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Beyond the unique continuation: 
“flat solutions" for reactive slow diffusions 

and the infinite and Hardy potential for Schrödinger 
equation 
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0. Souvenirs and Plan of the lecture
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Plan:
1. Introduction: a change of mentality concerning the Unique

Continuation Principle.
2. Stable flat solutions of slow diffusion with absorption and forcing

terms.
3. Flat solutions for the Schrödinger equation with a nonnegative very

singular potential.

An additional problem was proposed in the Abstract:

Space charge problem: flow of electrons, cathode emissivity and determination of 
the current density.

My main subject today: 
"flat solutions" of linear and non-linear PDEs 

[u flat (on a part of the boundary) if u and its normal derivative vanish on 
this part of the boundary]
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1. Introduction: a change of  mentality concerning the Unique Continuation Principle.



The unique continuation principle (UCP) comes in several different forms:
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2 . Stable flat solutions of slow diffusion with absorption and forcing terms
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J. I. D., J. Hernández and Y. Ilyasov, Advances in Nonlinear Analysis (2019)

J. I. D., J. Hernández, and Y. Ilyasov, Chinese Ann. Math. (2017).

P. Drabek and P. Takáč, Convergence to travelling waves in 
Fisher's population genetics model with a non-Lipschitzian
reaction term. J. Math. Biol. 75 (2017), no. 4, 929–972
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3.  On the confinement  for Schroedinger equation
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Curiously, in this important survey the first work dealing with the infinite square well is not attributed to 
Gamow but to N.F. Mott 
[book of 1930 ]  [1977 Nobel Prize].

Teaching Mechanics, on 2012 (and papers Bégout-Díaz on the Nonlinear Schrödinger Eq.), 
I realized some ambiguities which were the starting point of an important part of my
research in the last 6 years.

Survey: 
Belloni-Robinett, The infinite well and Dirac delta function potentials as pedagogical, mathematical and 
physical models in quantum mechanics, Physics Reports (2014)

Mandatory as one of the first examples in any book
of Quantuum Mechanics.  
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J. I. Díaz, On the ambiguous treatment of the Schrödinger equation for the infinite potential well and an 
alternative via flat solutions: the one-dimensional case. Interfaces and Free Boundaries, 17 (2015), 

J. I. Díaz, On the ambiguous treatment of the Schrödinger equation for the infinite potential well and an 
alternative via singular potentials: the multi-dimensional case, SeMA-Journal (2017)
J.I. Díaz, Correction SeMA-Journal (2018)

J. I. Díaz, D. Gómez – Castro, J.M. Rakotoson and R. Temam,Discrete and Continuous Dynamical
Systems(2018),

J. I. Díaz, D. Gómez-Castro, and J.-M. Rakotoson. Differential Equations and Applications, (2018), .

J. I. Díaz, D. Gómez-Castro, and J. L. Vázquez (fractional Schrödinger eq.)  Nonlinear Analysis, (2018) 

J. I. Díaz, D. Gómez-Castro, and J. L. Vázquez (Infinite order on the boundary). Submitted 2019
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Case N=1 and Hardy potentials (first method of  proof)
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Case N>1 and Hardy potentials (second method of proof)
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Thanks for
your attention

40
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