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Les conditions i la limite sont
(6.) =0 a,=0sur v=0 {62) 6,e= P, On=0sur x=h
(6,) - Gry =y =0 sur yv=-kb

Des relations (6) on déduit les conditions a la limite

n=_,
: ' ( K ofen e e
E Y oo sur =0, n(—1,0), [—-— tu— —p—i=p
J—wiley o iou?ley oy ‘v
{ ( E i (v
. £i‘+u.—(~—” =0 sur v=0_ #n(l, 0} -————-(-'-— bo—| =,
1 v ¢y 20T +p) Lev PR

E_ (2 ) 1p % —0 sur v=bn(0) ——(Hrut) =0,

201 +u) \ev t 2(F +u) ‘X
__[.‘.__..(f..!_‘ 4 ‘i] +p fi =0 sur v= b ou{th, 1)
2{1 +u) Y éx

Evidemment on doit avoir a{y. — vp=1{x. v). #{v. —y)= @(v. v). En cher-

chant des solutions de la forme
=y dpa Vi 2 eV, 1 =20000 +2bh,v.
2p 2up

= —— v, U

E I

on déduit

BIBLIOGRAPHIE

. Cusa b, Marinescu . — Eerafiile clustreitdtin plate pentvi catcudul de erdiend 1
pe pocitia de famutd, Nowili in o stiinfe ale naturid sioin pedagogie, ol NAVITE
76, Univz. Drasov,
2.Teodaoresacun I
Farulte de Muthémafigucs
Uniiversité de Brasor
K. 5. Romania

138 Droblom: plaste inteorge clashiontdtin, Bl Acadened .5 R, 1965,

Analele stietifice ale Universttdga AL 1 ™ din las
Supliment Ta tomul XXVIE 5. 1 4, 1951

MOMENTUM CONNECTIONS, APPLICATIONS IN MECHANICS AND
FIELD THEORY

BY
M. MISICU

To the memory of Prefessor Mendel iaimecict

The below exposed attempt to develop a theory of momentum con-
nections is performed in view of an advanced consistency between the
structure of material objects or of physical fiekds and the geometrical des-
cription via the momentum representation of the fundamcmal characte-
ristics. The respective clements are inspirated by a previously formulated
higher order momentum mechanics as well as from a procedure of genera-
ting ,structural” connections. The results allow subsequent developments
concerning the path dvnamics. the continuum and structural mechanics
as well as the field theorv. the gravity, relativity, cosmology, ete. The
rather expositive here presented clements are substantiated by a maore
comprchensive treatment, actually in print.

I.N-dimensional spaces with , primitive” fiber and representative M-
spaces. We list helow the basic elements which occur in the subscquent
definitions of momentum components of different kinds leading 1o similar
covariant transformations laws,

1} The set Xy of clements in a one-to-one bi-continual correspon-
dence with the value of N wvariables or coordinates x=(xv, xe,..., Xy)
which stand for the coordinates of the points 7= X, in direct and con-
verse correspondence with the values vo We assume also the on-to-one
bi-continual correspondences v/ =/(v) between two arbitrary systems
of variables v, v assigned to the spaces XNy, Y. If the variables are regar-
ded as cartezian coordinates of an cuclidian space £y it follows that bet-
ween the corresponding points £(4) & Xy () = L holds true an on-te-one
bi-continual correspondence, Xy being the topological representation of Ey.

2) The cuclidian  space F, (dlffcuntml fiber)  with  coordinates
(dot ..da) at PeX,.

3) The differential affinity (diffcromorphism) at ' dy! =Aldx’
induced by the coordinate transformation +f = x(xYy, (A =éxlfext)).

4) The set Zy of clements assigned to each point ]’( vJ=Xy in a
ane-to-one  bi-continual (011@sl)on(lvn( with the values of N variables
Z=(%'..... £%) with origin at P’ so that to any point HeZ, for PeXg
should correspond a set of values £ and LO]]\(IbCl\’ We sav that Zy is the
Jprimitive” fiber at /2. As in 1) we consider the transformation 27 =®h(y)
between the values of coordinates of the point [} ==y at P Xy and
#(r) &y at Q=Y which introduces the NV-dimensional space @y with
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R8]

the variables 4, ®} being a one-to-one bi-continual function. 1f @ =d!
(xp, E)=F'{x,+%) wec say that the transformation @5 of the primitive
fibers is totally constrained.

5) The euclidian space <, (primitive cuclidian fiber) of points =
with coordinates %. Ty stands for the topological representation of &, at
PPeXy, (between IleZy for PNy and 2=y for (0 =Yy).

6} The euclidian space iy (., primitive’” differential fiber) with coord-
dinates (32! ,...,88%) at [I==y for P =X,

7} The diffcrential primitive affinity (diffcromorphism) at 1l : 3%/ =
=ct{3E" induced by the transformation § =E/(EY) for <! =(dE!651),.

The represcentative apparatus corresponding to the connections assiy
ned to the considered space should be too encumbrant if we resort to the
space Xy together with the entire reference frame of Zy assigned to any
point P of Xy. Therefore we try to resume ourselves to the space Ey as
well as to a restrained sct of additional values. As pointed below there is
not a single or milky way to characterize by means of the considered va-
lues the distributions of points from Zy . Consequently we refer below to
some rather illustrative and non-restrictive as pretentions schemes of re-
duction of the initial pointwise assigned frames of reference. More rigo-
rous correspondences concerning for instance a ,smoothening” or homo-
gencization of the involved functions may be developed subsequently
using a more sophisticated tool of analvsis. Anyway the resulting corres-
pondences can alse be termed as apriorical and eventually linked with
physical ohservations. The corresponding clements are enounced below,

8) The elementar lincar and angular momentum components 32°,
| = el . . . . .
~ 38¥ =Z/85" with the associated ,.primitive” linear and angular dis-
2

tortions ef{, ol =28/{] assigned to the primitive diffcomorphism as well
as to the analogous transformation 32/ =c{{’ 8% (angular diffeomorphisin}
and the primitive lincar and angular curvatures at a point [[€Z, @ /)=
= (e8! [l 08 )y = (e Al [e8)yy. ot =(icti[dE ).

8.1) For ecnough small regions A J2 —Z4(I)/<!, (Il€=,) and for a
continuous variation of distortions and curvatures there holds true the
following approximations

el = AL+ ALY, Al = A 24
for the primitive lincar and angular distortions and curvatures of modi-
fied kind :
. |
Al =cl{ =ct{B(), Al =ell,, AV =ct{! —cA{JEI}, A = 5:-[,.?.

8.2) Meanwhile the elemeniar and angular momentum satisfy the
transformation rules

SE = A!BE + ;.-1 I8EY, SEY — {IVBEC 4 {1/3E0
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8.3) In the same regions A, for a continous variation of the coor-
dinate transformationat Il =Zy in which we retain also the quadratic terms:

EL=EN(T) +af (8 —E4(I1)) + ‘ ali(&' - {IN)(E — £/(I)) the lincar and angular
' 2
distortions or curvatures from 8.1 satisfy the following correlations

si fen 17 1,
Af=al —al, 51, Al =aly, A7 =24]a,

A =Alx + AlA], for 2' = (E’ al?! + la{,-E‘E,’)
2 I

8.4) If the origin of reference frames in 2y is preserved by the trans-
formations then of =0. o

8.5) In the case of a symmetric angular momentum {which in sub-
sequent applications is linked with strain-like measures) t]-l-C:JCICnlf;I}EjT.-
angular momentum becomes an clfective total (1_1ffercm}1j11 3;:”3 ="3_-__'; A
and the angular distortions become the derivatives c‘z’.,-. =d(elzhyfegt

8.6) In the same case, for commutative detivation the angular
curvatures are also symmetric (<} =cl}f =ct{{) and the clementar angular
momentum satisfies the transformation rule from 8.2.

9) The differential lincar and angular momentum of an clement
A €L belonging to a partition L defined over a curve In =y (u_-vcntua_ll}‘r
included in a congruence refered as primitive congruent fiber bundle of =)

= {e(@)oz, au= EGESE
A A

s(2) stands for a weight function eventunally of distri'putiogal_ type defined
over the support L. These integrals act as informational filters be.wecen
the reference frame of &y and the space dyysy, defined by the values
(8)“.’ SP'U) . i

9.1) In the frame of the assumptions from 8.1, 8.2 following trans-
formations hold true

BN = AI82 + ;1 L3ud, Sp = AN 4 AL Su

A being a small interval 1T} of L where the t-lpmcntarylinear and angular
eradients are expandahble into lnear polynomials of Z.

' 9.2) If to any point II{A) of the partition clement A=l of a (con-
gruent) curve is assigned a parameter = and to the element A o characte-
ristic value ©(3), then the differential lincar and angular momentum are
expressed by means of derivated integrands

J tiéf - 1 d_E"—(f d~
8 _Sd_. p(e)dr. B § = o()
Y 5

A () =0z <a(A) + 0, E(A) =E((A)), [E (AL H—E(A)<h
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9.3) The distortions and curvatures depend upon the variables
z, &(A) but such dependences are reducible to dependences upon the va-
riables (x, &, u), fact which is shown, using parametric polynomials in
the extensive exposition under press.

9.4) 1f the dependences from 9.3 can be replaced by the dependen-
ces upon (¥ =ux -+, p) we say that the M-space is linearly constrained.

9.5) The sct of variables from 9.3 or 9.4 is refered below as the -
mentum space (M).

10) The static and inertial momentum of the partition element

Ael

3at =S Eledz, dn' = S EiEloOr
A A

= being the (congruence) curve parameters.

10.1) Different properties and the transformation of these compo-
nents, analogous to 9.1 are also exposed separately. A more complete system
of representation is based on canonical expansion and furnishes an opera-
tive tool of analysis. The below cxposed clements are also abstracted
shoridy from the same mentioned material.

11) Parametric primitive (congruent) fiber bundle .2 (¢} with sup-
ports L: 1,5 t< T, of the (congruent) curves £L{t) for ¢=the parameter of
L(t), ~=the parameter of L and the canonical decomposition of ortho-

normal type of the elementar linear momentum assigned to the primitive
fiber-bundle

Er, t) = (=)’ (1) + ol ()it (1)

for

SHA> =8, <olph> =0, <pgh,> =3i8k, <ofig> =0,
[I{g) e &,

Here occur the notation <f> = ff(‘r)p(':) dt; ¢ stands for the inverse
J

L
of o%,..

i1.1) The canonical momentum components of first and second
degree
1= <@l >, <MY > = <ok

11.2) The differentiation, transformation laws and correlations with
momentum components of other kinds are also established.
To this analysis are also added the following momentum components.

12) The linear and angular momentum defined by integration over
the entire partition L =(_JA of the (congruence} curves

1= S 811" ',l.""—': S 8“0'

L [

=

91
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o

13) The differential of the parametric linear and angular momentum
defined over the support L of the (congruence) curves -£(¢)

A = <dBf >, dm" = <dEV >,

The above listed representation tools of th? pt’lﬂ]_lfl\'{i fxb::r ‘w1l}j)1))f,t
refered as momentum (M';~spacesf(w1th .'\‘(j: +_q?:c)1 :;fll(flt,'bl'j)(-h—(lx"t?&);'xnon:
in the gencral case p=2, ¢=1 lor a constraincd : a ™ L oty
i:rclmstraigned with antisymmetric a_r1§ular n]u)zmo?(;:-ln(_}o:lrii::?:nfd :Il)i’(,ei —‘:’{fh
i '] r M "—|',(=I|, <
1d'em ‘,‘tl-t'h as }mm;n;t:; 2d .(1;1:1 j;. ; i:.('lcm]with antisymmetric am.s. p=1{2=4.
S)mmILIIl((:lor}es;p;)nden'ce's in M-spaces. We consider a constrained M-space
with th.e coordinates (x'+y', ") refered in gencric scnse\;trs gnegzei%(g
angular momentum and assigned to points )P of this sp_ac)e. B c e:s @ the
differentials X' =d(x' +y) (P), X" =dy"(P) and _conslclul 1er] ) coorg
dinates of the euclidian space E,.1. The residual _llmcafjanc ﬁng;{ﬁl}' oTreRs
pondence functions between the coordinates (X . 3¢ ):1( R
points located in the euclidian spaces fip, Eq for I ¢ belonging to s E
trained M-space are defined by the linear expressions

. N G i J YVEL
FraY! (A + ALXY 4 AL X95), FV =YW (A 4 AP X"+ AR X5,

According to the derived transformation laws of tghe momentum
i tals from I we introduce the following assumptions . .
dlfferfint}lz}h:":: J. and a. distortions and curvatures are independent upon the
-ariables (X!, X1). ‘ o
\anablll.s'l(hc L anzi «. rezidual functionals depend upon the variables of
: dcr X’JK'”. : . . [, . -
hlgheru?r Duc( to the) assumed complexity of the primitive fiber Zy :a\ct1
P. the whole set of momentum components characterizing ina dctcrm_me'“
se’nse the distribution of points [ from Zy has to be con_sldcred .2 priorn
as composed by strictly independent {]10!0[}01‘111(:) varl_ablesl. .
"~ IV. The values of coordinates (X!, X*’) of the point 1 & pl‘rar;.]lf"]
idcnticaliy at P:pXE=0, X =0 and analogous}y the V?Jriables (Y, )
of the point x=Eq vanish identically at Q: Ya=.0,_ Y =0. ) .

V. In the same framec we assume the r‘estnctlon, as extension 1(1).
the assumption 1V that FI=F'(x, 0), FV=F"{x Q) vanish identically
f fQ='P I:'—ﬂ . Fi{m, Py=0, I'"¥(x, P}=0, the rezidual functionals being
clzpi*nden't ;1?)011 higher order momentum differentials, vanishing identi-
ally 7, according to a similar construction. . . N
i €tl The momcr%tum cortespondences include t'l}lc ’13(311‘(1(::;‘1'1 c,(g;as
pondence so that for Q -+’ we have v »wor Y =X and (XY, XV)o (X', X),,
Fi(z, Q) =Fl(x, P) (=0). FY(%, Q) ~I"(x, P) (‘-_O). . ‘

VII. The mementum correspondences m(c)ludc the inverse ones

: 4 a 3 e iy —

= ding to the replacements XsY, Ps(, «S=w. _
(Corn'gl%loer;c a%sumptions lead to the following final form of the rezidual
functionals

-
Fr=FL o YieYh ) X7 X — KX’ — X3) 21\53(X“‘—X{,")J
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F17 _FEJ =V _ Y!QJ —[x¥ —Xé" K}‘J(XK Xg:) _K;‘_.i XKL _Xgl.)]

for

K= .M“}K(Xg—-X,’f) + N (XEE—XEY, Ky =Ml (X% —-XE) +

2Nk XEY — XU¥). K = MIL(X§— KE) + NI (X5 — Xim)

R = M X§ — X3+ NEun(X3V = XP¥), FL=F"Q, Q) etc.

Taking into account the inverse relations in which we ncglect higher
order terms we obtain the compatibility conditions

Yit+Xo= (Y5 +XD) (=0), Y¥+ X5 = —(VF + XE) (=0).

III. The transformation rules of the momentum connections with con-
strainel distortions and curvatures. The q(uite general correspondences
obtained above must be corelated with the variance rule from 1 concer-
ning transformation of the corrdinated differeniials. We restrain ourselves
in the below exposed analysis to the case of a constramned connection charac.
terized by the distortions and curvatures

Al =x{{=dx"lox"), AL =wl;, AV =0, A =1,
where we denote by «’ instead x' +« the total linear momentum and assu-
me transformations of primitive fibers which preserve the origin. This
connection is closer to the affine (linear) connections and present a special
interest since it describes a variation in the primitive fiber identical with
the variation in the space Xy in distortions and curvatures of a determined
peint in E,.
Hence we consider the transformations

X0 = (k) X2 (ela)p X9, X7 = (o1 ) X

1
Yis(x)eY'+ 5 () e Y9, YW =(xlni) o VY

After substitution in the last two relations the expressions for Y*,... fur-
nished by the momentum correspondences and after approximation of
the distortions and curvatures by lincar polynomials in (X!, X*)q around
the point P, we obtain following transformation rules of the rezidual func-
tionals

] [ o Wy ]
F1 =(}C{§) Q I + “2' (7’..155)01'” + (1‘\!:1' JQ + EI":,]‘A"Q&) (X‘-—Xa) +
+(Fa X +F (X e Xp)"XY —X¥) +AF!
FUV = (X5X5) o FU+ (FHXG + FlILXE) (X —X8) +

. +(FGXE + Fi XWX Y —X8) + AF¢
where

Flg= () p—{xh) p MY + () Mg — %(y.",,,),. MY
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F{m - (V-.Iijk) f (me) p M — (-/'.{mn) I ﬂﬁ'}z +
=+ (*/_;"jzfi) r Mix+ ("u: /I‘J/Ik)l Mkt

i

F{:,-k = ; (V.J./-g'k)z- M.'}x + (/“: ‘/-f";'/-fi.-)p Nk

= (e Nije— ;(”'.!hn) p NI+ (05 fex"F) e

|

1
o J K. L 7
far = — (el p My + ; (il Mg +

i
4

1 - S R Ly M i1 _
+ = (rBod) p Nig + (i) e Nigen
5 Ve

1 mn ] (’)Y.:"-J‘
—{/m) p Nijia Z (wln)r NB + E( P )P

FI = () p MG — (hoth) r M
Flly = (gl + 1wl n — () p MR+

() p M+ (Bt e M
(el

1, LMY N Pty e
Fide= (/’:”’,L)r Mgr + 052525 » Ngiw (V-.r"-.m)l ik
2
1
4

g

1 - nr thaly;
) N — () N3 4 (o) o Ny + 8
+(K§7-.IJ‘7-?I£V~};) NKLMN_("-.N".H)I' N11k1+ 2("'.!)".#: .1)1 ELM EWT B

< L It
Filha= ; (2Bl e Micha + = {#55) r Miz +

i ' i bet-

We define now thc momentum connection by the correlations
ween the cocfficients M, N refered as the momentum conqectl(infs syir:r_lgnr;);i,
which correspond to the independence conditions of the residua un:j: i !
F1—FL(=0), FY —F¥(=0) upon the relativc positions measured n £p

¢ di $1 X1, XY X5 of an arbitrary point n(X) and of
by the coordinates X'—X3g, - Xg of an ¢ ary point T2 ) 4 e
the point  as origin of E¢. Consequently, if we observe _at o ‘(t)_rcfercd
independence refers also to the relative positions of the pomhs 2O Tciereg
by the differences Xp~X§ ctc., and taking into account t gt_a ove
ved expressions of the rezidual functionals, we get the conditions

Fl,=0, Fl;, =0, Fi/;,=0, F{{};=0.

IV. Axiomatic aspects of momentum connections. The aldreac}y i(:lré
mulated conditions characterizing the momentum correspon ?m;; i
connections correspond to determined assum}ptions (Oqcetm:.\réi A ou

i ENSe : ralized non-holonomy betw -
dependences in the sense of a generalizec % between the d
torptions and curvatures, as exposed in the more comprehensive material

under press.
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The respective M-spaces are refered as AM-spaces with constrained
connections. Meanwhile more gencral invariantive fcatures of the rez'dual
functional involve an extension of the above presented transformation
rules of the connection symbols. Consequently, in order to cover this fickd
with a more systematic treatment which is ressented as necessary we for-
mulate Lelow an axiomatic frame and we resume here only to the basic
assumptions occuring in the sections II and 1I1.

The final form of the rezidual functionals in section 11 furnishing the
correspondences of linear and angular differential momentum corresponds
to the following assumption :

I. Absolute obfectivity of the revidual funclional

— The rezidual functionals are independent upon the absolute posi-
tions of the corresponding points in Ep respectively Eg or

The rexidual functionals are tnoariant for arbitrary absolute and
uniform variations of the variables : X! >X!' +AX! (const.}, XV X" ¢
+AX"™ (const.); Y-V +AY! (const.), Y VI LAY (const.).

It is obvious that this invariance holds true also at the point Q:
X —»Xo+AXG (const); VoY +AYE (const.) ete.

I'he conditions for the transformation of the symbols of momentum
connections were derived according to the below formulated assumption.

LI, Relative linear and angular objectivity of the rezidnal funciionals

The rezidual functionals are independent upon the position in of
poinds in L, relative to the origin Q) of I7o
or

The rezidual funciiondls ave invaviant for arvbibrary uniform va-
riations of the variables of points in F, relative to the variables of the origin
¢ of Eq XXX N +AN X} (const.); XV XXV - X§ 4+
+A(X?Y — X} (const.). Implicitely the invariance holds true for X7 X7,

On the basis of different assumptions mentioned above result diffe-
rent transformation laws of momentum connections. Accordingly, the
symbols of conncction are endowed with different specific differential
structure, These results are presented separately.

V. Covariant differentiation and applications

We define the contravariant wersafor {generalized vector of linear
and angular type ¥4, V") as the quantitics which transform according
to the following laws

]"=.—4{I"‘+ 12‘,]‘_!1_]/:'}’ [/’J‘.l’=‘4‘{J[z'i+AiI}i’I"iJ

We restrain ourselves as before to the case of constrained distortion
and curvature. If the angular part is antisymmetric (V= —VY!) we refer
to the respective versator as to a dywnamoe, according to a previously by H.
Schacfer adopted termninclogy in continuum mechanics. Morc general quan-
tities which transform as products of versators shall be refered as tractors
{or generalized tensors of linear and angular type).

Further we define the rovariant differeniials of versators

]—) i” =d I"l + ."Ij'l( I'.'Jd'a’.x + "\r{l’KL l/J(l’-V.KL -+ lz .“'IIéKLI/JK({ '/.L +
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+ N.{rm..ufi I;de '/.’ M

DV =d V! 4 M VEdS + % NLL g VRt 4 % M VE M +

b L NI VR,
2

The (generalized) covariant differentials of versators in a space with
momentum connections arc versators, the respective transformation laws
being identical with the above formulated laws and result by means of the
substitutions (V/, V¥)y—(DV! DV} o )

We define the parallel transfer of versators by the conditions D I’f =0,
DV =0, Let us now consider a path in the M-spaces and the_asspmated
parameter /. We identify the versator (/. V') with the derivatives of
momentum over the path (d»'/di, d=''ldt). Accordingly the equations of
the parallel transfer of this path versator (the generalized auto-parallel
curves) written under the form

D(dx![dt)[di =0, Did " [dt)[dt =0
become

. I -
d! [t 4+ M p{d? |d8) (d 2 [dl) + (N, + - M) ().
(@F ) + N gy (d"® ) (d 75" dt) =0

a2 lder + 1 (d ¥ [di)(dw"dt) + ; (N + M) {(dx"dt).

(A" [dt) + % Nitax (d»¥0[dt) (dv¥¥[dt)=0.

The first two terms in the first cquation correspond to the equation
of path dynamics and geodesics for affine connections.

Covariant formulations similar to the above ones proceed from the
definition of covariant versators which follows from the definition of in-
variant products of versators [ =111+ V1" 1f we substitute the con-
travariant versators by the expressions furnished by the transformation
laws formulated above and impose the invariance condition I=V:V'+
+ Vi V¥ we get the covariance conditions

. 1
V(=A§V;, V¢J=A{’A;’I’1J +’ EA{’VI

This results can be applied to the analysis of forces (F) and displacements
{U) of continua with ,primitive” structure, In the representation system
of momentum components :

I=F U +F, UV
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By = L & P o7 - .
b 1..n _td]\L F=dWW, Iy =a; cfi’a,,, Iy =af; day, du! being the usual area ele-
ment in the underspace of lincar momentum, we get after integration over
the region including the body

AW =(a1U!, + o, U + o}, U +of, o U) dy

for U!, the generalize "ari ivatl

7 ¢ generalized covariant derivatives = U7, + ML, [JX i

5 tha :(,)m [hed cov vatives = Ul + M, U* + M, , UX:,
) ' plete extension of the obtained expression of the energy
is analysed in other paper. ‘

_ VL Metrlg zp(_)mcintum spaces and applications. Let us consider a
riecmanman ,primitive” metrics in Zy: d&=vy, d2'dE. We define the ca-
nontc momentum metrics assigned to a M-space by the relation

ds?=gidntdw’ +gipe dn'd?® 4 pudndxd

t b : : : ~
«, »’ stand for canonic variables and gi;= <qloPy,m>
¥

o . 1.m I
Sk = <{@50% + PP Vi >, Gijy = < PPR T mn > -

_ This metrics leads to an extension of the riemannian geometry and
of Eh::} cuclidian geometry. In this last case we consider the {'cétor
vi=¢;2 refered to a cartezian unit base so that vi; =%i ¥5. Conscquently
starting from lthc Lprimitive” element of area (]il=J:’4'C‘-;»r.l;a'dij‘al(}(l fro;n'
the vector ¥ in Zy we formulate the invariant }]=dx

Faking into account a canonic representation of the primitive fiber
we obtain By integration =Y =V'da,+ V¥da,,. The contravariant fac-
tors stand for the cocfficients of the canonic representation of v and da;=

—

= < e, di > dary = <of,ix dz>. Alter application of the canonic expres-
ston for the variables ¢%7 we obtain for the above quantities cxpression:s
m terms of (dx/, @) nor exposed here. As a matter of fact these aspects
are linked with the formula of the canonic area ™

di= <dg> =gyda‘d +§sjkdx‘d?."k+é."im dn¥d ¥

analogous to the above relation for the metrics i i i

O é s, also derived by

of the ,primitive” area clement., ¢c by Integration
As applicati i e 7

+ gougy application we consider the energy from section ¥ for F, =ofday +

T o1 Gy, By =6pgddg +opyday,. The stress field is completed by addi-

tional terms and the respective integration can be performed on the gene-

ralized integration thcorems which shall be published later.
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THEOREMS ON EXISTENCE AND UNIQUENESS OF SOLUTION TO
BOUNDARY-VALUE PROBLEMS OF PLACE AND MICROROTATION
FOR COSSERAT BODIES

BY

I. NISTOR
To the memory of Professor Mendel Hluimzici

1. Introduction. Theorems on existence and uniquencss of - solution
10 Loundary value problems of place for hyperelastic bodies are given by
Beju [1. Beju's analysis of boundary-value problems of place in the non-
lincar theory is bascd on four basic theorems of Langenbach [2] in a theory
of minimization of functionals.

Using Langenbach’s theoreins, Chuttgd (3 Lias established  theorems of
existence in the theory of continuum with deformable directors.

In this paper we shall study the existence and uniqueness of solution
to boundarv-value problem of place and microrotation for hyperclastic
Cosserat bodies,

2. Langenbach’s theorems. Let £ he a bounded demain in the Eucli-
dean space R" and let H{€) be a Hilbert space on . The boundary surface
éQ is assumed sufficiently smooth to assure the validity of the common
laws of transformation of surface integrals.

Langenbach (2] has considered the nonlinear c¢quation

(2.1) P(u) =f,
with linear and homogencous boundary conditions
(2.2) Li{u)=0, i=1 2, .., p,

where fis a given clement of H(€}).
The domain D{F°) and the range R(P) of the nonlincar map are con-
tained in H(Q).
We put
D P)=lueD(P), Li(x)=0, i=1, 2, .., p}.

Having introduced the necessary basic concepts, we can now state
the theorems of Langenbach.

Theorem 1. If the following conditions are satisfred

1} Do(P) and D(P) are linear manifolds dense in H(Q).

2) P ohas a binear Giateawx differential P'gh such that for cucry he
= D(P) the field P{u)h is conlutieus on cach 2-dumcnsional hyperplane pas-
sing through uw tn D(I’).



