5.2

la,b,2,3,4

Math 2660 Topics in Linear Algebra, Key

Warning: R(A) denotes the range of A, i.e., it is the column space of A. So R(A”) is the row
space of A. I made the changes on Key 3.6.

L (a)

4 4
R(AT) = Row (A): 2 N g O].So{(3,4)} is a basis for R(AT).
3 6| 1Ry |1 2 12 1
R(A) = Col (A): AT = 3 .S is a basis f
(A) ol (4) 48 4 8| Ry_ 4R, |0 0] o{[2 } is a basis for
Col (A).
3 4]0 3 4]0
N(A): .S =t and x; = —2t. Th =
@16 80| Ro-2R, 000] 0 %2 = bandan = Tyt e x

$t(—4,3) are the solution to Ax = 0. Thus {(—4,3)7} is a basis of N(A).

1
N(ATY: 3.6/0 st 120 L2 . Soxz9g =t and 1 = —2¢.
4 810 4 810 | Ra—4R; |0 O
Thus = = t(—2,1) are the solutions to A7x = 0. Thus {(—2,1)7} is a basis of N(AT).
1 31 1 3 1
R(AT) = Row (A): - S0 {(1,3,1),(0, -2, -2} i
(A% S PRV Ry —2R; |0 =2 —2] o {1:3,1),(0,~2, ~2} is a

basis for R(AT).
L2 1l |0

R(A) =Col(A): AT = |3 4| Ry—3R;, |0 —2| —iry, |0 1 .so{”,”}
0 0

is a basis for Col (A).

N(A):

1 3 1|0 1 3 110
2 4 0{0| Ro—2R; |0 -2 =20
Then x = (2, —1,1) are the solution. Thus {(2, —1,1)7} is a basis of N(A).

]. So xg3 =t, zo = —t and x1 = 2t.

1 210 1 210 1 210

N(AT): | 3 4]0 Ry — 3R, 0 —-210 —%RQ 0 1|0 |. So the system
1 0]0 Rs — Ry 0 —-210 Rs — Ry 0 0|0

has trivial solution only. Thus the empty set ¢ is the basis of N(AT).

SJ_ - {(.’El,.fg,l‘g)T : (IEl,LEQ,.Ig) . (17_]-a]-) = 0} = {($17m27x3)T X1 — X2 —{—1'3 - 0}
Set x3 = t, 9 = s so that x1 = s —t. Thus x = s(1,1,0)” + ¢#(—~1,0,1)7. Hence
{(1,1,0)7,(=1,0,1)T} is a basis.

S corresponds to a line £ in R3 that passes through the origin and the point (1, —1,1).
So S represents a plane in R? that passes through the origin and is normal to /.



3 (a) Let S =span {x,y}. Now z € S* means that x’z = y’z = 0. Put it in matrix form

ry T2 I3 “ 0
z2 | = 5
Y Y2 Y3 0

23
ie,z e N(A) where A = R ‘T?’] :
Y1 Y2 Y3
(b) Solving
1 2 1|0 1 2 1]0
1 -1 2|0 | Re—Ry |0 =3 1]0

So z3 =t, 20 = it and 2 = —22p — 23 = — 3¢, i.e, z = £(—5,1,3)T. So {(—5,1,3)T} is

a basis of S*.
0
0

Sowy =t 23 =85, 20 =—3s+2tand 23 = 25 — t, ie, z = (25 — t,—3s + 2t,5,1)7
5(2,-3,1,0)7 +¢(—-1,2,0,1)T. So {(2,-3,1,0)",(~1,2,0,1)T} is a basis of S+.

4 Similar to Exercise 3, solving
1 0 -2 1
01 3 -2




