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Preface

The modern view of physical reality is based on the themfatofity, the related
standard cosmology model, and quantum mechanics. The development of these theor
was triggered by observations on the velocity and emission/absorption properties of lig
in late the 1and early 20centuries. Theories haviaiied a high degree of perfection
during the last 100 years. Whesessed in the contextlod huge progress in theh20
century, they have been exceedingly successful; not only in increasing our knowledge
understanding of nature but also in bropgie knowledge into practice in technological
achievement$ in applications ranging from nanostructures to nuclear energy and space
travel.

In spite of their significant successes, there has also been continuing criticism of tt
theories since their intfuction. The theory of relativity raised a lot of confusion not
least by redefining the concepts of time and distance, the basic coordinate quantities |
human conception. This was quite a shock to the safe andiarelti Newtonian world
which had goveed scientific thinking for more than two hundred years. Another shock
came with the abstraction related to quantum mechamiasgticles and waves were in-
terrelated, deterministic preciseness was challenged by stochasticity and probabilities,
continuty was replaced by discrete states. As a consequence, nature was no longer
pected to be consistent with human logic; it is not unusual that a lecturer in physics stal
his talk by advising the audience not t

In a philosopldal sense, neglecting the demand of human comprehension is some
what alarming, since it is a primary challenge and purpose of a scientific theory to ma
nature understandable. It is easier to verify the merits of a scientific theory through it
capabilityof describing and predicting observable phenomena, and that is what the pre
sent theories do well in most cases.

As a mathematical description of observable physical phenomena, a scientific thec
need not be based physical assumptiorihe Ptolemy sky was based on a direct de-
scription of observations as seen from the Earth. It related the motions of plagets to th
motion of the Sun across the sky without any physical law, other than continuity, behin
the motions. Keplerds | aws which stil]l
purdy mathematical formulations of the observations made by the Bstnisitomer
Tycho Brahe. Several decades | ater Newt
itational force revealed the physical I
celestial mechanics for gueceedingenturies.

Newtonian space domst recognize limits to physical quantities. Newtonian space is
Euclidearto infinity, and velocities in space grow linearly as long as there is a constar
force acting on an object. As realized in the |titeet®ury, the velocity of accelerated
object does not grow linearly but saturates to the velocity of light. The theory of relativi-
ty describes the finiteness of velocities by linking time to space-dimfnmsional
spacetime and by postulating the velocity of light to be a natural constaatriand o
all observers. An observer in relativistic space sees a time interval in an object in relat
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motion approach infinity so that the velocity of light is never exceeded. The dilated flow
of time is also used as the explanation of the obsemed fsémuency of clocks moving
relative to the observer or at a lower gravitational potential than the observer.

Authorized by the relativity principle, the theory of relativity ignores the effects of the
space around the observer; an observer studyanticke @ccelerated in a laboratory on
the Earth is subject to the rotation of the Earth and the orbital motion around the Sun, at
a periodically changing velocity and gravitational potential due to the eccentricity of the
orbit. Further, the whole solaistem is in motion arid gravitational interaction in the
Milky Way galaxy that interacts with neighboring galaxies as a part of the cosmological
structure of the universe.

The Dynamic Universe theory presented in this book is a holistic approachito the
verse and interactions in space. The energy structure of space is described as a system
nested energy frames starting from hypothetical homogeneous space as the universa
frame of reference to all local frames in space. In DU space, everytlergpmatdted;
the energy available for running a physical process on the Earth is not only affected by
the local motion and gravitation but also the motion and gravitational state of the Earth
in its parent frames. Relativity in Dynamic Unitbeseyis gimarilythe relativity of
thelocal to the whole rather than relativity between the observer and an object.

The whole is not composed as a sum of elementary units, but the multiplicity of elel
emergegsiagrsification of the whole elin@rad@pendent objectsiineseagthing is linked to
the rest of space and thereby to each other.

Although the Dynamic Universe theory means a full replacement of special and gener
had not been found without relativity tresosiedlbhkts in the DU can be dpecidliand
general relatidignce we replace thigdifoerrth dimension with the fourth dimeretian of
nature and addpoléstiperspective to space as the whole.

In the DU, space is postulatada threedimensional structure closed through a
fourth dimension, like thedmensional surface of alinensional sphegefollowing
Einsteinds original view of the cosmol og
the timelike fourth dimensionf the relativity theory, the metric fourth dimension of the
DU, the direction of the-dadius of the structure, allows contraction and expansion of
space like a spherical pendulum in the fourth dimension. Spherically closed space does
not need an energig quantum jump or BBang; space has gained its energy of motion
against the release of its gravitational energy in a contraction phase and pays it back tc
gravitational energy in the ongoing expansion phase. As observers in space, we observe
the energpf motion of space in the fourth dimension as the rest energy of matter. Any
motion in 3D space is associated with the motion of space in the fourth dimension. As
shown bythe detailed energy bookkeeping, any momentum built up in a space direction
reduceshe momentum in the fourth dimension. The relativistic mass increase taught by
special relativity is not a consequence of velocity, but the energy input needed to build up
the kinetic energy. In free fall in a local gravitational frame, the kineticsemahgyp
against the reduced rest energy via tilting of local space; there is no mass increase assoc
ated with the velocity of free fall which means canceling of the equivalence principle be-
hind general relativity.
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Due to the kinematic apppaahrelativity discloses the increase of the inertial mass il
but is blind to the associated decrease of the rest mass which is observed, e.g., as the
atomiclocks in matgemeral relativity discloses thespitcegrafar mass censelptirimlito the
associated reduction of the rest eneegyinethdtigluced frequatmyiofocks near mass
centers

In DU space, the velocity of light is sonhstant but fixed to the velocity of space in
the local fourth dimension. All local structures in DU space are linked to the rest of
space. Unlike in GR space, gravitationally bound local structures like galaxies and pla
tary systems expand in direct proportion to the expansion of space. About 2t cm of
3.8 cm annual increase in the EartMoon distance comes from the expansion of
space and only one centimeter from tidal interactions. Four billion yethessatpr
luminositywasabout 286 lower thant istoday which makes it very difficult éaplain
the geological history of the Earth and the free water on early Mars if the planets hg
been at their present distances from theaSuaught by general relativitgcording to
the DU, 4 billion years ago planets wab®ut3( closer to th&un, which overcom-
pensates the lower luminosity of the Sun and offers a natural explanation to the ancie
warm oceans on Earth diglid water on Mars.

The expansion of DU space occurs with the energies of motion and gravitation in bal
ance. Suchacondon corresponds to the ofl at sp
For matching cosmological predictions with observations, the flat space condition in GF
space is associated with a remarkable
instead of ataiction. In DU space, a precise match between predictions and observation
is obtained without dark energy or any other additional parameters.

The zereenergy approadt the Dynamic Universe allows the derivation of local and
cosmological predictions wialminimum number of postulatéby honoring universal
time and distance as tiuralcoordinate quantitiésr human comprehension

Philosophically, the relativity of observations is an indication that something in spac
is finite. In the kinematic pymach of the relativity theory, finiteness is fixed to the veloc-
ity of lightd in the dynamic approach of the DU, the finiteness of the velocity of light is a
consequence of the conservation of energy, or more fundamentally, the balance of tl
energiesomot i on and gravitation in space. |
constantso6é6 are observed as constant bec
same energy balance as the quantities measured. The late Finnish professor Raimo L
cal ed this o0the conspiracy of the | aws o

As a basic principle of scientific thinking, the reality behind natural phenomena is in
dependent of the modddg whichwe describthem The best a scientific model can give
is a description that makes thality understandable. The model should rely on sound
basic assumptions and inherently coherent logic, and, specifically in physics and cosmc
gy, give precise predictions to phenomena observed and to be observed.

We are not free to choose the laws aireatout we have considerable freedom in
choosing the coordinate quantities used in the models. Time and distance are the mc
fundamental coordinate quantities. For human perception and logic, time and distanc
should be universal for all physical phenandescribed.
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The origin of the Dynamic Universe concept lies in the continuing interest | have had in
of nature and human comprehension of reality since my student time in the 1960s. | reco
and former colleague Heikki Kanerva asiaedrpmsairer in the thinking that paved the way
for the Dynamic Universe theory. After many years of maturing, the active development of
triggereddstimulus from my late colleague Jaakko Kajar®8s.ih éxpress my Sinaere
itude to my early inspirers.

The breakthrough in the development of the Dynamic Universe concept occurred in
1995 once | replaced the titike fourth dimension with the fourth dimension of a met-
ric natured thereby revealing the physical meaningeofjuantitync¢ the rest momen-
tum, the momentum of massn a fourth dimension, perpendicular to the three spatial
directions. Momentum and the related energy of motion against the energy of gravitation
in spherically closed space showed the dynamics of space as that of a spherical pendulur
in the fourth dimensn i showing the buildup and release of the rest energy of matter
as a continuous process in contraction and expansion periods of the structure. In the DU
framework, energizing of space did not happen in a mysterious quantum fluctuation or
Big Bang. Thenergy buildup and release of space is described as a continuous contrac-
tiondexpansion process. Mass can be understood as a wavelike substance for the expres
sion of energy. By assuming conservation of the total energy in interactions in space, the
overall eergy structure of space can be described as a system of nested energy frames
proceeding from larggeale gravitational structures down to atoms and elementary parti-
cles.

The development of the Dynamic Universe model has been documented in annually
updaed monographs tittetl Th e Dy na mil39899nTlver Bemami ¢ Un
New Perspect i vé2eR003pTalceso raentdi cRaell aBa svda & yad
in2004,and The Dynamic Univer se, ITioad@dnsd,2a Uni
and 3 in 2002012. The first peeeviewed papers on the Dynamic Universe were pub-
lished in Apeiron in 2001. For several years the main channel for scientific discussions
and publications was the PIRT (Physical InterpretationsatiViBeT heory) conference,
biannually organized in London and occasionally in Moscow, Calcutta, and Budapest. |
would like to express my respect to the organizers of PIRT for keeping up critical discus-
sion on the basis of physics and pass my sincexalgratiMichael Duffy, Peter Row-
lands, and many conference participants. At the national level, The Finnish Society for
Natural Philosophy has organized seminars and lectures on the Dynamic Universe con-
cept. | express my gratitude to the Society and nesnlyems of the Society for the en-
couragement and inspiring discussions. | am exceedingly grateful fouhdets of
the Physics Foundations Society, Ari Lehto, Heikki Sipila, and Taraadtattimen for
their initiatives in promoting the search fer fimdamentals of physics and the essence
of the philosophy of sciendecomplemented by Avril Styrman with his doctoral thesis
Economical Unification as a Method of Philosophigadséntdysest the University of
Helsinki in 2016. | also like tgpeass my sincere thanks to Robert Day for his early anal-
ysis of the DU supernova predictions and his assistance with my publications, and Mervi
HyvonenDabek and Jan Dabek for polishing my English language. My many good
friends and colleagues are thankedhiir encouragement during the years of my trea-
tise. The unfailing support of my wife Soilikki and my daughter Silja and her family has
been of special importance, and | am deeply grateful to them.
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The 4 edition is restructured; Chapter 1, Introdaciives an overview of the theo-
ry and presents important theoretical outcomes and experimental results with minim:
mathematics. Chapters 2 to 6 document the formal derivation of the theory. As an add
tion to the earlier editions, Section 42tgtal dayhas been added.

In the Dynamic Universe, several physical quantities get meanings and notations d
ferent from those in traditional theories. For example, mass in the DU is not a form ot
expression of energy like in the theory of relativity, but Wedikeaubstanios the ex-
pression of energy. Mass, momentum, and energy are described as complex quantit
For example, the real component of the complex momentum is the momentum we ob
serve in space; the imaginary part of the momentum is the restunohen to the
expansion of space in the fourth dimension. The imaginary part of momentum is no
recognized in current theories because of thdikkeneurth dimension and the postu-
lated constancy of the velocity of light and rest mass. The modutusooftex energy
is equal to the concept of energy as a scalar quantity used in the traditional formalism.






1. Introducion to the Dynamic Universe

A new theory is necessary when existing theories grow in complexity, fail in prod
matching observations or fail in producing an understandable picture of reality. The thec
succeededinvphioducing mathematical descriptions for tHribfzsskdatiansating a compre-
hensive picture of.reality

The theory of relativity continues tldd&etidaaan tradition; it is built on kinematics at
metriosn a local basisl relies on the relativity and equivalence principles. As additional
theory of relativity needs the assumption of the constancy of the velocity of light and
mations for moving from one frame ofarefdrenbe Eriedmamemaiti@obertsivialker
(FLRW) cosmologgsm the general theory of ratatitity cosmological phapleim
mechanics camplet theory of refativihe description of phermmienicrecaleQM
breaks the deterministic nature of the classical theqpitheamtdpingsdiscrete states anc
probabilities.

The Dynamic Universe theory means a major change in the paradigm. DU replac
the relativity principle and the assted concept of inertial frames of reference with a
system of nested energy frames that relates any energy state in space to the state of re
hypothetical homogeneous space. Instead of expressing relativity in terms of coording
transformations, reiaity is expressed in terms of locally available energy in the DU. The
concept of timdike fourth dimension is replaced with the metric fourth dimension. Time
is a universal scalar allowing motion equally in the three space dirextobms the
fourth dimension, as the expansiothafspherically closegace

The Introduction tathe Dynamic Universis presenteth four chapters:

1.1 dBasic condeiptsoduces the basic structure of the tleotyaefihttiens and nota-
tions needed

1.2 dBuildup of energy indspmoduces the conteagiamsion msioeilding upe rest
energy of matsethe primary energy available for thfeldnaldepergy structures, the
system of nested energy frames in spacthe§tatingrfrorachanical solution of atornr
ic structures, the frequency of atomic clocks is linked to the local state of gravita
The properties of thywdlight are defivetthe overall energy balance in space

1.3 dCosmological considérgivessan overview of the basis of the émriattreann
Robertsdvialker (FLRW) cosmology and introchamssitierations needed in the DU
framework. DWegictions for key observables are introduced with a comparison
tions. The linkage between GR space and DU space is discussed.

1.4 6The summagompart®e theory structure and the hierarchy of physical quantitie
DU and contemporary @hysic
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11Basicconcepts

The first Chapter of Co pkerUniecsaisSphee Re\
caloFir st of al | , we must note that t he u
sphere is the peréect, needing no joint and being a complete whole, which can be neither
diminished; or that it is the most capacious of figures, best suited to enclose and retain al
that all the separate parts of the universsuhmaanrihplaaets stars, are seen to be of this
shape; or that wholes strive to be circumscribed by this boundary, as is apparent in droyf
other fluid bodies when they seetatttdinestlHence no one will question thef ditsibution
form to the divine bodiesod.

The Copernicasystenalloweddynamic analgsof physicainteractions in the plane-
tary systerand createthe basis for mathematical phydib® Dynamic Universe takes
the next step: Not only the planetsygtem but the whole thréenensional space is
described asspherically closed entitjowinga dynamicanalysidéinking all local struc-
tures and phenomenadpace athewhole

1.1.1Space aspherically closed entity

In the DU, space sudied as a closed energy systenthreed i mensi on al 0s
of a fourdimensional sphefeSpace as tH&D surface of al@d sphere is quite an old
concept for describing space as a closed but endles$lamntityncept ch4D spheras
based omlifferentialgeometrydeveloed in the 19 century by Ludwig Schila#irthur
CayleyandBernhard Riemann. Space as heswface of @dDs pher e was Eir
original view of the cosmological picture of general relativity in. Bayitdion in
spterically closed spacads to shrink the structuleading to dynamic spadgnamic
space requires metric fourth dimension, whidhndt fit the concept of four
dimensional spacetiroéthe theory of relativityfo prevent the dynamics of spherically
closed space Einsteiompletedhetheory withthefamouscosmological constanhich
wasrecentlyreawakened as tbeéark energyneeded to match cosmological predictions
to observations.

In his lecturesongravimth i n ear | y 19 %réudned tdtlneadesaof d F ¢
spherically closexpace

0...0ne intriguing suggestion is that t
face. If we move in any direction on such a surfaetavi®unadary or end, yet the surface is
bounded and finite. It might be thatdouetisieaal space is such a thing, a tridimensional sur
of a four sphere. The arrangement and distribution of galaxies in the world that we see
sontehi ng anal ogous to a distribution of sj

In the saméecturesFeynman also pondered the equality of the rest energy and gravi-
tational energy in space:

aln mathematicghe 3dimensional surface of @nensional sphere is referred to-sgghre. The terms
3D surface of a 4D sphere are used to avoid the confusion.
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ol f now we compar ¢ GMiR tothe total fest gnergywof tthe arti-
verse,&s= M2, 10 and behold, we gah#izing result @islt2.{R = M2, so that the
total energy of the universé idtzsrexciting to think that it costs nothing to create a new p
since we can create it at the center of the universe where it willttanad amergstegugtdoita
Mirc2 i Why this should be so is one of the gréatanystkersore one of the importan
guestions of physics. After all, what would be the use of studying physics if the mysterie
important thingswoéns t i gat e. 0

The Dynamic Universe can be seen as a
zerenergy space to the 0i nftbyithgdynamgs ofspagegas
spherically closed structure.

Quch a slution does not work in the framework of the relativity theory which is based
on the constant velocity of light, and time as the fourth dimemsidynamic solution
requires universal time and a metric fourth dimension that allow velocity and momentur
equally in the three space dimensions and the fourth dimension.

Relativity in Dynamic Universe means relativity of local to the whole. Local velocitie:
in space become related to the velocity of space in the fourth dimension, and local gra
tation becomes leged to the total gravitational energy in space. Local gravitational sys:
tems expand in direct proportion to the expansion of whole space. It means that, unlik
in GR based cosmology, galaxies and planetary systems expand in direct proportion
the exparien of whole space. Everything in space isriglited. The velocity of light is
linked to the velocity of space in the local fourth dimemsidrthe frequency of atomic
clocks as well dlse rates of mogihysical processes are related to the Idoaityef
light.

The dynamic approach does not allow the relativity principle and the associated fre
dom of choosing the state of rddte locabktate ofmotion is related to the stgieced-
ing the buildup of the kinetic energgy motion in space has its history that links it to
the system energizing the motibine energy structure of space is described as a system
of nested energy frames starting from hypothetical homogeneouss dhaceniversal
frame of reference and proceeding down to local frames in space.

The zesmnergy principle

The zereener gy principle has its roots in
potentiality. Gott fr i enlechyeni hiskEssays in Ryhaens r
ics0 There is neith