Journal of Finsler Geometry and its Applications
Vol. 4, No. 2 (2023), pp 92-103
https://doi.org/10.22098 /jfga.2023.13773.1103

Two classes of weakly Landsberg Finsler metrics

Jila Majidi® and Ali Haji-Badali®*

“Department of Mathematics, Basic Sciences Faculty University of Bonab,
Bonab 5551395133, Iran.

®Department of Mathematics, Basic Sciences Faculty University of Bonab,
Bonab 5551395133, Iran.

E-mail: majidi.majidi.2020@gmail.com
E-mail: haji.badali@ubonab.ac.ir

Abstract. In this paper, we investigate the mean Landsberg curvature of two
subclasses of («, §)-metrics. We prove that these subclasses of («, 8)-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(x,y) on an n-dimensional manifold M.
Let G = G%(z,y) denote the spray coefficients of F in a local coordinate
system.The Landsbergc curvature L = L;;(x, y)dr' ® dr? @ dz* is a horizontal
on TM/0, defined by
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Finsler metrics F' are called Landsberg metrics if L;j, = 0 .The mean Lands-
berge curvature J = J;dz?, defined by

Jk == g Liji
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 («, 8)-metric F' = \/clon + 2coa3 + c3/32
on a manifold M, where ¢; are real numbers. This metric is called the Randers-

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

Theorem 1.1. Let F = \/cloz2 + 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' =
c1a + cof8 + c34%/a and prove the following.

Theorem 1.2. Let F = cia + c23 + c38%/a be a (a, B)-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 (¢, y') for T My is given by

.0 .0
G=9y"— —2G"'— 2.1
Y o oyt’ (2.1)

where G* = G*(x,y) are local functions on TM given by

i L oag PF? o O[F]
G'i= {axkayly -S ) vern (2.2)

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

For a non-zero vector y € Te M, define By : TeM x T.M x T.M — T.M by
B, (v,u,w) = B{?lv’:ujwla%nh, where
m o 63Gm
gl Yty Ayt
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 =
op(z)drt...dz™ is defined as follows:

@) im Vol(B™(1))
BT Vol{(y) e R F(yt 5k ) < 1}
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Then, for y = y™9/02™|. € T, M, the S-curvature is defined by

oG™ 0

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

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 a = /a;;y’y’ and any
B = by’ with ||Bz||a < bo if and only if ¢ is a positive C°° function on (—bg, by)
satisfying the following condition:

@(s) = s¢/(s) + (0° = s2)¢"(s) > 0, [s| <b < bo. (2.4)
From (2.4), one can see that ¢ = ¢(s) must satisfy

¢(s) = 5¢'(s) >0, || <bo.

For more details, see [4]. A Finsler metric F' on a manifold M is called an
(cr, B)-metric if it is expressed as F' = a¢(s) with ||5z||la < bo, where ¢(s) is
a positive C* on (—bg, bg) satisfying (2.4). In order to study the geometric
properties of («, 8)-metrics, one needs a formula for the spray coefficients of an
(a, B)-metric. Let

Tij 1= %(bilj +bj1i), Sij 1= %(bi\j = bja),

rij = aisrsj, sij = aisssj, gij = msssj, tij = tikskj,
ry = birij, S5 1= biSZ‘j, q; ‘= biqi]‘, tj = bitij,
where ”|” denotes the covariant derivative with respect to the Levi-Civita con-

nection of @ and b* := @ bj, a' is the inverse of a;;. We define 70 = rijyj and
roo = ri;y'y’, ete [2]. For a function ¢ = ¢(s) satisfying (2.4), we let

¢/
¢ —s¢'’

Q:= A:=1+sQ+ (V¥ —s*)Q, hj = 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 («, 8)-metrics and proved the
following.

Lemma 3.1. ([5])Let
O:=—(nA+1+5sQ)(Q—sQ)— (b* —s*)(1+sQ)Q",
V2 — s2A% (m(p)

Pl : Al
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Then the mean Landsberg curvature of F' is given by following

Ay 22 (O
Jg = _ﬁ{ﬁ<g +(n+1)(Q - SQ/)> (so —ro)hj
+ ﬁ (1/)1 + 82)(7"00 —2aQso)hj

+ a( —aQ'sohj + aQ(a’s; — y;s0) + a*Asjg

+ a2(7"j0 —2aQs;) — (roo — 2aQso)yj> %}, (3.1)

ey i o i o k — k
where s := s;y", To 1= 13Y", Too = T Y'Y, vjo = rxy" and Sjo = S;Y".

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

Theorem 3.3. Let F = \/01042 + 2coa8 + 382 be a weakly Landsberg («, 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 J = J;b' = 0 which is equal to following

J= f5045 + f4044 + f3043 + ngéQ + fia+ fo =0, (3.3)
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where
A= \/clon + coffa + 35202
fo := —83%nsocycs, (3.4)
fi1:= 20ﬂ60263nsoA 40570263715001 + 8556203/1717"00 — 40570203nso

— 885¢c3c3 Anrooer — 28%¢c3caro0 + 48%chciso A + 2% chcanroo, (3.5)
fo :=24p3° cgcssoclA — 145%¢ cgroo — 20ﬂ6cgcgnso + 8,8562637“0A

- 2,6’6020350 —10p3° 0203r0001 + 86502035()/1 + 145* czchnroo

+1048°c5c3 Ansg + 328%c5c3b*nsg + 188% chcs Anrgoey — 728%¢chcansg

— 80853 cgnsoc1 +2p3%¢ cgmﬂoo + 1OOB5CQC§Ansocl +43° 0203717"014

+224° 6203717’0061 — 208,860203715061 in 0263Ar00 — 254C§C§Anroo

— 32B%c3c3 Anrgoc?, (3.6)
f3:= 32ﬂ302Ab2nrooclc3 + 325406ATQC§ - 12ﬁ4cﬁAsoc§ + 6,6’3c§An7“00

— 80 c%Aroocg, + 26402641727“00 — 152550 03n50 —168° 02035001

— 25402031"0001 - 103,84c203r00c1 —8p3°%¢ cgnro - 25[3402c37"00 —1453° c203r0
— 808°c2cansocs — 4408°chcdnsoct 4 216345 Ansoca — 1284 ¢3 Ab%socs

+ 40ﬁ4c Aroc1c3 + 485402A500103 + 72640 Asoc1c§ - 1253C4Anrooc§

+ 8842 Ansoc3 - 2540204b2m"00 96/3°¢2 c3nsocl + 5454620377/7'006%

+ 16ﬁ50203b2nso — 384ﬂ"c 03n5001 + 546462An500103 + 485302Anr000103

- 125362Anr000163 + 20ﬂ462An7‘06103 —3233¢ Ab2nr00c3 4833 chnrooc?,
+4B%c3 Asoch — 228" Sc3nron + 2B°chegso + 168%c Anroc — 4833 Argocics
+ 9844 CZCSTLTOOcl — 6433 CQAn'rOOchS + 160650203b2n8001 — 563° 0203n50

+ 1808 c2 Ansgcics, (3.7)
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:= 14033 Ansgc3cocy + 104083 Ansocicics 4+ 11648% Ansoei cyca

— 1283b*nrochcs A + 12882 Ab*nroocicacs — 3208% Ab®nsgci cacs

- 2052Ar000203 + 40ﬂ3r00203A 3263506203A + 6/33Ar00203 + 6ﬁ3cgb2roo
— 4725402nsoc3 - 626462306103 4833 62717“0003 + 185 027"000‘;’0%

— 27083 cgrooclc3 56ﬂ4CQnroc3 - 52,84027“0c103 — 2,84625003 + 85%¢ bzsocg
+ 6283 s0cs — 1083ckroocs — 1281 cSrocs — 3082 Argocrcics — B2 Anrgocycs
+ 88%sc1c5ca A + 17633 soci c3c3 A + 16833 rgcichca A 4 4033 soci cacs A

+ 8053roclcQC§A — 2453b2r0020§A — 16ﬁ3b250026§A + 453Anr06203

+ 2232 Anr00c102 + 200[33An500203 — 1582 AT00016203 + 28834 bznsocg

— 840ﬁ4cgnsoclc3 — 304ﬁ4c;nsoclcg — 48B4 b4nsoc3 40640271306‘11(%

+ 22/33¢ b2nrooc3 + 226303b2r00010§ — 132640271300103 — 800B402nsoclc3

+ 31633 cinroocics + 10282 cinropcica — 328 cinrocicy + 4033 nrocicics A
— 3252Anrooc‘f0203 4462Anrooci’c§c§ + 54ﬁ2Am"00010203 — 1852Ar000103
— 832 Anr00016203 - 22B3Ab2n506263 — 5652Ab2nr000563 — 58%¢3b? nrooclcg
+ 3264 nsoclc3 +832p%¢ b2n506103 + 305314500203 + 165 Asoclcgcg
—80833bspcic3cs A — 1262 AbPnrggeicycs — 158833 cirgocics — 168 chnsg

+ 2083 nroches A + 6853An300203 4805402nsoclc§ +368% 3b2nsoc§

+ 5083 canroocics + 843 nrgcich A, (3.8)
= 186%nrocicacs A + 408%nrocicacs A + 2082 Ansocd cacs + 2432 Ansoci cy
+ 110852147180010203 - 228ﬁAnrooclczcg + 166Anr00010203

+ 6052b4ns()020§A + 31252Ans(]010203 — 128Ab? 7"00010203 — 16ﬁAnrooclc§
+ 486Ab4m’00(:203 - 58852Ab2n500203 + 1252Anr0610203 48ﬂ2b2nTOCQC§A
+1083%nrgc cSes A — 4ﬁ2Ab2n500263 — 224ﬁ2b28001620§14

— 1208%b*rocicacs A — 8B AV nrgcycs — 138820 nrgocicacs

+ 2163%b*nsocicacy — 24083 nsgcicyey + 320820 nsocicacy

+ 153683b*nsgcicSes — 60032 Ab*nsgcicacy — 162082 Ab?nsocy cacs

— 486 Ab nrgocicacs — 6082 nroeicacs A + 1928 Ab? nrgpcicics

+ 12B¢2b? Anrgci ey + 6432 Asocacs + 8% nrocs A + 5262 Argcscs

- 166Ar000263 + 3662Asoclc3 - 125147“000103 + 6862An5002 + 28 b4r00c§c§
— 8833 n300102 45521321"000203 — 5653n500103 - 75653n806203 + 16627"0003
— 42633 rgcicacs — 32083 s0cicacs + 23263 s0c1c5cs + 165%rocs A

— 248%nrgoch + 12527“006103 - 22,837‘00203 + 12,821)48002ch

— 6808%nsgcicSes — 2% nrggcycs + 1633b*nrocycs + 146 Ab%rogcycs

- 168ﬁ2b2$oclcgc§A —1705%b2 TLT‘(]0016263 + 1760ﬁ3b2nsoc%céc§

+ 245Ab2nrooc%c%c§ — 1926Ab2nr00010203 + 1262500103/1 8ﬂ?’nsoc‘1‘c§L

— 603%rgocicy — 483 socich + 243°b*nsgches. (3.9)
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By (3.3), we get

fsat + fsa® + f1 =0, (3.10)
f4Oé4 + f2a2 + fo =0. (311)

By (3.4) and (3.11), observe that —83%nsoc3cs is not divisible by «?, which
give us

s; = 0. (3.12)
By putting sg = 0 into (3.3), we obtain
950° + gaa’ + gsa® + goa® + gra = 0, (3.13)
where

g1 1= 835cSca Anrog — 8B°chcs Anroocy — 26%cacaro0 + 26°c5csnroo, (3.14)
go = —14ﬁ5c 037"00 + 8556 C3’I"0A - 10550 cgroocl + 14B40263Anr00
+ 18ﬂ4czc§Anroocl - 2ﬂ4020§Anr00 +2p° 0203717"00 + 4556263717”014
+ 22B8%c3canroocs — Brescs Arg — 328 c3cs Anrgoc?, (3.15)
g3 = 32B3C§Ab2nrooclc3 + 32845 Aroc3 +633 8Anr00 - 8,63C§Aroocg
—22B%cScanrog — 28 cicirooc — 10B8%ciciroocs — 835 cycanry — 256*cScaroo
+ 16ﬂ4chm'003 +408%ch Ar00103 — 12834 Anrooc3 43 cQArooclc§
+ 5484 c2c3nr0001 + 9834 CQC37’LT0001 + 4833 CQAm"ooclcg — 128 CQATLTOOclc},1
+ 208%c3 Anrocic3 — 32635 Ab nrgocs — 48832 Anrogci e — 6633 Anrooc?
+ 2B%c5cabProo — 1485 c5ciro — 26 cacab®nrgo, (3.16)
g4 = —1253b2nr00203A + 12862Ab2nr000%c§c§ 72B2Ab2nrooclcgc§
+ 4033roches A + 6ﬂ3A7’00263 +633%¢ b2r00c3 4833 cInrgocs
— 158ﬁ3027‘ooclc3 — 270833 027‘000103 — 56ﬁ4c2n7‘003 — 52ﬁ462roclc§
- 1025402roc3 — 3032 Ar00010203 — 2432 Anr000203 + 16833 roclc gA
+ 80537“001020§A - 2453b27"0020§A + 4ﬁ3Anr06203 + 228 Anrooclcg
+22833%¢ b2nrooc3 +22833¢ b2r000103 + 5OB302nr000103 + 3165302117”000%03
— 3261 c3nrocica 4+ 4083nrocicics A + 843 nroci ey A — 322 Anrgocicacs
+ 5432 Anrooclc203 — 8832 Am“ooclcgc?) — 5632 Ab? nrooc203
- 5053c§b2nrooclc§ — 20ﬁ2A7‘000203 + 183 czrooc?cj 10ﬁ3c;r0003

+2083nroches A — 1562147"000%0203 + 1028 chrooclcg, (3.17)
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gs = 1852nr0016203A + 4Oﬂ2m’oclc20§A 22,3Anr00610263 + 16ﬂAnrooclc§C3

— 368 Anroocicacs — 128 Ab%rogcicacs — 188 Anroocicacy + 8BAb nroocscs
- 4862b2m°oczc§A + 1832 nT0010263A - 1052b2r0cchC§A 8ﬁAb2nTOOCQC§
— 1852172717"000%0%0% —108%p? nr00010203 + 246Ab2nrooc%céc§ 458 Ab* TL?"00C2
—608%b? nroclcQCgA + 192,8Ab2m’000‘;'c%c§ 1928 Ab nrooclcgc:),

+ 84 nroch + 52ﬁ2Ar00263 — 166A7“000203 — 12ﬂArooclc3 + 262b4r00c§c§
+ 1662717“000103 - 60527“000‘;’6%0% — 6123 roocfcgcg — 2408 r00010303

+ 28531727"00203 - 72ﬁ3roc%c§c§ 42653r0610263 + 16ﬁ2r002A 24B2nr0002
— 272%rgc5c: — 968202 rocsc3 A + 80B8%rocicacs A + 36087 rocicacs A

— 168 Anrgocscs — SBAnrooclc?, + 564,62717"006%036% — 36%nropcicses

— 2483%nrgcicyes — 23%b nrogcycs + 16320%nrocycs + 148 Ab%rogcycs

+ 12Bc3b? Anrgoercy — 458202 rgocs e — 14483 nrocses + 128%rooctcs

+ 216%rgcichez A — 4883 nrgcicicy. (3.18)
By (3.13), we get

gaat + g20® = 0, (3.19)

gsa* + gsa® + g1 = 0. (3.20)

By (3.13) and (3.20), one can see that —235c3ciroo(Bci — Bein — 4Anc3 +
4Ancics) is not divisible by a2, which implies that

Tij = 0. (3.21)

In [3], for each (a,)-metric, the S-curvature is calculated. For the given
Finsler metric F' = \/c102 + 2co08 + ¢332, we have

[ (czer —3)A ') 1
S:= {2(01 +c28)B bf(b) 8(c1 + c28)?aB? {(
3 2

—2ns?Acsey — 2ns3 Acscs — 4nbzc§cls — 2nb203sc% — 2nb3css c5

}(ro +s0) + 6nAcicas

+ 4nsicgeien — 4nAc§s2 — 2nb26202 — 2nb2635 + 2ns? 0201 + 4ns 0201

+ 2ns® 0301 + 2ns® 0302 3Acicas — 3s? Acger — s3Acsea + 24b%cscq
— 24b%¢2 + 2nscd — Anb3c3s®cico — Ac?)ea(cr + 2cp5 + 0352)5 }(TOO

_ 2(c2 +c38)

3.22
€1+ cos 50)3 ( )
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where
A:=1/c1 + 2cy5 + c352,
B :=(Acy + 2Aces + s2Acs + b2cacy + b2c§s + b2egsey + bPezsie
— s%cocq — 5303 — s3e3e1 — 540302),
" sin™"2tT (bcost)dt
f(b):= Jo ;

fow sin™~2tdt
T : = (c1 + 2co5 + c35%) (V€1 + 2c25 + c352)" 2.

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

S = 0. (3.23)

This completes the proof. ([l

Proof of Theorem 1.1: in [6] Najafi-Tayebi showed that every weakly Lands-
berg (o, 8)-metric with vanishing S- curvature on a manifold M of dimension
n > 3 is a Berwald metric. By theorem (3.3), every weakly Landsberg («, 5)-
metric F = /c1a2 + 2coaf8 + c34% on M of dimension n > 3 is a Berwald
metric.

Now, we consider the class («,3)— metric F' = \/c;a2 + 2caa8 + 382 of
dimension n = 2. We know that Every 2-dimensional Finsler manifold is C-
reducible

1
Cijk = g{hijlk + hjl; + hkilj}. (3.24)
By using
I = Lymy™, Si; = Eij, (3.25)

and by deriving of (3.24) yields
1
Liji = g{hijt]k + hjidJi + 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

; 2 .2 . . )
By == Linl + 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



Two classes of weakly Landsberg Finsler metrics 101

4. Proof of Theorem 1.2

Theorem 4.1. Let F = cya+cof3+c382/a be a weakly Landsberg (o, 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 .JJ = .J;b’ = 0 which give us
f50° + faa* + fz0® + foa® + fra+ fo =0, (4.2)
where
fs = 74485300103 + 33cac3T00 + 1925b2roc§ + 9602662717"0 — 448c§nclroob2
+ 3263?10%7’00 — 66c3ncargg — 464[37130810“;’ + 64chﬂnsob2 + 16B508363
- 32@,5717“005 + 1SCgﬁb4n3062 + 3206roclc§ - 160ﬁbzsoc§ + 2803nc%r00b2
+ 640%571,8061 - 352C3ﬁb2nsocg + 304003571800%02 — 288c§b4m°00
+ 58880§5b2n800162 — 648rocacs + 160c§ﬁnrocl + 26nc1 caro0, (4.3)
fa= 25600§ﬂ2b2n5001 + 312¢38ncicargy + 1252715003 + 12800§ﬂ2nsoc%
+ 4OOC§Banr00b2 — 24c§ﬁnroo — 560§ﬁ2nr002 — 2886§ﬁ2n3062
+ 7680§62b4n30 - 126710%7’00 - 9600362192715003 - 124803527150010%
+ 8852300203 — 112ﬁ2r00203, (4.4)
fz = 76203[3271037’00 — 11520§B3b2n5002 - 1472c§ﬂ3nsoclcg + 8803[33715003

— 1280%637150 + 1120%[3271017’00 + 6463500§ — 64637"06% — 326%63nr0

+192¢3 B2 nrogb?, (4.5)
fo= —6400§B4nsocl + 24Oc§ﬁ4nsoc§ — 1000%5311027"00 - 512c§ﬁ4b2n80 (4.6)
f1 = —48c3 B nroo + 288¢3 7nsgcy, (4.7)
fo = +128¢33%nso. (4.8)

By (4.2), we get
fsot + faa® + f1 =0, (4.9)
faa* + fo0® + fo = 0. (4.10)

By (4.8) and (4.10), observe that 128c43%nsq is not divisible by a?, which
implies that

si = 0. (4.11)
By putting s; = 0 into (4.2), we obtain
950° + gaa’ + gza® + ga0® + g1a = 0, (4.12)
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where

gs = —96c§ﬂb2m“o — 33coc31r00 + 6451"00303 — 248@3710%7’00172 — 320Brgclc§

- 216nclc§r00 — 1926b2roc§ + 288C§b4nroo — 1606%67’”‘001 + 3203ﬁnroc§

+ 66c3ncargo + 4486§n01r00b2 — 32031@0?7“00, (4.13)
gs = —312¢c38ncicorgy + 56c§ﬁ2nr002 + 112527“00263 + 24C§Bnr00 + 12ﬂnc§r00

— 400¢3 Bncargob?, (4.14)

gs = 64ﬂ3roc§ — 1926§ﬁ2m“00b2 + 32c§ﬁ3nro + 62C362nc§r00 — 1120§ﬁ2n61r00,
(4.15)

go = 1000%6371027“00 (4.16)
= +48¢3 3 nrop. (4.17)

By (4.12), we get

gaat + gaa® =0, (4.18)
g5 + gza® + g1 = 0. (4.19)

By (4.17) and (4.19), one can deduce that 48c33*nrg is not divisible by a?.
This implies that

Tij = 0. (420)

On the other hand, the S-curvature of F' = ciav + o8 + 03%2 is given by

c3(cr +cos +c38?)  f/(b) 1
S:= { 1 ~ )}(ro + s0) + S Az {IOanCgcfc?,sQ
— 14nb262010354 + 28anCgc%c§s?’ 44nb%eaeicd c3s — 4nb20350i’02 — CQC?

+ 6n016203s + 10nclcgcss + 6nb2636g56 + 20nb2020 T+ 16nb2c§s4cf

2

—32nb%cisbc; — 10ns*c3c2es + 14nsScacic — 28nsSeocics + 44ns’ cyeics

+ 4ns3 036102 + 8nc§s3clcg — 200% CICQCSS — 2¢3b? 02301 + 50201035

+ 8ncicis® — 14nciscy — 2ncisci — 6neasSca — 2nb*cacs + 16nb*chs®
+ 2ns%c3cd — 6nssc§c§ — 20ns” 0203 - 16n56c§c% + 32ns° 03c1 + 256102c§54

+6c35°cics — 12b%cicss — 16b%cicas® — 2ezb®cley — 10b%cas?cs — 6b%c3s3ca

+16¢35°¢c; — 2ncdey — 8ncss’ — 16ns'0c) + 3c35%cy + 3cas°ca

2(eg + 2¢39)

4.21
0382 ¢ 50)3 ( )

4b2c35 } (roo —
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where

A= (2530301 — 1 — 382 — ¢a5 — b2cacy + bPeacss® — 2b%cssey + 2620333

+ s%cyer — steacs — 259¢3) (—cq + c357),
Jo sin™~2tT (bcost)dt
fp) = o2 C
Jo sin™=2tdt

T = (c1 4 Cys + c352)(c1 + cas + c357)

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

9

n—2

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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