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Phase Shift and Velocity Properties of Gaussian Beams

WANG Shao-min, XU Jin-xin, ZHAO Dao-mu, MAO Hai-dan
(Department of Physics, Zhejiang University, Hangzhou, Zhejiang 310028, China)

Abstract The phase and group velocities of high-order Gaussian beams in vacuum are deduced from the
phase shift, and the relations between the two velocities and the additional phase shift is discussed. It is
confirmed that the beam waist radius is proportional to the square root of wavelength by comparing the group
velocities on three different premises. The phase velocity can be larger than c¢ in vacuum, and the hyperbolic
surface of the beam radius is just the boundary of the superluminality and subluminality. While the group
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velocity is equal to ¢ along the beam axis and smaller than c off the axis on the rational premise.

Key words geometric optics; Gaussian beam; phase shift; phase velocity; group velocity
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Fig.1 The phase velocity versus the propagating distance
for different Gaussian beams
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Fig.2 The phase velocity varying transversely at the plane

of 2=0 for different Gaussian beams
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Fig.3 The group velocity on the axis varying with the
propagating distance for different premises
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Fig.4 The group velocity varying transversely at the plane
of 2=0 for different premises
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Fig.5b Regularities of the phase and group velocities inside
and outside the beam radius
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