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This cquality ean he easily verified using (3.8).
Unigueness, et TV be another loeal connector which yverifios 1) ol

i, T follows that 17 st satish equabion (3.8) feo 17 == Py ).
wil . i #lpd
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PLRIODIC SOLUTIONS OF FIRST ORDER HYPERBOLIC SYSTFEMS
CONTAINING A SMALL PARAMETER
BY

DAN PETROVANU

$0. This paper handles the problent of periodic solutions of the hyper-
holie systems
(0.1 W, = e Iy g), v, =al(@y v )
where ¢ i a (small) purameter, « and @ ave the unknown veelor functions
(in general of different dimensions), By this same it is @ continuation to
author’s paper [15). 1t was alveady clear in U.—S]thztt thgr(: s a closc analogy
bebween the investigation of periodic solutions of 'Fricomi 5 problem {cha-
racteristie problem) for the system w, =F (2,2, v, v), v, = (2, 1y, 1, _zJ) and
the investigation of periodic solutions of the churacteristic probiem for ﬂwle
cquation u,, =f (&, ¥, 1, iz, 20). (See Cesari’s papers [2], 3], [4], [5].
see also Hale's paper {7]). . N ‘

As in [15), we use the method of Cesari and Hale. The theorctie ground
of this method should be found in [1] and also in [8], [9]. For further details
and for different references, we send to [6], {9}, {10]. The papers [6], [10]
sive an excellent survev on the use of this method in all the [liclds. '
B The reader shonld compare the yesults of this paper with El}c oncs of
2] [31 [+ 154 [ok (70 110, f1i], 2], fis], (1o, [22) (23], [26]. ,lhcdpap‘m:s
(17, [12], (03], 1U8), (16}, [17), (18], [19), [20], {21, (2], (23), (24], [25), [26]
sive a partial, but good indieation of the results obtained in the ficid of pe-
riodic solutions for hyperbolic systems. - '

In handling the problem of periodic solutions for svstem (0.1) we cou_ld
follow closer the method of Cesart-TTale as deseribed in (2], [8] {4}, that is,
i our ease to proceed as in [4] (as we did in {15], where we tried to  keep
close 1o the weneral Tines of [2], 18]). For the sake of variety we choosed to
keep closaer to the genceal ling of 7] Turthermore, it was in the intention of
lhe anthor to follw this line as close as possible, in order to make casy the
conprrison hetween the results ol the present paper and the ones of {7] (and
v this same the comparison with the rvesults of {4] or those of [23] also).
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sb. The lincar problem. We consider in the lollowing column-yvector

functions of the tvpe col fo (o) 5 (e gl where o (o, . e,) s an p-di-
mensional and Y =5, i -dinensional veetor Tanelion. Denole, as

usual by g the Banach space of the veelor fnetions col (2. 0) having conti
nuos derivatives of order b oand Ter which the norm

fele (g

col (2. 3) . Z )3 {“'Hp;';Il v?@,‘”” snp
S | .

et ey

-!I)I[ .
. . |l '

IR

PR T B
Denote by € the Banach spaee

oy = qeol (oo oo (o) & 0 e )y = () (Al =t A L -,

T

ol The veetor funetions col (2. 4 Tor which the norm

1 r ~
col {mo D) | 1y alie =l Y sup| '
I o

R R ] :

¢ Sy
§ .\'ll[)l '—( )2
TR B ekt |

[Obvionsly, Tor I — 0. col (2, 0) = . we have

col (z. 9) ) =sup | 2| Lsup | =, sup | supr by,
Consider now The elasses of Tunetions

S =fcol(p. W:plrt2my) =alry) =@
Y

Plr-k 2wy =l yf =9y 4 20k

N =jeol(m 9o =80 b =a{r), By 2m)=00m. =+ 2z)=a),
- Remark 10 Obvionsly. N < S0 Morcover, col (o, 9) = N 0 ¢ implics
col{s.0) = N (] and
col (5. 93 =1 eol (5. 4,
for smy col(p, W) e N oo,
Definition : Foranycol (o, 0y = 8 0 Cydefine the element PP (col (. 0) =
ENN (g by

in o
i daf 17 . _1r
L2 eol (o, 4] (v, ) = eol l - \ sl 2oy d = \ RO A N
(1.1% il Lo
5] Q

= eol (P a0 Py o).

Remark 2 Obyiously P2 = P oandd P s a0 projeelion operator mapping

S O onto N ).

-4 PERIODIC SOLUTPIONS OF HYPERBOLIC SYSTRAMS HI|

Denate now
NL o el W) reol (o) & S Cyl P (el () 0L

feemanrds 50 We have obvionsty Nt (N ) =0 lorany ool
Lemma L. The folforclug statenents are cquivalenl

vhoeal lo ) Nt
wrr _’-‘

i) (-:,1| \o (2 iz, \ 8 (e 1) d \ — col (0,0} — 0,
I; l'|

if) | \'g(i. Tisha) dedz =, R \-;(z_, i) (2) 2l ==

Jor angy eol{d.y) = N n (.

The proof is almost trivial. i
Lemma 2. The sel N n Oy eoivicides with the sel of solidions in €y af the
howmaseneons bovpdary-vatue probdem

(1.2) i, =0. v 0.
e 42w y) =u e y) =uleoy - 2a) vl R dno ) = el -
=ufir g <4 2=),

{— o <a = ) The prool is obvious.
Lemma 3. For every gived b= 00 1. and o given col (g 9) = 80 0.
the boundary valie problem

(1.4) w, = o (e gl v, =3 {0y

(1.5) w2 gh == (o ) = acfan gy e 2x), b 2w ) =0 () =
v}

vy 4= 2w)

has o solidion (f and only If col (o, ) = Nn e, Moreover, if col (o U) =
e XL 0 CoL then there evists a wnique solution of (1.4), {1.5). which belongs
to NL 0 3L IS this undgue solition is denofed
{1.6) enl {noe) = L (v g) {col (o0 0). 0 oy 2m
thew L0 0s o lincar operator from N, Nt Chrpy coid there cxisls o
constaend K swel thal
(1.7 Ll (eol (oo0) hg € K eol{q )",

Proof. We obtain from (1.1)



w (0, 4) \f?(fi.- e, vl y) =v(0, ) SJ (0, 0) ol

and imposing conditions {1.5) we gel
o, \vtrayaq=o.

thas col (o, ) = Ntahe

. For the sulticicney eonsider col (5, )= | - nC,

(& dic v n y) -

Sy,

Then o Loy ) v (o) defined this way sagisfy elearly (1.4), (1.
N UEness tnllm\' heenuse  Lhe d]fln(nu, of any two solutions of (1. 1), (1.

would be botl it N q ¢4 and N

3). Now, Hl(.

. thus i s zero. Define

Obviouslv £ (... (o, U)) & N& 0 (G, i
and there exisls o constant & sueh as Lo have (5.7).

§ 2. The nonlinear svstem. Consider now the problem

z Oy o).

is the solntion of (1.

1<
-

S (S PN T AT S

1%
i

We suppose Hhronodond
are eopinbats in

this seebion Vit 2L 00 1)

etadd saelisfy G QLR v poviodielly copedifions inoala

o II‘RIOD](, SOLU [‘IOV‘\ Oll HYPE RT OI T(‘ HY‘-';TL 1\ Hi=1

Fivgoa oy —Flopws) < L(je —wvj- "o -—vl)

(2.5 : -
- Gl o) —Gloogowe) < Ml —nl 4o —u])

N ol 2m gon ey =Fny ouow) =F0 g4 dn o, ok
RS
Gl Loz youww) =6 (e oy o, 0) =Gy - 2uonw).
Consicder [or eol (8. 2) = N 0 Coand for e hsuech that 0 <o < b < N,
RN Y feol {0 0) col (f:;_ wyedSn Yy,
I’ col ( 5oLy = eol (8o Teol (B o) [y <! col {z. D)< bl
For eol (o009 = 1 (8w o by denote
et ,
flr g o)y = F (e g2 (rog) o (o)
[t
afrgonesy = G (e (o), 2 (e ).
Theorem V. Assicne F, 6 are condinuons in Q (R} aned sedisfy {2.5). Let
0 < o= b o= R obe given conistants. Then there exvists an > O with the folio-
wing properby s For oy (n!({-. ) € N n Cyawith [eol{B.2Y o £ a and for
any = oacith |2 € 3y theve is o undque eector finetion col 6 B) = (B2
a. ). (ehere b =4 (3 2 2) B =08 (” w1 z)) sueh that A, . B, are conti-
patonts i (e gy (that s cob (10 B) & €)) and

(2.0 Apo=gf fr oy A B) — 2 P (L B) (e ).
=10 LB e Py L B) (0o )

Yy E
where ey 0 BY. g ey A0 B) are rlrf'mr.’ in (2.9).

Furthermore, col (B, 2z =) B (B.2: 2)) can be oblaited by the wetfind
of sueeessive approvimalions

col (u" 1) = col (B, %),
(2.7) col (r® 0 (e g)e o' (i ) = cal (B (). = () |
4oz L ) — Py (ot [ flant o) g uto ).

(0= = 2n)

00102

Moreover. cob LHB. 2 2). B{G%. 2z 2)] is coninuons in Bouoz wid
Lipsclilzian ineol {2, 7,), rur,{l'm'm."y n'ifh respeetto zfor eol (Bo2) hs ool 2 S ey
Finally, (2. 2:0) =23, B(P.2:0) =z ().

Proof. From our .1\&111\1[)!1()15 11 1% obvious thal there are bwo constants
K. R, such that for any col (oo4) = Vpwe have

(2.8) Slram 9l < KLl s by |, < K

and, for ony eol (9, D) col I:':- Trll = 1
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(2.9) Jogoo ) (e oWl < Lo —ofy + 10—,
- [}

-'af{‘ i ‘I") 5-'(" Yo -") 0 = JI( ':? 7 o .:; “" o)-

Denote

alel :._ B
My [eol (e aod G gy = B (0) \ {,)’ (om0 ) .)' \ LU gt o) ot } i
o T
_;\“ ‘ NN L!: \/ TR TR e | oz Jl i,
(4] [l o
¥ 2=
aiefl . 1 - I
Ay feod {aw)] (o y) = 2 () 'S{.-‘f(f-'ﬁi”ﬁﬂ‘] . \L‘(f',l.ar.z')fﬁ i
1 N l
N _-=i '8 ] 2-:
_'.’7:5“ ‘ & e “__):5 glacton v dt ’ u’-r[}d.w.
1 (] m

thus
(ol (1. 29) = col | feol (o, ). AL (vl (i, )]
=col (B. 2} 4 2 2 (o) (I — P {eol (f (coon v, v) & (e . 2))).
Consider the equation
{2.10) col (1. ) == _M(col (. o).
We obtain immediately from (2.8), (2.9)

(210) | Aol (0 oD 3 < Bolo+ b 81w+ 2 12| K (K, + K2 < a0 -
2e N (KN R < b

for cvery col (w. ) = V. provided

{2.12) 5o < (b —a2K (K, + K.

Then, for any ol (2.0). col (ar. )= 1. we have
A (eol (10, 2 — A (eol (i, 0)) < 22, K (L 4 M) | col (1. 7

— col ()|, = 0.
Thus ks o contraction mapping 10 Cpinto 100 €L provided

(2.14) r, < {28 (L £ M}

SJunetions of Theorew 10 Lf Here exist an

PERIODIC SOLUTIOGNS OF HIVPERUOLIC SYSTEAIX s

Denate by col (U, f;’) the Fixed point of 2 that s the solution of (2.10).
Obviously. f (B, z:2), B=DB(% 2;2) H‘l“‘sl\ the Liesk past ol the
statement. 1 s also clear that (B, 2 (l) =3 r; B3 ;00 =x(+) IFur-
thermore., < and 1 ave obviously continuous in Im = < . Now, for
any  col (3o col (8% 2%) e N n ¢, with |l [JFI.(, -+, It

2V £ woowe have

col [LE(BL 2y 2) B 2" 2)] —col [P 22 2) B(RE 22 D)) =

< ool (85 — 8, 20 — 2], -+
2z, (L | MY ol LA (BY, 7'y =), BB, 2" )] —col oA (B2 271 2).
BAR, 2% 2] |
Sinee we have (2.0, it is obvious that col f0 (B, 25 2), B2, 2: 2)] is Lip-

sehitzian with respeet to (3, 2). uniformly with respect o e €] —z, L ] The
theorem is proved.

Theorem 2. Suppose F. (@ rm comtivivons O Q(RY wid satisfy (2.3) in

LARY. Let o < b = Rz and A3, 21 2), DR, vz} be the num!)rn rned

2y £ 7, a veclor function col (5 (2.

z{e) e Nn C. liBlh+lxly €u]lz] <z, sich that

PS8 2 ()i 2), B(B{).2(3):2) -
Pog (e A (B (2) 2 ()5 2), (B(c) z(2):2)} =

h

(2.16)

4
||

thern col [ (B () 2 (e : e). BB (=), = (2); o)) is a soluioni of (2.1). (2.2) for
= & .. Conversely, if (2.1, (2. 3) has d sohzlmn col {or (e gy 2)ov (e g 2]
hiclt is contivarous fogether scith w, vy iy, 2 for 0 € 0,y € 25,21 € 24

ctned

Leol (e (g v (el <o, [ Peol [u(ra) el )], = a
thew o (roy ey = (g Ble), n{e)s e)ow (e, i 2) =B (o, gy, 5(2). = (2): 2),
where A1 arve the /ruutwm dizen by I."mufm 1.

Pou(iaze) =80 Pyel.:z) =x{z).

and (2} 2 (2) salisfy the JDifurcation (delermining) equations (2.16).

Proof. 'The fivst part of the theoreny is trivial. Now, iF col (i (o, 5
v (rore)) is aosolution of (2.1), (2.2). denote B () =P, (0 g). z(g)

=Py e (ag) Sinee col (i, w) is o solution of (2.1, (2.2) we have obviously
(I =P, —sf(nwe)y =0, (I — 1) (vy =g (.0, ) =0,
],[ (”.r o :/( ", T")) _(): 1)2 (T'y —zf (‘?‘e . U)) =().-

and adso Pl =0, Pyo, =00 Thus P (e nw) =00 P, o(.,., 100 =0,
and thus (2.1) are erquivalent. to

1
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o= gf (o 2y 5) =28 S ),

(217) vye== 28 e 0, ) mm el g (o U, 1),
Pl ue)y=0. Pog(.,nu) =0
for 2= 2. Phen Theorent 1 implies == (8 (2). w{z):2). v H{ (=)

(=) 2) andd the last two equations i (2.07) nupiv #(2), = (=) salisly (2,165

Theorem 3. Suppose 1 (0, g, i.w), Gy, w) have conftnons deri-
vdives 17, 1 G G wehicl are also Lipschitvan with respect fooe v in Q {R).
Sippose o < b = lu ey, A (B 2:3), B8, %z} are the mnbers and )‘um
ieits u/' Piearcar V. Phen there exists g, . 0 < gy < gy sl thal col [ {B 2 -)
2% v ) iy continunonsly differentioble weith respeet o col (£, o} [cn “ | o

wly <t | e| < gy, Moreover, the dericatice D (A, B) [ D (3. ;r) ol
= O fhe ddertity operalor.

Proof. AL we have to show is, in Tael. that for any fixed col (3. 2) =
=N Cpoowith 1870, -1 =], <« there exists a liear confinuons operi-
tor Wee: N0y > 8 n €, sueh that Tor every > 0, thoe s x> 0
with the properiv that

col [ (B ko0, B2 hoad- )] -
{2.18) col L1(B, 2y, B(R )] —Wa. (col (b R) [ =
< (kA IR = vl eol{e i)
For col (ko k) & N on ¢ and feot (B, )i, €

It we choose | Ally + el sulfficiently small, then A (5 | oz &)
and B (8 4 ez - i) ave delined by Theorem 1. We have now. using (2.5),

Slevge A8+ om0, BB ATy 2 4= 1) = f Loy A {8 2), BB 7}
(2.19) = B () B 5 ) T

el A(B b ke ), BB e gty
G5 (o, ) 1% G o ) P,

6. 2), 1} (8- 2)] =

where 7
FE () = r] ey, - (D + b ’___'_l_h’]‘ BB |- koz -0}
du
o (a 3. 2 I O L
71‘\:.-,& (:r,’ "f) (l (_? r “ ((’: J-): jg(t 'l = % h_. )) .
&
{2.20) G o ) G (g By o 18 (8 bt )
Il
(kb (;‘.! ”) G (’_U f{g i”(ﬁ Nye o - h-i))
i

{Ra) == B BB e )

9 PERLIODIL SOLUTIONS O DY PEIGOLIT SYSTIENS ;;u'.r

where fy (8 = 1,25, 1) tendd to zevo as bk approacl aevo. On the other
hand F2. F®, G2, 6%, depend only on & and 2 and, under our assumptions,
lhere are two constants A, 0 Ay such that

4‘-’-‘-”) I II“” ) ['”' [n jT‘-:s: :("ﬂn o ii ("gh T 1\-1 B

07
for [ h 'y -1 DBy < 5. From the continativ of 1, 1 in (8, 2) we abser fuve

B — P LY B e G — G o [ — O

v Ay Al ).

o 0y

wilth v {s) =0 as s — O,
Constder now the cquation

col | U G, ), V(e )| = col (8 (), 7 () +
Loe (e, ) —P)(col (FRU LRV GP U - GRE]).

with £ defined in Leinma 3, amd col (a‘ z) erbitvary in N n .
One shows, exaetly as in Theorein 1. that for [z € gy <2/, 25 <
(2K (K - KT and gy < (b — a) [2K (K + K)|™! the cquation (2.23)

has o unigue solution col [U (rl f} 1 (8, 2] in S n € which salislics

ISR col {4 I'I’J :/.), i"(g, 7)) 1€ (0 — 2N (N, 4+ L)) =) jeol ( a) 5.

Now, due lo the unigueness of {he solution of {2.23), col (U (8. 2). 17(8, /))
s an operator from N 0 €, (or, according to Remark 1, from N 0 () into
S0 (7. One sees also, bhecause of the uniquencss of the: sohulion of (_....))

lor 8. o lixed, that this operalor is linear. Thus, it is o hinear and. according
to {2.24). a continuous operator, Donote this operator by

dof
Ny = col (U {8, 2), V(8 2t —col (U, 1)

We obwviousiy have abt 2 =0 115, =col (B, 2), thus Wi s foir 2 =0

the identity operator.
We obtain now from (2.18), (2.20), laking into account that .1 (8, 2},
DB, ) satislv (2.30):

cob (J¥0JIY — Wy (I ) = col (B8 — Uy (o, ), HF* -V, (e 1)) =
2 e £ () (L = P){col [(#F5r — FRVER L (§5h [0 )Ttk
(225} (GEP — GO0 J%0 | (Gd — ) IR | L
Eeol [P (KM Usg (R R)) 4 B (P — Vo (0 1),
GO (B — Uy (k) 1)) + G (HF — Vi (k. )]

Now, by Theorcran T we have also
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(2.26) col (18 TP A (O A Y-
hus, by (2.23), (2.26). (2.20). {2.22) we obtain alter some connpudalions

col (F4 1, (/' o HE Vg (o h)) 1 <

= |1 =2z, KK, K] "2K, Keg (O h WY vl e ool
which proves (2.08) that is Theorem 3. o ‘

Rewarke 1. Nothing is chansed in Theorems 1020500 F and G depend
confinuausly on = . . .

Consider now the hiturcation equations ol problem (2.1). (2.2). that
is cquations (2.16). They can be written in the form

kel

(227) 2=l (B 7: ) = 2w col [R (B2 2). T (B i )] =0,

where
2elR G ) () = VE (o (Bozs ek B(G 7 g)) i
ER

Ty ()= NG (e v A (Bomg) BB =z 2)dy,.
We have now obvionsly

2= R (57 0) () \ PR g B (y). 2 (2) dE
{2.29)
2T (G2 0) (1) \ Gla v B 2 (e)) .

Also. il the conditions ol Theovent 3 ave lfiled we nmedalely T,
denoting p = col (B, %),

. Dcol [R(p.z:0. T (B x:0))) .
22l (po 0) (A h) = 2= (ol K (] D (5. 2) (I h)

“"W*(MIvluzdhﬁU) N R () 4 PR B 2 (D) (D)2

(G o 58 (). 2 () ke () -nru:nﬁ(m.zu»n(wwm}

.__;-"_._—q

N PERICHMC SOLUTHINS OF UYPERBOTIC SYSTREMS R

Now Qb is Known (see O Ve v aoda f23]0° 2.2 of that papery that

eme bas the Tolowing mplicit funetions llumtm in I:.llll(]l SPRICCS

'lh(‘mvm (tmplicit: Tunetions) : Consider an equation (1) H | fpoz)
m'mr H(po2px) -z o) Q /J ruul i} n"nmff Benach Spures. Nt ppose
0 oin =P s a solution of TE(p, . 0) i H oy s contindons inopoand e
and ils derivatice 1T, ( =) ewists oo i umrmumu e and s far oo B (). )
anel 2 = |z 07| (8 hrm Fennzenccntly choosen, siclr as o hace B (py. 8) = 6.
iy The operator M |H (o - O Y ewists wnd is condiitons Sromi 2 o R
Then there erists an 2 = 0 sieh Hhal rr,u'nl.'rm (Y s for — 2" € 2 € 2" o onmi-
qre solulion p 52} < P cantinnons in = and suel thal P (0=

From Lhis l[]l])lltll functions theorem and fvom 1he pl'c'('vcdlnr- results
we enn inmediately prove

Hlum"n £ S ppose h’u umr.l'n’mm of Theorcne Savesalisficd and 1 (pp 2 2)
(2 7z s)isdefined by (227002 I8) AL here ds a cector funetion col (59, M)

NN (” with
col (B 1) 1§ = col (8 2%y = B, ] 2], <o
siehr thal

2 o

TE{EM 27 0) = col ' : \ Pz g B 22 (5) dE. -—\-(.' (s BY (),

o—_
- -

{).

and the liwear operator 10, (py 0) (where py (5" 4 )} huts e conlinons i
corse labing N oo (), iniu _\ 0Oy Hhen there caist an 3= 0 wiad o veclor fune-

How col (o, B 29 0 g), v (e g 89, 40 )l continnous in .y, 2 for 2 = T,
Oy = 2m smh that (ul {1 (0. r/ SOl g v L g B 2) | satisfies (2.1,
2.2) and col |H s g B0 2" ), o LAY g o) = ol [’5“ 7"}

Nothing is chan, ful f,l Found & m (AL 0222) depend continuonsty on o
pearameter .

Frample. Constder the system

i, =T AN ETAN T sty loea) + Col)u 4 L(p)e b eF o,y 1. il
oy Gy =D, (e y) = M () e = () o, (g0, 0.

with 2y C L 100 Dy MG, G, woperiodie in y. Iarthermore,
Cyisan o oo nmatris, Lis aon 3 m one s Jl ateae o nomadrix, O, anom o
ane s o, l) andd F'pave nox 1 vectors, o, CGyare 1 veelors. Suppose
Do n, ML Oy e conbinnous unl I, and G, lave continuous

ll|:\(|| l/lm wilh I(\p(l’ to o oderivatives e feu i ie, 06 fin, Gl
Denate - -



570 o DAN PETROVANU B 12
d, 5 Sn,(a, o) didv,  d, =g {1 (5 ) dzds,
a o (‘)(;

C, -Scl(a)dc C, = \'c2 (1) dn, T =\ L (o),

0 E’ 0

Ly 27t B bt
i1 = gu (5) d%, B = SB(‘Q) dr, & =Scr.(c_) dx.

(.) 0 1]

Suppose we have hypotheses B I
_ | _ ) -
(ID)y: €, and C, are vonsingular matrices and [Cy — M (C)"TL] is a
nonsingular madriv also. -
1 I a3 ¢ . ik .
We then obtain, according to (2.29) and Rema

2mR (B%3 0) () =CiB () + L (V) 2+ { Di(Ey) dZ =0,
]

2T (B, w; 0} (x) =M (r) ?5 + Coa(w) -\ D, (@, 9)dg =0.

R

Under hypotheses (H) above, we can immediately find « and 8. We
integrate the first of (I) with respect to 7 between 0 and 2=z, and the second
onc with respeet to @ between 0 and 27, \We obtain this way

CiP+-Eod =0 MpCpa-tdy =0,
thus, after some computations
w =(Cy —M(C) VL) M (C) d, —d,),
B=—(C) d —(C)TL{C, —M(C) L) HM(C) ™ d, —d,).

(
We introduce #, 8 determined this way in (I) and find obviously

Bly) = —(C) 1 L{y)a —(C)T\ Dy (&, y) d&,

a(2) = — (C) M) B — (€| Do, ) da

S Tty

OF HYPERBOLIC SYSTEAMS 1
On the other hand, aeeordine to (2.30} we find

CodeQy) = L) b
21, (0 (e ) S
M) b CLh ()
To show thal Ly (po0) (b d) s o conlinnons nverse taking N 1 (), into
N Cy s now o very sinple problenm. We Tave only to <how that systen

Col(y) L h Iy (1), MY A Coh () =hy ()

has o unique solution for any ol (- b)) & N €l and that this solulion
depends continuously on eol (fy s Uder assunptions (TH) this s almost
obvious. We have only 1o apply the same procedie 1o determine Tivst Lo h
in tevins of € Lok M. o hy and then 4 ) e Loy i lermas of b b cte..
Socthe main result of Theorem t applies to the example under consideration,
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SOLUTIL PERIODICE AL SISTEMELOR INPERBOLICE, DI ORDINUL 1
CONTININD UN PARAMETRLU MIC

Rezul

Autorul anahizeaza problema existentel solutnlor periodice penlru pro
blena slab liniavi (2.1). (2.2). Teorema 1 este o teorema de existenta pentru
problema modificata. Teorema 2 inlroduee ceuatiile de bifureatic. Teorema
4 este o tecoremi de existenta pentru solutiile problemei (2.3} (2.2). Rerul-
tatele sint aplicate la ceuatitle din exemphal final.

_____?,_,__q.

Analele stiintifice ale Universitigin JAb L0 Casa™ din Last
Tomul XX s. [ a, fase, 2, 1071

PARTIAL DIFFERENTIAL EQUATIONS O FUCHS TYPE
oY

DORIN CIE sy

$1. Formulation of the problent. A~ it is known [3]. an equation  of

Hhee Farm.
[T E T B AR T A 4]

has an analyiie solution in the neighbourhood of a sineular point vy ol the
fimetions py and py .0 and only i inay, o py has a pole of Fivsi degree at most
and p, has a pole of second degree at most.

In this paper we shall give a resalt of that sort, for linear partial dif-
ferential svstems, which veneralizes the one of [2].

Tet 1.0 = N, be two finite sels of indices, and T = N7 0 Let K he a
nondiserete complete, valuation field.

We shall consider linear svstems of the form.

27y e niry = s ()

nm + Y XY S () DUR () (jed)
Led sk e ‘ .
EXN(..)

where ¢ (J). ¥ (JY = 1L S5 {j. .".") o Loy —m 11 ¢ % s the differentiation in
‘E"
Ki(r| =Y, rel).

i€l
In what follows we shall suppose.
(A) the functions ¢ foi 0 KD = Ko are andytic in a cerlain neighbowr-
hood of the origin of K7,
We wish to vet conditions for the existenee of a familv of functions
iy K - Kooanalviie o eerlain neivhbourhood of the origin of K'. satis-
fving (1) and the Lnitisl conditionss, .

(2) Dy () emo =0, 0 <L <r (f) j=d il

wheve DL =gt Fedt



