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Fig. 2 The oscillation and convergence of normalized
transmittance with the increase of summing items

for a nonlinear phase shift of 3=
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Fig. 4 The convergence of normalized transmittance with
the increase of upper limit of integral for a
nonlinear phase shift of 3x
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Analysis of Z-Scan by Series Expansion

Zang Weiping Tian Jian'guo Liu Zhibo Cao Pijia Zhou Wenyuan
Zhang Chunping Zhang Guangyin
(Photonics Center , College of Physics, Nankai University, Tianjin 300071)
(Received 14 October 2002; revised 13 December 2002)

Abstract: Using series expansion, the Z-scan characteristics of thin optically nonlinear
medium are analyzed. Through discussing series expansion and Fresnel intergral method, It is
verified that Gaussian decomposition method is equivalent to Fresnel integral method for
Z-scan measurements of a thin medium using a Gaussian light beam even for a large nonlinear
phase shift, and clarify some misunderstandings. Meanwhile, the relationship of normalized
transmittance with upper limiter of Fresnel integral is analyzed, the reason for the oscillation
of series summation is given and a criterion for minimum summation number of series needed
to eliminate the oscillation is suggested while using a Gaussian decomposition method. The
situations that are suitable to be applied for Gaussian decomposition method and Fresnel
intergral method are discussed. The conclusion given can be used to choose the appropriate
and high efficient analytic method in experimental and theoretical analysis.

Key words: nonlinear optics; Z-scan; normalized transmittance; Gaussian decomposition;
Fresnel diffraction
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