3. Absolute maximum at b, local maxima at b and e,

absolute minimum at d, local minima at 4 and s

5. Absolute maximum f(4) = 4; absolute minimum f(7) = 0;
local maxima f(4) = 4 and f(6) = 3; local minima f(2) = 1 and
F5)=2

7. ¥ 9. »

(c) ¥y

>

13. (a) "o (b) ’
|
1
|
1\ |
—.1/ \i A / \ .
T\ 2 % 0 T
T / T/
|
|

15. Absolute maximum f(1) = 5

19. Absolute minimum f(0) = 0

21. Absolute maximum f(—3) = 9;
absolute and local minimum f(0) = 0
23. None

25. Absolute and local maximum f(m/2) = f(=37/2) = 1,
absolute and local minimum f(3#/2) = f(—n/2) = —1

27. None 29. No maximum, absolute minimum f(0) = 0
31, =% 33, None 35 (-1=.5)2 37. %1

39, -2 41, -2,0 43.0,5,4  45. n@/4 (n an integer)
47. 1/e  49. f(0) =5, F2) = 7

5L f(1) =9, f(-2) =0  53. f(=3) =47, f(xy2) = -2
55. fQ)=5,f)=3 5. f(1) =3 f(0) =0

59. f(w/4) =2, fO =1 61 f(1)=1/e, f(0) =0

63. f1) =1, f3) =3 —3In3 ~ —0.296

65. —1.3,02, 1.1 67. (a) 9.71,-7.71 () 1 =% 32\/6/9
69. (a) 0.32,0.00 (b) 3\/3—/16,0 71. 3.9665 °C

73. Cheapest, r = 10; most expensive, t = 5.1309

17. None
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75. @ r=%r, O v=5kd ()

4531
s7kry

Exercises 4.2 O page 293

1.2 3. %3 3
5. fis not differentiable on [~1,1] 7. 0.8,3.2,4.4,6.1
9. (a), (b) (©) 2v2

10 10

0 10 0 10

11. 0 13. —3In[(1 — €7%)/6]
15, fis not differentiable at 1 23. 16 25. No 31. No

Exercises 4.3 O page 302

Abbreviations: dec., decreasing; inc., increasing; max., maximum;
min., minimum; abs., absolute; loc., local; CD, concave downward;
CU, concave upward; IP, inflection point

1 (a) (0,6),(8,9) (b) (6,8 (c) (2,4,(7,9

@ 0,2, 47 (e (2,3),4,4.5),,4)

3. (a) I/DTest (b) Concavity Test

(¢) Find points at which the concavity changes.

5. (a) Inc. on (=0, 0), (3, ); dec. on {0, 3)

(b) Loc. max. at 0, loc. min. at 3

7o x=1,7 9. Y

11. (a) Inc. on (—o, —2), (2, ®); dec. on {(—2, 2)

(b) Loc. max. f(—2) = 17; loc. min. f(2) = —15

(c) CU on (0, «); CD on (—, 0); IP (0, 1)

13. (a) Inc. on (—2, ); dec. on (~o0, —2)

(b) No loc. max.; loc. min. f(—2) = —303 (c) CU on (—oo, )
15. (a) Inc. on (7/3, 57/3), (7#/3, 37); dec. on (0, 7/3),
(5m/3, 17/3)

(b) Loc. max. f(5m/3) = 5@/3 + /3;

loc. min. f(m/3) = @/3 — /3, f(7w/3) = T5/3 — /3

(c) CU on (0, ), 2, 3m); CD on (m, 27); IP (m, m), (2, 2m)
17. (a) Inc. on (—1, ®); dec. on (—oo, —1)

(b) Loc. min. f(—1) = —1/e

(¢) CU on (=2, »); CD on (—o, —2); IP (-2, —2¢7*)

19. (2) Inc. on (0, €?); dec. on (e?, =)

(b) Loc. max. f(e?) = 2/e

(¢) CU on (e*?, ©); CD on (0, e%*); IP (¢%2, §¢77)
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21. Loc. max. f(—1) = 7; loc. min. f(1) = —1
23. Loc. max. f(3 )=

25. y 27. y
~1,4)

5
1

o

29. (a) Inc. on (0, 2), (4, 6), (8, ®);
dec. on (2, 4), (6, 8)

(b) Loc. max. at x = 2, 6;

loc. min. at x = 4, 8

(¢) CU on (3, 6), (6, %); CD on (0, 3)
(d 3 (e) See graph atright.

31. (a) Inc. on (—eo, —1), (2, %);
dec.on (—1, 2)

() Loc. max. f(~1) =17,

loc. min. f(2) = —20

(c) CUon (%, 00)', CD on (—00, %),
P (%7 —-122)

(d) See graph at right. 2, -20)

33. (a) Inc. on( ), (\/g, 00)
dec. on (-—00 - ) (O, 3)

(b) Loc. min. f(++/3) =

loc. max. f(0) =0

(c) CD on (—1,1); CU on (=, —1),
(1,00); IP (1, =5)

(d) See graph at right.

35. (a) Inc. on (—, —1), (1, ®); - y
dec.on (—1,1)

(b) Loc. max. h(—1) = 5;

loc. min. A(1) =1

(c) CD on (=, —=1/+/2), (0, 1/4/2); !
CUon (—-1/\/5, 0), (V\/Z °°); 0 T3
P (0,3), (£1/v2,3 7 14/2) I

(d) See graph at right.

37. (a) Inc. on (—, ®)

(b) None

(c) CD on (—, 0); CU on (0, =);
IP (0, 0) 0 x
(d) See graph at right.

39. (a) Inc. on (—o, —3), (=1, ®); y
dec. on (=3, —1)

(b) Loc. max. 9(—=3) =0,

loc. min. O(—1) = -4 (3.0
(¢) CU on (=, =3),(=3,0)

- —_ . 0 X
CD on (0, ); IP (0, 0) Aﬁ{

(d) See graph at right.

" (d) CU on (00, «) )

41. (a) Inc. on (0, 7/2), (m, 37/2); dec. on (n/2, m), 37/2, 27)
(b) Loc. max. f(m/2) = f(3w/2) = 1; loc. min. flm =

(c) CU on (0, o/4), y

(37/4, Smw/4), (Tw/4, 27); 1

CD on (7/4,3m/4),(5m/4,T7/4); /\
IP (m/4,3), (37/4,3), R
(5m/4.3). (/4. 3)

(d) See graph at right. y

|
43. (a) VAx==1;HAy = —1 i
(b) Inc. on (0, 1), (1, *); ASRA
1), (—11 O) ; “+0, B
|

dec. on (—, —

(c) Loc. min. f(0) =1
(d) CUon(~1,1);

CD on (—w, —1), (1, %)
(e) See graph at right.
45, (a) HAy =0 y
(b) Dec. on (—0, ®)

(c) None

(e) See graph at right.

47. (a) VAx=0,x=¢ ¥y

(b) Dec. on (0, ¢) x=0 x=e
(¢) None !

(d) CU on (0, 1); CD on (1, e); 0
IP (1, 0)

(e) See graph at right. I

49. @) HAy=1,VAx = —1
(b) Inc. on (=, —1), (=1, )
(c) None

(d) CUon (=00, =1), ( =10
CDh on( 3 ) ( )

(e) See graph at nght.

51. (a) Loc. and abs. max. f(1) = /2, no min.

(b) (3 = V17)/4

53. (b) CD on (—%, —2.1), (0.25,2); CU on (—2.1, 0.25), (1.9, «);
IP at (—2.1, 380), (0.25, 1.3), (1.9, —-92)

55. CD on (—, 0.1); CU on (0.1, »)

57. K(3) — K(2); CD 59, Whent = 7.17

61. f(x) =3(2x> +3x* — 12x + 7)

Exercises 4.4 O page 311

1. (a) Indeterminate (b) O © 0
(d) w, —c, or does not exist (&) Indeterminate

3. (a) — (b) Indeterminate (c) © 5. -2 7. 3
0.1 1L« 13.pfq 150 17 - 19.1n3
2., 230 25,1 27.; 29.0 3L«
331 35 % 3.0 39.0 4L0 430
45.1 47.% 49.0 51.0 S3.0 551

57. ¢ 59, ¢° 61. 1 63. 1/e 65. 1

67.5 69.1 75.%a 79.(a)0




Exercises 4.5 O page 321

Abbreviations: HA, horizontal asymptote; SA, slant asymptote;
VA, vertical asymptote; int., intercept

1. A. R B. y-int. 0; x-int. 0
C. About (0,0) D. None
E. Inc. on (—, )} F. None 14
G. CU on (0, ®); CD on (—oe, 0);
1P (0, 0)

H. See graph at right.

¥

AR

B. y-int. 2; x-int. 2, (7 * 3/5)/2 y
C. None D. None

E. Inc. on (1, 5);

dec. on (—, 1), (5, ®)

F. Loc. min. f(1) = —5;

5,27

G. CUon (—, 3); CD on (3, =); {1,~5)
IP (3, 11)
H. See graph at right.

5. A. R B. y-int. 0; x-int. —4, 0

C. None D. None E. Inc.on (—3,); dec. on (—o, ~3)
F. Loc. min. f(=3) = 27

G. CU on (=, =2), {0, ©); CD on (-2, 0); IP (0, 0), (—2, —16)
H ¥y

loc. max. f(5) = 27 N : \ >

(—3,-27)

. A {x|]x##1} B. y-int. 0; x-int. 0 {k
_None D.VAx=1HAy=1 y=1 ]

. CUon (1, ); CD on (—o», 1)

7

C.None D.VAx=1HAy=1  _¥=1 | | “>~—0u
E. Dec.on (—, 1),(1,%) F. None

G

H. See graph at right.

9. A. {x|x# =3} B. y-int. =5 y
C. About y-axis

D. VAx=+3,HAy =0
E. Inc. on (—o, —3), (=3, 0);
dec. on (0, 3), (3, ®)

E Loc. max. f(0) = —3

G. CU on (—o, —3), (3, «);
CDon (—3, 3)

H. See graph at right.

1. A. R B. y-int. 0; x-int. 0 C. About (0, 0)
D. HAy=0 E. Inc. on (=3, 3); dec. on (=, —3), (3, %)
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F. Loc. min. f(=3) = —3; "o
loc. max. f(3) = ' 6.9)
G. CU on (—3+/3,0), (33, )
CD on (—, —3/3), (0, 3[

IP (0, 0), (+3+/3, +v3/12)
H. See graph at right.

13. A {x|x# 1, -2}
C. None
D.VAx=1,x=-2,HAy=0

I
B. y-int. ~3 !
i
|
E. Inc. on (—, —2), (—2, —%); }
[
!
i
!
|
|
|

dec. on( ) (1, »)

F. Loc. max. f( )“*%
G. CU on (-, —2), (1, ®);
CDhon(—2,1)

15. A. {x|x# =1} B. y-nt. 1 R

H. See graph at right.

i
C. About y-axis i
D. VAx=*1;HAy = —1 I
E. Inc. on (0, 1), (1, ); |
dec. on (—, —1), (=1, 0) (DU T I I g

F. Loc. min. f(0) = 1 i i
G. CU on (—1, 1); CD on (—%, —1), (1, ) b
H. See graph at right. ' !

17. A. {x|x # 0,1} B. None C. About (0, 0)

D VAx=-1,x=0,x=1;HAy=0 LAY
E. Inc. on (—1/4/3,0), (0, 1//3); IU
dec. on {—o, —1), (—1, ~1/\/§), !
(1/4/3,1), (1, ) x=-1

F. Loc. min. f(=1//3) = 3/3/2; !
loc. max. f(1/y/3) = =3+/3/2 ‘,
G. CUon (—1,0), (1, »); :
CDon (—», —1), (0, 1)

H. See graph at right.

19. A. (—»,5] B. y-int. 0; x-int. 0, 5
C. None D. None

E. Inc. on (—, 13—0), dec. on (%, 5) *
F. Loc. max. f(10/3) = 10/15/9

G. CD on (-, 5)

H. See graph at right.

21. AR B. ydint. 1 4
C.None D.HAy=0

E. Dec. on (oo, )

F None G. CU on (—o, ®) 1
H. See graph at right. —

f
|
|
!
|
:
0 {x'—-‘l X
?
|
i

|

—
wiEg
15
N-
5l
Q2

23. A. {x]|x| =
B. x-int. *5
D. None

E. Inc. on (5, ®); dec. on (—¢°, —5) \ /
F. None G. CD on{~=, —5), (5, ®) -5 01 5 x
H. See graph at right.

5} = (-, =51 U [5,)
C. About y-axis
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25. A {x||x] s Lx#0} =[-1,0)U (0, 1]

B. x-int. =1 C. About (0, 0) y

D. VAx=0

E. Dec.on (—1,0), (0, 1) -

F. None '

G. CUon (—1, —/2/3), (0, v2/3);
CD on (—v2/3,0), (v2/3, 1);

P (£2/3, £1/4/2)

H. See graph at right.

27. A. R B. y-int. 0; x-int. 0, —27 y
C. None D. None

E. Inc. on {—c, —8), (0, ®);

dec. on (-8, 0)

F. Loc. min. £(0) = 0, 84
loc. max. f(—8) =4 = 8 |o x
G. CD on (==, 0), (0, =)

H. See graph at right.

29. A. R B. y-int. 0; x-int. —1,0

C. None D. None (L1

E. Inc. on (—, —3), (0 ); dec. on (—1,0) e

F. Loc. max. f(—1) =1, loc. min. £(0) = 0 A
-1 0 x

G. CD on (—2, 0), (0, )
H. See graph at right.
31. A. R B. y-int. 1; x-int. nr + (71/4) (n an integer)
C. Period 27 D. None
E. Inc. on Qnw + (B3u/4), 2nw + (T5/4));
dec. on 2nw — (n/4), 2nw + (37/4))
E. Loc. min. f2nw + (37/4)) = —/2;
loc. max. fQ2nm — (w/4)) = /2
G. CUon QCrm + (w/4), 2nm + (57/4));
CD on 2nm — (37/4), 2nm + (1/4)); IP (n7 + (7/4), 0)
H. y

(F.2)

1

AN N/
NSNS NS

& -a)
33. A. (—a/2,7/2) B. y-int. 0; x-int. 0
C. Abouty-axis D. VAx = *q/2
E. Inc. on (0, n/2);

dec. on (—7/2, 0) x
F. Loc. min. f(0) =0

G. CUon (—u/2, n/2)

H. See graph at right.

35. A. (0,3m C. None D. None
E. Inc. on (#/3, 5%/3), (7T=/3, 3%); dec. on (0, 7/3), (57/3, T=/3)

ft
i
wofy

x=

S E]

|
|
|
|
|
]
|
|
]
|
|

E. Loc. min. f(#/3) = (m/6) — (+/3/2),
f(Taf3) = (17/6) — (V3/2); y

loc. max. f(57/3) = (57/6) + (v/3/2)
G. CUon (0, m), 2, 3m);

CD on (1, 2m); IP (m, n/2), Qm, m)
H. See graph at right.

37. A R B. yint. 2
C. About y-axis, period 2w D. None
E. Inc. on ((2n — 1), 2nm); dec. on 2nm, 2n + 1))
F. Max. fQ2nw) = 2; y
min. f((2r + 1)w) = -2 )
G. CD on 2nm — (27/3),

( (2m/3) \ /' \

2nm + 27/3)); W h
ol

.
—t
W x

CU on remaining intervals;

IP (2n7 = 27/3), —})

H. See graph at right.

39. A. R B. y-int. 0; x-int. n7’
C. About (0, 0), period 2= D. None

E. Inc. on (—m, —2/3), (2m/3, m); dec. on (—27/3, 27/3)
FE Loc. max. f(=2a/3) = 3/3/2; y
loc. min. f(27/3) = —3/3/2"

G. CUon{~a,0), (a, m)

where cos a == %; ‘ = X :
CDon (—m, —a), (0, a); / s zmoox
PPwhenx =0, o, =
H. See graph at right.
41. A. R B. y-int. }
D.HAy=0,y=1

E. Inc.conR® F None
G. CU on {—, 0); CD on (0, );
P (0, %) H. See graph at right.

C. None

43. A. (0,) B. x-int. 1

C. None D. None

E. Inc. on (1/e, «); dec. on (0, 1/e)
F. Loc. min. f(1/e) = —1/e

G. CU on (0, )

H. See graph at right.

(Vfe, ~1/e)
45. A. R B. y-int. 0; x-int. 0 y

C.None D.HAy=0 e
E. Inc. on (—o, 1); dec. on (1, «) P
F. Loc. max. f(1) = 1/e

G. CU on (2, »); CD on (~=, 2);

IP (2,2/e?)

H. See graph at right.

47. A. (—00 0) U (1, ) y

B. x-int. (1 = /5)/2 E
C.Nome D.VAx=0x=1 Oi

E. Inc. on (1, «); Dec. on (—, 0) | x
F. None }

G. CD on (—, 0), (1, ) l

H. See graph at right. '

49. A. R B. y-int. 0; x-int. 0 C. About(0,0) D. HAy= 0
E. Inc. on (—1/v/2, 1/y/2); dec. on (~o, —=1//2), (1/+/2, = o)

E. Loc. min. f(—1/y/2) = —1/4/2¢; loc. max. f(1/y/2) = 1/4/2e

G. CUon(=+/372,0), (372, %); CD on (—, —/372), (0, V3/2);
IP (£+/3/2, =/3/2¢7%), (0, 0)

w4
ki

i




37. (a) Positive  (b) c=

oo

I

=]
i

0 o

If to

I
\
Qn

"y

Exercises 4.7 O page 334

1. (@) 11,12 () 11.5,11.5 3. 10,10
5.25mby25m
7. (a)
50 12,500 ft?
250
100 12,500 ft2 120 9000 ftz
125 -
(®)
X
¥y
© A=xy (d) 5x+2y=750 (e) A=375x—ix’
(f) 14,062.5 ft?
9. 1000 ftby 1500 ft ~ 11. 4000 cm®  13. $191.28
15. (-2,2)  17. (1, =/5)  19. Square, side v2 7

21. I/2,/3L/4  23. Base /3 r, height 3r/2

25. 4mr¥(33) 27, w1 +4/5)  29.24 cm, 36 cm
31. (a) Use all of the wire for the square

(b) 404/3/(9 + 4+/3) m for the square

33. Height = radius = YV/mem 35, V= 2aR/(9v/3)
37. (a) is%csc B(csc @ — /3cot ) (b) cos”(1/4/3) = 55°
() 6s[h + 5/(24/2)]  39. Row directly to B

41. 10 {/?/(1 + \3/3) ft from the stronger source

45. 9.35m 49, x = 6in. 51. /6

53. Atadistance 5 — 2+/5 fromA  55. (L + W)*/2

57. (a) About 5.1 km from B

(b) Cis close to B; Cis close to D;

W/L = /25 + x%/x, where x = | BC|

(c) =1.07; no such value  (d) VA1/4 = 1.60

Exercises 4.8 O page 344

1. (a) C(0) represents fixed costs, which are incurred even when
nothing is produced.
(b) The marginal cost is a minimum there.
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() ¢

01 x

3. $17.40/unit; the cost of producing the 1001st unit is about

$17.40

5. (a) $1,340,000; $1340; $2300/unit  (b) 200  (c) $700
7. (a) $2330.71, $2.33, $4.07/unit  (b) 159  (c) $1.07

9. (a) $188.25, $0.19, $0.28/unit  (b) 400  (c) $0.15

11.

(a) c(x) = 3700/x + 5 — 0.04x + 0.0003x?,

C'(x) = 5 — 0.08x + 0.0009x>

(b) Between 208 and 209 units

() c(209) =~ $27.45/unit

(d) $3.22/unit

13. 400  15. 672 17. 100

19. (a) About200yd (b) 192 yd

21. (a) p(x) =19 — (x/3000) (b) $9.50

23. (a) p(x) =550 — (x/10) () $175 (c) $100
Exercises 4.9 0 page 349

1. ,~23,x~3 3.% 5 —0680 7. 21148
9. 310723251  11. 2.224745  13. 1.895494

15. —2.114908, 0.254102, 1.860806  17. 0.520269

19. 0, 1.109144, 3.698154

21. —1.39194691, 1.07739428, 2.71987822

23. 0.15438500, 0.84561500  25. —0.51031156, 1.19843871
27. (b) 31.622777

33. (a) —0.455,6.810,0.645 (b) f(6.810) = —1949.07
35, (0.904557,1.855277)  37. 11.28ft  39. 0.76286%

Exercises 4.10 O page 356

1L.2x —4x*+3x+ C
5. 4x5% — 4x" + C
9. —5/(4x%)y + C

13.
17.
21.
25.
29.
33.
37.
41.
47.

x-S -+ C
7. (2x¥%3) + (3x¥/4) + C
11. :77%7) + @r*¥5) + C
3sint +4cost+ C 15. x*+ 5sin"'x + C
x° - (x%3) + 4 19. *+x*+Cx+D
I+ ExW 4 Ccx+D 23 ¢ +;3C+Di+E
84 x—3x 27.2x7-2/x+2
3sinx — 5cosx + 9 31. 2In(—x) +7
(x%/6) + 2x — 3 35. (x%/12) —3cosx +3x + 5
X+ 3P -5+ 4 39. f(x) = 1/(2x) + (x/4) — (3/4)
f@)=-Inx+ (MI2)x—1In2 43. 10 45. b
y 49, y




