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Ratio of Deaths to New Cases for Breast Cancer in United States
1975 to 2007
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South Oscillation — El Nino

El Nifio/La Nifia Southern Oscillation
127 years - 1B76-2003
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RR Lyrae 2%

Apparent ¥ magnitude of wariable star FR Lyr
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Kepler transit J&5H 45

Kepler-5b

Time in Days
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Variable Star Classification

Class

Stars
Intrinsic

~ Cataclysmic
Stars

Variable
Stars

Eclipsing
Binaries

Extrinsic

Rotating
Variables

Pulsatiné £

Type

—~="Typel Ci
Cepheids + Type lIF K2
RR Lyrae
RV Tauri
Long-Period ——— Mira
Variables (LPVs) = —

» Supernovas

» Novas

= Recurrent Novas:

= Dwarf Novas

~ SymbioticStans

= RiCoronaelEarealis
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KEREBILNRREELE: Barycenter Correction
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ABEZRBILDEEIZ1E: Barycenter Correction (cont.)

Geocentric Mission Geocentric time
correction Elapsed Time

Barycentric Geocentric Barycentric time
correction time

Binary Barycentric Binary-
demodulation | time demodulated
time

+23 ms at
maximum

+500 s at
maximum

Depends on
binary
parameters

From Mission Elapsed
Time to Terrestrial
Time (TT)

From TT to
Barycentric Dynamical
Time (TDB)



BT — Fourier Transformation

F(.f):f f(x)e 2" dx

WIESIZE 34 Discrete Fourier Transformation' (DB

T) Wik EF5



RE[EEITE DT — Fast Fourier Transformation

© A fast Fourier transform (FFT) is an algorithm tha
he discrete Fourier transform (DFT) of a sequence

Qo




Light Curve: Single period

y =asin(2xfx) +c (a = 2.800000, f = 0.200000, ¢ = 1.200000)
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Fourier Power Spectrum

f(Pmax) =0.199994,p(pmax) =5.000153
T T T T T T
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Fourier Power Spectrum

f(Pmax) =0.199994,p(pmax) =5.000153
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Light Curve: Two periods with small trend
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Fourier Power Spectrum
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Light Curve: Two periods with big trend

y =a sin(2xfy ) +azsin(2xf; ) +c
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Fourier Power Spectrum
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Light Curve: step function
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FFT HIBEREL
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o 1R : Reduce the complexity from O(n?) to:O(nlog :
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Fourier Decomposition Technique




Gibbs Effect in Fourier Transformation

FIGURE 11.6.
The Gibbs effect.
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Lomb’s Paper

LEAST-SQUARES FREQUENCY ANALYSIS OF
UNEQUALLY SPACED DATA

N. R. LOMB
School of Physics, University of Sydney, N.S.W., Australia

(Received 15 May, 1975)

Abstract. The statistical properties of least-squares frequency analysis of unequally spaced data are
examined. It is shown that, in the least-squares spectrum of gaussian noise, the reduction in the sum of
squares at a particular frequency is a x3 variable. The reductions at different frequencies are not
independent, as there is a correlation between the height of the spectrum at any two frequencies, f;
and f;, which is equal to the mean height of the spectrum due to a sinusoidal signal of frequency f;,
at the frequency f. These correlations reduce the distortion in the spectrum of a signal affected by
noise. Some numerical illustrations of the properties of least-squares frequency spectra are also
given.




Scargle's Paper

STUDIES IN ASTRONOMICAL TIME SERIES ANALYSIS. I1.
STATISTICAL ASPECTS OF SPECTRAL ANALYSIS
OF UNEVENLY SPACED DATA

JEFFREY D. SCARGLE
Theoretical and Planetary Studies Branch, Space Science Division, Ames Research Center, NASA
Received 1982 January 11; accepted 1982 April 26

ABSTRACT

Detection of a periodic signal hidden in noise is frequently a goal in astronomical data analysis.
This paper does not introduce a new detection technique, but instead studies the reliability and
efficiency of detection with the most commonly used technique, the periodogram, in the case where
the observation times are unevenly spaced. This choice was made because, of the methods in current
use, it appears to have the simplest statistical behavior. A modification of the classical definition of
the periodogram is necessary in order to retain the simple statistical behavior of the evenly spaced
case. With this modification, periodogram analysis and least-squares fitting of sine waves to the data
are exactly equivalent. Certain difficulties with the use of the periodogram are less important than
commonly believed in the case of detection of strictly periodic signals. In addition, the standard
method for mitigating these difficulties (tapering) can be used just as well if the sampling is uneven.
An analysis of the statistical significance of signal detections is presented, with examples.

Subject heading: numerical methods




Lomb-Scargle Periodogram

80 Define a time delay 7

2.j Sin 2wt;

2.j €os 2wt;

tan 2wt =

® The basic function will be orthogonal

® T he power at frequency w will be:

L l([ZJ-chosw(tj—r)]? 4 [ Xjsin w(tj = .
X Y, cos? w(tj— 1) Y;sin '

1, generate a periodogram for investigatic



The advantages / disadvantages of LS periodogram

dvantages:

o Orthogonal set in each testing frequencies: avoid pe
leakage ‘
o Good for the unevenly spaced data

o Unweightted fitting
o Trend




Fourier Analysis
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EAMERI BRI E Phase Based Methods

® Epoch folding: x? maximazing
© Phase Dispersion Minimization (PDM)
© Analysis of Variance (AoV/ANOVA)
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tHzZF /ML Phase Dispersion Minimization

PERIOD DETERMINATION USING PHASE DISPERSION MINIMIZATION

R. F. STELLINGWERF
Department of Physics and Astronomy, Rutgers University
Received 1978 February 6; accepted 1978 March 22
ABSTRACT

We derive a period determination technique that is well suited to the case of nonsinusoidal time
variation covered by only a few irregularly spaced observations. A detailed statistical analysis

allows comparison with other techniques and indicates the optimum choice of parameters for a
given problem. Application to the double-mode Cepheid BK Cen demonstrates the applicability
of these methods to difficult cases. Using 49 photoelectric points, we obtain the two primary
oscillatory components as well as the principal mode-interaction term; the derived periods are in
agreement with previous estimates.

Subject headings: stars: Cepheids — stars: individual — stars: pulsation




Light Curve: two sinsoidal function




Periodogram
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BEE M Analysis of Variance (AoV, ANOVA)

evolutionary biologist Ronald Fisher.



Light Curve: two sinsoidal function




Periodogram
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Periodogram / Spectrogram

o .Periodogram: Time — frequency
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o B REINZREL: Dynamical Power Spectrum
o HEEYF- S HHT
o WVE DT Wavelet



Dynamical Power Spectrum
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Hilbert-Huang Transformation

Length Of Day Data.
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Comparison of Spectrograms

Comparison among Fourier, Hilbert, and Morlet Wavelet Spectra

Data Fourier

. 400 600 1000 o

Hilbert Wavelet
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6 Data Quality
o Error of the measurement
o Time span
o sampling frequency

o Observation gap

data:
o Data with smaller errors

. o Continuous data: less gaps
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binary system °
period ~ hr-days '{ﬁ

i orbit < ms radialinflow
~sec-weeks
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Phase Diagram

of Astronomical Objects

1

SN2002bj®
<« PTF11agg

PTF10bhp ®
.la Explosions,

L
>

PTF11kml
PTI

N
=

L
)

=
=3
=2
@
o
£
E
3
a
X
I}
[}
o

L]
PBD*MSZQT*D&I 119

L
=)

.
N, .
®P60-M810T-071210 o o e
.

PTF12bho
PTF11bij 8

Classical Novae

Luminous Supernovae
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Some Coding Resources

ython:

numpy.fft

scipy.fftpack
scipy.signal.lombscargle
pynfftls

astroML.time_series.lomb_scargle

: FFTW
: lomb
|: period04
tps://www.univie.ac.at/tops/Period04/
ab: plomb, fft



https://www.univie.ac.at/tops/Period04/

MHBARETE

Fo epler http://kepler.nasa.gov/

° CSS/CRTS http://crts.caltech.edu/
® ASAS http://www.astrouw.edu.pl/asas/



http://kepler.nasa.gov/
http://www.ptf.caltech.edu/
http://crts.caltech.edu/
http://www.astrouw.edu.pl/asas/
http://pan-starrs.ifa.hawaii.edu/public/
http://www.lsst.org/
http://sci.esa.int/gaia/

It's the Golden Era of Astronomy
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