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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 bedutiand one of the oldest observatory in Czech repul8iefanik Observatory in
Prague. Our conferences on variable star research provide unique opportunities for meetings between
professional and amateur astronomers and have become a crucial platfoemcfanging 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 thé&chness of our field and the joy that research on variable stars brings to our lifes.

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

contribution to the discussions!

Lubog Br §t
- president ovariable Star and Exoplanet

Section of Czech Astronomical Society

Pec pod SnhRgkou, 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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A double stellar system HD120136 (tau Boo) with an extrasolar
planet: the modelling of insufficient orbital elements
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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 pifanethosts are in binargr multiple stellar gstems. 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, waecided to investigate this by implementing the general 4hweg problen

where we set the theeinitial conditions. The first a planet ina binary system revolves around one of the
componentsdarentstar). The secondthe distance betweems t ar 6 s ¢ ogreaterthan mhatveeenithe
parentstar and the orbiting plan@ttio of these two distances is a small parameter, less tha Beldhird- the
massofthge |l anet i s much smaller than tWeeanoompletely sofvethehe st a
three body problem for these initial conditiofrsthis pager, we will devote some attention to thgecial casef

a near circular orbit ofin extrasolar planetWe appliedthesecalculationsto the particular specificextrasolar

planet HD120138b ( U Boo b)) . For the orbit althree diferset satsswhiaghf t he
were derived by Hale, Popovitaviovic and Kiyaeva (AMP method)This report has been updated since its
presentation at the conference to reflect the new findings.

Abstrakt: | ba 15 rokov po objave przwé&jmeextyr ad\edcErja <a)lo eptl #a2n
zcel kov®ho pol tu objavenTch e xtr as old§ojhviezdnych geboa n ®t s
mnohong8sobnlTch hviezdnych sw¥%Wstav§gch. Pre pozorovan®
elementy. Pre vpol et stability dr gnoydekavaasal Sodejlt plcad ®@tay !
el ementov v dvojhviezdnej sWstavenamt gd mp Yacpiomigi o lpire

podmienkami Prvg pioaxtireankal 8§ rchwao jphlva retéve anobiehpa jesevh &viezdnych
komponentov (matersk¥% hivedzdupnodDSumgdpiodmverkdami ]
vzdi al enosS meatxdrrsakseojl §hrwiegz oyl am®ty (pomer tlichto vzd
0,1). Tretia pothienkai h mot nosS extrasol 8§rnej plan®ty je omnoho m
extrasol 8rnej plan®ty sa vo vipoltoch nezanedb8va. P i
troch teliesejti@gpiS§ &iplin®l. z Wmmmir &pnged gypkeam extrasol §rn
skoro kruhovej dr8&8he. VIpol tiye xsme sap I§ir knav ll ia n®a uk dHrDKLr;
b), kde pre dr8hov® el ementy wvzdial enej zh®gHwn!l smen, po
PopovicomPavlovicom &Ki ayeovou ( m&@endou| ABIRpk boéakotdu alla szuo vamd z
bol i do neho zahrnut® nov® poznat ky.

Introduction

As of January 2010nve know 429 extrasolar planets which are3i®3planetary systemsBut 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 systerd EM1004. 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 aregjmi axis of 1.64 AU and mass of
2.54M;,p,(mass of Jupiter). Around the component B, with the spectral type of M2 and a masMefPotbits

the extrasolar planet HD41004Bb with a semdjor axis of 0.0177 AU and a mass of 1814,, The next
interestng item is a system of multiple extrasolar plargisCnc (HD75732)lt is compared with our solar
system in many papers, but this system is a wide binary stellar syitesamimajor axis is more than 1050

AU. The A component HD75732A is a star of thmestral type G8V with a mass of 1.08s,, and theB
component HD75732B is a star of the spectral type M4 with a mass of 0.§26-Me extrasolar planets have

been observed in this system, with sendjor axes fron0.038to 5.770 AU and masses fror.034 to 3835

My A register of the binary or multiple systems witbstingextrasolar planets in the Table 1 created in
January 2010
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Star Star Star

GJ676 HD143761 ( |HD200905 HD40979
HD 142 (GJ9002)  HD143 761 ( |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 ( 0 | HD89744
HD117176 (70 Vir)| HD192263 HD22049 ( U|HIP62157 (HW Vir)
HD121504 HD196885 HD222404 ( {PRSB162®6
HD125612 HD199665(18 Del) HD28254(HIP20606) | SAO72884
HD137759 HD19994 HD33564 V* QS Vir

Table 1: The binaryor multiple stellar systenthat host extrasolar planets.
The three body problem
For extrasolar plandtosting stats in binary stellar systems we can use thidyegroblemsusing the analytical

theory (Orlov and Solovaya, 198®jth these three initial condition$:he first condition+ a planet in the binary
system revolves around one of the components (parent star). The second cenbd#ialistance between the

starés components (secondary star) is gr etheradorof t han b
these two distances ssmall parameter, less than 0.1). The third condititimle mass of the planet is much
smaller than the mass ofthea r , but 1 sndét negligible. The equations
y dx _ v y dlz, _ av
Plge 7 ax ' Plae 7 oax
d:_Ti _ ﬂ d:}': _ am
HiTger = 3y, Hi'ar = 3y, ]
y iz _ B0 y dlz, au
Plge 7 8z, Plae 7 gz
where
(g +my Jmy
u, = Mg My ) Uy = Mg +1Ty W‘.
: Mg +1My g +1Hy +1Hz

and index 1 is for the extrasolamapkt’s orbitindex 2 is for the distant star’s orbit adds the potential energy

of the systemThe motion isanalysedn terms ofthe Jacobian coordinate system and the invariant plane is taken
as the reference plane. We useddieonical Delaunay elemerits G;, H;, I;, g; andh;. They can be expresséau
terms ofthe Keplerian elements as

L; = Biyfa;. G = Liyf1—¢f, H;=G; cosl;,
=M, G; =, h; = 10;,
Where
_ Mg My -k [mg +my Jm; i=12
By _k,_:rr.uwr.i’ Bs Jmgmy +mg ’ e

In the previous expressions the notasibiave the standardmeaning,; my, m, are the masses of the starsg,is

the mass of the planek, is the Gaussian constarm, is the semimajor axis,g is the eccentricity); is the

inclination of theorbit, M; is the mean anomaly; is the ascending node ang the argument of the perigee.

The eccentricity of the staré6s orbit can have any val
system without the shepteriodic terms. The sheperiodic perturbations in thmotion of both componentin

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

[ S -SRI
wd md 1e % eR

[(1 34705 —3n%) — 1501 —g*)(1 — n?)cos(2g,7]. [2]

Where he coefficients,, 2,, andasdepend ommass and they can be written as follows:

. g5
=" ¥ =, Yz = k‘.“i.“:EJ

By =
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and

n=41-—¢l.

For the cosine of the anglee t ween t he plane of the extrasolar planet
orbit, the following equation is valid:

_ ct-gi-6i _ .
= "om cos(i;+1,) .

wherec is the constant of the angular momentum.

The near circular orbit

When we instituted the Hamiltonian [2] into tegquations of the motiorj&] we got a hyperbolic function in the
form of a polynomial of the fifth order. This cée separated into two polynomials of the second and third order,
which have the form:

RE)=F 20 +367 00 + E*+ 617 +§(10 +A;)GE . (3]

F@=g -2+ G+

+@E+ 6D + (2 - 6P - 26200 + A £ - 2@ - GRP, (4]

where

Ay = 2—6np°q* — 601 —ng][? —5(1 - q::Is:inJg] .
For near circular orbits

Mg =1-¢,

where U is smal | theconsliiion thatthe omithasmbe heagrculeri t h

For quditative investigation of motion it is necessary to know the roots of the equéffors) andf;( 3 ). =0

The subscript or superscript 0 denotes initial values of all parameters. The solution of this system of equations
has ameaning in the region whefg3)f3(3)>0. All roots are real and positive, but only two of thespanday,

are always | ess than 1.whightwe wisim& dindimosgbe adfinethyhtheinternalr i ab |l e
30303

Sof =1 —&f.
Wewillfi nd the values of the three small est roots wusing
equatin of the second ;drder [3], which we denote as U
_ g
ay =1 +4G:'::G-_-+q'fl &

and the two smallest roots of the equation of the third order [4], der®tedddl, are:

6iq =1+ﬁ5,
s :u+5[(a—1](2&—5§:q+§)(1+§;q]—i@]%,

where

1 2 =q =
A=;+;G:‘+25:qﬂ,
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BZSG_::Qé"'G_:q{I—EG_::J [4']

Q = —4[26F + G;q,— 567 (1 — qf)sin’ gy ],

a=1+4—-+A'-E.

The coefficientQ is always less than zero. The coeffici@imay be positive or negativdependingon the
mutual irclination of the orbits.

1. The mutual inclination of the plane of the extra:
orbit is such aB>0. ThenU<1, U<1, U>1 aU< U Consequentyb0 & U WhenUi > 001 > &nd
Ui > thend® > IThe circlar motion isstablewith respect ta, (Cheataev, 1965).

2. When the mutual inclination of the orbits is such Ba0, the root(; is the smallest root and the lower
limit of = g WhenU 1 >tBend’=a<1. In this case the circular motionuastable.

Calculation of orbital elements of a distant star by theAMP method

The AMP method(Apparent Motion Parametersyas suggested by Russian astronorek. Kiselev as a

met hod for the det er mi nsattlliiepusingmifily ohehobsertan fperforneddbjonet he Ear
observe statiorilhis methodhas beemised for calculationsf orbits in visual binary stellar systernsginning in

1980. We need lonterm observations from one telescojpe which the apparent orbital arc coverbg
observationshasbeenno less tharl 0 An orbit was computed througthe AMP techniquéeby Kiselev and

Kiyaeva (1980) One must knowthe parameters of apparent relative component motion at the mdnent

position {,d), relative velocitye, its position angley andthe radius of curvaturg .. We must also know the
trigonometric parallax,, therelative radial velocityp/, and the masses of the componeMg#Mpg).

AV, =W(B) - W(4) .

R ={sinfcosf.cos@cos B, +sinf},
V ={siny@cosy,cosweosy, sinyl,
r® =x*(pp, / p*)lsin(y - 0],
vi=(u/n,)” +@a7/474)%,
cosf=0p/m)/r,

sinff = +(1 —cos?g)%¥?,

tgy = (AW / 4,740y / m,).

where
k% = 4w My + Mg)

ais the dynamic constant of astrocentral motion.

The calculation of the value of a seramajor axis
The third Keplerian law is:

ai = (M, + M,)FPZ, [5]
where,Peis a period of th@ne orbit of the celestial body in yeakd; andM; are masses of the celestial bodies

in terms of mass of the Sun, aadis the semimajor axis of the orbiting celestial body in AWe can suggest
that the third Keplerian law is valid for orbiting stellbodies, 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 fronvathses. Moreover, the
values of the masses of extrasolar planetsthanl parent stars may be determined with sufficient precision.
Calculating values of the semiajor axis by the third Keplerian equation [5] has been correct. An analogous
calculation an be realized for semmajor axis of the distant star. In the calculationsused booth calculating
values of the semajor axis through the third Keplerian law.
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The binary stellar systemHD 120136

The star HD120136A (spectral type F7V and nh&% Ms,,) and the star HD120136B (spectral type M2

and mass0.374) are members of the binary stellar system H

mass 0f3.9 My, is orbiting around the A component of this system. We can find two differesiogerbital
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 BppovicandPavlovic(Doboco et al., 2009) and the second set calculated by Hale
(1994). Thethird set of the orbital elements of the distant star was calculat&lybgvain this paper. Here is

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

HD120136B HD120136B HD120136B
(Hale) (PopovicPavovic) (Kiyaeva) HD120136Ab
Semimajor axis (AU) from external sourci 107.9 476| 10275™%% 45 0.046
Semimajor axes (AU) calculated by thil
Keplerian law| 186.43 62.61 91.15% ¢ 0.047
eccentricity| 0.91 0.419 0.7N 0.018K
Inclination 50.68 72.3 53.5] @ -
Ascendi n | 28.4 167.8 173.9| -
Period days /year| 2000y 389.25y] 683 . 13N 3. 3135N
argument o 99.34 7.6 339. 9 254

Table 2. The orbital elements fahe 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 dondt k n oode ferihé éxteasolat h e
pl anet . We change these unknown values in 1A steps
the ascending node in each of these six series of calculations. The values of threjggrakis of the extrasolar

plandg which we foundednto the catalogue, and which was calculated by the third Keplerian law, are nearly the
same (Table 2). We wused the cataloguedbés value 0.0
calculations, in which the orbital elements fbe extrasolar planet remainedchanged. Our further depiction of

the slight change in the value ofthesema j or axi s hasnét changed the resu
elements in the first series of calculations, we used those whieh(H294) 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 semjor axis, the value of which was calcuthtby third
Keplerian law.The orbital elements for the distant star calculated by Pofawtovic 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 ie value of the senmajor 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 ldsseries of calculations (Figure 6), we used all the input values just

as in the fifth series of calculations, only changing the value of thersajor axis of the distant star, the value

of which was calculated by the third Keplerian law.

Results of the calculations

A comparisonof 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 saes 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 semjor axis, which are not rapid, have no influence on the shape of

the orbit or the ascending node of thdérasolar planet. Many observed binary stellar systems with extrasolar
planet {s) are wide system8Vhen we estimated values of the sendjor axis of the distant star, our degree of

error was largelt would be very useful to investigate the maximum rawghin which changes in the value of

the semimajor for a distant star or extrasolar planet do not fundamentally change the shape or range of the stable
regionfor the unknown values of inclination of orbit and ascending node of the extrasolar plahet 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) h one figure (Figure 7). The stable regions which were calculated for orbital elements of the distant
star derived by PopoviPavlovic and Kiyaeva have quite large intersections. The stable regions which were
calculated for orbital elements of the distatdr 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

i n
f

46

[t

ascending or the descending node. We are competent to changautlte vad f t he ascendi ng node

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

8
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of the ascen dlhestbleregiors forathese 5e8i€s Af.computations are shown a Figlfie put

three different calculations of orbital elements, those derided by Pepavlovic (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 bown only borderlines for the stable regions for veetnged 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 planeafm 34 A t o 88A and values of the a
planet form 152A to 209A. The range of the inclinati
the ascending node of the extr aswmleregion. pl anet from 332A

Plans for further study:

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

orbit and ascending node of the extrasolar planet. These two possible stable regions represerst@oghible

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 deternmigrabf the value of the serma j or axi s of the di st
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 cointelesting and important to investigate

the general maximum range of change in the value of thememi or axi s for the compon
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 ptaeet of
unknown values inclination of the orbit and ascendindgenthe extrasolar planet. The orbital elements the
distant star derivedybHale (1994).

0.=99.3 4 ¢,7284 0ig=506 8 &=0.91,a,=107.90 AU and period i2000years.

X-axis isascending node for the extrasolar plafgf) in degree and-axis is inclination of the orbit extrasolar
planet(i,) in degree.
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Figure 2: Secondseries of thealculationsThe stable regionfor the near circular orbit extrasolar plawoéthe
unknown values inclination of the orbit and ascendindenthe extrasolar planeThe orbital elementsthe
distant staderived by Hal€1994) and the semiajor axis fordistant star was account by third Keplerian law.
0.=99.3 4 ¢,7284 0ig=50.6 8 &=0.91,a,=18643 AU and period i2000years.

X-axis isascending node for the extrasolar plafgd in degree and-gxis is inclination of the orbit extrasolar
planet(i,) in degree.
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Figure 3: Third seiies of the calculationsfhe stable regionfor the near circular orbit extrasolar plamétthe
unknown values inclination of the orbit and ascendindgenthe extrasolar planethe orbital elementsthe
distant staderived byPopovicPavlovic.

0.,=167.8 er,=7.6 €,7723 ,=0.419,a8,=476 AU andperiod is289.25years.

X-axis isascending node for the extrasolar plafgf) in degree and-axis is inclination of the orbit extrasolar
planet(i,) in degree.
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Figure 4: Fourthseries of the calculation$he stable regionfr the near circular orbit extrasolar plawéthe
unknown values inclination of the orbit ardcending nde the extrasolar planet. The orbital elements the
distant star derived by PopovRavlovic and the seamajor axis for distanstar was account by third Keplerian
law.

=16 7¥,8%.iFg,2 £306419,a,=62.61AU and period is 289.25 years.

X-axis isascending node for the extrasolar plaogl) in degree and-gxis is inclination of the orbit extrasolar
planet(i,) in degree.
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Figure 5: Fifth series of the calculationsthe stable regionfor the near circular orbit extrasolar plamétthe
unknown values inclination of the orbit and ascendingd@dhe extrasolar planet. The orbital elements the
distant star derived by Kiyaeva.

=17 3%,933 9i,=%68 &50¢7,a,=102.75AU and period 88313 years.

X-axis isascending node for the extrasolar plafgf) in degree and-axis is inclination of the orbit extrasolar
planet(i,) in degree.
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Figure 6: Sixth series of the calculation3he stake regionsfor the near circular orbit extrasolar plamdtthe
unknown values inclination of the orbit and ascendingd@dhe extrasolar planet. The orbital elements the
distant star derived by Kiyaewad the semimajor axis for distant star was accobmtthird Keplerian law.

q=17 3%,933 9i,=5 68,650¢7,a,= 2,=91.1 AU and period i$8313 years.

X-axis isascending node for the extrasolar plafgf) in degree and-axis is inclination of the orbit extrasolar
planet(i,) in degree.
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Figure 7: Threedifferent series of the calculationBhe borders of thestable region$or the near circular orbit
extrasolar planedf the unknownvalues inclination of the orbit and ascendingl@ahe extrasolar planet. The
orbital elements the distant star derivedHsle (first series), PopoviBavlovic (third series) andiyaevaf(fifth

series).

X-axis isascending node for the extrasolar plafgf) in degree and-axis is inclination of the orbit extrasolar

planet(i,) in degree.

180 + Hale
160 = A S e elements
120 \. / \ / /
100 / A\ / t‘\ )
; s —
" \ 7 \‘ avlovic
60 I Y | t
a0 \ :,\ / Y { elements
0 [rm— + Kiyaeva
T T T T T T T T 1
elements
0 40 80 120 160 200 240 280 320 360

Figure 8: Seventhseries of the calculation$he stable regionfor the near circular orbit extrasolar plaoéthe

unknown values inclination of the orbit and @shding nde the extrasolar planet. The orbital elements the

distant star derived b a | e

with changing value

of

1.,=99.3 4 €,7208.4 0 ig=h06 8 &=0.91,a,=107.90 AU and period i2000years.
X-axis isascending node for thextrasolar planefq ;) in degree and-pxis is inclination of the orbit extrasolar

planet(i,) in degree.
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Figure 9: Three different series of the calculatioifie borders of thestable region$or the near circular orbit
extrasolamplanetof the unknownvalues inclination of the orbit and ascendingl@ahe extrasolar planet. The

orbital elements the distant star derivedibp | e wi t h changing value of the as
series), Popovi®avlovic (third series) andiyaeva(fifth series).

X-axis isascending node for the extrasolar plafgf) in degree and-axis is inclination of the orbit extrasolar

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

L. QUELCER?

(1) Observatory Valagsk® Mezi $2| 2|smelNes@astlovmck § 78, 757 01

Abstract: In 2009 the exploration of the-O 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 interaestisgo€ eclipsing
binaries on the base of their@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 Bapsidal motion 4) there is a combination of all those effects mentioned above.

Abstrakt: V roce 2009 byl a §f£r obvre$fineyma] preoghvlerdik ase®@ce pr oml
exoplanet. C2lem bylo vyhledat zajathBv®rjgBbhady efBk
di agramT. Popi sovan® pS2pady naznaluj?, ge tyto zmBDn
pS2tomnost tSet? hvhRDzdy 2) jedn§ se o0 syst®my z8krytc
apsid 4kombidn8cset Bchto efektT.

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

FZ Del
(type EA/SD, period 0,7832115 day, amplitude 10j2,3 mag).

This is a frequently observed star. The last study was published ir{ 2J00rhe 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 ofGdiagram periodicity with the amplitude of about 20 minutes. The

trend of shortening of the orbitakpod of binaries was observed by 2008. The observations in September
2009 indicate sudden extending of the period (primary 14th Septemberi20D®el=2455089.31071,
secondary 23th September 2009Dhel=2455098.31871, check measurerimary 25thSeptember 2009
JDhel=2455100.27579). The measure of A. Pasche was looked up irGigateway[1] and his minimum

in the GC diagram confirms the change in the trend.

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