
Localization, Revivals, and Ballistic spread in One-
dimensional Electric Quantum Walks

1

Muhammad Sajid
Assistant Professor, 

Department of Physics, Kohat University of Science and 
Technology



Outline

2

• Introduction to quantum walks (definitions, and properties

• Quantum walks with artificial electric field

• Applications: A versatile tool for quantum simulation



Outline

3

• Introduction to quantum walks

• Quantum walks with artificial electric field

• Applications: A versatile tool for quantum simulation



Classical random walk

4



Classical random walk

In the language of mathematics a classical random walk is a 
stochastic process that describes a path that consists of a 
succession of random steps on some mathematical space.

4



Classical random walk

In the language of mathematics a classical random walk is a 
stochastic process that describes a path that consists of a 
succession of random steps on some mathematical space.

https://www.mit.edu/~kardar/teaching/projects/chemotaxis(AndreaSchmidt)/random.htm
4

https://www.mit.edu/~kardar/teaching/projects/chemotaxis(AndreaSchmidt)/random.htm


Classical random walk

-3 -2 -1 0 1 2 3

Random walk on an integer line:

5



Classical random walk

-3 -2 -1 0 1 2 3

Random walk on an integer line:

5



Classical random walk

-3 -2 -1 0 1 2 3

Random walk on an integer line:

5



Classical random walk

-3 -2 -1 0 1 2 3

Random walk on an integer line:

5



Classical random walk

6

-3 -2 -1 0 1 2 3

Random walk on an integer line:



Classical random walk

6

-3 -2 -1 0 1 2 3

Random walk on an integer line:



0

4

2

1

3

5

Position

St
ep

s

-3 -2 -1 0 1 2 3

Galton board

-3 -2 -1 0 1 2 3

Classical random walk

7

Random walk on an integer line:



0

4

2

1

3

5

Position

St
ep

s

-3 -2 -1 0 1 2 3

Galton board

-3 -2 -1 0 1 2 3

Classical random walk

7

Random walk on an integer line:



Classical random walk

Classical random walks have many applications in various fields of 
science.
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Physics (Brownian motion) , economics (Price forecast in stock 
market), computer science (as basic framework for search 
algorithms).
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Quantum Simulation:

Using a controllable quantum system to study another less 
controllable or accessible quantum system is known as quantum 
simulation.
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Applications

I.M. Georgescu, S. Ashhab, F. Nori,  
Rev. of Mod. Phys. 86, 2014.

• Neutral Atoms trapped in optical lattices 
• Ions 
• Superconducting circuits 
• Cavities 
• Quantum dots
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1D quantum walk

time duration of a single step of the walk
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Electric quantum walks

Split-step protocol:
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Electric quantum walks

Evolution of the walk:
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Electric quantum walks

Evolution of the walk:

Probability distribution:
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Electric quantum walks

Evolution of the walk:

Probability distribution:

Return probability:
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Electric quantum walks

Evolution of the walk:

Probability distribution:

Return probability:

Standard deviation:
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Electric quantum walks

Revivals:
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Revivals:
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Electric quantum walks

Ballistic spread:
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Electric quantum walks

Ballistic spread:
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Electric quantum walks

Ballistic spread:
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Electric quantum walks

Localization:
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Electric quantum walks

Localization:
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Electric quantum walks

Localization:
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Revivals, Rational Electric Field
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Revivals, Rational Electric Field
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Revivals, Rational Electric Field
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Revivals, Rational Electric Field
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Localization, Irrational Electric Field
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Localization, Irrational Electric Field
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Ballistic spread, Noise in the Electric Field
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Ballistic spread, Noise in the Electric Field
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Ballistic spread, Noise in the Electric Field
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