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Chapter 1 Section 1.1 Exercises
Prerequisites for Calculus L Ax=-1-1=-2
Ay=-1-2=-3
Section 1.1 Lines (pp. 2-11) 2. Ax=—1-(-3)=2
Quick Review 1.1 Ay=-2-2=-4
Ly=—2+43-3)=-2+4(0)=-2+0=-2 3. At=—8—(-3)=-5
2. 3=3-2(x+1) Ay=1-1=0
3=3-2x-2 4. Ax=0-0=0
2x=-2 Ay=-2-4=-6
xX=-
. _3_;1__1 5.(a,¢)
5-4 1 y
4. m=2" 3
3-(-1) 4

)15 T T R B
1=5

) 33-4(-DL5
135 No

6. (a) 72_2(-1)+5 ) m=1—2 5 _3

7=2+5 Yes

(b) 1=-2(-2)+5
19 No

7. d:\/(xz_x1)2+()’2_y1)2 i

=J0O0-12+(1-0)

=\/E “‘-‘llllltllgx

8. d=\/(x2—x1)2+(y2—yl)2 B

(5 3
=\[1=2%+| 51
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8.(a, ¢)
y
A
sk
Y
L 1 L 1 1 i L 1 L 5
- ¢B
-3-2 -5
b =———=— (undefined
(b m=—"—"="" ( )

This line has no slope.
9.(a)x=3
(b)y=2
10. (a) x=-1

4
(b)y—g

11. (a)x=0
) y=—2

12. @) x=—
(b)y=0

1Boy=1x-1D+1

14. y=—1[x—(-1)]+1
y=-l(x+1D)+1

15.y=2(x—0) +3

16. y=-2[x—(=4)]+0
y=-2(x+4)+0

17.y=3x-2
18.y=—Ix+2o0ry=—x+2

1
19.y=——x-3
y 2x
20 —lx—l
.y 3
21 m=2-0_2
2-0 2
3
=—(x-0)+0
y=5&-0)
3,
Y72
2y=3x
3x-2y=0

2. m=1"1_0_
2-1 1
y=0(x-1)+1
y=1
23. m=ﬂ=_—2 (undefined)
-2-(=2) 0

24. m

25.

26.

27.

28.

Vertical line: x =-2

T2-(2) 4 4
3
)’=—Z[x—(—2)]+1
4y=-3(x+2)+4
4y=-3x-2
3x+4y=-"2

2-1_3_ 3

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

25-0 25 5

m= =
10-0 10 2
5

==x
Y73

The line contains (0, 0) and (5, 2).
2-0_2

m=-—-

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

3
=—2x+3
y==,x

3
a) Slope: ——
(a) Slop 2

(b) y-intercept: 3

(©
\

[-10, 10] by [-10, 10]

x+y=2
y=—-x+2

(a) Slope: -1
(b) y-intercept: 2

(©
\

-

N

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




=
<

29. —+-=1
3 4

=-241
3

= A=

:—ix+4
3

4
a) Slope: ——
(a) Slop 3

(b) y-intercept: 4

(©)
~

[-10, 10] by [-10, 10]
30.y=2x+4
(a) Slope: 2
(b) y-intercept: 4

(©
%

/£

/

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

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

y=—1(x—-0)+0ory=—x.

-1
(b) The desired line has slope 3 =1 and passes through

(0, 0):
y=1x-0)+0ory=ux

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

y==2(x+2)+20ry=-2x-2.
. . -1 1
(b) The desired line has slope ) = > and passes
through (-2, 2):
—l(x+2)+2 or —1x+3
) YT

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

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

1 1
through | -1, — |: y=—.
e (-1 3 Jor=3

(b) We seek a vertical line through (—1, ;) x=-1.

]
\9)

35 m=—"=
-1

7 7 3
f(x)—E(x—l)+2—§x—E

w‘
SN

Check: f(5)= %(5) - % =16, as expected.

7

Since f(x)zfx—g,wehave m=Z and bz—g.
2 2 2

oo AmCD_3_ 3
4-2 2 2

3 3
=——(x-2)+(-)=—=x+2
Fx) 2(x )+ (=D 7%
3
Check: f(6)= —5(6) +2=-7, as expected.
. 3 3
Since f(x)=—5x+2, we have m:_E and b =2.

37. ==

38. 2=

x—
2(x+8)=4
x+8=2
x=-6

39. y=1+(x-3)+4
y=x-3+4
y=x+1

This is the same as the equation obtained in Example 5.

40. (a) When y = 0, we have X 1,s0x=c.
c

When x =0, we have %zl,soyzd.

(b) When y = 0, we have —=2 ,S0Xx= 2c.
y
c

When x =0, we have %=2,50y=2d.

The x-intercept is 2¢ and the y-intercept is 2d.
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2
41. (a) The given equations are equivalent to y = —%x + %
. 2
and y =—x + 1, respectively, so the slopes are % and

—1. The lines are parallel when —% =—-1,s0k=2.

2 -1
(b) The lines are perpendicular when ar =—

-1’
so k=-2.
42.(a) m= 68-69.5 = -1s =-3.75 degrees/inch
04-0 0.4

(b) m= 9-68 = -9 =~—16.1 degrees/inch
4-04 3.6

(c) m= 4-9 = = =~—7.1 degrees/inch
47-4 0.7

(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.

43. Slope: k:&:%:%
Ad 100-0 100
=0.0994 atmospheres per meter

At 50 meters, the pressure is

p =0.0994(50) + 1 =5.97 atmospheres.
44. (a) d(t) =45t

(b)

[0, 6] by [—50, 300]
(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.

(e) The car starts at time # = 0 at a point 30 miles past P.
45. (a) 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)

[1995, 2005] by [40000, 50000]
(d) When x = 2000,
y = 1,060.4233(2000) — 2,077,548.669 =~ 43,298.

In 2000, the construction workers’ average annual
compensation will be about $43,298.

46. (a) y = 0.680x + 9.013

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

(c)

[15, 45] by [15, 45]
(d) When x =30, y = 0.680(30) + 9.013 =29.413.
She weighs about 29 pounds.
47. False: m= ﬂ and Ax = 0, so it is undefined, or has no

slope.

48. False: perpendicular lines satisfy the equation

m, my=-1, or m, =—m—
2

49. A:y=m(x—x))+y,

1
=(x+3)+4
y 2(x )

ory—4:%(x+3)

50.E.
51.D:y=2x-5
0=2x-5
5=2x
5
xX==
2

52.B:y=-3x-7
—-1=-3(-2)-7
-1=6-7
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53. (a) y =5632x - 11,080,280 y

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

(c) y=2732x-5,362,360 L
(d) The median price is increasing at a rate of about
$5632 per year in the Northeast, and about $2732 -1, Il) ]/

per year in the Midwest. It is increasing more rapidly
in the Northeast. “1.-2) ¥

54. (a) Suppose x°F is the same as x°C.
56.

x=2x+32 y

5
(1—9)x =32
5
(a, b)
4 s, r’"’\
5 4 X

x=-40 7
Yes, —40°F is the same as —40°C.
(b) (g h) (e.f)
/I/ // Suppose that the vertices of the given quadrilateral are
vg (a, b), (c, d), (e, f), and (g, h). Then the midpoints of
the consecutive sides are
W a+c b+d x ct+e d+f v e+g f+h
[—90, 90] by [-60, 60] 272 ) 27 2 ) 272 )
It is related because all three lines pass through the
g+a h+b .
point(—40, —40) where the Fahrenheit and Celsius and Z »—— | When these four points are

temperatures are the same. . .
connected, the slopes of the sides of the resulting

55. The coordinates of the three missing vertices are (5, 2), figure are:
(-1, 4) and (-1, —2), as shown below.

d+f b+d
or ‘cte atc  e-a
i 2 2
frh_d+f
xy:—2 2 _h-d
etg cte g-c
2 2
Srh_h+b
i zy:—2 2 _J=b
e+g_g+a e—a
" 2 2
or h+b b+d
(_1>4) I WZ 2 2 :h_d
SN sra_are e
LD &t Opposite sides have the same slope and are parallel.
1 1 ¢ 1 1 1 1 X
L 20 6
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- ¢) Distance
57. The radius through (3, 4) has slope 4-0 = 4 . ©
3-0 3 > 3
=N&x-a)" +(y-b)

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

~1 3 3 Bza+AC asb | (A+BC-aBa )
173 = 1 We seek the line of slope ~2 that passes TAam i L+ -b
th h (3, 4).
rough (3, 4) \/ 32a+AC ABb a(A? +Bz)] {A2b+BC—ABa—b(A2 +B%) ’
3 24 B2 A2+ B?
=——(x-3)+4
y==,0-3) :

3 9 AC ABb— A’a . BC - ABa— B*b
y:—2x+1+4 A2+ B2 A+ B
y=_§x+§ J AC—Bb— Aa)) +(3(C—Aa—3b)]2

4 4 2+ B A+ B

58. (a) The equation for line L can be written as 5 > 5
\/A (C—Aa-Bb)®  B’(C—Aa—Bb)
A 2 212
y= —Ex +% , so its slope is B The perpendicular B A"+ 8%
. \/(Az + B2XC — Aa - Bb)*
line has slope —— =— and passes through (a, b), so (A + B*)?
pe g 4 2ndp gh (a, b)
B _ [(C - Aa— Bb)?
its equation is y = X(x —a)+b. - A2+ B2
B _ . . _lc-aa-ml
(b) Substituting Z(x —a)+b fory in the equation for line m
L gives: ‘ Aa +Bb—C|

Ax+B|:j(x—a)+b:|=C Va* + B

A’x+B*(x—a)+ ABb = AC

(A2 + B%)x = B’a+ AC— ABb Section 1.2 Functions and Graphs

_ B’a+AC—ABb (pp. 12-21)
A’ +B? Exploration 1 Composing Functions
Substituting the expression for x in the equation for line Ly,=gofy,=fog
L gives:
5 2. Domain of y;: [-2, 2] Range of y;: [0, 2]
B a+ AC— ABb
A aziz + By =C Vit
A" +B
By= —A(B*a+AC— ABb) | C(A%*+BY)
AT+ B AT+ B?
—AB’a— A’C+A’Bb+ A°C+B°C ,'( '\
By = 2, 2
A"+B (—4.7, 4.7) by [ -2, 4.2)
A’Bb+B°C - AB%a ,
By = P hpE
A“+B
_A’b+BC-ABa

A2 + Bz /
The coordinates of Q are
B*a+AC—ABb A’b+BC— ABa
A+B> T AP+ B .

[~4.7, 47] by [-2, 42]
Y3t

1N

[—4.7,47) by [~2,4.2)




3. Domain of y,: [0, e); Range of y,: (—ee, 4]

[—2,6] by [-2.6]

4y =y, = n0 =J4—x?

Ya:

Ys =0 () =4—(3,(x)? =4-(x)? =4-x, x>0

Quick Review 1.2
1. 3x—1<5x+3
—2x<4
x=>-2

Solution: [-2, o)
2.x(x-2)>0

Solutions to x(x —2)=0: x=0,x=2
Testx=-1: —-1(-1-2)=3>0

x(x—=2)>0 is true when x < 0.
Testx=1: 11-2)=-1<0

x(x—=2)>0 is false when 0 < x < 2.

Testx=3: 3(3-2)=3>0
x(x—=2)>0 is true when x > 2.

Solution set: (—eo, 0) U (2, o0)

3. |x-3|<4
—-4< x-3<4
-1 <x<7
Solution set: [—1, 7]

4. |x-2| 25
x—2<-S5o0rx-22>5
x<-3orx>7

Solution set: (—oo, —3] U [7, o)

5. x2< 16
Solution to x>=16: x=—4,x=4
Testx=—6: (-6)> =36>16
x2 <16 is false when x < —4
Testx=0: 02=0<16

x2 <16 is true when —4 < x <4

Testx=6: 6>=36>16
x2 <16 is false when x > 4.

Solution set: (—4, 4)
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6.9-x220
Solutions t0 9 — x?>=0: x = -3,x=3
Testx=—4: 9—(—4)*=9-16=-7<0
9—x% >0 is false when x < 3.
Testx=0: 9-02=9>0
9—x? >0 is true when —3< x <3.
Testx=4: 9-42=9-16=-7<0
9—x% >0 is false when x > 3.
Solution set: [-3, 3]
7. Translate the graph of f 2 units left and 3 units downward.

8. Translate the graph of f5 units right and 2 units upward.
9. (a) fx)=4
x*-5=4
x*-9=0
(x+3)(x-3)=0
x=-3o0rx=3
b f(x)=-6
xP=5=-6
xr=-1
No real solution
10. (@) f(x)=-5
1
=-5
1

5

= =

(b) f (xl) =0

~=0
X

No solution

11.@) f(x)=4

Nx+7=4

x+7=16
x=9

Check: v9+7 =+/16 = 4: it checks.

() f»)=1
Vvx+7=1
x+7=1

x=-6

Check: vV—6+7 =1; it checks.
12.(a) f(x)=-2

Yx—1==2
x—1=-8
x=-7

(b) f(x)=3
Ix-1=3
x—1=27

x=28
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Section 1.2 Exercises 8. (a) Since we require —x > 0, the domain is (oo, 0].
2
b) (—<, 0
1. A(d):w{d) (b) (—eo, 0]
2 ©
4in
Ad) =7 | = m(2 in)* = 47 in® y

L 1 1 1 1 1 1 X
ﬁs:3£m=1.5\/§m -6 L0

2. h(s)=
(5) 2 5 AL

3.5()=6e>=6(51t)>=6(25 ft>)=150f>

3

4 4 3 4L
4. =—mr’=—m(3cm
v(r) 3 mr 3 7r( )

9. (a) Since we require x — 2 # 0, the domain
i (—o0, 2) U (2, o0).

4
= 577'(27 cm’) =367 cm®

5. (a) (—oo, o0) or all real numbers (b) Since can assume any value except 0, the range
(b) (=, 4] is (=0, 0) L (0, o).
(©) ()
y
y 5

5 -

3 I L 1 1 1 1 1 1 1 1

1 i -5 1 5%

L X
37 - T\ 3
3 B -5

10. (a) Since we require —x = 0, the domain is (—ee, 0].
6. (a) (—oo, o0) or all real numbers

(b) [0, )
(b) [-9, =)
(©)
(0 y
y al
6F L
2+ L
E i B
oL
11. (a) Since we require x # 0, the domain is
(=22, 0) U (0, o0).
. . .. 1 1
7. (a) Since we require x — 1 > 0, the domain is [1, ). (b) Note that > can assume any value except 0, so 1+;
(b) [2, =) can assume any value except 1.
(c) The range is (—eo, 1) U (1, o).
y (©
51 y
L / 5 L
2r P —— ! i Ly
1r -5 = :
L 1 1 1 1 1 X -
-10 1 5 L
1L L




12. (a) Since we require x2#0, the domain is
(=20, 0) U (0, =)

(b) Since % >0 for all x, the range is (1, o).
X

(c)

-2
13. (a) (—oo, =) or all real numbers

(b) (—c0, ) or all real numbers

(c)

L

[

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

14. (a) Since we require 3 — x > 0, the domain is (—oo, 3].

(b) [0, =)
(c)

I

\

[-4.7,4.7] by [-1,7]

15. (a) (—oo, =) or all real numbers

(b) The maximum function value is attained at the point

(0, 1), so the range is (—eo, 1].
(©

1

I

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

16. (a) Since we require 9 — x220 the domain is [-3, 3]

(b) [0,3]

[N

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

Section1.2 9

17. (a) (—oo, =) or all real numbers

(b) Since x*° is equivalent to Ux?  the range
is [0, o)

(c)

‘_\_‘_\—\_\__\-\/{_,_:—'_'_'d

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

18. (a) This function is equivalent to y=+/x> , so its domain
is [0, o).

(b) [0, =)
(c)

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

19. (a) (—oo, =) or all real numbers
(b) (—c0, ) or all real numbers

(c)

L
_:—'—'_'_'_'_'_‘-
[-9.4, 9.4] by [-3.1, 3.1]

20. (a) Since (4 — xz) > 0, the domain is (-2, 2)
(b) [0.5, =)
(©

.

[-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()c2 —3x0).
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25. Even, since the function involves only even powers

of x.

26. Odd, since the function is a sum of odd powers of x.

27. Odd, since the function is a quotient of an odd function

(x3) and an even function (x2 -1

28. Neither, since, (for example), y(—2) = 43 and

¥(2)=0.

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

undefined.

30. Even, since the function involves only even powers

of x.

31. (a)

N/

[-4.7,4.7] by [-1, 6]

(b) (—oo, o) or all real numbers

(©) [2, =)
32.(a)

[—4,4] by [-2,3]

(b) (—oo, o) or all real numbers

(€) [0, )
/

33.(a)
[-3.7,5.7] by [-4, 9]

(b) (—oo, o) or all real numbers
(c) (—oo, o) or all real numbers

34. (a)

[—2.35,2.35] by [—1,3)

(b) (—oo, o) or all real numbers

(€) [0, )

35.

36.

37.
38.
39.
40.
41.

42,

43.

44,

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

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

No

Yes

Yes

No

Line through (0, 0) and (1, 1): y=x
Line through (1, 1) and (2, 0): y=—x+2

<x<
R
2, 0<x<l1
<
s A PO
0, 3<x<4
Line through (0, 2) and (2, 0): y=—x+2

Line through (2, 1) and (5, 0): m= % =—=—,

1 1
SO yz—g(x—2)+l=—§x+§

-x+2, 0<x<2

fx)=3 1 '5

——x+—,2<x<5
3 3

Line through (-1, 0) and (0, =3):
m= —3-0 =_—3=—3, soy=-3x-3
0-(-1) 1

Line through (0, 3) and (2, —1):

mz_]_Szj:—Z, soy=-2x+3
2-0 2

-3x-3, —-1<x<0
f(x)_{—2x+3, 0<x<2
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45. Line through (-1, 1) and (0, 0): y = —x 50. (a) The graph of f(x) is the graph of the absolute value
Line through (0, 1) and (1, 1): y =1 function stretched vertically by a factor of 2 and then
Line through (1, 1) and (3, 0): shifted 4 units to the left and 3 units downward.

Ll W W \ L/
3-1 2 2’ /
AV

1 1
so y=—5(x—l)+1=—5x+%

[-10, 5] by [-5, 10]

—x, e
f=x<0 (b) (=00, o) or all real numbers
fx)= 1, 0<x<1 (¢) [-3, )
3 s )
IERDY l<x<3 51.@@) f(g() = (x2=3)+5= x2+2

I (b) g(f(x) = (x+5)* =3

46. Line through (-2, —1) and (0, 0): y=—x = (2 +10x+25)-3
2 2

=x"+10x+22

Line through (0, 2) and (1, 0): y=—2x+2

0)=0%+2=2
Line through (1, -1) and (3, -1): y=-1 ©/ (@)= 0"+

1 @g(fO)=0%+10-0+22=22

—X, —2<x<0

2 ©g(g-2)=[(-2) 3] -3=-3==2
N e O<x=l OF(f@)=@+5+5=x+10

- f<xss 52.(a) f(g0) = (x— 1)+ 1 =x

b g(f)=C@+D—-1=x
(©)f(g(x)=0
@ g (f0)=0

47. Line through (Z’ O) and (7, 1):

me—120 2 yzz(x_T)+0=2x_1 ©g@g-2))=(2-1)—-1=-3-1=—4
r-ar2 1 2 T OF(f) =G+ 1) +1=x+2
T .
0, OSxSE 53. (a) Since (fog)(x)=+/g(x)—5=~x>-5, g(x)=x.
fo=1, ’ 1
—x=1 E<XST (b) Since (fog)(x)=1+——=x, we know that
g(x)
A, 0<x<— b =x—1, so g(x)=7] .
g(x) x—1
—A, —<x<T | |
48. f(x)= 3T (¢) Since (fog)(x)= f(] =x,f(x)=—.
A, T<x< - X X
_A, %T <x<oT (@ Since (fog)(0)=f(x)= ||, f)=x2.
49. (a) ) The completed table is shown. Note that the absolute
value sign in part (d) is optional.
g | f® (feg)(x)
x? x=5 x2 -5
-9.4,9.4] by [-6.2,6.2
049410y 162,62 I VR
Note that f(x)= —‘x - 3‘ +2, soits graph is the graph x—1 *
of the absolute value function reflected across the 1 1 X x20
x-axis and then shifted 3 units right and 2 units upward. X X ’
(b) (—o0, ) \/; x2 ‘x,xZO
(€) (=0, 2]
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54. (a) y = 2.893 x> — 24.107 x + 590.214
(b)

(¢) y= 2.893(18)2 —24.107(18)+590.214
=937.332-433.926+590.214
=$1093 million or $1.093 billion

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

55. (a) Because the circumference of the original circle
was 8 7 and a piece of length x was removed.

8T —x X
b) r= —4-
®) r 2 2
(€) h=+16-r"
2
= 16—(4—x)
2
2
:\/16—[16—4x x]
T 4’
N CE
T A’
_ 167Tx_ x?
47 Azt
_ 167 x — x°
B 2

1
@ v= ngh

177(877—)()2 V16mx — x2

3 2 2
(B x)2\/167rx —x2
- 2

244

56. (a) Note that 2 mi = 10,560 ft, so there are /800> + x>
feet of river cable at $180 per foot and (10,560 — x)
feet of land cable at $100 per foot. The cost is

C(x)=180v/800% + x> +100(10,560 — x)

()  C(0)=$1,200,000
C(500) =~ $1,175,812
C(1000) ~ $1,186,512
C(1500) = $1,212,000
C(2000) =~ $1,243,732
C(2500) ~ $1,278,479
C(3000) = $1,314,870

Values beyond this are all larger. It would appear that

the least expensive location is less than 2000 ft from
point P.

57.False: x*+x>+x# (—x)4 + (=) +(=x).
58. True: (—x)3 =—x

59. B: Since 9 — x> > 0, the domain is (-3, 3)
60. A:y#1

61.D: (fog)2)=f(x+3)2)=2(x+3)-1
=212+3)-1=2(5-1=10-1=9
62.C: A(w)=Lw
L=2w
A(w) =2w?

63. (a) Enter y, = f(x)=x-7,y, = g(x) = \/;,
¥3=(fo ©)x) = y,(»,(x)), and
Yi=(g o N =y, (%))

fog: gof:
/ o //
[-10, 70] by [-10, 3] [-3, 20] by [-4, 4]
Domain: [0, o) Domain: [7, o)
Range: [-7, ) Range: [0, )

M) (foghx)=x-7 (g0 () ="x—T
64. (a) Enter Y =f(x):1_x2’y2 =g(x)=\/;,
;= (fo g)(x) =y,( ¥,(x)), and y, = (g o H(x)

=y(n(x)
fog:

N

N

[—6, 6] by [—4,4]

Domain: [0, o)
Range: (=0, 1]
gof:

1IN

[—2.35,2.35] by [~1,2.1]
Domain: [-1, 1]
Range: [0, 1]
M) (fog)(0)=1-(x)? =1-xx20
(go f)(x)=V1-x




65. (a) Enter y, = f(x)=x>—3,y, = g(x) =[x +2,
Y3 = (fo 8)(x) = y,(y2(x)), and y, = (g o f)(x)
=y, (x)).
fos:

[-10, 10] by [-10, 10]
Domain: [-2, o)
Range: [-3, =)
gof

ANV4

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

Domain: (—ee, —=1] U [1, e0)

Range: [0, )

(b) (fog)(x)=@Wx+2)"-3
=(x+2)-3,x>2=2
=x-1x=>-2

(2o N =y =B +2 =21

2x—1 3x+1
66. () Enter y,(x)= f(x) =~ ,y, =,
x+3 2—x

¥3=(fo g)(x) =y(y,(x)), and y, = (g o f )(x)
=y, (x)).

Use a “decimal window” such as the one shown.

fog:

/

[—9.4,9.4] by [-6.2, 6.2]
Domain: (—ee, 2) U (2, o)

Range: (—eo, 2) U (2, )

Section 1.2 13

/

[—9.4,9.4] by [—6.2, 6.2]
Domain: (—ee, =3) U (=3, o)
Range: (—e0, =3) U (=3, )

2(3x+1]_]
—x

2
(b) (f°g)(x)=T
+3
2—x
_ 2(3x+1)—(2—x)’ £
Bx+D)+3(2—x)

=7—x,x¢2
7

=x,x#2

2x—1
+1
x+3)

{
(g°f)(x)=ﬁ
2
x+3
_ 3(2x—1)+(x+3)’ 3
2x+3)—(2x-1

7
=—x,x¢—3
7
=x,x#-3
67. (a)
y
1.5¢
o0 o
—1.5F
(b)
y
1.5¢
) =0 o

~1.5F
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68. (a)
y
2 -
L ¥
2 -l 1 2
o—0 -~} Gy
2k
(b)
y
2t

69. (a)

1.3+

-2 -1

—13F

(b)

1.3+

70. (a)

—

(3]

(X1

(b)
y
134
= 0 3 x
~1.34
71. (a)
T

[-3,3]by [-1, 3]
(b) Domain of y,: [0, )
Domain of y,: (—ee, 1]
Domain of y;: [0, 1]
(¢) The functions y, — y,, y, — ¥, and y, - y, all have

domain [0, 1], the same as the domain of y, + y, found
in part (b).

Domain of ﬁ: [0,1)
Y2

Domain of Y2 :(0,1]
N

(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
denominator removed.
72. (a) Yes. Since
(fe (%) =f(=x) » g(=x) = (x) » g(x) = (f* g)(x), the

function (f* g)(x) will also be even.

(b) The product will be even, since

(f+8)=x)= f(=x)+ g(-x)
=(=f(x) - (-g(x)
= f(x)g(x)
=(f+&)x).

Section 1.3 Exponential Functions
(pp. 22-29)

Exploration 1 Exponential Functions
1.

[=5,5]1by [-2,5]

_._—-i#




2.x>0
3.x<0
4.x=0

6. 27 <3 <5 orx<0; 27 >3 >5" for

\

[—5,5] by [-2, 5]

'.%m_..‘_.;

x>0; 27%=3"=5" forx=0.

Quick Review 1.3

1

2

. Using a calculator, 5%3~2.924.
. Using a calculator, 3‘5 =4.729.
. Using a calculator, 371920192,

. x0=17

=7

x=2.5713

L x0=24

x=324

x =1.8882

. x1%=1.4567

x=+91.4567

x =%1.0383

. 500(1.0475)° = $630.58

. 1000(1.063)> = $1201.16

(x—3y2)2 B X_6y4

(x4y3)3 - x12y9

:x—6—12y4—9
:x—ISy—S
1
x18y5
3,2V ( 42\ 6,4 3
a’b a’c a’b b
10 4 3 =73 4 2
c b’ c a’c
_ a® b
_b4c8 ) at

— 5382

=a

2

a
bc

2, -1
blet ="

6

Section 1.3 Exercises

<

[4, 4] by [-8, 6]

Domain: (—oo, o)

Range: (—eo, 3)
2.

[—4, 4] by [—2, 10]

Domain: (—oo, o0)

Range: (3, o)

[-4, 4] by [4, 8]
Domain: (—oo, o)
Range: (-2, )

4.

/]

[—4,4] by [—8, 4]

Domain: (—oo, o)
Range: (—eo, —1)
3. 92x — (32)2x — 34)5
6. ]63x — (24)3x — 212x

1 2x
7.1 = — 273 2x =2*6JC
(3) -

1 X_ —3\x _ —3x
8.(27) =37)" =3

9. x-intercept: = — 2.322
y-intercept: —4.0
10. x-intercept: = 1.386

y-intercept: —3.0

Section 1.3 15
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11. x-intercept: = —0.631

12.

13.

14.

15.

16.

17.

18.

19.

20.

y-intercept: 0.5
x-intercept: 2.0

y-intercept: = 1.585
The graph of y =2" is increasing from left to right and has
the negative x-axis as an asymptote. (a)
1 X
The graph of y =3"" or, equivalently, y= (3) ,1s

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

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

The graph of y = —0.5"" or, equivalently, y = 27,

is the reflection about the x-axis of the graph in Exercise 1.

(©)

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

The graph of y =1.5" — 2 is increasing from left to right
and has the line y = -2 as an asymptote. (f)

(a) L35 _ 1.0443
1,853
1,998 =1.0326
1,935
2,095 =1.0485
1,998
2,167 =1.0344
2,095
2,241 1.0341
2,167

(b) One possibility is 1,853(1.04)"
(c) 1,853(1.04)12 = 2967 thousand or 2,967,000

(a) 7,000 1.0143
6,901
7,078 =1.0111
7,000
7,193 =1.0162
7,078
7,288 =1.0132
7,193
1386y o134
7,288

(b) One possibility is 6,901 (1.013)"
(¢) 6,901 (1.013)IO = 7852 thousand or 7,852,000

21.

22,

23.

24,

25.

26.

27.

28.

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

that # = 18.828. The population will reach 1 million
in about 19 years.

(a) The population is given by P(f) = 6250 (1.0275),
where ¢ 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
t=76.651. The population reached 50,000 about
77 years after 1890, in 1967.

1\
@ A= 6.6(2)

(b) Solving A(f) = 1 graphically, we find that
t = 38.1145. There will be 1 gram remaining after
about 38.1145 days.

Let ¢ be the number of years. Solving 2300 (1.06)" = 4150
graphically, we find that # = 10.129. It will take about
10.129 years. (If the interest is not credited to

the account until the end of each year, it will take

11 years.)

Let A be the amount of the initial investment, and

let ¢ be the number of years. We wish to solve

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

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

121
A(1+ 0(1)225) =2A, which is equivalent to

12¢
(1 + 0(1)225) = 2. Solving graphically, we find that

t=11.119. 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.)

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

A 00257 = 2 A which is equivalent to e*%% = 2,

Solving graphically, we find that = 11.090. It will

take about 11.090 years.

Let A be the amount of the initial investment, and let 7 be
the number of years. We wish to solve A (1.0575) = 34,

which is equivalent to 1.0575" = 3. Solving graphically,
we find that # = 19.650. It will take about 19.650 years.

(If the interest 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
t be the number of years. We wish to solve

365¢
A(1+ 0565575) =3A, which is equivalent to

0.0575
1+
365

that t =19.108. It will take about 19.108 years.

365t
) = 3. Solving graphically, we find

30. Let A be the amount of the initial investment, and let ¢ be

the number of years. We wish to solve A P03 =34,

which is equivalent to 07 = 3, Solving graphically, we

find that 7 = 19.106. It will take about 19.106 years.

31. After f hours, the population is P(f) = 21705 o,
equivalently, P(f) = 22" After 24 hours, the population is
P(24) = 2*8 = 2.815 x 10" bacteria.

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

80% of the previous year's number of cases. After
t years, the number of cases will be C(r) =

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

(b) Solving C(f) = 1 graphically, we find that
t=41.275. It will take about 41.275 years.

33.
x y Ay
1 -1
2
2 1
2
3 3
2
4 5
34.
x y Ay
1 1
-3
2 2
-3
3 =5
=3
4 -8
3s.
X y Ay
1 1
3
2 4
5
3 9
7
4 16
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36.

X y ratio

1 8.155
2.718

2| 22.167
2.718

3| 60.257
2.718

4 | 163.794

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

38. (a) When 7= 0, B = 100 ¢ = 100. There were
100 bacteria present initially.

(b) When ¢ = 6, B = 100 ¢%%°© ~ 6394.351. After
6 hours, there are about 6394 bacteria.

(¢) Solving 100¢*%%°" = 200 graphically, we find that
t = 1.000. The population will be 200 after about
1 hour. Since the population doubles (from 100 to 200)
in about 1 hour, the doubling time is about 1 hour.

39. (a) y = 14153.84 (1.01963)"

__-w—*—”"'_'f

[—5. 25] by [—5000, 30000]

(b) Estimate: 14153.84 (1.01963)23 = 22,133 thousand or
22,133,000.

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

(¢) _ 14229 =0.02 or 2%
(22,133)(23)

40. (a) y = 24121.49 (1.0178)"
a—

A

[—5.25] by [—5000, 40000]
(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 =0.018 or 1.8%
(36,194)(23)
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41. False. 372 = iz = é It is positive.

42. True. 43=(22)3=2°

43. D. y=pe"’
400 _ 200e™**

200 200
In (2=eO,O4St)
In 2=0.045t

4. A.
45. B.

46. C, f(x)=4-¢"
0=4-¢"
+e*  +e’
n(e*=4)
x=Im4
x=1.386

47. (a)

[—5, 5] by [-2,10]

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

(b)
X change in Y1 change in Y2
1
3 2
2
5 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) U (4, o).

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

Dividing, we have

ka _45
ka' 05

Since f(x) = k - @™ is an exponential function, we require
a>0,s0a=3.Then ka =4.5 gives 3k=4.5,s0k=1.5.
The values are a =3 and 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 have

Since f(x) = k - @™ is an exponential function, we require
a>0,s0a=0.5. Then ka = 1.5 gives 0.5k = 1.5, so
k = 3. The values are a = 0.5 and k = 3.

Quick Quiz (Sections 1.1-1.3)

1.C,m==2
y=-1
-1=-2(3)+5
—-1=—6+5

—1=-1
2.D, g(2)=2(2)-1=4-1=3
FB3)=3)+1=9+1=10
3.E.
4. (a) (—oo, )
(b) (=2, )

() 0=¢"-2
In2=-x
x =-0.693

Section 1.4 Parametric Equations
(pp.30-36)

Exploration 1 Parametrizing Circles
1. Each is a circle with radius ‘a‘ .As ‘a‘ increases, the

radius of the circle increases.

=
7/

[—4.7,4.7] by [-3.1, 3.1]

N




0<r<Z.
2
'\.\‘\
[—4.7,4.7] by [-3.1, 3.1]
0<t<m
LN
[—4.7,4.7] by [-3.1, 3.1]
OStSS—W:
2
N
K
[—4.7,47] by [-3.1, 3.1]
2w <t<4:
ol
L/
[—4.7,47] by [—3.1, 3.1]
0<t<47

AR
N

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

Let d be the length of the parametric interval. If d < 27,
you get Zi of a complete circle. If d = 27, you get the
T

complete circle. If d > 27, you get the complete circle but
portions of the circle will be traced out more than once.
For example, if d = 47 the entire circle is traced twice.
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/"
Nl

3T
2

2
initial point: (0, 3)
terminal point: (0, —3)

(N,

T<t<2mw

initial point: (=3, 0)
terminal point: (3, 0)

4N
,

initial point: (0, =3)
terminal point: (=3, 0)

R
NP,

T<t<5mw

initial point: (=3, 0)
terminal point: (=3, 0)

. For 0 <1< 27 the complete circle is traced once

clockwise beginning and ending at (2, 0).

For 7 < ¢t < 37 the complete circle is traced once
clockwise beginning and ending at (-2, 0).

For % <t< 3777- the half circle below is traced clockwise

starting at (0, —2) and ending at (0, 2).

%
\
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Exploration 2 Parametrizing Ellipses

l.a=2,b=3:

A
3

a=2,b=4:

[~12, 12] by [8, 8]

AN

i\

a=2,b=5:

[—12, 12] by [-8, 8]

(h

\/

a=2,b=6:

[—12,12] by | -8, 8]

()

\V/

2.a=3,b=4:

[—12, 12] by [ 8, 8]

AN

N

a=5b=4:

[—9‘ 9] bY [_6! 6]

N

N/

a=6,b=4:

[_91' 9] b}’ [_6v 6]

il
el ot

[—9, 91 by [-6, 6]

a=T7,b=4:

I
ol

[—9, 91 by [-6, 6]

3.1If ‘a‘ > ‘b , then the major axis is on the x-axis and the

minor on the y-axis. If ‘a‘ < ‘b

, then the major axis is on

the y-axis and the minor on the x-axis.

4.0<1< 7.
2
[—6,6] by [—4, 4]
0Lt
[—6,6]by [—4,4]
OStSS—ﬂ-:
2
[—6,6] by [—4,4]
0<t<4m

M

"\\
A

Let d be the length of the parametric interval. If d < 27,
you get Zi of a complete ellipse. If d = 277, you get the
T

complete ellipse. If d > 27, you get the complete ellipse but
portions of the ellipse will be traced out more than once.
For example, if d =4 the entire ellipse is traced twice.



5.0<¢<L2m:

il M
LW I

[—6, 6] by [-4,4]

initial point: (5, 0)
terminal point: (5, 0)

T<t< 3

il "
Pt b t?

[—6, 6] by [—4, 4]

initial point: (=5, 0)
terminal point: (=5, 0)

37

<ts—
2

E

i
S|

[—6,6] by [—4, 4]
initial point: (0, =2)
terminal point: (0, 2)
Each curve is traced clockwise from the initial point to the
terminal point.

Exploration 3 Graphing the Witch of Agnesi
1. We used the parameter interval [0, 77] because our graphing
calculator ignored the fact that the curve is not defined
when ¢t = 0 or 7. The curve is traced from right to left
across the screen. x ranges from —oo to oo,
2. ——<1t<

SR
(SRS

_—/\“\-h

[-5,51by [-2,4]

O<t£z:
2

| D

[=5,5] by [-2,4]
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a
—<t<w:

]

For —% <t< %, the entire graph described in part 1 is

drawn. The left branch is drawn from right to 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

out —% and %, then the point (0, 2) is not drawn.

For 0<t< g the right branch is drawn from right to left
across the screen stopping at the point (0, 2). If you leave

T . .
out —, then the point (0, 2) is not drawn.

For —<t< , the left branch is drawn from right to left
across the screen starting at the point (0, 2). If you leave

out %, then the point (0, 2) is not drawn.

3. If you replace x = 2 cot ¢ by x = -2 cot ¢, the same graph is
drawn except it is traced from left to right across the
screen. If you replace x = 2 cot ¢t by x = 2 cot (7 — 1), the
same graph is drawn except it is traced from left to right
across the screen.

Quick Review 1.4

3-8 -5 5
Lm=""="=_2
4-1 3 3
5
y:—g(x—1)+8
=02
YT
2.y=—4
3.x=2

2
4. When y = 0, we have % =1, so the x-intercepts are

2

—3 and 3. When x = 0, we have f—6 =1, sothe

y-intercepts are —4 and 4.

2
5. When y = 0, we have )l% =1, so the x-intercepts are

2
—4 and 4. When x = 0, we have —% =1, which has

no real solution, so there are no y-intercepts.
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6. When y = 0, we have 0 = x + 1, so the x-intercept

is —1. When x = 0, we have 2y2 =1, so the y-intercepts are

S
V22
7. @ 20°M+12 23
3=3 Yes

(b) 2-D*(-D+(=1)* £3
—2+1=3
-1#3 No

(1)2 22
(© 2 5 (<2)+(=2)> =3

~1+423
3=3 Yes

8. (@) 9(1)> —18(1) +4(3)* =27
9-18+36=27
27=217 Yes

(B) 9(1)> —18(1) + 4(-3)? % 27
9—18+36<27
27=27 Yes

(©) 9= —18(-1) +4(3)* % 27
9+18+36=27

63#27 No
9.(@) 2x+3r=-5
3t=-2x-5
-2x-5
t=
3
(b) 3y—-2t=-1
—2t=-3y-1
2t=3y+1
t:3y+1
2

10. (a) The equation is true for a > 0.

(b) The equation is equivalent to “va* =a or Va* = -a.”

Since Va’ =a is true for a > 0 and Va® =—a is true
for a <0, at least one of the two equations is true for
all real values of a. Therefore, the given equation

Va? =+a is true for all real values of a.
(¢) The equation is true for all real values of a.

Section 1.4 Exercises
1. Graph (c). Window: [—4, 4] by [-3,3],0< <27

2. Graph (a). Window: [-2, 2] by [-2,2],0< <27
3. Graph (d). Window: [-10, 10] by [-10, 10],0< <27
4. Graph (b). Window: [-15, 15] by [-15, 15],0< <27

5. (a)

\

[-3,3] by [-1. 3]

No initial or terminal point.
b)) y=9:>=(31*= x*
The parametrized curve traces all of the parabola
defined by y = x>
6. (a)

\

[~3,3]by[~1.3]

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

M) y=1=(—1 =

The parametrized curve traces the left half of the

parabola defined by y = x% (or all of the curve defined

by x=—\/;).

7. (a)
—

[-1, 5] by [-1, 3]

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

) y=vi=+x

The parametrized curve traces all of the curve defined

by y= \/; (or the upper half of the parabola defined by
2
x=y").
8. (a)

~

[—3,9] by [—4, 4]
No initial or terminal point.
(b) x= sec’t — 1 = tan’¢ =y2

The parametrized curve traces all of the parabola

defined by x = yz.



9.(a)

JARN

[-3, 3] by [-2, 2]

Initial point: (1, 0)
Terminal point: (-1, 0)

(b) x2+y2= cos?t + sin?r =1
The parametrized curve traces the upper half of the

circle defined by X+ y2 =1 (or all of the semicircle

defined by y=~/1—x?).

10. (a)

R\
\T/

[=3.31by [-2,2]

Initial and terminal point: (0, 1)
(b) x*+y? = sin® Q) +cos® Q) = 1
The parametrized curve traces all of the circle defined
by X+ y2 =1
11. (a)

7R

[-3,3] by [-2, 2]

Initial point: (-1, 0)
Terminal point: (0, 1)

(b)xz+y2 = cos?(m—H+ sin®(m—pH=1
The parametrized curve traces the upper half of the

circle defined by X+ y2 =1 (or all of the semicircle

defined by y=~1-x%).

12. (a)

TN
T

[—4.7,4.7] by [—3.1, 3.1]

Initial and terminal point: (4, 0)
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2 2
(b) X + Y =cos’t+sin’r=1
4 2

The parametrized curve traces all of the ellipse defined

HOREE

13. (a)

=
-

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

Initial point: (0, 2)
Terminal point: (0, —2)

2 2
(b) X + Y =sin?t+cos’r=1
4 2

The parametrized curve traces the right half of the

2 2
ellipse defined by (zj + (;J =1 (or all of the curve

defined by x =2/4—y?).

an
L

[—9, 9] by [—6, 6]

14. (a)

Initial and terminal point: (0, 5)

2 2
(b) X + Y =sin?t+cos’r=1
4 5

The parametrized curve traces all of the ellipse defined

HOROR

15. (a)

/

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

No initial or terminal point.
(b)y=4t-7=22t-5)+3=2x+3

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

N
N\

[~6, 6] by [—4,4]

No initial or terminal point.

(b)y=1+1=2—(1-f)=2-x=—x+2

The parametrized curve traces all of the line defined by
y=—x+2.

17. (a)

AN

(-3, 3] by [-2,2]

Initial point: (0, 1)
Terminal point: (1, 0)

Mb)y=1-t=1-x=-x+1

The Cartesian equation is y = —x + 1. The portion

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

18. (a)
S

[-2,4]by [-1,3]

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

(b) y=2t:(2l—2)+2=—%(3—3t)+2=—§x+2

2
The Cartesian equation is y = —Ex + 2. The portion

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

19. (a)

N

[-6, 6] by [-2, 6]

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

() y=~t=4—(@4-Jt)=d—x=—x+4

The parametrized curve traces the portion of

the line defined by y = — x + 4 to the left of (4, 0), that
is, for x < 4.

20. (a)
‘h"‘\\

[-1,51by[~1,3]
Initial point: (0, 2)
Terminal point: (4, 0)

(b) y=+4—-1* =\4—-x
The parametrized curve traces the right portion of the

curve defined by y=+4-x , thatis, for x > 0.
21. (a)

/T
f 1

[3,3] by [-2, 2]

No initial or terminal point, since the #-interval has no
beginning or end. The curve is traced and retraced in
both directions.
(b) y=cos2t

=cos’ t—sin’t

=1-2sin’t

=1-2x°

=-2x"+1

The parametrized curve traces the portion of the

parabola defined by y =—2 x4l corresponding
to-1<x<1.

22.(a)

\h:\__:

[-4,51by [-4,2]

Initial point: None
Terminal point: (=3, 0)

M) x=r2-3=y>-3
The parametrized curve traces the lower half of the

parabola defined by x = y2 — 3 (or all of the curve
defined by y=—vx+3).



23.

24,

25.

26.

27.

28

Using (=1, —3) we create the parametric equations
x=—1+at and y = -3 + bt, representing a line which goes
through (=1, =3) at = 0. We determine a and b so that the
line goes through (4, 1) when 7= 1.
Since4=—-1+a,a=>5.

Since 1 =-3+b,b=4.

Therefore, one possible parametrization is x = —1 + 5z,
y=-3+41,0<t<1.

Using (-1, 3) we create the parametric equations
x=—1+at and y =3 + bt, representing a line which goes
through (-1, 3) at t = 0. We determine a and b so that the
line goes through (3, -2) atr=1.

Since3=—1+a,a=4.

Since —2=3 + b, b =-5.

Therefore, one possible parametrization is x = —1 + 4z,
y=3-5t0<t<1.

The lower half of the parabola is given by x = y2 +1

for y < 0. Substituting 7 for y, we obtain one possible
parametrization: x = e, y=11<0.

The vertex of the parabola is at (=1, —1), so the left half of

the parabola is given by y = x>+ 2xforx<—1.
Substituting ¢ for x, we obtain one possible

parametrization: x=1¢,y = 42 1<

For simplicity, we assume that x and y are linear functions
of ¢ and that point (x, y) starts at (2, 3) for

t =0 and passes through (-1, —1) at t = 1. Then x =f{1),
where f{0) =2 and f (1) =—1.

. Ax  —-1-2
Since slope = — = =
At 1-0

x=f () =-3t+2=2 -3t Also, y = g(t), where
g(0)=3and g(1)=-1.
Ay -1-3

Since slope = — = =
At 1-0

>

-4,

y=g)=—4r+3 =341
One possible parametrization is:

x=2-3t,y=3-41,1t=0.

. For simplicity, we assume that x and y are linear functions

of ¢ and that the point (x, y) starts at (-1, 2) for = 0 and
passes through (0, 0) at # = 1. Then
x =f{(t), where f(0) =—1 and f (1) = 0.

Since slope = Ax = 0-CD
At 1-0

x=fi)=1t+(=1)=—1+1.

=1,

29.

30.

31.

32.

33.

34.

3s.

36.

37.
38.
39.
40.
41.
42,
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Also, y = g(f), where g(0) =2 and g(1) = 0.
Since slope = % = % =-2,
y=g)=-"2t+2=2-2t.

One possible parametrization is:
x=—=l+ty=2-21,120.

The graph is in Quadrant I when 0 <y < 2, which
corresponds to 1 < ¢ < 3. To confirm, note that x(1) =2 and
x(3)=0.

The graph is in Quadrant II when 2 <y <4, which
corresponds to 3 < ¢ < 5. To confirm, note that x(3) = 0 and
x(5) =-2.

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

The graph is in Quadrant IV when —4 <y < 0, which
corresponds to —3 < ¢ < 1. To confirm, note that
x(=3)=0and x(1) =2.

The graph of y = x%+ 2x + 2 lies in Quadrant I for all
x> 0. Substituting ¢ for x, we obtain one possible

parametrization: x =1, y = 2 4+20+2,1>0.

The graph of y= \/m lies in Quadrant I for all
x 2 0. Substituting ¢ for x, we obtain one possible
parametrization: x =t¢, y = m t>0.

Possible answers:

(@) x=acost,y=—asint,0<t<2m
(b)x=acost,y=asint,0<t<2m
(c)x=acost,y=—asint,0<t<4mw
(d)x=acost,y=asint,0<t<4m

Possible answers:

(@ x=-acost,y=bsint,0<t<2m
(b)x=—acost,y=—bsint,0<t<2w
(c)x=—acost,y=bsint,0<r<4mw
(d)x=—acost,y=—bsint,0<t<4mw

False. It is an ellipse.

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

C
A.
E
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43. (a) The resulting graph appears to be the right half of a
hyperbola in the first and fourth quadrants. The
parameter a 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=2and b =1,
2, and 3 are shown.

| =]

B=1

A

[—10, 10] by [—10, 10]

AN
/

[—10, 10] by [ 10, 10]

(b)

This appears to be the left half of the same hyberbola.

~Z
VAN

[—10, 10] by [—10, 10]

One must be careful because both sec ¢ and tan f are
discontinuous at these points. This might cause the
grapher to include extraneous lines (the asymptotes of
the hyperbola) in its graph. The extraneous lines can be
avoided by using the grapher's dot mode instead of
connected mode.

(d) Note that sec’ r —tan® r = 1 by a standard trigonometric

. . o X
identity. Substituting — for sec ¢
a

2 2
and 2 for tan ¢ gives 2 =1
b a b

(e) This changes the orientation of the hyperbola. In this
case, b determines the y-intercept of the hyperbola, and
a determines the shape. The parameter interval

o

(—2, 727) gives the upper half of the hyperbola. The

3
parameter interval (Z, ;T) gives the lower half.

The same values of 7 cause discontinuities and may

add extraneous lines to the graph. Substituting Y for

X . . .
sec tand — for tan 7 in the identity sec’r— tan’r=1
a

y 2 X 2
ives | > | -[ =] =1.
gives (b) (a]

44. (a)
N\ S

[—6, 6] by [—4, 4]

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

B
&

[—6, 6] by [—4, 4]

The graph is a circle of radius 2 centered at (0, k). As k
changes, the graph shifts vertically.

(¢) Since the circle is to be centered at (2, —3), we use
h =2 and k = -3. Since a radius of 5 is desired,
we need to change the coefficients of cos ¢ and
sin 7to 5.

x=5cost+2,y=5sint-3,0<¢<27w

(d)x=5cost-3,y=2sint+4,0<t<27w

45. (a)
N
//

[-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 to avoid “asymptotes” showing
on the calculator screen.

(b) x*- y2=seczt— tant=1
The parametrized curve traces the left branch of the
hyperbola defined by X - y2 =1 (or all of the curve

defined by x = —y* +1).



46. (a)

/N
[—6,6)by [-5,1]

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 to avoid “asymptotes’” showing
on the calculator screen.
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48. (a) If x, = x, then the line is a 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, =y, as well.

Otherwise, solving the first equation for ¢ gives
r=x—x)/(p—x).

Substituting that into the second equation gives
Y=y + [0n =y —x)I(x — x)

which is the point-slope form of the equation for the
line through (x,, y,) and (x,, y,).

Note that the first equation will cause x to take on all

5 real values, because (x, — x,) is not zero. Therefore, all
(b) (y) —x?=sec?t—tan’r=1 of the points on the line will be traced out.
2

(b) Use the equations for x and y given in part (a), with 0 <
The parametrized curve traces the lower branch of the t<1.

Y

2
hyperbola defined by (2) —x2=1 (orall of the Section 1.5 Functions and Logarithms

(pp. 37-45)
curve defined by y=-2+v x2+1).

47. Note that mZOAQ =t , since alternate interior angles

Exploration 1 Testing for Inverses
Graphically
1. It appears that (fo g)(x) = (g o f)(x) = x, suggesting that f

formed by a transversal of parallel lines are congruent. .
and g may be inverses of each other.

Therefore, tant = Y =—,80 x= 2 =2cott. (a) fand g:
A X ant
Now, by equation (iii), we know that dL"
2
g =49 'ﬁp
AO
|42 (AQ) [—4.7,4.7] by [-3.1,3.1]
A0 (b)fog:
= (cos t)(x) °8:
=(cos )2 cot t)
_ 2cos? 1
sint
Then equation (ii) gives
. 2cosit . ) [—4.7, 471 by [-3.1,3.1]
y=2-ABsint=2— nt -sint =2—-2cos” t ©gof

=2sin’t.

The parametric equations are:

x=2cott,y=2 sinzt,0<t<77

Note: Equation (iii) may not be immediately obvious, but
it may be justified as follows. Sketch segment OB. Then
ZOBQ is aright angle, so AABQ ~ AAQO, which gives
AB_AQ

AQ AO’

[—4.7, 4.7] by [-3.1, 3.1]
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2. It appears that fo g = g o f'= g, suggesting that f may be the

identity function.

(a)fand g-
[—4.7,4.7] by [<3.1, 3.1]
(b)fog:
[—4.7,47] by [-3.1, 3.1]
(©gof

[-4.7, 47] by [-3.1,3.1]

3. It appears that ( fo g)(x) = (g of)(x) = x, suggesting that f

and g may be inverses of each other.

(a) fand g:

[—4.7,4.7] by [-3.1,3.1]

(b)fog:

[—4.7, 4.7] by [<3.1, 3.1]
(©) gof:

[—4.7,4.7] by [-3.1, 3.1]

4. It appears that (fo g)(x) = (g o /)(x) = x, suggesting that f’
and g may be inverses of each other. (Notice that the

domain of fo g is (0, o) and the domain of g o f

is (—oo, o0).

(a) fand g:

_.,///’r
/

[—4.7, 47] by [-3.1, 3.1]

(b)fog:

[—4.7,4.7] by [-3.1,3.1]
(©)gof:

[—4.7, 47] by [-3.1,3.1]

Exploration 2 Supporting the Product Rule
1. They appear to be vertical translations of each other.

[—1,8]by [-2,4]

2. This graph suggests that each difference (y; =y, —y,) isa
constant.

[—1, 8] by [-2, 4]

3.y;=y,—»=In(ax) —Inx=Ina+Inx—Inx=1na Thus,
the difference y; =y, — y, is the constant In a.

Quick Review 1.5
L(feg)()=f(g()=£2)=1

2.(gofN-N=g(f(=T)=8(=2)=5



3. (fog)n) = flg() = Fx* +D=Yx? +D—1
3/ 2 3

2/3
=\VX =X

4. (go fXx)=g(f(x)=gRlx-1)
=R®x-1D*+1
=(x-1*+1

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

t22.

1
x=t,y2m,

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

x=ty=tt<-3.

Intersection
=y ¢ Iy=E

[~10, 10] by [~10, 10]
“4,5)

A\

Intersection \
n=z.6666667 IY=-3

[—10, 10] by [~ 10, 10]

8
(3, - 3) =~ (2.67,-3)
9.(a)

_—’/‘

Intersection
#=1.5B49625 |Y=3

[—10, 10] by [—10, 10]
(1.58, 3)

(b) No points of intersection, since 2" > 0 for all values
of x.

10. (a)

\

R

Intersection
w="1.28629Y I¥=Y

[~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 line y = 2 intersects
the graph twice.

2. Yes, since each horizontal line intersects the graph only
once.

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

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

5. Yes, since each horizontal line intersects the graph only
once.

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

; :
\

[—10, 10] by [—10, 10]

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

\

\

[—10, 10] by [—10, 10]

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

i
I

[—10, 10] by [ 10, 10]

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

.
7

[—5, 5] by [—20, 20]

Yes, the function is one-to-one since each horizontal line
intersects the graph only once, so it has an inverse
function.
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11.

12.

13.

Section 1.5

~— |

[

[—10, 10] by [—10, 10]

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

\_

[—9, 9] by [-2, 10]

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

function.

y=2x+3

y—3=2x

y=3_.,
2

Interchange x and y.

2

= X3
==
Verify.
(fofb(x)zf(xf)

= (H)+3

2
=(x-3)+3
=X

(FeoH=f12x+3)
_(2x+3)-3

x=3

14. y=5-4x

4x=5-y
2=y
4
Interchange x and y.
_5—x

4
o=

5-x
4

Verify.
1 _5=x)_ o ,[5-x
(fof Xx)—f( 2 )—5 4( 1 )
=5-(5-x)
=X
(f e fXn=rf"(5-4x)
_5—(5—4x)
- 4
_4x
T4
=Xx
15. y:x3—1
y+1=)c3
(y+D)" =x

Interchange x and y.

x+)"P =y

T @=a+n" ordx+1

Verify.

(for 0= rfAx+1)
=@Wx+1)’-1=(x+D)-1=x

(fefXo=r"0"-1

=J3 -1 +1 3 =x

16. y=x2+1,x20
y—1=x%x20

Jy—-1=x

Interchange x and y.

Vx=1=y
Flx)=vx=1or(x=1"?

Verify. For x > 1 (the domain of f™),

(fof )= fWx-1)
=(Wx—-1)+1

=(x-D+1=x
For x > 0, (the domain of '),

o=+
=y +1)-1
=\/x_2=|xI=x



17. y:x2,xS0
=y

Interchange x and y.
y=x
f—l(x):_\/; or — x?
Verify.

For x > 0 (the domain of ™),

(fof™x) = f(—x)=(—x)* =x

For x <0, (the domain of f),
(fopXn =ity =—Vx? =—|x|=x

18. y:x2/3, x20
Y2 = ()2 x>0
3/2
yo=x
Interchange x and y.

2=y
=2
Verify.

For x > 0 (the domain of ™),

(fof M0 =fG") =" =x

for x =2 0, (the domain of '),

(f o Y = ¥y =232 = ‘x‘ —x

19. y=—(x-2)%,x<2
(x=2)t=—y,x<2
X=2=—-y
xX=2—4/-y

Interchange x and y.
y=2—+-x

Fl)=2-+v-x or2—(-x)"?
Verify.

For x < 0 (the domain of ™),

(fof™Yx) = f2—-x)

=—@-V-0-2F
= _(—\/;)2 = —‘x‘z X
For x < 2 (the domain of f),

(f o /X0 = T (=(x=2)")
=2-4(x-2)
=2-|x-2[=2+(x-2)=x
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20. y=()c2 +2x+1),x>-1
y=(x+D?% x=-1

\/;=x+1
\/;—lzx

Interchange x and y.
Jx-1= y
oy =Jx—tlorx” -1
Verify.
For x > 0 (the domain of ™),
(fof ) =fGx-D
=[x =D +2(x =D +1]

=) —2Jx+1424dx —2+1
=Wx)?=x

For x > —1 (the domain of '),

(fof)Xx)=f (x> +2x+1)
=x?+2x+1-1
=J(x+1)? =1

=|x+1]-1
=(x+D)-1=x

Interchange x and y.

1
y= T
X
1 1
fl@=—=or—
T 2
Verify.

For x > 0 (the domain of ™),

VR 00 1 I
(fof )(x)—f(\/;] TN

For x > 0 (the domain of f),

(f'lof)(x)=f‘1(12)= LN E
X
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1
f‘(x)‘:7:°f‘ﬂ§

Verify.

IV B U
(feof )(X)—f(%) Wy
-1 _ r1 i = 1
(frefo=r (ﬁ] e

x+3
xy+3y=2x+1
xy—2x=1-3y
(y-2)x=1-3y

_1-3y

=52

Interchange x and y.

_1-3x
x=2

o, 1=3x

="

Verify.

2

(fof™Mx) = f[l 3’“)

1- 3x] |

1-3
T3
x—2

(1-3x)+3(x-2)
_5x
I

=X

=X

=X

24,

(Flofy@) =f (ZH;J

1_3[2x+1)

x+3

C2x+l
x+3 -

_ (x+3)-3Q2x+1])

T @x+D-2(x+3)

—5x
==X
=5
x+3
x=2
xy—=2y=x+3
xy—x=2y+3
X(y=1)=2y+3
_2y+3
y—1
Interchange x and y.
_2x+3
x—1
2x+3
=
x-1
Verify.
2x+3
(fof™Nx)= f( )
2x+3+3
. x=1
2x+3_2
x—1
_Qey+3a-1)
2x+3)—-2(x—1)
5x
=—=X
5
x+3
(f e X0 = fl( 2]
2(x+3)+3
_\x=2)
x+3_1
x—2
(x+3)—(x-2)
Sv_

:5_



25. Graphof f> x, =1, y, = e
Graph 0ff71 =€, y,=t
Graphof y=x:x;=t, y; =t

(-6, 6] by [-4, 4]
26. Graph of f x, =1, y, = 3
Graphof /™' :x,= 3", y,=1¢

Graphof y=x:x;=t, y; =t

T
{

[—6, 6] by [—4, 4]

27. Graph of f: x, =1, y, = 27!
Graphof f'=x,= 27",y, =1

Graphof y=x:x;=t, y; =t

N
P

[-4.5,4.5] by [-3, 3]

28. Graph of f: x, =1, y, = 37"
Graphof ™' :x, =37, y,=1

Graphof y=x:x;=t, y; =t

\
=

[—4.5,45]by [-3,3]
29. Graph of f: x, =1, y,=1Int

Graphof f™':x,=Int, y, =1
Graphof y=x:x;=t, y; =t

/

[-4.5,4.5] by [-3, 3]

30. Graph of f> x, =1, y, =log t
Graph 0ff71 ‘x,=logt y,=t
Graphof y=x:x;=1 y;,=t

/

N "
/(

[—4.5,4.5] by [—3, 3]

31. Graphof f- x, =1, y, = sin"' ¢
Graph of f71 X, = sin”! Ly, =t
Graphof y=x:x;=1 y;,=t

(-3, 3] by [-2, 2]
32.Graphof f: x, =1, y, = tan" 't
Graph 0ff71 1X, = tan”' 1, Y=t
Graphof y=x:x;=t, y,=t¢

[—6,6]by [—4, 4]

33. (1.045)' =2
In(1.045)' =1n?2
tIn1.045=1In2

In2

T n1.045

=15.75

Graphical support:

Ja—'—"(f

Intersection
H=iE.7NPz02 Y=2

[-2, 18] by [—1, 3]
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34

34.

3s.

36.

Section 1.5

eOAOSI =3

10e%" = In3
0.05¢t=1In3

t:£= 20 In3=21.97
0.05

Graphical support:

i

7

Intersection
W=Z1.97EME W=3

_——

[—5.35] by [—1, 4]
ef+e =3
e =3+e =0
e (e =3+e " )=e"(0)
(€*)* =3¢ +1=0
o 2 3V 40D

2(D)

e 3+4/5

2
[31\/3
x=1In

] =—0.96 or 0.96
2

Graphical support:

NI

o

Intersection
W=.98242365 |¥=2

[—4.4] by [—4, 8]

2" 427" =5

2" -5+27"=0

2Y(2F —5+27%)=2%(0)
(25 =529 +1=0

5r _ SENES) 40X

2(1)

2

(Si\/ﬂ
x =log,

]z —2.26 or 2.26

Graphical support:

X Vi
N b A

ARESLEEEEE lves

[~4,41by [~4, 8]

37. Iny=2t+4

elny — 62t+4

2t+4
y=e'+

38. In(y—1)-In2=x+1Inx

In(y—1)=x+Inx+1n2
eln(y—l) — ex+lnx+ln2

y—l=e"(x)2)
y=2xe" +1

39.

\

[-10, 5] by [-7, 3]

Domain: (—oo, 3)
Range: (—oeo, o)

40.

p——

[=5, 10] by [-5, 5]
Domain: (-2, =)
Range: (—oeo, o)

41.

[-3, 6] by [-2, 4]

Domain: (-1, =)
Range: (—oeo, o)

42,

/,..-—-—"'
[

[=2,10] by [-2, 4]

Domain: (4, o)
Range: (—eo, o)



log,(27") =log, (100 - IJ
y

—x =log, [IOO—IJ
y
x=-log, (100— 1]
y

Interchange x and y.

X
y=logs | 100 %

—1 _ X
/ (x)_logz(loo—x]

Verify.

100—x
100

1+ zflogz( 100—):]

(Fof ' Xx)= f(logzxj

__ 100x _100x
x+(100-x) 100
. _ 100
(f o XD =rf 1()
1+2
100

1+27F
100

100
=log,| ——————
100(14+27%)—-100

= 10g2(2}x ): log,2")=x

44. y=

50

1+1.17°

e =2

y
L1 =$—1
y

log, ,(117") =log, (5;)— 1]

—x =log, 1[50—1)
LYy
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x=—log, l(So—ljz—log1 ][So_yjzlog1 ][yj
Ly Ly “\50-y

Interchange x and y:

1o _r
Y= %504

fﬁl (x)= 1Ogl,l (SOX—XJ

Verify.

(fo.f‘l)(x>=f(logl,l(50x_x)]

50

“log, (L)
1+1.1 30-x

50x _50x

== =X
x+(50-x) 50

. o 50
(f e =1 (1+1.l“)

50

1+1.17°
50

L

~ log 50
" 50(1+1.17%) =50

=log,

1 .
=10g1,|(1 l_x)zlogl.l(l-l" )=x
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45. () f(f(x)=y1-(f(x)’
2
)

=vx“ =lxl=x, sincex >0

=

—~
—

T

() f(fxy=1f 1)=1=x forall x # 0
x X

1/

12
46. (a) Amount =8

1 1112
(b) 8(2) =1

~ N I/

N | =

There will be 1 gram remaining after 36 hours.

47. 500(1.0475)" = 1000
1.0475' =2

In(1.0475') = In2
tIn1.0475=1n2

= 2 1403
In1.0475

It 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

1.0225" = 8
3

In(1.0225") = m(i)

tIn1.0225= 1n(§)

,_In®/3)

= ~44.081
In1.0225

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

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

(b) 2.0010 + (1.9285) In (12) = 6.79 trillion
6.79 — 6.63 = 0.16 trillion

The estimate exceeds the actual by 0.16 trillion

(c) 2.0010+(1.9285)in(x)=17
(1.9285)In(x)=7-2.0010
7-2.0010
n(x)y=———
1.9285

x= % =13.35, or sometime during 2003.

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

[-5, 15] by [-1, 2]

(b) —0.6782 + (0.7142) In (x)
—0.6782 + (0.7142) In (12) = 1.10 trillion
1.10 — 1.15 = —0.05 trillion cubic feet.

The estimate is an under estimate of 0.05 trillion cubic
feet.

—0.6782+(0.7142)In(x)=1.5
(0.7142)In(x) =1.5+0.6782
In(x) = 2.1782

0.7142
In(x)=3.050
— 3050

(c

~

X
x=21.1
or sometime during 2011.

51. (a) Suppose that f (x,) = f (x,). Then mx, + b =mx, + b so
mx, = mx,. Since m # 0, this gives x, = x,.

(b) y=mx+b
y—b=mx
y=b_.

m

Interchange x and y.

x=b _
m

y

- x=b
fo==—=
m
The slopes are reciprocals.

(c) If the original functions both have slope m, each of the
1
inverse functions will have slope — . The graphs of the
m

inverses will be parallel lines with nonzero slope.

1
(d) If the original functions have slopes m and ——,
m

respectively, then the inverse functions will have

1 1
slopes — and —m, respectively. Since each of — and
m m

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



52.

53.

54.
55.
56.

57.

58.

59.

60.

61.

False. For example, the horizontal line test finds three
answers for x = 0.

False. Must satisfy (fo g)(x) = (g o f)(x) = x, not just
(fo 9)(x) =x.
C. In (x) > 0, requiring x + 2 > 0, or x > 2.

A.As (x+2) > 0, fix) — —oo.

E.
f(x)=3x-2
y=3x-2
x=3y-2
x+2=3y
_x+2
3
B.2-3"=-1
-3 =-3
3" =(=3)
—x=1
x=-1
(a) y, is a vertical shift (upward) of y,, although it’s

difficult to see that near the vertical asymptote at
x = 0. One 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.
d) 2" =a,In(e>? )=Ina,

=y =Ina,y=y,-lna=Inx-Ina

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

Alternate answer: If g(x,) = g(x,) then

- (x) = (%), f(x)) =f (x,), and x, = x;, since fis
one-to-one.

1 _ 1
fo) flxy)’

fix)) =f(x,), and x, and x, since fis one-to-one.

Suppose that g(x,) = g(x,). Then

(a) The expression a (b“~*) + d is defined for all values of
X, so the domain is (—oo, o). Since b“~* attains all
positive values, the range is (d, o) if a > 0 and the
range is (—oo, d) ifa < 0.

(b) The expression a log,(x — ¢) + d is defined when
x — ¢ >0, so the domain is (c, =0).

Since a log,(x — ¢) + d attains every real value for
some value of x, the range is (—oo, o).
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62. (a) Suppose f (x,) = f (x,). Then:

ax;+b ax,+b

cx, +d - cx, +d

(ax, +b)(cx, +d) = (ax, + b)(cx, +d)
acx,x, +adx, + bex, + bd

=acx,x, +adx, + bcx,; + bd

adx, + bcx, = adx, + bex,

(ad —bc)x, = (ad — bc)x,

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

ax+b
(b) y=
cx+d

cxy+dy=ax+b
(cy—a)x=—dy+b
—dy+b
x:7y+
cy—a

Interchange x and y:

_—dx+b
cx—a
_ —dx+b
=
cx—a
(€) Asx > toeo, f(x)= M - ﬁ, so the horizontal
cx+d c

asymptote is y = g(c #0) . Since f(x) is undefined at
c
d . . d
x =——, the vertical asymptote is x =——.
c c

—dx+b

cxX—a

(d) Asx >+, fH(x)= —>—1,s0the
C

horizontal asymptote is y = —g(c #0) . Since fﬁl (x)
c

. . a . .
is undefined at x = —, the vertical asymptote is
c

x=2 . The horizontal asymptote of f becomes the
c

vertical asymptote of fﬁl and vice versa due to the

reflection of the graph about the line y = x.

Section 1.6 Trigonometric Functions
(pp. 46-55)

Exploration 1 Unwrapping Trigonometric
Functions
1. (x,, y,) is the circle of radius 1 centered at the origin (unit
circle). (x,, y,) is one period of the graph of the sine
function.

V
LIPS
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2. The y-values are the same in the interval 0 <7< 247
3. The y-values are the same in the interval 0 < 7 < 47

4. The x,-values and the y,-values are the same in each

interval.
/
I

\»
L/

S.y,=tant:

N

Y, =csct

T

¥, =sec t:

AL
(”’

TN

=
A\
il

y,=cott:

)

For each value of 7, the value of y, = tan ¢ is equal to the

.Y
ratio 2L .
X

For each value of #, the value of y, = csc t is equal to the

o1
ratio — .
N

For each value of ¢, the value of y, = sec ¢ is equal to the

1
ratio —.
X

For each value of 7, the value of y, = cot ¢ is equal to the

X
ratio — .

Y
Quick Review 1.6
m 180°

1. —-
3 7

180° _(_450

w

60°

2. 25 ) ~—143.24°

m

3. 4027
180° 9
4.45.. 7 T
180° 4
5.
/f"'"},
X

Intersection
WS MPHOSLE Y=.6

[0, 27r] by [—1.5, 1.5]
x=0.6435, x=2.4981

N~

Intersection
H=Y.2008721 Y=-4

[0, 277] by [~ 1.5, 1.5]
x=1.9823, x = 4.3009

Intz:’:clioh /
|x=.nsssm ¥21
[_11 3

23w

x=0.7854 (orZ),x ~3.9270 (orsj)

8. f(—0)=2(—x)?-3=2x> =3=f()

The graph is symmetric about the y-axis because if a point
(a, b) is on the graph, then so is the point (—a, b).

9. f(=x)=(-x)’ =3(=x)
=—x7 +3x
=—(x’=3x)=—f(x)
The graph is symmetric about the origin because if a point
(a, b) is on the graph, then so is the point (—a, —b).
10. x>0



Section 1.6 Exercises

S S
1. Arc length=| — [(2)=—
rc leng (SJ() 2

2. Radius:L:Lzz}ZM

]750( T ) T
180°

3. Angle = % = % radian or about 28.65°

4. Angle = 3mi2_m radian or 45°
6 4
1 1
5. Even. sec(—60) = = =sec(f)
cos(—0) cos(6)

6. Odd. tan(—g)= SN _=sin®) _ o

cos(—0)  cos(0)

1
7. Odd. csc(f) =— =— =—csch
sin(—0) —sin(0)

8. 0dd. cot(—f) = TN _ 5O ___ g

sin(—f) —sin(—0)
9. Using a triangle with sides: —15, 17 and 8; sin 6= 8/17, tan
0=—28/15,csc 0=17/8, sec 0=—-17/15,
cot =-15/8.
10. Using a triangle with sides: —1, 1 and \/E ;
sinf=-2/2, cosf=~2/2, csco=—2,
secf = \/3, cotf=-1

2
11. (a) Period = ?77

b e
sin (3x+ 1)

(k=D
3

(b) Domain: Since csc (3x+)=
. This

require 3x + 7 # km, or x #

. . . kmwm . .
requirement is equivalent to x # 3 for integers k.
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(c¢) Since | csc Bx+ m) | > 1, the range excludes numbers
between —3 —2 = -5 and 3 -2 = 1. The range is (—oco,
=5TU 1, o).

TUU

MW

[ 5 |oy 8.8

12. (a) Period = 2—77 =T
4 2

(b) Domain: (—co, o0)

(¢) Since | sin (4x + ) | <1, the range extends from
—2+3=1to2+3=5.Therangeis[1, 5].

(@)

YA

A —
[-2.2]by -8
13. (a) Period = %
. . kr .
(b) Domain: We require 3x + 7 # > for odd integers k.

(k=2)

Therefore, x # G 7 for odd integers k. This

. . . km
requirement is equivalent to x # o for odd

integers k.

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

BINEN
T

[-35]pv 88
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2
14. (a) Period = 777 =1

(b) Domain: (—co, o0)

sin(2x+77)
3

(c) Range: Since <1, the range

is [-2, 2].
)

NN/
VARV

[—m, m] by [-3,3]

15. (a) The period of y = sec x is 277, so the window should
have length 4.

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

(b) The period of y = csc x is 27, so the window should
have length 4.

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

(c¢) The period of y = cot x is 1, 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 period of y = cos x is 277, so the window should
have length 4.

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

(c¢) The period of y = tan x is 1, so the window should
have length 2.

One possible answer: [0, 2] by [-3, 3]
2
17. (a) Period = 777 =T

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

2
18. (a) Period = ?77
(b) Amplitude =2

27 2
(©) |:—3, 3] by [—4, 4]

2
19. (a) Period = 777 =1

(b) Amplitude =3
(c) [2, 27] by [-4, 4]

20. (a) Period= 27 — 47
1/2

(b) Amplitude =5
(¢c) [-4, 47] by [-10, 10]

21. (a) Period = 2 =6
/3

(b) Amplitude = 4
(©) [-3, 3] by [-5, 5]

22. (a) Period = 2m =2
T

(b) Amplitude =1
(©) [4, 4] by [-2, 2]

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

[0, 0.01]by [-2.5, 2.5]
(b) The frequency is 2468.635 radians per second, which

is equivalent to 2468.635 =~392.9 cycles per second
T
(Hz).
The noteis a “ G .
2. @) b=2T-T
12 6
(b) It’s half of the difference, so a = 80 ; 30 =25.
(©) k= 80;30 =55

(d) The function should have its minimum at 7 = 2 (when
the temperature is 30°F) and its maximum at = 8
(when the temperature is 80°F). The value of £ is

2—;—8 =5 .Equation: y=25 sin[Z(x - 5):|+ 55

L™

[—1, 13] by [—10, 100]




25.

26.

27.

28.

29.

30.

31.

32.

The portion of the curve y = cos x between 0 < x< 7
passes the horizontal line test, so it is one-to-one.

N

\\

[-3,3] by [-2, 4]

The portion of the curve y = tan x between
—m/2 < x < /2 passes the horizontal line test, so it is one-
to-one. [In parametric mode, use 7,;, =—m/2 + € and T,

= /2 — €&, where € is a very small positive number, say
0.00001.]

[-5, 51 by [-3, 3]

Since = is in the range —z, T ofy= sin”' x and
6 2 2

180°
sin T =0.5, sin”" (0.5)= 7 radian or =22 =
6 6 6

30°.

Since — - is the range —z, T of y = sin”' x and
4 22

si (—”):—ﬁ, sin_l(—\/EJz—Z radian

2

Using a calculator, tan ™! (-5) = —1.3734 radians
or —78.6901°.

Using a calculator, cos™ (0.7) =0.7954 radian
or 45.5730°.

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

Lo . T T .
equation in the interval ) <x< BN Another solution in

0<x<27is tan”! (2.5) + 7= 4.332. The solutions are x =
1.190 and x = 4.332.

The angle cos™! (—0.7) = 2.346 is the solution to this
equation in the interval 0 < x < 7. Since the cosine

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

+cos™! (—0.7)+ 2k is a solution, where k is an integer. In
21 < x < 417 the solutions are x = cos™! -0.7) +

27~ 8.629 and x = — cos ' (=0.7) + 4 = 10.220.

33.

34.

3s.

36.

37.
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. Lo . . 1 .
This equation is equivalent to sinx = — , so the solutions
. . T
in the interval 0 < x < 27 are x = 3

S
and x=—.
6

. .o . 1 .

This equation is equivalent to cosx = 3 so the solution

in the interval 0 < x < 7ris

- 1 . . .
y=cos ! (—3) =~1.911. Since the cosine function is even,

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

The solutions in the interval 0 < x < 2w are x = 7% and
17 . . . .
x= ra Since y = sin x has period 2, the solutions are

all of the form x = %T-k 2k orx = ”777 +2kar, where k

is any integer.

Lo . 1

The equation is equivalent to tan x = 3 =-1, sothe

Lo . T T .
solution in the interval ) <x< > is

—1 m . . .
x=tan (-1)= 1 Since the period of y = tanx is mr, all

. ™ .

solutions are of the form x = 7 + ki , where k is any

. .. . 3w .
integer. This is equivalent to x = 7 + kr, where k is any

integer.
Note that \/m:n.
. . 8 T T
Since sinf=— and —— <6< —,
17 2 2
2
cosf=v1—sin’6 =,[1—- 8 =E.
17 17
Therefore: sinezé, costE, tanf = sin :E,
17 17 cosf 15
1 1
cot():—:—s, sec = ! :E,
tanf 8 cosf 15
(:sct?z.izH
sinf 8
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38. Note that V5> +122 =13.

5 -5/13 sinf
Since tanf=——= =
12 12/13  cos6

and —ESGSE we
2 2

s

have sinO:—% and cos@zE.

13
In summary:
sinez—i, costE, tan(i'z—i
13 13 12
1 12 1 13 1 13
C0t9=7=——,sec = =—,cscl=—=——
tan 0 5 cosf 12 sinf 5
39. Note that r =+/(-3)* +4> =5 . Then:
sin(i':lzi, cos()ziz—f, tanezzz—i,
r 5 r X 3
cot9=£=—§, sec0=1=—§, CSC@=L=§
4 X 3 y 4
40. Note that 7 =+/(~2)2 +22 = 2/2 . Then:
1 x 2 1
sinG—f— —cosﬂ—fz—z——
r 2J— ro22 2
anf=2=2 =1, cotf="="2=_1,
x - 2
se00=1=&=—\/§,0500=7=&=\5
x 2 y 2

41. Let 0 =cos™ ;J.Thenoses 7rand cos(?z%,so

1(
. -1 7 . 2
sm(cos (H)):smﬂz 1—cos“ 6

2
A RPN 0.771
11 111

42. Let O =sin" 1(9) Then ——<0<— and s1n0—% SO

—— . Therefore,

cosf=+v1 —sin’ 0 = —

1 sinf
tan| sin”_ [ — | |=tanf =
13 cosf
9/13 9 ~0.950.
J38/13 88

43. (a) Amplitude = 37

2 _
(271/365)

(¢) Horizontal shift = 101

(b) Period =

(d) Vertical shift = 25
2
=37sin| —(x—101) [+25
© f(x) sm[ s )]

44. (a) Highest : 25+37=62°F
Lowest:25—-37=-12°F

62+(~12)

(b) Average = =25F

This average is the same as the vertical shift because
the average of the highest and lowest values of
y=sinxis 0.

cos(—x) cos(x)

45. (a) cot(—x)= —cot(x)

sin(—x) —sm(x)
(b) Assume that fis even and g is odd.

f= x) Jx) —_M o) iis odd. The

g-x) —gx)  gx) g

Then

L g
situation is similar for =

1

46. () cse(~x) = sin(—x) - —sin(x)

=—csc(x)

(b) Assume that fis odd.

! = ! =— ! sol is odd.
fEx) —f) f) f
47. Assume that fis even and g is odd.

Then f(=x)g(=x) = (f(x)N-g(x) =—f(x)g(x) sof(g)is
odd.

Then

48. If (a, D) is the point on the unit circle corresponding to the
angle 6, then (—a, —b) is the point on the unit circle
corresponding to the angle (0 + ) since it is exactly half
way around the circle. This means that both

tan (6) and tan (6 + ) have the same value, b .
a

49. (a) 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. False. It is 47 because 271/B = 1/2 implies the period
Bis 4.

51. False. The amplitude is 1/2.

52.D.

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

55. A.



56. (a)

ANV AN,
ViRV

[—2m, 27] 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, \/5 )
Period = 27

Horizontal shift = — 0.785 (that is,— Z) or 5.498

(that is,—%TJ
4
Vertical shift: 0
of v ™) m in T
(c) s1n(x+4) = (smx)(cos 2 )+(cosx)(s1n ) )
= (sinx)(1)+(cos x)(lJ
V2 2

= —=(sinx+cosx)
2

Therefore, sinx+ cosx = \/5 sin(x + Z) .

57.(a) \/Esin(ax+ Z)

(b) See part (a).
(c) It works.

. T . T T
(d) s1n(ax+4) = (smax)(cos ) )+ (cosax)(sm ) J

= (sin ax)(\/lz] +(cos ax)(\/lzj

= T(sin ax+cosax)
2

So, sin(ax)+ cos(ax) = \/5 sin(ax + Z) .

58. (a) One possible answer:

y= msin(x+ tan~! (bn

a

(b) See part (a).
(c¢) It works.
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() sin(x+ tan ! (b)

a

= sin(x) cos(tan_l (b)] +cos(x) sin(tan‘l (bD
a a

= sin(x)[aJ+ cos(x)[bJ
Va? +b? Va? +b?
= ¥~(asinx+bcosx)
Va? +b?

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

cos(tan_1 bj =—9%  and

a) Ja*+b?
sin(tan_1 b) b
a) Ja*+b*
that a is positive. If a is negative, the formula does not
work.

depend on the requirement

59, Since sin x has period 277, sin® (x + 27) = sin® (x). This
function has period 2. A graph shows that no smaller
number works for the period.

AN
ViV

[-2m, 27) by [~ 1.5, 1.5]

tan (x + 7T)| = |tanx| . This
function has period 7. A graph shows that no smaller
number works for the period.

60. Since tan x has period 7,

[=2m, 2] by [~1, 5]

27 T
61. The period is — = — . One possible graph:
p 60 _ 30 p grap

m m
[—@, @] by [-2.2]
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2 1 8. Since 2x — y =2 is equivalent to y = 2x + 2, the slope
62. The period is % = — . One possible graph: XY q y=2x P

T 30 of the given line (and hence the slope of the desired line)
is 2.
/__\ y=2(x-3)+1
/ \,\_ y=2x-5
. . . 4
[ P }b a2 9. Since 4x + 3y = 12 is equivalent to y = —§x+4 , the slope
“ a2
6060 of the given line (and hence the slope of the desired line) is
Quick Quiz (Sections 1.4-1.6) 4
1.C. T3
2.D. __f(x_4)_12
3.E. Y 3
4.(a) f(x)=5x-3 y=-d, 20
y=5x-3 3 3
x=5y-3 3 1
x+3=5y 10. Since 3x — 5y = 1 is equivalent to y= gx - g , the slope of
x+3 3
5 the given line is — and the slope of the perpendicular line
o(ry= X+3 .
5 is 23 .
3
x+3
(b) fog(X)=f( )
5 y= —é(x +2)-3
x+3 3
5 y 3 3
=x+3-3=x
(©) gof(x)=g(5x-3) 11. Since lx+1y =1 is equivalent to y= —§x+ 3, the
_(x=3)+3 _Sx_ 2 3 2
5 5

slope of the given line is —% and the slope of the

Chapter 1 Review Exercises (pp. 56-57)

. L2
perpendicular line is — .
1. y=3(x-D+(-6) 3

y=3x-9 )
1 y=§(x+1)+2
2. y=—§(x+l)+2 > g
1 3 y=ZETS
y=——x+=
2 2 12. The line passes through (0, —5) and (3, 0)
3.x=0 m_o_(_5)_§
4ome—226_B__ 3-0 3
T 1-(=3) 4 N
y=-2(x+3)+6
e 13. m= 2-4 —_—2—_l
5.y=2 . 2o 4 2
1
6 m:ﬁzlz_2 f(x)=—5(x+2)+4
-2-3 5 5 1
y=—%(x—3)+3 f(x)=—5x+3
2 21 |
y=—g+? Check: f(4)=—§(4)+3:1,as expected.

7.y=-3x+3



14. The line passes through (4, —2) and (-3, 0).
0-(-2) 2 2
m = = =

3-4 -7 7
= 2—4)-2
Y=g

26
YETITS

15.

[-3,3]1by[-2,2]

Symmetric about the origin.

“""s\//—""

[-3,3]by [-2,2]

Symmetric about the y-axis.

R

|V

[—6, 6] by [—4, 4]
Neither

L

[~1.5, 1.5] by [-0.5, 1.5]

Symmetric about the y-axis.
19. (-0 = (-x)* + 1= 2"+ 1 = y(x)
Even
20. y(—x) = (—x)5 - (—x)3 () =—x"+ X +x=— y(x)
Odd
21. y(—=x) = 1 — cos(—x) = 1 — cos x = y(x)
Even
22. y(—x) = sec(—x)tan(—x)

sin(—x) _ —sinx

cosz(—x) cos® x
=—secxtanx =—y(x)

Odd

Chapter 1 Review 45

4 4 4
23. y(=x)= (—3x) +1 _ x}+1 =_)i +1 - )
(=x)" =2(=x) —x"+2x  x —2x

Odd

24. y(—x)=1—sin(—x) =1 +sinx
Neither even nor odd

25. y(—x) = —x + cos (—x) = —x + cos x

Neither even nor odd

26. y(—x)=+/(0)* =1 =+/x* -1

Even
27. (a) The function is defined for all values of x, so the
domain is (—ee, o).
(b) Since ‘ X ‘ attains all nonnegative values, the range is
[-2, ).
(c)

[-10, 10] by [-10, 10]
28. (a) Since the square root requires 1 — x > 0, the domain
is (—oo, 1].
(b) Since +1—x attains all nonnegative values, the range
is [2, e0).
(©)

e

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

29. (a) Since the square root requires 16 — x> 0, the domain
is [4, 4].

(b) For values of x in the domain, 0 < 16 — x2< 16, so
0<v16—x> <4 . The range is [0, 4].
©

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 is (—ee, o).

(b) Since 3°™ attains all positive values, the range
is (1, oo).

(c)

N

[-6, 6] by [—4, 20]

31. (a) The function is defined for all values of x, so the
domain is (—ee, o).

(b) Since 2¢™* attains all positive values, the range
is (=3, o).

(c)

F—

[-4, 4] by [-5, 15]

32. (a) The function is equivalent to y = tan 2x, so we require

2x # I%T for odd integers k. The domain is given by

X # I%T for odd integers k.

(b) Since the tangent function attains all values, the range
is (—oo, o0).

T
i

[-5 5 |evis.s

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

(b) The sine function attains values from —1 to 1,
so —2 <2 sin (3x + ) <2, and hence -3 <2
sin 3x + m) — 1 < 1. The range is [-3, 1].

(c)

AVAVAV.

[ —m, 7] by [-5, 5]

34. (a) The function is defined for all values of x, so the
domain is (—ee, o).

(b) The function is equivalent to y = {x?, which attains

all nonnegative values. The range is [0, o).

“\\\/_{/“'

[-8,8] by [-3,3]
35. (a) The logarithm requires x — 3 > 0, so the domain
is (3, oo).
(b) The logarithm attains all real values, so the range is
(oo, o).

(c)

{/’/

(-3, 10] by [-4, 4]

36. (a) The function is defined for all values of x, so the
domain is (—ee, o).

(b) The cube root attains all real values, so the range is
(=o0,00).

(c)

L

[-10, 10] by [4, 4]

37. (a) The function is defined for —4 < x < 4, so the domain is
4. 4].

(b) The function is equivalent to y=+/Ix1,—-4<x <4,
which attains values from 0 to 2 for x in the domain.
The range is [0, 2].

(c)

~

[-6, 6] by [-3, 3]



38. (a) The function is defined for —2 < x < 2, so the domain is
[-2,2].

(b) See the graph in part (c). The range is [-1, 1].
©

(3,31 by [-2,2]
39. First piece: Line through (0, 1) and (1, 0)
0-1 -1
m=—=—=
1-0 1
y=—x+lorl—x

-1

Second piece:

Line through (1, 1) and (2, 0)

0-1 -1
mziz—:—l
2-1 1

y=—(x-D+1
y=—x+2o0r2—x

1—x, 0<x<l1
f(x)‘{z—x, 1<x<2

40. First piece: Line through (0, 0) and (2, 5)

5-0 5
m=——=—
2-0 2
N
)
Second piece: Line through (2, 5) and (4, 0)
0-5 -5 5
m=—=—=——
4-2 2 2
5
=——(x-2)+5
y 2( )

y=—§x+10 orlO—S—x
2 2
S5x

fw=12
10—7, 2<x<4

0<x<2

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

1 1
41. (a) (f°g)(—1)=f(g(—l))=f(mj=f(l)=1=1

1 1
(b) (g X2 =g(f(2)= 8(2) = NS

1 2

= or
V25 \s
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© (fof)(x)=f(f(x))=f(l)=l=x, x%0
X 1/x

1

=\/1/\/x+2+2

1
(d) (g°g)(X)=g(g(X))=g(\/ +2]
X

_ Yx+2
Vi+24x+2

42. () (fogX-D=f(g(=])
= fR-1+1)
=f(0)=2-0=2

() (g0 /X2 =g(f2)=8(2-2)=g(0)=0+1=1

© (o) =ff)=f2-0)=2-2-x)=x

@ (gog)x)=glg()=gRx+D=JYx+1+1
43. (a) (fog)Xx)=f(g(x)
= f(Wx+2)
=2-(x+2)?

=—x,x2>2-2

(go fXx)=g(f(x)
=g(2-x")
=Jo—xH)+2 =42

(b) Domain of fo g: [-2, o)

Domain of g o f: [-2, 2]
(¢) Range of fo g: (oo, 2]
Range of g o f: [0, 2]
44. @) (f o)) = f(g(x)
= f(1-x)

=\\1-x

={1-x
(g0 /X0 = g(F(x) = sy =1V
(b) Domain of fo g: (oo, 1]
Domain of g o f: [0, 1]
(¢) Range of fo g: [0, o)
Range of g o f: [0, 1]
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45. (a)

)

]
S
(-6, 6] by [4. 4]

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

The ellipse is traced exactly once in a counterclockwise
direction starting and ending at the point (5, 0).

(b) Substituting cost = % and sint = % in the identity
cos’ 1+ sin®r=1 gives the Cartesian equation
2 2
Il +2] =1
5 2

The entire ellipse is traced by the curve.

46. (a)

7
N

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

. . . . 3w
Terminal point: None (since the endpoint > is not

included in the z-interval)

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

L X . . . .
(b) Substituting cost = Z and sint = % in the identity
cos’ 1+ sin®r=1 gives the Cartesian equation

2 2
(z) +(Z) =1, 0r x>+ y?=16. The left half of the

circle is traced by the parametrized curve.

47. (a)

L

-~

[-8, 8] by [-10, 20]
Initial point: (4, 15)
Terminal point: (-2, 3)

The line segment is traced from right to left starting at
(4, 15) and ending at (-2, 3).

(b) Substituting =2 —xinto y = 11 — 27 gives the
Cartesian equationy=11—-2(2—x),ory=2x+ 7. The
part of the line from (4, 15) to (-2, 3) is traced by the
parametrized curve.

48. (a)

e
“-----..._‘_‘__‘xh-\\l

[-8, 8] by [-4, 6]
Initial point: None
Terminal point: (3, 0)
The curve is traced from left to right ending at the

point (3, 0).

(b) Substituting t=x— 1 into y=+/4—-2¢ gives the
Cartesian equation y=+/4—2(x—1), or

y=4+/6—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 ends at (4, 3) forr=1.
Then x = f(t), where f{0) = -2 and f(1) = 4.

. Ax  4-(-2)
S 1 =—= =6, x=f) =
ince slope Ar -0 x=£{t)

6r—2=-2+6t

Also, y = g(t), where g(0) =5 and g(1) = 3. Since
Ay 3-5
slope= —=——-=-2,y=g()=-2t+5
Pe= T 100 y=2g
=5-2t

One possible parametrization is: x = =2 + 6¢,
y=5-2t,0<t<1

50. For simplicity, we assume that x and y are linear functions
of ¢ and that the point (x, y) passes through (=3, —2) for
t=0and (4, -1) for t = 1. Then x = f(t), where (0) =3
and f(1) = 4. Since

Ax  4-(3
A==

slope = —
P At 1-0

x=fi)=Tt-3=-3+7t.

s

Also, y = g(7), where g(0) =-2 and g(1) =—-1.

Since

Ay —1-(=2
slope:—yzéz
At 1-0

1

y=gO)=t-2=-2+1t.
One possible parametrization is:

x==3+Tty==2+1 —c0<t<oo,



51. For simplicity, we assume that x and y are linear functions
of ¢ and that the point (x, y) starts at (2, 5) for =0 and
passes through (-1, 0) for t = 1. Then x = £ (¢), where f (0)
=2andf(1)=-1. Since

Ax -1-2
lope=—=——=-3,x= f(1)=-3t+2=2-3t.
slope =-"=""% x=f(t)
Also, y = g(7), where g(0) = 5 and g(1) = 0. Since
Ay 0-5
lope=—=—"—=-5,y=g(t)=-5t+5=5-5t.
slope =~1"= 170 y=2g(0)

One possible parametrization is:
x=2-3t,y=5-5t1t=0.

52. One possible parametrization is:
x=ty=tt—4),t<2.

53.(a) y=2-3x

3x=2-y
_2-y
-3
Interchange x and y.
_2-x
T3
2o
= 3
Verify.
(fef ™) =F(f " (x)
2—x
_ f( -
:2_3(2—)6)
3
=2-2-x)=x
(f e X0 = (f(x)
=/72-3%)
_2-(2-3x)
3
3x
:?_x

(b)

KL

\

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

54.(a) y=(x+2)>,x2-2
\/;=x+2

xz\/;—Z

Interchange x and y.

y=+x-2
o =vx-2

55

56

57.

58.

59.
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Verify.
For x > 0 (the domain of ")
(fof )= f(f(x)
= f(x-2)
=[x —-2)+27
=) =x
For x > -2 (the domain of f),
(f o A= (F)
= (x+2)?%)

=\J(x+2)* -2
=lx+21-2
=(x+2)-2=x

(b)

, S—
—

[-6, 12] by [4, 8]

. Using a calculator, sin”! (0.6) = 0.6435 radians or

36.8699°.

. Using a calculator, tan ™! (-2.3) = —1.1607 radians or

—66.5014°.

Since cosBzé and 0 <6< 7,

7
2
sinf=+1-cos*f = 1—(3) :4/%:@.

Therefore,
. V40 3 sinf /40
sinf = ——,cosf =—,t = =—,
7 cosf 3
cotf = ! =—3 ,secl = ! :z,
tanf /40 cosf 3
1 7
csch=—=—
sinf /40

(a) Note that sin~' (0.2) = —0.2014. In [0, 27), the
solutions are x = 77— sin”! (-0.2) = 3.3430 and
x=sin"' (=0.2) + 27 = 6.0818.

(b) Since the period of sin x is 277, the solutions are
x = 3.3430 + 2k and x = 6.0818 + 2k, k any integer.

e—().2x =4

Ine®? =n4

-0.2x=In4
_In4

x=——=-5In4
-0.2
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60. (a) The given graph is reflected about the y-axis.

y
3 .
0,2)
y=£(=x)
1 (_ll’ 0) I 1 1
3 G0
,3 -

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

y
3 .
(-3,0) (1,0
N
-/ y=-f)
0,-2)
3+

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

y
3_
y=2f(x+1)+1
4,1
( \) p- (0, 1)
_LI‘ 1 1 1 1 é X
-1,-3) B

(d) The given graph is shifted right 2 units, stretched

vertically by a factor of 3, and then shifted downward

2 units.
Yoy=3flx-2)-2
41+ (2,4)

61. (a)
y
3 .
-3,2) 3,2)
_é 1 1 1 1 :IS X
1,-D [, =1
3tk
(b)
.‘-
A
3 L
(3.2)
1,1 /
d-l'; 1 1 1 1 -l% x
C(1,-1)
3,-2) I
_af

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=4.5

The value is $55,000 after 4.5 years.
63. (a) f{0) = 90 units

(b) f(2) =90 — 52 In 3 = 32.8722 units

(©)

[0, 4] by [20, 100]
64. 1500 (1.08)' = 5000

108" = 5000 10
' 1500 3

In(1.08)" = ln%

z]nl.08=ln?

. In(10/3)
In1.08
t=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.)



65. (@) N(t) =4 - 2
(b) 4 days: 4 - 2 =64 guppies

1 week: 4 - 27 = 512 guppies
(c) N(z)=2000

4-2" =2000
2" =500
In2" =1n500
tIn2=1n500
t= In 520 = 8.9658 There will be 2000 guppies after

8.9658 days, or after nearly 9 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. (a) y=41.770 x + 414.342

]

[=5. 25] by [0, 1500]
(b) y= 41.770(22)+414.342 =1333
1333-1432=-99
The estimate is 99 less than the actual number.
©y=mx+b
m=41.770

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

67. (a) y = (17467.361) (1.00398)" =

w,ﬂr’JV/

[=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.

(c) _17,358 =0.0398 or 4%
(19,138)(23)

Section 2.1

68.(a)m=1
(b)y=—x-1
©y=x+3
d)?2

69.(a) (2, ) x—2>0
(b) (—oo, oo) all real numbers
(© f(x)=1-In(x-2)
0=1-in(x-2)
1=In(x-2)
el=x-2
x=e'+2~4718

d) y=1-ln(x-2)

x=1-In(y-2)
x—1=-In(y-2)
e =y-2
y=e ™ 42

€ (fof ) =ff(x)=rf2+e™)
=1-IQ2+e™ -2)=1-In(e"™)

=1-(1-x)=x

(fFo = (F) = 1= In(x-2)
— 2+el—(l—ln(x—2)) — 2+eln(x—2)
=2+(x—-2)=x

70. (a) (—oo, =0) all real numbers
(b) [-2, 4] 1 — 3 cos (2x) oscillates between —2 and 4
(¢c) 7
(d) Even. cos (—0) =cos (0)
(e) x=2.526

Chapter 2
Limits and Continuity

51

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

Quick Review 2.1
1. f(2)=2(2")-52)*+4=0

42°-5 11
IO TR

3. f(2)=sin(ﬂ'§)=sin T=0

1 1
IO



