
Quantum Computing

… For Amateur Radio?
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If You are …………….. You might be a Ham!2

Curious

Empirical

Inquisitive

Solve Problems

Research Oriented

Know Stuff Fix Things

Build Stuff

Determined

Informed

Pragmatic

Tinkerer

Computer Literate

Experimenter

… Because we like to

Make Things Work!



“Not only is the universe 
stranger than we think,

.. it is stranger than we can 
think. ”

— Werner Heisenberg
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Parlor Trick (?) – the Goal here is to Pique 

your Interest!

https://www.informationphilosopher.com/

solutions/experiments/dirac_3-polarizers/
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Measurement

 A Quantum State, Qubit, turns into a Classical 
State as soon as we measure it

 Superposition

 Qubits can be in multiple states at the same time

 Entanglement

 Systems of Quantum states, aka Qubits, can be 
so closely tied together that one cannot be 
described without describing the other (Einstein’s 
‘spooky action at a distance’)

 Interference

 Interactions among States of Qubits in a System

Fundamental Ideas of Quantum Science

-- and Quantum Computing (Reddit)
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Physicists Alain Aspect, 

John Clauser and Anton 

Zeilinger have won the 2022 

Nobel Prize in Physics for 

experiments that proved the 

profoundly strange quantum 

nature of reality. Their 

experiments collectively 

established the existence of 

a bizarre quantum 

phenomenon known as 

entanglement, where two 

widely separated particles 

appear to share information 

despite having no 

conceivable way of 

communicating.



https://research.ibm.com/blog/quantum-challenge-fall-2022

Quantum ‘Ham Shack’
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 You already know, or can easily learn the ‘Maths’

… And the ‘Maths’ will greatly enhance your Ham activities

 Quantum Computing is all about ‘Circuits’

 Classical Computing is just a sub-category of Quantum 
Computing – any classical logic gate can be made with a 
quantum gate

 Enhance your understanding/experience with digital logic and 
Boolean Algebra

 You get to perform your own Experiments with Quantum 
Simulators and Quantum Computers – for Free

What Does Any of This Have to Do with 

Amateur Radio? .. Or.. Why Should I Care?

You can do this Yourself!
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But…

Hams mostly fiddle around 

with antennas and such – we 

just make things work – not 

so much Optimization*

involved

--- Fair Enough!
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*Optimization challenges:  Key focus of quantum computing professional 

scientists and engineers in Governments, Academia and Industry



 QC Experiment Tools embed Python Programming

 QC may one day be usable in solving complex radio amateur problems

 Circuit Analysis

 Propagation Prediction/Optimization

 Digital Signal Processing Applications; Fourier Transforms

 Etc. – we’re just scratching the surface of Killer Apps

 Quantum Science includes a number of existing studies and 

applications – Quantum Key Distribution and Secure Comms, Universal 

Computers, Breakthrough Computing Power, Biochemistry and 

Molecular Physics, Etc. – Fertile Ground for Study and Investment

 Today’s Career Path in Computer Science (for some)

What (or Why?) Else Should I Care?9



10

Universities Space Research 

Association



11 Quantum Computing
- near term bet of NASA and beyond

Machine Learning: 
Data Analysis and 
Data Fusion

Air Traffic 
Management

Mission Planning and 
Scheduling, and 

Coordination

Anomaly Detection 
and Decision Making

Quantum Enhancement Optimization Project

Initial Theory and Hw Design: 2015-2016 

Full project with Test and Evaluation: 2017-2020

Dedicated Training and Specific Optimization Problems

Navy, U.S. AirForce, U.S. Army, DoE



Quantum Computing

Tools for …

✓ Learning – QC theory, Math, Circuits, etc

✓ Doing

✓ Experimentation

✓ Understanding
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Learning Tools13



 HamSci WWV Chirp 
Propagation Experiments

 Udemy/Qiskit

Udemy ->

Anaconda

Jupyter
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Udemy/Qiskit

Your Circuit and Gates

.

After Transpiler
‘Step-wise’ Progression 

through Python Code
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IBM, Qiskit https://qiskit.org/textbook/ch-states/representing-qubit-states.html16



What is a Qubit??

Quantum “two-level system” (Qubit)

Classical “two-level system” (BIT)

• Voltage levels in a transistor or in an electrical relay switch

• Charge well in a cathode ray tube

• Mechanical rotation state of a metallic gear in a Babbage machine

…

Anything that could be in two well defined states

• Shining lasers on atoms, or engineered crystals

• Applying magnetic fields to superconducting junctions

• Controlling the movement and “rotation” of electrons

• Very weak power pulses in complex interferometers

• Semiconductor wires in proximity of superconductors

…

Anything that could be made sufficiently small, cold and noise-protected
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..and Classical Gates

..and Quantum Gates



The ‘Maths’ – The Bloch Sphere, etc.

| > =

‘Psi’

90deg - Latitude

Longitude

(How Physicists view the World’ – H, Hamiltonian Operator)

You can ignore this!!

18 Note the ‘switcheroo’ from 
the previous charts – it 
doesn’t matter!!

Scalars and

Vectors and

Tensors,

Oh My!!

This should look very 

familiar from DSP, 

Fourier Analysis, etc. 



The ‘Maths’* - Single Qubit States and Superposition

= logical 1; high; on; 

down/up; ‘Ket 1’
|0> |1>

= (1)|0> + (0)|1> = (0)|0> + (1)|1>

= logical 0; ground; off; 

up/down; ‘Ket 0’

*High School (c.1969) plus a tad more:  Algebra, Trig – Linear 

Algebra, Matrices, …. Notation; and Complex Numbers

H|0> = 

a|0> + b|1>

a**2+b**2 = 1
a,b = Amplitudes

Single Cubit States

Superposition of Cubit States

<0| = ‘Bra’ = [1 0]

‘Bra’ is Complex Conjugate of ‘Ket’
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1  1

1 -1

Hadamard Matrix (Gate)



The ‘Maths’ – Entangled Qubits System

Multiple Qubits make a 

System

Entangled System of Two 

Qubits

A few simple steps using 

Qiskit functions

<a|b> is a Vector ‘dot’ product

= Scalar value

|a>|b> is a Vector ‘cross’ product

= Vector of dimension determined by

vectors a, b (ket cross ket)

= |a,b> or |ab> or |a x b>

= |11> in the example above

AKA:  ‘Tensor’ Product

The Entangled System of 

Qubits cannot be displayed 

on a ‘3-D’ Bloch Sphere

|Psi > =

**Two Electrons in an 

atom are usually 

entangled – basic 

chemistry**
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Real World Quantum Computing

-- Simulators and Machines

qiskit.org
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Real World Quantum Computing

-- Simulators and Machines
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Real World Quantum Computing

-- Four Qubit Amplitude Probabilities23



Resources – Available on Amazon, etc.24

“Once you start doubting, just like you’re supposed to doubt. You ask me if 

the science is true and we say ‘No, no, we don’t know what’s true, we’re 

trying to find out, everything is possibly wrong’ … When you doubt and ask it 

gets a little harder to believe. I can live with doubt and uncertainty and not 

knowing. I think it’s much more interesting to live not knowing, than to have 

answers which might be wrong.” Richard Feynman (1981)



Learning Resources 25

 Udemy and other online courses

 IBM Quantum, Qiskit

 Github (github.com/QISKit/)

 Reddit – Q&A, Careers, etc.

 Physics Today, AJP

 IEEE – Quantum Subgroups

 Investment Resources, WSJ, etc.

 Amateur Radio – This may be the 

first! … and maybe only!



Additional Resources

 Some of the material in this presentation originated in a briefing prepared and 

presented by Dr. Davide Venturelli, USRA, with support from Bruce Crandall, for a 

national agency; with the goal of updating scientists and engineers on progress in 

quantum computing and optimization potential related to the agency’s mission.
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Contact: 

QuAIL website: https://ti.arc.nasa.gov/tech/dash/physics/quail/

USRA website: http://www.usra.edu

Briefing Collaborators: Bruce Crandall, Eleanor Rieffel, Jeremy Frank, Tony Tran. 

https://ti.arc.nasa.gov/tech/dash/physics/quail/
http://www.usra.edu/


Thanks for Your Attention!

Questions….?
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