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Abstract

In this paper we study the properties of the solutions to the Cauchy problem

) (Ut u)g, = f(u)+ g(ixj); t2[0;1x 2R3

2) u(l;x) = up 2 HY(R3); u(1;x) = uy 2 L%(R®);

where gs is the Reissner-Nordstom metric (see [2]); f 2 CY(R?'), f(0) = 0, ajuj
f (u) bjuj, g 2 C(R*), d(jxj) 0, g(jxj) = 0 for jxj ri, a and b are positive
constants,r1 > 0 is suitable chosen.

When g(r) 0 we prove that the Cauchy problem (1), (2) has a nontrivial sdution
u(t;r) in the form u(t;r) = v(t)! (r) 2 C((0; 1H-*(R*)), where r = jxj, and the solution
map is not uniformly continuous.

When g(r) 6 0 we prove that the Cauchy problem (1), (2) has a nontrivial solution
u(t;r) in the form u(t;r) = v(t)! (r) 2 C((0; 1]H*(R™")), where r = jxj, and the solution
map is not uniformly continuous.

Subject classi cation: Primary 35L10, Secondary 35L50.

1. Introduction
In this paper we study the properties of the solutions to the Cachy problem

1) (ug  u)g = f(u)+ g(ixj); t2[0;1x 2R3,

) u(l;x) = up 2 HY(R3); u(1;x) = uz 2 L¥(R3);

where gs is the Reissner-Nordstom metric (see [2])
r2

2 2

r’ Kr +
Q dr

r2 Kr + Q2

Os = . dt? 2 r2d 2 r?sin®d 2
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K and Q are positive constants,f 2 CY{(R1), f(0) =0, ajuj fYu) buj, g2 C(R"),

g(jxj) 0,9(jxj) =0 for jxj rq1, a and bare positive constants,r; > 0 is suitable chosen.
The Cauchy problem (1), (2) we may rewrite in the form

1)

r2

—————u
r2 Kr+Q2 "

1
r2sin

= ) o),

5@ Kr+Q2u) @Ginu ) —

(2) u@;r;; )= ug2 HYR* [0;2 ] [0 D;uc(dir;; )= ur2 L3R* [0:;2] [0 D):

When g is the Minkowski metric; ug;u; 2 C§ (R3) in [5](see and [1], section 6.3) is
proved that there exists T > 0 and a unique local solutionu 2 C2([0;T) R 2) for the
Cauchy problem

(Ug  u)g =f(u); f2C%R); t2[0TEx2R?3

Ujt=0 = Uo; Utjt=0 = Ug;
for which
sup ju(t;x)j=1:
t<T;x 2R 3
When gs is the Minkowski metric, 1 p < 5 and initial data are in G (R?3), in [5](see
and [1], section 6.3) is proved that the initial value problem
(U Ug = UjuP 1 t2[0Tx2R3;

Ujt=0 = Uo; Utjt=0 = U1;

admits a global smooth solution.

When g is the Minkowski metric and initial data are in G (R3), in [4](see and [1],
section 6.3) is proved that there exists a humber o > 0 such that for any data (up;uy) 2
G (R3) with E(u(0)) < o, the initial value problem

(ug U)g = U t2[0TIx2R3;

Ujt=0 = Uo; Utjt=0 = U1;

admits a global smooth solution.
When gs is the Minkowski metric in [6] is proved that the Cauchy problem

(Ug Ug = f(u); t2[01x 2R3,

u(l;x) = ug;  Uu(1;x) = ug;

has global solution. Heref 2 C?(R), f (0) = f40) = f°Q0) =0,
%R %) Bju vj®
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forjuj 1,jvj 1,B> 0, p§ 1<q1 1,ug2C?R?3), u; 2C*HR3), ug(x) = ui(x)=0
for jx Xgj > , Xp and are suitable chosen.

When gs is the Reissner - Nordstom metric, n =3, p>1,q 1, 2 (0;1) are xed
constants, f 2 CY(RY), f(0)=0, ajuj fQu) buj, g2 C(RY), g(jxj) 0, g(jxj) = 0 for
jxj ri1, aand b are positive constants,r; > 0 is suitable chosen, in [7] is proved that the
initial value problem (1), (2), has nontrivial solution u 2 C((0; 1]I313;q(R+ )) in the form

v ov@Y(r)y for r rp; t2]0;1];
utr)= 0 for r rq; t2]0;1];
wherer = jxj, for which limy, ojjujij(R+) =1.

In this paper we will prove that the Cauchy problem (1), (2) has nontrivial solution
u = u(t;r) 2 C((0; 1JH1(R*)) and the solution map is not uniformly continuous. When
we say that the solution map (u ;us1;g) ! u(t;r) is uniformly continuous we understand:
for every positive constant there exist positive constants and R such that for any two
solutions u; v of the Cauchy problem(1), (2), with right hands g = g1, g = g of (1), so that

(29 E@u v) 5 Jddicewrsy RO Qicewr+)y R DI Qliczwey
the following inequality holds
(2% E(tbtu V) for 8t2[0;1];

where @
E(tu) = j@u(t; )iifor+y + @ru(t; iitz(r-):

Our main results are
Theorem 1.1. Let K, Q are positive constants for which
8
2 2. 1 .
2 - K K2 4Q2 Po—p—ra0s
1 K+Q“>0 is enough small such that ———~ 2 1 K+Q*> 0
Letalsog O, f 2 CY(R?Y), f(0)=0, ajuj fqu) buj, a and b are positive constants.
Then the homogeneous Cauchy problem (1), (2) has nontriviaolution u(t;r) = v(t)! (r) 2
C((0; 1]HX(R*)). Also there existst 2 [0;1) for which exists constant > 0 such that for
every positive constant exist solutionsu, v of (1), (2), so that

ELu v) ;

and
E(t ;u v)
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Theorem 1.2. Let K, Q are positive constants for which

8
< K?2>4Q% o L
2 ; K P K2 4Q2 p——

1 K+Q*>0 is enough small such that ———— 2 1 K+ Q?>0:
Let alsog60, g2 C(R*), g(r) Oforr 0,g(r)=0 forr rq, f 2CY{R?),f(0)=0,
ajuj  f9u) buj, a and b are positive constants. Then the nonhomogeneous Cauchy
problem (1), (2) has nontrivial solution u(t;r) = v(t)! (r) 2 C((0;1]H*(R*)). Also there
existst 2 [0;1) for which exists constant > 0 such that for every pair positive constants

and R exist solutions u, v of (1), (2), with right hands g = g1, g= g, of (1), so that
E@u v) 5 jjgdiere) R JiQlere) R i ®licere
and
E(t ;u v)

The paper is organized as follows. In section 2 we prove theem 1.1. In section 3 we prove
theorem 1.2.

2. Proof of theorem 1.1.

For xed q 1and 2 (0;1) we put

q2¢ 3
24 1

C=

For xed p>1,9 1, 2(0;1)andg2C(R"), g(r) Oforr 0O we suppose that
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the constantsA> 0,Q> 0,a>0,b>0,B> 0,K> 0,1< < satisfy the conditions

; 1 1 2a b . . A2 .
'1)3 kio?z TKk+ozaztas L A>L T >1

1 a b_r% 0
2(1 K + 2Q2)2A% AB J
a 2brf O
A6 701 K + 207) AZBZ O

i2 a 1 1 4ar, 0:
i2) 2A%(1 K2+ 202) ASB(L K +0Q2)2 '
11 1 2 2 2 1
% = S T wrrzooraas i@ keomazez 1T ror Ma%r2p0r, 9(r)

101 1 a2

T K+ 202922AF AB(@ K+09) ~
i3)C 1 2a + 2b + 1 22 +C ol < 1;
G aeral T ma e T A T S o 0

8
< _a_ >O,

i4)

1
=

1 a 1 a .

1 2Q2Z2A% T2 2A% >0
1

2

1 K+Q?%>0 is enough small such that
1>% zpl K+Q2>O;

p 2 < < 3

K " K2 402 2(1 K+Q2)

a 0 2 max (r) O

A 2T K + 2Q%) AzeZz  '1MaXr20r,]9 ;

16)7 K1+Q2 AE 1 K1+Q2%+ ag trimaXer9(s)  ags

. 2
i7) maxsZ[O;rl]g(S) 11 A—l4;

|
_%

where p q
K K2 402 .
ry= > Q 1 K+ Q%

Example. Let0< << % is enough small,

P
A=i4;( B=1 p=3 =% =1 =3 1=K K& P 1
3 B(r ry)? for r rq;
o(r) = 0 for r rq;
K=24+212 32
37 6 2
2_"1,"120 1 2.
Q°=35+5"_ 27
a= % b=
Then

1 K + 2Q%=1 3K+9Q*= %
1 K+Q2: 2 .

When g(r) 0 we put
(19 Uo == v(L)! (r) =
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( R R
L Ve eV (9 S () (9) dsd for r 1y

0 for r rq;

andu; 0. Herev(t) is xed function which satis es the conditions

(H1) v(t)2C3[0;1); v(t)>0 for 8t2][0;1];
ma(wm>0fm mzmn NQ—W%%-;vmem

voqt) vt
(H3) MiNg20;1] ) oA MaXe2(0;1] V(t) A :
vORt)  SRav(t) O for t 2 [0;1]:

Bellow we will prove that the equation (19 has unique nontrivial solution ! (r) forwhich
L(r) 2 C?[0;r4], ! (r) 2 HYO;rq], jL ()]  z& forr 2 [O;rq], ! (r) 2 forr 2 1;1
L(ry)=19qr)=1%ry)=0

Example.

There exists function v(t) for which (H1)-(H3) are hold. Really, let us consider the
function

2 4 4A4
© w= e L

a

where the constantsA and a satisfy the conditions A> 1, 2~ > 1. Then
1) v(t) 2 C3[0;1 ) and v(t) > O for all t 2 [0; 1], i.e. (Hl) is hold.

2)
v = 22 v =0;
Vi)= 2 0 8 t2[01]
Vo) =0;  vO%L) = 0;
consequently (H2) is hold. On the other hand we have
VR _ 2 .
- 4A4 '
v(t) (t 12+ 1
From here -
MiN o) g zar;
maXtZ[o;ll% 2
vt saev() = (2 O,
al
i.e. (H3) is hold.

2.1. Local existence of nontrivial solutions of homogeneou s Cauchy prob-
lem (1), (2)

Let v(t) is xed function which satis es the hypothesis (H1) (H 3).
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In this section we will prove that the homogeneous Cauchy prblem (1), (2) has non-
trivial solution in the form

v(t)! (r) for r rq; t2[0;1]

utr) = 0 for r ryg; t2][0; 1]

Let us consider the integral equation
(?) ( R R
E— st VW yes) s (ut;s)) dsdi0 r o ory t2[0:1]:
ultr)= r ZKFQ2 & Ks+QZ V(D) “\V ’ , 1 Ll
0 for r rg; t2][0;1];

whereu(t;r) = v(t)! (r).

Theorem 2.1. Let v(t) is xed function which satis es the hypothesis (H1)-(H3). Let
alsop>19g2[11)and 2 (0;1) are xed and the positive constantsA, a, b, B,
Q.,K, > > 1 satisfy the conditions i1)-i6) and f 2 C}(R?1), f(0) =0, ajuj fYu)
buj. Then the equation (?) has unigue nontrivial solution u(t;r) = v(t)! (r) for which
w 2hC2[0;r1], utr) = ue(tr) = up (tr)y =0 forr  ry, u(tir) 2 C((0; 1]H[0; r41]), for
r2 32 andt2[0;1u(tr) &, forr2 Oy andt2 [0;1]ju(tr)] 5.

Proof. In [7, p. 303-309,theorem 3.1] is proved that the equation ?) has solution
u(t;r) in the form u(t;r) = v(t)! (r) for which

u(tr) 2C([0;1]  [O5ra]);

ut;r)=ur(tr)=ur(tr)=0 for r ry and t2]0;1]
u(t;r) 2 G{(0; 3B 4[0; ral);

for r 2 ;L and t2][0:1] u(tp) Klz;

u(tr) Q for t2[0;1] and r2 Lorys

for r 2 Ory and t2[01] ju(tr)i &

In [7] is used the following de nition of the B,,.((M)-norm ( 2 (0;1), p> 1,9 1) (see [3,

p.94, def. 2], [1])
z, 1

g = N g nUiife,dh
where
hU= Uu(X+ h) u(x):

Lett 2 [0;1] is xed. Then

@, ° _

@Rf L) ,
4 oqt . .

=0 K%+Q2 e KSS+Q2vVg))U(t,S) sf (u(t;s)) dsd dr
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here we use that from i5) we have thatr; < 1 st L for s 2 [0;r4],

' s2 Ks+Q? 1 K+Q?
T xor  TRror forr 2 [0;ri)(see [7, Remark, p.300))
VA r z r 0 2
1 ! ' ! t )Ju(t s)j + s%jf (u(t;s))j dsd dr

o 1 K+Q2 , 1 K +Q2tr2n[01] v(t)
here we use thatf (0) =0, jf (u)j  Sjuj?,

Zn 1 “n 1 voqt)

2
—ju(t; dsd d
o 1 K+02, 1 K+ tarzn[gll] ) ju(t;s)j + s? JU( s)j? ds r

here we use thatju(t;r)j z& for r 2 [0;r4], t 2 [0;1],

Zn 1 Z 1 1 ax voft) 2 +r2b 4 dsd Zdr
o 1 K+0Q2 , 1 K+ Q2201 v(t) AB 12A2B2
vt 2a
here we use that maxo (0. yy™ A7
R R 2
(gl 1 K1+Q2 rrl 1 K1+Q2A%Af3 + r%%ﬁ%f dsd dr
1 4a , 2l 2

<1:

r3 1 K+Q2 TRK+QZA% | AZBZ
From here @
—u <1
@r L2(0;1))
for every xed t 2 (0;1]. Thereforeu(t;r) 2 C((0; 1JH1([0; 1 ))).

Let ¢ is the solution from the theorem 2. 1, i.eu~is the solution to the equation (?).
From proposition 2.1([7]) t satis es the equation (1). Then & is solution to the Cauchy
problem (1), (2) with initial data

(R R 4
Uo = R o7 "o KSS+QZVO‘31)! (s) s?fF(v(1)! (s) dsd for r  ry;
0O for r r;

( R R
0y = R 1 ;;szoo(ii)! (s) s Qu)vdL)! (s) dsd =0 for r rq;

0 for r rq;

Uo 2 HY(R"), u1 2 L3(R*), & 2 C((0; 1JH1[0; r1]).
2.2. Uniformly continuity of the solution map for the homoge neous Cauchy
problem (1), (2)

Let v(t) is same function as in Theorem 2.1.
Theorem 2.2. letp>1q 21and 2 (0;1) are xed and the positive constants
a b A B, Q K, 1< < satisfy the conditions i1)-i6). Let f 2 C1(R?Y), f(0) = 0,
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ajuj fqu) buj. Then there existst 2 [0;1) for which there exists constant > 0 such
that for every positive constant exist solutionsu; and u, so that

E(Lur  up)
and
E(t ;ur  u2)
Proof. Let us suppose that the solution map ( ;uz;9) ! u(t;r) is uniformly con-
tinuous.
Let
1 13 2 a 2b 2
(4) 0< < - 1 K + 2Q2 2A6 2(1 L + 2Q2) 2p2Bp2
Let also

Uup=4; u,=0:

Then there exists positive constant such that
E(Liur u2)

and
E(ttu;r up) for 8t 2[0;1]:

From here, fort 2 [0;1)

2
@ =
o 2o D
1 ri

4 o] 2
e 1 o au(tis)  s%f (u(t;s)) dsd dr

R 4 Of 2
1 12 Kr+Q2 rrl s2 Kss+Q2 vat))u'(t;s) s?f (a(t;s)) dsd dr
h [

here we use that fors 2 1:r; and for t 2 [0;1] we have that %—C&? t(t; s)

s?f (#(t;s))  O(see [7, p. 305-306)) ancﬁﬁf 0 forr 2 [0;r4],

2

1 R s M) 2 (u(ts) dsd d
r2 Kr + Q2 1 g2 KS+Q2 V(t) U'( 1 S) S (U‘( 15)) S r
1

1 R

r2 Kr+Q? 1

|~ =

Py

- 0 2
- KS:+Q2 mlntz[o;ll%u(t;s) $*f (w(t;s)) dsd dr

I

from (H 3) we have that ming,o.1; % AT

Z1 1 Z1 s* a

1 r2 Kr+Q2% r s2 Ks+ Q22A4

wts) s (u(ts) dsd  dr
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here we use thatf (0) =0, f (4) 2t?

Z 1 1 Z1 s a

1 r2 Kr+Q2 1 s2 Ks+ Q22A4
h i
here we use thatut;s) g fort2 [0;1] ands2 1;1  &?(t;s) 4_ fort 2 [0;1] and

AZB?
s2[0;rq]
Z 1 Z 1

2
t(t; s) szguz(t;s) dsd “dr

1 = st a 1 1b 4 2
5 = Se dsd “dr
1 r2 Kr+Q2 1 s2 Ks+ Q22A%A2 22A2B2
h i
here we use thatgz%wz is increase function fors 2 [0;r1]. Therefore, fors2 1;1 we
4 1
have s2 |<SS+Q2 2(1 K + 2Q2)
Z 1 Z 1
= 1 = 1 a 2b 2
dsd dr

1 r2 Kr+Q%2 1 2(1 K + 2Q?)2A%  2A2B?

here[\1 we iuse that forr 2 [0;r4] the function FZﬁZ is increase function. Therefore for
2

1.1 1
r2 == wehaver K70z T K+ 207

1 13 2 a b 2
1 K + 2Q2 2A6 2(1 L + 2Q2) 2p2RB2

which is contradiction with (4).

3. Proof of Theorem 1.2.

3.1. Local existence of nontrivial solutions for nonhomoge nious Cauchy
problem (1), (2)

Let v(t) is xed function which satis es the conditions (H1), (H2) a nd (H4), where

oQ 0
. vO?t) a voft)  2a
H4 min —— Domax ——  —.
( t2[0;1] V(t) 4A%7 1210:1] V(t) A2

For instance, the function
4
t 1%2+8 1
V(t) = A3 a 1
a

satis es the hypothesis (H1), (H2) and (H4).
Let us consider the equation
) ( R, R

0l
Weny= TR e v U(ts)  ST(Uts)  sPa(s) dsd 0 1wy
0 for r rq;
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t 2 [0; 1], whereu(t;r) = v(t)! (r).

Theorem 3.1. Let v(t) is xed function which satis es the hypothesis (H1), (H2),
(H4). Letalsop>1 g2 [L1)and 2 (0;1) are xed and the positive constants
A, a b B, QK, > > 1 satisfy the conditions i1)-i7) and f 2 C}(RY), f(0) = 0,
ajuj  fqu) bjuj, g 2 C(R*), g(r) 0for 8 2 R*, g(r) =0 forr ri. Then
the equation (?% has unique nontrivial solution u(t;r) = v(t)! (r) for which w A Cz[p; ri],
utr) = ur(Gr) = ur (Gr) =0 forr oy, u(tr) 2 C((0; 1JH1[0; r1]), for r 2 1;1 and

t2 [0 1] u(tr) g, forr2 0 rl andt 2 [0;1] ju(t;r)] &
Proof. In [7, p. 313-316,theorem 4.1] is proved that the equation 7 has solution

u(t;r) in the form u(t;r) = v(t)! (r) for which

u(tr) 2C([0;1]  [O5ra]);
uit;r)=u(tr)=ur(tr)=0 for r ry and t2[0;1];

ut;r) 2 G((0; 4Bpq[0; r1);

for r 2 ;L and t2]0:1] u(t;lh) $—12;

u(t;r) CL f01|r t2[0;1] and r2 i:rq;

for 12 Ory and t2[01] jutr)i +&:

Lett 2 [0;1] is xed. Then
2 —
ot ooy T

R o 2
=5 R 1 g v u(ts) ST (u(ts) + o(s)) dsd dr

here we use that from i5) we have thatry < 1, g KS;QZ gz for s 2 [0;r4],

rz K%+Q2 i K1+ o7 for r 2 [0;r1](see [7, Remark, p.300])

z ri 1 z ri 1 OQ )
—_— ma
o 1 K+Q2, 1 K+Q2 t2[01] v(t)

ju(t; s)j+ s%(if (u(t; s))j+ g(s)) dsd “ar

here we use thatf (0) =0, jf (u)j  Sjuj?,

z ry 1 V4 ra 1 OQ )
—_— ma
o 1 K+Q2, 1 K+@Q? t2[01] v(t)

ju(t; s)j+ s*(5 JU(t $)i2+g(s) dsd dr

here we use thatju(t;r)j % for r 2 [0;r4], t 2 [0; 1], from i7) we have max,o.r,9(r)
101721

A

2 1 4n 1 V) 2 ,b 4,1 121

2
_— max —+ I =——=tTr — dsd dr
o 1 K+Q2 , 1 K+Q2wpoyv(t) AB 2A2B2 1 A4
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here we use that max; o1 % ﬁ%,

R R 1 lzi 2

r 1 r 1 2a 2 2b_ 4 2
00 TRK+QZ r T K+Q?AZAB ' '12azgz * 11 Ar dsd dr
2 2
3 1 1 4a 2I’%b 2 1 1 1
f Txvo? TRro?As T AZBZ T M1 = = ar <1
From here

@
@ gy <t
for every xed t 2 (0;1]. Thereforeu(t;r) 2 C((0; 1JH-2([0; 1 ))).

Let u is the solution from the theorem 3. 1. , i.eu is the solution to the equation (?9.
From proposition 2.3[7] we have thatu satis es the equation (1). Then u is solution to the
Cauchy problem (1), (2) with initial data

( R R

r L 1 s vOR1)! (s)  s2f(v(1)! (s) s2g(s) dsd for r  rq:

Ug = r 2 K +Q2 s2 Ks+Q2
0 for r r;

8 R R
2 oty g () s AupvAL)! (s) dsd 0

ur=_ for r r;
0 for r rq;

Up 2 HY(R*), ur 2 L3(R™*), u 2 C((0; 1JH[O; r1]).

3.2. Uniformly continuity of the solution map for the nonhom ogeneous
Cauchy problem (1), (2)

Let v(t) is same function as in Theorem 3.1.

Theorem 3.2. lLetp>1q 21and 2 (0;1) are xed and the positive constants
a b A B, Q K, 1< < satisfy the conditions i1)-i7). Let f 2 CY(R?Y), f(0) = 0,
ajuj fqu) buj, g2C(R*), g(r) Oforr 0,g(r)=0 for r ry. Then there exists
t 2 [0;1) for which there exists constant > 0 such that for every positive constants and
R exist solutionsuy, u, of (1), (2) with right hands g = g1, g= ¢ of (1), so that

E@ur u2) 5 jigdiere) R JiQlere) R Rlicere
and
E(t ;ur  up)
Proof. Let us suppose that the solution map ( ;uz;9) ! u(t;r) is uniformly con-
tinuous. Let
5)
113 2 a 2b , 1 121 2
0< < — — rf = = =
1 K + 2Q2 46 2(1 K + 2Q2) 2p2Bp2 A4
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Let also

up=u; ux=0; & 0 o g
whereg is the function from theorem 3.1. Then there exist positive onstants and R such
that

jgicer+y R DiQlicer+y Ry gt @iicewr+)y
E(L;uy up)

and

E(t;ur up) for 8t 2][0;1]

From here, fort 2 [0;1)

2

@ =

ot 201 D
r

R 0 2
= ¢ mRee s w St uts)  S(f(u(ts) + go(s) dsd dr
RL R 0 2
L e waror Ut s)  SA(F(u(ts)+ o(s) dsd dr

h i

here we use that forr 2 1;r; we have

s o oWuts) s (uts)  s2g(s)

s?Z Ks+QZ v(t)
2br?

2A6 2(1 aK T 2Q2) A2B?2 r%maXrZ[O;rl] g(r) 0

(see i5)) and forr 2 [0;r1] we haver—z%Jer >0

R 1 R st voqt) | g+ 2 . 2
1 Y2 Kr +Q2 1 g2 KS+Q2 v(t) U(t, S) S (f (U(t, S)) + g(S)) de dr
Rl Rl 4 . 0 2
1z K%+Q2 1o KSSJer MiN¢2(0.1] %u(t; s) s?(f(u(t;s))+ g(s) dsd dr
from (H4) we have that min;; (.1 % e
Z1 1 Z1 st a

u(t;s)  s?(f (u(t;s)) + g(s)) dsd 2dr

1 r2 Kr+ Q2% 1 s2 Ks+ Q24A4

here we use thatf (0) =0, f (u) 2u?

Z1 1 Z1 st a

1 r2 Kr+Q2% 1 s2 Ks+ QZ4A4

u(t; s) szguz(t;s) s?g(s) dsd Zdr
h i

here we use thatu(t;s) 2> fort2 [0;1] ands2 %;1  u%(t;s) 45 fort 2 [0;1] and
2
s2[0;r1], max o,y a(r) 2
21 1 Z1 st a1 1b 4 1 121 . 2
1 r2 Kr+Q2? 1 s2 Ks+ Q24A%4A2 22A2B2 1 A4
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here we use that% is increase function fors 2 [0;r1]. Therefore, fors 2 11 we
4 1
have s? KSS+Q2 201 K + 2Q?)
Z1 1 Z1 1 a o, 1121 2
117 Kr+QZ 1 21 K + 2Q%2A6 2azgz 't T T as ®

hereh we use that forr 2 [0;r1] the function r‘zﬁf is increase function. Therefore for
1 2
rz Kr +Q2 1 K + 2Q2

r2 11 wehave

1 13 2 a 2b 211 2
1 K + 20Q2 4A6 2(1 K + 2Q9? 2p2g2 1

21
A4
which is contradiction with (5).
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