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Program Title Linear second 91‘der boundary-value problem
|| Contributor’'s Name 'Gerhard Schwesinger
Address HaydnstrafBe 14 | .
City _ D 7920 Heidenheim Country ._GeTrmany Postal Code )
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Program Des‘cription, Equations, Variables

The program computés by 4th order Runge~Kutta integration the solution of

the linear differential equation y'"=f(x,y,y') for boundary conditions of

the third kind

’O(,y(a)‘+[3,y'(a)+x,:0 )
ot y(b) + B, 7' (b) +Y, =0 (2)
The program thus comprises boundary conditions of the first kind (f3; =[3,=0)

and second kind (ot = o, = 0)..

Two arbitrary starting values u; (i=17;2) are chosen as input for yit(a).

u; also defines y;(a) according to Eq.(1). The program then computes ﬁ(b),

yﬂ(b), and the offense against the boundary Qondiﬁion (2)
Vi =¥ () + B, 3t (D) y,

W) In the special case o, =0 the program chooses u; - as startiﬁg value for y;(a),

taking y;'(a) from boundary condition (1). The program stops after computing

 the true initial slope y'(a) or initial ordinate y(a), respectively, from

the expression
(uyv, - uyv, )//(‘Q"Vh)

As a last step the'program computes and prints the solution y(x) in the

range (a,b). Accuracy of the solution only depénds on step width h.

Operating Limits and Warnings :
Ensure proper definition of y" for every point of the integration interval.

The display of an excessively large value |y'(a)] or ]y(a)l, respectively,

may indicate exceptional boundary conditions admitting no solution at all.

It is recommended, though not required, to choose u1and u, such that they

enclose the range in which y'(a) or y(a), respectively, are expected to lie.

\_

' ) N
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
) upon any representation or description concerning the program material.

o NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR. SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECT!ON WITH OR ARISING QUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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(" v’l) 1" r/ +v=0 -2) >2>n ' v =
Sample Problem(s) g +y /X+ty= Xy -3xy' + J = 2 X :
ANALYTIC SOLUTION: y=AJo(x) +B Y¥o(x) | ANALYTIC SOL.: y=5x+A x*+Bx?1n x
a=1 PROGRAM FOR y" a=0,5 PROGRAM FOR y"
b=3 124 ¥LELE 2112 b=1,7 1‘24 ¥LELE i _
h=0,2 125  RiLE 36 88 h=0,1 125 3 a3
126 18 5z Les X - T
oy =2 157 -35 o =0 137 Y -4
126 + -33 ~ 128 § RE
%= 105 125 CHE -2z o = | 123 x r -
B,=h 3, =-0,8 128 RCLE 36 @
131 z -z -
Ba=2 2= 0,5 2 - A
X" = 1 ' X,, = 2,3 IE'E 5 65
134 + -3z =
Yo =~ Y2 = 0,7 135 RCiB 36 66 _
138 -24
AN.SOL. | PROGRAM AN.SOL. | PROGRAM
Solution(s) y(x) _: £ -
4561 | F.aF86 -
A =-3,70052 A=-2,21510 26458 | Z.6435
B = ~0,56050 B = -0,46649 S.7936 | Z.7434
- e o35 Zardid -
R :.FEZ5 | 207835
, L. 11357 : I.BET8 | i.€ave
ARBITRARY ‘L Fagz e ARBITRARY 2 5456 Z.5d453 .
INPUT: INPUT: Z.3388 Z.3506
u, = - 100 B, 44040 | 0. 4e575 Uy = =10 Coer | e
u, =+ 100 b.7Siib B,75185 u, = + 10 1.3635 1.
\. Y,
l( M. Ab itz and L.A. Stegun,"Handbook of Math mafical Fﬁn £ioﬁ "
: Reference(s) . ramowltz a eH o egun, an (o] e C ns' ',
) 9th Printing, 1970, p. 896, National Bureau of Standards AMS 55.
—
J.-D. Welly, HP Program #50015, '"3econd Order leferentlal Equation”
A




BOUNDARY PROBLEM
oq%Otyj(a) f(XaYsy‘)

y(x)
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INPUT

QUTPUT

STEP INSTRUCTIONS DATA/UNITS KEYS DATAUNITS
1 Enter program l::.‘ l:j |
2 Prepare to key in differential equation [E
3 | Switch to PRGM. Line number is 12k. L 1]
L | Key in differential equation f(x,v,y'), 1]
assuming ' y' in X E:j '
y in ¥ 1]
x_in Rg [ J1[_]
Do not put RTN at the end.’ L 10 ]
5| Switch to RUN 0]
6 Store data: Lower bound of interval a lI]
Upper bound of interval b
Half step width h/2 (5 1
| | Ps ][ ]
Coefficients of boundary con- Oy @
X ' ditions '
J 2
' 32 STO
Y (& ]
Y2 (5]
Pzs|[ ]
7 | Enter arbitrary starting values uy, u, u, ENTER 4
uz I
8 | Compute y'(a) or y(a), respectively [ ] ly'(a), if
I [ &#0
:l Ej y(a), if
[ JL__1 *y =0
9| Compute and print solution y(x) L] y(a)
L] | gCash)
1] |y(a+2h)
) P
1 |y
(11 ]
I
] I
) I
1]
[ 1]
]
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~ AL E T A
STE KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

s e PR ' - 837 ST0& 39 88
gl *LELH Ciodd aqq iﬂcE": it L.,_,
-‘q:\ *'v'—'-l, :5 -: O o= ) LY —t Ly
) 663 Re -5 Store u;, u, 59 RCLS 3t 63
Aidfe ¥ T . - - - _= -
604 SToR 35 U oe0 Sy S
- e o= i 16 NEY =4
boa  Gobe o3 e 862 GSED 23 @2
i 5 3 b g T a oc e o
aoo gl ez bl 863 ST+8 35-55 a5
8o7 STGC 33 13 G54 £oE2 i3 62
gas  RCLE 35 iz os  pLLE i
gES  L56« o 1o 1l Et__ C‘»T:E _}q_;g _u
616 ESBI I3 8l ubh  al¥E aamag de
E °cTAn - by RCLE Jb Ho
L-..l ;’TL’L oot at o0 g s
612 RCLR 36 1 ges  ENTT el
_11‘_:. . b _3c Compute v, v,, f68 + -3
ale o LT 678 ST0S . 35 65
@14  RCLC 36 13 y'(a), and y(a) : ° i
815  RLLE 6 iZ 871 Et 16-31
7 e 672 ENT? -i
516 a ~-33 L <
Eff - e 873+ -55
1A - . -
% or 7o 14 av EEBZ 23 82
Blg RLLD oo 14 575 RCLE 3568
@18 RCLC. 36 i3 2R R
SO0 _iE Gre + Tud
bzl - ™ 577 7 63
gzl = 24 A oy
o nT S &/ 0 = TES
Hes mIf Pt - -
o . s i i 37 CL2 o B2
123 ¥LBLa 21 I8 Il 873 RCL 20 fj_,__
- o-e it aga + -35
az4  RCLE & ac aci eTns o o -
G5 CThE 35 6§ v51 ET0z Sa Bo
ced s Sl 6e2  RCLI 36 81 -
gz R3Y -3] ket el il Runge~Kutta
BEF STo s g G&3 RCLY ob By
e 3% go 884  RCLG I @6 routine
. #2g  5TO: 33 B -t -
305 T 1o A&3 + -3
) g P il o,y #0: 86 RCLS 36 @3
: g3g- RCLE J6 by ) “ qoT - -3
B30 X=87 1¢-45 ~ Take input as y(a), -y o p
632 ETOb 22 1€ 12 ogs v 4
dos & 0 ce b '_"1- compute y;(a) from G2 = -
gad K ) : g ) J
G634  RCLE 36 Az boundary condition g - _q"‘ff‘
A e . 691 §TOI 35 @
ol - o o at x=a H32 g 16 23 @8
836 RCL4 I8 a4 Eff:'«' F'?}x _ “'_H
aa7 + =533 iy o .
: 55 p . R
38 RCLE 36 66 For s A
- T -.c S L i<
g2 e el 896 $Y? - 16-34
341 . _‘3: as?  ETG1 22 a1
cm e - 192 28 [E-5
g4z S§T01 35 81 ass = le=al
G43 ETN 24 B899  RCL3 36 @3
p R PR 186  RCLS 36 83
84¢ ¥LELE 21 lg 12 oL =0: 181 RCL1 ¢ 61
545 RCL4 35 B4 o 162 Pas (65
646  ROLZ 36 ¢z Takeinput as y(a), 103 RoLL 36 o
G4 7 fal g >_5 _ : 1 2 g
b47 Fe Ie=21 compute. y,(a). from 104 - X -35
H4 CHs s ! 185 + _g=
f45 ooz 54 boundary conditicn ij .y bt
gsa  ST0: 35 6 o tee - xev o
i - at x=a 18¢ KCLZ 36 be
B5! KTk 29 188 . 35
852 xLEL1 2l 6l ”; + _‘%5
853 RCLZ 36 &l Runge-Kutta uz :
]q4 ﬂT-IT ST a7 . 110 EIN o4
\ oap S routine 111 WLELE 26 ,
g35 ] . Be - Dl Runge-Kutta
11'.- HT+“' - 8= Oc
S o~ ~ - -p - . < 2 ] W Thddd OO
S5 STle 33 gt .
v REGISTERS
- > 3 4 5 7 9
° x. 1 v y! a b h/2 Used Used Used
S0 st 52 3 53 ; S5 S6 57 S8 S9
u( & [31 ,32. Y‘f Yl ’
A E Ic 0 [e [1
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- STEP KEY ENTRY" KEY CODE COMMENTS : . -STEP KEY ENTRY _ KEY CODE COMMENTS
113 RCLD 36 63 ' '
114 RCLe Jo 86 170
115 X -35
w 116 RCLI Je @i _
[ & +. -55 Runge-Kutta
118 K2y - =4 .
o - s a- subroutine
118 RCLZ 36 be
128 + =55
121 STOG 35 86
122 8T-7 35-43 &7
123 S§7-7 35-45 &7
124 ¥LELE 21 1z 180
o NG 5 a3 . . .
itﬁ RCLS a6 o Differential eq.
bk X —3g :
127 RTN 24
128 #LBLC - 21 13
129 SF6 16 21 @@ -
- e e -« 3, - . Compute X
136 GSFa 23 16 {1 pute y(x)
131 RCLI 36 & “  starting with
132 FRTx -id4 ' - !
132 gtor 2z s y(@) and y(a)
134 CF8 1§ 22 a8 190
135 RS 5
140
N
200
150
210
160
220
L A . ) )
L/ LABELS FLAGS SET STATUS
Y ' B C 5 E ;
y(a),y(a)|” y"(x) y(x) : ® Print y | FLAGS TRIG  DISP
a 3 c ad ' e v ON OFF -
Used Used ' o0 % | DEG X | FX %
) 1 yrr 2 oy 3 3 2 Mmoo = 10
» RK Integ.|“RK Integ| . v O X | GRAD C SCI
5 - g : >0 % | RAD O] ENG O
. b s v 3 12 X [ R —Y




