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SUMMARY
We prove that the quasilinear initial value problem
Ur =3 At x, U)Uy, + f(6,x,U)
{ U(0,x)=Uy(x) € C*P(R™), xeR"

has a unique, local in time, C ! solution, if the matrices 4; are diagonalizable and commute with each
other. Copyright © 2006 John Wiley & Sons, Ltd.
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1. INTRODUCTION

Let us denote by C%(4) the space of uc C'(4) such that u, Vue L*(4). In all the cases
we omit the target space, which can easily deduced from the context. Let us consider for
U=(w/)j_, the Cauchy problem

{ U =Y1"4itx, U)Uy, + f(t,x,U)

(1)

U(0,x)= Up(x) € C*(R™), xeR™
where 4;, f€C"([0,To] x R" x Bg,) VR>0 and By, :={x € R": || <R}. It was proved that
(1) has a unique C! solution if m=1 and x €[a,b] (see References [1,2]). In the general
case, without supplementary assumptions on the matrices 4; we cannot expect the existence
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1108 E. CALLEGARI AND M. GHISI

of C! solutions, even in the strictly hyperbolic symmetrizable case, unless we take the initial
data in suitable Sobolev spaces.

The aim of this paper is to prove that (1) has a local C! solution in the case m>1 under
suitable assumption on the matrices 4;. In detail we shall prove the following theorem.

Theorem 1.1
Let us assume that the matrices 4; are diagonalizable (i.e. they have a C' diagonalizer
with C! inverse) and that they commute with each other. Moreover, let us suppose that
A, f€CH([0,To] x R™ x Bg,), VR>0, Uy € CL-5(R™).

Then (1) admits a unique local solution U € C:?([0, T] x R™).

We plane to treat in a first time the classical linear case when 4; and f do not depend on
U, and then we prove that the map V' — U, where U satisfies

U =S A5, V() Uy + f(LxV(5x)),  UO,x)=Us(x), x€R
i=1

admits at least a fixed point in a suitable function’s space, and that this fixed point is unique.

2. THE LINEAR CASE

Let us consider the problem

U =", B(t,x)U, + G(t,x) )
{ U(0,x) = Up(x) € CL-4(R™) @

where B;, G € C?([0, Ty] x R™). In addition, let us assume that the matrices B; are diagonaliz-
able and commute each other. Hence, B; admit a joint diagonalizer (see Reference [3]) that
we indicate by K(t,x) € C4([0, Ty] x R™). Moreover, let us set D, :=KB,K~!, and denote the
element of place jj of D; by d’;.

If we carry out the change of variables V' := KU and set

L(t,x):= (Kt - f:D,-Kx,.) K™, ¢:=KG
i=1

we can rewrite (2) as

{K=Z:'1:1Diin+LV+g 3)
V(0,x) = K(0,x)Up(x) =: Vo(x)
Under the considered hypotheses it is true.
Theorem 2.1
Problem (3) admits a global solution ¥ € C4([0, T;] x R™).

In a first time let us consider for j=1,...,n the problems:

{qs,f(z,s,x) = —(d},....d")t, ¢’ (t,5,x)) @
¢’ (s,8,x) =x

Copyright © 2006 John Wiley & Sons, Ltd. Math. Meth. Appl. Sci. 2006; 29:1107-1119




LOCAL C' SOLUTIONS TO SOME NON-LINEAR PDE SYSTEM 1109

It is well known that such problems admit a unique global C! solution (see Reference [4]). In
the sequel we denote e; =(0,0,...,1,...,0), and by ¢’ the ith component of ¢/; moreover
for a function A(z,x) we use the notation

h*(t,t,x) = h(t, §(1,1,x))
Therefore, for a function V' =(v/); € C*([0, T[ x R™) we have the following lemma.

Lemma 2.2
V is a solution of (3) if verifies for j=1,...,n:

v/(6,x) 1= vj($(0,1,x)) + /t e[(LV + g)(z, ¢’ (z,1,x))]dt (5)
0

Proof (Sketch) _ .
Since e,L%'(t,4,x) = ¢e;((8/01)K? (1,£,x))(K~1)?'(1,2,x) using integration by part, we have

el (1:0) = lim 070+ ) = 01(60)) = 5- 0] (060 (0,1.0)
te /0 t \é [gjg;’ + %K"’j(K‘IV)ﬁjj (0, 4,x) pF(z,1,x) dv
+ ejé (¢4 (1,,)(K K~V )(8,x) — 470, £,x) (K. K~V )(0, ¢7(0,1,x))]
+e;L(t,x)V(t,x)+ e;g(t,x)
e ot iZini(r,¢j(r,t,x))¢>§’i(t,t,x)%(K‘lV)‘ﬁj(r,t,x)dt

and also

b (6%) = 30 00, ($7(0,6,))5 (0, £,x)
i=1

tom i 0 j J j i
+ej/0 ) {gff’ +EK¢ K™'W| (r,t,x)) (n, t,x) dT

i=1

e 3[R LX) KK V)6 x) — 10,6, x) (K K1V )0, $7(0,£,1))]
i=1

—o ([ £ R N ) SE Y () ©)

0 i=

To conclude the proof it is enough to remark that Vi, j one has
i, t,x) = > d;’j(t,x)@;"(t, tLx)=0 Vr,tx O
h=1

Copyright © 2006 John Wiley & Sons, Ltd. Math. Meth. Appl. Sci. 2006; 29:1107-1119




1110 E. CALLEGARI AND M. GHISI

To show that (3) admits a unique solution local in ¢, it is possible for example to prove

with standard techniques that the map F': C},:f’T — C,l,;fT definite by

(F()/(1,x) = v§($7(0,2,x)) + /0 e[(LV + g)(, ¢’ (. 1,x))]dt

is a contraction for some 7, where C,l,:fT ={V eC"([0,T],R"): V(0,x) = Vy(x)}. With
classical techniques one can then prove that this solution is global in time.

3. THE NON-LINEAR PROBLEM

For sake of simplicity we treat the case in which 4,(t,x,U)=4,(U), f(¢t,x,U)= f(U). We
use the notations introduced in Section 2, only we recall that K(o) denote the joint diagonalizer
of 4;(«) and D;(a) are the respective diagonal matrices.

3.1. Preliminaries

3.1.1. Definitions—Notations. For a matrix 4 we denote by AT the transpose matrix, more-
over |-| denotes the usual norm for vector and matrices, ||-|| is the usual C! norm and
|- [loc is the L> norm. Let us set |z(¢,x)|; :=|z(t,x)| + |Vz(t,x)|. We said that f € C%(A) has
modulo of uniform continuity >d(¢) on 4 if: for all £>0, x,y €4 and |x — y|<Jd(e) imply

|f(x) - f(y)|<e.

Definitions of gy, C, T. Let us consider oo>1 such that

max max((|K|y + [K 71 + [4ili + IDili + [ f]1)(2)) <00 (7)

lo| <2[|Tol| i<m

moreover, let us put

. Uo|| 1
— 3a3n2(1 2 — 1Yo
C:=32(m+ 1) opn (1 4+ |Wo]|*), T mm{To’C—i-ao’(l T mog)CNC £ 1)

Definitions of N, Lgr, 0ro, €. Let us set
Ne :={(x,1)€[0,T] x R" :moot <R — |x|}

Lg :={(7,4,x): (x,1) € Ng, 0<T<1}

Let us consider W € C'([0,T] x R™) with ||[VW || <C. Let us set A;,, :=A;(W), f.:=f(W),
K, :=K(W), D;,:=Di(W) and let ¢;, be the corresponding solutions of (4). Let us fix
Oro(e)< of the modulus of uniform continuity relative to ¢ on Ly of the following functions
(i<m,j<n):

Ku(tx), K7U(tx), KO'(ntx), (ViKY (n,6x),  fotx), Au(5x)
(KUO UO)xf((b\{/(Oa t,X)), U0(¢1{1;(T> t,x)), Dfi('f, tax)a 60'(2)7[2}112(1 + C)Cf
(VD) (e 8x),  fR6x),  Va(fu)@dl(n,6x)),  VUN($i(T X))

Copyright © 2006 John Wiley & Sons, Ltd. Math. Meth. Appl. Sci. 2006; 29:1107-1119
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Let us remark that dgo(e) do not depend on W, since the functions W are equilipschitz
continuous (by ||[V# || <C), and then the same hold true for ¢3.

Let us set dg(e)=0gro(eo) Where & =e(16mC)~!.
The space X and the Map F. If W € C1%([0,T] x R™), we say that W € C;, if YR>0, VIV
has modulus of uniform continuity >dz on Nz. We can now define

X = {W € CY([0, T] x R™): W(0,x) = Up(x), |[VW|lsc<C, W €Cjs,}

Problem (2) with B;=4,,, G= f, admits a unique global solution U =K'V, where V is
the corresponding solution of (3). Let F: W — U, we shall prove that F: X — X and that F
is a continuous function. Since X is a convex compact set with the C! topology, then F has
at least a fixed point. Next we prove that, since 4;, f € C'(R"), such a solution is unique.
3.1.2. Preliminar estimates. Since W(0,x)= U, we have ||[W|. <2||Up||, hence by (7)

! <
(DB XK1+ K A+ il A+ (Dl + |/ 10DOF (1,x))) <0

T ._ ;
Let us set H;,,:= —( ”W)’" . Using

bl (tsx)=e + / i, (05072, ¢ (1,5,3)) d

we get: ; omonCT
|,¢w,xi||00 <e 0 <3 (8)

and in the same way
¢4, [l oo <maoe™ ™" <3mao, ||B7, ]|oo <may )
Since K, ,, = ZJ 7. le (the same is true for Kw,) K(0,x) =Ky, (0,X), Gooxs =Koy, fro +
Ky fwx, and (8/on)K = (K, — iy d;, Ko, )%, we obtain

1Koz lloos (1Ko, elloo < 100C, [[Kiy,x,(0,3) |00 <o | Vol (10)

<(1 4 mag)noyC <2mnaiC (11)

o0

”gw,x,-”oo < 2)’!0‘ C “_K¢

Let us set

['m ) ) N T
zin = | 2 (Kw(0,)Uo){ (47,(0,1,x)) »;,'xh(O,tax)]
Li=1 j

M=

22,h =

N VR RV y T
[ o+ 5KEUE] gl o]
0 J

1

" m on T
2= 035 55 (Ko 20,940,584 (05 Un( 800,57 |

¢ T
Zap = ej/ (Kff“x,aﬁUd’ )(r,t,x)%th(r,t,x)]
L 0 i=l ;

Copyright © 2006 John Wiley & Sons, Ltd. Math. Meth. Appl. Sci. 2006; 29:1107-1119




1112 E. CALLEGARI AND M. GHISI

Using (8)—(11), we obtain
llz1,4llc0 < 3mn[nay||Uol* 4 0l Uoll]

122, 4]l 0 an[26§nC + nooC(1 4+ may)||VU || 0]

<3
lz3.1llco < 30*maq||Up
<3

n’mTaoC(1 + may)||VU||so

I”

[124,]l oo

3.2. Equiboundedness of VU

Since K, 'V =U we have U =¢/[K, .V + K, V] where, by (6):
Vi (t,x)=2z1n + Ky, U(t,X) + 2o, — 23,5 — Za 1

Since K, 'K,.x, =— K, 1 K,, we get

~1
Ux;,:Kw (Zl,h+z2,h—23,h—z4,h), h=1,...,m

By (12)—(15), thanks to the conditions on 7 and C we have

IV:Ulloo < 3m*nag[2n||Us||* + (| U]
+6m*n* a3 CT + 6m*n*a3CT(1 + mao)|| VU ||so

3C C 1
< + +
8(m+ 1)ay  16(1 +may)  8(1 + may)

VUlloo

therefore by (2), since 0o <C/16 we obtain

C VU s
VU oo <00+ (1 4 mon) VU oo < 5 4 LV oo

Hence we get ||VU||c <C.

3.3. Equicontinuity of VU

(12)
(13)
(14)
(15)

(16)

In this section we fix ¢>0, R>0 and we assume that (¢,x), (s, y) € Nr with |(t,x) — (s, ¥)|<

0r(€) (=0ro(&n)) and 1 <s.
Preliminar estimates. First let us remark that for j=1,...,n

(t,x) € Np = (1, /. (1, 4,x)) ENp  VO<T<!
Indeed hold true maoyt =maot — mao(t — 1) <R — |x| — mao(¢t — ) and
t
BAE0l <]+ [ W B0 dr <fal + mao(e - )

By (8)—(9) we have, Vt>0:
I(tax) - (S’ y)' <5 = |¢1{v(ra t:x) - ¢{;(T,S, J/)I <56”10'0 =:0M

Copyright © 2006 John Wiley & Sons, Ltd.
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LOCAL C!' SOLUTIONS TO SOME NON-LINEAR PDE SYSTEM 1113

Let us divide the segment with end points (z,x) and (s, y) in [M]+1 equal parts with extremes
(t9,x9) € Ng (Ng is convex). Let t<¢, then we get (1<ty VO):

|3(%, 10, X0) — (T, L1 1,%011)| <O
As V., W are uniformly equicontinuous in Ng, if 6 =0 we deduce that
|V W (1, dl(t,t,x)) — VW (1, pi(1,5,y))|<2Me, j=1,...,n (18)
Now let us estimate
V)=, max (5, (r6x) = §iy, (1, C=90(0))

Let »<t<s, using (18) we can estimate

t
Viu(r) < 3mnooClt —s| + mnaOC/ y(t)dr

13 S (e, V(2 35, 1,)) — (Hyp Yo, Vi (2, (1,5, )| dt

r o=1

t
<&+ nmaOC/ Y(t)dt + 3nTeC

+3nToy  sup |V (1, ¢)(1,4,x)) — VW (1, 9} (1,5, ¥))|

o<nr<t<t

< & + nmooCT sup y(r) +3nT[eoC + 1203me]

osr<t

Hence we have:
sup y(r)<dey + 7203mnTe

o<sr<t

We remark that as in (18), if 7<¢
IK\%CI.(T, t,x) — Kv‘f,éi(r,s, )| <nCey + 120%nme

the same valuation is‘ true for Kv‘fjj;, and by (4) and the definition of dzo we get

%K‘f‘i(r, tx)— ;—T—Kf‘{(‘c,s,y) <nCey(1 + 209 m) + 12na3me(1 + may)

Since gw,x, = Kwx, fw + Kw fw.x, using (18) we get for t<t<s
|Gh,3(T, (T, X)) = Gus (T, $(%, 5, ¥))| <4 Ceo + 24nmaie
Estimates for quantities z;. We are now able to estimate
|z1,0(t,x) — 21,4(s, ¥)| < 3mneg + mn[noo||Us||* + 6o||Us||19(0)
< mneo[3 + 4oo[n|| Uo|I” + || Uol1] + 72eTm’ a5 [n|| U |* + || Uo|l]

CEO
< 5> T 1
80_3+38n C (19)

Copyright © 2006 John Wiley & Sons, Ltd. Math. Meth. Appl. Sci. 2006; 29:1107-1119
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Let us put
DR,Eh = sup{|h(t,x) - h(S> y)l : (tax)’ (Sa ,V) eNR? |(t’x) - (Sa y)| <5R(8)}

Now we can estimate, as for (18)

|22,1(t,x) — 22,5(s, )| < 6mn?|t — s|63C(1 + mC) + 3Tnm{4ncoCey + 24mnaie}
+3TnmC{nCey(1 + 20om) + 12naime(1 + may)}

+6Tn*m*Coy  sup |V, U(1,¢i(7,4,x)) — V. U(1, di(1,5, 1))

O<t<tj<n

+2Tn*malC(1 + mC){4ey + 7203mnTe}

111 )

+enT + 12Tn*m*63CDg .V, U

D V.U
< 2 T i L Sl
g +3CT(1+ Cle+ T+ mog)?
& DR ngU
< 3
20t B0 mogyt T 201 + mog)? (20)
Besides, we get
|z3,1(t,X) — z3.4(s, )| < 3mrPeo(|| U||* + 200]| Uo||) + n*m|| Us > o[4e0 + 72nTeaim]
Ce &
< 2 241 & < I 21
Lamn”oo([|Uoll” + )80+4(1 +mao)® 8% 8(1+may)* 20
Let us now calculate
|24, n(t,x) = za (s, )| < 3mn*|t — 5|60C*(1 + mayp)
+ T’ maoC*(1 + may)[4eo + T203mnTe]
4+ 3TmnC(1 4 may)(nCey + 12na§sm)
+3Tmn* oo C[12(1 + may YmaooDr VU + mCe]
Dp VU
< Trn? 2 R,
2e9 + nTe +36Tm"n"C(1 + mag)age + 301 + mog)o,
<260+ ot Dr:VU (22)

32(1 + map)*  2(1 4+ may)*oy

Copyright © 2006 John Wiley & Sons, Ltd. Math. Meth. Appl. Sci. 2006; 29:1107-1119
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Estimate of VU. By (19)—(22) we deduce, using (12)—(15):

4 4
|Uy, (t,x) — Uy, (s, ¥)] < & 21 llzj.nll + o0 21 |zjn(t,x) — zj,1(s, y)]
J= J=

C C80 &
<egp— + — T 2 —_
soao + 80, + 3eTnCoy + 2¢y09 + 16(1 + mog )
C D
%0 12800+ : e VU

8o ' 8(1+ moy)?

32(1 +maoy)® (1 +mag)?

1115

D VU
o

Tmoo?

5C
< & |7— +400
40 0
Let us moreover note that, since U is a solution of (2), we obtain

m

|Ui(t,x) = Ui(s, )| <(mC + Dgo + 00 3 | Uy (1,3) — Uy (s, p)

i=1

It follows that

3 3
VU <
D .VU < (mC + 1)gy + 4Cmeo + ¢ 16(1 + mog) | 8(1 + mog)
2Dy, VU ¢ Dr.VU
5 < — 2
——————(1 +m0_0)2 6Cmey + 3 + P

hence Dr VU <12mCsg + (¢/4) <e.

3.4. Continuity of the map

¢ |32(T T mooy | 16(1 + mao )

Let us assume that W, — W if p — +oo in X with respect to the C' convergence, uniformly

on the compacts Ni. We shall prove that lim,_, o F(W,)=F(W).
For a function A, let us denote S,h:=h,, — h,,.
Since the matrices 4;, K € C'(R") we get, with respect to the C! convergence:

lim S,d4;, S,K, S,K~', S,D;:=0

p—+oo

We prove that (L is defined in Section 3.1.1)

lim  sup |S,¢7(4,5,x)1=0
PO (sayely

Indeed we have by (17):
5,0/(.5.0)] < maonC [ 1S,¢ sl de-+ =] sup 1Sy, 10)
t (to,x0)ENR
then

|1S,¢7(t,8,x)| <Te™ " sup |S,H;(to,%0)|
(t0,x0)ENR

Copyright © 2006 John Wiley & Sons, Ltd.
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By this we obtain the C° convergence. By (4), ‘Mp,t converges uniformly to d){v’t in the
compacts Lg. In addition, (V.H,,,)(z, ¢{;F(T,s,x)) converge in C° to (V.Hj, )(t, di(1,5,x)),
hence in Lz we have

1S,0/(5.0)] < 3mao [ (VLY - Va0 de
t

+|Sij(s,x)|+mnC0'0/ 1S, ¢!(z,s,x)| dt
!

hence

(8,x)ENR

1S,¢4(2,5,%)| < ( sup IS,,H,-(s,x)|> emnCooT
)E
b 9. CaoT
+ (3Tmay sup I(Vxl"ljwp —vajv:}“)(r’S’x))l &mnCoo
(t,8,x)ELR R ’

In the same way we can estimate |Spq,’>){,,(t,s,x)|. Then we have the required convergence.
Let us put for a function g,,(z,x):

Qp,j(‘c, trx) = qu(Ta qﬁ;ip(‘f, t,X)) - 11w(T, d)illt'l(rﬂ tax))
qp,/),j(r9 t,X) = qu(T9 (f){‘;p(’f, t,X))pwp(T, t,X) - ‘]w("f, d)v{z(‘[: f,X))PW(T, I,X)
Let us consider

Bp = sup |[ej((KU0)p,j(Ta t’x))]j|’ lﬁp = sup |[ej(gp,j(15t:x))]j|
(t,t,x) € Lg (t,t,x)ELg

[ej (%Kp,j(f» t,x))]j

Api=sup 2 |lej((gu) g (BE]L Kpi= sup [SKT(8x)]

h<m,(t,t,x) € Ly i=1 (t,x)ENg

B :up = Sup ISP¢){;,(’C> t,X)|

Xp:= Sup
Jj<n,h<m,(1,t,x)ELp

(t,,x)ELR

m

0,:= sup 1 e ((K) p, gt (T 153))]j]

h<m,(1,t,x)ELR i=

By the convergence of the functions gb{;p(t,s,x) we have

pEToo“p:zﬁp+‘pp+Xp+ip+0p+Kp+:“p=0

Since Uy, =K'V, and [|U,,,|leo <||Uo| + CT, using the definition of T we get

1V, lloo <200 To||

Copyright © 2006 John Wiley & Sons, Ltd. Math. Meth. Appl. Sci. 2006; 29:1107-1119
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hence by the Lipschitz continuity of U,,, we have
1S, UL x)| < 200/|Uollxp + 00(Bp + T + 2T | Vol 1)

+203TC* nm  sup Y |S,¢7(t, ,x)| + 263TCnm  sup  |S,U(to,X0)|
(1, ,x)ELg j=1 (t0,X0)ENR

n . 1
< 002 Uo|| + Doy + sup > [(Sp¢7(7,4,x)| + 16, SuP IS U (t0,%0)|
(1,t,x)ELR j=1 (to,x0)ENR
hence
sup [(Uy, — Uy )(t0,%0)| < 200(2||Upl| + 1),

(to,x0)ENR

n :
+ 2 sup Z ISP¢](T’ t,X)| _>P“H'°° 0
(r,t,x)ELg j=1

Now, let us estimate in Ny
4 4
|(Uwp,xh - UW,xh )(tax)l ng E ”Zi,h”oo + (0] Z |(Zi,h,w,, - Zi,h,w)(t:x)l
i=1 =1

Let us remark that thanks to the convergence of the qS{;p(r, t,x) we obtain

lim Vo= sup Z |(Zi,h,wp - Zi,h,w)(t:x)| =0

p—rtoo h<m,(x,t)ENg i=13

Moreover, we get

C
1S, U, (1,x)] < okt 00(yp + Tp) + 2Ty CPnm*pu,,

ey

t
+09C(1 4 mao)T0, + 303Cmn/
0

[ej (%Up,j) (7, t,x) dTL

t
< Cup + 007 + 9Cm*na} /0 sup |[e;S,Us (1, ¢4, (v.1,x))d1];|

i=1,..,

vy

t
+ 3mnaiC / |[e;S,Ui(z, ¢}, (7,2,x)) d1];|
0

t . .
+3mna;C / [ ((Un, )" (1, £,x) = (Uy,, (1, 1,x)) )|
0

t
S
0 i=l

+3m2no(2)C2/ up |[e;(D;),,;(t,t,x)dt];]

.....

Copyright © 2006 John Wiley & Sons, Ltd.
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Let us observe that, since U,, is a C! function:

p—+oo

t . .
lim éP ::/0 4_S1up |[ej(UW,xi )d)WP(Ta t,JC) - (Uw,xi )(M(Ta tax)df]jl

ey

t . .
+/ I[ej(Um,)%P(r,t,x) - (Uw,,)w'(t,t,x)dr]j] =0
0
In addition, one has

sup |(Uw,.x, — U, X8X)| < Cotp + 007, + 9Cmnad(1 + oom)ép
(Z,X)ENR

1
Ry e — SU; S Ux; t,x
8(1 + may)> ism,(t,g)éf‘/fe| pn(t)

—+ sup I(Di)p,j(rat’x)I

i<m,j<n,(t,t,x)ELR

1
+———— sup |S,Ul(t,x
16(1 + mao ) (,,X)SNJ pU(L))

Hence, recalling the form of U,,; in (2), we have

sup [(VU,, — VU, )(tx)| < Cm sup ISpAi(t,x)| + sup |S,f(2x)]
(t,x)ENR i=1,..,m,(t,x)ENg (t,x)ENr

3
+m(1 + 69)[Carp, + 007 p] + 260C*E, + 16 . SuP IV(S,U)(t,x)|
(t,x)ENg

+m(1 + 09) sup (D), (7, 1,x))
i<m,j<n,(1,t,x)ELR

Therefore, immediately we get

lim sup [(VU,, —VU,)(tx)|=0

PH0 (1 x)ENR

3.5. Uniqueness

Let us assume that U and V are solutions of (1), then W :=U — V is a solution, with zero
initial data, of (2), where

Bi(t,x)=4,y(t,x); G(t,x)= il:l Aiv(t,x) — Ayt x)Vy, + fult,x) — fr(t,x)
Then we have

t j )
W(tx)=K;" [/0 e; (%K3UW+KUG> (1,1, (7,t,x))dT '

J
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hence, since 4;(a), f(a) are Lipschitz continuous:

W (6,3)| < 00nT 2mnagC|W |loo + a5mC|W |0 + a5 || W oo )
< 203TCm(n + D[V oo <17
It follow that || ||oc =0, hence U=V

REFERENCES

1. Douglis A. Some existence theorems for hyperbolic systems of partial differential equations in two independent
variables. Communications on Pure and Applied Mathematics 1952; 5:119-154.

2. Hartman P, Winter A. On hyperbolic differential equations. American Journal of Mathematics 1952; 74:834-864.

3. Rudin W. Functional Analysis. McGraw-Hill: New York, 1973.

4. Lefschetz S. Differential Equations: Geometric Theory. Dover Publications Inc.: New York, 1977.

Copyright © 2006 John Wiley & Sons, Ltd. Math. Meth. Appl. Sci. 2006; 29:1107-1119







