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Abstract

Waves, with their profound significance in unraveling the intricacies
of the universe, captivate both scientists and philosophers. This scientific
article delves into the mathematical formulations of classical and quantum
wave equations, elucidating the fundamental principles that govern wave
behavior. The exploration begins with the Classical Telegraph Equation,
a second-order partial differential equation derived from Maxwell’s equa-
tions. Subsequently, the article transitions into the Quantum Telegraph
Equation, also known as the dissipative Klein-Gordon equation, offering a
quantum mechanical perspective that incorporates relativistic effects and
dissipation. Detailed analyses of these equations unveil the essential con-
cepts underpinning classical and quantum wave theories, shedding light
on their implications for various scientific disciplines.

1 Classical Telegraph Equation

The Classical Telegraph Equation serves as a cornerstone in understanding
the propagation of electrical signals along transmission lines. Derived from
Maxwell’s equations, this second-order partial differential equation is expressed
as:
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Here, V represents voltage, x is spatial coordinate, t is time, and v is signal
propagation velocity. This equation governs signal behavior on transmission
lines, playing a pivotal role in electrical engineering and telecommunications.
To comprehensively analyze transmission lines, Equation 2 is introduced:
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Where I represents current, ∂2I
∂t2 signifies the second partial derivative indicating

the rate of change of current with respect to time, ∂2I
∂x2 denotes the second

partial derivative representing the curvature of current distribution along the
transmission line, and a and b are constants considering resistance, capacitance,
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inductance, and conductance effects. Equation 3 extends the analysis to voltage
behavior:
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This equation encapsulates voltage behavior, incorporating the effects of resis-
tance, capacitance, inductance, and conductance.

2 Quantum Telegraph Equation (Dissipative Klein-
Gordon Equation)

Venturing into quantum mechanics, the Quantum Telegraph Equation, or dis-
sipative Klein-Gordon equation, describes quantum particle dynamics with rel-
ativistic effects and dissipation:(

∂2

∂t2
− c2∇2 + µ2

)
ψ = 0 (4)

Here, ψ is the quantum wave function, t is time, ∇2 is the Laplacian operator,
c is the speed of light, and µ is the mass of the particle divided by Planck’s con-
stant and the medium’s resistance. The correct form of the equation introduces
the four-component wavefunction ψµ and provides a nuanced understanding of
relativistic, dissipative quantum particle behavior. The equation incorporates
terms representing time and spatial derivatives, a dissipative term related to
particle velocity, and the rest mass energy of the particle. It unveils the intri-
cate interplay between particle-wave duality, relativistic effects, and dissipation,
enriching our comprehension of quantum phenomena.
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