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Integration of a System of Ordinary Differential EquationéL
up to a Specified Value of One Varisble. o
Closed with 3 program parameters.

60

0, 1, 2

This subroutine will integrate a system of n simultaneous
first order ordinary differential equations, in which eacn
derivative is expressed explicitly in terms of the variables
thus:

yto = fo (yolle teey yn-l)

ytl = fl (yO"yl’ tecy yn~l)

y‘n-—l = fn-l (yonl) sacy yn-l)

Integration is carried out by means of the Gill-Kuita method,
described in routine F1 from a set of initial values of the
variables until one specified variable Yy reaches the value
YE. Equal step intervals are used until Yy is near to Yk.
At this time the step interval h is automatically readjusted
in accordance with the rule h=(Yk-yk)/y'k of the Newton-
Raphson method until ¥y converges to Yk with an error of

at most 2_39. Control is then returned to the main routine.

‘Locations 3 through 7 must contain the preset parameters a,

b, ¢, n, 4 as integers before and during input of routine F5.

We must have a <D <.c.

a 1s.the location for the first variable Yo Other
;variables occupy succeeding locations so that ¥y
occupies a + 1. The initial values are originally
placed in these locations and routine F5 alters them
during the integration process.



NOTES

b is the le-atiorn for the first soaled csslivetlve
o™ n yo‘« Cther derivatives occupy succzedlug
locations sc that 2™ n yi' occupies b + 1 P
auxiliary subroutine must calculate these < 7.
vatives znd place them in their locationms.

c Locations ¢ + 1, {1 = 0; 1, ..., n-1) are used
ag temporary storage by 5. Taese locations

"must be cleared before entering FO with a new
set of initial values.

n is the number of differential equations to be
solved.

d is the location of the first word of the auxiliary
subroutine.

Entry to F5 is made by means of the instructionms

0 mF
o 5
20 p
p+l 26 .
00 (a+k)F

and control is returned to the left hand side of p + 2. The
scaling parameter m is used in the same fashion as in routine
Fl and, if varied, will change the step interval h provided
the auxiliary subroutine is unchanged. The program parameter
a + k is the location of y,, the variable which is brought

to the value Yk' The value Yk must be in the accumulator at
the time of entry.

The auxiliary subroutine must be provided by the user. It
must be programmed as a closed subroutine using standard

entry and must use the variables obtained from a,a+l,...,a+n-1
to compute each 2™ n fi and place it in location b + i, for
each 1 = 0,1, ...,n-l. ‘

A more complete description of the method of integration is
contained in the description of routine Fl. For a discussion
of accuracy, scaling, and the choice of parameters hand m

the reader is referred to this description.
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The time per step is approximstely the same as 7ur #. “ut
the number of steps per entry into B may be difficult &~
determine.» In case Yy never reaches Yk the integratisn
process will not terminate.

One wishes to find values of x such that

2
Vex 00
assumes the values .9, .99, and .999. First write the

integral as a set of first order differential equations by
introducing a new variable

2
1 =X
e X T
: ¢
Ve may then write
x' =1
u' = -xu
¥y =u - )
as the set of equations to be solved by F5. 'Initial conditions
x=0,u-= 1 y ¥V = % may be placed in 83, 1S3, 253 before
2“ .
starting the integration. The entry
0 mF
p >
50 p
pr1f 26 -
00 83

my be made repeatedly with'.9, .99, and .999 in the accumulator
to obtain the cbrresponding three values of x. The initial

conditions need not be resét.,7

P
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LOCATION ORDER |
00 X
26 1000N (F5)
0 L5 5F
Lk 6F
1 | 0020F |
L b6 53L
2 5 3F
42 54L i
3 00 20F !
46 Sk L |
b L5 LF |
10 3F
5 . k2 55L
| 00 20F
6 E 46 55L
| L5 5F
T [ LO WF
1 Lo 561
8 \ 00 20F
| 46 56L
9 | 1558L
| 22 1014F!
10 f Lo 1F .
| ' 1059 |
1 | hkoor |
I3F |
} 12 ; 10 (m)F ’
L i L6 oF
|13 oL
: L5 2F
‘ 14 ~ Fh 5TL
3% (pR)F
15 50 5L |
15 2F
16 00 (m)F
66 F ’

H

,tc+n in 53

¥

-

T

ta in 54

b-a in 55

i be-b in 56

End of interlude
Y in 1

yk-Yk in 2

Is lYk_yk‘ <hy'?

Is |Yk-yk| <27,

PAGE 11
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# LOCATION | ORDER NOTES PAGE 2
17 S5 F
oo 4o 58L
18 22 38L
50 58L
-~ 19 L5 (9 4)F
4o 1F
20 79 (k; ,)F
o F
21 Lo (1)F
22 Lo 2F
50 (A,)F
23 73 2F
Ly 2F
) -m
24 10 (m)F (1:1J - Bj qij) .(AJ +1)2
ho 2F
25 Lb (yij)F |
40 (yi,j+l)F step Yy
26 L5 2F
50 5TL
27 00 (m)F from Ty 34l
ko oF
28 50 (cJ)F
T F
29 IO F
Lk 1F c. kij - kij
30 Lk 2F
Lk oF
31 Ls 2F
40 (ay 5,1)F Ay * 3Ty 5
32 L5 25L
L4 29L
33 Lo 251
46 25L
3h L+ 55L
46 20L

F5



LOCATION

NOTES PAGE 3

ORDER
35 Lk 56L
k2 311,
36 L6 19L Step addresses depending on i until i = n
LO 53L
37 32 18L |
50 3TL
38 26 87
15 (49)L I
39 k2 38L
32 8L
40 46 211,
10 10F ~Increase |} and adjust addresses depending
41 LY 34L on j '
k2 221,
42 46 28L
L5 54L
43 26 33L |
00 F
Wy 4| 4o F N
"l oor 1/2 Cys Cs
L5 NO F |
00 F -1/2 A, P
46 40 F : e *
| 00 2071067811865  1/f2 Crs A,
b7’ 80 F |
. | oo 202893188145 -1/{2 A5 C, - z
48 80F e
00 1666666566673  -5/6 ' A §
L9 LT 1025F | -11, 1, 7 - F
06'107ML | 25, 50L ¢ - E
50 | LI 3129L | -9,2,27, - . ;5
06 31231 | 2L k
51 LF 5TL -8,2,26, E
06 21001 | 2% E

) ) i
i S CLS |
) N SN U SO — §

s v

F>5



LOCATION ORDER NOTES PAGE 4
52 LJ 1025F -11,1,28,
07 53L o3L
5% 64 (c+n)F il
00 49L
5l 80 (a)F
00 (a)F End constants set by interlude
55 00 (b-a)F
00 (b-a)F
56 00 (c-b)F
00 (c-b)F |
57 00 F
00 F Zero
58 00 F
» 26 L
26 1N
0 40 59L Y, in 59
K 5F
1 46 121,
46 16L Lm in 12, 16, 24 and 27
2 46 241,
46 2TL |
3 k2 5L p+l in 5
F4 5TL Flink in 1%
L4 42 1L |
LT AL }x in 58
5 40 58L il
. L5 (p+l)F (Ta+kx in 9
6 k2 9L il
L4 55L  to+k in 8
T L2 8L |
. 50 TL [ FEnter Auxiliary
8 26 87 i
L5 (b+k)F " ny', mo
9 o F |
L5 (a+k)F

01 60K

i At P
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