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Abstract. In this paper, we investigate the mean Landsberg curvature of two
subclasses of (o, 3)-metrics. We prove that these subclasses of («, #)-metrics
with vanishing mean Landsberg curvature have vanishing S-curvature. Using
it, we prove that these Finsler metrics are weakly Landsbergian if and only if
they are Berwaldian.
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1. Introduction

Consider a Finsler metric F = F(z,y) on an n-dimensional manifold M.
Let G* = G'(x,y) denote the spray coefficients of F in a local coordinate
system.The Landsbergce curvature L = L;jx (7, y)da' ® dad @ dz* is a horizontal
on TM/0, defined by

1

Finsler metrics I are called Landsberg metrics if L;;j; = 0 .The mean Lands-
berge curvature J = J;dz’, defined by

yiydyk-

Ji = g" Liji
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Finsler metrics F' with J = 0 are called weakly Landsberg metrics. Clearly, in
dimension two, any weakly Landsberg metric must be a Landsberg metric.

In this paper, first we consider the (a, 8)-metric F' = \/c102 + 2coa3 + c3/32
on a manifold M, where ¢; are real numbers. This metric is called the Randers-

type metric [1]. Indeed, by putting ¢; = ¢3 = ¢3 = 1, we get the Randers metric.
We prove the following.

Theorem 1.1. Let F = \/claz + 2coa8 + ¢332 be the generalized Randers
metric. Then F is weakly Landsberg metric if and only if it is a Berwald
metric.

Then, we study the mean Landsberg curvature of the Finsler metric F' =
cia + cof3 + c34%/a and prove the following.

Theorem 1.2. Let F = cia + co3 + c38%/a be a (a, 3)-metric. Then F is
weakly Landsberg metric if and only if it is a Berwald metric.

2. Preliminaries

For a Finsler manifold (M, F), a global vector field G is induced by F on
T My, which in a standard coordinate (z¢,y?) for T My is given by

9 9
G=y'— —2G"— 2.1
Y o oy’ (2.1)
where G* = G*(z,y) are local functions on TM given by
i Lo 02F? o Ol
G = 1 {(%kayly ~ o }, ye T, M. (2.2)

G is called the associated spray to (M, F').

For a non-zero vector y € Te M, define By : Te.M x T.M x T.M — T.M by

— BM iy Gl _0
By (v, u,w) = Bjv'vlw' 5o

1, where
m o 83Gm
il Yty Ayl
B is called the Berwald curvature, and F is represents a Berwald metric if
B=0.

For a Finsler manifold (M, F'), the Busemann-Hausdorf volume form dVy =
or(x)dxt...dz" is defined as follows:
Vol(B™(1))
T Vol{(v) RV F(y ) <1}
Then, for y = y™9d/0x™|. € T.M, the S-curvature is defined by
oG™ 0

S(y) == 5 —y" 5 | Inor(z)]. (2.3)
y or

O’F(l')



94 Ali Haji-Badali and Jila Majidi

The S-curvature has been introduced by Shen for the formulation of a compar-
ison theorem on Finsler manifolds.

The function F' = a¢(s) is a Finsler metric for any o = /a;;4'y’ and any
B = byy® with ||B:||a < bo if and only if ¢ is a positive C°° function on (—bg, bo)
satisfying the following condition:

B(s) — s¢'(s) + (b* — 5%)¢"(s) > 0, |s| < b < by. (2.4)

From (2.4), one can see that ¢ = ¢(s) must satisfy

o(s) — sd'(s) >0, [s] < bo.

For more details, see [4]. A Finsler metric F' on a manifold M is called an
(c, B)-metric if it is expressed as F' = a¢(s) with ||8||a < bo, where @(s) is
a positive C* on (—bg, by) satisfying (2.4). In order to study the geometric
properties of (o, 3)-metrics, one needs a formula for the spray coefficients of an
(o, B)-metric. Let

1 1
rij = 5 bag T bj),  sig = (it = bja),

S . — — k
rti=argg, s'; 1= a"sg, Qij = 1iss’y,  tig = tigs",
ryi= bZTij, S5 1= b’sij, q; ‘= bzqij, tj = bltij,
where ”|” denotes the covariant derivative with respect to the Levi-Civita con-

nection of a and b’ := ab;, a¥ is the inverse of a;;. We define 7,0 = r;;3’ and
roo = rijy'y’, ete [2]. For a function ¢ = ¢(s) satisfying (2.4), we let
Q=2 Ai=145Q+ (1P —)Q, = ab; — sy;
eyt = s s9)@Q, j = ab; — sy;.

3. Proof of Theorem 1.1

In this section, we are going to prove Theorem 1.1. In order to prove it,
we need to remark some necessary facts. In [5], Benling Li and Zhongmin
Shen studied the mean Landsberg curvature of («, 3)-metrics and proved the
following.

Lemma 3.1. ([5])Let
D= —(nA+1+5Q)(Q—sQ) — (v* —s*)(1+Q)Q",
01— T 2R (\/bQ—s <I>)

A2
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Then the mean Landsberg curvature of F' is given by following

A 202 /@
Tt =gl o (5 + 1+ D@=@)) (o= o)y
)
+ ﬁ ('(/Jl + SZ)(TOO - 2OZQSO>hj

+ a( —aQ'sohj + aQ(a’s; — y;s0) + a®Asjo

+ a2(7“j0 —2aQs;) — (roo — QaQso)yj) %}, (3.1)

- i o 3 . i1 I k R k
where sg := 8;y", 1o = 1r3y", Too = T Y'Y, rjo = ripy" and sjo = S;Y".

Remark 3.2. For an (o, 8)-metric F = a¢(s), s = B/, if B is parallel with
respect to «, then the mean Landsberg curvature vanish. This means that F is
weakly Landsberg metric.

Theorem 3.3. Let F = \/c102 + 2coaf3 + ¢332 be a weakly Landsberg (a, (3)-
metric. Then F has vanishing S-curvature.

Proof. Suppose F' is weakly Landsberg metric, i.e., we have

By Lemmas 3.1, we calculate .JJ = .J;b’ = 0 which is equal to following

J = f50° + faa* + f30® + fod® + fra+ fo =0, (3.3)
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where
A= \/cloz2 + cofa + 3520
fo := —83nsocycs, (3.4)
fi:= 2056c4c§n30A —4087¢4 03n8001 +83° 0203An7°00 — 40537 02037130
— 8650203Anr0001 — 24 6203’1"0() +43° 020350A +24° 0203717"00, (3.5)
fo := 245" 62038001 — 14ﬂ50203r00 206%¢3 c3n50 +8p° CQC3T0A
— 245 cgso - 105563037"0061 + 8ﬂscgc§soA +148* CQCgA’I’LT()O
+1048°c5¢s Ansg + 328%c5c3b*nsg + 186 chca Anroger — T23%chcansg
—808°%cacinsoct + 2B°chcanrgg + 1008°cacs Ansgey + 4% c5canrg A
+ 22[350203nr0001 — 208[360203715001 i 0203Ar00 — 2540203/1717"00
— 3203 c3 Anrgoc?, (3.6)
f3 = 3263C2Ab2nrooclc3 + 32ﬁ4c6Aroc§ — 12646614508% + 65308An7“00

— 833c5 Argocs + 2B%cic3b?roo — 15285 cycansy — 166°cicysocy

— 2ﬂ4cgc3roocl — 103ﬁ40203r0001 —843°%¢ cgnro — 25ﬁ4cgc§r00 — 146502637"0
— 808°cicansocs — 4406°cycinsocs 4+ 21634 ¢S Ansoca — 124 c3 Ab%socy

+ 4083 C%ATOCng +483%¢2 Asoclc?, 725402Asoclc3 - 12ﬁ3c2Anrooc§

+ 8842 Ansocs — 26 chczb*nrgg — 96°cacinsocr + 548 cicanrooct

+ 16ﬂ50263b2nso — 384°cS 63n8001 + 543% chnsoclcS + 4843 czAnrooclcg

—123® CQAm"Ogclc3 + 200 c‘QlAmﬂoclc3 - 325302Ab2nr0003 4833 CQA’IH”OOC3

+ 4542 Asoc3 — 22ﬂ46203nr00 +23° c203$0 +165%¢ Anr003 4ﬂ362Arooclc3

+ 9834 cQanroocl — 6433 CzAnTOOClcg + 160ﬁ50203b2n8001 — 56/3° 02037150

+ 1808*c3 Ansgcics, (3.7)
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:= 14033 Ansgc3cacy + 104083 Ansocicics 4+ 11643% Ansoei cyca
— 12630 nrochcs A + 12882 Ab? nrgo i ey — 3208 Ab*nsoci cics
— 2032 Argochcs + 4033 roches A — 3233 soches A + 63° Argccs 4+ 66°cab?roo
- 4725402715003 - 625402300103 4833¢7 conropcs + 180 czrooc‘;’cé
—2704° 02r000103 — 56ﬂ402nr003 — 52ﬂ402r00103 - 2ﬂ4028063 +8p%¢ b25005
+ 62/84625063 — 105‘3627"0003 — 12@4021“003 - 30ﬂ2A7'0001¢:263 ﬂZAnTOOCQCg
+ 80%sgc1c5c3 A + 17633 socicscs A + 1683%rgcichca A 4 4033 soci cacs A
+ 8033 rocicscs A — 243303 rocics A — 16632 socses A + 433 Anrocsch
+ 2232 Anrooclc2 + 200531471500203 — 15452 Arooclcgcg + 28843%¢ 2b2nsoc§
840540271500103 - 3O4ﬁ402nsoclcg — 4834 b4nsoc3 4064027150(:‘1103L
+ 22ﬂ302b2nr0003 + 2233¢ b2r006103 — 13248 CQnsocfcg — 80043 (3277,306103L
+ 316833 cinroocics + 10233 cinropcica — 32B*c3nrocicy + 408°nrocicics A
— 3232 Anr00010203 4432 Am”ooCngQ + 5432 Anr00010203 — 184 Arooclcg
— 8432 Anr00010203 - 22ﬂ3Ab2n300203 — 5652 Ab m"ooc;c;g — 533 02b m’ooclcgL
+ 32/6’4 TL506163 + 832834 b2nsoclc3 + 3Oﬁ3A500263 + 1653 Asoclcgcg
— 803%b2 soclc2c 1A — 7262 Ap? nrooclc2c3 — 158ﬁ302rooclc3 — 1664027150
+ 2083 nroches A + 6833 Ansocics — 4803 c3nsocics + 366 c3b*nsoch
+ 5083 canroocics + 8433 nrocich A, (3.8)
= 180%nrocicaca A + 405%nrocicacs A + 2032 Ansoci cacs + 2432 Ansocicy
+ 1108ﬁ2An30c10263 — 2286Anr0001c203 + 165Am“00c10263
+ 603%b*nsocycs A + 31232 Ansgcicacy — 128Ab*rogcicacy — 168 Anroocics
+ 48ﬂAb4m‘000263 — 588ﬁ2Ab2n800263 + 12ﬁ2Anr0010203 48ﬁ2b2nrocgc§A
+ 10852nr0010203A - 462Ab2nsoczc3 224[321725001020%14
— 120521)27"061026%14 8ﬂAbznr006203 - 13852b2nrooc%c§c§
+ 2163%b%nsgcicacy — 24083 nsocicycs 4+ 3208302 nsoci cacs
+ 15363%b*nsgcicer — 60082 Ab*nsocicicy — 162062 Ab’nsgcicycs
— 483Ab* nr00010203 —608%b m"oclc%ch + 1925Ab2nrooc‘;’c§c§
+ 126c2b* Am‘ooclc3 + 64ﬂ2A500263 + 83*nroc3 A + 5262Ar002c3
— 168 ArgocSes + 3682 Asoci e — 126 Argocica + 6862 Ansocs + 2620 roocscs
— 8833 nspcicy — 45627 roocSca — 5633 nsocicy — 75633 nsocSe: + 165%rgoch
— 42633 rgcicacs — 32033 socicacs + 23263 soc1chcs + 166%rocs A
— 24/6’2n7’0002 + 12527’00c103 - 2253T0c203 + 125213450026 A
6806371306 (:303 — 252b4nr000203 + 16ﬁ3b2nr00203 + 146A62r00c203
— 1683%b?sgcicicy A — 170820 nrgocicaes + 1760830 nsocicycs
+ 24ﬂAb2nrooc%cgc§ - 192ﬂAb2nr00010203 + 12ﬂzsoclc3A Sﬂsnsoc?cg
— 608%rgocics — 4833 socich + 243%b*nsocSes. (3.9)
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By (3.3), we get

f5Oé4 + f3042 =+ f1 =0, (310)
f40(4 + fQOéQ + fo=0. (3.11)

By (3.4) and (3.11), observe that —83%nsgcics is not divisible by a2, which
give us

s; = 0. (3.12)

By putting so = 0 into (3.3), we obtain

950° + gaa” + g30” + g20”° + g1 = 0, (3.13)
where
g1 = 80°Sc2 Anrgo — 86°chc3 Anrgoer — 26%chcaron + 26°cacanroo, (3.14)
go = —14550 Cgroo + 8B5cgc§r0A — 1065c§c§r0001 + 14640503Anr00
+ 188%chc3 Anrgoey — 26 cacs Anrgo + 28°chcanrog + 43°ccanrg A
+ 228%c3canroocs — Brescs Argg — 328%c3cs Anrgoc?, (3.15)

g3 := 3253C%Ab2m'ooclc§ +3283%¢ GATQC§ +633c5 Anrgy — 86363147“000%
—223%cScAnrgg — 2B*cacirooc — 108 c3cirgoes — 83°cycanry — 258*cScaron
+ 165 6Anr003 + 4084 Aroclc3 — 12ﬂ302Anrooc3 433 CQArooclcS
+ 543% cgcgmﬂogcl + 98540203717"0001 + 4833 C2Anr000103 — 123 CQAnrogclcgl
+ 20,[3402Anr001 Cy — 3233¢ Ab2nrooc3 48536314717’008103 —653¢ Anroocf
+ 26%cacab?roo — 146°cacare — 2643 cab®nroo, (3.16)
ga = —12330%nrocSc3 A + 12832 Ab*nrogci cscs — 7232 Ab*nrggcichca
+ 4033 roches A + 663147"00203 + 63 b2r0003 4833 cInrgocs
- 158ﬁ3cgrooclc3 - 270ﬂ5c27"0001c3 56/6’402m“0c3 - 52/84627'0610§
— 10254027‘003 30ﬂ2Arooclc2(:3 — 2432 ATZT000263 + 16863T001CQC3A
+ 803 rocicscs A — 243302 roccs A + 433 Anrocics 4 226 Anrggcr ch
+ 220 02b2n7’0003 + 2203 c§b2rooclc3 + 5033 cznrooclc3 + 3160 cznrooc%cg
— 320%c3nrocicy + 4083 nrocicics A + 8433 nroc ey A — 3232 Anrgocicach
+ 54(% Anrggci c5es — 8832 ATLT00016263 — 5652 Ab? nrooc2C3
- 5Oﬁgc§’b2nrooclc§ — 2052147“000203 + 180 czrooc?c?) — 1033 027‘0003

+ 20ﬁ3m‘00503A — 15ﬁ2ATOOC%0203 + 10253 chrooclc3, (3.17)
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gs = 1873 nroclcQCgA + 4Oﬁ2nroclcQC§A 225Am’00010203 + 16,6Am'00010‘2103

— 365Anrooc%c§c§ 126Ab° 7‘00616283 - 186Anroocfc§c§ + 86Ab4n7'000263
- 48ﬁ2b2m“0020§z4 + 18432 n7“0(3162€3A — 108 b2r0c1c2c§A SBAbznrooczcg
— 183%*b*nroocicacs — 10820 nrgpcicycs + 24BAb?nrggcicaes — 48Ab*nrgocs
— 60ﬂ2b2nr001020§A + 192ﬂAb2nrooci’c§c§ — 1926Ab?nropcicSes

+ 862111"002/1 + 5252147’00263 — 168 ArgocSes — 12/6’A7'ooclc3 + 2ﬁ2b4rooc c%
+ 1652717“006103 — 60ﬂ2r00cf{’c§c§ 61243 rooc?cécg — 2400 7”00016363

+ 2833brocycs — T233rocicacs — 42633 rgcicacs + 163%rocs A — 243*nrgpch
— 2728%rgc5 s — 96620 rocsc3 A + 808%rocicacs A + 3608 rgcicacs A

— 165Am"0002(:3 — 8[3Am'ooclc3 + 564/82717’006%0363 3662717’00010303

— 24863717‘0610203 — 262b4nr006203 + 16ﬂ3b2nroc2c3 + 145Ab2roocgc§

+ 128c2b* Anroger ez — 458202 roocSes — 14433 nrocSes 4+ 123%rooci c3

+ 2163%rgcichez A — 4833 nrgcicicy. (3.18)
By (3.13), we get

gaa* + gaa® =0, (3.19)

g5 + gza® + g1 = 0. (3.20)

By (3.13) and (3.20), one can see that —23°csciroo(Bc2 — Bcin — 4Ancs +
4Ancycs) is not divisible by o2, which implies that

Tij = 0. (321)

In [3], for each («,3)-metric, the S-curvature is calculated. For the given
Finsler metric F = \/c1a2 + 2c2a3 + ¢332, we have

S._ { (czcp —c3)A ') 1
" 2(c; +c25)B  bf(b) 8(c1 + c28)?aB?
32

—2ns?Acsep — 2ns® A0302 — 4nb202613 — 2nb20330f — 2nb%css c5

}(7“0 +s0) + {(GnAclczs

+ 4dnstcseien — 4nAc — 2nb20201 — 2nb20332 + 2n52020% + 4nsgc§cl
+ 2ns® 0301 + 2ns° 0302 3Acicos — 352 Acsey — s3 Acgea + 240 cseq

— 2Ab%c2 + 2ns'cd — Anbc3s®cico — Ac?)ea(cr + 2cp5 + 0332)% }(7"00

~ 2(c2 4 c398)

3.22
€1+ cos sO)a ( )
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where

A:=+/c1 + 2co5 + 352,
B :=(Acy + 2Acos + s2Acs + bcqer + bzcgs + b%esse; + bPegs?es
— s%coc) — 83¢3 — s3cze — 846382),
T soon—2
sin™ “tT (bcost)dt
F(b) : = Jo ST beos)
Jo sin™—2tdt

T : = (c1 + 2c25 + c352) (V1 + 2c25 + c352)" 2.

By putting (3.12) and (3.21) into (3.22) , we obtain

)

S =0. (3.23)

This completes the proof. O

Proof of Theorem 1.1: in [6] Najafi-Tayebi showed that every weakly Lands-
berg (a, f)-metric with vanishing S- curvature on a manifold M of dimension
n > 3 is a Berwald metric. By theorem (3.3), every weakly Landsberg (a, 3)-
metric F = \/cla2 + 2co0a3 + ¢332 on M of dimension n > 3 is a Berwald
metric.

Now, we consider the class («,3)— metric F = \/c1a2 + 2coa3 + ¢332 of
dimension n = 2. We know that Every 2-dimensional Finsler manifold is C-

reducible
Cijk = %{hijlk + hl; + hkilj}. (3.24)

By using
Jo =Iymy™,  Si; = Eij, (3.25)

and by deriving of (3.24) yields
1
Liji = g{hiij + hjrdi + hkiJj}. (3.26)

By putting J = 0 in (3.26) implies that L = 0. On the other hand, the Berwald
curvature Finsler manifold of dimensional n = 2 can be written as follows

» 5 9 A _ A
Bl = =Lyl + g{Ejkh; + Eght + Eljh;}. (3.27)

By Putting L = 0 and E = 0 in (3.27), we conclude that F' is a Berwald metric.
The proof is complete. O
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4. Proof of Theorem 1.2

Theorem 4.1. Let F = cia+co3+c33?/a be a weakly Landsberg (v, 3)-metric.
Then F has vanishing S-curvature.

Proof. Suppose F' is weakly Landsberg, that is
J=0. (4.1)
By Lemmas 3.1, we calculate J = J;b' = 0 which give us
f50° + faa* + f30® + foo® + fra+ fo =0, (4.2)
where
fs = —4485300103 + 33cac3r00 + 192ﬂb2roc§ + 96c§ﬁb2nr0 - 448c§nclr00b2
+ 3203nc%r00 — 66¢c3ncarop — 46467180010‘;’ + 64OC§anob2 + 16ﬂ806§03
- 32636m’005 + 180§ﬂb4n5062 + 3206roclc§ - 160ﬂbzsocg + 2803110%7‘0062
+ 64c§ﬁnsocl - 35203ﬁb2nsoc§ + 304003ﬁﬂ806%62 — 2880§b4nr00
+ 58880§ﬁb2nsoclcg - 6457‘00303 + 1600%6717”001 + 26nclc§r00, (4.3)
fa= 25600§ﬂzb2nsocl + 312¢3Bncicaroo + 1252718003 + 128()c§ﬂ2nsoc?
+ 4OOc§ﬂn02rong - 24c§5m’00 — 560?,,/6’2n7’002 — 288c§62n5062
+ 768c§ﬁ2b4n80 — 125ncgr00 — 96003521)2715003 — 12486362n30c1c§
+ 8832s0cocs — 11203%rgcacs, (4.4)
f3 = —6203ﬁ2nc§r00 - 1152cgﬁ3b2n5002 - 14720§ﬁ3n800102 + 8803ﬁ3nsoc§

- 128c§ﬂ3nso + 1120562nclr00 + 6463soc§ — 64ﬁ3roc§ - 320§ﬂ3nr0

+192¢3 3*nrogb?, (4.5)
fa = —640c3 *nsgc; + 240¢3 B nsgcs — 100c3 3neargo — 512¢53*0*nsy  (4.6)
fi= —480§54m“00 + 28803551130027 (4.7)
fo = +128¢35%nso. (4.8)

By (4.2), we get
fsa® + fao? + f1 =0, (4.9)
faat + fo0® + fo = 0. (4.10)

By (4.8) and (4.10), observe that 128¢33%nsq is not divisible by a2, which
implies that

s =0. (4.11)
By putting s; = 0 into (4.2), we obtain

950° + gaa* + g3a® + g20” + g1 = 0, (4.12)
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where
gs = —960§/6b2m"0 — 33cacsroo + 64ﬂroc§(33 — 24803nc§r00b2 - 3206roclc§
- 216nclc§7’00 — 192,6’()27’00% + 288c§b4m’00 - IGchﬂm’ocl + 32¢:3ﬂnroc§
+ 66c3ncaroo + 4480§ncl7"00b2 — 3263nc§7“00, (4.13)

gs = —312¢c308ncicorgy + 560§ﬂ2nr002 + 112ﬁ2r002q§ + 24c§ﬁnroo + 12571037“00

— 400¢3 Bncargob?, (4.14)

gz = 64ﬁ37’oc§ — 1926352717‘001)2 + 320§ﬂ3nr0 + 6203ﬂ2nc§r00 — 112c§ﬂ2nclr00,
(4.15)

g2 = 100¢233ncaroo (4.16)
= +48¢3 3 nrgo. (4.17)

By (4.12), we get

gsat + goa® =0, (4.18)
gsat + gsa® + g1 = 0. (4.19)

By (4.17) and (4.19), one can deduce that 48¢33%nrqo is not divisible by «a?.
This implies that

Tij = 0. (420)
On the other hand, the S-curvature of F = ciax + o3 + 03%2 is given by

2

S._ {63(61 + cas + c35?) 3 f'(b)
' A bf(b)
— l4nb®caeicis + 28nbPcacicas® — ddnb®caci cas® — dnbPezscicy — coct

+ 6ncieacss® + 10ncicacs® + 6nbcacss® + 20nb*cacss” + 16nb*cistcl

}(7’0 + s0) + % A2 {1071620201635

— 327162835 c1 — 10ns*c2cles + 14nsSc3cic3 — 28ns°cocics + 44ns czclcg

+ 4ns3 630162 + 8nc§s?’clcg - 20b201620§52 — 263[)263861 + 5620?6352

355¢cy — 2ncisc? — 6neas®c: — 2nbPcich + 16nb*c)

C3 — 20n89020§ — 16nsec§c% + 32ns8¢ 01 + 2561620384

+ 8ncicis® — l4ncs
+ 2ns? 620 — 6ns®cic
+ 60 0163 — 12b2010 s — 166201c33 2631)20202 — 10b%¢cyst 03 6b2¢:253’c§
+16¢3s°c; — 2nciey — 8ncys” — 16ns'0c; + 3¢3s5¢o + 3cas°ca
2 2
a2 Y g - 22000

4.21
st e ) (4.21)
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where

A= (2330301 —c1 — 0332 — ¢98 — bPegey + b2020332 — 2b203301 + 2bzc§53

+ s%coc; — steaes — 25503)(—01 + c35?),
o sin™~2tT (beost)dt
fp) = o L
Jo sin™=2tdt

T = (c1 4+ Cos+ 0352)2(01 + cos + 0352)"_2.

By putting (4.11) and (4.20) into (4.21) , we obtain S = 0. O

9

Proof of Theorem 1.2: By the same method used in Theorem (1.1), one can
prove Theorem (1.2). O
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