
Dipartimento di Fisica e Astronomia “Ettore Majorana”  
Dottorato di Ricerca - Anno Accademico  2018/2019 !

  !
Mathematica for Physicists: computational methods and tools.   !

3 CFU !
Teaching staff: Prof. Alessandro Ridolfo 
email: alessandro.ridolfo@ct.infn.it 
office: DFA room 110 (1st floor) !!
The aim of this course is to introduce Mathematica as toolkit for solving numerical and 
analytical problems in quantum physics. As matter of fact, Mathematica is a powerful 
program that allows to visualize, display and generate numerical and graphical solutions of  
many physics problems. Its use is a good supplement for students and researchers. !
In the first part of this course, I will introduce the use of the program with a clear 
explanation of the basilar elements for the creation of a list of objects (numerical and 
symbolic), manipulation of expressions, the use of built-in functions (trigonometric, 
logarithmic, etc.), visualization of a graphic (2D and 3D), differentiation, symbolic and 
numeric integration, solving algebraic expressions, solutions for linear systems, and 
numerical solutions of differential equations. !
In the second part, I will show how to implement notebooks, applying the skills acquired in 
the first part, in order to obtain solutions (numerical and analytical) for a class of 
fundamental problems in quantum physics: quantum harmonic oscillator, barrier potential, 
transfer matrix method, perturbation theory, second quantization, quantum two level 
systems, light-matter interaction. !
The final part of the course will focus on the implementation of a specific calculation tool, 
that aims to develop particularly useful and powerful numerical methods such as Monte 
Carlo Wave Function or Density Matrix Renormalization Group theory, developed with 
Mathematica. !
During the course, various interactive tests will be assigned in order to certify the learning, 
students abilities and the acquired skills.  
The final exam consists of a discussion, with a presentation, on the results obtained with a 
notebook for a particular problem tackled in the course.
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Program of the course:
Quantum Tecnologies (QT) is an interdisciplinary subject where physics, computer science and
chemistry merge. In the last  decade interest  has grown both for  the conceptual importance of
methods, requiring a deeper understanding of quantum mechanics, and for the enormous potential
in  applications.  QTs  aim  at  exploiting  exquisite  quantum behavior  to  perform tasks  which  are
tackled inefficiently by that present day technologies. For instance quantum computation relies on
superpositions and entanglement to achieve exponential speedup of certain algorithms, which in a
standard  digital  computer  take  a  time  growing  exponentially  with  the  input.  Quantum
communication relies on entanglement and on the unavoidable invasivity of quantum measurement
to allow for absolutely secure communication, protected by the laws of Nature. The sensitivity of
quantum coherence to external disturbances is the key of a new paradigm of quantum sensors.
The course reviews concepts, techniques and physical systems of interest in the field of QT.  
1) Introductory material (Quantum bits, quantum networks, quantum gates).
2) Entanglement and applications to communication.
3) Measurement problem and quantum key distribution.
4) Digital quantum computation: principles and algorithms.
5) Quantum simulators. 
6) Physical platforms for QTs
7) Elements of quantum communication.
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