er the function f = x3 + v3 + 3xy. /oc a/g

(a) It turns out the critical points of f are (0,0) and (-1, —1). Classify them into mins, maxes,
and saddles. (4 points) /A

f%:B_@%L.F — 4
| 'fx :3=‘Fx
T Lﬁm&)ﬁsszg‘a/

At (0,0), 'D:lf’”‘ 4”“31_ (O 3

fg fyy 17 |30

=—-9 <06 = SADDLE

A*"("/"),Dzl“@ E [_,: 26-9=2F >0 and

3 ¢
P =-6<o
=> LOAL MEN

(b) Based on your answer in (a), circle the correct contour diagram of f. (1 point)



Max


2. Consider the function f: R? = Rgivenby f(x,v) = x* —2x + y2 - 2.
(a) Use Lagrange multipliers to find the max and min of f on the circle x2+y? = 8. (6 points)

Take g(x4) = x*y2, so constast is o= 8. Consicle,-
Vf= (ax-2, 24-2) = A Vg2 A6, 2)
This givest 2(x-1)= ZAx and  2(5-1)= Zry.
Sotn/l\/lsva")\ gived: |- = = X = [~ "{j/ = ’,;{; =~~é
S x=y S =g, Fe w265 5 xeqons

Crifical Pants .
(2,2) hao £=2272.24+7%22-0 MIN |

(-2,-2) has £= (D)r2(-2) +(-2)"-20-2) =[G [ MAX

(b) Consider the region D where x? + y? < 8. Explain why f must have a global min and max

onD. (2pomts) 17, reqron D is closecd and bounded .
gfl/lcz,’Plg W)’IW (l‘)‘s jM’I‘ Q/Ja/yhaml‘q/) %Z\(

EX?LNMQ l/a/uc 7Z\eo¢em jaurm’f’(es Fhere are 3/04/4\—/ @)67[1"%4-

. {¢) Find the globalmjnandmaxlof fonD. (3points) / // D
%74;@1 IJXW occes Litther o #e - //// >
boundary cirche o ot o bt ihene T =0, |
Tf=(2x-2,24-2) = (2,0) = x=g=1.

Czrmlolh:nj wiﬂp@ Wi hawe 4 creitica p'\fz
(L)) with f= =2 (22) wite £=0 (-2,-2) wibs £216 |

[MTN ] NerrheR | (MAX ]




"3. Let C be the portion of a helix parameterized by

I'(t) — (COS(Zt), _ sin(2t), 9~ t) forQ0 <t < 2. The curve starts at (1,0,9) and goes
down (decreasing z coordinate). It

. . Iso h i ice.
(a) Circle the correct sketch of C below: (2 points) also has to spiral around twice.

(b) Compute the length of C. (5 points)

Lev«iﬁ’{« = Li ds = S/L

'(e)o% JJI—JJL J—é/
5]

o

F//'ﬁ)r- (-QSEV\Z{:)-2ws 2t, "’>

r 2
l F/('b)l = J (~2sm24) "¢ (-2 cos 2] + (1)

= \/77’ st 2t + l)’CoszZﬁ +L

y

(¢) Suppose C is made of material with density given by p(x,y,z) = x + z. Give a line integral
for the mass of C, and reduce it to an ordinary definite integral (something like fo t?sint dt).

(3 points)

rn
/\/\ass—.: fclo 0(5=ch+%’: cls :v[(ws(%)‘i'of’ﬁ)\/,s—&{é

1) dt
ds.

1

-\



The curve starts at (1,0,9) and goes
down (decreasing z coordinate).  It
also has to spiral around twice.


" 4. Let C be the curve parameterized by r(t) = (et,t) for 0 < t < 1, and consider the vector field
F=(1,2y).

(a) Circle the picture of F below: (2 points)
NN R Mmoo
:‘\\\_,,//1 YAV AV A
F=ﬂify>0 \‘\'\"R‘s-"//} P
\ \ \ . o~ » / f} ''''
F=—9 ify=0 J\‘. \ \ - - ’./ / .} »»»»
.;\\;i.s\",u.s,/y »-—i’--»
\\\\‘vl/// """
F=\ify<0\\\\%"/// > X X o
. \\\\‘,,-/// ’A IS
\\\\\ A A Y / / / /
(b) Directly compute J’ F - dr. (5 points)
c

Jf'f”"” z\flﬁ(f(f)) . P AT

l /
:fé‘é—}Z’ﬁ oAt = €t+2f/ = -61—‘--{;0-1-/-0
° | bco
= €.

(c) The vector field F is conservative. Find f: R?> — R so that Vf =F. (2 points)

7[' f@# dx = fip{,x._- x+ Cly) CM
de _ oy = c=y? Tf=(L29)

——
hand ——

5;7 o .
/{\/mo ,@ = X+4?%
"d’j (2 points) Bﬂ 7L(u¢ 5‘40/ TZ‘”"

{(d) Use your answer in (c) to check your answer in (b).

016 L/Vle Iw’rs

[Fese [otde= - (70)- Hen - £09
© = (e - =e v



F =

F =

F =

if y>0

if y=0

if y<0


e

et . 2
5. Let C be/{‘indicated portion of the ellipse -)2— +y? = 1 between ¥y A = (0,—1) and B = (0, 1).

(a) Give a parameterization r of C, indicating the domain so that it traces out precisely the
segment indicated. (3 points)

Use 3 s The Pamw&efj ond, 91_
’Hmzwv 2 Press 5 M Aerms ok ’>C.-

2 , | | 0.3
i o (gD

7
't— ,[L,M pfc{'!AN T

Soe Rle)=(2fTodm t) for —1= t s

05 - 2.5

(b) Let L be the line segment joining B to A. Give a parameterization f: [0,1] — R2 of L so that
f(0) = Band f(1) = A. (2 points)

()Qv\eva.»q »Fn(m: Spéo(ap(z, case:
t(o,-1)+ (-4 (o )

p . :
pe=l |\ HE)=
— < £-¢<4_.
%t%p«ra = (0,17%F) kr 0= F

f(ﬂ’ B+1‘;T/A = R+ t(/‘%-B} = £ A +(1- £)R

(¢) Suppose g: R? — R is a function whose level sets are indicated below. Circle the sign of

[cgds (1 point) )
] positive negative 0
j §es
ped%n : B ;7< L
— . g




