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MomuaTve NOYTH NapaKOHTAKTHRIX CTPYKTYp Ha rpymie Jlu

In this paper that is continuation of [2] we deal with lifts of left invariant almost para-
contact normal (or weak-normal) structures on a Lie group G to the left invariant almost
paracontact normal (or weak-normal) structures on the group 7G.

1. Let G be a Lie group and 7G be a tangent bundle to G. It is known [3], TG has a
natural structure of a Lie group. If & is given tensor field of type (p, ¢) on G, then the
symbols ®”, &€ denote vertical and complete lifts of the field ® to TG (For details
see 3]). It will be useful:

Theorem 1.1 [3]. Vertical and complete lifts of a left invariant vector field on G are
left invariant vector fields on TG. If vector fields X,, .., Xp constitute a basis of left
invariant vector fields on G, then the fields X, .., Xp,; X§, .., X5 are the vector fields of
a basis of left invariant vector fields on TG,

The following formulas will be useful:

W X)=0, W (X)=[w®X)], "E)=uX")=(wX)" (1.1)
for any 1-form w and any vector field X on G.
XY =[], ¢'(X")=0, ¢°(X")=¢"(X)=[e(N)} (1.2)
for any tensor field ¢ of type (1.1) and any vector field X on G.
[xX*, Y’1=0, [X, Y°]=[X, YI°, (X*, Y] =[XS, Y'1=[X, Y]’ (1.3)

for any vector fields X, Y on G.
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PRQF =P RQF +PRF (1.4)

for any tensor fields P, Q on G.

Let w be a left invariant form on a group G. If X,, .., X, are vector fields of any basis
of the left invariant vector fields on G, then w(X;) = const for i = 1, .., n. Conversely,
if w(Xj) = const fori= 1, .., n, then the form w is left invariant.

In virtue of (1.1) and Theorem 1.1 it follows that the forms w” and «w® take constant
valueson X7}, .., X3, X¢, .., X5. Hence they are the left invariant forms on G.

Definition 1.1. Let ¢ be a tensor field of type (1.1) on G. ¢ is said to be left invariant,
if (Lg)e © ¢ = ¢ O (Lg)s for any g € G, where L, denotes the left translation of G by an
element g € G, and (Lg)s is the induced mapping by L, for vector fields on G.

Lemma 1.2. A tensor field ¢ of type (1.1) is left invariant if and only if takes Ieft
invariant vector fields into left invariant vector fields.

Proof. In fact, let G denote the Lie algebra of the left invariant vector fields on G and
let X € G. Then (Lg)+(X) = X for every g € G and ¢(X) = ¢((Lg)s (X)) = (Lg)e(¢(X))
hence ¢(X) € G. Suppose now, that for any X € G, ¢(X) belongs to G. Denote by X;(h)
the value of the left mvanant vector fields X; at a point h € G. Let Y € G, then Y(h)=
= a’(h)X;(h) wherea' : G - R, and X, , .., X, constitute a basis of G. We have

S(Le)s (@' (W) X;(h) = B(a' W Xi(eh) = @' ((Xi(eh))

and

(Le)e (@@’ () Xi(h)) = a' ()(Lg)s B(Xi(R)) = o' (W)(Xi(gh))

Thus ¢ O (Lg)e = (Lg)e O ¢ foreveryge G.

From Theorem 1.1 and the condition (1.2), it follows that the tensor fields ¢* and ¢
take left invariant vector fields into left invariant vector fields, thus they are left invariant.

We shal need the following: __

Theorem 1.3 ([3] p. 33). Let P, Q be tensor fields of type (0, s) or (1, s) on TG, where
§> 0, such that

P(ylv"yf) Q(Ylu-- )

for any vector fields Y,, .., Ys on G. Then P Q s
Observe that in particular if ?(Y" Y§)=O0forany Y,,., Y; onG, then P = 0.
Now suppose that F is a left invariant tensor field of an almost product structure on G,

Then F* and F€ are left invariant tensor fields on 7G and

(F*)* =0rg, (F°) =ldrg. (1.5)

Thus, F€ is a tensor of an almost product structure on 7'G. If an almost product structure
Fon G is integrable i.e. the Nijenhuis tensor [F, F] vanishes identically on G, then from
Propositions 5.5 and 5.6, pp. 35, 36 [3), it follows that [F€, F€] = 0. Thus we have:

Theorem 1.4. The complete lift F€ of a left inariant tensor field F of an almost product
structure on G is an integrable left invariant almost product structure on TG if and only
if Fis integrable.
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Now we shall deal with lifts of left invariant almost paracontact structures from G to
TG. Let (¢, £, n) be such structure on G. We have:

¢’ =ldr¢ —n®%,

n®=1,
no¢=0, (1.6)
¢()=0.

Thus, using (1.1), (1.2) and (1.4) we obtain:
() =ldrg —0"®F —n° ®@¢,
TE)=0, 7' ¢E)=n"¢)=1, 1°¢)=0, (1.7
¢ =0, ¢°(¢)=0.
From (1.7) it follows that (¢)* = ¢°. On the other hand:
@V @ Q)= ¢ X —n“ @ ENE —n" X)) E .
TE @) E + 77 (@ X)) E=0.

Since §” and £° are linearly independent, we have:

Hence

n°o¢° =0, n’0¢°=0. (1.8)
Letfy, =¢° + e,n° @ and f; =¢° + ;7" @ ¢, where ¢, =11, e, =+ 1. Then

il =@ +ean” @)Y =@+ a@ o@ @)+ @ @E)0¢)+ (f @E) =
=ldrc—n" ®@F —1° @ +1° @ =ldrg—n" ®F°.
Similarly (f,)? =Idpg —n° ® £°. After having used (1.7) and (1.8) we got:
Theorem 1.5. If (¢, &, n) is a left invariant almost paracontact structure on G, then
(. &, n°) and (f,, &', n°) are the left invariant almost paracontact structures on TG.

Now suppose that a left invariant almost paracontact structure (¢, £, ) on G isnormal.
Then, by virtue of [2] we have:

B(X, V)= ¢lX, Y]—[¢X, Y]~ [X, $Y] + 6 [¢X, 6Y] =0 19)

for any vector fields X, Y on G.
Conversely, if ® = 0, then (¢, £, n) is normal. If we put Y = £ in (1.9), then we have:



32 Andrzej Bucki, Ryszard Hotubowicz, Andrzej Miernowski

X, E]— [¢X, E]=0 (1.10)

for any vector field X on G. As we know [2], for a left invariant normal almost para-
contact structure the condition (1.9) implies: '

n[¢X, Y]+ n[X, Y] =0 (1.11)
for any vector fields X, Y on G. From (1.10) and (1.11) we have:
$0X, £1— [X. §]=0, (1.12)
n(X §]=0, (1.13)
for any vector field X on G.

Now we prove the following:
Proposition 1.6. The following equalities hold good :

o° [X, Y]+ o° [¢°X, Y] =0, (1.14)
2 (X, ¥1+ o (X, 6°¥] =0, (1.15)
& 18", ¢V~ (8, Y] =0, (1.16)
¢ [t ¢°Y 1[5, Y] =0, (1.17)
n° [§", '] =0, ! (1.18)
7 [55 ¢°Y] =0, : (1.19)
¢ (X, V] - X, 1~ (X, 71 + ¢° (6K, ¢°Y ] =0, (1.20)

for any vector fields X ,Y on TG,
Proof. On account of Theorem 1.3 it suffices to show that tensors of the left hand
sides of (1.14) through (1.20) vanish for the complete lifts of all vector fields on G.
Let X, Y be vector fields on G. Using (1.1), (1.2), (1.3), (1.10) — (1.13) we have:

n° [X6, Y6 +0° (65 X°, 67 Y )= [X, Y]+ n[¢X, oY) =0,
0 [XS, Y + 0" [6°XC, 6°Y ] =@ [X, Y]+ n[¢X, ¢Y]" =0,
¢ [£". 6°YC)— ¢, Y] = (0 [£ oY) (£ YD" =0,
¢ [£5, 0 Y] —[E5, Y = (0 [ oY —[£ Y] =0,
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n° [&, 6°Y )= (£ #Y])" =0,

n° [§5,6°Y ) = ( [£ #Y]D =0,

8 X, Y°]— [6°X°, YO] (X, 6°Y°]+ F [4°X°, 7€) =
=@ [X, Y]~ [¢X, Y] —[X, ¢Y] + ¢ [¢X, ¢Y])" =O.

Now we prove:

Theorem 1.7. Let (¢, &, 1) be a left invariant normal almost paracontact structure
on G. Then (fy, £, n"), (f;, £', 1°) are left invariant normal almost paracontact
structures on TG,

Proof We know (see [2]), that the normality of the structures (f;, £, ") and
(f2, g n°) is equivalent to the following conditions:

¥ ED=LEN-UXT- AN+ X AN =0
3, AN=LXN-UXN-ELN+L1nXAN=0

We have:
8. A=k N-wXA-XeN+ e wX o+
teo XN+ (X ENE + e, f X o° 1€, 6° 1) — 1, T +
o it D@ EX 1= X e+ o O X 218+ o Do [ 6N

3, @ N=¢ X N-XN-X N+ @ on+
ra @ XN+ R EIDEFard o 1€ 61 D+
~ ~ ~ o ~
+e ' (D X, €)- X €D+ 0" N0’ P18+ 0 (D0’ [, 6718
In the virtue of Proposition 1.6 we obtain, that ®, (X, ¥) =0 and ¢, (X, Y) = 0 for any
vector fields X, Y on TG.
Suppose now, that (f;, £, #") is normal structure i.e. ®; (X, ¥) = 0. Let X, .., X,
be a basis of the left invariant vector fields on G. Then n(X) = const and 1 (X"') =
= (X)) = 0. Hence:
=3, (OF, XF) = ¢° (X X51— (6°XF XF)— (XD ¢ X1+ ¢° (X, 6°XF] =

= @ [X, X~ [6Xi. Xj1 = [Xi. 621 + 6 [0Xi, X;])° .
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Thus, we have:
® €Xi, X)) = ¢ [Xi, Xj]— [6Xi, X)) — [Xi, ¢X7) + ¢ [0, 6Xj] = O

for any left invariant vector fields X;, X;, what means that (X, Y) = O for any vector
fields X, Y on G. If (f;, §¥, n°) is the left invariant normal almost paracontact structure,
then &, (X, Y) = 0. Since #” (X/) = 0,/ = 1, .., n we have:

0=3, (X7, X)) =¢° (X}, X1~ [6°X}, X)) — (XD, ¢°X)] + & [¢° X, ¢° ) =
= (¢ [X;, Xj]1— [8X;, Xj] — [ X, 6Xj] + ¢ [6X;, 6X7])" .
Hence
¢ 1y, Xj]— [6X;, X1 — [X;, 6X;] + ¢ [X;, X)) =0.

Or ®(X, Y) = 0 for any vector fields X, Y on G.

We obtain the following:

Theorem 1.8. The following conditions are equivalent:
(i) (0. £ n) is a left invariant normal almost paracontact structure on G.

(ii) (/;, £5.n*) s a left invariant normal almost paracontact structure on TG.
(iii) (f;,£*, n€) isa left invariant normal almost paracontact structure on TG.

2. Now we shall consider lifts of left invariant weak-normal almost paracontact
structures from G to TG. We recall, that the weak-normality of an almost paracontact
structure (¢, £, n) on G means the integrability of two almost product structures Fy =
=¢+ n®tand F; =¢— 1 @ £ ([2]). Suppose now, that (¢, £, n) is a left invariant
weak-normal almost paracontact structure on G. On account of Theorem 1.4 we know
that FE=¢* + 0 @ + ' ®F and FE =9 —n“®E —n" @ £ are the left.
invariant normal almost product structures on TG. PuttingF, . .= F+ean @+

+ e,7" ® £° we have: 2

Fee, oy P e JED =10 6N+ e DT 21+ e Dok 1+
veart O, 1+ e DIE, #71+ 1FA- {5 10% N+ e Gwere, A+
+ e B8, V1 + et (0K, T + i° OOt [, T + e eu?’ Bl 180, i +
+ e’ 10°%, VI + ereant OO 18", VI + o O’ 85, T° + o° (X, 677 +
+ ' NEX, 01+ e NEE, E1+ e’ X, TR + i Pme (X, 2 +
e e DX €W + e’ (X 6T + " (M'(X, £3° +
+ ' (Hn(X, t‘lt‘j 3 Q.1
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for any left invagiant vector fields X : ; on TG.

Since F{ = F(;, 1) and F§ =1'(. 1,- 1) and because of the integrability of F{ and F§
we have:

[ﬁ(l, I); ?(1, 1n]=0 (2.2
(B 1,- 10 Feer,- 191 =0 (23)

If we add (2.2) to (2.3) and next substract (2.3) from (2.2) and simultineously use (2.1)
we shall obtain:

(6%, 671+ (X, V1= 6 (X, T - O’ ¢, FAE° —* O 1€, I8 —
—nf O 1, N —nf 01, 1 — 1%, 6 - D' (X, 08 —
(X 18— D X, 21 —o' X 21 =0 2.9
for any left invariant vector fields X, ¥ on TG.
PO 1+ DR L)+ " G, N + o DIE N - 100K T -
—7 19K e~ D, N Do - R e~ @9)
—1* (X, 718" =0 D (X, ] - * D (X, &) = 0
for any left invariant vector fields X, ¥ on TG. Let X,, .., X, be a basis of the left
invariant vector fields on G. Without loss of generality of our considerations we may take
X, = and n(X;) = 0 for i> 1. If we take X = X¢ and ¥ = Xf in (2.4) and 2.5) we get:
[6°XE, 4°XE1+ [XE, XE) — 6 [6°X5, X1~ CKE P45, XE1EE — =
—¢° [XC, 6°XF) —n* (X5 [XE, E1E°
7 GO O XE, £ + 1 (ROIEE, 0 XE] ~n° [ XC, XE1E€ — 2
— ' (XD 1. XF) — 1 (X, 6°XF1E — o (XP)O° (X7, €] =0. -
Similarly, putting X=¢%=XxG>1)andnext X=¢, ¥=X? > 1) and X, = X7,
P xf (i, /> 1) in (2.4) and (2.5) we obtain:
(&, X{]= nf (8", XE)'— o° (&, ¢°XE] = O, 2.8)

(8%, 6°X7] — 6° 8%, X{) ~nf (&, 6°XF 1 ¥ =0 (29)
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(£, X]1— n°[£5, X)) —¢°[¢°, ¢°X]) =0, (2.10)

(85, 6°X)) — ¢ [£°, X)) —n° [£°, $°X} 1" =0, @.11)
[¢"X",¢‘Xf]-— [Xl', X —¢c[¢"X!", X£)—¢¢ [Xl", ¢"XI.‘] =0, (2.12)
— i [¢°X], X[ 18 —nF [X],0° X )& =O. (2.13)

Now we shall investigate the problem when the almost product structure 2:(,1 ,e,) 08
integrable,where €; * €, =— 1. We have:

Fe,. ¢33 Fie,. e)] OF, X7) = [¢°XF, ¢°XF) + exn(XDIOEXT, ] +
+ e (X))E, $°XF)+ (X7, X1 — {0 10°X7, X{1+ ean’ (XD)OF[°, XF) +
+ exn” [0°X7, X7JE + " (XD (85, X716 + o [X], 6°XT) + 0" (X))o (X7, £) +
+ e (X7, FXSIEF 0 DX EFIEY i =1
In virtue of (2.6) and (2.7) we obtain:
[‘F'(e‘,e,)rﬁ(el.c,)](xf-xf)=0- Lji=1,.,n (2.14)
Taking into account the formulas (1.1) — (1.3) we have:
Fe,, g0 Feer, en] XL X)=0, ii=1,0,n @.15)
Moreover for i, j > 1, we have:
Fie,. e Fee, . e} XL XE) = [6°X0, 6 XF1 + [X], XF] —4° [6° XY, XF] —
—en°[6°X}, XF1E —o° (X}, 6°XF] —exnf [X], $°XF)E".
Because of (2.12) and (2.13) we have:
Fee,, es3 Fee,, ep] 07, X)) =0 (2.16)
for i, j > 1. Putting X = ¢, ¥ = X¢ in (2.1) we obtain:
Fe,. ey Feey, e ) @ XY = €1 (8%, EXE1 + (£, XE] — €067 (8%, XE} —
—n° (&, XE1E — (8", 6°Xf)— e [€7, 6°XT )8

On account of (2.8) and (2.9) we have:
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Fe,. ey Fep, ep) @ XH=0. (2.17)
Putting X = §, ¥ = X? in (2.1) we obtain:
Frer, e Feer, en] 6 X = [, 6°X7) + (€, X1 —e,6° 17, X1 +
+ 1L XN~ IE X —an [, ¢ XN = e[, 9°X0)+ (85, X7]—
—LEEE X+ X 6 C X+ o [, 6 =6 {1, 68 -
—EIE XN+ E XY+ XN+ 0 X~ X7,
In virtue of 2.10) and (2.11) we have:
B, e Fler, en] @ XD =2 [, X + o (8, X0 =

(2.18)
=2 {eanlt, X J& + nlt, X1} "

Thus, we have:

Theorem 2.1. Suppose that [F(, 1) F(, 1] =0and [F(- 1,- 1) F(- 1,- 1)} =0.
Then [Fe,, e,y Fe,, e,)1=0,Wheree, €, = —1, if and only if e;n[£, $X] + n[§, X]=0
Jor any left invariant vector field X on G such that n(X) = 0.

Now, let us consider the almost paracontact structure (¢° + &, n° @ £, £, n°).
The weak-pormality of this structure means the integrability of the almost product
structures F, | 1) and F(, - 1). & =% 1. Suppose that [F((, 1), F(1, 1)] =0 and
[’;‘(_ 1, -1) l?( -1, -1)] = 0. If we take ¢, = 1 then from Theorem 2.1 we have:

~ ~

fFa,-1) Fu,-1n] =0 if and only if n{¢, X] —n(%, ¢X] = O for any left invariant
vector field X on G such that n(X) = 0. If ¢, = — 1 then because of the same reasons
we have: [F( -1, 1) F(_. 1, 1)] = 0 if and only if n[%, X] + n[£, ¢X] = O for any left
invariant vector field X on G such that n(X) = 0. We have proved the following:

Theorem 2.2. Suppose that (¢, &, ) is a weak-normal left invariant almost paracontact

structure on G. Then (¢° + tn° @ £¥, £, n") is a weak-normal left invariant almost
paracontact structure on TG if and only if

n(& X]—enlt, ¢X]=0 (2.19)

for any left invariant vector field X on G such that n(X) = 0.

Remark 1. If (¢, £ 1) is normal, then the conditions (1.11) — (1.13) are satisfied
and therefore the condition (2.19) is also satisfied.

Remark 2. We can give similar theorem for the structure: (¢€ + en’ ® £, ¢°, 7).
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Now, suppose that (¢ + en® ® ¢, £°, n¥) is a weak-normal left invariant almost
paracontact structure on 7G, what means that:

[;(e. 1) 7‘"«, 1] =0 and [7'"(.,- 1) F(.,- 1)]=0. (2.20)
On account of (2.1) we have:
(Fee, 13, Fee, 0] K. D =[6°%, 61 + en° DK, 1+ v DX, 7 +
+ et DO, 71+ 7 DI, 671+ (X N1 - {#10°X 1+ e Dot N+

+ P [, Y]+ enC[0°X, FIE° + o° DO (&%, FIE + er” D" [, V18" +
(2.21)

A~

+ 165X, VIE + e D’ [, NE + " O 5, V15 + ¢° (X, ¢°7] +
+ ef N (X, 21+ P D 61K, 8] + e (X, ¢ N + ot (Do (X, 2187 +
+ e’ N (X, £18 + 2" [X, € NE + e D’ (X, 1 + v Dy’ [X, €18 =0
for any left invariant vector fields X, Y on TG,
Fle, 13 Fee,- 0] & D = (X 671 + en D 6°X 21 - D 6%, 8]+
+ et O, 71— O, 71+ (X N~ 0% N+ e Do, N-
— O 1, T+ enf [6°X, V)8 + of (:\;’)nc &, 11g —en® On° 18, Y18 —
[0, VIE —en* D’ 18, VIE + 2" O’ 18, 1 + #°(X, o7 + R
+ et (N IX, 21~ 7 DX, £+ e’ [X, 6V + o° D [X, 12 +
+ e MF X, 18—’ (X, oY) —en® (DR [X, £ + " (DX, t‘]E"_} =0
for any left invariant vector fields X, ¥ on TG, After adding (2.21) and (2.22) we have:
X, 671+ e DS X, €1+ en” D, °T1+ (X 7] = {o°[6°K, P+
+ " D[, N+ en (0K, TN + o° D) (%, I8 + o O’ [, V) +
+ 6 (X, ¢ T)+ e DX, 21+ en (X, 6T + of Dl (X, 2187 + R
+ 7 (o' (X, E’]&‘_} =0

for any left invariant vector fields }, ;" on TG. Substracting (2.21) from (2.22) gives:
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P DX+ 7 D 61— D1, N1+ en’ Byacre, e+ '
+ 1K, VIE + en D’ [, N + " DX 21+ e’ D (X, €18 +
sk o e + e DX e} =0 .
for all left invariant vector fields X, Y on TG, From (2.1) we have:

(Fi-e-e0 F- e, o]l & D = [¢°X, ' N — erf D0°K, 21— en® Do X, 11 -
—en (DI, 671 —en’ D, 671 + (X N = Jo (0°X, T - et Do 1, V1 -
— e’ B, V) —en 15X, DI + o* D’ (2. V18" +  Bonf e, T -
—e’ (6%, V1 + o D’ (&, T + 0 DOn" 1, TN + ° (X, ¢ 1) -

— et Ne° (X, '] —en’ Dyo° (X, €] ~en’ (X, V18 + o* D (X, 18" +
+ 0’ D' XN —en’ (X, 0N + f Dy’ (X 21 + 0 D' (X 1Y

After having used (2.23) and (2.24), we have:
Fi- ey Fi- er- 0] & D=2 (=et (D%, £ -
—en OO, 6° 11— f—en® D4°1¢", N1—en (¢°X, T + n” O£ 71&('2; 3
+4° 00’ 1%, NE —en* DX, £ en’ (X, I8 + 0 D X 18 +
+ o X 2] ).
Let X;, .., X, be abasisof left invariant vector fields on G such that X, = £ and n(X;J =0
for i > 1. In virtue of Theorem 1.1 the vector fields £, ¢, X;, - XE, X2 4 X,: con-

ll§Jitute a basis of left invariant vector fields on TG. Now, for X = Xf, 7= Xf and next
X=x?,Y =X in (2.25) we have:

[;‘(- =€) F(— - 0] (X, x]c) =0, (2.26)
(Fe- - 3 F= - ) K], X1 = 0. @27)

~ ~ ’ .
Putting X = Xf, Y = Xl', i,j > 1in(2.25) we have:

[;':(‘ €, e) F(- c.—t)](xf- X7)= .
(2.28)
== 2e(°[¢°X]. X]) + n° (X7, X7 DE .
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~ i
Taking X =¢%, ¥ =X“', i>1in (2.25), we get:

[%(- e, - e) ;(- c,-e)] (sv' Xf)=

: (2.29)
=2(—e[®. X1~ eI, X5~ e’ (¥, XY ) =
=2e(¢°[£". X1+ o[£, ¢° XFIE — ¥, 6°X7)) .

For X =4, ¥ = X?,i>1in (2.25) we have:
[;‘(—e,- e) 1":(— ¢,-a)] (Ec. Xp -
1 (2.30)
=—2 {of [, X)W —en’ &%, °X]IE'Y .
Taking ¥ = X7, ¥ = X7, 1,/ > 1 in (2.23) we have:
[¢°X5, 6° X1+ (X[, XT] — ¢ [¢° X7, XT)— o° (X}, ¢°X]] =0

and because of (1.1), (1.2), (1.3) we have:

[¢X, X)) + [Xi, Xj]1— ¢ Xy, X)) — X, 6X] = 0. (2.31).

Putting X = X; Y= XI" in (2.23) we obtain:
0°XE, 6° X1+ IX, X))~ 105 X5, X1 =01, ¢ X)) —e { nf (005, 2]+
+ o XL X1 =0
and again because of (1.1), (1.2), (1.3) and (2.31) we have:
[4°XF, 65 X7 + [XF, X7) —4° [6°XF, X7 —¢° X}, 4°X)) =
= { [6X;, 27] + [X;, X;] —$[6X;, X1 — 91X, 0X)1§ =0
hence: _
n°[¢° X, X71+ n° (X[, ¢°X]] = 0. (2.32)
Ifwetake X =¢", Y = X“ , i>1in(2.23) we obtain:

e[, 6°X7) + [£°, X7 ] —es® (¥, X7] —
(2.33)
— 1 [, X[ 18 — 6° 1, ¢°XT] —en® (¥, ¢°X] = 0.
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" Ingerting ¢°X7 instead of X in (2.33) we have:

(&, X{1 + I¥, ¢°X[]—ed° (¥, ¢°X] ] —

: (2.34)
—n°[¢", ¢° X718 — ¢°[¢", X[] —en®[¢", X] =0
From (2.33) and (2.34) we obtain: ~
18, X1+ 08, 60— [, 6°XE] =0 (2:35)
Putting X = £, ¥ = X? in (2.23) we obtain:
[, X — ¢ [, X1~ en €5, ¢° X1 =0,
Hence:
[&, Xi] — 6t 6Xil— enlt, $X1€ = 0. 2.3
From (2.35) if follows:
8Lt Xi] + nlE, $XJE— [, 6X,] =0
= nlt, X)& = [6 X1 —6[5, 6X,). @37)
From (2.36) and (2.37) it follows that:
niE, X —enlt, aXQE=0. - 238)
Combining (2.26) — (2.30) with (2.32), (2.35), (2.38) we obtain:
Fe-em ep Froe,- 0l & =0 (2.39)

for any left invariant vector fields X, Y on TG.

Hence we have: ’ ke

Theorem 2.3. Suppose that [Fie, ), ?'(,' 1)) = 0and [F(,, ), )3(,' —~1)] =0.Then
[?‘(' e, - &) ?"(' e,-0]=0.

Hence we may state:

Theorem 2.4. Suppose that (¢€ + en’ @ £, £, n°) is a weak-normal left invariant
almost paracontact structure on TG. Then (¢, &, ) is a weak-normal almost paracontact
left invariant structure on G,
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STRESZCZENIE
W tej pracy, ktéra jest kontynuacja pracy [2], rozpatrujemy podniesienia lewo-niezmienniczych
prawie para-kontaktowych normalnych lub stabo-normalnych struktur na grupie Lie'go G do lewo-
-niezmienniczych prawie para-kontaktowych normalnych lub stabo-normalnych struktur na TG
majacej naturalna struktur¢ grupy Lie'go.
PE3IOME

B 3Toft paGoTe 3aHMMacMCA NMOOHATHEM JIEBO-#HBAPHANTHLIX NMOYTH DAPAKOHTAKTHRIX HOpMATL-
HBIX H CIa60-HOPMANBHLIX CTPYKTYP Ha rpyie Jiu.



