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e Show all work clearly and completely. You may lose points for incorrect,
incomplete, or unclear work, even if your final answer is correct.

e Do all work in the space provided, or, if extra room is needed, continue
your work on the back of the exam pages, being sure to indicate clearly
where the work is. Put your final answer in the box. Extra paper will
not be accepted.

e This exam has 8 problems, each of which is worth 10 or 15 points.

e You may not use notes, books, or each other.

1. (10 pts.) Let f(z,y,2) = (z + y) ™2 + sin(7 2).

Find the gradient vector vf (z,y,2) at all points and the linear ap-
proximation to f near the point z =1,y =2,z = —1.

,Q% _ /7,(7""9)/;) %c /7,(”\3)/3) (z-,ﬂ o (m,)
0] = 2y T 2+ (TP

p (b)) %: 2 (37T 2 (V7Y Hm :(a»))ﬁ

fuy1) = 3tro-= Va




POONCT  fue

J

2. (15 pts.) Ifu(z,t) = I/’_T—t e /M) find uy — Ugg. @
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3. (15 pts.) (a) Suppose h is a function of the variables u,v, and w, @
say ai': g(u,v,w) and that each of these three quantities u,v,w is
a function of z,y. Express %’—‘ % in terms of the derivatives of g and
those of u,v,w. DO NOT PUT THIS ANSWER IN THE BOX,
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(b) If h = In(u® +v? +w?) and u =z + 2y, v = 220 —y, w = 22y,
find %, g—’; at the point z = y = 1. PUT THIS ANSWER IN BOX
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4. (10 pts.) (a) Find the derivative of the function flz,y,2) = x%+y2+z4
at Py(—1,1/2,1) in the direction of the unit vector U= :11%7&
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(b) Find the direction(s) in which the same function f is increasing
most rapidly at the same P, and find that rate of increase.
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5. (10 pts.) If r = Va2 + 42, 0 = arctan(y/z), express the differentials
dr and d0 in terms of dz and dy.
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6. (15 pts.) (a) What are critical points of a function f(z,y)?
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(b) Describe bricfly why critical points are the only candidates for local
maxima or minima (Hint: what is excluded and why?)
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(c) How do you decide if a critical point is a local maximum or mini-
mum?
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7. (15 pts.) Find all the local maxnna local minima, and saddle points
of the function f(z,y) = é2/2)+ cos(z) for —m/2 <z < 37/2.
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8. (15 pts.) (a) How are level seté related to the gradient vector field?
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(b) Given the level sets picture below, sketch the gradient field on it
paying attention to where the gradient is large and where it is small

and to its direction. bncAnde e foesd eom\j rmadeed.
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