
 
PROGRAMA DE CURSO 

Código Nombre 

MA5507  Modelamiento Matemático Multiescala en Ingeniería, Biología y Medicina 

Nombre en Inglés 

 

Multi-scale mathematical modeling in engineering, biology and medicine 
 

SCT 
Unidades 
Docentes 

Horas de 
Cátedra 

Horas 
Docencia 
Auxiliar 

Horas de 
Trabajo 
Personal 

6 10 3 2 5 

Requisitos Carácter del Curso 
MA4801 Análisis Funcional Electivo de Carrera, Magister y 

Doctorado 

Resultados de Aprendizaje 

 

1. Introduction to the main equations of mathematical physics used in the 

mathematical modeling of boundary-valued and time dependent problems. 

-Diffusion-convection equation 

2. Models of flows. Thin tube structures and multistructures. Asymptotic analysis. 

Reynolds’s equations on the graph. Method of partial asymptotic 

decomposition of the domain for flows in a tube structure with rigid walls. 

 

3. Modeling of composite materials and meta-materials. Homogenization 

technique in mechanics of solids: passage from microscopic scale to the 

macroscopic scale.  

 

 

Metodología Docente Evaluación General 

• Clase expositiva  

 

• Control   X 



 
Unidades Temáticas 

Número  Nombre de la Unidad Duración en 
Semanas 

1 Introduction to the main equations of 

mathematical physics  

7 

Contenidos 
Resultados de Aprendizajes de 

la Unidad 

Referencias a 
la Bibliografía 

- Diffusion-convection equation 

- Viscous flows equations (Navier-

Stokes equations, Stokes 

equations, non-newtonian flows) 

- Elasticity equations, visco-

elasticity equations 

- Dirichlet’s, Neumann’s, Robin’s 

and periodic boundary conditions; 

number of initial conditions; 

periodic in time problems 

- Derivation from physic laws 

(ideas) and notion of mathematical 

analysis (variational formulation, 

existence, uniqueness and stability 

of the solution, i.e. well-

possedness).  

- Numerical methods: finite 

elements, difference schemes. 

 
 
 

 

Practical use of the main 

equations of mathematical 

physics in modeling boundary-

valued and time dependent 

problems. 

[7] Chapter 2 
[9] all of the 
chapters 

 

 

Número  Nombre de la Unidad Duración en 
Semanas 

2 Models of flows 

 

3 

Contenidos 
Resultados de Aprendizajes de 

la Unidad 
Referencias a 
la Bibliografía 

- Thin tube structures and multi-

structures. Asymptotic analysis. 

 

- Reynolds’s equations on the 

Practical use of the main 

equations of mathematical 

physics in modeling boundary-

valued and time dependent 

[3], [8] 



 
graph. Method of partial 

asymptotic decomposition of the 

domain for flows in a tube 

structure with rigid walls. 

 

 
 
 

problems. 

 

Número  Nombre de la Unidad Duración en 
Semanas 

3 Modeling of composite materials and meta-

materials. 

 

5 

Contenidos 
Resultados de Aprendizajes de 

la Unidad 
Referencias a 
la Bibliografía 

- Homogenization technique in 

mechanics of solids: passage from 

microscopic scale to the 

macroscopic scale.  

 
 
 

Practical use of the main 

equations of mathematical 

physics in modeling boundary-

valued and time dependent 

problems. 

[1], [2], [3], [4-
5], [8] 
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