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Abstract
The A, a and B functions for electron broadening of positive ioms,

that is, with an attractive hyperbolic path, are considered in detail

-

-ty

for the dipole interaction. Functions for a repulsive hyperbola and

quadrupole interactions are also discussed.
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I. Introduction

When classical path calculations for impact broadening are performed
a common procedure is to expand the required S-matrix elements to second

(1) (2)

order and to express them in terms of A and B functions. In addi-

tion, when considering broadening of positive ions by electrons and ioms,
the classical trajectory is a hyperbola. 1In this report we consider the
functions corresponding to dipole interactions of elzctrons in detail.
Dipole interactions of ions and quadrupole interactions are also mentioned.

)(3)

For an attractive potential (electron broadening the functions

for a dipole interaction are

A(g,e) + 1B(&,€)

_e rdXJ dylE 24 (e -1)shxshx+chxchy-sichx+chy)l e1tle(shx-shy)-(x-y)] . (1)
2 (echx—l) (echy-l)

-0 - Q0

For a particle of velocity v and impact parameter p causing a

dipole transition between levels spaced AE apart of an ion of charge 2

2 2
c = ﬁ +(p2/a2) , a = 2e /mv

(2)
£ = ZaAE/fiv
(notice £ and € are unsymmetrized in equation (2)).
The real part of equation (1) can be written in terms of modified Bessel
functions(B)(a)
Ag,e) = (g) ™ LIk] ()| + l)IKig(Es)Izl L@

€




The imaginary part cannot be simply expressed and is calculated

from the real part by means of the Hilbert transform

x Ld

B(E,c) = _H A(le-x[,e) - ACE+x,e) o (%)
o+

After the work described in this report was completed, fairly simple
integral representations for the A and B functions have beea found by
S. Klarsfeld.(s) Our numerical results agree closely with his B function.

For completeness, his results are

A(E,e) = l;gzeze"E J dt cos (2§t)ch2t KO(ZEecht)
o

n/2
B(E,c) = 45252 J deezgesinze Kb(desine)
o

- 4§2e2e“g J dt sin(zgt)chzt KO(ZEcht)
(o)

To find the line-width it is also required to integrate the A

function over impact parameters, to obtain

a(g,e) = J A(g,e') %f-' (5)
€

- -e"g(gs)xig(ge)xig(zs)

(= ;e_ze"'E J dt sin (2&t)sh(2t) Kb(de cht), see reference (5)) .
o
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-
The corresponding function
bt = | BGeen) & (6)
€

] 17/2
. (- 51- + £c? J d6e2%%1n(20) K (2t sin 6) +
(3 o ()

+ Esze"EJ dt cos(2&t)sh(2t) Ko(Zzecht). see reference (5))
o

has not been calculated.

II. Calculation of A(,e) and a(t,e)
These are both calculated at the same time in subroutine
BIGA3(X,PP,A,CAPA) where X = £ and PP = £.

(a) e < 107>,

A(E,e) = 1 + m&

(7)
a(E,e) = - log (&c)

(b) 107°< Ee < 4.0

In this region interpolation in a smoothed table [subroutine

INTERPA (POUT,XOUT,AOUT) ] followed by conversion to A and a [in subroutine
UNSCRAM(X,P,AOUT)] is used.

m: E‘f"" *




The Bessel functions to generate the A's were calculated from a
program C3 NYU BES4 obtained from SHARE. This routine (called COMBES)
| computes the Bessel function Jv(x) (with v and x complex) for one
argument and all orders by using the appropriate recursion relationships

and normalization factors. Yv(x) is calculated by summation of Jv(x).

For details see reference 6.

The formulae relating A and a to the values obtained from the

smoothed table in INTERPA are

2 2

2 21,2 2 3 2 g =1 1 '

A(g, = ) K, (ke)™ + {1- > K (Eei] + *AOUT(1)
(&) (8e)"e []' ) { 62(£2+1)} ° { 52 52(£+1);

(8)
a(g,e) = (6e)e?%K_(£e)K, (6c) -AUT() .

(c) E&e > 4.0

In this region e“E/ZKiE(Ee) and ewg/zxig(ge) are calculated by

SUBROUTINE KKP(X,P,CAY,CAYP) (x = £e, P = £) by use of various asymptotic

formulae:

2/3

(1) In the range ¢ (ez-l) 2 0.01

8
a formula due to Balogh is used:(7)( )

1/2 ;. /4 m A ()
K, (vz) = 22 e - E-%) e s
1y (V2 v1/3 xp (. 2 22._1 Ai (&) 1+s£1 vzs

A "7 %8 } 9

V4/3 50 vZS

where‘ E = v2/3c, %-;3/2 = (22—1)1/2- arcsec z,

ﬁm;wd&smm&r PR S IR i i s U

"y




and the coefficients

28
-3m/2
A (5) = mzo(-n'“bmc Uy, o
2s+1
M2 ) = ] (D"
=0

-3m/2
U28-m+1

_ (28+1) (25+3) =+ (65-1)
s!(144)°

a =1,
o s

6s+1
b = N -
o= 1 b 6s-1 2s

and U =1
o

v .5 2
Ul 8 [3 v+l]

2.9 .77 2 385 4
U viggg* 97 vV *1i53 vV !

3, 75 4563 v2+ 17017 4+ 85085 v6]
82944

Us= v 155z * 3120 9216 ¥

4 6

= v4[4465125 + 94121676 v2+ 349922430 v +446185740 v + 185910725 v?]

39813120

Y,

where v = 1/(22-1)1./2

1/2 -1/4 C_(z) ' D_(z)
' A | LN Y Ai(E 87 AL vy _8 "°
K;y(v2) z e"1’( 3 )(zz ) 2 4/% ) R T ! =52 (10)

-1 v s=0 s=0 v
2s+1
-1/2, _ _ -3m/2,
where 4 Cs = mzo( l)mbm; st_m+1
2s ‘
- _qym_ .=3m/2
Ds Z (-1) am; VZS-m

m=0




3 7 2
and Vl""li"'ﬁv]

V. = - v2[_l§,+ 33 2, 455 v“] (Notice: the negative sign was
2 128 * 64 1152 omitted in error in reference 7.)

2, 883575 v+ 475475 v°)

414720 ’

v, = - vI[42525 + 451737 v

The sums of terms involving the A,B,C and D coefficients are calculated
in subroutine AB(LSWITCH,NU,ZETA,ZSQ,ACC,BCC,CVC,DVC). The subroutine is
originally called with dummy variables so that data can be initialized (LSWITCH=1)
Subsequent calls are with LSWITCH=2, Notice in particular that in the sums
of terms multiplying the Airy functions there is considerable cancellation
so Double-Precision is used. (There should be at least 16 digits accuracy.)
The Airy Functions (calculated in AIRY) are obtained directly from tables
given by Abramowitz and Stegun(g)(Table 10.11) which are stored as data,
and then interpolated.
In the region £&e=4.0, comparison of Kig(gs) with the COMBES routine

gave accuracies of better than 5 significant figures, and the accuracy

improves as (£e) increases. In fact, the Bessel functions were checked
by direct numerical (Numerov) integration of the defining differential

equation over an extended range including the region where the COMBES pro-

gram was used.

(11) 1In the range 62/3(62-1) < 0.01 a formula due to Erdelyi

et al. is uned(lo)
-(m+1)
= L opp(zTV -1)" (Lo L) ez 3
Kiv(vz) 3 exp( 5 )mzo( 1) Cm sin [ (m+l)n/3] I (3 m + 3)( 6) (11)
where co =1 C1 = v(z-1)
2 3
C. = -C_].'. + _1... C. = EJ'- <+ E:-!'-
2 2 20 3 6 15

el .. "
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C: C2
C -—--.--l-'.-l'_
4 24 " 26 " 280
ci ci 43¢,
Cc ® 5 + == + —=—=
5 120 60 4800
and
' -
Kiv(vz)

1 =7V m Tincl 1 vz- m;l mt+l vz- m;ﬁ
'Eew(7a£J4)8muwn§m?+§)%ba 'Lﬁl%ea (12)

where C'=¢( C! =1
o 1

C! = v(z=1)

- Leery2y L
5(C)™+ 13
R PPTRC D S

Ci = 5(C) 13 6 -
v ow L aind, L 042, 43

Cs = 25(C) + 35 €)™+ 4360 .

4

Accuracy is in excess of 4 figures even for ¢ - 1 less than 10
(d) If &> 10 /[/ez-l - cos 'l(l/eﬂ

then the following asymptotic form is appropriate

AGE,e) = ne/iToy e ~260/eZL - cos 1 (1/€))

ac.cy = 1/2 ¢=26¢ 21 - cos T tase)) . (13)

Notice that &V e2-1 = Q%%'- z and for € large (..e., p large) the above

§
formulae are just the asymptotic formulae for straight line paths i

(toe., AC2) = 7]z]e 2|%] and a(z) = w2 212y




-

I11I. Calculation of B(f,€)

The B(f,c) were calculated using the Hilbert transform of equation (4)
with the A(E,e) functions obtained as in II. The interval (0+,~) was trans-
formed into (0+, ASYMVAL) where ASYMVAL is the value where the A(£,c) be-
come less than 10-6. The integrand in equation (4) has a discontinuity at
x = £, The interval (0,f) was thus divided into subintervals (usually 10)
and integration in each sub-interval used a 10 point Gauss-Legendre routine.
The interval (£,ASYMVAL) was then also divided into subintervals and 10
point Gauss-Legendre integration was used for subintervals of increasing x
until the integral in the subinterval was less than 10"5 of the total
integral. (For example, from £ to 25, we have steps of 0.25 § with 10
point integration, and so on for (say) 4 steps between 2{ and 10§, etc.,
until the convergence criterion is met.)

Notice that the integrand does not diverge as x + 0 (for example, it
tends to -2 as £ +~ 0 in this limit).

To test the accuracy of the above procedure the double integration for

the imaginary part of equation (1) was performed numericslly with cthe results

shown:
€ E B(Hilbert Transform) B(Double Integration)
1.4 5.0 1.849 1.846
1.05 50.0 3.081 3.099
1.01 10 -11.84 -11.89 !
1.01 0.5 ~-1.755 -1.737 v
1.01 0.1 ~-0.599 -0.558
1.0001 10.0 -13.41 -13.36
1.0001 1000.0 -282.00 -281.7
1.0001 30000.0 -2170.0 -2165.5
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Satisfactory agreement is seen (better than or two percent), since it is
not necessary to have the B's to too great accuracy.
For a given ¢, B(£,e) was calculated for increasing & until it

agreed (to 10-4) with the following asymptotic expression(3)(5)

2 2
: -1 [2+€7]
B(§,€) b —_— (r=cos “(1/€)) + 3 (14)
26 (¢2-1)2 [ /21 ]
62 (w-cos—l(lle)) 6 4 2 1 4 2
+ PR NG (9¢ +138¢ +152e"+16) + EZ-(2295 +592¢°+124) | .
2¢” (e“-1) 8/e2-1

Notice that for € 1large this tends to n/4€(ez-l)1/2(= n/4z) which is
the straight line result.
After B(&£,e) was calculated and tabulated, the data were smoothed.

The smoothed data are used in subroutine BFINAL. The smoothed values which

are stored in the tables will here be referred to as gT and BT. Then:
(a) (i) 1.0001 < € < 1.3
€2

E=|———3751]¢

(62-1)3/2] T
-1 [2+52[
(r—cns T (1/€)) -+ 3
B(E,€) = /o2l Bp(Epse) (15)

)1/2

[(r/2) (e2-1)1/?]

If ET > 12.5 the asymptotic value of equation (14) is used. For ETS 12.5
interpolation in the table is used with linear interpolation in log (1/(e-1))
for € and quadratic interpolation for €T.

(i1) € < 1.0001
This is an unimportant region, and use of the value of BT(gT,e) at

€ = 1,0001 is sufficient. Notice however, that when € = 1, B diverges as
5/6
6

E>o as -F2(2/3) ~373 52/3 = - 2,88 52/3 (see reference 5).
2
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(b) 1.3 <¢€es 2.0
No smoothing is used in this region and B(f,c) is stored directly. Quad-
ratic interpolation in the £ and ¢ directions are used. For & > 30
the asymptotic value of equation (14) is employed.

(¢) 2.0< g o

Vei-l
[%ﬁsf:llf]
2 4
€

2
-1 (2+e”)
[ﬂhcos (1/€)) -+ %]
B (£,¢) = e . LG LRGN

21y
452

The function BZ(EJe -1) 1is the straight line B-function.(l)

2
[(j-cos-l (1/¢€) )-LZ—"'—E-—]- + 3J
£ = "

T

(16)

If (1) ET < 0.0025, we put B(p,e) = 0
(i1) 0.0025 < 5T < 5.0 and € < 100, table interpolation in
BT(ET,e) takes place with quadratic interpolation in the ET direction and

linear interpolation in 1log € for €. For ¢ > 100 in this range of ET

B(£,e) = B, (6/e%-1)

(i44) Ep > 5.0. The asymptotic value for B(£,e) of equation (14)

is used.

In the important regions for the function B(f,e), £ and € are usually

such that B(E,e) is positive. The regions of negative B(£,e) (see, for

example, the figure in reference 11) is not very important. Also, when ¢
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gets small the asymptotic formula (equation (14)) is usually sufficient and
for £ small, € is often sufficiently large that the straight line results

are valid.

In the region of positive B(f,c) the accuracy should exceed 2%; in
the negative region the accuracy is expected to decrease as £ - Q0 and

€ » 1 (however, comparison with reference 5 shows good agreement even

when € = 1,001).

IV. Dipole Functions for a Repulsive Interaction

The functions AR(E,e) and aR(g,e) are very easily obtained from the
(3)

attractive case, since

AL (E,e) = e"2"Ea(E,e)

and

-27mE

aR(i.E) = e a(g,e)

The B function for the repulsive case has not been calculated, since inelastic

collisions with ions are negligible and £ 1is always very large. The

(3)

asymptotic form is therefore sufficient, thus

25(52-1)2 Je2-1,

(notice: there is a typographical error in reference 3).

2 2
BR(E,e) = 2 [2+€ cos-l(lle) - 3]

This result does not diverge as ¢ - 1.

V. Quadrupole Broadening Functions

(1)

This section is included for the sake of completeness. It is found
that quadrupole terms are only important for levels which are essentially
degenerate, thus we need only to evaluate the function corresponding to

A4(z)(1) in the limit of £ = 0 (i.e., AE = 0).
(3)

Thus, for an attractive potential




o { 1 [ (w-cos-l(l/e))]z . }
- = H(e) = —{——= |1 + + 2.
0 84 (62_1)2 (62_1)1/2 384

and

2 .
84(5.6) (ﬁ%) = h(e) =

-1 2
1 |1 (w-cos “(1/¢)) -1 T -1 1 1 \
- -— - (TT-COS (1/5)) - =COS (1/5) - — - - \
2 [2 €2-1)2 ( 2 (62-1)1/2 (52_1)372/

1 1, 2 1
+ —=——+ = (> -cos(l/e))” + -——-] .
2(52-1) 2 "2 352

Notice that in the limit of € large, both functions reduce to the straight

2 Mv 2
line results (i.e., A4 (0) = 4/3 and a, = 3'(3359 ) .

For the repulsive potential

-1 2
1 1 cos ~(1/€) 1
"R K {(ezd)z 212 I’

and
-1 2 .
1 {1(cos “(1/€)) -1 m -1 1 1
h_ (e)= [} +cos " (1/€){ = -cos ~(1/e) - -
RTZZ T (22 (2 212 (22_1)3/’2)
% + —31 -1--(-1 - cos_l(lle))2 + 12 ]
2(5:2_1) 2 2 KT

Again these tend to the expected limit for e large. The limit as & + 1

(i.e.,as p - 0) is more interesting. In particular,

2
A 1
hp (e+1) a2[16 - 3]

which is consistent with the sz(O) function of Alder et al. (reference 4

pg. 1I.E 72).
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Yet,

h(e+1l) + 2

which diverges as p - 0. This is a point worth noting, since Cooper and
0erte1(12) used the relationship (2.383) of Biedenharn and Brussard,(13)

which implies

- 2n|£|
£20 B pctractive = © £52(8)

Repulsive
Since the sz functions are equivalent to putting € = 1, it is obvious that
Biedenharn and Brussard's relation is in error for quadrupole interactiors,

although it holds for dipole interactions (i.e.,fEl Attractive ©
ezwlglf ).

El Repulsive
The reason that fE1 Attractive does not diverge as p > 0 1is that
the hyperbola is strongly curved, and the axial component of the electric
field changes in direction during the collision and cancellation occurs.
Whereas the quadrupole interaction (proportiomal to %(3cosze-l)) does not
change sign and there is no cancellation to prevent divergence in the

attractive case (as 6 goes m > 0 » -7). There is no divergence in the

repulsive case since the distance of closest approach is 2a.
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FORTRAN PROGRAMS FOR a(&,c), A(E,c), B(&,e)

All page references in the foilowing sub-programs are with respect to
this report. If the input parameters to these routines are outside the
intended range for this report, error messages will be printed, (for example,

/ € 8hould be greater than unity).
Programs for a(f,c), A(§,e) are listed on pages 18 ff. (see page 17).

i Programs for B(£,c) are listed on pages 34 ff. (see page 33).




a(,e), A(£,c) are calculated by a FORTRAN sub program SUBROUTINE BIGA3.
For example:
CALL BIGA3(X,PP,A,CAPA)
where: x = £¢
o PP = ¢
A= a(&,c)
CAPA = A(E,€)

SUBROUTINE BIGA3(X,PP,A,CAPA) requires the following routines:

SUBROUTINE INTERPA(POUT,XOUT,AOUT) 19

SUBROUTINE UNSCRAM (X,P,AT) 23

REAL FUNCTION KO(X) & REAL FUNCTION K1(X) 24

SUBROUTINE KKP(X,P,CAY,CAYP) 25 .
: SUBROUTINE KIDKI(NU,Z,CAY,CAYP) 26
$ SUBROUTINE AB(LSWITCH,NU,ZETA,ZSQ,ACC,BCC,CVC,DVC) 28

SUBROUTINE AIRY(X,ERI,ERIP) 30

FUNCTION FACT (N) 32

AR NG B Q-i PR




SUBROUTINE BIGA3(XsPPsA+CAPA)

10 - 2% - 1970

aXaKn

| DIMENSION AOUT(2)

| COMMON / SUB/ PIsHALFPI

DATA(PI = 34141592654) 5 (UP=1040)
P = ABS (PP)

EPSILON = X/P

A = 0.0

CAPA = 040

IF(P «GTe X) RETURN

ACOSINE = ACOS (140/EPSILON)
ROOT = SQRT (EPSILON#¥2-]1,0)
ASYMVAL = UP / (ROOT = ACOSINE)
IF(X «GTe le0E-5) GO TO 50

P # EPSILON LE 1le0E~-5

aONO

40 CAPA = 1.0 + PI * P
A = - ALOG(X)
RETURN
50 IF(P +LTe ASYMVAL) GO TO 100

SEE PAGE 8, II (D)

NN

CAPA = Pl # P % ROOT * TEXP
A = (PI/2.0) * TEXP
RETURN

100 IF(XeGTe&e0) GO TO 125

1¢0E-5 LT P * EPSILON LE &

aXaXal

CALL INTERPA(PsX9sAOUT)

CALL UNSCRAM(XsPsAOUT)
5 CAPA = AQUTI(1)

A = AOUT(2)

RETURN

P * EPSILON GT 4

NON

125 CALL KKP{XsPsCAYsCAYP)
XSQ = X#%2
COEF 1.0
CAPA XSQ * COEF *(CAYP¥¥2 4+ ((XSQ -
A {-COEF)Y * X * CAY * CAYP
RETUR
END

210 u u

TEXP = EXP (~=2,0%P * (ROOT - ACOSINE))

IF(ABS (EPSILON-1,0) «LTele0E=50) GO TO 100

SEE PAGE 4, II (A)

SEE PAGE 4, 11(8B)

SEE PAGE 5, I11(C)

P¥%2)/XSQ) * CAY*¥2)

001
002
003
004
005
006
007
008
009
0lo0
011
012
013
014
015
Ole
017
o1s
0l9
020
021
022
0213
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
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SUBROUTINE INTERPA(POUT #XOUT »AQUT) 051
DIMENSION A(29+2942) sA0UT(2)sT(2+2)4P(29)9X(29) 052
EQUIVALENCE(PsX) 053
DATA((A(TI)s]I=193TT)= 054
* 1,02430s 28(0e0) 058
* 1601591451,045139 27(0e0) 0%6
# 1,0160991¢0319051¢05892y 26(0e0) 057
# 160168691e0299551640448341e06904, 2510060} 0%8
¥ 1¢017599160304191e041609160554491,076939 24(0e0) 059
# 1,018049140312991,06152+1e0515091.0642151,08321s 23(0e0)» 060
¥ 1e01844916e03232916e0426291e051299140602991e07183914088629 22(0e0) 061
* 160187991e03334491e¢046129140525791600601091e06823+140786549109351, 062
%* 21(040)> 063
¥ 16019089160342691a045699160544441,061599160682491,0755791408495, 064
* 1.09810> 20(060) 065
* 1601933+5160351091¢0472291060565191e406382916069999140758941¢08249, 066
* 1¢40909191.10258s 1S{(Qe0)> 067
% 16020669140%9969140570791e0721351208528916096659161064091011467, 068
*# 161216191e1273691e157009 18(040) 069
% 1402112914041899160613241eN07945914a09631316111929161263291213957, 070
* 1615171911627 79142253491424052s 1T7(0e0)> o7
* 14021319]14042854916063514140833351,102279161203845141376441415407, 072
* 161696691e1844491429128491e3381391434792y 16{(0.01)) 073
DATA( (A(I1)s1=378+5801)= 074
¥ 1e0213991e04338914064803516085649141059191e1255891,14467916416317, 075
* ] el1B810791e¢1983691e33921+9164263011e46T7519164469869 15(0e0)0 076
* 1e0214001e0643689160656141e0871341,.108299161290449161493741616929, 077
* 16188819162078891e374309164961791e¢5T742391e¢6086991659891914(0.0) o718
# 140214091e0438891e0661591e088169161n995916131469161527091e17367, 079
¥ 1619434414214 739144007591e5514601,663490147330501,7564991673012, 080
¥ 13(0s0) 081
* 1e0213691e0440091e0665291¢0889191411112916133239161551691617691» 082
* 101984741e219834916421259105959001673797916e841109148989991490689, 083
* 14860499 12(0e0) 084
¥ 1e021315160440691¢06679914089454916112059161345591615702+91617937, 085
* 1020164912237 791e4375691e6322291e8006591e9348192.02644+206868, 086
* 2405718919883 7s 11(0e0)o 087
* 1e¢0212091e0441091e066929140898691611269916135585141584891418132, 038
* 10204169142269091e4507991466240916853964924016439261402692621674, 089
# 24239619262057192411291 10(0.0) 090
¥ 1002117 9140440691600 707951¢090129161132291413645451,15966451,18285, 091
* 102061591e2294241,46173,146878141¢8596992e0879792e242114235209, 092
* 26409744+2e4100992635152926233819 9(0na0)) 093
DATA( (A(1)91=5814725)= 094
* 16021059160441191,0671691609042916113719141370991,1605291618414, 095
* 1e2077791e231469164708991670949916939379261510492433355492e647584, 096
* 265682492460378,2e5790112e4941392635102s B(0e0)y 097
* 160209491e04406914067229160905991411399,1,13758,41,16132,1418519, 098
* 1620915916233299144T7866916728159149740992e2070492,41595,2,58915, 099
¥ 2071579927871 492eT7976842e7457292e6333392e464669 T(0e0)y 100
* 14020919160440191,0672491,090669161143191413802+1,1620341618615, 101
* 102102191e234609016485379167444292e00469926¢25T70692e¢4905192669309, 102
* 26853109269604193600755926990649209098292676910926574929 6(060) 103
# 100208391e¢044119160671591609083916114594161385691616256516418669, 104

v e i
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* 1¢211349162360191e49111914758710260318192¢301919245582592478865, 105
* 2,9809613612392+3,20846493,22855013,1821293407112+2.9014992.68203 106
* 5(0e0) 107
# 100209091¢043780100672691009106916114549101389051¢1630391018758 108
# 142119691423713914496159147712492,0560202¢34261+2.,61993,2,87672, 109
# 341001493¢27818+3440037+3¢4589393464495003e371759362295423¢03065, 110
¥ 2,78622y 4(0e0)) 111
DATA( (A(1)91=726,841)= 112
, * 16020999160637191406725+14090689141151491,1390951.16363+1¢18793, 113
% 1421296916237929165N07201e7525692e0777892637914+2.676645+2495810, 114
* 3,2113793e6423689345835093¢6:814293,7110993¢6698993,55933,3,38507, 115%
% 3415673924887 T1y 3(Ne0)y 116
*# 140205791e7143829140676191e09076+14115009161391651,16393,1,18825, 117
* 14213549142387891e504860167925212e09750026412699247283693¢03342, 118
# 3,3153543,5609793¢758079368958443,9661793¢96630,2.88937,36744T1, 119
% 34537779362799092498672y 2(0e0) 120
* 100212991404348914067939160915441,115539141396751.16498,1,186886, 121
* 142145991023967+145091091680229+2¢1152B92¢44296+2.7760493410333, 122
% 344125593e6905592¢92635940102199402142994025396+4e218089646¢10766+ 123
% 3,92782+346877092440033+93e083435 Nen) 124
% 1.01947916043299140676491609038914115199113990+1¢1643591e18840, 125
¥ 142150691423930516511689108099992¢1316892e47112928201053e16834 126
* 3,5036833¢8129694,08281+4430056+4464551354453B06044¢5441694e4T7206, 127
¥ 4432459,4,1086492,83497,42,51818,2,17802) 128
DATA( (A(I)»1=842,1218)= 129
* 14015515 28(0e0) s 130
%* 1,0181651403052 27(00)> 131
% 1001928,160337791e04236y 26(0e0) s 132
* 1401993+14035789140466691e05235, 25(0+0) 133
* 1e0203631e037189140649689140576991606103s 246(060) 134
% 14020609160381351,051879140616391406725916068609 23(060) s 135
* 1402077+1e0%8885140536091¢064T691407217916075744916075389 22(060)» 136
¥ 1,0209251e039495140550001e0672731e07617+1¢0815851¢0833851+08150, 137
* 21(0a0) 138
# 1402104914039995140561691406938+1,079525108644+1,0900691.09028, 139
% 1,08706s 20(0+0) 140
% 140211491e04042510057159160711791008235910090589160957591¢097765 i61
\ * 1,09658514092135 19(00)s 142
* 140216492,04268914062419160807491¢0975891e1128491,1264591.13831, 143
% 1614837+1e1565591012625y 18(00)0 144
* 1,02181914043579140645691e0847051410392916¢122169161393551415545, 145
% 1,1703991,1864109142435991,14468s 17(060) s 146
* 140218651,044019140657051e0868691e10740916127319161465491016502, 147
“ 101827051e19955516312239143009491615601s 16(060)) 148
DATA( (A(I)91=1219,1421)= 149
¥ 1,0218451,044285140664031408821,141096091¢13057+1415110+1617110, 150
* 10190565142094551e357419164081691e34222+1616351s 15(060) 151
* 160218451.044409140668991408908+161110992¢13283451¢1542591e17531, 152
% 10196019162163091e38941914486279144835191¢3736291616872¢ 14(040) 153 |
* 1402178914044479140671391e0897691611219910134429101565191617837, 154 |
* 10200009162213691441323914545689165941691e564T491439845,1417245, 155 |
# 13(0e0)> 154 |
* 100216691604449910057399100901891611294914135615141582441.18076, 157 |
* 10203019102252291¢4317191059239+1,6830791¢68633+1¢59568091641866, 158

-
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1617519 12(040)
16021669100445391406754910090529161136491¢136559161595791018253,
102053951,228279164464191,6300191,7560191480515+167662991663919,
104354641617 7249 11(06e0)>
10602141916066453516067609100907351,1140141613726,14,16073+1.18405,
16207269162306191¢45829+1,66103+91¢81689916906189169146391683659,
1e676689104497152417878y 10(0e0)
1e0215441404466916067T73316091019141143191,1378141,1616791.18500,
16209009162327791¢46821+916¢6869191.86842+1¢699298:2.0645592¢01356
1689904+167096891e46196516179959s 9(0ne0))

DATA( (A(I)e1=1422,41566)r
1e0214341406419914067999160913441,1147001613845,1,16238,1.18628,
16209984162342T791e4T76T001670904191,9125892,0683892,1591992617266,
201036091.95503’13738489104726301.18084’ 8(0.0)’

100217 70240445391,06771916091099161144891,13855+1,1630391418692,
1621161+16235399164837141e7277541e9510702613454492,2610092¢31620,
2e2917492¢18602+2¢0096191¢7643T4),4820191018152s 7(0,0)
100218791 406367 91067 70e)e09111014,1149191,13893,1,1629651,18799,
1¢212619162366891¢4895791e7643591698442026192759263518102644624
2046485 4324402T72+2¢2619002e0516391478T670164903491,18204+6(0e0)
1e02162+1.0433251,0681141,0913841,1151141,13905,1,16301,1,18855,
1¢21363914238129104956091¢7589392e0181292e6264579260334342656431,
2062404 4246057592e5066192633203+26093T749168087891,4977991618241,
5(0e0)
1e0212449140643979140665291609179916116379141401751,16308451.18764,
1¢2134864514237879165003401e7710442604050020290959265070792667206,
2¢7T17592e795949247396292e6041292¢39718926132469108280391450451,

\ 1618269y 4(040))

2 DATA( (A(I)»I=1567+1682)=
1e0192991¢04363510069239160912391e11424916137995161662651019056,
1¢2149191623910916504709167832692606601926332759265737692eT77047
2¢908073269740092e961050268669342¢6958592e4578902,1682391.84567,
165105951.1828893(060)
1e02469914043739140668291¢093329141161091e1417391641636291.18787,
1621402+16241679164506100167921192e08525926370169266348592¢86092,
3e03431s34,1411093617124436120000269882422,7824092¢51467492620144,
1e861915165161491¢183019 2(0e0)
1,02591914G410691406408+1,093929161197991,1419441,16971514,19354,
142137001e23849914509434914803179261049392e4046T92¢6904992094453,
30151899362975093e3706193¢3632393262733093e10400+268643092456794,
202323441e8769491452122+161830%99 060
1e0172691e0436491¢60663891¢085739161166291¢143429161664091018582
1e214444]14239009165159191e81069926119529264359392¢7414993402169,
3e26099920444609365596192e596T749365503793e421139362146592¢94187
2¢6180492¢26124914890889165259091.18312)

DATA(P=002900490069008’01’ o12’.14’016’o18&.20904906'08910091020’

1 1e4091e6091e8092¢092¢209204092¢6092680936093¢209364093,60,
2 3.80’4000)
M= N= 29
DO 10 I = 1M
IF(POUTLESP(I))Y GO TO 15
10 CONTINUE
GO TO 3000
15 IP = 1

k % %k %k & 3k ok %k Kk ¥k k %k %k %k ¥k %k ¥ * %k Xk Xk %k ¥ X & & ¥
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190
191
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193
194
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DO 20 I = 1N 213
IF(XOUTSLESX(I)) GO TG 25 214
20 CONTINUE 215
GO TO 3000 216
25 IX = 1 217
IF(IXeEQe IP) GO TO 200 218
H = X(IX) = X(IX=1) 219
PP = (XOUT=X(IX=1}) / H 220
C 221
! C IX oNEs IP 222
C 223
IF(IP.GTel) GO TO 100 224
C 225
C IP = 1 0 eLEe P oLEe 02 X(IX=1) oLEe X oLEe X(IX) 4 PTS 226
C 227
C = PLIP) 228
QQ = POUT 7 C 229
TEMPP = 1.0 -~ PP 230
TEMPQ = 1.0 - QQ 231
TA = TEMPP * TEMPQ 232
TB = PP » TEMPQ 233
TC = QQ % TEMPP 234
TD = PP * QQ 235
C 236
C FOO = 10 F10 = 1.0 237
C 238
DO 30 I = 192 239
ACUTI(I) = TA + TB + TCHA(IPsIX=191) + TD®A(IPsIXeI) 240
30 CONTINUE 241
RETURN 242
C 243
C REMAINDER OF TABLE = 4 PTSe =~ NO PT, ON DIAGONAL 244
c 245
100 C = P(IP) = P(IP=1) 246
QQ = (POUT=P(IP=1) ) 7 C 247
TEMPP = 1,0 - PP 248
TEMPQ = 1.0 - QQ 249
\ TA = TEMPP * TEMPQ 250
TB = PP * TEMPQ 251
TC = QQ * TEMPP 252
TD = PP # QQ 2513
DO 130 I = 142 254
AOQUTI(T) = TA * A(IP=19IX~2sI) + TB # A(IP=1sIXel + TCHA(IPsIX~1,! 20m
1) + TD * ACIPsIXel) 226
130 CONTINUE 257
RETURN 258
C : 259
C IX = 1P =1 0 eLEe X AND P oLEe 0e02 2 pPT 260
C 261
200 IF(IX «NEe 1) GO TO 250 262
QQ = POUT/.02 263
PP = XOUT/402 264
TA = 1,0 - PP -~ QQ 265

DO 210 I = 192 266
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AOUT(I) = TA + PP 4+ QQ # A(IXeIPsI) 267
| 210 CONTINUE 268
| RETURN 269
| c 270
C IXx = 1P 271
C 272
250 H = X(IX) = X{IX=1) 273
C = P(IP) = P(IP=1) 274
, PP = (XOUT=X(IX-1))/H 275
- Q@ = (POUT=P(IP-1)) /7 C 276
TA = 1.0 - PP - QQ 277
DO 2701 = 192 278
AOUT(T) = TA #* A(IP=19IXel) + PP # A(IP=-1oIX~191) + QQ # A(IPyIXsl 279
1) 280
270 CONTINUE 281
RETURN 282
3000 PRINT 650 yPOUT 4y XOUT 4 1Py I X 2813
650 FORMAT(* PyX%y 2F20e592110) 284
CALL EXIT 285
END 286
SUBROUTINE UNSCRAM (XsPsAT) 287
c 288
. c CONVERSION TO Ay CAP A 289
g C 290
2 REAL KOsK1 291
: DIMENSION AT(2) 292
: XSQ = X##2 2913
: FKO = Kol X) 504
€K1 = K1(X) 295
17,0 = EXP(2e0%P) 296
Y EPSY, = XSQ/P*#2 297
UA 2 1e0=PR%2/((P*%2+1,0)*EPSQ) 298¢
EPSQ: = EPSQ 299
UB = EPSQ2 = 1,0 + (1.0/7(P  +1.0) ) ) / EPSQ2 300
TCA = XSQ * TEMP * (FK1%#%2 + UA * FKA¥*#2) * yp 301
A= X * TEMP * FKo * FK1 292

AT(1! = AT(1) * TCA 303 .

AT(7 ) = AT(2) * TA 304 A
RET ‘RN 305

EN., 306 }

M
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REAL FUNCTION Ko(X) 307
REAL 10 308
KO = 0O 309
IF(XelLTe2e) GO TO 120 310
| X2 = 2¢/X 311
| KO = 1¢/SARTIX)HEXP(=X)#(14,25331414~,07832358%#X2 +,02189568%#X2#%#2 312
2 ~e01062446%X2%%34,0058T78T2#X2%#%4~,0025154%X2%#%#54+,00053208%X2#%#6) 3113
RETURN 314
, 120 IF(XelLTeOo) RETURN 315
T = X/3e75 316
X2 = X/2 317
10=1e4365156229%T#%243,0899424#TH%441,206T7492%TH#6492659732#TH¥B 318
2 +e0360T68%TH#]10 +40045813%TH*%#]12 319
KO==ALOG(X2) #10~e57721566+¢422T7842%X2%%24423069T6#X2%%4+ 320
2 «0348859%X2%##64+,00262698%X2%%#84,0001075%X2%#]10+,0000074%X2%%#]2 321
RETURN 322
END 323
REAL FUNCTION K1(X) 324
REAL I1 325
Kl = Qo 326
IF(XeLTe2e) GO TO 130 327
X2 = 2¢/X 328
Kl = 1¢/SQRTIX)I¥EXP(=X)%(1e25331414+,2349861%X2-¢0365562%X2%%#2 4 329
2 o01504268%X2%#%#3-,00780353%X2%¥%44+,00325614%X2%#%#5~-,00068245%*X2%%6) 330
RETURN 331

130 IF(XeLTe0e) RETURN 332 -
T = X/3.,75 333
X2 = X/2e 334
11 = X%(45+e8B7890594#TH%24,514908869%#TH%#444150840934%TH%6 «+ 335
2 +02658733%#T#%¥84,00301532#T##10+,00032411%T#%12) 336
Kl = JT1#ALOGIX2)41e/X¥(1e+e15443144%X2R%2-,6T72T85T70#X2##4~ 337
2 ¢18156897%#X2¥%6=,0191940%X2%%¥8~,00110404%X2%%¥10~-,NN00N4686%X2%*]2) 338
RETURN 339
END 340

na”w
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250
350

SUBROUTINE KKP(XsPyCAYsCAYP)
COMMON /SUB/ PIsHALFPI
DATA(KSWITCH=1)

REAL K1,sKO

K SuB I NU (NU 2)

CAY = 0.0

CAYP = 060

IF(P «GTe 00000001) GO TO 200
CAY = Ko(X)

CAYP = = K1(X)

RETURN

2 =X/ 9

IF(Z o«LTe 1¢0) RETURN
GO TO (2509350) sKSWITCH

INITIALIZE AB FOR KIDKI

KSWITCH = 2

SEE PAGE S»

CALL AB(19+DUM1sDUM2+DUM3 sDUM4 s DUMS 9 DUM6 s DUMT )

CALL KIDKI(P9sZysCAYsCAYP)
RETURN
END

11(C)

341
342
343
344
345
346
347
348
349
350
35)
352
353
354
355
356
357
358
359
360
361
362
363
364
365
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SUBROUTINE KIDKI(NUsZ»CAYsCAYP)
RETURNS EXP(PI Z/2) K AND K PRIME

DIMENSION A(2)9B(2)sCV(2)sDVI(3)

DIMENSION GAM(6)9C(6)95(6)sCP(6)

COMMON /SUB/ P1sHALFPI

REAL NUsNUSQsNUFTH

DOUBLE ZETASTZETsU»ZSQ

DATA(GAM = 2,6789385347+9143541179394+91e¢090,8929795116»

* 0690274529299140)
* (S = 0486602540378490486602540378490e609-04866025403784»
* —0866025403784+060)s (Pl = 3414159265359)

DATA(HALFPI = 1.570796327)

CONST = SQRT(2.0) * PI

Z5Q = Z%%2 = 1.0

TWOTHD = 240/340

IF( (NU*%TWOTHD * ZS5Q) LLT.0.01 )GO TO 200

BALOGH'S FORMULA SFE PAGF 5y II(C)

NUSQ = NuU#*¥*2
NUFTH = NUSQ¥*%*2
ONETHD = 1407340
U = DSQRTIZSQ)
IF(Z «GTe 1.001) GO TO 10
TZET = 0.0
DO 50 I = 146
I1 =2 %1 +1 '
TZET = TZET + (=1,0)%¥(T41) * U**I1/711
50 CONTINUE
GO TO 15
10 YB = ACOS(1.072)
TZET = U - YB
15 ZETA = (le5 * TZET) %%#TWOTHD
XI = NU**TWOTHD * ZETA
20 CALL AB(29sNUSZETA»ZSQeABICVIDV)
CALL AIRY(XIsAILAIP)
ATMP = A(2)
2 IF(ABS (Al * A(1l) + AIP * B(1l)) «LEe ABS (AI) ) GO TO 1
All) = B(1l) = ATMP = B(2) = 0.0

GO TO 5

1 IF( ABS (AI*A(2) + AIP *B(2) ) +GT. ABS (Al * A(1l) + AIP*B(1))
. ATMP = B(2) = 0.0

5 TA Al * (1le0 + A(1l) + ATMP)

6 TB AIP * (B(1l) + B(2))

4 IF( ABS (AIP¥DV(2) + AI * CV(1l)) <LEs ABS (AIP%¥DV(1)) ) GO TO 3
CV(1) = CV(2) = DV(2) = DV(3) = A(2) = 0.0
GO TO 7

3 IF(ABS (AIP*(DV(3)~A(2))+AI*CV(2))eGTeABS (AIP¥DV(2)+AI*CVI(1)))
eA(2) = CVI2) = DV(3) = 0.0

T TPA AT *®(CV(1) + CV(2))

8 TPB AIP * (DVI1) + DV(2) + (DV(3) - A(2) ))
TPRE = CONST

)
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390
391
392
393
394
395
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TMPRE= (ZETA/ZSQ)##0,25% 420
; PRE = TPRE # TMPRE / (NU®#ONETHD) 421
| PREP = TPRE / (Z # (NU#%TWOTHD) * TMPRE) 422
| CAY = PRE # (TA + T8) 423
CAYP = PREP # ( TPA + TPB) 424
' RETURN 42%
C 426
C ERDELY! FORMULA SEE PAGE 7y II(C) 427
) C 428
' 200 EX = NU # (2 = 1.0) 429
EX2 = EX##2 430
EX3 = EX * EX2 431
EX4 = EX2##2 432
Cll) = 1.0 433
Cl2) = EX 434
C(3) = 0e5 * EX2 4+ 0405 435
Cla) = (EX/3¢0) * (0e5 * EX2 + 0e2) 436
C(5) = (( (EX&4 + EX2) / 6¢0) + 140 7/ 7040) # 0425 437
Cl6) = (EX/6040)% (0e5 * EX4 + EX2 + 4300 / 80,0) 438
CP(1) = 0.0 439
CP(2) = 1.0 440
CP(3) = EX 441
CP(&4) = 0e5 * EX2 + 1e/15 442
CP(8) = (EX3/6e) + (EX/124) 443
CP(6) = (EX4/244) + 0405 * EX2 + 43,/4800. 444
; SUM = 0.0 445
¥ SUMP = 0.0 446
é DO 300 MM = 146 447
g M=MM = 1 448
i TS = (=14)%#M * S(MM) # GAM(MM) 449
; TNUZ = NU%Z/6, 450
E TX = TNUZ ##(=((M+1,)/3,)) 451
¥ SUM = SUM + TS * TX # C(MM) 452
4 SUMP = SUMP + TS #(CP(MM) * TX = ((M41e)/18¢)%CIMM)RTNUZ#%(~((M+be 453
: 300 CONTINUE 455
g CAY = SUM / 3.0 456
CAYP = SUMP / 3.0 457
5 RETURN 458
g END 459

¥
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SUBROUTINE AB(LSWITCHINUZETA»ZSQsACCsBCCHCVCHDVC)
SEE PAGE 7

DIMENSION ACC(2)9BCC(2)9CVCI(2)9DVC(3)

REAL NU

DOUBLE A(ﬁ)!B(5)9AC(2)OBC(Z)'DV(3)DU(S)’VV(IZ)9D(IZ)OZT(12)'VP(5)9
1 CVi27i sNU139NU239sDN925SQsVsTEMPVPy TEMPCPs ZETA»

2 V13s DDs ZNUs RCOEFs COEFs PRODAs PRODB» PRODCy DVPy DVV
GO TO (100+200)sLSWITCH

INITIALIZE A'S AND B'S

All) = 160

B(l) = 140

DO 150 N = 295
IS = N -1

DN = 140

ME = 2 % IS
DO 130 M = 1,ME

DN = DN * (240 * IS + 2,0 ¥ M - 1)

AICN)Y = DN / (FACT(IS) % 144,0%*1S)

BIN) = =((6e0 * IS + 140) / (640 * IS = 140)) * A(N)
CONTINUE

RETURN

LSWITCH = 2

IF(2SQ «GTe 0e0) GO TO 201

PRINT 600

FORMAT (1HOs*AB ERROR Z2SQ = ¥49E2049)

CALL EXIT

V.= 1,0 /7 DSQRTI1Z5Q)
NU13 = NU¥*(1e/3,)
NU23 = NU*%#(24/3,)
Vi3 = v / NU13

DD = 39813120.

INU = NU * ZETA*¥1,5
RCOEF = ZNU¥*¥#(14/3)
COEF = 1./RCOEF

PRODA = 1.0
PRODB = 1.0
PRODC = 1.0

DO 300 M = 1912

PRODA = PRODA * V113
PRODB = PRODB * NU23
PRODC = PRODC * ZNU
VV(M) = PRODA

D(M) = PRODB
ZT(M) = PRODC

CONT INUE

U(l) = 1.0

U(2) = (1./786)% ((5,/3,) * VV(3) + VV(1) /D(1))
uts) =

((9¢71284) *¥VV(2) /D(2) +(774/192¢) * VV(4) / D(1)

460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
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400
450

475

485

*

*

*

U(g) =
U(s) =

+ (385.0/1182,) # vv(6))
((75710246) # YVVI3) /7 D(3) + ( 4563¢/751206) * VVI(5)/D0(2)

+ (17017¢/92166) # VVIT) / D(1) + (85085,/82944,) * VV(9))
((44651254/DD) * VVI(4) / D(4) + (941216764/DD) *VV(6)/D(3)
+ (349922430.0/DD) * VV(8) / D(2) + (446185740,/DD) * VV(10)

#/0(1) + (185910725.,/DD) * VV({12) )

DVP =
VP(1)
VP(2)
VP(3)

b
VP(4)

1

1
2
3

*

*

DVV =
VP(5)

pvil)
DO 450
JJ = 2
DVIU)
DO 400
11 =y

414720+
s le¢0
2 =((34/8¢) # V(1)/D(1) +(Te/246) * VV(3))
2 =((154/1286)#VV(2)1/0(2) + (33,/76b)%VYVI(4) / DI(1)
+ (455,/711524)%VV(6))
= «((42525,/DVP)I#VV(3)/D(3) + (451737./DVP) #VV(5)/D(2)
+(883575,/DVP)*VV(T)Y/D(1) +(4T754T75,/DVP )®RVYV(9})1
39813120,
= ~({5740875./DVV) ® VVI(4) / D(4) + (111234708¢/DVV) *
WI(6) /7 D(3) + (3965T78754¢/DVV) * VV(B8) /7 D(2) +
(493152660./DVV) * VV(10) 7 D(1l) + (202076875./DVV}
* VVv(12) )
= 1e¢0
J=243
* J -1
z 00
1 = 1yJJ
Je=14+1

TEMPVP = (=14)%%#(141) * A(I) * VP(II)
IF(1eGTel) TEMPVP = TEMPVP/ZT(1~-1)

DVI(J)Y = DVI(J) + TEMPVP

CONT INUE

CV(1) = RCOEF # ( B(l) * VvP(2) - B(2) * VP(1l) / 2T(1))

CV(2) = 0.0

DO 475 J = 194

JJ = 5 - J

TEMPCP = (=~1l4)%%(J=1) * B(J) * VP(JIJ)

IF(J oGTe 1) TEMPCP = TEMPCP 7/ 2T(J=-1)

CV(2) = CV(2) + TEMPCP

CV(2) = RCOEF * Cv(2)

AC(1) = B(1) *U(3) ~ B(2) * U(2) 7/ ZT(1) + B(3) * U(1l) /ZT(2)

AC(2) = B(1) * U(5) = BI(2) * U(4)/72T(1) + B(3) * U(3) 7 ZT(2)
- B(4) *# U(2) 7 2T(3) + B(S5) *® U(1) 7/ 2ZT(4)

BC(1) = COEF * (A(1l) * U(2) - A(2) * Ull) 7 ZT(1))

BC(2 ) = COEF *#(A(1l) * U(4) = A(2) * U(3) /7 ZT(1) + A(3) * U(2)

/ ZT(2) - Al4) * UlLl) /7 ZT(3) )

DO 485 LU = 1»2

ACC(LU)Y) = AC(LU)Y

BCC(LU) = BC(LUY)

CVC(LU) = CV(LY)

DVC(LU) = DVILY)

CONT INUE

DVC(3) = DVI(3)

RETURN

END

514
515

516
517
518
519
520
521
522
523
524
529
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
5642
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
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SUBROUTINE AIRY (XsERISERIP) 565
| c 566
C TABLES FROM ABRAMCWITZ AND STEGUN SEE PAGE 7 567
C 568
DIMENSION AT(10192)sRZETA(21)9FG(2192)9XX(101) 569
DATAIXX = o009 o011y «029 039 «04r o059 o06¢ ¢07» 08y 09 570
1 010! 0119 012’ 013’ 014’ .150 0169 017’ 018’ 019’ 571
2 020’ 021’ 022’ 023’ 02‘0! 025’ 026’ 0279 0280 0290 572
3 e300 0319 o329 0339 343 4359 ¢369 2379 38y <39 573
4 040, o4l ¢42’ eh3y (U4, o459 46, 0479 048’ s 4G 57(4
5 e509 519 0529 539 o549 6559 e56s 579 «58s «59» 575
6 ¢609 61y o629 639 o689 659 «663 BTy o689y 69, 576
7 e 700 o7l o725 o739 o74y o753 o763 o7T7s 7By o79s 577
8 e809 o8ly 482y o839 o84y o485 «86y 487y o88, 489, 578
9 0909 913 0929 0935 ¢4y 4953 ¢963 o997 98y «99s 1.0} 579
DATA ((AI{1)eI=1995) = 580
* 00355028059 0352439929 06349852149 06347265059 0634467901, 581
* 0342094359 063329511399 0633693047y 0633435191y 0633177603, 582
* 00329203139 0326633529 06324067519 0432150538y 0,31894743, 5813
* 00316393959 0631384521 0431130150 030876307y 030623020, 584
* 0e30370315» (0e30118218s 06298667539 0629615945, 0629365818, 585
* 0629116395y (0288677019 0628619757y 0628372586, 028126209, 586
* 0627880648y (00276359239 (0273920559 0627149064, 026906968, 587
* 0a2666578B7s (04264255409 0426186243, 0625947916, 0625710574, 588
* 00254742359 06252389169 04250046309 06247713959 0624539226, 589
¥ 06243081359 0424078139y 04238492509 0623621482, 0423394848, 590
* 023169361y 06229450319 0227218723 0622499894,y 0622279109, 591
¥ 00220595279 0421841158y 04216240129 0421408099y 0421193427, 592
* 00209800069 020767844y 0420556948, 0,203647327y 0.20138987, 593
* 0019931937y 0619726182y 0619521729, 0019318584, 0.,19116752, 594
*¥ 0618916240s 04187170529 018519192y 0.18322666, 0.18127478, 59%
* 0017933631y 06177411289 017549975 0617360172y O0e17171724, 596
¥ 0016984632y 0.16798899y 0166145269 016431516, 0,16249870, 597
*¥ 0616069588y 015890673y 0615713124y 0015536942y 0015362128, 598
*¥ 04151886805 04150166005 04148458869 0014676538, 0.14508555) 599
DATA ((AI(TI)s1=96,101) = 600
* 0014341935 (0614176678 0414012782y 06138502455 0613689066, 601
* 0613529242) 602
DATA ((AI(I)s 1=102,196) 603
* ~06258819409 ~0e258801749 =~0425874909y ~0258661979 ~0425854090, 604
* =~06258386409 —=0425819898y =0625797916s =0e25772745, ~0e25744437, 605
¥ ~0025713042» =~0256786139 =0e256412009 =0625600854, =0425557625, 606
* =00255115659 ~0e254627249 =0625411151s ~0e25356898, =0e25300013, 607
* ~0025240547Ty =0e25178548y 06251140679 =0625047151s ~024977850, 608
* ~0024906211s ~04248322849 ~0e247561159 ~0e246777539 =0424597244, 609
* ~0e245146369 ~06244299769 =~06243433099 ~0024254682 ~0e24164140, 610
* ~0e240717309 =0e23977495s ~0e23881481y =0e23783731, =-0.23684291, 611
* =00235832039 ~023480512y =0023376259s ~0623270487s ~023163239, 612
* ~06230545569 =0e229444799 =0e228330509 =0422720310s ~022606297, 613
* ~0e224910539 ~0022374617Ts =0622257027s ~0422138322, ~0.22018541, 614
¥ ~06218977209 ~021775898y =0421653112s ~0621529397, ~0e¢21404790, 615
* ~0e212793269 ~06211530419 =0421025970s ~0420898146, ~0,20769605, 616
* ~0020640378y ~04205105009 =0020380004s ~0202489204 -0420117281, 617
¥ ~0e199851199 ~0e198524649 ~0619719347s =0419585798y ~0e19451846, 618
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600

100

105

110
115

120

130

*
*
*
*

*
#*

*

»*®

* Xk %k %k k Kk k Xk X

-3]-

~0e19317521s —0e19182851y =0e190478659 ~0418912591y ~0+18777055,
-0e18641286y =0e185053109 =0¢18369153y ~04182328404 ~0.18096398,
~06179598519 ~0e178232239 =0e17..76539s =0e17549823s =0417413097,
“0,172763849 -0e17139708s ~0417003090s =0616866551y =0,16730113)

DATA ((AI(I)s I = 197,202)

~0616593797» =0e164576239 =016321611y ~0416185781y -0.16050153,

~0e15914744)

DATA (RZETA = 145y labs 1639162y lel,
De59 005y Oely 06359 03y 0259 062 0el5, 0ol

06059 0e0)

100' 0.99 0089 0079 006'

DATA (FG = 06527027 04528783s 04530601y 0.532488,04534448)

06540844y 06543180y 04545636,

065482309 065495849 065509809 065524219 06553912,
065554569 0655705890,5587249 06560462y 0562280

06619954, 0¢6171569 06142759 066113059 0608239,

04598372y 0594823y 045911209
045831749 045810569 04578878,

0¢576635s 065743209 065719279 00569448, 04566873,

05364899 04538618
0564190
0605068y 04601782,
05872459 04585235,
0¢564190)

NXX = 101

NRZ = 21

IF(X «GEe 0¢0) GO TO 100
PRINT 600» X
FORMAT ( 1HO» *AIRY
CALL EXIT

IF(X «GTe le0) GO TO 300

DO 110 J = 1sNXX

IF(X = XX(J)) 115,105+110
ERI = AI(Jsl)

ERIP = AI(Js2)

RETURN

CONT INUE

JSTART = J = 2

IF(JUSTART +EQe Q) JSTART = 1

IF(JSTART «EQe (NXX=2)) JSTART

ERI = 040

ERIP = 040

DO 130 K = 194

KK = K + JSTART - 1

DN = 1e0

DD = 1e0

DO 120 J = 14

IF(J «EQe K ) GO TO 120

JJ = J + JSTART - 1

DN = DN # (X = XX(JJ))

DD = DD # {(XX(KK) = XX(JJ))
CONT INUE

TEMP = DN/DD

ERI = ERI + TEMP * AT(KK,sl)
ERIP = ERIP + TEMP * AI(KK,2)
CONT INUE

RETURN

X = %9E209)

NXX - 3

619
620
621
622
623
624
625
626
627
628
629
630
83.
652
623
63¢
635
836
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656

657
658
659

660
661
662
663
664
665
666
667
6686
669
670
671
672
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300

305

310
315

320

330
350

100
300

101
102
105

X «GTe 160

ZETA = (260/340) # Xu®]1,%
RZET = 1,0/2ETA

XFOURTH = X##0,2%

XPONE = 0¢5 * EXP (-2ETA)

DO 310 M = 1,NR2Z

IF(RZET = RZETA(M)) 31093054315
F = FG(My»])

G = FG(My2)

GO TO 350

CONT INUE

JSTART = M- 2

IF(JUSTART +EQe 0) JSTART = 1
IF(JUSTART +EQe (NRZ - 2)) JSTART = NRZ - 3
F = 00

G = 0.0

DO 330 K = 1,4

KK = K 4+ JSTART - 1

DN = 140

DD = 1e0

DO 320 J = 14

IF(J +EQe K) GO TO 320

JJ = J + JSTART - 1

DN = DN ¥ (RZET - RZETA(JI)N)
DD = DD * (RZETA(KK) = RZETA(JJ))
CONT INUE

TEMP = DN /7 DD

F = F + TEMP ¥* FG(KK»sl)

G =G + TEMP # FG(KKy2)

CONT INUE

ERI = XPONE * F / XFOURTH
ERIP = (~XPONE) * G * XFOURTH
RETURN

END

FUNCTION FACT(N)
TYPE DOUBLE FN
IF(N) 100s101+102
PRINT 300N
FORMAT(1HO9 10X s *NEGATIVE FACTORIAL ARGUMENT#*,15)
CALL EXIT

FACT = 140

RETURN

FN 2 140

DO 105 I = 1N

FN = FN * [

FACT = FN

RETURN

END

673
674
675
676
677
678
679
68)
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707

708
709
710
711
712
713
714
715
716
717
718
719
120
721
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B(E,c) is calculated by a FORTRAN sub-program
SUBROUTINE BFINAL.
a typical call to BFINAL would be:
CALL BFINAL (P,EPS,B)
where: P = §
EPS = ¢
B = B(g,¢c)
SUBROUTINE BFINAL requires the following routines:
FUNCTION BOFEP(E,P,PTEMP,K)
SUBROUTINE CONV (EPS,P)
SUBROUTINE K1K3(EPS,P,B,ZXI,YBXI,ISWITCH,K)
FUNCTION BASYM(E,P,K)
FUNCTION TERP(X,Y,XIN)

FUNCTION B2(Z)

40
41
42
42
43
43

oo

E
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SUBROUTINE BFINAL(P.EPS+8B)
COMMON /TABLE/ EPSILON(1593)sPF(6593)9BF(65915+3) sNEPS(3)sNEP(2},
» PLAST(3)

| DATA(NEPS=9912+8) s (NEP=65943+38) s (PLAST=12¢5930409540)

| DATA(EPSILON = 100019 160019 1e0ls 1039 16059 lels 1029 1625
1e39 6(060) 9 1a3s 16359 lelo 1485, 1,59 1559 lebo
1e659 1aT9 189 1699 2609 3(060)y 2609 3409 540

W N -

DATA(PF =

TCNOI>P OO &PV

10001 LE

aNaNaNa

DATA

002487
016220
018132,
015602
el1l2545,
¢10066>
o 07042

¢02082»
016258
.182069
015602
012548,
.100849
e07031

% %k ok k %k k %k k ok k %k k k Xk %k *k *k X

8009
0'0’0002’
«e4s o6
208’ 300’
5¢09 52
Te2s Teby
ely Geby
Qe0s 402
09’ 1.0'
609 He59
16405
«0025)
.la’
2¢0
4ol

016
2¢2
Gely

SMOOTHED B-TABLE 1

EPSILON

005211,
e 17044,
017929,
015205,
012206,
009819’

e 04907

016930,

«17941,

15211,

¢12185,

«09818,
)

08’
3¢29 30bs

18400
« 005,

10609 20¢0s 50409 1006097(060)

0e049 0e06y 008,

lely

1,00

54y
Tebys
908’
004
1.59 2.0
TeOs 7o
2040
2007
o189y o2
204’ 20
4069 4.

5e
Te
1o
o0

LT 1le3

((BF(1i9I=19130)=
06000009=¢017059=¢034109-0051159-eN68209-e¢076419=¢081809~408719»
~4092589~0096434~4098859-0106209-0e09029+-e064469-4036799~,0084yy

e 07669,
017847’
e 17726
«14808,
011867,
009573,

06000009=e¢016589=403316 9~
~3092049=e09694 4=409906 9~

e 07658,
017602’
e 17677
e 14816,
«e11860
009552’

102’
3.6’
5089
8e0

6,
8y
X
6s 408
1 2.5’
59 8B40

59 #01,
9 eho
6’ 2.8’
8’ 5.09

e09842,
«18001,
017439,
0lb4l2,
011528,
009327

e 04974 9-q066339=e 076789~
010605’“.090169“.06439’“

eN9368,
«1819Q0,
017412,
el4420,
011545,
009325,

3.0’

001’
le6s
3.8'
6400

8.29 804’
1065

11.0»

ol 2

N2y

3400
27(040)

211734,
e18155,
017082,
014032,
e11217
e 08775,

011079,
018234,
.17125’
.14025’
e11229,
oNBT7T1,

4409
Gely Bk,

3059
8059 900’
22409 24609 2640
eNhy
by 08’ }00'
3.2

.12,
4.2’

Bebo
115
o3 oby
400’
959

006’

le2
3.4’
)

elb,
le8s 260
boby
646y
Be8»
12009

4459

100
28.09
008y

3.6’

)
e16y o
2.2’ 2.
4469
6.8,
9¢00
125
eby
5009
12
3040y 2
ol
le6
3Q8’

05’

104’

SEE PAGE 10 (A)

e 13292,
¢18309,
016725,
013652,
«10925,
¢ 08259,

¢12789,
18279,
016744,
¢13639,
¢10914,
008271,

DATA((BF(1)91=131,260)=
0e6000009=e032049=e04T7640—

—0093344=e¢09703 9~

e02751)
016883’
+18353,
015626
¢12517,
¢10040»

* %k Xk ok k k k ¥k

e 05445,
017542,
«18126,
e15221,
012169,
e 09780,

010009!‘
« 07896
218050y
.17847,
014816
«11830»
¢09530)

0060489=6070229=e¢077564~
0101329'008867"006247"

«10108,
«18387,
017525,
.14415’
e11501,
¢09292,

¢12001,
018567
e17179,
.14018’
«11187,
«08738,

013571,
018652,
016813,
e13630,
«10884,
« 08239,

014572,
018462,
¢16368,
013272
«10634,
«07821>

e081879-
0035684~
0145009
«18323,
«16363,
«13275,
¢10615,
007812’

«083709~
e03269,~
e 14919,
«18647,
¢ 16425,
e13250,
¢ 10590,
« 07789,

18y o2
Gy 2460
4.8’
7.0’
929

’

P

5.5'
Oy lbgy
2(060)
012,

» 1.8y
4.0.

o8y

0153969
«18335,
¢15999,
012892,

010342L

e07406»

« 08696
000743’
¢15587,
«18367,
15983,
.12912’
«10349,
«07413,

«08895,
«00235,
¢16052,
«18530,
«16028,
e12878,
«10308,
«07383,

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
0le
017
ols
0l9
020
021
022
0213
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
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hd e07018» 055
¥ 00000009=0032439~¢048979=¢06121+=,07094+~¢07839,-¢08438y=,08948, 056
#  =0093789~e097454=6100469=6105594=¢0B8752+9~e06003y-602889s ,00259, 057
* 0032799 «06048ys 085409 ¢10734y 412604y 142055 o15507» 16571 058
* 017363y ¢18006y 418491y 18755y ,18914y 18973, 18913, ,18769, 059
* 0185699 «18312y 179989 o17657s 172909 16898y 416493y 16081 060
* ¢15663y 415245, ,14829y (14416, L,14013, ,13617, ,13229, ,12853, 061
* 012489y ¢12134,4 411791y 411464, 411146, ,10839, ,10547s ,10266, 062
* 0099959 «097369 4094899 o092509 (08B6Y6s ¢08201y +0T755s 07353, 063
* 006989 ) 064
DATA((BF(I)s1=26143901)= 065
* 06000009=e032434=4048869=4061393=4071059=e078639-,084T759=,08987, 066
*  ~e094285-¢097839~0100623~c1046599~,085659-e056959~402484s 00741 067
»* 03797y o06613y ,09122y 611257, ,13122 o14754, 16003y (17029, 068
* 017874y o18444, 4188535 419139, 19248, 19251, 19178, 19001, 069
* e18762y ¢18479y 4181439 41TT77Cy 4173869 «16975s ¢16553s 416125, 070
* 015694y 152649 214837y 4146422y ,14007s 213601y o13216y 12832, 071
* 012458y ¢121109 o11762s 114279 411116 ¢10806s 10508y 10234, 072
* 009959’ 009697’ .09‘956’ 00921"’ Q08666' .08172’ .07727’ 007325’ 073
* 0056962 074
¥ 00000009-0031989=00491b9=e061569=40T1393-4078279~e085099=408984 075
* '0094529-0097589—.10057"0102@2’°.08039”0049010‘0014719 «01921, 076
* 005116 «08014,y o10541s 412730y ,14588, ,16105, ,17213, ,18282, 077
* ¢18908s ¢195009 219757y «¢19986y 419973« ,19938, ,19736s 19517, o078
* 019188y «188469 o1B419y ¢17992s 417564 417132 «16669s ,16206 079
* 015743, «15284, 414847y 414410y 13972y 13545, ,13158, 12771, 080
* ¢12384y «120109 116799 «112474 4110169 410699y 10420 +10141s 081
* 009862y e095963 093639 09130y NB8578, e0B090s 07659y 407257, 082
* 206910 ) 083

DATA( (BF(I1)91=3914520)= 084
¥ 00000009-0¢03157 9004887 9-0061519=¢071319=6078933=¢085039~609004 08s
* —e093979=¢097029-¢099339~0096009-¢068763-¢03258s 400592y +04296 086
#* 007687y «10687y ¢13262s o4154209 417012 (185409 ¢195244 20403, 087
* 0208809 021265y ¢213689 21394,y ,21234,y 4210159 ¢20680s 20302, 08s
* 019859y 019388y ,188865 18368y ,17842y 417311, 16784, ,16261, 089
* e157649 ¢152859 4148069 414327y ,13848, 13413y 13018, 12623, 090
* 012228y ¢11833y ,114769 111639 6108509 10537y 10224y 09938, 091
* 009692y «0944T9 ¢09202s 089569 ¢0B438y ¢07954y 607539, (07153, 092
* 006816, 093
* 0.00000"003161Q-004785,‘0061059°007111”0078459'0084549 « 08952, 094
* -.093369‘009613"0098249‘009242q'006211"0024150 «01600y ¢05450, 095
* 008909 11954, .14520s +16656s 183639 419698, 420691y ¢21274 096
* 0216489 022022y 4220169 421914,y ,217864 ,21410, 21035, ¢ 20605, 097
* 020093y 419581y ¢190359 184749 ¢17914y 17357, ¢16801s o16254, 098
* e15731y «15207y ¢14712s o14234, ,13727y 413325, 12899, «12482, 099
* 012106y ¢11729, 11391y ,11091, L,10791, 10491, ,10191, 009891, 100
* e09591y ¢093549 ¢091399 «089239 o08384s ¢07902y 07506 07111 101
* 006782 ) 102

DATA( (BF(I)sl= 521, 975)= 103
* 0e000009=0031589=e047929=e060479=6070273=e07831s-08394, «08891, 104
* ~6092399-¢095119~¢097149-e087229~4055479~601525y ¢02599s 06573, 108
* 010101y 013153, 415722s o17827s o19501ls o20746s o21648, 022258 106
* 022618, 22766y ¢22T26y 622420 +22114, ,21808, e21354, ,20822, lo7
* 020290y ¢19742, 19147, 418553, ,17958, 17382, 16808, e16235, 108
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*» e15689s ¢15173, o14657y o14147y ,13701s 413254, ,12808y 412408, 109
‘ * 0120289 011648y ,112869 ¢10966s ,106469 10326y ,10052y ,09782 110
f * 0095139 0092659 609038y ¢0881l1ls 083329 07899y «07467s 407068 111
| * 006766 390(0.0) ) 112
C 113
d ACTUAL B-TABLE 2 114
C l1e3 LE EPSILON LE 240 SEE PAGE 11y (B) 115
C 116
, DATAl (BF(I)sl= 97651105)= 117
* 06000009 —¢l6348, ~,26064y —433995, =440848y -,46904, —469532, 118
* ~¢84033y ~e937539=16000219-1e036859=1e053009-1405263+~1,03870» 119
* =1e01358s —=677399y =o432029 —e056(169 314651y «67404s 1.00020» 120
* 1289439 1454059y 14754359 14932549 2607771y 2.19280y9 2,28089 121
* 2e¢345049 2038813y 2e413109 24422319 24418309 230789y 2.11598, 122
* 1,901489 1469468, 1,508609 1347569 1421059y 140951ls 499792, 123
* 091601 » 22(000)’ 12‘
#* 06000009 =e161059 —¢25564y ~033189y —639700y —445399s —,65836 125
#* ~e 779689 —¢B85118s —¢B887329 =e897369 —e88708s ~¢860939 -,82205» 126
* —e 7729y —e43221, ~402425, «38313, 015521, 1.09165’ 1,37352, 127
* 1460441y 1478758y 1,92759y 24029569 26098629 24139759 2,15749, 128
* 26155945 2,138959 24109439y 24070359 2602387y 1479949, 1,56531, 129
* 135512 1417858y 1,034459 918089 ¢823T7Ts 4746829 468343, 130
* e63029 922(060) ) 131
DATA( (BF(1)s1=1106+1235)= 132
3 06000002 =e158729 =6250T4y =e323989 —e38579y —¢43905s —462235, 133
* ~e7208ly —e76764s —=4TT9029 ~e 764429 —eT30539 ~e681l709 —e62139, 134 }
* ~e552259 ~e13486s ¢30988s +71833, 1406787y 16354509 157566, 135
* 16738309 1e850009 1918719 1952679 10958759 14943049 1691075 136
* 1486613y 1812749 16753483 16690639 1662601y 16373009 1,15558, 137
* e 98234y 484786y oT436Ty o662039 0596969 ¢54407y 650027 138
* 046338y 22(0.0) 139
* 06000009 —e15637s —e24594 s =0316219s ~e37459y =e42437s —458736 140
* ~ 0663239 =468678y —¢6T7518s —e6383T9 —e5833Ty ~e51489s —043656 141
* 2351129 o12068s 577835 o96502s 1627087y 1449834y 1,65372 142
* 1.749359 14797069 14807539 14789949 1475194, 1,69966s 1,63804, 143
* 1e57098y 1501129 16430859 1361559 14294369 1,05739s 87589 144
* e 74131y 4641009 456498y +505629 458169 o,41934, 38691 145
* ¢35929s 22(0s0) ) 146
DATA( (BF(1)s1=1236+1365)= 147
#* 0000009 —el15414y ~4241229 =e308529 —e36370s =e41001ls —¢55316 148
#* ~e60728s —e60886s —¢575839 —e519109 0445529 ~¢36032s =¢26719 149
* ~e168949 33761y oT8713s 16137089 138973y 16455437y 1464653, 150
* 1668219y 1467687y 14642569 16588759 16522769 14450069 137468, 151
* 16299399 1622611s 1.15608s 16090029 1602830y 82494y 68056, 152
* e5T7768s 502309 445099 400219 363969 33401y +30878y 153
* 028720 22(040) 154
* 0000003 ~e152039 —423663s =6301059 —e353049 —439576y =-451961, 155
* ~ 0552859 —e533769 =~a481209 =e40641s —e316839 —e21768y =411275, 15¢
* -e004909 519249 4946109 16248189 1¢443709 16547939 1,58409, 157
* 16572179 1452811y 1446400 1438877y 1630869y 122810+ 1414985, 158
* 1,075489 16006109 942069 ¢883369 682993y 466149y (54718, 159
* e 46707y 408309 0363359 4327709 0298689 27461y 025415, 160
* ¢236599 22(040) ) le61

DATA( (BF(1)s1=1366+1495)= 162
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DATAI

DATA!

DATAI
~e97421y
~e05982

000000+
'.49960’
.14194’
1444050
e89271»
«38708»
019868’
000000
-e44853)
027257
1,30266»
.74772’
e32761»
e16967
(BF(I)
000000
~e39868)
38807
1.16880»
.63375’
0282059
e14699)
0.00000>
—.30308.
e57784
e93134»
e 47296
0217469
e11422»
(BF(I)
0000009
-e21391»
e 71999,
e 74300
e36971)
e17432)
«09195)
000000
-e13011»
«82198,
«60048>
030010
¢14391,
007612’

007328’
e57587,
e51617»

-e14985y =423202
~e461559 =~439108»
066908y 1,06206»
1,36941, 1,28717,
«83058, e 77469
¢33983y 30332
22(060)
-el4775, “022759’
-0392019 -4305400
eT79051y 16414185
1.21504’ 1.12405’
e69383y L64613,
«28853, 425802,
22(0.0) )
»121496+1625)=
~el4577y =422311,
-e32531y —e22399
e88694y 1619173
1607279y 697979
e58763y 454735,
024894y 422292
22(060)
-~eldl759 =421441,
~9200059 -407401)
le0l654y 1622277
e83474y oT491 7y
043933, 041027
¢19240s 417258,
22(040) )
21=21626,1950)=
~el13797y =e20598»
~e08514y 405992
108124y 1419333,
e656T7Ts o58461
034451y 432270
015442, 413867,
22(040) »
~e13667y ~419753,
001966y 417869,
109767y 1612793,
052749y 446863
028040y 26328,
0127609 411465,
217(040) )

SMOOTHED B-~-TABLE 3
20 GT EPSILON LE INFINITY

—e68852,
-002569’
009760’
e55837,
051324,

(BF(I)»1=1951,2080)=

-e58707
‘000017’
«30729,
054506
051141’

~029354,
“0300340
1030979’
120130
0724530
¢27415»

~e28618,
~e20070>
1¢33750
1,03549,
¢60401
023350

-e27896,
"010728’
1633567
¢89363
e51204»
e20195

'026#61’
006165,
1627257
«67514
¢38493,
015653,

~e25079
020816
1616509
052475
¢30365»
¢12585,

'.23765’
033406,
1604340
042100
024824,
«10409

‘049707’
002081’
048640
¢53370
¢50958»

~e342369 ~e38089y -,48618»
~el19706s =oeNB6ES54y 02738
14449769 14499769 1,48929,
1,116669 1,03615, 096125,
067969, e54224y 445103,
0250239 230279 21329
=e33177y —e36797y —eb4544]),
-~ 908593, 003353’ .153930
1642157y 16424339 1,37738»
0e95258¢ 87680+ ,80851,
e56673y 6454249y o380069
021340y 419648y 418208,
-e32161, ’0354479 “.422750
e01687s 0143069 426762
16370089 16334399 1626030,
081592y 74708y +68664
.“8098’ .38780’ 032610|
018466y 170109 15769
-e30153, =¢432711y ~-,36101,
¢19890s 433251y L45958,
16229039 16140499 1,03587,
e61181lsy 0557959 51212
036271y 4295649 425033,
014323, 413203y 412246,
—e28178y =4301859 =630256
035189, 48656y (60968,
1607114y 956439 484384,
047511’ 043381’ .399139
028683y 4235519 420019,
011521y <10623y 409856,
~e2b2559 =o42T642¢ =o24616
047877’ 060917’ 072370’
092091,y 79832y 469036
038209y 34994y 32298,
¢23488y 4193709 16506,
009532, 408793y 08160,
SEE PAGE 11y (C)
~e281699 =—¢12075»
¢04057, «05951,
0574939 0589579
e52582, ¢52010»
¢50815, e50714,

163
l64
165
166
167
leé8
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
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| * 450613, 050547, 050486 50430
| * e50312» e50283y 27(00)
| * =2,610459 =1,375699 =1,02995, 087639,
| * 015183y =o07734s =,02930 000523
| * 007121, e 08632, e20854, e31337,
* ¢50859 e54720 ¢55318 e55387,
* «53981, 53315, 052648, 052236,
* 051450 051252 «51112» e50975
, * 050688 ¢50626s 27(0.0) )
DATA( (BF(1)91=2081+2210)=
* =T74259859 =3,454859 ~1,640599 ~1e34423)
* =418538y -¢06638, «00132, e 04141,
* 012558’ 014254’ 024915’ 0311819
* 044855, «47569, ¢50559, e51503»
* ¢53025) e53039, 052924, 052442,
* 051719’ 051574’ 0513199 051151’
* ¢50788» ¢e50703s 27(060) »
*#¥=10639392y =4e19995y =2,582409 =1e¢95097,
*  ~409334, e02079 + 08494, ¢13020
* e19375, «20833, ¢30709 ¢35538,
* o 44781, 046999, 47925, «48858,
* 2950908 «51178, 052183, 051642,
* 051480 ¢e51039, «50923, e51144,
* 050653, e50672y 27(0.0) )
DATA( (BF(1)s1=2211+2340)=
#12422342y 4475181y =2,27086y -1,77188,
*  —e0N4165 e06149, ¢10540>» e14931,
* e23512, 024688, 033362 ¢37564
* 045182, 046992, 048265, 049159,
‘ * e51348, «e51474, «51601 «51728,
* 051378, 051250, e51134, e51018,
* e50712 e50629y 27(060) »
#¥=1T74185609 =4693449, =2,51731y ~1,70006
* ¢e10521, «21329, e27134, 029964,
#* 34908 035471, 040376 e42789,
* 046939, e 47894, e 48697, 049128,
* 049440 «50561, ¢50019 e49603,
* ¢50509 ¢50011, 0469846, e50036»
* 049933, e49990s 27(060 ) )
DATA( (BF(1)91=234192925)=
¥=11438347y ~44456409 —24807569 =1,40802»
* 022618 032724, 039072 040166
#* 042834, ¢43319, e45263 045965,
* ¢49584 e49502 e 49897, ¢e50159,
* 049218, 049272, 0849327, +49381,
* 049545, ¢ 49600 e 49654 e 49707
* e 49827, 049867y 27(0e0)
* =6406082y ~3,14788y =1,767T72y =1414861,
* 026495, e35971, 044275, 044560
* 046195, 046602y 047481, 047974y
* ¢47861, «47598, e 48927, e50561,
* ¢52032» ¢51590 ¢51700» e513901,
* 049458, 050436, «50658, ¢e50119,
* e50321> e50407s 482(0e0) )

50387,

-057“77'

e03119,
39987,
e55145,
e51922,
¢e50864,

-e66897,

007376
036725,
052354,
052331,
e51033,

~e 72320y

0 16444,
0392349
0503519
e51239,
e50871,

-e63507,

219322,
040544,
¢ 50053,
¢51635,
.50902’

-e544T4,

«319083,
e 4449],
048934,
049688,
0504810

-e36357,

041157,
e4T071,
«49886,
049436,
049747

‘025214O

045094,
048212,
«51841,
¢50035,
049832,

e50344,

-¢30191,

.052850
046999,
054568,
51648,
e50773,

=e¢34955,

010610,
41363,
53369,
«52033,
e50871,

-e26754,

017916,
042172
051236,
51401,
050634,

‘.21“469

0223350
043029’
.509“79
51507,
050795,

-e0i:118,

03?686|
ol 3837,
o/ 8967,
¢50334,
¢50104,

.05302’
041995,
48885,
049355,
¢49490,
049787

012786,
045623,
048230,
52185,
049271,
.49866’

217
218
219
220
221
222
223
224
228
226
227
228
229
230
231
232
233
236
235
236
237
238
239
240
241
242
2643
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
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115

120

-
(R UTE <. U

KK = TABLE NUMBER

KK = 1

IF(EPS +LTe 1e3) GO TO 120

KK s 2

IF(EPSeGTe 200) KK = 3

IF(KK oNEe 2) CALL CONV(EPSyP)
B = BOFEP(EPSsP+PTEMPKK)
RETURN

END

271
272
273
274
275
276
277
278
279
280
281
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FUNCTION BOFEP(EsPyPTEMP oK) gaz
C 83
C INTERPOLATION IN THREE B=TABLES 284
C K = TABLE NUMBER 285
C 286
COMMON/TABLE/ EPSILON(15+3)9sPF(6593)9sBF(6501593) sNEPS(3)sNEP(3), 287
» PLAST (3) 288
DIMENSION ET(3) 289
IQUAL = 1 290
PTEMP = P 291
IF(KeEQe 2) GO TO 5 292
CALL K1K3(EsPyDUM1sPTEMP sDUM2 19K ) 293
5 IF{PTEMP JLEe PLAST(K) ) GO TO 10 294
BOFEP = BASYM(E sP,K) 295
RETURN 296
10 IF(KeNEe3) GO TO 20 297
IF(PTEMP «GEe 0+0025) GO TO 15 298
BOFEP = 040 299
RETURN 300
15 IF(E oLFe 100.0) GO TO 20 301
ROFEP = B2(P % SQRT (E#%#2 = 1,0) ) 302
RETURN 303
20 NOE = NEPS(K) 304
NOP = NEP(K) 305
IF(E «GTe 140001) GO TO 25 306

JEPS = 1 307 -
23 1QUAL = 2 308
GO TO 37 309
C FIND EPSILON BOUNDS FOR INPUT £ 310
25 DO 30 J = 1sNOE 311
JEPS = J 312
IF(E - EPSILON(JsK) 135523430 313
30 CONTINUE 314
35 IF( (KeEQe2) o«ANDo (NOE oEQeJEPS) ) JEPS = JEPS - 1 315
C FIND P BOUNDARIES FOR INPUT P 316
37 DO 40 1 = 1sNOP 317
IP = | 318
IF(PTEMP = PF(IsK) )150965+40 319
40 CONTINUE 320
45 GO TO (48+46)s1QUAL 321
46 BTEMP = BF(IPyJEPSsK) 322
IF(K «NEe 2) GO TO 200 323
BOFEP = BTEMP 324
RETURN 325
48 ET(1) = BF(IPsJEPS=1,K) 326
ET(2) = BF(IPsJEPSHK) 327
IF(K oEQe 2) ET(3) = BF(IPsJEPS+1sK) 328
GO TO (909725100) 9K 329
50 IF(NOP oFQe IP) IP = IP = 1 330
GO 7O (50955)sIQUAL 331
55 BTEMF = TERP(PF(IP=1,K) sBF(IP=1,JEPS,K)sPTEMP) 332
IF(K oNEe 2) GO TO 200 333
BOFEP = BTEMP 334
RETURN 335
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60
65

70
T2

75

80

90

GO TO (7596575) oK

QUADRATIC INTERPOLATION IN P DIRECTION FOR K = 2

0O 70 L = 143

ET(L) = TERP(PF(IP=1,K)sBF (IP=13JEPS+L=2sK)sPTEMP)
CONT INUE _

QUADRATIC INTERPOLATION IN EPSILON DIRECTION FOR K = 2
BOFEP = TERP(EPSILON(JEPS=1+K)sET1E)

QUADRATIC INTERPOLATION IN PF DIRECTION FOR K = 1 OR 3

DO 80 L = 12

ET(L) = TERP(PF(IP=19K)sBF(IP=1,JEPS+L=29K)sPTEMP)

CONT INUE

LINEAR INTERPOLATION IN EPSILON DIRECTION(LOG(1/(E-1)) FOR K = 1,

LOG(E) FOR K = 3)

3) GO TO 100

TEMP =ALOG (1.0/7(EPSILON(JEPS=19K)=1,0)

BTEMP = ET(1l) + ((ALOG(1,0/7(E-1.0)
(EPSILON(JEPSsK)=1e0))~ TEMP)Y) * (ET(2) = ET(1)

GO TO 200

100 TEMP = ALOG(EPSILON(JEPS=1+K)

ET(1) + ((ALOG(E) - TEMP)

(ET(2) = ET(1)

200 CALL K1K3(EsPsBTEMP1,PTEMPBTEMP,249K)

BOFEP = BTEMP1

)= TEMP)/(ALOG(1.0/

/ (ALOG(EPSILON(JEPSsK) ) = TEMP

SUBROUTINE CONV (EPSyP)
SETS UP CONVERSION FACTORS FOR TABLES 1 AND 2

COMMON /COLD/ PI+EPSQsSQUARE sROOT s ACOSINE sPMC o TERMT
DATA(PI = 34141592654)

EPSQ - 140

{ SQUARE)

ACOS (1,0/EPS)

Pl =~ ACOSINE

(PMC * ((2.0+EPSQ)/ROOT) + 3,0!)

ROOT = SQRT
ACOSINE

336
337
338
339
340
341
342
3643
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361

362
363
364
365
366
367
368
369
370
a7
372
373
374
375




NnNONN

aNaXaXa!

10
20
25
30

40

<42-

SUBROUTINE K1K3 (EPSsPsBeZXI9YBXI s ISWITCHK)

ISWITCH = 1 CONVERT P TO XI OR 2
= 2 CONVERT BXI OR Y TO B

COMMON /COLD/ P sEPSQsSQUARE sROOT » ACOSINE »PMC » TERMT
IF(K +EQe 3) GO TO 25

COEF = Pl * SQUARE**#1.5 / (2.0* EPSQ)

FNEW = EPSQ/ SQUARE

GO TO (10920) s ISWITCH

ZX1 = P # ROOT / FNEW

RETURN

B =YBXI # TERMT / (COEF % ENEWie

RETURN .

G0 TO (30,201 ¥ TTcH

TEMP = ROOT * (P1/2.0) * SQUARE®#2,5 /(EPSQ##2% TERMT)
ZXI = P % TEMP

RETURN

TEMP = (4 O%EPSQ¥TERMT ) 7/ (PI # SQUARE**1.5)

B = YBX] * TEMP # g2(P # ROOT)

RETURN

END

FUNCTION BASYM (E P oK)

CALCULATES ASYMPTOTIC VALUE OF B(Psg) FOR P GT P OF TABLES
SEE PAGE 11s (C)(ID)

COMMON /COLD/ PI+EPSQsSQUARE sROOT ~ACOSINE sPMC» TERMT
IF(KeEQe 2) CALL CONV (E;P)

TB = PMC/ (840%ROOT)

TC = 90 *EPSQ*¥3 4+ 138,0 ¥EPSQ*¥#2 4+ 152,0%EPSQ +1640
TD (100/2440)%(229,0%EPSQ*%#24592 ,O#EPSQ+124,0)

TA EPSQ/(2,0%P%*%#3. # SQUARE#*%*5)

TERM1 = (EPSQ/(2.,0%P * SQUARE#**2)j # TERMT
TERM2 = TA * (TB * TC + TD)

IF(TERM2 o¢GTe (1¢0/3.0)*TERM1) TERM2 = 0,0
BASYM = TERM1 + TERM2

RETURN

END
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50

100

100
105
110
125
200

225
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FUNCTION TERP (XsYesXIN)
QUADRATIC INTERPOLATION
DIMENSION X(3),Y(3)

SUM = 040

DO 100 J = 1,3

PROD = 1,0

DO S0 I = 143

IF(]1 «EQe J) GO TO S0
PROD = PROD * ((XIN=X(I) ) /7 (X(J) - x(1) ) )
CONT INUE

SUM = SUM + PROD % Y(J)
CONT INUE

TLRP = SUM

RETURN

END

FUNCTION B2(Z)
SEE PAGE 11y (C) (II)

DIMENSION ZZ2(20)+8B(20)9N{5)sC(5)
DATA (Z2Z = 09 ols e29 ab9 369 oB9 le9 1a29 1ol lebs 1e8s 269 349
Les Se9 Hey Tes Ber D4 10.) ’

(BB = 0o9 5¢8501E=29 1e6039E-1y 3¢588TE=~1ls 44,9819E-1»
5e¢T7597E-1y 660588E~1y 640315E~1y 5,8021E~1,
54590E-1s 540663E=1y 4e6692E~1y 3,0540E-1»
2¢1580E-1s 146640E~1y 143575E=1y 1,1509E-1,
1e0005E=1y B808559E~249 Te94T70E~2)

DATA(NS1939597s9)9(C = o785449,88B36,4,142,42,28,750.4)
IF(Z «GTel0ed ) GO TO 200

DO 125 1 = 1,20

IFtz - 2z(1) )y 1101059125

B2 = 8B(1)

RETURN

B2 = BB{(I=-1) + ({(Z2=-22(1-1))/7(22(1)=22(1-1))) * (BB(l) - BB(I-1) )
RETURN

CONTINUE

B2 = 040

DO 225 I = 15

B2 = B2 + C(1) 7 2%%#N(1)

CONTINUE

RETURN

END
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