






Flow of Energy from Life to Death: A Mathematical
Macrostatic Model

Suhrit Dey, Professor Emeritus
Department of Mathematics and Computer Science
Eastern Illinois University
Charleston, IL 61920

Abstract

In this article a mathematical macrostatic model has been developed to study the
pattern of flow of energy from the point where life begins to the point where it ends.
Here a living organism is represented by an open thermodynamic system. It has been
found that life begins with a very high level of potential energy in a seed form and
goes back to that level at the end. Such a seed may exist anywhere in the cosmos.
No aspect of psychology, philosophy or spirituality has been considered. It is purely a
mathematical article, and a preliminary work on this topic. Energy is considered like a
chemical. A living organism receives it, uses it and some of it dissipates naturally while
on the surface, its value remains a constant. However, why or how did this process
begin? That question remains unsolved.
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Introduction.

Attempts have been made for years to resolve two greatest mysteries of our reality,

namely life and death [1,2,3,4,5,6]. Science becomes philosophy and philosophy turns to-

ward religions to address the simple question: Where did we come from and at the end

where will we go? Or, when a four year old child asks a question: Who is the mother

of the first born child of the world? [7]. The Internet is swamped by many websites

[www.newrepublic.com/article, www.independent.co.uk, www.the guardian.com, etc.]

on this topic. In a very interesting article [Ref: The Guardian, April 26th, 2008], the au-

thor, Mr. Tim Radford wrote: “Life looks increasingly like a chemical experiment that took

over the laboratory. All living things turn to dust and ashes when they die, or, to put it

another way, to constituent atoms and molecules of hydrogen, oxygen, carbon, phosphorus

and so on.” At the beginning one cell replicates itself. It is almost an identical copy. Cell

requires no partner with an opposite sex. The cell is only about 10−6 meter. It is a pack of

condensed energy. For replication and body building, dissipation of this energy is conducted

systematically while cells collect energy from light, air, water and food. They exchange mass

and energy among themselves while maintaining a constant temperature as an aspect of the

principle of dynamic equilibrium (homeostasis). In a human body when the number of cells

reach about 100 trillion (1014), cells control replications. Cells die a natural death (apopto-

sis) which is controlled by the gene p53. Only dead cells are replaced by an almost identical

cell. Life becomes an energy factory bubbling with mechanical, electrical, chemical, biologi-

cal, thermal and possibly many more forms of energy. Orderly dissipation of energy goes on

defying the law of entropy, and maintaining the law of conservation of energy. “This process

is visible and transparent, everywhere on the planet, but is ultimately mysterious. It has

been going on for at least 3.5 billion years, but researchers may never satisfactorily explain

how it ever got started.” [Mr. Tim Radford]. Further, the author wrote: “By 1850, how-

ever, chemists, physicists, geologists and biologists—many of them deeply religious, and all

of them familiar with the religious tradition—had begun to take the problem seriously, and

concluded that complex life had in some sense evolved from simpler beginnings, exploiting

materials around it for its own survival.”
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In this article, this “simpler beginning” has been noticed—a frozen immensely pow-

erful wave of energy, resembling light—has been observed as a limiting microstatic point of

the macrostatic model. It seems like a “seed” floating in the cosmos. As Mr. Radford men-

tioned:” For at least 30 centuries, thinkers ascribed the beginning of life to an extraterrestrial

agency: they talked of the hand of God, the divine afflatus, the vital spark, or “seed” of life

traveling through the cosmos.”

This article is purely mathematical. There is no scope to talk about “the hand of

God.” However, from the very beginning the concept of creation has remained a mystery.

Physicists start with the Big Bang Theory. In order that any “bang” may take place, prior

to that, there must exist (i) space, where it could happen, (ii) a field of energy which will be

used and (iii) an operator who must do it. Quantum physicists and researchers on science

and philosophy of Consciousness [8,9,10,11] attempted to explain that it is Consciousness

which is prevalent everywhere and is the creator of all. However, this topic is not needed in

this work.

Death, the inevitable destiny of life, has been studied mostly from a macrostatic

point of view. Detailed scientific studies are yet to be recorded. During the dying process,

respiration becomes shallow. Lungs start rattling at random. From every organ of the body,

energy dissipation becomes rapid. Energy inflow stops rapidly. Nerves quit functioning.

Brain cells start dying due to lack of oxygen. Circulation and all communication systems are

being shut down. Resuscitation becomes impossible as body prepares to release that very

last unit of energy from the very last living cell at the end of the last breath.

Thus life, an energy factory, that started with one cell and grew up to 1014 cells, at

some point starts shrinking and at the time of death, is reduced to one cell again just before

the factory is shut down. Although this seems to be logical, it could be that at the end a

small group of cells will release all energy simultaneously.

From a materialistic point of view, if we look into life, we find that it is an open

thermodynamic system exchanging mass and energy continuously. However, its’ size is not

fixed like other physical open systems. It starts from one small cell, about the size of 10−6
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meter. Then grows having more and more cells, all participating to run the energy factory

in an orderly way, bringing energy in from light, air, water, food, etc., processing energy and

dissipating energy. However, at some point in time, the factory slows down. Less and less

energy is on display. The open system shrinks. Finally, it is shut down. This is our model.

All conclusions have been based upon what could be observed mathematically.

Psychologically, philosophically, and spiritually this model may be considered to be

quite naive. Life is much more meaningful than a factory for exchange of mass and energy. It

is controlled by psychology, guided by philosophy and profoundly influenced by spirituality.

In the future, effects of these significant factors may be figured out mathematically.

The Model.

Let An be a rectangular box representing all the thermodynamic properties of a living

body at a given time t = tn. An is an open system with variable dimensions L1, L2, and L3.

Thus at a pre-cellular form, L1 → 0, L2 → 0, and L3 → 0 from a macrostatic observation of

An. An exchanges mass and energy both externally and internally. However, the temperature

on its surface remains constant. Thus, it may be assumed that energy remains a constant

on the surface.

If E = the energy of the system, according to thermodynamics, ∆E = Q−W , where

∆E is the change in the energy of An, Q = heat added to the system and W = work done

by the system. Thus Q represents inflow of energy and W = outflow of energy. Thus,
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mathematically a simple definition of life is

∆E 6= 0 (1)

implying that the condition for death is, iff Q = 0, W = 0 giving

∆E = 0 (2)

Let us assume that life appears at t = 0 and ends at t = tN . We are interested to

look into (i) flow of energy from 0 ≤ t ≤ tN

(ii) expressions of energy just before the beginning of life and just after the end.

The Equation of the Flow of Energy.

By applying the 1st law of thermodynamics, the rate of change of E on An is given

by
∂

∂t

∫∫
An

∫
EdV =

∫∫
An

∫
f(E)dV −

∫∫
An

∫
g(E)dV −

∫∫
Sn

~J · ~n dS (3)

where,
f(E) = rate of energy inflow in An at tn.
g(E) = rate of energy outflow from An at tn.

~J = outward flux at the boundary at t = tn

Sn = the boundary of An.

At the time of death, each term on the right side of (3) will be zero, giving∫∫
A

∫
E dV = a constant, independent of t (4)

This implies that all cellular activities will stop. All display of kinetic energy will be over and

the body will be stilled, although, some energy, which must be potential energy, is inactive

and present.
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Let us assume that at each t = tn, f(E) and g(E) may be linearized and Fick’s law

of dissipation is applicable to E. Then,

f(E) = anE (5a)

g(E) = bnE (5b)

and ∫∫
Sn

~J · ~n dS = −νn
∫∫
An

∫
∇2E dV (5c)

Substituting (5a), (5b) and (5c) in (3) we get:

∂

∂t

∫∫
An

∫
E dV =

∫∫
An

∫ (
anE − bnE + νn∇2E

)
dV (6)

Siince this is valid at each point of An,

∂E

∂t
= anE − bnE + νn∇2E (7)

This is the energy equation from a macrostatic point of view.

Since E is assumed to be a constant on the boundary, if C is its value, then

E(0, y, z, t) = E(L1, y, z, t) = E(x, 0, z, t) = E(x, L2, z, t) = E(x, y, 0, t) = E(x, y, L3, t) = C

(8)

However, the initial condition is not known. If,

E(x, y, z, 0) = f(x, y, z) (9)

we assume that f(x, y, z) is integrable over 0 ≤ x ≤ L1; 0 ≤ y ≤ L2; 0 ≤ z ≤ L3. At the

cellular level, L1, L2, L3 are of the order 10−6 meter.

Energy display revealing life is given by the condition

an > 0; bn > 0; νn > 0 (10)

for n < N . Death reveals

an = bn = νn = 0, n ≥ N (11)
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The general solution of (7) maybe be obtained by applying the principle of separation of

variables as follows:

E(x, y, z, t) = T (t) ·X(x) · Y (y) · Z(z) (12)

Substituting (12) in (7) we get:

1

νn

(
T ′

T
− an + bn

)
= (X ′′/X + Y ′′/Y + Z ′′/Z) (13)

The left side of (13) is a function of time and the right side is a function of space. So in

order that they are equal, both must be equal to a constant which may be denoted by −λ.

This is an eigenvalue problem. Solution is well known, which is

E(x, y, z, t) =
∞∑
p=1

∞∑
q=1

∞∑
r=1

Spqr · exp(αpqr · t) + C (14)

where

Spqr = Bpqr sin

(
πpx

L1

)
· sin

(
πqy

L2

)
· sin

(
πrz

L3

)
αpqr =

(
an − bn − νnλpqr

)
λpqr = π2

(
p2/L2

1 + q2/L2
2 + r2/L2

3

)
(15a)

(15b)

(15c)

0 ≤ x ≤ L1, 0 ≤ y ≤ L2, 0 ≤ z ≤ L3

and Bpqr are the Fourier coefficients. At all the corners of An Spqr is zero.

If K(x, y, z, t) denotes the kinetic energy of the system

K(x, y, z, t) =
∞∑
p=1

∞∑
q=1

∞∑
r=1

Spqr exp(αpqr t) (16)

This is a Fourier sine series, representing three dimensional waves with variable amplitudes

given by

A(x, y, z, t) =
∣∣Bpqr

∣∣eαpqrt (17)



Flow of Energy 8

Using the initial condition (9), the Fourier coefficients, Bpqr are given by

Bpqr = 8βpqr/(L1 L2 L3) (18)

where

βpqr =

L1∫
0

L2∫
0

L3∫
0

f(x, y, z) sin

(
πpx

L1

)
sin

(
πqy

L2

)
sin

(
πrz

L3

)
dx dy dz (19)

From (14), at t = 0,
E(x, y, z, 0) = f(x, y, z)

=
∞∑
p=1

∞∑
q=1

∞∑
r=1

Spqr + C
(20)

This is a three dimensional wave which is frozen in time. This may be called the “seed-

energy” or simply the “seed.” At this state, the dimensions of the seed given by L1, L2, L3

at t = 0, are incredibly small. This means the eigenvalues given by the λpqr are extremely

large, which means the wave lengths 2L1/p, 2L2/q are 2L3/r are extremely small and the

frequencies along x, y and z axes are extremely large.

Life appears in a cell with almost the power of light.

At the time of death, t = tN and applying the conditions (11) on equation (14)

E(x, y, z, tN) =
∞∑
p=1

∞∑
q=1

∞∑
r=1

Spqr + C (21)

The equations (20) and (21) are exactly the same. Thus at the time of death, when life

leaves and the very last breath was breathed, it leaves in the same form as it arrived.

From equation (17) the initial amplitude at the time of the arrival of life is Bpqr given

by (18). Larger amplitude (or smaller frequency) is the expression of a stronger display of

kinetic energy which means that life is strongly energetic.

As cells start replicating, the open system An gets larger. Normal cells replicate in

a very orderly process. During the developmental state of the body, one cell becomes 2; 2

becomes 4; 4 becomes 8; 8 becomes 16; 16 comes 32 etc. Thus the number of cells at some
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t = tn is 2n. If at t = tn, An is at a developmental state, it has 2n number of cells and is

still growing. When the body reaches adulthood, it has about 1014 cells. At that point, only

when a cell dies (apoptosis), it is replaced by a similar daughter cell and slowly but steadily,

body loses its energy level. We often say “I am on the other side of the hill.”

A wave loses its energy, when amplitude gets smaller and wave lengths get larger.

From (17), the amplitude of the seed f(x, y, z) is given by

A(x, y, z, 0) =
∣∣Bpqr

∣∣ (22)

From (18)

0 ≤
∣∣Bpqr

∣∣ =
8

L1L2L3

∣∣βpqr ∣∣ (23)

From (19) ∣∣βpqr∣∣ ≤ ∣∣f(x, y, z)
∣∣
max on AN

· Ipqr (24)

where

Ipqr =

L1∫
0

L2∫
0

L3∫
0

sin

(
πpx

L1

)
sin

(
πqy

L2

)
sin

(
πrz

L3

)
dx dy dz

=
L1L2L3

π3pqr
· (1− cos πp)(1− cosπq)(1− cos πr)

(25)

Let us consider only one wave following the line x = y = z. Then from (25)

I111 =
L1L2L3

π3
· 23, I222 = 0

I333 =
L1L2L3

π333
· 23, I444 = 0

I555 =
L1L2L3

π353
· 23, I666 = 0 etc.

(26)

From (23), (24), (25), and (26)

0 ≤
∣∣B111

∣∣ ≤ 64
π3 |f(x, y, z)|max

0 ≤
∣∣B333

∣∣ ≤ 64
33π3 |f(x, y, z)|max

0 ≤
∣∣B555

∣∣ ≤ 64
53π3 |f(x, y, z)|max etc.

(27)
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Bpqr is zero if any one of the subscripts is even. Thus at the very seed state, the energy

wave of life is dissipative by nature. When life appears this potential energy is transformed

into kinetic energy and as may be noticed in (17) the term exp(αpqrt) could increase or

decrease the amplitudes of the wave of the seed, depending upon the values of αpqr. The

longevity of life is dominated by both
∣∣f(x, y, z)

∣∣
max

and αpqr.

Discussions

The statements, “dissipation of energy” and “inflow of energy” require some expla-

nation.

Let U be a universe having J number of open thermodynamic systems Aj(j =

1, 2, . . . J) as its elements. Then

U =
J⋃
j=1

Aj (28)

Let K = the kinetic energy of U and Kj = the kinetic energy of Aj. If m(Kj) = the measure

of Kj, then applying the property of measure of a set,

m(K) ≤
J∑
j=1

m(Kj) (29)

If we assume all Aj’s dying at the same time, which is certainly a possibility, then

lim
t→tN

m(Kj) = 0 ∀j (30)

giving

lim
t→tN

m(K) = 0 (31)

Since energy cannot die, all Kj has to be converted into one of the following: (i) seed

formation, (ii) seed germination, (iii) inflow of energy for another thermodynamic system

or (iv) it may simply be absorbed by C. But regardless what happens to Kj at the end all

must happen in the presence of C.

Since mathematically trillions and trillions of subsystems like Aj may exist and may

die at the same time, C must be infinitely finite. It is a vast reservoir of potential energy.
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Since it is present in every element, it must be omnipresent. It is also omnipotent. Also it

appears that seeds of life are scattered everywhere in C.

Life seems like the game of energy and is being continuously played on C, while C

remains unchanged as a silent observer. Seeds germinate. Energy flows inside An from the

reservoir. Display of kinetic energy ensues. The seed germinates. Brings its own energy

from external sources (which are in C) and uses it and grows. However at the end goes back

to the seed and stays one with C.

This resembles a doublet wherefrom life comes out and wherein life goes back, all

happening in the cosmos. Such a cosmic doublet has been discussed in a much larger scale

in the reference [8].

Is C the Cosmic Consciousness existing within and without all as an eternal silent

observer? This is certainly an interesting question. However this topic is beyond the scope

of this article.

From equation (16) it is clear that the kinetic energy consists of a time-dependent

part exp(αpqrt) and a time independent part Spqr which exists in the seed given by (21). A

natural question is: At the time of death, can this seed also die? We have discussed that

during the dying process, as t → tN , an → 0, bn → 0 and νn → 0 giving exp(αpqrt) → 1. If

instead, life survives for a long time, can exp(αpqrt)→ 0 as t→∞. (If this happens, the seed

will also die during the process of death.) In order for this to happen αpqr must be negative

for a great length of time, or in other words, outflow of energy must exceed the inflow of

energy for a great length of time, which is neither possible physically nor biologically. Thus

the seed energy will remain intact at the time of death.

Conclusion.

This is a preliminary work. The topic is too deep and too vast to be fully covered

in any mathematical model. Life is much more than a thermodynamic model. It has a

mind and a soul [11]. Soul or Consciousness is hard to define. Quantum physical studies on
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Consciousness by Penrose [14] have been challenged logically by Grush and Churchland [15]

describing it as “implausible.” Vedantic view is [8] that it is transcendental, the Absolute,

the omnipotent, the omnipresent, and the omniscient. It has been proved mathematically

that this state can be reached through meditation which has been supported by [10,16].

However for our present work these are not required. So, mathematically from the point of

view of this article, C remains undetermined.

All our works have been done in the Newtonian macrostatic frame and some of the

results may be validated. The celebrated astrophysicist, Bernard Haisch stated, “The elec-

tromagnetic quantum vacuum is a form of light. It is an underlying sea of energy that

permeates every tiny volume of space from the emptiest intergalactic void to the depths of

the earth, the sun, or our own bodies. In this sense the world of matter is like the visible

foam on top of a very deep ocean of light.”

This matches perfectly with our results and our discussions on C, the all-pervading

silent sea of potential energy and within it life appears rather mysteriously like a “foam”

and then breaks down and merges with the sea.

We have further proved that if E(An) is the energy content of An at t = tn, then in

general,

E(An−1) > E(An) ∀n (32)

except from time to time it may be violated due to the presence of the perturbation parameter

exp(αpqr · t).

Under normal physical condition, this inequality (32) implies that the energy level of

a child is higher than that of an adult. This is an observable phenomenon.

According to thermodynamics, energy is dissipative. Our model meticulously follows

that principle. Thus the Newtonian system is quite meaningful for our project.

Yet mysteries regarding life still remain just the same as they were thousands of

years ago and become very vividly prominent when a four year old child asks her grandma
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innocently: “Who is the mother of the first born child of the world? Who gave this baby

breast milk to drink, changed diapers, gave a bed and a blanket?” Or when we all ask: “Why

did this game begin in the first place? What was the purpose?”

In this regard, mathematics gets lost. Science becomes lame. Philosophy becomes

lavish. Only spirituality lights up its luminous lamp.
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