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Abstract

A simple geometrical model considered to calculate redshift values
of 378 celestial objects such as Galaxies and Quasi stellar objects(QSO).
In this model, Earth as a small point located in the centre of theoretical
observation. This constructed model, is based on the angle of observa-
tion from Earth. Although, theoretical and experimental results of this
model show a well consistent for some objects, however final verification,
need more and accurate data.
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1 Introduction

It is well known that the galaxies, stars and most of stellar objects, moving
further distance away from each other. It has been proven by the observations
of spectra in over 40 spiral galaxies that more than 90 of galaxies were receding
from us at high rates of speed [1]. The motions of galaxies are evidenced by
their redshift. When line radiation of frequency, vf , is emitted from an object
travelling at a velocity, V with respect to an observer at rest, the observed
frequent, vobs , is [2]

vobs = vL

(
1 − V

c
cosθ

)−1
(

1 − V 2

c2

)1/2

(1)



6102 Bijan Nikouravan and W.A.T. Wan Abdullah

When the velocity of object is very less than the light velocity (V << c),
and the angle between the velocity vector and the radiation wave vector is
θ << (π/2) then in well approximation

vobs ≈ vL

(
1 − Vr

c

)
(2)

The radial velocity Vr = −V cosθ is positive when the radiating object
is moving away from the observer. Consequently, when receding objects are
observed at optical frequencies, the lines are shifted toward the red or otherwise
longer wavelengths. The redshift, z, is defined as

z =
λobs − λL

λL
=
vL − vobs
vobs

≈ Vr
c

(3)

Here λobs and λLdenote, respectively, the wavelengths of the observed and
emitted line radiation, vobs and vL denote, respectively, the frequencies of the
observed and emitted line radiation. For large velocities the special relativistic
Doppler effect is expressed by the equations

1 + z =
(
c+ Vr
c− Vr

)1/2

(4)

and therefore
Vr
c

=
(z + 1)2 − 1

(z + 1)2 + 1
(5)

Hubble [3], with a simple relation, estimated the value of the expansion
factor. This relation is a linear relationship between distance D, and recessional
velocity V of object, which is called the Hubble constant H0 and is about 500
km/sec/Mpc [3]. The exact value of the Hubble constant is still not accurately
known, but it is generally believed that to be, between 72-82 km/sec/Mpc [4].
The Hubble’s law is a direct correlation between the distance and its recessional
velocity and is

V = H0D (6)

The direct relation between Hubble law and redshift is also as below

z =
HD

c
(7)

Here, z and c are redshift and the velocity of light respectively and (H/c)
is a constant in a short time. But in long time it may change. This equation
shows that more distant galaxies have greater redshift and vice versa. In this
paper, we give a theoretical expression to calculating redshift values of celestial
objects from surface of Earth, by a simple geometry. In this expression we
assumed, the emitting body is a star, galaxy and or a Quasi-stellar object.
Applied this model for 378 Quasi-stellar objects [5] and interpreted the results
in the discussion section.
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2 Calculation

Earth assumed as centre of the observation which is located at O and the object
S moving with velocity of V , respect to observer O. Here the redshift values
are depends on two criteria. One is distance of object from observer and the
second is the azimuth of observation. The observer O, which is located at the
surface of earth, measure direction of motion of object from a pretend point
A0. Here A0 is the earlier position of object in long long time ago. Moreover,
L and r also providing the distances between the observer and object, before
and after displacement respectively (See Figure 1).

Figure 1: Location of moving object and observer on Earth

The linear relation between the measured redshift z, and distance r of a
typical galaxy is Hr and also the velocity is V = cz. Therefore the redshift is

z = H
(
r

c

)
(8)

The graphical representation of the observer O and object S, has been
shown in Figure (1). With using relation between L andR, (Rsin (a− φ) = Lsinφ)
and a simple geometrical relation, we have

sin2 (a− φ) =
L2

(L2 + r2 − 2Lrcosφ)2
sin2φ (9)

or

cos2 (a− φ) = 1 − sin2φ

(
1 +

r2

L2
− 2r

Lcosφ

)
(10)

and in addition, the redshift in terms of φ, a and velocity of object V is

z =
(
V

c

) cosφ+ cos (a− φ)

1 −
(
V
c

)2
cosφcos (a+ φ)

 (11)
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or finally the theoretical calculated redshift is

z =
(
V

c

)


cosφ±
(

1 − sin2φ

1+ r2

L2−
2r
L
cosφ

) 1
2

1 ∓
(
V
c

)2
cosφ

(
1 − sin2φ

1+ r2

L2−
2r
L
cosφ

) 1
2

 (12)

a b

Figure 2: a-Redshift-angle variation (0 < φ < π/2). b-Redshift simulation,
according to the theoretical model all redshift values for z < 1 and z ≥ 1, show
classic and relativity redshift

The variation between redshift and angle according to equation (12), shown
in Figure (2a). The final result of this model simulated with computer simu-
lation and shown in Figure (3). According to this model, all redshift values,
z < 1 and z ≥ 1, show classic and relativity redshift respectively. The flat
plane in Figure (3) is the border of classical and relativity redshift values.

3 Application

The result of this model applied for 378 Quasi-stellar objects (QSO) and all
data taken from [5]. By substituting (V/c) ≈ 0.5773, (r/L) ≈ 0.5 and φ, in
Eq [12], different value of redshift-angle, shown separately in observation and
theoretical model in Figure (3a, 3b), respectively.

4 Conclusion

The results of theoretical and observation, represent very well correlations, for
some objects, and for some other objects it is not sufficient [see Figure(3a,3b)].
The best correlations, are for φ = 0o, 30o, 270o, 300o, 330o. Although, the red-
sift values calculated with this model in compare with observation, show a well
consistent in some objects, but however, for final verification of this model, we
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Figure 3: Redshift-angle relation for 378-QSO according to a-Observation,
b-theoretical model.

need more and accurate data which may be can collect by future.
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