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ABSTRACT

This paper presents a detailed analysis of the complex scalar Klein-Gordon field, beginning
with the action principle. From the action, the conjugate momenta and canonical commutation
relations are derived, leading to a Hamiltonian formulation of the theory. The Heisenberg equations
of motion are then shown to reproduce the Klein-Gordon equation, confirming consistency with
the original dynamics. The Hamiltonian is diagonalised through the introduction of creation and
annihilation operators, revealing that the theory describes two species of particles, each with mass
m. A conserved charge associated with the global U (1) symmetry is expressed in terms of the mode
operators, allowing a direct calculation of the charge of each particle type. The analysis is extended
to the case of two identical complex scalar fields, where Noether’s theorem yields four conserved
charges. Among these, one generalises the original U(1) charge, while the remaining three obey the
commutation relations of the SU(2) Lie algebra. Finally, the framework is generalised to n identical
complex scalar fields, highlighting the emergence of a global SU(n) symmetry.

Keywords: Quantum field theory, Complex scalar field, Klein-Gordon equation, Canonical quantisation, Heisenberg picture,
Creation and annihilation operators, Conserved charge, Noether’ s theorem, SU(2) symmetry, Global symmetry, Isospin, Non-
Abelian, Doublet, Multiplet
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