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  Root-finding methods 

Computational Physics 
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Root-finding methods 

f(x) = 0 

f(a)*f(b)<0 

f(x) is defined and continuous 

f’(x) does not change sign 

a 

b 
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Root-finding methods 

A 

B 

f(ai)*f(bi)<0 

a1 b1 a2 b2 

a3 b3 

1. Separation (isolation) of the roots 

f(x) = 0 

f(x) is defined and continuous 
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Root-finding methods 

2. Determination (refinement) of the roots – root-finding 

 

 - bisectional method 

 - tangent line (Newton-Raphson) method 

 - secant line method 

 - combined tangent-and-secant line method 

 - combined bisectional-and secant line method  

 (aka false position method) 

 - fixed point method (aka simple iteration method) 

 - ………………… 
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Root-finding methods 

f(x) = 0 
a 

b f(a)·f(b) < 0 

f(a)·f(c) = 0  ? 

f(a)·f(c) < 0  ? 

f(c)·f(b) < 0  ? 

c 

Bisectional method 
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Root-finding methods 

f(x) = 0 

a 

b = x0 xn 

Tangent line method 

1 

2 

3 

x1 x2 A(a, f(a)) 

B(b, f(b)) 

Tangent line eq.: 

  y(x) = k·x + m  

At B:  

k = f’(b) 

m = f(b) - k·b 

𝑥1 =  𝑥0 −
𝑓 𝑥0

𝑓′ 𝑥0
 𝑥2 =  𝑥1 −

𝑓 𝑥1

𝑓′ 𝑥1
 

𝑥𝑛 =  𝑥𝑛−1 −
𝑓 𝑥𝑛−1

𝑓′ 𝑥𝑛−1
 

𝑦 𝑥 = 𝑓′ 𝑏 ∙ 𝑥 + 𝑓 𝑏 − 𝑓′(𝑏) ∙ 𝑏 

𝑦 𝑥1 = 𝑓′ 𝑏 ∙ 𝑥1 + 𝑓 𝑏 − 𝑓′ 𝑏 ∙ 𝑏 = 0 

𝒇 𝒂 ∙ 𝒇′′ 𝒂 > 𝟎  ⇒   𝒙𝟎≔ 𝒂 

𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆  𝒙𝟎 ≔ 𝒃 
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Root-finding methods 

f(x) = 0 

a = x0 

b xn 

Secant line method 

A(a, f(a)) 

B(b, f(b)) 

𝑥𝑛 = 𝑥𝑛−1 −
𝑓 𝑥𝑛−1

𝑓 𝑏 −𝑓 𝑥𝑛−1
∙ 𝑏 − 𝑥𝑛−1   

𝒇 𝒂 ∙ 𝒇′′ 𝒂 > 𝟎  ⇒   𝒙𝟎≔ 𝒃;  𝒂 𝒊𝒔 𝒇𝒊𝒙𝒆𝒅 

𝒇 𝒃 ∙ 𝒇′′ 𝒃 > 𝟎  ⇒   𝒙𝟎≔ 𝒂;   𝒃 𝒊𝒔 𝒇𝒊𝒙𝒆𝒅 

𝑦 − 𝑦2

𝑦2 − 𝑦1
=

𝑥 − 𝑥2

𝑥2 − 𝑥1
 

Line eq.: 
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Root-finding methods 

f(x) = 0 

a 

xn 

Combined tangent-and-secant line method 

A(a, f(a)) 

B(b, f(b)) 

b = x0 

1 

2 

3 

x1 x2 
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Root-finding methods 

f(a)·f(c) = 0  ? 

f(a)·f(c) < 0  ? 

f(c)·f(b) < 0  ? 

Combined secant line and bisectional method 
 

aka false position method 

a 

b = x0 xn 

A(a0, f(a0)) 

B(b, f(b)) 

c 
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Root-finding methods 

Fixed point method 
 

aka simple iterations method 

𝑓 𝑥 = 0 

𝑥 = 𝜙(𝑥) 

𝑥0 = 𝑔𝑢𝑒𝑠𝑠 𝑣𝑎𝑙𝑢𝑒 

𝑥1 = 𝜙 𝑥0  

𝑥2 = 𝜙 𝑥1  

𝑥3 = 𝜙 𝑥2  

𝒙𝒏 = 𝝓 𝒙𝒏−𝟏  

Example 


