3.3
L. rref(4) = [[1] g]
.
A basis of ker(A) is I] dim(ker(A)) = 1.

2. rref(A) =

fo T B
e I ]
= O

[ -1 -1
A hasis of ker(A) is 1J \ [ 0j| . Dimension is 2.
8 1



10.

11.

12.

1

w

Lrref{A) =

The basis of ker(A) is @, so that dim(ker{4)) = 0.

.rref(A) = A
1
0
A basis of ker(4) is | 0
U
0
1 20 ]
{00 1 -1
. mref(A4) = 600 o0
a0 6 0
[—2
1
A basis of ker(A}is | 0
0
| 0

crref(A4) = A
1
1
A basis of ker{A) is |0
0
|
1 0 20
01 -3 0
well A =1y 0 0o
G 0 00
92
A basis of ker(4) is 1
0

A basis of im(A4) is

. A basis of im{A) is

A basis of im{A4) is

1]

0 0
-2 -3
1 0|, so that dim{ker{A4)) =3
0 —4
¢ 1
-2
1
0
0
-3 2
t] 0
, 1]. | =11, sothat dim(ker{4)} = 3.
3 0
0 1
-1 1 -1
0 3 0
1 0 0], so that dim(ker(A)) = 4.
0 1 0
0] 0 1

. s0 that dim{ker{A4)) = 1.

é] so that dim({im(A4)) = 1 (see Exercise 1).

, 50 that din{im({A4)) = | (see Exercise 2},

3
. [2} , 80 that dim{im(A4}) = 2 {see Exercise 4).
1



16.

17.

18.

19.

1 3 2 .
A basis of im(A) is | 1], {21, [3]. so that dim(im(A)) = 3 (see Exercise 6).
1 1 3
1 20 1 1
0 01 . . .11 2 . N
rref( A) = o 0 o0l % that a basis of in(4) is 1 3l with dim{im(4)} = 2.
0 0 0 1 4
1200 2 4] 17 [1]
‘ oo 10 -3 - N EY IR B B 1 a
rref(A) = o001 1% that a basis of im(A4) is S Lol with dim{im(A4)) = 3.
0000 O 1] 1] (1]
1o 20 1] 0 4]
rref(A) = g (1] —g (1} . 50 that a basis of iIm(A) is g i . _é , with dim{im{A)} = 3.
00 00 0} |-t 4
1 3
. A basis of im{A) is 'i)‘ . ?1 . so that dim(im{A)} = 2 {see Exercise 8),
2 9



24, We form a 5 x 5 matrix 4 with the given vectors as its columns, and we find a basis of im({A).
1 3 0 -1 3
0 0 i 3 -1

rref(Ay =10 0 0 0
0
{1
3
2
1
2

<

0 0 0 0
0 0 0 0

A basis of im(A4) is

Lol R L I e
=



26, Find a basis 91, 0, ¥ of ker{A) and let B = [# & 5.

1 0 0
0o -2 -3
B=0 1 ¢
0 0 -4
0 0 1



32. We need to find all vectors ¥ in R* such that

ES

&y

O -

=0 and

Ty
T2
L3
T4

Wb =D



33.

36.

This amounts to solving the system 2 —I_— 2:?3 I ;‘4 ; g , which in turn amounts to
. 1 0 -1 1
finding the kernel of [0 1 9 3|
1 -1
. .| =2 -3
Using the standard approach, we find the basis 1l 0
0 1

We can write V = ker(A), where A is the 1 x n matrix A = [e) &

Since at least one of the ¢; is nonzero, the rank of A is 1, so that dml(V) dun(ker(A)) =n — rank(4) =
n — I, hy Fact 3.3.5.

A “lxyperplane” in R? is a line, and a “hyperplane” in B® is just a plane.

. We can write V = ker(A), where A is the m x n matrix with entries ;. Note that rank(A) < m.

Therefore, dim({V') = dim(ker(A)) = n — rank{A) > n — m, by Fact 3.3.5.

. We need to find all vectors 7 in RB™ such that #- & =0, or vyz1 + s + - - - + v,x, = 0, where the w;

are the components of the vector #. These vectors form a hyperplane in B* (see Exercise 33), so that
the dimension of the space is n — 1.

No: if im(A) = ker{A} for an 7 x n matrix A, then n = dim(ker{ A)} + dim(im(A)) = 2dim{imn(A)), so
that » is an even number.





