
ATP 
SYNTHESIS

An Introduction to Vayenas Elementary Particles 
[Protons in Catalysis on Earth & the Universe]

■ Biology: Enzymes – ATP synthesis/Protons in Rotational Catalysis

Energy ~ 0.1 – 1 eV ; Wavelength ~ 0.1 – 1 nm 

■ Chemistry: Catalysis and Fuel Cells/Protons accelerators in chemical & energy production

Energy ~ 1 eV ; Wavelength ~ 0.1 nm 

■ Physics: Structure of Protons

Energy ~ 1 GeV ; Wavelength ~ 1 fm (de Broglie)



■ Thermodynamics of Key Reactions



■ Structure of the Nucleus according to Standard Model (SM)



■ Proton Structure: Quarks & Gluons



■ Vayenas RLM Model: 𝒎𝒈= 𝜸𝟑𝒎𝟎

● Governing Equations



● Solution of Eqs

Particle

Wave

Results

Neutrino mass Neutron mass



● Revisit Van der Waals/Maxwell’s Thermodynamics
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– Equilibrium :

– Maxwell’s Rule (MR):

– MR Modification:



● Solution Details – Planar Interfaces 

– One Dimension 

– Analytical Solutions/Conditions for Existence
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– Surface Tension: 

– Statistical Models (D–S 1982): 

– Validity of MR: 

Exps: H2O at
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● Planar Interfaces / 1D  Profiles

– Transitions (interfaces) 

– Reversals (films) 

– Oscillations (layers)

1,2 as x → → 

1 as x → → 
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● General Interfaces / 3D Structures
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◼ Laplacian Regularization: A Unifying Ansatz

● Hooke’s Law: ( ) 2tr G= +σ ε 1 ε
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Gradient Theories



13

[Gradient Bio-Chemo-Elasticity]

• The Crawling Cells

❑ Note on Murray’s Theory of Morphogenesis
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• The Model Equations

– Cell Convection

– Cell Dispersal

– Cell Haptotaxis / Mechanotaxis

– Cell Conservation Law

– Cell / ECM Stresses
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■ Capturing Shear Band Widths & Spacings

● Constitutive Equation

● Nonlinear Solution / SB Thickness

● Linear Stability / SB Orientation

● Front Propagation

Similar Procedure

γ

γ0

γ*

γ0 γ* γ

Gradient Plasticity

𝐃 ≈ ሶ𝜺𝒑

𝛾 ≡ ׬ ሶ𝛾𝑑𝑡
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■ Gradient Navier-Stokes/N-S

● Classical N-S (Incompressible)

Gradient Fluidity

,div =T v

2p = − +T 1 D; ( )1/ 2 [ ]
T

grad gradD v v= +

● Gradient N-S

2 2

TT T T;→ −  2 2

DD D D→ − 

( )2 2 222T DpT T 1 D D−  = − + − 

2 2 40; ,T =  =   =

( )2 2
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● Note 1: 



■ Gradient Rheology – Complex Fluids (Micelles)

Schematic of the morphology of the

patterns formed in gradient banding

(left figure), where the inner cylinder is

supposed to rotate, and vorticity

banding (right figure) in a Couette

geometry

A necessary condition for the existence of a
stationary vorticity banded state in case the shear
rate is the same everywhere, independent of
position, is that the shear-stress is multi-valued at
the applied shear rate. In the stationary banded
state, there are two types of microstructural order,
corresponding to the two types of bands that can
sustain different shear stresses and for the
applied shear rate appl

1 2

The “van der Waals loop-like” behaviour of the standard shearstress σ, that
is, the stress of the homogeneously sheared system, before banding
occurred, as a function of the shear rate  . The dashed horizontal line
marks the selected stress in the stationary state under controlled shear-
rate conditions according to the “modified” equal area Maxwell
construction. The horizontal arrows correspond to bottom and top jumps
that are observed under controlled-stress conditions when the imposed
stress is not equal to the modified equal-area stress



● Experiments on Gradient & Vorticity Banding
Gradient Banding Vorticity Banding

appl 

● Reviews: Olmsted et al; Yates et al; Dhont et al ~ 2000 – 2010
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Remark 1/ Gradient Vorticity: 

● Gradient Models

2pT 1 D Σ= − + +

– Diffusive Johnson-Segalman (DJS) Model 
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– Generalized Yuan et al Model 2010
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– ECA Remarks 
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Remark 2/ Corotational Derivative: 
p
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●
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Gradients in Fundamental Forces 

● Newton’s Law M
m

ir

R
iθ

0α

iR

◼ Gradient Gravitational Force (GGF)
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R
F = R e e

Distributed (                )/     Point Mass      M 00 r   m
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● Fourier Transform/Taylor Expansion
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● FT Inversion
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● Governing Equation/Radial Symmetry 

( )22
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● Solution (F     0 for r ∞)

● Properties
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– For
2 2

2
(1 ); for SF

A c c
F F F

r e r
B

A

B
= + =   

/

2 2
(1 (1 )) undeterminedrA r A

F e
r r

B B−= + +  

2

2 2 2 2
(1 (1 ))

2

A r A c c
F

r r r

B
B

A
B= + −    =

● Identification of Model/Configuration Parameter 

– De Broglie/Relativistic
16

0/ 6.31 10m c m −=  

– Compton
16/ 2.10 10pm c m−=  

– Planck
3 35/ 1.61 10G c m−= = 

– Schwarzschild 
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~ r
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2 2
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● Note 2: Behavior of     vs    

microscopicblack hole(mBH)

supermassiveblack hole(SMBH)



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– De Broglie length:
0/ ( )m v = =

– Centrifugal Force:
2 2

0 0/ /CF m v r m c r = 

2 2 9
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● Identification of Model Parameter B
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– Relativistic Neutrino Mass: 03 3m m m = =

– Proton Energy:

[Assume Vayenas 2012 RNM Configuration] 

– GGF:
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– Note: Vayenas Model



23

– Van Der Waals (1875): 2
( )( )

a
P V b RT

V
+ − =

– London (1930) Quantum Mechanics (QM): 6
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– Yukawa/Screened Coulomb:

● Other Examples
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e

r

−


– Mie:
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– Lennard-Jones:
6 12
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– Buckingham:

– Morse:
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– Parabolic/Elastic:
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◼ Gradient Intermolecular Forces (GIF)
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◼ Gradient Van der Waals/London Force 

● Governing Equation 

● Solution ( )
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