
 
 
 
 
 

Important natural phenomena, fundamental relations in 
physics, and problems of practical significance in 
engineering are regularly modelled using differential 
equations or formulated as minimization problems in the 
calculus of variations. However, the nature of these problems 
sometimes calls for irregular behaviours that cannot be 
captured by the classical notion of “differentiable functions” 
such as shockwaves or other forms of discontinuity, hence 
the need to expand our definition of “derivatives”. 
 

In this talk, we will review the notion of weak 
derivatives from the first talk and its applications to PDE, 
then we will expand the idea and discuss it in the context of 
the calculus of variations. We will see how techniques from 
various fields of analysis, such as functional analysis, convex 
analysis and measure theory are employed in the study of 
variational integrals. Such an abstract consideration has 
proved to be useful for many interesting real-world problems, 
e.g. understanding hyperelastic materials or the formation of 
crystalline microstructures. 
 
Recommended textbook: 
1. Calculus of Variations by F. Rindler 

2. Direct Methods in the Calculus of Variations by B. Dacorogna 
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