
Math 2220 Prelim 1
February 17, 2009

Name:
Instructor:
Lecture time:
TA:
Section time:

INSTRUCTIONS — READ THIS NOW
• This test has 7 problems on 8 pages worth a total of 100 points. Look
over your test package right now. If you find any missing pages or
problems please ask a proctor for another test booklet.
•Write your name, your instructor’s name, the time your lecture meets,
your TA’s name, and the time you section meets right now. This is
worth 1 point.
• Show your work. To receive full credit, your answers must be neatly
written and logically organized. If you need more space, write on the
back side of the preceding sheet, but be sure to clearly label your work.
• This is a 90 minute test. You are not allowed to use a calculator or
any other aids. You DO NOT need to SIMPLIFY your answers.
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Problem 1:

Suppose that the functions

f : R3 → R2

g : R2 → R1

p : R1 → R3

are differentiable everywhere on their domains; and that u ∈ R3 and v ∈ R2. For each of
the expressions below, indicate either

• (1 point each) that the expression makes no sense , and (2 points each) a brief expla-
nation why, or

• (1 point each) that it does make sense, and (2 points each) what kind of thing it
denotes: a number, a vector (in what space), a function (what are the dimensions of
input and output spaces), a matrix (of what dimensions).

(a) Df(u)

(b) g ◦ f

(c) ∇f

(d) ∇g(u) · v

(e) ∇(∂g
∂y

)

(f) u · v

(g) Dp(x)Df(u)

CONTINUE TO NEXT PAGE
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Problem 2: (13 points)

Let f : R3 → R1 be a C1 function everywhere on its domain. Define the function g by
(x, y) 7→ f(x2y, x cos(y), exy).

Find Dg(2, π) given the information that Df(4π,−2, e2π) = [2 − 1 3]

CONTINUE TO NEXT PAGE
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Problem 3: (13 points)

Suppose that an ant is crawling around in the xy plane (where both coordinates are strictly
positive) and that the temperature at point (x, y) is ln(x+ y2).

(a) If the ant is at (1, 2) find any vector pointing in the direction that the ant must travel
to decrease the temperature as rapidly as possible.

(b) If the ant is at (1, 2) and traveling at 3 units of distance per second in a “northeasterly”
direction (meaning, in the direction of increasing x and y, at a 45 degree angle to the
x-axis), at what rate is the temperature changing?

(c) If the ant is once again at point (1, 2), find any vector pointing in a direction that the
ant can travel in order to keep the temperature constant.

CONTINUE TO NEXT PAGE
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Problem 4: (13 points)

Let f be the function given by (x, y) 7→ x2 cos(y). Find the tangent plane to the graph of f
at the point (1, π/4,

√
2/2) in two ways:

(a) as the graph of a linear first order approximation to f at (1, π/4)

(b) by using the fact that the gradient of a C1 function is normal to its level surfaces

Then check that the two descriptions of the tangent plane are quivalent.

CONTINUE TO NEXT PAGE
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Problem 5: (13 points)

Show that the system

xy2 + xzu+ yv2 = 3

x3yz + 2xv − u2v2 = 2

(a) can be solved for u and v as functions of x, y, z near the point (x, y, z, u, v) = (1, 1, 1, 1, 1).

(b) Find the value of ∂v
∂y

for the solution at (x, y, z) = (1, 1, 1).

CONTINUE TO NEXT PAGE
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Problem 6: (13 points)

(a) Find the second-order Taylor approximation to the function f(x, y) =
√
x2 + y3 at the

point (1, 2).

(b) Use your answer to part (a) to estimate
√

(1.02)2 + (1.97)3. Your answer to this part
should be a long arithmetic expression. Do not simplify it.

CONTINUE TO NEXT PAGE
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Problem 7: (13 points)

Find (if they exist) local and global extreme points and any saddle points of f(x, y) = 2xy
on the closed disk x2 + y2 ≤ 4. Be sure to justify why the points you find are local extrema,
global extrema or saddle points.
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