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PROBLEM 1

d*u
u(z) = / ﬁdﬁ

://—100e—10-7”dx2

_ [ -100ee
= ~10 car

= /106_10’” + crdx

106—101
= _710 + C1x =+ C2

— _67101 + ez + e

Using the boundary conditions, we can find ¢; and ¢y as shown below:
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Using the values that we found for ¢; and co, we get
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PROBLEM 2
PROBLEM 3

To derive the discretized version of the Poisson equation, we first need the taylor expansion for u(z) around = + h
and x — h.
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If we add the equations above, we get this new equation:
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We can then replace ‘[%2‘ with the RHS (right-hand side) of the equation:
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And lastly, we leave out O(h?) and change u; to v; to differentiate between the exact solution and the approximate
solution, and get the discretized version of the equation:

. —Uir1 + 2u; — Ui _
align  —1 2 ¢ Tl 100e 10
PROBLEM 4

The value of u(zp) and u(x;) is known, using the discretized equation we solve for @. This will result in a set of
equations
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where v; = v(z;) and f; = f(x;). Rearranging the first and last equation, moving terms of known boundary values
to the RHS
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We now have a number of linear eqations, corresponding to the number of unknown values, which can be represented
as an augmented matrix

2’01 —U2 0 N 0 g1

—U1 2’02 —U3 0 g2
0 —7V2 2U3 —V4q g2
0 —Um—2 2Um71 Im—1

Since the boundary values are equal to 0 the RHS can be renamed g; = h%f; for all i. An augmented matrix can be

represented as AZ = b. In this case A is the coefficient matrix with a tridiagonal signature (—1,2, —1) and dimension
n X n, where n = m — 2.
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Renaming the sub-, main-, and supdiagonal of matrix A

= [GQ, asg,...,an—1, an]
[bla bg, b3a ) bn—l; bﬂ]

= [Cl, Co,C3, ...,Cn_l}
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Following Thomas algorithm for gaussian elimination, we first perform a forward sweep

Algorithm 1 Foreward sweep

Create new vector of length n.

[0] = bl0] > Handle first element in main diagonal outside loop
fori=1,...,n—1do
d = ali-l g =g Grupgiag D Gave () =d(rar e (=1

while Some condition do
Do something more here

Maybe even some more math here, e.g fol f(z)dz

Here the index i does not refer to the element in the vector, ie. b;, but to the index in the vector where the element
is found ie. b[i] = b;11.
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