A8 ANSWERS

Section 2.0

B(x+h)—7]—B8x—7] 3h

11. (a) Mmsec = G h) —x :7:3
1. Values are approximate; your answers may vary. (b) Man = lim mgec = ;llirn 3=3.(c)Atx =2,
h—0 —0
¥ fx) m(x) ‘ ¥ fx) m(x) Mign = 3. (d) f(2) = —1 so the tangent line is
y—(=1)=3(x—2)ory=3x—7.
00 1.0 1125 00 -2 @(x+ )+ b]— [ax+b]  ah
05 14 1130 -10 -2 13. (a) Msec = th) —x =5 =1
1.0 1.6 0|35 -1.3 0 (b) mggn = im mgec = lim a = a. (c) Atx =2,
15 14 -1[40 —10 1 h iy e i
. . 2 | = : Mian = 4. (d) f(2) = 2a + b so the tangent line is
20 1.0 -2 y—(2a+b)=a(x—2)ory=ax+b.
— 2] _[g_342
3. (@ Atx =1,3and 4. (b) Largest at x = 4;small- 15 (3) mgec = 8 3(9‘&’2]1])72[(8 327 —6x — 3h
estat x = 3. (b) mian = lim mgec = lim [—6x —3h] = —6x.
¥ h—0 h—0
(c) Atx =2, mygn = —6(2) = —12(d) f(2) = —4
so the tangent line is y — (—4) = —12(x —2) or
y = —12x 4 20.
17.a=1,b=2,c=0= mgpn = 2)(1)(x) +2 =
2x + 2 so we need p to satisfy 6 — (p? + 2p) =
(2p+2)3—p)=p*—6p=0=p=0o0rp=6
so the points are (0,0) and (6, 48).
Section 2.1
1. derivative (a) of g (b) of /1 (c) of f
5 (@) 1 S N T T ¢ A 3. (a) Msec =h—4 = Mign = ]llif(l) Mmsec = —4
1 \/ (b) msec =h+1= mygn = }lif% msec = 1
T -
5.(a) mgsec =5—h = mygn = }1}1}1}) Mgec =5
! (b) msec:7—2x—h:mtan:7—2x

(b) —— 1

(c) m(x) = cos(x)

7. Assume we turn off the engine at the point (p, q)
on the curve y = x? and then find values of
p and g so the tangent line to y = x> at the
point (p,q) goes through the given point (5,16):
(pq) isony = 2
gent line to y = x% at (p,p?) is y = 2px — p?

so ¢ = p? and the tan-

so, substituting x = 5 and y = 16, we have
16 =2p(5)—p> = p>?—10p+16=0=p =2
or p = 8. The solution we want (moving left to
right along the curve)is p =2, g =p?> =4 (p =8,
g = 64 would be the right-to-left solution).

9. Impossible: (1,3) sits “inside” the parabola.

m
L S S S SR S S S

9.

11.

(@) =1 (b) =1 (c) 0 (d) +1 (e) DNE (f) DNE
Using the definition:

+h)?+8] — [x*+8]
! — 1~ [(x
fix) = lim p
2
—tim 2 i x4 B = 2
h—0 h h—0

so f'(3)=2-3=6
Using the definition:
[2(x+h)® —5(x +h)] — [2x3 — 5x]

! — 1
fi(x) = lim p
 lim 6x2h + 6xh? + 2h3 — 5h
=0 h

— lim [6x2 + 6xh 4 21% — 5} —6x2—5
h—0

so f'(3) =6-32 —5=49



13.

15.

17.

19.

21.

23.

For any constant C, if f(x) = x?> + C, then:

flx+h) - f(x)

! — 1
£ hlg(l) h
. [(x+h)?*+C] - [x2+C]
=1
hli% h
2
= lim 2h 07 lim [2x 4 h] = 2x
h—0 h—0

The graphs of f(x) = x%, g(x) = x> +3 and
h(x) = x?> — 5 are “parallel” parabolas: g is f
shifted up 3 units; /i is f shifted down 5 units.

f'(x) =2x = f'(1) = 2 so an equation of the tan-
gentlineat (1,9)isy—9=2(x—1)ory =2x+7;

f'(=2) = —4 so an equation of the tangent line at
(=2,12)isy—12= —4(x+2)ory = —4x + 4.
f'(x) = cos(x) = f'(rr) = cos(rr) = —1 so an

equation of the tangent line at (77,0) isy — 0 =
—1(x—mory=—x+m f (§) =cos (%) =0
so an equation of the tangent line at (5,1) is
y—1=0(x—%)ory=1
(@Qy—5=4(x—2)ory=4x—3(b) x +4y =22
—0.25x + 5.5 (¢) f'(x) =
tangent line is horizontal only if x = 0: at
the point (0,1). (d) f'(p) = 2p (the slope
of the tangent line) so y —q = 2p(x — p) or
y = 2px + (g —2p?). Since g = p? + 1, the tangent
line is y = 2px + (p> +1—2p%) = 2px — p> + 1.
(e) We need p such that —7 = 2p(1) — p® +1, so
p>—2p—8=0= p= —2o0r p = 4. There are
two such points: (—2,5) and (4,17).

ory = 2x, so the

(@) ¥'(x) = 2x, so ¥/(1) = 2 and the angle is
arctan(2) ~ 1.107 radians =~ 63° (b) y'(x) = 3x?
so y'(1) = 3 and the angle is arctan(3) ~ 1.249
radians ~ 72° (c) 1.249 — 1.107 radians = 0.142
radians (or 71.57° — 63.43° ~ 8.1°)

Units on the horizontal axis are “seconds”; units
on the vertical axis are “feet per second.”

Ag

25. (a) d(4) = 256 ft; d(5) = 400 ft

(b) d'(x) = 32x = d'(4) = 128 ft/sec and
d'(5) = 160 ft/sec.

27. Marginal production cost is C’'(x) = 2\% dollars
per golf ball, so C’'(25) = ﬁ = 15 = $0.10 per
ball and C’(100) = zfm = 45 = $0.05 per ball.

29. (a) A(0) =0, A(1) = }, A(2) =2and A(3) = 3.

2
(b) A(x) = % (x > 0) () A'(x) = x (d) A'(x)
represents the rate at which A(x) is increasing
(the rate at which area is accumulating).
31. (a) 9x% (b) il (0) _—54 (d) mx™ 1 (e) 1if x > —5
3x3 x
and —1if x < =5
33. f(x) = x3 + 4x? (plus any constant)
35. f(t) =5-sin(t) 37. f(x) = %xz + %x?’
Section 2.2
1. @)0,1,23,5 () 0,3,5
3. In the table below, und. means “undefined”:
: e(x))y W (@Y
x flx)-gtx) (f)-g) L (59)
0 2 13 2 -7
1 ~15 16 -3 -
2 0 —6 0 -3
3 0 3 und. und.
s A A
x frg (f+g) f8 (f8) 3 (g)
5. 1 5 0 2 3 -
2. 4 ;3 23 T
3 4 0 4 0 1 1
7. @ D((x—=5)(8x+7))=(x—5)-3+3x+7)-1
(b) D (3x*> — 8x — 35) = 6x — 8 (the same result)
9. 19-3x2 = 57x2 11. cos(x) — sin(x)
13. x? - [—sin(x)] + cos(x) - 2x
15. Applying the Product Rule:

D (sinz(x)> = sin(x) - cos(x) + sin(x) - cos(x)

= 2sin(x) cos(x) = sin(2x)
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19.

21.

23.

25.
27.

29.

31.

a4 (COS(X)> _ x?(=sin(x)) — (cos(x)) (2x) _

dx x2 (x2)?

—x [xsin(x) +2cos(x)] _ xsin(x) +2cos(x)
x4 N x3
(14+x%)-0—1-2x 2x
1+x2% (1+x2)?

cos(f)-0—1-(—sin(f))  sin(6)

(cos(6))? - cos?(6)
cos(f) - cos(f) —sin(f) - (—sin(0)) 1

(cos(0))? 0s2(6)

40x* — 12x7 4 6x% + 14x — 12

f(x) = ax*+ bx +cso f(0) = c, hence f(0) =0
=c¢=0. f/(x) =2ax+bso f'(0) = b, hence
f'(0) = 0= b = 0. Finally, f(10) =20a +b =
20a so f'(10) = 30 = 20a = 30 = a = 3 =
f(x) =322 +0x+0 = 322

Their graphs are vertical shifts of each other, and
their derivatives are equal.

f(x)-g(x) =k=D(f(x) -g(x)) =D (k) =0s0
F(0)-¢/(3) +5(x) - £1(x) = 0. If f(x) # 0 and
8(x) #0, then L} =~
3@ F(x) =2x—5,50 f/(1) = -3
E

(b) f'(x) =0onlyif x =3

35. (@) f'(x) =3+2sin(x); f/(1) =3+ 2sin(1) = 4.7

() f'(x) > 0 because sin(x) >

(b) f'(x

—3 for all x.

—OOnlylfx—Oorx——6.

39. (@) f'(x) =3x2+4x+2,50 f'(1) =

43.

45.

(b) f'(x) > 0 (the discriminant 4> —

(x)
(x)
(x)
37. (@) f'(x) =3x%+18x = 3x(x +6),s0 f'(1) =21
(x)
(x)
(x)
41. (a) f'(x)

4(3)(2) < 0).

= xcos(x) +sin(x) = f/(1) = cos(1) +
sin(1) ~ 1.38

(b) The graph of f'(x) crosses the x-axis infinitely

often. The root of f" at x = 0 is easy to see; ap-
proximate others, such as those near x = 2.03
and 4.91 and —2.03, using technology.
f'(x) = 3x2 4+ 2Ax + B: the graph of y = f(x) has
two distinct “vertices” if f'(x) = 0 for two dis-
tinct values of x. This occurs if the discriminant
of 3x2 + 2Ax + B > 0: (2A)% —4(3)(B) > 0.

Everywhere except at x = (2k +1)%

47. Everywhere except at x = 0 and x = 3.

49.
51.

53-

55-

57

59-

61.

63.

65.

Everywhere except at x = 1.

Everywhere. The only possible difficulty is at

= 0: the definition of the derivative gives
f/(0) =1 and the derivatives of the “two pieces”
of f match (and equal 1) at x = 0.

Continuity of f at x = 1 requires A + B = 2. The
“left derivative” of f atx = 1is D(Ax+ B) = A
and the “right derivative” of f at x = 1 is
3 (if x > 1 then D(x?> + x) = 2x + 1), so to
achieve differentiability we need A = 3 and
B=2-A=-1.
(a) h(x) = 128x —2.65x* = h'(x) = 128 — 5.3«
so W' (0) = 128 ft/sec, h'(1) = 122.7 ft/sec
and 1/ (2) = 117.4 ft/sec

(b) v(x) =Hh'(x) =128 — 5.3x ft/sec
(c) v(x) =0when x = % ~2 24.15 sec
(d) 71(24.15) ~ 1545.66 ft

(e)
(a)
(b)

about 48.3 seconds: 24.15 up and 24.15 down
h(x) = vox — 16x% = h'(x) = v, — 32x ft/sec

Max height when x = 23’5 max height =

v, 002
h(3) = v (55) 16 (3 3) = G ft

(c) Time aloft =2 (53) = 12 sec

() ©f =375 v, = 8,375 ~ 155 ft/sec
(b) 2 (%) = 827 ~ 0.97 sec

(c) Max lift = (2; <82V(§§)) — 240 ~ 2064 ft

(@ y = —i so y'(2) = —1 and the tangent line

1sy—1/2—(—7)( )ory——fx—i—l
(b) x-intercept at (4,0); y-intercept at (0,1)
(c) A= }(base)(height) = 1(4)(1) =2
Because (1,4) and (3,14) are on the parabola, we
need a +b+c = 4 and 9a 4 3b + ¢ = 14. Subtract-
ing the first equation from the second, 8a +2b =
10; f'(x) = 2ax +bso f'(3) = 6a+b = 9, the
slope of ¥ = 9x — 13. Now solve the system
81+2b =10and 6a+b = 9 to get a = 2 and
b= -3 Thenusea+b+c =4togetc =5
a=2,b=-3,¢c=>5.

(@) f(x) =28
(b) g(x) =x*+1
(c) If h(x) = x® + C for any constant C, then

D (h(x)) = 3x2.



67.(@) For 0 < x <1, f/(x) =1so f(x) = x+C;
because f(0) = 0, we know C = 0 and
f(x) = x. Forl < x <3, fl(x) =2—x
so f(x) = 2x — Jx? + K; because f(1) = 1,
we know K = —1 and f(x) = 2x — 1x2 - 1.
For 3 < x < 4, f(x) = x—4so0 f(x) =

Ix? —dx 4+ L; because f(3) = 1, we know

L=Yand f(x) = —dx+ Y.

(b) A vertical shift, up 1 unit, of the graph in (a).

Section 2.3

. D) =2-£1(2)f(x);atx =1, Df(x)) =
X

1

2 -3 —-12
5. F(x) =5 (2 8)1-(2) = 10(2x —8)"

7. fl(x) = x-5-Bx+7)*3+1-Bx+7)° =

(Bx +7)*[15x + (3x +7)] = (Bx +7)*(18x + 7)
o f(x) = %(x2 +6x—1)% - (2x + 6), which we
x+3

can rewrite as ———
VxZ46x —1
11. (a) Graph of h(t) =3 — 2sin(t):

(b) Whent =0, h(0) = 3 feet.

(c) highest: 5 feet above the floor
lowest: 1 foot above the floor.

(d) o(t) =K (t) = —2cos(t) ft/sec
a(t) = v'(t) = 2sin(t) ft/sec?.

(e) This spring oscillates forever. The motion of a
real spring would “damp out” due to friction.

13.

15.
17.
19.
21.

23.

25.

27.

29.
31.

33

35.
37.
39.
41.
43.

45.

(b) 0—e3 =e3(x

A1l

(a) If h(t) = 5t, then v(t) = K'(t) = 5 and

K(1) = K(2) = 3m(5%) = 12.5m. (b) If h(t) = 12,
then v(t) = HW'(t) = 2t so v(1) = 2 and
v(2) = 4, hence K(1) = im(22) = 2m and

K(2) = tm(4%) = 8m.

x - (sin(x))" +sin(x) - (x)’ = x cos(x) + sin(x)
f/(x) = ¥ —sec(x) - tan(x)

f'(x) = —e™* + cos(x)

fi(x) = 7(x=5)°(1) so f'(4) = 7(-1)°(1) = 7.
Tangent line: y — (—1) =7(x —4) ory = 7x — 29.

_1 B
f1(x) = $(25—x?)73(=2x) = =X s0 f/(3) =
Jz?j = —%. Tangent line: y — 4 = —%(x—?)) or
3x + 4y = 25.

f'(x) =5(x —a)*(1) so f'(a) = 5(a —a)*(1) = 0.

Tangent line: y —0 = 0(x —a) or y = 0.

(@ f'(x) = € so f'(3) = ¢
y—ed=e(x—3)ory=ex — 2.

—-3)=-1=x-3=x=2

(¢) f'(p) = e? so tangent line at (p,e? ) isy —e? =
e (x — p); x-intercept: 0 —ef = ef(x — p) =
—l=x—-p=x=p-1

fl(x) = —sin(x) = f"(x) = — cos(x)

f'(x) = x* cos(x) + 2x sin(x) =

f'(x) = —x2 sin(x) + 2xcos(x) + 2xcos(x) +

2sin(x) = —x?sin(x) + 4x cos(x) + 2sin(x)

f'(x) = e*cos(x) — e*sin(x) = f"(x) =

q/ — hnearl q” = constant, q/" — q(4) — ...

Tangent line:

—2¢% sin(x)
=0

p") = constant = p(**1) =0

f(x) = 5e*

flx) = (1+e%)

No. Using the definition of the derivative:

(0+h)- 51n(0+h) 0
= lim
h—0 h

lim f(0)
h—0

fO+h)—£(0
h

1

which simplifies to lim sin <> ; to see that this
h—0 h

last limit does not exist, graph sin (%) or evaluate

sin ( ) for small values of h.

1 X
(1 + x) ~ 2.718... = e when x is large.
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47. (@) sp = 2.5, s3 = 2.67, s4 =~ 2.708, s5 ~ 2.716,

s6 ~ 2.718, 57 ~ 2.71825, s8 ~ 2.718178 (b) They
are approaching e.

Section 2.4
1. f(x) =2, ¢(x) =x>—-7x = fog(x) =

3. Setting f(x) = x and 8(x) =2 +sin(x) yields
fog(x) = (2+sin(x))3. (The functions f(x) =

V/x and g(x) = (2+sin(x))® also work)
5. f(x) = |x], g(x) =x* —4 = fog(x) = [x* — 4]

7oy =u,u=2x3-7xy=u u—sm(3x—8),

y:u%,u:2—|—sm( )y = \}ﬂ,u:x2+9,-
y=lul,u=x>-4y=tan(u), u=x
x fog(x) (feg)(x)
-2 1 0
8. &o. -1 1 2
0 0 1
1 2 2
2 -2 )
11. ¢(2) ~2,¢'(2) = -1
(fog)(2) = f(8(2)) = f(2) =1
f'(g(2)) = f'(2) = 0
(fog)(2) = f(8(2))-§'(2) =0
5D (-9 =40-2)" 2
15. 5 (—%) (2+Sin(x))7% -cos(x) = %

17. x% - [cos(x? +3) 2x] +sin(x? 4+ 3) - 2x =
2x [x? cos(x? + 3) + sin(x? + 3)]
19. Cos(%—hec (x3 —x) so D (7sec (x* —x)) =
7(3x% — 1) - sec(x3 — 3
21. D(e*+e¥)=e"—e "
23. (a) h(0) = 2 feet above the floor.
(b) h(t) =3 —cos(2t) ft, v(t) = K (t) = 2sin(2t)
ft/sec, a(t) = v/(t) = 4cos(2t) ft/sec?

x).tan(x° — x)

(© K = Imv? = %111(25&1(21‘))2 = 2msin?(2t),

‘fi—lf = 8m - sin(2t) - cos(2t)

25. (a) P(0)
P(30000) ~ 4.63 psi
(b) 10 = 14.7¢~0.0000385k — 10 _ ,~0.0000385h —,

— 1 10 -
h = 50000385 N (m) ~ 10,007 ft

(x3 —7x)°

= 14.7 psi (pounds per square inch),

27.

29.
31.

33-
35-

37-

39
41.
43.
45.

47.

(©) 9P = 14.7(—0.0000385)¢ 00000385 b /ft. At h =
2,000 ft, 4P = 14.7(—0.0000385)e 00000385 (2000)
psi/ft ~ —0.000524 psi/ft. Finally, 2 =
500(—0.000524) ~ —0.262 psi/min.

(d) If temperature is constant, then (from physics!)
we know (pressure)(volume) is constant, so
decreasing pressure means increasing volume.

2cos(z) [—sin(z)] - sin(2z)
24/1+ cos?(z) 24/1+ cos?(z)

% tan(3x + 5) = 3 - sec?(3x +5)

D (sin(vx+1)) = cos (vVx+1) -

1
2v/x+1

% (esin(x)) _ esin(x) . COS(X)

Fx) = VE = Fx) = g x() = 2+ 2 =
x'(t) = — le Att=3,x=9and x'(t) = -2 =
~s0 & (Fx0) = (5%) (-3) =~

f(x) = tan®(x) = f'(x) = 3-tan?(x) - sec?(x);
x(t) =8 = x/(t) = 0. Whent = 3, x = 8 and
Y(t) = 050 & (f(x(1))) = 0.

1

—Jcos(2x —3)

esin(x)

flx) =
—2sin(2x) = 2cos(x) [— sin(x)]
or sin(2x) = 2sin(x) - cos(x)

— 2sin(x) - cos(x)

3cos(3x) = 3cos(x ) —12sin (x) cos(x) so cos(3x)
= cos(x) [1 — 4sin?(x)] = cos(x) [1 — 4+ 4 cos?(x)]
= 4cos®(x) — 3 cos(x)

.y =3Ax? +2Bx
.y =2Ax-cos (Ax> + B)

Bx

! __
VT VAT Be
.y = B-sin(Bx)

.y = —2Ax -sin(Ax? + B)
.y =x(B-eP*) +eB¥ = (Bx+1) b
LY =AML A A

Ax - B - cos(Bx)

y = A -sin(Bx) —

sin?(Bx)
, (Cx+D)A— (Ax+B)C  AD—BC
N (Cx + D)? - (Cx+D)?

. (a)y/:AB_ZAx(b)x:%:g(C)y”:—ZA



69. () ¥ = 2ABx —3Ax?> = Ax(2B — 3x)
(b) x=0,2
() y' =2AB —6Ax

71. (a) ¥ = 3Ax? +2Bx = x(3Ax + 2B)
(b) x=0, -2
() y' =6Ax+2B

73. % (arctan(xz)) = 1—2|-xx4
75 D (arctan(e®)) = - +Lx>z ' 1+exezx
77. D(arcsin(x?)) = \/%
79 %(arcsin( ) =% _1(€t)2 el = \/let—eﬂ
81, (Insin(x))) = sinl(x) cos(x) = cot(x)
8. 4 (In(e)) = & ¢ = Tor & (In(e")) = 4(5) = 1
Section 2.5

1. D(In(5%)) = 5ix 5=

5. D(In(x")) = % k1 — g

5. D(In(cos(1))) = o - (sin(x) = —tan(x)

7 Dogs(59)) = 5 7 ) = gy

9. D(Infsin(x)) = - cos(x) = cot(

11. D(log,(sin(x))) = Sinl(x) 1n}2) cos(x) = ciit((;))
13. D(logs(5%)) = D(x) = 1

15 D(x-In(3%)) = x- 53 +In(3x) -1 = 1+ In(3x)
17. D (lni@) _x3 ~In(-1_ 1=l

19. D (1n ((5x —3)%)) - (SxiB);.D ((5x —3)%) -

(5;3)% S(5x=3)ED(Ex-3) = >

21. D (cos(In(w))) = — sin(in(w)) - - = - II®)
2. ;t( 1n(t+1)> :2(t1+1)

25.
27.

29.

31.

33.
35.
37.
39
41.
43.

45.

D (SSin(X)) — 55in(x) 1n(5) . COS(X)

sec(x)}rw - (sec(x) tan(x) + sec?(x)) = sec(x)

f(x) = In(x),f'(x) = 1. Let P = (p,In(p)). So
we need y — In(p) = %(x — p) with x = 0 and
y=0: —In(p) = —1= p=e hence P = (¢,1).
100(—1)(1+ Ae )2 (Ae™)(~1) = (11?:’2‘::)2
f(x) =8In(x) + any constant
f(x) =1In(3 +sin(x))+ any constant
g(x) = % ¥ 4+ any constant
f(x) = e + any constant

h(x) = In(sin(x)) + any constant

(@) When t = 0, A is at (0,1) and B is at (0,1).
Whent =1, Aisat (1,3) and B is at (1,3).

(b) Both robots traverse the same path (the line
segment y = 2x +1for 0 < x < 1):

—
T S
[¥e)

(0) Z—y = 2 for each, because y = 2x + 1.
(d) A: @ =1, % =2 speed =12+ 22 = /5
d
B: & = 2t, % = 4t, speed = /(2t)2 + (4t)2

=2v5t. Att =1, B’s speed is 2+/5.

Moves along the same path y = 2x + 1, but
to the right and up for about 1.57 minutes,
reverses direction and returns to its starting
point, then continues left and down for 1.57
minutes, reverses, and continues to oscillate.

. dx dy _ _ dy _
Whent—l.—dt——i—,ft— ,gx—

dx y _ _ay __
Whent—3,—dtf—,dtf s g =t
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47. (@) x(t) = R(t —sin(t)), y(t) = R(1 — cos(t)):

VRNV

®) % = R(1—cos(t)), § = Rsin(t), so
sin(t)

T—cos(T)" When t = 7, then ‘2—’; = R and % =
R so Z—Z = 1 and speed = VRZ + R2 = RV/2.
Whent:n,%’t‘:ﬂ%and% :OSO%:
and speed = \/(2R)? 4+ 02 = 2R.
49. (a) The ellipse (%)2 + (%)2 =1.

(b) The ellipse (%)Z—I— (%)2 =1if A # 0 and
B # 0. If A = 0, the motion is oscillatory
along the x-axis; if B = 0, the motion is oscil-

latory along the y-axis.
(c) (3-cos(t),—5"-sin(t)) works.

Section 2.6

_ 4.3 v _ 2 dr dr
1. V=g3nr = 7 =4nr° - 2. We know 7

r=3
2 in/min, so D'%/’r:S = 47(3 in)2(2 in/min) =
727t in® /min ~ 226.19 in®/min.

3.(a) A = %bh = ”é—‘? = %[b%—i—h%} so with

b=15inh=13in, % =310 & — 300,
dA 1

2= {(15 in) <—3 ;2) + (13in) (3 ;E)]

which is < 0, so A is decreasing.
(b) Hypotenuse C = Vb2 + h? so:

dC _ b +hi _ 15(3) +13(-3)
dt b2+ n? V152 + 132
which is > 0 so C is increasing.
(c) Perimeter P =b+ h+ C so:
dP db dh dC 6
which is > 0 so P is increasing.
5. (a) Perimeter P = 2x 42y = ‘fi—lz = 2% —l—Z% =
2(3 ft/sec) +2(—2 ft/sec) = 2 ft/sec.
d
(b) Area A = xy = 9 = x5 4 y% = 44
(12 ft) (—2 Sfeic) + (8 ft) (3 sztC) =0 f2/sec.

11.

13.

15.

19.

21.

. Given: O

_ 21, _ 2 (1 v _ 2m dr
. Volume V = ntr h = ntr (?)éﬁ_?r'%'

So when r = 50 ft and % = 6}fl—t, we have
r
3

v _ 2 ft) i ft
4V _ 27 (50 ft) (6 E) = 2007 £ ~ 62832 ft

. w(t) = h(t) for all t so ‘%’ = %. V = 1nr?h and

2
_ _h vV = 1 h _ m1,3 N v _
r 2 SO 37 (f) h 12h dt

w

2
224k When h = 500 ft and 9 = 2 £, then
4V — 7(500)2(2) = 1250007 %
Let x be the distance from the lamp post to the
person and L be the length of the shadow (both
in feet). By similar triangles, % =g=L= %x.

dx _ ft
We also know that % = 3 sec

ft ft
@ %=3%=3(d) =254
(b) 4 (x+L)=% 4L =525ft
(We don’t actually need the value of x.)
(a) sin(35°) = ot = h = 500sin(35°) ~ 287 ft
(b) L = length of the string so 1 = Lsin(35°) and

9 — sin(35°) % ~ (057) (10 L) =57 &

V=s— %7'(73 = %/ = 352% —47'cr2% so when

_ dr _ 1 ft . _ ds _ o ft. dv _
r74ft,d—zflﬁ,5712ftanddfi—3ﬁWf

3
3(12 ft)2 (3 %) — 4 (4ft)? (1 %) ~ 109494 £

The volume is increasing at about 1,095 %

4V — k. 272 with k constant. We also

2dr 2 _

have V = %nr3 = ‘Z—‘{ = 27r?% so k- 27y

2dr

2nreg = % = k. The radius r is changing at a

constant rate.

(@) A =5x (b) 44 =5 forall x > 0. (c) A = 5t
(d) ‘ZI—‘? = 10t. When t = 1, ‘fi—‘? = 10; when
t =2, 4 = 20; when t = 3, ¥ = 30.
() A=10+5-sin(t) = ‘il—/? =5-cos(t).

In (b) and (c) we must use radians because our for-
mulas for derivatives of trigonometric functions
assume angles are measured in radians.

(@) tan(10°) = L = x = % ~ 226.9 ft.

(b) x = taﬁ?g) = 40cot(0) = ‘;—’t‘ = —40csc2(9)%
= % = 7sin420(6) % so when 0 = 10° ~ 0.1745
radians and % = -25 %

d§ _ sin®(0.1745)

de (0.1736)2(25)
dt 40

(=25) ~ 0



() & &= —40csc (9)';‘: =

~0.0188 Tad fad

min’
—40 df —
s (g) df 5© when 6 =

10° =~ 0.1745 rad and % =

de —40 ft
— ~ ———=(0.0349) =~ —46.3 —
dt — (0.1736)2 (00349) ~ —46.3 min

(The “-” indicates the distance to the sign is

decreasing: you are approaching the sign.)

Your speed is 46.3 —— ft
min’

Section 2.7

1.

The locations of x; and x; appear below:

3. xp=1:a;,xg=5Db
5. x0=1:1,2,1,2,1, ...

11.

13.

15.
17.

xo = 5: x1 is undefined because f'(5) =0
If f is differentiable, then f’(xp) = 0 and x; =

X0 — ;((XO)) is undefined.

flx) = x5 = fl(x) = 4x3 — 3x2 so
x0:2:>x1_2—2%=37—1.85:>x2=

1.85%—1.85°—
1.85 — m ~ 1.824641

f(x) = x—cos(x) = f'(x) =1+ sin(x) so xg =

0.7 = x1 = 0.7394364978 = x2 = 0.7390851605,

so root ~ (0.74.

To solve X, =

3 3 — 2 we search for roots of
f(x) = x* —2— 5. If xg = —4, then the iterates
Xy —> —3.3615; 1f xo —2, then x,, —» —1.1674; if
xo = 2, then the iterates x, — 1.5289.
For x> —3 =0and xy = 1, x,, — 1.2457.

f(x) =x>— A= f'(x) = 3x2 s0:

S_A 1 A
SET I

xn+1 =Xn — 3x2 3
n n

° rad.
i~ 0.0349 min”

19. () 2(0) — [2(0)] =0—0=0
() 2(3) - [2(3)] =1-1=0
24) - 2(h)] =} ~0=1 0
24 - [2(h)) =F-0=1 > 1 —0
oy =50

21. (@) If 0 < x < %, then f stretches x to twice its

value, 2x. If % < x < 1, then f stretches

x to twice its value (2x) and “folds” the

part above the value 1 2x — 1) to below 1:
—(2x—1)=2-2x.

®) f(3)=3
f(s) = %, f(%) = %, and the values continue
to cycle.

f(3) =3 f(3)=5, f(§) = 2, and the values

continue to cycle.
f3) =35 f(5) =35 f(5) =
continue to cycle.

() 0.1,0.2,0.4,0.8, 0.4, 0.8, and the pair of values
0.4 and 0.8 continue to cycle.
0.105, 0.210, 0.42, 0.84, 0.32, 0.64, 0.72, 0.56,
0.88,0.24, 0.48, 0.96, 0.08, 0.16, 0.32, . ..
0.11, 0.22, 0.44, 0.88, 0.24, 0.48, 0.96, 0.08, 0.16,
0.32,0.64,0.72,0.56, 0.88, ...

(d) Probably so.

%, and the values

Section 2.8

1. (@) The desired points appear below:

IAx

(2+Ax, g(2)+g'(2)-Ax)

— /I
(2+Ax,g(2+Ax))A :
x 1

| |
1 2 24Ax

(b) The “error” appears in the figure above.

3. (@) With f(4) =2 and f'(4) = 1f = 1, the tan-
gentlineisy—2=1(x—4)ory = 1x+1
and V4.2 = f(4.2) ~ 1(42) +1=2.05
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(b) f(81) =9 and f'(81) = % so tangent line is

y_gz%(x_gl)ory:%(x—81)+9and
V80 = f(80) ~ 5(80—81)+9 = 18l ~ 8944
() f(0) = 0 and f/(0) = 1 so tangent line is

y = x and sin(0.3) = £(0.

4.(a) f(1)=0and f'(1) =
x—1and In(1.3) =

3) ~ 03

1 so tangent line is y =
f(13)~13-1=03

(b) f(0) = 1 and f'(0) = 1 so tangent line is
y=1+xand " = f(0.1) = 1.1
() f(1) = 1 and f/(1) = 5 so tangent line is

y—1=5(x—1)ory=5x—4and (1.03)° ~
5(0.03) — 4 = 1.15
5. f(x) = 1+x)" = f'(x) = n(1+x)"! so
f(0) = 1 and f/(0) = n, hence tangent line is
y—1l=mn(x—0)ory =1+nxand (1+x)" =
1+ nx (when x is close to 0)

6.() f(x) = 1-x)" = f'(x) = —n(1 —x)""
so f(0) = 1 and f/(0) = —n, hence tangent
lineisy—1= —n(x—0) ory =1—nx and
(1—x)"

(b) f(x) =sin(x) = f/'(x) = cos(x) so f(0) =

and f'(0) = 1, hence tangent line is y = x and

~ 1 — nx (when x is close to 0)

sin(x) & x (for x close to 0)

(© f(x) =¢" = f(x) =€ so f(0) =1and
f/(0) =1, hence tangent line is y = x + 1 and
e* =~ x+ 1 (for x near 0)

7. @) f(x) =In(l+x) = f'(x) = iz so f(0) =0
and f'(0) = 1, hence tangent line is y = x and
In(1+x)~x

(b) F(x) = cos(x) = f'(x) = —sin(x) s0 £(0) =
1 and f/(0) = 0, hence tangent line is y = 1
and cos(x) =~ 1

() f(x) = tan(x) = f'(x) = sec*(x), so f(0) =
0 and f'(0) = 1, hence tangent line is y = x
and tan(x) = x

(d) f(x) =sin (5 +x) = f'(x) = cos (5 +x) so
f(0) =1 and f'(0) = 0, hence tangent line is
y=1landsin (5 +x) =~ 1.

9. (a) Area A(x) = (base)(height) = x(x2 +1) =
¥ 4+x= A(x) =3x2+1= A'(2) = 13 s0
AA =~ A'(2) Ax = (13)(23—2) = 3.9

(b) (base)(height) = (2.3)((2.3)% +1) = 14.467
so actual AA = 14.467 — (2)(2% 4+ 1) = 4.467

11. V = tr?h = 2ntr? and AV = 271 - 2rAr = 47trAr.
73

7/‘\./

Because V = 27tr2 = 47.3, we have r =
2.7437 cm. We know |AV| < 0.1 so, using

AV = 47trAr, we have 0.1 > 471(2.7437) |Ar| and

01
|Ar] < 17(2.7437)
ance is £0.0029 cm. (Reality check: A coin 2 cm

high is quite unusual; 47.3 cm® of gold weighs

~ 0.0029 cm. The required toler-

around 2 pounds!)

13. V=x3= AV = 3x%Ax, V=87 = x = V87 ~
4431 cmso Ax ~ Y ~ —2 __ ~0.034 cm

15. W1thP—27T\/7andg—32L:
(@) P=2m 32:§z157sec

(b) 1=2m\/4 = L= ~081ft

(c) dP = \/—7 Zde = 2—6(0 1) ~ 0.039 sec
(d) Zﬁ} = é}fltr = 21%0052(: so & = 42\7%'%@'
21600 ~525x107% >0 (1ncreas1ng)
17.(a) df = f'(2)dx = (0)(1) =
(b) df = f'(4)dx ~ (0.3)(— 1)
(© df = f(3)dx = (05)(2) =
19. (a) f'(x) =2x—3=df = (2x—3)dx

)
(b) f'(x) =e* = df =e*dx
(©) f'(x) =5cos(5x) = df = 5cos(5x) dx
(d) f'(x) =3x2+2=df = (3x*> +2) dx so when
leanddx:0.2,df:(3~12+2)(0.2):1
e f'(x) = =>df ldxsowhenx:eand
dx = 0.1, df = 1(~0.1) = — -
) fl(x) = \/ﬁ = df = mdx so when
x:22anddx:3,df:\/%(3):%

Section 2.9

1. ¥X4+yP=100=2x+2y-y/ =0=>y = -

6 3
soat (6,8),y = 5= "1
— /100 — +2 r_ X
b) y = V100 —x Z> y 6100 —562 so at

6,8,y =——8— =—-=-Z
68y =~ A5=2c~ 8 1



3.(@) ¥* —3xy+7y=5=2x—3(y

+ 21.
0= 3y — 2x:> { _3—4__1
V=73 7 Vlen =776~
_5—x2 ,_ (7-3x)(= 2x) — (5 —x%)(-3)
b y=7=5:7 (7 —3x)2 23
M(=4) - W(=3) _ _
soat (2,1),y Qe 1
2 2
L 2x 2 25.
5. (a) 9 +16 11? 9 +16y =0=
o0 X / —
=-3 y y (0,4)—0
[ x2 4
= _ 292 :
(b)y4149 39x$ 27
r_ % X ' _
773 \/9—x2:>y‘ 9 =0
1
() 1 3x—7=0= -y +3=0=
7- (@) In(y) + 3x i .8,
y = -3y= y’\<2’e> = 3¢
(b) y= e7—3x - y/ — 7367_33( —
V(g = —3° =~
9.(a) ¥~y =16=2x-2yy =0=y = ; =
p 5 29.
Yy |(5,73) ~ 73
(b) The point (5,—3) is on the bottom half of
the hyperbola so y = —Vx2—-16 = ' =
SN, SV . B
216 0673 25-16 3
1
11. x = 4y — y:>1 4y—2yy:>y m
1 _ 1. _ _
(3 1) ]/ 4-2(1) — 2/ (3 3) ]/ 4,2(3) -
—lrat (4,2),y = 4_%(2) is undefined (the tan-
gent line is vertical).
13.x—y2—6y+5:>1 2yy—6y =y =
2]/ G t (5/0)/ y/ = m - _6/ at (5/6 s
V = 356 = & at (-4,3), Y = 55 is un-
defined (vertical tangent line).
5 B o 10x -
15. 3y~y’—5y’—10x¢y’—3y2 g oom= 31
10 5

! —_ =
Vs = =11
17. i +sin(y)2: 2x—6= 2y~y' +cos(y)2~ y=2=

y _2y+cos() y|30 0+1 =2
19. &/ +sin(y) = x> =3 = ¢/ -y +cos(y) -y =
oy = o Nioy =2
y ~e¥ +cos(y) ~Yleo =

x%+y%:5é§x‘%+§y_%y’:0:>y’:
1 1
Y\3 oy _ 1\3 1
() = m=vlan=-(5) =2
D2+ x-y +y+2y- y+3—7y =0=19y =
—2x—y-—-3 /| _—2(1)—(2) - B_Z
x+2y—7 () +22)-7 2

Explicitly: y = Ax* + Bx+C =y’ =2Ax+B
Implicitly: x = Ay?2 + By +C = 1 = 2Ayy’ + By’
1
BT YES:
Ax? + Bxy+Cy? + Dx+Ey+F =0

= 2Ax+Bx -y +By+2Cy-y + D+Ey =0
L. ~2Ax—By-D
y= Bx+2Cy+E

P+ =r =242y =0=1 = - so
the slope of the tangent line is —;. The slope of
the line through the points (0,0) and (x,y) is £
so the slopes of the lines are negative reciprocals
of each other and the lines are perpendicular.

From the solution to problem 23, we know that
y = _xzfz_yy_f soy =0when 2x—y—-3=0=
y = —2x — 3. Substituting y = —2x — 3 into the

original equation, we have:

x? 4 x(—2x — 3) + (—2x — 3)?
F3x—7(—2v—3)+4=0

—26:++/262—4(3) (34)

2 _ _
= 3x"+26x+34=0=x = 303)

— V6 1,605 or —7.062.

If x =~ —1.605 (point A), theny = —2x -3 =
—2(—1.605) — 3 = 0.21 so coordinates of A are
(—1.605,0.21); if x ~ —7.062 (point C), then
y = —2x—3 ~ —2(—-7.062) — 3 = 11.124 so C
is (—7.062,11.124).

. From the solution to 29, point C is
(=7.062,11.124). At D, y' = Z7L7 is unde-

fined so x +2y —7 = 0 = x = 7 — 2y. Substitut-
ing x = 7 — 2y into the original equation:

(7—2y)*+ (7 —2y)y +y*+3(7—2y) —7y+4 =0
34+4/342-4(3)(74
s03y? — 34y +74=0=y = 2(3)“( ) —

17267 . 8.395 or 2.938.
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If y = 2938 (point D), then x = 7 -2y =

7 —2(2.938) = 1.124 so point D is (1.124,2.938).

Similarly, point B is (—9.79, 8.395).
33. (a) Using the Product Rule:
Y = (x* +5)7-4(x® — 1) - 322
+7(x245)% - 2x - (x® —1)*
= (22 + 5)6(x3

= (x2+5)5(x ) [13x3 + 30x — 7]

(b) In(y) = 7In(x? +5)+4ln(x3—1)

Y l4x 1242
y X245 x8-1

and solving for y’ yields:

[ 4 12x2

STV es T e
14x 1242

2 7 (3 4
= 1) == 4 ==
(¥ +5)7(x ) {x2+5 x?’—J

which is the same as part (a). (Really! It is!)
35. (@) y=x>(Bx+2)*so0
Y =x°D ((Bx + 2)4) +(3x+2)*D (x5)
=x°-4(3x+2)3(38) + (3x +2)* - 5x*

(b) In(y) =5In(x) +41In(3x + 2) so:
y_5, 12
y X a2

and solving for y’ yields:

5 12
y=y 3x+2

5 12
{ (v +2)"] { + 3x+2}
which is the same as in part (a).
37. () y =S¥ = = ) L o (x)
/

(b) In(y) = sin(x) = y? = cos(x)

=y =y-cos(x) = ™) . cos(x)
. =v255—x2 =4 = _-*
39 (a) ¥ S .
(b) In(y) = 3 In(25 — x2) so:

/!

y

7_1 —2x  —x
y 2 25—x2 25-—2x2

—1)3(2x) {6x3+30x+7x3—7}

41.

43.

45.

47.

49.

51.

52.

53-

54.

and solving for i’ yields:

=252 >
Y T nn V25 — x2

os(x) - In(x)

= L =cos(x) - 1 —In(x) - sin(x) so:

= 2o {C"S(x) ~In(x) -sin(x)}

In(y) = 4In(x) + 7In(x — 2) + In(sin(3x))
=y =t s

]/ — x4(x - 2)7sm(3x) {i + —+ 3cot(3x)]
ln(yl) = x-In(3 4 sin(x))
= yy =Xx- 33:)5511(1()) + In(3 4 sin(x)) so:

’_ . o[ xcos(x) )
y' = (3 +sin(x)) [3+Sin<x)+ln(3+sm(x))]
(1) =1(1.2) = 1.2; £/(2) = 9(1.8) = 16.2
£(3) = 64(2.1) = 1344
f1(1) =5(=1) = =5; f'(2) = 2(0) = ;
f/(3)=7(2)=14

n —In N D(f-g) _f . ¢
In(f g)—l(f)+1(/g);i e — 7t
soD(f-g) = (f-8) [f7+g§} =f-g+gf

f
n f =In —In D(g)—f—/—g—/ :
1() In(f) —In(g) = (Jg—(>_f gso.
AN (N[ f_f¢
D<g) (gﬂf g] g &
_f&-gf
gZ
ln(j]')-((? h) z In (f}/+ ln(g) —I—/ln(h)
8 g
D(f-g-h)=(f-g-h) H;+g/+h,]
=f g h+f-¢ h+f-g- W
In(a*) = xIn(a) = 24 — In(a) = D(a*) = a*In(a)



