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1. (4 points per part) For parts (a)—(c), let P be the plane 8z — 4y + z = 3.

(a) Find the acute angle between P and the plane x = 4.

NOYW\A‘ vector o‘(-‘ P: < %} ""I) >

Norwa ve Ltar of x=Y: <‘,°J°>

<%J -LlJ > '< l) OJO> = ‘<3,-i>l /<LDJO>{C0.S(9) 6 = <08-,("Z\;’>
\__N\_/ A~

W\- ~ ra
3 = 9 | ~0.476 rod

<73’
(b) Write parametric equations for the line of intersection between P and the zz-plane.
\/-\{\/
Bxrz =3 y=0
2= 3-Bx
x=t
°°
z=3-%¢

(c¢) Find the point on the plane P that is closest to (26, —7,10).
L.,“c, 1'1.:0\/3[\ (QC,-?, ’(9 hon-n’ o P: x=26+Bt
j=‘7-qt
’W\(r5¢<f.\”\ "’/ P: z=]0+t

6(3 ew:)-tl(-?-qt) ¢[0+t=3

20% +€Y4t 428+l ¢t +o+1=3
Ble= =13
+=-3 )

(QQ@
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2. (9 points) The acceleration of a particle at time ¢ is given by the vector function
a(t) = (2t,4,45V/t) m/s’.

The particle is in the same position at time ¢ = 1 as it is at time t = 4.

What is the speed of the particle at time t = (%;
-\7(.6: <t2+C,/ Yt +C2/30t 2+C;
?(T)=<’l’t3+ C,t+ ¢, Qtl*C;HCS, 262 *Cst*c‘>
F'(l)=<-§- 4Gy A+C+ Gy, |3+C’§+C‘>
7 )

?(q) .-.<§3_‘I_+1(C' .*qu 32+‘{C4+C5./ 338Y +L{CS+C6>

| L

Lo =S, yc  2sG3¥C, |3+53=3?‘i+‘!c3
3 Y !
3¢, 52 36230 3¢, =372
]

W(o)= (€., G =K1 -1ty
speed = (<';f"9"2\1>/=\}73*}01’:‘1"“ = ,j"‘” g

~ 1.6 "
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3. (11 points) Let f(x,y) = 2a

2 — 2ay + y* — 3y.

(a) Find and classify the critical points of f.

o

L 3

(2}

4x -ZJ =
-ixt2y-3=0o

j-r.?)‘ :
= —2xr2(2x)-3=0 =D =3 =>X%,

[Onky one 7 (34,3 |

4xx177’(’rr3\ =(4))- (-z) 2-4=4 >0 => locad op"'\luo\

-[xx: >0 = “oco..o m-n.muw\]

(b) Find the global minimum and global maximum of f on the square 0 <z <4, 0 <y < 4.

Cands dates
,:—ﬁL %:a‘(*.j)
m (%, | - ?/a
Pon Xro: (0\ 3/’7—3 -
C?n« =0 (" o)
(%mmev)
@® o J 4 ?’ t‘)
Corness.”. (o, )
4, o
(u, u)

O C?'S thA'H" "8‘5‘4 ( /hS)

. 20R-20A)(3)+ F-35 = Y - -&, = =

@ cr's on boundary ,BA s

(@ x=o]: 3,(:,;-_31_3:] N (y=29-3 =59C: _
CEY) 5 condidals (0,3%) wf3=§BR)T =% <-4

q) - [ \
lo X" 32(3) 3 "“j t32Z —=> 32(3)"23‘“ -:\J-:.’Z >’1 X
(OLULHS &,‘smu& - no C°¥ willua AJ\MWM o "J"(‘"

' = : (o v
@ =9 : 33(){‘1 Zx"— =5 33(,‘): L)X => (P (,o)

Cavw(a'o(aji (°|°) => Z=0° J\’l‘ 44
0 2 g x4 2(L)EER)+4
Jﬂ : Y= 2X -8X 4le-f2= 2% =
Prd. s candedidy (2,%)

gl (xy= bx-8 => CP:X=2 i

— (W= 32
G S - (o o\ - ? o ('1 J) ? 2
bl .\ S l-r6 (o) — 2= z(,n"zlwﬂw =34) <4

heswen - (qlobed max= 32| (& (4,0)) | ofbbal m&ns-;:-agd (33)

(¢) You do not need to explain your work on this part.

. . . o
Does f have a global minimum on R*? No
Does f have a global maximum on R?? Yes
o (=)
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4. (6 points per part) Evaluate the following double integrals

rl rarctan(x) 1 ?xma:ln ve . ve X e ‘
¢ ————dydx pon-
(®) /0 /J 1*(;\11(!/)”/(' ogu&arc‘wu/(
.J—,cud"“ x
<«

Y, A
gl f'—l"—a ¥ Ml
1

-l'anJ
O «x
0¢y (;’ITI[, g«‘lﬂMJ‘:X'&'

_ Ty , I J " )
L (X hw) J (Uversvy b

I-tfany
7/

= (ML G 3
L (Aaa v (/////4 )

_ jrlq —_

o

(b) // cos(v/x2 + y?)dA,
D

where D is the region in the xy-plane given by 22 +4* <4, 2 >0, and y > 0

1Y/z 2z { | c fJJV\O\-ﬂA/) 1038
g () rdcde  [nPIare® ‘

-J
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5. (10 points) In this problem, a denotes a positive constant. A flat plate occupics the part of
the disk 22 + y*? < a? that lies in the first quadrant. The plate has density p(z,y) = zy?. The
y-coordinate of the center of mass of the plate is y = 1.

Find a.

Tla  wass af'btx It s - (W) //
SN fmou— IR /

- gﬂ"g ccoco (rsmd) rdrd®

Jr"n r 4 e snodrd® (j 050 (3int) ”@6 HJG)
L”______,_,
Lo

Uz SIMO du= wod
,.L

(lt?l )(.Ls
TLJL ‘]-Cocf‘oQL\kQ:Qi 1S Ti— - ‘L Sg J f(x Xoe-/j; ’i_—jgx:fo‘)./‘—
\w ?o\ar— coorcpu\mifh
g - lS‘ S JQCQG)(reme) ~drd©

<& ([fedep )
(§,04) (s:m) < Gl
() -

g \_

a

o)

B

N
v
_r\
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6. (2 points per part) Match each of the following area integrals with one of the regions (A)-(F)
below, corresponding to its domain of integration. You do not need to justify. (Do NOT
compute the integrals)

10 px/4 B
(a) / / r df dr matches region:
Jo Jo

10 y
(b) / / da dy matches region: :F-
o Jo

w2 10
(c) / /( 7 dr df matches region:
o .

2y

10,10
(d) / / dy dx matches region: _______
0 x

y A y B y C

4 ”~
10 10 A 10 4

4
10 4
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7. (7 points per part) For both part (a) and (b), let f(z) = \/(x — 1)> — cos(z — 2).

(a) Find the second Taylor polynomial, T5(z), for f(x) based at b = 2.

(0= J) - cos(x-a) @0
Eo- 2] +sn(x-d 13
¥ﬂ(X)= %Jﬁ +Co$<x—3) _Q"(Q):%

AN EIC ICE)

(b) Use Taylor’s inequality to find an upper bound (as sharp as possible) for |f(z) — T5(z)|
on the interval [1.8,2.2].

PO 2 b)) g () -

W r‘r\,
owtst at ~
oh [\%21]. 3.—;«:.'.‘.1-8“ 7\(,:8 ~ QQ °15

< G—'(Q.NS> o.;zr: 0.00306




Math 126, Autumn 2022 Final Examination Page 8 of 9

8. (14 points) For this problem, you may use the following basic Taylor series:

1 > X ok (—1)kg2k+1 > )k g2k
— K T _ :
1 —Eizl (——EA—A \IIII—E )‘+]‘. m\z—E
— T "
k=0 k=0 k=0 ) k=0
\ X m, . £r .
(a) Find the Taylor series for f(x) = ——— based at b = 0. Express your answer using
5 1 o2

Z notation.

X X (
e ¥ ()

(b) Find the open interval of convergence for the series you found in (a).
Xt 2
Z | <l &> X &5

&> |-z Xx 4\"5_'7

(c) Use the Taylor series you found in (a) to find the Taylor series for g(x) = In(5 + 2?)
based at b = 0.

ox 0° Z(-‘S Z\:H L’;) (o\>

g 0= < = Z Skt X
(3 ’Zlf+'L
0o . AR

) 2(-() 2 ket Z

- X h—l 2
- %O{) S‘ Z0 gi'fl ) Leo 5 ﬁ

\« P R LI
- Yoo (Vm)é“
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9. (10 points) Let f(x,y) =100 — 22 — y* + xy.

(a) Find a normal vector to the tangent plane to the surface z = f(x,y) at the point
(0, Yo, f(xo,y0)). (Your answer will depend on zy and yq.)

fxmcaxey , Ay=-ag

L—V‘W: 4_2&*30) —1j°+)<>) —,q

(b) Find a point P on the portion of the graph of f above the region -2 <z <2, -2 <y <2
where the tangent plane at P intersects the xy-plane at the largest possible (acute) angle.

—ph
/IM X g;,{kryaﬁ‘m between He ‘}wcg,ewf la)av\.e ofF P aund e xy P ue

>
[} - = 40 0,"‘>
:’HJ. X0 Lebwvten n = 2% 1Yo )'2‘70+Xa\—l> * h ’

, 5
o TR 4 1 o
RTINS X @

AMMM waons  Snallest ,[gsxiSlc@)ok_fE*) LD‘?—‘}Z
whicdh  t Yuen | mean lar:)csf’ lmsss‘\'o(e‘ |\7‘3|) 0z, nwpler, ':‘
Sp- w) need to fund the Fo'uﬂ' P= (%o y5,30) M T S?ua:.v 2 exYED
Hoat  maximges N()(.j): W (—2r )+ G2y +)
N(x:pt X —lxy +Jl+%31— axy 441 = S N AR

' _ lox _ sX
® crs: Y\leox-XJ—_o =~ Y= & ~

a > O'AL:] (010)
“\3: le —gx =92 —=>10 (%)«85:0 TSX=O THJ=0° H(olo): ]
T
T T D
6:13\:lo~]-«lé T"J:’.G N (2 . .

@x=2: 9= 20 sy HI0y+i= SysHey +2 :
s P (-2, -ley W 2 CYLe N Je6)= 82

(M Lj sjmwueﬁ'j: &'-6,7—) 2 (—LC,—?.\ wf 7=%82
MMBZ 2o+ 20 -9 )Y+ 1 =9

= Ny -2
u‘l(-z,z\ = 202042+ =33 = N (2.—7.%

Mayimum &l P= (-—2,23}(2,—2))-:(-;2\2, g8) oR (2'”2‘88) &—M
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