December 15, 2014 MATH 208

Final Exam, Fall Semester, 2014

Professor’s name:

NAME: (U\ J

Lecture start time:

This exam should have 10 pages; please check that it does. Show all work that you want considered
for grading. Caleulators are not allowed. An answer will only be counted if it is supported by all
the work necessary to get that answer. Simplify as much as possible, except as noted: for example,
don’t write cos(w/4) when you can write V2/2. Also, give exact answers only, except as noted; for
example, don't write 3.1415 for w. If there are multiple parts to a problem, the parts are not necessarily

worth an equal amount of points.

Problem | Maximum

1 7
2 12
3 12
1 13
5 16
G 14
7 10
& 15
9 10
10 12
11 10
12 10
13 17
14 10
15 15
16 17

Total 200
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1. (7 points) Let = = f(z,y) = —a% — 4% Draw level curves for z = —1,-2,-3 and

—4 on the axes
helow, making sure to label cach level curve.

34

Lo '{(va) = '—Kz- l{?_

2. (12 points). Suppose z = f(r,y), v = z(t,s) and y = y(#. s).

Os

. , az
(a) Write down the chain rule for —.
fas—————

ﬁ-—- &;%-{-?—gpu
2% T| 9% | 9s 2y

Oz ,
(b} Find s when i =0and s =6 i
1s

%2 =1, fJ i) = =2, f,(0.6) =4

I\JOQQJOG—Q (0,6} = —4, xs()F_l{} y(0.6) =

\3\“
(o £) = 'F (X(0,6), Yo, 6>)—-—-(o 6yt -F Cxto,6), Yeo, 6)) (o ¢)

iﬁla) o 4“3)” -3)
- -\o-rse-'s) \@
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3. {12 points) Consider the plane b — y + 7z = 21,
{ t i
(a) Find a point on the z-axis on this plane.

x= &

(b) Find a vector perpendicular to the plane.

R =6,-, ¥ ‘//

—_—

(¢) Is the vector - 27 -k parallel to the plane? Explain vowr answer.
- . .
:Cs)—l)?).C[) -a) ~l ) zg-f-a—»:},:uo

= Yes s
4. (13 points) Lot f{m,y) = * T4, @

(a) Compute grad f. _ S
~7 T
\/, vca’va_d‘F::‘inz—k‘FYJ’*
:éxexi"i) eX- ‘l‘l )

v

rd

{¢) In what direction is the maximum directional derivative of f at the point {1, -1)7 What is
that maximum directional derivative?

=
2. qudf _ (3 0D

—

- ltcrzo\éfﬁ Ve
' -p,_,Cl;*‘)-'—“ ﬂ?rraéqf(('-—‘f?.
N
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5. {16 points) Fiud the critical points of f{x, ) = zy+2? + (v*/3), and classify each of them as a local
maximum, local minimum or saddie point.

07{%;2:—74—9" =0 @
2 - x+y* z=o. D

L= YyY=-Ix 3 X"'(‘faf.)?r—o.—?\ X(t+4x)= 0
= X=0 e-d )(,‘-::.-#

= G ?*‘ CO 03 ) C"‘JI:)%* 'é

(o,0) >0 ~1 <o Saeldy
(- J‘T} t3) ;0 4% ~{=l>0 local w ! -




Math 208 Final Exam, Spring 2014 Page 5

6. (14 points) Using Lagrange multipliers, determine the shortest distavce from the ine 2 + 4y =9 to
the point (0,1}, Hint: minimize the square of the distance from {x,¥) to {0,1). No credit will be
given for any method besides Lagrange multipliers.

, 2
B A -g_.,-FCX,‘i) =d = (Y-Ojl-(-@"\)z
Lop=x+GN*

Sub. to . g = XtY=q

——% @/) x: 2 . @/ 1’){ @
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7. {10 points) P 4?

(a) Fiud & normal vector to the surface(z:s + 23;:3: —5at, (1. —1,3).

7= amd fCr,~1,3) 79,

(b) Find & equation for the fangent plane to the surface #° 4+ 2yz = 5 at (1,-1,3).

N

no X_‘_Vj y+|)"2‘_3)‘:‘"a
'36<—1)-=6(y+0-—ac&-§;“g\.j=9 L

.2
Y e*
L

2 2
8. (15 points) Consider the integral / / dw dy.
0 Jy

{a) Sketch the region.
3-

-
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9. (10 points) Let 5 be the closed cylindrical surface described as foliows: Tlie sides of the cylinder are
2?4 y? =4 with 0 < = <€ 3, and the eylinder is closed off by a top disk in the plane z = 3 and a

bottom disk in the plane z = 6. Use the divergence theorem to calculate the outward flax of the

oo L T, unssaca,
vector field g
F=e¢"coszi+2yj—a'yk

through 5.

(PR =TI aF dv({f@earon
S & “

10. (12 points) Let F o= ai+ zj — y!_{ Evaluate the line integral fc F . dr, where C is the haif circle
of radius 3 in the 2 plane, centered at the origin, oriented counterclockwise when viewed from the
positive x-axis, and going from (0,0, -3) to (0.0,3) - see the picture, which is in the y-z plane.

(0, 3. : Jy ¢ Y x -

e
o aaa
NP

Iz e
z
N (0, 35wut, “3eost) + (0, 3siut 3eost D d t+
: 3
T
/3
b

~4824 - QCost+ I = -9 Sy Lt :@ .
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11. (10 points) Let W be the “ice-cream cone” solid above the cone z = 1/w? + y? and below
22412+ 2% = 9. Tts density is given by §(2) = 2z, where the units for the solid are centimeters cubed,
and the density is in grams per centimeter cubed. Set up a triple infegral in spherical coordinates
that gives the mass of the cone. DO NOT EVALUATE.

Koo
z V'-'-"—-

> b= %
£
xXey®

4“"‘4’?'(( ':‘.> 2q

Sp- o

dy

\!

1.
S S elc:uqs dp dp d &
6 O

12. {10 points) Let the position of a particle be given by
() = (/D — (/2 and  y(f) = 37 — 61,
where & and ¢ are in centimeters and ¢ is in seconds,

(a} Find the velocity of the particle. Give the units.

'F'm = ('p-‘l'} ft-b) cmfkec,

{(b) Find any times when the particle stops.

Y 3 3
=0, t-btzde-d=o kme, 2

>3 fi-b= CL-)so, D &=

-G
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@ (17 pis) Use Stokes’ theorem to calculate the circulation of the vector field F = yi + 22k around
the rectangle that goes from (0,0,0) to (2,0,0) to (2,0,2) to (0,0,2), and back to (0,0,0).

* SE'AQ - S conl - dar

(2,0,1) C S -
= f&&f—k ) dA
$

ik = Coj-k) 46
wal F=[2 3 3, Coinky tep)

y © 2x =@

=-2j-k
-3
S A=t

4. (10 points) Let F= (zy)i+ (2° +21)7. Consider the line integral I F.d7, where (' is the square with
vertices (0,0), (3,0}, {3,2) and (0,2}, oriented counterclockwise. Use Green’s theorem to evaluate
this integral.

2fet3,3) S £ = g %':“f'%f{d"*
c
2

e [ xendvax
P

| 3
= Sj Xy _{,_2_12\‘1 ’:'elx = Sb 2X +72 4x

=“~Xz+2)€[z = q+é @
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{15 points) Let F= {3y + 2){'4_ (% — 1)7
{a} Find a potential function for F.
2 3 +
"? ..gxw+'e, =) 4:‘:- Ixytzdx = x4 ZX-(‘@(V)
3
}F:)ﬂ'—\ -"&f X+‘}£y): —1, 3(\{)_

o
U=~y CX v)= xg+z;D

(b} Use the potential function to evaluate / F . d, where ' is part of the circle of radius 2 from

o
(2,0} to {0,2) (that is, the part of the circle in the first quadrant.)

SCE.A? = fco,d --F(c'),o) = - & :@

16. {17 points) Let S be part of z =4 — z? — 4% which is above the xy plane, orienled with upwards
normals, and let F = af + 4] -+ k.
Set up an iterated integral in polar coordinates for the flux of F over 8. Simplify the integrand as
much as possible, making sure that the vartables in the integrand match the variables of integration,
but DO NOT EVALUATE.

S —80\7\ = Sg@y, ‘f—x?-y':)'(‘ﬁ;)-'f: 1D
S

$: 2 =fley) =4 ey (e, y) 4=y ) Cax 2y, O A

f
2 'L( p

T~
g @t yrdr dp
o




