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“Galton Board” by Four Pines Publishing



Source: NASA/JPL-Caltech, Mission: Cold Atom Laboratory (CAL)

https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA22561


Electron probability density of Hydrogen atom S-orbitals



1

0

The Qubit: a two-level quantum system

Photo credit: 101 cats

Quantum State



Im(ψ(t)) = ψ0 * sin(kx-Ωt)

ψ(t) = ψ0 ei(kx-Ωt)

Re(ψ(t)) = ψ0 * cos(kx-Ωt)



Bloch sphere representation of a qubit
running X(π) |0>

Bloch sphere representation of a qubit
running X(-π/2) Z(π/2) Y(π/2) |0>



Bloch sphere representation of a qubit
running H |0>
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Quantum vs Classical



Two qubit gate: CX

Control qubit Target qubit



Two qubit gate: CX

Control qubit Target qubitBell state



Quantum programming
• Create and run quantum circuits using gates 

such as I, X, Y, Z, H, CX, CY, CZ
• Classical vs. Quantum registers
• Built-in quantum simulators
• Some can be run on real prototype hardware



Quantum engineering

Superconducting qubit device with two transmon-type qubits
IBM Research - Zürich
Frequency: 5-7 GHz

RFID tags
Frequency: 860-960MHz 

20 mm



IBMQ: available QPUs
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demo
http://goto2019.guen.pw

http://goto2019.guen.pw


More resources
• CS 269Q: Quantum Computer Programming 

course: (https://cs269q.stanford.edu)
• http://www.quantummadesimple.com
• https://algassert.com/quirk
• Play around with quantum gates: http://

demonstrations.wolfram.com/
SingleQubitQuantumGatesOnABlochSphere 

https://cs269q.stanford.edu/
http://www.quantummadesimple.com/
https://algassert.com/quirk
http://demonstrations.wolfram.com/SingleQubitQuantumGatesOnABlochSphere
http://demonstrations.wolfram.com/SingleQubitQuantumGatesOnABlochSphere
http://demonstrations.wolfram.com/SingleQubitQuantumGatesOnABlochSphere


Thank you;

hi@guen.pw@guenp guenplinkedin.guen.pw

All notebooks used in this presentation:
http://goto2019.guen.pw
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