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d d '
B.d—{2w3+m2y—my3}=—(2} = ﬁmz—f—xz-y’—l—y-Qw—(x-Byzy —I—yg-l)=0 =
x x

—6z” — 2xy + y3

x” y — Smyz v = —6x® — 2xy + ya = {.r2 — 3:.:92] y = —62% — 2zy +y3 = ¢y = 3 3
x< — 3xy

d d
10. E{me“)=d—{m—y) = ze¥y +e¥ 1=1—¢y = zeVy'+y'=1-¢ = (ze?+1)=1-¢" =
T

o
, 1—¢

v zmey—f—l

r

12. é cos(zy) = é(l +siny) = —sin(zy)(zy +y-1)=cosy -y = —xy sin(zy)—cosy- -y =ysin(zy) =

s _ e L = y sin(zy) _ y sin(zy)
y'[—z sin(zy) — cosy| = ysin(zy) y —zain(wy) — cos y sin(zy) + cos g

d d
18. d—(msiny+ysinx]=d—{1} = zcosy-y +siny-1l+ycosz+sinz-y =0 =
x fod

v . ' . B . . ; —siny — Y COsx
zeosy-y +sinz-y = —siny —ycosx = y'(rcosy+sinz)=—siny —ycosr = y=—"F"—
X CcosYy + sIn@

22, di [g(z) + zsing(x)] = di (z?) = g'(x) +axcosg(z)-g'(x) +sing(z)-1 =2z Ifz =0, wehave
x x

g'(0)+0+sing(0) =2(0) = g¢'(0)+sin0=0 = g (0)+0=0 = 4'(0)=0.

1 v e
30. 223 4+ 42 =4 = gm_lﬁ—l—gy—l'ﬂ;y’:(} = + =0 = y =— . Whenz = —33
2/2
1 C(=3Vv3) 3

1 . o
and y = 1, we have ¢’ = — = = — so an equation of the tangent line is

(—2v3)"* -3v3 33 V3
y—l=?13(m+3\/§) 01'y=:,13x+4.

m 2v/y T
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1 d 1 2z
50 y=tan (2?) = ¢y =——o-m—— —(2))= —— 22 =
v an”"(z") v 1+ (22)? d.r(w} 1422 o 1+ z*
1 d 1 1
58.y=cos_1[:sin_lt] = Y= —sin"lt=— = -
1— (sin"1¢)2 dt V91— (sin71¢)2 V1—#2

76. x> +4y° =36 = 2048y =0 = ¢ = —41. Let (a, b) be a point on z° 4 4y = 36 whose tangent line passes
Y

through (12, 3). The tangent line isthen y — 3 = — — (x — 12),s0b — 3 = —% (a — 12). Multiplying both sides by 4b

pives 462 — 12b = —a’® + 12a, 50 4b” + a> = 12(a + b) But4b® + o> = 36,5036 = 12(a +b) = a+b=3 =
b= 3 — a. Substituting 3 — a for binto a® +4b*> = 36 givesa® +4(3—a)’ =36 = &’ +36—24a+4a”’ =36 =
56> —24a=0 <= a(5a—24)=0,s0a=00ra=2% Ifa=0b=3-0=3 andifa=3 =32 =-2.

So the two points on the ellipse are (0, 3) and (%, —2). Using
a y=3 11(0,3) (12,3) ~

0

y—3=0o0ry =3 With (a,b) = (3 —%),Wehmre
(5-3)

?J

ulgﬂ

y—3=—rz_4§5{x—12) = y—3=%{x—]2) = y=%:n—5.

y= %7
A praph of the ellipse and the tangent lines confirms our results.

1
2 flz)=zlhz—=z = flz)=z-—4+(hz)-1—-1=1+Inz—1=Inex
x

1 d 1 e(lz+1) =41

_— = — - m-]_ = =
re*Inb dm(:re ) wc=1n5(x€ te ) re®Inb xrlnb

8. f(z) =logg(ze®) = f'(z)=

Another solution: We can change the form of the function by first using logarithm properties.

1 1 1 1 1+=x
=1 ) —log, z +log, e® = flo)m——t —— = — "+ — or — %
f(z) = logg (we”) = logy = +log, e f'(z) zIln5 e®Ilnb © zlnd Inb zlnb
u (1+mu)(1) —u(l/u) 14+hu—1 Inu
10. — ;“- ' = = =
f(x) 14+ Inu F(u) (1+Inu)? (1+Inwu)? (1+Inu)?
2 2+1/2 2 2
. a’ —z a” —z 1 a” —z 1 2 2y 1 2 5
20. H(z)_ln”aﬁﬁ—z?_ln(a?—l—z?) _21n(a2+z2)_21n(a 2°)—sIn(a” +2°) =
1 1 1 1 z z z(2? + a?) — z(2? — a?)
! _ — e — . [ — —_— — . = J— —
H{z)_Q a? — 22 (=22) 2 a4 z? (22) 22 —a? 2l 4a? (22 — a?)(z? + a?)
. :a's"—f—mcz—?:3—0-.?:(::.2 _ 20z
T a2 ta?) —at
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2
secx tanx + sec” x
26. y = In(secx +tanz) = 3y = =secx = y ' =secxtanx
secx + tanx

2. f(z)=vZ+nz=(2+mna)"? = f(z)= %(2+lnm)‘”2 ' i - m

Dom(f) ={z |2+ Inz >0} ={z|Ine> -2} ={z |z > e} =[e2 o).

1 . . .
¥ y=z"lnz = y =z —+(Inz)(2x) = /(1) =1+0= 1 soan equation of a tangent line at (1, 0) is
frid

y—0=1zx—1),ory=x—1

2 y=yze" "(@+1)”° = hy=Ihn [mlﬂe"z_”{x + 1)2”9] =

1 1 1 2 1
— 1 2 2 —
Iny=zshmz+(z°—z)+3hn(z+1) = ;y’_a-;+2w—l+§,x+1
Yy =y i+2x—1+ =y = ze® (x4 1)23 i+2a¢—1+
2z Jr+3 2x 3x+3
- . 12 1 1, 1 1 1
46.y=v'; = 1ny=ln\/’; = Ihy=zlhe = Iny=jzxlhz = —y=§.r——-|—ln:n-§ =
y T
y’=y(%—|—%lnx] = y’=%v’;x(1—|—lnm)
50. y = (Inx) = Iny=coszln(lnz) = = =cosz - — =+ (Inlnz)(—sinz) =
v Inz =
y = (In m]“s‘—'(ﬂ —sinzln ln..":)
xzlnax

1 1
52. 2¥ =¢® = yhaer=zlhy = y-—+(nz) -y =2-—¢y +hy = g,l"ln:.,"—Ey":lny—g =
x y y x
,=lny—y/’:r
Inz —z/y

6. (a) The velocity v is positive when s is increasing, that is, on the intervals (0, 1) and (3, 4); and it is negative when s is
decreasing, that is, on the interval (1, 3). The acceleration a is positive when the graph of s is concave upward (v is
increasing), that is, on the interval (2, 4); and it is negative when the graph of s is concave downward (v is decreasing), that
is, on the interval (0, 2). The particle is speeding up on the interval (1,2) [v < 0,a < 0]andon (3,4) [v > 0,a > 0].
The particle is slowing down on the interval (0,1) [v > 0,a < 0] andon (2,3) [v < 0, a > 0].

(b) The velocity v is positive on (3, 4) and negative on (0, 3). The acceleration a is positive on (0, 1) and (2, 4) and negative
on (1,2). The particle is speeding up on the interval (1,2) [v < 0,a < 0]and on (3,4) [v > 0, a > 0]. The particle is

slowing down on the interval (0,1) [v < 0, a > 0] and on (2,3) [v < 0, a > 0].
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8. (a) At maximum height the velocity of the ball is 0 ft/s. v(t) =s'(£) =80 —32t =0 <« 32t=80 & t=3
So the maximum height is s () = 80(%) — lﬁ[%)z = 200 — 100 = 100 ft.

(b) s(t) =80t — 16t> =96 <= 16t2—-80t+96=0 < 16(t° —5t+6)=0 <= 16(t—3)(t—2)=0
So the ball has a height of 96 ft on the way up at £ = 2 and on the way down at £ = 3. At these times the velocities are
v(2) = 80 — 32(2) = 16 ft/s and v(3) = 80 — 32(3) = —16€ ft/s, respectively.

12. (@) V(z)=2" = AV gy 4V = 3(3)? = 27 mm® /mm is the

S -y a
rate at which the volume is increasing as x increases past 3 mm.

(b) The surface area is S(zx) = 627, so V'(x) = 3z = (62%) = 35(z). _ x
The fipure suggests that if Ax is small, then the change in the volume of the .
cube 15 approximately half of its surface area (the area of 3 of the € faces) A
times Ax. From the figure, AV = 3z?(Az) + 3z(Az)? + (Az)?. JJ
x Ax Ax

If Az is small, then AV = 32 (Az) and so AV/Az =~ 327

16. (a) Using V(r) = 3mr°, we find that the average rate of change is:
V(8)—V(5) 3m(512) — 3m(125)

- _ _ 3
(1) 5S_& = 3 = 1727 pm” /pum
(6) — 2m(216) — £7(125 _
@ V€ V() _ 57(216) —57(125) _ o5 08 /m
6—5 1
[(51) =V 47(5.1)% — 4x(5)° _
(iii) ¥ {ssli - ; (8) _ 3m( )01 370) _ 102,013« pm? /pm

(®) V'(r) = 4w, s0 V'(5) = 1007 pm® /um

© V(r)=%nr" = V'(r) = 47r® = S(r). By analogy with Exercise 13(c), we can say that the change in the volume
of the spherical shell, AV, is approximately equal to its thickness, Ar, times the surface area of the inner sphere. Thus,
AV = 47r? (Ar) and so AV/Ar = 42

22. (a) D(t) = 7+ 5cos[0.503(¢t — 6.75)] = D’'(t) = —5sin[0.503(t — €.75)](0.503) = —2.515 sin[0.503(t — 6.75)].

At3:00 AM, t = 3, and D’(3) = —2.5155in[0.503(—3.75)] ~ 2.39 m/h (rising).

(b) At 6:00 AM, £ = 6, and D’(6) = —2.515sin[0.503(—0.75)] = 0.93 m/h (rising).

(c) At9:00 AM, t = 9, and D'(9) = —2.515 sin[0.503(2.25)] == —2.28 m/h (falling).

(d) At noon, ¢ = 12, and D'(12) = —2.515sin[0.503(5.25)] = —1.21 m/h (falling).
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—0.7t
- - a ,__a-be (—0.7) . - - '
26. n= f(t) = To e = "= 01 be07)? [Reciprocal Rule]. Whent =0, n =20andn' = 12.
a 0.7ab 0.7(20)(1 + b)b
0)=20 = 20= = =20(1+b) f(0)=12 = 12Z2=—— = 12=— " -
£(0) 1+b a=20(1+8). f(0) (1+0)? (1+b)?
12 b
H=1xb = 6(1+b6)=Tb = €6+6b=Tb = b==6anda=20(1+ €)= 140. For the long run, we let ¢
. . . . 140 140 P . .
increase without bound.  lim f(¢) = lim = = 140, indicating that the yeast population stabilizes
t—oo t—oo | 4 Ge—0-T¢ 1+6-0
at 140 cells.

Dfe— JE_ (L [T\ g _ (L T\p—-__ 1 /T
30. (@) (l}f_EL\/:_<2 p)L = oF= (2 P)L =22\

e L [T _ 1 1/2 df 1 1 21
(lljf_zL\/:_(szfﬁ)T = dT_2(2Lﬁ)T = iLip
(i) f = — %=(@)p—m - Y 1(£)p_s;z= VT

2L 2L dp 2\ 2L 4Lp?

(b) Note: Hlustrating tangent lines on the generic fipures may help to explain the results.

(1) % < 0and L is decreasing = f is increasing = higher note

(11) ﬁ‘f > 0and T 1s mereasing =+ fisincreasing = higher note

if

(ii1) j— < 0and pisincreasing = fisdecreasing = lower note
P

@ f (i) f

f=kJT
0 L 0 T
36. (a) If dP/dt = 0, the population is stable (it is constant).
(b)%:u = .5P=ru(l—§)P = %ZI_E = §=1—% = P=Pc(l—%).

If P. = 10,000, ry = 5% = 0.05, and 8 = 4% = 0.04, then P = 10,000(1 — ) = 2000.

(c) If 3 = 0.05, then P = 1[],00(}(] - %:] = 0. There is no stable population.
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