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Problem 1. Let P : R2 → R2 be projection to the line y = 2x. (This problem continues
on the next page.)

a) Find a basis for R2 consisting of eigenvectors of P .
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b) Let B =
{

[

−1
3

]

,

[

0
5

]

}

. Find the matrix A which represents the linear transfor-

mation T in terms of B coordinates.

(That is, find A such that [T (x)]B = A[x]B for all x in R2.)
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Problem 2. Let A be the 3 × 3 matrix

A =





a 2 b

1 1 0
c −2 d





Assume that

u =





2
1
0



 v =





1
−1
1





are eigenvectors of A. (This problem continues on the next page.)

a) Find the values of a, b, c, and d.
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b) What are the eigenvalues of A?

c) For each eigenvalue you identified in Part (b), give a corresponding eigenvector of A.
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Problem 3.

a) Define positive definite quadratic form.

b) Let {u, v} be a linearly independent set of vectors in Rn. Show that the quadratic
form generated by the symmetric matrix

A =

[

u·u u·v
v·u v·v

]

is positive definite.

(You may find the following fact helpful: If A and B are two matrices that can be
multiplied, then (AB)T = BT AT .

However, it is also possible to prove the statement without using this fact.)
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Problem 4. Determine whether or not the following matrices are diagonalizable. Justify
your answer.

a)





1 1 2
1 3 1
2 1 5





b)

(

−1 2
−3 5

)

c)





2 0 0
0 1 1
0 0 1




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Problem 5. Please clearly indicate your answer for each of the questions below. You do
not need to justify your work.

a) Let A be a 3 × 3 matrix with eigenvalues 1, 2, and −1. What are the eigenvalues of
5A?

b) Let A =

(

3 −1
0 4

)

. Find the eigenvalues of A−10.

c) Let T : R2 → R2 be the linear transformation which rotates each vector counterclock-
wise by an angle of π

3
and then projects it onto the line y = 6x. If A is a matrix which

represents T , what is the determinant of A?
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Problem 6.

Let P be the plane

{

s





1
1
0



 + t





0
−1
1





∣

∣ s, t ∈ R
}

.

Find a function G with the property that G−1(1) = P .
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Problem 7. For each of the limits below, decide whether the limit exists or not. Justify
your answer.

a)

lim
(x,y)→(0,0)

x
√

|y|
√

x2 + y2

b)

lim
(x,y)→(0,0)

x2y

x4 + y2
.
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Problem 8. For each function listed below, choose one of the following statements:

Each non-empty level set is a line (L).

Each non-empty level set is a circle (C).

Not all the level sets are lines or circles (N).

Note that a single point is considered to be a circle of radius 0. You do not need to justify
your answers.

a) r(x, y) = e2x+y

b) g(x, y) = sin2(xy) + cos2(xy)

c) h(x, y) = sin(xy)

d) s(x, y) = (x + y)2 + (x − y)2

e) f(x, y) = x + (lnπ)y
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Problem 9. Let f : R2 → R be defined by f(x) = ||x||.

a) Compute Df(1, 0).

b) Show that f is not differentiable at (0, 0).
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The following boxes are strictly for grading purposes. Please do not mark.

Question Score Maximum

1 10

2 10

3 10

4 10

5 10

6 10

7 10

8 10

9 10

Total 90


