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9/ aufeabe Punkte

(a) Implement the Störmer-Verlet method for this equation in matlab as function

[p, q, t] = StoermerVerlet(u, g,'r0, p0, q0, l, tau), shere (n, g,.r0)

, where (p0, g0), /, and tau denote the problem parameters, the initial values, the time
interval and the step size, respectively.

Code:

%Stömer-Verlet nethod fttr Aufgabe 9.3
function [p,q,t] = StoermerVerlet(n,g,r0,p0,q0, I,tau)

'(,!sg.ahl der Iterationen
n=(I(2)-I(1))/tau+l;
t=[I(1)];

%$tartnerte
v=[po/n];
P=-[Po];
q=lqol;

%Berechnen der Iterationen des SV-Verfalrens
i=2i
uhile (i<=a)

%speichere t
t (i) =t (i-1) +tau;

%Bereclne qn+1
qtenp=q ( i- 1 ) +tau*v (i- 1) +tau*tau*f 93 (q ( i- 1 ),m,r0, g) / 2 ;

T.Speichere q
q(i)=qtenp;



%Berechn€ vn+l
vtenp=v(i _t) +tau/2r,(f93 (q(i-1) ,n, ro, g) +r93 (q (i) ,n, r0, g) ) ;
T,Speichere v
v(i)=y6"rP.

Zspeichere p
p(i)=n*vtenp;

!{Iteriere
i=i+1 i

end

wobei

%Rrnktion f aus Aufgabe 9.3
function [r] = f9B(q,n,r,g)

'lrn=A.7;
'/'t=0 '!;
'/8=t '62;

x=g/r*cas (q) ;

end

(b) Test your program with the radius r0 : 10cm, the mass m : l[ag,and the gravity ofthe moon. use the time intervar [0s,20sJ *itr, ir," iritial varue p0 : akgnr/s , q0 :0mfor various time step sizes.'

Plots: F ür die schrittweit.r r : 0.01, 0.02, 0.0b, 0.1, 0.2, 0.b ergibt sich:

t: 0.0100 0.0200 0.0b00 0.1000 0.2000 0.b000

e:0.1012 0.1168 0.2267 0.6163 Z.AJ}B t22.g4AB
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Erzeugt durch:

'/Berechnung der rnarrimalen Abueichnng
fnnction [t,e] = testsettingg3o

e=[];

[p, q, t] =Stoq:nerVerlet (0 . t, L . 62,O. 1, 0, 0, f0,207, 0 . 01) ;
[t, q21 =ode45(@prob193,0 : . 01 : 20, [0, 0] ) ;
e=fe,err2(q2(:, 1) , -transpose (q) )J ;

[p,q,t]=Stoern€rVerlet(0. 1, t..62,0, 1,0,0, [0,20],0.02) ;

[t, q2J =ode45(0prob193,0 : .O2z2O, [0, 0] ) ;
e=[e, err2(q2(: ,1) , -transpose(q) )1 ;

[p,q,t] =StoernerVerlet(0 .L,L.62,0. 1,0,0, [0,20],0.05) ;

[t,q21=ode45(0prob193,0 : .05 : 20, [0,0] ) ;
s=[s, err2(q2( : , 1) , -trirrrspose (q) )1 ;

[p,q,t]=StoernerVerlet(0 .t,t.62,0. 1,0,0, [0,20],0. 1) ;
[t, q21 =ode45(@prob193,0 : . L :20, [0, 0] ) ;
e= [e, err2 (q2(2, t) , -transpose (q) ]] ;

[p,q,t]=Stoe::n€rVerlet(0. 1, 1.62,0. 1,0,0, [0,20],0.2) ;

[t,q21=ode45(0prob193,0 : .2:20,[0,0] ) ;
€=[e, err2(q2( :, 1), -transpose (q) )1 ;

[p,q,t]=StoermerVerlet(0. 1, 1.62,0. 1,0,0, [0,20],0.5) ;
[t,qZJ =ode45(0prob193,0: .5 : 20, [0,0] ) ;
e= Fe,err2(q2( :, 1),'-trarspose (q) )J ;

t=[0.01,0.02,0.05,0. 1,0.2,0. 5] ;
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plot (t, e)

end

wobei

T.Berechnung der naxinalen Abweichung
function [e] = err2(x,y)

e=0;
n=size(x,1) ;
i=l;
uhile (i<n+l)

e=nar (€, norrn(x (i) -y(i) ) ) ;
i=i+i;

und

function dy = prob193(t , y)
dy=lt/0. 1*,y(2) ; -0. 1*cos (y(1) )*t.62/0 .Lj;

end

(c) Plot the solution in the phasä space and the solution in Euclidean coordinates.

Plot: Der Code

[p, q, tJ =StoermerVerlet (0 . t, t . 62, O . t, 0, 0, lO,2Oj, 0 . 0 1 ) ;plot(q,p);
aris equal
x=0.1*cos(q);
y=0. l*sin(q) .

plot (x, -y) ;
axis equal

end

end



lie{ertr:

(d) Solve the Keppler Problem with Störmer-Verlet.

Plot: Unter Verwendung von

f (q) : -M-lvu(q) : 7gmr@P - o*rl!5-"")- - n*r(*": *r")
'12 , 12 ,72

_-__ (rtt - ,rt) (rn - rzz) (rß - rzs).s*r-- 6- s*r-T ew-4-)
Der Code

%Stömer-Verlet nethod ftir *ufgabe 9.3 lrreppler
function [p, q, t] = StoernerVerletKeppler (n1, n2, g, p0, q0, I, tau)

%Anzahl der fterationen
n=(I(2)-I(1))/tau+l;
t=[r(1)];

%Berechnung der llatrir ll
ll= [n1, 0, 0, 0, 0, 0 ; 0 rnt, 0, 0, 0, 0 ;0, 0,n1, 0, 0, 0 ; 0, 0, 0,n2, 0, 0 i
0r0,0,0,m2r0;0,0,0,0,0,n21 ;

%Startnerte
v=[inv(t{)*pOJ;
p=[p01;
q= [q01;

'/.Berechnen der Iterationen des SY-Verfahrens
L=2i
while (i(=n)

'/.Speichere t
t (i) =t (i-1) +tau;
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%Berechne qn+l
qtenp=q( : , i-1) +tau*v( : , i-1) +tau*tau*fg3Keppler (q(: , i- 1) , g,

%Speichere q
q(:,i)=qtenp;

%Berechne vn+1
vtenp=v(: , i-1) +tav/2*(tg3Keppler(q(: , i-1) ,g,n1,n2)
+fg'3Xeppler(q(: , i) ,g,nt,nz) ) ;

%Speichere v
v(:,i)=vtenP;

%speiclare p

P(: , i)=l'l*vtenP;

'lfterie-re
i=i+1;

end

wobei

%Funltioo J arls Arfgabe 9.3
function [x] = fgSKepp1er(q,g,n1,n2)

r=g*slss]/ ( ((qt t ) -e e| |' z+ (q(2) -q (5) ) ^ 2+ (q ( 3) - q (6) ) ^2) ^ (s / 2t | ;

x=[- (q(1) -q(a) ) *r/n1; - (q(2) -e(S) )*r/nL; - (q(g) -q(6) ) *r/n1;
(q(1) -e(a) ) *r/m2; (q(2) -e(s) )*r/n2; (q(s) -q(6) )*r/n2J ;

end

Die \lterte . a

[p, q, t] = StoernerVerLetl(eppler ( 1000000, 1000000 ; 6 . 6Z,r tO^ ( - 11),
[0 ; 1000 ; 0; 0 ; - 1000 ; 0], [1 ; O ; O ; -1 ; 0; O], [0, 1000],.0'. 1) ;

liefern z.B.

7- /t';,.5 !J
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nt ,n2) /2;
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