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We establish several Lyapunov-type inequalities for quasilinear difference systems, which

generalize or improve all related existing ones. Applying these results, we also obtain some lower
bounds for the first eigencurve in the generalized spectra.

1. Introduction

In 1964, Atkinson [1] investigated the following boundary value problem:
A(r(n)Au(n)) = \g(n)u(n+1) (1.1)
with Dirichlet boundary condition:
u(a) =u(b) =0, u(n)#0, Vne€Zla,b], (1.2)

and he proved that boundary value problem (1.1) with (1.2) has exactly b — a — 1 real and
simple eigenvalues, which can be arranged in the increasing order

M <A< <Apga, (1.3)

where a,b € Zwitha <b-2,1 € R, r(n) > 0and g(n) > 0 for all n € Z. Here and in the
sequel, Z[a,b] = {a,a+1,a+2,...,b-1,b}.
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In 1983, Cheng [2] proved that if the second-order difference equation
A*u(n) + g(m)u(n+1)=0 (1.4)
has a real solution u(n) such that
u(a) =u(b) =0, u(n)#£0, ne€Zla,b], (1.5)

then one has the following inequality

b-2

Fb-a)Dq(n) >4, (1.6)

where g(n) > 0 for all n € Z, and

m:-1 .
, ifm-1is even,
§(m) = m (1.7)

m, if m—11is odd,

and the constant 4 in (1.6) cannot be replaced by a larger number. Inequality (1.6) is a discrete
analogy of the following so-called Lyapunov inequality:

b
(b-a) f lq(t)|dt > 4, (1.8)
if Hill’s equation
u"(t) + q(t)u(t) =0 (1.9)
has a real solution u(t) such that
u(a) =u(b) =0, u(t)#0, Vte (a,b), (1.10)

where g(t) is a real-valued continuous function defined on R, a,b € R with a < b. Equation
(1.8) was first established by Liapounoff [3] in 1907.
In 2008, Unal et al. [4] established the following Lyapunov-type inequality:

b-1 1 1-(1/p) sp0 1/p
<Zw> <%q*(n)> >2, (1.11)

n=alr(n
if the following second-order half-linear difference equation:

A (r(n)|Au(n)|r'*2Au(n)> +qm)un+ 1P 2um+1)=0 (1.12)
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has a solution u(n) satisfying
u(a) =u(b) =0, u(n)£0, Vne€Zla,b], (1.13)

where and in the sequel g* (1) = max{q(n),0}.
Applying inequality (1.11) to (1.4) (i.e., (1.12) withp =2, r(n) = 1, and g(n) > 0), we
can obtain the following Lyapunov-type inequality:

b-2

(b-a)Yq(n) >4, (1.14)

which was also obtained in [5]. When b — a — 1 is odd, (1.14) is the same as (1.6). However,
(1.14) is worse than (1.6) when b—a —1 is even. For more discrete cases and continuous cases
for Lyapunov-type inequalities, we refer the reader to [5-18].

For a single p-Laplacian equation (1.12), there are many papers which deal with
various dynamics behavior of its solutions in the literatures. However, we are not aware of
similar works for p-Laplacian systems. We consider here the following quasilinear difference
system of resonant type

~A(r1 () Au(m)P 7 Aun)) = fi(m)|un+ DI o+ D[ u(n +1),
115
A (Ao 8000 = fuCrs Dol Do),

and the quasilinear difference system involving the (p1, p, ..., px)-Laplacian

—A (1 (m) Ay (m) P2 81y (1)) = )l (4 1) a4 1) -+t (14 1) 20y (n+ 1),

~A(ra(m) | Bus (m) 22 Bua(m) ) = fam)lus (14 1) o+ DIt (14 1) un(n+ 1),

(1 ()| Aty (1) P2 Bt (1) ) = Fn)lpig (1 1) a2+ DI [t 11+ 1) Pty 12+ 1),
(1.16)

For the sake of convenience, we give the following hypotheses (H1) and (H2) for
system (1.15) and hypothesis (H3) for system (1.16):

(H1) r(n), ro(n), fi(n) and f,(n) are real-valued functions and r;(n) > 0 and r,(n) > 0
foralln € 7Z;

(H2) 1 <p1, p2 <o, a1, az, P1, Po > 0satisfy a1/p1 +az/po =1and p1/p1 + po/p2 = 1;

(H3) ri(n) and fi(n) are real-valued functions and ri(n) > 0 for i = 1,2,...,m.
Furthermore, 1 < p; < o0 and a; > 0 satisfy >./"; (ai/pi) = 1.
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System (1.15) and (1.16) are the discrete analogies of the following two quasilinear
differential systems:

~(nOOF U ®) = A OO b (),

) (1.17)
(RO ) = LOOP RGP o),
(Ol @ (0) = Fr 0 O hua (B - e ()] 1),
—<7’2(t) a5 () |m_2 ; (t)> Fo®)ur (B ua (1) - [ () ua (F),
(1.18)

~(ra® O 4,0) = Fu®las (OF haa (O - 1 () (1),

respectively. Recently, Népoli and Pinasco [19], Cakmak and Tiryaki [20, 21], and Tang
and He [22] established some Lyapunov-type inequalities for systems (1.17) and (1.18).
Motivated by the above-mentioned papers, the purpose of this paper is to establish some
Lyapunov-type inequalities for systems (1.15) and (1.16). As a byproduct, we derive a better
Lyapunov-type inequality than (1.11)

w2 [ (S e ) (Shh s/ )
S (S @) (S o) )

g ()| >1 (1.19)

for the second-order half-linear difference equation (1.12). In particular, (1.19) produces a
new Lyapunov-type inequality

b-2

ﬁz("”-a)(b—n—l)q*(n) >1 (1.20)

for Hill’s equation (1.4) when p = 2 and r(t) = 1. It is easy to see that (1.20) is better than
(1.6).

This paper is organized as follows. Section 2 gives some Lyapunov-type inequalities
for system (1.15), and Lyapunov-type inequalities for system (1.16) are established in
Section 3. In Section 4, we apply our Lyapunov-type inequalities to obtain lower bounds for
the first eigencurve in the generalized spectra.

2. Lyapunov-Type Inequalities for System (1.15)

In this section, we establish some Lyapunov-type inequalities for system (1.15).
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Denote

n pi-1 b-1 pi-1
G(n) = <Z 1 (1)] 1/(1 p1)> , 1 (n) = < Z [rl(T)]l/(l—P1)> ’ (2.1)

T=n+1

S

p2-1 b-1 p2-1
CZ(n) = <Z[r2(T)]l/(1—P2)> , 7’[2(7’1) = < Z [rz(T)]l/(l—P2)> . (22)

T=a T=n+1

Theorem 2.1. Let a,b € Z with a < b — 2. Suppose that hypotheses (H1) and (H2) are satisfied. If
system (1.15) has a solution (u(n), v(n)) satisfying the boundary value conditions:

u(a) =u(b) =0=ov(a) =v(), u(n)#£0, ov(n)#0, VneZ[a,b], (2.3)

then one has the following inequality:

api/p? praz/prp2
<Zf1(”)m(") f1<n>> <Z§§1(")’“(") <>>

: (n) o (n) ﬂlaz/PllDzl (n o n) axpo/p3 (2.4)
Ga(n)ma(n) Ga(n)na2(n) ’
<ZC2(")+712(n)f1 (")> <Z§2(H)+T12(Tl 2 (n )> 2l
where and in the sequel f;(n) = max{fi(n),0} fori=1,2.
Proof. By (1.15) and (2.3), we obtain
b-1 b-2
Zrl (n)|Au(n)|' = Z fm)|um+ 1) o+ 1), (2.5)
b-1 b-2
S rm)|Avn)f? = Y fo(n)|u(n + 1) o(n + 1))~ (2.6)

It follows from (2.1), (2.3), and the Holder inequality that

P1
lu(n+ 1) =

zn:Au(T)

n p1
< <Z|Au(r)l>




n m-1
S<Z[n(r>]““"’”> N r(r)| Au(r)

= gl(n)irl(T)|Au(T)|pl, a<n<b-1,

P1

b-1
Z Au(Tt)

T=n+1

b-1 p1
< < > |Au<T>|>

T=n+1

b-1 Pl oy
< < > [n(r)]”“‘*’“) 3 r(n)|Au(T)P

lu(n+ 1) =

T=n+1 T=n+1
b-1
=1m(n) Z ri(t)|Au(t)|*, a<n<b-1.
T=n+1

From (2.7) and (2.8), we have

lu(n + 1) < bmm(n) S

= Gi(n) +m(n)

Now, it follows from (2.3), (2.5), (2.9), (H2), and the Holder inequality that

b-2 b-2 b-1
S+ )P <3, [% f;(n)] S m)lAu(n)”
b-2
= MllZfl (m)u(n+1)|" fo(n+1)|"
b-2
< Manf(n)lu(n + 1) o(n + 1)

b-2

b-2 al/Pl
< Mn (fo(n)lu(n + 1)|”1> <fo(n)|v(n + 1|

b-2 b-2 b-1
S At )P < 33 [ f 0| Sl uto

b-2
= M2 ) fi(m)Ju(n +1)|“[o(n + 1)

n=a

S rlAu), a<n<b-1.
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(2.8)

(2.9)

(2.10)
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b-2
< M ff (m)u(n+ 1) o(n+1)|"

n=a

b-2 a/pr sy o a/p2
SM12<fo(n)|u("+1)|pl> <fo(")|v("+1)|m> ,

(2.11)
where
G1(n)mi (n) G1(n)m (n)
Z[cm 1] 2 a[mn) L) e
Similar to the proof of (2.9), from (2.2) and (2.3), we have
lo(n+ 12 < %Zr (Ao, a<n<b-1. (2.13)
It follows from (2.3), (2.6), (2.13), (H2), and the Holder inequality that
b-1
S fetn s 1 < 35 [ OO g1 ] S st
b-2
= My > fo(m)lu(n+ 1) [o(n + 1)
b-2
< Moy Y f5 (m)|u(n + 1) [o(n + 1))
_b—2 Bi/p1 b-2 Ba/p2
< My <Zfz+(n)lu(n + 1)I’”> (Zf;(n)lv(n + 1)I”2> ,
e (2.14)

b-1
S letn s 1P < 35 [ OO g3 ] S s

b-2

= MY fo(m)lu(n+ 1) [o(n + 1)
b-2

< Mp Y f5 (m)u(n + 1) o(n + 1)

n=a

b-2 Bi/p1 b-2 B2/ p2
< Mz <Zf;<n>|u<n - 1>|’“> (Zf;(nnv(n + 1>|*’z> ,

where
_S [ emme _S [ emmm) .
M21 = ; mfl (Tl)] ’ M22 = r; [mfz (n)] . (2.15)
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Next, we prove that

b-2

S fHm)u(n+ 1P > 0. (2.16)
If (2.16) is not true, then

b-2

> fimlu@m+ 1) = 0. (2.17)

From (2.5) and (2.17), we have

b-1 b-2 b-2
0< Zrl (n)| Au(n)P" = Z_lfl(n)lu(n +1)|"o(n+1)| < Zmn)lu(n +1)|"o(n +1)| = 0.
(2.18)

It follows from (H1) that
Au(n)=0, a<n<b-1. (2.19)

Combining (2.7) with (2.19), we obtain that u(n) = 0 for a < n < b, which contradicts (2.3).
Therefore, (2.16) holds. Similarly, we have

b-2 b-2 b-2

S HEMum+n >0, Y fimpnr+1)P>0, D fimpmr+1)P>0. (220
n=a n=a n=a
From (2.10), (2.11), (2.14), (2.16), (2.20), and (H2), we have
Mﬂlﬁ /Pfo;az/PlpzMgiaz/PlpzMgﬂz/Pi > 1. (221)

It follows from (2.12), (2.15), and (2.21) that (2.4) holds. O

Corollary 2.2. Let a,b € Z with a < b — 2. Suppose that hypothesis (H1) and (H2) are satisfied. If
system (1.15) has a solution (u(n), v(n)) satisfying (2.3), then one has the following inequality:

b-2 aipi/p sp_0 Braz/prip2
<fo<n> (&6 <n>]”2> <z £ ) [glm)m(n)]lﬂ)

b-2 Praz/pip2 sy o o/ P
X <Zf1+(71) [Cz(n)ﬂz(n)]1/2> <Zf2+(n) [§2(11)112(7l)] 1/2> > 2 (p2pr+praa) /pipa
_ _ (2.22)
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Proof. Since
Gi(m) +mi(n) 2 2[&(mm(m)] ", =12, (2.23)
it follows from (2.4) and (H2) that (2.22) holds. O

Corollary 2.3. Let a,b € Z with a < b — 2. Suppose that hypotheses (H1) and (H2) are satisfied. If
system (1.15) has a solution (u(n), v(n)) satisfying (2.3), then one has the following inequality:

b1 Bp-1)/pr s ax(p2-1)/p2
<Z[n<n>1”“"’”> <Z[72(n)]1/(1_p2)>

n=a n=a

b-2 B/pr sy o a/p2 (2.24)
X <Zf r (”)> <Zf2+ (n)> > ot
Proof. Since
n b-1 (p1-1)/2
[él(n)m(n) <Z rl(T)]l/(lf;m) Z [Tl(T)]l/(1p1)>
7=a T=n+1
1 b-1 p1-1
S op <§_1 [n(ﬂ]““-”ﬂ) ,
(pa-1)/2 (2.25)
[G2m)ma(m)]? = <Z[r (m)]"/ 0 Z [r2(7)] Pz))
T=n+1
1 b-1 p2-1
S g <Z [72(7')]1/(1PZ)> ,
it follows from (2.22) and (H2) that (2.24) holds. -~

Whenay = fo =p1 =p2 =p, a2 = 1 = 0, r1(t) = ro(t) = r(t), and f1(t) = fo(t) = q(t),
system (1.15) reduces to the second-order half-linear difference equation (1.12). Hence, we
can directly derive the following Lyapunov-type inequality for (1.12) from (2.10) and (2.16).

Theorem 2.4. Let a,b € Z with a < b - 2. Suppose that p > 1 and r(n) > 0. If (1.12) has a solution
u(n) satisfying (1.13), then one has the following inequality:

S (S, @YY (S [ )
= | (S @1 OPY T (28 Y

gm|>1 (2.26)
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Since

. p-1 b- p-1 n (p-1)/2
<Z[r<r>1““"’> + ( s [r(r)]““*”) (Z o1 S o P>>
T=a T=n+1 T=a T=n+1

(2.27)

it follows from Theorem 2.4 that the following corollary holds.

Corollary 2.5. Let a,b € Z with a < b—2. Suppose that p > 1 and r(n) > 0. If (1.12) has a solution
u(n) satisfying (1.13), then one has the following inequality:

n=a T=a T=n+1

b-2 n b-1 (p-1)/2
> [q*<n><z[r<r>]”“-m > [r(r)]““-m> ] >2. (2.28)

Remark 2.6. It is easy to see that Lyapunov-type inequalities (2.26) and (2.28) are better than
(1.11).

3. Lyapunov-Type Inequalities for System (1.16)

In this section, we establish some Lyapunov-type inequalities for system (1.16). Denote

n pi—1
Li(n) = <Z[r,~(r)]“<1r’f>> , i=1,2,...,m, (3.1)
b-1 pi-1
1ni(n) = ( > [r,-(r)]”<1—r’f>> , i=12,...,m (3.2)
T=n+1

Theorem 3.1. Let a,b € Z with a < b—2. Suppose that hypothesis (H3) is satisfied. If system (1.16)
has a solution (uy(n), uz(n), ..., u,(n)) satisfying the boundary value conditions:

u;(a) =u;(b) =0, u;(n)#0, VneZlab], i=1,2,...,m, (3.3)

then one has the following inequality:

m_m aia;/pipj
111 < [gl,(n)m(n) Fn )D - (3.4)

L1 (n) + i (m)”

Proof. By (1.16), (H3), and (3.3), we obtain

b-2

b-1 m
> rim)|Aui(n)P = [fi(n)l_ﬂuk(n + 1)|“k], i=1,2,...,m. (3.5)
n=a k=1

n=a
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It follows from (3.1), (3.3), and the Holder inequality that

i+ )" =

n pi

ZAui(T)
pi—ln

<Z[r 1“Pl>> (@) u() (36)

= gi(n)zri(T”Aui(T)lpir as<n<b-1,i=12,..., m.

Similarly, it follows from (3.2), (3.3), and the Holder inequality that

[ui(n + " = Z Aul(T)
T=n+1
b-1 pi-1 b-1
< < > [ri)]Y “‘P”) 3 r(n)|Aui(T) P (3.7)
T=n+1 T=n+1

b-1
=ni(n) >, ri(D)|Aw(n)l", a<n<b-1,i=12,...,m.

T=n+1

From (3.6) and (3.7), we have

Gi(n) 711( )
= Gi(n) +mi(n) &

lui(n+1)|P" < Zrl(T)|Au1(T)|” a<n<b-1,i=1,2,...,m. (3.8)

Now, it follows from (3.3), (3.5), (3.8), (H3), and the generalized Holder inequality

that
=, ,. Gi(m)ni(n) l
nz:;lfj (m)|ui(n + 1) < r;l mf (n) Zrl(’r)|Au1(T)|p
= MUZ [fl(n)l_ﬂuk(n + 1)|“k]
- (3.9)
< M Z |fl (n>H|uk<n + 1>|“k]
m b . ai/pk
H[Zf n>|uk<n+1>|"k] ,
k=1 Ln=a
where
L Gi(n)ni(n) — 3.10
Z o n)+11(n)f (n)], i,j=12,...,m. (3.10)
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Next, we prove that

b-2
S fimum+)P>0, ik=12,...,m (3.11)
n=a

If (3.11) is not true, then there exists iy, kg € {1,2,...,m} such that

b-2
S i () gy (n + )P0 = 0. (3.12)

From (3.5), (3.12), and the generalized Holder inequality, we have
b-1 b-2 m m [b-2 ak/pr
0.< >riy(m)| Ay ()P0 = 3 fiy (] Tl (n+ 1™ < H[Zflz(nnuk(n + 1>|Pk] =0.
n=a n=a k=1 k=1 Ln=a
(3.13)
It follows from the fact that r;,(n) > 0 that
Auijy(n)=0, a<n<b-1 (3.14)

Combining (3.6) with (3.14), we obtain that u;,(n) = 0 for a < n < b, which contradicts (3.3).
Therefore, (3.11) holds. From (3.9), (3.11), and (H3), we have

Sl aia;/pip;
[TTTMm " =1 (3.15)
i=1 j=1
It follows from (3.10) and (3.15) that (3.4) holds. O

Corollary 3.2. Let a,b € Z with a < b—2. Suppose that hypothesis (H3) is satisfied. If system (1.16)
has a solution (ui(n), ux(n),..., u,(n)) satisfying (3.3), then one has the following inequality:

m m b-2 aiaj/pip;
[111 <Zf ; () [&i)mi(m)] 1/2> >2. (3.16)

i=1 j=1 \n=a
Proof. Since
1/2

Gi(n) +mi(n) > 2[Gi(mmp(n)] 7, i=1,2,...,m, (3.17)

it follows from (3.4) and (H3) that (3.16) holds. O



Discrete Dynamics in Nature and Society 13

Corollary 3.3. Let a,b € Z with a < b—2. Suppose that hypothesis (H3) is satisfied. If system (1.16)
has a solution (ui(n), ux(n), ..., uy,(n)) satisfying (3.3), then one has the following inequality

m /b-1 ailpi=1)/pi /b a;/pj
H<Z [Ti(n)]l/(l—Pi)> H(Zf;(n)> > 294, (3.18)

i=1 \n=a j=1 \n=a

where A = >, a;.

Proof. Since

T=a T=n+1

n b— (p;i=1)/2
[Gi(mmi(m)]"* = <Z ) 3, [n(T)]““"’”)

1 (3.19)
< 1 b_l[ . ]1/(1_Pi) : i=12
S o Tz:;fz(T) , i=1,2,...,m,
it follows from (3.16) and (H3) that (3.18) holds. O

4. Some Applications

In this section, we apply our Lyapunov-type inequalities to obtain lower bounds for the first
eigencurve in the generalized spectra.

Let a,b € Z with a < b — 2. We consider here a quasilinear difference system of the
form:

= A(JAw ()P Auwr () )

D2y (4 1)|2 - | (1 + 1)y (1 + 1),

= hag(n)|uy(n+1)]
= A(JAw () A (m) )

= haog(n)|ui(n+1)|" fua(n + 1)|"‘2_2 s (n+ 1) up(n + 1), 4.1)

= A(|Aun ()P Ay (m))

= Anmmg(n)|ur (n + 1)|" fua(n + 1) - - - |t (n + 1)|“'”_2um(n +1),

where g(n) > 0, A; € R, p; and a; are the same as those in (1.16), and u; satisfies Dirichlet
boundary conditions:

u;(a) =u;(b) =0, u(n)>0, VYneZla+1,b-1],i=1,2,...,m. (4.2)

We define the generalized spectrum S of a nonlinear difference system as the set
of vector (A1, Az,...,4,) € R™ such that the eigenvalue problem (4.1) with (4.2) admits a
nontrivial solution.
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Eigenvalue problem or boundary value problem (4.1) with (4.2) is a generalization of
the following p-Laplacian difference equation

-AQAmnwﬂAmn»=Apmnm4n+nwﬂmn+n, (4.3)

with Dirichlet boundary condition:

u(a) =0=u(b), u(n)>0, VneZla+1,b-1], (44)

where p > 1, A € R, and g(n) > 0. When p = 2, Atkinson [1, Theorems 4.3.1 and 4.3.5]
investigated the existence of eigenvalues for (4.3) with (4.4), see also [23].

Let fi(n) = Ljaig(n) and ri(n) = 1fori =1,2,...,m. Then we can apply Theorem 3.1 to
boundary value problem (4.1) with (4.2) and obtain a lower bound for the first eigencurve in
the generalized spectra.

Theorem 4.1. Let a,b € Z with a < b — 2. Assume that 1 < p; < oo, a; > 0 satisfy >,y (a;/pi) =
1, and that q(n) > O for all n € Z. Then there exists a function h(\y,..., A\yy—1) such that \,, >
h(\y, ..., A1) for every generalized eigenvalue (M, Ay, ..., Ay) of boundary value problem (4.1) with
(4.2), where h(\y, ..., A1) is given by:

h()tll e IA‘m—l)

i /p; ]~ P/ Am)
_ 1 a;/p; m /b2 [(n—a+1)(b—n_1)]ﬁi—1 i/ pi (4.5)
T am [H()t a;) Pi H<Z T b-n-1) q(n)> )

j=1 i=1 \n=a (Tl —a+t 1);7’

Proof. For the eigenvalue (\y,Az,...,Ay), (41) with (4.2) has a nontrivial solution
(u1(n), uz(n), ..., uy(n)). That is system (1.16) with r;(n) = 1 and fi(n) = \aiq(n) has a
solution (u1(n),ux(n), ..., u,(n)) satisfying (3.3), it follows from (3.4) that f;(n) = Ljaiq(n) >
0, forallneZz,i=1,2,...,m, and that

1< T i(n)ni(n) /e
<[ Zél(n)w(n) fi

i=1

m m ai/pi
-1y “7)a]/p]H<Z§ i(n)1i(n) n)> (46)
j=1 '

() + 7:(m) T

m m _ i— ai/pi
STT0e )m/p]H<bZZ [(n—a+ 1_)(b—n -1)]P %_1q(n)> ‘
j=1

i\ (n—a+ 1P s (b-n-1)F

Hence, we have

A, > i ﬁ(i'a')aj/pjlﬂ[ bz_z [(m=a+1)(b-n- 1)]p,~—1 oo a;/pi | P/ @m) )
" am j=1 o izl \n=a(n—a+ 1)’7"_1 +(b-n- 1)Pi—1 .

This completes the proof of Theorem 4.1. O
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When m = 2, boundary value problem (4.1) with (4.2) reduces to the simpler form:

-A (|Au1 (n)|P1—2Au1(n)) = hiarg(n)|uy (n + 1) 2ug(n + 1) 2wy (n + 1),

(4.8)
“A (|Auz(n)|r'2*2Au2 (n)) = haarq(n) s (n + 1) [tz (n + 1) 2up(n + 1),
with Dirichlet boundary conditions:
u;(a) =u;(b) =0, ui(n) >0, VneZla+1,b-1],i=1,2, (4.9)

where 1 < p1, p2 < oo, a1, a2 > 0 satisfy a1 /p1 + a2 /p2 =1, and g(n) > 0 for all n € Z.
Applying Theorem 4.1 to system (4.8) with (4.9) and system (4.3) with (4.4),
respectively, we have the following two corollaries immediately.

Corollary 4.2. Let a,b € Z with a < b — 2. Assume that 1 < p1, p» < oo, aj, a2 > 0 satisfy
ar/p1+ ax/pr = 1, and that g(n) > 0 for all n € Z. Then there exists a function h(\) such that
Ay > h(\y) for every generalized eigenvalue (A1, X2) of system (4.8) with (4.9), where h(\1) is given
by:

h(A1)
1/&2

<)L10£1 S ([Ky]’“"l/ (xprt +yp1—1)>q(n)> (p,/a2)-1

02 (LY (gt ) g (n)
(4.10)
where X denote (n — a+ 1) and Y denote (b —n —1).

Corollary 4.3. Let a,b € Z with a < b - 2. Assume that p > 1 and g(n) > 0 for all n € Z. Then for
every eigenvalue \ of system (4.3) with (4.4), one has

-1

q(n)] . (4.11)

1 ["-2 [(n-a+1)(b-n-1)]""

A> =
Plim(n-—a+1)P +(b-n-1)"
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