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Abstract: It is usually known that the line of apsides of eclipsing binary star systems precesses due to general 

relativistic effects and classical (Newtonian) tidal and rotational deformations of the stars, whose rotation axes are 

assumed normal to the orbital plane. For almost all binaries, the expected theoretical and observed apsidal motion rates 

are in agreement. However, some systems –V541 Cygni, V1143 Cygni, V459 Cassiopeia and AS Camelopardalis – 

have broken this agreement and resisted explanation for a long time. In this study, we are exclusively dealt with V541 

Cygni. We present very tentative theoretical evidence in support of the hypothesis that the retrograde spin-orbit 

coupling of system causes orbital plane precession in the direction opposite to the relativistic apsidal motion when the 

spin angular momentum vector is not aligned with the orbital angular momentum vector, thereby reconciling the 

theoretical and observational results. 
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  1.  Introduction 
 
V541 Cygni is a detached eclipsing binary consisting of a pair of stars with an eccentric orbit ( SRa 826.42 , 

479.0e ), orbital inclination close to π/2 )( 88.89i , orbital period of 34.15p days, masses 

SMmm 24.221  , radius SRR 88.11   and SRR 79.12   for primary and secondary star, respectively [1]. 
 
       It was discovered by Kulikowski [2] and the first photoelectric light curve of V541 Cyg has been 

obtained by Khaliullin [3] who also realized that this binary could be an important test-case for general  

relativity theory (GRT) because the apsidal motion rate expected from GRT is significantly larger than the 

classical (Newtonian) apsidal motion arising from the tidal and rotational distortions of the component stars. 

It is worthwhile to recall that [3] evaluated the apsidal motion rate from his own observations of times of 

minima and from times of minima obtained by reanalysis of the photographic observations of Karpowicz [4]. 

Thus, from the data available at that time,[3] found good agreement between the observed apsidal motion rate 

of V541 Cyg of yr/100deg15.090.0 )(obs ω  and the theoretical  combined  general  relativistic  and  

classical  apsidal  motion  of yr/100deg997.0 )(CLGR ω .  

      However, some results reported by several researchers [1,5,6] which are based on more numerous 

accurate eclipse timings than were available to Khaliullin, show that the observed apsidal motion rate is 

significantly slower than initially estimated by [3]. 
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2. Problematic 
  
When this rate is compared with the expected theoretical rate due to general relativistic and classical effects it 

is found that there is a discrepancy in that the observed rate is significantly slower than expected. Furthermore, 

this discrepancy means that V541 Cyg joins V1143 Cyg, V459 Ca and AS Cam in having an observed apsidal 

advance rate significantly less than that predicted from theory. Since the general relativistic rate is 5 times the 

classical rate in V541 Cyg, suspicion falls directly on the GRT an otherwise well confirmed theory 

observationally and experimentally. It seems that the fate of V541 Cyg is similar to that of DI Her which has 

resisted explanation for 30 years [7,8] but finally its mystery has been clarified by [9]. In this paper, our model 

is partly based on the results of [1] who used the models of [10,11,12] to estimate: the apsidal motion rate due 

to classical effects (tidal and rotational distortions) of yr/100deg023.0147.0 )(CL ω , and the general 

relativistic rate is  yr /100deg018.0740.0 )(GR ω . So the total rate should be  
 
 

                                                                yr 100/ deg03.089.0 )(CLGR ω .                                                             (1) 

The observed rate of                                          

                                                                   yr /100deg10.060.0 )(obs ω ,                                                                (2)                                                          

  
is significantly slower than the theoretical prediction (1) in which the general relativistic term is clearly the 
dominant one.  
 

3. Model 
 
Our model is entirely based on the hypothesis of retrograde spin-orbit coupling that claims that: the retrograde 

spin-orbit coupling of binary systems causes orbital plane precession in direction opposite to the relativistic 

apsidal motion when the spin angular momentum vector S is not aligned with the orbital angular momentum 

vector L. In fact, the concept of spin-orbit coupling precession is not new idea since it is well-known as a 

geodetic precession [13-18], a direct consequence of Einstein's GRT and is exclusively investigated in compact 

stellar objects like, e.g., pulsars, neutron stars, and white dwarfs [19-27]. For example, to study the geodetic 

precession of a given double pulsar (pulsar system consists of two pulsars orbiting the common center of mass) 

we can use the standard formula derived by Barker & O'Connell [18]: 
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where 12 / mmq   and )(/ 212 mmmQ   are the masse ratios; 1m  and 2m  are the masses of pulsars; G  is the 

gravitational constant; c is the light speed in vacuum; and  a , e , p  are the orbital elements: semi major axis, 

eccentricity and period (all given in SI units), respectively. ψ  is in fact the angular velocity of the spin vector 

Ω that precesses around the orbital angular momentum L as long as Ω is not parallel to L, i.e., the 
misalignment angle between Ω and L, is different from zero. Thus, quantitatively and qualitatively, the 
formula (3) describes us, only, the prograde precession of orbital plane due to the spin-orbit coupling but we 
cannot use it for the retrograde precession. Furthermore, the geodetic precession as a gravitational 
phenomenon is not systematically exploited via the ordinary (non-compact) eclipsing binary star systems such 
negligence or omission may be the causal source of the observed anomalous precession of V541 Cyg as we 
will see.  
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Now, we are arrived at our main goal, that is, the generalization of (3) to the retrograde precession of orbital 

plane of the ordinary eclipsing binary star systems. Therefore, to this end, we must transpose and generalize (3) 

from compact binary stellar objects to non-compact ones in which the prograde/retrograde precession, 

normally, occurs in one component of such a binary system. Hence, for the purpose of our model, the 

generalized expression for prograde/retrograde spin-orbit coupling precession rate of orbital plane may be 

simply derived from (3) by introducing the compactness function )(εA  instead of 1/3 and the double-sign ( ) 

which means prograde and/or retrograde precession that characterized the binary system and after substitution, 

we get   
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and the compactness function is defined by                                                                                                                

                                                                       )exp()( εkεA  ,                                                                     (5)  

 

where 17.5k  is a dimensionless constant and RcGMε 2/  is the well-known compactness parameter. 

Noting that for the pulsar’s standard physical parameter values, )(εA should reduce to 1/3 since in general 

1102.126340 ε . This modification is very necessary for our case since, here, we are exclusively dealt with 

the ordinary eclipsing binary star systems which are astrophysically different from stellar compact objects. 

Finally, by taking into account the prograde/retrograde spin-orbit coupling precession rate of orbital plane (4) 

and the combined general relativistic and classical rate of apsidal motion (1), it follows that the effective 

theoretical rate should be 

                                                                                       CLGReff ωω  .                                                                   (6) 

 

Consequently, in the framework of the present model, the expected theoretical apsidal motion rate of binary 

star system V541 Cyg must be recalculated, particularly, when represents a retrograde precession of orbital 

plane, that is  
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Here 1)( εA  since the compactness parameter is of the order 6102.530340 ε  for primary and/or 

secondary star for the reason that V541 Cyg is an ordinary (non-compact) binary system. Thus, as theoretical 

evidence of our hypothesis, let us utilize the above formulae (6,7) to investigate the effective theoretical 

rate, effω , of apsidal advance of V541 Cyg. With this aim, we have according to [1] the orbital and physical 

elements of V541 Cyg which are already mentioned in the introduction; and the following physical constant values: 

the Sun's radius and mass km695508SR ; kg109891.1 30SM ; gravitational constant 
21311 skgm1067384.6 G  and light speed in vacuum 1sm299792458 c . With the knowledge of 

physical dimensions of  , which is an angular velocity, and after converting the value of orbital period, p, in 

seconds and replacing all the physical quantities and constants with their numerical values into the formula 

(7), we get 
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By substituting (1) and (8) into the formula (6), we find the value of the expected effective theoretical rate 

 

                                                                   yr deg/100608950.0eff ω .                                                            (9) 

 

This is in a good agreement with the observed value (2). Also this result shows us the significance of the 

contribution of retrograde spin-orbit coupling precession to the observed apsidal motion of V541 Cyg since in 

terms of percentage we have  %84.46/ obs  ω . 
 

However, the solution to the discrepancy in the observed apsidal motion rate of V541 Cyg raises the 

questions of how the stars’ spin and orbital angular momenta became so misaligned. It seems unlikely that the 

two stars are formed in such a state, although it is not quietly clear at what phase in their relatively short 

lifetime ≈ 250 Myr [1] the misalignment between S and L occurred? 

 

4. Conclusion 
 
In this paper, we have established one model based on the hypothesis of the retrograde spin-orbit coupling, 

which stipulates that: the retrograde spin-orbit coupling of binary systems causes orbital plane precession in 

direction opposite to the relativistic apsidal motion when the spin angular momentum vector S is not aligned 

with the orbital angular momentum vector L , and by applying this model to binary system V541 Cyg, we have 

resolved the discrepancy between the observed apsidal motion rate of V541 Cyg and the expected theoretical 

rate caused by the general relativistic and classical (Newtonian) effects. 
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