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Math 2163

Section 2, Final exam, December 11
On the essay questions (# 2-13) write legibly in complete sentences, in such a
way that I can easily tell what you are doing and why.
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1. (40 points)Indicate whether the following statements are true or false.
(“True” means “Always true”, “false” means “sometimes false”.) No jus-
tification is necessary on this problem. Write the entire word “True”
or “False”. Illegible or abbreviated answers will receive no credit.

a, b, ¢, d, d and L are numbers. a and b are vectors in R?. R is a region
in R? or R3. F, f and g are smooth functions on their domains, which
include R. C : r(t) = (x(t),y(t), 2(t)) is a parametric curve. (u,v) is an
alternative coordinate system on R2.

(a) axb=bxa.
1:-\)94. Ax‘l: 'L RN

b) If lim f(z.y) = L. then lim (cos f(z.y)) = cos L.
(b) 1f Mim f(2,y) o (c0s f(z,9))

TJeve
(c) If R={(z,y,2) : 22 + y* + 22 < 9}, then ///dV:SGW.
R
T/utb -

(d) If Ry and Ry are disjoint regions in R3, and R is their union, then

// f(x,y,z)dV:// f(x,y,z)dV—l—// f(zyy,2)dV
R B Ry

rr/./(-

(e)//f:z:y (2, y)dA = //fxydA // (2, y)dA

Fa‘ée,

(f) If R is the sphere of radius one about the origin, then // fdv =

¢=27 pO=2mw pp=1
/ / / fp?sin ¢ dpdpde.
P= 0 p=0

Folee 4> oaly qocs Leoe O h T

(g) There are eight possible orders of integration for a triple iterated
integral.

Lo The ae 32126

(h) The vector (dz,dy,dz) is normal to the graph of z = f(z,y).
Fele, 1), < ¥ V“y"}f veeT ol -
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(i) The distance between the planes G : ax + by + ¢z = d and G’ :
ax +by+cz=d is |d—d'|.

_Al
'Fﬁ\({, )J’/f \A [”
\<ﬁ5#7\
9z Oz Ou  Ou
o % %5 x|
ou ov ox oy

Te, T 16 N dacehios £e C\"'v-b""y fem (x7) *"(U’V) ant
)’%}- f»jm"'; e, Au\\v\j rn)n‘\n"—\j,
w0 %= (.4 %)

’I’rw .

a, b) i1s a critical point of f, f,.(a,b) =1, an a,b) = —1, then
D If (a,b) i itical poi ff,f b 1 d fyy(a,b 1, th
(a,b) is a saddle point of f.

L
Tew - 'CAXFN”G’KD <INy <o,
(m) The volume of a right circular cylinder of radius 1 and height 2 is
z=2 0=27 r=1
/ / / drdfdz.
z=0 J6=0 r=0
Fle. AVe cdedbla ¥ Acdelz

(n) Every trace of a hyperboloid is a hyperbola.

F‘\\Sf.~ ﬂ’% ant P\I(O c“?f}&%

(o) asb=bsa.

)

Troe.
(p) If f has two local maxima, then it must have a local minimum.
FK\SL- Consdur lxl'ﬁh“/q_,“\‘"‘q‘ hay masinogt CM; b>

) aanl \Sko““‘- c\")'(",") ')u+ Ry mmfabeom
(@ 2(f+9)=%+%
'vae.

(r) //fdxdy://fdrdﬂ.
R R

Fulee. dx 37 :vdrdb .
(s) VF(a,b,c)isnormal to the surface F(z,y, z) = 0 at the point (a, b, ¢).

Tewe, VF=<F F B> e VF o (2, da)- 0054, R 12

= dF-=-0.

(t) It aleL% f(z,b) = z}l—% f(a,y) = L, then (%y%iin(a,b)f(x,y) =1L.
Fli.  Coibe $2 2 cal 1 $6 )
x> :

Valadde
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2. (10 points) Let a = (6,10,—6) and b = (1,—2,2). Compute a+b and
axb.
A ), "(@(ﬂ 2 \(—2\ F(-O) =-26
AR), = LYV ~COED) D — (DD (DD (O
< % /\é) -2

3. (10 points) Find an equation of the plane through the points (4, -2, 1),
(4,-5,-3), and (2,—4, —5).

Lt P) R)% le T fm'm*’).

Tovo *“3”* Yechs « TR = SO -3~
g PR 14-—')_,-7_)—é>.

/Dﬂu‘f (oo f/o)v;',’ < L0y 75/—6> 5 norr-\«\,

%o EO)(* g, "éz = \% 1% an Cel‘n"“q”'~

4. (10 points) Determine whether or not the planes F': 5z — 2y + 2z = —3
and G : bz — 2y + 2z = —5 intersect. If they do, find an equation for the
line of intersection. If they do not, find the distance between F' and G.

Tho neremly e Nps K g e s K52,
/ﬂftst e Mo Seme - . 191,_/\&54.«. fwg‘tc\.

(|.\~L iﬁ,’h—nb& % ”3’—5—! -

In

=
V'35

el
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5. (10 points) Find the directional derivative Dy(f) where f(z,y) = In(222—
y) and u = (3, 13).

« 4/1& Sl\' C_—I
\/‘/L\’IVL S: 1)§ 7 7 1AL_7
Tora D= T8 - 28,
- Lox‘\l
V(L)

6. (10 points) Find the equation for the tangent line to the surface C :
r(t) = (Int,t? ') at the point (0,1,¢).

g"l\/u ‘C'r 11:'- glzﬂ-{::lo% ”‘7’6,: \

eb

e
| £ 40
N %-<”>uﬂc>)s' Att <y 5e?
2

M Fenmnt Nac Yo
(rhy2)+ (o1 + <) Le>s
Mq7\< (xﬂ) W) =(o), ) + &1 L o)

C%(NH,) s=t-1.
el Lo bt
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7. (10 points) Consider the function f(z,y) = 2% — 2y® +y — 5zy — 11. You
do not have to compute the derivatives

fo = 5zt — 5y, fy=1-6y* -5z
fau = 205537 fxy = -5, fyy = _12y

Determine whether the points below are critical points of f. If they are,
classify them as local maxima, local minima, or saddle points.

(a) P=(0,0). 5;7:\ oo ik nd okl
)

(b) Q= (-1,1). Q/«—Qy:D) bo Y ccthies!

Dz (1o (-n) - (5) =570,

Yo
S rQMAO} B4S L\o(,\\ FrAalMOM

=1 y=2
8. (10 points) Compute / / e¥ dydzx.
=0 Y
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9. (10 points) Write // 12e”° 9" dA as an iterated integral, where R is the
R

region R = {22 +y*> <1, y > 0}. Do not evaluate the integral.
Thisss  0arsl  0290=T
, .

0w =\

., [ PP T
“ i Hq L a0

90 (=0

10. (10 points) Express / <x2 +y? 2% — y2> «dr in a form that a Calculus
c

IT student would understand, where C is the semicircle x = /1 — y?

pointing from (0, —1) to (0,1). (Calculus II students understand both

numbers and simple definite integrals in one variable, so it is sufficient but

not necessary to evaluate the integral). )

/D'\L semmicicele iy x’L’}‘]r\___ \ );_q‘ e WJF RN VAN cr=ll (ugd' 5'~ ©
wh '% =3

~

ix\’ﬁi)fvﬁ\m) "'L‘(Wf'\v‘"_) e )u"-

-7
S < ["319 b 20 cosL6~<1‘aL9>‘ ' ~57~ 0 AQ) e B Jo>
)
B
& Lé Ca(e C)G

~ -gb,@.,l@ *513’50&@- ~ A

—
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11. (10 points) Compute / F .« dr, where C is the line from (0,0) to (2,1)
c
followed by the line from (2,1) to (3,3), and F = (e¥, ze¥).

(e7> 26l anl (KCAX:J) o T i comreadive il e
’fc\)n’\ Aazs,:’* r\«a’H’(f,

Tle odeh )\ Lonchm 15 9(&% - gej e = g nel d;
v —,Xe‘uc‘x - xels Gy

$s ?(7“7\ :K@\’ ' 3W¢S.
P =T (30~ Pl
s gm0 <[

12. (10 points) Let F = 2z + y,z + 2y). Is F conservative? If it is, find a
function f(z,y) such that F =V f.

\Q F Y Com qcr,(J\'\tc )4’\4.,« < 4’?} ) Q7>
/HN"“‘ gx? - (2‘r7>7 | MSG7SA; CM]732\; v
P

- e *Cx
/)LC/ ?er_jr;\\ s ’9; %'ZRA—\? An x f 7

- Fo=4 C
and & C SX*’Z? dy > Ny T >

e Sy; >\L*/><7 4"7L r C
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13. (Extra credit: 10 points) Find the maximum and minimum values of
the function f(z,y) = (z — 1) + y? on the circle 2% + y? < 4.

i~ QO P NPT N «Q,‘:O £7:O Te. 2x)=0O
’Q’ s <a 7 2 ond 2, =o j.e. G‘q\‘(', b\\

>
/\\«\"s Woiande THC c.{r(,\‘, g0 Hs a cndidte-

MCA(\\—JL«(\‘(_, e Ve Lm\jr\rﬁ‘(_ m_,\;‘l?\lcfs 6 +\‘"— \DW—MJ

(=) =22 T
V-’?’; >\V3\ 50 z 7_:_ - (27) 5 3 y2o, x—-‘l. A-‘l,_

L+71- 4 'L»«—‘L x (FALY)

r-

6, e thiee ¢ hid s e (l)b\\ (L)s\)) -m&(-&)b).

| £C
C\?}; Oﬁ‘i\ Tl (,’,CLQQS CloScé 3 l,,,_ak.k
Lllbj ( Marbme Gad mMiaims ERD
)

2 Thoy Me [mamiviom 1§ 0\ @.}rCLD\B
anrd h«_ i~ v 5 OJ (‘\,” CL%S

14. (Extra credit: 10 points) In the space remaining on this page, write
down a sequence which goes to infinity as fast as possible. ({a,} goes to

-40)

infinity faster than {b,} if lim — = co.) You may express the sequences

n—o00
in any way you’d like, 1nclud1ng using words or recursion rather than
explicit formulas (and in fact you may need to use some English to define
any nonstandard notation.) However, it should be possible (at least in
theory) for me to determine the exact value of every term in your sequence
without any reference to the real world.



