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A LYAPUNOV-TYPE INEQUALITY FOR A CLASS OF
HIGHER-ORDER FRACTIONAL BOUNDARY VALUE PROBLEMS

SUAYIP TOPRAKSEVEN

Abstract. This work presents a new Lyapunov-type inequality for a class of higher-order frac-
tional boundary value problem of the fractional Caputo Fabrizio differential equation subject to
fractional integral boundary conditions. The derived result is applied to the fractional Sturm-
Liouville problem in establishing a lower bound for the eigenvalues. We also provide the nec-
essary condition for nonexistence of the non-trivial solution of the fractional boundary value
problem.

Mathematics subject classification (2020): Primary 35A09, 34A40; Secondary 26D 10, 34C10.
Keywords and phrases: Lyapunov inequality, fractional Caputo-Fabrizio derivative, fractional Sturm-

Lioville.

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]

[15]

REFERENCES

T. ABDELJAWAD, Fractional operators with exponential kernels and a Lyapunov type inequality, Adv.
Differ. Equ. 313, 2017, 2017.

M. CAPUTO AND M. FABRIZIO, A New Definition of Fractional Derivative without Singular Kernel,
Progr. Fract. Differ. App. 1, 2 (2015), 1-13.

R. C. BROWN AND D. B. HINTON, Lyapunov inequalities and their applications, In Survey on clas-
sical inequalities 517, p. 1-25, Springer, Dordrecht, 2000.

D. CAKMAK AND A. TIRYAKI, Lyapunov-type inequality for a class of Dirichlet quasilinear systems
involving the (p1,pa,...,pn)-Laplacian, J. Math. Anal. Appl. 369, 1 (2010), 76-81.

R. A. C. FERREIRA, A Lyapunov-type inequality for a fractional boundary value problem, Fract. Calc.
Appl. Anal. 16, 4 (2013), 978-984.

R. A. C. FERREIRA, On a Lyapunov-type inequality and the zeros of a certain Mittag-Leffler function,
J. Math. Anal. Appl. 412, 2 (2014), 1058-1063,

X. HE AND X. H. TANG, Lyapunov-type inequalities for even order differential equations, Commun.
Pure Appl. Anal. 11, 2 (2012), 465-473.

M. JLELI, L. RAGOUB AND B. SAMET, A Lyapunov-type inequality for a fractional differential
equation under a Robin boundary condition, J. Funct. Spaces 2015, 1 (2015), p. 5.

M. JLELI AND B. SAMET, Lyapunov-type inequalities for a fractional differential equation with mixed
boundary conditions, Math. Inequal. Appl. 18, 2 (2015), 443-451.

A. A. KILBAS, H. M. SRIVASTAVA AND J. J. TRUJILLO, Theory and applications of fractional
differential equations, North-Holland Mathematics Studies 204, Elsevier, Amsterdam, 2006.

M. KIRANE AND T. TOREBEK, A Lyapunov-type inequality for a fractional boundary vale problem
with Caputo-Fabrizio derivative, Journal of Mathematical Inequalities 12, 4 (2018), 1005-1012.

A. M. LIAPOUNOFF, Probleme general de la stabilite du mouvement, Ann. Fac. Sci. Univ. Toulouse
2, (1907), 203-407.

J. LOSADA AND J. J. NIETO, Properties of a New Fractional Derivative without Singular Kernel,
Progr. Fract. Differ. App. 1, 2 (2015), 87-92.

D. O’REGAN AND B. SAMET, Lyapunov-type inequalities for a class of fractional differential equa-
tions, J. Inequal. Appl. 2015, 247 (2015), p. 10.

B. G. PACHPATTE, Mathematical inequalities, North-Holland Mathematical Library, Elsevier, Ams-
terdam, 2005.

© ey, , Zagreb

Paper IMI-17-29


http://dx.doi.org/10.7153/jmi-2023-17-29

436

[16]
[17]
[18]
[19]

[20]

[21]
[22]
[23]
[24]

[25]

S. TOPRAKSEVEN

N. PARHI AND S. PANIGRAHI, On Liapunov-Type Inequality for Third-Order Differential Equations,
Journal of Mathematical Analysis and Applications 233, 2 (1999), 445-460.

X. H. TANG AND X. HE, Lower bounds for generalized eigenvalues of the quasilinear systems, J.
Math. Anal. Appl. 385, 1 (2012), 72-85.

A. TIRYAKI, Recent developments of Lyapunov-type inequalities, Adv. Dyn. Syst. Appl. 5, 2 (2010),
231-248.

S. TOPRAKSEVEN, On Lyapunov-type inequalities for boundary value problems of fractional Caputo-
Fabrizio derivative, Turkish J. Math. 44, 4 (2020), 1362-1375.

S. TOPRAKSEVEN, The Existence of Positive Solutions and A Lyapunov Type Inequality for Boundary
Value Problems of the Fractional Caputo-Fabrizio Differential Equations, Sigma J. Eng. and Nat. Sci.
37,4 (2019), 1129-1137.

J. RONG AND C. BAI, Lyapunov-type inequality for a fractional differential equation with fractional
boundary conditions, Adv. Differential Equations 2015, 8 (2015), p. 10.

J. SANCHEZ AND V. VERGARA, Lyapunov-type inequality for a ¢ -Laplacian operator, Nonlinear
Anal. 74, 18 (2011), 7071-7077.

Y. WANG, Lyapunov-type inequalities for certain higher order differential equations with anti-
periodic boundary conditions, Appl. Math. Lett. 25, 12 (2015), 2375-2380.

X. YANG, Y. KiM AND K. Lo, Lyapunov-type inequality for a class of linear differential systems,
Appl. Math. Comput. 219, 4 (2012), 1805-1812.

X. YANG, Y. KiM AND K. Lo, Lyapunov-type inequality for a class of odd-order differential equa-
tions, J. Comput. Appl. Math. 234, 10 (2010), 2962-2969.

Journal of Mathematical Inequalities
www.ele-math.com
jmi@ele-math.com



