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Research of systems based on 
Josephson junctions

Symbolic computation block 

SymPy is a Python 
library for symbolic 
mathematics. 

matplotlib is a main library for 
building graphs, diagrams in 
Python. 

Block of numerical calculations and analysis 

SciPy is an open-source software for 
mathematics, science, and engineering.

Acceleration of multiparameter calculations 

Joblib is a set of tools 
to provide lightweight 
pipelining in Python

Numba is an open-source JIT 
compiler that translates a subset 
of Python and NumPy code into 
fast machine code. 2



SymPy is a Python 
library for symbolic 
mathematics. 

System of nanomagnets and Josephson junction 

Statement of the problem
Consider: 
• a system  𝑛 nanomagnets;
• Josephson Junction (JJ) is 

located along the 𝑦-axis and 
its center is at the origin.

For definiteness, we will demonstrate the operation of the software module for 𝒏 = 𝟑 3



The dynamics of a system of nanomagnets with JJ is described 
by the Landau - Lifshitz - Hilbert equations

𝒉𝒆𝒇𝒇,𝒊 , 𝒊 = 𝟏,… , 𝒏 - effective field
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System of nanomagnets and Josephson junction 

𝒏 = 𝟏, 𝟐,…𝟏𝟎𝟎,… .  

𝑪𝒂𝒍𝒄𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝒊𝒏𝒕𝒆𝒈𝒓𝒂𝒍𝒔



SymPy is a Python 
library for symbolic 
mathematics. 

System of nanomagnets and Josephson junction 

1. Geometry
Data structure for radius vectors 
of nanomagnets: 
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SymPy is a Python 
library for symbolic 
mathematics. 

System of nanomagnets and Josephson junction 

1. Geometry
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Matrix of distances between nanomagnets Rij_NM
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1. Geometry
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Matrix of distances between nanomagnets Rij_NM



System of nanomagnets and Josephson junction 

2. Model parameters
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SymPy is a Python 
library for symbolic 
mathematics. 

System of nanomagnets and Josephson junction 

3. Required vectors
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Magnetization vector (normalized) NM: M_NM

Functions



SymPy is a Python 
library for symbolic 
mathematics. 

System of nanomagnets and Josephson junction 

4. Effective field
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System of nanomagnets and Josephson junction 

4. Effective field
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Data structure 

𝒉𝒊𝒋 is an effective field duo to the dipole interaction
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4. Effective field
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4. Effective field
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System of nanomagnets and Josephson junction 

4. Effective field
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𝒉𝒂𝒏,𝒊 - is an effective field duo to the magnetic 
anisotropy



System of nanomagnets and Josephson junction 
4. Effective field
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𝒉𝑱,𝒊 - is an effective field duo to the current
through JJ

I. Polygon



System of nanomagnets and Josephson junction 
4. Effective field 𝒉𝑱,𝒊 - is an effective field duo to the current

through JJ

II. Vector 
integrate

Data structure:
𝜸 = [𝜸𝟎,𝜸𝟏,𝜸𝟐,]
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System of nanomagnets and Josephson junction 
5. The current flowing through the JJ 

𝒉𝑱,𝒊 - is an effective field duo to the current
through JJ

Data structure:
𝜸 = [𝜸𝟎,𝜸𝟏,𝜸𝟐,]

The current flowing through the JJ is given by
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System of nanomagnets and Josephson junction 
6. LLH system of equations
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To further solve the Cauchy problem (IVP) numerically, it is necessary to reduce
the system of ordinary differential equations to the form:

𝑑𝑦

𝑑𝑡
= 𝐹(𝑡, Ԧ𝑦)

Note:
𝑑𝑚𝑖

𝑑𝑡
𝒊𝒏 𝒉𝒆𝒇𝒇,𝒋

During the numerical calculation, a system of 
linear algebraic equations is solved at each 

time step
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To study the chain of nanomagnets associated with the Josephson
junction, a software module has been developed to output equations in
symbolic form for further numerical modeling.
In this case, the equations are reduced to the form of a system of ordinary
differential equations resolved with respect to the derivative at each
integration step.

Conclusion

The implementation is carried out using the SymPy
library for symbolic operations.
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