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Fig. 1. Typical time series.
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Fig. 2. The approximate entropy of typical time series.
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Fig. 3. Light curve of SDSS J012228.72-001332.0.
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Fig. 5. Approximate entropy distribution of SDSS quasars.
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%1 SDSS ZEIKRUT N
Table 1.  Approximate entropy of SDSS quasars.
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Bt BREAR REAREL AR/ % BB B % REAREL EAEY % BB B % REARE E R % BRI B %

i 6465 39 0.60 365 5.65 1848 28.58 3106 48.04 1077 16.66 30 0.47

r 6547 40 0. 61 438 6.69 1898 28.99 3131 47.82 1003 15.32 37 0.57

g 6439 34 0.53 374 5.81 1794 27.86 3153 48.97 1033 16.04 51 0.79

z 6373 40 0.63 203 3.19 1438 22.56 3223 50.57 1400  21.97 69 1.08

u 6092 27 0.44 190 3.12 1503 24.67 3117 5117 1214 19.93 41 0.67
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Abstract

Variability is one of the most important observational features of quasars, and it is still not clear that the
different quasars show different characteristic variability patterns. The optical variability of quasar is very
complex, and optical variability has the non-linear characteristic of complex system. In this paper, the
approximate entropy method is employed to analyze the complexities of variability in the Sloan digital sky
survey (SDSS) stripe 82 quasars. Firstly, in order to show that the approximate entropy method has the
effective ability to distinguish the different types of time sequences, the approximate entropy of periodic
sequence, noise sequence, chaotic sequence and their mixed sequences are calculated by using the analog signals.
The approximate entropy method proves to be an effective method to identify different types of time sequences.
Then, we present the approximate entropy of optical variability of spectroscopically-confirmed quasars from the
SDSS data release 7 spectroscopic catalog, and their complexities are analyzed. The results show that the
maximum approximate entropy of quasars’ optical variability is only 0.58. The complexity of quasars’ optical
variability is between the complexities of periodic sequence and white noise sequence. For nearly half of the
samples, the complexities of their optical variability are basically consistent with the complexity of chaotic

sequence. Quasars’ optical variability is neither completely periodic nor completely stochastic.

Keywords: quasars, variability, approximate entropy, complexity

PACS: 98.54.-h, 95.80.4p, 05.45.Tp, 05.45.—a DOI: 10.7498 /aps.68.20182071

* Project supported by the National Natural Science Foundation of China (Grant No. 11373008), the Program of the Natural
Science Foundation of Shaanxi Province, China (Grant No. 2016JM1028), and the Scientific Research Program Funded by
Shaanxi Provincial Education Department, China (Grant No. 14JK1157).

1 Corresponding author. E-mail: tj168@163.com

149801-8


http://dx.doi.org/10.7498/aps.68.20182071
mailto:tj168@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

