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In this paper, the Enestrom-Kakeya theorem is extended to polynomials of a quater-
nionic variable. It is shown that a quaternionic polynomial with real, nonnegative,
monotone increasing coefficients has all its zeros in the unit sphere in the quaternions.
Furthermore, using results from the theory of slice regular quaternionic functions, other
results for zeros of quaternionic polynomials are proved by dropping the condition
of nonnegative coefficients and imposing, for instance, monotone increasing real parts
and imaginary parts. The quaternionic setting is different from the complex case since
quaternionic polynomials can have an infinite number of zeros consisting of isolated
points or 2-spheres. The Maximum Modulus theorem for regular functions introduced
by Gentili and Struppa plays a special role in the proof of the results obtained.

1.

10.

11.

Milton dos Santos Ferreira

References

L. Brand, The roots of a quaternion, Amer. Math. Monthly 49 (1942) 519-520.
MRO0006981

G. Enestrom, Hérledning af en allmén formel for antalet pensionarer, som vid
en godtyeklig tidpunkt forefinnas inom en sluten pensionslcassa, Ovfers. Vetensk.-
Akad. Férhh 50 (1893) 405-415.

. G. Enestrom, Remarque sur un théoreme relatif aux racines de 'equation a,x™ +

12"+ 4+ a1z +ag = 0 ol tous les coefficientes a sont réel et positifs, Tohoku
Math. J. 18 (1920) 34-36.

. S. Gal, I. Sabadini, Quaternionic Approximation: With Applications to Slice Regular

Functions, in: Frontiers in Mathematics, Birkhduser, 2019. MR3930620

. R. Gardner, N.K. Govil, The Enestrom-Kakeya theorem and some of its gen-

eralizations, in: Current Topics in Pure and Computational Complex Analysis,
Springer-Verlag, 2014, pp. 171-200-36. MR3329717

G. Gentili, D. Struppa, A new theory of regular functions of a quaternionic variable,
Adv. Math. 216 (2007) 279-301. MR2353257

G. Gentili, D. Struppa, On the multiplicity of zeroes of polynomials with quater-
nionic coefficients, Milan J. Math. 76 (2008) 15-25. MR2465984

. N.K. Govil, Q.I. Rahman, On the Enestrom-Kakeya theorem, Tohoku Math. J. (2)

20 (1968) 126-136. MR0231979

. A. Joyal, G. Labelle, Q.I. Rahman, On the location of zeros of polynomials, Canad.

Math. Bull. 10 (1967) 53-63. MR0213513

S. Kakeya, On the limits of the roots of an algebraic equation with positive coeffi-
cients, Toéoku Math. J. First Ser. 2 (1912-1913) 140-142.

T. Tam, A First Course in Noncommutative Rings, in: Graduate Texts in Mathe-
matics, vol. 123, Springer-Verlag, 1991. MR1125071


https://mathscinet.ams.org/mathscinet
/mathscinet/pdf/4040624.pdf?arg3=&co4=AND&co5=AND&co6=AND&co7=AND&dr=all&pg4=AUCN&pg5=TI&pg6=PC&pg7=ALLF&pg8=ET&review_format=html&s4=gardner&s5=&s6=&s7=&s8=All&sort=Newest&vfpref=html&yearRangeFirst=&yearRangeSecond=&yrop=eq&r=7
https://mathscinet.ams.org/mathscinet/search/publications.html?arg3=&co4=AND&co5=AND&co6=AND&co7=AND&dr=all&pg4=AUCN&pg5=TI&pg6=PC&pg7=ALLF&pg8=ET&review_format=html&s4=gardner&s5=&s6=&s7=&s8=All&sort=Newest&vfpref=html&yearRangeFirst=&yearRangeSecond=&yrop=eq&r=1
https://mathscinet.ams.org/mathscinet/pdf/4017281.pdf?arg3=&co4=AND&co5=AND&co6=AND&co7=AND&dr=all&pg4=AUCN&pg5=TI&pg6=PC&pg7=ALLF&pg8=ET&review_format=html&s4=gardner&s5=&s6=&s7=&s8=All&sort=Newest&vfpref=html&yearRangeFirst=&yearRangeSecond=&yrop=eq&r=9
https://mathscinet.ams.org/mathscinet/search/mscdoc.html?code=30G35%2C%2816K20%2C30C10%2C30C15%2C30E10%29
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=IID&s1=1349632
https://mathscinet.ams.org/mathscinet/search/institution.html?code=1_ETNS_SS
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=IID&s1=320242
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=IID&s1=320242
https://mathscinet.ams.org/mathscinet/search/institution.html?code=1_ETNS_SS
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=IID&s1=1005641
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=IID&s1=1005641
https://mathscinet.ams.org/mathscinet/search/institution.html?code=1_ETNS_SS
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=IID&s1=1349535
https://mathscinet.ams.org/mathscinet/search/institution.html?code=1_ETNS_SS
https://mathscinet.ams.org/mathscinet/search/journaldoc.html?&cn=J_Approx_Theory
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=ISSI&s1=415379
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=IID&s1=777917
http://mathscinet.ams.org/mathscinet/pdf/6981.pdf?pg1=MR&amp;s1=0006981&amp;loc=fromreflist
http://mathscinet.ams.org/mathscinet/pdf/3930620.pdf?pg1=MR&amp;s1=3930620&amp;loc=fromreflist
http://mathscinet.ams.org/mathscinet/pdf/3329717.pdf?pg1=MR&amp;s1=3329717&amp;loc=fromreflist
http://mathscinet.ams.org/mathscinet/pdf/2353257.pdf?pg1=MR&amp;s1=2353257&amp;loc=fromreflist
http://mathscinet.ams.org/mathscinet/pdf/2465984.pdf?pg1=MR&amp;s1=2465984&amp;loc=fromreflist
http://mathscinet.ams.org/mathscinet/pdf/231979.pdf?pg1=MR&amp;s1=0231979&amp;loc=fromreflist
http://mathscinet.ams.org/mathscinet/pdf/213513.pdf?pg1=MR&amp;s1=0213513&amp;loc=fromreflist
http://mathscinet.ams.org/mathscinet/pdf/1125071.pdf?pg1=MR&amp;s1=1125071&amp;loc=fromreflist

Note: This list reflects references listed in the original paper as
accurately as possible with no attempt to correct errors.

(© Copyright American Mathematical Society 2020



