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i+ 3 is normal to the level

6 Fir=at a2 4 y2 = VF(§3F) = (4 —L\-)i+2yj](lﬂ )=
curve F (v, 3) = x4 =% + 37 = 0at (4, 4F). So the slope of the reuired normal ine i m = B2 Aandan
equation of the normal ine is y — 4 = —/3 (x — §) & 3 = ~/3x + 35 The slope of the required tangent line is
m:7%‘5:)g.mmanequmonui'mnmguuumisy—xil_:ﬁg(x—i)by:igx+ﬁg.
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0. Flx,y.2) =ayz +4=0= VF2,-1,2) = (i + xzj + 0k
equation of the tangent plane at (2, —1.2) is (x — 2) = 2(y + 1)
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=0 x — 2y + 2 = 6. Equations of the
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- (L‘Z + .)T? + 2) = 0. But (xg, . zo) lies on the ellipsoid, so the expression in parentheses is
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2 (x2+33 — 6y —2r+4p) =6y —6x+4=0

Sl =& (P 437~ 2+ 4y) =2x—6y—2=0
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Sox (0. 3) fiy (00,30 = 2 (6.1) = 2.6 = (=6)F = =24, Sim:D(% —i)=-24<0.we

) is a saddle point of f.

point of f. Next, D (x, ¥

conclude that (4, —4. -
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From the first equation, we see that

L& =5
J/F = 2x — 6. Substituting this into the second equation gives —x + 2 (2x — 6) = 0 = x = 4. Substituting
this into the first equation gives 8 — 6 = /7 => ¥ = 4, so the sole critical point of f is (4, 4). Next,

x 1\? ;
D,y = fix (5. 3) fyv (6,) = f, (r.3) = 2 (“)T) - ( ﬁ) - - g Sinee
D(4,4) = 37‘“ ~ 3t = 15 > Oand fux (4.4) = 2 > 0, the point (4, 4) gives a relative minimum of / with value
f@4=-12
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15. From the first equation,
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= —(xv-=-2)=
e\ x oy
¥ = —=, and substituting this into the second equation yields x (-i,) F4-0e4 (1 +x3) —0=x = -l
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Substituting into the first equation gives y = —2, so (1, ~2) is the only critical point of f. Next, frx (x, ¥) = 7%.
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Sey (x,3) = Loand fiy (x,3) = Btk Dix.y) = fux (5.3 fi (x3) = f3 Gry) = i 1. Since

D(~1,-2)=3 > 0and fex (~1,-2) = 4 > 0, the point (—1, —2) gives a relative minimum of f with value
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33. Since fx (x,¥) = % (2x + 3y — 6) = 2and
Sy (%,) = & (2x + 3y — 6) = 3 are never equal to 0, f has no critical
point on D.
Onl),x=2andy =y,s0g(y)=f(2,y)=3y~2for-2<y<3.
We see that g has an absolute minimum value of —8 at (2, ~2) and an

absolute maximum value of 7 at (2, 3).
Onfy,x =xandy =3,50h(x) = f(x,3) = 2x + 3 for0 < x < 2. We see that » has an absolute minimum value of 3 at
(0, 3) and an absolute maximum value of 7 at (2, 3).
Onf3,x =0andy = y,s05(y) = f(0,y) =3y — 6 for -2 < y < 3. We see that 5 has an absolute minimum value of
~12at (0, ~2) and an absolute maximum value of 3 at (0, 3).
Onlg,x =xandy = —2,501(x) = f(x,—2) =2x — 12 for 0 < x < 2. We see that 7 has an absolute minimum value of
~12at (0, ~2) and an absolute maximum value of ~8 at (2, ~2).
The extreme values of f on each boundary of D are summarized below.
4 (5] 5] ly
x.y) 2.-2) [ 2.3) [ 0.3) | 2.3) | (0,-2) | (0,3) | (0.-2) | (2.-2)
Extreme value =8 7 3 7 -12 3 -12 -8
We see that / has an absolute minimum value of f (0, —2) = —12 and an absolute maximum value of /(2,3) = 7on D.







