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Introduction.

A CARTAN space having its origin in the CARTAN’S paper ” Les
espace $ d_{\nu}\circ$ m\’etriques fond\’es sur la notion d’aire “ was developed by
many people, especially, L. BERWAT.$D^{(1)}$ In the present paper we
attempt to build up the geometry in this space from standpoint of the
rheonomic theory. In this space, its $(n-1)$-dimensional area is assumed
to be given a priori in such a way that it depends on a variation of
time. The geometrical quantities of this space depend on $x$“, $t,$ $u_{\alpha},$ $u_{0}$ .
If the time-area is independent of $u_{0}$ , then in every moment this space
reduces to a CARTAN space in ordinary sense, i.e. then this area is
nothing but that of a CARTAN space. Since $u_{0}$ may be interpreted as
a velocity of a small piece of hypersurface-element, we shall call $u_{0}a$

velocity of the hypersurface-element. As $u_{0}$ is not invariant under a
rheonomic transformation, we introduce a invariant parameter $v$ in
place of $u_{0}$ . This parameter $v$ plays an important r\^ole in our theory.
The form of fundamental function $L(x^{a}, t. u_{a}, u_{0})$ is rewritten in $G(x^{\alpha}$ ,
$t,$ $u_{a},$ $v$ ) which is homogenous of degree one in $u_{a}$ and lets us decide
the base connection, the connection-parameters, the curvature tensors
and identities of BIANCHI in our space.

\S 1. Fundamental function.

In an n-dimensional rheonomic manifold $X_{n}$ with coordinates $x,$ $t$,
we consider a rheonomic hypersurface $X_{n-1}$ given by

(1. 1) $x^{a}=x(v^{1}, v^{\underline{o}}, \cdots, v^{n-1}, t)$ $a=1,$ $\cdots\prime n$

and suppose that its measure of $(n-1)$-dimensional time-area in a

(1) L. $BERWAf_{\wedge}D$ \ddagger \"Uber die $n$-dimensionalen CARTANschen Raume und eine Normalform der
zweiten Variation eines $(n-1)$-fachen $Oberflacheninte_{a}rals$, Acta $Matl$]$ematioe,$ $71$ (1939), 191-248.
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certain region and time interval is defined by the integral

(1. 2) $0=\int_{(n)}\cdot\cdot J\emptyset(x^{a},$
$\frac{9^{\eta^{\alpha}}}{9^{1}J},$ $\frac{9x^{\alpha}}{9t},$ $t)dv^{1}d\iota\rangle^{9}\ldots d_{IJ^{\hslash-\underline{\tau}}}dt,$ $i=1,$ $\cdots,$ $n-1$

extended over the region and time interval. Then we shall call the
manifold a rheonomic CARTAN space. Since (1. 2) must be invariant
under the rheonomic transformation of parameters $\overline{v}^{\prime}=\overline{v}^{l}(v^{1}, \cdots , v^{n-1}, t)$ ,

by using of RADON $S^{(l)}$ and VIVANTI’S(2) theorem, $\psi$ may be written in
the form $L(x, t, u., u_{0})$ , which is positive and homogenous of degree

one in $u,$ $u_{0}$ , where $u_{a}=(-1)+\rceil|\frac{or^{1}}{9)}$ $--0_{9\overline{v}}\iota^{\alpha-1}$

$,$

$---0r^{\alpha+1}9$

)
, $\cdot$ .. , $\frac{9X^{n}}{9v^{i}}|$ and

$u_{0}=-\frac{\theta x^{\alpha}}{9i}u$ .
Under a rheonomic transformation $\overline{x}=\overline{x}(x, t),$ $u_{a}$ and $u_{0}$ vary in

the rule

(1. 3) $\overline{u}_{\alpha}=|\frac{9}{9X}|\frac{9}{9}\frac{x^{\beta}}{x^{l}\overline}u_{f}$ , $\overline{u}_{()}=|\frac{0\overline{x}}{9\iota}|(u_{0}+\frac{9x^{\beta}}{9\overline{b}}u_{f})$ ,

that is, $u_{a}$ is a vector density of weight $-1$ and $u_{0}$ is not a invariant.
We consider therefore the quantities $u_{\alpha_{t}}$ and $u_{0}$ which depend on a
rheonomic hypersurface element but not necessarily on the hypersurface

(1. 1) itself, and which vary in the rule (1. 3) under a rheonomic
transformation. $L$ must be there a scalar under a rheonomic
transformation and analytic in a certain region $\theta$ . $L$ is called the
furdxmental function.

\S 2. Metric functions $\alpha^{\beta}$ .
Since under a rheonomic transformation $\frac{\circ L}{9^{\backslash }4_{a}}\frac{9L}{0)x_{0}}$ vary in the rule

$\frac{0\overline{L}}{9\overline{u}}=(\frac{\circ L}{9d_{\beta}}\frac{9\overline{x}^{\alpha}}{9x^{f}}+\frac{9L}{94_{0}}\frac{9\overline{x}^{\alpha}}{9_{\text{ノ}}^{t}})|\frac{9r}{9\overline{x}}|$ , $\frac{0\overline{L}}{\circ\overline{4l}_{0}}=|\frac{0r}{9\overline{x}}|\frac{9L}{9u_{0}}$ ,

then
$\overline{\alpha}^{Y}=\frac{9\overline{x}^{\prime}}{9X^{\beta}}(\alpha^{\beta}+\frac{9x^{\beta}}{9_{J}^{\rho}})\backslash $ ,

(1) J. RADON: Uber einige Fragen betreffend die Theorie der Maxima und $Ain\dot{u}$na mehr-

facher Integrale, Monatsh. $f$ . Math. $u$ . Phys., 22 (1911), 53-63.
(2) G. VIVANTI: Sull’equatione di Eulero per gli $inte_{o}rali$ multipli, Rend. Circ. Mat. Palermo,

SS (1912), 268274.
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putting $a^{\beta}=-\frac{9L}{9x_{\beta}}/\frac{\circ.L}{\rho,cu_{0}}$ ,

\S 3. Parameter $v$ and metric functions $g^{\alpha\beta}$ .
Under a rheonomic transformation, the quantities

(3. 1) $?1^{\alpha\beta}=\frac{1}{2}[\frac{\prime r^{\backslash }}{-,du_{\beta}}’(\frac{0L^{0}-}{9u_{a}}-\cap\frac{0L^{\underline{9}}}{\sigma u_{0}}\frac{9x^{a}}{r.t,ob})-\frac{9x^{\beta}}{\cap,\circ t}\cap\frac{9}{\circ\cdot u_{0}}(\frac{9L^{2}}{vu_{\alpha}}-\frac{vL^{2}}{9u_{0}}\frac{9X^{\alpha}}{9t})]$

vary as a contravariant tensor density of weight 2. Let us put $ 9l\beta$

$=aa^{\alpha f}$ where $a=|a^{\alpha\beta}|^{-1}$ , from which we can find $a=?t^{1/n-1}$ where 91
$=|\mathfrak{A}$

“
$\beta|$ . Putting

(3. 2) $v=\frac{1}{\sqrt{}\overline{a}}\frac{\wedge UL}{9u_{0}}$ ,

we have an absolute scalar which is homogenous zero in $u_{\alpha},$ $u_{0}$ . Assume
that $u_{0}$ can be solved from the above equation (3. 2) in the form

(3. 3) $u_{)}=F(x^{\alpha}, t, u_{a}, v)$ ,

then we see $\rho u_{0}=F(x^{\alpha}, t, \rho u_{\alpha}, v)$ , that is, the function $F$ is homogenous

of degree one in $u_{\alpha}$ . Putting (3. 3) into $L(x^{\alpha}, t, u_{\alpha}, u_{0})$ , the obtained
function $G(x^{\alpha}, t, u_{\alpha}, v)$ is homogenous of degree one in $u$ . In the
same manner $a^{\alpha}$ can be brought to functions of $x^{\alpha},$ $t,$ $u_{\alpha},$ $v$ , which are
homogenous of degree zero in $u_{\alpha}$ too. Afterwards we shall represent
these functions by the same letters $\alpha$“.

$tensordensityofDifferentiatingweight2:\mathfrak{G}^{\alpha\beta}=\frac{1}{2}\frac{u_{\epsilon_{\dot{U}^{\backslash }}},we\prime G^{\underline{9}}}{A\prime,CJ}.Put\mathfrak{G}^{\alpha f}=gg^{\alpha l}Gwithrespecttoha_{1}veacontravariant-$

where $g=1/|g^{a\beta}|$ , from which we can find $q=\mathfrak{G}^{n-1}$ , where (Sl $=|\mathfrak{G}$
“ $f|$ ,

then we have a contravariant tensor

(3. 4) $g^{\alpha\beta}=\mathfrak{G}^{-\frac{1}{n-1}}$ (SS $\alpha\beta$

which are homogenous of degree zero in $u_{\alpha}$ and may take as the
fundamental metric tensor in our space. Then $g_{\alpha\beta},$ $a_{\alpha}$ are defined by

$g^{\alpha\beta}g_{\alpha f}=\delta_{r}^{\beta},$ $a_{\alpha}=g_{a\beta}\alpha^{\beta}$ .
When $L$ does not contain $u_{\dot{0}}$ , this space reduces to a CARTAN space

for $t=const$ . .
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\S 4. Covariant differentiation.

We shall denote the covariant differentiation in the space with the
symbol $D$ . Since the covariant differentiation is necessary to satisfy that

1. $Dp=dp$, where $p$ is a strong scalar,
2. $D(X+T)=DX+DY$ , where $X,$ $Y$ are any strong vectors,
3. $D(X\cdot Y)=X\cdot DY+DX\cdot Y$ ,

we define

(4. 1) $DX^{\lambda}=dX^{\lambda}+\Gamma_{\mu\nu}^{l}X^{\mu}dx^{\nu}+\Gamma AX^{\mu}dt+C_{\mu^{y}}^{\lambda}X^{\mu}du_{\nu}+C_{\mu}^{l}X^{\mu}dv$ .
In consequence of the geometrical meaning of $u_{\alpha}$ , this differentiation

must be invariant under the transformation $\overline{u}_{\alpha}=\rho u_{\alpha}$ . By this reason
we suppose that $\Gamma\oint_{\nu},$ $\Gamma_{\mu}^{l},$ $C_{\mu}^{l}$ are homogenous function of degree zero
in $u_{\alpha}$ and $C_{\mu^{\mathcal{V}}}^{l}$ of degree $-1$ and that $C\oint^{\nu}u_{\nu}$ vanish.

Let this connection be a euclidean connection, that is, when a
strong vector is transported parallel to itself, the length of this vector
be invariant. Then it must be that

$\frac{\theta,g_{l\mu}}{r_{1x^{\nu}},\circ}=g_{\alpha\mu}\Gamma_{l\nu}^{a}+g_{\lambda\alpha}\Gamma_{\mu y}^{\alpha}$ , $\frac{\wedge e\text{ノ}g_{\lambda\mu}}{9u_{\nu}}=g_{a\mu}C_{\iota^{\mathcal{V}}}^{\alpha}+g_{\lambda}{}_{\alpha}C_{\mu}^{\alpha\nu}$ ,

(4. 2)
$\frac{\wedge c\text{ノ}g_{\iota\mu}}{\prime,cjt}=g_{a\mu}\Gamma_{\lambda}^{\alpha}+g_{\lambda\alpha}\Gamma_{\mu}^{a}$ , $\frac{9q_{l1^{\backslash }}}{-,(J\eta}=g_{a\mu}C_{\lambda}^{a}+g_{\lambda}{}_{a}C_{\mu}^{a}$ .

Supposing that $C_{\iota\mu^{\nu}},$ $C_{\lambda\mu}$ are symmetry with respect to $\lambda,$

$\rho$ , we
have

(4. 3) $C_{\gamma\mu^{\nu}},$ $=\frac{1}{2}\frac{\wedge cJg_{\iota\mu}}{9u_{\nu}}$ , $C_{\iota\mu}=\frac{1}{2}\frac{9g_{l\mu}}{9v}$ .

\S 5. The normal unit vector.

From (3. 4) we obtain

$gg^{\alpha\beta}u_{a}=(G\frac{yG}{9u_{\alpha}9u_{\beta}}+\frac{vG}{9u_{\alpha}}\frac{oG}{9u_{\beta}})u_{a}=G\frac{9G}{9u_{\beta}}$ .
Multipling $u_{\beta}$ and summing with respect to $\beta$, then we get

(5. 1) $gg^{\alpha\beta}u_{\alpha}u_{B}=G^{3}$ .
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(5. 2) $l_{\lambda}=\frac{u_{l}}{\sqrt{}\overline{g^{\alpha\beta}}\overline{u_{\alpha}u_{\beta}}}=\frac{\sqrt{g}}{G}u_{\lambda}$

gives therefore a normal unit vector for the hypersurface $u_{\alpha}$ . Putting

(5. 3) $At^{\nu}=\frac{G}{\sqrt{g}}Ct^{\nu}$ ,

which satisfy the relation

(5. 4) $A_{\mu^{y}}^{l}l_{\nu}=0$ ,

we obtain

(5. 5) $A_{\mu^{y}}^{\lambda}dl_{\nu}=C_{\mu}^{\lambda\nu}du_{\nu}$ .
Thus the covariant differentiation (4. 1) becomes

(5.6) $DX$a $=9$.X7’ $+\Gamma_{\mu\nu}^{\lambda}X^{\mu}dx^{\nu}+\Gamma_{\mu}^{\lambda}X^{\mu}dt+A_{\mu^{y}}^{l}X^{\mu}dI_{\nu}+C_{\mu}^{\lambda}X^{\mu}dv$ .
The corresponding equation for the covariant components is

(5. 7) $DX_{\lambda}=dX_{\lambda}-\Gamma_{\lambda\nu}^{\mu}X_{\mu}dx^{\nu}-\Gamma_{\lambda}^{\mu}X_{\mu}dt-A_{\lambda}^{\mu\nu}X_{\mu}dl_{\nu}-C_{\lambda}^{\mu}X_{\mu}dv$

and for $l_{\lambda}$ we obtain

(5. 7) $Dl_{\lambda}=dt_{\lambda}-\Gamma_{\iota\nu}$
)

$dx^{\nu}-\Gamma_{\lambda}$
)

$d_{\text{ノ}}^{f}-A_{\lambda}^{\mu y}l_{\mu}dl_{\nu}-C_{\lambda}^{0}d_{J}|$ ,

where $\Gamma_{\lambda\mu}^{\alpha}l_{a}=\Gamma_{\lambda\mu}$
)

$\Gamma_{\lambda}^{\alpha}l_{\alpha}=\Gamma_{\lambda}^{)}$ , etc. . Substituting $($5. $7^{\prime})$ in (5. 7)
and using (5. 4), the covariant differentiation becomes

(5. 8) $DX_{\lambda}=dX_{\lambda}-X_{\mu}(r_{\iota\nu}^{\mu}*dx^{\nu}+A_{\lambda}^{\mu\nu}Dl_{\nu}+\Gamma_{l}^{*}\mu d’. +6\mu\lambda dv)^{(1)}$

where we put

(5. 9) $\Gamma_{\lambda \mathcal{V}}^{\mu}=\Gamma_{\lambda\nu}^{\mu}+\Gamma_{\beta \mathcal{V}}$

)$A_{\lambda}^{\mu\beta}*,$ $\Gamma_{\lambda}^{\mu}=\Gamma_{\lambda}^{\mu}+A_{\lambda}^{\mu a}\Gamma_{a}^{\partial}*,$ $\delta_{\lambda}^{\mu}=C_{l}^{\mu}+A_{l}^{\mu a}C_{a}^{0}$ .
For $X_{\lambda}=l_{\lambda}$ we have

(5. 10) $Dl_{\alpha}(\delta_{\mu}^{\alpha}+l_{\mu}A^{\alpha})=d_{\text{ノ}}^{1^{*}}\mu\backslash -\Gamma_{\mu\alpha}^{0}dx^{a}-\Gamma_{\mu}^{x_{0}}dt-\theta_{\mu}d|)$ .
Using ($\delta_{\mu}^{\lambda}+l_{\mu}$ A) $(\delta‘‘-l_{\nu}A^{\mu})=\delta_{\nu}^{\lambda},$ $Dl_{\alpha}$ is represented by

$(5. l1)$ $Dl_{\alpha}=(\delta_{a}^{\lambda}-l_{\alpha}A^{\lambda})(dl_{\lambda}-F_{\lambda\beta}^{0}dx^{\beta}-\Gamma_{\lambda}^{0}*d_{\text{ノ}}^{f}-\delta_{\lambda}^{0}dv)$ .
(1) Since (a 4) and (4. 3) give us the relation $A_{\nu^{0\mu}}=lyA^{\mu}$ , where $A^{\mu}=A_{0}\mu 0$ we see

easily $A_{\mu}$ a $\nu A_{\nu^{0\beta}}=0$ .
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\S 6. Other two postulates of the covariant differentiation.

We con8ider the invariant differential form

(6. 1) $\phi=D(g_{\lambda\mu}\delta x^{\lambda}\delta x^{\mu})+l38D(g_{\iota\mu}\delta x^{\lambda}\delta x^{\mu})-D$ ($g_{\lambda\mu}\delta x21331$
a $\delta x^{\mu}$)

$2$

where the index 1, 2, 3 under the differential symbol $D,$ $\delta$ denote the
directions of the differentiations. They are here supposed to be
interchangeable, that is, $ddr^{\lambda}ab=dd\iota^{\lambda}ba(a, b=1,2,3)$ . If we choose

$df2=dt\$=0,$ $Dl_{a}l=0$ and $dva=0$ , we have

$\phi=2g_{\iota\nu}[d1d2x^{\lambda}+(\left\{\begin{array}{l}\lambda\\\omega\rho\end{array}\right\}+A_{\omega}\lambda a^{*Y}\Gamma_{a\mu}^{0}+A_{\mu^{a}}^{\lambda}\Gamma_{\alpha\omega}^{0}-A_{\mu_{(I}^{\alpha}},F_{\alpha^{\lambda}}^{0})dx^{\omega}dr^{\mu}21$

$(6.2)$

$+(\left\{\begin{array}{l}\lambda\\\omega\end{array}\right\}\alpha^{*}t0ldx^{\omega}dt3$

where we put

$\left\{\begin{array}{l}\lambda\\ o\end{array}\right\}=g^{\iota\nu}(9_{t}g_{\nu\omega}+9_{\omega}\alpha_{\mathcal{V}}-9_{\nu}a_{\omega})$ , $A_{h}^{\alpha}=\frac{1}{2}\frac{9a,\prime}{9l_{a}}$ $A^{\lambda\alpha}=g^{\lambda \mathcal{V}}A_{\nu}^{\alpha}$

Since $g_{\iota\mu}$ is the strong tensor of degree 2 and $\delta x^{\lambda}\$ $ is a strong

vector, the term held in the bracket of above equation is a strong

contravatiant vector.
In order that we desire that the covariant differentiation does not

change the property ”strong” and the order of tensors, we shall deflne

(6. 3) $\Gamma_{\omega^{\mu}}^{\lambda}*=\left\{\begin{array}{l}\lambda\\\omega\mu\end{array}\right\}+A_{\omega}^{\lambda a_{\Gamma_{a\mu}^{0}}^{*}}+A^{\lambda}\mu^{a}\alpha\omega\omega^{\alpha^{x_{0}}}$

(6. 4) $\Gamma_{\omega}^{x_{\lambda}}=\left\{\begin{array}{l}\lambda\\\omega\end{array}\right\}+A_{\omega}^{\lambda\alpha_{1_{a}^{\urcorner}}^{*}}0+A^{\lambda\alpha_{\Gamma_{a\omega}^{0}-A_{\omega}^{\alpha}fl_{a^{\lambda}}^{0}}^{*}}$ .

Then we can verify $Dg_{\iota\mu}=0$ . Putting $\delta x^{\lambda}=\delta x^{\lambda}33$ in (6. 1), we have

(6. 5) $\phi=D$ ($g1$ a $\omega_{22122}\delta x^{\lambda}\delta x^{\omega}$) $=Dg_{\lambda\omega}\delta x^{\lambda}\delta x^{\omega}+2g$ a $\omega_{122}D\delta x^{\lambda}\delta x^{\omega}$ .
On the other hand (6. 2) becomes

(6. 6) $\phi=2g_{\lambda\omega_{122}}D\delta x^{\lambda}\delta x^{\omega}$ .
wrnm (6. 51 and (6. 6) we obtain
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$Dg_{\lambda\omega}\delta x1S$
a

$\delta x^{\omega}=0g$

Hence arbitrariness of $\delta x^{l}$ leads us to

(6.7) $Dg_{\lambda\omega}=01$

\S 7. The parameters of connection $\Gamma_{\mu\omega}^{\lambda}^{*}$ .
From (4.2) and (5.9) we have immediately

(7. 1) $\Gamma_{\iota\mu\nu}^{*}+\tau_{\mu\lambda\nu}^{*}=\frac{9g_{\iota\mu}}{ox^{\nu}}+2A_{\lambda\mu^{\omega}}\Gamma_{\omega^{0y}}$

From this the two following . equations are obtained by cyclic
permutation of $\lambda,$

$\mu,$
$\nu$

(7.2) $\Gamma_{\mu\nu\iota}^{x}+\tau_{\nu\mu\iota}^{*}=\frac{\wedge c\text{ノ}g_{\mu\nu}}{9x^{l}}+2A_{\mu\nu^{\omega}}\Gamma_{\omega^{0}\lambda}$ ,

(7. 3) $-\tau_{\nu\lambda\mu}^{*}-F_{\iota\nu\mu}=-\frac{\psi\prime\nu l}{vx^{\mu}}-2A_{\nu\lambda^{\omega}}\Gamma_{\omega}0\mu$ .
Now we shall assume that $\Gamma^{x}$ a $\mu\nu$ are symmetry with respect to $\lambda,$ $\nu$.
Then summing up (7. 1), (7. 2), and (7. 3), we have

$\tau_{\iota\mu y}^{*}=\gamma_{\lambda\mu y}+A_{\lambda\mu^{\omega}}\Gamma_{\omega 0\nu}+A_{\mu\nu^{\omega}}\Gamma_{\omega^{0}\lambda}-A_{\nu\iota^{\omega}}\Gamma_{u)^{0\mu}}$ ,

where we put $\gamma\iota\mu\nu=g_{\mu\omega}\left\{\begin{array}{l}\omega\\\lambda\nu\end{array}\right\}$ . Putting

(7. 4) $H^{\iota\mu}=g^{\iota\mu}+A_{\omega}A^{\omega}$ a $\mu=g^{\lambda\mu}+A^{\lambda}A^{\mu}-\frac{1}{4}\frac{G}{\sqrt{g}}A_{\omega}-\frac{G^{2}}{u_{\mu}9u_{4)}},\overline{9u_{l}}99$

Under the assumption that the rank of $|H^{l\mu}$ { be $n$, we can determine
$F_{\iota\nu}^{\omega}$ by the following relations

.

$\Gamma^{x}\varphi_{\nu}=\left\{\begin{array}{l}\omega\\\lambda\nu\end{array}\right\}+A_{\lambda}^{\omega^{\alpha}}(r_{C0y}-l_{\nu\gamma_{\alpha\alpha}},)+A_{\nu^{a}}^{\omega}(\gamma 0\iota-l_{\iota r\cdot\alpha},)$

(7. 5) $-A_{\nu}$ a $\alpha(\gamma_{a0}^{\omega}-l^{\omega}\gamma_{\alpha\alpha)})+(A_{\iota^{a}}^{\omega}l_{\nu}+A_{\nu^{a}}^{\omega}l_{l}-A_{\nu}$ a $\alpha l^{\omega}$

$-A_{\lambda}^{\omega i}A_{t\nu^{a}}-A_{\nu}^{wl}A_{\beta\lambda}^{a}+A_{\nu\iota^{f}}A_{f}^{\omega^{\alpha}})K_{\alpha}^{\delta}(\gamma_{\delta\alpha)}+A_{\gamma_{0f}}^{t}.)$

where
$\gamma 0^{\omega}=g^{S\omega}\gamma 0f$ $H_{\lambda}^{\mu}K_{\mu}^{\nu}=H_{\mu}^{\nu}K_{l}^{\mu}=\delta_{l}^{\nu}$ .
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\S 8. The parameters of connection $\Gamma_{\mu}^{\lambda}^{*}$ .
Multipling (6. 4) by $l_{\lambda}$ and summing with respect to $\lambda$ , we have

(8. 1) $\Gamma^{x_{0}}=\left\{\begin{array}{l}0\\a\end{array}\right\}+A_{\alpha}^{0f}F_{f}^{0}+A^{0f}\Gamma_{f}^{x_{0}}$ $-A_{a}^{f}F_{f}^{tK)}$

or

(8. 2) $(\delta_{\omega}^{a}-l_{w}A‘)P^{0}=\left\{\begin{array}{l}0\\\omega\end{array}\right\}+A^{0\alpha}F_{\alpha\omega}^{0}-A_{\omega}^{l}N$ .
Since $(\delta_{w}-l_{\omega}A‘‘)$ $(\delta f+f_{f}A^{a})=\delta\S_{\iota}$ we obtain $\cdot$

(8. 3) $P_{\iota}=(\delta f+l_{f}A^{v})(\left\{\begin{array}{l}0\\\omega\end{array}\right\}+A^{0g}r_{a\omega}-A_{\omega}^{1}F_{a}^{\eta})$ .
In use of (8. 3) and (J. 5), we $ca\iota t\prime d$

qtermine
$\Gamma_{\mu_{1}}^{*}\iota_{J}$ from (6.4).

\S 9. The stretch tensor $W_{ij}$ .
We consider the invariant differential form $\phi=5$ ($g_{\lambda w}\delta x$

a $\delta x^{\omega}$) and
okogte the $l$we (infinitesimal) $v\mu iatioI\beta\delta,\overline{\delta}$ in tu $fcl1\mathfrak{g}wi\pi s\iota\$ 8PR\iota,r$ :

$\delta x^{t}\neq 0$ , $dt=0$ , $Dl_{l}=0$ , $d\nu=0$ ,

8 $x=0$ , $\delta t\neq 0$ , $Dl_{\lambda}=0$ . $\overline{d}v=0$ .
In words, 5 and $\delta$ mean the variabion of $ til\iota\theta$ and khat efi ths $virh\iota\theta$

space $respec_{t}ttvely$. We suppoge that $\delta,\hat{\delta}$ are interchangeable. In this
casa $\#$ shows us the stpetchlng cf the $npa\epsilon g$ for the $ti$me $variatio\eta df$ .
Calculating $\phi$ , we have

$\phi=8$ [$\omega_{\lambda\omega}+F_{a}^{0}A_{l\omega^{l}}-A_{\lambda\omega}^{\iota}F_{\alpha f}^{0}$ a$l+A_{\iota^{q}}F_{w}^{g}$] $ u^{\iota}\delta\#$ er,

where we put

$\omega_{\lambda\omega}=\frac{1}{2}(9, g_{\lambda w}-a^{a}9_{a}g_{\lambda\omega}-2g_{\lambda a}0_{\omega^{a^{\mathfrak{g}}}}),$
$A_{\lambda^{\acute{l}}}\mp 2(A_{\lambda\mu^{\hslash}}\alpha^{y}-A\{)$ .

Using the last quantity we $g^{I}et$ a strong tensbr

$W_{\lambda\omega}=\omega_{(\lambda\omega)}+F_{\alpha}^{0}A_{\lambda\omega^{a}}-A_{\lambda\omega^{\alpha}}P_{\alpha f}^{0}$ a $f+A_{(\iota^{\alpha}}F_{1\cdot \mathfrak{l}\omega)\prime}^{0}$

which is symmetry with respect to $\lambda,$ $\omega$ and shall be called the stretch
tensor of our $sm\theta e$ .
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\S 10. The curvature strong tensors.

Tlie $c\iota rvl1upg$ ef eltii $8w\theta b$ is defned by

(10. 1) $(DD-DD)211’ X^{\lambda}=\Omega_{\mu}^{l}X^{\mu}$ .
Then this bilinear form $\Omega_{\mu}^{\lambda}$ can be decomposed into following form

$\Omega_{\mu}^{l}=R_{\mu\nu(\mathfrak{n}}^{l}dx^{\nu}dx^{\omega}12+P_{\mu\nu^{\omega}}^{l}(dx^{\prime}Dl_{\omega_{21}}-dx^{p}Dl_{\omega})+S_{\mu}^{l\nu}\circ Dl_{\nu}Dl_{\omega}l$

’

$Letf(l02)$

be a

$fe+1dinourspace.wehavethediffer\alpha lt\dot{r}a1+i1P_{\mu\omega}^{\lambda}P_{\mu\omega}^{l}(t)(-D\iota_{\omega_{1}}a_{l}$

$df=(\frac{vf}{\theta B^{\theta}}+f\Vert^{\alpha}\Gamma^{*}.0_{A}))dx^{\omega}+f|_{\mathfrak{l}^{affl_{\omega}}}^{1}$

$(10^{r}3)$

$+(\frac{0f}{9t}+f\Vert^{a}F_{\alpha}^{0})d^{\iota},+(\frac{0f}{9t}+f\Vert C_{\alpha}^{0})dv$

where $f\Vert^{\lambda}=\frac{G}{\sqrt{g}}\frac{\prime jf}{vu_{i}}$ In \S 5 we have had the covariant differential

for the $c6\grave{n}trAvariaht$ vector $X$‘, tit i\S ,

(la 4) $DX^{l}=dX^{\lambda}+F_{r\nu}^{l}X^{\mu}dr^{\nu}+\Gamma^{x}$, $X^{\mu}dt+A4^{\nu}X^{\mu}Dl_{\nu}+C_{\mu}^{l}X^{\mu}dv$ .
Then we shall rewrite (10. 4) in the strong tensor form

$DX^{k}\pm X^{i}|_{\nu}\delta X^{\prime}+X^{l}|^{\prime}Dl_{\nu}+X^{\lambda}|_{t}dt+X^{\lambda}[vd\theta-$

Whete We Put

$X^{\lambda}|_{y}=\frac{aX^{l}}{vx^{\nu}}+F_{\mu y}^{l}\dot{X}^{\mu}+X^{l}\}\}^{a}I_{\alpha y}^{\urcorner}0$ $X$ a $\}^{\nu}=X^{\lambda}\#^{y}+\sim A_{\mu}^{\iota\nu}X^{\mu}$ .
$X^{\iota\backslash }|_{t}=\frac{\theta^{1}X^{l}}{0t}+\Gamma_{\mu}^{*}X^{\dot{\mu}}+X_{1}^{k|}|^{u}ffl_{\alpha}-X^{2}|_{\nu}a^{\nu}$ , $X^{k}\}_{v}=\frac{\theta X^{l}}{ov}+\delta_{\mu}^{\iota}x^{\mu}+X^{\prime}\Uparrow^{\iota}\Phi_{l}$

md Whal] eall Shem the $\infty\iota nrt\alpha nta\prime ffmnt\infty fwR$. We cake asc
of (5. 8) and (10. 3) to calculate the left-hand member of (10. 1) snd
compare the obtained result with (10. 2), then we get
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$ R_{\mu\nu\omega}^{\lambda}=(\frac{vF_{\mu\nu}^{\lambda}}{vx^{\omega}}+Ft_{\nu}\Vert$ $\tau_{\bullet 0\omega}^{*})-(\frac{9\Gamma_{\mu\omega}^{\lambda}*}{9x^{\nu}}+I^{1}t_{\omega}\Vert$ $F_{\alpha 0\nu})$

$+\Gamma_{\mu\nu}^{*}I_{a\omega}^{l}1-F_{\mu\omega}^{a}F^{\iota_{y}}.-A_{\mu}^{l\iota}\{(\frac{9F_{a0\nu}}{9x^{\omega}}+r^{*}o\nu N^{\rho}F_{\beta 0\omega})$

$-(^{9F_{l0}}0_{X^{y}}^{-\omega}+F_{ao\omega}\Vert^{0}t_{\rho 0\nu}^{1})\}$ ,

$l2Pt_{\nu^{\omega}}=Ft_{\nu}\Vert^{\omega}-A_{\mu}^{l\omega}|_{y}-At^{\alpha}I_{\alpha y}^{\urcorner\beta}\Vert^{\omega}l_{\beta}$ ,

$S_{\mu}^{\iota\nu\omega}=^{\prime}A^{a}$ a $y$ A $\mu^{\omega}-A^{a\lambda\omega}$ A $\mu^{\nu}$ ,

(10. 5)
$P_{\mu\omega}^{l}1\$=\frac{9\Gamma_{\mu}^{\lambda}*}{vt}\omega_{--\frac{vF_{\mu}^{l}}{\wedge c/X^{\omega}}+\tau_{a}^{x_{\lambda}}F_{\mu\omega}^{\alpha}-F_{\alpha\omega}^{l}F_{\mu}^{a}-Ft\Vert F_{\alpha 0\omega}+FA_{\nu}||^{r}F^{0}}$

B $t^{\omega}$

2$

$=\frac{vA}{9}\mu^{I}-tl-f_{\mu}^{1l}\Vert^{\omega}+\Gamma_{a}^{l}*A_{\mu^{\omega}}^{a}-A_{\alpha}^{lwfl_{\mu}^{a}+}A_{\mu}^{l\omega}\Vert^{a}F_{\alpha}^{0}$ ,

$\Psi^{*}P_{\mu}^{l}$

$=\frac{9C_{\mu}^{l}}{9t}-\frac{vF_{\mu}^{l}}{r_{jv},c}+\dot{\delta}_{\mu}^{a}F_{\alpha}^{\lambda}-C_{a}^{\lambda}F_{\mu}^{\alpha}+C_{\mu}^{l}||^{\alpha}F_{a}^{0}-F_{\mu}^{l}\Vert^{\alpha}\delta_{a}^{0}$ ,

$ 14P_{\mu\omega}^{l}=\frac{9F_{\mu_{w}}^{l}}{9v}-\frac{0\delta_{\mu}^{l}}{9x^{\omega}}+C_{a}^{l}F_{\mu\omega^{-\Gamma_{a\omega}^{l}}}^{t^{*}}\delta_{\mu}^{a}-C_{\mu}^{l}[|^{a}F_{*0\omega}+F_{\mu w}^{l}||0\nearrow*\cdot$

$24P_{\mu}^{l\omega}=\frac{vA_{\mu}^{\iota\omega}}{vv}-Ct|_{1}^{1\omega}+C_{\alpha}^{l}A_{\mu^{\omega}}^{a}-A_{\alpha}^{l\omega}$ ee $+At^{\omega}\Vert\alpha$ .

Since $t$hese coefficients are not all strong $te\dot{n}8ors$, we deform (10.2)
as follows:

$\Omega_{\mu}^{l}.=R_{\mu}l_{y\omega_{1’ 211}}\delta x^{\nu}\delta x^{\omega}+P_{Y^{\iota y}}^{l\omega}(\delta x^{\nu}Dl_{\omega}-\delta x^{\nu}Dl_{\omega})+S_{\mu}^{\iota\nu_{\omega}}Dl_{\nu}Dl_{\omega}l$

(10. 6) $+P_{\mu\omega}^{l}(\delta x^{\omega}dt-\delta x^{\omega}dt)1312’ 1+P_{\mu}^{\lambda\omega}(Dl_{\omega}dt-Dl_{\omega}dt)231’ 21+P_{\mu}^{l}S4(dvdt-dvdt)1$

” $1$

$+P_{\mu\omega}^{l}(\delta x^{\omega}dv-\delta x^{\omega}dv)+141$

”
$1Pt^{\omega}(Dl_{\omega_{l2\iota}}d|f-Dl_{I)}dv)241$

where $pt_{\omega}1S=_{1}P_{\mu\omega}^{\iota}-a^{f}R_{\mu\omega\epsilon}^{\lambda}$ , $Pb^{\omega}g=F_{\mu}^{\iota\omega}m+P_{\mu\nu^{\omega}}^{\lambda}dP_{\mu}^{l}34=.BAS4+a^{\omega_{1}}P_{\mu\omega}^{l}$ .

Thus we obtain our curvature strong $te$nsors $R_{\mu\nu\omega}^{\iota},$
$P_{\mu\nu}^{l\omega}12$

$S_{\mu}^{\iota\nu\omega}$ . $P_{\mu_{\theta}}^{l}13$

$Pt^{\omega}s$ $P_{\mu}^{l}34$ $P_{\mu\omega}^{\lambda}14$ and $Pt^{\omega}24$
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\S 11. Properties of the curvature strong tensors.

In virtue of (6. 7), we see

(11. 1) $(DD-DD)2112g_{\lambda\mu}=0$ .
Calculate the left-hand member of (11. 1), then we have

$(OD-DL)g_{\iota\mu}=-(q_{\alpha\mu}R_{\lambda\nu_{\omega}}^{\alpha}+g_{\lambda a}R_{\mu\nu_{\iota}\backslash }^{a})\delta x^{\nu}\delta x^{\omega}-(q_{a\mu}S_{\lambda}^{\alpha\nu\omega}+g_{\lambda a}S_{k\backslash }^{a\nu\omega})Ol_{\nu}Dl_{\omega}211’ 1z12$

$-(g_{a\mu}R_{\lambda\nu\omega}^{\alpha}12+g_{\lambda}{}_{\alpha_{12}}P_{\mu\nu^{\omega}}^{\alpha})(\delta x^{\nu}Dl_{\omega}-\delta x^{\nu}Di_{\omega})1221$

$-(g{}_{\mu}P_{\lambda\omega}^{a}+g_{l}{}_{\alpha}P_{\mu_{\omega}}^{\alpha})i31S\backslash (\delta x^{\omega}dt-\delta x^{\omega}dt)1’ 1$

(11. 2) $-(g_{a\mu}P_{\lambda}^{*\omega}3+g_{\lambda}{}_{\alpha_{\mathfrak{B}}}P_{\mu}^{a\omega})(Dl_{\omega}dt-Dl_{\omega}dt)12’ 1$

$-(g_{\alpha\mu}P_{\lambda}^{\alpha}34+g_{\lambda}{}_{\alpha_{34}}P_{\mu}^{a})(d|fdt-dvdt)1l21$

$-(g_{a\mu}P_{\lambda\omega}^{a}14+g_{\lambda}{}_{a_{14}}P_{\mu\omega}^{a})(\delta x^{\omega}dv-\delta x^{\omega}dv)12l1$

$-(g_{a\mu}P_{\lambda}^{a\omega}24+g_{\iota_{u}^{{}_{a}P_{\mu^{\omega}}^{a})}}(Dl_{\omega}d|J-Dl_{\omega}dv)12l1’$

consequently,

$R_{\iota\mu\nu\omega}+R_{\mu\iota\nu\omega}=0$ . $P_{\iota\mu\nu^{\omega}}l+P_{\mu}1$ a $\nu^{\omega_{=0}}$ $S_{\lambda}^{\nu_{\mu}\omega}+S_{\mu}^{\nu_{\lambda}\omega}=0$ .
(11. 3) $P_{\iota\mu_{\omega}}1\$+P_{\mu)\omega}1\theta=0$ , $Ps$ a $\mu^{\omega}+P_{\mu\iota^{\omega}}23=0$ , $P_{\mu\iota}S4+P_{\iota\mu}S4=0$

,

$P_{\iota\mu_{w}}14+P_{\mu l\omega}14=0$ , $P_{\iota\mu_{\omega}}24+P_{\mu\lambda\omega}24=0$ .

That is, they are skew-symmetry with respect to $\lambda,$

$\mu$

From definition (10. 5), we have evidently

(11. 4) $R_{\mu\nu\omega}^{l}=-R_{\mu_{\omega^{y}}}^{\lambda}$ , $st^{\nu\omega}=-S_{\mu}^{\iota_{\omega\nu}}$ .

\S 12. The identities of RICCI and BIANCHI.

Now we shall proceed to find the identities between the torsion
strpng tensors, the curvature strong tensors and their derivatives,
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which correspond to the so-called identities of RICCI and BIANCHI. The
PFAFFian forms

(12. 1) $\Pi$ a $=(\omega^{\lambda}\sim)^{\prime}+[\omega t^{\sim}\omega^{\mu}]$

are components of a covariant strong vector, where $\omega,\overline{a)}$ are $CAR^{}PAr’\epsilon$

symbols. Consider the external derivative of (12. 1), then we have
the relation

$(l2.2)$ $(\Pi^{\lambda})^{\prime}+[v_{\mu}^{\lambda}\Pi^{\mu}\rceil=[\Omega_{\mu^{\omega}}^{l\sim\mu}]$ .
By help of (11..4), this relation offers us the required identities

$R_{t\mu\nu\omega 3}^{l}+A_{f^{l}\hslash}R_{0|\alpha|}$
$Va$] $=0$ , $P_{[\mu\nu]}^{l\omega}-A_{\mathfrak{c}\mu}^{l\omega}|_{\nu_{1}}+A_{f\mu^{l}}^{\lambda}P_{0||\nu 1^{\omega}}=01’ 1$

$2P_{[\mu y]}^{l}-2a_{(x)\mathfrak{c}\mu}^{l}13|_{\nu J}+2A^{l}f\mu^{\alpha_{13}}P_{0|a|\nu 3}-\alpha_{(e)}^{l}{}^{t}R_{oa[\mu\nu]}=0$ ,

$P_{[\mu\nu]}^{\lambda}-\theta_{r\mu}^{l}|_{\nu l}+14A_{f\mu^{a}}^{l}P_{0|\alpha/\nu J}=014$

$S_{\mu}^{\iota\nu\omega}+A_{\mu}^{\lambda t^{y}}|^{\omega J}+A_{\beta}^{\lambda \mathfrak{c}y}A_{\mu}^{|l|\omega 3}+A_{\mu}^{l}$
“ $S_{oa}^{\nu b}=0$ ,

$P_{\mu}^{\lambda\omega}+nA_{\mu}^{\lambda\omega}\}_{t}-a_{(x)\mu}^{l}|^{\omega}+A_{\alpha}^{l\omega}\alpha_{(x)\mu}^{a}-\alpha_{(x)a}^{l}A_{\mu^{\omega}}^{\alpha}+A_{\mu}^{\lambda a}P_{0\alpha}^{\omega}+a_{(e)}^{l\omega}|_{\mu}\mathfrak{B}$

(12. 3) $-a_{(i)}\iota\iota_{12}P_{\theta a\mu^{\omega}}=0$ ,

$Pt^{\omega}24+At^{\omega}|_{v}-\delta_{\mu}^{l}|\omega+A_{a}^{\lambda\omega}C_{\mu}^{a}-\delta_{a}^{\lambda}A_{\mu^{\omega}}^{\alpha}+A_{\mu}la_{24}P_{oa^{\theta}}=0$ ,

$-P_{\mu}^{\lambda}34+a_{e_{l}y\mu}^{l}[v-\delta_{\mu}^{\lambda}|+a_{(x)\alpha}^{l}\delta_{\mu}^{a}-C_{4}^{l}a_{(x)\mu}^{a}+A_{\mu}^{ll}P_{0}u\rightarrow\alpha_{v)}^{l}|_{\mu}$

$+a_{(e)}^{l\alpha}P_{0\alpha\mu}14=0$ ,

$2a_{(\iota)}^{l\mu}|^{\omega}-2A_{a}^{\lambda\omega_{a_{(\iota)}^{l\mu}}}+a_{(\ell)}^{l\alpha}S_{0}\mu_{\omega}=0$ ,

$a_{(e)}^{\lambda\mu}|_{v}-a_{(v)}^{l}|^{\mu}+A_{a}^{\iota\mu_{\alpha_{\langle v)}^{a}}}-C_{a}^{\iota_{a_{\langle c)}^{a\mu}}}+a_{(e)}^{\lambda\alpha}P_{0\alpha}^{\mu}4=0$ ,

where we put

$a_{(x)a}^{l}=I_{a}^{1l}-\frac{9a^{l}}{9x^{\alpha}}-\frac{9a^{l}}{vl_{\mu}}\Gamma_{\mu\alpha\prime}^{x_{0}}$ $a_{()}^{la}=-\frac{9a^{l}}{0i_{u}}-\frac{0a^{l}}{sl_{f}}A_{\beta}^{0\alpha}$ ,

$a_{(v)}^{\lambda}=-\frac{r_{9a^{l}}}{9l_{l}}6_{a}^{0}-\frac{\theta a^{l}}{vv}$ .
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The identities corresponding to the identities of BIANCIII, are
obtained from the coefficients of crotchets $[\delta x^{\nu}\delta x^{\omega}\delta x^{\alpha}]12S$ $[Dl_{\nu}Dl_{\omega}Dl.]1’ 3$

$[\delta x^{\nu}\delta x^{\omega}Dl_{\alpha}]123$ $[Dl_{\nu}Dl_{\omega}\delta x^{a}]123$ [$\delta x^{\nu}\delta x^{\omega}$ dt]
$12$ $

etc. in the relation of PFAFFian

forms

(12.4) $(\Omega_{\mu}^{l})^{\prime}-[\omega_{\mu}^{\nu}\Omega b]+[\Omega_{\mu}^{\nu}\omega_{\nu}^{l}]=0$

and have the forms:

$R_{\mu}^{\iota_{f^{y}\omega}}|_{al}+P_{\mu}^{\iota_{I\nu^{h}}}R_{0|h|\omega al}=012$
$st^{r\nu\omega}1^{\alpha l}+st^{ff\omega}S_{0f}^{\nu l}=0$ ,

$R_{\mu\nu\omega}^{\lambda}|^{\alpha}+R_{\mu}\iota_{\delta \mathfrak{k}\omega_{121l}}A_{\nu 1}^{\delta\alpha}+P_{\mu\zeta\nu}^{l\beta}P_{0|f|\omega 3}^{\alpha}-St^{\beta a}R_{0f\nu\omega_{12}}+P_{\mu f\nu 1a1}^{l}|_{\omega 3}=0$ ,

$St^{\nu\omega}|_{\alpha}-S_{\mu}^{\lambda\beta rw}P_{0f\alpha}^{y3}+P_{\mu a}^{l\beta}S_{0\epsilon^{\nu_{\omega}}}+P_{\mu a}^{lfy}|^{w1}-P_{\mu\beta}^{lf\omega}A^{|f|\nu_{1}}=01l111$

$R_{\mu\nu_{\omega}}^{l}|_{\mu}+Rt_{8f\omega^{a_{(x)\nu l}^{\beta}+Pt_{f\nu^{a}}P_{0|\alpha|\omega l}-Pt^{a}R_{0a\nu\omega}-P_{\mu f\nu}^{l}|_{\omega 1}=0}}11sae13$

$R_{\mu\nu_{\omega}}^{\lambda}|_{v}+Rt_{\beta r\omega}C_{\nu 1}^{\beta}+P_{\mu f\nu^{\alpha}}^{\lambda}P_{(||a|\omega 1}-P_{\mu}^{\lambda a}R_{0\alpha\nu\omega}-P_{\mu f\nu}^{l}|_{\omega 1}=01214’ 414$

$S_{\mu}^{\iota\nu_{\omega}}|_{t}+Sf^{8fw}|^{\omega 1}\nu w\alpha_{(\iota)}^{|\mathcal{B}|\nu 1}2323231$

$S_{\mu^{\mathcal{V}}}^{\lambda\omega}|_{v}+S^{\lambda}\mu^{\beta r\omega_{242424}}P_{06^{\mathcal{V}1}}-P_{\mu}^{\lambda f\nu}|^{\omega 1}-P_{\mu^{\alpha}}^{\lambda}S_{0\alpha}^{\nu_{\omega}}=0$ ,

(12.5) $S_{\mu}^{\lambda\beta\omega}P_{0\beta\alpha}+Pt_{\beta}^{\omega_{a_{(x)\propto}^{\beta}+P_{\mu\alpha}^{l\beta}P_{0\epsilon^{\omega}}-Pt^{\beta}P_{0fa}^{\omega}-P_{\mu\beta}^{l}A_{a}^{l\omega}}}1312123\mathfrak{B}1’ 13$

$+P_{\mu\alpha}^{l\omega}|_{t}-P_{\mu\alpha}^{l}|^{\omega}+P_{\mu}^{\lambda\omega}|_{a}-R_{\mu\beta\alpha}^{l}\alpha_{(e)}^{6\omega}=0l21323$

$S\lambda\epsilon_{\omega_{14121224241214}}P_{\beta\alpha}+Pt_{\beta}^{\omega}\delta_{\alpha}^{B}+P_{\mu a}^{\lambda\beta}P_{()\epsilon^{\omega}}-P_{\mu}^{\lambda\beta}P_{0\beta\alpha}^{w}-P_{\mu\beta}^{l}A_{t}^{l\omega}$

$+P_{\mu a}^{\lambda\omega}|_{v}-P_{\mu a}^{\lambda}|^{\omega}+P_{\mu}^{l\omega}|_{a}=0121424$

$-S_{\mu}^{l\beta\omega}P_{0\beta}+P_{\mu}^{\lambda\beta}P_{0\epsilon^{\omega}}-P_{\mu}^{\lambda\beta}P_{0\epsilon^{\omega}}+Pt^{\omega}|_{v}+P_{\mu}^{\lambda}|^{\omega}-P_{\mu}^{l\omega}|_{t}342324242\$\mathfrak{B}u24$

$+P_{\mu\beta}^{\lambda\omega_{a_{(v)}^{\beta}}}+P_{\mu ga_{(\ell)}^{\beta\omega}}^{\lambda}=01214$

$P^{l}\mu_{\omega^{\beta}\iota_{S414}}P_{0}+P_{\mu\beta}^{l}C_{\omega}^{\beta}+P^{\lambda\beta}P-P_{\mu\beta}^{l}a_{(x)\omega}^{\beta}-P_{\mu}^{l\beta}P_{0\beta\omega}+P_{\mu\omega}^{l}|_{v}123413\mathfrak{B}141424113+P_{\mu}^{l}|_{\omega}-P_{\mu_{\omega}}^{\lambda}|_{t}-R_{\mu 6\omega}^{\lambda}a_{(v)}^{\beta}=0$

.


