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Abstract
Various understandings and definitions of time will be reviewed.  The nature and structure of time will be reviewed and the concepts of time and passage of time will be refreshed. The fundamental role played by energy and four natural forces in the actions, reactions and interactions concerning matter, anti-matter, energy, and energy-transformations through matter/antimatter in space and time will be critically analyzed.

The reality how time is constructed during the construction of materials will be presented and discussed. The classical and quantum ideas in this regard will be comprehensively studied. How these ideas will give us a fresh insight about the nature, structure and role of time in the construction of materials through natural scientific and manmade processes will be highlighted. The relations among matter, anti-matter, energy and time will be freshly stated.

The milli-, micro-, nano-, pico-, femto-, atto-times and micro-, nano-, pico-spaces will be qualitatively analyzed considering physical, inorganic, organic and biomaterials. The construction of all intervals of time will be understood through the construction of materials.

The physics of timelessness in relation to construction of materials also will be put forward.
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Introduction:

    “ Our present picture of physical reality, particularly in relation to the nature of time, is due for a grand shake-up—even greater, perhaps, than that which has already been provided by present-day relativity and quantum mechanics” 1. This article is written in this spirit to give a fresh insight of time, its passage and consciousness by critically studying the mathematical constructions of time and the evolution of relativity concept. Time is considered as one of the fundamental quantities in physics. Second, which is the duration of 9,192,631,770 cesium-133 atomic oscillations, is the unit. We generally believe that we know what time is.  But our understanding of time is not unique 1-9.    
Evolution of concept of time:
    Time has many forms, structures, natures and has been viewed, defined and understood variedly 2-9. Ancient Indian thinking contributed to the concept of time. The essence of ancient Indian thought on time appears to be the identification of three major characteristics of processes i.e., the beginning, the ongoing and the end.  Ancient Indians stated that time passes in a cyclic way 6.
    Ancient Chinese felt that time is discontinuous.  It is with the Greek philosophers, the different and mutually contradicting views about time started flourishing.  Plato is the first to distinguish time as it is in itself from our awareness of time and from events in Time.   He regarded Time as being actually produced by the revolutions of the celestial sphere.  Zeno related Time to motion.  Pythagoras tended to identify the chronological with the logical.   Aristotle, possibly influenced by Pythagoras felt Time as counting of motion in respect of before and after.  He regarded Time and motion as reciprocal.  He concluded that Time does not exist without motion.  Thus for Aristotle, Time is a numerable aspect of motion.  Plotinus objects to this aspect of Time when he says “motion time cannot be, since motion takes place in time”.  For Heraclites time signifies the period   of world from its function to its destruction and rebirth.  
   Galileo has represented time as a geometrical straight line.  Barrow said that time is the continuance of anything in itself in its own being.  Newton felt that an “absolute time” exists, whose equable flow is independent.  Thus he says “Absolute, true and mathematical Time of itself and from its own nature flows equably, without relation to anything external.  Leibniz felt the order of successive existents as time.  Kant perceived time as an aspect of our experience and denied it an existence in external reality.  Einstein criticized the classical concept of universal simultaneity.  He provided the term relative time. Human experience and observation sense two existences of time. They are physical existence and psychological existence 6.  Modern physicists like Stephen Hawking talk about real and imaginary times and also about the shape of time 3,5,9.
Physical existence of time: 

     Natural sciences such as physics, chemistry and biology understand physical existence of time variedly (Table I to IX). Movement, change and becoming as given by Zwart 2 are three classifications of physical time.  These may be understood by observing physical, chemical and biological processes as follows.
Physical Time: 
     Energy is time. Energy transformation through matter or otherwise is passage of time 6.  Energy presence can be potential form of matter, charge or energy. Energy transformation can be continuous or discrete and discontinuous. Dual nature of energy and matter give rise to two associated and simultaneous motions relating to wave motion because of associated wave-nature and translational or other kind of motion of and due to particle nature 6, 7.
Time in theoretical physics: The physical theory of time: 
i) Movement:   Matter and energy are engaged in all natural, man-made or man-initiated processes. Matter can exist as solid, liquid, gas (vapor) or plasma (ionic form of matter) at a given time and space. Energy can exist in many forms. Matter and energy can be in i) a state of rest or ii) in a state of motion. Aristotle   opined Time as counting of and reciprocal to motion. Motion associated with matter can be translation, rotation and vibration and periodic or non-periodic. Plato opined Time to be generated by cosmological movements1. Thus movement has been construed to be Time and also the cause of Time. Time associated with movement, gives direction to time and sustains it as vector time.  The same becomes scalar time when counting of that duration of movement is done. Position changes with velocity. But velocity need not change with position. (Ex; uniform or constant velocity)  
Time of thermodynamics, chemistry, biology and evolutionary biology: Physicochemical, chemical and biological times: 
    Time is generally defined considering physics and cosmology only 3, 5. But time occurs and plays a role in the same sense in chemical, biological and other natural sciences also 4, 6.
ii) Change: The phase or state of matter is changed by energy and the form of energy is changed through matter 6. Thus transformation of phase or state of matter or form of energy takes place with mutual influence.  Natural or non-natural processes involve transformation of both matter and energy bringing out changes within or without of matter. Heat energy changes ice (solid) into water (liquid).  This is the macroscopic change of phase of matter which reflects the microscopic change of phase of matter – atomic or molecular changes within the matter. Changes in the nucleus of an element also take place at the respective Energy and Time scales giving rise to nuclear changes of matter.
    The atomic and nuclear changes take place involving rest and change of place (movement) of electrons, atoms and molecules in atomic and molecular spaces relating to respective micro-energy and Time-Scales Human sense organs cannot sense all the magnitudes of these micro-energy changes and Time-durations which take place in micro (10-6 sec), nano- (10-9 sec), pico- (10-12 sec), femto (10-15 sec) times in micro- and nano- spaces (nm,  10-9 m). Only specific sophisticated instruments alone can sense, monitor and gauge these micro – energy changes happening in micro (10-6 sec), nano- (10-9 sec), pico- (10-12 sec), femto (10-15 sec) and atto (10-18) times. Time associated with change and course of change gives direction to time and sustains it as vector time.  The same becomes scalar time when counting of that duration of change is done.
     Thus all physical, chemical changes are constructed as Time with varied durations and intervals (See Tables VI, VII, VIII and IX).
iii) Becoming: Biology is the natural science dealing with living systems. We will be aware of physical changes of an organism – the result of physicochemical changes within - as growth or decay. A plant becomes a tree. A girl becomes youthful. These two becomings are growth of organisms. Tree becomes dead wood. Youthful woman becomes an old woman. These two becomings are decay or degeneration of the organisms. The psychological process of a human being becoming angry and being peaceful after the anger subsides are also biological processes involving changes in and changes of psychic energy. Human knowing, learning, thoughts, perceptions, understandings and experiences are other mental processes which are becomings in psychic energy 7. 
Evolution of universe; chemical evolution; molecular and macromolecular evolution, evolution of proto-cells, cells, tissues, organs and organisms, evolution of consciousness, all come under physical, physicochemical, chemical and biological times.

Thus all physical, chemical, biological matter has phases of origin, being/becoming and dissolution (cessation) which are becomings associated with matter and energy. Thus becoming has also been construed to be and constructed as time. Change and becoming are constructed as scalar time; 
Change in entropy taking place during change or becoming in chemical and biological processes gives direction to   time. Thus time associated with change and becoming gives direction to time and sustains it as vector time. The same becomes scalar time when counting of that duration of change or becoming is done. 

The above three insights of time as time essentially concern changes. Thus changes of phase or place of matter or change of form of energy can be construed as time. External monitoring of duration of these changes are measurements of time and passage of time. All these measurements concern physical time. Thus physical time consists of changes and measurement of duration of such changes. Simply, change is time 6.

The missing of time: 

  A period is absent in the absence of a process.  Duration is absent in the absence of a period.  ‘Time’ is absent in the absence of duration.  Thus time is missing in the absence of a process, natural or non-natural.  And it is timelessness. Time is dependent on a natural or non-natural process for its being.  It has no independent existence from the process or event or happening- physical, chemical, biological, psychological, cosmological, social, political, or likewise 6. Such a physical existence as flow and period of a happening is the physical time. Thus the being and becoming of matter/anti-matter and energy is physical time. The absence of such happening is the missing or absence of time. 
Qualitative time (Vector or Implicit Time): 
     Time is thus an implicit physical quantity like mass only in the sense that it is constructed by respective natural forces, phases of matter, forms of energy and interactions among them during the course of the process which is reflected in the entropy change. Time is also an inherent physical quantity like velocity, force, energy etc., only when the duration and course of the process are constructed by above mentioned physical quantities. 
Time differs in quality when constructed (Tables VII to IX) in different processes-physical, chemical, biological and cosmic. Quality of qualitative time depends on nature of phase of matter and natural forces constructing the duration and the nature of energy-forms involved and their range. The durations are constructed differently for different processes-physical, chemical, biological, cosmological, psychological etc., Qualitative time is constructed by the respective process guided by respective natural forces and never pre-exists the process. Thus time is caused by the processes and follows the course of processes forming its locus and is solely determined by the natural forces that cause the course of the process. The direction of the course of the process is the direction of time and its passage

Quantitative time (Scalar or Explicit Time):

     Quantitative time is external measurement of or count of, elapse of durations of qualitative time created by natural forces involved.  Quantitative time never influences the duration or course or otherwise of the processes. 
Momentum and Position:

    Momentum and velocity can be simultaneously precisely measured for macroscopic bodies because of their large masses and sizes and also “less” velocity associated with them when they are in motion. In addition the energy transformation associated with such processes is continuous.

    Momentum and position of a fundamental particle cannot be simultaneously precisely measured (uncertainty principle) because of the tiny size and small mass but normal values of charge and large magnitudes of velocities attained or proximity in nano- spaces for the exchange of charges associated with ionic phase of matter.  Mass plays dominant role in macroscopic world. Charge and velocity associated with the ions/particles play dominant role in micro- and nano-scopic world. We cannot conduct an experiment in reality where ‘a photon’ strikes ‘an electron’. Such an experiment is only a thought-experiment. Existence and consciousness of time and passage of time are of three kinds (Table VIII): Annihilation of time is termination of a process or eternal happening; instantaneous happening or absence of happening.

    Duration of time of happening of a process or course of a process changes with energy transformation, energy absorption or energy emission or energy transfer (velocity change, frequency of rotation or vibration etc.,), but energy transformation etc., will not change with change of time in a clock. Actually energy transformation etc., create passage of time and time interval. Division of passage of time as past, present or future is only human concern and is the result of human time-consciousness, memory and imagination or expectation. Shape of a wave is locus of mass or particle in motion.
 Time is created and constructed by physical, chemical, biological, psychological or cosmological processes or changes. Time originates with start of the process, evolves as duration entwined to the course of the process and gets terminated with the completion of the process. Durations of all phenomena (scientific etc.,) are correlation of these constructed times as durations with a uniform process going on in a clock or time-measuring device or calendar. This correlation by human mind is time-measurement and time-sense. When this correlation is done as hours, days, years etc., with an egoistic mind time-sense is created within and time-conscious mental world is created within of a human-being. Two differentiations/integrations take place at the same time and energy is expended to cover the distance/ displacement/ angular displacement/ amplitude of vibration

Loci of physical time passage:
Figure I displays various propositions on the locus (Path) of time while ‘flowing’. Ancient Indians proposed cyclic path. We all modern people are following the idea of Galileo that path of time flow is a straight line, i.e., linear passage of time.
Important physical quantities associated or connected with the physical quantity time:

   Time is constructed and manifested in different ways in the natural sciences. Velocity ( v, m/s); acceleration (a, m/s2 ); ; force ( N, kg. m/s2 ); Watt (W, power, heat-flow rate, J/s); frequency (Hz, 1/s); becquerel ( Bq, 1/s); catalytic activity (kat, mol/s); inductance ( H, Wb/A); magnetic flux density (T, Wb/m2); Weber (Wb, magnetic flux, V.s); volt (potential/electromotive force, W/A); coulomb (C, Electric charge, A.s); action ( J.s) are important structures and manifestations of physical time. See also Table I to IX and Figure I. Catalytic activity (mol/s) is a time flowing-reflecting phenomenon in physical, chemical, physicochemical and biological processes and plays an important role in facilitating their taking place.
    Physics deals with macroscopic, microscopic and cosmic worlds. Chemistry deals with microscopic world. Biology deals with microscopic world and also macroscopic world (ageing, evolution etc.,). Biology is the study of living systems and it consists of following branches:

Botany: Study of plants; zoology: Study of animals: Genetics: Study of inheritance;

Microbiology: Study of virology (viruses), bacteriology (bacteria) and Mycology (fungi); Biochemistry and Molecular Biology: Study of molecules; Cell Biology: Study of cells; Histology: Study of tissues; Physiology: Study of gross function; Anatomy: Study of gross structure. All these branches study the origin, structure, sustenance, function, malfunction and death of biological matter as and in life systems (Table I to IX).
      Time-periods are macroscopic or microscopic depending on the size and nature of matter and energies. Macroscopic bodies create times of macroscopic durations. Normally gravitational forces are responsible for changes concerning macroscopic bodies. Microscopic bodies like charges, fundamental particles, photons and ions crate times of microscopic durations. Electromagnetic, strong and weak nuclear forces take care of changes to and changes in microscopic bodies. Biological changes come under physicochemical processes when chemical changes within them are observed. Humans, other vertebrates, mammals, animals, insects, etc., when are in motion, gravitational forces control their movements. Thus all intervals of time are associated with bio-systems including nano-times.

     The quantum mechanical approach, though is successful in describing the motions of fundamental particles and photons, it will be of no use while dealing with the physicochemical changes associated with various types of biological matter in living systems.
    Sizes, types and phases of matter, changes, time-periods, energies and energy transitions associated with different nano- and biological materials and methods used to monitor various biological phenomena are not the same (See Tables IV A and B to IX A, B, C and D). Not only different physical techniques are necessary to monitor various changes in bio-systems but also the energies to probe the various aspects of bio-processes are not the same (see also Figure II).

     Also the time periods of various bio-transformations are varied over a wide range [atomic transition (10-15 sec) to generation of bacteria 103 sec]. The primary vision is of the order of 10-12 sec, the hinge motion in proteins is of the order of 10-9 sec, the unwinding of DNA helix is of the order of 10-6 sec, enzyme-catalyzed reaction is of the order of 10-3 sec and the synthesis of protein happens in around tens or hundreds of seconds.

     Time measurement is a correlation of courses of two parallel unconnected processes, the monitored and the monitoring. The course of the first is solely guided by natural forces and of the other is the manifestation of transformation of energy from one form to another in a time- measuring device. Continuous presence of energy or matter or continuous/discrete transformation of energy-form or phase of matter is the manifestation of physical time. The machines developed by us can ‘experience’, monitor and gauze the durations of happenings whose magnitude is in tiny fractions of a second.  The derived nature of time informs that passage of time is the course of an ongoing process – physical, chemical, physicochemical, biological, astronomical or cosmological.

     Time has no independent existence or shape from process-physical, chemical, biological or the like6. Time and passage of time also have no independent existence from human consciousness. Biological clocks in living systems are the result of rhythmic physical or chemical or physicochemical actions, interactions in the system and reactions of the organism to the environment and atmosphere on the planet where they have evolved.

     Time has no direction of its own. The course of the physical, chemical, physicochemical or biological or cosmic process under consideration is the direction of time because time is the consequence of processes and not the cause of processes.  Time has no beginning or end and only processes are having beginning or end6. Physical present is same everywhere in the universe and only its observation and counting are at different instants.
     In view of these observations, time as envisaged in bio-systems and existing as different changes and becoming in various bio-processes is varied. A listing and consolidation of the widely varying and sometimes mutually contradicting views and concepts of time available, as applied to bio-transformations is attempted in this presentation.  Also our psychological sense, awareness and experience of time and its passage also form and are part of time of bio-systems (we human-beings also are bio-systems and our time-consciousness, sense and feeling of time passage etc., are biochemical energy transformations). The psychological aspect of concept and consciousness of time are also correlated with the expressions of time-consciousness present in Upanishads for better and clear insight about psychological form and role of time10,11.
     Thus time is created and constructed by physical, chemical, biological or cosmological changes and processes. Time starts, evolves as duration and stops with these processes. Durations of all phenomena (scientific, etc.,) are correlation of these constructed times with a uniform process going on in a clock. This correlation by human mind is the time-measurement and time sense. When this correlation is done as millennia, centuries, decades, years, months, days, hours  etc., with an egoistic mind, a mental or psychological time is created within the human being and a time-conscious mental world is created6,11 .
Biological Processes, Evolution and Ageing- Entropy change:
     Biology is the study of life. All living organisms are made of chemicals which they package into cells. Biology can be studied at many different levels—from chemical and physical processes which take place within an organism to the whole groups of organisms (populations) and the way in which they interact with each other and the environment. The processes and products in biology are:
Cells:

Chemical constituents of cells; Movement of substrates into and out of cells; Cell structure;  Cell control and cell division; Energy and enzymes; Energy release; respiration; Energy capture; autotrophic nutrition; Heterotrophic nutrition

Energy:

Energy and enzymes; energy release and respiration; Energy capture: autotrophic nutrition; Heterotrophic nutrition;

Movement and regulation of body fluids:

Gas exchange; animal body fluids and their transport; Regulation of body fluids in animals: homeostasis;

Transport in plants; the defense against disease: immunology

Coordination and movement:

Control and coordination in animals: hormones; control and coordination in animals: nerves and the nervous system; Control and coordination in animals; receptors and effectors; Control and coordination in plants; Support systems and movement.

Reproduction, growth and development:

Reproductive strategies; sexual reproduction in mammals and flowering plants; patterns of growth and development;

Diversity:

Inheritance; Genetic changes in populations: evolution; species, their formation and classification; Prokaryote and protoctista; fungi and plantae; Animalia

Ecology:

Populations and factors controlling their size and distribution; energy flow through ecosystems; ecosystems and nutrient cycles; ecosystem pattern. (Also see Table I and VIII, Figures I and II)
     Evolution is the study of origin of the universe and formation of the elements, stars, planetary systems are the starting phase of evolution. Later chemical evolution has taken place. First formation of simple molecules in interstellar space has taken place. Simultaneous to it formation of simple organic molecules on planetary surfaces happened and molecular evolution has followed forming more complex molecules, including macromolecules. Molecular evolution has continued and primitive cells (proto-cells) are formed. Then as Darwin has proposed, contemporary cells and organisms have evolved. All this we construe as one-way passage of time, though we are in essence dealing only with the courses of processes. As of now evolution of life is a phenomenon specific to planet earth and the then environment and atmosphere on earth played a chief role. The various phases of matter as atoms, molecules, macromolecules, cells, tissues, organs etc., have evolved because of the availability of different types and phases of matter and  relevant natural forces and not because time has passed.
     Ageing is a biological process which is the result of the continuous metabolism of the organism with the environment. It is the result of the wear and tear caused to the biological matter in the form of chemicals, cells, tissues, organs and body of the organism. The body mechanisms of the living systems are evolved and designed to suit the conditions on the planet earth. Ageing has nothing to do with the velocity with which the organism moves. Time travel and that ageing takes place at a different rate when an organism is moving with certain velocity, is merely the mental conjecture of the intellectuals who proposed them. Time as course or duration never exists before a process starts and a time separate from process does not exist. Ageing process is a biological phenomenon which has no relation to or influenced by concepts of time expressed in theories of relativity or other intellectual fascinations created around these theories. In the absence of human observation processes are initiated, sustained and cease to be because of natures of matter, anti-matter, charges and the natural forces that influence their actions, interactions and reactions. An organism lives as long as its body can do metabolism. The moment that ability is lost, the organism dies. The expression that space travel with velocity of time reduces rate of ageing is just a myth. 

Many physiological processes are nano- both in space and time-periods’ sense. They occupy spaces of nano meters and take place in nano- times (10-9sec) and can be safely called nano-processes both in space and time measurements.

Conclusions:
     Time in physical, physicochemical and biological nano-processes has a wide spectrum ranging and representing time periods from nuclear/atomic transition 10-23/10-15 sec, to evolution of life on the planet earth in the order of million of years. Time is constructed as change and becoming in nano- and bio-systems as energy-transformations of matter in solid, liquid, gaseous and ion phases with respective natural forces in operation providing associated energies. Chemical nature of matter dominates the energy transformations in liquid phase in bio-systems though gaseous (ex: air), solid (ex: body structure of organism built by cells, tissues, leaves, flowers, bones, organs, muscles, etc.,) and ion (ex: neuron and other physiological functions) phases are equally important. The nature of bio-energy transformations is varied and different from those of physical and cosmological worlds (Figure II). Time as understood in the disciplines of modern physics and cosmology and concepts derived there are of not much use while dealing with nature, construction and structure of time in bio-systems. Especially the mental conjectures developed to give an idea of time, its nature and passage, cited in the earlier section of this article, are of absolutely no use while studying the nature of time in nano- and bio-systems. 

Nano-science is currently defined based on nano-spaces. We must also call actions, reactions and interactions taking place in nano-times also as nano-processes and science.
     The classical and quantum nature of time developed by Ramabrahmam7 in relation to transformation of energy in a continuous way or in discrete steps respectively can be of use in bio-systems. But in view of predominantly physicochemical nature of changes in nano- and bio-systems, a fresh description of time as constructed in bio-systems will be more enlightening.
     Since time is constructed by transformation of energy and is h/Energy (h Planck’s constant) as quantum time (chronon is unit of quantum time) and the nature of material undergoing the change, a separate proposition of construction of time suitable for nano-systems is necessary. Acceleration and change of entropy take care of some or many macroscopic and microscopic changes of and in nano-, bio-systems. But the macromolecular phase and other associated changes which happen in chemical state and liquid phase in bio-systems need a different concept of time. So the associated biochemical and biophysical energy transformations have to be understood specially to get an insight of the nature of time, intervals of bio-changes and becoming of bio-matter and organisms and the bio-chemical energy transformations associated with vertebrate and human mental functions that give consciousness to vertebrates and humans.
     Further, the biophysical chemistry so developed will have to be special and specific to bioprocesses. Similar to graviton-the gravitational force quantum, and photon-the electromagnetic and nuclear weak and strong forces’ quantum, a bio-physico-chemical force ( a new natural force is not meant here but can be conceptualized) signifying the biophysical and biochemical energy transformations in nano-, bio-systems is to be formulated. Just as quantum mechanics is developed to understand the mechanics of fundamental particles and photons, a separate and suitable physics and chemistry different from existing physics and chemistry is to be developed to understand the mechanics, heat, sound, light, electricity, magnetism, atomic and molecular properties, chemistry and energy transformations, transfers, transitions, transmissions and receptions of nano-, bio-systems and the physical structure of consciousness in vertebrates.
    Separate concepts of space, time, material and biochemical equivalent of energy-transformations, transfers and transmissions, say the unit of bio-action- similar to Planck’s constant, the unit of quantum action of quantum processes, have to be developed for understanding, explanation and mimicking of nano-, and bioprocesses. Thus time in nano- and bio-systems becomes a combined construction and understanding of various natural processes and also the insight of the human mental functions that facilitate such an understanding. The concepts developed in special and general theories of relativity and insights formed purely on mathematical logic without reference to physical realities, have no relevance in explaining and understanding, how time is constructed in and by nano- and bio-systems, bio-processes and life-systems during evolution, ageing or in the development and cultivation of time-sense and time consciousness by humans.
Energy transformation: Manifested as Acceleration and Entropy Changes - Passage of Time in processes or events:

Energy is Time. Energy transformation is passage of time. In movements and motions acceleration is the manifestation of energy transformation and hence passage of time. In all other physical, chemical, physicochemical and cosmological processes entropy is the manifestation of energy transformation and hence the passage of time. Thus in all events acceleration and entropy reflect, manifest and measure for the passage of time. Energy is the physical quantity and time is mental manifestation of time and its passage. 
Thus instants of time are just ‘numerals’ that are used to signify or characterize durations of various processes.   This type of metrical aspect of time is the other sense in which time is understood.  It is important here to realize that any movement, change or becoming concerning matter or anti-matter or state or form of energy create time.  In other words time is caused by the processes, natural or non-natural.

A period is absent in the absence of a process.  Duration is absent in the absence of a period.  ‘Time’ is absent in the absence of duration.  Thus time is missing in the absence of a process, natural or non-natural.  Time is dependent on a natural or non-natural process for its being.  It has no independent existence from the process or event or happening- physical, chemical, biological, psychological, cosmological, social, political or likewise. Such a physical existence as flow and period of a happening is the physical time.  Thus the being and becoming of matter and energy is physical time.

Time has no  role to play in the construction of materials or on-going of processes; only matter, anti-matter, energy and space with the help of fundamental forces construct materials and are responsible for initiations, ongoing of and termination of natural scientific or manmade processes. Their role is primary. The role of time is only secondary. Time only monitors processes, not initiates, not guides happening or going on, or not terminates processes.
A period is absent in the absence of a process.  Duration is absent in the absence of a period.  ‘Time’ is absent in the absence of duration.  Thus time is missing in the absence of a process, natural or non-natural.  Time is dependent on a natural or non-natural process for its being.  It has no independent existence from the process or event or happening- physical, chemical, biological, psychological, cosmological. Vacuum is timelessness.
TABLE I

                                           EVOLUTION OF BIOLOGICAL TIME
Evolution of universe; chemical evolution; molecular and macromolecular evolution, evolution of proto-cells, cells, tissues, organs and organisms, evolution of consciousness 

Biochemical evolution:

Earth 
              Micro-             Euka-

             Macro-       Amino   Humans

Formed             Organisms       rytes     Atmosphere    Organisms   Acids






 Oxygen

             -forming

4.5                     3.5                    2.5          2          1.5                    0.5                   0         

Billions of years

TABLE II
DIFFERENT VIEWS, CONCEPTS AND SENSES OF TIME

Views

a. Idealist: Time is nothing but a concept and therefore dependent on (human)   consciousness only.

b. Realist: Time is self-sufficing entity, which is not dependent on anything else.

c. Relational: Time is also a concept, and therefore dependent on consciousness, but at the same time it is a function of the events happening in nature.

Concepts:

a. Time of theoretical physics

b. Time of thermodynamics and of the evolutionary sciences such as biology.

c. Time of conscious awareness.

Senses:
a. A moment, an exact date, a point of time.

b. Period of time, a span of time and time interval.

c. Duration, the length of time period.

d. An all embracing period of time
TABLE III
EXPRESSIONS ABOUT THE NATURE OF TIME THROUGH GENERATIONS

1) Plato: Time is produced by revolutions of celestial sphere.

2) Zeno: Time is related to motion.

3) Pythagoras: Time is the identification of the chronological with the logical

4) Aristotle: Time is counting of motion in respect of before and after and is reciprocal to motion.

5) Polonius: Motion time can not be, since motion takes place in time.

6) Heraclites: Time signifies the period   of world from its function to its destruction and rebirth.

7) Galileo: Time is a geometrical straight line.

8)  Barrow: Time is the continuance of anything in itself in its own being.

9) Newton: Absolute, true and mathematical Time of itself and from its own nature flows equably, without relation to anything external

10) Leibniz Order of successive existents is Time.

11) Kant:: Time is an aspect of our experience and time has no existence in external reality

12) Einstein:  Special Theory of relativity: Time is relative (because of motion between event and observer).

13) General relativity: Space and time are always together and inseparable.  Spacetime continuum is the reality.

14) Stephen Hawking: One cannot say what time actually is and all one can do is to describe what has been found to be a very good mathematical model for time and say what predictions it makes. Time has a beginning and end.  Time has shape.  Past can be visualized by the concept of light cones.

15) String theory: If original strings are viewed as uninterrupted in history in time, the resulting strings are a string world sheet.

16) M-theory: There is a web of relationships, so-called dualities that connect all five string theories as well as eleven-dimensional super-gravity.  The dualities suggest that different string theories are just different expressions of the same underlying theory.

17) Imaginary and real time:  One can construct a mathematical model in which there is an imaginary time direction at right angles to ordinary real time. The model has the rules that determine the history in imaginary time in terms of the history in real time and vice versa.
18) Brane theory:  3-brane—a four dimensional (three space plus one time) surface that is the boundary of a five dimensional region, with the remaining dimensions curled up very small.
19) Time is movement, change or becoming .

20) Ramabrahmam6,7 Es gibt keine Zeit.  Es gibt nur prozeβe.  There is no time. There is only ongoing of processes. Passage or flow of time is actually conversion or transformation of energy or ongoing processes influenced by energy associated with masses/charges/particles and respective natural forces. If the transformation of energy is continuous, nature of time is continuous.  If transformation, emission or absorption of energy is in steps or bits, the nature of time is discontinuous, discrete or quantum.
TABLE IV
CURRENT INSIGHT OF TIME
a). Nature and passage of time6: 
1. Matter or energy at rest or in motion or under transformation is the physical manifestation of time and constitutes physical time.

2. The physical manifestation of flow of time or passage of time is ongoing of processes involving transformation of energy through matter or change of phase of matter by the aid of energy.

5. Time-Space is defined, created, controlled and ceases to be depending on Energy-Presence and the energy/matter available and amenable for and cause of transformation.

6. Time is not a physical quantity. Time is awareness. Time is sense. Passage of time is an observation and a mental experience in a particular conscious state of mind.

7. Rise and fall of and flow of conscious states of mind and thoughts and other mental functions constitute psychological time.

8. Psychological past is a record of happenings and psychological future is an apprehension about happenings caused by the egoistic mind during the passage of physical time.

9. Both psychological past and psychological future are thought-forms in the physical present involving psychic energy transformations in the wakeful and dream conscious states of mind

10. Continuous presence or continuous flow of matter or energy without transformation or change is Time-transcendence or Thought-transcendence or Timelessness. That means continuous state of rest or of uniform motion   is Timelessness.

11. Time flow signifies the speed of conversion of energy in a process.

12. Time flow is a measure of Being (presence) and Becoming (transformation) of matter and energy in space.
13. Inertia, potential energy, static charge, uniform motion, systems of constant entropy, non-activity, quantum systems are being of time. Movement, change and any activity is becoming of time.
b). Physical realities mistaken as passage of time:
The following phenomena are normally assumed as the passage of time.

a) Movement –translation, rotation or vibration– (or transition) of matter in space.

b) Changes in the state or phase of matter (by the aid of energy).

c) Transformation of energy from one form to another form either through matter or otherwise.

d) Being and becoming (growth and decay) of organisms.

e) The in-built order of happenings guided by natural forces in natural or non-natural processes.

f) The ability of human mind to perceive, record, retrieve and expect various happenings taking place  in physical time.

TABLE IV (Continued)
c). Further insight 6,7 .
1. Activity is time. Cessation of activity is extinction of time. Eternal activity or missing activity is Timelessness. Activity is manifestation of transformation of energy. If the transformation of energy is continuous and has finite duration classical time is created.  If the transformation of energy is discontinuous, discrete and has finite duration, quantum time is created. The changes of and to the universe which are infinite in nature create cosmic time. None of these times is universal time being kept and followed by us.

2. The potential form of matter or energy is Time at rest and provides infinite time-space.
3.  Matter- or Energy-Transformation is Time in Motion or Dynamic Time or Time Created or Metrical aspect of time. In this form time has finite nature. Keeping universal time is metrical aspect of time.
4. Acceleration or deceleration is manifestation of speed of time in when objects are moving.  Change in entropy is manifestation of speed of time in change or becoming
5. The general or universal time kept and followed by us is not the cosmic time. It is also not classical or quantum time. It is arbitrary and fictitious and is completely human creation.
6. Counting of physical present is a function of geographical/cosmological location/event and is based on cultural and religious background of humans keeping the time.

7. Time is evolved and shaped by processes and does not have a shape of its own.  The direction, locus or shape of the process under consideration is the shape of time.

8. Associated with each process, ‘flows’ its ‘absolute’ classical time.

9. Physical happening relating to motion of wave-particle duality has more than one ‘time’ associated simultaneously, the different ‘times’ representing different actions simultaneously taking place independently not affecting each other..
10. An absolute, true mathematical time separate from human awareness or monitored process does not exist.

11. Time period of happening is the consequence and not the cause of the processes. Time does not and need not pre-exist for a process to take place.
12.  Human experience of time as past, present or future and observation of time as an elapse taking place during course of a process are different.
13.  Quantum time can be construed as constructed by integral multiples of a chronon (10-24 sec).
14. The special theory of relativity is not a theory of physical nature of time.
15. Theories of relativity, quantum gravity, String theory, M-theory, brane theory etc., have no relevance when nature of time is to be understood and expressed and the happenings, their sustenance and cessation in various living and non-living systems taking place in the universe individually, independently and simultaneously to cosmic changes are to be explained or measured or counted.

16. The continuous and simultaneous or alternate rise and set of the conscious states or phases of mind is an aspect of psychological time and its flow.
17.Thought-flow within us, which is the psychic-energy transformation during conscious states,  also constitutes and constructs psychological time, time-flow and gives the sense of passage of physical time and makes us conscious of time and time-flow.
TABLE V

DIFFERENT STRUCTURES OF TIME
Physical and Mathematical forms of qualitative time: 

Time = Distance/ speed; Time = Displacement/ velocity;   dt = dx/dv
Time = velocity /acceleration
Time = angular displacement /angular velocity    dt = d Θ/d ω. 

Time = angular velocity /angular acceleration

Time = Mass x displacement/momentum
Time = Mass x velocity/force

Time = mass x velocity x distance/energy

Time = Impulse/force

Time = Electric charge/current

Time- period = 1/frequency    1/n or1/f or 1/υ

Time = Electric charge/current density x area

Time = force/electric charge x length x magnetic induction
Time = mol/catalytic activity

Time=Action/Energy being transformed 

Angular velocity, angular acceleration, angular momentum, phase, angular frequency, torque etc., contain and define time in rotational motion; Speed, velocity, time-period, frequency (n, f, υ), wavelength of a wave (λ) phase (Φ) etc., contain and define time in vibrational motion. Time = Time period, t; Time = 1/ n or f or υ frequency, Time = wavelength/ velocity of wave. Time=Planck’s constant (h)/energy (hυ)

Mental Time: Present, past and future6-7:
Psychological time is three dimensional as - past, present and future. Of these only present is real. Both past and future are imaginary. Psychological past and future exist only in and as thought forms.
                     PRESENT            Reversible mental energy transformation     PAST OR FUTURE

         Pure   Consciousness Being                                      Becoming        Awareness   self-consciousness

Phase of Cessation of mental functions                        Thoughts-Memory-Experience -Urges– Sense-Ego               

                    Understanding -Insight-Volition - Apprehension - Phase of mental   functions

Table VI

DYNAMIC TIME-SCALES INVOLVING VARIOUS ENERGY FORMS—EXAMPLES OF CLASSICAL AND QUANTUM TIMES
	Name

 and

nature of Energy


	Wavelength (meters)

and

Form of energy
	Frequency (Hz)
	Time Period

(sec)
	Manifestation and Use

	Chronon
	            -
	[1024]
	   10-24
	Theoretical conception
Might be unit of quantum

Time/unit of minimum discrete or quantum energy-change

	γ rays

Nuclear
	Electromagnetic
10-17 – 10-11
	1022 –1017
	10-22 –10-17
	Cosmic / nuclear changes   Radiation intensity count  

	X-rays  

Atomic        
	Electromagnetic

10-12 - 10-8
	1020  - 1016  
	10-20 – 10-16
	Inner-orbit atomic changes Diffraction, small angle scattering  Medical

	Ultra-violet

 (UV)

Atomic
	Electromagnetic

10-8 – 4 x 10-7   
	1016  -7.5x1014 
	10-16 – 10-14
	Electron transitions

Electronic structure of molecules

	Visible

Atomic


	Electromagnetic

4 x10-7  - 7.5x10-7 

Light  
	7.5x1014 -4x1014   
	 10-14 
	Electron transitions

Electronic structure of molecules

	Infrared (IR)  

molecular
	Electromagnetic

7.5x10-7  -10-3

Heat
	4 x 1014 - 1011 
	10-14 – 10-11
	Vibrational and rotational spectra of molecules

	Micro wave

molecular
	Electromagnetic

1x10-3 – 1

Heat
	1011  -  108  
	10-11  –10-8
	Rotational spectra

	Radio waves

kinetic
	Electromagnetic

1 –103  

Electrical 
	108 – 105 
	10-8  – 10-5
	NMR

	Ultra-

Sonic 

kinetic
	Below

16.8 x 10-3
Mechanical
	Above 20 KHz
	Below 

0.05x10-3
	To probe structure or shape or defects of matter in solid phase

	Audible sound
kinetic
	Between 16.8 and 16.8 x 10-3
Mechanical
	Between 20 Hz and 20 KHz
	Between

0.05 and

0.05x10-3 
	Human communication and music

	Infra-sonic
kinetic
	Above 

16.8 
Mechanical
	Below  20 Hz
	Above

0.05
	Stimulates 

Neuron endings


Table VII
KINDS OF PHYSICAL TIME

	CLASSICAL TIME
	QUANTUM TIME
	COSMIC TIME

	Has beginning/end along with respective change
	Has beginning/end or continuous presence along with respective change. 
	Has continuous presence along with changes to universe since big bang 

	Created by all changes which undergo continuous energy transformation or transfer. Gravitational and electromagnetic forces cause the changes
	Created by all changes where/when emission or  absorption or transfer of energy is discontinuous and takes place in discrete values. Electromagnetic and strong and weak nuclear forces cause changes
	Created by expansion, contraction or oscillation of universe. Gravitational forces cause change.

	Exists as static time or time at rest  
	Exists as absence of transformation among electron or nucleon energy states
	Ceases to be if universe vanishes or if universe is static

	Exists as dynamic time or time in motion
	Exists as dynamic time or time in motion. Always dynamic for quantum changes with no zero point energy
	Always dynamic and is incessant time in motion 

	Passive time interval or infinite time space possible
	Passive time interval possible only in the absence of quantum processes 
	Passive time interval possible before big bang or on disappearance of universe

	Observer essential. Relative time possible
	Observer essential. Relative time not possible
	Observer essential. Relative time not possible 

	Represents and manifests changes at macro-level
	Represents and manifests changes at micro-level
	Represents changes to universe

	Becomes extinct after completion of change
	Can never become extinct for some quantum changes due to uncertainty principle
	Becomes extinct if universe disappears

	Locus is straight line, circle, wave etc. Finite in magnitude. Real
	Locus is not definite. Finite in magnitude. Real 
	Locus can be straight line, circle, wave, etc Both real and imaginary. Infinite in magnitude

	Reversible or non-reversible depending on process being manifested 
	Time reversal happens for certain fundamental particles
	Not reversible if universe only contracts or expands.  Reversible if universe oscillates


Note: None of classical or quantum or cosmic time (process) either creates universal time we are keeping or influenced by such universal time.
TABLE VIII A
The Electromagnetic Spectrum and the corresponding Physicochemical Experiments

	Name
	Wavelength (meters)
	Frequency (Hz)
	Use

	X-rays
	10-12   --10-8
	1020   --1016
	Diffraction, small angle scattering

	Ultraviolet (UV)
	10-8   -- 4x10-7
	1016   --7.5x1014
	Electronic structure of molecules

	Visible
	4x10-7  --7.5x10-7
	7.5x1014  --4x1014
	Electronic structure of molecules

	Infrared(IR)
	7.5x10-7  --10-3
	4x1014  --1011
	Vibration and rotational spectra of molecules

	Microwave
	1x10-3  --1
	1011  --108
	Rotational spectra

	Radio waves
	1 –103
	108 –105
	NMR


TABLE VIII B
Physical Techniques Used to Study Biological Molecules and the information they yield

	Technique
	Information Obtained

	Osmotic pressure
	Molecular weight

	Diffusion
	Molecular volume

	Sedimentation
	Molecular weight and volume

	Viscosity
	Molecular shape

	Birefringence
	Molecular shape

	Optical Rotatory Dispersion
	Helical content

	Light scattering
	Molecular size and weight

	X-ray scattering
	Molecular size and shape

	X-ray crystallography
	Three dimensional structure (atomic positions)

	Electron Microscopy
	Size and shape

	Electromagnetic absorption, nuclear magnetic resonance, electron spin resonance
	Intra-molecular forces, Orientation of groups, Three dimensional structure, imaging of human organs


TABLE IX
A: DIMENSIONS OF SOME BIOMOLECULES, ASSEMBLIES, AND CELLS.

Atoms             Molecules   Macro-Molecules                          Assemblies                              Cells

C-C bond       Glucose        Hemoglobin        Ribosome   Resolution limit  Bacterium  Red Blood                                                                  





                          of             


Cells
Light Microscope

--l---------------------l--------------------l--------------------l--------------------l---------------------l-------------------
1A                         10A                    102A                    103A                   104A                     105A

10-10m                 10-9m                   10-8m                   10-7m                  10-6m                   10-5m

                              1nm                                                                           1 µm
B: TYPICAL TIMES OF SOME PROCESSES IN BIOLOGICAL SYSTEMS
Atomic
Transition      Primary       Hinge motion    Unwinding     Enzyme-catalyzed          Synthesis of
                      Event in          in proteins      of DNA helix         reaction                       a protein

                      Vision


1-----------------l------------------l--------------------l-------------------l-------------------l--------------1-10-15                 10-12                  10-9                    10-6                      10-3                     1               103
                                                  (ns)                     (µs)                     (ms)

                         (ps)
Time (s)

            ps= pico-second    ns=nano-second    µs=micro-second  ms=milli-second
Other interesting Time periods:                   Chronon = 10-24 sec.       unit of quantum time
                                                            Nuclear transition= 10-23 sec.          nuclear time
                                               Generation of bacterium = 103 sec.         Biological time                             
              Time elapsed since the Origin of the Universe = 1017 sec.        Cosmic time
C: SOME BIOLOGICALLY IMPORTANT ENERGIES
                            Noncovalent                          Green  C-C

Thermal                    bond             ATP             light    bond            Glucose


l---------------------------l---------------------------l---------------------------l---------------------------l

0.1                                1                                  10                                 100                             1000

Kcal/mole

l--------------l---------------------------l---------------------------l---------------------------l------------l

              1                                  10                                100                               1000

kJ/mol

Energy content
D:  Different manifestations of Time
	Manifestation
	Physical

Quantity
	Physical   quantity

changing
	Locus/

Shape


	Nature of change
	Real


	Role of Universal

Time

	Movement
	Speed
	Energy
	Linear

Cyclic
	Finite / not

reversible
	real
	Nil

	
	Velocity
	Energy
	same
	same
	real
	Nil

	
	Acceleration
	Energy
	same
	same
	real
	Nil

	
	Phase
	Energy
	Cyclic
	same
	real
	Nil

	
	Impulse
	Energy
	Linear
	same
	real
	Nil

	
	Time-period
	Energy
	Cyclic
	Finite periodic
	real
	Nil

	
	Frequency
	Energy
	same
	same
	real
	Nil

	Change and Becoming
	Phase of matter
	Energy /Entropy
	
	Finite reversible
	real
	Nil

	
	Action
	Energy/Entropy
	
	same
	real
	Nil

	
	Chemistry
	Energy/Entropy
	
	same
	real
	Nil

	
	Biology: ageing
	Energy/Entropy
	
	Finite Irreversible
	real
	Nil

	
	Cosmology
	Energy/Entropy
	Not

Clear
	Infinite


	Com-plex
	Creates

Cosmic Time

	
	Psychology
	Mental Energy/

Entropy
	
	Finite Reversible
	real
	Nil


FIGURE I
PICTORIAL REPRESENTATION OF VARIOUS TIMES AND THEIR PASSAGE
Physical time: Classical, quantum and cosmic times:
i Ancient Indian View   - Cyclic



ii Chinese View – discontinuous:


iii Modern View - linear


iv Thermodynamic View – reversal of a process


v Fundamental Particle Physics View – Time reversal


vi Quantum time:                    

 Energy-time bits transmitting, emitting and
chronon =h/E =10-24s



  absorbing photons and sub-atomic particles
vii Special Relativity: Speed of passage of time is a function of relative velocity between event and observer.
viii General Relativity: Time-space inseparability –Possession of Shape; Warping

ix Cosmology: cosmic time    



Imaginary     and           real time


[image: image1]
Mental Time:

Ancient Indian View – Reversible mental energy transformation

Pure consciousness
                  Unoccupied awareness             Being         Mental        Becoming    Occupied awareness
              Phase of Cessation of mental functions      Energy
    Thoughts – Phase of Mental functions                                                         
FIGURE II
PICTORIAL REPRESENTATION OF VARIOUS TIMES AND THEIR PASSAGE IN BIO-SYSTEMS
Physical time: Classical, quantum and cosmic times:
i Biological rhythms-tuned to 24 hour day and night cycle- Cyclic
                                                                               Biological Clocks
                                                                               Bio-rhythms in the organisms
 Ageing


ii   Spectrosopy - molecular rotation and vibration – discontinuous

iii Evolution and ageing – linear - irreversible

iv Thermodynamic View – reversal of a process in certain bio-transformations

v Fundamental Particle Physics View – Time reversal

Unrelated to nano- bio-systems

vi Quantum time:                    

 Energy-time bits transmitting, emitting and
                                                                          absorbing matter in photonic and ionic forms
vii Special Relativity: Speed of passage of time is a function of relative velocity between event and observer. No relation to nano-, bio-systems
viii General Relativity: Time-space inseparability–Shape; Warping Unrelated to biology
ix Cosmology: cosmic time    Imaginary     and           real time

                                 Unrelated to biology and bio-systems

[image: image2]
Psychological Time:     Biochemical energy-transformations
                                      Reversible mental energy transformation

                                                                     Pure consciousness
                      Unoccupied awareness        Being      Mental          Becoming    Occupied awareness
         Phase of Cessation of mental functions       Energy
   Thoughts – Phase of Mental functions                                                         
CONCEPT DIAGRAM  I A
NATURE AND MANIFESTATION OF PHYSICAL AND PSYCHOLOGICL TIMES
PHYSICAL TIME- CLASSICAL, QUANTUM OR COSMIC

(change of energy-form or matter)


                              MOVEMENT          CHANGE                 BECOMING


                                  TIME


PAST                    PRESENT                         FUTURE

CONTINUOUS


MEMORY      BEING: CONSCIOUSNESS     IMAGINATION




      ACHES   SENSES   EXPERIENCES              ANXIETY   FEAR   DOUBT WORRY




THOUGHTS                                                      THOUGHTS

         



  BECOMING: AWARENESS

PSYCHOLOGICAL TIME (change of mental energy)
CONCEPT DIAGRAM I B
NATURE AND MANIFESTATION OF TIME IN HUMANS
PHYSICAL TIME- Macroscopic, microscopic or cosmic
(change of energy-form or phase of  matter)


          MOVEMENT                 CHANGE                 BECOMING (Evolution)
        Blood-flow, neuron transmission; All Bio-chemical      Mental functions and Ageing

        Breathing, heart beat etc,.
      Reactions

TIME IN HUMAN BODY AND MIND

PAST                    PRESENT                         FUTURE

CONTINUOUS

                                        Psychic energy source and mental time space
                                                Bio-oscillator/    maser/ laser
                                                Issues mental     energy pulses
SELF:  BEING: CONSCIOUSNESS
                         MEMORY         Ego-free State of Mind          IMAGINATION


                                               *                          Activated      apprehensions
**
            Activated       memories 
       ACHES   SENSES   EXPERIENCES              ANXIETY   FEAR   DOUBT WORRY


                         Biochemical
 Energy -
Transformations

THOUGHTS                                                    THOUGHTS

                                                  BECOMING: AWARENESS
          Egoistic   Mind
PSYCHOLOGICAL TIME
*and ** - Reversible becoming -vivartanam (* modulation   /   ** demodulation) of mental energy pulses   in physical time
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