Solution
12.3~14.5

12.3

42. |a] = /1 + 16 + 64 = +/81 = 9 so the scalar projection of b onto a is comp, b = a\+a|b =Li(-12+4+16) = 2, while

I . . a-b) a
the vector projection of b onto a is proj, b = (W) o= 8. 3(-1,4,8) =& (-1,4,8)=(-£ £ &
N . a-b_ 54+0-3 2 .
4. |a| = /1 + 4+ 9 = /14 so the scalar projection of b onto a is comp, b = W = m\/T = \/ﬁ while the vector

projection of b onto a is proj, b = \%% = 721—4‘711—4 (i+2j+3k)=2%(+2j+3k) :%iJr:?:jJr%k.

12.4
ij k
2 -4 0 —4 0 2
Jaxb=| 02 —4|= - j+ k
3 1 -1 1 -1 3
-13 1

=[2-(-12)]i—(0—4)j+[0— (-2)| k= 14i +4j + 2k

Since (a x b)-a=(14i+4j+2k)-(2j—4k) =0+ 8 —8 =0, a x b is orthogonal to a.
Since (a x b) -b = (14i+4j+2k) - (—i+3j+k) = —14+ 12+ 2 = 0, a x b is orthogonal to b.

M- xk-1)=>(—-1) xk+(j—1i)x(-i) by Property 3 of Theorem 11
=jxk+ (-i) xk+jx (—i) + (—i) x (=) by Property 4 of Theorem 11
=(xk) +(-1)({ixk)+ (—1)(j xi)+(~1)*(ixi) by Property 2 of Theorem 11

=i+ (-D)(-)H+(-(-k)+(1)0=i+j+k by Example 2 and
the discussion preceding Theorem 11

27. By plotting the vertices, we can see that the parallelogram is determined Y
— . B(—1,3)
by the vectors AB = (2,3) and AD = (6, —1). We know that the area R R s, )
of the parallelogram determined by two vectors is equal to the length of -;"
the cross product of these vectors. In order to compute the cross product, s
) — o AC3.0) 7 x
we consider the vector AB as the three-dimensional vector (2, 3,0) -—\‘5(';‘ )

—_—
(and similarly for AD), and then the area of parallelogram ABCD is
i j k
—_—  —
‘ABXAD =2 3 0|=|(0-0)i—(0-0)j+(-2—18)k| =|-20k| =20
6 -1 0



—
30. (a) PQ = (1,2,1) and P_Ié = (5,0, —2), so a vector orthogonal to the plane through P, ), and R is
PQ x PR = ((2)(=2) — (1)(0), (1)(5) — (1)(=2), (1) (0) — (2)(5)) = (—4, 7, —10) [or any scalar multiple thereof].
— — — —
(b) The area of the parallelogram determined by PQ and PR is ‘PQ X PR| = [(—4,7,—10)| = +/16 + 49 + 100 = /165,

so the area of triangle PQR is 3 v/165.

33, We know that the volume of the parallelepiped determined by a, b, and c is the magnitude of their scalar triple product, which

6 3 -1

) (b ) 0 1 o 612 0 2 0 1

sa-(bxc)= = - + (—1 =6(5+4)—3(0—8)—(0—4) =82,
D R g5 T ED], =66+ -30-8) - (0-4) =8

Thus the volume of the parallelepiped is 82 cubic units.

—_— —_— —_—
3. a=PQ=(-4,2,4),b=PR=(2,1,-2) ande = PS = (-3,4,1).

-4 2 4
1-2 2-2 21
a-(bxec)=| 2 1 -2|=-4 -2 = —36 + 8 + 44 = 16, so the volume of the
4 1 -3 1 -3 4
-3 4 1
parallelepiped is 16 cubic units.
12.6
14. 2® — 42® — y® = 4. The traces in z = k are the hyperbolas A

2% — y? = 4 + 4k?, and the traces in y = k are the hyperbolas

2?2 —4z® =4+ k% Thetracesinz = kareda” +y°> = k> — 4,2

family of ellipses for |k| > 2. (The traces are a single point for |k| = 2 and
are empty for |k| < 2.) The surface is a hyperboloid of two sheets with

axis the z-axis.

15. 9y + 42% = 2 + 36. The traces in z = k are 9y° + 42> = k* + 36,a
family of ellipses. The traces in y = k are 42% — 2 = 9(4 — k?), a family
of hyperbolas for |k| # 2 and two intersecting lines when |k| = 2. (Note

that the hyperbolas are oriented differently for |k| < 2 than for |k| > 2.)

The traces in z = k are 9y° — 2% = 4(9 — k?), a family of hyperbolas
when |k| # 3 (oriented differently for |k| < 3 than for |k| > 3) and two
intersecting lines when |k| = 3. We recognize the graph as a hyperboloid of

one sheet with axis the z-axis.



18. 3z% — y? + 322 = 0. The traces in & = k are y> — 322 = 3k2, a family of N
hyperbolas for k # 0 and two intersecting lines if & = 0. Traces iny = k
are the circles 3z° + 32> =k & 2% + 2% = 1k? Thetracesinz = k
are y* — 3z° = 3k, hyperbolas for k # 0 and two intersecting lines if

k = 0. We recognize the surface as a circular cone with axis the y-axis and

vertex the origin.

36. Completing squares in z and z gives (2 — 4z +4) —y° — (2 +224+1) +3=0+4-1 &
(z-2° 4> —(z+ 1) =00r (z —2)> = + (2 + 1), a circular

cone with vertex (2,0, —1) and axis the horizontal line y = 0, z = —1.

38. Completing squares in all three variables gives
4(z2 =6z +9) + (1 — 8y +16) + (2 +4z +4) = —55+ 36+ 16 +4 <
14z =3 +(w-4*+(z+2)7=1or .
-9 + (g — 4)% + (2 4+ 2)% = 1, an ellipsoid with - T
1/4 - —

center (3,4, —2).

13.2

10. r(t) = (e 5t — 1%, Int) = r'(t)=(-e ' 1-3t*1/t)

M. r(t) = t* i+ cos (t?) j+sin’tk =

r'(t) = 2ti+ [—sin(t?) - 2t} j + (2sint - cost) k = 2¢i — 2¢sin(t?) j + 2sint costk



v'(t) = (1/(1+1%),4€*, 8te’ +8e'Y = r'(0) = (1,4,8).

18. r(t) = {ta.n_l t, 2e%, Stet) =

So [r'(0)] = V12 + 42 + 82 = /81 = 9 and T(0) =

e, (2t + 1)e*) = r'(0) =

=5(1,4,8) =(§,5,8)-

r'(0
fOl

t) = (e¥, e te?) = r'(t) = (2e¥,-2 (2e%,—2€% (0 + 1)e”) = (2,-2,1)
2O —jean =@t

and |r'(0)| = /2% + (—2)2 + 12 = 3. Then T(0) = )]

r(t) = (4e® 4e”, (4t + 4)e™) = r”(0) = {4e°,4e°, (0 4 4)e°) = (4,4,4).

() - x(t) = (2e*, -2, (2t 4+ 1)e*) - (4€7, 467, (4t + 4)e*)
= (2e%)(4e™") + (—2e7%*)(4e™%") + ((2t + 1)e®) (4t + 4)e*)

e—4t

=8e — 8e™ + (8% + 12t + 4)e** = (8t + 12t + 12)e* —

B [y (671 +15—8°Kk) = (fy 67 de) i+ ([ edt) - (Jfy 8¢ dt) k
=i [5] i- el

2
=2-0i+(3-0)j-(2-0k=2i+3j-2k

3. /4 (26721+ (e + )VEK) dt = ([,F 2692t ) i+ [ [ (872 + 0172 ] K

1
4.5/2 4, 245/2 2.3/2 4

= %(45/2 _ 1) i+ (%(4)5/2 2(4)3/2 2 )
=3B+ (382 +3(8) - - %)kf 1245 2

48, di [u(t) x v(£)] = u'(2) x v(t) + u(t) x v'(1) [by Formula 5 of Theorem 3]

{cost,—sint,1) x (t,cost,sint) + (sint,cost,t) x (1, —sint,cost)

= (—sin®t — cost,t — cost sint,cos® t + tsint)
+ (coszt +tsint,t — cost sint, —sin? ¢ — cost>

—(cos t —sin®t — cost + tsint, 2t — 2cost sint,cos’ ¢t — sin t—cost+t81nt>

13.3
Lor(t) =vV2tit+elj+etk = r(t) =
e’ (t)| = \/(\/ﬁ)z +(et)2 4+ (—et)2=v2+e e 2= /et +et)2=¢"+e " [sincee +e

Then L = [} |r'(t)| dt =

VZ2itej—etk =
~t > 0]

fo et +e7t)dt = [e —e t]lzefe—l.



17. (a) r(t) = (t,3cost,3sint) = r'(t) = (1,—-3sint,3cost) = |r'(t)] = V1 +9sin®t + 9cos?t = +/10.

vl P -
Then T(t) = 0] = 5 (1,—3sint,3cost) 0r<‘/%_0,—7‘31—051nt,%ﬁcost>.

T'(t) = - (0, —3cost, =3sint) = |T'(t)| = 7115\/0+9cos2t+951n2t = —A=. Thus

T(t)  1/V10 ot st — (O — cont—sin
T = 37y 3eost —3sint) = (0, —cost, —sint)

T8 _ 3/VI0 _ 3

N(t) =

®) 50 =7 = Vo~ 10

18. (a) r(t) = (t*,sint — tcost,cost + tsint)

r'(t) = (2t,cost +tsint — cost, —sint + tcost +sint) = (2¢,¢sint,tcost) =

t2(cos? t +sin’ t) = /5% = +/5¢ [since ¢ > 0]. Then

[¥/(t)] = /462 + 2sin® t + 12 cos? t = /42 +
r'(t) 1 1 . y
T(t) = ()] \/5 (2t,tsint, teost) = == (2,sint,cost). T'(t) = (U cost,—sint) =

IT (t)] = \/0+cos2t +sin®t = 75. Thus N(t) = |$:8\ 15? (0,cost,—sint) = (0,cost, —sint).

IT'(t)] _ 1/v5 _ 1

® w0 =To0] = Ve B

(V2t,e', e*t} = rit)=(V2e,—e") = |Fit)=v2+tetet=/lettet)E=c+e!

19. (a) r(t) =
Then
_r 1 VIt et = Jaet f I et
T(t) = Y] & tet (v2ef, —e") = = +1< e',e*,—1) laftermu tiplying by | and
T'() = =7 (\/_e 2¢,0) — (2‘+1) 2 (VT e, 1)
1
N (e2t +1)2 [(e* +1) (V2e!,2¢%,0) — 2¢* (V2e', e, ~1)] = (e2t +1)2 1 S (VZe' (1—€*),2¢*,2¢*)
Then
1
‘T (t ‘ {MT\/Qezt(l — 2e? + e4t) + 4edt + ettt = m 2€2t(1 + 2e2t + €4L)
i 2t t
=2t; 282L(1+625)2:\/§€(1+6 ): V2e
(e?t +1)2 (et +1)2 et £ 1
Therefore
T'() _e'+1 2t o 2t
2e"(1 —e™"),2e*,2
N = [ = e T (V2 - ), 26%,26)
S t 2y 0,2t o2t 2t t t
_ﬁet(62t+1}<\/§6(1_8 ),2e*,2¢%) = 2t+1<1_e 2e',v2¢e")
|T'(t)| _ v2e' 1 VBt B B

t) = = . = =
() (t) [r'(t)] e*+1 et+et €3 +2tfet et 42 +1 (2 +1)2



2. (@r() = (3% =. @)= (,t2t) = |r'(t)] =1+ +4t2 =1+ 52 Then

Tty = S0 L g
@l ViEseE T
, —5¢ 1
T'(t) = ESTDEA (1,t,2¢t) + Wien7 (0,1,2) [by Formula 3 of Theorem 13.2.3)
— 1 2 2 2 2 — 1
= TT5e97 ((—5t, —5t%, —=10t*) + (0,1 + 5¢°,2 + 10t*)) = FaE (—5t,1,2)

2
IO E—— P TT A L mpgsoYOVSP L1 V5

T @ +5e2)32 (1 + 5t2)3/2 (1+5t2)3/2 1+ 5¢2

T'(t)  1+5¢° 1 1

= : —5t,1,2) = ———
Ol Vs (AT sEpE ' = Feon

Thus N(t) = (—5¢,1,2).

IT'®)] _ v5/(1+5¢%) V5

O R0 =0 T T ATeE G Lse)n

3. r(t) =v6t2i+2tj+ 288k = r'(t) =2/6ti+2j+66°k, r(t) = 2v6i+ 12tk,

Ir'(t)] = V2482 + 4+ 36t% = \/4(9t* + 612 + 1) = /4(3t2 + 1)? = 2(3t> + 1),

r'(t) x v’(t) = 24ti — 12/6¢%j — 46k,

Ir’(t) x £ ()] = /57682 + 864t% + 96 = /96(9¢* + 62 + 1) = /96(3¢2 + 1)2 = 4/6 (3t> + 1).

[r'(t) x £ ()] _ 46 (3t> + 1) V6

Thennll) === C0F  ~ SGETE - 2BE I

24. r(t) = <e13 cost, el sint, t> = r'(t)= <e‘ cost — e‘sint, e’ cost + e sint, 1>. The point (1,0, 0) corresponds to
t=0,andr'(0) =(1,1,1) = ['(0)=vIEFIZ+12=+3
r'’(t) = (e' cost —e'sint — e cost — e' sint, e’ cost — e'sint + e’ cost + €' sint,0) = (—2e¢" sint, 2ef cost,0) =
r’(0) = (0,2,0). r'(0) x r"(0) = (—2,0,2).  [¢£'(0) x r"(0)| = /(—2)Z + 02 + 22 = VB =22.
PO xr0) _ 2V 2V3 246

Then K(O) 11"(0”3 (\/5)3 = 3—\/5 or T
o) =22 () = 322 F'(z) = 6. K _ Jf”(m)l — ‘634 — 6|I|
7. f( ) z”, f ( ) 3=, f ( ) 6z, (J:) [1 + (f,(x))z]aﬁ []_ + (3x2)2J 3/2 (1 + 9;114)3/2
_ ) — i e — wlr) = Lf" ()] _ |—cosz| _ |cos z|
28. f(z) =cosz, f'(z) sinz, f"(z) cosz, K(x) i+ (f’(g:;)}z] 372 T+ (—oin ;,;)2] 7 (o si? $)3/2

14.2

2 2

Ty +xy” . . . i . .

H—— is a rational function and hence continuous on its domain.
e -y

6. f(z,y) =

_ @D+ @0 2

(2, —1) is in the domain of f, so f is continuous there and " lim !71) flz,y) = f(2,-1) 37 = (-2 3"

w)—(2



7.  — y is a polynomial and therefore continuous. Since sin is a continuous function, the composition sin(z — y) is also
continuous. The function ¥ is a polynomial, and hence continuous, and the product of continuous functions is continuous, so

fz,y) =ysin(z — y) is a continuous function. Then fla,y)=f(r,2)=%sin(r—2) =% sing = .

lim
(z,y)—(m,7/2)

8. 2 — y is a polynomial and therefore continuous. Since +/Z is continuous for ¢ > 0, the composition 1/2z — y is continuous

where 2z — y > 0. The function e* is continuous everywhere, so the composition f(z,y) = e¥ %7=7 s a continuous function

for 2z —y > 0. Ifx=Sandy=2thcn2x—y20,so( %im(”)f(w,y) = f(3,2) = eVH¥-2 = ;2
T,y)—(3,

9. f(x,y) = (x* — 4y*)/(2® + 2y*). First approach (0, 0) along the z-axis. Then f(z,0) = «*/2® = «® forz # 0, so
f(zx,y) — 0. Now approach (0, 0) along the y-axis. For y # 0, f(0,y) = —4y°/2y* = -2, s0 f(x,y) — —2. Since f has

two different limits along two different lines, the limit does not exist.

2 fay) = Sy _ @6 -y

=2 — 32 for (z,y) # (0,0). Thus the limit as (z,y) — (0,0) is 0.

332 + yZ 172 + yZ
22 sin? ]
18. We can use the Squeeze Theorem to show that lim ———= =0
(z,y)—(0,0) % + 242
2 2 2 2 2
T sin” y .9 . T .2 . x”sin”y
———— < sin” y since ———— < 1, and sin 0 as 0,0), so 1 — ],
S Frae Sy g - y — 0as (z,y) — (0,0) e 0y 77 1 292
1+22+ 9% . . . . . : :
M. Fzx,y) = is a rational function and thus is continuous on its domain

- 1— a2 —y2

{(zy) | 1—2® —y? #0} = {(z,y) | 2* +* # 1}.

Ty .
= if(z,y) #(0,0) ) . . .
38. f(z,y)=¢ & tayty® - The first piece of f is a rational function defined everywhere except
0 . if(z,y) = (0,0)
at the origin, so f is continuous on R? except possibly at the origin. f(z,0) = 0/2® = 0 forz # 0, so f(z,y) — O as
(z,y) — (0,0) along the z-axis. But f(z,z) = 2*/(37%) = & forz # 0, s0 f(z,y) — 3 as (z,y) — (0,0) along the

line y = z. Thus ( %irn(0 o f(z,y) doesn’t exist, so f is not continuous at (0, 0) and the largest set on which f is continuous
z,y )Y,

is {(z,y) | (z,9) # (0,0)}.

14.3

A fley) =c/y=ay = folz,y) =y =1y, fulz,y) = —ay~* = —a/y’
2 f(z,t)=yEInt = fu(z,t)= 3272 Int = (Int)/(2VF), fi (2,£) = v/ - % — i/t

23, f(x,t) =e tcosmx = fo(z,t)=e ' (—sinmx)(n) = —me sinwz, fi(z,t) =e *(—1)coswr = —e ' cosmx

9z

dy

24, z =tanzy = 9= = (sec? 2y)(y) = ysec? zy, = (sec? zy)(x) = xsec® xy

Oz



28.

29.

42

47.

57.

f(:c,y) = z?] = fx(-’lﬂ,y) = yzyil! fy("‘ray) =_T?1 ln-t

F(z,y) = f cos(e')dt = Fi(r,y) = 56;[ cos {et) dt = cos(e”) by the Fundamental Theorem of Calculus, Part 1;
v v

Fy(z,y) = ;3% /x COS(EL) dt = % {f fy cos(et) dt} = 7-3% fy Cos(et) dt = —cos(e¥).
u T z

i = + sin (zy),

V1 —x2y

flay) =ysini(ay) = fulzy) =y ﬁ(a) +sin(zy) 1=

1.1

1
0 fy (1,3) = === +sin"' (1- 1) = %= +sin_1%:715+%
-1 ()’ Vi
2] a dz Oz
2 2 2 _ 92 2 2y _ 9 9= _ gz _ _
?+2+32" =1 = 8:c($ + 2y% + 32%) 6:0(1) = 2:;:-{-0+6zam 0 = Gzax 2t =
9z -2z =wm 8, 5 .. PN 9z 8z
92 = 6s 3Z,ancl(,_)y(:lc + 2y +3z)-—6y(1) = 0+4y+6za—yf0 = 6za—y+~ 4y =
Oz Ay _ 2%
dy 6z 3z
Lt -yt 2t -22=4 = {%(mzfszrz?sz):%(dl) = 2m—0+22%-—2%:0 =
0z dz =22 = 8 . 5 4 3 0
(22 2)83:_ 2r = aﬂ;f2272f172,anday(m v +z 2z)_8y[4) =
dz Dz 0z Oz 2y y
0-2 22— —-2—=0 2z -2)— =2 — = ==
v+ Zay Ay = (2 )6y 4 dy 22-2 =z-1
v=sin(s? — %) = v, =cos(s® —t?)- 25 = 25 cos(s? — t2), v, = cos(s® — t2) - (—2t) = —2t cos(s? — ¢2). Then

vas = 25 [—sin(s® — t%) - 2s] + cos(s® — %) - 2 = 2cos(s® — t2) — 4s” sin(s? — t?),
vst = 28 [—sin(s® — ¢%) - (—2t)] = dstsin(s® — %), wvi, = —2t [—sin(s® —7) - 25] = 4stsin(s® — t?),

vy = =2t [— sin(s? —¢2) - (—2t)] + cos(s® — %) - (—2) = —2cos(s® — £*) — 4% sin(s* — ¢7).



2
58 w=+1+ur? = w,=21(14u? 71/2-1)2:—1)-—-—, wy = 1+uv2_1/2-2m}=L.
al ) 2V +uw? 3l ) V14 up?

‘1}4

Then w = §0° (—4) (1 -+ 1)) = ~ e

2v1 +uv?  2v —v? -2 (%) (1 + ww?)~V2(2uw) _ vy/1 + uv? — 2uv® /T + uv?

Wyy =
(2v1 +uv? 2 4(1 + uv?)
_ du(l+ uvz) — 2u® . v+ wv®
4(1 + uw?)®? 2(1 + uww?)®/?
v — VITw? v - 11+ w?) 2 (0?) oI+ ur? — tued/ VT +ur?
v ( 1 +m}2)2 (1 + uv?)

v+ w?) — dw® 2u 4w

= (1+uv2)3/2 - 2(1+m)2)3/2
W VItuw? u—uv-i(1 + uv?) V2 (2uw) CuvT+w? —ue? T+ u?

(V1+ue? 2 (1 4+ ww?)
w1l w®) —ue® u
(w2 (14 ww2)®/?
v 3¢

6.V =In(r+s+t) = = 3t3(r + 8% + %)%,

Bt  r+s2+t3

PV .o 2 .3y-2 _ 2 2 | 43y\-2
Bsatmgt (=1)(r +s* +t°)7%(25) = —6st*(r + s* +t7) 7%,
v _ 2 - 2 | 43y—3rq1y _ 2 2, 43\—3 _ 12st?
m = —06st (—2)(T+3 +1 ) (1) = 12st (T+3 +t ) = m
0 1 Ou r : 70 T :
69. u = e "sinf = 50 — ¢ cosf +sinf - e (r) = e (cos@ + rsinf),
a?u T8 [ : 78 T8 o1 :
50 ¢ (sin@) + (cos@ + rsin@) e’ (§) = e (sinf + 6 cosd + résind),
331{. 6 . . . 6 o . -
5290 — ¢ (0sin@) + (sin@ + @ cos + rfsinf) - €™ (0) = e (2s5iné + G cosé + rfsind).
14.4

Qe=flz,y)=e""" = falz,y)=e""Y(1) =" [fylz,y)=e""V(=1)=—e""Y, s0f:(2,2) =1and
fu(2,2) = —1. Thus an equation of the tangent plane is z — 1 = f(2,2)(z — 2) + f,(2,2)(y — 2) =

z—1=1z—-2)+(-1)(y—2) or z=z—y+1.

4z=flzy)=z/v’ =2y = folz,y)=1/4% fu(z,y) = 20y = —2z/1%, so fo(—4,2) = 4 and
fy(—4,2) = L. Thus an equation of the tangent plane is z — (—1) = fz(—4,2) [z — (—4)] + f,(—4,2)(y — 2) =

z+1=3(x+4)+1(y—-2) or z=1z4+y-2



12,

13.

1

=~

18.

25.

26.

33.

14.

flz,y) = /T¥ = (xy)*/%.  The partial derivatives are f,(z,y) = 2xy) YY) = y/ (2,/7y) an

(z,y) = §(zy)/*(2) = 2/ (277 ), 50 f=(1,4) = 4/ (2v4) = 1 and f,(1,4) = 1/ (2v/4) = L. Both f, and f, are
continuous functions for zy > 0, so f is differentiable at (1, 4) by Theorem 8. The linearization of f at (1,4) is
Liz,y) = fL O+ fo(L)(z - 1)+ (1, 4)(y—4) =2+ 1z - 1) + f(y—4) =+ §u.
f(z,y) = 2°¢¥. The partial derivatives are f.(z,y) = 2ze" and f, (z,y) = 2%¢¥, so f=(1,0) = 2 and f,(1,0) = 1. Both
J= and f, ate continuous functions, so by Theorem 8, f is differentiable at (1, 0). By Equation 3, the linearization of f at

(1,0) is given by L(z, y) = f(1,0) + fz(1,0)(z — 1) + f,(L,0)(y = 0) = 1+ 2(z — 1) + 1(y — 0) = 2z +y — 1.

. Let f(z,y) = cos(wy) Then f.(x,y) = e"[—sin(zy)](y) + €* cos(zy) = e [cos(zy) — ysin(zy)] and

fy(z,y) = €"[—sin(zy) ](z) —ze” sin(zy). Both f; and f, are continuous functions, so by Theorem 8, f is differentiable
at (0,0). We have f.(0,0) = €®(cos0— 0) = 1, f,(0,0) = 0 and the linear approximation of f at (0,0) is

flz,y) = £(0,0) + £z(0,0)(z — 0) + f,(0,0)(y —0) =1+ 1z + 0y =z + L

—1 - -y
Let f(z,y) = ——-+—1 Then f(z,9) = (y — 1)(-)(z+1)"% = EEE)E and fy(z,y) = ——. Both f; and f, are
continuous functions for z # —1, so by Theorem 8, f is differentiable at (0, 0). We have fz(0,0) =1, f,(0,0) =1 and the
linear approximation of £ at (0,0) is f(z,y) = f(0,0) + f(0,0)(z — 0) + f,(0,0)(y —0) = -1+ 1z +ly=x+y— 1
z = e cos2mt =
dz = gidx + %dt = e~ (—2) cos 2t dx + €% (— sin 2mt) (27) dt = —2e > cos 2mt dx — e~ 2% sin 2t dt
o

> o= \/m = (2% + 3*)? =

ou du 1.2 2y —1/2 17,2 2\ —1/2/¢ x 3y

—dy =3 3 2z)d 5 +3 6y) dy = dz + dy

du adz+ady 3(2° +3y%) 72 (2e) da + 3 (2” + 3y”) /5 (6y) dy NrEem N

A aA .
dA = Ty dr + By dy = ydx + xdyand |Az| < 0.1, |Ay| < 0.1. Weuse dz = 0.1, dy = 0.1 with z = 30, y = 24; then

the maximum error in the area is about dA = 24(0.1) + 30(0.1) = 5.4 cm?,

. Let V be the volume. Then V = wr?h and AV ~ dV = 2rrhdr + 7r® dh is an estimate of the amount of metal. With

dr = 0.05 and dh = 0.2 we get dV = 27(2)(10)(0.05) + 7(2)2(0.2) = 2.807 ~ 8.8 cm®.

5

L w=xe¥? x =t y=1—t, 2=1+2 =

dwia_w@ 3_w@ Ow dz vl . e o/e o z 2ay
dt  Ozdt " oydt  ozdt 2t + e <(~1) + ze (z) 2=e*(2— - - =

Lz=tan " (y/z),z =eLy=1—-e"t =

ﬁ az dﬂ" %@ = ; I . 1 ity
Y ¢ 1 . we t—yet

a4y e+$+y2/$-e Toa?+y?




9. z=

In(3z + 2y), « =ssint, y=tcoss =

Oz 0z0xr 028y 3 (sint) + 2 (—tsins) = 3sint — 2tsins

9s Oz 0s By ds  3x+2y 3z + 2y 3z + 2y
0z 020z  0Oz0y 3 2 _,_ Bscost+2coss
TR TR T T TR T A SR e i) e

0. z2=+ze®, z=1+st, y=5—t> =

17.

BZ_%% 0z dy Ty Ty | 1 p1/2 =y ( L 3/2 Y
%= 50s T o ps = (VE W) e ) () + VB (@) (25) = (9tv + 5 +20%%s ) e

O _ 0208 020y _ (o iy 4 oev. 1po1e e () o) e
=5t T oo = (VE w5 (9) 4 VB () (-20) = (wsvE + x

II

2

u= f(z,y), = = x(r,s,t), y=y(r,s,t) =

u
x/ \y S Ou Budr  Bu Oy Ou Oudx  Oudy

o  dxdr  Oyor 0s 0Oxds 0y 0s

Ou Oudx  Oudy

ot dxr ot ' By ot

21. z:$2+:cy3, z = w? + wd, y=u+ve" =

0: _9:0n 0200
Ou ~ Oz du  Byodu
0z 0z 0x 49 0z 6y
v~ dxow Ay

8z 0z0x  0z0y

Bw = Dadw T 9y 0w = (20 TY)BW) + Bry?)(ve?).

Whenu =2,v=1,andw =0,wehavez =2,y = 3,

s g— (31)(1) + (54)(1) = 85, %:(31) (4) + (54)(1) = 178, g_z (31)(0) + (54)(1) = 54.

= (22 +y*)(0*) + Bay®) (1),

= (22 +¢°)(2uv) + (3zy”)(e"),

22.u:('r2+.92)1/2, r=y+xcost, s =z +ysint =

ou_ouon  ou oo
9z Ordz  0Osox

ou_ouor  ouds
gy Ordy dsdy
ou_oudr _ouds
ot~ orot  dsot 2

= 1(r? + s%)7V2(2r)(cost) + 1 (r* + s3)~V2(25)(1) = (rcost + 5) /12 + 52,

=1+ %) 72(2r)(1) + 3(r* + %) " '/2(2s)(sint) = (r + ssint)/Vr? + 5%,

—rxsint + sycost
Ve + 52 ’
du 4  Ju 3 Ou 2

e = and = = —.
9z VIO 0y VIO @t V10

72+ 8%) 72 (2r)(—zsint) + 2(r? + s%)71/2(25)(y cost) =

Whenz =1,y =2,andt =0wehaver =3 ands = 1, s0

27. ycosz = 22 + 2, so let F(z,y) = ycosx — 2> — 32 = 0. Then by Equation 6

dy  Fr _  —ysinz -2z 2z +ysinz
dt ~ F, cosz —2y  cosz—2y

32. 22 —y? + 22 — 22 =4,s0let F(z,y, z) = 2% — y? + 2% — 22 — 4 = 0. Then by Equations 7
0z  Fp 20 _ and 0z F, =2y _ y

or F, 22-2 1-2z gy F. 22-2 z-1









