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9. Ubung Numerik I o, WS 11/12

Mathias Bosewitz

Frederik Garbe

Stephan Gruemmer ‘

Tutor: ‘Maren-Wanda Wolf

Tutorium: Do: 12-14
22/ Aufgabe Punkte

(a) Implement the Stormer-Verlet method for this equation in matlab as function
[p, q, t]1 = StoermerVerlet(m, g, 'r0, pO0, q0, I, tau), where (m, g, r0)

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

Code:

%Stormer-Verlet method fiir Aufgabe 9.3
function [p,q,t] = StoermerVerlet(m,g,r0,p0,q0,I,tau)

%Anzahl der Iteratiomen
n=(I(2)-I(1))/tau+i;
t=[I(D)]; ' ; ‘

%Startwerte
v=[p0/m] ;
p=[p0];
q=[q0];

%Berechnen der Iterationen des SV-Verfahrens
i=2;
while (i<=n)

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

%Berechne gn+1
qtemp=q(i-1)+tauxv(i-1)+tauxtauxf93(q(i-1),m,r0,g)/2;

%Speichere q
q(i)=qtemp;
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(b)

%Berechne vn+1
vtemp=v(i-1)+tau/2%(£93(q(i-1) »1,x0,8)+£93(q(i) ,m,r0,g));

%Speichere v
v(i)=vtemp;

%Speichere p
p(i)=m*vtemp;

%Iteriere

i=i+1;
end

wobei

%Funktion f aus Aufgabe 9.3
function [x] = £93(q,m,r,g)

%m=0.1;
%r=0.1;
%g=1.62;
x=g/r*cos(q) ;

end

Test your program with the radius 70 = 10cm, the mass m — 100g, and the gravity of

the moon. Use the time interval [0s, 20s] with the initial value p0 = 0kgm/s , g0 = Om
for various time step sizes.

Plots: Fiir die Schrittweiten 7 — 0.01,0.02,0.05,0.1, 0.2,0.5 ergibt sich:

t=0.0100 0.0200 0.0500 0.1000 0.2000 0.5000

e=0.1012 0.1168 0.2267 0.6163 2.0328 122.9408



Maximale Abweichung

204
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Erzeugt durch:

%Berechnung der maximalen Abweichung
function [t,e] = testsetting93()

e=[1;

[p,q,tl=StoermerVerlet(0.1,1.62,0.1,0,0,[0,20]1,0.01);
[t,q2]=0de45(@probl93,0:.01:20,[0,0]);
e=[e,err2(q2(:,1),-transpose(q))];

[p,q,tl=StoermerVerlet(0.1,1.62,0.1,0,0,[0,20],0.02);
[t,q2]=0de45(Qprobl93,0:.02:20,[0,0]);
e=[e,err2(q2(:,1),-transpose(q))];

[p,q,t]=StoermerVerlet(0.1,1.62,0.1,0,0,[0,20],0.05);
[t,q2]=0de45(@prob193,0:.05:20,[0,0]1);
e=[e,err2(q2(:,1),-transpose(q))];

[p,q,t]=StoermerVerlet(0.1,1.62,0.1,0,0,[0,20]1,0.1);
[t,q2]=0de45(@probl93,0:.1:20,[0,0]);
e=[e,err2(q2(:,1),-transpose(q))];

[p,q,t]l=StoermerVerlet(0.1,1.62,0.1,0,0,[0,20],0.2);
[t,q2]=0de45(Cprob193,0:.2:20,[0,0]1);
e=[e,err2(q2(:,1),-transpose(q))];

[p,q,tl=StoermerVerlet(0.1,1.62,0.1,0,0,[0,20],0.5);
[t,q2]=0de45(@probl93,0:.5:20,[0,0]);
e=[e,err2(q2(:,1) ,~-transpose(q))]1;

t=[0.01,0.02,0.05,0.1,0.2,0.5];

i



plot(t,e)
end

wobei

ZBerechnung der maximalen Abweichung
function [e] = err2(x,y)

e=0;

n=size(x,1);

i=1;

while (i<n+1)
e=max(e,norm(x(i)-y(i)));
i=i+1;

end

end
und

function dy = probl93(t , y)
dy=[1/0.1xy(2) ;-0.1%cos(y(1))*1.62/0.1];

end
Plot the solution in the phase space and the solution in Euclidean coordinates.
Plot: Der Code

[p,q,t]=StoermerVerlet(0.1,1.62,0.1,0,0,[0,20],0.01);
plot(q,p);

axis equal

x=0.1x%cos(q);

y=0.1*sin(q);

plot(x,-y);

axis equal



liefert:
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Solve the Keppler Problem with Stormer-Verlet.

Plot: Unter Verwendung von

£0) = M VU () = fgmy LTI g, P2 Tm) -, (B )
Ty T2 Pig

gmy (1711 ; 9321) iy (5012 -; -’L‘22) my (z13 ; $23)}
T12 Ti2 T12

Der Code

hStormer-Verlet method fiir Aufgabe 9.3 Keppler
function [p,q,t] = StoermerVerletKeppler(ml,m2,g,p0,q0,I,tau)

%Anzahl der Iterationen
n=(I(2)-I(1))/tau+1;
t=[I1(1)];

%Berechnung der Matrix M
M=[m1,0,0,0,0,0;0,m1,0,0,0,0;0,0,m1,0,0,0;0,0,0,m2,0,0;
0,0,0,0,m2,0;0,0,0,0,0,m2];

%Startwerte
v=[inv(M)*p0] ;
p=[p0];
q=[q0];

%Berechnen der Iterationen des SV-Verfahrens
i=2;
while (i<=n)

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

- >



%Berechne qn+1
qtemp=q(:,i-1)+tau*v(:,i-1)+tau*tau*f93Keppler(q(:,i—1),g,m1,m2)/2;

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

%Berechne vn+1
vtemp=v(:,i-1)+tau/2*(f93Keppler(q(:,i-1) ,g,m1,m2)
+f93Keppler(q(:,i),g,m1,m2));

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

%Speichere p
p(:,i)=Mxvtemp;

Y%Iteriere
i=ji+1;
end
wobei

Funktion f aus Aufgabe 9.3
function [x] = f93Keppler(q,g,ml,m2)

r=gxmi*m2/ ({{q(1)-q(4)) ~2+(q(2) -q(5)) ~2+(q(3)-q(6))~2)~(3/2));

x=[-(q(1)-q(4))*r/m1;-(q(2)-q(5)) *r/m1;-(q(3)-q(6) ) *r/m1;
(q(1)-q(4)) *r/m2; (q(2)-q(5)) *r/m2; (q(3) -q(6) ) *r/m2] ;

end
Die Werte

[p.,q,t] = StoermerVerletKeppler(1000000,1000009,6.67*10“(-11)‘,
[0;1000;0;0;—1000;0],(1;0;0;-1;0;0],[0,10003,0.1);

liefern z.B.

06

o4}

02p 4

04

[=]

06} J N~ S (.

1 08 06 04 02 0 02 04 06 08 1



/(a2 QPRI
[® -yt

G} * T P"\“ ‘F(‘}h)

H F Hamildyhiad
‘ conderh huy A
Sd\reilnkuc fw

Lorh s L+ %’_‘f (‘/}k*'crh *J?‘f;«(@%h)) ; 2# (4\\)"';9@"2‘ 'ae) f'(ﬂ*-* .
i T T )
. 12 SE TR 51 I** f(m .

L1 VERNME
o foc il & T -
" i i Wi | [ 2

l. ¥
Gp, G I f
‘3 ‘33; (Hp: H.,,.‘) ERIS

‘ \o‘(&“) i
7T > (D:!) J(W)-

+

(wa'(qm) TR RE i )
‘”’m)t @S )  T+EF () )

NETY la | | & . . & -t -.‘
O I N4 ENRY ~rh' o vé PTh-T dn ) I Foil
( ) K(D £> L] rw.:: 1 Iﬁ | & ( "?’f)ﬁ”q* ’
—“I o c R + ¥ i t 4 ‘
(.:rg:]: L e )

R e T

| ( c ] %"sz*m’;e;& \= 3
‘ g . L ) ‘ i o " =tBA b N\
| T\-TeE \g%_t_igz& ~ &A{H;B‘t*-t&

“Bl‘f*tlfa” |
-cB-thkeRr
=G0 Lr CB:BC

0T | N
TO’) J = S!tup(ﬁtﬁsck

\/ LN
' | B & (q.\) vhd

f (qh\;q) kohhﬂ‘:’"l\
| FEN al a)




PSS

| i org
d N T OE O ] f
L System: | q'=p

s

Tt

|
j—3

ITY R

t

P annnd T T 1 T T { R ¢ T T
| R SN SOV . A\AUAA B { | { i i
4R J < = I D SRR RN R e T o ¥ N (N
] | ! ‘ 1 i H e ¥ 3
BEEE ! ; O S . S Wi N OO W XS ST ] !
v i g | 4" + i | B T @ T B
L | el ¢ i b |
e L 1847 .
e
¥
i




T, - [ Paxa ) | "H‘*(Phu’ )
)'l.,am*/i Y GMJM) L ( HP(PAMJ 9\4\))

E (mm (v¥)  Thpp =2
- +U(q)
- (I+eC -0
:-:( L v It T'HP(FH*"%\) (D"f')

dd Hp hickt vm “ ﬂb"‘
N ( > ( U" I) é::g}\t%ayw
s ‘ ( L i I)( ) ’ o\

(u//u U'saT
-L+$ }6/

(

"




