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1. (a) (4 points) If A = [a;;] is a m x n matrix and B = [b; ;| is a n x r matrix. Define what it means for the
matrix product C' = AB.

(b) (4 points) Define what it means for two vectors 7, & € R™ are perpendicular (L%).

(¢) (4 points) Define what it means for a n x n matrix A is invertible.
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(d) (4 points) Define what it means for a set of vectors to be linearly independent.

(e) (4 points) If W is a subspace of R", define the dimension of W.
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2. (10 points) (a) Find the inverse of the matrix A, if it exists, and (b) express the inverse matrix as a product of
elementary matrices.

-1 3 2
A=10 -2 1
1 0 =2
Answer: (a) A7 = (b)

3. (5 points) Classify 7 = [4,1,2,1,6] and @ = [8,2,4, 2, —5| are parallel, perpendicular, or neither.

Answer:
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4. (10 points) Let W = {[a1, a2, a3, a4,as] € R® | ay + as + az + ag + a5 = 0}. Show that W is a subspace of R®
over R.

5. (10 points) Find all possible scalar s, if exist, such that [1,0,1],[2, s, 3], [1, —s, 0] are linearly independent.
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6. (10 points) For the following linear system:

Ty + 229 — 3x3 =
31 — x9 + dxrg =
4x1 +x9 +ax3 = b

Find all possible (a, b) such that the above linear system

(a) has unique solutions: (a,b) =

(b) has no solutions: (a,b) =

(c¢) has infinitely many solutions: (a,b) =
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7. (20 points) Assume the the matrix A is row equivalent to H, please answer the following questions.

11 5 0 -9 3 =3 6 0 0 0 0 —-10 16
2 4 20 1 —-28 14 -14 0 6 30 0 0 10 -—16
A=1(2 4 20 1 -31 15 —-15(,H=1|0 0 0 6 O 8 4
2 3 15 1 =27 12 -11 00 0 0 6 -2 2
1 2 1001 -18 9 =8 00 0 0 O0 O 0

(a) the rank of matrix A, is

(b) a basis for the row space of A is

(c) a basis for the column space of A is

(d) a basis for the nullspace of A is

(e) Is [9, 28, 31, 27, 18] in sp([1, 2, 2, 2, 1], [1, 4, 4, 3, 2], [5, 20, 20, 15, 10], [0, 1, 1, 1, 1])? If so, find the
coefficient of its linear combination. If not, explain why.

Answer:

(f) Is [3, 14, 15, 12, 9] in sp([L, 2, 2, 2, 1], [1, 4, 4, 3, 2], [5, 20, 20, 15, 10], [0, 1, 1, 1, 1], [9, 28, 31, 27, 18])? If
so0, find the coefficient of its linear combination. If not, explain why.

Answer:
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8. (10 points) Let A be an m x n matrix. Let €; be the n x 1 column vector whose jt" component is 1 and whose
other components are 0.

(a) Show that A¢; is the j** column vector of A.

(b) Prove that if AZ =0 for all # € R”, then A = O, the zero matrix.
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9. (10 points) Let A and C be matrices such that the product AC' is defined. Whether the column space of AC is
contained in the column space of A or C'?7 Explain your answer.

Answer: the column space of AC' is contained in the column space of

10. (5 points) Let ¥, 4 and @ be vectors in R™. Prove that

T (@+0) =00+ @
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11. (5 points) Prove that sp(th,02) = sp(¥h + U2, U1 — 203).

Bk 5. UTHREASRE
Question: 1 2 4 5 6 7 8 9 10 11 Total
Points: 20 10 10 10 10 20 10 10 5 5 115

Score:




