
Appendix A
Useful Astronomical and Physical Constants

Astronomical units:

Astronomical unit AU = 1.49597870 × 1013 cm
Parsec pc = 206 265 AU = 3.0857 1018 cm = 3.26 ly
Light-year ly = 0.9461 × 1018 cm = 0.3066 pc
Hubble distance = c/H0 = 2997.9 h−1 Mpc
Sidereal year 1 yr = 365.2564 d = 3.156 × 107 s
Hubble time TH = H−1

0 = 9.7776 × 109 h−1 yr
Solar mass 1M� = 1.989 × 1033 g

Physical constants:

Velocity of light c = 2.9979 × 1010 cm/s
Gravitational constant G = 6.67 × 10−8 cm3 g−1 s−2

Planck’s constant h = 6.6256 × 10−27 erg s
Boltzmann’s constant k = 1.3806 × 10−16 erg K−1

Mass of electron me = 9.1091 × 10−28 g
Mass of proton mp = 1.6725 × 10−24 g
Mass of neutron mn = 1.6725 × 10−24 g
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Appendix B
Why General Relativity Is Principally Different
from Field Gravity

There have been many discussions about the derivation of Einstein’s field equations
from the spin 2 theory (another name for the field theory), and hence about the
possible identity of general relativity and the field approach.

In his lectures on gravitation, Feynman tried to derive the full Einsteinian La-
grangian by iterating the Lagrangian of the spin 2 field. Misner et al. (1973, Chap. 7)
wrote that “tensor theory in flat spacetime is internally inconsistent; when repaired,
it becomes general relativity”. They refered to the papers by Feynman (1963), Wein-
berg (1965), and Deser (1970) on a “field” derivation of Einstein’s equations.

However, Straumann (2000) pointed out internal inconsistencies in such attempts
to derive Einstein’s equations from the spin 2 field theory: (1) general relativity hav-
ing black hole solutions violates the simple topological structure of the Minkowski
space of the field gravity, and (2) general relativity has lost the energy-momentum
tensor of the gravity field together with the conservation laws (a direct conse-
quence of the global symmetry of the Minkowski space). In his review, Padman-
abhan (2008) showed that all derivations of general relativity from a spin 2 field are
based on some additional assumptions that are equivalent to the geometrization of
the gravitational interaction.

Indeed, general relativity and field gravity rest on incompatible physical prin-
ciples (such as non-inertial frames and Riemann geometry of curved space versus
inertial frames with Minkowski geometry of flat space). The geometrical approach
eliminates the gravity force, as already de Sitter (1916) noted: “Gravitation is thus,
properly speaking, not a ‘force’ in the new theory”. This however leads to the prob-
lem of energy precisely because the work done by a force changes the energy. Within
the field approach the gravity force is directly defined in an ordinary sense as the
fourth interaction and has quantum nature (Feynman 1971).
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Appendix C
The Gravitational Potential of a Fractal Matter
Ball with Finite Radius

For a homogeneous matter distribution ρ = ρ0 the solution of Eq. (9.5) inside the
ball has the form (Baryshev and Kovalevski 1990):

ϕ(x)

c2
= −1

2
+ sh(x)

2x ch(x0)
(C.1)

Here x = r/RH is the dimensionless radius in units of the Hubble radius RH =
c/tH = c/(8πGρ0)

1/2, x0 = r0/RH and r0 is the radius of the ball. The gravitating
mass of this ball is

M(r) = MHx

(
1 − th(x)

x

)
, (C.2)

where MH = RHc2/2G is the Hubble mass.
For sufficiently small distances (r � RH), the gravitational potential has New-

tonian behavior, and for large distances (r � RH) the mass grows linearly so that
the gravitational potential in the center of the ball asymptotically reaches the value
−c2/2.

In the case of the fractal dark matter distribution with D = 2 the rest mass den-
sity law is ρ(r) = ρ0r0/r and the solution of Eq. (9.5) inside the ball has the form
(Nagirner 2006):
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+ 1√
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]
(C.3)

where I1 and K1 are the modified Bessel functions and x is the dimensionless dis-
tance. Using ordinary conditions for the gravitational potential of a finite ball with
radius x = x0, one finds that C2 = 0 and C1 = 1/(4 I0(4

√
x0)), where I0(x) is the

modified Bessel function.
The total gravitating mass inside the fractal ball of radius r is:

M(r) = MHx

(
1 − I1(4

√
x)

2
√

xI0(4
√

x)

)
. (C.4)

Here x = r/RH is the dimensionless radius in units of the Hubble radius and RH =
c2/(2πGρ0r0). ρ0 and r0 define the lower cutoff of the fractal structure and MH =
RHc2/2G is the Hubble mass as above.
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67, 253
Inverse TF relation (distance indicator), 28,

58–63, 79, 81–83
IRAS infrared satellite, 66, 259
Isotropy, 7, 32, 40, 92, 136, 185–186, 205,

248, 252, 244, 266, 273

K
K-correction, 72, 73, 160, 253
Keck telescope, 196, 208
Kepler’s laws, 20, 191
KLUN galaxy sample, 81, 82, 249, 259, 260,

272, 276

L
Lacunarity, 186, 205, 222
Lambda-term, see cosmological constant
Large Numbers Coincidences (LNC), 196–199
Large-scale structure, methods of analysis,

213, 223–245
Large-scale structure, observations, 247,

249–257, 261, 264–270, 271–276
LEDA extragalactic data base, 4, 29, 71, 240,

249, 268, 269, 272–273
Lehto’s formula, 211
Light year, 22, 136
Local Group, 54, 71, 77, 128, 157, 191, 205,

209, 260, 279–282
Local Supercluster, 211, 213, 250, 254
Luminous red galaxy sample (LRG), 249, 268,

273, 274, 278
Luminosity distance, 19–23, 39, 45, 73, 75,

151, 166

Lundmark’s galaxy classification, 2, 3
Lutz-Kelker bias, 48, 51

M
Mach’s principle, 189, 248
Magellanic Clouds, 2, 3, 26, 27
Magnitude-limited sample, 49, 50, 61, 64, 78,

160
Malmquist bias, 10, 51–56, 58–63, 68, 74, 77,

152–154, 160
Measurement errors, 47, 48
Menger sponge, 217
Metric distance, 19, 24, 31–36, 45, 73, 75,

138–139, 142, 144–146, 286
Milgrom’s law, 112
Modified Newtonian dynamics, 111
Multifractal, 189, 249, 264

N
Neutrino, 128, 187
Neutron, 94, 118, 277, 293
Neutron star, 8, 14, 113, 124, 125, 136
Normalized Hubble diagram, 282, 283
Normalized distance, 79–82
Nova, 24, 30
N-body simulation, 3, 16, 92, 187, 190, 207,

210, 219, 241, 277, 285
Newtonian cosmology, 131–134, 173
Noether’s theorem, 94, 98, 102, 289
Nucleosynthesis, 15, 155

O
Olbers’s paradox, 133, 135, 174, 214, 215
Oppenheimer-Volkoff limit, 116, 123, 125

P
Palomar Sky Atlas, 250, 255
Parallax, 19–22, 25, 26, 48, 51, 122
Parsec, 21, 22, 293
Particle horizon, 147
Period-luminosity relation, 23, 25–27, 66, 82,

83
Planck units, 194, 195, 211
Proper motion, 21, 122, 182
Proton, 16, 88, 128, 196–199, 277, 293
Ptolemy’s model, 182
Pulsar, 95, 113, 114, 120–122

Q
Quantum gravity, 14, 91, 94, 116, 117, 168
Quark star, 127
Quasar, 8, 10, 16, 52, 72, 85, 87, 88, 123, 127,

145, 158, 161, 165, 171, 178, 196,
205–211, 254, 275
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R
Recombination epoch, 8, 16, 88, 154, 277
Reddening, 26, 27, 65, 169, 254
Reddening bias, 65
Redshift, 5, 19, 23, 69–71, 74
Redshift-distance relation, see Hubble law
Relativistic compact object (RCO), 116, 120,

126–128
Relativistic gravity effects, 97, 108, 114– 116,

118–121, 130
Ricci tensor, 97
Riemann tensor, 136
Robertson-Walker metric, 138, 183
Rotation curve, 28, 87, 111
RR Lyrae variables, 24, 25

S
Sandage’s redshift test, see changing redshift

test
Scale factor, 17, 138–140, 142–145, 148, 155,

162, 177, 183, 201, 284, 287
Scale length analysis, 223–226, 273
Schwarzschild’s radius, see gravitational radius
Scott effect, 55, 56, 74
Segal’s quadratic redshift law, 74
Selection effect, 5, 10, 13, 47–49, 64, 66, 67,

73, 85, 157, 159–161, 165, 169, 172,
198, 209, 210, 211, 241, 254, 275

Self-similarity, 7, 186, 215, 216, 256
Singularity, 43, 101, 116, 126, 127, 216
Sloan Digital Sky Survey (SDSS), 171, 249,

259, 261, 267, 268, 273, 279
Sloan Great Wall, 261, 276
Sosies-method, 31
Spherical geometry, 37–39, 42, 137
Standard candle, 10, 13, 21–23, 30, 47, 48, 52,

54–58, 64, 72, 74, 78, 142, 153,
160, 166, 169, 209

Standard model of cosmology, 7, 8, 12, 14, 16,
157, 162, 168, 190, 277

Standard model of elementary particles, 13,
15, 93

Standard rod, 10, 20, 33, 41, 44
Steady state model, 12, 158, 161–163, 167,

171, 178, 182–184, 286, 291
Stefan’s law, 26
Steady state model, 12, 161, 163, 166, 167,

178, 183, 286, 291
Sunyaev-Zeldovich effect, 23, 84, 180, 276

Supernova Cosmology Project, 13
Supernovae, 5, 13, 24, 27, 30, 76, 83, 98, 128,

168–169, 177, 284
Supercluster, 191, 210, 213, 215, 248,

250–254, 257, 263, 265, 273, 276
Surface brightness, 17, 23, 29, 75, 82, 151,

160, 170, 174, 182, 207
Surface brightness test, 17, 129, 151, 174–175,

182, 201

T
Tifft’s periodic redshifts, 210
Time, cosmological, 146, 147, 176
Time dilation test, 177
Tip of the red giant branch (TRGB), 25, 261
Tired light, 152, 163, 167, 174, 201
Triangulation, 21
Tully-Fisher (TF) relation, 23, 27, 28, 29, 45,

58, 60, 61, 64, 79, 82, 112, 260, 272
Tuning-fork diagram, 3
Two Degree Field Survey (2dF), 237, 238, 259,

267, 274, 276
Two-point correlation function, 224, 227–230,

255, 262, 265, 277–279

U
Unbiased plateau, 76, 80–82
Uncertainty principle, 94, 112

V
Virgo cluster, 24, 81, 191, 251, 280, 284
Virial theorem (virial mass), 125, 192, 251,

257, 283, 284
VLA FIRST survey, 165
VLBI radio telescope system, 21, 127, 165,

208
VLT telescope, 196, 208, 274
Volume-limited sample, 49, 62, 160, 226, 268

W
White dwarf, 170
World models, see cosmological models

X
X-ray binary stars, 8, 126, 127

Z
Zero-gravity radius, 280, 284
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