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1. (4 points per part) Parts (a), (b), and (c) are unrelated.

(a) The two linesz =1+t y=t, 2=1—2t and x =1, y = 4, 2 = 1 — 3t intersect at the
point (1,0,1). Find the equation for the plane containing these two intersecting lines.

< | -2 X<0,‘1/-3>= <s: 3/'1>
H«C V/ horma/ Ve cTer <5:3/'1> f).ra\:,l. /o‘l' (’/0/0
5(x- 1)43"7 +4(2~1)=0

Sx *39*'7'2" 9

equation for plane: _

(b) Find parameteric equations for the line of intersection of the two planes z +y + 2z = 1

and 2x +y — 3z = —3. . 3 .
x4 *i:’ L(v{, 'fln-o\l]L (OJOJ)‘) &( ILSJO> 1
- ( Ine y -3as ‘3) dicecrion <-.\1,5:-;>
x 122y
O..<ro°m1'-' xs0 3:5 3:0
A-\otlicrf 230 x:-l.L yzg

equations for line:

(c) Find all points of intersection of the line through (0,0, 1) and (3,4, 1) and the paraboloid

100z = 2° +y~. 2, \2
Line: x=3t) Ply in: 1003 (3t) +(%)
=Yt ) .
‘j |00 = A5
== t=12

P)\,] facks ia

intersection point(s): (x,y, z) = (-6,1~ Y/ 0 & ((/8/ ’)
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2. (6 points per part) Parts (a) and (b) are unrelated.

(a) Find a vector function for the curve of intersection between the surface 522 +y? — 2% = 4
and the plane z = z.

5)‘3431_)(2:‘{
\1)(24\31: "’ —Qe,"rm! (q.‘ rqrq.-.cfr;zg \J/ Cost 2' Sint

X = cost, 7=3:i-.t werks

25 X= cost

F‘(t)=<cos‘5 2Sin‘5 cor>

(b) Find the curvature of r(t) = (¢3,t* — 1,3t 4+ 7) at the point (—8,3,1).
v(D=3¢ 2 D ORCREY t=-a
P62 > FDKR3

2Ly ed=(-¢ -3¢,
[Ff=fa =13
\;'(-1)’2 GIrievy = €JsT
'F'("’)"F'"(‘l)l

TR f_\

I.(:

curvature:

vector function:

CJS3
(33
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3. (6 points per part) For parts (a) and (b), let f(z,y) = 2%y® — 42% — y?.
(a) Find all the saddle points of f(z,y).
“;<’§\p= 3&7:!- 8x =0 —>Qx(72-‘l)-‘ 0= X0 or y=22
Qa(w): 3;@7 -2y <0 = y(x*=)) =0 y=0 or X= 1|
Fve ert. prs: (0,9) (1,2), -1,3) (1) (-1-3)
(n(".‘gk 3‘;‘ 8 D(00)>0 «—ne =« saddle point

I3 pla14a)<o
rx, ()5'7)= qu

saddle points: (,Jll ( ,’ -2), (. I/ 2) (~ '/-2) |

(b) Find the equation of the tangent plane to the surface z = f(x,y) at x = 2,y = 1 and
use it to approximate f(2.1,0.8).

fan=-13

LEI=-12

fv (0= §
Tangew l”““‘: 2= -13-13(x-2) 4((7-:)
f(a1,0.8)x ~13-12(21-2) +¢(0.3-)= ~Is.Y

z="13 -):(x-a)-t((,-:) {‘(2.1,0.8): -1y

tangent plane:
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4. (12 points) Find the absolute maximum and absolute minimum values of the function
fle.y) =2 -y +2
i —0,y= — 2 =Y
on the region enclosed by z =0, y =4 and y = x~. (o‘.{)‘ 9 <%q)

vl s: ‘rx(x; 3:2>‘ =0 -gx:'o
C * rt g(’g\d‘)a: ".)241:0 ‘32’ x=0 ,gx"

Romd:
/L ¥: §(x0= x -3 (o)

Tor'- N

o<x<2 §'(x)=3x=0 e

Cleck (o) %(2¥) *™° Eim 1\- ’ecL
Leis xe0: £(2)= -4+ o -
02y’ g'(7)= -grko N (o} )_~ -3
Cleck 7:, _C(q/;‘) = _l.'
(o), ¢21) (2Y) ¥(o}o)= o

: <% ~xTe2x?
8071\&':'1 l*: p(’?‘) *x =x ] S _3_ = q
/ .Q'(x)z 6’("’"3:0 g < EY P 2 "1_

= :),((s-:zxa =0

Leck (o°) -
Wl QY oo nlE

( 3 ’ not In
(E ?) J:MA'H\

min -Y m aAxX '-'

absolute extrema: .
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5. (12 points) Reverse the order of integration and evaluate

2 1
/ / 333 dydzx.
0 Japp ¥y +1

S\
Y

21.0)

answer —
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6. (12 points) Let R be the region inside the circle 2% + y* = 4y, outside the circle 2% + y* = 8,
and in the first quadrant (shown below). Evaluate

) //132"‘9
COhver'l' ro polar:
x 4\3 '17 —r -q"lv\Gﬁr’ '15)»)9

)4,=8ﬁ|"‘\,_

|n‘l’t6¢.¢~l~§o»\: H =Y5.0 250>

n YenQ 3 ishe
j‘:, S\ fcos© /J,.,fg = S cos® | Jo

Sa ( Y 5100ce® ~ I3 we)lé

Sl<1su.(-le) J_<e:9>J9 (- cos2® ~ ‘rs“‘e)l (l ~J3)- <0 2)

= 3-Jg

<|a

answer —
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7. For parts (a)—(c), let f(z) = In(2z — 1).

(a) (5 points) Find the second Taylor polynomial, T5(x), for f(z) based at b = 1.

.C(x): |..(2X-l) F(')= 0
()= F=23
-F"(X): (2;:.7)? {_‘" '):: -4

2(x-1) - 2(x-1)"

Tr(x) =

(b) (4 points) Use your answer to part (a) to approximate In(1.1).

RORYCEOL <f(05)x T (,05-)

=2 (hos-1)-( Los-1)! = 0.1 - 0.005

In(1.1) 5= 0.0%s

(c) (5 pomts ) Find an upper bound (as sharp as possible) on the error for your answer from
part (b

~Qm(x) (Jx l)s
max whta X i s»-.«”m‘

- Ve M= 7 =l¢

/< (19 (0 OS) 3ooo

at x=| o iwlerﬂn’ E’, Los]_

(OL'h wiead  use nﬂrvql [O 15' l, OS‘]
ecror £ 0, 000'157)

J

j\vqu M= .13

) -
= (0.0003
3000 0

Error bound:
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8. For this problem, you may use the following basic Taylor series:

1 B x . . x mk ‘ B e (_1>kx2k+1 - e (_1)kx2k
Er D DL DY P o eyl D7)

(a) (6 points) Find the Taylor series for f(x) = / ¢ dt based at b = 0. Express your
0

answer using » —notation.

) k
Y3 R

CTRE ey ¥

-

ele - Q2 T
Lo k! \
% 0o X
Q-ga - Z 2t Jt
j e m(fo ; )
(o) Qk x:zlul
g (Jl«))‘(!

Taylor series:

(b) (8 points) Find the open interval of convergence for the series you found in (a).
x
e (_onVCrJ"-S o all X
None of these  Tramsfumatios ch-.’g that.

Interval of convergence: k9 ho
(¢) (5 points) Find f?923(0), i.e. the %0231@ derivative of f at 0. loll 2043
2023 e 2« x* 4 - x
x Tern. OF S (2'«_\)‘"— is &t Qk”:lbl; l&' ’0” 3013.'0"!
23! 2'0”
ey (.1023) 2023.
203), \ 2033 ol g023 -
g( (O)X - 1 X 'p <O)~ 2033. ,o"!
203! " 2033 -lol! —
202a!:]
loll!

f(2023)(0) = | R




