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INTRODUCTION

We consider classification of lower-dimensional homogeneous spaces an immedi-
ate continuation and global version of classification results obtained by Sophus Lie.
Two-dimensional homogeneous spaces were classified locally by Sophus Lie [L1]
and globally by G.D. Mostow [M]. (See also preprint [KTD], where the complete
classification of two-dimensional homogeneous spaces, both locally and globally, is
presented.) S. Lie also obtained some results in classification of three-dimensional
homogeneous spaces and described all subalgebras in the Lie algebra s0(4,C) (in
terms of vector fields). A detailed account of these classifications can be found
in [L2]. The classification of all tree-dimensional isotropically-faithful homogeneous
spaces was obtained in [KT].

The problem of classification of four-dimensional pseudo-Riemannian homoge-
neous spaces is interesting from the point of view of both geometry and physics,
and not only in the case of signature (1, 3) (spaces of relativity theory) but also in
the case of signature (2,2) (twistors).

This preprint presents the results of the first part of our work devoted to classi-
fication of four-dimensional homogeneous spaces with an invariant pseudo-Rieman-
nian metric of arbitrary signature. A similar classification for the case of Riemann-
ian metric can be found in [I].

Let (G, M) be a homogeneous space, G = G, the stabilizer of an arbitrary
point z € M, and (g, g) the pair of Lie algebras corresponding to the pair (G, G)
of Lie groups.

Lemma. Suppose that the homogeneous space (G, M) admits an invariant pseudo-
Riemannian metric. Then the isotropic representation of the pair (g, g)

pig—al(@/g), p(z)(Z+9g)=[z,Z]+g (z€g, T€g)

is faithful. Moreover, there exists a basis of g/g such that p(g) lies in one of the
following Lie algebras: so(4), s0(3,1), or s0(2,2).

It is convenient, at first, to consider complexifications of pairs (g, g). In accor-
dance with this, we divide solution of our problem into the following four parts:

(1) We find (up to conjugation) all possible forms the subalgebra (p(g))* =
p®(g%) can assume. This is equivalent to classifying (up to conjugation)
subalgebras p in the Lie algebra so(4, C).

(2) For each subalgebra p obtained in (1), we find (up to equivalence of pairs)
all complex pairs (g€, g©) such that the subalgebra p%(g®) is conjugate to p.

(3) For each complex pair (g%, g*), we find (up to equivalence of pairs) all its
real forms (g, g).

(4) For each real pair obtained in (3), we construct all (up to isomorphism)
corresponding homogeneous spaces.

A detailed description of techniques we use for constructing pairs (g, g) with a given
faithful isotropic representation can be found in [KT]. Methods of finding all homo-
geneous spaces corresponding to a given pair (g, g) were described by G.D. Mostow

in [M].
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Example. Suppose that p(g®) in a suitable basis has the form:

0 z y 0
ORI A | R
0 0 0 0

We identify g€ with p®(g*). Then the corresponding complex pairs (viewed up to
equivalence) have the form:
(1) g© =gt K C* = (50(3,C) K C?) x C;
(2) g© =51(2,C) xsl(2,C) xC, ¢%={(z,2,0)|z€5sl(2,C)]}.
Every real form of these pairs is equivalent to one of the following pairs:
(1) g=(s0(3) AR®*) xR, g = (s0(3) x {0}) x {0};
(2) 8= (s0(2,1) KR?*) xR, g=(s0(2,1) x {0}) x {0};
(3) g=sl(2,R) xsl(2,R) xR, g={(z,2,0) |z €sl(2,R)};
(4) g=su(2) xsu(2) xR, g={(z,2,0) |z €su(2)};
(5) 5 =512, 0 xR, g =sl(2,R) x {0};
- (6) g=5sl(2,Cr xR, g=su(2) x {0}.

§1 CLASSIFICATION OF SUBALGEBRAS OF THE LIE ALGEBRA 50(4,C)

Theorem 1. Any nonzero subalgebra of the Lie algebra so(4, C) is conjugate (with
respect to GL(4,C)) to one and only one of the following subalgebras:

dimg=1
z 0 0 0 r z O 0
1 0 X O 0 0 z O 0
10 0 —z O 6 0 —z O
0 O 0 =Xz 0 0 -z -—=z
I\l < 1; ReA > 0 or ReA =0, ImA >
0 0 = O 0 =z 0 O
0 0 0 = 0 0 =z O
3. (O 0 0 O 4 (0 0 0 O
0 0 0 O 0 0 0 O
dimg =2
x 0 0 0 r oy 0 0
0 y O 0 0 X O 0
I (0 0 —z O 2 (O 0 —z O s
0 0 0 -y 0 0 -y =X
r oy 0 = x y 0 0
0 —2 —z O 0 0 y O
3 (0 0 —z 0 4 (0 0 —x 0
0 0 -y =z 0 0 0 O
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0 2 0 vy
0 0 —y O
0 0 0 O
0 0 —z O
dimg =
z 0 0 x oy 0 z
y 0 0 5 0 Az -z 0
0 -z O 10 0 —=2 O
0 —2z =—y 0 0 -y —)Xz
Rel >0 or ReA=0,ImA >0
0y O z x oy 0 0
0 2 —z 0 4 z —z 0 0
0 0 O 0 10 0 -z -z
0 0 -y -z 0 0 -y =«
2z y 0 Yy
z 0 -y 0
0 —z -2z -z
z 0 -y 0
dimg =4
x z 0 t x y 0 0
0y -t O P t 0 0
0 0 —z O 10 0 —z —z
0 0 —z —y 0 0 —y —t
z vy 0 t
z —x —t 0
0 0 -z -z
0 0 -y =
dimg=25
z y 0 u
z t —u 0
0 0 —z -z
0 0 —-y -t
dimg==6
x y 0 u
z t —u 0
0 v —z -z
-v 0 -y -t
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§2 CLASSIFICATION OF COMPLEX PAIRS

Theorem 2. Any pair (g, g©) corresponding to an effective pseudo-Riemannian
pair (g, g) of codimension 4 is equivalent to one and only one of the following:

0.1 g={0}

g1 | ur uz uz uyg ﬁzl Ui Uz us Uy
Uy 0 U3z U3 0 U1 0 us 0 Uy
ug | —ug 0 wuy O uz |—uz 0 0 AUz
ug | —ug —u; 0 0 us| 0 0 0 (a+1)us
U4 0 0 0 0 Ug | —U1 —QU2 —(a+1)u3 0

g3 | wr  ug u3 Uy gs | Uz ug Uyg
Ui 0 0 0 2’11,1 (51 0 0 0 (751
U2 0 0 U1 U2 Ug 0 0 0 u1+usg
us3 0 —uy 0 Ug+us usz 0 0 0 Ug+us
Uyg —2u1 —Ug —Ug—U3 0 Ug | —U] —U]—U2 —U2—U3 0
gs | w1 Uz u3 Uy 6| u1  uz  uz ug

Uil 0 0 0 (5] U1 0 0 0 Ui

U9 0 0 0 U1 +UQ U2 0 0 0 aug

ug| O 0 0 ous ug| O 0 0 pus

Ug | —U] —U]—UZ —OU3 0 Ug | —U1 —OU2 —ﬁU3 0

g7 | ur uz u3 uy g8 | U1 usx us uy

uy| O 0 wu; O up| 0 0 0 wuy

ug | 0 0 0 wus ug| 0 0 0 O

uz | —ux 0 0 0 us 0 0 0 Uq

ug| 0 —ug 0 O ug | —us 0 —uy 0

do| ur uz uz uy gio|u1 Uz u3 U4

U1q 0 0 0 U1 Uy 0 0 0 0

U9 0 0 0 0 Ug 0 0 Uy 0

Uus 0 0 0 U2 Us 0 —U1i 0 0

Ug | —UT 0 — U2 0 Uy 0 0 0 0

g1 |u1 ug uz Uy

up |0 0 0 O
ug |0 0 0 O
ug |0 0 0 O
ug |0 0 0 O
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1.1

z 0 0 0
0 X O 0

8=Ylo 0 -z o ||%€C
0 0 0 =Xz

AeC, A <1, ReA>0o0r ReA=0,ZmA >0
A=0

g1| e1 ur uz  uz uy

eq] 0 gy 0 —uz O

up|—u; 0 0 0 O

up| 0 0 O 0 auq

ugs| ug 0 0 0 us

U4 0 0 —QUy —U3 0

g2| €1 uUr Uz U3 U4
€1 0 (5] 0 —Uus 0
Uy | —U1 0 0 U2 0
U2 0 0 0 0 U9
Uz | Uz —ug 0 0 Uus
ug| 0 0 —ug —u3z 0

g3 | e U1 Uz Uz Uy
€1 0 Uiy 0 —Us 0
Uy | —U1 0 0 €1 +U2 0
ug| 0O 0 0O 0 O
ug| uz —ej—ug 0 0 0
ug| O 0 0o 0 O

ga] €1 uUp Uz U3 Uy

€1 0 Uy 0 —Uus 0
up|—u; 0 0 wupy O
ugl 0 0 0 O O
Uus Uz —usr 0 0 0
ugl 0 0 0 O O

O5| e1 w1 uz uz ug
€1 0 U1 0 —Uus 0
Uy | —uy 0 0 €1 0
ug| 0 0 0 0 wug
Uz | ug —ex 0 0 0
Uy 0 0 —Usg 0 0
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€1 U1 U2 Uz Ug

€1
U1
U2
us3
Ugq

a7

0 U1 0 —Us 0

€1
Ui
U2
usg

Uyg

gs

—u; 0 O 0 0
0 0 0 0 U9
ug 0 O 0 O
0 0 —ug 0 O
€1 Ui Uz U3 Ug
0 Ui 0 —Uus 0
—U 0 0 €1 0
0 0 0 0 O
us —ex 0 0 0
0 0 0 0 O

€1 Uy Uz us Ug

€1
Ui
Uz
usg
Ug

go

0 uUq %—uz —ug —%m
—u; O 0 —2e1 wuqg
—%uz 0 0 ug 0
uz 2e; —ug 0 0

%u4 —ug 0 0 0

€1 Uy U2 U U4g

€1
Uy
Uz

us

Uy

AeC, [N <1, ReA 20 or Red =0, ImA

gd1o

0 Uy %uz —u3 ——%u4
—u; 0 0 0 Us
—quz 0 0 0 O

us 0 0 O 0

%u4 —uy 0 0 0

2

0

€1 Uy U U3 Uy

€1
31
U2
us3
Uy

0 wup A\ug —u3z —Auy
—u; 0 0 O 0
—Aup 0 0 O 0
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0 0
0 0
—x 0 zeC
—X —X
g1 er Ur U u3 Ug
€1 0 U] UL+ Uy —U3—Ug —U4
(751 —U1 0 0 0 0
U2 | —U1— U9 0 0 0 0
Uus Uus +U4 0 0 0 0
U4 U4 0 0 0 0
z 0
0 =z
0o oll%€ C
0 0
g1 e1 w1 uz  uz ug
€1 0 €1 0 U1 Uz
Uy | —eq 0 "'%‘Uz us %u4
U2 0 5’(.1,2 0 %w; 0
usz | —u; —us —%U4 0 0
Uy | —Ug —%u4 0 0 0
g2 | e Uy U u3 Ug
er| O 0 0 Uy Ug
up| O 0 0 HXer+(A+1)uz+Auy 0
ug | 0 0 0 0 Ug
us | —uy >\61——(>\+1)u1—-)\UQ 0 0 0
Ug | —U9 0 —U9 0 0
Al <lor|A|=1 0<arg)\ <7
g3 | e1 ur uz uz uy
ey 0 0 0 wur ug
up! 0 0 0 wu O
(%) 0 0 0 0 (7%
Uz | —uU3 —uUy 0 0 €1
Ugq | —U2 0 —U2 —€1 0
ga| €1 Ul u2 uz ug
€1 0 0 0 Uy Uz
upl 0 0 0 0 O
U2 0 0 0 Uy Up
ug |—u; 0 —u; 0 —ug
Ug | —U2 0 —U2 U3 0
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g5 | €1 ur uz uz ug
€1 0 0 0 Up U
upl 0 0 0 =2 y
ug | 0 0 0 y =z
ug|—u; —x —y 0 0
ug | —uz —y —z 0 0, where
1 A 1
TEIR AT T I
y=—rrat oyt T
A A 142X

FETIL eIt T e
e | €1 uj Uz us3 Uyg
e7| 0 O 0 Uy Ua
uy| 0 O 0 0 0
U2 0 0 0 )\ul _>\61+()\+1)U2
ug |—uy 0 —Auq 0 —A\ug
ug |—ug 0 Aeg—(A+1)uz Aug 0
g7 | €1 u1 uz uz uy
€1 0 0 0 Uy U
uz{ 0 0 O O O
U2 0 0 0 0 Ug
ug|l—u; 0 0 0 e
Ug | —us 0 —ug —e; 0
gs | €1 ur up u3 Uy
er] 0 0 O Uy U
uy| 0 0 O 0 0
up| 0 0 O —uy €1
Uz | —uUjy 0 Uy 0 e1+us
ug | —tug 0 —ey —eg—uz 0
go | €1 (1 U u3 Uy
€1 0 0 0 U1 U9
up| 0 0 0 —Aper+(A+p)ur  pus
U2 0 0 0 Ug 0
ug | —uy Aper —(A+p)ur —usg 0 (p—1)uy
Ug | —ug —pu2 0 (1—p)uq 0
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gio| e Uy U2 u3 Uy
€1 0 0 0 U1 U9
U1 0 0 0 —%61-}-(/\4{-%)’&1 %UQ
U2 0 0 0 Ug 0
us | —uy %61—()\-{—%)11,1 —Ug 0 Uy — Uy
Ug | —U2 —%Uz 0 %U4—’U/1 0
g | e u1 Uy u3 Ug

€1 0 0 0 Ul U2
up | 0 0 0 A1-XNer+ur (1—N)uz
ug | 0 0 0 U 0

ug | —ug A(A—1)e;—ug —uqg 0 e1— AUy
Ug | —U2Q ()\—— 1)’&2 0 —€1 +/\U4 0
gi2| @1 Uy U2 us3 Uq

€1 0 0 0 Uy U9

(5] 0 0 0 —eé1 +2’LL1 U2

U9 0 0 0 U2 —€71 +u1

Uz | —uUiy 61—2’LL1 —U9 0 0

Ug | —UQ —U2 €1 — Uy 0 0

gi3| €1 u1 uz u3z ug

€1 0 0 0 Uy U2

uy | 0 0 0 0 O

uy | 0 0 0 0 1w

U3z [ —ux 0 0 0 €1

Ugqg | —UQ 0 —Uy —€j 0

G1a| €1 u1 Uz uz ug

€1 0 0 0 Uy U

uy| 0 0 0 0 O

upg | 0 0 0 0 uy

U3z | —uUp 0 0 0 0

ug |—ug 0 —u; 0 O

gdis| e1 uy u3 Ug

€1 0 0 0 U1 U9

U1 0 0 0 0 Uy

U9 0 0 0 (73] —61+U1-|-2U2

U3z | —up 0 —U1 0 0

Ug | —U2 —U7 61—U1—-2U2 0 0

11
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g16| €1 ur uz uz U4
el 0 0 0 Ui U2
up | 0 O 0 0 0
U2 » 0 0 0 Uy U —uUx
ug |—u; 0 —u; 0 —ug
ug | —ug 0 ug—uguz 0
gir| e1 w U u3 Ug
€1 0 0 0 Uy Uz
Uil 0 0 0 0 Uy
ug | 0 0 0 Aup —=der+H(1=Nus+(1+N)uq
Uz | —uUig 0 —)\ul 0 (1 - )\)u;;
Ug | —U2 —U7 )\61+()\—1)U1—(1-|—>\)U2 ()\—l)u;), 0
gis| €1 Uy U2 Uus Uyg
el 0 0 0 Ui U2
up | O 0 0 0 U
U2 0 0 0 %ul —%61+%U1+%U2
Uz | —uUq 0 -%ul 0 Ug + %u;:,
Ugqg | —Ug —U3 %61—%1“—%’&2 —’Uz—%'u?, 0
dio| e1  up U u3 Uy
es| 0 O 0 Uy Us
Uq 0 0 0 0 Ui
Ug 0 0 0 0 uy + Ug
ug |—u; O 0 0 Uz + ug
Ug | —U2 —U7 —ui—ug —Ug2—Us3 0
d2o | €1 Uj Ug u3 Ug
€1 0 0 0 Uy U9
Uq 0 0 0 (1——‘2)\)61 +2/\U1 (2)\—1)11,2
221 1
ug | 0 0 0 Aug 301 €1 ~ 300 %1
uUs | —uUi (2)\—1)61—2/\’&1 —AUQ 0 ()\ - 1)11,4
Ug | —U2Q (1—2)\)u2 21(7\2_)1‘) 61+2(;_1)u1 (1—>\)U4 0
A#£1
ng €1 Ui U2 us Uq
€1 0 0 0 U1 Uz
uy | 0 0 0 —%el-l—f;)—ul -;—ug
U2 0 0 0 %UZ '—%61+%U1
ug | —uq %el— FU1 —%UQ 0 Uy —Luy
Ug | —U2 —§UQ %61—%’!11 '3‘?,L4—U1 0
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oo | €1 up u2 u3 (2
e1 0 0 0 Uq Ugy
(73] 0 0 0 2U1 2u2
upy | 00 0 uz e1—iuy
uz | —u; —2u;  —us9 0 Uy
Ug | —U2 -—QUZ %ul—el —U4q 0

@23 €1 ui uz uz uy4
e1 0 0 0 wup wue

ur[ 0 0 0 0 0
up | 0 0 0 0 O
Uz | —uy 0 0 0 €1
Ug | —U2 0 O —€1 0

foa | €1 Uy U U3 Uy

€1 0 00 Uy U2
uy | 0 00 0O
ug | 0 0 0 0 O
Uz | —Uq 0 00O
Uyg | —U2 0 0 00

Go5 | €1 up Uz uz ug
e1 0 0 0 wuyug
ur| 0 0 0 z vy
uz | 0 0 0 y =z
ug |—u3 —z —y 0 0
Ug |—ug —y —z 0 0

where

Ap(A —=1) Nhou— Ny AM1=X)
T = €1 Ui U2,
A p—Ap A p— A Adp—Ap
Ap Y A
_>\+N—)\Mel+>\+M—/\uu1+>\+u—/\ﬂuz’
_ Au(p—1) p(l-p) At p? = A
= €1 Uy + s,
A p—Ap A p—Ap A — Ay
A p—Ap#0.

y:

T'wo pairs corresponding to parameters (A, u1) and (Mg, pa) are equivalent if and
only if the points (A1, 1), (A2, u2) € C* x C* lie in the same orbit of the action of
the symmetric group &3 on C* x C* generated by the transformations

by,

> =
>

Ap) = (A () e (
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0

8 zeC

0

g1| e1 ur uz uz uy

€1 0 0 Uy U €1

Uy 0 0 Uy U Uy

U2 | —U1 —U7p 0 0 Uus

U3z | —U2 —U3 0 0 —Uus

ug | —e; —uy —uz uz 0

g2 e1 up Usg u3 Uy
er| O 0 U1 Ug €1
ur1| O 0 0 0 auq
uy | —u; 0 0 0 (a—1)us
ug | —ug 0 0 0 (a—2)us
ug | —e1 —aug (1—a)us (2—a)us 0
93| e1 w1 uz u3z ug

€1 0 0 Uy U2 €1

ur| O 0 0 0 2u;

Ug | —U71 0 0 €1 U2

Uz | —usg 0 —€1 0 0

ug | —ep —2u; —uy 0 0

ga| €1 ur uz u3z uy

€1 0 0 Uy U2 0

Uy 0 0 Uy U 0

g | —uy —uy 0 wusz O

Ug | —Ug —Ug2 —U3 0 0

ug| 0 0O O 0 O

g5 | e1 uir  up u3 Uy

€1 0 0 Uy U9 0

(751 0 0 0 0 Uy
ug|—uy 0 0 0 U

U3z | —U2 0 0 O Uy +’LL3

U4 0 —U1 —Ug —U3—1Uus 0

6| €1 ur uz uz ug

€1 0 0 U1 U9 0

up| O 0 0 0 uy

U2 | —U7p 0 0 0 U9

Uz | —Usg 0 0 0 Us

Uy 0 —U3 —UuUg —U3z 0
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gr| e1r w Usg u3 Uy
€1 0 0 U1 U2 0
Ul 0 0 0 Ui 0
Ug | —U71 0 0 OEq +’U,2+U4 0
Uz | —us —uU; —oe; —Ug—Uy 0 Buy
U4 0 0 0 —,8’!14 0
gs | e1 w1 U u3 Uy

€1 0 0 U1 U2 0

up | O 0 0 U1 0

Ug | —U1 0 0 aer+usg 0

uz | —ug —u; —ae; —us 0 Buy

Ugq 0 0 0 —ﬂU4 0

go| e1 w1 Ug u3 Uy
€1 0 0 Uiy U2 0
uyp | 0 0 0 Uy 0
ug | —u; O 0 ael+us+uy 0
U3 | —U2 —U] —QE] —U2— Uy 0 Uy —Uyg
U4 0 0 0 Uqg— U7 0
gro| e1 ug Usg u3 Uy

e1 0 0 U1 Ug 0

Uq 0 0 0 Ul 0

ug |—u; 0 0 ael+ug 0

ug | —uUs —uUj; —oe; —uUs 0 U1 —Uyg

U4 0 0 0 Ug — U7 0

gii| e1 w U3 us Ug

€1 0 0 Uq U2 0

Ug | —U1 0 0 oeq +U,4 0

ug | —us 0 —ae;—uy 0 Uy

ug | 0 0 0 —ug 0

gi2| €1 ur  ug U3z Ug

€1 0 0 Ul U9 0

Uq 0 0 0 0 0

ug |—u; 0 0 we; O

ug | —us 0 —ae; 0 wuy

U4 0 0 0 —U4 0

diz| er ur  up Uz U4

€1 0 0 Uy U9 0

Uy 0 O 0 0 0

ug | —u; 0 0 ettug O

Uz | —uU2 0 —€1— U4 0 Uy

Uy 0 0 0 —U3 0

15
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gia| €1 u1 uz uz uy

€1 0 0 Uy U2 0

ur | 0 0 O 0 O

ug |—u3 0 0 wuyg O

U3z | —uUg 0 —U4 0 Uy

Uy 0 0 0 —-uy; O

gi5| e1 uy Uz uz  Ugq
€1 0 0 Uy U9 0
up | 0 O 0 0 0
Ug | —U7p 0 0 e1+uy 0
Uz | —Uq 0 —€1 —Uyg 0 0
Uy 0 O 0 0 0
G16| €1 U1 Uz U3 Ug

e1 0 0 wup uy O

Uy 0 0 0 0O

ug |—u3 0 0 wug O

Uz | —uU9 0 —Uy4 0 0

ug | 0 0 0 O O

gi7| €1 u1 upz uz uy

€1 0 0 Ui U9 0

up | 0 0 O 0 O

Ug | —U1 0 0 €1 0

ug | —ug 0 —e; 0 1wy

U4 0 0 0 —Ui 0

Gis | €1 up uz uz Uy

e1 0 0 uy up O

Uq 0 00 0 O

Ug | —Up 0 0 0 0

Uz | —Ug 0 0 0 Uy

Uqg 0 0 0 —U3 0

G19| €1 u1 up uz uyg

€1 0 0 Uy Up 0

U1 0 0 0 00

Ug | —Up 0 0 €1 0

Uz | —Ug 0 —e€1 0 0

ug | 0O 0 0O 0 O

G20 | €1 up U uz ug

e1 0 0 ug up O

Uq 0 0 0 0 O

Ug | —Up 0 0 0 0

ug |—uz 0 0 0 O

ug | 0 0 0 O O




2.1

2.2

FOUR-DIMENSIONAL PSEUDO-RIEMANNIAN HOMOGENEOUS SPACES

x 0 0 0

8 3(; —0:1: 8 ny €C

0 0 0 —y
g1 er e ur uz uz Uy
€1 0 0 Uil 0 —Uus 0
€9 0 0 0 (%) 0 —U4
uy | —u; 0 0 0 e O
U2 0 —U2 0 0 0 €2
Uus Uus 0 —e€1 0 0 0
U4 0 U4 0 —€9 0 0
g2 | e €2 U1 U2 U3 Ug
e1| O 0 w3 0 —usz O
ea| O 0 0 wups 0 —u4
up | —u; O 0 0 e O
ug| 0 —ug 0 0 O 0
Uus us 0 —€1 0 0 0
U4 0 Ug 0 0 0 0
g3 | er e uy upz uz uy
€1 0 0 Uq 0 —Us 0
€2 0 0 0 U9 0 —U4
up|l—uy 0 0 0 O 0
ug| 0 —uy 0 0 O 0
Us Us 0 0 0 0 0
ug| 0 wuge 0 0 O 0

x oy 0 0

8 )‘Ox _Ox 8 r,yeCy AeC, [N <1

0 0 -y -—-Az
g1 er e uyr upy uz ug
€1 0 €2 U1 0 —Uus 0
€y | —€g 0 0 U1 —Ug —-262
Uy | —Uy 0 0 0 U9 —Ux
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