Pendulum in cartesian coordinates

Taylor based numerical scheme

E> restart:
[Pendulum equation

> EQ1 := mass*diff(x(t),t,t)+2*x(t)*lambda(t) ;
EQ2 := mass*diff(y(t),t,t)+2*y(t)*lambda(t)+mass*g ;
EQ3 := x(t)"2+y(t)"2-1 ;
42
EQ! = mass +2x(2) M7
[dﬁ (7) A7)

2

£Q2:= mass [ ;1—[2)/(1)

EO3=x(0)* 4+ p(1)* — 1 1)

[Derivate constraint two times
> DEQ3 diff(EQ3,t);
DDEQ3 := diff(DEQ3,t);
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[Solve for second derivative

> RES := solve( {EQl,EQ2,DDEQ3}, diff({x(t),y(t)},t,t) union
{lambda(t)} ) ;
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EChange names

> SUBS := { diff(x(t),t,t) = ax(t),
diff(y(t),t,t) = ay(t)
diff(x(t),t) = u(t),
diff(y(t),t) = v(t) } ;
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> subs (SUBS, RES) ;
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[Advancmg with Taylor
> XKP1l := x(t)+u(t)*DT+ax(t)*DT"2/2 ;
YKP1 := y(t)+v(t)*DT+ay(t)*DT"2/2 ;
UKP1l := u(t)+ax(t)*DT ;
VKP1l := v(t)+ay(t)*DT ;
XKPI=x(t) + u(r) DT+ % ax (1) DT
YKPI =y (1) + v(2) DT+ % ay (1) DT
UKPl = u(t) + ax(2) DI’
VKPI = v(t) + ay(t) DT (6)
[Substituting acceleration
[ > XKP1 := subs( subs(SUBS,RES), XKPl) ;
YKP1 := subs( subs(SUBS,RES), YKP1l) ;
UKP1 := subs( subs(SUBS,RES), UKPl) ;
VKP1l := subs( subs(SUBS,RES), VKP1l) ;
_ 2 2 2
X[(P]:Zx(z‘)—i-u(l)DT-l-% x(0) (-u() ;(’) +)2/(f)g)07
()" + ()
2 2 2 2
Y&PI = (2 + v(r) pr— L L2 @) ) )"+ g () ) Or
2 x(1)"+ (2)
_ 2 2
vkpr = u(ry + 2O = O+ 8) OF
x(2)"+ y(2)
2 2 2
v&PI = v(r) — L2 1) ) )+ gx() ) O N
i x(2)"+ y(2)
[Build numerical scheme
> SUBSV := { x(t)=x0, y(t)=yO, u(t)=u0, v(t)=vO, mu(t)=muN } ;
SUBSV = {x(2) =xO, y(2) =yO, u (1) = u0, v(2) =vO, \(7) = mulV } )
> XKP1 := subs(SUBSV,XKPl) ;
YKP1 := subs(SUBSV,YKP1l) ;
UKPl := subs(SUBSV,UKPl) ;
VKP1 := subs(SUBSV,VKP1l) ;
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| > advance := proc ( x0, y0O, u0, vO, dt, N )

local kk, SuBS, x1, yl, ul, vl, XY,UV ;
XY := [[x0,y0]] ;
Uv := [[uO0,v0]] ;
for kk from 1 to N do
SUBS := { g=9.81, DT=dt,

x0=XY[-1][1], yO=XY[-1][2],
uo=uUv[-1][1], vO=UV[-1]1[2]} ;
x1 := evalf(subs( SUBS, XKPl )) ;
vyl = evalf(subs( SUBS, YKP1l )) ;
ul = evalf (subs( SUBS, UKP1l )) ;
vl = evalf(subs( SUBS, VKP1l )) ;
XY := [op(XY),[x1,yl]] ;
uv  := [op(UV),[ul,vl]] ;
end ;
[XY,0V] ;
end proc:
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E> RES := advance( 1, 0, O, 0, 10/2000, 2000 )
> plot( RES[1l] ) ;
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> RES := advance( 1, 0, 0, 0, 10/200, 200 )
plot( RES[1l] ) ;







