Solutions to Exam 2

L. Vf = (2zy,a°,22¢7). Vf(P)=(-4,1,2)
Daf(P) =Vf(P)- |%| = (—4,1,2e¢) - <?:/11,7§> — 415/—1%13_,
The most rapid decrease is in the direction —V f = (4, —1, —2e).

2. The boundary of the region over which we integrate is the intersection of
the two surfaces. A quick look at the surfaces in question tells us that polar
is the easier way to integrate with. Set 472 = 20 — r2, so r = 2. Thus the
volume is:

2 2 2 2
V= / / (20 — 72) — 4rH)r dr df = / / (20r — 57r°) dr df = 40m.
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3. VF = (ze"*,3y?2% 2y32 + xe*?). VF(P) = (2,3, —2 + 2¢?), which is the
normal vector of the plane. Therefore the equation of the plane is:

ez —2)+3y+1)+ (2> =2)(z—1) =0.

: of _ a afdy | 8
4. By the chain rule a—£ = a—ﬁ‘g—’g a—ia—ls’ + a—ﬁ%. So:

9, 1
0_£ — ((3$222) cos (2327 + y5)t65t+t2) + (5y4 cos (232 + y5)g>
+ (22°z cos (2°2° + y°) sec” (s + 1)) .

5. f(x,y) = 2* + % and g(z,y) = 322 +y — 4, so Vf = (2x,y/2) and
Vg = (6x,1). So we have the system:

322 +y=4
2x = 6)\x
v _
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The second equation tells us either x = 0 or A = % If z = 0, then the first
equation tells us that y = 4, so f(0,4) = 4 is a possibility for the minimum.
If A = %, then the third equation tells us that y = %, and the first equa-
tion tells us that z = j:@. Plugging these two solutions into f, we get

f <:|:@, %) = %. So of the three solutions, the absolute minimum is % at
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7. We solve the system:

fo=—622+24=0
fy=2y+2=0

The first equation tells us that x = +2 and the second tells us that y = —1,
so there are two critical points (£2, —1). For the second derivative test, we
find foo = =122, fo, = 0, fyy = 2, 50

Az, y) = ‘ —BQx g ’ = —24z.

Since A(—2,—1) > 0 and f,,(—2,—1) > 0, (—2,—1) is a local minimum.
Since A(2,—1) <0, (2,—1) is a saddle point.

Since lim f(z,y) = —o0, f(x,y) has no absolute minimum.

Since lim f(z,y) = oo, f(z,y) has no absolute maximum.



