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ABSTRACT

This report deals with the problem of pitch and heave damping
of a catamaran with small-waterplane-area-twin-hull (SWATH) con-
figuration. A computer program has been developed to compute the
pitch and heave damping coefficients of SWATH including forward
speed effects based on the thin ship theory developed by Newman
(1959). Calculations of the damping coefficients for several
Froude numbers are compared with Lee's (1974) experiments. The
results show that damping is greatly affected by the Brard para-
metet,,pV/g when the forward speed effects are considered. The
effec;~of hull distance variation on damping 1s also considered.
The results show that damping is an oscillatory function of hull
distance. The oscillatory phenomenon dies out as the hull dis-

tance increases, and also as the Brard parameter increases. N
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I. INTRODUCTION

Due to the advantages of large deck area and stable motion charac-
teristics in heavy seas, small-waterplane-area-twin-hull (SWATH) type
of catamaran has become an interesting subject recently.

In recent work on the prediction of catamaran motions in waves,

Lee (Pien and Lee [11]!) extended the strip-theory to catamaran configu-
rations. A fundamental assumption in the strip-theory is that the hydro-
dynamic characteristics of a ship can be inferred from the two-dimensional
stripwise characteristics of each section along the length. The effects
of forward speed are included in Lee's work by the strip-theory synthesis
rather than by a rigorous introduction of forward speed effects into the
hydrodynamic boundary conditions.

The results based on the strip-theory are generally in good agreement
with the experiments, except for a pronounced rescnance effect in the
theory at a critical frequency. At the corresponding wavelength the
motions are substantially overpredicted compared with experiments. This
resonance seems to be a consequence of the presence of near-zero damping
at zero forward speed and the use of the zero-speed hydrodynamic coef-
ficients in a strip-theory manner. This problem cccurs only for hull
forms where bulbous cylindrical sections, having a small waterplane
area and a large submerged volume, are dominant.

To be more specific, let us first consider a two-dimensional thin-body

section with a shape y = +h(z) . Then it is known that the damping

INumbers in brackets designate Reference at end of paper.
|
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coefficient is proportional to the square of the integral

0
[ eKz dh

dz

dz

where T 1is the draft and K is the wavenumber. (See Section 2.1). It
seems apparent that for a bulbous form where dh/dz changes sign, the
above integral will vanish for a suitable combination of the wavenumber
and hull shape. This phenomenon has been investigated earlier by Motora
and Koyama [7]. They did experimental work on two-dimensional wave-
excitationless forms, which have similar forms to the SWATH demi-hull.
Frank [4] did some computations on heave damping for various bulbous
cylinders. In both studies, it was shown that there is a critical
frequency at which the damping coefficients vanish.

In three dimensions with zero forward speed, the situation is changed
because the damping coefficient depends on an integral, with respect to

the waveangle 6 , of the square of the surface integral

L 0
f f eKz + 1Kx cosb Bhéz,ZQ e it
-L -T

where L 18 half length of the body. Since the damping integral is
positive-definite for all 6 , zero-damping seems impossible. However,
it can be anticipated that there might occur near-zero damping for long
cylindrical vessels having essentially the appropriate-two-dimensional
form because there will be a dominant waveangle %- as suggested by strip
theory or the stationary phase approximation of the three-dimensional
damping integral for KL >> 1.

Finally, 1if forward speed effects are included, the possibility of

Ny -
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zero damping is even less. In this case, the three-dimensional damping
coefficient is again proportional to the square of a surface integral
similar to that shown above, but now the wavenumber K 1is no longer a
single constant, but, depending on the value of the Brard number wV/g ,
takes on either two or four discrete values, each of which depends on

8 (See Newman [8]). Thus, since the square of the surface integral is

integrated over a continuous spectrum of K, the probability of zero
damping is greatly reduced.

Calculation of the three-dimensional damping coefficients, including
forward speed effects without the assumption of strip theory is so compli-
cated that some alternative simplifying assumptions are required. Newman
[8] presented such a theory for "thin" mono-hulls, including illustrative
calculations for a mathematical hull form for which experimental data
had been obtained by Golovato. Subsequently, Gerritsma, Kerwin and Newman
[5] presented comparisons of the same theory with experiments for a Series
60 hull form. In both cases the comparison was qualitatively useful.

In this report,Newman's thin-ship theory is applied to the catamaran
hulls, especially with SWATH configuration, in an attempt to avoid the

deficiency of the strip theory at nonzero forward speed. The fundamental

assumption of Newman's thin~ship theory may be valid for these hull forms,
since they are thin in the important region near the free surface. Moreover,
to extend the practical validity of the present results, the submerged
cylindrical hull portion will be treated by a modified thin-ship approach

as described in Section 2.3. Based on Newman's work [8], pitch and heave

damping coefficients are calculated for the NSRDC Model MODCAT. The results

are compared with Lee's [6] experiments for various Froude numbers.

-§ -




Il. DAMPING OF TWO-DIMENSIONAL BULBOUS CYLINDERS

2.1 Damping of a Two-Dimensional Thin Body

Consider a thin vertical body which is in an oscillatory heave
motion on the free surface with velocity é =V cos wt . The fluid is
assumed to be inviscid, irrotational and of infinite depth. Assume the
body is symmetrical about the z-axis, 2z 1is positive upwards and its
hull function is given by y = + h(z) for -T <2z <0, where T is
the draft of the body. Then the velocity potential which satisfies the
the linearized free surface condition, in the region of positive y , is

known to be [10]:
0

?.eKz V sin(Ky-wt) f

dh K
az e dg

©
]

o 0
2 dh  -ky
-~V cos uwt f f 9t e
0 -T

(k cos kz + K sin kz) (k cos ki + K sin ki) d
5 > ¢ dk
k(k* + K%)

(2.1)
where the first term on the right hand side is related to the outgoing
waves and the second term, to the local disturbance.

From Bernoulli's equation, the total hydrodynamic force acting on

the body in z-direction is obtained as follows:

0
Z =2 f p cos(n,z) ds
=%




|
i

2
0

= 4uwp V cos wt _%E__eKz dz
~T
=) 0 _12
- —%—-wp V sin wt f —%%— (k cos kz + K sin kz)dz
0 |-T

3
Y =k
k(k® + k*)

1

by; V cos wt - a;; Vwsin wt

(2.2)
where b,, 1s the damping coefficient and a,, 1is the added mass coef-
ficient. From the relation (2.2) we have a formula for the damping coef-

ficient:

0
Kz dh
b,, = 4wp [ e gz
=T

(2.3)

2.2 Extension of Thin Ship Result to Bulbous Cylinder

As a means to check the validity of thin ship theory to find the
damping coefficients of SWATH configurations, a two-dimensional model
(Fig.l) is considered. 1In this section, damping of a heaving circular
cylinder with a thin vertical strut is examined by using (2.3). Define
a polar coordinate system (r,0) with the origin at the center of the
cylinder, 0 being positive clockwise starting from z-axis. Let h(z)
be the hull function, r, the radius of the cylinder, and 6, the angle

between z-axis and the bottom of the strut. If dh/dz =0 for z > -T

+ ry(l + cosb;) , the integral in (2.3) becomes:

a1




Kz = [ Kz dh
= z e

0
[ eKr° cos 6 - K(T-r) %o eosf 48

m

T
==ty s [ Fo o8l b a0

By
Bo
=-r, e-KTO {ﬂIl(Kro) - f eKr° cosd cosf d6}
0

where Il(z) is the modified Bessel function defined by

m
Il(z) = —%—-[ e” cosd cosf d6 .
0
z
f
ARSI S
-"E‘
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Assuming Kr, sinf << 1 , the integral in (2.4) becomes:

o €0 4 0(0,%)

Hence, the integral in (2.3) is reduced to be:

0

Kz d N - < 2
f e 2 —Z%— dz = - BE, © KT, Il(Kro) +€ce K(To To) (2.5)
=T

In a sense, the first term on the right hand side of (2.5) represents
the effect of the circular cylinder and the second term, the effect of

the thin strut. As an extreme case where € 1s negligibly small and

Kr, + 0, then I (Kr,) % % Kr, and (2.5) is approximated by:
0
Kz _dh Sl e =RE,
f e 5 dz ~n 2 mr, Ke (2.6)
~T

which represents only the effect of the submerged cylinder. Then the far

field behavior of the velocity potential from (2.1), using (2.6), becomes:

o ~v 2V eKz sin (Ky - wt) (- %-ﬂroz K e.KT°) (2.7)

Based on (2.5), the damping coefficients are calculated for several
cylindrical forms. The results are compared with Frank's [4] in Fig. 2
and with Lee's [6] in Fig. 3. Agreements are good for only low frequency
range. Poor agreements in the frequency range of practical importance
indicate that we need to modify the thin ship results for the circular
cylindrical part which is actually not thin and for which the thin ship

assumption may break down.

|
{
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2.3 Correction for the Submerged Cylindrical Part

In order to account for the discrepancies in damping coefficients
resulting from the thin ship approximation, Eqn. (2.5) will be modified
for the effect of the submerged cylindrical part by comparing the far
field behavior of the velocity potential (2.7) with that of the known

solution of the circular cylinder. Consider a circular cylinder of radius

r located at z = =T which is oscillating with velocity g = Vcoswt .

0

Assuming T, >> r, and using the same coordinate system as in Fig. 1,

the velocity potential is known to be:
¢ = -V r,? coswt —595—9— (2.8)

It is known (e.g. (13.31) in Wehausen & Laitone [13]) that the velocity

potential of a two-dimensional source —g;— log r located at (0,-%)

behaves at infinity like QeK(z+C+iy) where Q 1s the source strength

and K 1is the wave number. The corresponding behavior of the potential

K(z+g+iy)

of a vertical dipole —g;— —2239— will be QKe since the velocity

potential of a vertical dipole can be obtained by differentiating the source

potential with respect to { . Then it can be readily shown from (2.8) that:

K(z-T,+iy)

& v -Vr ? coswt ¢ 2T K e (2.9)

0
Comparing (2.9) with the limiting case of the thin ship result (2.7), they
differ by a factor of 2 . Thus it is reasonable to modify the thin ship

results (2.5) by doubling the effect of the circular cylindrical part:

KT “K(Ty=x,)

K -
[e? dh 4, ¥ -2nr, e

S5 . 0 Il(Kro) + €e

(2.10)

Note that the laat term is unmodified reflecting the importance of the

- 14 =




waterplane area in the low frequency limit. The same arguments will also
apply to the three-dimensional case when we perform the integration of
the hull function which has the similar form to that in (2.5). Damping

coefficients based on the modified thin ship result (2.10) are plotted
in Fig. 2 and Fig. 3.
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ITI. EXTENSION OF THE THIN-SHIP THEORY TO CATAMARAN

3.1 The Interaction Effects Between the Two Hulls

Consider now three~dimensional catamaran hulls with cross sections
having essentially the same as two-dimensional bulbous cylinders
separated by a distance 2b described in Fig.4. Newman [8] developed a

theory of the damping of a thin ship by the analysis of energy radiation

|
in surface waves. After an asymptotic expansion of the Green's function,
pitch and heave damping coefficients of a single hull, by separation of
the energy components, were found to be:
o 2 2
Ma| _ _ _2pwuB? /- P12+Q12 (1R-1)“sgn(Tk-1)
Zy A a1 Y, [ (TK-1)"* - Kzl% i

(3.1)

where Mq is the pitch damping coefficients and Z, , the heave damping
coefficients in the linearized equations of motion. Based on (3.1) the
interaction effects between the two hulls of the catamaran will be included.

In order to simplify the problem, only a first approximation to the hull

interaction effects in considered; i.e. the source distributions of each
separate hull are linearly superposed as in the wave-resistance theory

for catamarans [3]. Then the expansion of Green's function, equation (66)
in [8], is slightly changed by the effects of the twin hulls

in the form of ‘exp (-i)\i b sin u) + exp (1)\1 b sin u)} . Then the inte-
gration of the huli function (Pi’Qi) , equation (69) in [8], is multi- %

plied by the same factor for catamaran hulls:

(Pi’qi)catamaran N (Pi’Qi)single hull * ¢ cos(ki b sin u) (3.2)

- 18 -
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3.2 Damping of SWATH Catamaran

Using the same notation as [8], the damping coefficients of pitch
and heave in the linearized equations of motion for catamaran hull

incorporated with (3.2) will be:

" 2 e 5 0 ‘( K-1) “sgn (TK~-1 e
- - 2p08 f‘ 2 LS ) sgn(T -1) 4cosz[vb/(TK—1)“ -K?]4dK

Z,) T o Pt [ken)t - k2
(3.3)
where M = pitching moment
Z = heave force
q = pitch angular velocity
w = heave velocity
p = fluid density
w = circular frequency of oscillations
T = wV/g
v = wl/g
B = beam-length ratio
b = half hull separation distance
le_ dh 3h ) sin Vg (TK-1)2
g, " Ié [c 5t - & ar,] S0 (KE) e dg dg (3.4)
Pz\L ¢ 3h_ sin VL (TR-1)2
gt 2B 5 s ® dE dt (3.5)
J S

The prime in equation (3.3) denotes that only the intervals of

(1K-1)"* - K? 2 0 are to be included in the integration. The intervals

K, SK<K, and K, < K <K are omitted, where

1




L}

27°

Thus the integral in equation (3.3) can be decomposed in the following

forms according to the values of T :

(
[ FK) dK = 1, 1f 1=0
Kz (3.8)
® £ xR, =
- 1
[TF®) dk=< | [ +[ + [ | F(K)dKk =1, +1I,+1I, 1f 0<t<y
w0 —00 K K
R (3.9)
K, o
1
[ +[ ] F(K) aK = 1 + I, if
—00 K“

where F(K) denotes the integrand of (3.3). Numerical procedure to
evaluate the integrals in equations (3.8), (3.9) and (3.10) are described

in the subsequent chapter.

3.3 The Effects of Hull Distance on Damping

It can be easily anticipated that the damping of a catamaran is
affected by the hull separation distance as well as the forward speed due
to the interactions between the generated waves and hulls. The equation
(3.3) shows that damping is an oscillatory function of the hull distance.

For a simple case of heave damping with zero speed, the asymptotic

K = 3
= Re {—3%7— [(2T-1) + (1-471)2] (3.6)

1
[(2T+1) ¥ (1+47)?) (3.7)

\ (3.10)




behavior of the damping when b 1is large can be resadily derived.

From (3.3), the heave damping integral when 7T=0

(-1) e RN ~opp.

o 02
20w ,é_' y )

P B2 2 ) A JC
LU b ——‘—"’“ '. '_L),_L S Q2 ) r_,_A,;" ZLCco8 4VbV1l »ﬁ‘) » 1] d¥
! Y1-K
£3:11)
In order to examine the asymptotic behavicr o 3.11) for large b

consider only the oscillatory integral involving the cosine term:

~ 2 1 =y
r + 0, (K p I 2 E 1A
L = (e :::%“""(-—)—‘L cos (2vhy1-K°) dK €3, 12)
From (3.5), (Pzi + Qa*, can be shown to be an even function of K
Then (2.12) becomes:
i 2 ~ 2
frr KEg o R ‘
B, =4 _,;;L_._;ng—- cos (2vhy{i-K°} dK (3,33
) Vl—Ki
By a change of the variable, x =Vl—K5 :
2 2
®,2% +
;=2 e QZ ) cos (2vbx) dx
Vi-x2
-2 (2,2 + 9.%) cos (2Vbx)
:» e e -
V 14x ¥V 1-x
N y LcosC2Vbx)
£ 5 - 5 :
y1l=x (3.14)
where f(x) is a regular function between (0,1) By a successive

integration by parts (sce Copson [2]), it can be shown that the

leading order asymptotic behavior as b - +« will be:

L .
I; n, -m— CQS(Z\)b o= [’) (3.15)
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IV. NUMERICAL PROCEDURE

4.1 Zero Forward Speed Case

When T1=0 , K, and K, become -1 and +1 respectively. Thus

equation (3.3) is reduced to the following simple form:

H 2pwvg? 4 Rt (-1) 7
o= - = [ a % : ——-————-{4cosz[va1-K ]}
2, e P,2 +Q,%| V1K (4.1)
The integral in (4.1) is easily evaluated using the Gauss-Chebyshev
quadrature formula:
+1 m
§ 2 ap . 7 wy F(Ry) + Ey (4.2)
<3 V1%~ i=1

where K; are the roots of the mth—degree Chebyshev polynomial, so that
Ky = cos —ﬁgéilll— g 1=l .25, ,m" Wy - m/m ; and E, is an error term.

Then (4.2) is simplified to:

+1 m
f LB oL 7 F{cos —29-':)-"—} (4.3)

Pl m 4z 2m
«y V1=K d==1

Damping coefficients are non-dimensionalized by the quantity pWg/L for
heave and by pVLYgL for pitch where V 1is a displaced volume. Based on

(4.1) and (4.3), pitch and heave damping coefficients for a single and

twin hulls are calculated for the NSRDC model MODCAT. Results are plotted

in Fig.6 and Fig.7.




4.2 Nonzero Forward Speed Case

If the forward speed effects are included, not only the finite
integral but also the semi-infinite integrals should be evaluated. The
seml-infinite integrals are quite involved due to the highly oscillatory
cosine term. Consider the two cases separately according to the values
of T .

(a) 0 <7< 14

In this case, the damping integral is decomposed in three different

ranges as in (3.9). The finite integral I, can be treated in the same

manner as the zero speed case by an appropriate change of the variable of

the integration. Rewriting the finite integral:

K, ;
1, = [ () +q% B ECRD o002 (vb\(K-1)"- K] dK

: K, Vak-1)* - &°

K,
4
= f (Piz + Qiz) _LIK_.ILEM)—— . 4C082[va ('[K_.l) - Ki] — dK —
K, 12\[(K,=K) (K=K, ) qu—xﬁ)(xa—x)
(4.4)
Denoting the expression in the braces above by F,(K) ,
?3 F,(K)
I, = e (0 (4.5)
K J(K~K2)(K3-K)
2
By a linear change of the variable of integration,
x = =E— (KK,) + 1
K,K,
(4.5) reduces to:
K,-K, K,+K,
1 Fa{i( 7 ) X+ ( 2%
1, =/ ~“— dx (4.6)

i i-x

“ Jh=




where we can use Gauss-Chebyshev quadrature formula.

The semi-infinite integrals in (3.9) and (3.10) can be treated
essentially in the same way. In order to facilitate the integrals, we
manipulate in the following way:

Kl
y
a R AR (i&-1) sen(tR-1) . 4052 [ub\(TK-1)*- K?] dK

I, = ’ L
i V(k-1)* - &2
;' : dK
= [ (Piz + Qj 2) (TK“l) EEE(TK—I.) iy 2[Cos (vamm) - l]—“-—:
—oo0 T2V (K, =K) (K 5=K) (K,-K) K, -K
K, 3
= 2 " {(Piz + QiZ) (1K-1) EEE(TK‘].) 5 Cos[z\)bm __d_K___r
~oo | T2 \[(K“—K) (Ka—K) (KZ-K) \/i—l_K
KI
(1K-1)"sgn (TK-1) dK

+ 27 @2 $a9 =
w~ ' P ROEOE,® KX

2(1a ar Ib) (4.7)

where Ia denotes the first integral with an oscillatory integrand in (4.7)

and I, , the second one. Concerning only the first integral,

b

3 (TK-1) *sgn (TK-1) [Ty - 13K
L = I &.* +9.%) —=) SEMATS cos[?vb (TK-1)"- K? | p——r-
8ol T T R ) (B RN, KD VK, -k

(4.8)
Dominant contributions tc¢ the integral come from the vicinity of K; since
the oscillations get faster as )K] increases, thus cancelling out effectively.
Equation (4.8) can be written in the simple form:
K
1 F,(K)

I =[] —— dK (4.9)

R o K, -K

- 28§ ~

sk




where F,(K) denotes the expression in the braces in (4.8). Then by a
e

change of the variable, x = VKETET‘

o

I =2 [ F (K -x*) dx (4.10)
0

The semi~infinite integral is subdivided into an infinite number of finite

ones of an interval A , so that:

[¢%) o A(n+1)
Lm2 [ B = i = 2 ) 0 F,(K,~x?) dx (4.11)
0 n=¢ An

However, due to the oscillatory nature of the integrand in (4.8), we should
be very careful in choosing the size of the interval A . In order to
account for the change in period of an oscillation, the interval A is
chosen as the period of cos(2vbvz¥E:I§F:_Etj . Then the sub-integrals

in (4.11) are performed over these periods. As n increases, the contri-
bution of the sub-integral gets smaller. Thus the integration can be
performed to a desired accuracy by controlling the upper limit of n .
After the value of A is determined, the sub-integral 11 in (4.11) for

a given value of n , becomes:
b
1, = [ F,(K,=x?) dx (4.12)
i 2 1
a

where a and b are the lower and upper limits of the sub-interval.

Then by a change of the variable of integration to:

z = _2x - (atb) (4.13)

b -a

Equation (4.12) reduces to:

2
I, = L _a f Foy K, = {Z(b—a) ;La*'b) J o 2

-'J6 -




We now have an appropriate integral form for which we can use the Gauss-

Legendre quadrature formula:
1

n
[ F(z) dz % } wF(z,) (4.15)
-1 i=o

where w, are weight factors given by:

08 e Bl
w, = [ (T’[—- ~l—J dz (4.16)
et 0 R R R

j#i

and z; are the roots of the Legendre Polynomial P41 (2) . The roots

z; and the weight factors w; ftor several values of n are listed in

Table 1.

For the integral I, , the same procedure can be used as in 1

except for a different change of the variable of the integration. From

(3.9),
: dK
I, =/ F,(K) —— (4.17)
Ku \’K—K“
where
—1)%s 2 ] Rty
F,(K) = (B, + Q% (tK-1) sgn(rk-1) {4cosz[vb\[(TK-1)“~ Kz]}
T2 (K=K, (K=K,) (K=Ky)
By changing of the variable, x =\{?Tijiaj
1, = 2 [ F,(K4x?) dx (4.18)

0

Analogous to (4.11), we subdivide the semi-infinite integral into finite ones:

©  A(n+1)

T = 80 1 F, (K,+x?) dx (4.19)
ReC An

By the same change of the variable (4.13), each sub-integral in (4.19) re-

duces to:

=i oy -

TET TG el




- 1 p— i 2
B =3 / FL.{K» + [ z(b-a) ; (at+b) J dz (4.20)
=y

where the Gauss-Legendre quadrature formula (4.15) and (4.16) may be used.

(b) 1 > 1/4

When t > 1/4 , we have two integrals I, and I, similar to I,

and Ei . Briefly repeating the same procedure as in I, and I,
Ky
1, [ ro0) —E— (4.21)
o VK,- K
and
s dK ;
Ly RUEY = (4.22)
Ky \/T( - K,
where
: 3k 5 ] r————~—————1
FS([\) i (Pll + le) (TK 1) jgn(TK l) T{ACOSZ [Vb (TK_l)'O_ K2
V[ (tK-1) 2+ K] (K, K) | e
and

4 1K-1) *sgn(TK-1 [ ‘
F (K) = (p12 + Qiz) Vﬁ_fhﬁl_§§2__,__2__ t»cosz|va(TK-l)“— K2]
Ty [ (tK-1)“+ K](K—Ka)

4.24)
By changing the variables, x = YK, - K for (4.21) and x =\JK - K, for

(4.22), (4.21) and (4.22) reduce to:

[55]

I, =2 [ Fy(K,-x?) dx (4.25)
i 0
and
o]
I, = 2 [ F (K,~x?) dx (4.26

0
where we can use the Gauss-Legendre quadrature formula for each sub-integral
after dividing the semi-infinite integrals into finite ones as done for

I, and I,

- 28 =




a0 it R BB ] B N G

B Ty P e A

-0

[ Fad: 3 wF(z)

Roots (z))

1 0.57735 02691 89626

0.00000 COOKD) 00000
+0.77459 66692 41483

4 0.33998 10435 84RS6
4+ 086113 63115 94053

0.00000) 00000 KX
4 0.53846 93101 05083

+0.23861 91860 83197
+ 0.66120 93864 66265
+0.93246 95142 03152

<+ 0.14887 43389 81631
-+ 0.43339 53941 29247
4 0.67940 95682 99024
+0.86506 33066 8§8Y8S
+0.97390 65285 17172

0.00000 00K DO
40.20119 40939 97435
4 0.39415 13470 77563
40.57097 21726 08539
40.72441 77313 60170
4 0.84520 65534 10427
£0.93727 31924 00706

Weight Factors (w,)
Two-Point Formula
n=1
1.00000 00000 00000
Three-Point Formula
n=2
0.88888 §8888 88889
0.55555 55555 55556
Four-Point Formula
n=3
0.65214 51548 62546
0.34785 48451 37454
Five-point Formula
n- 4
0.56888 85888 8KEE9
0.47862 86704 99366
0.23692 68850 S6189
Six-Point Formula
n=5
0.46791 39345 72691
0.36076 15730 48139
0.17132 44923 79170
Ten-Point Formula
n 9
0.29552 42247 14753
0.26926 67193 09996
0.21908 63625 15982
0.14945 13491 5058t
0.06667 13443 08688
Fifteen-Point Formula
n=14
0.20257 2419 25561
0.19843 14853 27111
018616 10001 15562
0.16626 92058 16994
0.13957 06779 26154
0.10715 92204 67172
0.07036 60474 88108
0.03075 32419 96117

1 0.98799 25180 20485

Table 1. Roots of the Legendre Polynomials Pn+l(z) and the Weight

Factors for the Gauss-Legendre Quadrature [1]

= J0/m




4.3 The Integration of the Hull Function (Pi’Qi)

In section 3.2, (Pi'Qi) were defined as:
P L 0 2 sin
ey (Céﬁ} - &{%}) VRN gt T aRE) 48 (4.27)
Ql -L -T cos
and
p L 0 2 sin
2 =
=f 14 '%%_ KOTRD gl (ke ag (4.28)
Q, =L =T cos

where 1 =1 is for pitch and i = 2 , for heave. Since the integrals
in the braces are functions of K, T and £ , they can be easily evaluated

numerically for given values of K, T and for a given section. After the

sectional integration, integrations along the iength of the hull are performed.

If the values of Vv, T and K are given and if we let the inner integrals
in (4.27) and (4.28) be fi(g) , then:
sinag

L
=1 £,® a
Qi -L cosaf

. i =1; pitch

i = 2; heave .29

where o 1s some constant. The integral of the form (4.29) can be evaluated
using the concept nf the Filon-Trapezoidal quadrature [12]. The basic
idea is to approximate ff&) by a linear function (aiﬁ + bi) » S8ay,

between the intervals Si and €i+1 . Then (Pi’Qi) can be approximated:

] n Gim sinok
s ¥ f (a;& + b) dg (4.30)
Q =1 g, cosof
where £ = -L and €N+1 =L .

- 30 -




V. RESULTS AND DISCUSSIONS

A computer program in Fortran IV, based on the analysis of this
report, has been developed, and calculations have been performed for the
sample model (Fig. 5) for several Froude numbers using the IBM 360/370
computer at the MIT Information Processing Center.

As input data, we must supply the offsets of each section of the
hull. If there is a parallel middle body, we need to give only the offsets
of the beginning and ending sections of the parallel middle body. The
offsets of the remaining sections in the parallel middle body can be
omitted. For instance, the offsets of the stations 9 and 11 are sufficient
to take care of the parallel middle body in the sample model (Fig. 5).

The most time-consuming computer operations occur when evaluating
the semi-infinite integrals, especially due to the highly oscillatory
cosine term for twin hulls. Numerical convergence of these integrals
becomes slower as the Froude number increases.

Calculations were made for Froude numbers 0.0, 0.2, and 0.4. In
Figures 6 through 11, theoretical heave damping coefficients are compared

with Lee's experiments [6]. In Tables 3 through 5, computer outputs of

theoretical pitch damping coefficients are listed. It is to be noted in
particular that the pitch damping coefficient for Froude number 0.4 at

low frequencies becomes negative (Table 5). The negative damping in the ;

present study is not easy to explain. But if it is physically realistic,

it implies that the ship will be unstable in pitch at high speed. The

presence of negative damping was noticed for an oscillating ellipsoid




near a free surface by Newman [9] and by Gerritsma, Kerwin and Newman [5]

for the Series 60 hull forms. In the present case, where the hull geometry

is such that zero or minimal damping can occur at zero speed, one antici-

pates that negative damping may occur sooner than was observed in [5] and [9].
In both Figures and Tables, it is to be noted that when the forward

speed effects are considered there are peak values of damping coefficients

at critical frequencies; 1.25 at Fn = 0.2 and 0.625 at F 0.4

n
for which T = 1/4 . Although the qualitative agreement is good, the
theoretical predictions are seen to be somewhat lower in the higher
frequency range and higher in the lower frequency range, especially near
the critical frequencies at T = 1/4 .

In Figures 2 and 3, thin-ship and modified thin-ship results for
two-dimensional cylindrical bodies are compared with Frank's [4] and
Lee's [6] works. Correction factors in the modified thin-ship approach
may vary depending on the hull forms and the frequencies. At high
frequencies the modified thin-ship results with a correction factor of
2 give excessive damping, but in the frequency range of practical importance
this modified theory agrees better with Frank's and Lee's results than
does the pure thin-ship theory.

In Figures 12 through 14, damping coefficients are plotted against
hull distance variations for Froude numbers 0.0, 0.05 and 0.4 at a
fixed non-dimensionalized frequency 4.0. In order to investigate the
Brard parameter influence on damping as well, Froude numbers are chosen

such that T = 0.0, 0.2 and 1.6 for each case. In Figure 12 it is

verified that heave damping coefficients at zero forward speed oscillate




with a period of A/2 and the mean amplitude of oscillations decays
almost like (2vb)’1/2, which was derived in (3.5) by the asymptotic
analysis. As the hull distance and Brard parameter increase, the oscil-
latory phenomenon dies out faster. The diminished interference effects
at higher Brard numbers can be explained physically by the fact that

the waves in this case are confined to progressively smaller angles
downstream. Hence the waves will not impinge upon the opposite hulls

if the Brard number is sufficiently large. The minimum hull separation
distance at which the interaction effects cease can be predicted by

finding the generated wave angles from Fig. 1 in [8].
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Table 2.

261.

250.

240.

230.

220.

209.

198.

176.

154.

0.

154.

176.

198.

209.

220.

229.

239.

249.

259.

X(1)

Q0

00

60

00

00

00

00

00

00

00

00

00

00

00

00

80

50

50

00

EPS (1)
0.00
0.00
0.00
0.00
1.52
3.04
5.19
7.85
8.53
8.53
8.53
9.72
St 12
287
1.44
0.00
0.00
0.00

0.00

TO(T) R(I)
41.68 0.00
41.68 5.46
41.68 P16
41.68 13.38
41.68 14,27
41.68 15.19
41.68 15.36
41.68 15.36
41.68 15:36
41.68 15.36
41.68 15.36
41.68 15,29
41.68 14 .37
41.68 13.48
41.68 12.32
41.68 10.62
41.68 8.09
41.68 4.61
41.68 0.00

Offset Data for the Sample Program




Table 3.

Froude Number = 0.0

Bss

Pitch Damping Coefficient

V = Displaced Volume

6. Encountering Frequency = w at Fn=0'0

w VL7g

e

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
Fu3
6.0

6.5

Theoretical Results of the Pitch Damping Coefficients

Bss

Single Hull

0.10851E-05
SO de el P

0.64874E-04
0.17057E-03
0.10922E-03
0.25516E~02
0.96172E~02
0.17570E~-01
0.20316E-01
0.18057E-01
0.14401E-01
0.95581E-02
0.54997E-02

0.28302E-02

Bss

Twin Hullsg

0.21689E-05

TN O N P OGP M T By Gy P e L et iy

0.12846E-03
0.32428E-03
0.14321E-03
0.15228E-02
0.37951E-02
0.13984E-C1
0.35164E-01
0.19299E-01
0.33401E-02
0.14782E-01
0.56590E-02

0.13068E-02

-l




Table 4.

Froude Number = 0.2

Bss

Pitch Damping Coefficient

Dampin
pvlﬁgf

V = Displaced Volume

w = Encountering Frequency

weVL7g

1.00

1.25
1.50
2.00
2.50
3.00
3.50
4.00
4.50

5.00

Theoretical Results of the Pitch Damping Coefficients

Bss
Single Hull
0.78276E-02

0.18242E-01
0.91238E-02
0.80448E-02
0.93458E-02
0.10716E-01
0.11544E-01
0.11595E-01
0.10893E-01

0.97016E-02

- 37 =

Bss

_Twin Hulls

0.39147E-02
0.23052E-01
0.58606E-02
0.57695E-02
0.70857E-02
0.13841E-01
0.14518E-01
0.71407E-02
0.12743E-01

0.13490E-01

NN RO

e
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Table 5.

Froude Number = 0.4

Bss = Pitch Damping Coefficient

w
e

4

5.

5.

6.

6.

i

7.

_ _Dam in
OVLSSE

V = Displaced Volume

= Encountering Frequency

.000
.500
.000
.500
.000
.500
.000

.500

000
500

000
500
000

500

Theoretical Results of the Pitch Damping Coefficients

Bss
Single Hull
-0.81562E-02

-0.64218E-02
-0.12086E-02
-0.24313E-02
0.20595E-02
0.78046E-02
0.84687E-02
0.88749E-02
0.88978E-02
0.73347E-02
0.58270E-02
0.54560E-02
0.54788E-02
0.52273E-02
0.47029E-02
0.39953E-02
0.31860E-02

0.24167E-02

Bss
Twin Hulls

0.66851E-03
-0.30374E-02
0.297855-02
-0.38668E-02
-0.21786E-02
0.51413E-02
0.10173E--01
0.11627E-01
0.95881E-02
0.609C2E-02
0.46028E-02
0.54672E-02
0.63667E~02
0.60154E-02
0.49008E-02
0.37948E-02
0.29722E-02

0.23851E-02
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INPUT DATA

APPENDIX A
INPUT AND OUTPUT
!

DATA CARD 1 - FORMAT (I10, 2F10.2)

NST = The number of offset stations of the hull.

AL = Length at the waterline.

B = Half hull separation distance.

DATA CARDS 2 - FORMAT (4F10.4)

Data cards 2 consist of NST number of cards, on each of
which the values of X, EPS, TO, R should be punched according

to the above format.

X(I) = An array of the x-coordinates of the stations.
EPS(I) = An array of the half-beam at the waterline.
TO(1) = An array of the distance To- (See Fig. 5)
R(I) = An array of the radius of each section.

DATA CARD 3 - FORMAT (2110)

NFR = The number of Froude numbers to be tested.
NOM = The number of non-dimensionalized circular frequencies
to be tested.

DATA CARD(S) 4 - FORMAT (8F10.4)

FR(I) = An array of NFR number of Froude numbers.

OM(I) = An array of NOM number of the non-dimensionalized

circular frequencies.




Besides the input data cards, we must supply the roots of
the Legendre polynomials and the weight factors for the Gauss-
Legendre quadrature in order to evaluate the semi-infinite
integrals, 12, 14, I5 and 16. In the sample program, the ten-
point Gauss-Legendre quadrature formula is used. é
OUTPUT

Major outputs are pitch and heave damping coefficients of
a single and twin hulls. However, we can get various intermediate
results for checking purposes.

DP1(I) = An array of the pitch damping coefficients of a single hull.
DP2(I) = An array of the pitch damping coefficients of twin hulls.

DH1(I) = An array of the heave damping coefficients of a single hull.

DH2(I) = An array of the heave damping coefficients of twin hulls.

- B0 -




APPENDIX B

PROGRAM DESCRIPTIONS

Main Program

The main program handles input and output, calculatces various

parameters and performs six integrals in (3.8), (3.9), and (3.10)

calling subroutines PIQI and ROOT. Gauss-Chebyshev quadrature formula

is used for I, and I;. For the rest of the integrals, the subroutine
ROOT is called in order to determine the size A for the sub-integrals.

(See Section 4.2.)

Subroutine PIQI

This subroutine integrates the hull function (Pi’Qi) in (4.27)
and (4.28) for a given section first and then integrates along the
length of the hull. It gives the values of {Piz(K) + Qiz(K)} for

given values of ¥, v, and T.

Subroutine ZETIN

For given values of v, T, K and for a given section (i.e., ¢,

Ty r), this subroutine evaluates the integral,
-H

2
wWar-1)? [ n(Eg,0)e" D gy (A.1)
=T

by using Simpson's rule and returns the resulting value through the
variable Z. The y in (A.1l) is the correction factor for the cylindrical

part explained in Section 2.3. This subroutine is used for both (P,,Q;)

and (Pz ,Qz) >




Subroutine ZETINS

This subroutine evaluates the integral:
-H 2
VG (TK-1
[ BE e L) (A.2)
-~
by using Simpson's rule, which is similar to that in ZETIN. The
resulting values are returned through the variable ZS which is used

only for (P,,Q;).

Subroutine ROOT

% T AT
Thiz subroutine evaluates the zeros of cos (2vb/(TK-1)'- K*) =0 ,

from which we get a polynomial equation:

2
(1K-1)* -~ K? = (—‘2‘1)‘—1)—) L e
(A.3)

The roots of this polynomial are found by calling the IBM Scientific
Subroutine Package POLRT. The subroutine ROOT is used in evaluating

the semi-infinite integrals.
Function 58S
This function calculates the submerged area of a given section. It

is used in evaluating the displacement of the hull in the main program.

Func tion F
This function evaluates the integrand in (A.1l) for the purpose

of Simpson's rule.

Function S

This function evaluates the integrand in (A.2) for the purpose

of Simpson's rule.

T v e




INPUT
DATA
MAIN
e - - - - - .
L, I3
e o - . - - - -
I2' I5
o - v e - - - - - -J
I,, I
FUNCTION
SS
OUTPUT SUBROUTINE
ROOT
DP1, DP2
DH1, DH2
CALL POLRT
IBM
Scientific
Subroutine
Package
SUBROUTINE
PIQI
SUBROUTINE SUBROUTINE FUNCTION
ZETIN ZETINS FS, FC
FUNCTION FUNCTION
F S

S Ny T T

Fig. 15 Flow Chart
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APPENDIX C

PROGRAM LISTING




CaeeeaeoTHIS PROGFAYM COMPIT?S TEP PITCH AND RPAVE DAMPING COEPFICIENTS
CeeeesF A SINATIY AND TWIN HULITS SWATH CCNPIGURATIONS INCLUDING PORWPRD

CeeeeeSETEN FPEPCTS, NBASPD ON NEWMAN®'S THIN-SHIP THEORY.
CIMPNSTCY TA'M(10,30) ,9N0(10,30)
DY“THSTCN DHI(30),DPH2(3C),DP1(30),0P2(30)
DIYENSIGN Z(10) ,N=TT (10)
DIMYNSICN FR(1)),04(30)

c
CCMMON /GFOM/ NST,NSY,YES(40),R(40),TO(40),X (40)
COM¥NN JCNE/ PNOTR(4) ,RCCTT (4)

c
DATA L/S/, M/6/

c

Cueeva.RCOTS OF THE® 19-POINT (N=9) LEGENDRF POLYNOMTALS
Z (1) =. 148874
2(2)=.413395
7 {3) =.6794009
7(U)=.PESCE3
2 (5)=.573996

nnan

weew.WETGHT FACTORS POR THF 17-POINT GANUSS-LEGENDRE QUADRATURF
WETT (1) =. 295524
WETIT(2) =.269265
WETT(3)=.219046

WETT(U4) =.189651
RETT(5)=.C066FT71
[
po 100 1=1,5
J=T+5
Z.(3)==% (1)
WETT (J)=4dFTT (T)
100 CCLTTNUS
>
€ INPUT RETR
EAD (1,10) MST,AL,R
UATT (M, 11) NST,AL,N
-
RSB TR fol SR R ) TR ) R ) ) Rl 08 IR I S
i s R S TR & Gl ) TR 8 4 PNGCEN 1 P8 ) B R P AR
et E (g Yu) NERLKNY
ASITT (Y, 13) EET, M09
(>
READ (R 15) (F9TYaT= T, 000)
ADRTE RS 12 (FRIENE T K )
-~
READ (E.18) ((OYW(T) 7=, KCH)
ARTTE(M,19) (04(1),T=1,M0M)
10 eCcp2r- "™ (v1‘,'7"1\‘s,
¥ SCFVAT (IX, PRATA:  NSARC YONRL %OBCAT 52264/
1 ¥, 89, H* STYITTONS =%, T4/SY,
:) 1. eraT aT U S L :l’r"].ﬁ’l (-.‘t""r)l/
3 S, YEEL® GULL SEACEYNG =%, 27.2,% (PEST)///7)
12 POPVYAT (UF10.4)
13 BCOYAD (SY,YSINY, T, NK(TE Y, TN, tROSY TV, VTON, 7,
1 €07 (T7,7%,4%10,3))
g BQIRCY (LT VO
15 FOOYAT (7/5¢,%1n, O FPRCNNE NO. TN RE TESTYFD =,T3/
1 GV ,'N0, OFf NON=-TIM. CIFCULFR PRFQ. =',T3//)
16 "CNPuaAT (.1511.1‘)
17 FerutT (3510 ,0)
18 RCPRRT §UFId.4)
19 PORUAT (FF10.4)
¢
NG T=NGT=1
FT=3,141592
G2V e VT
NT=171
4“9 1-99 ulle

492=10

HAINOON
HMAINNNNO2
MAINOOO3}
M2INODO4
MAINOODS
MAINOOO6
MAINDOOT
MAINONOSB
MATINNOO9
MAINOOT0O
MAINOOD11
MAINNOD12
MAINGO13
MATNOD 14
MAINOO1S
MAINOO16A
MAINOO17
MAINOD18
MAINOO19
MATINNO20
MAINOO21
MATINDO22
MRINOO23
MAINNO2Y
MEINOO2S
MAINNO26
MATINQO27
MAINOO2A
MAINOO29
MAINOO30
MAINOOD}Y
MATNON32
MAINON1I]
MAINNO3Y
MATNOO]IS
MAINCOE
MATNON3T?
MATRONQ
MATSNNYY
MAT NI
MATN OB
MELINNCY2
MAINODOUW]
MPINOOUUY
MAINNOUS
KPTINOOUG
MAINNOW?
MAINOOQUYR
FATNNOUS
MAINNOOSD
METNONST
MAINDDS2
MPINODST
MATNONSU
MATNODSS
MATINNDSH
MAINNOS?
MATNNOSR
MMINONSH
MAINONED
MATNONKD
MATNONG2
MATHOOH]
MATNNOAY
MPINNOKS
MATHODGE
MATNNNGKT
MATNNNARA
MAINIOKD
MATNOINTO
MATNONTY
MATNOOT?2

L i e e, 350



N
-~

¢
i
1 WT1=PT/2ICRAT(MDY) HAINOO73
3 WI2=PT/PTCAT (M22) BAINOOT74
{ = MAINROO7S
[ i~ SRR SAN SRR AE AT RS A SIS GRS RS AsRt bt HAI“()O']G
c L CLLCUL?TICN 0O® THE® CEMI-HULL DISPLXCEN®NT . MAINOOT77
C - IN CHNBRIT PRET PRCHM THE GIVEN CATA . MAINOO7S8
C SRS EEE R A RSP A A ERE A C R A SRV EARE RSB AL esRA s bRt ER H’r"oo"g
DISP=1, MAINOORO
PO 150 T=1,NST HAINOOB1
J=T+1 MAINOOB2
EPS1=FPS(T) MAINOOS83
FPS2=°FPS (J) BAINOOSY
R1=R(I) MAINOOBS
R2=7 (J) MAINOOBE
TC1=TO(T) MAINOOB? ¢
TC2=T0 (J) MAINOOBS :
X1=X (1) BMAINDOBY
X2=Y (1) MRAINOO90
NELY=Y2-X1 MAIN0091
4 DELV=SS (¥YPS1,TN1,21) ¢SS (EPS2,T02,R2) MAINOO92
150 DTSP=NTSP+N LV*DFLY/2. MAINOO93
WRITE (%,2C) DISZD BAINOOSY
20 PORPMET (//5Y,*DISPLICEMENT =',F10.2," (CUPTIC FFRET)'//) BAINDJO9S
c MAINOO96
Covea iON=DTMENSTONITZTING P:CTORS POR PITCH & HFRVE(SINGLE HULL) MAINNO97
FHMON=DISFSALS®SOART (G« \L) MAINOO98
HNON=LTSPeSOPRT (G/AL) MAINOO99
€ MAINO100
pc 2)0 I=1,MPP BAINO10
V=S0AT(A* L) *P](T) MAINO102
VNOT=V/1.639 MAINO103
APTITT (%21} E2{T),V,VNOT NPINO104
21 PORMAT (s 3Y,'FRCUNE NO=Y,PS.2,U4X,'V (FT/S)=*,PF8.3, MAIND10S
1 4X, 'V (KKOT)=",F8. 3/) MAINN106
£ MAINO107
ro 250 J=1,N0M4 MAINO108
C¥ratieCvi) HAINO109
c S B S R PR Tl 1 MAINO110
JiAdR g MAINOT1T
e S gy aol. MAINN112
F1 @ sz, enTe/RAR0 MATNO11]
fTANZNVeY /0 MAINOT14
ARTI=0YGC /6 MAINO11S
€ MAINOD116
AFIT2(Y,22) CYenA,ATAN, AN, 4N, T, XLAMTA MRINO11T
22 ECEY. T (’V,'V?’ﬁ\("ﬂx-hl!.)=‘,°C.),UV,'TAU=',Fq.?,ux,'WU=',P°.ﬁ/ MAINOTIB
1 'X,'rﬂ‘ﬁk(”Aﬁ/SFC.)=',‘6.I,UY,‘I(S?C)=',F6.3, MAINO119
2 4Y, L. MDX (PT)="?,FR. 2/) MAINO120
g MAINO121
I (T, ) =TT NMAINO122
PYI(T,d) =ANY 3 MAINOI123
(5 MAINNT24
ET1=7, MAINO125
012-). MAINO126
HT1=1, MAINO127
HI?=0. MAINO128
c MAINO129
TF (RTAU.F0.0.) TTAN=1 MAINO130
IF (RTAU.C™.N..AND.BTAU.T¥.0.25) TT2U=2 MPINDI3I
T {(TRD.GT. % 25) TTAC=3 MAINO132
GG TO (32C,350,350), ITAY BMAINO13]
c MAINO134
c MAINQ13S
c SRR CERE TR AR AR AR RAT SR BRI R LR AR ARRIR KRS AR R R RPN E K MAINO136
[ * 7TR(O PORWARD SPYED CASS (TAU=7.) * MAINO137
c * HSTINA *N1=POTHT GAUSS=CHERYSHFY QUADPATHRFP ¥ MATNO138 P
24 CAAESREE B AR EEEAP EEEP NS AN RAAERAREENEEEbRttNRRR ""NO']Q
c MATNO1H0
I e TrYT MATNO T4
B Y ke 2 gy MATNOYTGY
TN (B0 (201 1=1) STY /FLOIT(2¢M01)) MAINDYUN
Pl -V e MATNODTUY |
7 nod - 56 -

ioQuction
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0

anaanNnOnNnn

a

23

400

350

IP (21.1T.0.) 7%1=0.
PEG=2.*ANU*2*SORT (2 1)

CPLL PICY (XKTI,AND,®TAU,F*Q,HPO)

+INTFIMECTATE RFSULTS CAN RE PRINTED IP DFSIRED
WRIT2(™,23) XKI,ARG,POC,HPQ

PORMAT (2F10.4,3Y,2F16.€
EPQ=-PPQ
PPQ=-HPC

PI1=PI14PP9)
PI2=PI24FFQ*2.% (COS (ARG) ¢+1.)
HIT=HT1+4F0Q
HI2=HTI2+HEQ#*2.* (COS(ARG) +1.)

CONTINUF
DE1(J)= ((PY1%WT 1) * (=2, #YN*ANU/PT) ) /PNON
DH1(J)= ((HT1#WTI1) = (=2.#aN*INU/PT)) /ANON
DP2 (J)= ((PY2*4T1) % (~IN®ANII/PI)) /PNON
CH2(J)= ((HY2%dT1) * (-=dN®PNU/PT)) /HNON

GO. TO 430

CONTINOE

eeeesRK1,RK2,EK3,RXU: ROOTS CP (TAU®K-1.) *#*U4-Ke*2=0,

500

27

RK1=0,
RK2=0.
RK3I=N.
RRU=1,

TA1=SOPT (1.-U. *3TAN)
TI2=SORT (1, e, =772 1))

TE1=2.%STM)-1.
TR2=2.¢LTAUS T,
TAL=2.%F 1A %eD
FR 3= (I2=282) £TAG
FK4= (1t 2¢122) /705

1F (TT:;U.}0.3) GC TO SCC
TA1=507T (1.=U.*PTAU)
LK1= (T 1=-121) /TAR

R¥2= (IT14TA1) /TAB
CCNTINNF

WHITE (®,27) EX1,7K2,RK:,RKyY

FCUYAT (/75X K=, FI3.€,UuX,'K2=%,R213.6,
1 UX,'K3=2,713,.F,4X,'KU=",E13.6/)
P172=0.
E212=9.
H112=C.
He12=0.

IF (T12U.F0.3) 50 TO S5C

L R PR R L R ]
* OCTANK0.25 : PINITE IKTFGSAL ERCM K2 TC K3 .

* USING ®(2-FOINT GRUSS-CH¥ZYSHEV QUADRATURE *
BEIXEEAIEANIER LR AR AEI RS04 IRRABEN0S2BR20000000000

A= (RK3-GK2) /2.
B1= (MK34FK2) /2.

EC 6J)0 J2=1,")2

XKT=COS(FLC T(2%J2-1)*E1/FLOAT (2%MQ2))
AKT=A1%XKI+P1

o B

BAINOT45
MAINO 114G
MAINOTUT
EFAINNIUE
MATND149
MRINN1S)
MAIND1ISY
MAINO152
MAINO1S3
HAINO1IS4
MATINO155
MAINO156
MAINO1S7
MAINO1S8
HAINO159
MAINO160
MATNO161
BAINO162
MAINO163
MATIND 16U
MATNO16S
MAINO166
MATNO167
MRINN168
MATNO169
MAINO1T70O
MAINO171
MAINO172
MAINO173
MAINO174
MAINO17S
MATIND176
MAINOYTT
MAINO178
MATNO179
MAINND180
MAINO131
MsTNDIR2
MATEIIA
MATHOT4
MAIND185
MATINO186
MAINO187
MAINO188
MAINO189
MAINO 190
MAINO191
MAIND192
MAINO193
MAINO19Y
MAINN19S
MAINO 1906
MAINOT97
MAINO198
MAINO1I9
MAINO020)
MAINO201
MAINO202
MAINO203
MATINO2D4%
MAINO20S
MAINO206
MAINO207
MAIND203
MAINO209
MAINO210
MAINO211
MAINO212
MAINO213
M2INO214
MAIND21S
MAINO216

TN LA A

gt




[ 4
Z1=PTAU®®Z*SQRT ( (FKYU-AK]) * (AKI-RK1))
22=(ETPUSPKI~1,) *%4
23=22-AK1%%2
IF (23.ET<0.) 23=04
Z4=COS(2.*ANU*B*SORT (Z3))
C
SGN=1.
SGNX=ETAU#AKI-1.
IF (SGNX.LT.0.) SGN=-1.
C
221=22*SCN/2
222=2214%(2.%24+2.)
C
CMPLL PICI (AKI,ANT,BTAU,PFC,HPC)
€
FIiI=FI1+PPC*221
FI12=PI2+EPQ*222
HIT=HT1+HIQ*221
HI2=HI2+HFQ*222
600 CCHTINUE
€
F112=PT1ewI2
F212=FIz*Wl2
H1I2=HI1eaT2
HzTZ=HIZ*wI2
[ 73
% 4485400020242 2 2888008852280 88¢088s8sessRNeN
€ . ITAU=2 : INTFGRATICN FRONM
C * TJTAU=3 : INTEGPATICN ELOM
€ P28 0600080830884 880000088880080008802880080000808
€
550 CCNTINUF
SrMp1I=0,
sure=C.
SLUMHI=0,
Stivq2=0,
» - \.
) TR |
1E (T 0aE0eT) CYCERKI
FO 650 ITER=1,NT,?2
[
CALL ROCT (YTER,BTAU,ANU,R)
€
IF (PPOTH (1) «LT.XYX.ANC.RCOTI(1).ED.0.) CXX=ECCTR (1)
TF (FCCTIT(2) eLTaXNYL 2N FONDTT(2) «EQ.00) CXX=KRCOTR (2)
TF (ROGIR(3).LT.(XX.AND.ROOTI(3)«EC.0.) CXX=RCCTR(3)
IF (RCCTH (4) L T.XXXoAMNCLFOOTITI(4)«EQ.0.) CXX=ROOTR (&)
c
EE=SATT (YXX=CXX)
XIN="%=32
C
Covnse INIFRYFOTITE RESUETS CPN DPE
[ WRYT® (F,30) 1TER
€ 30 FCHYAT (IX,'ITiR=Y, 1373
C SE1TT (®,31) (7COR(TI1),I11=1,4), (RCCTI(I1),T1=1,4)
C 31 BCRMAT (MY, 'i1=9,813,F,¢%X,"A2=",E13.6,5Y%,"R3=",F13.6,5X,'R4=",
C 1 F13.6,8%,%T1=9% ,213.6,5%,'12=",R13.6,5X,'13=",E13.6,5X,*1u="*,
(54 ? ©13.56/)
€ WRIT® (%,32) AA,PR,CXX
C 32 FCPYAT (PX,"AA=',<13.6,UX, FF=",E13,6,4X,°CXX=",E13.6/)
C
P11=0.
F12:=0.
KEI1=0.
H12=0,

C

Coveee 10-FOINT GLUSS=-LEGTACEF CUAR«LTORE PCR 2 GIVFN INTFRVAL

5O 730 3% ¥, 10
XKE U= (KTheZ (J3)eatert) 2.
R1-4717(J3)

~o~lighle to DDC does not
fully legibla reprocuction

*-¢ INPINITY TO K1
s-¢ INPINITY TO K3 &

PRINTEC IP DESIREC

- 58 =

MAINO217
NAINO218
BAINO219
MAINO220
BAINO221
MAINO222
MATINO223
MAINO224
MAINO225S
MAINDO226
MAINO227
MAINO228
BAINO229
MAINO230
MAINO231
MAINO232
MAINO213
MAINO234Y
MAINO235
MAINO236
MAINO237
8AINO238
MAINO239
MAINO240O
MAINO241
MRINO2U42
MAINO243
MAINO24Y
MAINO24S
MAINO2UE
MAINO24?
MAINO2US
BAINO249
MAINO250
MAINO251
MAINN252
MAINO253
MATINO254
MAINO255
MATIND2506
MATNO257
MAINN258
MAIND259
MAINO260
MAINO261
MAINOZA 2
MAINO263
MAINO26U4
MAINO265
MAINN266
MREINO267
MAINO2AAR
MAIND269
MAINO270
MAINO271
MAINO272
KAIHNNZ2T73
MAIND2T4
MAINN2TS
MEINOZ2T7H
MAINO277
MAINO27H
MAIND279
MAINO2HO
MAINO2HI
MAINO2R2
MAINO2Y Y
MAINO2AL
MAINOD?HS
MAINO2N6
NAINO277
MAINO2u3




AXI=RKI1-XKBAR®*2
IF (ITAU.FEQ.3) BRKTI=RK3-XKBAR®*2
IP (ITAU.FQ.3) GC TO 71C
Z1=ETAU®#2%5CRT((IKY-2KTI) *(RKI-AKI)* (RK2-AKI))
GO 10 72¢C
710 Z1=ITZUSSORT (((PTAU*AKI-1.) **242KI) * (RKU4U-AKI))
720 22=(FTAU*AKI-1.) **4

SGN=1.
SGNX=ETAU*AKRI-1.
IF (SGNX.LT.0.) SGN=-1.

Z3=72-4KRT1*%2
c 23 SHOUID NOT BE NEGATIVE VALUE.
C HCWFVER, NUMERTCAL ERRCF MAY GIVE VERY SMALL *-% VALUE.
EF (Z3.ET.0.) Z3=9.
ZU4=COS (2.*ANTI*B*SQRT (23))
2Z1=72¢SGMN/2Z1
222=221% (2.%24+2.)

CALL PICI (AKI,AN",ETAU,PPQ,HPC)

PIV=PIT+XIN*WI*PPQ*7Z2Z1

FI2=PI24XIN*NI*PP)*7Z2

HIT=HIT+XIN*WI*HFQ*721

HI2=HI2+XIN®WI*HP)*222
700 CCNTINUE

SUMPI=SURFEI1+FT
SUNP2=SUME2+PT2
SUMHI=SU*ET+HI
SUMH2=SUMH2+HI2

EFOKP=PES(PI1/5UMPY)
EFORH=AES (HT 1/S0MHT)

4RITT (%,33) PT1,S57401,ERORP,P12,S1%E2
tisveoFRTE YIETATE usSUYPTS C€IN TE ERTITEL FE DESEECE
I3 ECEMAT (TN, 00T V=Y, 01,6, 0%, 0500 1=, L 1), ,UY, EROEP=Y,510.3,
¢ 1 4X, VT2, S0 6, 4Y, 9517220, 513, 0y))
C 4RITS (¥,34) HI1,SM451,ERORH,112,SNFH2
C 34 FGRMMT (EX,°HIN=',E13.6,4X,*SU%E1=",£13.6,4X, ' FRORE=",F10.3,
c
¢

ST

1 UX,*HI2=*,E13.6,4X, SUMH2=",E13.6/)

AA=RA
IF (EROFEF.LT.10.F-05.ANI.ERORH.LT.10.E-05) GC TO 800
650 CCNTINUE
800 CCNTINUE
C
P111=-50mP1
P2I1=SUNMF2
H1T1=SO®EF1
HZI1=5U%H2

I R R R R A R N R R R R R A A R R A A R R P R R R R R R

. TAUD0. : INTECRATICN PROM K4 TO INPINITY *
SEFEAFEFIIIRESREEREEN 04SSP FEILIRISRERSARERES

naoan

soMp1=0.
sumr2=C.
SumMH1=0,
5UMH2=0.
AA=0,

DC 850 [1FR=1,NT,2

Ch11 RCCT (ITER,“TMU,ANU,F)

TE (4COTR (1) .GT.PXU ANCLHCOTI() «ECeQ.) CYXY=RCOTR(1)
IF (FCCTE(2)«GlaWK4.ANDLRCOTT (2)oFCaCe) CXX=FOOTR (2)

IF (ROCTR (3) GlaFXUoANCLFCOTT(3).FCa0.) CXXY=RCOTF (3)
TF (RCOTE(4) «GT.RKULINTLROOTI(U) oFC.Ce) CXX=RCOTR (4)
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BMAINO289
HAINO290
MAINO291
BAINO292
MAINO293
MAINO294
BAINO295
MAINO296
MAINO297
MAINO298B
MAINO299
MAINO300
MAIND30)
MAINO302
EAINO303
MAINOIOY
MAINO305
MAINO306
MAINOIO7
BAINO3GOS
RAINO309
BAINOJ10O
MAINO3T1Y
MAINOIT12
RAINO3T]
BAINO3Y
MAINO31S
BAINO316
MAIND317
MAINO3IB
BAINO3TY
BAINO 32D
MAINO321
MAINO]322
MAINOI23
MAL%O 324
MATNO12S
FLINDI2Y
MAINN32T
BAINO 324
MATNOD 329
RAINO330
MAINO33
TAINN332
MAINO333
MAINO334
MAINO335
MAINO336
MAINO337
MAINO338
MAINO339
MAINO34LO
NAINO 341
MAINO342
MAINO343
MAINO3UUY
MAINO3US
FAINO UG
MATNO3UW)
MAINO3UN
MAINO3UY
MAINOISD
MAINDISY
MAINO N2
MAINO IS
MAINOISU
NAINO1SS
MAINOISE
MAINOIST
MAINO3ISH
MAINO3S9
MAINO3AD

PRI

R LS R




g

J0°Y AVAILABLE TO 00G DOES N7
v " LY LEGIBLE FBBUUGTIUN

c MAINO361
BE=SORT (CXX-RK4) MAINO362
XIN=RE-AA MAINO36]
c MAINO36Y
Ceeeso INTERMELI?TP RPSULTS CAN BE PRINTED IP DESIRETD MAINO36S
c WEIT? (®,40) ITER KAINO 366
C 40 FCRMIT (3X,'ITZR=',I3)) MAINO367
c WRITEZ (M,41) (ROOTR(TY2),12=1,4), (RCCTI(12),12=1,4) MAINO368
C 41 FCRMAT (8X,'K1=',213.6,%X,"R2=',E13.6,5X,"R3=*,B13.6,5X, "Ru=", MAINO369
c 1 FE13.6,BX,'I1=',E13.6,%X,'12=*,B13.6,5X,'I3=",E13.6,5X, 'I4=", MAINO370
c 2 E13.6/) MAINO371 5
c WEYTZ (M,42) AA,3B,CXX MAINO372 f
C 42 FCRMAT (8X,'AA=',B13.6,4X,*EF=',E13.6,4X,*CXX=",E13.6/) BAINO373
c RAINO374
PI1=0. MAINO375
F12=0. MAINO376
AT1=0. ) MRINO37Y
HI2=0. MAINO378
c MAINO379
Cuevweasl0-POINT GAUSS-LSGFNCRF CUALCRATURE PCR R GIVEN INTERV2L MAINO3BO
£Lc 90C Ju=1,10 MAINO381
XKEPR= (XIN®7 (J4) ¢AA#ER) /2. MAINO3R2 1
WI=WPIT(JY) MAINO3B3
AKT=3KUsXKBARS®SD MAINOIRY
1F (I1AL.FQ.?) GO TO 91C MAINO3BS
Z1=97AU**2¢5Cu T ((AKI-RF1) % (AKI-FK2)* (AKI-RK3)) M2INO 386
GC TO 920 MAINO3AT
910 Z1=RBTAU*SCRT (((BTAN®AKI-1.) *#24AKI)* (AKI-RK3)) MAINO338
92C 2Z=(ITrU*RKI-1.) **4 MAIND3R9
c MAINO390
SGN=1. MAINO391
SGNY=FTAU*AKI- 1, MAINO392
IP (SGNX.LT.0.) SGN=-1. MAINO393
c MAINO394
23=722-AKI#+2 MAINO39S
IF (23.11.0.) 23=0, MAIND 196
ZU=COS (Z.%\%N*3*«3ORT (23)) MATHO397
221=72885%221 M/ TNO1398
"‘AV;"’.(‘.“‘IAQ).) FRETNNIO
€ MATEOQUND
GALL BIET (FHI 3B, TAULFEC DY) KAINDYGN
c MAINOUO?
EIN=PI14XINCAI*PEQ*T2Z MAINOUWO]
FI2=CI24¢XIN*WI*PP)*722 MATNO4OY
HIV=HT14XTU®al®qpo*"21 MAINNUOS
HI2={I24XIN®*WTSHEC®772 MAINOLOG
9CC CCHNTINUE M2INOWO?
¢ MAINOUOR
SUMP1=SUFP1+PT1 MAINOUO9
SUMP2=SUMF24FT12 MAINOU10
SYYI=GT v+ MATNOU11
SUMIHc=SUPH2¢HT 2 MRINOUW12
c MAINOU1]
ERORP=AES (PI1/502D1) EAINOUIG
FRORH=ARS (HI1/5U%H 1) MAINOUIS
c MAINOUI1G
Ceeeas INTEFMELT/TE RESULTS CAN RBE PRINTED IP DESIREC MAINOG17
c REIT? (*,50) PI1,SUME1,FRCRP,PI2,SUME2 MAINOU1B
C S50 FCRM.T (€X,'FT1=',°13.6,4X,°'SUMP1=*,F13.6,4X,*ERORP=",E10.3, MAINOU19
c 1 UX,*PT2=",%13.F 04X, 'SUMP2=",313.6/) MAINOU20
‘ c WETTR (P,51) HI1,SUMH1,EFORH,HI2,SUME2 MAINOUG21
| C 51 FCRYAT (HhX,'HI1=',FE13.6,4X,"SUMH1=*,713,.6,4X, ERORH=",E10.3, NAINOW22 !
t c 1 X, HI2=","13.€,4%, "SUMH2=",t13.6)) MLINOGZ) 4
| c MAINOU2U %
AR3F® MATNOU2G
i TP (FROBE.LT.10.7~05,ANL. ¥RORH.LT.10.E-05) GC TC 950 MATNOUZ6
ASO COHNTTHU® MPINOW2Y i
950 CCNTINIE MAINOU Y
c MAINOG2O i .
F1T1=50%p1 MAINON YO 1
pPz13-snrep2 MAINOU .
| HIT =501 MATNOG Y
i \
|




B2I3=SUMR2

c
CP1(J)= ((P1I14P1I24P1I3) % (-2.*WN®ANU/PI)) /PNON
DH1(J)=((H1I1+i1T2¢H1I2) % (~2.*WN*ANU/PI))/HNCN
DE2 (J)=((F2I14P212+P213)* (~4N*ANU/FI)) /PNCN
DH2 (J)= ( (M2T 14({2T2+H2I3) * (~WN*ANU/PI)) /HNON
c
410 CCNTINUE
250 CCNTINUE
®RITE (%,%2) (OM(J),DE1(J),CP2(J),CHI(J),DH2(J),I=1,NON)
52 FCRM:T (///5X,°CMSGA®,1CX,*DP1*,13X,*DP2%,13X,*CH1' ,13X, 'DH2"//
1 (SX,PS.3,1X,4E16.5))
200 CCNTINUE
, s10P
; END
|
r
SURPNUTINE PIOT (AK,RNC,1AU, FPQ,HPQ)
ci-;f\ /GEGY/ NST,NST,%FS(LC),R(U0),TC(40),X (u0)
E1=0.
£2:0.
c1=0.
¢2=0.
c

CC 1 I=1,AST

J=T1+1

EESI=EPS ()

EES2=EPS (J)

f1=R(1)

RZ=R (J)

T1C1=TC (1)

T1C2=T0 (J)

HH1=SCHT (F1*e2-Yp518987)
HH2=SCRT1 (P2¢e2-1PS524942)
H1=TO1-1nn1

H2=TO2-HH42

X1=X(T)

X2=X (J)

CELX=X2-X1

CL=%NU* (TAU*AK=-1,) **2
CIC=CC*LC[

ENUK=ENUSPK

X 1=PNUKeX1
XX2=0ONUK®X2

CALL ZFTIN (DD,RFS1,TC1,F51,21)
CALL ?ETIN (CD,FPS2,1C2,52,22)

C..eeeNSI IS THE NO. OF THE IMTEGRATICN INTERVAL (NSI=NST-1)

CALL 281ILS (PD,FPS1,TC1,P1,H1,251)
CMLL ZETINS (DD, PS2,T0z,R2,H2,2S2)

BAINO43]
MAIKOU434
EATNO43S
MAINOU3G
MAINOU43T
MAINO438
MAINO439
MAINO4UO
MAINO4G
HAINOUU2
MAINOUU3
BAINOU4LY
MAINOUYS
BAINOUUS
MAINOUYT

PIQIO0001
PIOIN002
PIQI0003
PIOTIN004
PIQIOONS
PIQI0006
PIQICUO7
PIQIOVLOB
PIQI00N09
PIQIO0010
PIQIO0011
PIQI0012
PIQI0013
PIQIOC1U4
PIQI001S
PIQI0016
PIQYI0017
PIQIVO1Y
PIQI0019
PIQI0020
PIQI0021
PIQI0022
PIQI0023
PIQION2u4
PIDI0025
PIQIND26
PIQI0027
PIQI0028
PIQI0029
PIQTNAQ]1N
PIQI0031
PIQIO032
PIQI0033
PIQI0034
PIQI003S
PIQI0036




C

Wi 1=-H1e[D
WW2=-H2*LD

IF (¥W1.17T.-50.) EP1=0.
JF (WN1.1T.-59.) GO TC 10
EE1=5XP (uhw1)

10 IF (4W2.1T.-50.) EP2=C.
1P (4W2.1T7.-57.) GO TQ 20
EF2=FKP (KW2)

20 CCNTINUE

FH1=FES1*FP1-21
PH2=EPS2%EP2-22

FFA1=251
FEA2=252

AA1=((-WW1+1,)/DCD) *EEV1- (1. /LCC)
AP2=((-wwz+1.) /DDD)*EPZ~ (1./DDL)
FEBI=EPST1*AAl
FEE2=EPSz%2P2

FIC1=X1#%FB1
FRPC2=X2%FF2

AEAI=(FEA2~FFA1) /DELX
AEBI=(FPEZ2~-FPE1) /DELX
AECYI=(PEC2~FEC1) /DELX

BERT=FEAV-APAI*X1
BERI=FPE1-APLI*X1
FECI=FPCI1-2PCT*X1

1F (BNUXK.FQ.0.) GO TC SC

FEST=(FC(XX2)=PC (XX1))/ENUK
FRECI=(FS (KX2) =73 (YN1)) 2FNUK

BSS5 157N (YY) =515 (1)
FCCT=COS (XU1) =CN8 (XX 2)

FES2= (FS(XX2)-FS (XX1)) /ENUK*#2
FEC2= (FC (XX2)-FC (XX 1)) /ENUK®*2

P

s

€S2=(C0S {XX1)=COS (XX2))/BNUK
ccz

F ={
F = (SIN(XX2)-SIN(XX1)) /LNUK

AHI= (FEH2-FH1) /CELX
DET=PH1-AHT*¥1

EE1=~((AF?T*2PPI)*PPS 14 (FPAI+BPPI)*PSS51)
1 ~(APCI*27S2+3PCI*FSE2)

CC1= (ITIT420FI)*=PPC e (EPLI+EPEY) *PCC

1 ~(AFCI®PFC2442CT*PCC2)
FE2=NH1#FES24P1HI%FS52
CC2=AHTS®FPEC2+FHI*PCC2

P1=P1+PF
C1=C1+0C
E2=P2+FE2
C2=02+CC2

GC 10 1
50 CCNTINUE

CesoossCASE FUR FHUK=0,

C

E1=F2=0.
C1=01-(FPCI+PPC2)*NEI X 2.
Cz=Q24 (F1+°112) *DELX 2,

7 CCNTINUE

C , 7 available to DDC does not - 62 =
r:mit fully legible reproduction

o

PIQI0037
PIQINO038
PIQIOI39
PIQIOJ4O
PIQIO04
PIQIOO42
PIQIOO43
PIQINOUY
PIQIONO4S
PIQIOO0U6
PIQIOO4?
PIQIOOUS8
PIQIO0049
PIQI0050
PIQIO0GS1
PIQIDOS2
PIQIONO0S3
PIQIOOSY
PIQIOCSS
PIQI0NS6
PIQI0057
PIQI00S58
PIQIO0S9
PIQIJO060
PIQIO0061
PIQI0062
PIQI0N63
PIQIO0064
PIQX0065
PIQI0066
PIQI0067
PIQINO6KB
PIQIO06Y
P1QI0J70
PIQIOCT71
PIQI0072
PIQI00?)
PIQINNTU
P1OYOCTS
PIQINGT 6
PIJI0077
PIOTIO0078
PIQI0079
PIQI0080
PIQI0031
PIOINOAR2
PIQIO0O0R3
PIQIOOAY
PIQIODBS
PIQIO00OA6
PIOI0037
PIQI008H
PIQTO0089
PIQI0090
PIODICCY1
PICQTI0092
PIQTIN093
PIQINO9Y
PIQIONO3S
PIQIDOYS
PIQTOCY97
PIOI0098
PIQIONNY9
PI010100
PIQTI0101
PIQIO102
PIQI0103
PIQIO 104
PIQION10S
PIQIDI0G
PIQIC107
PIQIO0108

R B N e




c
PEQ=P 148240 1%4%2
HEQ=F2%%24Q2%%?
c
RETURN
END
SOUFBOUTINE ZETIN(DD,PPS,T,R,2)
k IF(R.EQ.0.) 2=0.
IF(R.EC.C.) FETURN
I NGR=10
[ CIV=2.%PICAT (NOY)
A=EPS/R
f GAMMA=2.
‘ AIPA=PSIN(2)
- E=R*COS (ALPA)
TA=F-T
TE=-T-R

Ce-e. F,T AF¥ FCSITIVE ( THE RRDIGUS AND DEPTH TO THE AXIS)
H= (TA-TF) /DIV
X=TB
2=0.
IC 1 I=1,N0N
XH=X+H
YHH=X42. o8
2=741/3.% (F (DD, T,R,X) +4.%F (CC,T, R, XH) +F (DO, T, R, XHH) )
1 X=X42.%H
2=GAYM#79DD
RETURN
EAD

R

SUPRONTINE ZFTINS (DD,FES,TO,R,H,2S)
€ CL=NJ®(TA*K=1) o)

IE (RaFCels) 7520s

1P (R.tC.C.) RETURN

k=10

CIV=2.*FICAT (N)

T=T0+F

F= (T-H) /CIV
Ceoceoe?F? IS THE SFICINS OF THF INTEGRMATICN

=-1

25=0.

EC 1 I=1,N

XE=X+F

: XER=X4+2.4F

; 35;23’2;3.-(s(nn,ro,n.x;ou.¢5(cr.rn.n,xe)os(co.ro,a,xzt))
= ‘ . 9

FETURN
EMD

PIQIO109
PIQIOT10
PIQIC111
PIQIO112
FIQIO0113
PIQIO0114

ZETNOOO?
ZETNO0O2
ZETNOOO3
ZETNOOOUY
ZETNOOOS
ZETNOOO6
ZETNOOO?7
ZETNOOOS
ZETNOJO9
ZETNOO10
ZETNOO1
ZETNOO12
ZETNOO13
ZETNOO14
ZPTNDJO15S
ZETNOOQ16
ZETNOO17
ZETNOO18
ZFTNOD19
ZETNOO2C
ZETNO0O21
ZETN0022
ZETNOO23

ZTNS00N1
ZTNSN002
ZTNS0003
ZTNSO0004
ZTNSO005
2ZTNS00D6
ZTINS0007
ZTNSO0COB
Z1NS0009
ZTNSCO010
ZTNSCD11
ZINS0012
2ZTNS0013]
ZTNSOO 14
ZTNSO0C1S
ZTNS0016
ZTNS0017
ZTNS0018
2TNS0019
ZTNS0020




SURROUTINE RCOT (ITER,TAU,ANU,YDIS) ROOTO0001
DIMENSIGN XCOZ(5),COF (%) BRODT0002
CCMMON/CNE/ROCTR (4) ,RCCTI (4) ROOT0003
nr=u RGNTO004
PI=3.14159 ROOTO0005
XET=FI*FLCAT (TTER) ROOTON06
A=~4.,TAC ROOTO0007
I E=6./TrU**2-1,/TLrN**4 BOOTO0008
| C=~U.,TAU%*3 ROOTO009
i CL=XPI/(2.*ANUSYLCIS) ROOT0010
i L= (1.~DD4CD) /TAU**Y ROOTO0011
| XCOF(1)=C BOOTO0012
| XCOF (2) =C BROOTN013
i XCOF (3) =E ROOTO0014
i XCOF (4)=A ROOT0015
| XCOF (5)=1. ROOT0016
k CALL PCLRT (XCOF,COP,”¥,ECOTR,ROCTI,IER) BOOT0017
. FETURN ROOT0018
END BOOTO0019
;
2
FUECTICN E(D,T,R, V) PNC10091 ?
=T ENC10002
R FNC1)1703
Fr=nep-ap FNC10004
EF=r3S(FF) FNC10005
E=SORT (EE) PNC10006
E1=Dex FNC10007
A2==A1 PNC10008
IF (A2.6T.%0.) P=0. ENC10009
IF(»2.GT.50.) RETURN PNC10010
F=B*ZAP (A1) FNC10011
FRTURN FNC10012
END PNC10013
FUNCTICN S(CC,TC,R,ZFTR) FNC 10014
A=ZETA+IC FPNC10015
ARG=AES (R¥R=-A%A) PNC10016
Ceveeea® ' IS L5SS THAN OR ECAI TO *A', BUT DUE TO THE SLIGHT PNC10017
Ceueeo NUMETICAL FPRCR, R*R-A®A SOMFTIMPS GIVES '-* VALUES, THUS ENC10018
CewesasTPKING THE ADS(%*R-A®A) IS PREPEERRED. PNC10019
H=SORT (ARG) FNC10020
AM=CD*ZE1} PNC10021
[ PNC10022
IF (?3.17.-50.) S=0. FNC10023
IF (AA.LT.-5C.) RETURN FNC10024
c PNC 10025
S=H*ZFTASEXP (AR) FNC10026 {
FETURN FNC10027
END FPNC10028 \




PUNCTICN FS(X)
A=SIN(X)
E=X*COS (X)

BS=A-%

FETURN

END

FUNCTICN FC(X)
A=COS (X)
B=X*STN (X)

FC=A+R

FETURN

END

FUNCTICN SS(EPS,TO,RC)
P1=3.1415926
IF(RO.EC.C.) S5=0.
TF(BO.FC.0.) RPTOURN
ALPA=ASIN (EPS5/RQ)
B=RO*COS (2LP?)
BE=B/2.

A1=2.%EPS* (TC-FF)
A2=RO**24 (PI-ALPA)
SS=A1+02

FETURN

END

FUNCTTCN PSIN(X)
A=SQRT (1.-X*X)
E=X/2

ASIN=ATAN (B)
RETURN

END

PNC20001
FNC20002
FNC20003
PRC20004
FNC20005
FRC20006
FNC20007
FNC20008
ENC20009
FNC20010
PRC20011
FNC20012
FNC20C13
FNC20014
FNC20015
PNC20016
FNC20017
PNC20018
PNC20019
FNC20020
ENC20021
PNC20022
FNC20023
FNC20024
PNC20025
FNC20026
FNC20027
FNC20028
FNC20029
PNC20030
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