> 0s

> |2

> 11 :

> gos:

Computergestuetzte Mathematik zur Analysis
Lektion 14 (30. Januar)

| > restart:

Y Gewdhnliche Differentialgleichungen Il
i = difT(y(x),x82) + y(x);

05 1= & Y(X) +Y(x)

> dsol ve(0s=0, y(x));

yv(x) =_C1sin(x) + _C2cos(x)

> dsol ve({0s=0, y(0)=1, D(y) (0) =0}, y(x));

Y(x) = cos(X)

= rhs((1.3);
l1:=cos(x)
= diff(y(x),x$2) + 1/5*diff(y(x),x) + y(x);
_d 1 d
gosi= -2 y(x) + = dx Y(X) +y(X)

> dsol ve({gos=0, y(0) =11, D(y) (0) =0}, y(x)); X

- —x -—X
V(X) 1 V1l e 10 sin(i\/ll x)+e 10 cos(i\/ll x)

~ 33 10 10

:= rhs((1.6));

1

1
-— X - X
12::L 11 e 10 sin(i\/ll x)—i—e 10 Cos(i\/ll x)

33 10 10

> plot([l1,12],x=0..20);
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0.5

-0.51

YInhomogene Gewdohnliche Differentialgleichungen

(> 13 =r hs(dsol ve({os=cos(1*x),y(0)=1,y)(0)=0},y(x)));
[3:=cos(x) + % sin(x) x (2.1)

> pl ot (I 3, x=0..100); # Resonanzfall
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> | 4:= rhs(dsol ve({os=sin(3/4*x),y(0)=1,D(y) (0)=0},y(x)));
12 16 . (3
I 14:= . sin(x) + cos(x) + - sm(4 x) (2.2)
> | 5:= rhs(dsol ve({os=sin(7/8*x),y(0)=1,D(y) (0)=0},y(x)));
I5:= 26 sin(x) + cos(x) + 64 sin(Z x) (2.3)
' 15 15 8 '

> plot([l4,15],x=0..100, col or=[red, bl ue]);
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Bessel Funktionen

[ > wi th(VectorCal cul us):
> Set Coor di nat es(pol ar);

i polar (3-1)
> Lapl aci an(u(r, phi),[r,phi]);
P2
2 gu(i’,qﬂ
a—ru(h¢)+r(a—rzu(n¢))+ .
. (3.2)
(> LG =Lapl aci an(v(r)*w(phi),[r, phi])+v(r)*w( phi):
3

1 2 v(r) [dT)Z W(¢)J

— V(r) w(¢)+r[—V(r)JW(¢)+
LG:— (dr ) dr” - r (3.3)

+ V(1) w(o)

B i sol ate(expand(LGr”2/v(r)/wWphi)),r);
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r( ( )r4—( y: vUﬁ) r+ dr\%r)) _ 0o 0 o
i v(r) w(d) '
> col lect (1 hs((3.4) *v(r)-n~2*v(r),v(r));
a2 vr +r[[“C v ) re L v (3.5)
i dr? dr '
> g:i= x"2 * diff(y(x),x$2)+x*diff(y(x),x) + (x*2-n"2)*y(x);
i gﬁ=£(£§y&ﬂ+&(é§ﬂ@)+(4F+£)ﬂx) (3.6)
> dsol ve(g=0,y(x));
y(x) = _C1Bessel](n, x) + _C2BesselY(n, x) (3.7)
> farben: =[ red, bl ue, cyan, magent aj ;
farben := [red, blue, cyan, magental| (3.8)
B pl ot ([ seq(Bessel J(n, x),n=0..3)], x=0..15, col or=farben);
1-
0.8 1
0.6 1
0.4
0.2
0
-0.21
-0.4-

> pl ot ([ seq(Bessel Y(n, x),n=0..3)],x=0..15,y=-1..0. 6, col or =f ar ben)
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(> nsi1: = seq(fsol ve(Bessel J(1, x) =0, x, 3. 5+3*(k-1)..3.5+3*k) , k=1. . 4)

N nsl:=3.831705970, 7.015586670, 10.17346814, 13.32369194 (3.9)
> fnnt ;= [ r*cos(s), r*sin(s), BesselJ(1,ns1[2]*r)*cos(s)];
_ fnml:= [rcos(s), rsin(s), BesselJ(1, 7.015586670 r) cos(s) ] (3.10)
> plotarg : = styl e=pat chcontour, ori entation=[120, 60];

plotarg:= style = patchcontour, orientation = [120, 60] (3.11)

B pl ot 3d(fnml, r=0..1, s=0..2*Pi, plotarg);
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-0.477

> ns2 : = fsol ve(Bessel J(2, x)=0, x,8..9);

_ ns2:=8.417244140 (3.12)
> fnm= [ r*cos(s), r*sin(s), BesselJ(2,ns2*r)*cos(2*s)];
fnm:= [rcos(s), rsin(s), BesselJ(2, 8.417244140 r) cos(2 s) | (3.13)

> pl ot 3d(fnmr=0..1,s=0..2*Pi,plotarg);
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(> fnm = [ r*cos(s), r*sin(s), sin(2*k*Pi/21)*Bessel J(2,ns2*r)*cos
(2*s)];
fnm:= |rcos(s), rsin(s), sin(i

o1 knj Bessel]J(2, 8.417244140 r) cos(2s)| (3.14)

;> with(plots):
> ani mate(pl ot 3d, [fnmr=0..1, s=0..2*Pi, pl otarg], k=0. . 20);
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-0.27]
-0.37]
-0.47

Y Differentialgleichungssysteme

| > restart;
| > wi t h(Li near Al gebra):
> A =<<0| 1] 0>, <- 1] 0] 1>, <0| 0] 2>>;
010
A= -1 01 (4.1)
002
> T:=Matri xExponential (A t);

cos(t) sin(t) —% sin(t) — % cos(t) + % e?!

I:= -sin(t) cos(t) —% cos(t) + % e?ly % sin(t) (4.2)
0 0 e?!

:> #Loesung V' = A*y , y(0) = <a,b,c>
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—eZtC],

[l

| > restart;

(1) =

> eval (y(t),t=0):

> y0 := <a, b, c>

v0:=

a TR

> y(t) := T.y0;

cos(t) a+sin(t) b+ (—% sin(t) — % cos(t) + % eZtJ C

5 5 5

e’lc

-ﬂnﬂ)a+COMUl%+(-zCOMU-Fz€FRFlSHMU)C

> W t h(Vect or Cal cul us):
> Basi sFormat (f al se):

>diff(y(t),t) - Ay(t);

-

[(Z sin(t) +§e2f+%cos(t)j c+ (_2 sin(t) —lcos(t) +%e2tj .

5 5

[> sinplify((4.5):

VY Das Pendel

> Dgl = diff(y(t),t$2)= -sin(y(t));

I d
Dgl:= — = -si
gl= "2 y(t) = -sin(y(1))

> AW = y(0)=Pi/8, DY) (0) =O0;

AW:=(0) = % % D()(0) =0
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> dsol ve({Dgl ,1AV\},y(t));

S

8
Y1) = RootOf 1 d_a+t|, y(t) = RootOf (5.3)
2 ) —2cos[ L
y cos(_a CoS 3 T
Z
( 1 d_a+t
) /2(:03(_61) —2cos(ln)
1 8
L 8"
> Lsg: =dsol ve({Dgl , AW, y(t),type=nuneric, out put=Iistprocedure);
Lsg:= [t: proc(t) ... end proc, y(t) = proc(t) ... end proc, % y(t) = (5.4)
proc(t)
=end"ioroc]
>yl := eval (y(t), Lsqg);
_ yl:=proc(t) ... end proc (5.5)
>yl (1);
_ 0.215837134280979 (5.6)
> Dgl _os :=diff(y(t),t$2) = -g(t);
d
Dgl_os:= — y(t) = -y(t) 5.7
g 2 y (5.7)

> dsol ve({Dgl os, AW, y(t)):
ﬂﬂz%nmﬂn (5.8)

>yl _os: =unappl y(rhs((5.8),1):
yl_os:= t—>% T cos(t) (5.9)

B plot([yl,yl _os],0..50,col or=[bl ack, red]);
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-0.21

NEAREREE

(> AV2: = y(0)=Pi /4, D(y)(0)=0:

AW2:=(0) =in,D(y)(O) -0 (5.10)
=> Lsg: =dsol ve({Dgl , AW}, y(t),type=nuneric, out put =li st procedure);
Lsg:= [tzproc(t) ... end proc, y(t) = proc(t) ... end proc, % y(t) = (5.11)
proc(t)
=encl"i:)roc]
> vyl := eval (y(t), Lsg);
_ yl:=proc(t) ... end proc (5.12)
> dsol ve({Dgl _os, AW2},y(t));
W) = i rcos(t) (5.13)

B yl _os: =unappl y(rhs((5.13)),t):
yl_os:= t—»i tcos(t) (5.14)
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