(1) Suppose that the function f(z,y) = 2® + 2z + y? + 1 gives the temperature at the point
(z,y). Let B be the disk of radius 2 centered at the origin, i.e., B = {(z,y) | % +? < 4}.

(a) Find the maximum and minimum values of f restricted to the disk B.
{g%/ ‘Q«J -l/lll‘. ent. /17[5 % ‘F V\Cz @x 1“9\/47) *ﬁ/‘/aﬂ fx/‘rﬁ/ 04}
28 cr't 6:-/ s O).

C,‘p [ }: J(- g:
a\ ‘/ use L‘vj/"ye— e /Ad/r% to 1<\\J ﬂdS/é/c erbp s on éaﬁqd7 .;& j&J A J 7
/ j = (JX,JJ) - never O on j L/ S& Sé/V(/' V'F: /{ P& Oﬂj_ (/ .

o\j:f{%j,&v(. X"j -9,

= o, =td.,
) af‘/("/, /(f}’ y P~ X

N to = /{JX
" ’ (6 A3l 1 fo<}=c))(/0f

Jd=O —~Nno §°/u\\ So seks. e ’(:’i@—

{ (o) = (Htort=0 & minlmam velae

M‘K(‘m«m velne

'{\/0)10) = Y+yrotl TN E
£(-30) = g~ ro+l=(

(b) If you start at the point (1, 0) and move northeast at unit speed, how fast is the
temperature changing?
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(2) A city occupies a semicircular region of radius 5 km bordering on the ocean. Find the
average distance from points in the city to the ocean.
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(3) State whether each of the following is true or false. If it’s false, explain why or give an

example showing that it’s false.

(a) If f(x,y) = k for all points (z,y) in a region R, then // fdA =k - Area(R).
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(b) There is a function f with ||V f|| =4 and f; = 5 at some point. e
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(c) There is a function f with ||V f|| =4 and f; = —3 at some point.
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(d) Let p(z,y) be the population density of a city, in people per km?. If R is a region in
the city, then / / f dA gives the average number of people per km?.
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(e) Let f(z,y, z) be a continuous function. If W; and W; are solid regions with volume(;)

> Volume(W(}\), then // - fdv > // - fdv.
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(4) Let f(x) be a smooth function of one variable. Define the function g(u,v) to be f(uv?).

Find g,, and g,, and show that they are equal.
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(5) Let @ and ¥ be two 3-dimensional vectors lying in the zy-plane, with an angle of 45° between
them. If ||@]| = 3 and ||7]| = 2, find the following:
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(6) The mass (in kg) of a melting block of ice is given by S(z,t), where z is the initial mass of
the block and ¢ is the number of minutes since it was taken out of the freezer.
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(a) What are the units of o Do you expect it to be positive or negative? Why?
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(b) What are the units of E? Do you expect it to be positive or negative? Why?
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(7) Wilma Whale is swimming in the ocean. The density of plankton, her favorite food, in
grams per cubic meter, at the point (z,y, z) in the ocean, is given by a differentiable function
f(z,y,2). From Wilma’s present location, the plankton density decreases most rapidly in
the direction of the vector (2,3,6). The rate of change in that direction is -14 grams per
meter?.

(a) At what rate is the density changing if she moves straight up (i.e., in the & direction)
at 3 meters per second?
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(b) Now assume that Wilma likes the plankton density just the way it is at her current
location (any lower and she’d get hungry, any higher and it’d stick in her teeth). What’s
a direction that she could move in without changing plankton density? (There are lots
of possible answers, but “she should sit still” doesn’t count.)
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(8) T've decided to open a Krunchy Kream donut franchise in Springfield. I’ve determined that
z—1
e
2y
where z is a measure of the deliciousness of my donuts and v is a measure of the deliciousness
of my competitors’ donuts.

my profits (in millions of dollars per month) will be given by the function f (z,y) =

(a) Find an equation for the tangent plane to the graph of f at the point (1,2,1/4).
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(b) Use linear approximation to estimate my profits if z = 1.2 and y=1.9.
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EXTRA CREDIT (5 pts) Draw the monkey in his saddle.




