Problem 1. For each of the following examples, find Dyuf(P).
a. fy) =2y, P=(0,-2)
1. u in the direction of (1,3)
2. u in the direction of maximum rate of change
b. f(z,y) = c*siny, P = (1,7/2)
1. win the direction of (~1,1)
2. uin the dircction of minimum rate of change
c. f,y) =z P=(1,0)
1. u in the direction of (0,1)

2. u in the direction given by rotating Vf by /2 counterclockwise

d. f(z,y) = /2> + 2y at (4,10)
1. u in the direction of (2,0)
2. u in the direction given by rotating V f by m/2 clockwise
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Problem 2. The figure below shows the graph of £(z,y) on the domain 0 <z < 4 and 0 < y < 4. Use the graph
to rank the following quantities from smallest to largest: f5(3,2), £ (1,2), f,(3,2), £, (1, 2),0.
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Problem 3. The figure below shows a contour plot of f(z,y). Use the contour plot to determine the sign (positive,
negative, or zero) of f(P), fy(P), foz(P), fyy(P); fay(P).
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Problem 4. Consider the following functions. Find their critical points and use the Second Derivative Test to
classify them.

a flz,y)=y* +ay+3y+2c+3

b. f(z,y) = 2% +2y* — 2%y
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Problem 5. Find the global minimum and maximum value, as well as the location of where they occur, of the \ L‘
function f(z,y) = 3y — 2z constrained to the region bounded by y =22 — 2 and y = . -
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Problem 6. A food manufacturing company is planning to make cans in the shape of circular cylinders with a
volume of 10 cubic centimeters. In order to save on the cost of labels (on sides as well as tops and bottoms), they
would like to minimize the surface area of the can. Use the method of Lagrange multipliers to find dimensions
(radius = and height y) that fit these requirements.
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Problem 7. Let f(z,y) = 22 + 4y* — 2z + 8y. Use the method of Lagrange Multipliers to determine the extreme
values of f under the constraint that z + 2y = 7 and z,y > 0. In the figure below, label the z value of the level
curve tangent to the line z + 2y = 7 and sketch in a vector in the direction of the gradient of f at the point where

that level curve and line meet.
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Problem 8. Consider each planar region R described below. Set up double integrals [, 1dA for the area of R in
two ways: using dA = dzdy and dA = dydz.
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Problem 9. For cach description in polar coordinates below, make a sketch of the given region.

ar>3
b. —m/2<0<w/4

€ 1<r<237/4<9<Tr/d

variables r and 6.

Problem 10. For cach region in the zy-plane described below, express it using inequalities involving the polar

a. The bottom half of the unit disk (centered at the origin)

b. The right half of the annulus with inner and outer radius 4 and 9 (centered at the origin)

c. The quarter of the unit disk in the third and fourth quadrants between the lines y = +z.



