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1. (2 points each) Each of the following multiple choice problems has one correct answer. Circle
it. You do not need to show any reasoning.

(a) What is the radius of the sphere through (—1,2,0) with center (0,0,2)?

(i) V2 (if) 3 1 \F\J (iv) V5

“J'\\ls=af|sta-\<g,: jl + Q2 *) :3

(b) If proj,b = (1,2,3), what’s proj, 4 6/b?
(i) (1,2,3) (i) (2,4, 6) (iii) (3,6,9) (iv) (v2,2v2,3/2)
3 ad <|JQJ3> are P“"“”"/ So These are The same [

(c) If a and b are unit vectors, which of the following cannot equal a x b?

(i) (0,0,0) (i) (0, 1,0) (iii) (1,0,1) (iv) (3,3, 3)

s\v\a SN T\Wa MtJn'Tvdte My st Lc. <I \

'q\e.an.\wl(. < E

|24 = |

\ \

(d) Which point lies on the line through (1,2,3) and (2,0,1)?
(i) (_17 57 7) (ii) (07 47 5) (iii) (27 17 2) (iV) (37 _27 5)

4 JQ,3§°|S L&u u? lCTV(M Tl:s and ( QJOJ))

(e) Which of the following planes is parallel to the line r(t) = (t, 2t, 3t)?
(i)z+y+2=6 (i) r+2y+32=1 (iii) 2z —y+ 2 =14 (iv)e+y—2=7

rmal vecChor ould L rTLo --\] +o IJ:I"&
Normel vecrs sh ¢ orThogem < > <|)Q}$L.<,J,’_,>=o
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2. (6 points per part) Parts (a) and (b) are unrelated.

(a) Find an equation for the surface consisting of all points (z,y, z) such that the distance
rom_(x.y.z) to the z-axis is equal to the distance from \(x,y, z) to the point (0,0, 2),
and give a precise name for the corresponding 3D surface. ‘_J J

s

[ = e

forresf e

Yz=x +f

Uz = x +1

Parabslic c,)'/'ma[er

Equation:

Name:

(b) Find a vector function r(¢) whose space curve is the curve of intersection of the cylinder
y? 4+ 22 = 1 and the hyperbolic paraboloidg — P+ 22 =2

2 = SinT 2 x=d+ces’t—sint

Q2 A . \
+cost=Sint <ost sint )
. <Q cos's sin, <ost, Sint
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3. (6 points per part) For parts (a) and (b), let S be the surface z = Lo Vy — 2.
T

(a) Find the equation of the plane tangent to S at (2,8, 6).

Jz _
—_— = N PE—— —'—ax
X b8 -aX =
o 4 L

V2 _ + , — Y
X

-
-

=S
2

3
L’

2= > (x-2) -3-(3“@ +6

Plane equation:

(b) Use linearization to estimate the x-coordinate of the point (x,7.98,5.91) on S.

S Q== (x-2)+5(798-%) +

- - =
—a-(x-db =-0.0%

X=2.03
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4. (13 points) Find the volume of the largest rectangular box in the first octant with three faces
in the coordinate planes and the vertex opposite the origin (i.e. the one marked P in the
picture below) on the surface 222 + y + z = 90.

In order to recewwe full credit, you must show that your answer really is the mazximum.

| ex P:({v,z)J s vdume is

+
\{:XUZ with Qxl*alzﬁo I

2= °( 0- Qxa-j
Wait max of
flxy=xy (20-2x-y)
= °|0x9 -Qx37—xyl
a Q_ OL To di\li/& l7 X of y/
—y'=0 ,
Qx(’&\;)-—- ‘10\a- ny ? L)e x or U \,,.II never be

3 - zero @ a max volume
£, oyd= 90x - x7 ~3xg=0
4=

2 - Y= qO“ 6)(1
-6 97070 )-
90-ax - =0~ 10-3X1‘3(q°-6x)-0
|0x2=‘10
TL’\S °g$TLe, mdnj xl= ‘1 Fosiﬁw. L/c Rrﬁ
Le cavse The Jomqi'\a x=3 ¥ octam
x20, Y29 0-3x-y20 - 90- €(3)'=3¢

: N Lw‘\d&l‘
s cl S“’F&‘f 0 2:‘10‘3(331-35:3‘

% ov beu m)ar'j’ $o mex Sy XS 30 v=3§ z2=36

qo -‘s ot Cpi“' Po{‘.} .
+—X
KX S

Maximum volume: ?3 % % 8
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5. (12 points) Set up, but do not evaluate, an iterated integral using polar coordinates equal
to the volume between the paraboloids z = —2x + 322 + 3y? and z = 222 + 232

\—’——'\f —
|wtersection is . N
~2x +3x” +Svl= x4 Ay

GoAxtl vy =0+

22 R £ r=dces®
. _al 4R (x—l) -‘7 =1 —_— h
‘r\ ‘rl\'\s ceqion z=IX+ Yy _ .

15 abve 2= ~dx $3x‘1331 . M

Rt J°\ on of Jate T ey, ©

(can te5T At A Pcin? Mee (Lo)) __}ﬁe-‘.%r
<r 039
So faregrad is (Jx“+lf)-(-1x +3x*+37‘) 0% r=dcos

l Q‘N‘ 2
er-(-afqose*arl) = ArcosO-T

ArcesO

m-/,,~
S S<3c<o59~ r:)r o~ dO
-2 ~o

Integral: _
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6. (18 points) Find the center of mass of the lamina that occupies the quarter disk
in the first quadrant bounded by 22 + y* = 4 with density function p(z,y) = 1 + 22 + 2.
N\J

g
—

A

r= [+r

T 3
Mess: S S( |+:arclrcl'“.i ")

— (—H_.-] |erdos 60] =37

0

Note: "'-J."" ‘!2!

o\(nsﬂy Funchm are
s\/mme‘t"'C X ?/7/

¢ X=§.
a §/4S<l+r r‘cose)rafr«le Sc«s9< S(r.‘r"l)o',)c'g

s
136 S/& odo= L2 ( e)]
= —— | Cos Sin

IS
° 3¢
i 5 3¢ 9 s The same
= 3/“- - "IS-‘W} y
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1
7. (14 points) Let g(z) = §1H<21‘ —3).
In this problem you will find the Taylor polynomial based at b =2 (NOT at b = 0).

(a) Find the third Taylor polynomial, T3(x), for the function g based at b = 2.

j(x)-- < \v\(a" '3) 3(13‘:0
60‘1x3 i(ﬂzl
"(x)" (ax-3)" 3"(-1) ==
'"(K)‘

(“_3)3 jm(Jl) = %

) - (x-Y) ‘(X‘QY * %(X’D)g

(b) Use Taylor’s inequality to find an upper bound (as sharp as possible) for |f(x) — T3(x)|
on the interval [1.8,2.2].

j("l)(x) (3.x~3§|1{ lu,csf \.JI\Co\ deaominater s qu"gs: at X= L%
A% Ioooo
(o
Q

5_;_ Ioooo (0 1) 2_?_1

\ Tséx}' f(x)) <

O.01%69

U

Upper bound:
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8. (14 points) Let f(x) = xsin(2z%).
(a) Find the Taylor series for f(x) based at 0.

Simplify your ﬁ al aniwer and write it in sigma notation.

Swm()= g )

k=0 (:uu\)l R
lrgrlcce X w/ Ax

0 ksl Gk
g,“(axa)-. 2(-\)'(& X
k= (k) !
lww"\'. L)' x
)|< ak+ xslu"l

xs'u(lxs)"‘ g Sk

k:‘o < 1‘&“‘\)!

3 (- Ok ak«+l le"(
k:‘o (1‘&"‘\)' o

Taylor series:

(b) Find f19(0).
W ast x'¢ torm oF L. series . Eki=l{ — k=23

S |6 'F“‘)O 16 i a'.'_ (
RGN

S
) /¢! T 22 16

709(0) = 5!

This Term is 2

t
(c) Give the first tWO nonzero terms of the Taylor series for g(t) = / rsin(22°) dz.
0

q (=) S S

a 5§ _i.'>
e,
0

First two nonzero terms:




