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Lecture-02: Bisection method and its application

One of the first numerical methods developed to find the root of a nonlinear equation f (x) =0 was the bisection 
method (also called binary-search method). The method is based on the following theorem. 

Theorem 
• An equation f (x) =0 , where f (x)  is a real continuous function, has at least one root between 𝑥!  and 𝑥" 

if 𝑓 𝑥! 𝑓 𝑥" < 0 (See Figure 1). 
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Continued…

• Note that if 𝑓 𝑥! 𝑓 𝑥" > 0 , there may or may not be any root between 𝑥!  and 𝑥" (Figures 2 and 3)
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Continued…

• If 𝑓 𝑥! 𝑓 𝑥" < 0 , then there may be more than one root between
𝑥!  and 𝑥" (Figure 4). So the theorem only guarantees one root between
𝑥!  and 𝑥".
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Algorithm for the bisection method
The steps to apply the bisection method to find the root of the equation are 𝑓 𝑥 = 0.
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Application:	
The equation that gives the depth x to which the ball is submerged under water is given by

Use the bisection method of finding roots of equations to find the depth x to which the ball is submerged under 
water. Conduct three iterations to estimate the root of the above equation. Find the absolute relative approximate 
error at the end of each iteration, and the number of significant digits at least correct at the end of each iteration. 
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Continued…
Iteration 2 
The estimate of the root is

None of the significant digits are at least correct in the estimated root 𝑥# = 0.0825 of because the absolute relative 
approximate error is greater than 5%. 
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Continued…
Iteration 3 
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Continued…
Still none of the significant digits are at least correct in the estimated root of the equation as the absolute relative 
approximate error is greater than 5%. Seven more iterations were conducted and these iterations are shown in 
Table 1. 

At the end of 10th iteration, 
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Advantages and disadvantages of bisection method 
Advantages

• The bisection method is always convergent. Since the method brackets the root, the method is guaranteed to 
converge. 

• As iterations are conducted, the interval gets halved. So one can guarantee the error in the solution of the 
equation. 

Disadvantages

• The convergence of the bisection method is slow as it is simply based
on halving the interval. 

• If one of the initial guesses is closer to the root, it will take larger 
number of iterations to reach the root. 

•
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