
Exam 1 Practice Problems

Math 2339, Fall 2016

All of the problems in this document were assigned on exams the last time I taught this class,
and so are indicative of the types of questions and level of difficulty you should expect on your
exam.

The following will be the instructions on your in-class exam
(although the number of questions may vary):

• Show all work, clearly and in order, if you want to get full
credit. I reserve the right to take off points if I cannot see
how you arrived at your answer (even if your final answer is
correct).

• Justify your answers algebraically whenever possible to ensure
full credit.

• No calculators or other electronic devices are permitted with-
out the explicit consent of the instructor.

• This exam is open book and open notes.

• Circle or otherwise indicate your final answers.

• Please keep your written answers brief; be clear and to the
point. I will take points off for rambling and for incorrect or
irrelevant statements.

• This test has 6 problems and is worth 120 points. It is your
responsibility to make sure that you have all of the pages!

• Good luck!
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1. Let ~u = −3~i+ 2~j and ~v =~i+ 3~j. On the given axes, draw and label the following vectors:

x

y

(a) ~u

(b) ~v

(c) −~u

(d) ~u− ~v

(e) 2~u+ ~v



2. Write an equation for the plane containing the points (−7, 2, 1), (9, 0,−2) and (−5,−1, 2).
Is this plane parallel, perpendicular or neither, to the plane

2x− 3y + z = 5?



3. Convert the following equation into standard form for a quadric surface (hint: complete
the squares):

x2 + y2 + 4x+ 23 = z2 + 8y + 2z.

Classify the type of quadric surface (cylinder, ellipsoid, cone, etc.) by comparing with equations
in section 10.6. Write the equation(s) for the line that is the axis of symmetry.



4. Consider the curve ~r(t) = sin(3t)~i+ t2~j + cos(3t)~k. Find

(a) d
dt~r(t)

(b) ~T (t)

(c) d
dt

[
~T (t) · ~T (t)

]



5. What is the arclength of the curve ~r(t) =
〈
et sin(2t), 0, et cos(2t)

〉
from t = 1 to t = 2?

Provide an exact expression by performing all derivatives/integrals by hand; you do not need to
simplify your final answer.



6. Determine whether the curve ~r(t) = 〈2t cos(t), 2t sin(t), t〉 intersects the surface 4z2 =
x2 + y2. If so, where do they intersect?



7. Find the domain and range of the indicated functions. Be precise; for example I already
know that the range is contained in R, but it does not necessarily cover all of R.

(a) f(x, y) = 3x2 − y2 + 5

(b) f(x, y) = 2 ln(1− x2 − y2)− 1
x

(c) f(x, y, z) =
√
x2 + y2 + z2 − 4

(d) f(x, y, z) = 2 cos(x)− 3 sin(y + z)



8. In a study of frost penetration it was found that the temperature T at time t (measured
in days) at a depth x (measured in feet) can be modeled by the function

T (x, t) = T0 + T1e
−λx sin(ωt− λx),

where ω = 2π/365 and λ is a positive constant.

(a) Find Tx(x, t). What is its physical significance?

(b) Find Tt(x, t). What is its physical significance?

(c) Show that T satisfies the heat equation Tt = κTxx where κ is a constant. Write κ in terms
of ω and λ.



9. If the following equation implicitly defines z as a function of x and y, find ∂z
∂x and ∂z

∂y ,

x2yz + 2xz3 − 3yz = 2xy.



10. The following equation implicitly defines a surface z = f(x, y). Find the equation of the
tangent plane to this surface at the point (1,−1, 3),

x3 + y3 + z3 + 9xyz = ln(x).



11. The voltage V in a simple electrical circuit is slowly decreasing as the battery wears
out. The resistance R is slowly increasing as the resistor heats up. Use Ohm’s law, V = IR to
find out how the current I is changing at the moment when R = 100 Ω, I = 1

10 A, dV
dt = − 1

100

V/s, and dR
dt = 1

20 Ω/s.



12. Find the directional derivative of the function f(x, y, z) = x
y+z at the point (4, 1, 1) in

the direction of the vector 〈1, 2, 3〉. In what direction is the derivative minimized?



13. Find the maximum and minimum values of f(x, y, z) = xyz over the region x2+y2+z2 ≤
3.



14. The temperature in a region of the ocean is given by T (x, y, z) = 20 + sin(x)− cos(y)−
ln(z + 1), where T is measured in degrees Celsius, and x, y and z are measured in meters. If
a fish is currently at the point (0, π, 10), in which direction must the fish swim to decrease its
temperature the fastest?



15. Write the system of equations you would solve to answer the following problem – do not
solve these equations. Find the points on the surface z2− 3xy+ 4x2z = 6 that are closest to the
point (2, 1,−3).


