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Importance of Quantum Electromagnetics
When wavelength much longer than atomic spacings—E.g. 
microwave photons (macroscopic quantum electromagnetics)
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• Leaps and bounds progress of quantum technologies:
• Quantum communications—security and encryption
• Quantum computers—quantum parallelism
• Quantum sensing—enhanced sensitivity

• These are going to be transformative technologies

Why Quantum Electromagnetics/Optics?

Classical EM knowledge has been with us for over 150 years.
Wish for a gradual transition from classical to quantum!

Articulation, articulation, articulation!
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Classical Maxwell’s 
equations
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Fields become quantum operators.

An operator must act on a state vector (quantum 
state function).

Quantum Maxwell’s 
equations
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Both Classical and Quantum Maxwell’s equations are 
derivable from energy conservation!

Classical CEM and Quantum CEM

Quantization of EM field:  Glauber (1991), Huttner-Barnett (1992), Milonni (1995), Welsch (1996), Suttorp and Wub (2004), 
Scheel and Buhmann (2008), Philbin (2010), A. Drezet (2017), Jauslin {2019).
Chew et al (2016).
Chew et al (2019).
Chew et al (Feb 2021, IEEE AP Magazine).

Cohen-Tannoudji et al (1986), Mendel and Wolf (1995). 





The Fundamental Building Block of EM Medium is a 
Dipole

Classical Dipole
Sir William Rowan Hamilton 
(1805–1865)



Wave-Particle Duality Needed (De Broglie, 1923)

Quantum Dipole

Zen paradoxes



Solutions to Schrodinger Equation

Number state or Fock state analogous to Fourier modes

Francis Low
of MIT

Photon Number State

Eigenfunction





Annihilation and creation operators (ladder operators)



Generalization to 3D (1925)
Schrodinger Equation in 3D (Hydrogen Atom)

Max Born
(1954)Erwin Schrodinger



Physical Meaning of the Wave Function (Max Born)



Schrodinger Picture

Heisenberg Picture





Derivation of Quantum Hamilton Equations of Motion

Masood Nekoei

are tasked with providing a simpler derivation

Luis Gomez

Repeated application of commutation relation:



Random Nature of Observables

• When dynamic conjugate variables are 
elevated to become quantum operators, 
the variables become a random variables, 
called quantum observables. Paul Dirac



Source of Uncertainty Principle

Correspondence principle

Rooted in the non-commuting algebra of the operators:

When two operators commute, they are “homomorphic” to scalar 
numbers,

Quantum theory becomes classical theory.



Random Nature of Observables



In Summary:
Two Ways to Derive Quantum Hamilton Equations

Quantum Hamilton equations

The above is “homomorphic” to the classical Hamilton equations

Classical Hamilton equations
No derivative wrt to operators

• Repeated use of the commutator and Heisenberg equations of 
motion;

• Energy conservation; Chew, W. C., Liu, A. Y., Salazar-Lazaro, C., Na, D. Y., 
& Sha, W. E. (2019). Hamilton equations, commutator, and energy 
conservation. Quantum Reports, 1(2), 295-303.

Correspondence principle





Chew, W. C., Liu, A. Y., Salazar-Lazaro, C., & Sha, W. E. (2016). Quantum electromagnetics: A new look—
Part I. IEEE Journal on Multiscale and Multiphysics Computational Techniques, 1, 73-84.
Chew, W. C., Liu, A. Y., Salazar-Lazaro, C., & Sha, W. E. (2016). Quantum electromagnetics: A new look—
Part II. IEEE Journal on Multiscale and Multiphysics Computational Techniques, 1, 85-97.







Min Chen of MIT



Physics, 2026, virtual

The Tenet of Quantum Measurement, contd.

 A quantum system is in a linear superposition of states 
before a measurement;

 A measurement collapses a quantum system to one 
state, the one that is measured;

 It is unknown which state a quantum system will 
collapse to before the measurement.
 The almighty is still involved.

Albert Einstein Niels Bohr Alain Aspect 



Classical Hamiltonian



Simple Monochromatic Plane Wave





Need to solve the quantum state equation



Monochromatic Photon Case (Unphysical)



Using CEM to find a general solution



Periodic Inhomogeneous Media



Physics, 2026, virtual

A Quantum Beam Splitter Can Be Modeled
Using Mode Decomposition (Bloch-Floquet Modes)

Dr Dong-Yeop Na

Hong-Ou-Mandel Effect



Physics, 2026, virtual

Conclusions
 A brief overview of quantum theory and quantum 

electromagnetics is given here;
 Much deep contemplation is needed to have myriad of concepts 

sink into your soul;
 Many out-of-box thinkings are needed to learn quantum theory 

and quantum electromagnetics;
 Since the operator-vector pair can be regarded as infinite 

dimensional, they have much more information content than 
classical systems; 

 Quantum “weirdness” should be exploited in future quantum 
technologies;

 Example of such “weirdness” are linear superposition, 
entanglement, uncertainty principle, wave-particle duality, 
squeezed state, and quantum tunnelling. 

 These properties cannot be described by the classical theory.



Physics, 2026, virtual

Final Words of Wisdom

 Advancing Technology for Humanity—Leah Jamieson (1949-) (Former Purdue 
Dean of Engineering, IEEE President).

 “Technology is a gift of God. After the gift of life, it is perhaps the greatest of 
God’s gifts. It is the mother of civilizations, of arts and of sciences.”—Freeman 
Dyson (1923-2020).

 All Humans Can Be Taught—Confucius (450BC).
 Love your enemy—Buddha (500BC) and Jesus Christ (20 AD). 
 Our human mind is the greatest gift of God!
 Peace to this world. Collaborate to solve our global warming problems and 

save our planet Earth!

The best way to win a war is to have no war
---Sun Zi, 500BC

Use ICT (Internet Communication Technologies)
to bring about a more peaceful world!
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