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To get credit for a problem, you must show all of your reasoning and calculations. You may
consult your books, notes, calculator. any materials from the CCLE site, the professor, or

your TA. You may not collaborate or ask questions online. [on your final answer.

If you cannot find a vector that you need for a later part of a problem, you may use the
vector (1,2, 3).

If you cannot find a point that you need for a later part of a problem, you may use the point
(1,1,1).

Circle your section:

Section: Tuesday: Thursday: TA:
2B Alexander Johnson
o
2C 2D Francis White

2E 2F Jason Snyder




MATH 324 FINAL Exam JUNE 9, 2020

1. Consider the function f(z,y) = 2* + y*. Find the extrema of f subject to 3z + 4y = 5
In two ways:
(a) (10 points) Parameterize the constraint line & plug into f.
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(b) (10 points) Lagrange Multipliers
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(c) (5 points) Is the point you found a maximum or
know, and explain why

a minimum? Explain how you
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you weren't guaranteed to have a global maximum and

N ( R R'
“Clheclcmd e r} ‘va{ (/q@v wPue A Hne

Pd v ¥ <( A (‘ -« “pC W

2
: 2\
2 & - :’{)
= ( & ¥ t
o) i
3 0\(2
e+ 2 (5-300)
' \ ) Pt
R w0 - (2‘( '-)\)
‘(\ _ LE \ _q— H/‘
N - 1Pt
- '_..O _i
44 . # T "
= 2¢€ o (8
C . !%
2 2 [T 22
ot TET 3
v

; ' C ) D \ .‘a‘m(‘*‘*‘f( cvi,‘g A :
(‘l /leh o ?C‘ , pow& 15
) { \ o /-'ég ¢
(‘ U -~ ¢ O L
-' < _ﬂ;—;/ > \1‘ . ' L( ( ons rcli ks
> / on - (
, lcm\ M?‘r\'mu‘*"
b
[N

—

s

\ ™
d Yo L‘U:S/S_,a\“ l_ 0
‘ Uldrc'm\'ef oy |"Ci'”(' | Ly O¢ Lf‘.v‘(/ :—i
Avev - b c -\«w\\( \Lw‘ ¥ e DL?M> |
e ous 1w e :
2 \AV\/r\O* PRV € " é,(:arfvp/ al ‘&
‘ ) Gi -
(od 07— L Foe gldeol vrimom o}
el snt o crun tee J
We arent Tt ot
Covstraml \'V, ]
“\’(’/‘ )) L(<om€ vov J
)
am +\nad pairr
con+a




MATH 324

FinaL Exam JUNE 9, 2020
2. Let
flz,y) = ze™.
(8) (10 points) Find the gradient of f. $ &
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(b) (10 points) Find the linear appla\mmtlon to f (1 y) at the point (1,0).
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(c) (5 points) Use the linear approximation to estimate f(1.1,—.1).
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3. (2 points each) True/False! Circle the appropriate answer.

No justification is needed here.

(1) For any two vectors 7 and @ 0 -4 = 4 - 0. /11?;) False
(2) If f(z,y) and g(x,y) are continuous at (a,b), then the func- | frie False
tion f(z,y) - g(x,y) is continuous at (a, b)
(3) For any two vectors @ and v, True

/False

{
@ x © = ||| - ||1] - siné),

where 4 is the angle between # and 7. \

(4) The z-component of a vector 7 always equals the dot product | Arue False

U-TL —

(5) A continuous function on a closed but not bounded region [ True’ False

in R? cannot have an absolute maximum and minimum. —

(6) The gradient of f is tangent to the level curves. True False
(7) The curvature of a curve in space can be negative. True Ealsé

(8) Let @, v, and w be three vectors all of whose components True False <
are integers. Then @ - (¥ x @) is an integer.

(9) For any two vectors ¥ and 4, ¥ X U = —i X U. True False
(10) If the limits of f(x,y) along all lines through a point (a,b) | True @ —
exist and agree, then the limit lim(z )b f(2, y) exists. o

(11) The cross product of two unit vectors that are not parallel | True w
is always unit vector. ~
(12) The set of points {(z,y) | 0 < 22+ % — 9 < 16} is closed. [ True (False
(13) A continuous function on a closed and bounded region has @ False
an absolute maximum and minimum. 7

(14) If a level curve intersects itself at a point so thaf. ‘there are ’@e False
two distinct tangent directions, then the point is a critical point

-
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4. Consider the hyperboloid of one sheet described by the equation
x? +y? — 22 =4,

(a) (10 points) The equation defines z implicitly in terms of z and y. Find
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(b) (10 points) Find the equation of the tangent plane at the point (2, -2 -2)
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5. Consider the function

flz,y) =o' — 222 + o' - 8.
(a) (20 points) Find the 9 critical points.
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(b) (7 points) For this function, what is’the discriminant D that plays a role in the

2nd derivative test? ? [ - ([ ’“)7
D‘,'- C nm‘want D = LA -
1’11: \2*x—\ %ﬁ: ‘ZD‘“’
‘p*;‘: O

D= ( \2x»q)(\7_g‘le)

(c) (3 points each) Find one local maximum, one local minimum. and one saddle
point for this function (you do not need to classify all of the critical points).
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6. Consider the contour plot of a function f(z,y) below (where the contour labels are the
larger numbers written in red next to the curves):

(a) (3 points each) The points labeled A, B, and C are critical points (and the only
critical points within the next closest contour). Classify them as maxima, minima,
or saddles. Briefly say how you know.
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(b) (3 points) Draw the gradient at the point labeled D. No justification is needed.

(¢) (3 points) What is the gl adlont at tho point labeled E? Briefly explain how you
know_fv___, - e
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7. Consider the curve given by

Fla) = <%,3sin (%) —3cos (§)>

(a) (5 points) Show that s is the arc-length parameter.
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(b) (10 points) Find the unit normal and curvature as a function of s.
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8. Consider the function

72

z? + 32

fle,y) =
(a) (5 points) Where is f continuous and why?
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(b) (10 points) Is there a value a such that the function

. A (@) #(0,0)
f(“"y)z{a* (#,) = (0,0)

is continuous? If yes, find it and show continuity. If no, show why not.
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9. A particle moves along the curve y = 23 — 4z, shown below. Using = as the pa A
find

(a) (5 points) The velocity of the partxcle

~k’ CAN
BN
ACDE = 5 Y=

PN(ﬁ “
r(y) 3 (y\ ' >
c‘ (4)~ (\,27\ 'L‘\)

V() = (\ B

(b) (5 points) the acceleration of the particle
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(c) (5 points) the curvature of the curve as a fun(‘tlon of z.
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(d) (5 points each) On the picture below, draw
vectors at (-1, 3) and (1, —3). Next to each

80€s up out of the page

the unit tangent and unit normal
point, indicate if the binormal vector

or down into the page.
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10. Let i = (3, -2 a), ¥ = (1,0,1), and 7 = (0,1,1).
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(a) (8 points) For what a is the vector triple product @ - (¥ x w) = 0?
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(b) (2 points) What does this mean for the parallelepiped spanned by #, @, and ?
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