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Abstract 
The deterministic description of a wave of solution particle of efavirenz is given. Si-
mulated pharmacokinetic data points from patients on efavirenz are used. The one 
dimensional wave equation is used to infer on transfer of vibrations due to tension 
between solution particles. The work investigates movement using wave analogy, but 
in a different variable space. Two important movement fluxes of a wave are derived 
an attracting one identified as tension conductivity and a dispersing one identified as 
tension diffusivity. The Wave Equation can be used to describe another spin-off 
movement flux formed induced by vibrations in solution particle. 
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1. Introduction 

There is a rich history of quantum mechanics that investigates wave-particle duality 
using light [1] [2]. We derive a one dimensional wave equation in the context of par-
ticle movement [3]. This equation has extensively been studied beginning with work 
proposed by D’Alembert [4]. Furthermore, this work supports the hypothesis advanced 
by Louis de Broglie that all matter manifests a wave like nature. An idea further devel-
oped by David Bohm, who postulated that every material particle is accompanied by a 
field which guides the motion of the particle. This field evolves according to the 
Schrödinger’s equation [2]. In this work we retain the conventional wave equation. It 
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models the advective entity of a wave and proposes an extension to other components 
of movement flux which are passive, convective and saturation. 

This work derives characterisation of a wave and shows it as a spin-off movement 
flux that is derived from tension in the vibrations of the solution particle. It is described 
as a spin-off of a solution particle or the pilot wave [2]. Furthermore, this spin-off flux 
is deterministic. However, other researchers consider a probabilistic view of the quan-
tum state [2] [5]. The secondary saturation movement in the concentration-time space 
is used to investigate the behaviour of the wave [6]. The mathematical formulation 
brings to light an understanding of the wave part of a solution particle. Waves in loca-
tion and time space have been studied by other researchers [1] [7]. The wave is studied 
in a different space (concentration-time) and analogies are proposed. A relationship of 
a wave is derived, with the aid of simulated pharmacokinetic data in-vivo. 

In addition, this work shows that a wave is a system with four primary movement 
components of flux. The total flux at any given concentration is zero. The system 
formed is similar to that obtained for the one that facilitates exchange of concentration 
through gradient [8]. The system evolves with time. There are two forms of flux the 
conductivity and diffusivity. 

2. Methods 

Simulated projected data on secondary saturation movement, time and concentration 
was obtained from pharmacokinetic projections made on patients on 600 mg dose of 
efavirenz considered in Nemaura (2015, 2016). Partial and Ordinary Differential equa-
tions are used in the development of models that characterizes wave motion. A statis-
tical Package R, is used to develop nonlinear regression models. 

Derivation of Advection Kinetic Flow for the Secondary Saturation 
Movement Due to Tension 

Consider ( )( ),F x t h∕  the secondary saturation movement at time t and concentration 
x-(tension-driven transportation inducing measure) in the blood. The variable ( ), ,F x t  
is also a measurement of tension density of movement. In addition, the variable 
( ),F x t  is taken to denote the (vertical) displacement at time t of the concentration x  

on the advection string component. The rate at which saturation movement crosses a 
solution particle is proportional to concentration, time and secondary saturation move- 
ment of solution particle [8]. The following proposition is made that the amount of  

tension advective conductivity flux of solution particle T
g h
ml

µκ ⋅  
  

  
  is the difference  

between 
Tρ

κ  (that amount of tension advective conductivity flux which is generated 

by movement density ( ),T x tρ  (obtaining in the process of solution formation)) and 

0T
κ  (an already existing constant (base) amount of tension advective conductivity flux 

(primarily obtaining in the independent of solute of x, solvent state)). The function of 
proportionality is called the amount of tension advective conductivity flux and is de- 
noted by 0 .

T TT ρκ κ κ= −  The functions 
Tρ

κ  and 0T
κ  are such that ( ),

T T x tρκ ρ∝  
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and ( )0 0 ,
T T y tκ ρ∝  where 0y  is the homogenous concentration mix in the base 

solvent without solute x , thus ( ),
T Tk x tρκ ρ=   ( )0 0 , ,

T Tk y tκ ρ=   and where ,k κ   

are constants of direct proportionality associated with the tension, 

( ) ( ) ( )0

0

,,
, .TTA y tk x t

x t
xt y t

κρρ
κ = −





                    (1) 

In a homogenous mix, 
( )0

0

,
.T

T

y t
y t

ρ
ω=  Thus the tension advective conductivity flux  

[tension advective conductivity flux in the solvent of a solute of x , in the absence of 
the solute x  (before mixing)] is constant and Equation (1) reduces to, 

( ) ( ),
, .TA

T

k x t
x t

xt
ρ

κ κω= −


                       (2) 

Consider a small element of the string (bridge) between the two concentration points 
x  and ,x xδ+  ( 0xδ > , small). The total tension advective flux to which this string is 
subjected to is the tension advective flux exerted at the left end ( )( ),A x tκ  and the 
advective flux exerted at the right end ( )( ),A x x tκ δ+  by the rest of the string. 

Let ( ),x tθ  be the angle between ( ),A x tκ  and i  (horizontal direction of com-
ponents) and ( ),x x tθ δ+  be the angle between ( )( ),A x x tκ δ+  and i  Assume 
0 π,θ≤ ≤  since we are looking at small vibrations. It follows that either θ  is close to 
0 or π.  

The total vertical tension advective flux acting on the element is 

( ) ( )
( ) ( )( ) ( )( )( )

, ,

, sin , sin , .

A A

A

T x t x x t

x t x t x x t

κ κ δ

κ θ θ δ

= ⋅ + + ⋅

= + +

j j
              (3) 

where j  is the vertical direction of component. We note sin tan ,θ θ θ≈ ≈  for θ  
close to zero and sin π tanθ θ θ≈ − ≈ −  for θ  close to π . For a fixed ,t  

( ) ( )tan , , ,Fx t x t
x

θ ∂
=
∂

                       (4) 

and 

( ) ( )tan , , .Fx x t x x t
x

θ δ δ∂
+ = +

∂
                   (5) 

From Equations (1)-(5) and the approximation formulas for sin ,θ  we obtain the 
following approximation for the vertical flux on the element of the advective string, 

( ) ( ) ( ), , , .A F FT x t x x t x t
x x

κ δ∂ ∂ = + − ∂ ∂ 
                (6) 

The concentration-time amount of form movement due to tension in the solution  

particle bridge is 
( ),

.T x t
m x

xt
ρ

δ=  Drawing analogy from Newton’s Second Law to re-  

place T  in (6) 

( ) ( ) ( ), , , ,A F Fma x t x x t x t
x x

κ δ∂ ∂ = + − ∂ ∂ 
               (7) 
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where, 
2

2 .Fa
t

∂
=
∂

 

Thus, 

( ) ( )
( ) ( )2

2

, ,
= , .

,
A

T

F Fx x t x t
F xt x xx t

x t xt

δ
κ

ρ δ

∂ ∂ + − ∂ ∂ ∂ 
∂

             (8) 

At the limit ( )0xδ → , the Equation (8) reduces to, 

( ) ( )
2 2

2 2= , .
,

A

T

F xt Fx t
x tt x

κ
ρ

∂ ∂
∂ ∂

                      (9) 

The following result is immediate, 

( ) ( )
2 2

2 2
ˆ , , ,A

T
F Fx t x t

t x
κ∂ ∂

=
∂ ∂

                      (10) 

where, 

( ) ( ) ( )ˆ , , ,
,

A A
T

T

xtx t x t
x t

κ κ
ρ

=  

is the secondary saturation tension advective conductivity flux ( )h∕  associated with a 
unit amount of movement in a solution-particle bridge. This reduces to, 

( )( )
2 2

2 2, ,T
F FN x t

t x
κρ∂ ∂

= −
∂ ∂

                       (11) 

where, 

( ) ( ) ( ), , ,  and  .
,

T
T T

T

xtx t D x t xt N k
x t

κ κω
ρ

ρ
= = =



  

The terms, 

( ) ( ) ( )
, , , ,  and  ,

,
T

T T
T

x t D x t N
x t

κ κω
ρ

ρ
=



 

are secondary saturation tension base-advection diffusivity flux ( )h∕ , secondary sa-  

turation tension advection diffusivity 2

ml
g hµ

 
 ⋅ 

, and secondary saturation initial or  

rest tension advection conductivity flux ( )h∕  respectively. 
The following relation from Equations (10) and (11) is established between tension 

advection conductivity and diffusivity fluxes, 

( ) ( )
auxilliary tension advection conductivity flux

tension advection diffusivity flux

ˆ , ,A
T Tx t N x tκκ ρ− = −







           (12) 

where ( )ˆ 0,0 .A
TN κ=  

It is important to note that ( )ˆ ,A
T x tκ  is the tension advection conductivity flux. 
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3. Results 
Applications to Deteministic Saturation Tension Advection Kinetic 
Flow of Concentration of Efavirenz and Numerical Analysis 

We consider the secondary saturation ( ),F x t  relationship to time and concentration 
in a patient P, modelled by [8], 

( )
( ) [ ] ( )

[ ] ( )max

e e ,  0, 24 ,       
,

,   0, ,                  

t tb a
r t i

F x t ux x c ii
v x

λ λλ − − − ∈


= 
 ∈

+

             (13) 

where, x  is the concentration and t  is time. These two variables track solution par-
ticle dynamics. Furthermore, , , ,  and r a b u vλ λ λ  are constants to be found (Table 1 and 
Table 2). 

Following from Equation (13), Equation (10) assume the form of, 

( ) ( ) ( )
2 2

2 2

d dˆ, , , ,
d d

A
T

F Fx t x t x t
t x

κ=                     (14) 

and Equation (11) becomes, 

( ) ( )( ) ( )
2 2

2 2

d d, , , .
d dT

F Fx t N x t x t
t x

κρ= −                   (15) 

The following conditions holds for secondary saturation tension advective diffusivity 
( ),TD x t  (Figure 1) at boundary points of loss/formation of the spin-off of a solution 

particle (wave), 

( ) ( )
( )

, 0.0
lim , ,Tx t

D x t
→

= −∞  

( ) ( )
( )

, 0.0
lim , 0Tx t

x tκρ
→

=  

( ) ( )
( )

, 0.
lim , ,   for some  0,Tx t t

D x t t
→

= ∞ >  

 
Table 1. Parameter estimates in modelling saturation movement rate with respect to t (Model 
13(i)). 

Parameters Estimate Std Error t value ( )Pr t>  

rλ  0.623106  0.012214  51.02  162 10−< ×  

bλ  0.022465  0.001203  18.68  155.35 10−×  

aλ  0.439258  0.017354  25.31  162 10−< ×  

 
Table 2. Parameter estimates in modelling saturation movement rate with respect to x (Model 
13(ii)). 

Parameters Estimate Std Error t value ( )Pr t>  

u 0.801936 0.005934 135.1 162 10−< ×  

v 5.624198 0.126684 44.4 162 10−< ×  
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( ) ( )
( )

, 0.
lim , ,   for some  0,Tx t t

x t N tκρ
→

= >  

It is noted that for ( )ˆ ,A
T x tκ  the following holds at boundary points of spin-off ad-

vective conductivity flux: ( )ˆ 0,0 : ,A
T Nκ =  value at rest of spin-off saturation conductiv-

ity flux. 
The reference spin-off advective flux is investigated and the constituent behaviour is 

suggested by Equation (16) (Table 3), 

( ) ( )
spin-off convection diffusivity flux

spin-off base-advection diffusivity flux spin-off passive diffusivity flux

spin-off saturation diffusivity flux

e e 1

.

nt dt
T t wt b

ft
g t

κρ − −= + −

+
+





 

















    (16) 

 

 
Figure 1. Time matched plot of the spin-off advection diffusivity of saturation movement in rela-
tion to concentration. 
 
Table 3. Parameter estimates in modelling saturation movement spin-off diffusivity fluxes in 
Equation (16). 

Parameters Estimate Std Error t value ( )Pr t>  

w  −12.040340 0.400263 −30.081 16< 2 10−×  

n  0.428697 0.005665 75.673 16< 2 10−×  

b  19.868405 2.919178 6.806 61.69 10−×  

d  0.180557 0.003487 51.783 16< 2 10−×  

f  23.527008 3.210289 7.329 76.01 10−×  

g  1.632012 0.154663 10.552 92.20 10−×  
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 w : residence rate of the spin-off convective diffusivity flux, 
 n : declining rate of the spin-off convective diffusivity flux, 
b : maximum spin-off passive diffusivity flux rate constant, 
d : declining rate of the spin-off passive diffusivity flux, 
f : maximum spin-off saturation diffusivity flux rate constant and, 
g : time at which the spin-off saturation diffusivity flux was half of f . 

The characterisation of the four main spin-off diffusivity flux entities are shown and 
magnitudes of effects (Figure 2). 

( )
auxilliary spin-off advection conductivity flux spin-off convection conductivity flux

pin-off passive conductivity flux

spin-off satura

ˆ , e (e 1)

,

A nt dt
T

s

N x t wt b

ft
g t

κ − −− = − + − −

−
+

+

 















tion conductivity flux


   (17) 

where, , , , , ,w n b d f g  

    are constants with respect to spin-off conductivity flux as in 
Equation (16) and 2.364914.N =  It is noted that auxilliary spin-off conductivity flux 
is translated negative spin-off conductivity flux by a constant ( )N . We give a sum-
mary of tension associated diffusivity, diffusivity flux, and conductivity flux in relation 
to concentration-time (Figure 3). 

4. Conclusions 

A wave in this work has been shown to be a spin-off movement flux of a solution par-
ticle. It also has the same component characterisation as a solution particle at primary 
level. It consists of the advective, passive, saturation and convective components [6] [8]. 
A wave has generally slower movement flux components relative to gradient driven  
 

 
Figure 2. Components of the spin-off diffusivity flux in time. 
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Figure 3. Summary scatter time-matched plot of the relationship between the following variables 

( ) ( )ˆ, , , , ,A
T Tt x x t x tκκ ρ   and ( ),TD x t  for patient P informed by Equations (13), (14) and (15). 

 
movement flux components [8]. There have been several experiments that support De 
Broglie’s assertions [2]. This work removes the notion of tracking the wave using loca-
tion with the aid of a probability distribution derived from Schrödinger [5]. It proposes 
a different space related to kinetic solubility of a solution particle to track it’s wave [6]. 

Considering a different unique space, we obtain similar characterisation of flux of a 
wave to that of gradient-driven diffusion. These two are system flux movements in time. 
A conclusion is reached that these two forms are characterised similar pattern of move- 
ment [8]. The heat (diffusion) and wave equations are two fundamental equations [3] 
[9]. They describe two forms of advective movements. The heat and wave equations are 
derived from gradient and tension forms of movement respectively. 
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