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72 Propagation of Optical Fields

Fourier Description of Optical Cavity Modes

Consider a confocal cavity formed by two spherical mir-
rors separated by their common radius of curvature 𝑅. The
paraxial focus of both mirrors is at the center of the cavity,
one focal length 𝑓 = 𝑅/2 from each of the two mirrors.
Stable cavity modes have two resonance conditions:

Transverse
𝑢+(𝐫, 𝑧 = 0) = ±𝑢−(𝐫, 𝑧 = 0), where 𝑢+

and 𝑢− are the forward and backward
propagating waves in the cavity

Longitudinal
𝑛2π accumulated phase in one round-
trip including phase due to propagation,
reflections, and Gouy phase shift

The transverse resonance condition must satisfy
𝑒u�2u�u�

𝑖λ𝑓 ℱ {𝑢+(𝐫, 𝑧 = 0)}∣u�= 𝐫
λu�

= ±𝑢+(𝐫, 𝑧 = 0)

The Gaussian distribution with 𝑏0 = √λ𝑓 obeys this rela-
tionship and has phase fronts that match the curvature of
the spherical mirrors. For any 𝑧, the beam has the form

𝑢(𝐫, 𝑧) = 𝑏0
2

𝑏0
2 + 𝑖λ𝑧

𝑒u�u�u� exp [−π𝑟2

𝑏(𝑧)2 ] exp [ 𝑖π
λ𝑅(𝑧)]

𝑏(𝑧) = 𝑏0

√
√
√
⎷

1 + ⎛⎜
⎝

λ𝑧
𝑏0

2
⎞⎟
⎠

2
𝑅(𝑧) = 𝑧 ⎡

⎢
⎣

1 + ⎛⎜
⎝

𝑏0
2

λ𝑧
⎞⎟
⎠

2
⎤
⎥
⎦

The Rayleigh range, 𝑧0 = 𝑏0
2/λ, denotes the location

where the wavefront has the minimum radius of curvature.
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