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SM221 , SM221P Calculus 3 FINAL EXAM 07’I)cccmbcr 2007 13350-105U rage + i i

Name: Alpha Instructor Section:

Instructions: No calculator is allowed for Problems 1-21 of this exam. Fill in the top
part of your Scantron sheet, including the bubbles for your alpha code. There is no extra
pcnalty for wrong answers in this part. There is room for your work on this exam. Fill in
your answers on the bubble sheet. Do Problem 21 in the text booklet, under the problem
statcment. When you are done with Problems 1-21, hand in your bubble sheet and this
exam (o your instructor, who will give you Problems 22-30. You can then use your
calculator for Problems 22-30. But you cannot return to Problems 1-21.

1. Find the length of the vectora—bifa =i+ 2kandb = i-2j.

Lo QD i) - Lo

2 Loy D= T - 905
e. 4

2. The figure shows parallelogram PORS with base PQ and height OS, both of length 4.
What 1s the magnitude of the cross product PQ x PS?

a. 42
tc): Sﬁ = ARCGA of PAQALL ELognann
& T = (€]
o R
4
B a Q

3. What is the surface whose equation in cylindrical coordinates is * + z* = 100 ?

a. plane &
b.  cylinder = X +\’3\+‘22 = |OD
c. cone

d. circular paraboloid
e. ) sphere
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4. The position of a particle in the plane is r(f) = (e*,¢' — 1). Find the speed of the
particle when it passes through the point (1,0).

s Vs RO - Ladt et

c. 26f+1 CCY = <Ho)  when  £=o R |

N % S Voy: 43y D Speecds lv@\i~ \§+\L
5. Suppose that r'(r) = (21, 3r*) and r(1) = (1,4). Find r(2).

N 232; T = \FUO o= L¥+0  ¥ra)

. (2,10) . |
0. g D=L 1va) L) D Crol=3

C @ S FA =L £43) D Tde L4,0)

6. The contour map shows the level curves f{x,y) = k for k = —1, 0, 1. Which vector
could be the gradient of fat the origin?

a. i b. -i c. j -j e. i+2j

-\ ﬂm&eﬂ weder 1 Pev»pevd\cw\aw
k=0 b te contour  orewfed  n
k=1 xaxis Arect|oin oF birecse.
7. Compute Fyy(2,3) if F(x,») = Xp2.
a. 6
18 Faz 23y S Fyy s &y

R e )



SM221, SM221P Calculus 3 FINAL EXAM 07 December 2007 1330-1630 Page 3 of 12
Multiple Choice NO CALCULATOR ALLOWED

8. Letflx,y) = evsin(y) + (x - 1) Letu = %, %). Find the directional derivative of f at
the origin in the direction of u.

5

O-? v = Ke 3\V\Cy\+ 304‘53 c CO$%>

2

d: ]5 V§CO)O> 1 7/) 17
. < Dﬁ\: (C))‘% V§'Co,o\ z' SI> zggz @

9. Reverse the order of integration to obtain a double mtegral that is equivalent to

Jo vL{\ Sx,y)dxdy. < f{& S’CX\LO 9((1 elX 4 &
2 4 2
X= g a. J‘ﬁ J.Of(X,y) dy dx . J‘o J"\-Zf(x,y) dy dx

SN

@ J‘; J‘;:f(x,y) dydx  d. J.j J‘zf(x,;/) dydx  e. J: J‘i fx,y)dydx

10. Let R be the ring-shaped region between the two circles with polar equations » = 1 and
r = 2. Evaluate the double integral

J‘J‘R 12(x% + y?) dA.

: A w_
SR AN

d. S6r

@ 901 - \;er g\l r‘s&&gﬁ

2

Vieflae 2\ e Neko
= 30%) C?L; > 45 (2 ‘@DD
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I1. Which of the g given cquations describes the quadric surface graphed below?

> 2 2 ;
a) x"+y-—-z-=0 T Cone_

@‘2+y2~:2:1 = Lx\\pe,v‘bo\-’& 1 J%‘{/

=1 = \«L“)e\rho("( Q,—Sf\,ee‘éj

¢ x2-y? -

A x?ryt-z=0 @meo\O\LQ

e) x2+y2+z‘2=1 3@"\%

12. Which integral gives the length of the curve described by r(¢) = <t2 ,sin(t),cos(2t)> ,

S\ @\

/)/E(Zt+cos(t) 251n(2t))

A/
)‘{E ’)z+cos(t)—251i(iz3dz - Ct) «,Zl_.\,)wsc‘a )J-LSMC.Z;FQ
' (
0 ( (H—j-'f v (o2 (D +qng &9/1 % '

<) jo((zz) +cos? (1Y=%2sin(21)) )dz

jo(zz — cos(t) + 2sin(21)) dr

EJ&@:Z +cos? (1) + 4sin2 (21 dr
13. Suppose z = f(x,y), where fis differentiable, x = g(¢), y = h(¢), and
g(3)=2,g'0G)=5hr3)=-1,103)=2, [,(2-D)=4, [,2-1)=-2.

Using the chain rule, the value of dz/dr when ¢ =3 is: t=23> k= ((] _ ,

a)2
o€ S
v SR S R )

?
6 7 - - -
@14 Q) mﬂ’uﬁ 1047l

14. Which one of the following iterated integrals finds the mass of the solid hemisphere above

the xy-plane and inside the sphere x4 y2 +2z° =4 ifthe density at (x,y,z) is z?
11/1, “— Memspb\exe

<uK N foz | g P> cos(g)sin(@)dp dd df |
NI Q@DSW‘@

b) jﬁ(j 02” [ 02 03 cos(d)sin(@)dp d6 dg
c) J?)g[ozﬂ ijcos(gb)dpd@d(b
@ [ ]2 Aos@dpaods
o )7 [, s os@)sing)dodods m&‘ ) e O 000w
o b 1o § csosino So@
(8]
0 ©

e a)ssb
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I'5. Which vector lormula describes the graphed vector field? (As usual, the arrows may have

I Citxdframf'"j;/fﬂj

been scaled unitormly totity

. 1 . M]«‘(x,y):<—v—)c> |
o s v ol
I - o @) e
I N T Cvection
‘ . . - ’ ; XF(X’,V) <,V7—X> - e
\ ' ) ' . ¢ + - Q*
DN L 9 FE ) =(-xy) SUENTLe
SN L«
16 Find Vlﬂh.érwork J- .F.dr done by the force F(x,y) = <x - y,2y> where C is the line segment
C
P ® ) oQ oP _ -

from (0.0) to (2,3). 3% = ) 5‘\; b

a) 0 ' por - N 2> _
f))) , @ X 9~+) ‘/Q, I+ D (£ = (}-6)31—7 ol t<)
= (2 - - -
c) 4 HA® F ot ( *) b+7 % qu’a z 2‘++l%{__ - lér_«

éﬁ Q@ @) LD
\ ) , -
B 7:3 gD (Gteky+ - St o - %

17. Given the fact that for f(x, y) = xzy -y, Vf=2xyi+ ()c2 —1)j=F(x,y), what is
J-(" F - dr where C is a curve starting at (3,0) and ending at (2,3)
: ; >
F=-v€

Conseniomtue  Force
E g EO\? - § (2y3) - ?C%,cb
= (DFH-3_ E(/%_QZ
St

a) —18
b) -9

. 0
d) )9
18
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18. By Green's” lhuorcm we know that ift O, — £, =6 in the rectangular r%ton inside the
curve C that consists of segments from (0,0) to (1,0) to (1,4) to (0,4) and back to (0,0), then
L‘l’cl,\' t Qdy cquals:

¥ W R~ A
<) 6
d) 12 = L SS Om (/D; e el

[@ich - (D 47

19 Whth 5urfaccrhés parametric equation r(u,v) = cos(v)l + sm(v)J tuk? ?

3 cue Mav‘
Oqlcw\cﬁ%
o Eclaredia

N
20. For a vector tield like F(x, y,z) = <2x x“z,y —z> for which the dlvergence 1sphe flux
integral -”S F-dS across a positively oriented closed surface S will equal: “

a) 0
b) 1

¢) The diameter of S. | SSS % F o\l/
:L

d) The surface area of S.
he volume enclosed by S.

5 §SSav 7 volume
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FREE RESPONSE The remaining 10 problems are not multiple choice. Answer Problem 21 on
this test paper in the blank space provided. f space is insufficient use the backs of the pages.
NO CALCULATOR IS ALLOWED ON Problem 21. After finishing problem 21 turn in all
problems 1-21, take out your calculator, and receive and complete Problems 22-30.

21. Prove cither of the folll)\;vvltnﬁgl‘hcorcms:w

a) I F=Pri+Qj+ Rk isavector ficldon R 3 and P, 0, and R have continuous second-order
partial denivatives, then div(curl F) =0,

b) 1 f1s a function of three variables that has continuous sccond-order partial derivatives, then

curl(V/) =0.
' o - y e N | )
@CL\F\ + < St)k % 3%" - (ay ’Q% " (QX‘PQBT} +@Dx ‘ Sk
- Do Q, ?

> _ / .
OV LR-®z, P3-Ry @R -
p/yfoZ;x + PK;-RX%/WQX‘}«D@ SO
Snce Ryv s Ry ek (QED(

N O Y
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When you are done with Problems 1-21, hand in your bubble sheet and the exam itself with
Problem 21 completed to your instructor, who will give you free response Problems 22-30. You
can use your calculator for these problems, but cannot return to Problems 1-21.
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CONTINUED FREE RESPONSE. The remaining 9 problems are not multiple choice. Answer
them on this test paper in the blank space provided. 1f space is insufficient use the backs of the
pages. Show the details ot your work and EXJ your answers. You MAY use your calculator on
these problems. Show all inputs that you enter into your calculator,

22, a) Determine whcrthcr the lmcs Ly and L, are parallcl, skew, or intersecting. 1f they

intersect, find the point ol intersection. ,
_ —  MOT PRRRLCEE
Ly x=3t, y=2-2, z=-4+1 Zg) 2’)') - AZReceL

Ly: x=-3+4s, y=4-5, z=-5+12s 4‘1)“1)2> = /

!

o s IR D sts oo (T K7
. y
Joar - U-S S &= IED 4’/\/

u"’// s Lol
-2 olcl
D ~Urk L -5+3s fo 3 e

D —y-y = -4 o A = |
b2 e 2. | Wersedt at czﬂ) 5|

b) Determine the angle in degrees to five significant digits between the planes with

equations:
Wy, [76* V\\ Z:xHy %C&v’\@f’ i},}ﬁ"u‘ee,\/\ \f\ov*w\w[g_
LAy ehy & 2oy |
(el @z N "'7\—,, L-3-4

7 = \OC("Z’\D

A 1Ay NSRS

23. Sketch and describe the curve with the given vector equation. Include coordinate axes with
tick marks at every unit and include an arrow on the curve in the direction in which parameter ¢
increases: r(t) = (2 cos(z),1,2sin(1))

/7\% )

e o

x el
> * yaduus =
T * tewels wm 4 divechion

* Pesses "H/\V‘O(,kﬁ[,\ (1)0
Yoo .
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24, For g(v, ) =In(x+y):
a) Find and sketch the domain of g.

X+yg>0 > X >-y

T

~ - P N )
" ? o a4
§ ’/' A e

~

~

AN\

~N

\/K=—U

b) Sketch a contour map ot g showing three level curves with the values of g on them
labeled. \‘[ncl de coordinate axes with tick marks at every unit.

O contowr S SVEY

=D (A X+
1 cowtour Cor (Q)Q%P@I
» &) (Q: - X +e

2 K+

557.7Suppose the depth of the water at and near your location, (x,y) =(3,5), is given by

z=3+2x— Xy + yz. In which direction will depth increase the fastest, and what is that maximal
ratc of increase?

W= (H,5%) = (Ay, —x43y)

Ve 6?(’35} K (3-5) —3+l£5§>

= (___?)j q)
\5@\ = \\ S+LT

/——’

~——

\<&

N
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26. Sct up the iterated integral and evaluate to find J-J'J;‘x: dV where E is the tetrahedron with

vertices (0,0,0), (1,0,0),(0,3,0),and (0,0,4) . (Note: the “slanting” face of £ has equation

\ v

| d B ¢ j =1.) % l}vx\\—-L‘l\, +?)% = ‘1
‘?%Kq,%LI_L‘.X \‘ ) zz(‘{""%’y -;‘7*

27. Find the volume of the solid E that lies above the cone z = \/xz + y2 and inside the sphere

PEINRNERAP =9 Sketch £. ’1/1‘[/&
)
> SO } SM@AP
3 J,_?// ¢ \

e

SN - ;fj S § one o Lk
e R
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28. Livaluate J F-dr in the following two ways where F(x, y,z) = 2\’V|+X j+kand Cisthe
line segment from (0,0,0)to (3,2,1):
a) By parametcrizing C and integrating directly.

=201 Fre) = Jadyat |
TNYLZ20D) B s Al IR

= HE =) go‘ GHE 11 )t - 1 et la’ @

b) By finding a potential function f'with V/ = Fand using the Fundamental Theorem for
Line Integrals.

{l«x%%x 7 X2‘) g@w%,l\j )CYL[ +Z
n - 2 L
Sty YL e S §(3,2,0) - Horoo)

el = ® = 1B+ -0 @

29. Evaluate (directly) the surface integral H F-dS where F(x,y,z) = xyi+ x2j+yzk and S

is the part of the surface with upward orientation and equatlon z= xe” that lies above the square
0<x<land 0<y<l.

: N\ Al xe
SSFORO@A: gg lW}ij\i\)q') /- 6Ll —Xee T)d)(a@ﬁ
b&q\ | /

- Y v /é( y}{é} u(xa/

-g V“Xeydxd = Yq,)(\ %aﬁ/

RTINS (CRNEE

N e e s e 4Tt

..... 3
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30. Use the divergence theorem to calculate the surface integral _F-dS | the flux of F across
g gr ¢

S, for F(x, y.z2) =2x%i+ xyj— zk and the surface S that is the positively oriented boundary of the

region bounded by the paraboloid z =4 - x? —y2 and the xy-plane.

o)

S%?’N‘ s (®) B el ci- ko

_ 1 Y-rv
- So XQ XO (grzw{@\vl/\d?tj«aﬂ@

(end)



