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INTRODUCTION  
 

 

In November 2009, another national conference on variable stars, stellar astrophysics in general and on 

extrasolar planets was organised by Variable Star and Exoplanet section of Czech Astronomical Society. The 

conference was held in beautiful and one of the oldest observatory in Czech republic - Stefanik Observatory in 

Prague. Our conferences on variable star research provide unique opportunities for meetings between 

professional and amateur astronomers and have become a crucial platform for exchanging information and 

sharing knowledge. These events help to keep the local astronomical community alive and active. 

This year's conference was held on a weekend from November 27 to November 29. All almost 40 participants 

were able to witness the richness of our field and the joy that research on variable stars brings to our lifes. 

I would like to express gratitude to all authors for their talks and posters and to all participants for their 

contribution to the discussions! 

 

Luboġ Br§t 

- president of Variable Star and Exoplanet 

Section of Czech Astronomical Society 

 

Pec pod SnŊģkou, April 15th 2010 

 

 

 

NOTES 
 

The scientific content of the proceeding contributions has been refereed by the conference proceedings editors, 

not by the OEJV editorial board. 
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Abstract:  We know more than 420 extrasolar planets only 15 years after the discoveries of the first extrasolar 

planet. More than 10 percent of planet-hosts are in binary or multiple stellar systems. We don`t know all of the 

orbital elements for observing extrasolar planets. To calculate the stability of the motion of the extrasolar planet 

in the binary stellar system, we decided to investigate this by implementing the general three-body problem 

where we set the three initial conditions. The first - a planet in a binary system revolves around one of the 

components (parent star). The second - the distance between a starôs components is greater than between the 

parent star and the orbiting planet (ratio of these two distances is a small parameter, less than 0.1). The third - the 

mass of the planet is much smaller than the mass of the star, but isnôt negligible. We can completely solve the 

three body problem for these initial conditions. In this paper, we will devote some attention to the special case of 

a near circular orbit of an extrasolar planet. We applied these calculations to the particular specific extrasolar 

planet HD120136Ab (Ű Boo b). For the orbital elements of the distant star we used three different sets which 

were derived by Hale, Popovic-Pavlovic and Kiyaeva (AMP method).  This report has been updated since its 

presentation at the conference to reflect the new findings. 

Abstrakt:  Iba 15 rokov po objave prvej extrasol§rnej plan®ty ich pozn§me uģ viacej ako 420. V s¼ļasnosti 

z celkov®ho poļtu objavenĨch extrasol§rnych plan®t sa aģ 10 percent nach§dza v dvojhviezdnych alebo 

mnohon§sobnĨch hviezdnych s¼stav§ch. Pre pozorovan® extrasol§rne plan®ty nepozn§me vġetky ich dr§hov® 

elementy. Pre vĨpoļet stability dr§hy extrasol§rnej plan®ty a modelovania hodn¹t chĨbaj¼cich dr§hovĨch 

elementov v dvojhviezdnej s¼stave m¹ģeme pouģiŠ probl®m troch telies s nasleduj¼cimi poļiatoļnĨmi 

podmienkami. Prv§ podmienka ï extrasol§rna plan®ta v dvojhviezdnej s¼stave obieha jeden z hviezdnych 

komponentov (matersk¼ hviezdu). Druh§ podmienka ï vzdialenosŠ medzi hviezdami je omnoho vªļġia ako 

vzdialenosŠ materskej hviezdy a extrasol§rnej plan®ty (pomer tĨchto vzdialenost² je malĨ parameter, menġ² ako 

0,1). Tretia podmienka ï hmotnosŠ extrasol§rnej plan®ty je omnoho menġia ako hmotnosŠ hviezd, ale hmotnosŠ 

extrasol§rnej plan®ty sa vo vĨpoļtoch nezanedb§va. Pri tĨchto troch poļiatoļnĨch podmienkach sa d§ probl®m 

troch telies rieġiŠ ¼plne. V tejto pr§ci sa zaober§me ġpeci§lnym pr²padom a to pohybom extrasol§rnej plan®ty po 

skoro kruhovej dr§he. VĨpoļty sme aplikovali na konkr®tny pr²klad ï extrasol§rnu plan®tu HD120136Ab (Ű Boo 

b), kde pre dr§hov® elementy vzdialenej zloģky sme pouģili tri rozdielne s0rie elementov odvoden® Haleom, 

Popovicom-Pavlovicom a Kiayeovou (met·dou AMP). Tento ļl§nok bol od ļasu prezent§cie aktualizovanĨ a 

boli do neho zahrnut® nov® poznatky. 

 

Introduction  
As of January 2010 we know 429 extrasolar planets which are in 363 planetary systems. But only some 

astronomers realize that more than 10% of all discovered extrasolar planets are members of binary or multiple 

stellar systems. We know a great number of different type systems with unusual features. One uncommon 

system is the binary stellar system HD 41004. Astronomers were observing an extrasolar planet orbiting around 

each of the two stars in this system. Around the component A with a spectral type of K1V and a mass of 0.7 

MSun (mass of the Sun) orbits the extrasolar planet HD41004Ab with a semi-major axis of 1.64 AU and mass of 

2.54 MJup (mass of Jupiter). Around the component B, with the spectral type of M2 and a mass of 0.4 MSun, orbits 

the extrasolar planet HD41004Bb with a semi-major axis of 0.0177 AU and a mass of 18.4 MJup. The next 

interesting item is a system of multiple extrasolar planets 55 Cnc (HD75732). It is compared with our solar 

system in many papers, but this system is a wide binary stellar system, its semi-major axis is more than 1050 

AU. The A component HD75732A is a star of the spectral type G8V with a mass of 1.03 MSun, and the B 

component HD75732B is a star of the spectral type M4 with a mass of 0.026 MSun. Five extrasolar planets have 

been observed in this system, with semi-major axes from 0.038 to 5.770 AU and masses from 0.034 to 3.835 

MJup. A register of the binary or multiple systems with hosting extrasolar planets is in the Table 1, created in 

January 2010. 

 

 

 

mailto:astrosol@savba.sk
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Star 

Star Star Star 
GJ676 HD143761 (ɟ Crb) HD200905 HD40979 
HD 142 (GJ 9002) HD143761 (ɟ Crb) HD202206 HD41004 
HD 3651 HD16232(30 Ari B) HD202206 HD47627  
HD 3651 HD16760 HD213240 HD75732 (55 Cnc) 
HD 45410 (6 Lyn) HD178911 HD217107 HD75732 (55 Cnc) 
HD110014 (26 Vir) HD186472 (16 Gyg) HD219449 HD81688 
HD114762 HD190360 (GJ 777A) HD219449 HD8799 
HD117176 (70 Vir) HD192263 HD22049 (Ů Eri) HD89744 
HD117176 (70 Vir) HD192263 HD22049 (Ů Eri) HIP 62157 (HW Vir) 
HD121504 HD196885 HD222404 (ɔ Cephei) PRS B1620-26 
HD125612 HD199665 (18 Del) HD28254(HIP20606) SAO72884 
HD137759 HD19994 HD33564 V* QS Vir 

 

Table 1: The binary or multiple stellar systems that host extrasolar planets. 

The three body problem 

For extrasolar planet-hosting stats in binary stellar systems we can use three body problems using the analytical 

theory (Orlov and Solovaya, 1988) with these three initial conditions: The first condition - a planet in the binary 

system revolves around one of the components (parent star). The second condition - the distance between the 

starôs components (secondary star) is greater than between the primary star and the orbiting planet (the ratio of 

these two distances is a small parameter, less than 0.1). The third condition - the mass of the planet is much 

smaller than the mass of the star, but isnôt negligible. The equations of the motions are: 

 

       

           

       

where  

         

and index 1 is for the extrasolar planet`s orbit; index 2 is for the distant star`s orbit and U is the potential energy 

of the system. The motion is analysed in terms of the Jacobian coordinate system and the invariant plane is taken 

as the reference plane. We used the canonical Delaunay elements Lj, Gj, Hj, l j, gj and hj. They can be expressed in 

terms of the Keplerian elements as 

       

        

Where 

       

In the previous expressions the notations have the standard meanings; m0, m2 are the masses of the stars, m1 is 

the mass of the planet, k is the Gaussian constant, aj is the semi-major axis, ej is the eccentricity, I j is the 

inclination of the orbit, Mj is the mean anomaly, ɋj is the ascending node and ɤj the argument of the perigee. 

The eccentricity of the starôs orbit can have any value from zero to one. We used the Hamiltonian equation of the 

system without the short-periodic terms. The short-periodic perturbations in the motion of both components, in 

terms of orbital revolution period, are very small (Solovaya, 1972).  

  .   

Where the coefficients ɔ1, ɔ2, and ɔ3 depend on mass and they can be written as follows: 
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and  

    

For the cosine of the angle between the plane of the extrasolar planetôs orbit and the plane of the distant starôs 

orbit, the following equation is valid: 

    

where c is the constant of the angular momentum. 

 

The near circular orbit  

When we instituted the Hamiltonian [2] into the equations of the motions [1] we got a hyperbolic function in the 

form of a polynomial of the fifth order. This can be separated into two polynomials of the second and third order, 

which have the form: 

       

   

                           

where 

    

For near circular orbits 

    

where Ů is small positive quantity with the condition that the orbit has to be near circular.  

For quali tative investigation of motion it is necessary to know the roots of the equations f2(ɝ)=0 and  f3(ɝ)=0. 

The subscript or superscript 0 denotes initial values of all parameters.  The solution of this system of equations 

has a meaning in the region where f2(ɝ)f3(ɝ)>0. All roots are real and positive, but only two of them, ɝ1 and ɝ2, 

are always less than 1. The meanimg of the variable ɝ, which we wish to find, must be defined by the interval 

ɝ1ÒɝÒɝ2.  

So . 

We will find the values of the three smallest roots using ony the first order of Ů. Then the smallest root of the 

equatin of the second order [3], which we denote as Ŭ1, is 

   

and the two smallest roots of the equation of the third order [4], denoted as Ŭ2 and Ŭ3, are: 

   

   

where 
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The coefficient Q is always less than zero. The coefficient B may be positive or negative depending on the 

mutual inclination of the orbits.  

1. The mutual inclination of the plane of the extrasolar planetôs orbit and the plane of the distant starôs 
orbit is such as B>0. Then Ŭ1<1, Ŭ2<1, Ŭ3>1 a Ŭ1<Ŭ2. Consequently Ŭ2Òɖ

2
ÒŬ1. When Ů ī>0, Ŭ1ī>1 and 

Ŭ2ī>1 then ɖ
2
ī>1. The circular motion is stable with respect to e1 (Cheataev, 1965).  

2. When the mutual inclination of the orbits is such that B<0, the root Ŭ3 is the smallest root and the lower 

limit of ɖ
2
=Ŭ3. When Ůī>0, then ɖ

2
=a<1.  In this case the circular motion is unstable. 

 

 

Calculation of orbital elements of a distant star by the AMP method 

 

The AMP method (Apparent Motion Parameters) was suggested by Russian astronomer A.A. Kiselev as a 

method for the determination of the orbit of the Earthô satellites, using only one observation performed by one 

observe station. This method has been used for calculations of orbits in visual binary stellar systems beginning in 

1980. We need long-term observations from one telescope for which the apparent orbital arc covered by 

observations has been no less than 10Á. An orbit was computed through the AMP technique by Kiselev and 

Kiyaeva (1980). One must know the parameters of apparent relative component motion at the moment To: 

position (ɟ,ɗ), relative velocity ɛ, its position angle ɣ and the radius of curvature ɟc. We must also know the 

trigonometric parallax ́t, the relative radial velocity ȹVr and the masses of the components (MA+MB).   

 

   

   , 

   

   , 

   

    

    

  . 

 

where  

   

  

ə is the dynamic constant of astrocentral motion.  

 

 

The calculation of the value of a semi-major axis 

 

The third Keplerian law is: 

 

          

     

where, PE is a period of the one orbit of the celestial body in years, M0 and M1 are masses of the celestial bodies 

in terms of mass of the Sun, and a1 is the semi-major axis of the orbiting celestial body in AU. We can suggest 

that the third Keplerian law is valid for orbiting stellar bodies, then we could apply this law for the motion of an 

extrasolar planet around a star (parent star) and the orbital motion of stars in a binary stellar system. 

We know the values of the periods of extrasolar planets sufficiently precisely from observations. Moreover, the 

values of the masses of extrasolar planets and their parent stars may be determined with sufficient precision. 

Calculating values of the semi-major axis by the third Keplerian equation [5] has been correct. An analogous 

calculation can be realized for semi-major axis of the distant star. In the calculations we used booth calculating 

values of the semi-major axis through the third Keplerian law.    
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The binary stellar system HD 120136  

 

The star HD120136A (spectral type F7V and mass 1.25 MSun) and the star HD120136B (spectral type M2 

and mass 0.37 MSun) are members of the binary stellar system HD120126 (Ű Boo). An extrasolar planet with a 

mass of 3.9 MJup is orbiting around the A component of this system. We can find two different sets of orbital 

elements for the distant star in the catalogue of Doboco et al. (2009). The first sets of the orbital elements of the 

distant star were calculated by Popovic and Pavlovic (Doboco et al., 2009) and the second set calculated by Hale 

(1994). The third set of the orbital elements of the distant star was calculated by Kiyaeva in this paper. Here is 

table of the orbital elements for the extrasolar planet and distant star from different astronomers (Table 2). 

 

 
HD120136B 

(Hale) 
HD120136B 

(Popovic-Pavlovic) 
HD120136B 
(Kiyaeva) 

HD120136Ab 

Semi-major axis (AU)  from external sources 107.9 47.6 102.75+16.65
ï9.15 0.046 

Semi-major axes (AU) calculated by third 

Keplerian law 186.43 62.61 91.1+8.35
ï7.98 0.047 

eccentricity 0.91 0.419 0.7Ñ0.12 0.018Ñ0.016 

Inclination of the orbit (Á) 50.68 72.3 53.5Ñ9.7 ------- 

Ascending node (Á) 28.4 167.8 173.9Ñ11.6 ------- 

Period days /years 2000y 389.25 y 683.13Ñ91.76 y 3.3135Ñ0.0014 d 

argument of perigee (Á) 99.34 7.6 339.9Ñ6.1 254 

 

Table 2. The orbital elements for the system HD 120136 from different authors. 

 

The value of the eccentricity of the extrasolar planet is 0.018, which is a suitable value for using the calculations 

for near circular orbit. We donôt know either the inclination of the orbit or the ascending node for the extrasolar 

planet. We change these unknown values in 1Á steps from 0Á to 180Á for inclinations, and from 0Á to 360 Á for 

the ascending node in each of these six series of calculations. The values of the semi-major axis of the extrasolar 

planet which we founded into the catalogue, and which was calculated by the third Keplerian law, are nearly the 

same (Table 2). We used the catalogueôs value 0.046 AU in our calculations. We have done six series of 

calculations, in which the orbital elements for the extrasolar planet remained unchanged. Our further depiction of 

the slight change in the value of the semi-major axis hasnôt changed the results of the calculations. For the orbital 

elements in the first series of calculations, we used those which Hale (1994) calculated (Figure 1). In the second 

series of calculations (Figure 2), we used the same orbital elements for the distant star as in the first series of 

calculations, only changing the value of the semi-major axis, the value of which was calculated by third 

Keplerian law. The orbital elements for the distant star calculated by Popovic-Pavlovic were used in the third 

series of calculations (Figure 3). In fourth series calculations (Figure 4), we used the values from the third series, 

only changing the value of the semi-major axis of the distant star, a value which was calculated by the third 

Keplerian law. The orbital elements for the distant star derived by the AMP method were used in the fifth series 

of calculations (Figure 5). In the sixth and last series of calculations (Figure 6), we used all the input values just 

as in the fifth series of calculations, only changing the value of the semi-major axis of the distant star, the value 

of which was calculated by the third Keplerian law. 

 

 

Results of the calculations 
 

A comparison of the results of the first and second series of calculations displayed identical stable regions 

(Figure 1 and 2).  We were able to find the same results, identical stable regions, in comparing these in the third 

and fourth series of calculations (Figure 3 and 4) and in the fifth and sixth (Figure 5 and 6). We can say that for 

this system, changes in the value of the semi-major axis, which are not rapid, have no influence on the shape of 

the orbit or the ascending node of the extrasolar planet. Many observed binary stellar systems with extrasolar 

planet (-s) are wide systems. When we estimated values of the semi-major axis of the distant star, our degree of 

error was large. It would be very useful to investigate the maximum range within which changes in the value of 

the semi-major for a distant star or extrasolar planet do not fundamentally change the shape or range of the stable 

region for the unknown values of inclination of orbit and ascending node of the extrasolar planet for this system. 

To determine more accurately the region of the stability for the unknown values of inclination of orbit and 

ascending node the extrasolar planet, we put three different series of the calculations (first series, third series and 

fifth series) in one figure (Figure 7). The stable regions which were calculated for orbital elements of the distant 

star derived by Popovic-Pavlovic and Kiyaeva have quite large intersections. The stable regions which were 

calculated for orbital elements of the distant star derived by Hale are in a totally different part of the numerical 

axes.  

Astronomers derived orbital elements have often been unable to identify whether the calculated value is of the 

ascending or the descending node. We are competent to change the value of the ascending node at 180Á for this 

reason. We computed a seventh series of calculations of the orbital elements derived by Hale, changing the value 



OPEN EUROPEAN JOURNAL ON VARIABLE STARS  
November 2009 http ://var.astro.cz/oejv   ISSN 1801-5964 

 
9 

of the ascending node at 180Á. The stable regions for these series of computations are shown at Figure 8. We put 

three different calculations of orbital elements, those derided by Popovic-Pavlovic (third series), by Kiyaeva 

(fifth series), and by Hale with an altered value of the ascending node of the distant star (seventh series) in one 

figure. We have shown only borderlines for the stable regions for well-arranged in this figure. There are two 

large intersection regions of the stability on this figure (Figure 9). The first region included values of the 

inclination of the orbit of the extrasolar planet from 34Á to 88Á and values of the ascending node of the extrasolar 

planet form 152Á to 209Á.  The range of the inclination of the extrasolar planet from 92Á to 146Á and the range of 

the ascending node of the extrasolar planet from 332Á to 29Á are the second stable region. 

 

 

Plans for further study:   

We founded two different stable regions of the motion varying unknown orbital elements the inclination of the 

orbit and ascending node of the extrasolar planet. These two possible stable regions represent possible straight 

and inverse motion of the extrasolar planet. Using the theory of the three body problems we can determinate the 

direction of the motion of the extrasolar planet, for which motion stay by the stable.  

We showed that a small error in the determination of the value of the semi-major axis of the distant star didnôt a 

significant affect the resulting range of the stable regions of the unknown values of the inclination of the orbit 

and ascending node of the extrasolar planet for this system. It could be interesting and important to investigate 

the general maximum range of change in the value of the semi-major axis for the components which didnôt 

fundamentally change of the range of the stable region. 
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Figure 1: First series of the calculations: The stable regions for the near circular orbit extrasolar planet of the 

unknown values inclination of the orbit and ascending node the extrasolar planet. The orbital elements the 

distant star derived by Hale (1994). 

ɋ2=99.34ę, ɤ2=28.40ę, i2=50.68ę, e2=0.91, a2=107.90 AU and period is 2000 years. 

X-axis is ascending node for the extrasolar planet (ɋ1) in degree and y-axis is inclination of the orbit extrasolar 

planet (i1) in degree. 

 

 
 

 

Figure 2: Second series of the calculations: The stable regions for the near circular orbit extrasolar planet of the 

unknown values inclination of the orbit and ascending node the extrasolar planet. The orbital elements the 

distant star derived by Hale (1994) and the semi-major axis for distant star was account by third Keplerian law. 

ɋ2=99.34ę, ɤ2=28.40ę, i2=50.68ę, e2=0.91, a2=186.43 AU and period is 2000 years. 

X-axis is ascending node for the extrasolar planet (ɋ1) in degree and y-axis is inclination of the orbit extrasolar 

planet (i1) in degree. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



OPEN EUROPEAN JOURNAL ON VARIABLE STARS  
November 2009 http ://var.astro.cz/oejv   ISSN 1801-5964 

 
11 

Figure 3: Third series of the calculations: The stable regions for the near circular orbit extrasolar planet of the 

unknown values inclination of the orbit and ascending node the extrasolar planet. The orbital elements the 

distant star derived by Popovic-Pavlovic. 

ɋ2=167.8ę, ɤ2=7.6ę, i2=72.3ę, e2=0.419, a2=47.6 AU and period is 289.25 years. 

X-axis is ascending node for the extrasolar planet (ɋ1) in degree and y-axis is inclination of the orbit extrasolar 

planet (i1) in degree. 

 

 
 

 

Figure 4: Fourth series of the calculations: The stable regions for the near circular orbit extrasolar planet of the 

unknown values inclination of the orbit and ascending node the extrasolar planet. The orbital elements the 

distant star derived by Popovic-Pavlovic and the semi-major axis for distant star was account by third Keplerian 

law. 

ɋ2=167.8ę, ɤ2=7.6ę, i2=72.3ę, e2=0.419, a2=62.61 AU and period is 289.25 years. 

X-axis is ascending node for the extrasolar planet (ɋ1) in degree and y-axis is inclination of the orbit extrasolar 

planet (i1) in degree. 
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Figure 5: Fifth series of the calculations: The stable regions for the near circular orbit extrasolar planet of the 

unknown values inclination of the orbit and ascending node the extrasolar planet. The orbital elements the 

distant star derived by Kiyaeva. 

ɋ2=173.9ę, ɤ2=339.9ę, i2=53.5ę, e2=0.7, a2=102.75AU and period is 683.13 years. 

X-axis is ascending node for the extrasolar planet (ɋ1) in degree and y-axis is inclination of the orbit extrasolar 

planet (i1) in degree. 

 

 
 

 

Figure 6: Sixth series of the calculations: The stable regions for the near circular orbit extrasolar planet of the 

unknown values inclination of the orbit and ascending node the extrasolar planet. The orbital elements the 

distant star derived by Kiyaeva and the semi-major axis for distant star was account by third Keplerian law. 

ɋ2=173.9ę, ɤ2=339.9ę, i2=53.5ę, e2=0.7, a2= a2=91.1 AU and period is 683.13 years. 

X-axis is ascending node for the extrasolar planet (ɋ1) in degree and y-axis is inclination of the orbit extrasolar 

planet (i1) in degree. 
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Figure 7: Three different series of the calculations. The borders of the stable regions for the near circular orbit 

extrasolar planet of the unknown values inclination of the orbit and ascending node the extrasolar planet. The 

orbital elements the distant star derived by Hale (first series), Popovic-Pavlovic (third series) and Kiyaeva (fifth 

series). 

X-axis is ascending node for the extrasolar planet (ɋ1) in degree and y-axis is inclination of the orbit extrasolar 

planet (i1) in degree. 

 

 
 

 

Figure 8: Seventh series of the calculations: The stable regions for the near circular orbit extrasolar planet of the 

unknown values inclination of the orbit and ascending node the extrasolar planet. The orbital elements the 

distant star derived by Hale with changing value of the ascending node at 180Á.  

ɋ2=99.34ę, ɤ2=208.40ę, i2=50.68ę, e2=0.91, a2=107.90 AU and period is 2000 years. 

X-axis is ascending node for the extrasolar planet (ɋ1) in degree and y-axis is inclination of the orbit extrasolar 

planet (i1) in degree. 
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Figure 9: Three different series of the calculations. The borders of the stable regions for the near circular orbit 

extrasolar planet of the unknown values inclination of the orbit and ascending node the extrasolar planet. The 

orbital elements the distant star derived by Hale with changing value of the ascending node at 180Á (seventh 

series), Popovic-Pavlovic (third series) and Kiyaeva (fifth series).  

X-axis is ascending node for the extrasolar planet (ɋ1) in degree and y-axis is inclination of the orbit extrasolar 

planet (i1) in degree. 
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Eclipsing binaries - interesting cases with changes within O-C 
diagrams  

L. ĠMELCER 
1
 

(1) Observatory Valaġsk® MeziŚ²ļ², Vset²nsk§ 78, 757 01, Czech Republic, lsmelcer@astrovm.cz 

 

Abstract:   In 2009 the exploration of the O-C gateway [1] was carried out on the server of variable star and 

exoplanet section of the Czech Astronomical Society).  The aim was to look up interesting cases of eclipsing 

binaries on the base of their O-C diagrams.  The described cases indicate that those changes can be caused by the 

following mechanisms: 1) the presence of the third body 2) there is a system of eclipsing binaries with an 

eccentric orbit 3) apsidal motion 4) there is a combination of all those effects mentioned above. 

Abstrakt:   V roce 2009 byla provedena prohl²dka O-C br§ny [1] na serveru sekce promŊnnĨch hvŊzd a 

exoplanet. C²lem bylo vyhledat zaj²mav® pŚ²pady z§krytovĨch dvojhvŊzd na z§kladŊ prŢbŊhu jejich O-C 

diagramŢ. Popisovan® pŚ²pady naznaļuj², ģe tyto zmŊny mohou bĨt zpŢsobeny n§sleduj²c²mi mechanismy: 1) 

pŚ²tomnost tŚet² hvŊzdy 2) jedn§ se o syst®my z§krytovĨch dvojhvŊzd s excentrickou drahou   3) st§ļen² pŚ²mky 

apsid  4) jedn§ se o kombinaci tŊchto efektŢ. 

Objects: FZ Del, CU Tau, GP Vul, V 407 Peg 

 

FZ Del  

(type EA/SD, period 0,7832115 day, amplitude 10,2 ï 11,3 mag).  

This is a frequently observed star.  The last study was published  in 2004 [2]. The system can be considered as 

an early stage of a conservative case of mass transfer. Accurate minima have been  measured  during last 13 

years   and  we find  some indication of  O-C diagram periodicity  with the amplitude  of about 20 minutes. The 

trend of  shortening of  the orbital period of binaries was observed  by 2008. The observations in September 

2009  indicate  sudden extending of the period (primary 14th September 2009 ï JDhel=2455089.31071,  

secondary 23th September 2009 ï JDhel=2455098.31871,  check  measure  -  primary 25th September 2009 ï 

JDhel=2455100.27579). The measure of  A. Pasche  was  looked up in the O-C gateway [1] and his  minimum 

in the O-C diagram  confirms the change in  the trend. 

 

 
 
Figure 1: O-C diagram FZ Del.  The red point is the last primary minimum observed  on 25 September 2009 
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