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10. Sheet for Numerics of Instationary Differential Equations

Exercise 26:
Consider the Crank–Nicolson method applied to the heat equation ut = uxx
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(a) Derive the method.

(b) Determine the growth factor

G(α) =
P (eihα)

Q(eihα)

(c) Study the stability, that is, determine a γ independent of h, τ and α such that

|G(α)| ≤ eγτ .

(d) Find a p such that
|G(α)− e−τα2 | ≤ Cτhp(1 + |α|q),

where C and q are independent of h, τ and α.

Exercise 27:
As in the previous exercise, formulate the Crank–Nicolson method for the Schrödinger equation
ut = iuxx. Study the growth factor G(α), stability and order of the method. In addition, show
the conservation of the `2-norm:

∞∑
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∞∑
j=−∞

|unj |2.

Solutions are discussed on Tuesday July 1, 2026
Tutor: Georgios Vretinaris - if you have question just come to my office (C3P16)
or write me an email.
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