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Russell’s contribution to
Infinite Dimensional Systems Theory

• Definition and duality of various observability and controllability 
concepts

• First controllability results for heat and wave equations

• Hautus test in infinite dimensions

• From the wave to the heat equations

• Weak observability implies polynomial stabilizability

• Backwards and forwards stabilizability implies controllability

(Russell’s principle) 

• ….  
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Russell’s principle: backwards and forwards  
exponential stabilizability implies exact controllability
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Some remarks

• This principle has been originally seen as providing a qualitative property
(controllability) from another qualitative property (stabilizability). It also holds for
unbounded control operators.

• The converse principle “controllability implies stabilizability also holds for
bounded control operators. It does not hold, in general, for unbounded ones.

• It looks unobvious how to use Russell type controls computationally. Indeed, they 
require, in principle, the knowledge of τ, Kf , Kb.

• In this presentation we use a different perspective
• We assume that (A,B) is exactly controllable in time τ .
• With some extra structure, we obtain “explicit” Russell controls in time τ .
• We prove that these controls have remarkable properties. 
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Outline

• A version of Russell’s principle for vibrating systems 
• From exact controllability to uniform stabilizability
• A regularity result 

• From distributed control to boundary control :
• Neumann boundary control
• Dirichlet boundary control
• a general singular perturbation approach

• Approximation by finite dimensional systems

Benasque 2017 5



A version of Russell’s principle 
for vibrating systems
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Standing assumptions
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From exact controllability 
to uniform stabilizability
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Construction of Explicit Russell Controls 
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Two properties
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From distributed control 
to boundary control
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Neumann boundary control (I)
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Neumann boundary control (II)
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Dirichlet boundary control (I)
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Dirichlet boundary control (II)



Bibliographical comments

• Only few works on this topic seem to available in the literature.

• For the Neumann control (even in 1D) we are not aware of results
similar to those in Theorem 2. The related questions of internal
pointwise controllability has been tackled in Fabre (1994) and Joly
(2006).

• For the Dirichlet control, the results of Fabre and Puel (1992, 1993)
provide convergence in a weak sense (in one or several space
dimensions)
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An abstract framework
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A singular perturbation result
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Comments on the proofs



Approximation by finite 
dimensional systems
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Standing assumptions



A numerical scheme (I)
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A numerical scheme (II)



Benasque 2017 24

A numerical scheme (III)
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A numerical scheme (IV)


