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Introduction

There are only a few types of variable stars that have such a huge influence on

the evolution of astronomy than the Cepheids. Their period-luminosity rela-

tion has a fundamental role in establishing and calibrating the extragalactic

distance scale. This relation can be deduced using physical laws, but the pre-

cision of the calibration does not achieve the desired limit. The researchers

main aim is the more accurate calibration of this relation, especially taking

into account the chemical composition.

This priority (and the period-radius relation, which is neccessary to calcu-

late the luminosities) pushes into the background all the other relationships

established for Cepheids and the astrophysical conclusions of them. The pe-

riod dependent relations are as follows (not complete): period-light curve

shape, period-amplitude, period-spectral type, period-color index, period-

age, period-surface gravity.

Due to this increased interest in the last few years many papers were

published determining the precise chemical composition of Cepheids. Since

the ’90s there have been available a lot of homogeneous radial velocity mea-

surements.

Analysing these new data the above listed relations can be corrected and

other connections between the parameters can be explored. For example the

investigation of the amplitudes and phases of the light curve and the radial

velocity curve, or the metallicity dependence of the Fourier parameters of the

light curve can explore such relations. In the case of RR Lyraes, another type

of pulsating variables, there exists such a relation, but in case of Cepheids,

maybe due to the not so precise data, not yet.

A lot of new and precise observational data are available and it has the

opportunity to make a detailed analysis on the amplitudes of Cepheids. This

is a simple parameter and it can be determined far distances, too, but in the
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last decades it was pushed unfairly into the background. In my dissertation

I consider the photometric and radial velocity amplitudes and amplitude

related parameters of the Cepheid type pulsating variable stars of our Galaxy.

Applied methods

In the first part of my dissertation I described the catalogue collected by

myself. To determine the photometric and radial velocity amplitudes I

used Fourier decomposition on the original observations of Berdnikov (2008).

Based on the shape and the amplitudes of the light curves I determined the

pulsation modes as well.

In the second part I investigated the behaviour of the photometric and

radial velocity amplitudes, their period dependence and the properties of

various amplitude ratios. I introduced two new parameters that describe

the amplitude decrease towards longer wavelengths. I used the least squares

fitting method.

In the last part I investigated the influence of the chemical composition

on the amplitudes and their ratios, as well as the above introduced two

parameters that describe the wavelength dependence of the amplitudes. Here

I used the least squares fitting method, too. I presented a simple model that

can be used to investigate the influence of the metallicity on the photometric

amplitudes. This model uses model spectral library (Munari et al. (2005)).

Utilizing the metallicity dependent relations I calculated the approximate

[Fe/H] ratio for 51 stars that have no spectroscopic metallicity value.
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Theses

1. Based on the largest and most homogeneous observation database

(Berdnikov 2008) I compiled a catalogue that contains the pulsation

period, the photometric and radial velocity amplitudes, amplitude re-

lated parameters and the spectroscopic [Fe/H] ratio of 369 galactic

classical Cepheids. Additionally information on binarity and the pul-

sational mode is also available. Since the earlier catalogues contain

contradictory values I determined the period and the amplitudes again

based on the original observational data.

2. I fitted new upper envelopes to the period-amplitude plots. In the

course of this I determined the period limit between the short and

long period Cepheids. As it turned out, there is no lower limit, any

amplitude value can occur below the envelope.

3. I investigated the behaviour of the q = AVRAD
/AB amplitude ratio. I

demonstrated that the first overtone pulsators do not have the theoret-

ical Afundamental/Aovertone = 0.7 value, but much higher average ratio

(0.93). The q ratio is suitable for detecting binary systems, because

the radial velocity amplitude can be corrected for the orbital motion,

instead of the photometric ones, which can be corrected only if the tem-

perature and luminosity of the companion is known. I showed that the

ratios of the different photometric amplitudes are different for the short

and long period Cepheids. This discrepancy is wavelength dependent.

4. I introduced two new parameters that describe the amplitude decrease

towards longer wavelengths. These new parameters are also suited to

find undiscovered binary systems, additionally the color (blue or red)

of the companion can be determined, too.

5. Based on four amplitude related criteria I selected 23 stars that are
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possible in a binary system. All four criteria show that V495 Cyg has a

companion, VW Cas, CR Cep and RY Vel passed in three cases. Based

on the m and k parameters, SZ Aql, X Cyg, KQ Sco and DR Vel have

red companion.

6. I showed that the amplitude of the short and long period, as well as

the first overtone Cepheids separately have a weak metallicity depen-

dence. The influence of the [Fe/H] ratio is supported by a simple model,

too, but the effect is different in different bands. Investigating the

difference between the upper envelope and the actual amplitude on

the period-amplitude diagram, this influence was invisible, so the large

scatter of the amplitudes is caused mainly not by the differences of

the chemical compositions. I found a similar relation in the case of

the q = AVRAD
/AB ratio. The higher the [Fe/H] ratio the lower q, so

the higher metal content decreases the radial velocity amplitudes much

stronger than the photometric ones.

7. I revealed clear relation between the metallicity and the period-free

version of the m and k parameters (Δm és Δk). The higher the [Fe/H]

ratio of a Cepheid the faster the decrease of the photometric amplitudes

toward longer wavelengths. Based on the determined relations there

is an opportunity to estimate the [Fe/H] ratio with an accuracy of

≈ 0.15 dex using only photometric observations without spectroscopic

measurements.

8. Utilizing the relations in my dissertation I calculate the approximate

[Fe/H] ratio for 51 stars that have no spectroscopic metallicity value.

With this I increased the number of Cepheids with known metallicity

by a factor of 25%.
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Conclusions

In contrast to other relationships the period-amplitude relation is not linear,

but at a given period there is an upper limit of the pulsation amplitudes.

Below this limit the Cepheids can pulsate with whatever large amplitudes.

The first overtone Cepheids usually have smaller amplitudes than their funda-

mental mode counterparts, despite the pulsation mode cannot be determined

based on the amplitudes, because there are fundamental mode Cepheids with

extremely small amplitudes, too (Buchler et al. 2009). The chemical compo-

sition has an effect on the amplitudes, but this influence is not so important

to make the large scatter under the upper envelope clear. Both the observed

data and the applied simple model show the metallicity dependence of the

photometric amplitudes.

The separating period between the short and long period Cepheids is not

at the value of P = 10.0 days commonly used in the literature, but at 10.47

days. In the future it would be advisable to use this value in case of the

break of the period-luminosity relation (Ngeow & Kanbur 2006) as well as of

other relations.

In some cases the long and short period Cepheids show different be-

haviour. For example such dichotomy can be seen in the case of the am-

plitude ratios of the photometric amplitudes. In certain cases it is better to

separate the two groups.

The wavelength dependence of the photometric amplitudes can be eas-

ily described with the m and k parameters. Moreover they are suited to

filter out binary systems, which is very important by the calibration of the

period-luminosity relation. The ratio of the photometric and radial velocity

amplitudes and the ratio of the photometric amplitudes in different bands

can be used as binary indicators, too.

The [Fe/H] ratio shows clear relation with the q amplitude ratio as well
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as with the Δm and Δk period-free parameters. Not only the iron content

could have an influence on these parameters. The helium amount could be

also important, but it is undeterminable spectroscopically. Thanks to these

relations the [Fe/H] ratio can be estimated with an accuracy of ≈ 0.15 dex

based on only the photometric amplitudes (of course, in the case of q the

radial velocity amplitude is also needed).

6



References

Fundamental publications of the theses

Klagyivik, P. & Szabados, L. 2007, Astronomical Notes, 328, 825

Klagyivik, P. & Szabados, L. 2009, Astronomy & Astrophysics, 504, 959

Klagyivik, P. & Szabados, L. 2010, Journal of Physics: Conf. Ser., 218,

012025

Other related publications

Klagyivik, P. & Szabados, L. 2006, Publ. of Astr. Dept. of Eötvös Univ., 17,

121

References

Berdnikov L. N. 2008, http://www.sai.msu.su/groups/cluster/CEP/PHE

Buchler J. R., Wood P. & Soszyński I. 2009, ApJ, 698, 944
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