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Abstract

Wireless charging technology can break free from the constraints of traditional cables, improving
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device portability and user experience. However, its widespread application is limited due to the
public’s vague understanding of basic scientific principles, as well as existing issues concerning ef-
ficiency and safety. This paper aims to systematically explain how electromagnetic field theory
serves as the cornerstone of wireless charging technology. It analyzes core principles including
Maxwell’s equations, electromagnetic induction and electromagnetic resonance, and interprets the
implementation mechanism and key influencing factors of wireless energy transmission. The study
finds that the tightly coupled mode based on electromagnetic induction is suitable for short-distance
and high-efficiency charging scenarios, while the loosely coupled mode adopting magnetic coupling
resonance can achieve more flexible mid-range energy transmission. Its transmission efficiency and
stability largely depend on parameters such as coil design, frequency matching and electromagnetic
shielding. The research further points out that electromagnetic field theory can provide a theoreti-
cal framework for system design optimization, transmission efficiency improvement and safety en-
hancement. It also points out the direction for addressing device interoperability and formulating
industry standards. The theoretical interpretation of this study helps deepen the scientific under-
standing of wireless charging technology, promoting its transformation from empirical application
to principle-based design. It is of fundamental significance for promoting the standardized devel-
opment of the technology, enhancing public acceptance, and expanding its innovative applications
in the Internet of Things, electric vehicles and other fields.
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Table 1. Analysis and comparison of different transmission modes
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