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0) Please answer the following as clearly as possible, including any expan-
sion, matrix, scheme and proof.

1) Given a function f : [a, ) — R, a Newton quadrature starts with
partitioning [a, b] into N equal pieces with length h = (b — a)/N and
approximating f piecewise by polynomials for integration’s sake.

(a) State the order of consistency of such a procedure in terms of h.
(b) If f is (b — a)-periodic and smooth, show the best possible consis-
tency of the Riemann sum [° fdz ~ hZN, fla+1ih).

2) Design a finite-difference or finite-element scheme to discretize the
boundary value problem

Uz = f, 0 <z <1 and u(0) —uy(0) =0 =u(l) + uy(1).
Show (a)the consistency and (b)the solvability of your scheme.

3) Do the same things as asked in 2) but the BVP is now given by

Uzzzz = fr, 0 <z <1 and uz(0) — uzz(0) = 0 = uz(1) + ugy(1).

4) Consider the following initial boundary value problem
ug +sin{z)u, =0, 0 <z < 2m,

u(z,0) = sin(z), u(0,t) = u(27,t), t>0.

(a) Determine the characteristics of this system.
(b) Show for each z fixed the asymptotic behavior of u(z,t) as t — oo.
(c) Design a numerical scheme of the form

Ut —up 65U = Uy + (1= 6)(Up = U)
— gy +sin(jAa) Az =0

and prove that U7 has an asymptotic property similar to u(z, t).



