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Qubit I



Qubit II

Divincenzo criteria1

• A scalable physical system with well-characterized qubit
• The ability to initialize the state of the qubits to a simple

fiducial state
• Long relevant decoherence times
• A ”universal” set of quantum gates
• A qubit-specific measurement capability

1DiVincenzo, David P. ,The Physical Implementation of Quantum
Computation, Fortschritte der Physik, 2000.



Superposition

Two states at the same time: |φ〉 = α|0〉+ β|1〉
Born’s rule: |α|2 + |β|2 = 1
Using the Hadamard gate we can push the qubit, more or less
right, in between the two states |0〉: 1√
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Interference

By using interference one can compute with qubits.

Figure: Constructive and
destructive interference.



Entanglement

|φ1〉 = |00〉+|11〉√
2

|φ2〉 = |00〉−|11〉√
2

|φ3〉 = |01〉+|10〉√
2

|φ4〉 = |01〉−|10〉√
2



Measurement

|φ〉 = α|0〉+ β|1〉 Figure: No-cloning theorem.



Parallelism

Quantum computer containing 50 qubits:

250 ≈ 1115complex amplitudes→ 32× 1015bytes ≈ 32.000TB
(1)

Quantum computer containing 51 qubits:

251 ≈ 2215complex amplitudes→ 72× 1015bytes (2)

Quantum computer containing 500 qubits:

2500 ≈ 32150complex amplitudes→ 72×10151bytes ≈ 32×1030TB
(3)
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Faster algorithms

Shor’s algorithm

Figure: Peter Shor

Possibility of finding prime
factors in theory. Exponentially
faster than known classical
algorithms (1994).

Grover’s algorithm

Figure: Lov Grover

Unstructured search which
offers a quadratic speed-up
(1996).



Gates



Envisioned use cases I



Envisioned use cases II



Envisioned use cases III



Envisioned use cases IV



The hype

• Over-promises in advertisement
campaigns

• A lot is uncertain, and concepts
are not clear

• Market predictions are sky high
• Venture capital is floating around

and looking for a place to prosper
• The hype changes the way

research is being done



The quantum hype

• There is a lot of scientific and
technical uncertainty.

• Quantum Technology research is
more than most other disciplines
reproducible.

• Hardware implementation
diverges

• Skepticism is still around
• It is difficult to check whether

what is being said is correct
• Quantum Computer will be an

accelerator
• Technological sovereignty

increases the hype



Expectations

Figure: Experts’ estimates on
likelyhood of breaking RSA 20483 Figure: Optimistic and pessimistic

cumulative estimate5

5Mosca, M., & Piani, M. (2022). 2021 Quantum Threat Timeline Report.



PQC

National Institute for Standards
and Technology (NIST)
organised a competition in
2016. In 2022 they announced
four winners:
• CRYSTALS-KYBER
• CRYSTALS-DILITHIUM
• FALCON
• SPHINCS+

https://pq-crystals.org
https://pq-crystals.org
https://falcon-sign.info
https://sphincs.org


Worldwide investments



Companies worldwide

Figure: Some of the companies active in the field of quantum
technology. Map by Stefano Mangini. 7

7Mosca, M., & Piani, M. (2022). 2021 Quantum Threat Timeline Report.



Dutch ecosystem



Dutch initiatives

• Master Quantum
Information Science and
Technology (TUD/LU)

• Research Master Quantum
Computer Science (UvA)

• Professional Master
Applied Quantum
Technology (Fontys,
Saxion, HHS, AUAS)

• Master track (TU/e) and
minor (TUT)

• Hybridisation minor Applied
Quantum Computing
(AUAS)

• Thematic semester
Quantum Sensing (AUAS)

• Talent and Learning
Centres (Twente,
Eindhoven, Delft/Leiden,
Amsterdam

• Internship program for hbo
and mbo

• Course Quantum Sensing
havo

• Quantum for mbo and vmbo
• Quantum Rules (for

secondary school students)
• Quantum Quest (for

excellent secondary school
students)

• And more ...



Nice websites

Some pointers:
• Quantum Flagship
• Quantum Delta Nederland
• Quantum.Amsterdam
• Shtetl-Optimized
• Quantum computing for the very curious
• Quantum computing report
• Inside Quantum Technology

https://qt.eu
https://quantumdelta.nl/
https://www.quantum.amsterdam
https://www.scottaaronson.com/blog/
https://quantum.country/qcvc
https://quantumcomputingreport.com
https://www.insidequantumtechnology.com/news/

