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A Method for solving Polynomial Equation with Complex Coefficients
Toshihiko OkADA

Abstract

On the complex plane we examine if a given polynomial f(z) has all roots inside a given circle
of radius R. If it has not, then we double the radjus and examine similarly. Soon we find the
circle containing all roots of f(z). Assuming that there are all roots of f(z) inside the circle of
radius 2 R, the largest root of an absolute value exists at least in an annulus R<< |z | <2 R. Here
we put Rin=R and R.;= 2 R. We examine if f(z) has all roots inside a circle of radius R» which
is equal to (Rin+Rez)/2. Ifit has, then we narrow an annulus to Rin<| 2| <<Rm, if not, then
to Rm<C|z | <<Rer. Continuing this prccedure, finally we are able to lay a root on the circle of
radius Rm such that Rin=Rm=Rer. Then R is equal to an absolute value of the root. Next,
for finding a place where the root on the circle lies, we transform z to Rz, then the circle of
radius R is replaced by the unit circle 7© whose radius is equal to one, construct a sequence of
Lehmer’s polynomials so that fo(Rmz) = f(Rmz), S1(Rnz), =, fu(Rmz), fus1 where fri1=0,
Sr(Rwnz) has all roots on I". Here we put p(z) =fn(Rmz), and consider finding all roots of p(z) on
I'. Now we move the center of coordinate to a point ce’® outside /' so that z is replaced by z'+

ceis. As before we examine if p(2’) has all roots inside a circle of radius r. If it has not, then

we double r. Soon we find an annulus r < | 2’| <<2r which contains at least the largest root of

an absolute value. Here we put rin=r and Yez=72r.
circle of radius r» which is equal to (/5n+rex)/2.

Fin<Z ‘ Z’ ’ ‘<rm, ]f not, then to Fain<Z I Z' l ~Fex.

We examine if p(z’) has all roots inside a

If it has, then we narrow an annulus to

Continuing as far as possible this procedure,

finally a root lies on the circle I of radius rm such that riv=rw=rez. Then I and I cross each

other. Thus a root exists in either of two crossing places so that zi’ and zo'. If [p(z1) | <

| p(z2’) |, then z,’ is a root of p(&), if, instead, [p(z1") [ | p(z2’) |, then zo’ is so. Hence we

find a root of f(z) so that Z2=(I+cei®) Ry,.
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Fig. | The process for laying the largest root of
an absolute. value on a circle of radius Rm
which is equal to (Rin+ Rez)/2
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Fig. 2 The Process for finding a root on the unit
circle
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Table 1 Experimental results
Degree Coefficients Results
4 | 1, =8 39, —62, 50 0.2999999999999986D01 + 0.3999999999999990D01 i
0.2999999999999986D01 — 0.3999999999999990D01 i
0.1000000000000014D01+ 0.1000000006700013D01 i
0.1000000000000014D01— 0.1000000000000013D01 i
9 1, 0.240.1i, 10, 0.1414213562373098D01 — 0.1414213562373098D01 i
—142i, —35, —7—3.5i, —0.1414213562373098D01 + 0.1414213562373098D01 i
—50i, 5—10i, 24, 0.1224744871391573D01 — 0.1224744871391573D01 i
4.842.4i —0.1224744871391573D01 + 0.1224744871391573D01 i
0.1000000000000023D01 — 0.1000000000000023D01 i
—0.1000000000000023D01 + 0.1000000000000023D01 i
0.7071067811865390D00— 0.7071067811865390D300 i
—0.7071067811865390D00+ 0.7071067811865390D00 i
—0.19999999999999891D00— 0.9999999999999907D — 17 -
10 1, 55i, —1320, 0.1000000000000082D02 i
18150i, 157773, 0.8999999999994227D01 i
—902055i, — 3416930, 0.8000000000018985D01 i
84095004, 0.6999999999961558D01 i
12753576, 0.6000000000052339D01 i
— 10628401, 0.4999999999951073D01 i
—13628800 0.4000000000036916D01 {
0.2999999999987438D01 i
0.2000000000002944D01 ¢
0.9999999999996982D00 i
11 1, —11, 55, —165, 0.1000000000000002D01
330, —462, 462, 0.1000000000000002D01
—330, 165, —55, 11, ~0.1000000000000002D01
-1 0.1000000000000002D01
0.1000000000000002D01
0.1000000000000002D01
0.1000000000000002D01
0.1000000000000002D01
0.1000000000000002D01
0.1000000000000002D01
0.1000000000000002D01
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