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Abstract. The aim of this work is to report some general properties of
phenomenological and state coefficients in Kluitenberg-Ciancio’s theory
for viscoanelastic media of order one obtained as function of frequency in
a previous paper. In particular, after the specification of the low and high
frequencies region, under physical considerations characterized by limiting
the values of some functions connected to mechanical phenomena, the
trend of the aforementioned coefficients is investigated as function of the
frequency.

It has been possible, admitting the principle of entropy production, to
determine some characteristics of the coefficients as function of frequency
in order that this principle is satisfied. The experimental confirmation on
a polymeric material, as PolyIsobutilene, of the so obtained results in the
regions in which, in a first approximation, the medium shows a linear
behaviour (low and high frequency region), has been obtained.
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1 Introduction

In a previous paper [1] we have determined phenomenological and state coefficients in
Kluitenberg-Ciancio’s theory for viscoanelastic media of order one [2],[3] as function
of two coefficients G1 and G2 experimentally determined. Now we report the results
obtained by analysis of aforementioned coefficients comparing these results with ex-
perimental determination for a polymeric material as PolyIsobutilene. There we have
introduced particular values of frequency ωR and ωU which are well described in fig.1
and we have limited our considerations, for a fixed relaxation times, to the following
set of frequencies

• low frequencies:

AL = (ω
R

< ω < ω
L
) ∩ (

10−4Hz < ω < 1Hz
) ∩ (

ωσ < 10−2
)
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• high frequencies:

AH = (ω
H

< ω < ω
U
) ∩ (

109Hz < ω < 1014Hz
) ∩ (

ωσ > 102
)

We will remember [4],[5] that G1(ω) is an increasing function for ω ∈ AL and ω ∈ AH

while G2(ω) is an increasing function for ω ∈ AL but it is a decreasing one for ω ∈ AH

as it is shown in Fig.1.
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Figure 1: Generic G1 (ω) and G2 (ω).

2 Phenomelogical coefficient a(0,0)(ω).

2.1 Low frequency (ω ∈ AL).

We remember that:

(2.1) a(0,0) (ω) =
G1

(
1 + ω2σ2

)−G1R

ω2σ2

It is easy to verify that

(2.2) a(0,0) (ω) > 0 a(0,0) (ω) > G1R , (∀ω ∈ AL) .

Introducing a particular approximation fr G1 and G2 it easy to write
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(2.3) a(0,0) (ω) = G1R


1.001

ω−ω
R

χ
(
1 + ω2σ2

)− 1
ω2σ2




where
χ =

ωL − ωR

263
and it can be shown that

(2.4)
d

dω
[a(0,0)(ω)] > 0

if

(2.5)
(
1 + ω2σ2

)
ω > 2001χ

(
1− 1.001−

ω−ωR
χ

)

is never verifed.
The important result which we have obtained is that coefficient a(0,0) is a decreasing
function which don’t depends by materials. All these establishments are confirmed by
experiments carried out on PolyIsobutilene as it is shown in ref.[1].

2.2 High frequency (ω ∈ AH).

We remember that

(2.6) a(0,0) (ω) =
G1

(
1 + ω2σ2

)−G1H

ω2σ2

It easy to see that

(2.7) a(0,0) (ω) > G1H ∀ω ∈ AH

By aforementioned approximation for G1 and G2 we have:

(2.8) a(0,0) (ω) < G1U

and

(2.9)
d

dω
a(0,0)(ω) > 0

if

(2.10) (1 + ω2σ2)ω > 2001 · Γ(1− 1.001
ω−ω

H

Γ )

where
Γ =

ω
U
− ω

H

357
It can be shown that the equation (2.10) is always verified obtaining the important
result that the coefficient a(0,0) is an increasing function of the frequency for every
material. All these establishments are confirmed by experiments carried out on Poly-
Isobutilene as it is shown in ref. [1].
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3 Phenomelogical coefficient a(1,1)(ω) , η
(1,1)
s (ω).

3.1 Low frequency (ω ∈ AL).

We remember that

(3.1) a(1,1) (ω) =
1

ω2σ2

{[
G1

(
1 + ω2σ2

)−G1R

]2
(G1 −G1R) (1 + ω2σ2)

}
∀ω ∈ AL .

Taking in account equatione (2.1) the expression (3.1) can be rewritten as:

(3.2) a(1,1) (ω) =
{

G1(1+ω2σ2)−G1R

(G1−G1R)(1+ω2σ2)

}
a(0,0) = [a(0,0)(ω)]2

a(0,0)(ω)−G1R
> G1R .

It can be shown that

(3.3)
d

dω
[a(1,1) (ω)] > 0 if

d

dω
[a(0,0) (ω)] > 0

This mean that a(1,1)(ω) and a(0,0)(ω) have the same trend for every material. More-
over it can be shown that

a(1,1) (ω) ∼= a(0,0) (ω)

All these establishments are confirmed by experiments carried out on PolyIsobutilene
as it is shown in ref. [1].

3.2 High frequency (ω ∈ AH).

We remember that

(3.4) a(1,1) (ω) =
1

ω2σ2

{[
G1

(
1 + ω2σ2

)−G1H

]2
(G1 −G1H) (1 + ω2σ2)

}
∀ω ∈ AH .

Taking in account equation (2.6), the exspression (3.4) may be rewritten as

(3.5) a(1,1) (ω) =

{
G1

(
1 + ω2σ2

)−G1H

(G1 −G1H) (1 + ω2σ2)

}
a(0,0) =

[
a(0,0) (ω)

]2
a(0,0) (ω)−G1H

> G1H .

It follows that

(3.6) a(1,1) (ω) > G1U

if [
a(0,0) (ω)

]2

− a(0,0) (ω)G1U + G1HG1U > 0

which is always verified since it results

∆ = G2
1U − 4G1HG1U = G2

1U (1− 4 · 0.7) < 0

It follows that
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(3.7)
d

dω
a(1,1)(ω) > 0

is not verified since it can be shown that a(0,0) < 2G1H .
So we obtain the important result that a(1,1) is a decreasing function for every mate-
rial. All these establishments are confirmed by experiments carried out on PolyIsobu-
tilene as it is shown in ref. [1].
Observing the coefficient η

(1,1)
s which has the form

(3.8) η(1,1)
s =

1
σa(1,1)

it is easy to deduce his properties as the reciprocal of the coefficient a(1,1) , since σ is
a constant.

4 Phenomelogical coefficient η
(0,0)
s (ω).

4.1 Low frequency (ω ∈ AL).

We remember that

(4.1) η(0,0)
s (ω) =

G1R + G2ωσ −G1

ω2σ

It can be shown that it will be

(4.2) η
(0,0)
S (ω) < 0

This inequality is in contrast with the physical principle of production of entropy.
This is reasonable if we remember that for low frequencies viscous effect occur in the
medium and so no linear effects. All this is in agreement with experimental data on
PolyIsobutilene as it is shown in ref. [1].

4.2 High frequency (ω ∈ AH).

We remember that

(4.3) η
(0,0)
S =

G1H + G2ωσ −G1

ω2σ

and can be shown that

(4.4) η
(0,0)
S (ω) > 0 and

d

dω
η(0,0)

s > 0

will not be verified obtaining the important result that the function η
(0,0)
s will be

decreasing for every material. All this is in agreement with experimental data on
PolyIsobutilene as it is shown in ref. [1].
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