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Abstract 
AstroSat has surveyed M31 with the UVIT telescope from 2017 to 2019. The 
central bulge of M31 was observed in 2750 - 2850 A, 2000 - 2400 A, 1600 - 
1850 A, 1450 - 1750 A, and 1200 - 1800 A filters. A radial profile analysis, av-
eraged along elliptical contours which approximate the bulge shape, was car-
ried out in each filter. The profiles follow a Sersic function with an excess for 
the inner ~8" in all filters, or can be fitted with two Sersic functions (includ-
ing the excess). The ultraviolet colours of the bulge are found to change sys-
tematically with radius, with the center of the bulge bluer (hotter). We fit the 
UVIT spectral energy distributions (SEDs) for the whole bulge and for 10 el-
liptical annuli with single stellar population (SSP) models. A combination of 
two SSPs fits the UVIT SEDs much better than one SSP, and three SSPs fit 
the data best. The properties of the three SSPs are age, metallicity (Z) and 
mass of each SSP. The best fit model is a dominant old, metal-poor (1010 
yr, ( )log 2Z Z = −� , with Z�  the solar metallicity) population plus a 15% 

contribution from an intermediate (109.5 yr, ( )log 2Z Z = −� ) population 
plus a small contribution (~2%) from a young high-metallicity (108.5 yr, 

( )log 0.5Z Z = −� ) population. The results are consistent with previous stu-
dies of M31 in optical: both reveal an active merger history for M31. 
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1. Introduction 

The spiral galaxy Andromeda, also known as M31, is the nearest such galaxy to 
our own. Our external vantage point makes it feasible to study aspects of M31 
that are difficult to study in our own galaxy. Interstellar extinction is not as ma-
jor a factor when studying M31 as it is studying the Milky Way, owing to the 
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former’s inclination that allows observation of the whole disk of the galaxy. Stu-
dies of large numbers of stars have been done in great detail for the Milky Way, 
but distances often possess high uncertainty, due in part to extinction. An ad-
vantage of studying objects in M31 is that it is at a well-known distance (785 ± 
25 kpc) [1]. The intrinsic brightness of many objects can therefore be more pre-
cisely measured than galactic sources. M31 has been observed in optical on nu-
merous occasions. The highest resolution observations were carried out with the 
Hubble Space Telescope (HST), including the Pan-chromatic Hubble Andro-
meda Treasury (PHAT) survey [2]. In near and far ultraviolet (NUV and FUV), 
the GALEX instrument has surveyed M31 [3]. 

The AstroSat mission, launched on September 28th, 2015, has carried out a 
survey of M31 in near and far UV. AstroSat is an orbiting observatory equipped 
with five instruments: the UV Imaging Telescope (UVIT) for visible and Ultra-
Violet (UV); the Soft X-ray Telescope (SXT), Large Area Proportional Counters 
(LAXPC) and Cadmium-Zinc-Telluride Imager (CZTI) instruments for soft 
through hard X-rays; and the Scanning Sky Monitor (SSM), an X-ray survey in-
strument [4]. 

Analysis of the M31 UVIT survey observations has been presented in part by 
[5] [6] [7] [8] [9]. These papers have dealt with resolved stellar objects, including 
analysis of UV brightest stars in the bulge, the M31 UVIT point source catalog, 
matching UVIT point sources with Chandra sources in M31, improvements in 
astrometry and photometry for the M31 survey, first results from matching 
UVIT sources with HST/PHAT sources in the NE spiral arms of M31, and a 
study of FUV variable sources in M31 using a new second epoch observation of 
the central field of M31. The UVIT observations for the M31 survey are de-
scribed in the M31 UVIT point source catalog paper [8]. 19 UVIT fields of 28 
arcmin diameter were required to cover the M31 area (Figure 2 of [8]). 

The current analysis is primarily concerned with the unresolved ultraviolet 
sources in M31’s central bulge. The bulge of a galaxy is the central concentrated 
set of stars which is ellipsoidal in shape, smoothly distributed and consists of a 
substantial fraction of the galaxy’s stars. UVIT’s multiple filters within the NUV 
and FUV bands allow for an in-depth look at the UV colours of the bulge. In 
Sections 2 and 3, the observations and data analysis methods are described. The 
results are reviewed in Section 4 including radial profile analysis and UV colour 
change of the bulge with radius. In Section 5, synthetic colour magnitude dia-
grams (CMDs) are used to model the colour change of the bulge with radius and 
constrain the stellar populations in the bulge. We close with a brief summary. 

2. Observations 

The UVIT instrument onboard AstroSat has high spatial resolution (~1 arcsec), 
a 28 arcminute field of view, and was capable of observing in a variety of FUV 
and NUV filters [10]. However, partway through observations of M31, the NUV 
detector of UVIT failed, resulting in partial coverage of M31 in NUV. The entire 
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galaxy has been observed in the FUV, and the central bulge is included in the 
portion with NUV data. The central bulge of M31 is entirely contained within 
Field 1 of the UVIT Andromeda survey. The bulge of M31 was observed by 
UVIT in 2017 [5] and at a second epoch in 2019. New in-orbit calibrations of the 
UVIT instrument have been carried out by [11] and are applied here to the 2017 
and 2019 observations. 

The basic data processing was carried out using CCDLab [12], with updated 
astrometry calibration from [13], and updated photometry as described in [6] 
and [9]. M31 Field 1 (the bulge field) was observed by the UVIT instrument in 5 
FUV and NUV filters. From longest to shortest wavelength, these are: N279N, 
N219M, F172M, F169M, and F148W, where the label contains the central wave-
length (in nm) of each filter and band1. 

The images were taken across two epochs, labelled A for the 2017 observation 
and B for the 2019 observation. The first set of observations included N279N, 
N219M, F172M, and F148W images, while the second set included F172M, 
F169M and F148W images. Merged images, here labelled “M”, were produced 
for filters F172M and F148W which had data from both A and B epochs. The 
merged images were created by adding the counts images for A and B, adding 
the exposure maps for A and B, then dividing the counts images by the exposure 
images to create a count/s image from which fluxes can be extracted using the 
UVIT calibrations (updated in [11]). 

The full 3-colour image of Field 1 made from the 2017 epoch N279N, N219M 
and F148W images is shown in [5]. The image includes the bright central bulge, 
which is likely dominated by unresolved FUV and NUV emission from large 
numbers of low-luminosity stars in the bulge. Field 1 contains other prominent 
features, including resolved and unresolved emission from numerous stars in the 
inner spiral arms of M31, dust lanes which are visible as dark lanes, and several 
foreground stars, which can be identified using either Gaia parallax [7] or co-
lour-magnitude diagram analysis [8]. 

The central part of Field 1 is the area that contains the central bulge of M31, 
here defined as the inner ~7 arcminute diameter part of the 28-arcminute di-
ameter full area of Field 1. The area studied here is shown in Figure 1, with the 
images of the bulge shown for the five different NUV and FUV filters. 

Due to the low inclination of M31, a few dust lanes are visible, e.g. NW of the 
bulge by ~80 arcmin. The amount of area covered by the dust lanes is not large, 
so we did not correct for the reduction in flux caused by these dust lanes in our 
analysis. However, we did test an analysis which accounts for the bright point 
sources in the images. We masked the bright point sources and replaced them 
with the average values of surrounding pixels. We compared the brightness pro-
files derived with and without the point sources and found there was no signifi-
cant difference. Thus, we decided to leave the point sources in the images for the 
final analysis. 

 

 

1N is for NUV, F is for FUV. The filter transmission curves are given in [10]. 
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Figure 1. The five processed images used in this analysis. Top Left: N279N_A, top right: 
N219M_A, middle left: F148W_M, middle right: F169M_B, bottom: F172M_M. The A, B 
and M refer to epoch A, epoch B and merged images, respectively. The images are 410" by 
410" across, and centred on 00 h 42 m 44.34 s ra., +41 d 16'08.44" dec. 

3. Data Analysis 
3.1. Elliptical Brightness Profile Extraction 

Figure 2 illustrates the ellipticity of the central bulge of M31 at the longest NUV 
and shortest FUV wavelengths. Shape changes of the bulge across different wa-
velengths are investigated here by fitting elliptical Gaussian functions to the im-
ages using CCDLab for a set of square bounding boxes of different sizes all cen-
tred on the bulge. The centre of the bulge was chosen as the brightest pixel in the  
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Figure 2. The bulge of M31 in N279N (top) and F148W (bottom) with contours drawn in 
green using the ds9 image viewer, and a subset, drawn in white, selected from the 240 el-
lipses used to create the elliptical profiles. The images are 370"E-W by 330"N-S. 
 

core in the majority of filters. Figure 3 shows the ellipticity (a/b) and inclination 
(φ ) as a function of major axis (a). Inclination is measured in radians clockwise 
from the EW axis. Data from bounding boxes < 40 pixels half-width are not 
shown. This corresponds to a cutoff of 4.2" the small central part of the bulge, 
which has a complex structure (e.g. [14]).  

To measure the brightness and UV colours of the bulge we measured average 
flux per pixel as a function of semi-major axis, extracted using elliptical annuli. 
This method was chosen over radial profiles using circular annuli because the 
images are not circularly symmetric, and thus the brightness changes signifi-
cantly with azimuthal angle for circular annuli. The brightness profiles using el-
liptical annuli account for the elliptical shape of the bulge projected on the sky. 

Pixels (coordinates x, y) were counted within a given ellipse annulus if they 
satisfied:  

( ) ( ) ( ) ( )2 2 2 22 0.5 1 1 2 2 2 0.5a x F x y F y x F x y F y a− < − + − + − + − ≤ +  

Here ( )1 , 1F x F y  and ( )2 , 2F x F y  are the positions of the focii of the given 
ellipse: 
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Figure 3. Top: Ellipticity, (semi-major axis a)/(semi-minor axis b), of the bulge as a func-
tion of semi-major axis in pixel units, derived from Gaussian fits. Bottom: Inclination 
(radians, CW from W) of the bulge as a function of semi-major axis in pixel units. 1 pixel 
is 0.4168". 
 

( ) 2 21 cos *F x Cx p a b= + −  

( ) 2 21 sin *F y Cy p a b= + −  

( ) 2 22 cos *F x Cx p a b= − −  

( ) 2 22 sin *F y Cy p a b= − −  

( ),Cx Cy  is the ( ),x y  position of the centre of the bulge on the image, a is the 
semi-major axis desired, in pixels, b the corresponding semi-minor axis, and p 
the inclination of the major axis from the image’s horizontal, in radians. The av-
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erage flux per pixel is calculated by summing the counts/sec in each pixel within 
a thin elliptical annulus, dividing by the number of pixels in the annulus, then 
using the UVIT calibration to convert count rate per pixel to flux per pixel.  

To extract flux measurements for the same elliptical annuli of the bulge for all 
filters, we used the ellipse parameters vs. semi-major axis from the N279N_A 
image analysis. As a test, the analysis was repeated using ellipse parameters de-
rived from the F148W_M image. However, there was little difference in the re-
sulting elliptical profiles, so the analysis presented here was carried out using the 
N279N_A ellipse parameters. Average flux per pixel was extracted for 240 ellip-
tical annuli, from the centre out to 400 pixels (167") along the major axis. Exam-
ples of these ellipses are drawn in Figure 2. One ellipse was used for each of the 
first 200 pixels along the major axis, and then one ellipse for every 5 pixels for 
the remaining 200 pixels. 

3.2. UV Colour-Colour Diagram 

To study the colour change in the bulge, we produced a colour-colour diagram 
using the elliptical profiles of flux per pixel from the above analysis. The colours 
chosen were ratio of flux per pixel of F148W to N219M and ratio of N219M to 
N279N. The standard deviation of values of the fluxes from the different pixels 
in each annulus was used as estimate of the flux errors, and propagation of er-
rors was used to calculate the errors in the colours.  

4. Results 
4.1. Elliptical Brightness Profile Analysis 

Analytic functions were fit to the elliptical surface brightness profiles of the 
bulge to quantify the shape in a simple manner. The fits were carried out using 
χ2 minimization. For these fits the fractional error for each semi-major axis value 
was taken as 1 N  with N the number of counts at the semi-major axis2. 

Initially, we fit a Sersic function, ( )f a , to the observed surface brightness vs. 
semi-major axis, a. Sersic functions are commonly used to approximate stellar 
distributions in elliptical galaxies and spiral bulges: 

( ) ( )10 exp nf a I k a= × − ×  

with I0 the central surface brightness, n the Sersic index, and k the e-folding 
constant for decrease of surface brightness. This is equivalent to the original 
form of the Sersic function given by [15], ( ) ( ) ( )( )1exp 1n

e ef r b n r R = Σ × − × −   
with ( )( )0 expe I b nΣ = × −  and ( )( )n

eR b n k= . For our data, in units of flux 
per pixel (erg∙cm−2∙s−1∙A−1∙pixel−1), we use units of pixels for a.  

The elliptical profiles generally follow a Sersic shape, with an excess in the 
center in all filters. The top panel of Figure 4 shows the F148W profile. The  

 

 

2N The systematic errors in converting counts/s to flux or magnitude ([11] and [10]) are small com-
pared to the 1 N  statistical errors for these narrow (1 pixel wide) elliptical areas. 

( ) ( ) ( )( )1exp 1n

e ef r b n r R = Σ × − × −   with ( )( )0 expe I b nΣ = × −  and ( )( )n

eR b n k= . For our 

data, in units of flux per pixel (erg∙cm−2∙s−1∙A−1∙pixel−1), we use units of pixels for a. 
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Figure 4. Top: Elliptical proles of the bulge (flux per pixel) vs. semi-major axis for the five 
UVIT filter bands. The bulge shows a sharp increase in surface brightness toward the 
centre. Bottom: Sersic fits (black dash line) to the F148W elliptical profile (orange solid 
line), with added Point Source Functions (PSFs, red dash lines). 400 pixels is 167". 
 
Sersic function (black dashed line) fits very well the majority of the bulge (from 
semi-major axis of ~8" to 167"). The excess is not consistent with a point source 
at the centre of the bulge, as shown by the red dashed lines in Figure 4, which 
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include Sersic plus the radial profile of a point source (the UVIT point-spread- 
function or PSF [10]). The shape of the excess is too broad and flat compared to 
the PSF. Higher resolutions are required to study the inner ~2", as was done by 
[14] at optical wavelengths.  

Table 1 shows the results of single Sersic function fit to the bulge, including 
and omitting the inner 10 pixels (~4") of the bulge. Comparing the two cases 
shows that omitting the inner ~4" results in a significant reduction in χ2. Using 
the fit with the inner 4" omitted, the Sersic index, n, varies with wavelength, with 
n increasing from 2.3 to 5.7 for decreasing wavelengths 279 nm → 219 nm → 172 nm,  
 
Table 1. Best-fit bulge profile parametersa. 

Single Sersic Fitb N279N N219M F172M F169M F148W 

I0 2.01E−17 4.69E−17 1.84E−15 4.28E−16 1.84E−16 

k 0.278 1.26 4.15 2.79 2.01 

n 2.54 4.74 9.07 6.79 5.55 

χ2 104 74 124 151 190 

DOFc 236     

Single Sersic Fitd N279N N219M F172M F169M F148W 

I0 1.70E−17 2.17E−17 1.34E−16 8.05E−17 5.16E−17 

k 0.213 0.736 1.90 1.45 1.07 

n 2.33 3.71 5.69 4.78 4.07 

χ2 71 50 80 99 918 

DOFc 226     

Sersic + Gaussian Fitb N279N N219M F172M F169M F148W 

I0 1.67E−17 2.13E−17 1.29E−16 7.17E−17 4.86E−17 

k 0.206 0.723 1.87 1.37 1.03 

n 2.30 3.68 5.64 4.64 4.00 

Ig 1.37E−17 1.9902E−17 1.30E−17 1.20E−17 1.24E−17 

σ 4.47 3.97 4.09 4.49 4.33 

χ2 71 51 81 98 914 

DOFc 234     

Double Sersic Fitb N279N N219M F172M F169M F148W 

I01 1.62E−17 1.46E−17 8.29E−17 4.81E−17 3.15E−17 

k1 0.195 0.509 1.53 1.10 0.762 

n1 2.27 3.20 5.09 4.18 3.51 

I02 2.06E−17 2.59E−17 2.21E−17 2.06E−17 2.86E−18 

k2 0.172 0.560 0.244 0.263 0.403 

n2 0.848 1.39 0.948 1.02 1.20 

χ2 69 47 79 94 770 

DOFc 233     

aThe uncertainties in all parameters are ~5%. bThe fits include data for semi-major axis of 1 to 400 pixels. 
cDOF stands for degrees-of-freedom. dThe fits included data for semi-major axis of 10 to 400 pixels. 
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then decreasing from 5.7 to 4.1 for 172 nm → 169 nm → 148 nm. The fits are ac-
ceptable (χ2 < degrees-of-freedom or DOF) except for the F148W data, which 
has the highest signal-to-noise of the five filters. 

To better fit the F148W data, and to see if the inner part of the bulge could be 
fit, we carried out fits to the full data (1 to 400 pixels) with double-Sersic func-
tions, and Sersic + Gaussian functions. The Gaussian function is: 

( ) ( )( )2 2exp 2g a Ig a σ= × −  

Results are given in Table 1. For F148W, the Sersic plus Gaussian is signifi-
cantly better than a single Sersic (χ2 of 914 vs. 1900), and the double Sersic better 
than Sersic plus Gaussian (χ2 of 770 vs. 914).  

Figure 5 shows the double Sersic fits to measured surface brightness for all 
filters, illustrating that the central bulge (≲10") and rest of the bulge (~10 to 
167") are well fit. The N219M filter observed surface brightness looks different 
than the other filters: it is faintest in the inner bulge and approximately matches 
the shorter wavelength profiles for the outer bulge3. 
 

 

Figure 5. Double Sersic fits (dashed lines) compared to the data (solid lines). The fits in-
clude data from 1 pixels to 400 pixels (167"). Data errors range from a minimum 1.3% to 
1.8% for F148W to a maximum of 2.5% to 4.5% for N279N. Errors for the other filters 
range between 1.7% to 3.1%. A ±5% error bar is shown on the N219M curve for illustra-
tion. The errors are similar to the differences between the data points and the fit curves. 

 

 

3The conversion between counts and flux is not the cause for this difference, because the conversion 
was well-calibrated [10] [11]. The intrinsic mean stellar emission spectrum decreases with decreas-
ing wavelength and would yield N219M fainter than N279N but brighter than the FUV filters. 
However, N219M it is at the peak of the UV extinction curve at 220 nm (Figure 3 of [16]). At 220 
nm VA Aλ  is larger than for larger or smaller wavelengths by a factor of ~1.6, so moderate extinc-
tion can make the N219M surface brightness smaller than the FUV surface brightnesses.  
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4.2. Simple Models for UV Colours of the M31 Bulge 

The UV colour change of the bulge is shown in Figure 6. The semi-major axis, a, 
is encoded in a standard RGB colour scheme, with bluest for 0a =  gradually 
changing to green at 50"a � , green changing to orange at 100"a �  and 
orange changing to red at the outermost analyzed ellipse, with 167"a = .  
 

 
 

 

Figure 6. Top: UV colour-colour diagram of the bulge of M31, for elliptical annuli of dif-
ferent semi-major axes, from 0 to 400 pixels (0 to 167"). Semi-major axis is encoded by 
RGB colour, as shown by the panel on the bottom (the color scale is compressed for 
semi-major axes between 200 and 400 pixels because the NUV and FUV colours change 
slowly for semi-major axes > 200). The dashed lines show the UV colours for black-bodies 
and Castelli & Kurucz stellar atmosphere models of varying temperature along the line, 
with different extinction values for each line. 
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The larger errors and higher spread for the innermost ellipses (upper points in 
the diagram) are caused by the fewer pixels per annulus for annuli of small 
semi-major axis. The colour-colour diagram shows a significant change in the 
ultraviolet colour of M31’s bulge. Points nearest the centre have a greater ratio of 
F148W flux to N219M flux than those further out, while having a similar ratio of 
N219M to N279N. Thus, the FUV-NUV colour (vertical axis) of the bulge be-
comes “bluer” towards the core. Most of the colour change occurs between the 
centre and half-way out the analyzed region, from semi-major axis of 0 to ~83 
arcsec. 

Colours for blackbody models and Castelli-Kurucz stellar atmosphere models 
[17] (from the STScI website https://www.stsci.edu/) are plotted for comparison. 
For the stellar atmospheres, surface gravities were taken as the recommended 
values for each temperature, and solar metallicity was used. Model colours are 
calculated as the ratio of filter fluxes determined from a given model spectrum 
multiplied by the applicable UVIT filter response curve. Interstellar extinction is 
calculated using equations from [16] which include the wavelength dependence 
for optical and UV. The extinction is parametrized by AV, given in magnitudes 
for the V band, and includes internal extinction within the bulge of M31 plus 
foreground extinction in the Milky Way along the line-of-sight toward M31. 

The data are consistent with blackbodies between 9500 and 11,000 K, with ex-
tinction values, AV, between 0.4 and 0.7. The stellar atmosphere models suggest a 
lower temperature range, 8500 to 9000 K, and a higher extinction, between 0.7 
and 1.1. The stellar models are more realistic if the emission is from stellar at-
mospheres, particularly if the UV emission primarily comes from a population 
of unresolved hot stars. This change in model temperature can be interpreted as 
a rise in the average temperature stars towards the centre. Leahy et al. (2018) [5] 
found evidence for a young hot stellar population in M31's bulge, and this com-
bined with other evolved stars are possible causes of the colour changes. 

4.3. Stellar Population Models for UV Magnitudes of the M31  
Bulge 

To construct more realistic models for the FUV and NUV flux from the M31 
bulge, which consists of large numbers of unresolved stars, it is necessary to con-
sider stellar population models. The basic models are simple stellar populations 
(SSPs) which consist of a set of stars of a single age and metallicity but with a 
range of initial masses. More complex models can then be constructed by com-
binations of these SSPs. 

Here, we use the SSPs using the Padova stellar models, calculated using the 
CMD 3.4 online tool at http://stev.oapd.inaf.it/cgi-bin/cmd. In CMD 3.4, we 
used the recommended options: PARSEC evolutionary tracks [18], version 1.2S, 
for pre-main sequence to first thermal pulsation or carbon ignition, and 
COLIBRI [19] for thermal pulsation-asymptotic giant branch evolution, ending 
at total loss of the envelope. Circumstellar dust properties were used for M stars 
and for C stars from [20], long-period variability along the red giant branch and 
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asymptotic giant branch phases was taken from [21], and the initial mass func-
tion of [22] was used. For our application, synthetic photometry was calculated 
in AB magnitudes for the UVIT filter bands. 

For comparison to the M31 bulge we calculated models for 8 ages, T, with 
log(T) = 6.5, 7, 7.5, 8, 8.5, 9, 9.5 and 10. For each age, we calculated models for 
metallicities, Z, with ( )log 2Z Z = −� , −1.5, −1, −0.5, 0 and 0.5. For age log(T) 
= 10 we added ( )log 2.5Z Z = −�  to our grid of models. The UVIT F148W, 
F169M, F172M, N219M and N279N AB magnitudes for each star in the popula-
tion were obtained, then we combined these to obtain the AB magnitudes for 
each SSP. 

We add extinction, with parameter AV, using the extinction curve of [16]. The 
resulting SSP UVIT colours are compared to the colours of the M31 bulge in 
Figure 7. It is seen that the inner bulge colours (blue points) are similar to SSPs 
with AV ~ 0.4 - 0.6 and a range of ages or metallicities. The middle bulge colours 
(orange points) are similar to SSPs with AV ~ 0.2 and low age (log(T) ~ 6.5 to 7 
and low metallicities (~−1.5 to −2).  

The above comparison of SSPs with colours is incomplete, so we carry out fit-
ting of the M31 bulge FUV-NUV spectral energy distribution (SED) to multiple 
stellar populations. This has the advantages of including data from all five UVIT  
 

 

Figure 7. UV colour-colour diagram of the bulge of M31, for elliptical annuli of different 
semi-major axis. The dashed, dash-dot, and dotted lines show the colours calculated from 
stellar population synthesis models (see text), with different extinction for each set of 5 
lines. Stellar metallicity varies along each line, from ( )log 2.0Z Z = −�  to +0.5 (left end 

to right end), and population age, with T in years, is different for each line according to 
colour. 
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filters, instead of three, and preserves the normalization which is required to ob-
tain the size of the stellar populations. We extracted the FUV and NUV magni-
tudes for the whole bulge, here taken as an outermost ellipse with semi-major 
axis of 450 pixels (188"). This large ellipse was divided into 10 annuli of 
~equal-area to examine spatial variations. The semi-minor axis, b, to semi-major 
axis, a, ratios (b/a) were taken from the above analysis. For the whole and 10 
annuli regions, systematic errors in conversion from counts/s to flux and mag-
nitude are comparable to the 1 N  statistical errors, so were included. 

Table 2 shows the parameters of the elliptical annuli. For each area the UVIT 
magnitudes were fit by minimizing χ2 with either 1, 2 or 3 SSPs. The fitting was  
 
Table 2. M31 bulge stellar population fits. 

2 SSP fita  

Region b
ina  

b
outa  χ2 M1c M2c Av  

Whole 0 187.6 4.58 1.59E9 9.41E7 0.456  

Ann 1 0 58.4 8.77 3.13E8 3.39E7 0.483  

Ann 2 58.4 83.4 7.17 2.24E8 1.74E7 0.467  

Ann 3 83.4 104.2 5.92 1.86E8 1.44E7 0.456  

Ann 4 104.2 116.7 4.54 1.13E8 8.63E6 0.449  

Ann 5 116.7 133.4 4.47 1.51E8 1.10E7 0.438  

Ann 6 133.4 145.9 3.85 1.29E8 8.32E6 0.434  

Ann 7 145.9 158.4 4.34 1.10E8 7.99E6 0.420  

Ann 8 158.4 166.7 4.03 7.14E7 5.30E6 0.423  

Ann 9 166.7 179.2 5.16 1.08E8 7.80E6 0.416  

Ann 10 179.2 187.6 4.94 6.81E7 5.14E6 0.405  

3SSP fitd b
ina  

b
outa  χ2 M1c M2c M3c Av 

Whole 0 187.6 1.01 1.59E9 2.73E8 4.76E6 0.466 

Ann 1 0 58.4 1.11 3.13E8 2.73E7 1.32E6 0.457 

Ann 2 58.4 83.4 1.15 2.24E8 2.12E7 7.17E5 0.472 

Ann 3 83.4 104.2 1.14 1.86E8 2.48E7 5.84E5 0.469 

Ann 4 104.2 116.7 0.84 1.20E8 1.77E7 3.44E5 0.467 

Ann 5 116.7 133.4 0.96 1.52E8 2.73E7 4.30E5 0.460 

Ann 6 133.4 145.9 0.75 1.35E8 2.38E7 3.18E5 0.461 

Ann 7 145.9 158.4 0.93 1.10E8 2.51E7 3.03E5 0.453 

Ann 8 158.4 166.7 0.77 8.57E7 1.77E7 1.99E5 0.457 

Ann 9 166.7 179.2 1.05 1.15E8 2.95E7 2.86E5 0.457 

Ann 10 179.2 187.6 0.82 8.59E7 2.07E7 1.66E5 0.449 

aThe other best-fit parameters were ( )log 1 10T = , ( )log 1 2Z Z = −� , ( )log 2 9T = , ( )log 2 1.5Z Z = −�  

for Ann 1 to Ann 10; for Whole the best-fit parameters were the same except for ( )log 2 2Z Z = −� . b
ina  

and outa  are the inner and outer semi-major axes for each annulus. cMasses are given in units of M� . 
dThe other best-fit parameters were ( )log 1 10T = , ( )log 3 2Z Z = −� , ( )log 2 9.5T = , ( )log 2 2Z Z = −� , 

( )log 3 8.5T = , ( )log 3 0.5Z Z = −� , for all regions. 
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carried out for each SSP in the grid of log(T) and ( )log Z Z� . For each SSP the 
free parameters were mass of the SSP and AV. For the case of 2 or 3 SSP fits, the 
extinction was taken to be the same for both (or three) SSPs. The best-fit was 
chosen to be the SSP with the lowest χ2 of all SSPs in the grid. For the case of 2 
SSPs and 3 SSPs the grids were 4 and 6 dimensional, resp. None of the single SSP 
models are able to fit the data. The top panel of Figure 8 shows a few of the sin-
gle SSPs compared to the data for the Whole region (black line labelled M31 
Bulge). The data errors are comparable to the symbol sizes. The SSP normaliza-
tion was chosen so that the calculated magnitudes of the SSP did not exceed the 
data. It is seen that young SSPs (log(T) < 9) are too faint for the longer wave-
length data (by ~2 magnitudes) and that old SSPs are too faint for the shorter 
wavelength data. 
 

 
 

 

Figure 8. Top panel: Single stellar population (SSP) models compared to the data (black 
line) for the Whole Bulge region (0 to 188" in semi-major axis, see Table 2) of M31. T is 
the age in years and Z is the metallicity of the population. None of the SSPs can fit the 
data. Bottom panel: data for the Whole Bulge region (black symbols and line) and for the 
innermost annulus (0 to 58" in semi-major axis, blue symbols and line); model of 3 com-
bined SSPs for the Whole Bulge region (red symbols and dashed line); model of 2 com-
bined SSPs for the innermost annulus (magenta symbols and dashed line). 
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Including a second SSP improves the fit significantly. The bottom panel of 
Figure 8 shows the best-fit 2 SSP model (magenta line) for the innermost annu-
lus/ellipse (data shown by blue symbols and solid line). Adding a third SSP fur-
ther improves the fit. The Whole region data (top, black symbols and solid line) 
and the best-fit 3 SSP model (red symbols and dashed line) are shown. The 
best-fit masses and extinction (AV) for the 2 and 3 SSP models are listed in Table 
2. 

For the 1 SSP model there are 4 parameters (2 grid parameters and 2 conti-
nuous parameters) and 5 data points. Best-fit χ2 values are between 1000 to 2000 
for the 10 annuli and whole regions and rule out single SSP models. For the 2 
SSP models there are 7 parameters (4 grid, 3 continuous), more than the number 
of data points, thus a statistically good fit should have χ2 ~ 1. The χ2 values are 
between 4 and 9, indicating a large improvement over the 1 SSP model. The 3 
SSP models have 10 parameters (6 grid, 4 continuous) and χ2 ~ 1 as expected for 
good fits. The 3 SSP models show significantly better fits than the 2 SSP models, 
but they have the disadvantage of having more parameters than the number of 
data points in the SED.  

5. Discussion 

M31’s bulge, analyzed here out to ~170", is elliptical. The ellipticity is different in 
the different NUV and FUV filters (Figure 3) with a smaller ellipticity found in 
the longer wavelength filters (e.g. at semi-major axis of 25", 1.17a b �  in 
NUVN2 vs. 1.27 in F148W). The ellipticity is lowest near the centre: 1.14a b � : 
this is apparent on the contour plots (Figure 2). It increases outward, peaking at 
~17" major axis in the NUV, and at ~25" in the FUV. Further from the centre 
the ellipticity decreases outward, to a minimum near ~55", then increases out-
ward to the maximum semi-major axis analyzed here (~95"). 

Outside of 17", the ellipticity increases with decreasing wavelength (top panel 
of Figure 3). Inside of 17" the ellipticity decreases with decreasing wavelength, 
i.e. it is approximately reversed, likely indicating a different physical component, 
or different mix of stellar populations, in the central part of the bulge.  

The bulge’s inclination changes smoothly with increasing semi-major axis, 
increasing from ≃23˚ reaching a peak of ≃48˚ in all filters at ~25". It then slowly 
decreases outwards to ≃33˚, implying a clockwise rotation from centre to 
semi-major axis of 17", followed by a gradual counterclockwise rotation from 
there outward to the maximum semi-major axis of 95". This small amount of 
rotation (25˚) is in the contour plots (Figure 2) but it is not easy to discern. The 
bulge is significantly more circular very near the centre. 

The brightness profile of the bulge vs. semi-major axis was extracted using 1 
pixel wide elliptical annuli. There is a sharp increase of brightness towards the 
centre. The profile was fit with a Sersic function, showing an excess at the centre 
which is more extended (≃2") than a point source (bottom panel of Figure 4). 

Thus, we fit the bulge with the sum of a Sersic and a Gaussian and the sum of 
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two Sersic functions. The double Sersic functions yield the best fit, although the 
decrease in χ2 is highly significant only for the F148W data. We conclude that 
the profile is more complex than can be fit with simple analytic functions, such 
as we have used. For no galaxy other than M31 do we have such good photome-
try in NUV and FUV. Thus, simple analytic fits to a galaxy bulge profile have 
not tested to this level previously.  

The next step of analysis of the bulge considered spectral changes vs. 
semi-major axis distance. We analysed the colour-colour diagram using flux ra-
tio of F148W to N219M (equivalent to N219M magnitude minus F148W mag-
nitude) vs. flux ratio of N219M to N279N (equivalent to N279N magnitude mi-
nus N219M magnitude). In this diagram, hotter (brighter at shorter wave-
lengths) objects are higher in the diagram, and objects with more extinction are 
further left. The latter is a result of the peak of the UV extinction curve at ≃220 
nm, matching the N219M filter. 

From the colour-colour diagram (Figure 6), the centre of the bulge is seen to 
be hotter (blackbody temperature ≃11500 K, or Castelli-Kurucz stellar atmos-
phere temperature ≃8800 K) than the outer parts of the bulge (blackbody tem-
perature ≃9750 K, or Castelli-Kurucz stellar atmosphere temperature ≃8450 K). 
The extinction of the bulge is between AV = 0.4 and 0.7 for blackbodies, or be-
tween AV = 0.7 and 1.1 for stellar atmospheres. The data errors are such that the 
outer bulge has distinctly lower extinction than the middle bulge, but the central 
bulge has extinction consistent with either middle or outer bulge. 

Because the bulge NUV and FUV emission is from a large number (of order 
~109) of stars, we compare the colour-colour diagram to the colours calculated 
for single stellar populations (SSPs). SSPs with different ages and metallicities 
are shown. Figure 7 shows that comparison. The apparent trend is that the outer 
bulge (red points) is more consistent with a young (~106.5-7 yr) metal poor 
( ( )log ~ 2Z Z −� ) SSP, the middle bulge (green points) is more consistent with 
slightly less young (~107-7.5 yr), less metal poor ( ( )log ~ 1Z Z −�  SSP, and the 
inner bulge (blue points) is more consistent with older (~108.5 yr), metal poor 
( ( )log ~ 1.5Z Z −� ) SSP. 

We carried out fits to the bulge spectral energy distribution (SED) using all 
five UVIT filters. No single SSP is a good fit (Figure 8). This shows that the co-
lour-colour diagram does not contain enough information to properly constrain 
stellar populations. A mixture of two SSPs or three SSPs was able to fit the SED 
of the M31 bulge. The three SSP fit is significantly better than the two SSP fit. 

The SEDs were extracted for 10 elliptical annuli in the bulge each with ≃10% 
of the whole bulge area, with outer semi-major axis of each annulus ranging 
from ~60" to ~190". For each annulus two SSP and three SSP fits were carried 
out. The results are shown in Figure 9 for extinction, and Figure 10 for masses 
of the SSPs. There is a mixture of at least two and probably three different SSPs, 
based on χ2 of the fits in Table 2. This holds for all 10 annuli, i.e., throughout the 
M31 bulge. 
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Figure 9. Best-fit extinction (AV) vs. outer semi-major axis (aout) of each annulus from the 
2 SSP fits (red points) and from the 3 SSP fits (black points). Table 2 gives the inner and 
outer semi-major axes of each annulus, ain and aout. The two points for largest aout are for 
the outer-most annulus (lower point) and the Whole Bulge region (upper point). Linear 
functions are fit to AV vs. aout for all annuli for the 2 SSP model and fit to all but the in-
nermost annulus for the 3 SSP model. 
 

The extinction is variable, decreasing from centre (<60") to outer part of the 
bulge (180 to 190") in a nearly linear manner. The slope from the two SSP fit is 
steeper than for the three SSP fit, but the extinction falls in a narrow range (AV = 
0.4 to 0.5) for both models. The three SSP fits show evidence for a decrease in 
extinction for the centre.  

The two SSP fit has an old (1010 yr) metal poor ( ( )log 2Z Z = −� ) population 
plus an intermediate age (109 yr) less metal poor ( ( )log 1.5Z Z = −� ) population 
for the whole bulge and for all of the individual annuli. The masses of the old 
and intermediate age populations vary with distance from center but the ratio of 
intermediate SSP mass to old SSP mass is typically ≃0.1. Both populations mass 
vs. distance from centre are well fit by exponential functions, with scale lengths 
of 65" for the intermediate age SSP and 110" for the old SSP. The higher concen-
tration of the younger hotter population toward the centre can explain the trend 
seen in the colour-colour diagram. 

The three SSP fit has an old (1010 yr) metal poor ( ( )log 2Z Z = −� ) popula-
tion plus an intermediate age (109.5 yr) metal poor ( ( )log 2Z Z = −� ) population 
and a young (108.5 yr) higher metallicity ( ( )log 0.5Z Z = −� ) population. The 
masses of the three populations vary with distance from center. The ratio of in-
termediate SSP mass to old SSP mass is typically ≃0.15. The ratio of young SSP 
mass to old SSP mass is typically ≃0.02. The SSP masses vs. distance from centre 
are well fit by exponential functions, with scale lengths of 75" for young SSP, 
~450" for the intermediate SSP and 110" for the old SSP. 
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Figure 10. Top panel: Best-fit SSP masses vs. outer semi-major axis (aout) of each annulus 
from the 2 SSP fits, with red points for the older metal-poor population and blue points 
for the younger metal-rich population. Table 2 gives the inner and outer semi-major 
axes, ain and aout, of the 10 annuli and of the Whole bulge region. Bottom panel: Best-fit 
SSP masses vs. outer semi-major axis (aout) of each annulus from the 3 SSP fits, with red 
points for the oldest metal-poor population, cyan points for the younger metal-rich pop-
ulation, and blue points for the intermediate age and metallicity population. For each set, 
there are two points at largest aout: the lower mass is for the outermost annulus and the 
higher mass is for the Whole Bulge region. Exponential functions are fit to AV vs. aout for 
all annuli for the 2 SSP and 3 SSP models. 
 

The dominant old metal poor population has the same scale height and nor-
malization from the two SSP and three SSP fits. The three SSP fit (with signifi-
cantly improved χ2) effectively replaces the 109 yr component of the two SSP fit 
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with two separate SSPs of ages 109.5 yr and 108.5 yr. The scale-heights of the latter 
two populations are very different: the 109.5 yr SSP has scale-height 450" vs. 75" 
for the youngest SSP. The different scale-heights of the 3 SSPs explains the ob-
served colour change of the bulge: it is hotter near centre where the youngest 
SSP has the largest fractional contribution. 

Hammer et al. (2018) [23] carried out hydrodynamical simulations of mergers 
with M31 and compared the simulations to several sets of observations of M31, 
including parameters of the Giant Stream, the M31 disc age-dispersion relation, 
the long-lived 10 kpc ring, the recent and long-lived star formation event, and 
the slope of the halo profile. They found that a 4:1 major merger where the nuc-
lei merged 2 - 3 Gyr ago, with first passage 7 - 10 Gyr ago, could explain many of 
the observed features of M31. McConnachie et al. (2018) [24] analyzed data 
from the Pan-Andromeda Archaeological Survey of M31 to summarize the sub-
structures in the stellar halo of M31. Their analysis shows the most distinctive 
substructures were produced by at least 5 different accretion events in the past 3 
- 4 Gyr. 

The minimum of 5 accretion events [24] can be consistent with merger with a 
single major galaxy [23] because there were a few passages between first passage 
and final merger of the nuclei. The passage would have created major streams of 
stars and gas which would cause accretion events at several different times and 
with different orbital parameters.  

Our SSP fits to the bulge measure star formation in the bulge and are consis-
tent with the above results. This star formation is caused by accretion of gas or 
disturbance of ambient gas to induce star formation4, thus related to merger and 
accretion events. The 109.5 yr population comprises 17%, and the 108.5 yr popula-
tion comprises 0.3% of the mass of the old population (Table 2). If there are 
more than 3 SSPs in the bulge, the current analysis is unable to detect them giv-
en the data errors.  

There have been previous studies of the stellar populations in the bulge of 
M31 ([25] [26] [27] and references therein). Our results are consistent with 
theirs, in that the bulk of the mass of stars are old (age ~10 Gyr), but not consis-
tent in that they find that the old bulge population is metal rich, with [Fe/H] 
~0.3 dex. The main difference between the previous studies and this study is that 
previous studies have used optical observations (optical HST photometry, or 
Lick indices), while we use FUV and NUV band photometry. One possibility is 
that the current set of SSP models are not accurate enough in the FUV to deter-
mine metallicity reliably. We plan to update the current study when SSP models 
which are better verified in the FUV become available. 

The spatial structure of the M31 bulge has been studied by [28], with primary 
analysis of the Spitzer IRAC 3.6 micron observations of M31. That study fitted 
the bulge ignoring the inner few arcseconds containing the nucleus of M31. The 
fits used a Sersic profile for radial profiles along the major and minor axes or 

 

 

4This is less likely for the bulge than for the disc. 
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azimuthally averaged radially profiles. They used two fitting methods: 
non-linear least squares and Monte Carlo Markov Chain. The results (their 
Table 2) were a Sersic index, n, between 1.7 and 2.4 and an effective radius, Re, 
between 0.5 and 1.1 kpc. Both n and Re had typical errors of 10%. In compari-
son, they fit the 2-D image using the GALFIT software [29] and obtained sim-
ilar results: n between 1.9 and 2.0 and Re between 0.9 and 1.0 kpc. Our longest 
wavelength is 279 nm, far shorter than the 3.6 micron data analyzed by [28]. 
For 279 nm we find n values of 2.33, 2.30 and 2.27 for single Sersic, Sersic plus 
Gaussian or double Sersic fits, respectively (second, third and fourth sections 
of Table 1). These values are only slightly higher than those from [28]. For the 
shorter NUV 219 nm and the three FUV bands, we find significantly higher 
Sersic indices (3.2 to 5.6). The fact that the Sersic indices are quite different for 
NUV and FUV should not be too surprising, given that the shorter wave-
lengths are highly sensitive to the rare young and hot stars. These we have 
shown are more concentrated in the centre of the bulge (most clearly shown 
here in Figure 10). 

6. Conclusions 

We have carried out observation of the bulge of the Andromeda Galaxy in NUV 
and FUV wavelengths using the UVIT instrument on the AstroSat Observatory. 
M31's bulge is elliptical in shape with small but distinctive changes in ellipticity 
and position angle with distance from the nucleus of M31.  

The bulge is centrally concentrated in UV, and approximately follows a Sersic 
profile. The nucleus (in the innermost 4") is complex, as known from optical 
studies [14]. For the brightness profiles in all filters but F148W, the bulge is well 
fit by Sersic plus Gaussian or double Sersic functions. For F148W, with its high 
signal-to-noise, none of the attempted functions gave statistically good fits, but 
the double Sersic had the best-fit, and gave no systematic residuals vs. radius, 
which may indicate that the bulge has small scale structure or clumps which are 
not fit by any smooth function. 

The UV colour-colour diagram shows that the bulge becomes significantly 
bluer towards the centre. We carried out an analysis of the FUV-NUV SEDs 
using SSPs for the whole bulge and the bulge subdivided into 10 elliptical an-
nuli. Our best fit model has three SSPs at each radius and yields the same 
best-fit ages and metallicities vs. radius for these SSPs. There is a dominant old SSP 
(1010 yr, ( )log 2Z Z = −� ), an intermediate-mass, intermediate-age SSP (109.5 yr, 

( )log 2Z Z = −� ) and a young low-mass SSP (108.5 yr, ( )log 0.5Z Z = −� ). The 
different SSPs have exponential mass profiles vs. radius with different scale-heights 
for each SSP. The ages and masses of the SSPs are consistent with an active merger 
history for M31, as known from studies of M31 using optical data. 

The FUV and NUV data from UVIT/AstroSat are useful to measure the 
young stellar populations which emit at these wavelengths. Future studies of re-
gions beyond the bulge promise to turn up more important properties of the 
ages and spatial distributions of stellar populations in M31. 
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Abstract 
Assessment of the Hubble parameter as an indicator of the expansion rate of 
the universe holds a central position in the field of astronomy. From its initial 
estimate of about 500 km∙sec−1∙parsc−1, this value had been steadily amended 
as the observational tools became more accurate and precise. Despite this, a 
gap remains between the value of observations relating to local and nonlocal 
estimations of the Hubble parameter that gave rise to what became known as 
the Hubble tension. This tension is addressed here while dealing with space 
fabric as a cosmological fluid that undergoes transition. 
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1. Introduction 

The ΛCDM model which represents standard cosmology had a remarkable suc-
cess in matching the theoretical predictions of the 6-parameter model to the ob-
servational findings.  

However, there had been many recent challenges to the integrity of this model 
in the form of local estimations of the Hubble parameter [1] [2] [3] [4] which 
have statistically significant difference from those values estimated by non-local 
measurements, mainly through CMB observations [5] [6]. 

In addition, the presence of enhanced lensing amplitude whose value exceeds 
the theoretical prediction ( 1LA > ) [7] [8] is interpreted as an indication of a 
closed universe—in contradiction to the basic assumption of the ɅCDM model 
of a flat cosmology. 

Here we will try to address those two questions concerning the Hubble ten-
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sion and the curvature tension which were tackled previously [9] using degree of 
freedom approach, but this time the Friedmann equations would be employed. 

2. Hubble Parameter-Radius of the Universe (rue)  
Relationship 

The Hubble parameter is related to the universe radius via the scalar factor as 
follows 

( )ue ueor a t r=                          (1-2) 

where uer , ueor  denote the radius of the universe at any time (t) and at present 
time (to) 

( )dd
d d

ue
ueo

a tr
r

t t
=                         (2-2) 

( )

( )

( )

( )

( )

( )

d d d
d d d

ue
ueo

ueo ue

a t a t r t
r

t t tH
a t r a t r t

= = =                (3-2) 

3. Decelerating Pressure-Less Universe 

This analysis is based on a model for quanton fields [10], which are space and 
time varying, when interacting they generate inflationary and gravitational inte-
ractions of space fabric which are at origin of dark energy and dark matter. 

Here, the standard form of Friedmann equations will be tackled, while later on 
a slightly modified version will be introduced. Friedman acceleration equation is 
written as 

2

4 3
3

ue
m

ue

r G p
r c
′′ π  = − + 

 
                    (1-3) 

2: energy densitye

K
t

=                    (2-3) 

2
3

ue rur K t=                         (3-3) 
where mass density is defined as 

2

2
e

m c
=


                          (4-3) 

, ruK K : constants of proportionality [9]. For the case of pressure-less fluid 
this reduces to 

4
3

ue m

ue

r G
r
′′ π
= −


                      (5-3) 

Given that 
2
3

ue rur K t=                         (6-3) 
1

3d 2
d 3

ue
ue ru

r
r K t

t

−

′ = =                     (7-3) 

And 
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2 2m

k
c t

=                           (8-3) 

Substituting with this equivalent value for uer  

2 2

44
3 3
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ue ue ue
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r r r

c t
ππ′′ = − = − 

                (9-3) 
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substituting in (8-3) with value of 2

1
t

 and integrating w.r.t uer  
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The constant of integration equals 
2

2
ue

kc
r
− , which is the usual form of Fried-

mann equation. If the curvature term is small enough to be neglected in com-
parison to density term. 

2

2

8
3

ue m

ue

r G
r c

 
 
 

′ π
=


                     (17-3) 

which is the first Friedmann equation of Einstein DeSitter model for flat matter 
dominated universe this time in a closed cosmology model. 

Now the Hubble parameter 

( )

( )

1
3

2
3

d 2
2d 3
3

ue
ru

ue
ru

r t
K t

tH
r t t

K t

−

= = =                 (18-3) 

Back to the first Friedmann equation and from before  

2
2

8 4
3 9

mG
H

t
π

= =


                    (19-3) 

The closed inflationary model of the nature 
2
3

ue rur K t= =  of a four dimen-
sional energy density translates into 3 dimensional mass density of the type 
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3 .m
K
a

=  As for the three dimensional universe, the four degrees of freedom of 
expanding energy density are the result of adding three degrees of freedom for 
the qunanton volume in addition to one degree of freedom due to quanton split-
ting [9], and when considering length, its 

4
3

 degrees of freedom are the result 
of adding one degree of freedom of the quanton radius and (

1
3

) degrees of free-
dom as a result of quanton splitting. 

In this closed inflationary model, the energy density plays the pivotal role due 
to its relationship with the energy degree of freedom as this was the major para-
meter which controlled the inflationary process and contributed to the unifor-
mity and the homogeneity of space fabric as it is today.  

Despite being a closed model, it had a clear matter density term dominance 
over curvature term especially in the earliest part of inflationary history. 

The relative ratio between the density term (
8

3
mGπ 

) and the curvature term 
(

2

2
ue

c
r

) is as follows 

4
3

2 2 2
3

2

2

2 2
4

2
8

8 83
3

3

m

ruru

ue

G
GK GK KK t

RR
c c t c

c t
r

π
π π

= = ∗ = 



         (20-3) 

The inflationary process of the universe started with a dominant density term 
in comparison to the curvature term with a relative ratio RR of almost 1: 2 × 1022 
(at Planckt t= ). 

Gradually the curvature term assumed greater relative importance, and this 
gradual loss of dominance for the density term can be understood as energy  

density expansion is expressed as 2e

k
t

=   in other words energy density in-

versely proportional to true time squared ( 2t ), while the radius of curvature is  

put as 
2
3

ue rur k t=  as the curvature term (
2

2
ue

c
r

) is inversely proportional to (
4
3t ). 

The dominance of density term is manifested as a decelerating inflationary re-
gime which weakens as time progresses, and gradually both terms converge. In 
fact for very small values of (t) the curvature term can be disregarded and this 
closed inflationary model can be viewed as very similar to flat model. 

4. Transition Time and Afterwards 

The inflation of the universe was accompanied by a reduction of the energy den-
sity which led to a weakness of decelerating effect with regard to the rate of  

change of its radius (
d
d

uer
t

). The deceleration came to a halt as the rate 
d
d

uer
t

  

approached the value of (c). This happened as the space fabric whose constituent 
quantons must expand in a degree of freedom manner or in other words 

d
d

or c
t
= , 

where or  denotes the outer radius of the universe. 
From this point on, the universe radius is expressed in terms of the equivalent 

sphere whose radius equals uer  (which is also equal to Hubble radius), outer 
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and inner radii or , ir  of a shell. 
The transition from sphere to shell shaped universe is the result of a universe 

volume uV  being smaller than volume encompassed by the outer shell oV ,  

since the rate of generation of this volume 
d
d

uV
t

 is smaller than the rate of in-

crease of the outer sphere volume 
d
d

oV
t

 [9]. 

The quantons now forth behave as a quantum relativistic (photon like) gas 
(keeping in mind that photons were defined as relativistic quantons) [10] which 
obey the relationship  

3 e
Up
V

= =   [11] [12]                  (1-4) 

The Friedmann acceleration equation  

2

4 3
3

ue
m

ue

r p
r c
′′ π  = − + 

 
                       (2-4) 

During post transition era, the pressure has an accelerating effect which nulli-
fies the decelerating gravitational effect of density term. 

In other words 

2

3
m

p
c

= −                          (3-4) 

and consequently 

zeroue

ue

r
r
′′
= , or zerouer′′ =                   (4-4) 

which leads to constantuer c=′ = . 
Under such conditions the second Hubble equation becomes 

2
2

2
ue

cH
r

=                          (5-4) 

uer : the equivalent radius of the universe. 
At present an equivalent universe radius equals 1.36 × 1026 meters and can be 

expressed as 

ue Hr ct=                          (6-4) 

tH = Hubble time and this relationship is valid for t > tr. Figure 1 represents the  
 

 
Figure 1. Representation of Hubble parameter transition from pressure-less fluid of the 

nature 0
2
3

H
t

=  to the relativistic fluid of the nature 0
ue

cH
r

= . 
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transition from a decelerating fluid (the higher curve on the left) to a relativistic 
fluid (the lower curve on the left) where the transition time is the instance when 
the Hubble parameters of the two flow regimes were momentarily equal. 

5. Local Hubble Parameter 

Possible explanations for the inconsistency between the local and the universal 
values of the Hubble parameter, apart from systematic errors, range from early 
dark energy [13] [14], acoustic dark energy [15], modified gravitation [16], Dy-
namic dark energy [17] [18], and neutrino physics [19]. 

This model proposed an inflationary scenario that transits from sphere to 
shell shaped universe [9], under such a model the Hubble parameter can have a 
local value, while its universal value can still be assessed via non local phenome-
na like CMB. 

Previously, the values of the Hubble parameter were obtained in terms of the 
outer ( or ), inner radius ( ir ), and their rates of change with time, the same me-
thodology can be elaborated further to allow for the determination of the Hubble 
parameter at any radius ( xr ). 

Remembering that 

( ) ( )
2
3

o r ru rr t c t t K t= − +                      (1-5) 

d
d

or c
t
=                            (2-5) 

rt : transition time  

( )
3

3 3
4i o ur t r V= −
π

                      (3-5) 

2
2d d1 1

d 4 d
i u

o
io

r V
r

r c tr
= −

π


 
 

                    (4-5) 

d d d d
d d d d

i o i i

o o

r r r r
c

t t r r
= =                      (5-5) 

Now for the Hubble parameter an any point on the radius xr . 
Given that o x ir r r> >  and 

x i

o i

r r
x

r r
−

=
−

                         (6-5) 

( ) ( )( )1x o i i o o ir x r r r r x r r== − + − − −              (7-5) 

After rearrangement 

( )1x o ir xr x r= + −                      (8-5) 

When differentiating w.r.t time 

( )d d d
1

d d d
x o ir r r

x x
t t t
= + −                    (9-5) 
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And the local Hubble parameter 

( )
( )d d d1

d d d
x o i

x x

r r rx x
t t tH x

r r

+ −
= =                 (10-5) 

( )
( )

( )
( )
( )

d d d d1 1
d d d d

1

o i o i

o i i o i

r r r rx x x x
t t t tH x

x r r r xr x r

+ − + −
= =

− + + −
         (11-5) 

Figure 2 charts the variation of the Hubble parameter along the radial dis-
tance xr . 
 

 

Figure 2. Representation for the variation of the local value of the Hubble parameter 
along the radial direction xr , o x ir r r> > . 

6. Newtonian Interpretation of the Transition Time 

Based on the Newtonian concept of gravitation [20] [21] an illustration can be 
made about the physical meaning of each of Friedmann equations, given that the 
mass of the universe uM , the second Newton law is written as 

2

2 2

d
d

ue u

ue

r GM
t r

= −                         (1-6) 

After multiplying both terms by 
d
d

uer
t

 and integrating, the energy equation is 
obtained. 

2d1
2 d

ue u

ue

r GM
U

t r
  = + 
 

                    (2-6) 

where the density term represents the gravitational potential energy and the 
constant (U) represents the total energy of the universe, while the time deriva-
tive term represents the kinetic energy. 

For the case of the symmetrically expanding universe the mass can be ex-

pressed as 
34

3
e e

u
uM

rπ
=


 when dividing by 2

uer . 

In pre-transition era the kinetic energy equaled the gravitational decelerating 
potential, while in post transition universe total energy is represented by the ki-
netic energy as there was no decelerating potential. 

The kinetic energy of the universe is transformed from being equal to the gra-
vitational potential to being equal to the total energy in the universe in the post 
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transition era. 

7. The Dual Nature of Density Term 

The motivation behind the following analysis is to study how the cosmological 
Transition took place given that it must have been a smooth one between the 
two epochs. The condition of such smoothness is that both the density and the 
curvature terms must momentarily be equal at the instant of transition. Pre-
viously, it was shown that the density term had a relative dominance in magni-
tude over the curvature term. The curvature term approaches the density term 
but not at any point the universe’s inflationary history did both terms become 
equal. Under such conditions the cosmological transition took place under a 
modified gravitation. Here a distinction is made between the energy density spa-
tial expansion (whose pattern is uniform throughout the inflationary history of 
the universe), and the volumetric expansion which is altered at the transition in-
stance. Previously the universe radius was defined as 

2
3

ue rur k t=                           (1-7) 

where the degrees of freedom corresponding to ( uer ) are 
4
3uerDof =                           (2-7) 

This allows universe radius to be put in the form 

2
rueDof

ue rur k t=                          (3-7) 

Similarly for the case of spatial expansion which corresponds to the two di-
mensional expansion of the quanton fields and the spatial radius is represented 
by sr , the degrees of freedom corresponding to the spatial radius  

4 2
2sr

Dof = =                         (4-7) 

2
rsDof

s rs rsr k t k t= =                        (5-7) 

The value of rsk  equals the constant (c) as the spatial expansion corresponds 
a degree of freedom expansion of the quanton energy fields. 

The spatial expansion is based on Hubble parameter of the discrete quanton 
Fields. 

sr ct=                            (6-7) 

d
d

srv c
t

= =                          (7-7) 

The spatial expansion based Hubble parameter (Hs) can then be found as fol-
lows 

d
1d

s

s
s

r
ctH

r ct t
= = =  (t: true time)              (8-7) 

Now the modified Friedmann equation becomes 
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2
2

8 1
3

m
s

G
H

t
π

= =


                      (9-7) 

This equation remains time invariant. (pre- and post-transition), and this is 
understandable as the expansion nature of quanton fields remains constant ir-
respective of the inflationary nature of the universe. 

The Friedman equation for the volumetric expansion in a pre-transition world 
now becomes  

2 2
2 82 2

3 3 3
m

v
G

H
t

π   = =   
   


               (10-7) 

Hv: Hubble parameter for the volumetric expansion and the ratio between the 
volumetric and spatial expansion Hubble parameters for the pre-transition era  

2
3

v

s H

H t
H t

= =                       (11-7) 

This ratio between the volumetric and the spatial expansion Hubble parame-
ters (as well as the ratio between Hubble time and true time) was a constant one 
during the pre-transition era as it was a case of inflation into a spherically 
shaped universe.  

In pre-transition time the density term played both roles, namely volumetric 
and spatial expansion, however this duality came to an end with the advent of 
the transition and afterwards, as the curvature term assumed the role of volume-
tric expansion while the density term maintained the role of spatial expansion 
and the ratio between the two in post transition era is no longer a constant one 
as it was  

3
23

4
1

vu
v

s H

c

k tH t
H t

t

π= =                      (12-7) 

1
3

3 3
4 vu

ct

k
=

π

                          (13-7) 

where the universe volume is defined as  
2

u vuV k t=  [9]                        (14-7) 

and its equivalent radius 
23
33

4ue vur k t
 
 
 

=
π

                      (15-7) 

and the volumetric Hubble parameter of the post-transition world now becomes  

v
ue

cH
r

=                            (16-7) 

Previously the value of the vacuum energy density and the total energy con-
tent of the universe was provided based on empirical data [22] [23]. Now more 
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refined value for both can be determined based on (9-7), which yields the fol-
lowing values of vacuum energy density and total energy content of the universe 
respectively. 

2
10 33 8.45 10 j m

8e
c
G

− −= = × ⋅
π

                   (17-7) 

698.9 10 joulesuE = ×                      (18-7) 

Equation (9-7) allows for the following  
23 8c Gk= π                           (19-7) 

23
8

ck
G

=
π                           (20-7) 

For a closed universe spatially symmetric universe,  

u
u

e

E
V =


                           (21-7) 

2 23 3
3 33 3

4 4
u u

ue ru
e

E E
r t k t

k
= = =

π π 
                 (22-7) 

Substituting with value of k  from (20-7) 

3 3

2 2

3 8 2
4 3

u u
ru

GE GE
k

c c
∗ π

= =
π∗

                  (23-7) 

23
3

2

2 u
ue

GE
r t

c
=                         (24-7) 

2
2

8
3

u
u

GE
V t

c
π

=                         (25-7) 

Equations (23, 24, 25-7) are very important as they relate the cosmological 
parameters in terms of the fundamental physical constants G, c in the absence of 
the related time constants (k’s). 

The concept of uniform density expansion of the form 2 2

8 1
3

eG
c t

π
=


 allows  

for the development of more refined values of actual energy density while main-
taining the symmetries of the quanton physical and cosmological ratios as illu-
strated in the supportive data. 

Figure 3 displays relationship between true time and Hubble time which is 
based on Equations (10-7) and (16-7) for pre and post transition respectively. 
 

 

Figure 3. The extrapolated relationship between true time and Hubble time. 
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Note that the intersection point where the two values are equal marks another 
possible transition when density term and curvature term are equal in value. 

Table 1 offers the modified version of the Friedmann equation for the spatial 
and volumetric expansion. 
 
Table 1. The density term represents both the volumetric and the spatial expansion in the 
pre-transition Era while it represents only the spatial expansion in post transition era. 

Era expression 

Pre-transition 
Spatial expansion 

2
2

8 1
3

m
s

GH
t

π
= =


 

Pre-transition 
Volumetric expansion 

2 2
2 82 2

3 3 3
m

v

GH
t

π    = =     
     

  

Post transition 
Spatial expansion 

2
2

8 1
3

m
s

GH
t

π
= =


 

(the same as pre-transition) 

Post transition 
volumetric expansion v

ue

cH
r

=  ( uer : equivalent spherical radius) 

 
The value of Hubble time is greater than true time up till now, and conse-

quently, the value of the term ( 2

1
t

) is bound to be greater than the value of the 

term ( 2

1

Ht
), therefore, the actual mass density is always greater than the critical 

density. 
Based on the previous conclusion the value of the curvature parameter can be 

obtained 
2 10

2 10

8.45 10 1.09
7.74 10

m H

mc

t
t

−

−

×
Ω = = = =

×



              (26-7) 

1 0.09kΩ = −Ω = −                     (27-7) 

An explanation of the near zero value of the curvature parameter as a result of 
the constraining of observational cosmological parameters [24] lies in the fact 
that this near zero curvature parameter (which is perceived as an evidence of a 
flat universe) belongs to a closed universe which is expanding at a rate that 
equals that of an open universe due to geometric degeneracy which allows vari-
ous closed models to generate the same observational results as flat model, 
namely 

( )
23

perceived critical mass density
8

v
mc

H
G

=
π

            (28-7) 

2
2

ue
v

cH
r

 
 
 

=  (actual volumetric expansion)           (29-7) 

2
8

3
mc

ue

G c
r

 



π
= 




                      (30-7) 
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2

2

8
3mc

ueo

Gc
r
π

=                        (31-7) 

8. Effect of Presence of Normal Matter 
8.1. Departure from Parameter Ratio Symmetry with Time 

Previous work [9] the presented cosmological inflationary model which the 
quanton and the cosmological parameters were determined based on their ener-
gy degree of freedom. The relative ratios of those parameters between the 
present day and the Planck Era ( xRR ) were deduced in the form 

( )
172 2

0 2
44

4.37 10 2.84
5.39 10

x x
x

Dof Dof
Dof

x
P

t
RR

t −

   ×
= = =   ×   

         (1-8) 

where xRR  is the relative ratio between the value of the parameter (x) at the 
present day to its value at Planck time given its degrees of freedom (Dof). That 
model was based on either the absence of the normal matter or considering it to 
be as diffusive as dark matter. In either case the result was ideal ratios that do 
not deviate from that of time relative ratio. But in reality the agglomerated, 
non-diffusive nature of the normal matter reduces its gravitational effect so al-
lowing energy density further expansion and as a result the quanton and the 
cosmological parameter relative ratios are higher by two or 3 hundredths from 
that ideal relative ratio. 

8.2. Underestimation of the Energy Density 

The extent of lensing of observational CMB radiation is affected by the matter 
distribution, as a result the observed curvature parameter ( 0.045kΩ = − ) is an 
underestimation of the actual space curvature while the ideal relationship  

2

81
3

mG
t

π
=


 provides an overestimation of the energy density. As a result of the  

combination of those effects, the actual curvature parameter is somewhere be-
tween the observed value and the ideal value. 

9. Ethical Statement 

The author declares that this work fully complies with the ethical guidelines as 
had been stated by the journal. 

10. Data Availability 
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3) https://drive.flipdrive.com/drive/NYdIDzfDx1Or737LkQvT9JITRXoYQakM 

11. Discussion 

Though this model adheres to the main outlines of the GR based standard 
cosmology but amendments were introduced which can be summarized as 
follows 

1) Distinction is being made between spatial and volumetric expansion of 
energy density due to the nature of quantized two dimensional quanton space 
and time varying fields expanding in three dimensional space. 

2) In the pre-transition era 
a) The Hubble parameter is represented by the modified density term only 

despite being a closed model (k ≠ zero as density term is greater in magnitude 
than curvature term).  

b) As a result of this distinction between spatial expansion volumetric expan-

sion, a factor of (
2
3

) was introduced to density term to account for this differ-

ence when calculating the universal volumetric Hubble parameter.  
3) In post transition era, introduction of a locally varying Hubble parameter 

which seems to be a departure from general principle of cosmology which ne-
cessitates that inflation is the same everywhere in the universe, but otherwise the 
reminder of that principle still holds since the degree of freedom expansion of 
the statistically distributed quanton densities as well as parameter synchroniza-
tion ensured the space fabric uniformity and homogeneity.  

Finally Equation (9-7) provided a constraint that broke the geometric dege-
neracy and provided a unique closed inflationary model that corresponds to ob-
servational values. 

12. Conclusions 

1) Cosmic transition from decelerating pressure-less fluid to a relativistic fluid 
allows Hubble parameter to be varied locally, while the universal Hubble para-
meter can be assessed in terms of curvature term of Friedman equation.  

2) Both density and curvature terms carry their own time imprints (true time 
and Hubble time) which express spatial and volumetric expansion of energy 
density respectively.  

3) Smooth cosmic transition requires that the density and the curvature terms 
be equal momentarily, this is possible only under modified gravitation. 
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Abstract 
The no-evolution, concordance expanding universe cosmology and no-evolution, 
static universe tired light model are compared against observational data on 
eight cosmology tests. The no-evolution tired light model is found to make a 
superior fit on all tests. Any attempts to introduce evolutionary corrections to 
improve the concordance cosmology fit on one test often worsen its fit on 
other tests. Light curve data of high redshift gamma ray bursts and quasars 
fail to support claims for cosmological time dilation due to expansion. Also, 
the SCP supernova light curve test results are considered to be flawed by se-
lection effect biases. The big bang theory also has difficulty accounting for 
redshift quantization, for the multi-megaparsec periodicity seen in the distri-
bution of galaxy superclusters, and for the discovery of galaxies at redshifts as 
high as z ~11.9. In overview, it is concluded that a static universe cosmology 
must be sought to explain the origin of the universe. One possible choice is a 
cosmology that predicts nonconservative tired-light redshifting in intergalac-
tic space, the continuous creation of neutrons in space, the rate of matter cre-
ation scaling with both celestial body mass and temperature, galaxies growing 
progressively in size, and changing their morphology in the manner sug-
gested by Jeans and Hubble.  
 

Keywords 
Cosmological Redshift, Tired Light Effect, Hubble Constant, Galactic  
Evolution, Continuous Creation, Subatomic Particles, Reaction-Diffusion 
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1. Introduction 

In the past, there have been two main interpretations of the cosmological red-
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shift phenomenon, the standard interpretation asserting that it is a recessional 
cosmological effect due to the expansion of space-time, and the competing view 
that the universe is not expanding and that the redshift is instead due to a “tired 
light” energy loss that photons undergo on their journey through space. These 
two models are most equitably compared to cosmological test data by refraining 
from introducing ad hoc evolutionary corrections. That is, the discrepancy of 
each model relative to the data trend becomes most apparent in the absence of 
evolutionary adjustments. This should not be taken to imply that galaxies do not 
evolve over time. Indeed, evolution is expected to occur in both the conventional 
big bang cosmology and to a lesser extent in the static universe, tired light cos-
mology since the latter does not have the same time limitations for the beginning 
of creation. Nevertheless, due to the uncertainty in knowing beforehand how 
much evolution actually would take place in each competing cosmology, it is 
best to entirely avoid making evolutionary assumptions and to choose the 
no-evolution model that makes the best fit to the data.  

In the next section, the no-evolution, static universe tired light hypothesis and 
the no-evolution, expanding universe hypothesis are compared against data on 
several cosmology tests: the angular-size-redshift test, the galaxy num-
ber-count-magnitude test, the Tolman surface brightness test, the Hubble dia-
gram test, and its variation the photon-flight-time-redshift test. As will become 
apparent, the use of multiple tests to compare competing cosmologies is more 
than just a review of past comparisons. It is an interactive approach to cosmolo-
gy testing wherein a cosmological model’s performance on any given cosmology 
test is made accountable to its performance on the other tests being examined. 
Thus, any assumptions introduced to the no-evolution prediction of a given 
cosmology with the intention of allowing it to better fit one set of test data must 
be applied as constraints to the interpretation of that cosmology on the other 
cosmology tests. It is found that in many cases, assumptions applied to make a 
cosmology fit better on one test, worsen its fit on another test. A final judgment 
as to the superiority of one cosmology over the other is made by considering the 
cosmology’s performance on all tests, rather than on any one specific test in iso-
lation from the others.  

An overview of Section 2 shows that the no-evolution tired light model makes 
the best fit to the data on all tests without the introduction of ad hoc assump-
tions. The no-evolution expanding universe cosmology, on the other hand, is 
able to fit all the data only if numerous ad hoc assumptions are introduced spe-
cifying major evolution in galaxy cluster size, galaxy angular size, galaxy radio 
lobe size, galaxy luminosity, galaxy surface brightness, and galaxy number den-
sity. This however raises the question as to why cosmologists should stick with 
the expanding universe hypothesis with its need of ad hoc corrections chosen in 
such a way as to allow it to fit the various data trends, when the tired light model 
already fits the data reasonably well on all tests without making such adjust-
ments. Thus, the tired light cosmology is found to be preferred because of its 
overall simplicity.  
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Finally, Section 3 examines the validity of past claims for the occurrence of 
time dilation in distant supernova since such claims play a critical role in the as-
sumption of whether the universe is static or expanding. Also, in that section we 
examine the implications of the redshift quantization phenomenon in regard to 
the choice of the static universe or expanding universe alternatives. In addition, 
other difficulties for the big bang alternative are examined such as the multi 
megaparsec supercluster periodicity and the existence of galaxies at high red-
shift. Section 4 examines the conservative and nonconservative tired light model 
alternatives and whether it may be necessary to consider that our universe oper-
ates at a fundamental level as an open system allowing small departures from 
perfect energy conservation. Section 5 examines continuous matter creation 
cosmologies as a possible substitute for the failed big bang paradigm. 

2. Testing the Competing Cosmologies 
2.1. The Angular-Size-Redshift Test 

The first cosmological test to be considered is the angular-size-redshift test. In 
this version of the test, distance is judged based on the angular size, θ, which is 
derived by observing the angular separations between bright galaxies in a cluster, 
as seen projected on the plane of the sky, and calculating the corrected harmonic 
mean of these separations. This θ value is then plotted against the cluster’s red-
shift. One suitable θ-z data set is that published by Hickson and Adams [1] for a 
set of 94 galaxy clusters and which includes clusters at moderately high redshifts 
reaching up to z = 0.46. Figure 1 is adapted from the paper of LaViolette [2] 
who had plotted the linear Hubble relation, the no-evolution, static universe  
 

 

Figure 1. Harmonic mean angular separation for the brightest galaxies in a cluster plotted 
vs. redshift for 94 galaxy clusters. The no-evolution tired light model makes a far better fit 
to the data than the no-evolution 0q  = 0 Friedmann model assuming universal expan-
sion. (After LaViolette [2] using data from Hickson and Adams [1]). 
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tired light model, and the no-evolution, expanding universe 0q  = 0 Friedmann 
model against the Hickson-Adams data set. LaViolette assumed an H0 of 55 
km/s/Mpc, as did Hickson and Adams. While this choice of H0 is somewhat low 
compared to the range of currently published values, it does not influence the 
test outcome since both data and models are similarly affected. Also, while the 
data for this one test is relatively old, dating from 1979, no newer data on the 
mean angular separation of galaxies in a cluster has become available. Moreover, 
since the results of the cosmology comparison performed by LaViolette have 
passed the test of time, we feel this test should be included here. 

The Hubble relation, which assumes a linear r-z variation, 0z H r c=  for 
Euclidean space, predicts that cluster angular size θ should vary with distance r 
as: 

od r k zθ = = .                        (1) 

where k = doH0/c and do = 0.75 ± 0.15 Mpc is the intrinsic size determined for a 
typical cluster. This is plotted in Figure 1 as the downward sloping straight line. 

The tired light model specifies that a photon loses energy during its journey 
through Euclidean space as: 

( ) 0e rE r E β−= .                        (2) 

where β = H0/c represents the rate of energy attenuation and r the distance tra-
veled. This implies that photon wavelength λ should increase exponentially with 
distance as: 

( ) 0e rr βλ λ=                            (3) 

and that photon redshift, z, should vary with distance as: 

( )( ) 0 e 1rz r βλ λ λ= − = − ,                    (4) 

where λ0 is the wavelength of the photon at the time of emission. This in turn 
yields: 

( )ln 1r z β= + .                        (5) 

Hence if no cluster evolution is assumed, the static universe, tired light rela-
tion predicts that cluster size should vary as: 

( )ln 1k zθ = + .                         (6) 

This appears in Figure 1 as the slightly curved solid line, diverging slightly 
upward from the linear Hubble relation. For small propagation distances, 

1rβ � , Equation (6) may be approximated by the linear relation, Equation (1). 
The no-evolution Friedmann model having a 0q  = 0 deceleration parameter 

and a Λ = 0 cosmological constant, which is here chosen as the expanding un-
iverse alternative, predicts that cluster size should vary as:  

( )
( )

21
1 2

k z
z z

θ
+

=
+

                          (7) 

where k is the same as for Equation (6). This is plotted in Figure 1 as the upper 
most curved solid line. Based on observational evidence, Gott, et al. [3] have 
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proposed that 0q  = 0.09 for a Hubble constant of 65 km/s/Mpc, and in their 
mass density study Bahcall and Fan [4] have proposed 0q  = 0.1 ± 0.5. So, it is 
reasonable to choose the 0q  = 0 Friedmann model for comparison to the tired 
light model since the 0q  = 0.1 model prediction deviates only slightly.  

Assumption-laden Friedmann models with larger 0q  values, such as the 0q  
= 0.5 model, would plot substantially above the 0q  = 0 cosmology and would 
depart even further from the data trend. The more commonly cited ΛCDM 
cosmology with ΩM = 0.3 and ΩΛ = 0.7, which Goldhaber, et al. [5] had used in 
interpreting their supernova data (discussed in Section 3), when plotted on this 
test using H0 = 55 km/s/Mpc, is virtually indistinguishable from the 0q  = 0 
model over this redshift range. Hence there is no point to plot it. 

LaViolette [2] compares the fit of these three models, by assessing the va-
riances between the θ data points and the prediction each model makes. He finds 
that variances for 1) the linear 1 zθ ∝  relation, 2) the tired light model, and 3) 
the expanding universe model compare respectively in the ratio 1:1.2:5.0. Re-
peating the calculation for the 31 most distant clusters (z > 0.1) gives relative va-
riance ratios of 1:1.4:10. Thus the static, Euclidean tired light cosmology is seen 
to be significantly favored over the 0q  = 0 expanding universe model, requiring 
no need to introduce ad hoc assumptions about cluster size evolution.  

Lopez-Corredoira [6] has performed a study of the angular radii of galaxies 
over the redshift range z = 0.2 to 3.2 and also concludes that the angular sizes for 
galaxies conform more closely to a static, tired light cosmology with no need to 
assume size evolution. In his comparison of cosmologies, he includes the 
no-evolution tired light model and the no-evolution concordance cosmology (H0 
= 70 km/s/Mpc, ΩM = 0.3, ΩΛ = 0.7). The comparison is insensitive to the choice 
of H0. It was necessary for Lopez-Corredoira to use separate graphs for compar-
ing each cosmology to his data set since his distance determinations are galaxy 
luminosity dependent, which in turn are sensitive to the particular cosmology 
being assumed. Figure 2, adapted from Figure 2 of his paper, shows the results  
 

  
(a)                                       (b) 

Figure 2. Comparison of alternative cosmologies to data on the galaxy angular size-redshift 
test, (a) the no-evolution ΛCDM expanding universe cosmology and (b) the no-evolution 
tired light static universe cosmology. 
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obtained when comparing against galaxy angular size-redshift data: a) the 
no-evolution concordance cosmology and b) the no-evolution tired light cos-
mology. As is apparent, the tired light cosmology more closely follows the angu-
lar size-redshift data trend (dotted line). So, as in the previous angular-size red-
shift test, this test also demonstrates that the tired light model makes a superior 
fit, but using an entirely different angular statistic, namely galaxy angular size 
rather than the angular separation of galaxies in a cluster. If plotted in Figure 
2(a), the 0q  = 0 Friedmann model would track close to the ΛCDM cosmology, 
but for z > 1.5 would begin to depart somewhat below its trend line. 

It is noteworthy that the data trend throughout its redshift range is consis-
tently offset below the tired light prediction by about the same amount over all 
redshifts, indicating galaxy diameters slightly larger than expected. Lopez Cor-
redoira [6] attributes this to the possibility of dust extinction which affects the 
luminosity dependent method used in determining galaxy distances for the data 
set. Figure 3, adapted from Figure 7 of his paper, shows that this gap is closed by 
assuming a dust extinction of av = 3.4 × 10−4 Mpc−1, which is equivalent to as-
suming an intergalactic dust density of ρdust ~ 1.2 × 10−33 g/cm3. It is proposed in 
Section 2.3 below that dust extinction also plays an important role in the Tolman 
test. 

Yet another type of angular-size-redshift test utilizes, as the angular size, radio 
lobe separation indouble-lobed radio galaxies and quasars [7] [8]. Ubachukwu 
and Onuora [9] conducted one such test which compares quasar data extending 
up to z = 2.1 to various cosmological models; see Figure 4. They conclude that 
the static-universe, tired light model gives the best fit. The most favorable 
no-evolution Friedmann model which assumes a minimally curved space with 

0q  = 0 predicts angular separations that are high by a factor of two at z = 2. The 
assumption laden ΛCDM cosmology has also been plotted for comparison and is 
seen to lie even further from the data than the Friedman model. 
 

 

Figure 3. Comparison of the no-evolution tired light cosmology against data on the ga-
laxy angular size-redshift test with the assumption of dust extinction of av = 3.4 × 10−4 
Mpc−1. 
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Figure 4. Median values of the angular separation of double radio lobes in quasars plot-
ted against quasar redshift 1 + z. The angular data has been corrected for projection ef-
fects arising from the host galaxy’s inclination to the line of sight. The tired light model is 
seen to make a far superior fit to the data in comparison to the various expanding un-
iverse predictions (after Ubachukwu and Onuora [9]). 
 

For the Friedmann expanding universe model, or ΛCDM cosmology, to attain 
a data fit similar to the tired light model, strong evolutionary effects would need 
to be introduced. That is, it would be necessary to invoke the ad hoc assumption 
that galaxy radio lobes had larger angular separations in earlier epochs and have 
been gradually decreasing in size over time. However, not only does this further 
increase the complexity of the expanding universe cosmology vis-a-vis the tired 
light cosmology, it also requires that one accept that galaxy cluster size and ga-
lactic radio lobe separation, which normally would not be expected to be related, 
both change over time in just the right manner so as to allow the expanding un-
iverse model to make a good fit to the data! One might indeed be justified in 
asking the question about the big bang hypothesis that cosmologist and radio 
astronomer K. Kellerman [8] posed almost 50 years ago, namely, “Are we draw-
ing too many epicycles?” The law of parsimony would instead point to the tired 
light model as the candidate model that is capable of explaining the greatest 
amount of data with the fewest assumptions. 

Hoyle [10] has noted that Friedmann models having 0q  > 0 predict a mini-
mum angular size at some finite z, with the expectation that observed angular 
size should increase with increasing z. For example, a 0q  = 0.5 Friedmann 
model predicts a minimum radio lobe separation of around 1 arc minute, but no 
such minimum is observed in the data; see Figure 4. Sandage [11] has noted that 
this minimum has been sought for in many observational tests but has not been 
found. He points out that this failure is considered by cosmologists to raise se-
rious doubts as to whether the cosmological redshift is indeed due to a real ex-
pansion of space. 
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Many others have noted that the expanding universe hypothesis makes a poor 
fit against angular size redshift test data in both the radio, near infrared and visi-
ble parts of the spectrum. These include Kapahi [12], Andrews [13], Nabokov, et 
al. [14], and Lerner [15]. 

2.2. The Galaxy Number Count Magnitude Test 

Another kind of cosmological test that has been used to check the predictions of 
cosmological models compares the differential galaxy number count, dN/dm 
(the number of galaxies per square degree falling in a given apparent magnitude 
interval dm), to the average magnitude of that interval, m. Figure 5 displays 
K-band data obtained up to the 25th magnitude that has been taken from Figure 
1 of the paper by Totani, et al. [16]. This is compared to the no-evolution, tired 
light prediction (solid line), which is seen to make a relatively good fit to the da-
ta trend. The number counts for the tired light prediction were reduced in ac-
cordance with the selection effect correction which Totani et al. give in Figure 6 
of their paper. The dot-dashed line branching above the tired light prediction 
represents the uncorrected tired light prediction.1 

The expanding universe alternative predicts an additional dimming of galaxy 
apparent magnitude since it incorporates an additional factor of (1 + z) due to  
 

 

Figure 5. Differential galaxy number counts plotted against uncorrected galaxy K mag-
nitude. Superimposed for comparison are the no-evolution, tired light model corrected 
for data selection effects (solid line), the tired light model with no correction (dot-dash 
line), the no-evolution, Ω (0.2, 0.8) accelerating universe model with selection effect cor-
rection (dotted line), and the no-evolution, 0q  = 0.5 expanding universe model with se-
lection effect correction (dashed line). 

 

 

1The dN/dm vs. m dependence for a static, non-evolving Euclidean universe with no redshift depen-
dent attenuation is represented by the sloping straight line in Figure 5. In such a universe, the 
integral galaxy number count N would increase with the cube of distance, r as N ∝ r3. Galaxy bright-
ness would decrease according to the inverse square of distance or expressed in terms of apparent 
magnitude m, it would vary as: m ∝ 5log(r/10), or, r ∝ 100.2m. Combining these relations gives: N ∝  
100.6m, or similarly for differential counts: dN/dm ∝ 100.6m.  

https://doi.org/10.4236/ijaa.2021.112011


P. A. LaViolette 
 

 

DOI: 10.4236/ijaa.2021.112011 198 International Journal of Astronomy and Astrophysics 
 

the relativistic time dilation effect (the Hubble “number effect”). The 0q  = 0.5 
no evolution, expanding universe prediction, which is plotted as the dashed line, 
falls substantially below the dN/dm data trend on this test. The accelerating ex-
panding universe cosmology modeled with ΩM = 0.2 and ΩΛ = 0.8, plotted as the 
dotted line, fairs better, but is also assumption laden. This cosmology plot and 
the Friedmann cosmology plot are both taken from Figure 9 of Totani’s paper 
and include corrections for data selection effects. The 0q  = 0 Friedmann mod-
el, not shown, would plot somewhat below the accelerating universe prediction. 
While the accelerating universe model fits the number count data better than the 

0q  = 0.5 Friedmann model, it emerges as the less desirable alternative on the 
Tolman surface brightness test, considered in Section 2.3, since it requires a very 
large amount of luminosity evolution to secure a good fit on that test (≈1.8 mag-
nitudes at z = 0.9). 

The 0q  = 0.5 Friedmann model and the accelerating universe model of To-
tani et al. at mK > 23 can be made to fit the data only by introducing the ad hoc 
assumption that space was more densely populated with galaxies in earlier 
epochs and that galaxy number density has been rapidly decreasing over time. 
For the 0q  = 0.5 cosmology prediction, galaxies would have had to be 10 times 
more abundant at mK = 22 (z ≈ 2.3, t ≈10 billion years lookback time) as they are 
at present. But then this raises the question whether it is justified to assume that 
the spatial population density of galaxies has been varying to such a great extent 
and in just the right manner so as to allow the expanding universe model to 
make a good fit to the data, given that the tired light cosmology already makes a 
reasonably good fit. In addition, LaViolette [2] has tested the tired light model 
on the radio galaxy differential number count test and finds that it makes a bet-
ter fit than the expanding universe prediction.2 

2.3. The Tolman Surface Brightness Test 

The Tolman surface brightness test, devised in 1930 by Richard Tolman [18], 
provides another way of distinguishing the predictions of alternative cosmolo-
gies. This test uses galaxy surface brightness, S, as a distance indicator for com-
parison to galaxy redshift. The expanding universe model predicts that surface 
brightness should vary as the inverse fourth power of redshift, ( ) 41S z −∝ + , one 
factor of (1 + z) being due to relativistic time dilation, one factor being due to 

 

 

2Edward Wright [17] has contested LaViolette’s conclusion that the no-evolution, tired-light cos-
mology makes a good fit on the radio galaxy differential number count test. His objection was that 
the tired-light cosmology does not fit the small dip in the data trend evident in number counts of the 
brightest sources, a data trend anomaly that comprises one hundredth of one percent of the total 
number of sources in that study. Kellermann and others, however, have questioned whether this 
minor number-count deficiency of bright sources is even real, suggesting that it may be an artifact of 
the poor sampling statistics in that part of the data set which samples nearby galaxies. By most stan-
dards, a model that fits 99.99 percent of a data trend would be considered to be a desirable choice, 
especially when compared with the non-evolving 0q  = 0 Friedmann cosmology which fits only a 

small fraction of the data points (<10−4). In 1989 LaViolette wrote to him pointing out that his refu-
tation of the tired-light model is supported by very few data points. He unexpectedly responded that 
“a valid theory must fit all the data, not just 99.99 percent of it”. To the contrary, given that number 
count data is inherently stochastic, it is meaningless to distinguish 99.99 percent from 100 percent.  
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the cosmological (Doppler) redshift effect, and two factors being due to relativis-
tic geometrical aberration [19]. The tired light model, on the other hand, pre-
dicts an inverse surface brightness-redshift relation of ( ) 11S z −∝ +  involving 
just one factor of (1 + z), the decline in surface brightness being due exclusively 
to the photon energy loss that produces its nonDoppler redshift. Consequently, 
the tired light model predicts that galaxy surface brightnesses should appear far 
brighter than the expanding universe alternative. 

In the present discussion, we consider a version of this test which Lubin and 
Sandage [20] [21] [22] [23] conducted in the optical part of the spectrum. Their 
test compared the expanding universe and tired light cosmology predictions to 
the average surface brightnesses of galaxies in three high-redshift galaxy clusters 
having redshifts of 0.76, 0.9, and 0.92. In performing their cosmology test, they 
commit the same “sin” that many other cosmologists have done, which is to add 
evolutionary corrections to their data to allow their favored expanding universe 
model to make a good fit. Then once these corrections are added, they plot also 
the tired light model, noting that it lies further from their data set. On the basis 
of their single Tolman test, they then claim to have disproved the tired light 
model, as they state that their “Hubble Space Telescope data rule out the tired 
light model at a significance level of better than 10σ”.  

Lubin and Sandage had considerable flexibility in adjusting the expanding 
universe model to fit their data. On the one hand, they had a range of expanding 
universe cosmologies available to them, differing by the value of the deceleration 
parameter (e.g., 0q  = 0, 0.5, or 1). On the other hand, for a given cosmology, 
they had a wide range of galaxy luminosity evolution models to choose from to 
close the gap between theory and observation. These assumed that galaxies were 
brighter in primordial times to varying extents, ranging from 0.6 up to 1.7 mag-
nitudes brighter in the R-band at a redshift of z = 0.9 [23]. From this wide range, 
they chose the 0q  = 0.5 cosmology as their best alternative and noted that 
closing its prediction gap required an assumed luminosity correction of ΔM(R) 
= 0.99 mag for the R-band data for the z = 0.92 cluster, and ΔM(I) = 0.39 mag 
and 0.44 mag for the I-band data for clusters at redshifts z = 0.76 and 0.9. But 
given the flexibility at their disposal in choosing a model to fit their data, is it not 
inappropriate for them to claim that they were checking the viability of the ex-
panding universe cosmology relative to the tired light cosmology? 

If their intention had been to make an equitable comparison, a better ap-
proach would have been to plot both cosmologies with no evolutionary correc-
tions and compare each on multiple cosmology tests, a method advocated by 
LaViolette [2] and utilized as well in the present study. If they had, they would 
have seen that without evolution their favored 0q  = 0.5 expanding universe 
cosmology not only makes a poor fit to their data, but also makes a very poor fit 
on both the angular size redshift tests and galaxy number count test. If one re-
frains from making ad hoc evolutionary corrections and compares the alterna-
tive cosmologies to their R-band surface brightness data, it is found that the 
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no-evolution, tired light cosmology in fact lies closer to the data trend than ei-
ther of the two no-evolution, expanding universe cosmologies, the tired light 
model being ≈0.4 magnitudes brighter than the data trend at z = 0.92, while the 

0q  = 0.5 and 0q  = 0 cosmologies are 1.2 magnitudes and 1 magnitude dimmer 
respectively. Here the tired light model predicts surface brightnesses that are 
slightly higher than the data trend, while the expanding universe cosmology 
predicts surface brightnesses that lie substantially below the data trend.  

When the no-evolution cosmologies are compared to their I-band surface 
brightnesses data, the tired light prediction in this case lies further from the data 
trend, deviating by 0.89 magnitudes brighter at z = 0.90, as compared with 0.45 
and 0.65 magnitudes dimmer respectively for the 0q  = 0.5 and 0q  = 0 ex-
panding universe cosmologies.  

This comparison changes considerably if corrections are introduced for light 
extinction due to the presence of galactic and intergalactic dust, something that 
Lubin and Sandage did not do. Both Aguirre [24] [25] and Goobar et al. [26] 
argue that light extinction by intergalactic dust may be as high as 0.2 magnitudes 
at z = 0.5 in the case of an open universe cosmology with ΩM = 0.2 ( 0q  = 0.1). 
According to Model B of the paper by Goobar et al. (Figure 9 and Figure 10 in 
their paper) galaxies at a redshift of z = 0.92 would be dimmed by ≈0.33 magni-
tudes in the R band and by ≈0.3 magnitudes in the I band. Also, Rowan-Robinson 
[27] has proposed extinctions originating internal to the galaxy of 0.33 magni-
tudes for host galaxies in the redshift range z = 0.15 to 0.8. To correct the data 
for dimming due to both galactic and intergalactic dust extinction, it is here 
suggested that the R-band surface brightnesses which Lubin and Sandage report 
for galaxies in the z = 0.92 cluster be increased by 0.4 magnitudes and the I-band 
surface brightnesses they found for galaxies in the z = 0.76 and z = 0.9 clusters be 
increased by 0.36 magnitudes, the dust extinction correction in the I-band being 
assumed to be slightly smaller.  

With these extinction corrections, the data trends in the R-band data set 
would move upward by 0.4 mag, allowing the no-evolution tired light prediction 
to make a good fit, while increasing the discrepancy of their 0q  = 0.5 and 0q  
= 0 expanding universe predictions to 1.6 mag and 1.4 mag respectively. Even 
against their I-band data, which is about 0.4 to 0.5 magnitudes dimmer than 
their R-band data, the tired light cosmology with dust extinction makes a better 
fit than either expanding universe prediction. The tired-light model now would 
be 0.5 mag brighter than the data set, whereas the 0q  = 0.5 and 0q  = 0 cos-
mologies would now lie 0.8 mag and 1.0 mag dimmer than the data trend. To be 
fair, the tired light cosmology should be compared to the 0q  = 0 expanding 
universe cosmology since the 0q  = 0.5 cosmology requires the introduction of 
unsupported assumptions about the existence of hidden mass. So, even consi-
dering the I band cluster data of Lubin and Sandage, when dust extinction is as-
sumed, the tired-light model makes a far closer fit. 

It does not seem unreasonable to introduce the assumption of dust extinction 
since Lubin and Sandage used comparatively dim clusters in their study. For 
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example, compared to the 102 clusters tabulated in the Hubble diagram study of 
Kristian, Sandage and Westphal [28] or the 119 clusters tabulated in the paper 
by Postman and Lauer [29], the three clusters that Lubin and Sandage use lie 
near the faint limit of the luminosity range in these other studies. In particular, 
the data points for the first ranked galaxies from each of the three high-z clusters 
they analyzed range from half a magnitude to a full magnitude dimmer than the 
data trend for the first-ranked galaxies in the data set of the Hubble diagram of 
Kristian-Sandage-Westphal (KSW) plotted in Figure 6 (Section 2.4).  

To illustrate this the magnitudes of the first ranked galaxies in the three clus-
ters studied by Lubin and Sandage are converted in Table 1 so that they may be 
properly compared with the KSW data. The magnitudes listed in columns (4) 
and (6) of Table 1 have been taken from Tables 5-7 of Lubin and Sandage [22] 
using their values for Petrosian galaxy radii of η = 1.7, except for galaxy No. 9 (z 
= 0.76) whose magnitude was available only for a Petrosian radius of η = 1.5. 

To convert the I-band magnitudes for the first two galaxies listed in the table 
to R-band magnitudes a Keck R-I color index correction is applied (col. 5). Also, 
a dust extinction correction similar to that applied to the Tolman test data is 
added (col. 7) to brighten the magnitudes of all galaxies. The magnitudes are 
then brightened by an additional –0.25 magnitudes (col. 8) since the photometry 
for the Kristian-Sandage-Westphal data are based on the Johnson-R system 
whereas that for the Lubin and Sandage data is based on the Cape-Cousins sys-
tem, the latter magnitudes being fainter by a zero-point offset of 0.25 magni-
tudes; see footnote on p. 1072 in Lubin and Sandage [22]. When the corrected 
magnitudes (col. 9) are compared to the first ranked galaxies plotted in the KSW 
study, two are seen to be so dim as to lie to the far right of the plot in Figure 6, 
the third at z = 0.9 lying entirely off the right side of the graph.  

In 2002, in correspondence with A. Sandage, the Author pointed out that the 
clusters they used in their study were relatively faint [30]. To this, Sandage rep-
lied [31]: 

“... as you have noticed, the first ranked galaxy in each of the three clusters 
that we (Lubin/Sandage) have studied are fainter than the mean of the dis-
tribution of either the total sample of Postman and Lauer or of K/S/W. 
However, each of these brightest galaxies in our (Lubin/S) three clusters is 
still within the confines of the distribution of absolute magnitudes in either 
of these two lists (P/L and K/S/W), although, it is true, they are near the 
limit on the faint side. We have assumed that our three clusters are fainter 
than average in their brightest member, but not outside the known distri-
bution for ‘local’ clusters.” 

So, in view of this admission, and the above magnitude comparison, the deci-
sion to brighten the Lubin-Sandage data set by the inclusion of a dust extinction 
correction appears justified and allows the tired-light model to make a superior 
fit to the Tolman test data. 
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Table 1. Magnitude corrections applied to first ranked galaxies in the Lubin/Sandage data. 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Galaxy Cluster z mI R-I mR 
Dust 

Correct. ΔmA 
K-correct. 

ΔmK 
m corrected 

No. 9 1324 + 3011 0.76 19.11 1.43 20.54 −0.36 −0.25 19.93 ± 0.04 

No. 9 1604 + 4304 0.90 19.99 1.61 21.60 −0.36 −0.25 20.99 ± 0.09 

No. 23 1604 + 4321 0.92 - - 20.39 −0.40 −0.25 19.74 ± 0.08 

 
In paper number IV of their Tolman test paper set, Lubin and Sandage [23] 

argue that standard luminosity evolution models require that galaxies should 
have been brighter in primordial times and that such a luminosity evolution as-
sumption would move the tired light model prediction away from the data trend, 
instead of closer, to the model’s detriment. However, their desire to apply the 
same luminosity evolution assumptions to the tired light model is poorly 
founded. For, static-universe tired light cosmologies require nonstandard mod-
els of stellar evolution. Indeed, when one adopts the tired light model as being 
the correct alternative, galaxy distances and look-back times increase in compar-
ison with distances predicted by the expanding universe cosmology, which in 
turn affects the rate of galaxy evolution. Also as described below, static universe 
cosmologies lead in the direction of requiring a mechanism of continuous mat-
ter creation to explain the origin of matter, something that would drastically al-
ter any assumptions about primordial galaxy evolution. 

Lerner [32], Crawford [33], and López-Corredoira [34] have all been critical 
of the way Lubin and Sandage performed their study, and of their claim that 
their test data refutes the static universe, tired light model. Lerner [32] has per-
formed a repeat Tolman test whose data set includes galaxies with redshifts of up 
to z = 6 and concludes that the data is clearly compatible with the static universe 
hypothesis and clearly incompatible with the expanding hypothesis, even when 
reasonable brightness evolution is included. Also, Lerner, et al. [35] has per-
formed a repeat of the Tolman test earlier conducted by Pahre, et al. [36] using 
UV surface brightnesses of galaxies having redshifts as high as z ~ 5. After cor-
recting the errors made by its authors in their cosmology comparison, he dem-
onstrated that the data in fact make a good fit to the static universe Euclidean 
tired light model and are incompatible with the concordance expanding universe 
cosmology. Andrews [37] has also compared the expanding universe model and 
the static universe, tired light model on a Tolman test and has concluded that 
the data conclusively favor a static universe over an expanding universe. Both of 
Lerner’s test findings and those of Andrews are contrary to the conclusions of 
Lubin and Sandage. 

2.4. The Hubble Diagram Test 

The Hubble diagram test uses galaxy apparent magnitude, m, as a distance indi-
cator for comparison to galaxy redshift. The m-z curve for the no-evolution tired 
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light prediction is given by the following equation: 

( ) ( ){ }1 25log ln 1 1m z z C= + + +   ,                  (8) 

where C = 19.8 [38]. The first term, ln(1 + z), results from the nonlinearity of the 
tired light redshift distance relation and is derived by substituting the tired light 
relation r = ln(1 + z)/β into the magnitude relation m = 5logr + constant, with 
the 1/β term being absorbed into the constant. The second term is the “energy 
effect”, where galaxy dimming is due to the spontaneous diminution of photon 
energy with travel distance. 

In the expanding universe cosmology, galaxy dimming is due both to the 
cosmological (Doppler) redshift effect and to relativistic time dilation, the latter 
effect causing the emitted stream of photons to spread out in time. It is also af-
fected by the distances modeled for the galaxies, which differ from those in the 
tired light cosmology. The m-z curves that plot the standard no-evolution 
Friedmann model predictions are based on the equations of Mattig given as: 

1
2

5log zm z C  
    

= + +  (for 0 0q = )                (9) 

 ( ){ }1 25log 2 1 1m z z C= + + 
 − +  (for 0 0.5q = ),          (10) 

where C = 19.8 [39]. At a given redshift, these expanding universe cosmologies 
predict magnitudes fainter than the tired light model. 

Figure 6 plots the R-band magnitudes against redshift for the brightest galax-
ies in each of 103 clusters taken from Figure 4 of the 1978 paper of Kristian,  
 

 

Figure 6. The Hubble diagram charts the R-band magnitude-redshift coordinates for the 
brightest galaxies in each of 103 clusters; data for z < 0.75 is taken from Kristian, Sandage 
and Westphal (1978). The data is compared with the no-evolution tired light cosmology 
(solid line), the 0q  = 0.5, no-evolution expanding universe cosmology (short dashes), 
the 0q  = 0, no-evolution expanding universe cosmology (long dashes), and the ΛCDM 
cosmology (dotted line). 
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Sandage and Westphal (KSW) [28]. Although the data is comparatively old and 
does not rise over z = 0.75, it nevertheless is useful in this multi-test study as a 
means of constraining the predictions of competing cosmologies with respect to 
other tests. The data set is here compared to the no-evolution, tired light cos-
mology (solid line) the 0q  = 0 no-evolution Friedmann prediction (long 
dashed lines), the 0q  = 0.5 no-evolution Friedmann model (short dashed 
lines), and the ΛCDM cosmology (dotted line). The latter two cosmologies make 
less desirable comparisons since they have unsupported assumptions about the 
existence of hidden mass, dark matter, or dark energy. 

So again, the tired-light model makes the better fit. Of the three expanding 
universe predictions, the 0q  = 0.5 Friedman model with the unsupported as-
sumption of hidden mass comes closest to the data trend. However, choice of 
this cosmology over the 0q  = 0 cosmology worsens the fit of the expanding 
universe prediction on the angular size redshift tests, moving it further from the 
data trend on those tests. This shows the advantage of using multiple cosmology 
tests when one wishes to test competing cosmologies in a fair and consistent 
manner. 

2.5. The Photon Flight Time Redshift Test: A Version of the  
Hubble Diagram 

To make a more definitive judgment between expanding and static universe 
cosmologies using the Hubble diagram test alone, higher redshift data is needed. 
To this end, Marosi [40] has examined magnitude-redshift data for 280 super-
novae and gamma ray bursts (GRBs) extending from z = 0.01 to z = 8.1 and 
finds that the tired light model makes a very good fit to the data over the entire 
data span. To better compare the competing cosmologies, rather than plotting 
redshift z versus apparent magnitude, m, he plots redshift versus photon flight 
time, ts. When this is done, the difference between the expanding and static un-
iverse alternatives becomes more apparent. The ts-z diagram shown in Figure 7  
 

 

Figure 7. Redshift of type Ia supernova and GRBs as a function of photon flight time ts. 
Plotted curves include the supernova data trend together with the tired light model hav-
ing H0 = 2.024 × 10−18/s (gradually curving line), and two expanding universe model pre-
dictions, the ΛCDM model with H0 = 72.6 km/s/Mpc (strongly curving solid line) and the 

0q  = 0 Friedmann model (lower straight line). 

https://doi.org/10.4236/ijaa.2021.112011


P. A. LaViolette 
 

 

DOI: 10.4236/ijaa.2021.112011 205 International Journal of Astronomy and Astrophysics 
 

is adapted from Figure 3 of Marosi’s paper. It plots the ΛCDM cosmology (ΩM = 
0.266, ΩΛ = 0.732, k = 0) with H0 = 72.6 km/s/Mpc (upward curving solid line 
after Marosi) and the exponential tired light relation the lower gradually bending 
line, which is virtually indistinguishable from the ts-z supernova/GRB data 
trend. The no-evolution 0q  = 0 Friedmann cosmology, the lower straight line, 
has been added to Marosi’s plots for comparison. While this Friedmann model is 
currently not as popular as the ΛCDM cosmology, it is preferred in the present 
multi-test comparison since it makes no ad hoc assumptions about the presence 
of dark matter and dark energy.  

The ΛCDM and Friedmann cosmologies both assume that the universe ex-
pands linearly according to 0 cv zc H D= = , where Dc is comoving distance. Dc 
values in Gly, obtained at various redshifts for the two expansion cosmologies, 
may then converted to ts values by dividing by c = 3.15 × 10−17 Gly/s. The 
no-evolution tired light model instead predicts an exponential relation between 
ts and z of the form:  

0e 1sH t z= + ,                         (11) 

Marosi found that when H0 = 2.024 × 10−18/s, this static universe cosmology 
yields a best fit to the data trend with a very high confidence level. Rewriting 
(11) as: 

( )0 ln 1sH t z= + ,                       (12) 

and substituting ts = r/c in the left term of Equation (12) yields essentially the r-z 
relation of Equation (5).  

As Marosi notes, the tired light prediction essentially closely overlays the su-
pernovae z-ts data trend out to z = 8.1, while the ΛCDM expanding universe 
cosmology with H0 = 72.6 departs significantly from the data trend for red-
shifts > 3. At z = 8.1, this ΛCDM cosmology predicts a value of z ~ 25, over 3 
times greater than the data trend! Compared to the ΛCDM cosmology, 0q  = 0 
Friedmann cosmology avoids making ad hoc assumptions about dark matter 
and dark energy. But it makes a poor fit for z > 2, consistently predicting higher 
ts values than the data trend.  

Marosi [41] has also performed a photon-flight-time vs. redshift test for 84 
gamma ray bursts ranging from z = 0.033 to z = 8.1. The ts-z diagram shown in 
Figure 8 is adapted from Figure 4 of his 2019 paper. It plots the ts vs. 1 + z data 
based on 84 statistically verified gamma ray burst redshift-magnitude data points 
together with the exponential prediction of the tired light model (line a), com-
pared to the ΛCDM expanding universe model with H0 = 62.5 km/s/Mpc (line 
b), and H0 = 72.6 km/s/Mpc (line c). The 0q  = 0 no-evolution Friedmann cos-
mology is also added to Marosi’s graph (line d). The tired light exponential rela-
tion is again virtually indistinguishable from the data trend whereas the ex-
panding universe models noticeably deviate from the data trend. The H0 = 72.6 
ΛCDM model begins departing significantly from the data trend for z > 2. The 
H0 = 62.5 ΛCDM model overestimates the flight times for z < 6 and underesti-
mates the flight times for z > 6. 
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Figure 8. Redshift of gamma ray bursts as a function of photon flight time ts. Plotted 
curves include the data trend and coincident tired light model prediction with H0 = 68.2 
km/s/Mpc (2.21 × 10−18/s) (line a), the H0 = 62.5 km/s/Mpc ΛCDM model (line b), the H0 
= 72.6 km/s/Mpc ΛCDM model (line c), and the 0q  = 0 Friedmann cosmology (line d), 
here added to Marosi’s graph. 
 

Marosi finds that his data in Figure 7 is best fit with a Hubble value of H0 = 
2.024 × 10−18/s and that his data in Figure 8 is best fit with a Hubble value of H0 
= 2.209 × 10−18/s. When expressed in velocity-distance terms, these yield Hubble 
constant predictions of 62.4 km/s/Mpc and 68.2 km/s/Mpc. Averaged together, 
they predict a Hubble constant value of H0 = 65.3 ± 2.9. This tired light H0 value 
lies about 1σ above the H0 = 62.3 ± 1.3 km/s/Mpc value determined by Sandage, 
et al. [42] using Cepheids in nearby galaxies to calibrate the distances and mag-
nitudes of Type Ia supernovae in the redshift range 3000 < vcmb < 20,000 km/s. It 
also falls somewhat above the H0 = 64.0 ± 1.6 km/s/Mpc value determined by 
Tammann & Reindl [43] using RR Lyr stars and stellar parallaxes to calibrate 
tip-of-the-red-giant-branch (TRGB) stars in halo population galaxies tied to 
Type Ia supernovae in the same redshift range used by Sandage, et al. The tired 
light determined H0 value lies somewhat below the H0 = 67.4 ± 0.5 km/s/Mpc 
value derived from the ΛCDM model-dependent analysis of the CMBR reported 
by the Planck Collaboration [44]. It also falls substantially below the value H0 = 
69.8 ± 0.8 km/s/Mpc obtained by Freedman, et al. [45] by calibrating TRGB in 
galaxies at distances of 7 to 20 Mpc using eclipsing binary stars in the Large Ma-
gellenic Cloud and tying them to Type 1a supernovae. It also lies far below the 
ΛCDM cosmology value of H0 = 74.0 ± 1.4 km/s/Mpc which Riess, et al. [46] 
have derived based on analysis of Cepheids in the Large Magellenic Cloud.  

The discrepancy between these various H0 determinations is found to be up to 
ten-fold greater than the accuracy of estimating the individual H0 values. This 
conflict among determinations, termed the Hubble tension, has been proble-
matic for the concordance cosmology. Some have suggested that the introduc-
tion of new physics may be needed to resolve it. Others such as Lombriser [47] 
and Ding, et al. [48] suggest that use of local calibrators may bias H0 toward 
higher values since our Galaxy resides in an under dense region of the cosmos. 
Sandage, et al. [42] attribute these high H0 values to a faulty choice of LMC P-L 
relations resulting in moduli that predict distances too short compared to their 
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own. However, considering that the cosmology tests considered above collec-
tively rule out the expansion hypothesis as the best choice cosmology, it seems 
more prudent to choose the H0 = 64.0 ± 1.6 value of Tammann and Reindl 
which approximates the 65.3 ± 2.9 km/s/Mpc value that emerged from Marosi’s 
tired light fit to supernovae and gamma ray burst data. 

3. Other Problems with the Expanding Universe Hypothesis 
3.1. No Evidence for Time Dilation 

The expanding universe cosmology hypothesizes that high redshift galaxies are 
receding from us at close to the speed of light and that, due to the relativistic 
time dilation effect, clocks in those galaxies should be ticking slower or alterna-
tively that supernova explosions should be taking longer to occur. One indica-
tion that we live in a cosmologically stationary, non-time-dilated universe comes 
from studies of gamma ray bursts. These are believed likely to be produced by 
supernova explosions [49]. So, if the light curves of distant supernova were in 
fact being time dilated, one would expect to see a similar effect in the duration of 
gamma ray bursts, the more distant, more highly redshifted gamma ray bursts 
being expected to last longer on the average. But such is not seen to be the case. 
It has now been established that X-ray bursts are essentially the same phenome-
non as gamma ray bursts, except that they originate from much greater dis-
tances, the gamma rays in the original burst being cosmologically redshifted 
down to the X-ray energy band. However, the X-ray bursts are found to last 
about as long as gamma ray bursts.  

Another study examined the durations of 195 Swift detected gamma ray 
bursts ranging out to a redshift of 8.1 yet found no evidence of time-dilation 
broadening in the light curves [50]. The data from this study, which is presented 
here in Figure 9, shows no evidence of any correlation between redshift and du-
ration. Crawford [51] has also examined gamma ray burst data and finds no  
 

 

Figure 9. T90 duration vs. redshift for 195 Swift detected GRBs. Courtesy of D. Kocevski 
and V. Petrosian. 
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evidence for any time dilation of their light curves. Quasar light curves also show 
no evidence of time-dilation broadening. One such study performed a Fourier 
analysis of the light curves of 800 quasars which were monitored on time scales 
from 50 days to 28 years to see if more distant quasars exhibited longer duration 
outbursts [52]. Low redshift quasars (z < 1) were compared to high redshift qu-
asars (z > 1), but no evidence for time dilation was seen. The results of these 
various studies not only support the static universe, tired light cosmology, but 
also call into question the validity of the time dilation conclusions of the Super-
nova Cosmology Project (SCP). 

Let us take a moment to analyze that study. The SCP study analyzed the dura-
tions of 60 supernovae out to a redshift of 0.83 and the authors claimed that their 
results indicated that supernova explosions in distant galaxies are time-dilated in 
accordance with the predictions of the expanding universe cosmology. They 
claimed their data was best fit by a ΛCDM cosmology having cosmological pa-
rameters ΩM = 0.28 and ΩΛ = 0.72, and that their analysis refutes the static un-
iverse tired light model, which predicts that supernova duration should be inde-
pendent of redshift. But the dependence of light-curve width on supernova red-
shift which their data showed was likely an artifact of data selection bias. In par-
ticular, this study is handicapped by the Malmquist bias, the tendency to prefe-
rentially detect intrinsically bright objects. As Phillips [53] has pointed out, 
searches for distant type Ia supernovae (z > 0.2) will clearly favor the discovery 
of superluminous events and this could introduce a significant Malmquist bias 
into the survey. At higher redshifts our telescopes necessarily sample a much 
greater volume of the universe and hence a much greater number of superno-
va-producing galaxies. In the redshift range 0.4 to 0.5, one would be surveying a 
volume of space that was 34 times larger than that of the local neighborhood 
which spans the redshift range 0 to 0.1. Going out to a redshift range of 0.7 to 
0.8, this observational volume increases to 66 times greater than the local vo-
lume. Hence because the high redshift domain subtends a very large volume of 
space, compared with the local environment, there is a much greater probability 
of observing extremely luminous high-energy supernovae, which normally occur 
very rarely. Since the light curve of such supernovae persist much longer than 
those of less luminous supernovae [54], high-z supernova searches will be 
skewed to discovering high-luminosity, long-duration supernovae, giving exactly 
the result that they found even with time dilation left out of the picture. 

Moreover, shorter duration supernovae, being less luminous at maximum 
light, would not be as easily seen, especially at high redshifts where both the 
greater distances and greater dimming due to photon energy loss conspire to 
create conditions adverse to their detection. Hence there would be a tendency 
for supernovae with lower light curve width values to pass undetected resulting 
in a flux limited selection. Such flux limitation could explain why the SCP data 
set contains progressively fewer supernovae at progressively higher redshifts 
where instead progressively more supernovae should be observed due to the 
progressive increase in the volume of surveyable space. For example, the SCP 
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data set contains 24 supernovae in the redshift range of 0.3 to 0.5; 13 supernovae 
in the redshift range of 0.5 to 0.66 (defining a volume of space 30% larger); and 
only 3 supernovae in the redshift range of 0.66 to 0.85 (a 210% larger space vo-
lume). It is not a question of whether this data set might be flux limited. It is 
clear that it is flux limited since there is no other explanation that could account 
for this kind of number drop off. Standard theories of galaxy evolution cannot 
explain this drop off since such theories predict that high-z galaxies were bluer 
and had greater star formation rates with more frequent supernovae. 

The occurrence in their data of a supernova at z = 0.46 with a width factor of 
2.26 provides evidence that some supernovae can have very long light curve du-
rations, more than three times greater than what the time dilation assumption 
would predict. The width of this supernova even surpasses the widths of two su-
pernovae that have almost twice the redshift. So, this extremely long duration 
event may simply be a supernova that is at the upper end of the spectrum in 
terms of luminosity and duration. Moreover, a decade after this SCP study was 
published, Quimby, et al. [55] reported discovering supernovae that are an order 
of magnitude brighter than type I supernovae and that take much longer to fade 
away. If we were to wait long enough, such long duration supernovae would be 
seen also in the local low-z neighborhood. 

Although there is a tendency for brighter supernovae to last longer and to de-
cline slower, supernovae having the same peak absolute magnitude can never-
theless have widely varying light curve decline rates, as represented by the para-
meter Δm15(B), the amount that the supernova’s B-band apparent magnitude 
decreases from supernova maximum by the 15th day. In Figure 7 of his paper, 
Rowan-Robinson [27] has plotted Δm15(B) versus peak absolute magnitude for 
local supernovae that were first observed before their maximum and finds a 
large amount of data point scatter. For a given absolute magnitude, Δm15(B) du-
ration can vary by up to ±30%. If we were to study a sample of supernovae col-
lected over a much longer time period, say over two centuries, we would most 
likely find an even greater amount of data scatter perhaps as large as ±50% since 
the more rarely occurring, brighter and longer lasting supernovae, would be 
more likely to be seen. So, to avoid a selection effect bias, a larger data scatter 
value of about ±50% would be more appropriate when interpreting data ob-
served at high redshifts. Given this amount of data scatter and a flux limitation 
inherent in observing at high redshifts, one is left to conclude that the high-z 
data published by Goldhaber et al. were significantly biased toward the high 
width factor end of the data scatter range and could have yielded width factors as 
much as 50% too high compared to the norm even with no time dilation effect. 

A related problem with the SCP study is that the local neighborhood is under 
sampled. To get a fair sampling of supernova light curve widths in the local en-
vironment that would compare in a fair manner with what is seen at high red-
shifts, we would need to observe for a total of 260 years, or 65 times longer than 
the four-year period over which Goldhaber et al. collected their data. If the SCP 
group were to extend their study of the local environment for a few more centu-
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ries, quite likely they would discover supernovae that had durations just as long 
as the one’s they observed at high redshift. Adding in these potentially observa-
ble long duration supernovae would shift the light curve width data upward to-
ward higher width values. 

In summary, due to the comparatively short time span for their search for lo-
cal supernovae, the Supernova Cosmology Project’s data set is biased toward 
charting lower width values at low redshifts. At the same time, due to flux li-
mited sample selection effects their data set is biased toward charting higher 
width values at high redshifts. Together, these two effects conspire to produce 
the observed upward sloping trend line. With proper sampling, it is expected 
that such data would yield a flat trend line with no evidence for time dilation.  

In Section 4 of their paper, Goldhaber et al. briefly acknowledge that their su-
pernova data might suffer from such a selection effect bias. David Crawford [56] 
has also noted that the SCP supernova data set may be biased by selection effects 
that could affect the outcome of the study’s time dilation conclusions. John Ma-
sreliez [57], another critic of the study’s conclusions, also makes a convincing 
case that the SCP supernova sample is flux limited and that selection effects 
could entirely account for the 1 + z rise in supernova light curve width factor. He 
also notes that the positive slope in the redshift-width relation arising from se-
lection effects should have added on to the slope predicted by the 1 + z time di-
lation effect, if in fact it were present, to produce a slope much steeper than 1. 
Since such a steep upward slope is not seen, we are left to suppose that there is 
no 1 + z correlation and that the slope is due to other factors fortuitously mi-
micking the slope predicted by the expanding universe hypothesis.  

As stated earlier, a particular cosmology cannot be proven or disproved on the 
basis of a single cosmology test. We must take a more holistic approach and view 
a cosmology’s performance on several tests simultaneously. On the one hand, we 
have the supernova-light-curve-width test of Goldhaber et al. whose results are 
questionable due to selection effect biases and which favors a specific accelerating 
universe ΛCDM cosmology that does not perform well on other cosmology tests. 
On the other hand, we have the angular-size-redshift test, Tolman test, number 
count magnitude test, Hubble diagram test, and the photon-flight-time-redshift 
test, all of which favor the tired light cosmology which consistently makes a bet-
ter fit to the data. To be considered remotely plausible the expanding universe 
hypothesis must be modified to include specific assumptions regarding the 
evolution of galaxy cluster size, galaxy radio lobe size, galaxy luminosity, and 
galaxy number density, etc. But the required assumptions are numerous, and 
some even produce opposing results, worsening the fit of the expansion cos-
mology on certain tests. The tired light model, on the other hand, being free 
from the need for ad hoc evolutionary corrections, is preferred on the basis of 
its simplicity.  

3.2. The Redshift Quantization Effect 

Tifft [58] [59] [60] [61] [62], Cocke [63], Cocke and Tifft [64], and Tifft and 
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Cocke [65] find that cosmological redshifts are “quantized,” in one sixth sub-
multiples of cΔz = 72.45 km/s, i.e., 12 km/s, the 24 km/s and 36 km/s harmonics 
being most prevalent. After further study, Tifft [66] concluded that these other 
redshift quantizations were higher multiples of either 8.05 km/s or 2.68 km/s 
which he then regarded as the most basic quantizations (1/9 and 1/27 of the 
originally discovered unit). These findings have more recently been confirmed 
by Guthrie and Napier [67] and Napier and Guthrie [68] who find 37.5 and 71.5 
km/s periodicities in the redshifts of the local supercluster. The existence of the 
72 km/s periodicity is now well established with a probability of only 10−6 that it 
is due to chance.  

Cocke and Tifft [64] suggest that the redshifts may be due to cosmological 
expansion and that the observed quantization indicates that the expansion of the 
universe is quantized, or that the universe is stationary and that the photon 
emission properties of atoms are quasi-stationary, for example, with the Rydberg 
constant monotonically changing its value over time in discrete steps. Here they 
may be alluding to the variable mass theory of Narlikar [69] which suggests that 
matter is being continuously created in the universe and that the inertial mass of 
matter gradually increases from the time of its creation, thereby creating a cos-
mological redshift-distance effect. 

LaViolette [2] has proposed an alternative interpretation of this quantization 
effect suggesting that the observed incremental change of redshift represents 
discrete steps in the decay of photon energy as photons journey through space. 
Thus, rather than losing energy continuously, as Equation (1) describes, photon 
quanta would change their energy (and wavelength) in incremental fashion. 
Taking Δr as the distance over which an average photon travels before under-
going a redshift transition of amount Δz, then over n increments it would accu-
mulate a redshift of nΔz. Thus, given that Δr = cΔz/H0, this implies Δr = 0.188 
Mpc, given that cΔz ~ 12 km/s and H0 = 64 km/s/Mpc, if we adopt the value of 
Tammann & Reindl [43]. So, a photon would travel a distance of about 610,000 
light years before undergoing an incremental decline in energy and correspond-
ing increase in redshift. Over extended distances tired light energy loss could be 
expressed as: 

e 1 e 1n r n zz β∆ ∆= − = − .                    (13) 

which is an updated version of Equation (4) above. On the other hand, if the ex-
panding universe hypothesis were adhered to, it would be necessary to assume 
that space-time globally expands in quantized fashion, which appears to border 
on the incredulous. 

Another interesting quantization result comes from the observations of Arp 
[70] which show that galaxy redshifts relative to the main galaxies in the Local 
Group, M31 and M81, and in the Sculptor Group are quantized in steps of ap-
proximately 72.4 km/s, matching the quantization interval that Tifft and Cocke 
find for more distant galaxies. Arp reports that since the redshifts are known 
with a precision of about ±8 km/s, and for seven of these galaxies even more 

https://doi.org/10.4236/ijaa.2021.112011


P. A. LaViolette 
 

 

DOI: 10.4236/ijaa.2021.112011 212 International Journal of Astronomy and Astrophysics 
 

precisely, about ±4 km/s, one is led to conclude that the galaxies in these groups 
are unusually “quiet” (relatively motionless). Observing that galaxy redshifts in 
the M31 and M81 groups are distributed around the 72.4 km/s periodicity with a 
standard deviation of 17 km/s, Arp [71] has quite reasonably interpreted this as 
evidence that the peculiar motions of galaxies in these clusters can have veloci-
ties no larger than this. This presents a strong argument that the differential 
redshifts of galaxies in these local groups are not due to relative motion of the 
galaxies, but to some intrinsic photon energy change phenomenon. 

3.3. Multi-Megaparsec Structures 

Another problem with the expanding universe hypothesis is its inability to ade-
quately account for the regular spacing of galaxy superclusters [72]. That is, as 
we look further and further out into space in the direction of the north and 
south galactic poles, the number of galaxies per unit volume is found to alter-
nately increase and decrease in cyclic fashion. Galaxies group into wall-like 
structures that are seen to be spaced from one another by about 180 Mpc along 
our line of site, their wave-like pattern being seen to stretch out 1500 Mpc (5 bil-
lion l.y.) in either direction. This poses a problem for the expanding universe 
theory which predicts a space-time dimension doubling during that period. If 
the universe was expanding, and a supercluster wave pattern did for some reason 
emerge, its wavelength would be expected to vary with time, being twice as long 
now as it was 5 billion years ago. But this is not the case. The wavelength stays 
constant with look-back time. This is more logically explained if the universe is 
static and Euclidean and that galaxies in some manner became preferentially 
created in certain regions of space so as to form a wave pattern of cosmic pro-
portions. Moreover, assuming that galaxy clusters had been initially uniformly 
distributed in space and typically had gravitationally induced peculiar velocities 
of 1000 km/s, the time taken to traverse 90 Mpc to form just one of these super-
cluster aggregations calculates to be 100 billion years, which far exceeds the age 
of a big bang universe.  

3.4. The Age of the Universe 

Another difficulty with the concordance expanding universe theory is that it 
predicts an age for the universe that is too short in comparison to the ages found 
for the highest-z galaxies. For example, galaxies have recently been discovered 
having redshifts as high as 11.1 [73] and 11.9 [74]. According to the ΛCDM H0 = 
70 km/s/Mpc concordance cosmology, a galaxy at z = 11.9 would be seen in ex-
istence 300 million years after the time of the big bang. This would place it well 
before the reionization epoch which is theorized to have occurred around z = 7.7 
[44]. This raises the question of how this galaxy would have had time to develop 
given that recent models of galaxy formation indicate that it should take a galaxy 
at least 750 million years to form. How does cosmology explain that stars would 
have started to form and develop into a galaxy prior to the beginning of the big 
bang! For other problems with the big bang/expanding universe hypothesis, see 
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López-Corredoira [34]. 

4. Conservative and Nonconservative Tired Light Models 

It is useful to review here some history of the tired light model. A number of 
cosmologists have proposed energy conserving tired light mechanisms in which 
the energy lost from the original photon remains in the universe as low-grade 
heat. For example, seven months after Hubble published his redshift-distance 
relation, Zwicky [75], publishing in the same journal, proposed an ener-
gy-conserving tired light mechanism as a nonvelocity explanation of Hubble’s 
findings. His theory assumed that photons have a nonzero rest mass and lose 
energy as a result of a gravitational drag resulting from their interaction with 
ambient matter. Alternatively, Pecker and Vigier [76] have suggested that cos-
mological photons have a nonzero rest mass and lose energy through their inte-
raction with a bath of φ-particles that have masses much smaller than that of an 
electron. Also, Marmet [77] [78] [79] has proposed a conservative energy loss 
mechanism involving photon scattering from intergalactic hydrogen nuclei that 
has some basis in laboratory experiments. His experiments demonstrated that 
photon interactions with intergalactic gas should produce no angular deflection 
and hence no image blurring. Also, Zheng [80] has proposed that “soft photon” 
scattering from intergalactic electrons can cause redshifting. However, the scat-
tering theories of both Marmet and Zheng have difficulty explaining why the 
cosmological redshifts are the same at radio frequencies since an intergalactic 
medium of hydrogen gas or electron ions would not scatter radio waves in the 
same manner as optical wavelength photons.  

Image blurring and spectral flatness criticisms, however, do not apply to most 
non-conservative tired light mechanisms. James Clerk Maxwell may have been 
one of the first to propose nonconservative photon energy loss. His original 
electromagnetic wave equation contained the energy damping term σ0μ0(∂φ/∂t), 
where σ0 and μ0 represented the electrical conductivity and magnetic permeabil-
ity of background space [81] [82]. Nernst [83] [84] put forth a nonconservative 
tired light idea in which he proposed that Olber’s paradox might be resolved if 
photons were assumed to undergo nonconservative energy damping during their 
journey through intergalactic space [85]. As in Maxwell’s damped EM wave, in 
Nernst’s version the lost energy was proposed to physically disappear from the 
universe. Vigier [86] has proposed a non-energy-conserving tired light model in 
which photons lose energy through energy dissipating interactions with stochas-
tic vacuum fluctuations.  

LaViolette [2] [87] has also proposed a non-conservative tired light effect. But 
the version he proposed was not devised specifically to explain redshift-distance 
observations, as was the case for the other tired light theories described above. 
Rather, his tired-light relation emerged as a prediction of the subquantum ki-
netics (SQK) physics methodology [87] [88] [89]. His main intention was to test 
the validity of this photon energy loss prediction against astronomical data. La-
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Violette’s tired-light relation emerges from a methodology that adopts a very 
different approach to conceiving the nature of physical phenomena, neverthe-
less, is one that has been extensively published in the literature. It is advisable to 
summarize a bit about it here. According to SQK, all space is pervaded by a sub-
quantum reaction-diffusion medium whose constituents are able to self-organize 
into concentration inhomogeneities thereby forming “bunched” field potentials 
at the quantum level that constitute observable subatomic particles and photons. 
The underlying reaction and diffusion processes of this medium are mathemati-
cally described by an open, nonlinear reaction system, termed Model G 
[87]-[93]. One characteristic of such systems is that the entropy or energy mag-
nitude of a photon (reaction-diffusion wave) does not necessarily remain con-
stant over time as is assumed in standard physics. Instead, its initial energy mag-
nitude may progressively increase or decrease over time depending on the state 
of criticality of the underlying reactions.  

Wave amplitude (energy) in such nonlinear open reaction systems is generally 
described by the following wave equation which is applicable to reaction-diffusion 
waves consisting of small amplitude excursions [φ] from the ambient potential 
[94]: 

[ ] [ ] ( )
0 e eR ii r t rκ ω κϕ − −= A ,                  (14) 

where 0A  is the initial magnitude of the wave (photon) and where κR and κi are 
the real and imaginary parts of its wave number κ. The frequency and wave-
length of the wave are given respectively as f = ω/2π and λ = 2π/κ and the wave 
velocity is given as 0c f λ ω κ= = . The oscillatory real term in Equation (14), 
the first exponent on the right, is consistent with energy wave behavior in stan-
dard physics. The imaginary term, the second exponent on the right, though, is 
new to quantum electrodynamics/physics. It dictates nonconservative wave 
damping when κi > 0 (when subcritical conditions prevail in the reaction system) 
and nonconservative wave amplification when κi < 0 (when supercritical condi-
tions prevail in the reaction system).  

Equation (14) may be restated as follows to portray the manner in which 
photon energy changes as a function of photon travel distance in SQK:  

( ) ( )
0e g c rE r E αϕ−

= .                     (15) 

E(r) signifies the wave’s electric potential amplitude, or energy, at distance r, and 
is equivalent to [φ] in Equation (14). Term E0 represents the wave’s initial elec-
tric potential amplitude, or energy, at r = 0 and is equivalent to the wave ampli-
tude term [ 0A ] in Equation (14). The exponent ( )e g c rαϕ−  is essentially the same 
as the second exponent in Equation (14) where κi = αφ/c. Here, α is a constant of 
proportionality, c is the velocity of light, and φg signifies the ambient gravity po-
tential in the wave’s vicinity. This serves as the bifurcation parameter determin-
ing the system’s mode of behavior. Perfect energy conservation holds when the 
photon is traveling through regions of space sufficiently close to galaxies where 
the gravity potential is at its critical threshold, zero value, φg(r) = 0. In the im-
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mediate vicinity of galaxies and galaxy clusters, where φg(r) is negative, the sub-
quantum reaction-diffusion processes become supercritical and dictate photon 
energy amplification. In intergalactic space, where φg(r) becomes positive, the 
underlying reaction-diffusion processes become subcritical and dictate photon 
energy damping. These various modes of photon behavior are illustrated in Fig-
ure 10. This ability for gravity potential to affect the nature of photon energy 
conservation according to the gravity theory of SQK, of course, is not predicted 
by general relativity. Nevertheless, the gravity theory of SQK does predict effects 
consistent with all other aspects of general relativity [91] [95].  

Since a photon from a distant galaxy would spend far more time traveling 
through subcritical intergalactic void regions than through supercritical regions 
surrounding galaxy clusters, its energy on average would progressively decline, 
in accordance with Equation (15). The average rate of energy attenuation that a 
photon would experience during its flight may then be expressed as:  

( ) 0e rE r E β−= .                        (16) 

where β, the average attenuation coefficient takes the place of term αφg/c in Eq-
uation (15). Expressed in terms of photon wavelength, λ, this would be rewritten 
as: 

( ) 0e rr βλ λ= .                        (17) 

This is essentially the same as the “tired light” relation which historically has 
been devised to explain cosmological observations. Or, if photon energy loss and 
redshift occur in quantum increments, as portrayed earlier by Equation (13), 
Equation (17) could be written as: 

( ) 0en rr βλ λ ∆= .                       (18) 

This SQK cosmological redshift relation was not observationally motivated to 
explain cosmological data, as had been the case for other tired-light models, but 
rather emerged as a corollary of the Model G reaction-diffusion system. The 
value of β given above is chosen to be β = H0/c, where H0 is the observed value 
for the Hubble constant. Here we may choose the value H0 = 64.0 ± 1.6 km/s/Mpc,  
 

 

Figure 10. According to SQK, a photon’s energy behavior depends on the ambient value 
of the gravity potential in the photon’s vicinity judged relative to the critical threshold 
value, φg = 0. Photons are predicted to progressively increase their energy within the su-
percritical gravity wells that surround galaxies and galaxy clusters (where φg(r) < 0), and 
to progressively decrease their energy in intergalactic space (where φg(r) > 0). 
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as proposed by Tammann and Reindl [43], which falls close to the H0 value in-
dicated by the fit of the tired light relation on the ts-z cosmology tests of Marosi 
discussed above. This yields a photon energy decline rate of β = 6.54 ± 0.16% per 
billion light years (bly). Expressing β in time units, by multiplying by c = 3.17 
×10−17 bly/s, yields an energy loss rate µ = −βc = −2.07 × 10−18/s. This is about 10 
orders of magnitude smaller than the smallest change observable in the labora-
tory. Hence such a nonconservative energy loss certainly has no observable in-
fluence on laboratory measurements. It becomes important only at the astro-
nomical scale, and as has been seen above, it makes a good fit to astronomical 
data.  

The cosmology test results discussed in Section 2, which vindicate the 
no-evolution, static universe tired light cosmology, are generally valid for all 
tired light models discussed above. However, the SQK tired light relation has a 
number of advantages over other tired light theories that have been proposed. 
First, since it predicts that the energy of the photon decays over time without 
emitting secondary photons from recoils with intergalactic particles, the photon 
should suffer no angular deflection that might contribute to image blurring.3 
Second, by assuming that Model G operates sufficiently close to its threshold of 
marginal stability, its tired light energy loss effect will show no detectable fre-
quency dependence. Hence radio frequency photons should redshift at the same 
rate as visible photons [91].  

Third, the SQK paradigm, predicts that as stellar gravity fields extend outward 
away from their parent galaxy, beyond ~3 kpc from their source masses, their 
potentials decline and ultimately approach the steady state zero-gradient poten-
tial value present in intergalactic space. This is illustrated in Figure 10 by the 
ambient value attained in the subcritical space between the two galaxies. Hence 
over great distances the force of gravity departs from a Newtonian radial inverse 
square decline, as is the case in Milgrom’s theory of modified Newtonian dy-
namics (MOND). As a result, in SQK, there is no gravitational potential summa-
tion problem leading to universal gravitational collapse, a difficulty that plagues 
many static universe cosmologies. Like the tired light effect, this limited range 
for gravity emerges as a prediction of SQK Model G and is not introduced as an 
ad hoc assumption [91]. 

A fourth advantage of the SQK tired light model is that its energy attenuation 
coefficient can vary according to the value of the ambient gravity potential. 
Thus, photons crossing subcritical void regions where the ambient gravity po-
tential is substantially positive would exhibit a Hubble constant value much 
greater than that characterizing their passage through more typical regions of 
intergalactic space where their trajectory would occasionally traverse supercriti-
cal gravity well regions associated with clusters and superclusters. Such a gravity 

 

 

3In their Tolman test cosmology paper, Lubin and Sandage [23] incorrectly suggested that the tired 
light mechanism that LaViolette [2] described in his 1986 paper accomplished its photon energy loss 
through photon scattering and commented that such scattering would inappropriately cause the im-
ages of distant galaxies to blur. This was an apparent misreading of his paper since LaViolette instead 
proposed a spontaneous nonconservative energy loss mechanism for the cosmological redshift. 
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potential dependency could explain why voids in redshift space are found to ap-
pear elliptical with their direction of elongation oriented along the line of sight 
to observer, this being the so-called Fingers-of-God effect. That is, if photons 
undergo a greater than normal redshift rate as they travel through a void, galax-
ies on the void’s far side would appear to have a greater than normal redshift and 
therefore be displaced away from the observer in redshift space, creating an ap-
parent elongation [91] [95] [96]. Alternatively, SQK predicts that blueshifting 
would occur when photons pass through galactic clusters or superclusters, an 
effect that is able to account for the Kaiser effect and for the Fingers-of-God ef-
fect seen there as well [91] [95] [96]. 

A fifth advantage of the SQK tired light model is that the Model G reaction 
system from which it is derived also predicts that matter should be continuously 
created in supercritical regions of space. Consequently, with the emergence of 
the static universe tired light model in cosmology, SQK has a matter creation 
theory ready to explain the origin of the universe in lieu of the big bang explana-
tion; see next section. 

5. A Theory of Continuous Creation 

The cosmological test data results summarized above lead inevitably to the con-
clusion that the universe must be globally static, and that the cosmological red-
shift is due to a process other than recessional velocity. We find then that the big 
bang theory is no longer a viable theory to account for the origin of things and 
that we must look elsewhere for alternatives to explain the nucleation of matter 
and energy quanta, a cosmology that does not require creation to take place all at 
once in a singular primordial space-time explosive event. One is then left to con-
sider the possibility that matter might be continuously created throughout a 
cosmologically static universe. In some ways this scenario is more plausible than 
a big bang. For instead of being asked to believe that all the matter-energy of the 
universe was born into existence in a brief instant, we may now consider indi-
vidual subatomic particles springing into being in a leisurely manner throughout 
the vastness of space at a rate so slow as to be virtually undetectable in the labor-
atory. 

The idea that matter might be continuously created in regions of high matter 
density dates back to Sir James Jeans [97] whose observations of galaxies led him 
to speculate that there is a progressive evolution of galactic morphology from el-
liptical to spiral which involves a centrifugal ejection of material from their cen-
ters. Some years later he proposed that matter was being continuously created 
throughout the universe, at a time when the universe was believed to be cosmo-
logically static. He held that the centers of galaxies may be similar to singular 
points at which matter pours into our universe from some other external dimen-
sion [98]. In his scheme, matter creation occurs in a nonconservative manner, as 
he essentially proposes that our universe may behave as an open system, at least 
in the cores of galaxies which he believed to be the most active creation centers.  

Jean’s idea of galaxy evolution was supported by Hubble [99] who found that 
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for galaxies of a fixed total magnitude, the major axis diameter of a galaxy pro-
gressively increases as one proceeds through the morphology sequence from E0 
to Sc. He embodied this sequence in his well-known “tuning fork-like” galaxy 
classification scheme. This implied to him that the size and mass of a galaxy 
progressively increases as one proceeds from early to late type galaxies. He wrote 
that the entire series can be represented by various configurations of an origi-
nally globular stellar mass expanding equatorially. 

William McCrea [100] was also led to the idea of continuous matter creation 
on the basis of astronomical observation. He proposed that matter is conti-
nuously created throughout space, with creation being assumed to proceed most 
rapidly in regions of negative gravitational field potential, e.g., within stars and 
condensed masses. He proposed that all matter may potentially promote the 
creation of new matter. Furthermore, he proposed that since all matter normally 
resides in galaxies, the creation of fresh matter promotes the growth of galaxies. 
He notes that when on occasion a clump of matter becomes detached from its 
galaxy, it may serve as the embryo for a new galaxy.  

Victor Ambartsumian [101] [102] further developed Jeans’ idea proposing 
that a galaxy’s evolution was largely shaped by energetic events taking place in 
its nucleus. Based on his observations of a variety of galaxies, he concluded that 
supermassive cores, most evident within the more massive galaxies, not only 
emit tremendous amounts of energy during their active phase, but large quanti-
ties of matter as well. He proposed that matter is thrown off in the form of an 
intense flux of relativistic particles as well as in the form of nonrelativistic ejec-
tions. He suggested that the latter would include gas moving at speeds of thou-
sands of km/s, eruptive ejections of entire gas clouds, and even ejections of en-
tire “galaxy embryos”, i.e., supermassive cores. J. L. Sérsic [103], who echoed the 
ideas of Ambartsumian, suggested that giant elliptical galaxies with active cores 
may on occasion explosively fragment to produce progeny galaxies which could 
develop into various morphologies. Halton Arp [104] [105] also espoused simi-
lar ideas. Based on his observations of active galaxies, he concluded that active 
galactic nuclei can fission and explosively eject highly energetic clumps of mat-
ter, usually at steep angles to the galactic plane. 

The novel physics methodology of SQK predicts a nonconservative matter 
creation cosmology that is consistent with the proposal of McCrea, as well as 
those of Jeans, Hubble, Ambartsumian, Sérsic, and Arp. Besides predicting tired 
light energy loss for photons traveling through intergalactic space, the Model G 
open reaction-diffusion system also predicts that matter may be spontaneously 
created in supercritical regions of space, this occurring wherever the ambient 
gravity potential lay slightly below its critical threshold zero value [89] [91] 
[106]. Such matter-spawning supercritical regions would prevail over large 
stretches of space scattered throughout the cosmos. In such regions, a zero-point 
energy fluctuation of sufficient magnitude is able to nucleate the formation of a 
neutron. Just as the energy of a photon would continuously blueshift in a super-
critical environment, so too a zero-point energy fluctuation of critical size, sto-
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chastically arising in a matter-free region of space, would be able to grow in size. 
Rather than growing indefinitely, its magnitude instead converges to a new sta-
ble state, locally changing the former homogeneous steady-state of the reac-
tion-diffusion system, the vacuum state, to an inhomogeneous steady-state as it 
forms a stable subatomic particle, i.e., a dissipative soliton wave pattern of 
well-defined wavelength and field potential magnitude. In SQK, this matter cre-
ation process is termed parthenogenesis, meaning virgin birth. 

This parthenogenic matter creation process is illustrated in computer simula-
tions of the partial differential equation system that constitutes Model G. A si-
mulation showing the successive growth of an initial electric potential seed fluctu-
ation into a dissipative soliton field pattern representative of a neutron is shown in 
Figure 4 of Pulver and LaViolette [93]. Also, a video simulation showing this par-
ticle materialization process may be viewed at: https://tinyurl.com/ybfphshf. As 
LaViolette [90] has shown, the emergent neutron has a form closely resembling 
that observed for the neutron in particle scattering experiments conducted by 
Kelly [107]. That is, the electric charge density distribution of the neutron’s core 
is found to have a haystack-like shape and be surrounded by a radial periodicity. 
In fact, the electric potential field pattern for the Model G neutron yields a closer 
resemblance to Kelly’s results than any previous nuclear field model [90].  

To nucleate a neutron, the seed fluctuation must be of positive charge since in 
Model G positive fluctuations generate supercritical gravity wells which allow 
the fluctuation to grow and ultimately spawn a fully grown particle. Once 
formed, the particle’s φg(r) well continues to stabilize the particle, allowing the 
particle to persist in spite of potentially destabilizing zero-point energy fluctua-
tions arising in its an environment. Seed fluctuations of negative potential, 
which might otherwise spawn the antiparticle state, e.g., the antineutron, fail to 
grow spontaneously since they generate a subcritical gravity potential hill in 
their vicinity and hence are self-extinguishing. Because of this matter-antimatter 
bias, the SQK matter creation process leads to a universe filled mainly with mat-
ter, rather than antimatter. This is an advantage since to date there has been no 
detection of antimatter galaxies. The apparent lack of an equal amount of anti-
matter in the universe has been a major setback for the big bang theory.  

Besides creating a supercritical gravity well in its core, the SQK neutron also 
produces a peripheral gravity well shell at one Compton wavelength intervals 
from its center. The inner most two gravity well shells serve as supercritical re-
gions where a randomly emerging zero-point energy fluctuation can self-amplify 
and nucleate a daughter neutron. Computer simulations of Model G have borne 
out this mother-daughter matter creation process; see Pulver and LaViolette 
[93]. Also, a video simulation showing this mother-daughter materialization 
process may be viewed at: https://tinryurl.com/yde4bvk3. 

Once a neutron self-nucleates there is a very high probability that it will decay 
into a proton, beta particle, and neutrino before it has a chance to spawn a 
progeny particle. So, protons being stable particles would tend to accumulate in 
space as the most common matter nucleation sites. According to SQK, the pro-
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ton has a periodic Turing wave pattern very similar to that of a neutron, except 
that its core electric field would be positively biased relative to that of a neutron. 
Such biasing of the proton’s wave pattern was also borne out by the particle 
scattering results of Kelly [107] which reveal that the proton’s charge density 
profile is in fact positively biased relative to that of the neutron. 

The probability of matter creation occurring in the immediate vicinity of an 
existing nucleon greatly outstrips that of a particle nucleating on its own in 
empty space. Consequently, with Model G this mother-daughter creation 
process becomes the dominant means of matter creation, with matter producing 
more matter at an exponentially increasing rate. Although initially devised for 
the purpose of modeling subatomic particles, Model G leads to a continuous 
creation scenario that is generally compatible with that of McCrea [100] wherein 
matter is continuously created throughout space with the creation process pro-
ceeding most rapidly in regions of negative gravitational field potential.  

Nascent particles would first emerge as neutrons, whether they did so auto-
nomously or assisted by the supercritical region of an existing nucleon. Neutrons 
emerging in the vicinity of a proton could either detach to continue as isolated 
neutrons that would later decay or could form a nuclear bond with its proton 
parent transforming it into a deuteron. Alternatively, a deuteron could serve as a 
nucleation site for a nascent neutron which could either detach from its parent 
or form a nuclear bond, transforming the deuteron into a tritium particle. This 
nuclear transmutation sequence could conceivably repeat causing a tritium nuc-
leus to transform into 3He, and finally into 4He. Further transformation would 
be unable to occur through parthenogenic creation. Admittedly, the synthesis of 
D, 3He, and 4He would be rare events. The main production of these elements, 
including Li and the light elements would occur later through thermonuclear fu-
sion once stars had formed and grown sufficiently massive. Burbidge and Hoyle 
[108] have shown that stellar fusion could account for the observed abundances 
of these elements and that big bang nucleosynthesis is unnecessary. 

Beta decay protons and electrons would be the most common particles exist-
ing in primordial times hence producing a diffuse ionized hydrogen gas heated 
to an X-ray emitting plasma state by collisions with the 0.78 Mev beta particles. 
This could account for the observed diffuse X-ray emission that is observed 
coming from all directions of space. This X-ray emitting intergalactic gas has 
been referred to as the Warm Hot Intergalactic Medium, or WHIM. Its presence 
is also indicated by the so-called Lyman alpha forest, diffuse Lyman alpha emis-
sion radiated by the ionized portion of this gas. The big bang theory cannot ac-
count for its temperature because it predicts that the gas of its initially hot fire-
ball should have long ago cooled down. Crawford [33] [109] has shown that the 
electrons in such a heated X-ray emitting plasma have a temperature and density 
sufficient to generate the observed 2.73˚K cosmic microwave background radia-
tion (CMBR). The source of ionizing radiation for the WHIM has puzzled as-
tronomers since no stars are visible in these clouds and radiation from active ga-
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lactic cores falls short of the energy requirements. LaViolette [91], however, has 
shown that beta decay of parthenogenic neutrons would supply more than 
enough energy to power this emission. Moreover Arp, et al. [110] have argued 
that iron whiskers present in intergalactic space could thermalize the 3˚K radia-
tion field while allowing transparency at other wavelengths. So, with the theory 
that the WHIM may be the source of the CMBR we still retain the idea that the 
microwave background is of cosmic origin, energized not from a big bang, but 
from beta particle radiation arising from the decay of continuously created neu-
trons. Although, Burbidge and Hoyle [108] have also suggested that hydrogen 
burning in stars may be an energy source contributing to the 3˚K radiation. 

There is no 13.8 to15 billion-year time restriction in which to generate the 
cosmos in the SQK continuous matter creation cosmology. Once some regions 
in the WHIM had cooled sufficiently to allow hydrogen to condense into its liq-
uid state, hydrogen could eventually coalesce to form comet sized bodies. Such 
planetesimals would grow both through accretion and through internal matter 
creation. As time passed, the planetesimal would grow in size, becoming a 
brown dwarf, then a red dwarf, and then a sun-like star. In the early stages of 
matter creation, isolated particles would have been the predominant sites of 
matter creation. Later, once matter had condensed to form material bodies and 
stars, the matter creation rates per nucleon would have risen considerably since 
the gravity potential well for such bodies would be far deeper than that of an 
isolate baryon. Such bodies would be the seat of both matter creation as well as 
energy creation through photon blueshifting.  

The rate at which neutrons would self-create in the vicinity of nucleons lo-
cated inside a star would depend not only on the ambient gravity potential 
within the star, which in turn determines the prevailing degree of supercriticali-
ty, but also on the star’s internal temperature. Temperature would be a factor 
since thermal collisions would induce field potential fluctuations in the star’s 
nucleons which would help to excite the materialization of neutrons. In general, 
the rate of matter creation per nucleon within a stellar body would far outstrip 
that occurring in space. Equation (19) gives a relation, admittedly tentative, of 
how a stellar body’s rate of matter creation (g/s) may be modeled: 

1 2
g gt

k MM
d

Tϕ⋅ ⋅ ⋅= ,                    (19) 

kg = 10−40 s/cm2/K being a constant of proportionality, gϕ  (cm2/s2) being the 
body’s average internal gravity potential, M (grams) being the body’s mass, and 
T  (K) being its average internal temperature [91] [106].  

As the star’s core grew past a critical temperature and density, nucleosynthesis 
would commence. The gas expelled in the star’s stellar wind would generate a 
surrounding nebula in which orbiting gaseous planets would form. Over time 
these daughter planets would themselves grow into stars. Meanwhile the pri-
mordial mother star would continue to grow, proceeding up the stellar main se-
quence until it became a blue supergiant. This would either explode as a super-
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nova or discharge its atmosphere leaving behind a white dwarf, bare stellar core. 
This core would not be a dead star energized only by matter accretion, as stan-
dard physics proposes, but would be a stellar body that would continue to grow 
by internal matter creation. Hydrogen continuously generated in its interior 
through parthenogenesis would continue to fuel its fusion reactions. But in ad-
dition, there would be supplementation by energy spontaneously created in its 
interior through nonconservative photon blueshifting. As a result, a stellar core 
would not cool off, but would continue to radiate energy mainly in the form of 
x-rays and cosmic rays.  

This photon blueshifting prediction of Model G may be understood as fol-
lows. In supercritical regions of space, that is where φg(r) < φgc, photon energy 
will progressively increase in nonconservative fashion where Equation (16) now 
becomes expressed as: 

( ) 0e rE r E β= .                        (20) 

For φg < 0, β here takes on the role of an amplification coefficient, in effect 
acting as a “negative Hubble constant” that dictates exponential energy increase 
rather than tired light energy decrease. Evidence that photons exhibit a negative 
Hubble constant when passing through the gravity well of a galaxy cluster or su-
percluster is discussed by LaViolette [91] [96]. This relation is similar to that de-
scribed earlier for the SQK cosmological redshift prediction, but with an ampli-
fication coefficient of opposite sign. Since observation shows that the cosmolog-
ical redshift does not occur continuously, but takes place in discrete quantized 
jumps as mentioned earlier, a discrete energy increase of form similar to that 
described in Equation (13) may be inferred for this cosmological blueshifting 
phenomenon, in which case Equation (20) would be written as: 

( ) 0en rE r E β∆= .                       (21) 

The excess energy evolved from photon energy amplification is termed genic 
energy. The genic energy of a body of mass M would be given as: 

d dgen gL E t H CMTµ αϕ= = ≈ −                 (22) 

where H represents the body’s total heat capacity, given by the product of its av-
erage gravity potential gϕ  , mass M, average specific heat C , and average in-
ternal temperature T . Among other things, this photon blueshifting prediction 
has been found to successfully predict the planetary-stellar M-L relation [111]. 
The reader is here referred to LaViolette [91] for further information on the as-
tronomical significance of this blueshifting effect.  

According to the SQK paradigm, a stellar core is unable to collapse into a 
black hole singularity due to its continuous creation of genic energy; see LaVi-
olette [91], Section 9.9. For example, since genL , the rate of genic energy pro-
duction depends on both gravity potential and temperature, as depicted in Equa-
tion (21), Lgen of a collapsing stellar core would scale according to 1/R2, where R 
is stellar radius. That is, assuming that ( ) 1g r Rϕ ∝  and 1T R∝ , then 

21genL R∝ . Furthermore, since the surface area of the collapsing core varies as 
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1/R2, the genic energy radiation pressure per unit surface area opposing collapse 
would vary according to 1/R4. The inward pull of gravity opposing this, however, 
would increase only as 1/R2. Consequently, with radiation pressure increasing 
faster than the inward force of gravity, a point would be reached where a core 
would ultimately cease to collapse. Consequently, a singularity would be unable 
to form.  

Another reason why a black hole would not be able to form in SQK is because 
according to this physics the gravitational field potential within a subatomic par-
ticle should taper to a zero gradient at the particle’s center. Hence as particles 
within a collapsing stellar core were pressed increasingly close together, the gra-
vitational force attracting them to one another would approach zero. It is also 
worth noting that stellar cores may be supported from collapse entirely by genic 
energy radiation pressure, rather than by electron degeneracy. Consequently, in 
the cosmology of SQK, a supermassive galactic core would likely be a nondege-
nerate stellar core, rather than a black hole. 

As stars continue to proliferate, they would collectively form a star cluster, 
and at their center would lie the supermassive stellar core that had given birth to 
their lineage. By this time the mother star core would have grown to hundreds to 
thousands of solar masses and would be expelling a wind of ionized gas and 
cosmic ray particles. Based on Equations (19) and (20), it is evident that the rate 
of matter and energy creation, and hence the nonconformance with energy con-
servation, would be most extreme in such supermassive cores, which is compati-
ble with the ideas of Jeans, Ambartsumian, Sérsic, and Arp as mentioned earlier. 
SQK refers to such stellar cores as mother stars, the name highlighting the cha-
racteristic that a mother star would serve as a galaxy’s primary matter and ener-
gy birthing site, being the most supercritical region in a galaxy. 

As the star cluster continues to proliferate and grow in size, it eventually turns 
into a dwarf elliptical galaxy with its less massive stars orbiting about the Mother 
star along a preferred orbital plane. As the Mother star grows further in mass 
and creates an increasingly supercritical internal environment, its occasional 
outbursts would become increasingly energetic. Upon reaching a mass of a hun-
dred thousand solar masses or more, its outbursts would begin to resemble those 
seen to come from the cores of Seyfert galaxies. These would propel stars and gas 
outward, causing the dwarf elliptical galaxy to evolve into a compact spiral ga-
laxy and over time into a mature spiral galaxy. This progressive evolution from 
dwarf elliptical, to S0 spiral to Sc spiral would match the galaxy evolution pro-
gression suggested by Jeans and Hubble. Some of the more violent outbursts 
would cause the Mother star to fission and spew out a part of itself as a star clus-
ter or even as a core embryo that could grow into a dwarf daughter galaxy. Hal-
ton Arp [104] [105] has catalogued many examples of what appear to be such 
core ejections; also see Sérsic [103]. These daughter bodies would orbit the spiral 
galaxy, forming a star cluster halo around the galaxy as well as spawning satellite 
galaxy progeny, as is considered to be happening in our own Milky Way. Even-
tually, as a result of continued core ejections, the spiral galaxy develops a spher-
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ical shape and evolves into a giant elliptical galaxy [91]. 

6. Conclusions 

Arp [104] has stated that the observational evidence against the big bang theory 
has become overwhelming and that in reality the theory has been toppled. This 
is also the conclusion of the present overview. As shown above, the no-evolution, 
tired light model makes a better fit than the expanding universe hypothesis when 
compared to the observational data of seven cosmology tests. Including the re-
sults of the radio galaxy differential number count test [2], the total number of 
tests favoring the no-evolution, static universe tired light model comes to nine. 
Also, it is concluded that the supernova light curve test of Goldhaber, et al. is 
flawed by selection effect biases. Studies of X-ray bursts, gamma ray bursts, and 
quasar variability show no evidence of time dilation with increasing redshift. So 
based on the current evidence, one may conclude that the universe must be 
cosmologically stationary. Furthermore, the finding that the cosmological red-
shift values are quantized introduces a serious challenge to the Doppler redshift 
interpretation. The tired light theory fares much better since discrete quantum 
energy transitions are commonly known to microphysics. Hence tired light 
photons may be assumed to lose energy in discrete quantum steps.  

Of the tired light theories that have been proposed, most account only for the 
cosmological redshift phenomenon. They do not simultaneously provide a mat-
ter creation cosmology that may replace the big bang theory. The subquantum 
kinetics physics paradigm, on the other hand, predicts tired light photon energy 
loss in intergalactic space and also provides a mechanism for the continuous 
creation of matter. Furthermore, SQK has been shown to spontaneously produce 
matter rather than antimatter, something that the big bang theory fails to do. 
Also, this physics predicts that a galaxy’s gravity potential field should begin to 
depart from a Newtonian decline at distances greater than about 3 kpc and ulti-
mately plateau to a finite local extragalactic gravity potential value. This not only 
provides an answer as to why the static universe does not spontaneously under-
go gravitational collapse, but also, in accordance with the conclusions of MOND, 
makes it unnecessary to assume the presence of dark matter in galaxies. Finally, 
the SQK tired light relation, whose energy attenuation coefficient is gravity po-
tential dependent, may provide a resolution to the Fingers-of-God effect. If the 
present tight grip on the First Law can be ever so slightly relinquished, a new era 
should await the future of physics.  
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Abstract 
Beginning from the premise that the universe is static, and that the cosmo-
logical redshift is due to a nonconservative tired light effect, the following 
examines evidence supporting the prediction that photons will progressively 
blueshift when transiting through the gravity wells of galaxies, galaxy clusters, 
and superclusters. The presence of such a nonvelocity blueshift effect is seen 
to make a substantial contribution to Virgo cluster galaxy spectra, sufficient 
to dramatically decrease the cluster’s velocity dispersion and assessed virial 
mass and eliminate the need to assume the presence of large quantities of 
dark matter. The effect is also shown to account for the Fingers-of-God effect 
and Kaiser pancaking effect seen when the spectra of cluster galaxies are 
plotted in redshift space. The opposite effect, excessive redshifting of photons 
passing through cosmic voids is able to explain void elongation in redshift 
space, and also the subnormal luminosity of void galaxies. The proposed 
cosmological blueshifting phenomenon also explains the downturn of the 
slope of the Hubble Flow in the vicinity of the Local Group which projects a 
negative apparent velocity for photons propagating near the Milky Way. It 
also offers an explanation for the blueshift of the Andromeda galaxy spectra 
and for Arp’s findings that the spectra of primary galaxies in a cluster tend to 
be blueshifted relative to their companion galaxies. These photon energy 
phenomena are anticipated by the physics of subquantum kinetics which pre-
dicts that photons traversing long distances through intergalactic space 
should undergo nonconservative tired-light redshifting, and that photons 
passing through gravity potential wells should undergo progressive blueshift-
ing. The latter effect may be visualized as a negative nonvelocity Hubble con-
stant. 
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1. Introduction 

There are a number of astronomical phenomena which have currently posed a 
challenge to astronomy, such as the Virgo cluster blueshift, the Fingers-of-God 
effect, the Kaiser effect, the blueshift bias of the Local Group relative to the Hub-
ble flow, and the observation that primary galaxies in a cluster tend to be blue-
shifted relative to the spectra of their companion galaxies. This paper intends to 
show that all of these effects can be accounted for if one allows a small violation 
in energy conservation and assumes that a photon’s wavelength progressively 
blueshifts as the photon traverses regions of space where the gravitational poten-
tial is particularly negative, as when passing through a galaxy cluster gravity well. 
The amount of violation required is extremely small, roughly 10 orders of mag-
nitude smaller than what can be verified over laboratory distances. Hence it is 
reasonable to explore such a possibility, and as is shown below, this phenome-
non does have a sound theoretical basis. 

For most of their history, physics and astronomy have operated on the as-
sumption that the universe behaves as a closed system and that the First Law ap-
plies rigorously to all physical phenomena. However, this world view has be-
come strained by recent observations of supermassive galactic cores in an active 
state of eruption which lack dust in their immediate vicinity to fuel their 
enormous energy output. Moreover, as Arp [1] has shown, such cores may birth 
and expel entire galactic embryos, raising concerns about how this is possible 
without violating energy conservation.  

Another serious threat to the closed system paradigm is posed by the immi-
nent collapse of the big bang cosmology. The big bang theory side-stepped its 
immense energy nonconservation violation by claiming that its matter/energy 
creation event occurred in a time shorter than the Planck time. However, as ga-
laxies have been observed at increasingly large redshifts in recent decades, evi-
dence has mounted against the expansion hypothesis as the static universe, tired 
light model has been found to make a far better fit to cosmological test data. In 
particular, the superiority of the static universe, tired light model is best seen 
when the competing cosmologies are simultaneously compared on multiple 
cosmology tests [2] [3]. These findings raise the question as to what creation 
process should replace the big bang. The natural replacement cosmology would 
be one that predicts continuous matter creation [3]. But since such creation 
would necessarily span tens or hundreds of billions of years, there is no easy way 
of avoiding the possibility that the First Law would be continuously broken with 
the emergence of each new particle of matter.  

As is well known, the field of nonequilibrium thermodynamics teaches that 
energy is not necessarily conserved in open systems. Hence, puzzles posed by 
supermassive active galactic cores, as well as the downfall of the big bang theory 
and its imminent replacement with continuous creation alternatives, should he-
rald in a new era in which the universe is instead conceived to operate as an 
open system. One such open system approach that is considered here is that of 
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the subquantum kinetics (SQK) physics methodology [4] [5] [6] [7] [8]. This 
draws concepts from the field of chemical kinetics and applies them to micro-
physics as a description of the subquantum domain. The theoretical approach of 
SQK is very different than that of contemporary physics. Hence the reader is ad-
vised to consult the above references to get a better understanding of its basis.  
 

 

Figure 1. The subquantum kinetics ether reaction scheme as it would appear 
disposed along transformation dimension T. G, X, and Y mark the domain of the 
physical universe. 

 
Nevertheless, at the risk of confusing the reader who may be unfamiliar with 

this approach, a brief summary is provided below.  
According to this view, all space is assumed to be pervaded by a subquantum 

reaction-diffusion medium, or ether, made up of different types of particulate 
subquantum entities called “etherons”. Furthermore, SQK postulates that the 
physical universe at the subquantum level is inherently processual, with etherons 
entering our universe by transforming from “upstream” states and leaving our 
universe by transforming into “downstream” states as shown in Figure 1. Our 
entire universe is then postulated to occupy a point along a higher dimensional 
vector of unidirectional transformation T which defines an unobservable flux 
that essentially passes “through” our universe at the subquantum level. This flux 
is postulated to sustain and animate all quantum phenomena. How this pro-
posed subquantum flux may be related to our experience of the flow of Time has 
been discussed in previous publications [7] [9]. It should be noted that this idea 
is not new. Similar descriptions of a processual ether appear in nineteenth cen-
tury ether theories [10] as well as in ancient cosmologies such as that of Heracli-
tus, the I Ching, and Hindu scripture [9].  

In the SQK scheme, etherons are postulated to react with one another or 
transform one into another in a specific manner as described by a set of five ki-
netic equations called Model G (Equation system (1)): 
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The letters represent the concentrations of various ether reactants, and the 
arrows indicate their direction of transformation at rates specified by kinetic 
constants ki . In all cases, the forward reactions are assumed to be dominant. The 
concentrations of A and B, the source reactants, and Z and Ω, the sink reactants, 
are assumed to remain constant, while G, X, and Y are allowed to vary over 
space and time. In addition, each reactant is associated with a diffusion coeffi-
cient such that, in its entirety, Model G constitutes a reaction-diffusion system 
similar in some respects to the well-known Brusselator reaction system. Varia-
tions in space and time of G would be observable at the quantum level as gravi-
tational potential field variations, φg(r, t), and variations of Y would correlate 
with variations in the electric potential field, φy(r, t). The X variable also plays an 
important role with Y in generating the electric field’s bipolar aspect.  

In this scheme, the G variable, and hence gravity potential, serves as the bi-
furcation parameter that determines whether this nonlinear reaction system op-
erates in a subcritical or supercritical mode. The astrophysicist unfamiliar with 
SQK, might be helped by imagining a given volume of space as functioning like 
the core of a nuclear reactor where the ambient gravity potential acts like the 
reactor control rods regulating the criticality of the nuclear reaction and deter-
mining whether the underlying reaction system operates in a subcritical, energy 
damping mode, or in a supercritical energy amplifying mode. Nonlinear reac-
tion-diffusion systems in general exhibit similar modes of nonconservative wave 
behavior, for example, see Gmitro and Scriven [11]. 

When the concentration of G is above a certain critical threshold Go, that is 
when φg > 0, Model G becomes subcritical. Energy potential fluctuations from 
the steady state will then regress in amplitude. Alternatively, a photon’s energy 
will exponentially decrease as a function of travel distance as follows: 

( ) ( )
0e g c rE r E αϕ−

=                        (2) 

where E0 represents the photon’s initial energy, E(r) signifies its energy after 
traveling a distance r from its point of origin, α is a constant of proportionality 
given in units of s/cm2, φg(r) is the ambient gravity potential in the region tra-
versed by the photon given in units of cm2/s2, and c is the velocity of light in 
cm/s. This nonconservative energy expression follows as a consequence of the 
behavior of the Model G reaction system [6] [7]. It does not violate the First Law 
since SQK conceives the Universe to function as an open system, the photon’s 
field potentials being sustained by the underlying reaction-diffusion processes.  

When the concentration of G is below its critical threshold Go, or when φg < 0, 
Model G instead becomes supercritical and energy potential fluctuations from 
the steady state spontaneously increase in amplitude. In this case, the exponent 
in Equation (2) becomes positive, and photons traveling through regions of neg-
ative gravity potential are predicted to exponentially increase their energy with 
travel distance. When φg = 0, the system operates at its threshold of marginal 
stability, and the exponent in Equation (2) becomes unity dictating perfect 
energy conservation. 
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The various modes of photon energy behavior predicted by this physics are 
illustrated in Figure 2. In the SQK paradigm, gravity potential fields are pre-
dicted to have a finite extent similar to modified Newtonian dynamics or 
MOND. Hence, at the center of a galaxy or cluster, gravity potential is negative 
and progressively rises with increasing distance from this center, eventually ta-
pering off to a local positive intergalactic value. This tapering and limited extent 
of the gravity field is advantageous for static universe cosmologies in general and 
specifically for that of SQK since there is no tendency for the induction of a 
spontaneous cosmic collapse. 

Defining the coefficient ( ) ( )gr r cβ αϕ= , Equation (2) becomes expressed 
as: 

( ) 0e rE r E β−=                          (3) 

which dictates nonconservative energy attenuation for β > 0, and nonconserva-
tive energy amplification for β < 0. Expressed in terms of photon wavelength, λ, 
Equation (3) may alternatively be written as: 

( ) 0e rr βλ λ=                           (4) 

There is substantial evidence that the cosmological redshift is quantized and 
changes in increments that are multiples of 12/km/s, and the same likely occurs 
for the cosmological blueshift effect. Hence the exponential term in Equation (4) 
may be written in the form nβΔr, or alternatively as nΔz [2] [3]. 

Since a photon from a distant galaxy would spend far more time traveling 
through subcritical intergalactic void regions than through supercritical regions 
surrounding galaxy clusters, its wavelength on average is predicted to progres-
sively increase as it travels over cosmological distances. In this averaged case, 
with β > 0, relation (4) describes progressive photon redshifting identical with 
the tired-light relation first proposed by Zwicky [12] to explain Hubble’s red-
shift-distance observations. As mentioned above, studies checking competing 
cosmologies against data on multiple cosmology tests [2] [3], as well as studies 
referenced therein, show that the data favors the static universe, tired-light rela-
tion over the no evolution expanding universe hypothesis. In particular, the tired 
light effect predicted by SQK does not require that the photon undergoes  
 

 

Figure 2. According to SQK, a photon’s energy behavior depends on the ambient value of 
the gravity potential in the photon’s vicinity judged relative to the critical threshold value, 
φg = 0. Photons are predicted to progressively increase their energy within the gravity 
wells that surround galaxies and galaxy clusters (where φg(r) < 0), and to progressively 
decrease their energy in intergalactic space (where φg(r) > 0). 
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scattering interactions with its environment. Hence redshifting occurs in the 
same fashion at both visible and radio frequencies and also parent galaxy image 
blurring should not be seen, thereby circumventing criticisms often made of 
other tired-light models.  

To be physically realistic, the specific values for α and φg in Equation (2) must 
be chosen to match observation. For example, in the case of energy damping 
occurring over cosmological distances, this would be similar to ensuring that 
photons lose energy at a rate that is consistent with the observed Hubble con-
stant value. Similarly, standard expanding universe cosmological theory does not 
predict a specific value for the Hubble constant, but adopts a value based on as-
tronomical observation. Attenuation coefficient β may be expressed in terms of 
the Hubble constant as β = H0/c. Adopting a value of H0 = 64.0 ± 1.6 km/s/Mpc, 
as proposed by Tammann and Reindl [13], would give a β value 6.54 ± 0.16% 
per billion light years, or 2.13 ± 0.05 × 10−4/Mpc. It should be kept in mind that 
we use the Hubble constant symbol here in a nonvelocity context, rather than in 
the expansion context as is more commonly employed. Why this value is chosen, 
as opposed to other values published for H0 is described in the related paper by 
LaViolette [3] which notes that choosing an H0 close to this value allows the 
tired-light model to make a good fit to high-redshift Hubble diagram plots of 
supernova and gamma ray burst data in studies carried out by Marosi [14] [15]. 
When this attenuation is expressed in terms of time rather than distance, rela-
tion (4) becomes: 

( ) 0e tr µλ λ=                         (5) 

where μ = βc = 2.07 ± 0.05 × 10−18/s. 
This gravity-dependent tired-light redshift effect is unique to SQK and has 

nothing to do with the more widely known gravitational redshift of the general 
theory of relativity. Although, SQK does account for conventional relativistic ef-
fects as well [5] [7] [16]. Regardless of the specific values chosen for β, or µ, 
whether they be positive values, denoting exponential energy decrease, or nega-
tive values, denoting exponential energy increase as occurs during passage 
through a gravity potential well, the overall character of these relations is expo-
nential. 

The focus of the present paper is to explore evidence that the Hubble “con-
stant” may actually be variable, namely, to seek evidence for the prediction that 
nonvelocity photon blueshifting occurs in galaxy clusters and superclusters or 
that excessive redshifting occurs when photons pass through cosmic voids. It is 
found that a variable Hubble constant is able to explain a variety of astrophysical 
phenomena which for some time have been puzzling when understood from the 
perspective of standard cosmology. 

2. Nonvelocity Photon Blueshifting When Transiting the  
Virgo Cluster 

The Virgo cluster lies at a distance of about 16.5 Mpc and is the largest galaxy 
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cluster within 100 Mpc of our Local Group (LG). Figure 3 plots the spectral 
shifts of galaxies observed in and near the Virgo cluster as a function of distance 
for a line-of-sight directed through the cluster’s center. The data for this is taken 
from Figure 1 of the paper by Mei et al. [17] who plot their galaxy spectral shift 
data transformed from the heliocentric rest frame of the observer to the cosmic 
microwave background rest frame with the assumption that the Milky Way has a 
moderate relative velocity. The redshift-distance trend lines seen here, solid lines 
(a) and (b) are least squares fits made for galaxies lying outside of the immediate 
vicinity of the Virgo cluster, and are adapted from the paper of Tonry, et al. [18]. 
Their data are here plotted to show how the apparent relative velocity of a pho-
ton changes as it journeys towards Earth from an arbitrary distance of 40.5 Mpc 
where the photon’s spectral shift is arbitrarily set to zero for the purpose of illu-
stration.  

Viewed along our line of sight, the redshift-distance trend lines for galaxies 
located both behind the cluster (line a) and in front of the cluster (line b) are re-
ported to conform to a Hubble constant of approximately 78 km/s/Mpc. These 
two trend lines are seen to be displaced vertically relative to one another as if 
photons journeying from galaxies on the far side of the cluster had been collec-
tively blueshifted as they passed through the cluster. This presents an insur-
mountable difficulty for interpretations that attempt to explain the anomalous 
redshifts and blueshifts seen in the vicinity of the Virgo cluster as being due to 
the peculiar velocities of galaxies relative to our line of sight. For, if these galax-
ies were moving in symmetric fashion around Virgo’s center of mass, one would 
expect an equal proportion of redshifted and blueshifted galaxies. Instead, we see 
that galaxies whose line-of-sight position lies close to the cluster center have an 
imposed blueshift bias. Neither can this discrepant blueshift be realistically ex-
plained by an assumed motion of the Local Group toward Virgo. So, the ob-
served blueshift offset remains unexplained by standard theory. 
 

 

Figure 3. Tired-light redshifting and temporary blueshifting experienced by distant pho-
tons as they traverse through the Virgo cluster. 
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According to the nonvelocity interpretation presented here, suppose that a 
photon begins its journey toward us from a distance of 40.5 Mpc, progressively 
losing energy with increasing travel distance, and redshifting at a rate of H0 = 
+78 km/s/Mpc, trend line (a). Upon nearing the Virgo cluster, and beginning 
around 3.7 Mpc from the cluster’s center, prevailing supercritical conditions 
cause this redshifting trend to reverse and turn into a blueshifting trend, de-
picted by the sigmoid line joining the two z-r trend lines. The redshift-distance 
relation within the cluster now yields a downward slope of roughly −120 
km/s/Mpc, see Figure 2. Once the photon has passed through the cluster and 
reached the side of the cluster facing the Milky Way, this blueshifting trend be-
gins to taper off and to finally reverse into a redshifting trend once again, trend 
line (b). The redshift-distance relation on the near side of the Virgo cluster here 
converges to the same value it exhibited on the far side: +78 km/s/Mpc.  

Trend line (b) is displaced downward relative to trend-line (a) by an apparent 
velocity of −850 km/s. Hence photons appear to blueshift at the rate of −120 
km/s/Mpc over a central cluster distance of approximately 7 Mpc, acquiring a 
total energy gain 0.28 percent, or (−850 km/s)/c, in the course of their passage 
through the cluster. This translates into a frequency blueshifting rate of μ = −3.9 
× 10−18/s which is about 2.5 times the photon blueshifting rate that SQK predicts 
to occur in the Earth’s vicinity [7]. It is also about twice the rate of energy 
change that photons encounter on their cosmological journey, but of opposite 
sign. 

Tonry, et al. [18] refer to this sigmoid apparent velocity feature as Virgo’s 
“s-wave”. Alternatively, they refer to it as the s-wave distortion of the Hubble 
flow, interpreting the spectra in terms of the velocity paradigm. Their interpreta-
tion postulates positive peculiar velocities being present on the near side and 
negative peculiar velocities being present on the far side of Virgo. However, in 
the new paradigm being proposed here, the characteristic S-shape of Virgo’s red-
shift-distance relationship is not due to coordinated peculiar motions of galaxies, 
but rather is evidence that the Virgo cluster resides in an energy-amplifying su-
percritical region. 

Note that the value of H0 = 78 km/s/Mpc found locally in front of and behind 
the Virgo cluster is much larger than the value H0 = 64 km/s/Mpc adopted for 
cosmological distances. However, this value drops considerably when the Virgo 
cluster blueshifting interval is included. For example, referring to Figure 2, 
photons traveling from a distance of 40 Mpc to 4 Mpc increase their apparent 
velocity redshift by 2000 km/s, hence giving an average Hubble redshift rate of 
56 km/s/Mpc. However, considering an even larger span of distance behind the 
Virgo cluster and assuming that the 78 km/s/Mpc trend line continues to hold, 
the resulting average value obtained for H0 would accordingly increase and ap-
proach closer to the cosmological value. So, it seems reasonable that when cos-
mological distances are considered which would accompany the passage of pho-
tons through successive galaxy cluster gravity wells and cosmic void gravity hills, 
that the average value obtained for this Hubble spectral shift parameter would be 
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even greater, converging to the above cited H0 value. Perhaps the Hubble spec-
tral shift parameter is better represented as Hφ to denote that it is actually a grav-
ity potential dependent variable when considering comparatively small distance 
spans. 

In the SQK cosmology, each galaxy cluster resides within a supercritical grav-
ity well, whose gravity potential is theorized to fall below the critical threshold 
value φg = 0. As described elsewhere [3] [4] [5] [6] [7], SQK predicts that such 
“fertile” cluster gravity wells are sites where photon energy is continually ampli-
fied, and matter is continuously created. It proposes that such supercritical re-
gions may have existed in primordial times even before the emergence of matter, 
and that the reason why matter abounds in these regions today is because of the 
supercritical, energy-amplifying conditions that exist there. In primordial times, 
such fertile pockets could have been created by quasi-periodic multi-megaparsec 
steady-state spatial variations in the concentrations of certain of Model G’s 
reactants [7]. SQK predicts that zero-point energy fluctuations would grow and 
eventually nucleate primordial neutrons in these pockets, which in turn would 
decay into protons and electrons, forming an ionized hydrogen gas cloud, each 
particle serving as a nucleation center for further matter proliferation through a 
process of continuous creation. Once cool enough, molecular hydrogen would 
form and coalesce to form planetesimals, which would eventually grow into stars 
which with further proliferation would form primordial galaxies [3] [6] [7]. The 
more massive the galaxy, the deeper and more extensive would be its gravity 
well. Once a number of galaxies form in a given primordial gravity well, their 
respective gravity wells would act together to collectively maintain the cluster’s 
gravity well, locally lowering its collective φg(r) potential. Dark matter is not ne-
cessary to explain the presence of these clusters. Note that due to the limited 
reach of galactic gravity fields in SQK, such aggregations would not have formed 
through gravitational coalescence.  

In speaking about photon blueshifting in galactic clusters, it is important also 
to consider the effect of the more conventional gravitational redshift effect. For 
example, a star in a galaxy in the Virgo cluster would likely have a gravity poten-
tial that is much more negative than Earth’s. Hence photons arriving from that 
galaxy will necessarily undergo a gravitational redshift that would subtract from 
any cosmological photon blueshifting they underwent on their journey to us. 
Cappi [19] has estimated the gravitational redshift of galaxy clusters by assuming 
a de Vaucouleurs profile. For example, he finds that a cluster that has a galaxy 
apparent velocity dispersion of ~1000 km/s would have a gravitational redshift 
of ~80 km/s. Also, Stiavelli and Setti [20] have studied the radial velocity profiles 
of 24 individual galaxies to estimate their gravitational redshifts. As an example, 
two giant elliptical galaxies in the Pegasus constellation, NGC 7626 and NGC 
7619, believed to have masses of 2 × 1012 M⨀ and 1012 M⨀ respectively, are esti-
mated to have gravitational redshifts of 16 km/s and 7 km/s respectively. But 
these various redshift values are small in comparison to the overall blueshifting 

https://doi.org/10.4236/ijaa.2021.112012


P. A. LaViolette 
 

 

DOI: 10.4236/ijaa.2021.112012 241 International Journal of Astronomy and Astrophysics 
 

observed for the spectra of these clusters, and for the purposes of the present 
discussion may be ignored. 

3. The Fingers-of-God Effect and the Kaiser Effect 

When the spectral shifts of cluster galaxies are mapped out in redshift space to 
form a wedge diagram such as that shown in Figure 4 for the Virgo cluster [21], 
they are found to adopt an elongated, appendage-like distribution directed to-
wards the observer’s location. This same phenomenon is also seen when other 
clusters as well are plotted in redshift space. In each case, a blueshifted spectral 
“finger” appears to point towards Earth, as if by divine plan, a phenomenon 
termed the Fingers-of-God effect.  

The standard explanation is that the galaxies in the cluster have random pecu-
liar motions with velocity components being directed both towards and away 
from the observer. In the case of the Virgo cluster, if three high redshift galaxies 
are excluded, it is found that the galaxy spectra span a range ∆v = 3400 km/s; see 
Figure 6 of Arp’s paper [21]. This spectral spread is much greater than that 
shown in Figure 4, which does not plot blueshifted Virgo cluster galaxies from 0 
to −350 km/s. If all of Virgo’s spectral spread is inferred to be due to peculiar 
velocities of galaxies on the order of ±1700 km/s, gravitational attraction due to 
visible matter is found to be insufficient to hold the cluster together. To retain 
the assumption that these spectral shifts are due to peculiar velocities and to 
avoid the ultimate kinetic dispersal of the galaxies, the assumption is usually 
made that the cluster contains large amounts of dark matter. But since there is 
no way to independently verify whether dark matter really exists, this is essen-
tially an ad hoc assumption. 
 

 

Figure 4. Wedge diagram for the Virgo cluster (after H. Arp [21]). Crosses represent 
spiral galaxies Sc or later. Symbol size is proportional to apparent magnitude. Note the 
long vertical distribution of galaxies in redshift space. Galaxies situated further from the 
line of sight, hence toward the edge of the cluster’s gravity well. 
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The dark matter assumption may be partially or entirely eliminated when it is 
realized that a major portion of Virgo’s spectral shift spread may be due to non-
velocity blueshifting. For the purpose of illustration, suppose that 850 km/s of 
Virgo’s spectral spread is due to the nonvelocity blueshift acquired by photons 
passing through the Virgo cluster supercritical region, as shown in Figure 3. 
This then would leave 2550 km/s which could be attributed to cluster kinemat-
ics, i.e., to galaxies having peculiar motions of about ±1275 km/s. This is about 
75% of Virgo’s velocity spread and if this reduced amount were attributed to 
peculiar velocity, the dynamical mass estimated for Virgo would be reduced to 
56% of its current value. 

But in making this estimate we have not taken into account the blueshifting 
that photons experience as they pass through the gravity well of the galaxy from 
which they originate. Arp [21] finds that the most massive and luminous galax-
ies in the Virgo cluster, that is galaxies with deep gravity wells, are usually the 
ones with the greatest blueshifts. He also finds that Virgo’s less luminous galax-
ies as well as its type-Sc galaxies, that is, those having relatively shallow gravity 
wells, are the ones with the greatest redshifts. This is exactly in accordance with 
the predicted gravity potential dependent blueshifting effect. Arp does not quan-
tify the contribution of this effect relative to Virgo’s spectral spread, but judging 
from Figure 6 in his paper, it is reasonable to suppose that it accounts for at least 
400 km/s of the total spread. Subtracting this we find that Virgo’s peculiar veloc-
ity spread now reduces to 2150 km/s, implying velocities of ±1075 km/s, which is 
about 63% of the observed amount. This then implies that Virgo’s dynamical 
mass is 40% of its currently assumed amount, greatly reducing the need to as-
sume the presence of large amounts of dark matter. Additionally, if one consid-
ers that the sloping outer wall of Virgo’s gravity well would exert a centripetal 
force on galaxies within its cluster helping to shepherd its galaxies inward, the 
need for dark matter would be further reduced and possibly even entirely elimi-
nated.  

The standard assumption that the excessive galaxy blueshifts in clusters are 
due to galaxy kinematics runs into even more trouble when larger more distant 
clusters are considered. For example, the wedge diagram for the Shapley super-
cluster shows galaxy redshifts extending from less than 1000 km/s out to 60,000 
km/s. This velocity spread is so large that attempts to introduce assumptions 
about the presence of dark matter lead to absurdities. Standard cosmology is 
then forced to assume that these redshifts are mainly cosmological in nature and 
that the cluster is shaped like an immense sausage whose axis is oriented along 
our line-of-sight to form a “Fingers-of-God” in real space (not just in redshift 
space). Suggestions that this orientation is due to chance are inadequate since 
this supercluster is just one of many galaxy clusters that exhibit such pointing 
effects. Adopting a Hubble constant value of H0 = 64 km/s/Mpc, this leads to the 
conclusion that the Shapley supercluster extends from the solar neighborhood 
out to a distance of 890 Mpc, with galaxies at the far end of the cluster receding 
from the cluster’s low redshift galaxies at almost 20% c in the standard expan-
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sion hypothesis. Over such large distances, and such a large spread of velocities, 
clusters would be unable to keep from dispersing, even if dark matter and stan-
dard Newtonian gravity fields are assumed. The only way to avoid the problem 
is to admit that the redshifts of these galaxies are not entirely Doppler in nature, 
which causes fundamental problems for the expanding universe interpretation of 
cosmological redshifts.  

As in the Virgo cluster, the SQK cosmological blueshifting effect offers a solu-
tion. It predicts that photons traveling towards us from galaxies either located 
within the cluster core or on the far side of the cluster will necessarily traverse 
the cluster’s supercritical gravity well and be blueshifted to such an extent as to 
appear greatly displaced toward the observer in redshift space to produce a very 
elongated appendage-like distribution, as shown in Figure 5 (left). This blue-
shifting effect also explains why the Fingers-of-God redshift distribution is cusp 
shaped. That is, galaxies aligned with our line-of-sight to the cluster’s center will 
be expected to exhibit the greatest blueshifted displacement in redshift space as 
is observed. On the other hand, photons coming to us from peripheral galaxies 
positioned on either side of the line-of-sight would be expected to undergo a 
lesser amount of blueshifting because their trajectories take them through the 
fringe of the cluster’s gravity well where space is not as supercritical and the blu-
eshifting rate is lower. Hence those galaxies will appear further away from us in 
redshift space.  

Subquantum kinetics also predicts a redshift inversion effect since galaxies re-
siding on the far side of the cluster will have their spectra blueshifted more than 
galaxies residing on the cluster’s near side and hence the more distant galaxies 
would appear closer to us in redshift space. For example, blueshifted galaxies like 
M86 and M90, which have apparent velocities of around −350 km/s, would ac-
tually lie on the far side of the cluster, their light traversing the entire Virgo 
cluster supercritical region. The Seyfert galaxy NGC 4388, which has one of the 
largest redshifts observed in the Virgo cluster, about +2525 km/s, would actually 
be situated on the near side of the cluster, hence around 15 Mpc away from us. 

This blueshifting effect will also cause the cluster fringes to appear pancaked 
toward the observer in redshift space, adopting the shape of an oblate ellipsoid; 
see Figure 5 (left). Such pancaking is in fact observed and is referred to as the 
Kaiser effect [22]. Standard cosmology attributes the Kaiser effect to coherent 
peculiar motions of the cluster galaxies. Thus, whereas the Fingers-of-God effect 
is conventionally attributed to random peculiar motions, just a bit further out 
toward the periphery of the same cluster we are asked to believe that these pecu-
liar motions now become coherent in such a way as to explain this pancaking ef-
fect. So, standard theory burdens itself with assumptions in order to explain ob-
servations. 

4. Cosmic Voids 

Subquantum kinetics predicts that cosmic voids also should exhibit a form of the 
Fingers-of-God effect, but in this case due to excessive redshifting. Voids would  
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Figure 5. A typical galaxy cluster plotted in redshift space showing how the Fin-
gers-of-God elongation effect and Kaiser pancaking effect are created when photons 
coming from the far side of an approximately spheroidal galaxy cluster undergo cosmo-
logical blueshifting during their passage through the cluster’s supercritical region. 
 
be regions which are more subcritical than surrounding regions of intergalactic 
space. Hence photons traveling to us through such voids would redshift (lose 
energy) more rapidly than the average cosmological rate, causing galaxies on the 
void’s far side to appear to lie further away from us in redshift space. This would 
cause the voids to appear elongated along our line of sight as shown in Figure 6. 
In fact, void elongation is confirmed by observation. A study of the shapes of 
voids concludes that, when plotted in redshift space, they appear roughly as pro-
late ellipsoids with ellipticities averaging around 0.35 [23] [24]. That is, they ap-
pear about 1.5 times longer in the radial direction than in the transverse direc-
tion. Like the elongation effect observed in galaxy clusters, the voids give the 
impression that they are all “pointing” towards us.  

The standard explanation is that this distortion arises because galaxies at the 
void boundaries have coherent peculiar velocities causing them to move as a 
group away from the void’s center. Though, this creates a mystery as to what 
force standard theory would propose to be pulling them all away from these 
centers. Gravity itself is not strong enough unless one is willing to assume un-
reasonably large quantities of dark matter lurking beyond the void walls. The 
other suggestion that has been made to account for this phenomenon is to claim 
that the expanding universe deceleration parameter 0q  becomes negative in-
side voids, on the assumption, for example, that the void contains dark energy 
that causes it to expand more rapidly than surrounding regions of space [25]. 
However, such hypotheses are introduced in ad hoc fashion in order to explain 
how a spheroidal shaped void might appear elongated in redshift space. Sub-
quantum kinetics, on the other hand, predicts this Fingers-of-God phenomenon 
without introducing additional assumptions. 

Voids by definition are regions with fewer galaxies. According to SQK this has 
occurred because subatomic particles have had more difficulty nucleating in 
such regions because space is more subcritical there. Also, it predicts that matter 
creation should proceed far more slowly there. It is also worth noting that galax-
ies residing in cosmic voids are observed to be subluminous. Hoyle, et al. [26] 
have compared the luminosity distributions of distant void galaxies to distant  
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Figure 6. The apparent elongation of cosmic voids in redshift space as predicted by sub-
quantum kinetics. 
 
wall galaxies and have found that on average void galaxies are dimmer; see Fig-
ure 7. Murawski [27] has studied the void between the Virgo and Coma clusters 
and suggests that the dimming may be due to an intergalactic gas cloud causing 
0.45 mag of absorption. However, according to SQK, void galaxies would be 
dimmer because galaxies there would form gravity wells that are less supercriti-
cal than would galaxies in other regions of space. Hence the slower rate of pho-
ton blueshifting within the stars of these galaxies would result in stellar luminos-
ities that would be lower when compared with galaxies located in a cosmic wall 
where the space is more supercritical. This finding mirrors the finding of Arp 
[21] that massive cluster galaxies are unusually luminous. 

The consequence of the SQK photon blueshifting on the luminosities of pla-
nets, brown dwarfs, and stars of the lower and upper main sequence has been 
explored by the author elsewhere [7] [28]. 

The Local Void, the one that is closest to us, measures about 60 Mpc in size 
and its nearest side lies about 2 Mpc away from us, with the Local Group (LG) 
lying in the bordering cosmic wall. Some have suggested that the void is exerting 
a pressure on LG cluster galaxies, pushing them away toward the Virgo cluster 
which lies in the opposite part of the sky. Our galaxy, for example, is estimated 
to have an apparent relative velocity away from the void of about 260 km/s [29]. 
Subquantum kinetics, on the other hand, suggests that much of the excess red-
shift normally attributed to peculiar galaxy recession could instead be an artifact 
of the excess nonvelocity redshifting that photons are undergoing as they jour-
ney to us through the void. In a similar fashion, if the nonvelocity photon blue-
shifting prediction is correct, the assumption that the Milky Way and local clus-
ter galaxies are “falling” towards Virgo cluster, Great Attractor, or Shapley clus-
ters due to excess blueshifting in those regions may need to be reevaluated.  

5. The Local Blueshift Bias 

According to SQK, photons should undergo cosmological blueshifting as they 
pass through the supercritical gravity well of our LG cluster. This is found to be 
the case. The redshift-distance regression line for dwarf galaxies, which is linear 
at distances greater than 2 Mpc, bends downward to negative apparent velocities 
at distances less than 2 Mpc, see Figure 8, after Karachentsev, et al. [30]. At  
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Figure 7. A comparison of the distribution of absolute magnitudes of void galaxies 
(shaded) to wall galaxies (after F. Hoyle, et al. [24]). 
 

 

Figure 8. Spectral shifts (y axis) and distances (x axis) to various galaxies within 3 Mpc of 
the Local Group, whose centroid is located at distance zero. The solid line plots the re-
gression fit to the Hubble flow data. The horizontal dotted line marks where the apparent 
velocity attains a zero value. After Karachentsev, et al. [30]. 
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about 3 Mpc this regression line (solid line) exhibits a slope of ~83 km/s/Mpc 
which progressively steepens to about 190 km/s/Mpc in the vicinity of the LG. It 
projects a negative spectral shift of −75 km/s at the location of the Milky Way 
(MW), which is stated to lie 0.43 Mpc from the cluster centroid. The trend line, 
projects a zero redshift value at a distance of ~1 Mpc from the cluster barycenter. 
In the context of SQK, this suggests that the LG’s supercritical region would 
have a radius of about 1 Mpc. This supercritical region would be far smaller than 
that of the Virgo cluster which likely has a radius of about 4 Mpc, based on Fig-
ure 3. Since the Virgo cluster is much more massive than the LG cluster, its 
gravity well would be much deeper, more supercritical, and much larger in ex-
tent, which would explain why it exhibits a far greater degree of photon blue-
shifting. 

The conventional kinematic interpretation of Figure 8 is that the red-
shift-distance trend line in the vicinity of the LG, known as the Hubble flow, be-
gins about 1 Mpc from the LG centroid and that cosmological expansion is ab-
sent closer to the LG centroid. However, ad hoc assumptions must be added to 
the expansion hypothesis to account for it. In the SQK cosmological paradigm, 
on the other hand, this trend line dip is anticipated. Note that in the static un-
iverse tired-light interpretation of SQK, the term “Hubble flow” would be a 
misnomer in that galaxies would not actually be “flowing” away from us. 

A related observation is that the Hubble flow is said to be very “cold”, galaxies 
being observed to have a dispersion of only ±2 km/s around a 78 km/s/Mpc 
trend line. This has led Sandage [31] to comment “... the explanation of why the 
local expansion field is so noiseless remains a mystery.” Also, Karachentsev, et al. 
[32] write, “The most enigmatic property of the local Hubble flow turns out to 
be its ‘coldness’.” However, this mystery evaporates when the local Hubble flow 
is understood to be due to a nonvelocity tired-light energy loss effect. The red-
shifting rate would be determined by the criticality of space which apparently 
does not vary much in our locale. 

Subquantum kinetics also predicts that photons coming to us from the An-
dromeda galaxy should be blueshifted as they successively pass through Andro-
meda’s supercritical gravity well, the LG cluster gravity well, and finally the 
Milky Way’s gravity well. In fact, Andromeda is seen to exhibit a substantial 
blueshift. Arp and Sulentic [33] and Arp [1] estimate a value of –86 km/s based 
on the conclusion that the Sun has a Galactic orbital velocity of 220 km/s [34]. 
Traditionally, Andromeda’s blueshift has been interpreted kinematically as evi-
dence that the galaxy has a velocity component directed toward the Milky Way. 
However, the findings of Arp [34] that the spectral shifts of Local Group compa-
nion galaxies relative to that of M31 are quantized in 72 km/s steps with a stan-
dard deviation of ±17 km/s around those periodic values has led him to con-
clude that the peculiar velocities of our neighboring galaxies should be no great-
er than this 17 km/s. This is consistent with Arp’s suggestion that M31’s blu-
eward spectral shift is for the most part nonvelocity in origin. The solution of-
fered by SQK is that this blueshift is primarily due to local photon blueshifting.  
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6. Nonvelocity Blueshifting Influenced by Galaxy Mass and  
Morphology 

Arp [35] has studied galaxy groups consisting of a primary galaxy with interact-
ing companions and has shown that companion galaxies have redshifts averag-
ing 122 ± 34 km/s higher than that of the dominant galaxy, the more luminous 
and massive galaxy in the cluster. Regarding the spectral shift bias seen in the LG 
cluster, Arp and Sulentic [32] have stated that if the shifts are interpreted as pe-
culiar velocities of the companions there is only one chance in 4 million that we 
would be viewing the cluster at a privileged time when all of its satellite galaxies 
happen to be collectively receding from us. Since 1970, at least 18 studies of this 
redshift anomaly have been carried out and all show the effect to be real. This 
has long been a thorn in the side of conventional astronomy since the concor-
dance cosmology has no explanation for it. Bottinelli and Gouguenheim [36] 
have studied 20 galaxy groups containing 52 companion galaxies and confirmed 
that companion galaxies have redshifts that are systematically higher by about 90 
± 8 km/s. But they also considered the reverse, namely the lack of redshift in the 
main galaxy relative to the companion galaxies, and as expected found the main 
galaxy’s redshift is generally lower by about 90 km/s, hence blueshifted relative 
to the companion galaxy spectra. This effect is predicted by the SQK blueshifting 
prediction. Namely, the more massive galaxies, such as giant ellipticals, should 
have deeper gravity wells and hence should undergo greater photon blueshifting 
than companion galaxies which are less massive and have shallower gravity 
wells. Also, primary galaxies are usually found at the center of a cluster, hence in 
a region of more negative gravity potential, where their spectra would be blue-
shifted to a much greater extent. 

Arp [19] [37] and Russell [38] also report the presence of a redshift discre-
pancy that depends on galaxy morphology. They find that Sc and Scd “late type” 
galaxies have an excess redshift when compared to earlier type companion ga-
laxies of Sa and Sb morphology. Part of this morphology-dependent redshift ef-
fect is anticipated by SQK. Sc and Scd spirals, for example, have arms that are 
more loosely wrapped and hence distribute their galaxy’s mass over a large area 
thereby producing a relatively shallow gravity well in the vicinity of the galaxy’s 
disc. Sa galaxies on the other hand, have their arms more tightly wrapped 
around the galaxy’s bulge, hence concentrating most of their mass in a much 
smaller volume and resulting in a deeper gravity well. Sb galaxies have properties 
intermediate between Sa and Sc, but still their gravity wells would be deeper than 
those of Sc galaxies. Hence because Sa and Sb galaxies have deeper gravity wells, 
they would undergo the greater amount of photon blueshifting and hence should 
exhibit a smaller redshift than Sc galaxies, as is observed.  

7. Conclusions 

It has been demonstrated here that cosmological photons may progressively 
blueshift when traversing the gravity wells of galaxies and galaxy clusters. This 
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effect is able to explain the blueshifting of galaxy spectra seen in large clusters 
such as the Virgo cluster as well as within smaller clusters such as the Local 
Group. The same blueshifting phenomenon is found to explain the Fingers-of-God 
effect as well as the Kaiser pancaking effect seen when galaxy cluster spectra are 
plotted in redshift space. It also explains why massive primary galaxies in a clus-
ter are blueshifted relative to their companion galaxies. It also has been shown 
that excess tired-light redshifting of photons passing through cosmic voids can 
explain why voids appear elongated when plotted in redshift space. This variable 
Hubble constant effect also explains why galaxies residing in cosmic voids are 
dimmer and why those located in the centers of galaxy clusters are brighter than 
average.  

The same photon energy behavior prediction also leads to a tired-light red-
shift relation which elsewhere has been shown to fit cosmological data better 
than the no evolution expanding universe cosmology [2] [3]. While other 
tired-light models have been advanced to explain only the cosmological redshift 
effect, only the gravity-potential-dependent photon energy change prediction of 
subquantum kinetics is able in addition to explain these photon blueshifting and 
excess photon redshifting phenomena. These various modes of photon energy 
behavior emerge as predictions of the equation system postulated to form the 
basis of subquantum kinetics, a methodology which to date has had at least 12 of 
its predictions verified [6] [7]. This gravity potential dependent variable Hubble 
“constant” prediction of subquantum kinetics satisfies Occam’s razor in that it is 
able to explain a wide variety of cosmological phenomena which otherwise 
would require the introduction of numerous ad hoc assumptions for their ex-
planation. 
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Abstract 
Two new equations of motion for a supernova remnant (SNR) are derived in 
the framework of energy conservation for the thin-layer approximation. The 
first one is based on an inverse square law for the surrounding density and 
the second one on a non-cubic dependence of the swept mass. Under the as-
sumption that the observed radio-flux scales as the flux of kinetic energy, two 
scaling laws are derived for the temporal evolution of the surface brightness 
of SNRs. The astrophysical applications cover two galactic samples of surface 
brightness and an extragalactic one.  
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1. Introduction 

The surface brightness versus diameter, (Σ-D), for supernova remnants (SNRs) 
was initially analysed from a theoretical point of view in the framework of the 
initial conditions for the time evolution of SNRs [1] [2] [3] [4]. Some generic 
information on Σ-D can be found in reviews of SNRs [5] [6]. 

The astrophysical approach to the Σ-D has always mixed the observations 
with the theory and the statistics. We select some items among others: a catalog 
of 25 SNRs has been compiled by [7] with the conclusion that SNRs in the galac-
tic halo have diameters greater than those in the disk, the evolutionary proper-
ties of SNRs have been deduced from observations with the Molonglo and 
Parkes radio telescopes [8], the Σ-D relationship was used to fix the scale for 
distances of SNRs [9], the diameters, luminosities, surface brightness, galactic 
heights for 231 SNRs were processed in the framework of the Sedov solution 
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[10], a new high-latitude SNR [11] was analysed, an updated radio Σ-D rela-
tionship was derived [12] and the phases of some supernova remnant have been 
determined from the observations [13]. In order to derive the Σ-D relationship, 
some hypotheses on the single equation of motion should be made, e.g., the 
conservation of the momentum [14]. Here conversely we will apply the energy 
conservation in the framework of the thin-layer approximation and we will de-
rive an analytical expression for the Σ-D relationship. This paper derives two 
new equations of motion in the framework of energy conservation for the 
thin-layer approximation, see Section 2, applies the two analytical expressions 
for the surface brightness to two galactic samples, see Section 3, and to an extra-
galactic catalog, see Section 4. 

2. The Equations of Motion 

The conservation of kinetic energy in spherical coordinates in the framework of 
the thin-layer approximation, here taken to be an assumption, states that  

( ) ( )2 2
0 0 0

1 1 ,
2 2

M r v M r v=                      (1) 

where ( )0 0M r  and ( )M r  are the swept masses at r0 and r, while v0 and v are 
the velocities of the thin layer at r0 and r. We now present two equations of mo-
tion for SNRs and the back-reaction for one of the two. 

2.1. The Inverse Square Law 

The medium around the SN is assumed to scale as an inverse square law  

( )
0

2
0 0

0

if
;

if

c

c

r r
r r r

r r
r

≤
=    >  

 

ρ
ρ

ρ
                  (2) 

where cρ  is the density at 0r =  and 0r  is the radius after which the density 
starts to decrease. When the conservation of energy is applied, the velocity as a 
function of the radius is  

( )
( )0 0 0

0 0
0

2 3
; , .

2 3
r r r v

v r r v
r r

− −
= −

−
                  (3) 

The trajectory, i.e. the radius as a function of time, is  

( ) ( )( )2 33 3
0 0 0 0 0 0 0 0

1 2; , , 2 9 9 2 ,
6 3

r t t r v r t t v r r= − + +            (4) 

and the velocity as a function of time is  

( )
( )

3 3
0 0

0 0 0
3

0 0 0

2
; , , .

9 9 2

r v
v t t r v

t t v r
=

− +
                  (5) 

More details can be found in [15]. The rate of transfer of mechanical energy, 

mL , is  

( ) ( ) ( ) ( )2 31 4 ,
2mL t t r t v t= πρ                     (6) 
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where ( )tρ , ( )r t  and ( )v t  are the instantaneous density, radius and veloci-
ty of the SN. We now assume that the density in front of the advancing expan-
sion scales as  

( ) ( )
0

0 ,
d

r
t

r t
 

=   
 

ρ ρ                         (7) 

where r0 is the radius at t0 and d is a parameter which allows matching the ob-
servations. The mechanical luminosity is now  

( ) ( ) ( ) ( )2 30
0

1 4 .
2

d

m
r

L t r t v t
r t

 
=   π

 
ρ                   (8) 

In the case here analysed of the inverse square profile for density we have  

( )0 0 0
0 0 0 0

; , , ,
81 81 18m

DLML t v t r
v t v t r

=
− +

                 (9) 

where  

( )( )

( )( )

12
3 3 3

0 0 0 0 0 0 0

22
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2 9 9 2 4 .

d

dDLM r r t t v r r

r t t v r r r v
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× − + + 

 
π

ρ
        (10) 

We now assume that the observed luminosity, Lν , in a given band denoted 
by the frequency ν  is proportional to the mechanical luminosity  

( ) ( ) ,mL t cost L t= ∗ν                       (11) 

where Lν  is the observed radio luminosity in a given band and cost  a con-
stant which resolves the mismatch between theory and observations. The surface 
brightness is the luminosity divided by the interested area  

( )
( )2 ,

L t

r tπ
Σ = ν                          (12) 

which is  

( )
( )( )

30
0 0 02 33 3

0 0 0 0 0
0 0 0
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4 6
2 9 9 2 4

; , , .
9 9 2
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d r r v
r t t v r r
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 − + + Σ =
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ρ

   (13) 

2.2. Non-Cubic Dependence 

The swept mass is assumed to scale as  

( )
0 0

0
0 0

0

if

; ,
if

M r r

M r r rM r r
r

≤


=  
> 

 

δδ                  (14) 

where M0 is the swept mass at 0r r= , and δ  is a regulating parameter less 
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than 3. The differential equation of the first order which regulates the motion is 
obtained by inserting the above ( )M r  in Equation (1)  

( )0 0 0

0

d ; , ,
,

d
r t r v v

t r r−
=

δ δ

δ
                     (15) 

which has as the solution  

( )0 0; , , exp
2

ERr t r v  =  + 
δ

δ
                    (16) 

where  
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δ δ δ δ
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The velocity is  

( )
( )( )0 0 2

0 0 0 0 0 0 0

; , ,
2 2 2 2
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tv t v tv t v r
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δ δ δδ

δ δ

δ δ δ

δ

     (19) 

Figure 1 reports the analytical solution for the NCD case as given by Equation 
(16) for SN 1993J. 
 

 
Figure 1. Analytical solution for the NCD case with parameters 0 0.006 pcr = , 

0 10000 km sv = , 0 0.026 yrt =  and 0.2=δ , which gives 2 3751=χ . The astronomical 
data of SN 1993J are represented with vertical error bars. 
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The mechanical luminosity is assumed to scale as in Equation (8) and there-
fore in the NCD case is 

( )
( )

( ) ( )( )( )
( )

( ) ( )
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0 0 0 3 2

0 0 0 263
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where  
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and  
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0 0 0 02ln 2 ln 2 2
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=

+
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( )( ) ( )0
1 0 0

2
1 ,

2
r

S t t v
+

= + − +
δ

δ                  (23) 

and 

( )( )( )2
2 0 0 0 02 2 .S v t t r r= + − + δδ                  (24) 

The surface brightness is derived according to Equation (12) and in the NCD 
case is  

( )

( ) ( )
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3 3 21 6 6
2 22 2 32 2 2
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where  
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2
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− + + − + +
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+

δ δ
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( )( )0 0 02 2SB v t t r= + − +δ                    (27) 

and 

( )( ) ( )0
0 0

2
1 .

2
r

SC t t v
+

= + − +
δ

δ                (28) 

A comparison of the two models here implemented for the trajectory is re-
ported in Figure 2. 

2.3. Non-Cubic Dependence and Back Reaction 

The radiative losses per unit length are assumed to be proportional to the flux of 
momentum as an assumption 
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Figure 2. Analytical solution for the inverse square model (dashed line) when 0 1 pcr = , 

0 4000 km sv = , 0 10 yrt = , and NCD model (full line) with the same parameters and 
1.3=δ . 

 
2 24 ,sv r− περ                          (29) 

where ε  is a constant and sρ  is the density in the thin advancing layer. 
The volume, V, of the advancing layer is  

24V r r= π ∆                           (30) 

with 12r r∆ = , therefore the above density for the advancing layer is  

( )0; ,
.s

M r r
V

=
δ

ρ                        (31) 

Inserting in the above equation the velocity to the first order as given by Equ-
ation (18) the radiative losses, ( )0 0; , , ,Q r r v δ ε , are  

( )
2

0 0
0 0; , , , 12 .

M v
Q r r v

r
= −

ε
δ ε                  (32) 

The sum of the radiative losses between r0 and r is given by the following 
integral, L,  

( ) ( ) ( ) ( )
0

2 2
0 0 0 0 0 0 0 0 0; , , , ; , , , d 12 ln 12 ln .

r

r
L r r v Q r r v r M v r M v r= = − +∫δ ε δ ε ε ε  (33) 

The conservation of energy in the presence of the back reaction due to the ra-
diative losses is  

( ) ( )
3 2 3 2

3 2 3 20 0 0
0 0 0 0 0

0

2 2
16 ln 16 ln .

3 3
r v r vr r v r r v r

r
π π 

+ − =  π


π


δ

ε ε     (34) 

An analytical solution for the velocity to second order, ( )0 0; , , ,cv r r c δ ε , is  

( ) ( ) ( )2 2
0 0 0 0 0; , , , 24 ln 24ln 1 .cv r r v r r r r v

−
= − +

δ δ

δ ε ε ε        (35) 

The inclusion of the back reaction allows the evaluation of the SRS’s maxi-
mum length, ( )0 , ,backr r δ ε , which can be derived by setting the above velocity 
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equal to zero.  

( )
( )024ln 1
24

0 , , e .
r

backr r
+

=
ε

εδ ε                     (36) 

Figure 3 reports the finite radius of the advancing SNR as a function of ε .  

3. Galactic Application 

In the following we will process a sample of data ,i ix y  with i varying between 1 
and N by a power law fit of the type  

( ) ,y x Cx= α                          (37) 

where C and α  are two constants to be found from the sample. 
The first source for the observed Σ-D relationship for the SNRs of our galaxy 

can be found in Figure 3 of [10] which is now digitized, see Figure 4. 
Table 1 reports the minimum diameter, Dmin, the average diameter, D , the 

maximum diameter, Dmax, the minimum Σ-D, Σ-Dmin, the average Σ-D, -DΣ  
and the maximum Σ-D, Σ-Dmax as well as the two parameters of the power law 
fit. 

A second source for the Σ-D relationship is the Green’s catalog [16] where the 
flux density in Jy at 1 GHz, S1, and the mayor and minor angular size in arcmin, 
θ , are reported for 295 SNRs. The surface-brightness in SI is  
 

 

Figure 3. Length of the SNR, backr , when 0 0.6 pcr =  as function of ε . 
 

 

Figure 4. Observed Σ-D relationship (empty stars) and fitted power law (full line) with 
parameters as in Table 1. 
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Table 1. Statistics of the observed Σ-D galactic relationship and the two parameters of the 
power law fit. The theoretical parameters of the inverse square solution are 0 1 pcr = , 

0 4000 km sv = , 1.1d = , 0 10 yrt = , min 02t t=  and 5
max 2.05 10 yrt = × .  

parameter observed theoretical 

( )min pcD  1.18 3.44 

( )pcD  37.17 37.4 

( )max pcD  227.17 86.708 

( )min pcΣ  5.96 × 10−23 3 × 10−20 

( )pcΣ  2.16 × 10−19 2.24 × 10−19 

( )max pcΣ  1.66 × 10−17 2.54 × 10−19 

C 3.83 × 10−19 1.32 × 10−17 

α  −1.32 −1.33 

 

19 1
2

W1.181 10 SI,
m Hz sr

S−Σ = ×
⋅ ⋅θ

               (38) 

but after [8] the radio astronomers use the following conversion  

19 1
2

W1.505 10 astronomy,
m Hz sr

S−Σ = ×
⋅ ⋅θ

            (39) 

which will also be adopted here. 
The probability density function (PDF), ( )p z , to have an SNR as a function 

of the galactic height z is characterized by an exponential PDF  

( ) 1 exp ,zp z
b b

= −                        (40) 

with 83 pcb =  [10]. The linear diameter (D) of an SNR increases with the ga-
lactic height see Figure 2 in [10] and in the framework of the model with an in-
verse square law model for density the parameter r0 is chosen to have the fol-
lowing dependence with the galactic height  

0
max

0.01 0.5 ,zr
z

 
= +  

 
                     (41) 

where max 687z =  is the maximum galactic height which belongs to an SNR. 
The above assumption coupled with an initial velocity for the inverse square law 
model for density of 0 4000 km sv =  for all the SNRs will ensure a longer ra-
dius for SNRs with higher galactic heights, see Figure 5. 

We now simulate the galactic Σ-D relationship for a number of theoretical 
SNRs, N, equal to that observed according to the following rules  

1) We randomly generate N parameters z according to the exponential PDF 
(40).  

2) At each random value of z we associate an initial parameter r0 according to 
the empirical Equation (41). 
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3) We randomly generate N times, t, according to the uniform distribution 
between a minimum value of time, tmin and a maximum value of time, tmax.  

4) Given the parameters r0, v0, t0 and t we evaluate the radius according to 
Equation (4) for an inverse power law profile for density. The diameter is ob-
tained doubling the above result.  

5) Σ is now generated according to Equation (13) once the regulating parame-
ter d is provided.  

The theoretical display of the results is reported in Figure 6, were we matched 
the three main parameters ( ( )pc , - ,D DΣ α ) which for the observations are 
(37.17, 2.16 × 10−19, −1.32) and for our simulation are (37.4, 2.24 × 10−19, −1.33).  

The surface brightness of the Green’s catalog is reported in Figure 7 and our 
simulation in Figure 8; see also Table 2 for a comparison between the data of 
the catalog and the simulation. 

4. Extragalactic Application 

A sample of SNRs in nearby galaxies with diameter in pc and flux at 1.4 GHz in mJy 
has been collected [17]. The connected catalog is available at  
http://cdsweb.u-strasbg.fr/. The statistics of the Σ-D relationship for this extra-
galactic sample is reported in Table 3 and displayed in Figure 9. 
 

 

Figure 5. Theoretical radius as given by the inverse square model, see Equation (2), as 
function of the galactic height; 0 4000 km sv = , 0 10 yrt =  and 45 10 yrt = × . 

 

 

Figure 6. Theoretical Σ-D relationship (empty stars) and fitted power law (full line) with 
parameters as in Table 1. 
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Figure 7. Histogram of the Σ-D for 294 SNR as derived from the Green’s catalog [16]. 
 

 

Figure 8. Histogram for the Σ-D of our simulation in the framework of the inverse square 
model. 
 

 

Figure 9. Observed Σ-D relationship for the extragalactic case (empty stars) and fitting 
power law (full line) with parameters as in Table 3. 
 

The theoretical Σ-D is now evaluated in the framework of the NCD model, see 
Equation (25), with a numerical procedure which is similar to that of the galactic 
case but with the difference that there is no dependence of r0 on z. The numeri-
cal value of r0 in the extragalactic case is now randomly generated according to 
the uniform distribution between a minimum value, 0,minr , and a maximum 
value, 0,maxr , see Table 3 and Figure 10. 
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Figure 10. Theoretical Σ-D relationship for the extragalactic case in the framework of the 
NCD model (empty stars) and fitting power law (full line) with parameters as in Table 3. 
 
Table 2. Statistics of the observed [16] and simulated Σ in the framework of the inverse 
square model.  

parameter observed theoretical 

( )min pcΣ  1.42 × 10−25 1.27 × 10−21 

( )pcΣ  1.13 × 10−18 1.13 × 10−18 

( )max pcΣ  4.34 × 10−17 6.17 × 10−17 

 
Table 3. Statistics of the observed Σ-D extragalactic relationship and the two parameters 
of the power law fit. The theoretical parameters for the NCD case are 0 1 pcr = , 

0,min 02r r= , 0,max 0,min1.4r r= , 0 4000 km sv = , 1.3=δ , 1.1d = , 0 10 yrt = , min 02t t=  

and 4
max 2.9 10 yrt = × . 

parameter observed theoretical 

( )min pcD  0.51 4.05 

( )pcD  34.6 34.23 

( )max pcD  450 54.39 

( )min pcΣ  2.4 × 10−22 1.87 × 10−17 

( )pcΣ  6.13 × 10−16 8.82 × 10−16 

( )max pcΣ  8.6 × 10−14 4.14 × 10−14 

C 8.85 × 10−16 2.64 × 10−12 

α  −3.1 −2.96 

5. Conclusions 

When an analytical law of motion is available, a theoretical Σ-D relationship can 
be derived as a function of time. Here, in the framework of the energy conserva-
tion in the thin-layer approximation, we have derived one formula for Σ-D when 
the density of the surrounding ISM scales as an inverse square law, see Equation 
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(13), and another formula for the NCD case, see Equation (25). The two formu-
lae allow simulating:  

1) The galactic Σ-D relationship as given by the data of [10], see Figure 6 and 
Table 1.  

2) The galactic Σ-D relationship as given by a catalog of SNRs [16], see Figure 
8 and Table 2.  

3) An extragalactic Σ-D catalog [17], see Figure 10 and Table 3. 
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Abstract 
Based on the latest Planck surveys, the universe is close to being remarkably 
flat, and yet, within observational error, there is still room for a slight curva-
ture. If the curvature is positive, then this would lead to a closed universe, as 
well as allow for a big bounce scenario. Working within these assumptions, 
and using a simple model, we predict that the cosmos may have a positive 
curvature in the amount, 0 1.001802Ω = , a value within current observa-
tional bounds. For the scaling laws associated with the density parameters in 
Friedmann’s equations, we will assume a susceptibility model for space, 

where, ( )aχ , equals the smeared cosmic susceptibility. If we allow the ( )aχ  
to decrease with increasing cosmic scale parameter, “a”, then we can predict a 
maximum Hubble volume, with minimum CMB temperature for the voids, 
before contraction begins, as well as a minimum volume, with maximum 
CMB temperature, when expansion starts. A specific heat engine model for 
the cosmos is also entertained for this model of a closed universe.  
 
Keywords 
Cosmic Curvature, Closed Universe, Cyclic Universe, Heat Engine Model for 
Universe, Big Bounce, Susceptibility Model for Universe, Carnot Cycle Model 
for Cosmos, Causal Isotropy in CMB Temperature 

 

1. Introduction 

Models for a cyclic universe and big bounce, versus big bang, scenario, for the 
cosmos are once again coming into vogue [1] [2] [3] [4] [5]. They bypass some 
of the long standing problems in cosmology. Among them we include the cos-
mic volume singularity problem, and horizon problem, i.e., coming up with an 
explanation for the causal isotropy in CMB temperature. Big bounce scenarios 
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can also explain the smoothness and relative flatness of the universe, allow for a 
universe without “edges”, and avoid the multiverse problem. There are many 
other reasons. Some good reviews for big bounce, versus big bang models, are 
given in references [6] [7] [8]. 

Many such models exist, some of which are very exotic [9] [10] [11] [12] [13]. 
Some rely on a mechanism whereby the total energy density in Friedmann’s eq-
uation starts to decrease as the scale parameter, “a”, increases. For a big bounce 
scenario, we require, namely, that the Hubble parameter, at the point of expan-
sion turning into contraction, equals zero, 0H = , and furthermore, that, 

0H >� . A dot over a variable designates a derivative with respect to cosmological 
time. Unfortunately, this takes us into physics beyond the ΛCDM model. In the 
standard cosmological model, dark energy takes over (dominates) at high “a” 
values, and stays constant. As such, there is no simple way to scale various den-
sity components such that, at some future cosmological epoch, the Hubble pa-
rameter, H, vanishes. 

Some time ago we also proposed, and advocated for, a different type of big 
bounce model [14]. Our big bounce universe was modeled as a thermodynamic 
heat engine. Specifically, we argued for a Carnot heat engine cycle for the cos-
mos, where we have isothermal expansion from points 1 → 2 (see the figure be-
low), followed by adiabatic expansion from points 2 → 3, followed by isothermal 
contraction from points 3 → 4, followed by adiabatic contraction from points 4 → 
1, bringing us back to our original starting point. The working substance, which 
experiences the specific volume expansion and contraction, is the CMB radiation 
which fills the collective voids in the universe, what is seen in WMAP and 
Planck data. This part which expands, and will later contract, is called the “sys-
tem”. The “surroundings” are collectively the cooler regions (pockets) in the un-
iverse which have given up heat initially, and which will later fill with ordinary 
matter. This part will hardly expand (it may even contract) due to the action of 
losing heat energy, and eventually gravity will prevent further expansion. Dia-
grammatically, the four-step process is represented by Figure 1, which is not 
drawn to scale. It is for representative purposes only. The universe, currently, finds 
itself somewhere between points, 2, and 3, towards the bottom end near point 3. 

In Figure 1, the thermodynamic point 1 represents the minimum volume, the 
maximum temperature, the maximum internal energy density, the maximum 
pressure, and the maximum entropy density, for the CMB radiation, which we 
currently see in WMAP/Planck temperature maps. Point 3, on the other hand, 
indicates the maximum volume, the minimum temperature, the minimum in-
ternal energy density, and the minimum entropy density, for same. From point 1 
to point 2, an amount of heat, HQ , is given up by the surroundings to the sys-
tem, and from point 3 to 4, heat energy is supplied by the system, CQ , and 
given back to the surroundings. 

The advantages of this proposed heat engine model are many. Among the 
most important [14], we would list, 

https://doi.org/10.4236/ijaa.2021.112014


C. Pilot 
 

 

DOI: 10.4236/ijaa.2021.112014 267 International Journal of Astronomy and Astrophysics 
 

 
Figure 1. The lines from points 1 to 2, and from points 3 to 4, are drawn greatly exagge-
rated lengthwise in this diagram. They should be drawn almost infinitely close to one 
other if this figure were to scale. Figure 1 is definitely not to scale in either the x or y 
sense and it given for qualitative, illustrative purposes only. 
 

1) No inflaton field is needed. The isothermal expansion phase from point 1 to 
point 2 in the diagram above is identified with cosmic inflation, lasting about, 
10−35 seconds. 

2) We can explain 55 10T T −∆ ≅ ×  at thermodynamic point 2. The CMB 
temperature at this point is estimated to equal, 27

2 1 3.01 10 KelvinT T= = × . 
3) No CMB volume singularity exists at point 1, as this point has a finite vo-

lume, a finite energy density, a finite pressure, and a fixed temperature. 
4) We have an actual physical mechanism for evaluating the work done by the 

universe in expanding, and then contracting. If we were to consider only the 
process whereby we proceed from point 2 to point 3 and then directly back again 
to point 2, then there would be no area enclosed under the pressure versus vo-
lume diagram above. In other words no work would be done by the CMB radia-
tion in expansion and contraction. Isothermal expansion, and isothermal con-
traction, is a necessary input, we believe, to define a certain amount of work 
done. 

5) The universe is cyclic having no beginning nor end in time. It does however 
have an upper limit in volume, which we call, V3, and lower bound in volume, 
which we designate by, V1, to conform to the thermodynamic points illustrated 
in the diagram, Figure 1. The pressure and volume refer only to the CMB radia-
tion, which we see today in WMAP and Planck satellite data. It amounts to, 

5
09.153 10 ρ−× , where 0ρ  is the current mass density of the universe, given our 

choice for Hubble constant. 
6) Being a closed universe, the cosmos has no “edges”, a problem which was 

already appreciated by Einstein, in 1917. He advocated for a universe without 
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boundaries [15] [16], as did Willem de Sitter, Carl Friedrich von Weizsäcker, 
and George Gamow. 

There are other reasons, which were discussed in reference [14], and which 
will not be repeated here. 

As mentioned, it was estimated that, 27
2 1 3.01 10 KelvinT T= = × , in the iso-

thermal process lasting approximately 10−35 seconds in going from point 1 to 
point 2. Moreover, the volume increase in CMB radiation in this process was es-
timated to equal a mere, 2 1 5.65V V ≅ , a very modest increase [14] in compari-
son to the standard inflation scenario. What drives volume expansion in this 
isothermal process is entropy increase to the voids, a one way street from sur-
roundings to system, making the surroundings cooler and the system hotter, as a 
consequence. Once the system collective volume increases, there is no heat 
energy left over for the system to give back to the surroundings. It is in this iso-
thermal phase, specifically, that we have entropy increase to the system, an 
amount calculated to equal, 2 1 5.65S S ≅ . The entropy density is immense and 
can be calculated, as well as internal energy density, and pressure, given the es-
timated temperature. These quantities are all functions of temperature, and 
temperature only, for blackbody radiation [14]. The surrounding is treated as a 
reservoir from which heat can be drawn, and if large enough, may not necessari-
ly contract as a consequence. 

A natural question arises. Can the CMB temperature at thermodynamic point 
3 in the diagram above, T3, be estimated? This would indicate the point of con-
traction for the cosmos as a whole. Knowing the present Hubble radius, we 
would be able to determine the future Hubble radius, R3, where the Hubble con-
stant momentarily vanishes, 3 0H = , and where we have maximum volume, V3. 
We believe the answer is yes, and this is the main thrust of this paper. For that 
we need to postulate a closed universe, and then predict the curvature in the 
present cosmos. This is done in Section 2. We will also need a specific mechan-
ism for decreasing the total density parameter in Friedmann’s equation. This is 
done in Section 3, where we introduce a decreasing smeared cosmic susceptibil-
ity, ( )aχ , with increasing scale parameter, which is based on previous pub-
lished work [17] [18]. We will show explicitly how this feature can cause the un-
iverse to eventually contract. Furthermore, we will be in a position to calculate 
how much longer it will expand given a very crude, but specific one-parameter 
model. Finally in Section 4, our summary and conclusions are presented. 

2. Friedmann’s Equation with Curvature, and Estimating Ω0 

We start with Friedmann’s equation with curvature built in. As is well-known, it 
can be written in the form,  

( )2 2 28 3R G R kcρ− π = −�                     (2-1) 

The variable, is the Hubble radius, G equals Newton’s constant, and a dot over 
a quantity designates a derivative with respect to cosmological time. The Fried-
mann equation shows that a universe that is spatially closed (with 1k = + ) has 
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negative total “energy”: the expansion will eventually be halted by gravity, and 
the universe will recollapse. Conversely, an unbound model is spatially open 
( 1k = − ) and will expand forever. For a flat universe, 0k = . Equation (2-1) can 
be rewritten in terms of the Hubble constant, H R R≡ � , as, 

( )2 2 28 3H G kc Rρ− π = −                   (2-2) 

We also know that for a given rate of expansion there is a critical density that 
will bring the expansion asymptotically to a halt: 

( )23 8CRIT H Gρ = π                      (2-3) 

Therefore, upon rearranging terms, Equation (2-2), can be re-expressed as, 

( ) ( )( )2 2 3 8CRIT kc R Gρ ρ= + π                 (2-4) 

We can define a density parameter as the ratio of actual density to critical 
density. Using Equation (2-4), we find that, 

( )28 3CRIT G Hρ ρ ρΩ ≡ = π                  (2-5) 

If, 0k = , then we have a flat universe, and 1Ω = . If we have positive curva-
ture, 1k = + , then the universe is closed, and in this situation, by Equation 
(2-5), 1Ω > . For an open universe, 1k = − , and we find that 1Ω < . From here 
on in, we will assume a closed universe where, 1k = + . 

With conventional scaling (ΛCDM model), we have 

( )2 2 4 3 2
0 ,0 ,0 ,0 08 3 1R MATTER DEH G H a a aρ − − −= π = Ω +Ω +Ω − Ω −     (2-6) 

In this equation, “a” is the cosmic scale parameter; we are using the conven-
tion where, 0 1a = . The scale parameter is related to the redshift, Z, by the equ-
ation, ( ) 1

0 0 1a T T R R Z −= = = + . The temperature, is the CMB temperature, 
and R is the observable Hubble radius. Hubble’s constant can be rewritten as, 

R R a a= =� � . All subscripts, “0”, refer to the present epoch and variables with-
out a subscript refer to a different cosmological epoch. The density parameters, 

,0RΩ , ,0MATTERΩ , ,0DEΩ , refer to the current epoch values for radiation, matter 
(ordinary and dark matter), and dark energy components, respectively. 

If we specialize Equation (2-6), to the present epoch, we see that, 

( ),0 ,0 ,0 0 1 1R MATTER DEΩ +Ω +Ω Ω − =−                (2-7) 

We also note that, using Equations (2-5), (2-4) and (2-3), we have 

( ) ( )2 2 21 kc H RΩ− =                      (2-8) 

Another way to write Equation (2-8) is to make use of Equation (2-6). We can 
prove that, 

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

( ) ( )( )

2 2 2

12 2 2 2 4 3 2
0 0 ,0 ,0 ,0 0

2 1
0 ,0 ,0 ,0 0

2

1

1

1 1

R MATTER DE

R MATTER DE

k

a

c H R

kc R a H a a a

a a

−− − − −

− −

Ω − =

= Ω +Ω +Ω − Ω −

= Ω − Ω +Ω +Ω − Ω −

  (2-9) 

This beautiful result will allow us to find the amount of curvature in any 
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epoch, given the current value.  
In the current epoch, the radiation component equals, ,0 9.153E 5RΩ = − . We 

assume that, at present, 0 2.725 KelvinT = , and we have three species of neutri-
nos. Our value for H0 equals, ( ) 11 167.74 km s Mpc 6.925 10 yr− −⋅ = × , as esti-
mated by the latest Planck surveys [19] [20] [21]. We know that, 2

,0 4.2E 5R hΩ = − , 
where ( )( )0 100 km s Mpch H≡ ⋅ . Using the Hubble value measured above and 
solving for ,0RΩ  gives us the value indicated. The radiative contribution is so 
small that it is typically ignored when discussing the future fate of the universe. 
However, we will include it in our discussion as it precisely defines our “system” 
in the thermodynamic heat engine. 

For dark energy, the latest estimate is, ,0 0.6911DEΩ = , as indicated by the 
Planck Collaborations [19] [20] [21]. According to the ΛCDM model, this does 
not scale as the universe expands. In the quintessence models, the dark energy 
component is assumed to barely scale. 

We next consider the observed value for, 0Ω . This is not exactly equal to un-
ity, but has the value [19] [20] [21], 

0.0056
0 0.00541.00231+−Ω =                        (2-10) 

Within observational error, this value is so close to one, that it is often as-
sumed that it equals precisely unity, as in the ΛCDM model. We will however 
relax this assumption. We will instead take this value as precise, and claim for 
the time being, that, 0.0

0 0.01.00231+−Ω = . In other words, we will not assume flat-
ness, where, 0 1Ω = . Using our precise value for, 0Ω , and Equation (2-8), we 
find that the Hubble radius equals, 

( )( ) 1 2
0 0 0.00231 2.841E27 metersR c H −= =            (2-11) 

This calculated value is very, very close to another value obtained by entirely 
different means. That value was, 0 3.217E27 metersR = . It was obtained by re-
lating dark matter to dark energy through a polarization model for space [17] 
[18]. It is a very precise value, good to three significant figures, because it is 
based entirely on the present estimates for the density parameters in Fried-
mann’s equation. We will henceforth use this estimate and work backwards to 
find our predicted value for density curvature. Using Equation (2-8), we find 
that  

( ) ( )2 2 2
0 0 01 1.802E 3c H RΩ − = = −  (predicted curvature)    (2-12) 

This small value is well within observational bounds as indicated by Equation 
(2-10). 

We next calculate ,0MATTERΩ  using Equations (2-12), and (2-7). We believe 
the estimates for, ,0RΩ , and, ,0DEΩ , given above to be quite accurate. The esti-
mate for, ,0MATTERΩ , is probably not as accurate, as it factors in ordinary matter 
and dark matter. Using Equation (2-12), we calculate that,  

,0 1.001802 0.6911 9.153E 5 0.3106MATTERΩ = − − − = . We are now in a position to 
ask at what point the universe will start to contract. For the universe to start 
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contracting, we demand that, 0H = . Thus, we will attempt to solve Equation 
(2-6), under the condition that 0H =  for a particular scale factor, a3, corres-
ponding to point 3 in the diagram above, Figure 1. From this equation, for a big 
bounce from expansion to contraction, the following condition must be satisfied. 

( )2 1 2
,0 3 ,0 3 ,0 3 0 1R MATTER DEa a a− − +Ω +Ω +Ω = Ω −          (2-13) 

This equation, however, can never be satisfied for, 3 1a > , given the density 
parameters listed above. This leads us to conclude that a big bounce scenario is 
impossible with conventional, ΛCDM model, scaling. The third term on the left 
hand side, the dark energy contribution, makes it impossible. If we believe in a 
big bounce contraction, and a closed universe, some other mechanism for scal-
ing is required. 

3. Heat Engine Model and Subsequent Contraction 

As mentioned in the introduction, our thermodynamic heat engine model for 
the cosmos consists of four separate processes, as outlined in our diagram, Fig-
ure 1. We have isothermal expansion from point 1 to point 2, our cosmic infla-
tion phase. This is followed by adiabatic expansion, from point 2 to point 3. Iso-
thermal contraction from point 3 to point 4 follows, which is our cosmic defla-
tion phase. And finally, to bring us back to our initial starting point, from point 
4 to point 1, we have adiabatic contraction. From the voids perspective, heat 
energy from surroundings to system (the voids) drives an increase in entropy in 
going from, 1 → 2. This increases the volume of the voids. From, 2 → 3, we have 
adiabatic expansion driven by a decrease in internal energy density. The entropy 
stays constant. In going from, 3 → 4, a loss of heat drives volume contraction, 
with an attendant loss of entropy (given up to the surroundings). And finally 
from, 4 → 1, volume contraction is caused by an increase in internal energy den-
sity. All these variables refer to the CMB radiation seen in the WMAP/ Planck 
data. 

The work done, per cycle, is the enclosed area under the pressure versus vo-
lume loop in Figure 1. We calculated this to equal [14], 

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

2 1 3 4

3
2 1 2 1

3
2 1

2 1

4 4

4 4

4 1

4

TOTAL H C

H C

H C H C

H C H H C

H CARNOT

W Q Q

p V V p V V

p V V p T T V V

p V V p p T T

p V V e

= −

= − − −

= − − −

= − −

= −

 
 

           (3-1) 

In these equations, HQ , is the heat energy absorbed by the voids in process 1 
→ 2, at CMB temperature, 1 2 HT T T= = . The, CQ , is the heat lost by the voids 
to the surroundings in process, 3 → 4, at temperature, 3 4 CT T T= = . The pH is the 
CMB radiative pressure at, 1 2 HT T T= = , whereas, pC is the CMB radiative pres-
sure at, 3 4 CT T T= = . The iV  stands for the radiative volume at thermodynamic 
point, i. And, CARNOTe , stands for the efficiency of this Carnot cycle. It turns out 
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[14] that  

( )1CARNOT C He T T= −                      (3-2) 

We notice that the efficiency is defined just like that for an ideal gas. We keep 
in mind, however, that we are dealing with CMB blackbody radiation, and only 
that portion which is visible today in WMAP/ PLANCK satellite data. Because, 

C HT T� , this cycle is very close to 100% efficient. A knowledge of TC is needed 
to calculate the exact efficiency, as well as the exact amount of work done by this 
radiation. We estimated TH to equal 3.01E27 Kelvin [14]. The heat transfer from 
point 1 to point 2 caused a temperature fluctuation decrease from, ~ 1T T∆ , 
to, 5E 5T T∆ ≈ − , which is what we observe today in satellite data. 

As seen in Section II, conventional scaling behavior is problematic for proving 
a big bounce contraction. Modifications to the standard model have to be made. 
While many big bounce models are interesting, we believe that our heat engine 
model for the cosmos is particularly straight forward and intuitive. However, 
what kind of scaling behavior can we assume for the various components mak-
ing up the total energy density? We are specifically thinking of dark matter and 
dark energy scaling. We do not believe that dark matter scales like ordinary 
matter, nor do we accept that dark energy barely scales. Our reasoning is given 
in references [17] [18]. In those publications, we believe that dark matter and 
dark energy are actually related, and have an intrinsic origin, the polarization 
and susceptibility of space. This will contribute totally to dark matter, and par-
tially to dark energy. The details can be found in those works. 

What is needed for our purposes are the scaling laws for dark matter, and 
dark energy. These were found in reference [18] as, 

( )( ) 3
,0 0 0DM DM K K aρ ρ χ χ −= , ( ) 3

,0 0DE DE K K aρ ρ −=    (3-3a, b) 

In these equations, ( )aχ χ= , is the cosmic susceptibility due to macroscop-
ic, gravitational Planck particle dipole formation, and alignment. The relative 
gravitational permittivity, ( )K a , is related to ( )aχ  through the equation, 

( ) ( )1K a aχ= − . We are adopting a Winterberg model for space, where we 
have a vast assembly (sea) of positive and negative mass Planck particles, which 
together form an electrically neutral, and massively neutral medium, the va-
cuum, in the unperturbed state. 

In reference [18], we assumed that ( )aχ  increases with an increase in cos-
mological time. This assumption will have to be relaxed in this paper. After a 
certain point in time, the ( )aχ  may actually decrease with increasing cosmo-
logical time, i.e., with increasing scale parameter, a. This goes counter to pre-
vious thinking. The reason we assumed that ( )aχ  must increase with increas-
ing “a” is because ordinary matter had to form before the space surrounding it 
could be polarized. It is well known that ordinary matter is made up of quarks 
and leptons, particles which only started to freeze out below, E16 Kelvin (1 Tev) 
[22] [23] [24] [25]. Before that point, time wise, we presumably only had radia-
tion, and now possibly, Planck particles, which are called planckions by Winter-
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berg. We also believe that atomic matter clumping into ordinary matter (solids, 
liquids, gases, and plasmas) was necessary before the surrounding space could be 
polarized. Thus the inception temperature for significant macroscopic suscepti-
bility was probably after recombination, i.e., after, 1 1100a ≅ . Only from that 
point onwards could solids, liquids, and non-ionized gases form. We assumed 
specific functions whereby ( )aχ  increased with increasing cosmic scale para-
meter in reference, [18]. However, this will never lead to eventual big bounce 
contraction. At some point in cosmological time, the ( )aχ  must flip, and start 
to decrease with increasing scale parameter, “a”. We can call the cosmological 
flip point, *a . We are imagining a charging up, and then, discharging process 
for, ( )aχ , much like in a capacitor. 

Formalizing this scenario further, let us assume that, 

( ) 0 *1 e axa a aχ − = − <   (charging up process)      (3-4a) 

( ) *e aa a aλχ −= ≥  (discharging process)        (3-4b) 

The critical epoch of flip is characterized by scale parameter, *a . One will 
note that, ( )0 1aχ≤ ≤ , in both instances. This is necessary so that, at every 
point in cosmological time, ( ) ( ) 1a K aχ + = , where, ( )K a , is the relative gra-
vitational permittivity. Equation (3-4a), was an equation that we worked with in 
reference [18], and assumed an increasing ( )aχ  with increasing cosmic scale 
parameter, “a”. The, λ, in Equation (3-4b), is new, and is a parameter which 
needs to be determined, if we accept a decreasing ( )aχ  with increasing scale 
parameter, “a”. 

We will assume that the universe is currently in the decay mode with respect 
to cosmic susceptibility. We found in reference [17], that, ( )0 0 1 0.842aχ χ= = = . 
This left us with, ( )0 0 1 0.158K K a= = = , such that, 1Kχ + = , is satisfied. We 
therefore specialize Equation (3-4b), to the present epoch and demand that, 

10.842 e λ−=                          (3-5) 

The solution is, 0.1720λ = . Using this value in Equation (3-4b), we can find 
the susceptibility going forward in cosmological time. 

The physical motivation for a decreasing cosmic ( )aχ  with increasing scale 
parameter, “a”, is not known. A possible explanation is as follows. As the scale 
parameter increases, we can expect more clumping of ordinary matter within re-
gions of space where we have matter. This will lead to higher local temperature 
in those regions, which in turn implies less local susceptibility, and less polariza-
tion, in the surrounding regions. Higher temperature tends to frustrate, and 
disrupt, any macroscopic ordering of dipole moments. Thus, if the local suscep-
tibility goes down, then the smeared, cosmic average should also start to de-
crease. There may be other reasons for a decrease in ( )aχ  for an increase in 
scale parameter, but this one comes to mind as being very plausible. 

Coming back to our scaling laws, which is given by Equation (3-3a), for dark 
matter, and, by Equation (3-3b), for dark energy, we are now in a position to 
come up with an alternative version to Equation (2-6). This version will reflect 

https://doi.org/10.4236/ijaa.2021.112014


C. Pilot 
 

 

DOI: 10.4236/ijaa.2021.112014 274 International Journal of Astronomy and Astrophysics 
 

the new assumed scaling behavior. In place of Equation (2-6), we now consider 

( )( )
( ) ( )

2

2 4 3 3
0 ,0 ,0 ,0 0 0

3 2
,0 0 0

8 3

1

R OM DM

DE

H G

H a a K K a

K K a a

ρ

χ χ− − −

− −

= π

= Ω +Ω +Ω

+Ω − Ω



−





      (3-6) 

The values for, ,0RΩ , and ,0DEΩ , remain as before. We have broken up, 

,0MATTERΩ , in Equation (2-6), into two components, an ordinary matter compo-
nent, ,0OMΩ , and a dark matter component, ,0DMΩ , as both now scale diffe-
rently, as indicated in Equation (3-6). We saw that numerically,  

,0 0.3106MATTERΩ = . We will assume that, ,0 0.0486OMΩ = , as indicated by the 
latest Planck Collaboration [19] [20] [21]. This fixes the dark matter density pa-
rameter as, ( ),0 0.3106 0.0486 0.2620DMΩ = − = . We now have all the density 
parameter coefficients, which are needed for an evaluation of the right hand side 
of Equation (3-6). 

The right hand side of Equation (3-6), also depends on ( )aχ , and ( )K a . 
We assume Equation (3-4b), holds for, ( )aχ , with 0.172λ = . The ( )K a  is 
then found using, ( ) ( )1K a aχ= − . The values for, ( ) ( )0 0, 0.842,0.158Kχ = , 
are as found in reference [17]. Because the right hand side of Equation (3-6), is a 
complicated function of scale parameter, “a”, we set up a table and step through 
various “a” values. The goal is to find that value of scale parameter, a3, such that 
the right hand side of Equation (3-6) vanishes. That is the point where CMB ex-
pansion turns into CMB contraction. This we do next. The results are presented 
in table form, Table 1. 

In Table 1, column 3 is radiative scaling, column 4 represents ordinary matter 
scaling, column 5 is dark matter scaling, and column 6 reflects dark energy scal-
ing. The curvature scales as in column 8, and in column 9, the final column, we 
have the ratio, 2 2

0H H , as determined by Equation (3-6). One will notice, that  
 

Table 1. Susceptibility decay model. 

a ( )aχ  4
,0R a−Ω  3

,0OM a−Ω  ( )( ) 3
,0 0 0DM K K aχ χ −Ω  ( ) 3

,0 0DE K K a−Ω  ( ) 2
0 1 a−Ω −  2 2

0H H  

1 8.42E−01 9.15E−05 0.0486 2.62E−01 6.91E−01 1.802E−03 1.000E+00 

2 7.09E−01 5.72E−06 6.08E−03 1.50E−02 4.69E−02 4.505E−04 6.750E−02 

5 4.23E−01 1.46E−07 3.89E−04 2.89E−04 1.51E−03 7.208E−05 2.120E−03 

10 1.79E−01 9.15E−09 4.86E−05 1.07E−05 1.33E−04 1.802E−05 1.743E−04 

20 3.21E−02 5.72E−10 6.08E−06 2.04E−07 1.41E−05 4.505E−06 1.588E−05 

30 5.75E−03 1.13E−10 1.80E−06 1.05E−08 4.07E−06 2.002E−06 3.876E−06 

40 1.03E−03 3.58E−11 7.59E−07 7.91E−10 1.71E−06 1.126E−06 1.342E−06 

50 1.84E−04 1.46E−11 3.89E−07 7.25E−11 8.74E−07 7.208E−07 5.418E−07 

60 3.30E−05 7.06E−12 2.25E−07 7.52E−12 5.06E−07 5.006E−07 2.300E−07 

70 5.91E−06 3.81E−12 1.42E−07 8.48E−13 3.18E−07 3.678E−07 9.229E−08 

87.5 2.92E−07 1.56E−12 7.25E−08 2.14E−14 1.63E−07 2.354E−07 1.790E−10 

87.6 2.87E−07 1.55E−12 7.23E−08 2.10E−14 1.62E−07 2.348E−07 −8.972E−11 
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H2 goes from a positive value to a negative value around, α = 87.6. The critical 
epoch, a3, must, therefore, be close to this value. We have determined the point 
where expansion turns to contraction for the CMB radiation. The Hubble radius 
will have expanded to roughly 87.6 times its current value, and the CMB tem-
perature will drop to approximately, 1/87.6 times its current value, which is, 

0 2.725T = . 
Why the numbers line up at 3 87.6a =  is unknown. To us, it would seem 

analogous to asking why water boils at 100 degrees Celsius at atmospheric pres-
sure. It just does. The CMB radiation only has so and so much energy, or stored 
work, at its disposal for expansion and then contraction. That is why it stops ex-
pansion at this temperature, and starts to contract. Looking at Equation (3-1), it 
is very clear that the final lowest temperature determines the total amount of 
work done, as well as the final CMB volume. The steam has run out. 

We close with a quick calculation, a crude estimate really, of the efficiency of 
the Carnot cycle for the CMB radiation, found in WMAP /Planck temperature 
maps. Using Equation (3-2), we find that 

( )
( )( )( )

( )

1

1 2.725 87.6 1 3.01E27

1 1.0335E 29

CARNOT C He T T= −

= −

= − −

             (3-7) 

We see that the deviation from 100% efficiency, i.e., ( )1 CARNOTe− , is a mere, 
1.0335E−29. This heat cycle is extremely efficient. This is a number, for which 
the significance is unknown, if it even has a special significance. According to 
Equation (3-17), a closed universe for which TC is allowed to approach a lower 
value, would lead to an even higher efficiency within this model. 

4. Summary and Conclusions 

We have shown how it is possible to create a closed universe using a cosmic sus-
ceptibility model with unconventional scaling behavior for dark matter and dark 
energy. Utilizing a decreasing value for, ( )aχ , with an increase in cosmological 
time, we find that eventually the Hubble constant vanishes, 0H =  and 1'H > , 
which would suggest a big bounce from expansion to contraction. Moreover, if 
we use a specific crude model of decay for ( )aχ , given by Equation (3-4b), 
then the universe will start to contract in short order, relatively speaking, i.e., 
when 3 87.6a = . This surprising value depends on the decay model chosen, and 
other decreasing susceptibility models can be entertained, which will lead to a 
different but inevitable outcome, namely, that the universe will eventually reach 
a point where it will experience a big bounce (crunch) and start to contract. 

We have also calculated a specific value for the curvature of space. We believe 
that in the present epoch, the total curvature reads, 0 0 ,0 1.001802CRITICALρ ρΩ ≡ = . 
This is a value well within current, observational bounds, 0.0056

0 0.00541.00231+−Ω = . 
This value is so close to unity that one may assume flatness, as in the ΛCDM 
model. We did not do so here. Instead, we assumed that this deviation from 
flatness is very real. The above value was based on using an established result 
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from a previous work [17], namely that the observable Hubble radius equals, 

0 3.217E27 metersR = . See Equation (2-12), which relates curvature to radius in 
the present epoch, assuming a closed universe where, 1k = . 

We built upon our heat engine model for the cosmos. The present voids in the 
universe, filled with CMB radiation, our thermodynamic “system”, follow collec-
tively a Carnot cycle where we have four separate processes. These are isother-
mal expansion (from point 1 → 2), followed by adiabatic expansion (from point 
2 → 3), followed by isothermal contraction (from point 3 → 4), followed by adia-
batic contraction (from point 4 → 1), bringing us back to our original starting 
point. See Figure 1. The voids interact with the cooler regions of space, the 
“surroundings”, i.e. exchange heat energy, in the processes from points, 1 → 2, 
and from point 3 → 4. We have an increase in entropy into the voids from 
points, 1 → 2, and an increase in entropy into the surroundings from points, 3 → 
4. The two are unequal in magnitude by Equation (3-1). For a closed cycle, we 
can define a specific amount of work done, which is the area enclosed by the 
loop in Figure 1. We can also define a specific efficiency, Equation (3-2). The 
CMB radiation, we argued, must do actual physical work in expanding and con-
tracting. The heat transfer into the voids, from points, 1 → 2, and the heat trans-
fer out of the voids, from points, 3 → 4, is a necessary ingredient in defining a 
specific amount of work done. Without it, no work would be possible, as we re-
quire an area, which is enclosed by a loop. The isothermal process from points, 1 
→ 2, has been identified as the cosmic inflation phase. Following the cycle, and 
using our crude decay model for cosmic susceptibility, we have found that the 
deviation from 100% efficiency is a mere, 1.033E−29, a ridiculously small 
amount. See Equation (3-7). Whether this result can be tied to other cosmologi-
cal ratios is unclear. 

Further observational work is needed to confirm that the universe is indeed 
closed. Slight positive curvature (k = 1) is assumed but this has yet to be demon-
strated. Indeed, we are going very far out on a limb with this assumption. The 
cosmic susceptibility model, which has been proposed, is also a reach, even 
though there is some physical motivation from previous work. The specific as-
sumed scaling laws for dark matter and dark energy, Equations (3-3a), and 
(3-3b), respectively, have to be verified observationally somehow. Finally, other 
models for cosmic susceptibility decay can be entertained. Our decreasing 
( )aχ  function, with increasing scale parameter value, is but one function out 

of many, which leads to a very specific outcome. With this particular choice of 
function, the universe will start to contract already when the universe is 87.6 
times current Hubble radius. Other choices for a cosmic susceptibility functional 
decrease will undoubtedly lead to different bounces, i.e., different turn around 
points, and new predictions for temperature and volume at point 3. 

Acknowledgements 

This work is dedicated to Charmaine Schonblom. 

https://doi.org/10.4236/ijaa.2021.112014


C. Pilot 
 

 

DOI: 10.4236/ijaa.2021.112014 277 International Journal of Astronomy and Astrophysics 
 

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Steinhardt, P. and Ijjas, A. (2018) Bouncing Cosmology Made Simple. Classical and 

Quantum Gravity, 35, 135004. https://doi.org/10.1088/1361-6382/aac482 

[2] Steinhardt, P. and Ijjas, A. (2016) Implications of Planck2015 for Inflationary, Ek-
pyrotic and Anamorphic Bouncing Cosmologies. Classical and Quantum Gravity, 
33, 044001. https://doi.org/10.1088/0264-9381/33/4/044001 

[3] Matsui, H., Takahashi, F. and Terada, T. (2019) Bouncing Universe from Nothing. 
Physics Letters B, 795, 152-159. https://doi.org/10.1016/j.physletb.2019.06.013 

[4] Ijjas, A. and Steinhardt, P. (2017) Fully Stable Cosmological Solutions with a 
Non-Singular Classical Bounce. Physics Letters B, 764, 289-294.  
https://doi.org/10.1016/j.physletb.2016.11.047 

[5] Ijjas, A. and Steinhardt, P. (2016) Classically Stable Nonsingular Cosmological 
Bounces. Physical Review Letters, 117, 121304.  
https://doi.org/10.1103/PhysRevLett.117.121304 

[6] Brandenberger, R. and Peter, P. (2017) Bouncing Cosmologies: Progress and Prob-
lems. Foundations of Physics, 47, 797-850.  
https://doi.org/10.1007/s10701-016-0057-0 

[7] Novello, M. and Bergliaffa, S.E.P. (2008) Bouncing Cosmologies. Physics Reports, 
463, 127-213. https://doi.org/10.1016/j.physrep.2008.04.006 

[8] Battefeld, D. and Peter, P. (2015) A Critical Review of Classical Bouncing Cosmolo-
gies. Physics Reports, 571, 1-66. https://doi.org/10.1016/j.physrep.2014.12.004 

[9] Khoury, J., Ovrut, B.A., Steinhardt, P.J. and Turok, N. (2001) The Ekpyrotic Un-
iverse: Colliding Branes and the Origin of the Hot Big Bang. Physical Review D, 64, 
123522. https://doi.org/10.1103/PhysRevD.64.123522 

[10] Buchbinder, E.I., Khoury, J. and Ovrut, B.A. (2008) Non-Gaussianities in New Ek-
pyrotic Cosmology. Physical Review Letters, 100, 171302.  
https://doi.org/10.1103/PhysRevLett.100.171302 

[11] Graham, P.W., Kaplan, D.E. and Rajendran, S. (2018) Relaxation of the Cosmologi-
cal Constant. Physical Review D, 97, Article ID: 044003. 

[12] Levy, A.M., Ijjas, A. and Steinhardt, P.J. (2015) Scale-Invariant Perturbations in 
Ekpyrotic Cosmologies without Fine-Tuning of Initial Conditions. Physical Review 
D, 92, 063524. https://doi.org/10.1103/PhysRevD.92.063524 

[13] Levy, A.M. (2017) Fine-Tuning Challenges for the Matter Bounce Scenario. Physical 
Review D, 95, 023522. https://doi.org/10.1103/PhysRevD.95.023522 

[14] Pilot, C. (2018) Modeling Cosmic Expansion, and Possible Inflation, as a Thermo-
dynamic Heat Engine. Zeitschrift fuer Naturforschung A, 74, 1-10.  
https://arxiv.org/abs/1705.04743  

[15] Einstein, A. (1917) Kosmologische Betrachtungen zur Allgemeinen Relativitaets-
theorie. [Cosmological Considerations Regarding the General Theory of Relativity.] 
Königlich Preußische Akademie der. Wissenschaften, Berlin, 142-152.  

[16] Wheeler, J.A. (1968) Einstein’s Vision. Springer-Verlag, Berlin, Heidelberg and New 
York, 108. 

[17] Pilot, C. (2021) Does Space Have a Gravitational Susceptibility? A Model for the 

https://doi.org/10.4236/ijaa.2021.112014
https://doi.org/10.1088/1361-6382/aac482
https://doi.org/10.1088/0264-9381/33/4/044001
https://doi.org/10.1016/j.physletb.2019.06.013
https://doi.org/10.1016/j.physletb.2016.11.047
https://doi.org/10.1103/PhysRevLett.117.121304
https://doi.org/10.1007/s10701-016-0057-0
https://doi.org/10.1016/j.physrep.2008.04.006
https://doi.org/10.1016/j.physrep.2014.12.004
https://doi.org/10.1103/PhysRevD.64.123522
https://doi.org/10.1103/PhysRevLett.100.171302
https://doi.org/10.1103/PhysRevD.92.063524
https://doi.org/10.1103/PhysRevD.95.023522
https://arxiv.org/abs/1705.04743


C. Pilot 
 

 

DOI: 10.4236/ijaa.2021.112014 278 International Journal of Astronomy and Astrophysics 
 

Density Parameters in the Friedmann Equation. Journal of High Energy Physics, 
Gravitation, and Cosmology, 7, 478-507.  
https://www.researchgate.net/publication/342993272_Does_Space_Have_a_Gravitatio
nal_Susceptibility_A_Model_for_the_Density_Parameters_in_the_Friedmann_Equ
ation  
https://doi.org/10.4236/jhepgc.2021.72028 

[18] Pilot, C. (2021) Scaling Behavior for the Susceptibility of the Vacuum. International 
Journal of Astronomy and Astrophysics, 11, 11-36.  
https://www.researchgate.net/publication/342993277_Scaling_Behavior_for_the_Su
sceptibility_of_the_Vacuum_in_a_Polarization_Model_for_the_Cosmos  
https://doi.org/10.4236/ijaa.2021.111002 

[19] Maeder, A., et al. (Planck Collaboration) (2018) Planck 2018 Results. VI. Cosmo-
logical Parameters. arXiv:1807.06209 [astro-ph.CO] 

[20] Tanabashi, M., et al. (Particle Data Group) (2019) Astrophysical Constants and Pa-
rameters (PDF). Physical Review D, 98, 030001.  

[21] Ade, P.A.R., Aghanim, N., Armitage-Caplan, C., Arnaud, M., et al. (Planck Colla-
boration) (2016) Planck 2015 Results. XIII. Cosmological Parameters. Astronomy & 
Astrophysics, 594, A13.  

[22] Kolb, E.W. and Turner, M.S. (1989) The Early Universe. Addison-Wesley, Reading. 

[23] Baumann, D.D. (2015) Lecture Notes on Cosmology.  
http://theory.uchicago.edu/~liantaow/my-teaching/dark-matter-472/lectures.pdf  

[24] Mather, J.C., Fixsen, D.J., Shafer, R.A., et al. (1999) Calibrator Design for the COBE 
Far-Infrared Absolute Spectrophotometer (FIRAS). The Astrophysical Journal, 512, 
511-520. https://doi.org/10.1086/306805 

[25] Husdal, L. (2016) On Effective Degrees of Freedom in the Early Universe. Galaxies, 
4, 78. https://doi.org/10.3390/galaxies4040078 

 
 

https://doi.org/10.4236/ijaa.2021.112014
https://www.researchgate.net/publication/342993272_Does_Space_Have_a_Gravitational_Susceptibility_A_Model_for_the_Density_Parameters_in_the_Friedmann_Equation
https://www.researchgate.net/publication/342993272_Does_Space_Have_a_Gravitational_Susceptibility_A_Model_for_the_Density_Parameters_in_the_Friedmann_Equation
https://www.researchgate.net/publication/342993272_Does_Space_Have_a_Gravitational_Susceptibility_A_Model_for_the_Density_Parameters_in_the_Friedmann_Equation
https://doi.org/10.4236/jhepgc.2021.72028
https://www.researchgate.net/publication/342993277_Scaling_Behavior_for_the_Susceptibility_of_the_Vacuum_in_a_Polarization_Model_for_the_Cosmos
https://www.researchgate.net/publication/342993277_Scaling_Behavior_for_the_Susceptibility_of_the_Vacuum_in_a_Polarization_Model_for_the_Cosmos
https://doi.org/10.4236/ijaa.2021.111002
http://theory.uchicago.edu/%7Eliantaow/my-teaching/dark-matter-472/lectures.pdf
https://doi.org/10.1086/306805
https://doi.org/10.3390/galaxies4040078


International Journal of Astronomy and Astrophysics, 2021, 11, 279-341 
https://www.scirp.org/journal/ijaa 

ISSN Online: 2161-4725 
ISSN Print: 2161-4717 

 

DOI: 10.4236/ijaa.2021.112015  Jun. 29, 2021 279 International Journal of Astronomy and Astrophysics 
 

 
 
 

Changes in Barents Sea Ice Edge Positions in 
the Last 442 Years. Part 2: Sun, Moon and 
Planets 

Jan-Erik Solheim1*, Stig Falk-Petersen2, Ole Humlum3,4, Nils-Axel Mörner5 

1Retired, Department of Physics and Technology, UiT The Arctic University of Norway, Tromsø, Norway  
2Akvaplan-niva, The Fram Centre, Tromsø, Norway  
3The University Centre on Svalbard (UNIS), Longyearbyen, Svalbard, Norway 
4Department of Geosciences, University of Oslo, Oslo, Norway  
5Deceased, Paleogeophysics & Geodynamics, Stockholm, Sweden 

 
 
 

Abstract 
This is the second paper in a series of two, which analyze the position of the 
Barents Sea ice-edge (BIE) based on a 442-year long dataset to understand its 
time variations. The data have been collected from ship-logs, polar expedi-
tions, and hunters in addition to airplanes and satellites in recent times. Our 
main result is that the BIE position alternates between a southern and a 
northern position followed by Gulf Stream Beats (GSBs) at the occurrence of 
deep solar minima. We decompose the low frequency BIE position variations 
in cycles composed of dominant periods which are related to the Jose period 
of 179 years, indicating planetary forcings. We propose that the mechanism 
transferring planetary signals into changes in BIE position is the solar wind 
(SW), which provides magnetic shielding of the Earth in addition to geo-
magnetic disturbances. Increase in the solar wind produces pressure which de-
celerates the Earth’s rotation. It also transfers electrical energy to the ring cur-
rent in the earth’s magnetosphere. This current magnetizes the earth’s solid 
core and makes it rotate faster. To conserve angular momentum the earth’s 
outer fluid mantle rotates slower with a delay of about 100 years. In addition 
will geomagnetic storms, initiated by solar coronal mass ejections (CMEs) pe-
netrate deep in the Earth’s atmosphere and change pressure pattern in the Arc-
tic. This effect is larger during solar minima since the magnetic shielding then 
is reduced. The Arctic may then experience local warming. The transition of 
solar activities to a possibly deep and long minimum in the present century 
may indicate Arctic cooling and the BIE moving south this century. For the 
North Atlantic region, effects of the BIE expanding southward will have noti-
ceable consequences for the ocean bio-production from about 2040. 
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1. Introduction 

The Arctic ice cover is a particularly important factor for the Earth’s climate. 
Expanding ice cover leads to severe living-conditions for aquatic and land re-
lated life in the region. Diminishing and thinning ice cover has increased the to-
tal phytoplankton and ice-algae production with increased secondary produc-
tion (herbivorous zooplankters) followed by an increase in fish and mammal 
stocks. The seasonal and decadal climate changes have a larger amplitude in the 
Arctic than elsewhere, wherefore climate trends and shifts may potentially be 
easier discovered. However, the amplitude of chaotic noise is also larger and may 
mask the underlying pattern. 

1.1. Background 

The ice cover is modulated by several forces as described in our first paper [1]. 
The temperature difference between the warm equator regions and the cold po-
lar regions is the prime driving force for the global weather patterns. Heat from 
the equator regions is transported towards the poles by advection in the atmos-
phere and by ocean currents. The source of the heat is the Sun. If radiation from 
the Sun is diminished by less solar energy production or absorbed and reflected 
én route to the surface or atmosphere of the Earth, by aerosols or increasing 
clouds, ice and snow, the result will be less heat transport to the Arctic and a 
larger ice cover.  

The Barents Sea (BS) is an Arctic shelf sea with partly ice-free ocean during 
winter in the present climate (Figure 1). The northward flowing Atlantic Water 
(AW) that keeps the BS partly ice-free, also keeps the Greenland Sea mostly 
ice-free during winter. These regions provided the first observations of decad-
al-scale oscillations in the air-ice-ocean system [2]. Warm AW is entering the 
shallow BS through the Barents Sea Opening (BSO) or the Fram Strait (FS) via 
the West Spitzbergen Current (WSC) [3] [4]. The AW heat flow into FS is twice 
as big in the winter as in the summer, with an estimated heat flow into FS vary-
ing from 28 TW in summer to 46 TW in the winter. The heat transport to BS via 
BSO is steadier, about 70 TW [5]. A rapid warming in the Eastern FS has re-
sulted in a temperature increase of ≈2˚C ocean temperature since about 1850 
and a temperature > 1.5˚C higher than in the Medieval Climate Anomaly 
(MCA) [6]. 

In glacial times when the BS was covered by a grounded ice sheet, reducing 
the inflow of AW through the BS, most of the northward flowing AW would 
have entered the Arctic Ocean through the FS [7]. However, the warm and salty  
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Figure 1. Barents Sea map with depth contours. Circulation of the main water masses is 
depicted by the arrows (Atlantic water: red; Arctic water: blue; Norwegian Coastal Cur-
rent: green; Barents Sea Waters: purple). Polar Front: PF, (solid line); BSO: Barents Sea 
Opening; Ø KS: Kola section; SBD: Svalbard; FJL: Frans Josef Land; FS: Fram Strait; Isfj: 
Isfjorden; H; Hornsund; L: Longyearbyen (modified from Oziel et al. [11]). 
 
AW is heavier than the fresh water on the surface, which keeps freezing water 
temperature in the upper 80 to 100 m [8]. Only in areas with upwelling of AW 
along the ice edges with wind from northeast and along the shelf break [9] can 
the AW heat result in melting ice. Fridtjof Nansen [10] observed during his 
crossings of the Artic Basin that the Sun melted ice from the top while it was still 
freezing at the bottom in June. We should therefore expect that solar variations 
should be detectable in the BIE position variations.  

Ikeda [2] suggested a positive feedback to oscillations driven by a weak exter-
nal forcing as the solar activity. The feedback mechanism worked like this: “the 
increased cyclonic wind-stress curl associated with the atmospheric circulation 
enhances the exchange of cold Arctic water, including sea ice, and warm Atlantic 
water, and reduces the amount of Barents Sea ice. The reduced ice cover encou-
rages heat flux from the Barents Sea to the atmosphere, tending to reinforce the 
low pressure in the Arctic.” This we may call the wind-mechanism. 

1.2. Hypothesis 

A review of potential long-period forcings on the sea ice cover is presented in 
[1]. Our hypothesis is that cyclic changes in movement of the Sun in its bary-
centric orbit due to the planets, will be transmitted to the Earth as fluctuations in 
insolation and in the solar wind, and be identified in climatic patterns as shown 
in [1] Figure 91. In addition to solar energy effects, we have also investigated the 
effects of short-term perturbations of the Sun’s orbit by the planets. A high fre-
quency signal from the planets will most likely disappear in the rapid changing 

 

 

1This is a reference to Figure 1 in [1]. 
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and at times chaotic weather-pattern, but low frequency fluctuations may sur-
vive as climate modulations. This underscores the importance of long, homoge-
neous, time series. 

In this paper we present an analysis of a time-series of BIE yearly positions, 
obtained from ship logbooks, scientific reports, aerial surveys, and satellite ob-
servations updated from [9]. The observations cover a period of 442 years, with 
completeness increasing from 34 to 66 per cent per century from the beginning 
in 1579. The position estimates refer to the summer ice position during the last 
two weeks of August between the Svalbard archipelago and Frans Josef land, 
which is named the Western Barents Sea. The data set is unique in the sense that 
it covers the two last grand solar minima, the Maunder Minimum (1640-1720) 
and the Dalton Minimum (1790-1820) [12], in addition to the coldest decade 
(1690-1700) in the last millennium in the Northern Hemisphere [13]. During 
grand solar minima the BIE position frequently has been southernly at 76˚N la-
titude. This corresponds to periods with stronger cold Arctic water currents. 
This weakens the warm AW transport to the Arctic and may result in the Gulf 
Stream beat (GSB) between two branches—the northern or southern branch 
[14] as illustrated in [1] Figure 1. 

We investigate the hypothesis that there is a stable or stationary signal from 
the planets which synchronize the natural oscillations of the position of BIE. If a 
prolonged low position is reached, the GSB switches to the southern mode (type 
b and c in [1] Figure 5) leading to a cold climate in the North Atlantic region. 
Our main hypothesis is that this is related to the solar wind (SW) acting on the 
rotation speed of the Earth making measurable changes in the length of day 
(LOD). Our starting hypothesis is that the beat itself originates in the switch be-
tween Earth rotation acceleration during solar minima and deceleration during 
solar maxima [1] Figure 4. 

We compare the BIE positions with other climatic and solar time series and 
investigate phase relations. An identical phase indicates identical forcing, differ-
ent phases may give a clue to what may be cause and effect. We find that the BIE 
position changes in concert with NH-climate in phase with long solar cycles and 
the Jose planetary cycles. The BIE movement north was rapid after the deep 
Maunder Minimum, but slow after the Dalton minimum, using more than a 
century to gather momentum. This may be explained by a “tired Sun” in the 
1800s, after high activity in the 1700s, related to a bicentennial cycle [15]. 

1.3. Organization of the Paper 

The structure of this paper is as follows: We describe the BIE data set in Section 
2. In Section 3 we analyze the data and search for fingerprints. Then in Section 4 
we compare with other climate data sets. In Section 5 we compare with orbital, 
solar and lunar forcings; in Section 6 we investigate signs of planetary influence. 
In Section 7 we have a discussion, and finally the conclusion in Section 8. In Ta-
ble 1 we present a list of acronyms and explain some of them.  
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Table 1. Acronyms and explanations. 

aa Geomagnetic activity index: difference 
between two antipodal geomagnetic observatories 

GCR Galactic cosmic rays: particles 
from exploding stars 

NH-SST Northern Hemisphere sea surface 
temperature 

ACRIM Active Cavity Radiometer Irradiance 
Monitor: series of satellites measuring TSI 

Hale Solar magnetic period: 
about 22 years (SH) 

Nyquist-Shannon sampling theorem: 
limit for frequencies 

ACSYS Arctic climate system studies INAO Integrated NAO 
P04 Period 04: program for harmonic 
periods analysis 

AMO Atlantic multidecadal oscillation: A  
sea surface temperature index for the North Atlantic 

Insolation: radiation energy received 
from the Sun 

QBO Quasi-biennial oscillation: a tropical, 
downward propagating zonal wind 

ArcT Arctic land temperature: from stations 
north of 60˚N 

INAO Integrated NAO SC Solar cycle 

AW Atlantic water IZI Integrated ZI SCL Solar cycle length 

BIE Barents Sea ice edge: positions in last part 
of August 

Jose Period of 179 years: a common period 
for many of the solar system planets (PJo) 

SIM Sun inertial motion 

BS Barents Sea 
KolaT Kola section sea temperatures 
0 - 200 m depth 

SMM/I Special Sensor Microwave/Imager 

BSO Barents Sea opening 
LIA Little ice age: cold period 
CE 1350 - 1850 (1900 in Arctic) 

SSMIS Special Sensor Microwave 
Imager/Sounder 

CE Common Era, secular equivalent of AD anno 
Domini 

LIG latitudinal insolation gradient 
SMMR Scanning Multichannel 
Microwave Radiometer 

CET Central England temperature series LOD change of the length of day (ms/year) SN Sunspot number (R) 

CME Coronal mass ejection: burst of plasma 
from the solar corona 

MCA Medieval climate anomaly: 
a warm climate period about 1000 CE 

SST Sea surface temperature 

Coif3 Wavelet function for time series analysis Morlet wavelet function for time series analysis SW Solar wind 

DMSP Defence meteorological satellite program 
NAO The North Atlantic Oscillation: Index of 
atmospheric pressure difference at sea level 
between the Icelandic Low and the Azores High 

SWS Solar Wind Speed 

Ekman transport: water transported to the right 
angle of the wind direction in the NH hemisphere 

NB Northern Branch: northern branch of the 
Gulf Stream also called the Norwegian Current 

TSI Total solar insolation 

FS Fram Strait 
NDSIDC National Snow and 
Ice Data Center, Boulder, USA 

VLBI Very long baseline 
inter-ferometry(radio astronomy) 

FT Fourier transform: converting time series 
to frequencies 

NH Northern Hemisphere WSC West Spitsbergen Current 

GSB Gulf stream beat: a change between 
northern and southern branch of Gulf stream  

ZI Zonal wind index: pressure difference 
between 35˚N and 55˚N 

2. The BIE-Data 

The Arctic seas were for a long time a terra incognito for European sea travelers, 
but the wish to find an eastern sea route north of the Eurasian continent led to 
expeditions which found rich animal life at the edge of the sea ice, and hunters 
went north. The English Muscovy Company was founded as early as 1555, 
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opening trade with Russia via Archangel. Around 1580 the Dutch joined the 
White Sea trade and became frequent travelers in the area. The whale-hunting 
north of Svalbard became a profitable industry which occupied many ships from 
the middle of the 17th century [1] (Figure 14 and Section 7.1.) This resulted in 
information about sea-ice conditions. Most whaling took place in late summer.  

A time series of the estimated position of the August ice edge in the sector 
between 20˚E and 45˚E, covering the western Barents Sea between Svalbard and 
Frans Josef Land (Figure 2) was collected and presented by Torgny Vinje [16]. 
The ice edge position was based on ship-logs before 1900, from whalers and seal 
hunters who systematically observed and logged sea-ice conditions and ice edge 
locations. Small islands that appeared or disappeared due to variations in sea ice 
extent helped in locating the position of the ice edge. Whaling was first a Dutch 
industry, but also English and French hunters participated. These observations 
are the base for the ice edge location estimates before 1800. 

After 1800 data came from Norwegian trappers who then started wintering on 
the islands of the Svalbard archipelago, with annual seal-hunting along the ice 
edge between Denmark Strait and Novaya Zemlya from 1853. Information on 
the ice conditions around Svalbard 1850-1922 were collected by Prof. Otto Sver-
drup and Capt. A. Hermansen from altogether 285 ship-logs in connection with 
planning of coal shipping from Spitsbergen [17]. Since then, Norwegian Polar  
 

 

Figure 2. The BIE position 1579-2020. From 1979 the ice edge is defined as 15% median 
value of ice. 
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Institute has collected information from all kinds of shipping activities in the 
area. After about 1950 ice-maps were made from observations by US, Russian 
and Norwegian airplanes. Images from US satellites were included from 1966. 

The data have been supplemented from other sources, quality controlled, and 
made available in ACSYS historical Ice Chart Archive [18] as monthly or yearly 
ice charts. In this series the ice edge is defined as the outer boundary reported by 
sealers or whalers, which is estimated to be about 30% ice covered. In the optical 
image satellite period, the edge was defined as >10% ice coverage. From 1979 
data from satellite microwave sensors were available [18]. The minimum sea-ice 
extent (August-September), is calculated using monthly mean sea-ice concentra-
tion from the National Snow and Ice Data Center (NSIDC) [19]. This data set is 
generated from satellite-based, brightness temperature data derived from the 
following sensors: Nimbus-7 Scanning Multichannel Microwave Radiometer 
(SMMR), the Defense Meteorological Satellite Program (DMSP)-F8, -F11 and 
-F13 Special Sensor Microwave/Imagers (SSM/I) and the DMSP-F17 Special 
Sensor Microwave Imager/Sounder (SSMIS). These data are provided in the po-
lar stereographic projection at a grid cell size of 25 × 25 km for the period 
1979–present.  

The recent version of the passive microwave data set [20] determines the rela-
tive ice area pixelwise and defines the ice edge as the median value of pixels with 
more than 15% of ice. We have used the average position of the ice edge in the 
two last weeks of August to compare with historical data. 

The ice cover is determined with automated algorithms which classify types of 
ice and open water [21]. However, in the summer melting season temporary 
melt-water-pools may appear on the surface of sea ice, and this may lead to sys-
tematic underestimates of the ice area. In an attempt to recalibrate pre-satellite 
Arctic ice cover data sets, to fit with the satellite observations, the average annual 
ice-covered area had to be reduced with ~1.5 mill∙km2 (or ~11%) before 1979 
[22]. For the BIE positions (Figure 2) the lower latitude of 76˚N seems to be a 
common minimum for 300 years and is probably a natural limit. The northern 
limits have been more variable.  

2.1. A Revised BIE Data Set 

An updated and revised version of the data set was published by Falk-Petersen et 
al. [9]. In this set, updated positions from satellite maps were used from 1996. In 
the revision presented in this paper, old data have been corrected and the series 
has been updated including 2020. It was discovered that in some cases data were 
extrapolated from adjacent areas (seas) or from other months. These data have 
been deleted. Our revised data set (Figure 2) has passive satellite radiometer 
measurements from 1979.  

Comparing the old and new data from the overlapping period 1977-90 
(Figure 3), we find that there is a systematic position difference of +1.2˚N for 
the revised part of the BIE data set. We have not corrected for this difference in  
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Figure 3. BIE position data 1952-2020. This revised version (red) and overlapping part of 
earlier version (blue) before satellite microwave sensor data was used for the period 
1979-1996. The black bars are trend lines for the two last decades. 
 
the data before 1977 since the difference is of the same order as the uncertainty 
of the data.  

The estimated ice edge positions (Figure 2) vary between 75.5˚N (1616, 
1667-68) and 83.35˚N (2013). The data show two long latitudinal minima 
1625-1662 and 1785-1812. The first corresponds to the early part of the solar 
Maunder Minimum 1640-1720 and the second to the beginning of the Dalton 
Minimum 1790-1820. However, several times between 1660 and 1710 we find ice 
edge estimates north of 80˚N. From 1850 the ice edge is almost always north of 
78˚N, except in the period 1902-17. After 1990 the August ice edge has always 
been north of 80˚N, except in 2003. The data show no trend in the last 10 years 
with an average value of 82.5 N. 

2.2. BIE Position Data Coverage 

The first 402 years of the series have many missing data points. From 1579 to 
1678 the coverage is 39 per cent. For the next hundred years 1679-1778 the cov-
erage is only 34 per cent, and there is a large gap 1708-22. The last part of the 
1600s was the coldest in Europe in the Little ice age (LIA) [1] (see Figure 12), 
and several strong storms destroyed many ships in the Netherlands, where most 
whalers came from [23], and, presumably, fewer ships were then able to obtain 
observations for some years.  

For the whaling in the Arctic most Dutch ships gathered in the deeper part of 
the Waddenzee near the coast of the island of Vlieland. Here the ships were rea-
died for the whaling expeditions and waited for a favorable wind to be able to 
cross the North Sea. The Dutch whaling ships were not able to cruise against the 
wind. When the wind came from the north and northwest they had to wait—often 
many weeks, sometimes months [24].  

From 1779-1878 the coverage improved to 58% and in the following hundred 
years to 66%. From 1979 we have 100 per cent coverage due to the use of satellite 
passive radiometer microwave measurements. In total we have 238 data points 
spanning 442 years, or an average coverage of 54%.  

In Figure 4 we show the distribution of ice edge position estimates for four 
centuries. 
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Figure 4. Distribution of BIE position estimates in half degree bins for four centuries. 
 

The distribution is binominal with one peak around 76˚N and one between 
79˚N and 80˚N. This is true for all centuries—except for the 1800s with a single 
peak in the distribution at 77.5˚N. Comparing the extreme values with the map 
in Figure 1, we find that when the BIE position is 76˚N - 77.5˚N, then the east 
coast of Spitzbergen is ice covered. When it is 80˚N - 82˚N the entire northern 
and eastern coasts are ice free.  

The binominal distribution suggests two semi-stable positions of the ice edge, 
that may be related both to the inflow of warm AW on decadal and centennial 
scale as well as the prevailing winds influencing the ice drift on a much shorter 
scale. The vessel Fram’s drift (1893-1896), showed the existence of a wind-driven 
polar ice drift from the Siberian shelf over the deepest part of the Arctic Ocean 
through the FS [25]. 

In addition to the ice transport through the FS there is a substantial, but vari-
able, inflow of sea ice to the BS between Nordaustlandet (Svalbard) and Frans 
Josef Land. The interannual variation of the sea ice extent in the BS can exceed 
the annual variation [26]. This wind driven ice drift can further be transported 
up the west coast of Spitsbergen with the cold East Spitsbergen Current [27] as 
far north as Hornsund and Isfjorden. 

The long-term variation in ice cover is related to GSBs [1] [28] and the vo-
lume and the temperature of the AW into the Arctic Ocean [29], while prevail-
ing winds affect the ice distribution on scales of days, months, years, and dec-
ades [25]. Prevailing easterly wind north of Spitsbergen and Frans Josef Land 
will lead to an off-shelf Ekman transport of ice and surface water and upwelling 
of warm AW along the shelf break and onto the shelf itself [9] [30]. A prevailing 
northerly wind transports sea ice far south into the BS and up along the west 
coast of Spitsbergen [25]. In his analysis T.Vinje [16] tried to separate wind- and 
ocean effects and concluded “that the variation of ocean temperature and its 
positive or negative correlation with wind direction seems to be of crucial im-
portance for the variation in the ice extent”.  

When we compare the BIE-positions with a simple harmonic model based on 
four significant periods (Figure 5), we find that the scatter in the observational 
difference from the model is less than ±1.5 degrees after 1750, but considerably  
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Figure 5. Residuals between BIE positions and a harmonic model. 
 
more before this date. This may be due to higher intrinsic variability and/or less 
precise estimates. It is also worth noting that the scatter is not reduced in the sa-
tellite era beginning in 1979. The two most positive deviating positions are in 
1660 (+4.8 deg) and 1690 (+3.4 deg)—in the coldest period in the Maunder 
Minimum. The most negative deviations are in 1695 (−3.1 deg) and 1962 (−3.05 
deg). 

2.3. BIE Extreme Positions 

The binominal nature of the data (Figure 3) derives from intervals with almost 
stable positions, but with rapid changes in between (Figure 2). Our series starts 
with positions around 79˚N in the years 1579-1608. The next year the position 
moves to 76˚N and stays there until 1676, only with a few deviations: 1622 
(80˚N), 1664 (82˚N) and 1671 (79˚N). In the period 1683-1707 the position is far 
north (78.5˚N - 82.5˚N), with one exception: 1695 (76˚N). 

We have a gap in the data 1708-1722, but from 1723 to 1780 the position is 
generally far north, except for a dip in 1734-1743. It is again below 78˚N 
1785-1839, except for the years 1802-1803 (78.4˚N). Then it moved north of 
78˚N for most of the period 1844-1864, before a slow decline to a minimum at 
76˚N 1909-1913 and moving north to a maximum of 81˚N in 1938-1939. Then, 
we observe a short dip in 1962 (76.5˚N), before moving to a northern maximum 
in 2013 (83.35˚N). The last decade (2011-2020) the trend is near zero with aver-
age position 82˚N. The previous decade the trend was slightly negative (Figure 
3). However, there was a position jump from 2009 to 2013, creating a difference 
of 0.7 degrees between the mean of the two decades. Since 1981 BIE has moved 
north with an average of ≈0.5 degrees per decade.  

The most extreme change of 7 degrees expansion south happened 1690-1695 
in the coldest decade of the last millennium. The last large southern advance was 
2013-2014 with 4.5 degrees. 

3. Analysis—A Search for Fingerprints 

The BIE position during the period 1579-2020 (Figure 2) can be described as 
fairly stable around 79˚N before 1610, then a long minimum about 76˚N be-
tween 1620 and 1660. Then we have large variations 1660-1750, and a long 
minimum around 77˚N 1780-1830. Then it went north for a few decades fol-
lowed by a period with much ice 1870-1915. Then the ice cover decreased until 
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1940, followed by a period with a slight increase in ice cover until 1980. Then the 
ice sheet again decreased. In this section we will analyze the spectra of the oscil-
lations and compare with expected periods as described in [1]. We search for 
stable periods forced by external forces. 

3.1. Harmonic Analysis 

The program Period 04 (P04) [31] is developed to handle series of data with 
gaps. With this program it is possible to delete false periods which appear due to 
aliasing because of gaps. Frequencies determined by Discrete Fourier Transform 
are fitted into the data in the time domain, by determination of phase and am-
plitude. Sinusoids are then subtracted from the observed time series, one at a 
time manually. Amplitudes are evaluated against a false-alarm detection limit. 
Significant periods are subtracted until one ends up with a white noise spectrum.  

The first analysis with P04 gives four significant periods P (years) with ampli-
tudes A (latitude): (P, A): [(252 ± 7, 1.2); (490 ± 30, 1.0); (83 ± 1.0, 0.7) and (151 
± 5, 0.6)], with a residual (least square error) of 1.19 degrees. These 4 periods are 
harmonically related: Pi = 250/i years, with i = 1/2, 1, 5/3 and 3. We define the 
periods 500, 250 and 150 years as the centennial periods. In addition, we include 
two weaker periods [(19.7, 0.40); (14.0, 0.38.)]. The result is shown in Figure 6. 
The residual is now reduced to 1.12 degrees. However, the analysis of the 
BIE-position series may contain errors because of increased noise before 1750 
(Figure 4) and diverging edges because of a strong trend. The normal procedure 
is therefore to detrend the time series before analyzing for periodic variations. 
The time series contain three intervals with deep minima: around 1650, 1800 
and 1900. We find that the series from 1579 to 1890 show a negligible trend 
(−0.0009 deg/year) and from 1890-2020 a trend 0.035 deg/year. This means we 
have a breakpoint around 1890. 

Figure 7 shows the BIE-position series with these trends (a) and detrended 
(b). In (c) a spectrum of the whole series detrended is shown and in (d) for the 
period 1750-2020 only. Panel (c) shows the following significant periods and 
amplitudes (P, A): [(176 ± 6, 0.73); (84.8 ± 1.6, 0.59); (245 ± 14, 0.55] in addition 
to the following not-significant periods [22.3, 0.39; 13.9, 0.39]. A model position 
curve based on these 5 periods and amplitudes is shown as a red curve in Figure 
7(b). This model gives a residual 1.16 degrees. The same analysis of the BIE po-
sitions from 1750-2020 gave a spectrum shown in panel (d) with the following 
significant periods: [(86 ± 2.5, 0.61); (20.2 ± 0.2, 0.44); (43.4 ± 0.9, 0.42), (120 ± 
7, 0.36)]. A model based on these four periods is shown in blue in Figure 7(b). 
The residual is now 0.97 degrees, verifying the improvement of the data after 
1750. In these series all periods are related to the Jose period of PJo = 178.38 years 
with Pi = PJo//i, with i = 3/2, 2, 4, and 9. This corresponds to the formulae found 
for periods in the solar motion around the solar system barycenter by N. Scafetta 
[32] (Equation (8)). We consider this as an argument for a solar-planetary con-
nection. 
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Figure 6. Harmonic analysis of BIE positions with four significant periods (thick red line) 
and two weaker periods (thin line). 
 

 

Figure 7. (a) BIE-position series with zero trend 1579-1890, and a linear trend 1990-2020; 
(b) BIE-position series detrended with the trends in (a); (c) Spectrum of the whole de-
trended series; (d) Spectrum of the detrended series 1750-2020. In (b) are also harmonic 
models with 4 periods (blue) and 5 periods shown (red). 

3.2. Morlet Wavelet Analysis and the 60-Year Period 

Visual inspection of climate data series often suggests the existence of one or 
several recurrent variations. However, describing the character (persistence, pe-
riod, and amplitude) of such cyclic patterns is difficult, as the variations quite 
often come and go, lasting only for a limited period at each appearance. For this 
reason, they may prove difficult to characterize fully from a normal Fourier 
power spectrum. Especially the dynamics over time of the individual cycles, can 
be difficult to analyze. However, despite such shortcomings, Fourier analysis 
remains an extremely valuable tool for the identification of such recurrent natu-
ral climate variations. 

To overcome the problem encountered when cyclic variations change their 
period and amplitude, we here also employ wavelet analysis to identify and de-
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scribe oscillating variations in climate series as a supplement to the Fourier 
analysis. Wavelet analyses can pick up even oscillations that last for a relatively 
short time and change their phase between one appearance and the next. Thus, 
wavelets transform represents an analysis tool well suited to the study of 
non-stationary processes occurring over finite spatial and temporal domains. 
Among other things, this technique is well suited to visualize the frequency con-
tent of a signal as it varies through time. Since its introduction by Jean Morlet 
[33], wavelet analysis has gradually found application in several fields of 
sciences, such as, e.g., seismic signal detection, turbulence, fractal research, etc. 
By this, wavelet analysis is becoming a common tool for analyzing localized var-
iations of power within time series.  

Many data series contain cyclic variations that are non-stationary, varying in 
both amplitude and frequency over long periods of time, which makes identifi-
cation of such variations difficult. However, by decomposing time series into 
time/frequency space by wavelet analysis, it becomes possible to extract infor-
mation on both the amplitude and variation over time of any periodic signal 
within the series, but only for that part of the signal which can be decomposed 
into sinusoidal components. An overall trend affecting the whole time series 
considered will therefore not be identified by this technique. The resulting 
wavelet diagram provides information on periodic behavior in the data series, 
making it possible to determine both the dominant modes of variability and how 
these modes vary with time. This, in turn, provides an important tool for under-
standing the nature of the main drivers behind observed cyclic variations of dif-
ferent phenomena.  

Three types of wavelet types may be considered for analysis of time series: the 
Paul-, the Gauss Deriv- and the Morlet wavelet. For a given count of evident os-
cillations in the wavelet, the Morlet offers the best frequency localization, the 
Gauss Deriv wavelet is slightly less efficient, and the Paul wavelet is the least effi-
cient in this respect [34]. Here we chose to make use of the Morlet wavelet, be-
cause superior frequency localization is essential to determine the most likely 
physical origin of the oscillations identified. At the same time, the Morlet wave-
let still provides good localization of the oscillations in the time domain. 

To avoid wraparound effects that arise because of non-periodicity in both the 
data and the response function (daughter wavelet), zero padding is needed equal 
to the half the length of the non-zero elements in the daughter wavelet's fre-
quency response. Usually, zero padding to twice the data length, ensures that no 
wraparound effects are possible anywhere in the spectrum. Sufficient zero pad-
ding wraparound effects are eliminated but a different issue then arises, as it is 
likely that a discontinuity is introduced at the end of the data series. This zone of 
edge effects is known as the cone of influence, outside which spectral informa-
tion is not likely to be as accurate regardless of whether zero padding is used. 
Here we used zero padding and computed the cone of influence using e-folding 
distances as described by [35]. 

In general, according to the Nyquist-Shannon sampling theorem [36] only 
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frequencies lower than fs/2 should be considered in the analysis, where fs is 
representing the sampling frequency. As an example, for data series representing 
annual values, only frequencies lower than 0.5 yr−1 should be considered, cor-
responding to periods longer than two years. 

The results of a Morlet wavelet analysis of the BIE position series are shown in 
Figure 8. The first impression is that no stable short periods are present inside 
the cone of influence. The closest to stable periods are a cluster of periods be-
tween 14 and 20 years, which fades away after 1900. This is most likely the 
14-year period detected in the P04-analysis. A 33-year period is present from the 
beginning until about 1850. A 60-year period is present through the whole se-
ries, just outside the cone of influence. Before 1800 we observe the 60-year cycle 
with harmonics 30, 14.5, and 7.5 years. The harmonics pattern is a proof that the 
60-year cycle is real in this period. After 1800 the 60-year period is still present, 
but its harmonics disappear, except a 19.8-year period which appears after 1900. 
When harmonics appear, this indicates that the basic period is strongly forced. 

There is also a period P~104 years present through the whole series. This may 
be the 104-year solar modulation potential (φ) period determined from cosmo-
genic radionuclides 10Be and 14C [37] and is a harmonic of the 208-year de Vries 
cycle. The 33-year period may be a harmonic of this. The 60-year and 104-year 
periods are indications of planetary and solar forcings. 

3.3. Analysis with a coif3 Wavelet Function 

The BIE position series have also been analyzed with a coif3 [38] [39] wavelet 
function. This wavelet provides phase information and handles variable ampli-
tudes in contrast to the Morlet wavelet and the Fourier Transform analysis.  
 

 

Figure 8. Morlet wavelet analysis based on de-trended data. The black, broken line de-
fines the cone of influence where most accurate periods are found. 
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Missing yearly data points were provided by cubic spline interpolation. Figure 9 
shows the wavelet power spectrum. The four high peaks and the valleys show the 
extreme values of a bicentennial period: (t,ex): [(1643, mi), (1725, ma) (1851, 
mi), (1986, ma)] where mi and ma means minimum and maximum values. The 
valley bottoms represent the (+, 0) and (−, 0) phase times. The differences be-
tween the extreme values are half periods of duration 83, 126 and 135 years, in-
dicating a period of the order 200 years. In Figure 9 we also have peaks of a 
sub-centennial period.  

In Figure 10 we show O-C-diagrams for some of the dominating periods. In 
this type of diagrams, we compare the phase with expected phase from a clock 
running with a fixed frequency. If the observed period is the same as the 
clock-period, we get a straight line parallel with the x-axes. If the period is con-
stant but different, we get a straight line in some other direction. 

The top panel shows the bicentennial peaks relative P = 252 years clock pulses. 
The O-C-diagram shows P = 145 years before 1740 and P = 266 years thereafter. 
The lower panel shows that a sub-centennial period of 82 years has a stable 
phase between 1670 and 1910, but then a phase shift takes place between 1910  
 

 

Figure 9. Wavelet power spectrum of the BIE-series with values of peaks and valleys (provided by H. Yndestad [38]). 
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Figure 10. O-C diagram for phase-points marked in the wavelet power spectra in Figure 
9, shown relative clock pulses of P = 252 years for the bicentennial and P = 82 years for 
the sub-centennial periods. 
 
and 1940. The lack of stability before 1740 may be due to less precise observa-
tions (see also Figure 5). The phase shift between 1910 and 1940 may be related 
to the rapid warming in this period.  

3.4. Conclusions on the Fingerprint Search 

The 268-year period is ~3PJo/2 and the 145 year period ~4PJo/5, which are signs 
of planets. 

Sub-harmonics of the 60-year cycle with periods 120, 240 and 480 years are 
also detected, as predicted in [1] (see Figure 13 and Section 10.2), but not as do-
minant periods. The 82-year period is close to the basic solar period found by 
[38]. We have detected signatures of the Sun and planets. 

4. Comparison with Other Climate Data Sets 

The BIE position is a result of many driving factors: The freezing of new ice 
during the winter, the melting in the summer, the sea temperature, the strength 
of the wind pattern, the solar activity, tidal effects from the Moon and the Sun, 
and pollution by dust etc. In the following we present some linear correlations 
based on data from the same year before we present some correlations based on 
averaged data. Goodness of fit (r2) explains how much of the variation can be 
explained by the calculated linear relation. 

4.1. Central England Temperature (CET) Series 

The Central England surface air temperature series is the longest existing me-
teorological record based on thermometer readings. It is constructed from sta-
tions with a minimum urban heating [40] and updated by the Hadley Centre 
[41].  

Climate is defined from 30-year averages. Correlating 30-year averages of CET 
and BIE positions we get the goodness of fit r2 = 0.79 as shown in Figure 11, left 
panel, with the relation BIE = 3.62 * CET + 44.6˚N. This shorter data set was  
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Figure 11. BIE positions compared with CET. The left panel shows the correlation be-
tween 30 years averaged values (1778-2018). The right panel shows 5-year running mean 
of CET converted to latitude by the relation shown in the left panel (red) and the BIE po-
sitions (blue dots) 1659-2020. 
 
selected because of being less noisy than earlier data. This relation was used to 
convert 5 years running mean CET-values to BIE-latitudes in the right panel and 
compared to BIE position estimates. 

CET is decreasing from 1659 to 1695 during the coldest period in the LIA. 
The CET and BIE positions follow quite well also on shorter time scales. A CET 
peak in the 1680’ies corresponds to a BIE position 82.5˚N, and a sharp tempera-
ture drop in the 1690’ies to a rapid BIE expansion to 76˚N. The temperature 
peak in the 1730’ies is followed by BIE retreat to almost 82˚N. A CET peak in 
1830 is followed by BIE retreat in the 1840’ies etc.  

4.2. Nordic Arctic Sector Summer Sea-Ice Coverage 

From 1979 both the Arctic summer ice cover in the Nordic sector [22] and the 
BIE position, have been estimated from satellite observations. In this period the 
BIE position varied between 79˚N and 83˚N and the ice sheet area in the Nordic 
Arctic sector between 1.5 and 1.0 Mkm2. We find a goodness r2 = 0.61. The cor-
relation is shown in Figure 12. Based on a linear least square relation between 
the summer ice cover shown in the left panel, we show the best fit in the right 
panel. The residual is flat curve, showing that the summer ice cover and August 
ice-edge position are well correlated these 40 years. Also including summer ice 
estimates with other methods back to 1900, gave r2 = 0.22, indicating less precise 
estimates. 

However, the correlation between the Arctic summer temperature in the Nor-
dic sector and the ice edge position is poor (r2 = 0.08) for the period 1979-2015 
and is reduced to r2 = 0.03 when we include data back to 1900. This is because 
the summer temperatures in the Arctic show small variations from year to year, 
while the winter temperatures, and thereby annual temperatures, show large 
variations. For the Nordic sector ice and Arctic summer temperature correla-
tions we have used data from a recalibration of Arctic ice extent by [22].  

4.3. Correlations with Arctic Land and Sea Temperatures 

Since BIE runs from Svalbard to Frans Josefs Land, we expect a correlation  
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Figure 12. Correlation between the summer sea-ice area in the Nordic Arctic sector and 
the position of BIE 1979-2015 (left). The right panel shows the summer sea-ice area (red) 
and the BIE position (blue). 
 
between the BIE position and Longyearbyen air temperatures [42] and Kola sec-
tion sea temperatures (KolaT) [43]. Longyearbyen is situated in a fjord on the 
western coast of Svalbard where a branch of the AW keeps the coast ice free in 
most winters (see Figure 1). The winter temperature is dependent of the winter 
ice conditions. Longyearbyen temperature measurements are available from 
1898. KolaT series were provided by the Polar Research Institute of Marine Fi-
sheries and Oceanography (PINRO), Murmansk, Russia [44]. The data used here 
are yearly temperature values from the upper 200 m of the Kola section, along 
the 33˚13.0'E meridian from 70˚13.0'N to 72˚13.0'N in the Barents Sea. 

The relations are shown in Figure 13 panels (a) and (d). Both temperature se-
ries peaks around 1920 and 1930 and show a rise from mid 1980-ties, which fol-
lows the BIE position quite well. Correlation between BIE position and Lon-
gyearbyen temperature gives r2 = 0.48 and with the KolaT r2 = 0.29. The devel-
opment in KolaT follows the same trend as described for the BSO by [4] where 
the increase in the temperature started in mid 1980ties. We have also compared 
with Arctic and NH land-temperatures based on rural stations (Figure (b) & (c) 
in [45]). The Arctic land mean temperature (ArcT) (North of the Arctic Circle) 
was around 0˚C from 1830-1920, and then increased 3 degrees in 30 years. This 
is well correlated with the BIE position (r2 = 0.55) (Figure 13 panel (b)). Also, 
the Longyearbyen temperature, has a steep rise around 1920 and peaks in 1940 
or 1950. The NH-land temperature (panel (c)) has the same steep rise around 
1920 but peaks 10 years later than the Longyearbyen temperature and ArcT.  

As the ocean is a main transporter of heat to the Arctic, we should expect a 
correlation between the NH sea temperature and BIE position. The relation is 
shown in Figure 13 panel (e). The correlation is the same as for the NH rural 
temperature and somewhat lower than for Arctic land temperature. We interpret 
this as the land stations and BIE have an equal or larger contribution from air-
borne heat flow, maybe related to solar variations (TSI or GCR-induced clouds). 
The sea surface temperature measurement is quite variable before 1900 but 
tracks the BIE-position quite well after 1900. It seems to give a better fit than the 
KolaT (r2 = 0.44 versus r2 = 0.29). The KolaT peaks in 1935, about 10 years be-
fore the NH-SST. Table 2 shows a summary of the correlations. 
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Figure 13. Correlations between temperature series (red lines) and BIE positions (blue 
dots) based on yearly data. (a) Longyearbyen T; (b) ArcT; (c) NH rural stations; (d) Ko-
laT; (e) NH-SST. 
 
Table 2. Summary of correlations with BIE position. 

Series Years no. r relation 

CET 30years mean 1779-2018 8 0.89 3.62 * X + 44.6 

CET yearly 1659-2018 285 0.37 0.98 * X + 69.6 

Nordic sector summer ice 1979-2015 37 −0.78 −6.83 * X + 90.0 

Nordic sector summer ice 1900-2015 90 −0.46 −7.66 * X + 89.9 

Nordic sector summer temp 1979-2015 37 0.28 0.39 * X + 80.8 

Nordic sector summer temp 1900-2015 90 0.18 0.50 * X + 79.5 

Longyearbyen air temp 1899-2018 94 0.69 0.55 * X + 82.9 

Arctic land temp 1832-2014 124 0.74 1.54 * X + 79.1 

NH rural land temp 1883-2014 100 0.66 2.84 * X + 79.0 

KolaT 1901-2014 89 0.54 1.67 * X + 79.7 

NH-SST (HadCRUT3) 1850-2018 124 0.66 3.95 * X + 79.6 

https://doi.org/10.4236/ijaa.2021.112015


J.-E. Solheim et al. 
 

 

DOI: 10.4236/ijaa.2021.112015 298 International Journal of Astronomy and Astrophysics 
 

4.4. Cyclic Variations after 1800 

In [1] we proposed that external forcings work through Earth’s rate of rotation 
(LOD) and by the ocean surface and atmosphere circulation [1] (see Figure 7 
and Figure 9). In the following we will investigate the period and phase relations 
between LOD, BIE and other climate series and investigate how BIE position se-
ries fit in the SW concept [46] and [1] (Section 9.5). 

To compare the oscillating patterns, we have compared detrended and 11 
years running mean values of BIE position (1800-2020), with KolaT (1900-2015) 
[44], Arctic land temperature (ArcT) [45], AMO (1856-2018) [47], NAO 
(1800-2018) [48] [49] and LOD [50] series. LOD is determined by observations, 
mostly solar eclipses and occultation timings from ancient Babylonian, China, 
and the Arab and European worlds through early telescope observations to 
modern Very Long Baseline Interferometry (VLBI) observations after 1962 [50]. 
The BIE-positions have been detrended as shown in Figure 7 with a break in 
1890. Since the BIE-series has many gaps of variable length, we have made run-
ning mean values based on 11 successive numbers. In the other series with yearly 
values, we have calculated running mean of 11 yearly numbers. The result is 
shown in Figure 14. The general impression is that all series, except NAO and 
LOD, have maxima between 1930 and 1960, and minima 1900-1920, and 1960-1980. 
NAO and LOD have maxima and minima some years earlier. 

All the series show periodic variations 50 < P < 100 years. LOD, AMO and 
NAO have periods 65 - 67 years. BIE has P~82 years with a phase shift between 
1900 and 1950 (Figure 10). The KolaT P~77 years and ArcT P~82 years, are 
closer to the BIE-period. 

If we compare the dominating periods, we find the following phase shift se-
quence [-0] starting around 1900: LOD (1891) → NAO (1902) → ArcT (1914) → 
KolaT (1920) → BIE (1921) → AMO (1929). This may indicate LOD as driving 
with NAO forcing—resulting in ArcT, KolaT and BIE changing 15 - 30 years 
later. In the next [-0] phase shift the sequence is slightly changed: LOD (1957) → 
NAO (1967) → BIE (1980-90) → ArcT (1996) → AMO (1997). The sequence 
again starts with LOD and NAO with the others 15 - 30 years later. Around 1850 
the peak in BIE, ArcT and NAO are almost in phase. 

The series have the following max values: LOD (1974) → NAO (1983) → KolaT 
(2010?) → BIE (2010-2020) → AMO (2012) → ArcT (2015 or later). The Lon-
gyearbyen temperature (not shown) lags BIE with ~5 years. The phase difference 
LOD-NAO and LOD-negAMO is 0.3π, where neg means negative. This indi-
cates that LOD can be the driver of NAO and AMO, the most important period-
ic climate variations in the North Atlantic region. On the other hand, the BIE 
position last century, is in antiphase with LOD 65-year period which has [0,-] 
shift in 1926 and 1991, which is 5 or 3 years after BIE [-0] shifts. 

The longer period Arctic temperature series (ArcT) has changed from being 
in phase with LOD and NAO around 1850, to be in antiphase after 2000. The 
opposite has happened with AMO and ArcT, which now are in phase. BIE posi-
tion and KolaT have gradually been phased to AMO.  
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Figure 14. Oscillating pattern after detrending and 11 points running mean of (a) BIE 
position; (b) KolaT; (c) ArcT; (d) AMO temperature index; and (e) NAO pressure index; 
(f) LOD (not detrended). 
 

The period pattern indicates decreasing BIE, AMO, ArcT and KolaT relative 
the trends the next decades, while LOD and NAO are increasing. The next BIE 
minimum relative the trend is about 2050. It should be remembered that a main 
component responsible for the trend is the 268-year period found in Section 3.3. 
This period had maximum in 1986 and is decreasing this century. A decreasing 
KolaT is also predicted by [43]. 

4.5. The Stadium Wave Pattern 

In the Stadium wave concept [1] [46] (see Section 9.5 and Appendix 1), various 
periodic or quasi-periodic climate phenomena are found to vary in phase and 
given membership in distinct temporal groups (TG). Anomaly of NHT, AMO, 
negLOD and ArcT were all assigned to TG IV with maxima around 1938 and 
1998. Cool Atlantic sea-surface temperatures (negAMO) correlated strongly 
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with positive sea ice extent of the Greenland and Barents Seas. This means that 
we should expect AMO in phase with BIE far north positions.  

Our analyses (Figure 14) places AMO in TG I with maxima around 1945 and 
2012 and NAO in TG II with maximum in 1983, while ArcT has a longer period 
and moves from TG II in 1933 to TG I in 2015. It is now in phase with AMO. 
Wyatt & Curry [46] analyzed boreal winter indices of NAO and the Arctic Os-
cillation (AO) and found that they behave differently from their yearly counter-
parts, and co-varied within TG II. We have used the yearly version of NAO in 
our analysis. That may explain the difference. 

The BIE position varies from TG III in 1938 to TG -I in 2011. This means that 
the BIE position and ArcT are not at fixed positions in the Stadium wave but 
moves relative to the pattern. Periods longer than the Stadium wave period may 
be due to external forces as the Moon, Sun and planets as indicated in [1]. We 
will explore this in Section 5. 

4.6. BIE and NAO 

When NAO is in its positive phase, the subtropical high-pressure center is 
stronger than usual, and the Icelandic low-pressure center is deeper. The positive 
phase is associated with stronger-than-average westerlies across mid-latitudes, 
warm and wet winters in Northern Europe, dry winters in Southern Europe, 
cold and dry winters in Northern Canada and Western Greenland, and mild and 
wet winter conditions in Eastern USA. The negative phase is associated with the 
opposite anomalies 

A study of the ice edge anomaly and winter NAO-index by [51] demonstrated 
a nearly anti-phase behavior indicating that positive NAO with increased north-
ern meridional circulation, promote a retreat of the ice cover. They found the 
strongest NAO-effect on the ice cover in the Greenland Sea and western Barents 
Sea with a correlation coefficient r = −0.5 to −0.6. The variations suggested 
presence of a 60 - 80-year variability in the BIE position. 

Vinje [16] investigated the relation between the change in NAO winter-index 
(dNAO/dt) and the April ice extent and found a correlation r = −0.97 with in the 
eastern area of the Nordic Sea. A sequence of southern winds (positive NAO 
change) reduced the ice, while northern winds (negative NAO change) increased 
the ice. For the western area he found a negative correlation r = −0.60, and for 
the Newfoundland-Labrador area a positive correlation r = 0.61. This demon-
strated the “seesaw effect” between eastern and western areas [52]. 

Polyakova et al. [53] reported that the relationships between NAO and key 
North Atlantic climate parameters like the sea surface temperature, surface air 
temperature, and sea level pressure are not as stable as the accepted paradigm of 
relations. For example, the ice-decline the last decades is accompanied with neg-
ative NAO-index, as demonstrated in Figure 14, while the ice-declines previous 
decades have been accompanied with positive NAO-index and with high at-
mospheric cyclonicity. A possible interpretation of this reverse relation is that 
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we are in the starting phase of a deep solar minimum. 

4.7. Integrated Effects (LOD and INAO) 

The detrended values for BIE position correlate with the detrended negLOD 
(Figure 14). In [1] we have proposed LOD as the mechanism to transfer internal 
and external forcings to the ocean surface and atmospheric circulation [1] (Fig-
ure 7). Since negLOD correlates with SST [54], it is a good candidate to transfer 
the solar and planetary forcings to the Arctic ice cover by the geostrophic (zonal) 
wind which is set up by the temperature difference between the tropics and 
Earth’s poles. The temperature difference generates the pressure difference as 
defined by NAO. The variation of wind speed (∆Ug) is related to the integrated 
zonal index (IZI) or integrated NAO (INAO). Mazzarella and Scafetta [55] pro-
posed the following relation: IZI ~ INAO ~ ∆Ug ~ negLOD and showed that 
SST was well correlated with INAO and negLOD, at least from 1840, and used 
this to hindcast SST back to 1700. They assumed that the trend after 1840 also 
was present before that date. This resulted in a SST temperature minimum 1.0˚C 
- 1.5˚C colder than today [55]. 

In Figure 15 we show the linear least square fit of BIE position to INAO and 
LOD for the period 1800-2018. The fit is quite good, except that INAO and BIE 
are diverging after 2000 and LOD has a less steep trend after 1960. Hindcasting 
before 1800 does not work since the trend in BIE then is zero as shown in Figure 
7.  

The failure of hindcasting with respect to BIE position may be related to the 
two negative GSB events 1687-1703 and 1808-1823, which has a period of posi-
tive GSB in between. The positive GSB 1703-1808 brings warm water to the 
North Atlantic and may push BIE north. 
 

 

Figure 15. 11-Point running mean BIE position (black), INAO (top, red) and negLOD 
(bottom, red). 
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4.8. Summary of Oscillating and Integrated Internal Effects 

The strong correlations between the BIE position and other climate parameters 
as the Nordic Sector summer ice, Longyearbyen air temperature, ArcT, NH-SST 
and KolaT, show that the BIE position is related to other regional climate fac-
tors. The most important observation is the near linear change in BIE position 
from 1900 (r2 = 0.61). The trend before 1900 is near zero. This may be an effect 
of the GSB events 1676-1703 and 1808-1821. 

Compared to cyclic changes after 1800 in the Stadium wave 60-year period 
group, AMO, NAO, and LOD show the same periods, with AMO in antiphase of 
LOD and NAO. BIE position, KolaT and ArcT oscillate with a longer period, but 
with the same phase. However, the difference in periods means that the phase 
similarity is only temporal. 

INAO is clearly in antiphase with LOD. Both correlate well with BIE position 
and have linear trends after 1800.  

5. Forcing by the Sun and the Moon 

The Arctic ice cover shows dramatic changes during the year. The major reason 
for ice and snow melting in the summer season is the presence of the Sun. When 
the first rays from the Sun hit the ice edge after the long period of no Sun in the 
winter, ice melting starts, first slow, then faster—until minimum ice is reached at 
the end of August or early September, when cold nights again start the freezing 
cycle. It is important to notice that the melting season starts when temperature 
rise above −5˚C. The yearly cycle is clearly a function of how the solar insolation 
changes during the year. 

In addition to direct solar insolation the ice cover is also modified by the in-
flux of warm Atlantic water which heats the Arctic atmosphere. A simulation 
with the forced global ocean model NorESM20CR, aided by hydrographic ob-
servations shows a poleward ocean heat transport last century of 68 TW, with 
typical variations 40 TW over time scales 5 - 10 years, due to thermohaline and 
wind stress forcings [56]. In the model simulations 45 TW entered through BSO 
and 15 TW through the FS. The rest of the heat transport came through the Da-
vis and Bering straits. The observed heat transport through BSO is about 70 TW, 
and the seasonal difference is small, with a winter volume transport of 1.7 Sv and 
a summer mean of 1.3 Sv.  

Since the insolation changes with Earth’s orbit and the solar energy output va-
ries with solar cycles, we may expect that the BIE position mirrors solar and or-
bital variation. This is also true for the ocean currents which transport heat from 
tropical oceans with a delay of decades. We may therefore expect both direct so-
lar signals and solar signals with short and long delays. In the following we will 
take a closer look at orbital and solar variations, and, in Section 6, investigate if 
there are relations to the orbits of the planets.  

5.1. Orbital Forcing (The Milanković Cycles) 

There are three orbital forcings: the change of ellipticity, axial inclination and 
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orbital precession. Figure 16 shows the integrated total summer insolation 
(ITSI) during the summer at 60˚N during the last 13,000 years [57]. The summer 
season is defined as the time between spring and autumn equinoxes. The de-
crease in insolation from the Holocene maximum until recent times is about 
6.2% and is mainly due the change in obliquity. The wiggle in the curve (Figure 
16) is due to the perturbation in the distance to the Sun because of the 18.6 years 
lunar nodal precession period.  

The reduction in ITSI from the Holocene Maximum in Figure 16 corresponds 
to a reduction in ocean surface temperatures of about 4˚C - 5˚C to a LIA mini-
mum between 550 and 250 cal years BP, determined from high-resolution sedi-
ment cores from the Vøring Plateau in the Norwegian Sea at 67˚N [58] as shown 
in Figure 17.  

Biochemical proxy records from Icelandic lake sediments show the same evo-
lution, a millennium scale cooling after the Holocene warm period, a ~0.5˚C 
summer cooling the first millennium, with stronger cooling starting ~1450 CE, 
reaching maximum cooling of 1˚C shortly after 1850 CE. Model simulations 
with CESM1.1 state-of-the-art global climate model show Arctic-wide cooling 
from 1 CE to 1900 CE and a following sharp rise in temperature, the Medieval 
warm episode from 950 CE to 1250 CE, the LIA 1300-1850 CE and abrupt cool-
ing in response to major explosive eruptions [59]. 
 

 

Figure 16. Integrated daily insolation for the astronomical summer at 60˚N for a con-
stant Sun and no atmospheric absorption (calculated by R.G. Cionco [57]). 
 

 

Figure 17. Reconstructed SST for the Vøring Plateau at 67˚N in the Nordic Sea based on 
high-resolution sediment cores (modified from [58]). 
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At the BIE average position 78˚N we can study the difference in TSI at the NH 
vernal and autumn equinoxes and summer solstice in Figure 18. The top panel 
shows the reduction of TSI at summer solstice. This is an effect of the reduction 
of the Earth’s axial tilt. This is partly compensated for in the spring, due to the 
precession effect moving the Earth’s perihelion closer to the vernal equinox. The 
lower panel shows the difference in TSI at the equinoxes. During the last 2000 
years, TSI has increased at the vernal equinox, while it has declined at the au-
tumn equinox. From 1242 CE, when perihelion was aligned with the winter sols-
tice, it has advanced about two weeks to the first week of January. From then on, 
the spring TSI is larger than the autumn TSI. This results in increased insolation 
at the start of the melting season. Since the ice is 0.7 - 0.8 and open sea albedo is 
less than 0.1, this means a huge change in the ability to absorb sunlight and ear-
lier melting of the ice and warming the sea. We may call this an Early spring ef-
fect [54]. This may be the main reason for the general movement of BIE to the 
north. 

In situ measurements of solar and ground radiation on an expedition [26] to 
81˚N shows solar insolation as high as 400 W/m2 at clear sky during the Arctic 
summer, which means a transmission of almost 78%, while the average insola-
tion was of the order 100 - 200 W/m2 due to mostly cloudy conditions. The 
longwave radiation was approximately −50 W/m2 during the expedition period. 
With more open water during the melting season, more evaporation creates 
more local clouds as the melting season develops. This means that the melting by 
direct sunlight is more effective early in the spring. 

5.2. The Equator-to-Pole Temperature Distribution and the  
Latitudinal Insolation Gradient 

The current annually averaged equator-to-pole temperature difference is about  
 

 

Figure 18. TSI at summer solstice (top panel: red) and TSI at spring (green) and autumn 
(black) equinoxes (lower panel) at 78˚N latitude. This is for a constant Sun (calculated by 
Rodolfo G. Cionco [57]). 
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40˚C. In the absence of dynamic transport this would have been about 100˚C 
[60]. The atmospheric heat transport is believed to arise from baroclinic instabil-
ity, which again depends on the intensity of the Hadley circulation [61] (see Fig-
ure 8).  

The difference in solar energy at low and high latitudes drives the climate sys-
tem on planetary scale through both atmospheric and oceanic different heat sto-
rage and release mechanisms. This has its origin in the difference in insolation at 
different latitudes. The insolation received depends on the height of the Sun rel-
ative to the horizon and the Sun’s magnetic activity level. This changes with the 
Earth’s orbit during the year and with the Milanković cycles and are demon-
strated in Figure 16 and Figure 18 for a constant Sun.  

The temperature difference between latitudes originates in the latitudinal in-
solation gradient (LIG). The variation of LIG throughout the Holocene is calcu-
lated by [57] for low and high [62] frequency variations. LIG for the latitude dif-
ference 30˚N and 78˚N with variable solar TSI is shown in Figure 19. There are 
at least sixteen different estimates for TSI since the 19th century and a few for 
earlier periods [63]. For this work we have selected an estimate by [64], based on 
the ACRIM reconstructions [65]. The green and red curves show the insolation 
difference for spring (solar longitude 0 - 90 deg) and summer (solar longitude 90 
- 180 deg), where the solar longitude is measured along the ecliptic from the 
vernal point. Increasing LIG means stronger temperature gradient and stronger 
wind forcing for moving air eddies and sea currents. The effect of steeper LIG in 
the spring, means more advection of warm and humid air to the BIE, and earlier 
start of the melting season. This is an important contribution to the BIE north-
ward displacement. 

5.3. BiE and TSI Correlations 

The Earth’s slow orbital variations lead to changes on centennial and millennial 
time scales in the decreasing integrated TSI (black curve for constant solar out-
put) in Figure 20. A wiggle in the curve is due to perturbations from the lunar  
 

 

Figure 19. The average daily latitude insolation difference (LIG) between 30˚ and 78˚N 
for the spring period (green) and the summer (red). A TSI reconstruction by [64] based 
on ACCRIM observations [65] is used for the calculation by R.G. Cionco [66]. 
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Figure 20. Integrated total summer (solar latitude 0 - 180 deg) insolation at 78˚N. The 
black curve is for a constant Sun. The red curve is estimated TSI ACRIM-calibrated [64] 
(calculated by R. G. Cionco [57]). 
 
nodal cycle with a period of 18.63 years. In the same figure is drawn a red curve 
which is the changing TSI due to solar magnetic activity. The wiggle in this 
curve is due to the 11-year solar activity cycle, which is related to the 22 years 
solar magnetic cycle, the Hale cycle. The downward trend due to the obliquity 
change is more than compensated from the deep minimum 1650-1700 CE by the 
increasing solar activity. It also tells us that the next deep solar minima may 
produce less summer insolation than the previous due to the downward trend in 
orbital variation (the grey curve). 

Understanding the influence of solar variability on Earth’s climate requires 
knowledge of solar variability, solar-terrestrial interactions and mechanisms de-
termining the response of the Earth’s climate system. A summary is given by 
[67] and possible relations with solar cycles and BIE periods are discussed in [1] 
(see Section 8.1).  

The summer season melting power depends on atmospheric transparency, 
clouds, and albedo. If we calculate insolation with 40% transmission and albedo 
of 0.8 we get 440 MJ/m2 solar insolation available for melting in the summer. 
The heat necessary to melt 1 kg ice is 0.334 MJ, which means that the available 
insolation melts 1300 kg/m2 or 1.3 m thickness of ice. This should be sufficient 
to melt the ice at 78 N each summer. The increase in insolation from 1690 to 
2000 is about 0.5%, which translate to 6 mm more ice melted. An amplification 
is therefore clearly needed to explain the increased melting from 76 N to 83 N. A 
reduction of albedo by 0.1 and the cloud cover with 0.1, would nearly double the 
summer melting. Comparing with 70 TW heat entering BSO by ocean currents: 
insolation in the summer season with albedo 0.8 provides 38 TW for melting ice 
with albedo 0.8 or 170 TW for heating open ocean with albedo 0.1—producing 
warm air or warm surface water which again melts ice. One should also remem-
ber that on top of the sea ice cover is a layer of snow, which also needs to be 
melted before the ice-melting starts [68].  

How the drift-ice is melting is described by [10] in the drawing shown as Fig-
ure 21. The Sun melts ice floats from the top, where freshwater melting-pools 
absorb heat from the Sun and accelerate the melting. Solar irradiation also heats  
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Figure 21. Ice melting off the East Coast of Greenland in 1882 (F. Nansen [10]). 
 
the upper part of the sea which provide melting at sea level. At the same time the 
temperature in the fresh top level sea water is below freezing and the ice float 
grows in the deeper layers—even in the month of June when the insolation is 
maximum. 

In Figure 22 we present correlations between two estimated TSI-series and 
the observed BIE-positions. The top panel shows the correlation between the 
summer insolation at 78˚N and BIE position. The peaks at 1750, 1850 and 1950 
are well correlated, but the minima are not as deep and flat in the TSI-series as in 
the BIE-observations. In the Hoyt-Schatten-ACRIM reconstruction [69] (lower 
panel), the peaks fit better and the minima around 1800, 1900 and 1960 are bet-
ter reproduced. In both TSI reconstructions the BIE position is too far north af-
ter 2000 CE. We also notice that the correlation is much better for the 
TSI-HS-record starting 1700 CE. Table 3 shows the correlations between TSI 
and BIE positions.  

The TSI-HS series also shows a high correlation with the Arctic and NH tem-
peratures (see [1] Figure 18) and both series show planet-related periods [32]. It 
must be mentioned that the TSI reconstructions in Figure 22 are only two of at 
least 16 various reconstructions presented and evaluated in [63]. 

5.4. BIE and Sunspot Cycle Length (SCL) 

Another indication of the solar connection is the high correlation (r2 = 0.59) 
between SCL (low pass filtered with L12221) and the normalized mean of BIE 
position in the first version of the BIE data set [70]. The low pass filtering means 
that only periods longer than 30 years are investigated. They concluded that the 
good fit between solar cycle length and BIE position was lost at the end of the 
20th century and interpreted this as a possible sign of the appearance of another 
forcing as for instance anthropogenic warming. 
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Figure 22. Correlations between solar insolation and BIE position. The top panel shows 
summer insolation at 78˚N based on the [64] TSI-estimates and the lower panel Hoyt-Schatten 
TSI recently revised and updated by satellite observations [65]. (a) TSI-78N; (b) TSI-HS. 
 
Table 3. Correlations with BIE positions. 

Series period no. data r2 trend 

TSI78N 1579-2018 236 0.23 1.688 * X − 499.8 

TSI-HS 1706-2018 191 0.41 0.967 * X − 1236.3 

 
We have correlated the L12221 filtered updated SCL-series with the revised 

BIE data set (11 points mean), shown in Figure 23, left panel. The goodness is r2 
= −0.48. Periods with long solar cycles correspond to BIE positions south and 
short solar cycles to less ice. From 1950 the SCL-trend has shifted to longer solar 
cycles and the BIE position followed until 1980, but thereafter the BIE position is 
north of what is expected from the SCL-relation. The high correlation indicates a 
possible low frequency relation between solar activity and the BIE position.  

Solheim et al. [71] found a correlation between the length of the previous solar 
cycle and the mean temperature in the next cycle for certain observing stations. 
This correlation was highest for stations bordering the North Atlantic. Figure 24 
shows how much of the temperature variations (r2) are explained by the length 
of the previous solar cycle. For stations bordering the North Atlantic r2 > 50%. 
This is a strong indication that there is a delayed solar heating of the North At-
lantic and the Barents Sea. This delay is at least the length of a solar cycle. Lans-
ner and Pepke Pedersen [72] showed that inland stations with little ocean influ-
ence, warmed up quickly around 1930, while both coastal and inland stations 
warmed up during the 1990-2010 temperature peak. This indicates that the 
warming by ocean was delayed 60 years or more. 

It is observed that long solar cycles in general correspond to low BIE, and 
short cycles as 1700-1800 and after 1900 corresponds to high values of BIE (see 
Figure 2). It is shown [15] that SCL varies with periods 190 and 86 years. This  
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Figure 23. BIE position (blue dots: 11 points mean) compared with low pass (L12221) 
filtered SCL. The left panel shows the correlation and right panel the fit to the SCL curve 
(red). Shorter solar cycles correspond to less ice. 
 

 

Figure 24. Contribution (r2) from the length of the previous solar cycle to the tempera-
ture in the next solar cycle (in percent) [71]. 
 
corresponds to planetary periods (Section 6). The longer cycles in the 19th cen-
tury means there are only 9 solar cycles in that century, while there are 10 in the 
next. In addition to the cycle length, it should be noted that the solar activity, 
described by sunspots, was very low in the 17th century (Maunder Minimum) 
and in the period 1790-1820 (Dalton Minimum), and again around 1900 (see 
Figure 25). 

5.5. BIE, Sunspots, and Earth’s Rotation (LOD) 

In [1] (see Section 7.3 and Figure 17) we proposed that the BIE position may be 
related to a solar-planetary beat, synchronized by the orbits of the planets. One 
forcing is direct solar irradiance modulated by the Earth’s orbit on Milanković 
and shorter time scales as discussed in the previous section. The other route for 
forcing is by solar wind which acts on the Earth’s magnetosphere. The wind 
modifies (see [1] Figure 20) the magnetic shielding which protects the Earth  
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Figure 25. (a) Group sunspot numbers (11-year running mean), grSN; (b) LOD; (c) BIE 
position (11-points mean). Increasing LOD indicates cold and decreasing LOD indicates 
warm periods. 
 
from galactic cosmic rays (GCR) [1] Figure 4 and contributes to the magnetos-
pheric ring current which controls the momentum exchange with the Earth’s 
magnetic core. This introduces a change in the Earth’s rotation which is ob-
served as Length of Day or LOD-changes.  

In Figure 25, we show group sunspot numbers (A) (Gnbb2) [73] [74]. This 
data set is a pure solar index and does not rely on input from other proxies. It 
shows that the solar activity has risen from a low level between 1650 and 1700 
(Maunder Minimum) and had three long maxima about the same level the last 
300 years. The black curve is a P04-periodogram with three significant periods 
(437, 213, 118 years). A weaker oscillation with P = 55 years is not included. The 
most rapid increase happened between 1690 and 1730. There is also a deep short 
minimum around 1800 (Dalton Minimum) and a longer, not so deep minimum 
between 1880 and 1930. All these minima are observed in the BIE position (c). 
Panel (b) shows LOD. Peaks in sunspot numbers correspond to the BIE peaks 
around 1750, 1850 and 1975. Except for the peak in 1850, BIE always start mov-
ing north before the sunspot numbers increase. According to our hypothesis, we 
expect warming when LOD decreases. Then the Earth is rotating faster. This is 
marked with “Warm or W” in red under (b). When the Earth is rotating slower, 
we expect cooling. This is marked with “Cold or C” in blue. We find that BIE 
always respond to the LOD-changes if the trend in LOD lasts long enough. The 
last LOD change around 2005 may have initiated the cooling in the North Atlan-
tic shown in [1] (see Figure 10), but the expected effect on BIE is not yet ob-
served. 

The correlation between sunspot numbers and BIE position from 1700 is only 
r2 = 0.01. We note that the sunspot minimum around 1900 was almost as deep as 
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the during the Dalton minimum, and that BIE has not yet moved south after 
2000 as it did during other deep sunspot minima. The correlation between 
sunspot numbers and LOD is also low, only r2 = 0.03, which means that we can-
not link sunspots and Earth rotation directly. However, the correlation increases 
to r2 = 0.08 for 11-year running mean sunspot numbers. In Figure 25, panel (a), 
the black curve is a best fit harmonic model with periods 99, 53 and 65 years. 

On the other hand, there is an anti-correlation between LOD and BIE for low 
frequency variations as shown in Figure 25. In addition, the GSB-beats during 
periods of low solar activity shown in [1] (see Figure 5), are an indication of a 
connection with variations in LOD, which regulates the inflow of warm Atlantic 
water to the Arctic. Increasing LOD means decreasing speed of rotation and in-
crease of warm water flow towards the Arctic. LOD-acceleration during deep 
solar minima and deceleration (retarding) during maxima is predicted by 
Mörner [75]. He proposed a simple mechanism: The solar wind intensity affects 
Earth’s rotation. More intense solar wind gives more pressure and slows the 
Earth’s rotation. When the Sun is less active, the solar wind decreases and the 
Earth speeds up, as it has done since 1975 and BIE moves north.  

We have in Section 4.4 shown that BIE positions anti-correlate with detrended 
LOD (r2 = 0.40). This means that decreasing LOD, which means increasing 
Earth’s speed of rotation leads to less ice or warmer Arctic. The geomagnetic in-
dex aa is a measure of the solar wind in the ecliptic plane, and a zonal wind in-
dex (ZI) is the pressure difference between 35˚N and 55˚N latitude circles. Maz-
zarella [76] finds a correlation (r = −0.97) between 23-year running mean, de-
trended integrated geomagnetic index (Iaa) and integrated zonal index (IZI) 
with Iaa 5 years ahead. This indicates that an increase in solar wind speed causes 
a decrease in zonal atmospheric circulation with a delay of 5 years. IZI and LOD 
appear inverse correlated (r = −0.87) with LOD 4 years after IZI. Mazzarella [76] 
explains the relation between solar activity and LOD in the following way: When 
solar activity increases the Sun ejects plasma (charged particles) both in the con-
tinuous solar wind and in hydrodynamic shock waves which interfere with the 
Earth’s magnetosphere and create turbulent pressure waves which decelerate 
atmospheric circulation and slows the Earth’s rotation. This cools the Earth. 
When solar activity decrease, we observe a faster Earth rotation and BIE moving 
north, as seen in Figure 25 since 1975. We may call this the direct SW-driven 
mechanism. 

Another explanation proposed by Duhau and Martinez [77] is that geomag-
netic storms in the solar wind modulate the magnetospheric ring current’s con-
trol of momentum exchange with the Earth’s interior. It is well known that short 
periodic variations in LOD are due to exchange of angular momentum between 
the atmosphere and the solid Earth’s core. Some of these periods may be excited 
by geomagnetic storm variations following solar activity cycles. Longer periods 
are related to torsional oscillations in the Earth’s liquid core. They may be ex-
cited by variations in the magnetic field carried with the solar wind as described 
in [77]. Duhau and de Jager [78] (in their Figure 61.3) show that a bi-decadal 
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period in LOD oscillates synchronous and anticorrelated with the sunspot num-
ber R. A semi-secular period is also anticorrelated with R but with a lag of 94 
years. This lag is a sign of a different mechanism. Signals in the decadal band 
and below are exited in the mantle by atmospheric motions that appear to be 
driven by solar activity (synchronous). Torsional oscillations have their sources 
at the outer-inner core boundary and need nearly 100 years to travel to the sur-
face [77]. In addition, the amplitudes of both the bi-decadal and semi-secular 
cycles are modulated with the Jose period of 179 years, indicating a relation to 
the orbits of planets. This will be discussed in Section 6. 

The anti-correlation and lag create the apparent lack of correlation between 
sunspots and LOD in Figure 25. However, the figure shows a good correlation 
between peaks in LOD and turning points of BIE movements. All the BIE peaks 
are within periods of maximum sunspots and BIE moves south when the suns-
pot number decreases rapidly, as seen for the periods 1600-1650, 1790-1810, and 
1870-1910. A repeat of this pattern indicates that we should expect a rapid move 
of BIE south in the period 2010-2030. 

The 66-year LOD period in Section 4.4 is also found for the AMO- and 
NAO-variations and is also close to the Stadium wave period and is equal to the 
solar magnetic period 3PH, where PH is the solar magnetic Hale period of 22 
years. The dominating BIE sub-centennial period of 82 years is 5/4 of the period 
3PH.  

Figure 26 shows the relation between inverted, and 94-year lagged 11 years 
running mean sunspot numbers (SN11) and LOD as proposed by [77] and [78]. 
The blue curve shows observed LOD-values which follow closely SN11 in the 
period 1820-1970. If we shift the blue curve ±179 years, to indicate the planetary 
period repetition (the Jose period), we get the blue (broken) curve. This also fits 
well with the SN11 curve around 1700 and 2020-2070. A peak at 2090 should 
probably be moved to 2120 to follow SN11 better. With this relation between 
SN11 and LOD, we get an answer to the problematic relation between BIE and 
sunspot number (R) around 1700, when we observe that BIE moves north before  
 

 

Figure 26. LOD11: (11 years running mean, observed: blue, repeated and shifted ± 179 
years: blue-broken) compared with group sunspot no, SN11: (11-year running mean, in-
verted and forwarded 94 years: red). (a) SN 11; (b) LOD 11. 
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R increases. Figure 26 shows that BIE gets a kick north by the LOD peaks forced 
by the strong SN11 pulse from 1720 and 1900. Figure 25 and Figure 26 indicate 
that the BIE position around 1850 is so far south that an increasing LOD has lit-
tle effect. A longer cycle of ≈240 years was also found in LOD by [77]. This fol-
lows a similar cycle correlating with -R with a lag of 74 years. This may be re-
lated to the BIE bi-centennial period of 266 years (see Figure 10). The hindcast-
ing of the LOD-pattern to the period 1600-1800 gives an indication of a LOD 
acceleration 1670-90, which may the reason for the extreme BIE-estimates in this 
period, before the cold period 1690-1730, which corresponded to a GSB type c 
1687-1703. 

With declining averaged sunspot numbers from 1975 and Earth deceleration 
from about 2000, we expect an effect on climate. A cooling in the north Atlantic 
is already recorded in [1] (see Figure 10(a) and Figure 10(b)) and documented in 
[79]. They show a trend-reversal from warming to cooling from 2004-2005 in 
the north Atlantic which is a verification of this relation. This is also docu-
mented by [80]. However, if the 94 years forward effect of SN11 and the repeti-
tion of LOD-pattern, is correct, then the LOD will again accelerate from 2025 to 
2040, with BIE increasing, before the large increase in LOD 2050-80 makes BIE 
position decrease. 

An analysis of the LOD changes since 1970 by [81] shows how a LOD-period 
of 21.93 years correlate with the 11.06 years solar cycle: If the magnetic S-pole is 
at the Sun’s north pole, the Earth’s rotation with a 21.93-year period will start to 
accelerate. At the next sunspot maximum, the Earth’s rotation will start to dece-
lerate. The magnetic cycles are slightly biased to higher deceleration than acce-
leration, which means that the overall result of a complete magnetic cycle is de-
celeration. This supports the relation proposed by [75]. If the same relation 
holds back to 1700, this means that a part of the linear trend in LOD may be ex-
plained by the systematic increase in LOD with the Hale cycle.  

5.6. Magnetic Shielding and Cosmic Rays 

In [1] (see Section 4), we wrote that the type-a circulation for the GSB is typical 
for Grand Solar Maxima, while types b and c happen during Grand Solar Mini-
ma. The alteration between solar maxima and minima changes the Earth’s mag-
netic shielding capacity, both at the 22-year magnetic (Hale) cycle, described in 
the previous section, and at longer cycles as the centennial sunspot cycles shown 
in Figure 25, which lead to grand minima or maxima.  

By using the method of singular spectrum analysis (SSA), Le Mouël et al. [82] 
identified a rising trend and Gleissberg cycles of period ~90 years in the interna-
tional sunspot series 1700-2015. Four extended minima were identified, also 
shown in Figure 24 with group sunspots numbers back to 1612. The rising trend 
was quasi-monotonic with an acceleration around 1900. This compares well with 
the trend in BIE (Figure 24). Their Gleissberg periods varied from 85 to 94 
years, with an average of 90.5 years. 
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To study modulations on longer time scales, one must use proxy data. Varia-
tions in solar activity leads to modulation of the flux of galactic cosmic rays en-
tering the terrestrial atmosphere, generating radionuclides such as 10Be and 14C 
in ice cores and tree rings. In [1] (see Figure 4), the changing 14C production rate 
is shown. This is anticorrelated with cosmic ray’s corpuscular radiation, which 
may generate clouds which strongly affect the climate. The cooling periods, with BIE 
moving south, as in the periods 1600-1700, 1780-1820, 1870-1900 and 1940-1950 
are clearly present.  

Figure 27 shows 10Be-flux measured in a Northern Greenland ice core [83] 
compared with BIE estimated positions. We find that southern positions of BIE 
correspond to high level of 10Be. We also notice that the 10Be level during the 
Spörer minimum (1400-1520 CE) is about the same level as the maximum 
around 1900.  

The 10Be-flux as shown in Figure 27 is not available after 1994. To investigate 
what happens in recent times we compare the BIE estimates with neutron counts 
from the Oulu Observatory in Finland. The result is shown in Figure 28. In-
verted sunspot numbers (-R) follow the neutron counts. The BIE position fol-
lows the inverted neutron counts until about 1995. This is according to the hy-
pothesis that less galactic cosmic rays create less clouds, the Earth heats up and 
the Arctic ice cover shrinks. However, this relation is broken after 1985. Then we 
observe more neutron counts while BIE is still moving north. We interpret this 
as a sign of a less shielded magnetosphere. This means that magnetic storms ori-
ginating from solar flares and CMEs penetrate easier the Earth’s magnetic shield. 
This heats the polar region and increases the cyclonicity and moves BIE to the 
north and explains the almost instant response of BIE to change in solar activity.  

Two 9400-year-long 10Be data records and a 14C record of equal length was 
analyzed by [84]. They found 15 significant periodicities between 40 and 2320 
years and concluded that cosmic radiation is the primary cause for periods < 250 
years, but for longer periods some terrestrial origins were possible. They found a 
very stable (~0.5% variations) Gleissberg period of 87 years. They determined 26  
 

 

Figure 27. Yearly average 10Be flux from the NGRIP (Northern Greenland) [83] ice core 
with 11-year running mean (red) from 1389-1994 compared with BIE position estimates 
(blue dots). The 10Be flux is increasing downwards. 
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Figure 28. Oulu neutron counts 1964-2019 (lower panel with 11year running mean). The 
upper panel shows BIE positions (blue) with inverted Oulu neutron counts (downloaded 
from http://cosmicrays.oulu.fi). 
 
Grand Minima like the Maunder Minimum, which appeared in groups of 2 - 7 
Grand Minima with intervals of 800 - 1200 years between. Some periodicities 
were harmonically related pairs (65 and 130 years), (75 and 150 years), and (104 
and 208 years). The 208-year (de Vries) period was present during Grand Mini-
ma, and not detected outside those.  

The transition between periods with Grand Minima and no-Grand Minima is 
related to a super-modulation period of about 2300 years, called the Hallstatt 
cycle, which may be the upper limit to periods associated with the solar dynamo 
[85]. However, [86] has shown that the amplitude of the ~210-year oscillation 
[1] (Figure 4—the thin grey line) depends on the phase of the 2300-year varia-
tions in the dipole moment of the Earth’s geomagnetic field. They used empirical 
mode decomposition and calculated a cross-spectrum which had as its most sig-
nificant feature a spectral line with period ~2300 years, confirming that this pe-
riod originates in the Earth’s magnetic field. This geomagnetic field component 
had its minimum around 1450, which indicates maximum amplitude of the 
~210-year oscillation, leading to the deep Spörer and Maunder minima. On the 
other hand, direct observations of Earth’s magnetic field strength have shown a 
10% decrease in dipole strength the last 180 years due to even longer period 
components [87].  

5.7. BIE and Solar Wind 

Tails of bright comets visualize the wind from the Sun blowing evaporated ma-
terial away from the comets’ nuclei. We often observe two tails, one curved 
composed of neutral particles, governed by gravitational laws, and one straight, 
containing ionized particles forced by the streams of ionized particles from the 
Sun. Since the Sun is a rotating body, the solar wind streams become curved like 
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an expanding spiral, eventually hitting the Earth, passing through the stream 
pattern, also called a Parker spiral after E.N. Parker [88] who first calculated its 
structure. 

The relation between the solar wind (SW) and the Earth is described by [89] 
as follows: Magnetic fields produced by the dynamo mechanism in the interior 
of the Sun, find their way to the surface and are leaked into the heliosphere with 
the solar wind, which sustain the magnetosphere of the Earth. The solar wind is 
classified as three basic flow types: the high-speed streams associated with co-
ronal holes and co-rotation interaction regions, the slow wind originating from 
streamer belts and the transient flows related to interplanetary CMEs. Near 
Earth the wind causes geomagnetic activity like magnetic disturbances and au-
roras. CMEs and burst of high-speed streams are more frequent near solar 
maxima. 

Mörner et al. [1] Figure 21 show estimated yearly mean solar wind speed 
(SWS). It is between 250 and 400 km/s just before the Maunder Minimum. The 
largest yearly variation is 300 to 600 km/s in the 1720 ies, otherwise it has been 
between 400 and 500 km/s most of the time after 1740. The 11-year running av-
erage velocity curve of the solar wind is repeated in Figure 29. The velocity 
curve after 1720 shows two small dips, one about 1820 and one about 1920. A 
P04-periodogram gives a dominating 100-year period with a weak 52-year har-
monics. They are approximately the same periods as found for the suns-
pots-series (Figure 25 panel (a)).  

We have also analyzed the solar wind series with the Morlet-wavelet as shown 
in Figure 30. The similarity with the BIE Morlet-wavelet (Figure 8), is striking. 
A 60-year period is present for both series, and a period 95 - 98 years is just out-
side the cone of influence for the SWS series matching the 104-year period for 
BIE. The main difference between BIE and SWS is that BIE has many shorter 
periods that may be internally or lunar driven. 

Analysis of long 14C records has shown that a 900-year cycle has intensity 5 - 7 
times the centennial cycle [90] and a 420-year cycle, much stronger than the 
centennial and sub-centennial cycles [91]. The peaks found are 414, 216, 142, 
and 85 years. Three of those are also in BIE spectrum: 82, 208/2, and 145 years. 
The strongest cycle found is 11,500 years with intensity several times the centen-
nial and sub-centennial cycles [92]. In addition to the 11,500 years cycle they  
 

 

Figure 29. Solar equator wind (11-year running mean), with harmonic model based on 
data from 1720 (red). 
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Figure 30. The solar wind analyzed with the Morlet wavelet. 
 
found cycles of 1670, 1420, 1280, 924, 835, 787, 750, 663 and 545 years in various 
long solar wind proxies. We suggest that the big dip in the SW-curve at the 
Maunder Minimum is the result of this 545-year cycle and will return to this in 
our discussion (Section 7).  

Several studies have shown relations between winter climate at high northern 
latitudes and the solar cycle [67]. Proposed drivers include TSI, solar UV, galac-
tic cosmic rays and energetic magnetic particles from the Sun. To identify the 
drivers [93] analyzed the relation between different drivers and the phase of the 
solar cycle. The geomagnetic activity and magnetospheric particle flux have a 
maximum in the declining phase of the sunspot cycle while TSI and UV radia-
tion follow more closely the solar cycle. They analyzed 13 solar cycles (1859-2009) 
and compared with winter temperatures and NAO-phases. This is interesting in 
connection with BIE, since a low winter temperature means more ice to melt 
next summer and a more southern BIE. The most significant relation was found 
during the sunspot declining phase with temperature pattern resembling a posi-
tive NAO, suggesting that the solar wind and magnetic particle flux is the main 
driver of winter temperature variations. Negative NAO and cooling in the Ba-
rents region were found in the increasing phase of the sunspot cycle. The same 
pattern was found during low and high sunspot activity cycles, suggesting that 
the pattern is independent of the level of solar activity. On the other hand, 
maximum frequency of CMEs is found near peaks in the solar cycle.  

Comparing winter (DJF) season ice cover with sunspot numbers during solar 
cycle 21 - 24 [94] showed that during winters with low sunspot numbers, the BS 
area is warmer than average, and the ice cover is decreasing. Cooling, on the 
other hand is dominant over Scandinavia and Siberia. The largest warming hap-
pens at the surface because of enhanced exchange of sensible and latent heat flux 
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from the open ocean to the atmosphere during low sea ice years. In the same pe-
riod the NH snow cover has been constant, proving that this relation is a 
sun-ice-ocean relation.  

Possible models suggested by Roy [94] (see her Figure 7), are either 1) a 6% 
increase in UV-radiation in solar maximum years, creating more Ozone heating 
in the upper stratosphere and a stronger jet stream in NH, which strengthen the 
polar vortex. Perturbations are transported all the way down to the surface by 
planetary waves and create a cold Arctic for solar maximum years. Or 2) the 
stronger jet causes a poleward shift of the Ferrel cell and supports a cold polar 
vortex leading to cold Arctic and more ice. Since 15 of the last 16 years have had 
less than average sunspot numbers, this may explain less ice and BIE far north in 
this period. The same may have happened during the Maunder and Dalton Mi-
nima, making West Svalbard unusually warm during the LIA. D’Andrea et al. 
[95] have determined a gradual warming in eastern FS CE 1600-1900 followed 
by accelerated warming the last 120 years. Analysis of lake sediments from 
Western Svalbard showed mild summers from CE 1600, even when the rest of 
the Arctic was cooling. They interpreted this as increased heat transport into the 
Arctic via the WSC from ca. CE 1600.  

Zhou et al. [96] have found a significant correlation between the solar wind 
speed (SWS) and sea surface temperature in the region of the North Atlantic 
Ocean for the NH winters from 1963 to 2010, based on 3-month seasonal aver-
ages. The correlation is dependent on Bz (the interplanetary magnetic field 
component parallel to the Earth's magnetic dipole) as well as the SWS. It is 
stronger in the stratospheric quasi-biennial oscillation (QBO) west phase than in 
the east phase. The correlations with the SWS are stronger than with solar UV 
inputs to the stratosphere. Sea surface temperature responds to changes in tro-
pospheric dynamics via wind stress, and changes in cloud cover affecting the ra-
diative balance. Suggested mechanisms for the solar influence on sea surface 
temperature include changes in atmospheric ionization and cloud microphysics 
affecting cloud cover, storm invigoration, and tropospheric dynamics. Such 
changes modify upward wave propagation to the stratosphere, affecting the dy-
namics of the polar vortex. Also, direct solar inputs, including energetic particles 
and solar UV, produce stratospheric dynamical changes. Downward propaga-
tion of stratospheric dynamical changes eventually further perturbs tropospheric 
dynamics and the sea surface temperature.  

From Russian rocket soundings in the Arctic, it has been found that the SW 
contributes to the thermal regime of the polar middle atmosphere via delivering 
electric current to the global electric circuit [97]. The passive element of this 
circuit is the ionospheric E-layer and the conducting layer of the Earth’s surface. 
It is observed that the temperature in the stratosphere increases with the distur-
bances if the conductivity of the ground is high and decreases if it is low (ice and 
tundra). It is calculated that the Earth’s magnetopause can move from a distance 
of 12RE to 6RE (Earth radius) during a magnetic storm, and this can dissipate an 
amount of Joule heating comparable with the heating of the ozone layer by solar 
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UV radiation. Such energy burst changes the atmospheric circulation and is en-
forcing cyclonic activity which is observed related to CMEs. Joule heating in-
cluded in a dynamical photo-chemical model of atmospheric circulations shows 
that NH lower stratospheric temperature increase 1˚C - 3˚C during minimum of 
the solar cycle [98].  

Returning to the question of the trend in BIE from 1800 or 1900, this may be a 
result of an integrated forcing. The melting in the summer depends primarily on 
the heat available for melting, but also on the freezing previous winter, and the 
left over from last summer etc. We have identified several processes which may 
lead to increased melting and reduced freezing: The Early Spring Effect, the LIG 
variations, increasing TSI, increasing solar activity, decreasing LOD, and INAO 
(see Figure 15). There may also be an integrated effect of CMEs acting on the 
Earth’s rotation and forces the Atlantic current to the north. Geomagnetic stor-
miness determines the average BIE position either with pressure bursts which 
decelerate the Earth’s rotation or modulating the magnetospheric ring current’s 
control of momentum exchange with the Earth’s interior  

Since we the last 300 years observe a nearly flat SWS-curve, what happens in 
the future depends on the evolution of the ongoing solar activity reduction, 
whether this evolves into a deep minimum or not. In addition to deep minima, 
shallow minima appear 100-year apart. In addition to the processes described 
above we also must consider lunar modulations described in the next section. 

5.8. The Lunar-Solar Tides, the Lunar-Nodal Cycle, Polar Tides,  
and the Sun 

We observe tidal effects on all levels of the planet: from the atmosphere to the 
inner structure which has a fluid outer core surrounding the solid inner core of 
the Earth. Luni-solar tides are the result of the Earth and Moon orbiting their 
common barycenter, with perturbing effect of the Sun, and the Earth, Moon and 
Sun orbiting the solar system barycenter.  

The luni-solar tides have 9 main periodicities [99]: Twice daily, fortnightly, 27 
days, 9.3, 18.6, 62, 93, 222 and 1500 years. The lunar nodal oscillation with pe-
riod LN = 18.61 years with several harmonics is observed in sea level changes and 
analyzed by many researchers. Hansen et al. [100] analyzed 26 long-time 
(1840-2015) tide-gauge series from the eastern North Sea and central Baltic re-
gion. They found a strong correlation (r2 = 0.94) between sea-level changes and 
the sum of identified harmonic oscillations, corresponding to the lunar nodal 
period and four multiples of it, i.e. high amplitudes for P = 18.6, 60.5, and 76.1 
years, and statistically less significant for P = 28.1 and 111.1 years. A purely ma-
thematical extension of the oscillations suggests the production of 223-year 
pulses of quasi-oscillations which can be divided into 158-year periods (e.g. 
1747-1905 and after 1970) with large oscillations, followed by 65-year periods 
(e.g., 1905-70) with much smaller oscillations.  

The main Atlantic current continues through the Faroe-Shetland Channel and 
the Norwegian Sea before reaching the BSO or FS and arriving in the BS. Analy-

https://doi.org/10.4236/ijaa.2021.112015


J.-E. Solheim et al. 
 

 

DOI: 10.4236/ijaa.2021.112015 320 International Journal of Astronomy and Astrophysics 
 

sis of two 100 years long hydrographic series from the Faroe-Shetland Channel 
and the Kola section by [101], shows dominant cycles in sea level, salinity and 
temperature correlated to a sub-harmonic 74-year cycle of the nodal tide, with 
an advective delay of two years between the Faroe-Shetland Channel and the 
Kola section. In addition, correlations were found between dominant Atlantic 
water temperature cycles and the LN period, and for the LN/2 = 9.3-year lunar 
nodal phase tide [101]. Phase reversals of temperature and salinity curves took 
place in 1925 and 1960 when the 74-year lunar nodal cycle changed phase [−0]. 

Analysis of time-series for the polar position, the extent of Arctic ice, sea level 
at Hammerfest, Røst winter air temperature, and the NAO winter index with a 
coiflet3-wavelet impulse function by [101] shows for all series a harmonic spec-
trum based on the LN-cycle with a stationary period, but with non-stationary 
amplitudes and phases. The phase relation between the identified cycles indi-
cates a possible chain of events from lunar nodal gravity cycles to long-term 
tides, polar motions, Arctic ice extent, NAO winter index, weather, and climate. 
Yndestad et al. [101] explain this by the gravity force from the LN cycle which 
affects the polar position (nutation) and the circulating water in the Arctic 
Ocean. A stationary polar-position cycle forces the Arctic oceans and introduces 
the Arctic oscillations which interacts with the Arctic ice extent, water tempera-
ture and atmospheric conditions. The LN cycle has harmonic and sub-harmonic 
cycles.  

The Earth’s nutation is a predictable cycle of the Earth’s spin around its axis 
with periods 18.6134 years, 9.3 years, half year and half month. Analysis of the 
observed positions show dominant periods of 1.2, 6, 18 and 74 years [102]. The 
LN -cycle is in phase with the nutation cycle in the y-direction from 1870 to 1950 
but phase reversals take place when the 74-year cycle have minima at about 1865 
and 1940. This shows that the phase is controlled by the 74-year cycle in the 
y-direction. This is not the case in the x-direction.  

5.9. Summary of Forcings by the Sun and the Moon 

The 442-year BIE-position data set covers the coldest part of the LIA and the 
recovery from it after 1900. The LIA may be due to a combination of less solar 
irradiance because of decreasing obliquity of the Earth and a series of deep solar 
minima. The recovery from LIA in the Arctic after 1900, is partly due to in-
creased solar activity and the precession of the Earth’s orbit providing an Early 
Spring Effect and increased spring LIG at BIE-latitudes.  

The correlation between solar cycle length and BIE position (r2 = 0.59) indi-
cates a strong solar forcing. A relation is established between the rotation of the 
Earth, measured as LOD and the sunspot number -R with a lag of 94 years. This 
is explained by an electric current brought with the solar wind, inducing mag-
netic torque on the solid core of the Earth, creating LOD-pulses, slowing the 
Earth’s rotation. The LOD-pulses appear with a period of 66 years or three 
magnetic solar cycles 3SH. In addition, we have pressure bursts from geomagnet-
ic storms slowing Earth’s rotation and cooling with a delay of about 15 years. 
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Periodic variations of the BIE position are controlled by bi-centennial and 
semi-centennial cycles. The bi-centennial cycle has a period of 145 years before 
1750 and 268 years thereafter. The amplitude is constant, and the period is con-
trolled as 4/5 and 3/2 PJo, indicating planetary control. The semi-centennial pe-
riod has a quasi-stationary period of 82 years which is close to 4/3 of the 60-year 
period. The amplitude of the semi-centennial period is variable with peaks 
around 1587, 1696 and 2008. If the first two peaks indicate a maximum between 
1590-1690 which declined to a minimum around 1935, this indicates a modula-
tion period of about 600 years. The disappearance for some time around 1650, 
may be due to a GSB during the Maunder Minimum. The next GSB during the 
Dalton Minimum did not affect the amplitude. 

6. Planetary Influence 

The focus of this paper is to investigate a possible relation between planetary 
beats and climate variations as observed in the 442-year BIE series, as shown in 
[1] Figure 9. A forcing can be transferred directly to the Earth or the Earth-Moon 
system or it can be relayed via the Sun which then acts via irradiance or solar wind 
as outlined in [1] Figure 20. A mechanism is presented in [1] (see Figure 7), 
where an external force, like the solar wind, acts on the Earth’s rate of rotation, 
which again results in sea level changes and ocean current variations, and in ex-
treme cases a GSB. The BIE variations can be split into a linear trend and various 
oscillations. The linear trend is the dominating feature—at least since 1900 (see 
Figure 7). It may be due to an integrated effect, as investigated in Sections 4.9 
(LOD and INAO) and 5.7 (ISW) or be a temporary linear part of a sum of long 
period oscillations. In Table 4 we have listed some periods related to Moon, Sun 
and planets which we may find in Earth’s climate. 
 
Table 4. Some relevant periods with origin in the Moon, Sun, and planeta. 

Name P (years) Type 

SC 11.07 Schwabe Sunspot Cycle (variable) 

PJ 11.86 Jupiter orbit 

LN 18.61 Lunar nodal 

PJS l9.86 Jupiter-Saturn synodic 

SH 22.3 Hale solar magnetic (variable) 

PS 29.46 Saturn orbit 

PSU 45.36 Saturn-Uranus synodic 

PU 84.01 Uranus orbit 

PG 88±1 Solar Gleissberg (variable) 

PJo 178.7 Jose Solar system (variable) 

PdV 208 Solar deVries 
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6.1. The Complex Synchronization of the Solar System 

The planets move in fairly stable orbits, but their change of positions relative to 
the Sun makes the Sun move in a complex orbit, also called solar inertial motion 
(SIM), as demonstrated in Figure 31 for the period 1940-2040. 

The SIM-pattern change between a “disordered like” and quasi-regular or 
“orderly” state with a “tri-foliar-like pattern” that follows the Jupiter-Saturn or-
bits. Charvátová and Hejda [103] have shown that the orderly pattern lasts about 
50 years and is followed by a mildly or strongly disordered period. During dis-
ordered states deep solar minima have appeared, and during orderly periods 
long-term maxima of solar activity are possible. The pattern repeats with a pe-
riod of ~179 years: the Jose period [104]. In the last millennium chaotic patterns 
were present 1270-1350, 1430-1520, 1620-1710, and 1787-1843. In these periods 
we find deep solar minima and GSBs, as well as maximum ice (BIE minima). 
The next disorderly phase started in 1985 and lasts until 2040. The lowest suns-
pot numbers in 200 years were observed in sunspot cycle 24 which ended in De-
cember 2019. High level of solar activity was observed in the orderly periods 
1192-1241, 1370-1419, 1549-1598, 1727-1777 and 1906-1955.  

A theory for the relation between solar activity and its source, the solar dyna-
mo and GM-events has recently been proposed by [105], involving the storing 
and releasing potential energy in the solar interior. In the SIM pattern shown in 
Figure 31, the Sun moves in a prograde (counter-clockwise) orbit, except during 
one of the tri-foliar loops (marked red). Detailed calculations by [106] show that 
the process of storing and releasing potential energy starts about 40 years before 
the angular momentum inversion and lasts about 80 years. Simulations show  
 

 

Figure 31. Solar inertial motion (SIM) relative to the solar system barycenter (SSB) for 
the period 1940-2040. The cross represents the SSB and the yellow filled circle the radius 
of the Sun. The part with a retrograde orbit is marked red. 
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that the angular momentum inversion is a rapid process that takes place in one 
year. It has during the last millennium only happened at the epochs of Maunder 
Minimum (1632), Dalton Minimum (1811) and in 1990 before the newly started 
minimum. The reason for near barycenter passages 40 years before and after the 
inversion pulse is the Saturn-Uranus synodic period of 45 years when a new qu-
asi-alignment happens. We also notice that the inversion events are 179 years 
apart, again the Jose cycle of repeated planet positions.  

In a study by Fairbridge et al. [107] of the pattern of the solar orbit, the angle 
between tangents to two successive loops is defined as the Axym-angle. This fol-
lows the Saturn-Jupiter synodic period (PJS) of 19.9 years with a shift in angle of 
117.4 degrees for each loop, returning to approximately the same part of the sky 
after 59.7 years. Three full Axym-cycles make a Jose period of 179 years. Duhau 
and de Jager [78] have calculated the difference in angle between two successive 
orbits (Daxym) and found that it is modulated with a period of 45 years, which 
is the Saturn-Uranus synodic period and 1/4 of the Jose period. They also ob-
served that 3 LOD periods of 60 years are close to the Jose period, and that the 
amplitude in the LOD-oscillations followed the Daxym variations with a 94-year 
delay in anti-phase of R. This is the reason for the repeated LOD pattern with 
the Jose period shown in Figure 26. Duhau and de Jager [78] concluded that the 
LOD amplitude modulation follows linearly solar system motions. 

In Section 5.5 we have confirmed the anticorrelation with 94-year lag between 
R and LOD. We have also found the LOD period to be 66 years, or 3SH periods 
instead of 3PSJ periods, not confirming the period found by [78]. Since the mag-
netic period is more likely to affect the solar wind’s interaction with the magne-
tospheric ring current, which can magnetize the core of the Earth, we find our 
interpretation more likely.  

Regarding timing of events, we notice that the phase change between 1900 and 
1950 inversion happened during a rapid decrease of LOD and increasing solar 
activity. Thereafter the solar activity is reduced and the cosmic rays count in-
creasing (Figure 28). A phase shift appeared in the BIE sub-centennial period 
(Figure 10 lower panel) between 1900 and 1950. A rapid move of BIE happened 
94 years after the 1632 -inversion and 94 years after the 1811-inversion. It may 
happen again 94 years after the 1990-inversion, i.e. from about 2085. 

The bicentennial period which changes from P = 145 (4PJo/5) years to 266 
(3PJo/2) years is also a strong indication of planetary synchronization. 

6.2. The Hale Cycle (SH) 

The sunspot-cycle length varies between 8 and 15 years with an average of 11.06 
years. The amplitude spectrum has 4 peaks at 9.97, 10.66, 11.01, and 11.83 years 
[14]. The strongest peak at 11.01 years is close to the Venus-Earth-Jupiter recur-
rent cycle of tidal torque (PVEJ) which produce an increase in the rotation of the 
outer layers of the Sun for 11.07 years and a decrease in the next 11.07 years, 
making a full cycle of 22.14 years, which is close to the solar magnetic cycle of SH 
= 22 ± 1 years [108]. The other peaks are interpreted as the Jupiter period PJ = 
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11.86 years, and the spring (half synodic) tidal oscillation of Jupiter and Saturn 
(PJS/2 ~ 9.93 years), and a minor peak at 10.57 years, also found in the periodo-
gram of the solar velocity variations [109]. 

A common objection against planetary tidal gravitational potential energy as 
the source of solar irradiance variation, is that it is several magnitudes too small. 
However, if the tidal massage of the Sun results in nuclear fusion variations in 
the solar core, then one can expect a magnification factor of the order 4 × 106 
and solar radiation fluctuations of the same order as observed with the ACRIM 
satellite [110]. 

Since the dominant BIE sub-centennial and bicentennial periods show 
PJo-harmonics, we conclude that the planets contribute to the synchronization of 
BIE position oscillations in addition to the Moon and the Sun.  

6.3. A 60-Year Cycle—Directly from Jupiter? 

In addition to presence in climate records, a 60-year cycle is also found in long 
records of meteorite falls covering the period 619-1943 CE [111]. Since meteorite 
falls are related to cosmic dust from comets, and their orbits in many cases are 
changed by near passages of Jupiter, one may expect a relation between changes 
in Jupiter orbit and the influx of cosmic dust at the Earth. Since atmospheric 
dust modify the cloud cover on the Earth, the variation in cosmic dust may also 
result in climate variations.  

The orbital eccentricity of Jupiter shows a strong 60-year oscillation which is 
correlated with several climatic records and with the 60-year cycle of meteorite 
fall recordings [111]. One of the climate records well correlated is the climatic 
variability of the North Atlantic based on G. Bulloides abundance variations 
from 1650 to 1990 [112].  

This is an example of possible direct planetary forcing, which don’t rely on 
being transmitted via the Sun or the core of the Earth. The low amplitude sta-
tionary 60-year period detected with the Morlet-wavelet (Section 4.6) may be 
explained by this direct forcing. However, the detection of a 19.9-year weak sig-
nal (Section 3.1), which can only be the PJS beat signal, indicates this as the 
source of the 60-year signal, which is also found in the solar wind speed varia-
tions. 

6.4. A 60-Year Cycle or a 66-Year Cycle?  

The term “60-year cycle” is given somewhat imprecisely about cycles of the or-
der 60 to 70 years. We can construct two competing 60-year cycles, one being 
subharmonics of the lunar nodal (LN) cycle of 18.61 years and its spring cycle 9.3 
years or the solar magnetic cycle of SH = 22.1 years. Both create “65 - 66-year 
cycles”: 7LN/2 = 65.1 and 3SH = 66.3 years. The O-C diagram in Figure 10 shows 
that BIE since 1700 has an 82-year cycle which may be composed of 3SH = 88, 
4PJS = 80, and 9LN/2 = 84 years cycles. 

A high degree of coherence is found between global temperature series 
(HadCRUT3) for periods of exactly 20 and 60 years and the speed of the Sun 
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relative to the center of the mass of the solar system by [113]. They are related to 
the PJS synodic period of 19.95 years. In the BIE record we observe this 60-year 
cycle as a low amplitude signal, detected in the Morlet-analysis (Figure 8). This 
signal is not dominating in our BIE-series, nor in the AMO, NAO and NH tem-
perature series we have analyzed. On the other hand, we observe sub-harmonics 
of the 60-year cycle as weak 120, 240 and maybe 480-years periods forced by the 
planets and Earth’s morphology into dominant, slightly longer periods as 82, 
145, 266 and 490 years. 

The fundamental difference from the global analysis is that our BIE-series is a 
result of the local climate. The Arctic ice cover may influence the global climate, 
at least if a GSB is initiated. What we observe are local changes to global signals 
with the Moon and Sun as prime actors. 

7. Discussion 

This is the second in a series of two papers which analyze the BIE position based 
on a 442-years long dataset covering the period 1579-2020, to understand its 
time variations. Our first paper was a review of various oceanic and atmospheric 
factors that may influence the BIE position. We concluded that the GSB with 
respect to alternations in flow intensity and N-S distribution, plays a central role 
in combination with external forcing from total solar irradiation (TSI), Earth’s 
shielding strength, Earth’s geomagnetic field intensity, Earth’s rotation, jet 
stream changes, etc.; all factors of which are ultimately driven by planetary beat 
on the Sun, the Earth, and the Earth-Moon system. 

Our working hypothesis is that the planetary gravity beat is somehow pre-
served as a weak signal through a chain of processes schematically shown in [1] 
Figure 9 and in some cases amplified in local or regional synchronized systems: 
especially Earth rotation [28] and the polar wobble [102]. In [1] we assumed that 
the climate of the Northwestern coast of Europe and the position of the ice edge 
in the North Atlantic Ocean are controlled by the Northern branch of the Atlan-
tic current (Gulf Stream) and by advection modulated by the Northern Jet 
Stream, which both are controlled by the solar wind. The solar wind also acts on 
the Earth’s speed of rotation, which again forces the ocean currents [1] Figure 7. 

In this paper we have analyzed the BIE data set and correlated it with other 
data sets, and in particular compared periods and phases of oscillations. We have 
found that oscillations combine non-linearly with variable frequencies, ampli-
tudes, and phases. This makes predictions of future behavior difficult. However, 
since some of the forcing signals are generated from planetary orbits which have 
been quasi-stable for millions of years, we expect a high degree of synchroniza-
tion between planets, Sun, and Earth climate.  

We have found that in addition to cycles, the BIE variations have a near linear 
trend towards a more northerly position from about 1900. This must be the re-
sult of an integrated effect or a temporary near linear sum of oscillations. We 
have investigated different possibilities. In the following we first discuss the data 
set, then the oscillations, integrated effects, and possible falsifications/verifications. 

https://doi.org/10.4236/ijaa.2021.112015


J.-E. Solheim et al. 
 

 

DOI: 10.4236/ijaa.2021.112015 326 International Journal of Astronomy and Astrophysics 
 

7.1. The Data Set 

A time series of the estimated position for the last two weeks of August ice edge 
in the sector between 20˚E and 45˚E, covering the western Barents Sea between 
Svalbard and Frans Josef Land (see Figure 1) was originally collected and pre-
sented by T. Vinje [16]. The data have been collected from ship-logs, polar ex-
peditions, and hunters in addition to airplanes and satellites in recent times. In 
particular has the European, mainly Dutch whaling that took place around Sval-
bard in the period 1600-1800 been a valuable source of information. The BIE 
position has been defined as the occurrence of 15% ice and has been updated to 
include the 2020 position. Since 1979 satellite data from microwave sensors have 
been used. Comparing data from direct sightings with microwave data, we found 
that the latter moved BIE 1.2 degrees north. We have not corrected the data set 
for this discrepancy since it is comparable with the uncertainty in the data set. 

The data coverage has increased from 34% in the first century to 100% after 
1979 with satellite observations. The BIE position has varied between 75.5˚N and 
83.4˚N, with a position far south 1625-1670 and 1784-1830, i.e. before and dur-
ing the Maunder and Dalton solar minima. From about 1920, BIE has moved 
north, except for a southward expansion between 1940 and 1970. The last ten 
years the position has been variable around 82 N with no trend. The northern-
most position was recorded in 2013 with 83.37˚N. The data varies ±1.1 degrees 
of an average value after 1740, but much more before. Satellite observations in 
the last 40 years did not reduce the variations. 

Sorting the data set in centuries (Figure 4) resulted in a binominal distribu-
tion with median values around 76˚N and 79˚N, except for the 19th century with 
only one peak around 77.5˚N. 

The binominal distribution may be related both to the inflow of warm AW on 
decadal and centennial scales as well as the prevailing winds that influence the 
ice drift on a much shorter time scale. 

We conclude that BIE extreme southern positions (<77˚N for 10 years or 
more) may be precursors of GSB-events, which last as long or longer than the 
BIE extreme position, with a delay of 10 - 15 years.  

7.2. Correlations with Other Data Sets 

Before we concluded on external forcings we checked possible internal forcings. 
We have calculated Pearson correlations, assuming linear relations. A correla-
tion does not imply a causal relation—we also must find a physical relation. We 
have done three types of correlations: Instant, i.e. observed values for the same 
year or smoothed (i.e. 11-year running mean) or long period mean values. We 
use the r2 as a measure of goodness of fit, i.e. calculated how much of the ob-
served variation can be explained by a linear trend. The best fit found was r2 = 
0.79 for 30-year average values related to the longest instrumental temperature 
series from Central England from 1659. The correlation with annual values gives 
r2 = 0.14. This means that low frequency climate variations correlate well with 
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BIE, but not the high frequency variations. 
Another good correlation was with yearly estimates of the Arctic summer ice 

cover (r2 = 0.62) after 1979 estimated from satellites. For data back to 1900 we 
got r2 = 0.22. This means that BIE estimated by satellites gives a good estimate of 
Arctic summer ice, but the estimates of ice cover and/or BIE are less precise at 
earlier times.  

BIE tracks NH-SST and land temperatures quite well (r2 = 0.43), which is bet-
ter than for the KolaT (r2 = 0.29). This may be due to less noise in the average 
SST series but may also be a result of the warmer deeper AW under the colder 
surface water in the Kola section data. Since land and sea surface temperatures 
react more rapid on solar heating than the deep ocean this indicates a solar 
source forcing locally. 

7.3. Planetary Orbit Fingerprints 

We have searched for periodicities with the P04 period search program devel-
oped for gapped data, Morlet wavelet which gives precise frequencies, and coif3 
wavelet for investigation of phase events. We did not find any stationary periods 
in the bi-decadal range or shorter. Some periods with P < 50 years exist for some 
decades. Only four low-frequency periods are necessary to explain the BIE secu-
lar variations. They are harmonically related with Pi ≈ 250/i years, with i = 1/2, 1, 
5/3 and 3.  

We found that the data set showed no trend before 1890, but a steep rise 
(0.035 deg/year) thereafter. Analysis of the detrended data set showed the PJo = 
179 years as the dominating period with other periods harmonically related to 
PJo.  

We investigated amplitude and phase variations and found that the 
semi-centennial period P = 82 years had a constant period, but with phase shifts 
before 1700 and between 1900 and 1950. It is amplitude modulated with a nearly 
zero amplitude between 1900 and 1950 and a maximum between 1600 and 1700, 
but disappeared completely around 1650. A bicentennial period was on average 
252 years but consisted of two periods: P = 145 years before 1750 and P = 266 
years after, although with constant amplitudes. In addition, we found a low am-
plitude period of 60 years with 120 and 240 years weak sub-harmonics, as ex-
pected in [1] Figure 17.  

We interpret the detected periods as fingerprints of planetary forcing. The 
disappearance of the sub-centennial signal at peak amplitude around 1650 may 
be due to a GSB-event. 

7.4. Search for Mechanisms 

Detrending BIE after 1800 and taking 11-point mean, we compared BIE with 
KolaT, ArcT, AMO, NAO and LOD (Figure 14). BIE is in phase with ArcT, Ko-
laT, and AMO 1900-1950, but in antiphase with NAO and LOD. Analyzing the 
sub-centennial periods, we found that LOD, AMO and NAO have periods 65 - 
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67 years, in accordance with the Stadium wave periods [46]. They belong to the 
same Stadium wave temporal group with LOD leading NAO and AMO. ArcT, 
KolaT and BIE have longer periods (74 and 82 years) and are only temporary 
(around 1920) in phase with AMO and the Stadium wave. We conclude that BIE 
does not belong permanently to a Stadium wave temporal group. 

In [1] we proposed LOD as the mechanism to transfer external forcings to the 
ocean surface and atmospheric circulation [1] Figure 7. Mazzarella and Scafetta 
[55] found that negLOD and integrated NAO-index (INAO) correlated with SST 
after 1800. As a result, they proposed that also the trend in SST increase could be 
explained by INAO and LOD and expanded the linear relation back to the 
Maunder Minimum. Doing the same analysis for BIE, we found that INAO and 
negLOD correlate with BIE (r2 = 0.25 and r2 = 0.40) from 1800. Before 1800 we 
found no meaningful relation. This indicates that the Earth’s rotation can be an 
agent for forcing BIE, at least after 1800. 

7.5. External Forcings 

Orbital forcing [114], in particular the change in obliquity and precession, is re-
sponsible for the reduction in summer insolation and shorter winter and spring 
seasons the last 3000 years. Increased spring insolation is responsible for the in-
creased LIG (30˚N - 78˚N) at the start of the melting season of BIE during the 
last 2000 years. This has contributed to BIE moving north. The heat from solar 
insolation during the summer season is of the same order as the heat carried 
with the AW entering the BSO, and the BIE position correlates with the 
Hoyt-Schatten revised TSI [69] at 78˚N (r2 = 0.23 back to 1579) or at 1AU (r2 = 
0.41 from 1706). The better correlation after 1700 may be explained by more 
accurate observations after 1750. 

In the original BIE data [70] found a good correlation with low pass filtered 
SCL, indicating that the low frequency BIE variations may be related to solar ac-
tivity. The relation with SCL is still present (r2 = 0.48) with the revised BIE-data, 
and this led us to investigate the solar wind as a forcing agent as proposed by 
[75]. The solar wind may interact directly by increased corpuscular pressure on 
the earth’s atmosphere during geomagnetic storms (CMEs), in the sense that in-
creased corpuscular activity causes a deceleration of zonal atmospheric circula-
tion. This causes a deceleration of the Earth’s rotation and decreases global SST 
[76]. When solar activity decrease, we observe a faster Earth rotation and BIE 
moving north, as seen in Figure 25 since 1975. 

We have also found support for another mechanism: The solar wind interacts 
directly with the (polar) jet-stream and modifies the magnetic shielding (see [1] 
Figure 20) which protects the Earth from galactic cosmic rays ([1] Figure 4) and 
contributes to the magnetospheric ring current which controls the magnetic 
momentum exchange with the Earth’s magnetic core. This introduces a change 
in the Earth’s rotation which is observed as LOD-changes. We have confirmed 
an anti-correlation between R and LOD with a lag of 94 years found by [77] and 
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explained by [78]. The near centennial lag explains this as torsional oscillations 
in the Earth’s mantle needing time to progress to the surface. The LOD changes 
appear as peaks about 60 years apart, and are amplitude modulated with PJo. 
Since planet positions repeat with PJo, [78] propose that synchronization of LOD 
pulses takes place with this period. We support this interpretation but find 
LOD-pulses ≈ 66 years (3SH) apart. 

In addition to these two mechanisms, we have found increasing support for an 
even more direct forcing on the Arctic Climate by the solar wind, in particular 
CME-events which deposit large amounts of energy in the circumpolar atmos-
pheres [97]. This is in particular evident during periods of low solar activity [93]. 
We suggest that the reduced magnetic shielding of the Earth during solar mini-
ma, leads to increased warming by coronal mass events. This can explain local 
Arctic warming even in cold periods as during the LIA and the present solar 
minimum. 

By comparing the BIE-series with the LOD-variations we find that BIE re-
spond to LOD-pulses in the following way: BIE starts moving north or stops 
moving south when an accelerating pulse appears. On the other hand, BIE al-
ways moves south when solar activity enters a deep minimum. The relation be-
tween BIE, LOD, 94 years lag and anti-correlation with SN has led us to propose 
that the trend in the BIE position series is controlled by the solar wind speed. 
Added support for the solar wind-forcing is found in 60 and 100-years periods 
common for BIE, SWS and SN-variations. 

7.6. Lunar and Solar Periods 

A 60-year period with low amplitude at the noise level, is present during the 
whole series. It may be a subharmonic of the PJS = 19.9-year Jupiter-Saturn syn-
odic period. A weak 120-years and a possible 240-years subharmonic period are 
also detected. The 60-year period is recently confirmed as a solar activity period 
together with periods 5.5, 22 and 120 years [115]. This has produced forecasts of 
a deep solar minimum which will last until about 2050 or longer. 

The lunar nodal period of PN = 18.61 years creates a sub-harmonic 4PN = 74.4 
years period, which is the dominant period in sea level variations in the North 
Sea [100] and in sea temperature variations also in the BS [101] [102]. An alter-
native interpretation of the BIE-data concluding with lunar forcing is presented 
by [116]. The main reason for this interpretation is the dominant 74-year period 
in KolaT We propose instead that the strong sub-centennial period between 80 
and 90 years is a combination of 4PN and PJo/2 as shown in the next section. 

7.7. Planetary Synchronization and a Simple Mathematical Model 

One of the goals of this investigation is to identify stationary periods, which can 
be used for prediction of future changes. We have found that the BIE-curve is 
quite noisy, and that a simple model with stationary periods based on harmonics 
of PJo can explain r2 ≈ 0.4 of the variations. 
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The model is constructed with three fixed PJo-harmonics (3, 3/2 and 4/5)PJo, 
and an 84-year period as the strongest period in the residuals. In addition we in-
clude the 3 strongest periods below the false detection limit: PJS, P = 84/6- = 14 
and 60 year. The complete set of periods and amplitudes became (P, A) = [537, 
1.1); (268, 1.1); (143, 0.6); (84, 0.7); (60, 0.32); (19.7, 0.41); (14.0, 0.37)]. All pe-
riods are related to the planetary system except P = 84 years, which may be a 
combination of PJo/2 and 4PN. The period between 140 and 150 years may also be 
a combination of harmonics of PJo and PN. The long period of 537 years is close 
to the 545-year period observed in the solar wind speed [92]. This model with 7 
periods gave a sigma = 1.11 degrees. Figure 32 presents the model and its 4 low 
frequent (red) and 3 high frequent (black) oscillations. The uncertainty limits of 
one sigma are also shown (green). 

In this model the steep trend 1890-2020 is replaced by a sum of low frequency 
oscillations which peaks between 2020 and 2040. This means that the steep trend 
is only a temporary feature. 

7.8. The Near Future 

SC24 which ended in December 2019 was the weakest cycle in 200 years. If cycle 
25 also is weak, a new deep solar minimum may evolve in phase with the 
210-year cycle with minimum in 2035 [38]. If solar activity is the only driving 
agent, the decreasing activity should make the Arctic cool, and BIE move south. 
However, the LOD and SN11 projections (Figure 26) indicate a deceleration and 
cooling start about 10 years later. 
 

 

Figure 32. BIE positions with a 4-parameter model based on planetary periods (red) with 
uncertainty interval (green). The 4 periods (3, 3/2, 4/5) PJo and P = 84 years are shown 
separately below. In addition, three weaker fast oscillations are included (PJo/9, P = 84/6 = 
14 and P = 60 years are shown with thin black lines.) The timing of two GSBs is indicated 
by thick blue lines. 
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The prediction based on the simple 4-period model in Figure 32 is that BIE 
will peak between 2010 and 2030 and will move south from about 2030 to 2060. 
It will remain between 79 and 77 N from 2060 until 2120. This is a repetition of 
the BIE location between 1680 and 1780. There is no sign of a stable low (south-
ern) level at 76˚N in this or in the next century. We interpret the successive less 
deep BIE minima because of the precession of the Earth’s orbit, creating an early 
spring effect which leads to earlier ice melting.  

7.9. The Next GSB 

In [1] (see Figure 5), we reported 3 GSBs the previous millennium, all in con-
nection with deep solar minima. The mathematical model in Figure 32 suggests 
a long cold period lasting at least 100 years, maybe like the period 1850-1900 
which may evolve into a new LIA. During the 442 years we have data for BIE we 
find that a GSB evolves after some decades of BIE ≈ 76˚N. This may not happen 
in this century but maybe in the first part of the next. 

The gradual and opposite trend in temperature variation in circum-Arctic and 
circum-Equator ocean temperatures reported in [1] Figure 10, indicates that a 
change is underway. Since BIE may stay north at least 15 - 20 more years, this 
will probably not evolve into a GSB. 

7.10. Expected Bio-Production and Resource Exploration 

The ice cover in Arctic seas will directly affect the marine light scape, the total 
and quality of the primary production, the secondary production, and the trans-
fer of energy up through the arctic marine food chain. During periods with little 
ice the bio-production in the European Arctic will increase due to: 1) increase in 
the total area of open water available for primary production in the Barents Sea 
and the Nordic Seas and 2) the late winter and summer upwelling of nutrient 
rich water along the shelf break between northern Spitsbergen and Frans Josefs 
Land. In periods with expanding ice cover, there has been a marked and rapid 
decrease in the bio-production and a large decrease in commercial fish stocks 
affecting the local communities and the society at large. 

7.11. Falsifications—The Weak Points—What to Look for 

Unlike the projections of general climate models, we already have a possibility 
for a falsification of our hypothesis if the BIE does not move south after 2040 as 
our analysis suggests. Avoiding a complete GSB before 2100 is also a conse-
quence of our mathematical model. Exact timing of the reversal of BIE will indi-
cate the relative importance of direct forcing due to CMEs, 10 - 15 years delayed 
pressure affected LOD-changes, or LOD-changes due to magnetic core rotation 
delayed 94 years. 

The general problem is the noisy curve and the large random changes in wind 
patterns and currents from year to year. A more systematic analysis of the noise 
might reveal some pattern or ranges we could use for determination of uncer-
tainties. 
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The weakest point is the trend interpretation and its delay of 94 years. And 
how the ring current transfer angular momentum to the core. We suggest that 
this may be tested the following way: Since the core is not perfectly spherical this 
means that changes in LOD may lead to correlated changes in the geoid, and this 
may be observed as local or regional sea level variations. 

Our suggestion is to follow closely the effects of CMEs on the Arctic climate 
and BIE. We suspect that CMEs in the early melting season will have a strong 
effect of the BIE position.  

8. Conclusions 

The BIE position has varied between 75.5˚N and 83.4˚N, with a position far 
south during the Maunder and Dalton Minima, and through most of the 19th 
century. From about 1920, BIE has moved north, related to increased solar activ-
ity. In addition to a trend which can be interpreted as the result of the combined 
effect of low frequency oscillations forced by the planetary orbits and the Moon, 
the position is dominated by large fluctuations from year to year, creating a time 
series with only low frequency stationary periods. 

Our main result is that the BIE position alternates between a southern and 
northern position followed by Gulf Stream Beats (GSBs) at the occurrence of 
long deep solar minima. We find that the low frequency variations are related to 
the planetary repetition Jose period of 179 years. A sum of low frequency periods 
led to a rapid north movement of the BIE position between 1910 and 2010. Since 
the variations are forced by planetary periods, stable for millennia, we may 
project the variations a few centuries forward. This shows a rapid southward 
movement of BIE between 2040 and 2080, and a position between 76˚N and 
79˚N for most of the next century, indicating a long and deep minimum affect-
ing the global climate, but not as deep as required for a full scale GSB. 

We have also found evidence for a possible mechanism linking solar activity 
to variations in earth rotation (LOD) by geomagnetic storms in the solar wind 
providing a torque on the Earth’s rotation and transferring electrical energy to 
the ring current in the earth’s magnetosphere. This magnetizes the earth’s solid 
core and makes it rotate faster. To conserve angular momentum the earth’s out-
er fluid mantle rotates slower with a delay of 94 years observed as changes in 
LOD. The result is LOD-pulses which appear with a period of about 3SH = 66 
years, amplitude-modulated with PJo = 179 years, indicating a planetary forcing. 
Geomagnetic shock waves created by CMEs may also penetrate to the tropos-
phere and change wind and ocean current pattern, and thereby the position of 
BIE. We suggest that the recent warmer Arctic is a function of less magnetic 
shielding and heating by geomagnetic shocks. 

The transition of solar activities to a possibly deep and long minimum in the 
present century and the observation of cooling in the North Atlantic Ocean in 
the last decade, are signs of an approaching Arctic cooling and the BIE moving 
south in the middle of the century, with consequences for the ocean bio-production 
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and climate in the North Atlantic region. However, due to a gradual early spring 
effect we don’t expect a strong cooling or LIA until late in this century or in the 
next. 
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Appendix 

Barents sea ice edge estimated positions last two weeks of August 1579-20202. 
 

 
 

 

 

 

2Each column show year and position in degrees N. 
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