
0. Introduction

1. Differential equations
  1.1 Classical equation of motion (classical mechanics, pendulum)
  1.2 Partial differential equation relaxation methods (electromagnetism, diffusion)
  1.3 Partial differential equation in space-time (traffic flow, tsunami)

2. Eigenvalue problem
  2.1 Schrödinger equation and Hamiltonian (Harmonic oscillator, wave package) 
  2.2 Quantum lattice model and Hibert space (Heisenberg model)
  2.3 Exact diagonalization of spin chain (Spin wave, Haldane conjecture, topology)
  2.4 Matrix product state and density matrix renormalization group (DMRG)
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Differential equations

Initial value problems: time-dependent equations with given initial conditions

Boundary value problems: differential equations with specific boundary values

Eigenvalues of Dirichlet problem for Laplacian

Eigenvalue problems
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Classical equation of motion

Differential equations

State of dynamical system 
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Gravitation (such as solar system)
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Discretization
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G Gravitational constant
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Classical equation of motion

Harmonic Oscillator

⃗a (t) = · ⃗v (t) = −
k
m

x(t)

· ⃗x (t) = ⃗v (t)



 Initial value problem 

Euler (tau^2) 


Verlet (tau^4, time-reversal)


Velocity Verlet (variant of Verlet 1)


Leap-frog (variant of Verlet 2, less roundoff error)


Runge-Kutta (tau^5, workhorse)


LeapFrog Enterprises, Inc. is the leader in 
innovative solutions that encourage a child's 
curiosity and love of learning throughout their 
early developmental journey.




