1. Multiple Choice: For the following multiple choice questions, no partial credit is given. Fill

in your answer on the bubble sheet.

(1) (3 points) Fill in your answer on the bubble sheet.
Suppose f(x,y,2) = x +y* + 22, and let S be the level surface f(z,y,2) = 8. Find the
equation of the tangent plane to S at the point (-2, 1, 3).

x+2)+2(y—1)+6(2—3):0 ‘Cx= l ﬂ%"l‘j f%:l’%
B) @D+ +2A-3 =0 = (| AUD,2(DY

(C) (x—2)+2(y+1)+6(z+3) =0 = QL2067

(D) (z—2)+2(y+1)+6(z+3) =38 (X+2)+ thrB *Q(fj‘-%} _ o

(E) (x—2)+2(y+1)+6(2+8) =0

(F) (z+2)+2(y— 1) +6(z — 3) =8

(2) (3 points) Fill in your answer on the bubble sheet.
Find the parametrization of the part of the elliptic paraboloid y = 422 + 2% — 4 that lies

inside the cylinder 2 + 2> = 4. ¢—
' g X=(COsO
2 2 N
(A) (zr, 4o+ 2" —4, z) for —-1<z<land -2<z<2 2-:(5L(\Q
(B) (z, 2?2+ 2% z) for —-2<2<2and0<z<4 %;L{((Cﬁb@t-f

N %

(C) (w, 4 —a® =22, 2) for —2<x<2and —V4—-22<2z<V4— 22 L("SU'\@) -/Lf
4

rcos@, r? +3r?cos’ — 4, rsinf) for 0<r<2and0<6<2r _:_L{('L@S ©

L AO—Y
s5nG
(E) <rcos€, r? —4, 2rsin9> for 0<r<2and0<6<2r tc

. = 2c7030
(F) ( =rcosf, r* — 4, rsin8> for 0<r<2and0<6<2r7 ™

2 < =Y
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(3) (3 points) Fill in your answer on the bubble sheet.
Suppose

f(x,y) =ye ™ + 3z.

Find the direction of the maximum rate of increase of f(z,y) at (0,1).

2’” VE = <—c<3éx+ 3

(B) (~2,-1)
() (3,0) V£ (O \B = {-1e'+3, e’ >
@Ry

(4) (3 points) Fill in your answer on the bubble sheet.
Find the following limit, if it exists.

x? — 2u?
lim ————
(@)—>(0,0) T2 + 32
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(5) (3 points) Fill in your answer on the bubble sheet.
Let

z+2 .
flay) = P+ +1 if (,y) # (0,0)
¢ if (z,y) = (0,0)
Find a, such that the function f(x,y) is continuous at (0, 0).
+ L
o Lo - = L =C-
Q(j)")@’/O) X fg {,

(F) There is no a for which f is continuous at (0,0).

(6) (3 points) Fill in your answer on the bubble sheet.
Let

fla,y) = (2 —2)(y* = 1).

Find fo,(z,y). Qx _ QBX(L’ D (‘\jl” Q
33;2 ~1)(2y) —ng = (2 X?-’ B(l %B

(F) 6%y + 2y — 32> — 1
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(7) (3 points) Fill in your answer on the bubble sheet.
Let S be the surface parametrized by 7(6, z) = (3 cos(6), 3sin(f), z), for 0 < 6 < 27 and

0 < z < 2. Evaluate

et 0 //S”SW& odius 3
(A) =

(B) 2n Q) |

(C) 37 /9::{(3/)_; Ciccomformce.
(D) Or

(E) 127 A = [N

(F) 187

(8) (3 points) Fill in your answer on the bubble sheet.

Let
F(z,y,2) = (xyz, ay+yz+zz, z+y+zy).
Find curlF'. /\\ 3 /Vi
> 2 9
A) e, a4z 5 52
—x—y—i—z, —1+zy, y+z—xz2) Xﬂ'}. )Oﬂfy% Y Xx X}CS(Z(\LS
C) I+z+y, 2y, w2 _;O_{,% _,(‘j_X)/,\_—([’X@:\\

D) (yz4+y+z+1, zz4+x+2+1, zy+az+y+1) 4 Q_ﬁ{—% -'X%BT(\
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(9) (3 points) Fill in your answer on the bubble sheet.
Let

F(z,y,z) = (2 4+, ze™¥, 2”sin(z)) .

o (.2 a2\, 2 S8\ L O (& >

a—fx(x f@*aﬁbe B*a—%(xsml
N

Find divF
(A) (32, —e ¥z, 2% cos(z))

(B) (—e™¥, —2xsin(z), —2y)

L2874 o ?

(C) (3z*+2y, —e7Y, 2z cos(z))
:1:2 — ze7Y 4 2” cos(2)
(E) 32 + 2y — e™¥ + 2w cos(2)

(F) 32% + ze™¥ — 2% cos(2)

(10) (3 points) Fill in your answer on the bubble sheet.
Let f be a scalar-valued function of three variables and F a vector field on R®.

Which of the following must be true for all such f and F? (Assume all functions and
their components are polynomials.)

(A) div(div f) =0
(B) div(grad f) =0
(C) curl(div f) =0
iv(curl(curl F))=0
(E) curl(curl(div F)) =0

(F) grad(curl F) =0
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2. (7 points) Convert the following integral from rectangular coordinates to cylindrical coordi-
nates. Fill in all 7 blanks.

18—2x2 —2y2
/ / / yz dz dy dx
V9—z2

2 > (R-2

PN
Jo1 o |o 2309 |dzdrdo

y ;3 HeOL9T OL 2 £18-Uxey")
X0 éci3 nt 2 $\8-2Lc"
K 3

Yz = Qfg?n 9)9

3. (7 points) Convert the following integral from spherical coordinates to rectangular coordi-
nates. Fill in all 7 blanks.

/2 pm/4 p2V2
/// sin ¢ dpde d 9‘&;7

D L{ B X"’- k ’X'LIC:S'L
)
_ —  |dz dy dx
j -2 j O j Xt Xlt(dlf 2

CJJ%SMAX 5 stfncp dpdypdO
L dadydy =slapSp do e
¢
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4. (10 points) Evaluate the integral
2 2 y2
/ (zy? +y) dz + (23: y+e ) dy
c

where C'is boundary of the rectangle in the zy-plane oriented clockwise with vertices (0, 0),
(0,3), (2,3), and (2,0).

2 = 7“5“3
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5. (8 points) For the following function, find all local maximums, local minimums, and saddle

points.
f(x,y) :5E4—21‘2—{—y3 _3y

Uiz (0=, 283

Hy*Ux=© 27-2= 0
qX<X2’D:’© Léz-’l:o
Yy (x-D(x+D=0O .
A=t
X:O,l)~l
Q\(y = | 2x=Y
Lry =

g = O )
D (w@ = le '%B(@j)
D(O/ I) 0O —> (O, 15 o~ Saéélepo‘\rﬁ

\ lo l
D(o, -0 >0 £ (0,-DLO = O-) s o ool

Y [C)C
DICAY D 20, Lo (21D >0 (0,00 WS\ZAIASOJ

Dl Do — (D), ELAD) o oddle poifs
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6. (5 points) Consider the vector field F on R? given by

F(x,y) = (mcos (mz) +y, = + 2y) .

Find a potential function f(z,y) for F(z,y) such that Vf = F.

of _ A _ w42
L0 %‘(:(ICOSC‘IT)()HA 70 - Kt <Y

ﬂc(x,@ XAt ¢ g(x)
f=aeglo=T 05 *Y

= g = Tcos(rx)
— 8()()_ Slﬂ("ﬂ()

,@(y,@ = XA+Y +S(n(7r><>

7. (3 points) Let F' = Vg where g(x,y) = ™ + . Evaluate the integral
/ F. dr,
c

1
where C' is the path pictured below from (—5, —2) to (2,1).

i FTLI,

| F— (7 2@ o4 r2)
/ Dty

/ ’;6

g

<Y

1
N | -
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8. (10 points) Let S be the helicoid parameterized by
™(u,v) = (usinv, 2v, ucosv) for0<u<1, 0<wv<m,

oriented in the direction of the positive y-axis. Let F be a vector field given by

Evaluate //ﬁdg
S
/N~

A\
N~ W N
S \ N :@@w,m,?&mO
v

F=ayi+ (> +1)] +yzk.

T X v O BV

LSy —US\NVJ

ﬁ(ﬁ’(u zl/D < <qu§(n\/, Yyt | Ay CODV>

FC((WUS) <VMX(./> ~—qu\/s \/+@\/Q+I A
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9. (10 points) Let F be a vector field on R? given by

—

F = (cosz+y)i+ (e +222)] + (22° + ya)k.

Let C be a circle of radius 1 centered at (0,0, 2) lying on the plane z = 2, which is oriented
counterclockwise when viewed from above. Evaluate

F . dr.
S lnhepret
Stokes W\qor . ’ -
5% o4 o

/Z’ '2
COSX -6(3 664’)(% 22 %ﬂX

A Y
_ ~ o« = O
rr X (; - \cose Jsi/\Q OO\ <O/ O ? U\QUJD( \/

—S® (s

g:q g\ <WCOSS /U\rcoﬁj —¢sin O, 3>‘<O/0/(> drdp

0 o

g’“‘ &\ e ded® = 21 &.}/S(Lj->\\v

=
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10. (10 points) Let

Flz,y,z2) = <x3 + ey2+z2> i+ (cos(z?) +y*) i+ (In(z* +4) + 2°) k

be a vector field on R?, region E be the part of the solid sphere 22 + y* 4+ 2? < 4 in the first
octant, and S be the boundary of F oriented outward. Find the total flux of F through S:

J[Fas
Divesgence. theorem
regon £ in stheical-
Xz p sl (O O
%:@SM@ S\flg Oé—
O
2.

(-
<
0|
(1
0)
X
,_\__
S

C,Q
’\‘
w

- -? o [

_ k{g (, coBC€> LT:
S

—~ Y&
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