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Partl
21. See Theorem 15, Section 14.6, p. 939 and Theorem 3, Section 16.5, p. 1092 of text.
Part Il

22. f(x,y) = x* = 3xy + y3. f, =3x% =3y, f, = —3x + 3y

Setting f, = 0 and f,, = 0 gives two critical points, (0,0) and (1,1).

The discriminantis D = fiyfyy — i = (6x)(6y) — (=3)2.

At (0,0), we have D = —9 < 050((0,0) is a saddle point of f.

At (1,1), we have D = 27 > 0 and f,, = 6 > 0 so|f has a local minimum at (1,1).

23.

2 2 5
f f f rdzdrd6 = 8w
0 0 J1+71r2

24. a. |f(x,y) = 3xy + 2y2.

b. £(0,2) — £(1,0) =8 — 0 =

8

c.x=1—-t,y=2t,0<t<1,dx=—dt dy=2dt

f F- drzf 3ydx + (3x + 4y)dy
C C
= [, 32D+ (311 —t) +4(20))2dt = [, 6 + 4t dt =

co

30 T = —60x
X7 (1+x2+y2+422)2’

25. T(x,y,2z) =

_— with similar formulas for T,, and T,.
1+x2+y2+z2’ y z

The rate of change of temperature at the point (1,1,1) in the direction of (2, —2,1) is
5

1 —60 1
Vr(1,1,1) - -(2,-2,1)=—(1,1,1) - 5(2,-2,1) 5 ——
WL 3221 = T—(111) 32, -21) 5 -7

i.e., the temperature is decreasing at 1.25° C per meter.



b. [, 2ydx—2xdy

21w 5
=-ﬂ;nterior of C —4dA = fO fO —4r dr df =
—4(Area of circle of radius 5)= -100m.

c. is not conservative because the
integral of F around the closed curve C is not
zero.

27. The mass of the wire in grams is

m = [ 0.1V1 + tZ/(=2sin(6))2 + (2 cos(t))? + 12 dt = [; 0.1V1 + t2V5 dt = 1.366.

28. The mass of the solid in grams is

m = fozn f05f03 2p p?sin(@) dp do d6 =|81m.

29. Let S be the given surface. A parametrization of Sis r(x,y) = {(x,y,3 —x — y), for (x,y) in
the region D givenby 0 < x <3and0 <y <3 —x.

i S ) ¥’

r, =(1,0,-1), r, =(0,1,-1), r, X ry, = (1,1,1) (which is upward).

F-dS = Uy, 2x,3—x—vy)-(1,1,1 X = T3 4x x =|18.
CFeds= [0 [y Y- (L) dydx= [ [7 "3+ xdyd

30. Let D be the region enclosed by S. By the Divergence Theorem, the charge Q is

go [ff, divEdV =g, fozfoz f022 +1+3dzdydx =|48¢,.




