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DIFFERENCES BETWEEN MEASURING DURATIONS  
IN THE LABORATORY EXPERIMENTS AND TIME 

MEASUREMENTS IN THE LIFE-SCIENCES AND HUMANITIES

Elizabetha Levin 

Abstract: This paper develops three interconnected ideas about measurements of durations, of the calendar times 
and of the time in historical processes. It is shown that although we cannot predict ahead of time what exact novelties 
will arise in the noosphere, we are able to estimate a periodicity of the radical changes occurring in the cultural history.
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1. Introduction
In the past few decades there have been a 

number of discussions among physicists about the 
nature of time. T. Weissert suggested: "Perhaps we 
might consider abandoning time altogether and 
adopting some more complex conception that more 
accurately encompasses modern concepts" [1]. A. 
P. Levich thought that "in nonphysical sciences 
there is a growing necessity for clocks, not to 
be synchronized with some physical standards" 
[2]. M. Lachièze-Rey addressed scientists with 
an emotional plea: "Analyze the world with the 
well-defined notions of duration, causality, motion, 
evolution…but forget time!" [3]. Yet, according to 
R. M. Unger and L. Smolin, the opposite is true: 
while time is real, physicists have rejected its real-
ity because they are confusing an ideal mathemat-
ical model with the complex observed world [4].  

 The purpose of the present article is to create 
a bridge between these different points of view by 
discussing some practical aspects of time measure-
ments in laboratory environments and in daily life. 

Under controlled laboratory conditions time 
denotes duration. Each planned experiment has 
its specific starting point 

iT , and when a short-
term experiment runs continuously to its end, 
its duration Dt can be measured by a single type 
of referent devices (sand, mechanical or atomic 
clocks). According to reductionism approach, such 
duration became an over-simplified notion of the 
physical linear, one-dimensional and continuous 
time, associated with the real numbers. 

Outside of the laboratory environment, the 
picture is different. For example, let us consider 
a seemingly simple practical question: how often 
should we change the oil in our cars? Surpris-
ingly, manufacturers cannot specify the required 
interval as a single number or a date, expressed in 

time units. Instead they suggest keeping balance 
between age and mileage, changing the oil every 
5,000 miles or every six months, whichever comes 
first. Notice that "mile" is not a unit of "time" at 
all and a calendar month's length is varying from 
month to month.  

A mechanical vehicle is a less complex system 
than a living organism or human society, yet to 
keep its maintenance schedule we need to asso-
ciate "time" at least with two incommensurable 
and complementary aspects of the chronological 
history of a specific car.

Like vehicles, all natural systems are hierarchic. 
As a result, in the life-sciences and humanities 
measurements usually have multiple levels, which 
include nominal, ordinal, interval, and ratio scales. 
Life in its totality might be treated as a juxtaposi-
tion of various processes described by their specific 
temporal increments. To study them it is proposed 
to introduce "Time-codons" (TC) – an elaborated 
notion of the Generalized Time (GT) [5, 6].  In 
short, TC is a set of alphanumeric strings specify-
ing the types and sequences of processes or their 
phases taking place in a certain space-time domain. 
Regarding laboratory experiments, such TC may 
be reduced to scalars, such as Dt. Depending on 
the complexity of systems in the life-sciences and 
the number of their hierarchic levels, TC might be 
vectors, tensors or operators. As a measure of time  

iT  (such as a calendar date 10.00 a.m. 9 September 
2017) these TC cannot be reduced to real numbers.  

I further suggest that to become an effective tool 
for the studies in the life-sciences and humanities, 
such GT and TC should not remain abstract con-
cepts, but must reflect natural laws of the existing 
space-time processes. The Clock of the Phoenix 
[7] shows that when a set of the reference clocks 
is chosen correctly, TC model enables us to locate 
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events in a comprehensive meaningful space-time 
framework and to discover hidden order in seem-
ingly incommensurable perceptual data.

2. Controlled Laboratory Experiments
In physics the laboratory environment is ideal-

ized as an isolated system. Each controlled exper-
iment explores the regularities in a limited small 
subsystem of the larger universe during short and 
presumably stable periods of its history.  In a lab-
oratory we assume our ability to choose the initial 
and boundary conditions, the variables and their 
possible interconnections. We also assume that we 
can replicate the experiment any number of times 
observing the same regularities, which we call the 
fixed laws of nature. In this view the experiment 
becomes a kind of timeless event, which can be 
conducted with the same results at any initial tim-
ing 0it =  regardless of the historical starting time .  

Performing laboratory experiments in the 
isolated and unchanging domain of space-time 
presumes the existence there of the objects with 
unchanging properties and the processes controlled 
by fixed laws. In the laboratory there are no more 
doubts or initiatives, values or meanings; nothing 
matters any more, and only happenings are ob-
served. Everything is predetermined by a single 
changing parameter t and there is no place left to 
any acts of free will. This single algorithm becomes 
a kind of all-mighty Lord of this domain, and that 
kind of lordship is defined sometimes from the 
reductionism point of view as THE TIME. It is 
that merciless kind of time, which is referred to in 
Shakespeare's Sonnet 19:  "Devouring Time, blunt 
thou the lion's paws."

From the wider hierarchic approach, a labora-
tory domain forms a sort of sub-universe with the 
stipulated initial conditions. Duration Dt of any 
experiment is conditioned by the limits of such 
domain, and those boundary limits, in their turn, 
should be consistent with the time algorithms gov-
erning the laws outside the laboratory "bubble." In 
other words, iT , which is considered to become a 
zero-point of duration Dt in the laboratory world, 
should be consistent with the timeline constrains 
outside this bubble, allowing initiation of the 
controlled experiment at the given instant of the 
universal or cosmic time. 

In the classical physics it is assumed that the 
outside conditions remain stable during the exper-
iment or that their changes are extremely slow and 

therefore negligible. It presents the starting points 
of the laboratory experiments as unaffected by 
the human history. While such an approach might 
be (to a certain extent) legitimately applied to the 
controlled laboratory environment, it misleads 
us when we apply it to complex living systems 
with their inborn intrinsic dynamics and their 
unpredictable multiple relations to the rest of the 
world. Recently strong indications were found that 
outside the laboratories the larger timescales are of 
significant importance and that the assumption of 
immutability must be subjected to thorough empir-
ical investigation [8]. To quote R. M. Unger, new 
discoveries lead us to an unavoidable assumption 
that we should "recognize the historical character 
of the world" [4].  

The experimental science has in its basis the 
human factor. On one hand, the success of each 
experiment is conditioned by the skills of the ex-
perimenter, by the serviceability of equipment and 
by multiple unpredictable external circumstances. 
On the other hand, each laboratory experiment 
implies a vast number of coordinated historical 
preconditions, and its success is conditioned by 
the current scientific presumptions, technologies 
and organization facilities. In reality, the sciences, 
like the humanities, are connected with the Zeit-
geist. Consequently, while reductionism associates 
duration in a laboratory experiment with a single 
parameter, time in the life sciences should be asso-
ciated with the confluence of multiple parameters. 
The following section discusses an example of 
the hierarchic time modeling the multivariable 
processes.

3. An Example of the Vehicle-Driver 
Complex System
Measured by odometer and by calendar re-

spectively, mileage and age are two different 
indicators of vehicle's age.  On one hand, a car 
deteriorates even if it is stored in a garage. This 
intrinsic property of "ageing" might be associated 
with Prigogine's "age-time" and it depends on the 
date of car's production, parallel in humans to their 
birth time or Theta-factor ]5]. On the other hand, 
when a car is driven, its mechanical parts wear 
out faster, and its deterioration rate is caused pri-
marily by the mileage. While a car ages in relation 
to a calendar time, it is driven in relation to the 
timescales and/or free will of its owner. As far as 
the interconnections between these factors are not 
known or negligible, there exists no algorithm for 
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how to pass from "years of life" to "mileage life," 
and both measurements are essential for a proper 
maintenance.

In reality, age and mileage are not sufficient 
factors for the maintenance routine. The time in-
terval might be changed drastically due to different 
operating conditions, such as climate changes or 
quality of roads. In fact, the age/mileage recom-
mendations are "a rule of thumb" for the ideal 
operating conditions, and it is driver's duty to check 
the objective state of oil whenever it is demanded 
by the concrete circumstances.

To evaluate how much useful life a car has we 
need to combine the age and mileage factors into 
a single codification, known in mathematics as the 
fitness function. For example, it might be done 
by counting the number of oil changes. This new 
"all-inclusive time" replaces the age/mileage pair 
and comes in discrete clocked instants 1, 2, etc., 
implying that the higher the number of counts, the 
older the car is. From the hierarchic point of view, 
it is an emergent property which belongs to a high-
er-level of the "car-driver" system. Each new count 
of such a discrete time is marked by interrupting 
the previous continuous "flow of time" by setting 
zero reference points for both low-order clocks. 

Regardless of the previous history, each follow-
ing cycle repeats the same rules and age/ mileage 
logic. Nevertheless, this process is hardly can be 
seen as a purely cyclic one, because the initial 
conditions of the system will be different at the 
beginning of each new cycle. They will be shifted 
in relation to at least one of the lower-level times-
cales by a certain "leap in time," formed due to 
nullifying the residual value on that scale, where 
the threshold was not reached at the moment of 
the oil change. The history or the "Time" of the 
higher-level scale will treat the processes of the 
lower-level scales as dimensionless events and as 
a result will erase their particular histories.

Although a car-driver system is a complicated 
mix of spontaneous historical (ageing) and vo-
lition-controlled (mileage) processes, we might 
optimize its age evaluation by adopting a three-step 
procedure. First, we define which processes are 
of crucial importance in relation to the car’s wear 
and tear and introduce proper measuring devices 
("clocks") for each of them. When they supply 
necessary and sufficient information about the 
system dynamics, they become our time-codons.  
Second, we compare the current data of the TC 
with their maximal magnitudes specified by the 

manufacturer. Once any of the measured values 
reaches threshold, the oil is changed. Afterwards 
follows the third step when the count of oil-changes 
is increased by one, and all the other clocks read-
ings are readjusted to their zero points. 

Being an emergent property, change-oil count 
cannot disclose either age or mileage of the ve-
hicle, yet it does indicate the overall wear of the 
car. Although we know that this new "all inclusive 
time," obtained by counting of the oil-changes, 
does not flow continuously, it is represented by 
integers making an illusion of the unbroken time-
flow continuum.

4. The Clock of the Phoenix
We next come up to the scale of generational 

traits and consider which sets of referent clocks 
can be helpful for the historical processes in the 
humanities. First, as it was pointed by the esteemed 
physicist A Friedmann, such clocks should, at least 
in principle, exist in nature [9]. They also should be 
unchangeable and observable over a suitably large 
scale. Second, they should reflect a whimsical and 
seemingly lawless historical landscape. On one 
hand, they should stay in sync with the long-term 
cycles, corresponding to the periodic emergence 
of new paradigms in the history of sciences, arts 
and social orders; on the other hand, they should 
reflect the empiric observance that cultural devel-
opment is irregular and the rate of birth of creative 
individuals has its peaks of acceleration followed 
by long years of intermissions [10]. 

To interpret the distant times, contemporary 
chronology heavily relies on astronomical models 
of eclipses and on Metonic cycle – a period of about 
19 years, after which the lunar phases (defined by 
the angle between Sun and Moon) recur in the same 
order. This cycle has been used for constructing an 
accurate solar-lunar calendar, reflecting seasonal 
changes. Yet in respect to the slow rate of evolution 
in the noosphere, this cycle is too short. In addition, 
it does not reflect the peculiar dynamics of the high 
and low tides of cultural evolution.

The prominent medieval philosopher, astron-
omer and poet Abraham Ibn Ezra broadened this 
approach by constructing calendars based on con-
junctions between various celestial bodies [11].  He 
argued that in case of slow planets with the "noble 
ratio" between them, such calendars will result in a 
comprehensive picture of the human history.

In the Clock of the Phoenix model, Pluto's and 
Neptune's relative movements were chosen to 
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provide a basis for a cosmic clock, which belongs 
to the family of celestial clocks constituted by a 
web of relations among all the celestial bodies. 
The uniqueness of this resonance system consists 
in the fact that for every two orbits around the 
Sun completed by Pluto, Neptune completes three 
orbits. As a result the visible angle (the aspect) 
between these two planets, as it is observed from 
the Earth, is nullified periodically, once in about 
493 solar-lunar calendar years. I called this period 
between two consequent "planetary eclipses" the 
Year of the Phoenix. 

During the recorded history of the humankind 
there were 12 Years of the Phoenix. What is striking 
that the beginning of each of them was heralded 
by the birth of new paradigms [7]. More precisely, 
each time when the angle between Neptune and 
Pluto stayed within 10º– the so-called "Hour of the 
Phoenix" – people on Earth experienced a cultural 
crisis. Numbering of these pivotal periods (each of 
them lasts in our epoch about 15 years) creates an 
illusion of the continuous linear flow of the evo-
lutionary time.  Nevertheless, this is not the whole 
story, because, like in the case of the oil-changes, 
the Year of Phoenix is not an identically recurring 
cycle. Each individual Year of Phoenix is distin-
guished from the others by its initial conditions and 
by its intrinsic structure in relation to the sun-lunar 
dating. Let us discuss them in turn.

The current mega-cycle of Neptune-Pluto 
started with the first Hour of the Phoenix in Aries 
about 3500 BC. Next time both planets conjoined 
in the same sign, but their meeting point was shift-
ed approximately 5-6º further on. They proceeded 
the same manner until about 1071 BC. For the 
following 2500 years their series of conjunctions 
moved to the next sign. After roughly 29600 years 
they will conjoin again in Aries, but their meeting 
point will be shifted in relation to the previous 
mega-cycle. 

Speaking of an intrinsic structure, like in Meton-
ic cycle, we may divide the Year of the Phoenix into 
eight subsequent phases, from zero (the eclipse) to 
VII, by measuring visible angles between Neptune 
and Pluto. Fig. 1 illustrates these phases for the 
last Year of the Phoenix, which occurred between 
1398-1891 years AD. The continuous and dotted 
lines represent respectively Neptune's and Pluto's 
observed angles in respect to their meeting point on 
the ecliptic during the eclipse. The discrete points 
on the graph show the observed angle between 
Neptune and Pluto. Due to Pluto's elliptic orbit, 

this angle, which can be regarded as an emergent 
property of this system, is changing irregularly. 

Fig, 1. The  Structure of the Year of the Phoenix
 
From the historical point of view, it is shown 

that at different phases of the Year of the Phoenix 
human cultures develop in radically different ways. 
These differences are not arbitrary, but rather gov-
erned by certain regularities [5, 6, 7].  

Significantly, such a division of the Year of the 
Phoenix into eight uneven phases dependent on the 
initial conditions is consistent with a fundamental 
idea of complexity theory stating that the interac-
tion over time of even very simple phenomena can 
result in complex consequences. Similar patterns 
for emergent phenomena were, for example, de-
scribed in genetics by S. Kauffman in his theory 
of self-organization [12].

5. Time-Codons
The first step in discussing the differences be-

tween duration and time must be a clear definition 
of both of them; otherwise we may be discouraged 
from any time measurements by the philosopher 
T. Hobbes, who has acknowledged that "time has 
always been whatever anyone has wanted it to be." 

In the life-sciences different processes consti-
tuting life may belong to different hierarchic levels 
and be described by their specific and larger time 
scales characterized by different metrics. Conse-
quently, each event might be seen as the sum total 
of its relations to other events or processes and it 
should be treated as a part of its broader universe, 
all of the parts of which (independently of their  
spontaneous or volition character)  are in co-evo-
lution and causal communion with each other.  

Qualitatively, "generalized time" (GT) is a 
manner of marking the events or processes and a 
way of arranging, ordering or coordinating them.

Quantitatively, the GT of a complex system 
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can be presented by time-codons (TC): that is by 
alphanumerical strings of measured, calculated, 
evaluated or even ad hoc assessed relations be-
tween different sub-processes.

In practice TC are measured by counting tem-
poral marks related to the events or sub-processes 
of the complex system under study and/or by 
introducing fitness functions as the measurable 
distances (metrics) between them. Such TC might 
supply a set of necessary and sufficient algorithms 
describing how a restricted domain of nature under 
study is organized.

While duration in a laboratory experiment is 
usually a one-dimensional parameter, TC might 
be an n-dimensional construction, where n is a 
necessary and sufficient number of sub-processes, 
chosen to characterize the dynamics of a studied 
complex system.

In the real world there are multiple constrictions 
necessary to guarantee a possibility of co-evolution 
of different sub-processes and the laws govern-
ing them. Depending on the complexity of the 
subsystems in question and the number of their 
hierarchical levels,  the adequate set of referent 
clocks might not be seen as absolutely independent 
sub-processes, but as a part of the specific, albeit 
sometimes fairly loose, relational grid. Previously, 
I argued that the view of the united world demands 
from GT to behave as the algorithm of algorithms, 
or a mega-algorithm [5]. This approach echoes 
R. M. Unger's philosophical definition of the real 
time as the transformation of transformations [4].

To sum up, TC, structured on the basis of the 
growing demand of coordination between diverse 
processes with different rhythmicities, provides a 
new perspective of time complexity. I hope that 
the proposed set of definitions will help us to 
harmonize sciences with humanities and to apply 
scientific approach to everyday life. 

6. Conclusions
Complexity of the real phenomena demands 

developing broader models and definitions of time 
instead of the linear timeline assumed by radical 
reductionism. The core idea of the present work is 
that, although the time, as a governing algorithm 
behind complex processes, is real, its measure-
ments cannot be expressed in real numbers only.

Time in physical laws is a mathematical ab-
straction, which cannot be measured, because it 
is assumed ad hoc to be a parameter. In contrast 

to this, GT denoted by TC is a set of measurable 
quantities. 

According to the axioms of metrology, all meas-
urements are approximate and incomplete [13]. 
Consequently, as long as our world with its noo-
sphere stays creative, ever-changing and emerging 
complex system, GT will remain an approximate 
and incomplete description of the reality. Yet with 
the right measure of reductionism and an optimal 
set of the finite number of referent clocks, we may 
use TC to serve as an effective indicator of the 
dynamics in complex systems.

The new approach to time definition and meas-
urements is able to take us into subjects usually 
thought to be outside the realm of science. The 
results strongly imply that even though we cannot 
predict the details, we might discover the existence 
of the general laws that govern the overall features 
of the complex higher-level organized systems, 
such as human culture and social order.
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