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Abstract The transformation of a Gaussian beam by a thin lens is an important component of
the laser principles course, as it enhances students’ understanding of laser optical system de-
sign. However, because the course usually omits the general propagation of arbitrary laser
beams through linear optical systems, students often raise questions when they try to extend
their knowledge. This paper derives, under the second-order moment definition, the waist di-
ameter, waist position, and far-field divergence angle of a general laser beam after passing
through a linear optical system represented by a ray-transfer matrix. In addition, we retrace
the beam-parameter transformation with the g-parameter method, demonstrating the consis-
tency of the two approaches and thereby reinforcing students’ understanding of laser-beam be-
havior. The general beam-parameter transformation theory can be expected to find direct ap-
plication in the design of multi-lens beam-transformation systems.
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