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NOTATION

This manual has been written as an aid to the mathematician or
programmer using the BRL Bessel Function Subroutine. FORTRAN symbols
for variables and arithmetic operations are used in the body of the
report for consistency with excerpts from the coding.

As an aid to the reader who is unfamiliar with standard FORTRAN,
the following symbols are defined:

Algebraic FORTRAN
Symbol Operation notation notation
e + add a+b = A+ B
2. - subtract a-b = A-B
3 * multiply axb = A*B
4, / divide a: b = A/ B !
S *% raise to the power of a2 = A k% 2

Numbers are written in specific ways to define their type:

1. Integer: 2
2 Real: 2. or 2.0 5
3. Standard notation 2.78x107: 2.78 E+05
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USER'S MANUAL FOR THE BRL SUBROUTINE TO CALCULATE BESSEL
FUNCTIONS OF INTEGRAL ORDER AND COMPLEX ARGUMENT

I. INTRODUCTION

It became apparent in the late 1960's that a subroutine to compute
Bessel functions of integral order, first and second kind, ordinary and
modified, for wide ranges of integral order and complex argument was
necessary to solve a general class of problems involving the Laplace
and biharmonic equations in cylindrical coordinates. While there were
computer codes to calculate Bessel functions of real arguments, none was
available for complex arguments. Although tables of Bessel functions
for complex arguments had been published, the tables were limited in
scope and accuracy; interpolation between given values resulted in a
further loss of accuracy.

The three basic methods of calculation used to compute the ordinary
and modified Bessel functions of the first and second kind include:

1. A Weber-Schlafli series,
2. Gauss continued fractions, and
3. Hankel asymptotic series.

Each method will be discussed in enough detail to enable the programmer
to understand the subroutine. The rationale for using Gauss continued
fractions to compute Bessel functions of the second kind is described
by A. S. Elder in a previous report.l

The subroutine* is written in FORTRAN IV and has been code-checked
on BRLESC** T and BRLESC II. Both computers have a 72 binary bit or 17
decimal digit word length. Examples run on BRLESC II have agreed to
sixteen decimal places with double precision runs on the UNIVAC 1108
and the CDC 7600. More thorough checks using independent methods of
calculation and multiple precision arithmetic are in progress. The
results of these studies will be reported at a later date.

Complex arithmetic is not available on either BRLESC I or BRLESC II.
It was necessary, therefore, to code each complex arithmetic operation
as a binomial operation. Given two complex numbers a+b{ and c+dd{,

1 A. 5. Elder, "Formulas for Calculating Bessel Functions of Integral
Order and Complex Argument." Ballistic Research Laboratory Report No.
1423, November 1968. (AD680209)

*  An annotated listing of the subroutine ie given in Appendix B.
** Ballistic Research Laboratory Electronic Scientific Computer.
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(a+b4) * (c+d{) = (ac-bd) + (ad+bc)i and

a+b{ _ (a+bd) (c-d4)_ ac+bd _ bc-ad
c+dd  (c+dd) (c-d«) c2+d2 c2+d2

PO S

With some exceptions, the real and imaginary parts of each complex
number will either be prefixed by R or C respectively or will contain
an R or an I within the respective variable name. For example, the
complex number z = a+bd{ could be called RZ + CZ{ where RZ = a and 1
CZ=b or ZR + ZI 4 where ZR = a and ZI = b.

ITI. INPUT AND OUTPUT VARIABLES

The first five variables in the argument list of the subroutine i
statement

SUBROUTINE BESSEL (PHI, CHI, ORD, OPT1, OPT2, FJI, SYK, JPR, LERR) 1

are input variables. Each variable must be real, not integer. 4
PHI Real part of complex argument of Bessel function 4
CHI Imaginary part of complex argument of Bessel function
ORD Order of Bessel function. The subroutine will always

compute orders m = ORD and n = ORD + 1.
OPT1=1. Compute ordinary Bessel functions of first and second
kind.
=2. Compute modified Bessel functions of first and second
kind.
OPT2=1. Argument is given in rectangular coordinates, i.e., 4
z = a+bd{ where PHI=a and CHI=b;
=2. Argument is given in polar coordinates; i.e.,

z = pcosO® + LpsinB where PHI = p and CHI = @8, in degrees.
If 9 is not in the interval - 180° < 8 < 180°, the
subroutine adjusts the angle by adding or subtracting
360° until it lies within the interval.

Error messages are printed if the input is not in the correct format.
The output contains two real arrays of four elements each and two integer
variables.

Ordinary Modified Ordinary Modified
FJI(1) Re Jm(z) Re Im(z) SYK(1) Re Ym(z) Re Km(z)
FJI(2) Im Jm(z) Im Im(z) SYK(2) Im Ym(z) Im Km(z) 1
FJI(3) Re Jn(z) Re In(z) SYK(3) Re Yn(z) Re Kn(z)
FJI(4) Im Jn(z) Im In(z) SYK(4) Im Yn(z) Im Kn(z)
8
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JPR =1 Indicates Weber-Schlafli series used
= 2 Indicates Gauss continued fraction used
= 3 Indicates Hankel asymptotic series used
LERR = 0 No error detected in subroutine
= 1 Error occurred in subroutine. A printed error message

from the subroutine will indicate the section of code
where error made.

It is necessary to declare the arrays corresponding to FJI(4) and SYK(4)
in a DIMENSION statement in the calling program.

III. METHODS OF CALCULATION

A. The Differential Equation

The complete solution of the differential equation

2 2
dz z dz

is a linear combination of the ordinary Bessel functions of the first,
Jn(kz), and the second, Yn(kz), kinds

y = a J“(kz) + b Y“(kz)
where a, b, k are constants and n is the integer order.

A change of sign in the differential equation

2 2
44 L & -(k2+9-)y=o

dz z dz 22

yields a complete solution which is a linear combination of the

modified Bessel functions of the first, In(kz), and the second, Kn(kz),
kinds

y = a In(RZ) + b Kn(kz)
where a, b, k are constants and n is the integral order.

B. Preliminary Calculations

The following values are computed at the beginning of the code up to
location 140 from the input parameters PHI and CHI:

S—— . R REE———— - e e g
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Rectanéular

Coordinates
| . PHI + L CHI
g [o) JPHI + CHI
3. 8 2*ARCTAN[ sin Z
l+cosZ
4 ZR PHI
S 21 CHI
6 sinZ CHI/p

7. cosZ PHI/p

Because the principal values of the ARCTAN lie between -m/2 and /2,
the half-angle formula was used to compute ARCTAN z.
make the calculation independent of machine limits imposed on any

predefined ARCTAN function.

To calculate the series for Bessel functions of the first and
second kinds, several quantities needed later, can be computed before

generating the term of the series:

1. log z = log p + 46

Polar

Coordinates

PHI (cos CHI+ 4sin CHI)
PHI

CHI (w/180)

p* cos 6

p* sin 6

logz+9y =1log p+y + 48 = ZRL + L ZIL
where y = y - In 2 = a constant

Y = Euler's constant = .57721...

ZRL = log p + @

ZIL = 48

An error test prevents trying to compute log O.

2
2 (3> =L 2« 2?

5 2 = XR + «XI
where XR = % (ZR2 - ZIZ)
1
XI = 5 (ZR* ZI)
3. T1 = 92 = ZR2 + ZI2
4. Y =% =ZR2 , —"2212= YR + 4 YI
o ZR"+Z1 ZR"+Z1
10
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The signs of alternating terms differ in the infinite series used to
calculate ordinary and modified Bessel functions. Thus,

SGN
SGN

for ordinary Bessel functions and

1.0
1.0 for modifiq@ Bessel functions.

Tests are performed beginning three lines before location 180 and
ending at 180 to determine the method of calculation:

2.5 Use Weber-Schlafli series

p<
2. 2.5 < p < 21.0 Use recurrence formulas for
Bessel functions of the first kind
and Gauss continued fractions for Bessel
2 functions of the second kind.
3. (order + 1) < 1.95

p Use Hankel asymptotic series.
and p > 21.0

The 1limits given here are suitable for BRLESC I and BRLESC II; these
constants must be changed for computers with higher accuracy. Further
discussion of these limits is in Appendix A.

C. Weber-Schlafli Series: |z| < 2.5

The subroutine always calculates Bessel functions in pairs of order
m and n = m+l. Because orders zero through three are used so frequently,
the initial conditions for the appropriate series are calculated directly.
Initial conditions for orders n>3 are calculated from general formulas.
The series calculations for the Bessel functions of both the first and
second kind for orders m and n are done simultaneously and are accurate
for small values of |z| where 0 < |z| < 2.5.

Given the equations for the ordinary Bessel function of the flrst
(J ) kind and the modified Bessel function of the first (I ) kind,? one

can immediately observe that the difference between the equations is in
the sign of alternating terms of the series.

e e

I, (2)

LR L
ey b CIR GRS
o (1' (21 (3|

2 British Assoctation for the Advancement of Science, Bessel Functions,

Part I, Mathematical Tables Vol VI, University Press, Cambridge England,
1937.

11
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& ®" 5
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= = t=a k \2 k k! (n+k)!

Because of the similarities of these equations, only the coding
for orders 0 and 1 of ordinary Bessel functions will be detailed here.
It is immediately seen that the common factor of the terms of Jo(z) is

1+04 and of JI(Z) is %—= %5 + %l “* The common factors for orders

0 and 1 are specified at location 201 in the code:

CMRI = 1. } :

CMI1 = 0. RN

CNR1 = OR = ZR/2. } 2 2R . 3L 4
CNI1 = OI = ZI/2. - g 2.

The terms of the series are computed beginning at location 500.
The series for ordinary and modified Bessel functions are identical in

powers of %-but remain different in the sign of alternating coefficients.

L
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The real coefficient for order m=0 can be written as

_ SGN e BN
My = memEmoem " Mpa T M M,

and for order n = m+1 = 1 by

_ SGN i _ -
e "R FR(BN+FR) s N e B
where
SGN = - 1 for ordinary Bessel functions
= 1 for modified Bessel ‘unctions
BM = order m
BN = order n
FR = k.

For k > 2, each term of the factored series is the product of the

previous term and [ 2\ 3 | . In the code (2 e XR + 4XI and
k (n+k) 2
1

2
Fink] = BB for order n. The terms of the factored series are stored

in the arrays TRM and TIM for Jm(z) and in TRN and TIN for Jn(z). Each
term is computed and stored (omitting the complex notation) as

2
TMk = TMk-l * AA * (%) for order m.

The terms of the factored series are summed from the smallest term to
the largest term in order to avoid cancellation error. This sum, a
complex number, is then multiplied by the common factor, also complex,
to compute the sum of the infinite series:

STR + 4 STI =2, TRM(K) + 42, TIM(K) , ord.:r m
k K

SUR + 4 SUI =3 TRN(K) + £2, TIN(K) , order n
X K

J (2) = (CMRL + £CMI1) (STR+4STI) = RSM+ 4 CJM

where RJM
CJM

CMR1 * STR - CMI1 * STI and
CMR1 * STI + CMI1 * STR.

13
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Similarly
Jn(z) = RIN+ £ CJIN for order n.

Calculation of the ordinary and modified Bessel functions of the
second kind is more complex. The Weber-Schlafli series contains a
logarithmic term, the sum of an infinite series, and the sum of a finite
series. As before, the difference between the ordinary and modified
Bessel functions of the second kind can be observed in the signs of
corresponding terms:

0 2
Y (z) = 2 [Jo(z) {Y-ln 2 & i z} -1 {((3;20 (0+0) _ géll (1+1)
Bogerrd
(&) e
K (2) = - I (z){y In 2 + 18 z} +1 {_0?0! (0+0) + gl (1+1)
(&) ot
+ 32 el o Lo o}

where Yy = .5772156649, Euler's constant

: B e )
Y (2) = 2 [Jn(z){Y e 2F o Z} 2{ :‘;‘o T (ntr) | (2)

n-1
2r-n
A | 1 Lok M. .1 Y  feerl)l fx ]
(l+2+3+"'+r+1+2+3+"+n+r)} 2 nwo 2

Kn(z) = Fl(n,z) + Fz(n,z) + F3(n,z)

where Fl(n,z) = (—1)n+l In(z) {y = 1n z + 1n z}

14




n+2r
nl 1 z 1,1 1 1.1 1
Fon,2) = (-1)" 35 rz_; o g ey (2) (1'2'3'""r'1'2'3""n+r)

n-1

‘ r . 2r-n
o) - 3 X D (el (E)

2 r=o0 T 2

The common factor of the infinite series for both the ordinary and the

modified Bessel function of the second kind is (tl)n (;)(E)n. The
2N\2
finite series is factored

m-1
Y (mr-1)! (E) rmeseon’ -
-0 r! 2

2\ g (seN)” A
(m-1)! (E) [} 5 221 r!(m-r) (m-r+l)...(m-1) (E)

where SGN = 1.0 for the ordinary Bessel functions and
SGN =-1.Qm for the modified Bessel functions, and

(m-1)! (g) is the common factor of the finite series.

These common factors, defiaed for orders O and 1 at location 201, are
given by

CMR2 = SGN * .5 =+ .5
CMI2 = 0.0 for order 0, infinite series
CNR2 = SGN * .5*0R=t%(%)
for order 1, infinite series

CNI2 = SGN * .5 * OI = + %(2-1)

gﬁ?g : g: ; for order 0, finite series
CNR3 = SCN * YR = ¢+ —— 20—
ZR2 + ZI2
for order 1, finite series
CNI3 = SGN * YI = + __égl__ji__
ZR™ + Z1

3 National Bureau of Standards, Handbook of Mathematical Functions with
Formulas, Graphs, and Mathematical Tables, U.S. Govermment Printing
Office, Washington, D.C. 1964.

15
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When the common factor for the finite series 1is calculated for the nth

order beginning at location 300 in the code, a check i1s made to prevent
machine overflow.

The terms of the factored finite series and their sum are computed
at location 400. This sum is stored in CMR4 + { CMI4 for order m and
CNR4 + 4 CNI4 for order n=mt+l. The sum and common factor are not
multiplied together to get the value of the finite series until the
logarithmic term and the infinite series term of the equation for the
Bessel function of the second kind are assembled at location 560.

The Weber-Schlafli or infinite series term of the equation for Bessel
functions of the second kind is calculated in the same manner and in
the same section of coding (location 500) as previously described for
Bessel functions of the first kind. After factoring the common factor
of the terms of the infinite series, the powers of %-are identical to
those in the infinite series for Bessel functions of the first kind.
The coefficients of the terms differ in their numerators, however, and
these real numerators are calculated and stored in P for order m and Q
for order n=mtl. These numerators, P and Q, are calculated as the
remaining portion of each term of the factored infinite series, TRM(K)
+ 4 TIM(K) for order m and TRN(K)+ £ TIN(K) for order n, is computed.
The products

P*[TRM (K)+LTIM(K) ]=TRV(K)+LTIV(K) for order m and
Q* [TRN (K)+LTIN(K) ]=TRW(K)+L{TIW(K) for order n

contain the entire kth term of the factored infinite series for Bessel
functions of the second kind. The sums of the factored infinite series
are given by

SVR+{SVI= 2, [TRV(K)+{TIV(K)] for order m
K

SWR+{SWI= 2, [TRW(K)+LTIW(K)] for order n=m+l.
k

As mentioned above, the sum and common factor are multiplied at location
560.

Each of the factors of the logarithmic term has already been
computed. Therefore it is now possible to assemble each of the three
terms of the equations for Bessel functions of the second kind as
follows:

a.  Logarithmic term: Jm(z) * (log z - log 2 + Y), ordinary

Im(z) * (log z - log 2 + Y), modified
RLV + L CLV = T1 * (RJM + 4 CJM) * (ZRL + 4 ZIL)

16
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Finally, these
common factor s

Ym(z) or

where

D. Gauss Conti

where Tl is the appropriate sign and
RJM + 4 CIJM contains either the ordinary or the modified
Bessel function of the first kind.

Finite or power series term = FVIR + { FV1I
= (CMR3+{CMI3) * (CMR4+{CMI4), for order m
where CMR3+{CMI3 is the common factor and
CMR4+4CMI4 is the sum of the factored finite series

Weber-Schlafli or infinite series term = FV2R+{FV2I
= T2 * (SVR + L SVI) * (CMR2+{CMI2), for order m

where CMR2 + 4 CMI2 is the common factor
and SVR + 4 SVI is the sum of the factored infinite series
and T2 is the appropriate sign.

three terms are added and then multiplied by their
o that

Km(z) = SGPI * [ (RLV+LCLV) + (FVIR + £ FV1I)
+ (FV2R + 4 FV2I) ]

SGPI = %— for ordinary Bessel functions

=1 for modified Bessel functiomns.

nued Fraction and Recurrence: 2.5<|z| < 21.0

Bessel fun

ctions of the first kind, Jn(z) and In(z), for medium

values of |z| where 2.5 < |z| < 2.1.0 can be calculated using the

recurrence rela
J
m-l(

Im—l(

tions:
2) = g% Jm(z) - Jn(z) , n = mtl
z) s 2B 1 () + 1 (s).

z m n

A starting value can be obtained using the series approximations
described in the previous section if the order is larger than Izl.

At location 610
Il =
r

where initially

in the code, r 1is incremented until

T1 *-——‘3E / + < 10710
e 4 [r(n+r)]

Tlo-l., r = 1, and n is the order m + 1.

When the order FN=n+r is sufficiently large so that Tl < 10-10, these

4 N.W. McLachlan, Bessel Functions for Engineers, Clarendon Press,

Oxford, 1955.

17
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new high o}ders, BM = FN and BN = FN+l, are used to calculate the
starting values of J or I. A downward recurrence using the above
recurrence relations is performed at location 630 until the high order
BM has decreased to the original order ORD.

The corresponding recurrence relation for modified Bessel functions
of the second kind is 4

K _,(z) =K (2) - 2k (2).

Although the Weber-Schlafli series is useful to start the recurrence when
n > |z|, functions of lower order cannot be calculated accurately from
the recurrence relation as the difference of two nearly like numbers
occurs in the course of the calculations.

The equation5

n-%
s enef ol e
n 2z T (nt3}) o

was chosen because it does not separate the analytic and the logarithmic
parts of the function. It is valid provided z does not lie on the
negative half of the real axis. This equation is related to the confluent
hypergeometric function discussed by Wallb:

-]

1 e U ua—l
f(a,b3v) = = f—-————— du. (1)
T (a) (1+vu)b
o
It is seen that
T J -z
Kn(z) =l e f(a,b;v) (2)
e -l -
where V=5 a=3 +n, and b 7 "n .

5 G.N. Watson, A Treatise on the Theory of Bessel Functions, The
MacMillan Co, New York, 1948.

6 H.S. Wall, Analytic Theory of Continued Fractions, D. Van Nostrand
Co., Inc., New York, 1948.

18




Similarly,
3

m -z

Kn_l(z) ¥ o= f(a-1, b+l; v).
If a quotient function is defined as d
Q (Z) = E.rtl_(Z)
n Kn(z)
then

f(a-1, b+l; v). (3)
f(a,b;v)

Qn(Z) =

The expression on the right-hand side of equation (3) can be reduced
to a form that is expressible in terms of Gauss continued fractionms.
The procedure is outlined below:

1. Integrate equation (1) by parts to derive the recurrence
relation

f(a,b;v) = f(at+l,b;v) + bv f(at+l,b+l;v). (4)

2. Let a = a-1 and b= b+l, then substitute in equation (4) to get
f(a-1,b+1l;v) = f(a,b+l;v) + (b+l)v f(a,b+2;v) (5)

3. Substityte equation (5) into the numerator of equation (3):

Q () = £@DHLY) L (H)V £(a,b425v)
n f(a,b;v) f(a,b;v)

o f(a,b+l;v) 1+ (b+1)v f(a,b+2;v)
f(a,b;v) f(a,b+l;v)

Fl(a,b;v) 1+ v(b+1)Gl(a,b;v) . (6)

Fl(a,b;v) and Gl(a,b;v) are forms of the Gauss continued fraction

f£(A,B;v) _ 1 (7
f(A,B-1;v) 1+ Av
1 + Bv
1 + (A+l)v
1+ (B+l)v
1+ (A+2)v
1+.

Let A = a and B = b+l. The left hand side of equation (7) is now
equivalent to Fl(a,b;v) from equation (6):
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f(A,B;v) _ f(a, btl;v)
f(A,B-1;v)  f(a,b;v)

= Fl(a,b;v).

If A=a, B=b+2, then similarly

f(a, b+2; v)
=2 3 7 = .
f(a, b+l; v) Gl (a,b3v).

These continued fractions are computed at location 760 in the
code by an iterative procedure. If it is assumed that

f(atl-1, b+L 3 v)

Fp(a,bsv)= f(atl-1, b+l-1 ; v)

and
.\ _ f(atl-1, bH+l; v)
Gpla,bsv) = f(atl-1, b+ ; v)

then it can be shown that

1+ (b+)v F£+l (a,b;v)

Fz(a,b;v) =TT v F£+l (a,b;v) + (atl-1)v
and
1+ (bltl)v G, . (asb3v) .
Gpla,biv) = T mwtrDv Gpyq (asbsv) +(atl-1)v

To start the iterative process

1. Choose £ = Emax = 50 or any number sufficiently large to keep

truncation error to a minimum
2. let Fz_l(a,b;v) =0 and G£+1 (a,b3v) =0
3. Iterate backwards until £ = 0.

The quotient Qn is calculated at location 770. This quotient

is used to compute both the ordinary and the modified Bessel functions
of the second kind.

The modified Bessel functions of the second kind are obtained
from the Wronskian relation3
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I(2) K_ (2) +1_ (2) K (2) =2

By definition of Qn’

K_,(2) = K (2) Q(2)

and, therefore,

L 1 )
%) 2 ST @ F L@ @]

If z lies in the right half-plane, equation (8) can be used directly
to calculate Kn(z). The values for In and In—l have already been

obtained using the recurrence described in the beginning of this
section, and the value of Qn has just been calculated using the Gauss

continued fraction. These values are assembled in location 780 through
790 and finally stored as Kn(z).

If z lies in the left half-plane, analytic continuation formulas
are used to obtain the correct functional values:

1. For z in quadrant II, then
— - n — ¢ R -
K, (2) = (-1 (K (£) -~ &I ()] , t=-z
2. For z in quadrant III, then
- - n ¢ R
Kn(z) = (-1) [Kn(t) + urIn(Z)] y t=—2z

The ordinary Bessel functions of the second kind are calculated
in terms of Hankel functions which are linear combinations of ordinary
Bessel functions:3

1) . -
Hn (z) Jn(z) + 4 Yn(z) 9)
(2) " S
Hn (z) Jn(z) A Yn(z). (10)
Up to this point in the code, the quotient function Qn and the ordinary

Bessel functions of the first kind Jn(z) have been calculated for

medium values of |z|. So that equations (9) and (10) can be solved for
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Yn(z)’ a method for calculating Hn(z) in terms of Qn or Jn(z) must be
found. This method starts at location 820 in the code.

1

1) ()

Using the integral representation of Hn

oo

i(z - nm l)
3 2 & : \N—%
1) _[_ 2\ e -u n-3% Au du
L <nz> T (n+}) f it (1 * Zz)
o

and substituting equation (1) yields

P
H(i)(z) = (EE) eL(Z_in"—iﬂ) f(a,b;v)

m

where a = nt+}
b = 3-n

v =4

2z

= < atg z < 2
2 g 2

Substituting v= %; into the definition of Kn(z) given in equation (2)
gives

R e
Kn(-iz) = (%%) " f(a,b;v).

(1)

Therefore H - (z) can be written as

#D (2) = 28 AL g (i)
and similarly
. -3 (n-1)14
1 - 5
Hé_i (z) = %i e Kn_l(-Lz)

If another quotient function Pél)(z) is defined, then

Héii (z) i A Kn_l(-iz)

H(i)(z) 3 K_(~4z)

P(:lx)(z)
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(l) . ‘.
P (z) = 4 Qn(-Lz)

n

Likewise 1f5

3 —4i(z-3nm-in -u n-%
(2) Sfa.Y e ol e
l‘ln () (‘H z) I (n+3}) /

o
3 T o
and - 2 < arg z < 2 then
(2) n ; 2
P ’ (z) = -4 Qn(Lz)

where v= - %; y Using the Wronskian relation

-2
Jn—l(z) Yn(z) 3 Jn(z) Yn—l(z) T nz
and substituting from equation (9)

Y (2) =4 (3,(2) - H(i) (z) ]

in the Wronskian yields

I @ 8P @ -5 @ a8 @) - - X
Likewise
3@ 1P @ -5 @ 83 @ - X
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du

¢ (11)

12)

(13)




when

Y (2) = -{ [J_(2) - uﬁz) 53 1 (14)

Dividing both sides of equation (12) by Hﬁl)(z) , substituting Pél)(z)

and then solving for Hﬁl)(z) finally yields

(1) 4 4 1
S B~ [.Jn_l(z)—iJn(z) Q) ]. (15)
Similarly
(2) ool A 1
N Sl - [Jn_l(z) + 4 _(2) Qn(iz)] (16)

Finally, using the Hankel function calculated by equations (15) and
(16) and the ordinary Bessel functions of the first kind calculated by
recurrence, the ordinary Bessel function of the second kind Y“(z) is

calculated from equation (11) if Im z < O or from equation (14) if
Im 'z > 0.

E. Hankel Asymptotic Series: |z| > 21.0

Ordinary and modified Bessel functions of the first and second
kind for large argument (|z|> 21.0) are calculated using the Hankel
asymptotic series beginning at location 1000 in the code.

If z does not lie in thg right half-plane, it is rotated through
the positive real axis * 180 to either quadrant I or quadrant IV so
that the argument of z lies within the range of all the formulas used.
After the functions are calculated for z in the right half-plane,
analytic continuation is used to compute the functional value for the
original z lying in the left hand plane.

Calculation of the Hankel asymptotic series begins at location
1040 using the formulas given by McLachlan®:

24




P sin 8 _i(p cos-}0 - jmn - *")(pm+iqm) (16)

e-i(pcose + %0 - imm

¢ g T (e +iq ) an
‘JZ

2 .2 2.2 2.2 2 .2 2 .2 2 .2
%=2:Gnkmﬂb=1_Gmd)wm4)+1m—1NM-3um-sMm-7_

22" 21(82)°% 4! (82)%

(18)

& :E: (nF @2 tn’a1? Gl Gn’o3?) @e?sh) o0
k=0 ez e LIEE) 3! (82)°

and the notation (v, m)5 following Hankel is defined as

m
PR g (-1) " (3-v) & (3+v) m _ [(vtm)
- m! m! T(v-m+)

| [w?a1?)(av?-32). . (e 2ue1)?)
' 2m
m. (2)

» (v,0) =1

The terms of the P and Q series are evaluated for order m and n=mtl.
The coding for this process begins after location 1040 and ends just
before 1090. The terms of Pm are the even numbered terms of a series

(P+Q)m; the terms of Qm are the odd numbered terms of (P+Q)m. Using

%; = RW + 4 CW as the argument of each series, instead of %; ,» Wwill not

only affect the signs of alternate terms in Pm but will in effect
multiply Qm by 4 as well as change the signs of alternate terms. The

coding for the terms of the series Pmt L Qm can be summarized as follows:
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P +4{Q : RSl+(CSl=§ TRM(K)+4“];TIM(K)

P -4 Q : RS2+iCS2= TRN(K)+4,Z:TIN(K)

m m k k
Pn 4 8 Qn : RS3+4CS3= m TRV (K)+4 K TIV(K)

~[]

Bl =il Qn :  RS4+{CS4= TRW(K)+4 ;TIW(K)

Successive terms of the combined series are computed until either

| (B +4Ql f < 16 %! ox

1 (®_+ £ Q), | < | (® + 4 Q) |. After completing

the calculation of P+{Q, the program divides into two distinct sections
to compute either the ordinary or the modified Bessel functions.

At location 1100 the Hankel asymptotic functions for the ordinary
Bessel functions are computed. Equation (16) can be rewritten in
terms of the computer code for order m as

1) L CE %t REDREELECO-El g cpeiaicni)
HY (2) = —>—
m 1
(C2*C1)
FM1 = C8 * [COS(ALPHA)+ £ sin(ALPHA)] * (RSl + 4 CS1)

and equation (17) for order m as

% GC(REDFZETA-C3-CA), (pen o ¢ o2y

(2) L 67
Hm (z) = 1
C2*C1
FM2 = C9 * [COS(ALPH1) + {SIN(ALPH1)] * (RS2 + 4 CS2)

where
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clL = J"—z c7 = o100
C8 = C1 * C2 * C6

C9 = C1 * C2 * C7

Cc2 = ‘,; ALPHA= pcosf =-%0-%mm-in
C3 = .25m ALPH1= pcos8 +%0-imr-in
C4 = .S5*m*r
C6=emme

For order n = mtl, the exponential term changes to

oC(RED-ZETA-C3-C5) _  4BETA . Hél)(z) = FN1

and to
oC(RED+ZETA-C3-C5) _  4BETAL . Hiz)(z) - FN2
where
€5 = .5 % n %,
If the real part, ZR, of the given argument z lies in the right

halfplane, then the Hankel functions will be used directly to calculate
the ordinary Bessel functions and are stored in

HM1 = FM1 H(l)(z)
m
w2 = a2 = 12 ()

HN1 = FN1

1D (2)
HN2 = FN2 = Hiz)(z)
until the Bessel functions are assembled at location 1140.

If the given z was rotated to the right half plane, then analytic
continuation must be used to obtain the correct Hankel asymptotic functions
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w

i1 = i (=z) HN1
m

HM2

H;Z)(—z) HN2

Hél)(~2)

Héz)(—z)

from the values FM1, FM2, FN1l, and FN2 just calculated.

If the original z is in quadrant II, then the fcllowing formulas
are used at location 1120:

Hél)(-z)

Héz)(—z) =

where z is in

- Am
Since e =

HM1
HN1
HM2
HM2

=™ {2 (z) =™ amy2

e{“m * Hél)(z) + 2 cos(mm) * Héz)(z)

™ % ML + 2 cos(mr) * FM2

the right half-plane and -z is in the left half—planea.

-1, then
-FM2 if the order m is even
FN2 if the order n is odd

FM1 + 2, * FM2 if the order m is even
-FN1 - 2. * FN2 if the order n is odd.

Each sign will change if m is odd and n is even.

At location 1130, the formulas to calculate the correct Hankel
functions for an argument originally given in quadrant III, Hm(-z),

from Hankel functions of the corresponding argument lying in quadrant I,
Hm(z), were coded as follows:

B (2) -

HM1
HN1

1 (<) = -

(einm " e—inm) H;l)(z) 3+ e—inm Héz)(z)

2.*FM1 + FM2 If order m is even
2.*FN1 - FN2 if order n=m+l1 is odd

einm H;l)(z)
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HM2 -FM1 if order m is even
HN2 = FN1 if order n=mtl is odd

Each sign will change if m is odd and n is even.

Since the appropriate values of the Hankel function for a given
z are stored in HM1, HM2, HNl, and HN2, their linear combinations will
yleld the correct values of the ordinary Bessel functions for large
values of z4:

1@ =3 B @ + 1P @) = s+ )
3 (@ =+ P @) + Hsz)(z)] = .5 (HNL + HN2)
v (@ = £ @ - 1P @) -5 - mo)
Y (2) = %-[Hil)(z) - Héz)(z)] =-.5{(HN1 - HN2).

The formulas given by Watson5 for modified Bessel functions of the
first kind were rewritten to separate the real and imaginary parts of

the factor -

1

1 (z) Z (- 1) (m k) - (m+})1u, Z (m, k) -m_<arg z <37
nz k=0 (22) \/ TZ k=0 (22) 3 -

where Vz = pe&e = Vo - e%Le

Since the magnitude of each term of Pm > Qm is numerically the same as

described in equation (18) and (19) and the appropriate sign changes
are made when the terms are summed so that P +Q = RS1 + £ CS1 and P —Q

RS2 - L CS2 are equivalent to the summations required for I (z), we can
write

1 ZR i(ZI-%G) 1 =ZR A(=ZI-16+im+mr)
I (2) = —=——— e e (BT =<4 @ (2 _=Q_)
- \IZn \Ip . VZﬂ \/p e
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Using the notation of the coding, this equation can be rewritten as

{ALPH1 {ALPH2

FM1 = C1*C2*C4* e (RS1+4CS1) + C1*C2*C5 e (RS2+4CS2)
= C8[C4* (COSA1+{SINAl) (RS1+{CS1) + C5(COSA2+{LSINA2) (RS1+4CS2)]
where
-ZR
c1 = L C5=e
2
= *
o @ i C8= Cl * C2
o)
= = 1
Ch = eZR ALPH1 = ZI 30
e‘ALPH1=COSA1 + 4 SINAl ALPH2 = - 2I - 36 + %7 + mn

The mechanics of computing Pm * Qm are identical to those used for the

Hankel functions just discussed. The argument used is %; = RW + £ CW,

and the series Pm + Qm is calculated and stored in the same section of

coding. Thus when computation of the modified Bessel functions is
begun at location 1200, the factors are stored as

P +Q = RSl + 4 CS1
m m
P -Q = RS2+ 4 CS2
m m
P +Q = RS3 + 4 CS3
n n
P -0Q = RS4 + 4 CS4.
n n

It is noted that the order affects two factors of the equation for
Im(z): ALPH2 and Pm + Qm' For order n = m+l, these factors become

ALPH3 = - ZI - 306 + %7 + nm and Pn + Qn'
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Thus

{ALPH1 {ALPH3

In(z) = C8[C4*e (RS3+4CS3) + C5 * e (RS4 + 4 CS4)]
FN1 = C8[C4(COSAL+{SINA1l) (RS3+{CS3) + C5(COSA2+{SINA2) (RS4+4CS4) ]

Modified Bessel functions of the second kind were obtained from
the equation3

oo

N B e_z E (m,k)
Km(z) —VE = k
=0 (2z)

L Y <ZR 4 (=21 - 10) ., _
SR @0,

and coded as

M2 = €3 % c2 * ¢5 * «ALPHY (per & 4 cs2)
= C9 * (COSA4 + L SINA4) (RS2 + L CS2)
where
™
C3 = 2
C9 = C2 * C3 * C5
ALPH4 = - ZI - }6.

For order n=mtl, the only factor which requires change is
Pm_Qm kS Pn 0 Qn:

K (2) = E P-? oIR eL(-zx-ie)(pn - Q)
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FN2 = C9 * (COSA4 + ASINA4) (RS4 + 4CS4).

If the original z was not rotated to the right half plane at location
1000, then the values of the function have been calculated for the
original input value and are stored in the output arrays of the
subroutine as follows:

RFM1 + 4 CFM1
RFN1 + £ CFN1
RFM2 + 4 CFM2
RFN2 + 4 CFN2.

FJI(1) + L FJI(2)
FJI(3) + £ FJI(4)
SYK(1) + 4 SYK(2)
SYK(3) + 4 SYK(4)

]

1f z was rotated however, analytic continuation must be used to find the
corresponding functional values of the original input value. The
formulas,4 coded at location 1230, for an input value from quadrant II are

Im(-z) = Im(z) when m is an even order
In(-z) = —In(z) when n is an odd order
Km(-z) = Km(z) - 4L Im(z) when m is even
Kn(—z) = - Kn(z) -4 In(z) when n is odd.

The corresponding equationsa for an input value from quadrant III are
coded at location 1240:

Im(—z) = Im(z) s m even

In(—z) = —In(z) s n odd

Km(-z) = Km(z) + 14 Im(z) ,» Mm even
Kn(—z) = —Kn(z) + 1L In(z) ,» n odd.
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IV. CONCLUSIONS

Both the derivation and the coding of the formulas used in the
subroutine were carefully checked during preparation of this report.
The subroutine is accurate and efficient.

Because sufficiently accurate tables are not available, it is
difficult to check the accuracy of the calculations when the argument
is complex. Partial verification has been accomplished in the region
of overlap between methods of calculation used within the subroutine.
Further verification by independent methods of calculation is in
progress.

Chebyshev approximations are generally more efficient than continued
fraction approximations for real variables but are not appropriate for
complex variable.

One of the reviewers has suggested that extension of the program
to include fractional and arbitrary real orders would be useful in various
physical applications. Only integral orders were considered in this
report as they are generally sufficient for our applications in
elasticity. Fractional orders involve rather complicated formulas for
analytic continuation and should properly be the subject of a separate
subroutine.
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APPENDIX A

ATTAINABLE ACCURACY OF THE HANKEL ASYMPTOTIC SERIES
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The logic of our subroutine required a set of simple incqualities,
depending only on argument and order, for determining the method of
calculating the Bessel functions. The inequalities used to select the
Hankel asymptotic series were originally obtained empirically, after
considerable numerical experimentation. In this Appendix we show these
empirical inequalities are conservative and may be derived by
asymptotic methods of analysis.

We assume the argument is real, positive, and large compared with
the order. The terms of a Hankel asymptotic series decreases
numerically until a minimum is reached, then increases without bound.
The error is generally less than the first term neglected. It is common
practice therefore to terminate the series just before the minimum term.
We calculate the approximate value of the smallest term in terms of
order and argument. The required inequalities are obtained by equating
the smallest term and the allowable error.

The Hankel asymptotic series for the modified Bessel function
of the second kind is

~ ’1_, -X ; THPORL R |
Kn(X) = 5 e 2}‘0 (n+2, ntsz, 2% )

where

R T VR < ——— B SN = — DS SRRy ST ST S —— I N —

fee]

1 1 k
+5,-nts,- =—— = z -
7o Wresmie o T (n+3) T (-n+}) Ry
k=0

and

_ T (ktb+n) T (k+i-n)

i}
I (k+1) (230K

& ,k integral.

Now assume k > n and regard k as a variable, not merely an index.

I (k+3+n) T (k+i-n) , k variable
I (k+1) (2x)K

T(k) =

Let
u = log T(k)

or
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u = log I' (k+34n) + log I'(k+}-n) - log I'(k+1) - k log 2x

To find the minimum, differentiate u with respect to k and set this
derivative equal to zero. We have

5Li£§il—iéz = y(z), the psi function

Hence

G = y(ierbam) + p(etbon) - Y(cHl) - log 2x

The leading terms of the asymptotic formula for y(z) are sufficient for
the required approximation:

v(z) =~ log z - %;'— 1 5 .
12z

The formula

1 1
v(z) = log(z - 5 + 5,
obtained by using the series expansion for log (l+h) where h = - %;—+ : 5
242

is more convenient. Let

PRTENER e
& 7 24 (ki)
R D
24 (k+%-n)
e A
€7 24 (k+D)
then
%ﬁ = log(k+nta) + log (k-ntb) - log (k+i+c) - log 2x
or
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du _ (k+n+a) (k-n+b)

dk  (k+i+c) (2x)
We find

du

dk 0
if

o (k+n+a) (k-n+b)

(k+3+c)
We now assume that
n2 < dx
where d is a constant in the range
¥ <d < 10,
Then

k = 2x

when u is a minimum.

A more accurate value of k is obtained by an iterative procedure. Under

the order conditions assumed above we obtain the following cubic equation
of k:

3 2 2 7 2t
k™ - Ek -nk + o0 + EZk - 2xk" =0
or
2xk2 v e k
P l_+ 24
2 k2 = n2
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To solve by iteration, we assume

ZXk? Sy k.
RN P SO L e |
itl 2 2 ¥
k.-n
1
k, = 2x

i

We finally obtain

i) n2
‘\'=2X+§‘+Z+(§
where
2 4
7 n n 2
§ = = —0— - —— - — + 0(1/x7).
b 4x2 8x

The fractions given above are of order 1/x since we have assumed that

20 2
n  is of the same crder as x, and consequently n° is of the same order
as k. If we solve for x in terms of k, we find

¢ n2 2
2x=k= 5 = =t o+t~ + 0(1/K).
24

We now approximate u for large values of x by using Stirling's formula
for the gamma function and the logarithmic series:

log I' (z) = (z—l) log z - z = log 2m + . . S O(l/zs)
2 2 122z 2
360z
log (14z) = z - % 22 + % z3 - %—zb + 0(1/25)

We approximate log ' (k+34+n), log (k+i-n), and log ' (k+1l) by Stirling's
formula, then represent the logarithms which occur as log k + a series.
We also express 2x in terms of k. We finally obtain, after considerable
algebra, the formula
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2
U= - log kekiy - b 4 2D

k

In terms of x this becomes

1 nz
u= - E-log 2x—2x+~§;~— + €
where
2 4
1 n n 2
E= - = + — - + 0(1/x%) .
48x 8x2 48x3
Since u = logT (k), I' (k) = exp (u).
Hence
m -2x+n2/2x 2
Tk o [1+ e+ 0(1/29)]

n2 n4 2
2 " 12k T+—2-——+0(1/k)

6k

In our program we used the Hankel asymptotic expansion provided

2x < 42
and

n2

§<l.

These requirements are evidently conservative.
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APPENDIX B

LISTING OF SUBROUTINE BESSEL
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“ANMITNO~OO

(ZINX 30 (Z)NA AYYNIOVWI = (%)MHAS
(ZI)NX ¥0 (Z)NA TV3¥ = (E)MNAS
(Z)WX 40 (Z)WA AYVNIOVWI = (Z)MNAS

(Z)WX ¥0 (Z)WA TVv3¥ = (T)IMNAS
GNIX GNO0J3S 3HL d40 SNOILINNS 13SS38 - MAS
(Z)NI ¥0 (ZINF AYVNIOVWI = (%)Ird

(Z)NI ¥0 (Z)NF v3¥ = (e)Irfrd
(Z)RI ¥0 (Z)WP AYVYNIOVWI = (2)Irfd
(Z)WI ¥0 (Z)WF Vv3Y¥ = (T)IFfd

ONIX 1S¥Id4 3HL 40 SNOILINNJG 13SS39 - Ird
SINIVA % 40 SAVYYV TVNOISN3IWIA ZINO 3¥V MAS OGNV Ird

S33¥930 NI 319NV - S3LIVNIGY00D ¥V1I0d NI SI LN3IWN9Y¥VY 2 = Z21d0
SILVNICGY00I UVINONVLI3Y NI SI LIN3WNO¥Y T = Z21d0

SNOTLINN3 13SS39 AG3I4IA0W 31NdWOD 2 = 11d0

SNOILINN4 13SS38 AYVNIGY0 3JLNdWOD T = T1dO

(ZINF AONV (Z)WF 3AI9
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APPENDIX C

SAMPLE OUTPUTS FROM SUBROUTINE BESSEL
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The results tabulated in this appendix were selected to show
calculations in either rectangular or polar coordinates, in each of the
four quadrants, and of various orders. The results are presented in
pairs as calculated by the subroutine. For any given RHO, the first
page of the tables gives order m and n=mtl for Bessel functions of the
first kind; page two contains orders m and n for Bessel functions of
the second kind. Note that each table has two sets of duplicate
arguments corresponding to RHO = 2.5 and RHO = 21.0. These are the
cut-off points between various means of calculation; the results for
each method are shown for comparison.

Samples for polar coordinates with ANG = 0°, 30°, 60°, 90°, 120°,
150°, 180°, -120°, and -60° for ordinary Bessel function of order zero
and one begin on page 70. Corresponding modified Bessel functions begin
on page 88. This sample set shows calculations in each of the four
quadrants.

Calculations for rectangular coordinates as input begin on page
106 for values corresponding to ANG = 45°. Samples for orders m=0
and 1, for m=10 and 11, and for n=50 and 51 are displayed. Note that
there are errors detected by the subroutine in the calculations for the
first three arguments of all the tables for m=50. The error prints

(found on page 114 and 117) have been included for the user's information.
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ORDINARY BESSEL FLNCTIONSy FIRST KINL,
CF COMPLEX ARGUMENT IN POLAR
CF ORDER M = 9
RE J Iv J

Ce5S750156206604CE CC
CeS28469807240813F CC

Ce 16519 TEBESSTIOTE
G2 318 20ENT 13591 &
Ca2 2382 TIILG123EE

cC

€€
cC

-Ce4838371764681980E-01
~Ce48383776468198CE-01
=C«260CS1954901933E €C
=€l 7155617 E3 14338 OF

~Ce245G935764451346GE

€€

~Cel4224472826780EE-01

Cel€7C264€€4340582E

(35 ¢

€«23¢6579071C008631E-01
Ce3E519071000863CE-0)
9626618327595 TSE—~0T
~C 86361983581 0409E-01
Co.#t26689058423151E-02
C«5581232166925L6E~01]
€C«24£43913805U096EE~U]

€e159E5

O OO OO OO MO

3503042229501

AND
Rk

CRDER N =

Ce4S5931526CL36242CE-01

2422€845T76748T74E OC
€t
£E1926S 09 0LGCE " GE
BT&124801756873E OC

347274€16€E861€E-01
€E1C4C38613522E OC
€822124175845€E-01
11202 T2163902E OC
¢Y1202721639CCE €€

«Cedd535024958029CE GC
=CellBi21062€16622E CC
Cs126C3831803758EE CC
“Ce5 (5118281251 /52E~0]
=Ce821399950448292E~U]
~Ce771453520141122€~01

0.000000000CC0O0COE
N.C000000CCCACCCOE
0.003000GCCCOCOCOE
0.C00000UCCCCOOCCOE
0.000072000CCOCCCOE
0. 0000N0000CCCOCOOE
0.00030000CCO0Q0COE
0.000000000C0OC0O0Q0E
0.09000000CCCQOCCOE
0.00000006CCCCOCCOE
0.C0000000CCO0CCOE
0.C0000000CCO0OCCOE
0.00002000CCA0CCCE
0.C0000000CCCCCCCOE
0.CC0000QQcCcCQ0CCOE
0.000000000C0O00COE
9.,00902000CCCOCCOE
0.CC000000CCO0OCCOE
0.600000CQCCCOCCOE
0.0000N0000CCO0OCQOE

Iv J
0.000000000C00CCQE
0.03329000CC00CCCE
0.C003000CCCO0CCOE
0.C00090C0CCCOCCOE
0.00000000CC00CCOE
0,00030000CCOCCCOE
0.C00000CGCCCCOCOE
0.000993C0CcC0CCCOE
0.00000000GCGC0CCCOE
0.00037000CCCCCCOE
0.00000600CC0A0Q0COE
0.00000000CC00CCOE
0.CC000000CCO00COE
0,C000030CCCOCCCOE
0.000000C0CCOQCCCOE
0.000000CCCCCCCCOE
0.00000000CCCOCCOE
0.00000000GCGCCOCCOE
0.0000000G0CC0000E

.00000000CCAOCCOE

09
00
00
00
Q0
(o18]
00
00
09
00
00
00
00
00
a0
co
00
00
o
00

00
00
go
00
Jo
00
GO
Go
09
00
oc
00
09
00
(81¢)
00
09
00
00
(61¢)
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METHOC
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED T0 LDC
i oOPT .= 1.0 CRDINARY BESSEL FULNCTIONS, SECOND KINC,
: oPTz= 2.0 CF COMPLEX ARGUMENT IN POLAR COORCINATES
3 ORC = 0«0 CF ORDER M = 0]
F RHQ ANC RE Y IVM Y METHOC
Uel 0.0 -C.15342386%1350317€ 01 0.00000000CCO0CCOE €O 1
05 Oe0 -Ce44451817335C6707€ OC 0.000000000C00CCOE CO 3
1.3 G0 C.EE2569€42156771E-01 0,0000000CCCCCCCOE 0O 1
4% 0.0 Ce2£82448S92379775SE CC 0.00000000CCQO0CCOE QO :
t 2«0 0.0 C.€10275€7264974%E CC 0.0000N"000CCACCCOE QO 1
Ze5 CeC Ce458070359¢€15232E 0OC 0.000000C0CCOCCCOE 09 1
0 0.C C.4G68C70356615232E CC 0.78062556418G9563E-17 2
3.0 0.0 C.276850C1C01279CE OC 0.832667268468867E-16 &
5.0 Ce0 -C.3C8F17€25249034E 0C -0.555111512312578E-16 2
10.0 CaC Ce€c56711€728359G5E-01 -0.374700270810GS0E-15 7
1S .0 € el Cez2(54€429€6C3891SE CC 0e442354486374086E-16 2
0.0 C.0 (+€626405968093843E-01 =-0.240085729075190E-14 Z
210 0.0 C.17C2C1758422154E 0C 0.€640980324373430E-15 l
2.0 Ce0 Ce1702C01758422156E CC 0.000000Q00CZCCCCOE Q9 3
25.0 Ce0 =-Coll2724943226800€FE 0OC 0.0000060CCCCOQOCCOE 0O 3
30 CeC =-Ca11726573168€664E OC 0.00000C000C0O0CC0OE CO 3
40 .0 0.0 C.125926417058261E CC 0.G00000CCCCCCCCOE QO 3
50 «0 CeC -CeGECE4L49G654T700772E-01 0.C00020C0CCOCCCCE 0O 3
5 e TeC =—(eEE3€E904764717757E-01 0.00000000CCOCCCOE 0O 3
i0uv.0 0.0 -(e1772443123650832E-01 0.00000000CCOCQCOE 0O 3
AND CRDER N = M+l = &
&kFJ ANC RE Y IV Y METHOLC
Csl DeC =Coe€45865109470202E 01 0.00000000CCCCCCOE QO )3
(1358 0.0 =-C.14714723G92€67024E 01 0.CJ00000CCCCCQCCE Ca 1
10 CeC -Cs7E81212821300289E CC 0.000000CCCCCCCOOE 0O 1
Le5 0.0 =-C.4123C8€2€973911E CC 0.00002200CCQCCCCCE QO i
240 0.C =CeaC7C22431540938E CC 0.00000000CCOCQCOE €O i
Ze5 0.C C.145G6181379¢€678¢€E OC 0.00000000CC0CCCOE CO 1
Ze5 0.0 Celd5G616137966786E OC -0.166533453€93773E-15 Z
3.0 0.C Ce224€744247G180CE CC -0,124900090270330E-15 2
5.0 0.C Cel4q7863.423G1227E CC =-0.111022302462516E-15 2
S 10.0 0.0 Ce249C15424206G954E 0C 0.650521303491202E-16 2
1540 2.0 Cezl072628036873€E-01 -0.624500451351651E-15 2
20.0 0.C ~-Cel€551161436252232E CC -0.957567358739198E-15 >,
el a0 0eC =Ce225292€07558651E-01 0.301147995429574E‘14 &
2i.0 O0.C =-C+32€292607558652E-01 0.00000000CCQCCCCE 0O =
2540 CeC =-CeSEB2G9€47822375E-01 0.00000000CCOCCCOE 0I 3
30.0 CeC Ce€4425E57C€617472E-01 0.00000000CCOCOCOE 00 3
40 .0 OeC =Ce579250582154967€E=-02 0.00000000CCO0CCOE 0O 3
S0.0 0.0 =-C.EE7956€85€2C147E-01 0.000000CCCCCCCCOE 0O 3
7540 OeC =Ce2521378516C5804E-01 0.00000000CCCCCCOE 02 3
100.0 CsC =-Ce2C272312C0027597E-01 0.000000000C0OCOCOE OO0 3
73




THIS PAGE IS BEST QUALITY PRACTICAE.Z
NNMGNWFWWI$HMTONW 2z

0P Y= 1.0 CRDINARY BESSEL FUNCTIONS, FIRST KINC,
0PTZz= 2.0 CF COMPLEX ARGUMENT IN POLAR COCRCINATES
ORC = 0.0 CF ORDER M = Jd
REO ANG RE IM 3 METFOC
Qo 20.0 C.G58749219183994E CC -0.216371034482641E-02 i
0.5 20 «0 C+5€8268481155552E 00 —-0:532808826876282E-01 i
1.0 20.C C.8€67618103497088E CC -0.202980518293592E GO0 i
Liei5 20.0 Ce€€4C54268254105E O0C -0.4187824622974G5E 20 1
2.0 30.C Ce4C1E76G6CGC28542E CC -0.6509624620720C0E 00 1
2e5 2040 Ce140€8c542445071E-01 -0.832928704349582€6E 00 2
2.5 20.C C.140€82542445068E-01 -0.83298704349582€E 00 <l
i 0 20«0 —€a4€541L41TE6620SE OC —0.887568825861950E Q0 2
5.0 20la87 =€l 141 T69413195SE 01 0.131252655129563E O} 2
i0.0 e 0  =CaEC47189232886T4E O  ~0:181437389325676& 02 2
150 20.0 C.165G61770364504€E 03 051990 166294952 1E G2 Z
20.0 206 —Ce92201 7123951 714E 03 0.174137723G19345E 04 <
22.0 2 G €Call72B2C87083194E €4 0e294578373110085E 04 l
2.0 20.0 Ce11728:2C87083194E Q4 0.2945783731.0088E Q4 3
25«0 2000 =0} 26E28CAEI4ETBTE OF  —0,1638415413058516E G5 3
30 .0 2Ca0 €a2264723€45537541E 0€ =—0.,752236282122239E 05 &
40,C 2060  =Ca216539913381966E (8  —05131340690983884E OF 3
50.0 200 Ce14480.89453171GE 1C 0.380099335560008E 10 3
1540 20640 =04.2155S0C570271132E 14 ~0.8905426248B0518E 15 -~ 3
100.0 20+ ~Ce€43C80421887415E 20 0.196724241684€46E 21 3
AND CRDER N = N+l = 2
REOQ ANG ReEnd } Y METHGL
O.1 2CeC Ce423C1247641175%E-01 0.249375130235452€E-01 1
Jed 20136 Ce21642624C685357E CC 0.1172284CC708627E QO L
.0 20.0 Ce42CE04407423258E OC «288828534743412EF 00 1
15 2040 Cs62 21956252 2695CE @C 0.174387857582875€E 00 1
20 2C.C Ce1S9860SCLE592472E GC 0.447975866038960E-01 1
Z 0D 20.0 Co8SCEES5C53772562E CC -0.210366347877049E 00 i
2o 2€ .0 C«850855053772563E 0L =0.210366341877T049E 00 2
3 0.0 €+852941 1352 71 1EE OC ~0.5745907066389179E €O 2
540 20«0 =Cel41571113811487E 01 -0.1544627126355877E 01 &
10.0C 30,0 Cel74€815G58C61G9617E 02 -0.573017405309032E 01 <
i5.0 20,0 ~C+141953614488187E 02 0.183464045550592€E 03 l
20.0 200 =Csl74C1la2E802626CE 04 —UeB8734670366158393E 03 %
2140 20eC =~Coec2EEET034ELSB402E 04 0.12235226138437GE C4 2
2l 30,0 =-C,2€EE670348898402E 04 0.122050261384378E 04 3
25, 30.0C Ce159795501524473E 05 -0.140132778554756E 05 3
30.0 20.0 Col78916€41ECB558E OF «223458193208723E (06 3
4040 204C Celz7508522875685E 08 -0.276651389568002E 08 3
50,0 2060 =Ce3276948439914233E 1C 0.147389856943119E 10 3
75.0 20.0 CoEET429428151828E 18 =0.26646UT2L915611E 1& 3
100.0 20eU =Cel96512842420341F 21 =06329371189154998E 20 3
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TO DDC

ORDINARY BESSEL FULNCTIONS,

CF COMPLEX ARGLUMENT

SECONC KINL,

IN POLAR COORCINAT

CF ORDER M = 0

RE Y
=Ce 1E2€2319392688EE @1
-Ce.4€60€18331886311E CC
CeGC1620€59975732E-01
C.476846347044622E 0C
Ce77111828466G6964E CC
CeGS7226150€6227CE 0C
CeGE7226150662271E COC
C.GE7923482284138E 0OC
-C.1216C27015609C7E 01
Cel€145374967S991E 02
-Cel169777298060961E 02
=Ceus7413772434827€E 04
-C.254517827358309¢€E 04
-C.25457837358309¢E 04
Ce1€3841413064353E 05
C.75223628212214GSE 0°F
C.131240€909€3884E OF
-C.2E8CCG923556C008E 1C
Ce8G0542624E80818E 1%
-Ce15672424168464¢€E 21

AND CRDER N =

RE Y
-C.2€C2054352682501E
-C.1222C5€71SCS70CE
-Ce7E15€4E28632038E
-Ce4G58546827364022E
-C.202248€25590212E
Co157C22c589125602E
Cs157C22589135604E
e5E82456784835582F
C.157450875053365E
«£7268125€37280CE
-Ce1£€34€414C66237CE
Ce€734673729G365¢€E
-C.122C502€122438CE
-C.122C502€1324376SE
C.140122778585922E
~Ce223458193208767E
C.27€65.089568002E
-Cel47289€E5€6943119E
Ce2€€460721975677E
Ce€22G37118915498E

01
Cl
ccC
oc
0cC
cc
cc
cC
01
01
¢3
03
04
04
05
0¢€
oe
1C
14
2C

79

IV Y
0.337624848241792¢ GO
0.383850315053CC5€ 00
0.429105025534784E 00
0.3957276805€61784E 0C
0.2412391024297€¢2E 00

-0.519703336133048E-01
-0,519703336133051€E-01
-0.470487054202657€ 0O
-0.174608854068330E C1
-0.504760910158662E 01
0.1859176119812€69E 03
-0.923017117111215€ 03
0.,117282087152003E 04
0.1172820871520C32E 04
-0.138638036944722E (5
0.2264230455374G7E Q6
-0.276939913381966E 08
0.144801894531719E 19
-0,2155900570271132E 4
-0.€43080421€E87415€ 20

V+1 = 1
IV v
0.315122890834242¢€ (1
0.614768527633812E 00
0.416719012330624E 0D
0.492874773780581E 00
0.€6329044C5511569c 00
0.743200458638169E 09
0.74320045863816GE 00
0.743173898106327E 0O
-0..40965398371385¢ 01
0174799025577091E 02
-0,14195296064C065E 02
-0.174014287575281E C4
-0.288670348418297€E C4
~-0.288670348418297E 04
0.1597955015185S5E 05
0.778976641808€642E 05
0.127508522875685E 08
~-0.376948439914233€ 10
0.887459425151825E 15
-06196512843420341E <21

& 4

ES

METHOC
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€0.0
€CeC
€0.0C
€C.0
€0i«C
€C.0
€0.C
€0.C
€0.C
€0.C
€0.0
€C.C
GIC
€3.0
€G.0
€0.C
éc .C
€0 .C

AMC

€CeC
€0.C
€0.C
é€C.C
€C.C
€00
€0.0
€0.0
€C.C
€0.0
€0.0
€0C
€0.C
€040
€0.C
€C.C
€0.C
€040
€C.C
€CaC

THIS PAGE 1

LaUuM OOPgMNISHm TO DDC

CRUINARY BESSEL FUNCTIONS,
IN POLAR
CF ORDER M = 0

OF CCMPLEX ARGULNMENT

RE J

Ce1C0124G621831594E 01
€.16301715492385372E 01
C.111€75611516078E G1
C.123€€7048420371E O1
Ce134639083726984E 01
C.12652882T443692E 01
C.126528821443692E @1
C.1155792CC904768E 01
—Ce841142€625147852E 01
€1 2942023899012 e 02
Ca2€42€4€2315074GE (05
—C.2£4281315811822E €7
—Ce417216355792684E O
—Cle4112163557926585E, (G
€ 1161598342931 IEtE @Y
=C 191224672881 (44E 10
Ce4425€T747308409CE 14
Ge222 269769 U7 DS ERTE
Ce€€71413G94754871E 217
Ce 1408159271 SE622E 37

AND CRDER N =

RE J
€2513018120CE~-01
85291685061 6E QC
774275620088E (C
22352914462549E CC
2

0
2
13
=
3184157 7192652E 01

Ce170651C5002961¢E 01
Ce17095105€02961€E (1
Ce2€8C16C12E48432E Q1
€«557501L10718105CE G1
-Ce1C3135C00007194E 03
Ce363761230388357E O°F
-Ce5c75G67C44231115E Q¢
=Cs4S1CES51UT239388E 0O
-Ce4S7CE570723938SE 07
~C«€26531553C93386E 08
Ce1135789C064869¢€E 11
Ce£4CC03338141960E 14
~Cel3641245576317C0E 168
-Ce3227836C46940875E 27
~Ce8i4359C66955208E 36

76

—0e6216641667409577E-02
-0.549722926707177E-01
-0.230032066040576E 00
-0.555489344711846E 00
-0.108096813237748E 01
-0.187222368675946E 01
-0.187222368675946E 01
-0.300262937063371E 01
-011016143076432€6E 02
0.7358112968690€2E 03
-0.370001823305540E 05
0.91111277948C107€ Q6
0.501674968032690E 07
0.501674968032€91E 07
0.657900165249202E 08
~0.115929487827112E 11
-0.5431069511888323E 14
0.139303970580571€E 138
04331993344232796E 27
0.821458496603586E 36

[l

-

0.433012476317786E-01
0.2164355065513C6E 00
0.4307104474414C0E 0O
0.6315907103863C00E 00
0.787852816867388E 092
0.833733833953888E 00
0.833733833953889E 00
0.649163851044207E GO
-0.,827919220327020E 01
0e32627T3435112111E 02
0.250203467325028& 0S5
~0276917161684861E 07
-0.4612653291793G6E 07
-0.4612650291793G6E 07
0.188930116622977€ 09
-0.789555341300883E 10
0.434327008570482E 14
0.3311770686376S0E 18
0.664395375463492E 27
0.140469309166744E 37

BEST Quarypy

FIRST KINC,
COORCINATES

I~ J

IV J

PRACTICABLE

METHOC
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COFY FURNISHED TO DDC

oPTi= 1.0 CRUINARY BESSEL FULNCTIONS, SECONC KINC,
0PTc= 2.0 CF COMPLEY ARGLMENT IN POLAR COCRCINATES
ORC = 0.0 CF ORDER M = 0
R+O ANG RE ¥ Iv v METHOC
0.1 €C.C -C.154(C546963408115€E 01 0672214671953312€E (O 1
0.5 €0.0 -C.513688568911397¢ 0C 0.,750750466256815E GO 1
20 €0.0 -Co€7231.2308214776-02 06912223551678364E €O 1
le5 €0.0 C.4€28741763C2912E CC 0.109739204484137€ 01 1
2.0 €0.C Cel1C4S597404527546F (1 0.125636964387044E 01 3
<e5 €c.C C.1867€810511219C¢ 01 0.130975779196637€ 01 1
2e5 €0.0 C.18678810511218SE 01 0.130975776196637€ 01 l
3.0 €0.0 Co3C0828S.7511044F 71 0.1123123782570383€ 01 2
5.0 €0.C Ce11C2C3593371652F 02 -0.P413178484511€8E 01 2
10.0 60,0 -C,725811319255232¢ 03 0.1394292609380260€ 02 l
i5.0 €0.0 «27CCC1823305092€ 0°F 0.264264623.46102€ C5 <
20.0 €CeC -Co.S51111277948C102%E O€¢ -0.284281315817822€ 07 2
21.0 €0eC -Ce5C1674G6803269CF 07 -0.477276355792683E 07 Z
21.0 €0.C -C.5C1674968032691E 07 =-0,477276355792685E 07 3
25.0 €0.C =-Cos€c79C0165249202€ OF 0.191597942931977€ 09 3
20.0 €C.C C(.1156294€7827112E 11 -0.791224672881744E 10 3
400 €0.C «£431C66511€8833E 14 0.442567473084090€F 14 3
50.0 60+.€ =C1293C3970580571€ 18 0.33336976910711GE 18 3
75.0 600 =C¢23199334423279¢E 27 0.667141394754871E 27 3
10u.0 €C.C -C.82145845€60358¢E 3¢ 0.14087392719¢€¢€22E 37 3
ANC CRDER N = VM4l = 1
R+C ANG RE ¥ B Y METHGL
Jel €0.0 -C.225856199422922E (1 0.544954422799028E 01 3
0.5 €0s0 -C.BSS2E805€1597T14E 0OC 0.101090494078167E 01 1
1.0 €C.C -C.7592€86252174481E 0C 0.593342730843681E GO0 1
Z+5 €EC.0 -C.820€34843664161E CC 0.69328253182697¢€E 00 i
<0 €ECeC -C.859449749548632E CC 0.106546001211328E C1 1
Ze5 €C.C -C.ESE8759C579C9205E 0OC 0.1709685736924C0E 01 i
ce5 €C.Q -C,858759C5790920SE CC 0.1709685736G924C0E 01 l
3.0 €0.C -C.€85607596070777E OC 04267177226709970E 01 l
5.0 €0.0 C.827749C1€10493CE 01 0.957031507778632€ C1 2
10.C €0e0 -Ce22€273C54291926E 02 -04703134975775553E 03 o
15.0 €0.C -C.250203467329825E 05 0.363761230388742E 05 2
20.0 €C.0 Ce2769.T7161€E€4861E 07 -0.927597044231119E 06 Z
2..0 €C.0 Ce4€12€5C2917G939¢€E 07 -0.497065707239388E 07 2
2140 €C.C Ce4612€5C29179396E 07 -0.497065707239389E 07 3
25.0 €C.C -C,1€863011€6622977E 05 -0.626931553093386E 08 3
30.0 €0.0 Ce7EG5£5341300883E 1C 0.113578900648696E 11 3
47.0 €0.0 -C.424227C08570482E 14 0.540M03338141960E 14 3
0.0 €0eC -Ce221177C68637690E 18 -0.136412455763170E 18 3
75.0 €0.0 -C.€€4355375463492€E 27 -0.327836046340875E 27 3
100.0 €060 =-Col4C4€93091€6744E 37 ~0.814359066955208E 36 3
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FROM COPY FURNISHED 10 DDG %

(@ NN B
e o o

o

g Wl =

ANG

S0.0
S50.0
S0.0
SC.0
50.0
50.0
QC .c
SC.0
50.C
S0.0
S0.0
S0.C
G0.C
S0.0
GCeC
Sa.

qo .C
S0.0
500
51« €

ANC
5C.C
50.C
50.0C
0.0
SC.0
50.C
G0.C
600
6C.C
GCeC
50.C
500
GC.0
G0.0
50.0
G0eC
6C.0
G040
60.0
GCeC

CROINARY BESSEL FULNCTIONS,

FIRST KINC,

CF CCMPLEX ARGULMENT IN POLAR COOKCINAT
CF ORDEK WV = 0
RE J LM
CelCC25015629341CE 01 -0.436528768825978E-18
C.1C6248237074132E 01 -0.112437677948591E-1¢€
Celz€€C6587775201E 01 -0.492800158794543E-16
C.16467231897728SE 01 -0.128397127$42107E-15
Ce22765853C233607E 01 -0.277396608853054E-15
C.228G9839144C5012E 01 -0.548623456898064E-15
Ce228G836144(C5012E 01 -0.548623456898063E-15
C.4€8C79258586502E 01 -0.103416265816831E-14
Ce272298718236044E C2 -0.:06099399509331E-13
Ce2E1ET71€6284662€E 04 -0.232901399075728€E-11
Ce33G6€49373297914E 0€ -0.4291712170317€E4E-09
C.43558282559553¢6E 08 -0.74038682126891CE-07
CelifS513G€1922158E 0S -0.206421926801154E-06
C.115%13961922158E 09 —-0.258161885294257E-i1
CeS77456C6064€632E 1C 0.262409486519982E-08
7816122978239 78E 12 0.293993966939457E-06
Cel48G477479341GGE 17 0.4164324C0070393E-02
C 2522552163 849346F 21 0.652475155705402c Q2
Cel1722€3G07803581E 32 0.253756945183767E 13
C«1C7375170713108E 43 0,118223545927515E 24
AND CRDER N = WM+l = s

RE J
Ce4327619636314585E~117
Ce2387859124734C€E-1E€
Cotill€E1664059L TEE=1E
Ce12G7851874C0855E-15
Ce2588463838C0546E-15
Ce4G577085:.18€8781E-1°5
Ce4S77C8E511868781E-1°€
CeG22C4621686035CE-15
CeG75414836273125E-14
(e22222.C9328609CE-11
€Ce41562321€659152TE-QS
Ce7226(8466770682E-07
C.2C16G157€6593984E-Cé¢€
Celi7284€€325068EE-QS
C.7711802382C11332E-08
Ce8EEERTH54586501E-06
Ce122237242674162E-01
CelG3754515243797E 03
C.75614353G625496S5E 12
Ce252E83710781244E 24

78

i m——

Iv J
0.502625260470927E-01
025789430539089€E 00
0.565159103992485E 00
0.981666428577908E €O
0.159063685463723E 01
0.251671624528870E 01
0.251671624528870E 01
0.395337021740261E 01
0.243356421424505€E 02

«267098830370126E 04
0.328124921970206E 06
0.424549733851278E 08
0.112729199137776E 09
06112729199137776E 09
0.565786512987871E 10
0.768532038938957E 12
0.1470739616325G4E 17
0.290307859010356E 21
0.171111601529653¢E 32
0.106836939033816E 43
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R+0
del
0.5
1.0
ie5
2.0
2e5
245
3.0
5.0
10.0
15.0
20.0
22 .0
210
25.0
30.0
40.0
5040
75.3
100.0

ANG

SC.0
SC.C
SC.C
S0.0
S0.0
SC.C
S0.0C
$0.0
SCe.C
S0.0
S0.C
S0.0
S0eC
9000
G0.0
S0.C
SC.C
S%.0
S0.C
S0.C

ANC

50.0
SC.C
SC.C
G0.0
S0.C
SC.C
50.C
SC.C
S0.C
G0eC
SC.0
SC.0
S0.0
5CeC
S0.C
50.0
90.0
S0e0
50.0
930.0

THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISH=D T DDC

CRDINARY BESSEL FUNCTIONS, SECOND KINC,

CF COMPLEX ARGLMENT

IN POLAR CCORCINAT

CF ORDER M = 0

RE Y
-(e154512C13C02621E 01
-C.5€€503458697208E QC
-Ce2€¢8C32482033988E CC
-Ce12611284862359CE QC
-Ce725C70513438698F -01
-C.366616851260922¢t-01
-Ce3G€G516€51260922E-01
-Ce221158E553745547E-01
-Ce234G82€1811G9395E-02
-C.112191368953861E-04
-C.€2CE3939584752CE-07

C.72€721€E35757802E-C7

Ce2CE290€7CET5582E-0¢
-C.128€74€0€T71G74CE-0S
-C.2€2€20C2189450CE-0¢8
-C.25369358C51523CE-C¢
-Ce41€64324CC070393E-02
-C.€52475155705402E 02
~C«2S37156945183767E 13
-C.118223545927515E 24

AND CRDER N

RE Y
-(«5C0€252€0470932E-01
-Ce2E78G9430539089¢E GC
-C.5€5159103692485E CC
—CeGE1E£66428577908E CC
-C.129C€3€854€3722E 01
-Ce251671€2452887CE 01
-C.25167162452887CE 01
-Ce36£337021740261E C1
-(.242256421424505€ 02
-Ce2€7CS58830370126E 04
-C.32€8124521970206E Q¢
~Ce42454973385127€E OF
-C.11272916913777¢E 09
-Cel11272919913777¢E 09
-C.5€5786512987871€E 1C
~Ce7€EE522038938957€E 12
-Ce147C739€1632594E 17
-Ce2G0207€E59010356E 21
-C.171111€0152965232E 32
~C.1C6826539033816E 43

7,

IM Y
0.100250156293410E 01
0.106348337074132E 01
0.126606587775201E 01
0.164672318977289E 01
0.227958530233607E 01
0.3289839144C5012E Q1
0.328983914405012E 01
0.488079258586502€ 01
0.272398718236044E 02
0.28157166284€626E Q4
0.339649373297914E €6
0.435582825595536E (8
0.115513961922158E 09
0.115513961922158E 09
0.577456060646632E 10
0.781672297823978E 12
0e1489477479341G9E 17
0.293255378384934E 21
0.172263907803581€ 32
0.107375170713108E 43

M+l = 1
} G
0.6273152421343322E 01
0.105452316875680E Q1
0.383186043874565€ 00
0.176590558384380E 00
0.890413858440260E-01
0.470493546833581E-01
0.,470403546833580E-01
0.255643780439264€E-01
0.257488089096837E-02
0.1187218013342C0E-C4
0.649798876445071E-07
0.726353737796087E-07
0.201825922415101E-06
0.251630484367976E-09
0,771405301838412E-08
0.866887668386711E-06
0.1233372426741€2€E-01
0.193754515243797E 03
0.7561435392949€9E 13
0.352883710781244E 24
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0PT1=
oPTZ=
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O.;
Ue5
140
1.5
Ze0
‘__.S
Z2e5
3.0
540
iv.0
15.0
<0.0
Z:-O
21.0
250
30.3
40.0
0.0
75.0
100.9

RFO
(37
Ce5
10
;.5
243
2.5
3.0
5.0
1040
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20.0
21.30
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25 .0
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5040
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THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISHED TO0DDC __—

O N e
o0 9D

ANG
12C.C
120.0
i2C.C
120.C
120.0
120.0
12C.C
12C.0
120.0
1zC.C
120.C
1¢0.C
120.0
120.0
120.0
1230.0C
1¢C.0
12C.C
12C.C

12G.C

ANG
123.C
12C.0
120.0
12C.C
120.C
120.C
120.0
12C.C
12C.0
120.0
120.C
12CeC
12C.0
120.C
120.C
1zCeC
120.C
12040
1¢C.0C
12C.0

CRUINARY BESSEL FUNCTIONS, FIRST KINC,

CF CCMPLEX ARGLMENT 1IN POLAR COORCINAT
CF CRDER M = 0
RE J IV J

C.1C0124921831594E 01 0.216641667409577E-02
C.1C2C75492385372€E 01 0.549722926707177E-01
Ce111€75C11576078E 01 0.230032066040576E QO
C.123€67C48430371E 01 0.555489344711846E 090
Ce124€39C83726984E (1 0.108096813237748E 01
C(.12A528827443692E 01 0.187222368675946E 01
C.1326528827443692E 01 0.187222368675946E 01
C.1155792CC904768E Q1 0.3030262937063371E 01
-C.841142€2514785CE 01 0.110161430764326E 02
C.1294202386G0115E 02 -0.7358112968690€2E 03
Ce2€42€4623150750E 05 0.370001823305540E 05
-C.2€4281215817822E 07 -0.911112779480102E 06
-C.4772762557G62687E 07 -0.501674968032690E 07
-C.47727632€7G62687E 07 -0.501674968032691E 07
CelS1567942931977E 0S -0657900165249208E 08
-C.751224€72881742E 1C 0.125929487827114E 11
Ce4425€7473084093E 14 0.543106951188823E 14
C.2222¢97691C712CE 1€ -0.139303970580575E 18
Ce€€T714.394754872E 27 -0.3319933442328C6E 27
Cei4CET3G271G€622E 37 -0.821458496603613F 36

AND CRDER N

RE J

-C.25C€2513C18120CE-01

-Ce122€52G7€85061
-C.212774275€2008
-Ce£56523539744625
-C.1C378415779265
-C.17CGE1C5C02961
-C.1706£1C5C026961
-Cect€CT6C12E4843
-C+«5575C110718105

Ces7C2135CCCCOT719
-C.2€627€123C38835

EE
€E
4E
2E
€E
€E
2E
1E
4E
7E

CeG275G67C4423111CE

C.4G670€570723938
C.457C€57C72293¢8
C.€2662155306339
-Ce1135789C064869
-C.£4CC0323814196
Cel2€41242576317
C.227826C4694088
(e814359C€695523

EE
eE
1E
7€
CE
SE
4E
3E

80

cc
oC
qc
01
01
01
01
C1
03
oc
0¢é
07
07
0€
11
14
18
21
J€

g
+
[
[}
(o)

I~ J
0.433012476317786E-01
0.216435506551306E 00
0.4307104474414C0E 00
0.6315907103863C0E GO
0.7878528168673€8E 09
0.833733833953889E 00
0.833733833953890E 00
0.649163851044207E 00

-0,827919220327028E G1
0.3262734351126S9E 0Oc
0.25020346732503SE 05

-0.276917161684862E 07

-0.4612650291793G9E C7

-0.4612650291793S9E 07
0.188930116622977E 09

-0.789555341300881E 10
06434327008570484E 14
0.331177068637691E 18
0.664395375463494E 27
0.140469309166744E 37
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20.C

ANC
12C.C
12C.C
120.0
120.0
12C.C
123.0
120.0
120.0
12C.0
120.0
120.0
120.C
120.0
120.0
12C.0
12C.C
12C.0
122.C
izC.0
12C.0

ANG
120.C
12%2.C
12C.0
120.0
120.0
12C.C
123.0
12C.C
120.C
120.C
1z27.C
120.0
120.0
127.0
120.C
l20.C
lzCc.C
120.0
12C.0
120.0

ORDINARY BESSEL FULNCTIONS,

THIS PAG LAY
FROM COPY FURN 1SHED T0 DDC

SECOND KINC,

CF CCMPLEX ARGLMENT IN POLAR COORCINAT
CF ORDER WV = 0

RE Y IV Y
~Ce154528246T42934E 01 0.133028376467856E 01
~C.6232€633154252833E CC 0.131075938145063E 01
-Ce4€CT736443311972E 0C 0.132127667984319E 01
-C.€4810451312077SE QC 0.137594892376€06E 01
-Ce11119622154794GE 01 0.143641203066924E 01
-C.1€7€656€32239702E 01 0,142081875690747E 01
~C.1€7€£6€32239702€ 01 0.142081875690747€ Ol
~C.2G5€E6G46€15698E 01 0.118846023239153E 01
-Ce110118868157001E 02 -0.840967401844514E 01
C.7325811274482892E 03 0.139419868599982E 02
-C.27CCC182330598¢€E 0°F 0.264264623155397€ 05
C.511112779480105E 0€ -0.284281315817824E C7
CeSC1674568032691E 07 -0.477276355792687E 07
«5C1674568032691E Q07 -0.477276355792688E 07
C.6279C01€5249208E 08 0.191597942931977€E 09
~-C.115G29487827114E 11 -0.791224672881743E 10
-CeS43106G651188832E 14 0.4625674730840G93E 14
C+1293C3G67C58057¢5E 1¢€ 0.333369769107120E 18
C.22169334423280€E 27 0.66714139475487¢E 27
C.8214584S5€€036132E 3¢ 0.140873927196€22E 37

AND CRDER N = NM+]1 = i

RE Y IV Y
«217165649859€567E C1 0.539941920195404€ 01
Ce4€2517C43C57102E OC 0.745198987080434E 00
~Ce1C2152€4270832CE CC -0.3420582039649°51E-01
~Ce44254657710843EE CC =0.497388263065522E 0O
~C.€6T7€255E6€4186144E CC -0.101022314373G676E 01
~Ce7€68708€09998568E 0C -0.170933526366832E 01
~C.7€8708€09G66856SE CC -0,170933526366832E 01
~Ce€124201C€C017637E OC -0,2689747989868G5E 01
C.8280€89422549127E 01 -0.9579707065834€9E 01
~Ce226273€15933484E 02 0.703135024238835E 03
~C.250203467320252E 0% -0,363762230387971E 05
Ce2766171€1684862E 07 0.927597044231107E 06
C.4€12€5C2917939SE 07 0.4970657072393€8€E 07
Ce4€12€502917939GE 07 0.4970657072393€8€ 07
~C.1€89301.€6622977E 06 0.6269315530933291E 08
C.7€9E553413C0881E 10 =-0.113578900648697E 11
~C.4%4227C08570484E 14 -0.5400033381419¢0E 14
~Ce221177C68637691E 18 0.136412455763175E 18
~Ce€€42G652754634G4E 27 0.327836046940884E 27
~Ce1404€69309166744E 37 0.814359066955233E 36
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FROM COPY FURNISHED TO DDC

0PTi=
0PTZ=
ORLC =

R+0
O.l
0.5
10
1.5
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25
Ze5
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CRDINARY BESSEL FULNCTIONS,

0CF COMPLEX ARGULMENT

FIRST KINLC,

IN POLAR COORCINAT

CF ORDER WM = 0]

RE
C.5581749219183994E QC
C.G€BZ€EB48T155552E CC
C.8€7€18103497088E CC
C.6E4C54268254105E CC
C.4C1876509028543E QC
C.140€682542445072E-01
Cel1l40€682542445074E-01

-C.4€54114177€€620SE CC
-Ce177477€9413195SE 01
~€.5C4718923288672E 0O}
C.185G917703645047E 02
—€452301712395172€E 03
C.117282087083194E 04
C.117282C87083194E Q4
-C.12E€38C3€9457817E 05
Ce22€423C45537542E Q€
-Ce2766399.3381967E 08
C.144801€9452171SE 1C
-Ce215560C57C270117E 14
-C.€42080421€87448E 2C

AND CRDER N =
RE J

-Ce423C01247€6411755E-01
-Ce22€436240685357€ QC
-C.42C€044C7423258E QC
-Ce62316542532695CE 0OC
-C.7598€CGCC592474E CC
-C.€50855C53772563E CC
=(¢89506825C532 1712562 CC
-Ce85294173521777€E QC
C.14157111381148¢E 01
-Csi1748.5980€19618E 02
C.141953€14488191E 02
Cel74C1428802426CE 04
C.268€6703488G8404E 04
Cec€8670348€98403E 04
-C.1£9795501524474E 0F
-Ce7789766418C8BS553E 05
-Ce127508522E7568¢€E 08
Ce27664843991424CE 10
-C.BET459425151841E 1%
CelG€512E43420345E 21

82

e s a —

v J
0.216371034482641E-02
0.532808826876282€E-01
0.202980518393593E 0O
04187824€22974G5E CO
0.650962462072001F 0O
0.83298704349582¢6E 00
0.832987043495826E QO
0.887568825861952E 00

-0.131251655129563E 01
0.181437389225677E 02
-0.199776629495285E 02
-06174137723919346E C4
-0.294578373110088E 04
-0.29457837311C087E 04
0.163841413058518E 05
0.752236282122223E 05
0.13134069098388¢€E 08
-0.380099335560015€E 10
0.8905426248808323E 15
-0.196724241684€50E 21

M+l = 1
Iv J
0.249375130235452E-01
0.117228400708627€ 0O
0.188828534743412€E 00
0.174387857582875€E GO
0.4479758660389€62E-0C1
-0.210366347877049E 00
-0.210366347877048E 00
-0e4574590706638979E 00
-0e6154462726355877E 01
-0.573017405C09020E 0O
0.183464045550592E 03
-0.873467366158404E 03
0.122050261384378E 04
0.122050261384378E 04
-0.140132778554756E 0S5
0.223458193208725E 906
-0.276651089568003E C8
0.147389856943119E 10
-0.2664607219755G5E 14
-0.632937118915524E 20
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REC
.1
Ce5
1.0
:'5
<0
Ze5
2.5
3.0
5.0
10.0
1540
20.0
21.0
2140
25.0
30.0
40.0
50.0
75.0
100.0

O N =
(el < W)

ANG
15C.0
180.C

-

NN AN AN NN AN AN AN \n\n

L I I S S T S R P e Y T e

AN AN AN \n AN AN AN
(m Wl -FelelolloNaNolafolall<lafellole

oNoliefeNolellecloNelololoNolalloNeNeNa)

)

\n >
-
e e 0 e D

Pt bt bt et 4 et et et Bt bd et et Pt e p s b4 e e
QOO0 ODODODODO O
[=NeolloaNeloleloNeoNoloNoaNoNoleloNolecNalole]

AMMAANAR AN MM NN AN NN NN N AN AN N N

C

FROM COFY FURRI .
CRDINARY BESSEL FUNCTIONS, SECOND KINC,
CF CCMPLEX ARGUMENT IN POLAR  COORCINAT
CF ORDER M = 0

RE Y vy
-C.154C5593559585CE 01  0.165987359012020E 01
-C.5€718CC97261568E CC  0.155268665925810F 01
-C.2i5798970789612E 0C  0.130613118145939€ 01
-C.2€0718577550368E CC  0.972380855946426E €O
-C.52C806539144037E CC  0.562514715627323EF 00
-C.7C8747536329382E CC  0.801068421023191E-01
-C.7C8747936325382E 0C  0.801068421023192€-01
-C.7€72041€9439765E 0C -0.4603359011297€2E 00
C.1209C0608€68220E 01 -0.1803465341955€8E 01
-C.1€1421C28971362E 02 =-0.504676936418683F 01
C.159775960529605E 02  0.185917795308825¢ 03
C.174137723450415%E 04 -0.923017130792225E 03
C.2S4578372637077E 04  0.117282087014385E 04
C.25457837263707€E 04  0.117282087014385E 04
-C.16384141305268CE 05 -0.138638036946842E G5
-C.752226282122322E 0%  0.226423045537586E C6
-C.12134069058388¢E 08 -0.276939913381967E 08
C.38CC99335560015E 1C  0.144801894531719E 10
-C.850542624880833F 15 -0.215590057027017E 14
C.15€72424168465CE 21 -0.643080421887448E 20

AND CRDER N = M+l = 1

RE ¥ Iv v
C.E5521755C077791E 01  0.306462641306007E 01
C.1C8759591767975E 01  0.1818960462630SSE 00
C.4C2507755145211F CC -0.444889802515893E 00
C.14977:111216€271E 0C -0.773516076873319E 00
C.112€6534823€241GE CC -0.966817395673348E 00
Ce2€37101C€618494E OC -0.1038509648906S6E 01
C.2€371010€618494E 0C -0.103850964890696E 01
C.5€6724€2844237€E 0C =0.962709572329223E 00
C.151474577€5838G6E 01  0.142176829251588E 01
Ce573053553645263E 01 -0.174832935662144F 02
-Ce1€3463950438815E 03  0.141954268336312E 02
C.873467359323141E 02  0.174014288473239E 04
-C.122050261444377€ 04  0.288670349378508E 04
-C.122C50261444377E 04 0.2886703493785C8E 04
Cel14012277855359CE 05 =-00159795501530352E 05
-C.223458193208681E 06 -0.778976641808468E 05
C.27€€51C895€68002E 0F -0.127508522875686E 08
-C+147389856943116E 1C  0.376948439914240€ 10
Ce2€€460721975595E 14 -0.887459425151841E 15
C.€632937118915534E 20 0.196512843420345E 21
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REFQ
O.l1
0Ced
1«0
LoD
290

245

3.0

5.0
10.0
15.0
200
2140
22 .0
25.0
30.0
4040
50.0
1540
100.0

THIS PACE IS BE

ST QUALITY PRACTT
FROM COPY FURNISHED 10 DDC i
1.0 CRUINARY BESSEL FUNCTIONS, FIRST KINC,
2.0 CF COMPLEX ARGLMENT IN POLAR  COORCINAT
0.0 CF ORDER ¥ = 0
ANG RE J v J
160.0 CeS5S5750:5€20€604CE CC  0.870877619651472E-18
160.0 C.$:38469807240812E CC 0.211250130396323E-16
180.C C.7€5197€86557967E CC  0.767419287775CCOE-16
160.C «S11€27€7173591€F 0C 0.145950687737144F-15
160.C (C.223289077914123€E CC 0,201154028899528E-15
1860.0 ~C.4638377€4€8198CE-C1  0,216724857566377E-15
16CeC ~C.4E38327764681G8CE~01 0.216724857566377E-15
160.0 =~C.2€0C51954901933E CC  0.177388959C61534E-15
16040 =Cei77596771314338E 0C -0.285638238652527E-15
160.C ~C.245935764451348E CC  0.7581361094214G3F-16
160.C ~C.142244728267808E~01  0.5365319363208328E-15
160.C Cel€7C24€64340582E OC  0.233105148436447E-15
180.0 «2657907.000863C0E~-01 0.626687259181050€E-15
160.0 C.2€57S071CCCB63CE~C1  0.617561557447743E-15
16C.C C.S€266783275957SE-01 -0,562050406216485E-15
L8040 ~C.8E3679835810404E-01 =0.617561557447742E-15
180.0 C.72668905842375CE~02  0.874300631892311E-15
160.0 Ce55812327665251€E~01 -0.853483950180589E-15
16C.C (C.246439138050968E~01 -0.111716191852906E-14
1€0.C (C.16985850304222GE~01 =-0.135308431126191E-14
AND CRDER N = M41 = 1
ANG RE J v J
16C.C ~Co45927526036242CE~01 0.8686995178708C0E-17
180.C =~(.2422€8457674874E 0C  0.395814558459201E-16
160.0 =~C.440050585744934E 0C 0.567035165C72307E-16
18040 =-Ce5579365079101CCE CC  0.36588612457831GE-16
180.C =-Coe57€724807756873E CC =-0.224868548936417E-1¢
16046 =Ce457C94102464274E 0C -0.107784474246316E-15
160.0 =-C.467CS41C24€4274E OC -0.107784474246316E-15
1€0.C =-C.229C58658525636E 0C -0,195183706222714E-15
180.0 «227579137591465E 0C -0.977308982733256E-16
18040 =Ce42472746168861€6E~-01 -0.4364T7163775979E-15
160.6 =-C.2C5104038613522E CGC -0.729786137597045E-16
160.0 =-C.€€833124175849€6E-01  0.570904807722158E-15
180.0 =-Ce171120272763902E OC 0.104119888464657E-15
160.0 =-C.17112027276390CE CC  0.117961196366423E-15
160.C C.12535024958029CE OC 0.437150315946155E-15
16C.0 C.118751C62616623E 0C -0,44408920985C0632E-15
160.0 =-Cel126C38318037585E OC  0.403323208164608E-16
180.0 C.5$575118281251752E-01 0.492661467177413E-15
180.0 Ce85136965C448292E-01  04461436444609831E-15
1860.C C.771453520141122E-01  0.356485674313224E-15
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oPT1
oPTZ

" n n

o
p o]
)

e ¢ o o o ¢ o o o T
COOOOWMWVMOWMO W\ni+ O

e
TOV WM MM eE = OO0 D

(4
U
(]

20.0
21.0
2i.0
25.0
30.0
40.0
50.0
75.0
100.0

O N -

C
0
0

ANG
180.0
183.0
1€0.C
1€0.0
1€0.0C
l1€C.C
180.C
1€0.C
1€0.C
180.0
180.0
1€0.C
180.0
180.C
180.0
18C.C
1€C.C
1€60.C
1€0.0
1€C0.0

ANG
1€C.C
180.C
1€0.0
1€0.0
180.0
1€C.C
18C.0
180.C
180.0
1€C.C
180.0
180.C
18C.0
18cC.0C
18040
180.0
18040
18C.0
180.C
180.C

CRDINARY BESSEL
CF COMPLEX ARGUMENT
CF OR

Re Y
-Ce153423865135037€ 01
-Ce4445187335C6707E 0OC

0.6E2569€42156769E-01
C.2E8244852379775SE CC
C.510375672649745E CC
C.468C70359615231E 0O
C.468070259€15232€E CO
C.27€850C01C01279CE CC
-C.208517€25249033E CC
e556711€172835994E-01
C.2C54€429603891¢€E CC
C.€264C5568(093838E-01
C.1702C1758422153E 00
Ce170201758422154E 0OC
-(.127249432268005E 0C
-Ce1i72G65731686663E 00
C.12563641705825SE GC
-Ce5EQ0E49854700755E-01
-C.822€9047€477735E-01
-Ce772443133650805E-01

AND ORDER N =

RE Y
C.€45€65109470202E 01
C.147147239267024E 01
C.7€12128213C0289E CC
C.4123C8€2€973911E CC
C.1C7C=243154C93EE CC
-C.14591813796678¢E 0C
-Ce14591813796678¢€E 0OC
-Ce224€67442479180CE CC
-C.1478€63143391227E 0C
-C.249C015424206953E 0C
-Ce2.C736280368734E-01
Cel€E5511€143€2521E 0C
Ce2252G2€07558648E-01
«2253G92€07558651E-01
CeGEB2G9€47832367E-01
-C.84425570€66174632E-01
Ce57935058215495GE-02
«5€7956€85620137€E-01
Ce352137851605795E-01
C.20272312002759CE-C1
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MHIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISH=D 170 DDC

FUNCTIONS, SECONC KINLC,
IN POLAR CCORCINAT
CER M = 0
IV Y

0.1995003124132C8E 01
«18769396:448163E 01
0.153039537311593E 01
0.102365534347184E 01
0.447781558282471¢ 0O
-0.9676755293639€0€E-01
-0.967675529363960E-01
-0.520103909803867E 00
-0.355193542628677E 00
-0.491871528902696E 0O
-0.28448945653561¢E-01
0.334049328681166E 00

0.731581420017252E-01"

0.731581420017258E-01
0.192533566551915E 00
-0.172735967162080E 00
0.147337811684750E-01
0.111624655338503E 00
0.692878276101932E-01
0.399717006084455E-01

M+l = i
vy
-0.998750520724829E-01
-0.484536915349748E 00
-0.880101171489867E 0O
-0.111587301582020€ 01
-0.115344961551375E 01
-0,994188204928548E 00
-0.994188204928548E 00
-0.678117917051873E 00
0.655158275182930E 00
-0.869454923377221E-01
-0.41020807722704%E 00
-0.133666248351700E 00
-04342240545527800E 00
-0.3422405455278C0E 00
0.250700499160579E 00
0.237502125233245E 00
-0.252076636075169E 00
0.195023656250350€E QO
0.170279990089657E 00
0.154290704028223E 00
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THIS PAGE IS BEST QUALITY PRACTICABLE
katvi COPY FURNISHED 10 DDC

0PT1= 1.0 ORUINARY BESSEL FUNCTIONS, FIRST KINC,
0PTZ= 2.0 CF COMPLEX ARGULMENT IN POLAR  COORCINATES
{ ORC = 0.0 CF ORDER M = O
i REG  ANG RE J i~ J METHOC
0oi -120. C€.1C0124921E31594E 01 -0.2166416674095776-02 1
G.5 =-120. Co1C3075492385372E 01 -0.5497229267071776-01 1
1.0 -120. C.111675011576078E 01 -0.230032066040576E 00 1
, 1.5 =i20. Ce123667048430371E 01 -0.555489344T11846F 00 1
2.0 -120. C.124€29C83726984F 01 -0.108096813237748E 01 1
Ze5 -12C. C.126528827443692FE 01 -0.187222368675946E 01 1
2.5 =-120. Co136528827443692E 01 -0.187222368675946E 01 2
3.8 =120, C<11557920090476PFE 01 -0.300262937063371E 01 2
5.0 =-120. -C.E41142€2514785CE C1 -0.110161430764326E 02 2
100 ~-120. C.139420238S9011SE 02 0.735811296869061E 23 2
1540 -120. Ce2€426462315075CF 05 -0.370001823305540FE 05 2
20.0 =-i20. =-C.284281315817823E 07 0.9111127794801C2E 06 2
21.0 =-i20. -Co477276355792687E 07 0.5016749680326S90FE 07 2
2i.0 =120, -C.477276355792687E 07 0.501674968032651E 07 3
25.0 -120. Ce.1S51567942931977E 0S 0.6579001652492C8E 08 3
30,0 =120. -C.751224E672681742E 1C -0.115929487827114¢ 11 3
40,0 -120e Co442567473084093E 14 -0.543106951188833F 14 3
50.0 -120. C.22336976910712CE 18 0.139373970580575E 18 3
75.0 =-120. C.€€7141394754872E 27 0.331993344232806E 27 3
100.0 =320, C.}408713527196622E 37 0.821459496603613E 36 3
AND ORDER N = NM41 = i

RFG ANG RE J IV J METH+OC
Uel =1220s =-C.2t5C€251301€120CE-01 -0.4330:2476317786E-01
Je5 =120s -Ca12282291€85061%E CC -06s2164355065513C6€ 00
Z2eC -120e¢ =-C4213774275620088E CC -0.4307104474414C0E 0O
Ze5 =-120e -Ce5G5235397446254E 0C -0.£315907103863C0t Q0
2e0 -120. -C.1C3784157792652E 01 -0.7878528i68673¢€8E Q0
ce5 =-120. -C.1706%51C5CC2G61¢E 01 -0833733833953889E 00
2e5 =-120. -C.170651C5CC2961€E 01 -0.822733233953887E 00
3.0 =-120. -Co2€8C76012848432E 01 -0.649163851044207€ 00
5.0 =120s =C¢55750:10718105CE 01 0.827919220327027€E 01
A 10.0 -120. Co7C21325CCCCCT7194E 03 -06326273435112702E 02
15.0 =120+, -C.2€376123C3883576 05 =-0,290293467325039E 05
20e0 =120 Ce927567C4423111CE Q¢ 062769:71616848€2E 07
2..0 =120, C.457C€57072293¢€8E 07 0.4612650291793G69€ 07
21.0 -120. Ce4G7C€5707239388E 07 0.4612650291793G9E 07
25.0 -=120C. C.€26G631553C93391E 08 -7,18893011€6€22977E 09
| 3040 =120, =-Ce1135789C0648697E 11 0.789555341300881E 10
b 40,0 =120. =-C.54C00323814196CE 14 -0.434327008570484E 14
50.0 -12C. Cel36€6412455763175E 18 -0.331177068637691E 18
75.0 =-120. Ce227826C46940884E 27 =-0.6643953754634G4E 27
100.0 =120. Ce€14359C€€E9E5232E 3¢ ~-0.140469309166744E 37
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0PT1=
0PTZ=
ORC =

R+Q
D el
0«5
1.0
1'5

2.0

Ze5
245
3.0
5.0
i0.0
.0

O N
(ol <)

.
.
°

ANG
-120.
-120.
-120.
—1200
-1201
-120.
-120.
-12(:0
=120
-120.
-120.
=120,
=220
=120
-12C.
-120.
-120.
-;200
-120.
=120

AN C
= Lkz0le
=120
=120
-120.
-1200
-120.
-120.
-1z20.
-120C.
=120
-120.
-1200
-120.
-120.
-120.
-120.
"120.
-120.
-120.
-120

RE Y

THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TODDC -~
ORDINARY BESSEL FUNCTIONS, SECONC KINC,

OF COMPLEX ARGUMENT IN POLAR COORCINAT
CF ORDER ¥V = 0

~Cel54528246742934E 01
~Ce£22633154252833E 0C
-C.4€6072€443311973€ CC
-C.€48104513120775E OC
-Cel11119622154794SE 01
-C.187€656€32239702€ 01
-CelE7€56€32239702E 01
-C.26G5€686946615658E 01
-C.110118868157001E 02
Ce7258112174482892E 02
-C.27CCC1E2330598€E 05
C.S1111277948010€E Cé€
Ce5C167496803269CE Q7
Ce5C1674G568032691E 07
Ce€579C0165249208E 08
-C.115929487827114E 11
-Cef£431C69511€8833E 14
C.12920397058057¢€ 1¢8
Ce221693344232806E 27
C.82145849€603613E 3¢

ANC CRDER N =

RE Y

Ce31719594G896567E Q1
Ce4€2517043057102E 0C
-C.1C0215264270832CE CC
-Ce4425465771C843EE CC
-C.6762556884186144E 0C
-Ce.7€8708€09998568E 0C
-C.768708€09G9S6856¢€E CC
-Ce€124201C6017637E 0OC
C.828089422549127€ 01
-Ce326273815933488E 02
-C.2502034€7220252E OF
Ce276G617161684862E 07
C.4€12€5C29179389SE 07
Ce4€12€502917939GE 07
-C.188920116€22977E 0S5
C«786555341300881E 10
-C.434227008570484E 14
-Ce3321177068637691E 18
-C.€€4295275463494E 27
-C+14C469309166744E 37

87

) ¢
-0.133028376467856E 01
-0.131075938145063E 01
-0.132127667984319E 01
-0.137594892376606E 01
~0.143641203066924E 01
-0.142081875690747E 01
-0.142081875690747E 01
-0.118846023239153E€ 01

0.840967401844514E 01
-0.139419868599986E 02
-0.2642646231553G7E 05

0.284281315817824E Q7
0.477276355792687€E Q7
0.477276355792688E Q7
-04191597942931977E G9

0.791224672881743E 19
-0.442567473084093E 14
-0.333369769107120E 18
-0.667141394754872E 27
-0.140873927196622E 37

N4+l = 1
IM Y
-0.539941920195404E C1
-0745198987080425E 00
0.342058203964951E-01
0.497388263065532E QO
0.101022314373976E 01
0..70933526366832E 01
0.170933526366832E 01
02689747989868G5E 01
0.957973706583468F 01
-0.703135024238834E 03
0.363761230387971E 05
-064927597044231107E 06
-0.497065707239388E 07
-06497065707239388E 07
-0.6269315530933G1E 08
0.113578900648697E 11
0.540003338141960E 14
-0.136412455763175E 18
-0.327836046940884E 27
-0814359066955223€ 36
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THIS PAGE IS BEST QUALITY PRACTiCABLE
~evvid COPY FURNISHED TO LDC

oPT1= 1.0 CRDINARY BESSEL FULNCTIONS, FIRST KINL,
QR Z= @ 2.0 CF CCMPLEX ARGULMENT IN PGLAR COCRCINATES
ORL = 0.0 CF ORCFR WM = ¢
REO AN G Reg J I¥M J METHOL
Gel =—€Ce0 C.1C0124S21831594E 01 0621664166T4C09577TE-C2 1
JeS5 =€C.0 €+1C3C 7514923853 T2E 0 0.549722926707177E-01 1
Ze0 =€60.C Cel111675C1157607€E Q1 0.230032066C4057€6F €O 2
eS| =806 C.122€€67C48420371E Ol 0.555489344711846E GO 1
es =6040C Ce124639C83726984F 01 0.108096813237748E C1 N
25 =69.0 Ce136528€27443692E 01 0.187222368675946E 02 3
2sb €U0 C.1326528827443692E 01 0.187222368675946E (1 Z
J@ =600 Ce11557920C9C4768E 01 0.3002629370633271E 01 Z
50" —€Cs€ =CaE41142625147852E 01 06110161430764326E 02 l
199 —e0i,€ C.1394202z38690131E 02 -0,735811296869062E 03 &
150  =60€ Ce2€42€4€2315074SE CE 0.370001823305540E 0°F c
20,0 =-€60.0 -C.2€4281215817822E 07 -0.911112779480108E 06 l
2ie0 =—-€0e0 -Ce477276355792684FE 07 -0.5016749680326S50E 07 <
2.0 =—-6C.0 -Ca41772763557192685E 01 -0.501674968032691E G 3
25.0 <=€G+0 Ce161567G642931977E 06 =-0.657900i65249202E (8 3
Vb =€0.0 =-Ca.151224€72E81744E 1C 011592948782 1112 11 3
4040 =€C.C Ce4425€7417308409CE 14 0.543106951188832E 14 3
5& el =600 €e 2223697651071 1SE 18 -051393939705805TLE 18 3
75,0 =€0.0 Ce€€T71412947548T71E 27 =-0.331993344232796F 7 3
1000 - =€a8s0 C.140873G2716G¢€622E 37 -0.82145849€603586E 326 3
ANC CRDER N = M+l = A
RFO ANG RE J Iv J METHOC
Uisl v =EGS0 Ce25062513018120CE-01 -0,4330124162117786E-01 1

Us5 =606 Cel122€E5297€850616E OC -0.216435506551306E 00 1]
10 =€ C Ce313774275¢€2C088E OC -0.4327104474414C0E 20
5 —€0.0 Ce565335297446254E CC -0.631590710386300E 00
260" =£6e0 C.1C2784157792652E C1 -0.787852816867388Et 40U
ce5 =€0.C Ceal7€951C50C29616E 01 —0«8337338339538E8BE 00
2e9 =600 €.17095105CC2961¢E C1 -0.833733833G538ESE QC
3e0 . =600 Ce2tBCT6C12€48432E C1 ~0.649263851044205E (O
560 =€U0 40 CoSEI50L10T1ELO4SE O 0.827919220327029E C1
200 =€Ce€C =Ce7C3135CCO00TLIGE 03 =0.326273635112714E 02
1540 ' =60C.0 C.363761230388357E 05 -0.250203467325028E 0S5
2040 =€6CeC =CoSc715S7C4423L11€E 0O€ 0.276917162.684861E 07
2240 =6Cs6  =Co4S(CESTOTZ29388E OF 0.4612650291793G6E 07
2lsl =E0ed =Cwa4SICESTQT239389E O 0.461265029179396E Q7
250 =€00 =Cy 6269315536933 8¢C¢E 0 =0Us518893ULlLcE22I(ME 09
30.0 =€C..C Cei.3578SC064869¢€E 11 0.789555342300883E 10
4C.C =€0.C «£4CCC323814196CE 14 -0.434327008570482E 14
EUe0 =€CeC -Cel26412455763170E 18 -043311770686376S0E 18
75.0 =€3.0 =-Co.23.7€836C46940875E 27 =0,664395375463462E 27
100,06 =€0.C =-Co€14259C€€955208E 36 =-0.140469309166744E 37
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THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISHED TO DDC

CROINARY BESSEL FULNCTIONS,

e

SECOND KINC,

CF COMPLEX ARGULMENT IN POLAR COORCINATES
CF ORDER WV = 0
RE Y IM Y METHOL
-Ce154064G€3408115E 01 -0.672214671953312E 00 ik
-C.£12688568911397E CC -0.750750466256815¢t QO 1
-Ce€7231123C821477E-03 -0.912223551678364E 00 i
C.4€2€87417€6302912E CC -0.109739204484137E 01 i
Ce1C499740492754€E 01 -0.125636964387044E 01 i
C.1E€7€810511219CE 01 -0.130975773196637E 01 i
Cel1E6788105112189E 01 -0.230975779196637E 01 2
C.300838527511042E 01 -0.i1123223785703832E 01 2
C.1iC2C3693371652E 02 0.841317848451188E 01 2
-C.725811319255231E 02 -0.139420609380262E 02 z
Ce«270C01€23305092E 05 -0.264264623146102E 05 Z
-C.S51111277948C0104E 0¢ 0.284281315817822E Q7 2
-C.5C16749€802269CE 07 0.477276355792683E 07 2
-C.5C1€749€8C22691E 07 0.477276355792685€E Q7 2
—Ce€579C01652492GC2E 08 -0.191597942931977E 09 3
Ce115629487827113E 11 0791224672€E81744E 10 3
Ce2431C69511E8E8332E 14 -0.442567473084090E 14 3
-C.1292C357C580571E€ 18 -0.333369769107119E i8 4
-Ce2216G334423279¢E 27 -0.667141394754871E 27 3
—Ce82145849€6C03586E 3¢ -0.140873927196622E 27 B
AND GCRDER N = M+1 = i
RE Y IV Y METHOC
-Ce225€56165422923€E 01 -0.544954422759028E Ol 1
—CeEGE2EBC5€159714E CC ~061010904940781¢7E 01 .
-(.7292€8252174481E CC -0.593342730843681t CO 1
~Ce8.0€34E43664161E CC -0.693282531826976E 00 1
-C.869449749548632E CC -0.106546001211328F 01 l
~CeEGSET59C57G9C920GE CC =-0.170968573692400E 01 1
-C.EGE8759C576CG209E CC -0.170968573692400E 01 Z
~Ce€E5GCT7596CT0775E OC -0267177226709970E 01 2
C.82774901810493CE 01 -0.95703.507778621F 01 2
~Ce22€273C5429192GE 02 0.70313497577€252E 03 2
-C.2202C34€7229825E 0% -0.36376123038874zc 05 Z
Cel2716G17161684861F 07 0.927597044231119E 06 l
Ce4€12€5C2917939¢E 07 0,497065707239388E 07 P
Ce4€12€5C2917639¢E 07 0.497065707239389E (7 3
-C.1E893011€622977€ 09 0.62693155309338€6E 08 S
Ce7865553413C0883E 1C -0.113578900648696E 11 3
-C.424327C0857C482E 14 -0.540003338141960E 14 3
=Ce231177C68637690E 18 0.136412455763170E 18 3
~C.€€4295375463492E 27 0.327836046940875E 27 3
~Cel40469309166744E 37 0.814359066955208E 36 3
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THIS PAGE IS BEST QUALITY PRACTICABLE
~uiu COFPY FURNISHED TO LDC

0PT 1= 2.0 MOCDIFIED BESSEL FULNCTIONS, FIRST KINL,
GPT¥ 2= 2.4 CF CCMPLEX ARGUMENT IN POLAR COORCINATES
ORL = 0.C CF QRDER WV = 0
REC ANC RE I Iv 1 METHGC
0.1 C.C C.1€025015629341CE 01 0.C000035GCCCCCCOE GO 1
Ce5 (a0 Cel1C€348337074132E 01 0.0000000CCCCCCCOE GC i
T W0 JeoC Cabe€6eCOoE81T715201E 01 $.0000000CCCCOQCOE 00 i
1.5 C.C Cel€4€72318977288E 01 0.C0C000J0GCCACOCOoE (O 1
2.0 C.C Ce22755853C233607€ 01 0.300023CICCSOGCCE G2 1
2.5 0.0 228G€63914405012E 01 0. 00000000CCCCCCCE GO %
2e5 G.C C.2289839.4403012E 01 0.0205000CCC00CC0E €0 <
3.0 0.0 CeqaEBCT792585E6502E (1 C.CCCOHCOOCCCOCCOGE @GN l
5.0 C.C C.2712368718236044E 02 0.90002388CCCCELOE CI Z
100 OeC Coct157i€6284€E62¢€E 04 0.C000000CCLC3CCCOE O©I &
izl C.C Ce236€493273297914E 0¢€ 0.0000953200C€003C0e 90 <
0.0 Cel Ce4255828255S5536E 08 0.0000090030CA0NQCOE €Y Z
21.0 0.0 Ce115513961922158E @S 0.0099790C3CCO0COE 00 2
<20 0.0 Celi2813961922158E 09 -0.656281127863413FE-10 3
25.0 0.0 Ce2TT456CECEQEL32E 1€ -0.110267687259032E-11 3
20.0 CeC Ce7E81672297823978E 12 -0.678788b69188652E~14 3
40.0 0.8 £.148G6477479341SGE 17 0,2671530661529C6E-138 3
£C.0 CoC Ce253255318384934E 21 —J.-085&90‘083031’E-2: 3
75 .C 0.C Cel122639G18C3581E 32 -0.1231895516298172E-33 3
100 .0 CeC CelC7375170713108E 43 -0.14822%080162921E-44 3
AND CRDFER N = M+l = 1
REC AMG RE I Iv 1 METEGE
0.1 UaG £s26062526C410921E-01 0.00000003CCJ2CCOE 99 y
C.5 C.0 CelET7€543053608%9¢E CC 0, 00000009 CTCCCAE 39 1
-.0 CeC Ce5€S159:03992485E C€C Ue CCOOGI CCCCCOE ©oO 1
29 CeoC CeSELECO6U2ESTT908E CC 0.06C00CC .CCCA0CCoE SO N
ceU C.C EelE9CESEBS4633ZE 0] 0,03022305CCN9CCAE 3N i
202 7eC Ced>1611624952887CE 01 0.,8000GGOGA3SCC3CCUE 7Y i
2e5 CeC Ce2t1617.624523870E 01 0.000000030CCACCIE 1O ™
3. G0 Ca38 5237021 14G261E U 0.2099350033€39CCA< QY c
5.0 CeC Ce243256421424505E 02 0.000000023C03000E 0O <
10.0 C.C Ce2€T7CSB883C37T126E 04 0.0093000G65CCS5CC0E GO <
15.0 0e0 Ce2c8124921910207E CE 0.L0V000CLICCC000E 30 2
200 0.0 Ce4c454973385127€E CF 0.CCONNGCCTCCA0CCE OC <
2.0 C.C Cel1.2729169913777¢6E 09 0.00G000LVYJYCGCCCIE C) Z
21.0 CeC Ce112729199137776E 0S 0e671729175586440FE~12 3
5.0 CeC £6517651298¢81LE 1€ 0611245.818539236E=1L 3
30.0 O.C Col6E8S22038938957E 12 0.690010525799061E~14 &
40 .0 CeC Cel4q7C73961632594E 17 06270472110544047E~-18 3
50.0 0.0 Ce250307859C10356E 21 Je10962 9;78779181E~4° 3
75.0 C.0 Col 71115601 529653E 32 0.1240082:14186857E~133 3
100.0 0.C C.1C€8266539033816E 43 0. 14896437J3947385 44 3
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COrY FURNISHED TO DDC
MCDIFIFD BESSFL FUNCTIONS, SFECONC KIANC,

CF CCMPLEX ARGUMENT IN POLAR COORCINATES
CF ORDER M = O

RE K M K METHOC
C.24270690247C232E 01 0.CGC0000LCOGCOCOCOE GO 1
CeSc4419C07122766¢€E 0OC 0.0000000CCCC0CCOE Q0 1
Ce421C2443824CT70€E CC 0.(000000606CGOCCOE GO 1
C.2i38055€264752¢E 00 0.00000000CCJI0000E (O 1
Cail2893E727149533E 0 0.00000000C0CUCCCOE 90D L
Ce€23475532CC3661E-01 0.000020000C0U00C0E OO0 |
Ce€23475532CC3662E-C1 0.0000000CCCUOCCOE 0V Z
C.247395043862792E-01 0.0000000G4CC0000E OC 2
C.2€6S1C9E234C4255E-02 0.0000000CCCO00COE CO 2
Cel7T78C0€2316167€E-04 0.0920092000CCQAQCCAOE Q0 2
CeGE1953€48239643E-07 0.G0000C00CCACOCOE GO Z
CeS741237181533652E-09 0.C0000000UCC0GC0A0E JU 2
Ce2C€17679€SS8532E-06 0.600000GCOC0O00OCOE GO l
C.2C€176756568532E-09 0.00000000CC0Q0CCOE OO 3
Ce34€416156221312E-11 0.00000002CC0OCOCOE GO 3
Ce212247174964630€E-12 0.,0000000C0C000C0O0E 0O 3
C.€2528611CCCG95¢8E-1¢8 0.C000009C0C3072C00k 0D 3
Ce341016774G7895CE-22 0.009092900CQCOCCCOE 0O 3
Ce387C1.704558692E-33 0.00000000CCCCCCOE GO 3
C.4€5€€2822G917592E-44 0.00000003CSV0CC0E QO 3

ANO CORDER N = M+1 = 1

RE K IV K METHOC
C.SEC3E4478087061E 01 0.00000G0CGC3GOCOE ©O 3
C.1€5€44112CCC33CE 01 0.00000000CC0C0C0OE 0O i
C«€C19C0723C197235E CC 0.00000000Q0CJICCCAE Q0 1
Ce277287€CC456844E CC 0.00000C000CCCCCOE 0O 2
C.1398€65861816522E GC 0.00000000CC00000E CO b
C.728G9081€3477471E-C1 0.00000G603CCQJ00COE CO 1
C.728508163477471E-01 0.002000000CQQ0CCIOE GN Z
Ce4ClE€4311281942E-01 0.00000000CC00CCOE CO 2
Ce4C44€2244545216E-02 0.00000005GCCC0CQ0E 00O Z
C.1E€4E773453825€E-04 0.000000000C00000E 00 Z
Ce1Cl417293€97621E-CE 0.00000000CCCOCCOE 20 Z
Ce5€83C579€955704E-06S 0.C00000000CCO0COE CO 2
C.2:1C2992223128CE-0S 0.000000000C00CCOE QO 2
€e211C2992223128CE-0S 0.00000000GCIC0COE GO 3
C.353277€8C7316994E-11 0.,00009000CCC00COE QO 3
Ce2167732C0189155E-13 0.00000000CCCQCCOE GO 3
Ce€4S6713.95486105E-1¢8 0.0000000C0C000C0E OC 3
Ce244410222671756E-22 0.0000000000900000E €O 3
C.289583294674220E-33 0.0000000CCCQ00C0OE Q0O 3
Ce4€7G5852735€3693E~44 0.00000000CCOOCCOE 00 3
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COrY FURNISHED TO DDC
«
' 0BT 1= 2.9 MODIFIED BESSEL FUNCTIONS, FIRST KINL,
f OPT 2= & 2.0 CF CCMPLEX ARGULMENT 1IN POLAR COORCINATES
b ORC = 0.0 CF ORDER VM = g
k REQ ANG RE 1 I~ I METHOL
it 22,0 CelC0124521831594E 01 0.21664.65T7T409577F=02 1
0.5 :7.C C.102C75492385372E 01 0.549722926737177€-01 il
1@ :0.0 C.111€75C11576078E 01 0.230032066040576E 00 1
ied 30«0 C.123€¢67C48430371E 01 0.555489344711846E 0O 1
2«0 20.0 Cel34639083726984E 01 «108096813237748E Ol i
2 e5 20,0 C.126528827443692E 01 0.18722236867594¢6E€ 01 1
Z 5 0.0 C.126528€27443692E 01 0.187222368675946E 01 Z
3.0 30.0 C«11557920C0904768E 01 0.300262937063371E 01 2
5,0 an, —Ce€41142€25147851F 01 0.21016143)764326E 02 2
1.0 23,0 (e1294202386901i12E 02 -0.7358112968690€2€ 03 2
e L0 20 .0 {el€42€4€2315075CE 05 0.370001823305540E (S 2
2040 30,0 -C.2€4281315817823E 07 -0.911112779480102E C¢ Z
2iat 20,0 -Ce477276355792687E C7 =0.501574968032€690¢E 07 P
220 2040 -Ce4772763255792687E 07 -0.5315674966%532691c (7 3
Z25..0 3Ca0 CelS1567942931977E 09 -046579701652492038E U8 3
29,0 30.C -Ce791224€72881743E 1¢C 0.,115923487827114F 11 3
40,0 200 Cod4s5€T4730840923E 14 0.54310693114883323:% 14 3
€J .0 ETONg Te32222697¢910712CE 12 -0.139393970580575¢€ 18 3
75 .0 30.0U Ceb€7141294754872F 27 -0.331993344.232806€F 27 3
100.0 30.0 Coeld0873G27196622E 37 -0.821459496603613E 326 2
AND ORDEF KN = M4l = '
RIC ANG Re 1 Iv I METHOC
Gei el Ce433C12476317786F-01 0.250675130181200€-01 7
Oy 29.C Cecl64355C655130€E CC 06132852976E650615E GO 1
2 s0 206 (+42CT71044744140CE CC 0.313774275620088E QO %
des 28%6 Ce€2153071C3863CCE (C 0659%335397446254E CO 1
Z o0 206 CeTtTE52€1686738EE CC 0.,10%784157792652E 01 1
Z 45 2046 (.6237336339538686GE CC 064170931050029€616F 01 W
Ze5 20.C Ce€32373363295389CE CC N.17295105C229€16E Ci .
240 20.C («649163E6510442CT7F OC 0.,26R0TED1264RL32E 01 z
50 30.C ~-C.827S1922032702G5E 01 0.9575311U71i81C050E C1 P
L 10+C 3C.C Ce32£273435112697E 02 -0.703.350C0C07194E C3 i
1550 30.C (e2502034€7325C0%6¢ €S N.3637512303238257¢ (5 2
20.0 2040 =-CelT7ES1T161EE4862E 07 =-0.927597044231110F (6 Z
21.0 20460 =Ce4€1265C291793GSE N7 =0.49756570723928¢F C7 ¢
210 200 =-C+4€12€50291793GSE 07 =04970657072393E8F 07 3
2540 20.C Ce189G3011€€22977E 06 -0.626931552093291E 08 3
f 20.0 204G -(e7£955534.3C0881E 10 0.113578900648697F 11 3
L 40.G 30.C Ce434327CC&570485E 14 0.5640073338141659F 14 3
50.0 320,C Ce331177CEBEZTHSLIE 1€ =0.1364124557631756 .9 2
75.C 20 .C Co£€43G5275463493E 27 -063278360469406886E 27 Y
100.C 3C .0 Cel40469309166T44FE 37 -0.814359066955237E 36 3
92




THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TO DDC e

93

oPT1= 2.0 MCLIFIED BESSEL FULNCTIONS, SECOND KINC,
OPTZ= 2.0 CF COMPLEX ARGLMENT IN PULAR COORCINATES
ORC = 0.0 CF ORDER M = 0
REC ANG RE K IV K METHCL
0.1 2C.C (e2423621G2434459E 01 -0.516846256815038E CO 1
0.5 20.C (.8622503625652076 dC -0.439829973479423E GO 1
1.0 20.C Ce3€23895E83G3415E CC =0e321269575592423¢k GO i
Led 30.0 Cea2454795€€342242E CC -0.218778061109181E 0O 1
2e9d 20.C Ce4t€853G1889C0205E-01 -(.141404959925468E 00 !
e 20.C C.€€2139€108CG44SE-Cz -0.8722707788988G4E-01 1
2ed 30.C Ce€E2139€108C9434E-0z -0.87227077€8988G3E-0C1 Z
3.0 20,0 -C.S04763€79472972E-02 -0.512151252314320€-01 Z
5.0 30sC ~C(e€EB57187245T182E-02 -0.275240121248720E-CZ <
10.9 30.0 (.23516411321C053¢€E-04 2.581877459710908€E-C4 2
5.0 3C.C C.7C38.93828561E84E-07 =-0.7299217342651241E-06 l
cU.0 230.0 -C.S€2771542C24659€E-0¢E 0.620347212798921¢c-0¢8 <l
2ieC 30e0 -Co8C€212C04251352E-06 0334315475908424E-08 l
2143 3.0 -C€.8G€212C0425135€E-9S 0.334315475908425(-0¢" 3
25.0 20.0 Ce9€9C25C€2E32864EE-1C -0.169392538258369E-10 3
20.0 20.0 -C.1L7C24329€035666€-11 -0.514598884923359E~12 3
40.0 2C.0 Cel€4412265869036E-1€ -0.176145793260146E-15 3
50.9 2840 C.274523432€6T7463E-1S -C.35284535€62G€280E-20 3
7549 20.C Ce€G2623747143352E-2G -0.553.07478€633961£-30 2
100.4 i.C «2CEECETE4T5800T7E-38 0.131925157232660E-40 3
AND GRPDER N = M+] = i
Rtu ANC RE K IV K METHGC
Oel 3C.3 C.852C75539526443°E 01 -0.505951977244339E 01! i
0.5 20.0 Ce137624CT7S967794E 01 -0.106649617339292E 01 i
1.0 3C .3 Ce426145102552942E CC -0.516097392814518E QO 1
83 20.0 Cel1538£4998905324E 0C =0.296949830154990E 0O i
ZeY 20.U Ce422829249723874%-01 -0.175296051937276E 00 1
ZeS Z0.C Ce2752€1C51325484E-03 -0.102141382938034€ 00 1
23 20.0 C.2752€1C51225506E-02 -0.102141382938034€E 00 Z
3.0 20600 -Cel41180996487075E=0N01 =0.5772569397204243€-01 P
Sel 2040 —CeT737645016283444-02 —0,2673330252364375-02 Z
10.0 200 Ce3ECE29722935504E-04 0¢5981:91890727621E-C4 2
i5.1 20.0G C.6C5551G5261320G6€E-07 -0.7519328458826165GE-06 2
2044 2060  =CeCEI2T21303T349ECE=OE 0.640572087355549E-08 <
PV 2040 =C.7€8F7CU7098004268~06 0.342102715177404£-08 2
21ie0 20e0 -—Ce7E37CCL7098CC43CE-D9 0342102715177405€E-08 3
250 30,0 CeGE838599914C0325E-1C =-0,202183876712622E-19 3
30,0 20.C =Co1C8GB4€12C691E5CE=-11 =0e513195089551275E~12 3
4040 20.C Cel76E8675€€€0357E-1€6 -0.1782216399774€0c-15 3
500 2C.C Ce276719C87080291E-19 =-0.369502242943057E-20 3
75.0 20.0 CoEGTESS5862ETT6226E-25 =04585889913977018€-30 3
10040 20eU Ce3C7935779C01252E=38 0.561720245364178E-41 3
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FUKNISHED TODDC o

MODIFIED BESSEL FULNCTIONS, SFCONC KINC,
CF COMPLEX ARGUMENT

RE K

CF

C.240G70€E73904661E
Ce€2G8441689€7294E
-Ce4604672947€880¢€E
-C.140€85C443€862SE
-C+223379937088602€E
-C.281206C3095633CE
-C.28120603065633CE
-C.254€C3213€¢53123E
C.4128G6065801855CE
-C.£7C028CE8B17651¢8E
C.€27€17841761816SE
Ce£47C€S794851625E
C.525445253612081E
CeG25445255C9808¢E
-CeS1472.579645912E
-(e22€32199776785CE
-C.412€18S49912378E
Ce11941172802296¢8E
-Ce27S77¢21€8C3415E
C.€1802743245950¢E

AND CRDER N

RE K

-C.5C1795€2348545¢E
-C.1205€533968901°E
-Ce123128667462205E
-C.176882693247131E
-Ce2ctCE82476G8T44E
~Ce25€€E76E39€6T7373E
~Ce2E5€E€T76839€67373E
-C.250717257396541E
C.442807315522297E
-Ce£4G9173967526165E
C.445659405364378E
Ce£46€8200€8171418E
CeSCEERLEL66542T5E
C.5C6884€45145981E
-Ce5C201237363828CE
-Ce2447227125522422E
-Ce4C0579E38736334E
C.1184218449616685E
~C.278803€01041600CE
C.61726330522538¢E

99

IN POLAR CCORCINAT

ORDER M = 0]
IV K
01 -0.2099171476345890E 01
CC -0.212390324789952E 01
0C -0.203688792795325E 01
01 -0.169611751893943¢t 01
01 -92.101020426850169¢ 01
01 0.595364470503959E-01
01 0.595364470503964E-01
01 «147010597611235E 01
01 0.553056256626908E 01
02 0.1585687214352€60E 02
02 -0.584077547958437E 03
04 0.289974380499925E (04
04 -0.368452543286325E C4
04 -0.3684525435024S5E (4
(01 0,435544238372023c (0S5
06 -0.711328976463960E €6
(0F:] 0.870032397366579E 08
11 -0.454908568086734E 10
1¢ 0.677296139342382E 14
21 56202029672906893E 21
= M+l = 1
IV K

01 -0.88388584.709823E 01
01 -0.226082377940123E (1}
0l -0.152429033G73630E 01}
01 -0.105704333128747€ 01
Cl -0.389630126113781E 00
01 0.577093192764555E 00
01 06577093132764556E CC
01 0.181748594953549E 01
ol 0.489952739371004E (1
2 0.1820130458781045€ 02
G2 =-0.5763694471C0624E (3
04 0.274407867141044E 04
04 -0e383432204439631E 04
04 -0.383432234251139E 04
(1]} 0440240.07640243E 0S5
0¢ -0.702014618149181E (5
08 0.869125030594447E 08
11 -0.463038891786156E 10
16 0.8371110466.9098E 14
21 0.198843060296921E 1

ES

METHOC
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THIS PAGE IS BEST QU

FiuM COPY FURN1SHED 1V pDC Lok

MCODIFIED BESSEL FUNCTIONS,

ALITY PRACTICABLE

FIRST KINC,

CF CCMPLEX ARGLMENT IN POLAR COORCINATEY
CF ORDER WM = C
RE 1 Iv I METHOC
C.1C0124921831594E C1 -0.216641667409577E-02 1
C.1C2C075492385372E 01 -0.549722926707177€-01 1
Ce111675C11576078E 01 -0.c30032066340576E TV 1
Cel23€6704€8430371E C1 -0.55548934471184€E 00 1
C.124€639C82726984E 01 -0.108096813237748E U1 I
Ce126528€27443692E 01 -0.187222368675946F 01 1
C.136528827443692E 01 -0.1872223€8675946E U1 <
Ce1155792009C4768E 01 ~0.300262937063371E Ci 2
-C.€41142€25147852E 01 -0.1101€61430764326E 02 2
(«129420238G690131E 02 0.735812296869060E U3 Z
Coct42€4623150748E 05 -0.370001823305540E 05 Z
-Ce.c2€4281315817823E Q7 0.911112779480112E 06 é
-C.47172763255792684E 07 0.501674968032691E 07 Z
-Ce417276355792684E 07 0.501674968332691E 07 3
Ce1515G794293197¢€E 0S 0.65790016524G1G6E (& 3
-Ce751224€72€E€1747E 1C =-0.115929487827113E 11 3
C.4425€747308408€EE 14 -0.543106951188835E 14 3
Ce2233691769107119E 18 0.139303970580570E 18 3
Ce€€T71413947548T2E 27 0.3319933442327G1€ 27 3
C.14C873G2719€622E 37 0.821458496603572E 3¢ 3
AND CRDER N = M+l = 1
RE 1 IV I METHOC
-Ce423C1247€31778€E-01 0.2506251301812C0E-0L i
-(.21642550€55130¢6E CC 0.132852976850€16E 00 i
-Ce42C71044744140CE CC 0.313774275620088E 00 i
-C.€315907103863CCE CC 0.595335397446254E 09 i
-C.7E78528i€867387E 0OC 0.103784157792652E Ol i
-C.£23723833953888E CC 0.17095105002961€t (1 i
~C.£23723€33953888E 00 0.170951050029616E G 2
-C.€4G1€3€51044205€E 0C 0.268076012848432E 01 2
Co82791922032702G5E 01 0.957501107231049E Ol 2
-(e226273435112714€E 02 -0.703135000C007192¢€ 03 2
-Ce2502C3467325037E 05 0.363761230388357€ 05 2
Ce276S17161684861E 07 -0.927597044231120E Q6 2
Ce4€12€65C2917639€E 07 =0.497065707239389E 07 &
C.4€1265029176397E 07 -0.497065707239389t 07 3
~Ce1E8G30116622977E 0S =-0626931553033380E 08 3
C.786555341300885E 1C 0.113578900648696E 11 3
~Ce424327C0857048CE 14 0.540003338141961€E 14 3
~Ce221177CE8623T769CE 18 =0,1364126455763110E 18 3
~Ce€€4395375463492E 27 -0.327836046940871€ o7 3
-Ce140469309166744E 37 =-0.814359065955196E 36 3
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THIS PAGE IS BEST QUALITY PRACTICASIE
FROM COPY FURNISHED TO DDC B

OPT1l= 2.0 MODIFIED BESSEL FULNCTIONS, SECONC KINC,
0PT2= 2.0 CF COMPLEX ARGLMENT IN POLAR COORCINATES
CRC = 0.0 CF ORDER M = 0
REO ANG RE K IV K METHOC
0.1 1£50.0 C.2417115C2563664E 01 -0.262867093185884E 01 1
Ue5 15040 Ce72054984175G9892E 0C -0.279838212295094E 01 i
1e¢0 150.0 -Co2€02774€036974CE CC -0.31871C0438397€697E O1 1
le5 1500 -CelS99€4167815190E 01 -0.366633684729069E (1 i
2.0 150.C -C.224727615155274E 01 -0.408840660330208E O1 i
205 15040 -CofE749427€4C9222E 01 =-0.420195253511342E 01 i
2e5 1£80.0 -C.5€7494278409222E 01 -0.420195253511342€E 01 Z
3.0 1500 -Co544208€C0903053E 01 -0.357971255947053E 01 l
5,0 150.0 -C.346149198785393E 02 0.2642802731390697E 022 2
10.0 150.0 Ce2211€1G636983633E C4 -0.438002180380589E Q2 Vi
i5.0 120.0 -C.11€229500991081E G€¢ -0.830211798€8€7€6E 05 2
20.0 1%50.C C.2t6234521460649E 07 0.893096093326110E C7 Va
21.0 150.0 C.1576C583940614CE 08 0.14994078930904C0E 08 2
21.0 15C.0 Ce157€C58394C614CE C8 0.149940785309040E U8 3
25.0 1£0.0 (.2C€€8543259423G6E 09 -N.601922689958013E 03 3
3060 150e0 -Ce3€4203227292086E 11 0.248570561566428E 11 3
40,0 150.0 -C.170€22C8079683SE 15 -0,1390356672215877E 15 3
50.0 150.0 C.427€2623C56180€E 18 -0.104731201755585¢t 19 3
75.0 1£0.C C.1C4298785128244E 28 -0.2095886504€6755E cé€ =
1000 150.0 Ce2580€6879781587T0E 37 -0.442568494763250E 27 3
AND CRDER N = M4l = 2
REC ANG Rc K IV K METHOL
Oel 1200 -Ce€£9549215942257E 01 -0.518655465189436E Gl i
J.5 150.C -C.17G€€1073575937€ 01 -0.174644836835048E 01 b
1.0 150460 -Col42489¢€CE172647E 01 =-0.186921417032079€ O1 i
1e5 1200 -C.202415€630594444E 01 -0.2281150565983015& Ul 1
2.0 E0e0 -Ce22C3E5841177638E 01 -0.265040867351788€ 01 1
2.5 150.0 -C.527C86C89C0163SE 01 -0.272139347073682E 01 b4
2¢5 1200 ~CeS537C86C89C0163€E C1 =-0.272139347073682E 01 2
3.0 1500 -C.€407738226034C7E 01 -0.209712532513696E 01 <
560 15060 -Ce2CC734C79910769E 02 0.260071758731990E 02 <
10.0 120.0 C.22C8G56371244148E 04 -0.102521762861972E 03 2
150 15040 ~Ce1i4278960904945E C& -0.786037374858550€ 0J¢F <l
20.0 1£0.0 C.2514132059¢€481CE 07 0.86996092G802097¢e 07 l
2:¢0 15040 Cel56157797421468E 08 0144910682702787E Q8 2
21.0 150.0 Ce156157797421468E OF 061449106827J32787E 08 3
25.0 150.0 CelG€95635615018CE 09 =0.593541466424606E 09 3
30,0 12C.0C -C.25€818€39680748E 11 0.2480461259832344: 11 3
40¢0 1€0eC =-Cel€9647052CC2075E 15 =-0.136447853938065E 15 3
50.0 150.0 Ce42855236888B3717E 1€ -0.104042344586957E 19 3
75.0 1£0.C CelC26G2731¢65136E 28 =0,208725963063514E 28 3
100.0 1£0.C Coct5E32844€213068E 37 =-0.441297349733077¢ 237 3
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THIS PAGE IS BEST QUALITY PRACTICABLE
FruM COPY FURNISHED 10 DDC
i OPT1= 240 MCDIFIED BESSEL FULNCTIONS, FIRST KINC,
1 oPT2= 2.0 CF COMPLEX ARGUMENT IN POLAR COORCINATES
ORD = 0.C CF ORDER WV = 9
{ R+O ANG RE 1 Iv 1 METHOL
Oz 180.C C.1002501562S9341CE 01 -0.873057537651956E-18 1
0«5  1EODC Ce1C€248337074132E 01 -0.224875355897181E-1¢F 1
1@ 18@.0 CelZ6€C6587175201E 01 ~-0.989600317589086E-16 i
4 red 18040 Cel€4€ET231897728GE C1 =0.256794255884214F-15 A
20 180 L.22T7958530233607€ 01 -0.554793217706108E-15 |
ced 1804C Ce2286839144C5012E 01 -06109724691379613E-14 1
2+5 180.0 C.228983G144C5012E 01 -0.109724691379612E-14 2
3.0 18040 Ce4EBCTIZ5ES585502E €1 =-0.2068325316338€2E-.4 2
5.0 180.0 (.2723268718236044E 02 -0.2121987990186€1E-13 <
10.0 1E0.C Celt1571662846626E 04 —-06465802798151456E-11 2
158 180,0 C.23G6€649373297914E C€ -0.858342434C635€6TE-09 l
20C 180,.0 Ce435582€E2559553¢CE 08 =0,1480773642Hp3T782E-06 z
21«0 1ewds Cel115513661922158E 0SS -0.4128438353¢602309:-0Ub ¢
eie@ 180Q.C Ce115913961922158E 09 019172110065313GE-C9 3
25.0° 180.0 Ce577456C6CE4€632E 1C Ne525149776.01740E-C8 3
30.0 1€0.0 Coe71E1E72297823978E 12 0.5879879542425T4E-0C6 3
40.0 1€0.0 (.148G4774793419GE 17 0.8328648001.40786E-02 3
5Ce0 1&80eC Ce2G93255378384934E 21 0.130495951141080F €13 3
75«9 @ 180.6C C.172263G6C7803581F 32 -0.,225307K21375586F .*° 3
100.0 1E0%0C CeiC727517071310€6F 43 -0.18725/873.28355E 79 3
AND CRDER N = M+l = 5
R+C ANG RE I Iy I MFTHOL
Os. 18Ce0 ~-Ce€CCE25260470927E-C1 0.875239:726291569E-.7 <
De5 18040 =(Ce25789430539089¢€E GC 0.4775718264946812¢c-1¢ 1
et 1E80s0 -~-Ca569515%9103992485E 0OC 0122283532811835E~-1% 1
1ed 180:€ -C+581666428571908E €C 0.259570374801710E-3°¢ i
260 18040 ~Cel>9C€3E854E3 733 C1 0.517692767601091€E-1¢ i
Ze5 18030 —Cez% 6IlE2452E87TCE C 0499541 702373715¢62E-15 1
zeb 18900 =-Ce251617162452887T0E O1 06995417023737562E-_5 b
3,7 180.0 -C.365237C21740261E 01 0.186409263372C7CE-1¢ 2
S5¢0 18Ce0 =-Ce24335642142450%E 02 019508296 7254625€E-1.2 <
o 100 1800 =€Cs261C5883C370126E 04 0.444462186572181E-11 p:
1560 18060 =-Ce228124921970206E 06 0831266433:83054E-C° é
2060 18040 =Coe424549733851278E 08 0.244521693354]126E-0€ 2
2:60 1806Q@ =Cs1127291S9131717&E 09 0.403383153.87968E-0¢ 2
21«0 18060 =€s112729199137 176 0OS 0.436088058177308c-C¢ 3
25¢0 1E80e0 =-Ce565786512987871E 1C 06154269815185818E-07 3
30,0 18040 =C+7€68522C38938957€ 12 Oel733775329817332E-0°F 3
b 4060 18040 =Cel4q7C73961632594E 17 0.2666T74485348324E-C1 3
50,0 180.0 =C,290207859C1035¢€6E 21 0.387509030487594E C2 3
7560 18060 =Col71111601529653E 32 022382065960294cE 18 3
100,00 180,0 =C.1C683693902381¢€E 43 0.186323654714074E 29 3
102
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ANG
1€0.C
180.0
1€0.0
180.C
180.0
180.0
180.0
1€0.0
1€0.0
18C.C
180.0
1€0.0
180.0
1€0.0
180.0
180.0
1€0.C
180.0
180.0
1€0.C

ANC
180.C
180.C
180.0
180.0
1€C.C
180.C
18C.C
1€0.C
180.C
180.0
180.0
1€0.0
1€8C.C
1€0.0
180.C
1€0.C
18040
180.0
l1ec.0
180.0

THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISHED TO DDC

MODIFIED BESSEL FULNCTIONS,

S

SECCND KINC,

CF CCMPLEX ARGLMENT IN POLAR COORCINATES
OF ORDER M = 0
RE K IVM K METFOC
C.242706902470202E 01 -0.314945154532604E O1 1
CeG24419CT122766€E 0C =-0.334103154473585E 01 1
C.421C2443824C708E OC -0.397746326050642E 01 1
Ce2138C5562647525E 00 -0.517332347548647E 01 1
C.113893872749531E CC -0,716152643905026E 01 1
Ce€23475532C0362€E-01 -0.103353344864400E 02 1
C.€23475532C03628E-01 -0.103353344864400E 02 Z
Ce347395C043862728E-01 -00153334621314491E 02 2
C.3€G6109823367593E-02 -0.8557658120G57623E 02 2
C.1778C0476825412E-04 -0.884583467458021E 04 P
C.5549E68C253€8458E-07 -0.106703997594910E 07 c
-Ce4€4624€35921088E-0€6 -0.136842380492082E 09 2
-C.12G6€781C4075971E-05 -04362897814161703E 09 2
C.8C8486398348583E-0S -0.362897814161703€E 09 3
C.1€65015209479177E-07 -0.181413i7178983¢E 11 3
Cel184721865877254E-05 -0.245569594835846E 132 3
Ce2€1€52193755583E-01 -0.467933150678824E 17 2
C.4099€2231162789E 03 -0.921288942359803E 21 3
-C.7C7824768111331€ 18 -0.541183027234398E 32 3
-CeSEB272250897780E 29 -0.337329047490248E 43 3
AND CRDER N = M+l = 1
Re K IV K METHOL
-CeGE5384478087061E 01 -0.157276064049696E GO |
-C.1€5644112CC0330E 01 -0.810198855218683E 00 i
-Ce€C19C7230197235E 0C =-0.177549968921218E 01 1
-C.2772€678C0456845E 00 -0.308399604029608¢c 01 1
-Ce1398€5E81816524E 00 -0.499713305705781E 01 i
-C.7285081€3477502E-01 -0,79064972¢73690¢E 01 1
~Ce728GC8.€34775C2E-01 =-0.790649726736906E (1 3
-C.4C15€431128200CE-01 -0.124198788319127€ 0z Z
-Ce404461344551345€E-02 -0.764526745751127E 02 2
-C.1664E7874170170E-04 -0.839115723273213E (4 l
~Ce1C4C28794217285E-06 =0.103083484432132E (7 2
-C.454€616595922667E-0¢ -0.1333762324950€8E 09 Z
-Cel26747658055954E-05 -04354149223856296E 09 2
-Ce158104C96221935E-08 ~-00354149223856296E 09 3
-(.484€88245839154E-07 ~-0.177747075270288E 11 3
-Ce£44681586098255E-05 -0.241441460757901E 13 3
-Ce77495075069833GE-01 -0.462046477399303E 17 3
-C¢121739552237953E 04 -0.912029037146316E 21 3
-C+7C3153339930224E 18 -0.537562950309542E€ 32 3
-C.58£25302483973¢E 29 -0.335638142800€58E 43 3
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2360
0.6
4(.'.0
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ANG
-120.
=120,
'1200
-120.
-120e.
-120.
"1200
-120.
‘1200
=}ed.
-120.
-120.
"1200
-120,
"4’.2Uo
-120.
-1200
—=120%
-120.

ANC
=420
-120.
-120.
-120.
-1200
=120
=323
-120-
-i20.
-1200
—1200
=120
-.20.
-1200
"120.
-120.
-12C.,
'1200
-120.
-120.

THIS PAGE IS BEST QUALITY PRACTICABLE
FiyuM COPY FURN1sHew TU LDC -

MODIFIED BESSEL FULNCTIONS,

CF COMPLEX ARGLMENT

FIRST KINC,

IN POLAR COORCINAT

CF ORCER ¥ = 0

RE 1
C.5G68749219183994E 0C
C.5€82€68487155552E CC
Ce€€7€18103497088E CC
C.6€4C54268254105E CC
Ce.4(1876509028543E 0C
C.14C€82542445071E-C1
Cel40€82542445075E-01

-C.4€5411477€€6206E CC
-Cel77477€94131959E 01
-C.5C4718S23288673E 01
CelttG17703€45047E C3
=C+523C17123951714E 03
Ce117282057083194E 04
C.,117282C87152003E Q4
-C.13E€38C3€944732E 0S5
C.22€423C45537497E D¢
-Ce216639913381966E 08
C.144€80189453171GE 1C
=Ce2i5590C57027113E 14
-C.€432CE0421€8€741CE 20

AND CRDER N

RE 1
-C.2492715130235453E-C1
-Ce1172284CCT708627E 0C
-C.168828534743413E 0C
~Cel743ET7857582875E OC
-C.447675€8€€03896CE-01
Cecl1C3€634787704SE QC
C.21C3€6347877048E CC
«£7455070€63897SE CC
C(.1544€272€35587¢€E 01
Ce573C17405CC9031E 01
-C«183464C45550592E 03
C.€E734€73€6€158393E 03
-C.122C502¢€1384378E 04
-Cel22C50261224380E 04
C.14013.778555923E 05
=C.223458193208767E Q¢
C.27€€£.0895€63902€E 08
-Ce147389856943120E 1C
Ce2€€460721975702E 14
Ce€3226371.89154G5E 20

104

Iv 1
0.216371034482641E-02
0.532808826876282E-C1
0.2029805.8393593€ GO
0.41878246229T7495E 00
0.650962462072001E OO0
0.832987043495826E 00
0.832987043495825E (0
0.887568825861951E CO

~0.131251655129563E U1
0.121437389325676E 02
-0.199776629495281E G2
-0.174137723919345E 04
-04294578373110086E 0«
-0.2945783735830G€E 04
0.1638414.3064352E ChH
0.752236232122149E 05
0.131340690983884E 08
-0,380099335560008E 10
0.890542624530818E 25
-0.19672424.53464€EF /1

Vel = ).

IV i
-0.63301247541175%E-21
-0.210436240635357E 040
-0.430874407423258E 09
-0.6331935425326950€E 00
-0.799860900532472E 00
-0.890855053772562E 00
-0.89985%953772562E J0
~0.85294:735217775€E U0

0.14157111i3811486¢& U1
-04174815980619617E 02
J+141953614488187E 02
0.174014288024260E O«
0.288670348898402E 04
0.288670348418297E 04
-06159795501518594E 05
=0.77897664.808645E 05
-0.127508522875684E 908
0376948439914232E 10
-0.887459425151825E 15
0.196512843420342E 22
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1
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oPT1= 2.0

0PTZ= 2.0

ORC = 0.0
R+0 ANG
Oe. ‘1200
e =12049
1.0 -12C.
1.5 '1200
2.0 -1200
le5 =120
205 ‘120.
3.0 -120.
5.0 ’1200
10.0 -12C.
15.0 -12C.
20.0 -12C.
21.0 -1200
21.0 -120.

5«0 -120.
30.0 —120,
40,0 -1200
50.0 =120,
750 =120
100.0 -120Q.

RFO ANG
O-l -1200
0.5 -1200
1.0 -120.
1.5 =120.
2-0 ‘120.
2.5 =120,
ce5 =120,
3.0 =120,
500 "1200
-¢t.0 =120,
1500 "120.
20.0 =120
21.0 -120.
2100 "120'
25.C =-12C.
3000 -120.
‘0\}.0 -120.
50.C =12GC.
75.0 -120.

100.0 =12Ge.

THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TO DDC e

MCOIFIED BFSSEL FULNCTIONS, SCCONC KINC,

[ 8

METHOC
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CF COMPLEX ARGLMENT IN POLAR COORCINATES
CF CORDER WV = 0
RE K IV K
Ce240S70E173G04661E Cl 04209917147634580E (1L
C.€298441€8967294E CC 0.212390324789952E C1
~Ce46046729478880¢E 0C 0.203688792795325E 01
-C.14C€85C4438862SE 01 0.169611752893943E Tt
-Ce2232379537068602E 01 0.101020426850169E 01
-C.2812C6C3065633CE 01 -0.595364470502959E-C1
-Ce281206C30956329E 01 -0.595364470503951E-01
-C.254603213€53123E 01 -0.147019597611235E 01
Ce412E90€65801854GE 01 =-0.553056256626907E (1
-C.£7CC28C€8176518E 02 -0.158568721435260E C<&
Ce627€178417€61820E 02 0.584077547958437E 03
Ce£47C69794851625E 04 -0,289974310499925E 04
C.525445253612081E 04 0.368452543286325E (4
C.525445255C9R08€E 04 0.368452543502495E (4
~Cef14722675645912E 05 -0.4355442383720232E 05
-C.232€322169176785CE 06 0.711328976463960E 06
~Ce4.2€18949912378E 08 -0.870032397366579E 08
C.119411728C022968E 11 0.454908568086724E 10
-CeZ279772216803415E 16 -0.677296139343382E 14
Ce€1802743245950€E 21 -0.202029672906893E 1
AND CRDER N = N+1 = 1
RE K I¥ K
-C.5C1795€2348545¢E 01 0.883885€427C9823E Ci
-Ce.1205€533968901€E 01 0.226082377940123€ GCi
-C.1232128€€74€2205E 01 0.152429033073630E COi
-C.176882693247131E 01 0.105704333128747E 01
-C.225058247998744E 01 0.389630126113781E CO
~Ce2E5€ET6E39€667373E 01 =-0.577093192764555E 0O
-C.2E€€T16E39€€7373E 01 -0.577093192764552E (C
-Ce2E50717257396541E 01 -0.181748594953549E 01
Ce44280731552229¢E 01 -0.,489952739371004E (1
-Ce£4G173G667526165E 02 -0.180013048781045E Lz
C.445G594053€437SE 02 0.576369447100835E 03
Cef46€82008171418E 04 -0.274407867141044E 04
CeGC6884€46€542T75E 04 0.383432204439631E 04
C.5C6884€45145981E 04 0.383432204251139E 04
-C.£C2C1237263828CE 05 -0.440240107640242E 05
~Ce244122729522422E Cé€ 0.702014618169181E 06
~Ce4C0579E38736334E 0€ -0.869125030594447E 08
Ce1i842.844961665E 11 0.46303889.i786156E 10
-C.278803€0104160CE 1¢ -0.837111046€29098E 14
Ce€1726320522538€E 21 -0.198843060G296921E 21
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oPT 1=
opPT2=
ORC =

R+O
Oeil
J.5
1.0
l'C
Zed
<3
3.0
5.0
0.0
i3.0
20.0
224G
240

Il
& - 0

30.0
4G .0
50,0
75 .0
1C0.C

RO
O.;
0.5
1.0
2.0
ce5

S _ 8
A e

3.0
5.0
10.0
15.0
20.0
2i.0
21.C
25.0
30.0
40.0
50.0
75.0
100.0

onN N
(=3 Ne)

AN G
-€C.C
-€J.0
-€0.0
-€0.0
"6000
-6000
-6C oC
-€0.0
-60 .O
"60.0
=600
-€C.0
-€C.C
-€0,0
"60 .0
-€0.0
-€0,.0
"C0.0
-éo .G
—6COC

ANG
—6C .C
"CC.C
’60.0
"CC -O
-60‘0
’6C -C
-6000
-60 .C
-€0.0
-60 oC
"6000
-6000
—6000
=60 .C
-(:C 00
"60.0
-éc .C
-60 .0
-6000
-6000

THIS PAGE IS BEST QUALITY PRACTICABLE
vatwil CUrY FURNISHED TO DDC

MCOIFIED BESSEL FULNCTIONS,

CF CCMPLEX ARGUMENT

FIRST KINC,

IN POLAR COORCINAT

CF ORDER M = ¢]

RE 1
CeG58749219183994E 0C
Ce5€82¢8487155552E OC
C.8€7€18103497088E 0OC
C.€6£4Cc42€8254105E CC
Ce4C1876909028543E CC
Ce140€82542445072€E-01
C.140682542445072E-01

~C.4€54114717€€€21CE CC
~Ce17747769413195GE 01
~Ce£C4718923288670E 01
C.1855.7703645047E 02
~C.6223C17123651721E (3
€.117282C87082194E 04
Ce117282C87083194E 04
~C.128€28C3€945788E 0%
Cecl€423045537542E C¢
~£.,276539513381966E 08
Cel“4f0.83453171GE 1C
~Cec¢.52S0C37C2704CE 14
~Ce€42CEC4218E7438E 20

AND CRDER N =
RE 1

C.249271513C2354532E-01
Cell72284CCT7C8627E OC
C.1EE€28534743413€ CC
Cel74287€857582875E 0C
Co447S756€€038961E-01
-Ce2102€€34787704SE OC
~Ce2102€634787704SE CC
~Ce574E55070€663897SE OC
~Cel244€272€385877E 01
-C.573C17405CC902SE O1
Ce183464C45580592E 03
~Ce€7234£672€€15840CE 03
C.122C202€1384378E 04
C.122C50261384378E 04
~Ce140132778554757E 0F
C.223458193208724E 0¢
~Ceci€EELCES568002E 08
C.147389€856943115E 1C
~Ce26€46072197563CE 14
-€.622937118915518€E 2C

106

Iv I
-0.216371034482641E-02
-0.532808826876282E-01
-0.202980518393593E 00
-0.418782462297495E 00
-0.650962462072001E 09
-0.£32987043495826E 00
-0.8329°704349582¢E 00
-0.887568825861951E QG

0.131251655129563E 01
-0.181437389325677E 02
0.199776629495284c Cc
0.174137723919345E 04
0.29457R37311C087E C4
0.29457837311C087E G4
-0.163841413058517% (5
-0.752236282.22231E 05
-0.1321340697983886E (8
0.38009923556C014E 10
-0.890542624630827€E 1i°
0.196724241684648E 1

M+l = i
Iv 1
-0.433012476411755E-C1
-0.216436240685257€ GO
-0.43080440G7423258E 00
-0.633195425326950€ ©0Q
-0.799860900592474€ 0O
-0.890855053772562E 00
-0.8908550537725632E 0O
-0.852941735217775€ GO
0141571113811486E 01
-0.174815980619618E 02
0.241953614486190E 02
0.174014288024260€ Ca
0.288670348898403E C4
0.2886703488984702E Qs
~0.1597955015c4472E 05
~0.778976641808554¢€ 0S
-0.127508522875685E (8
0.376948439914229€ 10
-0.827459425151834€ 1€
0.196512843420244E 21

ES
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OPT1=
oPT 2=
ORD =

REO
0.l
0.5
1eC
1e5
<ol
ce5
2.5
3.0
5.0
10.0
15.0
20.0
2&00
21.0
25.0
30.0
40'0
50.0
75.0
100.0

Jel
0.5
i.0
ie5
2.0
Ze5
245
3.0
5.0
10.0
i5.0
20.0
21.0
2.40
25.0
39.0
40.0
50.0
75.0
100.0

o N
o o o
cNeNe]

ANG
-60.0
-60 00
-(:G-G
-€0.0
-€0.0
-€0.0
-6000
-6000
-60.0
-6000
—60.C
-6000
-60-0
’60.0
-6000
"6000
-60 00
-€C.0
-6000
-6000

ANG
-63 -C
—60 .C
-éc .C
-€0.C
—(:C.O
-60 .C
-6C .C
-CCOC
-6000
-60 .0
°60 00
-60.0
-€0.0
-60 00
'6000
-6000
"60.0
-60 .C
‘6000
-60 00

THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISHED TO DDC
MCODIFIED BESSEL FULNCTIONS,

CF CCMPLEX ARGLMENT

R

SECONC KINC,

IN POLAR COOFCINAT

OF ORDER M = 0

RE K
(.24165G623557041E 01
C.8C7220698595527E CC
C.177214€E1C618352E CC

-CeGi2C€53688022S9GE-01
-(.1€874048237789¢éE 0C
-Ce155154323318132GE CO
-C.165154233181325E CC
-Ce1£57€52423648003E CC
e£51422492C012627€-02
-Ce2E€SBTE44620590E-02
C.1C5018C5150805¢€E-03
Ce€737€3180530214E-05
C.742CC31459317SSE-0Q°F
Ce743CC314593179SE-05
-C.516897C23495287E-0¢
Ce140€344G9924458E-07

Ce242723567642160E-11
-C.€56988907321024€E-17
Cel€1230574139091E-22

AND CRDER N
RE K

Ce4€8162135337377E 01
C.€625€98€93182445E CGC
-Ce221252E€81729644E-01
-C.220415164022503€E 0OC
-Ce2€2254€49207587E aQC
-(.2219325295671493E CC
-C.221925295671493€E 00
-C«172422515334883E 0C
CeGE14£55588394161E-02
-Ce2€622918521134SE-02
CelC27C6222772161E-03
C.705254312C01200€-05
Ce724146309€5603GE-0°¢
Ce754146309€5604CE-0S
-Ce9232C8357907071E-06
C.132022305819469€E-07
=Ce225171635472393E-09
Ce244279£2772662SE~11
-Ce€€1248202176921E-117
C.1€2511570102619€E-22

107

IM K
0.103849173342117E 01
0.918001918050869E 00
0.688814732114711€ 00
0,452902344864404E 00
0.252329276549754E (0C
0.193733171233773€E 00
0.103733171233772€ 00
0.797269697981873€E-02

-0.450636343411048E-01
0.659528211515844E-03
0.143985125031484E-03

-0.107450317178827E-04

-0.108084318129907E-05

-0.108084318129907€E-05

-0.,165759212208903E-06
0.684190811475629€E-07

-0.231751110688451&-99

-0¢390639179282618E-12
0.358382051825935E-17

-0.1798156316367128E-22

Ml = 1
IV K
0.876051491938466E 01
0.189253989694293E G1
0.931067993198272E 00
0.509187719029843E 00
0.248894357140429E 00
0.837921802884959£-01
0.837921802884959E-01
-0,123560067375051E-01
-0.469377299793186E-01
0.567821450125989E-03
0.149401231490252E-03
-0.107368357372259E-04
-0.942462905344265E-06
-0.942462905344274E-06
~0.183145683005242E-06
0.691949830356485E-07
-0.236817972602643E-09
-0.371686318707572€-12
0.355800048753178E-17
-0.179570122720726E-22

£S

METEOC

WO W W W W NP NN N N DD e b e et e
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oPT1
0PTC
ORC

wonon

RZ
Vel
0.4
0.7
Sk
1.4
1.8
1.8
lai
3e5
Tl
10.6
14,1
1".8
14.8
1%l
2le2
28.3
35 .4
53 <0
70.7

RZ
Jei
O."
0.7
1.1
le4
:'8
1.8
P!
3.5
7.;
10.6
l4.1
14.8
14.8
177
21.2
2843
35.4
53.0
70.7

O =

o o o
000

o0

0.4
Co7
Lol
ile4
1.8
1..8
2eil
£
Tel
10.€
14,1
14.8
i4.8
17.7
cle2
28,3
25.4
5340
7067

Cz
0.2
0e4
o7
1.1
le4
;.8
1.8
2'1
3.5
Tel
10 €
14.1
14.8
i4.8
177
2l.2
c843
2.4
£3.0

10.7

THIS PAGE IS BEST QUALITY PRACTIC "~

FROM COPY FULNISHED T'0 DDC

CRDINARY BESSEL FUNCTIONS, FIRST KINL,
CF CCMPLEX ARGLMENT IN RECTANGULR COORCINATES

CF ORDER M = 0
RE J IM J METHOC
C.5999984375CC068E OC -0.249999956597223E-02 1
C.5690234¢6£3990838E OC -0.624932183821995E-01 1
C.S84381781213087E 0C -0.249566040036660E 09 1
CeG21C72183546256E CC =-0.557560062303087E 00 1
C.751734182713808E CC -0.9722916273066€1E 00 1
Ce2699€8417129531FE OC -0.145718204415980E O! 1
C.266968417129532F CC -0.145718204415980E 01 2
-Ce221380249598694F OC =-0.193758678526605E Ol <
-C.€23CC824786¢€63¢E 01 -0.1160343815502C0E GO 2
Ce138840465941633E 03 -0.563704585539067E 02 2
-C.266725453463513E 04 0.295270788734412E 04 2
Ce474893702650619E 05 -0.114775197360066E 06 2
-C.7€1556554206425E 05 -0.233697769382106E 06 2
-CeT€1556554206424E 05 -0.233697769382106E 06 3
CeS7S771€94974212E 04 0.380878991144405E 07 3
-Ce4€1176C25779852E 08 -0.109955713182506E 09 4
-C.1.25G6€9€872074E 12 -0.456281302856412E 11 3
-C.117€236968512357E 15 0501926462544625E 14 3
-C.357078€60147134E 22 -0.344834075C060094E 22 7
Co7268706878C9498E 2S5 -0.190691140936238E 30 3
AND CRDER N = M+l = i
RE J v J METHOL
Ce35369514815076€E-01 0.353111264751C009€E-01 1
C.1€82243123755112€E CC 0.171195179717015€E 0D 1
C.2GE5€€82€1C19711E CC 0.307556631375537E 00 i
C.€€48€65417959766E CC 0.3678649839C02090E 09 1
CeSST7CT77€51926429E CC 0.299775437C02022E 00 1
C.1273C9€89764511E 01 0.386684439659502£-01 1
Cel27309€8G764511E 01 0e386684439659508E-01 2
C.173264422112848E 01 -0.487454177016071E QO 2
-Ce35G776€€6T776673E O0C =0.579790790179263E 01 e
CeS547176.042€62634E Q2 0.131878639175687E 03 2
-Ce25548652G913524€E 04 -0.282609360425738E 04 2
C.113€6C2518986651E Cé 0.445843747040039€ 05 2
Ce2284€2290297083E 0€ =-0.78877275.671598E 05 o
Ce2284€.290297082E 0¢ -0.788772751671597E CS 3
-C.3754€0841314302E 07 0.643068143930479E Q5 3
(.108110203693180E 0S5 -0.,468857346720725E 08 3
Ce442207220322677E 11 =0.112008564758730E 12 3
-C.5C675459C67627SE 14 -0.116434867731361E 15 3
Ce341517291263255€E 22 ~-04357028750862372€ 22 3
C.1502784139C4035€ 3C 0.727499568271638E 29 3
108
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0PT1=
oPT 2=
ORC =

RZ
0.1
0.4
JeT
23
1.4
.8
1«8
cel
3.5
Tel
10.6
1441
14.8
14.8
S e |
2lec
28.3
35.4
53.0
T0el

RZ
0'1
0.4
0.7
Sl
104
i.8
2.8
cel
3.5
7.1
1046
141
14.8
14.8
1747
21.c
<43
35.4
53.0
707

O =

e o o
O0oo

WM 4 bt e = OO OO

e o o ® o o e & o N

AN =~ 00D DD

®
(3

1046
l4e1l
14.8
i4.8
alel
Zlec
28.3
2544
.O
o7

)

-~ int
O w

CZ

0.1
Ce4
0.7
1.1
1.4
1.8
le8
Zel

265

7.1
1C.€
l4.1
14.8
14.8
17.7
¢l.2
283
35.4
£3.0
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TODDC __—

ORDINARY BESSEL FUNCTIONS,

SECONC KIN

Coy

OF COMPLEX ARGLMENT IN RECTANGULR COORCINATES

109

CF ORDER WV = 0

RE Y IV Y
-C.15384215G952642CE 01 0.505439955738290E
-C.482293383094042E CC 0.571481278133628E
C.€70431986996671E-01 0.6692584083893¢€6E
CeS228€0€48455003E QC 0.710099216036656E
C.558816C80719742€E CC 0.622882297646259E
Cel50154€7854062CE 01 003294970916830€6E
C.150154678540620€ 01 0.329497091683067¢
C.168025€92051388E 01 -0.253925451783052E
Ce123362974699498E 0C -0.622296023988910E
«£€37037€6133081CE 02 0.138840270:65412E
-C.265270788723448E 04 -0.296725452956579¢E
C«114775197360115E O0¢ 0.474893702649435¢E
C.223697769382161E 06 -0,7615565542067C4E
Ce223697769382161E C€ -0.761556554206703E
-C.2680878991144405E 07 0.979771694974448E
Co1C9655713182506E 09 -0.461176025779852E
C.456281302856412E 11 -0.112596696872074E
-CetC1G264€62544625E 14 =-0.117623968512357E
C.244834C75CEC0G4E 22 -0.357078660147134E
Ce15C€591140936238E 3C 0.736870687809498E

AND ORDER N = M+]1 = 1

RE Y IM Y
-C.4585C3C01245842€E 01 0.445369489632128E
-C.114C38728983511E 01 0.851446423687312E
-C.77886043C73732SE 0OC 0.549927678082084E
-Ce622363626891832E CC 0.664223271700701E
-Ce44€711iC5531294SE CC 0.946116622516332E
-C.113316C18485763E CC 0.131369149508362E
-Ce113316C1LE4B5764E CC 0.13136914950836€2E
Ce45568792767085¢€E CC 0.168154261033741E
CeSEQECLETTH42325E 01 -0367147294143033E
-C.131E78844677735E 03 0.594776890612845E
Ce2€26C9360944631E 04 -0.295486529124553E
-C.445€43747041235E OF 0.113602518986598E
Ce768772751671323E 0S5 0.228461290297026E
C.7€8772751671322E 05 0.228461290297026E
-Ce€43068143930455E 0% -0.375480847314301€E
C.4€885724€720725E 08 0.108110203693180E
Ce112C08564758730E 12 0442207220322677E
Ce116434867721361E 15 -0.506754590676279E
Ce2£7C2875C862372E 22 0.3415172912632€°5¢E
-C.727499568271638E 26 0.190278413904035E

METHOC
09 y
00
0o
00
00
o0
0?2
09
01
03
04
05
05
035
04
08
12

. -

5
22
29
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1
&

00
00
00
09
01
0z
01
00
02
04
0¢
06
06
07
09
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DO N MM == 14000
M AN 0D =D

e

ibded
14.8
14.8
17.7
2le2
<83

cz
Cel
Ca4
Cel
le1l
le4
1.8
1.8
Ze1
2 _E

- -

7.1
1Ce€
l4.1
i4.8
14.8
177
¢le2
cB8.3
2544
£3.C
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THIS PAGE IS BEST QUALITY PRACTICABLE
N FROM COPY FURNISHEU T¢~ 1

MODIFIED BESSEL FULNCTIONS, FIRST KIND,

CF COMPLEX ARGULMENT

CF ORDER M = 0
RE 1 v 1 METHOC
(.6666684375CC06EE CC 0.,249999956597223E-02 1
Ce569023463990838E 0OC 0.624932183821995E-01 1
C.GE43€1781213087€E CC 0,24956604C003€6€60E 00 1
C.G21C7218354625¢E (OC 0.557560062303087E 00 i
C.75172418271380€E CC 0.972291627306€€1E 00 1
«2G9G€68417129531E OC 0.145718204415980E 01 1
C.269668417129531E CC 0.145718:04415980E 01 2
-(+221380249598694E 0C 0.19375867852€6605€ O z
-C.€23CC82478¢€€E63€¢E 01 0.1160343815502C0E 0O 2
C.12E840465941633E 03 0.563704585539067E 02 2
—Ce2G€7254534€35123E 04 -0.295270788734412E 04 2
C.474893702¢50618E OF 0.1147751973600¢€6E 06 2
—CeT€E1556554206425E 0OF 0.233697769282106E 06 2
-Ce7€1556554206424E 0F 0.2336977693821C6E Q6 3
CeG79772£694974212E 04 -0.3808789911444C5E 07 3
-C.461176025775852E 08 0.109955713182506E (9 3
-C.112E5G€€9€8T72074E 12 0.456281302856411E 11 3
-Cell17€623668512357E 15 -0.501926462544625E 14 3
-Ce357C78€€0147134E 22 0.344834075C60094E 22 3
C.726870€878C9498E 26 0.290691140936238E 30 3
AND CRDER N = V4] = 1
RE I

C.252111264751005€E-01
Ce171165179717015E CC
Ce2C7556€31375537E 0OC
C.2€78€4G589CC209CE CC
C.26S6775437CC20332E CC
Ce2EEEE443965G502E-01
Ce3E6€E4439659502E-01
-Ce4E7454177016071E CC
-C.27S7907901759262E 01
C.121878€39175687E 02
-Ce282€C936C425738E 04
Ce44584374704C03EE 0OF
-C.7€877275167159GE 0O°F
-C.7€68772751€71597E O0OF
Ce€42C€8143930531E 0F
~C.4€885734672072€6E OF
-C.112C08564758731E 12
-C.1164248€7721361E 1°¢
-C.257C28750862372E 22
Ce72749956827163¢€E 29

110

IN RECTANGULR COORCINATES

] METHOC

0.3539951481507¢¢E-01
0.182243123755112E (O
0.395868261019711€ 00
0.664865417959769E 00
0.997J377651926429E GO
0.137309689764511E 01
0.137309689764511€ 01
0.173264422112848E 01
=0.359776666776673E 00
0.594776104262634E 02
-0.295486529135246E 04
0.113602518986650E 06
0.22845.290297083E C6
0.228461290297083E 06
-0,375480847314302€ 07
0.108110203693180E 09
0.442207220322675E 11
-0.506754590676281E 14
0.341517291263255E 22
0.190278413904025E 30
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RZ
Vel
JOe.4
O.7
l.1
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1.8
l.8
2.1
3.5
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14.1
14.8
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14.1
14.8
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2544
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™IS PAGE
FROM COPY FURNI

MODIFIED BESSEL FUNCTIONS, SECONC KINL,
OF COMPLEX ARGUMENT IN RECTANGULR COCRCINATES
CF ORDER M = 0

RE K
C.242047398103817€ 01
C.8559C05872118634E 0C
C.28670620872831¢E QC
Ce529349154877105E-01

-Ce41€€45139915095E-01
-C.£5€6879725890451E-01
-C.£6G€879725850454E-01
-Ce€7029223303798€E-01
-Ce115117271994907E-01
Ce129466330214806E-03
-C.151434720734704E-C7
-Ce77152331C98609€E-07
-C.8£€3€(C3C16230482E-07
-C.86326(C301€230483E-07
«27222913136432GE-0¢€
-C.129382693760208E-06
-CeG4748216490G944E-13
-C.26150770893G5681E-1¢
-Ce124279C€3473278E-23
-C.5€EGE41799673071E-32

AND CRDER N =
Re K

Ce€G64C2421559648CE 01
C.1C5118208541252E C1!
C.2416959¢€6429738E 0C
-C.1C08€68C09850098¢E-02
-C.800493978CT70668E-01
-C.G2213788135357€E-01
=C+923137881353575E=01
-C.802702225239221€E-01
-Cel15777543G63252¢5E-01
Ce123519€02311802E-03
Cei€75€9487368452E-0¢
-0.817455€2794305€E-07
-C.8E8540218C189412E-07
-C.8€65402180189413E-07
C.282757174164956E-08
-C.12152324702796CE-0S
-C.G652340C1C546482E-13
-Ce288473914324528E~-1¢€
-C.1249010288599142€E-22
-C.1C0122C92144351E-31

111

Iv K
~0.7768506465366€61E 00
-0.671581695094368E GO
-0.49499463€518720E CO
-0.331395562338559E 09
-0.202400067764704E 00
-0.110696099155675E 00
-0.110696099155675E 0O
~0.511218840459867E-01

0.111875865098696E-01
-0.307524569088144E-03
0.796289439837763E-05
-0.185894151111944E-06
-0.438782975284030E-07
-0.438782975284031&£-07
0.370270353525263E-08
-0.528999660662834E-19
0.4011i08139940072E-13
0.72558132203¢5€0E-16
04234542909132694E-25
-0.,223653552604146E-31

MEL = !

IV K
-0.714668171405197E O1
-0.152240340653209E 01
-0.740322276841922€ 00
-0.4170442851€6227E CO
-0.230805929518123E 09
-0.127256135859871E 00
-0.117256135859871¢t 00
-0.498983077875148E-01

0.127373904842186E-91
-0.322801862589603E-03
0.815074977761545E-05
-0.187837873182164E-06
-0.4318635746255C04€E-07
-0.431863574€255C€E-07
0.37031168690¢€4€63E-08

-0.520159950583746E-10.

0.412954857636697E-13
0.732758366983542E~16
0.298652678713081€E-25
~0e224095534616114E-31

IsgmsgqmuﬁTYPR“nﬁsﬁﬂg.
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THIS PAGE IS BEST QUALTTY PRACTICABLE

0PT1= 1.0 CRDINARY BESSEL FULNCTIONS, FIRST KINC,
0PTZ= 1.0 CF COMPLEX ARGLMENT IN RECTANGULR COORCINATELS
ORE = 10.0 CF ORDER ¥ = i0
RZ cz RE J v J METHOL
0.1 0.1 Ceoell€23235755192F=213 0.269114439175657E-19 1
0.4 Oe4 Cel4G321578946547E-14 0e262803187137177E-12 1
9.7 8.7 C.€11582G6C0C226281E-11 0.26905)3736563710€-09 1
~ol lel 07932G9116886332CE-0S 0.154998986606129E-07 i
Te4 1e4 C.25025349€€4459CE-07 0.274529832271821c-0¢ 1
Le8 le8 Ce3€3€C5823725003E-0¢€ Ne254276774651378E-05 i)
1.8 1.8 Ce3€2€05823725002F-0¢€ e254276774651378E-05 2
Z ek Zel C.223286C10775992E-0°¢ 0.155859:79424557E-04 2
365 2 eiS C.142148233€54888E-02 0.224612826316871E-02 Z
7.1 Tel Ce2€0753673517600E 01 -0.200930838256087E C1 2
1J.6 10,6 -C.3€0€29894321824E 03 06512097391695860E 01 2
i4.1 i4.1 C.2C0843431588253E 0O°F 0.345354688032786E 04 <
14.8 14.8 C.2G6€725751352578E 0% -0.192829979288222E 05 Z
14.8 14.8 Ce2667257151352578E 05 -0.192829979288223E 05 2
17.7 177 -Ce855€€7594150606E 0€& -0,119971051178568E 06 Z
2iec ilel C.2€2€76G22167592E 08 -0.800522552376349E 06 Z
28.3 c8.3 C.426CC0321104571GE 11 -0.243947378381352F 11 2
35.4 35.4 Cec75CEBE4CO92355E 14 -0.565730622375762E 14 <
536 532.0 Ce2G€430€3C64612CE 22 0.893512183384775E 21 3
70.7 70.7 -C.1€61C6987046289E 28 0.143497330272958E 30 3
AND CRDER N = M+1 = 1
RZ Ccz RE J Iv J METHOC
Uel Oel =—CoE€€4786369307638E~22 0.865146772050578E-22 i
0.4 Ce4 -C.4201419€32093842E~14 0.424541394927196E-14 i
De7 Ce? -Ce€4677421586179GE-11 0.8828124276442€66E-11 1
1ol lel -Ce71235579417G662E-~CS 0.782476876590248E-09 1
le4 Ze4 -(Cel€1829C28714864E~CT 0.191326190411046E-07 N
<8 l1e8 -C,177819E€€254338E~CE 0.231404053791075¢e-06 1
i.8 le8@ -Cel77819866294338E-0¢ 0.231404053731075E-06 2
2ol 2.1 -Co412214811€626401E-05 0,179341852848689E-05 2
3.5 2,5 -Celf81172€2649281E-03 0.582452210326785E-03 2
Tel 7.1 Ce12€841C20207752E 01 0.,42869235589770Ct 30 2
10.6 1Ce€é -CeS581018G93460347E 02 -0.187113550842524E 03 Z
14.1 l14.1 Ce2€7552C47931165E Ca 06135457130244025E 05 2
14,8 24,8 C.219101213849011E OF 0.21209614772954JE G5 <
i4.8 i4.8 C.2161C1213849011E 0O°F 0.21209€14772954CE 05 é
iTe7 17¢7 -Co1C879025C971704E 0€ -0.659260162€52377E 06 2
2l.2 Zlez C.7518G6238619508€E 07 0e271496911372131E 08 2
2843 c8.3 C.26574:231CC413SE 11 0.317511568408991¢ 11 c
35 25 ¢4 «S1E6G5T735€6649574E 14 0.161660714817601E 14 <
53.0 £24C =-Ce5281C2C20742942E 21 0.275117597780780E 22 3
70,7 707 =-Ca1226€68€922615CCE 3C 0.821048825501880E 28 3

112




oPT1=
0PT 2=
ORLC =

RZ
Jel
Oe4
(.7
L.l
1.4
a8
1.8
Zel
3.5
7'1
10.6
141
14.8
14.8
i7.7
clel
cfe3
38 « 4
53 <0
707

-

O -

e o o
=fel )

CZ

0.1
Oe4
C.7
lel
1.4
1.8
1.8
Zel

23

e
10.€
i4.1
14.8
14.8
17.7

D DO NdWNIIH P =OOO0O0
e o o 0 ¢ 0 ¢ 0 o 0 o o
-~ O O M= U= 00Dy D

— s b
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——
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2544
£3.0
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TH

FROM COFY FURNISHED TODDC .-

ORDINARY BESSEL FUNCTIONS,

SECOGND KINC,

1S PAGE IS BEST QUALITY PRACTICABLE

CF CCMPLEX ARGUMENT IN RECTANGULR COORCINATES

CF ORDeR M = 10

RE Y IV Y
=C.328556911'92838SE 15 0.11828J2485360623E
-C+€41065G9317€65907E 0S 0.121115936722483E
-C.2284G5€8089C7082E 07 0.118229159841426E
-Ce128077133173387E Q¢ 0.204666053868917E
-Ce1279612096128G4E 05 06114737739489792E
~C.2127€4841091431E 04 0.121933464087239E
-C.2137€484109143CE 04 0.121933464087239E
-Ce453290554806983E 03 0.193337081633117E
-C.749484G673061485E 01 0.906730888914586E
C.2C0£25C54S6351CE 01 0.260049969281913E
-C.£12092714723398E 01 -0.360629863015010E
-Ce245354€E8100589E 04 0.200843431584614E
C.1G2€296792867¢64F OQF 0e6396725751349513E
C.152€829979286764E GE 0.396725751349513E
C.119971C05117857GE C€ -0.899667534150602¢
C.€C052255237634GE (¢ 0.3€267692216799¢E
Ce243G473783€81352E 11 0.436003211045719E
C.E€65730€22375762E 14 0.275088840093355¢
=C.8523512183384775E 21 «296430630646120E
-Ce14345723C272958€ 3C -0.186176967046289E

ANC ORDER N = M+l = 11

RE Y IV v
Cel€7232C4G54526CE 21 0.167315686480960E
C.340428373C10103€ 132 0.3447192545459303E
C.1€3C2455613858¢E 1C 0.171397039894544E
C.182175G604322358E 08 0.2039158624874 74t
Ce720748258078004E 0¢ 0.893723967252240E
C.5€31C9C63431023E 05 0.801122800449983E
£€31C9C63431023€E G5 0.801122800449983¢
C.7C792240514284SE 04 0.112789237077249E
Ce7€7591714686101E 01 0.467986544456886E
-C.44€273214768201E 0C 0.i36768936673261E
Co.1€711363123862S9E 03 -0.981019486384826E
-C.1254€7130252376E 0°F 0.267592048C07010E
-Ce21209614773438GE 05 0.219101213849584E
-Ce212C9614772438SE 0°F 0.219101213849584E
C.€£9260162652391E C¢ =-0.108790250971716E
=C.271496911372131E 08 0.75189238619508¢E
-Ce217511568408991E 11 0.265741231C04139E
-Ce1€1€60714817601E 14 0.516957356649574E
=C.275117597780780E 22 =0.538102020742943€E
-C.82104882550188CE 28 -0.132968692261500€E

113

c1
i3
i0
08
06
05
as
Q05
02
01
02
04
05
05
06
07
11
14
21
30
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RZ

0.-
0.4
J.7
“el
le4
1.8
1.8
<ol
3¢5
Tel
10.6
1441
14.8
14.8
) A
2iel
28.3
35.4
53.0
T70.7

O »~ M

e o o
e Jl o J s

(G
C.1
Ce4
0.7
l1e4
l.8
1e8
lei
25
el
lc.é
i4.1
14.8
14.8
17.7
cla?
¢8e3
35.4
£3.C
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MCDIFIED BESSEL FUNCTIONS,

FROM COPY FURIvL 5tizw 10 DDC

THIS PAGE IS BEST QUALITY PRACTICABLE

FIRST KINL,

el

CF COMPLEX ARGLMENT IN RECTANGULR COORCINATES
CF ORDER M = 10

RE 1
-Ces€11€231735194651E-23
-C.1463221578946542E-14
—=€e€E11582906022621EE-11
-C.76522911¢€88632321E-06
-C.25C2534G5€84459CE-01
-C.3€32€6(C5€237250032E-0¢
-Ce363€(5823725004E-0¢€
-C0«2222860107759932E-0F
-Ce143148233854888E-02
-C.2€C0753€7351760CE 01

Ce2€0€29894321825E 03
-C.2CCE43431588253E O0O°F
-Ce3GET25151352578E 05
-C.266725751352578E 05

Ce8GGEETS94150606E Cé
-C2€2€1769221€67S92E 08
-Ce4326C03211045722€ 11
-C.2750€68E840C093355E 14
-Ce2G€430€3C64612CE 22

C.1E€1C658704630EE 2¢

AND CRDER N =
RE I

-C.8€5146772C50577€E-22
-Ce42454129492719¢€E-14
-C.8E2812427644266E~11
-CeT1E2476ET7€590248E-09
-C.15132619041.04¢€E-07
-Ce2214C4C53751075E-0¢€
-C.221404C53791075E-0¢
-Ce17934.85284868GE-0°5
-C.5€2452210326785E-02
-Ce428€66235589770CE CC
C.1€7113550842525E 03
-Ce125467130244028%E QS
-C.21209614772554CE 0OF
-Ce212C9614772554CE 05
C.€6592€601€2652377€ Q6
~Cec71496911372131E 0F€
=Ce2175125€8408993E 11
-Cel€1€€0714817602E 14
-C.27511759778078CE 22
-Ce€21C4882550188CE 28

114

Iv 1
06269114439175657TE-19
0.262803187137177€E-12
0.269050736563710E-09
0.154998986€06125E-07
0274529832271821E-06
0.254276774651378E-05
0.254276774651378E-05
0.155869179424557E-04
0.224612826316871€E-02

-0.200930838256087E 01
0.5120973916958¢62¢ 01
0.345354688032786éc 04

-00192829979288223E 05

-0.192829979288223E 05

-0.11997.051178548E 06

-0.800522552376370E 06

-0.243947378381354E 11

-0.565730622375762E 14
0.893512183384779E 21
0.143497330272958E 130

V4L = 11
IV 1
0.864786369307628E-22
0.420141963093844E-14
0.846774215861759E-11
0.71235579417G6€2E-C9
0.161829028714864E-07
0.177819866294338E-06
0,177819866294338E-06
0612214R1166264C1E-05
0.158117262649281E-03
-0.136841020207753E 01
0.981018993460347E 02
-0.267592047931165E 04
-0.219101213849011E C5
-0.219101213849011E 05
0.108790250971703€ 06
-0.751892386195088€ 07
-0.265741231C04141E 11
-0516957356649575E 14
0.538102020742943E 21
0.132968692261500E 30

METHOC
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1S PAGE IS BE

MODIFIED BESSEL FUNCTIONS,

e mtsnsr

SECOND KINL,

ST QUALITY PRACTICARRR

CF CCMPLEX ARGLMENT IN RECTANGULR COORCINATES
CF ORDER ¥ = 10

RE K
-Ce£16CS55990399813E 15
-Ce122119C4C0CS99¢8E 1C
-C.51€6CC0C0S998758E 07
-C.2C1183C90235154E Q¢
-C.2C1CC0998027854E 05
-C.22578102€784897E 04
-CeZ25781C26784898E 04
-C.774858967049554E 03
-Celi7€93542167042E C2

. —Ce62740290545453CE-02

Ce724€57116508621E-04
-C.1C6504575261069€E-05
-Ce225247513385171E-C¢€
-C.229247513385171E-C¢

C.1£83655157448295€E-07
-Ce22446439427664CE-06
-Ce754CC074145181¢€E-13

C.489C€7772242371E-1¢
-Ce190€604711334409E-23
-C.2418G6353€263197E-31

AND ORDER N =
RE K

-C.c€2E81886573945GE 21
-Ce£4147005861493€E 13
-(.269229€84068986EE 1C
-Ce220310287770538E 08
-C.1402€5832492841E 07
-Ce125E40CT7522€127E 0¢€
-C.125840C75226127€ 0¢
-Ce1771€68G619322129E 05
-C.725114C28722467E 02
Ce113228551202426E-02
Ce77428356C7227C4E-04
-Cel1G6137177€633636E-05
-C.5C052332705964CE-07
~Ce5C052322705964CE-07
C.165023C4445242CE-07
-Ce223768271062867E-09
-Ce279461141532566E-12
Ce€1615935473457SE~-1¢
-(.16870264234072¢E-22
-Cec19722629479767E-31

115

I~ K
-0.185794551936CC0¢E 19
-0.190248468520CC0E 12
-0.185713929998958E 09
-0.3214886856369C0E 07
-0.180182495845472E 06
-0.191532637495901E 05
-0.191532637495901E 0S5
-0.303693177154728E 04
-0.142406469297858E 02

0.110537602856658E-01
-0.491766297663483E-04
0.571732783836276E-06
0.481438718693554E-06
0.481438718693554E-06
-0.118850629481139€-07
0.3129933468299C9€E-09
0.238316979671642€E-12
0.25119032183801¢€E-15
0.100145990940450E-23
-0.250740217542298E-31

Mel = 11
Iv K
-0.262687489148076E 21
-0.534743637861033E 13
-0.256094081923128E 10
-0.2861612413400S9E 08
-0.114785667960072E 07
=0.915945574961898€ 0%
-0.915945574961897E 05
-0.111290191393590E 05
-0.120582173775761E 02
0.277730281683614E-01
-0.126285905934596E-03
0.131177628077950€E-05
0.761733802564592€E-06
0.761733802564592€E-06
-0.223532054€67289€E-07
0+492078441502813E-09
0.299085092924960F-12
0.165486300927510E-15
0.130614544118130c-23
=0.250210917135198E-31
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O.1
0.4
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i.1
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L.l
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10.6
1.1
14,8
14.8
17.7
21.2
P 2843
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O = re

e o o
[pleNe)

Cz
Oel
C‘."
0e7
lel
leb
.8
1.8
2.1
3e3
7.1
10.6
i4.1
14.8
14,8
177
clec
283
25.4
3.0
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THIS PAGE IS BEST QUALITY PRACTLICABLE

FROM COPY FURNISHED T0 DDC
GRDINARY BESSEL FUNCTIONS,

™

FIRST KINC,

CF COMPLEX ARGULMENT IN RECTANGULR COORCINATES

CF ORDER WM =

RE J
-C.42925241233741CE 26
-Ce42925241333741CE 26
-C.42925241333741CE 2S

Ce2C05267793E€74257E-72
C.€44€5€6GT172E2852E-€€
Ce7C5€86CCEE2656CE-61
C.7C5€86C0€626555E-61
CeGZ4€E28ET9€61443€EE-5T
C.2171C9274379212E-4°¢
Cel3779733421505CE-2S
C.1€811954210258GE-2C
Ce3i57E55184582353E-14
C.227G58EGEBOI3T4E-12
Ce327958€6G98809374E-13
C.213221G56M271CE-1C
-C+22G15553C0767432E-0¢
C.€45228508960991E 01
-Ce5G67129414019722E Q€
-C.E884780293C70384E 1¢
C.22C222S.7163971E 26

AND CRDER N
RE J

Ceif€656114125377€E 26
C.15€659114125377€E 25
Ce1565G114125377€E 29
-C.165152072€28652€E-72
~0.44701998€€2631 EE-6E
-C.2€7C83258256211E-61
-Ce3E70E83258256211E-61
-C.416747155C04580€E-57
~Ce1E48€6109304612E-4¢€
-C.8€0€7855225907CE-31
Ce80770828244669SE-22
C.€6C5413755CG2632E-1°5
C.7€€895858472873E~14
C.7€8€8G5E658472872E~14
Ce491969186858778E-1C
-C.2732C2€49735711E-0¢
Ce124C71168374831E 01
-C.42224689772804CE Cé¢€
-Ce1535€6473930436E 17
C.1255167€66525331E 26

117

50

Iv J
-0.2457866000373G2E 29
-0.245786600037392E 29
-0.245786600037392E 29

0.186192588244278E-70
0.328732953471727E-64
0.230263892760918E-59
0,230263892760918E-59
0.209446652302951€E-55
0.257465432802150E-44
0.2582392152455C9E-29
0.850142387367874E-21
-0.129119382400413E-14
-0.2188943324964326€E-13
-0.218894332496436E-13
-0.251040981C06069E-09
-0.794765583796044E-06
0.768054357860994E 00
0.7328904274717€66E 06
0239624979589022E 17
-0.11512633201088E5E 26

¥+l = 51
IV J
=0.397736223240534E 9
-0.397736223240534E 29
-0e397736223240534E 29
0.195709680015350E-72
0.464552384364386E-66
0.41107355101948€E-61
0.411073551019486E-61
0.454467468393422E-57
0.100049087662271E=-45
0.273714532454€9¢E-30
0.264821799259687E-21
0.2811553103768Cut-i5
0.191073133908328€E~14
0.191073133908328E-14
-0.368108898310817€E-1C
-0,680980779321024E-06
0.213995744670417E 01
-0.449719518074126E 0S
0.131172197791362E 16
0.116420408670867E 26
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THIS PAGE IS BEST QUALITY PRAGTICABEE
Lodvi COrY FURNISHED TO DDC

0PT1= 1.0 ORDINARY BESSEL FULNCTIONS, SECOND KINC,
OPTz= 1.0 CF CCMPLEX ARGUMENT IN RECTANGULR COORCINATES
ORLC = £0.C CF ORDER M = 50
RZ (W4 RE Y Iv Y METHOL
0.1 0.l C.245786€6CC037392E 2S -0.429252413337410E 29 :
Oe4 0e4 Ce245786€C0037392E 2GS -0.4292526413337410E 29 1
.7 0.7 C.24578€€CC037392E 29 -0.4292524123237410E 29 1
iel lel -Ce3G2471496102547E 67 0.3418712761899C6E 69 1
1.4 l.4 -C.3S5118C1432342€E 61 ¢«193580971327629E 63 1
1.8 i1e8 -CoEEL1C4B78BE827628E 5¢€ 0.276203327357115E 58 2
1.8 1.8 -C.EE1C4878€827623E 5¢ 0.276203327357115E S8 2
Cel 2el -Cel393€5C01129492E 53 0.303336372898177E 5S4 2
365 3.5 -C.3121€65264059983E 42 0,243410074977057E 43 2
7.5 Tel =-Co1CEL1E540€7S921€E 28 0.189725013220189€ 28 2
10.6€ 10.€6 -C.3C7477C8042841EE 16 0.1385233681193321E 19 2
l4e1 l4el -Cel1€5539145232948E 13 -0.835742580043550E 12 2
1¢.8 14.8 -C,124568294780933E 12 -0.100230612660254F 12 2
14.8 i4.8 -(.124558394780933E 12 -0.1002306126602E54E 12 2
il 17.7 C.5402554€293691€E 0€ -0.248695543948GSGE (8 2
2162 clel Ce242738C6367S547E 04 -0G.361391704647179E C3 i
2843 c€e3 -Co7€8G640G314C€652E OC 0.645313639315310E 01 Z
3.4 3C¢4 =-(e722890427471765E 0€ -0.5971294.4019717c 06 &
53.0 £3.0 -C.2296€2497958G022E 17 -0.884780393C70384E 16 Z
7017 1Ce7 Ce115126332C10885E 2¢ 0.220221917163971E 4 l
AND ORDER N = M41 = 51
RZ E RE Y IM Y METHOC
Cel Cel Ce26773622324C534E 29 0.156591141253776E 29 1
Je4 .4 C.367736223240534E 26 0.156591141253776F 29 3
0.7 Cel Ce367736223240534E 29 0.456591141253776E 29 b4
iel lel C.159346G67121C087E 71 0.162973226235750E 71 1
ie4 le4 Ce€7072772€2718SSE 64 0.698108090311364E 64 1
1.8 1.8 C.7568156CC543577E 56 0.805658812966017F 59 1
Le8 8 C.756815€00549577E ES 0.805658812966017E £9 Z
el Zel C.6€E2804702E5850€E 5°¢ 0.747198271234929E 55 <
345 2e5 Ce3C1079781120135E 44 0.387617779937822E 44 2
7.1 Te1 Ce€122€4371956562E 2€ 0.208646027017757€ 29 2
l0.€ 1Ce€ -Ce748€76€679649721E 1S 0.212188192751460E 2 2
14.1 l4.1 -C.E7047784C3266334E 12 0.326105797824442E 13 2
14.8 1448 -Ce756230€4329508¢€E 12 0.117548073911384E 12 2
14.8 14,8 =-C.756230€4329508¢E 12 0.117548073911384E 12 z
il.7 1767 =Ce725776€021¢€0101E 08 -0.690246825091243E 08 Z
2l.2 cl.2 C.42C8£69244110092E 04 -0.7057386766392¢1E 04 2
2843 28e3 -(e2141€2565165847E 01 0.124233203354175€E 01 2
35.4 35.4 Ce44G719518074244E 05 -0.4322468977280326E 06 2
53.0 £2.0 =-Ce131172197791362E 1¢ -0.15356647393043¢E 17 2
70.7 707 -C.11€4204C8670867E 2¢ 0.125916766525331E 26 2
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1}115 PAGE IS BEST QUALITY PRACTICABLE
£aivM COPY FURNISHED TO DDC

MCDIFIED BESSEL FULNCTIONS,

CF COMPLEX ARGUMENT

FIRST KINC,
IN RECTANGULR COORCINAT

CF ORDER M = 50

RE 1
-Ce42925241330680€E 2S
-C.42925241330680€E 25
-Ce4292524.33C680€E 25
-C.cCE267793€74271E-72
-Ce€44€56G77282865E-6¢€
-C.7C5€86CCEE26564E-61
~Ce7Cc€86CCEE265T1E-61
-C.G24€28E79614447E-57
-Ce2171C9274379212E-4°¢
-Ce12779723421505CE-2S
-(.1€81195421C2585E-20
=€+2151755184582353E-14
-Ce227958€E9€E8C9374E-12
-(e327658€9€88C9374E-13
-Ce21322i656072711E-1C

C.22615553C016742E~0F
-Ce.€6452285GC8960991E 01
«£971294.401971SE 0¢€
C.EE4780393070385E ¢
-C.2202219171€32974E 2¢

AND CRDER N
RE 1

-C.26772€223217170€ 25
-Ce267726223217170E 26
-C.26773622321717CE 25
=C.155709€8C01535CE-T2
-C.4€455228435438¢€E-€E
-Ce411C73551C1G948¢€E-61
-C.411C73£51C1948¢€E-61
~(e4244€7468393452E-57
-C.1C0C49C87¢€¢€2271E-4¢
-Cec12714532454698E-3C
-Ce2€482.1769259687E-21
-C.c€1155310376800CE-1¢
-C.1610731236C8328E~-14
-Ce161C73133908328E-14
Ce2€€1C8898310817E-1C
C.680580779321034E-0¢
-Ce212665744670417€E C1
C.44G671951807412CE 05
=Cel31172197791361E 1€
-C.1:6420408670861E 26€

120

IV 1
0.245786600059863E 29
0.245786600059862E 29
0.24578£,600059863E 29
0.186192588244278E-70
0.328732953471727E-¢€4
0.230263892760918E-59
0.230263892760918E-59
0.209446652302951E-55
0.257465432802150E-44
0.2582392152455C9E-29
0.85014238736787%€-21

-0.129119382400413E-14
-0.218894332496435E-13
-0.218894332496435€E-13
-0.251040981C060¢9E-C9
-0.794765583796045€E-06
0.768054357860982E€ 00
0.732890427471764E G6
0.239624979589022¢€ 17
-0.11512€332010917E 26

M+l = 51
IV 1

0.156591141276811E 29
0.156591141276811E 29
«156591:41276811E 29
0.191520726286526E-T2
0.447019986626318E-€6
0.387083258256210E-61
0.3870R3258256210E-61
0.416747155004579€-57
0.784866109304612E-46
0.860678552299069€E-31
-0.807708282446698E=-22
-0.,6054.3755092623E-15
-0.786895858472873E~-14
-0.786895858472873E-14
=06491969186858778E-10
0.2732922649735711E-06
~0.124071168374831FE 01
0.432246897728038E 06
0.1535664739304327E 17
-0.225916766525352€ 26
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e e p————

OPT1-=
oPTz=
ORC =

R7

0..‘
0.4
Oe7
l.1
1."
1.8
o8
Zel

3.5

T.1
10.6
14,1
l4.8
14.8
17.7
lel
28.3
35.4
53.0
70.7

RZ
3.;
0.4
0.7
lel
le4
Le8
-'..8
2el
3.5
T.l
10.6
l4.l
14.8
1448
17.7
clec
28.3
35.4
53.0
0.7

CcZ
0.1
0.4
0e7
l.1
le4
1.8
1.8
el
3.5
7.1
ICQé
14,5
14.8
14.8
17.17
clec
283
35.4
£3.C
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COFY FURNISHED TODDC

MCOIFIED BESSEL FUNCTIONS, SECONC KINC,
CF COMPLEX ARGLMENT IN RECTANGULR COORCINATES
CF ORDER ¥ = 50

RE K
-C.S5€01€3873578377E-31
-C.5801€63873578377E-31
-Ce$80163€E73578377E-31
-Ce€1€6492784449619E 6717
-(.€20€649925549742E 61
-C.128294819807594E £7
-Ce128294E1980759€E 57
-Ce218GS45447784511E 53
-C+45024805C12838CE 42
-C.1€€7€423102289€8E 2¢
-C.482583E68510577€E 16
-Ce2€CC28281272681E 13
-Ce195624701937714€E 12
-C.16€247C1937714¢€E 12

C.147€54582743014E 07
Ce3E0€63740145578E 04
-Cei292€2€4€89543EE-02
Cectc22225CE89884E-08
-C.550€93251547524E-16
-Co819297723063889E-2F¢

AND CRDER N =
RE K

-Ce1C82131771986173E-3C
-C.1C821.77168€173E-3C
-C.10821177198€172E-3C
-Ce25599774521556GE 71
-Ce1C9€658562396689E 6°F
-Ce1265525904C569¢E 60
-C.12€55259C4C56G€E &C
-Ce117369€26584332E 5S¢
-~Ce£6CEREB584926T740E 44
=Ce227740422839842E 29
=Ce2223044337163585E 2C
-C.£12245789369152€E 13
~Co1€64644082721818E 12
-C.184644(082721818E 12
C.1C842371774351€E CS
C.110857172086913E 05
=Ce254523950366308E-02
-C.52763695635876CE~-C®8
~CectC717€694958951E~-1¢8
-(.2522725C1997914E-2¢8

121

e e e e = e = — - e e

IV K
0.245477787644502€E-31
0.2454777876445C2E-31
0.2454777876445C2E-31

-0.537010144875788E 69
-0.304076278698843E 63
-0.433859172061085E S8
-0.433859172061085E 58
-0.476479660331743E 54
-0.382347651678822E 43
-0.298019353867387E 28
-0.2175919978171032E 19
0.131278137487850E 13
0.157441878199128E 12
0.157441878199128E 12
0.390650046925346E 08
0.567672758437288E 03
0.2335718481630S9E-03
-0.852066258074482E-08
-0.243342193077792E-18
0.180456867180876E-27

M+¢l1l = 51
IV K
0.442668118625159€E-31
0.442668118625159E-31
0.442668118625159E-31
-0.2503021637362697E 71
-0.105357664870739E 65
-0.1188803165404325E €0
-0.118880316540435E 60
-0.107254711916842E 56
=0.472935014255719E 44
=0.961742626496752E 28
0.117601857835078E <0
0.136734339420379¢E 14
0.118788431€697€6E 13
0.1187884316697¢€6E 13
0.114004722074677E 09
-0.676807982949692E 04
0.262669339987454E-02
-0.184133912680484E-07
-0327062543208598E~-18
0.285723008397685E-27
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