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The  laws and principles of  SCIENCE 

are  essentially  unchanged.

Newton’s Laws (1680’s)

Electromagnetism (1800’s)

Quantum Mechanics (1930’s)

Thermodynamics (1900’s)

Etc.
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TECHNOLOGY, HOWEVER, RAPIDLY CHANGES.

Slide Rules to Calculators 

Landlines to wireless Cell phones

Scalpels to Laser Surgery

Bulky Monitors to flat Screens 

Big Computers to Laptops 

Overhead Projectors to LCD’s 

Fossil fuel to Solar and Nuclear  energy, etc.

The basis  for powerful  technological 
innovations is   Science.



PHYSICSCHEMISTRY

MATHEMATICS

BIOLOGY

GEOLOGY / 
METEOROLOGY



EXAMPLE:   Contribution to Chemistry

Pauli‘s Exclusion Principle obeyed by all electrons 
in all the atoms.

Wolfgang Pauli 
(Nobel Prize in Physics, 1945)

http://scarc.library.oregonstate.edu/coll/pauling/bond/people/pauli.html



http://www.ptable.com/



Francis Crick (Physicist) and James Watson (Biologist)
http://www.irishtimes.com/life-and-style/people/sixty-years-of-dna-it-changed-our-understanding-of-life-1.1365885

https://www.geneticliteracyproject.o
rg/2013/12/13/scientists-discover-
second-code-hiding-within-dna/

EXAMPLE:   Contribution to Biology

Discovery of the DNA structure as a 
double helix by Crick and Watson. 



EXAMPLE:   Contribution to Mathematics

http://www.crystalinks.com/newton.html

Isaac  Newton  invented  Calculus



… mathematical beauty 
“is almost a religion to me.”

- P. A. M. Dirac 
(Nobel Prize in Physics)

EXAMPLE:   Contribution to Mathematics

Paul Dirac invented the Dirac Delta Function.



EDWARD WITTEN

Fields Medal (1990):          
regarded as the highest 
award in Mathematics

Although he is definitely a physicist, 
his command of mathematics is 
rivaled by few mathematicians, and 
his ability to interpret physical ideas 
in mathematical form is quite 
unique. Time and again he has 
surprised the mathematical 
community by a brilliant application 
of physical insight leading to new 
and deep mathematical theorems... 
[H]e has made a profound impact on 
contemporary mathematics. In his 
hands physics is once again 
providing a rich source of inspiration 
and insight in mathematics.

- M. Atiyah

https://www.youtube.com/watch?v=AmUI2qf9uyo

EXAMPLE:   Contribution to Mathematics
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Birth of our sun1017 seconds ago

Life appears

Death of our sun1017 seconds 

from now

1 second after 

Big Bang

10-34 second after 

Big Bang

1 to 2 billion 

years after 

Big Bang

TIME

Planck Scale



Typical Scales and Sizes of Objects

ITEMS  TO  BE 

MEASURED

Approximate size in 

centimeter

Thickness of a piece 

of chalk

10    = 1 cm

Thickness of human 

hair

10     cm = 1 cm / 100

Size of an atom 10     cm

0

- 2

- 8



Typical Scales and Sizes of Objects

ITEMS  TO  BE 

MEASURED

Approximate size in 

centimeter

Size of proton 10       cm

Size of electron Less than 10       cm

Size of universe at 

time 10        second

10       cm

Planck scale 10      cm

- 13

- 17

- 34

- 29

- 33



Terrestrial Objects: chairs, plants, 
humans, piece of chalk, etc.

Molecules

Baryons: Protons & Neutrons

Quarks & Leptons (electrons, neutrinos, etc.)

Galaxies: stars, planets, etc.

Atoms

THE MATERIAL UNIVERSE



Areas in Physics:
 Condensed Matter Physics
 High Energy Physics
 Astrophysics
 Particle Physics
 Laser Physics
 Instrumentation Physics
 Theoretical Physics
 Biophysics
 Geophysics
 Econophysics
 Medical Physics
 Cosmology ,  etc ...



http://en.wikipedia.org/wiki/File:Myoglobin.png

MYOGLOBIN

BIOPHYSICS :

Example:
Protein Folding 
Problem

http://upload.wikimedia.org/wikipedia/commons/6/60/Myoglobin.png


How do neurons in our brain encode information?

NEUROPHYSICS :

http://www.google.com.ph/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://knightadrc.wustl.edu/Education/Berg/Berg2012/Audience.htm&ei=oXVAVJCdCqi0mAWL-YGwBA&bvm=bv.77648437,d.dGY&psig=AFQjCNHmBfLreZRlv2FyJlbJvStMv0kRuA&ust=1413596947227352






Landfall or not? Forecasts disagree on path of dangerous 
Typhoon Hagupit as it nears the Philippines

http://www.washingtonpost.com/blogs/capital-weather-gang/wp/2014/12/03/landfall-or-not-forecasts-disagree-on-path-of-dangerous-
typhoon-hagupit-as-it-nears-the-philippines/

PHYSICS OF COMPLEX SYSTEMS :



Typhoons are large-scale single vortices.

Typhoon Haiyan
www.sciencemag.org SCIENCE Vol. 342 29 November 2013, p. 1027.



Hurricane Isabel (2003) as seen from orbit during Expedition 7 of the 

International Space Station. The eye, eyewall, and surrounding rainbands, 

characteristics of tropical cyclones, are clearly visible in this view from space. 

https://en.wikipedia.org/wiki/Tropical_cyclone

https://en.wikipedia.org/wiki/Hurricane_Isabel
https://en.wikipedia.org/wiki/Expedition_7
https://en.wikipedia.org/wiki/International_Space_Station
https://en.wikipedia.org/wiki/Eye_(cyclone)
https://en.wikipedia.org/wiki/Rainband
https://en.wikipedia.org/wiki/Cyclones
https://en.wikipedia.org/wiki/File:Hurricane_Isabel_from_ISS.jpg




Understanding Space Weather & Geomagnetic Fluctuations

http://www.seeker.com/5-ways-the-solar-wind-will-blow-you-away-slide-show-1766283848.html?slide=xEbuKn

EarthSUN

SOLAR  PHYSICS :



http://www.uni-leipzig.de/~diff/powerpoint_presentations/pdf/klafter.pdf

PHYSICS OF COMPLEX SYSTEMS :



https://i.ytimg.com/vi/iZo7d8H8WzA/maxresdefault.jpg

EARTH AND MARINE PHYSICS :



The past 30 years witnessed the loss of
half the coral cover of the Great Barrier
Reef due to elevated sea surface
temperature, ocean acidification, and
typhoons, among others.

http://www.aims.gov.au/documents/30301/2107350/Acidification.pdf/4224fe9f-efd2-
4f91-a7b2-604137a87f2d

EARTH AND MARINE PHYSICS :



https://thumbnails.trvl-media.com/zcvYGoswHQ7jvcxujhBOVsW2jTI=/768x432/images.trvl-
media.com/media/content/shared/images/travelguides/destination/889/Great-Barrier-Reef-29303.jpg



https://www.vox.com/science-and-health/2016/11/29/13781434/great-barrier-reef-coral-dead



Data (red) of the rising atmospheric CO2

ATMOSPHERIC PHYSICS :



Comparing Fluctuations in CO2 Levels and 
Percent of Great Barrier Reef (GBR) Coral Cover

CO2

Levels 

GBR 
Coral 
Cover

Difference

THE SAME MEMORY 
FUNCTION



UNDERSTANDING 
MARINE  LIFE

Soft 
Matter 

Complex 
Systems

Big Data 
Analytics

Physics, Biochemistry, 
Mathematics

Evolution Biology

Geochemistry





Philippine 
Deep

Tubbataha
Reefs Natural 

Park

BOHOL
SEA

Bohol







Students sorting and classifying microorganisms from 
the sea.



Sorting and classifying microorganisms from the sea.



x,y,z  75cos2.2t,10t2 ,75sin2.2t

Cycloscala above is modelled mathematically below:



Growth as a function of time t : 

x,y,z  75cos2.2t,10t2 ,75sin2.2t

Tube radius  r as a function of time t (with Ribs): 

10exp 1.6sin6.8t22  2  t2



Cycloscala hyalina
Turkey, Hatay, Iskenderun
NMR 32389.  Common size  8 mm



SPECIMEN

Primary  Structural Curve
Parameters

a b c d

Cycloscala from
Jagna Bay

75 2.2 10 2

Cycloscala hyalina
from Turkey

5.5 1 3.2
t exp t

1.7

C. Bernido et al, AIP Conference Proceedings 1871, 060005 (2017).

Taxonomic  Classification of Mollusks



IBM  Closing Price on 21 September 2015

http://www.google.com/finance

ECONOPHYSICS :



MASS OF UNIVERSE:

74% : Dark Energy 
(distributed diffusely in space),
cosmological constant; 
vacuum energy density.

22%: Dark 

Matter

4%: Visible Matter
(3.6% intergalactic gas
and 0.4% stars, etc.)

COSMOLOGY :



Dark Matter :

Is it composed of new types of 
Fundamental  Particles?



Adopted from:
Physics Today
April 1979, p. 41





THANK   YOU !



a  75 , b  2.2, c  10, d  2

The parameters  a, b, c, d characterize the 
primary structural curve of the shell.

x  acos b t

y  c td

z  asinbt
LENGTH

WIDTH


