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Fig. 1 Schematic of diffraction process of convergent light wave
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Characteristics of Light Field Near Focal Line of
One-Dimensional Nonparaxial Convergent Gaussian Beam

Guo Fuyuan', Li Lianhuang, Zheng Hua
Key Laboratory of Optoelectronic Science and Technology for Medicine of Ministry of Education ,
Fujian Provincial Key Laboratory of Photonic Technology, Institute of Laser & Optoelectronics Technology,

College of Photonic and Electronic Engineering, Fujian Normal University, Fuzhow, Fujian 350007, China

Abstract

Objective The theories of beam propagation characteristics are often expressed by the paraxial approximation, and
the propagation characteristics of nonparaxial beams are often analyzed using numerical calculation. When analyzing
the characteristics of a light field near the focus of a convergent light wave, the characteristics of a light field near
the focus of paraxial convergent beams are usually expressed approximately using the Debye integral formula, and the
characteristics of the light field near the focus of nonparaxial convergent beams are usually calculated using a vector
diffraction integral formula. However, the physical significance of nonparaxial beam propagation is not clear enough.
To clarify the propagation characteristics of a one-dimensional (1D) nonparaxial convergent Gaussian beam (GB), a
new normalized inclination factor of the 1D nonparaxial diffraction integral formula is employed to analyze the light
field near the focus of a 1D nonparaxial convergent GB.

Methods According to the Huygens principle and the law of conservation of radiation energy in traveling wave
field, the normalized inclination factor of the 1D nonparaxial diffraction integral formula was expressed by the square
root of the cosine of the observation side inclination angle. Then, the characteristics of the focal-plane light field and
on-axis point light field of a 1D nonparaxial convergent GB were analyzed using the new diffraction integral formula.
To clarify the rationality of the new diffraction integral formula, the characteristics of the focal-plane light field and
on-axis point light field of the 1D nonparaxial convergent GB were also analyzed using the Debye diffraction integral
formula, and the propagation characteristics of the GB were presented.

Results and Discussions Based on the normalized inclination factor that is expressed by the square root of the
cosine of the observation side inclination angle, the characteristics of the focal-plane light field of the 1D nonparaxial
convergent GB, which conform to the law of conservation of radiation energy in traveling wave field, are described.
Additionally, the characteristics of the on-axis point light intensity and phase of the 1D nonparaxial convergent GB
near the focus are elucidated. When the maximal inclination angle of the 1D nonparaxial convergent GB is much
larger than the far-field divergence angle of GB, the characteristics of the light field near the focal line of the 1D
nonparaxial convergent GB are very close to the propagation characteristics of GB (Figs. 2-4).

As the influence of the observation side inclination angle is ignored by the Debye diffraction integral formula, it
is equivalent to the normalized inclination factor of the Debye diffraction integral formula being equal to one. The
characteristics of the focal-plane light field and on-axis point light intensity near the focal line of the 1D nonparaxial
convergent GB that are computed using the Debye diffraction integral formula differ from the propagation
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characteristics of GB. Moreover, the value of the light intensity of the focal line of the 1D nonparaxial convergent GB
that is computed using the Debye diffraction integral formula is larger than the theoretical value, shown in Figs. 2
and 3.

As an example, when the maximal inclination angle of the 1D nonparaxial convergent GB is 1 rad, the far-field
divergence angle of the GB is 0.4 rad, the value of the light intensity of focal line of the 1D nonparaxial convergent
GB that is computed using the Debye diffraction integral formula is 1.0443 times of the value of the light intensity of
the focal line of the 1D nonparaxial convergent GB that is computed using the new diffraction integral formula.

Conclusions In a two-dimensional plane, the characteristics of a light field near the focus of a 1D convergent GB
are analyzed using a 1D diffraction integral formula. As the normalized inclination factor that is expressed by the
square root of the cosine of the observation side inclination angle is engaged, the characteristics of the focal-plane
light field of the 1D nonparaxial convergent GB that is expressed by a new diffraction integral formula conform to the
law of conservation of radiation energy in traveling wave field, the characteristics of a light field near the focal line of
the 1D nonparaxial convergent GB are reasonable. Then, the propagation characteristics of the GB are extended from
the paraxial field to the nonparaxial field using the reasonable observation side inclination factor. Furthermore, the
rationality of the observation side inclination factor expressed by the square root of the cosine of the observation side
inclination angle is verified.

Key words diffraction; beam propagation; inclination factor; nonparaxial; Gaussian beam; focus
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