
MATH 183 - Final Exam
December 08, 2014

Name:

1. Let f(x, y) = y2 − y4 − x2. Complete the following:

a. Use the Second Derivative test to find all extreme values and/or saddle points of f .

b. Give the equation of the tangent plane of f at (1
2
, 1
2
).

c. In which direction would a drop of water start to slide, if the drop was placed on the
surface of f at (1

2
, 1
2
, −1
16

)?

d. If x(u, v) = u cos(v) and y(u, v) = v sin(u), calculate ∂f
∂u

2. Let u =< 1, 0,−
√

3 >, v =< −1, 0,−
√

3 >, and w =< 2, 2, 1 > be vectors in R3, and let P
be the parallelepiped determind by u, v, and w. Compute the following:

a. projv(u)

b. The angle between u and v

c. The volume of P .



3. Let r(t) =< V2t,et,e-t > for 0 ::; t < 1 be the path of a particle in JRa. Compute the
following:

a. The equation of the line tangent to r(t) at t = ~

b. The unit tangent vector for r(t).

c. The arc legth of r(t).

d. The normal vector for r(t).

1411124 cos(x2)4. Compute r: dxdydz.
o 0 2y 2y z

t' r:5. Use the change of variables u = x+y and v = y-2x to evaluate io io vx + y(y_2X)2dydx



6. Let F(x, y) = y3i+ (x3 + 3xy2)j be a vector field, and let R be the oriented region in the first
quadrant enclosed by the counterclockwise boundary curves y = x3 and y = x.

a. Show F is not conservative.

b. Find a piecewise parameterization for C and calculate
∫
C F · dr directly.

c. Calculate

∫ ∫
R
curl(F) · k dA.

7. Let F(x, y, z) = (
y2

z
)i + (

2xy

z
)j− (

xy2

z2
)k be a vector field in R3.

a. Show that F is conservative and find a potential function f .

b. Use the Fundamental Theorem of Line Integrals to evaluate
∫
C F · dr, where C is the

portion of the conical helix x = t cos(t), y = t sin(t), and z = t for π ≤ t ≤ 3π
2

.



+.j ::. 2J - '1J 3

2:) - L1j~ t: 0

2J l \-2,:/) --=- 0

-2x ~ 0

x~O

C.("~+itA\ Po;",+~

(0,0), (a)~))(o,-~)

I) (0 ,0') -=. (-1) (2. - 17.lO)l) - a
D (0,1-) = (-i)(2.- 12. (~y) -0 -

'Z.\-2j -;;:0

Zj z: ~ \

~L -;: '/1..

~ ~ ~~~

--
\

(-2')(-101) -::. '6 '> 0 ~ t)()(. '- a

,

D (D, -~) ~ (-Z)(1_-l2(-~)~) -0 :: (-2.)(_1.) = $3 '> 0 ~ tx)C I.. 0

tx-t(~e.. V~\";e s
, 'I

-f (0/ ~) ~ (,:), - (~) - 0 J_ -

j(o) -~) 0 (-~r_(~)'1 -0" ~

, I•COil c_( IIJ Io/'-_:_ ~ _ _,-_:__".---._.._ __., _ _ _ _
SC1ddl-~~-ro,;+ vr1 (010'),
ff)AX v t\ I~e. I i -q a + (O~ ~).
(lic,x VI1.Iv\{_ I~ ~ 0+ (0) - r; ).

i ,
/.



f ( -i ) ~) ~ (~'/ _ (~') q _ ( ~ )1. -;: ~

P 1- (.-i I ~ J - ;,,)

\ \
}", '-\

= - l
\\0

~- s , :: +-x ( X 0 , j 0') ( x -)(..') 1- + ~ (X Q I j 0) ( ~ - ~ 0')

I + ~~ - (-Z)(~)(X -~) + [l(~)-~(~YJ l~-~)

l + t - (-I)(X-~) -+- (1- -i)lJ"1_)
t- + t - \ + I-)(+- -\I2. 2. J

I- -~

o c) 'i) I i2 c=c\"\o..,_) 0 F

t:"t~A\~ST i:>f:'2.f;"~t; '. -\j f(,c,,\) :: - [- 2.)( i' -tlZ.'J-'i,)J J 31
So -Vf(-i.~):: -[-t"'(\-~)}l

=U



-vi,,1"1/lY'}VIS/IIt-=nJO?V)lA,S'/I'Pt/),s(oY1C-= ..;1...,''/('.h''t.VC
".j

[nr(IJIiJL,,\~~IJII)h-\~u.'sII)C]t[1\so;J~"JD:>11}rj::

[)1J~(I][.hI,-htJTCH~J[XC-]~

-y')~/S/ls:(1\FYI)~

_._X-hr;_/'.,_((X)j.-::=('+?7

fl..lJI'J1)?Y)-:(A/n)X

,-z...X-!,{_zh-:(~X)f
(p)0



®
()..) p~oj "l u) ~ (-, I 0 , - Vi '> • ( \ , 0, - f3 ')

\<-1,0, -f3 '>1'-

(~\"O~.3')l
~ .:q (-I,O'-OJ =/(--i O,-~ '>

b) LOS e: (I,OI-{5 >. < -1,0, -13 '>

(-\ I 0, -.J3 )

~ 2" ,- ._
4 2.

c.o~e : 'l- ==) e: (o~ ~I (i) =) $= '1l"'"
3

, o-f3
: -, 0 - (i

2. 2.. I

::, 0 -\13/_ 0 1-' - IT / +(_V3) /- I 0 I2., z. I '2. '2..

\} 0 i.o 0-\ C - Iu ·( ~ " w ) I ' II.f 13 \ • I 'i f3 \



3. ~ ((~ ') = (.{Z'.i, e'/2/'I:J. ) -= <~ ,«)--lIe. >
yl (t') ::<{Zl) e tJ _e--t>
y.'(i) = <~) el/z -el/1-) ~ 4« R ~ '>I ,,~, J )

zy r:;;r J r:l' r:-1'1 ~ I t 1X-= 2": + Al2 ! ) \.1 ': ~ e +4 e L , c::: W -W

b) TtO= :~t)= (-IT',e\-e-t) -= <rITJe\-et)
)yo (I:) \ AI 2. +e2i...eZt' ---\(e~+ it -:t'

-=- (,f2',e-t,-e-i)
-te-t -+ e

c) L -= ':\Z{l,e\-et>\dt
= r~2.~ e7..' ~e..H'd.-t

o

= t4(et~t'{dt

~t (e\et) dt
-= r { -t \ \le -e o

: (e'-el')- W~I)
=[e- -¬ ~



N0¥2. ; -:P'( 0bl e¥1 ~ rf ..s -f¥. J4J e. V) o.r~ J v ~ c.i:Y' no i- ~

~ hOY"'~' LI~c-lor _ lAS;""1 '1-L-Io} ~ fa,-/- (6) ;



oIY)_!:>__
"l./b7-

I

o
YIp'YlrS£ 7:/~- t.I

"'1-

"'Y"f'c./')~S<=\""JC~+v~7P'.<;'Vll
'(Iz-0

'r1fAFs-:~Jf~ "1\I

7-

1-

(:Z:-'l)0 "Y1

(0'0)
?<-I::;h

\1'I)'(1~f\

·{~i~l""IS+d .

(.0(\)

)t'l~h::r-h-rX~i'] (0(0)

\1'0)

X'f~f
o0

I"{-

l"
"I\.

~(XZ-h),.:-+x~rr \h'X)£--
(})

'-1\
~t~--

~-o"'/IJJ )(~II



--------~---.-----~--

C,: j ~x ~ x" {;, r ' ==> 1--,(.f:) ~ .{,-; -t- t j /

fF. J_~ -; [r((U))' r,' (~)die + f F U(tJ)' ~~'(f')d4:
(.

(SI" (.fl,

(.()~

c/~wlu)

- t@£ 3/ i..({3-I- 3t (enI1 · [ 1-I- 3e- j1 cU:
o

+ r lflT .. (of' +- 3-t-t'-)j] •[i -I- j ] If
I

= [' [t'( +({3J3ejll· [i~Htn e;lt

~~' [(~q)(l)+-(~1+3~1)(?,t')J~k + r~f%)+(~~qe)(I)]cu

~ • [{ q +-se~%~Jc({ l r [se]oft :0 ([lotq:'s-cJtL< + f~t3~t
o (0 I

= l{" -I- ~ et ~l~{'r "(I -I- ~ ) + (0 - n ~l±J
\, -,

!
\

'- \ ,

, !



~(c)

Ii cw-I(r-:). k ciA z: 51. If -= J?dx -t- Qj)
~ c <

us iJ bl'ca~/! ~/'CVf\-7 / () e. ftAVa. ~

rs(~ - £JdA~riX[~x'+J~~)-lJ']d)d)(
1::> J ox

"" x
: (£x]X~dydx:c [Irsx~~T~x

. v)
~~r-

:: [~x~-~x~r~~-± =[~~-)



--------------_._

/

\~+)x-~(?'h'x)Jf~,v()~~~;,;-l~+~-J('l()os
>1~JtO~rPOfdP(~>,1j5'(~)4osp"10O~(",),~L<(~),4+)~.:."):_

~?-
Srlr,,~."Lf?~~1'1('a)IYt-zhx_-""C(~)H;tx]'1-e(o?:(it'K)'1J~'fI.-

e((~( .(C)Ytrx~~X).tI''I'()(P~4,AOAj~"~L\,n(10~
",a)4-e'

C~)~~Q:~rof~hc<hJ!;SJ~\~'~)~or'1"~0<(~")~b4=('0(h)~6..r,:c"i%
SYls"r.'&~)';1",(?'h/(;+1':C'~[(~,()b+-;t]¥'(d'x.)hj-oS'

·C;"lh)bT)x.,_'Xp-!nJ'XY'«IJ.\)1j+.11;~j

tC?~
-:-rx-fix'e-c.n 't

~e~xp
e-('O)

(Jo-;:iIJV)) -
'1rI~

.\ cr:<:""'

0



r>
.

01-......

~(~
...

~

~
t-,

~\~
~\~

-,

'"",,
~

l

f:
".....---""'\

~
'"

t'(

...."
..

v

"0
-o

"'-
.0

fI"'
L
,

~
a

~
~I

?
\)1

~
"'{.

(=
C:~

~
"-\

~

~
~

~
~

~
(
~

~
)

\\

~
Jf

"
~~

-r>
.

>:.
~'-..J

.s
-\-

~
f'\l

11
'\~

1\
'--

'-

~
Lt-

N~0W
~&:

rV
u
,

..._i)II
1\

\\
b'rJ

I\J
1\1

t{J
.-I\l

'6(
~

r-..,

3
~

.
~

-,
\1

\
\

.
~

t
~

0
'

~
<
,

"""t:-
...~\rl

~I

'-...____..,

\)
Ni

"\
~

~
~~~

~
)::"

N

Q
..

~

,..........

"'
-r"

0

~
U

-~
t

c;
~

"'-.J

"
S

1\

JI
~

F
:x'

\;j
~
o

II
~

~
....__

~
"I

J
)

\1
1~

'{I
~

I

~
~

'::>
~

(I
~\

c4
~

~
\

........___

-c:
\...

\\

~
\\

:s
l
~

!
-

,
~

\)
~

):::
~tN

\
~

~
II

1\
~\ti

0
~I

'-V
~

1t7"

P
-

'I
'{)

~"
~v

..I
"

"{J
'"1

.(
~lN

~

~~
"

Slrl
~

"-\
~

'1
"

~
1\

~~~
~

.,
~~

,S
~

N
Q

~
o~

,

~
,
~

.....
V1

r)\
'-
-

~
~

~
t\\...

'-
..:S

\C
~

0
~

0
~

\\
{I

\\
\\

\\
~

~
X

><
•

~
~

)(
x.

~\
\\.L

I
(

J(

(8
~v

~\f\




