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ABSTRACT

In this paper, we consider the class of square metrics F = a + 23 + 32/a where a = /a;;y'y/ is a
Riemannian metric and 3 = b;(z)y’ is a one-form on a manifold ). Let (M, F') be a Douglas-square
manifold. We show that F' is a Berwald metric if and only if it a weakly stretch metric. It results
that, a Douglas-square metric is R-quadratic if and only if it is a Berwald metric.
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1. Introduction

In 1929, Berwald construct an interesting family of projectively flat Finsler metrics on the unit ball B” which
as follows

(VO PP+ (@92 + (a,9))
F= . (1.1)
(1 [P aPIP + (2,9)?

He showed that this class of metrics has constant flag curvature [3]. Berwald’s metric can be expressed as

F— %, (1.2)

where

o VOBPWP (o)
(1= |=[?)? ’ (1= [z?)?
An Finsler metric in the form (1.2) is called a square metric.
Let (M, F') be a Finsler manifold. In local coordinates, a curve ¢(t) is a geodesic if and only if its coordinates
(c'(t)) satisfy & + 2G?(¢) = 0, where the local functions G* = G'(z, y) are called the spray coefficients. F is called
a Berwald metric, if G* are quadratic in y € T, M for any = € M. In this case, there exists I'};, = T'}, () such that

T ik
G'= §ij($)yjyk- (1.3)
The Douglas metrics are extension of Berwald metrics, which introduced by Douglas as a projective invariant

in Finsler geometry. A Finsler metric is called a Douglas metric if

G' = ST (@)yy" + P(x,9)y", (1.4)

where F;k = I‘;k(x) is a scalar function on M and P = P(z,y) is a homogeneous function of degree one
with respect to y on T M. Equivalently, a Finsler metric is a Douglas metric if and only if G'y/ — GJy* are
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homogeneous polynomials in (y*) of degree three [1]. If P = 0, then F reduces to a Berwald metric. If I" = 0,
then F is a projectively flat Finsler metric.

Other than Douglas metrics, there exist some extensions of Berwald metrics. Let (), F’) be a Finsler manifold.
There are two basic tensors on Finsler manifolds: fundamental metric tensor g, and the Cartan torsion C,,
which are second and third order derivatives of $F? at y € T, My, respectively. The rate of change of the
Cartan torsion along geodesics, L, is said to be Landsberg curvature. Finsler metrics with vanishing Landsberg
curvatures are called Landsberg metrics. Every Berwald metric is a Landsberg metric. Taking trace with respect
to g, in first and second variables of C, and L, gives rise mean Cartan torsion I, and mean Landsberg
curvature J, , respectively. The mean Landsberg curvature is the rate of change of the mean Cartan torsion along
geodesics. As a generalization of Landsberg curvature, Berwald introduced the notion of stretch curvature and
denoted it by %, [4]. He showed that 3 = 0 if and only if the length of a vector remains unchanged under the
parallel displacement along an infinitesimal parallelogram. Then, this curvature investigated by Matsumoto
in [7]. Taking trace with respect to g, in first and second variables of X, gives rise mean stretch curvature s,
[9][14][18]. A Finsler metric is said to be weakly stretch metric if £ = 0. By definition, every weakly Landsberg
metric is a weakly stretch metric.

In [19], the first author with Tabatabeifar proved that every Douglas-Randers metric with vanishing stretch
curvature is a Berwald metric. In this paper, we consider Douglas-square metrics with vanishing mean stretch
curvature and obtain the following.

Theorem 1.1. Let (M, F) be a Douglas-square manifold of dimension n > 3. Then F is a Berwald metric if and only if
it is a weakly stretch metric.

A Finsler spaces is said to be R-quadratic if its Riemann curvature R, is quadratic in y € T,,M [2]. By
definition, every Berwald metric is R-quadratic. It is proved that every R-quadratic metric is a stretch metric
(see [8][10]). Since every stretch metric is a weakly stretch metric, then by Theorem 1.1 we conclude the
following.

Corollary 1.1. Let F = a + 253 + 3%/ be a Douglas metric on a manifold M of dimension n > 3. Then F is R-quadratic
if and only if it is a Berwald metric.

There are many connections in Finsler geometry [5][11][12]. Throughout this paper, we use the Cartan
connection on Finsler manifolds. The h- and v- covariant derivatives of a Finsler tensor field are denoted by “|"
and “, ", respectively.

2. Proof of Theorem 1.1

Let F = a+ 28+ %/a be a square metric on an n-dimensional manifold M, where o = /a;;(z)yiy/ is a
Riemannian metric and 3(y) = bi(z)y" is a 1-form on M. Define b;;; by b;;;67 := db; — b;0,’, where 0" := da* and
0, := ~),dz* denote the Levi-Civita connection forms of «. Let

1 1
5 (bi +bjii)  sig = 5

e i e S B A
so =8y’ To =1y, rjo =Ty’ roo = Tiy'y, st =8y,

h

o T b I X ) X1
Tij = (de - bj;i), Sj =G Spj, Sji= b Sij, Tj = b Tig,

where b' := ab; and (a¥) = (a;;) 71
To finding the relation between the Levi-Civita and Cartan connections of o and F, we put the difference
tensor D, :=T"%, — !, where T}, and v/, denoted the Cheristoffel symbols of the Cartan connection of F' and

the Levi-Civita connection of «, respectively. The tensor D, is called the difference tensor which is computed
by Matsumoto in [7]. Now, let V. be the covariant differentiation by 2* with respect to associated Riemannian
connection. Let us put

Ob; )
bi;j = V]bz = @ — bT’yij? Tijk = Vkrij’ Sijk 1= kal] (21)

We recall that the index 0 mean contraction by y*. For example 7, = ri;1y".
For a square metric F' = a + 283 + %/a, the following holds

200 0 i

836—1—E{(l—s)roo—élozso}{%—kxbi}, (2.2)

G :GQ—F?
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where G' and G/, are the spray coefficients of F and «, respectively, and

g 1-2 1 _B
T a2 rwryl X129 TG
and b2 := [18]]a = /aijb?b7 (see [13], [15], [16] and [20]).

In [6], Li-Shen-Shen characterized (a, 5)-metrics with vanishing Douglas curvature. In particular, we will
use the following.

Lemma 2.1. Let F = o + 283 + 3%/ be a square metric on an open subset U C R™ (n > 3). Then F is a Douglas metric
if and only if

b = 27{(1 +26%)ag; — 3bibj}, 2.3)

where T = 7(x) is a scalar function on U.

Put _ _ _
D' :=2(G"-G:),

By assumption, the square metric F' = a + 23 + 2 /o has vanishing Douglas curvature. Then, by Lemma 2.1, 3
is a close 1-form, i.e., s;; = 0. In this case, by (2.2) we get

D = 20 <i 4 Xbi> Too- (2.4)
Taking a vertical derivative of (2.4) yields
Dij = Byibj + Cyiyj - D(S; - Eyi’l“oj + szbj — Hblyj + Kbiroj, (2.5)
where
5. —4(202b% 4 3% — 3aB + a?)rog
' (202b% — 362 + a?)? ’
2 [26(2@21)2 +38% = 3aB +a?) + (28 — a)(2a2b? — 35% + aQ)} 700
C= a2(2020% — 352 1 a2)2 ’
D — 2(26 — a)’l“o()
" (20202 - 362 + 2)’
B 420 — )
(20202 — 382 + a?)’
Qo= 120[25’)"00
T (20202 — 332 + a2)?’
[T 12%rgg
T (2022 — 382 + a?)?’
407

(20202 — 362 + a?)’
By contracting (2.5) with b;, we have
biD'; = (BB — D+ Gb*)b; + (Cf — Hb?)y; + (Kb* — EB)ro;. (2.6)

Putting b;; = b;;; — b, Dj; in (2.6) yields

lg
bijo = —(BB — D + Gb*)b; — (CB — HV)y; + (1 + EB — Kb?)r;. (2.7)
Multiplying (2.7) with y* implies that

bojo = —(BB — D + Gb*)3 — (CB — Hb*)a® + (1 + EB — Kb*)roo. (2.8)
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On the other hand, the mean Cartan torsion of a square metric F' = « + 23 + 3%/« is given by

1 _

I; = —%A (bi -« Qﬁyz) ,

where ( ) ( )
2(n—2)s 2(n+1 6s
A= — )

1—s2 1+s +1—3s2+2b2

By (2.9) we have
1 , A A AB
Ji = 2ol (Aajg — Ajpa) (@?b; — Byi) — %bi\o + ﬁ(abmo —2Bajo)yi + 508 Yilo-

By putting (2.7) and (2.8) in (2.10), one can get the following

Ji = Xb; + Yy, — Wroi,

(2.9)

(2.10)

2.11)

where X, Y and W are listed in Appendix. By taking a horizontal derivation of (2.11) along a geodesic and

contracting the result with b, we get
b Jijo = 7(517“00|0 + baroroo + bsrgy + bab'roio + bsro + berg + brrojo + 587”00),

where b; (1 < i < 8) are listed in Appendix, and

1
= .
a2 (a2 — B2)% (202b2 + a2 — 352)°
By some computations, we get
Tolo = szz’O\Ov
Tiolo = Ti00 — Tim Doy — rmo D},
Toolp = 91(40451727“30 + 2a5r§0 + 4a*brrogg — 8atb?Brog — 8atb?rorgy — 61"80(13

—18a3ﬁ2r80 + 24042ﬁ37"30 + 40441727"()00 - 4@457"00 — 4&47'07"()0 — 12a3b2r§0
—12 043 521"00 - 60[2521"000 - 120[21)2627’000 + 20a2b2ﬂ7’(2)0 + 120[2637’00
—|—Oé47“000 + 120&2627"07‘00 + 9ﬁ47’000 =+ 10042,87“80

+18af%r2, — 30537"(2)0),

where
1

2= (2022 + a2 — 3/?)?

Thus, we have

biriom = bri00 + 91(8a4b47"30 — 12020%Brorgg + 4atb*birg0 — 4at b2r(2) — 4a*b?rorog
+4a* b2, — 8ab? Brd, 4+ 4a”b? B2l 4+ 1283 reoa’ro — 12026 B2b ri00

—4a2B2 7”(2)0 — 604637"(2)0 + 40t b¥biri00 — 202 7”(2) — 20 roroo — 403b%reTo0

720437’07”00 — 8a2b2ﬂ2r00 + 4a2b25r0r00 + 6a2627’g — 4a2[32froo

+6a8°roro0 + 9B b ri00 — 60 B7b" 100 + 602 Brore0 + 20 Brorag

+C¥4bi7"7;00 — 120[ﬂ37"00 + 12B47’80 + QOZBB 7’%0 + 12ﬁ47"00 — 6537’07"00) .

By definition of the Cartan connection, we have g;;; = 0 and then gij‘s = 0. Therefore, we have

Skt = 9"k = 97 (Lijien — Lijur) = Jrp — Juji-

(2.12)

(2.13)
(2.14)

(2.15)

(2.16)

191 www.iejgeo.com


http://www.iej.geo.com

Douglas-Square Metrics with Vanishing Mean Stretch Curvature

By assumption, F is a weakly stretch metric £ = 0. Thus J;;, = Ji);. Contracting it with y* yields J; ;4" =0
or J;jo = 0. This equation is equivalent to that for any linearly parallel vector field « along a geodesic ¢, the
following holds:

d
& |3ew] = o.
dt [ (W] =0
The geometric meaning of this is that the rate of change of the mean Landsberg curvature is constant along any

Finslerian geodesic.
Since J;jo = 0, then b".J; o = 0. Then by putting (2.13), (2.14), (2.15) and (2.16) in (2.12), we get

’y(AlﬁalG tot Aot A0> —0. 2.17)
where A; (0 < ¢ < 16) are given in the Appendix. By (2.17) we get
A6t + Agatt + o+ Asa® + Ag = 0, (2.18)
Azt + Ajzat? 4o 4+ Aza® + Ay = 0. (2.19)
By (2.18) and (2.19) we get
3(3n + 10)Brooo + (97n + 350)r3, = fa?, (2.20)
3(4n — 10)Brooo — (353n + 759)r2, = ga?, (2.21)

where f = f(z,y) and g = g(z, y) are homogeneous functions of degree 2 with respect to y on T'M. (2.21) implies
that

roo0 = h o + k 3, (2.22)
where h = h(z,y) and k = k(z,y) are homogeneous functions of degree 1 with respect to y on TM. Putting
(2.22) in (2.20) yields

roo = ta?, (2.23)
where ¢t = t(z,y) is a homogeneous function of degree 0 with respect to y on T'M.
By Lemma 2.1, the following holds

bisj = 27{(1 + 20%)ay; — 3bibj}, (2.24)
where 7 = 7(z) is a scalar function. We claim that 7 = 0. On contrary, suppose that 7 # 0. Thus by (2.24), we get
ry = 27{(1 +20%)ay; — 3bibj}. (2.25)

which yields
oo = 27-{(1 +2b*)a® — 362}. (2.26)

By (2.23) and (2.26), we get

2 | 61 |,
“ _|:2T(1+262)—t:|6.

This contradicts with the positive-definiteness of «. Then 7 = 0. By considering (2.24), it follows that 3 is
parallel with respect to «. Therefore, F' reduces to a Berwald metric. O

3. Appendix

9 8 9 8

X = X(anvtprgga® — 8nb? gZrgga® — anbtsProga” +anbiptrggal +rggad + 4bts rggad — 2nb?sroga® + 46t 8% rgga

741)4537‘00(17 — 40n b2B3r00a7 + 4b4ﬁ4r00a6 + 22nb2B4T00a6 + 30nb2B5r00a5 — 18nb2ﬁ67‘00a4 — 2b2B7‘00a9 — 271Br000¢9

+46282rg0a® + 10n82rgga® — 8nbdBroga’ — 46283 rgpa” — 10083 rgga” + 8nbtB2rgpal — 206284 r00al — 26n8%rgga’

+30628%rgga® + 60n8%rgga® — 8nbtptrggat — 246280 rggat — 18n8%rgga? — 36n87rgga® + 18088 rgga? — 28rgga’
—12628rga® + 4nb2roga® + 1082rggad — 8b%Broga’ — 8nb2Broga’ — 1083 rgga’ — 482 rggal + 246283 ral
—208%r0al + 86483 rg0a® — 987 rgpa + 14nb2 83 rgga® + 428%rgga® — 26484 rggat — 12628%rgat — 26nb2 8% rggat

—12n628%rgga® — 5487 rgga’ + 1806285 rgga? + 3688 rgga? + b2rggad — 68rgad + nrgga® — 862 8rgga’ — 2nBrgga’
6 _ nB27‘00046 + 32b2637‘00a5 + 5nB37‘00a5 — 5b2ﬁ47‘00(v4 - 42557‘0044 — 11nﬁ47‘00a4 — 12b265r00a3
5

+3083rga
+36285rgga? + 1887 rga? + 18nB85rgga? — 9npBrgy — 28rgga’ + 88%rg0a’ + 583 rgga® — 2084 rgga?t — 68%rgga®

+24%rg0a® + 3087 rgpa® + 567 8% rgab + 68%rgpa’ + 202 % rgpal — 26t rgga® + 8o 8% rgpa® + anbtrgga® + 1606782 r0g) s
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by

?(8b4ﬁnrooa10 — 8nb4ﬁzroga9 — 16b4B5a6 + 8nb4B5r00a6 + 8b4ﬁ Tooalo + 8nb2B rooas — 16n b4B2a5 + 15b452r00a9
78nb45r00a9 — 20nb2527"00a9 + 2471b4B2r00a8 — a9r00 - 24na8b2rooﬁ3 + 16nb4,84047 - 8nb4ﬁ3r00a7 + 72nb2B47‘00a7
+8b28%rggal — 16mb%8%rggal — 4nb28%rggal — 36nb28%rg0a® + 1206287 rggat + 862 8ronal® + 2nBrogal? — 16v%5%a”

+8nb%8%rgpa® — anbtrgga® — 1662820 — 8b2rggB2a — snb2Broga — snpZrgga’ — 166%8%a® + snb?p3ad

+24nb28%rggad — 6np3rgpa® + 1661847 + 16nb2 83 rgga’ + 48nb B2 rggaT + 11202 8%a7 + 2462 8% rgga + 28062 83 rgga”
+54n8%rgga’ — 1602 84rg0a’ — 28nb B3 rggal — 88nb28%a8 + 566285 rgpal — 124nb2%rg0ab — 22n8%rg0al + 864 8% rga®

—28nb? 8% rgga® — 4862 8% rgga® + 44nb2 8% rgga® — 18n8%rga® + b8P rggat + 4806287 a? + 7206280 rggat + 7808 ropat

+2Br00a10 - 36nb2ﬁ7r00a3 + 54nﬁ8r00a3 - SGnﬁgrooaz - 4b4r000¢9 - 16b2ﬁ2a9 - szﬁrooag - 4nb2T00a9 - 4nB2a9
—882rgpa? — 2nBroga® — 246 ropad — 16628305 — 246282508 — 683rggad + 6nB2rgpad + 2062847 + 206283 rgga”
+52n84a” 4+ 4884 rgga’ + 16n8%rgga’ + 320283 rga® + 8b28%a8 + 486284108 — 106284 rgpal — 2806283 1rggal — 4npBal

—58n Brrgpal — 28 brggata® — 7202%a° — 2064 8%rgga® — 172062 rrgga® — 144n %05 — 968%rgga® + 2485 rggat

—24528%r50? + 846280 rggat + 96nb2 8% rggat + 5487 rgga? + 144n8%rggat — 486287 rgga® + 84nb28%rggad + 72n88a°
—36n8%a? — 728%rgga? — 12n88rgga? 4+ 368%rgga — 4a%b2rgg — 4820 — 28rgga® — nrgga® — 12628rgga® — 48308
—36nb28" rgga? + 682rggad + 366282 rgpa’ + 528%a7 + 1683 rgga’ + 18n82rgga’ + 446283 rgga’ + 88%a8 + 608t rgal
—mnB3rgal — 7662 rgg8%a® — 1088%a° — 228%rgga® — 88nptroga® + 1202 8% rgga + 3687 o — 848%rga? + 1148%rggat
+45n 8%rgga’ + 108285 rgga’ — 24 87rgga® + 150n 8Orgga’ — 1086287 rgga? — 728%a2 + 3688 rga? — 1088°% roga?

8 _ 768%rg0a® + 7288 rg0a® — 1885 rgga? + 1268%rgga’
—9988rg0a + 908%r0g — 16n8°%rgga® + 60n87 o — 48283 rggad — 862 8roga® — 16n6%8%a0 + 3200483 a® + 60nb2 82 rgga’

+728%rgga — 63nB8rgga + 27nB8% g + 1882 rgga’ + 1483 rgpa

+12b582%rgpa® — 4np3a® — 72nb28%a° — 54nsTrgga® + 7262870t — 108%rgpa® + 1088503 — 528%rg0ab — 128%r)al

—81n 677'00042 - 54{371‘00&2),

W= W(2nb2a5 —anb?Ba? — 20628203 — 68% + 2nb2 302 + 2620° + nad® + 26280 — 2npat — 2028203 — 4npZad

2

—482a3 + 2628%a2 + Tnp3a? + 3npta — 3n8°% + a® — 280t + 48302 + 3{3404),

3215108015 — 64nb108201% _ 32051083013 | 3251084412 | 304103415 1 8013 4 16nb38al® + 3201082414 4 32n0882414

—416nb383a13 1926983013 1 3261084012 | 496nb38%al2 1 336mb38%all — 64nbl08ald 4 320010014 _ 2245853413

+326882a1% — 272nb88%410 — 4480410 — 17602 8% a1l — 134162830l — 968%all — 40b?p3all — 28np%all 4 64nb25%all
—10286%4 %4010 1+ 3926285010 1 94nB%al0 4 188%al2 — 6np3al? + 632628%a% + 104662850 + 3846%854° 4+ g7a8
—12246287a7 — 720025807 — 325806287 — 608%a® + 3206852013 4 b28%al? + 1280608201t — 240608010 4 64nb10p3 1L

43366585011 4 32068840l + 1416mb585all — 64nb1098%4a10 — 3206880410 — 1281882413 — 24nb%8%a12 — 96nbB g3 al?

—2246%8%012 — 20nb% 8015 — 1120688013 + 64nb%52a1® — 32nb85%4a10 — 1661054010 1+ 885410 — 1680054012 + 88860 3011

—308nb%pt al? — 176nb05%att — 6468 5%al! + 43202850t £ 176 b8 83l + 646108301 — 10246083012 4 32b8 52418

—64nb%8 a3 + 3200283 a1 — 14n 48312 — 24685508 + 3600%8% 0l — 300nb2 BOall 4 512688301t — 320nb85%a 1t

_312n b8t ol — 88884010 1 2248585 010 — 160nb%8%a10 — 4862 8000 — 115264570 + 240nb2 8% + 756nb2 870
+384nb%8%a8 4+ 1176nb%8%a10 4 260nb285a10 — 17668850 + 320698%a% + 728n 88502 — 2664nb187a® + 5760218808

—102628%a1! — 164nb2 %ot 4 1206mb6% 5200 + 64816251000 — 648nb1 51005 — 864nb25%7T — 360nb08 a0 — 26mb25 20t

—ab?Bal® ;120801 4 16nbtal? 4 ab2p2al? — 2np2al? — 6488013 4 48b1p2ald — snbtBald + 446283413 4 16nb2 20l

—10806%810900 — 102n8% o't — 976623 8% a0 + 52862 5%a 10 4 100mb% %00 4 57206285010 — 321 80010 — 73610 5% 42

+452n528%a2 — 2880648008 — 23041025708 + 72028808 — 156n88a8 — 88 al? + 88028507 — 166285010 + 1680012350

1452898008 — 1368028708 — 1416282012 — 408119870 — 288648807 — 540625%7 + 72nb2 8807 — 1026625840

+120662 51205 1143 _ 6488303 4+ 70218203 + npal® + 64881402 + 148616281202 + 648np 30?2 — 324np1%a

14628013 1282 o183 £ 160282012 — 68302 — 106283l 4 12608208 — 288%alt — 248341l — 3086284010

+20518%a + 7np%al0 + 72062850 + 110628508 — 2528807 — 840nB87 a7 + 48nb58%a10 4 60np? 3000 — 32085047
—102026%87a? — 304nb%8%a? + 1032008%48 — 1206nb287a? + 2nb88%ad — 480mb% 37 a® + 104nb? B8 + 240nb058a7

—540mb21066 — 2062800 — 4nb?ga’® + 48nbfal? + 2002820t + anb?pZat? — 112688413 + 41418800 + 324002 5%a°

—1881045 4 1755n beta®a® — 13321231044 3 _1728n 811 + 205202 g1242

—32481302 1+ 891n 81202 — 6488 a + 5670 130 — 24850t — 145%a10 + 19385 0¥ — 74458747 + 102 8%a% — 1808840

12[¥2’ +4nb8a14 4 64nb10B2a12

— 1512nb283
1 8885410

— 167481 0 — 232252811 o3 4 648812 o

48018130 — 25281044 _ 810814 — 1728811 a3 + 10268 — 64198013 1 1530 894°

+19806%8%a8 + 1668 8a1% — 206nb883a13 — 3261083013 + 108628807 + 34021 0% — 612062808 — 52808708

—24nb983a1 £ 646552013 42020t — 3276n 0287 a7 + 50487 + 4326287 + 9728

—176n6%8%a® + 1368%°

10 4

13,2 _ 91881904 1 76nb458%a7

193
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2 14 2,2 12 2 2 12 3 11

by = 16nb%al® — 384nb0 p2al? — 220282012 4 4882 ol? — 96n B2al? + 19206283 att 4 32462 5% o

—12528nb28%a2 — 1368%a° — 812n8%a? + 4836628%a8 + 570n8% a0 4 237687 a8 — 1352n8%a8 + 21500287 a7 — 6008807

—36728%a% — 2700628200 + 26462878 — 11454625840 + 128nb%8%a12 — 10200088501t 1 128608410 — 192002521t

+96nb2Bal® + 64nb880%a10 4 1286%5%012 4 10206083012 + 1056mb*g4al? — 6anb®8%all + 1056nb%8%alt — 126885411

_576nb23 a3 1 14166%8a13 4 960mB%all £ 4p25%alt 4 1752002830t 4 1440628% ! 4 432002840l — 102024012

—34p%a12 — 64nb%82a13 — 66983 all — 966482013 + 24nb*Bald — 1026253013 4 32nb%al® — 48nb252a13 — 4560952412

_48nB3al® £ 1920283012 — 1200nb%82a12 1+ 1606585010 — 576m b%87a® — 128n6%8% 010 4 576nb% %08 — 1632106280 al0

+64nb%5%a9 4 96mb252a1? + 48nbfal? — 144625201 4 28800183012 — 960 bt — 12nb28%a12 — 58pptal? 4 1200840l

4288628511 4 38002820l 4 2028002850t 4 156800083l 4 320008013 — 640082413 — 1020483013 — 816mb082al?

+1104nb%8%4a10 4 7686285010 — 1536nb25%a10 + 16566% 54010 + 440n8%a10 — 83208542 — 4806%8%aY — 724nb?B%a?

—38n87a? + 16n88a® + 312nb%87 a7 — 1481625807 + 12885010 — 1020628808 4 5832n8%a7 — 6720238847 — 28806231040

10,6 4 410081028005 + 36nb2al? + 48820 + 2081 Bal — 480282013 4 10568t

4+600nb28%a10 _ 14885285010 4 258nb28%a10 — 376n8%al0 — 528628049 — 4872nb285%a2 — 3087 — 3768542 — 72645048

—432n0283 013 — 5760485010 + 2688nb1 5% a0 — 3680287 0 — 480nb2 B0a® + 1944p% g0 — 2508162 5%a8 + 1824 3848

+8nB3al3 4 2400982012 — 726483412 _ 76mb?p2al2 — 166284012 — 4800283012 4 18n8% — 384allb?B%al? — 22nbip3al
—7283a13 — 8npZald 41920283012 — 588nb2 B2 al? + 24np3al? — 2728%012 + 228085012 + 38462840t 4 6a8nb2p3all
—1368628%a° + 187281045 — 4626n8%a° + 1800nB810a% 4 956281002 1 237681 0t — 172881243 + 1800m 81 a® + 1882412

—5768%a10 — 47728%a9 + 37488%a8 + 14196877 + 224638510 — 384nb2 85010 + 720nb% %00 — 14nb?B7a® — 1286385410

—1926%87a2 4 56nb28%a2 — 594162870 — 48b%8%a8 + 960nb% 378 + 486888 — 480nb2 B8 a7 + 3024nb28%7 — 20mb251040

674462870 — 67202887 — 173708%a° + 131948100 4 815481103 — 658881202 — 126n812a2 + 6a'? — 28a'% — 104n0%8%a°

1 b 1021583413

10 _ 6161350410 + 8854o¢11

—2592n811a® — 4104np + 17280824

1

+512nb%8%a8 — 8nBal® — 1206001 4 72nbtal? + 48np2al? — 106988%a0 + 96010648 + 304n87 a7 + 82nB3al

—12n6%8a1? + 14416283012 — 80158 + 568808 — 9628203 + 36862877 — 206nb28%a0 + 120820l + 368287 a® + 15287

448698311 _ 74p%4 82012 | 562830l 4 64695040

by = 128nb%8a1% — 6ant®Bal? + 48nbB3al? — 16068 a%all — 1608 8%all + 1606385010 + 6anbbBal? 4 256nb08%alt

—36nb%82a13 — 326885010 — 4320n 5985010 + 80nb%8%a” — 806087 a8 + 16628alt — 120nb%al® 4 160%8a1? + 96nbipalt

+640m 6382 all — 1760 6%83 012 — 16nb982at? + 6460520t — 41660830t — an gal? + 240n b2 10!t — 11206883010

+32nb%8a13 1 56nb%al3 £ anb?Bald — 2400282013 + 1406282013 4 a8nb?p2ald 4 enb23ald — 246282413 4 1285052412

—86b28%all — 16mb2a%all +68688%at0 + 24623012 — 246252012 + 15265013 — 32002820t — 24608301t 1 12805211

—448b38%0% + 52688502 + 4952nb05%a? 1+ 4825002 4 2420028502 — 4npBal? 4 1464nb25%a° — 448698008 + 240605547

—240mb%87 a7 + 102658707 — 2800mb%8%a7 + 1152628708 + 2160nb%5%a8 + 384625848 + 39841287 a® — 1020054410

411286287 a® — 4632n b2 8%a8 — 660nb287ad + 25668 8508 — 39662 8847 + 1200482012 4 3120n 28707 — 2124nb258a7

+142n02 %00 — 57606281 a? + 86mb281000% — 864062 3% — 60622 ald + 24nb28ald 4 8b1Bal3 + 36nbtald + 24052013

_e72nbip2all — 17662840l 4 140665820t 4+ 2646283012 — 1216282012 4 384nb2Bal? — 504nb283all — 196nptall

—7104nb% 83010 — 52002 8% 10 4 600nb2 g% al0 4 228n8% a0 — 325660 8% + 1392028507 + 2700162 3% + 532n8%a°

+18240nb%8%a8 — 2166287 a8 — 4080628%a8 — 230462877 — 34608nb28%a7 + 2016648502 + 11160nb%8%a? — 88087 8

+4480nb% 8312 — 4806952013 — 312 nb?B2a13 — 320mb3B8al? + 396nb% a3 l? — 320088012 4 e0btptall — 9360 b%p5 10

—62406% 83011 4 2400nb% 8808 — 316mb285 a0 4 2416282012 — 5004nb?8%a8 — 4560284010 4 24800028012 — 483412

11

12
_2n 82977 4 130802820l — 456628301l — 448002824l — 1480 8% ol

+1088%a10 — 1226285410 4 204nb25%0® — 7602540 + 23520285 a°

4320628707 — 3578nb28%a7 — 2168%a7 — 2208n87 a7 — 145064870 + 4908628808 — 265816287 a8 + 564828 + 3480n 380

11,5 10,5 _ 18481044 — 20520281 0t — 17280023100 — 988120 — 1728081 a? — 54511 a? — 5562081004

12,3 4 41811053 4 718200281102

1 6006284010 — 44840m5283 a0 — 100n83 ot

+ 72062 8%a” 4 348%0° + 70n8%a” + 1468862 5% 08

+12968 — 26n8

4612nb28%a° 4+ 2646m8%a° — 1236%8%% — 7281045 — 67320231004 _ 5382n025%% + 1083

2012 4 angal? £ 1002013 + 8062820l + 608400 — 89383010 — 620028%a” — 87nB%ad — 216062877

—4288%a8 4 5671nB8%a8 — 9752n8%a7 + 18608a7b28% a7 — 242487 a7 — 3067262878 — 10083l — 80nallp? — 41480283410

—352nb%8%a10 — 16698509 — 200n6% 5508 — 48087 a® — 16n6%8% 0 + 840nb%8%a° + 112008808 + 304698708 — 108nb% 3708

—4nb2al® 1262010 L agtgal? 4 16mb2Bal? 4+ 12808013 — 47708100t + 121n8%a? + 22088808 — 14498137 a8 + 3745862380

—4564862 81003 4 421281202 + 380708 0? — 1944830 + 11583n81%a — 34200813 + 448012 — 80820l — 9868010 + 4578%a°
+155078%a° 4 20168%a? — 3180681043 — 11708 a2 + 2467812a — 756811 a® — 34200081043 + 220326281102 — 5046231040

+4158nb28%a° — 932n8%a8 — 51066485 — 32248507 — 17972578 + 281518805 + 1018862 8% — 756nb2 B80T + 67206051010

+4Ba3 + 30828 — 28

—90nb?8%a10 _ 756n813%a 4 21681302 4+ nald + 7368%a? + 1477nB%a® — 236mb2810a3 + 32628945 4 516nb2p%a0

+64428°%a8 4 32048%05 — 1446985010 1 14188707 — 849662 5%a7 + 68np 202 + 3268801t — 4b2al® 4 3265413

4320688013 — 24688412 4 8nb283al2 4 288058807 4 4448608548 + 972028247 — 518402 8300 — 3528784

4250648805 4 32400281 a3 4+ 12008° o10 — 30646%8%a7 — 9286083010 + 1665 8a12 — 264625200 — 347200033410
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by =

by =

be

b7

bg

16683a1% — 16n688%a10 4 80nbBp%all — 48nb88%al? + 96nb3Bal? — 48nb?pZald — 24p%al® 4 5206985010 — 936nbtp3al?

—32nb%a1® 4 4868801 + 192nb%8a1? 4 648824 160nb%82a13 — 966883012 — 672nb%83a12 4 80b38%all + 028608%a

4170475285010 — 5766238509 + 4862182013 4 a8nb252al® — a?p3al2 — 246%al® 4 0360283012 — 43201 8%all — 106nb2p%all

1120698708 — 54nb? 87 a8 1 1080mb% 88307 — 2448nb% %0 + ab?ptall — 3260410 4 400nb2s%all — 720683 al? — 456nb2p3al?

864628507 + 1512628807 + 2808162 580" — 1872025507 — 10086287 a8 + 818%a0 — 1872102878 + 48nb2Bal? + 96pt 2 ald
—216mb%8%a8 — 75nB3al? — 1086287 a® — 798187 ad + 1944028%a7 — 384n8%a® — 84628%4% 4 3nB%al0 4 112028401 £ aTnptall
+756n8% a0 + 13240285010 — 17280251065 + 378621 0t — 1188181000 — 7283012 — 135n8 M a0t + 482013 — 2888507 + 358%a !l
48378807 — 480mb%8%a2 4+ 96nb%87a8 4+ 1200080 1% + 144nbtBal? + 1286%82a13 — 118881040 — 216811t + 72081243 — 16281342

—1704nb2 %010 + 256n6% 85010 + 358% 0t — 3209 8%al! + 105602820t + 1080 Bal? + 1504162 8% 10 + 105308807 + 405n812a3

—76887a8 — 500883012 — 166838%a10 4+ 7206485010 + 1506%8%a10 4 80n 123203 + 8628240 + 3388% a0 — 8nb2al®

13 _ 11

15 1

32nb8 Bal? 4+ 32088312 1 2500882012 4 18060850l — 6nb8p2ald + enbBatall — 3206385410 — 12800833413

—32658%a10 — 1200983012 4+ 1600 8%a !t — 12863 8%a10 + 268 8att 0t 4 64nb0Ba? — 1280053013 — 12060852013 — 12np% 5313

—64b838%a12 £ 74nb88%a11 — 486982413 _ 1026983013 — 144nb?82a13 — 2720083012 — 106484012 — 246483012 _ 10200284412
+386%8%a 1t — 96nb283 a3 4 9onb?ptall + 1440nb28%alt 4 226085010 — 432055507 — 9606?87 — 1872002300 + T20nb% 87 a8

4288nb28%a10 _ 418002870 4+ 406%87 a8 + 060628848 + 115210628808 + 84nbtp8a” — 421628200 + 216nb28%7 — 864nb2p1040
—960283 a3 — 48nb2p2al3 — 720452013 + 16nb2gal? 4 1440% 52013 + 352 850 +6006%8% a0 + 966280010 + 27206285010

41441287 a® — 16m83a13 £ 1152628%a 1! 4+ a6nb2ptall + 45662 5%all — 2208%a12 — 3126%85% 012 — 1280628512 — 06b2p%al?

—1584nb25%a° — 1824 npTa® — 726287 a® + 124862808 — 432n8%a% + 1080628807 + 21601 62807 — 1654012 — 220n 8% al?

—256mb58%a10 — 960mb28%al0 + 320028%a1! 4 416628700 + 3285410 4 8208510 — 108062854 — 225687 a2 — 3606287 o8

+3608% a7 + 864n88a7 — 42625%00 — 144081060 — 162n8%a8 — 1186251005 — 22811a% — 018181000 + 766281 at + 12681202

4708%a1! — 162081302 — 1328708 — 548%a0 4 8885010 — 3248%49 — 34nb58%a10 4 7568807 + 11046%8%a10 — 162002385410
+576nb% 8808 — 960nb% 870 + 19216987 0% + 6460 Bat? + a8nbtpal? — 91881040 + 37881 0t + 48681205 — 32481342
—24006287a? — 682a13 — 108648502 — 84nB7a® + 128628847 4 4968°%all 4 76nstall — 384nb6%5%49 — 1281536410
+38458%0% + 1869850t + 2880028%a7 + 2801 + 324081205 — 168016280010 4 38081 a? — 640n B%al? + 368n g0al0
Lasbipal® 4 ont? 55010 4 20ap85tall _ 2gp654a12
= 256nb%82a1% £ 96mb%8%012 — 160nb% 5%t + 6406855010 + 1046355010 — 13116850010 — 320688602 — 036nb057 a0
+32698%010 4 agnbtal® 4 9668501t — 288nbtpal? — 1286952013 + 1080628312 + 2400482013 — 1026953412 — 16060 5%alt
4504nb287 a8 4 2448n628% o2 + 110462 8%02 + 0606283012 4 22818302 4 4nal® — 124862840l — 200m gall — 86623510
—768b287 a8 4+ 936n87 a8 — 2232628847 + 216nb28%a0 — 216628a1? — 1080nb2 5807 — 24nBal? 4 1446282013 — 4np2ald
—10808%a7 + 1944645905 + 24028200 4 48681000 + 12061628800 + 145808200 — 2428807 4+ 108908 — 120885410
+1087a8 +14810a° 4 240201® — 5081 0t — 146280t + 48nb%at® + 3260015 — 028708 + 24620 l® — 758%a10
146883012 — 568%all — 188%a7 — 54628808 4 25028049 4 66nb%58a8 — 24088015 + 96mB%a?® — 132nb%5%all
+17528%a° — 14nalPb2pal®
= 486983012 1 1520852012 — 12010982012 — 12802 8% al? — 52n + 8160% 8312 4 5286087 0B — 12000%8% 10 — 96b8 palt
726083012 _ 245155010 1 26625708 _ 1255010 _ 185235010 4 525708 4 125%a12 4 0726281 a0 _ 108%a0 _ 720450 l4
+192688%012 — 06°%8%a10 — 108801t + o728 0,
= 966982013 1+ 1280983012 — 1920083012 — 12800540t — 1008nb% %ol + 1008002500 + 32008049 — 128005708
+1104n b3 8%a10 — 256n 6983012 — 128n b%8%al 4+ 96n 08203 + 48 nb? 2 af 4 72n 122013 — 288btptall

—1800mb287a® — 2886188 7 — 1206n b28%a7 — 530462850 + 432028502 — 48 85010 4 2208628502 — 672nb%B7 a8

+60n8°a10 + 1416052 8802 + 856n8%a” — 5766287 a® — 664ns7a® — 165662 %07 — 936nnB8a’ + 15366220
—504n8ta? 4+ 324n81243 — 108n 81302 — 2208%all + 4968%a® — 4328847 — 136878 + 600820 + 288nb0354 10
—6488M a? + 3681005 + 108 81243 — 192628%010 — 200np%all — 1020% 8%al0 4 1683 1?2 4 1282013 — 36n5104°
+16n83al? — 55262840l — 960mb287ad — 144nb288a” — 912062840l 4 1020283012 4 12001820 + 72062381045

—864b281 0% 1 21681302 + 320658602 — 3255748,

= a(n + 1)1+ 26D (6628 + 262 + 1)rd,

= —(1+ 2b2)(16nb8[3r000 — 326882500 — 32nb582r2 ) — 3206882 g0 + 166° 8213 — 2nb8Brorgg + 4nb?B2rd, + 168 Brogo

+16nb%8%rgg + 104nbt Brorgg + 248213 — 8nbSbir g0 — 1672068 + 16625210 — 12nb% Brogg — 4nb2Brogo + 1662 8% rg
+2462 8202 + 4462 Brorog — 4np2rdy — 860bir 00 — 12628 — 12nb¥bir;g0 + 24730t + 8rogrob® — 16rZ)b? + 1202
+2nrgb? + 8nrgorob? — anb?rgy — 48%rdy — 8nproroe — 26%b rigg — 467 Broge — 6nbZbirigg + 4rgb? + 8rogreb? — 4rggb?

2

+8nrgorob? — anrZgb? — 3208 8rorg + 8nrdb® — 6b2b1rig0 — nbirigg + 2rgore + 16nb282rgg + 442 Brorgg — 8nBroreo

+146* rorop + 4nrdb? + 2nrggre — birigor),

195
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Douglas-Square Metrics with Vanishing Mean Stretch Curvature

Arg = 201+ 20%) (80620 + 1600882 rog — 3206083 ro + 8688315 — 32008 5% rgrog + 108nb% 821G, — 86857 g0 + 166883 r0g

48312 + 216nb1 82 rgrgg — 8nbta2r3, — 36mb2 3 r2) — 4582 rg00 — 24nb® BT o0 — 8nb3 Brg + 1665 Brgg

+72nb2 83 rg0 + 6b
—24nb%8%rg00 — 66182 rgrgg — 8b182rE) + T2nbt 812 4 24nbt Brorgg — 8b1 813, — 24628372 + 60nb2 8% rgrg — 8nb2 B2 rE,
—86%8rgp — 1208709 — 868 rgrog — 8282 rogp — 36nbtAbIr 00 — 12nb Brg — 3661813 — 126 Brorgg — b1Br3 — 46282 rg00
+24nb2Brorop — 38nb2Brdy — 4n8%rg — 88%r3, — 8nsZrorop — 2n8%rgg + 467 Brog — 6nbtrggo + 306 rgrog — 4678200
+6b% Brorog — 8628730 — 267 rgrog — 48%roo + B rog — 88%rgrap — 28715y + 68rrag + 2nBrde — 36 rgg — 96786 ri0g

—Brg + 72nb28r3 + B2rpp — 3nBbirig + 36813 + 68rgTo0 + 2820 — 4nrgrop — 18nb2 Brobirigg — 38bTrg + 246383 g

+9b2r0 - 12b4B7‘0 + 8nb65r30 - Snbsrooo + 1an6r0r00 + 16b6ﬁ27‘07‘00 - 8b2B2T‘gO + 12b6Bbim00 - nbzrooo - b2T000r00
—6628rg + 68813 — 161582 rgg0 + 4b8rgog — 4rgrop — nBrg + 16mb%Brog + 186282 rgr + 5462812 + 462 Brgg — 8nB3rd

+anb?Brog — SbGBro) ,

Az = —32088%r2) 4+ 320m61083rg 00 — 640 nb® BArgg — 32088453 — 64nb® 83 rorgg — 768 nb0BrE ) + 32610831000 — 6408 8% g

—160nb882 3 — 896008 shrgg + 96 668413, — 1280n b8 B3 rgrog + 967 168313, + 504n b3, + 64nb10Brogg + 2246883100

852 r2) — 1280 b8 Brorog — 2246 Brgo + 128068831 + 64n 8583 rgg + 640583 rgrgg

+1120065 82 12 + 48nb2 8% rog + 14462 8% r2) + 144062851 rog + 1441 528302 + 646108100 — 646882 birs0 — 1288 8% r(g

—128nb% 82 rog — 32006282 rogg — 160nb

+112nb8 Brogg — 12865 8rorog + 64nragb® + 12868831y + 64583100 + 832 + 1526° 83 rg + 16018826 r; 00 + 192068825

+1926%82 12 + 19268 B2r( rog — 27258212 — 80n b6 Brorgg — 32nb8Brd, — 14462 Brgg + 19206283 rg + 96mb1 B3 g
+144b% 83 rgrog + 41616883100 — 64nb® 8% rggg + 34nb2 B4rd ) + 2608 83 rggg + 1268826 r 00 + 48b2 8312 — 360nb% %12

+114nb*82r2 ) + 26nb2 8% rg + 22628412 + 58nb2 B3 rgrgg + 7206285 rd) — anBtrd) + 11268 8rggg — 1766513 — 128658267 r 00

—366%82 19 — 66%8%rgpg — 4884130 + 6nb Brogg — 6868 Brorog — 3268813 + 8nrdgb + 19261831 + 48628312 + 966483 g
+48b 8207 r00 + 144nb* 821 — 144nb? 8% g0 + 68%rg — 48nb?B2rggg + 2462822 4 2646 8% rorgg + 4326482 rd) + 96nb Brorgg
—a8nbr3, + 2862 8%rg0 + 960623 rg + 48nb2 83 1o — 56mb2 B3 ro00 + 1685310 + 286283 rgrgg — 720628252 + 72nb2 B2 rgrgg
+92n83rgroo + 12n 83030 + 6465 Brogg — 152368 — 9662 82T r; 00 + 7262 8% rg — 216182 rgg — 486282 rgg0 + 8nbtBrogg
+96b28%rg + 48628510 — 46283100 — 8nb2 820 r00 + 48nb2 B2 rg — 64nb2B%rgg — 16nb2 82 rgee — 12062822 4+ 1262 8% rgrog
—48b2 872 + 36nr3gb? + 92n b2 Brorgg — 24nb2Brdy + 88%4rgg + 16n8%rg + 8nB3rgo — 8n B3 + 11685 rgrog + 1882 rgrog
+86%Bron0 — 3o — 24rZgbt — 262826 r00 + 366282 rg — 66282 rgg — 166282 rgng — 4nbZBrogp — 462 Brorgn — 4b2Bray + nb2rd
—88°%r000 — 4npZb ri00 + 6187 rg — 12087 rop — 2n8%ro0o — 428% 18 + 1887 rgrog — 5287 rdy + 20nBrgrog — 48130 — 467 Brogn
—28%r000 — nBro00 + 20810T00 — 4815y — nr00% — Brogg + 88 roo + 6np7rg — 4876 rine — 326% 8 o0 — 646% 8% rgrog
166282120 + 14nb2 8212 + 96nb5 8% g + 212552 — 128%rgg — 384n 08212 — 10206682 rgg — 5208212 — 32n %85 rg

+72n6% 82 rgrgo + 486882 rg — 43264 Brorgg — 326283 rg00 + 8nBYrgg,

A1z = =8 (32001088 rg00 — 64n6% % g — 64nb®E3rorgg + 3207083 ro0g — 646% 5% g + 496185 8% g0 — 6465 83 rrog — 28nb% 871G,

27‘0 - 128nb8B2700

—128nb3 8 rgrog + 48068 8 rgg + 256mb8 831 + 19208883 1o — 2418883 rggg + 2246083 rgrgg — 6488313 + 1440605213

—49nb8 83 rgrog + 32nb0 8313 + 2184nb% 8412 + 64nb108rgg — 22468 8% rggg — 48nb8 BT rg0 + 320088

+1104nb% 4 rgg + 792028402 + 2592102 83 rg oo — 240nb2 8352 + 168nb2 842 — 320010810 + 96658260100 — 60468825
+32nr20b5 — 1286083 rg — 1686683 rgpg — 672n b9 8%bir; 00 — 12800827 — 25608082 rop — 19206882 rgo — 2886052 12
—592nb3 Brorgo — 112068 8rd, + 384b484rgo + 192064831 — 308nb2 B3 rg0 — 720283 rgrog — 336628312 + 1120028203

2.4 2
BEr

+208nb2 84 rgg + 4202842 + 72002 8% rgrog — 24nb2 8312 — 30nB% 3, + 15265 Brogg — 12r20b% + 31266 82bir 0 — 27205821

—12nb%8rooo — 8566° Brorog + 3200813, + 48nrd b8 — 126283 rg — 14nBtrgg — 96nb?B2bir00 — 20nb% 8% rg — 12n6% 8%

+96 b4 82 rgroo + 7a4b? 8220 — 840nbd Brorog — 168062 Br3 + 2082 8% rgg — 192n 62831y + 4802 B3 1o — 52nb2 B3 rg0

—2862 8372 — 240628212 + 86nb?B2rd, + 6468 Brorgo + 5665 8%4r2 ) + 18880688252 + 52688203 — 16nb8 Brogg + 92058213,

+1404nb2 82rZ + 756062 82 rgrog — 36mb2B2rd) — 14nBtrgg — 2888412 — 320n83rgrgg — 68n B33 + 24068 Brgg + 2567360
—726% 82109 — T6nbtBrogy — 1261 Brorgg — 2462813, + 56mr3 bt — 966283 rg — 166283 rggg — 46mb2 B2 r 00 — 12062825
+1056b2 82 rZ + 3846282 rgrgg + 1246282 13 — 460nb2Brorgg — 84nb2 Brd; + 3813 — 64nB°rg + 1878 rgoo — 2488%rgrgg
—148n82r2, + 11062 Brggg + 636r30b% — 18662820 r; 00 — 1406282 rg — 166282 rgg — 366282 rgg0 — 14nb2Brogo — 29862 Broro
+1882 rggp — 75m82 birigo — 22n B2rg — 8nBZrgg — 6n B2rggg + 55282 12 — 882 rgg — 1488212 — 86nBroroe — 14nB ra,
—6082b% ;00 — 14812, — 6821000 + 288rgroo + 38nray — 48582 rg00 — 128648300 + 15682 rgrop + 162082 rgrog — 2282
+23262 83 rgrgg — 62nb58%rgg — 96nb8 82 rg00 + 4321 b8 B2 rgrog + 3166212 — 48nb2B2rg0g + 256nb2r2) — 688513,

—48b2 812 + 486182 rgg + 64065 8% — 96 68 B2 r(rg + 108nb1BZrgrog + 126682 rgg — 14nb?BZrggg + 16 b2 Brgog

—168%r¢ — 3126282 ry — 64nb28%rgo + 342n 52%),
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Ay = —p2 (33671,178 83 rooo — 512n688% 1+ — 176nb882 13 — 672nb0 8% g0 — 56065842 — 10080 8883 ooy + 64nb0 83 13

+33665 831000 + 8062827 r;00 + 64n 68821 — 128068 82y + 3206882 rg0g — 128168 Brorog — 6726° 8% g + 128168851
—12688272) — 1086583 rgrgg + 646% 8312 — 240nb8 8213 — 248rggg — T0r3y — 20mb8 B2 rgrgg — 20688213, — 24nbt8trgg

2.4 2 »3

—2208nb2 83 rgrog + 1152064 832 + 5280628403 + 64610 8o + 12806813, + 80658260 r 00 + 640882 rg — 128882

+176nb8 Brogg — 12865 Brorgg + 12868 83 rgg + 88868 83 rgg + 70468 82 rg — 160nb8 8% rgy — 176n6% 82 1o — 24005822

+1392nb5 Brorgg + 32068 8rd) — 52864 8% rgg + 1536nb% 83 rg 4 576mb% B3 rgg + 42nb* B3 rggg — 76864 83 rgrog + 384648313

+936nb?82rd) + 576nb2 8% rgo — 48062 84r2) + 2400nb2 83 rgrog + 1104nb2 8312 + 12808453, + 512688 ro00 — 5446513

028688210 — 3200582 rggg — 24nb58 rogg — 15366° B rorgo + 1056nb% B2 b0r 00 — 6468 8rd) — 27206812 + 3846185
+960nb%82ry — T68nb% 8% ro0 — 312062 B2 rg — 4566282 + 936b% B2 rgrog — T92b% 8213, + 2472nb% Brorog — 144nb? Brd
+62nb2 83100 — 300mb2 83 rgpg + 11046283 rgrog + 696628312 — 1584nb2 8213 + 24nb2 B2 rorgg + 62nb2 B2rE; + 240n8%rg
+646%+2 + 48688207100 + 466282 — 88862 82y — 384b2 82 rg0g — 220mb% Brogg + 9126% Brgrog — 2064 8rE) — 6anbdrd,
+272n83030 + 408 b8 Brogg + 1248n8% rgrog + 1440n 5283 g + 360 b1 83 rgg + 160n83rgg + 70 82 — 24nb? BZrgrgg
+1286%83 1 + 141600883 rggg + 64nb10Brogg — 1926283100 + 400mb2 826 r; 00 + 464nb2 B2 — 1028310 — 44nBrd,

25202 + 6246282 rgrog — 436628212 + 1436nb2 Brorgg — 168nb2Brd, + 2168%rg

—784nb28%rgy — 164nb282rg0o — 13920
+13208% rgrog + 268373 — 30n8272 4+ 10082 rgrgg — 28nB82rd, — 4062 Brogg + 6846312 + 11262826 10 + 32062 8%
+2288b2 Brorog — 19262813 — 380nb2 rdy + 4968°% g + 16080 — 9683 rgo0 + 47nB%b ;00 + 76182 — 2121827
—238%r2) + 28nBrorgp — 11062 Brogg — 326213 + 35826 rig0 — 212n82rgg — 288%rgog — 24nBroog + 728rorop — 44nBrag
+352n85rg — 176628200 — 76062 8% rgo + 2246582 r) — TOnrd; — 134nb2Brogo — 28nB2rgoo + 928nb8 B2 bir00 — 6128213
6 82r2) + 528b283rgo + 126283 rg — 962 8% rg + 1048403, + 4806283 rgg — 326582710

4p4rdy — 64nb083 g0 — 316800842 + 1765 8% rgrgg — 208nb452r§),

+10082rgroo — 464b

—64b8 82100 — 144b

A = B3( = 1920008008 + 272068 83 rggg — 1440885213, — 44806 %o — 5600 603 rgrgg + 320608313 — a08nbt s,

+16nb882b% ;0 + 32nb88%rg — 12063821 — 64nb8 82 rgo0 + 966582 rd; — 128nb8Brorgg — 5465 8% rgo + 128n68 835
1046883 rgrgg + 32688312 — 48nb0 522 4 20nb0 B2 rorog — 76800082 rd) — 5200t 8hrgg + 2286181130 + 9200183 1o
+16610 800 + 1265827 ;0 + 320582 rg — 3208 8%rgg — 646882 rg0g — 3265 Brgrg — 16nb8r3y + 186583 rg + 1286583 r(
—26nb582b% ;0 + 2610582 r) — 64nb® 8210 — 88nbS B2 rg00 + 1446882 rgrgo + 3168658212 + 64nb® Brory — 96mbS BrE,
+1440nb*83rgg — 33660 82rZ — 60nb? B3 ro00 — 28b% 8% rgrgg — 432648512 + 56mb?B2rE + 316nb* B2 rgrgg + 25608212,
+3924n b2 8% rgrgg + 96n b2 833 — 1332 nB%r2) + 885 8rogg — 2566513, + 68060 826 r oo — 2246082 rg + 1286082
—1928b%8rorog + 366nb513, + 126283 rgg + 486283 rg0g — 1704nb2 826 r 0 — 96mbt 82 — 282nb1 B2 rg — 116mb% B2 rg0
+3306% 8212 — 154nb* Brorgg — 816nb* B, + 5262 8% g0 — 28806283 rg + 912062 8% rg — 20n62 83 rggp — 108062 83 rgrog
+3636nb2 82 rgroo — 1836nb2 82 13 — 632n Brgy — 12008413 + 44n 83 rgrog — 17608313 + 9766% Brogo + 13607368
—528b% 8% rgpg — 100nb% 8 rgg — 350462 Brorgg — 2462813 + 6840nr3o b — 96 6283 r) + 24062881 + 166283 rg0
—2272nb2 82 rgg — 572nb2 82 rgg0 + 60062 82rE + 19926282 rgrgg — 588628212 — 1480nb%Brorgg — T44nb2 813 — 60884 rg

+1176nb628%4r2 ) + 131206583 r g + 3206882 rggg — 606482 rg + 62462842 + 960nb* 83 rg — 33665822 + 160n65 Broo

+2556nb2 8212 + 406282 rgroo + 32083000 + 112083 rgg + 12883 rgrop — 1888373, + 128n82r3 + 106082 rgrog — 164n82rd,
+1028b% Brogg + 4632r3 b* — 196628267 ry0g — 416 b2 8% — 11206282 rgg + 1481 — 3926282 rg00 — 64nb2Brogg
+888%rgg + 4485 rg00 — 35982 bl r00 — 82n82 rg — 500n82 rog — 94nBZrggg + 105682 rgrgg — 139282 rd) — 328nBrgrog
—20682br;00 — 888%rg — 4682 rgg — 888%rgp0 — TnBrooo + 6808roree — 132n8ra, — 192688403 — 27662 8rd ) + 404nrd(b?
—328%rg + 352nb° Brogg + 1446% 8% rg0 + 80rZ) + 188213 + 30862 Brogg + 3567362 — 180n8rE) — 94062 Brorgg + 92nb* B3 rd)
+128nb583rgg + 64nb10 800 — 1200625212 — 60628312 + 74 b% B2bir;00 — 15040628260 r 00 — 146883100 + 624b% 8% g

2.4 2 2,2 2
+96nb? ghrgp — 2246987 rgg0 — 368n6%rg — 2720 6% 8% rg + 76715 ),
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Ag = p*( - 2328n0% %8 + 3206867 r0g — 64nb8 8% rgg + 936nb° P ro0g — 128n6° 8% rgrgg — 25920008218 — 1536mbt B rog
—12nb?83rgrgg + 38nbd 8312 — 144nb2 842 + 320882 rgpg + 16165 Broge — 160nb8 13 — 646° 831 + 1026° 83 g

—224nb582r( + 34nb5 82 rg0g — 1286° 82 rgrog — 225665823 + T8 b8 Brorgg + 48nb B2 — 18262 8% rgo + 960nb2 831

—2566%83 rgrog + 1086483 2 — 1080nb182rE — 1416nb B2 rgrgg — 4944nb? 822 — 240n62 81 5o — 216062 8%

+176b8 Brogo + 806813y + 57665826 r; 00 + 426582 rg — 806582 rgg — 32068 8210 — T8RO Brogg + 406 Brorgy — 584nbS T3,
+1526% 83100 + 2448n 6482 rgg + 18720 %82 rg + 16320 b4 B2 rgg — 240nb% 82 rogg — 1560 b% 8212 + 504b% 82 rorgg
—72062 8% 1o + 4128n b2 8% 1o + 1776nb2 85 rgg — 756nb2 8% rogg + 228062 8% rorg + 230462 B3 rd) — s672nb2 5212

+14408% r2) + 4440n B3 rorog + 171n 8312, + 736 65 Brogo + 9526013 + 10808 rog + 8646% 8267 1y + 10806482 1

+450b% Brorog — 24061872 — 104nbdr2, + 240062831 + 120662 831 — 4320283 rg + 182062826 r 00 + 154nb2 8% g
314462 8%rZ + 7442 8% r(rg — 2508628212 + 7212nb% Brorgg + 1202 813 + 1824n83 g + 952n83rg — 504n83rg00
+1644n82rgrog + 744nB82rd) — 38464 Brogg + 1908642, + 86462826 r 0 + 10806282y — 9606282 — 6326282 g0
—31262 812 — 6236ntb2tr3) + 25685 rg + 90485 rgg — 45683 rgo0 + 384nB82br;00 + 372082 rg — 472082 g

+166n8rorog + 5082 rd) — 54nBrd, — 74062 Brogg — 446212y + 2888%rgg + 324482 rg + 1334462 Brgrog

168821 roo + 1588° 13y — 104n82 r2 + 1848n8%rd) + 6726283 rog + 264nb%8rd + 1344n Brrgg + 1296n b* 8% 000

—888b% 820 + 2256nb2 8212 + 8400mb% Brorgg + 3624nb2 8312 — 28082100 — 13682 rgog — 205m B0 + 537680 T00
—12nr3) — 1938100 — 33r39b2 B2 ri00 + 10062 8% rg — 96062 82rgg — 632628200 — 472n8%rg + 372n8%rg — 130n8%rgg
—1046nb2 Brogg + 1334462 Brorog — 31262812 — 62ntb2trd) + 226851 + 9483 rgg — 4685 rg00 + 384nB82bir00 — 13682 rg00
21008272 + 6882 rgrop + 504821y + 1656n8rgrog — 54nBrag — 74062 Brogg — 44b2 13 + 28882 rgg + 324827 — 28082 rgg
96813, — 1225nr3) — 1938rgo0 + 53768rorog — 205n8ropp — 331ra + 3432n b2 % rgrog — 28nb% 83 rg0 + 40nb® 826 r 00

—2736b% 848, — 8406487 rgg — 456067 8% rgroo — 42067 8% rogn — 130n8%rogg — 470464 8% 1, + 906t 831,

Ag = —p%( = 105606t 543 + 696160 83 rg0g — 1504n80 823 — T20nbt phrgg — 134461513 — B36nbt P rrgg + 672001854,

—208nb8rZ + 10326583100 + 96mb8 B2 b0 ri00 + 192nb5 8% rg — 384nb® 8% — 480nb8 B2rg0g — 64066822 + 112065 Brgrgg
+576nb% 851 + 86nb%83rgg + 144nb* 83 rggg — 686% B3 rgrog + T200% 8313 — 216nb% 8212 + 166061 B2 rgrog — 240nb% 8212,
+5676nb2 B3 rorgg + 4056n 283 r2) — 1524n8% 72 — 2468 Brogo + 17665813 + 64865 BZbir; 0 + 24068 8% rg + 19268 8% g
+1846% 8 rgrog — 326% 82 — 632n b5 12 + 9606283 rg + 96b1 83 rgg + 576b1 B3 rgg0 — 504nb1 26T 10 + T20mb% 8% g
+15366% 82 rgrog + 2472 %8213 + 2808 nb2 Brorog — 552 nb* B rdy + 33662 BErgg + 1152n 5283 r + 3456n 2851

+756nb2 8213 + 71640 b2 82 rg rop — 4680nb2 82 rd — 720mB%rgg — 16328413 + 3084n83rgrog + 121208212 + 5286° Brogo

—726% 825 — 7200482 rg — 13686282 rggg — 288nb Broge — 156b%Brorgg + 5213 — 26462 Brd, + 154nbd 2 + 12486283

—1872nb2 8260 ry00 + 144nb2 82 1 — 630m b2 8% — 2304n b2 8% rggg — 1536 b2 82 2 + 412862 8% rgrgg — 37082823
+1080n8%rgg — 156083 22682 9008312, + 1404n8%rZ + 10 3492082 — 5396n82r2, + 180b%
00 56np"roog + 22687 rgroo + 90087 g0 + np=ry + 10B8rgo0 + npfTrorop — 5396n5"rgg + BT000

—36062 8% — 2646282 rgy — 15126282 rg0g — 378nb2 Brogg + 30862 Brorgg — 63662 Brdy + 1750mb2rd) + 384851 + 81683 g

—84np2rg — 2736082 rg0 — 546n82rgo0 + 9848212 + 340882 rgrgg — 44968213 — 244nBrorog — 556n 813, + 114062 Brggg
199282 rgg — 48082 ropg — 87n Brogp + 40168rrog — 148813, + 4889nrd; — 432n8°r) — 8168% rog + 1728 b% 8267 r; 00
—798n32b r00 + 75662826 r; 00 + 384nb8 Brogg — 132821 — 264628412 — 124863 841 + 288nb8 Brogg + 726283 rg00
—21682b%r;00 — 1392628252 — 139202812 — 61206283 rgg — 52868 82rggp + 56mb2B%rgp + 16nb08r3, — 336nb2 g%,
+240mb2 Brorgg + 12486283 rgg + 4046513 — 14166283 rgrgg — 1536nb2 8% 1o — 2664062 82rggg + 432628372 + 14704623

—6083 000 + 116863 — 968730 + 384n b5 8% — 160nb% Brogg — 2100671 — 1046762 Brogo + 451265 rgro0 — 7206282 g ),
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Ag

—35( —192nb?83r 2 — 1152002842 + 240n 6882 rogg — 16nb58 12 — 384nbt B3 1o + T56nL B3 rogg — 192678543
—288nb2 gt rgg — 244862 grd ) + 17640283 rgrog + 528nb2 832 + 4068n 8% rd; + 2805 8210 — 240nb8 Brggg + 3268 B,
+1080nb2 82 bir;o + 864nb? B2 + 1056nb B2 rgg + 100806282 rogg + 10446283 rorgg — 10862 BLrgg + 290462832
—11526% 82 rorgg — 43206482 13 + 4200m b% Brorgg + 264nb? Brd) + 2016n62 8% 1y — 240nb2 B3rgy — 864n 5283 rg
—3132nb2 82 rgrq + 2448n8%rg + 34208403, + 612083 rgrgo + 3120m83rd ) — 40865 gy — 33200813, + 1512648200 r ;¢
+22326% 82 — 28864 8% — 3276nb* Brogg + 6864b% Brorog + 19264813, — 30264nb*rd) + 288062 8% r + 110462 8% g
+2160nb2 82rg + 5160062 8% rgg + 72nb2 82 rggo — 3060628273 — 1404282 rorgg — 1368628212, + 636nb2 Bra, + 208884 g
+1704n 8% rgg — 1188n B3rgg0 + 662482 rgrog + 27968°% 12 — 2106n 8213 — 702082 rgrog + 6648n 82 r2) — 1224 b Brggg
+1728b2 82 g + 223262 8270 — 7206282 rggg — 3258n b2 Brogg + 22416628 rorgg + 31262 812, — 20736nrZ) b2 + 360085 r)
+1053n82b%r;00 + 864n82rg + 1344nB82rgg — 186182 rggg — 30282r3 — 104813, — 106282 rgrog + 50408213, + 4740nBrorog

—7824r3,b2 + 837826 r 00 + 75682 rg + 136882 rgg — 840nBrogp + 152168190 — T936nTe, — 2284r5, — 4806433 rg

—2160b2 Brogg — 25282 rgo0 — 108085 rggg — 74481000 + 1944528260100 — 43320648212 + 13092nb2 Brorog
—1620nb282r2 — 376nr2b¢ — 864nb*82rg roo + 2808nb2 826 r 00 + 976483 rogg + 3168083 — 687673, b

+15368% 700 + 25008730 + 10806% 8% rq + 5568067 571G, — 5406 8% g0 ),

287 (= 288062 8% 13, + 270nb? 8310 — 141006 8213 — 86467 841G + 1800 b8 Brogg + 954n b7 B3 rgrog + 1260067 8%,
—940nr2 b8 + 52064 83 roo + 108nb* B2bir00 + 216nb% 82 g + 888nbE Brorog + 48nbtBr) — 24nb2 B2 rgy — 6816282 rg00
—162nb282r2 + 1674nb2 8% rgrgg — 14462 8% rgg + 43206283 rg + 936n62 83 rgg — 324nb2 83 rg00 + 5046283 rgrgg + 154628313
+7026% 82 b0 + 326282 rg + 6846482 rgg — 816nb2 82 rd) + 216nB8%rgg — 7926482 rg00 + 27180 B2 rgrgg + 22500812,
—1326% 82 — 378nb% B + 2184b% Brorgg — 1332nbrd ) + 10086285 rg + 1224628510 — 5462837 — 216062826 r 00
+2106b62 82 rgrog — 2356282 r2) + 2904nb2 8 rgrog — 132062 8rd) + 368% rog + 216n8° rg + 132n8° rog — 351083 rggg
+241285rgrgo + 1668312 + 1208218 + 2538n82rgrgo — 2688n 8212, + 2761 Brogg + 72085 rg + 504b%1r2 + 94561826
—104462 8% rg — 13326282 r( g — 648nb2 B rogo + 597362 Brorgg — 36662 Brdy + 11879nb2rd + 104485 1o — 24385 rggg
+81n82rg — 2148182 rog — 729mB82rgo0 — 28882 13 + 253882 rgrgg — 26588212 + TanBrorog — 132082, + 513 b2 Brog
—14768%rgg — 63082 rgg0 — 207nB rooo + 56408 roroo + 1208 rdg + 6337Tnrdg + 908 rogg + 762413 — 1782n 5282 rogg
+13582b%r;00 + 2782 — 9546282 12 + 1736 b2rd — 378nB2 biri00 + 21662 8% rg + 432nb2 8% rg — 960n b2 8% r(g

4,2 2

—3066°% Brogg — 48653y — 984b% 871G, + 450n8% 1),

365 (68np% gy — 2880678713 + 26nb* 8% rg0g — 32n06% 81, + 360n8%rg — 240067 8% g — 18062 % rgng — 384678513,
+708b282r2) + 806% 8 r2 — a684nb? r2) — 384028510 + 10088%rZ + 900n B3 rgrog + 3126%82rgg0 — 432nb% Brogg

—106% 837000 + 30nb2 826" ryg0 + 28nb2 8% rg + 108nb2 B2 rog + 468n b2 B2 rg0g — 105662 8% rgrog — 20n8% 3 + 132628712
+5768% rog + 432n8%rg + 24n83rgg — 432n8%rggg + 11888° rgrgg + 4568° 12, — 738082 rgrog + 397nB2rd, — 648b%Brogo
+576b282b° rigg + 3966282 ro + 182462 8% rgg + 1682 8% 1000 — 1386nb2 Brogg + 482462 8 rorog + 272 62 Brd) — 16642nb2rd,
+1404n 82 g + 72n82rggg — 6308213 — 9788%rgro + 36368213, + 2028nBrgrog + 106n B3, — 1080b2 Brogg — 103706213
+39682 biri0 + 30682 rg + 145282 rog + 682 ropp — 58518 rogg + 60848rrog — T5T3nra, — 5138 rogo — 398913

—288r2, + 8648°r) — 6980 b*rZ) + 396n82 bir;gp — 4328 ro00 + 2408%rgg + 306n8%rg — 56nb2 8% rgroo

+52nb%8rgq + 1896167 Brorog ),

9 2.3 252 2 4 _ 4.2 2 P _ 3.2 4
9B (+24nb B r000—9n6ﬂ47‘(2)0 +4nb” B rgg — 48nB 7 rgg 19287 rgg — 192r4g — 228nB"rgrgg — 264nB"rgg + 12nb” Brogg

25253, — 316nb28 rorgo

+584nbtrd ) + 246283 rgg — 24nb2 826 r; 00 — 48nb2B%rg — 80nb2 BZrgo + 16806282 rgg — 144b
—52nb28 12 — 968% rog — 48n8° rg — 144n 83 rgg + 102085 rggo — 4568%rgrog — 4328° 13 + 18082 r3 — 234n B2 rorgg
+1068b%rZ — 15062826 r 00 — 8462821 — 28062 8% rgg + 286282 g0 — 24083 rgg + 192nb2 Brogg — 12462 Brorgg + 3662 13,
+10283rgg0 + 15182 ;00 — 42082 rg + 104182 rgg + 12n82rggo + 968213 — 37282 rgrgo — 36823, — 32nBrorop — 124nrd,
—74nBrdy + 14862 Brogg — 8686273 — 8482 rgg — 15888rgroo + 11282700 + 18682 rgg0 + 102nBrggg — 66nB8T3,

—426%rg + 2887000 + 4506713, — 184n8% 13 + 2026 Brogg — 1448570,
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Az = —98'0(84nb%8%rg0g — 28813y — 96n8% Gy — 36nb7Arg, — 48187 rog — 5463 rog — 126%135 — 120087 rgrog + 540631,
—168nb28 rogg + 40628 13 — 2140nb2rd) — 968%rgg — 7282000 + 45n B2bir00 + 36nB8%rg + 22818 rg0 + 78n 82 rgo
19848212 + 258nBrorog — 30nBrdy — 258b2Brogg — 40966213 + 818261 r;00 + 5482 rg + 44482 g0 + 728%rpp0 — 12nBrooo

—3050n73g — 19267000 + 48870700 — 28867 roron — 284615 + 146%5% 100,

Ay = =98 (36083 g0 — 368710 — 2608213y + 54nb2 Brogo + 6786713y + 726% 000 — 5o — 9nBZb ri0g — 18087 — 6087 rgq
2.2 2 2 2 2 2, 2 2 2
—52882rd) — 144nBrgrog — 60nBrd, + 22862 Brogg + 19886212, — 54826 r;00 — 168820 — 36813, + 10882 rgo + 99nBr00

+249nr0 + 11487000 — 818rgr00 + 72767000 )

Ay = 2713 (3[471. — 10]8rgg0 — [353n + 759]7‘(2)0>,
Aq = 276'3(3[3n + 10]8rop0 + [97n + 350173,
and
- 2
X = B
(a2 — B2)(2a2b2 + a2 — 3382)3
~ 2
Y = B
a2(a? — 82)2(262a2 + a2 — 332)3
W o a? —4Ba + 82
T (26202 + a2 — 382)2(a2 — 2)2°
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