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Ph.D. Thesis
Details

Thesis Title : Control Problems for Certain Linear Coupled Systems.
Doctoral Advisor : Prof. Debanjana Mitra, IIT Bombay.
Thesis Submission Date: November 4, 2022
Thesis Summary : We study control aspects of the following linear coupled systems:

• Linear coupled transport-parabolic system with variable coefficients.
• Compressible Navier-Stokes system with Maxwell’s law with constant coefficients.

At first, we study the null controllability of linear coupled transport-parabolic systems with vari-
able coefficients (depending on space and time) in the bounded domain (0, L). The systems are
considered with homogeneous Dirichlet boundary conditions and with localized interior controls
acting on both transport and parabolic equations. We show that the coupled systems are not
null controllable at a small time. Also, the system is null controllable at any time by parabolic
control acting everywhere in the domain, under some assumptions on the coefficients and the
initial data.

Next, we consider the compressible Navier-Stokes system with Maxwell’s law, linearized around a
constant steady state (ρs, 0, 0), with ρs > 0. We study the controllability of this linearized system
in the bounded domain (0, π). The system is considered with Dirichlet boundary conditions
and with interior controls. We prove the system is not null controllable at any time using
localized controls in density and stress equations and even everywhere control in the velocity
equation. However, we show that the system is null controllable at any time if the control acting
in the density or stress equation is everywhere in the domain. This is the best possible null
controllability result obtained for this system. We also show that the system is approximately
controllable at a large time using localized controls.

We further study the exact controllability of the compressible Navier–Stokes system with Maxwell’s
law linearized around a constant steady state (ρs, us, 0) ,ρs > 0, us > 0. The system is considered
in the bounded domain (0, 2π) with periodic boundary conditions. Using Ingham inequality, we
prove that the system is exactly controllable at a large time using a localized control in any of
the equations.
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• Multi-Scale Analysis and Theory of Homogenization Discussion-Meeting, held at ICTS Ban-
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Position of
Responsibilities

• Member, Logistic and Registration team of 34th Mathematics Olympiad, 2015, Department
of Mathematics, IIT, Bombay.

Programming
Languages

• Matlab

Languages Known • Bengali
• Hindi
• English



References 1. Prof. Debanjana Mitra
Assistant Professor
Office : 115-A, Department of Mathematics, IIT Bombay, Mumbai.
Telephone : 022 2576 9471
Email Id : debanjana.mitra.87@gmail.com / deban@math.iitb.ac.in

2. Prof. Neela Nataraj
Institute Chair Professor
Office : 211-B, Department of Mathematics, IIT Bombay, Mumbai.
Telephone : 022 2576 7468
Email Id : nataraj.neela@gmail.com / neela@math.iitb.ac.in

3. Prof. Shirshendu Chowdhury
Assistant Professor
Office : Department of Mathematics & Statistics, AAC Building, Room No. 331, IISER
Kolkata, Mohanpur.
Email Id : shirshendu@iiserkol.ac.in


