1. (@) Consider the points A = (0,1,2), B = (2,2,3), and C = (-1, 3,4). Compute the vectors v= AB and w = AC.
(2 points)

(/;%-A:{Z,Z,S)—(UH)Z-):( Z|1)1)
C-A=(-1,3-10h2D= (-4,2,;2)

(2,12 etz )

(b) Consider the points D = (0,2,1), E = (1,4,1), and F = (3,8,2) and
the vectors a = (1,2,0), b= (3,6,1), and ¢ = {(2,4,1) as shown at
right. Find a normal vector n to the plane containing the points
D, E,and F. (3 points)
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(c) Let P=(2,-1,1) and u = (3,2,4). Find a linear equation for the plane that contains P and has normal
vector u. (2 points)

%(}(‘Z}-\' ch-ﬁ"lj) - LLCZ—-:L) =0
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Equation: | q) & ‘

(d) For two vectors vand win R3, which of the following does |v x w| measure? Circle your answer. (1 point)

* The length of v—w.
* (Lhe area of the parallelogram determined by vand w-)

* The volume of the parallelepiped determined by v, w, and v x w.




2. (a) On the straight-line segment between the points P = (1,3,-2) and Q = (4,-3,4), find the point R that
lies one third of the way from P to Q. (2 points)

P 0 2
N A R=x+5Px

< = (13,045 (41,53 4 -(7)
=034 (2 -6,6)
=(1,%,-Da ), 2,2 r=(2.1 .0 )
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(b) Let L be the line parametrized by r(f) = a+ tb for a = (1,0,2) and b = (2,-1,1). Find the point Q of
intersection of the line L with the plane whose equationis3x—-2y +z =14. (3 points)

Xsl=+724d vz O+ENt=-t 3=-2+¢
A Leze) -2(-t) + 24t =14
B+b6b4 128 «e2x€ 21
It %S =14

Q= % = [%J"—L 3D

£=1

e=(3.-1.3 )

Xy — xzy

3. Consider the functi 5 V) =
onsider the function f(x, y) X212

for (x, y) # (0,0). Evaluate [ l]in%[I mf(x., y) or explain why it does
X,y =,

not exist. (5 points)
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4, For each function

(@ -x*-y? (b) cos(x+y) () yze'x2
label its graph and its level set diagram from among the options below. Here each level set diagram consists
of level sets { f (x, ) = ¢;} drawn for evenly spaced c;. (9 points)
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5. (a) Compute the partial derivatives of f(x,y) = x3+2x y+y. (2points)

%= Y% -er

. 7xa?A

dy

(b) Consider the graph of f: R? — R shown o
at right. If P is the point (a,b, f(a, b)),
find the sign of each of the quantities be-
low. Circle your answers. (1 point each)

fela,b): positive Cuegative® 0

fyla,b): positive negative CO?

Duf(a b): positive 0
fxx(a, b): mv negative 0

Graphof f(x,y)

(c) Use the contour plot of f(x,y) shown at
right to estimate f(2,1) and f;(2,1). For
each, circle the number below that is clos-
est to your estimate. (4 points)

fan=F(z8)-f(ly)_ 1-(1)
2.3 1.4 [y
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fi2,1): -3 -25 -2 -15 -1 -05 0 05 19 2 25 3

fH21): -3 =25 g -1.5 -1 -05 0 05 1 15 2 25 3
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6. Suppose a function f: R? — R has f(1,2) = 6_(1’ 2)=-2, and a—(l,Z) = 3. Use linear approxima-
X y

tion to estimate f(1.1,1.9). (3 points)

£, IQ)N-FCJZ,)+-§:EC|7,)C 11-1) + 2% (zaJ(lv 2)
=20t E2) e 3(5L)

5-0.5 =4.5

fa119= 4.8

7. Suppose
fx,y): R°>R, x(s,6): R—R, and y(s,1): R—R

are functions. Let F(s, t) = f(x(s, 1), y(s, 1)) be their composition.

oF
(a) Write the formula for 35 using the Chain Rule. (1 points)
S

. 4E Do o 2RIy

5~ v 9% oy 0

(b) Suppose x(s, 1) =2s+ t and y(s, t) = s>t — 1 and that f(x, y)

has the table of values and partial derivatives shown at x,») | flx,y) g—f g—f
X
right. Compute %(2, 1). (4 points) 2,3) 0 3 Gy
) ) 2,1 2 -2 | -1
Ix _ 2 s - Sx 24 | 3 416
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Extra credit problem: Let E: R> — R be given by E(x,y) = 2x+ y?. Find a § > 0 so that |E(h)| < 0.01 for all
h = (x, y) with |h| < 4. Carefully justify why the 6 you provide is good enough. (2 points)

Tgke § = ‘_‘of,o R Y L1l = N llTw',
Hew | E Gey) l: ZZX'*YZ\ L 2lxl+y* < 2- 0w + L/’oﬁ
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