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Motivated by nonexistence results for positive solutions and for certain classes of sign-changing solutions
of the elliptic problem −∆u = |u|p−1 u posed on RN , the authors are concerned with Liouville-type
theorems for classical radial (in x) entire solutions u = u(x, t) of the parabolic problem
ut − ∆u = |u|p−1 u

x ∈ RN , t ∈ R,

(1)

where always p > 1.
Let pS denote the critical Sobolev exponent (N + 2)/(N − 2) if N ≥ 3 and set pS := ∞ if N = 1, 2. It
has been known before that if u is a nonnegative radial solution of (1) and if p < pS , then u ≡ 0. In
the case N = 1 no symmetry condition was needed at all. These theorems are extended to the case of
sign changing functions as follows: If p < pS and if u is a classical x-radial solution of (1) such that the
number of sign changes (aka, the zero number) of u(·, t) remains bounded for t ∈ R, then u ≡ 0. Again,
the symmetry condition in x is not needed if N = 1.
As an application of these results the authors prove a priori estimates for the decay and blow up rates
of radial solutions of general semilinear parabolic problems on radial domains, where the constants in
the estimates depend only on the data of the problem and an upper bound for the zero number along
the orbit. The nonlinearity in these problems must behave asymptotically like a power function in u. To
give one example for the utility of these estimates, existence results for periodic radial solutions with an
arbitrarily prescribed zero number for a time-periodic semilinear parabolic equation on a ball are given.
Reviewer: Nils Ackermann (Mexico City)
MSC:
35B53
35B08
35B45
35K91
35K58
35B10

Liouville theorems and Phragmén-Lindelöf theorems in context of
Cited in 1 Review
PDEs
Cited in 23 Documents
Entire solutions to PDEs
A priori estimates in context of PDEs
Semilinear parabolic equations with Laplacian, bi-Laplacian or polyLaplacian
Semilinear parabolic equations
Periodic solutions to PDEs

Keywords:
nonexistence results; a priori bounds; blow up rate; decay rate; periodic orbits; nodal radial solutions;
sign-changing solutions
Full Text: DOI
References:
[1]

Ackermann, N., Bartsch, T.: Superstable manifolds of semilinear parabolic problems. J. Dy- nam. Diﬀerential Equations 17,
115-173 (2005) · Zbl 1129.35428 · doi:10.1007/s10884-005-3144-z

[2]

Ackermann, N., Bartsch, T., Kaplický, P., Quittner, P.: A priori bounds, nodal equlibria and connecting orbits in indeﬁnite
superlinear parabolic problems. Trans. Amer. Math. Soc. 360, 3493-3539 (2008) · Zbl 1143.37049 · doi:10.1090/S0002-994708-04404-8

[3]

Angenent, S.: The zero set of a solution of a parabolic equation. J. Reine Angew. Math. 390, 79-96 (1988) · Zbl 0644.35050 ·
doi:10.1515/crll.1988.390.79

[4]

Bahri, A., Lions, P.-L.: Solutions of superlinear elliptic equations and their Morse indices. Comm. Pure Appl. Math. 45,

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2022 FIZ Karlsruhe GmbH
Page 1

1205-1215 (1992) · Zbl 0801.35026 · doi:10.1002/cpa.3160450908
[5]

Berestycki, H., Lions, P.-L.: Nonlinear scalar ﬁeld equations. II: Existence of inﬁnitely many solutions. Arch. Ration. Mech.
Anal. 82, 347-375 (1983) · Zbl 0556.35046

This reference list is based on information provided by the publisher or from digital mathematics libraries. Its items are heuristically
matched to zbMATH identiﬁers and may contain data conversion errors. It attempts to reﬂect the references listed in the original
paper as accurately as possible without claiming the completeness or perfect precision of the matching.

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2022 FIZ Karlsruhe GmbH
Page 2

