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Abstract

The purpose of our study here is to formulate the generalized
biomechanical equation controlling the characteristic wave of the host
which is the infected person: characteristic wave here means a wave
that has all the wave characteristics of the source wave. The
characteristic wave of the generalized biomechanical dynamics of the
infected person is obtained by superposing the characteristic wave of
the external agent (disease or poison collected designated as parasite
here) on the healthy person. Therefore, the generalized equation can
be used to obtain the characteristics of the wave of an infected person
which are important to develop treatment strategies for the various
infections. To demonstrate the importance of such data, we design and
code a programme in Python for simulating and visualizing the
generalized biomechanical equation as the characteristic wave of the
host in various waveforms to mimic the superposed waves and then
renormalized them into sinusoidal waveform that is characteristic of a
healthy man as the possible treatment strategies. The motivation and
path for actualization of our proposal is then discussed.

1.0 Introduction

Communicable diseases commonly referred to as infectious diseases are disorders caused by organism such as parasites,
viruses, bacteria and, fungi. Some examples of these infectious diseases are Coronaviruses, Diphtheria, Ebola, Flu,
Hepatitis, Hib, HIV/AIDS, HPV, chickenpox, Measles, Tetanus, Whooping Cough, Zika and so on are a fact of life. The
AIDS epidemic, the recent SARS epidemic, recurring influenza pandemic (Fauci, 2001; Rogers, 2020; Jong and Stevens,
2021). Since time immemorial, these infectious diseases have not only been burden to human health but have been causing
disabilities and even deaths as well as periodically threatened the survival of entire human race (Brachman, 2003; Holmes
et. al., 2017; Akpojotor et. al., 2020). During this time, modeling of these infectious diseases has been growing. In
particular, there is growing number of modeling techniques to study the dynamics of the spread of infectious diseases and
possible strategies to curb them because direct experimental study on the spread of a disease hence how to curb it among
humans is not ethical (Ming et al, 2016).

Modeling is an attempt to mimic reality in a controlled scenario (Akpojotor et. al., 2010; Akpojotor, 2014). A mathematical
model is a representation of a system or scenario using mathematical concepts and languages to gain qualitative and/or
quantitative understanding of some real-world problems and to predict future behaviour (Karen et al, 2016). However,
Akpojotor (2014) asserted that in physics, a model can be conceived as a simple and well understood phenomenon or
system designed to represent and explain a complex and not well understood phenomenon or system. Models are being
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used to address an ever-expanding number of diseases and public health questions (Knight et. al., 2016; Kretzschmar, 2020)
as well as to explore the importance of biological and ecological details on disease transmission (Grassly and Fraser, 2008),
biological and physical dynamics of the disease (Enaibe and Idiodi, 2013; Enaibe and Omosede, 2013; Enaibe et. al, 2013)
and possible treatments (Maziarz, and Zach, 2020). Thus modeling infectious diseases depends most often on the approach
of the problem which in turn determines the type of model, mathematical or physical.

In general there are two approaches to modeling infectious diseases. The first is the modeling of infectious diseases as a
tool to study the mechanisms by which diseases occur, spread and become pandemic in order to evaluate strategies to
control an epidemic and possibly to predict and even checkmate future course of an outbreak (Daley and Gani, 2005;
Ivorra et. al., 2014; Ivorra et. al., 2015; Kucharski et al., 2020 ). Therefore the goal of the mathematical description in this
approach is to predict the equilibrium state in which there are no new infections, which means that the spread has stopped
(Huo et. a.l, 2016; Nave et. al., 2020). Therefore, the optimal state is equilibrium stability of the transmission..

The earliest account of mathematical modeling of spread of disease was carried out in 1760 by Daniel Bernoulli, who
created a mathematical model to defend the practice of inoculating against smallpox (Hethcote, 2000). Modeling vector-
borne infectious diseases such as Dengue fever, West Nile Virus, Lyme disease, and malaria was first carried out by Sir
Ronald Ross in his study of malaria transmission in 1916 and subsequent models for other kinds of diseases followed.
Recently, researchers have developed various mathematical models that describe the evolution of the Coronavirus in the
populations of various countries (Kucharski et al., 2020).

The second approach is the modeling of infectious diseases as a tool to study the biomechanical dynamics of these diseases
in order to possibly find strategies for their treatments (Waziri and Makinde, 2012; Enaibe and Idiodi, 2013; Enaibe and
Omosede, 2013; Enaibe et. al, 2013; Weickenmeier et. al., 2018; Lindley, 2018; ). The modeling strategy here is to first
delineate the biological behaviour of the presence of the disease in the host who is the infected person. Thereafter, the
physical description of this biological behaviour is designed so that it can be theoretically formulated. In other words, the
model should possess the domineering properties of the system that it is supposed to represent (Akpojotor, 2014) which can
be infected person with disease (Enaibe and Idiodi, 2013; Enaibe and Omosede, 2013; Enaibe et. al, 2013) or even a
poisoned person as demonstrated with the Schrodinger cat (Akpojotor, 2020).

In the case of infected person, Enaibe and co-workers the aforementioned literature have done a number of studies of the
HIV/AIDS infection. The biological behaviour from clinical literature is to consider the virus to be feeding on the active
cells and in the process weakens the immune system of the host. The physical description of this scenario is to consider it as
the superposition of the virus vibration on the host vibration and the resultant superposed wave describe the infected
person. Thus the principal physical property of both the host and the parasite is that they are living matter and therefore
possess vibrations. In the reductionist approach of physics, all matter, living and non-living, are made of atoms. For
example, an average adult human male of 70 kg is estimated to be made up of about 7 x 10%” atoms (Helmenstine, 2019). A
common property of atoms is that they are constantly vibrating. Therefore, in their pilot study, Enaibe and Idiodi (2013)
considered the human heart as a transducer of this vibration so that the blood stands as a means of conveying this vibration
to all units of the human system. The theoretical formulation of this physical description of the dynamic mechanical wave
characteristics of HIV/AIDS in the human blood circulating system is the formulation of the constitutive carrier wave
equation (CCWE) on the basis of the vibratory dynamic components of the human (host) parameters and those of the HIV
(parasite) parameters in the pilot study (Enaibe and Idiodi, 2013). The most influential parameter of the CCWE is the
multiplicative factor A whose physical range varies from the onset of the effect of the disease till the host biological system
ceases to exist.

In an independent study, Akpojotor (2020) demonstrated that the part of poisoning the Schrodinger cat can be modeled as
simple harmonic oscillator (SHO). The purpose of the modified Schrodinger cat experiment (MSCE) was to mimic an ideal
measurement in quantum mechanics following the recent experiment by Pokorny et. al. (2020) on tracking the dynamics of
a naturally occurring ideal measurement process with enticing results. The biological behaviour of the modified
Schrodinger cat is that the poison it inhales will distort its heart beat. Therefore, the effect of the varying the amount of
poison vile with time can be determined from the heart rate of the cat depending on its mass. The physical description is
that the heart rate can directly be measured by the heart pulse which in turn can be measured by the fingers to be a vibration
that can be conceived simply as a to and fro movement. Therefore, movement of the heart of the cat can be considered as a
simple harmonic motion (SHM). Thus the theoretical equation of the SHO is adopted to be the poisoning part of the
Schrodinger Cat Experiment: this equation is a homogenous second order differential equation of the heart pulse with
constant coefficients as the domineering parameters: one of these parameters is the amount of poison denoted as A because
it affects the normal flow of the blood in the heart hence the heart beat.

Quickly, lets explain further how A emerges in the SHO equation. In the theoretical formulation of the SHO, A is the
damping constant in the linear damping force due to the connection of the bob to a snapshot. Thus the SHO equation can be
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envisage as the product of the superposed damping force on the normal SHO which in the case of the MSCE, it is the wave
of the poison being superposed on the normal wave of the heart beat of the cat. The resultant superposed wave will have the
characteristic wave of the poisoned cat; characteristic wave here means a wave that has all the wave characteristics of the
source wave. This physical scenario can be extrapolated to poisoning of man. Therefore, in general, the effect of the
external agent such as poison or disease on the host can be determined from the characteristic wave of the host so that A can
be used to monitor these effects from the onset till the host heart pulse stops. This is known as quenching of the host
characteristic wave which is the death state.

It is easy to observe that the A in the SHO modeling of poisoned Schrodinger cat in Akpojotor (2020) has one to one
correspondence with the A in Enaibe and co-workers CCW modeling of the HIV/ /AIDS infected person. They both
represent the effect of the poison and disease respectively on the host with time. Therefore they capture the window period
which is the time for the effect of the poison or disease to manifest to quench the wave form of the host so that the
amplitude is zero. The implication of this observation opens the possibility that the CCW equation can be generalized not
only for infectious diseases but also to account for animal including man’s poisoning of any kind just as the SHO equation
can be generalized not only for poisonings but also to account for animal including man’s infectious diseases of any kind. It
is important to point out that this generalized CCW equation will have a one to one correspondence with the generalized
SHO equation. The reason is that the physics used in both modeling techniques is the same: the host (man or any other
animal) is made of atoms that their vibrational dynamics can be depicted as a normal characteristic sinusoidal waveform
while the disease (living matter) and poison (hon-living matter) to be collectively named simply as parasite are also made of
atoms and therefore have their own vibrational dynamics. The basic assumption in developing both modeling techniques is
that the parasitic vibration when superposed on the host vibration will yield the resultant generalized CCW equation or
generalized SHO equation.

The world in general is still suffering from the challenges of various infectious diseases as well as all kind of poisoning.
The current COVID-19 pandemic has affected the entire world so much that it is often said that it has created a new global
normal. The COVID-19 however, is a localized human infectious disease unlike the HIV/AIDS which is a non-localized
disease: ‘localized’ here means it affects only specific parts of the body while ‘non-localized’ means it affects all parts of
the body. The implication is that the HIV/AIDS studies of Enaibe and co-workers have been on a non-localized disease.
Therefore there is need to extend their approach to localized diseases such as the COVID-19, tuberculosis, gonorrheal,
leprosy and others. Further, the approach can also be extended to poisons’ effects on humans. Thus such extended approach
can be considered as a generalized physical model to study the biomechanical behaviour of these diseases which will
provide data to strategize treatment for these diseases as well as future diseases. The purpose of our study here is to
formulate the generalized constituted carrier wave equation and the generalized SHO equation as generalized formulation
of the biomechanical dynamics governing the characteristic wave of the host. This will be done in Section 2. The
application of the generalized formulation to the Coronavirus family including the COVID-19 is an ongoing project.
However. to galvanize interest in this entire project, we will also demonstrate here one of the significance of the project:
how the understanding of the physics of the biomechanical dynamics of the infectious diseases or poisons in the host opens
the possibility to strategize future treatments for them. This will be done by using simulation and visualization of a
superposed wave forms mimicking the characteristic wave of the host and them renormalized as the treatment into healthy
person characteristic sinusoidal waveform with normal modes in Section 3. This will be followed by a summary and a
conclusion in Section 4.

2,0 Generalized theoretical formulation

As stated in the preceding section, a model in physics can be conceived as a simple and well understood phenomenon or
system designed to represent and explain a complex and not well understood phenomenon or system (Akpojotor, 2014).
The modeling strategy is to first delineate the biological behaviour of the presence of the parasite in the host who is the
infected person. Thereafter, taking into account the domineering properties of the system that it is supposed to represent,
the physical description of this biological behaviour is designed so that it can be theoretically formulated. As stated above
also, the physical description effects of any parasite on the host is to consider it as the superposition of the parasitic
vibration on the host vibration and the resultant superposed wave describe the characteristic wave of the infected person.
2.1 Generalized constitutive carrier wave equation

To mathematically formulate the physical description of an infected person with a parasite let us, adopt the approach of
Enaibe and Idiodi (2013) by considering wave defined by the non - stationary displacement vectors representing the

healthy person characteristic wave, y A whose propagation depends on the inbuilt raising multiplier g (=0,...,1)
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y, = apcos (E,B.F —npgt—gpf) (2.1)

and the parasite characteristic wave, y ~ with a multiplicative factor or an inbuilt raising multiplier 2,
(n=012,.., 1, ):

y, = B, cos (K'A,.r —n'A t—g4,) 2.2)

where all the symbols retain their usual meanings.

We quickly point out that both g and A_ which are the inbuilt multipliers are dimensionless and as the name implies,
they are capable of gradually influencing the basic intrinsic parameters of both waves respectively with time.

Now in line with the physical design, let superposed Eqgs.(2.1) and (2.2) to obtain the characteristic wave of the host y, :

Yy, =Y, +Yy, =apcos (kB.r —npt—gB)+bi, cos (IZ%HF -n'A,t—¢1,) (23)
Like in the related previous studies of Enaibe and co-workers in the literature, it can be shown after some lengthy

mathematical process that the resultant superposed wave which is the CCWE that describes the superposition of the
parasitic wave on the host wave will be

y, =@ —b22%)—2(a—ba,) cos ((n—n'A, )t - (e — £4,)) 2.4)
X COS ((IZ— IZ%n).F—(n -n'A,)t-E)

Eq.(2.4) describes the activity and performance of most physically active systems of the infected person

2.2 Generalized simple harmonic oscillator equation

Vibrating systems in general, can be categorized as linear systems whose motion is described by linear differential
equations; and nonlinear systems whose motion is governed by nonlinear differential equations (Yang, 2001), For linear
systems, many well-developed methods of vibration analysis are available, as the superposition principle is valid. The
human heart vibration is a linear system and therefore can be described as free oscillation using the differential equation:

my, + By, =0 (2.5)
while the parasite on the on contrary is described by a damping force
A0y (2.6)

where all the symbols retain their usual meanings.
Again in line with the physical design, let us superposed Egs.(2.5) and (2.6) to obtain the characteristic wave of the host y,

my, +4,Y, + By, =0 (2.7)
In principle, Egs.(2.4) and (2.7) have one to one correspondence and are the generalized mathematical formulation of the
biomechanical dynamics that governs the characteristic wave of the infected person.

3.0 Simulation and visualization simplified treatment design from data to be provided

Our simulation is based on the assumption that the characteristic wave of the infected person can have any incoherent
waveform. Therefore, the treatment strategy will be to renormalize these various forms into the sinusoidal waveform which
is the characteristic wave of a healthy person. The coding is done in Python using VPython, Numpy and Matplotlib libraries
(Akpootor et. al., 2010) and is available on request to the corresponding author. The salient feature is that the superposed
wave can be simulated to be in various waveforms by choosing the appropriate combinations for the switching values (x, v,
z) and (x vy’ z’) as show in the extract from the programme below.
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# Code for developing a superposed Function

step_fn_data =[]

for i inarange(0, 15, 0.5):

if math.fmod(i,2) == 0:

switching_value =[x, y, Z]

else:

switching_value =[xy’ 2]

step_fn_data.extend(switching_value)

d = curve(x = arange(-35,size(step_fn_data)- 40), y = step_fn_data)
d.color = color.red

In nature, this superposition of the 4~ and A  can be done by several complex techniques and therefore all these

techniques will be depicted by a red box so that it become the source of 4, in our simulation. Now in general, treatment is

to improve the condition of the infected person and cure is when the condition has been completely improved which
implies that the disease has been completely removed (Kolenchuk, 2019). There are very many and varied treatment
techniques to cure infected diseases. So as we did for the superposition techniques, we will depict these treatments by a

blue box so that it becomes the converter of 4, into A in our simulation. Our programme can be used to simulate various
waveforms which are then renormalized into a normal sinusoidal waveform until the infected state is converted by the
treatment into a cure state that is depicted with a green box as the source of the A now in green colour. To demonstrate

the visualization here, we have taken snapshots at three levels of treatments: at the onset of the treatment, when the effect of
treatment is pronounced and when the treatment has resulted to cure as shown in Figure 1 wherein the 4, is an M-shaped

waveform. Figure 1(a) is a snapshot showing the y, as it begins to be renormalized by the treatment into the y_, Figure
1(b) is a snapshot showing the renormalizing of y, into y  increases with more treatment and Figure 1(c) is a snapshot

showing that the y, has been completely renormalized into y_ sothat y, = y_hence y, = 0 whichimplies a cure.

It is interesting to point out that our programme can be used to simulate and visualize the treatment of an infected dying
state as shown in Figure 2 wherein vy, is simulated as an almost linelike waveform with fast decreasing characteristics of
wave. The Figure 2(a) is a snapshot showing the y, as it begins to be renormalized by the treatment into the y , Figure
2(b) is a snapshot showing the renormalizing of y, into y  as the treatment increases and Figure 2(c) is a snapshot

showing that the y, has been completely renormalized into y sothat y, = y, hence y, = 0 whichimpliesa cure.

Finally, we simulate and visualize a healthy person that is vaccinated. In this case, the vaccination obliterate the
characteristic wave of the parasite so that y . (y -o0)= y, . In nature, this means the vaccination has made the healthy

person to be immune to the parasite.

Superposition Treatment
Vo
11 11 1} Yo
Y, ) W) W) | W
I : |
(a)
Superposition Treatment Superposition Cure
Y Yon _ Yo
YtV ' I M+, Y 0

(b)
Figure 1: The snapshots of the superposition of the characteristic wave of a healthy person y and the characteristic wave

of the parasite y  resulting in an M-shape waveform as the characteristic wave of the infected person y, which is then
renormalized by treatment into the characteristic wave of a healthy persony . (a) A snapshot showing the fully resultant
characteristic wave y, as it begins to be renormalized by the treatment into the y_  (b) A snapshot showing the
renormalizing of y, into y  increases with more treatment (c) A snapshot showing that the y, has been completely
renormalized into y which implies a cure.
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Superposition Treatment
y h y r

YotV /

(a)
Superposition Treatment Superposition Cure

Y Yo -0 Y.
V =
¥+, JAVAVAY. ¥+, o

(b) (c)

Figure 2: The snapshots of the superposition of the characteristic wave of a healthy person y and the characteristic wave
of the parasite y  resulting in an almost linelike waveform as the characteristic wave of the infected person 'y, which is
then renormalized by treatment into the characteristic wave of a healthy persony . (a) A snapshot showing the fully
resultant characteristic wave y, as it begins to be renormalized by the treatment into the y (b) A snapshot showing the
renormalizing of y,k into y  increases with more treatment (c) A snapshot showing that the y, has been completely

renormalized into y  which implies a cure.

Superposition Vaccinated

Yo
Y, ty,

Figure 3: The snapshots of the superposition of the characteristic wave of a healthy person y and the characteristic wave

of the parasite y = in which the latter is obliterated by the vaccine so that y —remains unaffected.

Conclusion

We have subtly shown that the equation of the characteristic wave of an infected person from the previous studies of Enaibe
and co-workers and equation of the characteristic of the poisoned Schrodinger cat in Akpojotor (2020) have one to one
correspondence since they are both formulated from the superposition of the characteristic wave of the external agent
(disease or poison) on the characteristic wave of the healthy person. Thus we pointed out here that the two formulations
can be generalized to formulate the biomechanical dynamics of the an infected person. The data to be obtained are the wave
characteristics of the healthy person, wave characteristics of the parasite which could be infectious disease or poison here
and the wave characteristics of the infected person. The motivation is that the availability of these data on the
biomechanical dynamics of the healthy person, parasite and infected person will be useful in designing treatment strategies.
This again we subtly demonstrated by simulating and visualizing how the characteristic wave of the infected person
mimicked in various waveforms which are then renormalized as the treatment strategies into sinusoidal waveform of a
healthy person. It is pertinent to point out that the treatment strategies are vast and varied as they include both orthodox and
unorthodox practices in general. We also demonstrated the use of vaccination to boost the immunity of healthy person
using the snapshots in Figure 3. Therefore, the actualization of this study requires interdisciplinary contributions and is an
ongoing project.
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