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In this work, results obtained by the WMAP satellite are analyzed by invoking
established practices for signal acquisition and processing in nuclear magnetic
resonance (NMR) and magnetic resonance imaging (MRI). Dynamic range, image
reconstruction, signal to noise, resolution, contrast, and reproducibility are specifically
discussed. WMAP images do not meet accepted standards in medical imaging
research. WMAP images are obtained by attempting to remove a galactic foreground
contamination which is 1,000 times more intense than the desired signal. Unlike water
suppression in biological NMR, this is accomplished without the ability to affect the
signal at the source and without a priori knowledge. Resulting WMAP images have
an exceedingly low signal to noise (maximum 1–2) and are heavily governed by data
processing. Final WMAP internal linear combination (ILC) images are made from 12
section images. Each of these, in turn, is processed using a separate linear combination
of data. The WMAP team extracts cosmological implications from their data, while
ignoring that the ILC coefficients do not remain constant from year to year. In contrast
to standard practices in medicine, difference images utilized to test reproducibility are
presented at substantially reduced resolution. ILC images are not presented for year
two and three. Rather, year-1 data is signal averaged in a combined 3-year data set.
Proper tests of reproducibility require viewing separate yearly ILC images. Fluctua-
tions in the WMAP images arise from the inability to remove the galactic foreground,
and in the significant yearly variations in the foreground itself. Variations in the map
outside the galactic plane are significant, preventing any cosmological analysis due to
yearly changes. This occurs despite the masking of more than 300 image locations.
It will be advanced that any “signal” observed by WMAP is the result of foreground
effects, not only from our galaxy, but indeed yearly variations from every galaxy in
the Universe. Contrary to published analysis, the argument suggests there are only
questionable findings in the anisotropy images, other than those related to image
processing, yearly galactic variability, and point sources. Concerns are also raised
relative to the validity of assigning brightness temperatures in this setting.

1 Introduction

The WMAP satellite [1] was launched with the intent of
measuring the microwave signals present in space. It is wide-
ly held that these signals are anisotropic and relay informa-
tion relative to the creation and formation of the early Uni-
verse [1–27]. WMAP has been hailed as providing some
of the most important findings in science [2]. Reports by
Spergel et. al. [15] and Bennett et. al. [7] are highly cited
[28]. The ensemble of WMAP publications [3–26] appears
to constitute a phenomenal assortment of data. WMAP is
being praised both for its precision and the insight it provides
into the earliest stages of the formation of the Universe [1,
2]. NASA and the WMAP team of scientists, representing
the premier academic institutions [1], have made numerous
claims, most notably stating that their data enables them to
visualize what happened in the first trillionth of a second
after the Big Bang [27]. From data with a signal to noise
just beyond 1, a number of constants is provided relative to
the age of the Universe (13.7±0.2 Gyr), the amount of dark

energy (∼73%), dark matter (∼22%), and baryons density or
“real” matter (∼4%) [7, 25]. It is surmised that “decoupling”
occurred just after the Big Bang (379±8 kyr) at a redshift
of 1089±1. The thickness of the decoupling surface is
given as 195±2, and the total mass-energy in the Universe
(1.02±0.02) is also amongst the constants [7, 25].

WMAP does not measure the absolute intensity of any
given microwave signal. Rather, it is equipped with antennae
whose difference is constantly recorded. Thus, all WMAP
data represent difference data. The satellite is positioned
at the second Lagrange point of the Sun-Earth system, L2,
approximately 1.5 million km from Earth. At this position,
the Earth continually shields WMAP from the Sun, as they
each complete their orbits. The first year of data collection
extended from 10 August 2001 — 9 August 2002, with data
release in March 2003. A complete 3-year average data set,
spanning 10 August 2001 — 9 August 2004, was released in
March 2006.

The WMAP satellite acquires signals at five observation-
al frequencies: 23, 33, 41, 61, and 94 GHz. These are also
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Fig. 1: The five frequency bands observed by the WMAP satellite.
Images correspond to 23 GHz (K band, upper left), 33 GHz (Ka
band, upper right), 41 GHz (Q band, middle left), 61 GHz (V band,
middle right), and 94 GHz (W band, bottom). Reprinted portion of
Figure 2 with permission from Tegmark M., de Oliveira-Costa A.,
Hamilton A.J.S. A high resolution foreground cleaned CMB map
from WMAP. Phys. Rev. D, 2003, v. 68(12), 123523; http://link.aps.
org/abstract/PRD/v68/e123523. Copyright (2003) by the American
Physical Society.

known as the K, Ka, Q, V, and W bands. Images generated
at these bands are displayed in Figure 1. Final anisotropy
maps are prepared by combining the signals represented
in Figure 1 with particular weighting at 61 GHz. Maps for
each year are prepared individually and then combined “for
a number of reasons” [23]. Extensive image processing is
applied prior to generating the final anisotropy map (see
Figure 2). The noise level in the data sets depends on the
number of observations at each point. The major hurdle for
WMAP is the presence of the strong foreground signal from
our galaxy. In a sense, the WMAP team is trying to “look
through” the galaxy, as it peers into the Universe.

In recent years, WMAP results have been widely dis-
seminated both in the scientific literature and the popular
press. Nonetheless, there are sufficient questions relative to
the manner in which the WMAP data is processed and analy-
zed, to call for careful scrutiny by members of the imaging
community. The implications of WMAP are not only financ-
ial and scientific but, indeed, have the potential to impact the
course of science and human reason for many generations.
As a result, images which are the basis of such specific sci-
entific claims must adhere to standard practices in imaging
science. Consequently, and given the precision of the con-
stants provided by WMAP, it is appropriate to review the
underlying images and subject them to the standards applied
in radiological image analysis. These include most notably
signal to noise, resolution, reproducibility, and contrast.
These four characteristics represent universally accepted

Fig. 2: Cleaned internal linear combination (ILC) map produced
by the WMAP team [7]. This image corresponds to Figure 11 in
Bennett et. al. [7]. Reproduced with permission of the AAS. Image
provided courtesy of the NASA/WMAP team.

measures of image quality. However, before embarking on
this exercise, it is important to address dynamic range and
the removal of the galactic foreground. In addition, it is
useful to review the procedure which the WMAP team em-
ploys in image reconstruction.

2 Image analysis

2.1 Dynamic range and the removal of the Galactic
foreground

The WMAP satellite acquires its data in five frequency
bands. Five images obtained at these bands (K, Ka, Q, V, and
W) are displayed in Figure 1 [29]. The galactic foreground
dominates this entire series of images. The foreground is
seen as a bright red signal across the central portion of each
frequency map. Indeed, the center of the galactic foreground,
observed by WMAP, exceeds the desired anisotropic signal
in brightness by a factor of ∼1,000 [11]. Therefore, the
WMAP team is attempting to visualize extremely weak an-
isotropy in the presence of a much more powerful contami-
nating signal. This becomes a dynamic range issue analogous
to water suppression in biological proton nuclear magnetic
resonance (NMR).

Water suppression is an important technique in proton
NMR, since most compounds of biochemical interest are
typically found dissolved in the aqueous cytosol of the cell.
This includes a wide array of proteins, signal messengers,
precursors, and metabolic intermediates. Water is roughly
110 molar in protons, whereas the signal of interest to the
biochemist might be 1–100 millimolar. In the best case
scenario, biological proton NMR, like WMAP, presents
a ∼1,000 fold problem in signal removal. In the worst case,
factors of 100,000 or more must be achieved. Extensive
experience in biological NMR obtained throughout the world
has revealed that it is impossible to remove a contaminating
signal on these orders of magnitude without either (1) ability
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Fig. 3: Proton nuclear magnetic resonance (NMR) spectra acquired
from a 0.1 M solution of 0.1 M N-benzoyl-L-arginine ethyl ester
hydrochloride in water (A, B). The spectrum is shown in full scale
(A). In (B) the vertical axis has been expanded by a factor of 100,
such that the resonance lines from the N-benzoyl-L-arginine ethyl
ester can be visualized. A 1H-NMR spectrum acquired from 0.1
M N-benzoyl-L-arginine ethyl ester hydrochloride in deuterium
oxide (D2O) is also displayed (C). Spectra display only the central
region of interest (4.0–5.5 ppm). Acquisition parameters are as
follows: frequency of observation 400.1324008 MHz, sweep width
32,768 Hz, receiver gain 20, and repetition time 5 seconds. The
sample dissolved in D2O (C) was acquired first using a single
acquisition and a 90 degree nutation. A field lock was obtained
on the solvent. This was used in adjusting the field homogeneity
for both samples. For (A) and (B), 20 acquisitions were utilized to
enable phase cycling of the transmitter and receiver. In this case,
the nutation angle had to be much less than 90 degrees in order
not to destroy the preamplifier. A field lock could not be achieved
since D2O was not present in the sample. These slight differen-
ces in acquisition parameters and experimental conditions make
no difference to the discussion in the text relative to problems of
dynamic range.

to affect the signal at the source, and/or (2) a priori know-
ledge. Unfortunately for WMAP, neither of these conditions
can be met in astrophysics.

In NMR, ability to effect signal at the source requires
direct manipulation of the sample, either biochemically
through substitution, or physically, through specialized spin
excitation. Biochemical substitution involves the removal of
the protons associated with water, using deuterium oxide
(D2O) as an alternative solvent [30]. Often, the sample is
lyophilized [31]. That is, it is frozen and placed under
vacuum so that all of the water can be removed through
sublimation. The solvent is then replaced by the addition of
D2O. This process can be repeated several times to remove
most of the exchangeable protons contained in the sample.
The protons are hence replaced by deuterium, which is no
longer detectable at the frequency utilized to acquire the

desired proton NMR spectrum. Thus, in order to achieve a
factor of 1,000 in suppression, the biochemist, in the labora-
tory, often invokes a rather dramatic modification of the
sample at the source.

In Figure 3, a series of 1H-NMR spectra is presented.
Figure 3A corresponds to a mixture of 0.1 M N-benzoyl-L-
arginine ethyl ester hydrochloride in water. Since water is
110 M in protons, this solution constitutes roughly a 1,000
fold excess of water protons versus sample protons. Interest-
ingly, the only signal which can be detected in Figure 3A is
that of water at 4.88 ppm. The multiple resonances from the
N-benzoyl-L-arginine ethyl ester hydrochloride have about
the same intensity as found in the line width. In Figure 3B,
the same spectrum is reproduced but, this time, the vertical
scale has been expanded 100 times. Now, the resonances
from the sample are readily observed. The ratio of the water
resonance in Figure 3A or B to the quartet at 4.3 ppm is
670. Note, however, that a doublet pair, located at ∼4.63
ppm (Figure 3B) is being distorted by the intense resonance
line from water. This is easy to assess by examining Figure
3C, wherein a solution of 0.1 M N-benzoyl-L-arginine ethyl
ester hydrochloride was reconstituted in 99.8% D2O. In the
D2O spectrum (C), the ratio of the water resonance to the
quartet at 4.3 ppm is 21. In this case, the water line is greatly
attenuated, since most of the water protons have been re-
placed with deuterium. Indeed, substitution of D2O for water
(C) results in a 30 fold drop in the intensity of the water line.
With this sample, all of the resonances from the N-benzoyl-
L-arginine ethyl ester hydrochloride in the vicinity of the
water resonance can be visualized, including the doublet
pair, at 4.63 ppm. From this information, the ratio of the
water to the doublet pair at 4.63 ppm is ∼1,500.

Through Figure 3, it is easy to envision the tremendous
challenge involved in removing a contaminating signal
which dominates the species of interest by ∼1,000 fold. In
Figure 3B, it is readily apparent that the doublet pair at 4.63
ppm is being distorted by the water line. Consequently, the
presence of the intense water resonance affects spins which
are adjacent, not only co-resonant. The situation is actually
much worse for WMAP as the satellite is attempting to visu-
alize signals contained at the same frequency of observation
as the galactic foreground signals. In a sense, the WMAP
team is trying to see signals directly beneath the water line,
not adjacent to it. To further aggravate the situation, the
WMAP team is dealing with extremely weak signals, on
the same order of magnitude as the noise floor (see below).
Note that the obscured resonances at ∼4.63 ppm in the water
spectrum would still have a signal to noise of ∼5:1, if the
water line had not contaminated this region. This can be
gathered by comparing Figures 3B and 3C. For WMAP, the
signal to noise is less than 2:1, and the signal of interest is
located at the same frequency of the contamination.

Relative to dynamic range and removal of a contaminat-
ing water signal in NMR however, an alternative to replacing
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water with deuterium oxide exists. In fact, it is possible to
utilize specialized spin excitation techniques which either
exploit the position of the water line in the spectrum [32–
36] or invoke gradient and/or multiple quantum selection
[37–39]. Indeed, the approaches to water suppression and
dynamic range problems in NMR are so numerous that only
a few methods need be discussed to adequately provide ex-
perimental insight relative to WMAP.

If the experimentalist is not concerned with signals lying
at the same frequency of the water resonance, it is sometimes
possible to excite the spins in such a manner that the protons
co-resonating with water are nulled and other regions of the
spectrum are detected [32–36]. This approach is adopted
by methods such as presaturation [32], jump-return [33],
and other binomial sequences for spin excitation [34–36].
In each case, the spectral region near the water resonance
is sacrificed in order to permit the detection of adjacent
frequencies. Despite the best efforts, these methods depend
on the existence of very narrow water line widths. Water
suppression with these methods tends to be limited to factors
of ∼100. The situation in-vivo might be slightly worse given
the wider line widths typically observed in this setting.
Despite this apparent success, these methods fail to preserve
the signal lying “beneath” the water resonance. Such infor-
mation is lost.

In certain instances, it is also possible to excite the spec-
trum by applying specialized gradient-based methods and
quantum selection for spin excitation. In so doing, advantage
is made of the unique quantum environment of the spins.
These methods have the advantage that spins, which co-
resonate with water, are not lost. As such, water suppression
can be achieved while losing little or no chemical informa-
tion. The most powerful of these methods often have re-
course to gradient fields, in addition to RF fields, during spin
excitation [37–39]. These approaches have been particularly
important in the study of proteins in solution [39]. Using
quantum selection, it is not unreasonable to expect spin ex-
citation with factors of 1,000–10,000 or more in water sup-
pression.

Methods which rely on coherence pathway selection, or
hetero-nuclear multiple quantum selection, constitute impor-
tant advances to NMR spectroscopy in general, and protein
NMR in particular [39]. In the absence of these methods,
modern aqueous proton NMR would be impossible. In fact,
over the course of the last 50 years, it has been amply
demonstrated that it is simply not possible to acquire any in-
formation of interest, near the water resonance in biological
NMR, by data processing a spectrum obtained from an aqu-
eous sample without a priori water suppression. Yet, the
WMAP map team attempts the analogous data processing
feat, in trying to remove the foreground galactic signal.

Unlike the situation in astrophysics, it is possible to ad-
dress dynamic range issues in NMR, since the spectroscopist
literally holds the sample in his hands. The required signals

can be selected by directly controlling spin excitation and,
therefore, the received signal. Water suppression is addressed
prior to signal acquisition, by carefully avoiding the excita-
tion of spins associated with water. The analogous scenario
is not possible in astrophysics.

To a smaller extent, water suppression in biological NMR
could perhaps be achieved with a priori knowledge (i.e. a
perfect knowledge of line shapes, intensity, and position).
However, such an approach has not yet been successfully im-
plemented in the laboratory. As a result, a priori knowledge
in NMR is theoretically interesting, but practically unfeasible.
This is an even greater limitation in astrophysics where very
limited knowledge of the sample exists. The vast experience
of NMR scientists demonstrates that the removal of a strong
contaminating signal, for the detection of a much weaker
underlying signal, is impossible without affecting the signals
at the source. Biological NMR has been in existence for
over half a century. During most of this time, achieving a
factor of 1,000 in signal removal was considered a dramatic
achievement, even when combining spin excitation methods
with lyophylization. Only in the past 15 years have methods
improved, and this solely as a result of gradient-based or
multiple-quantum techniques, which provide even more
powerful spin selection during excitation [39]. Signal sup-
pression, by a factor of 100, or more, while still viewing
the underlying signal, depends on the ability to control the
source. This has been verified in numerous laboratories
where the sample is known and where the correct answer
can be readily ascertained. As such, it is impossible for
the WMAP team to remove the galactic foreground given
the dynamic range situation between the contaminant and
the signal of interest. Attempts to the contrary are futile,
as indicated by the need to segment the final images into
12 sections, and alter, from section to section, the linear
combination of data, as will be discussed below.

The galactic problem alone is sufficient to bring into
question any conclusion relative to anisotropy from both
WMAP and COBE. Nonetheless, additional insight can be
gained by examining image reconstruction.

2.2 ILC image reconstruction

2.2.1 Combining section images

Despite this discussion relative to NMR, the WMAP team
claims that removal of the galactic foreground is possible
and therefore proceeds to ILC image generation. As men-
tioned above, the WMAP satellite obtains its data in five
frequency bands (23, 33, 41, 61, and 94 GHz). In order to
achieve galactic foreground removal, the WMAP team utili-
zes a linear combination of data in these bands, essentially
adding and subtracting data until a null point is reached. In
doing so, the WMAP team is invoking a priori knowledge
which cannot be confirmed experimentally. Thus, the WMAP
team makes the assumption that foreground contamination
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Fig. 4: Illustration of the 12 regions used to generate the ILC
maps for year 3 average data. This image corresponds to the
upper portion of Figure 8 in Hinshaw et. al. [23]. Reproduced
with permission of the AAS. Image provided courtesy of the
NASA/WMAP team.

is frequency dependent, while the anisotropy is independent
of frequency. This approach, however, is completely unsup-
ported by the experimental data, as will be discussed further
below.

Furthermore, galactic foreground removal cannot be
achieved with a single linear combination of data. Rather,
WMAP achieves its final maps by first generating separately
processed section images. Eleven of these regions lie directly
in the galactic plane, as shown in Figure 4. Each section is
processed individually. The twelve processed section images
are then combined and smoothed to generate the final
ILC maps.

The WMAP team invokes completely different linear
combinations of data to process adjacent regions of the gal-
actic plane. In medical imaging, there is seldom, if ever, the
need to process final images in sections. Given this fact, note
the processing applied to generate regions 4 and 5 in the 3-
year average data (see Figure 4). The coefficients, for section
4, correspond to −0.0781, 0.0816, −0.3991, 0.9667, and
0.4289 for the K, Ka, Q, V, and W bands, respectively [23].
In sharp contrast, the coefficients for section 5 correspond to
0.1839, −0.7466, −0.3923, 2.4184, and −0.4635, for these
same bands [23]. The WMAP team alters the ILC weights
by regions, used in galactic signal removal, by more than a
factor of 100% for the fourth coefficient, despite the adjacent
locations of these sections. The same problem exists for
several other adjacent sections in the galactic plane [23]. The
sole driving force for altering the weight of these coefficients
lies in the need to zero the foreground. The selection of
individual coefficients is without scientific basis, with the
only apparent goal being the attainment of a null point. The
full list of ILC coefficients adopted by the WMAP team are
reproduced in Table I (reprint of Table 5 in reference [23]).
Analysis of this table reveals the tremendous coefficient var-
iability used, from section to section, for zeroing the galactic
foreground.

In generating the ILC maps, the WMAP team chose to
primarily weigh the V-band. As a result, the coefficients
selected tend to reflect this emphasis. However, there is no

Region K-band Ka-band Q-band V-band W-band

0 0.1559 −0.8880 0.0297 2.0446 −0.3423

1 −0.0862 −0.4737 0.7809 0.7631 0.0159

2 0.0358 −0.4543 −0.1173 1.7245 −0.1887

3 −0.0807 0.0230 −0.3483 1.3943 0.0118

4 −0.0781 0.0816 −0.3991 0.9667 0.4289

5 0.1839 −0.7466 −0.3923 2.4184 −0.4635

6 −0.0910 0.1644 −0.4983 0.9821 0.4428

7 0.0718 −0.4792 −0.2503 1.9406 −0.2829

8 0.1829 −0.5618 −0.8002 2.8464 −0.6674

9 −0.0250 −0.3195 −0.0728 1.4570 −0.0397

10 0.1740 −0.9532 0.0073 2.7037 −0.9318

11 0.2412 −1.0328 −0.2142 2.5579 −0.5521

Table 1: ILC weights by regions. ILC coefficients used in the
analysis of 3-year data by the WMAP team. This table corres-
ponds to Table 5 in Hinshaw et. al. [23]. Utilized courtesy of
the NASA/WMAP team.

a priori reason why the weighting could not have empha-
sized the Q band, for instance. This is especially true since
anisotropy is advanced as being frequency independent.
Indeed, it is interesting that the Q and W bands have coeffi-
cients on the order of −0.4, while lying in proximity to the
V band which is given a weight of 2.4 for region 5.

Nonetheless, the scientifically interesting region in the
ILC map corresponds to section 0 (see Figure 4). Thus, prob-
lems in removing the galactic foreground could be tolerated,
given that the WMAP team has no other alternative. It is the
processing utilized for section 0 which is most important.
This brings yet another complication. Completely different
ILC maps of the Universe would be obtained, if the WMAP
team had decided to emphasize a frequency other than the V
band. In that case, an altered set of cosmological constants
is very likely to be generated, simply as a result of data
processing.

In removing the galactic foreground, the WMAP team
has assumed that the anisotropy is frequency independent.
In reality, it is already clear that an ILC map generated with
weighting on the Q-band, for instance, will be dramatically
different. The requirement that the signals of interest are fre-
quency independent cannot be met, and has certainly never
been proven.

In the first data release, the only real requirement for
generating the ILC maps was that the coefficients sum to 1.
As such, an infinite number of maps can be generated. There
is no single map of the anisotropy, since all maps are equally
valid, provided coefficients sum to 1. In this regard, alter-
native anisotropic maps have been presented [29]. Tegmark
et. al. [29] generate a new anisotropy map by permitting
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Fig. 5: Cleaned internal linear combination (ILC) anisotropy map
produced by the WMAP team (top) and Wiener filtered anisotropy
map (bottom) produced by Tegmark et. al. [29]. Reprinted portion
of Figure 1 with permission from Tegmark M., de Oliveira-
Costa A., Hamilton A.J.S. A high resolution foreground cleaned
CMB Map from WMAP. Phys. Rev. D, 2003, v. 68(12), 123523;
http://link.aps.org/abstract/PRD/v68/e123523. Copyright (2003) by
the American Physical Society.

the coefficient weighting to depend both on angular scale
and on distance to the galactic plane. This approach was
substantially different from that implemented by the WMAP
team and it reinforces the finding that no single anisotropy
map exists. In Figure 5, it is apparent that the map generated
by the WMAP team (top) does not agree with the map
generated by Tegmark et. al. (bottom) [29].

An infinite number of maps can be generated from the
5 basis sets. There is no unique solution and therefore each
map is indistinguishable from noise. There are no findings
relative to anisotropy, since there are no features in the maps
which could guide astrophysics relative to the true solution.

With the release of the 3-year data set however, the
WMAP team claims that they can use mathematical methods
to find the maximum likelihood sky map [23]. Unfortunately,
there are no means to test the validity of the solution. In this
regard, astrophysics is at a significant disadvantage relative
to clinical MRI. Thus, the radiological scientist is guided by
known anatomy, and by the results of all other imaging mo-
dalities focused on the same sample. This is not the case in
astrophysics, since no single spectroscopic frequency holds
an advantage over any other. There is no “known” signature
to guide the choice of coefficients. A map might appear
to be favored, however, devoid of secondary experimental
verification, its legitimacy can never be established. Alter-
native methods could produce alternative maximum likeli-

Fig. 6: Ultra High Field 8 Tesla MRI image of an 18 cm ball of
mineral oil acquired using a 3-dimentional acquisition. A) Axial
slice representing a region contained within the physical space
occupied by the 18 cm mineral oil ball. (B) Axial slice through
a region located outside the physical space occupied by the ball.
Note that the image displayed in (B) should be entirely devoid of
signal. The severe image processing artifacts contained in (B) are a
manifestation that the processing of powerful signals can result in
the generation of weak spurious ghost signals.

hood maps. Another level of testing is being added. None-
theless, the conclusion remains that an infinite number of
maps can be generated since, given sufficient resources, one
can generate a number of maximal likelihood approaches
with no clear way of excising the “true” solution. Therefore,
any discussion relative to the cosmological significance of
these results is premature.

2.2.2 Generation of spurious signals

Attempts to remove, by signal processing, a powerful galac-
tic signal will invariably generate unwanted features in the
maps, indistinguishable from real findings. The process of
removing an intense signal can result in the unexpected crea-
tion of many spurious weak ghost signals, at any point in the
image plane. Therefore, it is crucial that the signal to noise,
in the final image or spectrum of interest, be significant.

In biological NMR, the post-water suppression spectrum
typically has good signal to noise. It would not be unusual
to achieve 1,000 fold suppression of the water signal and
obtain a spectrum with a signal to noise well in excess of
10, or even 100, for the species of interest. This signal to
noise is high enough to differentiate it from spurious ghost
signals, generated either directly by suppression or through
data processing.

In MRI, it is well established that the processing of
large signals can lead to spurious signal ghosts throughout
an image or a set of images. This is displayed in Figure 6.
Figure 6A shows an MRI image of an 18 cm phantom
sample containing mineral oil. This image is part of a much
larger group of images obtained during a 3D test study. In
Figure 6B, a series of signal rings are observed. These rings
are spurious ghosts. They were produced by obtaining a 3-
dimensional data set on an 18 cm ball containing mineral oil,
using an 8 Tesla MRI scanner [40–42]. The signal is acquired
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Fig. 7: Illustration of galactic foreground removal for year-1 and
for the 3-year average. “Cleaning” is illustrated for the Q, V, and
W bands. Similar data are not presented for the K and Ka bands
[23]. This image corresponds to Figure 10 in Hinshaw et. al. [7].
Reproduced with permission of the AAS. Image provided courtesy
of the NASA/WMAP team.

from the entire ball in the time domain and then Fourier
transformed to achieve a set of images in the frequency
domain [43]. The image displayed in Figure 6B corresponds
to an imaging slice which lies outside the actual physical
space occupied by the ball. Ideally, this image should be
completely black. The spurious signal is a manifestation of a
truncation artifact in Fourier transformation during data pro-
cessing. There should be no signal in this image. However,
for the sake of this discussion, it provides an excellent illus-
tration of what can happen when powerful signals must be
mathematically manipulated to generate final images.

While the WMAP team is not using simple Fourier trans-
formation to process their images, this lesson nonetheless
applies. When mathematically manipulating large signals,
weak spurious signals can be created. This phenomenon is
common to all image processing, and hence the importance
of relatively strong signals of interest once the contaminating
signal is removed. This is not the case for WMAP. The
contaminating foreground is ∼1,000 times the “signal” of
interest. Yet, the final signal to noise is poor.

The WMAP team invokes the “cleaning” of its raw
images acquired at the K, Ka, Q, V, and W bands prior
to presenting the images for these bands [7]. The affect
of “cleaning” is demonstrated in Figure 7. Note how the
process of “cleaning” the images appears to remove the
galactic foreground for the Q, V, and W bands. Interestingly,
similar images are not being presented for cleaning the K
and Ka bands. This is precisely because the galactic signal
contamination is so significant for these two bands. Indeed,
the WMAP team needs to present the data for the K and
Ka bands in this same figure, in order to place the galactic
signal contamination and the associated “cleaning” in proper
perspective.

While the galactic center appears to affect only a central

region of the Q, V, and W bands in the cleaned image,
the situation is more complex. In fact, it is impossible to
discern if a given signal is truly independent of the galaxy
at any location on the image. This is because the process
of “cleaning” images, to remove powerful contaminating
signals, is never clean. Mathematical manipulation of power-
ful signals, whose attributes are not fully characterized or
understood, will invariably lead to the generation of image
ghosts. Through “cleaning”, the WMAP team is taking the
risk that it is generating image ghosts. The removal of
powerful signals, at certain image locations, can easily be
associated with the generation of weak signals at the same
(or other) image locations, just as a result of processing. The
lesson from Figure 6 applies.

Consequently, the WMAP team is unable to distinguish
whether the “features” found in its images are truly of cos-
mological importance, or whether these features are simply
the result of processing (and/or acquiring) a much larger
contaminating signal from the galaxy. It is clear, for instance,
that K band reveals galactic signal at virtually every point in
the sky map (see Figure 1). The same contaminations must
be expected in all other bands. That the human eye fails to
visualize contamination does not mean that contamination
is absent. Because any real signal will be weak, and the
contaminating signal is so strong, the WMAP team is unable
to distinguish spurious ghosts related to either processing or
acquisition from the actual signal of interest. This is true at
every image location.

Data processing artifacts tend to be extremely consistent
on images. Since similar mathematical methods must be
utilized to clean the raw images and zero the galactic fore-
ground, it is highly likely that a significant portion of the
maps contains such spurious ghosts. This is especially true
given that the WMAP team has chosen to invoke complex
mathematical methods for “cleaning” their raw images. That
a given image location cannot be positively ascertained to
be free of contamination implies that none of the image
locations can be validated as free of galactic ghosts on any
map. Therein lies the overwhelming complication of dealing
with powerful contaminating signals while trying to examine
weak ones. Apparent anisotropy must not be generated by
processing.

2.2.3 Signal to noise, contrast, and resolution

There is perhaps no more important determinant of image
quality than signal to noise. In medicine, signal to noise
can directly impact diagnosis. As such, radiological methods
which are rich in signal to noise are always sought. If signal
to noise is high (>100:1), then image quality will almost
certainly be outstanding. Methods which have high signal to
noise can “burn signal” to generate either contrast, resolu-
tion, or shortened exam times. Consequently, signal to noise
is paramount. Without it, resolution will remain poor and
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Fig. 8: Section (490 × 327) of a high resolution sagittal image of
the human head acquired at 1.5 Tesla. Acquisition parameters are
as follows: acquisition sequence = gradient recalled echo, matrix
size = 512 × 512, slice thickness = 2 mm, field of view 20 cm
× 20 cm, repetition time = 750 msec, echo time = 17 msec, and
nutation angle = 45 degrees.

contrast will rapidly deteriorate. In fact, enhancements in
signal to noise were the primary driving force for the intro-
duction of Ultra High Field MRI [40–42].

In order to gain some insight into the importance of
signal to noise, one can examine the images displayed in
Figures 8 and 9. Figure 8 corresponds to a sagittal section
of a human brain, acquired using a 1.5 Tesla MRI scanner.
There are more than 15,000 such scanners in existence. In
this image, the 1.5 Tesla instrument was brought to the very
limits of its performance [43]. The resolution is high (matrix
size = 512 × 512) and the slice thickness is thin (2 mm). At
the same time, the nutation angle, echo times, and repetition
times are all suboptimal. As a result, this image is of extre-
mely poor clinical quality. The contrast between grey and
white matter has disappeared and the signal to noise is ∼5.

Figure 9 was acquired with the first UHFMRI scanner
[40–42]. This scanner operates at a field strength of 8 Tesla.
Note the phenomenal contrast, the delineation of grey and
white matter and the appearance of vasculature. Interestingly,
this image was acquired with a much larger image resolution
(matrix size = 2,000 × 2,000) while maintaining nearly the

Fig. 9: Section (1139 × 758) of a high resolution sagittal image of the human head acquired at 8 Tesla. Acquisition parameters are as
follows: acquisition sequence = gradient recalled echo, matrix size = 2,000 × 2,000, slice thickness = 2 mm, field of view 20 cm ×
20 cm, repetition time = 750 msec, echo time = 17 msec, and nutation angle = 17 degrees. This image corresponds to Figure 3A in
Robitaille P.M.L., Abduljalil A.M., Kangarlu A. Ultra high resolution imaging of the human head at 8 Tesla: 2K×2K for Y2K. J Comp.
Assist. Tomogr., 2000, v. 24, 2–7. Reprinted with permission.
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same parameters as found for Figure 8. Despite higher reso-
lution, the image has a signal to noise of ∼20. It did take
longer to acquire, due to increased phase encoding steps, but
the time per pixel remains less than that for Figure 8. Clearly,
signal to noise can purchase both contrast and resolution.

Images with high signal to noise also tend to be “reli-
able”. Namely, their gross features are rarely affected by
minor fluctuations, in either the instrument or the sample.
High signal to noise images tend to have the quality of
stability and reproducibility, attributes which are often lost
in low signal to noise images. In fact, the only measure of
reliability for a low signal to noise image is reproducibility.
It is important to establish that a low signal to noise image
does not change from one acquisition to the next.

Figure 10A-C displays three low signal to noise images.
In these images, a computer has added random noise, such
that the final signal to noise is ∼2.5:1 in each case. Figure
10A corresponds to an axial image of the human head. Its
identity is revealed by the presence of signal arising both
from the brain and the scalp. The image is relatively uniform
in signal, making the assignment simple. Figure 10B cor-
responds to a photograph of the Moon. The subject can be
distinguished from other spherical objects (a baseball, the
Sun, etc.) through the gentle change in contrast, produced
by craters on the lunar surface. The object is difficult to
identify since the shape provides few clues. Figure 10C
corresponds to an MRI image of the author’s wrist. In this
image, it is increasingly difficult to ascertain the source.
The maximal signal to noise remains ∼2.5:1. However, the
signal distribution is no longer uniform. Faint features can be
seen on the image, but no detail. Inhomogeneous signal dis-
tributions often make images more challenging to interpret,
particularly when the origin of the sample is not known.

In Figure 11A-C, the images of Figure 10A-C are re-
produced, but this time the signal to noise is at least 5:1. A
nearly 10-fold increase in signal to noise for the head image
(A) is now associated with increased contrast. The same
holds true for the wrist image displayed (C) with a signal
to noise of ∼40:1. Thus, the first rule of image contrast is
that it is non-existent on low signal to noise images. It takes
signal to make contrast. If the images in Figure 11 look so
much more appealing, it is because they have higher signal
to noise and contrast. It is also interesting that a mere doubl-
ing of signal to noise has such a dramatic effect for the Moon
image. This highlights that there is also an enormous differ-
ence between an image with a 1.5:1 signal to noise and an
image with a 2.5:1 signal to noise.

Unfortunately, in the WMAP images, the maximum sig-
nal to noise is just in excess of 1. This can be ascertained in
Figures 12 and 13. Figure 12 displays a map of instrument
noise released by NASA for WMAP. The largest signals on
this map have a noise power of approximately 70 uK. Figure
12 displays a corresponding map, created by combining the
Q and V bands. The galactic plane dominates the figure with

Fig. 10: A set of images generated by adding random noise to
the images displayed in Figure 11. A maximum signal to noise of
∼ 2.5:1 is now illustrated. (A) MRI image of the human head at 1.5
Tesla, (B) photographic image of the Moon, and (C) MRI image of
the author’s wrist acquired at 8 Tesla.

Fig. 11: Images displaying varying signal to noise. (A) MRI image
of the human head at 1.5 Tesla with signal to noise ∼ 20:1, (B)
photographic image of the Moon with the signal to noise adjusted
to ∼ 5:1, and (C) MRI image of the human wrist acquired at 8 Tesla
with the signal to noise ∼ 40:1. Note the dramatic effect on image
quality for the moon image (B) in simply doubling the signal to
noise (see Figure 10B).

signal truncated at the 100 uK level. Outside the galactic
plane, few signals, if any, exist at the 100 uK level. As such,
by combining the information in Figure 13 with the image in
Figure 12, it is clear that the WMAP signal to noise is below
2:1 and probably below 1.5. In fact, since these images are
obtained by difference methods, the signal to noise at many
locations is much less than 1. It is clear that some of the data
points on these images have signal values of 0. Therefore,
the real signal to noise on the anisotropy maps is somewhere
between 0 and 1.5 at all locations. Note, in contrast, that the
example images in Figures 10A, B, and C had a maximum
signal to noise of ∼2.5:1, well in excess of WMAP and
without the presence of a contaminating foreground.

Relative to signal to noise, the WMAP team is unable to
confirm that the anisotropic “signal” observed at any given
point is not noise. The act of attributing signal characterist-
ics to noise does not in itself create signal. Reproduci-
bility remains the key, especially when signal to noise values
are low.

2.2.4 Reproducibility

The presence of low signal to noise on an image is not
unusual in science, and many a great discovery has been
made through the careful analysis of the faintest signals. In
medicine, the tremendous advancements in functional MRI
mapping of the brain [44–46] stand perhaps without rival,
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Fig. 12: Map of the instrument noise for WMAP. This image
corresponds to the lower portion of Figure 9 in Bennett et. al. [7].
Reproduced with permission of the AAS. Image provided courtesy
of the NASA/WMAP team.

relative to lack of signal to noise and the profoundness of
the implications. Whenever the signal to noise is low, care
must be exercised such that noise is not mistaken for signal.
The key to this problem is reproducibility.

In medicine, when an image has poor signal to noise, it
is vital that its central features be reproducible.

In fact, the only measure of reliability for a low signal
to noise image is reproducibility. The information contained
within the image must not change from one acquisition to
the next. Correlation between an event and the change in
an image are also powerful indicators that the change is
real. This principle has been applied extensively in human
functional MRI [44–46]. In this case, cognitive tasks, such as
visual activation or finger tapping, can be directly correlated
to very small changes on the MRI images of the human brain
[44–46]. Often, changes on a pixel by pixel basis, with a
signal to noise change on the order of 5:1 or even less, can be
trusted simply based on correlation. In medicine, whenever a
known physiological change (blood flow, blood oxygenation
level, and myocardial contraction) can be correlated to radio-
logical changes, even low signal to noise images can yield
powerful diagnostic conclusions. Three components in this
case act in unison to produce the diagnosis: instrument
stability, image reproducibility, and the presence of cor-
relation.

Note, most importantly, that in medicine, when low signal
to noise images are used for diagnosis, it is never in the pre-
sence of strong overlapping contaminating signal. Moreover,
in human functional imaging, a set of control images are
acquired to help ensure that all perceived changes are real.

Unfortunately for WMAP, not only are the images ob-
scured by galactic contamination, but they do not appear
to be reproducible. In this regard, it is concerning that the
WMAP team chooses to alter the ILC coefficients for gene-
rating section 0 from year to year. In fact, the coefficients
used in year-1 (0.109, −0.684, −0.096, 1.921, and −0.250)
are substantially different from those used in presenting a 3-
year average (0.1559, −0.8880, 0.0297, 2.0446, and

Fig. 13: The 53 GHz map from COBE (bottom) and the combined
Q/V map generated by the WMAP team. This Figure corresponds
to Figure 8 in Bennett et. al. [7]. Reproduced with permission of
the AAS. Image provided courtesy of the NASA/WMAP team.

−0.3423). The coefficient for K band has changed by nearly
50%, while the coefficient for Q band not only changes sign,
but decreases in magnitude by a factor of 3. Such changes
cannot be simply explained by variations in instrument gain
over time. The WMAP team does describe an attempt to find
the maximum likelihood map in the 3-year data presentation.
This new approach may account for some of the variability.
Nonetheless, the WMAP team should have reprocessed the
data from all years using this new approach, so that a direct
comparison could be made between images processed with
identical parameters.

It is also concerning that the WMAP team does not
present separate ILC images for years 1, 2, and 3. Rather,
after presenting the year-1 ILC image in 2003, they then
compare it only to the 3-year average in 2006. However,
the 3-year average contains data from the first year. The
proper test for reproducibility involves the comparison of
each yearly ILC image with one another, without invoking
the 3-year average. Ideally, difference ILC images should be
taken from year-1 and year-2, year-2 and year-3, and finally
from year-1 and year-3. The WMAP team neglects to present
these vital comparisons.

Despite these objections, the first year image simply does
not agree with the 3-year average. It is true that the images
generally agree, but this does not occur on a pixel by pixel,
or even a regional basis. This can be readily visualized in the
difference images displayed in Figures 14 and 15. In fact, the
situation is actually worse than can be easily gathered, since
the coefficients used in generating the first year ILC maps
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Fig. 14: Comparison of 3-year average data with year-1 data
through difference for the K, Ka, Q, V, and W bands of the WMAP
satellite. Note that the difference images are shown with reduced
resolution contrary to established practices in imaging science. This
figure corresponds to Figure 3 in Hinshaw et. al. [23]. Reproduced
with permission of the AAS. Image provided courtesy of the
NASA/WMAP team.

do not agree with those used for the 3-year average map.
The comparison made by the WMAP team in Figure 15 is
not valid, since the images were generated using different
coefficients.

Perhaps most troubling, the WMAP team chooses to
reduce the resolution on its difference images. This approach
is known to minimize apparent differences. In imaging, the
only resolution which can be claimed is that which can be
trusted on difference. As such, if the difference images must
be degraded to a pixel resolution of 4 degrees, then the
WMAP team cannot claim to have imaged the sky at a 1
degree resolution.

Tremendous variability can be observed in the WMAP
data sets. This is apparent by examining the variability found
in the galactic foreground. It has been well established in ast-
rophysics that galaxies can contain Active Galactic Nuclei.
These have been studied extensively outside the microwave
region [47]. These nuclei can vary by an order of magnitude
in certain frequency bands [47]. Even in the microwave, it
is clear that our own galaxy is highly variable from year to
year. This is evidenced by the need to change, from year to
year, the coefficients required to null the galactic contribu-
tion. The galaxy is highly variable in the microwave relative
to the magnitude of any real anisotropy. This is an observa-
tion which could be made by examining old data from COBE
[48]. Given this state, it is also clear that every galaxy in the

Fig. 15: Comparison of the 3-year average ILC map with the
year-1 ILC map. Note that the difference images are shown at
reduced resolution contrary to established practices in imaging
science. This figure corresponds to Figure 9 in Hinshaw et. al. [23].
Reproduced with permission of the AAS. Image provided courtesy
of the NASA/WMAP team.

Universe will also share in this variability in a manner which
is completely dissociated from any cosmological implication.
Indeed, herein lies another great problem for the cosmologist.
It is impossible to visualize, in our lifetime, the true simple
galactic variability not only from our galaxy, but from every
other galaxy. Even a signal which appears stable over the
course of humanity’s existence may well be variable.

Consider the case where only 4 pixels vary substantially
over the course of the WMAP experiment from year-1 to
year-4. From this situation, it can be expected that as many
as 1,000 pixels might vary over the course of 1,000 years.
Yet, 1,000 years is barely on the cosmological timescale.
Over the course of 1,000,000 years, a total of 1,000,000
pixels could be potentially affected. Even 1,000,000 years
is just starting to be meaningful relative to cosmology. As a
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result, the situation relative to WMAP and COBE is extre-
mely difficult. In reality, in order to have true cosmological
meaning, the maps must be temporally stable well beyond
what has been determined to date. The situation is much
worse than the hypothetical case described above, as signi-
ficantly more than 4 pixels will vary between year-4 and
year-1. The requirements for image stability in cosmology is
well beyond the reach of both COBE and WMAP.

2.3 The flat model of the Universe

Bennett et. al. [7] claim that the WMAP results are consistent
with a 2-dimensional flat model of the Universe. Clearly, by
their intrinsic nature, these images are incapable of supporting
any higher order model. WMAP cannot establish the origin
of the photons which it detects other than in a directional
sense. The satellite is completely unable to differentiate data
based on distance to the source. In this respect, WMAP
images resemble classic X-rays in medicine. Such images
are 2-dimensional and unable to reveal the 3-dimensional
nature of the human being. WMAP and X-rays stand in
sharp contrast to the CT and MRI systems of today, which
are able to provide a true 3-dimensional visualization of the
human body. That the flat model of the Universe can be
fitted is completely appropriate, given that this data cannot
be utilized to model a 3-dimensional Universe.

2.4 The assignment of brightness temperature

Perhaps the most serious concern relative to the Penzias and
Wilson, COBE, and WMAP findings involves the assign-
ment of brightness temperatures [49]. The Universe is not
in thermal equilibrium with a perfectly absorbing enclo-
sure [49, 50, 51, 52]. As a result, the assignment of these
temperatures constitutes a violation of Kirchhoff’s Law [50,
52]. It is improper to assign a temperature merely because a
spectrum has a thermal appearance. That a spectrum appears
thermal does not imply that it was generated by a blackbody
[52, 53]. Indeed, the proper application of the laws of Planck
[54], Stefan [55], and Wien [56] requires that the emitting
sample corresponds to a solid, best approximated on Earth
by graphite or soot [50]. It has been advanced [49, 57–59],
and it is herein restated, that the monopole signal first
detected by Penzias and Wilson, and later confirmed by
COBE, will eventually be reassigned to the oceans of the
Earth. The brightness temperature does not appear to make
any sense precisely because the oceans fail to meet the re-
quirements set forth by Kirchhoff in assigning a temperature
[50, 52, 53].

In this regard, the basis of universality in blackbody radi-
ation has come under serious question [52, 53]. Blackbody
radiation is not universal. Rather, it is strictly limited to an
experimental setting which, on Earth, is best approximated
by graphite and soot [52]. That Kirchhoff interchangeably
used either an adiabatic enclosure or an isothermal one was a

Fig. 16: The microwave dipole observed by the WMAP satellite.
This image corresponds to the upper portion of Figure 10 in Bennett
et. al. [7]. Reproduced with permission of the AAS. Image provided
courtesy of the NASA/WMAP team.

natural extension of his belief in universality. Nonetheless, it
appears that the adiabatic case is not valid [52]. Kirchhoff’s
experiments far from supporting universality, actually con-
strains blackbody radiation to the perfect absorber [52]. Con-
ditions for assigning a blackbody temperature are even more
stringent [52] than previously believed [58]. As such, an
adiabatic enclosure is not sufficient [52, 58]. Rather, in order
to obtain a proper temperature, the enclosure can only be
perfectly absorbing and isothermal. The assignment of these
temperatures by the WMAP team constitutes an overexten-
sion of the fundamental laws which govern thermal emis-
sion, given the lack of universality [52, 53].

2.5 The Dipole Temperature

Despite this discussion, it is nonetheless clear that the WMAP
satellite has detected a CMB dipole signal presumably assoc-
iated with motion of the local group [7, 23]. The dipole
signal is shown in Figure 16. The presence of a dipole is
thought, by many, as further proof for the presence of the
monopole signal at the position of WMAP. The detection of
this dipole by WMAP constitutes a finding of importance as
it confirms earlier findings, both by the COBE team [60] and
by the Soviet Relikt-1 mission [61]. Indeed, the discussion
of the dipole is sufficiently important to be treated sepa-
rately [62].

3 Conclusion

Analysis of data from WMAP exposes several problems
which would not be proper in medical imaging. Experi-
ence from NMR spectroscopy relative to biological samples
reveals that removal of a contaminating signal, which ex-
ceeds the signal of interest by up to a factor of 1,000, re-
quires ability to control the sample at the source. This re-
quirement can never be met by the WMAP team. It is impos-
sible to remove this contamination and thereby “see beyond
the galaxy”. It is also dangerous to mathematically mani-
pulate large signals during image reconstruction, especially
when the final images have low signal to noise ratios. The
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galactic signal is not stable from year to year, making signal
removal a daunting task as seen by the yearly changes in ILC
coefficients for regions 1–11. In actuality, the WMAP team
must overcome virtually every hurdle known to imaging: fo-
reground contamination and powerful dynamic range issues,
low signal to noise, poor contrast, limited sample knowledge,
lack of reproducibility, and associated resolution issues. It is
clear that the generation of a given anisotropy map depends
strictly on the arbitrary weighting of component images. The
WMAP team attempts to establish a “most likely” anisotropy
map using mathematical tools, but they have no means of
verifying the validity of the solution. Another team could
easily produce its own map and, though it may be entirely
different, it would be equally valid. Figure 5 points to this
fact. It remains surprising that separate ILC maps are not
presented for years 1, 2, and 3. In addition, the WMAP team
does not use the proper tests for reproducibility. Difference
images between all three yearly ILC maps should be pre-
sented, without lowering the final resolution, and without
changing the ILC coefficient from year to year. It is improper
to compare images for reproducibility if they are not pro-
cessed using identical methods. Reproducibility remains a
critical issue for the WMAP team. This issue will not be
easily overcome given human technology. In order to make
cosmological interpretations, the WMAP images must be
perfectly stable from year to year. Even fluctuation at the
level of a few pixels has dramatic consequences, since the
data must be stable on a cosmological timescale. This time-
scale extends over hundreds, perhaps thousands, or even
millions of years. Finally, there are fundamental issues at
stake, relative to the application of the laws of Kirchhoff
[50], Planck [54], Stefan [55], and Wien [56]. It has not been
established that the WMAP team is theoretically justified in
assigning these temperatures.

The only significant observations relative to this satellite
are related to the existence of a dipole signal [7, 23]. This
confirms findings of both the NASA COBE [60], and the
Soviet Relitk, satellites [61]. The WMAP satellite also high-
lights that significant variability exists in the point sources
and in the galactic foreground. Relative to the Universe, the
findings imply isotropy over large scales, not anisotropy. All
of the cosmological constants which are presented by the
WMAP team are devoid of true meaning, precisely because
the images are so unreliable. Given the tremendous dynamic
range problems, the inability to remove the galactic fore-
ground, the possibility of generating galactic ghosts through
“cleaning”, the lack of signal to noise, the lack of reprodu-
cibility, the use of coefficients which fluctuate on a yearly
basis, and the problem of monitoring results on a cosmo-
logical timescale, attempts to determine cosmological con-
stants from such data fall well outside the bounds of proper
image interpretation.

In closing, it may well be appropriate to reflect once
again on the words of Max Planck [63]:

“The world is teeming with problems. Wherever man
looks, some new problems crops up to meet his eye —
in his home life as well as in his business or profes-
sional activity, in the realm of economics as well as in
the field of technology, in the arts as well as in science.
And some problems are very stubborn; they just refuse
to let us in peace. Our agonizing thinking of them may
sometimes reach such a pitch that our thoughts haunt
us throughout the day, and even rob us of sleep at
night. And if by lucky chance we succeed in solving
a problem, we experience a sense of deliverance, and
rejoice over the enrichment of our knowledge. But it is
an entirely different story, and an experience annoying
as can be, to find after a long time spent in toil and
effort, that the problem which has been preying on
one’s mind is totally incapable of any solution at all.”
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