MA 2007B: Linear Algebra I — Quiz #4

Name: Student ID number:

(1) (5pts) Let A € R™*" be an m x n real matrix. Show that the column space C(A)
of matrix A is a subspace of R™.

Proof: Note that C(A) = {Ax|x € R"} C R™.
Method 1|Let Ax, Ay € C(A) and c € R.
(i - Ax+Ay=A(x+y)andx+y e R"
. Ax+ Ay € C(A)
(ii) - cAx = A(cx) and cx € R"
. cAx € C(A)

By (i) and (ii), C(A) is a subspace of R™.

Method 2 |Let Ax, Ay € C(A) and c1,c2 € R.

" 1Ax + Ay = A(c1x + cay) and c1x + ¢y € R”
. (1Ax 4+ cpAy € R™

. C(A) is a subspace of R"

112 4
(2) (5pts) Let A = |: 1225 ] . Find the nullspace space N(A) of matrix A.
1 3 26

Solution: Note that N(A) = {x € R* Ax =0}

11247, L, 11247, , [@® 1 2 4
ly=lzn=1 l=1
1225|——|0101|—| 0 @O O01

0 2

1 3 26
The first and second are pivot columns; the third and fourth are free columns.
Therefore, x5 and x4 are free variables.

A=

Letxg=sand x4y =t. Then Ax =0 = xp = —x4 = —t
= X1 = —Xp —2x3—4x4 =1t —25s — 4t = —25 — 3t.
—2s5 — 3t —2s —3t -2 -3
—t 0 —t 0 -1
X = s = S + 0 =5 1 +t 0 = 851 + tsp
t 0 t 0 1
A/_/
=8 =S,

.. The nullspace N(A) of matrix A is
N(A) = {ss1 + tsy| s,t € R}



