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1 Introduction

Oscillation, as a kind of physical phenomena, widely exists in the natural sciences and
engineering. For instance, self-excited vibration in control system, beam vibration in syn-
chrotron accelerator, the complicated oscillation in chemical reaction, and so forth. The
assorted phenomena can be unified into oscillation theory of equations; see [1]. On the
basis of these background details, we are concerned with the oscillation of a nonlinear
second-order damped delay dynamic equation of neutral type

[A®)e (7> ®)]" + b0 (" () + P@)F(0(x(5()))) = 0, 1)

where t € [ty, +00)1 := [to, +00) N'T, T is a time scale satisfying sup T = +00, tp € T, (1) :=
lu*u, 0 < A <1, y(t) := x(¢) + B(t)g(x(z(¢))), and

(A1) A,B,b,P € Cyy([to, +00)T,R), A(t) >0, 0 < B(t) < by < +00, b(t) > 0, —=b/A € R* (i.e.,
A(t)-u(®)b(t) > 0), ft;‘”[e,,,m(t, to)/A()]Y* At = +00, P(t) > 0, F € C(R,R), uF(u) > 0,
and F(u)/u > L > 0 for all u # 0, where by and L are constants;

(Az) T € Cy([to, +00)1,T), 8 € Cral[to, +00)1,T), T(£) < £, 8(8) < t, T([to, +00)1) = [T (t0),
+00)1, limy— 00 8(8) = +00, T2(t) > 19 >0, T 08 =S o 7, and §(¢) > 7(¢), where 1 is a
constant;

(As) g€ C(R,R), ug(u) >0, and g(u)/u <n <1forall u #0, where n > 0 is a constant.

By a solution to equation (1.1) we mean a nontrivial real-valued function x satisfying (1.1)
for ¢t € [£y, +00)T. A solution of (1.1) is said to be oscillatory if it has arbitrarily large gen-
eralized zeros on [£y, +00); otherwise, it is termed nonoscillatory. Equation (1.1) is called
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oscillatory if all its solutions are oscillatory. It should be noted that the solutions vanishing
in some neighborhood of infinity will be excluded from our consideration.

The theory of oscillation is an important branch of the qualitative theory of dynamic
equations. In recent years, there has been a great deal of interest in studying oscillatory
behavior of solutions to dynamic equations on various classes of time scales; see, for exam-
ple, [1-26] and the references therein. To establish sufficient conditions for oscillation of
dynamic equations, one usually uses either an integral averaging technique involving in-
tegrals and weighted integrals of coefficients of a given dynamic equation (see, e.g., [1-4,
6, 8-22, 24-26]) or comparison methods and linearization techniques; see, for instance,
the papers by Agarwal et al. [5], Zhang et al. [23], and the references therein. For some
concepts related to the notion of time scales, see [27-29].

Let us briefly comment on a number of closely related background details, which
strongly motivated our research in this paper. Assuming that B(t) = 0, Agarwal et al. [2],
Qiu and Wang [14], Senel [16], Zhang [25], and Zhang and Gao [26] investigated oscilla-
tory properties of (1.1), whereas Bohner and Li [8] and Erbe ez al. [9] considered oscillation

of solutions to a nonlinear second-order dynamic equation

[A®) (xA(L‘))y]A +b(t) (xAJ ®))" +P(O)F(x(t(2))) =0
under the assumption that y is a ratio of two odd positive integers. In a special case where
g(m) =u, b(t) = 0, and X is the quotient of two odd positive integers, oscillatory behavior
of (1.1) was studied by Li and Saker [12] and Saker and O’Regan [15]. Agarwal et al. [5] and

Zhang et al. [22] established several oscillation results for a second-order linear neutral

dynamic equation

[r(6) (x(2) +‘19(t)x(r(tf)))A]A +q()x(8(2)) =0
assuming that

0<pt)<l or p(t)>1
and

0 < p(t) < po < +00, 1.2)
respectively. Very recently, assuming that (1.2) is satisfied and using the double Riccati

substitutions, Li and Rogovchenko [11] obtained two oscillation theorems for the second-

order neutral delay differential equation
[r(6)|(2) |)‘_1z/(t)]/ +q@)f (x(3(1))) =0, Zi=X+p-XxoT.

Our principal goal is to analyze oscillation of (1.1) assuming that conditions (A;)-(A3)
are satisfied. It should be noted that the topic of this paper is new for dynamic equations
on time scales due to the fact that the results reported in [2, 5, 8, 9, 12, 14-16, 22, 25, 26]
cannot be applied to a general equation (1.1) in the case where B(£) # 0 and b(t) # 0.
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2 Philos-type oscillation result
In the section, we employ the integral averaging technique to establish a Philos-type (see
[13]) oscillation theorem for (1.1). To this end, let

D:={(t,s):t>s>to,t,5 € [to,+00)r} and Dy :={(t,s):t>s> to,t,5 € [to, +00)1}.
We say that a function H € C,;(D, R) belongs to the class 2 (denoted by H € Q) if
H(t,t) =0 fort>t, H(t,s)>0 for (¢,s) € Dy,

and it has a nonpositive rd-continuous A-partial derivative H%s(t,s) with respect to the
second variable satisfying the condition

2 (s)

VH(,9)h(t,s) = H (¢, s) + H(t,s) ———
#(o(s)

for some function # € C,4(Do, R), where the meaning of ¢ will be explained later.
We need the following auxiliary results.

Lemma 2.1 (see [27], Theorem 1.93) Assume that v : T — R is strictly increasing, T:=
v(T) is a time scale, and let w: T — R. If v2(£) and w™(v(t)) exist for t € TX, then
A

ov)vA.

(wov)? = (w
Lemma 2.2 (see [18], Lemma2.3) If0 < A < land x1,x; € [0, +00), then x} +x% > (x1+x2)".

In what follows, all functional inequalities are tacitly supposed to hold for all ¢ large
enough.

Theorem 2.1 Assume that conditions (A1)-(As) are satisfied. If there exist two functions
¢ € Cd([t0,+oo)T, (0, +00)) and H € Q such that

htm sup H to) { s)p(s)H(t,s)
- w(t,s)[(hl(t,s))“l + (bOT”)A (hz(t,s))'\+1:| } As = +00 21)
0

for all sufficiently large t, € [to, +00)1, where

o A E)
%—(S) A mm{P(s),P(‘r(s))}, 1/[(1',3) A ()\’ + 1))‘+1r3‘¢)‘(s)(H(t,s))}~’
~ Hs) £,5)b(s)p(s)
(t S) maX{O H(tSh m},

and

_ ToH(t,5)b(z(s))$(s)
hy(t,s) -max{O \/Th(t B(0 (5)A(z(s)) }’

then (1.1) is oscillatory.
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Proof Suppose to the contrary that x is a nonoscillatory solution of (1.1) on [ty, +00)T.
Without loss of generality, we may assume that there is a #; € [£y, +00)T such that x(¢) > 0,
x(7(t)) > 0,and x(5(¢)) > O for t € [t1, +00)T (since the proof of the case where x is eventually
negative is similar). Then y(¢) > 0. An application of (1.1) implies that, for ¢ € [#;, +00)T,

[A®e(*(©)]* + b0 (y> (1) < ~LP(0) (x(5(8))) = ~LP(2)(x(5(2)))" < 0. (2.2)

Thus, using ([27], Theorem 2.33), we conclude that

[A(t)w(yA(t))]A _ [A®e @))% e-pia(t, to) - A9 (> (6)) le-pia(t, )]
e_pa(t, to) e_pa(t, to)e_pa(o(t), to)
_ [A@)e( (D) + b)e(y*(2))
e_pia(o(t), to)
LP(8)(x(8()))*

<- <0, (2.3)
e_pa(0(t),to)
and so Ap(y*)/e_p (-, to) is decreasing and eventually of one sign. That is, y* is either
eventually positive or eventually negative. We assert that
y2>0 eventually. (2.4)

If (2.4) does not hold, then there exists a t, € [£;, +00) such that y2(¢) < 0 for £ € [t5, +00)r.
From (2.3), for ¢ € [t;, +00)T, we obtain

Ap0A(0) _ Ao (1) _

< - _M<0, (2.5)
e_pat; to) e_p/a(t2, to)
where
Moo A(B)p(»(t2)) B AB) YA &)1 (=y2(82))
= = > 0.
e_pia(ta, to) e_pa(ta; to)
By virtue of (2.5),

1/
_)/A(t) < _1\/11/)L I:eb/A(t; tO):|

A(?)

An integration of the latter inequality yields

1/
Te_pals, to)
_— As— —00 ast— +00,

y(t) < y(t) - MM / o)

2

which contradicts the fact that y(¢) > 0. Using Lemma 2.1 and the condition t([#y, +00)T) =
[z (o), +00)1, we get [A(T(£)p (™ (z(1)))]* = [Ap(y®)]2 ((£))T2(£). Hence, by (2.2), we have

[Az () (zE)]*
T4(2)

+ b(t(t))go(yA (t(t))) + LP(r(t)) (x(8 (t(t))))'\ <0. (2.6)
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Combining (2.2) and (2.6), we deduce that

A

[A®e ()] + b9 (y" ®)) + LP@) (x(5(2)))

A A
ooy OO b 0)0 0% (1(0) + L2 0) ((6(0) |

<0.

Notethat 72 > 75> 0,708 = §o1,and y(t) < x(£) + bonx(z (¢)). It follows from the definition
of &, (2.4), 8(t) > ©(t), and Lemma 2.2 that

006> )] + E LA 0o ()]

To

+ @) (y* @) + (bon)*b(x (@) (y* ((0)))
< -LE@O[(x(6(1))" + (bonx(8(z()))"] < ~LE@[%(51)) + bonx(8(z®)))]"
<-LE@®)(y(5))" = -LEDO((r®))". (2.7)

An application of [Ap(y*)]* < 0 implies that

AOp(*(0) 2 A(©)¢(* (0(1)) and
Ar@)e(* (1)) 2 A(x(00))e (0 (z (0 1)))-

Using these inequalities in (2.7), we conclude that

o6 @)]* + P 4 w)ol (0)]*

0

<-LE@(y(r0))" - bOp (¥* (1) - bon)*b(z (1) e (y* (z (1))
<500 E0)) - 2D 46 0)e 0 (1)

)
(bon)*b(t (1)) A
Define the function W by
L ABeGr ) ADGA )
WO=00= ey 2O hrmy (29)

Then W > 0. From (2.4) and ([27], Theorems 1.90 and 1.93), we see that

[6G@)T 2 106(: (@) (z0)> 0.
By virtue of (2.9),

ARG )] N OBEO) — OO
— T 4+ A

oy AL CO) ot
ARG O 4 OWow)

) 90 )

WA(2) = ¢(2)

< ()
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DA(o ()™ (o () (T (o )Ny (x ()T ()
O(xON* (T (o @)
[A@®)p(* @)1~ +¢A(t)W(o(t)) ATo@(2)A o(t))(yA(cf(t)) y2 (7 ()
e((1) ¢(o(2) (z(t) (o () '

<o)

The inequality [Ap(y*)]* < 0 yields A(z(£))(y* (¢ (£)))* > Ao (£))(y* (o (£)))*, and hence

A 1/x
e (42)"

Then, using the condition y(z (¢)) < y(tr (o (¢))), we have

WAE) < g AL ONT $2OW @) _ Arad@)AGE) D% o @)
p((z(2))) o(o () AT @O)N*(y(z (o (£)))

_ 90 R W
= Gy AW O]+ s
AT (D)(W (o (2)))*+1/*
T AGONTHlo (0)FD7

(2.10)

Define another function V by

A®))p(y*(z (1)) _¢(t)A(T(t))(yA(T(t)))*

V(t):= ¢(t) o(/(z(2))) B (y(z ()

(2.11)

Then V > 0. With a similar proof as before, we conclude that

A0l )]
OGO
\ OO~ pOLEE)®
A CON T ot oy
ARG @I 92OV @)
OGO )
) \ MO0 )y )T
AU O™ @y ooy
ARG @O 92OV @)
OGO En)
IrBOATO )Pl (o ©) (A ®))"
i (o ) (“Far) 7 ele)
ARG DI $*OVo()
OGO P (0)
AN o
- ONV*(y(z (o (£))))+

[A(z@®)e (™ (z®))]” + P(o (t))

VA®E) = ¢(t)

< ¢(2)

[A
< ¢(2)

= (1)

R0
T @)
AT (£)(V (o (£))) 1/
T (A (@)@ (o ()@

(2.12)
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Applications of (2.8), (2.10), (2.12), and the condition y(z (¢)) < y(t (o (¢))) imply that

—VA(@)

WA(E) + (bon)’*
To

Apa . (Bon) N A
: (y(fét;)) {[ 00*0)]° + C (A 0)ol ((0)] }

PEOW (W) Ad@W @)™ (bon)* $OV(0 (1)
oo (t)) ANl @)™V 1y a(t)
(bom)* Ao (t)(V (o (£)))*+V*

n (AG®)Y(¢(o (2)) 0D

B _b(t) (A ()9 (* (0 (1))

T R e ),

~ (bon)*b(x (1)) (A (T (0 (1) (> (x(a(2))))
A((t) ((z (@)

PEOW ()  Ard@W @)™ (bon)* $OV( (1)
o)  ACON*p@)FDE " o o (D)

 (bon)* ATod(0)(V (o (1)) *+D/-
7 (A(T(O))V*((o (£))0-D/A

bOPOW(o(®) _ (bon) brE¢OV(@(®) ¢*OW (o)

Alt)p(o(t)) Az ()¢(o (1) oo (t)

_ Ang@W @) (bon) ¢ (Vo (1)

APl )™V 1 pla(t)

(bon)* At (B)(V (o (£))) D"

n (AG®)(¢(o (2)) 0D

b(t)¢(t)) W(o@®)  rnop(e)(W(o () >+

Alt) ) ¢lo@®)  (A@)*(p(o(£))0-+Dr

, (bon)? < 550 rob(r<t>)¢<t)> V(e (®)  (bon)* Atod(8)(V(o (1)
70 A@) ) olot) w (AGE) (o @) DR

=-LE()(t) -

<-LE@)P(2) + (¢A(t) -

which yields, for some t3 € [£;, +00)T,

LEG)b(s) < —Wh(s) - 2 0’7) 2O yas) + <¢ (s) - b(8)¢>(s)> W (o(s))

Als) ) ¢(o(s))
- M°</)(S)(W(°'<S)>)“l“ , (on)” (¢> (s) - fob<r(s))¢<5’>\/(o(s))
AP T g A1) ) po0)
_(bon)* 270 (s)(V (o (s)))* D
0 (AT ()Y (p(o (s)))A+Dix

Multiplying both sides of this inequality by H(z,s) and integrating the resulting inequality
from ¢3 to £, we obtain

/t LH(t,s)E(s)p(s)As

t3

< —/tH(t,s)WA(s)As— M/tH(t,s)VA(s)As
t3 To t3
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t b
(o oy,

t Ao (8)(W (0 (5)) -+
) / ) e ) P (@o ) 2

G [ o b))\ V(s (s)
T / H“’S’(d’ T )qs(a(s))“

Ao (s)(V (o (5)))*+D
(A( (&) (o (s)) D"

(b)

H(t,t3)V(t3)

= H(t, t3) W (t3) + / H(t, )W (o (s)) As +

b
—( on) / H™(t,5)V (0(s)) As + / H(t,s)<¢A(s)— (SA)(QZ)(S)>‘Z((5((SS))))AS

uoqs(s)(W(a (5))) 01
/ B8 e ) (o )
(oo o nbr©)e6)\ V()
% / H“’”("’ TR )qﬁ(o(s»“

Ao (s)(V (0 (5))) D™
(A( SNV (o (s)) D1

(Bon)*

To

H(t,5)b(s)¢p(s)
/% |:\/ (t,s)h(t,s )—4( A ]W(a(s))As

EAToH (2, )P (s) (W (o (5))) >/
_/@ AEE)H$(o ()7

J ot T H (6 )b((5)$(5)
/ [VH(”W ) e AE) }V(“(s))m

_ <bon>* / AToH(t,5)¢(s) (V (0 (5))*+ D/
5 (AT (@(o(s) D

= H(t, t5)W(ts) + H(t, t3) V(t3)

(2.13)

To

Applying the inequality (see [11])

o )L)LB)LH
Bu — AM m A> 0,

we have

H(t,s)b(s)p(s) AToH (8, 5)¢(5) (W (r (5))) * D/
[mh(t's) i W} M T e
AToH(t,5)p(s)(W (o (s))) D/
(AT () V* (@ (o (5)))A+Dir

A(z(9)(@(o ()™ P!
= (ot DM () (H (L, ) (m(,5)) (2.14)

= hl(tf S)W(O (S)) -
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and

B0 (s))A(T(5)) (AT ()P0 (5)))F-D/x
AToH (8, 8)¢(s)(V (o (5))) ¢/
- (A(T () (@(o (s))) D/

AT (s) (@ (o ()"
T e+ DM M) (HI(E 9))

(*+1)/
[ JHE (b 5) ToH(t,S)l’o(r(S))<¢>(S)]V((7 ) - AToH (t,5)¢(s)(V (0 (5)) "

< hy(t,5)V (0(5))

(00) (2.15)
Using (2.14) and (2.15) in (2.13), we conclude that

ft LH(t,s)E(s)p(s)As

(bon)*
7o

<H(t,3)W(t3) + H(t,t3)V(¢t3)

(bon)*
To

+ / tl/f(t,s)[(hl(t,s))Ml +

(bon)*
To

(hz(t,s))*”] As

< H(t, ) [W(fs) + V(f3):|

(bon)*
To

+ /tl//(t,s)[(hl(t,s))*“ + (hz(t,s))m]As,

and hence

—1 ‘ w1 (bon)* A+l
e | {Leot(e0) - w6 (n.9)+ 2 (a9

(bon)*
To

=W+ V(ts),

which contradicts (2.1). This completes the proof. d

Remark 2.1 One can deduce from Theorem 2.1 a great number of oscillation criteria for
(1.1) with different choices of the functions ¢ and H.

Remark 2.2 Results reported in this paper can be easily extended to (1.1) for A > 1 when

using the inequality
a + b > 21’)\(61 +b), a,be[0,+00),A>1.

As a matter of fact, we have to replace &(t) := min{P(¢), P(z (¢))} with
£(t):= 2" min{P(¢), P(x (1)) }.

3 Example

The following example is given to illustrate possible applications of theoretical results ob-
tained in Section 2.



Yang and Li Advances in Difference Equations (2016) 2016:44 Page 10 of 11

Example 3.1 For T = 2Z and ¢ € [2, +00)t, consider the second-order 2-difference equa-

AN £\ 14 t
|:x(t) +5x<§):| +1t2 |:x(t) +5x(5>:| +p0x<§> =0, (3.1)

where py > 0 is a constant. Let A(t) = 1, B(¢) = by = 5, b(t) = t°/2, P(t) = po, T2 = 1/2,
n=L=1,¢(@)=1,and H(t,s) = (¢ - s)%. By virtue of ([7], Lemma 2),

tion

t b(S) /tS—S/ZAS 1 312 _ 9312 ~ 32 _9-12 11
A(s) 2

E-b/A(t,to)Zl—fz T As=1- 27321 1-2732

S 32 g2 51012y i

It is not difficult to verify that all assumptions of Theorem 2.1 are satisfied. Therefore,
equation (3.1) is oscillatory.

Remark 3.1 Using the double Riccati substitutions (2.9) and (2.11), Theorem 2.1 com-
plements and improves the results reported in [2, 5, 8, 9, 12, 14-16, 22, 25, 26] because
our criteria can be applied to the case where B(t) # 0 and b(t) # 0. However, as in the
paper by Zhang et al. [22], such flexibility is achieved at the cost of imposing conditions
7([to, +00)1) = [t (o), +00)T, T2(2) > 79 > 0, and T 0 § = § o 7 on the function 7. It would
be of interest to analyze the oscillatory behavior of (1.1) with other methods that do not

require these restrictive assumptions.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
Both authors contributed equally to this work. They both read and approved the final version of the manuscript.

Author details

'School of Information and Electronic Engineering, Wuzhou University, Wuzhou, Guangxi 543002, PR. China. ?School of
Informatics, Linyi University, Linyi, Shandong 276005, PR. China. LinDa Institute of Shandong Provincial Key Laboratory of
Network Based Intelligent Computing, Linyi University, Linyi, Shandong 276005, PR. China.

Acknowledgements

The authors express their sincere gratitude to the editors and two anonymous referees for the careful reading of the
original manuscript and useful comments that helped to improve the presentation of the results and accentuate
important details. This work was supported by NNSF of PR. China (Grant Nos. 61503171, 61403061, and 11447005), CPSF
(Grant No. 2015M582091), NSF of Shandong Province (Grant No. ZR2012FL06), Scientific Research Fund of Education
Department of Guangxi Zhuang Autonomous Region (Grant No. 2013YB223), DSRF of Linyi University (Grant

No. LYDX2015BS001), and the AMEP of Linyi University, PR. China.

Received: 1 October 2015 Accepted: 20 January 2016 Published online: 06 February 2016

References

1. Zhang, QX, Gao, L, Wang, SY: Oscillatory and asymptotic behavior of a second-order nonlinear functional differential
equations. Commun. Theor. Phys. 57, 914-922 (2012)

2. Agarwal, RP, Bohner, M, Li, T: Oscillatory behavior of second-order half-linear damped dynamic equations. Appl. Math.
Comput. 254, 408-418 (2015)

3. Agarwal, RP, Bohner, M, Li, T, Zhang, C: A Philos-type theorem for third-order nonlinear retarded dynamic equations.
Appl. Math. Comput. 249, 527-531 (2014)

4. Agarwal, RP, Bohner, M, Li, T, Zhang, C: Oscillation criteria for second-order dynamic equations on time scales. Appl.
Math. Lett. 31, 34-40 (2014)

5. Agarwal, RP, Bohner, M, Li, T, Zhang, C: Comparison theorems for oscillation of second-order neutral dynamic
equations. Mediterr. J. Math. 11, 1115-1127 (2014)

6. Agarwal, RP, Zhang, C, Li, T: New Kamenev-type oscillation criteria for second-order nonlinear advanced dynamic
equations. Appl. Math. Comput. 225, 822-828 (2013)



Yang and Li Advances in Difference Equations (2016) 2016:44 Page 11 of 11

22.

23.

24.

25.

26.

27.

28.
29.

. Bohner, M: Some oscillation criteria for first order delay dynamic equations. Far East J. Appl. Math. 18, 289-304 (2005)
. Bohner, M, Li, T: Kamenev-type criteria for nonlinear damped dynamic equations. Sci. China Math. 58, 1445-1452

(2015)

. Erbe, L, Hassan, TS, Peterson, A: Oscillation criteria for nonlinear damped dynamic equations on time scales. Appl.

Math. Comput. 203, 343-357 (2008)
Hassan, TS: Kamenev-type oscillation criteria for second order nonlinear dynamic equations on time scales. Appl.
Math. Comput. 217, 5285-5297 (2011)

. Li, T, Rogovchenko, YuV: Oscillation theorems for second-order nonlinear neutral delay differential equations. Abstr.

Appl. Anal. 2014, Article ID 594190 (2014)

. Li, T, Saker, SH: A note on oscillation criteria for second-order neutral dynamic equations on isolated time scales.

Commun. Nonlinear Sci. Numer. Simul. 19, 4185-4188 (2014)
Philos, ChG: Oscillation theorems for linear differential equations of second order. Arch. Math. 53, 482-492 (1989)

. Qiu, Y-C, Wang, Q-R: New oscillation results of second-order damped dynamic equations with p-Laplacian on time

scales. Discrete Dyn. Nat. Soc. 2015, Article ID 709242 (2015)

. Saker, SH, O'Regan, D: New oscillation criteria for second-order neutral functional dynamic equations via the

generalized Riccati substitution. Commun. Nonlinear Sci. Numer. Simul. 16, 423-434 (2011)

. Senel, MT: Kamenev-type oscillation criteria for the second-order nonlinear dynamic equations with damping on

time scales. Abstr. Appl. Anal. 2012, Article ID 253107 (2012)

. Wang, J, EI-Sheikh, MMA, Sallam, RA, Elimy, DI, Li, T: Oscillation results for nonlinear second-order damped dynamic

equations. J. Nonlinear Sci. Appl. 8, 877-883 (2015)

. Xing, G, Li, T, Zhang, C: Oscillation of higher-order quasi-linear neutral differential equations. Adv. Differ. Equ. 2011,

Article ID 45 (2011)
Yang, JS: Oscillation criteria for certain third-order delay dynamic equations. Adv. Differ. Equ. 2013, Article ID 178
(2013)

. Yang, JS: Oscillation criteria for certain third-order variable delay functional dynamic equations on time scales. J. Appl.

Math. Comput. 43, 445-466 (2013)

. Yang, JS, Qin, XW: Oscillation criteria for certain second-order Emden-Fowler delay functional dynamic equations

with damping on time scales. Adv. Differ. Equ. 2015, Article ID 97 (2015)

Zhang, C, Agarwal, RP, Bohner, M, Li, T: New oscillation results for second-order neutral delay dynamic equations. Adv.
Differ. Equ. 2012, Article ID 227 (2012)

Zhang, C, Agarwal, RP, Li, T: Comparison theorem for oscillation of fourth-order nonlinear retarded dynamic
equations. Electron. J. Qual. Theory Differ. Equ. 2013, Article ID 22 (2013)

Zhang, C, Li, T: Some oscillation results for second-order nonlinear delay dynamic equations. Appl. Math. Lett. 26,
1114-1119 (2013)

Zhang, QX: Oscillation of second-order half-linear delay dynamic equations with damping on time scales. J. Comput.
Appl. Math. 235, 1180-1188 (2011)

Zhang, QX, Gao, L: Oscillation of second-order nonlinear delay dynamic equations with damping on time scales.

J. Appl. Math. Comput. 37, 145-158 (2011)

Bohner, M, Peterson, A: Dynamic Equations on Time Scales: An Introduction with Applications. Birkhduser, Boston
(2001)

Bohner, M, Peterson, A: Advances in Dynamic Equations on Time Scales. Birkhauser, Boston (2003)

Hilger, S: Analysis on measure chains - a unified approach to continuous and discrete calculus. Results Math. 18,
18-56 (1990)

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	A Philos-type theorem for second-order neutral delay dynamic equations with damping
	Abstract
	MSC
	Keywords

	Introduction
	Philos-type oscillation result
	Example
	Competing interests
	Authors' contributions
	Author details
	Acknowledgements
	References


