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COMPUTERMETHODEN DER TECHNISCHEN PHYSIK
Exam 1 WS 2023/2024

01.02.2024

This written exam for the lecture Computational Methods in Technical Physics consists
of three exercises based on the numerical methods explained during the semester. You
are supposed to show your calculation for every derivation and calculation in the exam,

but not for the multiple choice questions.
You have two hours to complete the solutions.

The use of books and notes on paper is allowed. The use of electronic devices is not

allowed.

Good luck!

1 Short questions (25 points)

For the multiple choice questions, there is only one correct answer, unless noted otherwise.

Multiple Choice
aus rechtlichen Grinden geschwarzt




f. Which of the following statements is true?

Multiple Choice

qus rechtlichen Grinden geschwarz

(iii) (5 points) The following figure shows the result of a numerical calculation of
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Explain the observed behavior.

{iv) (5 peints) Explain why the signal length for fast Fourier transform needs to be
equal to 2% with N being an integer number-.



(v) (5 points) The two absolute smallest eigenvalues of the matrix
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have equal magnitude. For each of the following algorithms, discuss whether they
can be used to determine all eigenvectors and eigenvalues of A.

acobi rotations

he power method (von Mises iteration
e QR algorith
pplication of Gershgorin's theore

2 Euler integration (25 points)
Consider the initial value problem

#(t) = Az(t) and z(to) =z = 2, (1)

tite down the Taylor expansion of z(t) in the position #,,, = t, + h

Euler's method (first-order Taylor approximation) to derive z, =
n, A, and the stepsize h.

- converges to z(t) = 0 for t — co. What condition
—+ oo Compare the cases A = —1 and A = —100.

Ekylorapproxxmatmn for , in terms of z,,




Rt al*) = f(zl9) 4 0, @
- SNy If(@) —a| < Blx —a| forallz R, 3)
" wherea€Risaconstant and 0 < < 1. Furthermore, the truncation error

[#el hf* o ' [e®| <5 forall p, ' (4)
I Show that f(a) = a. Derive an inequality for |z*!) — a in terms of
: s explain what may happen when (1 — 3)[2(®) — a| < .

in of  in two regions, one near a and one far away from a.
Inside the region [z) — a < /(1 - ), show that
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r leaves the region once it has entered.

/(1= B), we can write

1at therefore [z — g < |®) _ g,
l&"") —al} converges to a
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