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Electrical Variational System

❖ Electrical variational system

, Premultiply by allowable variation of 

0 or fixed conditions
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❖ Non-complementary principle

- Allow variation of free charge distribution

- Constant with E equal

D D • =

- Pre-multiply by 𝜑
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❖ Non-complimentary principle (continued)
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❖ Combined Electrical-Mechanical

From thermodynamics
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❖ Combined Electrical-Mechanical (continued)

: Helmholtz Free Energy

Displacement, Electrical Potential
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❖ Consider
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❖ Consider constant voltage
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❖ Total Energy

The force
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❖ Total Energy (continued)

More formally

: total energy
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Gibbs free energy

Elastic free energy

Electric free energy

Helmholtz free energy
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❖ Total Energy (continued)
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Ref. 1.”Dynamics and Mechanics of Electrical Systems”  by Crandall - Chap. 6

2. “Principle and Applications of Ferroelectrics and Related Material” by M.E.

Lines & A.M. Glass - Chap. 3
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❖ Total Energy (continued)

,

ij ij m m

ij m

ij m

E T

ij m

ij m

dG S dT D dE

G G
dG dT dE

T E

G G
S D

T E

= − −

 
= +
 

    
= − = −       


