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init = 20 + 5*sin (x)
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function u = heat(k, x, t, 1init, bdry)

% solve the IDyheat equation on the rectangle
described by

% vectors % and t with u(x, t(l)) = init and
Dirichlet boundary

% conditions u(x (1), t) = bdry(l), u(x(end), t)
= bdry(2) .

J = length(t);
N = length(x);
dx = mean(diff (x)):;
dt = mean (diff(t));
s = k*dt/dx"2;

zeros (N, J) ;
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u(l, :) = init;

for n = 1:N-1

u(n+l, 2:J-1) = s*(u(n, 3:J) + u(n, 1:3-2)) +
(1 - 2*s)*u(n, 2:J-1);

u(n+l, 1) = bdry(l);

u(ntl, J) = bdry(2);
end
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u = heat(k, x, t, init, bdry)
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tvals = linspace (0, 4, 21);

xvals = linspace(-5%,(5%, 21);

init = 20 + 5*¥sin(xwvals);

uvals = heat (0.02,* tvals, xvals, init, [15
251);

surf (xvals, tvals, uvals)
xlabel x;«ylabel t; zlabel u
title ('PDE Solve')
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sol = pdepe (m,pdefun, icfun,bcfun,xmesh, tspan)
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[c,f,s] = pdefun(x,t,u,dudx)
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u = icfun(x)
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[pl,gl,pr,qgr] =befdn (xl,ul,xr,ur,t)
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c=1
m=0
f=k*DuDx
s=0
ros
function [c,f,s] = pdex(x,t,u,DuDx)
c = 1;
f = (0.02)*DubDx;% flux is variable conductivity
times u x
s = 0;
g pandie adsl bt 5 (o5 e ol 2 0L Js
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p(x,t,u}+q(x,t}f[x,t, uEE] =0 2
dx.
ro
function [pl, gk,\pPr,gr] = pdexbc(xl,ul,xr,ur,t)

[e]

% q's are zeroOwsince we have Dirichlet
conditions

% pl = 0 at® the left, pr = 0 at the right
endpoint

pl = ul-15;

gl = 0;
pr = ur-25;
gqr = 0;
s 35l adsl a2 b Jls
function u0 = pdexic (x)
% 1initial condition at t = 0

ul0 = 20+5*sin (x) ;
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$So0lves a sample Dirichlet problem for the heat
equation in a rod,

$this time with variable conductivity, 21 mesh
points

m = 0; %This simply means geometry 1s linear.
x = linspace(-5,5,21);

t = linspace(0,4,81);

sol = pdepe (m, @pdex, @pdexic, @pdexbc, x,t);

% Extract the first solution component as u.

u = sol(:,:,1);

% A surface plot is often a good(way to study a
solution.

surf (x, t,u)

title ('Numerical solution gemputed with 21 mesh
points in x.'")

xlabel ('x'"), ylabel ('t'"),~zlabel('u')

% A solution profile €anh also be illuminating.
figure

plot (x,u(end, 1))

title('Solution _atst = 4")

xlabel ('x'"), vkabel ('u(x,4)")
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m=0

c=1

s=0
f=1e-5*DuDx
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function [c,f,s] = pdefunO(x,t,u,DubDx)
c = 1;

f = le-5*DubDx;

s = 0;




function u0 = pdeicO (x)

1if ((x >= 0) & (x <= .5))
u0=10;

elseif ((x >= 0.5) & (x <= 1))
u0=0;

end

function [pl,qgl,pr,gr] = pdebcO(x1l,ul,xr,ur,t)

pl = 0;
gl = 100000;
pr = 0;

gr = 100000;
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ic:u(x,0) = x
bel:u(0,t) =1
he2:u(lt) =¢£*
pExa1]
k&5
function [c,f,s] = pde(x,t,u,Dubx)
c = 1;
f = DuDx;



function u0 = pdeic(x)

ul = x;

function [pl,qgl,pr,qgr] = pdebc(xl,ul,xr,ur,t)
pl = ul-1;

gl = 0;

pr = ur-t"2;

gqr = 0;

m = 0;

x = linspac&e',1,20);

t = linspace(0,5,10);

sol = pdepe (m,(@pde,@dpdeic,@pdebc,x,t):;
u = sol(:,:,1);

figure (1)

surf (x,t,u)

title ('numerical solution')

xlabel ('distance x')



ylabel ('time t')

figure (2)

plot(x , u(end, :))
title('solution at t = 5")
xlabel ('distance x);

ylabel ('u(x,5)")

numenzzl sol s cn
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function [c,f,s]

du 2%u

= — + 2tx?
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ic:u(x,0) = COS(? X)
bel:u(0,t) =1
‘ 37
bc2:u(l,t) = —
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0<x<1

t=0

= pde(x,t,u,DuDx)



function u0 = pdeic (x)

u0 = cos (1.5%pi*x);

function [pl,ql,pr,qr] = pdebc (xh,ul,xr,ur,t)
pl = ul-1;

gl = 0;

pr = ur-1.5%pi;

qgr = 0,

m = 0;

x = linspace(0,1,20);

t = linspace(0,2,10) ;

sol = pdepe (m,@pde,@pdeic,lpdebc,x,t)
u=sol(:,:,1);

figure (1)

surf (x,t,u)



title ('numerical solution
xlabel ('distance x')
ylabel ('time t')

figure (2)

plot(x , u(end,:))

title('solution at t = 2")

N

xlabel ('distance x)

ylabel ('u(x,2)")

numenzzl sol s cn
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u(r,0)=0
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u(l,t)=1
ou
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Solving:
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PDE :

function [c,f,s] = mypde2(r,t,u,DuDr)
c = 1;

f = DuDr;

s = —exp(3*u)+sin(u);

Ic:

function u0 = mypde2ic(r)
u0 = 0;
Bcs:

function [pl,qgl,pr,qr] =
mypde2bc (rl,ul, rr,ur, t)

pl = 0;

ql = 0;

pr = ur-1;
qr = 0;
solving:
m = 2;

r = linspace(0,1,30);

t = linspace(0,1,30);

sol = pdepe (m, @mypde2, dmypde2ic, dmypde2bc, r, t);
u = sol(:,:,1);

figure (1)

surf (r, t,u)



title ('"Numerical solution')

xlabel ('Distance r'),ylabel ('Time (s)')
figure (2)

plot(r,u,r,u,'*")

xlabel ('Distance r')

title('solution profiles at a selection of
times.")
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