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Think “SOFT” as 
a heap of data …

CREATE YOUR 
OWN STORY …
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approximately 500 inhabitants

shown

Attempt to review, learn, compare, criticize and evaluate science through the lens of 

Information

http://www.mdpi.com/1099-4300/17/7/4863


Attempt to review, learn, compare, criticize and evaluate science/engineering in terms of 

Connectivity
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www.pnas.org/content/pnas/107/5/1860.full.pdf

This US-centric view 

may be applicable to 

the “Western” world. 

Is it applicable to 

female math teachers 

in Asia and Africa? 

http://www.pnas.org/content/pnas/107/5/1860.full.pdf
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Science and Scientists for Society 

It is a widely held belief that science and the fruits from science 
(engineering, technology) may catalyze new developments to lift 
the lives of billions of people and provide solutions for remediable 
injustices in an ethical, egalitarian, civil society.

Hence, one purpose of this talk/presentation is to discuss science. 

I will present a few examples of potential scientific strides in each 
of these FIVE categories (FEWSH), which are not in silos but 
inextricably linked in our daily lives, agnostic of where we live. 

These examples are selected from millions of potential clues from 
ongoing research and development, globally. What I/we know is 
insignificant. The unknown unknowns are so immense that I do 
not even know how to begin to describe the things which may be 
possible in the future. The latter excludes ideas that may appear 
impossible, at this time. If we know about an idea then it is no 
longer in the realm of unknown unknowns.  

It is your mission to take your imagination to a plane where you 
can begin to think about development in terms of thoughts none 
has thought before, inventions that we have not imagined, yet.     
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Underpinning for global economic growth and development:   

La femme est l'avenir de l'homme

woman is the future of man

www.youtube.com/watch?v=V7eTE4hmhg4
www.youtube.com/watch?v=8YFYt3vZ0xE 

https://leftinparis.org/people/louis-aragon-2/



Number 0

Mathematics begins with zero

https://www.youtube.com/watch?v=V1bFr2SWP1I

https://www.youtube.com/watch?v=V1bFr2SWP1I


It matters.

https://www.youtube.com/watch?v=GK96bciRXiY



In the 1960's the Rockefeller Foundation funded a 
meal program for school children in southern India. 
Poor families began sending not only "boys" but also 
the girls to school. The girls became educated women 
and created educated families, educated boys and an 
educated society. But, poverty was not discouraged 
by this march of reason and educational resources 
still consisted of paper and pencil. Mathematics had 
no problem with just paper and pencil. The children 
were fed on a diet of mathematics. Half a century 
later the trinity of food, poverty and mathematics 
evolved as a force of consilience. Their synergistic 
convergence resulted in making parts of southern 
India (Tamilnadu, Kerala) the software capital of the 
21st century world. The literacy rate in the state of 
Kerala (92%) is higher than in Massachusetts (90%).

FOOD



MATH-HERS

Pronounced “MATTERS”

Why it matters? https://bit.ly/MATH-HERS
https://www.youtube.com/watch?v=sxj5bE-wbZw

https://bit.ly/MATH-HERS
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https://www.youtube.com/watch?v=ZbZSe6N_BXs
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Each year $285 billion worth of 
food is thrown away in the US. 
Food produced with scarce 
resources (water, slaughtered 
animals, soil). 54 million tons of 
food won’t be on the plates of 
people who go hungry every 
day. 54 million tons of food 
trashed in the US, each year.

FOOD

http://eosfoundation.org/combatting-hunger

http://eosfoundation.org/combatting-hunger


http://100photos.time.com/photos/kevin-carter-starving-child-vulture

http://content.time.com/time/magazine/article/0,9171,165071,00.html

https://www.nytimes.com/1994/07/29/world/kevin-carter-a-pulitzer-winner-for-sudan-photo-is-dead-at-33.html

Sudan, 1993.

http://100photos.time.com/photos/kevin-carter-starving-child-vulture
http://content.time.com/time/magazine/article/0,9171,165071,00.html
https://www.nytimes.com/1994/07/29/world/kevin-carter-a-pulitzer-winner-for-sudan-photo-is-dead-at-33.html


https://www.rockefellerfoundation.org/wp-content/uploads/2021/07/True-Cost-of-Food-Full-Report-Final.pdf

https://www.rockefellerfoundation.org/wp-content/uploads/2021/07/True-Cost-of-Food-Full-Report-Final.pdf
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feed 16 billion or 7 billion people (2100)

 



feed 16 billion or 7 billion people (2100)

 

Depends on Population



https://www.thelancet.com/action/showPdf?pii=S0140-6736%2820%2930677-2

https://www.thelancet.com/action/showPdf?pii=S0140-6736%2820%2930677-2






UN 2010 projections & US Census Bureau historical estimates. 
https://commons.wikimedia.org/w/index.php?curid=19813379

By 2100, 
the world 
population 
may rise to 
16 billion
or decline 
to 7 billion 
or as low as 
6 billion.

16 billion

7 billion



 



FOOD



www.weforum.org/agenda/2020/09/the-world-population-in-2100-by-country/

Number 1 in 2100
India ~1 billion

http://www.weforum.org/agenda/2020/09/the-world-population-in-2100-by-country/


 

Lot of talk and hot air from the US National Academies of Sciences ▪ https://www.nap.edu/cart/download.cgi?record_id=25876

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/food-packaging

https://www.nap.edu/cart/download.cgi?record_id=25876


Reduce food waste: 
nano-material 
science may 

improve food 
quality and 
packaging



What do you need to know if 
you want to understand and 
evaluate this research paper?

What is cellulose?
What is a nano-crystal? 

What is an in vivo assay?
What is an in vitro assay?

What is toxicology? 
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What is cellulose?
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To answer these questions 
you will need the foundation 

of knowledge provided by

MATHEMATICS
SCIENCE

and
ENGINEERING 
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















Dr. Norman Borlaug is credited with 

saving over a billion people from 

starvation. He was awarded the 

Nobel Peace Prize, the Presidential 

Medal of Freedom and the US

Congressional Gold Medal.            

Dr. Borlaug received the Padma 

Vibhushan, the highest civilian 

award the government of India can 

present to a non-citizen.
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so little is known



let us do something



https://news.uchicago.edu/story/rna-breakthrough-crops-grow-50-percent-more-potatoes-rice-climate-change

https://news.uchicago.edu/story/rna-breakthrough-crops-grow-50-percent-more-potatoes-rice-climate-change


Yu, Q., Liu, S., Yu, L. et al. RNA demethylation increases the yield and biomass of rice and potato 
plants in field trials. Nature Biotech (July 22, 2021)  https://doi.org/10.1038/s41587-021-00982-9

https://sfx.mit.edu/sfx_local?__char_set=utf8&id=doi:10.1038/s41587-021-00982-9&sid=libx%3Amit&genre=article




www.khanacademy.org/science/biology/ecology/biogeochemical-cycles/a/introduction-to-biogeochemical-cycles

SOIL
GEOBIOCHEMICAL

CYCLES

BIOTIC / ABIOTIC

WATER
CARBON
SULPHUR

NITROGEN
PHOSPHOROUS

http://www.khanacademy.org/science/biology/ecology/biogeochemical-cycles/a/introduction-to-biogeochemical-cycles




www.khanacademy.org/science/biology/ecology/biogeochemical-cycles/a/introduction-to-biogeochemical-cycles

www.nobelprize.org/prizes/chemistry/1918/summary/ ▪ https://phys.org/news/2015-10-dark-side-nobel-prizewinning.html

http://www.khanacademy.org/science/biology/ecology/biogeochemical-cycles/a/introduction-to-biogeochemical-cycles
http://www.nobelprize.org/prizes/chemistry/1918/summary/
https://phys.org/news/2015-10-dark-side-nobel-prizewinning.html


HABER-BOSCH  PROCESS AMMONIA

www.nobelprize.org/prizes/chemistry/1918/summary/
https://phys.org/news/2015-10-dark-side-nobel-prizewinning.html

http://www.nobelprize.org/prizes/chemistry/1918/summary/
https://phys.org/news/2015-10-dark-side-nobel-prizewinning.html


www.nobelprize.org/prizes/chemistry/1918/summary/ ▪ https://phys.org/news/2015-10-dark-side-nobel-prizewinning.html

www.scienceabc.com/pure-sciences/the-haber-bosch-process-what-is-it-why-is-the-process-so-important.html

http://www.nobelprize.org/prizes/chemistry/1918/summary/
https://phys.org/news/2015-10-dark-side-nobel-prizewinning.html
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representing 

the same 

process of 

ammonia 

synthesis?
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HABER-BOSCH  PROCESS AMMONIA

www.nobelprize.org/prizes/chemistry/1918/summary/
https://phys.org/news/2015-10-dark-side-nobel-prizewinning.html

http://www.nobelprize.org/prizes/chemistry/1918/summary/
https://phys.org/news/2015-10-dark-side-nobel-prizewinning.html


Beijerinck, M. W. (1901) Über oligonitrophile Mikroben. Zbl. Backt. 7, 561-582

BIOLOGICAL PROCESS

ENZYME CATALYZED



WATER POLLUTION

http://environment.umn.edu/discovery/natural-capital-project/much-fertilizer-really-cost/ 

How can 
something 
so useful 

also be so  
detrimental

?



www.epa.gov/nutrientpollution/issue

http://www.epa.gov/nutrientpollution/issue




YOU ?



Number 2

https://www.youtube.com/watch?v=ZbZSe6N_BXs
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www.technologyreview.com/2020/12/08/1013357/quantumscape-vw-litihium-metal-battery/







Think 
radically 
different 
Growth in India over the next 
decade will create new demand



5 MB hard 
drive being 
shipped out 

of IBM

1956
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Credit Card

2020

16 million 
MB

16 TB hard 
drive slightly 
bigger than 
a credit card



1956

5 MB hard 
drive air 

lifted on to 
PAN AM



16 million 
MB

16 TB hard 
drive fits in 
your palm 
& pocket

2020



18TB HD 2X SIZE
of CREDIT CARD



18TB HD 2X SIZE
of CREDIT CARD

TRANSFORMATION 

IN ENERGY MUST 

HAPPEN ON A 

MASSIVE SCALE 







Simplest things we don’t know

We still do not know how to break down water to generate hydrogen and oxygen 
(in a manner which is energy positive and generates energy). Electrolysis of water 
consumes energy. It was first demonstrated in 1789 by Jan Rudolph Deiman and 
Adriaan Paets van Troostwijk (Dutch) using an electrostatic generator to produce    
a discharge between two gold electrodes immersed in water. Michael Faraday's laws 
of electrolysis are quantitative relationships which were published in 1833 (in UK).

https://www.sciencedirect.com/topics/engineering/water-electrolysis



Leapfrogging the barriers 
of conventional wisdom 
and the dead weight of 

old technology. 





https://dspace.mit.edu/handle/1721.1/56251

2005 – Swap form factor for “atoms” (connect bits, cars, engines, toilets)  

16 years later, swappable car batteries are in discussion, but form factor for energy is still large.

https://tem.fi/etusivu

https://dspace.mit.edu/handle/1721.1/56251
https://tem.fi/etusivu


Radical idea: 
“portability” 
of atoms, eg.
running 
automobiles 
on metallic 
hydrogen as 
fuel source. 



Radical idea: 
“portability” 
of atoms, eg.
running 
automobiles 
on metallic 
hydrogen as 
fuel source. 

FUEL STICKS ??



Radical idea – “portability” of atoms 
e.g. metallic hydrogen as fuel source.  



www.ptep-online.com/index_files/2011/PP-26-07.PDF

S. Datta, published
by TEKES in 2006

https://dspace.mit.edu/handle/1721.1/56251

http://www.ptep-online.com/index_files/2011/PP-26-07.PDF
https://dspace.mit.edu/handle/1721.1/56251


Rationale of “portability” of atoms was based on the theory of metastable metallic hydrogen 

http://news.harvard.edu/gazette/story/2017/01/a-breakthrough-in-high-pressure-physics/

Ranga Dias, Harvard (in the
Laboratory of Isaac Silvera)

http://news.harvard.edu/gazette/story/2017/01/a-breakthrough-in-high-pressure-physics/


https://dspace.mit.edu/handle/1721.1/56251

Swap “atoms” form factor – a different way of thinking about energy inventory

Swap 
anywhere  

to replenish 
fuel

Drive cars, 
ship, plane, 
rocket, with 
metallic 
hydrogen in  
a fuel stick 
(USB flash 
drive format).

https://dspace.mit.edu/handle/1721.1/56251


The case for taxicabs in cities.



http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf

http://map.mathshell.org/download.php?fileid=1706

Average taxi ride 
approx. 2.6 miles

http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf


72 lb @ 6 lb/gal

1323 lbHow much energy (inventory) 

and weight of energy (gas or 

battery) is a vehicle carrying      

for an average 2.6 mile trip?

www.teslarati.com/tesla-model-s-weight/

http://www.teslarati.com/tesla-model-s-weight/


http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf

http://map.mathshell.org/download.php?fileid=1706

1300lb battery (weight) 
even for 2.6 mile trip?

http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf
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https://qz.com/1001518



SWAPPABLE  ATOMS

Not quite metallic

hydrogen but we

are changing the

equation in India.

Aren’t we?

https://qz.com/1001518



ISAAC ASIMOV

SWAPPABLE ATOMS – A DESIGN METAPHOR   



https://doi.org/10.1038/35104634

https://doi.org/10.1038/35104634


www.energy.gov/sites/prod/files/2020/07/f77/hfto-progress-fact-sheet-june-2020-1.pdf



Hydrogen molecules (yellow) adsorbed in 
graphitic carbon inverse opal (GCIO, blue).

Molecular Simulation of Novel Carbonaceous Materials for Hydrogen Storage

Adsorbed Hydrogen in the frame of the vehicle
may even eliminate the need for fuel cell or tank

NanoLetters (2004) 4 1489-1492

https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.973.1042&rep=rep1&type=pdf





GlucoseGlucose was first isolated in 1747 

from raisins by Andreas Marggraf. 

The name glucose was coined in 

1838 by Jean Dumas, from the 

greek glycos. Structure was first 

discovered by Emil Fischer in1891.

https://www.chemie.tu-darmstadt.de/media/lth/papers/183_neu_eng.pdf



Glucose
Structure

1891
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www.nature.com/articles/037007b0.pdf



Yet we are still incapable of 

efficient de novo synthesis of 

glucose.



Butanol • Prather 2009
• Atsumi 2008

Pentanol

Ethanol • Stephanopoulos 
2006

DE 
NOVO

• Non-sugar based 
organic synthesis

PLANT

GROWTH

WASTE

CARBON
• COSKATA

PHOTO
• Bacteria 

(SILVER)
• Algae (BLOCH)

Non-sugar
synthesis

CORN

COSKATA

Bacteria, Algae

Chloroplast 
nano-chips

Immobile
Enzymes

Butanol
Generator

In the post-2100 era, nuclear fusion may dominate 

Grid power in affluent nations. Liquid fuel demand

will exist in 80% of the world. Will it catapult glucose?

FUTURE
Post-2100

Glucose



High Insolation Zones
SAHARA SOLAR CORPORATION



C 4  
C 5

C 6

Low Insolation
Commodity

Butanol
Pentanol

Micro 
Algae

Cyano
Bacteria

Photosynthetic Butanol Production in High Insolation Zones 



Butanol

Pentanol

Ethanol

DE 
NOVO

• Non-sugar based 
organic synthesis

PLANT

GROWTH

WASTE

CARBON
• COSKATA

• Bacteria 
(SILVER)

• Algae (BLOCH)

Non-sugar
synthesis

CORN

COSKATA

Glucose as a Commodity for Liquid  Fuel Supply Chain?
Can Glucose serve as an intermediary in low insolation? 



Butanol

Pentanol

Ethanol

DE 
NOVO

• Non-sugar based 
organic synthesis

PLANT

GROWTH

WASTE

CARBON
• COSKATA

Non-sugar
synthesis

Glucose as an intermediary in Low Insolation Zones ? 



C 4  
C 5

C 6

Low Insolation
Commodity

Butanol
Pentanol

Micro 
Algae

Cyano
Bacteria

Glucose from low insolation zones can be used to produce 
Butanol & Pentanol which can be used directly as liquid fuel 

Glucose





Butanol Biosynthesis in
Clostridium acetobutylicum



Butanol Biosynthesis in
Clostridium 
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French chemist Anselme Payen was the 1st to discover an enzyme, diastase, in 
1833. In 1877, German physiologist Wilhelm Kühne (1837–1900) first used the 
term enzyme, which comes from Greek ἔνζυμον, "leavened" or "in yeast“ to describe 
this process. To explain the specificity of enzymes, in 1894 Emil Fischer proposed 
that enzymes and substrates possess specific complementary geometric shapes that 
fit exactly into one another.But the "lock and key“ model was modified in 1958   
by Daniel Koshland who proposed the induced-fit mechanism of enzyme action.
Payen A, Persoz JF (1833). "Mémoire sur la diastase, les principaux produits de ses 
réactions et leurs applications aux arts industriels" [Memoir on diastase, the 
principal products of its reactions, and their applications to the industrial
arts]. Annales de chimie et de physique. 2nd (in French). 53: 73–92.
Fischer E (1894). "Einfluss der Configuration auf die Wirkung der 
Enzyme"[Influence of configuration on the action of enzymes]. Berichte der 
Deutschen Chemischen Gesellschaft zu Berlin (in German). 27 (3): 2985–2993. 
doi:10.1002/cber.18940270364

https://www.jstor.org/stable/229596

https://en.wikipedia.org/wiki/Anselme_Payen
https://en.wikipedia.org/wiki/Diastase
https://en.wikipedia.org/wiki/Wilhelm_K%C3%BChne
https://en.wiktionary.org/wiki/enzyme
https://en.wikipedia.org/wiki/Ancient_Greek
https://en.wikipedia.org/wiki/Hermann_Emil_Fischer
https://books.google.com/books?id=Q9I3AAAAMAAJ&pg=PA73
http://gallica.bnf.fr/ark:/12148/bpt6k90736r/f364.chemindefer
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Fcber.18940270364


The Induced-Fit Model

www.ncbi.nlm.nih.gov/pmc/articles/PMC335371/pdf/pnas00681-0050.pdf

In 1958, Daniel Koshland suggested a modification to Emil 
Fischer’s (1894) lock and key mechanism of enzyme action. 
Enzymes are flexible structures. In the induced-fit model 
active sites are continuously reshaped by interactions with 
the substrate as the substrate interacts with the enzyme.

https://en.wikipedia.org/wiki/Daniel_E._Koshland,_Jr.




Lactose 
malabsorption 
exists in two-
thirds of the 
world's 
population. 
Data reveals 
regional pattern 
of lactose 
intolerance.

www.yogurtinnutrition.com/tag/lactose

http://www.yogurtinnutrition.com/tag/lactose


Lactose 
malabsorption 
exists in two-
thirds of the 
world's 
population. 
Data reveals 
regional pattern 
of lactose 
intolerance.

https://www.niddk.nih.gov/health-information/digestive-diseases/lactose-intolerance



www.thelancet.com/action/showPdf?pii=S2468-1253%2817%2930154-1

Widespread Lactose 
malabsorption exists
in two-thirds of the 
world's population. 
Data reveals regional 
patterns of lactose 
intolerance.



MOLECULAR GENETICS OF LACTOSE INTOLERANCE - IN OUR GENES
Please watch https://www.youtube.com/watch?v=umiLaW5AmKg&t=4s





https://www.yogurtinnutrition.com/lactose-as-a-nutrient

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC322277/pdf/jcinvest00210-0168.pdf

www.thelancet.com/action/showPdf?pii=S2468-1253%2817%2930154-1

https://www.yogurtinnutrition.com/lactose-as-a-nutrient
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC322277/pdf/jcinvest00210-0168.pdf


https://www.yogurtinnutrition.com/lactose-as-a-nutrient/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC322277/pdf/jcinvest00210-0168.pdf

Nijpels H.H. (1981) Lactases and their Applications. In: Birch G.G., Blakebrough N., Parker K.J. (eds) Enzymes and Food Processing. Springer, Dordrecht. 

https://doi.org/10.1007/978-94-011-6740-6_6

https://sfx.mit.edu/sfx_local?__char_set=utf8&id=doi:10.1007/978-94-011-6740-6_6&sid=libx%3Amit&genre=article


https://www.springer.com/gp/book/9780751401752

https://www.chemedx.org/article/immobilization-lactase-enzyme-alginate-beads-quick-test



Immobilized Enzymes 
Science for Society

www.researchgate.net/publication/318760978_Immobilized_enzymes_in_food_processing_Methods_and_applications

https://pubs.acs.org/doi/pdf/10.1021/acs.jafc.9b04385



https://link.springer.com/chapter/10.1007/978-3-319-97922-9_7



YOU CAN EXPERIMENT IN YOUR CLASSROOM  https://pubs.acs.org/doi/10.1021/ed075p1430

www.researchgate.net/publication/318760978_Immobilized_enzymes_in_food_processing_Methods_and_applications



Science for 
Society

Request for the
Book Chapter

v.mohan@vit.ac.in



Dream bigger.’Immobilized Enzymes 
Science for Society

Daniel Burnham
Architect, Chicago



Butanol Biosynthesis in
Clostridium acetobutylicum

Each step in 
butanol 

production by 
bacteria is 

enzyme 
catalyzed.



Butanol Biosynthesis in
Clostridium acetobutylicum

Each “EC” is 
an enzyme. 

Immobilize ?



Immobilized Enzymes 
Science for Society
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Hypothetical Immobilized Enzymatic Catalysis of Glucose to Butanol           
Butanol Battery (I thought ca. 2000 it was going to be real by 2020) 

About 10-20 biocatalytic steps in microbes may convert glucose to butanol.
These enzymes, if immobilized on substrates, may be arranged sequentially.  
If functional, the cascade may convert glucose to butanol in a butanol battery!



Capture NATURE
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Hypothetical Immobilized Enzymatic Catalysis in Nano-Chloroplasts
2100 AD ?? 

Light-dependent (photosystem I and II) and light-independent reactions
of photosynthesis may be difficult (not impossible) to immobilize (cartoon). 
Many integral proteins in thylakoids in chloroplasts makes it immensely complex.









Dr Hugh O’Neill et al at the ORNL Center for 

Structural Molecular Biology and Center for 

Nanophase Materials Sciences (Oak Ridge 

National Lab) have developed a bio-hybrid 

photo-conversion system based on the 

interaction of photo-synthetic plant proteins 

with synthetic polymers which can convert

visible light into hydrogen fuel. What’s next?

Supramolecular Assembly of Biohybrid Photo-
conversion Systems (2011) Mateus B. Cardoso, 
Dmitriy Smolensky, William T. Heller, Kunlun Hong 
& Hugh O'Neill. Energy & Environmental Science 
(2011) 4 181-188. DOI: 10.1039/C0EE00369G

Synthetic 

photo-bio

Hydrogen

??







Butanol

Pentanol

Ethanol

DE 
NOVO

• Non-sugar based 
organic synthesis

PLANT

GROWTH

WASTE

CARBON
• COSKATA

PHOTO
• Bacteria 

(SILVER)
• Algae (BLOCH)

Immobile
Enzymes

Butanol
Generator

FUTURE
Post-2100

Personal
Electricity
Generator

Chloroplast 
nano-chip

Glucose

A grand 
challenge 
that can lift 
many boats 
but first we 
must unlock 
the science. 
Society in 
need of 

scientists.



Simplest things we don’t know
DE NOVO (Latin for “new”) synthesis of Glucose is still beyond current knowledge 
of science and scientists. We do not know how to create glucose molecules from 
elements (C, carbon; H, Hydrogen; O, oxygen) or common compounds such as 
water (H2O) and carbon dioxide (CO2). What the world needs urgently is a “glucose” 
version of the chemical synthesis of Penicillin (which saved billions of lives) created 
in 1957 at MIT by John C. Sheehan and Kenneth R. Henery-Logan. An alternative  
approach may be a version of the Haber-Bosch process for glucose. Haber-Bosch 
process uses nitrogen (N) from air and hydrogen (H) from natural gas to synthesize 
ammonia (NH3), a fertilizer, which has made it possible to feed billions of people. 

1957, MIT  Total Synthesis of Penicillin by John C. Sheehan and Kenneth R. Henery-Logan           
https://pharmacy.rutgers.edu/wp-content/uploads/Med-Chem-Examples-of-Total-Synthesis.pdf 



But plants do            Photosynthesis

Grand Challenge – Can immobilized enzymatic catalysis (nano-chloroplasts) capture photosynthesis in silico ??



Scientists – we need synthetic glucose

At least, can we synthesize glucose from carbon dioxide and water if we cannot capture photosynthesis in silico ??



C4 and C6       



Renewable liquid butanol (C4) can be produced by micro-organisms using energy from sunlight and carbon dioxide

from air. Because sunlight is not sufficiently available in parts of the world, butanol can be made in the ABSENCE OF

SUNLIGHT if microorganisms are supplied with another source of primary energy, for example, glucose. At present

many good sources of glucose are from food items (sugar cane, corn). It has ignited the food v fuel debate due to

increasing cost of food items. We can avoid depleting food sources for glucose. Instead of food we can use cyano-

bacteria which can directly (auto-trophic) produce glucose from sunlight & atmospheric carbon dioxide. Thus,

glucose may be viewed as a cash crop and commodity which can create new lines of global business and serve as a

novel ingredient in the emerging supply chain of micro-scale renewable energy manufacturing futures. Any country

with sufficient sunlight can manufacture glucose. Glucose can be used in the ABSENCE OF SUNLIGHT by other

micro-organisms which can use glucose as the primary energy source (and carbon dioxide from air) to produce

butanol in an appliance which may function indoors. Hence, butanol can be produced WITHOUT DEPLETING FOOD

sources and is agnostic of sunlight (insolation independent). The anastomosis of sunlight-dependent glucose

production (as a new commodity in the energy supply chain) with sunlight-agnostic production of butanol may usher

microscale energy manufacturing platform as a tool for global economic development and job growth.

http://dspace.mit.edu/handle/1721.1/59804

Anastomosis of sunlight-dependent C4 production with sunlight-agnostic production of C5

This is a hypothetical proposal by the author (Shoumen Palit Austin Datta). It draws on published research from multiple sources including MIT and UC Berkeley.

http://dspace.mit.edu/handle/1721.1/59804


Temporary Questions ?
Is it feasible to partially reduce green house gas (GHG) emissions by manufacturing vegetation-independent non-fossil 
carbon-neutral C4-C5 renewable liquid fuel from cyano-bacteria (micro-algae) using sunlight and carbon dioxide?

The risk in this manufacturing process is scalability of production volume to make a sufficient contribution as fuel source for 
global use. The risk may also be a reward. If cost or technology for scalability is unsuitable then production volume may 
remain low. The low volume product may be suitable and affordable for domestic use or small businesses. If each home or 
small business owned its independent energy manufacturing appliance (liquid fuel generator), it may reduce demand for 
grid distributed power. 80% of the global population benefits from low volume even if the affluent nations find it limiting.

Fuel (four-Carbon C4, five-Carbon C5) produced in high insolation (plenty of sun shine) zones will be useful locally but 
transportation is costly. Hence, the emergence of glucose (six-Carbon C6) as a driver of the future liquid energy supply chain. 
High insolation zones in developing nations can produce C6 and sell the product to industrialized nations in low insolation 
zones (less sun shine).  Glucose may be converted by a variety of microbial or other methods to C4,C5 fuels without sunlight 
or the need to source vegetation or waste. Inventory of glucose may provide nations with energy security and partially 
reduce the uncertainty from energy prices which triggers volatility in economic development and socio-economic stability.  

Production of C6 from embedded photosynthetic enzymatic components immobilized on chips is a possible extension of the 
convergence of bio and nano-technology for renewable energy. In a manner similar to present-day solar panels, 22nd Century 
may expect “nano-chloroplast” panels for manufacturing  glucose-on-a-chip or C4/C5 chips. The latter may harness solar 
energy in chemical bonds. It may be used on-demand rather than directly generating electricity from photo-voltaic cells 
where energy may rapidly perish, if unused (unless storage technology significantly improves the life of energy in batteries). 
In the interim, glucose from microbes may become an important energy commodity and lift many nations out of poverty.



Nobel Prize winner (chemistry) Robert F. Curl vehemently disagreed
with this hypothetical proposal by the author (Shoumen Palit Austin Datta).

Hypothetical Proposal by Shoumen Palit Austin Datta, 2009-2010  http://dspace.mit.edu/handle/1721.1/59804

http://dspace.mit.edu/handle/1721.1/59804


MICRO-SCALE ENERGY
MANUFACTURING

∑

Photo Bio C4(C5) Reactor
Nobel Prize winner (chemistry) Robert F. Curl vehemently disagreed with this hypothetical proposal by the author (Shoumen Palit Austin Datta).

http://dspace.mit.edu/handle/1721.1/59804 - URL for MIT Library where documents pertaining to this proposal are available.

http://dspace.mit.edu/handle/1721.1/59804
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Microbes use sunlight for photo-catalytic conversion of nutrients to glucose (or 
other saccharides) and then convert the glucose (C6) to butanol (C4) liquid fuel.
If we add glucose as the primary nutrient then the process is agnostic of sunlight.



c

OUTPUT

DILUTE BUTANOL ?
PURIFIED BUTANOL ?
BUTANOL MIXTURE ?

EPUC4  - C4 
EXTRACTION 

PURIFICATION UNIT  

EPUC4

This is a stumbling block.
Purifying C4 Butanol from
this mix needs innovation. 



c

c C 4

FUEL  ? GRADE  C4

BUTANOL

How “fuel grade” is required?
Think kerosene: not quite pure!
Can we still use low grade C4?
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low efficiency conversion 

 ELECTRICITY

using commercial

GENERATOR

EPUC4
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SOLAR DEPENDENT
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BUTANOL REACTOR

TWO-COMPONENT
ELECTRICITY
GENERATION 
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BUTANOL  
PENTANOL  

for ELECTRICITY

DOMESTIC USE
ELECTRIC VEHICLES
SELL BACK TO GRID 

EPUC4



While we wait for scientists to chemically synthesize glucose from carbon dioxide and water …
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SOLAR DEPENDENT
PHOTO BIO C6 

GLUCOSE REACTOR

TWO-COMPONENT
GLUCOSE

PRODUCTION 

GLUCOSE

Microbes
producing glucose

Glucose containing slurry
dehydrated to glucose paste

Transport
anywhere
in the world
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Production
Anywhere!
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“With willing hearts and skillful hands, the difficult we do at once; the 
impossible takes a bit longer.”

“The impossible we do at once; the miraculous takes a little longer.”
1 9 1Attribution of quotes - https://www.bartleby.com/73/1183.html



Nobel Prize winner (chemistry) Robert F. Curl vehemently disagreed
with this hypothetical proposal by the author (Shoumen Palit Austin Datta).

Hypothetical Proposal by Shoumen Palit Austin Datta, 2009-2010  http://dspace.mit.edu/handle/1721.1/59804

http://dspace.mit.edu/handle/1721.1/59804


Comment by Nobel Prize winner Robert F Curl with respect to the hypothetical proposal by Shoumen Datta 
(distributed energy production involving potential manufacturing of liquid fuel as energy cottage industry).   

Robert F Curl co-discovered the field of nanotechnology & was awarded the Nobel Prize in Chemistry,1996

https://www.nobelprize.org/prizes/chemistry/1996/curl/facts/

https://www.nobelprize.org/prizes/chemistry/1996/curl/facts/


"I have traveled the length and breadth of this country and talked with the best people, and I can assure you that data processing is a fad                            
that won't last out the year." -- The editor in charge of business books for Prentice Hall, 1957.

"There is no reason anyone would want a computer in their home." -- Ken Olson, president, chairman and founder of Digital Equipment Corp., 1977.

"This 'telephone' has too many shortcomings to be considered as a means of communication. Device is inherently of no value.“ - Western Union 1876
.
"The Americans have need of the telephone, but we do not. We have plenty of messenger boys." -- Sir William Preece, chief engineer, British Post, 1876.

"Radio has no future." -- William Thomson, Lord Kelvin, British scientist, 1899.

"The wireless music box has no imaginable commercial value. Who would pay for a message sent to nobody in particular?" –
David Sarnoff's associates in response to his urgings for investment in the radio in the 1920s.

"The concept is interesting and well-formed, but in order to earn better than a 'C', the idea must be feasible." -- A Yale University management professor
in response to Fred Smith's paper proposing reliable overnight delivery service. (Smith went on to found Federal Express Corp, aka FedEx)

"Who the hell wants to hear actors talk?" -- H. M. Warner, Warner Brothers, 1927.

"We don't like their sound, and guitar music is on the way out." -- Decca Recording Co. rejecting the Beatles, 1962.

"Stocks have reached what looks like a permanently high plateau." -- Irving Fisher, Professor of Economics, Yale University, 1929.

"There is not a slightest indication that nuclear energy will be obtainable. It would mean the atom would have to be shattered at will." - Einstein, 1932.





economics of technology.

Bob is drawing on the rationale of economics of technology  The foundation of this thinking is here - http://bit.ly/Economics-of-Technology





Nobel Prize in Economics, 1987 

demonstrated that technology could 
alter the rate of economic growth.

https://www.nobelprize.org/prizes/economic-sciences/1987/solow/facts/

https://www.technologyreview.com/2019/12/27/131259/the-productive-career-of-robert-solow/

https://www.nobelprize.org/prizes/economic-sciences/1987/solow/facts/


Left - Bob Solow
Right – SD
MIT, 2009



Left - Bob (Robert F Curl)
with Rebecca Jane Austin, 
my wife. In our home, 2013. 











Hoff, H.(2011) Understanding the Nexus. Bonn 2011 Conference: Water, Energy and Food Security Nexus. Stockholm Environment Institute, Sweden. 
holger.hoff@sei-international.org http://wef-conference.gwsp.org/fileadmin/documents_news/understanding_the_nexus.pdf

Food-Energy-Water Nexus

mailto:holger.hoff@sei-international.org
http://wef-conference.gwsp.org/fileadmin/documents_news/understanding_the_nexus.pdf






www.nae.edu/255810/A-Strategy-to-Unlock-the-Potential-of-Nuclear-Energy-for-a-New-and-Resilient-Global-EnergyIndustrial-Paradigm

We may be on the brink of a new paradigm for nuclear power, a 
group of nuclear specialists suggested in The Bridge (June, 2021) the 
journal of the US National Academy of Engineering. Much as large, 
expensive, and centralized computers gave way to distributed PCs of 
today, a new generation of relatively tiny and inexpensive factory-
built reactors, designed for autonomous plug-and-play operation, 
similar to plugging in an oversized battery, is on the horizon. 

My op-ed prediction on this topic in 2007-2008 https://dspace.mit.edu/handle/1721.1/41897
“WiFi Meet FuFi: Disruptive Innovation in Logistics Catalysed by Energy” by S. Datta, MIT

http://www.nae.edu/255810/A-Strategy-to-Unlock-the-Potential-of-Nuclear-Energy-for-a-New-and-Resilient-Global-EnergyIndustrial-Paradigm
https://dspace.mit.edu/handle/1721.1/41897




ARCH is a             
design for an 
onboard fusion 
device capable of 
generating ammonia 
fuel for ship engines.







https://news.mit.edu/2021/MIT-CFS-major-advance-toward-fusion-energy-0908

FUSION POWER –
THE HOLY GRAIL

Large-bore, full-scale high-temperature 
superconducting magnet designed and 
built by CFS (Commonwealth Fusion 
Systems) and MIT’s Plasma Science and 
Fusion Center (PSFC) demonstrated a 
record-breaking 20 tesla magnetic field.



Number 3

https://www.youtube.com/watch?v=ZbZSe6N_BXs



Science and Scientists for Society 
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l About 0.5% of the earth's water is available fresh water

NO WATER

 ENERGY

NO FOOD



Simplest things we don’t know

DE NOVO (Latin for “new”) synthesis of water 
(dihydrogen monoxide) in amounts feasible for   
mass consumption is beyond the current capabilities 
of science and scientists. However, we can create a 
few water molecules but only on a laboratory bench.

Homogeneous Catalytic Reduction of Dioxygen Using Transfer Hydrogenation Catalysts
Zachariah M. Heiden and Thomas B. Rauchfuss J. Am. Chem. Soc. 2007, 129, 46, 14303–14310
https://doi.org/10.1021/ja073774p and https://phys.org/news/2007-10-scientists.html

https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Zachariah+M.++Heiden
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Thomas+B.++Rauchfuss
https://doi.org/10.1021/ja073774p
https://phys.org/news/2007-10-scientists.html
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l About 0.5% of the earth's water is available fresh water

We have 326 million cubic 
miles of water on the planet 
but 320 million cubic miles of 
water is unusable salt water 
in oceans (usable for cooling). 

Solution: Remove Salt

Commercial Desalination



Tests on an MIT building 
rooftop showed that a 
simple proof-of-concept 
desalination device could 
produce clean, drinkable 
water at a rate of about    
1.5 gallons (5.6 liters) per 
hour for each square meter 
of solar collecting area.

http://meche.mit.edu/people/faculty/enwang@mit.edu



https://pubs.rsc.org/en/content/articlepdf/2020/ee/c9ee04122b





https://timesofindia.indiatimes.com/city/bengaluru/10-of-bengalureans-use-twice-the-water-they-need/articleshow/62142987.cms



Processes 2021, 9(2), 262; https://doi.org/10.3390/pr9020262 https://www.mdpi.com/2227-9717/9/2/262/pdf

0.135 m3

Average 
household 
water used     

in India

206.7 kWh

Average         
per capita 
electricity     

used in 
India

https://doi.org/10.3390/pr9020262
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l About 0.5% of the earth's water is available fresh water

WATER

 ENERGY

FOOD





Water channel proteins used by cells/organisms to regulate salt.





Yes! Water channel proteins: Aquaporin.



https://pubmed.ncbi.nlm.nih.gov/24497982/

https://pubmed.ncbi.nlm.nih.gov/24497982/




Water-channel protein, Aquaporin Z, RsAqpZ, from the purple 
photosynthetic bacterium, Rhodobacter sphaeroides ATCC 17023.

WATER CHANNEL 

PROTEINS

used for 

Water Desalination



Kumar et al (2020) reports that cluster-forming 

organic nanoarchitecture, peptide-appended 

hybrid[4]arene (PAH[4]) is a new class of artificial 

water channel (RED STAR) which is orders of 

magnitude superior for water desalination 

compared to carbon nanotube porins (CNTP, 

blue). For PAH[4] the ratio of water vs salt (y-axis) is 

one part of salt in a billion (109) part of desalinated 

water (CNTP ratio 1:104). That is an improvement of 

5 orders of magnitude. While promising, it is still a 

very long way from commercial implementation.

Water-channel protein, Aquaporin Z, RsAqpZ, from the purple 
photosynthetic bacterium, Rhodobacter sphaeroides ATCC 17023.



The road to 

desalination 

runs through 

nano-chemistry

Cluster-forming PAH[4] channels

https://scholarsphere.psu.edu/resources/5f431be6-8672-4f12-83ce-b6a0d8c0823f





http://meche.mit.edu/people/faculty/karnik@mit.edu



Xylem in gymnosperm 
sapwood can be used for 
water filtration. Xylem is 
comprised of conduits that 
are interconnected by 
membranes that filter out 
contaminants present in 
water, e.g., microbes.







www.who.int/water_sanitation_health/publications/jmp-2019-full-report.pdf?ua=1

http://www.who.int/water_sanitation_health/publications/jmp-2019-full-report.pdf?ua=1


Proportion of population with safely managed water (left) and sanitation (right) services, 2017 (%)

(L) Fig 51 (water) and (R) Fig 69 (sanitation) from www.who.int/water_sanitation_health/publications/jmp-2019-full-report.pdf?ua=1

http://www.who.int/water_sanitation_health/publications/jmp-2019-full-report.pdf?ua=1


Plumbum (Latin for Lead) – Lead Pipes are used for plumbing water

PLUMBUM





https://www.slideshare.net/lbuckfire/the-flint-michigan-water-crisis-causes-effects

https://www.slideshare.net/lbuckfire/the-flint-michigan-water-crisis-causes-effects


https://www.slideshare.net/lbuckfire/the-flint-michigan-water-crisis-causes-effects

https://www.slideshare.net/lbuckfire/the-flint-michigan-water-crisis-causes-effects


https://www.slideshare.net/lbuckfire/the-flint-michigan-water-crisis-causes-effects

https://www.slideshare.net/lbuckfire/the-flint-michigan-water-crisis-causes-effects


https://edu.glogster.com/glog/calcium/2ar2hn030do?=glogpedia-source

Pb
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Ca

Pb

Ca

Pb

Ca

Ca

Ca

Ca

Pb
Pb

Ca

Pb

Ca

Pb

Ca

Ca

More lead 
exposure

More lead 
is stored

Lead (Pb) accumulates in teeth and bones

https://edu.glogster.com/glog/calcium/2ar2hn030do?=glogpedia-source


Ca

Ca

Pb

Pb

Pb

Pb

Lead (Pb) accumulates in teeth and bones

https://chemistryonline.guru/ionic-radius/

https://chemistryonline.guru/ionic-radius/


What 
happens       
to the Pb
in the bones?Ca

Ca

Pb

Pb

Pb

Pb

Pb

Pb

Pb

Pb

?

Lead (Pb) accumulates in teeth and bones

Osteoporosis
Courtesy of Rebecca Jane Austin Datta https://www.linkedin.com/in/rebecca-jane-austin-datta-5b257129/

https://www.linkedin.com/in/rebecca-jane-austin-datta-5b257129/


What 
happens       
to the Pb
in the bones?Ca

Ca

Pb

Pb

Pb

Pb

Pb

Pb

Pb

Pb

?

Osteoporosis

Lead (Pb) concentration increases in the blood
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78% of the U.S. population (1970s) had blood lead levels 
≥ 10 µg/dL. Bone is a repository for 90–95% of the total 
body burden of lead and harbors it for years after initial 
exposure. Thus, a high proportion of adult Americans may 
currently have elevated bone lead levels. With this many 
who were exposed to lead when younger, and the 
morbidity associated with osteoporosis, it is important to 
investigate whether an association exists between lead 
exposure and osteoporosis in humans. Our objective was 
to conduct a secondary analysis to explore an association 
between lead exposure and osteoporosis in U.S. adults.

https://ehp.niehs.nih.gov/doi/10.1289/ehp.9716

Pb from water accumulates in teeth and bones. 
When Pb leaches out of bones, it may contribute to 
osteoporosis in adult life. Increased amount of Pb 

in blood may also contribute to dementia, 
Alzheimer’s and neurotoxicity.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3567843/pdf/nihms367232.pdf
https://ehp.niehs.nih.gov/doi/10.1289/ehp.9716


https://www.cdc.gov/nceh/lead/publications/nceh_prevent_childhood_lead_poisoning_508.pdf

Do you know what is in your drinking water?

https://www.cdc.gov/nceh/lead/publications/nceh_prevent_childhood_lead_poisoning_508.pdf


VA LUE

WATER: science, engineering, technology, data

Flint, Michigan

Fes, Morocco

Fatehpur, India

Fuzhou, China

VA LUE

World needs advanced tools and technologies to use the mobile data platform of smartphones for safety of people.

Source: Eric McLamore, Shoumen Datta



More than 1 billion people worldwide lack access to water, and almost 3 billion 
find water scarce for at least one month of the year. Inadequate sanitation is also 
a problem for more than 2 billion people, which exposes them to diseases, such 
as cholera and typhoid fever, and other water-borne illnesses. 2 million children 
die each year from diarrheal diseases alone, which is eminently preventable.

https://www.worldwildlife.org/threats/water-scarcity



Number 4

https://www.youtube.com/watch?v=ZbZSe6N_BXs



Science and Scientists for Society 





GERMAN





www.ncbi.nlm.nih.gov/pmc/articles/PMC2981586/pdf/pmed.1000363.pdf

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2981586/pdf/pmed.1000363.pdf


Wastewater-based Epidemiology
In India? 

It is akin to telling a hair-raising story to a bald-headed man!

Courtesy of Rebecca Jane Austin Datta https://www.linkedin.com/in/rebecca-jane-austin-datta-5b257129/

https://www.linkedin.com/in/rebecca-jane-austin-datta-5b257129/


https://science.sciencemag.org/content/346/6216/1477.8/tab-pdf



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6843932/pdf/ijerph-16-04049.pdf

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3774764/pdf/pone.0073784.pdf



Water-free nano-membrane toilet is indeed a good 
idea but is this high-maintenance system feasible?

Watch on YouTube
https://www.youtube.com/watch?v=jGPpXF7y9Rg
https://www.youtube.com/watch?v=x2gjipWubs0

Chemistry as a central SCIENCE in Sanitation Systems Engineering

https://www.youtube.com/watch?v=jGPpXF7y9Rg
https://www.youtube.com/watch?v=x2gjipWubs0






https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7566278/pdf/mSystems.00614-20.pdf





In a 
Post-COVID 

World:

New
Metaphors? 
Paradigms?

CITCOM
Canaries in the 

Coal Mine

SENSEW
Sensors in the 

Sewer
Seawater

Wastewater





Answers to urban health problems are right under our feet. Sewers carry a reservoir 
of information on human health and behavior. Scientists and engineers at MIT are 
on a mission to create real-time public health profiles of urban areas by sampling 
sewer/wastewater using tools from bio-chemistry, genomics, robotics, data analytics.

https://www.biobot.io/



http://web.mit.edu/innovate/entrepreneurship2015.pdf

http://web.mit.edu/innovate/entrepreneurship2015.pdf




www.medrxiv.org/content/10.1101/2020.04.05.20051540v1.full.pdf

In a 
Post-COVID World:

New lines of business –
pay per pee healthcare 
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http://www.newsweek.com/coronavirus-traces-massachusetts-wastewater-levels-higher-expected-1497141


Weigh-scale, BMI, FOBT, urine analysis, fecal matter 
(microbe), sugar, ketone body analysis, blood pressure 
monitor, pulse oximeter, networked to phone via WiFi 
and/or Bluetooth with biometrics and face recognition 
for secure communication with physician and hospital.

Pay-Per-Pee Home Health IoT Wireless Toilet 
Bowl Connected to Precision Public Health IT 

https://dspace.mit.edu/handle/1721.1/56251

https://dspace.mit.edu/handle/1721.1/56251


Wastewater based Epidemiology

► Excreted in urine/feces
► Stable in wastewater
► Unique to human

The “ideal substances” 
to monitor in WW are:

Arnaud, Celia (2018) To monitor the health of cities’ residents, look no further than their sewers. Chemical & Engineering News 96
(18) 30-38 ► https://cen.acs.org/environment/water/monitor-health-citiesresidents-look-further/96/i18

https://cen.acs.org/environment/water/monitor-health-citiesresidents-look-further/96/i18




Number 5

https://www.youtube.com/watch?v=ZbZSe6N_BXs



Science and Scientists for Society 







The World Health Organization has established a list of 17 “official” 
neglected tropical diseases (NTDs): Buruli ulcer, Chagas disease, 
cysticercosis, dengue, dracunculiasis, echinococcosis, endemic 
treponematoses, foodborne trematode infections, human African 
trypanosomiasis, leishmaniasis, leprosy, lymphatic filariasis, 
onchocerciasis, rabies, schistosomiasis, soil-transmitted helminthiases, 
and trachoma. These 17 diseases were chosen because of their adverse 
impact, relative obscurity, and the lack of availability of tools to 
combat them (because they are uncommon in the affluent world).

https://www.ncbi.nlm.nih.gov/books/NBK62516/

https://www.ncbi.nlm.nih.gov/books/n/nap13087/appendixes.app4/def-item/appendixes.app4.gl1-d42/
https://www.ncbi.nlm.nih.gov/books/n/nap13087/appendixes.app4/def-item/appendixes.app4.gl1-d11/
https://www.ncbi.nlm.nih.gov/books/n/nap13087/appendixes.app4/def-item/appendixes.app4.gl1-d12/


The good news is that the science and 
engineering expertise we need in order 
to address the neglected diseases are 
similar in terms of their foundation, for 
almost any disease, neglected or not.

https://www.ncbi.nlm.nih.gov/books/NBK62516/





https://dspace.mit.edu/handle/1721.1/107893

Dr Shoumen Palit Austin Datta

Research Affiliate, MIT Auto-ID Labs, Department of Mechanical Engineering, School of Engineering, Massachusetts Institute of Technology shoumen@mit.edu

Senior Scientist, MDPnP Lab, Medical Device Interoperability & Cybersecurity Program, Department of Anesthesiology, Massachusetts General Hospital, Harvard Medical School sdatta8@mgh.harvard.edu

https://dspace.mit.edu/handle/1721.1/107893
mailto:shoumen@mit.edu
mailto:sdatta8@mgh.harvard.edu


Dr J Larry Jameson MD PhD Molecular Endocrinology / Neuro-Endocrinology Dr Ann Klibanski MD

1989 ● (Department of Medicine) Massachusetts General Hospital, Harvard Medical School 

SD



http://spectrum.ieee.org/biomedical/bionics/bionic-skin-for-a-cyborg-you

Where does this fit in your future?



Where does this fit in your future?



http://siteresources.worldbank.org/INTHSD/Resources/topics/Health-Financing/HFRChap7.pdf

http://siteresources.worldbank.org/INTHSD/Resources/topics/Health-Financing/HFRChap7.pdf


http://onforb.es/1IQ1pSQ

President Uhuru Kenyatta of Kenya

http://onforb.es/1IQ1pSQ


Is it all about money? 69 Healthcare Start-ups (Yes) 



Does US Abhor Low-Cost Healthcare?

http://jama.jamanetwork.com/article.aspx?articleid=2429454

http://jama.jamanetwork.com/article.aspx?articleid=2429454


https://www.technologyreview.com/2018/04/12/143913/the-gene-therapy-that-cures-bubble-boy-disease-isnt-worth-it-to-glaxo/





“medicine 
developers 
looking for 
sustained 
cash flow”



Understanding the principle of transaction cost economics 



American Healthcare

$153,161.25

US Hospital 
charges for

Treatment 
of

Snake Bite 

http://bit.ly/US-MEDICAL-WASTE

US AV PER CAPITA 
INCOME <$55,000

http://bit.ly/US-MEDICAL-WASTE


http://jamanetwork.com/journals/jama/fullarticle/2594716
https://image-store.slidesharecdn.com/8250a975-308d-40a7-a573-e4c1ab8d791b-original.png

http://jamanetwork.com/journals/jama/fullarticle/2594716
https://image-store.slidesharecdn.com/8250a975-308d-40a7-a573-e4c1ab8d791b-original.png


www.usgovernmentspending.com/spending_chart_1970_2015USb_16s2li111
00 F0

TOTAL US HEALTHCARE SPENDING 1970-2015

http://www.usgovernmentspending.com/spending_chart_1970_2015USb_16s2li111mcn_00tF0t


$700 
million

EPIC GREED







Leading causes of death in the USA (annual data)

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

www.cdc.gov/nchs/fastats/deaths.htm

http://www.cdc.gov/nchs/fastats/deaths.htm


● 2010 ● OIG HHS bad hospital care deaths ~180,000 patients in Medicare alone (in 1 year).

1999
IOM report

98,000
deaths due to error

210,000 – 440,000 deaths

2013



400,000 deaths due to medical mistakes – shared with the US Senate



3rd Leading cause of death in the USA ?

1.

2.

3. Deaths Due to Medical Errors (180,000 - 210,000 - 440,000)

4.

5.

6.

7.

8.

9.

10.

11.

Equivalent to at least one 747 Jumbo Jet airplane crash every day



















Medical Devices Today                                           
stand alone, unintegrated, not patient-centric, proprietary data 



Device Manufacturers Builds Things – not Patient Care Systems





Intelligent MonitorInfusion Pump Patient Simulator
Ventilator

Vital Signs 
Monitor

Simulator
connected

to vital signs
monitor

Fluke ProSim 8
connected

to intelligent
monitor

O2 Saturation 

Respiratory Rate 

end-tidal CO2

Patient Controlled Analgesia Safety Application

Morphine Infusion Safety

Connected Data
Collective Analysis
Automated Response

Autonomous Control of Morphine Infusion Pump – Medical Device Integration Model

Julian Goldman MD (MDPnP.org and Partners.org)
Massachusetts General Hospital, Harvard Medical School
Harvard – MIT Center for Integrative Medicine and Information Technology

Capnometer



Autonomous Control of Morphine Infusion Pump – Medical Device Data Integration



https://vimeo.com/111314176

https://vimeo.com/111314176


You cannot buy a TV without a remote. You cannot buy a 
medical device with a remote. Dr Julian M Goldman, MGH

Is there a 
need for 
Integrated 
Healthcare 
Platforms?

WCVB TV ● http://bit.ly/MDPNP-MGH-EBOLA-ROBOTICS

http://bit.ly/MDPNP-MGH-EBOLA-ROBOTICS


Robotic Tools in Infectious Diseases Management
Need for Medical Device Interoperability Platform 

www.gereports.com/post/104422691785/hospital-hack-a-thon-attacks-ebola-with-robots

http://www.gereports.com/post/104422691785/hospital-hack-a-thon-attacks-ebola-with-robots
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IS HEALTHCARE A HUMAN RIGHT ? IS IT FOR THE BILLIONS ?

https://www.pnas.org/content/pnas/114/8/E1306.full.pdf

Gozde
Durmus



How Sugar is Killing Us

http
://jam

anetw
o

rk.co
m

/jo
urnals/jam

ainternalm
ed

icine/article-ab
stract/2548255

http://jamanetwork.com/journals/jamainternalmedicine/article-abstract/2548255


DIABETES - The next pandemic?

umcn.nl



https://doi.org/10.1038/s41598-020-74955-4

https://doi.org/10.1038/s41598-020-74955-4


3 2 3

Laser excitation of oxy-hemoglobin generates highly 
specific resonance (Raman spectra) which could be 
exploited in the development of non-invasive tool. 

determine hemoglobin.

BLOOD-FREE NON-INVASIVE BLOOD HEMOGLOBIN ??

This statement is made by the author. It is merely a suggestion.



www.peekvision.org

Optics for the Masses

http://www.peekvision.org/


www.bbc.com/news/health-22553730

OPTICIAN’S

CLINIC-IN-A-POCKET

http://www.bbc.com/news/health-22553730


https://news.mit.edu/2017/cardiio-app-screens-arrhythmia-smartphone-camera-0329



Dr Leslie Saxon, University of Southern California



www.seas.upenn.edu/sunfest/docs/slides/MALAMASPETER.pdf

Circular pathways in the heart conduction
System is a common cause of arrhythmias

CARDIAC ARRHYTHMIA

DIAGNOSIS & REPORTING

CARDIOLOGIST-in-a-POCKET

www.seas.upenn.edu/sunfest/docs/slides/MALAMASPETER.pdf

http://www.seas.upenn.edu/sunfest/docs/slides/MALAMASPETER.pdf
http://www.seas.upenn.edu/sunfest/docs/slides/MALAMASPETER.pdf


Acoustic signal processing data may be used to detect Parkinson’s Disease with

a smartphone or predict torrential rainfall or used in hydrogeomorphology apps.        

How reliable is the detection of Parkinson’s Disease using a smartphone?

www.maxlittle.net

http://www.maxlittle.net/


3 3 0

2.5 million falls, 2013

734,000 hospitalized

25,500 died from fall

$34 billion direct cost



Professor Dina Katabi (MIT) presenting RF Reflection to 
President Obama at the White House (4 August 2015)

http://newsoffice.mit.edu/2015/president-obama-meets-mit-entrepreneurs-white-house-demo-day-0806

http://bit.ly/President-Obama-with-Dina-Katabi

http://newsoffice.mit.edu/2015/president-obama-meets-mit-entrepreneurs-white-house-demo-day-0806
http://bit.ly/President-Obama-with-Dina-Katabi


Fall Detection – Wire less, Sensor less, Without any Wearable
RF Reflection Data from Prof Dina Katabi, Wireless Center, CSAIL, MIT 





Swiss engineer George de Mestro invented Velcro after his dog came home 

covered with thistle burrs, Speedo learned from sharkskin to make faster 

swimsuits, and chemical companies designed self-cleaning paint after 

studying lotus leaves.

Preventive Medicine ● Diagnostic Devices with High Performance Sensitive Nano-Sensors

GE scientists observed that Morpho wings change their color when they come into contact with heat, 

gases and chemicals. The normal iridescent blue color of butterfly wings (A) changes when exposed to 

ethanol (panel B top) or toluene (panel B bottom). These findings may lead to the development of fast, 

ultra-sensitive thermal and chemical imaging sensors for applications in night vision goggles, super-

sensitive surveillance cameras, handheld or wearable medical diagnostic devices.

www.gereports.com/post/80985289914/like-a-butterfly-out-of-hell-the-next-wave-of

http://www.gereports.com/post/80985289914/like-a-butterfly-out-of-hell-the-next-wave-of


Can Butterflies Help Prevent Diabetes?

Dual Acetone Sensors on a single chip may differentiate between acetone in the environment vs
acetone in the blood, breath or urine of diabetics. Subtractive analysis alerts to blood ketones.
Occurs when body uses fat instead of glucose. It signals insulin dysfunction. If undiagnosed, it
may lead to diabetic ketoacidosis (DKA) which may result in diabetic coma and may be fatal. The 
acetone (ketone bodies) sensors may be able to detect trace levels (nano milli moles eq) and may 
help preventive care to stem the clinical onset of type II diabetes mellitus (glucose >120 mg/dl).

This is a suggestion by the author (Shoumen Datta) and not a fact or system which is under investigation or is available at present. 



Embedded nano-sensors and nano-radios will 
transmit data from inside the body using ad hoc 
mesh networks (nano-com). They may coordinate 
actions of nano-bots and nano-drones introduced 
through nasal inhalation or epidermal patches to 
optimize time-dependent drug delivery, 
radio/laser ablation, magnetic monitoring or 
surgically remove abnormal growth. Real-time 
internal data will help manage external support, 
such as printed stem cell therapy or assembly of 
pre-synthetic peptides to form active proteins 
(think printed insulin in your medicine cabinet). 



Printed Proteins ?
Insulin ?



Professor Shaochen Chen & Joseph Wang, NanoEngineering Dept, UCSD

Conceptual Convergence of Material Genome with the Human Genome?

http://bit.ly/POTUS-REPORTS

http
://o

nlinelib
rary.w

iley.co
m

/d
o

i/10.1002/ad
m

a.201501372/p
d

f

http://bit.ly/POTUS-REPORTS
http://onlinelibrary.wiley.com/doi/10.1002/adma.201501372/pdf


TALK-2-ME

Target Specific Analytes in Detection, Monitoring and Treatment



Target Specific Analytes in Detection, Monitoring & Treatment

http://bit.ly/SHELTERIN-ANALYTE-FOR-TELOMERE

ANALYTES ??
Cohesin ?
Shelterin ?
Condensin ?

http
://g

enesd
ev.cshlp

.o
rg

/co
ntent/19/18/2100.full.p

d
f+

htm
l

http://bit.ly/SHELTERIN-ANALYTE-FOR-TELOMERE
http://genesdev.cshlp.org/content/19/18/2100.full.pdf+html


Cancer Treatment
$2,900 HCG Oncology, India
$22,000 U.S. average

Kidney Dialysis
$12,000 Deccan Hospital, India
$66,750 U.S. average

Lower Cost of Healthcare in India leaves billions in the dust without access to healthcare

http://hbr.org/2013/11/delivering-world-class-health-care-affordably/ar/1

http://hbr.org/2013/11/delivering-world-class-health-care-affordably/ar/1


Fast Forward FEWSH →
Pay A Penny Per Use (PAPPU)  

$1 - Bone density

$1 - Mammogram

at the corner of Happy and Healthy in every zip code in India, China, Indonesia 

data transmitted to specialists and reports sent to individuals, doctor and clinic 





NanoLetters (2004) 4 1785-1788

Glucose NanoSensor

https://pubs.acs.org/doi/abs/10.1021/nl049080l



Blood Glucose Nano-sensor
NanoLetters (2004) 4 1785-1788

Convergence ? 

Nanotube Radio
NanoLetters (2007) 7 3508-3511



Hypothetical proposal (S. Datta)

www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf

Integrated Glucose NanoSensor NanoRadio

http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf


Diabetes - Remote Heath Monitoring ?

Prime Minister Bertie Ahern (Taoiseach) 
Prime Minister of Ireland, 2005 Trinity College

May I implant a glucose nano-sensor nano-radio 
chip on your shoulder? Are you an obese diabetic? 



Glucose NanoSensor NanoRadio: Ecosystem of healthcare monitoring?ct

C O N N E C T

1. Implanted wireless sensor transmits blood glucose      
data from home or office or airport (WiFi/WAN/gateway)

2. Data travels from you to your hospital or clinic (MAN)

3. Blood glucose data updates risk and patient profile

4. If you need medical attention or insulin or other 
treatment then auto-responder sends message or calls

~30 million individuals in US affected by diabetes

www.cdc.gov/nchs/fastats/diabetes.htm

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FNqFgWQADNL4iM&tbnid=imuFQMi4WCOesM:&ved=0CAUQjRw&url=http://www.clipartlogo.com/free/iron.html&ei=RCyfUsq-F8fakQf-1IGADA&bvm=bv.57155469,d.eW0&psig=AFQjCNEj0UZRGkCgizx6izNQY-9sfAfHgQ&ust=1386249478795298
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=3QXx63-TmhfIaM&tbnid=xFkF5pE3nmHP6M:&ved=0CAUQjRw&url=http://reviews.cnet.com/8301-13727_7-57590809-263/macbook-air-real-world-802.11ac-speeds-throttled/&ei=Ay2fUtfxNIeikQeaj4D4Dw&bvm=bv.57155469,d.eW0&psig=AFQjCNE8hnfPl9eeGF92t4SaC0rlKsbOHQ&ust=1386249770249933
http://www.cdc.gov/nchs/fastats/diabetes.htm


RFID Linked Biometrics & Nano-sensor Net

802.16a

VISIT
CLINIC

VISIT
CLINIC

Metabolomics
Genetic Risk
EHR - EMR 
RT Analytics
SNP Analysis

Yuan T. Lee Charlie Townes Helene Langevin Joliot-Curie

Glenn Seaborg

Shoumen Datta Dudley Herscbach

802.11b
WiFi

802.11g

UC Berkeley, 1997

Improved healthcare services, savings, create jobs from new 
products, new services and potential to create as well as capture 
new emerging markets of billions (BRICS)



Larry Gold is at home with hypercholesterolemia: Hello Dr Jameson - Do I need Lipitor today?

Dr Larry Jameson: Avoid KFC. Your LDL-VLDL ratio looks good. No Lipitor.

Humulin

CYBERSECURITY

DATA PRIVACY

DATA ENCRYPTION



Congestive Heart Failure (CHF)
● About 5.1 million people in the United States have heart failure.
● About half of people with CHF die within 5 years of diagnosis.
● CHF costs the nation an estimated $32 billion each year.

www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_heart_failure.htm

Abundance of prognostic biochemical markers –

● C-reative protein (CRP5 / CRP6) – 1954 and Framingham Heart Study
● Tumour necrosis factor alpha (TNFα)
● Brain Natriuretic Peptide (1981) BNP <100 pg/ml unlikely & >400 pg/ml CHF likely
● N-terminal (NT) pro-BNP <300 pg/ml unlikely & >400-900 pg/ml CHF likely (age?)

48,629 patients of acute decompensated heart failure found linear correlation 

between BNP levels and in hospital mortality. Failure of BNP to decline during 

hospitalization predicts death and re-hospitalization while discharge levels of 

250pg/ml or less predicts event free survival. 

http://medind.nic.in/jac/t10/i4/jact10i4p282.pdf

http://www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_heart_failure.htm
http://medind.nic.in/jac/t10/i4/jact10i4p282.pdf


BNP as a key 
biochemical
marker in 
coronary 
syndromes and
congestive heart
failure (CHF)

www.nejm.org/doi/pdf/10.1056/NEJMoa020233

http://www.nejm.org/doi/pdf/10.1056/NEJMoa020233


Congestive heart failure 
hospital admission 
(2015)

OECD Health Statistics 2017
http://dx.doi.org/10.1787/888933603507

http://dx.doi.org/10.1787/888933603507


If you cannot sense, you cannot detect.

If you cannot predict, you cannot prevent.

If you cannot measure, you do not have metrics.

If you do not have data, you cannot take a decision.

https://dspace.mit.edu/handle/1721.1/107893
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https://dspace.mit.edu/handle/1721.1/107893
http://www.escardio.org/static_file/Escardio/education/live-events/courses/education-resource/Fri-11-SMI-Gutterman.pdf


Lab on a Chip - Detection of Non-Small Cell Lung Cancer (C) and Ovarian Cancer (D)

http://pubs.rsc.org/en/content/articlepdf/2014/LC/C4LC00662C

A

http://pubs.rsc.org/en/content/articlepdf/2014/LC/C4LC00662C






STROKE 
DETECTOR – BIOSENSOR



http://news.mit.edu/2017/engineers-harness-stomach-acid-power-tiny-sensors-0206

http://news.mit.edu/2017/engineers-harness-stomach-acid-power-tiny-sensors-0206


http://pubs.acs.org/doi/abs/10.1021/acscentsci.7b00021

Food Testing. Blood 
Testing? Sputum? 

Mucus? Fluids?

http://pubs.acs.org/doi/abs/10.1021/acscentsci.7b00021


www.pnas.org/content/111/51/18162.full.pdf

http://www.pnas.org/content/111/51/18162.full.pdf


Pay A Penny Per Use – PAPPU      Analytics, Apps, Data Distribution Service

Ebola Virus Sensor

BNP Sensor

Cholesterol Sensor

Glucose Sensor
What does the data suggest about my health?

NK Labs
ARA Prototype

Hot swappable, modular, smart
SARS-CoV-2 Sensor





Cyrano L. Catte II (above) is the first feline to receive a total knee arthroplasty (TKA). 
Femoral and tibial components were created with direct metal laser sintering (EOS).

3-D Printing
Design of Prosthetics and Orthopedic Imaging



3-D Printing of Fitted Parts on Demand        

http://bit.ly/3D-Print-A-Tooth
http://bit.ly/3D-Print-Medical-Devices

http://bit.ly/3D-Print-A-Tooth
http://bit.ly/3D-Print-Medical-Devices


Artificial Skin with embedded sensory surface talks to smart phone via 
capacitive sensing using Touchcode adapted for printed i-Skin

Your medicine can inform your doctor about its kinetics, bio-availability and side effects. It can 
alert your pharmacist about potential over-dose if multiple medications contain same or 
similar active ingredients. Your medicine can query your physician and even adjust dosage.





Non-Small Cell Lung Carcinoma

http://bit.ly/PRECISION-MEDICINE

http://bit.ly/PRECISION-MEDICINE
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Precision Medicine – Drug Development
http

://b
it.ly/PR

EC
ISIO

N
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ED
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E

http://bit.ly/PRECISION-MEDICINE


The principle of GIS helped to organize patient-centric information layers 



Foundations of Genomic Medicine

Mendelian Inheritance in Man: A Catalog of Human Genes and Genetic Disorders by Victor A. McKusick

Glucose
NanoSensor
NanoRadio

Cell 157 241-253 (2014)



Human Genomics in the Age of Precision Medicine: Is it irrational exuberance?  

Is it necessary for designer drugs to be delivered by drones to your bedroom?

Cell 157 241-253 (2014) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3995127/pdf/nihms-572802.pdf



Plummeting cost of complete genome sequencing – is there information of value in the data ?  



Is 



www.ucsf.edu/sites/default/files/legacy_files/documents/new-taxonomy.pdf

How do we

integrate 

data and

information

from these

systems with 

diverse open 

source

healthcare 

platforms?

http://www.ucsf.edu/sites/default/files/legacy_files/documents/new-taxonomy.pdf


Avoid the hyperbole





http://bit.ly/CANCER-SIGNALING-PATHWAYS

MAPK

http://bit.ly/CANCER-SIGNALING-PATHWAYS


NF-κB activation cascade in the canonical pathways 

Shu Fang Liu and Asrar B. Malik (2006) American J Physiol Lung Cell Mol Physiology 290 L622-L645





Healthcare garbage from IBM and others. How tabloid fodder is promoted from rubbish to veritable truth. 

www.healthnewsreview.org/2017/02/md-anderson-cancer-centers-ibm-watson-project-fails-journalism-related

http://www.healthnewsreview.org/2017/02/md-anderson-cancer-centers-ibm-watson-project-fails-journalism-related




http://bit.ly/Terahertz-Imaging

http://bit.ly/Terahertz-Imaging


We can detect, diagnose and correct RF radiation. 

Can we? 



Protein Electrodynamics 



Seminal contribution to the field of protein electrodynamics by Martin Karplus, Harvard University



Proteins Absorb Radio Frequency (RF) at the TeraHertz (THz) Range



Terahertz Spectroscopy – A Tool ??



Material compiled by Dr Ogan Gurel ● http://bit.ly/OGAN-GUREL-BIO

Axioms of Protein Electrodynamics

http://bit.ly/OGAN-GUREL-BIO


Absence of Protein ● Absence of Vibration
Concept of protein vibration as a signature









TeraHertz Medicine
Concept of protein vibration as a signature



Key technical challenges in TeraHertz Medicine
Concept of protein vibration as a signature is clouded by water

The “noise” from RF vibration of water molecules may significantly distort the TeraHertz profile.

How do we correct the error due to this (Shannon) “noisy channel” related to water?

Is this a signal processing issue? Can novel algorithms subtract the “noise” due to water?

What about the application of the principles of (Shannon, Kalman-Bucy) error correcting algorithms?

https://en.wikipedia.org/wiki/Kalman_filter
http://news.mit.edu/2010/explained-shannon-0115
http://www.cs.cmu.edu/~guyb/realworld/errorcorrecting.html
http://www.cs.cmu.edu/~aarti/Class/10704/lec16-shannonnoisythrm.pdf

http://www.cs.cmu.edu/%7Eguyb/realworld/errorcorrecting.html
http://www.cs.cmu.edu/%7Eaarti/Class/10704/lec16-shannonnoisythrm.pdf


Data Curation Concepts from Laminar Flow in TeraHertz Medicine?
Can we subtract RF vibration due to water from protein vibration?

The data (TeraHertz profile) is a mix of RF due to water and protein (which needs to be separated).

Is this a data curation problem? Are we observing related signal/noise issues in data analytics?

Are there any concepts related to data curation which may be triggered by laminar flow?

http://bit.ly/LAMINAR-FLOW-DATA-CURATION-CONCEPT

http://bit.ly/LAMINAR-FLOW-DATA-CURATION-CONCEPT


www.eecs.berkeley.edu/~christos/classics/shannon-report.pdf

www.princeton.edu/~verdu/reprints/IT44.6.2057-2078.pdf

http://web.mit.edu/6.933/www/Fall2001/Shannon1.pdf

http://web.mit.edu/6.933/www/Fall2001/Shannon2.pdf

http://home.ustc.edu.cn/~zhanghan/cs/Gallager01.pdf

www.pnas.org/cgi/doi/10.1073/pnas.1517384113

www.pnas.org/cgi/doi/10.1073/pnas.1013529108

http://www.princeton.edu/%7Everdu/reprints/IT44.6.2057-2078.pdf
http://www.princeton.edu/%7Everdu/reprints/IT44.6.2057-2078.pdf
http://web.mit.edu/6.933/www/Fall2001/Shannon1.pdf
http://web.mit.edu/6.933/www/Fall2001/Shannon2.pdf
http://home.ustc.edu.cn/%7Ezhanghan/cs/Gallager01.pdf
http://www.pnas.org/cgi/doi/10.1073/pnas.1517384113
http://www.pnas.org/cgi/doi/10.1073/pnas.1013529108


Remote Electronic Control of DNA Hybridization Through Inductive Coupling to an Attached Metal Nanocrystal Antenna 
Kimberly Hamad-Schifferli, J J Schwartz, A T Santos, S G Zhang and J M Jacobson [Nature (415) 152-155, 2002]

Convergence (?) of
TeraHertz Medicine 
(proteins are radios)
& RF Nano Biology?

Beyond the horizon ?

Close at hand ?





Due to my ignorance,

this is an US-centric

scenario but it can be

Implemented, anywhere.



http://bit.ly/GOT-MILK

20 June 2014

Source of Calcium for healthy bones
and fat-soluble vitamins A, D, E and K

http://bit.ly/GOT-MILK




www.cdc.gov/nchs/data/databriefs/db186.pdf

326,100 total hip replacements (US, 2010) 95% cases age 45+

THR > 2X in < 10 yrs

http://www.cdc.gov/nchs/data/databriefs/db186.pdf


http://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pdf

Age-adjusted rates for leading causes of death in US

http://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pdf


Cause of death for US adults aged 65+ (2012–2013)



Hip fractures and brain injuries may follow from fall 

http://www.cdc.gov/homeandrecreationalsafety/falls/adultfalls.html

2.8 million falls in 2014
800,000 hospitalized
25,500 deaths due to fall
$31+ billion direct costs

Deaths Per 100,000

http://www.cdc.gov/homeandrecreationalsafety/falls/adultfalls.html




www.mayoclinic.org/medical-professionals/clinical-updates/orthopedic-surgery/study-hip-knee-arthroplasty-shows-7-2-million-americans-living-with-implants

TKA and THA
Replacement
Potential 

USA 
325,000,000
population

EU-28
505,000,000
population

India
1.333 billion
population

China
1.384 billion
population

1% 
prevalence
Knee and Hip
combined

3,250,000 5,050,000 13,330,000 13,840,000

Total US folks 
TKA or THA

6.7 + 4.5 
million
11,200,000

More than 30 million+ people may need implants

● EU Ageing http://ec.europa.eu/eurostat
● Prevalence http://bit.ly/AAOS-2014

http://www.ors.org/Transactions/56/0214.pdf

http://ec.europa.eu/eurostat
http://bit.ly/AAOS-2014
http://www.ors.org/Transactions/56/0214.pdf




Anatomy of Knee Joint



Anatomy 
of          

Hip Joint



Total Hip Arthoplastry - Are All Acetabular Caps Created Equal? 



Total Hip Arthoplastry - Are All Female Hips Created Equal ? 

33% white; 16% black 24% white; 41% black

41% women

2% women



One shoe doesn't fit all !!

FEMOROACETABULUM





Hip arthroplasty (MRI/MRA) data integrated design & 3D Print
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3D Printed by Steve Wygant of SeeMeCNC

Upper Femur
3D Printed with 9572 psi tensile 
strength 618 nylon co-polymer

http://bit.ly/AAOS-2014

http://www.3ders.org/articles/20130218-3d-printing-bone-replacements-cartilage-replacements-medical-devices-with-618-nylon.html
http://bit.ly/AAOS-2014






Margrit Harting, Maresa Harting-Hertz, Dietmar
Harting, Chancellor, President, Philip Harting





4 2 1
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Professor Suman Das



4 2 2

Integrated Design, Re-Engineering, Manufacturing, Data Analytics, Maintenance and Supply Chain

Professor Suman Das, Director, Direct Digital Manufacturing Laboratory, GTMI at Georgia Tech
and Morris M. Bryan, Jr. Chair in Mechanical Engineering for Advanced Manufacturing Systems



http://bit.ly/IOT-MIT

http://bit.ly/IOT-MIT




Reality Check   Arsenic in Water (Bangladesh)  



Healthcare Internet of Things - Impact of Clean Water

http://bit.ly/ROHIT-KARNIK_MIT

DIGITAL 
WATER

http://bit.ly/ROHIT-KARNIK_MIT


Nokia ‘sensor as a service’ can improve lives  Internet of Things (IoT) Tool - Arsenic in water   

DIGITAL 
WATER

http://news.mit.edu/2016/faculty-profile-rohit-karnik-0901



https://bit.ly/PART-ONE-MAY-19

https://bit.ly/PART-TWO-MAY-21

https://dspace.mit.edu/handle/1721.1/128017

www.sfchronicle.com/bayarea/article/Here-s-when-the-Bay-Area-delta-COVID-surge-is-16370982.php

https://bit.ly/PART-ONE-MAY-19
https://bit.ly/PART-TWO-MAY-21
https://dspace.mit.edu/handle/1721.1/128017


Long way to go …



Resist Tweeter-ionic 
disinformation



4 3 1

Twitter is not a data analysis tool:  data in science is useless unless selected for context 



http://bit.ly/GENDER-INEQUALITY

http://bit.ly/GENDER-INEQUALITY


Project Gutenberg - Library of >60,000 free eBooks - https://www.gutenberg.org

https://www.gutenberg.org/


If you enjoy reading, find free books                                   
in zipped folders – please download: 
http://bit.ly/Great-Books

http://bit.ly/Great-Books-01

http://bit.ly/Free-Books

http://bit.ly/Collection-BOOKS

http://bit.ly/MORE-BOOKS

http://bit.ly/JOEY-BOOKS

http://bit.ly/BOOKS-SD

http://bit.ly/XPLORE-BOOKS

http://bit.ly/4-NATO-BOOKS

https://bit.ly/BOOK-BRAIN-SUZANA-H-H

https://bit.ly/f-MRI

https://bit.ly/00-TEXTBOOKS-BMB

https://bit.ly/01-THINK

https://bit.ly/02-THINK

https://bit.ly/03-EXPAND-2GB

https://bit.ly/04-THINK-nano

https://bit.ly/SELECT-BOOKS

http://bit.ly/BOOKS-FEATURES

http://bit.ly/BOOKS-ML

http://bit.ly/MRC-BERT-HAN

https://bit.ly/R-BOOKS-600MB

https://bit.ly/BOOKS-BIOSTAT-EPI

If you want a specific non-fiction book or text-book, please ask shoumen@mit.edu or sdatta8@mgh.harvard.edu (if I can, I will help)

http://bit.ly/Great-Books
http://bit.ly/Great-Books-01
http://bit.ly/Free-Books
http://bit.ly/Collection-BOOKS
http://bit.ly/MORE-BOOKS
http://bit.ly/JOEY-BOOKS
http://bit.ly/BOOKS-SD
http://bit.ly/XPLORE-BOOKS
http://bit.ly/4-NATO-BOOKS
https://bit.ly/BOOK-BRAIN-SUZANA-H-H
https://bit.ly/f-MRI
https://bit.ly/00-TEXTBOOKS-BMB
https://bit.ly/01-THINK
https://bit.ly/02-THINK
https://bit.ly/03-EXPAND-2GB
https://bit.ly/04-THINK-nano
https://bit.ly/SELECT-BOOKS
http://bit.ly/BOOKS-FEATURES
http://bit.ly/BOOKS-ML
http://bit.ly/MRC-BERT-HAN
https://bit.ly/R-BOOKS-600MB
https://bit.ly/BOOKS-BIOSTAT-EPI
mailto:shoumen@mit.edu
mailto:sdatta8@mgh.harvard.edu


DOWNLOAD FREE BOOK https://bit.ly/PARASITIC-DISEASES

Project Gutenberg - Library of >60,000 free eBooks - https://www.gutenberg.org

https://bit.ly/PARASITIC-DISEASES
https://www.gutenberg.org/


DOWNLOAD FREE BOOK https://bit.ly/PATTERNS-IN-THE-MIND

DOWNLOAD FREE BOOK https://bit.ly/SOCIETY-OF-MIND

https://bit.ly/PATTERNS-IN-THE-MIND
https://bit.ly/SOCIETY-OF-MIND


DOWNLOAD FREE BOOK https://bit.ly/THINKING-FAST-AND-SLOW

DOWNLOAD FREE BOOK https://bit.ly/SCIENTIFIC-BABEL

https://bit.ly/THINKING-FAST-AND-SLOW
https://bit.ly/SCIENTIFIC-BABEL


DOWNLOAD FREE BOOK https://bit.ly/THIRTY-YEARS-PHYSICS

DOWNLOAD THE LINK TO THE FREE BOOK https://bit.ly/EDISONS-EVE-LINK

https://bit.ly/THIRTY-YEARS-PHYSICS
https://bit.ly/EDISONS-EVE-LINK


DOWNLOAD FREE BOOK https://bit.ly/HISTORY-OF-CHEMISTRY

DOWNLOAD FREE BOOK https://bit.ly/CURVES-OF-LIFE

https://bit.ly/HISTORY-OF-CHEMISTRY
https://bit.ly/CURVES-OF-LIFE


DOWNLOAD FREE BOOK https://bit.ly/LIE-WITH-STATISTICS

DOWNLOAD FREE BOOK https://bit.ly/COGNITIVE-SCIENCES

https://bit.ly/LIE-WITH-STATISTICS
https://bit.ly/COGNITIVE-SCIENCES


DOWNLOAD FREE ITEMS https://bit.ly/MARIE-CURIE-ITEMS

DOWNLOAD FREE BOOK https://bit.ly/LISE-MEITNER-BOOK-CHAPTERS

https://bit.ly/MARIE-CURIE-ITEMS
https://bit.ly/LISE-MEITNER-BOOK-CHAPTERS


EXCERPTS https://epistemologies.files.wordpress.com/2007/10/a-feeling-for-the-organism-comp.pdf

NOBEL LECTURE CHANDRASEKHAR - www.nobelprize.org/uploads/2018/06/chandrasekhar-lecture.pdf

https://epistemologies.files.wordpress.com/2007/10/a-feeling-for-the-organism-comp.pdf
http://www.nobelprize.org/uploads/2018/06/chandrasekhar-lecture.pdf


DOWNLOAD FREE BOOK https://bit.ly/RAMANUJAN

Volume 1 https://bit.ly/WORLD-OF-MATH-VOLUME-1
Volume 2 https://bit.ly/WORLD-OF-MATH-VOLUME-2
Volume 3 https://bit.ly/WORLD-OF-MATH-VOLUME-3
Volume 4 https://bit.ly/WORLD-OF-MATH-VOLUME-4

https://bit.ly/RAMANUJAN
https://bit.ly/WORLD-OF-MATH-VOLUME-1
https://bit.ly/WORLD-OF-MATH-VOLUME-2
https://bit.ly/WORLD-OF-MATH-VOLUME-3
https://bit.ly/WORLD-OF-MATH-VOLUME-4


FREE TO READ – LOST ART OF HEALING - https://archive.org/details/lostartofhealing01lown/page/n7/mode/2up

FREE TO READ – THE JOY OF INSIGHT - https://archive.org/details/joyofinsightpass00weis

https://news.mit.edu/2002/weisskopf-0424

https://physics.mit.edu/faculty/victor-weisskopf/

https://physics.mit.edu/wp-content/uploads/2021/01/physicsatmit_07_weisskopf.pdf

https://archive.org/details/lostartofhealing01lown/page/n7/mode/2up
https://archive.org/details/joyofinsightpass00weis
https://physics.mit.edu/faculty/victor-weisskopf/
https://physics.mit.edu/faculty/victor-weisskopf/
https://physics.mit.edu/wp-content/uploads/2021/01/physicsatmit_07_weisskopf.pdf


DOWNLOAD FREE BOOK by WILLIAM EASTERLY https://bit.ly/ELUSIVE-QUEST-FOR-GROWTH

DOWNLOAD FREE BOOK by NICK ROBINS and 2 more https://bit.ly/EAST-INDIA-COMPANY-3-BOOKS

https://bit.ly/ELUSIVE-QUEST-FOR-GROWTH
https://bit.ly/EAST-INDIA-COMPANY-3-BOOKS


https://www.hedylamarr.com/
https://bit.ly/HEDYS-FOLLY-BOOK-REVIEW
https://www.womenshistory.org/education-resources/biographies/hedy-lamarr
https://www.npr.org/2011/12/02/143055128/the-beauty-and-brains-behind-hedys-folly

DOWNLOAD FREE BOOK https://bit.ly/GODEL-ESCHER-BACH

https://www.hedylamarr.com/
https://bit.ly/HEDYS-FOLLY-BOOK-REVIEW
https://www.womenshistory.org/education-resources/biographies/hedy-lamarr
https://www.npr.org/2011/12/02/143055128/the-beauty-and-brains-behind-hedys-folly
https://bit.ly/GODEL-ESCHER-BACH


https://archive.org/details/lifeofreasonorph01sant
https://www.gutenberg.org/files/15000/15000-h/15000-h.htm

DOWNLOAD FREE BOOK https://bit.ly/LIFE-OF-REASON-FIVE-VOLUMES

DOWNLOAD FREE BOOK https://bit.ly/MARCH-OF-UNREASON

https://archive.org/details/lifeofreasonorph01sant
https://www.gutenberg.org/files/15000/15000-h/15000-h.htm
https://bit.ly/LIFE-OF-REASON-FIVE-VOLUMES
https://bit.ly/MARCH-OF-UNREASON


http://atulgawande.com/book/being-mortal

https://sites.google.com/a.ebooklibrary.us/kokyoupdate06/pdf-read-being-mortal-medicine-and-what-matters-in-the-end-by-atul-gawande-full-book

DOWNLOAD FREE BOOK by AMARTYA SEN https://bit.ly/THE-IDEA-OF-JUSTICE

http://atulgawande.com/book/being-mortal
https://bit.ly/THE-IDEA-OF-JUSTICE


DOWNLOAD FREE BOOK https://bit.ly/CLINICAL-MEDICINE

DOWNLOAD FREE BOOK https://bit.ly/HISTORY-OF-COMPUTING

https://bit.ly/CLINICAL-MEDICINE
https://bit.ly/HISTORY-OF-COMPUTING




Did I bore you to sleep ?





Photo from https://terebess.hu/english/tagore5.htmlQuote from page 53 https://terebess.hu/english/Lekhan.pdf

“What we do in life echoes in eternity” (Attributed to Maximus Decimus Meridius) 

https://terebess.hu/english/tagore5.html
https://terebess.hu/english/Lekhan.pdf


Shoumen Palit Austin Datta

https://www.youtube.com/watch?v=fvM34feO7P0

Build back better

https://www.youtube.com/watch?v=fvM34feO7P0

	SOFT�Sense of Future Trends
	Table of contents 
	SOFT may be downloaded from the MIT Library
	SOFT may be downloaded from AWS (Amazon Web Services)          using this short, secure URL
	Slide Number 5
	After reading through this document will you learn �anything you didn’t know?
	There is nothing “new” here.   It is a re-telling of facts already known to many, in some form.
	Mathematics, science and engineering is catalytic to the progress of human civilization.
	Think “SOFT” as a heap of data …
	Future → Forward FEWSH
	Slide Number 11
	Why the emphasis on FEWSH
	Slide Number 13
	Key threads this discussion includes
	Attempt to review, learn, compare, criticize and evaluate science through the lens of Information
	Attempt to review, learn, compare, criticize and evaluate science/engineering in terms of Connectivity
	What this discussion excludes
	Articles in support of the fact that the propaganda about artificial intelligence (fake AI) may be a scientific absurdity.
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Real emphasis is on
	FEWSH�is the outcome from
	Slide Number 24
	Future of FEWSH
	If you excel in mathematics
	But, …
	Taken together …
	Slide Number 29
	Before suggesting how to build your foundation to deal with the challenges of FEWSH
	You ought to know about the foundation of global society.
	Underpinning for global economic growth and development:   ��La femme est l'avenir de l'homme��woman is the future of man
	Discussion
	The education of a boy may change the fate of a man. The education of a girl may change the destiny of a nation.
	In the 1960's the Rockefeller Foundation funded a meal program for school children in southern India. Poor families began sending not only "boys" but also the girls to school. The girls became educated women and created educated families, educated boys and an educated society. But, poverty was not discouraged by this march of reason and educational resources still consisted of paper and pencil. Mathematics had no problem with just paper and pencil. The children were fed on a diet of mathematics. Half a century later the trinity of food, poverty and mathematics evolved as a force of consilience. Their synergistic convergence resulted in making parts of southern India (Tamilnadu, Kerala) the software capital of the 21st century world. The literacy rate in the state of Kerala (92%) is higher than in Massachusetts (90%). 
	MATHEMATICS for MOTHERS��MATH-HERS��Pronounced “MATTERS”��Why it matters? https://bit.ly/MATH-HERS  �
	Discussion: Snippets of Examples
	Slide Number 38
	Each year $285 billion worth of food is thrown away in the US. Food produced with scarce resources (water, slaughtered animals, soil). 54 million tons of food won’t be on the plates of people who go hungry every day. 54 million tons of food trashed in the US, each year.� 
	Slide Number 40
	US centric discussion: cost of food …
	Slide Number 42
	Food ▪ feed 16 billion or 7 billion people (2100)
	Food ▪ feed 16 billion or 7 billion people (2100)
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Food ▪ feed 16 billion or 6 billion people ?
	Slide Number 50
	Slide Number 51
	Food ▪ SCIENCE
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Food ▪ feed 16 billion or 6 billion people ?
	Slide Number 58
	The immense complexity 
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	So many genes, so little is known
	So many genes, let us do something
	Slide Number 67
	Slide Number 68
	Soil Chemistry ??
	Slide Number 70
	Second critical contribution of chemistry to humanity ?
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	INEXTRICABLY LINKED
	Science R&D may provide solutions. 
	Discussion: Snippets of Examples
	Slide Number 85
	ENERGY
	�This is just lame, incremental and inconsequential. It’s NOT radical.� 
	�A Radical Design Metaphor ?��“Swappable Atoms”
	The form factor of energy, and its source, must/will undergo radical metamorphoses. One solution will not suit all.
	Think radically different 
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Slide Number 96
	HYDROGEN     GAS? SOLID?
	HYDROGEN HYDROXIDE
	Simplest things we don’t know
	Energy is an economic differentiator
	Radical Energy Design Metaphor��“Swappable Atoms”
	Slide Number 102
	Slide Number 103
	Slide Number 104
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	What is the energy form factor now ?
	Slide Number 110
	Slide Number 111
	Slide Number 112
	Change is slow. But change the equation. Can we take baby steps?
	Slide Number 114
	Slide Number 115
	Slide Number 116
	What about conventional hydrogen fuel cells and hydrogen storage ?
	>8,600 hydrogen fuel cell cars on US roads (6/2020).
	Slide Number 119
	Liquid Fuel
	Slide Number 121
	Slide Number 122
	Slide Number 123
	We have known GLUCOSE since 1747, it was synthesized in 1887 and structure confirmed in 1891. Yet we are still incapable of efficient de novo synthesis of glucose.
	Slide Number 125
	Slide Number 126
	Slide Number 127
	Slide Number 128
	Slide Number 129
	Slide Number 130
	How difficult is it to produce butanol and pentanol ?
	Slide Number 132
	Slide Number 133
	Bio-mimicry?
	ENZYMES
	ENZYMES
	ENZYMES
	Immobilized enzymes
	Slide Number 139
	Slide Number 140
	Slide Number 141
	Slide Number 142
	Science for society offers a solution
	Slide Number 144
	Slide Number 145
	Slide Number 146
	Slide Number 147
	Slide Number 148
	Slide Number 149
	Slide Number 150
	Think big. Dream bigger.’
	Slide Number 152
	Slide Number 153
	Think big. Dream bigger.
	Slide Number 155
	Even bigger ??
	Slide Number 157
	Slide Number 158
	Slide Number 159
	Slide Number 160
	Slide Number 161
	In the future, pH may also signify …
	You can help to transform these ideas into reality. ��Can’t you? 
	Slide Number 164
	Simplest things we don’t know
	But plants do             Photosynthesis
	Scientists – we need synthetic glucose
	What will happen if all of us produces   C4 and C6       liquid fuels? 
	Slide Number 169
	Slide Number 170
	Distributed Energy Production
	Slide Number 172
	Slide Number 173
	Slide Number 174
	Slide Number 175
	Slide Number 176
	Slide Number 177
	Slide Number 178
	Slide Number 179
	Slide Number 180
	Slide Number 181
	Slide Number 182
	Slide Number 183
	Very important fork in the road  …
	Slide Number 185
	Why create glucose paste ?
	Photo-Bio Glucose [C6] Production 
	Slide Number 188
	Slide Number 189
	Insolation-Independent (Sunlight Agnostic)�Photo-Bio C6-Dependent  C4/C5 Bio-Reactor Electricity
	Insolation-Independent (Sunlight Agnostic)�Photo-Bio C6-Dependent  C4/C5 Bio-Reactor Electricity
	Distributed Energy Production
	“I cannot believe that it may ever make economic sense for an individual/home to make the capital expenditure for their own electric generation unless they can’t connect to the grid. I do not believe in the assumptions about the future      that your (energy) paper is based upon.” ��–  Robert F Curl (10th November 2010)�
	Slide Number 194
	Slide Number 195
	Bob (Robert F Curl) is correct per conventional wisdom as relates to economics of technology.
	Can science, engineering and technology change economics?
	Robert Merton Solow MIT �Nobel Prize in Economics, 1987 ��demonstrated that technology could alter the rate of economic growth.
	Slide Number 199
	Slide Number 200
	Bob Curl vs Bob Solow 
	Bob Curl vs Bob Solow 
	Distributed Energy Production
	Why energy is the “glue” in    any economy
	Slide Number 205
	Lot more for energy innovation …
	Slide Number 207
	Slide Number 208
	Slide Number 209
	Slide Number 210
	appears easy in a cartoon
	Slide Number 212
	Slide Number 213
	Discussion: Snippets of Examples
	Slide Number 215
	Slide Number 216
	Simplest things we don’t know
	Slide Number 218
	Slide Number 219
	Slide Number 220
	The critical and most expensive barrier for commercial desalination is
	Slide Number 222
	Slide Number 223
	Slide Number 224
	Will the world run dry without the science/engineering of desalination?
	Can bio-mimicry help desalination? 
	The best way to do almost anything is to look for something similar in our natural environment
	Desalination naturally?
	Slide Number 229
	Slide Number 230
	Slide Number 231
	Slide Number 232
	Slide Number 233
	Domestic Water Purification
	Slide Number 235
	Slide Number 236
	Slide Number 237
	Slide Number 238
	Slide Number 239
	Slide Number 240
	Slide Number 241
	Slide Number 242
	Slide Number 243
	Slide Number 244
	Slide Number 245
	Slide Number 246
	Slide Number 247
	Slide Number 248
	Slide Number 249
	Childhood Lead Poisoning causes dementia in adults
	Slide Number 251
	Slide Number 252
	Slide Number 253
	~ ~ ~ WATER ~ ~ ~
	Discussion: Snippets of Examples
	Slide Number 256
	Slide Number 257
	Slide Number 258
	Slide Number 259
	Slide Number 260
	Slide Number 261
	Slide Number 262
	A gargantuan infrastructure problem compounded by lack of adequate energy and water
	Slide Number 264
	Sanitation
	Slide Number 266
	Slide Number 267
	Slide Number 268
	Slide Number 269
	Slide Number 270
	Slide Number 271
	Slide Number 272
	Slide Number 273
	Slide Number 274
	Slide Number 275
	Slide Number 276
	Sanitation & Healthcare
	Discussion: Snippets of Examples
	Slide Number 279
	The division between “rich” versus “poor” may be less applicable to healthcare because human welfare and practices which may alleviate human suffering, diseases and morbidity may benefit all humans
	But there are exceptions …
	Diseases neglected by the affluent world
	Diseases neglected by the affluent world
	Therefore, our discussion in the healthcare segment will address healthcare in general.
	HEALTHCARE ISSUES
	Slide Number 286
	Slide Number 287
	Slide Number 288
	Slide Number 289
	Slide Number 290
	Slide Number 291
	Slide Number 292
	Slide Number 293
	Slide Number 294
	Slide Number 295
	Transaction Cost
	Slide Number 297
	Slide Number 298
	Slide Number 299
	Slide Number 300
	The “care” in healthcare
	Slide Number 302
	Leading causes of death in the USA (annual data)
	Slide Number 304
	Slide Number 305
	3rd Leading cause of death in the USA ?
	Medical Devices Today                                           stand alone, unintegrated, not patient-centric, proprietary data 
	Slide Number 308
	SOLUTIONS APPROACH
	Slide Number 310
	Slide Number 311
	PROOF OF CONCEPT
	Slide Number 313
	Slide Number 314
	Slide Number 315
	Will FDA drown medical device interoperability efforts through conventional regulatory acts?  
	Slide Number 317
	Plethora of healthcare tools
	Slide Number 319
	Slide Number 320
	Slide Number 321
	Slide Number 322
	Slide Number 323
	Slide Number 324
	Slide Number 325
	Slide Number 326
	Slide Number 327
	Slide Number 328
	Slide Number 329
	Slide Number 330
	Slide Number 331
	Slide Number 332
	Digital Health and Advances in Diagnostic Tools / Systems
	Slide Number 334
	Slide Number 335
	Slide Number 336
	Slide Number 337
	Slide Number 338
	Slide Number 339
	Slide Number 340
	Slide Number 341
	Slide Number 342
	A very old idea
	Slide Number 344
	Slide Number 345
	Slide Number 346
	Diabetes - Remote Heath Monitoring ?
	Glucose NanoSensor NanoRadio: Ecosystem of healthcare monitoring?ct
	 RFID Linked Biometrics & Nano-sensor Net
	Slide Number 350
	Slide Number 351
	Slide Number 352
	Slide Number 353
	Slide Number 354
	Slide Number 355
	Slide Number 356
	Slide Number 357
	Slide Number 358
	Slide Number 359
	Slide Number 360
	Slide Number 361
	Slide Number 362
	Made-on-Demand ▪ Made-to-Design
	Slide Number 364
	Slide Number 365
	Slide Number 366
	The Final Frontier or Excessive Greed ?
	Slide Number 368
	Slide Number 369
	Slide Number 370
	Slide Number 371
	Slide Number 372
	Slide Number 373
	Slide Number 374
	Slide Number 375
	Slide Number 376
	What is the challenge of precision medicine?
	How close are we to the “knowledge network” of biological/disease networks?
	Slide Number 379
	Slide Number 380
	How close are we to the “knowledge network” of biological/disease networks?
	Slide Number 382
	Far flung future frontier …
	Slide Number 384
	Proteins are Radios
	Slide Number 386
	Slide Number 387
	Slide Number 388
	Slide Number 389
	Slide Number 390
	Slide Number 391
	Slide Number 392
	Slide Number 393
	Slide Number 394
	Slide Number 395
	Slide Number 396
	Leapfrogging healthcare ??
	Slide Number 398
	Slide Number 399
	Causality
	Slide Number 401
	Slide Number 402
	Slide Number 403
	Slide Number 404
	After the fall …
	�
	Slide Number 407
	Slide Number 408
	Slide Number 409
	Slide Number 410
	Slide Number 411
	Slide Number 412
	Connect  Converge  Compile
	Slide Number 414
	Connect  Converge  Communicate to 3D Printer
	Slide Number 416
	Can it happen in Asia, Africa ?
	Can it happen in Asia, Africa ?
	Slide Number 419
	Can it happen in Asia, Africa ?
	Slide Number 421
	Slide Number 422
	Down to earth, present reality …
	Solve real problems
	Slide Number 425
	Slide Number 426
	Slide Number 427
	Can’t conclude �HEALTHCARE �without discussing �SARS-CoV-2/CoVID-19
	Long way to go …
	Slide Number 430
	Slide Number 431
	Slide Number 432
	Take time to peruse, read and reflect 
	If you enjoy reading, find free books                                   in zipped folders – please download: 
	Suggested non-fiction books …
	Slide Number 436
	Slide Number 437
	Slide Number 438
	Slide Number 439
	Slide Number 440
	Slide Number 441
	Slide Number 442
	The World of Mathematics by James R. Newman                                                                 FREE
	Slide Number 444
	Slide Number 445
	https://www.hedylamarr.com/�https://bit.ly/HEDYS-FOLLY-BOOK-REVIEW �https://www.womenshistory.org/education-resources/biographies/hedy-lamarr�https://www.npr.org/2011/12/02/143055128/the-beauty-and-brains-behind-hedys-folly 
	https://archive.org/details/lifeofreasonorph01sant �https://www.gutenberg.org/files/15000/15000-h/15000-h.htm 
	Slide Number 448
	Slide Number 449
	Temporary Conclusion …
	Slide Number 451
	Slide Number 452
	Slide Number 453
	Slide Number 454

