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Using matrix notation, we establish the condition of propagation of homothermal acceleration wave as the spectral problem:

Q(N) · ξ = V 2B · ξ, (2)

where

ξ = (a′, bb′) ∈ IR6, a′ = HHTa, b′ = HTbb, Q(N) ≡
[
ψ, EE{NN} ψ, EKK{NN}
ψ, KE{NN} ψ, KK{NN}

]
, B ≡

[
111 000
000 γ11

]
,

ψ = ψ(EE,KK, θ) is the specific free energy, θ is the temperature, 11 is the unit tensor, ρ is the medium density in the reference
configuration, ργ is the scalar measure of the rotational inertia of a particle, N is the unit normal to S(t), V is the velocity
of the wave. EE is the Cosserat deformation tensor and K is the wryness tensor that are metric and bending strain measures,
respectively. They are defined by the relations E = HTF , 1 ×KK = (HHT GradHH), FF = Gradx. Grad is the gradient
operator in Lagrangian coordinates.

For arbitrary 4th rank tensor GG and vector NN that are represented in a Cartesian basis iik (k = 1, 2, 3), we have used the
notation G{N} ≡ GklmnNlNnik ⊗ iim. Q(N) is an analogy to the homothermal acoustic tensor for the micropolar medium.
From the existence of the free energy function ψ it follows that Q(NNS) is symmetric.

Similar to [4, 5], we establish the following theorem which is an analogy to the Fresnel–Hadamard–Duhem theorem [1].
Theorem. The condition for the existence of a homothermal acceleration wave for all directions of propagation in a mi-

cropolar thermoelastic medium is equivalent to the condition of strong ellipticity of the equilibrium equations of the medium.

P r o o f. Acceleration waves exist only if all eigenvalues of the spectral problem (2) are positive for any NN defining the
direction of the wave propagation and it must hold V 2 > 0. Properties of positiveness are valid if and only if Q is positively
definite for any values ofNN . So by the definition of positiveness, we have

ξξ · Q(NN) · ξξξ > 0, ∀NNN : |NNN | = 1, ξξ �= 00 . (3)

This is an additional restriction that is imposed on the constitutive relations of the thermoelastic micropolar medium. Inequality
(3) coincides with the strong ellipticity condition [4]

d2

dτ2
ψ(E + τa′ ⊗N,KK + τbb′ ⊗NN)|τ=0 > 0, ∀NN : |N | = 1, aa′ �= 00, b′ �= 00. (4)

It completes the proof.

Example. As an example, let us consider a quadratic form as a constitutive equation for the specific free energy. Let us
assume the following relation to be valid ρψ = W1(EE) +W2(KKK) with

2W1(EE) = α1tr
(
(EE − 11)(EE − 11)T

)
+ α2tr

(
(EEE − 111)2

)
+ α3tr 2 (EE − 11) + α0(θ − θ0)tr ((EEE − 111)) + c(θ − θ0)2,

2W2(K) = β1tr
(
KKKKT

)
+ β2tr

(
K2

)
+ β3tr 2 (K) ,

where αk, βk (k = 1, 2, 3) are elastic constants, α0 corresponds to the thermal expansion coefficient, c is the specific heat
capacity, and θ0 is the reference temperature. Equation (3) implies the following inequalities

α1 > 0, α1 + α2 + α3 > 0, β1 > 0, β1 + β2 + β3 > 0.

3 Conclusion

The conditions for the existence of homothermal acceleration waves in a thermoelastic micropolar medium are established.
It is shown that the conditions for the existence of such waves do not depend on the thermoconductivity defined by Fourier’s
law. Hence the conditions under which the acceleration waves in a thermoelastic micropolar medium with Fourier’s law of
thermoconductivity propagate coincide with those for wave propagation in the corresponding elastic medium. Thus, we have
shown that for analysis of acceleration waves in thermoelastic bodies in a non-homogeneous temperature field it is sufficient
to consider only the equations of motion where the temperature is considered as a parameter. The algebraic criterion for the
existence of acceleration waves is formulated. This criterion is the strong ellipticity condition. An example on how to check
the strong ellipticity condition is presented.
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