11 (a) 3990 mills (b) $15,420.10

m a
13 The stable point occurs at AM' wv

Chapter 3 Review Exercises

1
| Max: f(3) = 1; min: f(6) = -8 3 -2, -1, 3

. 1 13 . .
mgwxn\ﬁvnwmw B:.:\AlmV HIH“EQ.amemo:

1
ﬁlw, L., ano_,awm:—mo: Aloo, |mu_ Ez:m,oov

7 Max: f(1) = 3; y
increasing on (—oo, 1];
decreasing on [1, 00)

9 Since f"(0) = 0 and f"(2) is undefined, use the first deri-
vative test to show that there are no extrema; CU on
(—00, 0) and (2, o0); CD on (0, 2); x-coordinates of PI
are 0 and 2.

Answers to Selected Exercises

11 Since f"(0) = =2 < 0, f(0) = 1 is a maximum,;
CU on Aloo. IW/\WV and AW/\W. oovw
CD on Anwz\wwz\wV 7
x-coordinates of

PI are sz\w o

i3 Zﬁnxﬁmv =3 E&AWV =1

T X

15 17 Max: f(0) =0
4 y

+
+

21 Max: £(3 + \/7) ~ 0.08;
min: f(3 — V/7) =~ 0.37

19 No extrema

ettt
ﬁ x

|

Answers to Selected Exercises

61 —
3 I/\T 25 125 yd by 250 yd zw

1

29 Radius of semicircle is o— mi, length of rectangle is - mi.

87
31 (a) Use all the wire for the circle.

8

5
(b) Use length 2% 2.2 ft for the circle and the

4+
remainder for the square.
31 -1 61(s> — 3) .
330() = T Ie sa() = P ; leftin [—2, —1);

right in (=1, 1); left in (1, 2]

35 C'(100) = 116; C(101) — C(100) = 116.11

37 (a) 18x (b) —0.02x2+ 12x — 500 (¢) 300
(d) $1300

39 98 ft/sec? 41 2.27 43 £0.79

45 Min: f(1.5345) = —10.2624; PI: none

47 Max: £(0.3666) = 0.3240; min: £(0.4780) = 0,
£(0.2527) = 0; PI: (0.4780, 0) and (0.2527, 0)

49 Max: f(1.0810) = 2.2948; min: £(0.5643) =~ 2.1902;
PI: (—0.8281, 5.5559) and (0.8281, 2.2434)

CHAPTER=4

Exercises 4.1

12x24+3x+C 3382-22+3t+C

1 3
5—c=+>+C 12+ 2w'r+C
222z
8 24
9 0+ S0V =0T+ C N3 -3+ x+ C
2 3 24 15
B:x°+>x?+C 15/ xP——x+C
3 2 5 2
1,1, _ 9
172 +-x*+x+C 19-1' =23 -217°+C
3 2 5
3.
N_Mm=._=+ﬁ, 23 -T7cosx+ C
2

awm\f.miln 27tant+ C 29 —cotv + C

Jlsecw+C 33 -cscz+C 35Vx2+4+C
uqmw:/u\m.fﬁ 39 x3Vx—4
1

43a%+C amnm+s+n 47 @+ bu+C

49 f(x) =4x>-3x2+x+3 5l wnw\«uklw
53 f(x) = Wku IWkN — 8x +m
55y=—-3sinx+4cosx+5x+3 S7Tt2—¢>-5t+4
59 (a) s(r) = —16:2 + 1600t  (b) s(50) = 40,000 ft
61 (a) s(t) = —16t2— 16t + 96 (b) t = 2 sec

() —80 ft/sec

63 Solve the differential equation s”(r) = —g for s(z).
65 10 ft/sec® 67 19.62
69 C(x) = 20x — 0.0075x% + 5.0075; C(50) =~ $986.26
71 10x* + 4x3 + 27x% — 10x + 4;

Wko + Wku + wx» - Wku +2x2+10x+ C
73 e*[(3x? + 2x) cos (4x) — 4x? sin (4x)];

1
e™[(1875x* + 350x — 234) cos (4x)

15,625
+ 4(625x* — 300x + 22) sin (4x)] + C
—(4r° =272 — 30r +31)
@+ 32 =5t -6 °

75
~In(2r = 3)" = In(t +2) + Sn(e + 1) + €
77 (b) Each pair of functions differs only by a constant.
Exercises 4.2
1 1
— 2 1 = 3 4/3
_ﬁﬁx +3)+C wEGx + 70+ C
1 2
550+ VR+C 138 VE+C
2 3
omakamvu\:q 5@ +3"+C

1 2
13 WGN +1¥+C 15 m@u -1’2 +C

3 1 2
17 -2 =2x2+C 19:8°+3s°+s+C
2 ., 1
N_m?\m+$ +C Bt C
3 1.
NmIMnomak+ﬁ. NquEEX|uv+G

1 1
29 —5cos )+C 3 M@i 3"+ C
1 1
uuxlmnomnx+ﬁ umloOmxlnomelwnomux.fﬁ.
uq|_|+ﬁ uo-_|+0 5_m~w=ﬁma|£+ﬁ
3 cos’ x 1—sint 3
1 1
43 mmonn 3x+C 45 —5cot 5x+C
1 1
47 58 (x)+C  49f(x) Hm@a +2)"+5

SIf(x)=3sinx—4cos2x+x+2
53 Ewrllcfrn_

1 64
@mm +4x2+ 16x+ C; C: = C +3

55 (a) w?\m +3P+C

Emmb +6x+ 18x'2+ Cp; C;=C, + 18



A48

2
59 474,592 f¢ 61 3 £ = 06sin AM:
63 Hint: (i) Let u = sin x.  (ii) Let ¥ = cos x.
(iii) Use the double angle formula for the sine. The
three answers differ by constants.

ﬂv ®) mu 095L

Exercises 4.3
134 340 510 7500
1
9 wii +6n+20) 11 I:a% + 14n2 + 9n + 46)

Exer. 13-18: Answers are not unique.

5
k
33 15 St
_nn_A v nn_w»I_

19 111,142.3744 21 7.4855
23 0.9441 25 21,781,332
2710 ) 14 ,

29 3% EW_ 31 (@) .04 (b) 1.19

n 2%
171+ 2 (-1
_.u_ﬁ ey

Exer. 33-38: Answers for (a) and (b) are the same.

3328 3518 376 39(a)20 @w@hlasv

Exercises 4.4

1 @ Ll 15 1.1,04,09 (b) 1.5
3@)03,17, 14,0501 (b)1.7
5()30 ()42 ()36

7@)15.127 (b) 15283 (c) 153975
9141 (b) 551 (e) 307

11 () 292.5 (b) 3485 (c)319.75

13 (2) 02668 (b) 02962 (o) 0.2813

15 (Bx?—2x+5)dx 17 \ﬁ 2nx(1 + x*) dx
0

I Im 21 m 23 lm
? 3 3 3
4 s s
Nm% Al|a+mv dx Nu% V9 — (x — 2)%dx
o 4 -1
o
2936 3125 3325 umM 37 12+ 27

Exercises 4.5

130 3-12 52 778 ol%

11 Use Corollary (4.27). 13 cmo Theorem (4.26).
15 Use Theorem (4.26). 17 ‘. f(x) dx

_;\E& N; fWdx B@V3Z ®9

Answers to Selected Exercises

25() —1_ ()2 27@3 (b)6
29 (a) ®) 14
31 1.426 33 Use (4.22) and (4.23)(i).

Exercises 4.6

265 31 20 352
1—-18 3 q 55 71 2 9 3 1 <
13 7 10 53 14
_uﬂ 15 IM 170 _oﬂ 21 M Nu.w|
50 278 292 uiB-1n=~110
3 36 2

.a_l/\mllo.ﬁ 350

37 No, sec® x _mozon noES:o:m on [0, ]. .

39 Yes, since \,C&&n + AH flx) dx = f(x) dx.

1 38
4 @a@\V3 b5 43 @ = Bu ®) =
1

x+1
§5 Hint: Use Part I of the fundamental theorem of calculus
(4.30) and the chain rule.

4x7

57 3 59 3x%(x® + 1)'° = 3(27x> + 1)°

450 47

] 3«&5

Exercises 4.7

| Le = 10.95; Rs = 11.95; M3 = 11.1; Ts = 11.45;
Sy =113}
3 Lg = 12.33375; Rs = 13.60875; M, = 12.6975;
=12.97125; S, = 12.88
5 (@) Ls = 1.1501; Ry = 1.2597  (b) 1.2049
7 (a) Ly = 0.84; Ls = 0.9; Li, = 0.93
(b) 0.96; E3 = 0.12; Es = 0.06; E,, = 0.03
() The error is reduced by 3 when n doubles.
9 (a) M, = 144; M, = 153; Mg = 155.25
(b) 156; E; = 12; E, = 3; Eg = 0.75
() The error is reduced by } when n doubles.
1l @ T, = 180; To = 162; Ty = 157.5
(b) 156; E; = —24; E, = —6;, Es = —1.5
() The error is reduced by ; when n doubles.
13 (@) 2= Ss = Ss = 156
(b) 156; E; = Es = E3 =0
(<) Simpson’s rule is exact for all n.
15 (a) Ts = 6.249806; To = 6.234926; Tz =~ 6.231201;
w0 =~ 6.230270
(b) At least two decimal places
17 (@) S» =~ 2.3987529621; Ss = Sis = Ssa = 2.4039394306
(b) At least ten decimal places
19 (a) 026 (b)4.2X 107°
21 (a) 0.125 (b) 6.5 X 107*
23 (a) 3,386,880 (b) 642 (c) 10

Answers to Selected Exercises

25@25 )3 ()1 29@I127.5 (b) 1317
31 0.174 m/sec 33 0.28 35 1.48

Chapter 4 Review Exercises

1=342-Fhc 31004 s@xtyec
x X 3x?
2
q¢|_|ma:+ﬁ 9-———+C
( ) 1+Vx
__ukl\%lmaf*.ﬁ. _umﬁaf*.mkldu.fn.
1 1
15-5-x+C :m 195 21V8-1V3=1.10
52 37
By s-F 27 8V/3 + 16 = 29.86
1 1
Swocmanmxv+ﬁ u_mm:_,ua+0
1 2 1
33 —————+C 35 —(16V2-3V3)=232 7 -
6 sin’ 3x _mA /\l /\lv 3 3 6
9V 4203+ 1+C 410 43y=x3—2x2+x+2
. .
45 % 47 Use Corollary (4.27). 49 .‘ f(x) dx

51 (a) |_9N — 30t + 900 (b) —190 ft/sec

3 |_ +1/65) = 6.6 sec
53 g’ /\_ +3x2dx 55 Ms = 0.824279; M,, = 0.8092539
57 S+ = 11.105304; Sg = 11.105302 59 81.625°F

CHAPTER®*S

Exercises 5.1

Exer. 1-4: Answers are not unique.
2
_g' [(x*+1) — (x —2)] dx
-2

UR [(=3y*+4)—y’]dy

2
HL\ [s— G2+ Dlde=2
c

4
m% A&NINNVF«HWN

o

2.5

y=x*+1

:L [0- (- »]dr=3




i Answers to Selected Exercises Answers to Selected Exercises !

512 i
T 21 N\. (sin 2x)? &xuwnn
0

7] (x*—4x)?d. =5

43 (a) (a, 0.9052), (b, 5.3623), a = 0.0819, b = 2.8754
®) ﬁ [V10x — (x> = 2x2— x + )] dx  (c) 10.3259
45 (a) Ams —8.0061), a =~ 3.4632
(b) R.n [50 cos (0.5x) — (x2 —20)] dx (c) 308.2566

5
47 (a) % [V25 = x*= (V29 — x2 = 2)] dx (b) 14.7515 1
s .

49 (@) | [sin x — sin (sin x)] dx  (b) 0.2135
x=y +27 -3y o 1 _

, 51 @ [0,1] (= 53@I[0 1] ()2
N_%»)\AINNQ M%
0

0
19 % [(y*+2y?—=3y) = 0]dy +
-3

' 71
S N R P PR
0

N\b
Nuu % :oomxvnl@.sxﬁuxn m

A
_Z;. ﬁenim%ug
. o 15

55 (a) ( * 1.540, 0.618)

1.54
or[|
0

1
AN._ - mANH.o.\ - Pokwvv; dx

L —1x?) -
55(6.09 — 2.1x?)

233 +W/\|Hm.§

Nm?v% G\«va&\«+.ﬁ [(4 — x) — x] dx Vi )
S ' _ 57 (a) (0.741, 2.206) y 1327 h [(4 - x3? - (x?] dx = ﬁ @27 % (4= P dx = mmm
?L, A cwwv&Lq% Tl&lm@% | 2 o
o 2 t _m:gvD [(4 = x)? = (x)?] dx = 167 A_&N.NR. _”G)\«Jnlﬁlhvﬁkkum.w%
27 (a) h [Vx = (=0]dx 5 R "
N _ . - O [ (- VIr-n-Vim -5
?L.. [4=(-»] %+._.‘ ﬁ(:mi% (4—y)dy A
M _ . SL {B- VYF-B-VyPdy = 64n
33.& :«+$|T<u|\«:5+ma V3 - xdx A . ,
2 ! : 27 (a) :% :Almx + mv - TNL -[0- TENTM
®) _,‘u (B-»)-0-Nay Ai , ?.m + w_m?a_ +270c—0.0)] - o % ? Cop T ) ALx . Nvﬁsﬂ
319 3312 354V2 o : 0 2
! s [0.1 +V1.6+32(x + o.mvi dx 2
3% cmuel&&k; —(x2—6x+5)dx+ N Eq%Elefsilwiaﬁ%
0 1 64 0
7 ; 177 | [@yF - GHdy == 2
[wi-exesa  Exercsess2 ) s @ [ {2+ - COF -0 4P oy
-1 P, 2 N S 2 (2] gy = 128 o "
“ H.[: ~?—075% ~08x + 1.3) dx + _H%\_Am\« +~v a um,ab (V25 =y = 3 dy _oNRu__HQ+~v Q,:% 3 Nou% [(8—4x*— (8 —x*)]dx+
; 3 i am y ; 17 Ay b=l 2 4y )
._vc_,_ (x* —0.7x* — 0.8x + 1.3) dx 5 ﬁ%_ AMV dx = 3 1 i H b 2.9 . g.o [(8 = x3 — (8 — 4x)?]dx
1 . 1 (4.2)
1\ 73 ——




I

sx[ (2= G- 9F-R- VIR

x=-V1-y?
h h r 2 1
35 u.ﬁ r*dy =nr’h 37 Ng‘ Amxv dx = w:.l:
0 0
h — 2
uoa‘._» Ax\. ~k+wv &NHWN«EN~+~¢+NNV 41 mw%
0
o (2)0.45,2.01 (b) 0.28
y 4 r2
2 ab? =
45 manw 47 (a) p P
1
fx) g(x) (b) Mﬁwnx
— +—
0.45 2.01 x

Exercises 5.3
1 6
_NNQ xVx—2dx uma._.wA ~w+uv&
2 o
4
mug«‘_‘ x/\m&xnmmwlu Y
0

(4.2)

y= Vi

Answers to Selected Exercises

2 24
qmuH xﬂ/\ml knv&klh
o

7
921 ﬁ x:% - wv - (2x - _NL dx = _|u~u|=

2
__@; xﬁonﬁxnéi\ﬂlala

0

_:.EL. y\Vay dy = us:

6
15 NN&\ wmwv dy =T2n
o

‘
A
i

Answers to Selected Exercises

2
_NNH&» y[0— (y2—4)]dy =8x y
o

2
19@27 | 3—x(x*+1)dx
0
2
®)2r | [x— (=DJ(x*+1)dx
0

4

21 EN.NN; @—-y\Vydy

0

A_.:.i G-»Vydy
0
2

(c) 2 2 - x)(4 —x?)dx
-2
2

(d) 2 [x = (=3)](4 — x?) dx

-2

23 21 \_v 2-0@B-x)-(C3-x]dx
)

1
nmN.Nu‘_w (5—xV1—x2dx
-1
1

1/2
v [ D 2 [ stan-na
0

1/2
RDA—VN&
b) —
®) = 1 /\m *

1

29 (a) Nn.ﬁ x(x? +2) dx

o

3:% :vu%f;. [(12 = (Vy—-2y1dy

31 76w
33 y (a) 0.68, 1.44

—.t
ASNN % HAI\«»+N.N~H“Iu.N_Nu.TA.ANMINv&k

8 0.68 on
uu?v w ASNNAAV |m|

A53

Exercises 5.4

Exer. 1-26: The first integral represents a general formula
for the volume. In Exercises 1—8, the vertical distance

between the graphs of y = \/x and y = —\/x is

[Vx = (=V/3)], denoted by 2V/x.

_H uu&kn% AN/\|V~ dx = 162

L= [ Lanevarac=
u% 37 dx A—c 7 (V) dx

N&|_~ Kﬁ/\.v{x m:\.

ﬂ% MAN.TS&&R

- [Y2va+ 1oV |[feva) a2
stdx

(NH [Va*-x*—(-Va lkx:«knln

bh dx

n

Nl-—‘

18

-2 — (-Va = Dk dx

~
2

d)
[
JEs
m
7 [[1o
o[
uf

_| :Nu nu

.m. lb NA&&VA&NV &xIAoB

23 w r? d. ::._Aalwv &H|n
2T eE 2

25 .:_n areas of cross sections of typical disks and washers
are [ f(x)P and 7{[ f(x) P — [g(x)]*}, respectively. In
each case, the integrand represents A(x) in (5.13).

27 864

Exercises 5.5

3
1 (a) &» V1 + (3x?)? dx
1

28
(b) .ﬁ
2




:u;\ V1 + (—2x)?% dx

:.Q _; (4- :-_L dy
3/2 3/2
% L_+ \E uxl »+av A_+Hv

=~ 1729

%,\: |-x sT Tos AGVS_ 7.63
27

2 \\ 2
13 1+ Al - uwNv dy
0 2

158 % V1+ :Iau_\uwﬁ — X2 dx = 6,

1372
where a = AMV

L1
17 (a) R. 1+ -x-E dx =~ 0.119599
®) /\l\uo o 120185 (<) 0.119598

19 () /\_ T 4x? dx ~ 0.422021
() /\.ﬂo.:&o.ﬁm: (© V0.1781 = 0.422019

31n/180

21 (a) 1 + sin* x dx = 0.01 3
V in® x d. 0.019573

n/6
(b) ©V/5/360 = 0.0195134  (c) 0.0195725
239778303 25 1.849432
27 (a) 3.7900; 3.8125; it is smaller

(b) A_. V1 + cos? x dx; 3.8199; 3.8202
o

1
8.
29 21 % Vax V1 + (x 722 dx = mﬁu: —1)=1532
0

169117
=0 = 51.88

00| W
&

== [837)2 - 137] ~ 204.04

38 27 R V25 = VI F ()25 = 3D 7P dy = 10x

h 2
37 NNA‘. A.\.xv 1+ Amv dx =nr\/h*+ r?
0

h

922 [ VAT AT A0 - T

=d4nr?

Answers to Selected Exercises

41 Hint: Regard ds as the slant height of the frustum of a
cone that has average radius x.

43 (a) 13.6862; 14.2384; it is smaller
(b) 2 | sin x\/1 + cos? x dx; 13.4821; 14.1937

0
45 201 in?

47 2 = 500( 10) % 1 A ! vna
@) x y (b) ) 1/ 250%) 4*
(c) 282 ft

49 (a) Hint: S = % 2nx (b) 64,968 ft?
0

Exercises 5.6
8
I (a) and (b) 6000 ft-Ib 3 (a) F in.-lb  (b) % in.-Ib
SW,=3W, 727945ftlb ¢ qu ft-lb 112250 ft-1b

8lm 189
13 (a) |3N 5) = 7952 ft-Ib (b) IAS 5) = 18,555 ft-lb

15 500 ftlb 17 udAm - Aol_\mv =~ 12.55 in.-Ib

_ Gmym;h
19 W= |||A&ooovﬁcoo+ ) 21 36.85 ft-Ib

3 @7 » J (k a constant)  (b) w\l

Exercises 5.7

Nu 27
1 250; 140; 0.56 3 14; —27; —46; A L _Imv
1 1 1 (42 32 256 8
s M,m.w,ﬂw,mv 7300 Ao mv
y
y=x

o
WiH
wiH

Answers to Selected Exercises

4a 4a
15 3’ 3

17 With the center of the circle at the origin, the centroid

. 20a
s Ao. 36+ :VVA

1 1
19 Show that the centroid is Ama. w@ + nvv.

21 @7 - 3)(V2V18) = 36r 23 At tv

3n’ 3n

0.89
(a) b% (V/|cos x| — x?) dx

-0.89

gx) () 1.19

25 y

Exercises 5.8

1 (a) Waw.& b (b) waN.& b
3 (a) %aw.mv b (b) 5 V3
5 wlmﬁov b 7 %Amw 5) Ib
9 (a) 90(50) Ib  (b) 54(50) Ib; 36(50) Ib 11 1.56 L/min
13 In min: (a) 20 (b) mm (¢) 115 (d) 197

15 10\/11 — 10 ~ 23.17 min

17666 19 11 21 (a) and (b) 150 J

m/\w

Amm 5) Ib

239 — =~ 5.27 gal 25 1.45 coulombs

_\uo
27 (a) % 12,4507 sin (307t1) dt = 830 cm?®

(b) It is not safe, since approximately 0.027 joule is
inhaled.
29 32 31 x.=320; 2560 33 x. = 800; 120,000

Chapter 5 Review Exercises
2
1 ()2 ._~ [(=x) — (x*—8)]dx =
0
0
Ei. \V—ydy u%
-a

% ElElzd%lK.ésnE&HA 1-5)

aawumT:/\wv y

/ x =y

y=-x+1
(. 1 1
5 sin x = cos 5.x Raum
/3
t
4y =cos(3x)
11 y =sinx
|
L -
T T ™ X
3 2

2
.:_;. (Vax + 1) dx =10
0




1
owu«% k_uwlﬁku.fC_&xHWIH ¢

o

/\.ﬂ.
__NN “ xAncm\«Nv&kHa
o

i
:3: R :Lisf?%tﬁ :wa
N

(b) NN% (1= x)[(—4x + 8) — 4x%]dx = 54n
-2

© N% {16 — 4x72 — [16 — (—4x + 8) % dx
-2
17281

2
1+ m? + uv-_@ dx
= %Gﬂ: - 10?) =17.16

17 % (5 — y)62.5)m(6)2dy = 432m(62.5) ft-Ib
0

Ve
19 nb (6 - »2(\V8 -y dy +

L (6 — y)2(y + V/8) dy = 96(62.5) Ib
VE

y

.IM.G.MIF y
24 NTG,A_% Bv

y=x+1

y=-x-1

Answers to Selected Exercises

2
»unukv A
1

25 900 ft
27 (a) The area under the graph of y = 27x*
(b) (i) The volume obtained by revolving y = /\MNN
about the x-axis

(i) The volume obtained by revolving y = x> about

the y-axis

(c) The work done by a force of magnitude y = 27x* as

it moves fromx =0to x = 1.
29 (a) (a, 0.67), (b, 1.91), a = —0.82, b = 1.38
b
AS% (V1+x*—=x)dx =143

31 (a) (a, 2.40), (b, 9.53),a = 0.29, b =~ 4.54
b
(b) ‘h» [V20x — (x> —4x2— x + 3)] dx = 44.42

CHAPTER=6

Exercises 6.1

2x+ 1 5x+2 1
i 5§—— 7-:2V6-3x

3x 2x—3 3
93-xLx=0 11 (x—1)
13 (a) The graph of fis a line of slope a # 0 and hence is
x—b
a

3

one-to-one. f~'(x) =

(b) No (not one-to-one)

;[-1,2]

Answers to Selected Exercises

19 (a) [—0.27, 1.22]
(b) [—0.20, 3.31]; [-0.27, 1.22]
21 (a) [—1.43, 1.43] (b) [—0.84, 0.84]; [—1.43, 1.43]
23 (a) [—2.14, 1] (b) [0.5, 2]; [—2.14, 1]
3

25 (a) f is increasing on ﬁlm. oov and hence is one-to-

one. (b) [0, 00) (c)x
27 (a) f is decreasing on [0, co) and hence is one-to-one.

1
—_ A —_——
®) (=00, 4] () i

29 (a) f is decreasing on (—o0, 0) and (0, o0) and hence is
one-to-one.

1
(b) All real numbers except zero () — =

X
1
31 (a) fis increasing, since f'(x) > O for every x  (b) T3
2
33 (a) f is decreasing, since f'(x) <O forx >0 (b) -3

1
35 (a) f is increasing, since f'(x) > 0 for every x  (b) T

Exercises 6.2

9 G 2Bx-p 2 S
9x +4 3x2-2x+1 2x—3 3x—-2
ow|k~ "1+l _uP 1+ !
2x3 -7 nx 2x nx
_mlw ! +1 _NF.T 6
x| (In x)? 5x—=7 2x+3
19 X 18 21 x_ X 23 1
2+1 9x-—4 x2=1 x2+1 g
2tan 2
25 —2tan2x 279 csc 3x sec 3x 29 —n it
In sec 2x
y(2x2=1) yiy—xlny)
3ltan x 33 secx wmkaw,?: uqxﬁxi\i:\a
l4x + 11 -~ 5)?
39 (5x + 22(6x + 1)(150x + 39) 41 S 1Gx 9
/\Ak.r.\
au:wkn.,rwoxlux\«n.fuv; a5y =8 15
2x + 1)2 =
47 (10, 5 In 10 = 5) = (10, 6.51); y" = ~(5/x?) < 0 im-
plies that the graph is CD for x > 0. 49 =0.73 yr
1O — Ly = be 2
u_?:onloa\mon;Svls_+§ m/sec

m _ ot afm) _ b
o04(3) -cn(22). () -

53 The graphs coincide if x > 0; however, the graph of
y = In(x?) contains points with negative x-coordinates.
55(a) —3.18=y =0
(b) x-int.: 7/2 =~ 1.57; max: f(n/2) =0
57 (@) 133 =y =218
(b) y-int.: 2

59 (a) —197 =<y =379
(b) x-int.: 0.55; max: f(2.47) =~ 1.56, f(8.14) = 2.91,
f(14.30) = 3.49; min: f(4.65) =~ 0.34,
£(1097) = 1.19, £(17.26) = 1.65

61 0.5671 63 —3.2088,2.0435 65 1.7477 67 1.8929
69 12.0536 71 9.3392
Exercises 6.3
2x VEFT
| =5e™5 36xe 5——v 71—
V1+e* 2Vx+1
—2x —_ E axf ,4x _ 2
92xe (1 —x) 11 e 13 12¢*(e 5)
el . 4 a1
_ulvﬁm —e€ SQA+AJN 19 ¢ Ax w:;v
21 5¢3% cos €3* 23 ¢7* tan e~
sec?\/x
25 mrA +3 tan /\MV
2Vx

27 —8e * sec? (e™*) tan (e™*) 29 e**(1 — x csc? x)
3x% — ye® e*coty — e

3 xe® + 6y 3 2xe¥ + e*csc? y

IBy=(e+3)x—(et+1)

37 Min: f(—1) = —e™' = —0.368; increasing on [—1, c0);
decreasing on (—oo, —1]; CU on (=2, c0); CD on
(=00, =2); PL: (=2, —2¢™) =~ (=2, —0.271)

39 Decreasing on (—o0, 0) and (0, 0o); CU on AIW oV

and (0, o0); CD on Aloo. lwv“ PI: Alw wynv




41 Min: f(e™') = —e™'; increasing on [¢”", 00); decreasing
on (0, e~']; CU on (0, o0); no PI

y

43 q'(t) = —cqlt) 45 (a) In(a/b) (b) im C(r) =0

a—b 1200
47 (a) 75.8 cm; 15.98 cm/yr  (b) 3 mo; 6 yr
n 2
49 (a) \AMV (b) At x..r =
51 ﬁb

Rled

55 Max: f(u) = 1 ; increasing on (—oo, u};
a

Vv
decreasing on [, 00); CU on (—o0, u — o) and
(u+0,00);CDon (u—o0, u+o)

1
PIL: * 0, ——; both limits 10
At. - /\mv imits equal

y

57 (a) [0.054, 1] (b) y-int.: 1
59 (a) [—3.18, 6.13]
(b) x-int.: £0.84, 2.52, 4.20, 5.88, 7.56; y-int.: 6; max:
F(=0.11) = 6.13, £(3.25) = 1.65, f(6.61) ~ 0.45;
min: f(1.57) = —3.18, f(4.93) = —0.86
61 0.5671 6312022 65e "2 =0.607

Answers to Selected Exercises

Exercises 6.4
1
1@3h[2x+7]+C ® InV3

3@2hn|x*=9|+C ASEM

5 (a) lw«-e +C (b) fwﬁ-: —e)

7 (a) |W_=_8m 2x| +C Aswim
1 1
9@2Infescrx—cotyx| +C ()20 2+ V3)

1
:m_n_xwlf+o_ +C

1
_umx~+§+>5_x_+0
_uk_ ¥ +C ikt les s
N_—k Nk mm

_elwi__+~8wi+q HeE+2x—e*+C
Bln(e*+e*)+C 253In]sinVx| +C
qu_=*mno~k+~w=~i+ﬁ ~olw_=_mnonn.r_+ﬁ
3tIn|escx—cotx| +cosx+ C 33In]cscx| +C

35x+2In|secx+tanx| +tanx+ C 374

3 7
39n(l—e7') 41y=2e>— mm-c +3

2 ]
45 I™E RO 1.697

47 ()25 ()205 ()12 49AS=cln W
1

43y=3e*+4x—4

51 (a) WC —e) () FB @) = m coulombs
53 (a) 5(t) = kvo(l — e (b) Wﬁ s(t) = kvo

55 0.7468 57 127.2930 59 6.43 61 9.34

Exercises 6.5

4x3 + 6x
x a2+ 1 -
17"In7 38*'(2xIn8) u?.+ua~+::—_o

—_ 2 1/xy
7543 In5) 9 Q|+:M~E + (2210

" 30x 13 6 2 1
(3x*+2)In 10 6x+4 2x—3/In5
_ 1
el 4 px
_mx__.x_:_o 17 ex €
x

19 (x + CNT = In (x + _L 21 2%%x(sin 2x) In 2

@0 ®)5x* (© VYS! @ (V55
(@ x'**(1+2Inx)

7 342

m7 € ® gy 350

29 (a)

Answers to Selected Exercises

—5 12 10%
H@e+C gz ~0012 By —+C
-3-7 In(2* + 1)
UMNEw.TQ 37 n2 +C
39 (In 10) In |log x| + C :lwiﬁ,q
. -
B@rr+C ®F+C @+ C

N_L H ~
Anvﬂ.fﬁ. Amw_._lnlmlo.o&
47 (a) $0.05/yr  (b) $0.95
49 (a) In trout/yr: 95; 62; 53 (b) 9.36
51 pH = 2.201; £0.1%
k a
53(b)S =7 where k = 1o’
S(x) =2 §(2x) (twice as sensitive)
55 (a) With n = r/h,
InA=1In[P(l +h"]=1In P+ rt In(1 + B)""~.
(b) Since h = r/n, n — oo if and only if A — 0*. Thus,
InA= ‘._Mw_b: P + rtIn(1 + h)'*]
=InP + rtlne=In(Pe™)
and A = Pe”.
57 Let h = x/n. Then

n—o0

Exercises 6.6
I
! qft) = 5000(3)""%; 45,000; 10 ~ 20,96 hr
29\ )
3 woAlv = 2532 in.
30
In(40/5.5) _
5 YR 99.21 yr after Jan. 1, 1993
(March 17, 2092)
51In(1/6) _ .
7 i3 8.15 min

9 Proceed as in the solution to Example 1.

_ (288 —0.01z 342 29 In(2/5) _
11 P(z) IA 258 v o3 n(1/2) =~ 38.34 yr
1 -3/16
15 moo@ ~ 683.27 mg
11 )
170(y) = ¢ [2k{=— =] + 08
S )
5700 In(0.2) _
19 i 13,235 yr 21 Use Theorem (4.35).

21 V() = w% +Cp

i M‘.H. x/h = i 1/h]x = ,x
_E.A~+=v \._uﬁwﬁ+5 T__momw_ﬂﬁ+€ T = e~

Exercises 6.7

T 27 b4
l@-7 ®F ©-3

3 (a) Not defined (b Not defined  (c) m

s »F - * wZ of
@3 ®F @ T@3; OF ©F

’@ % ()0 (c) Not defined

V21 V65 5
@ -— &7 Ez\ﬁ
13 (@) —1.1971 (b) 02712 15 (a) 1.0556 (b) 0.6183
3

X
17— 19—
Vxi+1 V9 - x?

21 Ay 23 Y

/AN

+ R S E—

NF)

27 (@) y=cot”' xifand only if x =cotyfor 0 < y < .
(b) Ly

1
2VxV1 - x

29 (@) a =6 —sin™' (b) 40° 31

iR



L Ac0 Answes to Selecd Exercses  anawersto Seleced Exercises Y T

33 55C uucu o6 35 mmi = e™* arcsec e~* 3 (2= V3), ﬂ/\wv cosh P 771 y 79 (a) Max: f(e) = M._MA
e ¥ — _ I . _ — — ~ 1.44;
" 2% . 9(1 + cos-! 32 33 Show that A = > (cosh £)(sinh f) , Vax2—1dx x _ 1 vi ) 4 lim x5 =0
(1 + x*) arctan (x?) V1=19x2 " and that dA _ 1 8@ o) ) V/16x7 = 1 cosh™! (4x) o) wloH 1
1 1 1 d 2
41 sin + sec x t: - 71 -2,0 b) ————3
A v A v secxtan x = Tr—— 35 (2) 286,574 f*  (b) 1494 ft 37 34.94 ft . @20 O~
(3 1n3)x? S ; 1 2
43 3orein) Hz VM 39105 msv ~1154ft | 73 w sinh™! Amav +C 757 tanh”™! Am v +C
1=2x mno<~w=lax . 41 (b)y = M In [cosh (Vgat + vo)] + ho e e ) (x , .
45 47 — + sec™'Vx 77cosh™ (=) +C 79 —Z-sech™' ||+ C x
(x2+1)? N/\uA)\ v _ gL e =2 A&V 6 Auv
\ Jer— 2% —sinly 43 (a) _5_ v? =, ® Hint: Let f(h) = 02 81 y = sinh 3¢
? x f 45 h) (@07 (b) 0.722 iy 83 y 85 |
e ——r—
/\Hlvm N | y = tanhx
51 E ~tan~ .Alv +C = 83 gt
4 16 y = sech®x
- n t - + t
53 @ mmE T+ C o x Chapter 6 Review Exercises
P
552tan""\x+C 57sin” va+ﬁ Lﬁ , 0 -x
15
1 2 1 (€ :
97 (F+9)+C 6l gsec Amv+n 3 fis decreasing, since f'(x) <0 for —1 < x < I; —+
63 = rad 65 —2rad /4800 ~ . ’
qu.\o ray Toaa 1@ /sec 67 \/4800 =~ 69.3 ft 47 cosh x + sinh Im~+m£+mx|m:| . o ) X up 7 12 +%IF
- 1 cosh x = siah x = —— 2 ¢ . Exer. 87-91: (a) Use a procedure similar to that giveri in 5x7-4 '3x+2 6x-5 B8x—7
3 57 = 0.233 mifsec 75 xsin”' (2x) + 3V 1-4x*+C 49 sinh x cosh y + cosh x sinh y the text for sinh™ x. (b) Let 4 = x in Theorem (6.48) and —ax )
77 _ 2 tan™ (x7) 1 (et 4 1)+ C (e* = e=5)(e? + e7) (e + e~*)(e? — e7%) differentiate cosh™' u. (c) Differentiate the right-hand side. ? (2x? + 3)[In(2x? + 3)F "2x
sx“tan” (x*) —-In (x = + 1 1
2 4 4 4 13— L 10%(n 10) log x 15 ——
79 0.7241 81 2.0570 83 31.9285 (€577 + ¥y — =5*Y — gmFTI) + (5 — gV + g E+Y — gy . Tin 10 4x\/InVx
B 10"*in 10 2 In x (x'"%)
2645 — 2gmrmy gy N-Ew Exercises 6.9 7 2xe7 (1 - x%) 19— 21—
) = 7 = 7 =sinh (x + y) . . 3 ) . . 23 2¢7% csc e (csc? e + cot? e™)
Exercises 6.8 . : I 3— §—= 7-= 9- 1Iloco 133 151 y
27.2899 2.1250 0.995 e h(x + (=) el T X B oGy Ty
I (a)27. () 2.1 () —0.9951 =sinh(x + (~y 2 3 _
(d) 1.0000 (e) 0.2658  (f) —0.8509 = sinh x cosh(—y) + cosh x sinh(—y) (Exer. 49) 1700 195 210 2300 282 273 293 I IS N PRV
3 5cosh 5x 5 3x2sinh (x%) = m.:i x oo.mv y — cosh x sinh y (Exer. 48) | 310 3300 351 3x+2) 2(x—-3) * *
7= (V/x sech? V/z + tanh /%) 52 Lety — x in Excrcise 49. I 37 09125, 09501, 0.9990, 0.9999; predict lmit of 1 3@ —2e+C (B)2e — e ~ 0465
> rom Exercise 54, 1 . 1 !
/_\m . cosh 2y = cosh? y + sinb? y 9 4l jAwotsinwor 3@ 1 () — 5 3 -3 Infcos x*| + C 35 M+ 1+ C
9 AUV csch? AMV = (1 + sinh? y) + sinh? y . 45 (a) 0.2499, 0.4969, 0.7266, 0.9045 a7 — 1 2t x4 C
22 sech GG + 1) tanh () + 1] =1+ 2sinh?y, ® 2 _
1
s (2 + 1) and hence T uomﬁlwk.f&_ik.fﬁ.fﬁ 41 Iw@tk~+0
13 —12 csch? 6x coth 6x
. . 2y — > Sey
S@R ) TIETTS snk? y = %% Nw - BIn(l+e)+C 45 _M.mva +C
‘ 47 *+C 49 -In|l+cotx|+C
T@R () - Let y = % to obtain the identit _ ¢ mu_ﬂ bt n |1+ cot x|
(tanh x + 1)? y= y.
1 . nx —nx nr _ ,onx > —— + = - + x4+
_owmsr (x*+ C 21 2cosh /\m+ﬁ mqoom:=x+m:=;anm Mm +2 Nm Tx 5 nonu\« __.__nmo 3x - cot3x| +x+ C
1 m 8
1 — X = (LX)t — . n = — 32, 2 2 ~
23Ztanh 3x+C 25 —2 coth @av+n 59 (2 0.8814 L = {(e" = (cosh x + sinh x) $§y=-getyxTg ST4t+I2=4156em
. @ ; ) 1. | © |o.$8» (d) 1.3170 : 490 510 530 551 576 591 6100 59y —e=—2(1+e&)(x— 1)
27 —ssech3x+C 29 —cschx + C 1] 63 65 1 T _ .
3 VB FI 2Vavai-1 16x? — 1 63¢> 650 67-c0 695 Tle T3’ T500 615l —e ) ~442% 107"




A62
5 In(1/100) _
63 G2 33.2 days
3 1n(3/10) _ "
65 (a) a = 5.2 hr or 2.2 additional hr

7/3
®) ST ~ TV g ~8016 Ib

67 100, oooﬁva =6, N“.ooooo

+ 2x arcsec (x?)

Nk Vx—1 Vx*
7 = 75 ——=
T MY

1

79 — —5x of —5x
77 |S O = @ T 9 —S5e™>*sinh e

2x
81 (cosh x — sinh x)2, or e** 83 ———
Vit +1

1 3
85 —tan~! Aiv +C 81 -V1—-e*+C

6 2
L. 2 T
Smm_aix:O u_u

_ N _ N
B m au-_ wav +mem|| ma%-_ Aw?_v +0

4
3| 25x1+36+C 99 A.rll sin~’ AHlvv
15° 5
101 Letc= Q:u_m. Min: f(c) = m/\w“ increasing on
L4 .
ﬁ s .N.v, decreasing on (0, c].

103 Anvlgbl_a.f :mo_.:lo 1,2,3
Ecmm 2.23, uwo 5.38
_om — Ba\wmn = (.22°/sec

moo 1
107 T —0.31 rad/sec 109 M_s 2 oo

130 11s—00 117e 1191 1210

CHAPTER®7

Exercises 7.1

| ~(x+ Ve *+C ulerx 6x+2)+C

1
5 -x sin Sx + ¢ +
3x x Nmnommx C
7 x sec x — In|sec x + tan x| + C

9 x2sin x +2xcos x —2sin x + C

1
Il xtan™" xlmEC +x)+C

2
13 mxuha Inx—2)+C 15 —xcotx+ln|sin x| +C

1 .
17 Im«lAwE x+cosx)+C

Answers to Selected Exercises

19 cos x(1 —In cos x) + C

1 1
21 IMnmnkno~k+m_=_omox|noﬁk_ +C

1
Bwﬁlz\mvno.nc ﬁm

o (2% + 3)'®(200x = 3) + C

Nu

29 |mf3 sin 5x — 5 cos 5x) + C

Jx(lnx)?—2xInx+2x+C
33 x? cosh x — 3x? sinh x + 6x cosh x — 6 sinh x + C

35 m/\mmi/\m +2 ncm/\m +C
37xcos'x—\V1—x2+C 39Letu=x"

4t Letu = (In x)™.

43 e*(x° — 5x* + 20x> — 60x% + 120x — 120) + C

3n3-2
45 27 .qu::RG.; $A|=~|. _v

Exercises 7.2
1 1 1

A BN 1 4
I sin x me x+C uwx uwmsf C
1 3 1 S
§ —=cos’ x + -cos’ x + C
3 5
732 —2sin2 +3sin 4x + Lsin 2x) + €
2% sin 2x + gsin dx + 2 x
9 tan x + Stan®x + C 11 ssec’ x—ssecd 1+ C
Ftan’ x + otan’ x 3¢’ x — 3sec’ x
1 1

_uwgmalwszux+5=xlk+0
2., 2.,

_mww:sxlwm_::k+ﬁ 17 tan x — cot x + C
2 S 11 . |
-——= =z - +

_uu Y 0.08 u_mﬁmm_swa mm_smxv c
3 1 1
= ——cot’ x ——cot” x +

num 25 mnowk qnoax C

1
—_ —_— ||+

27 —In2 —sinx) + C 29 g C
3 5
L 2

u.»ﬂ 7.40 uuN

35 (a) Use the trigonometric product-to-sum formulas.

(b) R sin mx cos nx dx

_cos(m +n)x _ cos(m — n)x

~ 2m ) 2m—n) +C ifm#n
_cos 2
L ifm=n
4m

._. €OS mx cos nx dx

sinfm + n)x  sin(m — n)x

+ =+ if m#
| mEm T 2men TC HmER
] x| sin2mx e

M.Tﬁ.,rﬁ. ifm=n

Answers to Selected Exercises

Exercises 7.3
1. (2 4 - x? VxZ+
_-_=-||;+q CE P Ry
2 |x x 3 x x
*x7=125
mqlJrﬁ 7-V4-x*+C
o x Ll an(E) ¢ 28
9 ]x~|_+ﬁ __SNTNE Amv+.«~+mL+ﬁ
T __
13 sin va+0 _umcmlx"v+0
E@: +§S o<om+@+n
3+ 2x)VxT = 8 1
1 B2V -3 20 —=+8In|x| +-x2+C
27x° x 2

23 252(V/3 - E/\m +1)]~41.85 25509 X 10° km?
2Ty =Vx*— _mlAwmnl_m

29 Letu=atan 6. 31 Letu=asiné.
33 Letu =asecd.

Exercises 7.4

Answers are expressed as sums that correspond to partial
fraction decompositions. Logarithms can be combined.
Thus, an equivalent answer for Exercise [ is
In|xP(x — 4+ C.

13In[x| +2Injx—4] +C

34Injx+ 1| —SInjx—2/ +Injx -3 +C
56Inx— 1] + > sc

x—1

73Injx—2| =2In|jx+4 +C
9 2 In|x| l:.__alw_ +4Injx+2/+C

115 In| x=5+C

m
_um—ih_ I.M.Tﬂlw”.TAE-\«.Tu_ +C

15 x + 4 In|x| + In(x® + 4) — W:E-_@ +C

1
17 In(x2 + 4) + msaiAwV +3In|x+5 +C

1 1 x 1
- 2 — -z - 2
19 =5 In(x* + 4) + Jtan ANV+N5Q +1)+C
4

2+1

21 In(x? + :1x +C

1

NumaN+\«+N_ii+m~=Tl:+ﬁ

Lo g L 1 . mm. x

nmw\« 9x o 50« +9) + tan” Av+ﬁ
o 5

x+4 x-3 +C

272 1In|x + 4| +

1
29 MES +5)+ wsaa —2)—In(2x +7) +
4Inx—-1)+C

34 17
31 \w\_sax +2) - Iw.__._ax +25) + W:._Amx -5 +C

1 1 a+tu
uuNnA_=F+i In|a =_v+0lm_=n|= +C
b 1 b
35 —<Inju| ——+ =Infa+bu| + C=
a au a“
1 b +
|.|+|N_=n bu +C
au a u
1
uum:_uuam uoli_uw+3 0.67
e I I IO
E3R 2
a_\« \«I~+x+_+xln+k+m
Exercises 7.5
1 x+1 1 x—2
—tan~' ~tan™'
_Nﬁws 2 +C umS: 2 +C
L x=2
S sin 3 +C
+4
7-2V0-8x—x-5sin T+ C
1 x+2
- -1 —
uNTs Q+~v+m+§+L+q
+3 4x -3
n—"2 i nZanE2,c
X7+ 6x + 13 V7 V7
e+ 1 g
_m_sAmu+Nv+ﬁ _u_+M1~.qo _ololo_o

21 m? + 9y — NhAx +9)*3 + C
23 Iax +2)%5 - wax +2)*+C

NmN+m_=wHo.q3

6 6
27 w\t; —5xO+ 2—6x0 + 6 tan”x V) + C
-2
29 w24

<. 3

31 w? + 4y — w? +4)2 +C

2
33 5(1 + e - Mc + e’ +w: +eP?+C
35¢*—4In(e*+4)+C
37 2sinVx+4—-2Vx+4cosVx+4+C uom
4t In|cos x| — In(1 —cos x) + C

1 1
43 m_z.m -1 -yl +1)+C

4
45 w_sﬁ —sin x) + w_im:. x+2)+C

2
aql~m=|_F§h+ﬁ hnltami+1+C
V3 V3 2
1 x 1 x
51 Iw_= wS:Ml; +w_= Snm+m‘ +C




Exercises 7.6
1 \V4+9x2—21In
3 - 3(2x? ~ 80)\V/16 — x* + 96 sin”! i+cC

—— —_ 3/2
5 :mex +4)2-3x)*+C
ql|_ 53 3 S in® 3x cos 3x —
—wm:— X COS Jx QNW X

2 +V4+9x2
3x

5
e +|
Amm:.. 3x cos 3x T +C
1 , 2
9 Iwno~ X csc xlwno~x+ C

2x2 -1 . xV1—x?
n— sin”! x + 7 +C

13 Pmlu.A 3 sin 2x — N cos 2x) + C

13
5 5-18
15 <mklokn+08w 3 Eh LS
H —_
5x2 -3 +C
V5:2+ V3
1
19 MANwN. —1)cos™! e* — Mw}\_ —e¥*+C

2
21 ﬂwmxu — 60x% + 96x — 128)(2 + x)*2+ C

2
num|~$+0mm=ala_=_a+omm=>‘_v+m_

<c+malu
2529+ 2x+ 3 In|———| + C
s VI9+2x+3
5:5 /\l +C
4+/x
4 +\V16 —sec’ x

29 V16 —sectx—4In

Sec x

1 1
31 m_:AoOm x+sinx+1) Im_im cos x +sin x+5)+ C

4x
Be Tcoo

wmooﬁmo\« — 300x2 + 165x — 36) cos NL +C
35 2Vx — In(x + Vx +3) —
“lﬁ_u/\m tan - _A||/\ﬂﬁ_/_\m * :v +C

_I
u.:..Al.Skv+m 392Vx—2In(Vx+ 1)+ C

sin x

— 450x% + 60x + 21) sin 2x —

Exercises 7.7

C denotes that the integral converges; D denotes that it
diverges.

IC;3 3D 5D Zuw 9C; -
1D 13D I5C; 0 17D 19D 21C 23D

Answers to Selected Exercises

25 (a) Not possible (b) w1 277w
k
29 (b) No 31 If F(x) = = then W = k.

1
33 (a) P (b) No, the improper integral diverges.
35(b)c= FA
Vv
1
,§>a
s—a
43 (a) 1; 1; 2 (b) Hinr: Let u = x" and integrate by parts.
45 0.49
47C;6 49D 51D 53D 55C;3V4 57D

ES _
o 2 s>
WT 37 S 0 39

s
st+1

,5>0

41

$9C;2 61D SDIW 65D 61D
6D 71C 73D
75n>—1 77 (a) 2 (b) Not possible 79 1.79

81 (b)T = NA/\W 83 (a) ¢ is undefined at y = 0.

Chapter 7 Review Exercises

1 . 1. 1
1=x?sin™' x —=sin"'x +=x\/1—x?+ C

2 4 4
32In2-1=0.39 meE Nkl_l_mmiumk+ﬁ.
qwﬁnmx+ﬁ 9 ———+
5 25VxZ+25
12 1|2 Mnm +Va-x+C
13 2 Injx — 1| = In|x| — +C

QI:N
15 —=51In|x —3| +2In|x + 3| + 2 In(x*+9) +
1 X
wS: m+ﬁ

-2
_ql/\a+a\«|\«~+wm5|_a +C
V3
19 3(x + 8)' + In[(x + 8)"/* = 2 —
In| (x + 8)¥* + 2(x + 8)'/* + 4|
6 o x+8) A+
—tan' ———+ C

V3 V3
21 _I_wNNAN sin 3x — 3 cos 3x) + C
1 1

Nuwmis.«lmmioa.fﬁ. 25 -\V4-x*+C
1 1 1

27 —x*> — x + 3x — ~In| x| I|I|_=_x+ 2l +C
3 4 2x

NoN:E-_ x+ C 3lln|sec e* +tane’| + C

33 m_.._oa sin Sx — (25x* — 2) cos 5x] + C

2 2

N
35 moomi x — mgmub x+C 37 mC +m¢§+ﬁ

preet

e Tl

Answers to Selected Exercises

39 IG\«/\?N +25—-25In(V4x*+25+ 2]+ C

1
41 wﬂwsux+ C 43 —xcscx+Injcscx —cot x| +C

1
45 —,B-x)"+C

47 —2x oOm/\m + h/\m sin\Vx + 4 nom/\\m +C

1
49 mwrlm.+_=2 +e9)+C

51 Mxmh - w\«u: +6x'2+C

83 (16 — X2 = 16(16 = x93 +
11 15
55 —In|x + 5| —=In|x+ 7 +C
2 2
57 x tan”' 5x — %52 +25x) +C 59e*+C

$ In|\/7 + 52° +V/5x| + C

1 1
3Iwnomx.fmnomxloonklk.fﬁ

25
65 Wom - 5P S (x2S C

6

1 1
—x3—- +
nuuk AS:: 4x+C

69 —x2% ¥ ——xe ¥ ——e ¥+ C

1
qulmnoqu‘fm.

X
71 3sin™!

75 —91njx— 1] + 18Injx—2| =5In|x—-3| +C
77 x%sin x + 3x%cos x — 6xsin x — 6cos x +sin x + C
/0 — 2 N
79 Ia|fllmwm=-_ﬂ|kv+ﬁ
x 3
10 . 1
8l Nue«lﬂ_s_m_: 3x| — 300t 3x+C

8 —lnx——+amVat+1)+C

Vx
85 —2\/1+cosx+ C
x 1
— |H Iic
¥ im0 s

1
aowmanuklmnna.fﬁ

.\ x u. k

2 ||S=-_A.|v | |S=|_A|v +_=QN+£+Q
Vi \vs/ 2 2

93 m_i —2x*+4Injx| +C

2 4
5/2 — 52 4
95 5X In x 2% C

W 8/3 M, 5/3 m 2/3 4
97 —(2x+3) Bﬁx + 3y + Te2x + 3) c

1 .
99 e -1+ C

1ot D 103D 105C; — 107D

9

2
n

109 O“M 1D 113014

T
s @1 &5
117 (a) Not possible  (b) Not possible

CHAPTER=8

Exercises 8.1

11321 3 9 ® 5,
_m.& 11’73 5’ 11 217 35°
7 25 7

-5,-5,-5, =5 =5 12,3,73.5:0
FFFW SE T N -
)\ )\ '\/18'5° 10° 17°26" 37°
3 1.1, 1.01, 1.001, 1.0001; 1 152, 0,2, 0; DNE
7C,0 19 ..m 21D 23C;0 25D 27D

1
29C;e 31C0 uuﬁum 35D 37C; 1

39C;0 41C0

43 (b) 10,000 on A; 5000 on B; 20,000 on C

45 (a) The sequence appears to converge to 1.

(b) Use mathematical induction; 1

47 (a) The sequence appears to converge to approximately
0.739.

49 (a) x; = 3.5, x; = 3.178571429, x4 = 3.162319422,
x5 = 3.162277660, xs = 3.162277660

51 (a) B uw ®) 1.10
Exercises 8.2

2 4 6 2n L
1@ =35 "5 "5 ® Tsmrs ©OF

23 n O.w
:uvumq b 77 O3

5(@) —In2,—In3,—-In4 () —In(r+1) (c)D

V5 37
7C;4 9C;—— 11C= 13D 15D
V5+1 9
1<x<1; ! 191<x<5; ! N_m
17 * Tl4+x * 5—x 99
16,181
23——— 25C 27C 29D 31D 33D
4995

35 Needs further investigation 37D 39 D
TR P R

:O.Na an.q GOJ 47G3

49 (a) 0.21037; 0.26720; 0.26940  (b) 0.265

51 S5 = 4.06




53 1.423611; 1.527422; 1.564977; 1.584347; 1.596163
55 1.040293; 1.573514; 1.921645; 2.179883; 2.385110
57 Disprove; let a, = 1 w:a F_ =-1 5930m

8l 3% © -2 63 ) 2000

65 (a) ar+1 Hl 10a,
n—1 M n—1
Am/\av n_“?quv Ay
n—1
m,\av 3
16 ——a m&
A /\l 15 1

(b) a»

P,

Exercises 8.3

Exer. 1-12: (a) Each function f is positive-valued and
continuous on the interval of integration. Since f'(x) is
negative, f is decreasing. (b) The value of the improper
integral is given, if it exists.

Vv

—4
1@ (0= Gy <0ifx =1

* 1
(b) %_ fx)dx=15C

v

uANv\.AkaaAO—mk =1

AS‘—, f(x)dx = 0c0; D
5@ f'(x) =x(2-3x)e " <0ifx =
Ai fRdx =5 C

EAO_?vw

7@ f'(x)=
c.;‘ f(x)dx = 00; D
3

-2
oﬁuv\QvliAo_QVN

Ai. fwdx=%;cC

1 — 2x arctan x .
:3\:8“!':“3» <0ifx =

® [ rwa-2

Exer. 13-28: A typical b, is listed; however, there are
many other possible choices.

1 1
13b,=—:C 15b,=7;C 17b,=
n 3
1 _ 1 _ 1
—=:C 21b,=—12;D Nuvxly.n

19 b, =
n

Answers to Selected Exercises

1 1 e
vaﬂ -3C 27b,=—;D 29D 31C
Va
33D uuU 37C 39C 41C 43C
45C 471k>1 49(b)n>e'®—1=~2688 X 10%
51 Since :Bllo there is an M such that if K > M,

,.18@

then wl < 1, or ax < by. Since b, converges and
'k

a, < b, for all but at most a finite number of terms, ¥
Za, must also converge.

53 MH_S = M &t Ms ai, where the error

k=n+1
E=2" a

k=n+17K

< &» f(x) dx. (See Figure 8.8.)
554
57 Since Za, converges, __E a,=0and lim — = co. By

00 dn
(R.17), Mnl diverges.

59 S5~ 0.40488 61 S5 = 1.08194 63 52908 = 0.93705

65 The series diverges for Ly
k=1,2,and 3.

wo .
Exercises 8.4
5 . .
_m,n um“_u 50; C 7 1; inconclusive
1 1
900;D 110;C 132;D _mwun _qmnn

19C 21C 23C 25C 271D 29C
31D 33C 35D 37D 39D

Exercises 8.5 )

I (a) Conditions (i) and (ii) are satisfied.
(b) Converges, by (8.30)
3 (a) Condition (i) is satisfied, but (ii) is not.
(b) Diverges, by (8.17)
5CC 7CC 9D 11AC 13AC 15D 17CC
19AC 21D 23CC 25D 27D 29D 31 AC
330368 350901 370306 39141 415
=
45 No.If a, = b, vk and b,

converge by the alternating series test. However,

Sanb, =31, which diverges.

n

Answers to Selected Exercises

Exercises 8.6

1[-1,1) 3(=2,2) s(-1,1] 7[-11)
9[—1,1] 11 (=6, 14) 13 Converges only for x = 0

_:im.mviloo.oov _oﬁw Moov n_TS.é

57
23 Converges only forx =3 25 (0, 2¢) 27 AI 5 mM—

29 (—o0, 00)
k]| SW 33 @w 3500 37 Use (8.35).

2 4

X X

6
39 Jo(x) = a NWE 41 Use (8.35).
i 43 Use (8.37).

45 Assume that Za,x" is absolutely convergent at x = r.
Let x = —r. Then £|a.(—r)"| = =|a.r|is absoluteiy

convergent, which implies that Za,(—r)" is convergent.

This is a contradiction.

Exercises 8.7

I (@) 23%"

n=0

3); MT:,C "

:no

®) M:% "=

—_ :3%: :I_ 1 — =|| n+l
®; ,Mu_A 1) MA 1
3 u, 2
kaES:M_ 12 —x"th ==
=0 n=0 2" 3
9-1—-x—22x%r=1 1l (b)0.183; 0.182321557
n=2
u, < 1
Is =x P MAI—v=|_x:+u
:uoz =0
—_ n N=+& —1\ 2n+1)/2
:WA ::i N_,M.W.A s _n
-5 Xt L 6n+2
2 ,Muw P 25 Wﬁa.x 27 03333

2900992 31 0.9677 33 Mﬁzvay-_ 37 -2 L

n=1 a=1

41 ?VMT:‘.

xin+l

4n + 1

X+

(n+1)(n+ 1)

39 (a) MT:=

n=0

A67
Exercises 8.8
3
L
. _ _ " Ngf_ . _
3a,=0ifn=2k, and a, = (—1) S»|+:__m:IN»+_
5 (=13 ISWT:, i.
" WN:+. N=+N
QMA U ar” @.v.
27 — 1 n
131 +.MA|:..N xZ 15 M:__ _9
-1 (2n)! =0

NNN!#_
:,M“.A I <.§.+:<T|Av *

z o\
WT: <.§V_T|Mv
(x=2r 21 M z

n=0€ Zn!

19 WT_%

n+l
=0 2

2
zN+N/\wAX|mv+Ax|mV

574 2 A _v+ 2 Aa ~v~
T o)+ =[x —=
6 /\w 2 3\V3 2
1 1
27—+ IQ + 1)+ mQ +1)* 2905;0.125
31 o.oomm“ 313X 1077 330.0997;2 X 10~¢
35 0.6667; 0.1 37 0.4969; 9.04 X 107° 39 0.4864
41 0.4484
43 (a) 0.309524, —0.690476

(x+ 1)

(b) y The first approximation
is more accurate.
y =flx)
e
- |y =)
+1
* N;Mo m+1”
1,1 1 .
AMAUv§|Aﬁ~|w+W|m+ -+ (—1) N=+— A_
(b) 3.34 with an error of less than — 4 (c) 40,000

11
49 (9) 167 ft

3x/5)!
53 (a) W_T:i_ |Anw.\|v:_ 55 (a) MT:.@%
% e
7@ WT: @nt D@2+ 1)
&, 6n—2
59 (@) 2 (-1 CE Mxv. Y

n=1
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Exercises 8.9

PN
(@) x; x x oa

(b)

(c) 0.0500; 2.6 X 1077
3 (a) x; xlwxu.a IW\« +u_,ku
(b) (<) 0.7380; 0.164

—

P,

Pi(x) = x;

1
P3(x) = x +—x?%

6

1 1
Ps(x) = x +=x*+—x°

6 120
7 si |~|M IH +P |Ms
s x = Nk 2 NAmENk 2/

. T
z is between x and 2

o+l L —ar Ay —
o/\.ln+»? 4) i? 4) +E~? 4)
M \4\N —_ 4
8% (x — 4)* z is between x and 4.
T 2
__Hmle_+NAlev+NAlev +

4

1 3
w@ tan* z + 4 tan® z + :Ak - MV ,zis g?nm:xm:am.

AT

Answers to Selected Exercises

1 1 1 1 1
_umllmimﬂk+wvlmﬁ+mv lan+Nv

_ 1 oL 5 4 o7 6
uNAk.TNV oAAk+Nv +z77(x +2)8,

z is between x and —2.
_HMMIIWINﬁIH s
x A+~Ak 1) Aﬁk :+u:+NNquﬂ 1),
z is between x and 1. I

o it ¢

IS tan™

11 1 1 3
X = — = —_ 2 — 3 —_ 4 L
17 xe N+NN§+: +$Q+: +mmcﬂ+: +
ze* + 5e*

S ie -
20 (x +1)5, zis between x and —1.

Exer. 19-30: Since ¢ = 0, z is between x and 0.

1 1 1 x*

F1)=x—=x24 —x3 — eyt ————
19In(x+1)=x F¥ X - gx SE+ 1P
= klu.TkI. nﬂla.Tklalmm:Le
n_nomk|_|~_ TR TIET w.x
4 2 4 4

2= | 4 Dkt 2l A oS Tt — xS 4 22
23e 1+2x+2x 3% t3x 5* »mmk

:l_:N 1+2x + 3x2 + 4x3 + 5x* + 6x° + :
Tx%(z — 1)7*

1+2z2
—5x° + 2x*

OA— —_ Nuvu\wkw NG.\,A‘NV =
31 0.9998; |Rs(x)| <4 X 10~°
33 2.0075; |Rs(x)| <3 X 107
35 —0.454545; | Rs(x)| =5 x 1077
370.223; [Ra(x)| <2 X 1074
39 0.8660254; | Rg(x) | < 8.2 X 10~°
41 Five decimal places, since
|Rs(x)| =4.2%X107<0.5X 1073
43 Three decimal places, since
|R:(x)| =1.85X 1074 < 05X 1073
45 Four decimal places, since
|R3(x)| =3.82X1075<0.5X% 107*
47 If fis a polynomial of degree n, then the Taylor remain-
der R,(x) = 0, since f™*"(x) = 0. By (8.45), we have
f(x) = Pa(x). :

27 arcsin x = x +

Chapter 8 Review Exercises

1C;0 3D 5C;5 7 The terms approach 0.589388.
9D 1AC 13D 15D 17AC 19D
21D 23AC 25CC 27C 29C 31C
33CC 35C 37C 39D 410.158
35,~063092 45(-3,3) 47[-12,-8) 495
; 00
21— |
W00 55 (a) M Gx/3)

Awal 1)!

Answers to Selected Exercises

dn+1
57 3=M.W$=+:ss_ m
610.189 63 0.621

1
65 In cos x = _=sz\wv Iw/\wA

n=0

b4
6

)-

2

(

\2
1)

4 m\3 1 " T
—_ —_] - = + 2 2 -
Nq/\mAx ov Hwﬁmon z + 2 sec? z tan’ NvAx 5

- n
z is between x and 5

67e 7 =1-x*

69 0.7314

CHAPTER=9

+ w:ﬂ — 1222+ 3)e

z is between x and 0.

2y

X

et =e MT:, LG+ 2y

)

Exercises 9.1

ly=2x+7
y

5(y—-32=x+5
y

Inx

2

-y

2 =

13y=Inx
17x2—y*=1
y=lx—1]
y
23 G

1
_mwﬂm

19y=Vrx-1
y

23 y= Ak_\u + :»

(27,16)




Ce

27 (a) (b)

35 x=4bcost— bcos4t,y=4bsin t — b sin 4t

39 (a) The figure is an ellipse with center (0, 0) and axes
of lengths 2a and 2b.

=Y

45 A mask with a mouth,

Answers to Selected Exercises

47 The letter A
nose, and eyes

y Ay

==
‘ x “x

49 270 ft; yes
59 Try using: Po(50, 35), Pi(55, 49), P;(15, 49), Ps(35, 25)

(repeated), P4(60, —5), P5(15, —5), Ps(20, 15)

Exercises 9.2

- LU _21,
11; -1 ua, 4 5 55°

3 2
7 lmS: 1= —2.34; WGQ 1=043

9 (—27, —108), (1, 12)

11 (a) Horizontal: (16, *£16); vertical: (0, 0)

b 32+ 12
®b) 5

(©) y

[

T

Answers to Selected Exercises

-2 +4

13 (a) Horizontal; (2, —1); vertical: (1, 0)  (b) o

() 4

I5 (a) Horizontal: none; vertical: (0, 0), (=3, 1)
1-3¢t
®) Taa7g -1
() y

17 (a) Horizontal: (+1, 0); vertical: (0, =1)
(b) w sec* tcsc t

(c) y

19 Horizontal: (0, £2), (2V/3, £2), (=2V/3, £2);
vertical: (4, £V/2), (—4, *V2)

21 w@% —125)~543 23\/2(e— 1) =539

8
25 w% ~123 27159 129 Mﬁ:ﬁ —1)~578.83

1 :% ~384 23 % ~67.02 35 % ~336.78

37 w/\mim% +1)=8403 3922
43 Arc length: 142.29; segments: 203.7

Exercises 9.3

P

7

+

A7

G|

+




25

37

x=35

LI e e e

—+ —

27 r= —3sec

= tan-' = L
31 6 =tan A Nv

33 r?= —4 sec 26
35r0=asin @

39y=-3

29r=4

Answers to Selected mx!.ni

45y =—x2+1

AaT(x+ 1)+ (y~4p<q

F) m_/\W\u

552 570

53 —1

MR
P

61 Let Pi(ry, 6,) and Py(ry, 6,) be points in an r-plane.
Leta=r,b=r,c=dP, P,), and y=6,—6,.
Substituting into the law of cosines,
c?=a’+ b% - 2ab cos v, gives us the formula.

Py(r;, 8,)
~
Py(ry, 8,)

Lt

65 Use (9.11).
67 Symmetric with respect to the polar axis

a5

Answers to Selected Exercises

69 The approximate polar coordinates are (1.75, 0.45),
(4.49, £1.77), and (5.76, =2.35).

Exercises 9.4

37 b4 1
(4 uM mM NMAQ —1)=554 92
. .‘;ﬁz_ o /2 )
n= 13 =(4 sec QVN%+% ~(5)*d6
20 2 arctan (3/4) 2

5 % - W [(4 csc 6)* — (2)2]dB

x/4

- /6
17 (a) m._v W:» cos 20)* — (2)?]de

0

a\: ak_
AS mﬁ“ |A~vw%+ % IAAnOmw%N RL
o 2 :\om
4:
swa+w 3~ 14.08 NZ/\.|M~HN.§
Sm 1
Num|Mz\wzo.B

3 b1
umﬂu+ 11 Enm_nulM/\ﬂRPS

4
_ 3n
V21— ) ~141 292 3t 5 ;24
8
35 ﬁ ~8042 3747%° 3942 41 4nab
2
43 wa/\m 2+ e ~363
Exercises 9.5
1 V(2, —4); F(4, ~4) 3 V(=3+3,2);
F(=3%1/5,2)
y

5V(-4%=1,5); y

mAL = /10, MV

Exer. 7-19: The answer in part (a) gives the value of
B? — 4AC in the identification theorem.

7 g (a) 0, parabola
() (v =2(x")

st be

9 (a) —36, ellipse 11 (a) 256, hyperbola

CH5 &)

TOr=1 O Ty~ Or=1

® 5

bbb

13 (a) 0, parabola
® P =4x"—-1)




A74

Answers to Selected Exercises Answers to Selected Exercises
17 (a) 128, hyperbola 19 (a) — 1600, ellipse G Cs g 21 23
&) (€5
' 2 _ = N2 —
®) (y' +2) 12 1 &)+ O)=1 Y y
X 5 H ) .
] . r=0 R x
] - . M
. i
] 277 =4 cot fesc 0 7.3, 1),(1, =7), (4, —6), (=3, —12), (3, —32)
] . 29 r(2cos 8 —3sin8) =8 9 (=15, 6), (1, —2), (— 14, 4), (24, —12), (12, —12)
- St 317 =2 cos 0 sec 26 1128 + 7j, 4i — 3, 6i + 4j, 3i — 15], 17i — 17
12 +2 . .
7 (@) - (b) Horizontal: none; vertical: 0 3B+ axyi=y 13-b 18f 17 Iw@
" Y yr_2p 35 (x?+ y?9)? = 8xy 2
10 © ~N~| 37y = (tan\/3)x 1944, 7) 21 (~6, 0)
. 39 —1
‘ 412
+ 1 I ~_
T T 10 % i
43V2+ Il +V2)~230
45 27[5V/2 + In(1 + \V/2)] = 49.97
47 2a*(2 — \/2) = 3.68a> 49 V(2, 1); F(1, 1) (=6.0) g
51 V(=4 %3,0); 53 (y')?=3x'
F(-4 /10, 0)
Chapter 9 Review. Exercises ) 8, 15,
25 (a) — m_ + i_w._
2x2—d4x+1 2
== - = 8 15
1@y 1 3@y=2 o) —i—2j
b) 17 17
A (-2
a Yy T T =
V29 V29,

(-3, -1)

CHAPTER=10 29 (@) (—12 A- wv a2
9 (a) (—12,6) (b) u,m, _/\w_ /\ﬂ_
3

5C, C, Exercises 10.1 33 (a) Hw (b) None (c) 0 35 40.96; 28.68

y y 17 19 A 1 /\Nlo ¥ ! 35 37 —6.180; 19.021 39 301.5 mi/hr; 144.3°
x k -+ "% ——+ - -

41 sin”' (04)=23.6° 43p=2,9=-3
45 If a and b have the same direction
47 The circle with center (xo, yo) and radius ¢

1

. Exercises 10.2
1(@@)V104 @®)(3,1,-1) ({2, —6,8)
3@ V53 (b) A| W -1, _v () (7, =2, 0)




A76

s@V3 o (333) @eLL

7@(1,3,0 ®<{=592) (){(—2242,9

@ V4l (e 3V/41

9 @4di-2j—3k (b)2i—6j+7k

© 11i — 28§ + 30k (d)\V/29 (e) 329
@itk ()i+2j—k (5i+9j—4k (d) V2

(e) u/\m
3

1
15 ——(-2,5, -1
/\wmA )
17 (a) 28i — 30j + 12k (b) |_m, +55 -2k
2

14i — 15j + 6k
(9 gA J )

19 (x =32+ (y+1)*+(z—2?%=9

21 (x+ 5P +y*+ (z— CNNW

2@ (x+2)?2+(y—4P2+(z+6)P2=36
) (x+2)2+ (y—4P2+(z+6)2=16
© x+2P2+(y—42+(z+6)1>=4

25 Q+3N+A |mvN+N~umo.

2 4

27 (x— 12+ (y— 12+ (z~1)2=1

29 (=2, 1, —1);2 31(4,0,—4);4 33(0,—2,0);2

35 All points inside or on the sphere of radius 1 with cen-
ter at the origin

37 All points inside or on a rectangular box with center at
the origin and having edges of lengths 2, 4, and 6 in the
x, y, and z directions, respectively

39 All points inside or on a cylindrical region of radius 5
and altitude 6 with center at the origin and axis along
the z-axis

Answers to Selected Exercises

41 All points not on a coordinate plane

o pi (Bt Xtxsontyatyon
43 EE.\EA 2 X n >3 )

Exercises 10.3

3

13 3 -12 ()y-12 5-9 7-—

@ @ V30
-3 6

90 11 arccos ~97.5° 13 arccos— = 62.5°

/534 13

IS Hint: Use Theorem (10.21). 17 —=3,5 1974

37 —-82

21 w_‘nonum/\ﬂ =~ 48.2 23 /\ﬂ 251

27 -4\/3=693 felb 29 1000\/3 = 1732 frIb
35 (a) Hint: @, = a-i = || a|| || i]| cos .
47 When a and b have the same or opposite direction

Exercises 10.4

1(5,10,5) 3(—4,2,-1) s —6i—8j+ 18k
70i+0j+0k=0 90i+0j+0k=0

11 Hint; Use Corollary (10.31).

13 (12, —14, 24); (16, =2, —5)

Exer. 15-18: ¢ is a nonzero scalar.

15@c(13,7,5) &3
17 (@) ¢(—10, —8, —20) (b) V141

19 /22~ 506

Exercises 10.5

In answers it is assumed that the domain of each parameter
is R.

1 1
_alb+w~,wlm+m>~llm+m~
3x=0,y=¢t2z=0
5x=5—-3t,y=—-2+8,z=4-131,

26 17 13 34
A_.W< ov, AM< 0, Hv. Ao, 3 I_v
Tx=2-8t,y=0,z=5-2;
(18, 0, 0), lies in xz-plane, Ao, 0, WV
9x=—6-3s5,y=4+s5,2z=-3+9% 115 -7,3)
13 Do not intersect

9
150= nom|_A|v =~ 75°and 180° — @
V38V33
71
17 6 = co LA|V =~ 60° and 180° — 6
s /821249

19@z=4 @®)x=6 (J)y=—7

Answers to Selected Exercises

216x—5y—z=—8 233x—y+2z=—11
25x+42y—5z=8 272x+y—2z=-3
29 (a) z

3,0,0 ©,6,00 3

35 z 37 x+z=

393x+2y=6
4l dx —y+3z+7=0
XTS5 _y*+2_z-4
-5.0.0 B =% "3
amalAHN.ru.%HN
> = =g
(0, 10,0)
- F’:
0,0, -2
©.0,-2) 3
47x=3—-t,y=2+5t,z=1t¢
9x=3ty=4—t,z=1t
Sl ——~091 §3—1—~076 55 —2_~390
V59 6Vid VEar
576x+ 11y +47=38 59 %aq.d
474 x y z
6 — =5, =
I\T7 =528 e3+5+5=1

65 6x +4y +3z=12

(a) (0.55, 0.30)
(b) 103°; 77°

—

Exercises 10.6

9K 11C 13Q
ISP 17A 19E
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Answers to Selected Exercises

25 (a) 33 Hyperboloid of one sheet 35 Paraboloid

N

~

27 (a) 37 Cone 39 Ellipsoid

41 Exponential cylinder 43 Plane

z z

S

z

31 (a)

Answers to Selected Exercises A79

.
I
hiN

49

)

12.0.0)

S51x*+22+4y?=16 53z=4-x>—y*
55y + 2 —x*=1
57 (a) The Clarke ellipsoid is flatter at the north and south

poles.
(b) Ellipses  (c) Ellipses

Chapter 10 Review Exercises
15i—13j—8k 33V/33 526

-27 1

7 arccos =~ 150.52° 9—(3i-j—4k
V962 (NmA . )

9

22i-2j+17k 13—=157 15156 170
] V33

19 80 21 Hint: Use Theorem-(10.21).

23 @) /38

75
E?dw

@x+1)2+(y+42+(z—-30=16
@y=-4
(@x=5+6t,y=-3+t2z=2—1
f6x+y—2=25
25 6x — 15y + 5z=130
27x=—13t+5,y=6t—2,z="5¢

CHAPTER=1I1

N HN ku
294x+3y—4z=11 3N _+-+z2=1

64 9
1
33 1,4,7 b)yx +4y+T7z=5 i .
(@) /\NA ) () y Exercises 11.1
@x=2+Tt,y=—1—-Tt,z=1+3t (d)59 1 y
59 D
arccos =~ 15.40° 0
(e) arc Y r(0)
) V66=8.12 (9 %HN.G x
35x=3+2t,y=—1—4t,z=5+ 8
NHI_+$;~HOINPNHIWIN~
-25 r(1)

37 8 = arccos =~ 121.46° and 180° — 6

V2295




5 X

23 /\. 3(e — 1) =~ 925.7667
25 8.2182

21 l?/\|+ In(4 + V17)]
= 23.2339

©@4V3

27 (b) z
(4,0, Sﬂ

Answers to Selected Exercises

29 (a) Hint: Let Ax + By + Cz = D be the equation of an
arbitrary plane. (b) 7
Exercises 11.2
1@ [12]
1 1
2y — 1)-U25 — 29 — /-2
b) 5 — )72 =52 - 977
|W — =3/2; _ W — $)-3/23
»Q 1)737 »ﬁ 1)~
b3
3 (a) ﬁnaﬂm+w§w
(b) sec? ti + (2t + 8)j; 2 sec? t tan ti + 2j
5 (a) T QmmfﬂL
(b) 2ti + sec® tj; 2i + 2 sec® ¢ tan ¢

7 (a){tr: ¢t =0} 3|.+~«.y +k; i+ 4de¥j

2Vt Tavi

9 -3+ 2j —4sin ti + 2 cos t

13 313 — 3174

r(l)

T r'(l)

17x=1+61,y=-2—-10t,z=10+ 8¢

1

Loi s

<wA i—j)

25 x = ae', y = be’, and z = ce’ for constants a, b, and c;

the graph is a half-line with endpoint O deleted.
1 1
27 16i — 8j + 6k 29 A_ ||vml|‘+ Inv2)k
i )t \V2)

31 @u + Mvm +am+7§.+ﬁx+:x

19x=1+t,y=tz=4 2=*

B+ +Ni+ (2 —-Yj+ Awﬁ -3t + _vw

Answers to Selected Exercises

Isx+y=1
37 (14 5t¥)sint + (2> + 3¢) cos 1;
[(£* + 4¢) sin t — £ cos ¢]i +
[(3t2—2)sin t + (3 — 2t) cos t]j +
[—3tsint+ (1 —¢?) cos ]k

Exercises 11.3

.‘|r|.h..+2,H 3 n2-j4i+jiVs
13 e2(—i + § + k); e™(=2i + k); \/3e™?
15i+2j+3k 0, V14 1947

21 (a) 18,054 mi/hr (b) 86.7 min
1500)°
23 (a) do/\wm + (—gt +750)j (b) A\mm|v ~ 8789 ft
2
( v% =~ 60,892 ft (d) 1500 ft/sec
250g = 89.4 ft/sec 27 0.46 rev/sec
312,51 ft 33 0.14 (mi/hr)/ft
Exercises 1.4
1 . t t . 1 .
! Anv A_ + «uv_\N_ - 1+ IVS - a+ NJ_\p_ - A_ + -V_\L
(b) Y

1? . 1 . 1 . 2 .
3 () + :_\N- + o+ :_b._, o+ :5_ - o+ :_bh
(b) Y

5 (a) cos ti — sin tk; —sin ti — cos tk

(b) 2
* y
6 2
q_ou\NRo._c 92 114 13 :u\NHo.Om
48

150 _qgﬂo.mo
19@1 (b) Am ov

() Ay

P(wl2, 1)

21 @ 2V2 (b)) (=2, 3)
(<)
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23 0.6439 25 0.6034

1 1 1
27 {In\V/2, — 29 (0, =3 31 A , —=In Nv
(nva.J5) w0 u(ls-;
8 — 3 sin® 20
(1 + 3 cos? 20)*2

43 Al 4 %v 45 (4, —-2) 471(0, —4)

33 AH/\M —20) 35(0,0) 39

3712
4 3
=—5 — =z g >
53 x mw 3,y mu+m,wlo
1 1
uuanancmM?wnhwimhoMuMmu

Exercises 11.5

4 i 6 3 6
! (482 + 9)1/2” (412 + 9)/2" (412 + 9)*2
3 6r(t2+2)  6(rt + 12+ 1) 20t + 2+ 1)12
a2+ )7 (4 + DV 30 + a2 + 1)7
5 t 2+, 2+1
A+ 7 [+ )7 L+ PR
—65 sin ¢ cos ¢ i
(16 sin® ¢t + 81 cos? ¢ + 1)'/2°
(81 sin? ¢ + 16 cos? ¢ + 1296)'/2
(16 sin® ¢ + 81 cos? £ + 1)'/2 °
(81 sin® ¢ + 16 cos® t + 1296)'/2
(16 sin? ¢ + 81 cos? ¢ + 1)*/2
36 18
9 3 16.10; Vi 8.05

7

Chapter || Review Exercises

3 2ti + (8¢ — 4)j; 2i + (8 — 12¢))f;

2/t[V17 — 16¢2 + 4r*

1
:uvlm:+.m+5 ®yx=t,y=1+rz=1+1t

W’
NO‘M
9 3i + 3% + 4k, 61 + 12t%k, /9 + 9r* + 1615
3i+ 3§ + 4k, 6§ + 12k, \/34
L
1] N.+»._ k

Br)=0Cr—4)i+ Q-8 +9)j+ Awm - ~vw

Answers to Selected Exercises

108
17 i 0.15
36 + /309 5 ,
19+ |0/M|RH58 N_m/\wurmm !
- —8 cos 2t sin 2t + sin ¢ cos t 2| cos 2t cos ¢ + 2 sin 2t sin t] .
(4 cos? 2t +sin? )12 (4 cos? 2t + sin? 1)'/?
25 2m

CHAPTER=12

Exercises 12.1 -

1 R% ~29,6, -4 3 {(u, v): u+ 20} Iw. m. 0
5{(x, 3 2:x?+ )2 + 22 =25} 4,2\/3
7

z 9 z

21 23

Answers to Selected Exercises

27 yarctanx = 29 x>+ 4y —z°= —|
31 (a) Ellipses  (b) None (c) None

33 (a) k > 8: none; k = 8: the point (0, 0, 8); 0 <k < 8:

circles
(b) None (c) None
k=113,
Bezerw

37k=1.1,12,14,1.6,1.8
39(c) 41 (b)) 43(c)
45

47 None; the origin; the sphere with center (0, 0, 0) and

radius 2
. . . k . k
49 Planes with x-intercept k, y-intercept 7 and z-intercept —

3
51 None; the z-axis; the right circular cylinder with the z-
axis as its axis and radius 2
53 (a) Circles with center at the origin  (b) x> + y> =100
§5 Five; spheres with centers at the origin; the force F is
constant if (x, y, z) moves along a level surface.
57 (@) P = kAv® fork >0
(b) A typical level curve (see figure) shows the
combinations of areas and wind velocities that result
in a fixed power m.. =c

4 (c) Av? Hw#X 10°

59 Example: 5'11” and 175 Ib are approximately 180 cm
and 80 kg. From the graph, we have a surface area of
approximately 2.0 m* Using the formula, we obtain
S =~ 1.996 m’.

Exercises 12.2

2
| 3 31 50 70 194
Exer. 11-20: The answer gives equations of possible
paths, and their resulting values, to use in (12.4).

m

1
__kIO<IM,.<IO‘N _w%INISAklﬁyﬂ

4m
_mwli\ﬁg 17x=y=0,0x=y=¢31
_ _ (@—cp
_oal|u+&é|§,~lmra~+wp+am 210 231

25{(x,y):x+y>1} 27{(x,y):x=0and|y| =1}

29 {(x, . 2:22# x2+ ¥} 31 {(x,y 2:x=2,yz >0}
x*=2x%i+y*—4

330 uumwi;? y): X2 # y%

37x*+2xtany +tan’y + 1; T\ﬁ wv“wﬂm+a§¥
39 e (x2 + 2y)(x2 + 2y — 3); € + 2(¢ = 3p)
41 2x2=3xy —2y?—x+ 7Ty

43 The statement lim  f(x, y, z, w) = L means
(xyvz,wh>lab.cd)

that for every € > 0 there is a 8 > 0 such that if
0<Vx—al+(y—bP+ -+ (w—d?<s,
then | f(x, y, z, w) — L| <e.

Exercises 12.3
1fi(x, y) = 8x%% — y% filx, y) = 6x%y? — 2xy + 3

r 5
3fi(r,5) = 2+ aJ_\N.\,.Aﬁ 5) = (r2+ s3)2
5fdx,y) =e" + ycosx; fi(x,y) = xe’ +sinx

v t
THE O = T A 0 =

X X . X \«N. X
9 flx, y) =cos —— =sin—; f(x, y) = |- |sin -
fx. 9 = eos = Zsin % e, ) = (o

1 fu(x, y, 2) = 6xz + ¥ filx, y, 2) = 2xy;
filx, y, 2) = 3x2

13 f(r, 5, 1) = 2re® cos t; fir, s, t) = 2r%e® cos t;
filr, s, 1) = —r%*sint

15 fu(x, y, 2) = € — ye* fyx, y, 2) = —e* — ze™%
filx,y, ) =xe"+ e

v
17£,(q, v, w) = —————;
fila 2Vaqo V1 —gqv
q
filg, v, w) = + w cos vw;
o 2Vqo V1 —gv
folg, v, w) = v cos vw
19 w,, = w,, = 4y> — 12xy°
21 w,, = wy,, = —6x% > + 2y *sin x




L As

2xz .
23 Wiy = Wy = Iz|m:5 =

27 t3(sec rt)(sec? rt + tan? rt)
29 (1 — x2%y?%z?) cos xyz — 3xyz sin xyz
31 Wy = Wrer = Werr = 36777t — 651%™

25 18xy? + 16y°z

& _ yr-x 8
axt (x?+y? m\<
3 . . ¥
35 Show that T cos X sinh y —sin x coshy = Imlwﬁ
37 Show that —; = —cos(x — vlrl%ls
os:mel cos(x — y Gry oy
39 Show that w,, = —cZe™ sin cx = w,.
v , 9%
41 Show that i a? [—k*(sin akt)(sin kx)] = a? et
43 Show that u. = 2x = v, and 4y, = —2y = —v,.
45 Show that u, = e*cosy = v, and u, = —e*siny =
4T Wer, Wey, Wazy Wyry Wiy, Wyzy W, Wy, W
49 In deg/cm:  (a) 200 (b) 400
51 In volts/in.: v w0 30 _%
n volts/in.:  (a) 9 Avo (<) 9
aC
5350~ —36.58 (g/m?)/m is the rate at which the con-
centration changes in the horizontal direction at (2, 5).
oC
3 ~ —0.229 (wg/m?)/m is the rate at which the con-
centration changes in the vertical direction at (2, 5).
55 (a) 3.57; 4.81; 4.98; :Eow+|§ 5
plp—1)

® g+ pi-gF
(c) p(p — 1); as the number of processors increases, the
rate of change of the speedup increases.

57 (a) 0T/3t = Towe ™ cos(wt — A\x) is the rate of change
of temperature with respect to time at depth x.
T/dx = —ToAe **[cos(wt — Ax) + sin(wt — Ax)] is
the rate of change of temperature with respect to the
depth at time . (b) Show that k = /(2A?)

59 (a) 9V/0x = —0.112y mL/yr is the rate at which lung
capacity decreases with age for an adult male.

(b) 0V/dy = 27.63 — 0.112x mL/cm is difficult to in-
terpret because we usually think of adult height y as
fixed instead of a function of age x.

61 e, = —au for every k

3x=1y=tz=—4r+12

P(1,2,4)

Answers to Selected Exercises

65 0.007960028, 0.059882618; 0.007960033, 0.05983345
67 0.00256544, 0.12014571; 0.00256369, 0.12017305
69 1.8369; 4.1743

Exercises 12.4

I (a) 10yAy — xAy — yAx + 5(Ay)* — Ax Ay
(b) —ydx +(10y — x) dy (<) AxAy — 5(4y)?

Exer. 3-6: The expressions for €; and €; are not unique.
36 =30y, =440y

S & =3xAx + (Ax)% & = 3yAy + (Ay)?

7 (3x% = 2xy) dx + (—x* + 6y) dy

9 2x siny) dx + (x2cos y + 3y'?) dy

11 xe®(xy + 2) dx + (x%e® — 2y~%) dy

2x2 2
13 [2x In(y? + 23] dx + Ax|w~v &w+m xz v&

Ytz 2422
yzly +2) xz(x + 2) xy(x + y)
15 T\:fﬁL& + Ta+z+~L%+ T:vlmL%

17 2xz — 2%) dx + (43) dy + (x® — 2xzt) dz +
CNEM — xz?) dt

Leo 3
19738 21187 23@)=;f () = Gwm
25 (2)3801b (b) £11.5% 27 *0.0185

w
8 _‘<$ 31 7% 33296
35 ZEE::E error in x must not exceed *2.9 ft.
37 *1.77in® 39 Use Theorem (12.17).

43 (xe, ys) = (1.8460, 1.1546)

No.,r

VN S A | ~f
5lg g &|ld|=]—s
he By k|| Az —h

Exercises 12.5

I 2x sin(xy) + y(x* + y?) cos(xy);

2y sin(xy) + x(x? + y?) cos(xy)
32r(lns)*>+ 8rlns+2sins;

2r2 | 4

|na=h+h+N‘+Nl.:
5 3x%® + ye* + &ku % 3x3%e® + e* + 2x'y

7 3 In(uor) + 3 + ﬂ“ ¢ In(uot) + uclx +1;

3u
o In(uvet) + " +uv
=31+
t+ 1)y
13 4 sin’ £ cos ¢ + tan 4¢ sin t — 4 cos ¢ sec? 4t
6x2 + 2xy 12Vxy +y
15 -——5—= 17
x*+3y? 6Vxy — x
19— 227 +2xy* 2xty — 372
6xz°> — 6yz +4’  6xz>—6yz+4
e’ — 2yze* + 3yze®™  xze’ — 2e™ + 3xze®
xye’s — 2xye* + 3e®’  xye’ — 2xye< + 3e™

9 =34y +6r—24s 11

21

Answers to Selected Exercises

23 (a) 0.887% = 2.76 in*/min  (b) 0.3 = 0.94 in?/min
df_VdP PV i /mi
5 cx iz ¥ 6.4 in®/min

29 762.6 cm?/yr 333 350

Exercises 12.6

1 Imm+w.m 33i+2j 5-8i+j—9k
7 0.154841, 0.154669, 0.154583

9 —0.229378, —0.114097, Io 056901

10
1 —-—=-707 13 ———=-0.03
V2 m<a
67 *
5 ~164 17——=~0098 19 16\/14 ~ 59.87
8V/26 226
15¢72 12
21 =034 23-———=-379
V10
2
i——j; V30
<w._
-\/80
2 3 1
——it—j+—=k; |
vz Vi V14
1
(c) i ji— |_n -1
<I <I
28
29 (a) — ﬁ (b) The direction of —12i — 16§
(<) The direction of 12i + 16
(d) The direction of 4i — 3j
178
31 ——— (b) The direction of 4i — 8j + 54k
(@) Via (b) n J

() V2996 = 54.7
33 (b) a7/0r is the rate of change of temperature in the di-
rection normal to the circular boundary.

35 (b) VF(I, 2) ~ _.oooow&wm - 0.11111235j;
Vr(1,2) =i- o
3701294 45 @) 5 +\/3

Exercises 12.7

116(x=2)+6(y +3)+6(z—-1)=0
=2+16t,y=-3+6t,z=1+6¢
316(x+2)+ 18(y+ 1)+ (z —25) =0
x=-2+16t,y=—-1+18,z=25+1
S4x+5)—-3(y—5)+20z—1)=0
x=—-5+4,y=5-3t,z=1+20¢

:+/\MA |mv+@|:uo“xnrz

It

m +1/31,

1+¢
1 1

9 x 3= - (- D=0x=-ry=2+z1

4

z=1-1¢

] 13

8V2 2v2 22
Nkem <. ,\v
8v2
)
(-5 -34%%)
31 (1.2718, 1.1787),
(1.2729, 1.1746)

33 (0.8239, 0.1372),
(0.8210, 0.1384)

X

Exercises 12.8

| Max: f(—2,1)=4 3 ZH.E\AW. IM__V = IW
§ Min: £(0, 0) =

7 SP: (0, 0, £(0, 0)); min: f(1, —1) = —1
9 SP: (3, -2, f(3, |§

11 SP: (2, 4, f(2,4)), (=3, —4, f(=3, —4));
. Nmm 617
min: f(2, —4) = — =3 ; max: f(=3,4)=—
13 SP: (0, 0, £(0, 0)); min: f(4, —8) = ImP
fe12=-3

15 SP: (-2, —V/3, f(=2, —\V/3));
min: f(=2, V/3) = —48 - 6\/3

17 No extrema or saddle points
. 3 3
19 Min: 2,2V2) ===
f/2.292) = 52
21 (0, 0), (£ 1, 0), (0, =1); min: f(0, 0) =0
3
max: f(0, £1) = 2
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A86 Answers to Selected Exercises Answers to Selected Exercises
. 11 1 2 . 7 ' 4 25 )Y
Nugnn\ﬂm.lmvnimnamx“\ﬂlﬂ an.v 1+V2 7 N :Z:.\ /\ /\w /\W 1 y=x Anv.% B \? y) dy dx
25 Min: £(0, 0) = 0; max: f(4, 3) = 67 8 o . n a8
27 Min: £(1.2) = £(1, —1) = — |; max: f(—1, =2) = 13 153 17 Height is twice the radius. = A| 3 m. wv ® ], ), S dcdy
29 1 21 Width = m/\w in., depth = —\/6 in. _ 8 2 4 L‘. yovE
5 V2 ( ) - 3 3N
2 4 2V2 23 Max: (0.97, 0.17) = Tmm“ ¥
3 A/\m Vi, H/L\mv‘ A = V12, v min: (~0.87, —0.35) ~ ~2.73 - A 8P |%v -5
3’ 3’ 3 ’ + —>
1 x
33 Square base, altitude > the length of the side of the base e £ A § A mv _; Al iR mv 1
8 6 12 4 3 3" \3 3 3 3
35 ﬂ |/\I| q 371, 3 4 g Exer. 27-32: Answers are not unique.

39 Square base of side /U\M ft, height m/u\m ft 4 2 75
Nu._‘ g\ Cl.nxv&x&HIn.
=1 =1

1
<~
N TN
|
Wi
WIN
|
==
>

41 (18 in.) X (18 in.) X (36 in.) n 5
AT-,\T{MV UARFIE =55 3) o !
8 ~o«-% xyldx dy = -

49 y = mx + b with m =~ 1.23, b ~ —18.09; grade of 68 um/\w 0 oy 2

14 11 2
o
53()4x—y—2z+1=0
55 (—0.35, —0.17) ¥

Exercises 12.9

i )5 )

2 1 2 1
e s ) )
5 5 5
3 Min: \.A ﬁ lﬁ‘lﬁvllm/\w.
5 S 5
max: \AQM |/\|M<1/\|lem/\w
(L L Ly
mZE.\Au, 33) =3
7Min: f(0, —1,0)=landf(2,1,0) =5
2 8 16
9 Min \A_,ﬁ.l_,wvululz\w“
2 8 _6
max: \A_,lﬁ.l‘wvlw/\w

Chapter 12 Review Exercises

1 {(x, y): 4x*> — 9y2 = 36};
the hyperbola 9y? — 4x* = 108
3{(x, y, : > x>+ y%;
the hyperboloid of two sheets z2 — x> — y? =1
5 m 7 DNE 9 Halves of four-leafed roses; DNE

1 fi(x, y) = 3x2 nOmz +4; f(x,y) = —x>siny — 2y

_ INV.N.IN'V

_u.m?.k@llw.:“.\,f %)= T
2+ y?)
\“Ax.x&nli

15 fi(x, y, 2. ) =2x2\2y + t; f(x, y, 2, 1) = %

fyn0=xV2y + 6 fix,y,2,0) = ——/—— <$l+
17 fuulx, y) = 6xy? + 12x%

fulx, ¥) = fulx, y) = 6x% — 9y% fi,(x,y) = 2x° — 18xy

21 (a) (2x + 3y) Ax + (3x —2y) Ay + (Ax)* + 3 Ax Ay — (Ay)%

2x +3y)dx+ 3x—2y)dy (b) —1.13; —1.1

25 12x + 18y; 18x — 22y 27 3e7'(9¢? cos 3¢ — sin 3¢°)
2 —2xy zsiny-—x? 14

» cosy — 3xz*’ cos y — 3xz? @ Va1 ® 14

33 -16(x+2)+4(y+1)-7z—-2)=0
x=-2-16,y=—1+4t,z=2—7Tt

37 z 39 Min: f(0, —1) = —

43(0,4,4) 45

i_
lk==*f *+1,+32
53 3 —2.351176, —2.314361, —2.296035
(b) —2.277764

55 (4.3418, 3.0227), (4.8003, 2.5887)

S5TF(. 0, 9)~0,G. 6, )~ o, HY, 6, 9) =

K, 6, ¢) =1

CHAPTER=13

Exercises 13.1
IR, 3R, 5Neither 7R.andR,

@39 ®8l (60 13-36 15—

19 m?« —e%) = —21.86

b1] ?L.A‘ f(x,y)dydx 23 E.H % f(x, y)dydx
s
A_i % fondrdy @) % % Fx.y) dx dy

2 2
1
u_._y % kwoomaw&z&knﬂ_IoomSRo.um
0 0

2 pxtd 4 rx+d
@ g, % f(x, y) dy dx + % flx, y) dy dx
1 9 - ax

2 Jx3/8

2y1/3 8 p2yi/3
?; ﬁ f(x, y) dx dy +% % f(x, y) dx dy
9- 5 Jy—a

n/4

1 2x 3 3-x2

() h\ .‘v f(x, y)dydx + g\ &w f(x, y) dy dx
-1 -x-3 1 -x=3
-2 rV3-y 2 V3

?L. % f(x, y) dx dy +% .ﬁ\ fx, y) dx dy
-6 J-y-3 -2 Jy2




A88 Answers to Selected Exercises Answers to Selected Exercises
1/x2 2 y+4 i .
m%\ &k\«l| 7 R\«%Hm , 19 The paraboloid z = x? + y?
1 J=x2 6 -1 J-y2 2
y Yy
- L
y=z
i ——
y=-x

x+y=1

Ai% 3&@&;% f(x, y) dy dx
0 1-x - 1 Inx

?v.ﬁ %‘ f(x, y) &x%+‘. % .\Tw y) dx dy

39 y . 41 4
y=4-x T x =y .
- N T a.n ,
x = Vy ,
v.ﬂi(&lﬂ + T‘x {
. i
—e =23 '
2 p4-2 6
Nm‘!‘y (4—-2x—y)dydx=—
. o Jo 3
y=¢€
|
5
=sinx| " *
(12-4x)/3 _ x y
45 w@&x&llAm —1)=13.40 _w«k..‘, Aoo 20x — 15y) dy dx
4y _832
27 +wv&v~&\«|%
SH«“ wnOmx~&vaxHWm_,= 16 = —0.07 _uA_.a ‘.o (6 — x) dx dy
y
17 The plane z = 3
.SR..‘. &v&knm P
V16 +x' 7
1.10 53235 550.62

Exercises 13.2

5 rdx—x 3 rO-»2
I % .& dydx 3 .“ % dx dy
0 J-x -3J-\052

A89

Vi/2
~oH R. :@F«u%

/16

(4,1,64)

2 4-x2
423
u_\ R (x2+4)dydx=——
-1 J2-x 20

330417 350.344
370.791 39 —1.281

Exercises 13.3

®/2 [asing /3 [1+2c088
_NR ‘» rdrdf un% .% rdrdf

o Jo )

n/4 [2\/cos2B /3 [4sin30 an
m&% \ rdrdé q% % ﬁ&kauﬂ.

o Jo o Jo

£3 2-2cos6 W
om% &, lﬁ%nm/\mlﬂua.&
/3 J3

x/4 3NcxDB ) 9
1" m% % w&w%um
] o
2 2
64
_u% g. ?dx&%“lﬁ
0 0 5

2 b r
15 \. R (cos? $2¢&¢HM@~I=NV
o a
/4 3sech 9
17 \ .ﬂ (rdr dg = MT\M +1In(V2Z + 1)]=1033
0 0
B _T -a
9 «‘» A“ e"rdrdd=—1-e
o 0 N
/4 2sect _.
~; % @‘ drdd =In(\/2 + 1) ~ 0.88
o sec®
2 T
23 .H ‘v cos(r®)r dr d@ = —sin 4 =~ —0.59
] ] &
256w

"2 s
25 m‘. R (25— r)"Yrdr do = ——
0 3

3
p 2c080
27 N&. \ (r)rdr &QHM
-2 Jo




4snd 128
Nf% \ﬁ (16 = r2)%r dr df = =~(3w — 4) ~ T1.15
0 0
3

2 pnf2
uw\ A\ V1 + rirdfdr =17299
o 0
3
35 % .ﬂ (cos r)r df dr =~ —2.461
] 0

1 2
uu&. % \Vré+ 1rdfdr=3.492
o 0

Exercises 13.4

:% x /\Aﬁ LNA/\» =

? L. .“ /\A?\_S H. +_tv~+A~<s~ ww. +_§v *ldyds
m% “ V(&) + (1)* + 1 dy dx
0 0
= WT\M +21(1+V3) - n2] ~ 1.52

G ]

9 mas —1)~533

\2
+1dydx

11 2a%(mr —2) 13 247.4 fe?
15 1.205 175800 19 1.559

Exercises 13.5

39 1 513
1= - 222
2 37 %

6 r(6-x)/2 [(6-x-2y)/3
7 A& % % f(x, y, 2) dz dy dx;
0 o o
3 6—2y (6—x=2y)/3
R. % .‘. f(x, y, 2) dz dx dy;
(] o o
3 (6-2y)/3 6—2y—3z
\ R % f(x, y, 2) dx dz dy;
(6-32)/2 6—2y-3z
‘w ." f(x, y, 2) dx dy dz;

—0/3 6-x-32/2
% &. .& f(x, y, 2) dy dz dx;

6-3z (6—x-32)/2
% f(x,y,2) dydx dz

Answers to Selected Exercises
Vo—axt 9—dx2—y2
% % % f(x, y, 2) dz dy dx;
-3/2 Vo=a=2 Jo
9—dx2—y2
% % fx, y, 2) dz dx dy;
-3 0
n“u
(x, y, 2) dx dy dz;
% % 3:\ Y Y

[l e
V9=z/2 \o-axt—

, » 2) dy dx d.

[ i

4-y r\Va—z
:% \ \ dx dz dy =122
0 0 ]

VI=¥/2
% -Ve=y1/2
9=y ~VI—=¥/2
.‘ % f(x, y, 2) dx dz dy;
V=32
V9= VI—z=P/2

\? ¥, 2) dy dz dx;

X

Answers to Selected Exercises

3 2 9-x2
:% g‘ % dz dy dx = 108
-3J-1Jo

x3Jo

21 Ma&n

23 The region bounded by the planes z=0,z=1,x =2,
x =3 and the cylinders y =\/1 —zand y = /4 — ¢

25 The region under the plane z = x + y and over the re-
gion in the xy-plane bounded by the parabola y = x?
and the line y = 2x

27 The region bounded by the paraboloid z = x? + y2 and
the planes z =1 and z =2

1 e~
29 gy % ydydx
0 0
2 p4-2y pd—x-2y
31 % &‘ g\ (x2+ y?) dz dx dy
0 0 0

33 1.1685 X 10°kg 35 0.77

Exercises 13.6

20 203 29
3 m = 8k (k a proportionality constant); X =0,y = w
msn-:nasv 022,5=0,5= MM__Hlm,wzo%
qsnfi/\w+::i=/\m|::auwu:
$=05=2"T_08

4m

1 1
:A v %A ov uA_N%v 11 64k; I» WNM»

28 56
= i —a* —at —at 4
13 (8 = density) Emn 8 (b) _Nm 8 ?voa 5 15 3
7
Tx=y=27= 4 (with fixed corner at O)
/\.\N Va=aZ
19m= % % .‘. (x? + z%) dy dz dx; the integrals
Via/2 -Vi—az?

for M,;, M., and M., have the same limits, but the
integrands are x(x? + z?), y(x? + z?), and z(x* + z?),
respectively.

2lm= % R. g‘ &m dy dx; the integral for
M, :mwmrn m..wEM limits, but the integrand is z. By sym-
metry, x =y = 0.
9—x2 r6-2x
23 (@ym= % g. % dy dz dx; the integrals for M,.,

M., and M,, have the same limits, but the inte-
grands are x, y, and z, respectively.

by 35y L7 T 2673
(®ym == My =53 M = =573 Moy = 571
2l _ 54 _ 99
*T250 77250 T s

(x2+y?)(x* +y2+2z?) dz dy dx
b1 —x/a) el xfa-ylb)
Nﬂ\I\% R (x*+ y?) 8 dz dy dx

Exercises 13.7

1 (a) The right circular cylinder of radius 4 with axis
along the z-axis  (b) The yz-plane
(c) The plane parallel to the xy-plane with z-intercept 1
3 The plane parallel to the yz-plane with x-intercept —3
5 A paraboloid with vertex (0, 0, 0) and opening upward
7 The right circular cylinder with trace x> + (y —3)*=9
in the xy-plane
9 The cone z2 = 4x2 + 4y?
11 The sphere with center at the origin and radius 3
13 The cylinder with trace y? = 2x in the xy-plane and
rulings parallel to the z-axis
15r2+2z2=4 173rcos 6+ rsin 0 —4z=12
19r=2 21r=2z 23r’sin®0+z*=

16=r2
Nm\. % f(r, 6,2)rdzdrdé
0Jo

3 4
Nq%.ﬁ f(r, 8,2)rdz drdé +

RV %&» 1\?, 0, z)r dz dr db

29 @) 87 (b) Ao, uv
1

1 1 1
31 (a) miﬁ& (b) :&mNAMnu + wﬁvm 33 M»ENQ‘



A92

1 T
35 mwdnaa 37215360 kg 39 M

2 4
4 ?f‘ .ﬁ% ze~ (Pt es8sindr gy dr df  (b) 973.947

/2 (2
au?v% \R r?+2r?cos @ sin 0 + z* r dz dr do
o
(b) 48.848

Exercises 13.8
1@ (0,2,2V3) EA /\wv

m
N
u?v A/\a' nOmLAﬂwv. Mv ?V A/\m. m‘ IN/\MV
5 (a) The sphere of radius 3 and center O
(b) A half-cone with vertex O and vertex angle /3
(c) A half-plane with edge on the z-axis and making an
angle of /3 with the xz-plane
7 The sphere of nwawcw 2 and center (0, 0, 2)
9 The plane z =3
11 The sphere of radius 3 wza center (3, 0, 0)
13 The plane y = 5
1S The right circular cylinder of radius 5 with axis along
the z-axis
17 The cone x? + y? = 472
19 The paraboloid 6z = x2+ y? 21 p=2
23 p(3 sin ¢ cos O + sin ¢ sin @ — 4 cos P) =
25p=2cscd 2Mtan* p=4
29 p*(sin® ¢ sin® 6 + cos? ¢) =9

1 . . .
31 M\QE» (k a proportionality constant); center of mass is

2
34 from base along the axis of symmetry.
2 16: 124

3 5kma® 35 % 31 <k

39 g?\m — 1) = 66.63
41 (@) (—3V2, 3V/6, —6\/2)
(b) 0 should be increased by 105°, ¢ decreased by

8
45 + arctan v = 80.26° and L increased b
A V128 Y

V192 - 12 ~ 1.86 in.
X rr/2 03

43 ?L.\ \/\mwnwa ddpdpdd (b)63.617
0oJo 0

Exercises 13.9

I (a) Vertical lines; horizontal lines (b) x = Zu, y =
2
3 (a) Lines with slopes 1 and -3

B)X =2u+ 2o,y = —2uts
(b) m: mc,v m: mc

Answers to Selected Exercises

5 (a) Vertical lines; lines with slope —1
by x=u'y=v—u’
7 (a) Vertical lines; horizontal lines (b)) x =Inu, y=Inv
9 (a) The _.moﬂwsm_o with vertices (0, 0), (6, 0), (6, 5), (0, 5)
w
(b) The n_:vwn —+ m =1
11 (a) The triangle 2:: vertices (0, 0), (—1, 3), (2, 4)
(b) The line —u +3v =35
13 4u® + 40?15 2u{uv — 1)e" @ 17 —6

2 ;2-u 1 AVT=02
_o%% (v—u)2 dv du N_% -_y (u? + 0?6 du dv
~1J -T-0o2

1 1
w+_wm=_m||m_=m 0.23

2 15
Nu‘..‘, AW+ncuv dv &:I

9
27 n&% AWXLV% du=> 1291.08X 10 km’
2 —upa \# 5 4

3@ (1, 1,1) (b) AF F. |/\mV

Nu% (u? cos? cv &: dv=

V2 V2
(<) AQIH %.T_.OV
37 v

Chapter |3 Review Exercises

5 63 107
=% 37 575,
210
2 r4-y2
ﬁ% \Ak. y) dy dx e% f(x,y) dx dy
VxI-a —2Jy2-4
13
r=2+4cos@
1
155(1-e™)=025 1713 194V2m~17.77

21 MFNIWRO.QA

5
et

Answers to Selected Exercises

/2 rr/4 ../\u
23 & .‘ H p-p*sin d)dp ddb dé = 642 — \/Dn
=~ 117.78

9 27
25 9% (k a proportionality constant); A 3 v

256 8 12
ST Ao- L

VI VI-Z T+ 2
u:;\\ S 5 +2)Vx?+ 22dz dx dy
VIFR) -T2 2
35 ma‘k
37 Rectangular: Alw/\m. u/\M m/\wy
3
cylindrical: Am. Ma m/\mV
39 z =9 — 3x2 — 3y?; a paraboloid with vertex (0, 0, 9)
and opening downward

41 x? + y? = 16; a right circular cylinder of radius 4 with
axis along the z-axis

BV + 2V y 2 -3)=0;
the sphere of radius 3 with center at the origin, together
with its center

45 (a) z =r%cos 20 (b) cos ¢ = p sin® ¢ cos 26

47 (@) 2rcos 8+ rsin § —3z=4
(b) 2p sin ¢pcos § + psin psin @ —3pcos p=4

4 2522 3 4 5 VIR
ao?v%% dy dx ?v.ﬂ\%&\:&l.%% dx dy
0Jo oJo 3Jo
arctan(3/4) (4 sec 6 /2 5
Anv.s .ﬁ :&.n@.*.% % rdr dé
arctan(3/4J 0
/25— 52 Nm\
51 Anv%% R. dz dy dx —
/16— 25-xs—y
g. % .% dz dy dx
0Jo
/2 (4 3
Avv‘. %% ‘&N&~%+% %.\
0 4J0

arctan(4/3) sec ¢
Anv% % % p?sin ¢ dp d df +
n/2 rrf2 5
% % p?sin ¢ dp do do

arctan(4/3}J 0

1
27 2k 29 |nv¢a

rdz drdf

53e—1=1.72

CHAPTER=14

Exercises [4.1
| Y

»

N

~
N

ol
sl
A

13F(x,y,2) = Nxm —6yj + 8zk

15 F(x, y) = ———==5 (yi + xj)

1+ x?y?

171+ x4 + y’k; 2xz + 2xy + 2

19 —y2 cos zi + (6xyz — e)j — 3xz’k
3yz? + 2y sin z + 2xe*

390.145 41 —1.807

Exercises 14.2
1 14(2%% — 1) = 25.60; 21; 14

um 7 -1 9 —0.060

7 3

3 3.8185; 3.1918; 0.2550

15 29
@ ®6 (7 @,

13 |@m + 6e72 — 12¢ + 8¢ — 5) = 23.97

5@ 19 135 (©27 17 mz\m
9 42 1
_emQOnm: paths) 210 Nuﬂ qulo;\luua

Im 4. |m 4
31 hlu\a L«Im»&

33 If the density at (x, y, z) is 8(x, v, 2), then
L= [c(y* + 2% 8(x, y, 2) ds,
I, = [¢ (x* + 2% 8(x, y, 2) ds, and
I, = [(x* + y?) 8(x, y, 2) ds.

35 —0.1584 37 18.8815

Exercises 14.3

1 y)=xy+2x+y'+e
3f(x,y)=x*siny +4e"+c



5 f(x,y)=2y*cosx+5y+c¢
7f(x,y,2)=4xz+y—3y<+c
9 f(x,y,z)=ytanx —ze*' +c

Exer. 11-14: A potential function f is given along with
the value of the integral.
1 f(x, y) = xy* + x%; 14
13 f(x, y, 2) = 3x%y3 + 2xz2 + z; =31
15 WT«\«VLV * WAN\QJ 17 |®|Q._v * Imna —e*siny)
dy dx ay ax
N + aP
21 mlm mlv.
1

23 f(x,y,2) = -3¢ In(x? + y? + z?) + d, where ¢ >0
and d is a constant
27 This does not violate Theorem (14.16) since D is not

simply connected. M and N are not continuous at (0, 0).

_ di—d
~o$\lmn_mm )

Exercises 14.4

== uw st 7-3 90 1O

128 5. 3,

13 =37 _mlml :olm_sm( 1.98 _wmua

23 Green’s theorem does not apply since M and N are
undefined at (0, 0) and hence are not continuous every-
where inside the unit circle.
coo ol

27x=0,y= I

Exercises 14.5

2
| =ma* 3 m/\m

u 4 (12-3y)/4 1 1 -
5 (a) % H 5(12-3y - ﬁvzwwﬂmz\wov dz dy
o 2

0

3oz oy 2 /)
AS% %\ xTCN —2x— AQH_ NuAm/\wv dx dz
0 0

8 6
.:u;, % Aaluviw\i + Nvﬁ/\ﬁv dz dy
0 0

2 6
(b) % “‘ [x2 = 2(8 — 4x) + Z\N/17 dz dx
o 0

9 Since [ [ g(x, y, 2) dS = c [ [, dA, the value of the inte-
gral equals the volume of a cylinder of altitude ¢, with
rulings parallel to the z-axis, whose base is the projec-
tion of S on the xy-plane.

11 2ra®> 1337 1518 178
255

21 @S> (b) 13657\/2

Answers to Selected Exercises

Exercises 14.6

124 320m 50 7136m/3 924
11 Both integrals equal 47a’. 13 Both integrals equal 4.
27 6257 1b upward

Exercises 14.7

I Both integrals equal —1. 3 Both integrals equal 7a’

50 7-8r

9 The curl meter rotates counterclockwise for 0 <y < |
and clockwise for 1 < y < 2. There is no rotation if
y="Lcull F=2(1 — y)k; | (curl F)-k| =] 2(1 — y)|
has a maximum value 2 aty =0and y =2 and a
minimum value O aty = 1.

:

-+ - 4 <+ <
~— t—
_rA.“AvAr |-

]

X

11 Typical field vectors are shown in Figure 14.5. A curl
meter rotates counterclockwise for every (x, y) # (0, 0).
curl F = 2k; | (curl F)-k| = 2 for every (x, y).

Chapter 14 Review Exercises

| y 3

5 F(x, y) = (y* sec? x)i + (2y tan x)j

_ _36 Rl 32 _ 173/2) =~
9 -8 11 3 13 _ﬁ:ONm 17%/2) = 227.40
1570 170 19 25.905; 12.168; 22.744 21 2.361
2. 1
23 B 25 f(x,y,2) = x%¥ + y*cotz+c 27

2 6
29 3x%2* + xz%
(2x%y — 2xy2)i + (4x°2% = 2xy)j + (yzI)k

1 5,
3 W/\w 33 % 35 Both integrals equal 8.

24 vom wamat P T

et ]

S

1

L LS

s

Foeniadt

Answers to Selected Exercises

CHAPTER®=IS Exercises 15.2

1 } 1
Exercises 15.1 _wHme+ﬁm = uwlmxu+@%
1@ y=x+C 3@ y=Va-x+cC sy=C-2x+S 7y=22E

Wis

y
’ 9y=xzx’cscx+Ccscx 1ly=2sinx+ Ccosx
. _ (! C\ -
13y =xsinx +Cx _m\<|Awk+Mv&
x x _.:uw+9-m _.:uwabx+m%u
N_wﬂw+ﬁk+ﬁvmum By=x(x+Inx+1)
Bsy=e*(1-x") 21Q=CV(l-e")

80 s
() y=x>+2 ® y=Vi-x 29 f() = 51 — €77 + Ke™7

Hy=Ce* 13y=Cx 15x%y’=C 31 @) f()) = M + (A — M)e**~ (k a constant)
(b) 28 items

33y=y(l—ce™),k>0

I .
35 (b)y= MC —e™); ;P © 0.58 mg/min

1
17y=—1+Ce™»* 19y = —3In(3C +3e™)

2y =C(1L+ 20 — 1
23 xsin x + cos x — In| sin y| =C
2secx+e?’=C 21y*+Iny=3x—38

p— 37 —3.23103
29y=InQx+Inx+e*—2) 31y=2*"Vi¥ -1
' T T 41 (a
uuzﬁu_v|5_w8k_um 35 xy = k; hyperbolas 9@ Yo ®
7 2x% + y? = k; ellipses 39 2x? + 3y* = k; ellipses 0.5600
oy ’ Y 0.4209
41 (3) 3 43 (a) 0.3318
N X 0.2728
10 0.0 0.2312
12 02 | o 0.2006 20 | 1.6540
14 04 | 02414
1.6 06 | 03092 o
1.8 08 | 03913
20 1.0 | 05006 R SR
; 6565 -
w.w ” M m.mmﬂ 4 7.38624259 —
26 | 02088 16 | 12116 _M memwwmm ”W
28 | 0.1928 18 | 15702 S LeoTsate o
30 | 0.1791 20 | 1.7418 3 -
45 (a) T 47 @
R P Exercises 15.3
—o = 2x 3x - 3x
1y=Ce*+ Ce 3y=C + Cae
2 | b R R e by
16 | 03720 06 | 03204 9y=Cie VE+ Cure VE 11y = Cie™ 2+ Ce™
18 | 03323 08 | 04173 13y = Cie™ + Cure™
20 | 02999 10 | 05540 15y = CeB+VIH2 4 et~ V22
22 | 02732 12 | 07578 17y = ¢*(Ci cos x + Cy sin x)
24 0.2507 14 1.0507 19 y = ¢*(C, cos 3x + C, sin 3x) .
26 | 02316 1.6 13772 21 y = C e VDE 4 Crel3mVIr 23y = —2e" + 2e™
2.8 0.2151 1.8 1.5824 2y=cosx+2sinx 27y=e*2+9x)
30 | 0.2009 20 | 1.6256 29y= w o sin 2x




Exercises 15.4

1y =C cos x+ C; sin x — cos x In|sec x + tan x
3y= AG_ + Coux + W\«»vwf

Sy=Ce*+ Ce "+ Wm~ sin x — WNu cos x

1 _ 1
7y= Aﬁu + mxvar + Cre™>, where C; = C, — %

1 2
L vuﬁ_@~+9mw+mﬁ:
1 1

13y=C, + Coe % + mmi 2x — gcos 2x

1
1I5y=Cie*+ Ge "+ mT» + 3x)e>

9y=Cie "+ Cre* —

17y = &*5(C, cos 2x + C, sin 2x) +

1
—eX(7 cos x — 4 sin x)

65
21 0.776805 2
Exercises 15.5 .
1
ly= ~3cos 8 3y= W/\Mn;a@\;\w — VR

1

Sy= wméai 8t + cos 8f)

7 If m is the mass of the weight, then the spring constant
is 24m and the damping force is IAEW. The motion is
begun by releasing the weight from 2 ft above the equi-
librium position with an initial velocity of 1 ft/sec in
the upward direction.

9 |a/\mnlw

11 (a) Overdamped: 2.3, 2.4; underdamped: 1.7, 1.8, 1.9,
2.0,2.1,22

Chapter 15 Review Exercises

Isihx—xcosx+e?=C 3y=tan(\V/1—x*+C)
2x—2cos x+ C
sec x + tan x

Sy= 7y=2sinx+ Ccos x

Answers to Selected Exercises

IVI—y+sin"'x=C llcscy=e*+C

H .
13y= 3 + Ce x5y = (C, + Cox)e™

17y =C\ + Cre*
1
19y =Cie™* + Ce* — wmAN cos x + sin x)
1

Uy=ze¥+C™™ By=Ce +Ce*+ _I_Nn:

|Nu
(x—2) + &

3x x

1
27y = mlm{%ﬁ_ nOmAm /\w\«v + G, m:.m /\w\«i

1 .
29 Mm.@: x—cosx)+e?’=C

25y =

1
u_zHMnOmk+ﬁwmnk

In|sec x + tan x| —x + C

ly=
¢sC x —cot x
/y= uuﬂoowm\ﬁz:lﬁg _ %“ 2366
k(b—ay _ 1
=2l

bet®—a% — 4

39 y dy + x dx = 0; a circle with center at the origin

41 (a) T B @ G
IR Az S EUR (<A A
0.0 1.0200 0.0 1.0200
02 1.1212 0.2 1.1068
0.4 1.1909 0.4 1.1776
0.6 1.2532 0.6 1.2478
0.8 1.3237 0.8 1.3256
1.0 1.4071 1.0 1.4110
1.2 1.4958 1.2 1.4939
1.4 1.5704 1.4 1.5526
1.6 1.5993 1.6 1.5537
1.8 1.5423 1.8 1.4680
2.0 1.3781 2.0 1.3077

45 (a) 0.132956, 0.140085, 0.144016
(b) 0.149392, 0.148477, 0.148247
(<) 0.148170, 0.148170, 0.148170
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Absolute change, 231
Absolute maximum and minimum,
251
Absolute value, 5
Absolutely convergent series, 742
Acceleration, 318, 938
normal component of, 961
tangential component of, 960
Addition of y- coordinates, 592
Algebraic function, 28
Alternating series, 739
Amplitude, 321
Angle, 37
central, 38
degree measure of, 37
of elevation, 43
initial side of, 37
negative, 37
positive, 37
radian measure of, 37
reference, 45
standard position of, 37
terminal side of, 37
between vectors, 867
vertex of, 37
Angular speed, 939
Angular velocity, 941
Antiderivative, 344
Antidifferentiation, 344
Approximation
left endpoint, 382
linear, 226
midpoint, 383
right endpoint, 383
Arc length, 470, 808, 826
Arc length function, 473
Arc length parameter, 949
Arc length parametrization, 949
Area
of a circumscribed rectangular
polygon, 371
of an inscribed rectangular
polygon, 369
as a limit, 370, 1092
in polar coordinates, 823
of a region under a graph, 371
of a surface, 1111
of a surface of revolution, 476

Area density, 490
Arithmetic mean, 394
Astronomical unit (AU), 73
Asymptote

horizontal, 121

of a hyperbola, 75

oblique, 296

vertical, 118
Auxiliary equation, 1258
Average cost, 329
Average error, 231
Average radius, 457
Average rate of change, 150
Average value, 395
Average velocity, 147
Axes

conjugate, 75

rotation of, 835

translation of, 832
Axis

of a parabola, 64

polar, 811

of revolution, 445

Bernoulli, John, 456457
Bernstein, Dorothy, 1198-1199
Bézier curves, 795

Binomial series, A19
Blackwell, David, 1276
Bound on error, 421
Boundary extrema, 1051
Boundary point, 992
Bounded function, 386
Bounded region, 1050
Bounded sequence, 703
Brachistochrone problem, 665
Branches of a hyperbola, 76

Capital formation, 440
Cardioid, 813
Catenary, 593
Cauchy’s formula, 611
Cauchy, Augustin-Louis, 802-803
Cauchy—Schwartz inequality, 869
Center of curvature, 954
Center of gravity, 488
Center of mass
of a lamina, 492, 1128

of a solid, 1123

of a system of particles. 489
Central angle, 38
Centripetal acceleration, 940
Centroid

of a plane region, 493, 1128

of a solid, 1131
Chain rule, 197, 1022
Change of variables, 358, 403, 1156
Change of variables formula, 1106
Circle

of curvature, 954

equation of, 13

unit, 13
Circular arc, 38
Circular disk, 446
Circular functions, 594
Circular helix, 925
Circular sector, 38
Circulation, 1225
Circumscribed rectangular polygon,

371
Closed curve, 786
Closed disk, 991
Closed interval, 7
Closed region, 992
Closed surface, 1216
Codomain, 20
Common logarithm, 59, 562
Compact region, 1074
Comparing coefficients, 653
Comparison tests, 728-729
Complementary equation, 1263
Completeness property, 703
Complex numbers, 919
Components of a vector, 847, 853,
870

Composite function, 29
Computer algebra system, 181, 670
Computer graphics, 981
Concavity, 279-280
Conditionally convergent series, 743
Cone, 908
Conic, 63

degenerate, 63

polar equation of, 841
Conjugate axes of a hyperbola, 75
Connected region, 1188
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