
MATH 504 — HOMEWORK # 3 Due : Wednesday, February 22, 2012.

1. Let A ∈ |Cm×n
, m ≥ n. ASSUME rank A = n.

(a) Show that A∗A is invertible.

(b) Let P = A(A∗A)−1A∗. Show that P 2 = P, P ∗ = P , and range P = range A. (This shows
that P is the orthogonal projector onto range A.)

(c) Let A = Q̂R̂ be the reduced QR factorization of A. Show that the above expression
P = A(A∗A)−1A∗ reduces to P = Q̂Q̂∗.

(d) Let A = Û Σ̂V̂ ∗ be the reduced SV D factorization of A. Show that the above expression
P = A(A∗A)−1A∗ reduces to P = Û Û∗.

2. page 47, 6.4 (projectors)

3. page 47, 6.5 (projectors)

4. page 55, 7.3 (QR factorization)

5. page 68, 9.3 (Matlab) Extra instructions/hints:
(i) in part (c), plot the results in a 3× 4 matrix using subplot
(ii) use the following commands to display an image of the matrix B

map = [1. 1. 1.; .75 .75 .75; .5 .5 .5; .25 .25 .25; 0 0 0];
colormap(map)
pcolor(B)

(iii) pcolor flips the matrix; you need to unflip it

6. Consider the overdetermined linear system: x− y = 1, x + y = 0, x = 1.
(a) Sketch the three lines in the xy-plane. Find and plot the least squares solution.
(b) Show solution minimizes weighted sum of distance squared to all lines. What should system

be so that sum of distances minimized (weight=1)?

7. The molecular weights of six nitric oxides (NaOb) were measured experimentally, yielding the
results below. Using this data, perform a least squares fit to estimate the atomic weights of
nitrogen and oxygen. You may use any method to solve the least squares problem.

NO (30.006), N2O (44.013), NO2 (46.006), N2O3 (76.012), N2O4 (92.011), N2O5 (108.010)


