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A Numerical Method for Polynomial Equations

Toshihiko OKADA

Abstract

In this paper author describes a method for finding roots of a polynomial. Let f(@)=apz"+
@12" 1+ +an be a polynomial whose coefficients are complex. Using Lehmer’s algorithm for f(@),
we can construct a polynomial sequence such that fo(D)y AR, » fe-1(2), fx Besides, we
calculate Pi-1= | Pi| (| £i-1(0) [2— 1)/( | fi-1(0) |2+ 1) where i= 1,2, » k and Po=1.
Let m be the maximum i such that | Pi|>d-t where d (=2 or 10) is the base of the computer’s
number system and ¢ is the number of digits in the mantissa of the float ng point system. Then
we can obtain the number M of roots which f(z) has in the unit circle by the recurrence formula

so that Mi-1=1(—=Pn;-1+sgn(P:) M; where 1(x) is unit function, sgn(x) is sign function,

i=m, m—1, - , 1 and Mpy=0.

Furthermore, we can know easily the number of roots of

f(2) in a circle of radius R by transtorming f(z) to f(Rz). From this we can find as follows :
(1) the circle I" having one or more roots of f(z) on itself,

(2) the places of roots of f(z) lying on I,

The process for finding (1) and (2) is a second order. Also, this method can obtain double roots

and roots of greater multiplicity.
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Fig. 1 processes for finding the minimum absolute
value of roots of f(z) : The inner circles of
radius Ro are free of roots, the outer ones

of radius Ry are containing at least one root
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Fig. 2 Processes for finding roots of g(z) lying
on the unit circle
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Table 1 Experimental results
Example 1 f(2)=29+(0.240.1/)28+10iz7 + (—1+20)208—3525—(7 43,5024
—50i23+ (5 —10i)22+242+4.8+2.4 i

+0.141421356237309D01 i
—0.141421356237309D01 i
+0.122474487139158D01 i
—0.122474487139158D01 i

True roots % Results
— 2+ 20 —0.141421356237309D0]1

N2=n2i 0.141421356237309D01
—&/3/2+4/3/2i —0.122474487139158D01

N3/2—A/3]2i 0.122474487139158D01

—1 +i —0.100000000000000D01

1—i 0.100000000000000D01

. —0.707106781186547D00
0.707106781186547D00
~0:200000000000000D00

—N2/2+4/2/2i
N2/2—4/2/2i
_—0.2-0.17 _

+0.100000000000000D01 i
—0.100000000000000D0{ i
+0.707106781186547DQ0 i
—0.707106781186547D00 i
—0.100000000000000D00 i
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Example 2 f(z)=z10—55iz?—132028+18150i27+ 15777326 —902055iz°5
—34169302* -+ 8409500i 28 + 1275357622 — 10628640iz — 3628800

True roots L

Results

wi%
9i |
gi ~
7i

6 |
si |
4i |
3i |
20 |

i |

0.100000000000103D02 i
0.899999999996439D01 i
0.800000000003587D01 i
0.700000000000556D01 i
0.599999999996852D01 i
0.500000000001870D01
0.399999999999644D01 i
0.300000000000012D01
0.200000000000000D01 ¢
0.999999999999999D00 i

Example 3 f(z)=2z5—(5 +11D) 24— (36 —44i) 23 + (128 +24i) 22 — (52+1360) 2

Results

—36+521i
True roots ‘1
1+3i 0.999999999999999D00
1 +3i 0.999999999999999D00
1+ 38 0.999999999999999 D00
1+ 0.100000000000000D301
1+ 1 | OV.VIOQOOOOOQOOOOOODOI

-+0.300000000000000D01
+0.300000000000000D01
+0.300000000000000D01
+0.999999999999999D00

+0.999995999999999D00 i

Example 4 f(2)=z4—(4+ 4D)28+12iz2+ (8 — 8i)z— 4
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True roots

1+ \

1+ | 0.999999999999949D00
|+ | 0.999999999999999D00
L+ | 0.999999999999999D00

0.99999999999999$ D00

Results

-+0.100000000000000D01

-+0.100000000000000301

+0.100000200000000D01

+0.100000000000000D01 i

Example 5 f(z)=z4—4.87Z3+8.893722'7.218497Z+2.19702846

i
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]

Results

True roots i
1.23 ‘ 0.122999999987031D01
1.22 | 0.122000000028053D01
1.21 ‘ 0.120999999992457D01
_ S 1.21 | 0.120999999992457D01
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