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I am a theoretical physicist, 

not a philosopher…

I have been trained as a reductionist, 

but now I am trying to be an integralist…

Disclaimer!…



Theoretical Physics?…
Theoretical physics is a branch of physics that deals with rationalization, 

explanation, and prediction of phenomena in natural systems which is 

developed based on the combination of mathematics, abstraction, 

imagination, and intuition. Conducted research mainly based on 

curiosity with sky as its limit.

Physics…

Mainly about understanding nature phenomena based on 

OBSERVATION and MEASUREMENT conducted through 

scientific method



“Imagination is more important 
than knowledge. For knowledge is 
limited, whereas imagination 
embraces the entire world, 
stimulating progress, giving birth 
to evolution”…

Albert Einstein…



“As scientists attempt to understand a living system, 
they move down from dimension to dimension, from 
one level of complexity to the next lower level. I 
followed this course in my own studies. I went from 
anatomy to the study of tissues, then to electron 
microscopy and chemistry, and finally to quantum 
mechanics. This downward journey through the scale 
of dimensions has its irony, for in my search for 
the secret of life, I ended up with atoms and 
electrons, which have no life at all. Somewhere 
along the line life has run out through my fingers. So, 
in my old age, I am now retracing my steps, trying to 
fight my way back”

Albert Szent-Györgyi…

…”Complexity Leads to Life Forms”…



We don't know everything! (by far!)

What is the universe made of? 96% of contents not known!

Ingredients of Our Universe…

Ordinary 

Matter



The Building Blocks of Ordinary Matter…

These are Us



Fundamental Forces in Nature…

• Strong Nuclear Force 

• Weak Nuclear Force 

Repel (Push)

Attract (Pull)

• Electromagnetic Force 

• Gravitational Force



How do These Particles Behave???…

…Described by Quantum Theory…

Richard P. Feynman: “..it is safe 
to say that no body 

understands quantum theory.”

Robbert Dijkgraaf: “..it is a 
landscape of description 

rather than a theory.”



Quantum Theory Contribution to Advanced Technology…

Smartphone Magnetic Resonance Imaging 

(MRI)



Double Slit Experiment: the Heart of Quantum Mystery… 

Particles exhibit wave behavior



Strange Behavior…

An electron can be in both slits 

simultaneously due to 

quantum coherence!...

This feature disappear when one put 

detector on one slit, i.e. the particles 

restored to behave like ordinary particles.



Contra-intuitive Facts About (Sub-) Atomic Scale…

• Heisenberg Uncertainty Principle

• Principle of Superposition (???)

• Quantum Entanglement



Heisenberg Uncertainty Principle…

• One cannot measure any property of a particle without interacting with it in 

some way. An observer destroys the state of a system.

• If one measures the particle position exactly, then it loose the information 

of its momentum, and vice versa.

• We have to believe that a particle can be in two places simultaneously.



Electrons in Atom & Molecule…

We can only predict the probability of 

an electron to be in certain position



Principle of Superposition…
[Schrödinger Cat Paradox]

The radiative nuclei can be either 

decaying or not, and this leads to 

the condition of either dead or 

alive cat. 

The definite state of the cat is said 

to be in a superposition of dead 

and alive probability, until one 

making a measurement.

cat alive dead= +



No Independent Observer?…

https://advances.sciencemag.org/content/5/9/eaaw9832



Quantum Entanglement…
[Einstein-Podolsky-Rosen (EPR) Paradox, Non-Local-Realism]

Two particles with SINGLE 

WAVEFUNCTION is entangled to 

each other.

Measurement of one particle will 

immediately affect the other one, 

no matter how far they are 

separated, indicating non-locality 

and no pre-existing condition to 

occur (non-local-realism).



Albert Einstein…

1. “Do you really believe the moon is not there when 

you are not looking at it?” – realism –

2. “God doesn’t play dice” – determinism –

Niels Bohr…

1. “Yes, it can be” – no realism –

2. “Stop telling God what to do” – indeterminism –



Quantum Interpretations…

Copenhagen Interpretation, Many Worlds Interpretation, 

Budiyono Interpretation, Bohmian Interpretation, Bayesian 

Interpretation, etc...



Copenhagen Interpretation…

…Rules…

Shut-up and calculate (D. Mermin)

Trust me, it works (L-Men)

• The property of a system cannot be determined until it measured. One 

can only make a prediction through the wavefunction.

• The wavefunction itself has no direct physical meaning, but its squared 

modulus does have probabilistic meaning.

• The most acceptable interpretation among physicist.



What is Reality???…

According to the Copenhagen Interpretation and Bell - Leggett Inequality 

Violation: 

“There is no pre-existing physical reality (realism) of a quantum 

system until one conducts measurement to it.”

Then what is reality? 

“Something that we will never understand” 

<Gerard t’Hooft, Physics Nobel Laureate 1999>



Why do We Live in a Deterministic World???…

According to Copenhagen Interpretation, the transition from indeterminism 

to determinism is due to quantum decoherence process, where the 

coherence state function of an isolated quantum system is affected by its 

environment (e.g. measurement). 



Many Worlds Interpretation…

• The other possible measurement outcomes 

appear in another parallel universes.

• There are infinite numbers of parallel universe.

• Quantum system is deterministic.

Hugh Everett III



Copenhagen VS Many Worlds… 

In the Copenhagen Interpretation” every 
measurement outcome is indeterministic 

and only happens in a single universe

In the Many Worlds Interpretation every 

measurement does exist deterministically in 

different parallel universe.



Budiyono Interpretation…

The wavefunction is nothing but related to the 

human brain capability to estimate the outcomes of 

a measurement. Quantum theory merely describe 

that capability…

Agung Budiyono



Bohmian Interpretation…
[de Broglie-Bohm Pilot-Wave Theory] 

• The wavefunction, which has no direct physical meaning in 

Copenhagen Interpretation, is interpreted to be a real 

physical quantity that guide particles such as electrons to 

move.

• Explicitly deterministic and non-local, such that allows one 

to explain the quantum entanglement.

• It is the wavefunction which delivers the faster-than-speed 

of light information between the two entangled particles. 

Louise de-Broglie

David Bohm



Life Interconnectedness?…
[From big-bang to the existence of life forms] 

• It is observably proven that universe began from a space-

time singularity called a big-bang event.

• According to quantum theory it should be related to a single 

primordial wavefunction.

• Everything created in the form of matter-energy after the 

big-bang should be entangled to each other.

• Bohmian interpretation provide a good explanation that all 

things in universe are interconnected in a mysterious way 

through the physical wavefunction. 



Conclusion???...

• We have been trying to learn about the nature of the world of the 

atomic scale. It seems its dynamics are God’s business, and He only 
gives us a little clue, but it’s useful enough.  

• Quantum entanglement might indicate that we all are quantumly 

interconnected. We have to realize that our brain is made of quarks and 

electrons which are possibly quantumly interconnected.

• The existence of quantum connections among all living things should 

lead us to a new holistic paradigm about nature and society with 

synchronized collective behavior, and aware that we are in unity with 

the “reality” of nature.



Atom

~ 10-12 m - 10-11 m

Quark → Hadron

~ 10-15 m

Electron

> 10-18 m

Molecule

~ 10-10 m – 10-6 m

Neuron

~ 10-6 m - 10-4 m

DNA

~ 10-8 m

Protein

~ 10-9 m - 10-6 m

Brain

~ 10-1 m

A Contemplation... 

Brain can think 

about Quark & 

Electron!...



“The saddest aspect of 
life right now is that 
science gathers knowledge 
faster than society 
gathers wisdom”

Isaac Asimov

Epilogue: Things that Should be Addressed Wisely!!!… 

“It seems that deep in mind we all 
are related through a coherent 

quantum-interconnectedness, and 
that is a wonderful aspect of life 

to be understood wisely”

…Me…



…Thank You…

…Now I Know That        
I Knew Nothing…


