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Spring 2008




Quizzes and final exam


� Each of the three parts will be followed by an in-class exam 
� Duration 1.5 hours 
� Open book 

Tentative dates: 
� Quiz I (covers part I): March 6, 2008 
� Quiz II (covers part II): April 15, 2008 
� Final (covers part III):  Finals week, TBA 

The exams will cover simple calculations, theoretical material and 
important concepts 



Homework assignments


� Each part will contain 2-3 problem sets / homework assignments
with approximately 1-2 weeks preparation time 

� Some problem sets will be worked out in a team of three students 
� In this case, each team will hand in one solution, with the names of 

team members who contributed as indicated on the cover-page. Due 
dates for problem sets are firm and homework assignments will be
corrected and handed back (with solutions) no later than two 
lectures after the due date. 

� Students may use any material to complete the solution.  However, 
it is important that you properly reference the material used (e.g. 
books, website, scholarly journal articles). 

� For the team projects, start early to form teams and let the TA Lei 
Qiao know ASAP 

� In Monday’s recitation we will discuss material relevant for the 
problem sets (solution approaches, computational methods,..) 
– attendance strongly encouraged 



Resources: MIT Server class website


� What will you find? 
� Lecture notes 
� Assignments & solutions 
� Schedule, additional information etc. 
� Reading material 



A few things we’d like you to remember…


� We teach the class for you! At any time please let us know if you
have concerns or suggestions, or if you have difficulties.  We’ll do 
the best to cater to your needs! 

� The goal is to provide you with an excellent basis for modeling and 
simulation, beyond the applications discussed in IM/S 

� Our goal: Discover the world of Modeling and Simulation with 
you – using a top-down approach 

Starting at continuum scale (finite element methods), using 
Newton’s laws and statistical mechanics, working the way down to 
the most fundamental concepts (Schroedinger’s equation, quantum 
mechanics) 

You will be able to apply the knowledge to many other complex 
engineering and science problems 



Subject content: Big picture


� Subject provides an introduction to modeling and simulation. 

� Scientists and engineers have long used models to better 
understand the system they study, for analysis and 
quantification, performance prediction and design. 

� This subject will provide you with the relevant theoretical and 
numerical tools that are necessary to build models of complex 
physical phenomena and to simulate their behavior using computers. 

� The physical system can be a collection of electrons and 
nuclei/core shells, atoms, molecules, structural elements,
grains, or a continuum medium: Flexible! 

� The lectures will provide an exposure to areas of application,
based on the scientific exploitation of the power of 
computation 



Engineering science paradigm: Multi-scale 

view of materials


Courtesy Elsevier, Inc., 
http://www.sciencedirect.com.

Buehler and Ackbarow, Materials Today, 2007 Used with permission. 

http://www.sciencedirect.com/


Content overview

I. Continuum methods 

1.	 Discrete modeling of simple physical systems: 

Equilibrium, Dynamic, Eigenvalue problems


2.	 Continuum modeling approaches, Weighted residual (Galerkin) methods, 
Variational formulations 

3.	 Linear elasticity: Review of basic equations, 

Weak formulation: the principle of virtual work, 

Numerical discretization: the finite element method


II. Atomistic and molecular methods 
1.	 Atoms, molecules, chemistry 
2.	 Statistical mechanics 
3.	 Molecular dynamics, Monte Carlo 
4.	 Visualization 
5.	 Thermodynamics as bridge between the scales 
6.	 Mechanical properties – how things fail 
7.	 Multi-scale modeling 
8.	 Biological systems (simulation in biophysics) – how proteins work and 

how to model them 

III. Quantum mechanical methods 
1.	 It’s A Quantum World: The Theory of Quantum Mechanics 
2.	 Quantum Mechanics: Practice Makes Perfect 
3.	 The Many-Body Problem: From Many-Body to Single-Particle 
4.	 Quantum modeling of materials 
5.	 From Atoms to Solids 
6.	 Basic properties of materials 
7.	 Advanced properties of materials 
8.	 What else can we do? 

Lectures 2-10 
February/March 

Lectures 11-18 
March/April 

Lectures 20-27 
April/May 



Engineering science paradigm: Multi-scale 

view of materials


Part I


Image removed due to copyright restrictions. Please 

see Fig. 2.11 in Buehler, Markus J. Atomistic Modeling

of Materials Failure. New York, NY: Springer, 2008. Part II


Part III




A few important concepts in modeling and 

simulation


What is the difference between 

modeling and simulation?




Modeling and simulation


� The term modeling refers to the development of a 
mathematical representation of a physical situation. 

� On the other hand, simulation refers to the procedure of 
solving the equations that resulted from model 
development. 



What is a model? 
Mike Ashby (Cambridge University): 

� A model is an idealization. Its relationship to the real problem is like that of 
the map of the London tube trains to the real tube systems: a gross 
simplification, but one that captures certain essentials. 

Images removed due to copyright restrictions. 
Please see the Subway and Interactive Street maps 
at http://mbta.com/schedules_and_maps/subway/ 

“Physical situation”	 “Model”




What is a model?


Mike Ashby (Cambridge University): 

� The map misrepresents distances and directions, but it elegantly
displays the connectivity. 

� The quality or usefulness in a model is measured by its ability to 
capture the governing physical features of the problem. All 
successful models unashamedly distort the inessentials in order to 
capture the features that really matter. 

� At worst, a model is a concise description of a body of data. At best, 
it captures the essential physics of the problem, it illuminates the 
principles that underline the key observations, and it predicts 
behavior under conditions which have not yet been studied. 



What is a simulation? 

� Simulation refers to the procedure of solving the 

equations that resulted from model development. 

� For example, numerically solve a set of differential 
equations with different initial/boundary conditions. 



Today’s class


� Following this introduction you will see presentations by 
each instructor to outline / motivate the topics covered in 
this subject 
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