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Qtw Chapter 1 Section 1.1 Exercises
Prerequisites for Calculus 1 Ax==1-1=-2
Ay=—]-2=~3
Section 1.1 Lines (pp. 2-11) 2 Ax=—l-(=3)=2
Quick Review 1.1 Ay=-2-2=-4
Ly==2443-3)=-2+4(0)=-2+0==2 3. Ax=-8~{-3)=—5
2, 3=3-2x+)) Ay=1=1=0
323 -2 4, Ax=0-0=0
- Ay=-2-4=-6
S5 (a,¢)
22-3 -1
mes=7 y
) 5
4 m=226D_3
I~(~I} 4

() ID-4=D25
1325 No

6. (a) 72-2(—l)+5
7=2+5 Yes

4 ) 1==2(-2)+5
M 129 No

7.d= J(xz -.;::)2+(y2 —y‘)2
=J(0~1) +(1-0p

8.d= J(-‘z -xl)z +(y, = n ¥

9. 4x-3y=17
=3y=-4x+7
3 3

10. 2x+5y=~-3 _
Sy=2x-3 ) m=—2 =l

23
y=gx-%

%‘V 5 5
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8.(a,0)

232 -5
®m= =1 -0 (undefined)

This ling has no slope,
9.(@)x=3
byy=2
10. (@) x=-1

4
(b)y=~j
11.(@) x=0
(by=-v2
12.(@)x=-m
®)y=0
B.y=1x-1+1

14, y==1(x ~(-D))+1
y==l{x+1)+1]

15.y=2(x-0)+ 3

16. y==2[x=(=4)]+0
y==2(x+4)+0

17 y=3%-2
18.y=~lx+20ry=-x+2

19.y=-%x-3

l
20.y=-x-1
y 3-‘

y=x-D+]
y=I

-2-0 -2
Yoy = E- (undefined)

Vertical line: x=-2

2, me=

3
J’=“‘E[X*'(“2)]+l
4yz=-3(x+2)+4
4y=-3x-2
3x4dy=-2

25, The line contains (0, 0) and (10, 25).

27, 3x+4y=12
4y=-3x+12

y=-%x+3

(a) Slope: -—-::1

(b) y-intercept: 3

(c}
N

.

~

[~10, 10) by {10, 10]

28, x+y=2
y=—x+2

{(a) Slope: -}
(b) y-intercept; 2

c\k
N

i~10, 10] by (~19, 10]




(b) y-intercept: 4 -

03]
N

AN

N

[-10, 10] by [-10, 10)
30.y=2x+4

(v} Slope: 2

(b) y-intercept: 4

©
/

Vi

/

[—10, 10) by [~10, 10]

31. (a) The desired line has slope —1 and passes through
{0,0):

y==l(x-0)+0ory=-x.

(b} The desired line has slope ——:= | and passes through
©, 0):
y=lx-=0M+0ory=x

32. (a) The given equation is cquivalent to y = —2x + 4.
The desired line has slope -2 and passes through
(-2! 2):

y==2(x+2)+2o0ry=-2x-2,
(b) The desired line has slope _—21 =-;- and passes
through (-2, 2):
| 1
= 5(11'2)1'2 ory= -2-‘1+3 .

33. (a) The given line is vertical, so we seck a vertical Line
through (~2, 4): x=-2,

(b) We scek a horizontal line through (-2, 4): y=4,
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34. (@) The given line is horizontal, so we seek a horizontal line

N.p=l
through (-l. E)'y-il'

(b) We seek a vertical line through [*-l, -}2—) x=-1.

9-2 17
35.m= 3_.71 =3 .
f(.t):i(x-l)+2=-2-x—-2-

Check: f(5)=%(5)—%=16.asexpecled.

. 7 3 T 3
Since f(x)--z-x—a.wehmre m--n2 and b= 5

f(x)=--;(x-2)+(-l)=—-:—x+2
Check: f(6)= —%(6)+2 = <7, as expected.

Since f(x)=-%.x+2. we have m=-% andb=2,

2 y=3

7 —_——

) 3 4-(-2)
--5(6}=y-3

-4 =y-3
..1=y

2=2—(—2)
x={-8)
2(x+8)=4
Xx+8=2
x=-6

39, y=1le«(x~3)+4
y=x-3+4
y=x+l

38

This is the same as the equation obtained in Example 5.
40. (8) When y =0, we have -'E= Lisox=e

When x=0, we have 1;1 ys0y=d.

o,

(b) When y =0, we have -'E:z.sox=2c.

When x=0, we have %=2,soy=2d.

The x-intercept is 2c and the y-intercept is 2d.,
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41. (a) The given equations are equivaleni to y= --:-x + %

and y =~x + |, respectively, so the slopes are -% and
=1. The lincs are parallel when —% =-},s0k=2

(b} The Jines are perpendicular when -% = ot ,

sok=-2,
68-695 -1.5
42, e il
(@) m 010 o4 3.75 degrees/inch
968 -59
M) me Ty iy -16.1 degreesfinch
4-9 -5 .
©m= m = '6:‘7- =71 degteeshnch
(d) Best insulator: Fiberglass insulation
Poorest insulator: Gypsum wallboard

The best insulator will have the largest temperature
change per inch, because that will allow larger
temperature differences on opposite sides of thinner
layers.

=0.0994 atmospheres per meter
AL 50 meters, the pressure is
p=0.0994(50) + 1 = 5.97 atmospheres.
44, (a) d{1) = 45¢ '
(b)

(oo 6} b)’ [-300 m]
(c) The slope is 45, which is the speed in miles per hour.

{d) Suppose the car has been traveling 45 mph for several
hours when it is first observed at point P at time ¢ = 0.

() The car starts at time #= 0 at a point 30 miles past F.
45, (8) y = 1,060.4233x - 2,077,548.669

(b) The slope is 1,060.4233, It represents the approximate
rate of increase in earnings in dollars per year.

{c)

{ ;99-5, ;Ml.byllﬂ?l!'n..!ﬂ-lﬂl;}
(d) When x = 2000,
¥ = 1,060.4233(2000) ~ 2,077,548.669 = 43,298,

In 2000, the construction workers' average annual
compensation will be abont $43,298.

46. (a) y =0.680x + 9.013

(b) The slope is 0.68, It represents the approximatc average
weight gain in pounds per month.

(4]

[15, 43) by {15, 45)
(d) When x = 30, y = 0.680(30} + 9.013 = 29.4i3.
She weighs about 29 pounds.

47. False: m= % and Ax =0, so it is undafined, or has no

slope.
48. False: perpendicular lines satisfy the equation

|
m, ny==1,0r M =——

49. A:y=m(x—x)+y
y=-§(.r+3)+4

ory—-4=-;-(x+3)

50.E.
51.D:y=2x-

52,B:y=-~3x-7
=1=-3(-2)-17
-1=6=7




53, (a) y="5632x- 11,080,280

(b} The rate at which the median price is increasing in
dollars per year

() y=2732x~ 5362,360

(d) The median price is increasing at a rate of about
$5632 per year in the Northeast, and about $2732
per year in the Midwest. It is increasing more rapidly
in the Northeast.

54. (8) Suppose x°F is the same as x°C.

x=2x432

[lwg)xr- 32

--g-x =32

x==40

Yes, —40°F is the same as —40°C,
)

{—90, 90] by [-60, 60]

It is related because all three lines pass through the
point(-40, —40) where the Fahrenheit and Celsius
temperatures are the same.

55. The coordinales of the three missing vertices are (5, 2),
(-1, 4) and (-1, ~2), as shown below.

¥
6.
(—|.4) i
[~y (2.3)
“wnll
[ 2,0 6
.
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L 42

Lﬁ» 0) 6 *
(-l; -2)

56.
Y
(@b
»-X
z
(s.2) 8]

Suppose that the vertices of the given quadrilateral are
(a, b), {c, d), (&, f), and (g, k). Then the midpoints of
the consecutive sides are

w("—*‘.-‘-’-'-"-‘-’-). x(“'—‘ d+f ) Y[”g £ ”').

22 2 2 2 2
g+a h+b .
and Z ETE . When these four points are
connected, the slopes of the sides of the resulting
figure are:
d+f b+d

wx: 22 _f-b
Tete atc e—-a

2 hd

2 2
h+b b+d
Wz : —& 2 h-d
gra atec g-c
2 2

Opposite sides have the same slope and are parailel.
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57. The radius through (3, 4) has slope g—:—g = i;. .

The tangent line is tangent to this radius, so its slope is

-‘-3:;1—5 = —-;::-. We seek the line of slope -% that passes

through (3, 4).
y=—-%(x—3)+4

——2x+2+4
Y=Y

325
iy

58. (a)} The equation for line L can be written as
y= --g-x +% , 50 its slope is -% . The perpendicular
line has slope :i}E =-§~ and passes through (a, b), so
its equation is y= %(x-a)+b.

(b} Substituting %{x— a)+b foryinthe equation for line
L gives:
B
Ax+ B[;(x-a)w]:c
A%x+ B*(x-a)+ABb= AC
' (A% + B*jx= B%a+ AC~ ABb
_ B*a+AC-ABb
x= W)
A’+B
Substituting the expression for x in the equation for line
L gives:
B2a+ AC— ABb
A Pty il
At gt
-A(B*a+AC— ABb) C(A*+BY)
= +
A+ B A*+ B
—AB'a—-A'C+ ABb+A'C+ BC
Aty g?
AlBb+ B*C - AB’a
By= i
Al+ P
_ A’b+BC—-ABa
A%+ g7
The coordinates of ¢ are
B*a+ AC-ABb A*b+ BC-ABa
A+ B A2+82 ]

]+By=C

By

By=

{¢) Distance

sy(x—a)! +(y=B)

_[Barac-am_ Y (sbenc-asa_Y
Ay B A+B

A+ 8 A+ B2
_ [ AC~aBb~ A% ’+ BC - ABa~ 8%}
Ay A+ B
EJ(A(C-Eb-Aa)T_'_ B(c-m—sb))’
A+ AT+ B?
_ |A(C~Aa-BY B(C-da~BB)
V @By (4* + B

fA? + B*XC ~ Aa— BbY
i (A% + B

- ,«:-‘cm-m»2
A+ B
|- Aa- 85l
) 3A=+B‘
_|Aa +Be-cl

A+ B

. J[B‘n Ac-ub-a(,4’+az)]’ +[A’b+ac—m—bm= +a‘)]:

Section 1.2 Functions and Graphs
{pp. 12-21)

Exploration1 Composing Functions
Ly,=gefy,=fog

2. Domain of y;: [~2, 2] Range of y,; [0, 2]

TN
[ 1\

[-4.7,4.7) by <2, 4.2]

Pr

[-4.7,4.7] by [~2. 4.2)
¥

£

[-4.7, 471 by [-2,4.2)

€ !




&r 3. Domain of y,: [0, ==); Range of y,: (~e=, 4]

™~

{-2,6]by (-2, 6]

4. yy=yn0)= Jy, {(x)= J4-x’

Yo = 5N =4- () =4 -(WxP =4~ 1,220

Quick Review 1.2
L 3x—1%5x+1]
~2x<4
xz2-2
Solution: [-2, =0)
2.x(x~2)>0
Solutions tox{x~2) =0 x=0,x=2
Testx==1: =}{-1-2=3>0
x(x~2)>0 i5 tue when x < 0.
Testx=1: Kl1-2}=-1<0
x(x~2)>0is false when 0 < x < 2.
Testx=3: 33-2)=3>0
x(x~2)>0 is te when x > 2.

, Solution set: {«ee, 0) L1 (2, ea)

%h' 3. |x-3{<4

-4 < x-354
-1 gx7

Solution set: {-1, 7}

4.|x-2| 25
x=2<<5orx~-225
xs£-3orxz27

Solution set; {~oo, =3] {7, o)

5 x%<16
Solution to x?= 16:x=-4,x=4
Testx=—6: (-6) =36>16
x% <16 is false when x <-4
Testx=0: 0°=0<16
: x? <16 istue when ~4<x <4
Testx=6: 6°=36>16
x* <16 is false when x > 4.

Solution scf: (-4.4)
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6.5-x*20
Solutions 109 ~x*=0: x=—3,x =3
Testx=-4: 9 (~4)’ =9-16=~7<0
9 x? 20 is false when x < 3.
Testx=0: 9-02=930
9-x* >0istrue when -3 <x <3,
Testx=4: 9-42=9-16=-7<0
9-x? 20 is false when x > 3,
Solution sel: {-3, 3)
7. Translate the graph of £ 2 vniis left and 3 units downward.
8. Translate the graph of 5 unils right and 2 units upward,
9. {a) f(x)=4
x-5=4
¥ -9=0
(x+3)x~-3)=0
X=~3orx=3
b)) flx)=-6
x*-5=-6
xl==l
No real solution
10, {n) f(x}=-5

—==5

X

X=—a

(d) f(x)=0
LI
X
No solution

11. (@) (x)=4
1+7=4
x+7=16

x=9

Check: 047 =16 = 4; it checks.

) fx)=1
x+T7=1
x+7=1

x==6

Check: J-6+7 =1 it checks.

12.(a) f(x)=-2
X~l==2
x-]=-8

x==7

(b) f(x}=3
x~1=13
x=1=27

x=28
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Section 1.2 Exercises

2
1. Ald)= 11{%]

4inY . .2
A(d)=1r-—2-- =m(2 in)* =4 in

Js J§ l.Svﬁm

2. h(s)=-£-s=3-2—m=
15@=6S2=6(5#t)=6(25 %)= 150t
4. v(r)y= %m” =%'rr(3¢:m)3

= %11(27 em®) = 36m e

5. (8) (e, o) or all real numbers
(b) (=, 4]
(c)
y

5
i
el Il_l )
=3 A WY N I W
[ 4\
6. (a) (oo, o) or all real numbers

) [-9, =)
(c)

7. (a) Since we require x — 1 2 0, the domain is [1, o).

®) (2, =)
(©
y
5k
2. /
R
-jL

8. (a) Since we require ~x 2 0, the domain is (~oe, 0].
(b) (—o=, 0)

9. (a) Since we require x ~ 2 # 0, the domain
is (=0, 2) 1 (2, ).

(b) Since -—-!-—E can assume any value except 0, the range
x -

i5 (~e0, 0) L (0, wo).
{c)

10. (a) Since we require ~x 2§, the domain is (~os, 0).

®) [0, =)
()

—

1
-~ -ll 12

w2k
11. (=) Since we require x # 0, the domain is
{—o0, 0) W (0, ).

{b) Note that -Jl; can assume any value except 0, 50 1 +%

can assume any value except 1.
The range is (—os, 1)1 (1, o).
{c)

-~




12. {a) Since we require x% 0, the domain is
{0, 0} L (0, o)

(b) Since - >0 forall x, the range is (1, ).
X

(c)

I

| T . 0 1 1

ST %
-2
13. (8) (~=s, o) or al! real numbers
{b) (=, =) or all real numbers
(c)

X

r",_,..----'-"

I

[-4.7.4.7]1by [-3.1, 3.1]
14, {(a) Since we reguire 3 — x 2 0, the domain is (~, 3].
(b) [0, =)
(c)

\

-4.7, 471 by [-1, T}
15. (@) (o, +=) or all real numbers

(b) The maximum function value is attained at the point
(0, 1), so the range is (—o, 1].

(©)

R

L

(4.7, 4N by [-3.1, 3.13

16. (a) Since we require 9 ~ x? 20 the domain is [-3, 3]
() [0, 3]

N

[-4.7, 4T by [-2. 4]

Section12 9
17. (8) (oo, o=) or all real numbers

(b) Since x** is equivalent o f/:\'—z + the range
1510, oo}

{©

(-4.7.47} by §-3.1, 3.1

18. (a) This function is equivalent lo y= Jx—s , 50 its domain
is [0, ).
{b) [0, =)
©

[-4.7, 47 by [-1,5]

19. (@} (e, o) or all real numbers
(B) (-~o2, =) or all real oumbers
{c)

--""—-ﬂ-. /'
|-54, 93] by [-3.1, 3.1)

20. (a) Since (4 — x2) > 0, the domain is (=2, 2)
(b) 10.5, )
(c)

1/

[-4.7, 4.7 by [-3.1,3.1]

21. Even, since the function is an even power of x.

22. Neither, since the function is a sum of even and odd
powers of x.

23. Neither, since the function is a sum of even and odd
powers of x(x' + 2x%).

24. Even, since the function is a sum of even powers of
x(x?=3x").
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25. Even, since the function involves only even powers

of x.

26. Odd, since the funclion is 2 sum of odd powers of x.

27.Odd, since the funciion is a quotient of an add function
(x*) and an even fonction (x*-1).

28, Neither, since, (for example), ¥(~2) = 4" and

N2)=0.

29, Neither, since, (for example), (1) is defined and y(1) is

undefined.

30. Even, since the function involves only even powers

of x.
@

DV

[—4,7. 4.7t by [-1,6]
(b} (—c=, ==} or all real numbers
€2, =)
32.(a)

[—4.4] by (~2,3)
{b) (~oo, o) or al} real numbers
(c} [0, 00)

3kB.@ .
//

/4

[-3.2,5.7] by [-4,9]
{b) (—os, =) or all real numbers
(¢} (=oo, =) or all real numbers

aie

[=2.35,2.35) by [-1.3)
{b) (—=2, =) or all real numbers

©) [0, =)

35, Because if the vertical line test holds, then for each
x-coordinate, there is at most on¢ y-coordinate giving a
point on the curve, This y-coordinate would comrespond
to the value assigned to the x.coordinate. Since there is
only one y-coordinate, the assignment would be unique.

36. If the curve is not y = 0, there must be a point (x, ¥) on the
curve where y % 0. That would mean that (x, ) and (x,
=y) are two different potnis on the carve and it is not the
graph of a function, since it fails the vertical line test.

37.No
3B. Yes
39, Yes
40. No
41. Line through (0,0 and {1, 1): y=x
Line through (1, 1) and (2, 0): y=—x+2

X, Dsx=1
~x+2, lexs2

Jix)=

0sx<!
y l1€x<2
2<x<3
y 3sxs4d

43. Line through (0, 2) and (2, 0): y=—x+2

42, f(x)=

-

[— I O — g

Line through (2, 1) and (5,0 m=—=—=—=

50 y=--;~(x-2)+l= —%.’H-g

-x+2, 0O0<x<2
fo= -%x+§. 2<xs5

44. Line through (-1, 0) and (0, -3):

~3-0 -3
m-'é-:z:l—)-»“]“--?’. soy=~3x-13

Line through (0, 3) and (2, -1):

-1-3 -4
= r—— e = =—2x
m 303 2, 50y +3
_J-3x-3, -1<xs0
f"”“{~2:+3. O<xg2




45, Line through (=1, 1) and (0, 0): y = —x
Line through (0, 1) and (1, 1): y= |
Line through {1, 1) and (3, 0):

Ul S |
3-1 2 2
50 y=-—;—(x—l)+l=—%x+§
Xy =Isx<0
J(x)= 1, 0<x<l
-—21-x+g-. l<x<3

46, Line through (-2, —1) and (0, 0}, y= -;-x

Line through (0, 2) and (1, 0): y = ~2x+ 2
Line through (I, ~1) and (3, ~1): y=-1

EX. 25x50
f)=1ax+2, O<x<l
-1, l<xg3
. T
47, Lme through 5.0 and (T, 1):
m= 1-0__2 so y= o x-z +0-3x-l
-1y 17 2 T
0, OSxSI
=1, r 2
—=x-1, —<x&T
T
A, 0< -
x< 2
=4, —Lx<T
48, f(x)= 2 .
A, TSx<—i-
-4 Tercor
2
49, (n)
FaN

{-9.4,94] by (6.2, 6.2]

Note that f(x)=—|x—3| +2, so its graph is the graph

of the absolute value function reflected across the
x-axis and then shified 3 units right and 2 units upward.

(b) {0, c2)
(€) (=, 2]
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50. (a) The graph of f (x} is the graph of the absolute value
function stretched venically by a factor of 2 and then
shifted 4 units to the left and 3 units downward,

N4
v

[=10, 5] by {~5, 10]
(b} (—o=, o) or all real numbers

(c) [-3,29)

~ 5L(8) flgtN= (x*-3)+5= x"+2

(0) g(f(xN=(x+57-3
=(x* +10x+25)-3
=x2 +10x+22
©f@O0)=0%+2=2

D (fO)=02+10-0+22=22
@ g =[(-21)-3P~3=1P-3==2
OFFN=x+5+5=x+10

52.@f))=(x-D+1=x
D g (fON=x+)-1=x
©) flgx) =0
dg(FON=0
®gle-2n=(2-1)-1=-3-1=—-4
O fN=(x+D+1=x+2

53, (a) Since (fog)(x)=+/g(x)=5= Vx2=5, gy =22,
(b) Since (fog)(x)=1+——=x, we know that
glx) :

1 i
EE_I-L so g(x)--x—:l-.

(c) Since (fog)(x)=f [£)= %, f(x)= %

@) Since (fo2)x)= f(fx)= [d].fix) =52

The completed table is shown. Note that the absolute
value sign: in part (d) is optional.

&x) L) (feg)(x)
xt x=5 -5
1 ]+l x, x#=]

x=1 X

1 1 x xz0
x x

Jx £t x}. x20
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84, (a) y= 2,893 x%— 24,107 x + 590.214
{b)

(c) y=2.803(18)% - 24.107(18) + 590.214
=037.332-433.926 +590.214
= $1093 million or $1.093 billion

(d} linear regression: y=33.75 x4+ 312.5
y=33.75(18) + 312.5 = $920 million in 2008.

S§5. (a)} Because the circumference of the original circle
was § 7 and a piece of length x was removed.

&r—~x x
(b)r—-—2-—-4-E
(©) h=v16—r?

\.'16-:1-.1--.'(2

2T

V= %-n-rzh

__l_ﬂ(selr-x):. V16mx~x*

3 27 27
_ @7 —x)*Vi6mrx-x2

2493

56, (a) Note that 2 mi = 10,560 ft, so there are \’80('}2 +x°
feet of river cable at $180 per foot and (10,560 — x)
feet of land cable at $100 per foot. The cost is

Clx)= 190v800% + x2 +100(10,560-x)

()  C{0)=351,200,000
C{500) = §1,175,812
C{1000) = $1,186,512 -
C(1500) = $1,212,000
C000) ~ $1,243,732
C(2500) = $1,278,479
C(3000) = 51,314,870
Values beyond this are all larger. It wounld appear that
the least expensive location is less than 2000 fi from
point P.

§7. False: 2% + x% 4 x 2 (=x)* +(=x)} +(-x).
88. True: (-x)° =-x°

89, B: Since 9~ x> 0, the domain is (-3, 3)
60. Ay 1

6L.D: (fogXd= flx+3N2)=2Ax+3)-1
=22+PN-1=2(5)~1=10~1=9
62.C:Aw)=Lw
L=2w
A(w)= 2w?

63. (a) Enter y, = f(x)=x~T,y, = g(x) =V,
¥3={f= g)xi = y,(v,(x)), and
Y=g e HX) =3, (¥,(x)

fog: gof:
/ e /'
[-10, 70] by {10, 3] [-3. 20} by [-4, 4]
Domain: [0, e=) Domain: [7, ve)
Range: [~7, o) Range: [0, )

® (FogX)=vri~7 (@ H@=VE-7
64, (a) Emer y, = f{x)= l«xz.yz =g(x)= -J;.
»1=(Fa 2))=y( y,(x}), and y, = (g o H(¥)
=yof ¥i(x))
Jog:

\\
[-6, 61by[—4,4]
Domain: [0, )
Range: (=oe, 1]
gef

N

[—235,235) by [-1,2.1)
Domain; {~1, I]
Range: [0, 11
M) (Fogln)=1-(x) =1-xx20
(go Ny =vI-=*




65. (a) Enter y,= f(x)=x* -~ 3,y, = g(x)=fx+2,
¥3=(fo 2)(x) =y, (y;(x)). and y, = (g o £ )(x)
= yin(x)).
feg:

<

[-t0, 10} by |~10, 10)
Domai: [~2, <)
Range: {-3, =)
gof:

V4

[~4.7,4.7] by [-2, 4]
Domain: (~oa, ~1]1 [1, w0}

Range: [0, o)
() (fop)x)=(Vx+2)?-3

%V =(x+2)-3x2-2
s

=r=-lx=-2
(o NN =Yt -H+2=x2 =1

_ _2x~1  3x+}

66. {(a) Enter y,(x)~f(x)-—x+3 = 21"
¥ = (feo () = y,( 3(x)), and y, = (g o f }(x)
= yy(y, (%))

Use a “decimal window" such as the one shown,

fog:
/

i

[~9.4,94) by [-62,62)
Domain: (=<, 2) (2, o0}

Range: (—vo, 2) L (2, =)
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[-9.4, 9.4) by [-62, 6:7)
Domain; (~oo, =3) L) (=3, o9)
Range: (~oo, ~3) U (~3, =)

3J:+l]ml

2(

2-x

(b) (fog)(x)= ———"—
3x+l+3

2-x
_20Ex+1)-(2-x)
T Ox+D+32-2)

JX®2

3(—2:::;]”
(go fix)=——r——

x+3
_3(2x=1)+(x+3)
T Ax+-2x-1)’

x#-3

Tx
=2 y2-3
7
=x,x==_—3
67, (a)
y
1.5}
e || I M
-1.5F
(b)
¥
1.5
-| L o L 2x
1.5
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68. (8) (b)
¥y
al
e —]
i 'y Y i X
2 -1 T 27 p)
Gty =lk Qe
2k
b) . (a)
y
2t
2
Ormrrl) | Dy
S EP & banx - [-3,31by [-1, 3]
2 A 12 (b) Domain of y,: [0, s}
L S ] .
_ Domain of y,; {~ee, 1]
-2} Domain of yy: [0, 1]
69. () (c) The functions y, ~ y,, ¥, = ¥,, and y, - y, all have
y domain [0, 1}, the same as the domain of y, +y, found
in part (b).
Domain of A : [0.0)
¥,
x Domain of %, @1
h
13k (d) The domain of a sum, difference, or product of two
functions is the intersection of their domains,
The domain of a quotient of two functions is the
®) : intersection of their domains with any zeros of the
y 7 denominator removed.
sl 72. (8) Yes. Since
(S g)(—x) =f(=x) » g(=x} = (x) » glx) = (f» g){x), the
function { f» g2)(x) will also be even.
.2 ; ; i v {b) The product will be even, since
. (f = 8X=x)= f(=x)+ g(=x)
=(=f(xD+ (~g(x)
-13t = f(x)+ g(x)
. =(f «gXx)
70, (a)
y Section 1.3 Exponential Functions
13 (pp. 22-29)
Exploration 1 Exponential Functions
ll
N B ly
——d
<13k

-5, 51by [-2, 5]

€ !




h ‘2ox>0

3xcO
4OI=0

)
(-5, 51by [-2. 5]
62 e <5 irx e, 25> 5 5 for
220,27 =3""=5"* forx=0,

Quick Review 1.3
1. Using a calcutator, 5%* = 2924,

2. Using acaleulator, 32 = 4,729,
3, Using acalculntor, 3717 =~ 0.192.
4 x*=17

x={17

x=25713
5 =2
k,_ x=¥24
- x=1,8882
6. x!%= 14567

x=141.4567
x = £1,0383

7, 500(1.0475)° = $630.58

8. 1000(1.063)° = $1201.16

(x-l yz )1 -6 4

@YY sy
x—s-uym

- x—liy-l

e

2 .
0. a2 | [ a'c? 1_a‘b"‘ . »
& » & &'
@ b
[OUR
= Hb—h.’c-ﬂz

’l

az
= a! b—! ‘_-6 = .
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Section 1.3 Exercises
1

fr———.]

e,

<

14,41 by [-8, 6]
Pomain; {~es, w0}
Range: (—es, 3)

2
[=4,4) by [~2, 10)

Domain: (=0, =}
Range: (3, =)

3.
e

-4, 41 by [4, 5]
Domain: (=, ea)
Range: (-2, )

4,

Va

[-44] by (-8, 4}
Domain; (~co, o)
Range: (—=, -1)

5, 91.!' = 32)2: =34.!
6 ls!t (2‘)33 2"" \( thR

e
2 (%] =@ =2 '&0\& \5 \‘25)(0‘3\‘:-!1’5_)(;

(1) = 3-3).: =3 Q\J\CL

21 . c :
& - N Ov
9. x-Intercept; =~ 2,322 '§< A \(\6(\
y-intercept: 4.0

16. x-intercept: = 1,386

y-intercept: ~3.0 \rﬁ‘ﬁ"
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H. r-intercept: « -0.631
yimercept: 0.5

12, x-intercept: 2.0
y-intercept: = 1,585

13. The graph of y=2" is increasing from left to right and has
the negative x-axis as an asympiote. {a)
X
14. The graph of y =37 or, equivalently, y =[§] .is

decreasing from left to right and has the positive x-axis as
an asymptote. {d) -

15. The graph of y==3"" is the reflection about the x-axis of
the graph in Exercise 2. (e)

16. The graph of y = —0.57% or, equivalently, y= —27%,

s the reflection abouot the x-axis of the graph in Exercise 1.

()

17. The graph of y = 27" ~ 2 is decreasing from left to right
&nd has the line y=-2 as an asymptote. (b)

18. The graph of y=1.5% — 2 is increasing from lefi to right
and has the line y =~2 as an asymptote. {f)

1,935
19. (a) —l:s—ss =1.0443
1,998
1,935
2,095
-l'—g-ah— = I.04§5
2,167
2,095
2,24]

—— =1.0341
2,167 3

=1.0326

=1,0344

{b} One possibility is 1,853(1.04)"
(c)1,853(1.04)"? = 2967 thousand or 2,967,000

7,000
6,901
7,078 _
o0 = Lom!
7.193
7,078
7,288
L =1,0132
7,193

7.386

=10
7,288 134

20.(a) =1.0143

=1.0162

{b) One possibility is 6,901 (1.013)"
(c) 6,901 (1.013)!* = 7852 thousand or 7,852,000

21. Let ¢ be the number of years. Solving
500,000 (1.0375)" = 1,000,000 graphically, we find

that 1 = §8.828. The population will reach | million
in about 19 years.

22. (a) The population is given by P(r) = 6250(1.0275),
. where 1 is the number of years after 1890,
Population in 1915; P(25) = 12,315
Population in 1940; P(50) = 24,265
(b) Solving P(r) = 50,000 graphically, we find that

1=76.651. The population reached 50,000 about
77 years after 1890, in 1967.

Ly
23. (a) A= 6.6(5]
(b) Solving A($) =1 graphically, we find that
= 38.1145. There will be | gram remaining after
about 38.1145 days.

24. Let £ be the number of years. Solving 2300 (1.06)' = 4150
graphically, we find that 2 = 10.129. It will 1ake about
10.129 years. (If the interest is not credited 10
the account until the end of each year, it will take
11 years.)

25, Let A be the amount of the initial investment, and
let 1 be the number of years. We wish to solve

A (1.0625)° = 24, which is equivalent to 1.0625" =2,
Solving graphically, we find that £ = 11.433. It will take
about 11.433 years. {If the interest is credited at the end of
cach year, it will take 12 years.)

26. Let A be the amount of the initial investment, and
let £ be the number of years. We wish to solve

12
A(l+ 9—?3—“-2-5-) = 2A, which is equivalent to

12 ’
) =2, Solving graphically, we find that

U= TR119. It will take about 11.119 years. {If the interest
is credited at the end of each month, it will take 11 years 2
months.)

27. Let A be the amount of the initial investment, and
let £ be the number of years, We wish to solve
AP = 24 which is equivalent to £2%2 = 2,
Solving graphically, we find that ¢ = | 1090, It will
take about 11.090 years.
28. Let A be the amount of the initial invesiment, and let  be

the number of years, We wish to solve A {1.0575)" = 34,

which is equivalent to £.0575" = 3. Solving graphically,
we find that 1 = 19,650, It will 1ake about 19.650 years.

(If the imterest is credited at the end of each year, it will
take 20 years.}




29. Let A be the amount of the initial investment, and let
¢ be the number of years. We wish to solve

LT
A(l +25%?.§] = 3A, which is equivalent to

3550
(l+ 9-362512] =3, Solving graphically, we find

that £ =19.108. It will 1ake about 19.108 years.
30. Let A be the amount of the initial investment, and Jet 7 be
the number of years, We wish to solve A 2% = 34,

which is equivaleat 10 ¢%® = 3, Solving graphically, we

find that £=+ 19.106. It will take about 19,106 vears.

31. Afeer £ hours, the population is P(r) = 2"%5 or,
equivalently, P(1y = 2%, After 24 hours, the population is
PR4)= 2* = 2.815 10" bacteria.

32. (n) Each year, the number of cases is 100% - 20% =

80% of the previons year's number of cases. After
1 years, the number of cases will be C{1) =

10,000 (0.8)". Solving C(t) = 1000 graphically,
we find that 7« 10.319. It will take about 10.319 years.

(b} Solving C(r} = | graphically, we find that
1= 41275, It will take about 41.275 years.

kX 8
X y Ay
1 -1
: 2
2 1
2
3 3
2
4 5
3,
X y Ay
1 [
-3
2] -2
-3
3| -5
-3
4] -8
35,
X y Ay
] l
3
2 4
5
3 g _
7
4 16
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36.
=3 Y ratio
1] B.155
2718
2| _22.167
2718
3| 60251
— 12718
4| 163.794

37, Since Ax = 1, the comresponding value of Ay is equal 1o the
slope of the line. I the changes in x are constant for a
linear function, ther the corresponding changes in y are
constant as well,

38. (8) When £= 0, B= 100¢° = 10D, There were
100 bacterin present initially.

(b) When 1 = 6, B = 100 £%9%5) » 6304 351, After
6 hours, there are about 6394 bacileria,

(c) Solving 100¢"5% = 200 gruphically, we find that
¢ = 1,000. The population will be 200 after about
1 hour, Since the population doubles (from 100 to 200)
in about | howr, the doubling time is about 1 hour.

39, (a) y = 14153.84 (1.01963)°

_...m—-"'/

. {=3, 28 by [~S000, AD0N0]
(b) Estimate: 14153.84 (1.01963)2 = 22,133 thousand or
22,133,000.

22,133,000 - 22,119,000 = 14,000. The estimate
exceeds the actual by 14,000,

14,229

14229 _ 605 or2%
2213 ozor

{c)

40, (a) y=24121.49 (1.0178)*
"-n’/,'/

(5,25 by |- 5000, 400600] |
{b) Estimate: 24121.49(1 .0178)23 = 36,194 thousand or
36,194,000,
36,194,000 — 35,484,000 = 710,000.
The estimate exceeds the actual by 710,000

23,668
(36,194)23)

(e) =0.018 or 1.8%
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41. False. 37 = 512- = % It is positive.

42, Trye. 4%=(22)’w 28

43, D. y=pe"
400 zouel].ﬁﬂl
200 200
In @=e"%
In 2=0.0451
In2

0.045

t= =15.4years

44, A,
45, B.

46. C, f{x)=4~¢"
0=4-¢*
+e*  +e’
In(e* =4)
x=ind
x=1386

47.(a)

(5, 5) by (~2,10]

In this window, it appears they cross twice, although a
third crossing off-screen appears likely.

®)

X | changein¥l | changein Y2
1
3 - 2
2
] 4
3 . .
7 8
4
It happens by the time x = 4,

(¢) Solving graphically, x = -0.7667,x=2,x=4.
(d) The solution set is approximately
(—0.7667, 2) v (4, =a),

48, Since f (1) = 4.5 we have ka = 4.5, and since
F(=1)=05 wehave ka™' = 0.5.

Dividing, we have
ka 4.5

Since fix) = k - a” is an exponential function, we require
a>0,50a=3.Thenka = 4.5 gives 3k=4.5,s0k= L.5.
Thevaluesareg=3and k= 1.5.

49, Since f (1} = 1.5 we have ka = 1.5, and since f(~1) = 6 we
have ka™ = 6. Dividing, we bave

Since f{x} = k- a* is an exponentiel function, we require
a>0,50a=0.5. Then ka = 1.5 gives 0.5k = 1.5, so0
k=3 The values area = 0.5and k= 3.

Quick Quiz (Sections 1.1-1.3)
1.C m==2
= -]
“1=-2()+5
~l=—6+5

~t==]
2. D, g=2(2)-1=4-1=3
fA=3)2+1=9+1=10
3E
4. (8) (-0, 20}
(b) (=2, 05)

(¢) 0=¢"-2
in2=-x
x =-0.693
Section 1.4 Parametric Equations
(pp.30-36)
Exploration 1 Parametrizing Circles
1. Ezch is a circle with radius [a]. As |a] increases, the
radius of the circle increases.

7\
S

(-4, 4N by [-3.1,3.1]
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%., 2, os;s%’: | 3
/
> \

3

k(2
[=4.7,4.7] by [=3.1, 3.4 7557

Orsm initiat point: (0, 3)
tcrminal point: (0, =3)
[~47,47] by [~3.1,3.1] kj

3 wSiS2nw
-
0sts Tl initial point: (-3, 0)

tering point: (3, 0)
N
.

[—4.7, 471 by [-23.1, 3.1]
In

2r<rsdr: -2—$l$31r

s initial point: (0, ~3)
M /. \\ terminal point; (=3, 0)
1/

[-4.7,47) by [-3.1,3.1]
0Stsan _ | u

/ \ ’ TS5 5w
\ / initial point: (-3, 0)

termingl point; (-3, 0)

{~4.7,47) by [~3.1,3.1) 4. For 0 < £ < 2 the complete circle is traced once
clockwise beginning and ending at (2, 0).

d For 7 S ¢ < 3w the complete circle is traced once
you get P of a complete circle. If f = 247, you get the clockwise beginning and ending at (-2, 0).

complete circle. If d > 2, you get the complete circte but
portions of the circle will be traced out more than once.
For example, if 4 = 447 the entire circle is traced twice. starting at (0, —2) and ending at (0, 2).

A
. N

Let d be the length of the parametric interval. If d <27,

For 3;- <1< 923 the half circle below is traced clockwise
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Enploration 2 Parametrizing Ellipsos ashb=4
La=2,b=3:

N . ‘
| [-9,9) by {~6,6]
3.1¢ Ja| > {5]. then the major axis is on the x-axis and the

(12, ] by [-8, 8]

a=2.b=4 minor on the y-axis. [f |al< |&], then the major axis is on
r \ the y-axis and the minor on the x-axis.
\l/ A 4.0<1¢ 121- :

[=12,12 by {8, 8} -\

a=2b=5:

M ' - [=6,6)by {~4,4]

k} ‘ 0srsm
[~12, 121 by [-8, 8) /"\

i\

\} : [-6,6)by [-4.4}

a=2,b=6:

0g1g—:
2
i{~12,12] by [~8, 8]

2.a=3,6=4;

2
D RN
&/ | . [-6,61by[-4,4]

0<r<sdm

(=9, 9} by [~6, 6)

a=5b=4 /" \
£ |
\;—-/ [—6.6) by [-4, 4]

Let d be the length of the parametric interval. If f < 2,

(-9, 9] by [-6, 6]

a=6,b=4: you get ;; of a complete ellipse. If & = 2, you get the
compleie ellipse. If d > 24, you get the complete eltipse but

/,d ‘-\ portions of the eMipse will be traced out more than once.

\ _,/ For example, if d = 41r the entire eHipse is traced twice.

[-91 9] b.Y [—Gr 6]
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5.081€2m

% si<r!
ool B
[—6, 6] by -4, 4)
initial point: (8, 0) ' -5, 51by [-2, 4]
terminal point: (5, 0) P T . oy .
1< I For ) 4 5—2-. the entire graph described in part 1 is
drawn. The left branch is drawn from right 1o left across
/....———.,\ the screen starting at the point (0, 2). Then
the right branch is drawn from right to left across the
\--._ _--’/ screen stopping at the point (0, 2). If you leave
” T
out —— and —, then the point (0, 2) is not drawn.
[=6, 6] by [~4,4] 7 43 point{

initial point: (-5, 0)

T . . .
terminal point: (-5, 0) ForQ<rs E- the right branch is drawn from right to left

- 3 across the screen stopping at the point (0, 2). If you leave
—S1S—:
2 2 out %.lhen the point (0, 2) is not drawn.
C For 1;— 51 < 1, the left branch is drawn from right to left
* across the screen starting at the point (0, 2). If you leave
[—6, 6) by [-4.4] aut %.then the point (0, 2) is not drawn.
indtial point: (0, -2) : .
terminal point: {0, 2) 3. If you replace x = 2 cot t by x = ~2 cot 1, the same graph is

drawn excepl it is traced from left to right across the

Each curve is traced clockwise from the initial point to the screen. If you replace x = 2 cot 1 by x= 2 cot (7 1), the

terminal point. same graph is drawn except it is traced from left wo right
Exploration 3 Graphing the Witch of Agnesi across the screen,
1. We used the parameter interval (0, 7] because our graphing :
calculator ignored the fact that the curve is not defined Quick Review 1.4
when ¢ = 0 or 7. The curve is traced from right to left 1 _3-8 -5 5
across the screeil. X ranges from < 10 oo, Il 33
. ==3(x-1)+8
2 -ZgrsT, Y==3
2 2 _ 5 + 29
T3 3
2.y=—4
3- X= 2
. 2
[-5. 51 by [-2,4) 4. When y = 0, we have %— =1, so the x-intercepts are
0<1sT; ¥
2 ~3and 3, When x =0, we have Tg:l.sothe

y-intercepts are —4 and 4.

2
5. When y =0, we have ':—6- =1, 50 the x-intercepis are

2
{~5, 5] by {~2, 4] ~4 and 4. When x = 0, we have -%—=l.which has

no real solution, so there are no y-intercepts.

R
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6. When y=0, we have 0= x + |, so the a-intercept

is—1. When x= 0, we have 2y% = 1, s0 the y-intercepts are

u-_l_ mdl.

2

7. @) 20°M+12 23
3=3  Yes

b) 2-DP-D+-n*L3
-2+1%3
~1#3 No

2
© 2[%} 2+ 23

-1+423
3=3  Yes

8. (a) 9(1)* - 18(1)+4(3)* = 27
9-18+36227
2=21  Yes

&) 91 -18()+4(=3) L 27
9-184262 27
27=27 Yes

(e) 9(-D?-18(-1)+ 431 2 27
9+18+362 27
63227 No
9.(a) 2x+3=-5
==0x~5
~2x-5
=3
{(®) 3y-2=-1
=2 ==3y~1
A=3y+1
_3y+l
==3

10. {a) The equation is rue fora 2 0.

{b) The cquation is equivalent to “J;; =gor J;z' =—a"

Since \,;?=a is true for a 2 0 and \/a_z=-n is true
for a S0, at least one of the two equations is true for
all real values of a. Therefore, the given equation

Ja? = £a is true for all real values of a.
(c) The equation is true for all real values of a.

Section 2.4 Exercises
1. Graph (c). Window: [-4, 4] by [-3,3],08¢5 27

2, Graph {a). Window: [-2, 2] by {~2, 2}, 0SS 27
3. Graph (d). Window: [-10, 10] by [~10, 10}, 0 S 1S 2%
4, Graph (b). Window: [-15, 15) by [-15, 15}, 05527

5. (a)

\/

-3, 31 by -5, 3]
No initial or terminal point.
b y=9r1=(34*= £

‘The parametrized curve traces all of the parabola
defined by y = x2

\

(-3,33by(-1.3)
Initial point: (0, 0)
Terminal point: None
by y=t=(—1)* = !
The parametrized curve traces the left half of the
parabola defined by y = x* (or all of the curve defined
by x= -J; )

7. {8)
el

-1, 51by [-1, 3]
Tnitial point; {0, 0)
Terminal point: None

(b) y= Jr=iJx
‘The parametrized curve traces all of the curve defined
by y= Jx (or the wpper half of the parabola defined by
x=y*)
8.(a) ‘

\

[-3,9) by [-4,4]
No initial or terminal point.

() x= sec?t - 1= an’r=y*

The parametrized curve treces all of the parabola
defined by x = y2.




9. (a)

D

{-3,3]by [-2.2)

Initial point; (1,0)
Terminal point; (~1, 0)

(b} x*+ ¥* = cos®t + sin®t = |

The parametrized curve traces the upper half of the
circle defined by x%+ y = I {or all of the semicircle

defined by y=\h-x=1
10. (a}

Fan
(.

(-3, by1-2,2)
Initial and terminal point: {0, 1)

(b) x2+y* = sin® (2m) +cos? (2m) =1
The parametrized curve traces all of the circle defined
by x?+y =1,
11. (a)

7\

-3.31by [-2, 2]
Initial point; (-1, 0)
‘Terminal point; (0, 1)
M) x*+y = cos* (w—h+ sin (w-=1
The parametrized curve traces the upper half of the
circle defined by x*+ y2 = | {or all of the semicircle

defined by y=v1-z*).
12. (a}

N
S~
[-4.2, 47 by {-2.1,3.1]

Initial and termiral point: (4, 0)
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2 2
(b) (i—] +[-§) =cos?t4sin 1 =1
The parametrized curve traces all of the ellipse defined

o (&~

13.{a)

~
|/

[4.7,4.7] by [-3.1,3.1)

Initial point: (0, 2)
Terminal point: {0, ~2)

2 2
X 2l =an? 2, _
(b){4) +(2) sin®r4+cosr=1

The parametrized curve traces the right half of the

2

defined by x= 2,/4 -y).

N
N,

[~9.91by{—6,6)
Initial and terminal point: (0, 5)

2 r 42
X 2] zen? 2,-
(b) [4] +(S] sin”f+costr=1
The parametrized curve traces all of the ellipse defined
2 2
X Yy
by | ~ =1 =1
’ (4] "[5]

15, (a)

2 2
ellipse defined by [%) .,{1] =] (or all of the curve

//

/

(-9, 91 by [-6, 6]
No initial or terminal point.
B)y=4r-7=2(A-5)+3=2x+3

The parametrized curve traces all of the line defined by
y=2x¢+3,
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16. (a)

AN

[~6,6) by {—4, 4]
No initial or terminal point.
My=1+r=2-(-H=2-x=—x+2

The parametrized curve traces all of the line defined by

y=—x+2.

17. (@)
N

[-3,3iby -2, 2)
Initial point: (0, 1)
Terminal point: (1, 6)
My=l-t=l-x=~x+1
The Cartesian equation is y = - x + 1. The portion

traced by the parametrized curve is the segment from
{0, Do (1, 0).

18.(a)
AN

=% 4y [-L3]

Initiai point: (3, 0)
Terminal point: (0, 2)

) y=2r=(2:-2)+2=--§-(3-3r)+2=--§x+2
‘The Cartesian equation is y= --i-.r+ 2. The portion

traced by the curve is the segment from (3, 0)
te {0, 2).

19. (a)
N

N\

[-60 6] b}' [_21 6]

Initial point: (4, 0)
Terminal point; None

®) y=Vi=d-@-J=d-x=-xt+4
The parametrized curve traces the portion of

the line defined by y =~ x + 4 to the left of (4, 0), that

s, forx<4,

20, (a)
\\

[—los] Wl- l| 3]
Initia! point: (0, 2)
Terminal point: (4, 0)

® y=Va-r =Ja-x
The parametrized curve traces the ripht portion of the
curve defined by y= N/ , thatis, forx 2 0.
21.(a)

N\
AR

1-3,3)by{-2.2]

No initial or terminal point, since the t-interval has no

beginning or end. The curve is traced and retraced in
both directions,
(b) y=cos2s
= cos’ f—sin’ s
=1~ 2sin’r
=]-2x2
=-2x+1
The parametrized curve traces the portion of the

parabola defined by y =~ 2 x* + | comesponding
to-15x51,

22.(a)

h‘“\“;-:
[_4- s] W [-4| 2]

Initiai point: None
Terminal point: (-3, 0)

M)x=r~3=y'-3
The parametrized curve traces the lower half of the
parabola defined by x = y* - 3 (or all of the curve
defined by y==Jx+3).




/

23, Using (-1, =3) we create the parametric equations
x=~] +atand y= -3 + b1, representing & line which goes
through (-1, ~3}) at =0, We determine 4 ond & 5o that the
line goes through (4, 1) when 1= 1.

Sinced=—l +a,a=85,

Sincel=-3+5,b=4.

Therefore, one possible parametrization is x = -1 + 5¢,
y=-3+4,05¢51.

24, Using (=1, 3) we create the parametric equations
x=~1+gtand y=3 + bt, representing a line which goes
through (~1, 3) at ¢ = 0. We determine a and b so that the
line goes twough (3, <2) atr= 1.

Since3=w~l +a,a=4.

Since-2 =3+ b, b=-8§,

Therefore, one possible parametrization is x = 1 + 41,
y=3-51,05:51. '

25. The Jower half of the parabola is given by x = y* + |
for y = 0. Substituting ¢ for y, we cbtain one possible
parametrization: x= 1%+ l,y=1150.

26. The venex of the parabola is at (1, ~1), so the left half of

the parabols is given by y =x?+2cforx g -1,
Substituting ¢ for x, we obiain one possible
parametrization: x=t,y= 12+ 2, 1S -1.

27. For simplicity, we assume thatx and y are linear functions
of t and that poim (x, y) starts at (2, 3) for
=0 and passes theough (-1, -1} at r=1. Then x=£1),
where f0) =2 and £ (1) =-1.

x=f()=-3t+2=2-3 Also, y = g(1), where
20 =3and g{1)=-1.

y=gl==4r+3=3-41,
One possible parametrization is:
x=2~My=3-41,120.

28. For simplicity, we assume that x and y are linear functions
of ¢ and that the point (x, y) starts at (-1, 2) forr = O and

passes through (0, 0) at r = 1. Then
x=f{), where {0) =~1 and £ (1) =0.

Sinoeslope=%=2;—-(-61-)='l.

x=f=1té(=)==F+14
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Also, y = g(¢), where g(0) = 2 and g(1) = 0.

. Ay 0-2
Eefa=——— D,
Since slope A 1-0
y=gi)==-u+2=2-2,
One possible parametrization is:
x==l41y=2-21120,

29, The graph is in Quadrant I when 0 <y < 2, which
corresponds to | <r< 3. To confirm, note that x(I) =2 and
x(3)=0. '

30. The graph is in Quadrant IT when 2 < y £ 4, which
corresponds to 3 <1< 5. To confirm, note that x(3) = 0 and
X5 ==2,

31, The graph is in Quadrant Il when —6 € y < 4, which
corresponds to ~5 < ¢ < =3. To confirm, note that
x(=5)=-2and x{~3) =0,

32. The graph is in Quadrant IV when —4 <y < 0, which

comesponds to ~3 < r < 1, To confirm, note that
X-H=0and x{)=2.

" 33, The graph of y = x*+ 2x + 2 lies in Quadrant I fos all

x> 0. Substituting ¢ for x, we obtain one possible
parametrization: x=1, y= 12+ 2r+ 2,15 0.

34, The graph of y=+/x+3 lies in Quadrant I for all
x 2 0. Substituting ¢ for x, we obtain one possible
pavametrization; x=¢, y=Jt+3, r>0,

35, Possible answers:

(a)x=acost, y=-asing,051<27
(D) x=acost, y=asin, 0512w
(©yx=acost, y=—asin,0S1547
{d)x=acost, y=asin, 05147
36. Possible answers:
(@) x=—acost, y=bsiny, 05:<27
(b)x=—acost, y==bsint,0<1< 27w
(e}x=—acost,y=bsin:,0st<4n
Mx=-acost, y=-bsin, 0<r<4n

37. False. It is an ellipse,

38. True. Circle starting at (2, 0) and ending at (2, 0).

3.D.

40.C.

41 A

4LE.
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43. (a) The resulting graph appears 10 be the right half of a
hyperbola in the first and fourth quadrants. The
parameter ¢ determines the x-intercept. The parameter
b determines the shape of the hyperbola. If b is smaller,
the graph has less steep slopes and appears “sharper”,
If b is larger, the slopes are steeper and the graph
appears more “blunt”. The graphs fora=2 and b =1,
2, and 3 are shown,

[ D) 1l

[—10, 10} by {10, 10]

AN
/.

[~ 10, 10) by [— 10, 10}
This appears to be the left half of the same hyberbola.

™~
AN

[=19, 10} by [—10, 10]

One must be careful because both sec 1 and tan 7 are
discontinuons at these points. This might cause the
grapher 10 include extraneous lines (the asymptotes of
the hyperbola) in its graph. The extransous lines can be
avoided by using the grapher's dot mode instead of
conntected mogde,

(b)

(d) Note that sec? 1 - tan® £ = 1 by a standard trigonometric
identity. Substimting f forsect
y =Y b :
d = fortansgives | ~| ~|={ =1.
an b r giv (a] [ b)
(e) This changes the orientation of the hyperboln. In this
case, b determines the y-intercept of the hyperbola, and
a determines the shape. The parameter interval

[——}. -g-) gives the upper half of the hyperbola. The

parameler interval (-} 22"1] gives the Tower half,

The same values of ¢ causé discontinuities and may

add extraneous lines to the graph, Substituting % for

sec tand —E— for tan tinthe identity sec? s tan?r= |
w¥ (2}
Cgives [ 2] -[ 2] =1
(3]

&

[~6, 6] by -4, 4]

The graph is a circle of radius 2 centered at (i, 0). As A
changes, the graph shifts horizontally.

®)

[~6,6] by {—4,4)
The graph is a circle of mdius 2 centered at (0, k). Ask
changes, the graph shifts vertically,

{c) Since the circle is 10 be centered at (2, =3), we use
4 =2 and k=-3. Since a radius of § is desired,
we heed to change the coefficients of cos f and
sint 10 5.

x=5cos14+2,y=5sint-3,0818 2
(Dx=5¢cost-3,y=2sinr+4,08152n

4s. (a) \
/}

[-3,3) by [-2, 2}
No initial or terminal point. Note that it may be
necessary to use a r-interval such as [-1.57, 1.57) or

use dot mode in order 1o avoid “asymptotes” showing
on the calculator screen.

(b} ¥ - P =sec?t~ tanti= 1
‘The paremetrized curve traces the Jeft branch of the
hyperbola defined by x*— y% = 1 (or all of the curve
defined by x=—yy* +1)

€ !
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(\‘ 46. () ) 48. (a) If x; = x, then the Jine is & vertical line and the first
; parametric equation gives x = x,, while the second will
give all real values for y since it cannot be the case that

=y as well. ‘
/ \ Otherwise, solving the first equation for ¢ gives

t=(x—x)/(x,=~x)

[-6.6]by [-3.1] Substituting that into the second equation gives

No initial or terminal point. Note that it may be =y, + 100~ ¥ V(x; — x))x~x,)
necessary (o use a r-interval such as [-1.57, 1.57] or which is the point-slope form of the equation for the
use dot mode in order to avoid “asympiotes” showing line through (x,, »,) and (x,, yy). _
on the calculator screen. Note that the first equation will cause x to take on all
2 real values, because (x, - x,) is not zero. Therefore, all
() (.;l) —xt=gectr—tanlr=1 of the points on the line wi_lll:elmcedout.
(b) Use the equations for x and y given in part (a), with 0 8
The parametrized curve traces the lower branch of the sk
z - -
hyperbola defined by [._V,) —x%=1 {orall of the Section 1.5 Functions and Logarithms
2 (pp. 37-45)
curve defined by y=-2vx®+1). . Exploration 1 Testing for Inverses
47. Note that mZOAQ =t , since alternate interior angles Graphically ,
L = =x,
formed by a transversal of parallel lines are congruent. 1t appears that _(f° 8)(x) = (g o )lx) =, suggesting thal /
and g may be inverses of each other.
Therefore.mnr=%=~i—,so x=m%=2wu. (a) fand g:

t
Now, by equation (iii), we know that } }"
3 2 Hh
- An= 0" —

A0
= (.3%)( AQ) (-4.7, 4716y [-3.1, 3.1]
(b} fog:

= (cos £)(x)
={cos X2 cot 7)
2c0s%1

_———

sins

Then equation (i) gives

- o, 208ty 2 [-4.7, 47} by [-2.1,3.0]
S T ©gof

= 2sin’s.

The parametric equations are;

x=2cotf, y=2sin*r,0<1<

Note: Equation (iti) may not be immediately obvious, but
it may be justified as follows, Sketch segment OB. Then [-4.7, 4.7 by {-3.1,3.1]
ZOBQ isaright angle, so AABQ ~ AAQO, which gives

AB  AQ

AQ A0’
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2. Itappears that f o g =g o f = g, suggesting that fmay be the
identity function, '

(a)fand g;

[—4.7, 47 by [-3.1,3.1]
) fog:

[~4.7, 47} by {~3.1,3.1)
(c)gof

ﬁ;

[~4.7. 4.7} by [~3.1, 3.1]
3. Itappears that { f o g)(x) = (g e f }(x) = x, suggesting that f
and g may be inverses of each other.
() fand g:

(47,47 by [~3.1,3.1]
(b)fog:

[=47, 47 by [-3.1, 3.1}
e)gof:

[=4.7, 4.7 by [=3.1, 3.1}

4. It appears that (fo g)(x) = (g = f}{x) = x, suggesting that f
and g may be inverses of each other. (Notice that the
domain of f'o g is {0, =) and the domain of g o f
i§ (oo, o).

(a) fand g:

A

[

[—4.7, 4T by [~3.1,3.1)
) fog:

[~4.7, 471 by [-3.1, 3.1]
©)gef: :

[—4.7, 4.7 by [-3.1, 3.1]

- Exploration 2 Supporting the Product Rule

1. They appear to be venical translations of each other.

(—1.8)by [-2,4]

2. This graph sugpests that each difference (y, =y, -y} is a
constant.

—

(—L8]by[-2,4]
dy=y-nm=hiex)-Inx=Iha+Inx-Inx=InaThus,
the diffesence y, =y, -y, is the constant In a.

Quick Review 1.6
L{fe))=f(gllN=A2)=1

2./ N-N=g(f=T)=g(-2)=5

e




3, (fogXn)= flgled= Ft + )= Y2 + 1)1

={(x_2=x2’3

4. (go YD) =g(f(x) = g@x=1)

=@®fx-1)?+1
=(x=1)* £1

5. Substituting ¢ for x, one possible answer is:

1
x=1, y=r_—l, 22,
6. Substituting ¢ for x, one possible answer is:
x=py=tr<=-3, -
7.

V4
L

4

: /
sl
[~10, 10] by [~10, 10)
4,5)

1\

L (T v:-k
[-10, 10) by [~ 10, 10]

8
[-3*. -3]3(2.67.- 3

9. (a)

po—"

Jﬁiﬂ%ﬂ'ﬂ‘ fesa

{-10, 10] by [-10, 10)
(1.58,3)

(b) No points of intersection, since 2° > 0 for all values

of x.

10, (a)
T
[-10, 10) by [~ 10, 10]

-1.39,4)

(b) No points of intersection, since ¢™* > 0 for all values
of x.
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Section 1.5 Exercises

1. No, since (for example) the horizontal Jine y = 2 intersects
the graph twice.

2. Yes, since each horizonte] Jine intersects the graph only
once. '

3. Yes, since each horizontal line imersects the graph at most
once.

4, No, since (for example) the horizontal line y = 0.5
intersects the graph twice.

5. Yus, since each horizontal Jine intersects the graph only
once,

6. No, since (for example) the horizontal line y = 2 intersects
the groph at more than one point.

7.
[-10, 10] by [~ 10, 10]

Yes, the function is one-to-one since each horizontal line
intersects the graph at most ence, so it has an inverse
function.

8.\

[~10, 10] by [~10, 10}

No, the function is not one-10-one since (for example) the
horizontal line y = 0 intersects the graph twice, so it does
not have an inverse function.

v

[~10, 10] by {10, 10]

No, the function is not one-to-one since {for cxample) the
horizontal line y = 5 intersects the graph more than once,
s0 it does not have an inverse function.

-
e

(=3, 5] by (20, 20)

Yes, the function is one-to-one since each herizontal line

intersects the graph only once, so it has an inverse
function.
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iL

'““'\W/"'

[~10, 10] by [~10, 10]

No, the function is not one-to-one éince each horizontal
line intersects the graph twice, so it does not have an
inverse function. :

12.

[=9, %] by [-2, 10]
Yes, the function is one-to-one since each horizontal line
intersects the graph at most ance, so it has aa inverse

13, y=2x+3

y—=3=2x

Interchange x and y.

(fef“)(x)a-f(f-;—s]

=2[5-g-§)+3
=(x~-3H+3
=X

(e )= £Qx43)

_(x+3)-3
2
=X

2
=x

14, y=5-44\'

4x=5-y
==Y

Interchange xand y.

_5-x

Fw=22

Verify.
o fyrrm Al 2% s af 3%
3 r)m-f[ 3 ]-s 4( y )
=5=-(5-x)
=X
o fXx)=f1(5-42)

_5=(5~4x)
- 4
X

)
x

F

15, y=x-1
y+l=x"’
(y+!)"3 =x
Interchange x and y,
(x+)"P=y
Ho=x+D" or ¥x+l
Verify,
(fof )= f@lx+ 1)
=@xt1yP-t=(x+D)-1=x
(FlofXny=f(x*-1

=Y -ne1=¥d =x

16. y=x*+1,x20
y-l=x’.x20
Jy-—l=x
Interchange x and y.

x=1=y
Fim=vx—1or(x-p*?

Verify: For x 2 | (the domain of f'),
(fof A= fdx=1)

=(J.t-l)2+l
=(x-1)+1=x

For x> 0, (the domain of f),
efxn= (P +1)
=+l
= J;‘T =lxl=x
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éq., 17. y=x%, xS0 20, y=(=* +2x+hx 2t
x=—fy ya (1), x2-1
Interchange x and y. y=x+l
J;-l=x
y=—vz
Y= or ~x V2 Interchange x and y.
. J--—Ia
Verify. ;'(x):{l;-—lorxm—l
For x 2 0 (the domain of ™),
Verify.
e = fledel= (od o) =
(fefXa)=J( J;)'( J;) * For x 2 0 (the domain of f™),
For x £ 0, (the domain of f),
el (Fof Xy fifx-1)
(F ek = FH = Vo = x| =x = - 1} + 2 = ) +1]
s » vg = (9 =20x + 1+ 20x = 2+1
L y=x x —tdo
§m=(x”’)"2.x20 =) =x
ym =z For x 2 ~1 (the domain of [},
| 10,2
Interchange x and y. (f7efXxy=f_(x"+2x+1)
ey s+ 2 tl-1
Fixy=x" =y’ -1
‘ =|x+1]-1
Verify. =2(x+)~l=x
For x2 0 (the domain of ),
or x 2 0 (the domainof '), 2 }'=-|§-.x>0
& (fof W)= )= ()P = x ,
=— (4]
for x 2 0, (the domain of ), * y x>
1 ]
(fof i) = ()= (™) = [of =x x= ==
f I+ 5
19. :’ ='2()J; -2, % 22 Interchange x and y.
x=2F ==y, x
x-2=--y y=:;-;
x=2-y-y Flyad o]
Interchange x and y. Jx 1
y=2-f-x Verify.
S0)=2-=x or2~(-x)"? For x> 0 {the domain of f™),
Verify. 'l 1 1
ForxSO(thedomainofj"). of )(x)=f[7;]=(”J;)z =%
(f"f—lx-\‘)ﬂf(Z- J__x) Forx> O(Ihedomain Off).l
© == 2-ymx)-2P , .[ 1] L7
ot = ML ) h vl
For x< 2 (the domain of f),

(o fx)= 1 =(2-2)
=2-J(x-2)2
=2-|x-2=2+(x-2)=x
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Intcrchange x and y.
y=L
Y
L 1
{x)=—= or ~=
f- y; _‘_w

Verify.

o F Y = 1 - 1 =
(fo ™ Xx) f(a] (””;}3 x

1

e fX )=f¥(.’_)= =
- * x {llaf.vc3

_2stl

"I T3
xy+3y=2x+1
xy=2x=1-3y
(y=2)x=1-3y

_1=3y

=35

X

Interchange x and y.

_1-3x
T x=2
Fw=22

x=2
Verify.

(f»f")tx)=f("3"]
x-2

_ -3+ (x=2)

T (1-30)+3(x-2)

= ——— X

oy = [ 225
(f o f}Hx) f"(ﬁ_s]
2x4]
x+3

2x+1
x+3

1-3

-2

o x+3)-3Qx+1)

Qx+D)-2x+3)

Xy=2y=x+3
xp~x=2y+3
X(y=1=2y+3
2y+3
X e
y=1
Interchange x and y,
_2x+3
x=1

=

Verify.
o I = 2x+3
(Fer X f[ H)

2x+3

2x+3
x-1

= +3

2043

—~1
=(5x+3)+3(x——l)
(2x+3)-2(x-1)
Sx

B

(o fxe=f [ﬁ)
x=2

2(iﬂ)+3

- 2x+3)+Ax~2)
(x+3)-(x-2)

S—=y




,
M 25.Craphof fi xy =1, 3, = ¢'
Graphof f™': 5, = &', y, =1

Graphof y=x: x, =1, 3, =1

[

{-6. 6} by [4, 4]

26.Graphof f: x, =1, y,= 3'
Graphof /' : 5,= 3, y, =1
Graphof y=x: x,=1, y, =¢

[~6,6) by [-4.4]
27.Graphof frx, =4, 3, = 2™
Graphof f ' =x,= 27,y =1
Graphof y=x: x, =4, y, =1

e N\

N

{~4.5,4.5] by [-3, 3]
28, Graphof i x, =1, 3, = 3"

Graphof ™ :x, =3, y, =1

Graphof y=x:xy =1, yy =1t

[-45,45)by (-3, 3)
29.Graphof f: x, =1, y,=Int
Graphof f:x,=In¢, y, =¢
Graphof y=x:xy =4y, =1

[-4.5,4.5) by [-3, 3}

@4.

30.Graphof f: x, =1, y, =log1
Graphof f': xy=log 1.y, =1
Graphof y=x:x,=1,y,=¢

(—45,4.51by (-3, 3)
31.Graphof f: x, =1, y, = sin* ¢
Graphof f:x,=sin™ ¢, y, =1
Graphof y=x:x, =4, y, =t |

-3.31by [-2,2]
32.Graphof f: x,=1,,= tan”' ¢
Graphof f 1 x,= tan™'t, y, =1
Graphofy=x:xy= 1, y, =1

(~6,6)by [-4,4]

33, (1.045) =2
n(1.045) =12
thi.M5=In2

2
=12 _ 1575
"= in1.045

Graphical support:

—

VR v |
{~2,18]by[~1, 3]
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34, 2 =3
nie®™ = n3
0.05¢=In3

=23 20132197

0.05
Graphical support:

W

L

[~5,35] by [-1,4]

35 5+ =3
e -3+~ =0

' (e =3+e™)=¢"(D)

(€)Y -3 +1=0

= 3437 ~40XD)

A())

P g

2

325
3+\5
2

Xx=

Graphical support:

B |

] = -{3,96 or 0.95

\L/

ot g

[—4.4]by (-4, 8)

36,2427 =5
2 =542 =0

22 ~5+27%)=2%(0)

(2*¥ -502%)+1=0

= 529 —aaxn

2
=5:J2_1
2

53421

2!

x=log, [ 2 ]u ~2.26 0r2.26

Graphical support:

lissoieEssp s

F

(-4.4 W -4, 8]

et b

37. Iny=2t+4
elny =¢2:+4

y= e!l‘+4

38, In(y=-D~I2=x+Inx
In(y~D=x+lnx+n2
eln()»l) = eu-h.ﬂ-ln:

y=1=e*(xX2)
y=2xe* +1
39.

e

N

\

(-16. 51 by -7, 3]

Domain: (—os, 3}
Range; (oo, oa)

40.
.

(5, 10) by {5, 5]
Domain: (-2, w0}
Range: (—s, =)

41,

(-3,6]) by [-2,4)
Domain: (-1, )
Range; (—¢s, =)

42,

/‘
{

[~2,10) by [-2, 4]
Domain: (4, e)
Range: (—so, o)
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100 50

43, y= 4, y=
Y b+27r Y 1+1.17%
l+1“-@ 1415 =30
100” '
2 =)
¥ l.l"'—ig—l
¥y
-z 100
log, (2 )--loaz[T-l] tog, (1 I")=log1.|[5—;)--l]
—~x=log.| 100 _ 50
* -"’82{ y '] : —x=log,_,[-;—l)
=—log. | 100_ 50 50~y y
x= "’32[ ¥ 1] x=-loga.|(7-1]=-lﬂg;.|(—y- =log, -y
=-log, [10(.';- Y ) Interchange xand y:
y y=log [ = ]
=1 N A =811 _
og:(loo_y] 50-x
X
Interchange x and y, ' '(x)=log,.l[-50_-—-x]
= x ) Verify.
IOE’[IOO-.:) fy
oy X e an)= f[k’ﬂn( )]
S (.t)-—logz[]w‘_x] , 50-x
Verify - 50 ;
erify. . R f
, x I+L1 {a) ‘
(fef Xx)=f] lﬂgzﬁ"‘" 50
=& = 50-x
142 m'[lm--‘) ' =0 |
50-x J
100 1+ |
= 100-
l+2bs' """'il 50x 50x
=z — = g
100 x+(50-x)} 50
_H____lOO—x ] i
x e fXx)=f~ [l ll__,]
_ lodx _lOOx_x 50
.t+(100-x) 100 LI
| . =logy, 50
(S efXx)=f = -
2 I+LI¥

1+27* =log,, [-l-%)= log, [(L.1*)=x

100 clo [ 50 ]
=logyf —LEZ Bl S0+ 1.77)-50
()
1001+27)~100

lx ] =log,(2")=x
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45. () F(FO) =1~ (FGx)
=yl (1~x?)
= .x‘z =|x|=x.sim:ex20

) f(f{x})=f[-})=-]-,l;=x forall x 0

1 (/jF4
46. (a) Amnunl=8[5)

i #12
{(b) 3[-2—) =]

There will be 1 gram remaining after 36 hours.

47. 500(1.0475)" = 1000
1.0475' =2
In(1.0475'}=1n2
1In1.0475=1n2

In2
= s 11 4,
In1.0475 14.936

Tt will take about 14.936 years. (If the interest is paid at
the end of each year, it will take 15 years.)

48, 375,000(1.0225) = 1,000,000

t

8
0225 =2
10228/ =
inu.ozzs')'=m[-§)

tn 1.0225= ln[g-)
. In@/y
1n1.0225

It will take about 44.081 years.
49, (a) fix) = 2.0010 + (1.9285) In (x)

= 44,081

[-5, 15] by [-1, 8]

(b} 2.0010 + (1.9285) In (12) = 6.79 writlion
6.79 - 6.63 = 0.16 trillion

The estimate exceeds the actual by 0.16 illion

(c) 2.0010+(1.9285)in(x)="7
{1.9285)n{x) =7~ 2.0010

720010
)= 5es

x= &3 - 1335, or sometime during 2003.

50. (a) fix) = =0.6782 + (0.7142} In(x)

e

-5, 151 by [-1, 2]

(b) ~0.6782 + (0,7142) In {x)
-—0.6782 + (0.7142) in (12) = 1.10 willion
1.10 ~ 1.15 =-0.05 trillion cubic feet,

The estimate is an under estimate of $.05 trillion cubic
feet.

{e) —0.6782+(0.7142)in(x)=1.5

0.7142)In(x)=1.5+0.6782
2.1782

)= o712

In(x)= 3.050

= 2050

x=21.1

or sometime during 2011,

51. (m) Suppose that f(x,) = f(x,). Then mx, + b =mx, + b so

rx, = mx;. Since m = 0, this gives x, = x,.

(b) y=mx+b
y-b=mx
yb_

m
Interchange x and y.
x=-b

—=y

m
=2t
m
The slopes are reciprocals.
{c) If the original functions both have slope m, each of the
inverse functions will have slope ﬁ . The graphs of the

inverses will be parallel lines with nonzero slope.

{d) If the original functions have slopes m and —# R
respectively, then the inverse functions will have
slopes ﬁ and —m, respectively. Since each of ﬁ and

-m is the negative reciprocal of the other, the graphs of
the inverses will be perpendicular lines with nonzero
slopes.




52, False. For example, the horizontal line test finds three
answers for x=10.
§3. False. Must sotisfy (f o g)(x) = (g o f){x) = x, not just
fo¥x)=x.
54.C. In(x) > 0, requiring x+ 2 >0, orx > -2,
§5.A. As (x+2) — 0, flx) = —co,
56. E.
S{x)=3x-2
y=3r-2
x=3y-2
x+2=13y
_x+2

3
57.B. 2-3"" =~|
-y =23
-3 =(-3
—-x=1

=-]

58. (a) y, is a vertical shift (upward) of y,, although it's
difficult to sec that near the vertical asymptote at
x = 0. Onc might use “trace™ or “table” to verify this.

{b) Each graph of y, is a horizontal line.

(¢} The graphs of y, and y = a are the same.

(@) e"r=a,ln(e"* )=Ing,
»-n=hay=y-ha=lnx-Ina

§9. If the graph of f (x) passes the horizomal line test, so will
the graph of g(x) = —f (x) since it's the same graph
reflected about the x-axis.

Aliernate answer: If g{x,} = g{x;) then

() = =f (), f(x)) = £ (xy), and x, = x, since fis
one-1o-one.

1 1
60. Suppose that g{x,) = g(x;). Then m = T

Aix)) = fix,), and x, and x, since f'is one-10-one,

61. (a) The expression a {b°*) + d is defined for all values of
X, 50 the domain is (—es, ), Since b°* attains all
positive values, the range is (d, o) if 4 > 0 and the
range is (—w, d) ifa < 0.

(b) The expression a log,(x— ¢) + d is defined when
Xx~¢ >0, so the domain is (¢, ).
Since a log,{x - c) + d attains every real valuc for
some value of x, the range is (~oo, 20),
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62. (n) Suppose f(x,) =S (x,). Then:
‘ an+b _ax,+b
ex+d  ox,+d
(ux; + b)(ex; +d) = (ax, + b){cx, +d)
acx\x, +ady, + bex, + bd
= acx,x, +adx, + bex, + bd
adx, +bex, = adx, + bex,
(ad - be)x; = (ad - be)x,

Since ad — be # 0, this means that x, = x,.

ax+h
b) y= cx+d
cy+dy=ax+b
(oy~a)x==dy+b
=dy+b
cy~a
Interchange x and y:

—dx+b

c.r-adx b
oy EX
f (I)-—- ox—a

X=

) =

ax+b
cx+d

(0) Asx o te, fx}= - S . 50 the horizonal
asympicte is y= (c # 0). Since f{x) is undefined at
c

x= —i:-. the venical asymptole is x = —g-.
[

~dx+b --)—g-.sothe
[

() Asx—Eeo, f(x)=

horizontal asymptote is y= —-‘-f-(cat 0). Since f7'(x)
c
is undefinedat x= -3— » the vertical asymptote is

x=2 . The horizontal asymptote of f becomes the
[+

vertical asymptote of /' and vice versa due 1o the
reflection of the graph about the line y = x.

Section 1.6 Trigonometric Functions
(pp. 46-55)

Exnploration 1 Unwrapping Trigonometric
Functions
1. (%, ») is the circle of radius 1 centered at the origin (unit
circle). (x, yy) is one period of the graph of the sine
function.
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2. The y-values arc the same in the interval 0 £ 75 21, 3. 40" o w l
3. The y-values are the same in the interval 0 £ ¢ 5 4, ’ 180° 9
4. The x,-values and the y;-values are the same in each 445 T T
interval. " 4
5. ;= tan I s'
{ / }tﬂ ‘{Iiﬁ'ff Yo 8
R [0, 27) by [—1.5, 1.5)
W, x=0,6435, x = 24981
A\ 6.
{1/ /’\ i
N ll_\_\_7£
[0, 27) by [~1.5, 1.5
7 . by [ )
/‘\‘ x= 19823, x= 4.3009
Yy =COl L 7
y = .
/
D \ / -
\ \ B ey |
For each value of 7, the value of y; = tan ¢ is equal to the [-%. :-’i'!—] by [-2,2)
ratio A . o 5
! x=0,7854 {Dr:].x =3,9270 (OTT]

For each valoe of 1, the value of y; = csc £ 1s equal to the

eatio - . 8 f(0)=2(-2)-3=24" -3=f(x)
% The graph is symmetric about the y-axis because if a point
For each value of 1, the value of y, = sec ¢ is equal to the (a, b) is on the graph, then 50 is the point (—a, b).
ratio — . 9. f-x)=(-2)*~3(~x)
! ' =—x?+3x
For each value of 1, the value of y, = cot # is equal to the =~(x* ~3x) =~ f(x)
ratio 2 . The graph is symmetric about the origin because if a point
5 ' (a. b) is on the graph, then so is the point (-a, -b),
Quick Review 1.6 10.x20
L T80 o
™

225 --I-Q- =[-ﬂ] «==14324"
) T




(%U Sectlon 1.6 Exercises

MECAE
1. Arc length-( 5 ](2)- y

2, Radins=—10 =72 3974

175"[ @ ]_717
180°

3. Angle= T} = -;— radian or about 28.65°

4. Angle= 3mi2 =% radian or455

8. Bven. M"B)=F;:E=?:@3=MG)

6. Odd. m.a)=§'g§=.j;_;?=-ma
7. 0dd, csc(ﬂ)xﬁ:#@=—mﬂ

8. Odd. coi(~g) = 0 _ 0@ o)

sin(-f) —sin(~6)
9, Using a triangle with sides: —15, 17 and & sin 8= 8/17, tan
B=—8/15, csc 8= 17/8, sec O=-17/15,
. cot 8=-15/8.
M 10. Using a triangle with sides: -1, 1 and 2 ;
‘ sn8=-v2/2, cost=2/2, ccf=—2,
secO=12, cotf=~-

11. (2) Period = 2?1"

(b) Domain; Since csc (3x+ 77) = S e we

require 3x+ w# km, or x#w.'ﬂﬂs

requirement is equivalent to x = k—;- for integers k.

.o 2w
12. (a) Period= 2 =3
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(©) Since |esc (Bx+ 1) | 21, the range excludes numbers
between ~3 =2 = -5 and 3 =2 = 1. The range is (~os,
=5] {1, ea),

TUU

TANTA

[5%]vesn

w

(b) Domain: (—os, )

{¢) Since |sin @x+m| <1, the range extends from
~2+3=1102+3=5 Therangeis[l, 5].

(d)

A YA

k4
(-3 #|wi-us

13, (a) Mm:%

(b) Domain: We require 3x + 1 # _l_c_;_r_ for odd integers &.

Therefore, x = k=2

for odd integers k. This

requirement is equivalent to x # -’fgi for odd

integers k.

{c) Since the tangent function attains all real values, the
range is (—eo, o),

Nia
Ty

b

[_
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14. (a) Period = 2—2’1 =7
{b) Domain: {~cs, )

(c) Range: Since

[2x+-—]| s1,the ;ange

is {2, 2]
)

AN AN/
VARV

{~=.m)by[-3.3)

15. (a) The period of y = sec x is 24, 50 the window should
have length 477,

One possible answer: [0, 47] by [-3, 3]

(b) The period of y =csc x is 211, so the window should
have length 4.

One possible answer: [0, 4af by [-3, 3]

(c) The period of y = cot x is =, so the window should
have length 2.

One possible answer: [0, 2] by {3, 3]

16. (a) The period of y =sin x is 2, so the window should
have length 4.

One possible answer: [0, 4] by (-2, 2]

{b) The pericd of y =cos x is 2, so the window should
have length 4.

One possible answer: [0, 4#7] by [-2, 2]

(c) The period of y = tan x is 7, so the window should
have length 24r.

One pussible answer; [0, 2% by [-3, 3]
17. (a) Period= -221 =

(b) Amplitude = 1.5
(¢} [~2m, 27 by [-2,2]

18, (a) Period= 3;-
(b) Amplitude = 2

{c)[ 2 2”] by [4, 4]

19. (a) Period= 27‘" =7

(b) Amplitade =3
(¢} {-2m, 27] by [4,4)

27
20. jod = — =
(a) Period 72 47

(b) Amplitude =5
() [-4m, 47] by [~10, §0]

2w
21, () Period = =" =6
@ xl3

(b) Amplitude = 4
€} {~3,3) by [-5, 5]

22, () Period=2?ﬂ=2

(b) Amplitude = 1
(e} [-4, 4] by [-2. 2]

23. (a) Using & graphing calcwlator with the sinusoidal -
regression fealure, the equation is y = 1.543
sin (2468.635x — 0.494) + 0.438.

[0. C.01jby [-2.5, 2.5]

(b) The Frequency is 2468.635 radians per second, which

is equivalent 1o =392.9 cycles per second
7

(Haz).
Thenoleisa“G™.

2. (a)b-z—"-—:-

(b) It's half of the difference, so a= 80;30 =25,

© k= =55

80+230
2

(d) The function should have its minimum at r =2 (when
the temperature is 30°F) and its maximum at /=8
(when the temperature is 80°F). The value of ki is

2+ = 5 .Equation: y= ZSan[ (x-5)]+55

{—1, 13) by [~10, 100)




“

25, The portion of the curve y = cos xbetween 0S xS
passes the horizontal line test, so it is one-to-one,

N

\

[-3.3)by [-2,4]

26. The portion of the curve y = tan x between
=12 € x < /2 passes the horizontal line test, so it is one-
to-one, [In parametric mode, use Ty = ~m2 +£and T,
= 72 — g, where ¢ is a very small positive number, say
0.00001.)

[-5,5) by [-3,3)

2% Sinoe% is in the range [—3;- 1;5] of y= sin™ xand

7. 180°

w w
in—=0.5, sin"1(0.5)= —radi ——= 10",

28, Sinee-g- is the range [-% E] of }= sin™! x and

2
sin(-l’-]=-f2-. sin"[--‘jz?.]b% radian

29, Using a calculator, tan™ (=5) = —1.3734 radians
or -78,6901°,

30. Using a calculator, cos™! (0.7) =0.7954 radion
or45.5730°.

31. The angle tan™ (2.5) = 1.190 is the solution to this

s . T I
equation in the interval -—-g- <x< 3 Another solution in

0<x<2mis tan™ (2.5) + = 4.332. The solutions are x =
1.190 and x = 4.332. '

32, The angle cos™ (~0.7) = 2.346 is the solution to this
equation in the interval 0 £ x S 7. Since the cosine

function is even, the value ~ cos™ (—0.7) = —2.346
is also a solution, so any value of the form

+¢0571(=~0.7)+ 2k is a solution, where k is an integer. In
24 € x < 44r the solutions are x = cos™! (-0.7) +
217 = 8.629 and x = —cos™ (~0.7) + 41 = 10.220.

Section 1.6 41

33, This equation is equivalent to sinx = % » 50 the solutions

in the interval 0 € x < 27 are x=%
Sm

and x=—.
6

M. This equation is equivalent to cosx = —% » 50 the solution

in the interval 0 S x5 7is

y=cos™! [--;—]= 1.911. Since the cosine function is even,

the solutions in the interval -7 < x < Tare
x=—1911andx=1911.

35, The solutions in the interval € x <27 are x= .7.‘; and
nr . . .
x= e Since y = sin x has period 27, the solutions are

all of the form x= -EE+ 2kmorx= '“Tw-l- 2kw, wherek

is any integer.
36. The equation is equivalent to tan x = -!i ==|, sothe
solution in the interval - = < x < Z is
2 2
x=tan (=)= —-}. Since the period of y = tanx is 7, all
solutions are of the form x= —%+ k. where k is any

integer. This is equivalent 1o x= 941 +k, where k is any

integer.

37. Note that V8% +15% =17.

Since sin0=-8-— and —Esa's -1!-.
_ 17 2 2

7
cosf=y1-sin’0 = l-(—s-] 215

17 17
a8 15 _sinfd _8
Therefore: sinf= 7 cosf= 1 mnﬂ—mse-ls,
co(ﬂ—;—ﬁj. sac -....!...-_ll
tnd 8' cosf 15'
1 17
ﬂ:—--‘=—
sinf 8
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38. Note that ¥5* +12% =13

5 _-5/13_sing
12 12/13 cos@ d"z'sas
12

5
h ing=-— =22,
ave - sin T and cos® 3

In summary:;

5 12 5
0--""0 —— - —
sinf =13 cosé= {3, mnd=—-0

12 1 13 1

ot = —— = -, e m —— =

5 st 12" e

39, Note that r =J(-3}2 +4% =5, Then:

41, Let 0—-005"[”) Then 0 <0< wand cosﬂ--l:’i
sin(cos"(%)]ﬂinﬂa\h—mzﬂ
_ 1_[3_)’=£ 62

1 T 0.771

2 2

msB—J_ = [13]2——-‘[——- Therefore,

13
in™ _9.. = ,'__55"0_
lan(sm [13)}-um0 i

9/13 9
T a0

43. (a) Amplitude = 37

2n -
(21 365)

. {c) Horizontal shift = 101

42, Let e=sin"[%].'rhen -T<0<Z and sng=

(b) Period =

—, We

2 50
3'

{d)} Venrtical shift = 25

(®) f(x)= 37sm[-3-6-§(x 101)]
44, (a) Highest:25+37=62F
Lowest : 25-37=-12'F

62+(-12)
2

(b} Average = =25'F

This average is the same as the ventical shift because
the average of the highest and lowest valves of
y=sinxis 0,

45, (a) cot(—x) = M = Los(x) =—col(x)
sin(~x) -sin(x)

(b) Assume that fis even and g is odd.

g JC8 . ) S
g=x) -g(x) glx)

so i is odd. The
g
situation is similar for -f: .

1 1
46. (8) csc{—x)= """"('T) m = =¢se(x)

(b) Assume that fis odd.
1 1 1 1
Th = =— — isodd.
O R T i

47, Assume that fis even and g is odd.

Then f(-x)g(-x)= (F(x}Y-g(x)=~f(x)g(x) s0 fg)is

odd.

48. If (a, b) is the point on the unit circle cosresponding to the

angle & then (—a, -b) is the point on the unit circle
corresponding to the angle (6 + =) since it is exacily half
way arcund the eircle. This means that both

tan {8) and tan (8 + 7) have the same value, z-

49. () Using a graphing calculator with the sinusoidal
regression feature, the equation is y = 3.0014
sin (0.9996x + 2.0012) + 2.9999.

(b)y=3sin(x+2)+3

50, Fulse, It is 47 because 2n/8 = 1/2 implies the period
Bisdm

51, False. The amplimde is 1/2,

52.D.

53. B. The curve oscillates between =3 and 1.
54.E

58, A,




56. (@)

ANV AN,
\ViRV/

[—21, 20} by [-2,2)

‘The graph is a sine/cosine type graph, but it is shifted
and has an amplitude greater than 1.

(b) Amplitude = 1.414 (that is, V2 )
Period = 2%

Horizontal shift = ~ 0.785 (m is.—%) or 5.498
T
that is, - =
(sis- 28]
Vertical shift: 0

© sin[x+-}]=(sinx)(oos-}]ﬂcosx)(sin%)

ol o)

-—L(nx+cosx)
2
Therefore, sinx+cosx= ﬁsin(.ﬁ%) .

57. (a) Jisin(ax+ %)

(b} See part {a).
{c) It works,

, T, z . T
) sm[nx‘i-:]- (mnax)[cos 1 ]+(msax)[an 2 ]

el

= L(sinax-l—msar)
2

So, sin(ax)+cos(ax) = 2 sin[ax+ -})
58. (a) One possible answer:

o)

{b) See part (a).
(c) It works.
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@ Sill(.t+m"(.z.]]
=sin(x)ms(wn' [%]]fw)gn[m-'(ﬂ]
=sin(x)[ a:l-bz ]-i-cos(x)[ a::. b’]

= L «(asinx + beosx)
Ja’-{-b’

and multiplying through by the square root gives the
desired result. Note that the substitutions

- b) a

H

cos| tan™" ~ |= and

( [+ :;az+bz
_1_13' b

sin| tan = depend on the requirement
[ “) Va? + b

that a is positive. If 4 is negative, the formula does not
work.

59. Since sin x has pericd 27, sin® (x + 27) = sin® {x). This
function has period 277. A graph shows that no smalter
number works for the period.

A_IA
VIV

(=2, 2} by {~1.5, 1.5)

60. Since tan x has period 7, |tan (x+ m}| = |tanx|. This

function has period or. A graph shows that no smaller
number works for the period.

{2, 27} by [-1, 5]

L4

60 30

<

[-&&]we22

61. The period is . One possible graph:
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62. The period is 2m - '516 . One possible graph: 8. Since 2x - y = ~2 is equivalent o y = 2x + 2, the slope

60 " of the given line (and hence the slope of the desired line)
is 2.
/ \ y=2x=N+t
4 " y=2x-5

L 1y i-2.2) 9, Since 4x + 3y = 12 is equivalent to y=--§—x+4 » the slope
- e of the given line (and hence the slope of the desired line) is

Quick Quiy (Sections 1.4~1.6) 4
L.C. 3
~ 2D 4
3.E. )’=”§{x—4)"'|2
4.(a) f(x)=5x-3 =4,
y=5x=-3 3 3
x=5y-3 3
x+3=5y 10, Since 3x - 5y =1 is equivalent to y= -s-xms- , the slope of
x+3
5 the given line is % and the slope of the perpendicular line
ﬂx=£§2 .
. 11 —3 .
x+
(b) feg(x)= ['-—-]
Sfeg(x)=Jf 5 y=_§(x+2)_3
=5(‘—ﬂ)-3 519
S =33
=x+3-3=x
(¢) gefix)=g(5x-3) 11. Since 1.r+ly=l is equivalent (o y=-—§x+3.lhe
JGx=3+3_sx_ 2 3 2
3 3 slope of the given line is —% and the slope of the

Chapter 1 Review Exercises (pp. 66-57)

L y=3x-D+(-6)
y=3x-9

perpendicular line is % .

: y=§(x+l)+2
2, y=-5(x+l)+2 2 B
J’=-~l—x+§- -""5""3 |
2 2 : 12. The Line passes through (0, ~5) and (3, 0}
3.x=0 m=0-(-5)_§
hom=26 8 3-0 3
1-(-3) 4 y:gxo—s
y==2(x+3)+6 -3
y=-2 P S I T |
5.y=2 T2 4 2
fme3=3_2_2 f(x)=-—%(x+2)+4
T 2-37 57 S |
y==—=(x—=3)+3 f(x)=_ax+3
_ 202 ' 1
.P--g""s" Check: f{4)=-—5(4)+3=l.asexpecled.
T.y=-3x+3




s

-

14, The line passes through (4, ~2) and (=3, 0),

o _ 2 2
323 T3y
=-2(x=g)-2
r="3
26
YRS
15.

| il
]

[-31 3) by [-2, 21
Symmetric about the origin.

\\/

[~3.31by[-2.2]
Symmelsric about the y-axis,

7

| 9

{—6, 6] by [-4,4)
Neither
18.

AN

{—1.5, L5] by [-0.5, 1.5]
Symmetric about the y-axis.

19.5-x)= (-0 + I = x*+ 1= 3(0)

Even

0.3 = 2= (2P = (9 =+ Prx=—y0)

Odd
2L y(=x) = I = cos(—x) = | = cos x = y(x)
Even
22, y(—x)=sec(—x)tan(~x)
- sin{—x) _ —sinx
eoszt-x) cos? x
=—secxlanx =-y(x)

Odd
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=0+l x4l atal
- h-—-.ﬂx)

23 H=x)= 3 =— =
=%y ~2-x) —x"+2x x-

Odd

U y(~x)=t-sin(-x)=1} +sinx
Neither even nor odd

25.(=X) = =x+ CO5 {-x) = —x +CO5 X

Neither even nor odd

26, y(—x)= J(—x)‘ —1=x' =1

Even

27, (a) The function is defined for all values of x, so the
domain is (—o, =),

{b) Since |x| altoins all nonnegative values, the range is
[=2, o).

\ / |

g i

[~10, 10] by [-10, 10} :
28. (n) Since the square root requires | - x 20, the domain
i§ (—s, 1].
(b) Since V1-x atiains all nonnegative values, the range
is [~2, o).
(c)

e
\

\

[-9.4, 9.4 by (-3, 3]

29, (a) Since the square root requires 16 - x2 0, the domain
is [—4, 4]. !

(b) For values of x in the domain, 0 € 16 - x*< 16, so
02165 <4.The range is (0, 4].
(c)

N

[-9.4, 9.4] by [-6.2, 6.2]
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30. (a) The function is defined for all values of x, so the
domain i§ (~es, o), '

(b) Since 3°* atains all positive values, the range
is (1, =),

() u
N

(-6, 6] by {4, 20}

31. (a) The function is defined for all values of x, 50 the
domain i (~os, oo),

{b) Since 2¢™* attains all positive valucs, the range
i5 (-3, 00),

\

.

(c)

e

[~ 4} by [-5.15]
32, (a) The function is equivalent to y = tan 2x, 50 we require

2x# !F-ZE for odd integers k. The domain is given by
X %E for odd integers k.

{b) Since the tangent function altains all values, the range
is {~oo, o), .

©
[-5%]wres

33, (a) The function is defined for all values of x, so the
domain is (—ee, =),

- (b) The sine function attains values from~1 to |,
50-252sin(3x+ m <2, and hence -3 <2
sin (3x+ #) = 1 S 1. The range is [-3, 1).

©)

AVAVAV

[ ~m, ] by {~5, 5]

34, (8) The function is defined for all values of x, so the ] p’

domatn is (—ee, o).

(b} The function is equivalent to y=3x?, which atains
all nonnegative values. The range is [0, «0).

\\/,-r""’

[ -8, 8} by[-3,3]

35, (a) The logarithm requires x — 3 > 0, so the domain
is (3, %0).
(b) The Jogarithm attains all real values, so the range is

(e2, o).

@

f/”

[~3, 10] by (-4, 4]
34, (a) The function is defined for all values of x, so the

domain is (~os, o), e
(b} The cube root attains all real values, so the mnge is ‘ J
(~o0,00),
{c}
Wt

.

{~10, 10] by [-4,4]

37. (a) The function is defined for 4 S x s 4, so the domain is
[-4.4].

(b) The function is equivalent to y=+lix|,-4<x<4,

which altains vatues from 0 (o 2 for £ in the domain.
The range is [0, 2).

©

™~

[-6.6)by [-3.3]




38, (a) The function is defined for -2 < x £ 2, so the domgin is
-2, 2).

(b) See the graph in part {c), The range s [~1, 1].
)

-3, 3] by [-2, 2]
39. First piece: Line through (0, 1) and {1, 0)

0-1 -t
T
==x+lorl-x
Second piece:
Line through (1, 1) and (2, 0)
0-1 i
e |
S T Rl
y=~(x=1}+1
y==~x+2or2-x
_Ji-x, 0x<l
f(")'{z-x, 1Sx52
40, First piece: Line through (0, 0) and (2, 5)
m=370.3
2-0 2
=-5—J
=3
Second piece: Line through (2, 5) and (4, 0)
295 _5_5
4-2 2 2

y=—%{x-2)+5

y=—§x+10 or 10—2'-‘-
Sx

flx)= 2’
10-7‘, 25x54

0£x<2

(Note: x = 2 can be included on either piece.)

l = =-l-=.-
J_l—+2]-f(l} =1

® (gof)(2)=s(f(2))=g(-%]= JD;?

41, (8) (fogk-D=flg(-M=f [

=lorJ-§-
Y25 ¥
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© (f°f)(x)=f(f(x))=.f(%]=“+x=x. x20

1

1
d) (ge )(x)=s(s(x))=g( ]=
g x+2 Jqu+2+2

- Yr+2
1+2Jx +2
42. (@) (fogX-D= fig(~1)

= f¥-1+1)
= f0)=2-0=2

) (o X2 =g =22-2)=g(0)= Y0 +1=1

© o)D) = A =f2-9=2=Q2~1) =x

@ (gogXr)=glg(x) = g¥x+1)= Wx +1+1

43, () (fogXx)= fg(x))
= f(Jr+2)

=2-(x+2)
Ty, X 22
(8o fXx)=g(f(x))
=g(2-x")
= J(Z-—xz)+2 =4-x

(b) Pomain of f « g: [-2, =)

Domain of g o £ [-2, 2]
{c) Range of f o g: (—, 2)
Range of g o £: [0, 2]
4. (r) (fogXx)= f(g(x))
= f1=x)
l-x
Yi-x
(8o FX0 = g(f ) =gV =1 -Vx
(b) Domain of f o g: (=, 1]
Domain of g o £ [0, 1]

(c) Range of f g: [0, =)
Range of g o f: [0, 1]
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45, ()

L
S

\/

(-6, 6] by [4.4]

Initial point: (5, 0)
Terminal point: (5, 0}

The ellipse is traced exaetly once in & counterclockwise
direction starting and ending at the poim (5, 0).

{b) Substituting cost=§ and :=22’- in the identity
cos?7+ sin® r=1 gives the Cartesian equation
2 2
X 2] =
(5] * (2) .

The entire ellipse is traced by the curve,
46. (a)

7
N

-9, 91 by [-6, 6]
Initial point: (0, 4)

Terminal point: None (since the endpoint 9-2-1!- is not

included in the i-interval)

The semicircle is traced in a coumterclockwise
direction starting at (0, 4) and extending to, but not
including, (0, -4).

(b) Substituting cost =§ and sim:-il in the identity

2

cos® 1+ sin’ 1= | gives the Cartesian equation

2 2
[-}) +[%) =1,0r x*+ y= 16. The left half of the
circle is traced by the parametrized corve.

47, (a)

4

Py

(-8, 8} by [-10, 20]
Initial paint: (4, 15)
Terminal point: (-2, 3)
The line segment is traced from right to lefi siarting at
(4, 15) and ending at (-2, 3).

{b) Substituting r= 2 — xinoy = 11 — 2r gives the
Cartesian equationy= 11~ 2(2 ~x),or y=2x+ 7. The
part of the linc from (4, 15) to {~2, 3} is traced by the
parametrized curve,

48. (a)

=
\“\

[-3. 8] by [4.6)
Initial point: None
Terminal point: (3, 0)
‘The curve is traced from left 1o right ending ot the
point (3, 0).

{b) Substituting i = x - 1 into y= Ja=2 gives the
Cartesian equation y= \/4— 2x=1), or

y= J6—2x. The entire curve is traced by the
parametrized curve.

49. (a) For simplicity, we assume that x and y are linear
functions of #, and that the point (x, y) starts at
{~2,5)fort=0and endsat {4, 3)forr=1,
Then x = f{1), where fi0) = -2 and 1) = 4,

Ax _4-(-2)

S' & ——uh, X =

ince slope ~ - 120 6, x=fl7)

6r—-2=—2+0t

Also, y = g(f), where 2(0) = 5 and g(1) = 3. Since
Ay 3-5

shpes — = ——=-2,y= = -

ope A 150 2,y=g(t)==24+5

=5-2

One possible parametrization is: x =~2 + 61,

y=5-21,05151

50, Far simpficity, we assume that x and y are linear functions
of r and that the point (x, y) passes through (~3, =2) for
t=0and (4, ~1) for 1= 1. Then x = £1), where 10) = -3
and f{1) = 4. Since

x=fN=Ti-3=-3+1.
Also, y = g(#), where g{0) =—2 and g(1})=-1.
Since

y=p=t-2==2 41
One possible parametrization is:
x==3+Tt y==241,—c<t<os,




§1. For simplicity, we assume that x and y are lincar functions
of ¢ and that the poimt (x, y) starts at {2, §) for ¢ = 0 and
passes through (~1, 0) for ¢ = 1. Then x = £ (1), where f (0)
=2 and f(1) =—1. Since

Ax  ~}=2
sl T R e = -} X = = - =2~-3.
ope YR Jx= flty==3r+2 2 K
Also, y = g(r), where g{0} = 5 and g(1) = 0. Since

L Lt B A
slope Ar"l-—oa Sy=g)==5t+5=5-51,

Qne possible parametrization is:
x=2-=3ny=5-51,:20.

52. One possible parametrization is:
x=ty=i~4),152

53.(a) y=2-3x
3x=2=~y
=2y
=7
Interchange x and y.

2-x
ys—0

3

by 2o X
(x) 3
Verify.

o f Y= £ (x)
2-x
=/ ('3—

{59

=2=-(2-x)=x

U e fXn)= )
=f(2-3x)
- 2—-(2-3x)

()

[-6, 6] by [-4,4]

54.(8) y=(x+2P%,x2-2
J;=x+2

.r=\l_)-;—2

Interchange x and y,

y=Vx~2
Fx=vx-2
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Verify,
For x = 0 {the domain of )
(Fof X0 =1y
= f(Jx-2)

=l(Vx -2)+2F
=(fx=x

For x 2 =2 {the domain of ),
(f' o 0= £ (0D

=f"'(x+2)")
=\I(:¢:+2)2 -2
=l x+21=-2
=(x+2)-2=x
)
Jr"f
(-6, 12] by [-4, 8]

55, Using a calculator, sin™ (0.6) = 0.6435 mdians or
36.8699°.

56. Using a calculator, tan™ (=2.3) = ~1.1607 radians or
-66.5014°.

57. Since cosaz-::’; and0gasm

2
sin@ = 1—cos? 6 = 1-[3) _Jo_Jao
7) V8=

Therefore,
mn9=J4_0,msﬂ=—.lan0=ﬂg~=J—4—q.
7 s@ 3
1 3 ) 7
10 = ——— = Sl s —— -
< tan8 JTT{M cosf 3
= 1
sin® a0

58. (a) Note 1hai sin”! (-0.2) = -0.2014. In {0, 27), the
solutions are x = 77— sin”~' (-0.2) = 3.3430 and
x=sin™ (=02} + 27 = 6.0818.

{(b) Since the peried of sin x is 27, the solutions are
x=3.3430 + 2krand x = 6.0818 + 2bm, k any intcger.

59, ¢ =4
Ine™®?* =1In4
—0.2x=In4

Ind =-5In4

Y
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r

64, (8) The given graph is reflected about the y-axis.

¥
3 N
0,2
©.2 y=il-x)
N (wlf 0) i 1
= 6.0}
-3k

{b) The given graph is reflected about the x-axis.

¥
k18

(-3.1. 0) L I |‘ “10) 1

3 3
[/ y=-f}
©.-2

-3}

(c) The given graph is shified left 1 unit, stretched
vertically by a factor of 2, reflected sbout the
x-axis, and then shificd upward 1 unit.

y=-2f(x+ D+l 3
4,0

-L-3

{d) The given graph is shifted right 2 units, stretched
vertically by a factor of 3, and then shifted downward

2 unils.
Y ysifix-2-2
4F {2,4)
-i 1 L 'l \l ;Vx
-1,-2) - (3.-2)

61. (a)
¥y
3 -
{-3,2) G.2)
‘5 L L A L .3 x
1. -D{ -1
-3k
{b)
¥y
at
6.2)
(-lo l)
-5 Fi 1 1 I i x
€1, -1
©3,-2)

62. (a) V= 100,000 ~ 10,000x, 0<x< 10

(b) V = 55,000
100,000 - 10,000x = 55,000
—10,000x = -45,000
x=45

The value is $55,000 after 4.5 years,
63. (a) 10 = 90 units
(M) R2)=90~ 52 In 3 =~ 32.8722 units
(©
[

[0.4] by [-20. 100)
64, 1500(1.08)' = 5000

In(1.08)" =In~—

10
{In1.08=In—
3

;- 1n(10/3)
~ In1.08
1=15.6439

It will take about 15.6439 years. (If the bank only pays
interest at the end of the year, it will take 16 years.)




s

6S.(a) N =4. 2
(b) 4 days: 4 - 2* = 64 guppies
1 week: 4 + 27 = 512 guppies
(c) N()=2000
4-2' =2000
2" =500
In2' =500
rin2 =500

t= l"l:go = 8.9658 There will be 2000 guppics after

89658 days, or afier nearly ¢ days.

(d) Because it suggests the number of guppies will
continue to double indefinitely and become arbitrarily
large, which is impossible due to the finite size of the
tank and the oxygen supply in the water.

66. (0) y=41.770 x + 414.342

1=

(-5 25] by [0, 1500}

(b} y= 41.770(22)+414.342=1333
1333-1432 =99

The estimate is 99 less than the 2ctual number.
{(Q)y=mx+b
m=41.770

The slope represents the approximate annual increasc
in the number of doctorates eamed by Hispanic
Americans per year.

67, () y = (17467,361) (1.00398)" =

=

{=5, 25] by [17000, 20000]

(b) (17467.361) (1.00398)* = 19,138 thousand or
19,138,000 .

19,138,000 - 19,190,000 = ~52,000
. The prediction is less than the actual by 52,000.

17,558
LI L. LAY 4
(c) 19.138)(23) 0.0398 or 4%

Section 2.1

68. (B)m:l
(b)y=-x—1
©y=x+3
d)2
9.} (2, =) x-2>0
{b) (oo, =) all real numbers
© fin=l~in(x~2)
O=1~In(x~-2)
I=In(x=2)
d=x=2
xze'+2=4718
(@) y=t-In{x-2)
Xz ]~fy-2)
x=1==h(y~2
el-l=y_2
y=e™ 42
@© (fo D= SN = f2+e)
= 1~ M2+ " = 2)=1=In(e"*)
=]~(l=-x)=x

(Fe X0 = (N = £ (1~ In(x-2)

= g ile=2D o L ila-2)
=2+(x-2)=x
70. (@) (~e=, =) all real numbers
{b) [-2, 4] 1 ~ 3 cos (2x) oscillates between ~2 and 4

(YK
(d) Even. cos (-8) =cos{B8)

(e} x~2526

Chapter 2
Limits and Continuity

Section 2.1 Rates of Change and Limits
(pp. 59-69)

Quick Review 2.1
L f2)=22)-52)* +4=0

42)* -5 _u

L IO=—5 =1

3. f(2)=sin(rr-%)=sin =0

1 I
$I@=5 =y

51




