Homework: Sections 10.1 and 10.2

10.1: Algorithms and Programs 2

Source Code

function U = finDiffWE(InitFunc, InitDeriv, dist, time, WEConst, nx,nt)

dx=dist/(nx-1);

dt=time/(nt-1);

r=WEConst*dt/dx;

r2 = r^2;

r22 = r2/2;

s1 = 1 - r2;

s2 = 2*s1;

U = zeros(nx,nt);

% compute 1st and second rows using BC

for i=2:nx-1

   x = dx*(i-1);

   xp1 = dx*i;

   xm1 = dx*(i-2);

   fi = feval(InitFunc, x);

   fpi = feval(InitFunc, xp1);

   fmi = feval(InitFunc,xm1);

   U(i,1) = fi;

   U1 = s1*fi;

   U2 = dt*feval(InitDeriv,x);

   U3 = r22*fpi;

   U4 = r22*fmi;

   U(i,2) =  U1 + U2 + U3 + U4;

end

% use finite differencing of WE to compute remaining rows

for j=3:nt

   for i=2:nx-1

      U(i,j) = s2*U(i,j-1) + r2*U(i-1,j-1) + r2*U(i+1,j-1) - U(i,j-2);

   end

end

U = U';

Use of Source Code

U = finDiffWE('f','null',1,1,1,11,11)

U =

  Columns 1 through 7 

         0    0.0900    0.1600    0.2100    0.2400    0.2500    0.2400

         0    0.0800    0.1500    0.2000    0.2300    0.2400    0.2300

         0    0.0600    0.1200    0.1700    0.2000    0.2100    0.2000

         0    0.0400    0.0800    0.1200    0.1500    0.1600    0.1500

         0    0.0200    0.0400    0.0600    0.0800    0.0900    0.0800

         0    0.0000   -0.0000    0.0000   -0.0000    0.0000         0

         0   -0.0200   -0.0400   -0.0600   -0.0800   -0.0900   -0.0800

         0   -0.0400   -0.0800   -0.1200   -0.1500   -0.1600   -0.1500

         0   -0.0600   -0.1200   -0.1700   -0.2000   -0.2100   -0.2000

         0   -0.0800   -0.1500   -0.2000   -0.2300   -0.2400   -0.2300

         0   -0.0900   -0.1600   -0.2100   -0.2400   -0.2500   -0.2400

  Columns 8 through 11 

    0.2100    0.1600    0.0900         0

    0.2000    0.1500    0.0800         0

    0.1700    0.1200    0.0600         0

    0.1200    0.0800    0.0400         0

    0.0600    0.0400    0.0200         0

    0.0000         0         0         0

   -0.0600   -0.0400   -0.0200         0

   -0.1200   -0.0800   -0.0400         0

   -0.1700   -0.1200   -0.0600         0

   -0.2000   -0.1500   -0.0800         0

   -0.2100   -0.1600   -0.0900         0

surf and contour cplots
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Now, for 10.2, #1

source code

function U = ImplicitHeatEquation(InitSpace, leftTemp, rightTemp,dist,time,HEConst,nx,nt)

dx = dist/(nx-1);

dt = time/(nt-1);

U = zeros(nx,nt);

r = (HEConst^2)*dt/(dx^2)

s1 = 2+2/r;

s2 = 2/r -2;

%BC: fixed temperatures at either end of rod

U(1,1:nt) = leftTemp;

U(nx,1:nt) = rightTemp;

% First row: initial values

for i=2:nx-1

   x = (i-1)*dx;

   U(i,1) = feval(InitSpace,x);

end

% populate the Vectors describing the diagonals of 

% tridiagonal matrix A and the constant vector B

% (solve AX = B)

Vdiag(1,1:nx)=s1*ones(1,nx);

Vdiag(1) = 1;

Vdiag(nx) = 1;

VAbove = -ones(1,nx-1);

VAbove(nx-1) = 0;

VBelow = -ones(1,nx-1);

VBelow(1) = 0;

VB = zeros(1,nx-1);

VB(1) = leftTemp;

VB(nx) = rightTemp;

for j=2:nt

   for i=2:nx-1

      plus = U(i+1,j-1);

      minus = U(i-1,j-1);

      center = s2*U(i,j-1);

      VB(i) = minus  + plus  + center;

   end

   X = feval('trisys',VAbove,Vdiag,VBelow,VB);

   U(1:nx,j) = X';

end

U = U'

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 fx= HEInit(x)

fx = sin(pi*x) + sin(2*pi*x);

Use of source code

EDU» U = ImplicitHeatEquation('HEInit',0,0,1,0.1,1,11,101);

EDU» contour(U)

EDU» surf(U)
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