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1 Introduction
In this paper, we consider the following p-Laplacian prescribed mean curvature Rayleigh

equation:

(@(”7(”(”)2)) £t (0) + g () = elo) (L)

1+

where ¢(s) = |s|P~2s, p is a positive constant and p > 1, f € C(R x R,R) is an w-periodic
function about ¢, and f(¢,0) = 0, g € C((0, +00), R) has a singularity at the origin, e € L (R)
is an w-periodic function and 1 < o < 00, w is a positive constant.

During the past ten years, the problem of existence of periodic solutions to singular
equations has been extensively studied by may researchers [1-13]. Among these results,
some results on Liénard equations with singularity of attractive type (or a singularity of

repulsive type) have been published (see [1, 5, 6, 9, 10]). For example, Wang and Ma [9]
u/(t)

1+ ()2

satisfied a semilinear condition and had a strong singularity of repulsive type, i.e.,

investigated in 2015 a special of equation (1.1), where =u/(t)andp=2,0=0,¢g

1
lim g(u) =—-o0co0 and lim f gv)dv = +o0. (1.2)
u—0* u—0* J,
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Applying the limit properties of time map, the authors obtained the existence of periodic
solution for this equation. After that, Lu et al. [1] improved the results of [9], they required
that p > 1. Their proof was based on the topological degree theory.

Compared with Rayleigh equations, only a few works focus on prescribed mean curva-
ture Rayleigh equations, especially prescribed mean curvature equations with singularity.

/(t)

As far as we know, prescribed mean curvature ﬁ of u(t) appears in different ge-
+(u/ (¢

ometry and physics [14—17]. Recently, Li and Ge’s work [18] has been performed on the
existence of a periodic solution of equation (1.1) with strong singularity of repulsive type
by using Mandsevich—Mawhin continuation theorem, where p = 2, g satisfied a semilinear
condition and equation (1.2).

Inspired by the above paper [1, 9, 18], in this paper, we further consider the existence of
a periodic solution for equation (1.1) by means of an extension of Mawhin’s continuation
theorem due to Ge and Ren [19]. It is worth mentioning that our results are more gen-
eral than those in [1, 9, 18]. First, g of this paper satisfies weak and strong singularities of
attractive type (or weak and strong singularities of repulsive type) at the origin. Second,
g of this paper may satisfy sub-linearity, semi-linearity, and super-linearity conditions at
infinity.

2 Periodic solution for equation (1.1) in the case thatp > 1
In this section, we study the existence of a periodic solution to equation (1.1). Since
(%(%))/ is a nonlinear term, coincidence degree theory does not apply directly.

The traditional method of studying is to translate equation (1.1) into the following two-
dimensional system:

, )
ml(t) = SR wm0)’
uy(t) = =f (¢, u (2)) — g(ur(2)) + e(2),

where 119 + % = 1, for which coincidence degree theory can be applied. However, from the
first equation of the above system, it is obvious that || uy|| < 1, here ||us|| := max;cr |/ (2)].
Therefore, estimating an upper bound of u;(¢) is very complicated; to get around this dif-
ficulty, we find other methods to study equation (1.1). We first investigate the following

second-order prescribe mean curvature equation:

u'(t) L ,
(¢p(m)) =f(t ult),u' (1)), (2.1)

where f : [0,0] x R x R — R is a Carathéodory function. Applying the extension of
Mawhin’s continuation theorem due to Ge and Ren [19, Theorem 2.1], we get the fol-

lowing conclusion.

Lemma 2.1 Assume that $2 is an open bounded set in C) = {u € C*(R,R) : u(t + ») =
u(t) and u'(t + w) = u/(t),Vt € R}. Suppose that the following conditions hold:
(i) Foreach X € (0,1), the equation

W (0) L ,
() oo

has no solution on 052.
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(ii) The equation
1 (v
F(a):= —/ f(t,a,0)dt =0
w Jo

has no solution on 02 NR.
(iii) The Brouwer degree

deg{F, 2 NR,0} #O0.

Then equation (2.1) has at least one w-periodic solution on $2.

Proof First, operators M and N, are defined by

M:domMNX — Z, (Mu)(¢) = ((ﬁp(%)) , teR,
Ni:X—2Z,  (Nau)(t) = Af (& u(0), 1 (2)).
Obviously, equation (2.1) can be converted to

Mu=N,u, Xe(0,1).

By [20, Lemma 3.1 and Lemma 3.2], we know that M is a quasi-linear operator, N, is M-
compact. From assumption (i), one finds

Mu #Nyu, Are€(0,1)andu€9s2,
and assumptions (ii) and (iii) imply that deg{/ON, £2 Nker M, 6} is valid and
deg{/ON, 2 Nker M, 0} #O0.

Therefore, applying the extension of Mawhin’s continuation theorem, equation (2.1) has
at least one T-periodic solution. d

In the following, applying Lemma 2.1, we prove the existence of a periodic solution for
equation (1.1) with singularity of repulsive type.

Theorem 2.1 Assume that equation (1.2) holds. Furthermore, suppose that the following
conditions hold:

(H1) There exist positive constants o« and m > 1 such that
f&vyv=av|” for(tv)e[0,0] x R.
(H) There exist two positive constants dy, dy with dy < dy such that g(u) — e(t) < 0 for

(t,u) € [0,w] x (0,d;) and g(u) — e(t) > 0 for (¢, u) € [0, w] X (dy, +00).
Then equation (1.1) has at least one periodic solution.
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Proof We embed equation (1.1) into the following family equation:

(¢p (%))/ +Af (64 (2) + 2g(u(t)) = he(?), (22)

where A € (0, 1]. Firstly, we claim that there exist two points 7, £ € (0, T') such that
u(t)>dr and u(§) <d,. (2.3)

In fact, since fow u'(t)dt = 0, it is easy to verify that there exist two points #;, t, € (0,7)
such that

u(t1) <0 and u'()>0.
Therefore, we get

P (A)q and ¢(A)>o
\VT+ @)/~ VT w@)3) =

Let £, t* € (0,w) be minimum and maximum points of the prescribed mean curvature

term d)l,(\/%), the above equation implies
M/(t*) ) ( ( u,(t*) ))/
_— 0 d _ =0; 2.
¢”( mwer) " "\ 2
and
o' (t*) o' (t*) !
_— d _— =0. 5
¢p< 1+ (u’(t*))z) =0 an <¢p< 1+ (u’(t*))z)) 0 @5)
Besides, since
/ / -2 /
¢p< u'(t) ) ) ‘ ut) [ u'(t,) -0
V1+W/(5))? VI+@ (@))? 1+ W(t))?
then it is clear that #/(£,) < 0. By condition (H;), we have
f(tou'(s)) <0. (2.6)

Applying equations (2.4) and (2.6) into (2.2), we deduce
g(u(t*)) —e(ty) = —f(t*, M/(t*)) >0.
By condition (H>), we get that u(t,) > d.

Similarly, by conditions (H;), (H,) and equation (2.4), we obtain that u(t*) < d,. Take
7 =t, and & = t*, then (2.3) is proved.
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Multiplying both sides of equation (2.2) by #/(¢) and integrating from 0 to w, we have

[l
0

1+(,,(t))z))/”/(t)d”A/wa(t,u’(t))u/(t)dnA/Owg(u(t))u,(t)dt
=A /0 e(t)u'(¢) dt.

(2.7)
Substituting

0] M/(t) / ,
/0 (¢”( 1+(u’(t))2)>u(t)dt

~ (—”’(t) )w(t)lw—/wcb (—” )du’=0
\VT+w®) O Jo PNVIH @
and fowg(u(t))u’(t) dt = 0 into (2.7), it is clear that

/wa(t, u' () u' (¢) dt‘ =

/w e(t)u/ (t) dt}.
0

By condition (H;) and the Holder inequality, the above equation implies

a/0w|u/(t)|mdt§ "/wa(t,u’(t))u’(t)dt‘

5/0 le()] | (1) dt

5(/0 le(£)| ™ dt) (/0 4G dt)

Since fow |/ (t)|" dt #0 and « > 0, we arrive at

N

m=1

([orra)™ <
0 o

’

(2.8)
where ||e|| m-1 := (fOT le(?)] =) dt)mT_l. From equations (2.3) and (2.8), using the Hoélder in-
equality, we get

u(t) <d, + /w|u’(t)| dt
0

1
<dy+o'i (/ |u’(t)|’”dt)
0

-1 1

" (|lel| w1 ) 7T

<dy+ T M;.
o m-1

(2.9)
From equation (2.8) and the Holder inequality, we deduce

’ ¢ " lel] mat
||u’||=l/ ”u’”dtfa)‘%</ ”u/”mdt>”’§w_%( mm1
w Jo 0

1
=
) =M. (2.10)
o
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On the other hand, let T € (0, w) be as in equation (2.3). Multiplying both sides of equa-
tion (2.2) by #/(¢) and integrating over the interval [t,t], here ¢ € [t, ®], we see that

u(t) t
k/u ) g(u)du:)x/t g(u(s))u/(s)ds

(r

t M,(S) / ) d
=‘f, (¢”( 1+<u/(s))2)> v s
—)\/tf(& u'())u'(s) dS+)»/te(s)u’(s) ds.

T

Furthermore, from equations (2.2), (2.9), and (2.10), applying the Hélder inequality, the

above equation implies
u(t) w u/(t) ))/' )
d —_— d
/u(r) glu)du 5/0 (¢p( 1+ (' (2))? |u(t)| g
A ’ u "(8)| dt + A ’ "(8)| d
. /Oy(m(t))uu(m - /O|e<t>uu(t)| ‘

5AMZ(/OwV(t,u’(t))MH/0w|g(u(t))|dt+/Ow|e(t)]dt>

+AM2/ If (&, ()| dt + My e ma
o m

A

w
1
< 2AM (@ |lfa, |l + @7 lle]| mo1) + AMZ/ lg(u(0))| dt, (2.11)
" 0
where ||, || := max,)e(o,0]x[-Mo,m5] If (& V)]

Next, we consider fow |g(u(2))| dt. Integrating equation (2.2) over the interval [0, w], we
obtain

/0 (6 ©) + g () - @) de = 0. (2.12)

From equation (2.12), we see that

T
/0 ‘g(u(t))’dt:/g(u(l))zog(u(t)) dt—/ g(u(®) dt

g(u(t))=<0

’ /g<u<z>)zog+ (e e+ fowf (8,0 1)) e - /Ow e(t) dt

52/0 &' (u(0) dt+/0 [f(t,u(t))|dt+/o |e(t)| dt, (2.13)

where g* () := max{g(), 0}. Since g* (u(¢)) > 0, from condition (H,) and equation (1.2), we
know that there exists a positive constant 5 with d; > d; such that u(¢) > dj. Therefore,
from equations (2.9) and (2.10), equation (2.13) implies

[ letutn]ae <200, | + [ Ireuw) o]+ [ e ae
0 0 0

=< 20| i | + ©llfin | + @7 llell (2.14)

Page 6 of 14
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where g, I = MaX g5 <y<i; g*(u). Applying equations (2.14) into (2.11), we have

u(t)
/ g(u)du
u(t)

(r

A

< 33M; (0llfuny | + 07 lel] 1) + 2Ma g, |

According to equation (1.2), we see that there exists a positive constant Mj such that
u(t)>M; forte[r,w]. (2.15)

For the case t € [0, t], we can handle it similarly.
From equations (2.9), (2.10), and (2.15), we obtain that periodic solution u of equation
(2.2) satisfies

M;z < u(t) < My, Hu/ || <M,

where M3 := min{d;, M3}. Then condition (1) of Lemma 2.1 is satisfied. There exists a
constant C € [M3,M;] such that

w

go)-21 [0 " eyt -0,

since f(¢,0) = 0. Therefore, condition (2) of Lemma 2.1 holds. Finally, by condition (H>),

we arrive at
1 [ 1 [®
g(Ms3) - —/ e(t)dt <0 and g(M;)- —/ e(t)dt > 0.
w Jo w Jo

So condition (3) of Lemma 2.1 is also satisfied. By Theorem 2.1, equation (1.1) has at least
one periodic solution. O

By condition (H;), we know that f (£, v)v may not change sign for (¢,v) € [0, w] x R. Sim-
ilarly, we give the following condition:
(H7) There exist positive constants 8 and # > 1 such that

ft,v)v<-Blv|" for (t,v) € [0,0] x R.
In the following, applying Theorem 2.1, we get the following corollary.

Corollary 2.1 Assume that conditions (Hy), (H) and equation (1.2) hold. Then equation
(1.1) has at least one periodic solution.

In equation (1.2), the nonlinear term g requires a strong singularity of repulsive type
(i.e., lim,_, o+ ful g(v)dv = +00). It is clear that the method of Theorem 2.1 is no longer ap-
plicable to estimating lower bound of periodic solution u(¢) of equation (1.1) in the case of
a weak singularity of repulsive type (i.e., lim,_, ¢+ ful g(v)dv < +00). Therefore, we find an-
other method to consider equation (1.1) in the case of a weak singularity of repulsive type.

Theorem 2.2 Assume that conditions (Hy) and (H,) hold. If |le|| w1 < 20d" @™, here dy
is defined in Theorem 2.1, then equation (1.1) has at least one periodic solution.
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Proof We follow the same strategy and notation as in the proof of Theorem 2.1. Next, we
consider the lower bound of periodic solution u(¢) of equation (1.1). From equations (2.3)
and (2.8), applying the Holder inequality, we get

u(t) = %(u(t) +u(t - a)))

= %(u(r) + ltu/(s)ds+ u(r)—/t; u’(s)ds)
> u(t) - %(/t|u’(s)|ds+ ‘/.T |u/(s)|ds>

=u(r)—%/ |u’(s)|ds

t
>d o d
> 1—5/0 |u(s)| ds

m—1
m

>d, - w2 </0 ‘u/(5)|mds>

"L lell o \ men
w m m=-1 m—
>d - 3 < am ) = M3 >0,

ot el o1
2 ( o
proof is the same as that of Theorem 2.1. O

3=

)ﬁ < dj. The remaining part of the

since |le|| w1 < 20d? '™, we obtain that
m

By Theorem 2.2, we obtain the following corollary.

Corollary 2.2 Assume that conditions (H}) and (H,) hold. If |le| w1 < 2ad{" @™, then
equation (1.1) has at least one periodic solution.

Comparing Theorem 2.1 to 2.2, Theorem 2.2 is applicable to weak as well as strong
singularities, whereas Theorem 2.1 is only applicable to a strong singularity. Besides,
equation (1.2) is relatively weaker than condition |le] 1 < 2" 'ad~'@™. On the other
hand, Theorems 2.1 and 2.2 require that g satisfies a :ingularity of repulsive type (i.e.,
lim,_, o+ g(#) = —00). In the following, we consider that g satisfies a singularity of attrac-
tive type (i.e., lim,_,o+ g(#) = +00). It is obvious that attractive condition and equation (1.2),
(H>) contradict each other. Therefore, we have to find another conditions to consider equa-
tion (1.1) with singularity of attractive type.

Theorem 2.3 Assume that (H,) holds. Furthermore, suppose that the following conditions
hold:
(H3) There exist two positive constants ds, da with ds < da such that g(u) — e(t) > 0 for
(t,u) € [0,w] x (0,d3) and g(u) — e(t) < 0 for (¢, u) € [0, w] X (dy, +00).
(Hy) (Strong singularity of attractive type)

1
lir51+g(u) =+00 and lirg/ gv)dv = —o00.

Then equation (1.1) has at least one periodic solution.
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Proof We follow the same strategy and notation as in the proof of Theorem 2.1. Next, we
consider fo |g(u(2))| dt. From equations (2.12) and (2.13), we see that

d d di
/ |lg(u(®))| dt = /() g(u@®)dt - L(u(t»<0g(u(t)) t

/g )<0 “(u(t)) dt - /Of(t,u(t))dt+/0 e(t) dt
52/0 |g‘(u(t))|dt+/O [f(t,u(t))|dt+/0 le(t)| dt, (2.16)

where g~ (1) := min{g(u), 0}. Since g~ (u(¢)) < 0, from conditions (H3) and (Hs), we know
that there exists a positive constant d with dj > d3 such that u(¢) > dj. Therefore, from
equations (2.9) and (2.10), equation (2.16) implies

| o) de <205, | + 0lfnll + 0% el
0

where [|gy, || := maxg:<u<m, |8 (%)|. The remaining part of the proof is the same as that of
Theorem 2.1. O

By Theorem 2.3, we obtain the following corollary.

Corollary 2.3 Assume that conditions (H}), (Hs), and (Hy) hold. Then equation (1.1) has
at least one periodic solution.

By Theorems 2.2 and 2.3, we obtain the following conclusion.

Theorem 2.4 Assume that conditions (Hy) and (Hs) hold. If |le|| w1 < 2" tady '™, then
equation (1.1) has at least one periodic solution.

By Theorem 2.4, we get the following corollary.

Corollary 2.4 Assume that conditions (H}) and (Hs) hold. If ||e|| m-1 < 2" *ady '™, then
equation (1.1) has at least one periodic solution.

Finally, we illustrate our results with two numerical examples.

Example 2.1 Consider the following prescribed mean curvature Rayleigh equation with
strong singularity of attractive type:

(%) + (cost + 4) u (t) Zu ) + p(t) eﬁmt’ (2.17)

where p is a positive constant and p > 1, # is a positive integer.

It is clear that w = 27, f(t,v) = (cost + 4)V*, g(u) = = Y[, u' + >, e(t) = &', We know
that f(¢,v)v = (cos ¢ + 4)v* > 3v* Take o = 3, m = 4, d3 = 0.01, dy = 3. Then conditions (H,)
and (H3) hold. Since lim,,_, ¢+ fulg(v) dv = lim,_, o+ ful(— Sovi+ l}%)dv = —00, condition
(Hy) is satisfied. Therefore, by Theorem 2.3, equation (2.17) has at least one 27 -periodic
solution.
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Example 2.2 Consider the following prescribed mean curvature Rayleigh equation with a
weak singularity of repulsive type:

(‘7510(%))/ +(sin2¢ + 5) (/' (2)) + u’(t) =

where p > 1.
It is obvious that T = 7, f(t,v) = (sin2t + 5)v, g(u) = u® — -, e(t) = cos 2t. Take o = 4,
2

— +c0s2t, (2.18)
u2(t)

u
m=2,d; =0.09, dy = 4, conditions (H;) and (H,) are satisfied. Furthermore, we consider
2" g d " =2 x 4 x 0.09 x 72 = 0.7272 > 77,
Hence, applying Theorem 2.2, equation (2.18) has at least one  -periodic solution.

3 Periodic solution for equation (1.1) in the case that p # 2
In the following, by Lemma 2.1 and Theorem 2.1, we prove the existence of a periodic
solution for equation (1.1) with singularity of repulsive type.

Theorem 3.1 Assume that conditions (H,), (H,), and p # 2 hold. Then equation (1.1) has
at least periodic solution.

Proof Let t,t € (0, w) be minimum and maximum points of u(¢), and #/(¢) = #'() = 0. Be-
sides, we claim that there exists a positive constant ¢ such that

uW(t)<0 forte(t—et+e). (3.1)
Assume, by way of contradiction, that equation (3.1) does not hold. Then #'(¢) > 0 for

t € (t—¢&,t+e¢). Therefore, u(t) is strictly increasing for ¢ € (£ — ¢,t + ¢), this contradicts
the definition of . Hence, equation (3.1) is true. Since

STEIONEANY
(¢1+umaﬁ>)' 62

(o) -

"\Vi+w@)?/)) \Vi+w®)

Applying equation (3.1) into (3.2), we get
(o)) - () )
"\Vivwor/)) \\J1+w@®)?

- 1)( u'(t) )’H (214”0?) + M"(t)(u’(t))2> (3.3)
- 1+ (@) 1+ (u/(2))2 '

fort € (¢ —¢,t + €). From equation (3.3) and p # 2, we obtain

() "
<¢”< 1+ (u’(z))2>) =0 (3.4)

From equations (2.2) and (3.4), we have

gL u®) -e@ =0,
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since f(¢,0) = 0. By condition (H;), we get

dy <u(t) <

d. (3.5)
Similarly, by condition (H>), we obtain
dy < u(t) < d. (3.6)
Therefore, from equations (3.5) and (3.6), we see that
di <u(t)<d, forteR. (3.7)
The remaining part of the proof is the same as that of Theorem 2.1. d

By Theorem 3.1, we get the following corollary.

Corollary 3.1 Assume that conditions (H,), (Hz), and p # 2 hold. Then equation (1.1) has

at least one periodic solution.

Comparing Theorems 2.1 and 3.1, Theorem 3.1 is applicable to weak and strong singu-
larities. Theorem 2.1 is only applicable to a strong singularity. However, Theorem 3.1 does
not cover the case of p = 2, Theorem 2.1 covers the case of p = 2. Therefore, Theorem 2.1
can be more general. Besides, Theorem 3.1 requires that g satisfies a singularity of repul-
sive type. In the following, we consider that g satisfies a singularity of attractive type. It is
obvious that the attractive condition and (H;) contradict each other. By Theorems 2.3 and
3.1, we obtain the following conclusion.

Theorem 3.2 Assume that conditions (Hy), (Hs), and p # 2 hold. Then equation (1.1) has
at least one periodic solution.

By Theorem 3.2, we get the following corollary.

Corollary 3.2 Assume that conditions (H;), (Hs), and p # 2 hold. Then equation (1.1) has
at least one periodic solution.

It is worth mentioning that the method of Theorem 3.1 is also applicable to the case
where g satisfies nonautonomous, i.e., g(u()) = g(¢, u(¢)). Then equation (1.1) is rewritten
as the following form:

<¢” <7/1?((;)(t))2 )) +f (6 (1) + g (1, ud)) = e(0). (38)

Applying Lemma 2.1 and Theorem 3.1, we obtain the following conclusion.

Theorem 3.3 Assume that conditions (H,) and p # 2 hold. Furthermore, suppose that the
following conditions hold:
(Hs) There exist two positive constants ds, de with ds < dg such that g(t,u) — e(t) < 0 for
(t,u) € [0,w] x (0,ds) and g(t,u) — e(t) > 0 for (t,u) € [0,w] x (ds, +00).
Then equation (3.8) has at least one periodic solution.
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Proof Consider the following equation:

(¢p (%))/ +2f (6, (1)) + 2g(t, u(t)) = re(t), (3.9)

where A € (0,1). From equation (3.7) and (Hs), we get
ds <u(t) <dg forteR. (3.10)

Multiplying both sides of equation (3.9) by #/(¢) and integrating from 0 to T, we have

ch%<__flg—;))M&ﬁ#+k£fﬂuwu»wuﬂh+klﬁg@u&»d@ﬁh

1+ /(t)

=A /0 v e(t)u'(t) dt. (3.11)

Substituting fow (¢p )i/ (¢) dt = 0 into equation (3.11), it is clear that

(—L_)
1+ (£)?

/wf(t, ' () u'(¢) dt‘ = ‘—fwg(t, u(t))u'(t) dt + /w e(t)u/ (2) dt‘.
0 0 0

By condition (H;) and equation (3.10), the above equation implies

T
af|wmﬁm5
0

/wa(t, u'(t))u(t) dt‘

5/0 |g(t,u(t))||u(t)|dt+/0 (o) |/ (1) di

1

e (%) m 4 "
< gl (/0 1 0) t)
T m mT_l ] %
md / md
([ lewFrae) " ([Cwopa)
< (lgullo™ + ”8”’"7-1)</0 |u'(t)|mdt> ",

where ||g1]] := maxy, <up<d, 1g(t, u)|. Since fow |/ ()| dt #0 and y > 0, we arrive at

—1

m m=1
T m N gl +ellma ,
/\um\m < "= M. (3.12)
0

o

From equation (3.12), using the Holder inequality, we get

1 [ L0\ N e
== / [ dt < (/ ] dt) < T (M) ™ o= M3 (3.13)
w Jo 0
The remaining part of the proof is the same as that of Theorem 2.1. d

By Theorem 3.3, we get the following corollary.

Page 12 of 14
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Corollary 3.3 Assume that conditions (H;), (Hs), and p # 2 hold. Then equation (3.8) has
at least one periodic solution.

Theorem 3.3 requires that g of equation (3.8) satisfies a singularity of repulsive type.
In the following, by Theorems 2.3 and 3.3, we discuss equation (3.8) with singularity of
attractive type.

Theorem 3.4 Assume that conditions (H,) and p # 2 hold. Furthermore, suppose that the
following conditions hold:
(He) There exist two positive constants d;, dg with d; < dg such that g(t,u) — e(t) > 0 for
(t,u) € [0,w] x (0,d7) and g(t,u) — e(t) < 0 for (t,u) € [0,w] x (dg, +00).
Then equation (3.8) has at least one periodic solution.

By Theorem 3.4, we get the following corollary.

Corollary 3.4 Assume that conditions (H), (He), and p # 2 hold. Then equation (3.8) has
at least one periodic solution.

Finally, we illustrate our results with one numerical example.

Example 3.1 Consider the following prescribed mean curvature Rayleigh equation with a
weak singularity of attractive type:

u'(¢) ! ) L7 costt+l
(cﬁp(—*1 " (u’(t))Z)) +(cos®t +3) (/' (1)) + —u% o

= (sin® £ +2)u’(8) + &M%, (3.14)

where p = 5.
Itis clear that T’ = 7, f(t,v) = (cos® £+ 3)v7, g(t, u) = —(sin® £ + 2)u(t) + c"sf—”l, e(t) = e,

ub ()
Take o = 1, m = 8, d7 = 0.01, dg = 3. Then conditions (H;) and (He) hold. Therefore, by
Theorem 3.4, equation (3.14) has at least one 7 -periodic solution.

4 Conclusions

In this paper, applying an extension of Mawhin’s continuation theorem, we first investi-
gate the existence of a periodic solution for equation (1.1) in the case that p > 1, where g
satisfies weak and strong singularities of attractive type or weak and strong singularities
of repulsive type, and g may satisfy sub-linearity, semi-linearity, and super-linearity con-
ditions at infinity. After that, we consider the existence of a periodic solution for equation
(1.1) in the case that p > 1 and p # 2. Our results are more general than those in [1, 9, 18].
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