
MA2501 Numeriske metoder

Assignment 1

Supervision: week 3 and week 4

Problem 1

A spherical, undeformable ball floats in water. The ball is made of a homoge-
nous material having density 60% of that of water. How deep will the ball
sink into the water?
Suggested solution procedure

• Make an illustration of the situation.

• Determine which principles govern the physical process.

• Create a mathematical model of the system.

• Solve the mathematical model as well as possible. You may need to
employ computational environment software such as Python.

Remark: These kinds of open problems are the most common in applied
mathematics. Solving them requires knowledge outside of the subject matter
of a particular course. The problem’s intent is partly to inspire independent
work and partly to contextualize the themes presented in this course.

Problem 2

The following simple exercises illustrate the effects of propagation of rounding
errors in a numerical algorithm.

a) We want to make a simple programme to approximate the derivative of
a differentiable function f : R→ R and we use the simple approximation

f ′(x) =
f(x + ∆x)− f(x)

∆x
+O(∆x), f ′(x) ≈ f(x + ∆x)− f(x)

∆x
.
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Use Taylor expansion to prove that the error given by this approximation
is indeed O(∆x).
Take f(x) = cos(x), and use the formula to approximate

d

dx
cos(x)

∣∣∣∣
x=π

4

.

Compute the absolute error committed by the approximation for de-
creasing values of ∆x, e.g ∆x = 1

2k
for k = 1, 2, . . . . Plot the results

(values of ∆x versus the corresponding absolute error) in a logarithmic
scale.

b) Consider the following pseudocode which computes consecutively ` times
the square root of a randomly generated real number x, to obtain x

1

2`

and then squares the result the same number of times to get x back:

y =

√√
. . .
√
x, x = ((y2)2 . . . )2.

1: x = rand ∗ 100;
2: x̃ = x;
3: N = 100;
4: for ` = 1 : N do
5: for k = 1 : ` do
6: x̃ =

√
x̃;

7: end for
8: for k = 1 : ` do
9: x̃ = x̃2;

10: end for
11: e(l) = |x− x̃|;
12: er(l) = |x−x̃|

|x| ;

13: end for

In exact arithmetic this algorithm would reproduce x, but we here want
to explore the effect of error propagation and check how much the result
deteriorates by increasing the number of times we compute square roots
and subsequent squarings. Implement this algorithm in Python and to
show how the error increases with `, plot the absolute and relative error
versus `. You might use a semi-logarithmic plot (i.e. using a logarithmic
scale on the vertical axis).
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Problem 3
Inplement the bisection method and the Newton method for finding zeros of
functions f : [a, b]→ R, differentiable on [a, b].
Apply both methods to find the solution of

f(x) = 0, x ∈ [1, 5]

where f(x) = x5 − 4x + 2 and with the initial guess x0 = 1 for the Newton
method.
Compute 100 iterations for the two methods, check how the values |f(xk)|

and |xk+1−xk| decrease with k for the two methods. Plot these values versus
the number of iterations in a semilogarithmic plot.
Finally, verify with a numerical experiment that the bisection method con-

verges linearly and the Newton method converges quadratically.
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