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1 Introduction

Direct observations over 30 years now allow several model-independent cosmological tests to
be conducted. These tests can easily differentiate between models, providing conclusive re-
sults on their validity. The dynamics and curvature of the universe are determined by several
cosmological parameters, providing redshift versus luminosity distance and angular diameter
distances. The first can be confirmed with SNIa due to their nearly uniform properties, i.e.
they are standard candles. The later requires various direct observations of galaxies, clusters
and number densities. Recent observations have allowed strict constraints on mergers, lu-
minosity evolution and the amount of common disk galaxies up to moderate redshift. Faint
blue galaxies (FBGs) are therefore superior in terms of measuring angular diameter distances
and number densities.

The faint blue galaxy problem is known as a grand cosmological issue for several reasons
(He et al. 1998) [18]. A 2x excess of FBGs with respect to no-evolution ΛCDM is observed
up to 22.5B (Colless et al. 1989) [6], increasing to 3x by 24.0B (Driver et al. 1996) [10]. At
least half of the 2x excess is observed to occur prior to 0.5z with respect to spectroscopic
surveys (Colless et al. 1989) [6]; the 3x excess occurs prior to 1.0z (Roche et al. 1997) [40].
These were found to be consistent with various types of common disks (Colless et al. 1994)
[7]. The redshift versus distance modulus and properties of FBGs were also consistent with
minimal evolution for 22.5B (Colless et al. 1989) [6]. This problem is demonstrated to arise
from the assumption of DL = DA(1 + z)

2.

By measuring the major axis diameters of FBGs with respect to surface brightness
limits, each can be compared to local populations. It is observed that the size versus absolute
B-band magnitudes of these galaxies is fit by a static space-time metric with slightly negative
curvature. This is confirmed by measuring the angular diameters of the largest clusters up to
extreme redshift. Applying the largest objects at various redshift allows any uncertainty due
to morphological evolution to be ignored. Galaxies and clusters are demonstrated to have
nearly equivalent variations in angular diameters with respect to redshift. Combined with
observations of minimal evolution and the 2 - 3x abundance of FBGs, models that generate
cosmological redshift from metric expansion are ruled out. The steady state however is found
to be in agreement with the angular size, redshift distribution and number densities of FBGs.

The time dependence of the various models is further tested by knowing the amount of
mergers experienced by 1.35z (Lotz et al. 2011) [29], merger fractions (Kartaltepe et al. 2007)
[22] and merger times from simulations (Lotz et al. 2008) [28]. These results are applied
to determine expected number densities of FBGs with minimal evolution over 20B to 23B.
Various observations are discussed relative to proper age increasing with redshift. These
include the lack of local merger remnants, increasing cold baryonic matter with redshift and
relatively higher metallicity for distant objects. Morphological evolution is then discussed
for common galaxies including star formation and significance of x-ray emitting gas.

2 Methods

The models compared include ΛCDM, the Friedmann-Lemâıtre metric and steady state with
and without residual thermal expansion (Peck 2013) [39]. The Big Bang theory was proposed
by Lemâıtre (1927) [26] and Hubble (1929) [19], with the Hubble constant being the only
parameter at H0 = 68.7 (km ∙ s−1)/Mpc. This model fails to agree with observations beyond
0.1z, requiring the addition of several parameters including Ωc = 0.222, ΩΛ = 0.728 and
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Ωb = 0.0456; H0 = 70.4 (km ∙ s−1)/Mpc is applied relative to recent ΛCDM predictions
(Jarosik et al. 2011) [21]. The steady state requires two parameters, where the slope of
an asymptotically flat potential is set to S0 = 3.248 ± 0.047 ∙ 1042 (kg ∙m ∙ s−2)/Gpc and
y-intercept y0 = 0.375 ± 0.161 Gpc (Peck 2013) [39]. The inferred accelerated expansion is
predicted to arise from the deflection of light in an asymptotically flat gravitational potential.
The full range of redshift versus distance modulus is therefore obtained by varying the y-
intercept from 0.0 to 0.536 Gpc for a steady state without local expansion. However, y0
actually depicts the average distance to the start of flow into a global gravitational potential
over all local directions.

The redshift equation for the steady state model is derived from relativistic Doppler
and gravitational redshift. Vacuum energy density in equation (2.1) is directly related to
gravitational potential by = −c02Φ/G0.

z =
G0
c04

(√ (

+
2c04

G0

)

+ 2

)

(2.1)

The local region (< 0.1z) however is observed to have residual thermal expansion. This is
well described by the Friedmann-Lemâıtre metric, but with DA equivalent to DL; i.e. the
metric is static and only matter upon it is receding. Since redshift in the steady state with
local expansion is predicted to originate from two sources, the Friedmann-Lemâıtre model is
smoothed with predictions between 0.1z and 0.2z. The local expansion will therefore be the
main component with respect to distance modulus versus redshift prior to 0.1z, becoming
less dominate beyond.

Vacuum energy density produces a locally isotropic metric with angular diameter dis-
tance defined by equation (2.2). Luminosity distance in this perspective is equivalent to
metric distance, where vacuum energy density is defined with = S0 (DL − y0). Low red-
shift (DL ≤ y0) is best described by DL=DA since local variations in vacuum energy density
are minimal.

DA ∼= DL

(

1 +
S0G0

c04
(DL − y0)

)

(2.2)

For a steady state with local expansion, distance modulus is divided into three regions.
Redshift prior to 0.1z is dominated by residual thermal expansion and bulk flows. For
0.1 < z < 0.2, the acceleration with respect to the average flow into the gravitational potential
(μΦ) is smoothed with local expansion (μH) via equation (2.3). k is set to 5π(z − 0.1), with
remaining redshift defined by the steady state model.

μ = μHcos
2(k) + μΦsin

2(k) (2.3)

The first cosmological test applies SNIa data obtained from NED (2013) [35] to verify
predictions of redshift versus distance modulus. SNIa are standard candles with respect to
their uniform properties, making them suitable for model-independent tests. Local expansion
is also tested with respect to any dispersion of SNIa data. If the local space is dominated by
residual thermal expansion, there must be minimal directional dependence. If the local space
lacked residual thermal expansion, a slight dipole would arise. For example, directions pointed
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into the global gravitational potential have redshift increasing faster with respect to distance
modulus. The opposite direction will have similar predictions, where the local space is moving
at a faster rate relative to objects at a higher potential. After sufficient distance, the majority
of objects with respect to Earth are projected from a lower gravitational potential. This
provides the illusion of accelerated metric expansion due to the nearly spherical projection
of space towards the center of an asymptotically flat gravitational potential.

The second set of tests provides additional constraints on cosmological metrics, where
the angular diameters of galaxies and clusters are measured. These objects are suitable
for model independent tests for several reasons. The faint blue galaxies prior to 23.0B are
well constrained from numerous observations and studies. For example, it is known that
the properties of these galaxies are consistent with minimal evolution; i.e. they are similar
to local blue galaxies. The availability of high-resolution imaging further allows sufficient
observations up to 0.7z. By measuring the major axis diameters of local blue galaxies and
the more distant populations, the absolute B-band magnitudes can be compared. The local
dataset contains 567 blue galaxies with maximum luminosity distance of 50 Mpc. These
consist of a wide range of disk and irregular populations, including both face-on and edge-
on galaxies. Morphologies consisted of 108 Scd, 84 Sc, 64 Sbc, 64 Im, 61 Sd, 31 Sdm,
28 Sm, 19 Sab, 16 Sa, five I0 and 21 unidentified spiral galaxies (NED 2013) [35]. Major
axis diameters are applied to reduce the dependence on orientation. The diameters of local
galaxies were obtained from Nilson (1973) [36] and de Vaucouleurs et al. (1991) [49] relative
to 25.0 B mag ∙ arcsec−2 surface brightness limits.

The FBGs require several constraints in order to demonstrate minimal evolution. The
redshift distribution of these galaxies is consistent with no evolution relative to ΛCDM (Col-
less et al. 1989) [6] and the steady-state models. Non-fiducial studies further confirmed that
the amount of mergers prior to 0.5z is insufficient to affect galactic evolution. For example,
galaxies on average experience a single major merger by 1.35z (Lotz et al. 2011) [29]. Studies
have ruled out any evolution at the faint end of the spectrum (Gronwall et al. 1995) [14],
with minimal evolution at the bright end prior to 0.5z (Broadhurst et al. 1988) [4]. The
high-resolution imaging of FBGs up to 23.0B provided by Colless et al. (1994) [7] also depicts
common galaxies. These FBGs are listed in table 1 and have nearly identical properties to
local examples. From these 24 FBGs, two were elliptical galaxies, 20 were common disk
and the remaining two were dwarfs or irregular. Absolute magnitudes of these FBGs also
increase with redshift, i.e. comparing major axis diameters to absolute magnitude is similar
to angular size versus redshift of clusters. Equal disagreement for the angular diameter of
FBGs and clusters would therefore demonstrate incorrect angular diameter distances, which
varies proper volume and number densities.

Several problems arise when attempting to compare the size of local galaxies with the
faint blue galaxies provided by Colless et al. (1994) [7]. The first is the diversity of mor-
phologies, which range from high surface brightness dwarfs to a giant elliptical (cD). Intrinsic
characteristics of each galaxy will therefore drastically vary from one another as observed by
OII widths, (bj − rF ) color and surface brightness. However, the vast majority of FBGs
are common disk and irregular galaxies. The only exceptions to this are FBGs beyond 0.5z,
which have colors consistent with massive starburst galaxies. These are abundant at higher
redshift due to UV properties, size and luminosity. Two additional outliers include an el-
liptical galaxy and previously mentioned cD. These early-type galaxies are intrinsically red
as demonstrated by (bj − rF ) color and fail to meet the characteristics of FBGs; both are
however included for reference.
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Table 1. Properties of FBGs with major axis diameters measured to (top) 24.4V mag or (bottom)
25.0B mag per arcsec−2

ID
Redshift
(z)spec

Dist. Mod.
(u)[1]

(mB)
[1] (mB)

[2] Major Axis
Diameter (“)

Morphology

10.2.05 0.303 40.84 -18.87 -19.2 2.748 ± 0.315 E
10.2.17 0.302 40.83 -18.83 -18.6 3.147 ± 0.382 Sb
10.2.23 0.665 43.09 -20.48 -19.7 2.002 ± 0.389 Sc pec Sy
13.2.10 0.424 41.78 -19.82 -20.8 3.561 ± 0.753 cD
13.2.13 0.430 41.82 -19.75 -20.0 3.095 ± 0.563 Scd pec
13.2.22 0.422 41.76 -19.32 -19.0 2.880 ± 0.235 Sd
13.4.12 0.120 38.66 -16.91 -16.8 3.294 ± 0.409 Sd
13.4.16 0.120 38.66 -16.69 -16.3 3.371 ± 0.273 Scd
13.4.22 0.086 37.92 -15.57 -15.1 3.003 ± 0.430 Im
13.5.06 0.112 38.50 -15.85 -15.5 1.838 ± 0.181 dIm pec
13.5.07 0.220 40.02 -18.45 -17.7 3.041 ± 0.374 Sc pec
13.5.10 0.329 41.06 -19.24 -19.1 4.199 ± 0.365 Sab
13.5.12 0.678 43.15 -21.27 -20.8 3.383 ± 0.484 Scd
13.5.14 0.255 40.39 -18.31 -18.8 3.848 ± 0.440 Sc
13.5.20 0.521 42.38 -19.83 -19.9 3.798 ± 0.635 Sa

10.2.02 0.549 42.53 -20.88 -19.4 2.805 ± 0.357 Sbc
10.2.04 0.543 42.50 -20.54 -19.1 2.812 ± 0.266 Scd
10.2.15 0.451 41.95 -20.00 -20.1 1.876 ± 0.633 Sb
10.2.20 0.188 39.66 -17.39 -17.5 2.600 ± 0.581 Sab
10.2.22 0.180 39.56 -17.20 -16.8 3.070 ± 0.638 Sc
13.2.17 0.202 39.82 -17.49 -17.4 1.969 ± 0.190 Sab
13.2.23 0.281 40.64 -18.06 -18.1 1.337 ± 0.802 Sa
13.2.26 0.598 42.78 -20.12 -18.6 1.977 ± 0.262 Sc
13.2.36 0.537 42.46 -19.46 -19.4 2.072 ± 0.397 Sd
[1]Distance modulus is derived from the best fitting model with spectroscopic redshift (steady state

including local expansion)
[2]Best estimate from Colless et al. (1994) [7]

A second problem arises due to systematic errors within Colless et al. (1994) [7] relative
to the B1, B2, I1 and I2 surface brightness profiles. The second set of FBGs provide (B −
I) < 0 for all objects including early disk. This is illogical, as early-type disk commonly have
colors around (B − I) > 2.00. An extreme example of this is FBG 13.2.26 with a redshift of
0.202z and (B − I) < −2.00 with respect to Colless et al. (1994). This galaxy is consistent
with a bulge dominated disk, with (bj − rF ) = 1.42 and OII width of 0. Correlating OII
widths, color and surface profiles with the first set of FBGs indicates that surface brightness
measurements were off by −2.07 B mag and −0.45 I mag per arcsec−2 for the second set. To
account for any uncertainty from these errors, the FBGs were also digitalized and converted
to high-resolution contours. Uncertainty in major axis diameter for table 1 is determined
from the standard deviation between B or I diameters derived from Colless et al. (1994),
major axis diameters in table 1 and average size of each FBG out to the faintest contours.
Uncertainty in major axis diameters out to the 25B reference level however is likely less than
some of these suggest.
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The third issue relates to comparing galaxies imaged in the V-band to the 25B reference
level. These bands provide similar measurements due to their proximity in wavelength, i.e.
4300A and 5420A respectively (Colless et al. 1994) [7]. There is however a slight error in
major axis diameters without wavelength corrections. The difference between these bands is
morphology dependent, where (B −V) surface colors are nearly flat for early-types. The outer
extents of common disks however can have (B −V) colors of 0.4, where a correction of 0.6 is
applied with respect to the average value. Relative to 25.0 B mag ∙ arcsec−2 reference levels,
the bulk of FBGs are common disk correspond to a 24.4 V mag ∙ arcsec−2 limit. Applying
these constraints allows the previous studies of local galaxy diameters to be compared with
both sets of FBGs.

The interpretation of OII widths with respect to strong starburst and LINER/ Seyfert
galaxies relates to the final problem. Recent observations by Lemaux et. al. (2010) [27]
have demonstrated that large OII widths at high redshift (0.8z − 0.9z) do not necessarily
correspond to nuclear starburst or extended disk activity. LINER type galaxies commonly
consist of early-type galaxies with relatively high (B − R) color. This distinction allows
high OII width, but redder galaxies to be differentiated from active star forming galaxies.
Seyfert galaxies on the other hand occur almost exclusively with disk, making them difficult
to differentiate from strong starburst galaxies. An important indication of an active galactic
nuclei rather than extended starburst galaxies is the existence of significant bulges, high OII
widths and relatively red colors (bj − rF ) > 1.20. Mass and size of supermassive black
holes are closely related to bulge mass (Häring et al. 2004) [16] and bulge luminosity. From
high-resolution imaging, color and OII widths provided by Colless et al. (1994) [7], the FBGs
could be directly compared to local galaxies of similar absolute B-magnitude, appearance and
size. The only galaxy that could be easily differentiated as a Seyfert is 10.2.23, which has a
significant bulge in the I-band, OII width of 75 and (bj − rF ) = 1.29 color.

Clusters are applied for the second part of the angular scale test, where the amount of
clusters measured was increased to 227 (Maughan et al. 2008, Williamson et al. 2011 and
Mehrtens et al. 2012) [32, 34, 52]. This includes 189 of the most massive cluster, 22 smaller
clusters and 16 Lyman-alpha blobs (Ivison et al. 1998; Keel et al. 1999; Steidel et al. 2000;
Venemans et al. 2002; Dey et al. 2005; Nilsson et al. 2006; Greve et al. 2007; Saito et
al. 2008; Smith et al. 2008; Hatch et al. 2009; Ouchi et al. 2009 and Willott et al. 2011)
[9, 13, 17, 20, 25, 37, 38, 42, 43, 45, 50, 53]. X-ray contours were measured from the centers
to 2−3 sigma above background rates; major and minor axes were then averaged. The extent
of Lyman-alpha emission was instead applied to Lyman-alpha blobs. These measurements
allow mergers to be differentiated from larger clusters. An active major merger for example
will at most double in major axis diameter, while the average diameter increases by less than
50%. There are several clusters with average diameters less than one megaparsec, which were
removed when all models except steady state without expansion predicted diameters below
this limit. Since these models have similar predictions at low redshift, this ensures only the
most massive clusters are included for all redshift.

The largest of clusters are applied for several reasons. Observations are limited to seeing
only the largest objects at moderate to high redshift, which must be morphologically related
to the largest objects at all redshift. The second reason is due to their relative angular
diameters. FBGs up to 23.0B (< 0.7z) have major axis diameters to the faintest contours
of 3.00′′ ± 0.73′′, while Lyman-alpha blobs are > 2′′ prior to 10z. Faint red galaxies in the
HUDF for example exist between 1.0z and 3.5z (Stutz et al. 2008) [46]. Many of these
are disk galaxies and likely related to FBGs. However, averaging angular diameters to the
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faintest contours provides 0.41′′ ± 0.09′′. These galaxies therefore have angular diameters
nearly 10x smaller than the < 23B sample of FBGs, making surface brightness measurements
implausible. Distance and time-scales involved in major cluster mergers are also greater than
for galaxies, reducing overall variations in size.

The final cosmological tests relate to major mergers and number densities. The amount
of mergers each galaxy experiences by 1.35z and close pair fractions of normal disk allow strict
constraints on the time-dependence and number densities FBGs. Numerical simulations of
major mergers have be conducted placing the average merger time around 2.88 billion years
(Lotz et al. 2008) [28]. These however include dark matter, which is only theorized to exist
with respect to ΛCDM. This can add up to four times the visual mass of galaxies (McDonald
2013) [33]. Simulated merger times would therefore be underestimated relative to other
models. Although the applied merger time is fiducial in terms of ΛCDM, it allows for a
sufficient comparison between the various models.

There is an important distinction between the time dependence of an expanding universe
and steady state model. For ΛCDM, objects should appear younger as redshift increases with
respect to an observer on Earth. The opposite is true for the steady state model, where objects
appear older as redshift increases. Time-dependence for ΛCDM and the Friedmann-Lemâıtre
metric is derived from previously provided parameters. The steady state’s time-dependence
is obtained from equation (2.4). Beyond testing models against the observed duration of
proper time between 0z and 1.35z, other characteristics of galaxies and clusters are able to
differentiate between models. An expanding universe would for example have metallicity
decreasing with redshift.

4DL
4τ

=
1

4DL

∫ 4DL

0
u (DL) dDL (2.4)

Proper velocity for objects accelerating into the gravitational potential is defined by equation
(2.5). The proper time applied for the steady state is determined by varying the y-intercept
from 0.0 to 0.536 Gpc and taking the averaged value, i.e. local expansion is not considered
in either case.

u (DL)=
dDL
dτ
=
G0
c03

√ (

+
2c04

G0

)

(2.5)

3 Results

Available SNIa data allows two of the four models to be ruled out. Although the steady
state without local expansion fits observations when varying the y-intercept, local SNIa
depict nearly isotropic expansion. Directional dependence of ΛCDM cosmological parameters
however has been observed (Axelsson et al. 2013) [2], which is expected for the steady state.
The Friedmann-Lemâıtre model is ruled out due to a poor fit beyond 0.1z. Each model’s
residual is further plotted relative to the steady state with local expansion in figure 1. ΛCDM
and the steady state with expansion provide similar standard deviations of 0.5381 and 0.5305
respectively. These results do not allow the models to be differentiated beyond testing for
locally isotropic expansion beyond 0.1z.
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Figure 1. 1005 SNIa compared between the four models. The thick black line is the steady state with
local expansion, while the dashed line is without. The thin dotted lines are the limits of the steady
state model by varying the y-intercept from 0 to 0.536 Gpc. Blue is ΛCDM with the Friedmann-
Lemâıtre in red. Red data points are GRBs (Wei 2010) [51] that were not included in the standard
deviation.

Figure 2. Size versus absolute B-band magnitudes of distant and local blue galaxies. The red
line represent the FBGs logarithmic fit for (A) the steady state with expansion (B) ΛCDM (C)
Friedmann-Lemâıtre metric and (D) steady state without local expansion. The standard deviation
for local galaxies at these magnitudes is 8.490, while the models provide standard deviations of 8.836,
15.01, 11.12 and 8.840 respectively.
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The angular scale tests provide conclusive results, as angular diameter distances dras-
tically differ between models. The plots in figure 2 compare the predictions of each model
with respect to the FBGs from Colless et al. (1994) [7]. With minimal evolution occur-
ring up to these magnitudes, the imaged FBGs are expected to be identical to local blue
galaxies. However, data points for ΛCDM and Friedmann-Lemâıtre are all below the trend
for local galaxies. The steady state models are in agreement with observations except for
two data points. These include a giant elliptical (cD) around −20 mB and the brightest
galaxy of the survey at −21.27 mB. cD galaxies commonly have diameters ranging from
50 to 100 kpc and do not fit the properties of FBGs, i.e. they are anomalies. The large
disk around −21.27 mB is in the process of undergoing a major merger, causing a slightly
overestimated absolute B-magnitude. Figure 2 compares the 24 FBGs and 568 local galaxies
for each model.

The FBGs are well constrained in terms of major axis diameters and evolution up to
23B. However, they are limited to moderate redshift (< 0.7z) relative to these magnitudes.
Clusters are much larger, allowing cosmological tests to be extended to higher redshift. The
major and minor axes were measured up to 2 – 3 sigma above background rates and averaged
to reduce the effects of active mergers. A major merger between two clusters would for
example have the averaged x-ray contours increased by 50% at most. Actual uncertainty
is well below 20% for the clusters applied in figure 3. To put models on equal footing, the
average diameter relative to each model between 0z and 0.5z is applied. These predictions
are further extended between one and six megaparsecs.

Simulations of major cluster mergers usually require relaxation times of five billion
years or more (Roettiger et al. 1999) [41]. Merger fractions for clusters are estimated to be
between 0.1 and 0.5 (Mann et al. 2011) [31]. These fractions however are overestimated for
angular diameter distances derived from ΛCDM, i.e. much larger separation distances are
included with increased redshift. With major mergers being the main factor in the evolution
of cluster sizes, this would imply that average diameters should not drastically vary beyond
0.7z. Whether mergers play a significant role in the angular size of distant clusters, the most
massive objects at any redshift must be directly related to each other. This requires the most
massive clusters to be directly related to distant Lyman-alpha blobs.

All data points beyond 2z consist of Lyman-alpha blobs, which are the largest objects at
high redshift. These distant clusters are surrounded by large amounts of reionized hydrogen
rather than hot x-ray emitting gas. With respect to angular diameters of the clusters in
figure 3, models that generate redshift from expanding metrics predict for these objects to
be tens to hundreds of times larger than observed. However, the steady state predicts for
Lyman-alpha blobs to be identical in size to local clusters as depicted in figure 3. These
observations are consistent with minimal variations in size up to high redshift.

The geometric standard deviation is applied to determine the fit of clusters for several
reasons. (I) Plotting the angular diameters of clusters on a log-log scale allows the various
models to be easily differentiated, while the vertical width of data points and predictions are
nearly equivalent for all z. This allows for the possibility of a log-normal distribution without
favoring any model. (II) Current observations are likely skewed by an abundance of small
clusters locally and large clusters at high redshift due to observational limitations. (III)
Distant clusters are off by a factor of 100x with respect to ΛCDM; this equates to an error
of about 1700 kpc. The steady state has a higher prediction for the angular size of clusters
at low redshift, where at most the model is off by a factor of about 2x. This in return results
in an error of 1500 kpc, similar to that of the 1700 kpc for high redshift ΛCDM predictions.
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Figure 3. Angular diameters of 227 clusters compared between the four models. Triangles represent
Lyman-alpha blobs, while filled stars are FBGs from figure 2. Excluded clusters that were smaller
than one megaparsec are red x.

The trend of massive clusters is found to be consistent with FBGs, where the steady state
without local expansion is superior at 0.2054. This result is likely due to the slightly higher
average diameter obtained between 0.1z and 0.5z. The steady state with local expansion
has a geometric standard deviation of 0.2192, while ΛCDM has 0.4707 and 0.718 is obtained
for the Friedmann-Lemâıtre metric. Combined with the size of FBGs, it is clear that DL 6=
DA(1 + z)

2.

The fourth cosmological test allows the time-dependence of various models to be com-
pared. Close pair fractions for disks (Kartaltepe et al. 2007) [22] are applied to a <2.88 Gyr>
merger time with respect to simulations (Lotz et al. 2008) [28]. This merger time is somewhat
fiducial in favor of ΛCDM, as the merger process occurs at a faster rate due to the inclusion
of dark matter. The simulated galaxies are similar to the FBGs applied in the angular scale
test, undergoing a major merger once on average by 1.355z (Lotz et al. 2011) [29]. Time
dependence of each model is therefore applied to determine the merger time required to reach
one major merger by 1.355z. With respect to the steady state, the relative age of distant
galaxies increases with redshift. The local remnant fraction must be included in the final
amount, which is much less than 3% with respect to the New General Catalog. The steady
state with local expansion requires a merger time of <3.70 Gyr> and <3.72 Gyr> without.
ΛCDM and Friedmann-Lemâıtre provide <0.491 Gyr> and <0.332 Gyr> respectively.

The final test applies several of the previous constraints in order to determine the
amount of FBGs with respect to each model. These allow number density and the redshift
distribution of FBGs to be compared between 20B and 23B. These magnitudes correspond
to galaxies prior to 0.7z as confirmed by spectroscopic redshift surveys. It is known from
observations that minimal evolution occurs with respect to the bulk of these objects. For
example, only 8.3% of the imaged FBGs were close pairs with even fewer remnants. On
time-scales predicted by the steady state with <2.88 Gyr> merger times, the amount of
galaxies decreases by 15.0% for 0.5z.
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Figure 4. Predicted versus observed FBG counts between 20B and 23B, mergers and UV corrections
were included.

Table 2. Color and UV properties of common disk galaxies

Color Sa/ab Sb/bc Sc/cd Sd Im

(B - I) 2.04 1.96 1.55 1.34 1.19
(B - R) 1.42 1.35 1.08 0.952 0.845

(4250A – 3320A) -0.890 -0.642 -0.556 -0.420 -0.210
(4250A – 2980A) -1.30 -0.918 -0.844 -0.440 -0.345
(4250A – 2460A) -1.94 -1.58 -1.04 -0.447 -0.213
(4250A – 1910A) -1.87 -1.60 -0.663 -0.177 0.248

Redshift surveys from Colless et al. (1989) [6] and Glazebrook et al. (1995) [12] are
compared to the predictions of each model in figure 4. The local references were applied with
merger fractions and <2.88 Gyr> merger times. Colless et al. (1989) [6] concluded that at
least half of the ΛCDM abundance occurs prior to 0.5z. The steady state without evolution
predicts 2.10x the amount of galaxies with respect to ΛCDM between 0.2z and 0.6z. After
applying UV corrections and mergers, this decreased to 1.69x. The steady state however
still has nearly twice the amount of galaxy counts between 0.35z and 0.65z as depicted by
figure 4. Prior to 0.2z the steady state and ΛCDM provide similar predictions, indicating an
insufficient FBG dataset or that local galaxies in figure 2 do not represent the entire FBG
population. Many counts between 0.2z and 0.4z however are much lower than expected with
respect to the known abundance.

FBGs with high-resolution imaging consist almost entirely of late disk beyond 0.5z.
Their OII widths vary, while enhanced star formation is occurring with bluer (B - R) colors
of <1.07>. Starburst galaxies fit into this category with UV colors of (4250A − 2460A) >
−0.3. Starburst FBGs include 10.2.02, 10.2.04 and 13.2.26, which provide (bj − rF ) colors of
0.73, 0.58 and 0.64 respectively (Colless et al. 1994) [7]. The mean redshift of these FBGs
is 0.56z, demonstrating that the bulk of galaxies beyond 0.5z are very blue and bright. OII
widths were relatively low indicating starburst galaxies rather than AGN.
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4 Discussion

Redshift versus distance modulus of SNIa allows two of the four models to be ruled out, i.e.
only the steady state with residual thermal expansion and ΛCDM agree with observations.
Beyond the standard deviation relative to SNIa, these models are differentiated by predictions
of directional dependence and bulk flow. Bulk flow and directional dependence of SNIa has
been observed (Turnbull et al. 2012) [48]. A bulk flow of clusters known as the “dark flow”
is also detected within WMAP (Kashlinsky et al. 2010) [24] and PLANCK (Atrio-Barandela
2013) [1] datasets. These observations are therefore consistent with the steady state model
rather than ΛCDM.

Predictions of angular diameter distances offer a more conclusive differentiation be-
tween models. FBG size versus magnitude favors the steady state, where disagreement with
ΛCDM increases with redshift. Variations in galaxy and cluster angular sizes are also nearly
equivalent up to 0.7z. Higher redshift galaxies in the HUDF are 10x smaller than the FBG
populations, with many only undergoing a single major merger. Curvature however is a mi-
nor component with respect to the effects of metric expansion in big bang cosmology. This
expansion is the main factor in angular diameter distances being too small with respect to
direct observations.

Relative to the CMBR, these results provide serious consequences for big bang cosmolo-
gies. Radiation in equilibrium has an energy density related to temperature via u = σT 4.
Variations in temperature and wavelength are defined by a scale factor T (z) = T0/a(t) and
cosmological redshift λ (z) = λ0/(1 + z). However, the scale factor is not equal to (1 + z)

−1

as demonstrated by various tests. Temperature and wavelength will therefore vary dispro-
portionately, failing to preserve the observed black body spectrum. The boson interpretation
of the CMBR is therefore ruled out. This further invalidates recent WMAP (Jarosik et al.
2011) [21] and prior curvature results due to flawed assumption. The more constrained mea-
surements of clusters and galaxies depict a steady-state projection with negative curvature.

The properties of clusters and galaxies over various redshift provide additional insight
into these observations. Time-scales between models are drastically different, where the
steady state has nearly 600% and 750% additional proper time between 0z and 1z relative
to ΛCDM and the Friedmann-Lemâıtre model respectively. The fourth test demonstrated
that time scales are in agreement with the steady state. This model also requires for distant
galaxies and clusters to be older than local populations. In this perspective, galaxies and
clusters are expected to cool with redshift. Merger fractions and remnants are also predicted
to increase with redshift, while the opposite is true for big bang cosmologies. Local clusters
are abundant in x-ray emitting gas, with dimensions similar to that of distant Lyman-alpha
blobs. Lyman-alpha blobs however consist of reionized hydrogen, which is the product of x-
ray emitting gas that has cooled over billions of years. Observations therefore insist clusters
are cooling with increased redshift.

Distant galaxies follow a trend similar to that of clusters, where cooling occurs with
increased redshift. Recent observations indicate a drastic increase in cold baryonic matter
up to moderate redshift. For example, fractions of cold baryonic matter increase to 34% and
44% by 1.2z and 2.3z respectively (Tacconi et al. 2010) [47]; this is 300% to 1000% more
than local galaxies. The additional cold baryonic matter promotes star formation beyond
0.5z (Guillemin et al. 1997) [15] with higher rates beyond 1.5z (Connolly et al. 1997) [8].
These observations are reinforced by the local abundance of Mg, which is higher in early
type galaxies. Elliptical and lenticular galaxies are abundant in stars that will undergo type
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Table 3. Results of cosmological tests (lower is better)

Test
Steady State
With Expansion

Steady State
Without Expansion

ΛCDM
Friedmann-
Lemâıtre

1 0.5305 2.1647 0.5381 1.1969
2 8.836 8.840 15.01 11.12
3 0.2192 0.2054 0.4707 0.7180
4 28.5% 29.2% 83.0% 88.5%
5 4.12 4.17 4.34 6.15

Score 1.206 4.786 13.70 52.01

II supernova, which produce the majority of local Mg. Weak MgII absorbers are instead
abundant at moderate redshift to 2.2z (Steidel et al. 1992) [44]. This is in agreement with
the relatively high FeII:MgII ratios in distant quasars (Maiolino et al. 2003) [30], i.e. galactic
metallicity is increasing with redshift. Observations are therefore fully consistent with the
proper age of galaxies and clusters increasing with redshift.

The fraction of merger remnants and redshift dependence of close merger pairs demon-
strate two important observations. Less than 0.5% of NGC galaxies can be considered major
merger remnants, increasing to > 25% with red galaxies in the HUDF (> 1.0z). For disk
galaxies, tidal tails or multiple cores are significant features of major merger remnants. Close
pair fractions also significantly increase at high redshift (Bluck et al. 2009) [3] with few ma-
jor mergers taking place locally. Similar observations are found for low and high redshift
clusters. For example, cluster merger fractions are 0.1 to 0.5 up to moderate redshift, with
a decreasing fraction of relaxed clusters starting beyond 0.4z (Mann et al. 2011) [31]. Ob-
servations are therefore consistent with local expansion due to prior cooling of dense x-ray
emitting gas. Expansion however is temporary as indicated by increased merger remnants
and merger fractions at moderate redshift.

Various observations with respect to galactic evolution imply that the bottom-up ap-
proach to formation is incorrect. Clusters and galaxies are instead consistent with the prod-
ucts of x-ray emitting gas cooling into “collapsing galaxies” (Eggen et al. 1962) [11]. Mor-
phologies in massive clusters provide additional insight into active and passive galaxies. Pas-
sive galaxies in clusters commonly exist in regions abundant with x-ray emitting gas, while
active galaxies exist along the outer perimeters. X-ray emitting gas inhibits the formation of
stellar populations and initial collapse of galaxies. With respect to the various disk morpholo-
gies, Sa, Sab and Sb have smaller diameters when compared to Sc, Scd and Sd of equivalent
absolute B-magnitude. The rotational curves of disk galaxies and increasing diameters with
later types imply that galaxies evolve from early elliptical into late-type disk. The stellar
populations of various morphologies also agree with the collapsing gas model, as elliptical
galaxies contain abundant amounts of metal poor stars and hot gas. Disk galaxies however
have increased dust, star formation rates and population I stars. It is therefore expected for
the number density of elliptical galaxies to decrease at moderate and high redshift, where
disk and merger remnants become abundant.

It is concluded that models based upon an expanding space-time metric are ruled out
from poor predictions of angular diameter distances and time-dependence. Observations are
instead consistent with an asymptotically flat, steady state model. The recently discovered
bulk flow of clusters in WMAP and PLANCK data is the product of a continuous jet em-
anating from the center of an asymptotically flat gravitational potential. This relativistic
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jet is much larger than those observed from local quasars, decaying into a dense proton,
electron and neutrino gas. The dark flow consists of large regions of hot, x-ray emitting gas
as measured by the Sunyaev–Zel’dovich effect (Kashlinsky et al. 2009) [23].

The CMBR is blackbody radiation emitted from the surface of a central core. The
2.73K spectrum has been shifted into the microwave region by gravitational redshift, which
preserves the characteristic blackbody shape. Entropy is globally constant with the central
core having properties of superfluidity and superconductivity. Matter is effectively expelled
at the poles, where it later falls back into the potential at relativistic speeds. Momentum and
energy are conserved, with two relativistic jets depicted by hot strips in the cleaned CMBR
images.

Additional surveys and studies are necessary for improving the various tests. The sample
of high-resolution FBGs and UV properties of disk galaxies must be increased. Surveys of
clusters between 1 and 2z will also fill in the transitional gap between the local abundance of
hot x-ray emitting gas and reionized hydrogen at high redshift. Merger fractions with small
separation distances must be adjusted relative to proper angular diameter distances. Merger
simulations should also be conducted without dark matter to remove any fiducial aspects.
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mid-infrared and millimetre imaging of the high-redshift radio galaxy, 4C41.17. MNRAS 382
(2007) 48G arXiv:0707.4482.

[14] Gronwall C., Koo D. C., Resurrection of traditional luminosity evolution models to explain faint
field galaxies ApJ 440L (1995) 1G arXiv:astro-ph/9411062.

[15] Guillemin P., Bergeron J., Evolution of quasar absorption-selected galaxies A&A 328 (1997)
499 arXiv:astro-ph/9705170.
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