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ABSTRACT

The problem of rapidly computing trajectories of spacecrafts from
their initial conditions has become very important. Classical methods
rely almost exclusively on precise integration techniques, but results
thus obtained are too slow over extended arcs, even on high-speed com-
puters. Moreover, great accuracy is often unnecessary. Here we pre-
sent a new method of computing approximate ephemerides of a small body
(minor planet or artificial satellite). This method is 10 to 15 times
faster than the well-known methods of Encke or Cowell. The errors are
small (e.g., of the order of one part in a thousand) and the results con-
verge to the N-body point-mass solution for small time steps. It is also
possible to account for non-point-mass effects; this, however, has not

yet been implemented.
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A FAST METHOD OF ORBIT COMPUTATION

by
K. Stumpff* and E. H. Weiss**
Goddavd Space Flight Center

INTRODUCTION

The new method of computing perturbations described below has been developed in response
to a need for a means of quickly approximating a spacecraft ephemeris. In particular, a guick
computation of the orbit of Explorer 33 (described in Example 3 of "Results'') was required. The
results need not be exact; small errors, of the order of one part in a thousand, are permitted.
The special perturbation method yields:

a. The fast exact solution, or an even faster approximation, to the N-body
point-mass problem.,

b. Fast approximations to many non-point-mass problems.

The exact solution to the non-point-mass problem can be obtained by numerical integration. This
solution, however, has not yet been implemented.

Reference 1 describes a forerunner of the present technique, used as early as 1942 to com-
pute heliocentric orbits of minor planets under the influence of Jupiter and other major planets.
The proof in this report is shorter, more direct, and more convenient for modern applications
than its earlier counterpart. Both methods are variants of the well known Encke special pertur-
bation technique. Encke's perturbations are defined as the deviations of the planet's coordinates
from those of an osculating Kepler ellipse and are of the order h?, where h = t - t, is the inter-
mediate time beyond t,, the epoch of osculation. The present technique (as in Reference 1) com-
bines several Keplerian orbits to form an intermediate orbit that includes essential parts of
Encke's perturbations. The deviations of the actual from the intermediate orbit are termed "'rest
perturbations." They are of the order h* and therefore very small for small h., Encke's per-
turbations and Stumpff's rest perturbations cannot be solved in closed form; they are solved by
classical numerical integration.

*Prof. Emeritus, Univ. of Goettingen and Senior Post-Doctoral Resident Research Associate, U. S. National Academy of Science-
National Research Council.

**Advisory Mathematician IBM Federal Systems Division, P. O. Box 67, Greenbelt, Maryland.



NOTATION AND EQUATIONS

The results about to be derived are valid for N point-mass bodies, For simplicity the formu-
las are given for the 4-body case (e.g., earth, moon, sun and spacecraft), but the proof is readily
extended to N bodies. The formulas exhibit remarkable symmetry.

Let each of the subscripts i, j, k, and 1 assume the value 0, 1, 2, or 3 with the proviso that dif-
ferent subscripts be distinct. Denote the four bodies by Q, and their masses by m, . The vectors
from Q, to Q, are q,,, and their magnitudes are r,; = la;, |. Without loss of generality, we can
use canonical units; then the Gaussian constant equals unity. Assume that the bodies act as point
masses. Then the vectors qQ,; satisfy the differential equations

. _ -3 -3 -3 -3
Gy =~y +m) a;r 7 em (AT ™ F GG Ty N CITE TR L TR ETRRO S (1)

The 12 combinations i, j from 0, 1, 2, 3, contain only three linearly independent vectors q; (for
instance a4, a;,, 4,3 ), as there exist six identities q,; = -q,;, and three independent equations

of the form
Qj; + 9 +Q; =0

Here and elsewhere, q,; (0)= q;;(t,) refers to the time t; q,, = q,;(t) refers to the time
t=t, +h, A special solution of Equation 1 is determined by the initial values

q;;(0) and q;; (0). (2)

Use square brackets to denote Keplerian orbits that osculate q;; at t= t,., Then
lg;,(0)] =a,;(0) [C’Iij 0] =49, (3)

are the conditions of osculation.

The osculating Keplerian orbits satisfy the differential equations

]—3

[@;;) =-(m; +m;) lq;;] [ry , . (4)

where
r;;1= | la;;] .

Equation 4 can be applied to any combination of two different subscripts i, i, k, and 1. Now

define the vectors s, (=-s;;,) by

si; = la) ey 170 ~q e, 70 (5)

ij 1]




Substituting Equation 5 in Equation 4 and rearranging, one obtains

1 ..
-3 _
Tt T i, (a0 4545 (6)

Using Equation 6 to eliminate all expressions of this form from the right side of Equation 1 gives:

m
.. . k . my . m w
Oy = la] ¢ ——— 14, + (a,,)] +—— I[4;,]
H H m, +my 4, m, +mj ki m; +m, 4
+m1 e [q”] +(m; +mj) S tmy (s + Skj) +m, (s, +s”).
)
This can be written
G5 = Lagd + 8 v Ry (72)
where
— qd + Ayl + g+ qQ,; b
H m, +my * myo+m, ! i 1 L ]
Rij=(mamy)s;yem (S5 +8) +m (s, +5,;). (7c)

The first and second integrals of [q;;] and §i,. can be obtained from the well known properties of
Keplerian conic sections. See Reference 2, or Chapter V of Reference 3. The integration of iiij,
however, can be effected only by numerical methods. The first and second integrals of Equation
Ta are

a,, =1d,1+8 +R, +a

ij ij ij ij?’

(8)

q;; = la; )} +8,; + Ry +a;;h+b,

ij 1) 1] ij”

To determine the constant vectors a,; and b,,, evaluate Equation 8 at t,, from which, by
Equation 3,

$,,(0) +R,,(0) +a,; =0,
§,;(0) +R,,;(0) +b,, =0.

Without loss of generality, kij (0)and R;; (0) can be equated to zero, since non-zero values can be
absorbed by a,;, and b;;. Thus

a,;, = 5,,(0),b,;=-8;;(0. (9)



Substituting Equation 9 in Equation 8 gives

dii = [q,,] +15ij +Rij
(10)
a;; = la;;1 +P;; + Ry,
where
P,y =8, -8;;(0), P,, =8, ~h S,;(0) -S,, (0). (11)

P, is termed the approximate perturbation, and R, the rest perturbation. Equation 5 shows
that s;; (0) = 0, whence R;;(0) = 0 in view of Equation 7c. Similarly'iii’. (0) = 0, as can be seen by
differentiation, and hence R, is of the order h*. For sufficiently small values of h, R i and R,

in Equation 10 can be ignored, if desired. The resulting approximations are

aj; = la,;1 +P,;,
(12)
QI’j = [ay;] +P
Exact results are given by the formulas
(:'lis' - qij +Ru
(13)

where ¢;; and q;; are obtained by Equation 12, and R,; and R;; are the first and second inte-

grals of iiij , defined by Equation 7c.

USAGE

There are three different ways to compute (accurately or approximately) the ephemerides of
celestial bodies by the set of formulas just given. For computational simplicity, one of the four
bodies is placed at the center of the coordinate system. This body is denoted by Q_ and is called
the central body, Let r be a dummy subscript that can assume the values 0, 1, 2, or 3 as long as
c # r. Then the initial conditions are given by the known values q_ (0) and q__(0), and our prob-
lem is to find q_, and q.,. By vector addition any other vector between the four bodies can be

determined since

where



Method A

Method A, described in Reference 1, is a variant of Encke's method of computing special per-
turbations. This method is especially effective when the numerical integration uses difference
tables; this mode of integration was especially popular before the advent of high-speed computers.

Compute the six osculating Keplerian orbits [qij] and their velocity vectors [c';ij] at t = ty+nh
(n=1,2,..,N), where h is a conveniently chosen constant step length. Then compute S_,(t) and
écr(t), the two-body solutions of Equation 7b satisfying the initial conditions given by Equation 3,
Compute 'Pcr(t) and 15“(t) by Equation 11, and obtain the coordinates of the intermediary orbits
ql, (t)and d:r(t) by Equation 12. The rest perturbation R__(t) can be obtained by integrating
Equation 7c twice, using the classical method of numerical integration by differences, with R(0) =
R (0) = 0 as initial conditions. The start of the integrating scheme of differences can be achieved
without iteration: Calculate s () from

si; = la;;) v, 17% —qf, r7, -3 (14)

1) 1) 1) 1}

*

instead of Equation 5 for small nh, Since s . - s

. ;; is of order h* it follows from Equation 7c
that the error of Rij is also of order h* Therefore the error in R;; is of order h® and can be
neglected for small intermediate times. This is a remarkable advantage over Encke's method,

where iterations at the start cannot be avoided.

Method A is effective if (1) none of the bodies closely approach any other body, (2) the mag-
nitudes of R remain substantially smaller than the magnitudes of the complete perturbations, P+R.
Thus the calculations are restricted to relatively small time intervals.

Method B

Let h, = t, - t, be a small step length, for which R(t,) is very small. Compute
q.. (t)xal, (5, écr (t)= di, (t,) by Method A, neglecting the rest terms. Use these approx-
imations of q¢:,) and él(tl) as new initial conditions, and compute q(t,), d(tQ) at t,=¢, +h,
again neglecting the rest terms, etc. The results will be accurate as long as the neglected rest
terms do not accumulate beyond a specified tolerance. Thus Method B, which is simple and effi-
cient, can be used to approximate orbits when great accuracy is not needed.

Method C

Use Method B to compute q, (t, + 4hy) as well as q!, (t, +nh,) for n =1, 2, 3, 4, Then,

using s;; defined by Equation 14 instead of s;; , compute iicr (ty, + nhy) by Equation7c, and obtain

j
R(t, + 4hy) and R(t, +4h,) by integration. For example, Stirling's five-point formula with
R (0)= 0, and with the initial conditions R(t,) = R (to)= 0, yields



R(t, + 4hy) = 4—; [64R(t, + hy) + 24R(t, + 2hy) + 64R(ty + 3hy) + 14R(t, + 4hy)]

(15)

2

h . . .
R(t, +4h,) = —4% [192R(t, + hy) + 48R(t, + 2h,) + 64R(t, + 3hy)].

Then use Equation 13 to obtain q(t,)=q*(t,) +R(t,), a(t;) = a*(ty) +R(t,) at t;= ty+ 4h,,

With these vectors as new initial conditions proceed to t, = t, + 4h,, t, = t, + 4h,, etc.

This method delivers accurate ephemerides for an extended range of time as long as the step
lengths h_are sufficiently small, though they may be noticeably larger than those used in Method
B. If the h surpass a certain limit, errors will occur because:

1. The supposition s= s* is no longer valid. This may be cancelled by iteration, if desired.

2, Integration Equations 15 use interpolating polynomials of the fourth degree. The formulas
lose accuracy for large h, but this error can be avoided by the use of integration formu-

las of a higher degree.

The relative smallness of the rest perturbations permits the use of rather large time steps.
Proper time-step control significantly reduces the computing time; considerable effort was spent
in selecting the "best'" time-step. The four time-step criteria given below were specialized to the

following bodies and units:

1.Q, : spacecraft
Q; : earth
Q, : moon
Q; : sun

2, Length is measured in earth radii, time in canonical units of 806.813645 seconds, and the
mass of the earth is taken as unity. The four time-step criteria are:

a. h is constant. This is best avoided unless the orbit is nearly circular.

b. h = (K/Q)'* where K is an input parameter, and Q (a theoretical overestimate of the

rest perturbations) is given by

My 1 1 m, 1 1 Mg /M, my

Q= )t (S S S S o)

2 2 \r r 3
Tyo Fao \ 10 20 T2 Vrio Too 13 Mo Tio

3. h = (A+Wy/B, where W=Min (r,, , Cr,,), and A, B, C are input parameters.

4, h = (V2)(ID/V*R ] + 1) h,,, » where D is an input parameter, and

new
V4R,o =Ry (to + 4h) 4R o (tg +3h) + 6R o (t, + 2h) - 4R, (t4 + h).
Large changes in step size are avoided by the condition 0.5h_,, <h__ <3.5h_,.




The following section gives numerical examples. In Tables 3, 4, and 5, the column headed
"time-step criterion” contains either: the fixed value of h; or K; or A, B, C; or D. In general, best
results are obtained with the A, B, C, or D criteria.

Test results were computed not only with large step sizes but also with very small ones. It
was always possible to converge to results that are invariant under further reduction of the time-
step. These converged results may rightly be considered the accurate ephemerides of the 4-body
point-mass problem.

RESULTS

The following five examples illustrate the results,

Example 1

Method A was first used by K. Stumpff (Reference 1) in 1942 to compute special perturbations
of the minor planet (931) Whittemora by Jupiter. Some numerical results are taken, abbreviated,
from Reference 1, to illustrate the difference between this method and the classical method of
Encke (see Reference 4, p. 378ff). The formulas of Section 1 may be used with masses

3
il

o = 0 (minor planet),

1l

m, = 1 (sun),
1/1047.35 (Jupiter),
0 (as no other perturbing planet has been taken in account).

)
1]

w
il

The initial epoch is t, = 1920, April 29.0; and h, the constant step of integration, equals
40 days = 40k canonical units (k = 0.0172021).

Table 1 gives the heliocentric equatorial x-coordinates of the minor planet for t = t, + nh
(n=0,1,2,...,8). It lists

P = approximate perturbation (Equation 11),

R = rest perturbation obtained by numerical integration of Equation 7c,
P+R = complete perturbation,

o = complete perturbation derived by Encke's method.

Table 1 illustrates:

1. The very slow increase of R for small intermediate times, compared with the
rapid increase of P and o,

2, o =P + R, except for small deviations due to rounding.



Table 1

Perturbations of the x-coordinate of (931)
Whittemora for t, + 40 n Days.

n P R P+R o
0 0.0 0.0 0.0 0
1 8.6 0.0 8.6 8
2 38.5 0.4 38.9 39
3 95.5 3.9 99.4 99
4 182.9 17.9 200.8 201
5 301.4 55.0 356.4 356
6 448.8 133.4 582.2 581
T 620.8 276.6 897.4 896
8 807.8 513.6 1321.4 1320
NOTES: 1. t, =1920 April 29.0.
2. Results expressed in 10 -7 AU
Table 2
Coordinates of (931) Whittemora at
t, + 1600 Days, in A.U.
h in days X y z
20 0.6061220 | 2,299933 | -0,29158717
40 0.6061201 | 2,299943 | -0.2915872
50 0.6061180 | 2.299950 | -0.2915866
80 0.6061054 | 2.299979 | -0.2915840
100 0.6060915 | 2.300004 | -0.2915813
160 0.6060304 | 2,300097 | -0.2915702
Exact Value | 0.6061222 | 2,299931 | -0.2915879

NOTES: 1.

t, = 1920 April 29.0.

2. Results expressed in A.U.

separation is the criterion that measures the effectiveness of the method. The exact 4-body point
mass separation is 138801.68 km at t, + 170 days and 437108.24 km at t, + 180 days. Table 3
gives the deviations of the earth-spacecraft separations at these times, for several runs involving
different time-step controls. The deviation always attains its maximum near t, + 170 days.

Table 3 also gives the machine execution time and the number of steps used in the computation.
The last line gives the equivalent information for the JPL-Holdridge program (Reference 5) which
accounts for planetary and non-point-mass perturbations. The agreement, it will be noted, is quite

satisfactory.

Example 2

Method B is used to compute the orbit of
the same minor planet, (931) Whittemora.
The computations extend to 1600 days (ap-
proximately 80 percent of one revolution)
beyond the epoch 1920, April 29,0, Table 2
lists the terminal heliocentric rectangular
coordinates of the planet in A.U. for several
constantvalues of h, as well as the true values
for comparison. The true values are obtained
almost perfectly when h = 20 days, and the
error barely exceeds 10-* A.U., when the
computation is performed in 10 steps of 160
days each.

The remaining examples involve the ap-
plications of Methods B and C to a spacecraft
in the gravitational field of earth, moon and
sun. The orbits are highly eccentric, closely
approaching the earth or the moon. Hence,
variable step lengths should be chosen.

Example 3

Compute the orbit of Explorer 33,
launched July 1, 1966. Integrate for 180 days
beyond t,, the epoch of computation, where
o = 1966, July 31. The spacecraft describes
over 12 highly eccentric trajectories around
the earth and several times closely ap-
proaches the surfaces of the earth and the

t

moon (to within approximately 3 and 5 earth
radii, respectively). The earth-spacecraft




Table 3

Explorer 33: Deviations in Earth Spacecraft Separation.

* - Accounts for planetary and non-point mass effects.

Deviation of earth- | Deviation of earth-
spacecraft distance | spacecraft distance Time No. of com- Method Time-step
at t, + 170 days at t, + 180 days (seconds) puting steps criterion

(km) (km)

2495 915 50 Not Available B K=10"°
766 279 88 Not Available B K=10"°
245 90 157 Not Available B K=10"

41 11 421 2440 C 4h = 3 hrs

8146 3052 38 218 C A=0

B=1.5
C=1.5
940 286 53 310 C A=0
B=2.,5
C=3.5
722 220 61 356 C A=0
B=2.5
C=1.5
616 186 70 408 C A=0
B =2.5
c=1
86 27 86 502 C A=0
B=4
C=2.5
42 13 122 711 C A=0
B=4
C=1
1 1 190 1104 C A=0
B=8
C=1.5
0 0 363 2108 C A=5
B =16
cC=1
930 436 about 15 min | Not Available | JPL-Holdridge*

The inverse relation between speed and accuracy can be seen best from Figure 1. It plots

maximum deviation of the earth-spacecraft distance versus machine time for Explorer 33, com-
puted 180 days beyond the epoch. Note that Method C is superior to Method B in this example and
probably in others.
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Figure 1=Maximum deviation in earth-spacecraft
separation for Explorer 33.

Example 5

50

100
COMPUTING TIME (sec)

METHOD 8

NOTES

1. All machine times refer to the IBM 7094
Model 1.

2. The number of time-steps is available for
Method C only. A time-step extends
from t; tot, , = t, + 4h,

Example 4

Consider a typical earth-moon trajectory
integrated for 2.5 days beyond the epoch. The
trajectory starts less than 450 km from the
surface of the earth, i.e., at third-stage cut-
off. The exact earth-spacecraft separation
for the point-mass earth, moon, sun problem
equals 362,141.35 km at t,+ 2.5 days. Table
4 lists the effects of different time-steps
and includes the results of the JPL-Hold-
ridge program, which accounts for planetary
perturbations. The results agree very well
with the point-mass JPL-Holdridge program.

Consider a typical lunar orbit with the following initial characteristics: aposelenium = 8634
km, periselenium = 3443 km, period = 702 min, e = 0,429. The integration extends for 180 days
beyond the epoch July 4, 1966, Table 5 gives the terminal discrepancy in moon-spacecraft separa-
tion for different time-steps. The exact value is 8562.37 km. There is close agreement between
the simple 4-body solution and the JPL program, even though the latter accounts for harmonics

and planetary perturbations,

COMPUTER PROGRAMS

Four double precision computer programs have been written in FORTRAN IV. They are en-
titled STUMPFF1, STUMPFF2, STUMPFF3, and STUMPFF4, and are reproduced in Appendix A.
This section briefly describes points of interest to users of the programs.

The programs generate their own ephemerides; this facilitates programming and saves

memory locations.

10




Table 4

Typical Earth-Moon Trajectory: Deviations in Earth-Spacecraft Separation at t; + 2,5 Days.

Deviation of earth- . .
. Time No. of Time-step
spacecraft distance (seconds) | steps Method criterion Comments
0.73 1.44 7 C D=5x10"°
0.37 1.63 8 C D=2x10"°
0.06 1.99 10 C D=9x10"’
0.03 2.18 11 C D=7x10""
0 3.26 17 C D=2x10"’
0.51 about one Planetary perturbations
minute JPL-Holdridge included. Point-mass
bodies assumed.
2791.98 about one " Planetary perturbations
minute JPL-Holdridge included. Earthand moon
harmonics included.
STUMPFF1

The program is set up to compute Example 2 by Method B. The central body is the sun; lo-
cations X0, Y0, Z0, XDO0, YDO, and ZDO0 contain the initial position and velocity values of (931) Whitte-
mora; X10, Y10, 210, XD10, YD10, and ZD10 contain the initial values for Jupiter. The unit of
mass is the mass of the sun; the mass of Jupiter = 1/1047,35; the mass of the minor planet equals
zerao. The unit of length is the A.U, and the unit of time 58¢.13244, The step size, in days, is in
location DIFF. The program prints the number of days beyond the epoch, and the coordinates of
the minor planet and Jupiter. The program stops when TAU > TAUMAX, where TAU = 0,0172021
X DIFF,

STUMPFF2

The program is set up to compute Example 3 by Method B. Q, is the spacecraft; Q, is the
earth, which is the central body; Q, is the moon; and Q, is the sun. Locations Y10(I), Y12(I), and
Y13(1), (I=1, 2, 3, 4, 5, 6), containthe initial values of q,,(0), q,,(0), q,,(0), a,,(0), a,,(0), a,,(0)
in canonical units. The unit of length is the mean earth radius of 6378,165 km, the unit of mass is
the mass of the earth, and the unit of time equals 806.813645 seconds. The program prints the
initial conditions. Then it prints four lines every N*'" day, namely:

(Line 1) q,,, q,,, number of days since epoch,
(Line 2) a,,, q,,,
(Line 3) a,,, ‘:'113 ’

(Line 4) @, r,,, rj0, number of days since epoch.

0?

11



Table 5

Typical Lunar Orbit: Deviations in Moon-Spacecraft Separation at t; + 180 Days.

——

Deviation of moon-

spacecraft distance
km

1068

43

51

14

22

28
16

28

22

Time
(minutes)
6.9
13.8
17.5
23.0
25.2

87.5

29.8

35.8

68.1
about 120

about 175

No. of

steps

2416

4814

6104

8020

8762

30459

9230
11108
21108

Method

C

C

C

C
JPL-Holdridge

JPL-Holdridge

Time-step
criterion

o
W

OlUl ki o N 4 DD

nun

L}
Pt

U | A | R |
O =uIbo

L}
—

1

O U O aams auwy» Qwd awr> awy oy

1l

P
X
-
(=]

Comments

Includes harmonics and
planetary effects.
Encke mode used.

Includesharmonics and
planetary effects.,
Cowell mode used.

The results are printed in km and km/sec. At present, the program prints every tenth day. This

can be changed by altering "10.D00" in the two consecutive instructions:

IJI = IDINT (TIMED/10.D00),

IJ2 = IDINT (TIMEDN/10.D00).

The program stops TIMEMX days beyond the epoch.

STUMPFF3

The program computes Example 5 by Method C, using the A, B, C time-step criterion. The
bodies are numbered as in STUMPFF2 and the units of length, mass, and time are defined as in
STUMPFF2, The first printout gives the initial conditions followed by A, B, C, and m,. Subse-

quent printouts are four lines each:

12




(Line 1) q,,, a,,, number of days since epoch

(Line 2) q,,, a,,

(Line 3) a,,, q,,

(Line 4) Contains five words. The first is immaterial; the others are r,,, r,,, number of

days since epoch, and number of computing steps.

There are eight input cards per case, and two or more cases may be stacked, The fields of
the input cards end in columns 16, 32, 48, and 64, and contain the following floating point input:

(Card 1) 40 (0

(Card 2) a,, (0)

(Card 3) q,, (O

(Card 4) q,, (0)

(Card 5) a,;, ()

(Card 6) a,, (0)
Card 7 has four fields that specify A, B, ONEDAY, and TIMEMX., The only field of Card 8 speci-
fies C. The time-step criterion uses A, B, and C; ONEDAY governs the frequency of the printing;
and a case is terminated after TIMEMX days of computation. If column 72 of Card 7 equals 1, a

new case will be processed after the present case; the last case must contain a blank in column 72
of Card 7.

STUMPFF4

The program computes Example 5 by Method C, using the D time-step criterion. Everything
is as in STUMPFF3 except:

1. Input Card 8 does not exist, Card 7 contains D, h _ ., ONEDAY, TIMEMX. D governs the
time step; h,_,. gives the initial value of h; and ONEDAY and TIMEMX are as in
STUMPFF3.

2, The line printed after the initial conditions contains D, h one immaterial word, and m, .

min ?

Goddard Space Flight Center
National Aeronautics and Space Administration
Greenbelt, Maryland, October 2, 1967
311-02—-01-01-51
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1.

2,

3.

4,

5.
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Appendix
Symbolic Listing of FORTRAN IV Programs
STUMPFF1, STUMPFF2, STUMPFF3, and STUMPFF4

$J0B8 0510 STUMPFF1 BY E.H. WEISS RIGGS BLCG
$PAUSE

$EXECUTE 18408

$18J0B GO,LOGIC

C STUMPFF 1 BY E.H.WEISS RIGGS BLEG X 7319

$IBFTC MAIN LIST,REF,CECK

DOURLE PRECISION
DKy NIFF TAUMAXyTAU,TAUL»X0sY0,2C4XCO,YDCHZ00,
DX10sY1CyZ104XD10,YDLO,Z210,LKAPO,QKAPL,CKAP2,
DTELWTE2,y TE32yTE4yTES,TEG,TETHTE3,TES,TELC,TELL,TEL2,
DSXySYySZ,S5CX,SOY,SDZ,SIGX,SIGY,SIGZ

CK= 0.0172021000

DIFF=100.CCO

WRITE (3,30)

30 FORMAT (iHL)

TAUMAX=28.0C0

TAU= (.DCC

TAUL=QK=*DIFF

X0=-3.244464D00

YC=.2882¢eCDCO

I0=.5726130C0

XD0=-,.1646710D00

YD0=-.50¢418000

ZD0=.0639480DC0

X10=-4,05¢13DCO

¥10=3.118530C0

Z210=1.435800C0

XB1C=-.197260C0

YD1IN=-.201360DC0

ZD1C=-.08162000

GKAPQO= 1.CDCO

QKAPL= 1.CCCO/1047.350CC

QKAPZ2= 1.CDCO+QKAP]
TEL=DSQRT{(QKAP2)/(GK®4C.5CO)

XD1C=XD1C=TEL

YD1INM=YD1C*TC1

ZD10=ZC1C»TE1

31 TAU= TAU+ TAUIL

CALL SUBI(TAULyXOsYO0»Z3,XDCaYDC,ZDO,GKAPT,
1 SXsSYySZySCXySCYsSLZySIGXySIGY»SIGL)

TEl= XC+SX

TE2= YO+SY

TE3= 20+SZ

TE4= XCO+SCX

TES= YCDOQ+SDY

TE6= ZDO+SCZ

TE7=X0-X1C

TE8=Y0-YIC

TES=20-21C

TE10=XDO-XC1l0O

TE11=YLO-YD1O

TEL12=2C0-2C1C

CALL SUBL(TAULl,TE7,TEB,TE9,TELO,TELL,TE12,QKAP],
1 SXeSYsSZySUXySDYWSUZ»SIGXySIGYySIGL)

15

X 7319



16

TEL=TEL+SIGX

TE2=TE2+SIGY

TE3=TE3+SIGZ

TE4=TE4+ SCX

TES=TES5+ SDY

TEG=TE6+ SDZ

CALL SuBl{TAUl,X10+Y1C»2104XC10,YC1042D10,QKAPZ,
1 SXySY,SZ4S0X,SDYsSUZySIGX,SIGY,SIGZ)
X0= TELl+ QKAP1#SIGX

YO= TE2+ CKAP1=SIGY

Z0=TE3+QKAP1%SIGZ

XDO=TE4+ CKAPL1#*SDX

YDO=TES+ GQKAP1=SDY

IDO=TE6+ CKAP1=S0Z

X10= X10+SX

Y10= Y1C0+SY

Z10= 710+52

XD10=XC10+50X

YD10=YD1C+S0Y

ZD10=ZD10+S0DZ

WRITE (3,35) TAU,X0,Y0,Z0,XC0,YD0,ZD0

35 FORMAT(1XéEH TAU =,015.7,13H SMALL BCDY =,6{(D15.7,1X))

WRITE (34,36) X10+Y10,+,21C+X01G,YD10,2010

36 FORMAT(1X34H JUPITER= 2v6(C15.7,1X))
IF(TAU.LE.TAUMAX)GC TG 31
RETURN
END
$IBFTC SURL LIST,REF,CECK
SUBRCUTINE SUBL1 (TAU,X0sY042CyXBC,YLO,Z0L0,0(KAP,
1 SXeSYsSZySDX,ySCYySDZHSIGX,SIGY,S51G2)

DOURLE PRECISION
D TAUSX0sYCsZO4XB0,YDG,Z20C,QKAP,
D SXySYsSZySDX4SOYSDZ,SIGXySIGY,SIGZ,
D ROGMUO,QKSIO,SIGO,ETAC,OMEOQO,EPSO,ZETAQ,RHO0,CHIQ,
DTEMPL1,TENP2,
DZyDFLTA,C1,C2+C3,
D FMyGyFD,CDM
RO=CSQRT(X0#%2+Y = x2+20%x%2)

QMUC= QKAP/RO=%3

QKSIO= QMLO*TAU#**2

SIGO= {(XC*XDO+ YO#YDU+ Z0=ZC0Q)/RCx#2
ETAC= SIGC#*TAU
OMEQ=(XDO2#2+YDO*=2+7D0%%2) /ROx%Z
EPSC= COMEC- QMUC

ZETAO=EPSC*TAU*=2

RHOO0= QMUO- EPSO

CHIC= RHCC*TAU*»2

CALL SUB2(ETAQ,ZETAO,CHIO.Z,CELTA,CL,C2,C3)
FM= C2#QKSIO®Zx=n?
G=TAU#*(1.CO00-(C3%QKSIO®Z%x%3})
FD=—{C1l#QKSIO*2)/{DELTA=TAU)

GDM= C2#QKSIO#Z=%2/DELTA

SX= G#XDO- FM#%XQ

SY= G=#YDC- FM=»YQ

SZ= G%ZDC- F™M=7Q

SDX= FD* XO0- GDM=XDGC

SDY= FC* YO- GOM=YODOC

SDZ= FD* 20— GCM*ZDyJ
TEMP1=-QKSIO=Z=%+2

TEMP2= (C3#ZIxTAU

SIGX= TENMPLx*(C2=X0+TEMP22XCO)

SIGY= TEMPL*{C2%YO+TEMP2#Y(CO)
SIG7=TEMP1#{C2#Z0+TENMP2%ZD0)

RETURN

END




$IBFTC SuB2 LIST,REF,DECK
SUBROUTINE SuB2 (ETA,Z2ETA,CHI,Z,CELTA,C1,C2,C3)

DOURBLE PRECISION
D QLA, Z, Cl, C2, C3, ETA, ZETA, CHI,
DDELTA,TOL1,GQH

ITER=C

£=1.0000

TOL=1.D-08

201 ITER=ITER+]

QLA=CHI*ZxZ
C2=.5D00#%(1.0CO-(QLA/12.C0C)*(1.C00-(QLA/30.0CO)=
1 {1.DCC-{QLA/56.D00})*(1.CCO-(QLA/90.L00)}) 1))
C3= (1.DC0/6.D00)#{1.,00C-(QLA/20.DCC)*(1.D00-(QLA/42.D00}*
1 {1.00C-(QLA/72.D00)#(1.DCC-(QLA/110.DC0)))))
C1=1.DCO-(QLA%C3)

DELTA=1.DCO0+CL1*#ETA%. +C2«2ETA%Zn%2

QH= C2#ETA=Z##2+4C3x/ETA%Z%x3+7-1.DCO

Z=21- QH/LELTA

IF(NDABS(QH) . LE.TOLL)RETURN

IF(ITER.LE.10)GO TC 201

RETURN

17
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$J0B

0510 STUMPFF2 BY E.H. WEISS RIGGS BLDG X731°9

$PAUSE

$EXECUTE 18408

$1BJOB GGC,L0GIC

$IBFTC MAIN LIST,REFNUDECK

OO0

DOURLE PRECISION
DERRyTIMECN,ITON,ITO,
DX10y X129 X134 XTEMP XKEPXDELy
DMI,VZ'M3leZ'M13,M23.M2F121M2F23,M3Fl3y~3F23'
DCML +CMVeCNTLY10,Y12,4Y13,TIMED,TIMEMX,
DTAUD,TAU,R10,R20,TEMP,Q,R10E24R2CE2,
DZ1¢22+234244155126,
DLsC13C29C34yDELTAYH,
DRE2+R+KSTI L ETALZZETA,CHI

COMNON X10(12)9X12(12)4X13(12)+XTEMP{6) 4XKEP(6) 4 XOEL(6),
CM1,M2,M3,M12,M13,M23, M2F1l2, MZF23, M3F13,4M3F23,
CCML yCMV4CMT,Y10(6),Y12(6),YL3(6) ,TIMED, TIMEMX,
CTAUD,TAU,R10,)R20,TEMP,Q,R10E2,R2CE2,
CZ1472y23,24425426
CLsC1,C2,C3,DELTA,Hy
CRE2,RsKSI,ETA,2ETA,CHI,DUM(10CO0}

STUMPFF2 BY EH WEISS RIGGS

Y10(1)=.1835264CD06

Y10(2)=-.240943380C6

Y10{3)=-.36452764D05

Y10(4)}=.1C044146D01

Y10(5)=-,32081304DC0

Y10(6)=—,.15168001D00

Y12(1)= ,.21384734D06

Y12(2}=-.296190530006

Y12(3)=-,164304640D006

Y12(4)= ,846006960D000

Y12(5)= .47¢260010C0

Y12(6)= .172180440C0

TIMFMX=181.0C0

Y13(1)=-.93856134005

Y13(2)= .1C549798DC9

Y13(3)= .47486123008

Y13{4)=-.,22920520002

Y13{5)=-.16789843D02

Y13(6)=-,72817681001

CML=6378.165D00

CMT=806.813645000

CMV=CML/CMT

INPUT IS IN KILOMETERS ANC SECONDS.

MULTIPLY CANONICAL BY CML,CMT OR CMV, TC OBTAIN METRIC .

TAUD IS IN DAYS. TAU IS CANONICAL.

ERR=1.D-06

Q=1.D-07

M1=1.DCO

M2=1.D000/81.30150C520C0

M3=332951.26580C0

M12=M1+M2

M13=M1+M2

M23=M2+M3

M2F12=M2/M12

M2F?23=M2/M23

M3F13=M3/M13

M3F?23=M3/M23

Z1=.9000



25

61

10

11

12

13

14

15

22=.9DC0

23=,90C0

Z4=,90CO

25=.90C0

L6=.5CC0O

DO 25 I=1.3
X10(l)=Y1C(I}/CML
X12(1)=y1z2(1)/CML
X13{(I)=Y13(1}/CML
X10(I+43)=Y10(I+3)/CmVv
X120[+3)=y12(I+3)/CMV
X13(I+43)=Y13([+3)/CMV
CONTINLE

TIMED =0.CCO
WRITE(3,26)(Y10(I),1I=146),TIMED
WRITE(3419)(Y12(I)y1I=1,6)
WRITE(3,19)(Y13(1)yI=1,y6)
FORMAT(1H1,6016.8,D16.8)
TAU=CSQRT(CSQRT(ERR/Q))
TAU=CMINL(TAU,1C0C.DCO)
TAUR=TAU=CMT/86400.0C0
TIMEDN=TIMEC+TAUD
IJ1=IDINT(TIMED/10.0C0)
1J2=IDINT(TIMEDN/10.CCO}
IF(TJ1.EQ.1J2)G0 TC 60
IJ2=IDINT(TIMEDN)
TIMFDN=TJ2
TAUC=TIMECN-TIMED
TAU=TAUD*86400.DCO/CNMT
TIMFD=TINMEDN

1PR=1

CONTINUE

CALL SUB1(X10sM1,4Z1)

DO 1C I=1,6

X10(I+6)= XKEP(I)
CONTINUE

CALL sSUBIL(x12,M12,72)

DO 11 I=1,6
X10(I+€)=X10(I1+6)+M2F12«XDEL(I])
X121{1+6)=XKEP(I)
X13(I+€)=M2FL2=XDEL(I)
CONTINUE

CALL SUB1(X13,M13,73)

DO 12 I=1,6

X10(I+€)= X10(I+6)+M3F13#XCEL(I)
X12(I+46)= X12(I+6)+NM3F13#XCEL(I)
X13(I+6)= X13(1+6)+XKEP(I)
CONTINUE

DO 13 I=1,6
XTE¥P(I)=x10(I)-Xx12(1)
CONTINUE

CALL SUBL(XTEMP,M2+24)

DO 14 J=1,6
X10(J+6)=X10(J+6)+XDEL(J)
CCNTINUE

D0 15 J=1,6
XTENP(J)=X10(J)-X13(J)
CONTINUE

CALL SUBL(XTEMP+M3425)

DO 16 J=1,6

19



16

17

29

18

19
20

28
65

60

$IBFT

20

X10(J+6)=X10(J+6)+XLELJ)
CONTINLE

NO 17 J=1,6
XTENP(J)I=X13(J)-X12(J}
CONTINUE

CALL SUBL({XTEMP,M23,76)

DO 29 J=1,6
X12(0)=X12(J+6)-M3F23«XCEL{J)
X13(J)=X12{J+6)+M2F23xXDEL(J)
X10(J)=X100J+6)

CONTINUE

DO 18 J=1,3

YIC(J)=X1C{Jd)»CML
Y12(J0)=X12(J)=CML
Y13(J)=X13(J)=CML
Y10(J+3)=X10(J+3)=CMV
Y12(J4+3)=X12(J+3)=CMV
Y13(J+3)=X12(J+3)=CMV
CONTINUE
R10E2=X1C{1)##2+X10(2)%%2+X1C(3)%%2
R20F2=(X1C(1)=X12(1))#%#2+(X10(2)-X12(2))##2+{X10{3)-X12(3}) %2
R10=DSGRT(R1OE2)

R20=DSCRT(R20E2)
Q=(M2/{R10E2*R20E2) ) *(M1/R10+M1/R2D)+
1 (M2/36CC.CO0)*(M1/R1O**3+M]/R2C*%3)+
2 (M3/234C0.DO0*x3 )% (M2/R20E2+M1/R10L2)

R10=R1C=*CNML

R20=R20=CNML

IF(IPRLEGC.O)GO TO 6>
WRITE(3,2C)(YL10(1)41=1,6),TINMED
ARITE(3,19)(Y12(1)y1=1406)
WRITE(3,19)(Y13(1),1=14+6)

FORMAT(1lF ,€D16.8)
FORMAT(1+C,7D16.8)
WRITE(3,28)Q,R10,R20,TIVED
FORMAT{1lH ,4D16.8)
CCNTINUE
IF(TIMED JLE.TIMEMX)GC TC 9
sSTQP
TIMEC=TIVMEDN
IPR=0
GO TQ €1
END

C suerl LIST,REF NOCECK

SUBRQUTINE SUBL (XyM,2)

pou2LE PRECISION
DX{6)yMyZ,
DX10yX12y X134 XTEMP, XKEP s XDEL
DMI:”Z1N3,N12.M13,N23,M2F121N2F23,N3Fl3pW3F23,
DCML yCMV o CMT Y10, Y12,Y13sTIMED,TINEMX,
DTAUTC,TAU,R10,R20,TEMP,Q,R1CE2,R2CE2,
DZ1422+23924125y9206,

DLyCY,C2,C3,CELTA,H,

DRE2+RyKSISETA,ZETA,CHI

COMNMON XIC(12);X12(12)le3(12)vXTEMP(6)1XKEP(6)1XDEL(6)1
CM1,M2,M3,VM12,M13,M23, M2Fl2, M2F23, M3F13,M3F23,
CCMLvCVV,CNToYlO(é)1Y12(6lqYlB(é]gT[MED'TIMEMX'
CTAUL,TAU,R10,R20,TEMP,Q,R10E2,R2C(E2Z,
CZ1972923924+25+26
CLyC14C24C3yDELTAHy



CRE24RyKSI,ETA,ZETA,CHI,CUM{1CO0OO0)
RE2=X{L)»%2+X{2)#%#2+X(3)%x2
R=DSQRT(RE2)
KSI=M#(TAU®*2)/Rx%3
ETA=(X(1)#X(4)+X(2)=X(5)+X{3)2X(&))*TAU/RE2
ZETA=(X{4)#u24X(5)%x24X (&) nn2)%( TAU%22) /RE2-KSI
CHI=KSI-ZETA
CALL SuB2 (2)
DO 40 I=1,3
XDEL{I)=(-KSI#Z%a2)x (C2#X{1)+C3%2=TAU*X(1+3))
XDEL(I+3)=(-KSI*Z)*{Cl*X(1)+C2*ZxTAUxX(I+3))/(CELTA*TAU)
XKEP{I)=X(I)+TAU*X(I+3)+XDEL(!)
XKEP(I+3)=X(I+3)+XDEL(I+3)
40 CONTINUE
RETURN
END
$IBFTC SuUR2 LISTsREF 4NUDECK
SUBROUTINE SuB2(Z)
DOUPLE PRECISION
DZ,
DX10¢X129 X134 XTEMP 4 XKEP 4 XBEL,
DM14yM2,M3 ,V12,ML34M23,M2F12,M2F23,M3F13,M3F23,
DCML yCMV,CNT4Y10,Y12,YL3,TINEC,TINMEMX,
DTAUC s TAURLI1CyR20,TEMP,Q9yR1CE2,R2CE2,
D214729234244154206,
DLyC14C2,C3,DELTAH,
CRE2+RoKSIETA,ZETALCHI
COMMON X10(12)94X12(12)9X13(L2)9sXTEMP(6) +XKEP(6) 4 XDEL(6]),
CM14M2,M3,NM12,M13,M23, M2F12, M2F23, M3F13,M3F23,
CCML,CMV,4CMT,Y10(6),Y12(6)4Y13{0) TIMED, TIMEMX,
CTAUT s TAUSR10yR20,TEMP,Q,R1ICE2,R2CE2
CZ14y72+4234324425426,
CLyC1,C2yC340ELTA,H,
CRE24yRyKSILETA»ZETAChI,OUM{1CCO)
ITER=Q0
30 ITER=ITER+1
L=CHI*Z#=%2
C2=.5D00#(M1-(L/12.D00) % (M1-{L/3C.000)*

1 (M1-(L/56.D0C)%#{(M1-{(L/90.D00)}})})

C3= (M1/€.C00)*(ML1~(L/20.D00)=(M1-(L/42.D00)=
1 (M1-(L/72.DCOY={MLI-(L/11C.LCCY} D)
Cl=M1-L=+C3

DELTA=M1+4CLl#ETAXZ+C2#2ETA=Z%%2
H=C2*ETA*Z2#2+4C3% JETA*Z%%3+/-M]
Z=2-H/CELTA
IF(CABSIH).LEL1.0-07)RETURN
IF(TTER.LE.10)GC TG 30

RETURN

END
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$IBSYS
$J08

$DATE

051¢C STUMPFF3 RH HILLIARC ATT. EHW RICGS BLDG X~-7267
1027¢€6

$EXECUTE 1eJCsB
$IBJCB GO,MAP,LOGIC,SCLRCE
$IBFTC MATIN LIST+sREFNGCECK

c

9C0

DOUPLE PRECISIOGN
DERRyTIMEDNy ITCNyITD,A,CX10,
DX10¢ X129 X134 XTEMP ¢ XKEPXCEL,
DST2X10,STZ2X12,ST2X13,5T2X20,ST2X20,S5T2X23,
DMLaM2yM3,4,M124M13,M23,M2F12,M2F23,M3F13,¥3F23,
DCMLCMV,CMT,Y10,Y12,Y13,TIMEC,TINEMX,
DTAUL,TAU,R10,R20,TEMP,C+R10E24R2CE2,
bL,C1,C2,C32,0ELTA,H,XFR1C,XAFR10,
DXFRYZ2yXFR13yXFR20 s XFR23 9y XFR30,XAFR124XAFR134X8FR204yXAFR23,XAFR30,
DRE2+RyKSTyETAWZETA,CHI4R12yR13,R23,R3042,
DRD1C4RC12yRC134RCC10,RCC124REDL3,
DR1OF2C,R2CE2C,R10C+R20C

COURLE PRECISION wWwiCysywhl2yhhl13,vh20,hW30,hW23,
DFF1C,FF12,FF13,FF20,FF3C,FF23

COURLE PRECISION C

COURLE PRECISION
DW,TCTDAY,TCAYCU,ONEDAY,SWTyTAUN,CCUNT,AT,8T,
COEL1C,CEL12,0ELI3yMUNESX204DEL20+X3C,DEL30,X23,DEL23,
DEPS1C,XASTIC,EPSL12+XAST124,EPS13,XAST134XAST2C,XAST23,XAST30,
DRASTIO0,R£ST12,RAST13,RAST20,RAST23,RAST30,510,5124513,520,
0S$S23,S3C,RCCYT10,RDOT12,4RCCTLI3,RC1CF,RD12F,RC13F,RCC1ICF,ROD12F,
DRCD13FyRWCTyROWGT TSL240,R4F10,R4F12,R4F13,TAL4S5,RC4F10,
CBX1Cs»BX12,8X13,
DRD4FLZ,RC4F13,X4F 109 X4F124X4F13

DOLRLE PRECISION EPS204EPS30,EPS2Z23

CCMMON X1C(12)9X12(12)9X13(12)sXTEMP(6) +XKEP(6) +XCEL(6),
CMl,NM2,M3,M12,M13,M23, M2F12, M2FZ3, M3F13,M3F23,
CST2X10(6)4ST2XL2(6),ST2X13(6),ST2X20(6),ST2X3C(6),ST2X23(6},
CCML,CMV,CMT,Y10(6),Y12(6)2Y13(6),TIMED, TIMEMX,
CTAUr , TAUSRICyR2C, TEMP G +R1CE2,R2CE2,
CLyC1,C2,C3,CELTA,F,XFRIC{3),XAFRIC(3),
CRE2yRyKSITyETALZETA,CHIZR12(6)yR12(6),R2216),R30(6)y2Z,
CR10F2C,R2CE2CH»R10C,R20C

COMNMON WhWl0(6)swwl2{6)»hWh13(6),wh20(6),wW30(6),WW23(6),
CFF10(6),FF12(6),FF13(6),FF20(¢),FF30(6),FF23(6)

CCVMVON

CweyTRTCAY, TOAYCU,ONEDAY 9 SWT s TAUNSCCUNT,AT,BT,
CTSC?40,BX10(6)9yBX12(€)sBX13(6),
CRCC12F(6 ) RECL3F{6)yRWGTL4) yROWGT{4)4R4F10(3)4R4F12(3),
CRD1C(3),RC12(3),R013(3),RCC1C(3),RCD12{(3),RCC13(3),
COEL10(6&) +CEL1L12(6),DELL13(6)4CEL20(6),DEL23(6),CEL30(E),
CMONF,X20(€)9X23{6)9X30(6)+EPS10(€),EPSL1Z2(6),EPSL3L6),
CXASTLC(6) 4 XASTL2(6)yXAST13(6),XAST20(6),XAST23(6),XAST30(6),
CRASTIC(6),RAST12(6) yRAST13(6),RAST2C(6),RAST23{6)},RAST30(6),
CS1016)4S12(6)+S513(6),5S2C(6),523(€),530(6),RDOT1I0(6),
CRDCT12{6},RCOTLI3(6)4yRCICF(E)RDL2F(6)4RC13F(6)yRECICF(6),
CR4F13(3),TAU45,RD4FLC(3)4yRD4F12(2),RD4F13(3),X4F1C(6),X4F12(6),
CX4F13(6) yXFRL12(3)4XFR1I3(3),XFR20(3)4XFRZ3(3),XFR30(3),XAFRLI2(3),
CXAFR13(3),XAFR20(3)4XAFR23(3),XAFR3C(3)

COMMON EFS20(€),EPS3C(6),EPS23(6)

STUMPFF3 BY ER WeISS ANC R HILLIARL RIGGS BLEG
REAT(2,8CC)I{Y10({I),1=1,5)

REAT(2,8CCI{(Y12(I)41I=14+6)

REAC(2,8CCI{(Y13(I)y1=1,6)



OO0

800

802

803

26

801

350

FORMAT{3C16.8)
REAT(2,8C2)AT,BT,CNECAY,TIMEVMX,MCRE
FORMAT(4C16.8+7X411)
READ(2,+802)C
FORMAT(D1€.8)
CML=6378.1€5000
CMT=((6378.165CCC*%3)/.368€£0320C¢)
CMT=DSCRT(CNMT)
CMV=CML/CNMT

INPUT IS IN KILOMETERS AND SECCANLCS.
MULTIPLY CANCNICAL BY CML,CMT CR CMV, TC CBTAIN METRIC .
TAUT IS IN DAYS. TAU IS CANCNICAL.
MONF=1.DCC
Ml1=1.CCO
M2=1.DC0/81.3C15CC520C0
M3=232951.2658DC0O
Ml2=M1+MZ
M13=M1+M3
M23=pM2+M2
M2F12=pN2/V12
M2F23=M2/M23
M3F13=M3/VM13
M3F?23=¥3/N23
TIMFD =0.CCO
COUNT=C.LCCO
TAUN=C.DCC
CNETAY=(CNECAY*864C0.CCQO)/CMT
YOTrAay=0.CCC
SWT=C.CO0C
WRITE(3,26)(Y10(1),1=1,6),TIVED
WRITE(3,19)(Y12(I),I=1,46)
WRITE(3,19)(Y13({1)},I=1,6)
FORMAT(1F1,+€D16.8901€.8)
WRITE(3,8C1)AT,BT,C,yVM1
FORNMAT{4F AT=,016.892X94H BT=,01€.892X9y3H C=4C16.892X,
15H Y1 =4C16.8)
RWGT({1)=721.CCO
RWCGT{(2)=476.D00
RWGT{3)=245.DCO
RwGT(4)=18.CCO
ROWCT(1)=64.DCO
RDWGT(2)=24.0C0
ROWCT(3)=¢€4.DCO
RDW-T(4)=14.DCO
hW=6.0CC
TAU={W+AT) /BT
CONTINLE
COULANT=COLANT+1.C00
TSQ24C=(TAU%%2)/240.LCC
TAL45=TAL/45.EC0
DO 150 I=1l,¢€

RD1CF(I)=C.CCO
RD12F(I)=C.CCO
RD13F(I)=C.ECC
REDIOF(I)=C.D0O
ROD12F(I}=0.D00
RCD13F(I)=C.DCO
CONTINLE

CO 241 J=1,4
TAUR=TAUN+TAU

23
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[N aXe] [aNeNe!

OO0

OO0

[aNaNel

25

61

100

110

120

13

130

15

140

DO 25 I=1+3
BX10(1)=Y10(I)/CML
BX12(I)=Y12(1)/CML
BX13(I)=Y12(I)/CML
BX10(I+3)=Y10(I+3)/CNV
BX12(I+3)=Y12(I+3)/CVFV
BX12(I+3)=Y13(I+3)/CNV
CGNTINLE

A=J
TAU=A*TAL
IPR=1
CCNTINLE
INPLT/M1,X10 CUTPLT/ X10,CELLC
CALL SLBL{BX1l0O,Ml)

B0 1C0C I=1,6

X1C{I)=XKEP(I)

CELIO(I)=XCEL(I)

CONTINLE

INPLT/ML4M2,X12 OLTPLT/ X12,CELL1Z2

CALL SuB1l(BX124M12)
DC 11C I=1,¢
X1211)=XKEP(1I)
DELYI2(1)=XCEL(I)
CONTINLE

INPLT/ML4VM3,X13 GLTPLT/ X13,CEL13

CALL SUBLl(BX13,VM13)

00 120 I=1l,6
X13(I)=XKEP(T)
DELI3({I)}=XCEL(I)
CCNTINLE

DG 13 I=1,6
XTEVMP(I)=BX10(I)-BX12(1I)
CONTINUE

INPLT/VM2,4Xx1C-X12 CUTPUT/ X20,DEL2C

CALL SUBL{XTEMP,M2)

CO 130 I=1,6
X20(I)=XKEP(I)
DEL?0(I)=XCEL(I)
CCNTINLE

DO 15 M=14¢€
XTENMP(M)=BX10(M)-BX13(M)
CONTINUE

INPLT/M3,Xx1C-X13 QLTPUT/ X30,0EL30

CALL SUBL(XTEMP,M3)

D0 14C I=1,6
X30(I)=XKEP(I)
DEL2O0(I)=XCEL(I)
CONTINLE

60 17 v=1,6
XTEMP(M)=BX13(M)-BX12{M)




17

[aNeaXel

150

OO0 [aNeNaNel

OO0

190

OO0

[N eNeRel

CONTINLE
INPLT/M2+VM3,X13-X12CUTPLT/ X23,0EL23

CALL SUBL(XTEMP,M23)
DO 150 I=1,46
X23(1)=XKEP(I)
DEL?23(I)=XDEL(I)
CONTINLE

CCMPUTE EPSIO E1C=CEL2C4+DEL2C+M2/{NM1+M2)#CELL12+(M3/(M1+M3)
+DELU3

DO 190 I=146
EPSY10O(I)=CEL2C(I)+DEL30(I)+M2F12=0ELL12(1)+¥3F13=CELL3(I)
XASTLIO(I)=X10(I)+EPSIC(I)

CCMPUTE EPSL2 E12={M3/(NM14NM2))=DEL13-(M3/(M24M3) ) »DEL23

EPS12(I)=M3F13#CEL13(I)-VM3F23%DEL23(])
XASTL2(I)=X12(1)1+EPS12(1)

CCMPULTE EPSUL3 £13=(NM2/(M2+4M2) ) =DEL23+(M2/(M1+M2))=DELL2

EPS13(1)=M2F23%DEL23(1}4NM2F12#DELL2(I])
XASTI3(I)=X13(I)+EPSL13(I)
EPS?0(I)=EPS10(I)-EPS12(1)
EPS30(I)=EPSLIO(I)-EPS13(I)
EPS23(I)=€EPS13(I)-EPSL12(I)
XAST20(I)=XAST1C(I)-XAST12(1I])
XAST3C(I)=XASTLIQ(1)-xAST13(1)
XAST23(1)=XAST13(I)-XAST12(1)

CONTINLE

COMPUTE R(IJ) SGUAREC ANC RAST{IJ) SQUARED
RITJ)%*2= X(IJY (L) #*24X(TJ)(2)#x2+X(1J)([3)*x2

R1O=CSQRT(X10(1)=Xx10(1)+X10(2)=X1C(2)+X10(3)=*x1C(2))
R12=0CSERT(XL2(1)#X12(1)+X12(2)#X12{(2)+X12(3)=#x12(3))
R13=CSCRTIIXIZ(1I=X13(1)+X12(2)=x13(2)+X13(3)=*X13(3))
R20=DSGRT(X20(1)#X20(1)+X20G(2)1%Xx2C(2)+X20(3)=*x20(3))
R23=CSGQRT(X23 (1) =X23(1)+X22(2)#X23(2)+X23(3)%X23(3))
R30=0CSCRT(X3C(1)=X30(1)+X3C(2)*X2C(2)+X30(3)=&x3C(2)}
RASTIO=DSQRT{XASTIO(L)#22+XASTLO(2) ##2+XAST10(3)*%2)
RAST12=DSCRT(XASTL2(1)#%2+XAST12(2)»*#2+4XAST12(3)*x2)
RAST13=DSCRT(XASTL13(1)%#2+XASTL3(2)#%24XAST13(3)=%2)
RAST20=DSGRT(XAST2C(L)**#2+XAST20(2) ##2+XAST20(3)#x%2)
RAST23=DSCRT(XAST23(1)##Z+XAST23(2)#=2+XAST23(3)%»2)
RAST3C=DSCRT(XAST30(1)##2+XAST30(2)##2+XAST30(3)x%2)

CCMPLTE S10,512,513,520,523,S3C WHERE IN GENERAL
SUIJY=X{IJ)/RILJI%%3aXASTIIJI/RAST{IJ) #=3

b0 250 I=1,3

SIO0{I)=X1C(1)/(R1C*R1C#R10)-XASTIC(I)/RASTLO%*3
S12(1)=X12{(I1)/(R12%R12%R12)-XAST12(I)/RAST12#23
S13(1)=X12(I)/(R13#R123%#R13)-XASTI3([)/RAST]13%%3
S20(1)=X2C{I)/(R20*R2C*R20)-XAST20{(1)/RAST20=%3
$23(1)=X223(1)/({R23%R23%R23)-XASTZ3(I)/RAST23x23
S30(1)=X3C(I)/(R3GC=R3C#R2C)-XAST2C(I)/RAST30*=3

25



250 CONTINLE

CCMPUTE RCOT (IJ)
REOT{IJI=(M{L)+M(J) ) aS{TJ)+M(K)=(S(IK)+S(KJ))

+M (L) (S(IL)I+S(LY))
WHERE I «NE. J NE. K 4NE. L
AND (T9JsKoeL)=(0y192,3)

OCOOOOOOOOO

DO 260 I=1,3
RDOTLIO0(I)=M1#S10(I)+M2%(S12(1)+S20(T))+M3%(S12(1)+S30([))
RDOT12(I)=M12%S12(1)+M3%(S13(1)-S23(1))
RDCTL3(I)=M13»S13(I)+M2#(S12(1)+S23(1))

260 CONTINLE
TAL=TAL/A
DO 34C I=1,3
RD1C(I)=RWGT(J)*RCCT1C(I)
RDI1CF(I)=RC10F(I)+RD10O(I)
RD12(T)=FWGT(J)*RDOTL2(1)
RDL2F(I)=RC1I2F(T)+R012(1)
RC12(I)=RWGT{J)*RDCT13(I)
RD12F{I)=RC13F{I)I+RL13(])
RCC10(I)=ROWGT(J)*RDOCTLC(I)
RCC1GF(I)=RCDLIOF(I)+RCDIC(I)
RCO12(I1)=RCWGT(J)=ROOTLI2(I)
RCOY2F(T1)=RCC12F(T)+RCOL12( 1)
REC13(1)=ROWGT{J)*RCCT13(I)
RCC13F(I)=RCOLI3F(TI+RCOL3(T)

340 CONTINLE

341 CCNTINUE
D0 370 I=1,3
R4F10{1)=TSQ240+RC10F (1)
R4F12(1)=TSC240#RDOL2F (1)
R4F13(1)=TSC240%RC13F{I)
RD4F1C{I)=TAU45*RCOCLCF{]
RD4F12(1)=TAU45#RCOL2F (]
RD4F13(I11=TAU45#RCOL3F (]

370 CONTIALE
CX1C=CSQRT{(R4FIC(L)®%2)+({R4F10{2)1%x%2)+(R4F10(3)%%2))

380 00 29C 1=1,3
X4F10(I)=XASTI0(I)+R4F1CI(I)
X4F12(1)=XASTLI2(1)+R4F12(1)
X4F13(1)=XAST13(1)+R4F13(1)
X4F10(I+2)=XASTIO(I+3)+RC4F10(])
X4F12(I+3)=XAST12(I+2)+RC&F12(1)
X4F13(I+3)=XASTL13(I+3)+RC4F13{I)

390 CONTINLE

69 CC 18 J=1,3
Y1C{J)=X4FL10{J)=CNVL
Y121J)=X4F12(J)=CML
Y13(J)=X4F13(J)»CML
Y10(J+3)=X4F1C(J+2)=CMV
Y12(J+3)=X4F12{J+2)%*CMV
Y13(J+3)=X4F13(J+3)%CMV

18 CONTINUE

RIOF2=YLC(1)#%2+YLIC(2)%*2+YIC(3) %22
R2CE2=(Y1C({1)-Y12(1) ) n*24(YLC(2)-Y12(2))%#2+(Y10(3)-Y12{3))x=2
RL0=CSCRT{R10E2)
R20=DSCRT(R20E2)

)
)
)

26




RICF2C=X4F10(1)%#%2+4X4F10(2)#22+X4F10(3) 2«2
R20E2C={ X4FL1l0(L)=X4FL12( 1)} »x2+ (X4FL0{2)~X4F12{2) ) »%2+(X4F10(23)-%X4F
112(2) )ne?
R10C=DSQRT(R1CE2C)
R20C=DSQRT(R20E2C)
W=CMIN1(R10C,C=R2CC)
TAU=({W+AT) /BT
IF(SwWT-1.CCC)1CC6,1CCL,1C0€
1006 IF(PNEDAY-{TAUN+A=TAL))}1CCC,1C05,9
1005 SWT=1.CQC
GC TG S
10CC TAU=(ONEDAY-TAUN)}/A
SWT=1.00C
GO 10 9
1601 TOTCAY=TCTDAY+ONECAY
TDAYCL=(TCTCAY*CMT)/864CC.ECC
SWT=0.C0C
TIMEC=TOAYCU
IF(IPRLEGC.Q)IGEC TOQ 65
WRITE(3,2C)(Y10(1),1=1,6),TINED
WRITE(3,19)Y(Y12(1),1=146)
WRITE(3,16)(YL3(I)},1I=1,6)
19 FORMAT(LF .€D16.8)
20 FORMAT(1KHC,7D16.8)
2050 FORMAT(1F 3L24.1€)
WRITE(3,28)CX10,R1C,R2Q,TIVEC,COULANT
28 FGORMAT(1F 45D016.8)
IF(ICINT(TIVEMX)-IDINTULTDAYCL)) 1C03,10€3,1002
1002 CCANTINUE
TAUN=0.DCC
GO 10 ¢
1003 IF(N¥ORE.EC.1)GO TC 3cCQ
65 CONTINLE
STQOP
END
$IBFTC SUR]L LIST,REF,NGCECK
SUBRQUTINE SUBL (X,V)
COUPLE PRECISION
DX(6) 4V,
CERRWTIMECN,ITCNyITC,A,CX10,
DX1C s X124y X134 XTEMP XKEPXCEL,
OST2X10,ST2X12,ST2X13,STZ2X20,ST2X2C,S5T2X23,
DM1,M2,M3,M12,M13,M23,M2F12,M2F23,V3F13,NV3F23,
DCML yCMVoCMT4Y10+Y12,Y13,TINEC,TINEMX,
CTALD , TAUZRICyR20,TEMP, G 4R1CE2,R2CE2,
DLyC19C2sC34CELTAZHyXFRLC,XAFR10,
DXFR12,XFR134XFR20¢4XFR23¢4XFR3CyXAFR12sXAFR134XAFR209XAFR234XAFR30,
DRE24yRyKSTLETA,ZETA,C+HI,R124R13,R23,R30,1,
DR1OF2C4RZCE2C,R10C,R2CC
COUBLE PRECISION hWlCywhl2,wh13,¥n2C,Www30,hw23,
DFF10,FF124FF13+FF20,FF3C,FF23
DOURLE PRECISION
DWy TCTDAY o TCAYCUONEDAYy STy TAUN, CCUNT,AT,8T,
DRD1C,RC12,4RC13,RCC10,RDC12,RCD13,
CDEL1O,DEL12,DEL13,MONE+X20,CEL2C+X3CyDEL30+X23,DEL23,
DEPS10,XAST10,EPS12,XAST12,EPS13, XAST13,XAST20,XAST23,XAST30,
DRAST10,RAST12,RAST13,RAST2C,RASTZ23,RAST30,S5S10,512+513,520,
059234530y RCOTL0+RDOT12,RDCTI3,RO1CF,RD12F,RD13F,RCC10F,RDD12F,
DRCD13FRWGTyRCWGT o TSC24CR4F10,R4F12,R4F134TAL45,RD4F10,
CBX1CyBX12,B8X13,



30

31

40

$DATA

.

DRD4F124RC4F13 4 X4F1GX4F12,X4F13

DOUBLE PRECISICON EPS2C,EPS20,EPSZ3

COMMON X1C(12)9X22012)¢X13(12)¢XTEMP{6) s XKEP(E)XDEL{6)
CM14M2,M3,NM12,M13,M23, M2F12, M2FZ3, M3F13,M3F23,
CST2X10(6)9ST2X12(6),ST2X13(6)9ySTZX20(6)5T2X3C(6)2ST2X23(6),
CCML sCMV,CNMTY10(6),Y12(6)4YL3(6)TIMED, TIMEMX,
CTAUC,TAU,R10,R2C,TEMP,C4yR10E2,R2C(CE2,
CLyC1,C23C2,DELTA,H4XFRIC(3)sXAFR10{(3),
CRE24+R4KSTSETALZZETA,CHIZR12(6)4yR12{(6),R22(6),R20(6),2,
CR10E2C+R2CE2C,R10C,R20C

COMMON WWIC{E) shW1l2(6)ynwl31E)yWh2C(6)+nn3C{6)Wh23(6),
CFFIC(6)sFFL12(6)4FF13(6)FF2C{6)4FF30(6),FF23(6}

CCMNON
Cwey TCTCAY,TCAYCUZONEDAY SWT o TAUN,CCUNT,AT,BT,
CTSG240,8Xx10(6),8BX12{6),BX13(€),
CRCDIZ2F(6),RCO13F(6) yRWGT(4) ,RDWGT(4),R4F10(3),R4F12(3),
CRD10{3)4RC12(3),RC13(3),RCLC10(3),RLCC12(32),RCL13(3),
CDEL10(6)4CELL12(6),DELL13(&)sDEL2C(6),DEL23{6),LCEL3C(6),
CMONF 4 X20(€)9X23(6)4X30(6)EPS10(6),EPSL1Z2(6),EPS13(6),
CXASTLI0{6) 4 XAST12(H) 4 XASTLI3(6),XAST20(6) 2, XAST23(6)4XAST30(6),
CRAST1I0(6)yRASTLI2(6)+RASTL3(6),RASTZ20(6) RAST23(6)+RAST30(6),
CS10(6)9yS1216)9S13(6)9yS20(6)9S523(€)+S3C{¢€),RDCT10(6),
CRDOT12(6)yRCOTL3({6)4RDICF(€E)yROLZF(6)HyRCLI3F(56),RECLI0F(6),
CR4F13(3)4TAU4S5,RD4F10(3),RE4F12(3),RO4FL13(3),X4F1C(6)4XaF12(6),
CX4F13(6) 4 XFR12{3) 4 XFR13(3)4XFR20(3) s XFR23(3)+XFR3C(3)+XAFR12(3),
CXAFR13(3),XAFR2C(3)+XAFR23(3),XAFR30(3)

CCMVON EPS2C(6),EPS30(6),EPS23(6)
RE2=X(L)#%#2+X{(2)%%24X{(3) %2

R=DSQCRT(RE2)

KSI=M={TAL#®%2)/Ru=3
ETA=(X{1L)%X(4)+X(2)#X{5)+X{3)*X{¢&))*TAU/RE2
ZETA={X{4)nx24X{5)%%2+X(€)%%2)a(TAUR%2) /RE2-KSI

CHI=KSI-ZETA

I=MCNE-.SCCO*ETA-{(1.0CC/ 6.000)#ZETA+.,5CC0=ETA=»2+(5.D00/12.D00}
1#ETA=ZETA

ITER=C

ITER=ITER+1

L=CHI®Z%x2

C2=.5000%x(MONE=-(L/12.CCO) = (MONE-(L/30.0CO )=

1 {MONE-(L/56.000)+* (MONE-(L/9C.CCO)))))

C3=({MONE/ 6.DCO)# (MONE-(L/20.D00 )% ({MONE-(L/42.000)+*

1 {NCNE-(L/72.000)=(MCNE-(L/110.CC0OY)) 1))

Cl=NONE-L=®C3

DELTA=MONE+C1*ETA=Z+C2%#7ETA*2%x2
H=C2#ETA*Z#%#2+C3%7ETA%Z%#3+7-MONE

I=1-H/CELTA

IF(raBS(+H).LE.1.D-07) GC TC 31

IF(ITER.LE.10)GC TOU 30

CONTINUE

D0 40 I=1,3

XDEL(I)=(-KSI*Z%x2)%{C2xX{I1)+C3xZxTAU*X(I+3))
XDEL(I43)=(-KSI»#Z)#(ClxX(I)+C2%ZxTAUsX(1+3))/(DELTA=*TAU)
XKEP(I)=X(I)+TAU=X(I+3})+XDEL(I)

XKEP(I+3)=X{I+3)+XDEL(I+2)

CONTINLE

RETURN

ENC

23621551006 —+28407815CC6 ~.15944798CC6
B4415966DCC -.71504167C-1 ~-.40781976C~1



«22841895D0¢
«824378210CC
-.3195721¢€0D08
-.28628154D02
2.0DCO

1.CDCC

$FMSYS
$PAUSE

-.28612319DC6
«50846563CCO
«13642131CC9

—~«5€64072820C1

19.0CCO

-.1€078232C06
.18€637202€C0
.58157903C08

—.24463687L01

106.0CCO

179.0D00

29



30

$IBSYS

$J0B 0510 STUMPFF4 E.H.WEISS RIGGS BLDG X-12¢66
$DATE 102766

$EXECUTE 18J0B

$18J08 GOyMAP,LGOGIC,SCURCE

$IBFTC MAIN LIST,REF,NCDECK

C

900

DOURLE PRECISION
DERRTIMECN,ITDN,ITD,A,CX10,
DX10 9 X124 X134 XTEMP 3 XKEP ¢ XDEL,
DST2X10yST2X12,ST2X139ST2X204ST2X32CsST2X23,

DML gM2 4 M3, M12,M13,M23,M2F129M2F23 4M3F13,VM3F23,
DCML,CMV,CMT,4Y10,Y12,Y13,TIMED,TINEMX,
DTAUN,TAU,R1I0,R20,TEMP,Q,R1CE2,R2(CE2,
DLyC14C24C3+DELTAYHsXFRLO04XAFR10,
DXFRI2yXFR13,XFR20+AFR23,XFR30,XAFR12,XAFR13,XAFR20, XAFR23yXAFR30'
DREZ2yReKSIWETALZETAYCHI$R12yR134RZ23yR30492Z»
DRD10,RC1Z4RD13,RCCLO4RDDLI2+RECDL3,

DRI1OF2C+R2CE2C,yR10C,rR20C

DOURLE PRECISION WW1lO)WW129WW1l3ywW20,WW30 W23,
DFF1C,FF124FF13,FF20,FF3C,FF23

COURLE PRECISION C

COURLE PRECISION

DWwy TOTDAY , TDAYCUyONEDAY s SWT s TAUN, COUNT 4 AT BT,
DDEL1O,DEL12yDELLI3+MULNEyX20yDEL20,X30,DEL304X23,4,BEL23,
DEPS10,XAST10,EPS12+sXAST12,EPS13,XAST13,XAST20,XAS5T23,XAST30,
DRAST10)RAST124RASTLI3,RAST20,RASTZ3,RAST30,S10,512,513,520,
DS23,S30,RCOT10,RLDCTL2,RECTL3,RDLCF,RDLI2F,RD13F,RCC10F,RDD12F,
DRODI3FsRWGTsRDOWGT 9 TSCZ409R4FL0OWR4FL2yR4FL34TAU4S5,RD4F L0
DBX10,83X12,8X13,

CCELTY,CEL{4),

DRD4F124+RD4FL134X4F 10+ X4F12,X4F13

COURLE PRECISION TAUP,R10F4T,R10FT4

COMMON X10(12)4X12(12)yX13(12),XTEMP(6) ,XKEP(6) s XCEL(6),
CMLyM2,M3,M124M13,M23, M2Fl2, M2FZ3, M3F13,M3F23,
CST2Y10(6),ST2X12(6),ST2X1L3(6),ST2X20(6)5T2X30(6),ST2X23(6},
CCML 4CMVLCNMT,Y10(6),Y12(6),Y13(6),TIVMED, TIMEMX,
CTAUT,TAU4R10,R20,TEMP,C+yR1CE24R2CE2,
CLyC1,C2,C3,DELTA,H,XFR1IC0(3),XAFR1IC{3),
CRE24+RyKSTZETALZETAZCHIZR12{6)4yR12(6)4R23(6)43C(E),7,
CR10F2C,4R2CE2C,R10C,R20C

COMVNON Whl0(6) yhnl2(6)yWhl3(6),an20(6)ynnw30(6),Whw23(6),
CFFRLIC(E),FFL2(6)FF13(6),FF20(06)+FF30(6)+FF231(5)

COMVMON
CWeTCTCAY s TCAYCUSUNEDAYySWT» TAUN, CCUNT»AT,HBT,
CTSQ240C,BX10(6),BX12(6),8X13(6),
CRCDI2F(6)sRCD1I3F(6) +RWGT (4 ) REWGT(4),R4FLC(3),R4F12(3),
CROIN(3)4RC12{3),RD13(3),RCLC1013}) RCC12{2),RDL13(3),
COEL1O(6),LELL2(6)yDELLI3(6),,DEL2C(6),0EL23(6)},CEL3C(6),
CMONF,X20(€) 4X23(6)sX3C(6)EPSIOLE)EPSLIZ2(6),EPS1I3(E),
CXASTLIO0(6),XASTL216) 4 XASTLI3(6)4sXAST20(06) +XAST22{6),XAST30(6),
CRASTL10(6)sRASTLI2(6)sRASTLI3(6),RAST2G{06) yRAST23(5),RAST30(6),
CSL10{6),S12(6)4S13{6),520(6),523(6),530(6),D3T10(6),
CRDOTL2({6)4ROOTL3(5)4RDLICF{6)4RD12F(6)4RCL3F(5),RCE1I0F(b),
CR4F13(3),TAU4S5,RD4FL10(3)4yRC4FL2(3),RD4F13(3),X4F10(6),X4F12(0),
CX4F13{6) 4XFRL2(3)4yXFR13(3) XFR20(3),XFR23(3),XFR30(3),XAFRL2(3]),
CXAFR13(3),XAFR20(3}4XAFRZ3(3),XAFR30(3)

STUMPFF PY E.H. wEISS RIGGS BLDC

REAT(2,8CC)IIYLI0(T)4I=1+6)

READ(2,8CCI{Y12(1),1=1,6)

READ(258CCI{Y13(I),I=1,6)

A

=



o000

800

802
803

26

801

FORMAT(3C16.8)
REAL(2,802)AT,B8T,CNECAY,TIMENVMX, MCRE
FORMAT(4C16.8+7Xy11)
FORVYAT(D16.8)
CML=6378.1£5000
CMT=((6373.165000%%3)/.3G86032006)
CMT=DSQRT(CNMT)
CMV=CML/CHMT
INPUT IS IN KILCMETERS AND SECCNCS.
MULTIPLY CANONICAL BY CML,CMT CR CMV, TC OBTAIN METRIC .
TAUC IS IN DAYS. TAU IS CANCNICAL.
IPR=0
MONE=1.DCO
M1=1.D00
M2=1.0C0/81.3C150C5210C0
M3=332951.26580C0
M12=M1+M2
M13=M1+M3
M23=M24M3
M2F12=M2/M12
M2F23=M2/V23
M3F13=M3/V13
M3F?23=M3/M23
TIMED =0.CCC
COUNT=0.CCO
TAUN=C.DCC
ONERAY=(0ONEDAY*864CC.CO0)/CHMT
TOTCAY=0.CCQO
SWT=0.00C
WRITE(3426){(Y10(I)sI=146)TINED
WRITE(3,19)(Y12(I),1=1,6)
WRITE(3,19)(Y13(1),I=1,6)
FORMAT(1H1+6D16.84+016.8}
WRITE(3,801)AT,BT,C,y¥1
FORMAT(4HCAT=9D16.892Xs4H BT=9016.8¢2X93H C=yC1l6.892X,
15H ¥1 =,016.8)
RWGT(1)=721.000
RWGYT(2)=476.D00
RWGT(3)=245.000
RWGT(4)=18.C00
RDWGT(1)=64.D00
RDWGT(2)=24.DC0
RDWGT(3)=64.0C0
ROWGT(4)=14.000
DEL(1)=-4.0CO
DEL(2)=6.0C0O
DEL(3)=-4.0C0O
DEL(4)=1.0CC
wW=6.0CC
TAU=BT
CONTINUE
COUNT=COULNT+1.DCO
TSQ240={TAL=*2)/240.DCO
TAU45=TAU/45.D00
00 350 I=146
RD1CF(I)=C.D0O0O

RD12F(I1)=C.LCCO
RD13F(I)=C.CCO
RCB10F(I)=C.DCO
RDD12F(1)=0.DCO
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110
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13

130
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RODI3F(l)=0.D000
CONTINUE

DELT=0.DCC

DO 341 J=1,4
TAUN=TAUN+TAU

DC 25 I=1,3
BX1C(I)=Y10(1)/CML
BX12(I)=Yl2(I)/CHL
BX13(I)=Y123([})/CML
BXIC(I+3)=Y10(I+3)/CMV
BX12{(I+3)=Y12([+3)/CMV
BX13(I+3)=Y13(I+3)/CNMV
CONTINUE

A=)
TAU=A*TAL
CONTINUE
INPUT/M1,X1C CLTPUT/ X10,DELILO
CALL SUB1(BX10,M1)

DO 100 I=1,¢

X10(I)=XKEP(1)

DELYO(TI)=XCEL(I)

CONTINUE

INPLUT/M14+M2,X12 uUTPUT/ X12,0EL12

CALL SUB1(BX12,M12)
DO 110 I=1,6
X12(1)}=XKEP(I)
DELIZ2(I)=XCEL(I)
CONTINUE

INPUT/ML1+VM3,X13 UuTPLT/ X13,DELL3

CALL SUBL(BX13,M13)

DO 120 I=1l,46
X13(I)=XKEP(I)
DELYI3(I)=XDEL(I)
CONTINUE

DO 13 I=1,6
XTEVP(I)=BX10(I)-8X12(1I)
CONTINUE

INPUT/M2,X10~-X12 QUTPLT/ X20,DELZ2O

CALL SUBL(XTEMP,M2)

DO 130 I=1,6
X20(1)=XKEP(I)
DEL20(I)=XDEL(I)
CONTINUE

DO 15 M=1,6

XTEMP (M) =BX10(M)-8X13(M)
CONTINUE

IENPLT/M3,X1C-X13 CuTPUT/ X30,CEL30

CALL SUBL(XTEMP,M3)
DC 140 I=1,6
X30{I)=XKEP(I)}
DEL20(I)=XCELL(I)




140 CONTINUE

DO 17 M=1,6

XTEMP(M) =BX13(M)-BXL2(M)
17 CONTINUE

INPUT/M2+4¥3,X13-X120LTPLT/ X23,0EL23

aO0

CALL SUBIL(XTEMP,M23)
DD 150 I=1,6
X23(I)=XKEP({I)
DEL?3(I)=xCELL{I)

150 CONTINUE

C
Cc COMPUTE EPSIO E1Q0=CEL20+DEL20+M2/(ML+M2) xDEL12+(M3/(ML+M3)
C *DELU3
C
DO 190 I=1,6
EPS10{(I)=CEL20(I1)+DEL30(I)+M2F12+CELL2(I)+M3F13=#DEL13(])
XASTIO(I)=X10(I)+EPSLO(I)
C
C COMPUTE EPSU2 E12={(M3/(M]1+M3))=DEL13~-(M3/(M2+M3})%DELZ23
o
EPS12(I)=M3F13#DELL3(]I)-VM3F23%DEL23(])
XASTLI2(1)=X12(I)+EPSL12(1)
o
C COMPUTE EPSU3 E13=(M2/7(M2+M2) ) rDEL 23+ (M2/(M1+M2) ) =DELL2
o

EPS13(I)=NM2F23%DEL23([)+VM2FL2#DELL2(])
XASTI3{I)=X13(I)+£PS13(1)
XAST20(I)=XASTLO(I)=-XASTLI2(])
XAST30(I)=XASTIC(I)~XAST13(I)
XAST23(I)=xASTL13(I)-XAST12(1I)

190 CONTINUE

COMPUTE R(IJ) SQUARED ANC RAST(IJ) SQUARED
RIIJ)#22= X{IJI{1)ua24X(LJ)(2)n22+4X(1J)(3)%x2

sNeNeNg!

R10=DSGRT{X10(1)=X10(1)+X10(2)%X10(2)+X10(3)=X10(3))
R1I2=DSQRT(X12{(1)=X12(1)+X12(2)#X12(2)+X12(3)=x12(3))
R13=DSQRT(XL13{L)=X13(1)+X13(2)%X13(2)+X13(3)=X13(3))
R20=DSQRT(X20(1 )=« X2u (L} +X2C(2)#X20(2)+X20(3)=Xx20(3))
R23=DSCRT(X23(L)#X23(L)+X22(2)#X23(2)+X23(3)4X23(3})
R30=DSCRT(XBCIL)=X3CIL)+X3C(2)%X2C{2)+X30(3)#x3C(3))
RASTLC=DSCRT(XASTIC(1)#=2+XASTL10(2)%=2+XAST10(3)==2)
RAST12=DSCRT{XASTLI2{ L) ##2+XAST12(2)=%2+XASTL2(3)=%2)
RAST13=DSCRT(IXASTL3(L)#%x2+XAST13(2)##2+XAST13(3)r=2)
RAST20=DSCRT(XASTZ20(1)a%Z2+XAST20(2) %22+ XAST20(3)%x%2)
RASTZ23=DSCRTIXAST23 (L) *#2+XAST23(2) #5224 XAST23(3)}=n%2)
RAST30=DSCRT(XAST3O( L) *=#2+XAST30{2)**#2+XAS5T30(3)#=2)

CCMPUTE S10,512+513,520,523,530 wHERE IN GENERAL
S{IJ)=X(IJ)/R{TJI)##3eXAST(IJ)/RAST(IJ)==3

[aleNeNe!l

DO 250 1I=1,3

S10(1)=X1C(T1)/(R1C*<10%R10)-XASTIC(I)/RASTI0#%=3
S12(1)=X12(1)/7(R12#K12%R1L2)-XASTL12(I)/RAST12%%3
SI3(I)=X13(I)/(R13*#R13%R13)-XASTL3(I)/RAST13%%3
S20(1)=X2C(1)/(R20*R2C*R20)—-XASTZC(I)/RAST20=+«3
S23(1)=X23(I1)/(R23#K23%#R23)-XASTZ3(I)/RAST23%%3
S30(I1)=X3C({1)/(R3C*R30#R30)~-XAST2C(I)/RAST30%=3
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CONTINUE

COMPUTE RCOT (IJ)
ROOT(OEL)=A(MITI+M(J) ) «S{TJI+VM(K)®(S{IK)+S(KJI))

+M{L)*(S{IL)+S(LJ))
WHERE I oNE. J oNE. K oNE. L
ANC (I+JdsKeL)=(0,41,42,3)

DO 260 I=1,3
ROCT1O0(I)=ML#S1CII)+M2#{S12(I)+S2C(I))+NM3=2(S13(1)+S30(I))
RDOT12(T)=M12%S12(I)+M3=(S13(1)-S23(1))
RDOTL13(I1)=M13«S13(1)+NM2%(S512(1)+S23(1))

CONTINUE

DELT=RDOOT1O0(1)»#2+RDOT10(2)#%x2+RCCT10(3)=%2
DELT=DSQRT{CELT)#DEL(J)+CELT

TAU=TAU/A

DO 340 I=1,3

RDL1C(I)=RWGT(J)*RROTLIO(I)

RDICF(1)=RCL1OF{I)+RE10(1])

RD12(I)=RWGT(J)=RDCTLI2(])

RD1?F{I)=RO12F({I)+RDL2(1)

RDLZ2(I)=RWGT(J)=*RDOTL3(1)

RD13F(I1)=RC1I3F(I}+RO13(I)

ROD10O(I)=RCwGT(J)*ROGTLIO(])

REDYOF(I)=RCDLIOF({I}Y+RCDLICI(T)

RDD12{I)=ROWGT(J) *R0OUTL12(T)

RCD12F(I)=RCHD1I2F(T}+RCCL2:1)

RCDYIZ(I)=RDWGT(JI=*RDUTLIZ(I)

RDODI3F(I)=RCO13F(TI)+RCDL3(])

CONTINUE

CONTINUE

DO 270 [=1,3
R4F10(1)=TSQ240%RD1VF (1)
R4F12(I1)=TSC240%RC12F(I)
R&4F13(1)=TSQ240%3C1L3F ()
RD4FLO(I)=TAU4S5=*RCDIOF (I
RD4F12(11=TAU45%RCDL2F (]
RD4F13(1)=TAU45*RLD13F (I
CONTINUE
CX1N=DSQRT((R4FLO(1)#»#2)+(R4F10(2)%=2)+{4F10(3)%xx2))

D0 390 I=1,3

X4F10(I)=xASTLO(I)+R4F10(])

XK4F12(1)=XAST12(1)+x4F12(1)

X4F13(1)=XAST13{I[)+R4F13(I)

X4F10(I+3)=XASTI1C0(I+3)+RC4F10(1)
X4F12(I+3)=XAST12(I+3)+RC4F12(1)
X4F13({I+3)=XAST13([+3)+RC4F13(1)

CONTINUE

BQ 18 J=1,3

Y10{(J)=X4F10(J)=CML

YI2{J)=X4F12(J)=CNML

Y130J)=XaF13(J)»CNML

Y10{(J+3)=X4F10(J+3)*(MV

Y12(J+3)=X4F12(J+3)=CVMV

Y13(J+3)=X4F13(J+3)=CMY

CCNTINUE

R10F2=Y1C(1)=22+Y10(2)*#2+Y1C(3)%%2
R2052=(Y1C(L)=Y12(1) ) »#2+(YIC(2)-Y12(2) )»#2+(YLO(3)-Y12(3))#=2

)
)
)
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65

$IBFT

R10=CSCRT{(R1Q0EZ2)

R20=DSCRT{R20E2}

IF(TPR)6027,602646027

CONTINUE

TAUP=4.0CCO*TAU

WwRITE(3,6CC0)IR20

FORMAT(11H R20(KM} = ,[16.8)
WRITE(3,€6C01) TAuUP

FORMAT(Ll1H FCUR TAU =,D16.8)
WRITE(3,6C02) CXl0

FORMAT(24H MAG CF R10 CCRRECTION =,C1l6.8)
WRITE(3,6C05)DELT

FORMAT({6+ DELT=,0106.8)

CONTINUE

IF(SWT-~1.CC0)6024,1C01,6024
R10F4T=DABS(DELT)
IF(R10F4T)IE021,6023,6C21

R1OF4T=AT/R10FA4T

IF(RL1O0F4T - 6.DC0)6022,6022,€6023

TAU=TAU* ,5CCO*(R10F4T+1.£00)
IF(NNEDAY-(TAUN+A#TAU%1,10C0))1CC0,1C00,9
TAU=(ONEDAY-TAUN) /A

SWT=1.£0C

GO 10 9

TOTNAY=TCTODAY+0ONECAY
TDAYCU=(TCTDAY"CMT)/864CC.LCCC

SWT=0.C0C

TIMFD=TDAYCU
WRITE(3,2C)I(YLO0(I)y[=146),TINMED
WRITE(3,19)(Y12(1),1=1,6)
WRITE(3,18)(Y13([},1=1,6)

FORMAT{1lF ,6016.8)

FORMAT(1+0,7D16.8)

FORMAT({1Fr 3D24.16)
WRITE(3,28)CX104R10,R20,TIMEC,COULNT
FORMAT(1H ,5D16.8)
IF(TIMEMX-TDAYCU)1C03,1C03,1C02

CONTINLE

TAUN=0.DCO

GO TO 6024

R10F4T7=6.0CC0O

GO TO 6022

IF{VORE.EC.1)GO TO 90Q

CONTINUE

STOP

END
C Surl LISTHyREFNCCECK

SUBROUTINE SuBlL (X,M)

DOURLE PRECISION
DX(6) sV,
DERRyTIMEDN,ITDNyITD,A,CX10,
DX10 s X129 X134 XTEMP 3 XKEPy XCEL»
DST2X10,ST2X12,ST2X13,ST2X20,ST2X30,ST2x23,
DM1,M2yM3,N12,M13,VM23,M2F12,M2F23,V3F13,VM3F23,
DCML +CMV9CNT o Y109 Y129y Y139 TIMEC,TINMENMX,
DTAUC, TAU,R10,R20,TEMP,Q+R1CEZ,R2CE2,
OL,CY1,C2yC3,0ELTAyHyXFR1C4XAFR10,
DXFR123XFR13,XFR20,XFR23yXFR3CyXAFR12,XAFR13,XAFR20,XAFRZ3,XAFR30,
DRE2yRyKSILETA,ZETA,CHI R12,R13,R23,R30,2Z,
DR10OF2C,R2CEZ2C,R10C,R20C
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DOURLE PRECISION WWlCyWhl2shwl3,hWw2C,NW30,hW23,
DFF1CFF1Z2,FFL134FF2CyFF3C,FF23

DOURLE PRECISION

DWe TCTDAY »TOAYCU,ONEUAYsSWTy TAUN,COUNT +AT,BT,
DRD1C4RC1Z4RC13,RCC1IC,RDD12yREDL3
DDEL10,DEL12,DELL13,MCNE4X204CEL20+X30,0DEL30,X23,DEL23,
DEPS10,XASTL1O0,EPS124XAST12,EPS139XAST13yXAST20,4XAS5T23,XAST30,
DRAST10,RASTLI2,RAST13,RAST20,RAST23,RAST30,S19,512,513,520,
DS23,S304RCOTLOWRDOTLZ2,RDCT13,RDLICF4RD12F4RDO13F,RECLIOF+RDD12F,
DREDI3FyRWGTyROWGT ,TSG240,R4FL10,R4FL12,R4F13,TAU45,RD4F10,
DBX1C,BX12,8X13,

DRD4F12,RC4F13,X4F104X4F124X4F13

COMMON X1C(12)9X12{12)9X13(12)yXTEMP(6) +XKEP{6)4XCEL(6),
CM1l,M2,M3,M)12,M13,M23, M2F12, M2FZ3, M3F13,M3F23,
CST2X10(6),ST2X12(6)4ST2X13(6),STZX20(6),5T2X3C(6),5T2X231(6),
CCML yCMV,CNMT,Y10(6),Y12(6),Y13(6),»TIMED, TIMEMX,
CTAUC,TAU,R104R20,TEMP,Q,R1CE2,R2CE2,
CLyC1,C2,C3,CELTA,HsXFRL1C(3),XAFR10(3),
CRE243R+KSILETA,ZETALCHI S R12(6),R12(6),R23(6),R30(6),2,
CR10F2C+RZ0E2C,R10C,R20C

COMMUN WW10(6)yhwl2(6)sWWLI3(6),Wh20(0)sWW30(6),WHW23(6),
CFFL1C{6),FF12(6)FFL3(6),FF20(6)yFF3C(6),FF23(6)

COMMUN
CWyeyTCTDAY TCAYCU,ONEDAYySWT s TAUN,COUNT,AT,BT,
CTSQ?40,8X10(6),8BX12{6),8X13{6),
CROD12F (6} »RCDLI3F(6)+RWGT{4) ,RDWGT(4)4R4F10(3),R4F12(3),
CRD1C(3),RC12(3)4RC13(3),RCLCLO(3),RCD12(3),RDD13(3),
CDELIO(6)4CELL2(6) +DELL3(6),0EL20(6),DEL23(6),DEL30(6),
CMONF 4 X20{€) ¢+ X23(06) 4 X3C(6)EPSL10{6),EPS12(6),EPS13(6&),
CXAST10(6) s XAST12(6) s XASTI3(6)3XAST2C(6) s XAST23(6),XAST30(6),
CRAST10(6)yRASTL12(6)4RASTLI3(6),RAST20(6}),RAST23(6),RAST30(6),
CS10(6)9512(6),513(6)3520{6),523(6),530(€),RDOTLO(6),
CRDOT12(6)4RCOT13(6),RCLICF{6),RDL2F(6),RC13F(6),RCC10F(6),
CR4F13(3),TAU4S5,RD4FLO(3)yRC4FL2(3)»RD4FL3(3)2X4F10(6):X4F12(6),
CX4F13(6) 4y XFRL2(3)yXFR13(3)4XFR20(3)4XFR23(3),XFR30(3),XAFR12(3),
CXAFR13(3),XAFR20(3)yXAFR23(3),XAFR3C(3)
RE2=X(1)#%2+X(2)%a2+X(3)%s2

R=DSQRT(RE2)

KSI=M=*{(TAUx#2)/Rx%3
ETA={(X{1)aX(4)+X(2)#X{S)+X(3)*X{€))=TAU/REZ2

ZETA=(X(4) %224 X(5)%x2+X(£)%%2) 2 (TAU=%2) /RE2-KSI

CHI=KSI-ZETA

2=MCNE-.5CCO#ETA-(1.0C0/ 6.D00)#2ETA+.5CO0%ETA=%2+(5,000/12.000})
1*ETA%ZETA

ITER=0

ITER=ITER+1

L=CHI*Z2%x2

C2=.5D00 % (MONE~({L/12.D00)*{MONE-(L/30.DCO)=

1 (MONE=~(L/56.D00) % (¥ONE-{L/90.CC0))) )

C3=(MONE/ 6.000)#(MONE-(L/20.D00)#(MUONE~(L/42.D00)

1 {MCNE~{L/72.0C0)={MONE-(L/11C.CC0)))))

Cl1=MONE-L%C3

DELTA=MONE+CL*ETA®Z+C2#ETA%Z %22
H=C2#ETAaZ%x%2+C3#ETA#Z#*3+/-MONE

1=2-H/CELTA

IF{NABS(F) LE.1.D-07) GC TC 31

IF(ITER.LE.10)GO 7O 3C

CCNTINUE

DO 40 [=1,3

XDEL(I)=(-KSI*Z#»2)»(C2%X(1)}+C3%722TAU=X{1+3})



XDEL(I#3)=(-KSI#Z)#(CLleX(1)+C2%Z sTAU=X(I+3))/(DELTA*TAU)
XKEP{I)=X(1)+TAU*X(I+3)+XDEL(I)
XKEP(I+3)=X{I+3)+XDEL(I+3)

40 CONTINUE

RETURN
END
$DATA
«23621551D06 —+284078150C6 -.15944738L06
+B441596€6DCC ~.71504167D~-1 -+4C781976C-1
«22841895D0¢ —.28€123190C6 ~.1£078232C06
«82437821DCO «50846563CCO «18637202C00
-«31957216D08 »13642131009 «539157903L08
~+2862°154D02 -+56407282CC1 ~.24463687L01
2.50-08 1.D-C2 1.0C01 179.D00
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POSTMASTER:

“The aeronautical and space activities of the United States shall be
conducted so as to contribute . . . to the expansion of human knowl-
edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and ihe results thereof.”

—NATIONAL AERONAUTICS AND SPACE ACT OF 1958
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NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and technical information considered
important, complete, and a lasting contribution to existing knowledge.

TECHNICAL NOTES: Information less broad in scope but nevertheless of
importance as a contribution to existing knowledge.

TECHNICAL MEMORANDUMS: Information receiving limited distribu-
tion because of preliminary data, security classification, or other reasons.

CONTRACTOR REPORTS: Scientific and technical information generated
under a NASA contract or grant and considered an important contribution to
existing knowledge.

TECHNICAL TRANSLATIONS: Information published in a foreign
language considered to merit NASA distribution in English.

SPECIAL PUBLICATIONS: Iaformation derived from or of value to NASA
activities. Publications include conference proceedings, monographs, data
compilations, handbooks, sourcebooks, and special bibliographies.

TECHNOLOGY UTILIZATION PUBLICATIONS: Information on tech-
nology used by NASA that may be of particular interest in commetcial and other
non-aerospace applications. Publications include Tech Briefs, Technology
Utilization Reports and Notes, and Technology Surveys.

Details on the availability of these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Washington, D.C. 20546




