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Abstract: There exists a natural incompatibility between the classical Doppler effect
formula for mechanical waves and the relativistic Doppler formula for electromagnetic (light)
waves. The classical formula is only applicable to scenarios involving low-velocity mechanical
waves, as it does not account for the influence of the wave source's motion on its own wave-
emission mechanism; in contrast, the relativistic Doppler formula is based on the assumption
of spacetime expansion and is applicable solely to the electromagnetic wave system; it fails to
explain the behavior of mechanical waves at both low and high velocities. Both of these major
theoretical frameworks possess inherent limitations and cannot provide a unified description of
mechanical waves versus electromagnetic (light) waves, or of low-velocity versus high-velocity
motion scenarios.

Based on the dynamic perturbation mechanism of the wave source, this paper
distinguishes between two Doppler scenarios — each characterized by a fundamentally
different physical nature: the scenario where the observer is moving and the scenario where
the wave source is moving — and introduces a modulation coefficient K to construct a

universally consistent modified Doppler effect formula. This paper argues that when the
observer is moving, the wave source's emission mechanism remains unperturbed, and the



classical Doppler formula holds strictly; however, when the wave source is moving and the
observer is stationary, the high-velocity inertial stress alters the wave source's intrinsic
vibrational state, introducing an additional modulation deviation, rendering the classical formula
invalid.

This paper proposes two sets of decisive verification criteria: first, a criterion for observing
the lateral frequency shift of high-velocity mechanical waves; and second, a verification

4+

criterion for the average radial positive and negative wavelengths: = o0 .The modified

formula can seamlessly accommodate low-velocity classical experimental data fills the
theoretical gap in the Doppler theory for high-velocity mechanical waves, and is consistent with
existing high-precision experimental data in the context of electromagnetic waves. This study
breaks down the theoretical barriers between the Doppler effects for mechanical waves and
electromagnetic waves, establishing a more universally applicable and unified Doppler theory
framework.

Keywords: Doppler effect; wave source modulation coefficient; universal modification;
mechanical waves; light waves
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