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2007-2019  Courses of “Analisi Matematica II” and “Metodi Matematici per 
l’Ingegneria”   (Engineering Faculties, Roma Sapienza). 
  
 
  
RECENT  RESEARCH  ACTIVITY (2007-2019). 
 
We studied some models of propagation phenomena in bounded domains, which 
involve stationary and evolution problems with lower order terms $h(u)|Du|^2$, 
depending on the solution u and on its gradient. The main feature is that the function 
h(s) is singular at some point. 
In particular, we considered (in collaboration with Sergio Segura de Leon, University 
of Valencia) the stationary problem, with Dirichlet boundary conditions, in the case 
that the singularity is placed in a point  different from zero (say in u=1) and the 
previous function h(s) is summable near the singularity (see [1])  
The case where the singularity is placed in u=0 was already studied (see, for 
examples [2], [3] and [4] and references therein), for non negative data f(x): in that 
papers, existence and non existence results are obtained, depending on the strength of 
the singularity and on the sign and size of the lower order term. An essential tool is 
the strong maximum principle. 
 
In  [8] we extended some of these results  dealing with singularity placed at u=0 to 
the case where the datum f(x) changes its sign; in the quoted paper, the function h(s) 
which appears in the term $h(u) |Du|^2$ is summable near the singularity.  
This problem is not at all a simple technical matter: indeed, in the case where f(x) can 
change sign, the solution u can vanish inside the domain (and actually this occurs in 
some situation), due to the fact that we cannot apply maximum principle. 
Therefore, first of all, we have to understand and define carefully the meaning of 
solution, giving sense to the gradient term on the singularity. 
If the growth of the lower order term near the singularity is very strong, (i.e. when the 
function h(s) is not summable near the singularity) and the datum f(x) can change its 
sign  the problem of existence of solutions is still an open one and it seems to be a 
very difficult task.  
 
Moreover we obtained (in collaboration with M.Michaela Porzio, University of Roma 
Sapienza) existence results for global solutions to parabolic equation of fast diffusion 
type: the problem involves a reaction term g(u) having slightly superlinear growth 
and measure data. The complementary case  has also been considered, getting a blow-
up  in finite time result (see [5]). 
 
In the paper [6], in collaboration with Ireneo Peral, Boumediene Abdellaoui e 
Magdalena Walias, Universidad Autonoma di Madrid, we studied a model of growth 



in porous media, starting by the stationary case  $\Delta(u^m)=|Du|^q+f$ with 
Dirichlet boundary conditions. We got existence of distributional solutions and 
regularity results, depending on the values of the parameters  $m>0$ and $1<q\geq 
2$ and on the summability of the datum f.  
  
Moreover, we studied, in collaboration with Patrizia Donato, University of Rouen, 
the asymptotic behaviour of sequences of solutions  to quasi linear Dirichlet problems 
involving lower order terms singular in the u variable at u=0. The terms grow 
quadratically in the gradient and the sequences of the matrices in the principal parts 
H-converge. (see [7]). 
 
Recently we studied existence for singular semilinear elliptic problems (i.e. the lower 
order singular term depends only on the solution u) and homogeneization of this kind 
equations in perforated  domains, in collaboration with Francois Murat (Paris VI) and 
Pedro Martinez Aparicio (Cartagena, Spain) (see [9], [12], [13]) and with B. 
Vernescu (WPI, USA) and M.A. Vivaldi (Sapienza Roma, Italy) (see [14]). 
Homogenization of singular problems posed in domains having inside oscillating 
interfaces is studied in [15]. 
 
Existence of non negative solutions for parabolic singular problems has been recently 
considered in [10], [11]. 
 
Existence of non negative solutions for Dirichlet problems with 1-Laplacian principal 
part and singular lower order terms has been investigated in [16]. 
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Applications, Madrid, July 7-11, 2014).  
 
15) Problems with singularity in the u variable: nonnegative solutions (Workshop on 
Calculus of Variation and Partial Differential Equations, Padova, November 13-14, 
2014). 
 
16) Homogenization of semilinear elliptic problems singular at u=0 (XXIV Congress 
on Differential Equations and Application, XIV Congress on Applied Mathematics, 
Cadiz (Spain), June 8-12 2015). 
 
17) Homogenization of elliptic problems with singular source terms (International 
Workshop on Partial Differential Equations, Cebu (Philippine), January 10-15  2016). 
 
18) Homogenization of some singular semilinear elliptic problems, (Calculus of 
Variations and Nonlinear Partial Differential Equations, Benevento, November 16-18 
2016). 
 
19) Singular problems in the u variable:laplacian principal part and strong singularity, 
1-laplacian principal part and mild singularity, (Roma Caput PDE, Rome, January 
23-26, 2017). 
 
20) Problems with singularity in the u variable at u=0 and principal part p-laplacian, p 
greater or equal to1. (Singular Nonlinear Problems in Calculus of Variations and PDEs , 
Naples, June 24-26, 2019) 
 

21) Homogenization of semilinear elliptic problems singular at u=0, (9th International 
Congress on Industrial and Applied Mathematics, Valencia, July 15-19, 2019)  

 
- Invited visiting at Laboratoire d’Analyse Numerique de l’ Universitè Pierre et Marie 
Curie (Paris VI) (march 2012, april-march 2013, april 2014, april 2015, april 2016, 
april 2017). 
 
 



-Organizing activity: workshop and courses (2007-2019) 
 
-Workshop “Homogenization: Flows in Collapsing Domains and Composite 
Materials”, Rome, June 25-27, 2012  (Member of the Organizing Committee) 
 
-PHD School “Metodi e Modelli Matematici per la Tecnologia e la Società”, 
Department “Scienze di Base e Applicate per l’Ingegneria”, University  of Roma 
Sapienza: 
Prof. Serra Capizzano (Università of Insubria) course on “Approssimazione 
matriciale, precondizionamento e sistemi lineari di grandi dimensioni”, spring 2009.  
 
-PHD School “Metodi e Modelli matematici per la Tecnologia e la Società”, 
Department “Scienze di Base e Applicate per l’Ingegneria”, University  of Rome 
Sapienza: 
Prof. Mauro Fabrizio (University of Bologna) course on  "Transizioni di fase", 
november 2009. 
 
-Workshop “Elliptic and parabolic equations and systems” 
Naples, June 18-20, 2008 (Member of the Organizing Committee) 
 
-PHD School “Metodi e Modelli Matematici per la Tecnologia e la Società”, 
Department “Scienze di Base e Applicate per l’Ingegneria”, University  of Rome 
Sapienza: 
Prof. Renzo Ricca (University of Milano Bicocca) course "A mini-course on 
structural complexity", march 2008. 
 
-PHD School “Metodi e Modelli Matematici per la Tecnologia e la Società”, 
Department “Scienze di Base e Applicate per l’Ingegneria”, University  of Rome 
Sapienza: 
Prof. Michel Chipot (University of Zurich): course on "Some issues on elliptic 
problems", february 2008. 
 
 


