Question 1. (15 points total)
Suppose you have a suitcase with dimensions 4 = height, w = width, / = length that you’re about to check in
at the airport. When you check the suitcase, its dimensions are A= 2, w = | and ] = 4 (all measured in feet),

but it’s a bizarre suitcase whose dimensions are all changing with time. Suppose at the instant you check the

suitcase 9?‘— = E‘Z = 0.1 feet/second, and that ﬂ = —(.3 feet/second.
drdt dt

(a) (5 points) What is the rate of change of the volume of the suitcase when you check it in?
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(b) (5 points) What is the rate of change of the surface area of the suitcase at that same time?
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(c) (5 points) Is the length of the suitcase’s main interior diagonal increasing or decreasing when you check
it?
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Question 2 (16 points total)
Let f(x,y)=x* +xy* and let point P =(-1,2).

(a) (4 points) In what direction does the function f(x,y) increase most rapidly at the point P? Give a unit
vector # for your answer. TE = <A+ 4, lxj>
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(b) (4 points) What is the directional derivative D, f(~1,2)? (where # is unit vector from part (a)).
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(¢) (4 points) Find a vector v tangent to the level curve of f(x, y) through the point P.

A TE(1,2)
Y_ & . 29,079 = [per-p &

P V-p(-!,l) - ’C‘h-jan‘}‘ $a L?-u?./ CuriAi. =5§

V{j :q 1 “}b JQ-I/{. r Cw r—u-e_) LC& t‘:r\_\j J-L;C,_L\

V.. smeh a8 Y, AD> ar 0> e /L AD
(d) (4 points) Give a descnptlon of all the points in the xy-plane at which there is no increase or decrease in

the value of f(x, y) in the(t] l) direction.
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Question 3. (15 points total)
Consider the function f(x, y) = x* — 2xy+ 2 y2 +2x. Find the absolute minimum and maximum values
2

of this function on the square region with vertices (0,0), (2,0), (0,2) and (2,2) (where the region includes both
the square’s boundary and interior points). Find both the minimum and maximum values, and the points
where these min and max values occur.

’ X S et Y (,r'-.'L'Lx, F-ﬂ""‘h
—3 3% \C" *Cé_k',j)'_ V"r:’ (1){_;‘j+l'-l¥4%>

bJLU“ < V-C“ = <O')O> —Z’mx-}:; =0, ‘Fmﬂ
Se \? -'=D\:(/
Se f“g Lw@lt‘ Iﬂ‘}‘\ 'h\’-alj -{-.)\
2eT Xy — ZL/JLX) +1 O — -yt =0
< 3 ::“/ Pz .j:. ;
. aﬂ{j C_n\-;‘\cén( PO ;.\:‘{’ .
st s P””‘+ ‘(\(',l):f-"fal'if-/-tl_—.]
bix
j\l‘r’"" QLLGLQ M“\/M‘\Y TaN éau-u.!-.f‘jj : L7 Ex
o~ Lj i X, 6y osxx) L,

€(x,0) = x*42y %—‘Erlxﬂi)‘:o ) "

l
O‘—‘\\f" (s T %
G Ll ' <:2’ j> OS‘j:S)\ c{\ )e_

—C‘Cl,j):"f‘-‘fj‘*'fg_ﬂl*'q a"_E____‘-{+j =a b b 3::‘7‘
A'J’ = r"'r\:)Q__
on L3t <xad>  esx )
féx,n) = x> -4y + 2 +2x §=lx-—l =0 uhen v o
*

aimJﬁ o) /\,q)
sm Ly ! <0,9>  esy<gy

4‘[0,3)?— é‘_ A J{: 5 =0  wthen =0, e A CGJG
7 g—ﬂ \j = "‘-Bur‘// r_LL.-_lJ(’

Wow  check Flag) ot bowdeas o Lo o e
at” (0,0) (o) (x,0) £3x)
{lo0)so )=y {lne) =% Pian) =,

Bt e Aoy at (l}a) \/‘*HW’L ::."T/ it &l (0;0) V.T!MQ_‘ =



Question 4. (20 points total)

Find the coordinates of the point (or points) on the surface z’ = x” + y* + 8 that are closest to the plane
ax, + by, +cz,

x+ y+ 2z =0. To do this you can use the formula M
va* +b +c

for the distance of a point (x,,y,,2) to
the plane ax + by + cz = 0. Note that minimizing w* is equivalent to minimizing |w|
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Question 5. (20 points total)
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(a) (10 points) Evaluate the double integral | |
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(b) (10 points) Evaluate the double integral j j cos(x? + y*)dydsx.
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Question 6. (14 ponts total)

Let R be the triangular region in the xy — plane with vertices at the origin and at (2 2) and (2, -2). Find the
volume of the region in 3-space above R and below the surface given by X4zt = 4
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