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2 p4—2?
1. The following integral / / f(z,y) dy dx describes the integral of a function f over

o Jo
a type I region in the z —y plane. Which of the following corresponds to the same integral,
but with the region of integration viewed as a type II region instead of a type I region?
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F. /0 2 /0 ey dedy

2. If f(z,y) is a differentiable function such that V f (3,4) = i + J, then only one of the
following lines is orthogonal to the level curve of f which passes through (3,4). Which one?
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3. Consider the surface which corresponds to the portion of the cone z = /22 + y2 between
the planes z = 2 and z = 3, drawn below. What is the area of this surface?
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5. If f(z,y) = 22? — 3y?, what is the global maximum value of f on the circle 22 + y2 = 1?
b
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6. If C is the oriented straight line segment in the plane starting at the point (1,1) and
ending at the point (2,2), and F(z,y) = zyt + 3z%j, what is the value of the line integral

F.dr?
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7. Which of the following vector fields is conservative?

B. ﬁ(:z:,y, 2)=—z] +yk

C. F(z,y,2) = (z +2y +32)
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F. None of the above

8. If S is the disk 2® + y* < 9, z = 4, oriented upwards (i.e. unit normal parallel to &), and

ﬁ(x,y,z) =—zi— yf— ZE, what is the value of the flux integral // F.dS?
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9. Consider the two-dimensional region D drawn below, whose boundary is the oriented
curve C, also drawn. Let F(z,y) = P(x,y)t + Q(z,y)j be a vector field with continuous
partial derivatives. Then which of the following equations corresponds to Green’s theorem?
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10. If f(z,y) = ze¥ and ﬁ’~ ;4\_/;] then the directional derivative Dzf(2,0) is equal to
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11. Consider the vector field F(z,y) = (e 2 +1)i+ 2e yj. Show that the vector field
is conservative, then find a scalar function f(z,y) such that F(J: y) = i (z,y). Finally,

compute F. dr, where C' is some smooth oriented curve which starts at the point (1, 2)

c
and finishes at the point (2, 1).
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12. Consider the vector field F(z,y,2) = (22 — 2) i + (2 — ) ] + (1% — 2) k.

(a) Compute the divergence and the curl of F, ie. compute V- F and V x F.

(b) Using Stokes’ theorem, compute the line integral / F . dF, where C is the square
C
path that starts at the point (0,1,3), goes to (4,1,3), then onto (4,5,3), then to

(0,5,3), and finally back again to the starting point at (0, 1,3). -
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13. Consider the vector field F(z,y,z) = (xz +sin y) 71+ (y° + z) ] + (3% — 32?) k.

(a) Compute the divergence and the curl of F.i.e. compute V - Fand V x F.

(b) Let E denote the three-dimensional solid region below the hemisphere z = /9 — x? —y?

and above the cone z = /22 + 32 (illustrated below), and let S denote the surface
which is the boundary of E (i.e. S is the “skin” of E), oriented outwards. Compute

the flux integral / F.dS using any method you prefer. Note that although there

s
are a few different ways to compute this, some methods will yield much simpler compu-

tations than other methods, so choose wisely. In particular, some of the computations

you did in (a) above may be useful. - Z jq Z \
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14. Find and classify the critical points of the function f(z,y) = zy(20 — 4z — 5y) .
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15. Consider the solid object that is defined by the inequalities
z>0
1<z?4+y?<4
1< 2<3.

This solid has a mass density given by 6(x,y, 2 z) = zz. Set up a triple integral in cylindrical
coordinates that gives the total mass of this solid, but do not evaluate this integral.
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16. Let K > 0 be some positive number, and co
origin: D = {(z,y)|2>+¢2 < K?*}. Compute
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