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TIILE , Integration of n Simultaneous Second Order Differential
|  Pquations with Initial Comditions Specified [S4DOI or DOI)
TYPE : Subroutine 39
Parameter storage "
. Y ‘
TEMPORARY STORAGE 0, bn lecatiens specified by parameters located in b
gnd 5.
PARAMETERS 3 a0 F 00 aF a is the location of the first
‘ word of the auxiliary routine.
i 00 F 00 (AO)F Storage positions A, A, = AG + i

contain dependent variables
yi(i =0, 1, +++, n=1). Initial
values of v must be placed here
originally.
5 00F 00 (B,-a,)F Storage positions B,, B, = Ao +
(BQ"AQ) + 1, contain hy! where
h is the increment. Storage |
positioms C,, C; - Ay + E(Bbﬁkb}‘% i
are used for tempeorary storage.
ﬁriginally Bi and Ci must contain
hy% and hehg, respectively.
Locations T, I; = ﬁ*a + 2(30~&Q} + 4
contain values of h“yg found

by the auxiliary subroutine.

Y 00 F 00 nP n is the mumber of differemtial
eguations to be integrated.
7 GOF 00 el . e is the address of the teolerance,

€. € is a mmber such that if, .
for all i, the absalute value

of the difference between two
successive approximations te
hgyg is less than 277 €, the
iteration process is aszumed to
have converged.



AUXILIARY SUBROUTINE

DURATION

DESCRIPTION

THE INDEPENDENT VARIABLE

Da

' The purpose of the auxiliary subroutime is to take the

quantities y; and hy} (L =0, 1, ++., n-1), whose locations

are determined by the parameters Ai and Bi and compute the

quantities h?y”‘ The quantity h is the increment of the

iindependent variable. The auxiliary subroutine must be

located in a seguence beginning with location a.where a

is specified by the parameter 83. In integrating over

one step, the integration subroutine will call in the

iterations necessary for convergenuce.

The time in milliseconds for one time through the subroutine

is '
0.54% + 2.17n + 1(0.25 + 3.8n + D)

where I = number of iterations for an interval
D = time of auxiliary routine
n = number of equations.

This routine will integrate n second order differential
equations of the type:
(1) y," = £,(5gs ¥yo o5 Yoo ¥fs ¥is =205 Vpy)
1 =0, 1, ov.p n=1
When entered with the entry

o

2r
[ 26 integration routine,

the subroutine will carry out one integration step

replacing values of y, and hy,' , . by y. . and
i, i, J=1

J=1 1sd

hy! .

i, §
Tf the independent variable x occurs in the functions
fi’ or if it is required during an integration as an
index, then it may be obtained by integrating the
equation y" = 0. The independent variable x is then
treated as an additional dependent variable, for which
no additional computing is required by the auxiliary

subroutine. TIf the independent variable does not



REMARKS

-3

appear in any of the fi's, but is merely wantad for
indication purposes, it is gquicker to use a simple
counter in the main routine.

The numerical procedure is given by equations 2, 3,
and k.

(2) yi,j,k = y:%.,j-l + (h/?) fi,j-l + (h/g) fi,j,k

- ‘ ' ) 2 2 '
(3) ¥y, = V,3-1 * W g1+ (0073005 5+ W/0)2, 4

o

() yy,5 = 94,5,k
yi,j = yi,j,k if, for all i, the relation
F1,0 Ty
b7 £ 1‘ <e is satisfied.

f - .
l 1,d:k iydsk-

In the above equations:
i indicates the variable of integration,
J indicates the step of integrationm,

and Xk indicates the number of iterations.

SuPficient conditions to guarantee that the procedure will
converge and that numbers stay in bounds can be stated,
but use of these conditions leads to extremely short
intervals. In practice, if units of measure and a

value for h are chosen so that numbers are within bounds

within the auxiliary routine the value of h so chosen

15 usually satisfactory for convergence of the numerical

procedure .
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ROTES PACE 1

from 33

LOCATION OEDE? X
SOKE )
0 K5 1F¥ ,
k2 35T, Plant link
1 15 L from 14
Lk 28L (+)1
2 Lo 9L Form i - (n+l)
32 1ML Transfer if i = n+l
3 L 9L
46 281, Store i
I Lk 11L Form Ai
L6 12%,
5 10 20F
k2 111
6 LA 27L Form B,
Lo 10L
7 42 131,
L4 27L Form Ci
8 ko 9g
ko 121,
9 L5 86 Dummy instruction used as constant
L5 ( JF by 8
10 10 1F
50 (JF by 7
11 sk 102284 Address digits used in computation
b ()F by 5 of A,
12 Lo ()r by U4
L5 ()F by 8
13 sk F
ho ()F by T
1h 26 1L
' 50 141, _ from 2, 36 Fnter auxiliary routine
15 26 83
L7 28L Set 1 =0
16 ho 371 from 34 Store , a yes or no mark
5L

F3



NOTES

PAGE 2

LOCATION ORDER
17 L4 28L (+ )1
10 9L Form 1 ~ (n+1)
18 30 341, Transfer if i equals n+l
Lk 91,
19 L6 281 Store i
L4 11L Form A,
20 46 321,
10 20F
21 L2 311
L4 278 Form B,
22 k2 291,
b2 30L
23 14 275
k2 261, From -t?i
2k 00 20F
46 27L
25 Lk 36L
46 26L Form.D 1
26 5 ( )F by 25
50 ( )F by 23
27 o ( ) by 2k
80 85
28 50 ( )F 1 by 3, 15, 19, 34
ho F
29 . 10 1F
th ()F by 22
30 50 F
40 ( )F by 22
31 77 38L Multiply by  equal 1/6
Ih (JF by 21 -
32 ho ()F by 20
LT ST
33 I2 F

32 16L

Question convergence

F3



PAGE 3

. LOCATION QRDER HOTES
3h 26 16L ,
47 28L ! from 18 Set 1 egwel to zero
35 13 37L B
3 () by O Theration finished 1f  equal zero
36 5G 85
22 14,
37 0c P
0o F |
38 00 F 00 1666 |

6666 6667 J

F3
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