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ON THE GALERKIN VECTORS FOR THE MICROPOLAR ELASTICITY
W. Nowacki, Warsaw

In the paper [ 1 ] L. Sobrero has considered the propagation of elastic waves in
Hooke's medium, using the resolving function which satisfies the repeated wave
equation. This problem has been generalized by M. Iacovache [ 2 ] , who applied the
general algorithm divised by Gr.C. Moisil [ 3 ] and introduced the Galerkin vector
into the elastodynamics.

Another method of determining the Iacovache function will be given here for
the Hooke and Cosserat media; in our opinion it is rather simple and makes it
possible to avoid tedious derivations involving the three and six order determinants.

Consider the equation of motion in terms of displacement for the Hookean
medium

• 2 U + (X + M)grad div u + X = 0, Qa« MV2- p9* , (1)

Here 5C denotes the body force for unit volume, Y_ -the body couple; u_ is the
displacement vector and p the density. M, X are Lame constants.

Applying the divergence operator to equation (1) we obtain

• id iv u + div X = 0, Di - (X + 2M)V2- pd\ . (2)

Next we apply the operator D t to equation (1). Making use of relation (2),
we arrive at the following equation

D, D2u_ = - [ Dr-CA+AOgrad div]X. (3)

Introducing into (3) the representation of the displacement u in the form

u_ = [ D i - (X + M)grad div]F_ (4)

we obtain the repeated wave equation for the function F_

D, DaF + X - 0. (5)
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Here F is the Iacoveche vector function.
In the Cosserat-theory of elasticity the deformation of the body is described by

a displacement vector 11 and an independent rotation vector <£_.
Consider the equations of motion in terms of displacement and rotations [4] :

(6) D2 u_ + (X + ju - a )grad div u_ + 2& cu r l <£_+ X = 0,

(7) D 4 £ + (j3 + 7 - e)grad div <£_+ 2« cur l u_+ Y_ = 0.

Here 2C is the vector of body forces, Y_ -vector of body-couples and
<x, /J ,7 ,e ,/x >X are material constants of the micropolar Cosserat medium.

The following notations have been introduced

• 2 = (n + a ) v 2 - pd2
t , D4 = (7 + e )V 2 - 4a - I3J ,

Here p -denotes the density and I-the rotational inertia.
Let us return to the system of coupled equations (6) (7). Applying the

divergence operator, the system is split into two independent equations

(8) D id iv u + div X = 0, D, = (X + 2ju)V2- pdz ,

(9) D 3 div so + div Y = 0 , D 3 = (/? + 27)V2- 4« - l3 2 .

After performing the curl operation on equation (6) (7) we obtain the
relations

(10) n2 cur l u + 2 « c u r l c u r l £ + cur l X = 0,

(11) D 4 cur l ip + 2 a c u r l c u r l u + cu r l Y = 0.

Next we apply the operator D , D 4 to equations (6) and we make use of the
relations (8) and (11); subsequently we apply the operator D 4 • 3 to equation
(7) and we make use of the relation (9) and (10).
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Finally we arrive at the equations

D, ( n 2 D 4 + 4«2 V2)u = - ( D 1 n 4 - g r a d div T)x + 2« cur l d i Y , (12)

• 3 ( D 2 D 4 + 4«2V2)^= - ( D 2 n 3 - g r a d div 0) Y + 2" cu r l D3X . (13)

The following notations have been introduced here

T = (X + /x - a ) D 4 - 4 a 2 , 0 = (j3 + 7 - e)D2 - 4<*2 .

We assume the following representation for the displacements and rotations,
using the two vector functions F and G

u_ = ( D i D 4 - grad div P ) £ - 2« c u r l D3G, (14)

£ - ( D 2 D 3 - grad div ©)G - 2a cur l D ,F . (15)

Introducing this representation into equations (12) and (13) we obtain two
wave equations for the functions F and G:

• ,( D 2 n 4 + 4«2V2)£ + X = 0, (16)

• 3( D2D4+ 4«2V2)G + Y = 0. (17)

The representation (14) (15) of displacement and rotation over the vector
functions F, G were established by N. Sandru [5] , who applied the operational
algorithm of Gr.C. Moisil [3] .

Equations (16) (17) are very useful in determining the functions u_, <p_ due to
the action of concentrated and instantaneous forces and couples.
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