1t (@) 3990 mills (b} $15.420.10
) (m a

¢% The stable point occurs at | — ~
\n &

Chapter 3 Review Exercises

i Max: f(3) =

285 mur = — -, increasing on

[

§ Max: {2

ﬁu jae)

)
~ = 3 |: decreasing on | —o0. — 5| and
i

ax. {1}
increasing on {2
decreasing on [1, o)

¢ Since (0} = ) and /"(2) is undefined. use the first deri-
vative test to show that there are no exirema; CU on
(—nac, 0) and (2, o0); CD on {0, 2); x-coordinates aof PJ
are 0 und 2,

Answers to Selected Exercises

S 4 maximurm,

D

x-coordinates of
{

SVES

Pl are

1% No extrema

Answers to Selected Exercises

25 125 yd by 250 vd 27 =

i

sernieirele is T mi. length of rectangle
5 g

31 (a) Use all the wire for the cucle.
S=

b) Use length = 2.2 fl for the circle and the
g

4+

right in (=1, 1) leftin (1, 2]
3% CTLI00 L6 CO10 CU00) = (16,11
37 (a) 18x () —0.02x" + 123 — 300 (c) 300
(d) $1300
39 98 ft/sec™ 412,27 43 =0.79
45 Min: £(1.5345) = —10.2624; Pl: noae
F(0.3666) = 0.3240; min: f(0.4780) = 0,
{0.2527) = 0: PL: {0.4780. 0) and {0.2527, 0)
0810) = 2.2948; min: f{0.5643) = 2.1902:

PL {(~(.8281, 5.5559) and (0.8281, 2.2434)

CHAPTER=4

Exercises 4.1

sin ¢

3isecw #7033 —csez
s Vx4

A3ueoF D 4% m:q

+

49 fi{x)

53 fix)

55y =-3sinx+4cosx+Sx+3 5= -5+4
b= =160+ 1600 (b)Y s(50) = 40,000
)= - 16rf - 160 =96 (b) 1= 2 sec
{c) ~30 f1/sec

43 Solve

0.00754% + 5,0075. Ci5

2x? =~

sin {4x

+ 350x ~ 234) cos (4}

+ HO2Sa7 = 300x + 223 vin (40)] + £
(&g 2T 300+ 31

P

—=In(2r —~ 33

77 (b) Each pair of functions differs only by a constant

Exercises 4.2

21

5

37 s
43 -«

47

51

1
53 (@) 3

1
by 3

55 (2) £ (Vx + 3P+

(b) g




A48

Answers to Selected Exercises
Answers to Selected Exercises

dv (2

{

. . 27 ()3 (b 5
59 474,592 1" &1 (a) 5 = 0.6 sin | ) i

25
4

WHEIZS T ol 29275 ()
3T mysee 12

3005
P ::w" = .95 L,

63 Hine: (b Leta =sin x. (i) Let i = cos v
(i1} Use the double angle formula for the sine. The
three answers differ by constants.

La

38 1426 33 Use (4.22) and (4.23

Chapter 4 Review Exercises

Exercises 4.6

Exercises 4.3

i 340 510 7500

i
2 aln-
X

+ 6+ 20) - {4t = 9

0 27

g

Exer. 13-18: Answers are not unigue.

2 &k BI-V2I~—041 350 5 3
15 Lo 17 ! 37 No, sec? x is not continuou &
o ’ p o ! _— - N
11 74853 39 Yes, since ). : 508 (350 ¢ O 3 s B+ O
25 21781332 _ ‘ | -
[ 4 (a3 k) I
31 ;
- -
SRR OR #8041 —— : 39 Wx" R
Exer. 33-38: Answers for (a) and (b) are the same. §5 Hint: Use Part 1 of the fundament 13 rew £ 4 o
’ (4.30) and the chain rule. 43y 4% Use Corollary (4.27). 49 1, Fla de

e
- ST gay ~ 162 — 300 + 900 (b) — 190

1328 3518 376 39(x) 20 ={h* ~ a')

$9 3c%(x? = 1

751 =2 6.6 sec

Exercises 4.4

3% dx 55 M= .824279; My = 0.8092539

53

f @) [0, 1.3 (b}
3@ 03 1.7 1.4, 05,00 (by 1.7
5(a) 30 ()42 (o) 36

Ty 15027  (b) 15282  (c) 153973
9 (a) 141 (b) 551 (g) 307

1 (a) 292.5  (b) 3485 (v) 319.75

57 .5: = 11103304 5 = 11105302 59 §1.625°F

CHAPTER=5

(by 1.2029
Exercises 5.1

13 (a) 0.2668  (b) 0.2962 (c) 0.2813
-2 e

[

{5 \ (3x* = 2x+ Sidx 17 w Qaxil + 17}

130 3-12 52 ¥y78 9 -—

1 Use Corollary ( 13 Use Theorem (4.2

f{x} dx

1% Use Theorem (4.26). 17
J

o
19 ﬂ flxydx 21 fiXyde @V )9
Je J

La=09; L, =993
(b) 1.96: Es = 0.12; &, )
(¢) The error is reduced by 5 when # doubles.

3 (a) M- 44 M, =
(b) 1536: E, = 12 £, =3,
() The error is reduced by
it (a) 2; Ty
(b) = ~6, B = —1.5
(c) is reduced by 4 when n doubles.

i3 (a)
(&)
(<) Simpson’s rule is exact for all n.

15 (@) 75 = 6.249806: T\p = 6.234920; Ty =

Ten = 6.230270
(b) Al feast two decimal places

17 (a) Sz == 2.3987529621: S¢
(b) At least ten decimal places

19 {a) .26 by 4.2 x 10°°

20 (@) 0125 (b) 6.5 X 10

23 (a) 3,386,880 (b) 642 (o) 10

[53; My = 15525

157.5

231201

+ 2.4039294306

Exer, I~43 Answoers are




Answers to Sefected Exercises

43 (a) {g, D.9052). (b, 5.3623). a =~ 0.0819. b =~ 18754

?v% i o ~ (> =223 = x%

a, ~B.0061), ¢ = 34632

?L [50 cos (0.5 ~ 201 dx (e) 3082566

A7 (a) _ 2)] dx

49 @ | [sin - sin Gin 9] dv () 8.2135
o 4 u )

siG@[0. 1] Y- s3@001]

x o
§5 (a) { = 1.340, 0.618}

Answers to Selected Exercises

RS

i3

15




Answers to Selected Exercises Answers to Sefected Exercises !

72 s\ X(V/Bx ~ N dy = - [ o[ = 2 — 41 dy = 8 B Exercises 5.4
o E Exer. 1~26: The first integral represents a general formula
for the volume. In Exercises -8, the vertical distance
between the graphs of y = V. and v o= ;f\,n i
Ay . [V — (=], denoted by 23/,
By ¥ ‘ 4
3 ' ﬁ §
4 T W
I Rl
oy B
§ 2 i% {a) 2 w 2
Jo 2
{by 2x *
JO
SN
A n — {2 =
20 ()2 - 2 «‘z a,x,» dx 3
e
by 221 w
40 Y T qe
P p P dx =
- ) 128
it p o —
i 27 «IA;_:.AJIW. 1x s
14k
1, S 1
X = w.i:x' = Kr+rf 41
o= 1
(a)G.45. 2.01  (6) .28 “ R
4 5 : 5 |
45 Swab’ A (@ p = HI: T @i h i
[
By s7rh {b) = =
B \\/x/ ey .
. % W shhdx = _ ~[Va? = £ —{~ e dx
PR -
L ”L
Ei w <bhdx = |
e % 4G
{a) 0.68, 1,44 4y
o 23 g oridv= |
32 ¥ £ J: L 3
A 25 The areas of cross secnons of typical disks and washers
are 7 fx)1? and {[ S0 — {g(x) %, respectively. In
: cach case, the integrand represents Alx) in (5.13),
27 %64
. Exercises 5.5

Ao




Answers to Selected Exercises !

Chapter 5 Review Exercises

Answers to Selected Exercises

frustum of

4% Hinr; Regard ds
cone has average radies x.
43 (a) 13.6862; 14.2384; it 13 smaller B

, o

®) 27 | smaV1+e s xdx; 134821; 141937

45 701 in® ¥ o=yt
4% {a) 7 = 5000y — - AN -
0 IS =X <
() 282 1t ) .
a9 (a) Hin: S = | ] dx (b)) 64.968 £ o
J £y
Exercises 5.6
> ’ 128 64 R
{ (a) and (by 6000 {t-1h 3 (a) m.-lb (b)) — indb ¥ i -
y : e center of the circle ¢ > onigin. the © id £ i /=
717,945 9776 frlb 11 2250 fiib {7 With the center of the circle at the origin. the centroid 2 where a = (-1 - \/3)
1897 =
= 7052 ft-lb () ——(62.5) = b ¥
1% 500 frib 17 575 £~ 407 W e 1259 in ol 1% Show that the centroid
Gomym 2t 2 V2V
1B W = T gy 36,85 feib i v : ,
dx = 0.119599 B n "
L 25 -
0.120185 (e} 0.1195 ik a constantj  (b) 7k 3 !
19qa) | T+ dxd dy =~ 0422021
J )
413301 (2) VOLITSE
= (.0195733 T - L8 M« dx =
(B) 757360 = 0.0195134 (<) 0.0 ¥
23 9778303 25 1.349432 :
27 (a) 3.7900: 3.8125: it is smaller H
I o Exercises 5.8
(b) B
b
i (a) 5 (62
2x = ! yo=sinx
29 27 ) : B .
¥ 3{a) — (62.5) Ib
27 - 16 . | x ¢
5 —(60) | “
% {a) 90 AB(50) b 1y 156
. 13 In mun: (a) 20 ¢ (d) 197 =107 ¥
d 1510V ~ 10 i )
HEARSIC ORI L2 & B3
Ve .
3§ 27 - \/ . 23 9 = —%-w s 507 pal 25 145 coulombs
e o 0
372 & \. o 17 (a) 12,4507 sin (3077} dit = 830 em’
«T “ da . N S
(b) [t Is not sate, since apprasimately 0.027 joule i e H
39 2 inhaied.
’ 2932 31 x.o= 3202 33 1, = §00; 120,000




RN W T - S 1.

3dx

(b) 2t \‘ (1= xf(~dx
I

©) 4R {16~ 427

Answers to Selected Exercises

25 OO0
27 {a) The area under the graph of 3
(b) () The volume obtained by revolving v = v/

= 2ax’

about the x~-ax

the y-axis

{€) The work done b

it moves from x = 010y

29 (a) (a. 0.67), (b,
&

force of mag
i
082, h = 1.38

3}, a =

::ﬁ V1+x -

31 (a) fa, 240). (

® )

Vdx = 14T

9.53). a = 0.29, A

[V20x -

x} —4x?— x

CHAPTER=6

Exercises 6.1

LIS
13 (a) The g

= () 4

ane-tg-one. {

b {b) No {not gne-1o-one}
Ly 18 (a)
TR
VB -~ ¢
X
i? (a)
¥
X
v o= -y

Answers to Selected Exercises

_:nlé;u
(O 55 :.

25 (a) /s increa:

one.  (b) [0, o)
asing pn [0, ~0) and hence is one-to-one.

27 {a) /s decrea
(b) {0, 4]

19 (a) fis decreas:

~
t
i

_

J: [-027. 1.22]
43]  (8) [~0.84. 0.84];
(b) : 5, 2L (=214,

i

ng on FPRew

(¢3 x

ing on (—

ONe-i-0One.

{b) All real nu

mbers excepl zero (<) -

(143,
1

|-

e

31 {a) f is increasing, since /{x) > U for every x

33 (a) fis decreas

35 () f is mcreasing. since

Exercises 5.2

(b) x-1nt..

$7{@) L33y =

(x) << 0 fo

ing, since f'

ol

every x

2 tan

t
®) e

&) 75

X

Insee 3x

142

and henee i one-w-

e 03 and (0, ~0) and heace is

oints with n

4% L

3.7

§r

59 (a)

3671 &3 ~3.2088.
71 9.3392

&1 0.2
&9 120536

Exercises $.3

oy e

»;mu an {
-2y

decreasing on {~2 ,),

=23 PL: (-

0} and (0. xj: CU on {

1
-3}

39 Decreasing

and 0. 20 CD o




41 Min: fle™') = —¢ ' increasing on [e ', o

on (0, e 'T; CU on {0, oc); no PI

v

In{a/h) -
—cg(t) 45 (@) ——— (b} lim Cl¢

a-—b P

47 (a) 75.8 cm: 15.98 cm/yr  (b) 3 mo: 6 yr

43 §'(n)

49 (a) .Amv ®) Atx

#
E1 o
@
)
55 Max: f{u) = w———— increasing on {—ox
o\ iz )

creasing on [, 00); CU on (=m0, & -

b, o0) CDoon (y — o, g+ )

[ . L

Lo ———1 both limits equal &
Q/‘w}:ﬁ

¥

57 (a) [0.054, (] (b) vt |
8, 60.13]

11y~ 600, F(325
57y 318,

41 0.5671 63 1.2022 65¢

: deereasing

&) masl
= 0.45;

Answers to Selected Exercises

Exercises 6.4

¢ ) In V3

i(a) m In

3(@2in

(b) 203

b (b) lim Qul = % coulombs
53 (a) s1t) = keoll — ¢ ) (b) lim st) = ko,

55 0.7468 57 (272930 59643 61954

Exercises 6.5

) dxt b G
| 7 y - ) s i 2

) In 10

i%

19 (x

23 (a) ¢
(e} -

19 (a) :

Answers to Selected Exercises

H X

by =2+ {e)

43 (@) 7x + C -

49 (a) In trout/yr: 95; 62: 53 (b) 9.36
51 pH = 2.201: x0.1%

53 (b) $ = -, where k =

2 5{2x) {twice as sensifive)
55 (a) With » = r/h
InA = In[P{1 + h)"

(b} S

and 4 = Pe’.
87 Let /it = x/n. Then

Win 10
 45.000; = 20,96 kr

Il /5.%3

Y 99.21 yr after Jan. L. 1993

{March 17. 2092)

InP +relnil +h)

25 (€}

Exercises &7

3 (a) Not defined  (b) Not defined

T B
5@y o ©

: (<) -
971 () D.2712 15 (a) 1.0556

13

fafn
]

(b) 0.61%3

27 {a) ¥ = col " r il and only if x = cot v for
{b) Ly

e

W@ a=6-sin" > (by40° 3




5 e
e 3§ ——

Sx2 - 30x +

x

33

37

41

43 |

1 G R
5% (@) zsin G {xH A+ O (b =
p 2 &

55 2tan '\/x + € &7 sin

;
H i . . H ; .
595In(*+9)+C 61 ;s P
T 15 s -
63 596 rad 65 — o5 rad/sec 67 /4800 = 693 ft

= ().233 mi/sec

Exercises 6.8

ta) 27.2899  (b) 2.1250 (<) —0.99%3
() LOO0DO (o) 0.2658  (f) —0.8509
3 5cosh 5x 5 3x% sinh (x7)

(3% sech® \V/x + tanh \V/x}

212 oosh Vs O

Answers to Selected Exercises

PE 3
and that —

35 (a) 286.574 [©°  (by 1494 §1 37 3494
39 10.5 sinh™! 1.54 ft

P

fcosh (Vgar + v

(b) Hint: Lot

@07 (b 0.722
y = tanh .k

y = sech®

47 cosh v+ sinh oy =

49 sinh x cosh y + cost

) (Exer, 493
L 48)

and hen

ish x + sinh x)*
{d) 1.3170

55 (a) 0.8814

3

61

/T8 2 i

VR

Answers to Selected Exercises

71 (a) (—2,

77 cosh™ |

Bl y =

a3

Exer. 87-91: (a) Use a procedure similar to thai
the text far sinh ' & (b) Let k = v in Theorem (6
differentiate cosh ™ w. (¢) Differentiate the right-hand side.

Exercises 6.9

oo 195 200 oo 282 WE 19~

G 3o 35
37 0.8129, 09901, 0.9990), 0 9999: predic

9y 4 zAwarsinwe 3@ ) 5
45 (a) 0.2494, (.4969, 0.7266, 0.9045
(b} e

49 00 S1 {330 8% % s
63 ¢ 55 0 &F o 75 oe




i Answers to Selected Exercises Answers to Selected Exercises

Exercises 7.3

2.2 additional b

i

6lb

L o
67 10000021 = 6,400,000

% ﬁmzl sin Sx — 5 cos Sx}
L2

Bxtlnx)y —2xinx +2x +C
33 2% cosh v — 3¢7 sinh x + 6xcosh x — 6
38 2% xsin Vo + 2 cosVx + C
37 xcos™ x : 2 g 0
4t Letu = (ln )™
43 (0 = SxF +200° — 60x7 +

49 + Ly aresec (x%)

39 et = 37

-

45 2 A7 (e

. 33 Letu =ase
Exercises 7.2 .
| N i i s ,
1 sin x = =sin’ x + 3 B sim dy + Exercises ¥4
3 h '

Answers are expressed as sums that correspond to partial
fraction decompositions. Logarithms can be combin
Thus, an equivalent answer for

: ln - L.
i1 i
- 3 .
3
¥ -
#7
it -
2 1 1
He o 12U i3 R P R T
Let Gy o

7

CHAPTER=7

it

Fe e

Exercises 7.4 rinulas.

35 (a) Use the trigonometric product-to-sum §

{b) w sift mx cos nx dx

208

A+

Inisec & + tan x| + cos Jmx

4

+2xcos x ~ 2sin x o+ O

oo m cos A d

49 Injlan

~xeof x v Infsinoxi R O ~

sin 2mx

=+ {

1 A X
in sinptan 5+
dam < 3




E
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Answers to Selected Exercisex

Exercises 7.6

i

25 (a) Not possi

(b v 27w

AR RV

mX CSC X

D o3 D wsC L 107D

IR I R AR IR

1s @) 1 )

3 &
. N S 19 (47 (a) Not possible  (b) Ne
3 e
¥ 3xcos 3y - CHA ER=8
. Let g = x" PT
,m‘,,,.:,. I o .
v 51D 53D 3C:3V4 5D Exercises 8.1
. b - . b 57
63 C; 65 1y &F I DA 2l n
1 A 5

Exercises 7.7
C denates that the integ . I denates that it
diverge:

2 (b) Not possi

83 (a) ¢ is undefined aty =

2% sin

- Inix? + 4) +

B0

350 37

29 e 3G 3ail

390 4 (L0

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

45 (a) The sequence appears W converge o
{b) Use mathematical induction: |

¢ sequence appears (0 Converge o ape

290 3y 33d

26940 (b) 0.265

I ,ﬂ e 4y = 1ATB571429, xe = 3.162319422,
¢ n. QCas L &8 X+ L ; -
DLsIn L acas O s 3162277660, £, = 3162277660
1
st@B=5 (0110
saa g I Exercises 8.2
v 4
) L) —inir = 10 {ey It
- L

37
LT [
:n_cc 3D isD




Abé6

§3 LA23611: 1.527422; 1.564977; 1.584347;
55 1.040293: 1.573514: 1.921645; 2.179883; 2385110
57 Disprove: leta, = fand b, = =1 39 30m

) 1, M~Q )
:ngt_rn« - @~ In .:r 63 (b) 2000

Exercises 8.3

Exer. 1-12; {a} Bach function f is positive-valued and
continuous on the intervai of integration. Since f'(x) 1s
neganve. fis decreasing. (b) The value of the improper
imtegral is given, if it exists.

i

7 = <Ol y =
i{a);/ T Oif x =1
o
?Lw flode =5 C
3{ay fix) = =
poo
{b) & flode =
5 (@) Jla = x{2 - Ol m
(b) M Flaydy = nwa c

Exer. 13-28: A wvpical b, is listed: however, there are

many olher possible chotces.
LI P . xi4
Vb= = C IShy=oC 17 h, =20 D
e ¥ i3
1 !
19 b, = o D 38 D= D Wby e O
N e

Answers to Selected Exercises

LG Wh=—m D BD NC

£ e
330D 35D 37C 39C a1 a3C
45C 47k > ] 49 (b)n > &~ 1 = 2688 X 1OV

2, N P
51 Since lirm — = 0, there is an M such that f & > M,

b,
I, or a; < by Since b, converges and

28 b, =

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

. o s
532 ag= 2, (et 2 . @ where the error

k=1 3 i
B s/.t.(i < | flx) dx. (See Figure 3
554 ‘
57 Since Za, converges, Hm 2, = 0 and lim ”l = oc. By
Pt s e
) -
{8.17). E— diverges,
'™ :
59 5= 040488 &1 Sy== 108194 63 § 093705
65 The senes diverges for 4
k= 1,2 and
w0+
iy I

Exercises 8.4

mclusive

i
w
wag

yIos T 7 L

9D G 13D 154, 0

RC uC 213C 25C 27D 29C
uab 13C IBD 3D 9D

Exercises 8.5

{ (a) Conditions {i) and (i) are satisfied.
(by Canverges, by (8.30)
3 (a) Condition {J) = satisfied, but
(b) Diverges, by (8.17)
5CC 7CC 9D 11 AC 13AC 150 17 CC
19AC 21D 23CC 25D 27D 23D 31 AC
330368 350901 370306 391 41 3

45 No. ifa, = b,

J is not.

then both Za, and 5.

ies test. However,

< - Wi
Zunh, = VL. which diverges.

Answers ta Selected Exercises

Exercises B.&

DR AR N ¥
13 Converges only for x
1719

17

cooe) 19 e

FEEeY
o f

23 Converges only forx =3 25(0, 2¢) 27 ““ -

29 (—oc, 2u)

3
31 (a) 3 33 ?wm 35 >
L

4 b4 2304

45 Assume that Ta,r" is absolutely convergent at x = r.
Letx = —r. Then Zia,{~r)" = Sla"is absoluteiy
convergent, which implies that Za.(~r)" is convergent,
This is a contradiction.

Exercises 8.7

29 0.0992

39 (@) i1y

el

Exercises 8.8

i

3a, =01 8= 2k, an

23

2%

7

3 e 3¢

309966, 113 1077 3300997, 2 < 107

35 0.6667: 0.0 37 0.4069: .04 £ 107° 39 0.4364

41 0.4484

43 (a) 0.309524. ~0.690476
(&) ¥

The first approximation
is more accurate.

P

45 “le,! :

)
5 =2

47 (ay T = .wm i
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Answers to Selected Exercises

Exercises 8.%

e

P (a) ;1w

(b}
2 is between

L S e S

\

B e S S

67 ¢ =t it

7 18 Between x and 4

s between v and

69 07314

i

- CHAPTER=?® L &
2 EANRE A I I
® 5, (0 0.7380: 0 164 Exercises 9. Hv 3
f o8 ] 1
Py 2+ T gm I
4 [ 1 X rm =1 Tr=1 s
4 -+
L - 1% 1
L £, 27 arcsin x = x + —Sx* 4 2x =z ”
31 0.9998: | Ryix}
33 2.0075 [Rilx
s . 35 ~0.454545; (7 = 1I¥
: 37 0.223; | Rulx) =4
0.8660254: | Rsl x)
107 i
4 s
X [ ‘
R < 107F b . - r s ,
47 [f f'is a polynomial of ¢ n, then the Taylor remain- * - L L4 >
der R.(x) = Q, since | 0. By (8,45}, we have " 8 *
flx) = Polx -
Chapter 8 Review Exercises HESRS 23 <
P00 30 508 7 The terms approach 0.589388. 4 7
0 oA 3D sy (7AaC 19D 3
2D 23AC 25CC 278 29C 3 C +
. BCC 35C 33C 39D 4 ;
T8 between v and 3. 5 S . P - !
§ petween « and 43 5,7 0.63092 45(—3. 3} 47(~12 -§) 49< : -
i ¢ ¥




A70 Answers to Selected Exercises Answers to Selected Exercises
o8 . Exercises 9.3
3G 4 43 % 13 (a) Horizonial: (2. = 1) vertical: {1, 0} {b)
¥ K e §
4 g 4 @ &
i T
G STV A . n —
H/w/ ‘ ) 3’ :
! I i
x I
+
3 5
¥ ¢a) (by 45 A mask with a mouth, 47 The 512 M.EJNO:ME” aone; vertical: (0. 0), {~3. 1)
nose, and eyes Le3i
¥ iy
iy - .». j ;
. [
N X x M. : + ’ N N H
) x T H
i ,_h ! 2 1
Q.ﬁ ; I
s
© * 4 4% 270 ftc yes i o C
5% Try using: Po(35G. 35, 28 (b) Lect reso s 1
{repeated), P60, — : +
{c} T
+ » e Exercises 9.2 13 % |
. 1 -4 A 1
creot =043 M A. >
3sx=4dbcost—hcosdt, v=4bsin: — bsin ¥ ;
41 {a) Horizontal: (16, =16); verucal: {3 33 3
3P+ P
b) s
(<) b4 iy
“
A

ottt :agi T LR

p

39 {a) The figure is an ellipse vith center (0, 0} and axes
of lengths 2a and 2.

142.29; segments: 203.7




U

I I
‘,* -
I I

25 2Tr=~-3secl 29
R :sl.aa.gttw
N \ F
T 33 7%= —d sec 28

. tf o 3srtt=asing

i >

3Tx=35

[ S S o

Answers to Selected Exercjg

A

i B¢} and P:(r. 6;) be points in an r8-pl
nob=roc=dP, P)oand ¥y =6, ~ 6.
ing wio the law of cosines,

¢ mg? 5T - Dab cos y, gives us the formula.

45 Use (9115
&7 Symumeltric with respect to the poiar axis

AN e g o ]

bbbt

Answers to Seiected Exercises

5.76, Z2355

Exercises 9.4

~{d cos 200 40

274

27 = 3324

28
35— = §0.42

41 dxtab

43 S22 + e

Exercises 9.3
3V, —dh

RS
*

arabala

¥ 205

9 (a) — 36, cilipse 11 (a) 256, hyperboia

by -+

¥ (x)
@

! ) 75— !

15 (a) —2704. ellipse
(b) =3

&




o Answers to Sefected Expreises Answers to Selected Exercises

17 (a) 128, lyperbola 19 (a) — 1600, eilipse 88 Ca 3 H
. (x')* 1
i vy ¥ i3
&) 16 e 1 o :

- = o
i L !
s -
W4 7,
W rZeos i -3y
B¢t 2 ) 3 7= 2 cos B see 24 3. 6 4+ 4j, 3
¥ () (b) Horizantal: none: vertical: O > 1
21 ¥ ! ¥ —=e
Ut -2 . - ¢ on
101 {&) >3 P PR
2 X b
] ¥ 1
d wo I
432+ n(l - V2 = 230
b i 45 2532 + 1 1997 1
T 47 Zra*(2 49 Vizo 1y iy 1 :
+
I
Chapter 9 Review Exercises
I{ayv =2 #
(b) ¥ 15
A/
e e - H.
T [T ]
CHAPTER=10 39 (@) (—12,6) (b i
Vi
5 Exercises 10.1 Ma)=r wyNone (0 35 0.96; 28.68
¥ ¥ 9 3% i 39 3015 mi/bre ’
T 2ig=
I 45 [I'a and b have the sarne direction
I i - and radius s
I it '
< o - 8 ) X
ey (2.
) (7.




AT6

Answers to Selected Exercises Answers to Selected Exercises

43 Hine: P i

9 (aydi- 25— 3k (b)2i + 7k Expecigss 103
- 28) + 30k (V29 (e) 3V ]
b)i+2j~k Si+9j - 4k 3 » E
(k)i + 2 (@1 =3 13 3@ —12 (b)) <32 590 7 ———
V30
bt 3 . 6 -
4} 3farccos ——— == U7.5° 43 arceos - 62,57
V53d i3 .
15 Hinr: Use Thearem (10L.21) 17 ¥
37 3
1 &.nnc,wﬂdﬂ = 48.2° ) Exercises 10.6
27 —47/3 = 6.93 fulb b U
35 (a) Hinrtay = a1 = |
47 When a and b have the same or spposite direction

Exercises 10.4

18, 1005 3{-4,% ~1y § 60 -8+ I8k .-}d
T0i+0j~0k=0 90i+0j+0k=0
11 Hine: Use Corollary (10.3
13 012, 14, 24 46, —2, ~
Exer. 15~18: ¢ is 4 nonzero scalar.
. 9
3§ (ap {13, 7, {b) =\ 3
17 @) o{—10. =%, ~20) (b) V141
5.06
>
o Traad
Wea oy

17 (a) 28i — 30j + 12k

Exercises 10.5
) . gR O 30
[n answers it is assumed that the domain of each parameter
s R

5P 1T A 18 E

23 (a) (x = 2¥ +

(b) (x + 23 16
ey (x + 23 + <
FA NN
27 e 23 (a) 42
3300, -2, 012 g
35 All points inside or an the sphere of radius { with cen- )
ter al the origin . oo
37 All points inside or on a rectanguiar box with center at
the arigin and having edges of lengths 2. 4. and 6 in the 13 ¢ i
t. y. dand : directions, respectively
%A inside or on a cylindrical region of ra vy - 4
and de 6 with center at the origin and axis aloag

the 7-axis




Answers to Selected Exercises Answers to Selected Exercises !

sheet 35 Paraboloid 4% 41
L@, 5y
. 2 —
T
Py 0.3 ’
EY

Stx? bt edyt =16 53z=4- xf-y?
37 Cone 39 Ellipsoid S5y 4 27— xt = |
) s 57 (a) The Clarke ellipsoid ix flatter at the north and south
- * : poles.

(b) Ellipses (o) Ellipses

M. N Chapter 10 Review Exercises
o S £S5 8k 331V33 526
K$ ~27 i
7 arccos ———= = 150.52° 9 —={3i ~ j ~ 4k)
V962 V26
g
220 2+ 17k 3= 13T 15138 170
V33
19 80 21 Hine: Use Theorem {10213
43 Exponential cylinder 43 Plane 23 (a) V38

%M

75
@ (2 -53)
(@ (x+ 1P+ {r+af+ 1z -3/ =16
@y = —4

=20z Sy
oy? CHAPTER=1{
29 dx + 3y~ 4 Mg+ +ei=1

!

3@ —={L4 T B+ Exercises 1.1

<.\«H9
foid of , xm24 P yE =T w1 4y 59 . .
3 (a) {b) 45 Hyperboioid of two sheets 47 e r wox . () t Iy 3 w,
R 2 (&) arccos ——— == 15.40° %:; hs
o " N I 7.6
i X I }
‘V»;\D w2 = Y
. ’ ~2§ .
4 37 # = arccos ——— = 121.46° and 180° - @
\\ V2295 H




A80

= 23.2339

23 V3 — 1) = 925.7667
25 8.2182

27 (b) i (© 43

o (4,0, 41

X

Answers to Selected Exercises

= 3 e the equation of an

i H
+ {20+ 8)j; 2 sec? r1an £} + 2§
) y

+n

27

= ae’, y = be', and z = ce’ for constants a. b, and ¢
graph is a half-Tine with endpaint € deleted.

161 — &) + bk in/2ik

Answers to Selected Exercises

§ (a) cos ti — sin ko —sin i — cos tk

(&)

atah)

2% (a) 18,054 mi/hr  (b) 86.7 i
g 1SCO¥ o Pre,
+ (=g + 7301 (b)) —(/—— = 878Y#y oL
= 60,892 1 (d) 1500 fi/sec 9 I y
b P
25 250 == 89.4 { 37 0.46 rev/sec o

23 33O Im

2 (@) 2V

by {2, 3}

——t




i Answers to Selected Exercises Answers to Selected Exercises !

23 0.6439 25 0.6034 25 fer 3'11" and 175 (b are approximately
27 T:/\m. %lw 29 (0, =3} 3% w“ h. we have a surface
. Vs /e 1 the a. we obtain

5
A = 009 21 25 = 186
33 (V2 200 350, 0 g

-8 cos 2 win 2 +sin 1 cos ;¢ 2oos Icos p o+ 2 sin 2 sin g

/s so\ 13 - - .
3 m _ _ﬂt w|_uv 47 (0, ~4) R 4 cos (4 cos® 27 + qnt )l
CR I -5 25 2w
4 2
mu.nﬂmv..,lw == 31 58 v0 84
55 x = 4 cos CHAPTER=12 Exer. 11-20: The answer gives equations of possible

paths, and their resulting values, 0 use in (12,4},

= 29 x4 4y

Exercises 11.3 Exercises 12.1 (b) None  (c) None
i ¢ the point (0, 0, <8
U . SO 1R -29.6, -4 3{ 5
(A7 + 9)77 (42 + 9327 4t + 9 ) None None
5 o 6 5{x, 3 2 xt+ i+ &) ; Wf 3 ©° )
.\,.1 + 47 IR HE f ¥ z M¢ H %
5 f.;:ni 37 k=10, 12 14 L6, L
1+ (L o+ 39 (&) 41 (b) 43 (c) 29 ¢
y =635 sin r cos 1 45 .
{16 sin* 1 + 81 cos’ 1 + 1} ; =
(81 sin® 1 + 16 cos® 1 + 1206)17 )
(16 sin® 1 + 81 cos? ¢ = : 37 a7+ 2
e T 16 cos’ 1+ 1206)'72 39
Aw_aﬁ:i fm__mc.ﬁﬁ. + | - i1
$—— = 16.10; — = 8.05 43
V3 A&
. . i i3 *
Chapter 1] Review Exercises i
{ ,_w 47 None; the origin; the sphere with center (0. 0. 0) and
\ radiug 2
49 Planes with x-intercept &, y -intercept -, and z-intercept 7 + 3
P 2 3 -
/ = 51 None: the 2 N i circular cylicder with the z-
\ ¥ axds as its ads and radius 2
A . 53 (a) Circles with center 4t the origi (b) t7 + ¢ = 100
2 S 55 Five; spheres with centers at the origin: the force F is
. b4 cnnstant il ¢ <) moves along a level surface.
57 (@) P = rk >0
(b) A typical level curve (see figure) shows the
328 {81 - 4N 20 + 120%; combina reas and wind velo
21 V1T ~ 1612 + 4t B 23 in 4 fixed power P = ¢
e \ rle cos 1
S@——=li+j+k Mya=nv=1b0=1 42 B
e .
! R
- Pow g :

ol I v 5 P E

*sin v




35 Show that -

37 Show that

39 Show that

41 Show that — = ¢~

ar-
43 Show that u
45 Show t

vy and 4, = =2

47 s Wy Weg, W,
49 (b) 400
0
51 (@) =2 (b}
ke e e
53 e —36.38 (wg/m')/m is the rate at which the con-

oy

centration changes in the horizontal direction at (2, 33

— = —0.229 {wg/m')/m is the rate at which the con-

S in tie vertical direction at (2, S}

(e) plp = 1); as the number of processars increases, the

" change of the speedup increases,

57 (a) d1/ a7 = Tuwe ™ costwr — Ax) is the rate of change

of temperature with respect to time at depth x.
3 o Tade "M vos(wf — Ax) 1
the rate of change of remperature with respec
depth at time . (b) Show that & = w/(2A%)

59 (a) ¢ =0.112y mL/yr is the rate ar whick
capacity decreases with age for an adult male.

{h) aV/av =27.63 - 0.112x mL/cm s

terprel because we usually think of aduit height y as
fixed instead of a function of age «.

61 2 = —qay for everv &

Apswers to Selected Exercises

&5 0007960028, {1.05988261%: 0.007960033, 0.05983345
67 11.00256544, (12014357 1; 0.00256369,
8369: 4.1743

Exercises 12.4

1 (@) 10vAy — v Ay — ydx + 3{&v)F ~ dxdv
by —ydx = (10y — xydy ey dxdy — S(A7

Exer. 3-6: The espressions
e =34y

r € and € are not unique.

19 TR 31 LRY 2% {a}d
25 (a) 380 1b  (b) =11.5%

aw 5
19 H—l 3=

39 Use Theorem {1217
< (1.8460, 1.1546)

Exercises 12,5

§f 2xsin;
2y sinly
3 2r(ln §
2riin s

4ot Dyt

3u
s lnlpue + — 8

7 3 infues) + 3 -

nluvs) + — + o

# 3y~ Or — s

i e
¥ e

134 sn' reos 0= tan 4 sin g

Answers to Selected Exercises

Exercises 12.6

4 3 . .
{ lmms{wm 33 +2) 5-8i+j—9k
7 (1134841, 0.134669. (1.1 54583
§ —{(3.226378. —0.1 14097, —0.056901
{
13 o e 003
AV &)

098

28
29 (a) = — (b) The direction of —12i — 6]

(c) The direction of 12i — 16
(d) The direction of 4i — 3j

¢ direction o

33 (b) 6T/ar s the rate of change of emperaturs
rection normal © the circalar boundary

35 (b) VA1, 2) = 1.0O0U3333i — O

T, 2 =i

3700294 45 (b) S+~ V3

Exercises 1.7

3 16ix 4 2)

B ST i e B e i gt

3 Min:
7 5P
¢Sk
i1 5

min:

13 5P !

15 SP: ¢
min: fi—2, v
17 No extrema or saddle po

t

max: f{0, &




Answers to Selected Exercises

iz’

A ¢ side of the base

the length of

¥ &
38—, e
A2

39 Square base of

49 v = mx = b wit : grade of 68

* Chapter 12 Review Exercises

> 22 + 3

I 3ilew : X
-+ the hypertiivid of two sheets

0 5 w 7 DNE 9 Halves of lour-lealed
0>

;,. 1 flx,

= 37 cos ¥+

Exercises 12.9

i =

39 Min: £

Answers to Selected Exercises

Slx, ¥) dy dx

41 Min- l\ -

\

Flx, v) dx dy

Exer. 27-32: Answers are nol unique.

=1
s

¥+ 2xidady = =

7
]

o

cos Xy dy dx =

53 (a) —2.351176.
by —2.277764

55 (4.3418, 3.0227). (48003, 2.5887)

57 Fl, 8. @ = 0. Glj. 8, o) = @ Higi, 8. @) = 1.
K, 8, @b =1

CHAPTER=»=13

Exercises 3.1

348, 3R, 5 Neither 7R, and &, ¢ Neither

@39 ®m8l (g6l 13—

- et 2186

3 fla, v dy dx

Fr,v)dyde 23 (a) _

(x, ) dy dx

"

flx, ¥) dx dy




A39

A8

Answers to Selected Exercises Answers to Selected Exercises

19 The paraboloid z = 3% + ¥

4
330417 350344
37 0.79F 39 —1.281
Exercises 13.3
e
rdr d6 rdrdt
rdrdg ¥ ‘ \ rdr df = -
2% __ _ s 403
ERT
@
rdrdf =
{ . 64
M O dr df = —
ie 5
; ooy O)r dr df
= arctan
w (ryr dr dti =
5 i
et Ty 1340 {60~ 20 — 15
" S
v oos xi dy dx = i aint e ()07 dx dy
cos x° dy ol i .
cos(r?jr dr df = =
. B \ (25 = r5\Yer dr 48
)2 M.... iy 64
Nun._ w (rirdr dé = —




33 \ R. Vi1+=rirdfdr =729
Jo Ja

35 “ \ (cos ») r df dr = —2.46]
Ju Jo

= 3.492

5 \‘ g V(x4 Qmmﬂ..lm dy dx
2 Jo

IVE+2ml+v3) -n2] = 152

975~ 1) =533

U207~ 2) 13247410
15 1205 17 5800 19 1.359

Exercises (3.5

39

Hx, v 2 du dy dz;

I,

R ]

Fle v ) dydz dx;

(%, v 2y dy dx dz

Answers to Selected Exercises

S i
Six. w2 dz dy dx;

Yt

oy 2 de dx dy;

flx v 2 dx dz dy;

dx :? kw..

flx, » oz dy dz dx:

fix, v o dydxdz

- 128
dx dz dv = —~
: 5

2Zr

Answers to Selected Exercises

:; M de dv di = 108

:.,
: X {
m “ dy dz dx = zx

6 dxd Je v

it —abe
6

23 The region bounded by the c = 2
x = 3 and the cylinders v = V1 — zand y = /\L -

25 The region under the plane = yand over the re-
gion in the xy-plane bounded by the parabola v = x°
and the fine y = 2

27 The region bounded by the paraboloid 2 = x% = v* and

he planes z = 2

and g = 2

Yt dx dy

3 m M M

SO Jn J
33 11685 ¥ 107 kg

=
oy
i
3

Exercises {3.6

2349 1290
R T

203

for M., M,., and M, have the same limits, but the

integrands are t(x® + 27, y(e® + 27 and d(x7 + 27,
respectively.

(@ym= dy dz dx: the integr
M, and M,, have the same limits. bui the inte-
grapds are x, 3 and Z. respectively,

135 367 729

(bym=— M, = M= = M.

2 : 10 3

{ {a) The nght circular cylinder of radius 4 with uxis
along the z-axis  (b) The yz-pla

{¢) The piane parallel 1o the xy-plane with ¢ 1
3 The plage parallel to the vz -plane with x-intercept —3
% A paraboloid with vertex (0. 0. ) und opening upward

r cylinder with trace x

¢ The cane ¢° = 4x° + 4y~
i1 The sphere with center at the
13 The ¢ =

gin and radius 3

5

Ane and

vlinder with trace v* = 2x o the &
rulings paralled © the z-axis

Sritei=4 37 3rcosdFrand—de=
rE2 Ur=lz WBrosint §E =8

G wd pdGe sl

e, Bzl r dzdrdd




i . T
35 u» Tt 3T 2S00 kg 3%
X ih

rdzdrdf () Y73.947

- dricas @ sin G+ 27 rdz drdb

Exercises 3.8

1@ 0.2,V oy iz w 2131

and center O
(b) A half-cone with vertex O and vertex angle
(€) A half-plane with edge on the z-axis and making an

angle of /2 with the xz-plar
7 The sphere of radius 2 and center (U, 0, 2}
9 The piane 7 = | .

i1 The sphere of radius 3 and center (3, 0, 0)

{3 The plane y = 5

15 The righ

G

t7 The cone x* + y
19 The parahoivid 62 U p=2
23 p(3 sin deos B v sin dsin § ~ L
25 Jescd 27
29 prisin® ¢ sin 4 -

31

33

39

4

(@) (=332, 3V6, -6\

(b) 8 should be mcreased by 1057, & decreased by

15 + arcian- }w == 80.26°, and L increased by
N 128/ :
2 - |2 == 1.36 in.

7 sin b dp dd d (b) 63.617

Exercises 3.9

! (a) Verticai lines: horizontal lines  (b)

3 () Lines with siopes 1 and —

by =

u -+

Answers to Selected Exercises

5 (a) Vertical lines: lines with slope
i 43
orizontal fines  (b) x = Inw y =In ¢
¢ (a) The rectangle with vertices (0, Q), (6, 0), 16, 53, 10, 8}
o

(b) The ellipse 55 1

(b) The line —u + 3¢
13 4w’ + 407 15 2ufuy — e

iy M (o=} 2 dv du 21 \ ; o6 du de
Ja Jog
[ O S B O Co
23 (y” cos® plzdu de= -+ sin 6~ e 0.23
- £ i

29 1.08 < 10" km’

s
B /nm

37

wyldvdx 9 N Fla, v daody
J-idy

it I i3

pom Y doos 8

V=025 4733 1948 2w = 1777

Answers to Selected Exercises

25 9k {k a proporti

dity constay M

2727k 29 —ab 31 -
20 7
e Thes -
Bl k ix? + 2
Jodours ; 5
35 7a'k - = -
37 Rectanguiar: (=332, 32, 63/ 3%

evtindrical: {6

! . w(ﬁ.C

3% = %~ 3x7 - 3y a paraboloid with vertex (0.0, 93
and opening downward

41 x° + v¥ = 16; a night cireular cylinder of radius 4 with
axis along the z-axis

43 Vel =yt E s v e
the sphere of radius 3 with center at the origin. together

with its center
45 (ay ;= 2 cos 20 (b) cos B = psin® b cos 28

47 (a) Jrcos 0 = rsin # - Bz 4
(b) 2p sin dcos 0 + psindsin § ~ 3pcos & =3

«AS _ ﬁ«? ::.\r __
Jodn e

i s i

rdrdd - “ _ rdrdd

dz dy éx

rdz drdf

EEERTIP SRR

{ 2 i o e Ak
M £ 8N G dp di
B

\.xn; ai
_ | _ p’sin o dp db db
S8

Jarorsni673150

CHAPTER=14
Exercises 14.1

{ Ly 3

(TR e 8 i

it it
7

i3 29
H@T BE ©7 (@ T

135" + 607 — 12e + 867 -

37 s

33 if the density at (x, v, 23 is Sl
T+ 2 Sk, v o) s,

v, zb v, and




Answers to Selected Exercises Answers to Selected Exercises
Exercises 14.6 } CHAPTER=®1!3 Exercises {5.2
124 320 50 yi367/3 924 ! e : ;
/ ) b e (s v e® b Oy
(1 Baoth iny s equal 4. 13 Both ink Exercises 15.1 By 3¢ e 3 2 Ex

Exer. 11-14: A pater 27 6257 Ib upward 1{a) y=x A
the value of the integr B

Do x

Exercises 14.7

I Both integrals equai —1.
7 =87

integrals eg

12y = opain oo+ Ox

y far () < L ey
, Intert e ftor () = s l ! x iF y =0 g iy
and kwise for 1<y < 2. There s no rotation if
ocurl F =201 = yik: | icurl F) K| =!2(1 — oot
B N : ,‘r | fcurl F) -k | <41 oy = X et x+ 1)
~zeIn(a® + v+ 2%+ dl where ¢ > 0 aximum value 2 at y =2 and a
is u constant aummum value 0 af v 1§y = T IT O OV e R

Theorem (14.16) since D is nat

; 29 f(6) = —(1 ~ &%) + Kp
.r:_L N Are ey Sonunuous at

3
31 (a) f(r) = M+ {A — M)e* ™" (k a constant)
(b) 28 items
¥y

23 xsin x + cos x ~ Inf sin y

— - Bsecrte ' =C 2Fyirlny = ix -8 .(
s L -, 29 v = In(2x + ln x + ¢ 3pwo Qe VY
-
. 7 . R
33tan 'y — Inl sec x| =~ 35 xy = &; hyperbolas
37 2x% 4 y* = k; ellipses 3% 2%+ 337 = k1 ellipses i
4 curl " , 04 | 02445
? MEwr r , revery (x, v) # (0, ( £ S i 9 i : 0.8
undehned at (0. 01 and hence are not continuous every- wurl ¥ 2 for every (x, v P ﬁ @ b4 1.2
where inside the unit circle. ’ | :»;. {: S600 - 1200 16 |
X=0 1.2 0.474% L1800 20 |
4 42414 1 i
ia «t.v.m:cm 4
i3 4.3912
30 €.5006 n : ¥ i E; Eup2/ By
22 .6563 ‘
73862425 32 —
34 0.9867 \Hixo'&!c §2X _c,x
8 76 12116 738629082 ER I [V 15
oy B 16 738629413 23 % 1077 15
wc a2 738620435 1 131078 15
45 (a) T ™ &7 {ay
x ¥
0.5600 060 | a.l200
G4832 0.2 a.1807
(4212 04 (1.2453
(33720 0.6 1.3204
dS s {3323 0.8 0.4173
$.2999 1o
i 10 the z-asis, whose base 1< the projec- Wm..ﬁN 1.2
, $.2507 14 .
3 g SN N 32316 1.6 Hy=Ce’ R O T Re
2Ny G.2151 18 By =cosx+2siny 2Wy==
. 3% Bath integrals equal 4.2009 20 29y =+t sin Tk




Exercises |5.4

Uy s £ oo vk Csin X - cos x Infsec © + tan x}
H

Iy mﬁ:" R R e

o= = o
X mx Cos ¥

S P
Se” ™, where Ty = £y~ v

x4 osin XY

Exercises [5.5

1 [ . -
Iy s - mr.ow 8 v o Wﬁx.um/} W eV

I
5y = ;e ¥(sin 81 + cos &1

7 1f m is the mass of the weight, then the spring constant

. . - . dy .
is 24m and the damping force is J::M. Che motion is

begun by releasing the weight from 2 ft above the egui-
librium position with an initial velocity of 1 ft/sec in
the upward direction.
—dy
$ 622
ar
it (a) Overdamped: 2.3, 2.4; underdamped: 1.
20,21, 22

Chapter 15 Review Exercises

b~ oacos x e’
2k — 2co8 x +

KC r + an

Answers to Selected Exercises

1y =v¢
b \
29 -etisin x —COs X}
<
H
3y = scos kb Csee x

abfett o —

bhe
39 v dy + x dx = 0; a arcle with center at the origin
ﬁ?:.u 2 43 @) | = =
i.0200
1.1068
776

3T F() =

£.4071
1.495%
1.5704 ¢
1.5093 16
1.5423 ¢
13781 1 28

45 (a) 0.132956, 0. 140085, 0.144016
(b) 0.149392, 0.148477, 0.148247
(c) 0128170, 1).148170. 0148170

Absolure change, ’
Absolute maximumm and rinimum,
251
Absalute value, §
Absolutely convergent seties, 742
Acceleration. 318, 9338
normal component of, 961
tangential compuonent of, 960
Addition of y-coordinates. 592
Algebraic function, 28
Allernating series, 739
Ampliitude, 321
Angle, 37
central. 38
degree measure af, 37
of elevation, 43
initial side of. 37
negative, 37
positive, 37
radian measure of, 37
reference, 43
standard position of, 37
terminal side of, 37
between vectars. 867
vertex of, 37
Anguiar speed, 939
Angular velocity, 941
Antiderivative,
Antidifferentiation, 344
Approximation
left endpoint, 382
linear. 226
midpoint. 383
right endpaint, 383
Arc length, 470, R08, 826
Are lenpth tunction, 473
Arc fength parameter. 949
Arc length parametrization. 949
Area
of a circumscribed rectanguiar
polygon, 371
f an inscribed rectanguiar
palvgon, 369
as a limit. 370, 1092
in poiar coordinates, 823
of a region under 4 graph, 371
of a surface, |
of a surface of revolution, 476

C

Area density, 490
Arithmetic mean, 394
Astronormcal anit (AU}, 73
Asympiote

horizontal, 121

75

of a hyperbala, 7:

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, |
Axes
conjugate, 75
rotation of. 835
translaton of, X32
AXis
of a parabola, 64
polar. 311
of revolution, 443

Bernoulli. John, 456-457
Bernstein, Dorothy, 1198-1199
Bézier curves, 795

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

{apital formation. 440
Cardiotd, 813
Catenary, 593
Cauchy's tormula, 611
Cauchy, Aungustin-Lows, 802-803
Cauchy-Schwartz inequality, 369
Center of curvature, 954
Center of gravity, <88
Center ol mass

of a lammna. 492, 112

of a solid, 1123
of a system of particies, 489
Central angle, 38
Centripetal acceleration, 94)
Centraid
of a plane region, 493,
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
umt. 13
{ircuiar arc, 38
Circular disk, 446
Circular functions, 594
Circular helix, 925
Circular sector. 38
{irculation, 1225
{ircumserived rectangular polygon.,
374
Closed curve, 786
Closed disk, 991
osed interval, 7
Closed regian, 992
Closed surface, 1218
Codomain, 20
Common Jogarithm, 39, 3
Compact region, 1074
{“omparing coefficients. 653
Comparison tests, 728-729
Complementary equation, 1263
ompleteness property, 713
Complex numbers, 919
Camponents of 4 vector, 847, 853,
§70
Composite {unction, 26
Computer aigebra system, 181, 670
Computer graphics, 981
Concavity, 279-280
Conditionally convergent series, 743
Cane. 908
Conic, 63
degenerate, 83
polar equation of . 841
Conjugate axes of a hyperbola, 75
Connecled region, 188
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