Some methods for Cauchy problems for sys-
tems of ODE

@'(t) = F(t,dt), te0,T), @0 =a. (1)
Here
0= (u,...,uy), F(t,ad)=(Ft1aq),..., F(ta),

@ = (u), ..., u)) e R"

Grid: to=0,t1 =7, to =27, ..., t, = k1, ...,

T > 0 - stepsize

Forward Euler method:

Backward Euler method:

U(lps1) — Ulty)

= ﬁ(tk+17 U(tri1)) + O(7) (4)

gF Tﬁ(tk_H, ﬁlﬁ—l) YL (5)
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Method of trapezoidal rule:

— t . —’t 1 N —
u( k:+1)7_ u(ty) _ 5 | £ (G Ulte)) + F(trr, @ltie) +0(%) (6)
s g F(ty, @) + 7F(tim, Uk“)] (7)




;LL\Z(()) ZQD(ZUZ), iIO,...,n. )

Discretization of heat equation

ut(xat) - puxx(xat) — f(il?,t), (8)
re(0,L),te(0,T),

u(0,t) = a(t), wu(L,t)=0>5(t), te(0,T), (9

u(z,0) = p(x), x€]l0,L] (10)
Consistency conditions: ¢(0) = a(0), (L) = b(0).
Method of lines:

LIZ@':Z'h, h:L/n

+f(xlat>7 S (07T)7

(12)

Local truncation error: O(h?).



Explicit scheme:

2T pT
uf—'—l = (1 h2 )Uk -+ ﬁ (Ufl + ugﬂ_’_l) —|_7_f<xi7 tk?)? (13)

i=1,...,n—1

up " = altean), wy = bte), (14)

for k=0,1,...,1—1and
u;, = p(x;), i=0,...,n. (15)
Here uf ~ ;(t).) =~ u(x;, ty).

Local truncation error: O(h? + 7). Conditionally stable.
Stability condition:



Implicit scheme:

T 20T T
—p—ul-“ff -+ (1 + b )uf“ i uf + 7 f (i, tgpe1),(16)

B2 W h2 1+1
1=1,...,n—1
UISH = a(tr1), Uﬁ“ = b(lk1), (17)

for k=0,1,...,1—1and

u;, = p(x;), i=0,...,n. (18)

Local truncation error: O(h* + 7). Unconditionally sta-

ble.



