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1. (a) Find and sketch the domain for f(x,y) = /y —x—2.

Solution:
Domain: all points (x,y) on or above the line

y=x+2

o

p.753,prs

- . xXy—y—2x+2
b) | 8 points lim ———— =%
® oy~

x#£1
Solution:
g yoy-xm+2 L (=D-2)
(xy)—(L,1) x—1 (xy)—(1,1) x—1
x#1 x#1
= lim (y—2
(X-,y)ﬁ(l:l)( )
= (1-2)=-1
p.762, pr.15
- . xX—y
¢) |9 points lim x,y) = =?
Solution: Along y = kx, we have
im =Y I (kx)
(x)=(0,0) X+ (x,kx)—(0,0) x + (kx)
RTINS et
014k
11—k
 1+k
Different limits for different values of & so the original limit DOES NOT EXIST.
p.762, pr.45
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1 d
2. (a) Suppose w = f—&—f x = cos’t, y—sm t,and z = n Find [dv;]t3.
Solution:
dw 1 dw 1 dw —(x+y) dx dy dz 1
=, — =—-722 — — Dcostsint, — = 2sinfcost, — = ——,
Pl M 2 ” cosrsint, — sincost, — 2
dw 2 . . x+y  cost+ sin’t
= ——costsint + — sinf cost + =
dt z 22t? (L) (12)
12
Xy cos’t N sin’ ¢ . dw .
w= - -—= = _—
1 1
2z (1) (%) dt
d
d‘:} (3) = 1 p-790, pr.15
d d
(b) If w=1In(x> +y> +2%), x = ue’ sinu, y = ue’ cosu, z = ue", find a—v: and a—v: at (u,v) = (-2,0).
Solution: We will employ the Chain Rule formulas. But first, we compute the first partial derivatives.
dw 2x adw 2y adw 2z dx Vsinu+ ue” cos
ow , — = == —sinutue u,
ox  xX2+4y2+z27 dy xK24y2 472 dz X4y’ 42 du
d d d d d
8—2 =e¢"cosu —ue’sinu, a—fl =" a—)‘f = ue’sinu, c% = ue’ cosu, észz = ue".
ow 8w8x+8w8y ow dz
du  dxdu dydu 9z du
ow 2x ) 2y . 2z
3 = <xz+y2+zz) (¢"sinu+ue’ cosu) + (W) (e"cosu—ue"sinu) + (szrszrZz (e")
2ue’ sinu v
= e"sinu+ ue’ cosu
<u262" sin® u + u2e? cos? u + u2e?” sin2u> ( )
2ue” sinu g
+ e’ cosu—ue” "
(uzezv sin® u + u2e? cos? u + uze?” sin2u> ( )
+< 2ue sinu ) @)+ 2
A
u2e? sin” u + u2e?’ cos? u + ule?' sin’ u u
dw  dwdx Jdwdy Jdwdz
dv. dxdv dydv dzdv
aw 2x b 2z .
— = | 5—5— ) (ue’sinu e’ cosu) —————— | (ue
v <x2+y2+zz)(u )+ < +y + 22 ) (u <x2+y2+12 (ue)
< 2ue’ sinu >( )
= ue’ sinu
2¢2vsin® u+ ue? cos? u + u2e? sin’ u
+( 2ue sinu )( , )
ue’ cosu
u2e?” sin” u + u2e?’ cos? u + ule? sin’ u
2ue” sinu
+ ue’
(uzez" sin?u + u2e? cos? u + ute?” sinzu) (ue”)
= 2; w=l (uzez"sm u+u*e? cos? u+uzezv) In(2u?e®)
d 2 40
— 2 2hmut2v= == Wy
du u dv
ow 2 aw
At (—2,0), h —=—=—land — =2.
(—2,0), we have = 3 and —-
753, pr5

3. (a) Find the derivative of f(x,y,z) = xy+ yz+xz at Py(1,—1,2) in the direction of A = 3i+ 6j — 2k.

Solution:
o A 346 P
A \/(3)24—624—(—2)2 7 7

—j—

2
ks fileyz) =y+z= fill

’_1’2) = 1’ fy(xyy,Z) =x+z=
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3 18
fy(l,—1,2):3;fz(x,y,z):y+x:>fz(l7—1,2):O:>Vf:i+3j:>(Duf)p():Vf-u:?—i—? 3.

p.790, pr.15

(b) Find the directions in which f(x,y) = X2 +xy+ y2 increases and decreases most rapidly at Py(—1,1). Then

find the derivatives in these directions.

Vf —i+j 1 1
Solution: Vf = 2x+y)i+ (x+2y)j=V —it+j=u= = = ——i+—j;
S = Grrit e 2= VAL = ViSO VA vl
1
f increases most rapidly in the direction u = \[ \[J and decreases most rapidly in the direction

1, 1.
—u= \ﬁl_ EJ,
(Duf)p, =Vf-u=|Vf|=v2and (D_uf)p, = —V2

p.791, pr.19

(©) In what direction is the derivative of f(x,y) = xy+y* at P(3,2) equal to zero? Give your reasons.

Solution: Vf = yi+ (x+2y) = Vf(3,2) = 2i+7j; a vector orthogonal to Vf is v=Ti—2j = u= ﬁ =
v
7i— 2J 7 7
an = are the directions where the derivative is zero.
V(7 \/ \/ J \/53 \/53']

p791 pm

4. (a) Suppose X2+ 2xy — y2 +2z*>=17. Find equations for the (a) tangent plane and (b) normal line at the point

Py(1,—1,3) on the surface.

Solution: Let
F(x,y,2)i=x"+2y—y +2° =7

so that
VF(x,y,z) = (2x+2y)i+ (2x — 2y)j+ 2zk

and VF(1,—1,3) = (2(1) +2(—1)+2(3))i+ (2(-3) —2(2) +3)j+ (—1)k = 4j + 6k. Hence
1. the equation of the tangent plane at Py(1,—1,3) is
0(x—1)+4(y+1)+6(z—3)=0
or2y+3z=7
2. Similarly, the equations of the normal line through Py(1,—1,3) are

x=1,y=—1+44t,z=3+6¢.

p-799, pr.4
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(b) Find all the local maxima, local minima, and the saddle points of f(x,y) = x> —y? —2x+4y+6.

Solution: We first compute the partial derivatives: fi(x,y) =2x—2 =0 and fy(x,y) = —2y+4 = 0. Since both
partial derivatives are defined for all (x,y), the critical points are solutions for the two equations

fi=2x—2=0
and
fi=-2y+4=0.
Hence x = 1 y = 2, critical point is (1,2);
for (1,2): fue(1,2) =2, fiy(1,2) = =2,
fo(1,2) =0= foefyy —f)fy = —4 < 0= SADDLE POINT

p.808, pr.9




