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1 Non-linear equations solving problem

Let’s define the function -

f(z) = cos(x) — xe®, for x € [O, 5}

1. Using Python package matplotlib.pyplot, plot the graph of the function f(z), while check-
ing the uniqueness of the root of the equation f(z) =0 (let denoted this root x,).

In [1]: import numpy as np
In [2]: import matplotlib.pyplot as plt
In [3]: def f(x: float): # Or use f= lambda = : np.cos(z) - z*np.ezxp ()
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2. Write Python function NRroot (), that allows the approximation of x, using the bisection
method, for a given interval [a, b] and a precision & > 0.

1 def BSroot(a: float, b: float, eps: float):
2

3
Report what the function returns for a = 0,b = 7 and € = 108

1 In [4]:
2
3

4

3. Write Python function NRroot (), to find the approximate value of the root x,, using the
Newton-Raphson method, for a given xy € [a,b]. (the method requires the derivative of the
function f).

def fprime(x: float):

def NRroot(x0: float, eps: float):
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Report what the function returns for xp = § and € = 1078

In [5]:
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4. Write Python function SCroot (), to approximate the value of x, to within € > 0, using the
secant sequence (Z,),>0, defined for a given zy, 1 € [a, b] :

xg, 1 € [a,b]
Tpn — Tp-1

f(xn> - f(xn—l)

Tpt1 = Tp — f(zn) , foralln >1

1 def SCroot(x0: float, x1: float, eps: float):

Report what the function returns for zp = 0,2, = 7 and € = 10-8

1 In [6]:

5. We rewrite the function f(x), in the form z = cos(x)e ™ = g(z). Write Python function
FProot (), to approximate the value of z, to within ¢ > 0, using the fixed-point method
Tni1 = g(z,) and for a given xy € [a, b].

1 from typing import Callable
2 Func = Callable[[float], float]
3 def FProot(g: Func, x0: float, eps: float):

Report what the function returns for zp = 7 and € = 1078

1 In [7]:

6. Consider now, the Steffensen convergence acceleration procedure, given by :

zo € [a,b]
Yn = g(l‘n)

(Yn — xn)2
9(Yn) = 2yn + T

Tpil = Tp — , foralln >0

Write Python function STroot (), to approximate the value of x, to within € > 0, using the
Steffensen method and for a given zq € [a, b].



def STroot(x0: float, eps: float):
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Report what the function returns for 7o = § and € = 1078

In [8]:
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7. Complete and comment on the results obtained in the following table :

’ € \Nbrh@nnmnsBS \NbrﬁmaﬁomsNR,\NbrﬁemmmnsFP \NbrﬂﬁmmmnsST

101
1072
1073
1074
107
106
1077
1078
107
10-10

Comments :



