SRR S A 2 Sk 21
#2032% 20174 21-33

Nonoscillation of quasi-periodic Mathieu equations
with two frequencies

£ M3 (Kazuki Ishibashi)
BRAZ KERBAETIZMAR
Interdisciplinary Graduate School of

Science and Engineering, Shimane University

1 FX

WEDT T aAD—-AEYDES UFAIE, W 20D T A— 2% FAKICE(LTES
ZERE o TIREVILR T BIREFARTH 5. TDL D BHRRE/NS A — IR E EE.
NIA=RFARRDA A=A L% B OYHBRRE TS5 a2 TidRl, XRVPETFTS
BINAR YD FOKEETMIZB T 530 2T 5 7 QLR S OMRRR G EPET SN 5.

INT A — R RO FEERIRIZE & LT, Mathieu [10] I3#E P B ASIE O IRE) 2B § A
21TV, RO 2 BB HRESX

"+ (—a+ Beos(2t))z =0

BEN (12U, ak BREROERTHD). ZOABRNIBIIHEOLE2ZL>TY

v a—HRRK (Mathieu equation) LTEENTWS., /T A—XHRFROMOEE) AHFERX

LoV a—MABRRNCBETERHENE V. T/, v Ya—HMARKPZTNERU

ARARYES SCTEPBICBSVWTASATATYS BIZIE, [11]1238EL).
I Y a—-ARAROFEN

§+(—a+ Bsins)y =0

CRBERTES (17U, -=d/ds, G=a/t, f=p0/4TH3). EBE, vva—Ff
BROMBE z(t) 2L, s=2+7/20Dy(s) =z(t) LEBEHEEZ TNIE

Ca 1,

Y= —=-x

ds 2
THbdPro L g .
.. ,dt ) .3
y=5v 0= Z(a — Bcos (s — g))z = (a - ﬂsms)y
PRoND, v¥a—FHRBRA L ZORELRABRRDTNTOIEFHEMEI;RENT 572D+
43 %14 1% El-Sayed [5], Leighton[9], Sunetal. [15]iZ& > TEBRIZBSNT WA,

E-mail address: ishibashi_kazuaoi@yahoo.co.jp



Ff, Ishibashi-Sugie [7]1& ¥ ¥ 2 —FHfER%Z & b — LU HRER
2"+ (—a+ Beos(wt))z =0 (1.1)

OEDIREMERERL, TRNTCOHEREMHIRED U IZIREB LBV L 2HFET 555
A =R (a, B,w) ZMHEEZUTDLSIZE5 R T,

EE A, N\
H L
a>0 22 |f|>wV2a+a
7olE, HRR QD DTRTOIEEBEMRIIIRST 5. )
EEB.
HL W
a>0 D |;8|§w\g%+a
75, HERA AL OTRTOIEHBEMBITRE L 2. )

FERAADIZBWT, EOERw ZAFERICHEYLTWS. THA LEHEB OREH
SR wPKRENE E, FRERXNND OTRTOFAHMBITREILIZ< L, MV eiR
BLYTWI B Nn5E. £k, THAORBRKMEIXETWEIS15] 2HEELTWS
BELI, [M0FE4Ex2R L) .

FRER (L) OFREBUA — o+ Beos(wt) IXE D FTHRLAMBERTHS. LrL, EB
OWEEF N TR UL UIEREEEA AN R E T VAENDS. 2070, FHc i3REUE
IR G A b AR AR B 5720, 2 DDOFFENE D 2 BGEMS 5
X

2"+ (— o+ Bcos(wit) + ycos(wat))z =0 (1.2)

BEZXDL. T, FIIMZAZNRATA =Ry ZMEBEOERTH Y, AR w, & w IXIF
DEBTHS. Bly=0B U< B=001E, ARKRNA)IABRRNA) RS, &
72, w =w DJFEDLABRRNADICRETES. Lizdo>T, ARETIHw, #w ZIREL
T, #FrEDS.

FHIER (1.2) DFBEEIA—a + Bcos(wit) + ycos(wat) 1, wi/w, BEEE L SIX, AR
BTHY, w/w VWEERZSIE, AFBEKRTIERY. #EOGE, HRERX (1.2) 3R
Hi~ > 2 —H8R (quasi-periodic Mathieu equation) LVWEIENTW3 (FIZIX, [12,22] %
B ). BAYYY 2 -ABRRNOZEHERITIERNICHAEINTWS ([2,4,12,22]
PEAT L) B, REEBIZIOVWTERBEREIN TR,

ARETIE, ABRRQ2) DIANTOH EHEHBEPIRFL LW L2 RAET 507425
ATz, Y, MOREMEICET 2 ERAOBEMANT 720, HEXN1.2) & -y
R

"+ c(t)z =0 (1.3)

22



CRBZRD (I7EU, BElc(t) ZREEGREBTHD) . AR (1.3) OFHIEICRE T 5D
— B T RTOMOIFHARMEEEIXEEINTVWEDT, ARKRN A3 DITRTO
RN T AMOBEME A B R T D22 TE L, HERXQ.3) OEHAMIIRENT 2 L 13,
RHBFE T A EREORERFIZE D22 220D, Thbb, HERX1.3) Dd2IEEEM
() IZF LT

z(t,) =0, n=12---, nli_)rg)t,,=oo

BB ()0, BT B L E, TOMMRBT L\ 5. Mz, HER (1.3) 0
FEEEMAED L\ 2 1, MAEREOERLAb AR NEER WS, Tabb, Hi
R (1.3) D 5 IFFABIED9 K = 2B £ 12 ] LT

St) £0 (t2>1)

T E, ToORIERESBLAEVE WS, £, ARBRR(1.3) 0L S BEEHS HER
DIFE, AVIVLADDEHETEEPS, —DDMMREIL Wi o, T RXTOHEEHEMSIR
Flinwzerk<montnzd HzIX, [16,p.51%2R L) .

HER (1.3) 14T 2IRBEEE G A SREE THEINTE L. FlE, AVILA
DHEER ([16,p.45] BB) » 5, TOREIREEL T UT, B c(t) BIEER SIE,
FHRERX (1.3) 0T RTOIFEEAEMBIXIREN LRV, £/, BB ()

/ 00c(t)clt =00

i3 m o, AR (13 DT XTOHFEHERIIRE T 5. Z 3113 Leighton-Wintner
DIREIEME L IFIEN TS ([16,p.45] 2 E) |
ThoOREREHEX (1.2) I#EIS T uE

a> B+ ]l (1.9
5iE, ARER(1.2) OFTRTOFEHERIIRE L. EBE, ROt > 0L T
—a + Beos(wit) + yeos(wet) < —a+ |8l + ]| <0

Thor5, HFENA.2) DTRTOIFHFRIIIREI L2 223905, 72, Leighton-
Wintner DIRENEEH 5

¢ ¢
/0 (= o + Beos(wys) + 7 cos(wss))ds = [ —as+ a%sin(wls) + g; sin(ms)]o

3
= —ot + 4 sin(w;t) + X sin(wot)
w w

1 2
Z—Ozt—ﬁ—l
Wi %]

/5, LizdoT, t 200DEE, a< 056X, AERN 1.2 DT RTOIEHHRIE
RENT 5. UEOHEENPS, BEIANZIFLER

0<a<|8l+h (1.5)

23



THb. AFETIE, (1.5)DOBAICHEATRERFEN (1.2) DT RTOIEEHMEIIRE) L
BNWZ LB RETEIRME2RET 5.

T 1.1. —
a> |y ERETS. L

18] + |y < e Y 2(;‘ —bl (1.6)
\té&,ﬁﬁﬁumm?&fo#é%%uﬁﬁbtm. )
r EHE 1.2 N

a>|fl elEET B, HL

WH+ﬂ$%ﬂ3%5£D+a (1.7)
k&aﬁ,ﬁﬁﬁamw?xrwﬁa%%Mﬁﬁb&w. )

AN (12 ICBWT, 2 20FEE w /w, PEEETHNIE, BREXAHERTH
508, HHAEEETHNIE, REUSEBIBERTIZRY. LadoT, RERTHI L
Xi¥, vV AR (Hill equation) ([ZIXEBX 2\, EH 11 L EH 1.2 1XARR (1.2) DFR
BOAPHNTH-oTHRLSTHHEATEIENTESL., NTIA—RyBWETHLLE,
BRAUDDOEERBIZ1IEEYREDT, vy=w &ARULUTIW, LER-T, ZDE X,
EILLIIEEBII—HT 5. ARIZ, RFA-XBMNBTHHLE, u,=w i), &
HI121XEHEBIZ—8T 5.

AROERIZIRDED THSH. B 2HTIE, MFEMEFTEZFAL TES N EIEREE
HERNTE. E3FHTH, 2HTRNU-ERBEHEEFHLT, EH 1.1 %ifHHT 5.
R 1.21%, EE 1] LRARBRTFETIHHETE S0, 8T 5.

2 RRIRME 2EREHMS AREADIFRE EE

2 iR AR
Y +a(t)y +b(t)y =0 2.1)

REXD. 17U, at) RESEOMS TTEED D b(t) IERERTH 5. —BIC HER Q2.1)
DEDDOE_IHZRRBLIEY, LLOFEZH2ETHELIER. Z0HENE, &Y F
PN OB EORBHREZ TR T I2MAPHBRRAOETNE UTELTH D, MBHRZE
DH S TINALE, TZOK/HTHkbhs., O XS5 ZEmH?S, ARR QDX
e R U 7 IEREMD ARROTRTOIEEPMIIRE £ - R LW 2 2
RAET 242 ROT 570, ZLORIVBFETSNTWS., iz, BEXME LT
[1,3,6,8,13,14,17211 2 B Z e B TE 5.

24



25

ZOfiT, [141%2FIC LT, MEEBT2AVWSZ LT, ERILIRVOEHE12%
FERAT 2 72 DI R ERIEIRE EH A2 [N T 5.
FEOEBR L EIZh> k> 02T LLT, ROBHHESR

T(h,k):{(u,v):2h—k§u§2h+k and 0§v§hu——h2}
EEHETSH. Z0rE, UTOH REEHEE252 5.

e B 2.1, ~
T RAKRELREL Ly T, FEDE> 4 IIHLT,

(a(t),b(t)) € T(p, 0)
BT L5, HEEBp L o WEFETILIETS. 2720, EMploldp>

\g>0%ﬁt¢.:@t%,ﬁﬁﬁ@no?&roﬁamﬁuﬁﬁbtw. )

FEE 21 BEERT(h, k) I$HEES
D ={(u,v):u>0 and 0<v < u?/4}
NIZE&ENE. RS, (u,v) eT(hk) DL E, u>2h—k>h>00D

0§v§hu—h2=%—(u—4——hu+h2)

THENS, (uv)EDLRB.

T 2.1 Q. HER QD ST M y() 202 T5. z=y B L E, HHER
@D IFHERR
Y=z Z=-bt)y—at)z (2.2)
rind. HRREQLDRBHTIMELDI NS, ABRRR (2.2) OIEOMREILERER
RS DH 7 b ZEEEHE D AANCEERT 5.
UTF, BET =T(p,0) &RT. EEDt >t ITRLUT, (a(t),blt) € T DIRE? S,
HERLL T
0 < b(t) < pa(t) — p? (2.3)

WEED D, 72 at) BERTHEHS

uo =supa(t) 2D vy = pug — p° (2.4)
t>to

&FB. L, 0<p<20—0<u<20+0THdD. t; >t LT, alty) =u &
BBHEILEL L, BRDB. ZDLE, =0 DHFELEZIONDS. AT IXHEET
HEP5, (up,b(t) €T THA. £7=, 23) L 2.4H) M5

0 Sb(tl) S puo—p2 =



26

MOh5.
FRRAR (2.2) DIFE DI kT 2 Z L 2 HIIZ, (2.4) TEDT= up & vy ZHREUZ
HOHBENR
Y =2z 2 =—-vy—uz (2.5)

EEZD. 24) TEDz vy = pug — pP* 2ERT B L, HRBRRAR (2.5) 13 (y(t),2(t) =
(—e= " pe= ) 2 HD. T 51T, HREXR (2.5) OMEHMIRITERDy < 0IZHLT, z2=—py
WZEoTExLND. £z

2
Uy U,
%%

r= Uo Uo Ug
ThBHIENS, W
Ry={(y,2):y <0 and — (vo/uo)y < z < —py}

EEHETDH. B R X (y,2) FEHIZEWT, F2RRTHS.

BT, ARERXR Q) LABIRR QS DRI MBIZDOWTEZXS. AERAR Q2D
R MVER S, ARRR (2.2) OEOMFHBNIEREEFE RO H 72 H 2KREEHE D KMz
HEELTWE., UdoT, FEDt=1>t 27U T, HEAR Q.2) DIEDMEEEH
BOWIIBEPEREP=(p,2) T35, Z0OLE, FEDy<0IZXNLT,

1 <0< 2 <—py (2.6)

THhDZLILERBLT, AP»OHRETIAHERR (2.2 OEOHENHZ I'N(P) & &7
—7%, I'Y(P) LT 27-8, R Ph»5HHT 5 AHERR (2.5) OEOHEHIEZ v (P) &
T5. ARARQHVPERTHE IS, vH(P) IFfREIR 2z = —py KD SRNT
ERAEMEREO — B2 S5 05, R RICBWT, AEXR (2.5 ORI MLGE
EZEINIE, vH(P) ik — 0 DEE, FRIOESL I ERINE. —F, I'(P)H%EH
Ry k32 %, EQ 28z D00 5. ks, EOMEE M (P) IXREETE D HRIZE
BLTWARSTHS. v7(P) & I'(P) DEIENS, ZNEFNDOEDRBBFOMEX X
U021 + Yol < _a(”')zl +b(T)y @7

21 21

BHITRPREBIENTES. KL, BELSFE R, NOMORE K P 2EET 3
TERARETH S, 23) L 2 H5

vo — b(7) = puo — p* — b(7)
> pa(r) - 7 - b(r) 2 0



THHZ LIZERLT, (23) & 26) 2FATHIE

a(7)z1 + b(T)yr = woz1 + voy1 — (uo — a(7))z1 — (vo — b(7))1
> upzs + voys — (up — a(r))z + (v — b(r))%

V4
= upz1 + voy1 — (uo — a(1))21 + (pup — p* — b(7)) ;1

= Up2z1 + VoY1 + 21 (a('r) —p— g(;_))
> up21 + Vol
2/B5., LT, QDIFETS. &Iz, AR Q1) DTRTOIEHBERIZIRE)
D274 O
3 EEEODIH
P11 2T 5720, HERX(1.3) LEREEZ L OHER Q1) OREEHREZSX 5.
HRERX (1.3 IIHLT,
1/t
T = yexp(— / a(r)d¢>
2 Jo

i

95, MOLMHE .
)+ 5a’(t) +c(t) = b(t) (3.1)

PRI T 5% 51
2"+ c(t)z = (?J" +a(t)y + (iaQ(t) + %a’(t) + c(t)) y) x exp(% /0 ta(‘r)d‘r>
= (¥ +a(t)y’ +b(t)) exp (% /0 ta('f)dr)

THBZehs, FEAWUI)DTRTCOIEHHEIMRF LA e, ARA QR DT
RCOFEEPRPIEH LA VWI L IEETH S, ZORMEEHRE EH2.1 2HWT, EH
1.1 OEBRZE1TS.

EHE 1.1 DFEBA. Leighton-Wintner DIREIEH A2 5, a < 0 DHADHER (1.2) DIFTAT
OIEEERIPIRENT 2 Z 2 I3E 1 HTARRZ, LT, a>0895. BAIZA>0
DBEEZELD. a=|y|DLE, EHI1IOFMEQ)DPSE=0THY, HERX1.2) I

z" 4 a(—1 + cos(wst))x = 0 (3.2)
Ligs. FAERX G2 DEBUIMERDt >0z LT

a(—1+ cos(wyt)) <0

27



28

TH5. Uho>T, AV LDLEFEEY S HER (3.2) DI RTOI EHHEMITIRE L
7. BUF, a> Y| 0BA%EEX 5.
BIEHTHBNAUED, 040 %51F, ABEXQ.2) DTRTOIFHBEMBIIIRE L 42
V. UL7do T, &EAS) L a> |y DIREDS & TiFRA% KT 5.
IIT, HB2O00EEpLo%E

p _ P _ 2
,_B+hl a+\/<5+w|2 P e
vwl “1 (3.3)
,_ 2B+hl-o0)
wy

LEDB, 7EL, ZEAS) DS ploldp>o>0%HLT, a3, yIZHKET S
LEOERHTHZ, X512, B.3)EHNVT, ARENQ.L) OFREIHE) & b(1) %

a(t) = 2p — osin(wyt),
52 (3.4)
b(t) = a+ po (1 —sin(wyt)) + (a — |7]) cos(wit) -+ v cos(wat) + vy sin®(wt)

LEONIE, EEHELS 31 AT, ULEdoT, 34 %2b2HKRR(2.1) & HER
(1.2) XFEETH 5.

BT, B4 %H0HABRNQMVEH21 2T IEE2HAL TV, a> |y & @3.3)
o, FEOt>0IZRULT

\/(/3_+rfl2—_aﬁ+za=2p—03a<t)

wi

<2p+0

=4(/3+I7|—a)+2\/(ﬂ+lvl—a)2

5 + 2a
wl wl

/)
o2
b(t) > T sin?(wyt) > 0

ThY, TOTEBDL>0ITHLT

ia2(t) —b(t) = 2 — a — po — (@ — |]) cos(wrt) — v cos(wst)
=a — (a —|v]) cos(wit) — 7 cos(wat)
2a—(a—h)-l=0
WG, ULhioT, EEDt> 01U T, (at),bt)) € D= {(u,v): u>0 and 0 <

v < u2/4} TH5.
ZIT, u=alt)?»2v=5bt) &BL. BH»S, 2p—c<u<2p+0KRT

(2p —u)?
02

D cos(wit) = £4/1 —

20 —
sin{w;t) = p_t
g



THEPS

2 _ 2
v=a+po—p(2p—u)t(a—|y|) \/ +'ycosw2t p4u)

/5. WE, p-0c<u<2p+olTHLT, 2’30355%(94. <‘.’.g()’5:

2 u
gi(w) = a+ po — p(2p —u) + (@ — |7) Co—uf |y Gemw”

»o

(2p — u)? (2p —u)?
e

g-(u) = a+po — p(2p —u) ~ (a — |y|) ol y

EREHELT, KRS %

S={(u,v):2p—0<u<2p+0 and g_(u) <v<g(u)}

29

YD D, BSMHRS RERP OB ULEATH Y, AL > 0L T, (alt), b)) €

SThHd. %%@7":&5, BE# gy (u) & g_(u) %
2 _ 2
0o =4 = o (11 BT

) 303
20 — 2
0-(w) = %~ (o ) - (= iy 1 - 25
CEEMRD. 2p—0<u<lptoka>|y| 2ERTEL,
g+(u)§uZ

pishe
02
g-(w) > p* — po+ - ~(at ) = (=)
o2
=2a+po—pa+T-—(a+|’7|)—(0¢'|’7|)

02

== >0
4

THdh o, B2HOER2.] THRAUAFEED NICERS BFEET I e”anr5. £
7o, HHER v = u?/4 & v = gy (u) 1T (20, p%) B WTHE—DILERERZ D, BRI
v=pu—p? THEAZOND. EE, BEDO~D, fu)=u?/42BL. 2p—c<u<2p+0
LT, B f(u) & g (u) DERBEKI

d u
LU L

(2p—u)’
1=
g



THb. 2p-0<u<20+0lZHUT, BROuBEL v, £T2E, 20K f(u) &
g+ (u) BEET 2 M1

flu) = g4 (us), o
d
@f(u)
ThB. REG L ) DD, f(u) ¥ g (u) DERIE (20, 2) BHHD, BROBBERIZ
v=pu-—p’ BB5.

MR, B8 g, (v) BPEBERv=pu—- P AT THBZLERT. Thbb, 20-0<
u<20+0lZHUT, v=pu—p?>g,(u) THEILRTED, EHGMW) %

d y
U=Ux N %g-"(u) U=Ux (ll)

G(u) = pu— p* — g4 (u)

u2 2 —’LL2
=pu—p2—z+(a—|'7|)(1— 1*%)

YL, THE 1 OZM(1.6) LB G(u) DEEHA

u  (a—|y)(2p-u)

2 o2 1_(_2’0____1‘)3

d
EEG(U) =p—
o2

3 a -

1

=@2p-u) |5
(2p—u)?
A

THEHS, BRGw) W OBy =20 %bD. £/, G(2p) =0 KV
d

@G(U)

Pahd, o, Pp-—0c<ul2p+ollHLT, &M Q6)IKEETIZE

2
o
:Of_l’ﬂ_zzo

=0

u=2p

G(u)

u=2p—0
M0

0.2
G(u) =a—|-—720

u=2p+0
MBard, MEDZehs, B GW) Fu=20CBLTHRRTIT7THY, 20—0<
u< 20+ iZHLT, Glu) >0 TH5. Lizdh->T, B g, (v) MWHBEERv = pu — p?
PTThoano, £ESIZERHEK

T(p,0) = {(u,v): 2p~0<u<2p+0c and 0<v < pu—p’}

RicaEhs (F1 288 E). DAL, FHRERIALITHLT, (a),bt) € T(p, o)
THBHIENANE. ZOEE, FH21 2HELTVS. LEN>T, B4)Eb0H

30



31

2p—0 2p 2p+o0

Ml:a=3,8=3y=1lLuw=10D%
XDES S LAFHEET.
BRQDDOTARTOREEMIRE L W L2005, Thbb, 34)2b2HER
Q21D 2ARK Q) WAETHE 2S5, ARR 12 DITARTOIEHEMEREL NI
EWRghr5.
BEBIZA<0DBEE2EZS. ABRANWU2)ITHLT

n
s=t—(‘71 P2 z(s) =z(t)

LB N, EEDs>0IZNLT
&’z
ds?

28%. E5FTHaL, ARAA) OTRTOFAFRMRE L EW I & &, HER

@O MWRE LBV LIAETHS. ZIT, HB200FKL %

=|7|—5~a+\/(lvl—ﬁ2—a)2+2a’
“ “i (3.6)

2l —B-a)

Wy

+ (—a — Bcos(wys) + ycos (wgs + &)271')) z=0 (3.5)
w1

™

5=
t%b5otﬁb,%#ﬂ@#%ﬁt&dﬁz&>0%ﬁt?.é%t,@&%ﬁmf
FRER (2.1) ORB0E a(s) & b(s) %
a(s) = 2p — o sin{w; s),
b(s)=a+ po (1 — sin(w;s)) + (a — |y]) cos(wis) 3.7
+ 7 cos (wzs + Z——?w) + —?sinz(wls)
LEDDE, BEFAEPSRMEG EHLT. LidoT, BNE2HO2ARRQD LS

BRGYHWREETHS. >00BALAKRIZGB N2 2ABRAR QDL T, &
2102V Y, 3<0DBELIHTE 5. ' O



S Xk

[1] R.P. Agarwal, S. R. Grace and D. O’Regan, Oscillation Theory for Second Order Linear,
Half-linear, Superlinear and Sublinear Dynamic Equations, Kluwer Academic Publish-
ers, Dordrecht, 2002.

[2] H. Broer, J. Puig and C. Simo, Resonance tongues and instability pockets in the quasi-
periodic Hill-Schrodinger equation, Commun. Math. Phys., 241 (2003), 467-503.

[3] D. Cakmak, A note on M. K. Kwong and J. S. W. Wong’s paper, Dynam. Systems Appl.,
15 (2006), 409-414.

[4] S. Davis and S. Resenblat, A quasiperiodic Mathieu-Hill equation, SIAM J. Appl., 38
(1980), 139-155.

[5] M. A. El-Sayed, An oscillation creterion for a forced second order linear differential equa-
tion, Proc. Amer. Math. Soci., 118 (1993), 813-817.

[6] W. B. Fite, Concerning the zeros of the solutions of certain differential equations, Trans.
Amer. Math. Soc., 19 (1918), 341-352.

[7]1 K. Ishibashi and J. Sugie, Simple conditions for parametrically excited oscillations of
generalized Mathieu equations, J. Math. Anal. Appl., 446 (2017), 233-247.

[81 M. K. Kwong and J. S. W. Wong, Oscillation and nonoscillation of Hill’s equation with
periodic damping, J. Math. Anal. Appl., 288 (2003), 15-19.

[9] W. Leighton, Hill’s equaiton revisited, J. Math. Anal. Appl., 114 (1986), 497-502.

[10] E. Mathieu, Mémoire sur le mouvement vibratoire d’une membrane de forme eliptique, J.
Math. Pure. Appl., 13 (1868), 137-203.

[11] N. W. McLachan, Theory and Application of Mathieu functions, Dover, New York, 1964.

[12] R. Rand and T. Morrison, 2: 2: 1 resonance in the quasi-periodic Mathieu equation, Non-
linear Dynam., 40 (2005), 195-203.

[13] J. Sugie and K. Matsumura, A nonoscillation theorem for half-linear differential equations
with periodic coefficients, Appl. Math. Comput., 199 (2008), 447-455.

[14] J. Sugie, Geometrical conditions for oscillation of second-order half-linear differential
equations, Acta. Math. Hungar., 118 (2008), 369-394.

[15] Y. G. Sun, C. H. Ou, J. S. W. Wong, Interval oscillation theorems for a second-order linear
differential equation, Comput Math. Appl., 48 (2004), 1693-1699.

[16] C. A. Swanson, Comparison and Oscillation Theory of Linear Differential Equations,
Mathematics in Science and Engineering, 48, Academic Press, New York and London,
1968.

32



[17] J. S. W. Wong, On a theorem of Sobol, Bull. Inst. Math. Acad. Sinica, 27 (1999), 253-
264.

[18] J. S. W. Wong, On Kamenev-type oscillation theorems for second-order differential equa-
tions with damping, J. Math. Anal. Appl., 258 (2001), 244-257.

[19] J. Yan, A note on an oscillation criterion for an equation with damped term, Proc. Amer.
Math. Soci., 90 (1984), 277-280.

[20] J. Yan, Oscillation theorems for second order linear differential equations with damping,
Proc. Amer. Math. Soci., 98 (1986), 276-282.

[21] Z. Zheng, Note on Wong’s paper, J. Math. Anal. Appl., 274 (2002), 466-473.

[22] R. S. Zounes and R. H. Rand, Transition curves in the quasi-periodic Mathieu equation,
SIAM J. Appl. Math., 58 (1998), 1094-1115.

33



