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Introduction
Who am I?  And Why am I here talking to you? 
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What is Quantum
Quantum 1.0 vs. 2.0

➢ The Quantum World underlies our current modern civilization.  Quantum 1.0

➢ And Quantum is about take humanity to the next level.   Quantum 2.0

➢You can help make it happen.

Things at the Atomic Scale are very different than at the human scale.



The story begins almost 100 years ago
The Solvay International Conference on Electrons & Photons October 1927   

The “Quantum All Stars!!”

Niels Bohr

Erwin Schrödinger

Max Planck

Werner
Heisenberg

Albert Einstein

17 of the 29 attendees were or became Nobel Prize winners, including Marie Curie, 
who alone among them, had won two Nobel Prizes in physics and chemistry. Marie Curie

QUANTUM 1.0



QUANTUM 1.0



Isaac Newton & the Prism

The Solar Spectrum with Fraunhofer Lines

Discrete spectral lines correspond to the energy levels of various atoms that are 

burning in the Sun’s atmosphere.   Studied in detail by Fraunhofer beginning in 1814.  

The first, 1704, edition of Opticks: or, a 

treatise of the reflexions, refractions, 

inflexions and colours of light.

Experiments first done in 1665 while he was a student

Studying at Cambridge University.



History of the transistor – Wikipedia   “After WWII, Shockley decided to attempt the building of a triode-like 

semiconductor device. He secured funding and lab space, and went to work on the problem with Bardeen 

and Brattain. John Bardeen eventually developed a new branch of quantum mechanics known as surface 

physics to account for the "odd" behavior they saw, and Bardeen and Walter Brattain eventually succeeded 

in building a working device.”

QUANTUM 1.0

We have been living in the 1st Quantum Revolution for decades

https://en.wikipedia.org/wiki/History_of_the_transistor
https://en.wikipedia.org/wiki/History_of_the_transistor
https://en.wikipedia.org/wiki/History_of_the_transistor
https://en.wikipedia.org/wiki/Triode
https://en.wikipedia.org/wiki/John_Bardeen
https://en.wikipedia.org/wiki/Quantum_mechanics
https://en.wikipedia.org/wiki/Surface_physics
https://en.wikipedia.org/wiki/Surface_physics
https://en.wikipedia.org/wiki/Walter_Brattain


In physics, a quantum is the minimum amount of any physical entity involved in an interaction. The fundamental 

notion that a physical property can be "quantized" is referred to as "the hypothesis of quantization".

From Wikipedia:  QUANTUM

Atomic Energy Level Diagrams 

[1] This means that the magnitude of the physical property can take on 

only discrete values consisting of integer multiples of one quantum.
Can’t have 1 ½ photons

Or ¾ of an electron

Graphic representation of an electron (red O) moving from one energy 

level to another, emitting or absorbing a photon (Energy)  of light.

singlephoton.jpg (1000×1413) (b-cdn.net)

Single photon emitter

1-singlephoton.jpg (716×536) (b-cdn.net))

Single photon detector

Samsung Display - Quantum Dot Physics

Photon of

E=mc2
Einstein’s famous relativity equation

Energy = mass x speed of light2

Max Planck’s famous photon energy equation. 

https://scx2.b-cdn.net/gfx/news/hires/2015/singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/hires/2015/singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/hires/2015/singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/hires/2015/singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/hires/2015/singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg
https://scx2.b-cdn.net/gfx/news/2017/1-singlephoton.jpg


A helium–neon laser demonstration. The glow running through 

the center of the tube is an electric discharge. This glowing 

plasma is the gain medium for the laser. The laser produces a 

tiny, intense spot on the screen to the right. The center of the spot 

appears white because the image is overexposed there.

Lasers are intrinsically quantum devices by their very nature.

QUANTUM 1.0

https://en.wikipedia.org/wiki/Helium%E2%80%93neon_laser
https://en.wikipedia.org/wiki/Helium%E2%80%93neon_laser
https://en.wikipedia.org/wiki/Helium%E2%80%93neon_laser
https://en.wikipedia.org/wiki/Active_laser_medium
https://en.wikipedia.org/wiki/Overexposure


What are atoms & How do we know?

The Bohr model of the atom, with an electron making instantaneous 

"quantum leaps" from one orbit to another with gain or loss of energy. This 

model of electrons in orbits is obsolete.

Atom - Wikipedia Atoms – EWT (energywavetheory.com)

The Bohr model of the atom

QUANTUM 1.0

https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Atom
https://energywavetheory.com/atoms/
https://energywavetheory.com/atoms/
https://energywavetheory.com/atoms/


Three Important Phenomena for The 2nd Quantum Science Revolution

Wave / Particle Duality of Light (Interference)

Entanglement
Einstein called this Spooky 

action at a distance.

Superposition



Explanations/Demonstrations of these properties:

Electrons and Photons behave like waves (double-slit experiment) 
or particles (photoelectric effect)

Wave / Particle Duality



Thierry Dugnolle, CC0, via Wikimedia Commons.      Shooting particles through a double slit shows wave like behavior.

Particle impacts during a double-slit experiment. The total interference pattern represents the original 

wave function, while each particle impact represents an individual wave function collapse.



Superposition 
(Classical examples like these are not good representation of quantum phenomena.)  

1 0

1 and 0



What Is the “Spooky Science” of Quantum Entanglement?
How can we use this for advanced computing, communications & sensing?

• Entanglement means the “state” of one Qubit is “eternally and 

instantly” tied to the other, even if not in physical proximity

Non-Locality

“Spooky action at a distance” – Albert Einstein

Note: Entanglement does not enable communication faster 

than the speed of light.  

Random bits are not equal to useful data.

• Things you can entangle: 

• Electrons (spin)

• Photons (polarization)

• Atoms (charge)

• If the entanglement is disrupted (noise, interception), it cannot be 

restored/copied/cloned – good for security

• Example: a pair of gloves is split into 2 boxes, then the boxes are 

separately shipped across the globe.  Once you open one, you 

instantly know what the other is.  Not a good example because the quantum 

particles do have their states determined at the time of entanglement!!!



Quantum Entanglement of Photons via polarization

Thorlabs Polarization-Entanglement Extension Kit

• This is what a lab setup looks like to entangle photons 

via polarization



Classical vs. Quantum computers

https://ar.inspiredpencil.com/pictures-2023/quantum-computer

IBM desktop 

personal computer

Cell phones are advance personal computer

Note that classical computers use the semiconductor quantum 1.0 effect known as ‘tunneling’.
https://eureka.patsnap.com/report-quantum-tunneling-vs-classical-tunneling-energy-barriers

Lots of misinformation about 

tunneling out there on the internet.

https://www.sandiegouniontribune.com/2017

/01/25/ucsd-supercomputer-center-shaped-

by-two-del-mar-residents-2/

High Performance Comupter

https://ar.inspiredpencil.com/pictures-2023/quantum-computer
https://imboldn.com/wp-content/uploads/2023/07/Samsung-Galaxy-Z-Flip5-and-Galaxy-Z-Fold5-04.jpg
https://www.sandiegouniontribune.com/2017/01/25/ucsd-supercomputer-center-shaped-by-two-del-mar-residents-2/


Elements of a traditional computer system

QPU

The “Quantum Processing 

Unit”(QPU) will likely 

operate in a hybrid 

configuration with a 

traditional computer, 

similar to the GPU



Bits vs. Qubits Qubit => Block Sphere

All “possible states” at the same time

On = 0

Off = 1

Bit = On/off Switch

One “state” at a time

Think back to the transistors.

Imagine these switches are moving Very fast like in 

a computer, and there are  Billions of very small 

ones in a semiconductor computer chip.



Bits vs. Qubits



The-Bloch-sphere-provides-a-useful-means-of-visualizing-the-

state-of-a-single-qubit-and.ppm (850×770) (researchgate.net)

Classical vs. Quantum Computing
Using polarized photons of light as the Qubits

Classical 1s & 0s

Quantum has Superposition States

‘Bra Ket’ or ‘Dirac’  notation => Linear Algebra - vectors
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Bits vs Qubits                                 n            n           2n

Using superposition and entanglement:

n qubits comparable to 2n bits
qubits can hold an exponential number of states compared to 

the same number of classical bits

a 64 -qubit quantum computer computational power 

is 264 times faster than our 64- bit classical one, or 

18 quintillion times faster

100 qubits can hold more states than the all the hard 

drives in the world

300 qubits can hold more states than the number of 

atoms in the universe

World Science Festival

Number of  Bits or Qubits Classical Operations Quantum Operations

64 64 1.84e+19

100 100 1.26e+30

300 300 2.03e+90

https://starlighttools.org/science/qubit-vs-classical-bit-calculator

https://www.scienceabc.com/natu

re/universe/how-many-atoms-

are-there-in-the-universe
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Fundamental Quantum Computer Technologies

1. Super Conducting

2. Quantum Dots

3. Linear Optical (Photonic)

4. Trapped Ions

5. Color Centers

6. Neutral Atoms in Optical Lattices

7. Other Approaches
✓ Electron-on-Helium Qubit

✓ Magnetic Molecule - Spin

✓ Cavity Quantum Electrodynamics

✓ Nuclear Magnetic Resonance

Quantum 2.0



Different types of Qubits

Superconducting

Neutral Atom Photonic

Trapped Ion

Qubits are the physical devices with the elements inside.  

(Elements = EM fields, Electrons, Ions, Atoms, Photons)



Companies working with different Qubit architectures



April 26, 2026



Microsoft has put eight of its new topological 
qubits on a chip, which it calls the Majorana 1.

https://quantumai.google/

https://quantum.microsoft.com/

Superconducting Qubits

https://quantumai.google/


https://www.psiquantum.com/featured-

news/brisbane-renders-office https://www.psiquantum.com/news-import/illinois-iqmp





https://quantumbitscomics.com/grovers-algorithm/

Posted on April 5, 2026

https://quantumbitscomics.com/grovers-algorithm/


Quantum 
Computers & 
Cybersecurity
Including cryptocurrencies and blockchain technologies

Risks & Opportunities
The global race to develop practical quantum computers that can ‘hack’ all current encryption technologies

Against the implementation of quantum resistant encryption technologies.

Intellectual property (IP)  -  

➢ in the public domain via patents and published papers

➢ Trade Secrets –  held ‘close to the vest’

Quantum 2.0



The Map of Quantum Computing | Quantum Computers Explained
DoS - Domain of Science – YouTube 

Classical Computing Quantum Computing

A Primary Driver for Quantum Computing and Quantum Cybersecurity

This graphic is from 2021 – lots of progress has been made since then!!



Today,  progress in both Quantum Computing and 

Quantum Cybersecurity has been faster than anyone predicted.

https://www.quantamagazine.org/new-advances-bring-the-era-of-quantum-computers-closer-than-ever-20260403/

New Advances Bring the Era of Quantum Computers Closer Than Ever
Two research groups say they have significantly reduced the amount of qubits and time required to 

crack common online security technologies.

In Mikhail Lukin’s lab at Havard, physicists manipulate qubits 

made of atoms with finely controlled laser beams.

Manuel Endres & colleagues at Caltech recently published: 

“Shor's algorithm is possible with as few as 10,000 reconfigurable 

atomic qubits.” https://arxiv.org/abs/2603.28627

There are a lot of ‘assumptions’ in many of these papers and 

experiments, but one thing is certain, people are making more 

progress than anyone predicted.

April 3, 2026
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CONCLUSIONS   (last sentence)

We advocate that the U.S. maintain a presence in the field and 

in particular support development of hybrid solutions 

integrating both PQC and QKD for the greatest protection 

from threats posed by future quantum computers.

DISCLAIMER

This paper is not a statement or recommendation of policy or any particular position on quantum key distribution 

by QED-C itself and may or may not be a policy recommendation or position held by any QED-C member.

https://quantumconsortium.org/



https://csrc.nist.gov/Projects/Post-Quantum-Cryptography

https://csrc.nist.gov/News/2026/recommendation-for-cryptographic-key-generation



https://www.linkedin.com/in/intallura/ Posted around April 3, 2026



May 3, 2026







Ron Chiarello, PhD
Physicist · Deep-Tech Builder 

· Capital Translator, AI · 

Biotech · Quantum

https://outshift.cisco.com/quantum





https://research.cisco.com/quantum/cisco-universal-quantum-switch

https://outshift.cisco.com/blog/quantum/scalable-quantum-entanglement-networking

From the lab to the city grid: Qunnect and Cisco demonstrate 

scalable quantum entanglement networking on existing NYC Fiber
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Mehdi Namazi

Co-founder and Chief Science Officer at Qunnect Inc.



EPB and IonQ Partner to Establish Chattanooga as the First Quantum Computing and Networking Hub in the U.S.

06 April 2026

https://epb.com/newsroom/epb-

news/understanding-quantum-networking/

06 March 2026

https://epb.com/newsroom/epb-news/inside-

tennessees-growing-quantum-ecosystem/

02 February 2026

https://epb.com/newsroom/press-releases/epb-

awarded-4-million-federal-grant-quantum/

10 December 2025

https://epb.com/newsroom/press-releases/2025-

institute-for-quantum-innovation/



https://vimeo.com/1113707687?fl=pl&fe=cm


https://cenic.org/

Established in 1997, the Corporation for Education Network Initiatives in California (CENIC) operates the California Research and Education Network (CalREN), a high-capacity computer network with more than 

8,000 miles of optical fiber.

https://cenic.org/network_
https://cenic.org/network_
https://cenic.org/network_






We can set this up here !!

And other places too.



Educational & Research Facility





AI and adaptive optics propel free-space quantum communication by solving atmospheric turbulence challenges

7 March 2025

https://techandsciencepost.com/news/physics/ai-and-adaptive-optics-propel-free-space-quantum-communication-by-solving-atmospheric-turbulence-challenges/

High-dimensional quantum communication with adaptive optics through a turbulent channel. © Communications Physics (2025). 

DOI: 10.1038/s42005-025-01986-6

Professor Ebrahim Karimi, the director of Nexus for Quantum Technologies, in collaboration with the National Research Council Canada 

(NRC) and the Max Planck Institute for the Science of Light (Germany), Now at Chapman University, Institute of Quantum Studies.
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Lots of Quantum Sensors



Quantum Computing @ UC Berkeley

Quantum 2.0 Education and career opportunities.



1.     Financial Services – Investing, transacting
2.     Oil & Gas Exploration and distribution    
3.     Better Batteries
4.     Cleaner Fertilization
5.     Traffic Optimization
6.     Weather Forecasting and Climate Change
7.     Improving Solar Panels
8.     Quantum Systems Simulations
9.     Quantum Sensors

https://www.qoisc.org/high-school-quantum

Quantum Educational Resources
Big Tech Quantum Websites

Quantum Computing Companies

Quantum On-Line Resources

Quantum Biology Papers

And much more ……



Quantum ML - Quantum: Machine Learning & Analytics (ml2quantum.com)

Microsoft, Google, Honeywell, and Amazon

Quantum
Classical

Faster, more efficient, higher accuracy

https://ml2quantum.com/quantum-ml/
https://ml2quantum.com/quantum-ml/
https://ml2quantum.com/quantum-ml/


Exploring quantum computing use cases for manufacturing | IBM

https://meetiqm.com/blog/quantum-ai-applications-manufacturing/

https://www.ibm.com/thought-leadership/institute-business-value/report/quantum-manufacturing


Pathways for College 
Students & Career 
Professionals

Published 2025



Online Resources
Quantum News



https://www.global-qi.com/

Doug Finke
Chief Content Officer



https://hkamarcom.com/

Hilary Kaye



https://www.qoisc.org/high-school-quantum



Get involved with the Quantum World.

1. Find good mentors

1. Start with your Physics Teacher  or someone in this room.

2. Take Action:

1. Go to my website, click on links and read articles

2. Watch YouTube videos on Quantum

3. Find hands-on workshops close to home

4. Take on-line courses

5. Go to a college that offers quantum courses

6. Take an internship that works in the field

7. Join a club or start one your self

Get Involved Now – Take Action



Follow the 

Digital White Rabbit
To learn more about:



Summary Thank You
Things at the Atomic Scale are very different than at the human scale.

http://qoisc.org

Q & A

http://qoisc.org/




Qiskit.org

IBM’s Education System – it’s FREE

https://qiskit.org/
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