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Abstract

In this work we extend a method devised by D. Henry ([1]) to ob-
tain explicit conditions for some pseudo-differential to be of finite rank.
These operators arise as solutions operators for boundary value problems
involving the Bilaplacian.

AMS subject classification: 35J25,356B30,35C20

1 Introduction

In his monograph ([1]) dedicated to the study of perturbation of the domain
for boundary values problems, D. Henry developed many new tools, including
a generalized version of the Transversality Theorem. His version is specially
well-suited to the study of ‘generic properties’ for solutions of boundary value
problems, as it allows the consideration of semi-Fredholm operators with in-
dex —oo which often arise in these problems. However, a crucial hypothesis in
Henry’s version of the Transversality Theorem usually boils down to the veri-
fication that a certain (pseudo-differential) operator is not of finite rank. As it
is well-known, a pseudo-differential of finite rank must have null symbols of all
orders. It would be very convenient to obtain these symbols from the abstract
theory of pseudo-differential operators, but such detailed computations do not
seem to be available in the literature. To overcome this problem, Henry devel-
oped in (1] an alternative method for a class of operators, given by solutions
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of second order elliptic equations. His method is based on the computation of
approximate solutions for a special class of boundary data - the ‘rapidly oscil-
lating functions’. It is tempting to conjecture that the conditions obtained are
exactly the nullity of the symbols but his argument does not depend on this
(unproved) fact. The essential point is that the conditions obtained are often in
contradiction with other hypotheses present in the problem, thus establishing
the needed infinite rank property. Some applications of the method to the proof
of generic properties for second order elliptic boundary value problems can be
found in [1}, {3] and [4].

Our aim here is to extend Henry’s method to some elliptic equations with
the Bilaplacian as its principal part. In a forthcoming paper, we shall use this
extension to prove the solutions of the semilinear problem

A?u 4 f(-,u,Vu,Au)=0 inQ
u=2% =90 on 92

1)

are generically simple, thus extending similar results obtained in [5] and f1] for
second order elliptic equations.

Since our results involve rather lenghty computations, we try to give here a
general idea of the contents of this paper.

Suppose a :R™ —+ C, b: R™ = C* and ¢ : R" — C are smooth functions and
consider the differential operator L = A2+ a(z)A +b(2) -V +c(z) z € R™. Let
R(L) and N (L) denote the range and the kernel of L, considered as an operator
from W*» N WP (2,0) to LP(Q,C).

Let now {w;, ..., wm} be a basis for a complement of R(L) and {¢;,..., b}
a basis for (L) with associated dual basis {ry, ..., 7}. Define

Ap : IP(Q,€) = W n W2 (Q,C) and 2
CL: W3 FP(80) - WP A WEP(Q,0) ®)
by
v=AL(f) +Culg) € W N WEP(Q,0) (4)
where )
Lv—f € [wla-'-:wm]; (5)
v
FN =9o°n a0 (6)
and
/m‘;:OforalllSiSm. (7)
[t}

The operators of interest in our applications are given in terms of Ay and
Cr. For instance, in the proof of simplicity for solutions of (1) we encounter the
operator

T(h) = {iz-N%(AuAv)-—AvA(CL(,,)(h-NAu)) ()

+AuA [AL-(u) ((%I;: (u)- ”) Criu(h - NA“))) = Crequ(h- NAv)] Han
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where L(u) is the linearisation around a solution u of (1), L*(u) its adjoint, v
is a solution of

L*(u)p=0 inQ 9
v= % =0 ondQ ©)
and Aulv|sg = 0. We then compute the approximate value of T at special
points, the ‘rapidly oscillating functions’. More precisely, we show that
T(cos(wﬂ)) = cos(we)i(AuAv)I +0{w™!) asw = +oc
ON a0

where # is a smooth real function on 89 with |Vanf| = 1. If T is assumed to
have finite rank, then using lemma (1) below ( see [1] for a proof), it follows that

%(AuAv” = 0 implying that 4 or v must be identically null by uniqueness
in the Cauchy problem.

Lemma 1 Suppose S is a C* manifold; A, B € L*(S) with compact support;
6 is Ct on S and real valued with Vg6 # 0 in suppAUsuppB; E is a finite
dimensional subspace of L*(S) and u{w) € E for all large w € R satisfying

u(w) = Acos(wb) + Bsin(wb) +o(1) in L%(5)
gsw—+oo. Then A=0, B=20.

To compute approximate values of T we need to compute Az and €z and,
therefore, we look for approximate solutions of the boundary value problem

Ly = finQ
ge = gondQ (10)
u = 0ondQ

for ‘rapidly oscillating’ functions f and g.

We now proceed as follows: in the next section we compute formal asymp-
totic solutions of (10) for ‘rapidly oscillating functions’ f and g. In section (3)
we show these solutions are close to real solutions and finally, in section {4), we
apply these results to the operator T.

2 Formal asymptotic solutions

We seek a formal asymptotic solution u(z) = e*5E) ¥, o %—'ng of

Lu = (2w)?e“SFinQ
’z%?‘f = €“¥G on 00 1y
u = QondQ

when w — 400, where Uy is a complex-valued smooth function, 2 C R is an
open, bounded, connected regular region and N is its exterior normal;



= o

k>0

F, and Gy smooth complex valued; Sloq = 6, Re(g%) >0withé:00 >R
smooth and |Venf| = 1 in the region of interest. Note that there exists a
neighborhood V of 8Q such that Re(S) < 0in V N Q and, therefore, u and
(2w)2e“® F tend very fast to 0 in the interior of £ as w — +oo (except possibly
at points in or close to Q). Since ujon = 0, we have Uxlsn =0 for all & > 0

and, therefore
Ou 8 (. Us
8N lsa 8_N(e SE (%)k)‘an

= wS( Z( "+Z( )lan

— mo ﬁ
‘ () in 69Q.

Gr(z
(2w)'=’ G(”)zz(zkcf)*)

k>0

k>0
We also have
Aly = e“’s{ [w4(VS . V8)? + 28 ((vs . VS)AS + VS -V(VS- VS))
+4u3(VS - VS)VS - V + 2? (V(vs -VS)+VS-VSA + lA(vs -v8))]u

+Z[(2w)2""[( (AS)? + vs - V(AS)+ ASVS V) Ui + VS - V(VS5 - VU,
k>0

+2w)'* (%A’S +ASA +V(AS) -V + VS - VA)Ui
+(2)*A(VS - VUL + (20) 74704 }

aAu = ae"’s[z(%)"kAUk+E(2w)1_k(VS-VUk+ASUk)

k>0 k20
42 Z (2w)** (VS - VS)Uk]
4z
b.VS b VU,
-V = wS k .
u ( E(zwkl "22%(2“)!:)

Substitution in (11) then gives Ux = 0, %% = G on 692 for all k > 0, and

OU,

N = O



on 90 for all k > 0 and
0 = Lu—(w)?eSF
= e‘”s{[u"(VS VS +

+4w3(-;-(VS -VS)AS + %vs 'V(VS-VS)+ (VS VS)VS V)

1 1
2w2 . . . — . _ .
+ (V(VS VS) -V +VS-VSA+SA(VS-V5) + 5V vs)]k§>:u

+ Z(%)Z"" [AU}: + U1+ LUg-2 - Fk] }
k>0

in , where U_, =U_, =0,
Ad = i(AS)zcﬁ + %VS -V(AS)¢+ ASVS - V¢ + VS -V(VS-V¢)
and
r¢ = %AZSqﬁ + ASA¢ +V(AS) Vo + VS -V(Ag)
+A(VS - 9)+a(VS- Y4+ sA56) + %(b V)6
Choosing a {complex-valued) S satisfying

(VS)2=vS5.V58=0 (12)

in a neighborhood of 92 in R™ we obtain, for all k > 0

AU + TUg_1 + LUg2 = Fj
Leloa = Gk (13)
Ukl = 0

with U_y =U_5 =0.

The computations above are merely formal, but we may find approximate
solutions of (11) in a neighborhood of 82, where Q is a C™, m > 2 region, using
the ‘normal coordinates’ given by z = y+tN(y), where y € 8Q and t € (-7, 1),
with 7 > 0 small.

Whiting #(y,t) = u{y-+tN(y)), we have for u sufficiently smooth in a neigh-
borhood of 89 that

Vuly+tN@) =01+ tK(y)) gy, t) + (v, 1) N (y)
and
Au(y +EN(®Y) = Ty, ) + Ae(t, y)te(y. 1)

+(1 + tK(y)).—sz(t; y) " ﬁy(y, t)
+divan[(1+ 1K () iy (y,1)]. (14)




where K = DN is the (degenerate) curvature matrix, and divggp is the divergent
operator in 8Q (see [1] for details). We don’t always distinguish & from u and
sometimes write 2§ for &i; and Vaqu for fis.

Writing 5(t,3) = S(z(y.1)) = S+ tN(y)) = Thso 2 we have, in a
neighborhood of 8Q 5(t,0) = S(z(y,0)) = So(y) = i8(y) with Re (ﬁ((), y)) =
Re (85 (=(v,0))) > 0.

Observe that some condition must be imposed on S in order to determine
the coefficients Sk(y). The condition (12) chosen above has the advantage of

simplifying the computations.
We then have

VS(z(y,t)

(VS)y+tN(y) i
SN @) + L+ K@) "5y (1)

T KO = 1K) 4 PRI - ) .
from which we obtain
0 = (v +tvw))
= (VoaSo(v))? + (51 (1))?
+(25,(4)52 (3) + 2VonSo(v) - VonSi(y) + 20aSo(y) - K(1)VenSo(y) ) +
Choosing |Vanf(y)] = 1, in the region of interest, we obtain recursively
Siy=1

S2(y) = ~Vead(y) - K(y)Veab(y),
and we can compute as many terms as needed. In this way, we obtain

S(y+iN(z)) = if(y) +t— —q(y) + L Ss(y) +2 54(y) - (18)
VS(y+tN@W) = N +iVsab—t(iKVsah +oN)
+f; (33 N —Voaq + 2iK2vane) (16)

ts
+37 (84N + VsaSs + 3K Vang - 6iK®Vant) + O(t*)

at

0
2' (6:K2V390 Voa—Veng-Vaa+ Ss(?t) an
3
+§ (VanS’s -Von+ 6K Vang - Voq — 24iK>Veal - Voa + S gt_)

+0(t%)

. 7]
VSy+iN)-V = iVaal -Vea+ — +t(— 2iKVaqb - Vaa —Q%)



AS+ING) = aly) +186)+ o) + Sol) +00)  (8)

A’S(y+tN(y) = ply) + Hi({y)B(y) + Aonc(y)
+t(o(0) + Hi(®)p(y) — Ho0)B(Y) + VoaHi1(y) - Vanaly)
+As0B(y) ~ 2 diven(K(y)Vona(®))) +0()  (19)
where
o q(y) = Vanf(y) - K(y)Vaab(y);
o & =Vaab(y) - Van;
* Ss(y) = 3Voab(y) - K*(4y)Vonb(y) - ¢*(4) + i34 (w);

o Si(y) = 3q(y)Ss(y) — 123 (y) - 12Vaab(y) - K*(¥) Vonb(y) — 6iVanq(y) -
K(y)Veabl(y);

° Hm(y) = 1trace K”‘(y);
o a(y) = Hi(y) — 9(y) +iBeab(y);
o Aly) = Saly) — Hi(v)a(y) + %8 (y) — 2i divea(K (y) Veab(y)) — Ha(v);

. P y) = Sa(y) + H1(y)Sa(y) + 2H2( )Q(y) 4iK(y)Voab(y) - VonHir(y) —
128 (y) + 31 diven(K2(¥)Vanb(y)) — Asna(y) + 2Ha(y);

s A(t,y) = In[det(1 + tK(¥))] = oo, L—l—t’"Hm(y) for ¢ sufficiently

small;

e o(y) = Ss(y)—6Ha(y)—6H3(y)e(y)—3H2(y)S3(y)+ H1(y)Sa(y)—3Van H1(y)-
Voaa(y) + 18iK%(y) Ve H1(y) - Voab + AsaSs(y) + 6 divea(K (¥)Veae)
—24i divan(K>(y) Vanb(y)) + 2iVan Ha(y) - Venb(y) + 6iK (y)Vea Ha(y) -
Vanﬂ(y).

Writing now
aly+iN(y)) = aoly)+ ar(y)t + az(y)%2 +
bly+itN(y) = boly) +bi(y)t + bz(y)%2 +
Uy +tN(y) = tUiy)+ %U;?(y) + ts—alUE(y) + .

Fely +tNG) = F)+ R0 + SRR + -



and using that

(1+tK)? = (1+tK)"{(1+tK)™!
= (1-tK+t?K?— . )(1-tK +1?K> - ..)
= 1-2AK+3t2K? - 4°K3 + O(t*)
we obtain
Utlsa = Gx
- a l 2
AUk = (a—-q+21%)Uk+Uk
1 . . . 3
Lo (302 + 583 + 38+ iafy — 6iKVont - Voo - 2igdy o)
+83+¢” —ag— % — &) + (a+2if ~ 30) U2 + UF
ru,, = [ @Hi+B—Hy+28sq+2H 3 2
ko +83 —4iK Vol - Voq + it — Hig+ap )+
.0
+(a +2Hy + 2 24)0,3_1 +2UE_,
([ $p+ 3H:18+ JAsna — aHa +alon + Vane - Van
+igsAon + 2Hag — i%2 — 2iHy 5 + 3VeaH - Vo + 2Hs + S,
+H,53 — 6 divea(K Vaq(-)) — 2iK Vaal - Von Hy -
+iloa g — 5Vanq - Vaa — Asag — 29Asn k-
+18iK*Vonl - Van — 6iH1 KVpal - _Van
0 | tao(fa—g+ify) +ar+ $bo - N + b - Vog
+(26 + oy + 2iH, §5 + i85 - 3,
+2As0 —39H) — 8iKVsal - Vaq + 353 + ao) UE_,
| +(e—tg+2i + 2HUR_; + 204,
+0(t?)
LU — 2H3 4+ AppH; — 4 diven(KVen(-)) — HiH, Ul
= +2H Mo +4VeqH) - Vg + agHy + by - N ) k-2

+(2Aag —2H, + H? + ag) UZ_,+ 2HUR_, + UL,

( sz — 12KV gqH; - Van + 18 diVan(KZVon(-)) —~ 2Hy3A 80
+2H; Hs — 4H; divea(KVeal(-)) + VeaH) - Ve H;
—3VanHs -Veq — AgnHy + Agn —8H,y -2 diVan(KVanHl(-)) Ul
—2 divon(KVeaH1) + 3H,VogH; - Vg

+tﬁ +bo - Vag+b1- N — apHa + agAsa+ a1 Hy + ¢

( 6VanH, - Vaa +6Hs — 8 divan(KVan(-)) + apH,y ) UE \

+ay+bo - N — 3H3Hy + 2H1Apq + ApgH)
\ (2Aan —4H,+ H2 + ao)Ug_, +2HUE ,+US_,
+0(t2).




The coefficients of Uy for k > 0 can now be obtained by substituting the
above expressions in (13) and comparing coefficients. For k = 0, we have

AUy = Fp
au —
W‘Han =Go
Uo| =0
an
and we obtain
Uol = Gy
il
Uz = Fg—(a—q+2z’50-)U& (20)
.0
U = F&—(a—3q+21%)U§
_( it i rieg +Satd’ o\
—6iKVsaf - Voa — 245 —aqg— i — 2= ) °
Fork =1
AU+ TUy =H
U, —
P =G
| =
Ullan 0
from which it follows that
vl = &
3
2 0 _ _ Nl 1
Ui = F (a q+2zae)U1
_( aHi+B— Hy+28ea+2iH % -
+S3 = 4iKVpal - Vo +i% —~Hig ) °
1.2 i 8a 3 L -4 2
s _ g [ 59+ 355 H3B+iag +55+g )Ux
Ui = A (—6iKVane-Van—2iq5%——aq—i%%—al;, !

LAY 4 _f_’_ 3
-(a—sq+2%)tfl — 28 - (a—4g+2i5; +2H; ) U
_ 2}3 +aHy — 3qH1 —8iKVsaf -Van U2

+2iH & + i — 3H; + 2800 +353 ) °

3p+3H\B+ 000 —aHr+ aBsa+ Voar - Ven
+YiZAsa+ 2Haq — i%52 — 2iHy 5 +3VsaHy - Voo + 2Hs + 54
—| +H;5;—-6 diVan(KVan(-)) — 21KV snf - VoaH: U(}.
+ihaad; — 5Vaag - Vo — Dong — 29000
+18iK%Vgah - Vg — 6iH1KVanld - Vaa

In this way, one can compute as many coefficients as wished of the formal
solution u of (11).



3 Exact solutions

We now show that the approximate solutions obtained in the previous sections
are close to real solutions.

Let L, Ar and Cy, be the operators defined in (2) (3) (4)(5) (6) and (7). We
first show that .A; and Cy are well defined. Using the same notations of the
introduction, we observe that L, as a compact perturbation of the Bilaplacian,
is a Fredholm operator of index 0, when consider as an operator from W%P N
Wa*(Q,C) into LP(Q, C). Thus, we have I*(Q,0) = R(L)®[wy, ..., wn). Given
F=h+fa e LP(Q,C) with f; € R(L) and f5 € [wy, ..., wm] there exists a
unique v € W*? NW;#(Q,C) such that Lv = fi, 2% = g on 82 and fovii =
Oforall 1 < i < m. ( The existence of v follows from results in [2] and the
uniqueness follows from the conditions fn vy = 0 para todo 1 < i < m).

Suppose now that £ is a C>*¥=* regular region, N > 0 is an integer

G(E= (Fﬂ+%+-"+ %) G(z) = (Go+%+...+ (Ti];_N)

with By C**N=k in Q and G) C3+N-* on 69, for k = 1,2,---,N. Suppose
also @ is C**¥ in 9Q and the coefficients a, b and ¢ of I are CN+3 CON+1 gnq
C¥ respectively in Q.

We can choose S(y + tN(y)) of class C5+N guch that

(V9)? = O(t*+Y), (21)
and Uy of class C*+¥—F 0 < k < N in Q, with

TUn + LUn-1 = 0(t) (22)
Uklaa =0, 2% |oq = Gi

upiformly in -4 <t = dist(z, Q) < 4, for some § >0, (U_y = U_, = 0).
Finally we choose a compact supported C*® ‘cutoff function’ x of class C,
x =1for —6 <t = dist(z,80) < & but x supported near this set and let

{ AU +TUx 1 + LU s —F, = O(t2+N_k) k=0,--- N

with § and Uy as in (21) and (22).
Theorem 2 Suppose u is given by (23), v=AL(f) + Crlg), with

N
If = x(2)2es S (E}:k)—kllu(n,q = 0(w~")
k=0
and

e G
flg - e« Wllca(an,o = O(w™N).
k=0
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Then
lIxu = vllweenwae o = O(w™) asw — +oo.

Proof.  From our hypotheses and the computations of the previous section,
we have

Lu— (2w)2e“’5 S _Ff_ -
E =
k=1 (2w)

5122 2

i T Co }
41 vSI[(vs)y] (VS5)?95-¥

s 2 BN SEN
= = VI(VSYLY , (VS)PA | 1A[VS)?
= o | +3(2ut) 2+ (—[er?v‘\‘—t + G2 + 1A ) b

N - TUk_: -

+Ek=o(2“’t)2+N s (;;\Ttﬂjﬁ‘k' + mx’fm: + ,—vaﬁﬁzr - ;WF)‘G:E)
| +wt) (R + 2= 4 LUy

Therefore

N+4

. N R
Lixteyu(o] - x(e) @) 3 ot | < g {03 et}
k=0 k=0

for some C > 0, since ReS(z) < % in Q near 6. Thus

Lxu— f = O(w=") as w — +o0, uniformly in Q and § < < 0. (24)
Since v = AL(f) + CL(g) there exist a, ..., &m € C such that
Lv = f + Z:’;l Qi Wy in
&y =gondQ (25)
v =0 on 89

with [, v% = 0 for any 1 < i < m. We prove the o are uniquely determined.
In fact, if {01, ..., 0} is a basis of A/(L*), we have foreach 1 < j <m

ga;];&jw; = ./n&j(Lv—f)
LnA&,g—/n&jf.

m
1t is then enough to show the matrix [ Ja &jwi], '1 is nonsingular. Suppose
ij=

Y1y Ym are scalars such that ;0 % Jodjwi = 0 for 1 < j < m. Then
ST ywi € N(L)E = [o1, -y o]t = R(L), from which we obtain y1 = ... =
“m = 0 proving the claim.

1



Let then

z=xu—v—Y Bid;

=1
with 8y, ..., B € C chosen in such a way that fn zrj=0forall1<j<m.
m
We can show, proceeding as above, that [ fn ¢.r,] ) is nonsingular. Fur-

thermore, we have

SaeN_ i(u-u)
N aNX

= xwa Z (2w)k -9

= Ow ‘N), uniformly in 8Q as w — +oo.

By the Riemann-Lebesgue lemma

m
Za;/&jw; = / A&jg—/&jf
= Ja oq n

N N
= St [ daz,e, -3 () / %;5(xFn)
k=0 o6 -

k=0
+ Ow™M)
= Ow™) (26)

S fon = [own

i=i ) . . L )
L e ) )
= ow™)

asw — +oosince Fy, Gy and Uy, are C2+V-k (8+N—k 54 04+N-k respectively
for 0 <k < N, that is , |oy| = O(w=N) and [Bi] = O(w=N) forany 1 <i<m
as w — +00. Since Lz = L(xu) — Lv it follows from (24), (25) and (26) that

{ Lz =0 M i@

B%‘V = O(w=¥) on 8% (28)
z =0on 6Q

as w — +co. Therefore, we obtain, from (27) and (28) that

m
xu = vllwer@e = llz = Y Biwllwer e = O@wV)
i=1
as w — +00. a

12



4 An application

Let T be the operator defined in (8). Using the method of the previous sections
we prove the following

Theorem 3 If T is of finite rank then

a

6N(AuAv) =0 on 09 (29)

Proof.  In view of (1), it is enough to show that

T(cos(wﬁ)) = cos( (AuAv)| +O0w ') asw—+oo.  (30)

)
we)a—N
To obtain (30), we show that

laga

{AuA [AL- () ((% (u) - v) CL(u)(cos(wﬁ)Au)) ) - CL.(U)(cos(wg)Av)]
—-AvA (CL(u)(cos(wB)Au)) }Lm = O(w™!) asw — Fo0. (31)

Let es ZkN=0 (z%bi"' be the approximate value of Cpu)(e**® Au) given by

AU +TUg-1 + L(u)Uk_2 =0
ng_l _ A‘Ulan k=0

N g0 1 0 0<k<N
Ukloa =0

(32)

and e¥$ ):kN=0 h%k)-; the approximate value of
oLr wif wif :
AL () ((-az(u) -'u)CL(u)(e Au))) —Crowy(e”*" Av), given by

AV + TVaot + L* (w)Vaa = (8E5(8) - 0) Una

3V, —Avlsga k=0 33
—L‘an { 0 0<k<N 33)
Vilon =10

following the notation of section (2). From theorem (2), we obtain

i (e49) (Hat“’“)(e“sig%ﬁu'i)\mﬁo(“'”)

aq

1l

0 (Bu(2) + [HOu + Uo]) L FOW™)

13
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since

Ul

80Uk Aulpq k=0
N an 0 k> 0.

Similarly, we obtain

A 5 )= (- o1+ [ a0t
since
vi= a_Vli ={ —Avlgn k=0
k= 8N lsa 0 E>o0.

Therefore, we have

{avaAsq ((%—fu‘—(u).u)CL(u)(e“’i’ ) ~Creuy (e Av)]~ava (Criuyle™ aw)) "

= ¥t [AuVQ2 - AvUoz] ‘an + O(w™!) (34)
since AuAv =0 on dQ. From (20), it follows that

Ug = (a g+ 21%) Au]an and

W= (@ )0l + (amarail)ae]
(a—q+2zgg) ‘

since U_3 = 0 in a neighborhood of 4. Therefore, we obtain

(AuVoz - AvUoz) ‘m {(a - g)(AuAv) + 21AuiAv

a6
+(a - ¢)(AvAu) + 21Av%Au}‘m

21 — (AuAv) ‘
0 on 89

since AuAv = 0 on 3. Therefore

{AuA [AL"(u) ((%%(") . '-’)CL(u)(ew"’Au)) - CL-(u)(e“‘"’Av)]
—-AvA (CL(u)(e“’”Au])}!an = O(w!) as w = +o. (35)

14



Since
{ava [.AL-(U)((%I—'H—:-(u) : v)CL(u)(cos(wO)Au))) - CL-(u)(cos(wﬂ)Av)]
—-AvA (CL(u)(cos(wG)Au)) }Lm
= Re{{AuA [AL.(u) ((%g-(u) v) cL(,,)(e‘"“Au)) - cL.(,,)(ew“Av)]
s caoterso)} )

we obtain (30) from (35) m]
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