
Math 51- Winter 2008 - Midterm Exam I
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Problem 1. (12 points total)

(a) Write the equation of the line passing through the point (2, 1) and with normal vector

n =

(
−1
1

)
.

(b) What is the parametric equation of this line?

Problem 2. (12 points) Given two vectors u and v such that ‖u‖ = ‖v‖ show that u + v and
u− v are orthogonal (perpendicular). (Hint: Use dot product)
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Problem 3. (12 points) Consider system of equations{
x + y = 2
x + ay = b.

where a and b are constants, and x and y are the unknowns. Determine all the values of a and
b for which the system above has:

(a) no solution

(b) a unique solution

(c) exactly two solution

(d) more than two solutions

(Explain your answer below!)
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Problem 4. (15 points total) Let {u, v, w} be three linearly independent vectors.

(a) (5 points) Show that {u + v, u− v} are linearly independent.

(b) (5 points) Are {u, u + v, u− v} linearly independent? Please explain your answer.

(c) (5 points) Is w in the span of {u + w, v + w}? Please explain your answer.
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Problem 5. (15 points total) Consider the matrix A =

(
1 1 −1 1
1 1 1 1

)
(a) find a basis for N(A)

(b) find a basis for C(A)

(c) given that A


1
0
0
1

 =

(
2
2

)
, find all solutions to the equation Ax =

(
2
2

)
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Problem 6. (12 points total) Which of the following are linear subspaces of R2? Please explain
your answer.

(a) the set V = {(x1, x2) ∈ R2 | x1 ≤ 0}

(b) the set V = {(x1, x2) ∈ R2 | x1 = 0}
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Problem 7. (12 pts total) Consider the following linear subspace of R3:

V = {(x1, x2, x3) | x1 − x2 + x3 = 0}.

(a) find a basis for V

(b) give an example of a matrix A such that N(A) = V .

(c) give an example of a matrix A such that C(A) = V .
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Problem 8. (10 points) Circle T or F to mark each of the following true or false. Expanations
are not required for this problem.

(a) the dot product of two vectors in R3 is a vector in R3 T F

(f) any three vectors in R3 span R3. T F

(b) a system of 3 linear equations with 5 unknowns cannot have a unique solution. T F

(c) a system of 5 linear equations with 3 unknowns cannot have more then one solution. T F

(d) for all matrices A, the column space of A equals the column space of the rref (A) T F

(e) for all matrices A, the null space of A equals the null space of the rref (A). T F

(g) if A is a 4× 2 matrix then dim N(A) ≤ 2 T F

(h) if A is a 2× 4 matrix then dim N(A) ≥ 2 T F

(i) there are 3× 6 matrices with dim N(A) = 3 and dim C(A) = 3. T F

(j) there are 6× 3 matrices with dim N(A) = 3 and dim C(A) = 3. T F
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