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Problem 1.

a. Find an equation for the plane passing through the points (2, 3, 1), (1, 6, 4) and (3, 1, 0).

b. Let C be the curve parametrized by r(t) = 〈t2, t+3, 2t2+t〉. Find parametric equations
for the line which is tangent to this curve C at the point (4, 1, 6).

c. Find the point where the tangent line in Part b meets the plane in Part a.



Problem 2. Let S be the surface of equation xz3 + x2y − y2z = 5.

a. Find an equation of the tangent plane of S at the point P (2, 3, 1).

b. Suppose that Q(2.01, 2.96, z) is a point on the surface S near to P . Use calculus to
estimate the value of z.



Problem 3. Find all critical points (x, y) of the function f(x, y) = 1
4
x4 − x3 + 2xy − y2,

and classify each one as a local maximum, a local minimum or neither.



Problem 4. [This problem extends over two pages.]

a. Find the absolute maximum and minimum values of the function

f(x, y) = 3x2 + 2y2 + 2y − 3

over the circle of equation x2 + y2 = 4.



b. Find the absolute maximum and minimum values of the same function

f(x, y) = 3x2 + 2y2 + 2y − 3

over the closed disk consisting of those points (x, y) such that x2 + y2 6 4.



Problem 5.

a. Let E be the region consisting of those points (x, y, z) in the first octant (where x ≥ 0,
y ≥ 0, z ≥ 0) and under the paraboloid of equation z = 2 − x2 − 2y2. Find the
expressions to replace all the asterisks in the iterated integral∫∫∫

E

f(x, y, z) dV =

∫ ∗
∗

∫ ∗
∗

∫ ∗
∗

f(x, y, z) dy dx dz.

Note the order of integration. Do not attempt to compute the integral!

b. Change the order of integration and evaluate∫ 4

0

∫ 2

√
y

cos(x3) dx dy.



Problem 6.
Consider the curve C parametrized by r(t) = 〈t, t2, t3〉 for 0 6 t 6 1.

a. Calculate the line integral

∫
C

f ds of the scalar function f(x, y, z) = 2x + 9z.

b. Calculate the line integral

∫
C

F · dr of the vector field F(x, y, z) = yi + xzj + k.



Problem 7. For the vector field

F(x, y, z) = 〈2xyz3 + y, x + x2z3 − z2, 3x2yz2 − 2yz〉,

show that the line integral

∫
C

F · dr depends only on the endpoints of the curve C, and

evaluate it when C is any path going from (0, 0, 0) to (3, 1, 2).



Problem 8. Evaluate the line integral∫
C

(xy4 + xy) dx + (2x2y3 + xy) dy

where C is the closed piecewise linear path from (1, 1) to (4, 4) to (1, 4) and back to (1, 1).
You may find it convenient to use one of the theorems discussed in the course.



Problem 9. Let the surface S be the portion of the plane of equation x + y − z = 0 where

x2 + y2 6 4, x > 0 and y > 0. Compute the surface integral

∫∫
S

(x2 − y2 + z2) dS.



Problem 10. Let E be the solid consisting of those points that sit above the cone of
equation z = 2

√
x2 + y2 and inside of the sphere of equation x2 + y2 + z2 = a2. Calculate

the flux ∫∫
S

F · dS

of the vector field F(x, y, z) = 〈x3z + 2xy, xz2 − y2, x2z2〉 outwards across the boundary S
of E. You may find it convenient to use one of the theorems discussed in the course.


