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II. A BRIEF CHRONOLOGY OF THE 350-YEAR-OLD THEORY
OF THE FUNDAMENTAL EVOLUTION EQUATIONS
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The 350-year-old theory
of the classical fundamental evolution equations

1687 Isaac Newton
"Philosophiæ Naturalis Principia Mathematica" (1687)

1788 Giuseppe Lodovico Lagrangia
"Mécanique analytique" (1788)

1809 Siméon Denis Poisson
"Traité de mécanique" (1811)

1827 William Rowan Hamilton
"On a General Method in Dynamics" (1834, 1835)

1838 Joseph Liouville
"Note sur la Théorie de la Variation des constantes
arbitraires" (1838)
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The 100-year-old theory
of the quantum fundamental evolution equations

1925 Werner Karl Heisenberg

1925, 1926 Paul Adrien Maurice Dirac

1926 Wolfgang Ernst Pauli

1926 Erwin Rudolf Josef Alexander Schrödinger

1927 John von Neumann
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The 150-year-old theory
of the many-particle evolution equations

1860, 1867 James Clerk Maxwell

1872 Ludwig Eduard Boltzmann

1900, 1912 David Hilbert

In Hilbert’s own words: "Boltzmann’s work on the principles of mechanics suggests the

problem of developing mathematically the limiting processes which lead from the

atomistic view to the laws of motion of continua".

1902 Josiah Willard Gibbs
"Elementary principles of statistical mechanics" (1902)

1945 Mykola Mykolayovych Bogolyubov
"IM report" (1945)

80th Anniversary of the Bogolyubov hierarchy (BBGKY hierarchy)
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The 160-year-old theory
of the fundamental evolution equations of quantum fields

1865 James Clerk Maxwel

1915 David Hilbert

1925, 1928 Paul Adrien Maurice Dirac

1926 Oskar Klein, Walter Gordon, Vladimir Fock

1954 Chen-Ning Franklin Yang, Robert Laurence Mills
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The fundamental evolution equations of classical mechanics.
Newton – Lagrange equation (1687, 1788)

d2

dt2 q(t) = − d
dq(t)

Φ(q(t)),

q(t)|t=0 = q0,

d
dt

q(t)|t=0 = p0

Examples:
Φ(q) = 0 – motion by inertia (straightforward, uniform);

Φ(q) = q2

2 – harmonic oscillator;
Φ(q) = 1

q – conic sections – ellipse, parabola, hyperbola
(empirical Kepler’s laws of planetary motion);

Φ(q) =

{
∞, q < σ,

0, q ≥ σ,
– hard spheres ...
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Hamilton equations (1827)

d
dt

qi(t) =
∂HN

∂pi(t)
,

d
dt

pi(t) = − ∂HN

∂qi(t)
,

qi(t)|t=0 = q0
i ,

pi(t)|t=0 = p0
i

xi ≡ (qi ,pi) ∈ R3 × R3, i = 1, . . . ,N

HN ≡ HN(x1, . . . , xN) =
N∑

i=1

p2
i

2 +
N∑

i<j=1
Φ(qi − qj)
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The origins of the concept of the generator
of fundamental evolution equations: Poisson brackets.

Simeon-Denis Poisson, 1809 ("A treatise of mechanics", 1842)

Carl Gustav Jacob Jacobi, 1862, 1842

Marius Sophus Lie, 1872

{
fN ,gN

} .
=

N∑
i=1

(
⟨∂fN
∂qi

,
∂gN

∂pi
⟩ − ⟨∂fN

∂pi
,
∂gN

∂qi
⟩
)
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Anti-commutativity:{
fN ,gN

}
= −

{
gN , fN

}
,

Jacobi identity:{
fN ,

{
gN ,hN

}}
+
{

hN ,
{

fN ,gN
}}

+
{

gN ,
{

hN , fN
}}

= 0,

Linearity:{
αfN + βgN ,hN

}
= α

{
fN ,hN

}
+ β

{
gN ,hN

}
, α, β ∈ R,

Leibniz rule:{
fN ,gNhN

}
=

{
gN , fN

}
hN + gN

{
fN ,hN

}
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xi(t) ≡ (qi(t),pi(t)) ∈ R3 × R3, i = 1, . . . ,N

Canonical relations{
qi ,pj

}
= δi,j ,{

qi ,qj
}
= 0,{

pi ,pj
}
= 0

Hamilton equations (1842)

d
dt

xi(t) =
{

xi(t),HN
}
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Liouville equation (1838)

AN(t) ≡ AN(t , x1, . . . , xN) = A0
N(x1(t), . . . , xN(t)),

xi(t) ≡ xi(t , x1, . . . , xN)

∂

∂t
AN(t) =

{
AN(t),HN

}
,

AN(t)|t=0 = A0
N

1. Time reversibility (Poincaré’s reversion theorem);
2. Law of conservation of energy;
3. Invariance under the Galilean transformation (G. Galilei, 1638)

Note: Lorentz transformation (H. Lorentz, 1892),

Poincaré transformation (H. Poincaré, 1906)
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The mean value functional
(mathematical expectation) of observables

Riesz’s theorem (1909) on the representation of a linear functional

⟨AN⟩ = (

∫
dµ(x1, . . . , xN))

−1
∫

AN(x1, . . . , xN)dµ(x1, . . . , xN),

dµ(x1, . . . , xN) = DN(x1, . . . , xN)dx1 . . . dxN ,

⟨AN⟩(t) ≡ (I,D0
N)

−1(AN(t),D0
N) ≡

(I,D0
N)

−1
∫

AN(t , x1, . . . , xN)D0
N(x1, . . . , xN)dx1 . . . dxN =

(I,DN(t))−1
∫

A0
N(x1, . . . , xN)DN(t , x1, . . . , xN)dx1 . . . dxN ,

DN(t , x1, . . . , xN)
.
= D0

N(x1(−t), . . . , xN(−t))
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Observables and a state

Dual Liouville equation

∂

∂t
DN(t) =

{
HN ,DN(t)

}
,

DN(t)|t=0 = D0
N

{
HN ,DN(t)

} .
= L∗

NDN(t),{
AN(t),HN

} .
= LNAN(t),

L∗
N = −LN

(SN(t)A0
N)(x1, . . . , xN)

.
= A0

N(x1(t), . . . , xN(t)),
(S∗

N(t)D
0
N)(x1, . . . , xN) = D0

N(x1(−t), . . . , xN(−t)) .=
(SN(−t)D0

N)(x1, . . . , xN)
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Pure and mixed states

Probability density: (I,DN(t))−1DN(t , x1, . . . , xN)dx1 . . . dxN

DN(t , x1, . . . , xN) =∫
DN(x̃1, . . . , x̃N)

∑
{i1,...,iN}

N∏
k=0

δ
(
xik − xk (t , x̃1, . . . , x̃N)

)
dx̃1 . . . dx̃N ,

where∫
DN(x̃1, . . . , x̃N)dx̃1 . . . dx̃N = 1
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The 100-year-old theory
of the quantum fundamental evolution equations
(a finite number of degrees of freedom)

1925 Werner Karl Heisenberg

1925, 1926 Paul Adrien Maurice Dirac

1926 Wolfgang Ernst Pauli

1926 Erwin Rudolf Josef Alexander Schrödinger

1927 John von Neumann
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Observables and a state of quantum systems

Observables are self-adjoint operators Â defined on a Hilbert
space H.

Examples of observables: x̂i ≡ (q̂i , p̂i), i = 1, . . . ,N are defined
on HN ≡ H⊗N (Maxwell-Boltzmann statistics)

[q̂i , q̂j ]
.
= (q̂i q̂j − q̂j q̂i) = 0,

[p̂i , p̂j ] = 0,

[q̂i , p̂j ] = iℏÎδi,j

The representation of canonical commutation relations in L2
N

(p̂iφ)(ξ1, . . . , ξN) = −iℏ
∂

∂ξi
φ(ξ1, . . . , ξN),

(q̂iφ)(ξ1, . . . , ξN) = ξiφ(ξ1, . . . , ξN)
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Examples: Hamiltonian of quantum systems

ĤN =
N∑

i=1

p̂2
i

2
+

N∑
i<j=1

Φ(q̂i , q̂j)

ĤN = −ℏ2

2

N∑
i=1

∆ξi +
N∑

i<j=1

Φ(ξi , ξj)

One-dimensional quantum oscillator

Ĥ =
p̂2

2
+

q̂2

2
= −ℏ2

2
d2

dξ2 +
ξ2

2
=

ℏ a+a+
ℏ
2
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Heisenberg equation (1925)

ÂN(t) = GN(t)Â0
N ,

R1 ∋ t 7→ GN(t)Â0
N
.
= e

i
ℏ tĤN Â0

Ne− i
ℏ tĤN ,

d
dt

ÂN(t) =
[
ÂN(t), ĤN

]
,

ÂN(t)|t=0 = Â0
N ,

[
ÂN(t), ĤN

] .
= − i

ℏ
(ÂN(t)ĤN − ĤN ÂN(t)) ≡ NN ÂN(t)
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The mean value functional
(mathematical expectation) of observables of quantum systems

⟨ÂN⟩ = (TrD̂N)
−1TrÂND̂N ,

the density operator D̂N = DN(x̂1, . . . , x̂N) ≡ DN(1, . . . ,N)
is defined on the space HN ≡ H⊗N

(the kernel of the operator D̂N is known as the density matrix)

(D̂Nφ)(ξ1, . . . , ξN) =∫
dξ′1 . . . dξ

′
NDN(ξ1, . . . , ξN ; ξ

′
1, . . . , ξ

′
N)φ(ξ

′
1, . . . , ξ

′
N)

Tr1,...,NDN(1, . . . ,N) =

∫
dξ1 . . . dξNDN(ξ1, . . . , ξN ; ξ1, . . . , ξN)
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Von Neumann equation (1927)

⟨ÂN⟩(t) ≡ (Tr D̂0
N)

−1Tr ÂN(t)D̂0
N = (Tr D̂0

N)
−1TrGN(t)Â0

ND̂0
N =

(TrG∗
N(t)D̂

0
N)

−1Tr Â0
NG

∗
N(t)D̂

0
N ≡ (Tr D̂N(t))−1Tr Â0

ND̂N(t)

R1 ∋ t 7→ G∗
N(t)D̂

0
N
.
= e− i

ℏ tĤN D̂0
Ne

i
ℏ tĤN

d
dt

D̂N(t) =
[
ĤN , D̂N(t)

]
,

D̂N(t)|t=0 = D̂0
N

[
ĤN , D̂N(t)

] .
= − i

ℏ
(ĤND̂N(t)− D̂N(t)ĤN) ≡ N ∗

N D̂N(t)
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Pure and mixed states of quantum systems

D̂ =
∑

k
λkPψk ,

λk ≥ 0,
∑

k
λk = 1, Pψkφ = (φ,ψk )ψk , ψk , φ ∈ H,

(Pψφ)(ξ)
.
=

∫
dξ′ψ(ξ)ψ∗(ξ′)φ(ξ′),

TrPψ =

∫
dξψ(ξ)ψ∗(ξ) =

∫
dξ|ψ(ξ)|2 = 1

PψN (t) = G∗
N(t)PψN = PψN(t), ψN(t) = e− i

ℏ tĤNψN
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Schrödinger equation (1926)

iℏ
∂

∂t
ψN(t) = ĤNψN(t),

ψ(t)N
∣∣
t=0 = ψ0

N

iℏ
∂

∂t
ψN(t) = −ℏ2

2

N∑
i=1

∆ξiψN(t) +
N∑

i<j=1

Φ(ξi , ξj)ψN(t)

Note. Quantum oscillator (motion with discrete energy values). Ground state (vacuum)

with energy ℏ
2 .
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Note. Some properties of quantum systems

Variance of the observables
var(Â) =

(
Tr(Â − ⟨Â⟩)2) 1

2

Heisenberg uncertainty relation
var(Â)var(B̂) ≥ ℏ

2 |⟨[Â, B̂]⟩|

The quantization problem
qp = pq = 1

2(qp + pq) → q̂p̂, p̂q̂, 1
2(q̂p̂ + p̂q̂)

Systems of fermions or bosons. Spin of particles

H±
N = S±

N H⊗N , where S±
N = (S±

N )2 are the orthogonal projectors
onto the symmetric subspaces H+

N and the antisymmetric
subspaces H−

N of the tensor products of the Hilbert space H.
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Evolution equations of quantum systems:
phase space representation

1927 Hermann Klaus Hugo Weyl
1932 Eugene Paul Wigner

(A(q̂, p̂)φ)(q) =
∫

dq′A(q,q′)φ(q′),

Weyl transformation

A(q,p) =
∫

dq′e− i
ℏ ⟨p,q

′⟩A(q +
q′

2
,q − q′

2
)

A(q,p) is the symbol of the Weyl operator A(q̂, p̂).

Mean value functional

Tr A(q̂, p̂)D(q̂, p̂) = ℏ−1
∫

A(q,p)D(q,p)dqdp
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The pure state D(q,q′) = ψ(q)ψ∗(q′) is the
Wigner distribution function

W (q,p) =
1
ℏ

∫
dq′e− i

ℏ ⟨(p,q
′)⟩ψ(q +

q′

2
)ψ∗(q − q′

2
)

The generator of the von Neumann equation(
N ∗D

)
(q,p) = −p

∂

∂q
D(q,p) +

+
i
ℏ

1
(2π)3

∫
dp′dηei⟨(p−p′),η⟩(Φ(q +

ℏ
2
η)− Φ(q − ℏ

2
η)
)
D(q,p′),

where D(q,p) is the Weyl symbol of the operator D(q̂, p̂).

Note. Quasi-classical limit (correspondence principle)

lim
ℏ→0

(
N ∗D

)
(q, p) =

(
L∗D

)
(q, p) =

{
(

p2

2
+Φ(q)),D(q, p)

}
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The 150-year-old theory
of the many-particle evolution equations
(an infinite number of degrees of freedom)

1860, 1867 James Clerk Maxwell

1872 Ludwig Eduard Boltzmann

1900, 1912 David Hilbert

In Hilbert’s own words: "Boltzmann’s work on the principles of mechanics suggests the

problem of developing mathematically the limiting processes which lead from the

atomistic view to the laws of motion of continua".

1902 Josiah Willard Gibbs
"Elementary principles of statistical mechanics" (1902)

1945 Mykola Mykolayovych Bogolyubov
"Institute of Mathematics report" (1945)
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80th Anniversary of the Bogolyubov hierarchy (BBGKY hierarchy)
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The mean value functional
(mathematical expectation) of observables

⟨A⟩(t) ≡ (I,D(0))−1(A(t),D(0)) = (I,D(t))−1(A(0),D(t)),

A(t) = (A0,A1(t , x1), . . . ,An(t , x1, . . . , xn), . . .),

(b, f ) .=
∑∞

n=0

1
n!

∫
bn(x1, . . . , xn)fn(x1, . . . , xn)dx1 . . . dxn

A(N)(t) = (0, . . . ,AN(t , x1, . . . , xN),0, . . .),

(I,D(N)(0)) =
1

N!

∫
D0

N(x1, . . . , xN)dx1 . . . dxN
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⟨A⟩(t) ≡ (I,D(0))−1(A(t),D(0)) = (B(t),F (0)),

Bs(t , x1, . . . , xs) =
s∑

n=0

(−1)n

n!

s∑
j1 ̸=... ̸=jn=1

As−n(t , (x1, . . . , xs) \ (xj1 , . . . , xjn)),

F 0
s (x1, . . . , xs) = (I,D(0))−1

∞∑
n=0

1
n!

∫
D0

s+n(x1, . . . , xs+n)dx1 . . . dxs+n

(B(t),F (0)) = (B(0),F (t))

Note. (af )n(x1, . . . , xn)
.
=

∫
fn+1(x1, . . . , xn, xn+1)dxn+1,

(a+g)n(x1, . . . , xn)
.
=

n∑
j=1

gn−1((x1, . . . , xn) \ (xj ))
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Hierarchies of evolution equations

d
dt

B(t) = e−a+Lea+B(t)

BBGKY hierarchy

d
dt

F (t) = eaL∗e−aF (t)

eaL∗e−a = L∗ + [a,L∗],

(L∗ + [a,L∗]F (t))s(x1, . . . , xs) ={
Hs,Fs(t)

}
+

s∑
i=1

∫ {
Φ(qi − qs+1),Fs+1(t , x1, . . . , xs+1)dxs+1

}
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Kinetic equations
Equations of a continuous medium (hydrodynamic equations)

Boltzmann kinetic equation (1872)

∂

∂t
f1(t , x1) = −⟨p1,

∂

∂q1
⟩f1(t , x1) +∫

R3×S2
+

dp2dη ⟨η, (p1 − p2)⟩
(
f1(t ,p∗

1,q1)f1(t ,p∗
2,q1)−

−f1(t ,p1,q1)f1(t ,p2,q1)
)

Hydrodynamic equations
(Euler equations (1757), Navier–Stokes equations (1842), Hilbert expansion (1912))
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The 160-year-old theory
of the fundamental evolution equations
(continuum of degrees of freedom)

1865 James Clerk Maxwel
J. Clerk Maxwell. A Dynamical Theory of the Electromagnetic Field. Phil. Trans. R.

Soc. Lond. 1865 155, 459–512 (published 1 January 1865)

1915 David Hilbert, Albert Einstein

1925, 1928 Paul Adrien Maurice Dirac

1926 Oskar Klein, Walter Gordon, Vladimir Fock

1954 Chen-Ning Franklin Yang, Robert Laurence Mills
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Phil. Trans. R. Soc. Lond. 1865 155, 459–512 (1 January 1865)
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The Maxwell equations

∂F ik

∂xk = 0,

F ik =
∂Ak

∂x i − ∂Ai

∂xk
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The Dirac equation

iγα
∂ψ

∂xα
− mψ = 0,

ψ = γ0ψ∗
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The Klein–Gordon–Fock equation

(□+ m2)φ(x) = 0,

□ = ∂2
x0
− ∂2

x1
− ∂2

x2
− ∂2

x3
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The Yang–Mills equations

∂Fα
µν

∂xµ
+ fαβγAβµF γ

µν = 0,

Fα
µν =

∂Aαν
∂xµ

−
∂Aαµ
∂xν

+ fαβγAβµAγν
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The gravity field equations

Einstein, A. (1915). Die Grundlage der allgemeinen
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The megascale of the Universe (1028m ⇔ 105m)

III.1. THE MEGASCALE OF THE UNIVERSE (1028m ⇔ 105m)
The largest structures in the Universe
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The megascale of the Universe (1028m ⇔ 105m)

The cosmic web ∼ 2 · 1025m
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The megascale of the Universe (1028m ⇔ 105m)

Massive filaments of galaxies separated by giant voids
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The megascale of the Universe (1028m ⇔ 105m)

Note. The number of galaxies in the Universe
∼ 10 · 1012 galaxies or ∼ 1024 stars
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The megascale of the Universe (1028m ⇔ 105m)

(scale > 1024m)



I: Chronicle of IM for 105 years II: A brief chronology of the 350-year-old theory, of the fundamental evolution equations III: The scales of the Universe’s structures

The megascale of the Universe (1028m ⇔ 105m)

Laniakea Supercluster (scale 5 · 1024m)
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The megascale of the Universe (1028m ⇔ 105m)

Virgo cluster (1.5 · 1023m), Milky Way (1.2 · 1021m)

Note. 107 superclusters in the Universe



I: Chronicle of IM for 105 years II: A brief chronology of the 350-year-old theory, of the fundamental evolution equations III: The scales of the Universe’s structures

The megascale of the Universe (1028m ⇔ 105m)

Scale 1021 ↔ 1024m

Note. The number of galaxies in the Universe ∼ 1013

(∼ 1024 stars)
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The megascale of the Universe (1028m ⇔ 105m)

Andromeda galaxy (1.5 · 1021m)
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The megascale of the Universe (1028m ⇔ 105m)

Milky Way (1.2 · 1021m)
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The megascale of the Universe (1028m ⇔ 105m)

Note. Stars in the Milky Way galaxy ∼ 109
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The megascale of the Universe (1028m ⇔ 105m)

Scale 109 ↔ 1014m

Note. The number of black holes in the Universe ∼ 40 · 1018
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The megascale of the Universe (1028m ⇔ 105m)

Scale 1.5 · 1014m
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The megascale of the Universe (1028m ⇔ 105m)

Stellar scale 2 · 109 ↔ 3 · 1012m
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The megascale of the Universe (1028m ⇔ 105m)

Earth (107m)
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The megascale of the Universe (1028m ⇔ 105m)
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The macroscale of the Universe (105m ⇔ 10−5m)

III.2. THE MACROSCALE OF THE UNIVERSE (105m ⇔ 10−5m)

Human civilization (scale 103m)
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The macroscale of the Universe (105m ⇔ 10−5m)

Scale 102m
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The macroscale of the Universe (105m ⇔ 10−5m)

Scale 102m
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The macroscale of the Universe (105m ⇔ 10−5m)

Scale 101m
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The macroscale of the Universe (105m ⇔ 10−5m)

> 101m
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The macroscale of the Universe (105m ⇔ 10−5m)

Flora

Tea plant
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The macroscale of the Universe (105m ⇔ 10−5m)
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The macroscale of the Universe (105m ⇔ 10−5m)

Cherry Love
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The macroscale of the Universe (105m ⇔ 10−5m)

> 101m
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The macroscale of the Universe (105m ⇔ 10−5m)

101m
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The macroscale of the Universe (105m ⇔ 10−5m)
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The macroscale of the Universe (105m ⇔ 10−5m)
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The macroscale of the Universe (105m ⇔ 10−5m)
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The macroscale of the Universe (105m ⇔ 10−5m)

Coral colonies (2.5 · 10−1m ⇔ 10−3m)
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The macroscale of the Universe (105m ⇔ 10−5m)

Kingdom of fungi (10−1m ⇔ 5 · 10−2m)
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The macroscale of the Universe (105m ⇔ 10−5m)

Organized colonies of ants (10−2m ⇔ 5 · 10−3m)
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The macroscale of the Universe (105m ⇔ 10−5m)
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The mesoscale of the Universe (10−5m ⇔ 10−10m)

III.3. THE MESOSCALE OF THE UNIVERSE (10−5m ⇔ 10−10)

Cell size (1µm = 10−6m, 1nm = 10−9m)
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The mesoscale of the Universe (10−5m ⇔ 10−10m)
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The mesoscale of the Universe (10−5m ⇔ 10−10m)
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The mesoscale of the Universe (10−5m ⇔ 10−10m)
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The mesoscale of the Universe (10−5m ⇔ 10−10m)

Bacteria (0.5 · 10−6m ⇔ 5 · 10−6m)
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The mesoscale of the Universe (10−5m ⇔ 10−10m)

Viruses (10−8m)
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The mesoscale of the Universe (10−5m ⇔ 10−10m)

Colonies of proteins (10−7m ⇔ 10−9m)
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The mesoscale of the Universe (10−5m ⇔ 10−10m)

Structure of DNA (10−9m)



I: Chronicle of IM for 105 years II: A brief chronology of the 350-year-old theory, of the fundamental evolution equations III: The scales of the Universe’s structures

The microscale of the Universe (10−10m ⇔ 10−35m)

III.4. THE MICROSCALE OF THE UNIVERSE (10−10m ⇔ 10−35m)

Note. A water molecule (2.8 · 10−10m)
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The microscale of the Universe (10−10m ⇔ 10−35m)

(5 · 10−12m)
Atoms

(
nucleus (protons & generally neutrons) & electrons

)
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The microscale of the Universe (10−10m ⇔ 10−35m)

Atomic nucleus (10−14m)
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The microscale of the Universe (10−10m ⇔ 10−35m)

Antihyperhydrogen-4 (5 · 10−15m)
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The microscale of the Universe (10−10m ⇔ 10−35m)

Hadrons (10−15m)

Note. Types of meson: tetraquarks, hexaquarks & glueballs
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The microscale of the Universe (10−10m ⇔ 10−35m)

Leptons ∪ Quarks & Bosons < 10−15 ⇔ 10−23m
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The microscale of the Universe (10−10m ⇔ 10−35m)
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The microscale of the Universe (10−10m ⇔ 10−35m)

The Planck length 1.6 · 10−35m
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Time scales of the Universe (4.35 · 1018s ⇔ 5.4 · 10−44s)

III.5. TIME SCALES OF THE UNIVERSE (4.3 · 1017s ⇔ 5.4 · 10−44s)

The process of matter clustering
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Time scales of the Universe (4.35 · 1018s ⇔ 5.4 · 10−44s)

5.4 · 10−44 s - Planck time
10−25 s - an average lifetime of a W-boson W+/W−

(weak interaction)
10−18 s - the smallest time interval that can be measured using

modern technologies
2 · 10−15 s - the period of oscillations of the electromagnetic

field of visible light
2.2 · 10−6 s - an average lifetime of a muon µ−/µ+

8.85 · 102 s - an average lifetime of a neutron n/n̂
1.3624 · 1017 s (4.32 · 109 years) - in Hinduism, the unit of

measurement of time is "Day of Brahma"
4.35 · 1018 s (13.7 · 109 years) - the universe’s existence
> 1036 s (> 1028 years) - e−/e+

> 1041 s (> 1034 years) - p+/p−
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Time scales of the Universe (4.35 · 1018s ⇔ 5.4 · 10−44s)

Note
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Time scales of the Universe (4.35 · 1018s ⇔ 5.4 · 10−44s)

Honor to the Scientists!

Glory to Ukraïne!

Glory to Heroes!
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