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The paper is devoted to problems related to algebraic decompositions and
coordinate representations of tensors with constant components, hemitropic tensors
and pseudotensors. Such objects of tensor algebra are interesting from the micropolar
continuum mechanics viewpoint. Algebraic properties and coordinate representations
of tensors and pseudotensors with constant components are discussed. The base
examples of tensors with constant components usable in continuum mechanics are
given. An algebraic algorithm for coordinate representations of tensors and
pseudotensors with constant components proposed by prof. G.B. Gurevich is
highlighted and employed.The notions of fully isotropic, conventionally isotropic,
unconventionally isotropic, semi-isotropic (demitropic, hemitropic, chiral) fourth
rank tensors and pseudotensors are proposed. The coordinate representations of a
Cartesian hemitropic fourth rank tensor in three-dimensional space are obtained in
terms of the Kronecker delta and metric tensor products. Based on an unconventional
definition of a hemitropic fourth rank tensor, general coordinate representations in
dimensions in terms of the Kronecker deltas and metric tensors are given. A
comparison of an arbitrary hemitropic fourth rank tensor and a tensor with constant
components is carried out. A general form of the elastic potential of a linear
anisotropic micropolar elastic continuum is obtained by the pseudotensor technique.
Obtained anisotropic micropolar potential is reduced to a hemitropic one by proposed
coordinate representations of fourth rank tensors. Coordinate representations for
constitutive tensors and pseudotensors usable in mathematical modeling of linear
hemitropic micropolarelastic continua are obtained as a modification of pseudo-
tensors with constant components in three-dimensional space.

Keywords: pseudotensor, tensor with constant components, constitutive
pseudotensor, fundamental orienting pseudoscalar, chiral, micropolar hemitropic
continuum.
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1. Introduction and prerequisites

The constitutive fourth rank tensors and pseudotensors are required for a reasonable
development of mathematical models of linear anisotropic micropolar elastic media
[1-13]. Thus, the algebraically consistent derivation of the constitutive equations of micro-
polar continua should be provided by the formalism of pseudotensor algebra [14-20]. In
this case, a significant role is given to the rotational invariance (demitropy, hemitropy) of
tensors and pseudotensors [21-25]. In-depth study of the pseudotensor formalism can be
found in monographs and papers on tensor analysis and continuum mechanics [14-20,
25-34]. These are to be easily obtained via literary search. The paper is aimed at inves-
tigation of properties of fourth rank tensors and their coordinate representations and de-
compositions interesting from the viewpoint of mechanics of micropolar continua [35-43].

The paper is organised as follows. After the Introduction, in Sec. 2, properties and
coordinate representations of tensors and pseudotensors with constant components in
N-dimensional Euclidean spaces are recalled and discussed. Spaces of mathematical
dimensions higher than 3 can be applied for modeling materials with complex micro-
structure (for instance, growing solids [37]). The base examples of tensors with constant
components usable in continuum mechanics are given. An algebraic algorithm for
coordinate representations of tensors and pseudotensors with constant components proposed
by prof. G.B. Gurevich in [17] is highlighted and employed.

In Sec. 3, the unconventional terminology consistent to tensor algebra frameworks is
introduced. This part of study is to be considered as a refinement of tensor algebra theory.
The notions of fully isotropic, conventionally isotropic, unconventionally isotropic, semi-
isotropic (demitropic, hemitropic, chiral) fourth rank tensors and pseudotensors are
proposed. The coordinate representations of a Cartesian hemitropic fourth rank tensor in
three dimensional space are obtained in terms of the Kronecker delta and metric tensor
products. A hemitropic fourth rank tensor is splitted into two additive parts: a tensor with
constant component and tensor product of the Kronecker deltas.

The Sec. 4 is devoted to coordinate representations for constitutive fourth rank tensors
and pseudotensors arising in mathematical modeling of linear hemitropic micropolar
continua. Those are given in terms of the metric tensor and the constitutive hemitropic
pseudoinvariants in three dimensional spaces. The constitutive hemitropic invariants can
be easily replaced by constitutive mechanical constants listed by G, v, L, ...

An unconventional terminology is used throughout the paper. Its meaning will be
elucidated in Sec. 3.

2. Tensors and pseudotensors with constant components

A tensor (pseudotensor) with constant components considered by G.B. Gurevich in
[17, p. 170] is a tensor (pseudotensor) that retains all its components unaltered under any
linear transformations of the coordinate frame: the most important of them are rotations,
scaling, central inversion, mirror reflections.

An absolute second rank tensor with constant components coincides with the unit
affinor up to a constant factor a (absolute invariant):

Cl =ad). (1)
There are two types of third rank pseudotensors with constant components. They are

proportional to the permutation symbols (of weights +1 and —1):
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[+1] [+1] [-1] [-1]
C"™=a€e™, Cyu =bey,, )
where a and b are the absolute invariants.

It should be also noted that there are no absolute third rank tensors with constant
components. The Kronecker deltas and permutation symbols are the base and the most
important examples of tensors with constant components.

It is easy to show that a general absolute fourth rank tensor C :in with constant compo-
nents can be represented as linear combinations of 3-symbols tensor products according to

C! =ad'd, +cdld!, 3)
where a and ¢ are absolute invariants (absolute scalars)!.

Equation (3) is valid in any frame in Cartesian coordinates and can be represented as
follows

Cilsm = a51’x61m + 05ls5im' (4)
G.B. Gurevich proposed a general algorithm for obtaining tensors and pseudotensors

with constant components for positive (or negative) integer weights (see [17, p. 170—
[w]

182]). For example, the general form of the pseudotensor C ,f‘,fz,f with constant compo-
e
nents of a negative integer weight is obtained as

b R [-1]
Crelx :Z‘;)‘PS{AS/{;"SQ L VRTINSV o (5)
P=

[

where 7 is number of covariant indices, s is number of contravariant indices, N denotes
space dimension, w is weight (negative integer number), A, are constants (absolute
invariants), P =1, 2, ..., r! is a permutation of a series

O T SR SV

S r
In the equation (5) all permutations are performed on covariant indices enclosed in curly
braces.
The number of covariant, contravariant indices and the weight of the pseudotensor
must satisfy the equation

r=s+N|w|, (6)
and, consequently, is valid while
rzs. (7)

[w]
If the equation (6) is violated, then the pseudotensor C /2'1?221,; with constant com-

ponents turns to the zero one.

3. Absolute hemitropic fourth rank tensors

Starting from Sec. 3 an unconventional terminology is used. Consider Euclidean space
of three dimensions. Unconventionally isotropic (fully isotropic) tensor (pseudotensor) is
a one that retains its components for any rotation of the coordinate frame, mirror reflections
and central inversions of three-dimensional space [21, 22, 24, 25].

'Tt is clear that components C}; and C,; themselves are absolute invariants.
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A conventionally isotropic tensor (pseudotensor) is a one that insensitive to the
coordinate frame rotations. Conventionally isotropic tensors (pseudotensors) are meaning-
fully called in the present study as demitropic, hemitropic or semi-isotropic.

For an absolute hemitropic fourth rank tensor in Cartesian coordinates, the following
representation in terms of 3-symbols holds [21, p.77]

Hixlm = aai‘vslm + b_;c(silasm - 6imasl) + %(Silasm + 6im6sl )’ (8)

or

H,,, =ab,5,, +b5,5,, +cb,d,. ©)

Here a, b, c are the rotational invariants insensitive to the coordinate frame rotations. In
contrast to the coordinate representation (4) for a tensor with constant components, the
representation (9) for hemitropic fourth rank tensors involves the additive term §,9,,,
multiplied by b. In virtue of (4), an absolute hemitropic fourth rank tensor can be decom-
posed on tensor with constant components as follows

H +55,5,,. (10)

The coordinate representation (9) can be easily obtained in an arbitrary coordinate
net by replacing the 5-symbols with metric tensors:

isim

islm isim

Hislm — agisglm +bgilgsm +Cgimgsl‘ (11)
Since the components of the metric tensor g* are insensitive to the coordinate frame
rotations, then the right-hand side in (11) also remains unchanged. If a, b, ¢ are to be
absolute invariants, then the right-hand side in (11) is also unaltered under mirror reflections
and central inversions.
Obviously, a fully isotropic fourth rank tensor cannot be discriminated from a
hemitropic tensor.

4. Application to linear micropolar elasticity

Fourth rank tensors and pseudotensors play a significant role in mathematical models
of linear anisotropic micropolar elastic continua [1-13, 35, 39].
Taking apart thermomechanics of continua let us focus our attention to the micropolar
elastic potential &/ (per unit invariant volume) with natural pseudotensor arguments
[+1]
U=UE;, x; ), (12)
[+1]
where € is the asymmetric strain tensor; «;’ is the wryness pseudotensor of positive
weight +1. The elastic potential &/ is introduced as an absolute invariant (scalar), which
does not depend on mirror reflections and the central inversion of a three-dimensional
space.
In the case of a linear anisotropic micropolar elastic solid, the elastic potential in an
arbitrary coordinate system is obtained in the form:
» (=21 [+ [+ [H] [+1]
U=t B e €, + hzr;?,'n KK+ 1—31,’;‘,{1' e, K. (13)
Revisiting representations (11) from viewpoint of Sec. 3 let us transform the elastic
potential (13) to following form:
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sim (2] Ly 1 (-1 , [+1]
A sim sim
U=H""€,€,+H" «; x,+H" € x,, . (14)

is

Note that the only constitutive fourth rank tensor that is sensitive to mirror reflections and
[-1]

the central inversions of three-dimensional space is the constitutive pseudotensor H"*".
3

A micropolar solid is called as hemitropic if the components of all the constitutive tensors

retain under the coordinate frame rotations, i.e. they are hemitropic.

Taking account of the results of the previous section, we need to transform the energy
form (14) with the fundamental orienting pseudoscalar e thus eliminating the pseudotensors
weights?:

oy DL L1 [+1]

; sim Koo K ; K
U = stlm G[S e.lm + 62 Hlslm is Im + thslm G[S Im , (15)
1 2 e e 3 e
finally come to the conventional absolute tensor representation
_ islm isim isim
a_III eiselm +I;I Kis K +I;I eisKlm' (16)

The obtained form of elastic potential (16) is usually used in developments of models
of hemitropic micropolar elastic continua. By using the coordinate representations in terms
of metric tensor (11) for constitutive pseudotensors of a linear hemitropic micropolar
elastic continuum, one can obtain in the following forms

Iliislm — Lllg[sglm +?gilgsm +?gimgsl,
]2{”1”’ — 62lgisglm +?gilgsm +§gimgsl, (17)
Hislm — ag[sglm +bgilgsm +Cgimgsl‘
3 3 3 3
Here a, b,c (a=1,2,3) are nine constitutive constants of a hemitropic micropolar
a a a

elastic solid. From the viewpoint of tensor algebra these constitutive constants are at least
hemitropic invariants.
Returning to the energy form (14) can be attained by the transformation of represen-
tations for the constitutive tensors (17) making the following replacements
[-2] [-1]
His/m — e—2 Hislm , Hislm — e—l Hislm ,
2 2 3 3

e N
a=e“a, b=e"b c¢=e"c, (18)
2 2 2 2 2 2
N I S
a=e a, b=eb c¢c=ec.
3 3 3 303 3

2The fundamental orienting pseudoscalar e of weight +1 in N-dimensional Euclidean spaces
can be defined as the skew product [44, p. 63—65] of covariant base vectors %2
[2,2,...,2]=¢.
12 N

It can be shown that the metric tensor determinant g is a pseudoscalar of weight +2 and e = \/E
for a right-handed frame and e = —\/g for a left-handed frame.

In three-dimensional Euclidian spaces fundamental orienting pseudoscalar e is defined by the
triple product e = ?(g X g).
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Upon substituting the equations (18) into the coordinate representations (17), we get
Hislm:a is lm+b il sm+c im Sl,
] 188 )88 &8
[-2] [-2] [-2] [-2]
islm __ is _Im il _sm im sl
™" =ag'g"+bggh+cglg, (19)

T O R ) R < R
glbmzglglbgm+l;glgbm+§glmgé.

[-1] [-2]
The constitutive hemitropic invariants a, b, ¢ (a =1, 2, 3) in representations (19)
) Q Q

can be replaced by conventional mechanical constants such as G, v, L, ... In this case the
characteristic microlength L is revealed as a pseudoscalar of negative weight —1, whereas
G, v are the absolute invariants.

Conclusions

The paper concerns problems related to the coordinate representations of tensors and
pseudotensors with constant components, absolute hemitropic tensors and their application
to the mechanics of hemitropic micropolar solids.

1. Properties and coordinate representations of tensors and pseudotensors with constant
components have been discussed.

2. Amore consistent unconventional terminology related to the notions of fully isotropic
(unconventionally isotropic), conventionally isotropic, chiral, demitropic, hemitropic absolute
tensors has been proposed.

3. A coordinate representation for a hemitropic fourth rank tensor has been obtained in
terms of metric tensor.

4. The forms of additive representations of hemitropic absolute fourth rank tensors in
terms of absolute fourth rank tensors with constant components have been obtained and
highlighted.

5. A general form of the elastic potential of a linear anisotropic micropolar elastic
continuum has been obtained by the pseudotensor technique. Obtained anisotropic micropolar
potential has been reduced to a hemitropic one by proposed coordinate representations of
fourth rank tensors.

6. Coordinate representations for the constitutive fourth rank hemitropic tensors and
pseudotensors have been given. Those are true for the material scalars and pseudoscalars. It
has been noted that the characteristic microlength L reveals as a pseudoscalar of weight—1.
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PaccmarpuBaeTcst 1eKOMIIO3ULIUS U KOOPAWHATHBIE IIPEACTABIECHUS TEH30POB C HOCTOSHHBIMU
KOMIIOHEHTAMHU, IOJIyU30TPOIHBIX TEH30POB U ICEBJOTEH30POB. Takue 0ObEKThl TEH30pHOU
anreOphl MPEACTABIAIOT WHTEPEC C TOYKU 3PEHHS MEXaHHKH MUKPOTIOIAPHBIX KOHTHHYYMOB.
OOcyxnaroTcs CBOMCTBA U CIIOCOOBI KOOPAUHATHOTO IPECTaBIEHUS TEH30POB U IICEBIOTEH30POB
C MOCTOSHHBIMHU KoMITOHeHTaMu. [IprBenieHs! 6a30BbIe MPHMEPHI TEH30POB C MOCTOSHHBIMU KOM-
NIOHEHTaMH, HMIMPOKO HCIHOJIb3YIOIIUECS B MEXaHUKE CIUIOMIHBIX cpel. OOcyxnaercs anredpa-
MYECKHUI allTOPUTM KOOPJMHATHBIX NIPEJCTaBICHUN TEH30POB U IICEBIOTEH30POB C IIOCTOSHHBIMU
KOMIIOHEHTaMH, IpeanoxeHHblil mpod. I.b. I'ypeBuueM. BBeneHbl NOHATUS HNONHOCTBIO U30-
TPOITHBIX, YCIOBHO H30TPOIHBIX, HEKOHBEHI[OHATEHO H30TPOIHBIX, TTOTYH30TPOIHBIX (IEMHUTPOII-
HBIX, TEMUTPOIHBIX, XUPAJIbHBIX) TEH30POB U IICEBJOTEH30POB YeTBEPTOro panra. [lomydyenst ne-
KapTOBbI KOOPAMHATHBIE IIPEJCTABICHU TEMUTPOIHOIO TEH30Pa YETBEPTOIO PAHIa B TPEXMEPHOM
IIPOCTPAHCTBE B TEPMUHAX CUMBOJIOB KpoHekepa, METpUUECKHUX TEH30POB U UX TEH30PHBIX IIPO-
usBezieHnid. Ha 0cCHOBE HEKOHBEHIIMOHAIEHOTO ONPEAEIICHHS I0yH30TPOIHOIO TEH30pa YETBEPTOTO
paHra NpUBOAUTCA KOOPJAUHATHOE MPEICTABICHUE B TEPMUHAX CUMBOJIOB KpoHekepa u MeTpu-
YECKUX TEH30POB. BBIACHAIOTCS yCIIOBUS IPUBEIEHUS IPOU3BOJILHOTO IIOJIyU30TPOIIHOIO TEH30pa
YETBEPTOIO PaHra K TEH30Py C MOCTOSIHHBIMH KOMITIOHEHTaMH. [1ceBIOTEH30pHBIM METOIOM NOJTY4EH
o0muit BUJ yHpyroro MoTEHNHANA Ul TMHEIHOTO aHM30TPOITHOTO MUKPOMOISIPHOTO YIPYTOTo
KOHTUHYYMa. [loiry4eHHBII aHU30TPOIHBIA MUKPOIOJIAPHBIN YIPYTHUi IOTEHIHUAI PEAYLUPYETCS
K TEMUTPOITHOMY C IOMOLIBIO IIPEIOKEHHBIX KOOPIMHATHBIX NPECTABIEHUH TEH30pOB YETBEPTOTO
panra. KoopauHaTHble NpeICTaBICHUS Ui ONPEAEIAIOIUX TEH30POB U IICEBJOTEH30POB, UC-
HOJIB3YIOLIMXCS IPY MaTEMaTHYECKOM MOJIETIMPOBAHUH JJMHEHHBIX TEMUTPOIHBIX MUKPOIOJIIPHBIX
YIPYI'uX KOHTUHYYMOB, [JaHbl B TEPMUHAX METPUUECKOTO TEH30Pa B TPEXMEPHOM IPOCTPAHCTBE.

Kniouesvie cnoea: nceBrOTEH30P, TEH30P C INOCTOSHHBIMU KOMIIOHEHTAMH, ONpPEIEIIIOMMM
NICEBIOTEH30D, (hyHAaMEHTaIIbHBII OPUEHTUPYIOLIUA ICEBAOCKAILAD, XMPAIbHbIH, MUKPOIOJIIPHBIH
TEMUTPOIHBIN KOHTHHYYM.

*BrimonseHo npu ¢puHancoBo# mogaepxkke PHD® (mpoext Ne 23-21-00262 «Casi3anHas TepMo-
MeXaHHKa MUKPOIIOJISIPHBIX ITOJIyH30TPOITHBIX CPEID»).
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