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DEN: PDE
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• elliptic equation: B2 − 4AC < 0
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• parabolic equation: B2 − 4AC = 0
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• hyperbolic equation: B2 − 4AC > 0

∂2u
∂t2 = ∂2u

∂x2 + ∂2u
∂y2 + f ∂2u

∂t2 = ∆u + f

Fact.

∂u

∂t
(t, x, y) =

u(t + h, x, y) − u(t, x, y)

h
+ O(h),

∂u

∂t
(t, x, y) =

u(t + h, x, y) − u(t− h, x, y)

2h
+ O(h2),

∂2u

∂x2
(t, x, y) =

u(t, x + h, y) + u(t, x− h, y) − 2u(t, x, y)

h2
+ O(h2),

∂2u

∂x∂y
(t, x, y) =

=
u(t, x + h, y + h) − u(t, x + h, y − h) − u(t, x− h, y + h) + u(t, x− h, y − h)

4h2

+ O(h2).

∆u ≈ u(t, x + h, y) + u(t, x− h, y) + u(t, x, y + h) + u(t, x, y − h) − 4u(t, x, y)

h2
.
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