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Abstract 

In this paper, an intrinsic relation was developed for Hyades stars between a function of the right ascensions 
  and declination   with the angular distance   from the vertex. The precision criteria of this relation 
are very satisfactory and a correlation coefficient of value  1 was found which proves that the attributes are 
completely related linearly. 
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1. Introduction 
 
Hyades is an open cluster occupies a unique place in the 
history and literatures of astronomy. It is one of the few 
star clusters to have been recognized by the ancients, and 
shares with the Pleiades and Coma clusters the distinction 
of being sufficiently close to us for the brighter members 
to be individually visible to the naked eye. Hyades cluster, 
with some possible members, a total mass of some 300 - 
400 Solar mass. Since no strict information is gathered for 
the chemical composition of the Hyades cluster, as a result 
of degeneracy in the color-magnitude diagram, then by 
adopting hydrogen abundance [1] to be X = 0.676, it was 
found that, the age to be 670 Myr, while by adopting hy-
drogen abundance to be X = 0.718, the age is 720 Myr. 
Hyades has an extension in the sky of about 20˚. Hyades 
cluster provides a well known example of a moving clus-
ter, that is a group of stars whose parallel motions 
in space yield, on the celestial sphere, directions of proper 
motion that appear to converge to a point called the vertex 
of the motion (or of the cluster). The determination of the 
equatorial coordinates of the vertex, that is, its right ascen-
sion and declination (A, D) is one of the most important 
problem in the kinematical, astrometry and physical stud-
ies of moving clusters [2-6]. In particular, the color 
–magnitude diagram of the Hyades cluster has been of 
prime importance in establishing the Zero Age Main Se-
quence (ZAMS) as well as in calibrating luminosity crite-
ria which permit the determination of the absolute 

magnitudes of the stars from observable features in their 
spectra [7,8]. In fact the determination of the mass func-
tions of open clusters of different ages allows us to infer 
the efficiency with which brown dwarfs are evaporated 
from clusters to populate the field. Very recently [9] com-
pare the mass function of Praesepe cluster and Hyades 
cluster ( nearly of the same age), it was found out that their 
mass functions differs significantly, indicating that the two 
clusters did not have the same initial mass function, or that 
dynamical evolution (e.g. evaporation of low mass mem-
bers) has proceeded differently in the two clusters. Re-
cently, new method for the statistical determination of 
open cluster metallicities was established [10] and applied 
to the Hyades. The importance of the study of cluster met-
allicities helps to understand the local stellar formation 
and evolution throughout the Milky Way. 

The kinematic distance of the Hyades derived from a 
combination of proper motions and spectroscopic radial 
velocities, has been one of the fundamental starting 
points for the calibration of the photometric distance 
scale [3,5,11]. 

In fact, the availability of the final results of the Hip-
parcos mission, provide a radical improvement in as-
trometry data on all stars. In Hipparcos observing pro-
gram, including approximately 240 candidate Hyades 
members, the first detailed study distance, structure, 
membership, dynamics and age of the Hyades cluster, 
using Hipparcos data [8]. Relation between apparent 
magnitude and parallax was developed [12]. 
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Also, on a detailed analysis of the binaries of the 
Hyades, in which the masses of the components are well 
known, it was shown that, there is a very definite rela-
tionship between the mixing-length parameter and the 
stellar mass [1]. 

In the present paper, an intrinsic relation was devel-
oped for Hyades stars between a function of the right 
ascensions   and declination   with the angular 
distance   from the vertex. As a test for the existence 
of such relation for Hyades cluster, we used 133 stars of 
Schwan's table [11]. The precision criteria of the relation 
are very satisfactory and a correlation coefficient of 
value  1 was found which proves that the attributes are 
completely related linearly. 

List of symbols  
Before staring, we see profitable to list the symbols 

appear in the present paper  
 , :   The right ascension and declination 
 ,   : The components of the proper motion ( )  

in the right ascension and declination. 
 , :obs cal   The observed and calculated position an-

gles of the total proper motion ( )  
 , :tV  The radial and tangential velocities. 
 , :M m  The absolute and apparent magnitudes 
p: The parallax. 
V: The velocity of the cluster. 
d: The distance of the cluster 
( , ) :A D  The right ascension and declination of the 

vertex of the cluster. 
:  The angular distance of a star from the vertex of 

the cluster. 
( , , ) :c c cx y z  The heliocentric coordinates of the center 

of the cluster. 
 
2. Basic Formulations 
 
2.1. Best Rational Approximation 
 
In what follows, we shall develop an algorithm for the 
best rational approximation    /P x Q x  to a discrete 
function, f(x), in the least-squares sense. 

Given positive integers pn , qn  and N, arguments ix , 
and function values if ; 1, 2, ,i N  .The problem is to 
determine the coefficients of the polynomials: 

  -12
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p
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nP x a a x a x La x     

  -12
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A direct approach to the problem (1) leads to a system 
of nonlinear equations. Therefore, the problem is refor-

mulated in the following way: 
Let  0P x  and  0Q x  be an approximate solution 

to (1).The problem is then to determine the increments 
 0P x  and  0Q x  such that: 
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where we assume, without loss of generality that, the 
constant term of  0Q x remains unchanged, that is, the 
constant term 0c of  0Q x is zero. By letting 

q ii nd c


  in the second sum, then the problem reduces 
to that of determining the c’s coefficients of the incre-
ments  0P x  and  0Q x , where 

 
-1

0
1

qn
i

i
i

Q x c x


   ,                    (2) 

 0
q

n
k n

k
k nq

P x c x




   ,                 (3) 
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The minimization problem of Equation (1) then be-
comes: 
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Linearizing 0 0

0 0

P P

Q Q
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 

with respect to 0P and 0Q  

we get. 
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Using Equation (6) into Equation (5) gives the ap-
proximation 0F F , where 
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Using Equations (2) and (3) into Equation (10) we get 
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Now the coefficients ic  are determined so that 

0F minimum . This is a typical weighted linear least 
squares [13] with function values *

if , weights *
i  and 

fundamental functions  ig x  and leads to a system of 
linear equations  

Hc R ,                      (14) 

with H symmetric positive semi-definite coefficient 
matrix, where 

*

1

N

ij k ik jk
k

h g g


  ,                 (15) 

* *

1

N

i k ik k
k

r g f
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                     (16) 

And 

 ik i kg g x .                     (17) 

Given a solution 0P and 0Q to the problem 

0 minimumF  , a new approximation is formed using  

1 0 0P P P   ,  

1 0 0Q Q Q   . 

In general, given approximation kP  and kQ  incre-
ments kP  and kQ  are determined as indicated above, 
and the next approximation are:  

1k k kP P P    ,                  (18) 

1k k kQ Q Q                       (19) 

This process is started with some initial approximation, 
usually with  0 0P x   and  0 1Q x   and is stopped 
when there is indication of convergence according to 
certain criteria (Equation (20) or Equation (21)). 
 
2.2. Refinement of the Calculation Procedure 
 
The above approach has two defects: 

1) There is no guarantee for improvement of the ra-
tional fit obtained with successive iterations if the initial 
approximation is not close enough to a true solution. 

2) Zeros may come into the denominator, causing a 
complete breakdown of the procedure. To overcome 
these defects we use Press's approach [14] as follows: 
Let. 
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Then, instead of using the relations (18) and (19) we use  

1k k kP P P    , 1k k kQ Q Q    , 

where the relaxation factor   is chosen so that k+1S  is 
close to a minimum when regarded as a function of   
and 1k kS S  .Choosing   sufficiently small also pre-

vents zeros from entering the denominator. 
 

2.3. Convergence Criteria 
 
Let kT  denote the sum of the absolute values of the 
coefficients of  kP x  and  kQ x  Then, the process is 
stopped if either. 
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3. Relation between H and λ  
 
By using Schwan’s table [11] and the computational algo-
rithm of Sharaf et al. [6], we get for A and D together with 
their probable errors the values 96.533 0.563;A    

6.5735 0.226,D    Then by using the rational model of 
Section 2, we get new relation between  ,   and the 
angular distance to the vertex   as: 

1 2c c H   ,                    (22) 

 2 4

2 4

0.1181833

3.40937 1.12138 0.293914 3.52822

2.72602 0.813121 5.47896

H

 

 

 

 


 

 

(23) 

Where the coefficients and the error analysis of the 
model can be obtained using [13] as: 

1 0.118599 0.00207903c     

2 3.40917 0.0104621c     

The probable error of the fit is 0.00258377e   
The average squared distance between the exact solu-

tion and the least squares solution 0.00025009Q   
The linear correlation coefficient between  ,H   is 

0.998647r   
The graphical representation between the raw and the 

fitted data is given in Figure 1. 
The distribution of the residual errors between the raw 

and the fitted data is shown in Figure 2. 
 
4. Conclusions 
 
In concluding the present paper, a relation was developed 
for Hyades stars between a function of the right ascen-
sions   and declination   with the angular distance 
  from the vertex. The precision criteria of this relation 
are very satisfactory and a correlation coefficient of value 
 1 was found which proves that the attributes are com- 
pletely related linearly. Consequently, we can say that,  
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Figure 1. Graph of the raw and fitted data. 
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Figure 2. The distribution of the residual errors between 
the raw and the fitted data. 
 
this relation, is an intrinsic relation for Hyades cluster, by 
which most of the properties of the cluster could be de-
termine just from the observed data of N (say) cluster 
members. Of these properties are: The velocity of the 
cluster; the radial velocities of the cluster members; the 
parallaxes of the cluster members; the absolute magni- 
tudes of the cluster member; the heliocentric coordinates 
of the cluster center, and the distance of the cluster. In 
addition to these properties, the relation could be used to 
obtain initial values of the vertex coordinates, which then 
be improved iteratively using the procedure of differential 
corrections. Finally, the relation provide new membership 
criterion of Hyades cluster and we call it the angular dis-
tance criterion. 
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