1. (10 points) The following statements are equivalent, except
for one that is not. Identify it. Give an explanation for
your choice.

Let A be an n % n matrix.

(a) The columns of A do not span R™.
(b) The equation Ax = b cannot be solved for all b in R™.

{c) The linear transformation that sends an arbitrary x
into Ax is one-to-one.

(d) The reduced row-echelon form of A has ene row con-
sisting of all zeros.



2. {20 points) Let T be a linear operator mapping R? into B3
defined by

T(x1,22) = (321 + 22, 571 + T2, 11 + 332).

Write down the standard matrix representing 7. Is the
linear transformation one-to-one? Is it onto R3 7

bz



3. (25 points) Given the matrix

1 2 & 4
A=|4 56 T
6B 789

with reduced row-echelon form given by

1 0 =1 =2
A=101T 2 3
00 0 0

comsider the corresponding linear transformation and find a ba-
sis for its nullspace and range. For those eolumn vectors that
are not in the proposed basis, show that they belong to the
appropriate spamn.



4. (25 points)
ziven the three vectors vy =(1, =3, 2), va=(2, —6, k) and v3=(5, —7,0)
in R*

a) For what values of h is v3 in the span of the other two vectors?

b) For what values of h is the set of three vectors a linearly
independent set?



5. (20 points)
Let the matrix A be given by

12 3
A=125 8
3 8 14

with an LU factorization given by

=

|
L3 BI e
B = O

-

and

r
U= |0
0

b B (e
= g L3

Put b=[3, 2, 1|. Solve the equation Ax=Db by solving two linear
systems involving triangular matrices.
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