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The Big Puzzle

Tuomo Suntola

How do we start composing a jigsaw puzzle? It is certainly helpful if we see the picture of the puzzle when fully
composed. If not, we may find it easiest and logical to search out the scheme of the picture from the corners
with a wish that the parts will fit with each other when completed. In the big puzzle of physics, we are about to
fit the highly tuned parts together to see whether they match, and what the total picture looks like — have we
created a monster or a beauty, or something in between?

Antique philosophers tried to outline the total picture from fundamental principles. The limits of such an ap-
proach were met in a couple of hundred years and the efforts ceased for more than a thousand years. A fresh
start in the late middle ages and early modern period turned the approach upside down by the groundbreaking
works of Isaac Newton and his contemporaries. Mechanics and motion became linked to celestial structures
and, at least as important, the power of mathematics as a tool for the description of physical phenomena be-
came convincingly demonstrated.

Newton’s work fixed the basic approach to mechanics and the related hypotheses for the next two hundred
years and, in a less visible form, still today. Electromagnetism in the 1800s required its own postulates, and
necessitated a re-evaluation of the Newtonian basis. A further diversification and challenge for the theories was
brought by the 20" century’s development of advanced instruments to observe at the extremes; microscopic
structures, cosmological distances, and velocities approaching the velocity of light.

Primary pieces of the puzzle

Since antiquity, physics has been seen as a doctrine of matter and motion. Complemented with astronomy,
physics is supposed to cover the descriptions of matter, motion, and space — and make the observable phe-
nomena understandable. The antique description of matter was abstract; at a metaphysical level matter was
described either by continuity and condensation of abstract apeiron (Anaximander) or nous (Anaxagoras) as the
basic substances, or by separate, invisible and indivisible atoms (Leucippus, Democritus, Epicurns). At a practical
level matter was described in qualitative terms as combinations of earth, water, air, and fire (Ewmpedocles, Aristo-
tle). Empirical studies of atoms became possible first in the late 19™ century, and in more detail, in the 20% cen-
tury.

In antiquity, the Earth was the solid basis and reference at rest. In the 1500s, Galileo Galilei noticed that any
observer in uniform motion may regard his state as the state of rest. The Galilean relativity was inherited in
Newton’s laws of motion and further, after a redefinition of the concepts of time and distance, into Einsteinian
relativity.

The present “corners” of the puzzle come from quantum mechanics for the structure of matter and its interac-
tions with electromagnetic radiation, from electromagnetism for electrical and electronic systems, special and
general relativity as refinements of classical mechanics and celestial mechanics, and from Friedman—Lemaitre—
Robertson—Walker (FLRW) cosmology, primarily as an extension of general relativity, Fig. 1.

The corner pieces of our puzzle

Each corner in our puzzle in Fig. 1 comprises assumptions in common and assumptions specific to the corner.
Special relativity is well anchored to electromagnetism via the compatibility of Maxwell’s equations ! and obser-
vations on the velocity of light. General relativity and the FLRW cosmology have a broad boundary in com-
mon, simply because the latter is primarily a derivative of the first. One of the cornerstones of quantum me-
chanics is the Planck equation? that Max Planck saw as an independent or parallel equation with Maxwell’s
equations. Quantum mechanics is linked to classical mechanics via the Schrédinger equation? and to FLRW
cosmology via Planck’s equation that is needed in the interpretation of the dilution of radiation power in ex-
panding space. The wave—particle duality in quantum mechanics complicates the definition of mass that in clas-
sical mechanics is linked to the inertial property, and in special relativity to the energy property.
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- Schrédinger equation
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- uncertainty principle
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- constant velocity of light

- mass manifestation of energy

- mass function of velocity

Conservation of energy
Maxwell’s equations

- Electromagnetic interactions
- Electromagnetic waves
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Figure 1. The puzzle. The roots of modern science are in classical mechanics and its derivatives like celestial mechanics,
analytical mechanics, statistical mechanics, and thermodynamics. Diversification of physics into specific theory structures
is illustrated as new pieces in the corners occupied by, electromagnetism, special and general relativity, quantum mechan-
ics, and FLRW cosmology — each with their postulates — either new or derivatives from their classical counterparts, some
adopted as empirical facts, some with a profound metaphysical basis 4. Conservation of energy as an underlying law of

nature applies in most parts of the puzzle; however, its application in relativistic systems is cumbersome and practically
excluded in FLRW cosmology.

In the late 19th century the concept of energy and the conservation of energy were widely realized as underly-
ing general principles that unified different parts of known physics. The roots of the energy principle, which is
generally credited to Hermann Helmholtz >, can be seen extending back to Aristotelian entelecheia® describing the
actualization of potentiality and, e.g., in Gottfried Leibniz’s equality of the cause and the effect”.

Application of the conservation of energy as a unifying principle in our modern puzzle is complicated by the
concepts of proper time and proper distance in the theory of relativity — it is also complicated by the interpreta-
tion of Planck’s equation as an inherent property of radiation that leads to disappearance of the energy of radia-
tion propagating in expanding FLRW space.

Re-evaluation of the pieces in our puzzle

In scientific evolution, the selections made, are based on the information available at the time of the selection. —
Is there any chance for re-evaluation of postulates based on the information obtained after the choices or based
on a more holistic view obtained by combining findings in different areas?

Linkage between Planck’s equation and Maxwell’s equations

In order to eliminate the ultraviolet catastrophe in Rayleigh and Jeans solution for the black body radiation,
Max Planck assumed that the radiation in a black body cavity is controlled by monochromatic oscillators or
resonators as the emitters and absorbers on the walls. He linked the frequency of individual oscillators to the
energy available and thereby to the temperature and temperature distribution of the black body. In spite of his
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serious attempts, however, Max Planck did not find support to his equation from Maxwell’s equations that he
highly respected — so he presented the equation as an ad hoc equation.

The trick in finding the linkage between Maxwell’s equations and Planck’s equation, E=/f, is in regarding
Planck’s atomic point-like oscillators as dipoles in the fourth dimension®?. During the emission of one cycle,
AT =1/f, a point emitter moves distance As=¢AT =¢/f=1 in the fourth dimension, interpreted as a space-like
dimension rather than the time-like dimension of special relativity.

In the standard solution of Maxwell’s equations, the average energy flow from a dipole is

dE - Hé/”ow4 .2 H(Z))(/IOC‘)4 .2
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where ITp = Negp is the peak value of the dipole momentum, ¢ is the unit charge carried by an electron, N is the
number of electrons, and zp is the length of the dipole. We choose using the magnetic constant o =1/ &2 in-

stead of the electric constant . By further observing that @ = 27/ = 27z ¢/, the total energy flow in one cycle
of radiation can be obtained by dividing (1) by the frequency fas
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For a one-wavelength dipole (30/4)=1; for a dipole in the fourth dimension all space directions are on the not-
mal plane of the dipole — so we may assume that the geometrical factor .4 of our antenna is close to unity. Mak-
ing A = 1.1049, and N=1 (for one electron transition) equation (2) reduces to Planck’s equation

h
EA=1.1049-271362,u0f-f=/9~f=/706~f=70£2 3)

where » =1.1049-2-z3¢2upc =5.997-10-3* [kgm/s?] is the Planck constant. In the last two forms, the velocity of
light, ¢, as a hidden factor in the Planck constant is removed, which reveals the intrinsic Planck constant
ho = b/ ¢, with the dimension of mass-distance [kg'm]. The last form of (3) is of special interest because, as a
step towatds unified expressions of energy, it is formally equal to the rest energy of mass 7, = h/A

)
E, = fﬂ =m,c @)

which is equal to the electromagnetic mass interpretation deduced by Henry Poincaré from Poynting’s equa-
tion 1. Applying the Planck constant in (3), the fine structure constant a obtains a form as a pure numerical
factor
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Importantly, Planck’s equation should be understood as an expression for the energy conversion in the emis-
sion and absorption of electromagnetic radiation, #ot as an intrinsic property of radiation propagating in space. Follow-
ing the conservation of energy, the conserved quantity is the mass equivalence of a cycle of radiation, which
conserves the energy but dilutes the energy density in expanding space.

Interim balance: hypothesis skipped: - Planck’s equation
new hypothesis: - dynamic interpretation of the time-like dimension

Unified expression of energy

Obviously, expression (4), showing the energy emitted into a cycle of radiation by a single electron transition
reveals the close connection between mass and wavelength. Let’s describe a cycle of electromagnetic radiation
as an energy object with the momentum in the direction of propagation, which is expressed by introducing
equation (4) in the form
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We found the physical interpretation of Planck’s equation by interpreting the imaginary fourth dimension, the

Einsteinian time-like dimension, as a hypothetical direction in which space moves at the velocity of light, ¢.

Adopting the idea of the hidden imaginary motion and by writing the rest energy of mass # into the form of an
energy object moving at ¢ in the direction of the imaginary fourth dimension

)=c-|ip|=c-|mic|=£ﬁ-|ic|=f~7m )

m

77/( rest

which also shows the wavelength equivalence of mass 7 as the Compton wavelength A, = h/7. Adding mo-
mentum p; in a space direction, the total momentum and the total energy appears as

=u/(mc)2 + p, =c-(me+ M) 8)

Obviously, the total energy of a mass object can be expressed in terms of ¢ and the complex momentum com-
posed of an imaginary component and a real component, Fig. 2.

Ew(m) = |p/0/ = |ipm/ +P,

A
Im
S Figure 2. Total momentum p =(m+Am)c is built up
me N Ame from component ¢ originating from the rest momen-
tum and component Az needed in obtaining the state
) U g< of motion. If we conserve the velocity of light ¢, the
e velocity in space appears as the real component of the
mesing “turned” imaginary rest velocity » = c-cosyp, or v = [,
9 Re here f=J1-(v/c)’
> where f (v/e) .
me-cOSp Ame cosp
The momentum in space creates an orthogonal component to i ps and turns the total momentum |per | = | 72¢

+Ame| into an angle g relative to the real axis. For honoring the constancy of the velocity light, we must as-
sume that the increase of the total momentum has been obtained by mass contribution Az needed to put the

object into motion in space at velocity # = ¢-cosp, or v =cy[1— > .
Applying the intrinsic Planck constant 4 and the electric constant z for Coulomb energy we get
2
b
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which means that acceleration of charged particles in electric field can be interpreted as the release of “mass
substance 7, from the Coulomb energy to the object accelerated.

Characteristic emission and absorption frequencies

Once the part me-cosp of the rest momentum contributes to the momentum in space, the rest momentum in
the imaginary direction is reduced, respectively

Im{;mw}zmpsingp:mm/l—ﬂz (10)
The momentum in space appears as
Re{mr{ﬁ(m)} =(m+Am)c-cosp=mc-cosp+ Ame-cosp (11)

As understood after Niels Boht’s semi-classical solution of the hydrogen atom in 1913, the characteristic emis-
sion and absorption frequencies of atomic objects are directly proportional to the rest energy or rest momen-
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tum of the electron, and the transition between the quantum states A(#,7,/) determining the transition in the
emission/absorption. In our dynamic approach it means that the frequencies are functions of velocity:

b
fA(W,[)/} O ) F[A(ﬂ,f%,/)] = mw(o)c\ﬂ —/)’2 -F[A(ﬂ,m,/)] = /1 ! —[)’2 -F[A(ﬂ,w,/)] (12)

m(O)

L.e., atomic clocks in motion run slower due to the reduced rest energy — not because time would be different
as taught by special relativity.

Interim balance: hypotheses skipped: - increase of mass is a consequence of motion
- time dilation?
new hypotheses: - energy, momentum, and mass are described as complex quantities

Inertial work — and Mach’s principle

In our analysis of the components of the total momentum of an object in motion we found that the mass input
from the accelerating system contributed to the momentum in space by Az -cos¢ (11). What is the role of the
imaginary component Az-sing that looks like it were lost — or could it be related to the inertia? Philosophically,
as expressed by Mach’s principle, inertia is related to the presence of all other mass in space. For analyzing the
interaction between a local mass object and the rest of space, let’s have a look at Richard Feynman’s ideas.

In his lectures on gravitation in the 1960s, Richard Feynman stated !!:

“Tf now we compare the total gravitational energy E;= GM 2,/ R to the total rest energy of the universe, Eyy = M ¢, lo and
behold, we get the amazing result that GM 21,/ R = Musc?, so that the total energy of the universe is gero. — It is exciting to
think that it costs nothing to create a new particle, since we can create it at the center of the universe where it will have a negative
gravitational energy equal to Myc?. — Why this should be so is one of the great mysteries — and therefore one of the important
guestions of physics. After all, what wonld be the use of studying physics if the mysteries were not the most important things to
investigate.”

In the lectures he also pondered the possibility of a describing space as the 3-surface of a 4-sphere 12

“..One intriguing suggestion is that the universe has a structure analogons to that of a spherical surface. If we move in any direc-
tion on such a surface, we never meet a boundary or end, yet the surface is bounded and finite. It might be that onr three-
dimensional space is such a thing, a tridimensional sutface of a four sphere. The arrangement and distribution of galaxies in the
world that we see would then be something analogous to a distribution of spots on a spherical ball.”

Let’s combine Feynman’s great mystery and intriguing suggestion in a dynamic framework’7 (close to what was pro-
posed by Georges Lemaitre in the 1920s 13 after Einstein’s suggestion of spherically closed static space ' in
1917). Once we integrate the gravitational energy of all mass in homogeneous space described as the closed 3-
surface of a 4-sphere, we get

M" GM n

and for M, = Zm as E ) =—M, R
4

13)

o) =
4 space
where M” = 0.776-Ms is the mass equivalence of the total mass at the center of the 4-sphere as seen by a test
mass 7 anywhere in spherically closed space, Fig. 3. The zero-energy balance of the total rest energy and the
total gravitational energy can be expressed as
GM”
s 0 14

4

E,=E _ +E . =M -M

rest(tot) o(tor)
As a confirmation of the zero-energy balance of the rest energy and the gravitational energy, we get ¢ = 300 000
km/s by applying the current estimate of the average mass density in space. The dynamic interpretation of
Feynman’s zero-energy balance means that space expands or contracts at velocity ¢ in the direction of the 4-
radius. In the spirit of Aristotelian entelecheia or Leibnizian vis viva — vis mortna the rest energy of matter has been
obtained against release of gravitational energy in a contraction phase and is now paid back to gravitation in the
ongoing expansion phase. The expression of energy in space appears as an excitation of local rest energy against
the gravitational energy due to the rest of space.
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Figure 3. In spherically closed space the gravitational energy of mass  is
1 E, =mc. calculated by integrating the gravitational potential due to all other mass

A NN B, =25 Ismz 0 = G’;MZ 0776 = —m M

CM" 7 K 0

40 4 4

The resulting gravitational energy is equal to the gravitational energy due
4 to mass equivalent M” =0,776-M,., in the center of the 4-sphere.

o pn The dynamic balance occurs when the 4-velocity of space is

G "
R

4

.
v

=%

The expansion velocity of space in the fourth dimension determines the
velocity of light in space.

Any motion in spherically closed space is central motion relative to the 4-center of the structure. A short calcu-
lation shows that an object moving at velocity ¢ in space moves like in a “satellite orbit”, which means that the
momentum in the local imaginary direction is cancelled by the gravitation of all the mass in space.

The imaginary component of the kinetic energy Im{E:} =Im{crAnrc} — is the inertial work (via central force)
done against the gravitation of the mass in the rest of space — a quantitative expression of the Mach’s principle!
Inertia is not a property of mass, but a manifestation of the energy balance in space.

The dynamic solution means that the velocity of light decelerates with the expansion of space with the increas-

ing 4-radius. At the present state of the expansion it decreases as A¢/¢~— 3.6-10-1" /year which, in principle,
would be detectable — however, the frequency of atomic clocks as well as the rates other physical processes are
proportional to the rest energy and, consequently, to the velocity of light.

Interim balance: hypotheses skipped: - the constancy of the velocity of light (with time)
- inertia is a property of mass
- mass is a form of energy
new hypotheses: - a zero-energy balance of motion and gravitation in spherically closed space
- mass is a wavelike substance for the expression of energy

Local structures in zero-energy space

In the dynamic solution of Feynman’s great mystery, the primary energy buildup was described as the contraction
and expansion of spherically closed homogeneous space producing the rest energy of matter. For motion in
space and the buildup of local mass centers and material structures we need motion in space directions. In ho-
mogeneous space, due to the spherical symmetry, the gravitational energy appears in the fourth dimension only
(in the direction of the 4-radius). Buildup of any mass center means breakage of the symmetry and a related
buildup of a real component to the complex gravitational energy. Conservation of the total zero-energy balance
requires bending of local space in the vicinity of the mass center. The velocity of free fall and the corresponding
momentum is now obtained against a reduction of the velocity of space in the local fourth dimension in curved
space — which also means reduction in the local velocity of light, Figure 4. In the locally curved space the imag-
inary gravitational energy is

GM ( | MR,
2(0)

E" -2"-E
R M"R

= Eg(o)

j:Eg(o)(l—é) (15)

4(9)
where R is the distance to the local mass center M, and the rest energy is
E ) =% |p¢| =cyme =cyme, (1-0), whete c=¢,-cosp=¢,(1-0) (16)

where o is the velocity of light in non-curved space and ¢ is the velocity of light in local space. Instead of getting
generated by a mass input, the kinetic energy in free fall is obtained against the release of rest energy, which
means that we need to abandon the equivalence principle! An interesting consequence is that celestial mechan-
ics based on the zero-energy balance shows stable circular and elliptic orbits down to the critical radius of black
holes.
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Buildup of mass centers occurs in several steps forming a system of nested gravitational frames — and by com-
bining the effects of local motions, a system of nested energy frames. The rest energy of a mass 7 in a local
energy frame can now be expressed as

E, , =cmc= COWZOC()IL[(l -0, )\/1 — ﬂl.z 17)

i=1
which relates the local rest energy, via all the parent frames (like an accelerator frame, the Earth frame, the Solar
frame, the Milky Way frame, etc.) to the rest energy at the state of rest in hypothetical homogeneous space.

The philosophical message of the zero-energy analysis is that relativity is a direct consequence of the conservation of the zero energy
balance in space. Instead of expressing relativity in terms of distorted coordinate quantities, relativity is now ex-
pressed in terms of locally available rest energy.

Substitution of (17) for the rest energy of an electron in Balmer’s equation gives the dependence of the clock
frequencies on the motions and gravitational states of a clock. In a local frame like the Earth gravitational frame
we get

og = Joo (1=0)N1=§° (18)

where /oo is the frequency of the clock beyond the gravitational interaction of the Earth and at rest relative to
the Earth. The corresponding equation for the dilated time in the framework of general relativity (Schwarz-
schild space) is

1y, =ty \1-26— (19)

that in the near FEarth circumstances differs from (18) only in the 18™ decimal.

Interim balance: hypotheses skipped: - relativity principle
- equivalence principle
- constancy of the velocity of light (within space)
- proper time and proper distance
new hypotheses: - total energy is conserved in all interactions within space
- time and distance are universal coordinate quantities

Cosmology and atomic structures under zero-energy postulates

We are about to fix the jigsaw puzzle by replacing the separate postulates in our corner pieces by the postulate
of spherically closed space with the energies of motion and gravitation in a zero-balance. We have reconsidered
the postulates behind special and general relativity and eliminated Planck’s hypothesis by deriving Planck’s
equation from Maxwell’s equations. We still need to check how these replacements affect the remaining parts
of the puzzle — how they affect the predictions of cosmological observables and the formalism of quantum
mechanics.
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Cosmological observables

The local geometry of the zero-energy space is related to the local geometry of spacetime in the general theory
of relativity. Predictions for the perihelion advance, the Shapiro delay, and the bending of light are essentially
the same”. The prediction for the angular size 1516 of objects in FLRW cosmology is subject to reciprocity !
derived from special relativity, which makes the predicted angular size of non-expanding objects increase at
redshifts exceeding > 2. Local gravitational systems in the FLRW space do not expand with the expansion of
space 18. In zero-energy space ” however, gravitationally bound local systems expand in direct proportion to the
expansion of space, which together with an optical distance that is equal to the increase the 4-radius during the
propagation of light leads to Euclidean appearance of galactic space ', Fig. 5.

log(LLAS) log(LAS) Figure 5. Dataset 14 of the observed Largest

\ ‘ Angular Size (LAS) of quasars and galaxies
’ X /| in the redshift range 0.001 < g < 3. Open

circles are galaxies, filled circles are quasars.
In (a) observations are compared with the
Euclidean prediction in zero-energy space.
In (b) observations are compared with the
. FLRW prediction with €,=0 and QA=0
e (solid curves), and Q,= 0.27 and Qx= 0.73
% o, “ o’ (dashed curves). As shown by the curves in

N R \ (b) the density parameter in the FLRW

‘ ‘ ‘ cosmology have only minor effect on the

angular sizes. The Euclidean prediction of
the zero-energy (a) space prediction gives
(a) Zero_energy space (Euchdean} (b) FLRW-SPaCe excellent match with observations.

0,001 0,01 0,1 1 10z 0,001 0,01 0,1 1 10 ¢

In spherically closed space the prediction for apparent magnitude applicable to the K-corrected supernova ob-
servations obtains a simple, parameter free form 7

w=M+510g%+2.510g[{2(1+g)] (20)
0

replacing the FLRW prediction 20

i 1)

R : !
m:M+510g3:+510g ()] J+2) (1+2,2)-2(2+2)2,

Fig. 6 compares the predictions of (20) and (21) with observations 2!. It should be noted that the perfect fit of
(20) with the observations means that space expands with decelerating rate due to the work expansion does
against the gravitation of the system. There is no place for dark energy in zero-energy space.

50
eq.(21) Figure 6. Magnitude observations of Ia supernovae and the

Q,~0.27  predictions of the FLRW cosmology and the zero-energy
Qx=0.73  space. The figure shows the distance modulus x# = w — M, vs.

. 4 redshift for Riess et al.’s “high confidence” dataset and the
7 eq.(21)

data from the Hubble Space Telescope. The optimum fit for

g Q,=1 S ) . .
© O, =0 the standard cosmology prediction is obtained with density
e AT parameters ,=0.27 and Qx=0.73, shown by the dashed
/ curve, the FLRW prediction with the “conventional” density
% y parameters Q,=1 and Q,=0 shows slightly smaller values for
/ the distance modulus. The zero-energy prediction is shown,
by the solid curve. The zero-enrgy prediction does not have

© density parameters or any other additional parameters.
0,001 0,01 01 1 I 10




2012 FQXi Essay Contest.pdf The Big Puzzle

Quantum mechanics

Mass in zero-energy space obtains the role of a wave-like substance for the expression of energy. Mass objects
are described as resonant mass wave structures, generally in spherical symmetry. In the complex function
presentation, symmetry in three space directions appears as a sum function in the imaginary direction, e.g. the
sum momentum of the opposite waves in a one-dimensional resonator is not cancelled but it appears as mo-
mentum or wave in the imaginary direction like the rest momentum of any mass object”.

Let’s see what happens, e.g., to a 1-dimensional resonator like a laser moving at velocity » in the direction of its
axis in space. First, the frequency of the laser is reduced by the velocity as f = f,4/1— > . When observed in

the parent frame the opposite waves in the resonator are subject to opposite Doppler shifts, which create a
difference between opposite momentums, thus resulting in a net momentum in the direction of velocity »,
Fig. 7. The net momentum can be interpreted either as the de Broglie wave propagating at velocity ¢, or more

naturally, as a wave with wave number &, =4, / \J1—p* propagating at velocity » in parallel with the moving
resonator. The latter interpretation is of special interest as an explanation of the double slit experiment, Fig. 8.

Electronic states in atoms appear as energy minima of states fulfilling the mass wave resonance conditions.

Im Im b
. . 2
2+ P= 1/1_05 =ihk1=F Figure 7. (b) Buildup of the momentum wave
0 as the sum of Doppler shifted front and back
waves.
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Figure 8. The double slit experiment

2 A
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Momentum of the object in the frame - st (0) b
of the source and the double-slit Pecmas = f1— Vs 4 /
Double slit Screen
Conclusions

If we are to keep the structures of existing theory, it would be hard to eliminate or change even a single postu-
late. Most probably, further development of the existing theories leads to even more postulates as can be seen
in the recent development in cosmology. An option for fewer postulates and simpler theory structures can be
found in an energy system approach, which, in principle, is based on the same insight as that behind Coperni-
cus/Newton’s success; the study of the wholeness to be modeled as a system, which allows the use of overarch-
ing conservation laws.

Keeping in mind that the purpose of scientific models is to make nature understandable, alternatives for the
unintelligible relativistic spacetime construction and the somewhat artificial wave function would be warmly
welcomed. For human conception, the base questions are What?, Where?, and When?. For the answer we need
the quantity for substance, and the universal coordinate quantities for distance and time — just as reflected by
the base SI units kilogram, meter, and second.



2012 FQXi Essay Contest.pdf The Big Puzzle

References

U]. Maxwell, A Dynamical Theory of the Electromagnetic Field
2 M. Planck, "Entropie und Temperatur strahlender Wirme". Annalen der Physik 306 (4): 719-737 (1900)

3 E. Schrédinger, Quantisierung als Eigenwertproblens, Annalen der Physik, vol. 385, Issue 13, pp.437-490
4'T. Suntola, The Short History of Science, Physics Foundations Society, (2012)

5> H. Helmholtz, On the Conservation of Force, http://www.bartleby.com/30/125.html

¢ Aristotle, Metaphysics, http://classics.mit.edu//Aristotle/metaphysics.html

7 G. Leibniz, Essay in Dynamics, http:/ /www.earlymoderntexts.com/pdf/leibessa.pdf
8'T. Suntola, The Dynamic Universe, Toward a unified picture of physical reality, ISBN 978-1461027034, Physics Foundations Soci-

ety (2011)
T. Suntola, Photon — the minimum dose of electromagnetic radiation, Proceedings of SPIE Vol. 5866-4, pp.17-25 (2005)
10 H. Poincaré, La théorie de Lorentz, et le principe de réaction http:/ /www.physicsinsights.org/poincare-1900.pdf

1 R. Feynman, W. Morinigo, and W. Wagner, Feynman Lectures on Gravitation (during the academic year 1962-63), Ad-
dison-Wesley Publishing Company, p. 10 (1995)

12 R. Feynman, W. Morinigo, and W. Wagner, Feynman Lectures on Gravitation (during the academic year 1962-63), Ad-
dison-Wesley Publishing Company, p. 164 (1995)

13 G. Lemalitre, Annals of the Scientific Society of Brussels, 47, 49-59 (1927)

14 A. Einstein, Kosmologische Betrachtungen zur allgemeinen Relativititstheorie, Sitzungsberichte der Preussischen Akad. d. Wissen-
schaften (1917)

15R. Tolman, PNAS 16, 511, 1930

16W. de Sitter, B.AN. 7, 205, No. 261 (1934)

17 ].M.H. Etherington, Phil. Mag. 15, 761 (1933)

18\Y. de Sitter, Do the galaxies expand with the universe, BAN. 6, 223, p. 146 (1931)
19 K. Nilsson et al., Astrophys. J., 413, 453, (1993)

20S. M. Carroll, W. H. Press, and E. L. Turner, ARA&A, 30, 499 (1992)

2L A. G. Riess et al., Astrophys. J., 607, 665 (2004)

10


http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_I
http://onlinelibrary.wiley.com/doi/10.1002/andp.19263840404/pdf
http://www.physicsfoundations.org/
http://www.bartleby.com/30/125.html
http://classics.mit.edu/Aristotle/metaphysics.html
http://www.earlymoderntexts.com/pdf/leibessa.pdf
http://www.physicsfoundations.org/books/DU_2011_EN.html
http://www.physicsfoundations.org/society/library/2005_SPIE_5866-4_Quantum_of_radiation.pdf
http://www.physicsinsights.org/poincare-1900.pdf
http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1927ASSB...47...49L&amp;data_type=PDF_HIGH&amp;whole_paper=YES&amp;type=PRINTER&amp;filetype=.pdf
http://www.pnas.org/content/16/7/511.full.pdf+html
http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1934BAN.....7..205D&amp;data_type=PDF_HIGH&amp;whole_paper=YES&amp;type=PRINTER&amp;filetype=.pdf
http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1931BAN.....6..146D&amp;data_type=PDF_HIGH&amp;whole_paper=YES&amp;type=PRINTER&amp;filetype=.pdf

