0CT-01-2008 WED O7:
_ - b4 AM HCC BLDG. 15 FAX NO. 206 870 4803 P, 01/04
—————""" 14 | SAMPLE EXAMSOLUTIONS
SN = A
@ 0 fEy=t = S=EREl @ IEN=T = x14* =9

M) flx,y) =1 cansists of a single point (0, 0). Otherwise, k& < 1 always gives the circle x* + ¥ o=

1—1/k.
- () ! = | for any point (x, v}, since x2 .+ vl‘—i—] =1
. x2'|"y2+1_ : YP s KA E =

2. Ves. On the left-hand side we get (2x + )2y c0s (xx?) sin (xy*) and on the right-hand side we get
(2x + y)2v cos (x?) |sin x)?|, so these are equal for sin (xy*) = 0.

3. Yes. Therc are many examples of such functions. One which works for Alxandyis f(x,p)=¢€" - e,
which has fr = e and fy = _e~¥. A good strategy isto write f (x,¥) = g (x}+h (), where g’ (x) = 0,
n(y) <0
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5. fix,»)=x> 4 xy + 37 on the disk {(x,y) | X7 4 v = 9}.
Vi lx,y) = (2x 4 Y2y +x) = (0,00 & y=-=2yandy ='—2y & (x,¥) = (0,0). Sothe
minimum value on the interior of the disk is J0,0y=0.
Using Lagrange multipliers for the boundary, we salve Vf=AVgwhere g(x,y) =x24 2 =950
Wy =A2r = =1 +r/Qx)and 2y +x = A2y = A = | +x/2y = ¥ =yt
But x* + ¥ =0, 50 232 = 9 = » = :I:% and y = i'\%i' Thus thé maximum value on

the boundary is 7 (-\%; 733-) = f (—%, n%) = 2 and the minimum value on the boundary is

3 3y (3, 3Y_ 9
I=%)=7(-33)=4
The absolute minimum value is F(0,0) = 0 and the absolute mavimum value is 7 (%, iz) ==

f; + l:; +22%, 50 Vg = (% % 43) and Vg (\/E V2, 0) - (% 71'2' 0) whichis

normal to the surface. So the tangent plane satisfies % - A & and goes through (\/5, V2, 0).

V2

6. (a) Letg (x,p,2) =

|}
Thus & = 1 and the tangent plane is % -+ % =1,

(b) Since this is a maximum value of 7, the tangent plane is horizontal, that is, z = ﬁ Analytically,

Ve (0, 0, ﬁ) = {0, 0, 2«/'5), so the tangent plane is 24/2z = 2 or » — 3%

7. Ellipsoid for k = —1, single point (0, 0, 0) for & = 1, no surface for k=2,

B. (a) F R B —
O

(b) = = 01s the only place where £ (x, ¥, 2) = 0. So there is no energy on the xy-plane.

(€) Flx,y,2) = 1gives 1 = T2 os 0z =1 +4x% + 32 acircular paraboloid.

1-x2 )

“1
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x4y
) + )
e @ @O =1
(i) S (1, —1)
(i) £ (=1,1) =
(iv) F (=1, -1 =~1

9. fx.y)=

0
]

(b) No, the function does not have a limit at (0, 0), since if y = —x, then J (x, ~x})=0and ity = ¥,
x
(x,x) = — = 1.
! ) x|
2x? + 3.}:2 .
.f‘ .
10, F(x.») = x—y if v #
v ifx=y o .
(0= (0,00 T .26t
) = : = =i =lim2=12
(2) £ (0.9) 11:12]0 h l‘:l—% h a6 72 )
.y 3y? ,
(b S0, ¥)= = =3y = g (). Then f, (0,0} =g (0) = —3.

11. A counterexample is f (x, ¥Y = x? + 3. For this function fx (0,00 = (0, 0) = 0; f(0,0)=0and
£ (x.y) # 0 for (x, ) # (0,0)-

12, x* +y° +z2=9
(a) The tangent plane at (3,0,0)isx = 3.

(b) Letg(x,y.2) = 2424z Then Vg = (2x. 2, 2y and Vg (2,2,1) = (4,4.2), which is normal
to the surface. So the tangent plane is 4x + 4y + 2z = k and goes through (2,2, 1), so k == 18, and

{he tangent plang is 2x + 2y -2 =

13. Fleyy =7 L) =7 fr,y)=—""
L@, = f(n2,In2)+ fr(n2,1n2) (x - In2)+ £, (In2,1n 2) (v — In2). Bothe linear approximation
is f(In240.1, n2 4004y = L(n2+ 0.1,In2 4+ 0.04) = 1 +1(0.1)—1(0.04) = 1.04.

14. (2) vfe =y [g (8% +7) 2x] = 2xye’ (x2 + 32,y = [& (& + ¥y 2y] = 2evg (3 + 57

(b) The maximal increase is in the direction ofu = (Eg’ 2y, 2g’ (2‘)), which is the same as that of
w={1, 1.

15. (1) True; the partials are continuous.
(b) True (in fact the plane is z = 0}
{c) False; if they were continuous, then we would have fey (0,0) = Fox 10, 0).
(d) False; the linear approximation is L{x,yy=0.
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16, u=(1,0),v= (
@) Vi (a,b) =7

3

S5 Dulf @,6) = 3 a0d Dy (f (@, b)) = v -
Sl and (fi, Al w=3 = fi=3.f, ) v=vE = Lo 5

u,w—

= w\/" = 3+fa=2 = f=-1SVS(ab) =3 -1

kt

3

(b D (f (a. b)) is maximized when w is in the direction of (3, —1). So W= (775 T/JT_B') and since
W= Jg = 5% Du (/0. 8) = 2Dy (/ (a, D)= 7D (f @ b)) = J-3— L I D
(€) Dw(f(a,b)) =0ifw. {3, —-1) = 0,, 80 3] — we = O and wl + z02 = | pgives w]2 -+ 9:0,2 =1,
. - _3 (L 3
) = Wit and wa = T sow = (m, «/ﬁ)

17. Since 1 is a function which is constant on circles x2 +3? = R and since J' iz decreasing as the radius of

_'.H;

the circle increases, then the maximum is S(0,0) = I and the minimum is F4,3) =

1 1 1
18. Let d° = x2? ¥ + 22 and minimize 2 subject Lo the comtmmt — = + —=1,x, 1z =0 The
X oy ‘

method of Lagrange multipliers gives the point (3, 3, 3).
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