Complete Solutions Guide for

CALCULUS

EIGHTH EDITION

Larson / Hostetler / Edwards

Volume I
Chapters P-6

Bruce H. Edwards

University of Florida

Heughton Mifflin Company Boston ~ New York




Copyright © 2006 by Houghion Mifflin Company. All rights reserved.

Houghton Mifflin Company hereby grants you permission to reproduce the Floughton
Mifflin material contained in this work in classroom quantities, solely for use with the
accompanying Houghton Mifflin textbook. All reproductions must include the Houghton
Miftlin copyright notice, and no fee may be collected except to cover the cost of duplication.
if you wish to make any other use of this material, including reproducing or transmitting

the material or portions thereof in any form or by any electronic or mechanical means,
including any information storage or retrieval system, you must cbtain prior written
permission from Houghton Mifflin Company unless such use is expressly permitted by
federal copyright law. If you wish to reproduce material acknowledging a rights holder
other than Houghton Mifflin Company, you must obtain permission from the rights holder,
Address inquiries to: College Permissions, Houghton Mifflin Company, 222 Berkeley Street,
Boston, MA 02116-3764.

Printed in the U.S.A.

ISBN-10: 0-618-52793-1
ISBN-13: 978-0-618-52793-9

6789- ERB -10 09 08

Chapter P
Chapter 1
Chapter 2
Chapter 3
Chapter 4

Chapter 5

Chapter 6

CONTENTS

Preparation for Calculus. . .... ... e 1
Limits and Their Properties .......... et veo. 45
Daffereptiation . ............. e e e 94
Applications of Differentiation. . ......... .. 190
Integration . ... .. 349

Logarithmic, Exponential, and Other Transcendental Functions . . . 440

Differential Equations ................. et 544



CHAPTER P
Preparation for Calculus

Section P.1  Graphs and Models . . .. ... .. e e 2
Section P2  Linear Models and Ratesof Change . . . ... ... ... 11
Section P.3 Functionsand TheirGraphs . . . . . ... ... ...... 22
Seétio'n P4 TatingModelstoData . ... ... ... ... ... 31
Review Exercises . .. ... .......... e e e e e e 34

Problem Selving . . .. . ... .. ... ... ... ... .. ... ... 39




CHAPTER P
Preparation for Calculus

Section P.1  Graphs and Models

Ly=-ix+2 ' 2. y=/9—x*
r-intercept: (4, 0) xintercepts: (—3,0), (3,0)
y-intercept: (0, 2) _ y-intercept: (G, 3)
Matches graph (b). Matches graph (d).
JLy=4—x2 4 y=2x>—x
x~inte£‘cepts: (2,0),(-2,0) x-intercepts: (0, 0), (—1,0), (1,0)
y-intercept. {0, 4) y-intercept: (0, 0)
Matches graph (a). : Matches graph (c).
5. y=3x+1 6.y=06—2x
x1—-4|—-210([2} 4 x| -2 =101 ]|2]|3]| 4
y|—-51—-211 (4|7 y | 1¢ 8 |6|4]|2|0] -2

Toy=4-x 8. y=(—-3pP
x| -3[-21012] 3 x| 0p1121314([516
y|-5] 0 |4]10] -5 y|o9p4i130]1]419




Section P.1 Graphs and Models 3
9 y=|x+ 2 0 v=|x -1
x| —-5|—-47-3|~2]-1 x| =3¢p-21—-1| 0 1|23
yl3lz21 1|01 yl2 | 1{o]-110]1]2
|
¥ ¥
64 ad
ad
24
.
] RIEERN VA
24
n.y=/x—4 12, y= /212
x| 0 1 4 S 116 x| —-2|—-1] 0 |2|7]i4
y|—-4|-3]-2|-1] 0 y|l 0| 1 |~2]2]3] 4.
b ¥
10 51
al
6+ 44
pil
2+ (4, -2 {16,0) a4+
-2 3 2 9_1}2141618 - 24
) @0 7
670, -4 f
sl , L
—10} < 1 s w15
2
13 y=-— 4. y= -
x —1
x| —-3f-2]-1 0 1 3 x1—-31—-1 0 | 21315
vy | =3 |1 -2 | Undef. | 2 z y| =53] 1| Undet [1[%]}3
¥
2l
ot HLD )
(‘3}'%] T oen &3
CENREE
G-y |
CL=IA |
15 Xmin - -3 16 MXmin = -30
Xmax =5 Xmax =30
Hscl=1 Kscl=5
Ymin=-3 Ymin=-10¢
Ymax=5 Ymax = 40
Yscl=1 Yscl=35

Not;: that y = 4 when x = 0,

Note that y = 10 when x = O or x = 0.




4 Cﬁapter P Preparation for Calculus

17. y= /35 —x 5 13.y=.x5—5x 5
4.00,3)
@217
“-‘\‘\ =5 o
-5 §
e . -6
@ 2,y =02173) [=+5-2=/3~173) (@ (—0.5,y) = (—0.5, 2.47)
® (3 =(~43) (3= 5-(-9) ) (x, —4) = (— 1.65, —4) and {x, —4) = (1, —4)
19, y=x*+x—2 20, y?2 =% — 4x
y-intercept: vy =02+0-2 _ y-intercept: y? = 03 — 4(0)
y=-2(0,-2) . y =0;(0,0)
x-intercepts: 0=22+x—2 © x-intercepts: 0 = x° — 4x
0={x+2)x-1) ‘ O0=x{x — 2x + 2)
x=—-2,1;{(-2,0,(1,0 x=0,+2; (0,0), (+2,0)
2L y=x%/25 — x?* 22 y={x—DV/x2 + 1
y-intercept: ¥ = 0?/25 — 7 y-intercept: ¥y = (0~ 1)/ + 1
y =0;{0,0) : y=-150 -1
x-intercepts: 0 = x2./25 — x? x-intercept: 0= (x — )/x? + 1
0=x2/5 -0 + x) x=1:(1,0)
x = 0,%5(0,0); (x5,0) :
32— x X+ 3
B.y= x Hy= (3x + 1)2
y-intercept:  None. x cannot equal 0. ) interoent 02 + 3(0)
-intercept: y = i
32 - V) JIREICeRt Y T 3(0) + 1P
x-intercept: 0=——
* y = 0; (0,0}
0=2-Vx , 0 x2 + 3x
x-intercepts: 0 = ———
x= 4 (4,0) P 0= G 1y
0= x(x + 3)
(3x + 1)

x=0,~-3;{0,0),(-3,0)

25. nyI— *+4y=0

y-intercept: _
Cly) -0+ 4y =0
| y = 0,(0,0)
x-intercept:

x2(0) — 22 + 4(0) = 0
x = 0; (0,0)




Section P.1 Graphs and Models

26. y=2x— JSx* + 1
y-intercept: v = 2(0) — /0% + 1

y=-5( -1
x-intercept: 0=2x— J/x2+1
2x=Jx*+ 1"
4x? = x + 1
3xt =1
1
2=
T3
V3
= e
rEE3
3(J3
x = 3 ,( 3 ,0)
Note: x = —/3/3 is an extrancous solution.
28, y=x—x

No symmetry with respect to either axis or the origin.

30. Symmeiric with respect to the origin since

(=9 =2+ (-2

_y=_x3_x

y=x+x

32, Symmetric with respect to the x-axis since

x(—y)? = xy* = —10.

34. Symmetric with respect to the origin since

(—0(-y) - vVa4-(—x*=0
xy— J4—x=0

2

3. y= ;ﬁfis symmetric with respect to the y-axis
since y = b = a2
Y (—x2+1 x40
38. |y| — x = 3 is symmetric with respect to the x-axis

since |—y| —x =3

|yl —x=23.

27. Symmetric with respect o the y-axis since

y=(-xP-2=x*-2

29. Symmetric with respect to the x-axis since

(=3 =y = ~ 4x.

31. Symmetric with respect to the origin since

(=)~} =xy =4

By=4~/x+3

No symmetry with respect to either axis or the origin,

35. Symmetric with respect to the origin since
ey = —— %
O " T

_x
YEEY T

37. y = |x* + x| is symmetric with respect to the y-axis

sincey = |[(—x* + (—x)| = |~ (x® + )| = [«* + |
39y=-3x+2 v
Intercepts: \- '
240, )

(3.0),(0,2)

Symmetry: none 1\\@ 9 L




& Chapter P Preparation for Calculus

X 1
0. y=-3+2 4l y=zx—4 42‘),:%{_”
Intercepts: Intercepts: " Intercepts:
(4,0,(0,2) (8,0), (0, -4) ©1,{-%0)
Symmetry: none o Symmetry: none Symmetry: none
¥ ¥
T @, 0) 21
[ I T w0
-2t (1'0) ©.1
0, -4 3 et
ek N
—et
—10-+ -2
3. y=1-2x* 4, y=x2+73 45. y = (x + 302
Intercepts: ) Intercept: (0, 3) Intercepts:
(1,0),(=1,0).(6, 1) Symmetry: y-axis (-3,0)(0,9)
Symmetry: y-axis y Symmetry: nons
¥ ¥
2+ EZI
0. 1) 89
“L ‘2//‘ w0 _-'l
= = A
2l -10 -8 ~6 (“3‘0)—2 i
46, y=2x2 +x=2x2(2x+ 1) 47, y=x> +2 48, vy =x>—dx
Intercepts: Intercepts: Intercepts:
©,0),(~2.0) (-v20.02 ©0,0), 2,0), (~2,0)
Symmetry: none Symmetry: none

Symmetry: origin

- ¥

48, y=x/x+2 5, y= /9 —x2 ¥
6 L
Intercepts: 5 Intercepts: s+
af B ‘ Twon
(0? 0)9 (—21 0) 3 ( 3, O)’ (3' 0)' (0’ 3)
2 : a4
Symmetry: none . 20 ! o Symmetry: y-axis ' it
. _ 43 41 H o ' w4 2l |1z 4
Domain: x = —2 g _ Domain: [-3,3] 30 b G0




Section P.1 Graphs and Models

7

51 x =y
Iatercept: (0, 0)
Symmetry: origin

¥
4+
a4
FES

{0, 05
-4 -3 -2 -1 12 3 4
—g
b
ad

- 10
x24+1

5. v

Intsrcept: (0, 10)

Symmetry: y-axis

87, y2—x=9
yv=x+9
y=+t/x+9
Intercepts:

{0,3). (0, -3),(-9,0)
Symmetry: x-axis

F 1

O

_gl‘{y/‘
N \\4 |
(0,37

—4

&6, 3x - dy? =
4yt =3x — 8
o y= a2
Intercept: (%, O)

Syminem: X-axis

52.x=y*—4
Intercepts:

{6,2),(0,-2),(—4,0

Symmetry: x-axis

55,y =6 — |x
Intercepts:

(0, 6}, (—6,0), (6,0)

Symmetry; y-axis

3

8.+ 4?=4=y=+

Intercepts:

(-2,0),(2,0), 0,
Symmetry: origin and both axes

Domain: [—2, 2]

0. 1)

(“2\'%—-‘—3\(3./0)

g \\_T(F__,;j

-2

61,

I

1
53,y—;

Intercepts: none
Symmetry: origin

34

24

[
-

56. y = [6 — x|
Intercepts:
(0,6), (6,0

Symmetry: none

4= x?

— 59. x+3y?=6
3yt =6 —x
-1),(0,1) y=x/2-%
Intercepts:

(6.0), (0, v2). (0, - V2)
Symmetry: x-axis

3

s e

- 6,01,

o)

-3

x+y=2=y=2—x
x—y=1l=y=2x—-1

2-x=2x—1
3=3x
1=x

The corresponding y-value is y = 1.
Point of intersection: (1, 1)




8 Chapter P Preparation for Calculus

82, 2x—3y213=$y=2x;13 63. 22 +y=6=y= 6 — x’
x+y=4=y=4—2x
Sx 4 Ay 1oy = o '
xT T I=YETy 6-x2=4—x
2x— 13 _1-—5x | ' 0=x*—x—2
3 3 | 0=(x—2)x+1)
2x— 13 =1 - 5x x=2,-1
7x =14 The corresponding y-values are y = 2 (for x = 2}
=72 andy = 5 (forx = —1).
The corresponding y-value is y = 3. Points of intersection: (2, 2), (—1, 5)

Point of intersection: (2, —3)

64, x=3—-y'=y?=3—-x 65. x>+ yt=5=y2=5 "
y=x-—1 x—y=l=y=x-1
3—x={x— 12 5—xt=(x— 1)
3—x=x*—2x+1 ' oS- xt=x*-2x+1
0=x2-x-2=&+1}{x—-2) 0=2x2~2x—4=2x+1kx—-2)
x=—lorx=12 _ x=—lorx=2
The corresponding y-values arey = —2andy = L. The corresponding y-values are y = —2and y = 1.

Points of intersection: (~ 1, —2), (2, 1) Points of intersection: (—1, —2),(2,1)

66, x2+ 2 =25=y>=25 —x? 67. y=x
2x +y=10=y=10— 2x . ' .y=x
25 — x? = (10 — 2x)? ' B =x
25 — x2 = 100 — 40x + 4x? ‘ B—x=0
0= 5x2 — 40x + 75 = 5(x — 3)(x — 53) x+ Dx—1)=0
x=3o0rx=3 : x=0x=—1orx=1
The comresponding y-values are y = 4and y = 0. The corresponding y-values are y = 0, y= —1,and

v=1

Points of intersection: (3, 4), (5,0)
: Points of intersection: (0,0), (=1, -1, (1, 1)

68. | y=x*—4x 69. y=—22+x—1
y=-(+2) _ y=-2+3x-1
B odx=—x+2 P ia—1=—2+3x-1
¥ —-3x+2=0 B —2x=0

1+ 2) =0 e~ D +1) =0 T
x=1 or x=-2 : . x=-1,02 ({1)
The corresponding y-values are y = —3and y = 0. (-1, -5),(0, -1), 2, 1) BRI =
Points of intersection: (1, =3}, (—2,0) _I'Vsl/ >\

-2 [ym-—x1+3.t—1
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70.

72.

73.

75.

y=x*—2xT+1 M.y=Vx+6
y=1—x2 y=—x?— dx
1 —x2=x*— 222 + 1 4

0=x%— 52 y=vz+8 (3)\/5) -

, <
0=xx+ Dx—1) 7 22 2

x=-1,0,1 [-v==
2

~1,00,(0, 1, (1,0
( ), ©.1),(1,0) Points of intersection: (—2,2), {3, ﬁ) ~ (=3,1.732)

2 ' Analytically, ViE¥ 6= =% - 4x

P

s (—1.7' Y,n) : +5x+6=0
+3x+2=0

x+6=—x2—4x

3
-2
. x=-3,y=./3 = (—-3,\/5)
x=—2,y=2=> (—2,2).
y=—Rx—-3+6 Points of intersection: (3, 3), (1, 5)
=6-x Analytically, —|2x — 3| + 6 = 6 ~ x
7 l2xm3| =x
- .
(L 5, 2x—3=x or 2xr~3=-x
/ SN x=3 or x =1
=y R

-1 m Hﬂﬂce, (31 3): (1: 5)- .

(a) Using a graphing utility, you obtain 74, (@) y = —0.132 + 11.1¢ + 207
y = —0.0072 + 4.82¢ + 35.4. (b) e

(b) 250 /“A_ﬂ
— / ‘ 0 50

-5 35 0

= (c) For 2010, ¢ = 60 and
-y = —0.13(60%) + 11.1{60} + 207 = 405 acres.

{c) For 2010,¢ = 40 and y = 217.

C=R
5.5./x + 10,000 = 3.29x
(5.5Vx)* = (3.29x — 10,000
30.25x = 10.8241x2 — 65,800x -+ 100,000,000
0 = 10.8241x* — 65,830.25x + 100,000,000 Use the Quadratic Formula.

x = 3133 units
The other root, x == 2049, 'does not satisfy the equation R = C.

This problem can also be solved by using a graphing utility and finding the intersection of the graphs of C and R.
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10,770
76 y = =5 = 037

400

Q 100
a

1f the diameter is doubled, the resistance is changed by approximately a factor of 3. For instance, y(20) =~ 26.555 and
¥{(40) = 6.36125.

7. ¥y = (x + 2)(x — 4}(x — &) {other answers possible) 78y = (x + %)(x — 2)(x - %) {(other answers possible)
79, (i) y = kx + 5 matches (b). 80. (a) If (x, y) is on the graph, then so is (—x, y) by y-axis
B _ B symmetry. Since (—x, y) is on the graph, then so is
Use (1.7): 7= K1) + 5=k =2, thus,y = 2x + 5. (—x, —y) by x-axis symmetry. Hence, the graph is
(i) y = ¥ + k matches (d). symmetric with respect to the origin. The converse is
not true. For example, v = x° has origin symmetry
Use (1, —9): but is not symmetric with respect to either the x-axis

: N
9= (12 + k= k= —10, thus, y = x* — 10. or the y-axis

(b} Assume that the graph has x-axis and origin symmetry.

o am
(iif) y = ke*/2 matches a). If (x, y) is on the graph, so is {x, — ¥} by x-axis

Use (1,3): 3 = k(1)¥2 =k = 3, thus, y = 3232, symmetry, Since (x, —y) is on the graph, then so is
, (=x, —{(~y}) = (—=x, ) by origin symmetry.
(iv) xy = k matches (c). : Therefore, the graph is symmetric with respect to

the y-axis. The argument is similar for y-axis and

Use (1, 36): (1){36) = k=> k = 36, thus, xy = 36. origin symmetry.

81. False; r-axis symmetry means that if (1, —2) is on the graph, then (1, 2) is also on the graph.

82. True 83. True, the x-intercepts are #4. Trye; the x-intercept is
(b S dac b |
= —— 0}
2a - 2a
85. 2/ (x — 0P + (y — 3P = Vxr - 0?2 + (y —.0)? !
Al + (y — 3] = 22 + y? _ 05
4x? + 4y% — 24y + 36 = x® + y? : A T
3x2 + 3y2 — 24y + 36 = 0 i
PR+ -8y +12=0 3 l{o.o}) L
3 ° -1

I T

Circle of radius 2 and center (0, 4)

86. . Distance from the origin = K x Distance from {2, 0)
VEF PR =K/ x -2+ K+

A2+ y2 = K2 — dx + 4+ y2)
(1 —K9x?+ (1 — K92 + 4K —4K2 =0

Mote: This is the equation of a circle!




Section P.2

Linear Models and Rates of Change

i1

Section P.2

Zom=12

Linear Models and Rates of Change

1. m=
4. m=—1 S5 m=—12
7 4 8
sl
a1
3l
24
14mis .~
Xdeﬁlneﬂ
7 i *
e
432 5-—-1
IO.m—_2_1 i1, =77
=2 _4
3 . 0
¥ undefined

-1

(3.-2) (4,-2)

a4t

2.5
T ? @
e I e EE MR
2/3 — 1/6 _ B/ —(-1/4
Bem = = -3/9 i Wem =78 - 6/4)
1/2 2 __r __8
Ve Ay TR
R A B

15, Since the slope is 0, the line is horizontal and its equation
is y = 1. Therefore, three additional points are (0, 1),
(11 1)7 and (31 1)'

17. The equation of this line is
y—T7=-3x-1)
y=-—3x+10.

Therefore, three additional points are (0, 10), (2, 4),
and (3, 1).

15. Since the slope is undefined, the line is vertical and its
equation is x = — 3, Therefore, three additional points

are (—3,2), {(—3, 3), and

14\»

]

L

_|——
R
e
e
— K

(=3,5).

18. The equation of this line is

y+2=20x+2)
y=2x+ 2.

* Therefore, three additional points are (=3, —4), (—1,0),

and {0, 2).
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20. (a) m = 400 indicates that the revenues increase by
400 in one day.

' x// 3 {b) m = 100 indicates that the revenues increase by
/ mf‘ 100 in one day.

H——_—-*-3(]ft—l-l

19. (a) Slope = % él"

(b

(¢) m = 0 indicates that the revenues do not change
By the Pythagorean Theorem, from one day to the next.
x =302 + 10% = 1000

x = 10-/10 = 31.623 feet.

21. {(a) ¥ : . 22. (a) r
E 290 100+ .
% 280 / %01 /-\
B
g 2 0 '
g
—% 260 40
£ 204 ! .
- 6 7 8 2 1011 . s
Year (6 <> 1996) 7 5 10 15 20 25 30
(b) The slopes of the line segmcnté are: _ ' (b) The slopes are:
272.9 — 269.7 ‘ 74 = 57 '
— =32 . 10#5—3.4
276.1 — 2725 ‘ 85 — 74
g7 o 1510 22
2793 — 2761 : 84 —835
98 =32 015 0.2
2823 — 2793 61 — 84
w-9o >0 5-20- ¢
285.0 — 282.3 43 — 61
-1 30 =25 00
The population increased least rapidly between The rate changed most rapidly between 20 and
2000 and 2001. 25 seconds, The changé is — 4.6 mph/sec.
23, x + 5y =20 24. 6x — 5y =15
y=—-%x+4 yﬁgx—?}
Therefore, the slope is m = w% and.the y-intercept is Therefore, the slope is m = g and the y-intercept is
(0, 4). (0, —3).
25, x =4 26y =1

27.

The line is vertical. Therefore, the slope is nndefined and
there is no y-intercept.

=3 +3 ;
4y = 3x + 12
0=3x—4y + 12

The line is horizontal. Therefore, the slope is m = 0 and
the y-intercept is (0, —1).

L2 2t
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29, y= %x
Iy=2x .

2x—3y=0
44
a
2t
(6] 0)-

1 2 3 4 ¥
-1
3
32. y—4= ——5—(x+2)‘

S5y —20= -3x—6
3x+5y—-14=0

_1-(=3) _
3B m= 270 =2

y=1=2{x~-2)
y—1=2x—4

0=2x—y—3

38.m=_3__1—_—4——1
y—2=-1lx-1)
y—2=—-x+1
x+y=-3=0

y=4

y—4=10

¥

sl

0, 4)

WL

2

A
——t prom—p—tm 7
-3 -2 -1 1 2

y—4=2x—1)
y—4=2x—12
0=2x—y+2

5-5

39, m = o2l Undefined

Verticalline x = 5

y+2=3x-3)
y+2=3%—-9
y=3x—11

y—3x+11 =0

. _1_0—f3
y—0=-3x-0)
y= —3x

x+y=0
¥
L Ny ¥
“(0,0)
i — =
i
m=2-0_ 8
T 2-5 3

2.8

59

5, 1}

-1 1234 6789
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_7/2-3/4 _11/4 11 (3/4) ~ (~1/4)

42, m =

40 m = Hm="pn=e "2 2 (7/8) - 5/49)
y==2 3L g S
y+2=0 FTaT S
¥ 11 3 i -8 5
=yt = =2, =
g _ YT, Y3 3(x 4)
B B A R 2x—4y+3=0 12y +3=—32x + 40
1k
¥ ' 32x+ 12y~ 37=0
(L-2 G- .
=T _ NEICR : /
CTAT . 2 3
13 (0.3
——t—t— ot z 2
74—3-2:—1 12 3 4
ToNES)
A N
o\
43. =13 ¥ Mom=“é )
\ a b
x—3= &1 -5 05
L y=—x+5b
N (1))
1 2 4
Ll —x+ty=
@0
2+ P X
LYy ™~
a b
x ¥ X ¥ Xy _
f e —— = 47, =+ < =
45 S+y=1 4. —35 51 4. - +2=1
A+ 2y —6=0 —x_ ¥y, 1,2 4
2 2 a a
x+y=-2 2_1
G +y+2=0 “
a=3=x+ty=3
x+y—-3=0
a8, Z+2- 49, y=-3 56, x=4
a a .
+3= ~ 4=
“3 4 ¥ X H;
L
a a y i
2
1_y : :
a - x z
“3-2-1 ] 12 3 45 )
a=1=x+y=1 —2 o e
‘ Tz 3 PR
x+y—-1=0 4 : a
. ol
,45._ -2
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Linear Models and Rares of Change

Sl y=—2x+1

5.y — 1 =3(x+4)
y=73x+ 13

52,
Iy—x+3=0

- 55,

2x—y—~3=0

y=2x—-3

y:%x—l

The lines do not
appear perpendicular.

®

53, y—2=3x~1)
oy

2y—3x—1=290

— -
11234

- The lines appear )
5 perpendicular.

" The lines are perpendicular because their slopes | and — | are negative reciprocals of each other.
You must use a square setting in order for perpendicular lines to appear perpendicular, Answers depend on calculator used,

58. (a)

=L

//EM%

-5

The lines are perpendlcular because their slopes 2 and —

The lines do not
appear perpendicular,

®

4

A

VA

4

The lines appear
perpendicular,

2 are negative reciprocals of each other. .

You must use a square setting in order for perpendicular lines to appear perpendicular. Answers depend on calculator used.

59, 4x— 2y =3 ‘
y¥2x—%
m=12
@ y—1=2x-2)
y—1=2x—4
2x~y—3=0

y-1=-3(-2)
y—2=—-x+12

)

x+2y—4=0

&0,

x+y:’7
y=—x+7
m=—1
@ y-2=—1(x+3)
y—2=-x-3
x+y+1=0
(b) y—2=1(x+ 3)
yv—2=x+3
x—y+5=0

15
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61. Sx — 3y =0
5
y=3x
' 3
m=3
@ y=5=3k-3)

24y ~ 21 = 40x ~ 30

248y —d0x+9 =20
® y—3=--3
40y — 35 = —24x + 18

40y + 24x — 53 = 0

63. The given line is vertical.
(@) x=2=x—-2=1{)

() y=5=2y—-5=0

65. The slope is 125. V = 2540 when ¢ = 4,
Vo= 125{t - 4) + 2540 = 125¢ + 2040

67. The slope is —2000. V = 20,400 when ¢ = 4.
V = —2000(t — 4) + 20,400 = —2000¢ + 28,400

69. 5

@4

-3

co  § |

-1

You can use the graphing utility to determine that the
points of intersection are (0, 0) and (2, 4). Analytically,

x? = 4x — x°
20— 4y =0
2x(x—2) =0
x=0=y=0=(0,0}
x=2=2y=4d=>(2,4).

The slope of the line joining (0, 0) and (2, 4) is
m = {4 — 0)/(2 — 0) = 2. Hence, an equation

of the line is
y—0=2x-0)
oy =2x

62. 3x + 4y =7
y=—ix+]
3
mz—z
(@) y—4= -3k +6)

4y — 16 = —3x— 18
x+4H+2=0

®) y—4=3(x+6)

3y - 12 = 4x + 24
4x—3y +36=0

64, () y=20

bByx=-1l=x+1=0

66. The slope is 4.5. V = 156 whent = 4.
V= 45(t — 4) + 156 = 4.5¢+ + 138

68, The slope is. —5600. V = 245,000 when ¢t = 4.
V = —5600(z — 4) + 245,000
= 5600t + 267,400

Moy=x2—dx+3,y=—-x2+2x +3

[N

You can use the graphing utility to determine that the
points of intersection are (0, 3) and (3, 0). Analytically,

X —4x+3=—x2+2x+3
2xr—6x=10

2x(x—3)¥0
x=0=y=3=(0,3)

x=3=>y=0=(30).

The sloge of the line joining (0, 3) and (3, 0) is
m= (0 — 3)/(3 — 0) = — 1. Hence, an equation
of the line is

y—3=—-1x—0
y=-—x-+3
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T my = %ﬁl) =-1 T2 m = ;6__04 = ——179
= 220 _ 2 . N LT N |
2-(-1) 3 -35-0 5
my F iy m; * my
The points are not collinear. . The points are not collinear.,

73. Equations of perpendicular bisectors:

y_'gza—b(x_'a-i-b)
2 c 2 (&, ¢)
_£=a+b(x_b—a) . b_uc‘\\ -
2 ¢ 2 (3 ;),af" X [z2.5)
Setting the right-hand sides of the two equations equal and Caty - r\_ o
solving for x yields x = 0.
Letting x = 0 in either equation gives the point of intersection:
(0’ —a%+ b + cz)‘
2¢
This point lies on the third perpendicular bisector, x = 0.
' 74. Equations of medians: 75. Equations of altitudes:
yzgx y=amb(x+a)
c x=5b
= +
S P (x + a)
. a+ b
y=- x—a)
Y=g &9
—3a+b

Solving simultaneously, the point of intersection is
Solving simultaneously, the point of intersection is . ( 5 b2
=)

(é 5) v
3’3y

Kol

f) . T (a0

©0,0) (a0}

. bc a? — b2\,
76. The slope of the line segment from 33 to | b, . is:

' [ta? — Yl — (¢/3) _ (B = 362 — )/Gd) _ 3a? — 3~ &

" b — (b/3) T (28)/3 2bc

—_ g2 + 2 + 2
The slope of the line segment from (%2, %) to (0, az—ic) is:

f(=a?+ b + B/2] — (¢/3) (=3¢ + 382 + 32 — 26)/{6c) _ 3a? — 32 — &2
- 0— (b/3) B ' —b/3 - 2bc

Mg

my = my

Therefore, the points are collinear.
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77. Find the equation of the line through the points (0, 32)
and (100, 212).
18

(=]

wio

m =

g

F-32=%cC-0)

F=3C+32
or
C = §(5F — 160)
5F —9C — 160 =0
For F = 72°, C =~ 22.2°.

79. (a) W, = 0.75x + 12.50
W, = 1.30x + 9.20

78. £ = 034z + 150
Ifx = 137, C = 0.34(137) + 150 = $196.58.

Using a graphing utility, the point of intersection is (6, 17).

(b) 50
Analytically,
0.75x + 12.50 = 1.30x + 9.20
@1 o 33 =055t =% =6
°s * y = 0.75(6) + 12.50 = 17.

{c)} Both jobs pay $17 per hourif 6 units are produced. For someone who can produce more than 6 units per hour, the second
offer would pay more. For a worker who produces less than 6 units per hour, the first offer pays more.

80. (a) Depreciation per year 1000
2 =5175
y = 875 — 175x '
] B

where 0 € x £ 3. o

81. (2) Two points are (50, 580) and {47, 625). The slope is

625 — 580
= Tw—s - ¥

p — 580 = —15(x — 50) .
p = —15x + 750 + 580 = —15x + 1330

1 .
or x = 7(1330 = p)

®

o 1500
0

Ifp=655x= 1%(1330 — 635) = 45 units.

(c) Ifp = 595,x = %(1330 — 595} = 49 units.

(b) y = 875 — 175(2) = $525
(©) 200 = 875 — 175x
175x = 675

x = 386 years

82. (a) y = 1891 + 3.97x (x = quiz score, ¥ = test score)
(b} 100 ‘

]

(&) x =17,y = 1891 + 3.97(17) = 86.4.

(3) The slope shows the average increase in exam score
for each unit increase in guiz score.

{(e) The points would shift vertically upward 4 units. The
new regression line would have a y-intercept 4 greater
than before: y = 22.91 + 3.97x.
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83. The tangent line is perpendicular to the line joining the
_point (5, 12) and the center (0, 0}.

84, The tangent line is perpendicular to the line joining the
point (4, —3) and the center of the circle, (1, 1).

Slope of the line joining (5, 12) and (0, 0} is
12
?.

The equation of the tangent line is

Tangeht line:

—5 _ 3
y—lZME(x—S) yf3—4(x 4)

-5 169 3
YRRt yEgx-6

12y + 5x — 169 = 0. 4y —3x+24=0

|40) + 3(0) — 10] _ 10 _ 142) +3(3) — 10|

=12 B6. x + 3y - 10=0=4d

7
5

. _ -

85, dx + 3y - 10=0=d = D 3 4 1 32
=2+ (- -2| _ 5./2

87. x—y—2=0=d= ST 7—2M—2

e+ +1] 7
J1E+ 02

8B.x+1=0=4d

89, A point on the line x + y = 1 is (0, I). The distance from the point (0, )tox + y — 5 = 01is

o) + 11y —sf_Ji—5_ .4
== m5s . 5 & 2/2

%0. A point on the line 3x — 4y = 11is (— 1, — 1). The distance from the point (—1, — 1) to 3x — 4y — 10 = Oiis

de [3(-1) —4(-1)-10] {~3+4-10] _9
V34 (47 5 5

91, If A = 0, then By + € = 0 is the horizontal line y = ~ C/B. The distance to (xl,y,) is

j (—c)‘ |By, + C|  |Ax, + By, + (|
d=iy, = |5l = = )

B |B]| VAT 4+ B2
TIFB =0, then Ax + C = 0 is the vertical line x = = C/A. The distance to (x;, y,} is
(—c)" lAx, + C| 1A% + By, + (]
X — = = .

d=pm-\x -

14| JAZ + B?

(Note that A and B cannot both be zero.)

—CONTINUED—
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91, —CONTINUED—

The slope of the line Ax + By + C = 0is —A/B. The equation of the line thﬁrough {x,, ¥,) perpendicular
toAx+By+C=UE§: :
B ‘
y =y =20 —x)

Ay — Ay, = Bx — Bx,

Bx, — Ay, =Bx— Ay
The point of intersection of these two lines is:

Ax + By = —C = A2+ ABy = —AC (1)

Bx — Ay = Bx; — Ay, = B’x— ARy = B%x, — ABy, (2)

(42 + BYx = —AC + B%x, — ABy, (By adding equations (1) and (2))
—AC + Bx; — ABy,
A + B?
Ax+ By = —C = ABx + Bl = —BC - 3)
Bx — Ay = Bx) — Ayy= —ABx + Ay = ~ABx; + A%y, (4)

x =

(A2 + B3y = —BC — ABx, + A%y, (By adding equations (3) and (4))

_ —BC — ABx, + A%,
YR A L

(——AC + B%, — ABy, —BC — ABx, + Al

) s 2+ B )polnt of intersection

The distance between {x;, )} and this point gives us the distance between (x,, y,) and the line Ax + By + C =0,
[ 2. I - —
o \/ AC + B, — ABy, x1]2 . [ BC — ABx; + A%y y1]2

AT + B2 A + B
B \/’*AC — ABy, — Ale]z R [—BC — ABx, — B4y 2
a A2+ B A+ B?

m'\/’—A(C + By, + Ax)) |2 4 —B(C + Ax + By ]2
A + B A + B2

_ (A* + BH(C + Ax; + Byy)?

(A2 + B2)?
JAT+ B?
Bl y=mx+4d=mx+ (—Ly+4=0 = 7
g |lAx, + By, + € _ |m3 + (—=1)(1) + 4| “‘“\IM
AT+ B JmE+ (1P . o 0
_Bmr3l -
m? + 1

The distance is 0 when m = —1. In this case, the line y = —x + 4 contains the point (3, 1}.
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93, For sirnplicity, let the vertices of the thombus be (0, 0), 7
(a,0), (b, c),and (@ + b, ¢}, as shown in the figure. The
slopes of the diagonals are then - G atbo
my, = ——and m, = ——
V' a+s T p-a
Since the sides of the rhombus are equal, a2 = b? + 2, @O @0
and we have ‘
o, = e s — = c* '=__'32=_1
Y27 a+b b-—a b—-a® -—-&2
Therefore, the diagonals are perpendicular.
94, For simplicity, let the vertices of the quadrilateral be "
(0,0, (a0}, (b, ¢}, and (4, €), as shown in the figure, @9 (b2d, exe)
The midpoints of the sides are oy (B, 0)
(5 0) (a+b£) (b+dc+e) ana(é g) Gk Yess.
23. ¥ 2 )21 27: 2 1] a 2v2' \\ ”’z 2 "2
The slope of the opposite sides are equal: : 0o (50 @0
c cte e
2 0 2 2 ¢
a+tb _a b+d d b
2 2 2 2
e ¢ c¢cte
03 22 e
a_ d a+b b+d a—d
2 2 2 2
Therefore, the figure is a paralleogram.
95. Consider the figure below in which the four peints are 96. If m; = —1/m,, then mym, = — 1. Let L, be a line with
collinear. Since the triangles are similar, the result imme- slope m, that is perpendicular to L. Then mym; = — 1.
diately follows. _ Hence, m, = m, = L, and L, are parallel. Therefore, L,

* " and L, are also perpendicular.
Yo T BTN 1 perp
T %X

97. True. 98. False; if m, is positive, then m, = —1/m, is negative.
a <y (41
ax+b)_)=clwy= —Ex+;==>ml= —E
bx —ay = ¢, = by 2 =m, = b
—ay = =2y =2
Y ? Y a a L
1
Hig = ——

my
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Section P.3

Functions and Their Graphs

1. (&) Domainof f: —4<x<4

Rangeof f; -3 <y =35

Domainof g1 —3 <x%3

Rangeofg: —4<vy<4

() f-2) = —
2(3) = ~4

©) flx) = glo) forx = -1
@ flx) =2forx=1
(e) glx) =0forx=—1,1and2

3. (a) FO)=2(0) —3= -3
(o) f(=3)=2(=3) -3 =~9
© fb) =263
@fx-D=2x—-1)~-3=2x~-5

5@ eg0)=3-02=3
o g3 =3-(V3=3-3=0
© g(-2) =3 - (-22=3-4=—1
@ glt—D=3—-(—12=—£2+2+2

7. (2) F(0} = cos(2(0)) = cos 0 = 1

® f(—%) - cos(z(-g)) - cos(m%r) _
o )l -

fa+bn) - flx) _ &+ Ax) — 5 _ 2%+ 3x%Ax + 3x(Ax)? + (Ax)? — x°

. (@) Domainof f: —5£x%5 5

Rangeof fi —4=y <4
Domainofg: —4<x<5
Rangeofg. —4 <y <2
) f(=2) = -2
5(3) =2
© fx) = glx) forx = ~2andx = 4
@ f) = 2 forx = —4,4
(&) glx) =0forx=—1

@ =V243=V1=1

(b) f(6) = V6 +3=/9=73
(©) f(=5) = V=5 + 3 = /=2, undefined
(d) flx+ Ax) = Vx+ Ax + 3

L@ g@=424-29=0

® gl3) = @G - 4) =5(-3) = -
{©) glc) = cHe — 4) = 3 — 4¢?
(d) gle +4) = (t + 9 + 4 — 4)

= {r -+ 42t = ¢ + B> + 16¢

. (a) flm)=simwr=20

o (5) - wfis)- =1

o) ()%

5 |

= 3x2 + 3xAx + (Ax)%, Ax # 0

Ax

Ax Ax

10.

f(.!c)—-f(l)=3Jc:—1‘—(3"1):3(,'6—1);3]”&1

x -1 x—1 x—1
g SO0 0/ VE—T- 1)
Tox—2 Cx—2
b= vx—-1 0 4 Ux—-1
12 f(x)-—f(l):x3—x—0=x(x+1)(x—1):x(x+1),x#:1

x—1

x—1 x— 1

2—x : -1

—(-’C_z)xfx—i'l+\/x—1_(le).\/x—1(1+«/x—1):\/x—1(1+w/x—1)’x#2




Section P.3

Functions and Their Graphs 23

13,

14.

1%,

232,

25,

)= —J/x+3
Domain: x + 3 2 0 =[-3, 00}

Range: (—oo,0]

B = cott
Domain: all ¢ # ko, k an integer

Range: (—oso, co)

fB=vx+ /1T—-x
x20 and 1-x20
x20 and x=1

Domain: 0<x<1

1
) = = D
. 1 -
sin x 2%&0
. 1
:smjcaiﬁ2
. T
Pomain: a]lxig+ Lnr,
5?77+2mr, n integer
2+ Lx< 0 l
f(x)“{::.x+2,xzo

@ f-D=20-D+1=-1
b) fO) =200)+2=2"
© f@)=22)+2=6

14, glxy = x> -5
Domain: {—oo, c0)

Range: [—35, co)

17, £ = i

Domain: {—oo, 0) U (0, co)
Range: (—00, 0) U (0, o0)

200 f) = ST 3x+ 2
A=3x+220
x-2fx—1=0

x<1

Domain: x =22 or

Domain: (—oo, 1] U2, o0)

23. flx) = |_x-ilw_“§f

|+ 3] #0
x+3#0
Domain: allx # -3

18, f(n = secﬂ

18.

21

24,

4
?igﬁng—)ﬁ:z#%+2

Domain: alkr # 4k + 2,k an
integer

Range: (—oo, —1]U El,oo)

2
x—1

glx) =

Domain: {—oo, 1)U (1, cc)
Range: (—o0,0) U (0, oo}

, 2
gl = 1 —cosx
1l —cosx+#0

cosx # 1

Domain: all x # 2aw, n an integer

!
glx) = Z—4

[x2 — 4 #0

.(x—2)(x+2)=#0

Domain: all x # +2

@R+ =20 +1)+2=22+4

(Nofe: 2+ | = 0 foralln
Domain: (~co, oc)

Range: (—co, 1) U [2, 20)

x2+2x=s1
zﬁ’f(x)={2x2+2,x>l

@fA-2=(-2*+2=6

® fO)=0+2=2

e M)=12+2=3

(@ fs2+2)=2(2+ 22+ 2= 254+ 82 + 10
{Note: ‘s2 +2 > 1 for a]lls)

Domain: (—bo, o)

Range: [2, o0)
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Lzt u{‘/x+4,x£5
7. £6) B {-—x +1l,xz21 2. fl) = x-58%x>35

@ f(-3)= V=3 +4=Vi=1
(b f0)=VO+4=2

© f5)=5+4=3

@ F(10) = (10— 5 =125

(@ f(=3)=|-3{+1=4

) f)=—1+1=0

(© f3)=-3+1=-2

@ fr+ = —{?+ 1+ 1=~
Domain: (—oo, oo} - Domain: [—4, oo)
Range: {—oo, QJU[1, o0) Range: [0, o)

3L Rhx) = Sx— 1

2%. flx) = 4—x

32 f0) =353+ 2

. 4
30, glx) = p
Domain: {—ce, o) Diomain: {—oo, 0) U (0, e0)

Range: (—oo, 0) U (0, oo)

Range: (—oo, o)

¥

61

4t

Ml
I I ! } 1 I
—+— .
. \-\.\ 1 4 s

EY

33, f(x) = /9 = 12

Domain: [1, co)

Range: [0, oo}

3. flx)=x+ /4 —x*

Dor_riain: (—co, oo} | Domain: [—3, 3] Domain: [—2, 2]
Range: (—oo, co) Range: [0, 3] Rangs:
s ’ [-2,2/2] = [-2,2.83]
: il y-intercept: (0, 2)
4 2T x-intercept: ( -2, 0)

¥

R — 'é * —6-3-2-1 | 1 2 3 4
. A
—2
i, JT( - ' Y

('\/5-0)\/“
SRR

/1

al

Ll

; &
35, g(f) = 2 sin 7t y 36. A(8) = =5 cos 5 y

Domain: (— oo, 20) Domain: {— oo, ©0)

Range: [—2,2] Range: [—5, 5]

AL
Y
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2-0 1 ., .
37. The student travels a_0-3 mi/min during the first 8.
4 miznutes. The student is stationary for the following o
2 minutes. Finally, the student travels 1 0:26 = 1 mi/min e f
during the final 4 minutes. | ol
Y —
Lh I,

38 x—yr=0=y=1.x : 40, 2 —d—-y=0=y=./27—4
y is not a function of x. Some vertical lines intersect v is a function of x. Vertical lines intersect the graph
the graph twice. at most once,

41. y is a function of x. Vertical lines intersect the graph 42. x2 +y2 =4

t t Once,
at most once y= 2 SR
v is not a function of x. Some vertical lines intersect
the graph twice. '

43, 224+ yl=d=my=1 /4 — x* : M. +y=d=y=4 -2
¥ is not a function of x since there are two values of y for y is a function of x since there is one value of y for
some x, each x.

2

45, Y2 =22 — l=y=2/2F = | %.xzywx2+4y=0=>y=x1x+4
¥ is not a function of x since there are two vaiues of ¥ for y is a function of x since there is one vahe of y for
soIne X. ] each x.

47, y = f(x + 3} is a horizontal shift 48, y = f(x) — 5 is a vertical shift 49. y = —f(—x) — 2 is a reflection in
5 units to the left. Matches d. 5 units downward. Matches b, the y-axis, a reflection in the x-axis,

: and a vertical shift downward
2 units. Matches c.

56. y = —f{x — 4) is a horizontal 51. y = fix + 6) + 2 is a horizontal 52. y = flx ~ 1) -+ 3 is a horizontal
shift 4 units to the right, followed shift to the left 6 units, and a shift to the right 1 unit, and a
by a reflection in the x-axis. vertical shift upward 2 units. vertical shift upward 3 units.
Matches a. _ Matches e. Matches g.

53. (a) The graph is shifted 3 units (b) The graph is shifted 1 unit {c) The graph is shifted 2 units

to the left. to the right. upward.
¥ ¥ ¥
I
4 4 &
24 4
— —t—-x 2
2 4 & 3

—CONTINUED—
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53, —CONTINUED—

(d) The graph is shifted 4 units
’ downward.

P
-4 -2

54. (a) g(x) = flx ~ 4)

g6) =7(2) =1
g0) =f(—=4 = -3
Shift fright 4 units

(dy glx) =fx) — 1
Vertical shift down 1 unit

4
T

L 1 |
T T T
1 2 3 4

Wertical shift 2 units upward

(e) The graph is streiched
vertically by a factor of 3.

¥

— —t
-4 -2 4 6
-2
-4

]

(b} glx} = fx + 2)
Shift fleft 2 units

(e glx) = 2f(x)
g(2) =2/(2) =2
g(~4) = 2f(~4) = -6

o
W
B

Reflection about the x-axis

{f} The graph is stretched
vertically by a factor of ﬁ.

() gl) = f(x) + 4

Vertical shift upwards
4 units

() gl = 17 (x)
22 =3f2) =3
g(—4) =37(-4) = -3

y
21
| @)
bt e
—5 -3 -2 ~T12:
e 2
al
—5an
-6
@ y=x—12

Horizontal shift 2 units to
the right )

56, (a) h(x) = sin(x + (/2)) + 1 is a horizontal shift 7r/2 units to the left, followed by a vertical shift 1 unit upwards.

() A(x) = —sin(x — 1) is a horizontal shift 1 unit to the right followed by a reflection about the x-axis. '
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£7.

@ Fz(1) = £0) = 0 | @ fle(~4) = F(15) = V15
() g(f(1) =21} =0 {e) fle(x)) = F(x2 - N=JV2-1
(€) g(f(0) = g(0) = -1 ) g(f ) =g Vx) = (Vxf - 1=x-1, (x=20)

58. f(x) = sinx, g(J;) = 7x

(@ fg(2)) = f2m) = sin(2m) = 0
) fe(1/2) = f(a/2) = sin(w/2) = 1
© gf0) =) =0

@ g(fm/4) = glsinlm/2) = ¢(v/2/2} = w(/2/2) = -“%5

© flelx)) = florz) = sin(mz)
(f) g(f(x)) = glsinx)} = wrsinx

59. f(x) = x%, g(x) = J/x 60. f(x) = x? — 1, g(x) = cosx
(fo0)x) = Flew) = A(vx) = (Vaf =x 520 (££)6) = flg(x)) = Fleos x) = cos?x — i
Domain: [0, oc) ‘ _ Domain: (—oc, oc) ‘
(g < )x) = gl () = g(x?) = Va% = |1 (g =) = gla® ~ 1) = coslx? — 1)
Domain: (—oco, co) Domain: (— oo, oo}
No. Their domains are different, (fog) ={g «f) forx = 0. No,f-g#g-f

61. f(x) = %,g(x) =x2 — 1

(f+ )0 = 1lee) = 2 — 1) =

: Domaih: all x # %1

62.

63.

G- = st =5(2) = (2 - 1= 5 -1 =257

x
Domain: all x = 0

No,fg # g-f

(Fog)w) = f(/x T 2) =ﬁ.

Domain: (_m 2, o0)

You can find the domain of g °fby determining the intervals where {1 + 2x) and x are both positive, or both negative.

+ o+t o=+ o+t
e T ey
I QLI S S S
=

Domain: (—oo, '“%], (0, co)

@ (F-83) =@ =f-1D=4 . (@ (feg)—3)=fg(=3))=f-2)=3
(b} g(F(2)) = g1} = -2 @ (g1} =g(f(-1) = g4) =2
(c) g( A(5)) = g(—35), which is undefined () flg(—1) = f{—4), which is undefined
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84, (A <P = AG() = A0.6) = #0617 = 03672

{4 o 7)(2) represents the area of the circle at time &

2

Flx)=/2x— 12 |
Leth(x) = x — 1, g{) = 2x and f(x) = /%

65,

Then, (fog « #)(x) = flgle — 1)) = 2 = 1) = V20 — 1) = +2x - 2 = F(z).

[Other answers possible]

§6. Fix) = —4sin(1 — x) _
Let f{x) = —4ux, g{x) = sinx and A{x) = 1 - x.
Then, (fog > #)0x) = flg(l — ) = fsin(l — %)) =

[Other answers possible]

67, f(—x) = (24 — (-2)7) = x*(4 — %) = flz)

Even

—xcosx = —f(x)

9. f(~x} = (—x) cos(—x)
Odd

70. f(—z) = sin?(—x) = sin(—x) sin(—x) = (- sin x)}(—sin x) = sin’x

Even

71. (&) If fis even, then (% 4) is on the graph.

(b) If fis odd, then {2, — 4} is on the graph.

73. fis even because the graph is symmetric about the y-axis.
g is neither even nor odd.

4 is odd because the graph is symmetric about the origin.

74. {a) If fis even, then the graph is symmetric about the y-axis.
¥
&
f oL
24
PR I O A
2t
—d
6+
3+5 ¥
75. lope = = -
5 | Slope - 2 A
y+3=-2x-0 Iy ::
y=—2x—3 ‘ Y L R
fix)=—-2x—-5 —-4=<x<0 L ‘
. ‘6__(0,75)

72,

—4sin(l — x) = F(x).

68. f(-x) = ¥Y-x=— Ya=—f(x)

0dd

(a) If fis even, then (—4,9) is on the graph.
(b} If fis odd, then (—4, ~9) is on the graph.

(b) If f is odd, then the graph is symmetric about
the origin.
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3
= == 77 x4+ y =
76 Slops 51" 3 4 5.5 x+yr=0 _ K\
3 / Y==x  mmel :
—_ - — T i '“-._.1._
y-2 4(x D T %o y=—x P S
L+ ’ ' -5 -4 -3 -2 -1 i
3 + 5 ; ' 1 2 3 4 5 * f(X) - 5 * S 0 I
y=Zx+3 EEN -2t
4 4 _;"- N
) =2x+2 1<xes
4 4 o
78, 2yt = f
y2 =4 — x:’, ’v"'- -a.._\
2 1+ Y
y= AT S
-1 1
f(x):— 4"x2, —2<x52 —1~;/[
7%, Matches (ii). The function is g(x) = cx? Since (1, —2) 80. Matches (i). The function is f(x) = cx. Since (1, 1/4)
satisfies the equation, ¢ = —2, Thus, g{x) = —2x2 satisfies the equation, ¢ = 1/4, Thus, f(x) = (1/4)x.
81. Matches (iv). The function is 7(x) = ¢/x, since it must be 82. Matches (iif). The function is A(x) = ¢+/|x]. Since (1, 3}
undefined at x = Q. Since (1, 32) satisfies the equation, satisfies the equation, ¢ = 3. Thus, A(x) = 3/]x|.

¢ = 32. Thus, r(x) = 32/x.

83. (a) T(4) = 16°, T(15) = 23°
(b) If H(#) = T(r — 1), then the program would turn on (and off) one hour later.

(¢) If #(}) = T(z) — 1, then the overall temperature would be reduced 1 degree.

84. (a) For each time 7, there corresponds a depth 4. 85, (a) 4
(B) Domain: 0 < <5
Range: 0 = 4 = 30

©

304

25 + t t + t r
10 20 30 40 50

(b) A(15) = 345 acres/farm

86. (a) =

1] 100
]

X

x \? x
| (b) H(1.6) = O.OO?.(R) + O.OOS(R) — 0.029

= 0.00078125x2 + 0.003125x — 0.029
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87, flx) = || + |x — 2
Fx< Othenflx)=—x—{x—2)=—2x+ 2 =2~ x.
IfO < x <2, thenf(x)=x—x—2) =12

i

Hxz 2 thenf@ =x+{x—2)=2x—-2=20x— I}

Thus,

88, p,(x) = x* — x + 1 has one zero. py(x) = x® — x has three zeros. Every cubic 2
polynomial has at least one zero. Given p{x) = Ax* + Bx* + Cx + D, we have » \//
p—>—o0asx— —ooand p—coas x—coif A > 0, Furthermore, p — co as " F s
x— —co and p—y —oo as x— oo if A < (. Since the graph has no breaks, the 7
graph must cross the x-axis at least one time.

2

89, f—x) =a,, ., (0" + -+ a2 a2

= —[ay,, 22 4+ b ayx® +oagx]
= /0
Qdd
90, f(—x) = ap,{(—% + ay_f—2)" 24 - H (-0 t g
=, Xy, Xy g
= fx)
Even .

91, Let F(x) = f(=)g(x) where fand g are even. Then
F(—x) = f(=x)g(—x) = flx)glx) = Flx).

Thus, F(x} is even. Let F(x) = f(x)g(x) where fand g are odd. Then
F(-x) = f(=x)g(=x) = [- @~ g0} = flxla(x) = Fl).

Thus, F(x} is even.

92. Let F(x) = f{x)g(x) where fis even and g is odd. Then

F(=x) = f(-2g(-x) = f)— )] = —f(x)gl) = —F(x).
Thus, F(x) is odd.

93. (@) V= x(24 — 22 = dx{12 — 27) © x | length and width volume

Domain: 0 < x < 12

(b) 1160

1 24 — 2(1) 1[24 — 21)]? = 484
24 — 2(2) 224 — 2(2)F = 800

2

3 24 — 2(3) 3[24 — 203)}> = 972
4 " | 4| 24-208 | 424 - 24) = 1024

5

6

o 24 —2(5) | 5[24 — 2(5)]* = 980
24-2(6) | 6[24 - 2(6)F = 864

"The dimensions for maximum volume are 4 x 16 x 16 em.

The dimensions for maximum volume appear to be
4 x 16 x 16 cm.
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94, By equating slopes, é — i = 2:_; 95. False; let f{x) = x%
6 Then f(—3) = f{3) = 9, but —3 # 3,
y-2= x=3
6 2x
= -+ =
YTy 2 x—3

L= ST = xu( 21‘3)2.
-

96. True 97. True, the function is even.

98. False; let f(x) = x2 Then f(3x) = (3x)* = 9x? and 3F(x) = 3x% Thus, 37z} # f(32).
99. First consider the portion of X in the first quadrant: - By symmetry, you obtain the entire region R:

x20,0<y < landx — y £ 1; shown below,

(©, 1)

The area of & is 4(%) =6,

i L2 ,
The area of this region is 1 + 3 = 3. [49th competition, Problem A1, 1988]
100. Let g(x) = c be a constant polynomial.

Then f(g(x)) = flc} and g{ f(x)) = c.
Thus, f{c) = c. Since this is tree for all real numbers ¢, fis the identity function: f(x) = x.

Section P.4  Fitting Models to Data

1. Quadratic function 2. Trigonometric function 3. Linear function 4, No relationship,
5 (@,® ¢ 6. (@) 2
g % ¥
9% ’0
2
a 20
0
x No, the relationship does not appear to be linear.

{b) Quiz scores are dependent on several variables such-as
Yes. The cancer mortality increases linearly with study time, class attendance, etc. These variables may
increased exposure to the carcinogenic substance, change from one quiz to the next.

(c) Ifx = 3, then y =~ 136.
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7. (a) d = 0.066F or F = 15.14 + 0.1
) by 28

o 10
D]

The modet fits well.
{c) If F = 55, then d = 0.065(55) = 3.63 cm.

9. (a) Using a graphing utility, y = 0.124x + 0.82.

r == 0,838 comelation coefficient

® <

(¢) The data indicates that greater per capita electricity
consumption tends to correspond to greater per capita
gross national product.

The data for Hong Kong, Venezuela and South Korea
differ most from the linear model.

(d) Removing the data (118, 25.59), (113, 5.74) and
{167, 17.3), you obtain the model y = 0.134x + 0.28
with r = 0,968.

11. (a) y, = 0.0343 — 034512 + 0.8837: + 5.6061
v, = 0.1095¢ + 2.0667
y; = 0.0917¢ + 0.7917

Y3

For ¢ = 12, y, + y, + v, = 31.06 cents/mile.

13. (2) Linear: y, = 4.83z + 28.6
Cubic: y, = —0.128983 + 223547 — 4.86¢ + 35.2
(b) 90

(c) The cﬁbic model is better.

8 () s =97t + 04
) s

1 5

-5

The model fits well.

(©) Iff = 2.5, s = 24.65 meters/second.

10. (2) Linear model: H = —(0.3323%r + 612.5333
(b) 600

1 1306
a

The fit is very good.
(c) When ¢ = 500,
H = —0.3323(500) + 612.9333 ~ 44(.78.

12. (a) § = 180.89x% — 205.79x + 272

(b) 25000

{c) When x = 2, § = 583.98 pounds.

(@) y = —0.084#2 + 5.84¢ + 26.7

(e) For t = 14: Linear model y, =~ 96.2 million
Cubic model y, =~ 51.5 million

(f) Answers will vary.
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14. (a) ¢ = 0.00271s% — 0.0529s + 2.871 15, (a) ¥ = — 1.B0Gx? + 14.58x% + 16.4x + 10
(b 21 {b) =00
ey
20 100 0 7
a 0
{c) The curve levels off fors < 20. (c) ¥x =45,y ~ 214 horsepower.

(@) + = 0.0025% + 0.0346s + 0.183

21

4] 100
o.

(e) The model is better for low speeds.

16. (a) T = 2.9856 x 10~*p® — 0.0641p? + 5.2826p + 143.1 17. (a) Yes, y is a function of £. At each time ¢, there is one
‘ and only one displacement y.
(b) 2o :

{b) The amplitude is approximately
{2.35 = 1.65)/2 = 0.35.

The period is approximately

2(0.375 — 0.125) = 0.5.

o N
150

= ° =~ 68.2 inch.
(¢) For T = 300°F, p =~ 68.29 pounds per square inch (c) One model is y = 0.35 sin(4a) + 2.

(@) The model is based on data up to 100 pounds per

square inch. @
(0,125, 2.35)
(0.375,1.65)
UD 0%
18. (a) H(:) = 84.4 + 4.8 sm(%—’ + 3.86) . (¢} o0 |
| o paarorrd @ Sig
Cne model is
C() = 58 + 27 sin(%‘ + 4.1).‘ o "
y 7]

(b) 100
(d) The average in Honolulu is 84.4,

f\ : The average in Chicago is 58,

(e} The period is 12 months (1 year).

0

(f) Chicago has greater variability (27 > 4.28).

19, Answers will vary. 20, Answers will vafy.
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Review Exercises for Chapter P

L.y=2x—-3
x=0=y=2(0) - 3= -3==>(0,—3) y-intercept

y=0-—“;~0:2x—3——"->xﬂ%=:>(%,0) x-intercept

y=(x—-1x-3
x=0=>y=1{0—1{0—3)=3=(0,3) yintercept

y=0=20=x-Dx-3)=x=13=(10,030

_x—1

'3'y_x-—2

x=0=y= 0-1 = 1 = (0, l) y-intercept

0—-2 2 2
y$0=>0=$—}%;=>x= L=>(1,0) x—intércept

5, Symmetric with respect to y-axis since

(=xy = (=3P + 4 =0
x2y — 2% + dy = 0.

x-intercepts

4. xy = 4

x = O and y = 0 are beth impossible. No intexcepts.

6. Symmetric with respect to y-axis since
y=(—xpf—(-x*+3

y=x*—-x+3

7, y=—3x+3% 8 dx—2y=286 ' ~dx+iy=1
; y=2x—3 “Zrty=%
34 ] 2 6
- Slope: 2 =%x+3
\2\ ‘ P | 2)’ 5 3
F y-intercept: (Q, —3) Slope: £
o HENE S T y-intercept: 2
I R
2
x 34
ad
S —
)
19, 0.02x + 0.15y = 0.25 ¥ 1, y=7 - 6x—x*
x4 15y =25 ;
y=fx 3
2
SlOp LTS 10

y-intercept: (0, %) .
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2. y=x{6 — %)

15, y = 4 — 25

i8. .

19.

21.

Xmin = -5
Xmax =5
Xscl=1
Ymin = -30
Ymax = 10
Yscl=5
14
12 / // 12

16, y=83%-6

Xmin = -40
Xmax =40
Xscl =10
Ymin = -40
Ymax = 40
Yscl = 10

y=x+1
F+1)~x2=7

0=2x2—x+6

No real solution
No points of intersection

4. y=|x—4 —4

7.

bt
[Fun
ol
A
-8

Ix—4dy= 8
4y + 4y =20
Tx =28
x= 4
y= 1
Point: (4, 1)

The graphs of y = x + 1 and y = x? + 7 do not intersect.

You need factors (x -+ 2) and (x — 2).
Multiply by x to obtain origin symmetry.

. y=uxlx+ 2)}{x—2)

=23 — dx

G2 -1 32
Slope = 5 =37y~ 772~

3

7

22, 7

20, y =k

(@ 4=k1P=r%=4andy = &°

) t=k-2P=k=—gandy = —§2°

1

(© 0 = k(0 => any k will do!
) —1l=k-1)P=k=1=y =

712

4 x
()]

The line is vertical and has

no slope.

23,

I-¢t 1-5
1-0 1-{(-2)
4
lft——3
p=o
3
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L 3= _3-6

-3 -t -3 -8
4 _ 3
—3-¢ -1
44 =9+ 3t
—53 =3¢
-3
3
27. y=0=—3x—(-3)
y=-%-2

Iy +2x+6=0

; ‘
29. (@) y——4—E(x+2)

16y — 64 =Tx + 14
0=7x— 16y + 78

(b) Slope of line is %

y-4$§(x+2)

3y — 12 = 5x + 10
0 = 5x— 3y +22
4-0

© m=—3_5~72
y= —2x
2x+y=0
D x=-2
x+2=0

%,y -6 =00~ (~2))
y = 6 Horizontal line

28. m is undefined. Li_ne_is vertical.

x=5

30, () y-3= _—%(x -1
3y—-9=-2x+12
2x+3y—11=90
(b) Slope of perpendicular line is 1.
y-3=1ix—1)

ye=x+ 2
O0=x—y+2
(c) ng—_—i=1
y—3=1x~1)
y=x+2
O=x—y-+12
(d) y=3
y—3=0

31. The slope is —850, ¥V = —850r + 12,500.
V(3) = —850{3) + 12,500 = $9930
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32. (8) C =925t + 13.50¢ + 36,500
= 22.75t + 36,500
(b) R = 3
{c) 308 = 2275 + 36,500

7.25: = 36,500
t == 534,48 hours to break even

4. 2—vy=0 By=x—- I

Function of x since there is one
value for v for each x.

¥ ¥

Function of x since there is one
value of y for each x.

3B.x— =0
Cy =4k

Not a function of x since there are two values of y for
SOme X,

36, x =9 — 3

Mot a function of x since
there are two values of y
for some x.

3. (%) =§

(a) F(0) does not exist.

i 1 ‘
®) fO+A)—f) 1T+Ax 1 1-1-Ax
Ax - Ax T (1 + AxAx
=1
e A -0

39, (a) Domain: 36 —x* 2 0= —-6<x<6 or [—66]
Range: [0, 6]
{b) Domain: allx # 5 or (—oo, 5 U (5, c0)
Range: ally # 0 or (—oo,0)U{0, o0)
{¢) Domain: allx or (—oo,o0)

Range: ally or {—co,c0)

3. @ f(—4=(—42+2=18 (because —4 < )
() £0) ~ 02| =2
© fW=1-2/=1

40. f(x) = 1 — P and g(x) = 2x + 1 _
@R - =0-a)~@x+1)=-x—2
®) fela =1 -2+ 1j=-20 -2 +2x + 1
© 2(f@) = g1 ~ ) =21 ~ ) + 1 =3 — 24
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a1 (@) fx) =2 +c,c=—2,0,2

42, flx) = x* ~ 32

]

©.0 I

@.-%

-6

{2) The graph of g is obtained from f by a vertical shift
down 1 unit, followed by a reflection in the x-axis:

g0 = ~[fto - 1]

= -+ 32 +1

43, (a) Odd powers: f{x) = x, g(x) = %, b{x) = 55

z £
Jy
3

-2

-3

The graphs of £, g, and 4 all rise to the right and fait
the left, As the degree increases, the graph rises and,
falls more steeply. All three graphs pass through the
poiats (0, ©), (1, 1), and (— 1, — 1). :

to

) fla) = (- e = -2,0,2

L i L i
¥ T 7 7 i ¥
=3 -2 =1 1 2 3

{b) The graph of g is obtained from f by a vertical shift
upwards of 1 and a horizontal shift of 2 to the right.

gl = flx—2) +1
=(x—2PF—3>x—-2P+1

Even powers: f{x) = 2, g(x} = x* Alx) = x5

4 £
kYl

-3 3
b}

The graphs of £, g, and # all rise to the left and to the
right. As the degree increases, the graph rises more
steeply. All three graphs pass through the points (0, 0),
(1,1}, and (—1, 1).

(b) y = 27 will look like A{x) = x°, but rise and fall even more steeply.

y = 8 will look like h(x) = x°, but rise even more steeply.

. @) £l = 2 — 67

100

(b) gx) = x(x — 6)?

300

(© hlx) = £ — 6)°

. 200

-2

\ Ll

-4 10

-4
10 \/

—100

—8a00
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45. (a) ¥

2x + 2y = 24
y=12 — x
A=xy=x(12 — x) = 12x — 2?

(b} Domain; ¢ < x < 12

40

0

{c) Maximum area is A = 36. In general, the maximum
area is aftained when the rectangle is a square. In this
case, x = 6. :

46. For company {a) the profit rose rapidly for the first year, and then leveled off, For the second company (b) the profit dropped,

and then rose again later.

'47. (a) 3 (cubic), negative leading coefficient

(b) 4 (quartic), positive leading coefficient

48. (@) y = —1.204x + 64.2667
(‘b) 70

o

{c) The data point (27, 44) is probably an €ITOT.
Without this point, the new model is

y = —1.4344x + 66.4387.

Problem Solving for Chapter P

1. (@) ¥ -bx+y -8By =0
(2= 6x+9)+ (32 —8y +16) =9+ 16
-3+ -ap=
Center: (3,4) Radius: 5

(c) Slope of line from (6, 0) to (3, 4) is ;” -

Slope of tangent ling is % Hence,

yAOZ%(x—ﬁ) ___>y=%x——g— Tangent line

(¢) 2 (guadratic), negative leading coefficient

.(d) 3, positive leading coefficient

49 (a) Yes,y is a function of 7. At each time ¢, there is one

and only one displacement y.

(b} The amplitude is approximately

(025 — (—0.25))/2 = 0.25.
The period is approximately 1.1.

i 27 1
(c) One model is y =3 cos(l 5 t) 7 cos(5.76)

(@ o

\ ;Q..L\?.ZS) ‘zf 22
N/ A/

(0.5, ~0.25)

(®) Slope of line from (0, 0) to (3, 4) is = Slope of tangent line

3

is —%, Hence,

: 3
y - 0= 'm%(x —0) = y= —2F Tangent line

3 9

(d) x—4x 2
3 _9
2 2
x=3

Intersection: (3, *%)
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2. Let v = mor + 1 be a tangent line to the circle from the point (T, 1). Then
v+ 1=
A+ {(mx+ i+ 1)2=1
(m? + 1)x? + dmx + 3 = 0
Setting the discriminant % — 4dac equal to zero,
16m? — dm? + 1)(3) = 0 ' -
16m? — 12m? = 12
dm* = 12
m=x+3
Tangent lines: ¥y = V3x+ landy = —3x + 1.

g
5. H() = {1, %20 ,
0, x<0 i
‘ ]
I
y
Pt ¥
I R _5-1- i 2 3 &
>
M|
{a) H(x) — 2 : y () H(x — 2) y _
4t 4
ES 3
2 2
11 1 [ e——
—F—— — - x e 18- X
4 =3 —-2—1_1_ 1 2 3 4 —4—5—‘2—1_1 1 2 3 4
B i -2
-1+ : -3
4T 4
{c) —H{x) ? @) H(-x) x
. a4 44
3+ 5l
24 24
14 RS
frormfed e e
~4-3—2—l_q 1 2 3 & —4‘-3--2—1_1__ i 2 3 4
g -2+
Ml N
-4t —at
(&) 3H() y () —Hx—2)+2 s
2
3 at
2 ]
11 1+ Bprorrem——r——
i e e Am g p- x R — e B i
—4 -3 -2 _l-lv 1 2 3 4 -4 =3 -2 —1_1__ I 2 3 4
il LI
_4uw ! ,4 L
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41

4 (@ flr+1)

(© 2f(x)

©) —fx)

@ S0

5.@x+2y=100 = y=

A = =

Domain: § < x

(b) 1800

0
[

b fix) + 1 : y

(d f{=x)

) |1 :
3
ATAVATAYR
-4 -2 1 2 4 i
2
.
¥
A
4
2,
-4 1 M
2
]
100 — x ot
2 {cy Alx) = 2(x 100‘)
1
_ 2 = 12
1002 x) _ _% + 50y 2(x 100x + 2500) + 1250
. 1 -
= 1o _ sny2
< 100 2(1 502 + 1250

110

A(50) = 1250 m? is the maximum.
=530m,y=25m

Maximum of 1250 m? at x = 50m, y = 25 m.
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_ 300 — 3x

6. a) dy +3x=300 =y i (c) Alx) = —%(x2 — 100x)
—_ _— 2

AlR) = x(2y) = x(BOO > 3x) - 23X ; 300x = m%(xl — 100x + 2500) -+ 3750
Domain; 0 < x < 160 | _ —%(x ~ 502 + 3750

by
ﬁ: ' "A(50) = 3750 square feet is the maximuin area,
ol where x = 50 ftand y = 37.5 L.
2000+
15G04-
10004
00

P

Maximum of 3750 fi2 at x = 30 ft, y = 37.5 ft.

7. The length of the trip in the water is /2% + x*, and the 8. Let d be the distance from the starting point to the beach.
length of the trip over land is /1 + (3 — x)2. Hence, .
o distance
the total time is . Average speed = —/——
time
+ x? - x)? .
T=\/42x +ﬁ+i3 %) hours. B 2d
- d . 4
120 60
_ 2
11
120 60
= 80 km/hr

9, (a) Slope = g—zg = 5. Slope of tangent line is less than 5.

{b) Slope = ; - i = 3. Slope of tangent line is greater than 3.
4.41 — 4 o
{c) Slope = 1.2 4.1. Slope of tangent line is-less than 4.1.
' _ [+ n) -~ fQ2)
(dy Slope a+n =2
_@2+nmr-4a
h
R
k
=4+ hh*0

(2) Letting k get closer and closer to 0, the slope approaches 4. Hence, the stope at (2,4)is 4.
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L1
ot
sl
=T 2
i
AR A
o
3~-2 1 . 1
(a) Slope = o-4 5 Slope of tangent lme.1s greater than 5
(b) Slope = H = é‘ Slope of tangent line is less than %
_2i-2 10 _ . 10
(c} Slope = a4l -4 ar Slope of tapgent line is greater than a
4+ 5) - f(4)
lope = St
(d) Slope (4+h)—4
_JATh-2
A
© Vath-2 JAi+th-2 JAtat2
h b JEF R+ 2
4+48 -4
4+ 1+ 2)
1
= h+0
VEF R+ 2

As h gets closer to 0, the slope gets closer to l. The slope is 1 at the point (4, 2).

4 4
I 2
@ 2= G- -

- 6x+9=2x

2+ 6x—9=0

y= 8% V36 + 36 ";6% = 3+ /T8 = 12426, ~7.2426

[ u
24y (x— 3R+

(x =3 +y* =22 + %)
¥ —6x + 9+ yF =2x2 + 2y?

(b

2+ +6x—-9=0

{x + 32 + 2 = 18

Circle of radins /18 and center (— 3, 0).
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i , id

= = 2 2=
20 5 A GRS (b) k=3, (x+ 22 +y' =12

¥

(x = 4P + y7=kx® + »?)
(k— a2+ 8x+ (k— 1yt =16

Ifk = 1, then x = 2 is & vertical line. Assume k # 1. {/\i\

"2+k%i+yzzi{6_1 _5\\4:_}'}1 i‘
o
x2+%+(£{6—1)2+y2=%+(ki61)2
(x+k%41)2 + y? 2(}(17—6]‘1)2, Circle
(c) Ask becomes very large, ﬁ -0 anci(kl_;—ﬁkl)2 - 0.

The center of the circle gets closer to (0, 0), and its radius approaches 0.

13, ddy = 1 - y
[+ 12+ Y — 17 + 5] =1 T
o4 12~ 12+ x+ 12+ (x— 1)) +y*=1 ("sz‘)} T W?'“)
(-2 +yfa+2]+y =1 ] vl
4= 2+ 1+ 2+ R Ay = _'z_h

(P + 2x%2 + 94 - Ax? + Dy =
(2 + 3P = 22— )
Lety=0.Thenx?=2x2 = x=0 or x*=2.

Thus, (0, 0), (\/5, 0) and (~ V2, 0) are on the curve.

14. f(x)=y=1_x

(a) Domain: allx # 1
Range: ally # 0

(b) f(f(x))=f(1ix)ml_(1 1 )=11#1z i
) 1—x 1—x
Domain: allx # 0,1
© FFFEN =.f("; -1) - (:1::,1) =i=x
. X X

Domain: allx# 0,1
(d) The graph is ot a line. It has holes at (0, 0) and (1, 1). y




