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Abstract

Calculating the distance of a star from Earth using stellar parallax makes sense only in two cases. In the first
case, this is possible if the object we are observing is stationary in relation to the Sun and in the second case if
the measurements are made simultaneously, but from two different locations. We will consider the case when
the star moves uniformly with respect to the Sun. By measuring the Doppler effect at three different points, we
will be able to determine the speed of light emitted from the star in the direction of the observer, the velocities
at which the star and Sun move regarding the referential coordinate system and finally we will calculate the
distance between the star and the observer.

Keywords: Doppler effect, speed of light, stellar velocity, stellar distance

1. Introduction

Suppose that the sender S and receiver A of the signal move uniformly at velocities u and v, respectively
regarding to the coordinate system (k).
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Figure 1: The sender S and the observer A move uniformly with respect to the coordinate system (K)

Referring to Fig[1] we have that:
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The positive direction is directed from the observer toward the sender.
If ||v]|< ¢ and ||u]|< ¢, then Doppler equation [1] can be written as it follows:
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where
f - the frequency of the emitted light
f’ - the frequency of the observed light
c - the speed of light
From the equation (6) it follows that:
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2. The heliocentric coordinate system as a referential coordinate system

Suppose that the observed star Z is moving with a uniform, rectilinear space motion noted by u regarding the
coordinate system (K) Fig[2]. We will assume that the observed object belongs to the Milky Way Galaxy. Let
us denote by 74 the time when the signal was sent from the point noted by Z; and by t4 the time when the
signal is registered at point noted by A. We assume that 74 and t4 are expressed in the same units of; time.

The unit vector of the direction AZ; is denoted by a. In an analogous way, we will define triples (7g,tp,b) and
(e, tc, €) for pairs of points (B, Z2) and (C, Z3), respectively.



Figure 2: Star Z moves uniformly regarding the sun.
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Coordinate system (K) is heliocentric ecliptic coordinate system. Coordinate axes are determined in accor-
dance with the ICRS standard. Referring to Fig[2] we have that:

3. The coordinate system that is stationary with respect to the

d1 = ||AZ]|
dy = || BZ;||
d3 = ||CZ3||

A = OA = [4,, 4,, A.]
B = OB = [B,, B,, B.]
C =0C = [C,,C,,C:]
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Galactic Center

By definition, the origin of the IC' RS coordinate system is at the barycenter of the Solar System. This means
that in our calculations the velocity, denoted by V, at which the solar system is moving relative to the Galactic
Center has been omitted. In order to include the velocity V in our calculations, we will assume that the origin
of the referential coordinate system, denoted by (K’), is stationary in relation to the Galactic Center. At one
moment, which we can mark as some initial time Tp, the coordinate system (K') is identical to (K), after which
(K') remains fixed in relation to the Galactic Center, while (K) together with the Solar system, continues to
move at velocity V in relation to the to the Galactic Center. We do not yet know the true value of the V, but

we can take any V so that the inequality (20) holds:



V =[Ve,Vy, V2]
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where M is some previously given positive number

Let’s us denote with A’, B’ and C’ the points from the coordinate system (K’) that correspond to the

points A, B and C from the coordinate system (K).

A= (AL AL A=A+ taV
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Let us denote by v/,, v/ and v, the velocities with which the points A’, B’ and C’ move in relation to the

coordinate system (K').
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Let f denotes the frequency of the emitted light at points Z1, Zs and Zs3 respectively. Let fa, fp and fa
denote the frequencies of the observed light at points A’, B and C’ respectively. Let v/, , v and v denote the
velocities of the observed light at points A’, B’ and C’ respectively regarding to the coordinate system (K').

From (9) it follows that:
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We have obtained a linear system of three equations with three unknowns u,, u, and u..
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In order to calculate the three unknowns u,, u, and u., we first need to determine the speed of light c. We

have the following equations:
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We have obtained a linear system of three equations with three unknowns dy, d2 and 7.
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In a similar way for the direction A’C’ we will get the following equations:
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For the direction B'C’ we will get the following equations:
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4. The speed of the light regarding the referential coordinate system
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First we will determine which of the two coordinate systems (K) or (K') is the referential coordinate system.
It follows from equations (49) and (59) that:
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Applying the equations (34),(35) and (36) we can easily calculate the u,, u, and u,. Applying the equations
(49),(51) and (53) we can easily calculate the AB_dy, AB_dy and At,,. We will consider only those cases in
which ¢;, AB_dy, AB_dy and Ar,, are greater than zero.
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We will define €4 in the following way:
e = min{[£(V), [[V]|< M} (87)

If £4p is much smaller compared to Atyy,, then we can determine approximate values for V and ¢, which we
will denote by V; and ¢;. But if this is not the case, then one of the possible reasons why the inequality (87)
is not satisfied is that the observed star does not move uniformly in relation to the Sun. Repeating the same
procedure for each star, we will get two sequences of numbers which we will denote by V and C.

V={V;}, (i=1.n) (88)
C={a}, (i=1.n) (89)

We will determine the arithmetic mean V and the standard deviation o for the sequence of numbers V.




If the standard deviation o is less than some given positive number and ||V|| >> My then we will say that
V is the velocity with which the solar system moves in relation to the Galactic center and the (K”) is referential
coordinate system. If ||V|| << My then we will say that the (K) is referential coordinate system. The M) is
some positive number.

We will determine the arithmetic mean ¢ and the standard deviation ¢ for the sequence of numbers C.
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If the standard deviation o is less than some given positive number, then we can conclude that the speed of
light is constant.

5. Discussion

The author was not able to test this model using real data. But we tested this model by simulating reality
using a computer program. If we assume that the unit with which we measure the speed is equal to [km/sec],
then in order to obtain satisfactory approximate values for ¢ it is necessary that the increment by which we
change the values of the components V., V, and V. is less than 1. Once we have established the value for the
velocity V, then it is obvious that it is no longer necessary to repeat each step, which simplifies the procedure.
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