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A preliminary study on the covariance of the Bernoulli equation for ideal fluids

Xuesheng Li
NO.1 Middle School of Changqing, Jinan, Shandong

[ Abstract] The Bernoulli's equation for ideal fluids is the embodiment of the law of conservation of
mechanical energy for ideal fluids. However, there is no consensus in the mechanics teaching community regarding
the covariance of the Bernoulli equation, which also stands as a "dark cloud" in fluid mechanics. The principle of
relativity is not a physical theory itself, but a requirement for physical theories—any theory that violates the principle
of relativity is erroneous. To address this, the author first derived the Bernoulli equation from the perspective of
vector mechanics using the work-energy theorem and the law of conservation of mechanical energy. Subsequently, it
was proven that all inertial forces are conservative forces. Then, the Bernoulli equation was analyzed from the
standpoint of analytical mechanics. Finally, it was concluded that the Bernoulli equation is invariant under Galilean
transformations, verifying that the law of conservation of mechanical energy is covariant across all reference frames
and thus meets the requirements of the principle of relativity.

[ Keywords] Bernoulli equation; Invariance under Galilean transformation; Kinetic energy theorem; Law of

conservation of mechanical energy; Analytical mechanics
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