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Backward difference in time (Backward Euler) for the

heat equation

2
a—u(x t)—cg—(x t) in (a,b) X (0,T)

Discretize both sides in the following way:

ou (. 0) ~ u(x,t) —u(x, t — At)
at = At ’
0°u u(lx + Ax, t) — 2u(x, t) + u(x — Ax, t)
(x,t) =

dx2 (Ax)?



 Then we get

u(x, t) —ulx, t —At)  ulx + Ax, t) — 2u(x, t) + u(x — Ax, t)
At B (Ax)? '



cAt

(Ax)*
= u(x,t — At)

u(x,t) —

(u(x, +At) + 2u(x,t) + u(x — Ax, t))

- It we write u(idx, jA t) = u; ; we have



cAt

(Ax)*
= u(x,t — At)

u(x,t) —

(u(x, +At) + 2u(x,t) + u(x — Ax, t))

- It we write u(idx, jA t) = u; ; we have



« To do this, discretize space and time.

space: a,a + Ax,a + 2Ax,---,a + MAx = b,M ._ b-a

AX

time: 0,At, 2At, -+ NAt =T, N = %

By the appropriate choice
(iAx, jAt) fit the grids Boundary

condition

Boundary
condition

‘ ' Initial
X

condition



CAt CcAt
(1 — 2 ((Ax)2)> Yij — ((Ax)2)<ui+1'j+ Uim1,j)= Uy j-1

Solve U; j (l =1, M — 1) USing Ui j—1 (l = O,,M)

And above equation can be translated into matrixial equation.
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—a
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1+ 2a
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/ Uy,j
uzlj

\uN—zj
UN-1,j

/

[

\

ul,j_l + auO’j
Uz j—1

Un-2,j-1
uN_l,j_l + buN’j

\

/



