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Abstract

It is generally accepted that stellar annual or secular aberration is attributed to
the changes in velocity of the detector. We can say it in a slightly different
way. By means of the all known experiments, stellar aberration is directly or
indirectly detectable and measurable, only if a detector changes its velocity.
Our presumption is that stellar aberration is not caused by the changes in the
velocity of the detector. It exists due to the movement of the detector regard-
ing to an absolute inertial frame. Therefore it is just the question of how to
choose such a frame. In this paper it is proposed a method to detect and
measure instantaneous stellar aberration due to absolute velocity. We can call
it an “absolute” stellar aberration. Combining an “annual” and an “absolute”
we can define a “total” stellar aberration.

Keywords

Annual Stellar Aberration, “Absolute” Stellar Aberration, “Total” Stellar
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1. Introduction

It is commonly assumed that due to the aberration the observed position of a
star is displaced of about 150” toward the direction of the instantaneous velocity
of the observer with respect to an inertial reference frame at rest. But, for an ob-
server located at the barycenter of the solar system, the instantaneous effect of
the relativistic aberration due to the galactic motion of the solar system (220
km/s) is not directly observable because the velocity-induced aberration pattern
is constant [1] [2] [3].

Our hypothesis is in contradiction to the relativistic view on stellar aberration,
because according to this theory an absolute frame does not exist nor a mea-
surement of the absolute aberration is possible.

We will start a discussion by the classical explanation of the annual stellar ab-
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erration.

A star (2) is stationary, and the light travels from the star at velocity ¢ con-
stant speed of light in the stationary frame. A telescope is in motion at velocity v
regarding to the heliocentric-ecliptic coordinate system.

Suppose that AB represents a median line of the telescope at the instant ¢,
and AB’'represents a median line of the telescope at the instant ¢ . In the ref-
erence frame of the telescope AB is identical to A B’ But in the sun’s reference
frame median lines ABand A 'B’are represented by two different positions.

In referring to Figure 1, the following definitions apply

At—a time required for light to traverse the length of the telescope

f—an angle between the earth velocity about the sun and light ray from the
star

Af—an angle at which a telescope should be tilted in the direction of motion
in order for the photons move along the median line of the telescope. Actually

this angle is obtained by the two measurements at six months intervals.

At =1, —t, (1.1)
AG=Z(ABA")= £(B'A'B) (1.2)
0 =Z(SA'B) (1.3)
6-AO=L(A'B'B) (1.4)
BB' = At *v (1.5)
BA'=At*c (1.6)
v¥At  cx At (1.7)

sin(A0) N sin(0—-A0) '
c*sin(A@)=v*sin(@)*cos(A)—v*cos(0)*sin(AF) (1.8)

K*sin(@)
tan(Aﬁ)zc— (1.9
1+X*cos(0)
C

for @ =T1/2, Equation (1.9) is being reduced to the equation

Z

Figure 1. Stellar aberration according to Bradley.
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v

tan(AQ) (1.10)

c

assuming that |A6’| <1 and after neglecting terms higher than the second or-
der with the respect to A6 we have that

3 2X5
tan(x)=x+—+—+--- 1.11
(x)=x+ 547 (1.11)
AG® 2xAQ
Y_ono+2% 4 (1.12)
c 3 15

we can say that an approximate value for the stellar aberration A@ is equal to

AG~T (1.13)
c
Its maximal value is approximately the same for all stars. The accepted value is
20.49552 arc seconds.
The problems related to the stellar aberration that are being treated in this
paper, had been already defined and mentioned in the numerous works for ex-

ample [4].

2. Description and Role of the “Telescope”

In this paper we will use a term “telescope”, although a standard telescope is not
suitable for this experiment. In other to perform this experiment instead of using
a such telescope one have to design and build a new apparatus. Because of that it
will be given its description, but just in few words.

Point S represents a center of the top “plane” while S'represents a center of
the bottom “plane” of the telescope. Photons enter the telescope at the point S
and their direction is perpendicular to the top plane. This means that there is a
some part of the telescope who has a role to point the “telescope” in such direc-
tion that median line SS’ becomes parallel to the starlight.

At the bottom plane of the telescope it should be installed a camera in order to
take an image of the star (2) at the point A.

It will be assumed that a star (Z) is extremely far away, so that a parallax may
be ignored. For now we can assume that extra-galactic stars are being observed
only. Starlight moves in straight line and will remain in the same direction re-
garding to the ecliptic plane. Photons enter in a perpendicular direction to the
top plane of the telescope.

The starlight represents an inertial frame of reference marked by (L) and the
telescope represents a moving frame of reference that is marked by (T). We will
assume that

P, —speed of light cis constant and equal in all inertial frames (L)

P, —there is a one common time for the all frames (L) and the moving frame
(T)

P, —frame (T) is moving uniformly in a straight line regarding the frame (L)

Now we will discuss the three cases that are depicted on the Figure 2.
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(t1) (t1) teo-- ()

() (®) (0)

Figure 2. (a) A frame of the telescope is stationary regarding to the starlight; (b) A frame
of the telescope is moving perpendicular regarding to the starlight; (c) A frame of the
telescope is moving by some arbitrary velocity regarding to the starlight. The effect of the
velocity v on the position of the telescope is not depicted on the last two figures.

-In the first case Figure 2(a), the relative velocity of the telescope v regarding
to the frame of the starlight is equal to the 0. At some instant #, photon hits the
top “plane” at the point S and at some instant ¢ hits the bottom “plane” at the
point S

-In the second case Figure 2(b), under the same circumstances except that
v#0 contrary to our expectations photon does not hit the bottom plane at the
point S but rather at a some point A. Referring to the Figure 2(b) it follows

d=SS' (2.1)
d
At=t —t,=— (2.2)
c
, d
S'A=—-At*y=—=x*y (2.3)
c
R N o
C(T)_A_t_ v-+c¢”  speed of light in the frame (T) (2.4)
S'A d*v y
tan(Af)=—=— =—— 2.5
( ) d cxd c (2:5)
v
AO~—— (v<< c) (2.6)
c

-In the third case Figure 2(c), velocity at which a telescope moves relative to
the starlight is decomposed to the two components. The first component noted
by vis perpendicular to the starlight and the second one noted by u is parallel to
starlight. Referring to the Figure 2(c), it follows

d=3_8S' 2.7)
d+x x d x x
=—S—=———=x=d* (2.8)
c u c u c c—u
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xtd=d+ds——=gx_S

(2.9)
c—u c—u
At=t—t,= (2.10)
c—u
S'A=—-At*y=— *y (2.11)
c—u
. d*,lc—u2+v2
SA=S'A> +d* = (L*vj a2 dellem) (2.12)
c—u c—u
_SA_ 2 2 . .
C(T)_A_t_ (c—u) +Vv° speed of light in the frame (T) (2.13)
tan(A€)=Si= drev _ v (2.14)
d d*(c—u) c—u
AO = d (u<<c,v<<c) (2.15)
c—u

An additional explanation will be given for the third case.

-From the point view of a spectator at the frame (L) a photon hits top plane at
the point § (this point is identical to the fixed point S, at the frame (L)). The
telescope is moving parallel with the starlight by velocity u, therefore a distance
between the point S, and the bottom plane changes. A total distance that photon
travels from the instant ¢, to the instant 7 is equal to (d *c)/ (c—u). Time
that it takes for the photon to travel from the top to the bottom plane of the
telescope is equal to d/(c —u) .

-From the point view of a spectator at the frame (T) photon traveled a dis-
tance equal to the SA. Time is common for the both frames therefore the speed
of the photon in the frame (T) is given by Equation (2.13). An Equation (2.15)
represents modified equation for the stellar aberration.

On the basis of these observations the point $'will be used as a referential ori-
gin for measuring the drift caused by the movement of the frame (T) relative to
the frame (L).

Contrary to the classical experiments when the telescope must be tilted, thus
the detection and measuring of displacement is possible, in this experiment the
“telescope” will be pointed to the star at the beginning and fixed at the same po-
sition until the end of the experiment.

3. Coordinate Systems

We have already defined starlight as a referential inertial frame. In this section
are given the descriptions of the three coordinate systems that will be used in a
further discussion.

Let the S(x",»",z") represents “The Heliocentric-Ecliptic Coordinate Sys-
tem” Figure 3(a). Its origin Sis at the center of the sun and the fundamental
plane S(x",»") coincides with the “ecliptic”, plane of the Earth’s revolution

about the sun. The line of intersection of the ecliptic plane and the earth’s

DOI: 10.4236/jamp.2018.65090

1038 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2018.65090

M. Cojanovi¢

Z//

S(sun) y"
x//

(a)

Z”

Z/
O(Earth) "
y/

' =a"

()

Figure 3. (a) The heliocentric-ecliptic coordinate system; (b)
Geocentric equatorial coordinate system.

equatorial plane defines the x™axis. On the first day of Spring a line joining the
center of the Earth and the center of the sun points in the direction of positive
x-axis. This is called a vernal equinox direction [5].

Let ¢=23.43693*I1/180 denotes Earth’s axial tilt (Figure 3(b)).

Let a O(x'y'z') represents “The Geocentric-Equatorial Coordinate System”
(Figure 3 and Figure 4). Its origin O is at the center of the Earth, the funda-
mental plane is the equator and the positive x-axis points in the vernal equinox
direction. The z"axis points in the direction of the north pole. By the definition
the coordinate system O(x'y'z') is non-rotating with the respect to the stars
[5].

The position of the star is described by two angles called right ascension and
declination (Figure 4). The right ascension a is measured eastward in the plane
of equator from the vernal equinox direction. The declination ¢ is measured
northward from the equator to the line of sight, we would say that is an angle
between the plane of equator and the direction of the starlight [5]. Unlike longi-
tude, right ascension is usually measured in hours, minutes, and seconds with 24

hours being a full circle, but in this experiment it will be assumed that it
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Z(a,0)

e

Figure 4. The geocentric-equatorial coordinate system and the frame
of the “telescope”.

is measured in radians.

Referring to the Figure 4 we have

a=/(x'0S") (3.1)
5=2(8"0Z) (3.2)
7 (plane) =(0z',SS") (3.3)

Now we will define a coordinate system § '(xyz) that is attached to the tele-
scope in the following way (Figure 4).

Let suppose that a telescope is positioned in such way that points Sand S'lie
in the same meridian plane (a plane that passes through the Earth’s axis of rota-
tion) (). The plane (y) is rotating about z"axis but at a fixed sidereal time that
will be marked as s, (~a) this plane is parallel to the photons who are coming
from a distant star. Just to mention that sidereal time has the same value as the
right ascension of any celestial body that is crossing the local meridian at that
same moment. At that same moment the telescope has to be tilted so starlight is
perpendicular to the top plane of the telescope. That means that at that instant
the starlight is perpendicular to the bottom plane as well. Let the point §’
represents origin of the S'(xyz) coordinate system and direction S's
represents positive z-axis. A x-axis is determined by a intersection between the
plane (p) and the bottom plane of the telescope. Positive y-axis is perpendicular
to the plane (y) and eastward directed. Positive x-axis is chosen so as to form a
right-handed coordinate system.

The meridian plane (y) is perpendicular to the earth equatorial plane O(x'y') ,
and y-axis is perpendicular to the plane (), therefore y-axis is parallel to the
earth equatorial plane O(x'y').

Plane (e) represents “ecliptic” plane and a line (n) represents an intersection
between “ecliptic” and S’y plane. The measurements will be taken daily dur-
ing the year at the fixed sidereal time s, when the top plane of the telescope is
perpendicular to the starlight.
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4. Coordinate Transformations

To each of these coordinate systems we are going to join an orthonormal basis.
It means that they are all unit vectors and orthogonal to each other.

The triplet (fz,}z,lgz) represents an orthonormal basis for the coordinate
system S (x", ¥, Z”) (fl,}l,lel) represents the orthonormal basis for the coor-
dinate system O(x',)’,Z’) (f , j,];) represent the orthonormal basis for the
coordinate system S ’(x, V, z) .

Now we will derive a matrix of the transformation B, from the basis
(1:2,}'2,]22) to the basis (21»}1’]21) and a matrix of the transformation A from
the basis (fl,}l,ﬁl) to the basis (f,j’,lg).

Referring to Figure 3 it follows that we have to rotate the coordinate system
S(x"y"z") about the positive xaxis through an angle-g, to transform it to the
coordinate system O(x', Vv, z').

The corresponding transformation matrix Bis equal to
1 0 0 1 0 0
B[x",—p]=| 0 cos(—p) sin(—¢)|=|0 cos(p) —sin(gp)
0 —sin(—¢) cos(—¢)) (0 sin(p) cos(p)
Now we are going to derive a transformation matrix A. As shown in Figure 4,
it follows that

Z(0x',Sx)=a (4.1)
£(02,87)=11/2-6 (4.2)

First we are going to rotate the coordinate system O(xy'z') about the posi-
tive z-axis through an angle a, to a some temporary coordinate system K. The
corresponding transformation matrix 4, isequal to

cos(a) sin(a) 0
A4 [z,a]=| —sin(a) cos(a) O
0 0 1

After that we are going to rotate the coordinate system K about its positive
y-axis through an angle I1/2—5, to the coordinate system K’ The corres-

ponding transformation matrix 4, isequal to

cos(I1/2-6) 0 —sin(I1/2-6)
A4, [»1/2-6]= 0 1 0
sin(I1/2-6) 0 cos(I1/2-5)

cos(5) 0 sin(5)

In that way the coordinate frame O(x'yz') is transformed to the coordinate
frame S'(xyz). The corresponding transformation matrix A is equal to the

product of the matrices 4,, 4,
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a4 4y
A=lay, a, a,|=4,%4 (4.3)
a3 43 dig
sin(5) 0 —cos(5))( cos(a) sin(a) 0
A= 0 1 0 —sin(a) cos(a) 0
cos(5) 0 sin(5) 0 0 1 »
sin(J)cos(ar) sin(8)sin(ar) —cos(S) 4
= —sin (o) cos(a) 0
cos(&)cos(ar) cos(S)sin(ar) sin(5)

N>

’i sin(&)cos(a) sin(d)sin(a) —cos(d) !
jil=| -sin(a) cos(a) 0 J (4.5)
k| \cos()cos(a) cos(8)sin(a) sin(5) )| £,

In a different form we can write that
t @, a, a5 \h
J|=dn an Ay || Ji (4.6)
k

A corresponding matrix of the transformation from the basis (f , j,/é) to the

basis (1:1,}'1,]21) is the matrix A" obtained by exchanging rows and columns of

! ! ’
a, a4 a,  dy 4y
T _ ' ’ ’ _
A =|ay ay ay|=|a, ap ay

’ r ’
a3 4y dsy a3 Gy Ay

the matrix A.

sin(8)cos(a) —sin(a) cos(8)cos(a) (4.7)
=| sin(&)sin(a) cos(ar) cos(S)sin(er)
—cos (& 0 sin(5)
The proof is simple.
(all:i:*l’:lba{l:i:l*l’:’{*l’:l:l:*;l)j(all:al’l) (4.8)
(alz :f*}laa£1 :;1 *;»;*}1 :}1 *’:):(alz :aél) (4.9)
...etc.
we can write it in a different form

lil ay a, aj l:
Qo|=|an ay ayn || (4.10)

s k

’ ’
a3 43 A4y

k,
A corresponding matrix of the transformation marked by C, from the basis
(fz,}z,ﬁz) to the basis (f ,j,I;) is equal to the product of the matrices A and B

G G G
C=|c, ¢y €y |=A*B (4.11)
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sin(&)cos(ar) sin(8)sin(a) —cos(5))( 1 0 0
C=| -sin(a) cos(a) 0 0 cos(p) —sin(p)
cos(&)cos(ar) cos(S)sin(a) sin(5) )0 sin(p) cos(p) @12)
sin(&8)cos(a) sin(8)sin(a)cos(g)—cos(5)sin(¢p) —sin(5)sin(a)sin(p)—cos(5)cos(p)
=| —sin(a) cos(a)cos(¢p) —cos(a)sin(¢p)
cos(&)cos(a) cos(&)sin(a)sin(¢)+sin(5)sin(@) cos(5)sin(a)sin(@)+sin(5)cos(p)
’i sin(&)cos(a) sin(8)sin(a)cos(¢)—cos(8)sin(@) —sin(5)sin(a)sin(g)—cos(5)cos(¢p) ’iz
jl=| -sin(a) cos(a)cos(p) —cos(a)sin () J, | (4.13)
k cos(S)cos(a) cos(8)sin(a)sin(¢)+sin(S)sin(¢) cos(5)sin(a)sin(p)+sin(5)cos(¢p) k,
The latest equation can be written in following way
} 01211 CZ c: Js (4.12)
k G Cxn Gy 122

5. Experiment

The absolute motion of the Earth may be presumed to be resultant of the three

components. One of these v is the Earth’s orbital motion about the sun, the

second component is the motion of the sun about the center of the Milky Way

and the third one is the motion of our Galaxy regarding to other galaxies in the

Universe. The sum of the second and third component will be marked by v, .
An absolute earth velocity vector V() is given by equation:

V(t)=v(t)+v,

During the period of one year we can assume that v(¢) changes continuous-

(5.1)

ly in direction and magnitude, whereby vector v, remains invariable. The
coordinate system S '(xyz) is moving relatively to the starlight by the velocity
W (). Here we assume a starlight as a straight line that is not moving along
S'z-axis in contrast to the photons who are moving along a starlight by constant
velocity c. Plane S'(xy) is rotating about Earth’s axis so this relation is consi-
dered at the instant when plane § '(xy) is perpendicular to the beams of pho-
tons, only. Similarly it may be presumed that velocity W(t) was resultant of
the two components, the first one that is changing in direction and magnitude
and second one that is invariable.

W(t)=w(t)+w, (5.2)

Our task is to find out a relation between the Equations (5.2) and (5.1) in oth-
er words to find out relation between the absolute velocity V(t) of the frame
of the telescope and relative velocity W(t) of the frame of the telescope re-
garding to the starlight.

For now instead of the coordinate system S'(xyz), plane S'(xy) will be
taken into the consideration, only.

W, (t)=proj W (t) (5.3)
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w,, (1)=proj w(r) (5.4)
W, = proj w, (5.5)

In that way Equation (5.2) is being reduced to the form
W, (t)=w,(t)+w (5.6)

xy

where w, (t) represents a normal projection of the velocity w(t) on the
plane xyand w, represent normal projection of the velocity w, on the plane
xy. One component of the vector w,, (t) is a normal projection of the vector
v(t) on the plane xy. A second component of the vector wxy(t) eventually
could be some vector v, (t) that starlight has inherited from the orbital motion

of the star (Z), if as a such exist.
W, (1)= proj v(t)+ proj,v. (1) (5.7)

Let the (Z) and (Z") represents a pair of binary stars. For the simplicity, we
can assume that they circle about a center of the mass by velocities v, (Z) and
v” (1) respectively, with the same magnitude but opposite directions. At the
same time the center of the mass is moving by some constant uniform velocity

marked by u, regarding to the absolute frame of reference.

wy, (1) = proj,v(t)+ proj,v. (1) (5.8)
wl, (t)= proj,v(t)+ proj v!(t) (5.9)
W (t)=wl, (1) +w] (5.10)

W (6)=wl, (1) +w (5.11)
wi=wi=v, —u, (5.12)
v.(t)=—v!(1) (5.13)

Let the Z'and Z"represent their images at the some instant 7 on the plane
S '(xy) . Replacing A'by Z'and A'by Z”we have got a situation similar to the
that one shown in Figure 5.

Yy
"
Al /4
Y A/
QL €T
Ay

Figure 5. Two measurements that have been taken at the in-
stants 7, and 7 six months apart.
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SZ' =-At+W, (T) (5.14)
S'Z"=-At=W] (T) (5.15)
27" =-Atx(W)(T)-W, (T)) (5.16)
Z'7"=-2%At* proj v.(T) (5.17)
"2 T)| * At
tan(AQ) = |ZZ| |pr0] il )| (5.18)
Ss’ c*At
2% i v\ (T
po 2 lPreii (1) 510

C

What is not true. Because it has never been observed any major aberration
between the two binary stars. That means that variable component of the vector
W, (t) depends on the v(t) earth velocity about the sun only. The Equation
(5.7) has to be reduced to the following form

w,,(t)=proj,v(t) (5.20)

In that way it has been proved that the first component of the vectors V(t)
and W () are identical and equal to the v(t) . Still it is has been left out to find
out a relation between the second invariant components v, and w, of the
vectors V(t) and W(t) respectively.

Suppose that we are taking measurements during one year period. For any
two observations that have been taken at the instant 7; and 7] six months
apart we will have situation shown in the Figure 5. The point A’corresponds to
the first and the point A “to the second measurement.

Referring to Figure 5 it follows

Atzi (5.21)

C
S'A"=—Atx W, (T,)=—At*(w, (T;)+w,) (5.22)
S'A' =-AtxW, (1)) = —At*(w T,)+w,) (5.23)
AA" =—Arx(w (T)-w, (T,)) (5.24)
A'A"=—At*(proj v(T;) - projxyv(To)) (5.25)

Times 7, and 7; are chosen in a such way that v(];)) and v(Tl) have
approximately the same magnitude but opposite directions. Equation (5.25) can
be written in the form

A'A" = =2%At* proj v (1) (5.26)

In that way it has been proved that 4’4" depends on the earth velocity
about the sun, only.

141 "qn T T
S’A:#:_At*wxy( 0)+wxy( 1)—At*w1 (5.27)
S At *(pI”ijyV(le) + proj,,v (To)) “Arew, (5.28)
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SA4  S'dxc
w1 =——=—
At d

(5.29)

6. Transformation of the Vector v(t) from the Ecliptic Plane
to the Frame of Telescope

Vector w(t) the variable component of the vector W(t) is equal to the vec-
tor v(t) Earth’s orbital velocity about the sun.

w(t)=v(¢) (6.1)
With the respect to the basis (fz, fz,éz) vector v(t) is given by the equa-
tion:
v(t)=v () x i, +v, (t)* J, (6.2)
Magnitude of the vector v(f) would hereafter be marked by ().

Using the matrix of transformation Cwe will transform vector v(t) from the
basis (fz,}z,lgz) to the basis (12, Jrok ) That transformed vector is noted by

V(t).
V(t)[f,]j] = "(t)[;z,;-z,,;ﬂ (6.3)
V() =V, ()xi+V, (e)* j+V. (6) <k (6.4)
I/x(t) S Gp G Vx(t) C]]*Vx(t)+c]2*vy(t)
V(e)=|V,(t) |=| s cn ey |*| v, (1) |=| ey xv, (£)+cpxv, (1) | (6.5)

V. (1) Cy Cyp  Cy 0 ey #v, (1) + ey #v, (1)
V(t)=v(t)*ay+v, (1) *c, (6.6)
V() =vi(t)xen+v, (1)*en (6.7)
Vo(t)=v(t)xey +v, (1) *ey (6.8)
V() =v(e) =V (0)+ V] (6)+ V(1) (6.9)
V() =V, ()47, ()=, () +7, 1)+ (6.10)

= V2 (0)+ V2 (1) =v(t) -V, (2) (6.11)

In the special case when Vz(t)=0 , in other words when the vector V(t)
(Earth velocity about the sun)is perpendicular to the $z-axis (direction of the
starlight) it follows that

V(t)=v,(t) ey +v,(1)*c;, =0 (6.12)
Vy (t)__&
vx_(t)_ - (6.13)
B B cos(&)cos(a)
ﬁ—arctan( cos(é‘)sin(a)sin(go)+sin(&)sin(gp)] (6.14)

where S represents an angle between Ox™-axis (vernal equinox direction) and

vector Vv (t) . Obviously there are two instants during the year when this happens.
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Let these instants are marked by #, and ¢,. Beside these two we can define
new times ¢, and ¢, in that way that a difference between 7, and ¢, and
difference between #, and ¢, are approximately equal to three months. We
must keep in mind that corresponding sidereal times for the instants #,,¢,,,,
are the same and equal to the s, In this way we can make sure that at least two of
these four instants fall in the nighttime.

Note that vectors v(Z,) and v(tl) are parallel to the line (22) as shown in

Figure 4.

7. Analysis

Now we will analyze the vector w, normal projection of the vector w, on the
plane xy.

Depending on the vector S§'4 (5.29) there are two possibilities:

1) (S'4%0)

In this case we assume that measurements have been taken for the different
stars and at least in one case S'4=0.

We can claim that the outcome of the experiment is positive, because some
stellar aberration different from the Bradley’s stellar aberration has been de-
tected.

Let, with the respect to the basis (; ,}',IQ) an invariable component w, of

the vector W (t) is given by the equation:
wo=U, *i+U, *j+U, %k (7.1)

Referring to Figure 6 we obtain

A=— 4 (7.2)
c— (UZ + VZ)
SA =S4 +AA =At*(U +V,) (7.3)
(
A/
A, 4
Ay
St z
AA

Figure 6. Bottom plane of the telescope, where A' represents
image of the star at the instant 7, (7}).
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(Ux + Vx)*At =S84 (7.4)
a=S4 (7.5)
b=S'4, (7.6)
c—(UZ+VZ)
U +V =——— %*a (7.7)
d

a V
U . ——=*(c-U_ )=—F*a-V 7.8
x d ( z) d x ( )

Analogously we can get following expression
b vV
U,——*(c-U,)=——=%b-V, 7.9
y d ( z ) d yx ( )

Let suppose that the two measurements have been made at the times 7, and

T, . A difference between the times 7, and 7, is equal to the six (or the three)

months.
0, Aev)= ey vy oo
02y By iy o

We get the linear system of two equations in two unknowns U, and

(c -U, ) The solution is given by expression

_a(B)*a(R)*(V(T)-V.(T)) +d *(a(T) *V. () - a(T;)*V.(T,))

' d*(a(T)-a(T,))

(a()%a(7;))
(7.12)
ey 2 T)(T)—a(T) V(1) +d*(V(T) -V (T)) (o
: a(1)-a(T,)
_ _a(%)*Vz( ) (T)*V(T)+d*( ( )_Vx(TO)) (7.14)
: a(T;)~a(T,)

Analogously to the Equation (7.12) we can get value for the component U, .
BT (R) () V. (T)) rd+ (6(5) Y, (1) -0(7) Y, (1)
’ d*(b(1)=b(1,))
(b(7)=(,))

(7.15)
The vector w, is given by the following equation
w, (2,8)=U(a,8)=U, (a,0)*i +U, (a,8)* j+U, (@, 8)*k (7.16)

Using the transformation matrix 4" vector (a 5) will be transformed
from the basis (; ,}',12) to the basis (11, Jiok ) The transformed vector is noted
u(a,§ )
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u(a,5)[l:1’j_1’,ﬂ = U(C{,5)[l~,],k] (717)
u(a,8)=u, (a,8)*i +u, (o, 8)* j, +u_(a,8)*k (7.18)
u, a, a, a; U, a, *U, +ay, *Uy +afy *U,
u, |= ay Ay Ay |* U, |= ay, *U_+a), *U, +ay,*U,_ | (7.19)
u, a;, ay, ay U, a, *U, +aj, * U, + as; *U,

In that way a vector w, =(Ux(a,5),Uy(a,5),Uz(a,é)) from the coordi-
nate system S’xpz (the frame of telescope) has been transformed to the vector
u(a,5 ) at the coordinate system Ox'y’z" (frame of the Earth).

Suppose that the measurements have been made for n stars.

There are two possibilities:

a) Vector u(a,5) hasa constant value.

By this we mean that u(e,,5,) = u(aj,éj), foreach (i,j<n+1).

The velocity w, given by (5.2) is equal to the velocity v, given by the Equa-
tion (5.1). We can make conclusion that the starlight represents absolute statio-
nary frame and the velocity at which the Earth moves relative to starlight de-
pends on Earth absolute velocity and an angle between the ecliptic and starlight.

By the time, because of the star movement through the space an angle be-
tween the ecliptic plane and the starlight will change. In long run it will affect
stellar aberration but the velocity of the star is irrelevant for stellar aberration
instant measuring.

If we choose any two different stars Zand Z'we will get
(w,)' =U,(2) +U,(2) +U.(z) =U,(Z') +U,(Z') +U_(2')"  (7.20)

(w)) =U.(2)"+U,(2) +(c-R(2)) =U

X X

(Z) +U,(2) +(c-R(2))
(7.21)

2 *(R(Z’)—RX(Z)) (7.22)
(R(2')%R(2))

In this case for the each pair of stars (Zl.,ZJ.) we are able to determine speed
of light ¢,; and compare it to the already known speed of light c. Beside that
the constancy of the one way speed of light can be tested.

b) Vector u(a,5) does not have a constant value.

By this we mean that u(e,,5,) = u(aj,é'j), for some (i,j<n+1).

In this case we are not able to determine the absolute velocity nor the speed of
light. Instead of that one can derive relative velocity at which the telescope (the
Earth) moves regarding to the starlight only.

2)(84=0)

We assume that measurements have been taken for the different stars and in
each case S'4=0.

This means that vector W, () does not depend on the vector w,, in other
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words we can say that the sun is stationary regarding to starlight and the only
movement that can be detected is Earth’s revolution about the Sun. In this case
we can say that the instantaneous effect of the aberration due to solar movement
through the space is not directly measurable.

The Equation (5.6) could be rewritten in the following form

W, (t)=w,(t)=proj,v(1) (7.23)
S4'= dV V. [Equation (2.14)] (7.24)
C_ z
sS4V,
tan(Af)=—=—2= 7.25
( ) SS" -V, ( )
Vo
AG~—— (7.26)
c—V,
d=V,,
c=—0 V. (7.27)
S'A'

Equation (7.26) represents modified Bradley’s equation for stellar aberration.
This equation can be written in a different form. First let us define:
- @ an angle between the plane S %y) and vector V' (¢)

' I/z(t) _ vx(t)*031+vy(t)*032
o' = arccos[mj = arccos( v(t) J (7.28)
®=I1/2-0' (7.29)

Referring to (6.9) we obtain that

Vi (1) =V (t)*cos(®)=v(t)*cos(D) (7.30)
V() =V (t)*sin(®)=v(¢)*sin(D) (7.31)

o _ Ve _ v(t)*cos(®) _ v(t)*cos(®)

tan(40) c—V, c—v(t)*sin(®D) c*(l— v(t)*sin(CD)J
¢ (7.32)
_ (1) cos(@) *[H y(¢)#sin (@) +[v(t)*sin((b)j2 +]

tan (46) = v(1)*cos(D) .\ v(t)2 *cos(2®)sin(®) (7.33)

C C

And finally the annual aberration A as a function of time is given by the
equation
v(t)*cos (CD (1)) v(t)2 *sin (ZCD (t))

AO(t)= . + Tl (7.34)

We must declare the experiment failed, and the definition of the “absolute”
stellar aberration must be discarded, because aberration as such doesn’t exist.
3) Stellar aberration in case when S'4#0.

In this section we will find formulas for Bradley’s, “absolute” and “total” stel-
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lar aberration.

AO=£(54,54")
B=2(AA',4B)
y=4(A4', AS)
Ae =/(SS',S4)
Ar=/(SS',84")

AB = A'A*cos(f3)

A'B=A'A*sin(p)

(7.36)

(7.37)
(7.38)

(7.39)
(7.40)

(7.41)
(7.42)
(7.43)
(7.44)

(7.45)

(7.46)

First we will derive a formula for the classical Bradley’s aberration. In other

words our task is to find an angle Af as shown in Figure 7.
A'S*=8S"+SB*+ 4B’
AS? = 8'S* + S'A4> = S'S? +(S'B+ BA) =d*> + S'B* + AB* + 2% S'B* AB
A'A> = AB* + A'B*
A'S? =A4+ AS* —2% AS* A'A*cos(y)

AL +AS* - A4S’
2% AS* A'4
_AA*+d>+SB*+ AB* +2*SB* AB—d’ —S'B’ - A'B’

cos(y)=

2% AS* A'A

S

B
A g
A/
Figure 7. An angle £ (SS ',SA') represents a “total”

aberration.

(7.47)

(7.48)

(7.49)

(7.50)

(7.51)

DOI: 10.4236/jamp.2018.65090

1051 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2018.65090

M. Cojanovi¢

AB*>+S'BxAB AB AB+ BS' S'A
COS - % = COS *— 7.52
(r) A'A* A'S A'A AS (A) AS (7.52)

sin(y)=4/1-cos’(y) »1- 00522(7/) (cos(}/) < 1) (7.53)

using the law sines for the A(A4'S) it follows that

A4 __AS (50
sin(A@) sin(y)

sin(AQ) =

AIA*sin(y)NA_’A* l_cosz(;/) _A_'A_A_’A*S’AZ*COSZ(ﬁ)
AS A4S 2 | A4S A4S A4S? 2

(7.55)

|A'A*S'A2 *cosz(ﬂ)|<|A'A*S’AZ|<(‘{W"‘Af)*(ny*Af)2 < v*U’

45 48 2 | |SS ST ((c—u-V)rn)  (e-U.-V.)
(7.56)
A'4
in(AQ)~» == 7.57
sm( ) A’S ( )
ro2
(AAf)Z =(c-U.-V.) +(U,, -V, *cos(ﬁ))2 +(7, *sin(ﬁ))2 (7.58)
rg2
%:cz+U2+v2—2*c*UZ—2*c*VZ+2*UZ*Vz—z*UXy*ny*cos(ﬁ)
At
(7.59)
’ V
A—,A= — 1 (7.60)
AS 2 +U?+v? \/1 L CHU+ex V. —U. 4V, +U, +V, +cos(p)
c+U +v
A4 V., i 1+c*Uz+c*Vz—Uz*Vz+ny*ny*cos(ﬂ) (7.61)
AS U442 A +U* +v? '
Ad Y Ul rerbiily (7.62)
AS S +UP 40 \/(c2+U2+v2)3
v (1 «U_(a,8)*V, (t)+c*V, (t)*V, (1
VTR A A L2, S A DRSS AU
V@ (@) () v (@) (1)
in the special case for ¥ (7)=0 we obtain
AO(T) =~ o7 o CrU(@d)eu(T) (7.64)

VU @) (1) e v (@) vt (1))

Now we will derive a formula for “absolute” stellar aberration that will be
noted by Ae

taH(AS)=&=U*”*N= Uprd __ Uy (7.65)
SS’ d d*(C_Uz—VZ) cU V. .

z
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U, (a,6)

Ag(t,a,0)= 7.66
&(t,a,6) U (@.0) V(1) (7.66)
for V,(T)=0 we obtain that
U ,0
As(a.8)~ Un(@9) (7.67)
-U.(a,9)

and finally we can get a formula for “total” stellar aberration that will be noted
by Ar
S'A'

an(An) =S4 7.68
wn(a5) -S4 (7.68)
SA'Y NN ’
(A_tj = (V% #sin(B)) +(Uy =¥,y xcos(B)) (7.69)
U2+ -2e, o, veos(5)
S = UL +V2=2%U, ¥, xcos(f) At 7.70)
sr )
Ss’ c-U.-V.
U (,0)+Ve (1)=2%U,, (a,8)*V,, (1)*
r(t,0.5) ~ VUi (@ (1)=2+U, (@:0)*V, ()res(f) o,

U.(a.0)-V. (1)

Obviously in these formulas have not been taken into account Earth’s rotation

on its axis nor the changes in axial precession.

8. Discussion

An annual stellar aberration is related to the orbital revolution of the Earth
about the sun. It is already known that a secular or galactic aberration is related
to the changes in the movement of the solar system inside the Galaxy [3]. Our
assumption is that there exists stellar aberration due to the Galaxy’s movement
through the space.

By means of Bradley’s experiment it is possible to measure stellar aberration
only if the velocity of the telescope frame is changing. The goal of the experi-
ment presented in this paper is to overcome these limitations and measure a
“total” stellar aberration caused by the uniform velocity of the solar system re-
garding the frame (L).

It has been experimentally proved that a circular motion of a star about some
other star does not affect stellar aberration; consequently we can make assump-
tion that all other kinds of the movements that are attributed to the star do not
affect stellar aberration.

In that way we can finally predict that outcome of the experiment should be
with the accordance to the case (1.a) from the precedent section. If it is not so
then at least one of the propositions P, or P, is not valid or our methodology is

wrong.

DOI: 10.4236/jamp.2018.65090

1053 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2018.65090

M. Cojanovi¢

This experiment can be repeated, but instead of extra-galactic stars this time
we can observe the stars in the Milky Way Galaxy and make comparison be-

tween the results that are obtained from the two experiments.

References

[1] Kovalevsky, J. (2003) Aberration in Proper Motions. A & A4, 404, 743-747.
https://doi.org/10.1051/0004-6361:20030560

[2] Kovalevsky, J. and Seidelmann, P.K. (2004) Fundamentals of Astrometry. Cam-
bridge University Press, Cambridge. https://doi.org/10.1017/CBO9781139106832

[3] Kopeikin, S. and Makarov, V. (2006) Astrometric Effects of Secular Aberration.
arXiv:astro-ph/0508505

[4] Marmet, P. (1996) Solar Aberration and Einstein’s Relativity. Physics Essays, 9,
96-99. https://doi.org/10.4006/1.3029225

[5] Bate, R.R., Mueller, D.D. and White, J.E. (1971) Fundamentals of Astrodynamics.
Dover Publications, New York.

DOI: 10.4236/jamp.2018.65090

1054 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2018.65090
https://doi.org/10.1051/0004-6361:20030560
https://doi.org/10.1017/CBO9781139106832
https://doi.org/10.4006/1.3029225

	Absolute Velocity and Total Stellar Aberration
	Abstract
	Keywords
	1. Introduction
	2. Description and Role of the “Telescope”
	3. Coordinate Systems
	4. Coordinate Transformations
	5. Experiment
	6. Transformation of the Vector v(t) from the Ecliptic Plane to the Frame of Telescope
	7. Analysis
	8. Discussion
	References

