
1112 CHINESE OPTICS LETTERS / Vol. 8, No. 11 / November 10, 2010

Reply to “Comment on ‘Focusing of high polarization order
axially-symmetric polarized beams’ ” [Chin. Opt. Lett. 8,

1110 (2010)]

Zhehai Zhou (周周周哲哲哲海海海)

State Key Laboratory of Precision Measurement Technology and Instruments, Tsinghua University, Beijing 100084, China
∗E-mail: zhouzhehai@tsinghua.org.cn

Received August 19, 2010

This is a reply to the recent comment by Lifeng Li on the paper “Focusing of high polarization order
axially-symmetric polarized beams [Chin. Opt. Lett. 7, 938 (2009)]”. We analyze the errors pointed out
by the comment, further perfect the mathematical expressions, and present a numerical simulation at last.
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Recently, a comment by Lifeng Li on the paper “Fo-
cusing of high polarization order axially-symmetric po-
larized beams [Chin. Opt. Lett. 7, 938 (2009)]” is
claimed, where some mathematical and conceptual er-
rors are pointed out. Indeed, as proposed in the com-
ment, the mathematical expressions given in Eq. (1) in
the Letter “Focusing of high polarization order axially-
symmetric polarized beams” for focused fields miss one
term in the radial component and another in the az-

imuthal component, which will affect the computation
results of the focused field. The sign of the arguments
of the exponential functions is negative. In addition, it
is also wrong to adopt a uniform apodization function
in the numerical simulation because of the polarization
singularity on axis. All these errors should be corrected.

Moreover, a more specific expression can be further
achieved on the basis of Eq. (3) given in the comment,

E (rs, φs, zs) =

 Er

Eφ

Ez


= −i(3P+1) πE0f

λ

α∫
0

l0 (θ)
√

cos θ sin θ exp (ikzs cos θ) (1)

×


cos [(P − 1) φs + φ0] {cos θ [JP (krs sin θ) − JP−2 (krs sin θ)] + JP (krs sin θ) + JP−2 (krs sin θ)}

sin [(P − 1) φs + φ0] {cos θ [JP (krs sin θ) + JP−2 (krs sin θ)] + JP (krs sin θ) − JP−2 (krs sin θ)}

2i cos [(P − 1) φs + φ0] sin θJP−1 (krs sin θ)

dθ,

Fig. 1. Intensity distribution of focused field under the con-
dition that P=4, NA=0.90, and φ0=0. (a) |Eφ|2, (b) |Er|2,
(c) |Ez|2, and (d) total (|Eφ|2 + |Er|2 + |Ez|2).

where P is the polarization order of the incident beam,
l0 (θ) is the apodization function, E0 is the incident field
amplitude, and f is the focal length of the lens. The
specific expression will enable quantitative estimation in
applications such as optical trapping, as well as the rig-
orous analysis of phase and polarization distribution of
focused fields where these details are very important and
should be paid attention to.

Figure 1 numerically shows the field intensity |E|2 at
focus under the condition that P=4, φ0=0, numerical
aperture (NA) is 0.90, and the apodization function

l0 (θ) = exp

[
−β2

(
sin θ

sinα

)2
] (√

2β
sin θ

sinα

)
P , (2)

where α = sin−1(NA/n), n is the refractive index. In the
simulation, we assume β = 1, and all length measure-
ments are in units of wavelength.

It is evident that the total focused field presents a
multi-focal-spot pattern, and the number of spots is
2×(P−1), which may find wide applications in optical
trapping and optical sensing.
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