
Math 337 —-Midterm Exam 1—-Spring 2017

Provide complete explanations for your answers.

1. (25 points) Let v1 = (2, 1,−1)T , v2 = (4, 2,−2)T , v3 = (6, 3,−3)T , and A = [v1v2v3].

a. Describe the set of all vectors b = (b1, b2, b3)
T for which the system Ax = b has a

solution.

b) Find the general solution of Ax = (−4,−2, 2)T in the form x = p + xh. Indicate free
and basic variables and explain what p and xh represent.

c) Is b = (−4,−2, 2)T in the span of the of the columns of A? If yes, write it as a linear
combination of these columns. Is this representation unique? Explain.

d) Are the columns of A linearly independent? Explain.

2. (25 points) Let T : R3 → R3 and S : R3 → R3 be given by T (x1, x2, x3) = (x1 − 2x2 +
x3, x2 − x3, 2x3) and S(x1, x2, x3) = (−x3,−x2 + 2x3,−x1 + 2x2 − x3).

a) Show that T, S and ST are linear transformations and find their standard matrices.

b) Is there a vector v such that (ST)(v)=b = (1, 1, 0)T ?

c) Is S one to one? onto? Explain.

d) If m > n and T : Rm → Rn is a linear transformation, can T be one-to-one ? Explain.

3. (25 points) a) Find all value(s) of h so that the matrix A = [(h, 0, 0)T (1, h, 1)T (0, 1, h)T ]
is invertible.

When h=2,

b) Find the inverse of A.

c) Use the inverse to solve the system Ax=b.

d) Find the products 2A(AT )−1 and A(ATA)−1.

4. (25 points) a) (10 points) Compute the LU decomposition of

A = [(4,−16, 8)T (−3, 12,−6)T (−1, 2,−12)T (5,−17, 22)T (2,−7, 10)T ]

b) (15 points) Let the LU decomposition of A be L = [(1, 2,−1,−3)T (0, 1, 3, 0)T (0, 0, 1, 0)T (0, 0, 0, 1)T ]
and U = [(1, 0, 0, 0)T (3, 1, 0, 0)T (1, 2, 1, 0)T ]. Use this LU decomposition to solve the system
Ax=(−1,−3,−2, 3)T .

c) What is the size of A in part b)?
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