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1. Introduction

The class of surfaces in three-dimensional space that admit nontrivial deformations which simultaneously preserve prin-
cipal directions and principal curvatures (or, equivalently, the shape operator, also known as the Weingarten operator)
has [1] a long and distinguished history: it was studied already by Finikoff and Gambier [2,3] more than 80 years ago but
the investigation of preservation of principal directions and principal curvatures dates back to Bonnet [4,5]. For the sake of
brevity we shall refer to the surfaces from the class in question as to the S-deformable surfaces.

Ferapontov [ 1] has established integrability of the corresponding Gauss—-Codazzi equations (1) by presenting the associ-
ated Lax pair with a nonremovable spectral parameter; cf. also [6] and references therein for the general study of integrability
of the Gauss-Codazzi equations.

Anatural next step in the study of the equations in question, which we rewrite in the form (2), is to explore their geometric
structures naturally related to integrability: symmetries, conservation laws, Hamiltonian structures and recursion operators.

In what follows we implement this program. Namely, after recalling the explicit form of the equations under study and
of their Lax pair in Section 2 we proceed to construct an infinite sequence of nontrivial nonlocal conservation laws for (2) in
Section 3, and a recursion operator along with a pair of compatible local Hamiltonian structures in Sections 4 and 5.
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2. Preliminaries

Consider the system [1] of the Gauss—Codazzi equations describing the S-deformable surfaces

01H; = Br2Hy, 0,H1 = Br1H,,
01812 + 02821 =0,

1 1
1101812 + 1202821 + 577/1,312 + 5772,321 +H{H; =0,

where 17 = 17(x) and n, = n,(y) are arbitrary smooth functions.
Upon expressing B via Hy we rewrite this system in the form

1,72 1 2,3
_ SNV 0y + 5 nyuvty + (71 — n2)utyvy + uv

u - )
Y uv(n — m2)

e — %ﬂﬁuvvx + %n/zuzuy + (m2 — n)vgy + ud?
“ uv(nz — 11) ’

where u = Hy, v = H,. Its (complex) sl,-valued zero-curvature representation reads [ 1]

() =57 Witm (%)
< 2VA+m —u —i,/x+n2.% va2)

(%) _ i _"A_Hﬁ.% v <1/f1>
V), 2+ v /)»4'771'% Y2 )’

where A € R.
For any zero-curvature representation of the form

v A A\ (v
(), (%) ().
v B B\ (y!
<w2>y_(3% B%) <w2>

we can (cf. e.g. [7] and references therein) consider the associated Riccati covering

wy = Ay + (A} — ADw — ATw?,

wy, = B} + (B] — B3)w — B2w?

where w = ¥ !/y?; see e.g. [8] and references therein for more details on (differential) coverings.

In particular, for (3) the Riccati covering is

. )\+7]2 uy u 2
wy=1|—— —w+ ——1+w),
* Ad+mnm v 2«/)L+n1( )
CAENDT vy iv B
wy = —i c—w 4+ ——(1—w).
Y Vit+n u 2% + 12

By changing the parametrization A = 1/u%, v > 0, we transform (4) to

T+ mp? uy up 2
wy =i | —— Tyt ——— (14 u?),
TN e v 21+

T+ mpu? v v )
wy=—i | ——— —w+ —=(1—w).
Y Vi+mu? u 21+ o2

267



268 LS. Krasil'shchik, A. Sergyeyev / Journal of Geometry and Physics 97 (2015) 266-278

3. Infinite hierarchy of nonlocal conservation laws

Consider the formal Taylor expansions

w=w0+w1M+w2M2+w3M3.u,

w? = w§ + 2wowi i + Qwowy + wHK® + 2(wews + wiw)u’ + -+,

1

V1+mp?
1
V1+mp?

14 nip? 12 12 2 12, 2k
T T3 =% ta +---+ta +ee
1+ nap? 0 2 K 2k
14 mp? 21 21,2 21, 2k
JT——s = ta +---ta +ee
1+ mp? 0 2 M 2k

where

=oy+ogp’ + - Fagu

=ag+osu’ + - Foagut 4

. -\ k
o, = (—%) @k—1Dll, j=1,2,

and

o = Z TGt =1 (T —a+1) . (T =10 =b+1)
2k — al B! i1
a-+b=2k : :
where x* = +1/2andj=1,I=2o0rj=2,1=1.
Substituting these expansions into (5) and equating coefficients at powers of 1, we obtain the following infinite tower
of 1-dimensional coverings:

iu
y 21
Wo,x = 70‘0 Wo,

iu u
y 21 1 2
Wi x = Tao wi + 5050(1 + wg),

iu
y 21 21 1
Wyy = 7(012 wo + ag wy) + Uagwoewi,
_oduy oy 21 usr 4 2 1 2
W3y = 7(0{2 w1 + oy w3) + 3 o, (1+ wg) + oy Cwow, + wy) ),
_oduy o 21 21
Wokx = T(Olz/(wo +aj_wa + - o wak)

1 1 1
+ U(%k,zwowl + g4 (Wows + wywy) + - -+ + g (Wowok—1 + - - + wk—lwk))»

iu
y 21 21 21
Wokp1x = — (@ w1 + ag W3 + - -+ 0of Wops1)
ur g 2 e 2 19 5 2
+ 5 oy, (14 wg) + oy, Qwowy + wy) + -+ - + g Qwowak + - - + 4+ 2Wr—1Wit1 + wy) ),
and
vy 4,
Woy = ——0&y Wo,
u
vy 1, v 5,
Wiy = ——0 Wy — Sao(wo -1,
u
g 12 )
Wyy = —7(012 wo + " wy) — ivogwowy,

iv v
w3y = —f(aézun + aglws) — E(aﬁ(wé — 1) + ag Quow, + wf)),
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12
Waky = == (O‘kao +agp_ywy + -+ agiwy)

. 2 2 2
—iv (aZk_zwowl + ay_s(Wows + wiwy) + - - - + ag(Wowak—1 + - -+ + wk_1wk)>,

vy "
Woks1,y = —*(OCZkUM +agp w3+ .. 0 W)

iv
- E(aZk(wS — 1) + a5, Qwows + wi) + -+ - + af Quowak + « - - + 2Wi_ 1 Wiy 1 + wf)),

Apply the following gauge transformation in the above covering:

wo = €%, wp = 0e®, k> 0.

Then the latter transforms to
iu
90,x = Ja(%]»
v
6 x = uay cosh by,

iu
Orx = —a2! + ualbre®,
v

iu 1
O3 = Jg[;l@] + u(oc; cosh 6y + Olé (92 + 595)690)7
v

iu
Y 21 1
Oex = 7X2k + uX,,,

iu
y
Ookr1,x = X2k+1 + ”X2k+1»

where
X3 = a5y + gy 00+ + a0 o,
2% = (“;kfzgl + oty (03 + 01602) + -+ oty (Oo—1 + 0102 + -+ + ek,]ek))e%,
Xijer1 = 0501 + a5 503 + - + &3 O,
Xy = oy cosh+ (aék_z(ez + %ef) + arhy (0 + 0165 + %93)

1
+ o (92k + 616—1 + - - + G161 + §9k2>)690,

and
vy 4,
oy = _70‘0 )
01, = —ivag sinh 6y,
vy .
92’}, = ?Olgz lva§91390,
iy 1y . 2 12\ 4
03y = ——a,"61 —iv|a; sinh 6y + ag( 62 + 591 ev),
’ u
vy
Ory = ——Y le Sl
wx . o2
Orer1y = Y k1 — 04,
where

Yoo = ogp +ogp 500+ -+ + )70y,
Y = (“5%291 + oi—a(03 + 60162) + -+ &g (Ork1 + 01632 + - 9k—19k))€9°
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Y21k2+1 = “21%91 + a2k 203+ -+ a;292k71,
2 2 o 2 1 2 1 2
Y2, = o2 sinh6y + (aZH (0 + 59]) + (61 + 0105 + 592)
1
+ o] (92k + 60102k—1 + - - - + Ok—16kt1 + 5913»690
Remark. The above complex covering can be reduced to the real form if we set 6, = px + iqx, k = 0, 1, ..., and consider

real and imaginary parts of the defining equations separately. In the particular case po = 0 we obtain a real covering which
is employed below (see Section 4) to construct a recursion operator for symmetries of (2).

Thus, we have obtained an infinite tower of Abelian coverings

& & e & &kt R

where ¢ is the initial system (2) and &; is obtained by extending & with the nonlocal variables 6y, . . ., 6. It only remains to
prove that for any s € N the conservation law

iu iv
s = (Tyle +uX) )dx - (fYSZ + ivyj)dy (6)

is nontrivial on &_1.
Denote by D!/, D}” the total derivatives on &, [ > 1.

Proposition 1. The only solutions of the system
Dl¢y=0, DI =0, fecC®@. (7)
are constants.

Proof of Proposition 1 (Part I). The total derivatives on & have the form

9 1
pl = p, +Z( Dyt 4 ux) >ae D}[,’]=Dy—2< Y“+wy2)ae
Jj=0

where D, and Dy, are the total derivatives on &. Obviously, a function f € C*°(&) is a solution to (7) if and only if

W Wy W

=0, =0, — =0,
0x ay au

and

1 |
)
Zx“ =0, ZY” _0, Z Sae =0, Yfa—gs:o. (8)

s=1
We shall proceed with the proof after establishing Lemma 1. O

Consider the vector fields

!
ad
Z 339 TYIZ;YSZTOS

on & and let
Zi=[[...[TX, Tv], .. .], TY]]
—_—
I—1 times
forl > 2.

Lemma 1. For any | > 2 we have
0

o (ao)l 189 forevenl,

d
ad@)! cosh(@o)ﬁ for odd I.
)

Z
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Proof of Lemma 1. Consider the formal series

2
1 a i
Q=3 (1 + Z@»A)
j=1
and denote by Qy;) its coefficient at A/,
Assign to any monomial p = ¢(6p)8;, . . . 6;, the weight

Pl =it + - +ir.

Then the quantities Qy;; are homogeneous and |Qy;| = j. In addition, one has

1, ifi=j
3 . ) )
G _ :ej_,- ifi <. (9)
a0; 0, otherwise

foranyi > 1.
Consider the vector fields

00 18 00 23
X = X, —, TY = Yo —
;SBGS ;SBQS

on the space & = liminv,, «, &. Then obviously, TX| g = TX), TY|s = TY; and [TX, TY]| ¢, = [TX|, TY|]. These fields can be
written as follows:

0 9 0 0
X = (COSh(eO)ael + e’ ((Qm + 0(0))872 + Q2 + 0(1))873 + -+ Qo+ ol = 2))3*91 +- )) :

— o2 (‘sinh(6p) - + & 9 A P A
TY—Ot()(Sth(@o)ael+€°<(Q[1]+0(0))892+(Q[2]+0(1))303+ + Qo= 2) g5 + ))

where o(j) denotes terms of weight <j. To simplify notation, we shall use the short form

a d d d
X = ol h(6y) — o _— ... g — e ,
Qg (COS (0)891 +e (Q[11892+Q[2]393+ +Qu “801+ ))-I—O

ad ] ] B]
TY = o2 ( sinh(6, o R .. o — . .
0‘0<5m(0)891+€ <Q[”892+Q[2]893+ +Qu 11891+ ))-I—O
One readily checks that

[A+0,B+0]=[AB]+o0

in all subsequent computations.
We shall now prove, by induction on [, that the fields

Z =I[...[TX, TY],...], TY]
N—
1—1 times

are of the form

i) 9
@) — + 6 +o At O—— - ) Fo
00, 00111 00,4

if [ is even and

d d d
1,,.,2\l-1 (&
cosh(6p) — + e™ j— + - 0
o (o) ( (6o) 20, + <Q[1] T +-t Q[,]ang + )) +

for odd . The claim of Lemma 1 readily follows from these formulas for Z; (please note, however, that the Z; in the statement
of Lemma 1 are not identical to those defined above).
Let | = 2. Then by virtue of (9) we have

Z; = [TX, TY]

h(9)8+€°§: ! 'h(9>8+9°i iy
= | COS - e i+1] —, SIn - e i+11 = 0
*" 96, Fe Qg * 96, poe Qg
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9 0
= aja2e® (cosh(fp) — sinh(6p)) (89 + Z ’30+2) e
i

For | = 3 one has

Z3 = £, TY]
0 > 0 0 ad 0
— 121 0 —— , 2 inh(6n) — ) . e
|:0‘00‘o (892 +j:21 J89]-+2> g | sinh( 0)891 +e j:Z]Q[H—l]aej +o

d = = el
1.2 ) ) 0
0!0(050) € (89 +Z 139 + - 5(89 Z 89]+s+3>>

— h(6) — + fo E Qj

ao(ao) (Slﬂ ( 0) € ]39] 3> 0

ag(ag)’e’ LA +2 E Q;j ! — ag(af)? 51“11(90) e’ ZQU o
010 003 4 J30'+3 o 139]+3

0
al(@?)? <cosh(6’o)7 +e® <Q{;] 80,+3)> o

The induction step also uses property (9) of the quantities Qy; and is accomplished by the computations quite similar to
those given above. 0O

Let us complete the proof of Proposition 1.

Proof of Proposition 1 (Part II). We prove by induction on [ that system (7) possesses constant solutions only.
For | = 1, the equations are

iu, of of
Dy(f) + O]fya? + g cosh(é’o)ua—e1 =0,

ivy of of
Dy(f) — 127*8—90 —adi smh(@o)u71 0,

where f is a function on &, i.e., it may depend on jet variables as well as on 6y and 6,. Analyzing the coefficients of the
fields Dy and Dy, one immediately sees that f can depend on x, y, 6, and 6; only and from the above equations it readily
follows that f = const.

Assume now that the result is valid for some | > 1 and let f € C®(éj;1) be such that DY*'(f) = DI*1l(f) = 0. Then,
by (8),

X1 (f) =0, Y1 (f) = 0.
Consequently, Z;, 1 (f) = 0. Using Lemma 1, we see that

of

0011

Thus, f is a function on & and it is constant by the induction hypothesis. O

Corollary 1. The conservation law ws given by (6) is nontrivial on &;.

Proof. Indeed, if w; = dp,f, where d, = dxADL! +dy/\DJ[f] is the horizontal de Rham differential on & then D1 (f —6;4) =
0 and DETU(f — 6541) = 0, which contradicts Proposition 1. O

Thus we have constructed an infinite hierarchy of nonlocal conservation laws w, s € N, for (2).
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4. Recursion operator and Hamiltonian structures

It is readily checked that (2) possesses an Abelian covering .# with the fiber coordinates s; defined by the formulas

uy Uy
(SO)X = ;5 (so)y = _Za
(s1)x = cos(so)u, (s1)y = vsin(sp),
($2)x = —sin(sp)u,  (s2)y = v cos(so).

Note that the conservation laws associated with s;, i = 1, 2, are potential conservation laws in the terminology of [9] and
that we have 6y = isp and 6; = ozgsl modulo the addition of arbitrary constants.
The following result is readily verified by straightforward computation.

Proposition 2. Suppose that U, V and S; are fiber coordinates of the tangent covering V..
Then the tangent covering over (2) admits a Bdcklund auto-transformation (i.e., a recursion operator for (2)) of the form

sin(so) (M2 — 1)

~ 1 1
U= nU+ <5n; cos(sg) + uy) S+ <—En/] sin(sp) +

sin(so) (M2 — 11) ’ )
u X

€os(so) (M2 — 11)
o )

<
Il

cos(so) (m2 — M) S
2.
u

1 1
NV + (517; sin(sg) — vx) S+ (277; cos(sg) +

Eqs. (10) define a recursion operator for (15) in the following fashion (see e.g. [ 10-13] and references therein for details).

Suppose (U, V)T is a symmetry shadow for (15) in a covering % over . (here and below the superscript T indicates the
transposed matrix). Then we have a (possibly trivial) covering ¥’ over ¥ arising from substituting our U and V into the
equations defining S;. Under these assumptions (10) defines a new symmetry shadow (U, V)T for (15)in ¢, i.e., we have a
recursion operator for (15).

Note that (10) was found using the method from [11]; cf. e.g. [10,14-16,13] for some other related techniques.

Starting with a simple seed symmetry like (0, 0)7 yields, through the repeated application of (10), an infinite hierarchy
of shadows of nonlocal symmetries for (2). It is an interesting open problem to find the minimal covering in which it is
possible to lift all these shadows to full-fledged nonlocal symmetries of (2) and to find the commutation relations among
these nonlocal symmetries, cf. e.g. [17].

Moreover, one can readily establish the following result:

Proposition 3. System (2) admits (in a generalized sense of [18,14,8]) a pair of compatible local Hamiltonian structures 2; of
the form

P = fi3D«Dy +Dyofir +Dyofi1+fio, i=12,

where f; j are 2 x 2 matrices of the form

fis= ((1) _°1>, foz = (’}; _?72>

0 0
fiz= ngvnﬁ Cue oy,
u 2uA u 2A
i
% 0
LER P N U
u 2uA u 2A
YoMy Uy MU
fir=1v 24 v 2vA s
0 0
mvy n1m; _ M2ly nin,u
f1= v 2A v , 2vA
, . R
2
njuy Uy Uy Uglly ity
— 2uA v vu v2 2vA
fro Uy 4 Uely | Uxlly 15 Uy 15 Uy

u v u? 2uA 2vA
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My | nimly | nin

f2 0= 2v 2uA 4A ’ ’ (fz’(/))]/Z s
’ (fr0) n,Ux 1N11, Vx nin,
20721 2u 20A 4A
(o) = Py _ Tttty | Tvetly Mty njmau
’ v vu v2 20A 4uA’
MUy MUUy N1y 71050 Njn5Y
=— + + - — ,
(2021 u vu u? 2uA 4uA

and A = n2 — N1.

Proof. Our system (2) is readily shown to be contact equivalent to an evolutionary one (cf. Section 5). Consequently, system
(2) is normal and its cotangent covering (the £*-covering) is well-defined, cf. [ 14], and the Schouten brackets of variational
bivectors can be computed in any representation of the system under study. Let us employ to this end an evolutionary
representation.

Namely, let & denote now an evolutionary representation for our system. Let u{, be the jet variables on & and P’; be the

associated variables in the fiber of the cotangent covering of &. Then to any differential operator A = H > agDU || in total
derivatives acting from the space of symmetries of & to that of cosymmetries of & there corresponds the function
WA=ZaZp’;,pi (11)
ij,o

on the space of the cotangent covering, see [19].
The operator A is skew-adjoint (and to the function W, we can associate a variational bivector, cf. [ 19]) if and only if [ 19]

W,
20 = —2W,, 12
jZ 55 7 A (12)
while a variational bivector is a Poisson structure (and the corresponding operator is Hamiltonian) if and only if [19]
SW W
wew _ (13)
Sw Sp

where § is the Euler operator.
Finally, two Poisson structures are compatible if and only if the associated bivectors satisfy [19]

SWp SW. SW, §W
03 (G o+ ) =0 (14)
7 suw Sp sw  Sp

Identities (12)-(14), although quite complicated, are easily checked for the quantities W; associated to the counterparts
of &; for & by an appropriate computer algebra software. O

The ratio of the Hamiltonian structures # = %, o &, ! is nothing but the recursion operator (10) written in the
pseudodifferential form, cf. e.g. [20,10,7,11,21] and references therein. The compatibility of 27, and 27, implies that # is
hereditary, cf. e.g. [20,22] and references therein for details.

5. Compatible Hamiltonian structures in evolutionary representation

In order to make contact with the standard theory of Hamiltonian structures, see e.g. [20] and references therein, we
should rewrite (2) in evolutionary form and find the counterparts of #; for this new form.
First of all, in order to simplify further computations note [23] that in general position we can without loss of generality
assume that ; = x'. , ' 4 .
To see this, introduce new independent variables X' = 5;(x'), and let h; stand for the inverse functions, i.e., X' = h;(x"),
and new dependent variables I:Ii such that H; = nlfI:Ii (no sum over i). Next, for i # j put Bij = 5,»I:Ij/I:Ii, where 51 = 9/9%.
We find that H; = H;(X', %) satisfy
01Hy = B12Hy, 02H1 = BarHa,
01812 + 02821 = 0, : :
X'91P12 + X DPo1 + 5,312 + 5/321 + HiH; = 0.

The above system is, modulo the tildes, nothing but a special case of (1) with n; = x. Thus, in what follows we shall
assume without loss of generality that n; = x' and 1, = x%.
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With this assumption in mind, we shall work below with the system

1.2 1 2.,3
5V Uy + suvly + (x — y)uuyvy + uv

Uy = ,
Y uv(x - y) (15)
Tuvv, + Jutuy + (Y — X vvgy + 1v?
Vyy =
uv(y —x)
instead of (2).

In order to study the Hamiltonian structures admitted by (15), perform the following change of variables: put z =
(x+y)/2andt = (x — y)/2. Then (15) can be rewritten in an evolutionary form:

ur =p,
U[ = qa
TRy v+ 2zq)u 2zup — v¥)v,  2u?v® + uvp + 2zupq + v?
pt=—uzz+2pz+“—( qQu;  (2zup )z+ P pg+ v (16)
2vz 2uvz 2uvz
uv, (W +2zvQu, (u—2zp)v, 2u3v? 4+ u’p+ uvqg—2zvpq
qt = —Vz — ZQZ + + — — .
u 2uvz 2zu 2uvz
Introduce 4 x 4 matrices g; of the form
0 0 0 0
oo o 0
E=10 0 2z4+0 0 ;
00 0 2t — 2)
0 0 2z +1) 0
B 0 0 0 2(z—1)
B2= -2+ 0 3 (82)34
0 2(t—2z) —(g2)34 -3
where
(z—tu, (+0v, (+t)q (@—-t)p
(82)34 = — - - + ,
v u u v
—2(z+1) 0 1 (8114
2 = 0 2z—t) —(g)u 1
! -3 - (@3 (8134
(€1)14 -3 @3 (@D
where
(z—-tu, @@+, (E+t)g (z—-t)p
(g1)1a = - - - ,
v u u v
TRy u v v?
@) = 2z +1) (— e —q—z+'ﬁ+2—+@>,
uv uv  uv zZ  w

(z — g, _ 3(Z + vy 4 (z(3v? — u?) + t(W? + 3v?)u,v,

(81)34 = 5 " 02
L3Et 0@ —ug)  (C—up+ 20y, | (C-2p: W tq
u? v2u v u
(Z - t)uzz (Z + t)vzz (B(t - Z)Ll2 + (t +Z)U2)uzvz
(g3 =3 — + 5
v u u2v
L@@t vu | @ D@u —vp) @+ 00 uv +p
u?v v? u v
(t—2) @ +v¥) @z —1t)
= 4—,
(81)a4 t+2) (g1)33 + ;
and
-1 @)1z ()13 (80)1a
2= —(80)12 1 (80)23  (80)24

—(g)13 (o) (g)33 (g)3a |’
(&0)a —(80)24 (043 (80)a4
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where

@) =

@)z =

(&0)1a =

(&0)23 =

(80)2s =

(&) =

(&0)33 =

(80)3s =

&)a1 =

&0)a3 =
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2 B uv B uv?
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uv v2uz ’
@+ Dz I (z+ tz)uzvZ ) (z+ Z)quZ v ,E+0e v + tutv +zq’
u u u u u zu
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v v v v v vz
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— tyu? t t)v? — t)p? t)pq?
pz+(z )up_ngr(ZvL)vq_(z p*q | (z+1)pq

_3Z
v 74 z2 zu uv? u?v
(%0)as = (z — Dvzuy 4 (z — D)quy, _ (z — O)pvy, 4 (z — DUV,
uv uv uv uv
@ HuZv, - t)u,v? - t)qu? _ Z—Dquv, N Uy v,
uv uv? u2v uv? uv
(2= Opuv; | =D | @ —0pv; (2= vp:
u?v uv uv? uv
L (z - g)pquz +4(Z —Duu,  pu, n (- t)zpqu
uv u2y z uv uv
(z—t)qp, (@—1tpg, , > pq
- - 42— -2
uv uv z2 uv

It is readily checked that the operator ¢ = Z?:o g,'D; is a local Hamiltonian operator and the flow (16) preserves B.
Moreover, as 3 is linear in t, the operators 3 and 0%3/dt form a Hamiltonian pair and are both preserved by the flow (16),
cf. e.g. [24,25] and references therein. Clearly, /B is the counterpart of &7, while 993/dt is the counterpart of £, for (16).

As B explicitly depends on t while the right-hand side of (16) does not, Lemma 3.8 from [20] implies that there exists
no functional »# such that (16) would be Hamiltonian with respect to ‘B with the Hamiltonian 7. Hence (16) cannot be
written in a bihamiltonian form with respect to the Hamiltonian pair under study.

On the other hand, (16) is Hamiltonian with respect to 9*3/dt, that is, we can write (16) in the form

P (6
U =——\<-)
at \ ou

where u = (u, v, p, q)7, T indicates the transposed matrix, and J# = f hdz,

w?  zv? zpu Zqu q?v? + u’p?) z
=2 e gy g+ TP
v u v u u?v
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