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Figure 3. In this table 
the data set out in 
Table 1 is plotted as a 
Planck-Shannon plot, 
providing a classifier-
based analysis of the 
Faraday Wave images 
of the sonified Raman 
signals from cancer and 
healthy cells in human 
brain tissues.  H and 
IPS were calculated as 
described in Materials 
and Methods
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Figure 4.  Potential 
applications of the 
Planckian-Shannon 
classifier in tumorectomy, 
cell biology, and 
hematology.



	 	

WATER 11,  43-54,  December 24, 2019      52 

WATER

	Step	 Description

	 1	 Raman microscopy on Formalin  
		  Fixed Paraffin Prepared (FFPP) 		
		  tissue samples [1]

	 2	 Extraction/selection of the Raman  
		  spectral bands most characteristic  
		  of each cell type, healthy or  
		  cancerous 	

	 3	 Transforming a small number (~5) 
		   of the discriminatory sub-band fea- 
		  tures of the Raman spectral signals  
		  measured from FFPP tissues to  
		  auditory signals through controlling  
		  the parameters of a FM synthesizer 	

	 4	 Human participants were asked  
		  to discriminate between three sample  
		  groups based on the timbre of each  
		  sample: the metastatic group, the  
		  glioblastomagroup, and the normal  
		  group 

	 5	 The result of the subjective  
		  classification is transduced to the  
		  synonymous sound for the auditory  
		  perception by surgeons during  
		  tumorectomy	

	 6	 Input to surgeon’s auditory system to  
		  assist his/her decision making

	 7	 The audio file encoding the extracted  
		  features of Raman bands is fed into  
		  the digital Cymascope for the Planck- 
		  Shannon classifier-based processing 	

	 8	 Optical fiber-mediated illumination  
		  with laser and collection of the  
		  back-scattered light, which is  
		  subsequently inputted into a Raman  
		  spectrometer 	

	 9	 Converting digital spectral data  
		  displayed as a table (wavenumbers  
		  vs. amplitudes) into a histogram  
		  using Excel software	

	 10	 Fitting long-tailed asymmetric  
		  histograms to PDE, y = (A/(x + B)5)/ 
		  (eC/(x + B) – 1), using Solver in Excel	

	Step	 Description

	 11	 Computing the Planckian information 
		  of the second kind, IPS, and the  
		  Shannon entropy, H, from the  
		  parameter values of PDE and plotting  
		  them in the Planck-Shannon plane

	 12	 The result of the Planck-Shannon  
		  classifier-based discrimination is  
		  transduced to the synonymous  
		  sound for the auditory perception  
		  by a surgeon during tumorectomy

	 13	 The visual output from the Planck- 
		  Shannon classifier is used by biomed- 
		  ical scientists for drug discovery, per- 
		  sonalized medicine, and fMRI signal  
		  interpretation

	 14	 Measurement of Raman spectra  
		  from a single cell using a confocal  
		  Raman spectrometer [19]

	 15	 Digital cymascopic images measured 	
		  from human blood (unpublished  
		  results of the experiment performed  
		  in collaboration with John Stuart  
		  Reid, for the first time in April 2018  
		  in Cumbria, England)	

	 16	 Digital cymascopic images being  
		  converted into histograms using the  
		  histogram software in Excel

	 17	 The result of the Planck-Shannon  
		  classification of the human blood  
		  cymascopic images may be used by  
		  hematologist for diagnosing human  
		  diseases (a postulate) 

	 18	 Microarray measurement of the  
		  mRNA levels from living tissues [12]

	 19	 Transformation of mRNA data into  
		  long-tailed asymmetric histograms  
		  using the histogram software in Excel 

	 20	 Biophysical and physiological signals  
		  (e.g., fMRI) measured from tissues,  
		  organs, and whole animals trans- 
		  formed into long-tailed asymmetric  
		  histograms using the histogram  
		  software in Excel [6, Figure 8.6 (l)]

Table 3. Explanations of the steps in Figure 4.
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Conclusions

Between 2017-2018 a novel experimen-
tal tool was developed that combines the 
digital Cymascope and the Planck-Shan-
non classifier (PSC) to produce what may 
be referred to as “PSC-based cymascopy,” 
“PSC cymascopy,” or just PSCC. In this pa-
per, we have demonstrated that PSCC can 
distinguish between the audio files gener-
ated from cancer and healthy cells in hu-
man brain tissues that may contribute to 
eventually developing an AI-based surgical 
procedure for removing tumors from hu-
man brains. In this procedure, the surgeon 
would wear spectacles with head-up inte-
gral display, driven by a species of digital 
Cymascope, thus revealing a tumor’s mar-
gins. 

Encouraged by our preliminary results, we 
have been led to postulate that PSCC can 
be applied to investigating other complex 
physical phenomena and biomedical sys-
tems, both normal and diseased, including 
fMRI [6, p. 344], hematology, single-cell 
metabolism [6, p. 343], single-molecule en-
zymology [6, p. 344]. 

Acknowledgements

The authors thank Drs. R. Stables and M. 
Baker for providing the audio files of Ra-
man signals generated from cancer and 
healthy cells of human brain tissues, and 
Sayer Ji of GreenMedInfo, https://www.
greenmedinfo.com/, for providing the fi-
nancial support required to convert the an-
alogue Cymascope instrument to the digital 
Cymascope instrument in 2017, without 
which the present research would not have 
been possible. 

References

[1] Stables R., Clemens G., Butler H. J., et al. (2017).  
Feature driven classification of Raman spectra for 
real-time spectral brain tumor diagnosis using 
sound. Analyst 142: 98-109. 

[2] Guttman, D., et al, (2005). Hearing What the 
Eyes See. Auditory Encoding of Visual Temporal 
Sequences, Psychol Sci. 2005 Mar: 16(3): 228-235. 

[3] Ullmann, D. (2007). Life and work of E.F.F. 
Chladni. The European Physical Journal Special 
Topics 145 (1): 25–32.  

[4] Sheldrake, M., Sheldrake, R. (2017).  
Determinants of Faraday Wave-Patterns in 
Water Samples Oscillated Vertically at a Range of 
Frequencies from 50-200 Hz. Water 9:1-22. 

[5]  Ji S. (2012).  Molecular Theory of the Living Cell: 
Concepts, Molecular Mechanisms, and Biomedical 
Applications. Springer, New York.

[6]  Ji S.  (2018).  The Cell Language Theory: 
Connecting Mind and Matter. World Scientific 
Publishing, New Jersey.

[7]  Ji S. (2015).  Planckian distributions in molecular 
machines, living cells, and brains: The wave-particle 
duality in biomedical sciences. In: Proceedings 
of the International Conference on Biology and 
Biomedical Engineering, Vienna, March 15-17, pp. 
115-137. 

[8]  Ji S. (2017).  Waves as the Symmetry Principle 
Underlying Cosmic, Cell, and Human Languages. 
Information 8(1), 24, 2017. 

[9] Ji, S., Park, B. J., and Reid, J. S. (2020). Planck-
Shannon classifier: A novel method to discriminate 
between sonified Raman signals from cancer 
and healthy cells. In: Hu Z., Petoukhov S., He M. 
(eds) Advances in Artificial Systems for Medicine 
and Education II. AIMEE2018 2018. Advances 
in Intelligent Systems and Computing, vol 902. 
Springer, Cham. 

[10] Marijuan, P. C., del Moral, R., Ji, S., Lacruz, M. 
G., andGomez-Quintero, J. D.  (2019).  Fundamental, 
Quantitative Traits of the “Sociotypes.”  BioSystems  
180:79-84. 

[11] Lu H. P., Xun L., Xie X. S. (1998).  Single-
Molecule Enzymatic Dynamics. Science 282: 1877-
1882. 

[12]  Perou C. M., Sorlie T., Eisen M. B., et al. (2000).  
Molecular portraits of human breast Tumors. Nature 
406(6797): 747-52. 

[13] Riedl, M. J. (2001). Optical Design Fundamentals 
for Infrared Systems, Second Edition. 

[14]  Reid, J. S. (2004).  The Science of the 
CymaScope. 

[15] Douady, S. (1990). Experimental study of the 
Faraday instability. J. Fluid Mech.  221: 383-409 

[16]  Ji, S. (2015).  Planckian Information (IP): A 
New Measure of Order in Atoms, Enzymes, Cells, 

https://www.greenmedinfo.com/
https://www.greenmedinfo.com/
https://doi.org/10.1039/C6AN01583B
https://dx.doi.org/10.1111%252Fj.0956-7976.2005.00808.x
https://link.springer.com/article/10.1140/epjst/e2007-00145-4
https://link.springer.com/article/10.1140/epjst/e2007-00145-4
https://www.sheldrake.org/files/pdfs/papers/WATER.2017.10.Sheldrake.pdf
http://www.conformon.net/wp-content/uploads/2016/09/PDE_Vienna_2015.pdf
http://www.conformon.net/wp-content/uploads/2016/09/PDE_Vienna_2015.pdf
http://www.conformon.net/wp-content/uploads/2016/09/PDE_Vienna_2015.pdf
http://www.conformon.net/wp-content/uploads/2016/09/PDE_Vienna_2015.pdf
http://dx.doi.org/10.3390/info8010024
https://doi.org/10.1007/978-3-030-12082-5_17
https://doi.org/10.1007/978-3-030-12082-5_17
https://doi.org/10.1007/978-3-030-12082-5_17
https://doi.org/10.1016/j.biosystems.2019.02.007
https://doi.org/10.1016/j.biosystems.2019.02.007
https://doi.org/10.1126/science.282.5395.1877
https://doi.org/10.1126/science.282.5395.1877
https://doi.org/10.1038/35021093
https://doi.org/10.1038/35021093
http://spie.org/publications/tt48_151_blackbody_plancks
http://spie.org/publications/tt48_151_blackbody_plancks
https://www.cymascope.com/cymascope.html%20
https://www.cymascope.com/cymascope.html%20
https://www.physics.utoronto.ca/~phy326/far/Douady.pdf


	 	

WATER 11,  43-54,  December 24, 2019      54 

WATER

Brains, Human Societies, and the Cosmos.  In: 
Unified Field Mechanics: Natural Science beyond 
the Veil of Spacetime (Amoroso, R., Rowlands, 
P., and Kauffman, L. eds.), World Scientific, New 
Jersey, 2015, pp. 579-589). 

[17] Ji, S. (2018).  RASER Model of Single-Molecule 
Enzyme Catalysis and Its Application to the 
Ribosome Structure and Function. Arch. Mol. Med. 
Genetics 1(1): 31-39.  

[18] Ji S. (2019).  Planck-Shannon plots (PSP), 
Superstructures, and Consciousness Quantification.  
A lecture delivered at the Foundation of Mind 
Resident Summer School, Siena, Italy, August 26, 
2019.  

[19]  Cheng J.-X., Xie X. S. (2015).  Vibrational 
spectroscopic imaging of living systems: An 
emerging platform for biology and medicine. Science 
350 (6264) aaa8870.

http://www.conformon.net/wp-content/uploads/2016/09/PDE_Vigier9.pdf
http://www.conformon.net/wp-content/uploads/2016/09/PDE_Vigier9.pdf
http://hendun.org/journals/AMMG/PDF/AMMG-18-1-104.pdf
http://hendun.org/journals/AMMG/PDF/AMMG-18-1-104.pdf
https://doi.org/10.1126/science.aaa8870
https://doi.org/10.1126/science.aaa8870

