
Computational physics mini-course
Problems for Part II, Physics 903, Fall/2006. 

Solve 2 problems below.  Due date 12/18/2006. 

N–1. Consider a linear PDE, with c>0.  
a) Derive the Warming & Beam scheme and check the order of truncation error.
b) Apply von Neumann analysis to the Warming & Beam scheme. 

N–4. Prove themonotonicity preserving theorem and the order barrier theorem 

for the linear multi-step s-step scheme, 

N–3. Write a numerical code to solve a linear PDE , using one or two 
numerical scheme introduced in the lecture, or any other schemes you are 
interested.  Perform simulations starting from a initial data with a discontinuity 
such as ,  then discuss the property of the scheme.

N–2. Consider the same linear PDE as Problem 1. 
In the form of finite volume discretization, 
a scheme 
with a flux 
is called Fromm scheme.
a) Derive the Fromm scheme and check the order of truncation error.
b) Apply von Neumann analysis to the Fromm scheme. 



G–2. Prove the Gauss-Codazzi equation, 

G–1. Explain the roles of the lapse function, shift vector, and extrinsic curvature in 
3+1 decomposition of globally hyperbolic spacetime. 

G–3. Prove a relation 

then derive a spatial projection of Einstein tensor

Note that are, respectively, the curvature tensor, Ricci 
tensor, and scalar curvature associated with spatial metric hαβ, and is the 
curvature tensor associated with the spacetime metric gαβ.


