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On the Uniqueness and Asymptotic Behaviour
of Plasma Corners

M. Kunze

Abstract. In [2] the existence of solutions to a certain free boundary problem describing a
plasma-vacuum interface in plane geometry was shown. This paper is a supplement to the
investigation of R. Kaiser and D. Lortz in [2): We shall first remark that the existence of
such solutions (so—ca]led plasma corners) can be proved by using a more general approach.
Then we shall show uniqueness for small parameters, and finally we shall derive exact formulas
describing the asymptotic behaviour of solutions at the corner.
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1. Introduction

* The purpose of this paper is to mvestlgate propertles ‘of solutions to, the nonlinear
integral equation

i

L0 I N N
z3(t) - % + %{/k(t,’s,z(t),x(s)) ds=0 (t €[0,1)) L - (1)

where J > 0 is a parameter, and the kernel k is defined as

(G -+ + (1)
k(t,s,y,z) =z In ( e )

(G- @)
run ()

+2(s—1¢) (arctanu+a.rctanm—2 a.rcta.ni).
s—t s—t K

Note that equation (1) is a non-standard nonlinear integral equation, because the kernel
k is y = z(t)-dependent in a non-trivial way.

We shall start by giving a short outline of the physics which motivate the study of
equation (1). Following (6] or {2] (see also [1] and [8] for additional remarks), consider
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a two-dimensional plasma in plane (t,y)-geometry. The plasma is supposed to fill the
domain D, C IR? and to satisfy

AP+ T =0 in D,
“AY =0 in D,

Yp=9=0 on 4D, 3)
o 8y
3_n_6_n onaD;,

P — ll;exl as |(t) y)l — 0.

Here D, = IR? \ D, denotes the domain filled by vacuum, ¥ = ¥(t,y) and % = (¢, y)
are the flux functions in D, and D,, respectively, and z/;ex‘ is a prescribed external field.
Furthermore the para.meter J 2 0 denotes the constant (torodla.l) current density, and
ﬁ indicates differentiation in the direction of the exterior normal n to the boundary
0D, of the domain D,. Now solvmg the free boundary problem (3) is tantamount to
finding the functions ¥ and ¥, the parameter J > 0, and the boundary 8D, = 0D,

such that equations (3) are satisfied.

For simplification it is reasonable to choose 1/)“‘ of the form

¢ext(ty y) =1%o+ it + t* — y2 (4)
with g,¥) € IR. We also assume that D, is a symmetric set which satisfies (in suitably
chosen coordinates) (0,0) € dD,, D, C [0,00) x R, and (t,y) € D, if and only if
(t,—y) € D, for (t,y) € [0,00) x IR. Furthermore, we suppose that the upper part of
the boundary D, can be described by a continuous function z : [0,06) — [0,00). Then
dD, N ([0,00) x (—00,0]) is given by the function —z. Because we are mainly interested
in understanding the local behaviour of the plasma in a neighbourhood of the origin,
we restrict ourselves to considering z I[O,ll . Therefore we have to impose the additional
boundary conditions :

v =1 on (8D%),
.o . (5)
an ; a—n on (BD,,)I
where we define Dg = {(t,y) € D, : t < 1} and (D)1 = DpN({1} x IR). The following
picture which is taken from [2: p. 166] may serve as an illustration.
y

14
z(t)

Fig. 1. Qualitative sketch of the domain D}
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If we think, e.g., of cleaning the plasma, it sometimes can be useful to have a
stagnation point (a so-called plasma corner) at the origin. Then

V(0,0) =0 . , . (6)
has to be satisfied. To solve (3), (5), and (6), we make the ansatz
¥(t,y) } ]
- = Yexe(t,y) + J / G(t,s,y,z)dsdz.
¥(t,y) ‘

P

Here )
Gt,s,y,2) = - —In((z = y)" + (s - 1)?)
denotes the Green function for the Laplacian in JR? (see [2] from equation (2.10)). Since
1 z(s) .

/C(t,s,y,z)dsdz = /ds / dz G(t,s,y, 1)
D3 0 —i(s)

we obtain a formula for ¢ which allows us to express ¢ and %, in (4) by means of
$(0,0) = 0 and (6). Using (t,z(t)) = $(t,2(t)) = 0 for ¢t € [0,1), we finally arrive
at the nonlinear integral equation (1) for the continuous function z : [0,1} — (0, c0)
describing the upper part of the plasma’s boundary cut off at ¢t = 1 (see Figure 1).
Therefore the free boundary problem was reduced to determining z.

Now we turn to the description of the contents of this paper. When investigating
(classical) free boundary problems, results on the uniqueness of solutions in the case
of a small parameter were obtained, too (see [7], [9], and many other papers). Since
z(t) = t (t € [0,1]) is the only continuous non-negative solution of equation (1) for
J = 0, and since the solutions of equation (1) are to be interpreted as describing the free
boundary, it is therefore natural to ask whether or not such results on the uniqueness
of solutions also hold for equation (1). In Section 2 we will show that this question
may be answered positively in that there is one and only one continuous non-negative
solution of equation (1) for parameters J > 0 sufficiently small. Next, in Section 3 we
shall derive exact formulas describing the asymptotic behaviour of solutions z = z(t)
of equation (1) as t — 0%. In particular, these formulas will prove that these solutions
form an angle of 7/4 with the t-axis. Therefore one can speak of a plasma corner.

To avoid technicalities, we added an Appendix where all properties of the kernel k
are collected which were used in Sections 2 and 3.

Before turning to the main topics of this paper, let us note that a proof for the
existence of solutions to equation (1) being more elegant than the one given in [2] can be
obtained by using a general theorem on the existence of zeros of so-called semicondensing
maps (cf. [5]). Generally speaking, this theorem may be applied when dealing with
nonlinear integral equations of the type

o(t,z(t)) + /w(t,s,z(t),z(s)) ds = 0" (tefo,1])

in case that the equation shows a certain monotonicity in y = z(t) (note that k>0
in (1), cf. Lemma A.1 in the Appendix) and a certain compactness in z = z(s).
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2. On the uniqueness of solutions

Let us define the sets of continuous functions
cﬂmJD={zecqmuﬂqozomrmtemJQ
and, for ¢ € [0,1], |
c&mm={zeamuﬂagdogumauemy}
Then, by [2], there is a number Jlb > 0 such that equation (1) Has a solution z €

C*([0,1]) whenever J € [0, J;]. We are going to show the following

Theorem 2.1: There is a number J. > 0 such that for all parameters J € (0, J.)
there ezists a unique solution of equation (1) in C1([0,1]).

The proof of that theorem will be divided into several lemmas.

Lemma 2.2: Let z € C*([0,1]) be a solution of equation (1) for some parameter
J 2 0. Then the following statements are true:

.@xEQWJD

e )

g (s () 200) e fr- e ((2)0)

for t € (0,1}, where T(r) = ﬂﬁ forr € (0,1].

c) z € C¢([0, 1]) if J < Jo, where Jo = Jo(¢) > 0 is a number ezisting for every
¢€(0,1).

Proof: a) For fixed ¢ the function

1

y— VE(ty) =P =12 + / ko swa(e)ds (€ [0.00)

is differentiable with 0, ¥*(t,y) > 2y (see Lemma A.1 of the Appendix). Furthermore,
Lemma A.3/c) of the Appendix and the fact that z is a solution of equation (1) yield
=(t,t) > 0 as well as ¥*(¢,z(t)) = 0 on [0, 1), and therefore the claim.

b) Using statement a) we see that z € Co([0,1]), hence 0 < (7) < 1 for 7 € (0, 1].
Let t € (0,1] be fixed. Lemma A.3/i) of the Appendix shows that both integrals on
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the right-hand side of the claimed equality do exist. By means of Lemma A. 3/b) and
Lemma A.2/e) of the Appendix we obtain , . :

0= z(t) — £ + é/k(t,s,z(t),z(s)) ds

(>( ()0 [Ea(x()20))

=2 (t) - t"+
e [ (o-r ()
oo rac(awo)

- (:2(0 _ t2) (1 + = df I(t/f) ) + —t2 %f_l( ) )

d
t2 {—fl(...). ~
1

& 1+ 2%(¢/€)

1 1
+ Si”t"’/dﬁ/ds(l —3)263&1(5@),5@),35).
t 0

Using the transformation s = % and %{ ='—-? in the first integral completes the proéf
of statement b). ' )

c) Fix ¢ € (0, 1) a.nd let C) denote the constant from Léemma A.3/i) of the Appendix.
We define Jo({) = . If z € C*([0,1)) is a solution of equation (1) corrésponding to
the parameter J < Jo, then part a) implies z(0) = 0 and z(7) € [0,1] on (0, 1] Hence
statement b) and Lemma A.3/i) of the Appendix yield ) R

05 ¢ 20 < (¢ - 210) (1 [ e d:)

-5 i?‘f’ (+(5) =0¢) ¢
Lo / de / 4s(1 - sPogeet (33 ) 2hs6)
< 2C,Jt? '

for t € (0,1]. Consequently, z%(t) > (1—2C,J)t? > (%2, and therefore z € C¢((0,1]) B
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The next preparatory lemma already contains some information about the asymp-
totic behaviour of solutions for ¢t — 0.

Lemma 2.3: There is a constant C > 0 such that
t2
(¢ - 2*(t)) (1 = Int) < C? (t€(0,1)) .

for all ( € (0 1] and solutions z € C¢([0, 1]) of equatson (1) corresponding to some
parameter J > 0.

Proof: Let again C; denote the constant from Lemma A.3/i) of the Appendix and
let C = 1+8nC,. If z is a solution of equation (1) for J = 0, then the claimed estimate
is obvious. In the case J > 0 we obtain
ds
s

2(t))/ lfg,;)(s) d:

4 K J l Z(s) ds
S( ( (t)) (1+ /l+:r2(s)s)

4 t?
< 2 12 = i
s (J Cl.] 87rCl<

N

(82 - 2*(t)) (= Int) = (£* — 2%(2) )/

J\IM

for t € (0,1}, by the estimate (7). Furthermore, (t2 ~ z2(t)) < (1 — ¢(?)? < % because
of z(t) > ¢ on [0,1). Adding these two estimates completes the proof of the lemma W

To show uniqueness, we need to compare solutions of equation (1). This will be
done in the next

Lemma 2.4: There is a constant C > 0.such that for all solutions z,y € C ([0,1])
of equation (1) correspondmg to the same parameter J > 0

1

Ao(t) < CJ (Ao(t)+ ! /o(S)—

t

3 (- [ ()

holds on (0,1]. Here.we let Ao(t) = |z2(t)—§%(t)| for t € (0,1] and h(€) = £+|In(1-£)?|
for £ € [0,00) \ {1}.

Proof: Let z,y € C1([0,1]) be as in the lemma. Note that

Ao(r) 2 |E(7) - §(7)l o - (8)
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because of Z(7),§(7) > } on (0,1). Furthermore, for s € .(0, 1] we obtain the estimate

i(s) __9(s) | _ [E)(1 +57(s)) — §(s)(1 + F(s)) |

1+22(s)  1+3(s) (1+22(s)) (1 + §%(s))
< (1~ #(s)§(s)) 12(s) — §(s)| )
< 1Z(s) — 9(s)I
< Ag(s)

and Lemma 2.3 implies the ex:stence of a constant C' > 0, independent of z,y and J,
such that

(1-PW) < o (te©1). (10)

For ¢ > 1 we have I(-,-,£) € C([0,1)?) by Lemma A.2 of the Appendix. Hence,
applying Lemma A.3/d) and e) of the Appendix it follows that, for all t € (0,1] and

E>1, .
)00 -16E) 0]
<c(fs(5) - 3(3)| o+ 0 - 018 (0) (1)

<c (Ao (%) ha(€) + Do(?) ha(é))

holds with a constant C > 0 independent of z,y, and J, and hy(6) = 6 + |In(1 — 6)?|

on [0,00) \ {1}, hence (§ — —S—) € Ly([1,00)). Analogously, for ¢ € (0 1], s € [0,1],
and £ € {0,1) we have

(9 0) o3 00
() mo-s) 2 oo
<0 (a(p) + 40) =g

by Lemma A.3/g) and h) (cf. Lemma A.2/d)) of the Appendix, for some constant
C > 0, again independent of z,y, and J. By means of Lemma 2.2/b), (10), (9), (11),

IA
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and (12) we obtain

. J 1 (s ds
(1-22@) - (1-5°() (”27‘/“3-/(:.7’)@)7)

I [ &) i(s) | ds
<5 (- z(t)/1+a:2() 1+ §%(s)

*|@-Ew) ( 1+iz)(>d)
(-3 “”( 5] 1f(gsz)<s>d?)
THHCE )0
- o) ) - o2 )
<cy (1_11nt / Bo() 2 |

- +_7 Z_ef(A." (i) ha(€) + Bo(t)hs(9)) "

/dé/d(l—)2( o (£) +auw)a - E))

whenever t € (0,1]. Now

Ao(t

and

—
Q.
SN
ol .
A
%)
—~~~
—
|
p —"
~
IA
o|3,
~~
(o
m
=)
—t
=
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hence .
1

Ao(t) < CJ (Ao(t)+ ! / 0(5)_

SN =0)

for all t € (0,1} with a constant C > 0 independent of z,y, and J. Substituting s = %
and %5 = —"—"{i yields

Jeo ot foom(n

(13)

and we have

o ()
/ (&):

(15)

The claim follows from (13), (14), and (15) .
Now we are ready to carry out the

Proof of Theorem 2.1: Let Jo (1) be chosen in accordance with Lemma 2.2/c),
let C denote the constant from Lemma 2.4, recall that J, > 0 was a constant such
that equation (1) has a solution in C*([0,1]) for all parameters J € [0,J;], and let
y=1+ Iﬁle;([l oy T 72/6 > 1 with the function h from Lemma 2.4. We define
J. = min{Jy,Jo (3),(2Cv)™'}. Now let the parameter J € [0, J,) bé fixed and 6 =
2CyJ < 1. Note that (because of J < J, < J;) we already know that a’solution
z € C*([0,1]) does exist, and we only have to prove its uniqueness. For let y € C*([0, 1])
be another solution of equation (1) corresponding to the parameter J < J. < Jo (
Lemma 2.2/c) yields z,y € C .;.([0 1])). Retaining the notations of Lemma 2.4, we obta.m

Ao(t) = 25 80(t) < 2(1 = CT)Ao(?)

520J(

/Ao(s)h )sds— —1n(1-s)Ao(§))

/ ‘ , e
(s
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for t € (0, 1] because of CJ < % < 1. We define
M= {A €C([0,1]): 0<A(t)<1lforallte [0,1]}

and T: M — C([0,1]) by

( / s
2CJ ] —llnt /A(s)d: o for t € (0,1]
(T A)E) = 4 ' L N
e L [ aon(Y)eas- /glnu__sm(g))
‘207JA(00) o e fort = 0.

Then M C C([0,1]) is closed and therefore complete. Furthermore, Lemma A.4/a), c)
and e) of the Appendix tell us that T is well-defined, in that TA € C([0,1]) for A € M.
Since h(€) > 0 on [0,00) \ {1} as well as —In(1 —s) > 0 on [0,1), T is positive, i.e.
(T A)(t) < (TA)(t) on [0,1] whenever A,A € M are such that A(t) < A(t) on [0,1].
Recalling the definition of 7, Lemma A.4/b), d) and'f) of the Appendix imply

ITA - TA| < 2CvJ|A - Al = 6]A - A (17)

for A,A € M, hence in particular |A| < 8lA] < 8 < 1for A € M, and therefore
TM C M. Using the Banach fixed-point theorem and (17), we obtain the unique
fixed-point A, = 0 of T in M and the convergence T"A — A, =0asn — ooin
C([0,1]) for every A € M. Now, by Lemma 2.3, lim—o4 £2(t) = lim;—oy 32(¢) = 1.
Therefore A¢ = |22 — %%| : (0,1} — [0,00) can be assumed to be continuous on [0,1].
Since £2(t),§%(t) € [0,1] on (0,1], we have Ao(t) € [0,1) on [0,1], hence Ay € M.
Consequently, o . o ' o

05 Aol®) < (TAG)) < tTZAa)(t).'s ST — AN =0

as n'— oo for ¢ € (0,1] by (16). This implies Aq(t) = 0 on [0,1], hence z(t) = y(t) on
(0, 1] by the estimate (8). The proof of Theorem 2.1 is therefore complete.

3. On the ésyfnpfoticbehaviour of Asblut_ions

The following theorem investigates the asymptotic behaviour of solutions as ¢t — 0%. In
particular, we obtain the result that solutions of équation (1) form an’ angle of /4 with
the t-axis.

, Theorem 3.1: Let ( € (0,1) and.let ¢ € C([0,1]) be a solution of equation (1)
corresponding to some parameter J > 0. Then the following formulas hold.

t
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3

ki
b) T - @(r) m —T
)77~ g

Here (r,®(r)) are the polar coordinates of z in (t,z)-geometry, i.e. v(t,z) = V12 + z2
as well as ®(t,z) = arctan %, and f(r) ~ g(r) if and only if %% —1asr —04.

Proof: a) Let { € (0,1) and a solution z € Cg([O,l]) of equation (1) for some
parameter J > 0 be given. Then

. z(t) _ _
A% = A=t (18)

by Lemma 2.3. Therefore # = z/id: (0,1] — [¢,1] in fact is continuous in ¢ = 0 with
#(0) = 1. To prove statement a), it is enough to show

. -2 _#(s) ds) _ gvr
xl_lgl+ ((1 —#(1) _/ 1+ 22%(s) s ) T4 (19)
because of
[2e) , _ [_#s) ds
/ s?+ z2(s)d - / 1+ %2%(s) s (te (AO’ - (20)

For a fixed £ > 1 we have I(-,-,&) € C([0,1)?) (see Lemma A.2 of the Appendix). This
yields

I(a’:(%),i(t),{) L I(1,1,6) as t— 0+

and the dominated convergence theorem together with Lemma A.3/i) and j) of the
Appendix implies N

d Td
(1351 éfI( ( ) i(t), 5) =/£—§-I(1,1,€)=7r+ln2. (21)
1
Analogously,

. 1 1
Jim [ de / ds(1 - s)’agefr(i (%) , 5(.t), s{)
0

1 1 v - (22)
= /d{/ds(l —5)262“1(1,1,55)
o "0
T

—-2In2
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by Lemma A.3/i) and k) of the Appendix. Finally, Lemma 2.2/b), (18), (21), and (22)

show
. .2 a:(s) ds
‘l_‘fglr ((1 -z (t))/ 1+ 2%(s) s) .

o _ J [ #s) ds "
=7 m((l—xz(t))(l+2—/ms)-(1—I(t))>

2 (J J
=== —(r =21
5 (4”(7r+1n2)+81r(7r n2))
=3
4

and that is (19).
b) At first, using (20), Lemma A.4/a) of the Appendix and (18) we obtain

/ (s)
\/t—+—(t T

- 1 /l i) ds) (. _1+Iny1+3%() (23)
T\I-lt ) 146 s )T Clnt-n/1+ 20

1

Furthermore, from the mean-value theorem and (18) it follows that
1 - Z(t) '

arctan 1 — arctan Z(t)

Therefore statement a), (23), and (24) imply

/4 — B(r) _ (7r/4 - q)(r))(— Inr)
(37)/(81nr-1) (37)/8

(1 - &(t)) (‘f ;,:—(z",)(—’)ds)
B (3m)/8 |
(arctan 1 — arctan #(t)) (— In m)
(1-#@1) (‘fl ;%ds>

—1 as't— 0+,

—2 as t—0+. (24)

X

so the proof is complete 1

According to (3], such an asymptotic behaviour in polar coordinates was to be
expected. Finally we want to remark .that this behaviour for ¢ — 0% in particular is
independent of the parameter J > 0 in equation (1), and that the plasma corner may
be seen only on a logarithmic scale by Theorem 3.1/b).
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Appendix

In this appendix we shall first collect some essential properties of the kernel k in (2)
and its transformed version I, see Lemma A.2. Afterwards we shall give another result
of mainly technical nature which was used in the main part of this paper. For a de-
tailed proof of all these formulas and estimates, the interested reader is referred to the
Appendix of [4].

Lemma A.1: Let Dy = {(t,s,y,2) € [0,1)2 x [0,00) : s > 0 and s # t} and
k: Di — IR be defined as in (2). Then for (t,s,y,z) € Dy

(4 y)lP+(s—t)
Byk(t,s,y,z) =In ((:z: g t)2) >0.

Lemma A.2: Let D; = {(n,9,6) € [0,00)® : £ #1} and I: D; — R defined by

(n+€9) +(1—€)?)((n— &9 +(1— 5)2)>

(1+9?)?

I(n,0,§)=nln<(

(n+&9) +( - §)2>
+eom (0
+2(1-¢) (arctan n1+—££9 + arctan % — 2arctan n) .

Then the following statements are true.

a) If (1,9) € [0,00)?, then I(n,9,0) = 0, and if { # 1, then
I(1,1,8) = (1+€)In(1 + €) + (1 = &) In(1 - €)°

+2(1-¢) (a.rcta.ni—i_—z —%) .

b) If (n,9,€) € Dj, then

0c1(n,9,6) = 1n (2F £0)2 +(1 - 6)2)

(n-¢9)2+(1-§)?

_ n+ &9 n-=§9 '
2<arctan - + arctan 1-¢ 2arctann ),

hence in particular 8¢I(n,9,0) =0 for (n,9) € [0, 0)2.
c) If (n,9,€) € Dy, then

(1-£0 +9%)" + 7' - (1 +02)9?
(72 = E207)" + (1 - ©)* + 21 - €777 +€79%)’

Rel(n,9,6) = —4n

in particular

1-92
6251(77’19’0) = —4d7 (1 +n2) .
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fOT (77’19) € [0)00)2; and

4
RI10 = g

for £ #£ 1.
d) If (77’19 §) € Dy, then

B I(7,9,€) = 8 (a7 — €20%)° +(1 - E)‘+2(1—E)2(n2+52192))_

oo
x ( 1—£(1+9%)((1 - €)* + £29?)

X

—5(1+z92)( -6+ (n* - €9Y))n*(1 + 9%)
- (1 +19%)9?%)

x (—2(1 —£(1-9%))((1- &) + (n* - £297))

(0 - (@ - 0 + (o — 29%) + 4921 - ©))
+ (
+

a0 -9)).

e) If (n,9) € [0,00)%, and if £ € [0,1), then by the Taylor formula

1
10,9,6) = 201 - 9) (131 ) € + 36 [(1 = 90T, 9,50 .
0

Lemma A.3: The following statements are true.

a) If (t,s,y,z) € Dy witht >0, then

s_lk(t,.'s,y,:t) = I(z/s,y/t,t/s).

b) If y,z € C*((0,1)), then with §(7) = X2 and #(r) = X2 for 7 € (0,1), we have

/lk(t s, y(t),z(s)) ds = ¢* Zf ( ( ),y(t) 6) (t € (0,1)).

c) For (2,s,z) € [0,1]® with s > 0 and s # t we have k(t,s,t,z) > 0.

d) Let hy : [0,00)\ {1} —-[0,00) be defined by ha(€) = € + [In(1 — £)?|. Then there
is a constant C > 0 such that |9,1(n, 3, £)| < Cha(€) for all (n,9,€) € [0, 1]2 x (1,00).

e) There is a function hy : [1,00) — [0,00) such that (£ — ha(E)) € Ly([1,00)) and
8o 1(n,9, )| < h3(€) for (n,9,€) € (0,1]% x (1,00).
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f) There 3s a constant C > 0 such that 62661(""9’6)| < (1_E£Y’ holds for (n,9) €
[0,1)? and £ € [0,1).

g) There is a constant C > 0 such that |3, I(n,9,€)| < 1_6)5 holds for (n,9) €
[3,1]% and £ €[0,1).

h) There is a constant C > 0 such that |GfecoI(n,9,€)| < W kolds for (n,9) €
5:1)% and £ €[0,1).
i) There is a constant C > 0 such that

TG 0
-Sl—wjdgojds(l —s)? ageif(i(é)’?(t),sﬁ)‘ <cC

hold for all t € (0,1] and z,y € C*([0,1]) with &(7) = @ € [0,1} and §(7) = ﬂrfl €
[0,1] for T € (0,1].

) T%?I(l,l,f) =7+In2.
1

and

k) jd{flds(l - 5)? 0 I(1,1,56) = 7~ 2In2.
0 0

Lemma A.4: Let A, A € C*([0,1]) and h(€) = £+ |In(1 —€)?| for £ € [0,00)\ {1}.

Then the following statements are true.

a) lim,_ o+ (l_—,’m jA(s)?) = A(0)

l -
b) supecpo,1) (ﬁﬁtflA(s) - A(S)ldf) <|A-4|
t
e) timi—or (172 f AW (4) 545 ) = [l 1 oy A0
0
‘ - -
) supicgoa) (177 18(6) = BN (£) 345 ) < [l oo 18 - B

e) lim, .o+ (—j’-";’- In(1 -s)A (f)) = "?’A(O)

1

) supcon (- #10 - 98 (H) - 3(2)]) < Fia- Al

t
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