Math 226 Final Exam Spring 2025

Name: Student ID:

Directions. Fill out your name and student ID number on the lines above right now
before starting the exam! Also, check the box next to the class for which you are registered.

|:| 9am Haskell |:| 11lam Tokorcheck

|:| 2pm Reardon
|:| 10am Haskell |:| 12pm Tokorcheck

¢ You must show all your work and justify your methods to obtain full credit.
Do not use scratch paper; if more space is needed, use the extra page provided on the
back of the test. If you write on this page, let the grader know that there is work to be
found there by writing the page number where it says “MY SOLUTION CONTINUES
ON PAGE K

e Do not write outside the margins.

e Simplify your answers to a reasonable degree. Any fraction should be written in lowest
terms. Known trig identities should be simplified. You need not evaluate expressions such

as In5, e*7 or v/226.

e No calculators are allowed. Turn off your cell phone.

e You may use the sheet of notes that you brought with you, this may be no more than one
sheet of 82 x 117 paper. You may have anything written on it (on both sides), but it must
be written in your own handwriting.

e Remember, USC considers cheating to be a serious offense; the minimum penalty is failure
for the course. Cheating includes “straying eyes” and failing to stop writing when told to
do so at the end of the exam.

1 (14 pts) | 2 (12 pts)
3 (10 pts) | 4 (10 pts)
5 (10 pts) | 6 (10 pts)
7 (10 pts) | 8 (12 pts)
9 (20 pts) | 10 (12 pts)

120 points total






Question 1. Consider the four surfaces

8§11 Jxr+4y—52=1 So: x—y+5z=2

S3: z=/22+y? 84: (z—1P+y* =1

(a) Indicate if each statement is True or False. Briefly justify your answer.

True False

JZ |:| (A) The surfaces 8; and 8, intersect at a line.
Justification:

thhey ace rnon —pavafel planes

True False

|:| IZ (B) The surface 83 is an upward paraboloid centered at the origin.
Justification:

"35: =2=¢ = o cone!

True False
|:| (C) The surface 8, is a cylinder of radius 1.

Justification: dote
tvonsla ~
"1*‘37-:1 & L R L%—1§ "\"'31':1
SE—.

st o

cal. of codius T ° ai -
"'6“' CQ3IUNS

True False
I:I Z (D) The surface 8, is tangent to 8.

Justification:
'3._, —y vestical ctaﬁ\'ﬂdﬁc‘

> hocimontal meimals : A= <=, m , O>
True False $a ¥ wotmal: &1,1, =37
JZ |:| (E) The surface 8; contains the line x =2t — 1,y =t +1, 2 = 2¢
Justification: pQwvg 1n:
3(2¢-10+ 4 (&+1) —B(2&e) =1L
=1
teue !

(b) Find a parameterization r(t) for the curve of intersection of 83 and 84. Be sure to

include a range for t. tconsQoted

wolac
S, (» —15’4-%"-_-. AL — A=TA+cost , iy =sint , 0%€ 2Dy

"5'5 = \J %1-\'3.1 = \1 L‘.\.*cos'ﬁsz“’*’"“‘t
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Question 2. Let f(z,y) = 2y + cosma — y/z. Consider the point P = (4, —1).

(a) In which direction does f increase the fastest starting from P?

- \
NSs= <—vs§nw$ -— ,27
2%
- «P.‘t-l““\é
VS (»,-1) = {-L 2) st
o 7 A o
=8
umit dicn l'k = v-gu.\.,_:n _ 4 %(‘4‘,—1) - (", %7
NI, - NS 4,4—:3\})) Jcs
(b) Find the rate of change of f at P in the direction of SI + 53
l—T—l
Da8 (4,-1) = Vs (s,-2) & -
= ¢- L & 3
=<-5.20%F, \53
= - L 4+ &
b) S
=

(¢) Find an equation of the tangent plane of f at P.

2= F(8,-1)+ TS(H,-21) « A=, o+
)
2= -2+ 1L -2 - (»x=udD+2(y3+1)
= -3 - ‘T (%-‘-\-\*2(:*1\
(d) Use linear approximation to estimate the value of f at @ = (4.4, —1.1).

S(w.a,-1.3)2 -3 - (aa-aYy+2 (-1 +3)

~

X -3-0.\-0.2

-3

(e) Suppose also that x = —4scost and y = se*. Find g—f at (s,t) = (—1,0).
[} t S

-
@~

S 2 X
T = VUSUi%,4): % ('bree method alse §(ne.>

2%
= 3= (—‘-\scost,se.’*'> L —Lcost, e?.e}
ne.xt, Poug " s= -3,t=0":
= I§ (n,-2).-<-n,1Y
= <-l‘_\—”2§-<-l-\-,\ﬁ
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Question 3. Find the critical points of f(z,y) and classify each one as a local maximum,
local minimum, or saddle point where

16 4
f(:c,y)zﬁy-l-;—l-&, x>0, y>0

T gxz _ 16 = q _ (I~
'a »>- _»;— N2
- PR
3
xe -
PQQQI wmto IT : g — — =0 Qé?.
(=Y e
x=-> npt’ !
L
n
[»- 22 =0T = x
a1 - *3 =0
(AR
G,‘-\-=>v~‘3
B L =%
Qg 3 - 1e
PR mto T. o = = =1

cerv e 3 < L""::-S

RHessian : ng =

i I
H ol-
o
HOE[
a H

det: -3 =3 =«

. LN | ]
t.tqc.e..s.y.s_? S +

w@nclvsion: (&,a) is a Yccad minimizer

MY SOLUTION CONTINUES ON PAGE
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2 4 yex
Question 4. Find / / “—dxdy
0 y2 X

o I -
.lﬂbQ.anQ = S S .% Ay A%
o o
[y
= C L (=>e™
=2 A
o "

MY SOLUTION CONTINUES ON PAGE
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Question 5. Evaluate the following integral over the region D bounded by the lines z+y = 2,
+y=—l,z—y=1l,andz—y=—1:

// 3(z 4 y)e® Y dx dy.
D

not velevornt to col¢ €xam

optional topic: C.‘QC\‘O%Q. ot
vac.aoes

MY SOLUTION CONTINUES ON PAGE
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Question 6. Compute

/' (y* + ze®) dx +|(z%y + 2zy + sin(y?))| dy
C
P Q

where C' is the counterclockwise oriented piecewise curve comprised of y = /9 — 22, y = —u,
and y = 0 as shown in the graph below.

- ~K
.
dEEA \
D \
; \
8 > L):v

=

Greeen's t 'nnte%'(‘o& = $S Q,.—-P dA
D

= SS 2ry 2 ‘3—23 A

D: otced, 00 2T
[

- >
S2ccsesine ae| | Sedae
o o
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Question 7. Consider the vector field F and curve C' given by

F(x,y,z) = (e*, —cos z, ysin z)
r(t) = (sint, tcost, t), 0<t <.

(a) Is the vector field F conservative? If so, find a potential function f such that F = V f.

If not, explain why it is not.
e domain of F 15 B° , unidn & s wmply wernecte

XY BN = . . .
® curl¥F = < s$n=E —Sine, O, Q> = O ,% ¥ 5 \«-c'bq'&.sorsc&

A .
0" F & coneRivat IV
£i0d « 'Po'bev-:t.ioQ :

ac. §>= — COS &
L. S, =ysinz

QuRSS and check: § = e.*— Yodsz

19
HHH
AR

(b) Calculate / F - dr.
c

£fondamental €hrm of Vine tots:

mteacal = § (R (#wd) -5 (2 oy)

S(o,4w, 4w) - S (0,0,0)

[2-av]) - L]

= — U

MY SOLUTION CONTINUES ON PAGE
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Question 8. Consider the vector field

F(z,y,2) = (¢, x4z V%)

and the goldfish bowl surface S given liéf. spvece ovifted down T onlt

P+ +(z+1)?=2 and 2<0

oriented so that the normal points from inside the bowl to outside the bowl. Calculate

// Curl F - dS.
S

—3%: 2=0 = w4 (0-10=1
- x"-&-ﬁ‘:l
= 8 : cotwaltds maimals

lon visiole vlue Fack —» notmds poit ot ul)

bated on pic ,For Stowes, 9 ociented Nockwise, viewed From ooave

Stowes — ‘vs't.e.quq = § E . ég
¥
°8: @

(85=<¢%9,5i09,0%, 0 20 22w

Ar = — £ -%in ©,ccs8,0va8
thce\gu\'se.

Flev=< e, 030 +0,%D =<1 ,c050,»>

-~

2

= S<1,C°$9,*5~ <5;ne,— cgse,c§ QA8
o

2w

= § sin@-cos*©
o

© (o]

2
L}
=Ss)‘£— é—;;ézs a8
o

MY SOLUTION CONTINUES ON PAGE
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Question 9. Consider the surface S defined by the equation

z=1+2>+2y

and where (z,y) lies in the triangle in the plane with vertices (0,0), (1,0) and (1, 2).
(a) Find the surface area of S.

xé—shodow .

o <o Enis S /5

S == d «~ x"-ﬁ-zé , L%,~>§ "W shadow

shottcot: 45 = 5,"‘*-5: +1 dyax

T A HxTe LT agax
= J B 1249 Andn

area = SS 4SS
S

2%

g \/‘-\'x.z-ﬁ-s d;d%
(o]

7.%‘14%‘*5 dx

a=dx3485
du = Brdrn — i‘dﬂ': 2%dx

*"=0 =y u=9S

*"=A D u=9

S~

q

';S.r:éq
B

_ 312 3’2]__. L Iex-sis
L.z [9307-s - ]

|

MY SOLUTION CONTINUES ON PAGE
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Question 9. (CONTINUED) Recall the surface S from (a) defined by the equation

z2={14+ 22+ 2y | ¢ cecal : £ (%, 2D

and where (z,y) lies in the triangle in the plane with vertices (0,0), (1,0) and (1, 2).

(b) Consider the vector field F(z,y,2) = (z, 1, x +22z). Find the flux of F across S,
oriented upwards in the direction of increasing z.

=

Shorteot : a5 = -5, ,-S., 37 duadx

= <—2x’~2,15 dsédx

Blwn,ad= 4%, 2, »+2(2+x>+24))

= %, U S UL

- - 1 2%
SS F.as = SS..%’-./_&-»*-»&'\'W-\- Lry Q53>
S e o©
]
=S 252+ 20220 a3
o
\
= Sno,s"éx
o
- s
T3

MY SOLUTION CONTINUES ON PAGE
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Question 10. Suppose that T is the solid tetrahedron cut from the first octant by the plane
4r 4+ 2y + z = 4, and let S be its two-dimensional boundary. Let F be the vector field

F(r,y,2) = (r+2)i-ayj+yk
Calculate / / F - dS with S oriented out, away from the interior of 7.
5
(1%
T2 =L —24

L, Ry = shadow -

N7

O029£2—-2%n ;02 v

a;veuame. tyreolem
- - -a‘ [y
§¥ F¥.a5=SSS aivE av
S ny

ey

d;VF: l—*
T: OtZ2 2B -rn=-24g
Otwuwet D=2y

O < »wg T\

a2 2-2%n l-\--'-\a-)x
S § §
S (-

(<]

A - A= dééx
-2 %

-3

(-0 =24 0T %) ay %
S

2
= S Bla-n>-— "\'(l“x;’éx
o

T
= S B(3-%D"ax
o

=L -
Au=-=3%
R=O0 = u=1
= —>u=0

Hudda

H g ——
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