:&

olynomials 5(5}{5} can be

functions 15‘1 (-n;c+1;

polynomials ﬁ{;}{z}

(e)
£ fl (z) : (A2)

and that (b) the generaliszg
represented by a gefjérating function gles #othrough the equation

o 5 oD o (43)

s URANINIUEN
:w%\amﬁuwnﬂaa%ﬂ

Hence, by (a) sguaring BEq.(A4), (b) multiplying throughout by

g - ; .
Z e z, and (c) integrating with respect to z from zero to infinity,

we obtain

oo
[3m+c+1)rTn+c+g) s ace_z1F1{—m;c+1;z}1F1(-n;c+1;z)az LB.n
m,n=0 mint [M(c+1)]

; {(1-rs)
= iexp[— {1-rj(1-sjélidz . (AS)
(1-2) (1-a) ©*7
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The integral on the right hand side of Eq.(A5) can be written in
terms of the gamma functions by transforming to the new variable

x defined by

(1-rs)
x = G- 8 2 (46)
In terms of this new varisble gheg integral on the right hand side

Fﬁc E:qp[- ce*xdx
o (1-r) (1-8)
(A7)
where [(c+1) is the
Me+1) = cM™e) . (a8)

Expansion of (1-rs) pansion yields

JE"
M ; sl <1 . (a9)

¥

Thus Eq.(A5) ‘ﬁﬁﬁ’}ﬂﬂﬂﬁw quﬂﬁ

E F’{m+e+1 ) F(n+c+‘l )

SRR I 16y

_ 3 [MEvest) (7 (410)
n =0 nlMc+)

(1-ra)" ‘%" I

Eq.(A1) is then obtained by equating the coefficients of r's" on

the left and the right sides of Eqg.(A10).
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In the similar way, the integral

oo
; o zC+qe"z1F1E—m;c+1;3)1F1[—n;c+1;z}ﬂz i n>m, (a11)
0 a

can be evaluated by,first, multiplying Eq.(A4) by a similar equation
in which sn is replaced by rm, then multiplying through out by

e 22°"% and integrating. The rekilt; is (50)

-q,-q+n-m,-m
, _m.,‘_c_q_m] » (A12)

Maq+1)

g-n+m+1) ° whichever

where {-q}n_m is eid

has meaning; and ae geometric function

}E
with unit argument,

32 [aéf%c]

The integral does \1
H |
g is an integer suclfthat O £gq <n-m.

ﬁﬁgwgﬁjﬁw En e e
g TSR BT A

e (A13)

ff*{ QO and is zero if

In casddg is negative, it is
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As the special cases of Eq.(A12), we obtain, for m=n,

nl [Me+1)] 2
Me+n+1)

o
q=1 3 J Wop il [1F1{-n;c+1;z}] L4z a (2n+c+1), (415)

0

oo

- 2 t(e+1) e
Q=0 ; GI e %2° [[F,(-nje+132)] “dz = %L—}]— , (a16)

! 2
a1y 7o r, CogIBL, FROITT - @ 0 ()

o S e .S (.—m}]‘?[ 2nscs1 1. (a18)
zﬁc E[ o ser 2 ¥E7 | dz —=. (¢-1}c{c+’|)

e S— % — ——

) ‘%@y:
@ﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂﬁ
IAATUUMINYAE




APPENDIX B

NONRELATIVISTIC REDUCTION OF DIRAC HAMILTONIAN:
FOLDY-WOUTHUYSER TRANSFORMATION

In the nonrelativistic_ where the momentum of the

w.
, well-known that a spin-%

t wave function in the

particle is small compared
particle can be describE@em
Pauli theory. Thus, pent (%) of Bection 2.4.2,
in the nonrelativis® must reduce to the
Pauli theory. The purpg N ®'to show that in such

] — ¢ \ \ -,‘.\
limit these two the . Angegd }\»«- :

The usual methgk e equivalence of the Dirac

Dirac and Pauli theories the fact that although
in the Dirac theory the we g,g }1 J(#,t) is a four-component
wave function, tw ; o ' & g6 Mg zero as the momentum

goes to zero, whil€3 wo components remain

finite. In the uaua.‘representatiun (Pauli’fﬁrepresentatiun} for

P"’““”""'“"“ﬂﬂﬂ'ﬂ‘ﬁﬁﬂ“‘i‘wmﬂ“ﬁ”““ At

vanishing momefRfum, while for negative-energy eigenfunctlnns the

first t@ﬁﬂﬁn@ﬂﬁﬁﬂﬂﬁﬁ?ﬁﬂﬁr% In this

appendix ®e will consider the case of positive-energy eigenfunctions

only.

By writing out the equations satisfied by the four components
and solving, approximately, two of equations for the small components
?C, then substituting the solutions in the remaining two equations,

one cbtain a pair of equations for the large components ¢ which are
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essentially the Pauli equation obeyed by a charged spin-¥ particle

in an electromagnetic field ;
o D 2 n =P 21
mZp=[L-102 - BEB (g radfp. @D

However, this method encounters difficulties when one wishes to go

beyond the lowest order approxidffign - the Hamiltonian associated

A more Mpassing from four- to
two-component wavej' cj :;':;f . Dived, teory was proposed in
1950 by Foldy and Woufhyfed (52)7% neticel that the essential
reason why four compongén Ar'e. oo pPE S ¥, %8 describe a state in the
Dirac theory is that inMthgias I{i centation the Dirac Hamiltonian
contains "odd" operatora_ﬂ;ggbi“;: gthe operator a's, which have
matrix elements ;;f:"’j?f“-éJT_?SSS*TZ::J #er components of the

| Y )
wave function. The 1rm~

ressive canonical

W i uni
transformations to a ?aw representatian for the Dirac egquation - the

so-called Folﬂ-%&’la %Wﬁﬂﬂ’]sﬂ fé’ich the Dirac

Hamiltonian 15 ree of odd np§ratars Thus, in the new representation

e QAR GRTUUN I RHARY s

one re&uc s to the Pauli description in the nonrelativistic limit,

the other describes the negative-energy states.
Under a canonical transformation described by
UT(#,t) = exp [18(7,t)] UF,t) , (B2)

where S(®,t) is a hermitiap transformation operator, the Dirac
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equation in the usual representation is transformed to the equation

HID'(F,t) = in 2 ur(e,e) (B3)
where
By = eis(f,t}HDe—iS{?,t}_iheisif,t}{ %% E-is{r,t) )y (BY)
is the transformed Hamil :" % ;;;;i'ka rewritten in the series
form as .
Ef =y 57 (5 [s1 [58p]]]
1 w *F .
+ m[ - R [5 - %[5,5]
Mo 1 .
+ 37 [ " (B5)

For the free pag e transformation,i.e.,

diagonalizing the Hamiltonismy n by the transformation
: L

operator

Pc

i o o e :
E = = EB =1 Tant e : 1 "j {Bﬁ}

s 50 G EAE] Bupesaqed gy gpepragion of the ire

equation in whfléh the positive-energy states and negative-energy

o ARABRATH AT TN T

In the presence of interaction, such as an external
electromagnetic field, there exists no representation in which the
Hamiltanian is exactly "even" but by applying successive canonical
transformations one may obtain representations in which the
respective Hamiltonians have an "odd" part of higher Fnd higher
order in (1/mc®). In practice, it is sufficient to get rid of the

odd operators in the Hamiltonian up to terms of order
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(kinetic energ:rfmc:a}3 or (kinetic energyxpotential energyfmach}.
This will lead to a further insight in relativistic corrections

entailed by the Dirac equation.

In the case where a Dirac particle is subject to interactionms,

the Hamiltonian operator can always be put in the form

Hy = Pme (B7)

where & is an even upei;-r ‘operator, both of which

may be explicitly time
2

s _that & and O are of no

lower order in (1/mc asly, P commutes with

all even operators ar I\odd operators in the

Dirac theory,i.e.,

pG = &8 (B8)

(]

Moreover, the product of tg;féﬁf=  go odd operators is an even

operator where as |i#Me¢  product of an odd @ndlef, even operators is an
P38 procuc: o &

: )

odd operator.

'F! ri

¥

From the examinafion of EqsyfB5) and (B7) , it appears that

if one wants tﬂ uﬂlmﬂﬂ §xﬂfﬂ’m;§'«') then the

appropriate transfnrmatlun opérator to mee is

QW’]ﬂ\iﬂ‘iﬂJmﬂﬂﬂﬁl’]ﬂﬂ

= __Em. (B9)

Substituting this into Eq.(B5) and keeping the terms up to order

{1}mc2}3, we obtain the transformed Hamiltonian which contains the

odd terms only in order {1/mc23

-

H, = ﬁmcz - 61 *+ G (B10)

where



& = &+ 8 5 0° - —g oh- — (@ [0:lnd)

8m ¢
(B11)
and
: 1
o, = — (3[0,8]+106) - — G2
2me 3m c
_'E 5(@ [(':l [G)E:] + 1m0]] ‘ (B12)
48moc '
By applying a second canondy "hii
= . » = —_ ] B
s, —~g— (B13)
and, again, keepi ; ‘ ;‘:H Tes Lca}3 , we obtain
= L
H, = pme (B14)
&, =0, + (B15)
0, = 1 (B16)
2 Zme

N

) 2
The odd terms nowiEppear—in Lo LB SOl Jorder (1fmca) -

R e

I!‘

To obtain the Ham [~odd terms to order

(ﬁfmc2}3 we apply ﬁputhar two cannnical ranafnrmaticns

wrsns s (UG INYNTNYINT
meﬁimummmaa

and
ip ip (B ;
S, = -—> 0, = —={—— (|0 & +in0) (B18)
4 2me 3 2me {Emc 2’ é] 2]

which eliminate odd operators of order (1fmc2 2 and (1/m32)§

respectively. We then get the required Hemiltonian

H,_]_=ﬂn:s~::2+|,‘_",E =ﬂmc2"'f,1 +E‘%2 Q}i

132
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or
. ; '
2 O 1 -
i B &+ (25 -—22)-— 0,[0,6] + 0]
* i ’ 2mc? 8m ¢ 8m°c Lo, 1

—‘B—G ([0,6] + 1r®)? . (B19)

8moc

where the terms of higher order than (1fmc2}3 have been neglect.

For the case wher! fafificle of electric charge q

E & (B20)
where A_ and A are th tentials of the
electromagnetic field S@valusie | . \ tfon of the particle.
Thus
02 = ca('ﬁ magnetic field
O = ot(p -2 R aiiaed D.8) - nclq(8%B) (3 - 3 12
= ﬁ j;h ‘ﬁ Ej ﬁ { ﬁ 5_%- n? giv [graa(3> B)]
H [grad(6 B)Sp - 2 ) +n gq l|‘.E|E .
gma\anigjum e
0,60 + inO® = incq a-(-grad = hr.:q a8y
E = -grad AG - % = electric field,
(@8] +ind)2 = - n2c%°[El3,

[0,[0,6] + in0) = 1%c%q aiv E + in°c’q 87 curl E

—

+ El‘lcaq ED-EH(]S - g-j.]..
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Collect everthing together and keep terms only through order
. L
(kinetic energyfmc2}5 and (kinetic energy potential energyfmzc 1=

we obtain

2 1 fa g P32 je) _ =] =
H}'l' = ﬂ[mﬂ + E (p - E’ ﬂ.} - E 3 2] & qAﬂ %‘E (5 B}
m- c
qi D igh® 2D .
- iy 6 - 6 «curl
L4m aa
qn®

(B21)

Since the Hamiltonian -' odd operators, its

- f‘;{ : \\ \\\“\\»rreaponding to positive
ar e ‘

eigenfunctions are t

and negative energies B and 8° should be set

equal to I and 8F resghc 2 »x_t-a reduced Hamiltonian

U iy

pred. mcE + ' e e - ‘ R af =P8 A
P- curl E

:*‘z::,:z;‘:m‘wzriwzfmi::‘"z“::::
i m‘nimum'mmaa

The individual terms in Eq.(B22) have a direct physical

interpretation. the terms in the first bracket give the series

expansion of

2 2 2
A [ - & 02 - nZc?]
to the desired order, showing the relativistic mass increase.

The second and third terms are,respectively, the electrostatic and
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the magnetic dipole potential energies. The following two terms
which taken together are hermitian comprise the spin-orbit coupling
interaction. Finally, the last term, the so-called Darwin term, is
a well-known correction to the Pauli theory arising from the Dirac
theory. It corresponds to a correction té the direct point charge

interaction due to the fact that in the Dirac theory the particle

three dimensional h

(a) the

{C} the B F|u~ nag i {curl E }

ﬂuﬁhﬂtfm%iﬁﬁ
o a‘ﬁ*\‘a"ﬁﬁmumfmmaa

= div E ZEZII L3

=—T E{}-
EmzcE 2m°c”

Thues, the reduced Hamiltonian is

2 4 2 v D P
red _ 2 . p° _ p' _Ze° Ze°m BT _ ze’m°nm
H = mc + E ijca P + meaca r:’ % S 2 E{?) (BE}]

The last term, the Darwin term,gives a relativistic shift to S-levels.
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This follows since in the present approximation it is proper to use
nonrelativistic wave functions for which only S-states have non-

vanishing values at the origin.

Foldy-Wouthuysen Transformation for the Two Dimensional

Hydrogen Atom : In the case of the two dimensional hydrogen atom,

the Dirac Hamiltonian in the usW: epresentation is

By

i
i
=
*
A
[s
[\¥
L

= (B2L)
where now
& = B {325}
A straightforward cal
T ze’n B _zen?
b hmlc2p? % 2 8meclp’
(B26)

Thus, the reduced

= *ﬁﬁé%ﬁzﬂ%%’ﬁﬂ’?ﬁ? o
R GRS I TR

kinetic eBergy; the fifth term is just the spin-orbit coupling

energy ; and the last term is the two dimensional analog of the three

three dimensional Parwin term.



APPENDIX C

FROGRAM TO CALCULATE THE CONSTANT COEFFICIENTS

OF THE NORMALIZED RELATIVISTIC

RADIAL FUNCTIONS.

for aQR;k{E ) and ; : f ,;‘-‘ .7;'=,ﬂ'ccording to Egs.(4.168)
-(4.170),
}a&—ﬁ 5
— 2a A\ (1 nk}
nk  nk

“ﬁﬁmﬂwﬁ'ﬂ 111 - B

components, r@spectively.

WAL SUURIINYAE e e s

to thoae used in Chapter IV as follow

BR#

a (Bohr's radius)

m (electron rest mass)

ME#

FSC# = a (Sommerfeld's fine structure constant)

Vi# = ¢ (speed of light in vacuum)
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HE# = H = E% , h = Planck's constant

X = (pfan}
N=n

Z

atomic number

=
=
n

b

=1
R

&
s

H# =

ﬂummmw E.l’]ﬂ‘i
ammm mmy

l_'(n+2"f +1) k 1% %
= § 5= {a Ank}tza "nk] (1 "'E. )
N, (N k) [Py )] a

L7

1 s for J =0

CFI# =

J
TT 2% + 1) 5 Zoxr 3 # O
I'=1
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[ifﬂnk—ki -n]; for 3 =0
CLJ# . _ ,
o {-21'3 (“ )[i(an-k) - (n=4J)] ;3 forJ£O
J .

NCLJ#  _ P <CLJ#
ness# - CFUF |q#wcso#

J+7Y, -%
£ he term (%) L exp{—aoﬁhnk{i—nﬂ

= coefficisht
N L O

AULINENTNYINS
RIANTAUNNINGIAY



10 REM PROGRAM TO FIND THE NORMALIZED RADIAL FUNCTIONS
20 REM OF THE 2-DIMENSIOHNAL RELATIVISTIC H-LIKE ATOMS

a0
40
50

REM THE LARGE COMPOMENT OF THE RADIAL WAVE FUNCTION IS
REM RL(N,K,X)=((X"C#)*EXP(-1#*X)*SUH J=0 TO N OF(NCLJ##*(X"J)))/BR
REM THE SMALL COMPONENT OF THE RADIAL WAVE FUNCTION 1S

50 REM RS(N,K,X)=((X~C#)*EXP(-1#*X)*SUM J=0 TO N OF(NCSJEX(X"J)))/ER

T0

a0

20

100
110
120
130
200
210
220
230
240
250
260
270
280
280
300
310
320
330
340
350
360
aTo
380
aso
400

410 ¥

420

430 NF

440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660

REM X=RADIAL DISTANCE / BOHR RADIUS (BR=0.52917706D-10 m)
REM ELECTRON REST MASS = 0.9108534Dg3
REM SPEED OF LIGHT IN VACUUM = &
REM FINE STRUCTURE COHSTANS
REM (PLANCE CONSTANT/2*EL} 1.0545803
REM THIS PROGRAM CALCULATE THE CONSTANT AT ORS OF
REM ER*RL(N,K,X) AND BR¥RSL fhia S5.J8:
H=1
LPRINT "DATA SET N
PRINT "ENTER DATA
LPRINT “N=";N;"K="4
REM CHANGE ANY V.
FPRINT “ANY ALTERATIQ
INPUT A%
IF A$ <> "Y" AND .
IF AS = "N" THEN GOIU
PRINT "MEW VALUE @F N
GOTO 250
REM MENU OF OPERATI@NS
PRINT “TO PERFORM ’
PRINT "TO ENTER ANOT
PRINT “TO END PROGR
INPUT Q3%
IF Q$="1" THEN GOSUB 408
IF Q$="2" THEN H=H+1:"GO
IF Q$="3" THEN GOTO 1050
GOTO 320 A Ry
REM CALCULATE THE CONSTANRT Fal 5 RELA. WAVE FHS.

H
acsUB 1100

=YF h
FSC#=T.297350600
Alf=( (K*K)-(Z*Z*ES
T#=Al¥
GOSUB 1200
Ag=SRT#

S U INENTNYINT
SRR INTAUUNIINGINY

GOSUB 1200
G#=5RT#

140



670
680
690
700
710
720
730
T40
750
760
770
780
T90
800
B10
820
830
B40
B50
B6O
870
880
890
800
910
920
830
940
950
960
870
980
880

1000 NCLJ#=P#*CFJ#*CLJ#
1010 NCSJ#=QE*CEJ4¥LE. Yib

1020 LPRINT "J="; AgTABC10) “NOIIRs SRS e
1025 LFPRINT; TAE[IU %f Savi A e |
1030 HEXT J

1225_233" ------- R
W“wﬂmwmm
RSN YA Y

1040
1050 EN
1100 REM
1110 YF=
1120
1130 FOR
1140
1150
1160 RE

1200 REM C
1210 REMyE
1220

E#=(H+AS) /F8
Ta=1+E#
GOSUB 1200
E1#=5RT#
T#=1-EB
GOSUB 1200
EZ2#=SRT#
T#=1-(E#*E#)
GOSUB 1200
E3#=5RT#
ME#=9.109534000000003D-
VL#=299792458%
HB#=1.0545887D-34
Hi#=(ME#*VLe#*E3#)

ER#=5. EHITTQEQBEHW
I#=BRe*H# :
GOTO 4500

La=I#*J#

Pa=(L#*E1#) /GH#
Q#=(L#*xE2#) /GH
T#=2

GOSUB 1200
SR2#=8BRT#
Rﬂﬂs:ﬂ#;{snztta
LFRINT “sAR;T
LERINT = X
LPRINT = T

LERINT
LPRINT “EMNERGY/RESTI
“RADIAL NORMAL aré;

LPRINT
FOR J=0 TO N
GOSUB 3850
GOSUB 4000

1230 X0#=1

1240 XN#=( (T8/X08)+X0#)/2 ]
1250 IF ABS(XN#-X0#)>AC# THEN XO#=XN#:GOTO 1240
1260 SRT#=XN#

1270 RETURN
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1350 REM CALCULATE THE GAMMA FUNCTIONS,GAM#(XT#),BY USING

1360 REM THE FIVE POINTS AITKEN'S ITERATION METHOD

1370 DEF FHUH(II.Xﬂﬁ,XHF,?H#)=I?ﬂ#*(IHH*II}-YHIK(XDS-IﬁlIIIIHF-IGH}

1380 DEF FH?!(K#.KD#,XIF.KH#*YHH]={FHUH(X!.KUH.Xl#.Ytl]*lIﬂ#*I#]-
FHU!{X#.IH#,KHH.Yﬂ#}*(il#*Ki]}f{!ﬂﬂ-Xl!]

1390 DEF FNW#(X# XO# X1# X288 XH#, YN# = (FNV# (X#, X0#, X1#, X28#, Y28 )« (XNs-2#) -
FHV#(X#,X08, X1#, XH8, YHE ) & (K22 1/ (XHe-X2#

WS (Xe, X0#, X18, X248, X38,Y30) %
(X3#-

)
1400 DEF FHY#(X#, X0#,X18 X248
(XN#-X#)-FNW# (X#, K01
X))/ (ENS-X38) -
1410 REM GAM#(XT#)=MF#+CAME )
1440 xu:xru—:mtx‘ru—xw
1450 REM CALCULATE MF &
1460 IF XT#<D THEN GOSUB i.atrn
1470 IF XT#>0 AND XT# aeTHEN
1480 MF#=1
1490 IF XT#=>1!
1500 REM CALCULATE
1510 FOR I=1 TO INT(XT#;
1520 MI#=(XT#-1)
1530 MF#=MFa#*MI#
1540 NEXT I
1550 REM SPECIFICATION
1900 IF X#=>1.68 AND X
1930 IF X#=>1.74 AND X#<
2000 IF X#=>1.88 AND X#gl.
2010 IF X#=>1.9 AND X#<l,
2020 IF X#=>1.92 AND X#<l TH
2030 IF X#=>1.94 AND X#<1.96 4
2040 IF X#=>1.98 AND X#<1,98
2050 IF X#=>1.98 AND X#<¢=2!
3080 X0#=1.88 :X1#=1.6 B9 SEE5 iXaAp=1.1
3090 YO#=.80500103024 ; i:{ You#=.9087818160000001#
3100 Y3#=.907700765L 337323000003 84 GOTO 3600
3170 XO#=1.74 :X1# M e
3180 YO#=.916R2602520800C - Yo#=. 91906252688
3190 Y3#=.92020922240 9213 00 4 GOTO 3800
3380 1ﬂl=1.55:11#=1.;?i=KE#=1.BE:ISI:}.BBE:I&*:l.f
3390 YO#=.9550708530000001%: Y1#=.9567153398%:Y2#=.9583793077000001#
3400 Y3#=.96006279270000024#: Y4#=.9617658391000001#:GOTO 3600

3410 X0#=1.9:XLa=L. : £ E
(it 018 mﬂ 1465 ﬂl :&: 9652307261000001#
326 o0Ys: . 743090 1#: 3600

3420 Yo#=.9861
3430 Y34#=.9669
=1.925:X2#=1.93:X38#=1.935:X48=1.94
3450 YO#=.9687743090000001#:Y18= TO5757134 0“2!:?2#:.3&959173#
8
3860

3440 XOo#=1.92:X
3460 Y : k2] F T :

3470 X081, ==xﬁ o= : ?gi 4% EJ!

3480 YO8=. 9 QO [ 61000001 #= 5130000018
3430 YﬂﬂllﬂﬂlﬂGIEEElﬂﬂﬂﬁﬂii=Yiﬁ=.9337l25104ﬂﬂﬂﬂﬂli= GOTO [1]

3500 Iﬂ#:l.&ﬁ:!li:]..BBE:KE#:I.9?:13!=1.3?5=14#=1.95

3510 Tﬂ!ﬁ.BBSTIEEIDIGUQDDIH:YIlﬂ.955?033354000ﬂ01$:Y2i:_BBTEBIBESBDGGDDE#
as5z20 ?3F=.BﬁﬂﬂﬂﬁﬁiﬂZGﬂﬂﬂOl#tYll=.BﬂlTUﬂiﬂBTﬂﬂﬂﬂﬂli:GﬂTﬂ 3600

3530 Iﬂﬁ=1.95=11!=1.535:12!=1.55=13ﬂ=1.995=11¥=2!

3540 YO#=-.9917084087000001#: Y1#=.9937506274#:Y2#=.99581325988

3550 YE#:.BETBBEﬂﬁiSF:Yl#:lI:GﬂTﬂ 3600



3600
3610
320
3630
3640
3650
3860
3670
3680
3690
3730
3740 RE
3750
3760
3770
3aTeo
3790

3800 MEXT I

3810
3820 RE
3850
3860
3870
3880
3aa0
3900
3810

3820 HNEXT

3830
3940
3950
3960
3870
3980
4000
4010
4020 Y
40,30
4040
4050 Y
4060
4070

4080 CLJ#=(((F#-K)-NJ)* t-!}“Jj#KF]f{JF*HJF}

4080
4100
4120 REM
4130
4140
4150
41860
4170
4180

U1#=FNUS (X#,XOK, X1#,Y18)
U2#=FNU#(X#,X0#,X28,Y28)
U3#=FNU#(X¢,XO#, X38,Y3#)
UA#=FNUS (X#,XO#, X4%,Y4#)
V2#=FNVE(X#,X0#, X1#,X28 ,Y2#)
V3B=FNV#(X#,X0#,X18,X38,Y3#)
V4#=FNVH (X#,X0#, X185, X48 Y44)
WAR-FNW#(X#, XO#, X1#,X28,X38,Y3#)
WAS-FNWH (X8, XOB, X1#, X28, X4#, Y4%)
FY4#—FNY#(X#,X0#,X1#,X2H, xsn X4
GAME=MF#+FY4#

RETURNH
REM CALCULATE HMF# FOR,
SH=XTH

SI#=(XT#+I)
SH=SHE*SI8

MF#=(1/5#)
RETURN

IJ#=1
BJ#=1
IF J=0 THEN GOTO
FOR I=0 TO (J-1
Blg=(B#+I1)
BJ#=BJ#*BI#

I

REM IJ#=I#"J
FOR MD=1 TO J
IJ#=IJéx1#
HEXT MO
CEJ#=1J8/BJ#

RETURN
REM CALCULATE CLJ# & CE
HJ*H-J

msrm 1100 -
JE=YF l‘f,

Y=HJ -
GOSUB 1100
HJF=YF

C8I#=-( ( (FA-K)+NJ ) e 2) “J ) #NF) / (JESNIF)

sl EWI‘?W 8IN3

IF P=0 THEM GOTO 4180
FOR Ki=1 TO P

HdansalumIng1ay
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4200
4210
4220
4230
qgau
4250
4260
4270
4280
4290
4300
4350
4360
4370
4380
43390
4400
4410

4420 Y=L

4430
4440
4450
4480
4470
4480
4500 REM
4510
4520
4530
4540
4550
4560
4570
4580
4590

- 4B00

4610
4620
48630
4640
4650
4E60
4670
4680
4690
4700
4710
4720
4730
4740
4750
4780
4770
4780
4790
4800

REM FROGRAH TO CALCULATE THE NATURAL LOGARITHM OF WH#:HLW#
REM HLW# = (2+Wl#) + 2% (Wi#=3)/3 + 2%(Wls~ 5)/5 + .
Wisi=(Wa#-1)/(Wi+l)

HLW#=2%+W1#

Jil=3

XE=Wig:P=J1

GOSUB 4120

WlJg=(2%XP8) /P

HLW#=HLWH+W1J#

IF ABS{ WiJ#)>1D-17 THEN J1=J bkl
RETURH ;
REM PROGRAM TO GALBHLATE,ﬁ \' =R R, O<Z#<1
REM EXZI# = 1 + I# + (Z832 + (ZR7N .4 T
EXZs#=1
L=1
K#=Z#:P=L
GOSUB 4120
ZLE=XP¥

GOSUB 1100
LE=YF
ZLF#=ZL#/LF
EXZB=EXZs#+ILE#
IF ZLF#>1D-17 THEN
RETURN
REM PROGRAM TO CAL
REM Zl#= LH(J#)=C#
REM WHERE I#=(2"H
REM HM1=-FOR I#<0 &ML
REM CALAULATE I1# &
M1i=0
12=2"H1
IF I#<1 THEN Tig=Ia8*12:
I1s=I#/1I2
IF I1#<.5 OR I1#:2
REM HLJ#= LNH(J#
HLZ#=, 59311118
IF I#<l THENW Z
ZE#-IH1+1]*H£2
We=118
GOSUB 4200
HLI1g=HLW#
Z1#= cs::zz:+nnx:n

REM FOR 21# u .u.mﬁ-mi} _EXP(Z#)*BXP(INT(Z18))
REM FOR Z )
28=218-1IN ﬁ
REM 7t IS

GOSUB 4350
EX#=2.7162818284590454 s

gﬁ%ﬁmmwww 188

1F 21#<0 THEN J#=EXZ#/XP# :GOTO 640
JH=XPa*EXL#
GOTO 840

+ LH(III}}“CH*{EEI+HLIIH]
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VITA

Mr. Tosporn Boonyarith

March 12, 1962
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