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From harmonics to cycles

• Harmonics

• Periods

• Multiperiodicity

• Cyclicity



Plan

• What is D2 method?

• What is CF method?

• What is FDC method?.



What is D2 method?



Phase-process diagram (folding)



Weights G are larger than zero when phases of two points in pair

are similar, or:

G=0

G=1



Smoother periodograms



How to compute?



Multiperiodic oscillations



Phase dispersion for 

multiperiodic processes



An example

???



Why?





Multichannel

search



Dispersions in separate channels

Total dispersion

Many channels in LSQ format



Phases

must be near by

Resolution

can be

controlled

Total dispersion





Phase weighting and coherence weighting







From photometric channels to N2 or more time dependent pixels.

Distances need to be computed only once!



D2 Summary 

• D2 method can be used for search of periods 
in irregularly spaced data

• It is usable also in context where periodicity 
is only approximate (process is cyclic)

• Method can be easily generalized for 
different geometries

• D2 method allows to classify data curves in 
frequency and coherence terms



What is CF method?





The coefficients themselves are modeled using 

harmonic expansions:



What to do with modulating curves?



Instantaneous values



Simple sinusoid











FK Com



FK Com detail



CF Summary

• CF method allows to analyze and visualize 

nearly periodic processes

• It allows to locate special features in data 

curves (flip-flops, trends etc)

• Method is of exploratory type and must be 

supplemented by other techniques.



What is FDC method?







LIGO h = 10-21

4000 * 10-21 = 0.4 *10-17 m

PROOTONI DIAMEETER 1.67-1.74 * 10-15 m 

JUUKSED 0.17-1.81 * 10-4

PROOTON/LIGO = 400

(Mujal 1000-10000)

AU 0.15 * 1012 * 10-21 = 0.15 * 10-9 m

Proxima Centauri 0.4 1017 * 10-21 = 0.4 * 10-4

Foonikiirguse tee 0.127 * 1027 * 10-21 = 127km

Tallinn-Põltsamaa







Three targets – TSI Composites



Proxies 





Transmission curve for Gaussian filter

Data -> FFT -> Multiple by TC -> FFT-1 =Smoothed data

LF part = smoothed data

HF part = data – smoothed data

To compare different daily data sets we:

A. Cut off parts for which both data exist.

B. Compute Rc=











W = 2000 days, varying offsets

























Cross-prediction and sieving

W<2000

1/O<500

Check for colinearity











FDC Summary
• The correlations between time series depend on 

frequency band involved.

• The models based on smoothed, enveloped etc 

components can be used for prediction, 

interpolation and stitching of different fragments.

• Current state of affairs with TSI measurement and 

composite building is very complicated.

• Probably the best data product which can be given 

to climatologists is nearly primitive model based 

only on small number of components. It will with 

high probability correlate with true TSI at the level 

of Rc=0.85 or so.



Final words

• D2 method - periodicity, multiperiodicity, period 

stability, coherence length.

• CF method - tranients in phase, modulations etc. 

• FDC method – filter and correlate!


