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The way of nature 

If one way is better than another, it is surely the way of nature (Aristotle). This thinking defines the essence 

of the optimization you always seek: to offer the most efficient solution to a definite problem. The most efficient 

solution is to know how to apply optimization. Thus, both biologists, economists or engineers, by applying 

optimization, aim to achieve maximum efficiency, and this goes beyond, and far beyond the description and 

adjustments of curves or mechanisms (Sutherland, 2005). 

Optimization, that is, the application of the first principle, also known as action, it is the key to 

understanding behaviors, or reasons of choice made by wise nature, when optimizing their costs (Ribeiro, 2017; 

West et al., 2001, 2004; Sutherland, 2005; Zha et al., 2019; Zhao et al., 2018). 

Energy cost is one of the most critical, reason for modulating the behavior of organisms (survival and 

reproduction) (Bejarano et al., 2017; Tomlinson et al., 2014; Wilson et al., 2006). Another cost factor is time 

(Gleiss et al, 2011). Thus, the determination of the energy-time cost enables the definition of the action (Rosen, 

1984; Grandipierre, 2011c). 

This brings us back to optimization, which makes it possible to set the path by prioritizing efficiency, 

which minimizes energy and time costs (Rosen et al., 2008). 

Exergy and action almost equal, while exergy ends in equilibrium (Rosen et al., 2008), action in biology 

seeks to prolong life, moving away from the equilibrium that would lead to death (Grandpierre, 2011c). 

Applying action allows measuring the magnitude of efficiency losses and their location in time, favoring 

better insights to define the cause or essence of the challenge or problem, minimizing negative impacts, either on 

the organism itself or on nature. Thus, the action promotes sustainability (Grandpierre, 2012). 

The principle of action accommodates all the laws of physics (classical mechanics, hydrodynamics, 

electromagnetism, thermodynamics, theory of gravity and even quantum physics) and is defined as: “A 

fundamental law can be considered as a first principle, if and only if all of fundamental laws of the given branch 

of natural sciences can be derived from it ” (Grandpierre, 2011a). 
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According to Grandpierre (2011b), the principle of action directs biological processes to the principle of 

greatest happiness. It also reinforces that this state of satisfaction is not a moment, but a whole. Hence, the need 

for these processes to be kept as far and as long as possible from thermodynamic equilibrium (biological death) 

(Owen-Smith, 2005). 

The greatest success for greatest happiness is precisely to maximize the return (profit) of the path (time), 

to be biologically as advantageous as possible from the beginning to the end of the sum of all energy investments 

made in this life story (Zee, 1986; Rosen 1986; Grandipierre 2011c). Such a procedure justifies the cost function 

being fully consistent with the biological pathway (Rosen 1986). 

Exactly the optimization of this product (energy x time) is the whole essence of life (cost function), which 

in physical language would be the principle of greatest action, but in biological terms is defined as the principle 

of greatest happiness, being one of basis for unification (Grandpierre, 2007, 2011abc). 

Although the first principle is valid for both sciences, the behavior is quite different, since physics is 

moving towards equilibrium (end point), whereas biology does not, reason for the latter to invest work (energy) 

against equilibrium (optimal end state) (Grandpierre, 2007). 

 

The Quanta Way 

According to Feynman's interpretation, quanta explores all possible paths, between the beginning and the 

final state, through virtual interactions (Feynman, 2005; Feynman et al., 2010; Mathew, 2014). This wisdom of 

how much is manifested and measured by the principle of action (energy x time). Interestingly, it presents the 

same unit of Planck's constant. In this surprising way, the dimension of greatest happiness maintains the same 

dimension, that is, it always seeks the wisest way to extend and maintain life with quality (Grandpierre, 2011abc). 

This allows us to introduce the importance of psychology in the daily decisions of living beings, for 

example when comparing a stone, a plant, an animal and a human being; in this sequence, we have the most rigid 

instinct (stone), which only follows one endpoint, even the most flexible, because it relies on less (human) 

instincts, when attending to whims and not needs, to overreact happiness as much as possible. One of the reasons 

of our modern civilization finds more disease and tension. This shows a psychological imbalance, lack of limits 

on behavior, reason for never achieving full happiness, never contentment, loving money, power and success. 

(Martinás, 2011; Grandpierre, 2011a). This really is a psychological deviation that harms not only being but the 

whole, making nature groan (Romans 8:22). 
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Thus, the first principle is fully manifested by the joint participation of physics, biology and psychology 

as tools for the study of the history of a life as a whole (Grandpierre, 2011c). 

Action: explore all possible options and decide the most efficient way! (Grandpierre, 2009). This is taken 

as a mysterious property adopted also by the quantum mechanism (Garfield, 2009). What is curious is that the 

long-awaited decision overlap, envisioned by quantum computing, and not just binary (silicon chips), is already 

common in quantum biology (Arndt et al., 2009; Marletto et al., 2018). 

Now it is coherent to understand the energy path taken in photosynthesis, when evaluating all options, 

decides for the most efficient (Zhang et al., 2015). To think that biology can be better understood through quantum 

theory, and that life is also a quantum process is new and enigmatic (Ishizaki & Fleming, 2010). 

If life is a molecular process, and molecular processes are governed by quantum rules, life is certainly a 

quantum process (Schwartz, 2013). 

The beginning of classical physics is dated from Newton's publications in 1686, based on the laws of 

gravity and motion. By applying these laws, and by knowing the position and velocity of each object, it was 

possible to know their past and future, for example, predict the path already traveled and the return of Halley's 

comet (Chang, 1979). However, microscopic behavior is well differentiated, not accommodating the laws of 

classical physics, but requiring quantum physics (Feynman, 2005; Feynman et al., 2010). 

Similarly, it is possible to observe a transition from classical to quantum biology, which, like physics, is 

harmoniously and beautifully complemented (Grandpierre, 2018). 

But what about the quantum world that is not detected in the classical world? The cleverness! (Gonga et 

al., 2018). 

In order to elucidate the cleverness or quantum intelligence it is appropriate to apply the analogy attributed 

to Gregory D. Scholes (Toronto University): every day having to choose to return from work to his home, having 

the opportunity to choose three path options, but always use only one, and never wonder if the other two options 

could be more timely (http://manashsubhaditya.blogspot.com/2013/03/the-spooky-world-of-quantum-biology-

new.html). In the quantum world it is not necessary to say its location, so the three routes are evaluated at the 

same time, and the most efficient and fastest will be chosen (Schwartz, 2013). 

As a practical example of such a comparison, we cite studies of diesel engines that combine classical 

physics with quantum mechanics, allowing for improved understanding and interpretation of the path in which 

energy is transferred to do useful work, and more with the advantage to describe the work as good, not too good, 
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worrisome, bad, etc. And all this by using a numerical value measured in quantum dimension, which essentially 

assesses how efficient the useful work was and at what time (Girtler, 2009, 2011; Girtler et al., 2011). 

Using the same analogy, one can think of living organisms and classify growth work as great, good, not 

so good, bad, etc. 

Therefore, what is evaluated is not only a growth curve that fits the data, but an optimized evaluation, 

expressed through a specific numerical value, such as the energy x time dimension, which in turn is adopted in 

quantum mechanics and that characterizes Planck's constant (Girtler, 2009ab). 

Moreover, the system by presenting energy x time coordinates, allows to be represented graphically, and 

its respective area represents the principle of action, that is, the integral of useful work at each moment of time 

(Girtler, 2008, 2009ab, 2011). 

Since energy can only be evaluated at the moment it is transformed, it is at this very moment that useful 

work is measured that allows the growth of a living organism. Thus, this is the relationship between kinetic energy 

and work (Girtler et al., 2011). 

During the growth process of a living organism, through the principle of action, it is now possible not only 

to characterize its growth, but mainly to measure the energy conversion into the useful form of labor that was 

effectively destined for growth (Johnson, 1992). 

The biology version of the principle of action allows us to enter quantum biology in a practical and 

accurate way both numerically and graphically. From the data of the growth curve, the path of growth (action) is 

determined by quantum processes and decisions (Grandpierre, 2002). 

The principle of action allows a deeper meaning and better understanding of the growth process of living 

beings, not only in accommodating a curve, but now it is possible to numerically evaluate the intelligent route 

that optimizes the development, or rather the strategy found in virtual interactions, and all this at the quantum 

level (Grandpierre, 2002; 2008). 

From the above, applying the principle of action, it is possible to observe the quantum effect on a 

macroscopic scale, by adjusting the growth curves of living organisms, allowing the interface between quantum 

physics and biology (Arnold et al, 2009; Brookes, 2017). 

Thus, through quantum evaluation in biology, it is possible to find the route chosen to reach the final goal, 

among several possible paths, and all hidden within the growth curve (Brookes, 2017). 



 

5 
https://anemal.ucdavis.edu/ 

The quantum-level information and decision-making process allows for the implementation of the best 

route for the growth of a living organism (Lambert et al, 2012; Brooks, 2017). From the action principle (quantum 

information) it is possible to define quantum biology in the growth process (route), showing a new window for 

understanding this mystery (Wu et al., 2012). “Indeed, growth has often been considered the central mystery of 

life” (Bertalanfy, 1952, p 136). 

“Action is an integral (sum) of all energy changes during the corresponding time intervals, constituting a 

cost function formulation and a mathematical optimization problem” (Grandpierre & Kafatos, 2013). This 

definition for action is so timely and perfect that it comes close to a poem, because, it is compact in structure, 

eloquent in cadence, and very lucid (Zee, 1999, p. 103). 

Just as, in order to manufacture a particular commodity, a corresponding investment is required, which 

will represent its cost of production, biologically, if it is necessary to invest a great deal just to survive, there is 

probably too little left to develop. Thus, it is precisely the fact that the sum of all the energy changes of each 

consecutive time interval in relation to the total period enables the process to be considered biologically as an 

energy investment (Johnson, 1992). 

The ideal would be the minimum to survive and the maximum to prosper, which is nothing but the most 

efficient way. The challenge of every living organism is considered a problem of optimizing all the energy 

invested in each consecutive time (Grandpierre & Kafatos, 2013; Bridson & Gould, 2000). 

 

The theoretical biology 

Definitely, a living organism wisely selects the best endpoint through its activities and choices according 

to the greatest action principle (Grandpierre, 2009). 

Recalling that action presents the energy x time dimension, summarizing comprehensively, but very 

profoundly, all the completeness to preserve and seize every opportunity in life (Grandpierre, 2002). 

Therefore, every living being, of course, will work to prolong its existence as long as possible. That is, 

nothing more than maximizing time. But living is not enough, there is a need for vitality with quality of life. Thus, 

it is also mandatory to maximize the first term of the product “energy x time” (Grandpierre, 2008). 

There is not only a simple energy x time product, but a clear, coherent and relevant definition for applying 

concepts of physics in biology, which boils down to the principle of greatest happiness, incorporating for its full 

understanding, in addition to the concepts of physics and biology, also psychology (Grandpierre, 2011). 
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This makes the reason for the term investment in biology coherent, because through action as the integral 

(sum) of all the energy invested at each moment of time, it seeks not only to prolong life, but also quality of 

existence, which is summarized in a single value (action) (Johnson, 1992; Grandpierre, 2008). 

It thus enters into a theoretical biology in which every living organism is governed by laws, which in 

physical terms is equivalent to the greatest action principle (Grandpierre, 2007). 

This would be the basis for a theoretical biology to approach theoretical physics, but with distinct 

objectives in relation to the end point (Grandpierre, 2002). Physics is unchanging, but biology naturally seeks the 

most promising (happiness). This can be very well illustrated by releasing in each hand a dead and a living bird 

from the top of a tower. Regarding the first case, its trajectory is similar to a stone, which obeys without question 

the laws of physics, in a trajectory of free fall until it reaches the ground. However, the live bird, seeking life, in 

the shortest possible time and effort seeks a safe place away from the ground (Grandpierre, 2011). 

It is now possible to understand the great enthusiasm of physicist Grandpierre to devote so many papers 

to the principle of action (Grandpierre, 2002; 2007; 2008, 2009, 2011abc; Grandpierre & Kafatos, 2012; 

Grandipierre & Kafatos, 2013). Defending an autonomous but physically based biology to the point that it is 

necessary to enter quantum physics to justify the path of optimization (Grandipierre & Kafatos, 2013). 

Action would be, consistently, the wisest way to preserve and energy available between the beginning and 

end time, which rules the path of every living organism. Thus, even a unicellular organism facing challenges to 

survive is obliged to optimize the problem through anticipatory and contemplative procedures (Mayne et al., 

2015), based on past information and experiences, or even when having to find solutions to new challenges (Ben-

Jacob, 2009). Even for single-celled organisms, they are considered intelligent decisions and behaviors (Mayne 

et al, 2015; Ben-Jacob et al., 2004). 

While physics is an exact science, biology is autonomous. Thus, it has the ability and independence to 

present spontaneous decisions, being defined by Grandpierre (2007) as the principle of greatest action. Even 

unicellular organisms demonstrate problem optimization, with anticipatory and contemplative behavior (Bem-

Jacob, 2009). 

Action is the integral (sum) of the energy changes observed at each time interval and can be considered 

as a cost function that aims to optimize a problem, which is very coherent in biological terms (Grandpierre, 2013). 

From this fact, the sum of all energy changes in consecutive time intervals in relation to the total period, 

biologically, can be considered as the product of energy investment × time investment (Grandpierre, 2013). 
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In this way, action defines a numerical unit that affects both vitality (as high as possible) and longevity 

(as long as possible), a fact naturally desired by all living beings. Such a procedure therefore requires living beings 

to maximize both time and energy, which is defined by the principle of maximum action (Grandipierre, 2007). 

Emphasizing that a falling stone, with no option, meets the physical principle of least action, a bird in the same 

falling condition will spontaneously perform the greatest action to survive and thrive, but with the consistency of 

minimal energy investment (Johnson, 2006). Such a procedure is compatible with being considered as a function 

of optimizing the most valuable resources for life (energy and time), paving the way to enter quantum biology 

(Grandpierre, 2013). 

 

The intelligence of action 

Discussing action is something mysterious, so be careful when venturing into this area. For example, Zee 

(1999) describes “Where the action is not”; at the same time, respect and prudence are observed for the theme, 

that is, showing the importance of this subject. Interestingly, von Bertalanffy in 1952 already indicated that more 

attention should be devoted to understanding the principle of action in biology. 

But what is so beautiful about the principle of action? Perhaps it is because it has a compact structure, 

which allows measuring not a fixed moment in time. But because it is associated with the whole, it measures 

change. Thus, a story is summarized only in a single value, which offers perfect lucidity of an event (Grandpierre, 

2008). 

Clearly, in Newton's view the object is focused at a particular instant of time. This resembles a 

photographic camera that with one click freezes time at a very particular moment. Thus, according to Newton's 

laws it is permissible to define a later moment by knowing the velocity and position of the previous moment (Zee, 

1999). 

But if a video camera was used instead of a photographic camera? We would not have just a moment 

(photo), but a movie, the action! Now, in this way, action allows us to describe the whole path of an object whose 

history is summarized in a single number. Really, magical and admirable (Nagao & Nielsen, 2017; Zee, 1999). 

Therefore, the fascination and grandeur of the action lies in its ability to describe a history with a number, 

which considers not only all possible paths between two points, but also all the ways to travel them, but which at 

the end of the story only the one who optimizes resources is the one who defines action (energy x time) (Johnson, 

1992; Nagao & Nielsen, 2017). 
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It is obvious that each story will be dependent on the circumstances. In this way, the story (film), 

compressed by the action principle can be represented by a numerical value, flexible and dependent on challenges 

and new circumstances (Zee, 1999). 

The point here is not to define the most favorite story, but the most favorable one. This is the concentrated 

essence of life, in its simplest, most perfect, pure and elegant form, allowing physics to clarify the path of biology, 

the daily practice of action in which a living organism optimizes energy and time (Grandpierre, 2011), it is similar 

to the business man who seeks to maximize profit by following the most advantageous path (Zee, 1986, p. 107). 

From this similarity comes the possibility of comparing the principle of action with a cost function (Rosen, 1986). 

Therefore, the key that defines all this numeric metamorphosis and makes it possible to evaluate the 

system represented from its growth curve is action, evaluated as the integral of kinetic energy (KE = m.v2 / 2) in 

relation to time (Rudnicki, 2009). This results in the history of all useful work and its changes over time, which 

allows us to characterize the growth of a living organism and its actions to define the best path by being subjected 

to unexpected and continuous challenges, defining its growth curve (Grandpierre & Kafatos, 2012; Owen-Smith, 

2005). 

 

Quantum biology  

All living things are made up of molecules, which in turn are described by quantum mechanisms. Thus, 

all biology is the result of quantum properties (Lambert et al., 2013; Marais et al., 2018). 

Therefore, it is in quantum mechanisms that biological enhancements are defined to enable better gains, 

advantages and efficiency over the challenges encountered in the real battlefield of life, and all with direct impact 

on the macroscopic world (Arndt et al., 2009; Neill et al., 2012; Marais et al., 2018). 

The action principle is the key to assessing growth to its fullest, as it evaluates time and energy 

simultaneously. That is, an organism to grow requires optimizing the time and energy received in life (Bridson & 

Gould, 2000; Wolynes, 2009). 

This biological autonomy is initiated in a quantum process, and always seeks the best solution 

(optimization) (Sutherland, 2015). Thus, again and in fact, if there is a better way, it will surely be the path chosen 

by nature (Aristotle). 
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Feynman reports that quanta explore all possible paths between the start and end state (Feynman, 2005, 

Feynman et al., 2010). In the quantum world there are tricks to promote optimization, such as kicking a ball 

against a wall and disappearing and appearing on the other side (Ogborn et al, 2006; Moore, 2004). 

So, via the quantum process, it is possible to simultaneously explore all possible routes and only choose 

the most efficient path (Bridson & Gould, 2000; Offord, 2019). Process that on this scale is defined only by 

complex mathematical language, compatible only with quantum mechanics, challenging common sense (Chung, 

2015; Lehman & Persinger, 2015; Neale, 2019; Offord, 2019). 

Living beings, in their essence governed by molecular processes, such processes being operated by 

quantum rules. Therefore, life is governed by quantum processes (Schwarz, 2013). 

In the physical system, the initial state defines the end. However, in the biological system, the final state 

presents autonomy, allowing the living being the right of selection (Grandpierre, 2008). 

This new way of interpreting physics makes it simple and elegant to connect biology to quantum principles 

through the principle of action (Grandpierre & Kafatos, 2012). 

The principle of action is defined by a number representing an integral value, providing a dynamic basis 

between the quantum system and biology. Thus, when comparing the action to a cost function, the most 

fundamental is the optimization of the invested energy and the invested time, being an intelligent process 

(Grandpierre, 2008). 

Thus, for a deeper understanding of this biological mystery, the interpretation of quantum physics is 

inevitable (Bridson & Gould, 2000; Grandpierre, 2009). 

Any living organism naturally aims not only for survival but also quality and duration of life as priorities. 

Therefore, it is necessary to move away from the physical thermal balance, which would be death in biology. Due 

to this fact, action represents a numerical unit that makes it possible to measure the essence of quality of life 

through the best possible use of life's most precious resources (time and energy), culminating in the principle of 

more action (Grandpierre, 2009). 

This better quality of life combined with the longest possible duration involves applying useful work that 

will oppose balance to allow as far and as long as possible. By this procedure, living organisms, through their 

autonomy, maximize their survival with quality of life by intelligently investing useful work to optimize energy 

and time (Grandpierre & Kafatos, 2012). 
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The connection of quantum mechanics and biology is definitely allowed by the action principle to enter 

the deepest level of physics, elevating biology to a quantitative science (Westerhoff et al., 2009; Grandpierre, 

2009). 

According to quantum mechanics, a particle does not define the best route without first exploring all 

possible trajectories (Moore, 2004). Similarly, a living organism by the principle of maximum action chooses the 

best route from as many paths as possible. Therefore, this is the relationship between the biological principle of 

action and quantum mechanics, which justifies the dimension remaining the same (energy × time) (Grandpierre 

& Kafatos, 2012). 

Thus, the principle of action provides an excellent way to analyze the energy efficiency involved in the 

intelligent decisions of biological systems. This allows new insights to understand why the route chosen is the 

most efficient, opening up a new area to apply sustainability by maximizing energy potentials while minimizing 

negative impacts (Rosen et al., 2009). 

In our geological age (Anthropocene) the direct influence of man in relation to climate change and 

environmental degradation is evident. The demand for our best and highest quality of life is making the quality 

of life of all living species on our planet unfeasible, to the point that many do not even have enough to survive. 

Thus, the fruit of the principle of human action is making the principle of action of other living organisms 

unfeasible (Johnson, 1992; Tomlinson et al., 2014; Owen-Smith, 2005). 

We are in a moment of transition from the conventional silicon chip (bits) to the quantum computer 

(qubits); binary limitation for all possible overlaps (Garfield, 2009). This scenario has long been realized by nature 

with almost 100% efficiency, such as photosynthesis (Ishizaki & Fleming, 2010; Lambert et al., 2013; 

Panitchayangkoon et al., 2010; Zhang et al., 2015). 

Quantum biology emerges to unravel mysteries still pending clarification, such as intelligent and 

anticipatory mutations by bacteria and fungi (Jabr, 2012; Garfield, 2013; Mayne et al., 2015). Thus, the defense 

and decisions of these microorganisms occur at a quantum level, which is why we are weak in fighting them in 

the macroscopic world. 

Quantum mechanical processes are reported in birds using geomagnetic navigation. And also, in enzymes, 

vision, smell, and neurons (Cha et al., 1989; Brookes, 2017; Fisher, 2015; Fleming et al., 2011; Lambert et al., 

2013). Thus, all the phenomena involved in maintaining and extending the life of an organism (metabolism, 

regeneration, growth, homeostasis, etc.) represent the mystery of cost function property (Grandpierre & Kafatos, 

2012; Lengauer, 2001; Rosen, 1986). 
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Practical application of action: PPFM spreadsheet 

The PPFM (Practical Program for Forces Modeling) spreadsheet is a user-friendly software that facilitates 

curve fitting without the need for a thorough knowledge of math (Fig 1). 

 

Figure 1. The PPFM (Practical Program for Forces Modeling) spreadsheet. 

 

The PPFM spreadsheet is based on Microsoft-Excel-Solver, which, being commonly used on most 

computers, facilitates the understanding and application of the necessary operations, since it has a simple 

interphase (Nemestóthy et al., 2018). In addition, the PPFM spreadsheet results, provided by the Excel editor and 

their graphs, are straightforward and easy to understand, making adjustments practical and clearly interpreted 

(Tjørve & Tjørve, 2010; Archontoulis & Miguez, 2015). 

The better characterized the life span of a living organism and its different phases, the better the action 

analysis will be (Baty & Delignette-Muller, 2004; Lambertini et al., 2010; Zwietering et al., 1990). In other words, 

the more precise the definition of the trajectory (curve), the more appropriate is the value obtained for the action, 
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which provides a powerful tool for condensing information about dynamic systems and their whole, and most 

importantly, which path was chosen in infinites possibilities to reach the endpoint (Grandpierre, 2008). 

This privilege is now offered by the spreadsheet PPFM, which unfolds the growth curve in its derivatives, 

with graphical and numerical visualization of the different phases of the path taken, culminating in the action 

energy-time dimension, which in short defines the history of a system, and not just a fixed moment of time, 

allowing to incorporate alternative units to characterize growth (height, length, mass, individuals, volume, 

density, etc.) and time (seconds, minutes, hours, days, years etc.), that is, biological autonomy (Grandpierre, 

2012). 

Solver is an Excel add-in that enables nonlinear optimization. The PPFM spreadsheet uses the Generalized 

Reduced Gradient (GRG) option to adjust growth models. For the solver to operate properly, it is essential to 

provide coherent and appropriate initial values to the parameters that define the model (Archontoulis & Miguez, 

2015; Kuhi et al., 2003; Strathe et al., 2010). The quality of this procedure is visually confirmed by the immediate 

graphical adjustment and observation of the residual analysis, predicting possible model fit violations (Strathe et 

al., 2010) (Figure 2), and to compare the performance of models in terms of goodness-of-fit indicator: residual 

standard deviation, adjusted coefficient of determination (Radj
2), proximity to the truth (Akaike information 

criterion / AIC) or probability of truth (Bayesian information criterion / BIC) (Wit et al , 2012). 

 

Figure 2. Residue analysis of a graph adjusted by the PPFM spreadsheet. 

 

For this, the PPFM tool uses the Excel solver supplement, which through iterative optimization processes, allows 

to find the most appropriate parameters that adjust the growth curve. This process is performed by multiple loops 

that are repeated until the best possible data accommodation is obtained, as it minimizes the sum of squares of 

the function (Figure 3). 
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Figure 3. The Excel solver add-in, which through iterative optimization processes, allows you to find the most 

appropriate parameters that adjust the growth curve. 

 

Sigmoid curves are often used to describe growth dynamics, and the most widely used models are: 

Richards, Gompertz, Logistic and Weibull (Birch, 1999; Zullinger et al., 1984; Hernandez-Llamas & Ratkowsky, 

2004; Beiki et al. , 2013; Panik, 2013; Yang et al., 1978; Tjørve & Tjørve, 2017; Kaplan & Gürcan, 2018). For a 

better understanding of this form of analysis it is possible to derive the curve to characterize velocity (1st 

derivative) and acceleration (2nd derivative) (Figure 4) (Buchanan & Cygnarowicz, 1990; Bentea et al., 2017; 

Lambertini et al., 2010; Shahin et al., 2013; Szparaga & Czerwińska, 2017; Szparaga & Kocira, 2018). Up to this 

point, we are still in classical biology that fits in very well with classical physics, defining the different phases of 

a curve when evaluating the force involved in growth (F = m.a). 
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Figure 4. Velocity (1st derivative) and acceleration (2nd derivative). 

The mechanistic model and its derivatives (1st speed; 2nd acceleration) should represent the growth 

process at the core of its mechanism (Eby et al., 2010; Tabatabai et al., 2005, 2013a; West et al., 2001). Therefore, 

among the candidate models to compose the PPFM spreadsheet, the function should be explicitly defined. Also, 

to allow for greater flexibility, the function should have a free inflection point (Cai et al., 2016; Vrána et al., 2019; 

Zeng & Wan, 2000), or even more inflection points (Ali et al., 2004; Bock et al., 1973; EL Lozy, 1978; Narushin 

& Takma, 2003; Shahin et al., 2013). To this end, alternative models are offered, allowing to capture the dynamics 

of growth, which involves its complexity and peculiarity (Figure 5) (Ahmadi & Mottaghitalab, 2007; Bebbington 

et al., 2009; Brown et al., 2007; Cao et al. 2019; Chattopadhyay et al., 2019; Di Crescenzo & Spina, 2016; El 

Lozy, 1978; Koops, 1986; Gottschalk & Dunn, 2005; Koya & Goshu, 2013; Kuhi et al., 2003; Ji & Fang, 2015 ; 

Moate et al., 2004; Tabatabai et al., 2005; Tjørve & Tjørve, 2010; Tsoularis & Wallace, 2002; Wan et al., 2000; 

Windarto et al., 2018). 

 

Figure 5. Mathematical models adopted by the PPFM spreadsheet for curve fitting, allowing to capture the 

dynamics of growth, which involves its complexity and peculiarity. 
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Lag time duration is of great importance, for example, in defining the warranty time of food products 

(Baranyi et al, 1993; Baranyi & Roberts, 1994, 1995; Broughall & Brown, 1984; Dalgaard, 1995; Gibson et al., 

1987, 1988; Jones & Walker, 1993; Koutsoumanis, 2001; Halmi et al., 2014; Legan et al., 2002; Lopez et al., 

2004; McClure et al., 1994ab; Membré et al., 1997; Taoukis et al., 1999; Teleken et al., 2011, 2018). The PPFM 

spreadsheet presents the point F0 as delay, being a new alternative to define the lag time end (Kyurkchiev & Iliev, 

2016; Swinnen et al., 2004), allowing to measure the duration of this phase accurately, among others (Figure 6). 

 

Figure 6. Unfolding of the phases of a growth curve, applying Newton's second law (F = m.a) to define the 

distinct phases that characterize a growth curve. 

 

The estimated values of each parameter should be based on the best visual quality of the graph (curve) 

that represents the model (Heinen, 1999; Marušić et al., 1994; Strathe et al., 2010). Thus, these initial values 

(guess) should be as coherent as possible to promote convergence and will allow successful solver adjustment by 

their successive iteration processes (Archontoulis & Miguez, 2015; Tsoularis & Wallace, 2002). More appropriate 

values can be obtained from previous studies (Narushin & Takma, 2003). 

The biological principle aims at an optimal output, which in turn is validated by the action, as measured 

by the PPFM spreadsheet that clarifies this new perspective of the application of the laws of physics in theoretical 
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biology for more longer life and quality (Greatest Happiness). The PPFM worksheet is offered as a tool for 

assessing useful work (action) against the respective invested lifetime of a living organism, which in turn 

characterizes its most efficient journey (Johnson, 2006; Grandpierre, 2008). 

Thus, what we have then is the PPFM spreadsheet that allows validating data with biological 

interpretation, compatible with the cost function (time invested x energy invested = action) (Grandpierre & 

Kafatos, 2012; Rosen, 1986) (Figure 7). 

 

Figure 7. The PPFM spreadsheet unleashes the essence of the growth curve, bringing out the fullness of the action 

principle. 
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In this movement for more life, psychology joins efforts to bring out the condition of desire to maximize 

existence as much as possible. In this, when measuring the action by the PPFM spreadsheet, there is also the 

measurement of stress (challenges during the history of life), peculiar to all living organisms, which certainly 

always harms the maximum output but does not prevent it being optimized (Johnson, 2006). 

The PPFM tool enables a broader understanding of the path chosen for a living organism to grow, allowing 

for a deeper, and especially, measurable assessment (Grandpierre & Kafatos, 2012). Thus, the spreadsheet offers 

a new insight into the interpretation of the time invested and the useful work applied at each moment of the life 

path of a living organism, in a compact, transparent and easy to handle, favored by graphical and numerical 

visualizations, with possibility manual or automatic changes. 

Here is a deeper understanding of the nature of the curve, not just a simple trajectory, but which from its 

inception represents phenomena (growth itself), laws (energy and time) and principles (doing everything possible 

to stay alive and flourish with quality). 

From this, the PPFM spreadsheet goes far beyond allowing only a simple curve fitting and its derivatives 

(velocity and acceleration), but enters and accommodates the laws of physics (F = ma and KE = m.v2/2), which 

allow us to evaluate the intelligence of living organisms in expressing the best energy and time investment, which 

is numerically represented by action (energy x time integral) (Figures 8 and 9). 

 

Figure 8. Use of the kinetic energy principle (KE = m.v2 / 2) to calculate useful work for growth. 
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Figure 9. The principle of action is history represented by a single value, simple, compact and elegant. 

Yes, it must be understood that what is desired is to complete the metamorphosis of the data (Egg), which 

at first requires adjusting the curve (Larva) after the derivatives (Pupa), to finally emerge at the height of the 

metamorphosis through action (Butterfly). This numeric metamorphosis presents intelligence in its decisions, 

necessary to traverse the life trajectory of a living organism, which requires optimizing the investment of its 

energy time (Johnson, 2006) (Figure 10). 

 
Figure 10. PPFM spreadsheet triggering the essence of the growth curve, that is, the best way to evaluate a model 

is to allow it to finalize its numeric metamorphosis until it reaches the action principle (energy × time). 
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This statement proposes a new model that encompasses phenomena, laws and principles, which allows a 

new perspective, by uniting physics, biology and psychology. Moreover, through the PPFM spreadsheet it is now 

possible to measure biology by the theories of physics (Grandpierre, 2011b). 

But by defining the useful energy applied to growth (KE = m.v2 / 2) and entering the action principle (J x 

s), the dimension becomes equivalent to the Planck’s constant (J x s) (Girtler, 2009ab). 

This strong and mysterious link allows us to relate quantum physics to quantum biology, not only for 

presenting the same dimension (energy x time), but for manifesting the same wise and intelligent behavioral 

optimization of the chosen path. Based on this new perspective, the proposal of the PPFM spreadsheet is to apply 

the principle of action in biology (Grandpierre, 2008). 

Well-known is the phrase that "all models are wrong ..." (Box, 1979). By analogy, if a pupa insists on 

continuing just as a cocoon, it is certainly wrong! The right thing is to come out of a butterfly. 

Likewise, the model must continue its journey (numeric metamorphosis) to bring out its full camouflaged 

potential on the curve. Only then can he approach the most correct one (Zee, 1999). 

What would be the route of this journey? The first few steps have already taken, and it was exactly 

extracting from the model its first derivative (velocity) and second derivative (acceleration) (Ali et al., 2004; 

Bentea et al., 2017; McFee et al., 2010; Tabatabai et al., 2005, 2013; Reed & Berkey, 1989; Rosen, 1986). But 

other steps were still needed: 

1- Apply Newton's second law (F = m.a) to define the distinct phases that characterize a growth curve; 

2- Use the principle of kinetic energy (KE = m.v2 / 2) to calculate useful work for growth. 

The caveat is that acceleration is the velocity of velocity (Zeide, 1993). Thus, speed becomes the major 

protagonist in both formulas. 

Based on the above, one can calculate the action that actually sums up the whole of growth. Thus, the best 

way to evaluate a model is to allow it to finalize its metamorphosis until it reaches the principle of action (energy 

× time) (Grandpierre, 2009). 

It is now possible to propose another maxim: A model is closer to the correct one, if and only if, it is 

finished with the action principle! 
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But in practical terms, how to extract the principle of action from a model to make its metamorphosis 

viable? This is exactly the proposal of the PPFM spreadsheet: a new strategy to bring the mathematical model 

closer to reality, describing the behavior of the biological process, by allowing a better interpretation of the data. 

In short, the numeric metamorphosis of the growth curve, since its adjustment, then by its derivatives and 

finally by unfolding its strength and energy, enables an accurate, useful and practical application. Such steps allow 

a better look at what was camouflaged in the growth curve, allowing the real knowledge of its route (Grandpierre 

& Kafatos, 2012). 

Therefore, the principle of action allows and reveals the growth behavior of a living organism, 

summarizing a whole story that accommodates various interactions of favorable and unfavorable factors that 

always arise in life's journey of being alive (Johnson, 2006). 

Thus, the integral energy × time (action) enables a better understanding of the forces that govern growth, 

and also, at each moment, to estimate the useful work applied to growth (Girtler, 2011). 

So, the action principle becomes an indispensable ally, allowing significant progress as a new modeling 

tool in curves evaluations, allowing a coherent and more complete, for improving and facilitating the biological 

interpretation of growth, with objectivity, simplicity and utility (Grandpierre, 2008). 

By following a body at every moment of time, and knowing the force that acts to change its speed, it 

becomes possible to determine its position at the next instant (Zee, 1999). Similarly, by knowing the force acting 

on alteration of the growth of a living organism allows its expansion to be determined from one moment to the 

next (Johnson, 2006). 

While Newton's point of view is in the body at every interval of time, action focuses on the view of the 

whole, that is, the principle of action is history represented by a single value, simple, compact and elegant (Zee, 

1999; Nagao & Nielsen, 2017). 

To know the history of a body it is necessary to know the time. What's more, knowing all the possible 

paths and shapes that were considered in your journey, but in the end, led to the definition of the timeliest route, 

promoting its displacement (Johnson, 2006). 

The principle of action is history summarized in a number representing the path and also the forms of 

walking (Zee, 1999). This value is computed as the sum of the kinetic energy of each instant of time, considered 

for the displacement of a body that allows the most advantageous history (Grandpierre & Kafatos, 2012). What 
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is striking is that all the principles of physics can be summed up in the extraordinary and compact principle of 

action (Zee, 1999; Nagao & Nielsen, 2017). 

The principle of action, by considering the whole view of a story, evaluates all possible routes and ways 

to accomplish this journey. Therefore, each story will be dependent on the circumstances and challenges 

encountered (Grandpierre, 2008). 

The action is equivalent to that formulated by Newton's proposals. Only the perspective is different. The 

action evaluates the whole and not just the part, the complete structure and not a specific moment. But it takes the 

sum of each moment to define the whole (Ogborn et al, 2006; Zee, 1999). 

The mystery of this story is that always the most advantageous one is the one chosen, giving an almost 

philosophical and almost theological connotation. This is the description of the growth path, which in an 

extraordinary and compact manner is summarized by the principle of action. Action is neither more nor less than 

Newton's laws more compactly (Zee, 1999). 

Such behavior in biology resembles the path of light in choosing the most efficient path to reach its 

destination. Interestingly, Fermat's principle (shortest possible time) is a special case of the action principle 

(Anderson & Hadi, 2019). 

 

Conclusion 

The principle of action considers not only all possible paths between two points, but also all possible ways 

of traversing it, which allows countless stories (paths + ways), but only the most advantageous story will be 

chosen.  

From this, the principle of action (time x energy) becomes the action signature ends with a number, which 

represents both the path and the chosen way to go through it, strategically maximizing all the resources of this 

path, making it possible to select the most advantageous story. 

Indeed, it can be said that a cocoon hides a butterfly within itself. Similarly, it is coherent to say that within 

a growth curve the principle of action is hidden. 

Therefore, only if there is a metamorphosis will it be possible in both cases to emerge the real essence. 

Thus, it is proposed through the PPFM spreadsheet to unleash the essence of the growth curve, bringing 

out the fullness of the action principle, by follow the numeric metamorphosis. 
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Appendix: examples of Curves Adjusted by PPFM spreadsheet 

 

“A FLEXIBLE MULTIVARIABLE MODEL FOR PHYTOPLANKTON GROWTH” 
https://www.aimspress.com/fileOther/PDF/MBE/1551-0018_2013_3_913.pdf 
https://apps.automeris.io/wpd/  

 

https://www.aimspress.com/fileOther/PDF/MBE/1551-0018_2013_3_913.pdf
https://apps.automeris.io/wpd/
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“A Daphnia population in the lab” 
https://www.lacesmagnetschool.org/ourpages/auto/2015/6/3/39944120/Ch53.pdf 
https://apps.automeris.io/wpd/  

 

https://www.lacesmagnetschool.org/ourpages/auto/2015/6/3/39944120/Ch53.pdf
https://apps.automeris.io/wpd/
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“Laboratory Development and Field Validation of Phormia regina (Diptera: Calliphoridae)” 
https://academic.oup.com/jme/article/50/2/252/852494 
https://apps.automeris.io/wpd/  

 

 

https://academic.oup.com/jme/article/50/2/252/852494
https://apps.automeris.io/wpd/
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