2.1

Bisection Method
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Bisection Technique The first technique, based on the Intermediate Value
Theorem, is called the Bisection, or Binary-search, method. Suppose /is a
continuous function defined on the interval [a, b], with f(a) and f(b) of
opposite sign.

The Intermediate Value Theorem implies that a number p exists in (a, b)
with f(p) = 0.

Although the procedure will work when there is more than one root in the
interval (a, b), we assume for simplicity that the root in this interval is
unique. The method calls for a repeated halving (or bisecting) of
subintervals of [a, b] and, at each step, locating the half containing p.
To begin, set a1= a and b1= b and let p1 be the midpoint of [a, b], that is.
P1=at+2

If f{p1) = 0, then p = p1, and we are done.

If f(P1) = 0, then f(pi) has the same sign as either f(a1) or f(b1).

o If f(p1) and f(a1) have the same sign, p € (p1 ,b1). Set a2 =p1 and b2 =
b1.

o If f{p1) and f(a1) have opposite signs, p (a1, p1). Set a2 = a1 and b2 =
p1. Then reapply the process to the interval [a2,b2]
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EXERCISE SET 21

1. Use the Bisection method to find ps for f(x) = /x —cosx = 0on [0, 1].
Let f(x)=3(x+ I)(x — %)(x — 1) = 0. Use the Bisection method on the following intervals to find
P3.
a. [-2,1.5] b. [-1.25,2.5]
3. Use the Bisection method to find solutions accurate to within 1072 for x* — 7x% + 14x — 6 = O on
each interval.
a. [0,1]) b. [1,3.2] c. [3.2,4]
4.  Use the Bisection method to find solutions accurate to within 1072 for x* — 2x7 —4x? +4x +4 =0
on each interval.
a. [-2,-1] b. [0,2] o 12:31 d. [-1,0]
5. Use the Bisection method to find solutions accurate to within 10~ for the following problems.
a x—-27"=0 for0<xc<l
b. e —x*+3x—-2=0 for0<x<l
c. 2xcos(2x)—(x+1?=0 for-3<x<-2 and -1<x<0
d. xcosx —2x243x—1=0 for0.2<x<03 and 12<x<13
6. Use the Bisection method to find solutions, accurate to within 10~ for the following problems.

a 3x—ef=0forl<x<2
b. 2x+3cosx—e*=0 forO0<x<l1
. x*—4x+4-Inx=0 forl<x<2 and 2<x<4
d. x+1-2sin7x =0 for0<x<05 and 05<x<1
7. a. Sketch the graphs of y = x and y = 2sinx.
b.  Use the Bisection method to find an approximation to within 1073 to the first positive value of
x with x = 2sinx.
8. a. Sketch the graphs of y = x and y = tanx.
b.  Use the Bisection method to find an approximation to within 107 to the first positive value of

x with x = tan.x.
9. a. Sketch the graphs of y = ¢ — 2 and y = cos(e* — 2).
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5. Use the Bisection method to find solutions accurate to within 10~ for the following problems.
a x-=27"=0 for0<x<1 (woe)
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