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Abstract. We consider a nonlinear elliptic problem driven by the p-Laplacian plus an indefinite potential
and a parametric reaction with a “concave” term, which is asymptotically resonant with respect to any
eigenvalue of the differential operator. Using a combination of variational methods based on the critical
point theory with Morse theory, we show that for all small values of the parameter the problem has at
least three nontrivial smooth solutions.

Keywords. Resonant problem, p-Laplacian plus an indefinite potential, eigenvalues and eigenfunctions,
unique continuation property, critical groups, multiplicity theorem.

AMS (MOS) subject classification: 35120, 35J60, 35J92, 58E05

Dynam. Cont. Dis. Ser. A, vol. 20, no. 5, pp. 605-627, 2013.



References

[1]

[2]

[3]

[4]
[5]

[6]
[7]

[8]

[9]

[10]

[11

[12]

[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]
[23]

[24]

R. Adams, Sobolev Spaces, Academic Press, New York (1975)

S. Aizicovici-N. S. Papageorgiou—V. Staicu, Degree Theory for Operators of Monotone Type
and Nonlinear Elliptic Equations with Inequality Constraints, Memoirs of AMS, Vol. 196 No.
915 (2008)

K.-C. Chang, Infinite Dimensional Morse Theory and Multiple Solution Problems, Birkhduser,
Boston (1993)

K.—C. Chang, Methods in Nonlinear Analysis, Springer, New York (2005)

S. Cingolani-M. Degiovanni, Nontrivial solutions for p—Laplace equations with right hand side
having p-linear growth at infinity, Comm. PDEs, 30 (2005), 1191-1203

F. Clarke, Optimization and Nonsmooth Analysis, Wiley, New York (1983)

M. Cuesta-D. de Figueiredo-J.-P. Gossez, The beginnining of the Fvcik spectrum for the p-
Laplacian, J. Differential Equations, 159 (1999), 212-228.

M. Cuesta—H. B. Quoirin, A weighted eigenvalue problem for the p—Laplacian plus a potential,
Nonlinear Differential Equations and Applications, 16 (2009), 469-491

M. Degiovanni-S. Lancelotti, Linking over cones and nontrivial solutions for p-Laplace equa-
tions with p-superlinear nonlinearity, Ann. 1. H. Poincaré-AN 24 (2007), 907-919.

L. Del Pezzo-J. Ferndndez Bonder, An optimization problrm for the first weighted eigenvalue
problem plus a potential, Proc. of AMS, 138 (2010), 3551-3567

P. Drabek-S. Robinson, Resonant problems for the p-Laplacian, J. Funct. Anal., 169 (1999),
189-200

P. Drabek-S. Robinson, On the generalization of the Courant nodal domain theorem, J. Differ-
ential Equations, 181 (2002), 58-71

J. Dugungji, Topology, Allyn and Bacon, Boston (1966)

L. Evans-R. Gariepy, Measure Theory and Fine Properties of Functions, CRC Press, Boca Raton
(1992)

E. R. Fadell-P. Rabinowitz, Generalized cohomological index theories for Lie group actions
with an application to bifurcation questions for Hamiltonian systems, Invent. Math., 45 (1978),
139-174

D. de Figueiredo—J.—P. Gossez, Strict monotonicity of eigenvalues and unique continuation,
Commun. Partial Diff. Equations, 17 (1992), 339-346

N. Garofalo-F. H. Lin, Unique continuation for elliptic operators: a geometric-variational ap-
proach, Commun. Pure Appl. Math., 40 (1987), 347-366

L. Gasiniski-N. S. Papageorgiou, Nonlinear Analysis, Chapman & Hall/CRC Press, Boca Raton,
F1 (2006)

L. Gasinski-N. S. Papageorgiou, Dirichlet problems with double resonance and an indefinite
potential, Nonlinear Anal. 75, (2012), 45604595

L. Gasinski-N. S. Papageorgiou, Multiplicity of solutions for Neumann problems with an indefi-
nite and unbounded potential, Commun. Pure Appl. Anal. 12, (2013), 1985-1999

M. Giaquinta, Multiple Integrals in the Calculus of Variations and Nonlinear Elliptic Systems,
Annals of Math. Studies, Vol. 105, Princeton Univ. Press, Princeton (1983)

A. Granas—J. Dugundji, Fixed Point Theory, Springer, New York (2003)

E. Hadi-N. Tsouli, Strong unique continuation of eigenfunctions for p-Laplace operators, Intern.
Jour. Math. Mathematical Sciences, 25 (2001), 213-216

Q. Jiu-J. Su, Existence and multiplicity results for perturbations of the p-Laplacian, J. Math.
Anal. Appl., 281 (2003), 587-601



[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

(35]
(36]

O. Ladyzhenskaya-N. Uraltseva, Linear and Quasilinear Elliptic Equations, Academic Press,
New York (1968)

S. Liu-S. Li, The existence of solutions for asymptotically “linear” p-Laplacian equations, Bull.
London Math. Soc., 36 (2004), 81-87

J. Liu-S. Liu, The existence of multiple solutions to quasilinear elliptic equations, Bull. London
Math. Soc., 37 (2005), 592-600

E. Medeiros—K. Perera, Multiplicity of solutions for a quasilinear elliptic problem via the coho-
mological index, Nonlinear Analysis, 71 (2009), 3654-3660

D. Motreanu—V. Motreanu-N. S. Papageorgiou, Existence and multiplicity of solutions for asymp-
totically linear, noncoercive elliptic equations, Monatsh. Math., 159 (2010), 59-80

D. Mugnai-N. S. Papageorgiou, Resonant nonlinear Neumann problems with indefinite weight,
Ann. Sc. Norm. Super. Pisa, 19 (2012), 729-788

D. O’ Regan—N. S. Papageorgiou, Existence of two nontrivial solutions via homological local
linking for the noncoercive p-Laplacian Neumann problem, Nonlinear Analysis 70 (2009), 4386~
4392

N. S. Papageorgiou—S. Th. Kyritsi—Yiallourou, Handbook of Applied Analysis, Springer, New
York (2009)

K. Perera—R. Agarwal-D. O’Regan, Morse Theoretic Aspects of p-Laplacian Type Operators,
Math. Surveys and Monographs, 161, AMS, Providence, Rhode Island (2010)

K. Perera—A. Szulkin, p-Laplacian problems where the nonlinaerity crosses an eigenvalue, Dis-
crete Contin. Dynam. Systems, 13 (2005), 743-753

M. Struwe, Variational Methods, Springer-Verlag, Berlin (1990)

J. Vazquez, A strong maximum principle for some quasilinear elliptic equations, Appl. Math.
Optim., 12 (1984), 191-202

Received December 2012; revised September 2013.

email: journal @monotone.uwaterloo.ca
http://monotone.uwaterloo.ca/~journal/



