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Hubble (1929) presented evidence for a linear relationship between the distance to a galaxy estimated
from absolute magnitude criteria and the observed velocity redshift (c;) of the galaxy. In the standard interpre-
tation of the Hubble “law”, deviations from a linear Hubble relationship are relatively small - no more than
1500 km s - and are thought to result from bulk flows and peculiar motions gravitationally induced by large
mass concentrations. Evidence has accumulated which indicates that some galaxies may deviate significantly
from the linear Hubble flow - possibly by over 10,000 km s in the most extreme cases. In many instances, evi-
dence for interaction - including bridges - apparently connect two galaxies and sometimes quasars with very
different redshifts. In these cases of “discordant redshift”, the bridges are generally not considered to be real
connections but instead are viewed as accidental projections of a foreground object with a higher redshift back-
ground object. However, if the bridges are real connections between objects with large redshift differences,
then they would support the existence of a non-cosmological redshift component in some galaxies and quasars.

The best way to establish the existence of a non-cosmological redshift is to determine distances to galaxies
using redshift independent distance indicators with small enough scatter to rule out large errors in the calcu-
lated distance. In this analysis the Ks-band Tully-Fisher relationship is used to determine distances to normal
spiral galaxies. It is found that a number of spiral galaxies have deviations from Hubble's law ranging from
2500 km s to 4000 km s1. Several tests and comparisons demonstrate that these deviations are unlikely to be
false deviations resulting from large Tully-Fisher distance errors. Therefore these excessively large deviations
from the Hubble law support the possible existence of a non-cosmological redshift component in some normal

spiral galaxies.

1. Introduction

Hubble [1] presented evidence for a linear relationship be-
tween the distances to galaxies determined from absolute magni-
tude criteria and the observed redshift velocities of the galaxies -
a result confirmed by numerous subsequent studies (see [2-6] for
recent reviews and results). The Standard model of the Hubble
relationship for galaxies in the local universe may be expressed

with the equation: ¢, = Hyr + V), ; where c, is the observed red-

shift velocity of a galaxy, Hjis the Hubble constant, r is the dis-

tance to the galaxy and V. is a peculiar velocity component. In

this model Hyr is the cosmological component of the redshift

which results from expansion of the universe and V), results

from gravitationally induced motions against the Hubble flow
caused by large mass concentrations such as galaxy clusters.
Peculiar motions range from less than 100 km s to ~1500 km s
in the most extreme cases [7-8]. In this standard model a galaxy
which significantly deviates from the Hubble relationship is as-
sumed to have a large error in the data used to calculate the dis-
tance r to the galaxy and therefore would be cut from samples
used to determine Hp or the peculiar velocity field [9-11].

While the standard model of the Hubble relationship treats
the velocity-distance correlation as a “law” that all objects follow
with small deviations only due to peculiar motions, a substantial
body of evidence has accumulated which indicates that some
quasars (QSO'’s), interacting galaxies, and normal galaxies may
have significant deviations from the Hubble flow that are too

large to be explained by peculiar motions (See [12-16] for reviews
of the accumulated evidence). According to this research QSO’s
are not at the large distances implied by a cosmological interpre-
tation of redshift. Instead quasars are local objects ejected from
the cores of active galaxies [13]. Physical evidence for local qua-
sars includes alignments of QSO’s across the minor axis of local
active Seyfert galaxies such as NGC 5985 [17], NGC 4235 and
NGC 2639 [18], and NGC 3516 [19]. The Seyfert 2 galaxy NGC
7319 has a high redshift ULX QSO only 8 arc second from its nuc-
leus [20]. The Seyfert galaxy NGC 4319 has an apparent bridge
connecting it to the QSO Markian 205 [21].

If numerous QSO’s are local objects, then in addition to the
cosmological redshift component and a peculiar velocity redshift
component there must also be a non-cosmological redshift com-
ponent and the observed redshift ¢, = Hor + V.. +V,, where V.

is the non-cosmological component which may have values rang-
ing from negligible to almost the entire observed redshift in local
QSO’s. Note that in this model a cosmological redshift is still
present so an underlying Hubble relationship is preserved. Most
researchers prefer a model for the Hubble relationship that does
not include a non-cosmological redshift component and attribute
the evidence for local QSO’s as simply resulting from chance
alignments of low redshift foreground galaxies with higher red-
shift background galaxies despite the low calculated statistical
probabilities of the QSO-galaxy associations being accidental
alignments.

In order to demonstrate that a non-cosmological redshift
component can exist in some quasars and galaxies it will be ne-
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cessary to provide evidence in the form of redshift independent
distances. In this paper some of the most compelling cases from
the literature for galaxies with large deviations from the Hubble
relationship will be discussed and then redshift independent Ks-
band Tully-Fisher (K-TFR) distances to spiral galaxies will be
presented which strongly support the existence of deviations
from the Hubble flow at least as large as ~4000 km s-1.

2. Bridges

If two galaxies with very different redshifts can be shown to
be interacting, then a strong case for a non-cosmological redshift
would be made. One of the strongest pieces of evidence for inte-
raction between two galaxies is the presence of a bridge connect-
ing the galaxies [22]. Zwicky [23] stated that “these connecting
links of intergalactic matter provide the first reliable criterion of wheth-
er two, three, or more galaxies are located at the same distance from us.”
Johansson & Bergvall [24] provide criteria for considering two
galaxies interacting which include the galaxies being “physically
connected via a well-defined bridge”. Irwin [25] studied the NGC
5775/5775 interaction and concluded that “Although no strong
optical distortions or tidal tails are evident, we have detected a clear
interaction in the form of two well-defined HI bridges connecting the
galaxies...”

Bridges make such a compelling case for interaction that Lo-
pez-Sanchez et al [26] chose to include an object in their study for
which a HST image suggested it might be a background object
because the object was “coincident with the eastern bridge of Mkn
1087” and Trentham et al [27] proposed that the luminous fila-
ment flowing from UGC 10214 (Figure 1) which does not connect
to any visible galaxy might actually be a case of “...material that is
being gravitationally pulled out by a dark companion...”

Fig. 1. DSS image of the spiral galaxy UGC 10214.

One of the strongest cases for a probable interaction between
two objects with very different redshifts is NGC 7603 - a Seyfert
galaxy with a redshift of 8400 km s that has a luminous bridge
connecting it to a close companion PGC 71041 with a redshift of
16,300 km s1. In the center of this bridge are two HII galaxies
with redshifts of z = 0.39 and z = 0.24 [28]. An equally compel-
ling case is found in NEQ3 [29] which has a z = 0.124 galaxy con-
nected by a filamentary bridge emanating outward from the ga-
laxy to a tight cluster of three QSO’s with redshifts of z = 0.1935,
0.1939, and 0.2229. The bridge itself has a redshift of z = 0.19
which matches the redshift of 2 of the QSO’s. The third QSO is
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an anomaly in itself as its redshift is almost 9000 km s greater
than the redshifts of the two other QSO'’s it is clustered with.

These connecting bridges provide strong evidence for interac-
tion between objects in the NGC 7603 and NEQ3 systems and
therefore evidence for large deviations from a smooth Hubble
flow. Ironically, while cosmologists will propose the possible
existence of completely dark galaxies [27] when bridge like fila-
ments are present but no companion is evident, the bridges are
immediately dismissed as evidence for interaction if there is a
significant difference in redshift between the two apparently
connected objects. For example Borchkhadze et al [30] presented
a study of 16 interacting galaxy systems and noted for ESO 234-
19 that “The reproduction (figure 1i) shows a diffuse object between
them. However, the radial velocities differ with about 2200 km s so
that a connection is probably excluded.” It should be noted in both
the NGC 7603 and NEQ3 case that if the companion galaxy is
removed as a candidate, then there is no candidate to explain the
formation of the bridge unless a hypothesis such as that of [27] is
adopted. Clearly some form of interaction is causing these
bridges or filaments and the higher redshift companions are the
only candidates. Figure 2 shows Digitized Sky Survey (DSS)
images of PGC 66146 (left panel) and NGC 7603 (right panel).
The similarity of the bridges is apparent in the DSS images. The
redshift difference in PGC 66146 is only 152 km s compared
with a difference of 7898 km s in NGC 7603. While PGC 66146
is readily accepted as an interacting pair, NGC 7603 is not simply
because of the redshift differential yet there is no other candidate
that can explain the existence of the luminous bridge.

Fig. 2. Interacting galaxies with apparent bridges. PGC 66146
(left) has a redshift difference of only 152 km s whereas NGC
7603 (right) has a redshift difference of 7898 km s.

3. Centaurus and B2 1637 + 29 Clusters

The Centaurus cluster located at ~35 Mpc distance is known
for an intriguing bimodal redshift distribution [31] with the giant
elliptical galaxy NGC 4696 at the center of the Cen30 sample with
a mean redshift of 3041 km s and the giant elliptical galaxy
NGC 4709 at the center of the Cen45 sample with a mean redshift
of 4570 km s-1. Lucey et al [31] concluded that despite the large
velocity differential of the Cen30 and Cen45 groups that they
were in fact a single cluster. This was confirmed using redshift
independent Surface Brightness Fluctuation method distances to
7 of the elliptical galaxies within the Centaurus cluster [32]. NGC
4696 (Vemb = 3248 km s1) has a SBF distance of 34.5 Mpc and
NGC 4709 (Vcmb = 4939 km s1) has a SBF distance of 34.4 Mpc.
The two galaxies are separated by 14.4 arc min or 1.4 Mpc at their



College Park, MD 2011

SBF distance. Adopting a Hubble constant of 70 km s Mpc,
NGC 4709 has a redshift excess of +2531 km s relative to a
smooth Hubble flow. This is 1000 km s-! greater than the typical
extreme maximum peculiar motions adopted by cosmologists.
Two other Cen45 galaxies also have SBF distance in [32] and re-
sult in excess redshifts of +2192 km s-1 (NGC 4616) and +2190 km
s1 (ESO 323-34). The observed redshifts in the Centaurus cluster
combined with redshift independent SBF distance strongly sup-
port the existence of devations from the Hubble flow as large as
2500 km s-1.

De Ruiter et al [33] studied the massive radio galaxy B2 1637
+ 29 finding that it is a double galaxy with radio jets emanating
from the brighter of the two galaxies. The fainter galaxy in the
pair was found to have a redshift velocity that is 4300 km s-
greater than the redshift of the brighter galaxy. A model that
seemed capable of explaining the velocity difference as a result of
the interaction between the two galaxies was developed [33].
However, de Ruiter et al [34] found that in the same field as B2
1637429 there are additional galaxies with redshifts matching
both components of the double galaxy. These new galaxy red-
shifts presented a difficulty for the standard interpretation of
redshifts because B2 1637+29 has strong evidence for interaction
and therefore the higher redshift component of the double galaxy
is needed to explain the strong interaction signs [34-35]. This
means the two redshift groups cannot simply be a chance super-
position of two small galaxy groups at different distances. As de
Ruiter et al [34] conclude:

“This alternative is perhaps not very attractive, because the
Hubble flow is believed to be reasonably smooth, with deviations (for
example due to ‘great attractors’) much less than a thousand km/s,
while here we would have to admit a difference of ~ 4000 kmy/s in the
same region of space, not of a single galaxy but of entire groups of
galaxies. On the other hand if we dismiss this possibility, we are
left with the question of why a rather anonymous galaxy located in
a poor cluster of galaxies, with a background galaxy of similar mag-
nitude at only 6 arcsec, produces such an unusual radio structure.”

Indeed the alternative is not very attractive as this important
result has not been cited a single time in the literature by any
researchers investigating the standard version of the Hubble rela-
tionship without a non-cosmological component. However, it is
interesting to note how the B2 1637+29 system with two overlap-
ping groups at the same distance with a 4100 km s difference in
redshift is simply a more extreme case of the ~1500 km s-1 differ-
ence in redshift found in the Centaurus cluster.

Lopez-Corredoira & Guitierrez [14] added further intrigue to
this system when they discovered that along the same line that
connects the two components at the center of B2 1637+29 and
only 22.4 arcsec distant is a z = 0.568 quasar.

4. NGC 1275

Another criterion for establishing the existence of a large red-
shift deviation would involve having a higher redshift object
clearly superposed in front of a lower redshift object. Such a case
exists in NGC 1275 which is a peculiar galaxy with a redshift of
5200 km s with an intervening late type galaxy - possibly an
edge on spiral - with a redshift of 8200 km s [36]. This system
was found to have HI absorption of the lower velocity nucleus
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was occurring at the higher velocity and that dust patches were
seen in the vicinity of the higher redshift matter [37]. NGC 1275
presents another unambiguous case of a large deviation from a
smooth Hubble flow - in this case a galaxy with 3000 km s-
greater redshift superposed in front of a large, lower redshift
galaxy.

5. Ks-Band Tully-Fisher Distances

The Tully-Fisher relationship for spiral galaxies [38] utilizes
the linear relationship between the observed rotational velocity
of a spiral galaxy and the absolute magnitude of the galaxy to
determine redshift independent distances. Observed Tully-
Fisher scatter is typically +/- 0.30 mag to +/- 0.50 mag for global
templates [39],[40],[41]. However, using strict selection criteria it
is possible to significantly reduce the RMS scatter in the TFR.
Russell [42] used Ks-band magnitudes from the Two Micron All
Sky Survey (2MASS) and observed rotational velocities from the
database of [41] to calibrate the morphologically type dependent
TFR [43] in the Ks-band. The calibration sample included 36 ca-
librators with redshift independent Cepheid distances and SBF or
Type Ia SN group distances (Fig. 3). Strict selection criteria elim-
inated galaxies most likely to have large TFR errors. These crite-
ria included (1) restricting the sample to galaxies with rotational
velocities > 150 km s as slow rotators are known to have much
larger TFR scatter than faster rotators; (2) restricting the sample
to galaxies with inclinations between 35 deg and 80 deg to reduce
the uncertainty in inclination corrections to both rotational veloc-
ities and magnitudes; (3) restricting the sample to galaxies with
morphological T-types from 3.1 to 6.0 to reduce the morphologi-
cal type effect. In addition DSS images of each
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Fig. 3. Ks-band TFR calibration [42].

galaxy in the sample was inspected to ensure that the inclination
derived from axial ratios was reasonable, that no superposed
stars could contaminate the Ks-band magnitude, that there was
no strong disturbance in morphology and that morphology was
consistent with that reported in the databases. The resulting Ks-
band TFR was found to have a small RMS scatter of only +/-0.14
mag in the zero point. A scatter this small makes it possible to
investigate for large deviations from the Hubble relationship.
The Ks-band calibration was then applied to determine dis-
tances to 147 spiral galaxies in clusters and 218 additional ScIl
galaxies from the sample of Mathewson&Ford [44]. Within the
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sample of Scl galaxies a sample of 24 galaxies was identified for
which a peculiar velocity greater than +2400 km s is required to
account for the difference between the Ks-TFR distance and the
Hubble distance ( Hy =70 km s Mpc1). For 12 of these the pecu-

liar velocity would exceed +3500 km s-1.
ing that the Ks-TFR distances are unlikely to contain large errors
that would explain the difference between the Ks-TFR distance
and the distance predicted from the Hubble Relation is presented
here. In addition it is shown that there can be a significant range
in the observed redshift for galaxies at the same distance and a
significant range in distance for galaxies with the same redshift -
both results suggest large deviations from a smooth Hubble flow.

ESO 501-75 is a spiral galaxy in the Hydra cluster with a rota-
tional velocity of 187 km s-1. The mean redshift for the Hydra
cluster is 4080 km s and the mean Ks-TFR distance to the cluster
is 48.4 Mpc from a sample of 10 galaxies. ESO 501-75 has a Ks-
TFR distance very close to the cluster mean (43.9 Mpc) but a red-
shift of 5587 km s-1. While the ESO 501-75 redshift is 1507 km s-1
greater than the Hydra cluster mean it is 2514 km s-! greater than
expected if Hy =70 km s Mpcl. Whereas the Ks-TFR distance

modulus for ESO 501-75 is 33.21 +/-0.16, the Hubble distance
modulus is 34.51 requiring an unlikely 8.10 error in the Ks-TFR
distance modulus in order for ESO 501-75 to actually be at its
Hubble distance. The fact that the ESO 501-75 Ks-TFR distance
modulus is consistent with the Hydra cluster mean supports it
being at the closer Ks-TFR distance.

This conclusion is further supported by comparisons with

other galaxies. For example, within the Hydra cluster the galaxy
ESO 501-86 (V,ot =178 km s1) has a redshift of 4082 km s-1. As a

galaxy with very similar rotational velocity the redshifts imply
that ESO 501-75 should have the appearance of a smaller back-
ground galaxy if it is not at the mean Hydra cluster distance.
This idea is tested with Digitized Sky Survey images. Figure 4
presents DSS 5 arc min images of ESO 501-75 (upper left) and
ESO 501-86 (upper right). These images support the relative ac-
curacy of the Ks-TFR distances as ESO 501-75 clearly has a
slightly larger angular diameter and similar resolution of features
as expected if the Ks-TFR distances are accurate. For further
comparison the galaxies NGC 4480 (lower left) and ESO 317-32
(lower right) are also included in figure 4. NGC 4480 has a rota-
tional velocity of 177 km s - only 10 km s slower than ESO 501-
75, a Ks-TFR distance of 41.3 Mpc - very close to the same dis-
tance as ESO 501-75, but a redshift velocity of 2765 km s com-
pared with the 5587 km s redshift of ESO 501-75. It is readily
evident when comparing the DSS 5 arc minute images that - giv-
en the very close rotational velocities, ESO 501-75 and NGC 4480
are very close to the same distance. In contrast, the Hubble rela-
tion would place ESO 501-75 at twice the distance of NGC 4480.
Angular diameters support this interpretation as the 2MASS Ky
angular diameter of ESO 501-75 is 1.45 arc min whereas the Ky
angular diameter of NGC 4480 is 1.22 arc min. The ESO 501-75
distance predicted from the Hubble relation (Ho=70) is 79.8 Mpc
- nearly twice the actual distance. As a final comparison, the
lower right panel in Figure 4 is the galaxy ESO 317-32 which has
a redshift of 5738 km s - slightly higher than ESO 501-75 and
therefore the two galaxies should be at nearly the same distance
if the Hubble distances are accurate. ESO 317-32 has a significant-

Evidence demonstrat-
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ly faster rotational velocity of 237 km s-1 than ESO 501-75. Once
again the images support the Ks-TFR distances as the appearance
of ESO 317-32 is noticeably smaller in the DSS image whereas the
50 km s faster rotational velocity and close redshift value would
lead to a prediction that ESO 317-32 should appear significantly
larger than ESO 501-75 if the redshift distances are accurate.
These comparisons support the conclusion that ESO 501-75 is at
~44 Mpc distance with an excess redshift of ~ +2500 km s-! rela-
tive to the redshift predicted from a smooth Hubble flow.

Fig. 4. ESO 501-75 (upper left); ESO 501-86 (upper right); NGC
4480 (lower left); ESO 317-32 (lower right).

ESO 445-27 has a rotational velocity of 250 km s, a Ks-TFR
distance modulus of 35.21 +/- 0.24 (110.2Mpc), and a redshift
velocity of 11654 km s1. A smooth Hubble flow predicts a red-
shift of 7714 km s at a distance of 110.2 Mpc and therefore ESO
445-27 has an excess redshift of +3940 km s-1. This excess redshift
is 2.6x larger than the most extreme +1500 km s peculiar mo-
tions expected in local clusters. The Hubble distance to ESO 445-
27 is 166.5 Mpc - or 56.3 Mpc more distant than the Ks-TFR dis-
tance. Differences between TFR and Hubble distances this large
are usually attributed to errors in the TFR data. However, the
data does not support that interpretation. The Hubble distance
modulus for ESO 445-27 is 36.11 which is +0.90 mag larger than
the Ks-TFR distance modulus. The uncertainty in the Ks-TFR
distance modulus derived from uncertainty in the rotational ve-
locity and Ks-band magnitude uncertainty is only +/- 0.24 mag -
3.6 times smaller than needed if the Ks-TFR distance contains
significant error. In order to account for the difference between
the redshift distance modulus and the Hubble distance modulus
the rotational velocity of ESO 445-27 would need to be 322 km s
- which is 70 km s larger than the observed rotational velocity
of ESO 445-27. This could be achieved if the actual inclination of
ESO 445-27 was 43 deg rather than the 61 deg reported by[41].
However, visual inspection of the ESO 445-27 image confirmed
that the inclination should be within +/- 5 deg of 61 deg and
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cannot be close to 43 deg. In addition, the ESO 445-27 rotation
curve in [44] (Figure 5) used by Springob et al [41] to derive the
rotational velocity shows a nice flat profile which further reduces
the odds of a larger rotational velocity error. A large error in the
Ks-band magnitude is ruled out as the uncertainty in the 2MASS
Ks-band magnitude was only +/-0.055 mag.

445-G27 134425
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Fig. 5. ESO 445-27 rotation curve [44].

While large errors in Ks-TFR data seem ruled out and there-
fore the Ks-TFR distance modulus should be accurate to within
+/-0.24 mag, there are further arguments supporting ESO 445-27
being at the Ks-TFR distance rather than the Hubble distance.
Three other galaxies with angular separations that place them
within 13 Mpc of ESO 445-27 and with redshifts within 1300 km
s1 of the ESO 445-27 redshift have Ks-TFR distances virtually
identical to ESO 445-27. These galaxies are listed in Table 1 with
their rotational velocity, Ks-TFR distance, redshift velocity, and
difference between the predicted and observed redshift at their
Ks-TFR distance. While it might be easy to infer ESO 445-27 is a
TER outlier, it becomes more challenging to explain four galaxies
in relatively close proximity, all giving Ks-TFR distances in the
narrow range of 109.7 to 115.3 Mpc and with very similar red-
shifts as multiple cases of bad Ks-TFR data.
another redshift independent distance that supports the Ks-band
TFR distances. The spiral galaxy IC 4232 (cz = 9801 km s) has a
Type Ia SN distance of 117.1 Mpc [3] and is only 208 arc min (6.7
Mpc) from ESO 444-31. This independent distance strongly sup-

In fact, there is

ports the Ks-TFR distances and therefore the existence of large
excess redshifts in these four galaxies ranging from +2476 km s
in ESO 444-31 to +3940 km s-1 in ESO 445-27.

Galaxy Vot Distance | Redshift | AVy
kms1 | Mpc km s km s1
ESO 445-27 | 250 110.2 11654 +3940
ESO 578-16 | 233 115.3 11270 +3199
ESO 444-31 | 218 112.2 10330 +2476
ESO509-94 | 211 109.7 11521 +3842

Table 1. ESO 445-27 companion galaxies

Visual inspection of DSS 5 arc min images of ESO 445-27 and
a sample of comparison galaxies overwhelmingly supports the
accuracy of the ESO 445-27 Ks-TFR distance. Figure 6 compares
ESO 445-27 with 1C2104, ESO 527-11, and CGCG 476-111. These
three comparison galaxies have similar rotational velocities to
ESO 445-27, and have Ks-TFR distances ranging from 79.4 Mpc to
159.2 Mpc. Each of these galaxies is also has a Ks-TFR distance
that is very close to the Hp=70 Hubble distance as can be seen
with the data in Table 2. Comparing the IC 2104, ESO 527-11,
and CGCG 476-111 images demonstrates the natural progression
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in appearance expected when comparing images of galaxies of
similar rotational velocity at successively larger distances. As the
distance increases angular diameter decreases and resolution of
features is less evident. It is striking to note from inspection of
the images in Figure 6 how closely ESO 445-27 (upper right) re-
sembles ESO 527-11 (118.6 Mpc - lower left) in appearance - not
only in overall apparent angular diameter but also in apparent
resolution of features. This is what is expected from the Ks-TFR
distances as ESO 527-11 has a slightly larger rotational velocity
than ESO 445-27 and a slightly greater Ks-TFR distance. The
2MASS Ky angular diameters support the visual appearance in
the images as ESO 445-27 has a Ky diameter of 1.01 arc min and
ESO 527-11 has a Ky angular diameter of 0.92 arc min. Despite
being 8.4 Mpc more distant than ESO 445-27, ESO 527-11 has a
redshift (8007 km s-1) that is 3647 km s-1 smaller than the redshift
of ESO 445-27. This is evidence that there can be deviations from
a smooth Hubble flow over 3000 km s-.

CGCG 476-111 (159.2 Mpc lower right in Figure 6) provides
additional evidence for the large excess redshift of ESO 445-27 as
it has a redshift of 11536 km s - nearly the same as the redshift
of ESO 445-27. According to the Hubble relation ESO 445-27 and
CGCG 476-111 should be at virtually the same distance and giv-
en that CGCG 476-111 has a 36 km s! larger rotational velocity it
should have a slightly larger angular diameter than ESO 445-27.
Visual inspection of the images in Figure 6 clearly demonstrate
that - given the rotational velocities ESO 445-27 and CGCG 476-
111 cannot be at the same distance and that ESO 445-27 should be
significantly closer than CGCG 476-111 - exactly as found using
the Ks-TFR. Note the smaller apparent angular diameter of
CGCG 476-111 and the lower resolution of features is a compari-
son made worse for the Hubble distances when the larger rota-
tional velocity of CGCG 476-111 is factored into the comparison.
The 2MASS Ky angular diameters again support the visual ap-
pearance as the Ky diameter of CGCG 476-111 is 0.66 arc min.

Fig. 6. 1C2104 (upper left); ESO 445-27 (upper right); ESO 527-
11(lower left); CGCG 476-111 (lower right).
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The comparison of ESO 445-27 with CGCG 476-111 and ESO
527-11 demonstrates that (1) two galaxies at nearly the same dis-
tance can have significantly larger redshift differences than the
generally expected +/-1500 km s maximum peculiar motions
and (2) galaxies with virtually identical redshift can be at signifi-
cantly different distances. In this comparison it is seen that de-
spite being at nearly the same distance ESO 445-27 has a 3647 km
s larger redshift than ESO 527-11 and despite having nearly the
same redshift ESO 445-27 is 49.0 Mpc closer than CGCG 476-111.

Galaxy Vot Distance | Redshift | Hyo
kms? | Mpc km s1 km s Mpc1

1C2104 79.4 245 5475 69.0

ESO 527-11 118.6 270 8007 67.5

ESO 445-27 110.2 250 11654 105.7
CGCG 476-111 | 159.2 286 11536 72.5

ESO 385-26 132.5 267 7806 58.9

ESO 509-52 152.8 250 12258 80.2

CGCG 108-139 | 173.9 270 11212 64.5

Table 2. Data for galaxies in Figures 6 & 7.

The ESO 445-27, ESO 527-11, and CGCG 476-111 comparison
is just one example from numerous comparisons made using the
Springob et al [41] TFR database. Figure 7 compares ESO 445-27
(upper left) with ESO 385-26 (upper right), ESO 509-52 (lower
left), and CGCG 108-139 (lower right). Table 2 provides data on
these galaxies. ESO 385-26 has a rotational velocity of 267 km s-1
and a Ks-TFR distance of 132.5 Mpc. Visual inspection of the
images supports the relative Ks-TFR distances as despite the 17
km s larger rotational velocity, ESO 385-26 clearly has a smaller
angular diameter than ESO 445-27 - supporting its greater dis-
tance. The 2MASS Ky angular diameter of ESO 385-26 is 0.75 arc
min which also confirms the relative Ks-TFR distances. Remark-
ably, despite having a 22.3 Mpc greater distance than ESO 445-27,
ESO 385-26 has a redshift of 7806 km s1 or 3848 km s-1 smaller than
the ESO 445-27 redshift!

ESO 509-52 has a 208 arc min angular separation from ESO
445-27, a rotational velocity of 250 km s-1 which matches that of
ESO 445-27, and a redshift velocity of 12,258 km s which is only
604 km s larger than the ESO 445-27 redshift. The Hubble rela-
tion would predict very similar distances and appearance in the
DSS images. However, the Ks-TFR distance to ESO 509-52 is
152.8 Mpc. Visual inspection of the DSS image and the 2MASS
Ky angular diameter of ESO 509-52 (0.58 arc min) both confirm
that ESO 509-52 is more distant than ESO 445-27.

The lower right panel in Figure 7 is CGCG 108-139 which has
a redshift of 11212 km s and therefore would be at nearly the
same distance as ESO 445-27 if the Hubble distances were correct.
In fact, the Ks-TFR distance to CGCG 108-139 is 173.9 Mpc which
is very close to its Hubble distance. Given the slightly larger
rotational velocity, CGCG 108-139 should have a slightly larger
angular diameter in the DSS image. Once again visual inspection
of the image supports the conclusion that ESO 445-27 is much
closer than its Hubble distance as ESO 445-27 shows a signifi-
cantly larger angular diameter and a much greater resolution of
features - consistent with what is expected if it actually lies at a
Ks-TFR distance ~64 Mpc closer than CGCG 108-139.
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Fig. 7. ESO 445-27 (upper left); ESO 385-26 (upper right); ESO
509-52 (lower left); CGCG 108-139 (lower right).

6. Conclusion

ESO 445-27 and ESO 501-75 are not isolated cases. Figure 8
and Table 3 provides DSS images and data for several additional
examples. However, the cumulative evidence presented above
provides a strong case that the galaxy ESO 445-27 has an excess
redshift of +3940 km s-! relative to the redshift expected from a
smooth Hubble flow. An excess redshift of this magnitude is
significantly larger than expected from peculiar motions and
could indicate the presence of a non-cosmological redshift com-
ponent in this galaxy. Note also that the ESO 445-27 excess red-
shift is nearly the same magnitude as the redshift differential in
the B2 1629+37 clusters and half the magnitude of the redshift
differential in the NGC 7603 bridged association. Accurate red-
shift independent distances are required to establish the existence
of large deviations from the Hubble relation. The Ks-TFR dis-
tance to ESO 445-27 provides exactly this test of the Hubble rela-
tion. Combined with the Ks-TFR distances to ESO 444-31, ESO
509-94, and ESO 578-16, the Type Ia SN distance to IC 4232 and
the comparisons made by visual inspection of DSS images the
existence of large deviations from the Hubble relationship is
well-established. These deviations do not prove, but do strongly
support the existence of a non-cosmological redshift in normal
spiral galaxies.

Galaxy Viot Distance | Redshift | AVy
kms! | Mpc km s km s
ESO 147-2 198 118.0 11878 +3618
ESO 532-23 194 127.1 6940 -1957
ESO 578-16 233 1153 11270 +3199
ESO 467-17 232 113.2 8318 + 394
ESO 509-94 211 109.7 11521 +3842
ESO 378-21 207 114.3 8514 + 513

Table 3. Data for galaxies in Figure 8.
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