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Quantum Computing: Introduction



Quantum Physics Computing

What if ?





IBM System One: the first commercial quantum computer, 2019





President Trump with the signed National Quantum Initiative Act (2019)



www.quantum.gov



www.quantum.gov





From Academia to Industry



1981



May 6, 1981. Boston, MA, USA

Professor Richard Feynman

from Caltech, is about to give a 

keynote speech in a conference

at MIT

The Nobel laureate will present

an idea for a revolutionary new

type computer, a quantum

computer



Feynman's idea was to move away

from the binary representation of

information.

He argued that the basic building

block of information ought to be the

individual subatomic particles.

In fact, to use the unit of information

used by nature.



2019



January 8, 2019. Yorktown 

Heights, New York, USA

The company International

Business Machines (IBM)

presents the first commercial

quantum computer in the world.

www.quantum-computing.ibm.com



Scientists at Google Research in California 
managed to have their quantum system 
perform a mathematical calculation in 200 
seconds that today’s most powerful 
supercomputers would need more than 
10,000 years to complete.

Quantum supremacy using a programmable 

superconducting processor

Frank Arute et al. 

Nature volume 574, pages505–510 (2019)



https://www.microsoft.com/en-us/quantum

Microsoft Corporation 
created the Microsoft 
Quantum Network and 
Q# programming 
language for quantum 
computers. 



Quantum Computing: Industrial Applications



pharmaceutical aerospace engineering

automotive (electric) cybersecurity



VIDEO: Boeing seeks new ways to engineer strong, 

lightweight materials
https://youtu.be/BVG97KD9qVg



Banking



Banking
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Quantum Computing: The Key Concept
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The laws of physics are

different depending on

your scale (size) 

Quantum computers 

are machines that allow 

us to operate in the 

microscopic world –

the quantum world 
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Quantum computers 

are machines that allow 

us to operate in the 

microscopic world –

the quantum world 





Quantum Computing: The Three Ingredients



The Three

Ingredients

1: Qubits

2: Quantum Gates

3: Quantum Circuits



Ingredient 1: Qubits



qubit = quantum bit
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qubit

A qubit ۧȁ𝜓 can be regarded as a vector in a two dimensional complex 
vector space, where ۧȁ0 and ۧȁ1 form its orthonormal basis, called the 
computational basis.” 

vector, 

direction ۧȁ0
complex,

amplitude

vector, 

direction ۧȁ1
complex,

amplitude

ۧȁ𝜓 = ۧ𝑎 ȁ0 + ۧ𝑏 ȁ1
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A qubit ۧȁ𝜓 can be regarded as a vector in a two dimensional complex 
vector space, where ۧȁ0 and ۧȁ1 form its orthonormal basis, called the 
computational basis.” 
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A qubit ۧȁ𝜓 can be regarded as a vector in a two dimensional complex 
vector space, where ۧȁ0 and ۧȁ1 form its orthonormal basis, called the 
computational basis.” 

ۧȁ𝜓 =

Definition

mixed state cat alive cat dead
qubit
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Definition visual representation of a qubit
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Felix Bloch demonstrated that any 

qubit can represented as a point 

on the surface of a sphere with two 

degrees of freedom (Euler’s angles) 
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Definition visual representation of a qubit
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Examples



Ingredient 2: Quantum Gates



Classical gates allow the 

transformation of certain inputs

into certain outputs according to

some logical rules.

Inputs: binary (0, 1)

Output: binary (0, 1)

Quantum Gates Classical Gates
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Quantum gates allow the 

transformation of quantum 

information into quantum 

information following certain 

matrix rules.

Inputs: qubit

Output: qubit

Quantum Gates Quantum Gates
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Ingredient 3: Quantum Circuit



Quantum Circuit

a series of quantum gates (matrix operations) applied to qubits
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Quantum Circuit

a series of quantum gates (matrix operations) applied to qubits
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Quantum Circuit

a series of quantum gates (matrix operations) applied to qubits
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Example: circuit to flip qubit (i.e. Hello World)
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Quantum Circuit

a series of quantum gates (matrix operations) applied to qubits
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Quantum Circuit

a series of quantum gates (matrix operations) applied to qubits
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Example: circuit to flip qubit (i.e. Hello World)

quantum X gate (NOT gate) 





Quantum Computing: In Practice





www.ibm.com/quantum



Register FREE and use the online platform



Construct your own quantum circuits at IBM Quantum Composer



Write and run your own quantum Python programs at IBM Quantum Lab
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Write and run your own quantum Python programs at IBM Quantum Lab
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