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Math 355 Homework Problems #5
Matrix Analysis and Applied Linear Algebra, by C. Meyer

1. Suppose in terms of the standard basis,

A =


1 2 −1
0 −1 0
1 0 7

 .
Find the representation of A in terms of the basis,

B =




1
0
0

 ,


1
1
0

 ,


1
1
1


 .

2. Let A ∈Mm×n(F ) with m ≥ n. Suppose A = QR, where the columns of Q ∈Mm×n(F ) are orthonormal,
and R ∈Mn(F ) is upper-triangular with real and positive diagonal entries.

(a) Show that R is invertible.

(b) Show that rank(Q) = n.

(c) Show that rank(A) = rank(QR) = n.

(d) Solve the normal equations, AHAx = AHb, using R,Q (but, do not use Q−1!).

3. A is normal if AAH = AHA. If A is normal, show that Col(A)⊥ = Null(A). (Hint: Recall that Null(AHA) =
Null(A))

4. Let S ⊂ F
n be a subspace with orthonormal basis, {u1,u2, . . . ,uk}, and set U = (u1 u2 · · · uk). Define the

matrices,
PS = UUH, PS⊥ = In −PS .

Show that:

(a) PS ·PS = PS

(b) PS⊥ ·PS⊥ = PS⊥

(c) PS ·PS⊥ = PS⊥ ·PS = 0n

(d) Null(PS ) = S⊥

(e) Null(PS⊥) = S

(f) Col(PS ) = S

(g) Col(PS⊥) = S⊥.

5. Suppose,

S = Span
{(

1 0
1 2

)}
⊂M2(F ), A =

(
−2 3

0 5

)
.

Compute projS(A) using the inner product, 〈A,B〉 = trace(AHB).
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