
  

The Finnish Graduate School in 
Astronomy and Space Physics

Summer School 2007: 

Time Series Analysis

Summary



  

•Different data
•Different ideas
•Different methods
•Different results



  

Everything starts from harmonics



  

But reality is more 
complex



  

Single or multiple 
harmonics



  

Nonharmonic stuff



  

But Jaan told that 
you can get it from a 
time delays!



  

You can 
never find 
them all with 
ISDA 
software!



  

Evolution in Radial Velocity (0.96 R)
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One of millionsOne of millions
of modes, each with of modes, each with 
a different tone!a different tone!

Solar 
Oscillation 

Mode



  

Radial VelocityRadial Velocity
from Michelsonfrom Michelson
Doppler ImagerDoppler Imager

~ 20~ 20oo across across

  



  
MDI on SOHOMDI on SOHO
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Power Spectrum of Global Modes



  

But flip-flop? .... Ooooh...nooo...



  



  

11-year Solar Cycles
familiar butterflies… yet profound



  

Data transformations



  

Transformed data



  

Charles Joseph Minard
March 27, 1781 in Dijon – October 24, 1870 in Bordeaux



  

From where to start?

• Time

• Phase

• Movement

• Frequency



  

Why is there so many peaks in 
spectra?

• Fourier transform is complex transform

• Data set is finite

• We can compute only approximately

• Data set is not equally spaced

• Signal is not harmonic

• The signal can contain more frequencies

• Signal parameters change in time

• Observations are noisy



  

Fourier transform is complex, 
harmonics are real



  



  



  



  



  



  



  



  



  

Jaan asks - where is the mean?



  

Can be computed
using FFT. 
But how?



  



  

Prewhitening
CLEAN algorithm
Iterative deconvolution
Basis pursuit

Lot of names, 
but can be still
misleading



  

More generally speaking
Fit general model for time series:

Some parameters are linear, some not:

Using general linear least-squares fit package reduce task to the
nonlinear optimization problem.



  

Phase-process diagram (folding)



  

Estimation of dispersion through subsampling

Observed and counted sample



  

Two frequencies in one shot



  

Comparison of the Hilbert-Huang Transform 
with others



  



  



  



  



  



  



  



  



  



  



  Glass and gravitational lenses



  



  

  Time series frequency content depends 
on masses of halo objects

10-1 M


10-3 M


10-5 M




  

Microlensing in our Galaxy

► Magnification of the source 

Galactic structure (OGLE, MACHO, EROS)

Galactic Halo (MACHO, EROS)

Exoplanets (MPS, MOA, MicroFun)

MACHO - MAssive Compact Halo Objects

EROS - Expérience pour la Recherche d'Objets Sombres

OGLE - the Optical Gravitational Lens Experiment

MOA - Microlensing Observations in Astrophysics

MPS - Microlensing Planet Search Project

MicroFun - Microlensing Follow Up Network



  

•Stars out

•Search of images

•Averaging of 
ellipticities

•Sorting by distance

•Inversion

Heidi knows how to do that!
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Practical approach to
weak wave patterns



  

Sources

Edward Tufte

http://www.edwardtufte.com/tufte/



  



  

The Teaching Company



  

Group A doing field-work

•Time point series with weights and 
errors in timing.

•Who killed disnosaurs, if not 
lensed light?



  

Group B

• Flip-flop or differential rotation?

• Can we find out from photometry?



  

Nonparametric hunt

for changing frequencies.

Can we beat 

the Doppler effect?

Group C severely punished!

Why?



  

Smoother periodograms

Solution is simple, just use Period*n instead of tmax, 
where n is required number of coherent cycles



  

2007 See you soon!


