MATH 5520 — Finite Element Methods. April 19, 2011

Final Project 1

1. Verify that the unbounded function

u(x) = loglog <1 + 1)
]

belongs to H'(B), where B = B;(0) is the unit ball in R2.

2. Let V}, denote the Lagrange piecewise linear subspace on a quasi-uniform triangulation. V}, possesses
some fundamental properties, for example so called the Inverse Inequality

Xl (o) < ChHIX N La(Dy) for X € Vi,

where Dy, is the closure of the union of any set of triangles in quasi-uniform triangulation of size h.
Prove this inequality.

Hint: First prove this inequality on a triangle K with vertices (0, 0), (h,0), and (0, k). This can be done
by scaling to the reference triangle K and using the fact that all norms on a fixed finite dimensional
space are equivalent.

3. Give one dimensional counterexample to show that

11n vl Ly0,n) < Cllvllzy0,m)
is not possible with a constant C' independent of h and v .

4. Let u(x,t) satisfies

us — Au = f(x,t) inQx (0,7,
u=0 ondQ x (0,7T],
u(z,0) =v(z), =€l

By the energy argument show that there is a constant C' = C(T') such that
T T
/0 tue () 22(0)dt < C | |v]E2qy +/O 1F )22 oyt (1)
T
IVu(T)[|720) < CTH | [[0l172(0) +/0 11220yt (2)
and if f =0, then

T
/0 IVu(®)|22 0 dt < Clloll2 (- 3)



