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The authors consider strongly resonant problems with discontinuous right-hand side:

−div(|Dx(z)|p−2Dx(z))− λ1|x(z)|p−2x(z) ∈ f̂(z, x(z)) a.e. on Z, x|∂Z = 0, 2 ≤ p <∞,

where f̂(z, x(z)) = {y ∈R: f1(z, x(z))≤ y ≤ f2(z, x(z))}, Z ⊆RN is a bounded domain,

λ1 = min{‖Dx‖pp/‖x‖pp: x ∈ W 1,p
0 (Z), x 6= 0}. Passing to a multivalued problem by

filling the gaps at the discontinuity points, the authors prove the existence of at least
three solutions. The proof uses the nonsmooth critical point theory for locally Lipschitz
functionals due to Chang and a generalized version of the Ekeland variational principle.
A well-known result of the “smooth” case is extended by showing that the nonsmooth
(PS)-condition implies the coercivity of the functional.

Addendum (November, 2004): This paper also appears elsewhere [N. C. Kouro-
genis and N. S. Papageorgiou, Colloq. Math. 81 (1999), no. 1, 89–99; MR1716271
(2000i:35045); Abstr. Appl. Anal. 5 (2000), no. 2, 119–135; MR1885326 (2003a:35216)].

Current version of review. Go to earlier version. Yao Tian Shen

References

1. R. Adams, Sobolev Spaces, Academic Press, New York (1975). MR0450957
2. S. Ahmad, Multiple nontrivial solutions of resonant and nonresonant asymptotically

linear problems, Proc. AMS, 96 (1986), 405–409. MR0822429
3. S. Ahmad, A. Lazer and J. Paul, Elementary critical point theory and perturbation

of elliptic boundary value problems at resonance, Indiana Univ. Math. J., 25 (1976),
933–944. MR0427825

4. C. O. Alves, P. C. Carriao and O. H. Miyagaki, Multiple solutions for a problem
with resonance involing the p-Laplacian, Abstract and Applied Analysis, 3 (1998),
191–201. MR1700284

5. A. Ambrosetti and P. Rabinowitz, Dual variational methods in critical point theory
and applications, J. Funct. Anal., 14 (1973), 349–381. MR0370183

6. A. Anane, Simplicite et isolation de la premiere valeur propre du p-Laplacien avec
poids, CRAS Paris, t 305 (1987), 725–728. MR0920052

7. A. Anane and N. Tsouli, On the second eigenvalue of the p-Laplacian, Pitman
Research Notes in Math, Vol, 343 (1996). MR1417265

8. P. Bartolo, V. Benci and D. Fortunato, Abstract critical point theorems and ap-
plications to some nonlinear problems with ”strong resonance” at infinity, Nonl.
Anal.-TMA, 7 (1983), 981–1012. MR0713209

9. L. Calcovic, S. Li and M. Willem, A note on Palais-Smale condition and coercivity,
Dif. Integral Eqns, 3 (1990), 799–800. MR1044221

10. G. Cerami, Un criterio di esistenza per i punti critici su varieta illimitate, Rend.
Instituto Lombardo Sci. Lett., 112 (1978), 332–336. MR0581298

11. K.-C. Chang, Variational methods for non-differentiable functionals and their appli-
cations to partial differential equations, J. Math. Anal. Appl., 80 (1981), 102–129.
MR0614246

12. F. H. Clarke, Optimization and nonsmooth analysis, Wiley, New York (1983).

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by DSpace at NTUA

https://core.ac.uk/display/38439992?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
/mathscinet
/mathscinet/search/publications.html?pg1=MR&s1=1800522&r=1
/mathscinet/search/publications.html?refcit=1800522&amp;loc=refcit
/mathscinet/search/publications.html?revcit=1800522&amp;loc=revcit
/mathscinet/search/mscdoc.html?code=35J20%2C%2835D05%2C35J65%29
/mathscinet/search/publications.html?pg1=IID&s1=635361
/mathscinet/search/institution.html?code=GR_ATHN2
/mathscinet/search/publications.html?pg1=IID&s1=135890
/mathscinet/search/institution.html?code=GR_ATHN2
/mathscinet/search/journaldoc.html?&cn=J_Math_Soc_Japan
/mathscinet/search/publications.html?pg1=ISSI&s1=187645
/mathscinet/search/publications.html?fmt=pdf&pg1=MR&s1=1716271
/mathscinet/search/publications.html?fmt=pdf&pg1=MR&s1=1716271
/mathscinet/search/publications.html?fmt=pdf&pg1=MR&s1=1885326
/mathscinet/pdf/1800522.pdf?pg1=MR&s1=1800522&r=1&prev=t
/mathscinet/search/publications.html?pg1=IID&s1=203469
/mathscinet/pdf/450957.pdf?pg1=MR&amp;s1=0450957&amp;loc=fromreflist
/mathscinet/pdf/822429.pdf?pg1=MR&amp;s1=0822429&amp;loc=fromreflist
/mathscinet/pdf/427825.pdf?pg1=MR&amp;s1=0427825&amp;loc=fromreflist
/mathscinet/pdf/1700284.pdf?pg1=MR&amp;s1=1700284&amp;loc=fromreflist
/mathscinet/pdf/370183.pdf?pg1=MR&amp;s1=0370183&amp;loc=fromreflist
/mathscinet/pdf/920052.pdf?pg1=MR&amp;s1=0920052&amp;loc=fromreflist
/mathscinet/pdf/1417265.pdf?pg1=MR&amp;s1=1417265&amp;loc=fromreflist
/mathscinet/pdf/713209.pdf?pg1=MR&amp;s1=0713209&amp;loc=fromreflist
/mathscinet/pdf/1044221.pdf?pg1=MR&amp;s1=1044221&amp;loc=fromreflist
/mathscinet/pdf/581298.pdf?pg1=MR&amp;s1=0581298&amp;loc=fromreflist
/mathscinet/pdf/614246.pdf?pg1=MR&amp;s1=0614246&amp;loc=fromreflist


MR0709590
13. D. Costa and E. A. de B. Silva, The Palais-Smale condition versus coercivity, Nonl.

Anal.-TMA, 16 (1991), 371–381. MR1093847
14. J. Goncalves and O. Miyagaki, Multiple nontrivial solutions of semilinear strongly

resonant elliptic equations, Nonl. Anal.-TMA, 19 (1992), 43–52. MR1171610
15. J. Goncalves and O. Miyagaki, Three solutions for a strongly resonant elliptic

problems, Nonl. Anal.-TMA, 24 (1995), 265–272. MR1312596
16. S. Hu and N. S. Papageorgiou, Handbook of multivalued analysis, Volume I: Theory,

Kluwer, Dordrecht, The Netherlands (1997). MR1485775
17. E. Landesman, S. Robinson and A. Rumbos, Multiple solutions of semilinear elliptic

problems at resonance, Nonl. Anal.-TMA, 24 (1995), 1049–1059. MR1321744
18. N. C. Kourogenis and N. S. Papageorgiou, Discontinuous quasilinear elliptic prob-

lems at resonance, Colloquium Math., 78 (1998), 213–223. MR1659140
19. N. C. Kourogenis and N. S. Papageorgiou, Multiple solutions for nonlinear discon-

tinuous elliptic equations near resonance, Colloquium Math.—81 (1999), 89–99.
MR1716271

20. P. Lindqvist, On the equation div(||Dx||p−2Dx) + λ|x|p−2x = 0 Proc. AMS, 109

(1990), 157–164. MR1048305
21. P. Rabinowitz, Minimax methods in critical point theory with applications to partial

differential equations, CBMS, No. 65, AMS, Providence, R. I (1986). MR0845785
22. A. Szulkin, Minimax principles for lower semicontinuous functions and applications

to nonlinear boundary value problems, Ann. Inst. H. Poincaré, 3 (1986), 77–109.
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