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RKS 
Instr-~ations for Use Filo No. _ 5.02 .. 01 

.,._ Rtl11r;~e.-..Kutta Step 

ru\S 
The Runge-Kutt.a Step routina can be used £01• the numerical solution, 
one st,ep a.t a tima, or qetems ot ditt•erential equations by a numerical 
integrats.on process. Given t.ha starting values of all variables, and. 
the deo:l.roo increm·ent h of the independent ve.riable (here called x ) , . 
RKS will calculate the value of each dependent variable corresponding to 
the new value ot x J x + h • If an appropriate Master Control program 
is provided, t.his process can be continued over anr desired range of x • 

The e.otual equations used in thi , the ·Runge-Kutta fourth order procass, 
are gi'V'.·n in several standard uorlts on numerical ana~eia.l,2,~ · To use 
mcsj h .. ever, it is necessary Iilere:cy- to understand how to prepare the 
equations for numerical solution, what program steps have to be written 
uniquely for these equations. and ho to sstabliah linkage with the 
subroutine. This programming information is given on the following pages. 

Pt.KS will au omatical.41 deconv~n-~ and punch out, at the end of each ~ 
integration iuterval if desired, the current value of x and of all 7 •e. 
l!o ever, since such a voluminous output would easily cause the computing 
time to be inordinate4' held .up by the slo er deconversion and punching 
processg it ie poaai~le to specify tba:t the machine punch out answers only 
every 2nd, or 5th, or P th step. For instance, suppose for accuracy in 
following a rapid4' changing function it seems desirable to let x increase 
inssteps of .01. Wh.~n plottir..g the results, however, values of ·the depend­
ent variables for aetps of x = .1 provide a sufficient number of points 
for accurate plotting. In such a case, ptllch every 10th point (i.e., set 
p = l~'Ji,= ·c:t," ) . . . 

Al though the Runge-Kut ta. method·, like .. many other formulae for numerical 
i11tegrati.pn, can handle directly only first order differential equations, 
this is ·a restric·tion easy to circumvent!'; Any' Nth order dlfferential 
equation .·Qan be converted into . N first order equations, mere]¥ ·by suh-i­
sti tµ~ing nsw variables for each of the d~rivatives (except the highest) . 
wh~re "they ap,pear • . An axa.mple or this is. shown on t..he "Sample" page. 
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Given ono or znore dif' erentia.l eq tio 

f 
k x ' ~ ) 

by appropri.ate ibfftitut· s expand l,2 ea.ch N, '& o dar equation into a set 
of Nk first order Gt. nt1ons• it 

Yf Clll ~l ( ·x , . .... 
Y2 • ) 

l1' "' 

y~ f ( x . 2 1 :r2 0 J ) 

• • 

YA - f'k ( :t . y. 
~ Y2 0 • . } 

k I 1 

there are su h iginal equations, era .. 11 be N ~ f'irs 
order a··multmeous equations to solvr-1) 

Three b k of instruction and one aet of const nts md .nitial values must 
be p eparedt 

l. SET-UP 

~. ~ading 
b.. "Conversion of deoiJn 1 valnes1 
c.. Adaption of aub:routines, if required 

2. RK MA~t.Eb which controls the d0cision as to ·1hether ·to 
Iiitegra · ano·Cher stop, mat to cnange step size, etc~ 

/J accoidint io · 
_./13. F which generates the set o.. ry~)& " tha r~s listed above. 

4. DATA ~~i:.2!! Con:oo ts Re.mar~ ·c 
X - 2.: N 'Which must be in the form N 16 
x .... 1: 

lt + lt 

• Ci ~ 

x + h 

h 

• Q 

'7 .,."l 
•&o -

• 6.x 

x initial values must 
be loaded ~ itb reat 
of D ·ia bloc.k • 
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Page 3 

~ace Requirod ~ 

In addition to the space re _uired by R.KS itself (001-a:ti), a block 01; storage 
loc tions immediat..ely follo~g it s" ,,..o e re e e~, containing . 6 + 2N 

. looations • RKS Will th0n req lire f om 001 to 088. + 2N o . Note: like all 
relocatable subroutines 1 RES may be loaded mtyi1her·e -in standard memory that a . 
block of this size is av· ilabla, provided it is s-absaq.uently ADAP1'ED to its 
new loe tim1 o 

overall Flow Di~'am 

RK Master 

Whenever entry to RRS is made {as :i.t must be ~Jie finlt time) via RRStl 
(TU - - RKStl), the set up block contained in RKS will extract the P X » 

· F i' and p informa:t.ion, ca.lcula ... e all necessas.7 con8tants such s · h/2, ,...lr 
etc., copy the data twice into tvo duplic~te storage blocks, and make up d 
insert all necessary orders and· addr sses" However, sine it wil ·ten be 
the case that no che.nge in these quantities is wanted between steps 1 RKS may 
alternati· ly be entered t RKS:2, whieh bypassea the RKS set-up block and pro-
ceeds n diately with the int-ggration rmrG.ine. In this case h , y , 

x u-\ - 0 

7 
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of iner ;;A ~ nt i ccmtQmpl.ate 
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_ using Y{ fi ( .~ , » Y;. ••• ) 

..,...-.. ~-- ....,..., __ ._..__.,. __ ..._..~ 
~ w ·--~'2> _______ _J 

r • " 't. 

RKS make four p .csQs -'·hr 111.;11 l'i' for etwh integrat on stop, t:md henc mu- t 
m a provision ·o 1ncc1ifying i.t3 1. atU.Z. aa&eos accordingly. e .nlra;,.,a 
Uf!ed by RKS to tranuf ~ to F· " ld retlu"Pt;1 is .. 
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