
This article was downloaded by:[Bochkarev, N.]
On: 29 November 2007
Access Details: [subscription number 746126554]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Astronomical & Astrophysical
Transactions
The Journal of the Eurasian Astronomical
Society
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

Apsidal motion of U Oph
S. Tsantilas a; H. Rovithis-Livaniou a
a Department of Physics, Section of Astrophysics, Astronomy and Mechanics,
Athens University, Athens, Greece

Online Publication Date: 01 February 2007
To cite this Article: Tsantilas, S. and Rovithis-Livaniou, H. (2007) 'Apsidal motion of
U Oph', Astronomical & Astrophysical Transactions, 26:1, 121 - 124

To link to this article: DOI: 10.1080/10556790701312616
URL: http://dx.doi.org/10.1080/10556790701312616

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556790701312616
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
13

:1
9 

29
 N

ov
em

be
r 2

00
7 

Astronomical and Astrophysical Transactions
Vol. 26, Nos. 1–3, February–June 2007, 121–124

Apsidal motion of U Oph

S. TSANTILAS and H. ROVITHIS-LIVANIOU*

Section of Astrophysics, Astronomy and Mechanics, Department of Physics,
Athens University, GR-15784 Zografos, Athens, Greece

(Received 26 January 2007)

The O − C diagram of U Oph, based on photoelectric and charge-coupled device data on the times of
minimum light, was analysed. The traditional analysis method was used because of the clear sinusoidal
shape of the O − C diagram (with a constant period). Thus, possible apsidal motion and a light time
effect were considered. Moreover, taking into account the early visual and photographic data it was
found to be consistent with our findings, within the error limits. Our results are in good agreement
with those from previous analyses.
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1. Introduction

The bright eclipsing binary U Ophiuchi (HD 156247, BD + 1◦3408) is a well-studied detached
system, whose variability has been known since 1871, discovered by Gould. It has similar
components of spectral type B5V and an orbital period of 1.6773 days, which is relatively
short for a detached system. Parenago [1] suggested a periodic term with P ′ ≈ 46 years and
explained it as being due to the light time effect. Kamper [2], from a more detailed analysis
of the system, found an apsidal motion and a third body. More recently, the analysis by Wolf
et al. [3] was in agreement with Kamper’s findings. Adding the most recent times of minima,
we made a new analysis, testing the hypothesis of the apsidal motion and the third body.

2. O − C analysis

We collected all times of minima to date and divided them in two sets: early, mostly visual
data (1881–1940); recent, mostly photoelectric data (1940–2004). To trace a possible apsidal
motion, we decided to carry out our investigation using the recent data set only, because of the
large scatter of the other data. Nevertheless, we used all data to compare their agreement with
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Figure 1. The O − C diagram of U Oph based on the recent data set. The full and open symbols represent the
primary and secondary minima, respectively.

the acquired parameters. The O − C residuals were computed from the ephemeris formula [4]

Min I = HJD 2 440 484.6890 + 1.677 345 98E

(where HJD means the heliocentric Julian date), while the respective diagram (of the recent
data set) can be seen in figure 1.

3. Apsidal motion

In a close binary system, the apsidal motion is apparent as a sinusoidal time variation in the
displacement of the secondary eclipse relative to the midprimary. So, in the limit of small
eccentricity e, we have [5]

tII − tI − P

2
= eP

π

(
1 + 1

sin2 i

)
cos(ω0 + ω̇E), (1)

where P represents the orbital period, i the inclination, ω0 the longitude of the periastron at
the epoch E = 0, and ω̇ the periastron advance. We computed the respective values of the
above quantity for the observed times of the secondary minima. The cosine fit to these data
can be seen in figure 2. The acquired function is

0.002 651 (± 0.0002) days × cos[0.001 424 (± 0.000 03) rad × E + 5.741 (± 0.1) rad]. (2)

Figure 2. Time variation in the displacement of the secondary eclipse relative to the midprimary. The solid curve
is the function (2).
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Taking the inclination i = 87.7◦ [6], we calculated the parameters of the apsidal motion as
follows: the eccentricity is e = 0.002 479 and the ratio of the period of apsidal revolution to
the orbital period is U/P = 4413.552.

4. Third body

Given that the amplitude of the apsidal motion effect on the O − C diagram is very small, an
additional physical mechanism is necessary to explain the observed period variation of U Oph.
This mechanism is a possible third body in the system. So, we corrected the O − C value for
the apsidal motion and in the resulting data we made a search for a sinusoidal fit (figure 3).

Figure 3. The O − C residuals of the recent set corrected for the apsidal motion. The solid curve is the sinusoidal
fit (function (3)) due to the light time effect.

Table 1. Acquired parameters.

Apsidal motion Third body

a = 0.002 651 days a′ = 0.0098 days
e = 0.002 479 P ′ = 38.1 years
U/P = 4413.552 f (m) = 0.0036†
U = 20.3 years a′ sin i = 1.74AU†

M3 = 0.72 M�†

†Assuming a coplanar orbit and e′ = 0.2.

Figure 4. The total of O − C residuals. The two curves represent the apsidal motion combined with the presence
of a third body: the bold curve represents the primary minima, and the thin curve the secondary minima.
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The best-fitted function is

0.009 846 (± 0.0002) days × sin[0.000 757 (± 0.000 006) rad × E + 4.41

(± 0.02) rad] − 0.002 69 (± 0.0002) days. (3)

The resulting parameters of the combined mechanisms can be found in table 1 and are
represented in figure 4.

5. Discussion

In the present study the traditional analysis method was used because of the clear sinusoidal
shape of the O − C diagram (with a constant period), which is also obvious in the early data
in spite of their large scattering. It was found that the amplitude of the apsidal motion is about
a quarter of that due to the presence of a third body in the system. Concerning the eccentricity
of the third body, the value of e′ = 0.2 was preferred instead of the typical zero value, because
of the better fit to the data. The resulting parameters of our analysis are in very good agreement
with those found by Kamper [2] and Wolf et al. [3].
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