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Aristotle has said that ‘the sweetest of all things is
knowledge’. And he is right. But if you were to suppose that
the publication of a new view were productive of unbounded
sweetness, you would be highly mistaken. No one disturbs his
fellow man with a new view unpunished.

– E. Mach

In the presentation of a novel outlook with wide ramifications
a single line of communication from premises to conclusions is
not sufficient for intelligibility. Your audience will construe
whatever you say in conformity with pre-existing outlook.

– A. N. Whitehead

People think they are thinking when they are merely
rearranging their prejudices.

– William James
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Preliminaries

B

Abstract body

κR

X x

κt

κR, κt – placers
κR(B), κt(B) – configurations
Motion: One-parameter family of placers.

x = χκR (X, t) . (1)

χκR one-to-one. In fact “sufficiently smooth”.
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Relative Motion

ξ := χκR
(
χ−1κR(x , t), τ

)
= χt (x , τ) . (2)

Deformation Gradient

FκR :=
∂χκR
∂X

(3)

(An unnecessary and ill-conceived concept).

FκR is a linear transformation from the tangent space at X to
the tangent space at x .

Relative Deformation Gradient

Fκt :=
∂χt
∂x

. (4)
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Lagrangian

φ = φ̂ (X, t) .

∇Xφ :=
∂φ̂

∂X
. (5)

dφ

dt
:=

∂φ̂

∂t
. (6)

Eulerian

φ = φ̃ (x , t) .

∇xφ :=
∂φ̃

∂x
. (7)

∂φ

∂t
:=

∂φ̃

∂t
. (8)
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Classical Constitutive Relations

Classical Cauchy Elasticity

T = fκR (FκR) . (9)

Classical Navier Stokes Fluid

T = −p(ρκt)I + λ(ρκt) (trDκt) I + 2µDκt , (10)

Dκt =
1

2

[
∇xv + (∇xv)T

]
ρκt – density, p – thermodynamic pressure

Generalized Stokesian Fluids

T = f (ρκt ,Dκt) . (11)
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Implicit Assumptions in Classical Elasticity

There is only one stress-free configuration modulo rigid
motion.

The stress is completely known from a single kinematical
measurement from a single configuration.
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Implicit Assumptions in Classical Fluids

It is more appropriate to express (11) as

T = fκt (ρκt ,Dκt) . (12)

Tacit assumption that

fκt = f ∀ t ∈ R. (13)

However, possible that

T =

{
−p1I + 2µ1Dκt ∀ t ≤ t′
−p2I + 2µ2Dκt + 2µ3D

2
κt ∀ t ≥ t′

(14)
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Notion of “Natural Configuration”

“Natural Configuration” – The configuration the body takes
on the removal of the external stimuli.

κt(B)

κp(t)(B)

κp(t)(B) – preferred natural configuration associated with the
configuration κt(B).
– depends on the process class that is allowed.
The symmetry of the body in the natural configurations can
be different.
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Notion of “Natural Configuration”

A body is not necessarily a fixed set of particles – Growth and
Adaptation of biological bodies.

To define a “Body”, it is necessary to know the natural
configurations a body is capable of existing in. In any process,
we need to know which natural configurations are accessed.

Notion of “Natural Configuration” is a local idea. It is an
equivalence class of configuration.

.
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Notion of “Natural Configuration”

The same piece of steel can undergo

a non-dissipative process
twinning
slip
solid to solid phase transformation
melting
etc.

We need to define “states”, “processes”, “process classes” :
Isothermal, Adiabatic, Isentropic, Isenthalpic, Isobaric,
Isotonic, etc.

Different natural configurations are accessed during different
processes. The “natural configuration” is a part of the
specification of the “state” of the body.

.
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Notion of “Natural Configuration”

If one inhomogeneously deforms a body and then removes the
traction, it is possible that the unloaded body will not fit
together compatibly and be simultaneously stress free in an
Euclidean Space.

However, it can be unloaded to fit together in a non-Euclidean
space in which it is stress-free (Eckart - 1940s).

A “sufficiently small” neighborhood of a material point can be
unloaded to a stress-free configuration. Here, “sufficiently
small” corresponds to a neighborhood in which the
deformation is “essentially homogeneous”.

Henceforth, we will assume, for the sake of illustration the
deformation is homogeneous.
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Natural Configuration in Traditional Plasticity

ε

σ

O A B

κO

κA κB
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A body can have a single natural configuration.

Classical Elastic Body

A body can have a finite number of natural configurations.

Twinning, Solid to Solid phase transition

A body can have infinity of natural configurations.

Classical Fluid
Traditional Plasticity
Superplasticity
Viscoelastic Fluids and Solids
Growth
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Balance Laws

Balance of Mass:

∂ρ

∂t
+ div (ρv) = 0. (15)

Balance of Linear Momentum:

ρ
dv

dt
= div

(
TT
)

+ ρb. (16)

Balance of Angular Momentum in the absence of body
couples:

T = TT. (17)
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Balance Laws

Balance of Energy:

ρ
dε

dt
= T.L− divq + ρr. (18)

ε – specific internal energy
q – heat flux vector
r – radiant heating
L = ∇xv.

Second Law

ρ
dη

dt
+ div

(q
θ

)
− ρr

θ
= ρξ ≥ 0. (19)

η – specific entropy
θ – temperature
ξ – rate of dissipation.
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Assumption

The evolution of the natural configuration, amongst other
things, is determined by the maximization of entropy
production.

Ziegler suggested maximization of the rate of entropy
production, not within the context of determining allowable
processes. Also, he made mathematical errors. He also did
not consider implicit equations wherein the maximization is
with respect to the stress.

Maximization makes choices amongst possible response
functions.
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Completely consistent with Onsager’s Minimum rate of
entropy production criterion.

Can generalize Onsager’s linear phenomenological laws to
non-linear cases.

No contradiction between these two criteria.

Maximization picks an appropriate response function
(Liapunov function). Once a choice is made the Liapunov
function attains a minimum value with time.
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