
 

 

CURRICULUM VITAE – ARTO ANNILA 

1. PERSONAL DETAILS  
Annila, Arto Jaakko 

ORCID: 0000-0003-2955-2389 

Google Scholar page, Homepage 

Date and place of birth: 5 November 1962, Helsinki, Finnish citizenship 

Home address: Kirvuntie 27, FI-02140 Espoo, Finland 

Email: arto.annila@helsinki.fi Mobile: +358 44 204 7324 

Date: 26 February 2025 

2. DEGREES  
Ph.D. (Doctor of Technology), Aalto University (Helsinki University of Technology), Technical Physics, 20.8.1991, 

Docent in Physical Chemistry, University of Helsinki, 28.4.1999 

M.Sc. in Biochemistry, University of Helsinki, 26.4.1996  

Qualified teacher in mathematics and physics, University of Helsinki, 08.06.2017 (60 ETCS) 

3. LANGUAGE SKILLS 
Native in Finnish 

English: Fluent since exchange student in the USA; Swedish: Fluent after military service in Swedish-speaking 

garrison; German: Laudatur in student examination; Danish: at best tolerable after two years at Risø; French: one 

year course at Aalto University.  

4. CURRENT EMPLOYMENT 
Senior Scientist at a startup, Nanoform Finland Ltd, since 01.07.2017. 

5. PREVIOUS WORK EXPERIENCE 
Professor of Biophysics from 2001 to 2016 at the University of Helsinki. 

In 2016, when the University of Helsinki was subject to cuts, I was dismissed, as were nine other professors. The 

real reason for my groundless dismissal was that the then-head of the Department of Physics could not accept my 

research results deriving from thermodynamics but, thereby, contrasting certain contemporary indoctrinations. 

Please get acquainted with my publications and the book Back to Reality: A Revision of the Scientific Worldview, 

also available as pdf. The book explains to the lay audience how nature works.  

Timeline from the present to the past. 
 

2017 Looking for new opportunities as Senior Scientist at Nanoform Finland Ltd since dismissal from the 
University of Helsinki 2016 

2008 Professor of Biophysics, University of Helsinki (tenured) 

2001 Professor of Biophysics, University of Helsinki (tenure) 

2001 Senior Researcher, Academy of Finland 

2000 Group Leader, VTT Biotechnology, the State Technical Research Centre of Finland 

1998 Group Leader, Structural Biology and Biophysics Program at Viikki Biocenter 

1996 Group Leader, Senior Scientist, VTT Chemical Technology, State Technical Research Centre of Finland 

1993 Researcher, Academy of Finland 

1992 Senior Scientist, VTT Chemical Technology, State Technical Research Centre of Finland 

1991 Visiting Scientist at the University of Lund, Department of Physical Chemistry 2 

1990 Research Assistant at Low Temperature Laboratory, Helsinki University of Technology 

1989 Research Fellow, Danish Research Academy at National Laboratory at Risø, Denmark 

1988 Research Assistant, Academy of Finland at Low Temperature Lab., Helsinki University of Technology 

1987 Researcher, Low Temperature Laboratory, Helsinki University of Technology 

1986 Research Assistant, Low Temperature Laboratory, Helsinki University of Technology 

https://scholar.google.fi/citations?hl=en&user=okg_oeYAAAAJ&view_op=list_works&sortby=pubdate
https://www.mv.helsinki.fi/home/aannila/arto
mailto:arto.annila@helsinki.fiM
https://www.mv.helsinki.fi/home/aannila/arto/ArtoAnnilaCertificates
https://www.mv.helsinki.fi/home/aannila/arto/ArtoAnnilaCertificates
https://www.mv.helsinki.fi/home/aannila/arto/ArtoAnnilaCertificates
https://www.mv.helsinki.fi/home/aannila/arto/ArtoAnnilaCertificates
https://www.mv.helsinki.fi/home/aannila/arto/Papers%20Arto%20Annila.html
https://www.amazon.co.uk/Books-Arto-Annila/s?rh=n%3A266239%2Cp_27%3AArto+Annila
https://www.mv.helsinki.fi/home/aannila/arto/9789529433650.pdf
https://www.mv.helsinki.fi/home/aannila/arto/ArtoAnnilaCertificates
https://www.mv.helsinki.fi/home/aannila/arto/ArtoAnnilaCertificates
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6. RESEARCH FUNDING 
Since 1 July 2017, I have been in charge of getting funding from public sources for a startup company, Nanoform 

Finland Ltd, which was granted 1 M€ for the development of nanoparticle formulation. 

Previously obtained funding 

(full years for the salary of one researcher, Ph.D.) 

1994-1995 Academy of Finland, Cardiac Troponin C Molecular Structure and Function 

1993-1996 Academy of Finland, Cellulase-Cellulose Interaction 

1995-1997 Academy of Finland, Cyanobacterial Toxins and Protein Phosphatase Interaction 

1995 Orion-Farmos International, Conformation of a Segment from a Membrane Receptor 

1996 Orion-Farmos International, Structure of a Membrane-Bound Oligomer 

1998-2000 Academy of Finland, Cardiac Troponin C Structure and Function 

1997-1999 TEKES and Orion Pharmaceuticals, Structure Determination of Proteins and Peptides in Drug Discovery 

1999-2000 TEKES and Orion Pharmaceuticals, Structure Determination of Proteins and Peptides in Drug Discovery 

1999-2001 Academy of Finland, Structure Determination of Protein Folds by Anisotropy Based NMR Methods 

1999-2000 TEKES NMR Studies of Metabolic Routes of Genetically Modified Yeast 

2000-2002 Academy of Finland, Structural Biology Program 

2001-2004 TEKES Development of NMR Methods for Drug Discovery (Drug 2000 Program) 

2004-2006 TEKES Development of NMR Methods for Drug Discovery (Drug 2000 Program) 

2003-2006 Research grant, protein folding in a confined medium. Academy of Finland 

2004-2007 Determination of weakly structured protein conformations. The three-year grant, University of Helsinki 

2006-2007 TEKES Development of NMR Methods for Drug Discovery (Drug 2000 Program) 

My cross-disciplinary expertise and comprehensive experience allow me to compete for funding, particularly via 

collaborations beyond the traditional scope of physics. Moreover, my experience complies with the general 

understanding that it takes time for the scientific community to realize the merits of pioneering work and reward 

it. On the other hand, when receiving recognition, groundbreaking research will acquire funding from many 

sources. 

7. RESEARCH OUTPUT 
The following ten of some 130 publications give an idea of my capacity and scope. 

1. Tuisku P, Pernu TK, Annila A. In the light of time. Proc. R. Soc. A. 2009 465, 1173–1198.  
  A flow of time relates to a quantized flow of energy from a system to its surroundings and vice versa. 

2. Sharma V, Kaila VRI, Annila A. Protein folding as an evolutionary process. Physica A 2009 388, 851–862.  
  Protein folding is shown to be an inherently intractable process as any other evolutionary course. 

3. Karnani M, Pääkkönen K, Annila A. The physical character of information. Proc. R. Soc. A. 2009 465, 2155. 
  Information is physical and communication is a dissipative process among other natural processes given by the 2nd law.   

4. Mäkelä T, Annila A. Natural patterns of energy dispersal. Phys. Life Rev. 2010 7, 477–498. 
    Many mathematical models of systems are found as approximations of the evolutionary equation of motion. 

5. Annila A. Least-time paths of light. Mon. Not. R. Astron. Soc. 2011 416, 2944–2948.  

     The principle of least action gives paths of light through space without dark energy and dark matter. 

6. Annila A. The meaning of mass. Int. J. Theor. Math. Phys. 2012 2, 67–78.  
    Particles are actions whose quantized geodesics manifest as charges, magnetic moments, and masses. 

7. Annila A, Wikström M. Dark matter and dark energy denote the gravitation of the expanding universe. 

Front. Phys. 2022 
        The gravitational field from the distant dense past to the sparse present accounts for the galaxy rotation, velocity dispersion as 
   well as recession. 

8. Lehmonen L, Annila A. Baryon breakdown in black hole. Front. Phys. 2022. 
  A black hole is described as a star annihilating neutrons into photons that jet out as high-energy density rays. 

9. Annila A. Chiral conformity emerges from the least-time free energy consumption. Interface Focus 2023 

13. 
   The flows of energy naturally select standard structures over less-fit functional forms to consume free energy in the least time.   

10. Annila A, Wikström M. Quantum entanglement and classical correlation have the same form. Eur. Phys. J. 

Plus 2024 139, 560. 
        Classical correlation explaining quantum entanglement clarifies the foundations of modern physics and quantum computing. 
 

https://www.mv.helsinki.fi/home/aannila/arto/ArtoAnnilaPublications.pdf
https://www.mv.helsinki.fi/home/aannila/arto/time.pdf
https://www.mv.helsinki.fi/home/aannila/arto/folding.pdf
https://www.mv.helsinki.fi/home/aannila/arto/natinfo.pdf
https://www.mv.helsinki.fi/home/aannila/arto/patterns.pdf
https://www.mv.helsinki.fi/home/aannila/arto/light.pdf
https://www.mv.helsinki.fi/home/aannila/arto/mass.pdf
https://www.mv.helsinki.fi/home/aannila/arto/darkmatterdarkenergy.pdf
https://www.mv.helsinki.fi/home/aannila/arto/darkstar.pdf
https://www.mv.helsinki.fi/home/aannila/arto/chirality.pdf
https://www.mv.helsinki.fi/home/aannila/arto/correlation.pdf
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In addition, the book Back to Reality: A Revision of the Scientific Worldview (Privus Press, 2020), a translation of the 

original print published in Finnish: Kaiken maailman kvantit, luonnontieteen maailmankuvan tarkistus (Vastapaino, 

2019) communicates a comprehensive worldview based on the statistical physics of open quantized systems. 

8. RESEARCH SUPERVISION AND LEADERSHIP EXPERIENCE 
I have supervised the following Ph.D. students: Kimmo Pääkkönen (2003), Maija-Liisa Mattinen (1998), Kai 

Fredriksson (2007), Martti Louhivuori (2007), Perttu Permi (2000), Helena Aitio (2003, co-tutoring), Tia Sorsa (2003, 

co-tutoring), Maarit Hellman (2007, co-tutoring) and about dozen M.Sc. students. I have examined B.Sc. 2 – 5 

theses per year. 

9. TEACHING MERITS 
I have taught as a university professor for 15 years and have docent (lecturer/associate professor) status for 25 

years. Therefore, I am experienced in lecturing courses in physics at the BSc and MSc levels. Pedagogical training 

and competence: Pedagogical studies for subject teachers (mathematics and physics) completed 2016 – 2017, 

60 ETCS. 

I was in charge of Biophysics and Medical Physics curriculum planning and implementation of courses (Finnish: Ope- 

tusresurssityöryhmän jäsen 2015).  

I led the researcher training group (Finnish: Tutkijalinja) at the Department of Physics, the University of Helsinki, 

until 2016. 

I taught at the Faculty of Biosciences and the Faculty of Science, 6 – 8 interdisciplinary courses per year. For 

further activities, please see https://tuhat.helsinki.fi/portal/en/ for Arto Annila. 

Biophysics 1 (5 ETCS) 2002-2015 

Biophysics 2 (5 ETCS) 2002-2015 

Origin of biodiversity (3 ETCS) 2009-2016 

Molecular biophysics for bioscientists (3 ETCS) 2002-2015 

Statistics for bioscientists (3 ETCS) 2008-2015 

Biomolecular NMR spectroscopy (5 ETCS) 2002-2015 (every second year) 

Protein folding (5 ETCS) 2002-2012 (every second year) 

Pro gradu seminar (3 ETCS) 2008-2016 

Wave mechanics (5 ETCS) 2002-2008 

As a teacher, I generate and recruit motive forces to power motion toward a consistent and comprehensive 

worldview. Conversely, inconsistencies in rationales and exceptions to rules comprise students’ ability to solve 

problems and track down causes and effects. I engage students in exploring, experimenting, visualizing, simulating, 

building, tearing apart, and explaining in their own words rather than wearing them out by mere lecturing. 

10.  AWARDS AND HONOURS 
Science Aphorism Award 2016.  

Entropy Journals award for the paper “Economies evolve by energy dispersal” with Stanley Salthe, 2010.  

11.  OTHER ACADEMIC MERITS 
Opponent of a doctoral dissertation of TongLing Lin, a student of Prof. Q. Alexander Wang, Le Mans 2011.  

Pre-examiner of Harri Koskela’s thesis, a student of Prof. Ilkka Kilpeläinen, Helsinki. 

Reviewer for Biochemistry, EMBO J., FEBS Letters, J. Am. Chem. Soc., J. Biomol. NMR, J. Mol. Biol., Protein Sci., Entropy, 
Math.Biosci., App. Math. Model., J. Non-Eq. Thermod., Int. J. Mol. Sci., Ecol. Mod., Int. J. Astrobio., Information, Physica A, 
Systems, Complexity, Chem. Phys. Letters, J. Phys. Chem., Theor. Biosci., Europhys. Letters, J. Roc. Soc. Interface., Front. Systems 
Neurosci.  

Graduate school supervisor & membership in ISB and MATERNA. Memberships in the advisory boards of Finnish Technology 

Agency projects, the Nordic NMR Meeting 2001 organizing committee. Member of Societas Biochemica, Biophysica & Micro- 

biologica Fenniae, The Finnish Society for Natural Philosophy, and The Finnish Physical Society. Board member of the University 

of Helsinki Science Library, Publication Center of The Federation of Finnish Learned Societies (TSV). Chairman of the researcher 

training program at the Department of Physics. 

12. SCIENTIFIC AND SOCIETAL IMPACT 
CITED BY  (see Homepage, Quoted) 
Phys.Org. https://phys.org/search/?search=annila 
Evolution as Described by the Second Law of Thermodynamics, 2008 Why Life Originated (And Why it Continues), 2008.  
Second Law of Thermodynamics May Explain Economic Evolution, 2009  

https://www.mv.helsinki.fi/home/aannila/arto/9789529433650.pdf
https://vastapaino.fi/sivu/tuote/kaiken-maailman-kvantit/2533696
https://vastapaino.fi/sivu/tuote/kaiken-maailman-kvantit/2533696
https://tuhat.helsinki.fi/portal/en/
https://www.mv.helsinki.fi/home/aannila/arto/
https://www.mv.helsinki.fi/home/aannila/arto/Quoted%20Arto%20Annila.html
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A second look at supernovae light: Universe’s expansion may be understood without dark energy, 2011. A challenge 

to the genetic interpretation of biology, 2014.  

Science Alert: New paper claims that the EM Drive doesn’t defy Newton’s 2nd law, 2016.  

Finding Genius Podcast: Everything is light, 20 January 2020. 

TALKS  

Thermodynamic foundations of evolutionary theory. Joint Eur. Therm. Conf., Jun. (2009) Copenhagen, Denmark (invited) 

Worldview guided by the least action. Conf. of the Finnish Society for Natural Philosophy, Sept. (2010) Helsinki, Finland 

Natural emergence. Finnish Physics Days, March 29-31 (2011) Helsinki, Finland 

Ajatuksia ajattelusta yleisen luonnonlain mukaan. Conf. Finnish Society for Natural Philosophy, Sept. (2011) Helsinki 

The meaning of mass. Finnish Physics Days, March 13-15 (2012) Joensuu, Finland 

The Character of Natural Law, 2 February (2013) ISMANS, Le Mans & 21 February (2013) ENS, Paris 

The energetic principle of nature. Systems ecological perspectives on sustainability 25 September (2014), 

Helsinki Selittävätkö luonnonlait kaiken? Jan. 14 (2015) Jyväskylän ikääntyvien yliopisto, Jyväskylä 

The Natural Law. Sept. 9 (2015) sDiV, Leipzig 

Universal paradigm. 23 Mar. (2016) Helsinki 

Efficiency in Complex Systems: Satellite Session at Conference on Complex Systems, (2017), Cancun 

Revival of Realism, Physics beneath Modeling: Physics Beyond Relativity, October 18-21 (2019), Prague 

Kaiken maailman kvantit: Society for Natural Philosophy, September 29 (2020), Helsinki 

Thermodynamics of universal patterns: International Conference on Thermodynamics 2.0 Jul. 18-20, 

(2022) Boone, North Carolina 

13. OTHER MERITS 
Finnish military rank: Captain 

 

LIST OF PUBLICATIONS – ARTO ANNILA 
1.1. THE MOST RELEVANT PEER-REVIEWED PAPERS 
(FULL TEXT AVAILABLE FROM: HTTPS://WWW.MV.HELSINKI.FI/HOME/AANNILA/ARTO/PAPERS.HTML, HTTPS://WWW.RESEARCHGATE.NET/, 

HTTPS://SCHOLAR.GOOGLE.FI/) Need more information, email arto.annila@helsinki.fi or phone +358 44 204 7324. 
 

1. Sharma V, Annila A. Natural process – Natural selection. Biophys. Chem. 2007 127, 123–128. 

   Evolution is formulated as a systemic equation of motion by the principle of increasing entropy. 

2. Grönholm T, Annila A. Natural distribution. Math. Biosci. 2007 210, 659–667. 

    Ubiquitous power laws and lognormal distributions are found to follow from the 2nd law of thermodynamics. 

3. Kaila VRI, Annila A. Natural selection for least action. Proc. R. Soc. A. 2008 464, 3055–3070.    

       The principle of least action is shown as equivalent to the 2nd law of thermodynamics and Newton’s 2nd law. 

4. Jaakkola S, Sharma V, Annila A. Cause of chirality consensus. Curr. Chem. Biol. 2008 2, 53–58. arXiv:0906.0254 

 Standards of natural and artificial systems are found to follow the 2nd law of thermodynamics. 

5. Würtz P, Annila A. Roots of diversity relations. J. Biophys. 2008, 654672, arXiv:0906.0251 

       Species-area and other systemic relationships are found to follow from the 2nd law of thermodynamics. 

6. Annila A, Annila E. Why did life emerge? Int. J. Astrobio. 2008 7, 293–300. 

  Life in its entirety is a natural process resulting from the least-time free energy consumption. 

7. Tuisku P, Pernu TK, Annila A. In the light of time. Proc. R. Soc. A. 2009 465, 1173–1198. 

  A flow of time relates to a quantized flow of energy from a system to its surroundings and vice versa. 

8. Karnani M, Annila A. Gaia again. BioSystems 2009 95, 82–87. 

    Global homeostasis is a maximum entropy state equivalent to a free energy minimum state. 

9. Sharma V, Kaila VRI, Annila A. Protein folding as an evolutionary process. Physica A 2009 388, 851–862. 

    Protein folding is shown to be an inherently intractable process as any other evolutionary course. 

10. Annila A, Kuismanen E. Natural hierarchy emerges from energy dispersal. BioSystems 2009 95, 227–233.   

  The rise of the hierarchy is a consequence of the least-time free energy consumption. 

11. Karnani M, Pääkkönen K, Annila A. The physical character of information. Proc. R. Soc.A. 2009 465, 2155–2175. 

  Information is physical due to its representations that are subject to the 2nd law of thermodynamics. 

12. Annila A, Salthe S. Economies evolve by energy dispersal. Entropy 2009 11, 606–633. 

   Economies are energy transduction systems that follow the 2nd law of thermodynamics. 

13. Würtz P, Annila A. Ecological succession as an energy dispersal process. BioSystems 2010 100, 70–78. 

       Succession of a system from one state to another is a manifestation of the 2nd law of thermodynamics. 

14. Annila A. The 2nd law of thermodynamics delineates dispersal of energy. Int. Rev. Phys. 2010 4, 29–34. 

https://www.mv.helsinki.fi/home/aannila/arto/papers.html
https://www.researchgate.net/profile/Arto_Annila/publications
https://scholar.google.fi/citations?hl=en&user=koKuwmgAAAAJ&view_op=list_works&sortby=pubdate
mailto:arto.annila@helsinki.fi
https://www.mv.helsinki.fi/home/aannila/arto/natprocess.pdf
https://www.mv.helsinki.fi/home/aannila/arto/naturaldistribution.pdf
https://www.mv.helsinki.fi/home/aannila/arto/leastaction.pdf
https://www.mv.helsinki.fi/home/aannila/arto/aachi.pdf
https://www.mv.helsinki.fi/home/aannila/arto/relations.pdf
https://www.mv.helsinki.fi/home/aannila/arto/aawhylife.pdf
https://www.mv.helsinki.fi/home/aannila/arto/time.pdf
https://www.mv.helsinki.fi/home/aannila/arto/gaia.pdf
https://www.mv.helsinki.fi/home/aannila/arto/folding.pdf
https://www.mv.helsinki.fi/home/aannila/arto/hierarchy.pdf
https://www.mv.helsinki.fi/home/aannila/arto/natinfo.pdf
https://www.mv.helsinki.fi/home/aannila/arto/economy.pdf
https://www.mv.helsinki.fi/home/aannila/arto/succession.pdf
https://www.mv.helsinki.fi/home/aannila/arto/law.pdf
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    The universal law for open evolving systems is given in its diverse forms. 

15. Annila A. All in action. Entropy 2010 12, 2333–2358. arxiv.org/abs/1005.3854 

      Nature, in its entirety, is described in terms of quantized actions and related mathematical conjectures are examined. 

16. Annila A, Salthe S. Cultural naturalism. Entropy 2010 12, 1325–1343. doi:10.3390/e12061325 

     Culture is described as a society’s means to consume free energy. 

17. Annila A, Salthe S. Physical foundations of evolutionary theory. J. Non-equilb. Therm. 2010 35, 301–321. 

     The theory of evolution by natural selection is subsumed by the 2nd law of thermodynamics. 

18. Mäkelä T, Annila A. Natural patterns of energy dispersal. Phys. Life Rev. 2010 7, 477–498.   

   Many mathematical models of systems are found as approximations of the evolutionary equation of motion. 

19. Annila A. Least-time paths of light. Mon. Not. R. Astron. Soc. 2011 416, 2944–2948. 

    The principle of least action gives paths of light through space without dark energy and dark matter. 

20. Koskela M, Annila A. Least-action perihelion precession. Mon. Not. R. Astron. Soc. 2011 417, 1742–1746. 

           Perihelion precession is calculated using the principle of least action and ascribed to the gravity of the universe. 

21. Anttila J, Annila A. Natural games. Phys. Lett. A 2011 375, 3755–3761. arxiv.org/abs/1103.1656 

 Behavior in the context of game theory is described as a natural process. 

22. Hartonen T, Annila A. Natural networks as thermodynamic systems. Complexity 2012 18, 53–62. 

  Universal characteristics of networks follow from the least-time free energy consumption. 

23. Annila A, Kallio-Tamminen T. Tangled in entanglement. Physics Essays 2012 25, 495–499. 

  Conceptual conundrums of quantum mechanics are resolved using the principle of least action. 

24. Annila A. Probing Mach’s principle. Mon. Not. R. Astron. Soc. 2012 423, 1973–1977. 

       The principle of least action accounts for geodetic precession and frame-dragging effects. 

25. Annila A. Space, time and machines. Int. J. Theor. Math. Phys. 2012 2, 16–32. arxiv:0910.2629 

      Key problems in physics and conjectures of mathematics are addressed by the universal law of least action. 

26. Annila A. The meaning of mass. Int. J. Theor. Math. Phys. 2012 2, 67–78. sapub.org/10.5923 

    Particles are actions whose quantized geodesics manifest as charges, magnetic moments, and masses. 

27. Pernu TK, Annila A. Natural emergence. Complexity 2012 17, 44–47. doi:10.1002/cplx.21388 

     New qualities materialize when surrounding quanta incorporate into the system opening new motional modes. 

28. Koskela M, Annila A. Looking for LUCA. Genes 2012 3, 81–87. 

  The unattainable quest for the last universal common ancestor implies an impaired understanding of what life is. 

29. Annila A, Annila E. The significance of sex. BioSystems 2012 110, 156–161. 

  Both sexual and asexual reproduction can be regarded merely as a means of least-time free energy consumption. 

30. Keto J, Annila A. The capricious character of nature. Life 2012 2, 165–169.  

       Courses of nature are inherently unpredictable since processes and their driving forces depend on each other. 

31. Annila A. Physical portrayal of computational complexity. ISRN Comp. Math. 2012 321372, 1–15. arXiv:0906.1084 

   Computation is intractable when there are degrees of freedom for dissipative computational steps. 

32. Annila A, Salthe S. On intractable tracks. Physics Essays 2012 25, 232–237. 

    The principle of least action explains why nature shows rules and regularities but is nevertheless unpredictable. 

33. Annila A, Salthe S. Threads of time. ISRN Therm. 2012 850957. 

    The flux of quanta embodies the flow of time; irreversible free energy consumption creates time’s arrow. 

34. Varpula S, Annila A, Beck C. Thoughts about thinking. Advanced Studies in Biology 2013 5, 135–149. 

    A holistic account of the human brain is given by the systemic theory of least-time free energy consumption. 

35. Annila A, Baverstock K. Genes without prominence: a reappraisal of the foundations of biology. J. Roc. Soc. Interface

 2014 11, 20131017. 

  Genes are no ends in themselves but at the service of least-time free energy consumption. 

36. Annila A, Kolehmainen E. On the divide between animate and inanimate. J. Sys. Chem. 2015 6, 2 

    Ubiquitous patterns present evidence that demarcation between animate and inanimate is only imaginary. 

37. Annila A. The substance of gravity. Physics Essays 2015 28, 208–218. 

    A local gravitational potential and the universal vacuum embody energy in photon pairs without net polarization. 

38. Annila A. Cosmic rays report from the structure of space. Advances in Astronomy 2015 id 135025. 

    Spectral features of rays relate by the least-time principle to energy densities of the vacuum in the expanding universe. 

39. Annila A. Natural thermodynamics. Physica A 2016 444, 843–852. 

     Universal characteristics and principles are derived by considering quantized actions to embody every system. 

40. Annila A. On the character of consciousness. Frontiers in Systems Neuroscience 2016 10, 27. doi: 

https://www.mv.helsinki.fi/home/aannila/arto/all2.pdf
http://arxiv.org/abs/1005.3854
https://www.mv.helsinki.fi/home/aannila/arto/culture.pdf
https://www.mv.helsinki.fi/home/aannila/arto/foundations2.pdf
https://www.mv.helsinki.fi/home/aannila/arto/patterns.pdf
https://www.mv.helsinki.fi/home/aannila/arto/light.pdf
https://www.mv.helsinki.fi/home/aannila/arto/perihelion.pdf
https://www.mv.helsinki.fi/home/aannila/arto/games.pdf
http://arxiv.org/abs/1103.1656
https://www.mv.helsinki.fi/home/aannila/arto/networks.pdf
https://www.mv.helsinki.fi/home/aannila/arto/tangled.pdf
https://www.mv.helsinki.fi/home/aannila/arto/probe.pdf
https://www.mv.helsinki.fi/home/aannila/arto/stm.pdf
http://arxiv.org/abs/0910.2629
https://www.mv.helsinki.fi/home/aannila/arto/mass.pdf
http://article.sapub.org/10.5923.j.ijtmp.20120204.03.html
https://www.mv.helsinki.fi/home/aannila/arto/emergence.pdf
https://www.mv.helsinki.fi/home/aannila/arto/luca.pdf
https://www.mv.helsinki.fi/home/aannila/arto/sex.pdf
https://www.mv.helsinki.fi/home/aannila/arto/aacharacter.pdf
https://www.mv.helsinki.fi/home/aannila/arto/ppcc.pdf
https://arxiv.org/abs/0906.1084
https://www.mv.helsinki.fi/home/aannila/arto/intractable.pdf
https://www.mv.helsinki.fi/home/aannila/arto/aathreads.pdf
https://www.mv.helsinki.fi/home/aannila/arto/aathoughts.pdf
https://www.mv.helsinki.fi/home/aannila/arto/genes.pdf
https://www.mv.helsinki.fi/home/aannila/arto/divide.pdf
https://www.mv.helsinki.fi/home/aannila/arto/substance.pdf
https://www.mv.helsinki.fi/home/aannila/arto/rays.pdf
https://www.mv.helsinki.fi/home/aannila/arto/aathermodynamics.pdf
https://www.mv.helsinki.fi/home/aannila/arto/consciousness.pdf
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 10.3389/fnsys.2016.00027 

   Several well-known questions about consciousness are examined and illuminated by statistical physics. 

41. Annila A. Rotation of galaxies within gravity of the universe. Entropy 2016 18, 191–205. 

      The galaxy rotation is explained by the principle of least action to result from the overall gravity of the expanding universe. 

42. Grahn P, Annila A, Kolehmainen E. On the exhaust of EM-drive. AIP Advances 2016 6, 065205.  

       The elusive thrust of an electromagnetic drive is identified by the principle of least action to emitted paired photons. 

43. Annila A, Baverstock K. Discourse on order vs. disorder. Communicative & Integrative Biology 2016 9, e1187348.   

     Increase in disorder, just as order, in any system is merely a consequence of least-time free energy consumption. 

44. Annila A, Kolehmainen E. Atomism revisited. Physics Essays 2016 29, 532–541. 

     Ancient atomism guides to construct everything from indivisible entities, known today as the quantum of actions. 
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