1. For each of the following matrices, determine a ba-
sis for each of the subspaces R(AT), N(A), R(A),
and N(AT):

1

3 4 e, 3
LINE S I 8] (e 4 bigt 0
4 -2 o R RN
{3 I g |
© A=1, | @WA=1y o 1 1
b gree g s pagiion

. Let S be the subspace of R spanned by x =
(1, -1, DT,

(a) Find a basis for S+.
(b) Give a geometrical description of S and S*.

. (@) Let S be the subspace of R*® spanned by
the vectors X = (x1,x2,x3)7 and y =
(y19 }72, y3)T- Let
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Show that S+ = N (A).

(b) Find the orthogonal complement of the sub-
space of R? spanned by (1,2,1)" and
(1, =1, D,
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Let S be the subspace of R* spanned by x; =
(1,0,—2, DT and x, = (0, 1,3, —2)7. Find a ba-
sis for S*.

. Let A be a3 x 2 matrix with rank 2. Give geomet-

ric descriptions of R(A) and N (AT), and describe
geometrically how the subspaces are related.

Is it possible for a matrix to have the vector (3, 1, 2)
in its row space and (2, 1, 1)7 in its null space? Ex-
plain.

Let a; be a nonzero column vector of an m X n
matrix A. Is it possible for a; to be in N (A”)? Ex-
plain.

. Let S be the subspace of R" spanned by the vec-

tors Xi, Xz, . . . , X¢. Show that y € S+ if and only if
¥y, -L-Xafori =L, ik

If A is an m x n matrix of rank r, what are the
dimensions of N(A4) and N (AT)? Explain.

Prove Corollary 2.5.

Prove: If A is an m x n matrix and x € R", then
either Ax = 0 or there exists y € R(AT) such that
xTy # 0. Draw a picture similar to Figure 2.2 to il-
lustrate this result geometrically for the case where
N (A) is a two-dimensional subspace of R>.



