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ABSTRACT

Modern complex systems across diverse scientific and engineering domains require mathematical
frameworks that capture both memory effects and sudden disruptions simultaneously. Classical dif-
ferential equation approaches, while successful for many applications, have limitations when mod-
eling systems that exhibit both hereditary properties and abrupt state changes. This recognition has
motivated the development of mathematical frameworks combining fractional calculus with impul-
sive dynamics, creating powerful tools for modeling the memory dependence and discontinuous
behaviors characteristic of many real-world phenomena.
The ψ−Caputo fractional derivative represents a significant advancement in fractional calculus by
generalizing the classical Caputo operator through the introduction of a kernel function ψ. This
generalization enables application-specific adaptation of memory characteristics, providing flexibil-
ity that has proven valuable across applications from biomedical engineering and epidemiology to
finance and ecological management. The ψ-Caputo framework allows researchers to tailor memory
effects to specific system behaviors, significantly expanding the modeling capabilities of fractional
differential equations.
While substantial progress has been made for orders α ∈ (0, 1], higher-order systems with α ∈ (1, 2]
present additional mathematical challenges that require sophisticated analytical approaches. The de-
velopment of rigorous theory for these systems is particularly important because many physical phe-
nomena naturally require α > 1 to capture both strong memory and acceleration effects. Fractional
diffusion-wave equations and vibrating systems with hereditary properties exemplify applications
that inherently involve momentum effects requiring fractional orders greater than unity for proper
mathematical representation.
This work establishes existence and uniqueness results for impulsive ψ−Caputo fractional differen-
tial equations of order 1 < α ≤ 2 using fixed point theorems. Under appropriate conditions, we
prove that these differential equations possess unique solutions. These theoretical results provide
essential analytical foundations that complement the computational methods required for solving
non-local fractional operators. Our contribution advances the mathematical theory while enabling
enhanced modeling capabilities for systems requiring both complex memory effects and sudden state
changes, with the flexible ψ−Caputo framework supporting application-specific adaptations across
diverse scientific domains.
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