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Abstract.

We rest a case that variable speed of light is responsible for the anisotropies of the universe and draw a
parallel between Bank “Deposits” and “Advances” for “matter” and “Antimatter” system. As Deposits are
more than advances and form the plenipotentiary source for “advances”, the “appearance” and
“disappearance” of photons keep the energy levels constant. As Assets are equal to Liabilities,
notwithstanding the “Profit”, a suggestion is made to write The General Theory based on the Transfer
Scroll of the General Ledger in a Bank.

Introduction:

Philosophy merges with ontology; ontology merges with univocity of being. Analogy has always a
theological vision, not a philosophical vision. One becomes adapted to the forms of singular
consciousness, self and world. The univocity of being does not mean that there is one and the same being.
on the contrary, beings are multiple and different they are always produced by disjunctive synthesis; and
they themselves are disintegrated and disjoint and divergent; membra disjuncta, like gravity, Like
electromagnetism; the constancy of gravity does not mean there does not exist total gravity, the universal
theory depends upon certain parameters and it is disjoint. Conservations of energy and momentum is one,
but they hold good for each and every disjoint system; so there can be classification of systems based on
various parametric representationalities of the theory itself. This is very important. Like one
consciousness, it is necessary to understand that the individual consciousness exists, so does the collective
consciousness and so doth the evolution too. These are the aspects which are to be borne in my mind in
unmistakable terms .The univocity of being signifies that being is a voice that is said and it is said in one
and the same "consciousness”. Everything about which consciousness is spoken about. Being is the same
for everything for which it is said like gravity, it occurs therefore as an unique event for everything; for
everything for which it happens; eventum tantum ; it is the ultimate form for all of the forms; and all
these forms are disjointed. It brings about resonance and ramification of its disjunction; the univocity of
being merges with the positive use of the disjunctive synthesis, and this is the highest affirmation of its
univocity, highest affirmation of a Theory be it GTR or QFT. Like gravity; it is the eternal resurrection or
a return itself, the affirmation of all chance in a single moment, the unique cast for all throws; a simple
rejoinder for Einstein’s god does not play dice; one being, one consciousness, for all forms and all times.
A single instance for all that exists , a single phantom for all the living, single voice for every hum of
voices, or a single silence for all the silences; a single vacuum for all the vacuums; consciousness should
not be said without occurring If consciousness is one unique event in which all the events communicate
with each other; Univocity refers both to what occurs to what it is said. This is attributable to all states of
bodies and states of affairs and the expressible SENSES of every proposition. So univocity of
consciousness means the identity of the noematic attribute and that which is expressed linguistically and
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Consciously. Univocity means that it does not allow consciousness to be subsisting in a quasi state and
but expresses in all pervading reality; Despite philosophical overtones, the point we had to make is clear.
There doth exist different systems for which universal laws are applied and they can be classified.
And there are situations and conditions under which the law itself breaks; this is the case for
dissipations or detritions coefficient in the model.

We incorporate the following :

Anisotropies Of The Universe
Variable Speed Of Light
Matter

Antimatter

What is the matter with antimatter?

Physicists at the Stanford Linear Accelerator Center (SLAC) in California and the High Energy
Accelerator Research Organization (KEK) in Japan are colliding particles and anti-particles at high
energies to study minute differences between the ways matter and antimatter interact. Their goal is to
contribute to our understanding of the workings of the universe at its largest and smallest scales, from
revealing the origin of matter shortly after the Big Bang, to uncovering the secrets of elementary particles
and their interactions.

After decades of particle physics experiments, we now know that every type of particle has a
corresponding antimatter particle, called an anti-particle. A particle and its anti-particle are identical in
almost every way - they have the same mass, for example - but they have opposite charges. The existence
of the positron, the positively charged anti-particle of the negative electron, was first hypothesized by
Dirac in 1928. Its existence was experimentally proven in 1933 by Anderson, who received the
1936 Nobel Prize for this achievement. Since then, physicists have discovered the anti-particles of all the
known elementary particles, and have even been able to combine positrons with antiprotons to
make antihydrogen "antiatoms”.

Matter and antimatter are created together.

Fig 1. Particles and antiparticles (such as the pair highlighted in pink) are created in pairs from the
energy released by the collision of fast-moving particles with atoms in a bubble chamber. Since particles
and antiparticles have opposite electrical charges, they curl in opposite directions in the magnetic field
applied to the chamber.

From the physicists' point of view, what is strange about antimatter is that we do not see more of it. When
we collide high-energy particles in accelerators, their energy is converted into equal amounts of matter
and antimatter particles (according to Einstein's famous formula, the energy (E) it takes to create matter
and antimatter of total mass (m) is E=mc”2

For example, you can see matter and antimatter particles created in the bubble chamber photo on the left.
The photo shows many bubble tracks generated by charged particles passing through superheated
liquid. Due to the magnetic field applied to the chamber, positive particles curl to the right and negative
particles curl to the left. The two curled tracks highlighted in pink show an electron-positron pair
created by the collision of a gamma ray photon (a highly energetic particle of light) with an atom in the
chamber, in a process called pair production.
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Where did all the antimatter go?

Since we see matter and antimatter created in equal amounts in particle experiments, we expect
that shortly after the Big Bang, when the universe was extremely dense and hot, equal amounts of
matter and antimatter were created from the available energy. The obvious question is, therefore,
where did the antimatter go? To this seemingly intractable problem our explanation is that like
Deposits are more in the Bank compared to Advances, Matter is more in the universe because
antimatter is produced by the matter itself, like “Advances” are attributable to “’Deposits”. This
then brings in to question “Conservation of Energy” compliance. One can only say that “Energy” is
produced and dissipated on par to the “Profits” in a Bank, and this is done by the creation and
destruction of particles continuously. Towards the end of obtention of a “Transfer Scroll”, it is
necessary that we open a parallel “General Ledger”, so that all the transactions are recorded, and
no transaction or transformation of one type of energy to another is left out. So the “General
Ledger” is nothing but mere a General Theory Of “All Happenings in the Universe”, including the
appearance and disappearance of the particles. Conservation of Energy is explained on the same
term that one explains “Assets” and “Liabilities” in a Bank. Both are always equal. They are equal
despite the fact that one Bank branch makes Profit and the other branch makes “Loss”. Now this
can be comparable to the creation and destruction of matter that is continuously taking place and
“appearance” or “Disappearance” of Charges. Each “Department” say “Earth” or “Moon” or
“space one” “Space n” in which such transactions take place is recorded. There is of course,
experimentation impracticability, unviability and infeasibility in the sense that every “Transaction”
cannot be measured. However, we give “General Theory Of All Transactions That Take Place In
The Universe”. Verily, there is a contrast nonpareil; When the Transformation of one type of
Energy takes place in to another, this shall be recorded notwithstanding that it shall be immediately
“annulled” by the “corresponding countervailing reaction” So General Ledger provides “ “The
General Theory of Debit and Credit of all the transactions of the Universe”. Conservation of
Energy is maintained for the “Profits (in terms of Energy” is balanced immediately by the Loss of
Energy on the other side” To put up any justification argumentation would be allowing the subject
object problem raise its head again; and such a revitalization, rejuvenation and resurrection would
clearly make aggravated and exacerbated. Freud was clear in stating that mind divides and
disintegrates: and the only time subject= object satisfaction would be at Mother’s breast. Later on
the division starts...THIS MODEL IS THE FIRST STEP IN THAT DIRECTION.

One survivor for every billion

Based on numerous astronomical observations and the results of particle physics and nuclear physics
experiments, we deduce that all the matter in the universe today is only about a billionth of the amount of
matter that existed during the very early universe. As the universe expanded and cooled, almost every
matter particle collided with an antimatter particle, and the two turned into two photons - gamma ray
particles - in a process called annihilation, the opposite of pair production. But roughly a billionth of the
matter particles survived, and it is those particles that now make the galaxies, stars, planets, and all living
things on Earth, including our own bodies.

The universe and the particles

The survival of a small fraction of the matter particles indicates that, unlike what we wrote above, matter
and antimatter are not exactly identical. There is a small difference between the ways they interact. This
difference between matter and antimatter was first observed in particle accelerators in 1964 in an
experiment for which Cronin and Fitch were awarded the 1980 Nobel Prize, and its connection to the
existence of matter in the universe was realized in 1967 by Sakharov.

Physicists call this difference CP violation. Jargon, but it just means that if you are conducting a particular
experiment on particles, from which you deduce a certain theory of the laws of physics, then conducting
the same experiment on anti-particles would lead you to deduce different laws. The only way to end up
with a consistent set of physical laws is to incorporate the matter-antimatter difference into your theory.
Because this difference is small, conducting any old experiment would not reveal it. For example, if your
experiment involves gravity, you would find that apples are attracted by massive bodies like the earth, and
that anti-apples are also attracted by massive bodies. So gravity affects matter and antimatter identically,
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and this experiment would not reveal CP violation. A much more sophisticated experiment is required.

Sophisticated experiment

The new generation of experiments at SLAC and KEK, called BaBar and Belle, offer new tools with
which to probe the nature of CP violation, hopefully shedding light on what happened a tiny fraction of a
second after the Big Bang, and expanding our understanding of elementary particles and their interactions.
These experiments work as follows: an accelerator accelerates electrons and positrons to high energies.
They are then "'stored" in bunches of about a hundred billion particles each, running around in a circular
accelerator called a storage ring at about 0.99997 of the speed of light. Electrons are made to go one way,
and positrons go the other way, so that the bunches cross through each other every time they go around
the ring.

Making quarks

On some bunch crossings, a positron and an electron come close enough to collide, and the high energy
that they have been given by the accelerator turns into a new particle & anti-particle pair: a B meson and
its anti-particle, called a B-bar meson (mesons are particles composed of a quarkand an anti-quark). These
mesons undergo radioactive decay within about a picosecond (a trillionth of a second). Because they are
quite heavy - their mass is about five times that of the proton - they can decay in humerous ways into
different combinations of lighter particles.

Physicists have built a living-room size detector around the collision point in order to detect the lighter
particles which are produced in the decay of the two mesons. These detectors allow them to identify the
types of particles produced, measure their momenta and energies, and trace them to their points of origin
to within less than a 10th of a millimeter.

The huge amounts of data collected by the detectors is stored in large databases and analyzed by computer
"farms" with many hundreds of computers. Together, BaBar and Belle have produced almost 300 million
B mason & B-bar meson pairs, and physicists around the world are hard at work analyzing the mountains
of data and publishing their results. 300 million is a large number, but when it comes to some CP
violation measurements, it can be barely enough.

Measuring CP violation

Physicists detect differences between matter and antimatter and determine the strength of CP violation
by measuring the ways the B and the B-bar decay. For example, decays into particular sets of particles
exhibit a peculiar time structure which is different for B and B-bar decays.

To expose this behavior, the physicists conduct the following analysis:

First, they select "events" in which they see one of the heavy mesons undergoing the desired decay. This
is done by looking at all particle signatures in the detector and determining which combinations of
particles may have been produced in the decay of interest, given the constraints imposed by Einstein's
theory of relativity.

Next, they analyze the decay products of the other meson to determine whether it was a B or a B-bar.
This process is called "tagging”, and it makes use of the fact that B-bar meson decay tends to produce a
certain particle, such as an electron, whereas the decay of a B usually produces the corresponding anti-
particle, such as a positron.

Third, by measuring the points of origin of the decay products of the two mesons, they can find the
distance between them, which is typically about a quarter of a millimeter. They divide this distance by the
velocity with which the mesons move, to obtain the difference between their decay times, known as dt,
which is typically about a picosecond.

Finally, they plot the number of events observed in different ranges of dt.

101



Advances in Physics Theories and Applications www.iiste.org

ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) il:d'i'il

Vol 6, 2012

Observation template:

@
S

Background

Entries /0.6 ps
5]
S)

50

-5 0 5
At (ps)

Fig 2. The difference between the red and the blue lines shows the difference in how a particle and its
antiparticle behave. This is CP violation, and indicates that matter and anti-matter are not exactly
opposites.

A plot appears to the left, with events in which the other Meson was "tagged" as a B shown in red, and
those in which it was "tagged" as a B-bar shown in blue. You can see that the plots are not the same:
events with a B tag tend to have a larger dt than events with a B-bar tag. This subtle difference is exactly
what we are looking for: this is CP violation, observed for the first time in almost four decades!

Using their results, BaBar and Belle have measured with high precision a parameter called sin(2 beta),
which describes part of the mechanism thought to be responsible for CP violation. According to our
understanding of particle physics, if sin (2 beta) had been equal to zero, there would have been no CP
violation, and matter and antimatter would have been identical. Recalling that the difference between
matter and antimatter is necessary for the existence of matter in the universe today, a zero value for sin (2
beta) would have meant that the universe would have been a totally different place, with no stars or
planets, not even people to ponder the mysteries of the universe and the underlying laws of physics.

Particle physicists are motivated to study CP violation both because it's an interesting phenomenon in its
own right and because it is intimately related to the universe as a whole and to our very existence within
it.

What next?

Having measured sin(2 beta), BaBar and Belle are now collecting more data about B and B-bar decays
and measuring more CP violation parameters, to improve our understanding of the difference between
matter and antimatter.

More data is coming from other experiments as well. Physicists at the CDFand DO experiments
in Fermilab are also studying the decays of B mesons produced in collisions of protons with anti-protons.
Additional experiments using the Large Hadron Collider at CERN, which will produce B mesons
copiously by colliding protons with protons at even higher energies, are scheduled to begin operation in a
few years.

There are many open questions that these experiments seek to address. Some of the most intriguing
questions are prompted by the fact that the matter-antimatter difference we see in the laboratory appears
too small to be solely responsible for all the matter in the universe today. This suggests that there may be
additional differences between matter and antimatter, additional sources of CP violation that we have not
been able to detect yet, but which could have played an important role during the very early universe,
when most matter and antimatter annihilated and a small fraction of the matter survived.

Physicists are searching for these unknown CP violation effects. We never know what exactly this quest
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will yield, but as has always been the case in the history of particle physics, we expect to learn a great
deal about nature in the process. ( For more details Please see Abner Soffer of Colorado State University)

Notation :

Anisotropies Of The Universe And Variable Speed Of Light:

G5 : Category One Of Anisotropies Of The Universe

G4 : Category Two Of Anisotropies Of The Universe

G5 : Category Three Of Anisotropies Of The Universe

T,5 : Category One Of Variable Speed Of Light

T,. : Category Two Of Electromagnetism

T,s :Category Three Of Electromagnetism

Matter- Antimatter System

G, : Category One Of Anti Matter

G, : Category Two Of Anti Matter

G,g : Category Three Of Anti Matter

T,¢ : Category One Of Matter

T, : Category Two Of Matter

T,g : Category Three Of Matter

(a13)(1), (a14)(1)' (a15)(1): (b13)(1): (b14)(1): (b15)(1) (alé)(Z): (a17)(2), (a18)(2)
(b16)@, (b17)®, (by5)@ :are Accentuation coefficients

(ai)®, (a1)®, (@15)®, (b1)®, (bi) D, (1)@, (a16)®, (a17)P, (d1e) @,
(1)@, (b})P, (bjg)@ are Dissipation coefficients

Governing Equations: Of The System Anisotropies Of The World And Variable Speed Of Light:
The differential system of this model is now

d ’ "

G13 (a13)( )G14 [(a13)(1)+(a13)(1)(T141t)]Gl3
14 = (a1) D615 — [(@1)® + (@)D (Ty, )] Grs
d ’ "

G15 = (a35) WGy — [(a15)(1) + (af5) P (T, t)]Gls
TL = (by3) DTy, — (i) — (bis) (G, )]Tis

d

25— (b ) DTy — [(b) D — (b1 D (G, O] Ts

= (by5) VT, — [(b15)(1) — (bs" )(1)(5 t)]T15

+(a13)(1)(T14, t) = Firstaugmentation factor

—(bi5)®(G,t) = First detritions factor

Governing Equations: System: Strong Nuclear Force And Weak Nuclear Force:
The differential system of this model is now

dG16 =(a 16)( )G17 - [(am)(z) + (ay| )(2)(T17: t)]Gm

dG ’ "

Y = (a,,) PGy — [(a17)(2) + (@) P (Ty7, t)]G17
dG

2 (aIS)( )G17 - [(a18)(2) + (af )(2)(T17: t)]GIB
dT1s

(b16)(2)T17 [(blﬁ)(Z) - (b )(2)((619) t)]Tlé
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—=Z (b17)( )Tm [(b17)(2) - (b )(2)((619) t)]T17
dTlS

= (b1g) PTy; — [(b1e)® — (b15) P ((Gyo), )| Ths
+(a§'6)(2)(T17, t) = First augmentation factor
—(b15)@((Gy9),t) = First detritions factor

Electro Magnetic Force-Gravity-Strong Nuclear Force-Weak Nuclear Force-
The Final Governing Equations

dG ’ " "

2 = (a,3) VG4 — [(als)(l)‘ +(a13)(1)(T14, t) | | +(a16)(2'2) (Ty7, 1) H Gy3
dG ! n 1

— = (a19) P63 — [(a“)(l)‘ +(af') P (Tia, t) | | +(ai)@H (115, 1) H Giq
dG1s

= (015)Y 614 — | (@1) V[ + (@)D (Ta, )| +(a) ®? (T17, )| | Gis

Whe"e| (a£'3)(1) (T1a,

t) | are first augmentation coefficients for

category 1, 2 and 3

[+l @2 (117, 0|+ @2 (15,

t) ‘ are second augmentation coefficients

for category 1, 2 and 3

T = (1) DTy — [ (b1) V= (i) V6, 0|+ (bi6) #? (610, O] | Tia
Tt = (1) VT3 = |GV =B PG, O |[+ BN P (619, )] | Tua
dTlS

= (i) VTys — | (i) D[~ (i) DG, D[+ (B15)*? (619, 0| | Tis

W]]ere| (biD (G, t)‘ | — (bW, t)l | — (bW (G, t)‘are first detrition coefficients for category

1,2and 3

‘ +(b1s) 2 (Gyo,

t) ‘are second augmentation coefficients for

category 1, 2 and 3

dG ’ " "

1= (a,6) P67 — [(am)(z)‘ +(afe)® (T17, 1) | | +(ai3) P Ty, 1) H Gie
dG ! n n

17 = (a;,)® )616 [(a17)(2)‘ +(a17)(2)(T17, t) | | +(a14)(1'1) (Tys ) H Gy7
dG18

= (016)? 617 — | (a1) @[+ (@)@ (Ty7, )| +(afs) D (Tys, )] | Gig

Where| +(a}s) P (T, t) l , | +(a} )P (T, )BTy, 1) ‘ are first augmentation coefficients

for category 1, 2 and 3

|+l DTy, )], [+ (@) DTy,

1AD(Ty,, t) | are second detrition coefficients for

category 1, 2 and 3
T = (by) DTy — [(bi6) D= (bie) D (G190, || = (b5) D (G, D) | T
T = (1) DTy6 — | (0P| = (01 P (619, D[~ b1 (6, )] | T3

= (1) PTy; — (i) @[ = (i) @ (619, D[~ bi5) V(6. 1)| | Ti

dT18

W]]ere|—(b{’6 @ (6,0, — (b)) P (Gyo, t)‘, ’—(b{’g (2)(Glg,t)| are first detrition coefficients for
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category 1, 2 and 3
=iV G, 1)
1,2and 3

~(bi) ™6, 1)

—(bys) V(G t) | are second detrition coefficients for category

s s

Where we suppose
B (@)D, @)D, @)®, b)®, BHD, (b{H® >0,
i,j =13,14,15
(B) The functions (a{')(l), (bi")(l) are positive continuous increasing and bounded.
Definition of (p)”, (r)™:
(@D (Tyqt) < ()P < (Ay3)D
BHDEG, D < )P < BPD < (Byy)®
©  limpyo(@)® (Tyy ) = (p)®
limg e (b )P (G, 8) = (1)@
Definition of ( A5 )™, (B3 )™ :

Where|(/il3 YD, (By3)D, (p)D, (ri)(1)|are positive constants and [i = 13,14,15

They satisfy Lipschitz condition:

(@YD (T4 t) = (@)D (Tyg )] < (Ryz ) DTy — Tiyle (M)t

(BN G', ) — (BNYD(G, )] < (fys)D|G = G'|[e~ (M)t

With the Lipschitz condition, we place a restriction on the behavior of functions

(@HD(T{,,t) and(a/)P(Ty4,t) . (T4, t) and (Ty,, t) are points belonging to the interval

[( ki), (M5 )(1)] .Itis to be noted that (a;")" (Ty,, t) is uniformly continuous. In the eventuality
of the fact, that if ( M3 ) = 1 then the function (a;)"(T},,t), the first augmentation coefficient
would be absolutely continuous.

Definition of ( M,5 )@, (k5 )™ :

(D) (My3)D, (ky3)D, are positive constants

@® ™
(M13)D 7 (#33)D

Definition of ( P,3)®, (Q43)®:

(E) There exists two constants ( 2,3 )™ and ( Q,3 )™ which together with
(M3)D, (ky3)D, (A13)Pand ( By )P and the constants
(@)™, (@)@, ()@, BHD, ()P, (r™,i = 13,1415,

satisfy the inequalities

1 , < ~ -
W[ (@)™ + @)™+ (Ai3)D + (P3)® (k)P <1

1 , R - )
W[ (bi)(l) + (bi)(l) + (Bis )(1) + (0Q1s )(1) (ki3 )(1)] <1

Where we suppose

(F) (ai)(Z)l (allj)(Z)! (agl)(Z)l (bi)(Z)l (bl,)(Z)! (bl”)(Z) > 0! l;] = 16117;18
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(@ The functions (a)®, (b;")® are positive continuous increasing and bounded.
Definition of (p,)®®, (r;)®:

" A @
(@N@(Ty7,t) < ()@ < (A16 )

bNPG, ) < ()P < (BDP < (B1s)?
M) limg,e ()@ (Ty7,t) = (p)®
limG_,oo(bi”)(z) ((G19)' t) = (ri)(z)
Definition of (A4 )®, ( B1¢)® :

Where | (A16)P, (B16)®, ()P, ()@ |are positive constants and [i = 16,17,18

They satisfy Lipschitz condition:

(@)D (115, 8) = (@) P (T17, O] < (Rag )PTyy = Tiple (1)

|BINP (619)',0) = ()P ((G10), )1 < (Rig )PI(G19) = (Gro)'[Je™ 1)
With the Lipschitz condition, we place a restriction on the behavior of functions (a)® (T},,t)
and(a})?(Ty7,t) . (T{;,t) and (Ty,, t) are points belonging to the interval [( k)@, (M) @] . 1t
is to be noted that (a;")® (T}, t) is uniformly continuous. In the eventuality of the fact, that if
( My6)® = 1 then the function (a!)® (T}, t),the SECOND augmentation coefficient would be
absolutely continuous.

Definition of ( M4 )@, (k14 )@ :
) (M6)®, (ky)®, are positive constants

@® @
(M16)® 7 (M16)@

Definition of ( 2,5 )@, (0,5)® :

There exists two constants ( P )® and ( 0,5 )® which together
with (M6 )@, (ki6)@, (A15)Pand ( Byg )@ and the constants
@)@, @)@, 1)@, )P, P)?, ()@, 1 =1617,18,

satisfy the inequalities
ol @@+ @)® + (A)® + (Pe)® (k)1 <1
@l G0® +BDP + (Bi)® + (016)® (kig)@] <1
Theorem 1: if the conditions IN THE FOREGOING above are fulfilled, there exists a solution

satisfying the conditions

Definition of G;(0),T;(0):

G0 < (Py) Ve [G0) =60 > 0]

Ty(6) < (Qu3)We™)Pt 1.0y =T >0

if the conditions IN THE FOREGOING above are fulfilled, there exists a solution satisfying the

conditions
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Definition of G;(0),T;(0)

Gi(6) < (Pyg)Pe™e)®t  G,(0) =G >0

T,(t) € (016) @™t T,(0) =T >0

PROOF:

Consider operator A®) defined on the space of sextuples of continuous functions G;, T;: R, = R,

which satisfy

G(0)=GY, Ti(0) =T, G? < (P3)P, TP < (Q13)V,

0 < Gi(t) — G2 < (Pyy )We(Mis) Ve

0 < Ty(t) = TP < (Q45) e M) M

By

= t ’ "

Gi3(t) = G5 + [ [(a13)(1)014(5(13)) - ((a13)(1) + a13)(1)(T14(s(13)),5(13))) G13(5(13))] ds(13)
= t ’ i

G14(t) = G& + fo [(a14)(1)613(s(13)) - ((a14)(1) + (a14)(1)(T14(s(13)), 5(13))) 614(5(13))] ds(13)
~ t ! "

Gis(t) = GPs + fo [(a15)(1)614(5(13)) - ((a15)(1) + (‘115)(1)(T14(5(13)):5(13))) G15(5(13))] ds(13)
= t ' "

Ty5(t) = T103 + fo [(b13)(1)T14(S(13)) - ((b13)(1) - (b13)(1)(G(s(13)), 5(13))) T13(5(13))] d5(13)
= t I "

T, () = T + fo [(b14)(1)T13(5(13)) - ((b14)(1) — (i)™ (G (5(13))'5(13))) T14(5(13))] ds(13)

= t ! "

Tys(D) = Tjs + fo [(b15)(1)T14(5(13)) - ((b15)(1) - (b15)(1)(6(5(13))'5(13))) T15(5(13))] ds(13)

Where s(;3) is the integrand that is integrated over an interval (0, t)

Consider operator A® defined on the space of sextuples of continuous functions G;, T;: R, = R,

which satisfy

Gi(0) = Gio , T;(0) = Tio ’ Gio = (P16 )(2) :TiO = (016 )(2)'

0 < Gi(t) — 6P < (g )PelMe)™

0 < Ti(0) = TP < (Qug)PeMe) ™

By

~ t ! "

G(t) = Gfs + fo [(a16)(2)617(5(16)) - ((am)(z) + a16)(2)(T17(S(16)):5(16))) G16(s(16))] d5(16)
= t ’ "

Gy7(t) = G + | [(017)(2)616(5(16)) - ((a17)(2) + (1) P (T17(s06)), 5(17))) G17(5(16))] ds(16)
= t ’ "

Gig(t) = Gig + fo [(a1s)(2)617(5(16)) - ((als)(z) + (a18)(2)(T17(s(16))' 5(16))) 618(5(16))] ds(16)
T t ! "

Ti6(t) = T106 + fo [(blﬁ)(Z)T17(S(16)) - ((bm)(z) - (b16)(2) (G (5(16))r 5(16))) T16(S(16))] d5(16)
= t ’ "

Ty, (t) = T107 + fo [(b17)(2)T16(S(16)) - ((b17)(2) - (b17)(2) (G (5(16))r 5(16))) T17(S(16))] d5(16)
— t ’ "

Tig(t) = Tig + fo [(b18)(2)T17(S(16)) - ((b18)(2) - (b18)(2)(G (5(16)): 5(16))) Tig (5(16))] dse)

Where s(;¢) is the integrand that is integrated over an interval (0, t)

€) The operator A™ maps the space of functions satisfying CONCATENATED EQUATIONS

into itself .Indeed it is obvious that
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t P - )
Gia() < 6% + [ [(@1)® (624+( Prg ) Ve 120 M569)]| dsyy) =

D0 o @) P(Pi)D g @
(1 + (a13)( )t)614 + W(e( 13)Wt 1)

From which it follows that

(P13)M+63,

_ (1) ~ (— ) ~
(Gy3(t) — GP)e~ (M)t < B ((p YD 4 60 )e\ )+ (Py, >(1)l

(My3)D

(GP) is as defined in the statement of theorem 1

Analogous inequalities hold also for Gy4, G5, T13, T14, Tis

(b) The operator A maps the space of functions satisfying GLOBAL EQUATIONS into itself

Indeed it is obvious that

t 5 ,6)3)
G16(t) < G + |, [(aw)(z) (Gf7+( Pig)(©el o) 5(16))] ds(e) =

(@16) P (P16)? [ (11,6)®
(1 + (a16)(2)t)6{)7 + W(e(”’m) t_ 1)

From which it follows that

(P16)P+63,

_ ) ~ <— ) ~
(G16(t) — GOg)e~(Me) Pt < LN ((p Y@ 1 G2)e % )+ (P )<2>]

T (My6)@

Analogous inequalities hold also for Gy, Gyg, T16, T17, Thg

@® o
(My3)D 7 (#3)D

(P3)® and (Q,5 )@ large to have

< 1 and to choose

It is now sufficient to take

(P13)M+6?

.)(1) - ~ _( 0 > =~
(& (Pi)® + ((Pi3)® + G]p)e € < (Py3)®

(#,3)D

(@13)(1)+T?

(((313)<1>+T,-°)e_< i >+(<?13)<1> < (013)®

ChY
(M13)D

In order that the operator A™ transforms the space of sextuples of functions G; , T; satisfying
GLOBAL EQUATIONS into itself

The operator A ™ is a contraction with respect to the metric

d ((G(n, T®), (6, T(z))) =

sup{max |Gi(1)(t) - Gi(z) (t)|e'(’q13)(1)t,max |Ti(1) ) - Ti(z) (t)|e'("7’13)(1)t}
i teRy teR4

Indeed if we denote

Definitionof G, 7: (G, T)=AW(G,T)

It results

|G1(;) - Gi(2)| = fot(a13)(1) |G1(1) - G1(i)|e_(’M“)(l)s(”)e(7‘713)(1)5(13) ds(13) +

[H(@i)®]6R) — 6P e= M Vsane-(Vsas 4
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(@ Ty )@
(@) V(13 502)|655” = 65 e M1 Tou9e (sl P 4
@) (1) 1" ©) (MDD 7. .3(1)
G |(a13)(1)(T14 ’5(13)) _ (alg)(l)(T14 ’5(13))| e~ (M13)"7s(13) o (M13) Sa}ds ;3
Where s(,3) represents integrand that is integrated over the interval [0, t]
(13) g g

From the hypotheses it follows

(= G(z)|e—(n713><1>t <

o (@)D + (@)D + (A1) + (Pi) V(R @) (60, 705 6@,7@))

And analogous inequalities for G; and T;. Taking into account the hypothesis (34,35,36) the result
follows

Remark 1: The fact that we supposed (a;3)™ and (bj3)™ depending also on t can be considered as not
conformal with the reality, however we have put this hypothesis ,in order that we can postulate condition
necessary to prove the uniqueness of the solution bounded by ( P;3) e ™19Vt gnd (Qy5) e (MMt
respectively of R,.

If instead of proving the existence of the solution on R, we have to prove it only on a compact then it
suffices to consider that (a;)™ and (b;")™",i = 13,14,15 depend only on T;, and respectively on
G(and not on t) and hypothesis can replaced by a usual Lipschitz condition.

Remark 2: There does not existany t where G; (t) =0and T; (t) = 0

From the system it results

G (t) > Gioe[— f;{(a{)(l)_(al{!)(1)(T14(5(13)),5(13))}615(13)] >0

T, (£) > TPe-®D™0) > 0 fort>0
Definition of ((7,5)®),, (M,3)®), and ((M;3)®), :

Remark 3: if G, is bounded, the same property have also G,, and G5 . indeed if
Gy3 < (My3)@ it follows % < ((My3)®), = (a14)™ Gy, and by integrating
Gia = ((/Mm)(l))z =Gy + 2(‘114)(1)((/Mw)(l))l/(ah)(l)

In the same way , one can obtain
Gis < ((/Mm)(l))g =G5+ 2(a15)(1)((/1\7113)(1))2/(a15)(1)

If Gy, or G5 is bounded, the same property follows for G,5, G5 and G,5, Gy, respectively.
Remark 4: If G,5 is bounded, from below, the same property holds for G,, and G5 . The proof is
analogous with the preceding one. An analogous property is true if G,, is bounded from below.
Remark 5: If T;5 is bounded from below and lim,_., ((b; )™ (G(t),t)) = (b;,)™ then T;, — oo.
Definition of (m)™ and ¢, :

Indeed let t; besothatfort >t
(b1)® = (GNP (G(®), 1) < &1, Ty3 () > ()™
Then % > (a,;,) P (m)® — g T, which leads to

(a10)D(m)®

€1

Tia = ( )(1 —e~a1t) + TY e 41t |f we take t such that e~51¢ = % it results
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(a10)Pm)® 2 . .. i
Ty = (f) t= logg— By taking now &; sufficiently small one sees that T,, is unbounded.
1

The same property holds for Ty5 if lim,_,., (b;5)® (G(¢),t) = (bj5)V
We now state a more precise theorem about the behaviors at infinity of the solutions OF THE GLOBAL
SYSTEM

@® _®
(M16)® 7 (M16)@

(Pis)® and ( Q)@ large to have

It is now sufficient to take < 1 and to choose

[ ((1316)(2)“;?)
@)@ | 4 5 e ~
(1;116)@) (P1e)® + ((P1s)® +GP)e “ < (Pg)@
' (210)P+79
(bi)(z) ~ @ 0 _< 70 ) ~ @) ~ @
) ((016)® + T; )e J + (Q16)" [ = (Q16)

In order that the operator A4 transforms the space of sextuples of functions G; , T; satisfying GLOBAL
EQUATIONS into itself
The operator A is a contraction with respect to the metric

d (61D, (1)), ((6:0)P, (T1)®)) =

sup{max |Gi(1)(t) — Gi(z) (t)|e‘(M16)(2)t,max |Ti(1) ) - Ti(z)(t)|e‘("7’16)(2)t}
i tER4 tER4

Indeed if we denote
Definition of Gio, Tro :  (Gro, Tho ) = A@(Gyo, Tio)
It results
16D - ¢®| < fot(am)(” 6 - Gl(§>|e—mm)(%(le)e(ﬁm)(”sm) dsqe +
[@@[6L — 62 e ™o P st =10 500 4
(@) (TP, 516) |62 — 62 e sa0 e (M1 Psas) 4

1 ()@ V. .)(2)
G1((25)|(a£,6)(2)(T1(71)'5(16)) _ (aiﬁ)(Z)(Tlgz)’ 5(16))| e~ (M16)*'5(16) o (M16) 5(16)}d5(16)
Where s(44) represents integrand that is integrated over the interval [0, t]

From the hypotheses it follows

|(619)® = (G10)@em M1 <

1 , —~ ~ ~
55 (@@ + @)@ + (A1) + (P @ (*a)@)d ((G10), (T10) Vs (G19)@, (T10)P))
And analogous inequalities for G; and T;. Taking into account the hypothesis the result follows
Remark 1: The fact that we supposed (a}s)® and (bj%)® depending also on t can be considered as not
conformal with the reality, however we have put this hypothesis ,in order that we can postulate condition

necessary to prove the uniqueness of the solution bounded by (Pyg)@e™16@t and (Q,e)@eMie) @t
respectively of R,.
If instead of proving the existence of the solution on R, we have to prove it only on a compact then it

suffices to consider that (a;)®® and (b;")®,i = 16,17,18 depend only on T;, and respectively on
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(G1o)(and not on t) and hypothesis can replaced by a usual Lipschitz condition.
Remark 2: There does not existany t where G; (t) = 0and T; (t) = 0
From 19 to 24 it results

Gi (t) 2 GI(:]e[—f;{(a{)(z)_(alf’)(Z)(T17(5(16)),5(16))}d5(16)] 2 0

T, () = Te-CDPY > 0 fort>0
Definition of ((M;6)®),, (Ms)®), and ((M;)®), :
Remark 3: if G, is bounded, the same property have also G;; and G4 . indeed if

Gy < (M;)@ it follows % < ((M16)®), = (a17)® Gy and by integrating

Gy7 < ((ﬂm)(z))z = G27 + 2(“17)(2)((ﬂle)(z))l/(a17)(2)

In the same way , one can obtain

Gig < ((,MIG)(Z))3 = Gig + Z(alg)(z)((’1\7[16)(2))2/(@8)(2)

If Gy, or Gy is bounded, the same property follows for G, , G5 and G;4, Gy, respectively.

Remark 4: If G, is bounded, from below, the same property holds for G, and G;g . The proof is
analogous with the preceding one. An analogous property is true if G, is bounded from below.
Remark 5: If Ty is bounded from below and lim,_,., ((b;")® ((G19) (1), 1)) = (b},)® then T,, — oo.
Definition of (m)® and ¢, :

Indeed let t, besothatfort >t,

(b17)® = (BN P((619)(D, 1) < &3, Ty6 (1) > (M@

Then dzi’ > (ay,)@P(mM)® — &,T,, which leads to
(a17)P(m)@ —g,t 0 ,—¢&,t —g,t 1.
Ty, = (7E )(1 —e %5 + TP e %2t If we take t such that e™®2' = S it results
2
@m)@ . - .
Ty, = (M) t= logsi By taking now &, sufficiently small one sees that T;, is unbounded.
2

The same property holds for T;g if lim,_ e, (b1s)® ((G10)(V),t) = (b1g)@

We now state a more precise theorem about the behaviors at infinity of the solutions
Behavior of the solutions OF THE GLOBAL SYSTEM:

Theorem 2: If we denote and define

Definition of (0,)®, (6,)®, (D, (r,)@® :

(a) )V, (6,)D, ()P, (r,)® four constants satisfying

~(0)® < —(a13)® + (ai)® — (@5) P (T4, ) + (@) P (T14,8) < —(0)®
~(2)® < =)W + (b1)® = (b5 VG, 1) = (biDP (G, 0) < —()W
Definition of (V1)(1), (Vz)(l), (u1)(1); (uz)(l),v(l),u(l) :

(b) By (v)® >0, ,)® < 0and respectively (u;)® > 0, (u,)® < 0 the roots of the

equations (a,4) P (v®)* + (a,)Dv® — (a,5)® = 0 and (by)® (u®)” + (1) Du® — (by;)® = 0
Definition of (7,)®,, (v,)W, (i)W, (7i,) W :
By (7)™ > 0, (#,)® < 0 and respectively (ii,)® > 0, (,)® < 0 the roots of the equations

2 2
(a1) P (D) + (@) Pv® — (a;3)® =0 and (b)) P (u®)" + (1) Pu® — (b15)™ =0
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Definition of (m;)™, (m)™, (1), ()™, (o)™ -
(c) If we define (m)®, (my)D, (u)®, (u)® by
(m)® = (vp)®, (m)® = (v))D, if (ve)® < (v)®
(m)® = ()W, ()@ = @)W, if ()P < W)™ < @)W,

GO
and |(vo)® = N
14

(mz)(l) = (V1)(1)’(m1)(1) = (Vo)(l)' if (‘71)(1) < (Vo)(l)
and analogously
1) = ()P, ()™ = W)@, if ()™ < (u)™
()P = ) D, (u)® = @)D, if (w)® < (we)® < @)™,

0
and [ (ug)® = %
14

(12)® = @)@, ()® = ()@, if (@)™ < (uo)® where (u;)®, (@)™
are defined respectively
Then the solution of GLOBAL CONCATENATED EQUATIONS satisfies the inequalities
Goe(DD-1M)t < G (1) < (e
where (p,)® is defined

G13€((51)( - < G14(t) S @ Glze et

(m )(1) (1)
(a15)V6Ps )P =(13) e —(52)D¢ 0 ,—(S)Wt
OG0~ D)D) [P — om0 [ 4 Ghe 0P < Gy5(0) <
(a15)V6Ps [ Wt _ e—(ags)(l)t] + G{)Se—(ags)(l)t)

M@ (s D—(al5)D) €

T103e(R1)(1)t < T;5(t) < T103e((R1)(1)+(T13)(1))t

(11 )(1) T13 (Rl)(l)t < Ty3(t) < (1) T103 ((R)D+(ry3) e

(ba5) 1y RODE _ =) Dt] 4 70 p-BinDe
DD (R D=5 D) [0 = emi0e] 4 e Ci™ < s (1) <

(a15) M1y [ (ROW+(ry3) D)t _ —(Rz)(l)t] 0 ,—(R)Mt
DR D+(r1) D4 (R D) 1 € *+Tise

Definition of (5,)™@, (5,)®, (R)D, (R,)W:-
Where (S)® = (a13)® (m)® — (af3)™
(52)(1) = (a15)(1) - (P15)(1)
(R)W = (b13) W ()™ — (bi5)™
(R)W = (by5)™ — (ry5)™
Behavior of the solutions of GLOBAL EQUATIONS
If we denote and define

Definition of (6,)®, (6,)@, (1))@, (t,)® :

(d) 6,)®,(6,)@, (1))@, (1,)@ four constants satisfying
_(02)(2) =< _(aie)(z) + (a17)(2) - (afe)(z)(Tn )+ (ai’7)(2)(T17 1) < _(01)(2)
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~(@)® < =(bie)@ + (biNP = (b1e) P ((Gro),t) = (1N P ((Gro),t) < — ()P
Definition of (v;)®, (v,)@, (u)®, (u,)@ :

By (v1)® >0, (v,)® < 0 and respectively (u;)® > 0, (u,)® < 0 the roots
(e) of the equations (a,,)®(v®)” + (0,)Pv® — (a)® = 0

and (by)® (@) + (1)Pu® — (b;)® = 0 and

Definition of (V,)®,, (¥,)®, (i1,)®, (11,)® :

By (v,)® >0, (¥,)® < 0and respectively (7i;)® >0, (i1,)® < 0 the
roots of the equations (a,,)®(v®)” + (6,)@v® — (a,5)@ = 0

and (by,)@u®)” + (1) Pu® — (by)® = 0

Definition of (m;)®,(m,)®, (u)®, (uy)@ :-

U] If we define (m)®, ()@, (u)@, (u)® by

(mz)(z) = (Vo)(z)’ (ml)(Z) = (V1)(2)r if (Vo)(z) < (V1)(2)

(m)® = (1)@, ()@ = )P, if ()@ < W)® < TY®,

and |(vy)® = %
17

(mp)® = (1)@, (m)® = ()@, if )@ < (v)®
and analogously
12)® = e)®, (u)® = W)®, if (ue)® < (u)®
12)® = @)@, ()® = @)®,if w)® < we)® < @)@,

0
and | (1)@ = 3¢
17

(.“2)(2) = (u1)(2)’ (#1)(2) = (uo)(z): if (ﬁ1)(2) < (uo)(z)

Then the solution of GLOBAL EQUATIONS satisfies the inequalities
G2e((DP-10D)t < (1) < GleD™t

(p))@ is defined

1

_r NEI
(m1)(2) G

Ge((Sﬂ(z) ~(P16) D)t < Gy (0) < (2)

(a18)PGY SHD—(p )@t —(5,)@¢ 0 —(5)@t
((m1><2)((Sl)@)—(p161)6<2>—(sz)<2)) [e(( DE - ]+G18e GO < G0 <

(a10) Gl eSDPt _ o—(aig)Pt 0 o—(ajg)@t
(mz)@((51)@- (a18)(2))[ 1 — e Y18 ]+ Gige™l418 )

TR0 < Ty (1) < TRV P41 |

R)@ R)@ (2
(ul)(z)T eRU™E < T () < (2) TSe (RD)P+(r16) Pt

(b15)PT9 @ ANE)) bl @)
D (R0D -7 P) [0 — eI 4 T i < Tyg(r) <

(1) P16 (RDP+(r16)@)t _ —(Rz)(z)t] 0 —(Rp)@t
EP (R D+ D+ R)®) |° ¢ * Tige
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Definition of (S;)@®, (S;)@®, (R)@, (R,)@:-
Where (S)@ = (a;6)® (m;)@ — (ajs)®
(5@ = (019)® = (019)®
(R)® = (b16)® ()W — (bie)®

(Rz)(z) = (bis)(z) - (7”18)(2)
PROOEF : From GLOBAL EQUATSIONS we obtain

d (1) ! 7 n n
:;t = (a;3)® — ((‘113)(1) — (@1)® + (a15) D (Thy, t)) — (@) P (Tyy, OVD — (ay) Dy D
Definition of vV :- vy = G2

G14
It follows
~ (@D DY + () DV — (a,)®) < av® @ (D) Wy @ _ (gD

14 a)v (ai3) =S = (a14) (V )"+ (o) My (a13)
From which one obtains
Definition of (v,)®, (vo)® :-
GY _
(@) For 0 <|(vp)® = G_E < ()W < ()W
(vl)(l)+(C)(1)(Vz)(1)e[-(a14)(1)((V1)(1)-(V0)(1)) f] _ (V1)(1)—(V0)(1)

v (1) > oW

1+(c)(l)e[‘(““)(1)(("1)(1)‘("0)(1)) {] = o) D=y ®

it follows (vo)® < v (t) < (v)@

In the same manner , we get

@) D40 D el @D (@D -2 W) ]
140 Wel~@0D(EDD-m2 W) ]

A1) _ Y-
(O = (o)W =(@,)®

v <

From which we deduce (vo)® <v®(t) < (v,)®
0
(b) If 0< (v)® < (V)@ = % < (1)@ we find like in the previous case,
14

(vl)(1)+(C)(1) (VZ)(1)e[—(a14)(1)((1’1)(1)—(1’2)(1)) t]

@
v <
(v1) 1+(C)(1)e[—(a14)(1)((Vl)(l)—(vz)(l)) ¢]

< vW() <

(Vl)(1)+(6)(1) (Vz)(1)e[—(0-14)(1)((71)(1)—(72)(1)) f]
1+(®(1)e[—(014)(1)((71)(1)—(Vz)(l)) f]

< ()™

0
© If 0 < (v)® < (1)@ <|(vo)® =22/ , we obtain
14

YD +OD Dl @ (D -2 ) ]
14(@Wel-@D(@DD - D) ]

D < v (@) <@ < ()@

And so with the notation of the first part of condition (c) , we have

Definition of vV (¢) :-

G13(t)
(m)® < v < (m)®, [vO () = 20
G14(t)

In a completely analogous way, we obtain

Definition of u®(t) :-
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()@ < uD() < ()@, |u®(e) = 22O
T14(t)

Now, using this result and replacing it in CONCATENATED SYSTEM OF EQUATIONS we get easily
the result stated in the theorem.

Particular case :

If (a)® = (al) D, then (6,)® = (6,)® and in this case (v;)® = (¥;)® if in addition (vy)® =
(v))® then vV (1) = (vo)™ and as a consequence G,5(t) = (vo) G4 (t) this also defines (vy)™ for
the special case

Analogously if (bi5)® = (b)})D, then (t;)® = (1,)® and then

(uy)® = (@1, PVif in addition (ue)® = (u;)® then Ty5(t) = (ue) P Ty, (t) This is an important
consequence of the relation between (v;)™® and (#,)®, and definition of (u,)®.

PROOF : From GLOBAL EQUATIONS we obtain (PLEASE REFER PART ONE OF THE PAPER)

av@ , )
‘;t = (alﬁ)(z) - ((aie)@) - (a17)(2) + (a1’6)(2)(T17, t)) — (), (2)(T17,t)v(2) _ (a17)(2)v(2)
Definition of v® :- y@ = Gae

Gi17
It follows

2 dv®@ 2
~ (@@ (V)" + (@)@ = (a;)?) < == < = ((@NP (V)" + (E)Pv® - (a;0)@)

From which one obtains

Definition of (7,)®, (v4)@ :-

GY _
(d) For0 < (v)® = G—(}:’ <)@ < (@)@
V(Z)(t) > (vl)(z)+(C)(2)(vz)(2)e[‘(a17)(2)((1/1)(2)—(1/0)(2)) ] (C)(Z) ~ M
h 1+(C)(2)e[_(a”)(z)((Vl)(z)_("O)(z)) t] ' T )@-(vp)@
it follows (vo)® < v@(t) < (v,)@
In the same manner , we get
v (e) < FD@+©@ @l @D (D= @) ] ©® = ©WO-00®
- 1+(§)(2)e[—(a17)(2)((171)(2)—(Vz)(z)) t] ' ()P -(7)@

From which we deduce (v)® <v®(t) < (v,)@®

0
(e) If 0<()® < ()@ = g—(}j < (1)@ we find like in the previous case,
@ 1Y D (D ol ~ @D (DB -v2) D) ¢
(v)® < ) PO Trp) ® e[(z) (2() @ ) <v@@) <
1+(C)(2)e[_(a17) (v)@-(z) )f]
~ 1)@ (@)D )@
TP+ @Dy @el @D (D02 ) e
1+(C)(2)e[‘(“17)(2)((Vl)(z)‘(vl)m)‘] -t
0
6 If 0< (V)@ < @)? < (v)@ = % , we obtain

TP+ @) @el-@NP(FDP-2?) ]
1+(C)(z)e[—(a17)(2)((71)(2)—@2)(2)) f]

)@ < v@ (@) < < ()@

And so with the notation of the first part of condition (c) , we have
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Definition of v®(¢) :-

(Mm@ < vA@) < m)@, [vA) — G16®
G17(t)

In a completely analogous way, we obtain

Definition of u®(t) :-

)P < uP© < @)@, | @) =225
T17(t)

Now, using this result and replacing it in GLOBAL SOLUTIONS we get easily the result stated in the
theorem.

Particular case :

If (a))® = (a},)@, then (6,)® = (6,)@ and in this case (v;)® = (¥,)® if in addition (vy)® =
(v)@ then v@ (1) = (v4)® and as a consequence G,4(t) = (vo) @Gy, (t)

Analogously if (b15)® = (b)})®, then (t;)® = (1,)® and then

()@ = (@1, @if in addition (ue)® = (u;)® then Ty4(t) = (up)@Ty,(t) This is an important
consequence of the relation between (v;)® and (v,)®

We can prove the following

Theorem 3: If (a;)Pand (b;")V are independent on t , and the conditions

(a13)P(a1)® = (a13) P (@)™ <0

(a13)P(@1)® = (a13) P (@)@ + (a13) P (P13)® + (21) P (P1) P + P13) P (1) > 0

(b1) D (b1) W = (1) P (b1 )™ > 0,

(b1) P (b1)® = (b13) P (b1)® = (b13) P ()™ — (b)) P (1)@ + (1) P ()™ < 0

with (p13)®, (r1,)® as defined are satisfied , then the system

If (a/)Pand (b;")® are independent on t, and the conditions

(a16)P(ai)® — (a16)P(a,,)® < 0

(a16)(2)(a17)(2) - (a16)(2)(a17)(2) + (a16)(2)(p16)(2) + (a17)(2) (P17)(2) + (p16)(2) (p17)(2) >0
(1)@ (i) @ = (bye) P (by)® >0,

(1) P (b17)® = (b16) P (b17)® — (b1e) P (r17)® = (b1) P (r17)® + (11e) P ()@ < 0

with (p16)@, (r1,)@ as defined are satisfied , then the system

(a13) MGy — [(@1) D + (a15) P (T10)]G13 = 0

(a1) 613 = [(@1)® + (@)D (T14)]G1a = 0

(a15)PG14 — [(@15)® + (af5) P (T14)]Gis = 0

(1) DTy — [(b15)® = (b13)P(G) Ty = 0

(b1) VTy3 = [(b1)® = (b)) (G) T4
(b15) DTy — [(b1s)® — (b15) P (G) IT1s

has a unique positive solution , which is an equilibrium solution for the system

0

0

(a16)(2)Gl7 - [(aie)(z) + (aile)(z)(Tw)]Gw =0
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(@17)P 616 = [(@1)@ + (@) P (T1)]617 = 0
(a19)@G7 — [(@19)® + (afx) @ (T17)]Grg = O
(b16) @ Ty7 = [(116)® = (b16)® (G10) 1Ts6 = 0
(b17)(2)T16 - [(b{7)(2) - (b{’7)(2)(619) 1Ty, =10
(bls)(Z)T17 - [(b{s)(z) - (b{'s)(z)(cw) ITig=10
has a unique positive solution , which is an equilibrium solution for the GLOBAL SYSTEM

Proof:

(a) Indeed the first two equations have a nontrivial solution G5, G, if

F(T) = (ai3)® (1)@ = (a13)® (a1)® + (ai3)® (af) P (T1a) + (af) P (af5) P (T1) +
(a£'3)(1)(T14)(a1'4)(1) (T1y) =0

(@) Indeed the first two equations have a nontrivial solution G4, G,, if
F(Tyo) = (aie)(z)(ab)(z) - (a16)(2)(a17)(2) + (aie)(z)(a1’7)(2) (Ty7) + (a17)(2)(a,1,6)(2) (Ty7) +

(afs)(z)(T17)(a1’7)(2)(T17) =0
Definition _and unigqueness of Ty, :-

After hypothesis £(0) < 0, f(o) > 0 and the functions (a!")*(Ty,) being increasing, it follows that
there exists a unique Ty, forwhich f(Ty,) = 0. With this value , we obtain from the three first
equations

_ (a15)M6Gyq
[(@15)D+(ais)D(11,)]

(a13) 614
[(a1)P+@pD(r,)]

Definition _and unigueness of T}, :-

Gi3 =

GlS

After hypothesis £(0) < 0, f(o) > 0 and the functions (a}")® (T;,) being increasing, it follows that
there exists a unique Ty, forwhich f(T;;) = 0. With this value , we obtain from the three first
equations

(a16)PG17 — (a18)?Gy7
[(a1e)P+(@i)@(T],)] [(a1e)P+(aly)@(T1,)]

(c) By the same argument, the equations(CONCATENATED SET OF THE GLOBAL SYSTEM)

Gy = Gig
admit solutions G, 3, Gy, if

@(G) = (b1) P (b1)™ = (by3) P (b1) W ~

[(b1) P BiD)P(6) + (b1) P (bi5) P (@)]+(bi5) P (6) (b)) P (6) = 0

Where in G (G,3, G14, G15), G13, G5 must be replaced by their values from 96. It is easy to see that ¢ isa
decreasing function in G,, taking into account the hypothesis ¢(0) > 0, ¢() < 0 it follows that there
exists a unique Gy, such that ¢(G*) = 0

(d) By the same argument, the equations (SOLUTIONAL EQUATIONS OF THE GLOBAL
EQUATIONS) admit solutions G4, G, if

@(Gr9) = (bi6) P (b17)® — (b16)® (by)® —

[(b16)® (bi7) P (G1o) + (b17)P (b1E) P (G19)|+(bi6) P (G10) (b17) P (G1o) = 0
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Where in (G19)(Gy4, G17, G1g), G16, G1g Must be replaced by their values from 96. It is easy to see that ¢ is
a decreasing function in G, taking into account the hypothesis @(0) > 0, () < 0 it follows that
there exists a unique Gj, such that @((G;4)*) =0

Finally we obtain the unique solution

G;, given by ¢(G*) = 0, Ty, given by f(T;,) = 0 and

G (a13)(1)614 G* (als)(l)GM
13 = () D+@) D) 75 T [ D+ (@l D(15,)]
T* (b1)VT], T — (1) P17,
13 T (D=0 DEH] ' 15T [l D-0blnD (6]

Obviously, these values represent an equilibrium solution THE GLOBAL SYSTEM
Gi; given by @((Gyo)*) = 0, Ty, given by f(T;7) = 0 and

G = (@1 @G7, G = (a18)®G3,
16 7 [@l)@+@D@(T5,)] T 18T [l @+@ip@(T3,)]

(b16)(2)T;7 (bls)(z)T*U
[(b1)P=(bY) P ((G19)*)] [(b18) D= (b)) P ((G19)")]

Obviously, these values represent an equilibrium solution of THE GLOBAL SYSTEM

* *
T16_ ' T18_

ASYMPTOTIC STABILITY ANALYSIS

Theorem 4: If the conditions of the previous theorem are satisfied and if the functions

(ai)® and (b)Y Belong to CV(R,) then the above equilibrium point is asymptotically stable.
Proof:_Denote

Definition of G;, T; :-

G =G +G; T, =T +T;

3 aH®
(aM) (T14)—(‘h4)(1) ) ( )

(G ) = Sij
Then taking into account equatlons GLOBAL EQUATIONS and neglecting the terms of power 2, we

obtain

dG , X
713 = _((‘113)(1) + (p13)(1))G13 + (a13)(1)(G14 - (Q13)(1)613T14

4G
—* = ((‘114)(1) + (p14)(1))G14 + (a14)(1)(G'13 - (Q14)( )614T14
4G
—= = ((‘115)(1) + (P15)(1))G15 + (a15)VGyq — (q15) VG615 Ty,
dT ,
d13 = ((b 5)® - (T13)(1))T13 + (b)) DTy, + Z; 13(5(13)(])T13G )
ATy,

Frae —((b1)® = (1) D) Tyy + (1) PTys + X1215(510) () T12G))
ar , .
15 = —((b1s)® = (1) D) Ty + (bys) VT, + 2}313(5(15)(]')7'15@;)

dt
If the conditions of the previous theorem are satisfied and if the functions (a})® and (b;)® Belong to

C@(R,) then the above equilibrium point is asymptotically stable
Denote

Definition of G;, T; :-

G, =G +G; VT, =T + T

a(b )

0(a17) ( 17) — (CI17)(2) ((Glg) ) = Sij
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taking into account equations (SOLUTIONAL EQUATIONS TO THE GLOBAL EQUATIONS) and
neglecting the terms of power 2, we obtain

dG ’ 1
= ~((a160)® + (916)®) Gy + (a16) P G17 — (416)P G161y
dG ’ 1
el ~((@)® + @1)P) Gy + (017) PGy — (419)PC17 Ty
dG ’ 1
o ~((a1)® + (918)®) Gy + (a16) P G17 — (415) P GigTyy
dT i Y
dzﬁ = —((h1e)® = (ne)?)Ty6 + (b16) P T17 + 2j216(516)() Tis G;)
dT i ¥
= ~((Bi)® = (1) P)Ty7 + (1)) P T + L1216 (sa(y Ti7G;)
dT1s

= ((b1)® = (1e) @) T1g + (b15) DTy + Ej216(s18)( Tl G;)

The characteristic equation of this system is

((/1)(1) + (bs)® — (ﬁs)(l)){((/D(D + (ats)® + (p15)(1))

(DD + (@)® + (1)) (@) D64 + (@1) P (@1) V61 )]
(((/1)(1) + (b13) = (13)P)saa,a0TH +(b14)(1)5(13),(14)T1*4)

+ (((/1)(1) + (a1 + (1)) (013) V65 + (a0 (q14)(1)6f4)

(((/1)(1) + (b13)® = (1) D)5y a3 Tia + (b14)(1)5(13).(13)Tf3)

(D) + (@) + @)@ + 1) + 1)) WD)

(DY + (Bi)D + Bi)D = (1) D + () D) HD)

+ (((/1)(1))2 + (@)™ + (@)D + 1) + (1)) (/1)(1)) (015 Gis
HDD + (@)W + 1)) (@)D @) D61s + (010D (1) (413)V615)

(((/1)(1) + (b1’3)(1) - (7’13)(1))5(14),(15)7'1*4 +(b14)(1)5(13),(15)711*3)} =0

.
(D@ + Bl = E)DH(DP + (@40)D + (p16)?)

[((WD + (@10)@ + 1) D) @NDGi; + (017) P (416 DGl )|

(WP + Bi® = (18P )sananTir + i) Psae,anTir)

+ (WP + @ND + (1)) (016) DG + (@10 (02) D65 )

(W@ + ()@ = ()®)sanae T + (1) Psae aeTs)

(WD) + (@)@ + @D? + 1)@ + (1)P) W)

(WD) + (b1 + GNP = (360)P + (3,)P) DD

+ (WD) + (@)@ + @)P + P1e)® + P:)P) DP) (416)PGag
HMDP + (1)@ + 116)?) ((@18)P (1) P17 + (a17) P (18)P (416) ) Gi)
(W@ + Bi)® = ) )san,an Ty +bi)Psae,anTis )} = 0

And as one sees, all the coefficients are positive. It follows that all the roots have negative real part, and
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this proves the theorem.
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