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Aim: Understand the idea of invariance in passive control systems
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Passivity Based Control
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Passivity Theorem (Input-Output Theory)
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A Feedback connection of a passive/lossless system S and a 
strictly input passive control system C is finite  gain stable.
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Passivity via Classical Thermodynamics

Assumption: There exists an entropy 
function S(Z) which is C1, concave 
and homogeneous degree one.
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Classical System: Macro State Z(x)=(U,V,N1,…,Nnc,A,Qe,..)
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Passivity of Classical Non-Equilibrium Systems

Very large
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Process Networks
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Each node is a process system (Conservation laws hold)
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“Kirchoff Current Law”
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“Kirchoff Voltage Law”
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“Tellegen Theorem” (power balance)

Duality pairing, vector spaces P=(f,p,dZ/dt) and D=(X,w,w) are orthogonal 
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Theorem: Classical non-equilibrium systems 
(Linear laws) are passive. 

0, ,00~~ Thermo Irrev Classical >=≥ LLXfwp k
T

k

Stable stationary states exist (Prigogine) 
when boundary conditions are fixed.
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Generalization of CIT
0        :Entropy ≥= ZwS T

4444 34444 2143421
0),(   productionEntropy 

flows ksource/sin

controlboundary 

ports

≥

∑ ∑∑ −−=

pf

k
T

k
T

ii
T

j wpfXwf
dt
dS

σ

Assumption: Suppose entropy production is convex and 
homogeneous degree 1

0~~~~        :deviations Positive ≥+ pwfX TT

1. Stable stationary states exist provided boundary control is passive
2. Entropy production is minimized (Euler-Lagrange System)
3. Relaxation possible by balancing flow dissipation vs rx
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Invariants and Inventory Control
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Electrical energy converted to heat
Potential energy converted to kinetic energy
…..

Hamitonian /Positive Real/Lossless/Conservative
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Inventory Control
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How can the system be dissipative and 
lossless at the same time?

Depends on the point of view 
-neither E(Z) nor S(Z) are positive definite on Z (Gibbs etc). 

A question of observables - Dissipativity is an input output 
property
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Modification to Storage function
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Other Invariants in Chemistry (103 of them)
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Challenges:
Multiphase CFD, turbulence
1     gas phase
2     fluid phases
2++   solid phases
50+ compounds
Electric potentials
Turbulence
5 invariants Z=(Al,C,O,U,V)

Issues:
• System Design
• Stability
• Optimization (kg/kW)

Carbothermic Aluminum
D. Roha O Fortini (Alcoa), Yuan Xu, Mohit Aggarwal, Balaji Sukumar
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The structure of thermodynamics and Control 


