4 8 1 1 6 1 20 00
361 2 5 00100 .
24. rref 2 419 lU] = |[I 00 1 U]' Here our kernel is the span of only o
1 23 2 0 00001
veetor:

=]

4
1] ,whjleatmsisohheimageofAE([311[
0
0 1

26. a. We notice that each of the six matrices has two identical columns. In matrices ¢ and

=1

Cad B et =
[N ]
—
== L -]
—

L, the second column is identical to the third, so that ker(C) = ker{L) = span | 1

-1
In matrices H, T, X and Y, the first column is identical to the third, so that ker{H) =
1

0 ].Thus, only L has the same kernel as C.

kex(T) = ker(X) = kﬂr{Y}-_—span[
=1

b. We observe that each of the six matrices in the list has two identical rows. For example,

L)
the first and the last row of matrix C are identical, so that any vector |z | in

b3
im(C) will satisfy the equation y; = ys. We can conclude that im{C) = im(H) =

n y
im(X) = Hm] 7 =ys}.imll£} = Hy;] 1y =uz}, and im(T") = im(Y) =
{ s k]

n
| it2=1
Vs

¢. Our discussion in part b shows that the answer is matrix L.

Iq 1
49, We need to Bind all vectors £ in BY such that [i:l’ ':] —nm[ ]
1

Iy

G b = O

R

— I
3 , which in turn

Tz + 2x3 + 3:;
1 0 =1 1]

= 0
= 0

amounts to finding the kernel of [ 2 3|

1 -1
Using Kyle Numbers, we find the basis ['f] ['g]
0

38. a. The rank of a 3 x 5 matrix 4 is 0,1,2, or 3, so that dim(ker(A)) = 5— rank(A) is 2,3,4,
or 9.

b. The rank of a 7 x 4 matrix A is at most 4, so that dim(im(A)) = rank(A) is 0,1,2,3,
or 4.



0 -1 -2
1 2 3
o o0 0
o o o0

52, rref(A) =

=T s ]

By Exercises 50 and 51a, [10 —1 —2], [01 2 3] is a basis of the row space of A.

36. Nu_; if im(A) = ker(A) for an n x n matrix A, then n = dim(ker(A4)) + dim(im{4)) =
2dim(im(A)), so that n is an even number.
56. Using the terminology suggested in the Exercise, we multiply the relation cpif + ¢ AT 4
v e A™1E = O with A™ and obtain cgA™1F = (0 (all other terms vanish sinee
A™ = ().

Since the vector A™'7 is nouzero (by coustruction), the scalar ¢ must be zero, and our
relation simplifies to ¢y AT + 3 43T 4 -+ b ey A™ T = 0

Now we multiply both sides with A™~? and obtain ¢, A™ 5 = 0, so that £y = 0 as above.
Continuing like this we conclude that all the ¢; must be zero, as claimed.



