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1. (a) [15 points] Find an equation of form ax+ by+ cz = d for the plane passing through
(−2,−1, 4) that is perpendicular to the line with parametric equations
x = 2t, y = 3t− 1, z = 5− t.

(b) [15 points] Find an equation for the tangent plane to the sphere x2 + y2 + z2 = 3
at the point (1,−1, 1).

2. Let f(x, y) =


3x3 − 5y3

x2 + y2
if (x, y) 6= (0, 0)

0 if (x, y) = (0, 0).

(a) [15 points] Compute fx(0, 0) and fy(0, 0).

(b) [10 points] Is f is continuous at (0, 0)? Justify your answer.

3. [20 points] Find the volume of the solid region bounded by the surfaces y = 0, y = 3,
z = x2, and z = 2− x2.

4. [25 points] Show that the line integral∫
C

z2 dx + 2y dy + 2xz dz

depends only on the endpoints of the path C and not on the path taken between those
endpoints.

5. Let V denote the vector space of polynomials of degree less than or equal to 2 with real
coefficients. Let T : V → R be a linear transformation.

(a) [5 points] Explain what is meant by the kernel, or null space, of T .

(b) [15 points] Prove that the kernel of T is a subspace of V .

(c) [10 points] What are the possible values of the nullity (that is, the dimension of
the kernel) of T? Justify your answer.

6. [20 points] Suppose that {u1,u2} is a basis for a vector space U . Is the set

{u1 − u2,u1 + 2u2}

also a basis for U? Justify your answer.

7. (a) [5 points] Explain what it means to say that a real number λ is an eigenvalue of
an n× n matrix A.

(b) [10 points] Calculate the eigenvalues of the matrix A =

2 −1 0
0 1 1
0 3 −1

 .
(c) [15 points] Decide if the matrix A in part (b) is diagonalizable or not. Justify your

answer.
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8. (a) [5 points] Let U and W be vector spaces. Explain what it means to say that a
linear transformation S : U → W is invertible.

(b) [5 points] Let T : V → V be a linear transformation, and let α = {v1,v2} be a
basis for the vector space V . Suppose that the matrix of T with respect to α is[

3 −1
2 1

]
Explain how you know that T is invertible.

(c) [10 points] Calculate T−1(v1). Write your answer as a linear combination of the
vectors v1 and v2.
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