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Abstract 
The number of galaxies as a function of the redshift is derived in the frame-
work of the generalized tired light hypothesis. Two new formulae are derived 
for the flux and the apparent magnitude as functions of the redshift. An ap-
plication is made to four catalogs of galaxies: 2MRS, SDSS, Glade+ and Ul-
travista. The role of the limiting apparent magnitude of the position in redshift 
for the photometric maximum for galaxies is analysed. 
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1. Introduction 

Recent efforts in cosmology have been focused on two different targets. One is the 
determination of the cosmological parameters through the distance modulus for 
supernovae (SN). As an example, [1] analysed the difference for the cosmological 
parameters derived from Pantheon and Pantheon+ data. Another one involves the 
Hubble tension. The determination of the Hubble constant oscillates between a 
low value as derived by a revised Planck collaboration [2],  

( ) 1 1
0 69.1 1.2 km s MpcH − −= ± ⋅ ⋅ , and a high value, ( ) 1 1

0 72.9 1 km s MpcH − −= ± ⋅ ⋅ , 
as measured with the Milky Way Cepheid variables [2]. The difference between 
these is referred to as the Hubble constant tension and takes the value of 2.43σ . 
Other cosmological problems, such as the number of galaxies as a function of the 
redshift, have been little analysed. We now pose some questions on this topic.  

1) Can the number of galaxies as a function of the redshift be modeled in the 
framework of the tired light hypothesis?  

2) Does the maximum of the galaxies as a function of the redshift depend on 
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the limiting apparent magnitude of the selected catalog?  
In order to answer these questions, we review in Section 2 the Schechter lumi-

nosity function for galaxies, the pseudo-Euclidean universe in Section 3 and the 
generalized tired light theory in Section 4.1. The novel Section 4.2 derives the 
number of galaxies as a function of the redshift in the framework of the general-
ized tired light hypothesis. This result for the number of galaxies is then applied 
to four catalogs of galaxies in Section 5. Section 5.5 contains a discussion of how 
the influence of the limiting magnitude of the catalog shifts the position of the 
maximum for the number of galaxies. 

2. Luminosity Function for Galaxies 

The distance modulus is  

 ( )5log 5,m M d− = −  (1) 

where m  is the apparent magnitude, M  is the absolute magnitude and d  is 
the distance in pc. 

Let L , the luminosity of a galaxy, be defined in [ ]0,∞ . The Schechter LF of 
galaxies, Φ , see [3], is 

 ( )
*

* *
* * *; , , d exp d ,L LL L L L

L L L

α

α Φ    Φ Φ = −   
   

 (2) 

where α  sets the slope for low values of L , *L  is the characteristic luminosity, 
and *Φ  is the number of galaxies per Mpc3. The normalization is  

 ( ) ( )* * *
0

; , , d 1 ,L L Lα α
∞
Φ Φ = Φ Γ +∫  (3) 

where  

 ( ) 1
0

e d ,t zz t t
∞ − −Γ = ∫  (4) 

is the Gamma function. The average luminosity, L , is  

 ( ) ( )* * * *; , , 2 .L L Lα αΦ Φ = Φ Γ +  (5) 

An equivalent form in absolute magnitude of the Schechter LF is  

 ( ) ( )( ) ( )* *0.4 1 0.4* * *; , , d 0.921 10 exp 10 d ,
M M M M

M M M M
α

α
+ − − 

Φ Φ = Φ − 
 

 (6) 

where *M  is the characteristic magnitude. 

3. The Pseudo-Euclidean Universe 
In a Euclidean, non-relativistic and homogeneous universe the flux of radiation, 

f , expressed in units of 2Mpc
L
  units, where L



 denotes the luminosity of the 

sun, is  

 2 ,
4

Lf
D

=
π

 (7) 

where D  denotes the distance of the galaxy expressed in Mpc, and  
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0

.czD
H

=  (8) 

The relation connecting the absolute magnitude, M , of a galaxy with its lumi-
nosity is  

 ( )0.410 ,M ML
L

−= 



 (9) 

where M


 is the reference magnitude of the sun at the considered bandpass. 

The flux, expressed in units of 2Mpc
L
 , as a function of the apparent magnitude 

is  

 0.921 0.9218
27.957 10 e ,

Mpc
M m L

f −= × 

  (10) 

and the inverse relation is  

 ( )81.0857ln 0.1256 10 .m M f−= − ×


 (11) 

The joint distribution in z and f for galaxies, see formula (1.104) in [4] or for-
mula (1.117) in [5], is  

 
5 2

4
2

0

d = 4 ,
d d d crit

N c zz
z f H z

   
Φ  

  
π Ω 

 (12) 

where dΩ , dz  and df  denote the differential of the solid angle, the redshift 
and the flux, respectively, and Φ  is the Schechter LF. The critical value of z , 

critz , is  

 
2 *

2 0
2 .

4crit
H Lz

fcπ
=  (13) 

The number of galaxies in z  and f  as given by formula (12) has a maxi-
mum at -pos maxz z= , where  

 - 2,pos max critz z α= +  (14) 

which can be re-expressed as  

 ( )
*0.4 0.4

0
-

2 10 ,
2

M M

pos max
Hz f

f c
α −

=
π

+ 

 (15) 

or, on replacing the flux f  with the apparent magnitude m ,  

 ( )
*0.4 0.45

0
- 0.921 0.921

1.772 10 2 10 .
e

M M

pos max M m

Hz m
c

α −−

−

× +
=

π





 (16) 

The number of galaxies, ( ), ,min maxN z f f  comprised between a minimum 
value of the flux, minf , and a maximum value of the flux, maxf , can be computed 
through the following integral  

 ( )
5 2

4
2

0

4 d .max

min

f

f
crit

c zN z z f
H z

   
= Φ   

 
π

 
∫  (17) 

https://doi.org/10.4236/jhepgc.2025.112021


L. Zaninetti 
 

 

DOI: 10.4236/jhepgc.2025.112021 253 Journal of High Energy Physics, Gravitation and Cosmology 
 

4. The Generalized Tired Light Model 
4.1. The Theory 

We assume that the frequency ν  of a photon decreases according to the follow-
ing non-linear law  

 ( ) ( )d ,
d ex an x

x
φν ν= −  (18) 

where en  is the number density of matter in 3
1

m
 and a  the attenuation coef-

ficient in 1 2Hz mφ− . We call the above ODE the generalized tired light (GTL) 
model. Imposing the initial condition 0(0) =ν ν , the solution is  

 ( )
( )( )0

1
ln 1

0

1 .
ee e

x
an x an x φ ν φ

ν
φ ν− − +

=

− +

 (19) 

We now continue inserting  

 
1
0 0 ,

e

Ha
cn

φν −

=  (20) 

where c  is the speed of light. As a consequence, the redshift is  

 ( )( )
1 1

1 1
01 1.z c c xHφ φφ

−
− + − += + − + −  (21) 

The inversion of the above formula gives  

 
( )( )
( ) ( )0

1 1
,

1 1

z z c
x

H z

φ

φ

− + + +
= −

− + +
 (22) 

and the distance modulus in GTL is  

 

( )( )
( )( )

( )
0

1 1
5ln

1 1
25 .

ln 10

z z c

H z
m M

φ

φ

 − + + + − − + + 
 − = +  (23) 

More details can be found in [6]. 

4.2. The Number of Galaxies versus Redshift 

Under the hypothesis of spherical symmetry, we use the symbol r  for the dis-
tance. The flux of radiation, f, is introduced as  

 2 ,
4

Lf
r

=
π

 (24) 

and is here expressed in 2Mpc
L
 . The joint distribution in distance, r, and flux, f, 

for the number of galaxies is  

 2
* 20

d 1 4 d ,
d d d 4 4

N L Lr f r
r f L r

δ
∞    π  π π 

= Φ − Ω  ∫  (25) 
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where the factor ( 1
4π

) converts the number density into the density for a solid 

angle and the Dirac delta function selects the required flux. 
In the GTL the distance, r , is expressed by Equation (22) and the derivative of 

the distance with respect to the redshift is  

 
( ) 2

0

1d .
d

z cr
z H

φ− ++
=  (26) 

In the case of the Schechter LF, we have  

 
d ,

d d d
N N
z f D

=
Ω

 (27) 

where  

 

( ) ( )( )

( )( ) ( )( )
( )( )

( ) ( )

2 2

2 22
0

6 2 22 2 1 5 2 * * 1 5 2
0

4 1 1
4 2 1 1

2 1 1

1 1 1 1 e ,
*

f z z c

H z L

N c L f H z

z z z z

φ

αα φα α α α α α

α
φ φ φ

φ
−− − ++ + + − − − −

− + + −
−

− + +

π

= Φ + − +

 × − + + − − + + − 
 

π

 (28) 

and  

 ( )41 ,D φ= − +  (29) 

where dΩ , dz , and df  denote the differential of the solid angle, the red shift, 
and the flux, respectively. 

The flux expressed in units of 2Mpc
L
  as a function of the apparent magnitude 

is  

 0.921 0.9218
27.957 10 e ,

Mpc
M m L

f −= × 

  (30) 

and the inverse relation is  

 ( )81.0857ln 0.1256 10 .m M f−= − ×


 (31) 

The derivative of the flux with respect to the apparent magnitude is  

 0.921 0.9218d 7.3293 10 e .
d

M mf
m

−= ×   (32) 

According to Equations (30) and (32) the number of galaxies as a function of 
the selected apparent magnitude and redshift is  

 d ,
d d d

N NN
z m DD

=
Ω

 (33) 

where  

( ) ( )

( ) ( )( ) ( )( ) ( )( )
( )( )

( ) ( )

20.921 0.92110 2

0.4 0.42 22
0

1
0.4 0.4 0.921 0.9218 2 2 1 5 2 8

4 26 2 25 2
0

10 e 1 1

1 1 10 0.921 0.921

7.3293 10 2 10 7.9577 10 e

1 1 1 1 1 1

e e ,

*

M m

*M M

M M M m*

z z c

H z M m

NN c

H z z z z z

φ

α αα α α

ααα φ φ φα

φ

φ

−

−

− −
− −+ + +

−− − +− −

− + + −
−

− + + −

= × Φ ×

 × + − + − + + − − + + − 
 

π

×

 







(34) 
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and  

 ( )41 .DD φ= − +  (35) 

The appearance of the photometric maximum can be evaluated using a fourth-
order Taylor expansion about 0.019z =  of Equation (33)  

( ) ( )2 38 9d 35099 57450 2.3508 10 0.019 4.2736 10 0.019 ,
d d d

N z z z
z m

= − − × − + × −
Ω

(36) 

see Figure 1. 
 

 

Figure 1. Behavior of d
d d d

N
z mΩ

, Equation (33), as a function of redshift, red full line, and 

a Taylor expansion around 0.019z = , green dotted line. The parameters are as in Table 
1.  

 
Table 1. Parameters for the 2MRS catalog.  

1 1
0 68.04 km s MpcH − −= ⋅ ⋅  3.39M =



 1299792 km sc −= ⋅  3.07φ =  

0.79α = −  * 24.016M = −  * 30.0037 Mpc−Φ =  10.39m =  
 

The number of galaxies, ( ), ,min maxN z f f  comprised between a minimum 
value of flux and a maximum value of flux in GTL is  

 ( ) d ,max

min

f

f

NN z f
D

= ∫  (37) 

when the fluxes are considered and  

 ( ) d ,max

min

m

m

NNN z m
DD

= ∫  (38) 

when the apparent magnitudes are considered. 

5. Astrophysical Applications 

In the following, we will process the galaxies of four catalogs. The merit function 
2χ  is computed according to the formula  

 
( )2

2

1
,

n
i i

i i

T O
T

χ
=

−
= ∑  (39) 
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where n  is the number of bins, iT  is the theoretical value, and iO  is the ex-
perimental value represented by the frequencies. 

5.1. The 2MRS Catalog 

The release of the 2MASS Redshift Survey (2MRS), with its 44599 galaxies having 
11.75sK <  allows making a test on the radial number of galaxies because we have 

a small zone-of-avoidance, see Figure 1 in [7]. 
Figure 2 shows the number of observed galaxies of the 2MRS catalog for a given 

apparent magnitude and the theoretical curve for the pseudo-Euclidean universe. 
 

 
Figure 2. The galaxies of the 2MRS with 10.31 10.47m≤ ≤  or  

2 21164793 1346734
Mpc Mpc

L L
f≤ ≤   are organized in frequencies versus heliocentric red-

shift, (empty circles); the error bar is given by the square root of the frequency. The maxi-
mum frequency of observed galaxies is at 0.017z = . The full line is the theoretical curve 

generated by ( )d
d d d

N z
z fΩ

 as given by the application of the Schechter LF in the pseudo-

Euclidean universe, which is Equation (12), and the dashed line denotes the number of 
galaxies in GTL, which is Equation (27). The parameters are the same as for Table 1, 

2 150χ =  for pseudo-Euclidean universe and 2 154χ =  for the GTL.  
 

Figure 3 gives the number of all the galaxies as a function of z , see equations 
(17) and (37), for the pseudo-Euclidean universe and for the GTL, respectively.  

5.2. The SDSS Data 

We processed the SDSS Photometric Catalogue DR 12, see [8], which contains 
10450256 galaxies (elliptical + spiral) with photometric redshift. Figure 4 presents 
the number of galaxies that are observed in SDSS DR 12 as a function of the red-
shift for a given window in the flux, in addition to the theoretical curve for the 
GTL. 
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Figure 3. The galaxies of the 2MRS with 4.99 11.75m≤ ≤  or  

2 2360403 182301584
Mpc Mpc

L L
f≤ ≤   are organized in frequencies versus heliocentric 

redshift, (empty circles); the error bar is given by the square root of the frequency. The 
maximum frequency of observed galaxies is at 0.0172z = . The full line is the theoretical 

curve generated by the integral of ( )d
d d d

N z
z fΩ

 as given by the application of the Schechter 

LF in the pseudo-Euclidean universe, which is Equation (17), and the dashed line denotes 
the number of galaxies in GTL, which is Equation (37). The parameters are the same as for 
Table 1, 2 1099χ =  for pseudo-Euclidean universe and 2 961χ =  for the GTL.  

 

 
Figure 4. The galaxies of the SDSS-DR12 with 9.39 22.13m≤ ≤  or  

7
2 2400 5 10

Mpc Mpc
L L

f≤ ≤ ×   are organized in frequencies versus heliocentric redshift, 

(empty circles); the error bar is given by the square root of the frequency. The maximum 
frequency of observed galaxies is at 0.378z = . The full line is the theoretical curve for 
number of galaxies in GTL, which is Equation (37). The parameters are the same as for 
Table 2, and 2 671705χ = .  
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Table 2. Parameters for the SDSS-DR12 catalog.  

1 1
0 68.04 km s MpcH − −= ⋅ ⋅  6.39M =



 1299792 km sc −= ⋅  3.07φ =  

0.90α = −  * 30M = −  * 30.030 Mpc−Φ =   

5.3. The GLADE Catalog 

The catalog GLADE+ contains ≈ 22.5 million galaxies [9]. All the galaxies of the 
GLADE+ catalog are shown in Figure 5 together with the theoretical model. 

 

 
Figure 5. The galaxies of GLADE+ with 2.6 20.22m− ≤ ≤  or  

12
2 21000 1.26 10

Mpc Mpc
L L

f≤ ≤ ×   are organized in frequencies versus heliocentric red-

shift, (empty circles); the error bar is given by the square root of the frequency. The maxi-
mum frequency of the observed galaxies is at 0.219z = . The full line is the theoretical 
curve for the number of galaxies in GTL, which is Equation (37). The parameters are the 
same as for Table 3, and 2 2752427χ = .  

 
Table 3. Parameters for the GLADE+ catalog.  

1 1
0 68.04 km s MpcH − −= ⋅ ⋅  5.47M =



 1299792 km sc −= ⋅  3.07φ =  

0.79α = −  * 19.5M = −  * 30.030 Mpc−Φ =   

5.4. Ultravista Catalog 

The Ultravista catalog contains the photometric redshifts of 262,615 galaxies com-
puted with the EAZY code [10]. All the galaxies of the Ultravista catalog are shown 
in Figure 6 together with the theoretical model. 

5.5. Parametrization of the Maximum 

We now analyse how the position in redshift of the maximum, posz , depends on 
the limiting magnitude of the catalog, um , see Figure 7, which has the parameters 
of the 2MRS catalog. 
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Figure 6. The galaxies of the Ultravista catalog with 17 22.5m≤ ≤  are organized in fre-
quencies versus heliocentric redshift, (empty circles); the error bar is given by the square 
root of the frequency. The maximum frequency of the observed galaxies is at 0.927z = . 
The full line is the theoretical curve for the number of galaxies in GTL, which is Equation 
(37). The parameters are the same as Table 4, and 2 75703χ = .  

 
Table 4. Parameters for the Ultravista catalog.  

1 1
0 68.04 km s MpcH − −= ⋅ ⋅  5.47M =



 1299792 km sc −= ⋅  3.07φ =  

0.999α = −  * 17.4M = −  * 30.030 Mpc−Φ =   

 

 
Figure 7. The red line marks the theoretical position in redshift of the maximum in the 
number of galaxies, posz , as function of the value of the limiting magnitude, um , when 

4.99 um m≤ ≤ . The number of all the galaxies is evaluated with Equation (17) and other 
parameters for the 2MRS catalog as in Table 1. The fit with a power law as given by Equa-
tion (40) has parameters 109.05 10C −= ×  and 6.88γ = , (green dotted points).  
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The above curve can be approximated with the following power law  

 ,pos uz Cmγ=  (40) 

where the two parameters, C  and γ , can be found through a nonlinear fit. The 
second example analyses how the changes in the upper apparent magnitude mod-
ify the changes in the position of the photometric maximum for the data of the 
Ultravista catalog, see Figure 8.  
 

 
Figure 8. The red line marks the theoretical position in redshift of the maximum of the 
number of galaxies, posz , as a function of the value of the limiting magnitude, um , when 

17 um m≤ ≤ . The number of all the galaxies is evaluated with Equation (17) and the other 
parameters of the Ultravista catalog are in Table 4. The fit with a power law as given by 
Equation (40) yields the parameters 142.07 10C −= ×  and 9.52γ = , (green dotted points).  

6. Conclusions 

The number of galaxies: The theoretical number of galaxies in the framework 
of the GTL versus the redshift can be parametrized as a function of the observed 
flux, see Equation (27), or as a function of the selected magnitude, see Equation 
(33). The new derived formulae for all the galaxies are applied to four catalogs of 
galaxies: 2MRS, see Figure 3, SDSS DR 12, see Figure 4, GLADE+, see Figure 5 
and Ultravista, see Figure 6. 

Predictions: The role of the increasing limiting apparent magnitude is clearly 
outlined in Figure 7 with parameters of the 2MRS catalog and in Figure 8 with 
parameters of the Ultravista catalog. The position of the photometric maximum, 

posz , increases as 6.88
pos uz m∝  for the 2MRS catalog and 9.52

pos uz m∝  for the Ul-
travista catalog. As an example, the position of the photometric maximum for the 
Ultravista catalog is at 0.88posz =  for 27um =  and an increase of the limiting 
apparent magnitude by one shifts the maximum to 1.25posz = . 
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