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Matematiska vetenskaper

Uppgift 1. Se laboration 1.
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Uppgift 2(a). For olika z;-véirden skall vi 16sa f(w) = © — wexp(w) = 0 {or att fa virdet pa
W (z;). Da x = 0 giller att w = 0.

f=0(w,x)x-wxexp (W) ;

x=linspace(0,20); W=zeros(size(x));

W(1)=0;

for i=2:length(x)

W(i)=fzero(@(w)f (w,x(i)),W(i-1));

end
plot(x,W,’r’)

(b). Vihar 1 = W'(x)(1+W(x)) exp(W (z)), dvs. W'(z) =

f=0(x,w)1/(1+w)*exp(-w); WO0=0;

[x,W]=0ded5(f,x,W0);

plot (x,W,’b’)

Uppgift 3(a).Infor x; = ih,i

=0,1,---

,n+1, med h =

T exp(—W (x) samt W (0) = 0.

n+1"°

u”(z;) + cos(zy)u(x;) = exp(x;), i =1,2,--+ ,n

Uiyl — 2U; + Uiy

h2

+ cos(x;)u; = exp(x;), 1 =1,2,--- 'n

Uiy + (=2 4 h? cos(z))u; + uip1 = h2exp(z;), i =1,2,--- ,n

Randvillkoret u'(0) = 1 approximeras av "7 = 1, dvs. 1y = u1 — h, och randvillkoret u(1) = 3

ger Upi1 = 3.

Matrisformulering med ¢; = —1 + h? cos(x1), ¢; = =2 + h?cos(x;), i =2, -+ ,n, lyder

&1
1

(b). Se laboration 1.

(c).

n=30; L=1;

1
C2

h=L/(n+1); xi=h*[1:n]’; e=ones(n,1);
A=spdiags([-e (2-h~"2*cos(xi)) -e],[-1 0 1]l,n,n); A(1,1)=A(1,1)-1;
b=-h"2*exp(xi); b(1)=b(1)-h; b(n)=b(n)+3;

u=A\b;

x=[0;xi;L]; u=[u(1)-h;u;3];

plot(x,u)

[ h2exp(z1) 4+ h ]
2 esxp(rs)

e exp(,1)
| P2 exp(w,) — 3 |




Uppgift 4(a). Egenvirdesproblemet:

4—-—X =5
det(A — \I) = [ 9 1_)\”:(4—)\)(1—)\)—10:
=M -5A—-6=A—-6)(A+1)=0
Egenvektorn som hér ihop med Ay = —1:
B [ 5 =5][w] [0] for ] [ 1
(A—)qI)’U—(A—l—I)’U—__Q 2 | _UQ___O_ger_UQ-__l}
Egenvektorn som hor ihop med Ay = 6:
_ -2 =5]fw] JO] [ ] [ 5
(A= X I)v=(A—-6Iv = 2 5 | = 0 ger v, = __2}

Losningen till ODE-systemet:

{ ! ] exp(—t) + c3 _;’ ] exp(61)

el -1 2 L2

w(t) =3 | | [exw=0 = | 3 | expion

—_

(b). Se laboration 4 eller Lay kapitel 5.
(c). Euler framat: w, 41 = u, + hAu, = (I + hA)u,,n=0,1,--- ,ug=[—-2 5]7

wy = (I+0.1A)ug = {_(1):‘21 —(1):? } {—g } _ {—gg}

Uppgift 5(a).

w4 —1 1 3
f(@) __[ x1exp€r1x2)+-x2%—1 }’ Df(@)= { (14 2122) exp(z122) ‘rfixP(xlxz)%_l ]

(b). Se laboration 5.
(c). Newtons metod: @11 = @y + di, dér D f(xx) dp = —f (xx)

o [5) presacme [ B[] 2] e[

Ty =z +dy = [_1}

(d).
f1=0(x1,x2)x1+x2.73-1; £2=0(x1,x2)x1.*exp(xl.*x2)+x2+1;
f=0(x) [f1(x(1),x(2));f2(x(1),x(2))]1;
Df=0(x) [1 3*x(2)72; (1+x(1)*x(2))*exp(x(1)*x(2)) x(1) 2*xexp(x(1)*x(2))+1];
x=[1;0];
kmax=10; tol=0.5e-8;
for k=1:kmax

d=-Df (x) \f (x) ;

x=x+d;

disp([x’ norm(d)])

if norm(d)<tol, break, end
end



Uppgift 6(a). Infor nit med steglingden h i rumsled och ersétt ), med Dy D_ och u!, med
D_. Lat wu;(t) beteckna approximationen av u(x;,t). For differentialekvationen far vi

_ Ui1 () — 2u;(t) + ui—1 (1)

u(t) :

+ f(zi,t), i=1,---,n, 0<t<T
och randvillkoren ger
uo(t) = g(t), upi1(t) =un(t), 0<t<T

Begynnelsevillkoren blir
w;(0)=0, i=1,---,n

Begynnelsevardesproblemet for ODE blir

T h2

{ U'(t)=5b(t)—AU®) +c(t), 0<t<T

U(0)=U,
dar _ ) _ ) ) )
9(t) 2 -1 f(z1,7)
0 -1 2 -1 f(za,1)
b= | ¢ | a=| ety=|
0 -1 2 -1 f(zp_1,t)
0 I -1 1] i f(zp,t)
och ~ _ -
uy(t) 0
ua(t) 0
U(t) = : Uy =
Un_l(t) 0
un(t) | 0]
(b).

n=30; L=5; T=25; g=0@(t)1+sin(0.7*t);

h=L/(n+1); xi=h*(1:n)’;

A=spdiags(ones(n,1)*[-1 2 -1],[-1 0 1],n,n); A(n,n)=1;
b=0(t) [g(t);zeros(n-2,1);0]; c=0(t)0.2*xxi*exp(-0.2%t);
f=0(t,u) (b(t)-A*u) /h~2+c(t);

tspan=linspace(0,T,n+1); UO=zeros(n,1);
[t,Ul=0ded45(f,tspan,U0);

x=[0;xi;L]; U=[g(t),U,U(C:,n)];

subplot(1,2,1)

surf (x,t,U), xlabel(’x’), ylabel(’t’)

subplot(1,2,2)

contourf (x,t,U,20), xlabel(’x’), ylabel(’t’)



