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In joint works with M. Bonafini, M. Novaga, G. Orlandi, we aim to study a class of hyperbolic obstacle type problems, more
precisely considering the following equations:

uy + (—A)°u+V,W(w) =0 in(0,T) x

0 u(t,z) =0 in[0,7] x (RY\ Q)
(0, ) = up(x) in Q
us(0, ) = vo(x) in Q

for Q@ c R% an open bounded domain with Lipschitz boundary, u: [0, 00) x R — R™ m > 1, W a continuous potential with
Lipschitz continuous derivative, and for s > 0 the operator (—A)® stands for the fractional s-Laplacian. By using minimizing
movements scheme De Giorgi, we provide the existence results for the equation (1)) both obstacle-free case (there is no obstalce)
and obstacle case (in presence of obstacle g), which include also fractional operators as well as higher dimensional cases,
hence extending previous results mostly treated in linear and 1-dimensional case (e.g. [9,[7, 4]). In addition, we discuss some
applications to singular limits (with potentials 6% W) of nonlinear wave equations (I¥ is a balance double well potential, s = 1
and m = 1,2), which is motivated by the fact that in this case certain solutions of nonlinear wave equations giving rise to
interfaces (or defects) evolving by curvature such as minimal surfaces in Minkowski space (e.g. [6, (1, 8]]). Finally, we apply our
results to study nonlinear waves in adhesive phenomena (e.g. the interacting between strings or membranes with a rigid substrate
through an adhesive layer, in this scenario W responds for the energetic contribution of glue layer, and it has less regularity),
our results embrace higher dimension and fractional operators extending the previous work initially studied in ([S]]). This talk is
based on the works [2, [3, 4].

References

[1] Giovanni Bellettini, Matteo Novaga, and Giandomenico Orlandi. Time-like minimal submanifolds as singular limits of
nonlinear wave equations. Physica D: Nonlinear Phenomena, 239(6):335-339, 2010.

[2] Mauro Bonafini and Van Phu Cuong Le. Weak solutions for nonlinear waves in adhesive phenomena. arXiv:2104.10437.

[3] Mauro Bonafini, Van Phu Cuong Le, Matteo Novaga, and Giandomenico Orlandi. On the obstacle problem for fractional
semilinear wave equations. Nonlinear Analysis, 112368, (210) 2021.

[4] Mauro Bonafini, Matteo Novaga, and Giandomenico Orlandi. A variational scheme for hyperbolic obstacle problems.
Nonlinear Analysis, 188:389-404, 2019.

[5] G. M. Coclite, G. Florio, M. Ligabo, and F. Maddalena. Nonlinear waves in adhesive strings. SIAM Journal on Applied
Mathematics, 77(2):347-360, 2017.

*Address first author. Email: bonafini @cs.uni-goettingen.de
 Address second author. Email: vanphucuong.le @unitn.it

* Address second author. Email: matteo.novaga@unipi.it

§ Address second author. Email: giandomenico.orlandi @univr.it



[6] John C. Neu. Kinks and the minimal surface equation in Minkowski space. Physica D: Nonlinear Phenomena, 43:421-434,
1990.

[7] Koji Kikuchi. Constructing a solution in time semidiscretization method to an equation of vibrating string with an obstacle.
Nonlinear Analysis: Theory, Methods & Applications, T1(12):e1227-e1232, 2009.

[8] Robert L. Jerrard. Defects in semilinear wave equations and timelike minimal surfaces in Minkowski space. Analysis &
PDE, 4(2):285-340, 2011.

[9] Michelle Schatzman. A hyperbolic problem of second order with unilateral constraints: the vibrating string with a concave
obstacle. J. Math. Anal. Appl., 73(1):138-191, 1980.



