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with formulas. No calculators, books or other aids are al-

lowed. Please turn in your crib sheet together with your
exam.
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(1) 10 points Find the outward flux of the vector field
−→
F = x̂ı + y̂ + zk̂ through the

boundary of the solid region R bounded by the paraboloid z = 4 − x2 − y2 and the
plane z = 0.

(a) 1

(b) 6π

(c) 24π

(d) 2

(e) π
√
2

(f)
2π

3

(√
2− 1

)
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(2)

10 points Let C be the parametrized
curve −→r (t) = 〈cos(t), 0, sin(t)〉 for
0 ≤ t ≤ 2π. Find the line integral∫
C

−→
F · d−→r for the vector field

−→
F = 〈−2z + sin (ex) , 3y + 2, 2x+ 3y〉 .

1

1x

y

z

C

(a) sin(eπ)

(b) 8π

(c) 3π + 2

(d) 4π

(e) sin(e2π) + 1

(f) 0
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(3) 10 points Consider the homogeneous linear system Ax = 0, where

A =




1 3 0 1
1 3 −2 −2
0 0 2 3


 .

Which of the following statements is correct.

(a) Ax = 0 has no solutions.

(b) Ax = 0 has one free variable.

(c) Ax = 0 has two free variables.

(d) Ax = 0 has three free variables.

(e) Ax = 0 has a unique solution.

(f) x1 and x2 are pivot variables for Ax = 0.
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(4) 10 points Which one of the following is not a basis for the vector space of all
symmetric 2× 2 matrices. Justify that the set you pick is not a basis.

(a)

[
1 0
0 0

]
,

[
0 1
1 0

]
,

[
0 0
0 1

]

(b)

[
3 3
3 3

]
,

[
0 1
1 0

]
,

[
1 1
1 0

]

(c)

[
1 1
1 0

]
,

[
1 2
2 −3

]
,

[
0 1
1 1

]

(d)

[
1 1
1 1

]
,

[
1 1
1 0

]
,

[
−2 −2
−2 1

]

(e)

[
1 0
0 0

]
,

[
−1 −1
−1 −1

]
,

[
1 0
0 1

]

(f)

[
1 0
0 0

]
,

[
−1 2
2 −1

]
,

[
1 0
0 1

]
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(5) 10 points Which of the following collections of matrices form a subspace in the vector
space Mat3×3(R).

(i) All matrices of rank 1.

(ii) All matrices A satisfying 2A− AT = 0.

(iii) All matrices A satisfying

A ·




1
0
0


 =




0
0
0


 .

(a) (i) and (ii) only

(b) (i) and (iii) only

(c) (ii) and (iii) only

(d) (i) only

(e) (ii) only

(f) (iii) only
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(6) 10 points Which of the following matrices have two linearly independent eigenvectors.
Circle all that apply and justify your answers.

(a)

(
1 0
0 1

)

(b)

(
1 1
0 1

)

(c)

(
1 1
0 2

)

(d)

(
1 1
2 2

)

(e)

(
3 0
1 3

)

(f)

(
3 0
1 −3

)
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(7) 10 points Please circle “T” for true or “F” for false in the space provided to the left
of the following statements. You do not need to justify your answer for full credit.

T F The sum of two solutions to a linear, non-homogeneous differential equation is
always a solution.

T F Three column vectors in V2(I) = Fun(I,R2) must be linearly dependent.

T F The fundamental solution set to a vector differential equation given by x′ = Ax
forms a spanning set for the vector space of solutions to x′ = Ax.

T F The zero function is a solution to every linear differential equation.

T F An initial value problem for an n-th order, homogeneous, constant coefficient,
linear differential equation always has n linearly independent solutions.
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(8) 10 points Let y(x) be the solution to the initial value problem

y′′ + 2y′ + 2y = 0, y(0) = 1, y′(0) = 1.

What is y(π)?

(a) −eπ

(b) 0

(c) 2eπ

(d) −e−π

(e) 1 + eπ

(f) 1− 2e−π
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(9) 10 points Let y(x) be the general solution of the linear differential equation

y′′ − 6y′ + 9y = ex + 1.

Find lim
x→−∞

y(x).

(a) 4

(b)
1

4

(c)
1

9

(d) −6

(e) −9

(f) e3 + 1

10



(10) 10 points Let x be the solution of the system of differential equations

x′ =




2 0 0
1 2 0
1 0 1


x

which satisfies the initial condition x(0) =




1
0
1


. What is x3(1)?

(a) −e

(b) 2e

(c) −3e2

(d) e2

(e) e− e2

(f) 2e2 − e
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