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Motivation
Differential Operators

(Can view as a special vector.)∇ =

∂
∂x1

∂
∂x2

∂
∂x3

(Define  here)∇2 ≡ ∇ ⋅ ∇



Motivation
Visualization of Differential Operators

• Divergence describes the rate of 
infinitesimal volume change of a 
vector field. 


• Curl describes the infinitesimal 
circulation of a vector field



Motivation
Visualization of Differential Operators

Laplacian measures by how much the 
average value of   over small balls 
centered at   deviates from  .

f
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Motivation
Example: Navier–Stokes Equations

External force, e.g. gravityPressureFlow velocity

Viscosity

Material derivative 
of velocity



Motivation
Example: Maxwell’s Equations (Vacuum)



Motivation
Variational Derivation: Laplace’s Equation



Motivation
Deriving Laplace’s Equation



Motivation
Conclusion: Laplace’s Equation



Motivation
Example: Eikonal Equation



Motivation
Example: Harmonic Analysis



Motivation
Vibration Modes of An Elastic Bar

https://phys-sim-book.github.io/lec25.7.2-linear_demo.html

https://phys-sim-book.github.io/lec25.7.2-linear_demo.html
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Notation for PDEs
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Properties of PDEs
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Boundary Conditions



Statement and Structure of PDEs
Example: Boundary Conditions in 1D
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Model Equations
Classification of PDEs



Model Equations
Elliptic PDEs



Model Equations
Parabolic PDEs
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Hyperbolic PDEs



Model Equations
Summary: Elliptic vs Parabolic vs Hyperbolic
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