Homework 9.9: program 1

Source code

function F=findiff(p,q,r,left,right,XLeft,XRight,N)

% p,q, and r are the coefficient functions input as strings corresponding

%
to M-files, e.g., x'' = p(t)x' + q(t)x + r(t)

% initialize

T = zeros(1,N+1);

X = zeros(1, N-1);

% diagonals

Va = zeros(1,N-2);

Vb = zeros(1,N-1);

Vc = zeros(1, N-2);

Vd = zeros(1,N-1);

h = (right - left)/N;

% compute B in AX = B

% time points

Vt = left+h: h: left+h*(N-1);

Vb = -h^2*feval(r,Vt); % vector evaluation of r(t) at all points t

% include endpoints

Vb(1) = Vb(1) + (1 + (h/2)*feval(p, Vt(1) ) )*XLeft;

Vb(N-1) = Vb(N-1) + (1 - (h/2)*feval(p,Vt(N-1) ) )*XRight;

% calculate main diagonal of A

Vd = 2+h^2*feval(q,Vt);

% calculate the sub diag

Vta = Vt(1,2:N-1);  % subset the positions

Va = -1- (h/2)*feval(p,Vta);

% calculate the one-down diag

Vtc = Vt(1,1:N-2); % subset the positions

Vc = -1 + (h/2)*feval(p,Vtc);

% solve using trisys

X = trisys(Va,Vd,Vc,Vb);

T = [left, Vt, right];

X = [XLeft, X, XRight];

F = [T' X'];

function X=trisys(DBelow,Diag,DAbove,B)

N = length(B);

X = zeros(1,N);

for k=2:N

   mult = DBelow(k-1)/Diag(k-1);

   Diag(k) = Diag(k) - mult*DAbove(k-1);

   B(k) = B(k) - mult*B(k-1);

end

X(N)=B(N)/Diag(N);

for k=N-1:-1:1

   X(k) = (B(k) - DAbove(k)*X(k+1))/Diag(k);

end

function p = pa(t)

p = 2*(t./t); % vector form of 1

function q = qa(t)

q = -(t./t); % vector form of 1

function r=ra(t)

r= ( t.^2) – 1;

% Exact solution

function f=p991a(t)

f = t.^2+4.*t+5;

Commands:

F=findiff('pa','qa','ra',0,1,5,10,10);

FF=findiff('pa','qa','ra',0,1,5,10,100);

t = 0:0.1:1

y = p991a(t)

plot(F(:,1), F(:,2), FF(:,1), FF(:,2),t, y)
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In part b, the only changes we need make are

function p = pb(t)

p = -1./t; % vector form of 1

function q = qb(t)

q = -(1-0.25./(t.^2));

function r=rb(t)

r= 0.*t;

and

function f=p991b(t)

f = (0.2913843206.*cos(t) + 1.001299385.*sin(t) )./(sqrt(t));

to find

 F=findiff('pb','qb','rb',1,6,1,0,50)

FF=findiff('pb','qb','rb',1,6,1,0,500)
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Finally, in part C we need

function f=p991c(t)

f = t.^2 - 0.252582649.*t -2.52844297.*t.*log(t);

function p = pc(t)

p = 1./t; % vector form of 1

function q = qc(t)

q = -(1./(t.^2));

function r=rc(t)

r= t./t; % vector 1

and we obtain
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