Calculus Ill: Homework 10

3. 2= fz.y) =vVey = fez.y)=3(zv)""" y=3/y/z fi(z,v) = 3(zy) -z = /2 /y. 50 f=(1.1) = %
and fy(1,1) = 3. Thus an equation of the tangent plane is z — 1 = fo(1,1)(z — 1) + fu (1, 1)(y — 1) =

z—1=3(z—1)+3(y—1orz+y—22=0.

4 2= f(z,y) =ze™ = fo(z,9) = zye™ + €%, fu(z,y) = 2%, s0 f.(2,0) = 1, £,(2,0) = 4, and an equation of

the tangent plane is z — 2 = f-(2,0)(z — 2) + f,(2,0)(y —0) = z—-2=1z—2)+4(y—0) or z =z + 4y.

18. Let f(z,y) = /¥ + cos? z. Then fo(z,y) = %(y + cos? a‘:)_lﬂ(Q cosz)(—sinz) = —cosxsinz//y + cos? z and
fulz,y) = %(y + cos® m)_lfz(l) =1/ (2 y + cos? :c) Both f, and f, are continuous functions for y > —cos” &, so f
is differentiable at (0, 0) by Theorem 8. We have f(0,0) = 0 and £, (0,0) = 3. so the linear approximation of f at (0. 0) is

flz,y) = £(0,0) + £2(0,0)(z — 0) + £,(0,0)(y —0) =1+ 0z + 2y =1+ 1u.

19. We can estimate f(2.2,4.9) using a linear approximation of f at (2, 5), given by
flz,y) = f(2,8)+ f=(2,5)(x — 2) + f(2,5)(y—5) =6+ 1z — 2) + (—1)(y — 5) == — y + 9. Thus

f(22,49)~22-49+9=63.

T y
2. flz,y.z2) =22 +v2+ 22 = f[f.r.v, z)= —m—oeouo. f,(2,y,7) = —x=. and
(2,9.2) = VTFF TR @00 = e S0 = o

z s0 f=(3,2,6) = %, fy(3.2,6) = %; f=(3,2,6) = g_ Then the linear approximation of f

Vai+y+ 2

at (3,2, 6) is given by

falz,y,2) =

flz,y,2) ~ £(3,2,6) + f2(3,2,6)(z — 3) + f,(3.2,6)(y — 2) + £=(3.2,6)(z — 6)
:7-1—?(9:—3)—0—;@—2)—0—?(2—6):;m+%y+§z

Thus /(3.02)7 + (1.97) + (5.99)2 = £(302,197,599) ~ £(3.02) + 2(197) + £(5.99) ~ 6 9914
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22,
From the table, f(40, 20) = 28. To estimate f, (40, 20) and f(40, 20) we follow the procedure used in Exercise 14.3 4. Since

F(40 + h,20) — F(40, 20)

H , we approximate this quantity with A = £10 and use the values given in the

f+(40,20) = lim

table:

£(50,20) — £(40,20) 40 —28
10 -1

£.(40,20) ~ 12, f.(40,20) T2V JO020) 1728

Averaging these values gives f,(40,20) ~ 1.15. Similarly, f;(40,20) = lim 7(40,20+ h) — f(40.20)

Lim H ,soweuse h = 10

and h = —5:

£(40,30) — f(40,20) 31 -—28
10 10

£(40,15) — £(40,20) 2528
-5 - -5

0.3, f+(40,20) =~ 0.6

£+(40,20) =~

Averaging these values gives f;(40,15) =~ 0.45. The linear approximation, then, is
f(v,t) = £(40,20) 4 f.(40,20)(v — 40) + f:(40,20)(t — 20) ~ 28 + 1.15(v — 40) 4 0.45(¢ — 20)
When v = 43 and t = 24, we estimate f(43,24) ~ 28 + 1.15(43 — 40) 4 0.45(24 — 20) = 33.25, so we would expect the

wave heights to be approximately 33.25 ft.

33.
A aA .
dA = . dx + By dy = ydr+ zdyand |Az| < 0.1, |Ay| < 0.1. Weusedz = 0.1, dy = 0.1 with x = 30, y = 24; then

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

38. Here dV = AV =03,dT' = AT = -5, P = 831 Lz s0

831 831.-T 5 310 3 :
dP = (?> dl” — 7 dV = 8§.31 [_E —14 E] =~ —8.83. Thus the pressure will drop by about 8.83 kPa.

dz Ozdr Ozdy

. z=2>4+y" 42y, z=sint, y=e! = —="—4 "2 (2 ost+ (2y + x)e*
v me Y T dad mga - Rtye (Qy+2)

6. w—=In /2% + 942 + 22 :%ln(m2 +y? +2%). 2 =sint, y = cost, z = tant =

dw 5wdm+3wdy+3wdz 1 2z st—l—l 2y (—s t)—i—l 2z o t
— T — — — — _—:—‘—~CD — ————————— —m — —————— ec
dt drdt Oydt Ozdt 2 z24qy? )22 2 2?4y 422 2 x4yt 42

_ zcost—ysint+ zsec’t

B z? +y? 4 2
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12. z =tan(u/v), u=254+3t, v=35—-2t =
0z _ 920u , 9200
8s OBuds Ovds

SERYCATE T LTI

v v 2 v v )

= sec’(u/v)(1/v) - 2 + sec®(u/v)(—uv=?) - 3

dz 8z0u 0Ozdv 9 2 -2
5 = 5.5t T 5o pp = e (#/0)(1/2) - 3+ sec® (u/v) (~ww?) - (~2)

= 3 sec’ (E) + 2u sec” (E) = 2u+3v sec’ (E)
v v y? v p? v

15. g(u,v) = f(x(u,v),y(u,v)) where x = e* + sinv, y = €* + cosv =

%ZB“, gﬁ—mzcosv, % =e", % —sin v. By the Chain Rule (3), g gfgz_'_g_‘;% Then
6(0,0) = £u(2(0,0),4(0,0)) 2.(0,0) + £, (2(0,0), ¥(0,0)) y(0,0) = fu(1,2)(e") + £, (1,2)(*) = 2(1) + 5(1) =

Similarly, 29 — 9192 | 9f dy

1% — %5+%%.Then

6.(0,0) = £o((0,0),4(0,0)) 2. (0,0) + £,(2(0,0), ¥(0,0)) .(0,0) = fu(1,2)(cos 0) + £, (1,2)(—sin0)
=2(1)+5(0) =2
. w=zxytyz+zz, x=rcosf, y=rsmb z=r =

ow OJwdxr OJwdy OJwodz .
B Bzdr Byor  ezor (¥ +2)(cos ) + (z + z)(sin 0) + (v + )(0),

dw Swdzr Ow dw oz .
%5 3.5 T S'ygg 5. 50 =(y+z)(—rsinb) + (z + 2)(rcosd) + (y + z)(r).
Whenr =2andf =7/2wehavex =0,y =2, and z =, so% (2+m)(0) +(0+m)(1) + (2+0)(7/2) = 2w and

ow

S5 = (2+7)(=2) + (0 +m)(0) + (2+0)(2) = —2m.

36. (a) Since W/OT is negative, a rise in average temperature (while annual rainfall remains constant) causes a decrease i
wheat production at the current production levels. Since 8W/8R is positive, an increase in annual rainfall (while the

average temperature remains constant) causes an increase in wheat production.

Since the average temperature 1s rising at a rate of 0. ear, we know that t = 0.15. Since rainfall 15
(b) Si th ot p is rising f0.15°Cfy k that dT'/d 015 Si infall i

decreasing at a rate of 0.1 cm/year, we know dR/dt = —0.1. Then, by the Chain Rule,

Y r Y
d;z ‘:;L; c;i;" + 8'31; c;f (—2)(0.15) + (8)(—0.1) = —1.1. Thus we estimate that wheat production will decrease

at a rate of 1.1 units/year.
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